CYYACHI TEXHOJIOI'I
IMEPEPOBKH
MAJIBHUX KOITAJIUH

Te3u nonmoBiaen
VIII MixxHApOAHOI HAYKOBO-
TeXHIYHOI KOH(pepeHuii




HAIIOHAJIbHUH TEXHIYHUA

CEXHIY,

SNy, YHIBEPCUTET
i ! A (s, ' 2 '
Sl «XAPKIBCHKHI1 HOJITEXHIYHUI
z2 Emffifm 373 IHCTUTYT»
o il (o N
. HapuaJbHO-HAYKOBHii iHCTHTYT
w' XiMiYHMX TexHo.0riii Ta insKenepii

Kadenpa rexnoJiorii nepepodoxun HadpTum,
raszy Ta TBepJa0ro najuBa

JTEPKABHE HNIIITPUEMCTBO

«YKPAIHCBKWH JEP)KABHUM
HAYKOBO-JIOCJILJTHUN

an "yXxiH" BYTJIEXIMIYHUM IHCTUTYT (YXIH)»

CYYACHI TEXHOJIOI'II IEPEPOBKH
MMAJIBHUX KOITAJIUH

Te3u nonosigei
VIII MixxHApOAHOI HAYKOBO-TeXHIYHOI KOH(epeHIil

16-17 kBiTHs 2025 poxy



XapkiB
HTY «XIII»
2025



VIIK 662.74(063)+66(663)
Co9l

Iporpamumii KoMirter:

CuiBroJiosn:

Pumenko [.M., 1.1.H., npod., aupexkrop HaBuanbHO-HAyKOBOTO 1HCTUTYTY XIMIYHUX TEXHOJIOTIN Ta
imkenepii HTY «XIII»

bopucenko O.JI., k.T.H., C.H.C., B.0. nupektopa JAIT « Y XIH»

Yienn komiTerty:

Mipommanuenko [1.B., a.1.H., mpod., HTY «XIII»

Yemko ©.D., A.T.H., c.H.C., AIT « YXIH»

I'puanmun O.b., a.1.H., pod., HY «JII»

[Mumr’es C.B., a.1.H., npod., HY «JIII»

OpranizaniifHuii KOMiTeT:

CniBroJsioBu:

Mipouanuenko J.B., a.1.H., mpod., HTY «XIID»,
Kpasuenko C.O., k.T.H. B.o. nupekropa JAII «I'MITPOKOKC»
Ynenun komiTerty:

borossnenceka O.B., k.T.H., nom., HTY «XIID»
I'puropos A.b., n.1.H., mpod., HTY «XIII»
JlaBpoga [.O., k.1.H., nou., HTY «XIII»
Memanin B.1., PhD., HTY «XIII»

CinkeBuu 1.B., k.1.H., mou., HTY «XIII»
Tynecbka A.T'., k.T.H., nout., HTY «XIII»
Cexperap oprkomirery:

Mapnynenko O.O., PhD., HTY «XIII»

Cy4acHi TexHOJ0T1i nepepoOKH NMaabHUX KONAJIKH : Te3u aonosinen VIII
C91  MixHapoaHOI HAyKOBO-TeXHIUHOI KOoH(epeHii, 16—17 ksiTHa 2025 p. / yknaz.
Mipomanuenko /1. B. ; mporp. komiter: Pumenko I. M. (cmisrososa), bopucenko O.
JI. (cmiBronosa), Mipomaunuenko Jl. B. [Ta i1.] ; Ham. TexH. yH-T «XapKiB. MOMITEXH.
1H-T». — XapkiB : HTY «XII». - 195 c.

ISBN 978-617-05-0557-6 VIIK 662.74(063)+66(663)

[MomaHo Te3m momoBinel HayKOBO-TeXHIYHOI KoH(epeHIii «CydacHi TEXHOIOTII epepoOKu
NaJbHUX KOMAJIWH» 332 TEOPETUYHHMHU Ta MPAKTHYHUMH pPEe3yJbTaTaMH HAYKOBHX MOCIIIKEHb i
PO3p0o0OK, SIKi BHKOHAHI BUKJIala4aMy BHIIO1 IIKOJIM, HAYKOBUMH CHIBpPOOITHUKAMHU, aclipaHTaMH,
CTyJeHTaMH, (haxiBISIMU PI3HUX OpraHi3aiii i miAnpUeEMCTB.

© . B. Mipomauuenko, 2025
ISBN 978-617-05-0557-6 © HTVY «XIIl», 2025



SMICT

Cexkuis L. Ilepepo0ka TBepanX roprounx KOMaJIuH
Mipownuuenxo /1. B., IlImenvuep K. O., Kopmep M. B., Aséoerwk I. M.,
@Deodyneuys IO. 1. DaxTopu BIUIMBY Ha BEIMYMHY TUCKY PO3NUPaHHS
137 R0 £ (0 111704 ¥ ; PRI
T'onix H. M., Mipownuuenxo /. B., bazpoea B. B. Ponb ctazii Binoopy
po0 y 3a0€3MeUeHH1 IOCTOBIPHOCTI PE3YIIBTATIB. . uuuveeenereeennneeanneennnns
JIyyenko IO. B., Kosanv B. B., Mewanin B. 1. JlociipkeHHS JOITYCTUMOTO
BMICTY y BYTUIbHIM IIMXTI Fa30BOI'0 T4 KOKCOBOI'O BYT1JUIS 1 HOTO BIUIMBY Ha
SKICTD OTPUMAHOTO KOKCY - .+ttt etttenttetteenteenteeateeateeeaeeenae et eneneeeess
IHlynvea I. B., Komnapoe €. I. CydyacHi TeXHOJOT1i epepoOKU TBEPIUX
rOPIOYUX KOTAJIUH JJIsl CTBOPEHHS B YKpaiHi MIANPUEMCTB «3€JIEHO1»
1Y (53 211174 0) 1§ D P
Kushnarenko V. M., Bohoyavlenska O. V. Overview of modern oil shale
processing methods and environmental aspects of their use......................
Koemin A. A., Mipownuuenko /l. B. JlocnikeHHS BIUIUBY CKJIay
raCUJILHOTO ra3y Ha SKICHI MOKa3HUKH KOKCY Ipu cyxomy racindi (Etam 1)
Cumnuxk O. B., 3enencokuii O. 1. OCHOBH1 aClIEKTH KOHTPOJIIO 3arpy3KH Ta
MJIAHYBAHHS IIUXTH B KAMEPAX KOKCYBAHH . .. uuvveenrreeenneeennneeennnennnns
Kapnoowcuuvkui I1. I1., Mipownuuenxo /. B. IlepepoOka Oyporo Byriuis
3 BUKOPUCTAHHSIM T'1JIPOKABITALIIMHOT AKTUBAII. ... ..veeeeenanenanenn.
Muponenko A. B., Mewganin B. I. [linBunieHHs epeKTUBHOCTI MiITOTOBKH
BYTULJISL 0O KOKCYBaHHS Ta 3HUKEHHSI BUTPAT €JIEKTPOEHEPT1i Ha MOTo
10001101 (0): (535105 ¥ PR
Hecmepenko C. B., bannixoe JI. I1., bopucenko O. JI. Anani3 npudux
pYWHYBaHHS TUIUT TaCHJIBHOTO BaroHa: MOPIBHSIHHS 3 3apyO1KHUMU
JOCITIKCHHSMH Ta PEHTTeHO(IIYOPECIICHTHUM aHAMI3 CKIIAMY.................
Hecmepenko C. B., bopucenko O. JI., bannixoe JI. II. BuzHnaueHHs
ONTUMAJIBHOTO MaTePialy IIUT TACUITBHOTO BATOHA. ... .vvveneeenreenneennennn.
bannikoe A. JI., Kapnoscuysvkuii I1. B. IIpakTHuH1 LUISXHU DOJINIIEHHS
STKOCT1 BOMPHOT OJTHBH. .. uuttte e etteee e eateee e eaee e e eeneeeeeaaeeeeannns
Tepmuunui B. B., Mipownuuenxo /[. B., bannikoe JI. I1., Puwenxo 1. M.
[TominIeHHs SIKOCT1 KaM THOBYTITBHOT CMOJTH +..vvvveeneteeenneeenneeenanennens
Miroshnichenko D.., Bannikov A., Bannikov L, Borisenko O.,

Shishkin A., Gavrilovs P., Tertychnyi V., Parkhomov B. Impact of wash oil

bannikoe A. JI., Kapnoscuusvkuii I1. B. CTpykTypHi 10110HOCTI 3pa3KiB
mosriMepiB OCH30JIBHOTO BIJIJIIJICHHS Ta 1HACH-KYMapOHOBOI CMOJIH. ............
Caguenko B. B., bannikoe JI. I1. Jleemynbsratopu 3 Oyporo ByTULIS:
CHUHTE3, BIIACTUBOCTL, 3ACTOCYBAHHS . .« ..t uvententententtaeneneeneennenneanennens
Yemepuncokuit M. C. BukopucTanHsl KaM SIHOTO BYT1UIISL B yMOBax

D1 (&) %1 01010 2 11c:11 1§ F PR

12

14

18

23

27

31

33

38

41

47

51

56

58

62

67



IHinuyk C. A. IlepcnieKTUBU TEXHOJIOTI IMOC1JOBHOT'O PO3/IIJICHHS JICTFOYO1
30J11 3 METOK0 BTOPUHHOT'O BUKOPUCTAHHS 11 KOMIOHEHTIB. ... .cuvvenveenne....
IHinuyk B. O., Tymoea O. B. JlocnipkeHHs TIONEpEIHBOT TEPMIUHOT
YN Z0: R0 00 ) D) 01 ¢ S
Pyonesa K. €., Cinkeeuu I. B. Biinus pH cepenoBuiia Ha 3B’ 13yBaHHS
TSOKKUX METAJIB TYMIHOBUMU KUCTOTAMM. ... evteneeeentineenneeennneeennneeannnns
Belov O. P. Evaluation of the suitability of lignite of the Dnipro basin for
the production of montan wax in modern conditions. (Determination of the
minimum bitumen content in brown coal for cost-effective production.)
Lavrova 1., Hrubnyk M., Hrubnyk V. Some technological aspects of
obtainNINg raw MOUNLAIN WaX. ... .eeuuteeiteeeateeeiteeaieeeaiteeenreeenneeannss

Cexkuis II. HagpronepepoOxa i HadToximisi, XiMOTOJIOTISI MAJILHO-
MaCcTHJIbHUX MaTepiaiiB

HIuwak M., Toninenuyskuii I1. HoBi KoMo3uIlii AeemMyIbraTopiB Jijst
3HEBOTHEHHS BAKKIX HAMT. ... uvttenttteitte ettt e eineeeiiteeeaireeaneeeeeanneenns
HIuwak O., Toninenuyskuii I1. Buznauenus eheKTUBHOCTI IETTPECOPHUX
JOJIATKIB JUIsl BUCOKOMapadiHucTux HaPT 3axiTHOTO PEriony
A ) 0
Pomanuyk O. O., Toninvnuuyskuii I1. 1., Pomanuyk B. B. JlocnimxeHHs
BUILUX JKUPHUX KUCJIOT SJIOBUYOTO KUPY K 1HT10ITOpa KOpO3ii ByriaeneBoi

Cipoobaoa M. O., Kapnoxcuuvkuii I1. B. [lepciekTUBHI TEXHOJIOT11
BUPOOHUIITBA Ta MOAM(IKYBaHHS OITYMHHUX B’ SIKYUHX ISl JOPOKHBOTO

)11 102350700 4 - - F
Honaxk O. €., I'ynvka B. M., Cioyu IO. B., Ilupiz A. L., I'aaxin A. B.
Buxopucranns aminis BXKK pocnmrHHOr0 moxomkeHHs 111 MOAUGDIKyBaHHS
JTIOPOIKHBOTO OITYMY ... e . uttttentte ettt e ettt e et e e e e eaae e eieeeaiaeeeanaeeannas
Honuenko M. L., Ilpucasxcnuii 1O. B., Anexcanopoeg /I. 10., I punuwun

O. b. llepcriekTuBH CTBOPEHHS OITYMHHX MAaCTHUK Ha OCHOBI JIITHIHY JJIS
repMeTU3aIlli TPIIUH ABTOMOOUTBHIX JIOPIT. ..t nntteennteeennneearerneennneeennn.
I'punuwun O. b., IO3ugpuuwiun B. M., 3nax I0. 3., Uepgincokuii T. I.
XapakTepucTuka HaTOBUX LUIaMIB, YTBOPEHUX Ha HAPTOBUX POJIOBUILAX...
Yepeincokuii T. 1., Kazumupie I1. 1., binoyc 1. B. HoBi nuisixu OUUILEHHS
BIIMPAIILOBAHUX HAPTOBHUX OJTHB. ... etueteeennteeenneeeanteeennaeeannneeanneeennns
bozyu B. B., Tepmuwna O. B., 3inuenxo O. B., lllepemema /I. I.,. Pocuko
K. B, Tepmuwinuii 0. 0. Kom61iHOBaHO OKUCHEH1 OITyMHU: 0COOJIMBOCTI
TEXHOJIOTTT OTPHIMAHHS .. veenttenttentteette et et et teaeeeeneeeteeaneenneennens

Cexkuis II1. AnbTepHaTHBHI NaJIuBa
Apmuwenxo. b. K., I'puzopos A. b. BukopucTtaHHs oJiMEPBMICHUX
KOMIIO3UIIMHUX MaTepiaiiB MpH OyTIBHUIITBI PE3EPBYAPIB.....vveenrrnennns.ne.
TI'ainog A. A., I'puzopoe A. b. BupoGHUIITBO 130JAIIITHIX BYTJIEBOIHEBUX
MaTepiagiB Ha 0a31 KMCITUX TYIPOHIB. . ..uuuurreeeeenreeeeeainneeieeaannaneeeannnss

84

89

91

93

94

96

100

102

105

108

111

116

118



Illesuenxo K. B., I'puzopos A. b. BupoOHUIITBO METUII-TPET-OYTUIIOBOTO
e(ipy 3 BTOPUHHOTO TOJIIMPOITIIICHY . .. vvveentseeenteeenreeennneeaineeennneeannss
bopucenko M. O., Cinkeguu I. B. 1lnidhyBansHO-TIONIpYBaJIbHI TACTH HA
0a31 BiIXO/1iB Ta BTOPUHHUX MPOAYKTIB HAP)TONIEPEPOOHHX Ta
KOKCOXIMIUHUX TIIITPHEMCTBAX . . . vt euutteennsteennneeenneseanraneaaneeeaneeeannenns
Kamywnin /. O., I'opoieuko /1. O., I puzopoeé A. b. BukopucTaHHs BIIXO/IIB
HadTOMEepepoOHOT MPOMUCIOBOCTI Y BUPOOHHUIITBI TAJTUBHO-MACTHIIBHUX Ta
(71901500 855070 P Ue) 01 F: 11 01 S
Pyshyev S., Romanchuk O., Topilnytskyy P., Romanchuk V.,
Miroshnichenko D., Rohovyi Y., Omelianchuk H., Parkhomov Y. Animal
fats and vegetable oils — promising re-sources for obtaining effective
corrosion in-hibitors for oil refinery equipment....................coeiiiin.
Koeans B. B., Mipownuuenxo /[. B., Puwenxo I. M., Agoerwx 1. M.,
Kocmincokuit O. B. Cerperailisi ByriJIbHUX 3€peH y MPOIIECi 3aBaHTAKEHHS
BYTUIBHUX OAIIT KOKCOBUX OQTAPEH ...evvvviiiieiiiiteiteaeeeieeiieenneanans
bointuenko C., basukin O. Cy4acHi N1OCATHEHHS y cepi abTepHATUBHUX
YT 10 0070 10 111121 : T
Linfei Chen, Sergii Boichenko Material Compatibility, Environmental
Impact, and Safety Considerations of Hydrogen as a Sustainable Motor

boiiuenxo C. B., /lyoosux B. I'., Caopyk /I. B., [llmanzecea K. A.
Oco0auBOCTI OTPUMAaHHS MOTOPHUX MAIMUB 3 MOJIIMEPHUX BIIXOIB. ..........
baoenxo B. M., Manoiino €. B., Jlighep B. €. MOHITOPUHT CUPOBUHHUX
MOTY>KHOCTEH /1711 BUpOOHMIITBA AJIbTEPHATUBHUX BU/IIB MMalMBa B YKpaiHi..
Mipownuuenxo /. B., IlImenvyep K. O., Kopmep M. B., Cazanan /I. B.,
Conogiiog €. JI. Oninka copOLIHUX BIACTUBOCTEH KOKCOBOTO JIPIOHSAKY Ta
HOT0 pallioHaTbHOTO BUKOPUCTAHHS 3 METOIO PECYpCcOo30epekeHHs B

1821 173 DS
Nesterenko S., Miroshnichenko D., Bannikov L., Borisenko O.,
Tertychnyi V. Corrosion and cavitation in tube furnaces during the heating
of water-contaminated o1l......... ... i,
Lebedev V., Miroshnichenko D., Vytrykush N., Pyshyev S., Masikevych
A., Filenko O., Tsereniuk O., Lysenko L. Novel biodegradable polymers
modified by humic acids..........coooviiiii
Koval V., Miroshnichenko D., Avdeyuk I., Miroshnychenko M., Nedbailo
S. Segregation of coal particles during charging into coking

Lebedev V., Kopylov S., Rudneva K., Miroshnichenko D., Cherkashyna A.,
Miroshnychenko M. Study of the pyrolysis process of household polymer

Mapuenko B. B.KouTponbs MeTaneBux 0aJOHUNKIB, HATTOBHEHUX
3PIIKEHUM BYTIICBOTHEBUM TA30M. ... \tnettenteeneeenneenneninsenreennneeenseeensseennns
Ky3in /]. K. BuzHaueHHs KaTeropii aepo3071bHOT0

POBIHITEOBAUA. .« et eeeeenteette ettt et et et e et e et e et et e eteenbteeniteeenbaeesabeeans

121

133

137

140

143

147

152

159

161



Koval V., Miroshnichenko D., Soloviov Y. Improving the electrical
resistivity of blast-furnace coke.............oooiiiiiii
Kapoe C. JI. BunpoOyBaHHsI 111010 BU3HAUCHHS BiJCTaHI, Ha AKIH
BiIOYBAETHCS 3alMAHHS ACPO30JIB, IO POSTHIISTIOTBCS . ..vvveenreenreennennnns.
Mamwwenko O. B., 3invkoscokuii A. O., bociok A. C. Buxopucrtanus
BOJHEBOTO NAJIMBA B TPAHCIIOPTHIN Ta CHEPTETUYHIHN Tamy3sxX: IepeBaru Ta
153 039 11 Z R
Rogoza I. O., Karnozhytskyi P. V. Assessment of the energy potential of
pyrolysis gases from plant residues.............coooiiiiiiiiiii i
bozyu B. B., Tepmuwna O. B., 3inuenxo O. B., lllepemema /I. 1., Pocuko
K. B., Tepmuwnuii 0. O. Kom6iHOBaHO OKHCHEH1 O1TyMHU: 0COOJIMBOCTI
TEXHOJIOTTT OTPHIMAHHS . « . vt eute et enttetteante et et et e ateeenaeaeenneenneans
Mapoynenko O. O., Cinkeeuu I. B. JlocnimxeHHs 130JSIIHHUX MaTepialiB
HA OCHOB1 HAPTOMOIIMEPHUX KOMITOZHMITIF . ...\t eueteneteenteeneeeieenneennneanans
Duk M. L., Jleeonrox C. M., @ux I. M. TexHiKo-€eKOHOMIYHA OIL[IHKA
peasizallii KOHIIETITY TPOMUCIIOBOTO CaliTy eHeproreHepariii Ha 6a3i
reoTepMalibHO-BYTJI€BOIHEBOI cBepAsioBUHU €PpemiBcskoro I'KP.............

173

176

178

180

184

189



CEKILIA I
MEPEPOBKA TBEPJIUX I'OPIOYUX KOMAJIUH

YK 669.74
OAKTOPHU BIVIMBY HA BEJIMUUHY TUCKY
PO3IUPAHHS BYTJIBHOI IIUXTHU

M. B. Mipommnuenko!, K. O. IlImensuep?, M. B. Kopmep?,
I. M. Apnerok |, 10. 1. ®enynens?
Hayionanenuu mexniunuu ynieepcumem «Xapkiecokuil noaimexuiunut incmumymy, 61002,
M. Xapkie, eyn. Kupnuuesa, 2, Ykpaina,; /leporcasnuii ynieepcumem ekonomixu i mexuonoeit, 50000,
m. Kpusuu Pie, nn. 3axucnuxie Ykpainu, 2, Ykpaina
I Mipowmnuuenxo Jlenuc Bixmoposuu, 3asioysau xagedpu mexnonozii nepepobru nagpmu,
2aszy ma meepoo2o nauued, OOKmop mexH. Hayk, npogecop, e-mail: dvmir7 9@gmail.com

2 [IImenvyep Kamepuna Onezisua, 3a6idyeau kaghedpu XiMiunux mexunono2ii ma indcenepii,
KaHO. mexH. Hayk, doyenm, e-mail: shmelka0402(@gmail.com

’Kopmep Mapuna Bimaniisna, ooyenm xagheopu Ximiunux mexmono2iti ma indicenepii, Kamo.
Xim. Hayk, ooyenm, e-mail: kormer@duet.edu.ua

T460erox Inna Mukonaiiosuy, acnipanm xagheopu mexuonozii nepepobxu nagmu, 2azy ma
meepoozo nausa, e-mail: illia.avdeiuk(@ihti.khpi.edu.ua

2@eoyneyv FOnin Ilzopisna, cmyoewmxa xageopu XiMmiunux mexHono2ii ma indcenepii,
fedunec.julii@gmail.com

Memoio docnidocens € OYinKa MONCIUBOCIT NPOSHOZYBAHHS MUCKY DO3NUPAHHI 8Y2INTbHUX
wWuxm 3 ypaxy8auHsaM ix MexHON02IUHUX 61acmusocmeti ma nempozpagiuHux xapaxmepucmux. B
Po6OMmi BUKOPUCIOBYBAUCA CIMAHOAPMUZ08AHT MEMOOU BUBYEHHS TMEXHOJIO2IYHUX 61ACMUBOCEl
8yl Ma BV2IIbHUX WUXM (BUBHAYEHHS MEXHIYHO20 aHANi3y, Nnempozpapiunoco ananiszy).
Tlokazano modxcnugicme NPOSHO3Y8AHHA MUCKY POSHUPAHHS Y 2INbHUX WIUXM 3 YPAXYBAHHAM 8UX00Y
JIEMKUX PEeYyoBUH WUXMU, 8MICMY GIMPUHINY mMa Nomeny. 3anponoHO8aHi pecpeciuHi pIBHAHHA
xapaxmepuszyiomocs  ucokumu xoegiyicnmamu xopenayii (0,85 - 0,9). Ix euxopucmanus
00360/1UMb ONMUMIZY8AMU CKIAO BY2ILIbHUX UUXM, KOHMPONIOBAMU NOKASHUK MUCKY PO3NUDAHHSA
npu  nepeuiuxmoeKkax ma CKOpOmumu KilbKiCmb eKCHepUMEeHMATbHUX GUMIPIOBAHb 6 YMOBAX
KOHKPEMHO20 KOKCOXIMIUHO20 6UPOOHUYMEBA.

Knwuosi cnosa: eycinona wiuxma, muck po3nupaHus, nempocpapiumi xapakmepucmuxu,
BUXIO IEMKUX PEUOBUH, AKICMb KOKCY.

SKIiCcTh KOKCY JuIsi AoMeHHOI IiaBku Ha 70-80 % oOyMoOBIIieHa BIACTUBOCTSIMU
BYTUIbHOI cUpOBUHH. OTXKE, 3TiTHO 3 CyYaCHUMH YSBJICHHSIMH PO BIACTHUBOCTI BYTLIIIS
Ta TPOIECH iX TEPETBOPEHHS NPU KOKCYBaHHI, CKJIAJ] BYTUIbHUX IIUXT TTOBHHEH
migoupaTrcss 3a TOKa3HUKAMU CIIKaHHS Ta KOKCYBaHHS OKpPEMHX KOMIIOHEHTIB
(BYrUIbHUX KOHIIEHTPATIB), 1X TEXHOJIOTTYHUX BJIACTUBOCTEH, BIAMOBIAHO A0 TEXHOJOTI
KOKCYBaHHsSl TpPHUHMHATOI Ha MIJNPUEMCTBI (IIapOBE€ KOKCYBaHHS, 3aCTOCYBaHHS
TpaMOyBaHHs, OpUKETYBaHHs, TEPMIUHOI MITOTOBKH), a TAKOX 3 ypaxXyBaHHSM BHMOT
JIOMEHHOTO BUPOOHHIITBA J0 AKICHUX XapaKTEPUCTUK KOKCY.

Tuck po3nupaHHs € TaKOXK OJHUM 3 HaWBXKJIMBIIIUX aCMEKTiB MTPOMHUCIOBOTO
Ipoliecy KOKCYBaHHS, BiJl SIKOTO 3ajieaTh YMOBHU €KCIUTyartallii, CTaH Ta CTpPOK
Cy>kOu miYHOro (POHY KOKCOXIMIYHOTO BHUPOOHMIITBA. [ OJIOBHOI MPUUYHUHOIO
PO3BUTKY THUCKY PO3MHUPAHHS BBAXKAETHCS THUCK B IUIACTUYHOMY IIapl Mapora3oBUX
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NPOJYKTIB TEPMIYHOTO PO3KJIAQJaHHS BYTUUIA, SKAA 4Yepe3 HaIiBKOKC-KOKC
NEpPeNacThcsi Ha BOTHETPUBKY CTIHKY OMNAJTIOBAIILHOTO TPOCTIHKA KamepH
KOKCYBaHHs, 3yMOBIIOIOYM Horo mnporuHaHHs. KOHCTPYKINi omamtoBaIbHUX
MPOCTIHKIB Cy4YaCHUX KOKCOBUX Oatapeld po3paxoByioTh Ha THck 7 klla. Ila
BEJTMYMHA TIPUIHATA K TPAHUYHE 3HAYEHHS U1 KOKCYEMUX BYTUIBHHUX IIUXT, TIPH ii
JOTPUMaHHI 3a0€3Ne4YyI0ThCSl HOPMaJibHI YMOBH €KCIUTyaTallli KOKCOBUX Oarapei Ta
TPUBAIMI TEPMIH iX €()EeKTUBHOI €KCILTyaTallii — He MeHuIe 25 pokis [1].

[Ipu BUKOpUCTaHH1 y BUPOOHUITBI KOKCY IIUXT 13 CYTTEBO MiABUILIEHUM THCKOM
pO3MUpaHHs 3’SBISIFOTHCS CKIAAHOII 3 BHAAU€I0 KOKCOBOTO THpOTa 3 TMedi —
HiABUIYETHCSI CHJIA CTPYMY, CIOXKHBAHOTO EJIEKTPOJABUTYHOM TMpEC-IITAaHTH
KOKCOBMILITOBXYBaya (Tak 3BaHUM «aMIiepax» BUadl), a B eKCTPEMaJIbHUX BUMAAKaX
— OAuHWYHI, a00 MacoBl «OypiHHS» Teuel, TOOTO HEeMOXKJIMBICTh BUAA4l KOKCY 0e3
3MIMCHEHHS CIeHiaIbHUX 3aXO0/(iB, B TOMY YHCJIl 3 BEJIMKOIO KUIBKICTIO PYYHOI TIpar,
1] 11€0 BUCOKOT TEMIIEPATYPH Ta 3aTa30BaHOCTI.

BpaxoByroun, 1m0 KokcoBa 0atapesi € HalJOpOXKUUM 00’ €KTOM KOKCOXIMIYHOTO
MiIPUEMCTBA, @ BOTHETPUBKA Kiajka rmededd cTaHoBUTH Onm3bko 30 % BapTocTi
Oarapei, cTa€ OYEBHMIHUM, HACKUIBKM BAXXJIMBUM € 3HAHHS BEIUYUHH THUCKY
pPO3MHUpaHHs BYTUIBHUX IIUXT, HEOOXIAHICTH MOCTIMHOTO KOHTPOJIO Ta MPOTHO3Y
IbOro mnokaszHuka. g nporo jadopaTopii HIAOPHEMCTB MarOTh OyTH OCHAILEHI
BIJIMOBIIHUMHU YCTaHOBKaMH [2].

B poGoti B siKOCTI 00’€KTa AOCHIIKEHb BHUKOPHUCTOBYBaNM 17 BYTruUIbHUX
KOHIEHTPATIB. 3 CIMHAJUATH BYTUIbHUX KOHIIEHTPATIB IIICTh MPEACTaBIIEHI MAPKOIO
I', m’ars — mapkoro X, nBa — mapkoro K, no ognomy — mapkamu I, 10K, HJIK ta
[IC. HocnimpkeHi BYrulbHI KOHIIEHTPATH BUKOPUCTOBYBAJIM HJisi MPUTOTYBAHHS
BYTUIBHUX IIUXT PI3HOTO KOMIOHEHTHOro ckjany (mani B tabmuii 1). OcHOBHI
XapaKTePUCTUKHU Ta TEXHOJIOT1YHI BIIACTUBOCTI IITUXT MPEICTABICH] B TaOIUIII 2.

Tuck posnupanns BuzHauanu 3rigHo State standard of Ukraine 8724:2017 3a
JIOTIOMOTOI0 YCTAaHOBKHM, SIKa BIATBOPIOE B MaJOMy MaciiTabl TOW e MpoIiec
PO3BUTKY THUCKY PO3IMUpPAHHS, 110 MA€ MICIe B TPOMHKCIIOBOT TIEYi.

Tabmums 1
KoMnoneHTHH CRJIaJq ByI‘iJI])HI/IX HHIAXT

[Ipobu Mapku ByTLLISA

IUXTH I XK K T1C
1 45 2 52 1
2 46 3 50 1
3 45 2 52 1
4 46 2 51 1
5 40 6 53 1
6 38 4 57 1
7 43 4 52 1
8 44 4 52 -
9 32 13 54 1
10 31 11 57 1
11 35 10 54 1
12 37 9 53 1




Tabani 2

SIkicHi XapaKTepUCTHKH P00 BYTiJbHOI IIMXTH

aman | W0 | A ]S g | Y | Ve | e |
% % % o ’ MM o % klla A

MM, %
1 10,3 7,7 1,04 32,6 14 0,96 79 7,0 80
2 9,2 7,7 1,10 32,8 13 | 0,94 80 6,6 80
3 9,5 7,8 1,08 32,6 14 0,97 79 6,8 81
4 9,0 7,0 1,14 33,6 14 0,96 75 6,7 80
5 9,0 7.9 1,11 32,6 15 | 0,99 79 7,1 81
6 8,8 7.9 1,04 32,1 14 | 097 80 8,1 81
7 10,3 7,9 1,06 32,6 13 0,98 81 7,1 81
8 10,3 7.8 1,05 32,8 14 | 0,99 79 6,9 81
9 8,5 7,8 0,88 31,8 14 0,96 82 7,9 80
10 8,7 8,2 1,44 31,9 16 0,98 81 8,1 79
11 9,0 7.4 1,23 31,8 15 | 0,99 80 7,6 79
12 9,3 8,0 1,44 32,5 16 0,95 79 7,3 79

JlocmimxyBaii  B3a€MO3B’SI3KM MK TETporpadiqyHUMH, TEXHOJIOTTYHUMHU
MOKa3HUKAMH SAKOCTI BYTUTbHUX IIUXT Ta TUCKOM PO3MHPAHHSI.

Tak, BCTaHOBIEHO, IO JUIA BYTUIBHUX CyMilIed XapakTEepHUN BIUIHB
T€HETUYHHUX Ta TEXHOJOTTYHUX BJIACTUBOCTEN Ha (POPMYBaHHS TUCKY iX pO3NHpPAaHHA
Ipy KOKCYBaHHI. TiCHHI 3B'SI30K MiATBEPKYIOTh BUCOKI KOE(ILIEHTH KOPETALI MIX
P ta V% Vt (1=0,84 ta r=0,62 BianosiaHo). Bignosigni rpadivni 3amexH0CTi THCKY
pO3NUpaHHs Bil BMXOLY JETKHX pedoBuH (V9Y) Ta mokasHuKa BigOMTTS BITPHHITY
(Vt) maroTh JHIMHUI XapakTep, MpeCcTaBiIeH1 Ha pUucyHKax 1, 2.
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PiBHsAHHS, SIK1 ONUCYIOTH OTpUMaH1 rpadiuHi 3aJIeKHOCTI, HaBeIEeH] B TaOIuII 3.



Tabang 3
MaTteMaTH4HI 32J1€KHOCTI

No CraTucTH4YHA OIlIHKA
Bun 3anexnocTi
r D, %
(1) | P" = 0,4419 - V2% — 29,669 - V2 + 504,56 | 0,89 79,58
(2) | P"=10,1957-Vt - 8,3183 0,62 38,68

Jlaroun oIiHKY TipefcTaBiIeHuM piBHSHHAM (1) 1 (2), MOKHA CTBEP/KYBaTH, 110
BOHU XapaKTEePU3YIOThCS BUCOKMMHU Koedimientamu kopensmii r (0,84 ta 0,62
BIJIIOB1/THO).

BcranoBneHo, 1m0 mpu MiIBUINEHHI BUXOMY JETKUX pPEUYoBUH Ha 1%
CIIOCTEPITa€EThCS 3MEHINICHHS TUCKY po3nupanHs Ha 0,9 klla. [Ipu 36inbmeHH] BMICTY
BiTpuHiTY Ha 1 % ¢ikcyBanu 30inbIeHHS TUCKY po3nupanHs Ha 0,2 k[]a.

JUisi mepeBipKM MOXKIIMBOCTI NMPOTHO3YBAHHS THUCKY PO3MUPAHHS BYTUIBHUX
IIMXT BUKOPUCTOBYBAJIM perpeciiine piBHAHHA (3), OTpUMaHe Ha OCHOBI JIOCII/IKEHb
BJIACTUBOCTEH BYT'UILHUX CyMiled (BUX1Jl IETKUX PEUOBUH, IIOMEIT), Ta PIBHSIHHS (4)-
(5), po3pobiieHi 3a pe3ynbTaTamMH AOCTIIKEHb BYTUIBHUX KOHIIEHTPATIB (BUXOIY
JIETKUX PEYOBUH, MOKa3HUKA BIAOWUTTS BITPUHITY Ta BMICTY BITPUHITY). 3a3HadeHi
PIBHSIHHS HaBeJIeH1 B Ta0uIli 4:

Taomung 4
Perpeciiini piBHsIHHS

CraThCcTHYHA OLIHKA
PiBHsHHS

Ne r D, %

3) | P* = —0,829- V2 — 0,071 Y(3-0 ) + 39,878 | 085 | 726 | 031
4) | P"=24,251-R,—0,00912-Vt — 12,919 0,89 | 78,8 2,96

(5) | PE=—10,8285-V4a 40,0307 -Vt + 31,986 09 | 81,2 2,79

[lopiBHSIHHA pe3yJbTaTiB BUMIPIOBaHb Ta OOYHMCIEeHb P" mpencTtaBieHo Ha
PHUCYHKY 3.

[lopiBHIOIOUM  pe3ynbTaTh  OOYUCHEHb 3  (DAKTUYHUMHU  pe3yibTaTaMu
BHUMIpIOBaHb, HEOOXIJHO 3a3HAYWTH, IO BIJCYTHS aJUTHUBHICTH MOKa3HUKa P! y
0araTOKOMIIOHEHTHUX BYT'UIBHUX cyMimax. [Ipyn yoMy, 3HaU€HHS TUCKY pO3NUPAHHSA
P", po3paxoBaHOTrO 3a MpaBWJIOM aJUTHUBHOCTI, y BCIX IIMXTaxX BHILIE, HIK
eKCIIEpUMEHTAaJIbH1 3HAUECHHS.

PiBusinusa (4), ske BpaxoBy€ TUIBKH TETpOrpadiyHi XapaKTePUCTUKH, A€
HETOYHUU pe3yibTaT, OTpUMaHi1 3HaueHHS P" takox Bumie gaktuunux. Haivikparimii
pe3yibTaT MPOTHO3YBaHHS (BiKCYBaJM MPH BUKOPHCTAHHI MAaTEeMaTHYHHUX MOJEIEH,
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Kl BPaxOBYIOTh BHUXIJ JIETKMX pPEUOBWH, SK OCHOBHUM IMapaMeTp, Ta J0JaTKOBI
(dhakTOpu — BMICT BITPUHITY 1 TOMEJ ITUXTH.
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Puc.3 — [lopiBHSIHHA pe3ynbTaTiB (PaKTUUHUX, AAUTUBHUX
Ta IPOrHO30BAaHUX 3HA4YECHb P

Otxe, piBHsHHA (3) Ta (5) MOKHa PEKOMEHAYBATH ISl TPOTHO3YBAHHS THCKY
pO3MHpAHHS.
Bioaiorpagiunmii cnucoxk

1. Kysuiuenko B.M. Tuck po3nupanHs Byruuis Ta IIUXT B MpoIleci
kokcyBaHHs / B.M. Ky3niuenko, [.B. llynera, O.B. Cutnuk. — X.: [1nanera-IIpinr,
2021.-210c.

2. Myxkuna H.B. OnsiT BHeapeHuss J1a00OpaTOpHON yCTAHOBKHU  JUIsS
onpeaeneHus napieHud pacnupanus yried u muxTt Ha KXIT ITAO «ApcenopMutran
Kpugoit Por» / H.B. Mykuna, E.I1. Yepnoycosa, B.M. Ky3unuenko, A.B. CeiTHUK //
Yraexumuueckui xxypHain. 2016. Ne3-4. C.3-10.

Factors influencing the pressure value of coal batch bursting
D.V. Miroshnychenko, Doctor of Technical Sciences, K.O. Shmeltser, PhD of Technical sciences,
M.V. Kormer, PhD of Chemical Sciences, .M. Avdeyuk, PhD student, Y.I. Fedunets, student

The aim of the study is to evaluate the possibility of predicting the bursting pressure of coal
blends taking into account their technological properties and petrographic characteristics.
Standardized methods of studying the technological properties of coal and coal blends
(determination of technical analysis, petrographic analysis) were used in the work. The possibility
of predicting the bursting pressure of coal blends was shown, taking into account the yield of
volatile substances in the blend, vitrinite content, and grinding. The proposed regression equations
are characterized by high correlation coefficients (0.85 — 0.9). Their use will make it possible to
optimize the composition of coal charges, control the bursting pressure during regrinding, and
reduce the number of experimental measurements in a particular coke production.

Keywords: coal batch, bursting pressure, petrographic characteristics, volatile matter, coke

quality.
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POJIb CTAJIi BIIBOPY IMPOB Y 3ABE3NEYEHHI JOCTOBIPHOCTI
PE3YJIBTATIB

H. M. Tonix!, /. B. Mipomnunuenko?, B. B. Barposa®
acnipanm Kageopu mexHono2it nepepooxku nagmu, 2azy ma meepoozo nanusea HTY «XIIl»,
cmapwiull  HAYKOBULl  CRIBPOOIMHUK 800Ny  AHANIMUYHUX — OOCTHIONCeHb, CMaHOapmu3ayii,
memponoeii ma exonoeii /[l « VXIH», e-mail: natalia g29@ukr.net
2 0okm. mexn. nayk, npog., 3a6idyeau kagedpu mexnono2iii nepepobxu nagpmu, 2azy ma meepoo2o
nanmuea Hayionanonuu Texniunuu Yuieepcumem «Xapkiecokuu [lonimexuiunut [ncmumymy,
eonosHuu Haykosuti cnispooimnuk /11 « VXIHy, e-mail: dvmir79@gmail.com
Semapwiuii  nayxoeuii  cniepobimnux  6i00iny  AHANIMUYHUX — OOCTIOMNCEHb, CMAHOAPMU3AYIL,
memponoeii ma exonoeii 11 « VXIH», e-mail: aisim@ukhin.org.ua

1

Haseoeno ozns0 ocnosnux umoz wjo0o 6iobupanta ma nio2omosxku npob meepooco naiuea
Mma posnAHymo NUMAHHA U000 BANCTUBOCI OOMPUMAHHS BUMOS HOPMAMUBHUX OOKYMEHMIE Nio
yac nposedenHs onepayil i3 8i06opy ma nio2omosKu npoo

Knrwouosi cnoea: 6i0bip npod, niocomosxka npob; meepde NaAIuU8o, MmMouKosa npooa;

MexaHiyHull npoOo8i0dIPHUK, CUCTEMAMUYHA NOXUOKA

BunpoOyBaHHS TBEpIOTO MaJIMBa MPOBOAATHCS 1T KOHTPOJIFO MOTO SKOCTI Ha
pI3HUX eTamax — BiJ A0OyBaHHS, 30aradeHHs Ta MepepoOKu J0 BUKOpHCTaHHA. Lle
BUMPOOYBaHHSI BKIIFOYAE BIO1P, MPUTOTYBAHHS Ta TOCIIKEHHS MPOoO.

3nauenns npoom: [Ipoba — 11e HeBeNMKa 32 MacOI0 YaCTUHA TBEPJIOTO MaINBa,
sKa TTIOBUHHA TOYHO BIJOOpa)kaTW cepeHIM CKiIaJ BChOTO MajuBa, B SKOTO Oyla
BifiOpana. BaxmmBo, mo0 mpoba Oyna mpeacTaBHUILKOI, JTOCTATHHOI 32 MAacolo
JUTSI BUMIPIOBAaHb 1 HE MICTUJIA CTOPOHHIX JgoMmimiok. [Ipoba mMae Oyt 0mHOPIAHOIO 1
BIJIMTOBIJIATH 3aralbHOMY CKJIQTy IMajiBa, OCKUTHKY HAaBITh HE3HAYHI MIOXMOKH TIi]] 9ac
BIIOMPAHHS MOXYTh NPU3BECTH J0 HETOYHUX PE3YyJbTaTiB BHUMIPIOBaHb, 30KpeMa
IpY BU3HAYEHHI TOKAa3HUKIB SIKOCTI.

BasxumBicTts ToO4HOro Bin0opy mpoOu: PetenbHicTh BiAOOpY Ta MiATOTOBKHU
npoOu BIUIMBAa€ Ha TOYHICTh KIHIEBOIO pE3yJbTaTy BUMIpIOBaHHA. byjb-sika
MOMUJIKA Ha eTarli BiI00py MOKe MPU3BECTHU 10 CIIOTBOPEHHS JaHUX, 110 BIUIMHE Ha
OI[IHKY SIKOCTI TIaJIuBa.

CraaaHicTs nmpouecy Bindoopy nmpoou: Tepae majauBo € HEOTHOPIIHUM 3a
CKJIQJIOM 4Yepe3 HAsSBHICTh MIHEPAJIbHHUX 1 OPraHIYHUX KOMIIOHEHTIB, 10 YCKJIAIHIOE
B11I0Ip TPEACTaBHUIILKOI MPOOH, SKy CIIIJI OTPUMATH JUIs 3a0e3MedYeHHS TOYHOCTI
JIOCIIIKEHb.

IIpouec BindOupannsa npodu: Bindip npoOu BKItOUAE oneparlito HAKOMUICHHS
o0'eqHaHOl MPoOH, sika (HOPMYETHCA 3 KITBKOX TOYKOBHX P00, 10 3a0e3MeduyioTh
JIOCTATHIO PETIPE3CHTATUBHICTD IS MOJAIBIINX aHATI31B.

30epexxeHHs] TpPeICTABHHIBLKUX sIKOCTeill mpoou: Jlns 3abe3nedycHHS
TOYHOCTI PE3YJIbTATIB BAXKIUBO AOTPUMYBATHUCS MPABUIBHOTO CIIBBIJHOIIEHHS MIX
CTYNIEHEM MOJAPIOHEHHS Ta MIHIMAJIbHOI MAacOK CKOPOYEHOi HpoOM mija d4ac
npoOOMiATOTOBKH, 00 HE NOPYIIUTH ii MPEACTABHULIBKI SIKOCTI.
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IIpaBuia Bindopy npod Ta npodoniaroroBku: Jljis opranizaiii npaBUILHOTO
BUNIPOOYBaHHS TBEPAOr0 NaJIMBa HEOOXITHO JOTPUMYBATHUCS BUMOT HOPMATHBHUX
JIOKYMEHTIB (HaIllOHAJIbHI CTaH/IapTH, TEXHIYHI YMOBH TOIIIO).

MexanizoBanuii Bioip mpob 1 mepeBipka ycratkyBanHs: CTaHmapTaMu 00
MEXaHI130BaHOTO BiOOpY Mpob mepeadayeHo mepeBipka yCTaTKyBaHHS, SIKE BBOASATDH
Briepiie abo micias Moaudikaiii BaXJIMBUX BY3IIB, Ha BIACYTHICTbh CUCTEMATHYHOI
MOXHOKHU.

CucremarnyuHa noxuOka BuMiproBaHHs: CUCTEMaTHYHA MOXUOKA BU3HAYAETHCS
SIK CKJIaJIOBa MOXUOKH, sIKA 3aTUIIAETHCS MOCTIMHOK a00 3MIHIOETHCS TIepe10auyBaHo
NP TTOBTOPHUX BUMIPIOBAHHIX. BU3HaUYCHHS CHCTEMAaTHYHOT MMOXMOKH BaXKIIUBE JJIS
TOYHOCTI BHUMIpIOBaHb. MaremaTuyHa oOpoOKa JaHUX BKJIIOYAE KUTbKa €TalliB,
30KpeMa: CTaTHUCTHYHY IMIPOLIEAYyPY BHSBJICHHS BHUKHIIB Ha OCHOBI KPHUTEPIIO
MakcuMalibHOI aucniepcii KoxpaHna; BU3HaYeHHs HEOOX1IHOI KUIBKOCTI BUMIPIOBaHb
Ta TEPEeBIPKY HE3AIEKHOCTI pPI3HUIlL; OIIHKY KUIBKOCTI Map BHUMIPIOBaHb Ta
CTATUCTUYHHMM  aHaji3 pe3yJbTaTiB; TMEpPEeBIpKY 3HAYYIIOi BIAMIHHOCTI  BIiJ
MaKCHMAaJIBHO JIOTTYCTUMO1 CUCTEMATUYHOI MOXUOKH Ta BiJ HYJIS.

3HavYeHHs] MPEJACTABHUUBLKOI NpodM /A TOYHOCTI BHMipIOBaHb:
OnepsxaHHS HaWOUTBINT TPEICTABHUIIBKOT TPOOW JO3BOJISAE MiJBUIIATA TOYHICTH 1
OTIEpaTUBHICTh BU3HAYEHHS BIACTHBOCTEH CHPOBHHU, IO, Y CBOIO YEPry, TO3BOJIE
CBOEYACHO KOPWUTYBATH TEXHOJIOTIYHHUN TPOIEC JUIsi OTPUMAHHS BHCOKOSKICHOTO
IPOAYKTY.

3HaYeHHs NMPeICTABHULBLKOI MPOOHM 1A AOCTOBIpHOCTI pe3yabratiB: s
OTPUMAaHHS JIOCTOBIPHMX pE3yJIbTaTiB BUMIPIOBaHb HEOOXIAHO 3a0e3MeunuTu
paBUWJIbHUM BIO1p MPEICTaBHUIIBKOT TPOOU, CepeIHIN CKIIa/l AKO1 Ma€ BiJMOBIIATH
CKJIaZly BChOI'O MajuBa, 110 BUIPOOOBYETHCS. Lle MOXKIMBO 3a YMOBU JOTPUMAHHSA
BHUMOT CTaH/IapTiB:

Jlist 3a0e3neueHHss TOYHOCTI Ta JIOCTOBIPHOCTI Pe3yJbTaTiB BUMIPIOBAHHS
SIKOCT1 TBEPJIOTO MaJliBa BAXJIMBO JOTPUMYBATUCh YITKO BCTAHOBIICHWX CTaHIApTIB
Ta TIpoLeayp BimOOpy 1 MiAroTOBKH mpob. PeTenbHICTh HA BCiX eTamax, BiJ BiIOOpY
npo0 10 mMaTeMaTH4YHOi OOpOOKM pe3ynbTaTiB, BU3HAYAE KIHIIEBY SKICTh aHAI3y.
Ockinbku mIporiec Bimbopy mpoO Moke OyTH CKIQTHUM dYepe3 HEOTHOPITHICThH
OPOJAYKTY, HEOOXIIHO 3aCTOCOBYBATH BIAMOBIAHI CTaHAAPTH, sl 3a0€3MEUCHHS
TOYHOCTI BUMIiptOBaHb. HEBUKOHAHHS BUMOT IIUX CTaHJApPTIB MOXE MPHU3BECTU 10
CUCTEMAaTUYHUX MOXUOOK, 110 3HEUIHIOIOTh PE3yJbTaTh, TOMY BaXKJIUBO MOCTIIHO
YAOCKOHAIOBAaTH METOM a00 00J1aJHAHHS U1l BIAOOPY 1 JOTPUMYBATUCH iX BUMOT.

Bioaiorpagiunuii cnucoxk

1 JACTY ISO 13909-1:2006 Byrimns kaMm’sHe, aHTpaUT Ta KOKC.
MexanizoBane BinOupanus npo06. Yactuna 1. 3aransuuit Betyn (ISO 13909-1:2001,
IDT). — Kuis: epxcnoxusctangapt Ykpainu, 2009. — 38 c.

2 JCTY 4096-2002 Byruwis Oype, KaM'sHe, aHTpaIUT, TOPrOYl CIAHIl Ta
ByTUIbHI Opuketd. MeTtonu BimOOpy Ta MIATOTOBKKM TIPoO 10 s1abopaTopHUX
BunpodoByBanb (ISO 1988:1975, ISO 5069-1:1983, ISO 5069-2:1983, NEQ). —
Kuis: epxcrangapt Ykpainu, 2002. — 34 c.

13



3 T'CTVY 322-12-3-95 Kokc kam’sTHOBYT1IIbHUN, TIEKOBUM 1 TEPMOAHTPAILIUT.
Mertonu Bi10OpY 1 MIATOTOBKHU Mpo0 it BUMpoOyBaHb. — Minnpom Ykpainu, 1995. —
2l c.

4 ICTY ISO 13909-8:2008 Byrimist kam'stHe, aHTpAIKT 1 KOKC. MexaHi3oBaHe
BinOupannas npod. Yactuna 8. MeTtonu Bu3HAUYeHHS cucrteMatndHoi moxubku (ISO
13909-8:2001, IDT). — Kuis: JlepxcnoxkuBctangapt Y kpainu, 2013. — 30 c.

5 OcHoBu X1Mii 1 (p13UKH roprounx KonaiuH : miapyunuk / B. I. Capanuyk [Ta
iH.] ; JloH. Ha1l. TeXH yH-T, [H-T ¢13.-oprad. ximii 1 Byrieximii im. JI. M. JIutBunenka
HAHY. — onensk : Cxigauit BugaBHuuni 1iM, 2008. — 638 c.

The role of the sampling stage in ensuring the reliability of the results
Holik Nataliia, Miroshnichenko Denys, Bahrova Valentyna

An overview of the basic requirements for the collection and preparation of solid fuel
samples is provided and the importance of complying with regulatory requirements during sample
collection and preparation operations is considered.

Key words: sampling; sample preparation, solid fuel; spot sample; mechanical sampler, the bias of
test samples

YK 669.162.16
JOCJIKEHHS 1ONYCTUMOI'O BMICTY Y BYT'LJIBHIA HIUXTI
T'A30BOI'O TA KOKCOBOI'O BYT'LULJISI I HOI'O BILIUBY HA SIKICTh
OTPUMAHOI'O KOKCY

'1O. B. JIyuenko, 2 B. B. Kosais, °B. I. Menianin
eporcasne nionpuememao « Ykpaincokuii 0epicasHull HAQyKo80-00CAiOHUL 8y2neXiMiuHULl
incmumym (VXIH), 61023, m. Xapxis, eyn. Becnina,7, Ykpaina
[ Ilyyenxo FOpiii Bonooumuposuy, kano. mexw. Hayk, 00yenm, 3a6i0yeay 6y2ilbHuM 6i00iioMm,
e-mail: yuvlutsenko@gmail.com
’Koeanv Banenmun Banepiiiosuy, PhD, cmapuuti haykoseuti chispobimuux 6y2itbHo20 6i00iny,
e-mail: kovalen79@gmail.com
SMewanin Banepiii Isanosuy, PhD, naykosuii chispobimnux 6y2inbHo2o 6idoiny, e-mail:
valerameshchanin@gmail.com

Busnaueno ennue emicmy y 6yeinbHiul wiuxmi 2a308020 ma KOKCOB020 8Y2llLlisl HA AKICMb
8Y2INbHUX WUXI A OMPUMAHO20 3 HUX OOMEHHO020 KOKCY. [locniodceno n’ asme eapianmis
8YIIbHUX WUXMN 13 PIZHUM 8MICMOM 8Y2INbHUX KOHYeHmpamie mapok «I» i «K».

Knwuoesi cnosa: éyeinona wiuxma, 8y2inbHull KOHYeHmMpam, KOKC.

3 MEeTOI0 BHU3HAUEHHS JOMYCTHMMOIO BMICTY Y BYTUIbHIM HIMXTI Ta30BOTO Ta
KOKCOBOTO BYTLIIS 1 HOTO BIUIMBY Ha SIKICTh OTPUMAHOTO KOKCy, Ha 6a3i 11 « Y XIH»
OyJu IpOBEJIEH] BiAMOBIIHI JAOOPATOPHI TOCIIIIKEHHS.

BiniOpani npoGu BYruibHOI IIMXTH, SIKa HAIXOJUTh Ha BYTUIbHY OamTy K.O.
Ne2  TIPAT <«3AIIOPDKKOKC», a Takox ByruibHi koHueHtpatu JII
«ITaBnorpaasyrimisn» ta 3@ «CssiTto-BapBapuHChKay, M0 BXOASTH 10 CHPOBUHHOI
6a3u nignpueMcte TOB «METIHBECT XOJIIAIHI» [1] Oynu Bignpasieni go JI1
«YXIH» Ta pgocmimkeni Meromamu Ttexmiwmoro (W¢, Ad S4, v
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wiactomerpuydoro (X, Y) ta merporpadiunoro (Ry, mnerporpadiunmii ckia,
pednexkTorpaMa BITPUHITY) aHaIi31B Ta BUSHAYECHHS TUCKY po3MupaHHs. PesynbTaTn
JOCHIIKEHHS HaBeAeHl y Tabu. 1 ta 2.

Tabman 1
TexHoJIOT1YHI BJACTHBOCTI BYT'UIBHOT IIMXTH Ta i1 KOMIIOHECHTIB
. | Tuck
S . [ImacromeTrpuuH1
TexHiunmii anamnis, % PO3IUpaHHS,
KomnoneHT MapKa INOKa3HMKHU, MM xIa
w2 | Al S4 var 1 X Y P,
BupoOHnya muxrta - 1,1 6.8 1,09 |33,6 |32 13 5.2
Al «llasnorpan-— | . 1,5 |49 |136 |380 |36 13 2,7
BYT'ULIISA»
30 «Cpsro- K 1,0 |85 |068 [27.7 |16 14 19,6
BapBapuHcbka»
Ta0mung 2
IleTporpadiuna xapakTepHuCcTHUKA BYT'UILHOI IIUXTH Ta il KOMIIOHCHTIB
Ceponi | G ortinn
[Terporpadiunuii cknan f{giii;in 0,50- | 0,80- 0,90- | 1,20-
(6e3 MiHEepaTBHHIX . 0,79 0,89 1,19 | 1,49
) BIIOMTTS ;
Komnonent Mapka | jomimmok), % BTOHEHIT Mapku ByT11Is, YMOBHO
o p Y, BIZMOBIAHI CTaIIsIM
° MeTaMopdi3My BITPHHIT
Vi|sv|1 |L |a0K |R, T+ §§H+ K | K
Bupodrura - 7910 [16]5 |16 |0,98 35 18 17 |30
InxTra
JIIT
«ITaBnorpan- r 7010 |22 (8 |22 0,76 64 36 0 0
BYTLIIJISDY
30 «Cparo- g 9 |0 [8 |2 |8 1,22 0 0 38 |62
BapBapuHcbka
Ta0Omums 3

Cxyaau TOCIIIHUX BYTUIbHUX IIHUXT

Bapiant, %
KommnoneHt Mapka 1 5 3 4 5
BupoOHuya mmxra 100
JIT «I[laBnorpaaByriuisn r 40 45 50 60
3P «CsiTo-BapBaprHChKay K 60 55 50 40
Bceworo 100 100 100 100 100

AHani3youd HaBeJeHI JaHl, MOXHa 3pOOUTH BHCHOBOK, IO JOCIHIJKEHE
BYTULJISL XapaKTEPHU3YEThCS IPUTAMAHHUM HOMY BETMYMHAMH TTOKA3HUKIB SIKOCTI, ajie
HEOOX1THO BII3HAYUTH MOHWKEHY 30JIbHICTh BYT1/LISI Mapku «I'» (4,9 %), mo moxe
MO3UTUBHO BIUTUHYTHU Ha 30JIbHICTH OTPUMAHOTO KOKCY [2].

3a ysromxeHHsMm 3 kepiBHHLTBOM [IPAT <«3AIIOPDKKOKC» 0Oynu
JOCIIKEH] 5 BaplaHTIB BYTUIbHUX IIUXT, B SKUX CIIBBIJHOIIECHHS BYTULIS MapKH
«I"» Ta «K» komuBanocs Big 40 10 60 %. BapianTu ByriibHUX IIUXT HABEJEHI B Ta0.
3. Byrinpna muxrta [IPAT «3AITOPDKKOKC) xapakrepusyBajiach BMICTOM BYTLLIS
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mapku «[» Ha piBHI 54 %, a Byriyuist mapku «K» - 46 %, 11 qocnipKyBaiu sIK BapiaHT
4,

B Tabn. 4 - 6 HaBemeHi pe3yJabTaTH TEXHIYHOTO, IUIACTOMETPUYHOTO,
nerporpadiyHOTO Ta CHUTOBOTO aHAJI3IB BYTUIBHUX INMUXT BapiadTiB 1 - 5.
[TinBumenns BMicTy TasoBoro Byrimig 3 40 go 60 % mnpusBeno A0 3HIWKCHHS
30JIbHOCTI IIUXTH 3 7,4 10 6,6 % Ta moka3HuKa BiAOUTTA BiTpUHITY 3 1,03 10 0,96 %.

Tabmums 4
TeXHOJIOT14H1 BIACTUBOCTI JOCIIDKCHUX BYTIJIBHUX IIHXT
. Texuniunuit ananis, % Hnacromerpuii

Bapiant IIOKa3HUKH, MM

W2 Ad Sdt Vdaf X Y
1 1,4 7.4 1,00 31,6 23 14
2 1,5 7,1 1,08 32,7 30 13
3 1,8 6,9 1,08 33,1 27 13
4 1,1 6,8 1,09 33,6 32 13
5 1,6 6,6 1,15 33,8 34 13

OpHovacHO 3 UM BiAOYJIOCH MiABHILIEHHS BMICTY 3aibHOi cipku 3 1,00 1o 1,15 % Ta
BUXOMY JIETKUX pedoBHUH 3 31,6 10 33,8 %.

ByrinbHi mmxty 0yJau TpOKOKCOBaH1 B 5-KI 1a0opaTopHiid eyl KoHcTpykuii 111
«YXIH» 3a Takux yMOB: BMICT 3arajibHoi Bojoru — 8 %, BMICT kiacy 0-3 mm ~80 %,
HACUITHA MIUIbHICTE ~800 KI/M°.

[Ticns kokcyBaHHS OyJI0 BU3HAYEHO BUXiJT BAJIOBOTO KOKCY, ITOKA3HUKHU TEXHIYHOTO
anamizy (A9, S, V) mexaniunoi minaocti (Il,s, 1), ctpykTypHOi MinHOCTI (CM),
abpaszuBHoi TBepaocTi (AT) ta mutomoro enekrpoonopy (IIEO) kokcy. PesynbraTn
JOCITDKEHHS SIKOCT1 KOKCY HaBeJleH1 y TaoI. 7.

Tabani 5
ITerporpadiyna XapaKTepUCTHKA JOCTIDKCHUX BYTUIBHUX IIHUXT
Cepenniii | Cragii Mmetamopdizmy BiTpuHITY, %
[Terporpadiunuii JoBinbHui | 0,50- | 0,80- | 0,90- | 1,20- | 1,50-
CKIaJ nokasHuk | 0,79 | 0,89 1,19 (1,49 | 1,69
. (6e3 MiHEepaIbHUX BIJIOUTTS . . .
Bapiant mmxtu . o . . Mapku ByTiuisi, yMOBHO BIJITOBIAHI
JIOMIIIOK), % BITPHHITY, . : . .
o cTazisM MetaMmopdi3zMy BITPHHITY
Vi|sv|1 |L|aoK |R, ACT £§H+ X K |1C
1 8210 (14|14 |14 1,03 25 11 33 31 0
2 7910 [15]6 |15 1,00 27 21 24 28 0
3 80|10 |15|5]15 0,99 25 23 26 26 0
4 7910 |16 |5 ]16 0,98 35 18 17 30 0
5 7710 [17]6 (17 0,96 36 22 15 27 0
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Tabauisg 6
['panysIOMeTpUYHUN CKJIaJ ByTUIBHUX IIHUXT

CepenHiii
BapiasT mixtu ['panynomerpuunuii cknag (Mm), % f/[i;MeTp YacToK,
6-13 3-6 1-3 0,5-1 | <0,5 |<3 ds
1 5,8 14,1 25,1 164 |38,6 |80,1 1,91
2 5,9 14,1 256 | 16,3 |38.1 80,0 1,92
3 6,1 13,9 25,7 [ 15,8 [385 80,0 1,93
4 6,3 13,9 25,6 | 159 1383 [798 1,95
5 6,3 13,8 25,7 | 15,7 [384 1799 1,95
Ta6mmms 7
[Toka3HUKHU AKOCTI OTPUMAHOI'0 KOKCY
[Tnromuit
MexaHiuna €JIEKTPOOIIIp,
Texuiuamii Buxig | miugicTh C.pr.K TypHa A6pa3.HBHa Owm-cm
Bapianr | ananis, KOKCY, | 1a00paTopHOro MULHICTb 38 ) TBEPAICTD 33
— o o, KOKCY, 0F/p;13HOBI/IM, I'iu36yprom,
o 0 MT
(1]
A4 |84 | V| B, ILs |1 CM AT p
1 10,6 | 0,88 | 0,6 | 73.8 92,8 6,0 91,0 91 0,124
2 10,4 10,89 | 0,6 | 73,6 92,5 16,3 90,5 89 0,124
3 10,510,90 |04 | 73,4 924 |64 90,2 88 0,128
4 10,2 10,93 10,7 | 73,1 92,1 [6,8 89,7 82 0,131
5 10,1 1 0,98 | 0,7 | 73,0 92,0 |70 89,5 81 0,132

Buxoasun 3 HaBeIeHUX TaHUX MOKHA 3pOOWTH BUCHOBOK, 1110 TiABUIIICHHS BMICTY
BYTULISL MapKu «I» y BYTUIbHIN MKUXTI TPU3BOJUTH 0 MOTIPUIEHHS SKOCTI KOKCY.
3okpema, moka3HUK MexaHidHoi MitHOCTI [1,5 3HM3uBCS 3 92,8 10 92,0 %,
CTPYKTypHa MilHICTh 3a ['psizHoBuM — 3 91,0 1o 89,5 %; abpa3uBHa TBEpAICTbH 3a
INu36yprom —3 91 g0 81 mr. OfHOYACHO 3 IMM TTOKAa3HUK CTUPAHOCTI 1
nigsuimuBcs 3 6,0 1o 7,0 %, a mutomuii enexktpoornip —3 0,124 1o 0,132 Om*cm.
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VK 669.1:622
CYYACHI TEXHOJIOI'TI HEPEPOBKHU TBEPJIUX 'OPIOUUX KOINAJIMH
JIJIS1 CTBOPEHHS B YKPAIHI HIIITPUEMCTB «3EJIEHOI»
METAJYPI'TI

I. B. Illynera!, €. I. Kotaspos?

lepoicasne nionpuemcmeo « Ykpaincokuii 0epiicasHutl HayKo80-00CHIOHUL YeaeXiMIUHULL
incmumym J{I1 « VXIH», 61023, m. Xapxis, éyn. Becnina, 7, Yxpaina

Hayxoeo-oocnionuti yenmp Inoycmpianvnux npobaem pozsumxy Hayionanovnoi Axademii
nayk Yxpainu H/L] ITIIP, 61000, m. Xapkie, npos. Inocenepnuti 1-a, Ykpaina
Ullyneea Ieop Bonooumuposuu, K.m.H., 00y., 3as. xoxcoeum eiodinom JII «YXIHy», e-mail:
ko@ukhin.org.ua
2Komaspos €ezen leanosuu, K.e.n., O0Y., 3a6. CEKMPOM eHepeemudHoi 6e3neku ma
enepeosoepexcenns H/L[ ITIP, e-mail: ekotlarov(@i.ua

Po3spobnena xonyenyis no8oeHH020 GIOHOBIEHHA Memanyp2iliHoi npomuciogsocmi Yxpainu
HA OCHOBI «3€NleHUX» MeXHON02IU: NPAMO20 GIOHOGNIEHHS 3ANi3a ma OMPUMAHHA CHIABI8 i3
3a0anuMu 61ACMUBOCAMU 6 elleKmponeyax. K IOHOGHUK 3aNpONOHOBAHO BUKOPUCTOBYBAMU
2eHepamopHull 2a3 i3 8y2inid, a sK 0xcepeno eHepaii O eleKmpUudHux neueu ma 30a2a4eHHs.
2eHepamopHO20 2a3y eNeKMpPONIZHUM BOOHEM — elNeKMpPOEeHepeilo, OMPUMYBAHY 3d YMunizayii
EeHMAaNbNil 2eHePamopHO20 2a3y.

Knwuosi cnoea: «senena» memanypeis, npsame 6iOHOGIEHHs 3a1i3d, €l1eKMPOMEMAnypais,
easupixayis gyeinns, gepocniagre UpoOOHUYMEO.

B ypsaoBux Ta 613HECOBHX KOJaxX YKpaiHU MOLIMPIOETHCS PO3YMIHHS TOTO, IO
NOBOEHHE BIJHOBJEHHS METANypriiHOi ramdy3l Mae BIIOyBaTHCh Ha MUIAXY
BIIPOBA/DKCHHST «3€JICHUX» TexHojorii [1-3]. Ha BiamiHy Bifg TpaguliifHOTO
OTpUMaHHS CIUIaBiB Ha OCHOB1 3aji3a B JOMEHHOMY TMpOIECi 3 HACTYITHOIO
nepepoOKor0 iX Yy CTallb, «3€JIeHD» TEXHOJOrll MeTalTypriiHOro BHUPOOHHUIITBA
I'PYHTYIOTHCS Ha MEPepoOIll METAIOOPYXTY a00 MpSIMOMY BiJHOBJIEHHI 3aii3a. B 060x
BUIIaJIKaX OTPUMAHHS CTajll Ta/ab0 4aByHY 3I1HCHIOETHCS B €JICKTPUYHHUX JAYTOBUX
neyax [4].

Ha namry mymKy, nepcrieKTUBHUM HAIPSIMOM TEPEXOTy A0 3€JIeHOI MeTalyprii
€ OTPUMAaHHS 3aji3a 13 pyaAu NPSMUM BiTHOBIEHHSM (0€3 BUKOPUCTAHHS JOMEHHOTO
nporiecy). CyTHICTh OTPUMaHHS 3alli3a MPSIMOTO BITHOBJICHHS (TyO4YacToro 3aiisa)
HoJsirae, K 1 B JOMEHHOMY TIPOIIECi, Y BIIHOBJICHHI HOT0 3 OKCUIB, K1 yTBOPIOIOTH
3ali3Hy pyAy. BiamoBigHo, ISl mpolecy HEOOXITHUN crhelialibHUMl BIAHOBHUK. Y
JOMEHHOMY BUPOOHHUUTBI B SIKOCT1 BIJIHOBHHKA BUCTYIAIOTh BYTJEb Ta BOAEHb, LIO
MICTATBCSI B JOMEHHOMY KOKC1 Ta IPOAYKTax Moro rasudgikarii KOMIIOHEHTaMU JyTT
Ha HUKHIX TOPU30HTax JOMEHHOI meui [S]. CrnantoBaHHS YaCTUHU JIOMEHHOTO KOKCY
J03BOJISIE OTPUMATU TeMIEpaTypy, HEOOX1IHY JJIsl TPOTIKAHHS peakiliii BIIHOBJICHHS,
1HIIIa YaCTHHA KOKCY € JDKEPEJIOM BYTJEI0, HEOOXITHOTO Jjisd X peakiii. Kpim
TOTO0, KOKC Ma€ BUKOHYBAaTH (DYHKIIIO pO3IMyIIyBaya, SIKMM €IUHUI 3 KOMIIOHEHTIB
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JIOMEHHOI IMUXTH 3HAXOJUTHCA B TBEPJIOMY BUTJISI HA HUKHIX TOPU30HTAX TEYl Ta
yTpuMy€ Ha co0l BECh CTOBII MaTepialiB, IO 3HAXOMATbca Buile. Kokc sk
pO3IylTyBay 3aMiHUTH B JIOMCHHOMY BHPOOHHUIITBI HiumM. /[ #ioro BUpOOHHIITBA
noTpiOHA BYTUIbHA INMXTAa HAa OCHOBI JOOpE CIIKIMBOTO — HANJAOPOXKYOTO Ta
HaOUTpI 1ePIIUTHOTO — JKUPHOTO 1 KOKcoBOro Byrumisi. Came TOMy KOKC €
HAIOPOKIUM KOMIIOHEHTOM JIOMEHHOI IITUXTH.

AJNBTEepHATUBOIO BITHOBHHUKY — JJOMEHHOMY KOKCY - € TaK 3BaHH CHHTE3-Ta3
(CyMmiIr MOHOOKCHUY BYIJICIIO 1 BOAHIO). [Ipu 11boMy MOHOOKCH/ BYTJIEIO (200 Horo
YacTUHA) CHATIOETHCSA JJII OTPUMAHHS TEeMIEpaTypu, HEOOXITHOT ISl MPOTIKaHHS
peaxiiil BIAHOBIIEHHS, a (DYHKIIIT caMOro BiJHOBHUKA BUKOHY€E BOJCHb.

CHUpOBHUHOIO JJI1 OTPUMAaHHS CUHTE3-Ta3y MOKe OyTH MpUpOAHMI ra3 (maposa
KOHBEPCisl METaHy), a00 KaM’siHEe BYTULIA (Tra3udikaris).

B cydacHuX ykpalHCBKHX peallisiX MPUPOIAHUM ra3 € AePIUTHUM PECYpPCOM;
BITUM3HSHOTO BUJIOOYTKY BHCTaya€e JIUINE IS 3aJ0BOJICHHS IMOTPeO HaceIeHHS 1
KOMYHQJIBHOI €HEPTrEeTUKMU.

HarowmicTe, onmepkaHHS CHHTE3-ra3y 3 KaM SHOTO BYTULIS B YKPaiHCHKUX
yMOBaxX € IIJIKOM CJYIIHWAM, ajié MPU 3aCTOCYBAaHHI CyYaCHHUX TEXHOJOTIH HOro
razudikarmii. OcoOnuBicTIO Takux TexHoJorii (mporecu Texaco, Conoco-Phillips
TOIIO) € yTuii3alis (i3UYHOT TEIUIOTU (€HTAJbIli) OTPUMYBAHOIO CHUHTE3-Ta3y s
BUPOOHHUIITBA TEIJIOBOI Ta €1EKTPUYHOI eHeprii. OCTaHHS MOXE BUKOPHUCTOBYBATHCH
JUISL  HACTYIHOTO 3JIMCHEHHS  €JIEKTPOMETaIyprifiHuX MpOLECIB  MepepoOKH
ry0uacToro 3ajiiza Ha CIUIaBH 13 3aJJaHUMH BJIACTUBOCTSIMHU.

3a Takoi opranizailii mporecy BUKUANA BYTJIEKHCIOTO Ta3y (pOopMyBaTUMYThCS
TOJJIOBHUM YHHOM 3a PaxyHOK OKHCHEHHS MOHOOKCHJY BYIJICHIO MPU MPSIMOMY
BIJIHOBJICHH1 3aii3a 13 pya. s 3MeHIIeHHsS BUKHUIIB MapHUKOBOTO BYTJIEKHCIIOTO
ra3y NMpONOHYETHCS 3aCTOCOBYBATH 30araueHHs OJIepKYyBaHOTO CHUHTE3-Ta3y BOIHEM.
OcranHili MOXe OyTH OTPUMaHUN NUISIXOM €JIEKTPOJIi3y BOJU 13 3aCTOCYBaHHAM
EJIEKTPOCHEPT1i, JHKEPEJIOM SKOi € yThmi3amis (pi3HYHOTO TEeIula TeHEPATOPHOTO Taszy
[6].

[TouaTok 3acTOCYBaHHS €NEKTPOMETATYPIiMHUX MPOLECIB MPUTIAAAE HA TEPILY
nojoBUHY XX CT. 3aBISKH CTBOPEHHIO TOTY)KHMX CHCTEeM BHUPOOHHMIITBA,
TPaHCHOPTYBaHHS 1 BUKOPUCTaHHS eyekTpoeHeprii. 3okpema, 1905 p. B. ¢on
bonpTonom (Himeuumna) Oyna 3ampomnoHOBaHa BaKyyMHa JyroBa IUIaBKka. B
OPOMUCIOBUX MacmTabax Led meron Brepuie OyB Buxkopucranuid B CIIHA B.
Kpomnnom ans BumiaBnenns tutany. B [HcTuTyTi enekrpo3BaproBanus AH Ykpainu B
1952-1953 p.p. OyB po3po0OIIeHHT METO/] €JIEKTPOIILIAKOBOTO MeperiaBieHHs [7].

Hanpukinmi XX cT., 3 YCBIZOMJIEHHAM HEOOXITHOCTI 3MEHIIIEHHS BUKHIIB Y
JOBKULISL MAapHUKOBHX Ta3iB Ta MEpPEXoay A0 BYTJIEHEBO-HEHUTPAIbHOI «3€JIEHO»
€KOHOMIKH, TEXHOJIOT1T €EeKTPOMETATYPTiMHOTO0 BUPOOHHUIITBA OTPUMAJH MOTY>KHIN
HOILITOBX J0 MOJANBIIOTO PO3BUTKY. 3apa3 3a JIOINOMOIOI0 E€JIEKTPOMETATypriiiHIX
npornieciB B CIIA otpumytots Ounbiie 50 % crani, B [liBgenniit Kopei — 40 %, B
Himeuunni — 25 %. B Kwurai neii mokasHuk 3HaxoauThcss Ha piBHI 10-15 %, a B
VYkpaini He mepeBumye 5% [8]. Ilpm upomy ans  eneKTPOIIABICHHS
BUKOPHCTOBYETHCA TOJOBHUM UYMHOM METAJIOOpYyXT, TOOTO BTOpPHHHA METaIypriifHa
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CHPOBHHA, SKa B TMPHHIMIII HE MOXXE IOBHICTIO 3a0€3MEUNTH CIOXKHUBAYIB 3a
3pOCTaHHS X MOTPEOH.

B Toif e wac B CBITI € TPOMHCIOBUN JOCBIJI €IEKTpOMETaTypriiiHoi
nepepoOKH BIAHOBICHOTO 3 pPyJ 3aji3a, B MepUly uYepry OTPUMAHOrO MPSIMUM
BITHOBJIEHHSIM - TyOuacrtoro 3amiza. HaiiOinpmn mnomupeHuM € po3poOsieHui
aBcTpiiicbkoi ipmoro Vest Alpine B 70-80-x p.p. MHHYJIOro CTOpIY4Ysl IPOILIEC
COREX. B cairi 3a miewo texHomnoriero B I[TAP, Inaii, Kurai, IliBnenniit Kopei Ta
IHIIMX KpaiHax mnpamoe Oau3bko 10 TPOMHCIOBUX YCTAaHOBOK MOTYXHICTIO
0,51,3MiH T 3ami3a TpPsAMOro BIiAHOBIEHHA Ha pik [9]. Sk BIJHOBHUK
BUKOPUCTOBYETHCS BYTJUISI KPYMHICTIO 10 50 MM.

B Vkpaini HasgBHI T’STh eJEeKTpOMETalIypridiHux BupoOHUUTB (JHIMpoO,
3anopixokst, Mapiynons, Kpamatopebk, Kypaxose). YMoBu a1t cTab1bHOI poOOTH
Hapas3l € JuIie IS NepiiuX ABOX MIANPUEMCTB. SIK CHpOBHHAa BUKOPHUCTOBYETHCA
BUKIIIOYHO MeETaoOpyXxT. B VYkpalHChKOMY Jep:KaBHOMY YHIBEPCHUTETI HAyKH 1
texdHoyorii  (YAYHT, ™. J[luinpo) mpamoe  eauHHd B YKpaiHi
EIEKTPOMETANYpriiHUN (DaKyIbTET.

3a cygacHUX YMOB JJi1 YKpaiHU aKTyaJIbHUMH € HACTyITHI TIPOOIeMHU:

1. BiacyTHICTh MOTY>XHOCTEH 3 MepepoOKH CIUIaBIB HAa OCHOBI 3aji3a Ta
OpI€HTallld ICHYIOYMX MIANPUEMCTB Ha NEpepoOKy BHUKIIOYHO METaJo0pyXTy,
BHACJIJJOK YOI'0 MOXJIMBOCTI PO3BUTKY «3€JI€HO1» METANYPrii € 0OMEXEHUMHU.

2. OOMEXeHICTh pecypciB BigHOBHUKA. [[pOMHCIIOBI TEXHOJIOTII MPSMOIo
BIJTHOBJICHHSI 3ajli3a B CBITI BUKOPUCTOBYIOTh K BIJIHOBHUK JAE€(PIUUTHE KPYIHO-
KycKkoBe Byruuisa. buibmie Toro, 10 15 % ByrieneBoro BiJIHOBHUKA Ma€ CTaHOBUTH
KOKC, B TIEpIIy Yepry B MEePiou 3aIyCKy YCTAHOBKHU JIJIsi CTBOPEHHS Ta30MPOHUKHOTO
KapKacy 3acHuily.

3. HeBiamoBiHICTh MPOLIECIB MPSMOTO BiJHOBJICHHS 3aii3a OOMEXEHHSIM Ha
BUKHIM MMaPHUKOBUX Ta31B. BUKUAM BYTJIEKMCIIOTO ra3y, B MOPIBHAHHI 3 KIACHYHOIO
JIOMEHHOIO TEXHOJIOTI€r0, 3MEHINYIOThes Jume Ha 20-25 %, mo He BiamoBizae
Cy4YaCHUM BHUMOTaM.

J11st BUpIIIICHHS IUX TUTAHb MIPOTIOHYETHCS:

1. BukopucToByBaTH SIK BIJIHOBHUK CHHTE3-T'a3, OTPUMYBAaHUWA B OKpEMIi
YCTAHOBIII J1Jis1 ra3udikailii Byruiis.

2. 30arayyBaTu OTpUMaHUW BIJIHOBHUM Ta3 BOJHEM JiJIsl BIIHOBJICHHS METaJiB
3 BUCOKMMU 3HAYEHHSIMH €JIEKTPOTHOTO MOTEHIN ATy, 30KpeMa, XpOMY.

3. Jns oTpumaHHS BIIHOBHOTO Ta3y 3aCcTOCOBYBaTHM BHCOKOEHEPIeTHYHI
TEeXHOJOT1i rasudikaiii (Hampukiaa, B IUiazMi) JUisl BITHOBJIEHHS MeETaliB 3 1mle
OUTBIIMMU 3HAYCHHSAMHU CJIEKTPOJHOTO IMOTEHIany (30Kkpema, MOIiOAeHy Ta
BOJIb(pamy).

4. BUKOpPUCTOBYBaTH BTOPHHHI €HEPreTUYHI PECYpCH, YTBOPIOBAHI HA PI3HUX
CTaJisX MPOIECY, TSl IOBHOTO a00 YaCTKOBOTO 3a0€3MEeUCHHS €HEPreTUYHUX MOTPed
IHIMMX CcTamiid (HampUKIal, EJIEeKTPUYHY C€HEpriio, OTpUMyBaHy 3a Tasudikarrii
BYTULISI, BUKOPUCTOBYBATH JJIsi €JICKTPOJITUYHOTO OTPUMAHHS BOJHIO Ta POOOTH
€JIeKTpOoIieyent).
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5. ParmioHaIbHO KOMIIOHYBAaTH YCTAaTKyBaHHS OKpPEMHUX CTaJiii 3 METOIO
3HIDKCHHSI CHEPreTUYHMX BUTpaT (HampuKiIaj, TMepesadya 3aiiza IpsiMOoro
BiJTHOBJICHHS Ha €JICKTPUYHE TIJIABJICHHS B TapSUIOMYy CTaHi).

3a BHUKOPUCTAHHA IUX TMPOIMO3HIIN OCHOBHUM  BHAOM  MIPOIYKITI
€JIEKTpPOMETaNyprifiHoro BUpoOHMLTBA Oyzae cranb. [Ipu 1ipomMy BMICT ByTJeliO B
3aJ1i31 OPsIMOTO BIJHOBJIEHHSI 3HaXOJAuMeEThCcsi Ha piBHI 1,0 %, mo Bxke BiAmOBiIA€E
BHMOI'aM JI0 BUCOKO-BYIJIELIEBUX CTajeil. 3a HEOOXITHOCTI BMICT BYIJICLIO B CTaJsAX
MOe OyTH MiABUIIEHUN 10 TPaHUYHOTO piBHA 2,14 %, 1110 BiAMOBIAa€E BUMOTraM J0
0COOJIMBO BUCOKOSIKICHUX CTaJIel. 3 L1€I0 METOIO JI0 IIUXTH eJIEKTPOMETaTypriiiHuX
neyerd MoXKe J0JaBaTUCA MOTPiOHA KUIBKICTh KapOOpH3aTOpy — BYTJICLIEBMICHOTO
Marepiany (TBepjoro abo PIAKOro), HANPHUKIAA, KaM SHOBYTUIBHOI CMOJIH.
AHQJIOTIYHUM YMHOM, 3a JIOJaBaHHS IIM€ OLIBIINOI KITBKOCTI BYTJIEIIO, MOXJIHUBO
OTPUMYBATH YaBYH JIJIsl HOTPEO JIMBAPHOTO BUPOOHUIITBA.

BigHocHO HeBenuKa KUTBKICTh CEpPEIHbO- Ta MAJIOBYTJICIEBUX CTajel MOXKe
OyTH oTpuMaHa 13 Ty04acToro 3aji3a IUIIXOM HOTO PO3KHUCICHHS B KOHBEPTOpax
ITICJIs TUTABJICHHSI B €JIEKTpOIeYax.

OTpuMaHHs cTaned Ta 4YaBYHIB 13 3aJaHUMH XIMIYHUM CKJIQJOM Ta
BJIACTUBOCTSIMU  JIOCSTATHMETHCS JITYBAaHHSIM iX BIJMOBITHAMH €JICMCHTAMH
(XpoMOM, HiKeJeM, KPEMHIEM, BaHaJl€M, MapraHileM TOII0) IUISIXOM JO0/IaBaHHS
cnenlagbHuX (PepocruiaBiB, Kl TAKOXK MEPEBAXKHO OTPUMYIOTHCS B EJIEKTpOIeyax
[UIAXOM BIJHOBJIEHHS KOKCOM BIAMOBIAHMX pyAHHMX MarepianiB. Ha BinMmiHy Bij
JOMEHHOTO KOKCY, BUMOTHU 10 (DepOCIJIaBHOTO KOKCY 3HAYHO M’ SIKIIi, AJsi HOTo
OTpUMaHHA TOTPIOHO B 2-3 pa3u MeHle J00pe CHIKJIMBOrO BYTUUIS, KIHIIEBA
TeMrieparypa KokcyBaHHS Moxe Oyt Ha 100-200 °C nmxya [10], a moTpeda B
TaKOMY KOKC1 HE MEPEBUIIY€E KIJTLKOX BIJICOTKIB Bijl JOMEHHOTO KOKCY.

Cepen  ToNOBHUX  TepeBar  peaiizaiii  3ampoloOHOBAaHOI  «3€JEHOI»
METaTypriiiHoi TexHOoJIOT11 (ra3udikarlisi Kam’ SHOTO BYT1LIS ® OTpUMaHHS Ty04aToro
3aJTi3a MUIIXOM BIJIHOBJICHHS 3aJ113HOT PYJW CUHTE3-Ta3oM ® OTpUMaHHS CIUIABIB i3
3aJlaHUMH BJIACTUBOCTSAMH B €JIEKTPOIEYax) CIiJ 3a3HAYUTH: 3HWKEHHS BHUKHUJIB y
JTOBKULIS XIMIYHUX 3a0pyAHHUKIB, IO YTBOPIOIOTHCS TMPU BHUPOOHHIITBI KOKCY 1
YaByHYy; 3HA4yHE IMIJBHUILEHHA $KOCTI METaJONpPOAYKLIi Ta METaIOBUPOOIB;
3MEHIIECHHS NOTpeOM B KOKCI Ta IOM SIKIIEHHA BUMOI JO HOro BJIaCTHBOCTEH
BHACJIIJIOK IPUIMTMHEHHS BUKOPUCTAHHS KOKCY B IOMEHHUX TI€Uax, 3HWKEHHS BUKHU/IIB
apHUKOBOTO Tazy.

BukopucTaHHs BITYM3HSHOTO KaM SHOTO BYTI/UISL JUIS BUPOOHHUIITBA CHHTE3-
ray Oylne MaTu 3HAYHUWA CcOUlaJbHUN e(EeKT, OCKUIbKUA J03BOJUTH BUPIIIUTH
npoOJieMH BYTJIEBUI00YBHOT MPOMHUCIOBOCTI. PyifHallisl TEIJIOBOI €JIEKTpOreHeparii
BHACJIJJOK MaCOBaHUX PaKETHUX aTaK MpU3BeEJa JI0 CYTTEBOIO 3HIKEHHS MOMUTY Ha
BYTUIbHY TMPOAYKIIIO 1, B TEPCHEKTHUBI, MpPHU3BEAE /O 3aHenagy IUIuX
BYTJIEBUJIOOYBHUX PETIOHIB, B SIKMUX po3TamioBaHl maxTu: 3axigHoro JlonOacy i
JIbBiBCbKO-BoIMHCEKOTO Oaceliny.

Takum 4YUHOM, CTBOPEHHSI «3€JICHO» METAIYPTil € aKTyaJIbHAM 3 TOYKHU 30Dy
MOBOEHHOTO BIJHOBJIEHHS 1 PO3BUTKY HE JHIIE METAIypridiHoi, a ¥ BYT1IBHOI
MPOMUCIIOBOCTI YKpaiHU Ha Cy4acHIN TEXHOJIOTTYHINA OCHOBI.
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Modern technologies for processing solid fossil fuels for the creation of “green”

metallurgy enterprises in Ukraine
Shulga Igor, PhD in technical science (SE UKhIN), Kotlarov Yevhen, Candidate of Economical
Sciences (NDC IPR)

A concept for the post-war recovery of the metallurgical industry of Ukraine has been
developed based on "green" technologies: direct reduction of iron and production of alloys with
specified properties in electric furnaces. It is proposed to use coal-based producer gas as a
reducing agent, and electricity obtained by utilizing the enthalpy of producer gas as an energy
source for electric furnaces and enrichment of producer gas with electrolytic hydrogen.
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A review of modern technologies for the development and application of complex processing
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agriculture and other sectors, is carried out
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Oil and natural gas are currently the main raw materials for the energy and
chemical industries. At the same time, the constant growth of energy consumption
amid depletion of conventional oil and gas fields, relocation of production centres to
hard-to-reach regions with high investment costs require an assessment of the
possibilities of developing the raw material base and organising the production of
new unconventional hydrocarbon raw materials, including oil shale.

The resources of these minerals are significant and most deposits are located at
easily accessible depths, which greatly facilitates their search, exploration and
exploitation. That is why many countries have now started developing shale
hydrocarbons. Based on the experience and accumulated scientific research, it is
necessary to conduct theoretical and experimental studies aimed at the development
and practical implementation of shale processing and shale chemistry in Ukraine.

The combustible part of oil shale is sapropel or humus-sapropel. The organic
matter is evenly distributed in the rock, which is usually clayey. When oil shale is
heated without air access to 5000 °C or with air access to 10000 °C, the organic
matter decomposes with the release of shale oil, dry combustible gases and resinous
water. Resin yield from kerogen-poor shales is 5-10% by weight of dry rock, and up
to 30-50% from the richest shales [1].

As for the use of oil shale by other countries, the largest oil companies in
America, Exxon Mobil and Chevron, as well as the Anglo-Dutch Royal Dutch Shell,
spend about $100 million annually testing new methods of shale oil extraction.

China also pays considerable attention to shale carbonaceous rocks, and the
average annual production of shale tar now reaches 390-400 thousand tonnes.

Much attention is paid to the development of the oil shale industry in Brazil.

Since the 1980s, the country's energy needs have been met by alternative energy
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sources for 35%. The country produces less than 2 million tonnes of oil per year from
shale.

One of the oldest oil shale processing plants is located in Germany. The plant
extracts oil shale and uses it to produce cement. The annual output of the mine is
approximately 400 thousand tonnes. Oil shale is used in two ways: most of it is
burned to generate electricity and ash, while a smaller part is used as raw material
and fuel directly in the cement kiln.

Other countries involved in oil shale extraction and processing include
Australia, Jordan, Israel, and Morocco.

The current practice of oil shale development can be divided into the following
main areas

- extraction and combustion as boiler fuel;

- extraction and use as a raw material for cement production with associated
energy generation;

- extraction and processing into more valuable energy and chemical raw
materials.

The first option is actively practiced in Estonia, where most of the extracted oil
shale is burned as boiler fuel at Narva and Baltic thermal power plants. The
development of this area is limited by the growing level of requirements to industrial
and environmental safety, which leads to a deterioration in the economic performance
of the energy use of raw oil shale.

The second direction of industrial development of oil shale is developing
where the kerogen content in the shale rock is relatively low, but its mineral
composition allows producing cement clinker of acceptable quality (Germany) [2].
However, the scale of oil shale use as a raw material for the cement industry is
incomparable with the size of its reserves, so the main vector of development of oil
shale industrial development will be directed towards obtaining high-quality energy
and chemical raw materials [3].

The third direction is related to the processing of oil shale into the most
valuable energy and chemical raw materials. In this case, one of the main target
products of shale processing is shale oil [4].

Abroad, in particular, in the United States, it is believed that a full-scale
industrial shale oil plant should have a daily capacity of at least 50 thousand barrels
(about 8 thousand m3), and preferably 100 thousand barrels (about 16 thousand m3).
To ensure such productivity of shale oil, 25 million tonnes of shale rock should be
extracted annually. [5].

The ash residue formed during the thermal processing of oil shale is a huge
reserve of cheap raw materials for the production of a diverse range of construction
materials, primarily binders. Energy clinker production based on oil shale ash is well
developed. This method is used to produce building blocks and panels, autoclaved
porous and heavy concrete, silicate bricks, and high-grade Portland cement [6].

Oil shale is a source of over 60 (table 1).

Practical development of these resources is not widespread due to their low
exploration, lack of proven technologies, and low competitiveness compared to the
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country's traditional hydrocarbon resources - oil and especially natural gas.
Therefore, the structure of the resource base of the shale hydrocarbon balance sheet
should take into account a phased scheme of involving these energy carriers in the
national economic circulation.

Table 1
Products that can be obtained from oil shale processing
Industry Products.

Fuel and Gas, fuel oil, diesel oil, petrol, wood impregnation oil, bitumen,

energy kerosene, fuel oil, road surface oil, softeners, fixatives,
lubricants, additives

Shale chemical | Benzene, toluene, thiophene, solvents, varnishes, adhesives,
sulphur, acids, duplicators, dyes, mastics, sulphanol, plasticisers

Plastic and Automotive blocks, cladding boards, linoleum, artificial leather,

rubber rubber softeners, etc.

engineering

Medicines Ichthyol, sodium-ichthyol, sulfichthon, albichthol

Building Cement, lime, mineral wool, facing materials, crushed stone for

materials construction works, stone casting products, concrete aggregates,
heavy and lightweight concrete

Agricultural Herbicides, urea, nerosin, plant growth stimulants, lime flour,

preparations etc.

Non-metallic Alumina, soda ash, phosphorus, potassium, sodium, magnesium
sulphates, sulphuric acid

Rare metal vanadium, germanium, cobalt, molybdenum, nickel, uranium

Practical development of these resources is not widespread due to their low
exploration, lack of proven technologies, and low competitiveness compared to the
country's traditional hydrocarbon resources - oil and especially natural gas.
Therefore, the structure of the resource base of the shale hydrocarbon balance sheet
should take into account a phased scheme of involving these energy carriers in the
national economic circulation.

At present, certain experience has been gained in the field of oil shale
processing using underground and surface thermal methods to produce liquid
hydrocarbons and fuel gas. At the same time, any industrial technology should ensure
environmental safety of the region during the development of the field and after the
oil shale processing is stopped for a long time.

There is a fairly large number of thermal technologies for oil shale processing
in ground-based units, where two sources of oil shale heating are used

- solid heat carrier (oil shale ash, ceramic balls) - Haloter, Estonia, Narva;
Enefit, Estonia, Auver village; Alberta Tasiuk, Australia, Stewart Point;

- gas coolant (internally heated - Union A, Parajo Direct, Kiviter, Superior
Direct, Kentortll processes and externally heated - Union B, Parajo Indirect, Petrosix,
Superior Indirect, Fushun).
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Existing pyrolysis methods have a number of disadvantages: increased
consumption of raw materials, low specific reactor productivity. Analysis of the shale
chemical industry development shows that the main reserve for increasing the
integrated use of shale raw materials is the replacement of the energy source.

It is also advisable to assess the environmental safety of onshore thermal
methods of oil shale processing, taking into account the technology used. To this end,
researchers have formed the following groups:

- Engineering (yield of target products; corrosion safety; versatility of the
technological process; efficiency of the coolant);

- environmental (requirements for raw materials: possibility of processing oil
shale of a certain fractional and chemical composition, use of other types of
hydrocarbon raw materials; dependence of the technological process on the quality of
raw materials;

- generation of additional solid and gaseous waste; possibility of closing
gaseous and solid flows in technological cycles; water consumption; reliability and
trouble-free operation) [7].

Based on the selected criteria, it was found that the Enefit process is the most
modern, as it has a minimal environmental impact and maximum yield of target
products (90-95 %). The minimal environmental impact is likely to be explained by
the use of potential heat from the fly ash, the possibility of processing oil shale with a
fine fraction of oil shale production reaching 30%, high yield of shale oil, and low
water consumption.

The complete combustion of the carbon residue ensures relative safety of
groundwater and leads to the possibility of using ash that can replace clinker in
cement production. In addition, the use of waste heat for electricity generation also
prevents carbon dioxide emissions.

One of the thermally promising methods of integrated oil shale processing is
the plasma-chemical method. Plasma-chemical technology has wider possibilities, as
the temperature of the coolant can reach 30005000 K, and at high temperatures,
chemical transformations of hydrocarbons are accelerated. In this process, the
destruction of organic substances is carried out using the low-temperature energy of
the plasma of the reducing gas (hydrogen, mixtures of hydrogen and methane)

Favourable geological conditions, in particular, the depth of the ground, are a
prerequisite for the underground industrial processing method. For example, in the
US, commercial production of shale oil by underground methods began in 1985, and
in the Piceance Creek basin (Colorado), the maximum capacity of shale oil

Thus, the task of developing and applying integrated processing of oil shale,
which is a raw material for the energy, chemical, medical, construction, agricultural
and other industries, is relevant and timely.
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Hasedeno ompumani pesynomamu no enaugy easy pi3HO20 CKIAOY HA NOKA3HUKU DPeaKyitiHoi
s30amnocmi CRI (Coke Reactivity Index) ma eapsauoi miynocmi xokcy CSR (Coke Strange after
Reaction).

Knrwuosi cnosa: cyxe cacinus xoxcy, saikicms kKokcy, peaxyiuna 30amuicms CRI (Coke Reactivity
Index), eapsiua miynicmo kokcy CSR (Coke Strange after Reaction)

Ak BiIOMO, TNPUOPUTETHUMH JUIS  JOCHIDKEHHSA  (PI3MKO-XIMIYHUX
BJIACTUBOCTEH KOKCY B JaHWM Yac BUAULIIOTH peakiiiiny 3aaTHicTb CRI (Coke
Reactivity Index) 1 rapstay minnicts Kokcy CSR (Coke Strange after Reaction), o
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BU3HAYAIOTHCS 3aralibHOBU3HAaHUM MeToAoM NSC, 3ampornoHOBaHUM KOPIIOPAIIIEI0
Nippon Steel.

3 3MmeHIeHHIM peakiliiiHoi 3qatHocTi CRI KOKCy MTOMITHO MiBHIYETHCS
fioro rapsiya minHicTh CSR. Hu3bka peakimiitHa 34aTHICTh BU3HAYA€ 3MEHIICHHS
CTYTICHSI PO3BUTKY PEAKIId MPSIMOTO BiTHOBJICHHS 3aii3a, M0 3HIKYE BUTPATY
BYTJIELIO KOKCY SIK TEIUIOHOCISI Ta BIJHOBHUKA.

[Toka3nuk raps4oi migHocTi CSR OIbII TOYHO BH3HAYA€E SIKICTh KOKCY,
OCKUIbKM  XapakTepu3y€ MHOro TMOBEAIHKY JOMEHHOI Tedli MpH BHUCOKHUX
TeMITepaTypax B IMPOIECi BUIUIABKA YaBYHY. 3 ITiIBHIICHHSIM 3HAa4eHb MOKa3HUKA
CSR 3MeHIy€eThCsl pyWHAIIisl KOKCY B I1€Ui, ITOKPAITyEThCS TPOHUKHICTD JIJIS Ta3iB
Ta PIAMH y 30HI IUIABJCHHS JIOMEHHOI TedYi, MiJBUINYETHCS MPOTYKTHUBHICTD,
3HIKYIOTHCSI BUKHU]IU IIKIJIJTUBUX PEYOBUH TOIIO.

Came ToMy 1Ipu BUPOOHUIITBI KOKCY mokpaieHHs nmokazHukiB CSR ta CRI
€ aKTyaJIbHOIO 33/1a4€l0.

B cBoto uepry 3a paxyHOK MiABUIIEHHS SKOCTI KOKCY CyXOro TaciHHS MOXe
Oyt 3a0e3medyeHo 3HIKCHHS BUTpPaTH KOKCY B JOMEHHOMY BHPOOHMIITBI,
1 IBUTIIEHHS TPOTyKTUBHOCTI JOMEHHUX TTCUYEH.

3riIHO OTPUMAHUX MPU NONEPEIHIX MPOMHUCIOBUX BUIPOOYBAHHSIX TaHUX
BIJI3HAYEHO WIO CKJIaJ LUpKyIroroyoro razy mo Bmicty CO Tta CO, BIMBae Ha
BMICT 30JIM B METalIyprifHOMY KOKCI, MOKa3HHUKHM peakuiitHoi 3nmatHocTi CRI,
MminHOCTI Kokcy CSR micns B3aemonii 3 CO, Ta He BIUIMBAaE Ha MOKA3HUKU
MEXaHIYHOI MOPOYHOCTI Mj,s Ta cTupaHHsS My Ta TpaHyJIOMETPUYHHUI CKJIaJ
MeTanypriiHoro kokcy. OTpumaHl MONEpeaHi JaHi CBiYaTh MPO MO3UTHUBHUN
BB Besnukoro BMicty CO (Ha piBHI 12+15%) B mupkymorouomy raszi YCI'K y
nopiBHsAHHI 3 HU3bKUM piBHEM (CO Ha piBHI 4+6%) Ha SKICTh KOKCY CYXOTO
raciHHs: 3HWKEHHS BMICTY 307U ~ Ha 0,3% Ta moka3HuKa peaxiiiHoi 34aTHOCTI
CRI ~ na 1,2%, nigBuineHHs moka3Huka MiiHocTi kokey CSR ~ Ha 2,4%.

B pamkax poOoTH cTaBWiIOCS Ha METI B JaOOPATOPHUX YMOBAX JOCIITUTH
BIUTMB ILIUPKYJIO0uoro razy 3 pisHuM BMmicToM CO Ta CO, Ha MOKa3HUKU SKOCTI
Kokcy, 30kpema CSR ta CRI.

Ha 6a3i nma6opatopii AIl «YXIH» (m.XapkiB) Oyno 316paHo 1abopaTopHy
YCTAaHOBKY JJISl TaCiHHA KOKCY. ['0JIOBHMMH By3JaMu JIaDOpAaTOPHOI YCTAaHOBKH €
KOKCOBA M4 3 €JICKTPUYHUM OOIrpIBOM 3 MACOI0 Pa30BOr0 3aBAHTAXKEHHS ~3 KT Ta
KaMmepa JJis TaciHHS OTPUMaHOro Kokcy. ITiaroroBieHo pi3HI BapiaHTH CyMillien
ra3iB JUisi TaciHHS OTPUMAaHOrO0 KOKCYy B JabOpaTOpHUX yMOBax (CKiaJ Ta3iB
HaOmkeHui 1o razy npomucioBux YCI'K).

Po3po6ena Mmeroauka BUKOHAHHS JOCIIIIB Ha JJa00OpaTOpHii yCTaHOBIII.

BukoHnani nociipkeHHS BUpOOHWYOT MMXTH OJAHOTO 3 MIAINPUEMCTB IPYIH
kommaHii METIHBECT, pekomeHn0BaHOi JJIsS HACUITHOTO 3aBaHTAXKCHHS, Ta ii
KOMIIOHEHTIB MeTogaMu TexHignoro (W2, A, S4. Vi) nnacromerpuunoro (x, y),
netporpadiunoro (Ry, Vt, Sv, I, L, ZFC, pednexkrorpama BITpUHITY) Ta
rpanyiomerpuunoro (>50; 50-25; 13-25; 6-13; 3-6; 1-3; 0,5-1; <0,5 mMm)
aHami3iB, a TaKOX BHW3HA4YeHl TMOKa3HUKHW ix po3monosnatHocti (HGI) Ta
okucHEeHHS (At).
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[IpoBeneni 1abopaTopHi KOKCYBaHHS JOCHIKEHOI MIUXTHU 3 TOJMATIBIITUMHU
raciHHSMU OTPMMAHHUX KOKCIB CYXHM CIIOCOOOM 5-Ma CKJIaJleHMMU BapiaHTaMu
ra3iB Mo CXeMmi yCTaHOBKU TacCiHHS, Sika BUKOPHUCTOBYBAacs B JIaDOpaTOPHHX
YMOBaX.

JIJist BU3HAYCHHSI XapaKTEPUCTHUK CKIIaly Ta BIIACTUBOCTEH BYTIIHLHOT MTUXTH
Ta KOKCY BUKOPHUCTOBYBAJIM CTaHAAPTU30BAaH1 €KCIEPUMEHTaIbHI MeTO I [ 1-6].

I'pacdiuHO 3MiHA AKICHUX MTOKAa3HUKIB KOKCY B 3ajiexHOCTI BiJ BMicTy CO Ta
CO, B rasi npejcraBiieHa Ha puc. 1.

100
90
80
¢ CRI
70 —X
“x/
G g < B CSR
o s A CO2

40 ./-/./ X M40

20 e 110

10 &

O T T T T 1
0 2 4 6 8 10

Bwmict CO, %

Puc.1 - 3mMiHa sIKICHUX MMOKAa3HUKIB KOKCY B 3asiexHOCTI BiJ BMicTy CO Ta
CO, B rasi

Bigznaueno, mo npu migsumeHHi Bmicty CO Ta 3menmenHi CO, B
racUJbHOMY Tra3l  MIABUIMYIOThCS  TOKAa3HUKH  MIITHOCTI  KOKCYy  (ormip
NOJIPIOHIOBAIBHUM  3yCHWIUIIM My Ta micispeakiiiHa winHicte CSR)  Ta
3HIDKYEThCS peakiiiina 31ataictb CRI.

Crnin 3a3HAYMTH, IO TOKA3HUKHU SIKOCTI KOKCY 3MIHIOIOTBCA B MexXax
MOXMOKHM BHMIPIOBAHHS, OJHAK B OJHAKOBHX HamNpsIMKaX, IO Ja€ MOXKIIMBICThH
TOBOPUTU NMPHUHANMHI MpPO TEHAEHLIi B 3MiHI SKOCTI KOKCY, SiIKi OyAyTh 3HAYHO
OUTBII YITKUMU 32 TMPOMHCIIOBUX YMOB 4epe3 OUIbIy Macy MOTalieHoro KOKCy Ta
JOBITY TPUBATICThH TAaCIHHSL.
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[Ipy HacTymHUX MOCIHIKEHHSX B JAOOPATOPHUX Ta MPOMHUCIOBUX yMOBaX
IUTAHY€ETHCA OTPUMATH JIA0OpAaTOpPHY METOAMKY a0 I1HIIMK 1HCTPYMEHT, IO
JI03BOJISIB O TOCTOBIPHO MPOTHO3YBATH SIKICTh KOKCY Ta 3MiHY i1 B KOHKPETHOMY
YUCJIOBOMY BHpa3i B 3aJ€KHOCTI BiJ CKJIaay HUPKYIIOHOUYOTO Ta3y, 30Kpema, 3a
nokaznukamu CO ta COs,.
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The first stage of laboratory research on coke quenching with gas of different
composition has been completed. The results obtained on the influence of gas of different
composition CRI (Coke Reactivity Index) and CSR (Coke Strange after Reaction) are presented.
Key words: dry coke quenching, coke quality, CRI (Coke Reactivity Index), CSR (Coke Strange
after Reaction)
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OCHOBHI ACIIEKTHA KOHTPOJIIO 3AT'PY3KH TA IIJNTAHYBAHHA
ININXTHU B KAMEPAX KOKCYBAHHA

O. B. Curnuxk!, O. 1. 3eneHcbKuii?

Cumnux Onexcii Bonooumuposuu, K.m.H., CmM. OOCIHOHUK, NPOBIOHUN HAYKOBUU
cnigpobimnuk koxcogoezo 6i0oiny /11 « VXIHy, e-mail: aleksejsytnik48@gmail.com

2 3enencokuii Onez lsanosuu, xamo. mex. Hayk, cm. OOCTIOHUK, OOKmopanm Kageopu
TIIHI'maTlIl, e-mail: zelenskii.ukhin(@gmail.com

1

IIpusedeno anecopumm ma npasuna 3a2py3Ku Kamep KOKCY8aHHA. Buxonanms ancopummy
3a6e3neuums HeoOXIOHULl PiBeHb 3ANOBHEHHS Kamep WUXMOI0, WO NOZUMUEHO NO3HAYUMbCA HA

memnepamypi nioCKIeniHeso2o npocmopy ma Ha 8eIU4UHI 8IOKIA0eHb epaghimy .
Kniouogi cnosa: wuxma, kamepa KOKCy8auHs, 3a2py3Ka, niauep.

3arpy3ka MUXTH B KaMepy KOKCYBAHHSI SBIISETHCS BKIMBOIO TEXHOJIOTIYHOIO
omepariiero. BennunHa 3arpy3Ku MIUXTH BU3HAYAE HE TUIBKH Pa30BUH BHUXiJ KOKCY 3
nevi, a me W SKICTh XIMIYHMX NPOAYKTIB KOKCYBaHHS Ta CTaH Ta30B1IBIAHOI
apMaTypu ra3030ipHHKIB. ToMy HEOOXIIHO HAJIAIITYBaTH ONTUMAJbHY 3arpy3Ky B
KaMepu KOKCYBaHHS, KOJM BHMCOTa MiJCKJICMIHEBOTO MPOCTOPY B KaMmepax oOipaszy
MICIIs 3arPy3KU MIUXTOO (TTaHyBaHHs ) 3HaxoamiIacs B Mexkax 250-350 mm. [1-]

KoHTposb HeoOXiTHO BUKOHYBATH B HACTYIHIN TOCIITIOBHOCTI:

[Ipu HasIBHOCTI i BYT1IILHOIO 0aIToO0, 00 3aBaHTaKyBAJIBHUX BaroHiB BariB
3Ba)KyBaHHS KOHTPOJIIOBATH Pa3oBY Bary 3arpy3Ku.

[Ipu waGopi mmxTu B OyHKEpH 3aBaHTAXYBAIBHOTO BaroHy Mo 00’ eMy
BEJIMYMHA PA30BOI 3arpy3Kd B Kamepy KOKCYBaHHA MOXKE Baratucs a0 1T Mix
OKpPEeMHMH TI€YaMH, 10 BU3BAHO HACTYMHUMU (aKTOPaAMHU:

- PI3HOIO CTYINEHIO 3alOBHEHHS WIMXTOK OKPEMHUX CEKLId BYTiIbHOI
Oamtu. Tomy HEoOXiHO, MO0 ByriibHa OamTa MOCTIMHO Oysia 3aIOBHEHA HIMXTOIO
HE MEHIIC YuM Ha 2/3 i eMHOCTI;

- PI3HUM PO3KPUTTSIM 3aTBOPIB BYT1JIBHOI OAIITH: YUM OUIbIIE BIAKPUTTS
3aTBOPIB TUM OUIbIIIE IIMXTH IO Bari MOMIMIAIOTHECS B OYHKEpax 3aBaHTaKYBaJIbHOTO
BaroHy;

- 3aCTOCYBaHHs THEBMOOOJIAIHAHHS CIIPUS€E 30UIBIIEHHIO MOa4l IIUXTH B
3aBaHTaXyBaJIbHUM BaroH. KOHTpOJIb 3a CEKIIHHUM Ha0OpOM Ta CTYIEHEM
3alOBHEHHS BYTUIBHOI OalliTH MIMXTOK, CTAHOM Ta PO3KPUTTAM 3aTBOPIB,
3aCTOCYBaHHS THEBMOOOPYIIEHHS — 000B’SI3KOBA OTepallist YIIOPSAKYBaHHS 3arpy3KH
neyen.

MeTtoauka rIaHyBaHHS IMIMXTH.

[locniioBHICTh CHOPOXKHEHHSI OYHKEpPIB 3aBaHTaKyBaJIbHOIO BaroHy Ta
OporpaMy IUIaHYBaHHS YCTAHOBIIIOIOTh BHUPOOHUYOKO I1HCTPYKIIED CTOCOBHO 0O
KOHCTPYKIIii Meveil i MIaHyBaJbHOI ITAaHTH, XapaKTePUCTUKH KOKCYIOUOl IIUXTH Ta
yMOBaMU MaKCUMaJIbHOi Oe3auMHOCTI 3arpy3ku. [lpu crnopokHeHH1 KpailHixX
OyHKepiB BIACTaHb BiJ BEpXY BYTUIBHOIO 3acHIly (KOHYCa) 10 MEPEKPUTTS Kamepu
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KOKCYBaHHsI He TOBUHHO OyTH MeHie 100 MM. 3aX0u 1O ONpaIfoBaHHIO METOIUKH
TUTAaHYBaHHS Te4Yel MOBUHHI OyTH TMOB’s3aHI 3 yMOBaMU OOIrpiBy KOKCY IO BHCOTI
Kamepu KOKcyBaHHs. [lpum meperpiBi BEpXHbOI YACTMHH KOKCY, HEOOXiTHO
YCTaHOBUTH MIHIMajJbHY BHCOTY MiACKJIEMIHEBOIO MPOCTOPY, @ TAKOX HANHOUIbLIY
Bary HacUIHOI IIIJIbHOCTI BEPXHBHOI YACTHHH 3arpy3KH Ieyeil sika TOCSITaeThCs 3a
paxyHOK YCTaHOBKHM Ha IUTaHYBaJbHIM MITaH31 CHEUialbHUX MPECYIOUUX MPHUCTPOIB
«YTIOT1B» Ta (hapTyXIB.

[Ipu HanamtyBaHHI pOOOTH IUIAHEPY CIIJ KEpyBaTUCS PE3yJbTaTOM 3aMipy
HOro MoJIoEeHHsI B Kamepax KOKCyBaHHA. Taki 3aMipu HEOOXIJTHO BUKOHYBATH IS
KOKHOTO KOKCOBMTOBXYyBada OOCJIYroByr4Oro 0Oarapero, Tak SK MaloThCs
BIJIMIHHOCTI B TMO3Ha4ykKaX KOJIIM KOKCOBHUTOBXYBada, CKJICMIHHS IleUeld Ta OIop
IUTAHEePIB Ha PI3HUX KOKCOBUTOBXYBadax. [[poBHcaHHs IutaHepy MpH mojadi Horo Ha
BCIO JIOBKMHY HE MOBUHHO TepeBUIyBaTH 250 MM (Ha IIUXTY).

HeoOximuuii piBeHb BUCOTH IUIAaHEPY MPU HOro pycli HA BCIO JIOBXKUHY
HiJCKJICTIIHEBOIO TMPOCTOPY TMeuUel JIOCSITaeThCsl PEryIrOBaHHSAM HAaNpaBiIsOYNX
POJIMKIB TUIaHEPYy. 3araJibHUM TOPSANOK IUIAHyBAaHHSA IIIUXTH TIOBUHEH OyTH
HACTYMHUM: Tiepir 1-2 XOoau TIaHEpHOI IMTAaHTH MOBUHHI OyTH JOBTMMH — IO BCIH
JIOBXKMHI KaMepu KOKCYBaHHsI, @ BC1 HACTYIHI KOPOTKI, IPU IIbOMY HOCOK IUTaHEPHOI
IITAHTHM KOXKEH pa3 MOBHHEH JIOXOJMUTH JO0 BIiCl Ta30BIJBIAHOTO JIIOKA 3 KOKCOBOI
CTOPOHH, a HE TPOXOJUTH KOJIWBAIOUM IMiJI CEpeAHIM 3arpy304yHuUM JiokoM. He
JOTyCKa€eThCcsl poOOTa IUIAHEPHOI IITaHTU 3 3BYXKEHUM HOCKOM. [lmanyBanbHUM
BUTPI0 13 0/1HOT eyl moBUHEH ckianatu 80-100 kr.

[lepionnuno B 2-3 meyax 3a 3MiHY y BCIX 3arpy304YHUX JIIOKax CHelialbHUMU

OPUCTPOSIMU IMXTOMETPAMHU BUKOHYBATH 3aMip BUCOTHU 3arpy3KH.

Bi3zyanbHO BHUKOHYBaTH OIS KOKCY B I€uYax Iepej] BUAyelo, JIsi OLIHKHU
3alIOBHEHHSI KaMmep O1J1s1 IBepei KOKCOBOI CTOPOHH (HAsBHICTh BIJIKOCIB).

Bioaiorpagiunmii cnucok

1. [ITE-2017 IlpaBunma  TexXHIYHOI  €KCIUTyaTarii  KOKCOXIMIYHUX
mignpueMmctB. — XapkiB: JIT «['unpokokcey, 2018. — 283 c.

2. Bbopucos JI.H. O6orpes kokcoBsix nieueii / JI.H. bopucos, U.B. [llynsra
// CipaBOYHHK KOKCOXMMHKa. 3-¢ m3a. T. 2. [IpousBoactBo xokca. — XapbkoB: NJI
NHX3K, 2014. — C. 452-480.

3. AHTOHOB A.B. BiusHue ypOBHS 3arpy3Kd LIMXTHl Ha OTJIOKECHUE
rpaduTa B MOJCBOJAOBOM MPOCTPAHCTBE KaMmepbl KokcoBaHus: pedepat uz CAMP ISI
2007.C110 / AntonoB A.B. — HoBocTu 4epHoii MeTalutypruu 3a pyoexom. — 2008. -
Ne1.-C. 12-14.

4. Henmomusmmu JLU. MexaHnyeckoe o0opynoBaHue 51
METAJJIOKOHCTPYKIIMM KOkcoBuUX Oatapeit / Hemomusmuit JI.U., Jlapuenko E.B.,
bexun B.H — Jonenk: YHUTEX, 2011. — 366 C.

Main aspects of charge control and charge planning in coking chambers.
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The algorithm and rules for loading coking chambers are given. The implementation of the
algorithm will ensure the required level of filling the chambers with the charge, which will have a
positive effect on the temperature of the sub-basement space and the amount of graphite deposits.

Key words: charge, coking chamber, loading, planer.

V]IK 543.657.5: (083.76)

HEPEPOBKA BYPOI'O BYT'IJIUISA 3 BUKOPUCTAHHAM
I'TAPOKABITAIIMHOI AKTUBAILII.

I1. I1. Kapuoxuupskuii', . B. MipomnuueHko 2
Hayionanenuii mexuiunuii ynisepcumem «Xapxiscokuil nonimexniynui incmumymy, 61000, m.
Xaprxie, eyn. Kupnuuosa, 2, Ykpaina
I Kapnoacuyvxuii Iasno Iasnosuy, acnipaum xapeopu « Texnonozii nepepobxu nagpmu, 2asy
ma meepooeo naiusay, e-mail: _pavlokarnoenv@gmail.com
2 Mipownuuenxo Hdenuc Bixmoposuu, npogecop, 3asioysau kagedpu « Texnonozii nepepobxu
Haghmu, 2azy ma meepooeo naiusay, e-mail: _dvmir7 9@gmail.com

Ilpooemoncmposano modiciugicme suxopucmanus ciopoxasimayitinoi akmusayii (I'KA) nio
yac HemepMiuHOI nepepobKu 3emaucmoeo 0ypozo @yeinns. 3a donomozoo I'KA 6ypogyeinbHol
nYIbRU OMPUMAHO PO3YUH 2ymamis, eunydenHs eyminosux xuciom (I'K) cknano 6auzvxko 80% 6io
3aeanvhoi  kinekocmi. Kpim moeo, 6yn0 6uodileHo 3anuwikoge Gy2ilis, W0 Mae CcopoOyilni
61ACMUBOCMI, MA OPIOHOOUCNEPCHY MIHEPATIbHY YACTNUH).

Knrouogi cnosa: oype gyeinns, 2iopokagimayis, 2ymamu.

Po3pobka edekTuBHOT O€3BIIXOMHOI TEXHOJIOTII IEpepoOKH Oyporo BYTiLIS 3
METOI0 OTPUMAaHHS IIIHHUX XIMIYHUX NPOAYKTIB € aKTyaJbHUM 3aBJaHHSIM
cpeorogeHHs. HailiOuibin 3aTpeOyBaHUMH KOMIIOHEHTAMHM YKPAiHCBKOI'O 3€MIIMCTOIO
Oyporo BYruuisi € TYMIHOBI KHCJIOTH Ta iXHI BOJIOPO34MHHI coii — rymaru [1]. 11
CTIOTYKH 3HaXOJSTh IIMPOKE 3aCTOCYBAHHS B arpONPOMHCIOBOMY KOMIUIEKCI, pi3HUX
rajgy3six MPOMHCIOBOCTI, €KOJOTIUHMX TEXHOJOTISIX (30KpeMa, OYMIIEHHI CTIYHHUX
BOJ), @ TAKOXK MEPCIEKTUBHI ISl MEIUYHOI Ta papMalleBTUYHOI ramysei [1-6].

[TinBumienHs  epEeKTHMBHOCTI  TIPOIECYy  JIYXKHOI  E€KCTpaKIIii, 101()
BUKOPUCTOBYETHCS JIs1 BUIICHHS T'yMaTiB, € KpUTUYHUM (PAKTOPOM JIJIsl AOCATHEHHS
BHUCOKOTO PiBHSI IEPEPOOKH BYTULIS Ta CTBOPEHHS 0€3B1AX0IHOTO BUPOOHHUIITBA.

Hnst  iHTeHcu@ikamii  mpolecy — eKCTpakilli TyMaTiB  3aCTOCOBYIOTHCS
pPI3HOMaHITHI METOJIM, Takli fK YyIbTpa3BykoBa 0OpoOka [7], BUKOpPHUCTaHHS
TIAPOTEPMAIBHUX  peakTopiB [8], MexaHiyHEe TOAPIOHEHHS 3a JOMOMOTOIO
taHeTapHux [9] Ta kynpoBux [10] MiIMHIB TOIIIO.

INapoxasitarmiiina aktuBamisi (I'KA) € ogauM 3 HailepEeKTUBHIMIMX METOIIB
iHTeHcHpiKkamii XiMiko-TexHonoriunux mpoueciB [11]. Merox 06a3yerscsi Ha
yJIbTPaJUCIEPIyBaHHI Ta BIUIMBI KaBITallMHUX MOJIB Ha 00pOOIIOBaHE CEPEeIOBUIIE
B po0OUiif 30HI1 IIPOKaBITALIMHOIO anapary.

3acrocyBanHa ['KA 1o3Bojisie mogonaTv  JIIMITYROYl — CTajli  XIMIKO-
TEXHOJIOTIYHUX TPOIECIB 3aBISIKA OJIHOYACHOMY BIUIMBY Ha 00poOitoBaHe
cepeqoBuIIe Pi3HUX (P13UKO-MEXaHIYHMX IOJI1B — MJIPOAMHAMIYHUX, TEMIIEPATYPHUX,
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nedopMaIliitHuX TOIIO, 10 TPU3BOAUTH JO IMiIBUIIECHHS IMBUAKOCTI Ta €()eKTUBHOCTI
TEIJI0- Ta MaCOOOMIHHUX peakiliil y rerepodasnux cepenonurniax [12].
ExcriepuMenT 3 BHBYEHHsS BIUIMBY TiApoKaBiTaIiiiHoi 0OpoOku Ha
e(eKTUBHICTh EKCTPaKIli TyMIHOBUX Ta (YyJIbBOKHCIOT MPOBOAMINACS Ha 3pa3Ky
Oyporo Byrumist OnekcaHIpilichKOro pojaoBuia J[HITPOBCHKOTO OypOBYTUIBHOTO
OaceliHy, TEXHOJIOT1YH1 BIACTUBOCTI Ta CKJIaJ] IKOTO HABEIEHO B TabmuIsx 1, 2.
Ta6muis 1
TexHIUHMI aHAN3 OypOro BYT1ISA

Bosoricts, %

30aBHICTB, %

CipuucTicts, %

Buxin nerkux pedoBuH, %

we Al S! Vi
7,52 45,7 3,64 30,5
Tabmuis 2
EnemMeHTHHI CKJ1aJ OpraHivHOi YaCTUHH OYPOro BYTLILIS
Byrneus, % | Bonens, % Asot, % Cipxka, % Kucens, %
Cdof Hdof Ndof s Odof
61,13 5,56 0,51 3,64 29,16

O6poOKy BYTUIbHOI MyJIBIIA MIPOBOAMIM Ha €KCIIEpUMEHTaNbHOMY cTeHAl [13-
15]. CmiBBigHomennst Byruwis : 1%-ii pozuun NaOH cranosmio 1:10, kpymHicTb
ByTuULIs B myibii — meHmie 3,0 mm. Ilicas oOpoOku Ha CTeHAI OTPUMAHUN MPOIYKT
BIJICTOIOBABCSl MPOTATOM J100M. BepxHiii miap, mo siBise co00I0 pO34YMH TymaTiB 3
KOHIIEHTpaIlien 6%, eHTpudyryBaii, IeKaHTYBAJId Ta CYIIWIU TPH TEeMIepaTypi
100 °C. /IBa HIXHI HIapu SIBISUIA COOOIO 3aJIMIIKOBE BYTULIS, IO MICTUJIO TMEBHY
KUTBKICTh PO3UMHY T'yMarTiB, Ta MiHEpaJIbHY CKIIAI0BY.

Ha puc. 1 nmoka3aHo 3aeXHICTh BUAUIEHHS I'YMAaTiB 3 BYTULIS BiJ TPUBAJIOCTI
riipokaBiTaliiHoi 00poOku. Sk BuUAHO 3 Tpadika, MpPoUEC BUAUICHHS T'yMariB
IUIIXOM MEXaHOXIMIYHOT akKTHUBalii TBepAoi ¢a3u B CIAOKOIYKHOMY pPO3YHHI
CTUMYJIIOE BHUCOKI MIBUAKOCTI XIMIYHMX pPEakliid, IO JO3BOJISIE E€KCTparyBaTu 3
00po6uroBanHoi cycnensii 10 80 % ryMiHOBUX KUCIIOT.

Mac
90
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70

60

50

—1:10

Pucynok 1. 3anexnicts BBy TpuBanocti ' KA Ha mporec ekcTpaxiiii ryMiHOBUX KUCIOT 3
Oyporo Byriuis
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3rilHO 3 pe3yibTaTaMH JOCHTIKeHb, ONTUMAJIBHUN dYac TiapoKaBiTaIlliHOI
00pOOKH, TIPOTATOM SKOTO CIIOCTEPIracThCcsl MAaKCHMAJIbHE BWIYYEHHS TYyMIHOBHUX
KHCJIOT, CTAHOBUTH 110 4 xB (puc. 1). [logansine 301IbIIeHHS] TPUBAIOCTI OOPOOKHU HE
PU3BOUTH JI0 3HAYHOTO 3pOCTaHHS €()eKTHBHOCTI Ta MOXE OyTH HEBUIIPABIAHUM.

3 MeTor BHMBYEHHS MEXaHI3My /il TiApoKaBiTallii Ha CTPyKTypy Oyporo
BYTULISL OyJlo TPOBENEHO MJOCHiKeHHS 3a jpomomoroto [Y-cmekrpockomii Ha
cnektpometpi Nicolet 380.

JlaH1 CIEKTPOCKOMIYHMX JOCTIKEHb CBITYaTh MPO MEXaHOXIMIUHY aKTHUBAIIIIO
TBepAOi a3y MmiJ Yac TiAPOKaBITAIiitHOI OOpPOOKH BYT1TBHO-BOJHOI IYJIBIH, IO
OPU3BOAUTH 10 1HTEHCU(IKALli EeKCTPaKIlii T'YMIHOBUX KUCIOT 3 Oyporo Byruuia 6e3
3MIHHU MOJICKYJISIPHOI CTpYKTypu TyMariB. [IopiBHSHHS CHieKTpiB Oyporo BYTriuIs Ta
HOoro 3aJMIIKy MicHs BHUJAJICHHS TYMIHOBHUX KHCJIOT CBIJYUTH MPO BIJICYTHICTH
CYTTEBHX 3MiH, 110 BKa3ye Ha 30epexeHHs Moro cTpyKTypH. [IopiBHSHHSA CHEKTpIB
TryMariB, €KCTparoBaHuX 3 Oyporo BYTuuIs KJIACHYHUM METOJOM Ta 3a JOTIOMOTOIO
I'KA, TakoX I€MOHCTPYE BIICYTHICTh OMITHUX 3MIH Yy iX CTPYKTYpI.

B pesynbTaTi rigpokaBiTaiiiiiHoi oOpoOKH BiOYBa€eThCS pyHHYBaHHS 3B’S3KiB
BYT'UUIS-TIOpOAa B YaCTHHKAX, a TaKOXK iX MOJApPIOHEHHS. 3aBASKH 3HAYHIN PI3HUII
TYCTHH, Y TOTOIIl BiIOYyBA€THCS PO3IIJICHHS MIHEPaTbHOT YACTUHU Ta 3AJHMIIKOBOTO
BYTULIS. XapakTEPUCTUKA BUIIJICHUX MIHEPATbHUX YaCTUHOK HaBeJeHa B TaOIuIIl 3.

Ta6mums 3
Cxutan MiHepaabHOI YaCTHHU.
IToxa3Huk %, Macc

K 0.46
Na 0.3

Al 2.61
Ti 0.39
Ca 0.56
Mg 0.19
Fe 2.32
P 0.015
Si 84.9
Brpata nipu niporpisi g0 450 °C 6.8

[H111E 1.455

[Toxa3sHukn BMICTy KOMIIOHEHTIB, HaBeleHI B TaOmuIl 3, BiANOBIAAIOTH 3a
XIMIYHHUM CKJIaJIOM KBapIlOBOMY IICKY.

Po3mip yacTuHOK, BU3HAUEHUM 3a onomMororo Mikpockomna Bresser Erudit MO
20-1536x, ctanoBuTh Big 4,3 1o 150 MxwMm.

3aJIMIIKOBE BYT1UIS, IMICJISI MPOMMBAHHS Bl PO3UMHY T'yMaTiB, SIBJISIE COOOIO
TOHKOAWMCTICPCHUI TMOPOIIOK 13 CepeHIM PO3MIpOM YaCTHHOK Oym3bko 18 MKM Ta
NUTOMOIO MOBepxHe 2,5 m?/r. OTpuMaHWil MPOAYKT Mae COpOIiNHY aKTUBHICTbH
1010 METUJICHOBOTO CUHBLOTO [16].
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[IpoBeneHi  MOCHIIKEHHS  JEMOHCTPYIOTh  MOXJIMBICTH  CTBOPEHHS
0€3B11X0/IHOI TEXHOJIOT11 nepepooku 3eMJIUCTOTO Oyporo BYTULIA
Omnekcannpiiicekoro poaosuina 3a gornomororw ['KA 3 orpumaHHsIM po34rHy T'yMaTiB
KOHIIEHTpaIli€ 06Jau3pK0 6 %, 10 Mae COpOIiitHy aKTUBHICTh 3aJUIIIKOBOTO BYT1JLIS
Ta TOHKOAHMCIIEPCHUX MiHEPAIbHUX YACTHHOK.

Bibiorpadgiunmii cnimcok

1. Cininuna A. O., Kapuoxunpkuii I1. T1. Bype Byriiis — cupoBuHa Jjisi OTpUMaHHS
BOJIOPO3YMHHUX COPOEHTIB // [HTErpoBaHi1 TEXHOOTIT Ta EHEPTro30ePEIKEHHSI.
2023.T. 3. C. 67-77. https://doi.org/10.20998/2078-5364.2023.3.06

2. Ilnerens B. B. 'ymatu — HOBHUI METOJ1 y peTyItOBaHHI MPOAYKTUBHOCTI //
Hayxosi 3anucku LITHTY. 2018. Ne 23. C. 164-168.

3. Punbcekuii O. @., I[lerpyma O. YO., JomoOposcrkuii K. O., Oxpimenko C. IT'.
BruuB ryminoBux Ta pyJapBOBUX KHUCIOT HA KMB1 OPTaHi3MU Ta MEPCIIEKTUBHU X
3aCTOCYBaHHS B CUIbCHKOMY I'OCIIOJApCTB1, MEIUIIMHI Ta BETepUHapii //
Arpoekonoriuynuit xypHai. 2023. Ne 3. C. 143—-153.
https://doi.org/10.33730/2077-4893.3.2023.287774

4. Kapuoxuupkuii I1. I1. [IepciekTHBU HEEHETPETUYHOTO BUKOPUCTAHHS OYpoOro
Byriuus JlHimpoBcbKoro 6aceitHy. Cy4yacHi TEXHOJIOTIT epepoOKH MaabHUX
KOIAaJUH: Te3u oM. 7-1 MixkHap. HayK.-TeXH. KoH®. (17-18 kBiTHs 2024 p., M.
XapkiB). XapkiB, 2024. C. 42-45 URL:
https://repository.kpi.kharkov.ua/handle/KhPI-Press/79049

5. Jacob K. K., Peter Prashob K. J., Chandramohanakumar N. Humic substances as
a potent biomaterial for therapeutic and drug delivery system — a review.
International Journal of Applied Pharmaceutics 2019, 11(3), 1-4.
https://doi.org/10.22159/ijap.2019v11i3.31421

6. Kapuoxwunpkuii [1. [1. 3a0pyiHeHHS ITPyHTOBOTO MOKPUBY Ta HOTO BiAHOBIICHHS
3a HUISIXOM cyMmicHOro 3actocyBaHHs [ 'K Ta 3axo/11B 3 (iTO peKyabTUBALIli.
CyyacHi TeXHOJIOT1T TepepoOKy NMaTbHUX KOMAJIMH : Te3U J0M. 6-1 MikHap. HayK.-
texH. KoH®. (11-12 kBiTH 2023 p., M. XapkiB). Xapkis, 2023. C. 8-12. URL:
https://repository.kpi.kharkov.ua/handle/KhPI-Press/65026

7. Aftab, K.; Javed, J.; Siddiqua, U.H.; Malik, A.; Hassan, A.; Khan, M.R.;
Busquets, R.; Ahmad, N.; Haque, A. Process optimization and method validation
for efficient valorization of low- grade coal into humic substances. Fuel 2024,
369, 131796. https://doi.org/10.1016/1.fuel.2024.131796

8. LiH., Ding S., Yuan J. Extraction of humic acids from lignite and its use as a
biochar activator. ACS Omega, 2023, 8§(13), 12206-12216.
https://doi.org/10.1021/acsomega.2c08192

9. Skybova, M.; Turcaniova, L.; Cuvanova, S.; Zubrik, A.; Hredzak, S.:
Hudymacova, L. Mechanochemical activation of humic acids in the brown coal.

36


https://doi.org/10.20998/2078-5364.2023.3.06
https://doi.org/10.33730/2077-4893.3.2023.287774
https://repository.kpi.kharkov.ua/handle/KhPI-Press/79049
https://doi.org/10.22159/ijap.2019v11i3.31421
https://repository.kpi.kharkov.ua/handle/KhPI-Press/65026
https://doi.org/10.1016/j.fuel.2024.131796
https://doi.org/10.1021/acsomega.2c08192

10.

1.

12.

13.

14.

15.

16.

Journal of Alloys and Compounds 2007 434-435, 842—-845.
https://doi.org/10.1016/j.jallcom.2006.08.310

Tang, Y.; Yang, Y.; Hou, S.; Cheng, D.; Yao, Y.; Zhang, S.; Xie, J.; Wang, X.;
Ma, X.; Yu, Z.; Li, S. Multifunctional Iron—-Humic Acid Fertilizer from Ball
Milling Double-Shelled Fe—N-doped Hollow Mesoporous Carbon Microspheres
with Lignite. ACS Sustainable Chemistry & Engineering 2021, 9, 717-731.
https://doi.org/10.1021/acssuschemeng.0c06406

Kravchenko O., Homan V., Suvorova 1., Baranov 1. Refining the hydrocavitation
technology for recycling hydraulic fracturing flowback water by using numerical
simulation and physical modelling methods. Procedia Environmental Science,
Engineering and Management, 2021, 8(1), 283-292.

Kravchenko O., Miroshnychenko D., Karnozhytskyi P.P., Homan V.,
Karnozhytskyi P.V. Intensifying the process of extraction of humic acids from
brown coal by using the hydrocavitation activation methodology. International
Journal of Energy for a Clean Environment, 2025, 26(4), 61-75.
https://doi.org/10.1615/InterJEnerCleanEnv.2024053521

Kpasuenko O.B., Cysoposa N.I'., 'oman B.A., Mycuenko E.I1O., [lannienko
A.M. Kommiekc 1Jist IpoBEICHUS UCCIIE0BAHUI TPOIIECCOB MTPOU3BOACTRA,
MOJATOTOBKY U CKUTaHUSI HOBBIX BUIOB KOMIO3UITMOHHBIX. COBpeMeHHas! HayKa:
WCCIIEIOBAHMUS, UJEH, PE3YJIbTaThl, TeXxHONIOTUU. J{Henponerposck: HIIBK
"Tpuakon". 2013. Ne 5. C. 150—160. URL.:
https://chiffa.org/JournalEngine/engine/index.php/msj/issue/view/12
Kravchenko, O.; Suvorova, I.; Baranov, I.; Goman, V. Hydrocavitational
activation in the technologies of production and combustion of composite fuels.
Eastern-European Journal of Enterprise Technologies 2017, 4(5(88)), 33—42.
https://doi.org/10.15587/1729-4061.2017.108805

Suvorova, I.; Kravchenko, O.; Goman, V.; Baranov, 1. Criteria for Assessing the
Energy-Ecological Effectiveness of using the Sludge of Waste Treatment Plants
as Components of Liquid Composite Fuels. European Journal of Sustainable
Development 2020, 9(4), 328—-336. https://doi.org/10.14207/ejsd.2020.v9n4p328
Melnikov, A.; Miroshnychenko, D.; Karnozhytskyi, P.P.; Karnozhytskyi, P.V.
Sorption properties of brown coal processing products. Chem. Chem. Technol.
2024, 18(4), 493-501. https://doi.org/10.23939/chcht18.04.493

Brown coal processing using hydrocavitation activation.
Pavlo P. Karnozhytskyi, PhD Candidate, Denis Miroshnichenko, Prof (NTU “KhPI”)

The possibility of using hydrocavitation activation (HCA) during the non-thermal processing

of earthy brown coal has been demonstrated. Using HCA of brown coal pulp, a humate solution
was obtained; the extraction of humic acids (HAs) reached approximately 80% of the total amount.
In addition, residual coal with sorption properties and a finely dispersed mineral fraction were
isolated.

Keywords: brown coal, hydrocavitation, humates.
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V]IK 662.74
MIJIBULIIEHHSA EOEKTUBHOCTI MIITOTOBKHU BYTLLIA JIO
KOKCYBAHHSA TA 3HUKEHHS BUTPAT EJIEKTPOEHEPTIi HA IOTO
MOJAPIBHEHHS.

A. B. Muponerko!, B. I. Memanin?

Hayionanonuu mexuiunuti  ynisepcumem  «XapKiCbKuti NOJIMEXHIYHUU  THCIMUMYM»,
61002, m. Xapxis, eyn. Kupnuuosa, 2, Yxpaina

'Muponenxo Anopiii Banepitiosuy, acnipanm xaghedpu Ximiunoi mexnonozii nepepooxu
Hagmu ma 2azy, e-mail: 4norim@gmail.com

’Mewanin Banepiii Isanoeuy, PhD, dokmop ¢inocohii, acucmenm, ragpedpu mexnonozii
nepepobku Hagmu, eazy ma meepoo2o naiuea, e-mail: valerameshchanin(@gmail.com

Busueno cknao eyeinbhux xoumyenmpamis, wo 6xo0amv 00 CUpOSUHHOI bazu ma poboma
8i00inenHs OpobaenHs. Jlocniodxcena cxema NIO20MOBKU BY2iNIbHOI WUXMU i3 3ACMOCYBAHHAM
mexnonoeii 8iocigy opionux kaacie y BIIL] IIPAT «3AIIOPIKKOKC».

Kniouosi cnosa: gycinbHi KOHyewmpamu, WuUXma, cxema NiO20MOGKU, SUMpama
elleKmpoeHepeii, MoI0mKosa opobapxa, OpioHi Kiacu, 8i0cie

[Tix gac mie€i poOOTH BYTiIbHI KOHIIEHTPATH 1110 BXOJSATH O CUPOBUHHOI 0a3u
kokcyBaHHs [IPAT «3AIIOPIKKOKC» Oynu mocmigkeHHI METOAaMHU TEXHIYHOTO
(W2, A4, S4, V&) mmacromerpuunoro (x, y)ra rpanyinomerpuusoro (>50; 50-25;
13-25; 6-13; 3-6; 1-3; 0,5-1; <0,5 mm) aHamizy Ta MOKa3HUKA PO3MOJIO3JaTHOCTI
(HGI). L1 nocnimxkeHHs HaBeaeHU B Tabu. 1ta 2.

Taomung 1
TeXxHOIOr14H1 BJACTUBOCTI BiA1OpaHUX 3pa3KiB
[InacTomer- Koegimient
i pa3MoJIo-
TexHiunuii anamniz, % P 3JIaTHOCTI 32
3pa3ok Mapka MMOKa3HUKH,
Xaparpo-
MM
BHM, O].
wa | Ad Sd | v | X Y HGI
3O «lanorpan- | e |55 g0 | 153(408 | 59 | 9 39
CBKa
30 «Jlobpomtizb- ||y gy 1195 (379 50 | 14 41
ChbKay
30
«MupHorpaa- r 09 | 13,1 [ 347 |39,7| 35 23 51
ChbKa»
«Knurowy IKIT | 1,0 | 14,1 | 0,67 | 33,6 | 33 15 53
30 «Cpsro- K |09]106]076|273| 22 | 15 65
BapBapuHcbhKay
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Tabani 2

['panyJIOMETpUYHUIN CKJIQJT BiAiOpaHUX 3pa3KiB
Cepe
THIHI
niame
['panynomerpuunuii cknag (Mm), % Tp
3pazok Mapka 4acTH
HOK,
MM
>50 505_2 135_2 6-13 | 3-6 | 1-3 0’15_ <05 | <3,0 | ds
30
«ITaBnorpa Ar
JICbKa» 86 | 129 | 1622 | 99 | 156 | 19,1 | 7,1 | 10,7 | 36,9 | 16,46
3d
«/lo6pomin r 3,7 | 17,8 | 24,0 | 124 | 14,1 | 146 | 54 8,1 28,1 | 16,16
bCBKa»
3D
«MupHorp r 1,8 | 24 | 11,3 | 88 | 151 | 16,8 | 29,8 | 14,0 | 60,7 | 6,49
aJICbKay
«Knurow» | TKIT | 0,0 | 0,0 0,0 | 14,6 | 13,5 | 30,3 [ 16,1 | 25,5 | 71,9 | 2,79
3D
«Cpsro- K | L1 ] 20| 47 | 55 | 149|239 | 147 | 333 | 71,8 | 4,33
Bapsapusnc
bKay
[IuxTa, 0aT. 5/6 0,0 | 0,0 0,0 7,0 | 10,9 | 249 | 16,6 | 40,6 | 82,1 | 1,88

IIle 6yB mpoBeaeHuit aHaIi3 JOOPAHOTO BIIIICHHS Ha PI3HUX HAaBAaHTAKECHHSIX

Ta CKJIaJIaX BYT1IJILHUX IIUXT 3 OI[IHKOKO BUTPAT €JIEKTPOCHEPrii Ha IpoOICHHS.

KoMITOHEHTHHI Ta MAPOYHHUM CKJIAJIH JTOCIITHUX IIUXT

Tabaug 3

Yactka y mmxTi, %
[TocTavanbHUK Mapka
II xBapran IIT xBapTaiu
3® «llaBnorpaaceka AT 5 10
3® «JlobpormiibchKa r 30 32
Javelin Viper [KII 15 -
Wellmore XK - 10
3® «Craro-BapBapuHcbKay K 49 47
dycu 1 |
[IuxTa 100,0 100,0

Ha puc. 1 mnpencrabieHo rpadiuHy 3alie)KHICTh BUTpPATH €JICKTPOSHEPTii
IpoOapKy BiJl BEIMYNHN HABAHTAXCHHS BUXITHOI IIMXTH 3 YpaxyBaHHSIM BUSBICHOI
KUIBKOCTI BIJICIBY IIPH TIEBHIM IIBUIKOCTI IMOJa41l IITUXTH.
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Puc. 1 3anexxHicTh BUTpATH €IEKTPOSHEPTIi IpOoOaAPKHU BiJl BETUNYNHU HAaBAHTAXKEHHS
BUXIIHOI [INXTH

Otpumani naHi JO3BOJSIOTH B pa3l HEOOXITHOCTI OOYMCIUTA €KOHOMIYHUI
epeKT Ha TOApPIOHEHHS IIMXTU NPH PIZHUX HABAHTAXEHHSAX B TPOLIOBOMY
exBiBajieHTI. Jlyisi OUIBIIOT HAOYHOCTI Il PO3PAXyHKHA MPEICTABICHO Yy BHUIJISIL
rpadivyHOi 3aJIeKHOCTI Ha puc. 2.
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Puc. 2 I'padik 3ameKHOCTI BUTPATH €JICKTPOCHEPTIi 3a 3MIHU BEIMUUHU
HaBaHTKCHHS BUX1THOT IIUXTH

301IbIICHHS MBUAKOCTI ToAadi muxTty 3 350 mo 450 1/rox mpu poOOTI OJTHUM
OCHOBHHM cuUTOM st muxTu [l kBapTtamy npus3BOAWTH 10 3HMKEHHS KUIBKOCTI
HirpaTHOTO MpoaykKty 3 7,5 mo 4,8 % abo 3 26,3 mo 21,6 T; Ta 301IBIICHHS BMICTY
BYTUJIBHUX YacTHMHOK po3mipom MmeHme 0,5 MM y moapiOnenid mmxti 3 43,2 1o
45,3 % abo 3 151,2 no 203.9 T; aust mmxtu 111 kBapTany npu poOOTI ABOMA CUTAMU —
30UTbLIEHHST €(DEKTUBHOCTI BIJICIBY (KUIBKOCTI HMIATPATHOTO MPOIYKTY) Ha 1HTEpBal
Bia 350 no 400 1/rox 3 15,3 no 16,7 % a6o 3 53,6 no 66,8 T, BTIM MpHU MOAATBIIOMY
3poctanHi HaBaHTaxeHHs Big 400 10 450 T/rog — 3HWIKEHHSI KUIBKOCTI MiJArPaTHOTO
npoaykty ao 13,9 % abo 62,6 T/rox; Ta 30UIBIIEHHS BMICTY BYTUIBHUX YaCTHHOK
po3mipom meniie 0,5 mm y noapioHeniit muxTti 3 35,7 go 36,7 % abo 3 124,6 no
165,2 T.

Po3paxyHOK MNHUTOMUX BHUTpPAT €JIEKTPOCHEPrii, 110 BUTPAYAETHCA Ha
NOJPIOHEHHST OJHIE] TOHU IIUXTH MPU PI3HUX HABAHTAXKECHHSX, MOKa3ye, M0 JlaHa
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3aJIEKHICTh B 000X BHUIAJKaX Ma€ OJIHAKOBY HAIPABJICHICTh: € HAWOUIBIIOW TPH
HaBantaxenHi 350 1/rox (0,952 ta 0,847 kB1/T), mpomixkHOIO py HaBaHTakeHHI 450
t/rox (0,877 Ta 0,525 xB1/T), a Hatimenmoro — npu 400 1/rox (0,867 ta 0,518 kB1/T).
3pocTaHHsl BUTpAT €INEKTPOCHEPTii P MaKCHMalbHOMY HaBaHTa)KCHHI MOB'sI3aHe 31
3HIDKEHHSIM KUIBKOCTI BiZICIBY IpiOHMX KJIAciB, IO WIyTh MOB3 ApOOApKY, a TAKOX
3pOCTaHHSAM MPSIMOIO HAaBaHTAXKEHHS Ha ApoOapKy Npu 30UIBIIEHHI IIBHJIKOCTI
1o/iayl UXTH, HATOMICTh MIHIMaJbHE 3HAYEHHS BUTPAT E€JIEKTPOEHEPrii y BUIAJKY
npobnenns wuxtu Il kBapramy npu HaBaHTaxeHH! muxTd 400 T/roa MOB’s3aHO 3
TUM, IO JOCSTA€ThCS MaKCUMallbHa €(EKTUBHICTh BIACIBY Ha CHTaX, OTXE,
3HIDKYETBCS HaBaHTAXEHHS Ha JpoOapky. TakuMm 4YWHOM, aHaji3 poOOTH
npodunbHoro BipaiutieHHs BIIL[ mokasye, mo MakcumanbHa €(EeKTUBHICTh, 3 TOUKHU
30py BUTpAT  E€JIEKTPOEHEprii, JOCATAEThCS MpU MPOMDKHOMY  3HAYEHHI
HaBaHTakeHHs BuXigHoi mmxtu y 400 T/Tro.
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Increasing the efficiency of coal preparation for coking and reducing electricity

costs for its grinding.
Myronenko Andriy, postgraduate student, Meshchanin Vaieriy, PhD in chemical sciences
(National Technical University "Kharkiv Polytechnic Institute")

The composition of coal concentrates included in the raw material base and the operation of
the crushing department were studied. The scheme of preparation of coal charge using the
technology of screening of fine classes at the VPC of PJSC "ZAPORIZHKOKS" was studied.

Keywords: coal concentrates, charge, preparation scheme, electricity consumption, hammer
crusher, fine classes, screening.
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Knrwuoei cnoea: zacinns Kokcy, KOpo3iline po3mpicKy8aHHs nio Hanpy2oio.

Mokpe TyuriHHA KOKCY € HEBIJ €EMHUM €TarloM Yy TpoIecl KOKCYBaHHS,
CHOpSMOBAaHUM Ha €(EKTHUBHE OXOJIOJPKEHHS Ta TaciHHS BHUCOKOTEMIIEPATYpPHOIO
KOKCy, OTPMMAaHOIO B Tpolieci KOKCyBaHHA Byrumis. Llg mpouemypa Bumarae
BUKOPHUCTAHHS BOJU JJI 3HIDKCHHS TEMIIEpaTypH KOKCY A0 Oe3MeYHOro piBHA Ta
3arno6iranHs Horo camo3aropsiHHoo. OHaK MOKpE TYIIIHHS CYTIPOBOIKYETHCS PAIOM
CKJIQJIHUX TPOIIECIB, TAKUX SIK YTBOPEHHS TapsuMX Ta3iB, BUKHUI BOAH B aTMochepy
Ta BIUIMB Ha (PI3UKO-XIMIYHI BIJIACTUBOCTI KOKCY. B Takux ymMoBax HEOOXITHO
3a0€3Me4YnTH ONTHUMaJbHI YMOBU pOOOTHM oOOJagHaHHS, IO BHMAarae po3poOKH
CHellaTi30BaHUX KOHCTPYKTHUBHUX pIIIEHb JUIsl TYIIWIbHUX BaroHiB Ta I1HIIUX
€JIEMEHTIB TEXHOJIOT1YHOT JIIHIi.

OparM 3 KIIOYOBUX 3aBJaHb NPH eKCIUTyartallii TaKhX YCTaHOBOK €
MIJIBUINCHHS KOPO3IMHOI CTIMKOCTI MarepiajiB, 3 SKUX BHUIOTOBJICHI TUIMTH
TYIIWJIBHUAX BaroHiB. BIUIMB BUCOKHUX TeMIlepaTyp, arpeCUBHUX XIMIYHUX PEYOBHUH Ta
BIJTUB BOJIU CHPHUSE TMPUCKOPEHOMY 3HOLIECHHIO METAJIEBUX MOBEPXOHB, IO MOXKE
PU3BECTU JI0 3HMKEHHS €(PEeKTUBHOCTI POOOTH OOJaJHAHHS Ta 30UIBIICHHS BUTPAT
Ha Woro oOciyroByBaHHs. ToOMy JTOCHTIIKEHHS Ta BIPOBAKCHHSI HOBUX MaTepialiB,
a TaKOXK TEXHOJIOTIH 3aXHUCTY BiJl KOPO3ii, € HAWBKIMBIIIUMH HAMIPIMKaMH B TaTy3i
KOKCOBOTO BUpOOHHUITBA. Po3po0Oka Ta mMOKpalieHHs MaTepiaiiB JUisl IUIHT
TYIIWJIBHUX BaroHIB IOBHHHI BPaXOBYBaTH K MEXaHIYHY MILHICTb, TaK 1 CTIHKICTb
0 BIUIMBY PI3HUX arpecuBHUX (PakTopiB, M0 3a0€3MEUUTh JOBIOBIYHICTH Ta
cTablIpHY POOOTY OOJIa HAHHS.

J1J1 3aXMCTy HU3BKOBYTJICIIEBOI CTaNl TAaCHJIBHOTO BaroHa BiJl BIUIMBY BHCOKHUX
TEeMIepaTyp, 3HOCY Ta aOpa3sWBHOTO CTHpAHHS, CHPUYMHEHHX MaIiHHAM KOKCY,
3aCTOCOBYIOTHCS 3aXHCHI IUIMTH. [IpoTe Ii TUIMTH YacTO BHXOIATH 3 JIaay dYepes
pO3TpiCKyBaHHsI a00 YTBOpEHHsI OyJbOamok Ha iXHid moBepxHi. PoOodi ymoBHU Ta
HABKOJIMIITHE CEPEJOBUINE 3aXUCHUX IUIMT KOKCOBOIO TacWJIBHOTO BaroHa €
Ha/I3BUYAMHO CKJIaJHMMHU: BOHHM 3a3HAIOTh TEPMIYHOIO yAapy Bl PO3KapeHOro
KOKCy, TemrmepaTrypa sikoro csrae O0iu3pko 1000°C micns BHBaHTaKCHHS 3 TIedi.
Marepian racuiIbHOTO BaroHa Mpaioe B yMOBaX PI3KUX MepenajiB Temneparyp (Bia
1000°C go 100-150°C mig yac MOKpPOTO TaciHH), @ TAKOXK MIIIAETHCA YIapHOMY Ta
yapHO-adpa3uBHOMY 3HOCY BiJl KOHTAKTY 3 KOKCOM.

OpHi€r0 3 KIIOYOBUX OCOOIMBOCTEH EKCIUTyaTallil € arpeCUBHICTh MPOAYKTIB
po3mnajy 3B’sI3aHUX COJEN aMiaky, Ikl YTBOPIOIOTHCS Ha PO3IMEUYEHId TOBEPXHI KOKCY
niJ 4ac MOKporo raciiss. Lli npoaykTH, 30kpemMa XJopuau Ta cyiab(haTu, COpUSIIOTh
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KOpO3iiiHOMY pyHHyBaHHIO TUIMT. KpiM TOoro, sik ¢akrtop, IO BIUIMBA€E Ha
pYWHYBaHHS TUIMT, BKa3yeTbcsi pH CTIYHMX BOJ, KWW KOJUBAETHCA B Mexax 6-9
onunuilb [1]. Taki 3HaueHHst pH MOXyTh TOCHIIIOBATH KOPO31HHI MPOIIECH, OCOOIMBO
B IIO€JTHAHHI 3 BUCOKOIO TEMIIEPATYPOIO Ta BOJIOTICTIO.

UYepes 111 CKIaJHI YMOBH KOHCTPYKIIIMHI MaTepiaiu racHJIbHUX BAaroHiB Mpu
MOKpPOMY CIOCOOl TaciHHS MarwTh HHU3BKHI TEpMIH CIYyKOM Ta HEIOCTaTHIO
TPIIMHOCTIAKICTh. 3a3BUYall HA IOBEPXHI IJIACTUH TUIMT YTBOPIOIOTHCS TPILIUHU, SIKI
MIBUAKO PO3POCTAIOTHCS, IO NPHU3BOAUTH JO TMOBHOIO pYWHYBaHHS IUIUTH.
Hedopmariiss Ta pyiiHyBaHHS (YTEpPOBOYHUX IUIMT MiAJOHY Ky30Ba TacUIBHOTO
BaroHa yCKJIaIHIOIOTh CXO/KEHHS KOKCY i1 4aCc BUBAHTAXECHHSI, CIPUYHHSIOTH HOTO
3aBUCAHHS, 10 BHUMAarae 3YNMMHKWA BaroHa Il TEXHIYHOro OOCIYyroByBaHHSA Ta
peMoHTy. Taki mpocToi Ta BUXiJ 3 JiaJly KOKCOBOTO TaCHJIbHOIO BaroHa HEraTHUBHO
BIUTUBAIOTh HA MPOJYKTUBHICTh YCHOTO KOKCOXIMIYHOTO MIAIMPHEMCTBA, 3HIKYIOUU
1oro e(eKTUBHICTH 1 301TBIITYIOYHM BUTPATH HA PEMOHT.

JIist 3MEHIIEHHS PU3WKY pyHHYBaHHS HEOOXITHO OJHOYACHO 3a0e3meduTH
TEIMJIOCTIMKICTh, 3HOCOCTIMKICTh Ta KOpPO3iMHY CTIAKICTh MaTepialliB  ILUIUT.
Haiinomupenimum maTepiajioM Ui TUIMT KOKCOBOTO TaCHMJIBHOTO BaroHa € YaBYH,
KU BII3HAYAETHCS BHUCOKHM TEIUIOBUM OMOPOM. Y 3apyODKHUX TEXHOJOTISNX
MOKpPOT'0 TaCiHHS KOKCY YacTO BUKOPUCTOBYIOTH AapOCTIWKI YaBYHHM Ta YaBYHH 31
chepoinanbHuM rpadiToM, sIKIi MaIOTh Kpallll XapaKTEPUCTUKHU MIITHOCTI Ta CTIMKOCTI1
JI0 TEPMIYHUX 1 KOPO31MHUX BIUIMBIB.

JIns migBUILEHHS JOBTOBIYHOCTI IUIUT PO3POOJISIIUCS METOAM HAHECEHHS
JIETYIOUOTO MOKPUTTSA HAa BIVIMBKM YAaBYHHHUX IUTUT KOKCOBOTO TacHMJIBLHOTO BaroHa.
Sk neryrouuil eleMeHT BHKOPHUCTOBYBABCsS BYIJeleBUU (deppoMapraHeib MapKH
MH-4 i3 3epnucrictio 0,2-0,315 mm. JluBapHy dopmy 3 HaHECEHHM JIETYIOUUM
HOKPUTTAM TMpocylryBanu npu Temneparypi 240°C, micis 4oro B Hel 3aJMBaJH
po3IuiaBiieHuil 4aByH, Harpituii no 1295°C. Takuii miaxig T03BOJISE ITABUITUTH
3HOCOCTIHKICTh 1 KApPOCTIMKICTh MOBEPXHI TUIMTH 32 PAXyHOK YTBOPEHHS MIITHOTO
JIETOBAHOI'O 1Iapy.

XPpOMHCTI KOMIUIEKCHO-JIETOBaHI YaBYHH BHPI3HSIOTHCS BHUCOKOIO Kapo- Ta
3HOCOCTIMKICTIO, @ TAKOK MOKPAILEHUMH MEXaHIYHUMH BJIACTUBOCTAMM MPU BUCOKHUX
TeMIlepaTypax. 1 XapaKTEPUCTUKU 320€31e4y0ThCs 0COOJIMBOCTSIMU
MIKPOCTPYKTYpPH TaKMX 4YaBYHIB, 30KpeMa HAasBHICTIO XPOMOBHUX KapOiiB, sKi
H1BULIYIOTh MIIHICTB 1 CTIMKICTh JO a0pa3suBHOrO 3HOCY. OKHUCIIIOBajIbHA CTIMKICTh
YaByHIB 3aJIEKUTh BiJ] BMICTY XpOMY: HaBiTh HNpPHU BIJHOCHO HEBEIHMKUX J00aBKax
xpomy (0,5-1,5%) cnoctepiraerbcsi MOMITHE 3MEHIIEHHS OKHUCJICHHS BiIJIMBOK.
XpoMm cropusie YyTBOPEHHIO 3axucHOi okcuaHOi TUTBKH (Cr203), sika mepemkopKae
nojaIbImii Kopo3ii. OgHaK y BOJOrOMY CEpeIoBHIII, OCOOJMBO 3a HAasSBHOCTI
XJOpUaiB 1 cynbdariB, I IUTIBKA MOXE pPYWHYBaTHCS, IO MPU3BOIUTH JI0
PUCKOPEHHS KOPO31MHUX MPOIIECIB.

JUist  MiABUINEHHS TEPMIHY CIyXOM IUTUT TaKOXX MOXKHA PO3TJISHYTH
BUKOPUCTAHHS CYYacCHHX MarepiajiiB, TaKUX SK HEPXKaBIIOYil CTalll 3 JOJaBaHHAM
MouiOneHy (Hampukian, ctanb 1.4404), ski MalOTh BUILY CTIAKICTH J0 XJIOPHIHOI
Koppo3ii. KpiM Toro, nepcneKTHBHUM HANPSIMKOM € HAaHECEHHS 3aXMCHUX MOKPUTTIB,
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HANPUKJIa, KepaMiuHUX a00 KapOiMHMX, K1 MOXYTh 3HAYHO MIJIBUIIUTH KOPO31MHY
Ta 3HOCOCTIMKICTD IJTUT Y CKJIAIHAX YMOBAX €KCILTyaTarlii.

VY crarti [2] ommcaHO aHami3 NPUYUH PYWHYBaHHS (DYTEPOBOYHUX IUIUT
KOKCOBO3HOTO BaroHa, Siki BUKOPHUCTOBYIOTHCS B MPOIECI MOKPOTO TaCiHHS KOKCY.
[Tnutu Buxonmnu 3 nagy yepes 15 auiB — 1 Micsip.

[Inutn BUroToBieH1 3 xapoctiiikoro crasy HP N06705-Nb Modified, sikwmii
MICTUTh BUCOKHUH piBeHb XpoMy (24—-28%), Hikemto (33—-37%) Ta Hiob6io (1%). Lleit
CIUTaB NpHU3HAYEHUH a1 poOOTHM B ymoBax BHCOKHX Temrepatyp (mo 1150°C) 1
CYyXOro KOpO3IHHOTO CEepeOBHINA, allé BHUSBHBCS BPA3JIMBUM Y YMOBaX MOKpPOTO
racinHs. BcTaHOBJIEHO OCHOBHUM  MeXaHI3M  pyHHYBaHHS —  KOpO3iifHe
postpickyBaHHs mig Hanpyroro (SCC, Stress Corrosion Cracking).

BizyanbHO, Ha MakpopiBHI, MOBEPXHS IUIMTH BKPHUTA PO3Taly>KEeHUMHU
TpIIIIUHAMHM, SIKI TOYMHAIOTHCA 3 TOBEpPXHI. MIKPOCTPYKTYypa JEMOHCTpPYE
pO3Tally’KeHHSI TPIIIMH, 1X MUKIACHAPUTHE TMOMIMPEHHS Ta HASBHICTH XPOMOBHUX
KapO1diB, IO CIPUSIIOTH KOPO3ii.

Pizki mepenaau temmepatyp (3 1200°C mo 100—150°C) mix yac raciHHS KOKCY
BOJIOI0 CIIPUYHMHSIOTH IUKJIIYHI TEPMIUHI HANpy>KeHHs. TPIIIMHAA MalOTh XapaKTepHE
pO3TATY)KEHHSI 1 TOMIUPIOIOTHCS MUKICHAPUTHUMH OOJACTSIMH, M0 € THIOBUM
MPOSIBOM KOPO31MHOT0 PO3TPICKYBaHHA MiA HAanpyrow. TpillMHU 3apOJIKYIOThCA Ha
NOBEpPXHI a00 B MICIX KOHIIEHTpallli HamnpyXeHb (HANPUKIAA, Y 30HaX 3MIHH
nepepizy).

Hasgnicte xmopy (Cl) 1 cipku (S) y HaBKOJMIIHBOMY CEPEIOBHUILI 3HUKYE
EHEeprito, HEOOXITHy JUIsi TOIMPEeHHS TpinuH. EjneMeHTHUN aHaii3 BUSBUB
koHueHtpaiio Cl (2-4,5%) Ta S y310BX HUISXIB MOUIMPEHHS TPIIIMH, a TaKOX
3MeHIeHHs BMicTy Xpomy (Cr) y LHX 30HaX.

HasBHicTh XpoMOBHX KapOiAiB  Y3/[0BX JCHAPUTHUX MEX  CIpHUSIE
pO3Tally’KE€HHIO TPIIIUH, OCKUIBKM KapOiM Ta ayCTEHITHA MaTpulld MaloTh pi3HI
KOe(DIIIEHTH TETUIOBOTO PO3LIUPEHHS, IO TOCUJIIOE BHYTPIIIHI HAMPY>KECHHS.
YTBopeHHs okcuiB 3aiiza (Fe,Os) HaBKOJIO TPIIIMH BiI0YBAETHCS Y€pPe3 OKUCICHHS
B IIPUCYTHOCTI KMCHIO Ta BOJIOTH.

VY 1iki poOOTI poaHani30BaHO MPUYMHU BUXOMY 3 JAAy IUIUTH KOKCOBO3HOTO
BaroHa Ha OJIHOMY 3 YKpaiHChKUX TianmpueMmcTB. Ha puc. 1 300paxeHa moBEepXHS
IJTUTH KOKCOBO3HOTO BaroHa 3 SIBHUMH O3HAKaMU KOPO31HHOTO PyHHYBaHHS.

Puc. 1. 30BHINIHII BUTIISI AUITHKA TUTATA TaCHUJIHBHOTO BaroHa
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Crpinka Ha (OTO BKa3ye Ha BEINUKY TPINIMHY y BEPXHIM YaCTHHI TUIUTH.
Tpimuua Burisgae THMOOKOK 1 Mae HEPIBHI Kpai, IO MOXE CBITYUTH IIPO i
PO3BUTOK TijJi BIUIMBOM HampyXeHb. [lOBEpXHS TUIMTH BKpUTA IIIAPOM IpKi
(KOpUYHEBO-YEPBOHUN KOJIp), MO BKa3ye€ Ha OKHUCICHHs 3amsa. lle Biamosimae
OMHCY B CTATTi [2], A€ OKUCICHHS TMOB’S3aHE 3 BIUIMBOM BOJIOTH Ta KWCHIO T Yac
raciHHS.

VY 30HI, BUAUICHI OPSIMOKYTHHUKOM, MOMITHI TIJIHOILIl TMOIIKOMKEHHS, SKI
MOXYTh OyTHM NOHUTHHTamMu abo epo3iiHO-KOpO31MHUMH 3arnuOneHHsMu. Lle
y3TrOKY€EThCSI 3 OMKUCOM Yy CTaTTi [2], e KOpOo3iiiHE PO3TPICKYBaHHS II1]] HAMPYTOIO
(SCC) mounHaeThCs 3 MTUTHHTOBUX pyHHYBaHb. [loBEepXHS BUTIISAa€ HEOTHOPITHOLO,
3 JUISSHKaMU PI3HOTO CTymneHs pyHHyBaHHa. lle ™Moxe OyTtu mnoB’si3aHO 3
HEPIBHOMIPHUM BIUIMBOM TEMIEPATypH, BOJIM Ta MEXAHIYHMX HABAHTAXKEHb BIJ
KOKCY, 1110 TAaKOX BIJIOBIJAa€ YMOBaM, OMTMCaHUM Y CTatTi [2].

Ha ¢oto BuaHO BenwKy TpilMHY, IO BIJIMOBIIA€ OMUCY 3apOJKEHHS TPIIIUH
13 TIOBEPXHI, SIK 3a3HAYCHO B [2], ajie TPIIMHU BUTJIAJAIOTH OUTHIN JIIHIHHUMU, 0e3
SABHOTO posranyxeHHs. Lle Mmoxxe OyTu 3ymMOBII€HO TUM, 110 cTaib 1.3965 mae iHIIy
MIKPOCTPYKTYpPY (2yCTEHITHO-MapTeHCUTHY), HI)K ayCTEHITHA 3 KapOigamu, OMrcaHa
B [2], a60 TuM, 1110 TIpoliec pyWHYBaHHS niepeOyBae Ha OUTBIN paHHIN cTamii.

Ha ocnoBi crarti [2] Ta poro Ha puc. 1, HaWOLIBII IMOBIPHUM MEXaHI3MOM
pyHHYBaHHS Ballol IUIMTH € KOpO3iiiHe po3TpickyBaHHs mij Hampyrowo (SCC),
CIPUYMHEHE KOMOIHAIIEID TEPMIYHUX HamNpyXeHb (BiJ LUKIIYHOTO HarpiBaHHS Ta
OXOJIOJDKEHHS) 1 arpeCMBHOIO cepenoBHIa (Bojaa, xjop, cipka). OKHUCIEHHS Ta
NUTHHTOBA KOPO3isi TAKOXK BiJIIFPalOTh POJIb, SIK 1 B BHIAJKY 3 IUIUTOK TaCHUIHLHOTO
BaroHa, OIKMCaHo B [2].

InenTudikamiro Ta BHUMIPIOBaHHS KOHIICHTpAIlli METalliB BUKOHYBaJIH 3a
JIOTIOMOT'OI0 PEHTIreHIBChKkoro QuiyopeciieHTHoro criekrpomerpa ElvaX ProSpector 2
(TOB «EnBarex», Ykpaina). Pesynbratu npencrasieni B Ta0.1.

Tabmani 1
CKJ’IaI[ 3paSKiB IINIMTH KOKCOBOI'O TaCUJIBHOI'O BaroHa
Enement [ligrorosnena [ToBepxHS KOHTAKTy 3 arpeCUBHUM
IIOBEPXHS CEPEIOBUILEM
Fe 64,87 75,70
Cr 16,89 11,90
Mn 7,58 2,56
Ni 6,9 5,88
Si 2,08 0,87
Al 1,08 0,94
Cu 0,38 0,21
Mo 0,11 0,15
\Y 0,03 0,01
P 0,03 0,90
\\Y% 0,03 0,12
Ti 0,01 0,02
S 0,64
As 0,10
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AHaJti3 Mokasas, I0 TUIMTa BUTOTOBJIeHa 31 ctaii 1.3965 (12X171'9AH4) — ue
HEpJKaBiloya CTajab 13 MEHIUM BMicTOM xpomy (17%) 1 nikemto (4%), HIX y [2]
(24-28% Cr, 33-37% Ni). Xoua cramb 1.3965 Takox criiika 10 KOpPO3ii 3aBIsIKA
XpoMy, BOHa MOXK€ OyTH MEHII CTIMKOI 10 KOPO3IMHOTO PO3TPICKYBAaHHS Mij
Harpyroo (SCC) B yMoBax BHCOKOI TEMIIEpAaTypu Ta arpeCUBHOIO CEpEeIOBUIIA
(Boma, xjop, cipka). Ile mosicHIOE cXO0X1 O3HaKU pyHHYBaHHS, aje, WMOBIPHO, 3
MEHIIOK0 THTEHCUBHICTIO PO3Taly>KE€HHS TPIIIHH.

XimiyHi 3MiHM (3HUKeHHa Cr, HakomW4YeHHs S, okucieHHs Fe) 1 BizyasbHi
O3HaKH (TPILIMHY, 1pKa, MITTIHIM) HA TJIUTI BKa3ylOTh Ha KOPO31HE PO3TPICKYBaHHS
nig Hanpyrow (SCC) sk OCHOBHUN MEXaHI3M PYWHYBaHHS, IO Y3TOKYEThCS 3
BHCHOBKaMH CTartTi [2].

Haxonuuenns cipku (S) 1 iMoBipHa npucyTHICTH XJ10py (Cl) 3 HABKOJIUIITHBEOTO
cepenoBuilia (KOKC, BOJa) MiJIATBEPHKYIOTh, IO KOPO3is MOCHIIOETHCS 32 PaXyHOK
XIMIYHOI arpecii.

3HIDKEHHSI XpOMY BKa3y€ Ha pyWHYBaHHS 3aXUCHOI OKCHUIHOI IUTIBKH, IO
poOUTH MaTepian Bpa3IuBUM JI0 MOJAIBIIIOT KOPO3ii.

30imbIIIeHHST BMICTY 3aji3a Ha TMOBEPXHI TOB'S3aHE 3 YTBOPEHHSIM OKCHJIIB
3amiza (FexO3), mo miaTBepIKyeThes ipkaBuM mapoMm. Lle TumoBo nmmst kopo3sii B
yMOBaX BHCOKOI TEeMIIEpaTypH 1 BOJIOTOCTI, SIK TP TaCiHHI KOKCY.

JIst ABUIIEHHST CTIMKOCTI TJIUT TaCHMJIBHOTO BaroHa J0 YMOB €KCILTyaTailii,
4K 1 B CTaTT1 [2], MOYKHA PO3IJISHYTH BUKOPUCTaHHS (PEPPUTO-IIEPIIITHOI CTaIl, KA HE
CXHJIbHA JI0 KOPO31MHOTO PO3TPICKYBaHHS I11/1 HAPYTOI0 B YMOBaX MOKPOI'O FaCIHHS.
Ile mo3Bonmio O 301LIBLUIMTA TEPMIH CIYXOW TIUT. TakoX MOXKHaA 3aCTOCOBYBATH
OUTBIN CTIMKI CIUIaBM 3 JOJaBaHHSAM ModioaeHy (Hampukian, 1.4404), ski kparie
IPOTUCTOSTH XJIOPUJIHINA KOPO3Ii.
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Failure Analysis of Stainless Steel Quenching Car Plates: Comparison with

Foreign Studies and X-Ray Fluorescence Analysis
Nesterenko Serhiy, PhD in technical sciences (O.M. Beketov National University of
Urban Economy in Kharkiv), Bannikov Leonid, Doctor of Technical Sciences, Borisenko Olexandr,
PhD in technical sciences (Ukrainian State Research Institute For Carbochemistry).

The reasons for the failure of the quenching car plates made of stainless steel have been
investigated. The similarity of the damage to the results of foreign studies on analogous failures has
been demonstrated, and the composition of the surface layer and the plate has been determined
using X-ray fluorescence analysis.
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Hedhopmayis ma pyunysanus ymepysarbHux naum nooa Ky308d 2dCUIbHO20 — 6d20HA
NOCIPULYE CXOONCEHHSI KOKCY NpU BUBAHMAIICEHHI, NPU3B0OUMb 00 1020 3ABUCAHHS, BUMASAE
3YNUHKU ~ 8a20Ha  HA  00cny208yeamnHs —ma — pemMoHm.  Bcmamnoeneno, w0  naacmunu
eKCNEePUMEHMANIbHO20 NO0Y MEHWU CXUIbHI 00 Npoyecié po3mpicKy8aHHs Ni0 HANPY20l0 8 YMOB8AX
MOKPO2O 2ACiHHA KOKCY. 3a mpu Micsayi eKcniyamayii Ha naumax eKcnepumMeHmaibHo20 nooy He
BUABIEHO MPIWUH, HA BIOMIHY 6i0 8uxiono2o eapianmy, 0e mpiwunu Oyau 3aghikcosani 6 10%
nracmun. Tepmin cayoscou naum 6 1,5 pasu nepesuwye euxionuu eapiamm. Taxum yunom, 01s
NIOBUWYEHHS CMIUKOCMI NAUM 2ACUILHO20 8d20HA 6 YMOBAX eKCHJyamayii MOJCHA pPO32NaHymu
BUKOPUCMAHHS KOPEKYIT BMICY MApeanyio Maiocipyucmozo yoapocmiikoeo uasyny YX-1, axuii ne
CXUTbHULL 00 KOPO3IHO20 PO3MPICKY8AHHA NI0 HANPY20l0 6 YMO08AX MOKpo2o e2acinus. Lle
003801umMb 30ibWUMU MEPMIH cyHcou naum 00 0,5 poky.

Knrwouoei cnosa: cacinms Koxkcy, 1e2y8anHs Mapeanyem, HCapoCmiuKull YagyHt, 2acUuIbHUl
8a20H

barato pokiB aJis BUTOTOBIEHHS TAaCWIBHUX BaroHIB BHUKOPHUCTOBYBaacs
BHUCOKOByIJIeLIeBa cTanb. OJHAK JOCBIA €KCIUTyaralii I0Ka3aB, L0 HaWOUIbII
CTIMKMM 1 €KOHOMIYHO BHIIPAaBJaHUM KOHCTPYKIIMHUM MarepiajoM Ui
BUT'OTOBJICHHS racuibHOTr0 BaroHa € craib - 12X18H10T(AISI 304 a6o AISI 321).

Martepian racuibHOrO BaroHa €KCIUTyaTyeThCS B yMOBaX pI3KUX MepenajaiB
TEMIIEpaTypH, a TAKOXK IT1J1 BIUVTMBOM YAapHOTO Ta yAapHO-a0pa3uBHOTO 3HOIIYBAaHHS.
OCHOBHOIO  OCOOJUBICTIO €KCIUTyarTarii € TaKOoX arpecHBHICTh MPOIYKTIB
PO3KJIaJIaHHs TOB'SA3aHUX COJIeH amiaky, SIKi YTBOPIOIOTHCS Ha PO3MEUEHId MOBEPXHI
KOKCY IMpU MOKpOMY racinHi. SIk ¢axTopu, 110 BIUIMBAIOTh HA pyHHYBaHHS IUIHUT,
TakoX HaBOJATH pH cTiuHOi Boam 6-9 omuumIb. TOMy KOHCTPYKIIIHHI Marepiaiu
TYIIWJIFHUAX BaroHIB MPHU TaciHHI MOKPUM CIIOCOOOM MarOTh HU3BKHUM TEPMIH CITyKOU
Ta HU3BKY TPIIUHOCTINKICTD.

Mertan tumrt dyaByH mapku UX-1 mijgmgaeTbes OTHOYACHO YIAAPHUM BIUTMBOM
rapsiaoro Kokcy Ta Bucokux temrepatyp 950-1000°C. 3a3Buuaii Ha MOBEPXHI TIIUT
(OpMYIOTBCS TPILIMHY, AKI IIBUAKO 30UIBIIYIOTECA A0 pyHHYyBaHH. Jledopmariis Ta
pyiiHyBaHHS (yTepyBaJIbHUX IUIUT TMOJAa Ky30Ba TaCUJILHOTO BaroHa MOTIPIIy€
CXOJ/PKEHHSI KOKCY MpU BHUBAHTa)KEHHI, MPU3BOJUTH O MOr0 3aBUCAHHS, BUMAarae
3yNMHKA BaroHa Ha oOCIyroByBaHHs Ta peMmoHT. I[Ipoctuit Ta Buxig 3 nany
racCMJIbHOIO BaroHa BIUIMBA€ Ha MPOJYKTHUBHICTH BChOTO KOKCOXIMIYHOTO
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1ITPHUEMCTRA.

Kpim Toro, B Bexi raciHHs Ha Il TUIMTH BILIMBA€E BOJA TaciHHS KOKCY, CKJIaL
SIKOI HaBeJIeHO B Taou. 1.

JUis  3HWKEHHS  pU3UKY pyWHYBaHHS TOTPIOHO  OJHOYACHO  MaTH
TEIUIOCTIMKICTh, 3HOCOCTIMKICTH Ta KOpO3iMHY CTiMKicTh MarepianiB. HaiOinmpin
MOMIMPEHUM MaTepiajioM IUTUT TaCWJIBHOTO BaroHa € 4YaByH, KM Ma€ BUCOKHMA
TEIJIOBUM OIIp.

Taomung 1
IToka3HUKHU SKOCTI BOJM IS TaCIHHS KOKCY Ha MIANPUEMCTBAX YKpaiHu
IloxazHuk [TignpueMcTBO:
1 2 3 4 5 6

pH 7,9 7,41-8,00 14,89-7,6 |7,55 |7,73-7,81 |60,3-6,25
®enomu, |0,22-0,99 |0,13-0,33 | 21,3 0,2 0,19-1,8 0,0
MT/ M3
CipkoBogn | <5 JaH1 2,6-8,4 2,8 1,1-5,7 JIaH1 BIJCYTHI
€Hb, (mpoexT); | BIACYTHI
Mr/mm3 dakr.

ma”l

BIICYTHI

Y  mpomecax  MOKpOro TraciHHS KOKCY 3a  KOPIOHOM  3a3BHYaid
BUKOPUCTOBYIOTHCS KApOMIIHI YaBYHHI Ta cdepoinanbHi TpadiToBi UYaBYHHI
matepiamm. JIOoCTHiPKeHHS NPUYUH YTBOPEHHS MIKPOTPIMIUH TiJ] MIKPOCKOTIOM
MOKa3ajy, [0 OCHOBHOIO MPUYMHOIO YTBOPEHHS TPIIIMH € BUCOKHUW BMICT CIpKH Ta
mnactuHyactoro rpadity. ummo maHoro gocuiikeHHs Oyio BUSBJICHHS BIUIMBY
n00aBOK Maprasuo 10 ckiaay yaByHy UX-1 Ha KOpo3iiiHy CTIMKICTh MOJOBUX IUIUT
Ta TEPMIH iX eKCIUTyaTalli.

XiMIYHMM CKJaJ YaByHY MJisi BUICOTOBJICHHSI IUIMT MOAOBMX Mapku UX-1
npuBeAeHU B Ta0J.2.

XiMIYHUHN CKJIaJl YaBYHY JJIs BUTOTOBJIEHHS JOCTIIHUX TUIMT Mapku UX-1 3
301JIBIIICHOI0 KOHIICHTPAIIIEID MapraHI0 IPUBEICHO B Ta0. 3.

Taomung 2
XiMIYHHH CKJIaJ YaBYHY JJIsS BUTOTOBJICHHS IIUT MOJ0BHX Mapku UX-1
C,% S1,% Mn,% S,% P,% Cr,%
3,23-3,69 1,54-2,48 0,41-1,00 <0,12 <0,30 0,42-0.95
Ta0mani 3

XiMIYHMA CKJIaJ YaBYHY [JIi BHUTOTOBIIGHHS CKCIIEPUMEHTAIBHUX TUIAT
noaoBux Mapku UX-1

C.% Si,% Mn,% S.% P.% Cr.%
3,23- | 1,54-2,48 1,20-1,50 <0,12 <0,30 0,42-0.95
3,69

[nentudikamiro Ta BUMIPIOBAHHS KOHLIEHTpAlli METalliB BUKOHYBAaJIU 3a
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JIOTIOMOTOI0 PEHTIeHIBChKOro (hiyopecueHTHoro crektpomerpa ElvaX ProSpector 2
(TOB «EnBarex», YkpaiHa).

BCTaHOBIIEHHA €KCIEPUMEHTANIBHUX IOJOBUX IUINT Ha TacWIbHUII BaroH —
IIpAT «AKX3» (kokcoBuii mex KII-1): Kapra racunpHOro BaroHa HaBelieHa Ha
puc.l.

IInutn xokcoracunpHOro BaroHa st IIpAT «AKX3» BHUroToBISAIOTBCA 3
marepiany BianosigHo a0 'OCT 7769-82, a came 3 yaByny mapku UX-1. Ha puc. 2-3
IPEICTAaBIEHO MIKPOCTPYKTYpY 1LbOro Marepiany. CTpyKTypa 4aByHY BiJIOBIiAa€
I'OCT 3443-87: yaByH 13 IUIACTUHYACTUM TpadiToM, 110 MICTUTh BKIIOYEHHS (HOpM
[I'p1, TII'2 Ta npaBunbHOi dopmu [II'p4. O6’eMHa yacTka LUX CKIAJOBUX
cTaHoBUTH BianoBiaHO 12,0%, 38,0% 1 50,0%.

{xeMa BrmaHOBACHHS RAUM KOKCOXIMIYHOZ0 60204
b mexax npobedenHs excnepemMermnty

[y Bio-0a [T HO8020 30031
“Memann-Kosmpakm” (2 e es Srucmor Mg (Y
Hup-fa “Memans-Kosmpacm”

RO3LoKON ALY

K ebi naumy Poscikay
Tywuseha bexa frexmpobos

Puc.1. KapTa TaCUJIbHOI'O Barola 3 CKCIICPUMCHTAJIbHUMHU IINIMTAMU.

A
Puc. 2. Mikpoctpykrypa yaByHa mapku UX-1. A) UX-1 13 macTuHYacTUM rpaditoM
(aetpaBnenui nwnid). b) UX-1 13 mmactuHuacTuMm rpaditoM Ta 1HTEPMETaTITHOIO
¢dazoro XxpoMa Ta TpiuHOK (TpaBieHui muridg) x 100.
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pm

Puc.3. MikpoctpykTypa yaByHa Mapku UX-1(TpaBnenuit nutid)x 100.

Po3mip Bxmtouens rpadity 'l 80-350 mxm. Posmoxain rpadity B ocHOBHIN
CBOi# oy piBHOMipHMA. CTPyKTypa METaJeBOi OCHOBU YaBYHY 3a IIKaJIOKO 6 Psil
2 - 1198 (®2). Ilopyu i3 BKIIOYEHHSIMH CTPYKTYPH (PEPUTY, MEPEBAKHO y KOJIOHISIX
MEPIIITY, € BKIIOUYEHHS CYJIb(1IHOT €BTEKTUKH.

BcranoBneHno, 110 eKClepUMEHTadbHI MOJOBl IUIMTH MEHII CXWIbHI J10
IPOLIECIB PO3TPICKYBAHHS IT1Jl HAIIPYTOK B yMOBaX MOKPOTO raciHHs. 3a TpU Micslll
eKCIUTyaTallii Ha eKCIEePUMEHTAIbHUX MMOJOBUX IUIMTAX HE BHSBJICHO TPIIIMH Ha
BIIMIHY B1JI BUXIJTHOTO BapiaHTa, Ae 3adikcoBaHo TpimuHu B 10% mmut. Tepmin
CIIy»O0M TuT B 1,5 Bumle BUXIAHOTO BapiaHTa. TaKUM YWHOM ISl ITiJIBUILICHHS
CTIMKOCTI IUIUT TacCWJIBHOIO BaroHa J0 YMOB EKCIUIyaTalii MO>XHAa PpPO3IJISHYTH
BUKOPUCTAHHS KOPEKIlli BMICTYy MapraHIl0 MajOCIpYUCTOr0 yAapOCTIHKOro 4aByHY
UX-1, akuil He CXUIBHHUM 1O KOPO31MHOr0 pO3TPICKyBaHHS MiJl HAPYTOI0 B YMOBaX
MOKporo racinfs. Lle 703Boaun0 0 301IbIUTH TEPMiH Cyk0u iUt 10 0,5 poky.

Biomiorpagiuauii cimcok
1. Kimop, K., Mykxonagxesy, I'. AHasi3 NpUYnH pyrHYBaHHSA ()yTEPOBOYHUX IJIAT
KOKCOBOro racunbHoro Barosa / K. Kiigop, I'. Mykxomnagxssii // Journal of Failure
Analysis and Prevention. — 2019. — T. 19, Ne 3. — C. 771-776. — DOI:
10.1007/s11668-019-00657-3.

Determining the optimal material for coke quenching car plates

Nesterenko Serhiy, PhD in technical sciences (O.M. Beketov National University of Urban
Economy in Kharkiv), Borisenko Olexandr, PhD in technical sciences (Ukrainian State Research
Institute For Carbochemistry). Bannikov Leonid, Doctor of Technical Sciences (Ukrainian State
Research Institute For Carbochemistry).

Deformation and destruction of the lining plates of the bottom of the body of the quenching
car worsens the descent of coke during unloading, leads to its freezing, requires stopping the car
for maintenance and repair. Deformation and damage of the lining plates of the quenching car’s
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body bottom worsen coke discharge during unloading, lead to coke hang-ups, and require stopping
the car for maintenance and repairs. It has been established that the plates of the experimental
bottom are less susceptible to stress corrosion cracking under wet coke quenching conditions. Over
three months of operation, no cracks were detected in the plates of the experimental bottom, in
contrast to the original design, where cracks were found in 10% of the plates. The service life of the
plates is 1.5 times longer than that of the original design. Thus, to improve the durability of the
quenching car plates under operating conditions, it is possible to consider adjusting the manganese
content in low-sulfur impact-resistant cast iron ChKh-1, which is not prone to stress corrosion
cracking under wet quenching conditions. This could increase the service life of the plates up to 0.5
years.
Keywords: coke quenching, manganese alloying, heat-resistant cast iron, quenching car

VIIK 665.761.6; 662.73
MPAKTAYHI HLJISIXHA MOJITIIEHHSA SKOCTI BEUPHOI OJIUBU

A. JI. Bannixos!, I1. B. KapHOXHIIbKMIA>
Hayionanonuii mexwniunuii ynieepcumem «Xapxiscokuil nonimexuivnuti incmumymy, 61002, m.
Xaprxis, eyn. Kupnuuosa, 2, Ykpaina
I Bannixoe Apmem Jleoniooeuu, acnipanm kagedpu mexnonociii nepepobku nagmu, 2azy ma
meepooco nanusa (KTITHI'TII), e—mail: artiksmartik@gmail.com.
2 Kapnoxcuyvxuti Ilasno Borooumupoeuy, xand. mexu. Hayx, c.m.c., ooyeum KTITHI'TII, e-mail:
labvtii@gmail.com

Crnao ceidcoi onusu, 30kpema emicm Hagmanivy, genonie ma norimepusy8anux Cnouyk,
cymmego naueac Ha ii excnayamayiuui eracmueocmi. /s 3abe3neuenns cmadintvhoi pobomu
VCMAHOBOK VIIOBNI0BAHHSA OEH30bHUX 8Y2NIe8600HI8 OOYIIbHO NIOMPUMYBAMU ONMUMATbHUL DIBEHb
Hagpmaniny (10—13 %) i enonie (0o 2 %), ynuxamu naomipnoi norimepusayii, 3abesneuysamu
Ginompayiro ma npomusanus pobouoi onusu. Komnnexcne pecyniosanms yux napamempie 00380.15€
SMEHWUMU 0CA00YMEOPEHHs, 3HUSUMU KOPO3IUHY aKmueHicms i cmabinizysamu Qi3uxko-ximiuni
81ACMUBOCMI OIUBU 8 YMOBAX MPUBATLOL eKCHILyamayil.

Kniouoegi cnosa: ébupna onusa, Kicmo, eKCHAYamayitti 61acmugocmi.

PerynwoBanHsi B's3K0ocTi po6o4oi ouamBH. XpomartorpaiyHuil aHami3
KOMITOHEHTHOTO CKJIaJly CBDKOi Ta po0OOY0i ONWMBH Ja€ 3MOTY MiATPUMYBATH
KIHEMaTHU4HY B'S3KICTh po0Oovoi omuBu Ha piBHI 4-5 cCr (50 °C), mo Bignosigae
BuMoram [IpaBun TexXHIUHOI eKciulyaTalii KOKCOXIMIYHUX HignpueMmctB. Ilpu
pO3paxyHKy CKJIaay poOo4yoi OJMBM TICHS BBEJAEHHS CBIKOiI, 3a METOJIOM
aJIUTUBHOCTI, CJIIJT BpaXOBYBAaTH 1HAWBIyaIbHUNU BIUIMB KJIFOYOBUX KOMITOHEHTIB Ha
B'SI3KICTh: 30KpeMa, TuoeH30(ypaH 1 GpIyopeH MiABUILYIOTh B'SI3KICTh HE OLIbIIE Hik
Ha 10-12%, Tomi sik l-merunHadranid, HapTamiH 1 2-MeTWIHAPTATIH MOXKYTb
3HUKYBATH ii B Mexax 4—29%.

[IporHo3yBaHHs B'SI3KOCTI CyMilll  JOMUIBHO 3MIMCHIOBATH Ha OCHOBI
nabopaTopHUX BUMIPIOBaHb ab0 13 3acTocyBaHHsIM Mojeni Kennamia—MoHpo:

1/3 — 1/3 1/3 1/3
WP = XX XX Up P+ X3 X s (1),
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e ey — KIHEMATHYHA B'S3KICTh CYMIII, X; — MacoBa 4YacTKa BIJIMOBITHOI
dpaxiiii, | — KIHeMaTU4YHa B'A3KICTh PPaKITii.

s w™momens 3apekoMeHmyBana cebe K e(EeKTUBHUN 1HCTPYMEHT IS
1HKEHEPHOTO MPOTHO3YBAHHS PEOJIOTIYHUX BIACTUBOCTEH CyMIIIEH PiIUH 3aJIEKHO
BiJl iX KOMIIOHEHTHOT'O CKJIATy.

KonTpouab kokcoBoro yuciaa. Kokcose uncio abcopOIIiHOI OJIMBU 3pPOCTAE
JTiHIAHO 31 30UTbLIEHHSM BMICTY (pakimii, mo kumiate Bume 280°C, mo
BCTAHOBJICHO eKClepuMeHTanbHO B iHTepBaimi 4—10%. AHamoriyHe 3pOCTaHHS
CIIOCTEPITAEThCS TPHU MIJBUINECHHI KOHIIGHTpAIlli TakWuX KOMIIOHEHTIB, sK I-
MeTHIHadTaIiH Ta aneHadTeH.

3HaUYHUA BHECOK Yy MIJBULIEHHS KOKCOYTBOPIOBAJIBHOI 3JAaTHOCTI Po0O0YOi
OJINBU MalOTh ae€pO30JbHI YAaCTUHKH CMOJIH, 110 MOTPAIUISAIOTh 10 abCOpOIIHHOrOo
UKy 3 Ta30BOr0 TPakTy. Y 3B’SI3Ky 3 UM BaXXJIMBO KOHTPOJIIOBAaTU BMICT
CMOJINCTHX PEYOBUH B €MYJIbCii IMiJT Yac IMPOMHUBAHHS IIEPBUHHOTO Ta30BOTO
XOJIOWJIbHUKA T4 YHUKATH YTBOPEHHS TyMaHy MPH 3POIICHHI Taps4oro KOKCOBOTO
ra3y OXoJIOJ>KEHOIO BOJIOIO.

Bwmict HadTaminy B aGcopOiitHUX OJIMBaX BITUU3HSIHOTO BUPOOHUIITBA, SIK
npaBuio, nepeBuirye 12—15%. Y mporeci ekcruryartailii OJMBH BCTAHOBIIOETHCS
JMHAMIYHA piBHOBara MK KOHIIGHTpaIi€ero HadTaldiHy B KOKCOBOMY rasi Ta ioro
BMICTOM B a0COpOEHTI:

InCNyg = 13.5 + InCNy; — 4770.0/T 2),

ne CNgs - piBHOBa)kHa KOHLCHTpamis HadTaldiHy B KOKCOBOMY rasi, gxm=;
CN,ii — piBHOBa)KHA KOHILIEHTpallis HadTaniny B HadTi, Y%oMac.; T - Temneparypa, K.

Ile 3ymoBieHO (DI3UKO-XIMIYHOK MPUPOJAOID IIPOIECY TOTJIWHAHHS, IO
CYNPOBOKYETHCSL SIK MAacOIEPEHECeHHSIM Ha(TaliHy 3 ra3oBoi (a3u 10 pIIUHHOI,
TaK 1 9aCTKOBOIO JIECOPOITI€I0 MPH 3MiHI TEMIIEpaTypPHO-KOHIICHTPAIIHHIX YMOB.

[TinTpumanHst cTabUIBHOTO BMICTY HadTasiHy B poOOUil OJIMBI € BaKIUBUM
s 3abe3reueHHs 11 aOcopOmiitHOT 3MaTHOCTI Ta TEPMIYHOI CTaOlIBLHOCTI.
HagnmumkoBe HakonmuyeHHs HadTamiHy MOXXE TPHU3BECTH 10 KpHUCTam3aiii B
HU3BKOTEMIIEPATYpPHUX 30HAX amapariB, 3HUKEHHS €(PEKTUBHOCTI MOTJIMHAHHSI
OCH30JBbHUX BYTJIEBOJHIB, a TAKOX JI0 YCKJIQHEHHSI pereHepaiiii Macia.

PekomeHnnyeTbCs MEPIOJUYHUN KOHTPOJb KOHILIEHTpalli HaTaliHy MHIISXOM
ra3oBOTO XpoMarorpadyBaHHs 3 METOI OIEPATUBHOTO KOPUTYBAHHS CKIIATy OJIMBH
yepe3 BBEJICHHS CBIKUX (PpaKI[iii 3 HUKYUM BMICTOM Ha(pTaIHOBUX BYTJIEBOJHIB 200
IIPOBEJICHHSIM YaCTKOBOI pereHepairii.

3a pesyapTaTaMH HalUX JOCHTIIKEHb BCTAHOBJIEHO, 110 TIPU BMICTI HadTaliHY
y CBIXKIiH JIETKiil 0nuBi Ha piBHI 6,8 %, 1OT0 KOHIIEHTpAIlisl B poOOUiii OJIMBI B TIpoIIeci
ekcrutyaraiiii 3poctrae 10 12,4 %. HaTomicTh Ha YCTAaHOBII, [0 MPAIOE 13 CBIXKOIO
BXKOIO OJIMBOIO, KOHIIEHTpallis HadTaminy 3meHmmiacs 3 10,6 % go 10,3 %. lle
CBITYUTh TPO HACTAHHS KBa3IpPIBHOBAKHOTO CTaHy MDK Ta30BOI0 Ta PiJIMHHOIO
dazamu, 3yMOBIEHOTO TEPMOJMHAMIKOI TIpoliecy macooOminy. Takum dYHHOM,
npua0aHHs CBIXKOT OJMBU 3 HABMUCHO 3HM)KEHUM BMICTOM HaTalliHy € EKOHOMIYHO
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HEOOTPYHTOBAHUM, OCKUIBKM BMICT Ha(TalliHy HIBUIKO BUPIBHIOETHCS B POOOUIi
CUCTEMI.

Y pa3i He3amoBuTbHOI poOOTH nediermaTopa AMCTHIALMINHOI KOJOHH
(30Kpema, TIpH HEJAOCTAaTHROMY OXOJIO/PKCHHI), 3HAa4Ha YacTHHA HapTaTIHY
NEPEXOANTh Y CUPUN OEH30J1, M0 MPU3BOAUTH A0 3MEHIICHHS HOTO KOHIIEHTpAIlii B
abcopOenTi ax 10 4 %. Take macio, Ik MpPaBUIIO, XapaKTEPU3Y€ETHCS I1JIBUILIEHOIO
T'YCTHHOIO, B’S3KICTIO 1 CXWJIBHICTIO JI0 YTBOPEHHS OCajiB, IO MOTIpIIye HOTO
eKCIUTyaTaIliiiHi BIIaCTUBOCTI.

BcranoBneno, mo ontuMmanbHUNA BMICT HadTadlHy y CBDKIM OJIMBI Mae
ctaHoBUTH 10-13 %. 30imbpIIeHHS KOHIIEHTpAIl BHIIE I[HOTO Jiana3oHy dYacTo
CYNPOBOKYETHCS HASIBHICTIO (pakuiii 13 Temneparyporo kumiHas noHaa 300 °C, mo
CIIpusi€ YTBOPEHHIO OCaJiB IMiJ 4Yac jecopOiii HadTamiHy B cupuil OeH301 Ta
T1JIBUIIICHHIO MMTOMOI BUTPATH OJIMBU Yepe3 ii HEMOBHE B1IHOBJICHHS.

@iIbTPYBAHHA 000pPOTHOI aOcopOmiiiHoi osmBHM. [  BUIydeHHSA
OCH30JIbHUX BYTJIEBOJHIB 13 KOKCOBOT'O Ta3y BUKOPUCTOBYIOTh KaM SHOBYTUIbHY
abcopOriitny onuBy Mapku «Ay, coptiB I Ta 11, siki 3rigHO 3 TEXHIYHUMHA YMOBaMHU HE
NOBMHHI yTBOPIOBATH OCaJIB Ipu Temmneparypax He Buiue +5 °C (mis copty I) ta
+15°C (mns copry II). 3a pe3ynpTaTaMud €KCHEPUMEHTAIBHUX JOCIIIKCHb,
OCHOBHHMHU MPUYMHAMU OCAJI0yTBOPEHHS B a0COPOIIMHIX 0JIMBAX €:

e 3HIDKEHHA PO3YMHHOCTI 1HJMBIAyaJbHUX KOMIIOHEHTIB OJIMBHU (30KpemMa, B
yMOBaX 3pOCTaHHS T'YCTHHH);

e YTBOPEHHS OJIITOMEPIB Ta MOJIMEPIB 3 BUCOKOIO TEMIIEPATYPOIO TUTABJICHHS;

« 3a0pyIHEHHS CMOJMCTHUMH PEUOBHHAMHU, SIK1 HAIXOIATH 13 KOKCOBOTO Ta3y.

[TimBuIleHHS TYCTHMHH OJIMBU ICTOTHO 3MEHINYE ii 3AaTHICTH O PO3YMHCHHS
BHCOKOMOJIEKYJIIPHUX CIIOJIYK, TaKUX SIK aHTpaleH, (IyopeH Ta OJIIrOMEPH, SKi
bopMYIOThCSI BHACIIIOK MOJIMEpHU3allli pe3MHOTEHIB.

3rimHo 3 pe3yJdbTaTaMd  MOJICKYJSIPHOTO MOJICTIOBAHHS, TEMIIepaTypa
TUTABJICHHS TUMEpIB 1HACHY Ta KyMapoOHY TOpIBHSIHHA 3 TEMIIEPaTypOIO TUIABJICHHS
TPUAACPHUX BYTJICBOJIHIB, 110 BXOJSATH JO CKJIaay OJIMBH. Temmeparypa IUIaBJICHHS
TpU- Ta TeTpamepiB 3HauHO Buma u pocarae 305-520°C, mo 3yMOBIIOE iX
0CaJIOyTBOPEHHS HaBITh Y POOOYHX TEMIIEPATYPHUX YMOBaX.

KineTnunmii aHami3 mMoka3ye, IO TMPOIECH OJIroMepu3allii MPOTIKAIOThH
MOBUTPHO, OJHAK I1X IHTEHCUBHICTH 3pOocCTa€ 31 3OUTBIIEHHSM TEMIIEPaTypH.
[linBuieHHa Temmnepatypu B TpyOuactux neyax g0 160—-180 °C cnpuse TepmiuHiii
JECTPYKIIIi HECTIMKUX OJITOMEPIB 1 MOIMIIEHHIO SKOCT1 OJIUBH.

MoHiTopuHT cKkiaay poOodoi ONMBH B MpOLECi eKCIUTyaTallii CBIIYUTH, IO
1HIEeH € OUIbII peakmiMHO3JaTHUM, HDK aleHa(pTeH, 1 Marae moJiMepu3amii
mBuAme. TakuM YUHOM, 3MEHIIEHHS MHOro BMICTY IpPU HarpiBaHHi, WMOBIpPHO,
3yMOBJIEHE caMe TMOJIMEpHU3aliiHUMK TpoIecaMu. 3arajioM, MOJiMepHu3allis
HEHACHYCHUX KOMIIOHCHTIB, TakKMX SK I1HJAGH 1 KyMapoH, JIOMIHYE€ HaJ
OKHCHIOBAJIFHOIO TIOJIIMEPHU3AIIE€I0 BUCOKO-KUTIITYNX BYTJICBOTHIB.

SAxicTb 0aMB Ta edexkTHBHicTH (inbTpanii. AGcopOuiiiHi OJTUBU HHU3BKOI
SIKOCT1 3a3BHYal MICTATh 3aBHCII YacTHHKU B KiIbkocTl 0,5-3,0 %, Tomi K s
BHUCOKOSIKICHUX 3pa3KiB lied nokasHuk cranoButh 0,04—0,08 %. 3aBucni pedoBUHU
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MOXYTh OYyTH JDKEepeIoM oOcaliB 1 BUKIMKATH 3HWKEHHS e(QEeKTUBHOCTI
abcopOriitHoro mporecy. Bimomuii qocBia ekcrutyaTariii GpuUIbTpalifHIX YCTaHOBOK
13 po3mipom KoMipok ciTku 500 MKM TIOKa3aB 0OMEXeHY €()EeKTHUBHICTh OUUIIECHHS —
nuie 20-30 %. ABromaTuyHa pereHepailisi GUIbTPiB HE KOMIIEHCYE HU3bKUM CTYIIHb
3aTpUMaHHSA JIPIOHOAUCTIEPCHUX 3a0pyTHEHB.

[IpomucioBi  BumpoOyBaHHA (PTOPOILUIACTOBOTO  (PuUIbTpa 3  PO3MIPOM
nepdoparii 20 MKM, TpoBeACHI Ha aOCOPOMiNHIA OJNMBI «ICOCH3MH», ITOKa3aIn
HACTYIHI pe3yJbTaTH:

e TIpu BUTpaTi ojuBU Onu3bko 1 M*/ron 1 TpuBasiocTi duibTpamii 10 48 roa Ha
NOBEPXHI (UIBTPYBAIBHOTO €JIEMEHTa HAKOMWYYBaBCA IIAp BIAKIAACHB, IO
CIPHUYUHSIIO 3pOCTaHHs rifpasiiaaoro onopy 3 0,138 mo 0,160 Ml1a;

« y mpoueci (UIbTpaIil CHOCTEPIraiocs 3HMXKEHHS KOHIIEHTpAI[ll 3aBUCIUX
peuoBuH: 3 0,039% no 0,017 % (Bar.) depe3 22 TOAMHM MICJSI TOYATKY
dbinpTpanii;

e TIpU IOMY CTYIiHb OYMIICHHS HA MOYATKOBIM cTanii ctaHoBUB jawuiie ~44 %,
110 BKa3y€ Ha HEJIOCTATHIO €()eKTUBHICTH (PLIbTpa MPHU BEIUKUX OTBOPAX.
TakyuM YMHOM, AOLUUIBHUM € 3aCTOCYBaHHs (DUIBTPYBaJIbHUX EJIEMEHTIB 13

po3mipoMm mnepdoparilii MeHie HiK 20 MKM JJIsI TIJIBUINCHHS CTYICHS OYMIICHHS
a0CcopO1iitHOT OJIMBH, OCOOIMBO Ha CTaJli MEPBUHHOTO (DUIHTPYBaHHS.

IIpomuBanHss Po0OYOI OJMBM € BAKIMBOIO YACTHHOIO IMpolecy il
0o0Naropo/KEHHs MiJ 4Yac eKcIuryartaiii y OeH30JpHOMY BijjiiieHHI. B ymoBax
pobotu Ha HAPTOBIA OJMBI BUKOPUCTOBYBABCA XOJIOAWIBHHUK, Yy SKOMY JJIS
OXOJIOJDKCHHS OJIMBH 3aCTOCOBYBAJACh BOJIA Y CITIBBIAHOIICHHI OJIMBa/Boja sIK 1 110
1,5-2. Tlpu TakoMmy pexuMmi Ta TPUBAIOCTI KOHTaKTy (a3 y mexax 45-50 XBuwimH
YTBOPEHHSI CTIMKMX €MYJIbCI MpakTUYHO He crnocrepiranocs. Lle BaxiauBo, ajke
CTaOUIbHI €MYJIbCli YCKIQJAHIOIOTHh MOJAJbIIE OYMUIIEHHA 1 MOXYTh CYTTEBO
3HM)KYBATH AKICTh POOOYOi OJIUBH.

Komnu Hinerbest mpo mMpoMUBaHHS OJIMBU, OCOOJIUBO TI€T, III0 MAa€ BYTJIEXIMIUHE
MOXO/)KEHHSI, BUHUKA€E IMIJIBUILICHUA PU3UK YTBOPEHHS €MYJbCiil yepe3 il Ouibuly
JTUCIIEPCHICTh 1 CXWIBHICTh 1O €MYJIbI'yBaHHSA. Y J1a0OpaTOpHUX YMOBax OYJio
BCTAHOBJIEHO, IO 3aMO0IrTH YTBOPEHHIO TaKUX €MYJIbCiii MOKHA 3a YMOBH, SIKIIO
00’eM BOJIM HE TIEPEBHINYE TPETHUHY 00’emMy oiuBH. TOOTO cmiBBiAHOMICHHS a3
0JIMBa/Bo/ia Mae OyTu He MeHmIe HiK 1 10 3. BaxsMBO TakoX YHMKATH HaJAMIPHOTO
MEXaHIYHOT'O JUCTIEPTYBaHHS BOAM B 00 €MI OJMBHU, OCKUJIBKH II€ PI3KO I1JBUIILYE
TUIONTY MIXK(a3HOTO KOHTAKTY 1 CIipusie cTaduIi3allii eMybCii.

[linBuiieHHs BMICTY BOJHOI (a3u y CHUCTEMI Ja€ 3MOry edeKTHBHIIIe
BUJAJIATH 3 OJIMBU TaKi KOMIIOHEHTH, SIK 10HU pOJaHiLy, Cylb(aTiB 1 TioCyab(haTiB, a
TaKOXX aMiak 1 cipkoBozieHb. Lle mpu3BoaAUTH 10 3pocTaHHs Moka3Huka pH y BonHOMY
BUTSTY, 10 BKa3ye Ha 3MEHIIEHHS KHUCIOTHOCTI Ta, BIJMOBIAHO, 3HUKECHHS
KOpO31iiHO1 ~akTUBHOCTI. KpiM TOro, OUHMIIEHHS OJIMBH CYIPOBOKYETHCS
3MEHILIECHHM 1i KOKCOBOI'O YMCJIa, [0 CBIAYUTH MPO 3HMKEHHSI BMICTY BaXKKHX a0o0
pEaKUiifHO 31aTHUX KOMIIOHEHTIB, fIKI MOXYTb IHILIIOBATH MOJiMepu3alio. Take
00JIaropoJIKEHHsI OJIUBH TO3UTHBHO BIUIMBA€ HA 1i TEPMIUYHY CTaOUIBHICTH 1
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3JIaTHICTH J0 TPUBAJIOl poOOTH 0€3 HAIMIPHOTO HAKOIUYEHHS BUCOKOMOJICKYIISIPHUX
CIOJIYK.

3HIDKEHHSI BMICTY 3ai3a Ta 3BAXKEHWX YACTHMHOK IICIS MPOMHUBAHHSA TaKOX
Ma€ BKJIMBE 3HAYCHHS, OCKIJIBKHA MPUCYTHICTh IUX JOMIIIOK YacTO ACOIIIOETHCS 3
KaTaJITHIHOIO aKTUBHICTIO IIOJI0 MOTIMEPHU3AIIMHAX PeaKIliii abo CIyrye mKepeIoM
3a0pyJITHEHHSI TOBEPXOHb TEIUIOOOMIHHOTO OOJIaJHAHHS. YHACHIJOK MPOMHUBAHHS
0JIMBA CTA€ MEHII CXWJIBHOI JI0 YTBOPEHHS BIJKJIA/I€Hb, IO CIpHUA€E 30€pEHKEHHIO
edeKkTuBHOCTI ii (yHKLIN gk aOCOpOEHTY B TEXHOJOTiYHOMY LuKIi. OKpiM TOrO,
3MEHILEHHS] arpeCUBHOCTI BOJAHOIO €KCTPAKTy 3HAYHO 3HUXKYE IIBUAKICTH KOPO3ii
MarepiajiB, 3 SKUX BUTOTOBJICHO OOJIaJIHAHHS — 30KpeMa BYTJICLIEBOI CTalll, sKa
TPaIUIIHHO BUKOPUCTOBYETHCSA Y KOHCTPYKIIISX TPYOOIIPOBOIIB 1 TEMJIOOOMIHHUKIB.

TakuMm YMHOM, TMPOMMBAHHS OJMBU € HE JIMIIE 3aXOJOM OUHMIIEHHS, a W
CIIOCOOOM TOJIOBKEHHS CTPOKY 11 e(peKTUBHOI i B cucTeMi. 3aBASKUA MPaBUILHOMY
n000py CIIBBITHOMICHHS (a3 Ta M’ SIKOMY PEXKUMY KOHTAKTy 3 BOJIOIO BJA€THCA
YHUKHYTH HETaTUBHUX SBUII €MYJIbI'yBaHHS, BOJHOYAC 3a0€3MEeUrBIIN €(PEKTUBHE
BUJAJICHHS HEOaKaHWX CIOMYK. Y pe3yJbTaTl OTPUMYEThCA OLIbIN CTablbHA Ta
MEHIII arpecuBHa OJMBa, NpUAATHA J0 MOBTOPHOTO BUKOPUCTAHHS 0€3 3arpo3u AJis
00J1aTHaHHS YH SIKOCT1 TEXHOJIOTTYHOIO MPOIECY.

HinTpuMka onTUMaIbHOrO PiBHA QEHOJIIB y OJIMBI MAa€ KPUTUYHE 3HAUYCHHS
uisl 3a0e3nedyeHHsl i cTaOlIbHOCTI Ta TpUBANIOl ekcruryaramii. B Ykpaini BMicT
(GeHoMB B OJMBI pErIAMEHTYEThCA TEXHIYHUMU yMoBaMu «Maciao BOHUpHE
kam’sitHoByrutbHE TY YV 20.1-00190443-117:2017», 1110 BCTaHOBIIOIOTH MOKa3HUKHU
Bix 0,7 mo 3,5 % 3a MacoBOIO YacCTKOIO, MPUYOMY BHCOKHI BMICT XapaKTepHUU IS
OJIMB 3 HUKYOIO SKICTIO. MOHITOPUHT (PEHOJIIB Y CBIXKIM Ta poOOUiil OJIMBI, @ TAKOXK Y
cupoMy OEH30JI1, BUSIBUB, 10 Y MPOIIEC eKCIUTyaTallii 0J1MBa HAKOMUYY€E JTOTaTKOBO
Bia 0,3 1o 1,6 % 3aransHux ¢genoniB. Takuii (akT CBITYUTH PO TE, IO MPOBEICHHS
3He()CHOJIOBAHHS CBIXKOI OJIMBH, BUXIJIHUH BMICT Yy SIKMX CcTaHOBUTH 1,5-2,0%, €
HepouubHUM. HacmpaBmi, miectipsMoBane BBeleHHS (DEHOMIB y KimbkocTi 3 % 10
OJIMBH TIOKA3aJI0, 110 (PEHOIU JIF0Th SIK €PEKTUBHI 1HI10ITOPU OKHUCIECHHS, CIPUSIOUH
YTBOPEHHIO 3aXMCHOI IJIIBKM Ha MOBEPXHI MeTany. Takuid miaxia J03BOJISE 3HUZUTH
MIBUAKICTh KOpo3ii Byraenesoi crami 3 0,56 no 0,33 mMm/pik, npu 1IbOMY BBEIECHHS
(deHoIB HEe TPU3BOJAUTH A0 30UIBIICHHS 1HAEKCY KOKCyBaHHS cyMimied. Takum
YHHOM, ONTHUMAaJIbHE DPETYJIOBaHHS KOHIEHTpalii (eHosiB y onmBi 3abe3meuye ii
XIMIYHY CTaOlIBHICTh, 3HWIXKYE KOPO3iHY aKTHBHICTh Ta CHPHSIE MPOIOBKESHHIO
CTPOKY CIyXOM O0OJaJiHaHHSA, 110 € BAXJIUBUM JJIsI €(PEKTHUBHOCTI BHUPOOHHYOTO
polecy.

BucHoBku:

Onrtumizamiss CKIaay OJIMBH € KIIOYOBUM (PaKTOPOM IS TABHUINCHHS i1
eKCIUTyaTariiHux BiacTuBocTed. [linTpumMka oNTHMaNbHOTO BMICTY Ha(TaTIHY
(10-13%) Ta denomniB (10 2%) cupuse cTabiIbHINA POOOTI YCTAHOBOK YJIOBIIOBAHHS
OEH30JIbHUX BYTJIEBOIHIB.

Kontpons momiMepuzaiii Ta peryatoBaHHS B’A3KOCTI po0OOYOi  OJIUBU
JOTIOMararoTh 3ano0IirTH YTBOPEHHIO OCAJlIB 1 3HU3UTH KOPO3iiHY AKTUBHICTb, ILIO
IPOJOBXKY€E TEpMIH 1i ciykOu. PerynspHe mpomuBaHHS Ta (uUIBTpalis 0OOPOTHOI
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abcopOriitHoi  onMBU  3a0e3MeuyroTh  CTaOUIBHICTH 11 (PI3UKO-XIMIYHUX
XapaKTEPUCTHK, MIABUIIYIOUH €(PEKTUBHICTh TEXHOJIOTTYHOTO MPOIIECY.

KommnekcHuii migxig A0 YHOpaBiIiHHA SKICTIO BOMPHOT OJMBHU  JTO3BOJISIE
MIHIMI3yBaTH TEXHOJIOTIYHI PU3WKKA Ta IMJBUIIUTA EKOHOMIYHY e(EeKTHUBHICTD
BUPOOHHUIITBA.

TakuMm 4YWHOM, BHPOBAIKCHHS 3alPOMOHOBAHUX 3aXOMAIB  CHPHUSITHME
TIOKPAIICHHIO SKOCTI OJIMBH, 3MEHIIICHHIO BUTPAT HAa 00CITyTOBYBaHHS 00JIaIHAHHS Ta
3a0€e3Me4eHHI0 CTab1IbHOI POOOTH BYTIEXIMIYHUX BUPOOHUIITB.
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Practical Ways to Improve the Quality of Wash Qil
Bannikov Artem, (National Technical University "Kharkiv Polytechnic Institute")
Karnozhytskyi Pavel ((National Technical University "Kharkiv Polytechnic Institute")

The composition of fresh wash oil, particularly the content of naphthalene, phenols, and
polymerizable compounds, significantly affects its operational properties. To ensure stable
operation of benzole recovery plants, it is advisable to maintain optimal levels of naphthalene
(10-13%) and phenols (up to 2%), avoid excessive polymerization, and ensure filtration and
washing of the working oil. Comprehensive regulation of these parameters helps reduce sediment
formation, lower corrosive activity, and stabilize the physicochemical properties of the oil under
prolonged operating conditions.

Keywords: wash oil, quality, operational properties.
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Hepozyunni  y  XiHoniMi  peuosunHu € KIHOY0B80I0  Nepeukoooro 0as  nepepooKu
Kam 'ssHOBY2IIbHOI CMOIU, 3HUMNCYIOYU 1T AKICMb Ma KOKCYI0Ul 81acmusocmi. 3anponoHo8ano memoo
OUUWEHHS] CMONU WLIAXOM YEeHMPUpY2y8anus 3 abCOPOYIHUM MACIOM MA BUKOPUCAHHAM
PO3UUHHUKIB, WO 0038014€ 3HU3UMU émicm Oomiuwox Ha 88—89%. Lla mexwnonocis e eumacae
CKIAOH020 anapamypHo20 O0OpMIeHHs | Modxce Oymu peanizo8anda HA ICHYIOYOMY O0O0JAOHAHHI,
nIOBUWYIOUU eKOHOMIYHY eqheKmUHicmsb nepepooKU cCMOIU.

Knwuoesi cnosa: koxcose uucno, Hepo3uyuHHi y XiHOIIHI, KAM SIHOB8Y2INbHA CMOAA

Kam’ssHOByriibHA CMOJIa € BaXXJIMBOK CHPOBHUHOIO I KOKCOXIMIYHOT
IIPOMHUCIIOBOCTI, OJIHAK 11 SKICTh 9aCTO OOMEXY€ETHCSI BUCOKMM BMICTOM JTUCIIEPCHUX
PEYOBHH, HEPOZUMHHUX Y XiHOMIHI. LI JOMIMKK YyTPYIHIOIOTH MEPEPOOKY CMOJIU Ta
3HIKYIOTh ii TOBapHy LIHHICTh, TOMY BHPOOHHUIITBO BHUCOKOSIKICHOI CHPOBUHH 3
BiJITOBITHUMHU TIOKa3HUKAMU 3QJIHIIAETHCS aKTyIBHUM 3aBIaHHAM IS YKPAiHCHKUX
KOKCOXIMIYHUX MiJIPUEMCTB.

Cyd4acHi TEXHOJIOT1i T03BOJISIOTh IITMOOKO OYMILATH CMOJY BiJ HEPO3UUHHUX Y
X1HOJIIHI KOMIIOHEHTIB, 1110 A€ 3MOT'y OTPMMYBATHU CIELIAIbHI MAPKH MEKY, TaKl K
IPOCOYECHHM, TOJYacTUl KOKCOBUM, ByTrieueBuid abo mezodaszuuil. OgHuMm 13
NEPCIIEKTUBHUX METOMIB € UEHTpU(PYryBaHHS TMOMEPEAHHO PO3BEICHOI CMOJH
abcopOuiitHuM MacioM. JIOCHiPKeHHST TOKa3ykTbh, M0 ONTHUMaJIbHUN CTYIIIHb
excrpakiii (88—89%) nocsiraerbest mpu  mBUAKOCTI obOepranHs 4500 006/xB 13
BUTPUMKOIO 5 XBWJIMH ISl CyMmili, 1o MicTuth 15% Macna, abo 15 XBWIMH IS
cywmitri 3 9% abcopOuiitHoi omii [1].

BongHodac icHye 3Ha4YHMII TOMUT HA EKOHOMIYHO €(EKTHUBHI TEXHOJIOTI]
00JaropoKEHHST CMOJIH, 30KpeMa I 3HIKEHHS 11 KOKCOBOT'O YMCiia — KIIFOYOBOTO
MOKA3HMKA, 10 BU3HAYAE 3/JAaTHICTh MaTepialy YTBOPIOBATH KOKC MPH HArpiBaHHI.
Le#t mapameTp 3aJIeKUTh BiJ HU3KH (PaKTOPIB, CEPE]l TKUX:

BwmicT noninukiaiyHux apoMatuyHux ByriaeBoaHiB (ITAY) — cnonyk, sKi Jierko
MOJIMEpU3yIOThCSl Ta (OPMYIOTh KOKC TIPU TEPMIYHOMY PpO3KIafaHHi. Ix
KOHLIEHTpAI[isl 3pOCTa€ 13 MIABUIIEHHSM CTYINEHsS MipOJi30BaHOCTI CMOJH, UIO
CYNPOBOKYETHCS 30UIBLIEHHSM UIUIBHOCTI Ta BMICTY HEPO3YMHHUX Y XIHOJIIHI
pedoBuH. Came I1i KOMIIOHEHTH € OCHOBHUM IIONEPETHUKOM KOKCYBaHHS Cepej
apOMaTUYHUX CIOJIYK CMOJIU.

PiBenb M1POJTI30BAHOCTI CUPOBHHHM—  BHCOKOIIPOJII30BaHi CMOJTH
XapaKTEePU3yIOThCA OUTBIIUM BUXOJOM TEKYy Ta BUIIMMH MOKa3HUKAMH KOKCYBAaHHSI
MOPIBHSHO 3 HU3BKOMIpOIi30BaHUMH. HasBHICTH MiHEpaIbHUX JOMIIMIOK (OKCHIIB
METaNiB, 30JIH), AKI MOXYThb KaTaJli3yBaTH PO3KJIQJaHHSI CMOJM ab0 BUCTYMATH
IHepTHUMHU  HAMOBHIOBAa4YaMH, 30UIBIIYIOUM KOKCOBe uucio. KoHimeHTpariis
HEHACHUYEHUX BYTJIEBOJHIB (1HACHY, KyMapoHy, CTHUPOJNY), $Ki MalTh BHCOKY

57


mailto:denys.miroshnychenko@khpi.edu.ua
mailto:ukhinbannikov@gmail.com

peaxiiiiHy 37aTHICTh 1 CHOPHUSIOTh YTBOpPEHHIO KOkcy. OnmHak yepe3 iX He3HAYHUI
BMICT y CMOJI1 iXHi{ BIIJTUB HA KOKCOBE YHCJIO € OOMEKEHUM.

Takum 4MHOM, CMOJM 3 HU3BKUM KOKCOBUM YHCJIOM BIAPI3HSIOTHCS MEHILIOIO
T'YCTUHOIO, HU3bKUM BUXOJIOM TIEKY Ta 3HIKCHUM BMICTOM HEPO3YMHHHX Yy X1HOJIiHI
pedoBuH. XO4a BHUJAICHHA TBEPAUX MOMIMIOK ((ycCiB) JHIIE HE3HAUYHO 3HIKYE
KOKcoBe yucio (Ha 1-2%), BOHO CyTT€EBO IIJIBUILYE PUHKOBY LIHHICTh CMOJIH.

OmuuM 13 METOMIB TOKpAIEHHS SKOCTI CMOJM 0€3 3HAaYHUX KamiTalbHUX
BUTPAT € BUKOPUCTAHHA CTOPOHHIX PO3YMHHHKIB, 30KpeMa T'eKcaHy ab0 TeKCaHOBOi
¢dpaxuii, 1711 BUJATECHHS HEPOZUYMHHUX Y X1HOJIHI KOMIIOHEHTIB (HAMPUKIIA[, MATEHT
CN105713635A). Tunosuii MmaTepiaJibHUI OalaHC TAKOTO MPOLECY MOXKE BUTIISIIATH
HACTYITHUM YUHOM:

[Tpuxima: 100 kr Baxkkoi cMomu + 30 kr abcopOiitHOi o11i + 20 Kr rekcaHy.

Burpara: 50 kr nutamy (Ha ytuizamiro) + 100 kr ToBapHOI cyMmini (ounieHa
cMoJia, abcopOIriiiHa ois, TeKCaH).

OTpumaHa CyMilll MOKe HAMpsMy CIPSIMOBYBATHUCS Ha KOKCOXIMIYHI 3aBO/IH, &
iaM — J0JaBaTHCS 10 KOKCOBOI MIMXTH. J[0AaTKOBO MOKJIMBE BIATIH T€KCaHy Ta
abcopOuiiHOro Macia 3 iX MOBTOPHHUM BHKOPUCTAHHSIM, IO HiABHUILYE €KOHOMIYHY
€(EeKTUBHICTh METOLY.

3anponoHOBaHl  MIAXOAW  JO3BOJIAIOTH  3HAYHO  MOKPAIIUTU  SKICTh
KaM’ SHOBYTUIbHOI ~CMOJM 3 MIHIMAJIbHUMHU  BUTpAaTaMH, W10 POOUTH IX
NEePCIIEKTUBHUMH ISl BIPOBA/KEHHS Ha BITYU3HIHUX MiAMPUEMCTBAX.
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Improving the quality of coal tar
Tertychnyi Volodymyr, post graduate student (National Technical Kharkiv Polytechnic
Institute), Miroshnychenko Denys, Doctor of Technical Sciences (National Technical Kharkiv
Polytechnic Institute), Bannikov Leonid, Doctor of Technical Sciences (Ukrainian State Research
Institute For Carbochemistry).

Quinoline-insoluble substances are a key obstacle to the processing of coal tar, reducing its
quality and coking properties. A method of tar purification by centrifugation with absorption oil
and the use of solvents is proposed, which allows reducing the content of impurities by 88-89%.
This technology does not require complex hardware design and can be implemented on existing
equipment, increasing the economic efficiency of tar processing.

Keywords: coke number, quinoline-insoluble substances, coal tar
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This study examines the degradation of wash oils in benzene units by analyzing fresh and
operating oils from different manufacturers. Gas chromatography/mass spectrometry and
Brookfield viscometry were used to assess composition and viscosity. During operation, heavy oil
(HO) becomes less volatile, and light oil (LO) becomes slightly more volatile. HO's viscosity
increases by 1.25 times, while LO has a higher alkyl derivative concentration (48 wt.% vs. 44 wt.%
for HO). LO is enriched with naphthalene and indene, while HO loses certain methylnaphthalenes
and shows an increase in dibenzofuran, fluorene, anthracene, and phenanthrene. LO's oxidation
products are oxidized alkyl groups, while HO shows oxidized non-substituted hydrocarbons. These
findings help guide the selection of oil for current operating conditions, with LO being more
resistant to degradation than HO.

Keywords: wash oil; gas chromatography/mass spectrometry, viscosity; aromatic
hydrocarbons.

Crude benzene production at Ukrainian coke-chemical plants uses a traditional
absorption-desorption method involving circulating wash oil. Since coke oven gas
contains low concentrations of benzene hydrocarbons (benzene, toluene, xylene,
etc.), various absorption oils are employed for recovery. Equipment designs vary to
reduce production costs and minimize wash oil consumption.

Wash oil, a non-selective absorbent, extracts aromatic hydrocarbons, sulfur-
and nitrogen-containing compounds, water aerosols, and tars from coke gas. For
desorption, the oil is heated to 145-165 °C and steam-stripped, releasing benzene
hydrocarbons but also causing loss of light oil fractions. To maintain oil quality,
degraded oil is periodically removed for regeneration, and fresh oil is added to the
cycle. A schematic of this process is shown in Fig. 1.

Fresh oil
cooling

heating

Spent oil

Absoprtion
Desoprtion
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Figure 1. Schematic diagram of wash oil flow in a benzene plant.

Cyclic temperature fluctuations, contact with coke gas impurities, and the
evaporation and loss of light fractions during stripping accelerate oil degradation
through polymerization and oxidation. This leads to increased density, viscosity,
mechanical impurities, coke number, and acidity. To maintain oil quality, 1-2 wt.% is
periodically redistilled to remove polymers and return light fractions to the cycle.

Due to the high cost and varying quality of coal-derived wash oil, selecting
fresh oil requires detailed analysis of its degradation in use. Previously, Ukrainian
coke plants used domestically produced wash oil from coal tar (boiling range
230-300 °C), which is denser and richer in naphthalene than foreign analogues. Due
to shortages, both domestic (HO) and imported (LO) oils are now used.

This study aims to assess changes in different wash oils under industrial
conditions to slow degradation and optimize fresh oil choice based on plant specifics
and gas quality. Research shows oil thickening is mainly due to the loss of fractions
below 270-280 °C, especially under 260 °C, while the 270-300 °C fraction is most
prone to polymerization. Additionally, the component composition changes from
evaporation, crude benzene extraction, chemical reactions, and contamination,
highlighting the complexity of degradation processes.

During operation, wash oil undergoes evaporation, oxidation, chemical
transformations, and forms new compounds. Resin formation leads to sulfur- and
oxygen-rich products, confirmed by the elemental analysis of oils and polymers. To
improve oil quality and extract valuable compounds (e.g., B-methylnaphthalene,
fluorene, isoquinoline, indoles), certain substances are removed.

Oil degradation is influenced by coke oven gas quality—resin-forming
components, dust, oxygen, acid gases (H,S, HCN), ammonia, and phenols accelerate
reactions.  Sulfur promotes aromatic hydrocarbon condensation (e.g.,
diphenylmethane at 160 °C, phenol at 180 °C). Metal corrosion products further
increase oil viscosity.

Some compounds affect degradation differently: phenols and xylenes slow
polymerization, while pyridines and metals (iron, brass) increase resin yield and
viscosity. Despite extensive research, the degradation of absorbent oil in benzene
units remains poorly understood, particularly the transformation of oil components
during use.

There is a lack of comparative data on fresh vs. used oils and between oils from
different producers. This study aims to fill this gap by analyzing component and
property changes in oils during operation. Insights gained will help optimize oil
performance and support better oil selection, improving efficiency in coke-chemical
plants.

Samples of wash oils from two benzene units were selected for the study: one
unit used LO from an imported trader (DEZA, a.c. Czech Republic, Valasské
Mezitici), and the other used HO from a Ukrainian producer (Zaporizhkoks, Ukraine,
Zaporizhzhia). These oil types differ in viscosity, density, and volatility, affecting
specific oil consumption in benzene units and attracting both practical and scientific
research interest.
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The oil samples were taken from different units, the principal difference
between the unit using the HO is the presence of a highly efficient structured packing
in the scrubber, which allows the capture of benzene hydrocarbons in one unit.
Mainly for this reason, the capture ratio at this unit is slightly higher; in other
parameters, the operating conditions did not differ much from each other. The quality
indicators of oils were determined according to the methods.

The main quality indicators of wash oils show that both types of oil increase in
density after operating, with a more pronounced increase in the HO, indicating
accumulation of high-boiling components.

he results of the fractional composition analysis show that after operation, HO
becomes less volatile while LO slightly increases in volatility. A slight increase in
density and minor changes in distillation characteristics indicate stable composition
with minimal degradation. Fresh oil samples have low phenol content (0.8-0.89
wt.%), corresponding to oil grades “A2” and “B”. During operation, total phenols
accumulate, transported to the benzene compartment with coke oven gas, confirming
the inefficiency of deep phenol extraction from wash oil.

Oil distillation indices reveal that both fresh oils show upper asymmetry in
their distillation curves, with HO being more pronounced. The LO has a high content
of methyl homologues of naphthalene, boiling between 240-250°C. LO maintains
stable composition up to 80 vol.% distillation, while HO undergoes significant
changes, requiring careful management to prevent increased viscosity and sludge
formation. The distillation curves show HO is enriched with high-boiling
components, needing freshening to avoid viscosity increase.

Viscosity curves show a small increase in viscosity for working oils, likely due
to contamination, oxidation, or thermal degradation. HO exhibits a more consistent
and slightly higher viscosity increase compared to LO, indicating greater sensitivity
to operational conditions. Both oils show shear-thinning behavior, with increased
viscosity at higher shear rates. The gap between fresh and working oils widens with
increased shear rates, suggesting that operating conditions affect viscosity,
particularly for heavy oils. HO is more sensitive to viscosity changes during
operation.

An analysis of wash oils from different manufacturers shows a 0.3 wt.%
accumulation of total phenols in operating oils, indicating that deep phenol extraction
from the 230-300 °C coal tar fraction is unnecessary. The two oil types behave
differently during operation, with HO becoming less volatile and LO slightly more
volatile due to greater absorption of low-boiling components from coke gas and
lower degradation intensity of LO. The average molecular weight of HO increases by
3 Da, while LO’s decreases slightly.

HO experiences a greater viscosity increase (1.25 times) compared to LO. Both
oils exhibit shear-thinning behavior, more pronounced in the operating state. LO has
a higher concentration of alkyl derivatives (48 wt.% compared to HO's 44 wt.%).
During operation, HO shows a significant decrease in alkyl derivatives of aromatic
hydrocarbons, likely due to thickening reactions and detachment of side groups.
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The concentration of high-boiling components in LO decreases during
operation, indicating oil enrichment with naphthalene and indene from coke gas. HO
loses 1- and 2-methylnaphthalenes while increasing methylhomologues of
dibenzofuran, fluorene, anthracene, and phenanthrene. Oxidation products of LO
contain alkyl groups, while HO contains non-substituted hydrocarbons, with the total
oxidation products in HO being 1.7 times higher.

These findings suggest that LO is more resistant to degradation than HO, but to
reduce LO losses, proper temperature control during absorption is essential.
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IIpoananizosano I4-cnekmpocpamu ocady 6eH3016H020 CKpybOepa, iHOeH-KyMapoHoeoi
CMONU, 3AMUWKY 610 Oucmuisayii noaimepié OeH301bHO20 BI0OiIeHHs ma poOo4oi oausu 6
npucymuocmi amiaky. Bcmanogneno cxoocicms cmpyKmypu noiimepie 6eH301bH020 6i00iNeHHs ma
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iHOeH-KyMaporosoi cmonu. [lpodykmu onicomepusayii KomMnoHeHmie 8OUPHOI OAUBU NPUCYMHI 8
nonimepax 6eH301bH020 BIOOLNeHHS | MBEPOUX BIOKIAOEHHSIX.
Kniouoegi cnosa: ébupna onusa, decpadayis, noiimepu.

Jl1st yioBitoBaHHS O€H30JbHUX BYIJICBOJIHIB 1 HAPTaIIHY HA KOKCOXIMIYHUX
MiIPUEMCTBAX IIMPOKO BHUKOPHUCTOBYETHCA (paKilis Kam'sSsHOBYT1JIBHOI CMOJIH
(BOMpHa onHBa), sIKa € 6araTOKOMIIOHEHTHOIO a3€0TPOITHOIO CYMIIIIITI0 apOMaTHIHHIX
BYTJICBOJHIB, [0 HE MIAAETHCS PO3IIJICHHIO 3BUYAHOIO TIEPETOHKOIO.

Y mpoueci poOOTH OEH30JBHOTO BIIIUICHHA BiAOYBAa€ThCS HEMUHYYE
MiBUIIEHHS TYCTHHU Ta B'A3KOCTI oiuBU. YacTwHa 3rymieHoi oimBH (TIEPEBaKHO
¢paxuiga Bumie 270°C) B TEXHOJOTi BUIYYa€ThCA B MPOLEC] AUCTHIALII y BUIIISAIL
«TOJIIMEPIB  OCH30JBHOTO BIJAUICHHS». Y JACSIKUX TEXHOJOTISIX LEeW 3aJIuIIoK
HA3MBAIOTh  «IMEKOM» ab0  «IUIaKOM», IMiJKPECTIOYH HOro CKiam, 1o
XapaKTEPHU3y€EThCSI HASBHICTIO BUCOKOKHILITYMX KOMIIOHEHTIB. Hes3Bakarounm Ha
Ha3BY «IOJIMEpU», IIeH HEKUIUISYUI 3aIHILIOK HE B YCIX JOCIIPKEHHSIX BBAXKAETHCA
IIPOJYKTOM «IOJIMEpHU3allii» KOMIIOHEHTIB OJIMBU, X0Uad MPOCTEKYIOThCS aHAJIOTIT 3
1HJIEH-KyMapOHOBUMH cMoj1amu [1].

I{i peyoBMHU BHUBOIATHCS 3 POOOYOro IMKIY 1 BUMAararoTh 3aMiHH CBIXKOI
OJIMBH, III0 TOTIPIIyE €KOHOMIYHICTh TPOIlecy. BUCOKOKHUIUISIYI KOMIOHEHTH OJIMBH
Ta 30JIONMOMIOHI 3alMIIKM MOXYTh KpHUCTali3yBaThucs 3 BOUPHOI ONHMBH 1,
MOETHYIOYUCH 3 BYTUTLHUM THJIOM 1 3a0pyAHEHHSIMH KOKCOBOTO Tra3y, YTBOPIOBATH
BinkmaneHHs. [{i pedoBHHM, IO BAXKKO BUAAISIOTHCS, 301UIBIIYIOTH TiApaBIIIHHMA
omip OEH30JILHOTO CKpyOepa, 3MEHIIYIOTh MOBEPXHIO MacOOOMIHY, YTBOPIOIOTH
«mpoOKW» B TpyOOmpoBoAax 1 0OJAJHAHHI Ta MOXYThb IMPU3BECTH JI0 3YINUHKH
npouecy. 3 Li€i TPUYUHHA TIATPUMAHHS XapaKTEPUCTUK OJMBU B HAJIEKHOMY CTaHI €
HEOOX1THOK0 YMOBOK 3a0€3MEUeHHS TMpale3JaTHOCTI OOJagHaHHS OEH30JbHOrO
BIIJIJICHHSI. 3T1HO 3 JOCHIKEHHSMHM [2], MiJ BIUIMBOM aMmiaky Ha BOWPHY OJIMBY
YTBOPIOEThCS TBEpAA (aza.

[TpyrunHu moniMepu3arltii, yiibHEHHS Ta YTBOPEHHsI BIJKJIaJICHb /10 KIHISA HE
BuBuUeHi. OnuBa, 10 TNOMIMHAE OEH30J, € 0araTOKOMIIOHEHTHOIO CYMIIIIIIO
apOMaTUYHUX CIOJYK, [0 BKJIIOYAa€ HEHACHYEHI BYTJEBOAHI, a30THO-CIpYaHi Ta
KUCHEBMICHI pe4oBHHH. HasiBHICTh peakiliifHO-aKTUBHUX KOMIIOHEHTIB, TIOTIEPEMIHHE
HarpiBaHHS 1 OXOJIO/KCHHS OJIMBH, il KOHTAKT 3 KOKCOBUM T'a30M, IO MiCTUTh 0ararto
JIOMIIIIOK, HETOCTATHA 11IeHTU(IKALIISI KOMIIOHEHTIB OJIMBU YCKJIaJHIOE BCTAHOBJICHHS
MEXaHI3MYy 3arylieHHs OJTUBU 1 yTBOPCHHS BIAKJIaICHb.

JUist  pocnikeHb Oyiau OTpUMaHl 3pa3Ku OcaliB OEH30JbHUX CKpyOepiB,
pobouoi BOUPHOI OJMBU Ta TMOJIMEpPIB OEH30JIbHOTO BIUICHHS 3 JII0YOro
KOKCOXIMIYHOTO 3aBOJly YKpaiHu. 3a eTajioH 0yJio B3SITO 1HJAEH-KYMapOHOBY CMOJTY 3
MOJIEKYJIsIpHOIO Macoro 900, oTpumaHy B JIaDOpaTOPHUX YMOBaX.

XapakTepucTuku poOo4yoi BOMPHOI OJIMBH, TOJIMEPIB Ta OTPUMAHUX
BIJIKJIa/ICHb OCH30JLHOTO CKpyOepa HaBeieHO B Ta0. 1-2.

Januit 3pa3ok poOOuYOi OJIMBU € PIAMHOI 3 IIJIBUIIEHOI0 TYCTHHOIO IIO
BIJHOIICHHIO JIO BHMOI SIKOCTI CBDKOIO IIOIVIMHA4Ya, BIJHOCHO BHCOKHH BMICT
dpaxuiii Bume 285°C BpPIBHOBAXKYETHCS JIOCUTH BUCOKMM IS POOOUYOT OJIUBU
BMicToM HadTaminy. [Ipu BTparax OCTaHHBOTO BHACIIJOK BHUNAPOBYBAHHS 3
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KOKCOBHM Ta3oM 1 IICPCTOHKU 3 OCH30IbHUMU BYITICBOOAHAMU OJIMBAa CXHJIbHaA 10

BUIIAJTaHHS OCaIiB.

Tabmani 1

Opakiiiauii Ta XxpomaTorpadiyHui CKIIaj 3pa3kiB poO0UY0i OJIMBH Ta

moriMepiB OCH30JIbHOTO YCTAaHOBKHU

BrnactuBocTi Pob6oua onuBa [Tommepn
I'ycruHa, r/cm’ 1,101 1,158
Bwmict Boau, % 00. 5,3 0,3
Bwmict denony, % 00. 0,7 1,0
XpomarorpadiuHo i1eHTH(}IKOBaHI KOMIIOHEHTH, % Mac.
HadTamiH 10,8 3,8
2-MeTuaHaABTATIH 5.5 2,6
1-mMeTunHabTATIH 34 1,6
nudeHin 13,1 7,2
areHaTeH 23,0 15,6
T EHITCHOKCHT 13,0 14,6
(bayopeH+HHI0IT 8,1 9,2
(dheHaHTpeH + aHTpaIeH 1,7 3,1
DpakmiiHuN CKIaJI:
Bwmict guctunsary, % 06.: go 240°C 227 256
10 250°C 14,6
10 260° C 29,0
no 270° C 45,9 12,3
1o 280° C 63,5 26,5
1o 285° C 75,1
10 290° C 80,6
1o 300° C 83,4
Tabani 2
XapaKTepPUCTHUKA BIIKIIaJICHb
[Tapamerpn 3Ha4YeHHS
3051bHICTD, % 11,1
MacoBa 4yacTka HEpO3UYMHHHX Y 68,2
Tonyouii, %
Bwmict Bogu, % 21,0
Bwmict guctunsary, % 06.: go 270°C 22,0
1o 285°C, % 5,1
Hexunnsuuii 3anumok, % 49,6
Btparu, % 2.3

Bume Oyno 3a3HadeHo, 110 YTBOPEHHS TBEPAUX CYCHEH31d BOUPHOI OMMBU
HAWOIBII 1IHTEHCUBHO BinOyBaeTbcsa B mpucyTHOCTI amiaky [2]. Tomy mo 3paska
omusu (100 cm®) nmomaBanm mammmox (10 ¢cM’) KOHLIEHTPOBaHOI aMiadyHOi BOAM,
BUTPUMYBAIH MPoOy MpHU KIMHATHIA TEMIEpATypl MPOTArOM J100H, a MOTIM 3 CyMiIll
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MEPErOHKOI0 OTPUMYBAJIM HEKUIUITYUN 3anumiok. ['padiuHe mpencraBiieHHS
pe3ynbTaTiB [Y-criekTpockorii OTpuMaHuX Ta IPOaHaIi30BaHMX 3Pa3KiB HABEJIEHO Ha
puc. 1.

3800 3300 2800 2300 1800 1300 800 300

XBHUIILOBE YIICIIO, cm!

Puc. 1 — IY-cmekTporpamu AOCHiPKYBaHMX 3pa3kiB: 1 — momiMepu
OCH30JIBHOTO BiIUVICHHS; 2 — poOoda BOWpHA OJIMBA, TEpEeTHAHA B TMPUCYTHOCTI
HAJIAIIKY aMmiaky; 2 — BIOKIaJeHHsT OCH30JbHOTO CKpyOepa, 4 — iHIeH—KyMapOHOBa
cMoIIa.

Amnaini3 merogom [YU-cnekTpockomnii miATBEPKY€E MOAIOHICTh CTPYKTYP 1HJICH-
KyMapoOHOBOi CMOJIM, 3aJMIIKIB BIJ MEPEroHKM BOUPHOI OJMBHU Ta THOJIMEpPIB
OeH3oapHOTO BijUIeHHs. [le Bka3dye Ha Te, 1I0 HEHACHYEH1 BYIJIEBOJHI B CKJaji
BOMPHOI OJIUBH € OJTHUM 13 KIIFOUOBUX JiKepesl (OpMYyBaHHS OJITOMEPHUX CIONYK,
0 CHOPUYUHSIOTH 3arylleHHs OJMBH, ii MIJABUIIEHY BHUTpPAaTy Ta YTBOPEHHS
BIIKJIaJ€Hb Ha 00JIaJHaHHI.

Haii6inpiry cTpyKTYypHY CXOXICTh 13 1HICH-KyMapOHOBUMHU CMOJIaMHU BUSBHUIIN
noJjiiMmepu OEH30JILHOTO BiJIUVIEHHS. BinknaneHHs B 00JiafHAHHI MOXYTh MICTHTH
depoliaHiiHl KOMIUIEKCH, 1[0 YTBOPIOIOTHCA i JII€I0 aMiaKy Ta I[IaHICTOTO BOJHIO.
JIist TOKpaleHHsT SKOCTI OJMBH HEOOXITHO JTOTPUMYBATHCS TAaKUX TOJOKEHb:
MIBUJIKE HarpiBaHHS 3HIDKYE YTBOPEHHS CMOJHUCTHX MPOAYKTIB, IIiJIBUIILYE
cTaOLIBHICTh a0COPOEHTY, 3MEHIIIY€E B’ SI3KICTh 1 TEMIIEPATypy BUIAIaHHS OCA/IIB.

Mo>kHa TPOCTEXUTH CTPYKTYPHI MOAIOHOCTI 3pa3KiB MOJIMEPIB OEH30BHOTO
BIJUIIJIEHHS Ta 1HJIEH-KYMapOHOBOI CMOJIH, SIK1 y3araJlbHEHO Ta MPEJCTaBIEHO B Ta0l.
3.
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Tabang 3

[ToxiOHi Ta cmiBmamar4i CHEKTPU TMOTJIMHAHHS 1HJAECH-KyMapOHOBOI CMOJH Ta
OJIIMEPIB OSH30JILHOTO BIJIIICHHS

[TomiMepu OSH30JILHOTO BIJIIIICHHS IHieH-KyMapoHOBa cMoJIa
XBUJIBOBE YHUCIIO, BigaocHa mikoBa XBUJIBOBE BigaocHa mikoBa
cm! IHTCHCHUBHICTB, %. YHCII0, CM'! IHTCHCUBHICTB, %.
3419 54 3419 17
3048 18 3040 14
2924 31 2916 32
2854 22 2854 27
1598 28 1598 16
1443 32 1456 45
1374 19 1374 8
1340 11 1349 5
1320 11 1320 6
1240 6 1233 14
1025 7 1025 18
739 100 746 100
698 42 698 62

PesynbpraTu [Y-cnexkTpockomnii BKa3yl0Th Ha MIEBHY CXOXKICTh Y Oy/10B1 pe4OBUH
1 HasABHICTh (YHKLIOHAJbHUX TpyH, L0 JAAa€ MiJCTaBU BBAXKaTH, IO MPOAYKTH
oJiiroMepu3anii KOMIIOHEHTIB BOMPHOI OJIMBU MPHUCYTHI B MOJIIMEpax OEH30JIbHOTO
BIIJIJICHHST 1 TBEpAUX BiAKIajeHHAX. Panime BBaxanaocs, IO OCTaHHI €
BUCOKOKHUIUITYUMH KOMIIOHEHTaMU BOMPHOI OJMBH (aHTparleH, (JIyopeH Ta iH.), SKi
OC1JIal0Th Ha Haca Il IPU 3HUKEHH] TEMIIEpATypU OTOUYIOYOr0 CEPEOBUILIA.
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Structural similarities of samples of benzene compartment polymers and indene-
coumarone resin

Bannikov Artem, postgraduate student, Karnozhitskiy Pavel, Candidate of Technical Sciences
(National Technical University ‘Kharkiv Polytechnic Institute)
The infrared spectra of the benzene scrubber sludge, indene-coumarone resin, residue from the
distillation of benzene department polymers, and working oil in the presence of ammonia were
analysed. The similarity of the structure of the polymers of the benzene department and indene-
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coumarone resin was established. The oligomerisation products of the absorbent oil components
are present in the polymers of the benzene compartment and solid deposits.
Keywords: absorbent oil, degradation, polymers.
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Y pobomi oocnioaceno egpexkmuenicms deemynveamopie Ha 0CcHOGI NPOOYKMie MoOugikayii
2YMIHOBUX — KUciom  Oypoz2o — 8Y2innid,  30KpemMa  CKIAOHux  eqQipie,  CUHmMe308aHux 3
noaiemunenznikonem. Cunmes 30ilicHio8anu memooom emepuixkayii y npunadi [ina-Cmapka.
Leemynveyrouy akmugnicmv o0epicanux peazenmis oyiniosanu memooom bottle-test, a maxodrc
WLAXOM MIKPOCKONIYHO20 AHANI3Y CMPYKmMypu emyavcii y ounamiyi. Hatieuwy eghexmugnicmo
NOKA3a8 3pa3oK, OMPUMAHUL i3 3ATUWKY RICAA CUHMESY, WO CBIOUUMb NPO HAABHICIb NOBEPXHEGO-
AKMUBHUX KOMNOHenmis y peakyiunitl maci. Ilopieuanusa 3 npomuciogum oeemyiveamopom IIM-
1441 niomeepouno KOHKYpeHmMOoCnPOMONCHICIb OMPUMAHO2O0 Pea2eHmy.

Knwuoei cnoea: 2yminosi xuciomu, Oype 8y2inns, 0eemyibeamop, NONiemunIeHeNiKob,
emepugirayis.

Cunre3 ckiagHux e(ipiB Ha OCHOBI T'yMIHOBUX KHCJIOT Oyporo BYriuuis Ta
MOICTUJICHTIIIKOJIIO 3/IIMCHIOBABCS 3a KJIACHYHOIO METOJIUKOI eTepudikalii 3
BUKOpUCTaHHsAM Tpwiany [ina-Crapka, mo g03Bosisie €(DEKTUBHO BUAAIATH BOIY
peaxirii Ta TAKUM YHHOM 3MIIyBaTH PIBHOBAry B OiK YTBOPEHHS MPOAYKTY. Y CyXy
NIEPETiHHY KPYTJIOMOHHY KOJOy OyJo 3aBaHTaxeHO 25,29 T monepeaHhO BUCYIICHUX
ryminoBux kucinoT (I'K), siki € mpuponHuMu mosnipyHKIIOHAIBHUMHU CIIONyKaMu 3
BEJIMKOIO KIJIBKICTIO KAPOOKCHIIBHUX 1 (PEHOJIBHUX T'PYIIL, U0 O€pyTh YYacTh y peaxili
erepudikaii. Jlo Hux nmomasanu 75,25 r nonietuwnenraikoto (I1ED), mo Bucrymnae sk
CIIUPTOBUM KOMIIOHEHT, 3JIaTHUI B3aeMOJIATH 3 KUCJIOTHMUMH rpynamu [K 3
YTBOPEHHSIM CKJIaJHUX e(DipiB.

VY SKOCTI KUCIIOTHOTO KaTaiizaropa A0 peakIiiiHoi cyMiili 0yno gomaaHo 1 mi
KOHIIEHTPOBAHOI CIpuaHOi KHUCJIOTH, fIKa CHpHS€ aKTUBAIlli KapOOKCUIBHUX TPyl 1
npucKoproe mepedir erepudikaiiii. Peakiiss mpoBoauiiacs B CepelOBHINI OEH30Iy,
aKui gonaBainy B KutbKOcTi 100 mut. beH30:1 BUKOHYBaB poOJib IHEPTHOTO PO3UMHHHKA,
o 3abe3neyye roMOreHHICTh CyMIIlll Ta BOJHOYAC Oepe ydacTh y BiJIBEJCHHI BOJIU
yTBOpeHHs B macTKy Jlina-Ctapka 3aBJISKH OT0 a3€0TPOITHOMY KHUITIHHIO 3 BOJIOIO.

[Ticnst 300py BCIX KOMITOHEHTIB PEaKIIHHOT CyMilli Koa0y Oyiio mpuegHaHO 10
3BOPOTHOTO XOJOJWIbHMKA Ta NpuiMada-nacTku i 30opy Boau. HarpiBanus
OPOBOAMIN HAa BIAKPUTOMY MOJyM’i Ta30BOTO MalbHHKA A0 IMOYATKY KHITIHHSL.
[Ipouec KumiHHA TpUBaB JOTH, JAOKM pIBEHb BOAM B IMpHilMadl IEpecTaB
30UTbLIYBaTUCS, IO CBIIYWIIO MPO 3aBEPIICHHs peakuii. Y KIHIEBIA ToYll 00’eM
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BOJM, 310paHOi y mpuiimMadi, CTAaHOBUB 5,7 MJ, 10 BKa3yBajo Ha CTYyMiHb mepediry
eTepudikaiii.

[Ticnst oXONMOMKEHHS peakIliiHol cywmimi B koilOy Oyno gomano 200 mi
JUCTUIILOBAHOI BOAM JJII NIPOMHUBAHHS PEAKIIMHOI Macu Ta eKCTparyBaHHS
OCH30JIBHOTO Tapy. YTBOpeHHsS ABOX a3 JO3BONIIO JIETKO BIJOKPEMHTH
OCH30JIbHUI 1Iap, SKUA MICTUB OpraHi4Hl KOMIIOHEHTH, 30KpemMa MpOayKT
erepudikamii. Ilicas BigaieHHss O€H30JBHOTO IIAPY HAa PO3AUIBHIA BOPOHII HOTO
i1y ePEeToHIll 3 METOI0 BHIAICHHS OCH30IIy Ta 3alUIIKOBOI BoAW. OTpUMaHUN
JOHHUM 3alIMIIOK TMIC]s MEePEeroHKW MICTUB OCHOBHUW IUIBOBHM MPOIYKT —
CKJIQIHUN e(ip T'yMIHOBUX KHUCJIOT 3 TOJIETUJICHTJIIKOJEM, 10 XapaKTepU3Y€EThCA
M1JBUIICHOO T1Ap0odOOHICTIO 1 TOTEHIIIMHOK TOBEPXHEBOIO AKTUBHICTIO.

3anporoHoBaHa METOJIHMKA JO3BOJISE 3AIMCHIOBATH MOJU(DIKAI0 TYMIHOBUX
KHCJIOT NUISXOM eTepudikaiii 3 IMOJIeTUJICHIJIIKOIeM, 3a0e3Neuyroud YTBOPECHHS
HOBUX (YHKIIOHATI30BAaHUX MarepiaiiB 3 PO3IMIUPEHUM CIIEKTPOM 3aCTOCYBAaHHS,
30KpeMa B SIKOCTI TIOBEPXHEBO-aKTMBHUX PEYOBHH, JHUCIEPraTopiB Ta I1HIIUX
aKTUBHHUX JO00OABOK.

Bunineni 3 JOHHOTO 3ajMIIKy Ta OCH30JBHOTO IIapy MOBEPXHEBO-aKTHBHI
pedoBuHU Oyino posbaBieHo OenzoinoMm (abo Bomor0) y cmiBBimHOomieHHI 1:1 Ta
BUKOPHUCTAHO SIK HOBUH J€eMyJIbIraTop JUIsl PO3UICHHS ITYYHO CTBOPEHHUX EMYIIbCIN
HAa OCHOBI KaM’ STHOBYT'UIbHOI MOTJIMHAIBHOI OJIMBM Yy cmiBBiAHOmeHH] 1:1. Sk
€MYJIbraTop 3aCTOCOBYBAJIM MOPOUIKONOAIOHUN KOHIIEHTPAT BYruuIg Mapku «I'» y
koHueHtpamii 0,5 %. OTtpumana emynbCisi BUSBUJIACA JOCUTh CTIMKOIO 1 HE
pyliHyBanacs MPOTATOM TPOBEJACHHS OCIHIAiB 3 TOPIBHAJIBHOTO BUIIPOOYBaHHS
e(DEeKTUBHOCTI JIeEMYJIbIaTOPIB.

[IpeacraBisiB iHTEpEC AK JEEMYJIbraTop MPOAYKT HEHUTpalizallii KOHIICHTpaTy
MOHOETAaHOJIAaMIHY 3 BHAUICHUMH 3 Oyporo BYTriUIsI TYMIHOBUMH KHCJIOTaMH.
Hetitpanizarito 3xiiicHIOBanu 3a crymiHdactoro gojaBanHs MEA 1o rymiHoBux
KHACJIOT 3 mepeBipkoo 3HaueHHs pH BoxHoro posuuny. Ilicns BcTaHOBIIEHHS
nocTiitHOro 3Ha4YeHHs pH oTpuMaHMii MPOMYKT HEHUTpasti3allii BUMPOOYyBaIu TaKOX
AK JIeeMyJIbraTop.

Yci peareHTH Aisi pyHWHYBaHHS €MyJbCli BHMPOOOBYBaIM METOAOM OOTTII-
TecTy. Jl03yBaHHsS peareHTiB y BCIX €KCIEpUMEHTax BiaOyBasiocs 3 5 % po3uuHy 3
nepepaxyHky 200 r/T emyJibcii.

Meton bottle-test mondrae y 3millyBaHHI BHU3HAYE€HOTO 00’€My eMyJbCli 3
J0JIaBaHHAM (PIKCOBAHOT KUIBKOCTI J€eMyJIbraTopa B MPO30piid repMETUUHIN €MHOCTI
(musmi). [licns 1HTEHCUBHOIO CTPYIIYBAaHHS €MYJbCII0O BUTPUMYIOTh MPU CTallii
temrneparypi. OIiHKY e(deKTUBHOCTI JeeMysbratopa IMpOBOJATh 3a 00 €MOM
pPO3IJIEHOT BOAM B BEPXHBOMY IIapl Ta MIBHJKICTIO po3mapyBaHHsS (a3 y
BU3HAYECHUM MPOMIKOK Yacy.

Pesynbrati mOpiBHSHHS €(QEKTHBHOCTI OTPUMAaHUX JEEeMYJIbraropiB 3
eTasioHHUM Jeemynbraropom [IM-1441 («Jleon», Ykpaina) momano B taou. 1.

68



Tabani 1
[TopiBHSHHS IeeMYJIbI'YIOUOI aKTUBHOCTI CHHTE30BAHOT'O PEAareHTY 3 €TaJOHOM

Po3unHHMK EdekTuBHICTh
No | Cxnan neemynsratopy o

peareHTa 3HEBOJAHEHHS, %
0 be3 neemynwsraropa 26.0

Bigirgagumii 3aiumox 13
1 OEH30JTy TICIISI CHHTE3Y B BOJIA 56.2
anapati Jlina Ctapka

[IpomuTHiA BOJIOIO 3aTUIIOK

2 BIJl CUHTE3Yy B anaparti Jlina OeH3011 43.9
Crapka
HeiitpanizoBaHi rymMiHOBI

3 KHMCJIOTH KOHIIEHTPaTOM BOJA 39.9
MEA

4 [IM 1441 OeH3011 41.0

Bukopucrtanss neemynibratropa CyTTEBO MiJIBUILY€E €(DEKTUBHICTh 3HEBOIHEHHS
NOPIBHSHO 3 KOHTpoJieM (3pa3ok Ne(), ne 6e3 3acTocyBaHHS peareHTy €()eKTUBHICTb
craHoBwia juume 26,0 %. HaiiBumy edextuBHicTh (56,2 %) mpoaeMOHCTpyBaB
BIJIICHAHUH 3JIMILIOK 13 OeH30:y micis cuHTe3y B anaparti Jina-Crapka (3pa3zok Nel),
po3unHeHud y Boal. lle cBiAYMTH NpPO HASBHICTh y CKIJIAMl 3aJUIIKYy aKTUBHUX
MOBEPXHEBO-aKTUBHUX CIIOJNYK, 3JaTHUX €(QEKTUBHO pyHHyBaTH emyibcii. Jlemo
HUK4Y €QEeKTUBHICTh Mokazanu 3pa3ku Ne2 (43,9 %) ta Ned (41,0 %), npuuomy
obuaBa Oynu po3unHeHi B OeH3o0uti. 3pa3ok Ne3, oTpuMaHuil NUISXOM HEHTpamizamii
TYMIHOBUX KHCJIOT MOHOETaHOJIaMIHOM, MTOKa3aB MOMipHY eheKTUBHICTE — 39,9 %.
Takum  uymHOM, pesynbTaT  bottle-test  1eMOHCTPYIOTh  MEPCIEKTUBHICTDH
BUKOPHUCTAHHS MOOIYHUX MPOJIYKTIB CHHTE3Y CKIATHUX e€(ipiB TYMIHOBUX KUCJIOT SIK
JIEEMYJIbraToOpiB, 0COOIUBO y BOJHOMY CEPEOBHIIIL.

Jns  imrocTpamii  Ta  TOTAMOSEHOT OIIHKA — JIeeMYJbI'yIouoi  3/1aTHOCTI
CHUHTE30BAHOT'O PEareHTy, KUl BUSBUB HaBUIY e(pEeKTHBHICTH y TecTi bottle-test,
OyJ0 TNpPOBEIEHO BI3yaJlbHE TMOPIBHAHHS NPOLECY PYWHYBaHHS €MYyJIbCii 3a
JOTIOMOT'OK0 ONTUYHOI MIKpOcKomii. J[oCiiKeHHsI T03BOJMIIO CHOCTEPIraTH 3MIHY
CTPYKTYpPH €MyJbCli B JUHAMILI MiJ 4ac BUTPUMKH 3 JI€EMYJIbIaTOPOM, 30KpeMa
3MEHIIEHHS KIJIBKOCTI Ta pO3Mipy Kpareiab BOAHOI (as3u, 110 CBIIYUTH PO aKTUBHE
3MUTTS W OCa/pKeHHs Kpamenb. [l TopiBHAHHA Oyno TakKoX IPOaHaIi30BaHO
HOBENIHKY eMyJbCii 3 poaaBaHHsAM peareHTa [IM 1441. Pe3ynpraTu croctepexeHb
IpeCTaBlIeHI Ha puc. 1.
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Cunte3oBanuii 3pa3ok Ne 1 IIM 1441 («JIleom»)

Puc. 1 — Mikpodotorpadii eMysbciii y IPUCYTHOCTI JOCIIPKYBaHUX PEAreHTIB i
yac BUTPUMKH (3BEPXY - HA TIOYATKY CIIOCTEPEkKEHb, 3HU3Y - uepe3 15 XBUIINH)

Ha mikpodoTtorpadisx, npeiacTaBieHuX Ha puc. 1, oka3zaHo 3MiHY CTPYKTYpH
€MYJIbCIH MiJ1 BIUTMBOM JBOX PI3HUX JEEMYJIbraTopiB: CUHTE30BaHOTro 3pa3ka Nel Ta
npoMucioBoro peareuty [IM-1441 («/eomn»), ynpoaoBxK BUTPUMKH.

VY BepXHbOMY psiy HaBEJIEHO 3HIMKHM Ha MOYaTKy CIOCTEPEKEHb, € B 000X
BUIIAJIKaX CIIOCTEPIraeThCsl 3HaYHA KUTHKICTh JUCIIEPrOBaHUX Kpameinb BOAHOI dasu
IpiOHOTO Ta CepeaHBOTO PO3MIpy, IO PIBHOMIPHO PO3MOAUICHI y cepemoBuii. Lle
BKa3y€ Ha IMOYATKOBY CTaOUIbHICTh €MYJbCIHHOI cHCTeMU. Y HIKHBOMY pPSIY
300paKEHO MIKPOCTPYKTYpPY €MYJIbCiii depe3 15 XBUIMH BUTPUMKH. Y 3pa3Ky 3
CHUHTE30BaHHUM JieeMybratopoM Nel croctepiraerbes 4iTKe 3MUTTS APIOHUX Kpameb
y OBl arperard, siKi MarTh HEMpaBWIbHY (QOpMYy, IO CBIIYUTH MPO AKTUBHY
KOAQJIECIICHI[II0 Ta YaCTKOBE PYHHYBAaHHSI €MYJbCii. 3MEHIIEHHS KiIbKOCT1 JAPIOHUX
Kparielib BKa3y€e Ha 3H)KEHHs CTaOUILHOCTI eMYJIbCii il A€o peareHty. s 3paska
3 geemynbratropom [IM-1441 Takox crnoctepiraeTbesi IOMITHE YKPYITHEHHS Kparneb,
OJIHAK MEHIIIE 3JUTTA 1 YacTKOBO 30epiraeTbcsi ApIOHOIUCIIEPCHUM XapakTep
emyinbeii. Lle cBigUMTh NMPO HIKYY I1HTEHCUBHICTH KOAJECUEHLII IMOPIBHAHO 3
CHUHTE30BaHHUM 3Pa3KOM.
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Takum uyMHOM, pe3yJabTaTH MIKPOCHOCTEPEKEHD MIATBEPIKYIOTh BUIILY
e(eKTUBHICTh CHHTE30BaHOTO jaeemyibratopa Nel y pylHyBaHHI €MYJIbCIHHOT
CTPYKTYpH, IO Y3TOJUKYEThCA 3 JaHUMHM bottle-test 1 migkpeciroe HOro
NEPCIEKTUBHICTD IS MPAKTUYHOTO 3aCTOCYBaHHS.

BucHoBku

CuHTe30BaHU  JeeMyjbrarop Ha  OCHOBI TYMIHOBMX  KHCJIOT Ta
NOJIIETUJICHTIIIKOJII0, OTPUMAHUNA y BUIJISIAI 3QJIMIOKY MICHS peakuli erepudikarii,
IPOJEMOHCTPYBAaB HaWBHILY €(PEKTUBHICTb 3HEBOJHEHHS eMyJsbciii — 56,2 %, 1o
CYTTEBO MEPEBUIILYE PE3yIbTATH IHIIMX 3pa3KiB Ta KOHTPOIHHOTO EKCIIEPUMEHTY.

Bi3yasnbHi MIKPOCIIOCTEPEKEHHSI MIATBEPAWIA 1HTEHCUBHE 3JUTTS BOJHHUX
Kparneiab B IPHUCYTHOCTI CHHTE30BAHOI'O PEAareHry, 10 BKa3zye Ha MHOro BHUCOKY
3IaTHICTH JI0 JecTabii3allii BOJOBYTIEBOHEBUX €MYJIbCIil.

OtpumaHi pe3yJbTaTH CBiI4aTh MPO TEPCIEKTUBHICTh BUKOPHUCTAHHS
IPOJYKTIB TIAMOOKOI XIMIYHOI TEPEpOOKHM TyMIHOBUX KHCIOT $SIK OCHOBH IS
CTBOPEHHSI €(pEKTUBHUX JIEEMYJIbTaTOPIB.

Bioaiorpagiunmii cnucok
1. bannikoB JL.II. CaBuenko B.B. XiMmiuHi BIacTUBOCTI Ta XapaKTCPUCTUKH
MOBEPXHEBOI aKTUBHOCTI TYMIHOBOI KuCIOTH 3 Oyporo Byruwis / JLII. bannikos. B.B.
CaBuenko // Byraneximiuauii sxypHai. - 2024. - Ne 3. - C.28-35.

Lignite demulsifiers: synthesis, properties, application
Savchenko Vitaliy, post graduate student (Ukrainian State Research Institute For
Carbochemistry). Bannikov Leonid, Doctor of Technical Sciences (Ukrainian State Research
Institute For Carbochemistry).

The efficiency of demulsifiers based on lignite humic acid modification products, in
particular esters synthesised with polyethylene glycol, was investigated. The synthesis was carried
out by the method of esterification in a Dean-Stark apparatus. The demulsifying activity of the
obtained reagents was evaluated by the bottle-test method and by microscopic analysis of the
emulsion structure in dynamics. Comparison with the industrial demulsifier PM-1441 confirmed the
competitiveness of the obtained reagent.

Keywords: humic acids, lignite, demulsifier, polyethylene glycol, esterification.
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BUKOPHCTAHHS KAM’SIHOT'O BYTLILISI B YMOBAX
JTEKAPBOHI3AIII
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Y pobomi poszensdaiomecs cyyachi nepcnekmuu 3acmocy8aHHs KaM SIHO20 8Y2ilis 3
VPaxy8amHAmM niocymkie xuimamuynoi xoughepenyii COP28, akyenm 3pobneno Ha HeoOXiOHoCmi
niosuwjenHs exon02iyHoi eghexkmusnocmi euxopucmanus gyeinna. Ocobause ysacy HNpuoileHo
MmexHoN02Il akmusayii 8yeinisa y 6ueiiadi 00HO20 3 KIOYOBUX Memo0di8 NONINueHHs 1020 Qi3uKo-
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XIMIYHUX Xapakxmepucmux, niOGUWEHHSI NOBHOMU 320PAHHA MA 3HUNCEHH SUKUOIE WKIOIUBUX
peuosunr i CO,.
Kniouoegi cnosa: xam’sne yeinis, oekapOoHizayis, akmueayis, 3HUNCEHHs GUKUOI8

Kam’siHe Byruuisi 3amuIiaeTbCcsi OJTHUM 3 KITIOYOBHUX JIKEPEN €Heprii y CBITI,
HE3BKAIOYM Ha MIO0ANbHI 3ycWiuls 3 jAekapOoHizarii. 3Ba)kaloyd Ha 3POCTAHHS
YaCTKMA BIJIHOBIIOBAIBHUX JDKEPEN €Heprii, BYTrULIS MPOJOBXKYE BiIrpaBaTH
KIIOUYOBY POJIb B CHEPreTHYHHX CHCTeMaxX OaraThOX KpaiH, 3a0e3medyroun
CTaOLIBHICTH 1 MependadyBaHiCTh eHepromnocTadanHsa. OJHaK, B yMOBaX MOCHJICHHS
KJIIMAaTUYHOI KPU3M Ta YCKIAQJHEHHA MDKHAPOJAHUX  €KOJIOTITYHHUX BHUMOT,
HEOOX1IHICTh TpaHcopmallii MAXOAIB 10 BUKOPUCTAHHS BYT1UISI CTA€ BCE OLIBII
oueBuaHolo. Ha kondepenuii COP28, mo BigOynacs B Jy6ai y 2023 poui, Oyio
3p00JIEHO YITKUM aKLIEHT Ha MOCTYMOBIA BIJIMOBI BiJi BUKOPUCTAHHS BHUKOITHUX
NaJvB, BKJIIOYAIOYM BYTU/UIA, Ta Ha MPHUCKOPEHOMY BIPOBAKEHHI YHUCTHX
eHepreTuyHux TexHosorii [1]. Ilpu upoMy 30epiraeTbcsi pO3yMIHHS, IO JUISL PSITY
KpaiH, BYrUUIs BCE Il€ 3QJIMIIAETHCA KPUTHUYHO BAXJIUBUM JKEPEIIOM EHEprii, a
nepexii 10 BYTJEHEBO-HEUTPAIbHOI EHEPreTMKM Ma€ OyTH CIpPaBEIJIUBHM,
MOETAMHUM 1 TEXHOJIOTIYHO OOTPYHTOBaHUM.

VY CBITOBIil eHepreTuill BYTUUIS MPOJOBXKYE CKIaAaTh OJU3BKO TPETHUHH B
BUPOOHUIITBI enekTpoeHeprii. OcoONMMBO aKTUBHO BOHO BUKOPHUCTOBYETHCS B
ITiBgenno-CxigHid A3ii, A¢ IMO€THAHHS CKOHOMIYHOTO 3pOCTaHHs, OOMEXKEHOTO
JOCTYIy O YMCTUX JDKEPE eHeprii Ta HasBHOI BYTUIbHOI 1HPPACTPYKTYpPH POOUTH
JOoro HalOUIbII JOCTYIHUM 1 HaaIMHUM BuOOpoM [2]. OaHak, y KpaiHaxX 3 BUCOKHUM
pIBHEM BHUKHUIIB Ta AaKTUBHOI KIIMAaTUYHOK TOBICTKOIO, Takux sk €C,
BenukoOputanis ta CLLIA, ByriibHa reHepariisi CKOpouy€eThCsl HA KOPUCTh T'a30BOi Ta
BIJTHOBJIIOBAJIbHOI eHepreTuku [3]. B Takux yMoBax yBara 3MIIIY€TbCSl 3 MUTAaHHA
MOBHOI 3aMIHM BYTULIS Ha 3aBJaHHS MOT0 TEXHOJIOTYHOT MOEPHI3aIlii, 110 T03BOJISIE
3MEHIIUTH HEraTUBHUN BIUIMB Ha KJIIMar TMpu 30€pekeHHI MWoro poiai B
EHEepPreTUYHOMY OajlaHCl.

Ha COP28 cBiTOBE CHIBTOBapUCTBO MIATBEPAUIO CBOIO MPUXUIBHICTH METI
yTPUMaHHS TJ100albHOrO MOTEIUTiHHSA B Mexax 1,5 °C 1 BU3HAJIO HEOOXIIHICTH
TpaHcopmailii enepreTuaHux cuctem [1]. Takum 9MHOM, y KOHTEKCTI rio0aibHOI
KJIIMaTUYHOT TIOJITUKU TOMAJBIIE BUKOPUCTAHHS KaM SHOTO BYTULIA MOXe OyTH
BUIIPAB/aHE JIMIIE 33 YMOBU 3HAYHOTO 3MEHILIEHHS HOro exoyioriyHoro cmimy. s
BYTiIbHOI TMPOMHCIOBOCTI 1€ O3HA4a€ TMOCWJICHHS THUCKYy Ha pPO3poOKy 1
BIIPOBAJP)KEHHS TEXHOJIOT1H, 1110 JO3BOJISIOTh 3HU3UTH IIKIJJTUB1 BUKHUJIH.

OgHuM 3  HalBaXJIMBIIIMX HANPAMKIB MIJBULIEHHS €KOJIOTIYHOI  Ta
€HepPreTUYHOi €(PEeKTUBHOCTI BYTLJIBHOI T'€Hepalli € MONepe/lHs aKTUBalisd BYT1/UIS.
Ileit mpouec copsiMOBaHMIM Ha TOJIMIIEHHS BJIACTUBOCTENW KaM’SHOTO BYTULIA 3a
pPaxyHOK 3MiHM HOro (i3uko-xiMiyHOi cTpykTypu. HaykoBi pocnimxeHHs [4-6]
MOKa3yloTh, M0 MOAMMIKAIlS MIKPOCTPYKTYpU BYTULIA Ta BUAAJICHHS HeOakaHUX
JOMIIIIOK JIO3BOJISIFOTH CYTTEBO TIJABHUINUTH PEAKIIMHY 3aTHICTH Marepialy,
MOKPAIIUTH HOT0 TOPIOYICTh T4 3HU3UTHU KUTBKICTh HE3TOPLIIOTO 3aJTUIIIKY.

AKTHUBAIIS MOXKE 31HCHIOBATHCS PI3HUMH MeToaaMu. Hampukiasn, TepMidHui
BIUTUB TIpU TOMIPHHX TeMIEeparypax CHpHsi€ AeriapaTaiii ByTULIS, PO3KPUTTIO
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MOPUCTOT CTPYKTYPH 1 YACTKOBOMY BHJIAJICHHIO JIETIOUYMX PEYOBHH, II0 B PE3yJIbTATI
pOOUTH TpoIlec TOPiHHSA OUTBIN MTOBHHUM 1 IiepeadadyBaHUM. I[HTCHCUBHE MEXaHIuHE
MOJIPIOHEHHS TAKOXK MAa€ aKTHUBYIOYWH BIUIUB, MOPYIIYIOUM KPUCTATIYHY PEIIITKY 1
30UTBITYIOYH TUTOMY TTOBEPXHIO, 110 TTOKPAIIy€e KOHTAKT BYT1JIbHUX YaCTOK 3 KUCHEM
y kamepi 3ropsnnd. llle onnuM HampsiMkoM € xiMigyHa Moauikarlisi, KOJIH BYTLUISI
00pOOJISIETBCSA  CHELIAIbBHUMU peareHTaMu a00 BBOASTHCS KaTali3aTopH, UIO
MPUCKOPIOIOTh  MPOIECH  OKWCJICHHS. Taki TiAXOAW JIO3BOJISIOTH  3HU3HTH
TEMIIEpaTypy 3amlajloBaHHS Ta 30UIBIIWTH TOBHOTY 3TOPSHHS, 10 B KIHIIEBOMY
pe3ynbTaTi 3MEHIIYE€ MNUTOMI BHUKUAM 3a0pyJAHIOBAJbHUX PEYOBHH Ta J10KCHIY
BYTJICIIIO.

Oco0nMBy yBary OCTaHHIMH POKaMU MPUJISAIOTh KOMOIHOBAaHUM METOJIaM,
KOJIM, HalpUKJIAJ, MEXaHIYHa aKTUBAIlisl MOEIHYETHCS 3 TEPMIYHOIO 200 XIMIYHOIO
00po6koro. Ile m03BOsIE MOCATTH CHUHEPridyHOTO e(deKTy 1 3a0e3MeUnTH BUCOKHM
pIBEHB ajarTaIlii majuBa 0 KOHKPETHUX YMOB ropiHHs. Bce yacTiie 1ociimpKyoTh 1
B32€MO/III0 aKTUBOBAHOTO BYTULISA 3 010MAacOI0 MPH CHUTBHOMY 3TOPSIHHI, IO MOXKE
JI0JIATKOBO CIPHUSTH 3HWIKEHHIO BYIJICIICBOTO CIITy 3aBISKH YacTKOBiM 3aMiHi
BUKOITHOT'O BYTJICIIIO BiTHOBITFOBAJTLHUM.

AKTHUBOBaHE BYTULIS JEMOHCTPYE TOKpPAIICHY TOBHOTY 3TOPSHHS, OUIBII
CTa0lIbHY TEIUIOTBOPHY 3/IaTHICTh Ta MEHIIY 30JbHICTh, IO BEJE /10 3MEHILCHHS
BUKHUJIIB TBEPAUX YACTOK Ta CipyaHUX cCrodayk. KpiM Toro, 3aBAsSiku MiJBUILCHII
AKTUBHOCTI TOPIHHS, MOKJIMBE 3HAYHE CKOPOUYEHHS yacy nepeOyBaHHA MajiiBa B 30HI
BHUCOKHX TEMIIEpaTyp, 1110 3HWKYE YTBOpeHHs okcuIiB a3oty (NOy). Bece ne poOutsb
aKTUBOBaHE BYTULIS NpUBAOIMBUM pilleHHSIM g icHyrounx TEC, gxi moku He
MOXKYTh OyTH TTOBHICTIO BUBEJICHI 3 €KCIUTyaTallii, aje moTpeOyTh MOJIepHI3aIlii i
HOBI KJIIMAaTUYH1 BUMOTH.

Xoua BYTUUIS CbOTOJHI pO3MVISIIAETHCS SIK OJIMH 3 TOJIOBHUX JDKEpen
robanbHuX BUKUAIB CO,, BOHO BCE M€ 3AIUIIAETHCS BAXKIUBUM €JIEMEHTOM
eHepreTuyHoi Oe3meku g OaraThoX KpaiH. 3aBAaHHS TOJSITa€ HE TUIBKH B
MIOCTYIIOBOMY CKOPOYEHHI HMOTro YacTKW B €HeprobOajiaHci, aje W y IIiJIBHINCHHI
€KOJIOTIYHOI Ta TEXHOJOTIYHOI €()EeKTUBHOCTI MOTO0 BUKOPHUCTAHHS Ha TEPEX1THOMY
erani. MeToau akTuBauli BYruuId, MO 3a0€3ME€YyI0Th MOKPAIIEHHS HOro roprovyux
XapaKTEPUCTHK Ta 3HWKEHHS BUKHUJIIB, € BAKJIMBUM JIAHKOIO B ITbOMY ITPOIIEC.
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Use of coal in conditions of decarbonization
Chemerynskiy Michael, Candidate of Engineering Sciences,
(Dnipro University of Technology)

The work examines modern prospects for the use of hard coal, taking into account the
results of the COP28 climate conference, the emphasis is placed on the need to increase the
environmental efficiency of coal use. Particular attention is paid to the technology of coal
activation as one of the key methods for improving its physicochemical characteristics, increasing
the completeness of combustion, and reducing emissions of harmful substances and CO..

Keywords: coal, decarbonization, activation, emission reduction
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MEPCHEKTHUBHU TEXHOJIOI'TI OCJIIJIOBHOI'O PO3IIJIEHHS
JIETIOUYOI 30JI1 3 METOIO BTOPUHHOI'O BUKOPUCTAHHA il

KOMIIOHEHTIB

C. A. ITiHayk
acnipanm  Kageopu  menioso20  IHMCUHIpUHSY MA  eHepeemUYHUX  MexXHON02il,
Hayionanonuu MexHiYHUl VHigepcumem «/[Hinposcoka NOAIMexHiKay, e-mail:

pinchuk.s.a(@nmu.one

Busueni mopgponociuni ma @izuxo-ximiuni énacmuocmi 1emioqoi 301U, KA YMeopHeEMbCs
npu Cnano8anti 8y2iLisi Ha meniosux eiekmpocmanyiax. Hasedeno npuxknaou posoinenus nemoyoi
301U HA YIHHI KOMHOHeHmu (yeHocgepu, 30azauenuti yzneyvb, MacHImHI cepu, noxpaujemi
3QMUWKU 3071U) MA OXAPAKMEPUI0BAHO MONACIUBOCMI iX YINb0OBO2O BUKOPUCMANHHS 8 8USOMOBIEHHI
exomamepianie, OyOi6HUYMEI Mouyo.

Knrouogi cnoea: nemioua 301a, cnanio8anns 8y, 6MOPUHHA CUPOBUHA.

B cywyacHux ymoBax nmemani OUTBIIOTO 3HA4YEHHS HAOYBAIOTh JOCIIIKCHHS,
CIpSMOBaHI Ha 3MEHIIEHHS €KOJOTTYHOTO HABAaHTA)XCHHS BiJ CIIATIOBAHHS TBEPINX
roprouux KonanuH. OJHHUM 13 KIFOUYOBUX AaCIEKTIB € MOIIYK €(EeKTUBHUX LUISIXIB
yTHIII3a11i 30JIbHUX 3aJIUIIKIB, 110 YTBOPIOIOTHCS B MPOLIEC €eHeproreneparii Ha 0asi
BYTULIS. Y 1IbOMY KOHTEKCTI OCOOJMBY HAYKOBY Ta IMPAKTUYHY LIHHICTh MA€ aHaji3
BJIACTUBOCTEH JIETIOWOi 30M K TEXHOTEHHOTO TMPOAYKTY, TPUIATHOTO s
BTOPUHHOT'O BUKOPUCTAHHS B PI3HUX Taly3sX IPOMUCIOBOCTI.
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Jlettoua 307a, IO YTBOPIOETHCS SK TOOIYHUN MPOAYKT TMPU CHATIOBAHHI
BYTULJISI HAa €JIEKTPOCTAHINISAX, € TEXHOTEHHUM MaTepiajioM 3 BEJIMKOIO BapiaTUBHICTIO
ckiamy, mopdororii Ta BiactuBocTed. Ilompw HAsBHICTH MOTEHIIIHHO KOPHCHUX
KOMITOHEHTIB, i1 CKJIaJHa 0araTOKOMITOHEHTHA CTPYKTypa TPUBAIMNA Yac 3aIuIIaiach
6ap'epoM ISl IUPOKOTO BIPOBAHKEHHS Yy MTPOMUCIIOBICTh, 30KpeMa B OYIIBHUIITBO,
BUTOTOBJICHHS €KOMaTepiaiB TOLIO.

OcoONMBICTIO JIETIOUOI 30JIM € HAsBHICTH Y 1i CKJIAJl CyMillll IK MIHEPAJIbHHUX,
TaK 1 OPTaHIYHUX 3AJIUIIKIB, KOXKEH 3 SIKMX MOXKE MPOSIBISATU SIK MO3UTUBHUH, TaK 1
HEeraTUBHUN e(eKkT 3ajexHo Bia o00JacTi 3acTtocyBaHHs. Tak, HampuKia,
3QJIMITKOBUMA BYTJICIIb YWHUTH HETAaTHBHUN BIUIMB HA BJIACTHBOCTI OETOHHUX
cyMmilien, aicopOyrodu MOBEPXHEBO-aKTUBHI PEYOBUHH, MPU3HAYEHI JJI cTadTi3amil
NOBITpAHUX BKIOYeHb [1]. BomHowac, Bucoka ajcopOuiiiHa 31aTHICTb €
HAJ3BUYAalHO KOPHUCHOIO B €KOTEXHOJOTIAX OYHUIICHHS BOJIM Ta TMOBITPA. Sk
nokaszaHo y [1], mioma moBepXHi MiHEPAIbHOI YACTUHU JIETIOYOi 30JId CTaHOBUTH
mame 0,7-0,8 M?/r, Toni sk s ByrieueBux (paxuiii Bona csrae 45-400 m*/r, mo
MOSICHIOE TIOTEHITIa)I OCTAHHIX SIK COPOEHTIB.

Komrmnekcanii miaxin A0 mepepoOKu JIEeTIoUoi 30/ mependadae il moeTramHe
po3aiuieHHs Ha (pakmii 3 MOAAIBIIAM IITOBUM BUKOPUCTAHHSM KOXKHOI.
HocnipkeHHs [2—5] onucyroTh BUAUIEHHS IIECTH OCHOBHHMX (DpaKi(iii: KOHLIEHTpaTy
kepamiunux 1eHochep (CCC — Ceramic Cenosphere Concentrate), BOJOPO3UMHHUX
conerr (WSC — Water Soluble Salt Concentrate), marnitHoro konuentpary (MC —
Magnetic Concentrate), ByrieneBoro konieHtpaty (CC — Char Concentrate),
Baxxkoro konneHtpary (HC — Heavy Concentrate) Ta TOKpamieHOTO 3ajHINKY
netrouoi 30 (IFA — Improved Fly Ash), sikuii yTBOprHOEThCSA MICHSI BUIYYCHHS
miHHMX (pakiii. OcTtaHHIN NOAUIIEThCS Ha ApiOHY # rpyOy dpakiii, e, 3rigHo 3
pesynbratamu  CEM-aHamizy, napiOHa 3051a  XapaKTEepPU3YEThCS  IMEPEBAKHO
chepudyHor0 (GOpMOIO HYACTMHOK, TOMI SK Oimbina (pakiis — HEeperyIsIpHOIO.
MopdonoriuyHa pi3HUIS TOSICHIOETHCS MeXaHi3MaMu (OPMYBaHHS JIETIOUOT 30J1 i
9ac CHaJIFOBaHHS BYT1LISA, 30KpeMa HETIOBHUM OKHCHEHHSIM OpTaHiKH.

[IpakTruHe BIPOBAIKEHHS TEXHOJIOTIT PO3AUICHHS JIETIOUOI 30J1M 3HAWIILIO
CBO€ BTUICHHS Y KOMEPIIiiHIi 00poO1i 3011, 30kpeMa komnaniero RockTron Ltd. [6],
ne 0yJI0 BUKOPUCTAHO MOCII1IOBHE PO3AUICHHS 3011 Ha (Ppakiiii 3a JOMOMOT O TaKUX
METO/IIB K BiIMy4YyBaHHS, MMHHA (hJ0TaLlisl, MAarHITHA cenapanisa Ta Kiacudikaiis 3a
po3Mmipom (Puc. 1). PesynpraTomM € BuauieHHs HeHocdep (TMOPUCTI MOPOKHUCTI
YaCTHHKM 3 TycTuHOr <l r/cM®), 30arayeHoro BYIJELIO, MArHiTHUX cdep Ta
MOKPAIEHUX 3aJTUIIKIB JIETIOUOT 30JTH.

[Henocdepn BUKOPUCTOBYIOTHCS K JIETKI HANOBHIOBAauYl B TEILIOI30JIAIIIMHUX
Marepiajax, MEeHOOETOHAX, KOMITO3MINSAX JUIsI BOTHECTIMKUX IOKPUTTIB. 3aBISKH
MaJiil TyCTHHI Ta TEPMOCTIHKOCTI BOHU € €()EKTUBHUM KOMIIOHEHTOM Y OY/iBENbHIM
raiy3i. MaruitHi cdepu, ki MICTITh KpUCTaJIiyHe 3aii30 B amopdHiid Matpuiii SiO,-
ALO; [3], 3aCcTOCOBYIOTBCS y METaNyprii, COpOIiHUX MaTepiaiax, a TaKOX B
eKoKaraiizi. 30araueHuil BYyTJIClb, OKpIM (DYHKIII MaJIMBHOTO PECypcCy, BUCTYTMAE
CHUPOBUHOIO JJI1 BUTOTOBJICHHS aKTUBOBAHOTO BYTLUIA, (PUIBTPIB 1 MIATPUMYIOUYHX
IapiB KaTamTUYHUX cucTeM. [lokpalieHi 3ajauiuky JeTio4uoil 307U apiOHo1 dpakiii
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NPUIAaTHI 7O BUKOPUCTAHHA B IIEMEHTHIA 1 OETOHHIA MPOMHUCIOBOCTI, OCKIIBKH
MalTh CTaOUIPHUN MIHEpaAJOTIYHUM CKJIad 1 HE TMEPeIIKOKAITh Tiaparamii
neMeHTy. I'py061 dpakiiii JeTodo0i 3071 3aCTOCOBYIOTHCS SIK OCHOBA JISl JOPOXKHIX
CyMiniei, ctabini3aTopiB IPYHTIB Ta y BUTOTOBJICHHI TEXHIYHOT KepaMikH [7].

<IT/CM3 =
ETHOYA 30/TA —— > BIOMYYYBAHHA ——
JIETIONA 30 A LEHOC®EPU
MHHA 5 3BATAYEHMIA
DPIOTALIA BYIEUb

MAIHITHA
CEMAPALIIA

—> MAIHITHI CPEPN

KITACUDIKALIIA NOKPaLyeHi 3anu1wKm neTiodoi
3A PO3MIPOM 3011 ApibHoi hpakuii

NOKPALLeHI 3a51LLKK NeTHH0l
3011 rpy6oi dpakuii

Puc. 1 — CxeMa nocmnijoBHOTO pO3ILJICHHS JIETHOYO1 30511 [7]

Taxkum unHOM, HOCHiKeHHS MOPGOIIOTii Ta XIMIYHOTO CKJIay JICTIOUOT 30J1H,
a TakoXX aHall3 yMoB ii ()OpMyBaHHS B 3aJIC)KHOCTI BiJ PEXKUMIB CITAIOBAHHS,
BIJIKpUBAIOTh MOXJIMBOCTI JIJIS IUIbOBOTO KEPYBAHHS BIACTUBOCTSAMHU 30JIM 1€ HA
etami ii yTBopeHHs. lle mo3Boisie HE NUINE MIJBHUIIUATU SIKICTh OKpeMHUX (pakiiii
JeTI0YO0i 305M, a W 3a0e3MeuuTH BIAMOBIAHICTH MaTepialy BUMOTAM KOHKPETHUX
TEXHOJIOTIYHUX 3aCTOCYBaHb y OyAIBHUIITBI, CHEPTETHUIIl UM €KOJIOT1I. BukopucTtanus
¢pakiiii neTiouoi 301M SK (PYHKIIOHAJIHHUX HAMOBHIOBAYiB 1 COPOEHTIB CHpHUSE
3MCHIIICHHIO HABAaHTAXKCHHS Ha TMPHUPOJHI PECYpPCH, BIUCYETHCS B KOHIIEIIIIO
HUPKYJISIPHOT EKOHOMIKH Ta MIATPUMYE CTpaTerii JekapOoHi3allii MpOMUCIOBOCTI.

[Momanemri  gocHiKeHHST y i Taly3l MawTh OyTH 30CEpeIKeHI Ha
JETAIPHOMY BHWBYCHHI BIUIMBY IMapaMeTpPiB CITatOBaHHSA HAa (OPMYBAaHHS 30JIbHUX
dpakiiii, CTBOpeHHI Mojejel mepeadadyeHHsl CKJIaay JIeTIO4Ooi 30Jd Ha OCHOBI
MaJuBHOI 0a3u Ta PeKUMIB MPOLIECY, a TAKOXK Ha pO3pOOIll MiIXO0IIB 10 KEPOBAHOTO
dbopMyBaHHS PO3MOJALTY KOPUCHUX KOMIIOHEHTIB 30iH. lle M03BOJIUTH MiJBUIIUTH
IHTerpaIliio yTUi3allii JeTH4Y0i 3011 y 3arajibHy PeCYpPCHY Ta €KOJOTIYHY MOJITHKY
H1ITPUEMCTB.
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Prospects of sequential coal fly ash separation technology for secondary use of

its components
Pinchuk Sofiia, PhD student of Thermal Power Engineering at the department of thermal
engineering and energy technology (Dnipro University of Technology)

The morphological and physicochemical properties of coal fly ash generated from coal
combustion at thermal power plants have been studied. Examples of fly ash separation into
valuable components (cenospheres, enriched carbon, magnetic spheres, and improved fly ash
residues) are presented, and the potential for their targeted application in construction, eco-
materials production, and other industries is described.

Keywords: coal fly ash, coal combustion, secondary raw materials.
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nio0asanucs HazpieanHio 00 NeGHUX MeMnepamyp 6 ammocgepi nogimps npomsacomM NeeHO20 4acy.
Ananiz ompumanux Oamux noxazae 3minu, axi eiooysaromvcsa npu memnepamypax 150 i 200 <C,
MIHIMAbHY memnepamypy ma yac, KoIu NOYUHAEMbC NPoyec YMEOPEHHA JIemKUX peyoeuH i AKa
OuHamika ix eudinenHs. Buxonana oyinka 6niugy nonepeoHvoi mepmiuHoi axmueayii 8y2iiis Ha
NOKA3HUKU 1020 CRANIOGAHHS.

Knwuoesi cnosa: eyeinns, mepmiuna akmusayis, 1emKi pe4o8uHu, CNAa06aAHH s

[TonepenHs TepmiyHa aKTHBAIllA € OJHUM 13 TIEPCIIEKTUBHUX HAMPAMIB
MiBUIIEHHS €()EKTUBHOCTI BHKOPHUCTAHHS BYTJEIEBMICHOTO TaJMBa, OCOOJMBO
HU3BKOCOPTHOTO BYT1JUIS, IIUIaMIB Ta Biaxo/iB 30arauenHs. Llei mporec nepenbavae
HarpiBaHHs NaJMBa JI0 MIEBHOI TEMIIEPATypH Y KOHTPOIHLOBAHOMY CEPEAOBHIII, 110 HE
OPU3BOJAUTH O TIOBHOTO 3TOPSIHHS, aJI€ CYTTE€BO 3MIHIOE (P13MKO-XIMIYHI BIACTHBOCTI
HaJiBa.

Binomo, 1o npu TepMiuHIA AECTPYKIIi MPOTIKAIOTh Pi3HI XIMIYHI peaKili, 110
CYNPOBOKYIOThCSL  (DI3UKO-XIMIYHUMHU  TIporiecaMu 1 (PI3MYHUMHU  SIBUIIIAMM.
OCHOBHOIO OCOOJIUBICTIO XIMIYHUX pEaKIiii TEePMIUYHOI JECTPYKIi BYTUUIS €
MO€IHAHHS B HUX HEOOOPOTHUX MPOILECIB PO3KIAJACHHS Ta CUHTE3Y, TOOTO po3nany i
yIIUTbHEHHS (KOHACHCaIlli) peYOBHH OPraHiuHOi MacH BYTULIA 3 YTBOPEHHSIM HOBUX
npoaykTiB [1]. TlocuiieHHst eHeprii KOJMBAJIBHUX PYyXIB MOJIEKYJ B pE3yJbTaTi
HarpiBaHHS BYTUUIS TPHU3BOJUTH IO IMOCTYIOBOTO 1 CTYNEHEBOTO BIAPHUBY THX
yIpyloBaHb aTOMIB, SKI 3a JaHUX YMOB € CHEPreTUYHO HECTIHKUMHU.
Peakiiino3qaTH1 pagukaiy, Mo 3'SBISIIOTECA B PE3YNITATI IBOTO, B3AEMOJIIIOTH MIX
co0010 3 YTBOPEHHSM HOBUX PEUYOBHH, L0 BOJIOJAIIOTH PI3HUMH BJIACTUBOCTSIMHU B
3aJIeKHOCTI B1J] 0COOIUBOCTEN CKIIady 1 OyTOBH OpPraHigyHOI Macy BUXIAHOTO BYTULISL.
VY 1poMy mossirae CyTHICTh MEPETBOPEHD BCIX BU/IB TBEPANX TOPIOYUX KOMAIUH MPH
Jii Terjia He3aJIeKHO BiJ iX MpUpOaU 1 cTyneHs Metamopdizmy [2]. Ilns kpamioro
PO3YMIHHSI CYTHOCTI XIMIYHUX ME€PETBOPEHb OPraHiuHOI MacH TBEPAUX TOPIOUUX
KOMaJIMH MpU TEPMIYHOMY BIUIMBI BaXKJIMBO 3HATH, NOpHU AKIA MIHIMAJIbHINA
TEMIepaTypi MOYUHAETHCS TPOIEC YTBOPEHHS JETKUX PEUOBHH 1 sSKa JUHAMIKA 1X
BUJIIJICHHS 3 MIJIBUILIEHHAM TeMIIEpaTypH HarpiBaHHS.

JIJisi BCTaHOBJIEHHS TEMIIEPATYPHOI 1 YaCOBOI MEX1 MOMEPETHHLOTO TEPMIYHOTO
BIUTMBY MPOBEJICHO €KCIIEPUMEHTAIbHI JOCIIKCHHS B MPOLIEC] IKUX TMPOOU BYT1ILIS
psany MeramopdizMmy MigAaBalIvcs HArpiBaHHIO JI0 TMEBHUX TEMIIEpATyp MPOTATOM
neBHOro vacy. Ha BiaMiHy BijJl KJIAaCHYHOTO YSIBJCHHS TPO TEPMIYHMMA BIUIUB Ha
BYTUIISL — TEPMIYHOI JECTPYKIli — METOI0 MPOBEACHHS IOCIHIKEHb OyB Harpis
3pa3KiB BYTiUIS psaxy metamopdizmy B atMocdepi ToBiTps. 3a JaHUMU JOCTIHKCHb
OTpUMaHI 3aJIe)KHOCT] BIUTUBY TEMIIEPATypH 1 4acy MOnepeHboi TepMiyHOi 00poOKU
Ha 3MIHY Macu JOCIIKYBaHOI MPOOH PI3HUX MAapOK BYTULIIS.

AHani3 OTpUMAaHHMX JIaHUX I0Ka3aB, L0 PI3Ki 3MIHM MacH, IO BiAOYBarOThCA
npu temrepatypax 150 1 200 oC mpoTsIroM mno4YaTKOBOI'O YacOBOTO MPOMIXKKY,
NOB's13aH1 B OCHOBHOMY 3 BHUJIajieHHsAM BoJioru (10 80%). Jlani nounHae BiaOyBaTucs
BuaLIeHHA neTkux pedoBuH (CHy, CO, H; Ta iH.). AKTHBHE 3HMKEHHS MacH IpoOH
B1I0yBa€ThCS MPHM HarpiBaHH1 MpoTsaroMm 15 xBunuH. BumgHo, mo micns 30 xBuivH
HarpiBy CIIOCTEPIra€ThCsl BIIHOCHO CTaJIWN XapaKTep 3aJIeKHOCTI, a00 aKTHBHICTH
3HIDKEHHSI Macu MpoOM 3HAYHO 3MeHInyeTbes. Hamani 1ie 3abesneuye 1miiBUIICHHS
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HIKYOI TEIUIOTHU 3ropAHHA I1aJIMBa, 3HMKCHHA BHUTPAT TCILIOTH HA BHUIIAPOBYBAHHA

BOJIOTH

0e3mocepelHbO0 B TOIKOBIM  Kamepi.

3MEHIICHHS] BMICTY JIETKUX

KOMITOHEHTIB TaKOXX CIPHUS€ 3HIKCHHIO €MICii OKCHIy BYTJICII0 Ta Caxi MiJ 4Yac
TOPIHHS.
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Tepmiuna akTuBallisi TPU3BOAUTH 0 CTPYKTYPHHUX 3MiH BYTUIbHOI pEUOBHHH,
3pOCTa€ MUTOMA TOBEPXHS Ta MIABUIIYETHCA pPEaKI[iiHA 3aTHICTh JO OKHCHEHHS.
ITortepenHi eKcIiepUMEHTaNbHI JOCTIIKCHHS ITOKa3ald, IO TEpPMIYHA aKTUBAIis
BYTULISL TIEpe] CIATIOBAHHSAM J03BOJISIE 3MEHIIUTHA TEMIEPATypy 3aliMaHHS IajuBa
Ha 10-20 %, CKOpPOTUTH TPHUBAIICTH MOBHOrO 3ropsHHs Ha 20-30%, MiIABUIIUTH
CTyHiHb BUTOpsSHHS Byriemw a0 90-95% ta nmocartu Oiabin cTabLIBHOTO Ta
KOHTPOJIHOBAHOTO TOPIHHS.

TakuMm YwHOM, TOMEpeaHs TEpMiUyHA AaKTHUBAIlS BYTULIS € BaXXJIUBUM
THCTPYMEHTOM TiABUIIICHHSI €HEProe(eKTUBHOCTI, 3MEHIIICHHS BUTPAT HA OYHIICHHS
TUMOBHUX Ta3iB, a TaKOX 3HIKEHHS BYIJICIICBOTO CIIJy EHEPTrOTEXHOJIOTIIHUX
npoueci. Ii 3acTocyBaHHs HOLiNbHE AK Yy HPOMMCIOBMX MaciuTabaX, Tak i B
JIOKAJIbHUX €HEPTeTHYHUX CHUCTeMaX, JIe SKICTh MMajliBa HE 3aBXK/IH € CTAJIO0.
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Investigation of preliminary thermal activation of coal
Pinchuk Valeriia, Doctor of Technical Sciences (Dnipro University of Technology),
Tutova Olena (Ukrainian State University of Science and Technologies)

To determine the temperature and time limits of preliminary thermal activation,
experimental studies were conducted in which coal samples of various metamorphic stages were
heated to specific temperatures in an air atmosphere for a certain period of time. The analysis of
the obtained data revealed the changes occurring at 150 and 200 °C, the minimum temperature and
time at which the release of volatile matter begins, and the dynamics of their evolution. An
assessment was carried out to evaluate the impact of preliminary thermal activation on coal
combustion characteristics.

Keywords: coal, thermal activation, volatile matter, combustion
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Pozuunnicme 2yminosux peuogun ma 2iMamomenraHo6ux KUCI0m npu pisHux 3Hadyennsax pH
He 3anedxcums 8i0 IXHb020 NOX0O0MNCeHHs. Y ei0cymuocmi IOHI6 Memanié MAaKCUMATbHUL 6MiCm
2yMino8ux peuosun y pozuuni npu pH 4-5. 3nuswcenns pH pizko 3HudiCye po3uuHHicmb SYMIHOBUX
PEeUOBUH, NOBHE OCAONCEHHS MAKPOMOIEKY]L SYMIHOBUX peuosuH 8i0Oysacmuvca npu pH 3 + 1.V
NpUCYmMHOCMI I0HI@ Memani6 emicim 2yMIHOGUX PEYOBUH MA CIMAMOMENAHOBUX KUCIOM Y DO3UYUHI
3MEHULYEMbCA 3a PAXYHOK YIMBOPEHHS KOMNIEKCI8 2YMIH08A peuo8UHA — IOHU Memany. 38'a3ye8anns
2YMIHOBUX pevosuH 3 IOHaMUu C8UHYIO 6i00yeacmvbcsi y Gazi ocady uvepes 6uNA0aHHs 8 0CA0
HEpO3YUHHUX 2YMAMI6 C8UHYIO, A 3 IOHAMU YUHKY NepesadcHo y ¢hazi po3uuny 3 YMEOpPeHHAM
PO3YUHHUX 2ymamis. Jlooamkose 0enpomoHy8aHHs (EHONbHUX 2PYN, WO 6X00Amb 00 CKIA0y
2iMamomenanosux Kuciom, 3i 3pocmanuam pH 30inewye ix 36'a3ysanvny 30amuicme )y pa3zi
PO3YUHY NO BIOHOWEHHIO 00 IOHI8 YUHKY.

Knrowuosi cnosa: eyminosi pewosunu, 2imamomenanosi KUCIOmu, 8axicKi Memanu, copoyis,
cnonyuna 30ammuicmo, énaue pH

Monekynu I'B € mnomidyHKIIOHATBHUMHA — TOMIEICKTPOIITAMU:  MICTSTh
KapOOKCHWIIbHI, T1POKCUJIbHI, KapOOHUIbHI, a30T Ta CIPKOBMICHI TpymHH, TOOTO
BITHOCSATBCA JO OaraTOOCHOBHUX KHUCJIOT, WIO0 Yy TMO€JHAHHI 3 HAasABHICTIO
apoMaTUYHUX (PPAarMeHTIB BHU3HAYA€ IXHIO BHUCOKY pEaKIiiHy 37aTHICTh IO
BIIHOIIIEHHIO JI0 10HIB MeTamiB. TOMy BHUBUEHHS CIIOJYyYHOI 3/IaTHOCTI TYMiHOBHUX
pPEYOBMH 3 KaTiOHAaMHW MeETalliB HEMOXJIMBO 0€3 KUIBbKICHOI Ta  SKICHOI
XapaKTEPUCTUKU KHUCIOTHO-OCHOBHUX BiacTuBocTed ['B, 1 HaBiTh iX OKpemMux
dpaxiii (MK). ®yHKI1i0HAIBHI TPYTIH, IO BXOJATH 10 ckiany ['B, HepiBHOIIHHI 32
CWJIOIO 3B'SI3yBaHHS 3 10HAMH METaJiB, TOMY Y JIiTepaTypl BUKOPUCTOBYIOTh TEPMIHH
"meHTpu 3B'sI3yBaHHA" abo "minaHku 3B'a3yBaHHA". Kpim TOro, Ha peakuiiHy
31aTHICTh (DYHKI[IOHAJIBHUX TPyl 3 KAaTIOHaMH METaJliB, MOB'A3aHUX 3 OCH30JbHUM
KUTBIIEM, HAJa€ HAsBHICTh PO3TAlIOBAHUX Yy IMapa-TOJIOKCHHI €JEKTPOHETaTHBHUX
3aCTYITHUKIB, M0 BIATATYIOTh Ha ce0e eJICKTPOHHY MIIIBHICTh 1 MiABUIIYIOTH
KHUCJIOTHI BIIACTHBOCTI IIUX TPYII.

Ha 3B'si3yBaHHSI TYMIHOBUX PEUYOBHH 3 10HAMHU METajliB BEJIWKUN BIUIMB Mae 1
pH cepenosuia, ockinpku I'B nerko 3a3HaroTh KOH(POpMaLIMHUX 3MiH, IO MOXKE
MIPU3BECTH JI0 1HAKTHBALIll YaCTHHU (YYHKI[IOHATBHUX TPYIL.

BCEpE/IMHI MaKpPOMOJICKYJIM 3a pPaxXyHOK OTOYEHHS 1iX TiapodoOHuMEU
CTPYKTYpaMu Ta YTBOPEHHS BHYTPIIIHBOMOJICKYJIIPHUX BOJHEBHUX 3B'S3KIB.

Tomy BuBUeHHs BIuMBY pH cepenoBuina Ha 3B'ss3yBaHHS TYMIHOBUX PEUOBHUH 3
KaTiOHaMU METaJliB, & TAKOXK CTBOPECHHS €KOJIOTTYHO YUCTUX Ta OE3MEUYHUX COPOCHTIB
3 BIJOMUMU BJIACTUBOCTSIMH, 110 BOJIOIFOTh BUCOKUMH KOHCTAaHTaMU 3B'I3yBaHHS 110
BiJTHOIICHHIO JI0 10HIB BAXXKMUX METATIB Ta JOCTATHHOI COPOIIHOI €MHICTIO, Ha
ocHoBl I'B Ta 'MK € nyxe akTyanbHOIO.

['imaToMenaHoOB1 KUCIOTH MOHOAMCIEPCHI, MAIOTh «BUTITHYTY» (HOpMY, TOMY
pH cepenoBuia He ICTOTHO BIUIMBA€E Ha KOH(popMaliro MoJieKyau. DeHonabHl rpynu
I'MK He 3a0510KkOBaHI BCEpEIMHI MOJEKYISIPHOrOo 00'€eMy Ta MPAKTUYHO IMOBHICTIO
TUTPYIOTHCSI TIPU 3BOPOTHOMY TUTPYBaHHI. TaKMM YMHOM, Ha CTIMKICTh KOMIUJIEKCIB
I'B 3 ioHamMu MeTajiiB iCTOTHO BILTUBAaTUMYTh pH-3anexH1 koHpopmartiiini 3miau ['B.
3HMKEHHS KOMIUIEKCOYTBOPIOIOYOi 31aTHOCTI I'B 10 BijfHOIIEHHIO /10 10HIB METalliB
y KHCJIOMY CEPEIOBHII IMOB'I3aHE 3 HU3BKUM CTYIICHEM 10Hi3allii (yHKI[IOHATEHUX
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TPYIl, a TAKOX BIIOYBAETHCS 32 PaXyHOK OJIOKYBaHHS TPy, 10 BOJIOIIIOTH CHIIHBHOIO
3JIaTHICTIO, 110 3B'SI3y€, BCEpEIUH1 00CITY MOJICKYJIH.

Brue pH nHa nporiec copOrtii 10HIB BaXKKUX METaJiB TyMiHOBUMHU PEYOBHHAMHU
Ta TIMaTOMEJIaHOBMMHU KHclioTamMu. Hacammepen Oyiia BCTaHOBJICHA 3aJI€KHICTh MIXK
gactkoo ['B y po3umni ta pH mpu mouarkosiii xoHuentpamii ['B 250 mr/m 3a
BIICYyTHOCTI Ta y npucyTHocTi ioHiB Pb(Il), Zn(Il) y mmpokomy intepBam pH Tta
KOHIICHTpAIlil MeTaly.

3a BIICYTHOCTI 10HIB M€TaJliB y po34uHi, npu 3umxeHH1 pH 1o 5 qns I'MK Ta
nmo 4 nns I'B BinOyBaeThcsi MiaBHE 3MEHIIECHHS iX po3unHHOCTI. [lomambiine
3HKeHHsT pH pi3ko 3Hmxkye po3uuHHicTs ['B. Ilpu pH wMenme 3 po3umHi
3QIMIIAETHCS JIMIIEC HeBeJMKa KuibKicTh ['B. IligBuIlleHHS KOHIIEHTpaIlliil 10HIB
BOJIHIO BUKJIMKA€E MPOTOHYBAHHS KAPOOKCHIIBHUX TPyl

I'B, mo npuszBoauTh 10 ocamxkeHHs Mmakpomosekya I'B mpu pH 3+1. 3mina pH
po3unHy Big 11£]1 mo 241 npu3BOAUTH [0 TOCTYMOBUX NIPOCTOPOBHUX Ta
koH(popmariiaux nepexoniB I'B «BUTITHYTHH CTpHKEHD — KITyOOK — TI100y1ay.

Jami BuBuYanm po3urHHICTH ['B y mpucyTHOCTI 10HIB BAXKKHUX METAJIB 3aJI€KHO
BiJl iX KOHIICHTpAIlii B PO3YMHI, MPHU I[bOMY BPaxOBYBAJIH, IO B aHAII30BAHOMY
niana3oni pH 10HM CBHHIIIO Ta IMHKY MOXYTh ICHYBaTH B pi3HUX (Popmax: mpu pH <
6 OCHOBHA YAaCTHHA 10HIB CBUHIIO Ta LUMHKY 3HaXOAUTBhCSA y PO3UYUHI y BUIIIAIL
rigparoBanux 10HiB; pH 6.5-8 y pIBHMX yacTkax CHIBICHYIOThb TiJpaTOBaHl 10HH
CBHHIIIO Ta IMHKY Ta T1JPOKCOKATIOHM, SIKI TAKOXK 37[aTHI 3B'SI3yBAaTHUCS 3 aHIOHHOIO
YacCTUHOIO MoJieKyu ['B, yTBOprotoun CTiiKi CIIOTYKH.

Pozuunnicte I'B y mnpucytHocti ioniB Pb(Il) Tta Zn(Il) 3menmyerscs Ta
3QJICKUTHh BIJI MOYATKOBOI KOHIIGHTpallli 10HIB MeETaliB y po3uuHi. MiHiMalbHa
PO3YMHHICTh aHATI30BaHUX 3Pa3KiB CIIOCTEPITAETHCS 32 MAKCUMAJIBHOT KOHIICHTpAIlli
10HIB MeTaly. 3MEHIIIEHHS] BMICTY T'YyMIHOBUX PEYOBHMH Ta T'IMaTOMEIAHOBUX KHUCJIOT
y PpO34YuHI TpH J0JaBaHHI JO CHUCTEMHU 10HIB MeTajy IOB'A3aHE 3 YTBOPEHHAM
KOMIIJIEKCIB TYMIHOBOi PEYOBHHH — 10HHM MeETaly, OJHOYACHO BiJIOYBAETHCS 3CYB
COpOIIIHHOTO TIPOIIeCy B KHUCIYy 00JacTh, 10 JOBOJUTH 10HHUI MEXaHI3M B3a€MO/II.
ExcniepumenTt mokaszaB, mo MakcumaibHe 3B's3yBaHHs Pb(Il) ta Zn(Il) y po3uuHi 3
I'B (UHT) nacrae npu pH 4-7, nna I'B (CIIT) — npu pH 3.5-4. IIpu pH 3.5-4
BIIOYBA€ETHCS JENPOTOHYBAHHS KapOOKCHJIBHUX T'PyM, SK1 3B'S3yIOTh 10HU METAJIIB,
KpIM TOTO, Y LI ramxy3l MOYMHAE 3pOCTaTH po3uuHHICTH ['B, oTxke, 301IbIIy€ETHCA
KOHIIEHTpAI[isl NOTEHIIHHUX JirasAiB y po3uuHi. [Totim npu pH 5-7.5 BigOyBaeTbes
NOCTYIIOBE ACNPOTOHYBaHHS (YyHKUIOHATBHUX TPyl ((HEHONbHUX), IO 3ATUIIUIKCS,
0 BeAE 1O 3pPOCTaHHS KOMIUIEKCHOI 371aTHOCTI TymariB. [lojanbiie 3HMKEHHS
KOHIICHTpAIlil METaJI-TYMIHOBHX KOMIIJIEKCIB OOYMOBJIEHO 3pPOCTAHHSIM TiJIPOJIi3y
10HIB METAaJIIB Ta BUMAJaHHSAM B 0CaJ MPOAYKTIB T1Apoii3y. BHYTpIIIHBOKOMIUIEKCHI
CIOJIYKA TYMIHOBUX PEYOBHMH 1 KaTiOHIB METaJliB B 3ajieHOCTI Biag pH cepenoBuina
HaOyBarOTh OUIBIIOI PyXJMBOCT. Y iX OCBITI Oepe ydyacTh 10OHHUH YH
KOOpJWHAIIMHANA 3B'SI30K. Y I1IbOMY BHIAJKy TiJpaTHa OO0OJIOHKAa 10Ha MeTaly
YaCTKOBO a00 MOBHICTIO PYHHYETHCS, 1 (DYHKIIIOHANBHI TPYIU JITaHIAy BXOMSTH JI0
KOOpAMHALIMHUX TO3MI MeTaly, 3aMiHIOIOYM MOJIEKYJIH BoJIU. BHacaimok
BEJIMKOTO Ha0OPY IOHOPHUX T'PYIl TYMIHOBI pEUOBHHU € MOHO-, O1- 200 MOJIIJICHTAaTH1
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JITaHu, Peakilis MPOTIKa€e 3a TUIOM JIraHgHOTO oOMiHY. s BUSBICHHS CTaii
nporiecy copOririi ioHiB meTaniB Ha ['B y pizHomy niamasoni pH BuBYeHO muTOME
3B'si3yBanHs 10HIB Pb(II) Ta Zn(Il) y ¢a3i po3unny Ta y ¢asi ocaay npu moyaTKOBii
KOHIIEHTpaii ioHiB Metamy 50 mxm/am’. IIuToMe 3B'I3yBaHHS METaIy 3 BiAIIOBiIHOKO
¢dazor0 po3paxoByBaliK SK BIAHOIIEHHS KUIBKOCTI MeTaiy, moriauHeHoro ['B y i
¢a3i (y po3uunHi abo ocani), 10 macu I'B y po3uunHi abo ocaji BiJIIOBIIHO.

VY cucremi, Mo MICTUTh 10HM CBUHILIO, 3B'si3yBaHHA ['B 3 ionamu Pb(II)
BIIOYBA€ThCS B OCAaJll, PO3UYMH 301HEHHUH KAaTIOHAMHM CBHHI[IO, IO TOB'I3aHO 3
BUIAJIAaHHSAM B OCaJl HEPO3UMHHUX T'yMaTiB CBUHIO. 31 30uibmieHHsIM pH copOuis
3pocrae, niasi MK Bona Bumia, Hik maia Buxigaux [B. YV upoMy Bumaaky
B1I0YBa€ThCS HE TUIBKU 3aMIIIEHHs] BOJHIO KapOOKCWJIBHUX I'pyN HAa 10HU METaly,
pO3TaIllOBaHUX Ha MOBEpXHI MoJyiekynu ['B, aine 1 copOris 1 cenumeHTalisi 10HIB
MeTaly Ha HEPO3YMHHOMY TyMaTi, IO BXK€ YTBOpPUBCS (BTOpHUHHA copOiis). Y
INPUCYTHOCTI 10HIB IIMHKY ocaj 301JHEHUN METaJoM, COpOMPYEMOCTh KaTiOHIB
metany Ha ['B BigOyBaeTbcs MEPEBAKHO y PO3YMHI 3 YTBOPEHHSM PO3UYMHHUX
rymariB. Jlns Buxigaux ['B copOmis y das3i pozumny He 3amexuTh Bia 3Miau pH
(3B'I3yBaHHsI B KHUCIHIN AUISHIIN), 10HM IUHKY 3B'SI3YIOTHCA SIK 3 KaTIOHHOIO, TaK 1 3
aHIOHHOIO YacTUHOW0 moJjiocHoBHUX ['B. ByrnmeBogni wactunm wmonekynu ['B
CHOPUSIOTH IICEBAOXENATYBAHHS 4Yepe3 B3a€EMOJII0 OIYHMX JIAHUIOTIB IPH I[bOMY
3B'I3yBaHHS 10HIB IUHKY 3 MPOCTUMHU (PYHKIIOHAIBHHUMH TPyNaMHu, IO MICTSTh
KHCEHb, 31MCHIOETHCS 33 TUIIOM 10HHOTO OOMIHY 1 10HHOKOBQJIEHTHOI'O MEXaHI3MYy.
3B's13yBanHs 10HIB Zn(Il) 3 TMK y ¢a3i po3unny 3pocrtae i3 30uibiienHsmM pH, mio
TIOB'SI3aHO 3 I0IATKOBUM JICTIPOTOHYBaHHAM (PEHOIBHUX T1APOKCHUITIB.

VY da3i ocaxy copOrist BCiM TYMIHOBUX MpenapatiB 3pocTae 31 3pocTtanHsM pH 1
Mae mpubau3HO oxHakoBl 3HadeHHsa. s I['MK 3B's3yBaHHS 10HIB IIMHKY
BiIOYBa€ThCSA TIIBKK B KUCIIM AUISHIN, IO MOXXE OYTH TOB's3aHe 31 3aTHICTIO
KaTiOHIB IIMHKY YTBOPIOBATH XeNaTH (BHYTPIIIHbOKOMITJIEKCHI IUKJIIYHI CHIONYKH) 3
JTOCTYITHUMHU (HDEHOTBHUMU TiIpoKcuiIamMu Ta kapOokcurpynamu ['MK 3 yTBopeHHAM
YOTUPHOX YICHHUX ITUKIIB.
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Influence of pH of the environment on the binding of heavy metals by humic acids
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The solubility of humic substances and hematomelanic acids at different pH values does not
depend on their origin. In the absence of metal ions, the maximum content of humic substances in
the solution is at pH 4-5. A decrease in pH sharply reduces the solubility of humic substances,
complete precipitation of humic substance macromolecules occurs at pH 3 + 1. In the presence of
metal ions, the content of humic substances and hematomelanic acids in the solution decreases due
to the formation of humic substance - metal ion complexes. The binding of humic substances with
lead ions occurs in the precipitate phase due to the precipitation of insoluble lead humates, and
with zinc ions mainly in the solution phase with the formation of soluble humates. Additional
deprotonation of phenolic groups that are part of hematomelanic acids with increasing pH
increases their binding capacity in the solution phase with respect to zinc ions.

Keywords: humic substances, hematomelanic acids, heavy metals, sorption, binding
capacity, pH influence
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EVALUATION OF THE SUITABILITY OF LIGNITE OF THE DNIPRO
BASIN FOR THE PRODUCTION OF MONTAN WAX IN MODERN
CONDITIONS. (DETERMINATION OF THE MINIMUM BITUMEN
CONTENT IN BROWN COAL FOR COST-EFFECTIVE PRODUCTION.)
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PJSC "Techenergo", 21/4 Shevchenko ave., Lviv, 79000, Ukraine

I Oleksandr Belov, student of the Department of Oil, Gas and Solid Fuel Processing
Technology, Chief Specialist of PJSC Tehenergo, e-mail: al.p.belov@gmail.com

The dependence of the internal rate of return (profitability) of investments in the
construction of a plant for the complex processing of brown coal and the production of montan wax
and fuel briquettes on the bitumen content and the productivity of the brown coal processing plant
is studied. The ranges of enterprise productivity depending on the bitumen content in coal, at which
the present value of montan wax allows to be competitive in the world market, are calculated.

Keywords: brown coal, bitumen-rich coal, montan wax, raw lignite wax, fossil vegetable
wax, bitumen, profitability.

Brown coal mining in Ukraine has been going on for centuries and began in
central Ukraine in the late 19" century. In the mid-20™ century, the construction of a
brown coal (lignite) complex began in Oleksandriya, where the largest known brown
coal reserves were available at the time.

The coal of the Dnipro brown coal basin (Dnipro Basin) is humic, Eocene in
age, and is a typical representative of low-rank solid fuels characterized by the
following indicators high natural moisture content (W") in the range of 45-65%, on
average 55-58 %; ash content (AY) from 8 to 45%, on average 15-25%; high volatile
matter yield (V@D), from 60 to 72%; high sulfur content (SY) from 2 to 4.8%; carbon
content (C49) on average 65-70%; hydrogen (H“)) - 5.3-6.6%; low calorific value
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per working weight (Q") 7,5-9,2 MJ/kg; humic acid content (H ") - 55-75%; bitumen
content (B@) in coal of individual areas and blocks of deposits reaches 10-12% and
more; semi-coking resin yield - up to 23%.[1]

The coal of the Dnipro Basin is divided into two classes: humite and humite-
lithobiolite.. In turn, the classes are divided into four groups: dense, earthy, lignite,
and ash varieties for humite. Herewith, humite-liptobiolite is divided only into earthy
and dense. According to the areas of use, Dnipro coal is divided into four grades (two
in each class ) [2]: I - NS - suitable for direct combustion in furnaces; II - B -
briquette coal, suitable for briquetting; III - E - extraction coal, suitable for extraction
and production of montan wax; IV - P - semi-coking coal, suitable for production of
liquid fuel. At the same time, the bitumen content per dry coal (BY) increases with the
transition from humite to humite-lipobiolite and in the genetic series with the increase
in the degree of decomposition. Humite-lipthobiolite coal has a higher bitumen yield,
and is called "Bitumen A" in coal chemistry.

The component brown coal, which is separated during extraction with an
organic solvent, Bitumen or "Bitumen A", as a consumer product, provided that its
quality indicators are in accordance with Table 1 and the minimum content of resins
and asphaltenes, is called Montanwachs (German) on the world market. In Ukraine,
raw browncoal wax or lignite wax is a synonym for montan wax. Sometimes, montan
wax 1s called ozokerite, but this name does not correspond to the nature of its origin.

Table.1

Typical properties of crude montan wax. [3]:

Name of the indicator Indicator.

Acid number 20-40 mg KOH/g

Saponification number 70-120mg KOH/g

Iodine number 30-45 ¢lI,/100g

Drop point approx. 85 °C

Density (100 °C) approx. 0.86 g/cm?

Thermal expansion (20-100 °C) 18%

Montan wax is a fossil vegetable wax. Comparable to natural waxes such as
carnauba today, montan wax protected the leaves of palm trees in the Tertiary era
from drying out and UV radiation. [3]

Montan wax, due to its properties, has been known on the market for more than
a century, since Edgar von Boyen [4] managed to develop an industrial technology
for extracting wax from bitumen-rich brown coal and started commercial production
at several plants, including Riebeck'schen Montanwerke AG. At that time, coal with a
bitumen content of more than 15% to 20% was considered suitable for wax
production. Over time, expanding the scope of montan wax application, in the second
half of the 20" century, its production grew both in Germany and in other countries
where there are or were deposits of bitumen-containing brown coal, such as: USA,
Czech Republic, China.

In Ukraine, brown coal was mainly used for fuel briquettes and small CHP
plants (e.g., Oleksandria, Kropyvnytskyi). However, due to the coal’s mineral
composition, a small montan wax workshop was established in 1940. In 1959, the
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Semenivsky Montan Wax Plant (SMWP) was built using German equipment from
the Riebeck'schen Montanwerke AG plant, designed to produce 5000 tons of wax
from 150-160k tons of coal annually. In practice, output peaked at 2500 tons and
later dropped to 1500—-1700 tons/year due to lower actual bitumen content in the coal
than initially estimated and the absence of selective mining. Early geological methods
lacked standardization, using various solvents, which affected data accuracy.
Technological limitations and low-quality input further reduced efficiency. Despite
this, under Soviet planning and integration with humate production, the plant became
profitable, though economic return was not the priority. SMWP met only 20% of the
USSR’s montan wax demand but was recognized internationally for product quality.
Since then, geological surveys began more accurate assessment of bitumen reserves,
standardizing methods and shifting to toluene-based testing.

According to the assessment criteria adopted at SMWP, brown coal with B4 >=
6.5% was considered bitumen-containing, and when calculating reserves, the onboard
bitumen content (BY) in the composition of energy raw materials is recommended to
be 6.5-7%. At the same time, even now, in Germany, this standard is 10% or more.

For example, for the main coal mining enterprise, which in the 80s and 90s was
the main raw material base for SMWP, according to Geoinform, B¢ranges from 2.7%
to 11.7% with an average of 6.6% for the 1% coal seam and from 2.4% to 9.0% with
an average of 6.0% for the 2", At the same time, the percentage of bitumen-rich coal
in categories A+B+C1 in the entire open mine field is 42.9% (Table 2). [5] In the
reserve areas of the same deposit, bitumen content values are either not shown at all
or in a wide range from 1.3% to 14.5% with an average of 8.2%.

Table.2

Status of balance reserves at the coal deposit, OLEKSANDRIIA Geological and
Industrial District:

Status of inventories as of January 1,

Name Unit. 2020
A B Cl A+B+Cl1
Ordinary coal k.tons | 5674 10082 10980 26736
Including bitumen-rich coal k.tons 3503 7974 11477
Bitumen k.tons 109 268 377

Brown coa! consumption rate ton/ton 32,14 29.75 30,44
per ton of bitumen

B¢ % 7.41% | 8.00% | 7.82%

Analyzing the data — including Geoinform of Ukraine, domestic enterprise
SMWP, leading global producer Romonta, and data from the USA and China — the
objective was to assess the profitability and commercial viability of montan wax
production from DniproBas brown coal under current market conditions. The analysis
considered the following factors:

1. Minimum productivity assumed: 20 tons/hour (155.5k tons/year, option 1), or
similar to SMWP. Maximum: 50 tons/hour (388.8k tons/year, option 2), or 73.5%
of Romonta's.
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Bitumen content range: 4—-12%, with 2% increments.
Montan wax extraction rate: 70%.
Cost distribution: 50:50% across products in integrated coal processing.
Production process includes: crude coal prep, drying, extraction/distillation,
solvent removal, briquetting, partial combustion for plant energy needs.

6. Montan wax price: USD 2000/ton EXW; briquette price varies with calorific

value.

7. Brown coal price not less than projected open-pit mining cost.
8. Minimum IRR: 10% (pre-inflation).

9. Discount rate: 10%.

10.Constant price basis; inflation excluded.
11.Tax, labor, and other standards per Ukraine’s H1 2025.
12.Project horizon: 20 years (2 for construction).
13. Present value calculated via discounted cash flow of the wax and briquette
(LCOMW and LCOB), similar to Ukrainian brown Coal Industry Master Plan or
similar to LCOE; equipment depreciation excluded as depreciation is not an
expense and is a free cash flow [6]

The feasibility was determined by two main criteria: IRR => 10%. LCOMW

<= 2000 USD/ton.

The calculation results are summarized in Table 3 and shown graphically in

Figures 1 and 2.
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Table.3
Consolidated calculation data
Name Units Percentage of bitumen in coal, V
4% 6% 8% 10% 12%
1 2 3 4 5 6 7
Volume of montan fons 1916,0|2874,0 | 3832,0| 47900 | 5748.0
wax production 4790,0 | 7185,0|9580,0 | 11975,0 | 14370,0
Cost price of montan USD/t 2559317063 (12798 | 10239 | 8533
wax 16277110852 | 814,0 651,3 542.8
Levelized cost of 3384,512256,5]1692,4 | 1354,0| 11284
montan wax USD/t |2453,0|16354|1226,6| 9814 8179
(LCOMW)
Volume of briquette ‘4 55.9 54.5 53.1 51.7 50,3
production o 139.8 136,3 132.9 129.3 125,7
Cost price of the USD/t 85.5 87.7 90.0 92.4 95.1
briquette 53,6 54,9 56,4 57,9 59,6
Levelized cost of USD/t 1138 | 116,7 | 119.7 123.0 126.5
briquette (LCOB) 81,9 83,9 86,1 88,5 91,0
: o 4% 23% 42% 61% 80%
EBITDA margin /o 73% | 105% | 136% | 168% | 200%
Return on sales as a % -4% 11% 25% 39% 54%




percentage of net 42% 65% 88% 110% 133%
profit ROS
million | -250,4 | -177,3 | -104,3 | -31,2 41,9

Netpresentvalue NPV | “pany | o410 | 58,5 | 1242 | 3069 | 4896
Internal Rate of o, - - -2,7% 7,0% 13,5%
Return, IRR -1,3% | 7.8% | 14,1% | 19,3% | 23,8%
Discounted payback - - - - 16,7
period, DPBP years ; : 162 | 13,0 | 110

: : 19,0 11,6 8,7 7,1
Simple payback period | years 11,2 8.5 7.0 6.1 5.4
Rate of return on 0,1 0,5 0,8 1,2 1,5
discounted costs (PI) 0,8 1,2 1,6 1,9 2.3

Note: The numerator for the plant capacity is 20 tons per hour of dry coal. The
denominator is 50 tons per hour of dry coal.

Under current conditions, the SMWP analog achieves IRR >10% only with
bitumen content >11%. At 7% (option 1), LCOMW reaches $2000 and investment is
recoverable, but LCOV ($120/ton) exceeds the sales price by 20%. Option 2 allows
IRR of 7.8% with B=6%, and >6.5% makes production economically viable.
Measures from [6] and selective mining can restore integrated brown coal processing
in Ukraine, especially in the Oleksandriya region.

Chart 1 Chart 2
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Methods of extractive processing of low-metamorphosed coal of Ukraine were studied in
order to determine the optimal technological regime and the selection of solvents was carried out.

Keywords: bituminous coal, rock wax, extractor, alkylation

Mountain wax has a number of valuable properties (moisture and acid
resistance, low electrical conductivity, etc.) and is an indispensable component in the
manufacture of polishing and protective compositions for various coatings, in
cosmetics, medicine, in the paper, leather industry, and many other areas [1].

Raw mountain wax (bitumen A) is essentially a complex mixture of natural
waxes and wax resins. It is obtained by extraction with organic solvents from
bituminous brown coal [2]. For this purpose, gasoline, alcohol-benzene mixture, pure
benzene, hexane and other solvents are used. For acceptable economic efficiency of
the process, the raw material must have a bituminous content above 6.5%. Among
domestic brown coal deposits, the Alexandria brown coal meets these requirements.
Its coal was the subject of our study. Raw material characteristics:

* moisture content in brown coal - 17%;

* bitumen yield from dry coal - 8.2%;

* coal fractional composition - 0.2 - 2.5 mm;

* wax yield from the resource - 84%.

Extraction was carried out according to the classical scheme in the Graefe
extractor. But much more interesting is the extraction with preliminary alcohol
alkylation. The coal sample was processed at the boiling point of the reaction mass
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with a mixture of hydrocarbon solvents and alcohol at a volume ratio of 1:2 in an
acidified solution. After completion of the process, the reaction mass was filtered.

De-resined wax in hydrocarbon solvents and resins in methanol were isolated
from the liquid phase, separated in a separatory funnel, settling it from the resin
extract in alcohol. Then liquid hydrocarbons were distilled from the wax solution, the
residue was dried, and the target product was obtained.

During the processing, the main part of both unchanged extractive substances
and the products of the reaction of alcohol with the organic mass of solid fossil fuel
passes into the solution. Alcohol promotes esterification of fatty carboxylic acids and
transesterification of esters of high molecular weight, thereby increasing the yield of
wax. It also extracts resins from the liquid phase of the wax solution in hydrocarbon
solvents. During the process, the resins pass into the alcohol phase, and the wax into
the hydrocarbon solvent phase. Hexane and gasoline fraction have proven to be the
best solvents. Alcohol - isoamyl.

When processing the research results, an intensifying effect of alkylation on
increasing the yield of wax fractions from brown coal was established. This method
made it possible to almost double the yield of extractable substances.
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Cmeopeno HO8I Oeemyibeyioui KOMNO3UYIL HA OCHOBI KOMepyiuHux oeemynveamopis Dissolvan
(Clariant, Illseiiyapis) ma susnaueHo ix egekmugHicmv 6 Npoyeci 3HeBOOHEHHs ANCKUX HADM
VKpaiHcbKux pooosuwy. Bcmawnoeneno, wo cmyninb 3He800HEHHS OO0CNIONCYBAHUX HADM Npu
BUKOPUCMAHHT pO3POOTIeHUX KOMNO3Uuyil Koausacmuvcs 6i0 ~40% 0o 94,5%.

Knrouoei cnoea: deemynveamop, éasxicka Hagpma, 3He600HEHHS.

VY 3B’sa3Ky 13 3pocTarouor0 motpeboro Ykpainm B HaPTOBIH CHpPOBUHI 1
PO3IIMPEHHSIM CHUPOBUHHOT 0a3u, MOCHIDKCHHS BaXKUX HAPT € HAA3BUYANHO
aktyanpHuMu. Baxki wapTu OpxoBuipkoro, byrpyBarcekoro i S6myHiBCHKOTO
ponoBull MICTATh Bix 4 10 16 % mac. Boau, 110 CTBOPIOE Psii IMpoOIeM MHpH ix
BUJOOYTKY, TPaHCIOPTYBaHHI Ta nojanbluiid nepepodui [1]. BincyTHicTe xouya 0
MIHIMAQJIbHO HEOOXIJTHOTO KOMIUIEKCY JOCHIKEHb IIUX HAPT YHEMOKIIUBIIOE BUOIp
ONITUMAJIBHOTO CIIOCOO0Y X 3HEBOIHEHHSI.

He3Baxatoun Ha BeNMKYy KUIBKICT 1 PI3HOMAHITHICTh CHOJIYK, SIKi
BUKOpUCTOBYIOTh K [IE, po3poOka e(exkTUBHHMX JeeMylbratopiB Bce 1€ €
PEeIMETOM aKTUBHMX JOCHKEHb [2]. OCTaHHIMU POKaMU MPOBOSTHCS 1THTEHCUBHI
poboTH 3 MABHUIIEHHS €()EKTUBHOCTI JACEMYJbIaTOPiB, OJHUM 13 CIIOCOOIB SIKHUX €
OTpUMaHHSA iX MoaudiKaIiii.

[Tpuitmatouu 10 yBaru BuIlle3a3Hau€HEe, Ha OCHOBI cepii KOMEPIIIHHO JOCTYITHUX
neemynbratopiB Mapku Dissolvan (Clariant, [IBeitmapist) Oymu po3poOseHi HOBi
KOMITO3HUIIIi Ta BU3HAYEHO iX €(EKTHBHICTH B MPOIECi 3HEBOJHEHHS BaXXKMX HadT
YKPAIHCBKUX POJOBHUILL.

Jlis TpUroTyBaHHS KOMIIO3UIIM BUKOPHCTOBYBAJIM JEEMYJIbraTOPU Pi3HOT
XIMIYHOI TIpupoau B KiabkocTi Big 5 g0 40 % mac., 3 pi3HUM CIiBBIIHOIICHHSIM
KOMITOHEHTIB. fIK pO3UMHHHUK BUKOPUCTOBYBAJIM COJBBEHT Ta 130MPOINUIOBUN CHUPT.
J17is TOKpaIeHHs 103yBaHHs JIeeMyJIbraTopa roTyBaiu Horo 5% po34uH y BO/I.

Jlo 100 M1 KOKHOTO JOCIIIKYBAaHOTO 3pa3ka HadTu AogaBanu 0,2 M po3uyuHy
kommo3uilii. JIyist miaBuIeHHs e€()EKTUBHOCTI 3HEBOJHEHHS 1 3MEHIIEHHS BUTPATH
JleeMyJibraTopa 10 cywmimi jgojaBaid TakoX 30% BaKKOro Tra3oBOTO Ta3oiiio.
Cymim HarpiBanu a0 60°C, mnepemimryBaau mpoTaroM 15 ¢ 1 3anumanu
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BiJicTOfoBaTuCh Ha 3-5 r0A. EQexTuBHICTH 3HEBOJHEHHS HAPTOBOI €MYJIbCIi
BU3HAYaJIM 3a CIIBBIIHOIMICHHSIM KIJIBKOCTI BOJAM B HadTI Mmicas T0AaBaHHS
JIeeMyJIbraTopa M0 KITBKOCTI BOJAW y BUXIAHIN HA(TOBIA eMyibCii. 3aJIUITKOBHMA
BMICT BOJM Y BUXIJHIN eMyJsbCii Ta 3HEBOAHEHIN HadTi BU3Ha4amu Mmetonom /JliHa-
Crapka.

3a pe3ynbTaTaMU €KCIIEPUMEHTIB BCTAHOBIICHO, IO CTYMiHb 3HEBOJHEHHS BCiX
JOCIIKYBaHUX HAPT IPU BUKOPUCTAHHI PO3POOIEHUX KOMIIO3UIIN KOJIMBAETHCSA Bij
~40% 1o 94,5%, 3alie’)kHO BiJ CKJIaay KOMIIO3UIIii, CIIBBIHOIICHHS! KOMIIOHEHTIB Y
Hii, a TaKoX BiJ MOYATKOBOrO BMICTY BoAM y caMiii HadTi. HaliBumuii crymninb
3HEBOJHCHHsI, sKHi cTaHOBUB 94,5%, BusBneHo mis HadTu byrpyBarcbkoro
ponoBuila (oYaTKOBHM BMICT BoAu 16% Mac.) mpy BUKOPUCTaHHI KOMITO3UIIIT, sKa
cknagaerbes 3 [1-3245 (6 % wmac.), [1-4411 (40 % wmac.), 1-5252 (5 % mac.), 1-4064
(15 % wmac.), conpBenty (39 % wmac.) ta 13onponanony (10 % wmac.). Komnosuris
3a3HAYEHOT0 CKJIAly BUSBWIACH HaWedekTuBHImOW 1 ans iHmmx Hadrt. [lpm i
BUKOPUCTaHHI CTyMHiHb 3HEeBOAHEHHS OpxoBuiibkoi HadTu crtaHoBuB 93,1 %, a
cyminn HadT A6myHiBChbKOTO poaoBuiia — 93,8 %.

Ha mymky aBTOpiB, BUCOKa €(PEKTUBHICTH pO3POOICHOT KOMITO3HIIIT 3yMOBICHA
il xopomumu T11poPoOHO-T1IPOPITEHUMHU BIACTUBOCTSIMHU 33 PaXyHOK MPUCYTHOCTI
OKCHUETWJIBOBAHUX 1 OKCHUIIPOIUIbOBAHUX OJOKIONIMEPIB Ta ONTHMAJIBHOIO
CHIBBIIHOIIEHHS KOMIIOHEHTIB.

OpneprxaHi pe3yabTaTH MOXKYTh OYTH KOPUCHHUMH NPHU PO3POOJIEHHI KOMIUIEKCY
3aXO/IIB IIOAO0 PaIllOHAJBLHOTO TPAHCIOPTYBAHHS Ta NUISAXIB MOAAIBIIOL MepepoOKr
BOKKUX HaT.
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New demulsifier compositions for dewatering heavy oils
Maksym Shyshchak, postgraduate student, Petro Topilnytskyy, PhD in Technical Sciences,
(Lviv Polytechnic National University)

New demulsifying compositions based on Dissolvan (Clariant, Switzerland) commercial
demulsifiers were created and their effectiveness in the dewatering process of heavy oils from
Ukrainian fields was determined. It was found that when using the developed compositions the
degree of dewatering of oils under study ranges from ~40% to 94.5%.

Keywords: demulsifier, heavy oil, dehydration.
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BU3HAUYEHHS EOEKTUBHOCTI JENMPECOPHUX JTIOJATKIB JIJIS
BUCOKOIAPA®IHUCTUX HA®T 3AXIJTHOTO PETTOHY YKPATHU

O. M. HIumak', I1. I. ToninpHULBKHI>

Hayionanvnuit ynisepcumem “Jlvgiscoka nonimexuixa”, 79013 m. Jlvsis, eyn. Cmenana
banoepu, 12, Vkpaina

"Hhuyax Onee Muponosuu, acnipanm xagedpu Ximiunoi mexuonozii nepepobrxu magpmu i
eazy, e-mail: oleh.m.shyshchak@lpnu.ua

2Toninvnuyvkuii Ilempo leanosuy, kano. mexu. Hayk, ooyenm Kagedpu Ximiunoi mexnono2ii
nepepobku nagpmu i 2azy, e-mail: petro.i.topilnytskyi@lpnu.ua

Busnaueno odenpecopny eghexmusnicme romepyivnux oooamxie mapku Dodiflow ona
gucoxkonapaginucmux Hagm Joauncvkoco i bopucnascvkoeo podosuwy. Bcmanoeneno, uwjo
Haveuwy egpekmusenicmo suasnaoms denpecopu Dodiflow 5236 i Dodiflow 5773. 3a ix eumpamu
300 ppm memnepamypa 3acmueanns /Joruncovkoi i bopucnascvkoi nagpmu 3nuxcyemocs 0o -2°C 3
+19°C i +17°C, sionosiono.

Knrwowuosi cnosa: mpybonposio, eucoxonapaginucma nagma, mexyyicmo, O0enpecopHi
000amxKu.

Hadrtu, sxi BugoOyBawTh y 3axiTHOMY perioH1 YKpaiHH, XapaKTepU3yIOThCs
BUCOKMM BMICTOM Mapa@iHiB, [0 CTBOPIOE MpoOJeMu NOpH iX BUAOOYBaHHI 1
TPaHCHOPTYBaHH1, OCOOJIMBO y XOJOAHY NOpPY poKy. OCKIIbKA BUTPATH HA TEXHIYHE
00CITyTrOBYBaHHSI PEMOHTY Ta YCYHEHHS HECTIPABHOCTEW TPAHCTIOPTHUX JIHIN € TyXKe
BUCOKMMHM, BUPIIICHHS NpoOJieM, MOB’SA3aHUX 13 3a0€3MEUYEHHSIM TIOTOKY, CTa€
KPUTUYHHUM Yy Ha(TOBIM MPOMHUCIOBOCTI HE TUIBKM YKpaiHu, ajie i ychoro cBity [1].
st BupimieHHss mpoOsieM, MOB’SI3aHUX 13 TPaHCHOPTAOETHHUMHU BJIACTUBOCTSIMHU
Takux HadT, HAUOLIBII EKOHOMIYHO JOIUIBHUM CIIOCOOOM € BHKOPUCTAHHS
JIENPECOPHUX JOMNATKIB (JempecopiB), Kl MEPENIKOPKAIOTh YTBOPEHHIO B HadTi
IPOCTOPOBOI  KpUCTaIiyHOi penrniTku mnapadiny 1, SK HACHIIOK, 3HIKYIOThH
TEMIIepaTypy 3aCTHUTAHHS 1 MOKPAINlylTh TeKydicTh Hadtu. [ligbip onTumMambHUX
JOJATKIB U KOKHOTO KOHKPETHOTO BUNAJAKY € CKJIaJHUM 3aBIaHHSIM, SIKE BUMarae
JOCJIIIKEHb 1 EKCIIEPUMEHTIB [2].

3 i€ MeTor OyJiM MPOBEEHI TOCTIIKEHHS €()EKTUBHOCTI PSAAY KOMEPLIHHUX
nernpecopiB Mapku Dodiflow (dipma Clariant, [lIBeiinapiss) Ha 3pa3kax TOBapHOI
Haptu JlonuHcekoro 1 bopucnaBcbkoro poposuil. JlocmimkyBaHi HadTH MaroTh
BUCOKI 3HaueHHsA Temneparyp 3acturands (+19°C 1 +17°C, BignoBigHo). Bwmict
napagiHOBUX BYIJIEBOJHIB CTaHOBUTH 9,1-9,5 % mac. 3 TeMrepaTyporo IIaBJIeHHS
napadiny 52-53 °C. HadTu Takox BiJ3HAYaIOTHhCS JOCTATHRO BUCOKHM BMICTOM
CMOJI 1 HEBUCOKHM BMICTOM CIpKH.

EdekTuBHICTh nenpecOpHUX 0AATKIB BU3HAYANACh HACTYMHUM YUHOM. [IpoOy
HadTH B KUTBKOCTI 50 MJI HarpiBajgu a0 TeMIEpaTypH, 3a SKOi PO3IUIABISIOTHCS
napadinu (B qaHomy Bumajaky 55°C), 1 qoaBaiy Jenpecop, pO3YNHEHUN y COTBBEHTI
B KUIBKOCTI, MEepepaxoBaHiil Ha KOHIEHTpaT. BuzHauanu temmneparypy 3acTHUTaHHS
HadTH Oe3 mempecopa i 3 JOJaBaHHAM JOCIIIKYBaHUX TOMATKiB. J[7s BU3HAYCHHS
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cTabuibHOCTI HaTH mpu 30epiraHHl ISl THX 3pa3KiB HadTH 3 JEMPECOpPOM, SKi
MOKa3aJid HaWKpaIlli pe3yiabTaTH, yepe3 20 JHIB MOBTOPHO BU3HAYAIH TEMIEPATYPY
3aCTUTaHHS.

Y Xxoml mTpOBENEHHS JOCHIDKEHb BCTAaHOBIICGHO, IO TMPH J0JaBaHHI
nochimKyBaHux nenpecopuux aonatkie Dodiflow B kimbkocti 500—1000 ppm
BIIOYBAETHCS 3HMKEHHS TEMIEPATypu 3acTUTraHHs i ob0ox HadT. Haiikpammii
edext BusBunu genpecopu Dodiflow 5236 (posranyxenuit nmomimep) 1 Dodiflow
5773 (xomomimep BiHLIaneTaTy Ta etuiieHy). Ilpu ix 3actocyBaHHI TemIiiepaTypa
3acTuranHs 3Hu3uiack 3+19 no -2 °C gns JonuHcebkoi HadTu 1 3+17 mo -2 °C nust
bopucnaBscekoi HadpTu. g icHyrouumx B 3axiIHOMy pErioHi TpyOOIpPOBOIIB
TeMmreparypa HadTH B KIHIII MapumipyTy HE MoBuUHHa OyTtu Bumor 3a +10 °C.
HNonatku Dodiflow 5236 1 Dodiflow 5773 3HmWXyIOTh TeMIepaTypy 3aCTHTaHHS 10
HEOOX1THOTO piBHA HaBITh 3a BUTpaTu 300 ppm.

Temneparypa 3acturanus 3paskiB HaQTu 3 gogaBannsMm 1000 ppm genepecopa
micis 30epiranns mpotsarom 20 nHiB 3MeHIIach Ha 2-3 °C HaBiTh 0€3 MOBTOPHOTO
MOTIEPETHHOTO HATPIBaHHS.

OTxe, Ha OCHOBI MIPOBEJCHUX EKCIEPUMEHTIB OYyJI0 BU3HAYEHO, 1110 HAWOIbIITY
nenpecopHy e(exTuBHICTH miisi  BuUcOKomapadinuctux HapT JloauHCBKOTO 1
BoprcaaBchKOro pooBHII BUABIAIOTE Aogatku Dodiflow 5236 i Dodiflow 5773. Ix
onTUMaJbHa KOHIEHTpallis ctaHoBUTh 300 ppm.

Bioaiorpagiynmuii cnucok
1. Kumar A. Perspectives of flow assurance problems in oil and gas production: a
mini-review. Energy Fuels. 2023. Vol. 37, No. 12, P. 8142-8159.
2. Topilnytskyy P., Shyshchak O., Tkachuk V., Palianytsia L., Chupashko O.
Advanced research on the production, transportation and processing of high waxy oil.
A review. Chemistry & Chemical Technology. 2024. Vol. 18, No. 2. P. 258-269.

Determination of the effectiveness of the depressant additives for high waxy oils
from the Western region of Ukraine
Oleh Shyshchak, postgraduate student, Petro Topilnytskyy, PhD in Technical Sciences,
(Lviv Polytechnic National University)

The depressor efficiency of commercial Dodiflow additives for high waxy oils of the Dolyna
and Boryslav fields was determined. It was found that Dodiflow 5236 and Dodiflow 5773
depressants exhibit the highest efficiency. At their consumption rate of 300 ppm, the pour point of
Dolyna and Boryslav oils is reduced to -2°C from +19°C and +17°C, respectively.

Keywords: pipeline, high waxy oil, fluidity, depressant additives.
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JTOCJLIKEHHS BUIIIUX )KUPHUX KUCJIOT SIJIOBUUYOT O ')KUPY
SIK IHT'IBITOPA KOPO3Ii BYIVIEIIEBOI CTAJII
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Hasooamuvca ymosu cunmesy H08020 iH2iOimopa KOpo3ii 3 OUCMUTbOBAHUX BULYUX KUCTIOM
AN0BUYO20 HCUPY, A MAKONC NOPIBHAILHI OOCHIONCEHHS 3AXUCHO20 epekmy 0aHo20 IiH2ibimopy
KOpOo3ii, y NOpIGHAHHI 3 8i0OMUMU, SAKI GUKOPUCMOBYIOMbCSA HA CYYACHUX HADmMonepepooHux
3a800ax. Bcmanosneno, wo cunmeso8anuil iH2iOimop KOpo3ii NPOsGIAE 3aXUCHI 81ACMUBOCMI HA
pisni - 95-99 % 6 cepedosuwyi minepanizosanoi 600u ma HagpmMonpooyKmy.

Kniwwuosi cnoea: xoposisa, exonociuni iH2iOimopu Kopo3sii, Koposia 6 Hagpmozazosil
NnpoMuUcio80cmi

Haiibinpiry 4acTuHy Yy CBITOBOMY BHUPOOHHIITBI 1HT101TOPIB  KOPO3ii
CKJIaJIal0Th aMiau (Jiamiav), amiHd, 1MiJIa30JIIHOBI OCHOBHM Ta iX CyMilll, SKiI €
OCHOBOIO  OUTBIIOCTI ~ Cy4yacHUX 1HTIOITOpiB  Koposii.  [HribiTop MOBHUHEH
3a0e3medyBaTd MaKCUMyM 3aXHCHOI Jii TpH JOCUTh Mallii KOHIIEHTpaIlli; OyTu
TEXHOJIOTIYHUMHU (HE TOPYIIyBaTH HOPMAJbHUN TEXHOJIOTIYHHA PEXKUM POOOTH
YCTAaHOBKH, HE TOTIPIIyBaTH SKICTh MPOAYKTIB 1 poOOTYy KaTalli3aTOpPiB BTOPUHHUX
nporeciB. [Hribitopy NOBHHHI OyTH E€KOHOMIYHHUMH; CTIMKMMH 10 OKHCHEHHS 1
BIJIHOBJICHHS; HE POOUTH TOKCUYHOTO BIUIMBY Ha OOCIIYyTrOBYIOUMU THEPCOHAT 1 HE
CTBOPIOBATH 3arpo3d 3a0pyAHEHHS HABKOJMIIHHOTO cepeaoBuiia. JlominbpHa
po3poOKa Takux 1HTIOITOPIB, K1 OU BUPOOJISUIUCH 3 OPraHiuHOI BiJTHOBIIIOBAJIbHOI
CUPOBHHH, CKOPOTWUJIM ICHYIOUMHA A€PIUUT HAa PHUHKY I1HTIOITOPIB, PO3LIUPUIH
BITYM3HSIHY CUPOBUHHY 0a3y, BUPIIIYBaJIM MUTAHHA IMIOpTO3aMileHHs [1-2].

Meta naHOTO MAOCIHIDKEHHS — CHHTE3YBaTH IHTIOITOpH KOpO3il 3 BHUIIUX
JTUCTUITOBAHUX YKUPHUX KHUCIIOT SUIOBUYOTO KMPY Ta aMIHIB Ta MOPIBHATH 1HT10YrOY1
BJIACTUBOCTI CHHTE30BAaHOIO 1HTOITOpa 3 BIJOMUMHU 1HTIOITOpaMH KOPO3ii CBITOBUX
BUPOOHUKIB, SIKI BUKOPHUCTOBYIOThCS B HahTOTIEpepoOIIi.

JUis  mociipkeHb Ta BUSIBIEHHS 1HTIOITOPHOTO e(eKTy  CHUHTEe3yBaju
1HTI0ITOPH KOpO3ii HA OCHOBI BHUIIMX JUCTUILOBAaHUX kupHUX kuciaoT (BJIXKK),
OTPUMAHUX 3 SUTOBUYOTO KHUPY, Ta aMiHiB. [Ipu B3aeMoail NUCTHILOBAHUX BUIIUX
KUPHUX KUCJIOT SUIOBHYOTO JKUPY 3 aMiHAMHU OJIEPKYIOTHCS aMiJid, SIKI MOXKYTh OyTH
BUKOpPHCTaHI SK iHTi0iTOpH KOpo3ii. 11106 oxepkaTu Takuii a30TOBMICHMIA 1HT10ITOP
BJIKK 3mimryBanu 3 aueranonaminoM, nuaminoetusnom. BJJKK 3aBanTaxyBanu y
TPHOXTOpAY KOOy, [OJaBaJiM PO3PAaxXOBaHy KUIbKICTh JAHETaHOJaMIHy abo
IUaMiHOeTaHoNy Ta mnepemiiryBanu. KonOy craBuiM Ha HarpiBaJbHUM MPUCTPIH 1
OigHIMaIM TeMmmeparypy A0 3anaHoi BenuuuHu. [lpu 3aganiii Temmeparypi Ta
NepeMIllyBaHHI CyMIlll BUTPUMYBAJIU 0 3 TOJAWH. JIJisl MOPIBHSJIBHUX JOCIIIKECHb
B35TO 1HT101TOpU KOpo3ii BupoOHunrea Chimec (Itanis), SUEZ (®panmis) , Clariant
(IIBetinapis), Nalco (CIIA) ta TOB «bapBa» (Ykpaina).

Busnauennss e(eKTUBHOCTI 1HTIOITOPIB  MPOBOJUIIHU rpaBIMETPUYHUM
METOJIOM, SIKHW TIOJIATa€ y BHU3HAYECHHI BTPAaTH MacH METAJEBOi IJIACTUHKU B
CepeloBHIIIl 3 IHT10ITOpOM Ta 6€3 HROTO.  3aXUCHY JiI0 CHHTE30BAaHUX 1HTIOITOPIB
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nocnimkyBanu Ha 3pasky cranmi Ct20 mpu temmneparypax 50, 60, 70 °C. Butpara
cranoBmiia 0,65 mi Ha 300 mut cepenoBuiia (100 ppm).

[aribitopm  Kopo3ii Ha OCHOBI JKUPHUX KHCJIOT TPOJAEMOHCTPYBAIU
AHTHKOPO31MHY aKTHBHICTH 10 99% y MiHepami30BaHUX CEPEeIOBHUINAX TMpU
temriepatypax gm0 70°C. HaiiBumi pe3yapTaTH CIOCTEpiraqucs i 3pa3ka 3
cuniBBiagHomweHHssM BJUDKK:amin 72:28 mnpu temneparypi 50-70 °C, cuHTe30BaHMIA
npu Temneparypi 140 °C. IIpu nopiBHSIHHI CUHTE€30BaHUX 1HT10ITOPIB 3 1HI10ITOpaMH
BIJIOMHUX BHUPOOHUKIB BCTAHOBJICHO, III0 CHHTE30BaHMil 1HT1O0iTOp Ha ocHOBI BJKK
IPOSIBUB BUILUHN 3aXUCHUMN €(EKT y MOPIBHSAHHI 3 BIAOMUMH 1 OyB HAOJIMKEHUN 110 1T
1Hri01TOpa MmBeinapcebkoi kommnanii Clariant Ha piBai 95,8-99,2 %.

Ile mocmimkeHHs MiAKPECToe MEPCIEKTUBHICTh BUKOPUCTAHHS 1HT101TOpIB Ha
OCHOB1 OpraHi4HOi CHPOBUHU B IPOMHCIOBOCTI, IO CIPHUSE PO3BUTKY CTIMKUX
TEXHOJIOT1H 1 BIIITOBIIHOCTI €KOJIOTTYHUM BUMOTaM.

Bioaiorpagiunmii cnucok

1.Topilnytskyy P., Romanchuk V., Yarmola T. Production of Corrosion
Inhibitors for Oil Refining Equipment Using Natural Components. Chem. Chem.
Tech. 2018. Vol.12, P.400—404.

2. Solmaz R., Salc A., Dursun Y.A., Kardag G. A comprehensive study on the
adsorption, corrosion inhibition efficiency and stability of acriflavine on mild steel in
I M HCI solution. Colloids and Surfaces A Physicochemical and Engineering
Aspects. 2023. Vol. 674 (2):131908.

Study on higher fatty acids of beef fat as a corrosion

inhibitor for carbon steel
Oleksandr Romanchuk, postgraduate student, Petro Topilnytskyy, PhD in Technical Sciences,
Viktoria Romanchuk, PhD in Technical Sciences (Lviv Polytechnic National University)

The conditions for the synthesis of a new corrosion inhibitor from distilled higher acids of
beef fat are given, as well as comparative studies of the protective effect of this corrosion inhibitor,
in comparison with the known ones used at modern oil refineries. It was established that the
synthesized corrosion inhibitor exhibits high protective properties in the environment of
mineralized water and oil product.

Key words: corrosion, environmental corrosion inhibitors, corrosion in the oil and gas
industry
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Hocnioaiceno cyuacui mexnonoeii 00epaicanus ma MoOOUPDIKy8anHs 00POAHCHIX OImMymis i
NnepcnekmueHi HanpsaMKu XiMiuHoi mooughikayii 6imymie i3 3acmocy8anHimM OOCMYNHUxX 6 Yxpaini
peazeHmis.

Knwuosi cnoea: 6imym, Hagpmogi 3a1uKuy, OKUCHEHHs, 8aKYYMHA OUCMUNAYIS,
MOOUDIKYBaAHHS, OOPOACHE OVOIBHUYMEBO.

biTym 3acTOCOBYIOTH y OUTBII HIXK JIBOX COTHSX BUAAX ISJIBHOCTI. BiibmiicTs
OITyMIB 3HAXOASATh BHUKOPUCTAHHA B JOPOXKHINA IHAYCTpili Ta MOKPIBEIBHOMY
OyniBHULTBI. Bimomo Takox, mo Outein HiXK 90 % 3arasbHOi Mepexi aopir
CKJIaJIa€ThCs 3 OITYMHUX MTOKPHUTTIB.

3a indopmariiero Bitumen Market [2], y 2022 porii T7100anbHUANA PUHOK OITYMY
ctaHoBuB npubnu3no 103,94 mupa gonapis CIIA, i 3a nporHozamu 10 2030 poky
BiH 3pocte a0 Omusbko 146,21 mupn monapie CIIA 3 cepenHbOPIYHUM TEMIIOM
3poctanHs 4,36%.

3a3Buyail ans oaep:kaHHA OITYyMYy BHUKOPHUCTOBYIOTHCS 3aMILKH BiJ MepepoOKu
HadTH Ticas Takux mporeciB [1]: BakyymHOi muctwismii HadTH (TyApOHM),
TEPMIYHUX MPOLECIB (BaKKl ra30Mil KOKCYBaHHS), TEPMOKATAIITUYHUX IPOLIECIB
(BaKKl Tra3oijl KaTaJIITHYHOTO KpPEKIHTy Ta TIAPOKPEKIHIrY), aeacqanbTh3amli
(acdhanbTH) 1 TPOLIECIB CEIEKTUBHOI €KCTpakiii (ekcTpaktu). OJHUM 3 HANOUIBII
MOIIUPEHUX METOJIIB OTPUMAHHA JTOPOXKHIX OITYMIB € METOJ ITHMOOKOi BaKyyMHOIi
TUCTUNIALIT HAQTOBUX 3aIUIIKIB. Y KpaiHaxX 3 MiJBUILEHUMHU BUMOTAMH 10 SKOCTI
TopoxHIX 01TymiB, Hanpukiasa y CIIA, neit MmeTros € 0JHUM 3 OCHOBHUX.

HadrtoBi 3anuiikd BTOPUHHHMX TMPOLIECIB Ta EKCTPAKTU IICIS CEIEKTUBHOIO
OUMIIEHHS 3a3BUYail 3MINIYIOTh, MICJIS YOTO HAIpPaBJISAIOTh HA TIIMOOKY BaKyyMHY
JUCTWISIIIIIO Ui BWJIYYEHHS JIETKMX KOMIIOHEHTIB. YacTka Takoi BTOPUHHOI
CUPOBHHH Y 3arajJbHOMY BUPOOHUIITBI OITyMiB € HE3HAUHOI0. BakyyMHY TUCTHIIAIITO
npoBOJsATh 3a Temmepatrypu 350-425 °C 1 Bakyymy 10-100 MM pt. cT., 110
eKkBiBajieHTHO TemriepaTypi nmonasa 535 °C npu atmocdepromy Tucky [1], [8].

BnactuBocTi ofepkaHUX BaKyyMHHUX Ha()TOBUX 3aJHILIKIB MOXYTh 3MIHIOBATHCS
(MoaudikyBaTHCs) 3aBASIKKM Tpolecy aeacdanbTu3ainii pO3UYMHHHUKAMH, 30KpeMa
nporiecom ROSE (Residuum Oil Supercritical Extraction)[7]. B sikocTi po3UMHHUKIB,
K TPaBUIO, BUKOPHUCTOBYIOTh HU3bKOMOJICKYJISIDHI allkaHM — TIpomnaH, OyTaH,
1300yTaH, MEeHTaH Ta iHII. biTyMu, OTpUMaHi TaKUM METOJOM, MalOTh I1IBUILEHUMA
BMICT ac(aibTeHiB, 3aBASKA YOMY CTalOTh OLIbII >KOpcTKUMHM. Lli MaTepianu motim
3MIIIYIOTh 13 TPAJUIIIHHUMUA JUCTUIAIIIMHUMHA OITyMaMmH, IO JO3BOJISIE 301IBITUTH
iXHIO JKOPCTKICTh (3HWXKYIOUM 3Ha4YeHHs TmeHeTpamii [125 Tta migBuiyoun
TeMrieparypy po3m’skmenas TP) [1].

[IIupoko BiOMHUI CydacCHHMI TMPOIIEC JETKOr0 OKMCHEHHS HA(PTOBUX 3JIMIIKIB —
BITUROX® [3], [4]. Lle#t mpoiiec mpoBOAsSTh y peakTopax Oe3mepepBHOI Jii, 110
3a0e3nedye BUCOKY OIHOPITHICTH KIHIEBOTO Mpoaykry. [loBiTpsiHO-pekTHdikoBaHi
OITyMH PEKOMEHIOBaH1 /ISl MOJAIBIIOro MOoAN(IKyBaHHS mojiMepamu [1].

TexHomoris oTpuUMaHHS OKMCHEHHMX OiTyMiB mepeabayae  3acTOCYBaHHS
NEepIOANYHUX PEAKTOPIB, Y SIKUX HAPTOBI 3IHMIIKA OKUCHIOIOTH KUCHEM TOBITPS MpU
temrepaTtypax 204-260 °C, 3 nogauero noBiTps 2—6 M*/(M>*XB.) Ta TPUBAIICTIO A0 12
rOJIMH. 3 TEXHOJOTIYHOI TOYKH 30py Takuil peaktop npoctimuid, Hixk BITUROX®. B
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nmpolieci OKHCHEHHS BiAOYBalOThCS — peakiii JAeriapyBaHHsS, JCalIKLTyBaHHS,
OKHMCHIOBAJIPHOI TIOJIIMEpH3allii, TMOJIKOHACHCAIlll Ta KPEKIHTY 3 IOJAJIBIIO0
KOHJICHCAITI€I0 HOTO MPOAYKTiB. OCHOBHA YaCTHHA KUCHIO MOBITPS BUTPAYAEThCS Ha
ytBopeHHs Boaum Ta CO,, a MeHIIa YacTMHA — HA YTBOPEHHS OpPTaHIYHUX
KHCHEBMICHUX crionyk [1], [4].

bitymu, oTpumani y Ppi3HHX Opouecax (IAUCTUJIALIL, OKHUCHEHHS Ta
neacdanpTU3allii), 3MIMIYIOTh 3 METOI0 OJEpXKaHHA MapoK 3 HEOOXIIHUMH
BJIacTUBOCTAMU. Taki 6iTyMH HazuBaroTh koMnayHaoBaHi. [lonan 95% pedoBuH, siki
MICTATbCS y OITyMax HIKOJM He Oyiu BUAUIEHI 4 11eHTU(]iKOBaHI. BiTym MiCTUTH
BEJIUKY KUIBKICTh PEUOBHH, SIKI BIJIPI3HSIIOTHCA 3a TOJSPHICTIO Ta MOJEKYJSIPHUM
MAacOBHMM PpO3M01JIoM. HalOIbIll THIIOBOIO XIMIYHOKO BJIACTHBICTIO OITYMYy € HOTO
reTePOreHHICTh, 0COOJIMBO YHIKAJIbHE MOETHAHHS BEIMKOT KITBKOCTI CXOXKHUX, aJie BCE
K PI3HUX MOJICKYJ], IO POOUTH OE3rIy3auM OmUC OITyMy OjHI€I0 ab0 JAEKUIbKOMa
«TUMIOBUMU» CEpeAHIMH MoJeKyilaMu. EneMeHTHuM aHami3 mnokasye, 10 CKJaj
O0iTyMy B TepIly 4Yepry BU3HAUAETHCA JDKEPENOM cupoi HadTH, 1 BaXKKO JaTH
KOHKpeTHe reorpadidyne y3arajibHEHHs (0araTo MOCTa4aJbHUKIB TaKOX 3MINIYIOTh
OiTymu 3 pizHux mxepen). Lle Oymo mokazano B mmpokomy gociimkeHHi SHRP 2.
Buxonsum 3 1poro, OCHOBHUMH CKJIAJOBUMU OITyMy € BYTJelb, BMICT SKOTO
konuBaeTbesl B 80 mo 88 % wmac. 1 Boaens 8-11 % mac. Kpim Toro, mpucytHi
reTepoaToOMM Ta aTOMHU MEPEXITHUX METaliB (FOJOBHUM YHMHOM BaHAIIIO Ta HIKEIO):
cipka — 10 9 % mac., a3oT — 10 2 % mac., kucenb — 10 2 % mac., Banaii — g0 2000
ppm, Hikeab — g0 200 ppm. AHali3 Cy4acHOTO CTaHy BHUPOOHHUITBA SKICHUX
B’SDKYYMX MaTepiaiiB JUisl JOPOKHBOTO OyMiBHMIITBA TOKa3aB, IO OCHOBHUMU
poliecaMt iX OiepKaHHs € IIMO0Ka BaKyyMHA TUCTUJIALIS YA OKUCHEHHSI HATOBUX
3aMIIKIB ~ (TyApOHIB) Ha HadTomepepoOHHMX 3aBojax, 13 MOJANBIIMM  iX
Moau(IKyBaHHAM TMojiMepaMu. MoaudikyBaHHa OITYMIB MOJIMEpaMH MOXKeE
IIPOBOJUTHUCS SIK Ha HadTOmEepepoOHOMY 3aBOJIi, TaK 1 Ha MIJMPUEMCTBAX JOPOKHBOT
rany3i. OCHOBHMMH HEIOJIKAMH 3aCTOCYBaHHS JUCTHIAIINHUX Ta OKHCHEHHX
OITyMIB € HHU3bKa TEIUIOCTIHKICTh Ta TIOTaHa 3YEIUTIOBAaHICTh (aaresis) ix i3
TPaAUIIMHIMH KUCIMMH MiHEpaJbHUMHM HAIIOBHIOBaYaMH, IO, BiJIIOBIJIHO,
CIOPUYHUHSE YTBOPEHHS KOJIH Ta PO3TPICKyBaHHS ac(haibTOOCTOHHUX MOKPHUTTIB 13
BUKOPUCTAaHHSAM TAaKUX B SDKYYMX MaTepialliB, 110 y CBOK YEpry 3MEHIIYE TEPMIH
eKcIUTyaTalii TakuX MOKpUTTIB. [l BuUpimIeHHS LOMX NOpoOieM MpPOBOIATH
MOJU(IKYBaHHS JUCTWISALIMHUX Ta OKUCHEHHUX OITyMiB MOJIMEPaMHU, SIK PABUIIO, 1€
Biaxou nepepooku mactmac (PE, PP, PET Tta i) Ta cneniaaibHO CHHTE30BaH1 IS
BOTO OJIOK-KOTMOJIIMEPH TUIY CTUPOI-OyTanieH-ctupody (SBS). JJopokHi TOKPUTTS,
13 BUKOPHUCTaHHSAM OITyMiB MOAM(IKOBAHUX IOJIMEpaMH, € HabaraTo CTIHKIII 0
nedopmMaliiii 1 po3TpiCKyBaHb, CIIPUYNHEHUX PYXOM aBTOMOOUIHLHOTO TPaHCIIOPTY, Y
NMOPIBHAHHI 13 HeMmoaudikoBaHUMU OiTymMaMH. AJie OUIBIIICTh TOJIMEPIB, Kl
BUKOPUCTOBYIOTHCA NI MOAU(IKYyBaHHS OITyMiB € MOraHO CYMICHUMH 3 HUMH, IO
cupuuunsie posmapyBanHs BIIC mpu ix goBroTpuBanoMy 30epiraHHi 3a BHCOKHX
TemriepaTyp. Takox Ciij Bi3HAUWTH, MO OUIBIIICTH T00ABOK € IMIIOPTOBAHHWMH,
VYkpaiHa mpakTH4HO iX HE BUPOOJIsi€, 0 CIPUUMHSE IX BUCOKY BapTICTh HA HAIIOMY
puHKy. Bimomo, mo ximiune monu@ikyBaHHS Ha(TOBUX 3aJHIIKIB (TYIPOHIB) 1
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OITyMiB, 3 METOIO OJIEpKaHHS SKICHHX B SDKy4MX MaTepiaiiB, IJs JOPOKHBOTO
OyIIBHHMIITBA € MaJ0 BUBYEHUM, Yy TMOPIBHSIHHI 13 (Pi3uuyHUM MOIU(]IKyBaHHAM
noJsiiMmepaMu. AJie TIEpeBaroro IbOTO MPOIIECY € Te, M0 XIMIYHA B3a€MOJIIS Y CUCTEMI
ryapon (6itym) — momudikarop mo3BoNmIa OM OTpUMATH B ;{)qul MaTtepianm 3
HEOOX1IHUMHU BJIACTUBOCTSMH  (TEIUIOCTIMKICTIO, aares3i€r0 13 MiHEpaJIbHUMU
HaAIMOBHIOBaUYaMu ac(anbTOOETOHIB, CTIMKICTIO 10 PO3LIApyBaHHS MpH 30epiranHi). Y
cBOil po00TI «OCHOBU TEXHOJIOT1M XIMIYHOI'O MOJAU(DIKYBaHHS HAPTOBUX 3aJIMILKIB 1
oiTymiB» ['yHpka B.M. 3anponoHOBaB BUKOPUCTOBYBAaTH HACTYIHI MOAM(IKATOPH,
Kl 3/JaTHI XIMIYHO pearyBaTd 13 Ha(TOBUMHU 3ajMuIIKaMu 1 Oitymamu [6]:
TEPMOpPEAKTUBHUN oJiiromep — deHoahopMaIbIeriAHl CMOJH, MOMIETUICHTIIIKOM 1
HU3BKOMOJIEKYJIApDHI ~ OpraHiuHi  crnoiayku  —  Qopmampmerin 1 MA.
®denondopmanbACTiIHI CMOJIM OACPKaHI 13 «YUCTOr0» (PEHOIYy € TOPOroBapTICHUMHU
JUISL 3aCTOCYBaHHS Yy BEJIMKOTOHHAXKHHUX TMpOIEcax OJACpXKaHHS B SDKYYUX JUIS
achanpToOeTOHIB. Ha KOKCOXIMIYHMX MIJNPUEMCTBAX YKpaiHW, y 3HAYHUX
KuTbkocTsx, pektudikamiero KBC otpumyrots ¢geHonbHy (pakiito (ppaxiis 170-
220 °C), mo mictuth denonn (B ocHOBHOMY (heHON Ta kpe3onu). L{to dpaxitiro, sk
IPaBUJIO, BUKOPUCTOBYIOTh HEPALIOHATBHO — SIK KOMIIOHEHT KOTEJIbHOTO MaJiiBa
0e3mocepelHbO Ha KOKCOXIMIYHOMY 3aBOAl ab0 EeKCIOPTYIOTh 3aKOpAoH. IcHye
OyMKa, IO pallOHAIbHINIE ii BUKOPUCTOBYBATH ISl OJEpP’KaHHS BITUYM3HSIHOIO
TEPMOpPEAKTUBHOr0 Moaudikaropa ((peHon-kpe3o0y0o- (OpMaIbIETIAHUX CMOJ)
JOPOXKHIX OITYyMIB METOJOM TMOJIIKOHJEHcalli ¢eHomB 3 gopManbaeriiom. Takox
JEIIeBUM 1 JOCTYNMHMM Ha puHKY YKpainu € 37 %-Budl BOJHMUIA PO3YMH
dbopmanbaeriny (dbopmaniH), KU 37aTHUNA 3a MEBHUX yYMOB BCTYIATH Y PEaKIii
KOIOJIKOHJICHCAIllT 13 apOMaTHYHUMHM CIIOJyKaMH (OCOOJMBO TE€TEPOATOMHHUMHU).
Benuka KiIbKICTh TaKHMX TE€TEPOATOMHUX BHCOKOKOHICHCOBAHMX apeHIB (CMOJHU Ta
acanbTeHN) MICTUThCA Y HA(TOBHX 3aluIIKaxX (TyIpoHaX) 1 AUCTUIISALIMHUX Ta
OKHMCHEHUX  OiTymax. MonudikyBanHs Ha@TOBUX 3alIMIIKIB 1  OITyMiB
dbopManbaeriIoM J03BOJIUIO OM OTPUMATH OB 3IIMTI 1 KOHACHCOBAaHI CTPYKTYPH,
IO JO3BOJWIO OU OAepKaTH MPOAYKTH — OITYyMHI MaTepiaau 13 HEoOX1IHUMHU
MICHETPAIIIEI0 Ta TEMIIEPATYPOIO pOo3M SKIIeHHS. Tako MOCTYmHHM 1 HemoporuM (y
MNOPIBHSAHHI 13 MPOMUCIOBUMHU J00aBKamMH A0 OITyMiB) Ha HalIOMy PHUHKY € MA,
AKUH, SIK BIIOMO, MOKE XIMIYHO pearyBaTH 13 Ha)TOBUMH 3aJUIIKAMHU 1 OITyMaMH 3
OJICp’)KaHHSIM B’SDKYUMX 13 TOKpAIEHHMMHU BJIACTUBOCTSMU. Taka B3aeMOJIS MiX
oitymamu 1 MA yxke BHUBY&Jacs IHIIMMHU JOCHIJHUKAMH, aje XIMI4He
MoaudikyBaHHS OITyMiB 1 Ha@TOBUX 3anumiKiB (TYJPOHIB) YKPaiHCHKOIO
BUPOOHUIITBA HE BUBYAIM. TaKoXX 3alpONOHOBAHO BUKOPHUCTAaHHS MaseiHI30BaHUX
T'YJIPOHIB 1 OITYyMIB, IK OCHOBH JJIsI OTPUMaHHS OITYMHUX MaTepialliB 3 HEOOX1THUMU
BJIACTUBOCTSAMHU (HAMpPUKIAJ] €JIACTUYHOCTI 1 CTIMKOCTI JO pO3LIapyBaHHS IIpU
30epiranHi), BHACIIJOK XIMIYHOI B3a€MOJIIi AHTIAPUIIHOT TPYNH MaJieiHI30BaHOTO
oiTymy 13 Qyskiiiaumu oniromepamu — [1EI. CTpyKTypHUii BUCOKOKOH/IEHCOBAHMIA
apOMaTUYHUHN reTepoaToMHuil PpparmMeHT 0iTyM—MA Hagae OUIBIIOT TEMJIOCTIMKOCTI,
nauamor  IIEIT -  emactuunocti  omepxkanii  BIIC, a B kKoMIuiekci
koMmo3uiisioityM—MA-TIED" € criiikoto 10 po3miapyBaHHS TpPHU TOBIOTPUBATIOMY
30epiraHH1 3aBUCOKUX TEMIIEPATYpP.
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biTyM, Sk OCHOBHMII KOMIOHEHT ac(aJbTOOETOHHUX CyMILIEH, BIAIrpae
KPUTUYHY poJib y OyJIBHULITBI Ta €KCIUTyaTalii JOPOXKHIX NOKPUTTIB. OqHAK, HOTrO
OPUPOAH] BIACTUBOCTI YAaCTO HE BIJMOBIJAIOTH 3pPOCTAIOYMM BUMOTaM JI0 SIKOCTI Ta
JIOBIOBIYHOCTI CyYacHHMX JOpPIr. Y 3B’S3Ky 3 UM, MOAU(DIKYBaHHS B’SKYy4Oro CTa€e
HEOOXITHUM TIPOILECOM JJisi TOKpAIeHHs MOro XapaKTEepUCTHK Ta ajamnTamii 1o
PI3HOMaHITHUX KJIIMAaTUYHUX Ta €KCIUTyaTaIliiHUX YMOB.

CyyacHe JOpokHE OYIIBHHITBO TOTpeOye MaTepiaiB 3 BHCOKHUMH
eKCIUTyaTalllIiHUMU XapaKTEPUCTHUKAMHU, 30KpeMa MOJu(pIKOBAHOTO OITyMy, SKHA
3a0e3neyye JOBrOBIYHICTH 1 CTIAKICTh JOPOXKHBOTO MOKPUTTA. OmHUM 13
NEPCTICKTUBHUX HAIPSMIB YJOCKOHAJICHHS OITYMHHX B'SOKYYMX € BHKOPUCTAHHS
OpuUpoIHUX Moau(dikaTopiB, 30KkpeMa amimiB BHUIIKUX KUpHUX KucIOT (BXKK)
POCJIIMHHOTO MOXOJKEHHS [1-2].

Aminn BXKK oTpuMyOTh 13 POCIMHHUX OJIIM HUIAXOM iX B3a€MOJII 3 aMIHAMHU.
Bonu 31aTHI OKpanyBatu aaresito 6iTyMy A0 MiHEpaJIbHOTO MaTepiaiy, 3HIKYBaTH
TEMIEpaTypy WOTO KpPUXKOCTi, WiABUIIYBAaTH IUIACTHYHICTh 1 3MEHIIYBaTH
IHTCHCHBHICTH CTapiHHS. 3aBISKU CBOIH €KOJOTIYHOCTI Ta JOCTYITHOCTI, Il JOOaBKU
MOXYTb CTaTH €()EKTUBHOIO aIbTEPHATHUBOIO TPAIUIIIHHUM MoaudikaTopam [3-4].

Ho6aeku Ttuny I[TAP onepxkyBanu nuisxom Oe3MepepBHOIO MEpeMilTyBaHHS
cupoi pirnakoBoi ojii abo >xupHux kucnot 3 [IEITA (ITAP1 Ta ITAP2, BianoBinHO) 3a
temneparypu 140 °C BopogoBx 4 rog.

Sk cupoBuHy 111 MOIU(]IKyBaHHS OJIEp>)KaHUMH JT0OaBKaMH BUKOPHCTOBYBAJIN
oitym BH/I 70/100, Bimiopanmit Ha [TAT «Ykpratnadra» (M. Kpemenuyk). [Ipomec
MoaudiKyBaHHS B’SDKydoro 3 mo0aBkamMu TpoBoawiIM 3a Temmeparypu 150 °C
Bripo1oBxk 30 xB. KinmbkicTs mobaBku cranoBmia 0,4 % mac.

Onep>xaHi pe3yabTaTu HaBeJeHO B Ta0. 1.

Taomung 1
®Di3zuKo-MexaHIYHi BJIACTHBOCTI Oitymy, MoaudikoBaHOro p00aBKaMu
AMIJIHOT0 THITY

Tapamerp Buxigauii 6iTym BHJI 70/100 + BHJI 70/100 +
BHJI 70/100 0,4 % mac. ITAP1 | 0,4 % mac. IIAP2
[Tenerpars 3a 25 °C, 0,1 mMm 70 65 69
Temneparypa 48,5 49,5 48,9
po3M’skmeHocTi, °C

TemmnepaTypa kpuxkocTi, °C -17,5 -16 -17
JyxrunbHicTh 32 25 °C, cM 99.8 101,4 99,2
InrepBan miactuynocti, °C 66 65,5 65,9
34erIoBaHICTh 31 CKIOM, % 37,2 93,5 90,8

AHani3 oiepKaHUX Pe3yJIbTATIB MOKA3ye, M0 JOJAaBaHHS aMIJIHUX J100aBOK /10
0ITyMy MPaKTUYHO HE 3MIHIOE MOTO OCHOBHI (hi3MKO-MEXaHIYHI BJIACTUBOCTI. [lerno
3pocTae TemrepaTypa po3M SKIIEHOCTi, IO CBIAYUTh NP0 IEBHE MOKPAIICHHS
TepMocTadimpHOCTI OiTymy. I[IpoTe mi 3MiHM € HE3HAYHWMH (HAMPUKIAM, IS
no0aBku [TAP2 nume na 0,4 °C), mo Bka3zye Ha noTpely B MOAANbUIINA ONTHUMI3aLIli
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ckiamy n00aBOK st 3a0e3MeueHHs] OUIbIl BUPAKEHOTO e(EKTy IiJIBUILCHHS
TETIOCTIMKOCTI.

Opnnak, BBemeHHsS MJaHUX J00aBOK y KoHmeHtparii 0,4% wmac. cyTTeBO
MOKpAIIy€e 3YEIUTIOBAHICTh OITyMy 3 MOBEpXHEIO ckia: 3 37,2% y BUXiIHOTO OiTymy
1m0 93,5% y TIAPI Ta 90,8% y ITAP2. Ile cBimuuTh Mpo MiABUIICHHS aAre3iitHOI
31aTHOCTI OITyMy, IO € BaXJHMBOK XapaKTEPUCTUKOKW Il 3a0e3MeUeHHs
JIOBTOBIYHOCTI ac(aabTOOETOHHUX MOKPUTTIB.
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3-MOMIXK PI3HOMAHITHHX THUITIB TOKPUTTIB, K1 BUKOPUCTOBYIOTh B YKpaiHi JjIs
oOnamTyBaHHs ~ aBTOMOOILIBHMX  JOpIr  HAMOUIBII  PO3MOBCIOMKEHUM €
acdanbrobeToHHe MOKPUTTS. OqHAK, HE 3BAXKAIOUM Ha Sl IEpeBar, sIKKMU BOJIOJIIE
JaHUU TN HOKPUTTS, BUAUIAIOTh TAKOX HU3KY HEOJIIKIB, IO CYTTEBO YCKIAIHIOIOTh
NPOTHO3YBaHHSA MOro JOBroBiyHOCTI. OJHUM 13 TaKUX € HHU3bKAa MIIHICTD
MDKIIAPOBOTO 34YCIUICHHS B 30HI KOHTAKTy YKJIAJEHOTO MaTepialy 3 HHUXKYE
PO3TAIIOBaHUM IIAPOM.

Jlanuii HENOJIK MPU3BOIUTH 1O TOTO, IO TiJl Yac EeKCIUTyaTalii JOpPOXKHIX
MOKPUTTIB y MICIII KOHTAKTY IIapiB BiAOyBarOThCS BIAHOCHI 3MileHHs. OKpIM 1bOTO,
acabTOOETOHHE TOKPUTTS 3aBXaHM MepeOyBae B HANPYKEHOMY CTaHi, OCKIJIbKH
HANPY>KEHHs, SKI B HhOMY BHHHKAIOTh, HIKOJIM MOBHICTIO HE pelakcyloTh. Bcee 1e
CyMapHO TPHU3BOJUTH O PYHHYBaHHS TOPOKHBOTO TOKPHUTTS Ta TOSIBU TPIIIHH.
HasBhicTe TpimuH B acdanbTOOETOHHUX IIapax JOPOKHBOTO OMASTY € TMEPIIO0
03HAKOIO MOPYIIEHHS IUTICHOCTI JOPOKHBOTO TOJIOTHA, a iX YTBOPEHHS MPU3BOJIUTH
710 IIBUAKOTO 3HIKEHHS KOPCTKOCTI yCi€l KOHCTPYKIIII.

3 MeTol0 3amo0iraHHs MOAANBIIONO PYWHYBAaHHS MOKPUTTS 3aCTOCOBYIOTH
pPI3HOMaHITHI repmeTusyroul marepianu. Cepex sSKMX BapTO BHAUIMTU OITyMHI
MAaCTHKU — MaTepiaju, JO CKIaAy SKUX BXOASITHh HAlOBHIOBAYi, MOKIWKaHI HAJaTH
MacTUKaM HEOOXIIHMUX BJIACTUBOCTEHW. 3-MOMIK HAMOBHIOBAYIB MOXKHA BHUIUIATH:
NpiOHOAUCHIEPCHI MOPOIIKHM (BamHSKOBHUM, LIEMEHTHMI); BOJOKHUCTI HAMOBHIOBaYi
(a3bect, OazanbTOBI (PIOpOBONIOKHA); TIacTU(IKaTOpu (IHIyCTpiajibHa OJIMBA,
TYJIPOH); ToiMEpHI J00aBKM (KaydyK, MOJIIETHIICH); elacToMepu (I'ymMOBa KpUXTa)
TOIIIO.

Oxkpim 116010, OITYMHI MaCTHKH MOXKYTh MOJUIATHCH HA JIBA TUIH — MACTHUKH
rapsyoro abo K XOJIOJHOTO 3aCTOCYBaHHA. Y BHIAJIKYy MAacTHK Tapsyoro
3aCTOCYBaHHA JUIsl 1X BUKOPUCTAHHS MOTPIOHUIN MOMEPEHIM PO3IrpiB, TOAI SIK IS
MACTHK XOJIOAHOTO TUITY HEOOX1THUM € BBEJECHHS JI0 iX CKIIaay PO3YMHHUKA.

KitodoBoro mpobiemMoro, Mo MOCTa€E MpU BHUPOOHUIITBI MAaCTHUK € MOTpeda y
SKICHUX, HEJOPOTHX Ta JOCTYNMHHUX JJIS CIOKHBAYiB T€PMETH3YIOUUX MaTepiaiax,
ACOPTHUMEHT SIKUX Ha YKpaiHChKOMY PHHKY € JOCHTHh 0OMEKEeHHM. BUpieHHS bOTO
NUTAaHHS MOJKE TMOJSAraTH y CTBOPEHHI NPOIAYKTY, SKHM BIANOBIIAB OH BCIM
BUIIEBKa3aHUM BHUMOTaM Ta BHTOTOBIISABCS 13 KOMIIOHEHTIB  BITYM3HSIHOTO
TIOXOJIKCHHSI.
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B 3B’a3Ky 13 1HUM, MNPOMOHYETHCA PO3POOUTH CKJIaJ MACTUKH, OJHUM 13
KOMITOHEHTIB $SKOi MOXHA BUKOPUCTATH HEKOHAMIIINHUN TPOIYKT MPOMHUCIOBUX
iIPUEMCTB 3 TIEPEPOOKHM POCIMHHOI CHPOBUHM — JITHIH. 3 OMNISAy Ha
PO3MOBCIODKEHICTh JITHIHY Ta HWOTO O€3MEeYHICTh IS JIOJUHU, BIH MOXXE BIAJIO
3aMIHUTHU 1HIII, OUTBII JOpOTri KOMMOHEHTH cywimi. Ille oaHi€o mepeBaroi IbOro
IPUPOAHOTO TIOJNIMEpPYy € Te, MO0 BIH MICTUTh PI3HOMaHITHI (YHKIIHHI TPYTH,
30KpeMa TiIPOKCHIbHI Ta KapOOKCWIBbHI, a 3a XIMIYHHUM CKJIaJOM 1 CTPYKTYPOIO
JITHIH B MEBHIA Mipl Haraaye i BigoOpaxkae Oitym [1,2]. CxoxicTh JedKux
XapaKTEPUCTUK OITyMy Ta JITHIHY MO€ CTaTH NO3UTUBHUM YMHHUKOM Y MUTAHHI 1X
B32€EMO/IIi K KOMITOHGHTIB MAaCTHUKH, IO JTO3BOJIUTH OTPUMATH KiHIIEBHHA MPOIYKT i3
O0a)XKaHMMU BIACTHUBOCTSIMHU.

3 orJiAly Ha BUIIEHABEACHE MOXKHA 3pOOUTH HACTYITHI IPUITYIIICHHS
- CTBOPEHHsI OITYMHUX MAacCTHK BITUYM3HSHOTO MOXOJDKEHHS JUIsl TepMeTH3allii
TPIIIIUH aBTOMOOUTHPHUX JIOPI' € HEOOXIJHUM Ta aKTyaIbHUM TIUTAaHHSAM, SKE
noTpedye sKoMora MIBH/IIIOTO BUPIIICHHS;

- BUKOPUCTaHHS 010TIOJIIMEPY JIITHIHY MOKE CTaTH BIAIMM PIMIEHHSM 3 OTJISITY
Ha HOT0 BIIACTHBOCTI Ta CXOXKICTh IO CTPYKTYPH B’ SDKYYOTO;

- JITHIH y CKJa/Jli MAaCTUKHU 3MIT OM 3aMIHUTH OUTBII TOPOTT KOMIIOHEHTH CyMIIIi,
110 JJO3BOJIUTHh OTPUMATH JOCTYTHIIIHK JIJIs1 CIIO’KUBaYa KIHIIEBUN MTPOTYKT.

TakuM 4YMHOM, HEOOXIAHICTH y TMPOBEACHHI BKa3aHUX JOCHIIKEHb €
OYCBHJIHOIO, TOJI SIK OTPUMaHi pe3yJbTaTH MATHUMYTh HE JIMIIEC HAyKOBE 3HAYCHHS,
aje 1 MpakTUYHE 3acCTOCYBaHHs. TakoX, IikaBo Oyiao O po3poOUTH MaCTHKY, 0
CKJIQy SIKOi BXOJISATh BUKIFOYHO KOMIIOHCHTH YKPAiTHCHKOTO TOXO/KEHHS, OCOOJIMBO
3Ba)KalO4yM Ha Te, 110 3alacu BITYU3HSIHOIO JITHIHY Ta OITyMy 1€ JO3BOJISIOTh.
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Prospects for the Development of Lignin-Based Bituminous Mastics

for Sealing Cracks in Road Pavements
Myroslava Donchenko, assistant professor, Yurii Prysiazhnyi, associate professor, Dmytro
Aleksandrov, PhD student, Oleg Grynyshyn, professor (Lviv Polytechnic National University)

The causes of crack formation in road pavement are outlined. The methods and approaches
for their elimination are described. It is hypothesized that the use of lignin as a component of
mastics may become a promising direction toward the development of high-quality and cost-
effective mastics of Ukrainian origin.

Keywords: sealing materials, mastic, lignin, bitumen.
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Busueno cknao nagpmosux winamis, ymeopenux na bBopuciascokomy naghmosomy pooosuuyi.
Hocniooceno enacmusocmi 8y2ne800He80I YACMUHU HAGMOBUX WLAMIE MA MEXAHIYHUX OOMIULOK.
3anpononosano eukopucmosysamu 8y2ie600He8y HACMUHY HAGMOBUX WLNAMIE 5K CUPOBUHY OJis
npoyecy HU3bKOMeMNepamypHo20 nipoizy 3 Memow 00ePHCAHHL KOMNOHEHMI8 MOMOPHUX NATUS.

Knrouoei cnosa: nagpmosuii winam, gy2ne800He8a YaCmMuHa HAGMOBO20 WNAMY, MEXAHIYHI
OOMIUKU

HadToBi mmamMu — 11e ckiaH1 CyMillli, 10 CKIaAat0ThCs 3 OPraHivyHO1 YACTUHU
(HadTONMPOAYKTIB), MEXaHIYHUX JOMIIIOK (TJIMHU, OKCUIIB METAJliB, MICKY) Ta BOIU.
BoHu yTBOpPIOIOTHCS B OCHOBHOMY NpH BUIOOYTKY, HaTH, a TaKOX MiJa 4ac ii
TPaHCIIOPTYBaHHS Ta TMepepoOku. Y  OUIBIIOCTI  BUMAJKIB  HadTOUUIAMU
HAKOIUYYIOThCSA Yy CIEHiaIbHUX aMOpax 4Yd CTaBKaxX-HaKONMWYyBayaxX 1 HETaTHBHO
BIUIMBAIOTh HA JOBKULIA, 3a0pyAHIOIOYH MOBITPS 1 TPYHTOB1 BOJIM. 3 IHIIIOTO OOKY, B
Ha(TOBMICHHMX BIJX0J1aX 3HAXOJAUTHCS 3HAUYHA KUIBKICTh BYIJICBOJIHIB Pi3HO1 OYO0BH,
SIK1 € IIHHOK CUPOBHUHOIO JIJIs1 HapTomepepoOHOi Ta HAQTOXIMIYHOT MPOMHUCIOBOCTI.

Panime Oynu pocnipkeHl HapTOBI IUIaMU, YTBOPEHI IiJ Yac MEepepoOOKH
HadTH Ha HadTomepepoOHUX 3aBoaax [1,2]. OmHAaK MaTOBUBUYEHUMH 3aJUIIAIOTHCS
Ha(TOBI ITUTAMH, YTBOPEHI Ha HAPTOBHUX POJIOBHUIIAX Y KpaiHH.

Hamu nmocmimkeHo CkJaj Ta BIACTUBOCTI HA(TOBUX IUIaMiB, YTBOPEHUX Ha
HadTonpomucai. [Ipobu Binbupanm Ha bopucnaBcbkoMy Ha(pTOBOMY PpOIOBHIII.
Bceroro Oyno BiniOpano 4 npo6u. [IpoOu BigOupanu 3 pi3HUX MiClb 30epiraHHs
Ha(TOBUX IIJIaMIB MOMEPEAHBO iX MEepeMIaBIIM. 3a 30BHIIIHIM BUIIISIOM Ha(TOBI
IUlaMd — 1€ B’SA3KlI MPOJIYKTH, IIO0 MICTSITh BOJAY Ta MEXaHIYHI JOMIIIKA PI3HOI
JTUCIIEPCHOCTI.

Jlist BUAICHHS 3 HaQTOBMX IIJIaMiB OPTaHIYHOI YaCTUHU BHUKOPHCTOBYBAJIH
BiJIcTOIOBaHHS 3a TemriepaTypu 900C 3 nogaBaHHSM BOAM Ta MEPEMILTYBAaHHAM 3
NOJaNbIINM (UIBTPYBAHHIM Ta OCYIIYBaHHSIM.

Cknan nHadromnuiamiB HaBeneHui B Tabn. 1. BeranorieHo, mo ckiaa mpod
Ha(TONUIAMIB 3MIHIOETHCS B HIMPOKUX MeEXaxX 1 3aJeXHUTh BiJl YMOB Ta TEPMIHIB
30epiranHs, KUIbKOCTI aTMocepHHX omaaiB Tomo. KpiM 1poro ckian HapTOBUX
IIUTaMiB 3MIHIOETHCS 10 TJIMOMHI EMHOCTI, JI¢ BOHU 30€piratoThCesl.
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3 METOI BCTAHOBJIEHHS MOJKJIMBOCTI MOJAIBIIOT MEPEPOOKH OpraHivHOi
4acTUHU HadTonuiamMiB HEOOXiMHO OyJio MeTanbHO BUBUYUTH iXHI (HI3MKO-XIMIYHI
BJIaCTUBOCTI. J[1 MbOro BHU3HAYAIM OCHOBHI IMOKAa3HHWKH OPraHIYHOI YaCTHHH IPOO
HadronuramiB (Tabn. 2). BcranoBneno, mo opradiyda (BYIJIEBOJHEBA) YacTHHA
Ha(TOLLIAMIB XapaKTEPU3YEThCS My>K€ HU3BKHUM BMICTOM CBITJIIMX (pakiii, sKi
BUKMNAIOTh 10 Temneparypu 3500C 1, AK HacCIiIOK BUCOKMMH TyCTHHOIO,
TeMIlepaTypaMu 3aCTUTaHHs Ta cnanaxy. BMICT cipku B mpobax opraHi4HOiI YaCTHHH
HadrommamiB craHoBuTh 0,65-0,81 % wmac., 1O IIJIKOM KOPETIOEThCS 3 BMICTOM
cipku 'y bopucnascekii HadTi (0,52 % wmac.). Bucoki 3Ha4YeHHS 30JIbHOCTI
HaTONUIAMIB MOXYTh OyTH MPUYMHOIO KOHIICHTPYBAaHHA B OpraHIYHIA YacTHHI
Ha(dToOIIIaMIB METaJIiB, a TAKOXK HASBHICTIO MIKPOYACTMHOK MEXaHIYHHUX JOMIIIOK.

Taomung 1
Ckaaa HadToniamiB, YTBOPeHHUX HA HAQTONPOMHUCJII
Bwmicr y nadronuiami, % mac. 1 Howep Hp20 Ou nad TomJ31aMy 4
Boau 34,8 11,5 33,8 24 .4
MexaHIYHUX JTOMIIIOK 45,5 13,3 24,4 19,7
OpraHi4HO1 YaCTUHH 19,7 75,2 41,8 55,9
Ta0mung 2

XapakTepucTHKAa OPraHivHol YaCTHHHU HAaTOUIAMiB, YTBOPEHHX HA

HadTOMPOMHUCJIi

3Ha4YeHHs MOKa3HUKA JUIsl TPoOuU
IToka3Huk HadTomIIAMY
1 2 3 4
I'yctuna npu 20-C, r/em? 927 941 935 952
BwMmicT MexaHIUYHHX JTOMIIIOK, % Mac. 0,4 0,2 0,3 0,3
Bwmict Boau, % Mac. 0,4 0,5 0,3 0.4
Bwmict cipku, % mac. 0,77 0,81 0,67 0,65
Temneparypa 3acturans, oC -3 11 6 21
Temneparypa cnanaxy, oC 93 131 113 186
KoxkciBHICcTB, % Mac. 4,1 6,9 6,0 8,5
305bHICTB, % Mac. 0,23 0,24 0,22 0,29
OpakmiitHul CKIIaI:
1o 200 oC Bukumnae, % mac. 2,5 1,5 1,8 0,9
110 350 oC Bukumnae, % mac. 19,2 12,8 16,7 9,3

3 METOI0 BHBYCHHS 3arajbHUX BJIACTUBOCTECH MEXaHIYHOI YaCTUHHU HA(PTOBUX
uIaMiB IPOBEJEHO BU3HAUECHHS 30JIbHOCTI, BMICTY JIETKHX CIOJIYK 1 BOJIOTH a TaKOXK
BUBUCHHS €JIEMCHTHOTO CKJIaJy PEHTTCHO(MIYOPECIICHTHUM METOJOM aHaJli3y
(tabxn. 3). HocaipKyBalid ycepeaHeHy npoOy, ojep:KaHy Mpu PO3AUICHH] yciX mpod
Ha(TOBOTO ILJIAMY.

Ha ocHOBI TpoBeIeHHMX  JOCIHIDKEHb  3alPOIIOHOBAHO  MEPEPOOIISATH
BYTJIEBOJHEBY YAaCTUHY HA(PTOBUX UUIAMIB METOJIOM HHU3bKOTEMIIEPATypPHOIO
IipoTi3y ISl OJIEpKAHHS KOMIIOHGHTIB MOTOPHHMX HaivB. MexaHIuHI JIOMIIIKH,
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BIJIJIIJICH] BiJ Ha(TOBUX IJIaMIB PEKOMEHJIOBAHO BHUKOPHUCTOBYBATH y OY/IIBHHUIITBI
JIOPIT 7151 0OJIAIITYBaHHS HUKHIX MIAPIB JOPOKHBOTO MOKPUTTS.

Tabmumsg 3
XapakTepuCcTHKA MeXaHIYHUX JOMIIIOK 3 HA(PTOBHUX HIJIAMIB
[Toxa3zHuk 3Ha4YCeHHS
301BHICTB, % Mac. 64,7
Bwmict Bonoru, % mac. 1,014
Bwmict metkmx, % mac. 22,41
BwmicT okpeMux exeMeHTIB y 30111, ppm
Si 19,6939
Fe 14,0132
Ca 7,7464
Al 3,5547
Ba 3,1754
S 2,0344
K 1,3853
Mg 0,4789
Ti 0,4098
Sr 0,3593
Zn 0,2049
Mn 0,1246
Pb 0,0724
Ni 0,0229
Cu 0,0224
Zr 0,0221
Rb 0,0067
Cr 0,0021
Y 0,0011
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Characteristics of oil sludges formed in oil fields
Grynyshyn Oleg, Doctor of Technical Sciences, Yuzyfyshyn Volodymyr, postgraduate student,
Znak Yurii, postgraduate student, Chervinskyy Taras, PhD in chemical sciences (Lviv Polytechnic
National University)

The composition of oil sludges formed at the Borislav oil field was studied. The properties of
the hydrocarbon part of oil sludges and mechanical impurities were investigated. It was proposed
to use the hydrocarbon part of oil sludges as a raw material for the process of low-temperature
pyrolysis in order to obtain components of motor fuels.
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YV pobomi onucano ompumani pe3yromamu npogedeHux OO0CHIONCEeHb 3 BUBYEHHS NPOYeCy
Koazynayii 00600HeHOI 8I0NPaYbOBAHOI MOMOPHOL OUBU ) NPUCYMHOCIIT KAPOOKCUMEMUIYENI0NO03U
ma npoyecy eKCmparkyiuHo20 OYUWEHHS YUX OIUE PIZHUMU pO3YUHHUKAMU. Bcmanoeneno eniue
KIIbKOCMI KOA2YNAHMA HA MEXHIKO-eKCNIyamayitiHi Xapakmepucmukyu O4unyy8anoi MOmopHoi
onueu. /[o6edeno, wo OKpiM BUTYUEHHS eMYIbe08AHOI 800U 8i00Y6AEMbCA GUNYHUEHH MEXAHIUHUX
OOMIWIOK ™A 3HUNCEHHS 3HAYEHHs KUCTIOMHO20 HYUCIA YV 6I0NpaybO8aHOi MOMOPHOI OUBU.
3nesoonena 6i0npaybo8ana MOMOPHA OAUBA MOJCe YCHIWHO Oymu CKeposaHa HA KOMOIHOBAHI
Memoou it pecenepayii.

Knwuoei cnosa: sionpayvosana onusa, oyuujenHs, peceHepayis, KoazynAyisa, eKCmpaxkyis,
nogepxnego-akmueHi pevosunu, I4-cnexmpu.

BinnpanpsoBani HapToBi onuBu (BHO) € TOKCHYHMME CIIOJIyKaMH 3 HU3bKUM
piBHEM O10pO3KJIaxy 1 CTAHOBIATH 3HAYHY 3arpo3y IS JOBKULIA. SIK BiAOMO, IS
BimHOBJIEHHS BiactuBocTeid BHO 3acTOCOBYIOTH pi3HI TEXHOJOTIUHI Omepariii, 1o
0a3yroThCcsl Ha (I3UYHUX, XIMIYHMX 1 (I3UKO-XIMIYHHMX IpOIecax, CIpSIMOBAHUX Ha
BUJAJICHHS MPOAYKTIB cTapiHHs Ta 3a0pyaHeHb. Ouninenns BHO 3nilicHioeTbes y
MEBHIN MOCIIOBHOCTI: CIIOYaTKy MEXaHIYHUN MeTo/ (BUIAJIECHHS BOJU Ta TBEPIUX
YaCTUHOK), Hajam Teriodiznynuii (atMochepHa Ta BaKyyMHa MEPETOHKH) 1 (i3UKO-
XIMIYHMHA  (KOaryJsilis, eKCTpakiis). SKImo micias OuYMINeHHS eKCIUTyaTaliiiHl
XapaKTEpPUCTUKU OJIUB HE BIAMNOBIIAIOTh HOPMATHUBHUM BHMOTaM, 3aCTOCOBYIOTh
XIMIYHY pereHepariio, ska 3HAYHO MIJBUIILYE BUTPATH Ta BAPTICTH BIJHOBJIEHOTO
npoaykry [1-3].

Haiibinmpmr  mpoOmeMHMMH IS TPOIECIB  pereHepainii €  oOBOJHEHI
BIJIITpaI[bOBaH1 OJMBU (OJIMBHI €MYJIbCil), Y CKJIaJl SKMX MICTUTHCS 3HAUYHUNA BMICT
BOAM YU BOJHI PO3YMHU OXOJO/KYBAJIBHUX CYyMIIIEH, SIKI MOTPAIUISAIOTh 10 OJUB
BHACIIOK aBapiiHux cutyauii. CKIAaIHICTh 1X pereHeparlii mojsrae y TOMy, IO
BOJA, sSIKA € Yy CKJIaJl OJHB, MEPEIIKOKae TMPOBEACHHIO (I3UUHUX METOIIB
OUMIIEHHS, 30KpeMa (PiIbTpallii, BiICTOIOBAaHHIO, OCAP)KEHHIO 0CaJliB, 3HEBOJHEHHIO
METO/IaMH aTMOC(EPHO-BAaKYYMHO1 TMEPEroHKH 4Yepe3 CTIMKICTh BOIHO-OJIMBHUX
eMyJIbCiii Ta iX CHJIbHE BCHIHIOBaHHS MNpu HarpiBaHHi. ToMy, y TeXHOJOTIi
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perexepaiiii 00BOJHEHUX BIANPAIIbOBAHUX OJUB CJI1]] BAKOPUCTOBYBATH TaKi METOIH,
Kl O JTO3BOJWJIM 3[1IMCHUTH BWJIYYEHHS BOJM BijJl OJIMBHOI OCHOBHU M TUM CaMHM
MiArOTyBaTH X JUIsl 3aCTOCYBaHHSI IOBHOTO TEXHOJOTIYHOTO IHMKJIY pereHepartii
BIJINPAaIbOBAHUX OJIUB [4].

Ha namry nymky, Juisi OYMINEHHS BIANparibOBaHUX OOBOJHEHUX MOTOPHHUX
OJIUB JIOIIILHO Oyj0 O BHUKOPUCTATH METOJ KOAaryJjsiii, sKuid OW J03BOJIUB
3HCBOJHUTH OOBOJIHCHI OJIMBH 13 BHUKOPHUCTAaHHSM JICHICBUX Ta JOCTYITHUX Ha
BITYM3HSIHOMY PUHKY MOBEpXHEBO-aKTUBHHUX peduoBUH (ITAP).

JlocmimpKyBaHUM KOaryJassHTOM OyB kapOokcumetwmentonosa (KMII) mapku
«TeXH.». BHXIiIHOIO O0O0BOJHEHOI BiANPAILOBAHOI MIHEPAIHPHOKO MOTOPHOIO
ommmBoro (BMMO) cnyryBana onmuBa Mapku NORMA 15W-40, orpumana 3 ciyxou
TEXHIYHOr0 00CITyroBYBaHHS MIcis ii 3aMiHU y KapTepl 6en3unoBoro /B3 nerkosoro
aBTOMOOWIS yepe3 MOTPAIUIIHHS PIIUHU 3 cucTeMu oxojokeHHs. s BMMO 6yno
BU3HAYCHO JIESAK] €KCIUTyaTalliitHi MOKa3HUKU: KiHeMaThuyHa B’ s3KicTh 3a 50 ta 100°C
cknagana 68,72 mm*/c ta 14,77 mm?/c BignosigHo; iHmekc B’s3kocTi — 100; BmicT
Boqu — 1,5%; kucnorue uncio (KYU) — 2,31 mr KOH/r; BMicT MeXaHIYHUX JOMIIIIOK —
0,041%.

OuniienHs o6BogHeHoi BMMO Buille 3a3Ha4€HUM KOAryJasitHTOM 31HCHIOBAJIH
y peakTopi, oOOJagHAHOMY MEXaHIYHUM TIEpEeMilllyBaueM, TEPMOMETPOM Ta
7103aTOPOM IS MOJadl peareHTy. Y peakTop 3aBaHTaxyBalu ob6BogHeny BMMO,
HarpiBaJii 10 poOOYOi Temmeparypu Mpouecy Ta Michs il JOCATHEHHS NpH
NOCTITHOMY MepeMIlIyBaHHI 3a JIOMOMOIOI0 /103aTopa J0/IaBajId KOAryJIsiHT PIBHUMHU
HOPIISIMU Yepe3 OJHAKOBI MPOMIKKHU Yacy B HEOOX1AHIHM KIJIbKOCT1, BUXOASYHU 3 MacH
3aBaHTakeHO1 onuBH. [1icis 3aBepIIeHHS MPOIIECY PeaKIliiHy CyMIIl 0XOJI0KYBaJIH
Ta TEPEHOCWIM y AUIMIBHY BOPOHKY [UIsi BijcTOolOBaHHsS. Ilicist BiICTOIOBaHHS
HWKHIA IMap ocady BWIyYald, a BEpXHIM IIap ouuieHoi HadTOBOI OJMBU
CKepoByBaiM Ha (QinbTpamio. Hamami nms 3pa3ka OYHMIIEHOI OJMBHU BU3HAYAIU
KHCIIOTHE YHCJIO, BMICT BOJM Ta MEXaHIYHHX JIOMIIIOK 3a CTaHJIapTHUMH
metonukamu. OTpuMaHi pe3yJabTaTH AOCTIIKEHb 3 BUBYEHHS BIUIUBY KUIBKOCTI
KMI] na mporiec ouurnienHs oosogueHoi BMMO mapku NORMA 15W-40 nonano y
Tabmmil.

SAx GaunMo 3 pe3yJbTaTiB, MOJAHUX y Tabmuii 1, 31 30UTBIIEHHSM KITBKOCTI
KMI] BinOyBaeThcsi He3HauHe 3MEHIIEHHS 3HaueHHs KY Ta BMICTYy MeXaHIYHUX
JOMIIIOK, TIPOTE HAMOUIBIINN CTYNiHb BUIyYeHHS Boau 3 o6BogHeHOoi BMMO 0yB
nocsrHyTuil npu BukopuctanHi 10% mac. KMII. [loganbine 301bIIeHHS KUTBKOCTI
KMI] He 3Ha4YHO MOKpallyBajl0 3HAYCHHS OTPUMAHUX pE3YJbTaTiB JOCIITKCHb.
OTxe, Ha OCHOBI OTPUMAHUX HAMH PE3yJbTaTIB JOCTIIKEHb, MO)KEMO KOHCTaTyBaTH
po yCmmHICTh 3acTocyBanHss KML] mis ounmensas o6BogaeHoi BMMO y KiabKoOCTI
10% mac. st ouMIIeHoi 3a ONTUMAaNbHOI KUTBKOCTI KOAryJISSHTY MOTOPHOI OJIMBU
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NORMA 15W-40 Oy 3anucanuii [Y-criekTp, sgKkuii MIATBEPIKYE BIJICYTHICThH
e€MyJIbI'OBaHO1 BOJU Y 11 CKJIA/II.
Tabaumg 1
Bruius kinbkocti KMII Ha ekenuryaTaniiiHi BJ1aCTUBOCTI OYMIIIEHOI OJIUBH
NORMA 15W-40

KMII, Bwmict Boan, K4, BMicT MexaHIIHUX
% mac. % mr KOH/r JIOMIIIKIB, %

0 1,5 2,31 0,041

5 0,09 2,13 0,035

10 CITiIN 1,85 0,028

20 CIIIH 1,82 0,021

3 MeTow 3HWXKEHHS BMICTY, ab0 X MOBHOTO BHIYyYEHHs ac(agbTO-CMOJUCTUX
peyoBuH 3 BMO BHKOpPHUCTOBYIOTH METOJ €KCTPAaKIii 3 BUKOPUCTAHHSIM PI3HUX
pPO3YMHHUKIB. [[1s1 BCTaHOBJICHHS ONTHUMAJIbHUX YMOB 3IIMCHEHHS Ipolecy OyIio
BHBUYEHO BIUIMB MPUPOAM Ta KUIBKOCTI PO3YMHHHUKA, TEMIEPATypH Ta TPHUBAIOCTI
NEPEeMINIyBaHHS PEAKIIMHUX CyMillleid. 3acTOCyBaHHS TaKOTO METOJYy J03BOJISIE
MOKpaIllyBaTH 3HAYECHHsI B’ SI3KICHO-TeMIIepaTypHUX BiaactuBocteit y BMO.
Bioaiorpagiunmii cnucok
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New ways to purify used petroleum oils
Taras Chervinskyi, PhD in chemical sciences, Petro Kazymyriv, postgraduate student, Igor Bilous,
postgraduate student (Lviv Polytechnic National University)

The paper describes the results of research conducted to study the coagulation process of
watered-down used motor oil in the presence of carboxymethyl cellulose and the process of
extraction purification of these oils with various solvents. The influence of the amount of coagulant
on the technical and operational characteristics of purified motor oil has been established. It has
been proven that in addition to the removal of emulsified water, mechanical impurities are removed
and the acid number of used motor oil is reduced. Dehydrated used motor oil can be successfully
directed to combined methods of its regeneration.

110



Key words: waste oil, purification, regeneration, coagulation, extraction, surfactants, IR
spectra.

YIAK: 665.637.3:665.64:678.046.3
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OTPUMAHHA
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’Tepmuwna Onena Bixmopisna, Ook. mexm. Hayk, npog. xagedpu mexwonoziii nauus,
noaimepHux ma noaiepagiunux mamepianie elenateert@gmail.com

3Onena Bonooumupisna 3inuenxo, 3a6. yenmpanvHoi 3a600cvbkoi nabopamopii TTAT
«YKPTATHA®TA»

Illepemema JImumpo leanosuu, acnipanm xagheOpu mexnonoziti naus, NOLMEPHUX ma
noaiepagiynux mamepianie

SPoenxo Kamepuna Bonooumupiena, kano. mexu. HayK, OoyeHm Kagheopu mexuonozii
naug, NoaiMepHuUxX ma nouiepaghiunux mamepianie

STepmuwnuii Onez Onexcanoposuy Kamo. MexH. HAYK, OOYyeHm Kapeopu Xapuosux
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3anpononosano mexHono2ito 00epicants Oimymy 3 GUKOPUCMAHHAM 2YMOBOI KpUxmu 5K
mooughikamopa. IlposedeHo KomnieKCHUU aHAli3 CUPOBUHU MA NPOOYKMIE OKUCHEHHA 34
00noM02010 IH(pauep8oHOi CHeKMPOCKONIi Ma peHmeeHOCMPYKMYPHO20 aHANI3).

Knrwouoei cnosa: 2yopon, cymosa Kpuxma, OKUCTIEHHS

Ha choromni icHye KilbKa MPOMHUCIOBO OCBOEHHUX TEXHOJIOTIH OTpUMaHHS
OITYMIB 13 3aaHUMU (HI3UKO-XIMIYHIUMH XapaKTEPUCTUKAMHU, 1110 OOYMOBITIOIOTHCS SIK
NPUPOAOI0 BUXIAHOI CHPOBHMHHU, TaK 1 CHENH(IKOI OOPAHOTO TEXHOJIOTTYHOTO
nporecy. Jlo HaWOUIbII MOIIMPEHUX METOMAIB HalekKaTh: aTMOC(HEpHO-BaKyyMHA
TUCTUNIALIS, AeacdanbTu3allisi 3 BUKOPUCTAHHAM PO3UYMHHUKIB, @ TAaKOX MPOIECH
OKMCHEHHS 3 YTBOPEHHSIM OKHUCJIEHMX OiTyMiB. OCTaHHI 3a3BMYail OTPUMYIOTh Ha
CHellagi30BaHUX YCTAaHOBKAax IUIAXOM BIyBaHHS MOBITPS B 3aJMILKOBY HA(QTOBY
CHUPOBHHY 32 KOHTPOJIHOBAHHUX TEMIIEPATYPHUX PEKUMIB.

B's13KiCTh BUX1/IHOI CUPOBUHU Ta PEXKUMHU OOPOOKH BIIITPAtOTh KIOYOBY POJIb
y ¢GopMyBaHHI BJACTHUBOCTEM KIHIIEBOTO MPOAYKTy. DopMyBaHHS SKICHOTO
OITYMHOTO B'SDKy4oro 3a0e3MeuyeThCcsi 3aBISIKHA IMepediry HUBKH — XIMIYHUX
NEPETBOPEHb, 30KpeMa ToJIIMepHu3allii Ta KOHJEHCAIlli, IO CYNPOBOIKYIOTHCS
3pOCTaHHSIM CEPEeJAHBOT MOJICKYJIIPHOI MacH, 1, SIK HACIiJOK —  IIiJBHUIICHHIM
B'SI3KOCTI MaTepiaiy.

CyvacHi TeHmeHunii y HadTomepepoOIll, CHOpSIMOBaHI Ha MaKCHUMaJbHE
BWIYYEHHsS CBITIUX (pakuid Ta MiJBULICHHS THOMHU TMEepepOOKH, HETATUBHO
BIUIMBAIOTh HA SKICTh 3aJMIIKOBUX TMPOAYKTIB, IO BHKOPUCTOBYIOTHCA IS
BUpOOHUIITBA OITyMiB. 30KpeMa, e(EeKTUBHICTb IMPOLIECY OKUCHEHHS 1CTOTHO
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3aJIeKUTH BiJI TPYTOBOTO Ta €JIEMEHTHOIO CKJIaay CHpoBUHHU. HuszbkoTemmeparypHe
OKHMCHEHHS JI03BOJISIE  OTPUMYBATH OITyMH 3 TIOKPAIICHUMH aJre31iHUMH
BJIACTUBOCTSMH Ta BHINOI CTIMKICTIO O TEPMOOKHCIIIOBAJIBLHOI'O CTapiHHS, OJIHAK
Taka TEXHOJIOTiSI Ma€ CYTTe€BE OOMEXKEHHS Yy BUIJIAAI 3HUKEHHS MPOTYyKTUBHOCTI
YCTaHOBOK OKHCHEHHS.

[IpobGnema 3acTocyBaHHS MajlOSIKICHOTO OITyMy B JOPOKHBOMY OYJIBHHMIITBI
3QIMIIAETHCS  OJIHIEKD 3 TOJOBHUX  MPUYMH  3HUKEHHS  JIOBFOBIYHOCTI
ac(anbT0O0ETOHHUX MOKPUTTIB. OJHUM 13 €PEKTUBHUX MIAXOAIB 10 1i BUPIIIEHHS €
Moaudikaiiss O6iTyMy nojiiMepHUMH JToOaBkamu. Cepel cydacHHX MOAMQIKATOPIB
aKTUBHO 3aCTOCOBYIOTHCS TakKi PEUOBUHH, SIK CTHPOJ-OYTaHAi€HOBUH KaydyK,
eTUJICHBIHIIAIETAT, CTUPOJ-OYTai€H-CTUPOJ, a TaKOoX TMepepoOsieHl MOJIMEpHI
maTepianu, 30kpema rymona kpuxra (I'K).

JlocnmiKeHHS TToKa3alid, M0 BJIACTUBOCTI 01TyMy, MOAM(IKOBAHOTO TYMOBOIO
KPUXTOIO, 3ajieaTh B HU3KU (PAKTOpIB: XIMIYHOTO CKJIAaJy BHXIIHOTO OITymy,
Bmicty 'K y xommosuiii, po3mipy Ta Mopdosorii 4aCTHHOK KPHUXTH, YMOB
3MiNTyBaHHs (TeMIIepaTypa, 4ac, MIBUIKICTh MEPEMIIITyBaHHs), a TAKOK B3a€MO/IIi Ha
MixkpazoBomy piBHI. CKIATHICTh CHCTEMH 3YMOBIIIOE PI3HOCIIPSIMOBAHICTh €(EKTIB,
SIK1 CIIOCTEPITal0ThCSI B IMIUPOKOMY TEMIIEPAaTypPHOMY JIiana3oHi.

bitymu, MoaH(iKOBaHI T'yMOBOIO KPUXTOIO, XapaKTEPU3YIOThCS MIIBULIEHOIO
TEPMOCTIUKICTIO, MOPO30CTIMKICTIO Ta 3HOCOCTIMKICTIO. 3acTOCYBaHHSI TaKHUX
B'DKYUMX MarepiaiiB y JOpPOXKXHbOMY OYAIBHULTBI J103BOJIsi€ 30LIBIIMTH TEPMIH
eKcIuTyaTalii moKpurTiB y 1,5 — 2 pa3u MOpPIBHSAHO 3 TPAJULINHUMU MaTepiajiamH.
BaxnmuBo MiIKpecauTH, M0 BIPOBAKEHHS BTOPUHHOT TYMOBOI CUPOBUHHU HE JIUIIIC
CIIpUsi€ BUPIIMICHHIO €KOJOTIYHUX NpoOJeM, MOB’S3aHUX 3 YTUJII3AIll€l0 IIWH, a |
3abe3reuye eKOHOMIYHO €(EeKTUBHHUUM MiAXiJ 10 MiABUILEHHS SKOCTI TPAHCIIOPTHOT
1HOPACTPYKTYpH, IO B JOBIOCTPOKOBINH TEPCIEKTUBI CHPHUATUME 3HUKEHHIO
aBapIMHOCTI Ta MIABUILIECHHIO OE3MEKU JTOPOKHBOTO PYXY.

Y wMexax poOOTH MPOBEACHO MOCTIIKEHHS 3MIH XIMIYHOTO CKIIaay Ta
PEOJIOTIYHUX BJIACTHBOCTEM BAaKyyMHOT'O 3allUIIKy B TMPOIECi OKHCHEHHS 3a
npucytHocTi 'K, mo 3ymoBmroe momudikaiito CTpyKTYpHOI OpraHizailii BUX1THOI
OJIMBHOI CUCTEMHU.

Sk BUXIAHY CHUPOBHHY Uil JJAOOPAaTOPHOIO OTPUMaHHSA OITYyMy METOIOM
OKMCHEHHs BHKopucTaHo TyapoH (I'), orpumanumii Ha HadronepepoOHOMY
niagnpueMcTBl «YkpratHadTa». ['yaIpoH € B’S3K010 pIIMHOIO 3 TYCTHHOW 982,5 kr/m?
3a temmepatypu 20 °C, yMoBHOIWO B’s3kicTiO — 93 mwm?/c 3a Temmneparypu 80 °C,
TeMIlepaTyporo crnaiaxy y BiakputoMmy Turii — 280 °C, moyaTKOM TEpPEerOHKH 3a
temrneparypu 393 °C, no 500 °C neperansietbes 19 % 06. cupoBuHHU.

B sxocti Moaudikatopa y AOCHIIPKEHHI 3aCTOCOBYBalld TYMOBY KpHXTY,
OTpPUMaHy UIUISIXOM TMOAPIOHEHHS BUKOPUCTAHWUX IIMH JIETKOBUX, BaHTXHHUX, a
TAKOX  TMPOMHUCIOBUX 1  CUIBCHKOTOCIOAAPCHKUX  TPAHCIMOPTHUX  3aCOO0iB.
Buxopucrannas 'K oO6ymoBieHO i moaBiHHOIO (DYHKIIIEIO: BOHA BUKOHYE POJb 5K
Moaudikatopa, Tak 1 Karajaizatopa, MPUCKOPIOIOYM MPOIIEC OKMCHEHHS 32 PaxyHOK
MPUCYTHIX HEHACUYCHUX (PparMEeHTIB 1 MOTEHIIIHHOT TOBEPXHEBOI aKTHBHOCTI.

[Iporec kOMOIHOBAHOTO OKMCHEHHS Peajli30BaHO 3a TAKOKO TOCIOBHICTIO:
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1. IinroroBuuii eran: Jlo ryapony nomasanu nepiry nopiio 'K y
KUTbKOCTI 2 % Mac., cyMi nepeminryBaiu rnpu temmneparypi 180 °C ynpogosx
30 xB. 3a HMX yMOB 3a0e3leuyBajocs PIBHOMIPHE PO3MOJJIEHHS YaCTUHOK
KpUXTH B 00’€MI, a TaKoXX iXH€ HaOyXaHHS BHACHIJOK IMOTJIMHAHHS PIIKUX
KOMITOHEHTIB 01TyMHOI cuctemu (puc. 1).

a ( 0 B
Pucynox 1 — Burnsag 'K a) 3a tppoma dpaxmismu: 0,5 — 1,0 mm; 0,8 — 2,8 mwm;
¢pakmis 2 — 4 mM; 0) pesynbrar HaOyXaHHS KaydyKy; B) MIKOCTPYKTypHa

dboTorpadist rymoBoi KpuxTu MaciTad 30ubieHHs 1:100

2. OxucHennsi: OTprMaHy KOMIIO3UIIIO MiJAaBaIl OKMCHEHHIO MOBITPSM
ynpoJioBk 2 rojauH 3a Temmneparypu 260 °C, 3 BuTpaToro moBiTps 4 n/xB. Takuit
TEMIIEpaTypHUN PEXKUM cropusie 1HTeHCHU(iKalii PO3YMHEHHS YaCTUHOK TyMOBOI
KPUXTH TIiJ] BIUTUBOM ac(aJbTOT€HHUX KHUCIOT Ta MOJIEKYJISIPHOTO KHCHIO, IO
KaTaji3y€e OKUCHI IEPETBOPEHHSI KOMIIOHEHTIB.

Ha mpomy x ertami A0 OiTyMHOI KOMIO3HWINi JOJaBajdd KOMOBY CIPKy B
KuIbKOCTI 2 Ta 3 % mac. BBejeHHs elleMeHTapHOI CIpKH Y TYAPOH 13 MOAAIBIIO0
EHEePreTUYHOI0 OOpOOKOI CHUCTEMH CHOpHSE TIOM SKIICHHIO YMOB IPOIECY
OKMCHEHHS, 10 MPOSBISETHCA Yy CKOpPOUEHHI Horo TpuBanocTi. KpiM Toro, Taka
TEXHOJIOTIYHA Ofepallis [03Bojsie ePEeKTUBHO yTHII3yBaTH 10 3 % Mac. CipkH, 110
pPO3TIIAIA€THCA K JOMATKOBUM EKOJIOTIYHMIA Ta pecypco30epiralouuii  acmexT
nporecy. Peamizanig poro mijaxoay Aa€ 3MOTy HE JIMIIE ONTHUMI3YBAaTH MapamMeTpu
OKHCHEHHS, a i TMOKpAIUTH E€KCIUTyaTalliiiHl BJIACTUBOCTI KIHIIEBOTO MPOJYKTY 3a
paxyHOK (popMyBaHHs CTaOUIBHIIIOLI CTPYKTYPHOI CITKU B OITYMHOMY B’ SKY4OMY.

3. ®inanbHa moaupikania: J[o NpoayKTy CMUIBHOIO OKUCHEHHS T'yIPOHY
3 2% I'K nomaBanu apyry mopiir0 KpUXTH B KUIbKocTi 8 % Mac. 1 IpOBOIWIH
nepeminryBards 3a Ttemmepatypu 180 °C mporsrom 30 xB. Ha mpomy erami
AKTUBIZYETHCS B3AEMOJIS MIXK KOMIIOHEHTaMHM CHCTEMH, IO 3aBEpIlye IIPOIIeC
Moaudikalii 6iTymy.

3acTocoBaHMM MIAX1A JO3BOJMB IIOE€JHATH JBa 3a3BUYail  He3aJIeKHI1
TEXHOJIOTIYHI €Tany — OKUCHEHHs T'YJIpOHy Ta Moaudikaiiio OITyMy — B €IMHHUU
IHTErpOBaHUM TpOIEC, SKUM Yy JaHid poOOTI KiIacu(]PikoBaHO SIK «KOMOIHOBaHE
OKHCHEHHs». TeXHOJNOrYHyY CXeMy MpoIlecy MPEACTaBICHO Ha PHUC. 2.

3anponoHOBaHAa  TEXHOJIOTiSI IPYHTYEThCS HA MPUHLHUIL  TOETAIHOTO
3MIITYBaHHS TYJAPOHY 3 MOJU(]IKaTOPOM-KaTali3aTOPOM, KOMOBOKO CIPKOIO — y
3MINTYBAJIbHUX amaparax 3a KOHTPOJIbOBAHUM TEMIIEPATYPHUM PEKUMOM.
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HarpiBaHHd CUpOBHHH Ta MIATPUMAHHS TEMIEPATypU TOTOBOTO MPOIYKTY
3a0e3MeyyeThCsi BHUCOKOTEMIIEPATYPHUM TEIUIOHOCIEM, SIKUH LUPKYJIOE dYepes
TEMJI000MIHHY CHCTEMY, HArpiBalOYUCh y CTEIIaIbHOMY KOTII.

[Ipouec € mepioAUYHUM 1 CYMPOBOIKYETHCS 3HAUHUM OOCSITOM BaHTaXKHO-
pO3BaHTaXXyBaJIbHUX omepariii. Ha erami mpuroTryBaHHS B 3MILIyBaJIbHUN PEAKTOP
OJIHOYACHO TMOJAIOThCS TYAPOH, T'yMOBa KpuxTa Ta cipka. Ilicis 1HTEHCHBHOIO
NepeMIlIyBaHHs KOMIIO3UILIS TNEpeKayyeTbesl 10 pe3epByapiB 30epiraHHs, 3BIIKH
BIJIBAHTAXKYETHCS CIIOKUBa4YaM a00 CIPSIMOBYETHCA 10 MAPKY HAKOMUYEHHS.

NOEINP N OKNCHEONHA

Em-3 Enm-4

— Q -
Hum-1
[* =
Iy £ —T
Hm-3 Hm-4/4a

Baox menonochr

PucyHnok 2 — TexXHOJOT1YHY cXeMy KOMOIHOBAaHOTO OKMCHEHHS T'YIPOHY

KoMIiekcHe  OKHMCHEHHS TYIPOHY  JIOIUIBHO — 3IHCHIOBATH Y  JIBOX
BEPTUKAIBHUX €MHOCTAX 00’emoMm 1o 8,0 M3, 00JIalHAHMX KOHIYHUM JIHUIIEM,
CHUCTEMOIO TIepeMilllyBaHHs (MEXaHI4Ha MIIIajiKa) Ta MapoBOIO TPIFOYO COPOUKOIO B
HUOKHIA yacTtuHi. KoXHa €MHICTh OCHAIIYEThCS HACOCHUM OOJIAHAHHSAM IS
3a0€3MeUeHHs] K IUPKYJSIii MPOAYKTYy B Tpoleci oOpoOKH, Tak 1 #oro
nepeKkadyBaHHs JJO EMHOCTEH 30epiraHHs.

['oToBi maptii MoaudikoBaHOTO OITYMy TpPaHCHOPTYIOTHCA Y TPOMIKHY
€MHICTh 00'eMoM Oim3pko 80 M3, 3 AKOI 3MIHCHIOETHCS ITOJANBIIE BiABAaHTAKCHHS
CHokMBayaM ab0 MepeBECHHsI A0 TOBAPHOTO MapkKy. BepTukanbHl UMTIHIPUYHI
pesepByapu st 30epiraHHs OiTymy o00’emoMm 1o 80 M? KOXEH OCHAIIYIOThCSA
TEIITIO130JIAIIIE€I0 Ta CHCTEMOIO 00IrpiBY.

KoHCcTpykTHBHE pillleHHs] HACOCHOI 00B’S3KH 13 3aCTOCYBaHHSAM HacociB Hm-1
ta HM-2 mepenbadae MOXIMBICTh TIOBHOTO PE3EPBYBaHHS OOJaJHAHHS HA BUIAJI0K
TEXHIYHUX HECTpaBHOCTEH. (7151 3a06e3medeHHs cTajJoro TeMIepaTypHOTO PEXUMY K
y nepiojJ poOOTH, TaK 1 Ha eTari po3irpiBy CUCTEMU MepeadaueHo creliaibHui 010K
TEIJIOHOCIS, 10 BKJIKOYAE KOTEJ, TEIUIOOOMIHHMK, BUTPATHI €MHOCTI Ta HACOCHE
oOnagHaHHS.

['otoBuit MoauQikoBaHMUI OITYyM MOJAETHCA O €MHOCTEH 30epiranHs (€wm-3,
€m-4), 3Binku Hacocamu Hwm-4 (Hwm-4a) TpaHcmopTyeTbcsi Ha ecrakaay is
BIJIBAHTA)KEHHS CIOXMBayaM. Y pa3i JIOBFOTPUBAJIOI 3YNUHKU BUPOOHUIITBA
nependayaeTbcsi MOXJIMBICTH TPOMHUBKM CHUCTEMU 3 BIJABEJACHHSM MPOMHUBHOIO
Marepialy 10 KOTEeJIbHOTO NajuBa, 10 CIpHsae MiHIMI3aIlll BTpaT 1 3a0py/IHEHb.
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- o PesynbpraTu, oTpuMani 3a J0MOMOTOIO

Y0 1 TN jHgpauepBOHOI CHEKTPOCKOIIIT, JO3BOJIAIOTH
: ok ' M'I R OOIpyHTYBaTH 3MiH'I/I XIMIYHOTO ~ CKJaxy
JJ | il . TyApPOHY B IMpOLECl HOro OKHCHEHHS Y
Fympor : T'ysosa Kpixra MPUCYTHOCTI Tr'YMOBO{ KPUXTH.
g BcranoBneHo, 1Mo TyMOBHHA KOMIIOHEHT
S CIIpusi€ YTBOPEHHIO cnenupivyHol
MHF_EH;CHH,_MCH_,ﬂ“iiTH_M CTPYKTYpHOi  opradizaiii, 30Kkpema —

! ! VI
| BYJIKaHI3allIiHOI  CITKH, fKa BHUKOHYE
n‘e,l b byHK111I0 THYKOro H.OJIiMepHOFO Kapkacy B

‘ : - CepEeNOBHIIi NIPOJTYKTiB OKHCHEHHS.

"L Mommgixosarmi Giryw Ha OCHOBI IHCTPYMEHTAJIbHUX
PHCYHOK d '3 _ Cxema peakiii JOCTIKEHb 3aMPOTIOHOBAHO cXeMy
MOJKJIUBUX XIMIYHHUX IEPETBOPEHb,

B3a€EMOJIii KOMIIOHEHTIB TYyApPOHY 3

IYMOBOT KPUXTH HaBeJICHOI Ha puc. 3. AHamI3 I€i CXEeMH

BKa3ye Ha HasABHICTb HEHAaCHMYEHUX Ta
CIPKOBMICHHX (parMeHTIB y CTPYKTypi KaydyKy, sIKI aKTUBHO 3aly4alOThbCs [0
OpPOIECIB  OKUCHEHHS 3 YTBOPEHHSIM HOBUX CMOJHUCTHX Ta ac(albTEHOBHUX
KOMITOHEHTIB. L1 peakiii KaTtaai3ytoThCs SK 3aIUILIKOBUMHU MPOIYKTaMHU BYJIKaH13alli
(cipkoBMICHI (DyHKIIIOHAJIbHI TPYIIN), TaK 1 JOJATKOBO BBEJIEHOIO KOMOBOIO CIPKOIO.

BHacniiok TEepMOXIMIYHOTO PO3KIaAy KaydyyKy y CHCTEMI YTBOPIOIOTHCS
MOJIEKYJISIpHI ()parMeHTH, sIKI pa3oM 13 CIPKOIO YTBOPIOIOTH MOJIMEPONOAIOHY
OpOCTOPOBY Matpuiio. Ll MakpocTpykTypa BHKOHYE apmyrouy (yHKIIIO,
cTabuTi3yroun  piAKy a3y OITYMHOTO B’SDKYYOTO Ta CIPUSIIOYHM YTBOPEHHIO
CTab1IbHO1 JUCIIEPCHOT KOMIO3HIIIi — TyMOOITYMHOTO KOMITO3HUTY.

Oco06MHBICTIO 3aITPOTIOHOBAHOT KOMITO3HIIIT € YaCTKOBO 3ITUTA BYJIKaHI3aIlliHA
ciTka, sika (opmye THYYKHH Kapkac ychoro o0'eMy wmarepiaxy Oe3 BTpaTu
IUTACTHYHUX XapakTepUCTUK OiTyMHOI ¢a3zu. Taka MakpocTpykTypa 3abesneuye
BHUCOKY CTaOUTHHICTh KOMIIO3HMIIT Ta TOKPAIICHHS €KCILTyaTallifHuX BJIACTHBOCTEH
rOTOBOTO MaTepiaiy.

Taxkum YUHOM, MOJIIMILIEHHS (13UKO-XIMIUHUX XapaKTEPUCTHK
MOAM(DIKOBAHOTO OITYMYy JOCSTAEThCS HUISIXOM CTBOPEHHS 00 ’€MHOI MOJIMEPHOT
CITKM Ha OCHOBI IPOJYKTIB OKMCHEHHS T'YJIPOHY Ta Kay4yKOBHX KOMIIOHEHTIB, SIKa
3abe3neuye e(EKTUBHY CTPYKTYpHY OpTraHi3aiilo Ta MiABUILECHY CTaOUIbHICTh
KOMITO3HIIIi B IIUPOKOMY TEMIIEPATypPHOMY Jiana3oHi.

Combined Oxidized Bitumens: Technological Aspects of Production

Bohun Vasyl, postgraduate student, Tertyshna Olena, Doctor of Technical Sciences,
Zinchenko Olena, head of the laboratory, Sheremeta Dmytro, postgraduate student, Roienko
Kateryna, Candidate of Technical Sciences, Tertyshnyi Oleh, Candidate of Technical Sciences

A production technology for bitumen modified with crumb rubber is proposed. A
comprehensive analysis of the raw material and oxidation products was carried out using infrared
spectroscopy and X-ray diffraction analysis. The study highlights the impact of rubber modifier
introduction on the structural and chemical transformation processes during oxidation.

Keywords: vacuum residue, crumb rubber, oxidation
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Posenanymo nepcnexmusu ukopucmauHs NONIMEPEMICHUX KOMNO3UYIUHUX Mamepianié y
KOHCMPYKYIsAX pesepsyapie 0ns 30epicanns nagpmu i Hagpmonpooykmie. Ha ocHosi 6i0x00i8
noaiemunenmepegpmanamy (IIET) ompumano mamepian, skui mae miynicmos Ha cmuck 25-30 Mlla
Ma UABIAE UCOKY CIMINIKICMb 00 OU3eTbHO20 NANUBA MA 8IONPAYLOBAHUX OJIUS.

Kniwwuosei  cnoea:  pesepsyapu, Hagmonpodykmu, KOMNO3uyiunuti  mamepian,
nojiemunenmepedmanam, mepmoKOMNAYHOYEBAHHSL.

PezepByapu € KJIIOYOBUMH elleMEHTaMH Ha(To0a3, OCKUIbKH 3a0e3MeuyroTh
edexkTuBHE 30epiraHHs, YOpPaBIIHHS 3amacaMu Ta Oe3leyHe TMOBOKEHHS 3
HadTonpoayktamu. CydacHUIl piBE€Hb TEXHOJOTIYHOTO PO3BUTKY MPOMHUCIOBOCTI
CIpHSIE MABUINCHHIO €(EKTUBHOCTI 1X €KCIUTyaTarlii 3a paXyHOK BUKOPUCTaHHS TIPH
ix OyAIBHUIITBI HOBUX MaTepiaiiB 3 MOJIMIIEHUMH BIACTUBOCTSAMHU.

OpHMM 3 KOHCTPYKUIMHUX MaTepiaiiB, KU CbOTOJHI BUKOPUCTOBYETHCS AJIS
OyIiBHHMIITBA pE3EpByapiB, MNpPU3HAYCHHWX JUIsi 30epiraHHs Boau, HadTH Ta
Ha(TOMPOAYKTIB, BUCTyINa€e 3aii300eToH — OeroH kiacy B25-B40, apmoBanwuii
ctaneBoro apmatyporo [1]. Takuii marepian Mae psij CyTTEBUX HENONIKIB: 3Ha4HA
BapTICTh; BEJIMKI TadapuTH Ta Bara; CXWIbHICTh /10 YTBOPEHHS TPILIUH; HEJOCTATHS
TEePMETUYHICTh; HU3bKA CTIHKICTh JIO BIUIMBY JIU3EIBHOTO MAJIUBA Ta BIAMPAIIbOBAHUX
0JIUB; 0OMEKeHa THYUKICTh Y BUKOPUCTaHHI TEPUTOPIi.

CyTTeBUM KpOKOM Ha NUISAXY MO TMOJOJIaHHS O3HAYEHUX BHUIIE HEIONIKIB
BBAXKAETHCS BUKOPUCTAHHS JJIi BUPOOHMIITBA PE3EpBYapiB HOBUX MOJIIMEPBMICHUX
KOMIO3UIIIMHUX MatepiamiB. [lomiMepu Ta KOMMO3UTHI MaTepiaid Ha iXHIN OCHOBI
MaloTh HU3KY TEpeBar, siki poOJIsTh iX OLIBIN MPUBAOIMBUMU JIJIi BUKOPUCTAHHS B
Ha(TOTa30BId Ta XIMIYHIA 1HIYCTpIi, 30KpeMa Jisi BUTOTOBJICHHS pe3epBYapiB IS
30epiranHs HadTOMPOIYKTIB.

[TomiMepBMICHI ~ apMOBaHI  KOMMO3MUIIMHI  MaTepianu  (HampuKiIam, 3
BUKOPHCTAHHSM CKJIOBOJIOKHA YH BYTJICLIEBUX BOJIOKOH), MalOTh BHCOKY CTIHKICTb JI0
KOpPO3ii, 10 € BAXIUBUM (DaKTOpOM mpu 30epiraHHl HAPTONMPOAYKTIB, SIKI MOXKYTb
MICTUTH arpecuBH1 KOMIOHEHTH. Lle 103BoJis€ 3HAYHO 301IBIIUTH TEPMIH CIIYKOU
pe3epByapiB TOPIBHAHO 3 TPAJULIMHUMU METAJIEBUMU Ta 3alli300€TOHHUMU
KOHCTPYKI[ISIMU.
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[TomimMepBMICHI KOMMO3UTH MOXKYTb OyTH IyK€ JITKUMH TIpH 30epeKeHH1
BHCOKOI MIITHOCTI [2], IO J03BOJISIE 3MCHIIUTH Bary KOHCTPYKIIH, CIPOIIy€E iX
TPAHCTIOPTYBAHHS 1 MOHTaX. [le BaXIMBO 7151 BEMUKHUX pe3epBYapiB 1 JUisl CTBOPCHHS
MEePECYBHUX PE3E€pPBYapiB, SKI MOXKHA JIETKO BCTAHOBITIOBATH Ha PI3HUX 00'€KTaX.

Cnuparounch Ha iHbOpMAITito, HaBEJICHY BUIIIE, HUISIXOM
TepMOKOMIIayH1yBaHHs npu Temnepatypi 270-280 °C npotsarom 30 XB. nopiOHEHUX
(po3mip yactuHok 10x10 mM) moximMepHUX BijixoiB 3 nomietwientepedranaty (PET)
3 HamoBHIOBadeM (MICOK ab0 KOKCOBUM MHIJI) Ta OOMAaCTIOBAJIBHOI J00aBKOIO
(BimampanboBaHoo MoTopHoo oiuBoro SAE 15W-40 APl CD/SF) namu 0Oyno
OTPUMAHO MaTepiall, 30BHIIIHINA BU/J IKOTO HABEIEHO HA puC. 1.

a) 0)
Puc. 1. 3oBHIIIHIN BUTIISIT OTPUMAHUX 3pa3KiB MOJIMEPBMICHOTO
KOMIIO3UIIITHOTO MaTepiay: a) HallOBHIOBAY — MICOK;
0) HaIMOBHIOBAY — KOKCOBH TTHJI

JlaGopaTopHi JOCTIKEHHS TTOKA3aJd, 10 OTPUMAHWA MaTepiaj Ma€e MIIHICTh
npu cruckanHi 25-50 MIla Ta BuUCOKY CTilKicTh (MIIHICTH NPU CTHUCKAHHI
3anummnacs 0e3 3MmiH abo 3um3mmacsa aume Ha 0,1-0,20 MIla BiZHOCHO BHXIIHOTO
3HAQYEHHS) JI0 CTAaTMYHOI Ail (TPUBAIICTH JOCHIIKEHHS 6 MICSILIB, TeMIeparypa —
25 °C) nu3enpHOTO MajvBa Ta BIAMPalbOBAHOI OJUBH.

OTXe, BHUKOPHUCTAHHS MOJIMEPBMICHUX KOMIO3UUIMHUX MaTepiasliB s
BUPOOHHUIITBA pe3epByapiB, MPU3HAUEHUX JJIs 30epiranHs HadTH Ta HaQTOMPOIYKTIB,
€ MIePCIEKTUBHOIO aJTbTEPHATUBOIO TPATULIMHUM MaTepiajgaM, TAKUM SIK 3a711300€TOH.
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The use of polymer-containing composite materials in

the construction of tanks
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The prospects for using polymer-containing composite materials in the construction of tanks
for storing oil and petroleum products were considered. Based on polyethylene terephthalate (PET)
waste, a material was obtained that has a compressive strength of 25-30 MPa and exhibits high
resistance to diesel fuel and waste oils.

Key words: tanks, petroleum products, composite material, polyethyleneterephthalate,
thermocompounding.
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3anpononosano cxemy upoOHUYMBA 301AYIUHUX 8Y2NIe800HE8UX Mamepianie O 3axXUcmy
Hagmo- ma 2azonposodis 8id Kopo3itiHo2o pyunysanHs. OCHOBHUMU CUPOBUHHUMU KOMHOHEHMAaMU
0I5l OMPUMAHHA  130JAYINHO20 8Y2le800HE8020 Mamepiany 00pawni 8i0X00u eupobHUYmMea ma
CHONCUBAHHSL: KUCIUU 2YOpOH, noaimepni 8ioxoou (LDPE, PP), éionpaybo8ani agmomo0inibHi WUHU.

Knrouoei cnoea: xuciuil 2yopon, noiimepu, 6i0npayb08ani asmMoMoOIIbHI WUHU, [300YIUHI
mamepianu, 3axucm 6i0 Kopo3ii, mexHon02is, akmusayis

3axuct HapTO- Ta ra30MpPOBOAIB BiJ KOPO3IMHOIO pyHHYBaHHS € KPUTUYHO
BOXKJIMBUM JUIsl 3a0e3MeUYeHHs iXHbOI JIOBFOBIYHOCTI Ta O€3MeKH eKCIuTyaTarlii.
OgHuM 13 OCHOBHUX METOJIB MACHBHOIO 3aXHUCTy € 3aCTOCYBAHHS 130JISIIHUX
ByIUIeBOAHEBUX MaTepianiB (IBM), ski 3amo0iratoTh KOHTAKTy METaJIEBOi MOBEPXHI 3
arpeCUBHUM CEPEIOBUIIIEM.

OcHoBHuMHU TiepeBaramu BuKopucTanHs [IBM BBaxkaroThcs: e(EKTHUBHICTDH
3axXUCTy (3armo6iraroTh MPOHUKHEHHIO BOJIOTH Ta arpeCMBHUX PEYOBHH JIO MOBEPXHI
MeTay); elacTUYHICTh Ta CTIHKICTh A0 AedopMaliiidl (3aBISKH CBOil €IaCTUYHOCTI,
IBM 3natHi amantyBaTUCs 10 TEMIEPATYPHUX KOJMBAaHb Ta MEXaHIYHUX JepOopMaIriin
TpyOOIIPOBOAIB, 30€piraloyu IUTICHICTh MOKPUTTS HAaBITh MPH PO3LIMPEHHI abo
CTUCHEHHI MaTepiaily); MOHOJITHICTh Ta 0e3110BHICTh TOKPUTTA (IBM 3a6e3neuyiorsh
CYyLIJIbHE O€31I0BHE MOKPUTTS, 110 BUKJIIOYAE MOXKIUBICTh YTBOPEHHS CTUKIB, Yepes
AKl Moryia O NpOHUKATH BOJIOTa); CTIMKICTH 10 arpecuBHHX cepefosull (IBM
JEMOHCTPYIOTh BUCOKY CTIMKICTh O BIUIMBY arpe€CMBHUX XIMIYHMX PEYOBHH, TAKUX
K COJIl, KUCJIOTU Ta JYrd, U0 pOOUTH iX €(EeKTMBHUMHU B YMOBAX IiJIBUILIEHOT
KOPO31MHOI aKTHMBHOCTI); JIETKICTh HAHECEHHs Ta YHiBepcainbHICTh (IBM nerko
HAHOCATHCS Ha MOBEPXHI CKJIaaHOi GopMu Ta KOHpIryparii, 0 CHPOIILYE IPOIIEC
T1Apoi30JIsIii); €KOHOMIYHICTh (BITHOCHO HH3bKa BapTICTh MaTepialiB Ta IXHHOTO
HaHECEHHs poOUTH 1eit MeTo 1 JocTyrmHuM)[1].

CporogHi OCHOBHUMH KOMITOHEHTaMU Il BUpoOHuUIiTBa IBM Buctynarots [2]:
O0iTymu (3a0€3Meuyr0Th BUCOKI T1APOI30ISAIiHI BIIACTUBOCTI); MOJIMEPHI MaTepiaiu
(M IBUIIYIOTh €TACTUYHICTh Ta CTIAKICTh MOKPHUTTS O MEXAHIYHUX TOIIKOKCHB);
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HAMOBHIOBa4l Ta J00aBKU (MIJBUIIYIOTh aJre3il0, €IaCTHYHICTh Ta CTIHKICTH 10
BIUIUBY arpecUBHHMX cepenoBuil). KomOiHalis nmmx KOMIIOHEHTIB y ckimam IBM
3a0e3neuye e(exTuBHMI 3axUCT HA(TO- Ta Ta30MPOBOAIB B KOPO3IHHOTO
PYWHYBaHHS M1 i€ 30BHIMTHIX (PaKTOPiB, MPOJOBXKYIOUHN iX TEPMiH €KCIUTyaTallii.

BpaxoBytoui cy4yacHi TEHIEHIII PO3BUTKY MPOMHUCIOBOCTI, SIKI TOB’s3aHi 3
BUKOPUCTAHHSM Yy TEXHOJIOTIYHOMY TMpOIECi BHPOOHHIITBA BTOPHUHHOI CHPOBUHH,
3alpoONOHY€EMO TexHOojoriio BupoOHuiTBa IBM, sika 0a3yeTbcsi Ha BUKOPHUCTaHHI
B1JIXO/1B BUPOOHUIITBA Ta CIIOKUBAHHS.

Tak, 3amicTb OITYMHHMX MaTepialliB, SIKI ChOTOJHI KOPUCTYIOTHCS 3HAYHUM
MOMUTOM TP MPOBEACHHI OyIBETBbHUX POOIT, JOUIIEHO BUKOPUCTOBYBATH OUUIIEHY
BiJl BUTbHOI CIpYaHOi KUCIOTH Ta PO3YMHHUX CYIb(OKUCIOT BYTJIEBOJHEBY YaCTUHY
KHUCIIOTO TYAPOHY — HEOE3MeYHOro BUPOOHWUYOrO BIAXOAY, IIO YTBOPIOETHCS MpPHU
KOHTaKTHIM o4HCTIll HadTompoaykTiB [2]. B skocTi momimepiB JOIMIBHO
BUKOPUCTOBYBATH TMOJPIOHEH! BIANpaIbOBaHI MOJIMEPHI BUPOOW 3 TMOJIETUICHY
Hu3bKO1 ryctunu (LDPE) Ta moninpomnineny (PP); B sxocTi HanmoBHIOBaua — OYHUIIICHY
KPUXTY BIAMPAIbOBAHUX aBTOMOOITBHUX IIIHH.

ITepepoOka oO3HAYCHUX BHINE BUXITHUX MarepiamiB B IBM 3mailicHIOEThCS
NUITXOM TIOETHAHHS JEKUTBKOX OKPEMHUX CTaJliidi B 3arajibHy CXEMy, BapiaHTH SKOi
IpeCcTaBIIeHl Ha puc. 1.

3a MpeACTaBICHOI0 CXEMOI0, MEPIIOI0 CTATIEI0 € KOHIIEHTPYBAHHS OYHIIEHOI
BiJl KHCIIUX KOMITOHEHTIB OYMIIICHOI BYTJICBOJHEBOI YaCTUHU KHUCIIOTO TYIPOHY, SKa
BUCTYIIAa€ BYTJIEBOJIHEBOIO OCHOBOIW (BO) B Texuosorii BupoOHuirTBa IBM. 3a
pPaxyHOK KOHLEHTpYBaHHS 31 ckiagy BO BupanstoThes JIETKI BYIJIEBOJIHEBI (Ppakiiii,
3HAYHO IMABUIIYIOTH MMOXKEKO0- Ta BUOyXoHeOe3neuHicTh BupoOHunTea IBM [3].

3anmst 3MEHIIIEHHS] BUPOOHUYUX BUTPAT MPOIEC KOHIIEHTPYBAHHS peali3y€eThCs
3a paxyHok nuctuisiii BO 3 orpumanHsaM ¢paxiiii, 110 Ma€ MeXi BUKUITAHHS TTOHA]
350(360) °C. HactynmHoro CTaf€l0 € aKTUBaIlil MIArOTOBJIEHOTO (MOAPiOHEHOTO,
MIPOMUTOTO Ta TpocymieHoro) moaudikaropy (momudikarop Nel), sskum BucTymae
tBepauii momimep (LDPE, PP a6o ix cymim). BnachHe akTuBariii mojaiMepHOTO
MoaudikaTopa 3aCHOBaHI Ha CXHJIBHOCTI TMOJIMEPIB 0 OKHCHEHHS B MPUCYTHOCTI
KaTajai3aTopiB Mij BIUIMBOM KHMCHIO MOBITps NpH MiABHILIEHHX Temmeparypax (200-
250 °C) [4]. [1ix yac OKMCHEHHS MOJIMEPHOT0 MOIU(DIKATOPY 32 PaXyHOK 4aCTKOBOI
JECTPYKIIII MOJIMEPHOIO JIAHIIOra B SIKOCTI MPOAYKTIB PEaKI(li YTBOPIOIOTHCS PI3HI
KHCEHbBMICHI CHOJYKH, Kl MPUIAMAIOTh aKTUBHY y4acTh y XIMI4HIM B3a€MOJ1i MiX
ocHOBHMMHU KoMmoHeHTaMu IBM. Otxke, 114 cTtamis Mae BUKIIOYHE 3HAUCHHS IS
BUpoOHMIITBa IBM 3 mOJTiNIIeHnMH eKCIUTyaTaliiHMMH BJIACTUBOCTSAMU (HAIIPUKJIIA],
BUCOKOIO MIIHICTIO, aJre31MHUMH BJIACTUBOCTSAMH, BOJOCTIMKICTIO TOIIO), IO
3abe3reyarh TPUBAIMM 3aXUCT Ha(TO- Ta Ta3ompoBOJIB BiJ KOPO31MHOTO
pYWHYBaHHS.
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OYMIITEHA ©PAKIIIA
KHMCIIOTI O TYIPOHY

TIIAT OTORJIEHII
MOIHGIKATOP
Nel

OUMIIEHA OPAKIIS
KHCTIOTO TV/IPOHY
TIIT OTOBITEHII
TITACTUGTKATOP

TIJIC OTOBIEHIMIT
MOJHUPIKATOP
Nel

6)

Puc. 1. Bapiantu cxem BupoOnuirsa IBM Ha 0a3i KUCIIUX T'yIpOHIB

[Hmum Moaudikatopom (Moaudikatop Ne2) B 3amponoOHOBaHIN TEXHOJOTI
BupoOHunTBa IBM BuCTyMae nmoapiOHEHI BiAMpabOBaHi aBTOMOOUTBHI MUHU. Takuid
MoaudikaTop M03BOJSE 3HAYHO MIABUINYBATH e€IacTUYHICTH IBM, mo € mocuth
BaXJIMBOIO XapaKTEPUCTUKOLO, 110 3a0e3Meuy€e HUTICHICTh MOKPUTTA. 32 CXEMOI0, 110
MpeACTaBICHa Ha puc. 1 a, 3a/u1s1 €KOHOMIi BUPOOHUYUX BHUTpAT LIEM MOAMPIKATOP
0e3nocepelHbO  JIOJAETHCSI O CYMIllll KOMIIOHEHTIB. AJie OTpUMaHHS OUIbIII
CTablILHOTO Ta €(PEKTUBHOTO PE3yJIbTaTy BiJl BUKOPUCTAHHS TaKOTO MoJau(iKaTopy
MOKHA JIOCSTTH, MPOBOASYM JOJATKOBY CTaJlil0 aKTHWBAIlli 1IbOTO Moau(iKaTopy
(muB. puc. 1, 6) 3a paxyHOK HOro jAeByJikaHi3auii (pyWHYBaHHS CITKH TOIMEPEYHHUX
cylnb(iAHUX Ta TONICYIbGITHUX 3B’ S3KIB) MUISIXOM HAarpiBaHHs 0€3 HOCTYIY MOBITPS
1o temnepatyp Big 160 °C no 200 °C.

Cramis KoMIayHAyBaHHS € 3aKIIOYHOIO cTajielo BupoOHunTBa IBM Ta
pealti3yeThCs IIITXOM TepMoAucCIiepryBaHHs MoudikatopiB B cepenonuiie BO. Tak,
el TpoIeC € TyKe BaXIMBUM B (OpMyBaHHI CTPYKTypHu Ta BiactuBocTeil IBM Tta
MOJKE peali30BYBAaTHUCA SIK 3a PaxyHOK KHUI'ATiHHA Moaudikaropie B BO mpu
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temriepatypax nonaj 200 °C, Tak 1 mpy BUKOPUCTaHHI MEXaHIYHOTO MEPEMIIITyI0YOTO
IPUCTPOIO (HATIPHUKIIAJ, JOMATEeBOI MiIIanku) pu Temneparypax 150-160 °C.

BukopuctanHs pi3HMX BHUIIB BIAXO/IB (HAMpHKIaA, KUCIUX TYyJIPOHIB) Yy
BUPOOHHUIITBI 130JIAIMIMHNX BYTJIEBOJHEBUX MAaTepiajiB, IO BUKOPUCTOBYIOTHCS SK
TOKPUTTS ISl 3aXUCTy HadTO- Ta Ta30MPOBOAIB Bl KOPO3IMHOTO pyHHYBaHHS, Ma€
BOXJIMBE TPAKTUYHE 3HAYCHHSI. 3 OJHOTO OOKYy, CTBOPIOIOTBCS YMOBU IS
3MCHIIICHHSI HETAaTUBHOTO HAaBaHTAaXEHHS Ha JOBKULISA, 3 IHIIOTO — JUIA
BIIPOBA/PKCHHSI €JIEMEHTIB LUPKYJSIIAHOI E€KOHOMIKH, $Ka JO3BOJISIE 3HU3HUTH
co01BapTiCTh BHUPOOJIAEMOI MPOAYKIIi 332 PaxyHOK pallOHAIbHOTO BHKOPUCTAHHS
BIJIXO/1B Ta MOOIYHUX MPOYKTIB BUPOOHUIITBA.
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Production of insulating hydrocarbon materials based on acid tars
A.Y. Gaipov, postgraduate student, (NTU "KhPI")
A.B. Grigorov, doctor of technical sciences, professor, (NTU "KhPI")

A scheme for the production of insulating hydrocarbon materials for the protection of oil
and gas pipelines from corrosion destruction is proposed. The main raw materials for the
production of insulating hydrocarbon materials are selected from production and consumption
waste: acid tar, polymer waste (LDPE, PP), and used automobile tires.

Keywords: acid tar, polymers, used automobile tires, insulating materials, corrosion
protection, technology, activation
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3anpononosano cxemy 6UpoOHUYMEA MemMUI-Mpem-0ymunoeo2o eqipy 3 6MOPUHHOZO
noninponineny. Ilpedcmasnena cxema nepeddauae nNpoBeOeHHs KAMaiimudHo20 Niponizy
8MOPUHHO20 NONIEMUNIEHY 3 OMPUMAHHAM 1300ymuieny, 3 sK020 6 NOOANbULOMY CUHME3VIOMb
Memun-mpem-oymunosuil eQip.

Knrouoei cnosa: memun-mpem-6ymunoguti eip, OeH3uH, noninponinied, niponis, CuHmes,
OYUUYeHHS.

MetuntperoytunoBuii edpip (MTBE) — ne ximiuna cnomyka (CsH;,0), sxa
IITUPOKO BUKOPUCTOBYETHCS K J0OABKA 10 OCH3WHY JUIS IIJIBUIICHHS HOTO CTIHKOCTI
710 IeTOHAIIi1 (OKTaHOBOT'O YKCJa) Ta MOKPAIICHHS MPOIECy 3ropsSHHS MaJuBa.

JlomaBanHug a0 aBToMoOinbHOTO OcH3uHy 10-15 % MTBE miaBumye iioro
okTaHoBe uucio Ha 6,0-12,0 omuHUIB, MO pOOUTH WOro €(EKTHBHIIIUM 3a IHIII
BioMi 100aBKHM, Taki K ankinOeH3oau abo cnupTth. BapTo 3a3HaunTH, M0 4Yepes
€KOJIOT1YH1 MIpKyBaHHS [ 1] Aeski kpaiHu oOMexuinn ado 3a00pOHUIN BUKOPUCTAHHS
MTEE.

Omnak B VYkpaini MTBE, 3aBnsku cBoOiM €(EKTUBHUM BJIACTUBOCTSM,
IPOJOBXKY€E BHUKOPUCTOBYBAaTUCS B SKOCTI J00aBku 10 OeH3uHy. Bnacminok
TEXHOJIOTIYHUX Ta 1HQPACTPYKTYpHUX TNpoOsiieM VYKpaiHa MYCUTh IMIIOPTYBaTH
MTBE 13-3a kopioHy. AJie CbOT'O/IH1 JIOTICTUYHI MIPOLIECH HAJITO YCKIIaIHUIIUCS Yepe3
CKJIJIH1 T€OTNOIITUYHI Ta EKOHOMIYH1 (paKTOPH.

YacTkoBO 3a0BUILHUTH icHYIOUy MoTpeOy VYkpainm B MTBE moxna 3a
PaxyHOK PO3BHUHEHHS BJIACHUX BUPOOHUYMX MOTYKHOCTEH, CIIMPAIOYUCh Ha JHKepena
aNMbTEPHATUBHOI CHUPOBWHU, Hampukiaa, nominpomnigeHoBux (PP) Bigxomis. Taka
CUPOBHHA, 3aBIsJKHM CBOIM 3amacaM Ta MOMIpHIM BapTocTi [2], IUIKOM MOXe
BUKOPUCTOBYBATUCS g OTpuManHs 1300ytuneny (i-CsHs), sikuii € OCHOBHUM
KoMroHeHToM y BupoOHuirsi MTBE.

OTxe, anbTepHATUBHHUM HANpPsIMOK po3BuHEeHHs BupoOHunrea MTBE B
VYkpaini, SKuil Ma€ MEBHY MEPCHEKTUBY, MOXKHA Peajli3yBaTH 32 CXEMOIO, HABEJCHOIO
Ha puc.l.

IligroToeka ITipomis BuaaneHHa CHHTe3 OunmeHHA
CHPOEHHH CHPOBHHH 1300y THICHY MTEE MTEE

Puc. 1. Cxema orpumannss MTBE 3 Bropunnoro PP

Ha mnepmomy erami 3anmpolOHOBaHOI CXEMH BiIOYyBa€TbCsS COPTYBaHHS,
no/ipiOHEHHs1, TPOMHUBKA Ta npocyiika PP.

Ham, 3 meroro orpuManHs OytuieHy (CsHg) — BHXITHOT pedyOBHHU IS
orpumanHs 1-CsHg, npoBojsaTh katamituuHuii miponiz PP npu temmneparypax 500-
800°C 3a CpoOIIEHOK CXEMOIO:

(C3Hg) — C4Hs + iHmIi npoxyKTH (1)
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Cepen 1HIIUX TPOIYKTIB Mipoii3y yTBoprotoThes: Tazu (CHa, CoHe, CoHa,
C3H8, CsHe, C4H10); pl,Z[Kl (I)paKIHl (CeHe, C7H8, CsHlo, C5-C12); TBGp,Z[i
Kokcono 11011 peuoBunH (C, caxa).

Peakuii yrBopenHs i-CsHg MOXyYTb IpOTIKATH SIK Mijl BILIMBOM KaTaji3aTopis,
TakK 13a paxyHOK YTBOPEHHUX Ii4ac Mipoji3y BUIBHUX PaJUKaIB.

B nepmiomy Bumanky cnoudatky 1-OyTuiieH mepexoauTh y 2-OyTuiieH 3a
PaxyHOK KaTaJITUYHOTO BIUIMBY KHCJIOT a0o meraneBux kKatamizatopiB (Pt, Al,Os,
IIEOJTITH):

CIH; > CH CH,; CH—»CH CIF-CH -CH; (2)

Ham BigOyBaeTbest 13omepu3alniis 2-OyTuiieHy B 1300yTHIIGH 3a PaxXyHOK
NeperpymyBaHHs CTPYKTYPH MOJICKYJIH:

CH3;—CH=CH—-CH3—CH>=C(CHz)» (3

L

)

B apyromy, nmpouec neperBopennst 6ytuieny (CsHsg) B 1300yTmnen (i-C4Hsg),
B1J10yBa€ThCS Yepe3 BUIBHOPATIUKAIBHUN MEXaH13M:

- Iniyiayis (ymeopenus paoukanie). BiIbHI paJUKadu YTBOPIOIOTHCS IIiJ Yac
niponizy PP npu pyliHyBaHHI BYTJI€BOIHEBOTO JIAHIIIOTA.

Ane 1HImiaIis MOXKe MPOXOJUTH 1 3a aJbTePHATUBHUM IUIAXOM, HAIPHUKIIA,
npu TepMmivHoMy po3nai CsHs:

Cole=2CH HCH=CI 4)

- nponacayis (nanyocose nepemeopeHHs OymuieHny). BiTbHUI paguKan
B3aemojiie 3 Mosiekynolo CsHs, cpUuuHAIOYM TOMOJITUYHUN PO3PUB 3B’SI3KY Ta
NEPETBOPEHHS HA HOBUU paJNKal:

R CIL=CIT CI, Clls »CIl: CH-CH-CIE (5)

Jlani paauMkan TMeperpynoBYEThCs, IEPEMIIIyIOYM 3B'S3KM 1 CTBOPIOIOYH
1300y TUJIOBUH paiUKaI:

CH3—CH*~CH=CH,—CH,=C(CH3)’ (6)
- mepminayis (3aeepuients peakyii). BUibHI pagukamm peKOMOIHYIOThCS OJUH

3 0JlHUM a00 3 BOJIHEM, YTBOPIOIOUU cTaOUIbHY MoJieKyy 1-CaHsg:

CH>=C(CH;)+CH>=C(CHs)"— CH2=C(CH;)—CH(CH;3)—CH. 9
CH,=C(CHs)+H'—CH,=C(CHs): (8)
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Hactynaum ertanom micisg mipoi3y BUCTyMae (PpakiitoBaHHS OTPUMAHO1
CyMminn BYTJIEBOJIHIB MeTOJOM abcopOiii, amcopOrrii, pextudikaili, MEMOPaHHOTO
no Ty a0o KpuoreHHoi cenapariii 3a1s BugiieHds CaHs.

3aBepmiaabHOIO cTajiero Bciei cxemu Buctymae cuHTte3 MTBE mpu
temriepatypi 40-80 °C 1 tucky 1-2 MIla B npucyraocti H>SO4 a6o 10HOOOMIHHUX
CMOJI, SIKHI MPOTIKA€E 32 HACTYITHOIO CXEMOIO:

Cs;Hs+CH;OH—CsH20O. (9)

[Ticnsa peakiii MTBE BiokpeMiIIOIOTh BiJi 3aJIMIIKIB PEareHTIB Ta MOOIYHUX
MPOJIYKTIB NUITXOM peKkTh(dikaiii abo eKCcTpakiii.

3anponoHOBaHa TEXHOJOTiSI MOXE CTaTh OJHHUM 3 JIAHIIOTIB 3arajibHOi
TEXHOJIOTIYHOT CXEMU MepPepOOKH BIJXOIB MOJIIMPOIIEHY, KA T03BOJISIE€ BUPOOIISTH
BHCOKOOKTAaHOBHI KOMITOHEHT aBTOMOOUJIBHOTO OCH3UHY.

Bioaiorpagiunmii cnucok
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Production of methyl tert-butyl ether from recycled polypropylene
K.V. Shevchenko, doctor PhD, (NTU "KhPI")
A.B. Grigorov, doctor of technical sciences, professor, (NTU "KhPI")

A scheme for the production of methyl tert-butyl ether from secondary polypropylene is
proposed. The presented scheme involves the catalytic pyrolysis of secondary polyethylene to obtain
isobutylene, from which methyl tert-butyl ether is subsequently synthesized.

Key words: methyl tert-butyl ether, gasoline, polypropylene, pyrolysis, synthesis, purification.
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Posenanymo  cghepu euxopucmanun  winighy8anvHo-nonipy8anbHUX nacm npu  peanizayii
MEeXHON02IYH020 npoyecy HA HAPMOnepepoOHUX ma KOKCOXIMIYHUX NiOnpuemcmeax. 3aons
SHUIICEHHS BUPOOHUYUX BUMPAM MA MIHIMI3aYii HeeamueHo20 8Nau8y Ha O0BKILIA, 3aNPONOHOBAHO
BUKOPUCMOBYBAMU 8 SIKOCMI OCHOBHUX KOMNOHEHMI8 WNiQ)y8albHO-NONIPYBATbHUX NACT 810X0018
ma 6MOPUHHUX NPOOVKMIB, AKI YMEOPIIOMbCA HA HADMONepepoOHUX ma KOKCOXIMIUHUX
nionpuemcmeax Ykpainu.

Knrouoei cnosa: wnigpysanvHo-nonipysanvii nacmu, Hagmonepepodone nionpuemMcmaeo,
KOKCOXIMIYHE 6UPOOHUYMBO, KOMNOHEHMU, 8IOX00U, BMOPUHHI NPOOYKMU.

HadronepepobHa Ta KOKCOXiMiYHA MPOMUCIIOBICTh € CTPATETIYHO BaXKJITUBUMH
rajy3siMd €KOHOMIKM YKpaiHW, OCKUIbKM 3a0e3MeuyloTh EHEpPreTUYHy Oe3MeKy,
HIATPUMYIOTh METATYpril0 Ta XIMIYHY TPOMHUCIIOBICTh, @ TaKOX CIPHUSIOTH
€KCIIOPTHOMY MOTEHITiaTy KpaiHu.

Hadromepepobni ta kokcoximiuai 3aBoam (HII3 Ta KX3) mpamorors y
CKJIQJIHUX yMOBax, A€ OOJaJHaHHS 3a3HA€ IHTCHCHUBHOI'O 3HOIIYBaHHS, BIUIMBY
arpecUBHHUX CEPEJIOBHUIL 1 eKCTpeMalibHUX Temmnepatyp. LnidyBansHo-noaipyBaibHI
nactu (LOIIII) BUKOPUCTOBYIOTBCS [yisi OOpPOOKHM, BIJHOBIEHHS Ta 3aXHUCTY
METaJeBUX 1 KEpaMiYHMX TOBEPXOHb, 10 KOHTAKTYyIOTh 13 AarpeCUBHUMH
cepenoBuiiaMu. OcHOBHI c(pepu 3actocyBanHs [1].

OcnoBHi cepu 3actocyBanns IIIIIII B ymoBax HII3 ta KX3 wMoxHa
NPEICTAaBUTH Y BUTIISII CTPYKTYPHOI CXEMH, 10 HaBeJeHa Ha puc. 1.

. [[ImdysansHO-
BignorieHHA Ta i bys X O6cayroByBaHHA
DeMOHT JeTaneit 11cn:npj?;a:mﬂ1]I [IacTH Gb BRI

ITinpHIIEHHS
eKCILTyaTa HHHX
XanaKTEDHCTHK

Puc. 1. OcHoBHi cdepu 3actocyBanns LTI B ymoBax HII3 ta KX3

Posrasgatoun O151b1I JETaIbHO KOXKHY 3 03HAYEHUX BUIIE CPEp CIiJ] 3ayBaXKUTH,
10 06cny208y8anHs 001AOHAHHS BIAHOCSTHCS HACTYIHI BUAM POOIT: MONIPYBaHHS
HAcoCiB, KJjamaHiB, TypOiH, KOMIIPECOpPIB — 3MEHIINY€E TEpTs, IOKpaIlye
3HOCOCTIMKICTh 1 KOpO3iiiHY CTIWKICTh, INUII(yBaHHS BHYTPIIIHIX ITOBEPXOHb
TpyOOIIPOBOIIB — YCYHEHHSI OKCHJIIB, BIJIKJIaJIeHb, IIIOPCTKOCTI, 110 TMOKPAITy€e MOTIK
piauHy; ¢iHimHa 00poOKa TETIOOOMIHHUKIB — BUJIAJICHHS! HAIBOTY Ta MOJIPYBaHHS
MOBEPXOHb JJIS IM1JIBUIICHHS TETIOMPOBITHOCTI.

Bionoenennss ma pemonm netaneil moisArae B. pereHeparii MOBEpXOHb BalliB,
IiIITUITHAKIB, IMWIHAPIB — 3a0€3MeYeHHS TOYHOCTI PO3MIpIB ITCII MEXaHIYHOI
00po6Kku; 00pod1i 3BapHUX MIBIB (MLTiIyBaHHS Ta MOJIPYBAHHS IIC/A 3BapIOBaHHS
JU1s1 3a0€3MEeUEHHS TEPMETUYHOCTI Ta KOPO31HHO1 CTIMKOCT1); BITHOBJIEHHI METaJIEBUX
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CiTOK Ta (QUIBTPIB (MEXaHIYHE OYMIICHHS Ta TOJIPYBaHHA IOBEPXOHb IS
MOKpaIieHHs GpiIbTpaiiii).

lliosuwenns  excniyamayiinux  xapakmepucmuk  BiAOYBA€TbCA  IIIIXOM
3MEHIIEHHS 3HOCY PYXOMHX YacTUH (IMOJIIPYBAaHHS MOBEPXOHb KOHTAKTHUX BY3JIIB
3MEHIIye TepTs) Ta 3amol0iraHHsAM YTBOPEHHIO BIIKIAJACHb Ta Kopo3ii (rimajki
BIJMOJIIPOBAHI IOBEPXHI MEHIIE MIAAA0ThCd HAKOMMYEHHIO BIJIKIAJIEHb Ta
KOPO31HUM IIpOLIECaM).

Binomo, mro IHIIIT cknamaroTbCs 3 KUIBKOX OCHOBHHMX KOMIIOHEHTIB, SIKI
BU3HAYAIOTh iXHI BJACTUBOCTI, €EKTUBHICTD 1 cepy 3actocyBaHHs. Jlo uncna mux
KOMITOHEHTIB BITHOCATHCS [2]:

1) AGpa3uBHI KOMIIOHEHTH (aKTHMBHA PEYOBMHA) — II€ TBEPJl YACTUHKH, IO
BUKOHYIOTh MEXaHIYHY 0OpPOOKY ITOBEPXHI.

2) 3B’s13yBajbHl KOMIIOHEHTH (OCHOBA MACTH), K1 BU3HAYAIOTh KOHCHUCTEHIIIO
Ta 3pY4YHICTh HAHECEHHS MaCTH.

3) Homomixni n00aBKH, SKI MOKPAIIyIOTh TEXHOJIOTIYHI Ta EKCIUTyaTalliiHi
XapaKTEPUCTUKH TIACT.

BpaxoByroun cydacHi TEHIEHIIT pO3BUTKY MTPOMHCIIOBOCTI, 30KpeMa CTBOPECHHS
0€3BIIXOAHUX BHPOOHHUIITB, TOCHTHh NEPCIEKTUBHUM BBAXAETHCS 3aTy4eHHS 0
npouecy BupoOHuursa LI, BigxoaiB BUpOOHHUIITBA Ta BTOPUHHUX MPOAYKTIB, SIKI
YTBOPIOIOTHCA M1JT Yac peajizaiii TexHonoriyaux npoueciB Ha HIT3 ta KX3.

OT1xe B sIKOCTI aOpa3uBIB MOKHA 3alPONOHYBATH HACTYIIHI:

1) ByriapHuéi Ta KOKCOBMH T — NOOIYHUH TPOAYKT KOKCOXIMIYHOI
npoMucioBocTi. [[piOHOgUCHIEpCHI YAaCTUHKM KOKCOBOTO THIY MOXYTh OyTH
BUKOPHCTaH1 Y BUPOOHMIITBI MACT JIJIsl MPOMDKHOTO IUTiIYBaHHS, a ByTUIBHOTO MUY
— JUIsl BAPOOHUIITB M’ SIKUX MOJNIPYBaJbHUX NAcT. Taki macTv TakoX MIAXOASThH JUIs
00poOKHM 11acTMac, JlakohapOoBHUX TOKPUTTIB.

2) TexHiunmii Byrienp (CaxkeBuil mui, kapOoH dopHHii). Moro oTpuMyOTh B
pe3ynbTaTi HETIOBHOTO 3rOPSIHHA BYTJIEBOAHIB Y HadTomepepoOii. Mae nepcrnekTuBy
y BUPOOHHUIITBI B M'SIKUX TOJIPYBAIBHUX MacTax IS TJIACTHKY, TyMH, (hapOoBaHUX
OBEPXOHb.

3) IlexoBuii KOKC (3JIMIIKOBUNA KOKC MICIIS MEpepoOKHU MeKy). Mae BUCOKY
TBEPHICTh Ta MOXke OyTH mnoApiOHeHui 10 mnoTpiOHOI ¢pakuii. Moxe OyTH
BuKopuctanuil y BupoOoHuuTBi LTI anst rpy6oro nutidyBaHHS METaneBUX AeTaNIEH.

4) KaramTuuauil Kokc (Biaxoau karamiTuaHoro kpekinry Ha HII3). Mosxe Oytu
nepeTBopeHuid Ha apioHoaucnepcHi (Bia 1 MkMm 10 50 MKM 3aJI€3KHO BiJ] TUITY ITAcTH)
YaCTUHKHU MICIsl TEPMIYHOI Ta MeXaHI4yHOi 00poOku. Moxke OyTH BUKOPUCTAHUH Y
LITIIT nost ounteHHs Ta HUTipyBaHHS METaJIEBUX MTOBEPXOHb.

5) 3anumkoBi MiHEpaJbHI KOMIIOHEHTH (OKCHIAM METANB, 30JM, IIJAKH).
Bigxoau, mo yrBoproroteess Ha HII3 Tta KX3, siki y cBoeEMy cKI1ajii MICTATh OKCHIU
KpEeMHII0, altoMiHito, 3amiza. [licnmga ouMieHHs Ta TOAPIOHEHHS MOXKYTh
3actocoByBatucs B ckiasi LTI sk qpibni abpa3uBw.

B sxocti 3B s3yBanpaux komnoHeHTtiB LI, siki 3a0e3nedyroun piBHOMIpHUH
po3noain abpa3uBHUX YaCTHHOK, KOHTPOJIBOBAHY B’S3KICTh 1 a[re3it0 10 MOBEPXHI,
MO>KHA 3aIllPOMOHYBATH HACTYIIHI:
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1) Ilerponatym (HadTOBHI BazeniH) — BTOPUHHUI MNPOAYKT nenapadinizalii
mucTwiITHUX — (Mexi  BukumanHs — 350-500 °C) omuBHUX — Qpakmid.  Bin
XapaKTepU3y€EThCSl BHCOKOIO B’SI3KICTIO, JIOOpe YTpuUMye alpa3wB, BiJIHOCHO
TEPMOCTIHKHUH.

2) Cmonucro-achanbTeHOBI pedoBuHH (OiTyMu AeachanbTU3allii) — 3aJIHANTKOBI
OpOAYKTH JeacdanbTu3allii 3anuimkoBux (Mexi Bukumands > 500 °C) onuBHUX
dpakiiii. Taka OCHOBa XapaKTEPU3YEThCS BHUCOKOIO aAre3i€ro, IUIACTUYHICTh Ta
XIMIYHOIO CTIHKICTIO.

3) HadraninoBi ¢pakxiii — BTOpUHHUIN NMPOAYKT, KU oTpuMytoTh Ha KX3 npu
OUYHUIICHHI KOKCOBOTO ra3y. Takuii NpOAyKT TMOKpallye 3MOuYyBaHHS aOpas3uBy,
3HIKYE B’ SI3KICTb.

4) Baxki HadTOB1 dpakiii (Ma3yT, TyApOoH) — 3aJHUIIKOBI MPOAYKTHU MMEPBUHHOT
nepepooku HadTu. Jlo yucia MO3UTHUBHUX BJIACTUBOCTEW Ma3yTy, TYAPOHY, KOPUCHI
mis LTI Bucoka anresis; TEPMOCTIMKICTh, MACTWUJIBHI BJIACTHUBOCTI; XiMidHA
CTIHKICTb.

5) HadroBuii mutam — 1e 3aJMIIKOBUMA MPOMYKT, IO YTBOPIOETHCS TiJ dYac
nepepoOkn HadTH, ouuIIeHHS pe3epByapiB 1 poboru HII3. Bim wmictute Baxki
BYIJIEBOJHI, NapadiHu, CMOJIMUCTI PEYOBUHHU, MEXAHIYHI JOMIIIKA Ta METAJIEBI
yacTUHKA. OCHOBHI IepeBard BUKOPUCTAHHA HAPTOBOro HUIAMYy y HUTI(YBaIbHUX
nacrax 1€ BUCOKa B’A3KICTh T4 MACTUJIbHI BJIACTUBOCTI.

6) IlomimepHuii Bick, OTpuMaHuii 3 BTopuHHOro mnoiietwieny (PE) ta
nominponineny (PP), € mnepcnekKTUBHUM 3B ’A3yBaJIbHUM KOMIIOHEHTOM IS
nuTiyBaJIbHUX NACT. 3aBISKH CBOIM HU3bKOMY KOE(DIIIEHTY TepTsi, CTa0lIbHOCTI Ta
XOPOIIUM aJre31MHUM BJIACTUBOCTSIM, TaKMM BICK MOKE 3a0€3MeUUTH PIBHOMIPHUHN
PO3MO/IJT a0pa3uBHUX YACTHHOK Ta 3HUKEHHS 3HOCY IHCTPYMEHTY.

7) @eHonbHI cMoNHM  (pe30JiM, HOBOJIAKHM) — TIPOAYKTH MEPEpPOOKH
KaM'stHOBYT1IbHOT cMoi Ha KX3. deHonbHI CMOJU IMIMPOKO BUKOPUCTOBYIOTHCS B
PI3HHX TaTy3sX MPOMHUCIOBOCTI 3aBJIIKH CBOiM BUCOKIM TEPMOCTIMKOCTI, MEXaHIUHIN
MIITHOCTI Ta XIMIYHI{ 1HepTHOCTI. Y NUTipyBaJbHUX MAacTax BOHU MOXKYTh BUCTYIATH
SK 3B’S3yBaJlbHa OCHOBa, IO 3abe3neuye edekTuBHy Gikcarito adpa3suBHUX
YaCTUHOK 1 pIBHOMIPHE HUTI(yBaHHS.

B sixocti nonomixkaux n1o6asok g0 I moxkHa 3anponoHyBaT HACTYIIHI:

1) Apomatnuni cmonu (HapTOPEHOIM, CMOJIUCTI 3AJIMUIIKH) — BTOPHUHHI
IPOJIYKTH KOKCOXIMIYHOTO BHUPOOHMIITBA Ta HadTonepepoOku. BoHn BUCTynaOTh B
SIKOCT1 JUCIIepraTopy, 3MOUyBauy, MOKpaIlye aare3ito adpa3usy.

2) Kucnorno-cmonucti 3anuiikd (KC3) — moOiuHMi TPOJYKT BUPOOHUIITBA
nanvBa 1 oJuB. CHOPUSAIOTH TOJIMIIEHHIO 3MOYYBaHHS, 3MEHIIYIOTh 3JUTMAHHSA
YaCTUHOK.

3) CynbdimHi crionyKu (3aJUIIKA OYUIIIEHHS KOKCOBOT'O ra3y) — I1e BTOPUHHI
MPOAYKTH, 1[0 3MEHIIYIOTh T€PTS, TOKPAIIYIOTh PO3MO/ILT ACTH.

4) HadrenoBi kuciotu — Bigxoau HapTOmepepoOKH, 3aIUIIKH KHCIOTHOI
OYHCTKH, 1[0 BUCTYMAIOTh B KOCTI TUCIIEPTATOPY, MIBUITYIOTh CTAOUIBHICTh MACTH.
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5) CaxeBuil mnun (MPOAYKT Ta300YUCTKH KOKCOXIMIYHHMX TMIJIPHEMCTB).
3aBAskd BMICTY ByIJeno, moiiapomatuunux ByriaeBoaHiB (I[TAB), cipku, BiH
MOKpaIIye JUCTIEPCito, 3a100irae 0CiIaHHI0 TBEPAUX YACTHHOK.

Takum dYUHOM, BHKOPUCTAHHS TUII(QYBATBHO-TIONIPYBAIBHUX MMAcT Ha
HadTONEPEPOOHHX 1 KOKCOXIMIYHUX MIAMPUEMCTBAX JTONOMArae MpoJAOBXKUTH TEPMiH
cnyxOu oOnmagHaHHsS, 3MEHIIUTA 3HOC Ta BHUTpPaTH Ha peMOHT. JlokambHe
BUPOOHHUIITBO TaKMX NACT B YKpaiHI MOXe OyTH BUTIIHMM 3aBISKH BHCOKOMY
NomUTy 3 OOKYy MPOMHCIOBOCTI. B CBOIO uepry, 3MEHIICHHIO BUTpAT, IiABUIIECHHIO
€KOJIOTTIYHOCTI HadTONEepepOOHOI Ta KOKCOXIMIYHOI IPOMHUCIOBOCTI OyJI€ CIPUSTUME
BUKOPUCTAHHSI B SKOCTI OCHOBHMX KOMIIOHEHTIB MPU BHUPOOHUITBI HLTI(YBaIbHO-
MOJTIPYBAJIBHUX MACT aJIbTEPHATUBHOI CUPOBUHM — BIIXOIB 1 BTOPUHHUX MPOIYKTIB
O3HAYEHUX BHUPOOHMIITB. Alle, 3 OIVISAYy Ha Te, IO KaMm SHOBYTUIbHa CMoOJja Ta
oTpuMaH1 3 Hei MpOoAyKTH, Haiexarh 1o Il kiacy HeOesmeku (BHCOKOHEOE3NEUHI
pedoBuHM), oTpumMaHi Ha iX ocHoBi IIIIIT MoXHa BUKOPUCTOBYBATH BUKIFOYHO JIJIS
aBTOMAaTU30BaHOTO NuTihyBaHHA. B Takux mporiecax BUKOPUCTOBYIOTHCS POMHUCIIOBI
po6oTH 13 nuTihyBATHHUMHU HACATKAMHU.
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Grinding and polishing pastes from waste and secondary products

of oil refining and coke chemical enterprises
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I.V. Sinkevich, candidate of technical sciences, professor, (NTU "KhPI")

The areas of use of grinding and polishing pastes in the implementation of the technological
process at oil refining and coke chemical enterprises are considered. In order to reduce production
costs and minimize the negative impact on the environment, it is proposed to use waste and
secondary products generated at oil refining and coke chemical enterprises of Ukraine as the main
components of grinding and polishing pastes.
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components, waste, secondary products.
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Pozensamymo nomenxnamypy, Oodcepena YmeEopeHHsi ma Memoou Ymunizayii OCHOBHUX
8i0X00i8, AKI YmMeEopwwmscs ni0 uac nepepooKu Hagmu. 3anponoHo8aHo GUKOPUCTNAHHSL
YmeopeHux 8i0x00i6 6 npoyeci 8UPOOHUYMBA PI3HUX 8UOI8 NAIUBA, 3MAUWYBATLHUX MA OVOIGeIbHUX
mamepianig. Pozenanymo nepcnekmueHicms 3anponoHO8aAHUX PIULEHD.

Knwuoei cnoea: 6ioxoou, Odcepena ymeopeHHs, Kiac —Hebesneku, nepepooOKa,
Hagpmonpodykmu,  OyoOieenvbni — mamepiany, — eKONO2iuHe  HABAHMAIICEHHA,  eHepemuyHd
epexmuenicmo

HadronepepoOHa mnpPOMUCIOBICT, BIJTHOCUTBCS JI0 CTPATETIUHHMX Tally3eil
IPOMHUCIOBOCTI YKpaiHW, sIKa BIArpa€E OCHOBHY poJib B 3a0e3MedYeHHl KpaiHu
€HEepPreTHYHUMU pecypcaMd (MOTOpHI, TEXHOJIOTIYHI Ta KOTEJIbHI MaJuBa;
3MalllyBaJibHI OJIMBM Ta MacTwia) Ta OyJiBeJbHUMH (OITymMamMH, 3aXUCHUMH
MOKPUTTAMH, T1APOI3OJALIMHUMU MaTepianiamu) pecypcamu. Pazom 3 ThM, BOHa
Oe3nepepBHO MPOIYKYE MIUPOKUNA CHEKTP BIAXOIB, SKi, 3 OIVISIAY Ha 1X IIKIIJTABHUI
BILJIUB Ha 3/I0POB’sl JIIOJJMHU Ta HABKOJUIIHE CEPEJIOBHINE, HEOOXITHO YTUIII3yBaTH
[1]. 3amydeHHs BIIXOJIB B SKOCTI CHUPOBUHM JJIi BUPOOHUIITBA, B CBOIO UEPTy,
CIpHSIE€ 3MEHIIICHHIO 3aJIKHOCTI BiJI IEPBUHHOT CHPOBUHHU, 1[0 OCOOJIMBO aKTyalIbHO
JUTst YKpaiH! B Cy4acHUX T€OMOJIITUYHUX YMOBAX.

Homenknatypa OCHOBHHMX BIJXOAIB, IIO YTBOPIOIOTHCS TMiAYac MPOLECY
nepepoOkn HadTH, JHKEpela X BUHUKHEHHS Ta Kiac HeOe3MeKw, MpEe/CTaBIeHl Y
Taodu. 1.

Taomung 1
Howmenkmarypa BigxoaiB HagTormepepoOKu
Ne | HaiiMmeHyBaHHS BiAX01y J>xepena yTBOpeHHs Knac nebe3neku
1. Kucnuii ryapon KonTakTHa ouncTKa I (maa3BUUaITHO
3MalllyBaJIbHUX OJIUB HeOe3IMeYHnin)
2. HadroBuii nutam PezepByapHuii napk, II-1IT (Bix BHCOKO 70
BIJICTINHUKH ITOMIPHO HEOC3MECUHMIN)
3. | ByrneBoaHeBi rasu ta TexHonoriuHe III (momipHO
napu HaQTONpOAYKTIB | 00JsiaiHaHHS (YCTAaHOBKH HEOC3MIeYH1)
4. | Karamizaropauii i, | nepBuHHOI Ta BTopuHHOL | [-11 (Bix Hag3BHUaAlHO
IJIaMu nepepoOKu) 110 BUCOKO
HeOe3neyHui)
5. BignparnsoBani ABTOMOOUTbHUI II-1V (momipHo Ta
HaQTONIPOAYKTH TPAHCIIOPT, MEXaH13MHU MaJio HeOe3MeyHi
6. JlumoBi Ta3u VY cTaHOBKY 3 OTpUMAaHHS
TEIJIOBOi eHeprii [-1II (Bix Ham3BUYAITHO
7. CriuH1 BOgu PesepByapu, ycraHOBKH 710 TIOMIpHO
3HECOJICHHS Ta HEOE3MEeYHNX )
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3HEBOHEHHSI
8. [Iponusu Onepartii 3 [I-IV (momipHo Ta
Ha(TOMPOYKTIB MepeKavyyBaHHs, MaJjio HeOe3MeuHi)
TEXHOJIOT1YHE
oOiagHaHHs

Kucnuii eyopon BITHOCUTBCS O uWciaa BKpall HEOE3MEYHHX MPOMHUCIOBUX
BigxoniB (I-II xmac Hebe3meku), sskuit B cBoeMy ckiaai mictuth 10-60 % BigbHOT
cipuanoi kuciotu, 30-70 % ByraeBoaHiB, 10 20 % BoaM, Bakki MeTanu, ¢heHonn [2].
BHacnigok 3HAYHOTO BMICTY BYIVIEBOAHIB KHCIWH TYIPOH IMICIsS HeHTpamizamii
KACJIOTH Ta TPOMHUBAHHS BHKOPUCTOBYIOTH JMJII OTPUMAaHHS TEIUIOBOI €Heprii
(cmamoBaHHA); y BUPOOHULTBI KOTEJIBHUX MajduB (KPEKIHT; KOMIAyHIYyBaHHS),
01TyMiB (OKMCHEHHS; KOHLIEHTPYBaHHS; KOMIIayHAyBaHHs), OyAIBEIbHUX MaTepiajiB
(TepMOKOMIIayHAYBAaHHS 3 IMOJIMEPAMH, PI3HUMU HANOBHIOBauYaMH, OapBHHKaMU
Toio). B YkpaiHi HAKOMMYEHO AECSITKU THCSY TOH KHUCJIOrO TYJIPOHY, 30KpeMa Ha
TEPUTOPIi cTapux HadTorepepoOHUX 3aBOJIIB, IO A€ 3MOTY PO3IJISIIATH LIEH BiAXOA
B SAKOCTI TPOMMCIOBOI CHPOBMHHM Ui BHUPOOHMIITBA MAJUBHO-MACTUIBHUX
MarepialiB.

Hagmosuii  wnam  BITHOCHUTBCS 10 HAaWMacOBIMIMX  BIAXOJIB, SKUH
YTBOPIOETHCS MPAKTUYHO HA BCIX CTaAisX BUpoOHMIITBA HaTonpoaykTiB [3]. Bin Ha
20-70 % ckiamaeTbes 3 BYTJIEBOJIHEBOI YaCTUHHM (aJIKaHiB, OJie(hiHIB, MOTIITUKITIHUX
apoMaTUYHUX BYyIJIeBONHI (OeH3(a)mipeHy, (eHaHTpeHy, aHTpalleHy), CMOJHUCTO-
acanbTeHOBUX pEYOBHH), TakoX Moxke Mictutu 20-80 % Bomu Ta 5-50 %
MEXaHIYHUX JOMIIIOK (YaCTHHKH IPYHTY, MiCKy, ruHu, okcuan metamiB (Fe, Al, Ca,
Mg) ta com (NaCl, CaCl, MgCl touro). HadToBuii mam micisi OUMILEHHS BiJ BOJIU
Ta MEXaHIYHUX JIOMINIOK JOLUUIBHO BHUKOPUCTOBYBaTH SIK CHPOBUHY IS
BUPOOHUIITBA MOTOPHUX, TEXHOJOTIYHUX Ta KOTEIbHUX NaIuB (J0JaBaHHs
BYTJIEBOJHEBOT YACTUHU ILJIaMy 10 Ha(TH, 110 HAJXOJUTh HA MEPEPOOKy), a TaAKOXK
3MalllyBaJIbHUX OJUB (OYMIIEHHS BIJ NapadiHiB Ta CMOJHUCTO-achaaibTEHOBUX
PEYOBHMH) Ta TUIACTUYHUX MACTHJ (TepMOJHUCIIeprallis MmojiMepiB Ta HallOBHIOBAYIB).
B mutomy x, HOro MoOXHa BUKOPHCTOBYBaTH Ul BHUPOOHUIITBA THUX CaMHUX
POJYKTIB, IO 1 KUCJIHMA 'y APOH.

Byenesoonesi ecazu ma napu nagpmonpodykmie BITHOCSATHCA N0 JIETIOUUX
pPEYOBHH, IO yTBOPIOIOTHCS TPU  BUNAPOBYBAHHI YW  PO3KIAAl  PIAKUAX
HaTONPOAYKTIB. ByrieBogHeBi rasu, sk NpaBWJIO, € CYMIIIIIIO BYTJIEBOJHIB, SKI
BKTr04aroTh sk Jierki (C2He, CsHg, C4Ha1o), Tak 1 61mbmr Baxki (CsHiz, CeHia, CeHio,
CsHs TOIIO) KOMIIOHEHTH. IX, K HpaBMIIO, BUKOPUCTOBYIOTH Ul OTPUMAHHS
TEIJIOBOI eHeprii (CrajaroBaHHs), 3piIHPKEHOr0 MOTOPHOTO MajiiBa ab0 SK CUPOBUHY
JUIs HAaQTOXIMIYHOTO CHHTE3Y.

Kamanizamopnuii nun, wiamu yTBOPIOIOTHCS TPH KaTaNITUYHUX MPOIECaX
nepepoOKH BYIJIEBOAHIB (KaTaMITUYHUN KPEKIHT, PU(OPMIHT, T1IPOOUMILIEHHS).
BoHu yTBOpIOIOTBCST B HACHiIOK MEXaHIYHOTO pPYWHYBaHHS KaTali3aToOpiB Ta
ckianarThesa 3 okcuiB MetamiB (Ni, V, Co, Mo, Fe, Al Tomio), cMoucTuX peuoBUH
(opraiuHi KOMIOHEHTH, IO OCIJAal0Th HAa MOBEPXHI KAaTali3aTOPIB), MOMILMKITYHUX
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apoMaTtuyHuX ByryieBonHIB [4]. KaTtamizaTopHi nuiaMu J0JaTKOBO MOXYTh MICTHTH
pi3HI BHCOKOMOJICKYJISIpHI ByrJieBojHI. KaTamizaTopHuii mui Ta muiaMm Moxke OyTu
nepepoOIeHU U1 BiHOBJICHHS aKTUBHHMX KOMIIOHEHTIB, Takux K Ni a6o V, s
MOJAJBIIIOTO BUKOPUCTAHHS B HOBUX KATATTHYHHUX [POIECaX IEPEPOOKH
BYTJICBOJHEBO1 CHPOBHUHHU. [HIITUM HAMIPSIMKOM BHUKOPHUCTAHHS KaTaTi3aTOPHOTO MHITY,
oulaMy MoKe€ OyTH MOro 3aldyyeHHs JJid CTBOPEHHS I1HEPTHHX MaTepialis,
HaIMpUKIaa, Juisi OyIIBHUITBA JOpir abo B AKOCTI A00aBOK J0 KOMIO3UIIHUX
MaTepiaiB.

Bionpayvosani Hagmonpooykmu MIpeJICTaBIICHI BIJINMPaIlbOBaHUMHU
3MallyBaJIbHUMH PiJIKKMH OJIMBAMH Ta TUIACTHYHUMH MACTHJIAMH. 3 OTJISTy Ha BMICT
3a0pyHEeHb (BOJM Ta MEXaHIYHUX JOMIIIOK) Ta TeXHOoJorli iX BHUAaJICHHS
(BimcToroBaHHsA, (inbTpamis Ta ueHTpudyryBaHHsA) [5] MOXHA  BBaXKATH
HAWTIEPCIIEKTUBHINIO CUPOBUHOIO JUIsl BUPOOHHUIITBA MOTOPHUX, TEXHOJIOTTYHUX Ta
KOTeNbHUX TanuB (Tepmiunuil kpekinr npu 400-450 °C npu atmochepHomy ado
MJIBUIIIEHOMY THCKY); 3MalllyBaJIbHUX OJUB (pereHeparlis) Ta ITUIACTUYHUX MaCTHII
(Tepmoamcnieprailis mojiMepiB, mapadiHiB, HAMOBHIOBAYIB; 3arylICHHS METaJICBUMU
MUJIaMH); BHPOOHMIITBI  JOMEHHOTO KOKCYy Ta OyIiBeIbHHUX  MartepiajiB
(oOmacmioBabHUN KOMIIOHEHT, IUIacTH(ikKaTop); OiTyMiB (KOHIICHTPYBaHHS il
BaKyyMOM, KaTaJIITUYHE OKHCHEHHS).

Jlumosi eazu — ue ra3ononiOHI BUKWIU, IO YTBOPIOIOTHCS B PE3YJIbTATI
CMAJIOBAaHHS MaJlMBa 331 OTPUMAaHHS TEIUIOBOI €Heprii, HEOOXITHOI ISt
BUPOOHHUIITBA HAPTOMPOAYKTIB ab0 3 METOI OMNaJeHHS MOOYTOBUX MPHUMIIIEHbD.
Bonu cknagarotbes 3 pizHux ximigaux crnoiyk (CO, CO2, NOx, SO,, C, CH, CH-0,
CyHi,), sxi € mKigIMBUMH Ta HEOE3MeYHUMHM  JUIS 3JI0POB’S JIIOJMHM Ta
HABKOJIMIITHLOTO cepenoBuia [6]. MeTogamu ounIleHHs TUMOBHX Ta3iB BUCTYNAIOTh
iX cmamoBaHHS, QUIBTpallisg, aJacopOIiiiHe Ta KaTadiThyHe ouumieHHsA. [lpu
BUPOOHHUIITBl NAJIMBHO-MACTUIBHUX Ta OyIIBEIBbHUX MaTepialiB, JOCUTh 4YacTo
BUKOPUCTOBYETbCS iXx TeroBa eHepriga (temmeparypa 200-600 °C), ska
CHOPSIMOBYETHCSI Ha BHPOOHMUIITBO €JIEKTPUYHOI €HEeprii, MiAIrpiBy BOAM Ta IHLIUX
MaTtepiaibHUX MOTOKIB.

Cmiyni 600U YTBOPIOIOTbCS B TIPOIECI OYHUIIEHHSA (BIJICTOIOBaHHS,
HEeHTPU(YTyBaHHS), TPOMHUBKU (BUIAJICHHS XJIOPUCTHX COJICH Ta BOJAOPO3YMHHHUX
KHCJIIOT Ta JyriB) HaTH Ta BHUTOTOBJICHHS HAPTOMPOIYKTIB, OXOJOKEHHI
TEXHOJIOTIYHOTO O0OJagHaHHs (BOAA, sIKA& BHUKOPUCTOBYETHCS JUISI OXOJIOMKECHHS
peaKkTopiB, TEIJIOOOMIHHUKIB Ta IHIIMX €JIEMEHTIB BHUPOOHHYMX TPOIECIB);
OUHMIIEHH] JMMOBHUX Tra3iB (OYUIICHHS BiJ CIPKH, a30THUX OKCH[IB Ta I1HIIUX
3a0pyIHIOBAYiB); CKMJAHHI B pe3yJbTaTl aBapiii a0 BUTOKIB (MPU TMONIKOKCHHI
TpyOOTPOBOAIB 200 TEXHOJIOTIYHOTO OOJIAHAHHS); MPOMHMBKHA OOJIamHAHHSA (IS
OUMIIIEHHS amapariB, TPyOONPOBOIB, pe3epByapiB Ta iHmIOro obnmagHaHHs). CTiuHi
BOAM HadTONEpepOOHUX MIANPUEMCTB 3a3BUYAN MICTATh: BYIJIEBOJIHEBI CIIOJIYKH
(3a7TUIIKK PO3YMHHUKIB, OEH3MHY, JU3EIBHOTO TNajduBa, Ma3yTy, OJIUB TOUIO);
tokcuuHi xiMmiuH1 conyku (H,SOy4, H,S); comi (NaCl, CaSO,); nyru (NaOH, KOH);
BOXKI MeETajau; 3BaXE€HI 4YacTKW (MWI, WITMEHTH, IHIII TBEPJl YacTKH, IO
YTBOPIOIOTHCA B Mpoliecax 3ropsinHa abo oOpoOku) [7]. Cepen MeTOAIB OUMIICHHS

131



CTIYHUX BOJ HaTONEpepOoOHUX MiANMPUEMCTB MOKHA BHUJILTUTH HACTYIIHI: aeparlis;
doTaris; XiMiuHe OCa/PKEHHS, Olopememiallisi (BUKOPUCTaHHS MIKpOOPTaHi3MIB JIJist
po3KIany HAaPTONPOAYKTIB 1 OpraHIYHUX pEYOBUH); AaKTUBOBAaHE OpOJIIHHS;
yinbTpadinbTpaltis Ta HaHOUIBTpaIis (BUJAICHHS IPIOHMX YaCTOK Ta TOKCUYHUX
XIMIYHUX PEYOBHH); aacopOLisl (HAalpUKIIa[, BUKOPUCTAHHS aKTHBOBAHOI'O BYT1UIA
JUIsl TIOTJIMHAHHS HA(TONPOAYKTIB 1 OpraHiyHuX cnoiayk). CTi4HI BOAM MicCIA
OUYMIICHHS  TIOBEPTAIOTHCS O  TEXHOJIOTIYHOTO  TPOIECY  BUPOOHMIITBA
HaTONPOAYKTIB, 3MEHIIYyIOYM MOTpedy B TNOCTIMHMX BOJHHUX pecypcax 1
MIHIMI3YIOUH BUKUIU 3a0pyAHIOIYUX PEUOBUH Y Tiapochepy.

Ilponusu nagpmonpooykmie — 1€ BUTOKM abo po3nuBu HaQTU Ta
Ha(TOMPOAYKTIB HAa TMOBEPXHIO BOJAM, IPYHTY abo iHmIoi Teputopii. Lle cepiio3Ha
npoOiema, siKa MOXXE MaTH 3HAYHUN EKOJIOTIYHWI BIUIMB HA HABKOJUIIHE
cepeloBUIlle Ta 300poB'a JoAuHU. [IponuBu HA(TONPOIYKTIB BUHUKAIOTH MpU
TEXHIYHMUX  HECHPABHOCTSIX  oOOnajaHaHHS  (MOMIKO/DKEHHS  TPyOOIPOBOIIB,
pe3epByapiB), aBapisx, TMOPYIIEHHI TpPaBWI TEXHIKU O€3MeKH, MPUPOJIHUX
kartactpodax (mTopmax, 3emieTpycax, MoBeHsx). Jlms OGopoTeOM 3 TpoTUBaMH
Ha(TONPOIYKTIB BUKOPUCTOBYIOTh CIICIIaIbHI COPOEHTH, MEXaHI4HI METOMH,
6iopemeniaiito, XiMiuHi Mmetoau [8]. Tomy BakIIMBO po3poOJIATH Ta BIPOBAIKYBATH
e(deKTUBHI CHCTEMHU JIsl TIOTIEPEIKEHHSI BUTOKIB, a TaKOX HIBUAKO pearyBaTh Ha
BUHUKJI CUTYallli JJ11 MiHIMi3allil HEraTUBHUX BIUIMBIB, 3a0€3MEUYEHHS €KOJOTTYHOCTI
Ta MIABULIEHHS 3arajibHOi KyJIbTYPH BUPOOHUIITBA HA(DTOMPOIYKTIB.

[lepcnekTHBM  BHUKOPWUCTAHHS BTOPMHHOI CHPOBHHH Y  BHPOOHMIITBI
Ha(TONPOJYKTIB Ta OYJIBEJIbHUX MaTepialliB € Ay>K€ aKTyaJlbHUMH 3 TOYKH 30DpY
€HEepreTuyHoi e(PEeKTUBHOCTI, €KOJOrii Ta EKOHOMIKM. BukopucTaHHS BTOPHHHOI
CUPOBHHH JI03BOJISIE 3MEHIIUTH 3aJIEKHICTh Bl MEPBUHHUX PECYPCIB, CKOPOTUTU
BUTPATH Ha BUPOOHUIITBO 1 MIHIMI3yBaTH HETaTMBHUN BIUIUB HAa HAaBKOJHUIITHE
CepeIOBHUILIE.
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Abstract: The equipment of refineries and oil production facilities is subject to corrosion
due to the supply of crude oils with a high content of mineralized water. The use of inhibitors is one
of the most common corrosion protection methods. However, increasing requirements of
environmental standards give impetus to developing new types of corrosion inhibitors from natural
raw materials. The article deals with the synthesis conditions of new corrosion inhibitors (Cls)
produced from distilled higher acids of beef fat (DHFAs) or vegetable oils (VO), as well as
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research on the protective effect of the synthesized corrosion inhibitors compared with industrial
inhibitors (5 samples). The gravimetric method studied the protective effect in a solution of salts
and jet fuel using a St20 steel plate. At 50 °C and a Cls content of 100 ppm, the protective effect of
corrosion inhibitors based on VO and triethanolamine was 9.7-75.6%. Under similar conditions,
Cls obtained from DHFAs and diaminoethyl exhibited a protective effect of 81.6-94.1 %. When
DHFAs and diethanolamine were used to synthesize Cls, the protective effect was 93.0-95.6 %. CI
synthesized at 130 °C and a DHFAs: diethanolamine ratio of 72: 28 showed a 99.2 % protective
effect at 50 °C and a CI content of 200 ppm, which was higher or equal to the impact of using
industrial inhibitors (91.6-99.5%). The results prove the possibility of alternative use of animal fats
and waste from their production as new resources for obtaining highly effective equipment
corrosion inhibitors. Using alternative inexpensive raw materials (fats, vegetable oils, waste from
their output) to obtain Cls will improve the economic performance of inhibitor production. In
addition, at least the fatty (oil) part of organic Cls is biodegradable and will not harm the
environment.

Keywords: biological resources; corrosion inhibitor, protective effect; higher fatty acids;
vegetable oil.

The sustainable process of waste and low-quality minerals engineering, along
with biomass reuse and valorization, is crucial for creating new raw materials and
promoting a circular economy. This approach significantly improves environmental
ecology. In the refining and fuel industries, corrosion challenges arise from exposure
to aggressive media like mineralized water and acids, requiring effective corrosion
inhibitors to protect equipment. Traditional inhibitors, based on toxic synthetic
chemicals, are harmful to health and the environment.

In contrast, organic inhibitors derived from renewable raw materials, such as
vegetable oils and animal fats, offer a promising, environmentally friendly
alternative. These natural inhibitors are biodegradable, non-toxic, and provide
effective protection against corrosion. Research highlights the potential of plant-
based materials, such as garlic, cocoa, and citrus peels, as corrosion inhibitors.
Studies show that these inhibitors can be as effective, or even more so, than synthetic
alternatives, with the added benefits of lower cost and availability from agricultural
waste.

Green inhibitors, including those from fatty acids, offer high corrosion
protection efficiency, particularly in drilling fluids and metal surfaces exposed to
aggressive media. Their effectiveness depends on adsorption properties and the
formation of protective films on metal surfaces, which block corrosive agents. These
inhibitors are not only efficient but also align with sustainable development
principles, offering a promising solution to reduce environmental impact while
enhancing the longevity of industrial equipment.

Various corrosion test methods were used to assess inhibitor effectiveness,
including weight tests, Fourier transform infrared spectroscopy, electrochemical
techniques, scanning electron microscopy, and quantum chemical calculations. The
corrosion depth depends on the aggressive medium type and temperature, which are
selected based on the intended application.

Globally, large stocks of oils, fats, and their waste are produced, with animal
fat exports in 2022 totaling $834 million. The global production of vegetable oils has
steadily increased, with 210.4 million metric tons produced in 2022/2023. Waste
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from oil and fat processing is significant, creating opportunities for the development
of environmentally friendly corrosion inhibitors.

The production of corrosion inhibitors from common vegetable oils, animal
fats, and their wastes should be studied, as these materials are abundant. Previous
studies have shown that inhibitors based on renewable raw materials provide
effective protection. This work aims to synthesize green corrosion inhibitors from
plant and animal sources, compare their effectiveness with commercial inhibitors,
and explore their use in reducing equipment corrosion in the oil industry.

Materials for this study include vegetable oils rich in unsaturated acids, such as
corn and sunflower oils, and beef fat. The oils and fatty acids were sourced from
Ukrainian companies that use hydrolysis and distillation to process them.

Vegetable oils predominantly contain unsaturated fatty acids. They are more
reactive and can interact with amines through adduct reactions, complexes, esters,
and amide formation (if possible). On the other hand, the studies used different types
of vegetable oils (with higher and lower content of unsaturated acids than animal
fats). Using tertiary amines in reactions with vegetable oils containing various
amounts of unsaturated acids made it possible to establish which groups tertiary
amines react with. Animal fats usually contain more saturated fatty acids, which are
less reactive but form more stable amides. Therefore, secondary amines, capable of
forming amides, were used for reactions with animal fats.

For the synthesis of inhibitors, the distilled higher fatty acids (DHFAs) or
vegetable oils (sunflower, coconut, or corn) derived from the raw materials were
loaded into a 250-mL three-necked flask with a diameter of 64 mm. The oil and fat
were purified from impurities and water by pre-filtration. Then diethanolamine or
diaminoethanol (for beef fat) and triethanolamine (for vegetable oils) were added.
The amount of additives was calculated based on the molecular weight of the
components and their ratio in the mix-ture. After the reaction was completed, the
mixture was gradually cooled to room tem-perature while maintaining stirring. The
density of the reaction products was determined. The amount of inhibitors formed
was 150420 g. Since all inhibitors are highly viscous liquids, 5% solutions in a
mixture of isopropanol and hydrocarbon solvent (working inhibitor solution) were
introduced into the corrosive environment.

The flask was placed on a heating device, raising the required reaction
temperature. The synthesis time was 4 hours. Stirring was performed using an OS20
laboratory stirrer with a 25 mm wing tip at a stirring speed of 180 rpm. The ratio of
the reaction vessel's diameter to the stirrer's diameter was 1.3:1. The processing time,
stirring intensity, temperature intervals, and ratios of raw material components were
taken based on exploratory and previous studies.

Perhaps the polar groups of the “coconut” inhibitor form bonds with metal
atoms, and the long hydrophobic alkyl chains are oriented outward, creating a barrier
that prevents the penetration of water, oxygen, and ions. Thus, the coconut oil-based
inhibitor provides long-term protection of metal surfaces through a combination of
hydrophobicity and adsorption ability. This is practically the level of effect shown by
sunflower oil (cf. 71.3%).
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So, it is evident that the protective effect of inhibitors synthesized from
vegetable oils and triethanolamine strongly depends on the synthesis temperature; for
sunflower oil, the maximum impact is achieved at the synthesis temperature of
140 °C; for corn and coconut oils — at 130 °C.

The difference in corrosion protection efficiency at different synthesis
temperatures for each type of oil can be explained by several factors related to the
chemical and physical properties of the inhibitor molecules formed at these
temperatures.

As the synthesis temperature increases, the rate of chemical reactions between
the oil and triethanolamine increases, which can lead to the formation of inhibitors
with better adsorption properties on the metal surface. However, beyond a specific
temperature, excessive heating can lead to partial oxidation of the inhibitor and/or
reactions between acids, reducing the number of active sites and ultimately reducing
the inhibitor's effectiveness. The above assumption is confirmed by the increase in
the density of the reaction mixture with increasing temperature (molecular weight
increases and, consequently, density increases). Therefore, for each type of oil, the
efficiency of the inhibitor is achieved at certain synthesis temperatures, which may
indicate the optimal ratio between the polar and nonpolar parts of the molecules that
form a stable film. The molecules may not be active enough at low synthesis
temperatures for effective adsorption on a metal surface. At too high temperatures,
the molecules may lose their properties due to the increased molecular weight of the
fatty acid alkyl chain (oxidation, ester formation, oligomerization along double
bonds).

This study emphasizes the prospects of using inhibitors based on organic raw
ma-terials in the industry, which contributes to the development of sustainable
technologies and compliance with environmental requirements. New corrosive
inhibitors based on natural raw materials were obtained under different conditions
and with varying ratios of the components. The inhibitors synthesized from vegetable
oils and triethanolamine were found to have a slight protective effect against metal
corrosion compared with inhibitors based on distilled higher fatty acids derived from
beef fat and diethanolamine. The best results were obtained for the sample with
DHFA: amine ratio of 72:28 (wt/wt) synthesized at a temperature of 130 °C and time
of 4 hours. It demonstrates a 99% protective effect at the corrosive medium
temperature of 50 °C. The increase in temperature to 70 °C slightly decreases the
impact to 95.6 %.

Synthesized inhibitors are as good as, in some cases, even better than well-
known commercial inhibitors. Using inexpensive alternative resources (fats,
vegetable oils, waste from their production and processing) to obtain effective
corrosion inhibitors will reduce their price by approximately half. The lower cost of
the studied corrosion inhibitors makes the possibility of their further industrial
implementation extremely promising.

Studies have also shown that the content of unsaturated compounds in the
feedstock of plant origin has virtually no effect on the protective properties of the
synthesized compounds. Therefore, vegetable oils can also be a promising raw

136



material for producing N-containing corrosion inhibitors in the case of obtaining
amides based on them. Thus, future research will aim to achieve higher protective
properties of compounds synthesized based on Ukraine's most common vegetable oils
(e.g., sunflower, rapeseed) and diethanolamine. Moreover, based on 1-2 most
effective corrosion inhibitors, it is necessary to study the mechanism of their action
and the effectiveness of equipment protection using a different range of studies
described in Section 1. Introduction. It is equally important to compare the
biodegradation rate of natural inhibitors with industrial ones. Finally, the research
will aim to integrate natural inhibitors into industrial processes, including equipment
operation under challenging conditions (high temperatures, extremely aggressive
environment).
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Ilokazano, wo 301bHicMb 8Y2iLIA 34 KIAcCamMu KPYRHOCMI po3nodiiena nepienomipro. Knac
25-50 mm mae nausuwuti cepeoniu emicm 3onu (13,1%), ane demoncmpye 3nauny minausicmo (6,8-
32,1%). Menwi knacu (<0,5 mm) maroms 6invut eucoxutl emicm 3oau (00 15,1%) nopiguano i3
cepedHimu posmipamu (6 cepeonvomy 10,9%). Byno niomeepoxceno cmabinoHicmsb mexHoI02IUHUX
eacmugocmetl 8y2ibHOI WUXMU Ni0 YAC 3aKAYYBAHHS, HAMOMICMb CNOCMEPIcalombCs
PO30INCHOCMI Y PO3MIPI YACMUHOK, BUX0O0L IEMKUX PEYOBUH I 30JIbHOCMI, W0 30L1bULY8AIUCS 810
yenmpy 6awmu 00 ii 308HIWHIX psOi8.

Knrouoei cnoea: cecpecayis, gyzinona bawma, 301bHiCMb, KI1ACU KpYnHocmi, 6i00ip,
PO3NOOINEHHS, 2PAHYIOMEMPUYHULL CKILAO.

Cerperariis Byriuisi — Ie Tporec Moauly Ha dpakimii 3a (Qi3UMYHUMH Ta
XIMIYHUMH XapaKTepUCTUKaMHU (pO3Mip, IIUIBHICTh, SKICHI TOKa3HUKH). Bona
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BIJIIFPAa€ KIFOUOBY POJIb y MPOMHCIOBOCTI, 30KpeMa B E€HEPreTHIll Ta METalTyprii,
JI03BOJISIIOYM ONTUMI3yBaTH BUTPATH Ta 3MEHIITUTH €KOJIOT1YHI PUHKH.

3pocrarounii  ACHIMUT BHUCOKOSKICHOTO BYTULISA IIJIBHINYE HEOOXIIHICTH
edekTUBHOTO 30aradeHHs. BrpoBamkeHHS aBTOMAaTH30BAHMX CHUCTEM, HOBUX
MaTepialiB Ta CyXHX METOIB 30araueHHs JOoroMarae 3HU3UTH HETaTUBHHUM BILIMB Ha
JOBK1JLIISAL.

HaykoBi mocnixeHHs cerperaifii OXOIUTIOIOTh METOAU PO3JIUICHHS YaCTUHOK
3a PO3MIpPOM, IIUIBHICTIO Ta 1HIIUMH NapamMeTpaMu. BcTaHOBIEHO, 1110 MOAPIOHEHHS,
BOJIOTICTH 1 MallepajJbHUM CKJIaJl BIUIMBAIOTh HA MPOIIEC, a BJOCKOHAJIEHI TEXHOJIOTI,
AK-OT aepoKIacu(piKailisi, IOKPAIYOTh SKICTh KIHIIEBOTO MPOAYKTY.

[Torpu 3HAYHY KIIBKICTH JOCHIDKEHB, OUIBIIICTh 13 HUX 0a3yrTbCcs Ha
MaTEMaTUYHOMY MOJIEIIOBaHHI a0o J1abopatopHUX ekcrepuMenTtax. Lle 3ymoBiioe
notpely y BHBUYEHHI cerperaiii B peaJlbHUX MPOMHCIOBUX YMOBax. MeTO LbOro
JOCHIJKEHHST € aHaji3 TMpoIecy cerperamii ByTUDII Ha KOKCOXIMIYHOMY
HIIPUEMCTBI, IO JIO3BOJIMTH MIATBEPAUTH a00 CIPOCTYBATH paHillle BCTAHOBIICHI
3aKOHOMIPHOCTI Ta BJOCKOHAJIUTH MIATOTOBKY BYT'ULIS O BAKOPUCTAHHSI.

Metonu.

JIist BU3HAYEHHS SAKICHUX TIOKa3HUKIB BYTUUIA Ta BYTUIBHUX IIIHAXT
BUKOPUCTOBYBAJIKCS TaKl CTAHAAPTHI METOM:

Binbip ta migroroska mpo6: ISO 18283:2022, ACTY 4096-2002, JICTY
8699:2016

Texuiuamit anamiz: ISO 17246:2010, ISO 334:2020, ISO 589:2008, ISO
1170:2020

[Terporpadiunuii ananiz: JACTY 7722:2015, ISO 7404-3:2009, ISO 7404-
5:2009

['panynomerpuunuii anamiz: ISO 1953:2015

Posmono3garnicts: ISO 5074:2015

Cnixnmusa 3gatHicTs: JICTY 7723:2015

Knacudikamis syrimuist: JJCTY 3472:2015

[IpoBeneHHS €EKCIEPUMEHTY .

ByrinpHa Oamra — e OyHKepHa criopyaa ajs mpuiioMy, 30epiranis Ta nmogadi
BYTrUIbHOT IKMXTU. BOHa CKIIaaeTbesi 3 KUIBKOX CEKIIii, 00JIallHAHUX OPUCTPOSIMHU
JUIsl pIBHOMIPHOTO PO3MOJUTY IIMXTU Ta 3amooOiraHHs cerperaiii. MicTKiCTh OainTu
3a0e3nedye 3amac MUXTH I cTa0UIbHOT poOOTH meuerd Ha 2-3 3MmiHu. CeKuiiHHuMA
MOJIUT JTO3BOJISIE TIPOBOAWTH OTJISIAM, PEMOHTH Ta ouuiieHHs. JIjis 3amoOiraHHs
3aBUCAHHIO BYT1JIbHOI MacH mepea0avdeHo MHEBMAaTHYHE OOBaJICHHS.

Takum 4YWHOM, Ha TMOYATKY €KCIIEpUMEHTY HamMu Oynau BimiOpaHi Ta
IIpOaHaTi30BaHl BCi BYTUIbHI KOHIICHTpAaTH, IO BXOJIWIW JI0 CKJIaAy BYTUIbHOT
muxTd. [lo ToMy ik ByrUIbHUM 11€X0M OyJIO MIATOTOBJICHO BYTUIBHY HIUXTY (€Taru
MOTIEPETHHOTO Ta KIHIIEBOTO APOOJIEHHS KOMIIOHEHTIB, 1X J03yBaHHS Ta 3MIIITYBaHHS)
BOHA CTPIYKOBHM KOHBEEPOM 3aKaudyBajach J0 BYTiUIbHOI Oamtu OaTtapeir No7-8; Ha
IIOMY X €Taml MmapajeibHO IIMXTa BimOWpanach Il BU3HAYEHHS ii MOYATKOBHUX
napaMeTpiB. BinGip BimOyBaBcs 0Oe3mocepeHbO 3 KOHBEEPHOI CTPIUKH Mepen
nojayero 0 ByruibHOi Oamrh. Ha HacTynmHOMy eTaml mpoBOAMJIA BIIOIp mpod
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BYTUIBHOI IIUXTH, 1[0 3aBAHTAXKYETHCS B OYHKEPH BYTJI€3aBAHTAXYBAIbHOI MAIINHH,
3 pI3HUX CEKI[iH Ta ps/IiB ByTUIbHOI BEXKI MPOTITOM 6 TOAWH. 3aKJIFOYHUM €TaroM OyB
aHai3 BiiOpaHuX 3pa3KiB, 1X MOPIBHSAHHA Ta (HOPMYyBaHHS BUCHOBKIB.

MeToro maHOTO AOCTIHKEHHS OYJIO JOCTIAWTH TPOIEC cerperailii ByTiyuisi B
YMOBAaxX peaibHOTO MPOMHUCIOBOTO KOKCOXIMIYHOTO MIJIPUEMCTBA, 5K 33 KPYIHICTIO,
TaKk 1 3a OCHOBHMMH IapaMeTpamMu SKOCTI Byruuis. Bapro BiA3HAaYUTH, IO
nociaipkeHHss npoBoawin B ymoBax [IpAT «AKX3», BiANOBIAHO 3akauka,
MOYaTKOBHI BIAOIp Ta aHaNi3 PO3NOAUTY IMIMXTU B1AOYBaIUCh BIAHOCHO 30yA0BAaHOI
Ha JaHOMY MIANPUEMCTI JBOCEKI[IHHOI BYTIbHOI OamTH 31 CTalllOHAPHUM
PEBEPCUBHUM KOHBEEPOM Ta >KOJIO0AMH po3Jadi IIUXT, J€ PO3MOMIT IIUXTH II0
CEeKIIsIX 3MIMCHIOETHCS CTAI[IOHAPHUM PEBEPCUBHUM CTPIUKOBUM KOHBEEPOM 3
kinarmadamu. [lig gac mpoBeneHHs eKCIEePUMEHTY Bifoip mpoO BYTUIBHOI IIUXTH 3
BYriIbHOT ~ OamTd  MPOBOJAWBCS  TNPH  3akadyyBaHHI i1 B OyHKepH
ByIUI€3aBaHTAKyBaJabHOI MamuHu 3 1, 4 Ta 5 panmiB 1 ta 2 cekmiil. Tox st OLIbIIT
IMIUPOKOTO y3araJlbHeHHS Ta MIATBEP/UKCHHS OTPUMAaHUX TEHJCHIIINA, HaMH
3aIUTAHOBAHO TIPOBEACHHS IMOMIOHWUX JOCHIDKCHh HAa 1HIIMX KOKCOXIMIYHHX
MiIPUEMCTBAX, BIAMOBIAHO 3 IHIIMMHA KOHCTPYKIIISIMU BYT1IHOI OAIlITH Ta 3 1HIIIOIO
CHUPOBUHHOIO 0a3010.

1. 3a pesynpTaTaMu Ii€i poOOTH MOXHA CTBEPIXKYBaTH, IO 30JBHICTH 3a
KJlacaMM KPYIMHOCTI BYTULIS pO3MOJJIeHAa HepiBHOMIpHO. Tak HalOuUIbIIKM
cepeqHiM, aje BKpail HepiBHOMIpHUMU 3HaueHHsMH (6,8-32,1 %) XapakTepusyeTbes
kiac 25-50 mm (13,1 %). MiHiMaJIbHUMH 3HAYEHHSIMHU 30JIbHOCTI XapaKTEePU3YIOThC
knacu 0,5-1 mm — 7,3%; 1-3 MM — 6,9 % T1a 3-6 MM — 7,3 %. Takox HU3BKI 3HAUYEHHS
30JIbHOCTI CITOCTEPITaloThCsl B HAMKpymHIMIOMY kiaci kpymHocti + 50 Mm (6,6-
7,5 %). B Toii xe 4yac 301bHICTH ApiOHMX (MeHme 0,5 MM) KiaciB BIIIOpaHOTO
BYTULJISL 3HAYHO BUIIA, HIK B CEpeHIX Kilacax KpymHocTi (cepenne 3HaueHHs — 10,9)
1 mocsirae 15,1 %. BpaxoBytouu 11e, MOKHA TIPUITYCTUTH, 110 HAAMIPHE MOAPIOHEHHS
BYTUIJIS 3 YTBOPEHHSIM ITiJIBUIIIEHOT KIIBKOCTI KiaciB MeHie (0,5 MM MOe PU3BECTH
JI0 «CaMOITICHEHHSI» ITUXTH 1, BIAMOB1AHO, MOTIPIICHHS ii SKOCTI.

Po3nonineHHss 30JbHOCTI 3a KjacaMH KPYMHOCTI MiArOTOBJIEHOI BYT1IBHOI
IMIUXTH Ha OamTy aHaiorivHe il po3MoIJICHHIO B KOHIIEHTpATax, a caMe — HaO1bIIe
il 3nauenns (11,2 %) BnactuBe HaliMeHmoMy kiacy <0,5 MM, HaliMeHIIIE 3HAYCHHS
(6,8-7,4 %) y cepennix kmacax 0,5-1, 1-3 ta 3-6 MM, a mpomixkHe 3HaUeHHS 8,8 % —y
HaUOLIBIIOMY KJIaci >6 MM.

2. MoxHa KOHCTaTyBaTH BIIHOCHY CTa0LIbHICTh TEXHOJIOTTYUHUX BIACTUBOCTEHN
Ta TPaHYJOMETPHYHOTO CKJIaay BYTUIbHOI INIWXTH MPOTATOM 3aKadyBaHHS ii Y
ByriibHYy OamTy. Tak BMicT kiacy 0-3 MM y mpo0ax BYTUIBHOI IIUXTH, BIAIOpaHUX 3
iHTepBaJioM 1 roauny, cTaHoBUTH 78,4-79,7%; 305bHICTD 8,3-8,5%; BMICT 3arajabHO1
cipku 0,90-0,92%; BuX1J JIETKUX PEUYOBHUH Ha CyXHil 0e330pHUM cTaH - 32,1-32,6%,
a cepeaHii giametp yactodok 1,80-1,87 mm.

3. HemuBnsiuuck Ha CTabUIbHICTh TEXHOJIOTTYHUX BIACTUBOCTEHN Ta
IPaHyJIOMETPUYHOTO CKJIaJy BYTUIBHOI ITUXTH HA BXOJI /10 ByTUIBHOI OaIlTH, aHaji3
OTPUMAaHMX JaHHUX MOKa3aB, pO301KHICT 1X PO3MOALTY Y pAdaX BYTUIbHOT OalTH.
Jlana po301XKHICTB B MEPITY YEPTY CTOCYETHCS TTOKA3HUKA CEPEIHBOTO T1aMeTPy
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YaCTOYOK BYTLILIA dy, BUXOMY JIETKUX Pe4oBUH V% ta iioro 3ompHOCTI A9 i
30UTBIITY€THCS Bl IEHTPAJIBHUX PAJIB OAIITH 110 11 KpalHix psaiB. Tak iHTepBa
BigxuiaeHs s 4-ro pamy 1-i cexuii Ta 5-ro psmy 2-i cexuii Garrtu 30mpHOCTI A?
=0,2-0,5 %, BUXOIy IeTKHX pedoBuH V¥ = 0,3 % ta xpynnocTi d; = 0,22-0,27 MM,
TO JUIS JalbHBOTO 1-10 psamy 1-i cexuii Bigxunenns 3aavens 49 = 1,0 %, V% =1,2 %,
a d,=0,82 mMm.

4. bepyuu 110 yBaru (hakT CyTTEBOTO BIIXUJICHHS MOKA3HUKIB SIKOCT1 ByT'JIbHO1
IIMXTHU B1Jl BUXITHUX 3HAYEHb Y KpalHIX psAax CeKIiil ByruipHO1 Oamtu 6at. 7-8,
OyJ10 O TOUUIBHUM BXKUTH TEXHOJOTIYHUX 3aXO/IIB 1100 YCYHEHHsI cerperaiii ta
BUPIBHIOBAHHS MOKA3HUKIB SIKOCT1 IIMXTH, 110 TOBUHHO MTPU3BECTHU JI0 CTaOTI3aIlT
SIKOCT1 JOMEHHOT'O KOKCY, OTPUMYBAHOTO Ha IMiAMPUEMCTBI.
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Cyuacna asiayis - 00UH 3 OCHOBHUX CHOMCUBAUIE 8)21€600HEGUX NATUS, CNONCUBAE MAlIdHCe
100 man. eanouie namusa Ha piK i yetl NOKA3HUK NOCMIUHO 30inbuyemovcs. 3 iHUWO20 OOKY
agiakomnanii 30006 ’s3yiomuvcs 3ade3newumu Hynwosi eukuou CO; y nogimpsanomy mpaucnopmi 0o
2050 poxy. lle sumacac 6uYeHHs HOBUX 1 BOOCKOHANEHHS ICHVIOYUX NPOYECi8 OMPUMAHHSL
anbMEPHAMUBHUX ABIAYTUHUX NATUE A MAKOIC UKOPUCMAHHA ANbMEPHAMUSHOI, 8I0HOBNI08AHOI |
besneunoi cuposunu. L1 npays aunanizye nomouui meHOenyii 6 aesiayitinil eany3i;, CYYaACHI
oocsicnenns 6 cqhepi SAF ma oemanvHe NOpiGHAHHA MEXHONO2IU, CUpOBUHHOI bazu ma ¢hizuko-
XIMIYHUX 8nacmueocmell 3 Memorw NOULYKy ONMUMAIbHUX NApamMempie mMexHOoN02IUH020 npoyecy
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2IOPOKpeKiHeYy MBAPUHHUX JICUpi@ Ol  OMPUMAHHA — eKONO2IYHO 0e3neuHux KOMNOHeHMIE
PEeaKmuBHo20 asiayitino2o natusd.

Knrouoei cnoea: Byenesoowi, asiayiuui nanuea, cmani naiuéda, aibmepHamued, XiMiyHuul
CKIa0, eHepeoephexmusHimn, eKo102is, MexHoN02il, 2I0POKPeKine

Po3po6ienHs HOBUX BUIIB TajguBa ig Ta30-TypOiHHMX naBuryHiB (I'TJI)
3 BIJHOBJIIOBAHUX PECYpCiB, BIIOMUX SIK crane asiaimiiiHe manuBo (SAF), crae
rocTporo HeoOximHicTio. SAF Mae moTeHIian He JIMIIe 3MEHIIUTH 3aJeKHICTh BiJl
BUKOITHOTO TaJuBa, a il 3Ha4HO CKOpOTUTH BUKUIU CO,, 0THOYACHO 3a0€3MeUyrun
CYMICHICTb 13 ICHYIOUYMMH aBlallifHUMH IBUTYHaMU Ta iHppacTpykTyporo. Kpim Toro,
PO3BUTOK TAKMX TEXHOJOTIM BIAKPUBAE MOXKIUBOCTI JUJISl 3MILHEHHS €HEPreTHYHOI
0€3IeKN Ta CTUMYJIFOBAaHHSI €KOHOMIYHOT'O 3pOCTaHHS Yepe3 1HHOBAIlll Ta 3aJy4YeHHS
HOBHUX 1HBECTHUIIIN Y TATy3b.

BianosinHo 1o 3BiTy MiKHapoIHOI acouialii MOBITPSHOTO TPAHCHOPTY JOJIS
SAF y npoBiIHUX CTpaTerisiX JOCSATHEHHS aBialliiHOI0 Taly3310 HYJbOBUX BUKHUJIIB
CO, 1o 2050 poky Bapitoetbes Big 24% a0 70%. 3 noneto 6ionanus Big 10% g0 35%.

s mpams aHamizye TOTOYHI TEHJEHINT B aBlaliHIA raimy3i; cydacHi
nocsirHeHHS y cdepi immeMeHTtarii SAF Ta neranbHe TOPIBHSHHS TEXHOJIOTIH,
CHUPOBHHHOI 0a3u Ta Pi3MKO-XIMIYHUX BJIACTUBOCTEH 3 METOIO MOIIYKY ONTHUMAaTbHUX
napaMeTpiB  TEXHOJOTIYHOTO TMPOIECY TIIPOKPEKIHTY TBAPUHHUX OJKHUPIB IS
OTPHUMAaHHS €KOJIOT1YHO O€3MMeYHUX KOMIIOHEHTIB PEaKTUBHOIO aBiaIliifHOTO IajnBa.

I'imoTe3010 maHHOI pOOOTH € Te, M0 IO PE3yIbTaTH JOCITIKCHHS CTBOPSTH
HEOOX1HI Ta JOCTAaTHI YMOBH JIJIi OTPUMAHHS €KOJIOTIYHO O€3MEeYHMX aBiariitHuX
NaJIMB 3 BITYU3HSAHOI BTOPUHHOI CUPOBHHH, 110 OyAyTh BianoBinatu Bumoram ASTM
D7566-24d “Standard Specification for Aviation Turbine Fuel Containing
Synthesized Hydrocarbons”. Ile no3BonuTh ekoHOMUTH HA(TOBY CUPOBUHHY 0azy
OpIEHTOBHO Ha 25% Ta BOJHOYAC 3MEHILUUTH TEXHOTEHHUN THUCK Ha JOBKLUISL yepes
3MEHIIEHHS JI0JII BYTJIEBOJIHIB HA(TOBOr0 MOXO/KEHHS 3aMIHOI0 CHUHTETUYHUMU
€KOJIOTIYHO Oe3MEeYHUMHU KOMIIOHEHTAMH y CyMIlIl HOBOT'O KOMIIO3UIIHHOIO MaJluBa,
a TaKOX 3aBJSIKH MepepoOlli BIAXOA1B TBAPUHHOTO MPOMHUCIIOBOTO CEKTOPY.

Metor JOCHIDKEHHS € TMOPIBHSJILHO-HACTIIKOBHM aHalli3 BHPOOHUIITBA 1
nepcrekTuB BukopuctanHs SAF. Ilpeamerom — JochigkeHHS - HOMEHKIATYpa,
¢i13uKo-XiMiuHI Ta eKcIutyartamiiiHi BiracTuBocTi SAF. O0’ekTOoM AOCHIDKEHHS €
CUPOBHHA Ta XIMIKO-T€XHOJIOT14HI MPOIecH OTpuMaHHs cydacHux SAF.
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[Ninote3or0 maHHOiI POOOTH € Te, IO IO PE3yJbTaTU JOCIIIKEHHS CTBOPSTH
HEOOX1/IHI Ta JOCTaTHI YMOBH JJISI OTPUMAaHHS €KOJIOTIYHO OE3MEYHHMX aBlalliiiHUX
NaJIUB 3 BITYN3HAHOI BTOPUHHOT CUPOBHHH, 1110 OYIyTh BiJNoBigaTu BuMoram ASTM
D7566-24d “Standard Specification for Aviation Turbine Fuel Containing
Synthesized Hydrocarbons”. Ile 103BOJIUTH, €KOHOMUTH HA(PTOBY CHPOBHUHHY 0azy
OpIEHTOBHO Ha 25% Ta BOJHOYAC 3MEHIIUTH TEXHOTEHHUW THUCK Ha JOBKIUIS Yepes
3MEHIIICHHS JI0JIi BYTJIEBOJHIB HA()TOBOTO TOXO/KCHHS 3aMIHOI0 CHHTCTHYHUMH
€KOJIOT1YHO OEe3MEeYHUMU KOMIIOHEHTaMH y CyMiIlli HOBOTO KOMITO3UIIIHHOTO TaJINBa,
a TAKOXK 3aBJSIKM NIepepoOlll BIAXO/1B TBAPUHHOI'O MPOMHUCIOBOIO CEKTOPY.

Metorw JOCHIIKEHHSI € MOPIBHSJIbHO-HACTIKOBUI aHalli3 BUPOOHHUIITBA 1
nepcrnektuB BukopuctanHs SAF. [lpeamer nocimigxeHHS - HOMEHKIATypa, (pi3HKo-
XIMI4YHI Ta eKcrutyaTaiiiiHi BractuBocTi SAF. O0’e€KTOM JIOCTIHKEHHS € CHPOBHHA Ta
XIMIKO-T€XHOJIOT14HI MpoliecH oTpuMaHHs cydacHux SAF.

ICAO Global Framework for Aviation Alternative Fuels Busznauae 11
3aTBEP/KEHUX TEXHOJOTIYHUX TIPOLIECIB TEPETBOPEHHS CHPOBMHU B aBialliiiHe
nanuBo (SAF): 1) FT; 2) HEFA; 3) SIP; 4) FT-SKA; 5) ATJ-SPK; 6) CHJ; 7) HC-
HEFA-SPK; 8) ATJ-SKA; 9) co-hydroprocessing of esters and fatty acids in a
conventional petroleum refinery; 10) co-hydroprocessing of Fischer-Tropsch
hydrocarbons in a conventional petroleum refinery; 11) Hydroprocessed esters/fatty
acids from biomass.

Hamu Bukonano SWOT, SNW, GAP ananizu. OCHOBHI BUCHOBKHM HACTYIIHI.

®di3uko-ximMiuHi BiacTUBOCTI SAF, 30kpeMa, B’A3KICTh, TEIJIOTA 3TOPaHHS Ta
CTaOUIbHICTh, B OCHOBHOMY BIJANOBIJAIOTh CTaHAAPTaM TPAJULIMHOIO PEAKTUBHOIO
najguBa, 10 J03BOJISIE BUKOpUCTOBYBaTH iX y cydacHux [T/l 6e3 HeoOXigHOCTI
CYTT€BOI MOJU(IKaIli YU ICTOTHOTO 3MEHIIEHHSI PECypCy iX BUKOPUCTaHHS. AHami3
ICHYIOUMX TEXHOJOT1M CBIIUWTH, M0 HAWOUIBII TMEPCHEKTUBHUMH € TIPOIIECH
00pOOJICHHST eCTepiB Ta XKUPHUX KHUCIOT 3a npucytHocTi BoaHio (HEFA), cuntes
napadinib 3a metonoMm Dimepa-Tpomnma (FT-SPK) Ta kousepcii ciuptiB (ATJ-SPK).
[li meTtonu 3a0e3medyr0Th BHUCOKY SKICTh KIHIIEBOTO MPOAYKTY Ta BIAMOBIIHICTH
MDKHApOIHUM CTaHIApTaM aBlalliiHUX TIaTHB.
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Buxopucranns came TBapuHHUX >KUpIB Jyuisi BupoOHunTBa SAF Burisgae
OJIHUM 3 HAWOUIBII MEePCHEKTUBHUX PIIIEHb, 3 OTJSAY HA OCTYIHICTh CHPOBUHH, ii
CTIHKICTh Ta TEXHOJIOT1YHY MPUAATHICTh. BOHM MatOTh HU3KY TepeBar y OpiBHIHHI 3
IHIITUMU JDKEepeIaMu, TAKUMU 5K, Ha PUKJIIAJ], POCIMHHI 011 a00 CHHTETUYHI Ta3u.
TBapuHHI XHUpU € MOOIYHUM TPOAYKTOM M'SICHOI Ta PUOHOI MPOMHUCIOBOCTI, IO
3a0e3nedye iX MOCTiiiHE HAAXOKEHHS 0€3 HEOOXITHOCTI OKPEMOrO BHUPOILYBaHHS
cupoBuHU. Ha BiAMiHY BiJ] POCIMHHUX OJIIM, IS SKUX HOTPIOHI BEJMKI ILUIOIII
CLIBCHKOTOCTIOAAPCHKHUX YTib, TBAPUHHI KXUPU HE KOHKYPYIOTH 3 MPOIOBOIHUUM
BUPOOHUIITBOM 1 HE CHPUYUHSIOTH 3MIH Yy 3eMJeKOpUcTyBaHHI. Lle poOuth ix
€KOJIOT1YHO MPUHHATHUM J[KepeoM i BUpoOHUITBa SAF.

[Ipomniec oOpoGnenns ectepiB Ta xupHux kucior (HEFA) e Haiiouibim
PO3BUHEHOI0 Ta CEPTU(IKOBAHOIO TEXHOJOTIEI I OTPUMAHHS aJIbTEPHATHUBHOTO
pEaKTUBHOTO MayiuBa. TBapWHHI >KUPU MarOTh BUCOKHM BMICT HACUYEHUX >KUPHUX
KHUCIIOT, IO POOUTH iX 17€abHUM CyOCTpaToM, 3a0e3leuyrodyu CTaOlIbHUN BUXIA
najuBa 3 BHCOKOI CHEPreTUYHOIO IMUIBHICTIO Ta BIAMOBIIHICTIO MIKHAPOIHHM
aBiamitauM ctanaaptam (Hanpukiaa, ASTM D7566).

Buxopucranns TBapuHHUX XKUPiB y BUpoOHHUITBI SAF m03Bossi€ 3MeHIHATH
KUJTBKICTh OpPTaHIYHMUX BIAXOMIB, IO B IHIIOMY BHIIaJKy MOIJIM O CTBOPIOBATH
€KOJIOT1YH1 MpoOJieMH, Takl K 3a0pyJHEHHS IPYHTIB 1 BOAHUX pecypciB. KpiM Toro,
yTWIi3alisd MOOIYHUX MPOAYKTIB M'ACHOI HPOMHUCIOBOCTI y BHUIUIAAlI OlomaiuBa
cripusic popMyBaHHIO 3aMKHEHHMX IMKJIIB BUPOOHUIITBA, 110 BIAMOBIAAE MPUHIIAIIAM
HUPKYJISIPHOT EKOHOMIKH.

3aBAsKA HU3bKIA cOOIBAPTOCTI TBAPUHHUX KUPIB SIK CUPOBUHH, BUPOOHUIITBO
SAF 3a Texnonorieto HEFA Mae moTeHIian cratd KOHKYPEHTOCIPOMOXKHHUM Ha
puHKy. CTallapHE IMOCTavyaHHS Ta BIJIHOCHO HU3BKI KOJMBAaHHS I[IH HAa TBapUHHI
YKUPH Y TIOPIBHIHHI 3 POCIIMHHUMU OJIISIMH 3a0€311eUyI0Th €KOHOMIUHY IepeBary Imiei
CHUPOBUHHU JJIs1 JOBFOCTPOKOBOI'O PO3BUTKY 010MATMBHOTO CEKTOPY.
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Hydrogen is emerging as a promising sustainable alternative to traditional fossil fuels in the

transport sector. This paper examines the material compatibility, environmental impact, and safety
considerations associated with hydrogen as a motor fuel. Key findings indicate that hydrogen, when
produced via green hydrogen methods, offers significant environmental benefits by reducing carbon
emissions. However, material degradation, especially hydrogen embrittlement in metals and
composites, presents challenges for the long-term durability of storage and fuel systems.
Additionally, safety concerns related to flammability, leakage, and high-pressure storage require
robust safety protocols and advanced technologies. The study recommends further research into
hydrogen-resistant materials, scalable production technologies, and enhanced safety systems to
enable the large-scale adoption of hydrogen as a clean energy source in the transportation sector.

Knwuoei cnoea: Hydrogen, Sustainable Fuel, Material Compatibility, Green Hydrogen,
Hydrogen Embrittlement, Safety Considerations

Hydrogen is a promising alternative fuel for the transportation sector due to its
clean energy potential and high energy content. Below are some of the basic
properties of hydrogen that make it an attractive option for future motor fuels:

Energy Density: Hydrogen has a high energy content per mass (120 MJ/kg),
which is much higher than that of traditional gasoline and diesel fuels. However,
hydrogen’s energy density by volume is lower than fossil fuels due to its gaseous
state at ambient temperature and pressure. As a result, hydrogen is typically stored
under high pressure or in liquid form to increase its volumetric energy density,
making it suitable for applications such as fuel cells and internal combustion engines.

Emissions: When used in fuel cells or combusted in an internal combustion
engine, hydrogen produces only water vapor (H20) as a direct byproduct. This makes
it a zero-emission fuel at the point of use, significantly reducing air pollutants such as
carbon dioxide (CO.), nitrogen oxides (NOx), and particulate matter that are typically
produced by traditional gasoline or diesel-powered vehicles.

Storage and Transport: Hydrogen can be stored in various forms, including
as a compressed gas (at pressures of up to 700 bar), as a liquid (at cryogenic
temperatures of mines 253°C), or in solid-state materials such as metal hydrides. The
most common method for hydrogen storage in vehicles is compression into high-
pressure cylinders. However, achieving high energy density in storage requires the
development of more efficient compression and liquefaction technologies.

Hydrogen has the potential to transform various sectors of the transportation
industry, providing a clean, efficient, and versatile energy source. The following
outlines the key areas where hydrogen can be utilized:

Aviation: Hydrogen-powered aircraft are seen as a future solution for
reducing the aviation industry’s reliance on fossil fuels. Hydrogen can be used
either in hydrogen fuel cells for electric propulsion or combusted in a modified jet
engine. Using hydrogen as fuel for long-haul flights offers a promising alternative
to conventional jet fuel, with zero emissions at the point of use, making aviation
more environmentally sustainabl.
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Automotive: In the automotive sector, hydrogen fuel cell vehicles (FCVs)
have become a viable alternative to traditional internal combustion engine
vehicles. Hydrogen-powered cars, such as the Toyota Mirai and Hyundai Nexo,
offer significant advantages in terms of long-range capabilities and quick refueling
times, unlike battery electric vehicles (BEVs), which often face long charging
times. Fuel cell vehicles are also beneficial for light-duty and heavy-duty
transport, including trucks and buses.

Maritime: Hydrogen can also be applied in maritime transport, where it
could be used to fuel ships and ferries. Several ongoing projects are focused on
developing hydrogen-powered vessels to reduce the shipping industry’s heavy
reliance on marine diesel and to help meet international emissions targets.

While hydrogen shows significant promise as a motor fuel, there are several
technological and infrastructural barriers that hinder its widespread adoption:

Hydrogen Production: The current production of hydrogen predominantly
relies on natural gas reforming (grey hydrogen), which is not entirely carbon-free. To
make hydrogen a truly sustainable fuel, it must be produced via renewable energy
sources such as water electrolysis powered by solar or wind (green hydrogen). The
production cost of green hydrogen is still high, and economies of scale have yet to be
fully realized.

Infrastructure: The lack of hydrogen refueling infrastructure is a significant
barrier. Establishing a global network of refueling stations, especially in remote
areas, requires substantial investment. Additionally, the transportation and storage of
hydrogen remain complex and costly due to the need for specialized tanks and
cryogenic equipment.

Public Perception and Safety: Despite its advantages, hydrogen faces public
skepticism and safety concerns due to its flammability and explosion risks. Although
hydrogen has a wide flammability range, and low ignition energy, modern safety
technologies can mitigate these risks. However, educating the public and ensuring
robust safety standards are essential for gaining acceptance.

Hydrogen, due to its small molecular size and high diffusivity, has the potential
to interact with and degrade various materials used in fuel systems. Materials in
contact with hydrogen, including metals, composites, and plastics, can undergo
changes in their mechanical properties, corrosion resistance, and structural integrity.
Below are the effects of hydrogen on different types of materials:

Metals: Metals such as steel, aluminum, and titanium are commonly used in
hydrogen storage tanks, pipes, and other components. When exposed to hydrogen,
these materials can experience hydrogen embrittlement, which causes a reduction in
the ductility and strength of the metal, leading to potential cracks or failures. Some
alloys, such as high-strength steels, are particularly susceptible to embrittlement
when exposed to hydrogen, which can limit their use in high-pressure systems.

Composites: Carbon fiber composites are increasingly used in hydrogen
storage systems due to their light weight and high strength. However, hydrogen
exposure can degrade the matrix in composites, compromising their performance.
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This can lead to fiber-matrix debonding and a decrease in the composite material’s
strength and toughness.

Plastics: Hydrogen can also interact with polymers used in seals, gaskets, and
other components in hydrogen fuel systems. Materials like polytetrafluoroethylene
(PTFE), used in seals, may experience swelling, loss of mechanical properties, and
leakage when exposed to hydrogen over time, especially at higher pressures.

Hydrogen embrittlement (HE) is one of the most critical phenomena that can
affect the performance and safety of materials in hydrogen-powered systems. HE
occurs when hydrogen atoms infiltrate the crystalline structure of metals, leading to
brittleness and cracking. The mechanism behind HE involves hydrogen atoms
diffusing into the metal lattice, causing the formation of hydrogen-induced cracks
that reduce the metal's tensile strength and ductility.

Steel and Aluminum: High-strength steels and aluminum alloys are
particularly vulnerable to hydrogen embrittlement. Steel, due to its crystalline
structure, can absorb hydrogen and form brittle hydrides that weaken the material,
leading to premature failure. Similarly, aluminum, especially in its high-strength
forms, is prone to the effects of hydrogen exposure, especially in high-pressure or
cryogenic hydrogen environments.

The impact of hydrogen embrittlement is especially concerning in hydrogen
storage systems, where structural integrity is critical for ensuring safety and
performance. It is essential to evaluate materials for hydrogen compatibility during
the design phase of fuel systems to prevent long-term degradation.

Case Studies and Real-World Applications

This section explores real-world applications where material selection and
compatibility with hydrogen have been critical:

Hydrogen Storage Tanks: Hydrogen storage tanks for wvehicles and
infrastructure often use carbon fiber reinforced composites to meet strength and
lightweight requirements. However, as mentioned, hydrogen diffusion can cause
degradation in the matrix, which can be mitigated by using epoxy coatings or carbon
nanotube-infused composites for better resistance to hydrogen-induced degradation.

Fuel Cells: In fuel cells, platinum-based catalysts are typically used, but
stainless steel components in the system can be prone to corrosion when exposed to
hydrogen. Solutions have been found through the use of corrosion-resistant alloys
and advanced sealing materials to enhance the lifespan of fuel cell systems.

Pipeline Infrastructure: The transportation of hydrogen via pipelines has
necessitated the use of high-strength, low-alloy steels that are specifically designed to
withstand the pressures of hydrogen. The use of coatings and internal linings helps
prevent hydrogen embrittlement and extends the lifespan of the pipelines.

One of the most compelling advantages of hydrogen as a fuel is its potential to
significantly reduce the environmental impact of transportation. When used in
hydrogen fuel cells or combustion engines, hydrogen produces only water vapor as a
direct byproduct, making it a zero-emission fuel at the point of use. This is in stark
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contrast to conventional fossil fuels, which emit harmful pollutants such as carbon
dioxide (CO3), nitrogen oxides (NOx), and particulate matter when burned.

Hydrogen’s potential to reduce greenhouse gas emissions is especially
significant for industries that are difficult to decarbonize, such as aviation, maritime,
and heavy-duty transport. By replacing fossil fuels with hydrogen, these sectors can
significantly reduce their global warming potential (GWP), which is a measure of the
amount of carbon dioxide emissions that would cause the same amount of global
warming as a given quantity of another gas.

In addition to the direct emissions reductions, hydrogen can also reduce air
pollutants such as nitrogen oxides (NOx) and particulate matter, which are harmful to
both human health and the environment. Hydrogen, being a clean fuel, plays a critical
role in mitigating climate change by providing a viable pathway to decarbonize the
transportation sector and meet global emissions reduction targets [39].
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Ha cborogHi nepcnekTMBHUM MeTOOOM OTPUMAaHHA MPOAYKTIB TOHKOI
OpraHiyHoi  XiMii, 30KpemMa BYINEBOAHIB PI3HOrO0 CTPYKTYPHO-TPYnoBoro
cknagy € nepepobka noniMepHMX BiAXOAIB HU3bKOTEMMNEPATYPHUM MipOsIi3oM
3 BUMKOPUCTAHHAM KaTtasnisaTopiB, SKi MPUCKOPKOKTL LUBUAKICTb OECTPYKLUil
noniMepiea Ta [O03BONSAKTb OTPMMaTM 0bGNaropo4KeHi pigki Ta ra3onodibHi
NPOAYKTU LEeCTPYKUIT 3 HWKYNMU eHepreTUYHMMK 3aTpaTaMmy MNpoBeLEeHHS
npouecy. YOOCKOHANEeHHA TepMiYHMX MeToAiB nepepodbku noniMmepHux
BiIXOAIB BMMarae rnoLluyKy HOBUX KaTtarni3aTopis, SKi Mat0oTb BUCOKY aKTUBHICTb
| AeLeBnN3Hy.

Mpouec niponidy ©0e3nevYHnx BiAXOAIB 3MillAaHOro nfacTukyB 3
NiABULLLEHHAM TemnepaTypu NIiACUITIOETLCA 3 OAHIEI CTOPOHU BUAINIEHHAM
BoOHIO/AeriopyBaHHSAM, a 3 iHWOI — YTBOPEHHAM CKnagHiwunx, 36aradyeHux
kKapboOHOM oOpraHidyHUX cnosiyk. Ane niponia o60B’A3KOBO CYNPOBOAXKYETLCS
aectpykuieto 38’s13ky C—C 3 YTBOPEHHSAM YMCNEHHUX CKMAAHILMX OpraHivyHuX
crnonyk. BukopucTaHHSA MeTaniB-kaTanisaTtopiB, Harnpuknaz OKcuay TuTaHy
TiO2, [os3Bonse CyTTeEBO 3HM3UTU TemnepaTypu JerigpyBaHHs, 3MEHLIUTU
BMXig niporady Ta nipokapboHy i3 30iNbLIEHHAM BUXOAY MiPOKOHAEHcaTy —
«CUHTETUYHOI» HaTU, sika B OCHOBHOMY € CYMILLLLIO arkaHiB, onegiHis,
HadgTeHiB Ta apeHiB. BukopuctaHHa Anga kataniTM4YHOro niponiay nosiMepHux
BiaxoaiB okcmay TutaHy TiO2 gossonde otpumat Binbll 9K 75 % OCHOBHOIO
NPOAYKTY OECTPYKUIT - K CUHTETUYHOI» HAdTU
3 MEHLWNMN eHepreTUYHUMN 3aTpaTaMu. JIis 1boro 3armpornoHOBAaHO YCTAHOBKY
OTPpUMaHHS KOMIIOHEHTIB MOTOPHHUX TaJIMB 3 MOJIMEPHUX BIJIXO/IB, KA CKJIAA€ThCs
3 OyHkepa 1, AKui 4Yepe3 IIHEKOBUW TPHUBOMA 2, MY 3 €IEKTPUYHY CIIOIYYEHO 3
peakTopoM 4 mipoti3y, sSIKUiA Ma€ maTpyooK S5 BUXITHUMA Ta CIIOTYYEHO 3 301pHUKOM 6
TBepAUX (hpaKIliid, BUXIJl SKOTO CIIOIYUYCHHH 3 TEIJIOOOMIHHUKOM 7, IEPIITUN BHXI]
SKOTO CHOJY4YeHO 3 30ipHUKOM & rasy, a Apyruil — 3 30ipHUKOM 9 piAMHU, A0 SIKOTO
NIJKIIOYEH] MOCHIIOBHO crony4yeHl HarpiBau 10, pekTtudikamiiina koiona 11,
301pHUK 12 TpucekuiiiHuy, 3minryBau gpakuii 13, 30ipHuk 14 BUXiIHUNA, APYyTHUM Ta
TPeTiil BUXOM peKTU(]iKaliifHOi KOJOHH 11 crosiy4eHo 3 IpyruM Ta TPETIM BXOJaMHU
30ipHUKa 12 TpUCEKUIMHOTrO, JPYTrui Ta TPETI BUXOJU SIKOTO CHOJYYEHO 3 JAPYTUM
Ta TPETIM BXoAamu 3MimryBadya gpaxuiid 13. 30ipHuk12 TpucekiiHui BUKOHAHUM 3
PO3IIILHUMU €MHOCTSMHU JUTs pi3HUX ¢pakiiit: ppaxiis (47 + 130)°C, dpakis (130
+ 170)°C, dpaxmis (170 +~ 355)°C. 3mimyBau ¢pakiiii 13 3abe3neuye, HaPUKIIA,
sminryBanHs 40-50% ankinOGenszonpHOl dpakuii, 15+25% - nerkoi OeH3MHOBOI
HadToBO1 (pakmii, 25+35% - i13omepuszaty Ta Takox 10 1,5% BHCOKOOKTaHOBOI
700aBKM apOMaTUYHUX aMIHIB JUIsl OJIEp>KaHHSI TOBAPHOTO OCH3UHY.
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Pucynox 1- CTpykTypHa cxemMa yCTaHOBKHA OTPUMAaHHS KOMIIOHEHTIB
MOTOPHUX MAJIUB 3 MOJIMEPHUX BiAXOMIB

TepmogecTpykuia  noniMepHUxX  BigxodiB  O03Bonse  edpeKTUBHO
nepepobnsatn 3abpyaHeHi Ta pi3HOPIAHI  CyMmiwi 3  MiHIManNbHOK  iX
nornepeagHbLoto nigrotToBKow. Baxknneoto ocobnueicTio HN3bKOTEMMNEPATYPHOro
niponisy (< 500°C) € Te, WO OTpUMaHi BUCOKOKANOPiNHUI niporas, Wo MiCTUTb
BOAEHb, METaH, eTaH | iHWIi opraHiyHi CKnagoBi Ta MipOKOHAEHcAT, AKUK
MICTUTb B OCHOBHOMY pigKi BYyrneBogHi, He noTpebyloTb [00aTKOBOro
FMWOOKOro OYULLIEHHS SIK MPOMMCIIOBI NPOAYKTU | MOXYTb BUKOPUCTOBYBaTUCH
B rasoBux ABUIyHax, Ha HadTonepepobHMx 3aBogax LNA BUIFOTOBIEHHS
TOBapHMX aBTOMOBINbHMX YK aBiauinHUX 6eH3unHIB [1].

VYcranoBka, puc. 1, oTpuMaHHsI KOMIIOHEHTIB MOTOPHUX MaJMB 3 MOJIMEPHUX
BIIXO/IB MpaIfO€ HACTYITHUM YMHOM. 3aBaHTaXEHi (TOYKa A) BIIXOIM IJIACTUKY 3
OyHkepy | IIHEKOBUM NpPUBOJOM 3 TOAAIOTHCA y MY 3 ENEeKTPUuYHY, A€ 3a
temneparypu 140°C muaBiasaThes Ta MEPEXOAaTh B piakuil cTad. Jlami po3IiaBieHui
IUTACTHK TIOCTYIA€ B peakTop 4 mipoiizy, o oOJaJHEHU peaKTOPHOK YacCTHHOIO,
TOMKOIO 3 Ta30BOI0 (DOPCYHKOIO Ta KaTali3aTOPHOI CHCTEMOIO 3 BUKOPHUCTAHHAM
KaTtajizaropa Ha OCHOBI okcuay TuTaHy Ti0,. Po3ruiaBienuii maacTUK B peakTOpPHIM
YacTHHI peakTopa 4 HarpiBaeThcs O€3 IOCTYMy KUCHIO 3a JIOMTOMOTOIO MalbHUKOBOTO
npuctpor. 3a Temmneparypu (450+500)°C  3milicHIOETBCS IPOLIEC  JECTPYKIi
(miposti3) PO3IUIABICHOTO IACTUKY 3 YTBOPEHHSIM TOPIOYOi Mapora3oBoi (pakiiii Ta
nipokapOOHy, KM BUBOAMUTHCS 3 peakTopa 4yepe3 marpyook 5 BuximHuu. J[uMoBi
ra3u IICJIs OYMCTKA B Ta30BOMYy (UIbTpl (Ha CTPYKTYpHIH cXeMmi HE MOKa3aHO)
BUKHJAIOTBCA Yy JAOBKULIL. ['oproya maporasoBa (pakiiis Mmicis NOKpAlIeHHsS B
KaTajgi3aTopHIA cHucTeMl peakTopa 4, 3alOBHEHIM OKCHIIOM THUTaHy, IOCTYyNae
TpyOonpoBoAoM y 30ipHUK 6 TBepaux (Qpakuiii s OYMCTKH Bl 3aJIUIIKOBUX
YaCTMHOK Ca)Xl Ta KamelbHOI CMOJSHOI Mipoii3HOi piauHu.  [licns o4yucTku
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napora3oBa (pakifisi MOCTyHna€ Ha KOHJICHCAIll0 B CHCTEMY OXOJOJDKEHHS 3
BUKOPUCTAHHSAM TEIJIOOOMIHHUKA 7, 3BIIKH ii piaka ¢pakiiis BiAKAYy€e€ThCS HACOCOM
(Ha ¢ir He mokazaHO) B 30ipHUK 9 piguHU. ['a30Ba (pakiliss HAKOMUIYETHCSA Y
30ipHUKY 8 Ta3y Ta MIC/Isl OYUCTKH B Ta3oBoMy (inbTpi (Ha puc. | He moKa3aHO)
NOCTyMae Ha MaJbHUKOBUHM MPHUCTPIA B SKOCTI TEXHOJOTIYHOro manuBa. Pigka
¢pakuiga («cuHTEeTHYHa» HadTa) 3 30ipHHKA 9 piAMHM NOCTynae B HarpiBad 10, nme
HarpiBaetbest 10 Temmneparypu (170+180)°C Ta mnopaerbcsi B peKTH(IKALIINHY
KoioHy 11 mnga po3roHku Ha (pakiii BYIVIEBOJHIB, IIO0 BHUKUIIAIOTH B MeXax
temneparyp (47 = 130)°C, (130 + 170)°C, (170 + 355)°C. 3 TpbOX BHUXOJIB
pextudikamiitnoi kosoHu 11 ogepkani @pakuii nogaroTbes B 30ipHUK 12
TPUCEKLIMHUIM, a 1ajli 3 TPbOX HOro BUXO/IIB MOJIAI0THCS HA TP BXOJU 3MilryBayda 13
bpakmiii, skuii 3abe3neuye (OpPMyBaHHS TOBApHOTO OEH3MHY 3MIIIyBaHHSM,
Hanpukiaa, 40+50% ankinOenzonpHol (pakiii, 15+25% - nerxkoi OEH3UMHOBOI
HadToBO1 (pakii, 25+35% - 13omepuzaty. ToBapHUI OCH3UH MOAAETHCS B 301pHUK
14 Buxigauii [3].

VY mpucyTHOCTI KaTami3aTopiB Ha OCHOBI okcumiB nepeximanx mertaniB (Fe, C
abo Ni), a Takox okcuay tutany TiO, MNPOTIKAIOTh MPOIECH aJKITyBaHHS abo
peaxinii mpueaTHAHHS aJKEHIB JI0 130aJKaHiB 3a MiclieM MoABIHHOTO 3B's3Ky. [Iporec
QJKUTYBaHHS IIMPOKO 3aCTOCOBYETHCS Y TEXHOJIOTTi BUPOOHUIITBA BHCOKOSIKICHUX
KOMIIOHEHTIB MOTOpHOro manuBa. llpouec miponizy  BIAXOJIB IUIACTUKY 3
NOiJBULIEHHSAM TEMIIepaTypyd MIJACHIIOETBCA 3 OJHIEI CTOPOHM BHIUICHHSAM
BOJIHIO/AICTIIPYBAHHSAM, a 3 1HIIOT — YTBOPEHHSAM CKIQIHIMIMX, 30aradyeHux
KapOOHOM OpraHIYHUX CHOJYK. AJle TipoJii3 O0O0O0B’SI3KOBO CYIPOBOJDKYETHCA
nectpykiiero 3B’si3ky C—C 3 yTBOPEHHSM YMCICHHUX CKIAJHIIIUX OpraHIYHUX
cnoiiyk. BukopucTtanHs MeTaniB-KaTaai3aTopiB, Hampukiag okcuay tutany Ti0,,
JI03BOJISIE CYTTEBO 3HU3UTH TEMIEPATypH JETiApyBaHHS, 3MEHIIUTH BHXIJ MipoTasy
Ta MIPOKapOOHy 13 30UIBIICHHSIM BUXOJy MIPOKOHJIEHCATY — «CUHTETUYHOI» HA(TH,
gKa B OCHOBHOMY € CYMIIIIIO ajKaHiB, oyiediHiB, HapTEHIB Ta apeHiB.
BukopuctanHs 3amponoHOBaHOI YCTAHOBKH KATATITHYHOTO TMIPOJi3y MOJIMEPHUX
BIJIXOJIIB 3 3aCTOCYBaHHSIM OKcuay Tutany Ti0, mo3Boisie orpuMatu OUThII K 75%
OCHOBHOTO TIPOIYKTY IECTPYKII - «CHHTETUYHOI» HAPTU 3 HACTYMHUMHU (i3HKO-
XIMIYHUMHU TOKa3HUKAMU:

- rycTrHa 3a Temneparypu 15°C — 820885 kr/m?;

- B s13KicTh 3a Temneparypu 20°C — 2,0+8,0 mm%/c;

- TeMIlepaTypa 3aCTUTaHHs — He Bulle Minyc 25°C;

- MacoBa 4yacTtka Bogu — 0,2+0,5%;

- 30J16HICTE — 0,3+0.5%;

- MacoBa yacTka MexaHigyHux jomimok — 0,01+0,05%;

- MacoBa JacTka 3araiabHoi cipku — 0,02+0,04%:;

dpakmiiHu CKJIal «CHHTETHYHOI» Ha(TH:

10 200°C Bukunae — 55+60 % 00.

10 350°C Bukumae — 9598 % 00.;

CTpyKTypHO-TPYTIOBHI CKJIa/l BYTJICBOIHIB «CHHTETUYHOI» Ha(TH:

- MacoBa yacTka mapadiniB — 16,2+18,8 %
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- MacoBa yacTtka onediniB — 25,1+28,3 %

- MacoBa JyacTtka HadTeHiB — 23,5+27,6 %

- MacoBa JyacTtka apeHiB —  30,4+33,9 %

Buxin mo6iuHMX TpPOAYKTIB - mipora3dy 1 mipokapOOHY B 3ampOnOHOBaHii
yCTaHOBIII, BIATOBIAHO MiHIMI3yeThCs, 110 15 % Ta 10 %.

[Tipokap6oH, mo Mictuth A0 80% BYIJEIO0 Ta XapaKTepU3y€eThCsl HACTYIHUMHU
TTOKa3HUKAMU:

- HIDK4a TerioTa 3ropanus — 34,8 MJIx/kr;

- BUIIIa TerioTa 3ropanHs — 38,3 MJx/kr;

- BoJIOTICTh - 7,3%);

- 30JIBHICTB — 2,7%;

- MacoBa YacTka 3arajabHoi cipku — 0,05%;

- BUXI1J JIETKUX pedoBUH — 54,5%,
Ta MOXHA 3aCTOCOBYBATH B SIKOCTI KOMIIOHEHTa aJIbTEPHATUBHOIO TBEPJIOTO MAJIUBa
a00 SK CHUPOBHHY JUISi BHUTOTOBIICHHS TEBHMX MAapoOK TEXHIYHOTO BYTJICHIO Ta
abcopOeHTiB 3 umikBijamii po3nuBiB  HabTH 1 HadTompomykrtiB. Iliporas
BUKOPHUCTOBYETHCS SIK TEXHOJOTIUHE TAIMBO JIJIsl 00IrpiBy peakTopa 4 miporisy.

3anponoHOBaHa yYCTaHOBKAa OTPUMAaHHS BHCOKOOKTAHOBHX KOMIIOHCHTIB
MOTOPHUX MajuB 3 MOJIMEPHUX BIJIXOJIB JO3BOJISIE OTPUMATH «CHHTETHYHY»
Ha(Ty, KA CIYyrye CUPOBUHOIO JUJISl OZIEp’KaHHs OKpeMuX (pakiiil 13onapadiHOBUX,
oyieiHOBUX, HAPTEHOBUX Ta apOMATUYHUX BYTJEBOJHIB SIK BUCOKOOKTAaHOBUX
KOMIIOHEHTIB aBTOMOOUJIBHMX 1 aBlallliHUX OCH3MHIB.

Cywmim apomatuyHux ByrieBOAHIB (ankuioenzomu C7 - C9) 3 OKTaHOBUM
YUCJIOM 32 MOTOPHMM METOJO0M OutbliuM siK 105 ofepKyloTh HUISIXOM MEPEroHKH
«CUHTETUYHO» HadTH B pekThdikaiiiHii komoHi 11 3 BumimeHHsIM dpakiii, 1o
Bukunae B Mexax Ttemneparyp (130+170)°C B kimbkocti 20% 00., Ta sika
XapaKTepU3y€EThCs] HACTYITHUM BYTJIEBOJIHEBUM CKJIaJ0M, % Mac.:

- METIJIOEH30II - 7,20

- eTHJIOCH301 - 34,55
- Iapa-KCUJIO0J - 15.50
- OPTO-KCHJIOIN - 14.50
- 1-MeTHIeTHIOCH30II - 4,35

- MPOMLUIOEH30J1 - 4,80

- 1-eTna-2-MeTHI-OEH30I - 3,30
- 1,3,5-TpumMeTnii-6eH30i1 - 4,05
- 1,2,3-rpumMetnii-6eH30i1 - 7,70
- 1,2,4-rpumMeTrii-6eH30i1 - 4,05

3anumkoBy (pakiiiro BiJ TMEPEroHKH, IO BUKUIAE B MeEXax TeMIEeparyp
(170+355)°C, Ta xapakTepu3y€eTbcs TAKUMU TTOKA3HUKAMU SIKOCTI:
- rycTrHa 3a TeMneparypu 15°C — 890 kr/m;
- B’A3KiCTb 3a Temneparypu 15°C — 7,0 mm?/c;
- TeMIiepaTypa 3acTUranns — He Buiie minyc 20°C;
- MacoBa 4Jactka Bogu — 0,2%;
- 30J16HICTE — 0,35%;

151



- MacoBa YacTKa MexaHIuyHuX gomimok -0,05%;

- MacoBa 4yacTka 3arajabHoi cipku — 0,04%;

- HIDKYa TeruioTa 3ropanus — 38,8 kJ[k/kr
MO>KHA 3aCTOCOBYBATH SIK MIYHE MAJIUBO B MOOYTOBUX IUIAX [3].

3acTocyBaHHs 3alpONOHOBAHOI YCTAaHOBKH JO3BOJISIE OAEpXKyBaTh  (hpakuii
BYIJIEBOJHIB, SIKI BUKOPHCTOBYIOTbCS B HaTONEpepOoOHI NPOMUCIOBOCTI I
BHUT'OTOBJICHHS aBTOMOOUIbHHUX Ta aBlalliHUX OEH3MHIB 3 MEHIIUMHA
eHepro3aTpaTaMud 3a pPaxXyHOK BHUKOPUCTAHHSI KaTali3aTOpiB Ha OCHOBI OKCHUIY
tutany Ti0,. Iloka3aHo, 110 CyTT€Be 3HAYEHHS JUIsl OJIEP>KAHHS BHUCOKOSKICHOI
NPOIYKITi 3 TEPMOIUIACTUYHUX MaTepialliB 3 BUKOPUCTAHHSM BTOPUHHOI CHPOBHUHHU
Ma€ JUCUIIATMBHA CKJIaJ0Ba EHEPreTMYHoro OamaHcy oOnaaHaHHd abo ioro
GYHKIIIOHANBHOT JUISHKH, SKa 3aJICKHTh BiJ SKICHOTO 1 KUIBKICHOTO CKJamy
nepepoOIIIOBAaHOTO MaTepialy, YMOB IOINEpPEAHbOI IMEepepoOKH, eKCIUTyaTtalii Ta
30epiraHHsi KOMIIOHEHTIB TEPMOIUIACTUYHUX MaTepiaiiB, TEMIEpPaTypu MepepoOKu
Ta MBUAKOCTI 3CyBY MaTepially i yac epepoOKu.
OpepxaHi  dpakuil BYyrneBOAHIB BMKOPUCTOBYKOTbCA B HadTonepepobHin
NPOMMCIIOBOCTI ANA BUFOTOBMEHHS BUCOKOOKTAHOBMX aBTOMOOGINbHMX Ta
aBiaUiHMX 6eH3uHIB i NiYyHOro nanuea.
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Hocniosxceno c6imosi NOMYHCHOCMI MA MONCIUBOCMI BUPOOHUYMEA OioemaHory i3
CUPOBUHU CIbCLKO2OCNOOAPCHKUX KYJIbMYp Md NepcneKmusu ybo20 puHky 6 Yxpainu. Ilpogedero
AHATI3 MOJACIUBOCTEU BUKOPUCMAHHS PIZHUX POCTUHHUX KVIbMYP Ol BUPOOHUYMEa 0ionanusda.
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ByrneBoHUM 3’€THaHHSM, K1 HA CbOTO/IHI BUAOOYBAIOTh Y BUIJISIII KOPUCHUX
KONAaJINH, Y HAHOIMKYOMY MailOyTHROMY MPUNUJETHCA IIYKATH MOBHOLIHHY 3aMiHY,
IUIsL TOTO, OO HE MOTPANUTU B €HEPreTHYHy MmacTky. Ha cbOro/iHi MOHITOPUHIOBI
CBITOBI JJaHHI PO3PI3HAIOTH TPU TUIH Ol0MAIUBA!

— TpaAuIlliHE TBEpJAEC MaJIMBO, Y BHUIJISAAI BIIXOMIB JACPEBONEPEPOOHOTO,
CUIBCHKOTOCTIOAPCHKOTO Ta Xap4OBOTO BUPOOHMIITB, HA JIOJIO SKOTO MPUXOIUTHCA
npubnu3Ho 57%, sKe 3aCTOCOBY€ETHCS B MEUaX;

— piJIKe MaJMBO, 110 BUKOPUCTOBYIOTh JJIsi ABUTYHIB BHYTPIITHHOTO 3TOPSHHSA,
y BUTJIAI O10TU3EITI0, €TAHOTY Ta METAHOIY, SIK Y YUCTOMY BUTJISAIL, TAK 1 B CyMIIITi 31
3BUYAHUMU MPOYKTaMU TIIMO0KO0T HadTomepepoOKH;

— ra3omnoaioHe, Take K CHHTE3-ra3, 0iora3 Ta BOACHbD.

binbmmii  BiACOTOK TBeEpAOro OionajanMBa BUKOPUCTOBYIOTh HA MajliuxX Ta
CepelHIX TrOoCHOJapCTBax 1 MHIANPUEMCTBAX y BUIISAI OpHKETIB a00 NaJIMBHUX
TpaHys, I SKUX BXKE CTBOPEHO JIOTICTMKY BHUPOOHHWIITBA Ta aBTOMATH3AIlI0 TPH
criajgroBaHHI B medax. llepeBarnm Takoro OiomajivBa mepesl BUKOMHUM B TOMY, MIO
HOT0 Ha CHOT'O/IH1 BUPOOJISIFOTH 3 HU3HKO-COPTOBUX IMIBUAKO3POCTAIOYMX MMOPIT AEPEB,
BIIXO/IB JIepeBO-TIepEepOOKH, PI3HOMAHITHUX BIAXOJIB CiJIbCHKOTOCIIOAAPCHKOTO
CEKTOPY Ta HaBITh 3 TPaB’sIHOI POCIMHHOCTI. EKOHOMIYHUN CEHC Takoro najauBa B
TOMYy, IO 1€ HaWJIEMIeBIN BIAXOAW 3 BUPOOHMIITB, SKI MPaKTUYHO HIAE HIi
BUKOPUCTOBYBAIKCH, A00 MIILJIM HA IOBFOTPUBAJIE KOMIIOCTYBAaHHS /I BUPOOHUIITBA
nobOpuBa. Takok € eKoJoriyHa CKJIaJloBa y BUKOPHUCTAHHI TaKoro OlomajuBa: HOro
3aCTOCYBaHHS 3HIDKY€E BYTJICLICBUI CIi Bxke choromHi Ha 5%, Hamae 7% B BBII
KpaiH Ta cTBOproe 16,7 minbitona podounx micip [1]. Xoua Taki nudpu 37a10ThCS
HEBEITUKUMH, aJI€ TI0 ONTHUMICTHYHUM TPOTHO3aM TUTBKH BHKOPUCTAHHS TBEPIAOTO
OlomanuBa B eHEpreTuuHoMy cekTopi Oyze 3aiimatu 20% Bxke 10 2050 poky.

MOHITOPUHT CTAaTUCTUKH, IO MPOBOJIMBCS 3 KIHLIA XX CTONITTS, IOKa3zye
3pOCTar04yy TEHJEHIII0 10 BHUKOPHUCTAHHIO B JIBUTYHAX BHYTPIIIHBOTO 3TOPSHHS
(AB3) Ta auzenbHUX IBUryHax OlonanuBa. 3BUYAaHO MPU MAAIHHSIX LIHU HAa HaTy
Ta HaQTONMPOAYKTH pike OlomaJvBO BTpadae CBOIO 3[aTHICTh KOHKYpYBaTH 3
KJIACHYHUMHU BHUJIAMU TAJbHOTO, aje B TaKUX KpaiHax Ak bpaswiig, nmoynmHarouyu 3
1976 poky, 6i0eTaHOJI € HEOOX1THUM KOMIIOHEHTOM B CyMiIli 3 OeH3uHOM, a 3 2007
POKY BHKOPHCTOBYE€ThC Mapka E25 ne BmicT eranony ckianae 25%. ['onoBHUM
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CBITOBUM BHPOOHHMKOM eTaHoiy Ta OlonanuBa € CIIA Ha momro sikoi B XX CTOMTTI
npuxoamiock Bin 34% no 55% 3aransHOrO BUpOOHMIITBA, Ta0M. 1.

Tabmani 1
I'o;10BHi BUpOOHUKH 0ioNaJMBa B EPEPAXYHKY HA TEXHIYHUI eTAHOJI
Kpaita 3aranpHuii cBiTOBUM | (OCHOBHA CUPOBUHA JJIs Co0biBapTicTh B
obcsr, % BUPOOHUIITBA €TAHOIIY $ USA3al o*
CIIA 55 KYKypyJ3a 0,43
bpazumis 26%+* IIyKpOBa TPOCTHHA 0,4
cC 5 ToJIicaxapuad, IeII0JI03a 0,72
Inis 4 IIYKpOBa TPOCTHHA 0,22-0,45
Kuraii 3 LIYKpOBa TPOCTHHA, 0,4
[HIm xpainm 7 ToJIicaxapuiv, IEIIF0I03a 0,19-0,73

* — cepenns 1iHa B kpainax 3 2015 mo 2022 pik
** — 3meHmeHHs BupooHunTea 3 30% y 2015 p. mo 26% y 2022 p. yepes
nmagaemiro COVID-19

B Vkpaini, BukopuctanHs 010€TaHOIY B SKOCTI A00aBKH 10 TPaIULIHHOTO
nanuBa Oyne 3a0e3reuyBaTH SK EHEPreTUYHy, TaK EKOHOMIUHY HE3aJIeKHICTb
JIEp’KaBU Ta MOJIMIIYBAaTH €KOJIOTi0 [2]. Mu BBakaemo, 10 TPH PAIlOHATLHOMY
IiaX0/1 A0 301LIbIISHHS BUPOOHUIITBA Ol0eTaHOIY B YKpaiHi, a HOTO 3aCTOCyBaHHS
mwia JIB3 He moTpebye mepeHanalmiTyBaHHS JBUTYHIB, € BCl HEOOXIJHI CKJIAZ0B1 MO
30UTBIIIEHHIO BiJICOTKA BUKOPUCTAHHS AJIbTEPHATUBHOTO TAJINBA.
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Monitoring raw material production capacities for the production of alternative
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The global capacities and possibilities of bioethanol production from crops and the
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OIIIHKA COPBIIMHUX BJIACTUBOCTEM KOKCOBOI'O JPIBHAKY TA
MO0 PAIIIOHAJIBHOIO BUKOPUCTAHHS 3 METOIO
PECYPCO3BEPEXXEHHS B I'AJTY3I1
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€. JI. Conoaiios!
!Hayionanvnuii mexuiunuti ynisepcumem «Xapkiecokutl nonimexuiunuii incmumympy, Xapxie
2 lepocasnuii ynieepcumem exonomixu i mexnonoziti, Kpueuii Pi2

byno eusueno enaus cuposuHHux (cknao wuxm, nempocpagiuni Xapakmepucmuxu,
NOKA3HUKU  MEXHIYHO20,  NAACMOMEMPUYHO20  AHANI3Y,  2PAHYIOMEmpUYHUll  CK1ad) ma
MEeXHON02IYHUX YUHHUKIG (Nepiod KOKCYB8AHHSA, meMnepamypa npoyecy) Ha copoyiini 61acmugocmi
KapOOHI308aH020 NPOOYKMY — KOKCY.

Knwuosi cnosa: payionanvhe UKOPUCMAHHA KOKCOB8020 OPIOHAKY, KOKCOBUU cOpbenm,
copoyitina emHicms, a0copoOYiliHa AKMUBHICMb, AKMUBAYISL.

Beryn. KokcyBaHHS € BaXJIMBHM €TAalioM METalypriiHOTO BUPOOHHUIITBA, J€
KOKCOBUH TIWJI € IIIHHUM, ajJi¢ Ma€ HETaTMBHUM BIUIMB Ha 370pOB'S Ta JOBKiLIL. B
VYkpaini y 2019 pomi Oyno BupoGieHo 10 miuH T KOkcy, 3 sSkux 4% CTaHOBUTH
KokcoBuil ApiOHsKk. lle mimBumrye moTpedy B yTumizamii abo palioHaIbHOMY
BUKOPUCTAaHHI KOKCOBOTO MMIy. Byrumis ans KokcyBaHHS B YKpaiHi nediluTHe,
TOMY IMIOPTYIOTbCS MOr0 NOCTaYaHHA 3 IHIIUMX KpaiH. 3poCcTae IHTEpPEC [0
BUKOPUCTAaHHS KOKCOBOTO APIOHSAKY JIJISl TOJIMIICHHS BIACTHBOCTEH KOKCY Ta SK
N00aBKH B LIUXTY.

KokcoBuii apiOHSK MOke OyTH BUKOPHCTaHUW JJisi OpUKETyBaHHS abo0 SK
CHUpOBHWHA JiJis pepocIuiaBiB. PeKOMEHAY€EThCS TIACYITYBATH KOKCOBHUM APiOHSK 110 6-
7% BoJIOTOCTI Ta MOAPiIOHIOBATH JIsi OpUKETYyBaHHS a0o0 JoAaBaHHsS B MIUXTY. Jis
MiJBUIIEHHS. KOHKYPEHTOCIPOMOXKHOCTI METATONPOAYKIi YKpaiHM HEoOX1aHO
3aCTOCOBYBATH 1HHOBAIIWHI TEXHOJIOT1i, 30KpeMa BUKOPUCTAHHS KOKCOBOTO MUY SIK
copOeHTYy.

ByrneneBi copOeHTH BHUKOPHCTOBYIOThCS B 0araTbOX Traiy3sx, TaKHX SK
XiMiuHa Ta HaTOXiMiuHa mpoMHUcIOBicTh. KokcoBuit npiOHAK Moxke OyTH
e(DEeKTUBHUM aJICOPOCHTOM 3aBISKH CBOIM (PI3UKO-XIMIYHUM BJIACTHUBOCTSIM, WIO
3a0€3MeUyI0Th XOpOIIly COpOLIMHY 31aTHICTh. SKICTH COPOCHTY 3alleKUTh BIJl
MNOPUCTOCTI Ta MEXaHIYHOI MILHOCTI, 10 BU3HAa4Yae e(PeKTUBHICTH aacopouii. OTxe,
KOKCOBUH JpiOHSK Ma€ MOTEHIlal JUIsi BUKOPUCTAHHS SIK COPOEHT, 110 MoTpedye
TIOTAJTBIITUX JTOCITIJKEHB TSI IIOKPAIEHHS HOTO BJIACTUBOCTECH.

Merta cTaTTi — BHUBYEHHS COpPOLIMHUX BIIACTUBOCTEH KOKCIB Ta OIlIHKa
MO>KJIMBOCTI BUKOPUCTAHHS B SIKOCTI aicOpOeHTIB. BpaxoByrouu, 1110 KOKCyBaHHS 110
CyTi € mporiecoM KapOOHi3allii BYTUIbHOI CHPOBHUHHM, 3aBIAHHSM JIOCTIDKCHHS €
aHadi3 BIUIMBY CHPOBMHHUX  (akTopiB (CKJIamy WIMXT, meTporpapiyHux
XapaKTEPUCTUK, TMOKAa3HUKIB TEXHIYHOTO Ta  IUIACTOMETPUYHOTO  aHaNI3iB,
IPaHyJIOMETPUYHOTO CKJady) Ta yMOB KapOoHizamii (mepiosi KOKCYBaHHS,
TEeMIlepaTypa MpoIecy) Ha COpOIMiiHI BIACTUBOCTI KapOOHI30BAHOTO MPOAYKTY —
KOKCY.

Marepianu Ta MmeToau. B poOOTI 15t JOCHIKEHHSI BAKOPHUCTOBYBAJIM BYTUIbHI1
IIUXTH PI3HOIO0 KOMIIOHEHTHOTO ckiaay (Tabmuns 1), OCHOBHI XapakTEPUCTUKHU Ta
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TEXHOJIOT1YHI BJIACTUBOCTI SIKHX TMPEACTaBJICHI B TaOmuill 2. YMOBH KOKCYBaHHS
3a3HAYCHUX BYTUIBHUX IIUXT UTFOCTPYIOTH JaH1 Tabuui 3.

JIiss BU3HAYEHHS XapaKTEPUCTUK BYTIILHOI CHPOBUHHU BHKOPUCTOBYBAJIHU
CTaHJapTU30BaHI MeToIuKH [16-21].

Taomung 1
MapouyHuid CKJIaJ BYTUIbHUX IIAXT
Ne Mapounuii ckiaj, %
I'l 2 [KII K XK K I1C KC
1 - - 6 44 6 16 13 15
2 - 10 3 33 15 2 14 23
3 - - 20 43 10 9 9 9
4 30 25 4 10 4 27 - -
5 34 23 5 - 10 28 - -
6 24 29 10 - 7 30 - -
7 35 8 5 23 - 29 - -
8 35 8 5 23 - 29 - -
9 - 35 - 35 - 30 - -
10 - 31 - 12 - 57 - -
11 - 31 - 12 - 57 - -
12 - 72 - - - 28 - -
13 - 45 - - - 55 - -
14 - 43 - - - 57 - -
15 26 46 - - - 28 - -
Taomung 2
TexHiyHMi, IIACTOMETPUYHUI Ta neTporpagiyHuid aHATI3H BYTIIbHUX
IIUXT
Texuiummuii ananis muxri, % [TnacTomeTpuyHi [lerporpadiuni
NOKA3HUKHU XapaKTEpUCTHKH
Ne HPK%HHK Bwmict
Wi AY | S | Ve VaEl T X vM |y, MM BIIOHTTS BiTpHHITY
BITPHHITY |y, o,
Ro, % ’
1 99 | 85 0,51 | 27,2 29,7 39 14 1 71,6
2 8,6 | 87 1096|274 | 30 36 17 1,01 74.9
3 91197 105 | 29 |319 35 18 0,95 71,6
4 10 | 11,3 | 1,59 | 31,1 | 35,1 43 12 0,86 77
5 10 12 | 1,54 1 30,8 | 35 41 13 0,91 86,8
6 7,8 | 11,1 | 1,47 | 30,3 | 34,1 40 15 0,85 81,7
7 82 | 12 | 1,82 | 31,5 | 358 42 14 0,83 84,6
8 85 (1103 | 1,62 | 31,3 | 34,9 41 15 0,83 78,7
9 9,1 1102 ] 1,9 | 31 |34)5 36 18 0,87 77,2
10 88 | 7,8 | 1,17 | 30,2 | 32,8 35 16 1 87
11 86 | 7,4 | 1,24 | 30,5 | 32,9 32 16 0,97 86,1
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12 8 9,7 1,6 | 31,8 | 353 38 13 0,88 79
13 9,2 | 81 | 1,16 | 28,6 | 31,1 39 18 0,95 73,1
14 82 | 84 1 28,1 | 30,7 35 14 1 82
15 94 | 92 | 148|342 | 37 44 14 0,83 80,1
TaOmung 3

YMOBM KOKCYBAHHSI BYTUIbHUX HIMXT

Ne | ITepion xokcyBanus, roqunau | TeMneparypy B KOHTPONBLHUX BepTuKanax, "C
MaIlIMHHA CTOPOHA KOKCOBA CTOPOHA

1 23,46 1230 1265

2 19,69 1220 1260

3 58,74 1100 1160

4 28,11 1160 1180

5 21,05 1200 1240

6 17,56 1200 1230

7 36,8 1150 1170

8 37,06 1150 1170

9 20,3 1210 1250

10 18,41 1250 1270

11 18,9 1240 1275

12 30,68 1150 1170

13 24,58 1200 1240

14 22,55 1230 1265

15 31,14 1150 1170

AncopO1iiiHi XapaKTepUCTUKU KOKCY 3aJieXkaTh BiJl BUXOAY JIETKHX PEYOBHH (3
IIUXTH Ta KOKCY), SIKUM XapaKTepU3y€e CTPYKTYpHI OCOOJHUBOCTI BYIJIEBMICHOTO
MaTepialy Ta BIUIMBa€E Ha (GOpPMYBaHHs HOro MOPUCTOCTI. BaromMmum Takox € BILTUB
BMICTY BITPHUHITY.

OTpuMaHi BUCHOBKH IIOJI0 B3a€MO3B’ 513Ky COPOIIIMHUX XapaKTEPUCTUK KOKCY
BiJl BUXO/IY JICTKUX PEUOBHMH Ta BMICTY BITPHUHITY Y3TOJKYIOTHCS 3 PE3yJIbTaTaMH
po0iT [6,24,25].

ABTOpHU cTarTi [6] TAaKOX MOCHIKYBalu aAcOpOIiitHI BIACTHBOCTI ApiOHOI
dpaxiiii KOKCy KPYIHICTIO 2-5 MM Ta JOBEJIM NEPCTICKTUBHICTD i1 BUKOPUCTAHHS IS
BUPOOHHUIITBA €(P)EKTUBHUX BYIJICLIEBUX COPOEHTIB.

Ane Tpeba 3a3Ha4YMTH, L0 MPOMUCIIOBE 3aCTOCYBAaHHS KOKCY Ta HAIlIBKOKCY B
AKOCT1 aJCOpPOEHTY JOILUIbHE MICHs MNpPOUEeCy MHOro axTUBAllli, SKAWA TO3BOJISE
chopMyBaTH MOPHUCTY CTPYKTYPY, CYTTEBO MiABUIIMTH ILIONLY ITOBEPXHi, MOKa3HUKH
copOI1iiTHOT EMHOCTI Ta afcopOIIitHOT aKTUBHOCTI.

3a ganumu [25] B mporeci Takoi Moaudikaiii Marepias HaOyBa€e BHCOKO1
riapodiIbHOCTI 32 PaxXyHOK 30UIBIIEHHS KIIBKOCTI KHUCIOTHUX (DYHKI[IOHAJTBHUX
rpyI.

Jist dpakiii KOKCy KpymHICTIO 2-5 MM aBTOpH [6] BKa3ylOTh, IO aKTHUBAIIisd
maporo mpu Ttemmeparypi mo 850 °C 3 tpuBamictio mpouecy 120 XBWiIMH €
ontuMasibHOW. [Ipy 1IbOMY cepeHe 3HAYEHHS MUTOMOI TOBEPXHI 30UIBIITYETHCS Y
BICIM pa3iB MOPIBHSIHO 3 CUPOBHUHOIO. Tak, BCTAHOBJIEHO, 110 OTPUMAaHE aKTHBOBAHE
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BYTULJIS Ma€ TOPUCTY CTPYKTYPY, IO CKIAAAETHCS 3 ME30- 1 MaKpOIop, a 3HAUCHHS
IMTOMOI MOBEPXHi cTaHOBUTH ~301 M%*/r. OTpumanuii cOpOEHT XapaKTEPU3YyEThCS
BHCOKOIO COpOINIHHOI0 3MaTHICTIO i BupaneHHs ¢enony (74,94 wr/r) i
METUJICHOBOTO OmakuTHOTO (145 MI/T) 3 BOAHHMX PO3UYMHIB, & TaKOX IPH HOTO
BUKOPHUCTaHHI JUIsI OYHUILEHHS BOJOIMPOBIAHOT BOAM BiAOYBAETHCS 3HUKCHHS BMICTY
KaJIbL110, CyIb(aTIB 1 FApOKapOOHATIB 1 3MEHILIEHHS 3arajlbHO1 MIHEpai3aLli.

B pobGori [26] aBTOpM HABOIATH pE3yJbTaTH MO3UTUBHOTO JOCBIIY
BUKOPHUCTAHHS KOKCY JJisi aicopOIlii 10HIB 30JI0Ta 3 PO3YMHY IllaHiay. AJICOPOEHT
OTPUMYBAJU MLUISXOM aKTHBalii (pakiii KOKCY KPYHHICTIO 2-5 MM Meperpiroro
BoasHo maporo mpu 850 °C mporsrom 30 xB. SIKiCHI XapakTEPHCTHKH HOBOIO
KOKCOBOT'O aJICOPOEHTY HACTYIHI: 30JIbHICTh 4,5 %; aacopOiiiiHa aKkTUBHICTH IO
oy 52 %; nutoma nosepxus, 600 M/, po3BMHEHA TIOPUCTA CTPYKTYPA, IIPHU YOMY
nepeBakKHO MPUCYTHI OPU KPyTiioi a00 0BajdbHOT (OPMH 3 PO3MIPOM IMOMEPEUHOTO
nepepisy 10 20 MKM, a 3araabHuii 00’ eM mop cranosuth 0,4 cM>/r.

[TpoBemeni JgOCHIKEHHST JO3BOJMIM BCTAHOBHTH 3aJICKHICTH COPOIIHHUX
XapaKTEPUCTUK KOKCY BIJ CTPYKTYpPHHUX OCOOJIMBOCTEH Ta MPUPOAU BYTIIHHOI
CUPOBHHM (BHIXIJl JIETKUX PEYOBHH, BMICT BITPHHITY) Ta CTPYKTYPH 1 CTYIEHIO
TOTOBHOCTI KOKCY (BHX1]] IETKUX PEYOBHH KOKCY).

[IpakTryHa IIHHICTH AOCIIHKEHb MOJSAra€e B TOMY, IO OTpUMaHl perpeciiiHi
PIBHAHHS JUIA IPOTHO3YBaHHS COPOLIIMHOI €MHOCTI 1O JIyTy Ta KHCHOTI (Ajyyr, Aucn)
Ta aJCOpPOIIHOI aKTUBHOCTI MO Hony Fio, 3 ypaxyBaHHSIM BMICTY BITPUHITY Ta
BUXOJY JIETKUX PEYOBUH IIUXTHU € CTAaTUCTUYHO 3HAUYYIIMMH, XapaKTepU3yHThCS
BUCOKUMH Koediuientamu kopensauii r (0,912 1 0,927 ta 0,937 BiAnoBigHO), TOMY
MO’KHA 1X PeKOMEHAYBATH JIJIsl IPOrHO3yBaHHS 3a3HAYEHUX MMOKA3HUKIB.

[Topanemni mocnimxeHHs OyAyTh CHpSIMOBaHI Ha pPo3poOKy e(peKTHUBHOI Ta
€KOHOMIYHO HOIUILHOI TEXHOJOTI akTHBalll HOCIIIKEHUX KOKCIB, IO JO3BOJIHUTH
KepyBaTH iX SKICTIO Ta OTPUMYBaTH TMPOAYKT 13 3aJlaHUMH COPOIIHHUMHU
XapaKTepUCTUKAMH.
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Assessment of the sorption power of coke grit and its rational recovery

using the method of resource saving in Galusia
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The influence of raw materials (composition of the charge, petrographic characteristics,
indicators of technical, plastometric analysis, granulometric composition) and technological
factors (coking period, process temperature) on the sorption properties of the carbonized product -
coke was studied.

Keywords: carbon adsorbents, coke sorbent, sorption capacity, adsorption activity,
activation.
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CORROSION AND CAVITATION IN TUBE FURNACES DURING THE
HEATING OF WATER-CONTAMINATED OIL

Serhiy Nesterenko!, Denis Miroshnichenko?, Leonid Bannikov?, Olexandr

Borisenko?, Volodymyr Tertychnyi?

'0.M. Beketov National University of Urban Economy, Marshal Bazhanov 17, Kharkiv,
Ukraine, 61002, nesterhnamg@gmail.com (S.N.).

’National Technical University Kharkiv Polytechnic Institute, Kyrpychova 2, Kharkiv,
Ukraine, 61002, dvmir79@gmail.com (D.M.); volodymyr.tertychnyi@ihti.khpi.edu.ua (V.T.).

3State Enterprise Ukrainian State Scientific Research Institute of Coal Chemistry (SE
UKHIN), Vesnina 7, Kharkiv, Ukraine, 61023, ukhinbannikov@gmail.com (L.B.); zd@ukhin.org.ua
(O.B.).

Tube furnaces in coking plants heat tar and oils, playing a crucial role in steam
conservation. However, heating water-contaminated oil in these furnaces leads to severe corrosion,
marked by hemispherical cavities. Light microscopy reveals no intergranular corrosion, but
cavitation-induced damage is evident. Water contamination increases vapor phase, especially at
low flow pressure and high temperature, promoting cavitation and erosion. Hydraulic calculations
show that under 1 bar pressure, 20% water content, and 160°C, cavitation is inevitable,
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accelerating corrosion, particularly with ammonium chloride. Electrochemical and gravimetric
analyses confirm high corrosion rates, emphasizing the importance of controlling water
contamination to prevent equipment degradation.

Keywords. tube furnace, coal tar oil, corrosion, metallographic method, cavitation.

Modernization of coke plant equipment involves the introduction of compact, metal-
efficient units, requiring the use of corrosion-resistant materials in various critical systems,
such as benzene recovery, hydrogen sulfide removal, and coal tar processing. Tube
furnaces, essential for distilling coal wash oil and heating tar, are prone to corrosion, which
significantly affects equipment reliability and service life. Corrosion can be exacerbated by
factors like manufacturing defects, improper material selection, and the presence of
aggressive compounds. Solid deposits and coke accumulation inside furnace tubes
contribute to accelerated corrosion and overheating of heat transfer surfaces, leading to
premature failure.

Impurities in crude oil, particularly metals and chlorides, increase the risk of high-
temperature corrosion, prompting the need for high-grade alloys resistant to such aggressive
environments. Soda treatment is employed to reduce chloride content in tar.

Sulfide corrosion, a common failure mechanism in tar and oil refineries, occurs due
to the chemical interaction of sulfur compounds with pipe materials, leading to wall
thinning and reduced strength. Chromium content in steel is increased to enhance resistance
to sulfide corrosion.

Cavitation and erosion in tubular furnaces occur when flue gas-heated water flows
under high pressure and temperature, further exacerbating corrosion and surface
degradation, particularly when emulsified water is present in coal wash oil.

A gap exists in understanding the impact of operating parameters, such as
temperature, pressure, and flow rate, on tube bundle durability when processing coal tar.
Research into these factors could lead to more effective corrosion prevention strategies and
extended equipment life.

Experimental research was conducted on a tubular furnace in the benzene
department, where oil contamination with water led to the evaluation of corrosion rates
using industrial conditions. Electrochemical methods and polarization curves were used to
assess the corrosion aggressiveness of oils, providing valuable data for improving material
selection and operational strategies.

RESULTS AND DISCUSSION

The tube furnace of the benzene department was frequently stopped for repairs to
replace sections of the tube bundle with a diameter of 12710 mm and a length of 10
metres. The inner surface of the pipe is covered with oxide deposits exhibiting an uneven,
rough structure with spots of varying intensity. The surface also features localized
depressions, including through - penetrating ones, as well as notches, cracks, and
irregularities in the metal, likely resulting from localized mechanical effects.

From a fragment of the pipe that had undergone severe corrosion damage, Sample 1
and Sample 2 were extracted and prepared for microstructure examination. Visual
inspection of the provided sample segment revealed a defect originating at the metal surface
and extending deep into the sample. This defect fully penetrates the sample, emerging on
the opposite side, and resembles an irregular crater. Such a defect is identified as pitting
corrosion, the most destructive form of localized attack, characterized by the formation of
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holes in the metal. This type of corrosion is typical of stainless steels in chloride -
containing environments.

The studied samples consist of 15Kh5M cracking steel. Examination of the unetched
surface of the microsections revealed non - metallic inclusions of the following types: pitted
oxides, stringer oxides, non - deformable silicates, and lamellar silicates. Corrosion damage
exhibits a hemispherical shape, with no evidence of intergranular corrosion. Additionally,
signs of cavitation-induced metal degradation were observed.

When the oil flow moves and heats up, a vapor phase containing benzene
hydrocarbons forms, which is a normal condition for the distillation of wash oil. An increase
in the vapor phase fraction is observed during process disturbances and oil watering. The
calculation of vapor phase fraction values is based on the chromatographic composition of
the absorbing oil across the range of its operating heating temperatures.

CONCLUSIONS

Heating watered oil in a tube furnace causes severe corrosion damage to the metal,
manifesting as hemispherical caverns. No intergranular corrosion is observed, but evidence
of cavitation damage is noted.

Oil watering significantly increases the vapor phase fraction, particularly under
conditions of decreasing flow pressure and rising temperature, which enhances cavitation
and erosion of the tube bundle. The high polydispersity of water droplets (Pp = 4.8), their
large size (up to 229 um), and low specific interfacial surface area (0.16 pm™') heighten the
oil’s susceptibility to cavitation.

Hydraulic calculations reveal that, in a turbulent flow regime with a pressure of 1 bar,
a water content of 20 %, and a temperature of 160°C, cavitation becomes inevitable.
Cavitation accelerates corrosion, particularly in the presence of aggressive compounds such
as ammonium chloride. Electrochemical analyses confirm the elevated corrosion rate of
watered oil, while gravimetric measurements demonstrate the high corrosiveness of oil
vapors toward carbon steel, driven by the release of aggressive coke oven gas components.
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As Hybrid modifiers of biodegradable polymers (BPs), humic acids (HAs) are used. The
optimal content of HAs in BPs is 10 % wt. Good antibacterial properties of BPs are achieved.
High levels of the main operational characteristics of films are ensured.

Keywords: Biodegradable polymers Humic acids Polymer modification.

Biodegradable Polymers and Their Importance. Modern biodegradable
polymer materials (BPMs) are derived from natural biomass, renewable bio-based
monomers, and microbial processes. Despite their advantages, BPMs often have
inferior properties compared to synthetic polymers in terms of vapor permeability and
gas insulationto. Hybrid Modification of BPMs. Hybrid BPMs are created by
combining organic and inorganic components, forming unique spatial crystalline
structures that retain useful properties of the original materials. Hybrid modification
enhances BPMs' functional characteristics, broadening their potential applications.
Use of Humic Acids (HAs) from Lignite. Ukrainian lignite, which is not extensively
mined due to its low quality, serves as a source of humic acids (HAs). HAs possess
diverse physicochemical characteristics, influencing polymer structure formation and
offering potential antibacterial effects.

Modification of Gelatin-Based HBPs with Humic Acids (HAs). A extracted
from lignite sample No. 1 (HA1) was used for gelatin-based hybrid biodegradable
polymers (HBPs). Infrared (IR) analysis confirmed interactions between HA and
gelatin through hydrogen bonding and ether bond formation.

IR Spectroscopy Findings. The IR spectra of gelatin and gelatin-5% HA are
similar due to the high gelatin content masking HA bands. At 10% HA, shifts in N-H
and O-H stretching vibrations indicate strong hydrogen bond formation between
gelatin and HA. Increasing HA content results in changes in amide peaks, suggesting
structural rearrangements in the gelatin-HA system.

Thermal Analysis via DSC. Pure gelatin shows an endothermic peak at ~0°C
due to crystallization water, absent in pure HA. Higher HA content (15% and 45%)
reduces the crystallization water content and shifts peak temperatures lower. HA’s
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strong affinity for water leads to increased hydrogen bonding, altering the hydrogel
network structure.

X-Ray Diffraction (XRD) Analysis. Pure gelatin exhibits a broad peak at 20 =
20°, indicating partial crystallinity and an a-helix structure. At 15% HA, increased

a-helix content suggests structural reinforcement of gelatin due to HA
interaction. At 45% HA, the peak is nearly absent, indicating significant structural
disruption and amorphization.

Proposed Hybrid Modification Mechanism. A hybrid mechanism is proposed
where HA molecules interact primarily with water molecules, reducing gelatin-water
interactions. When HA content exceeds 15%, it preferentially binds with water,
preventing coordination with gelatin chains. Structural changes in gelatin-HAs
systems are supported by IR, DSC, and XRD findings.

It was proposed for the first time to modify biodegradable polymers with the
by-products of lignite processing (HA). The different nature of the structure
formation processes in the gelatin- HA, PVA- HA, and HPMC- HA systems was
substantiated. The hybrid-modified structure of gelatin-HA systems is
conformationally changed due to the interaction of water molecules with HAs, which
“sequester” them, preventing their coordination with gelatin chains. The mechanism
of hybrid modification in the matrix synthesis of HPMC- HA systems is associated
with the HPMC cross-linking through multipoint interaction with the HA carboxyl
group. The mechanism of hybrid modification in the matrix synthesis processes of
PVA-HA hybrid structures is associated supramolecular organisation between the
hydroxyl group of PVA chains, on the one hand, and the hydroxyl and carboxyl
groups of HAs, on the other hand. 6. The influence of hybrid modification with HA
for the studied operational characteristics of HBPs based on gelatin, HPMC and PVA
increases in the order HA3>HA2>HA1, which is associated with an.
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This study investigated coal segregation at a coking plant, focusing on particle size and
quality. Conducted at PJSC "ACP," it revealed uneven ash content distribution, with the 25—50 mm
fraction showing high variability (6.8—32.1%) and the 1-6 mm fraction the lowest (~7.3%). Key
findings include: Ash content varied across size classes, with the 25—-50 mm fraction having 13.1%
on average. Stable technological properties and granulometric composition during loading.
Significant quality deviations in the extreme rows of the coal tower. Need for measures to minimize
segregation and stabilize coke quality.

Key words: coal segregation, aoking plant, particle size, coal qualitya, sh content, coal
tower, granulometric composition, segregation control, blast furnace coke, coal preparation.

Study Focus: Investigates coal particle segregation in real industrial
conditions at a coking plant, analyzing particle size and key quality parameters (ash
content, volatile matter, sulfur).

Innovation: Provides practical insights from actual industrial conditions,
unlike prior studies based on lab experiments or mathematical models.

Key Findings: Uneven ash content distribution across particle sizes. The
25-50 mm fraction shows the highest variability in ash content (6.8-32.1%). Stable
technological properties and granulometric composition during loading, but
significant deviations observed in the coal tower’s rows. Peripheral rows show
greater variability in particle size, volatile matter, and ash content.

Implications: The study emphasizes the importance of uniform coal charge
distribution to improve coking efficiency and reduce coke production variability.

Recommendations: Practical measures for optimizing coal segregation and
improving coal preparation processes at industrial scales.

Keywords: Coal segregation, coking tower, ash content, particle size, volatile
matter, sulfur, industrial conditions, coal quality.

Methods

To determine the quality parameters of coal and coal charges, which were
determined and are given in section 3, the following standardized methods were
employed:

Sampling and sample preparation for laboratory tests according to ISO
18283:2022 Coal and coke - Manual sampling; DSTU 4096-2002 Coal, lignite,
anthracite, combustible shales, and coal briquettes.

Methods for sampling and sample preparation for laboratory tests according to
DSTU 8699:2016 (ISO 18283:2022) Hard coal, anthracite, and coke. Manual
sampling.
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Proximate analysis data (W?, A4, S¢, V¢ Vi) according to ISO 17246:2010
Coal — Proximate analysis; ISO 334:2020 Coal and coke — Determination of total
sulfur; ISO 589:2008 Methods for determining the total moisture content of hard
coals (two-stage and single-stage methods); ISO 1170:2020 Coal and coke —
Calculation of analyses to different bases.

Petrographic analysis data (Ry, Vt, Sv, I, L, Y FC, vitrinite reflectogram)
according to DSTU 7722:2015 Hard coal. Method for determining plastometric
parameters; ISO 7404-3:2009 Methods for petrographic analysis of coals — Part 3:
Determining maceral group composition; ISO 7404-5:2009 Methods for petrographic
analysis of coals — Part 5: Determining the reflectance of vitrinite microscopically.

Granulometric analysis data (>50; 25-50; 13-25; 6-13; 3-6; 1-3; 0.5-1.0; <0.5
mm; ds) according to ISO 1953:2015 Hard coal — Size analysis by sieving.

Hardgrove grindability index (HGI) according to ISO 5074:2015 Hard coal —
Determination of Hardgrove grindability index.

Caking ability (Roga index) according to DSTU 7723:2015 (ISO 335:1974)
Hard coal — Determination of caking power by Roga test.

Coal classification according to DSTU 3472:2015: Coal brown, complex, and
anthracite. Classification.

Experiment Execution

The coal tower is designed to receive and load into compartments, store
prepared coal charges, and supply the hoppers of the coal-charging car. This structure
represents a bunker-type facility comprising multiple compartments designated for
coal charge storage. The upper bunker-level spaces of the coal tower accommodate
stationary technological equipment intended for receiving and distributing coal
charge across the sections of the tower. This equipment is integral to the coal
preparation department. The facility operates in a mode that prepares and supplies the
coal charge to the tower, distributing it across its sections. The technological
equipment is required to ensure uniform distribution and loading of the sections while
minimizing the effects of coal charge segregation by particle size. To support the
continuous and stable operation of the coking and coal preparation facilities, the coal
tower must maintain a storage capacity sufficient for operating the furnaces in design
mode for two to three shifts. The coal tower is divided into sections to facilitate
regular inspections and repairs of internal walls, dispersers, and gates and periodic
cleaning of coal charge adhering to or suspended on the inner walls. The sections are
equipped with specialized devices for pneumatically dislodging stuck coal charges.
At PJSC "ACP," a two-section coal tower has a stationary reversible belt conveyor
and valves for distributing the charge across the sections. During the experiment, coal
charge samples were collected from the coal tower and loaded into the hoppers of the
coal-charging machine. Sampling was conducted from rows 1, 4, and 5 of sections 1
and 2.

Depicts the schematic layout of the two-section coal tower for batteries No.
7-8 at PJSC "ACP" featuring a stationary reversible conveyor and charge distribution
chutes.
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The analysis of the section and row layout indicates that row 5 of section 1 and
row 5 of section 2 are close to the loading point, while row 1 of section 1 is farther
away. The top of the coal tower for batteries No. 78 is not equipped with a discharge
car, resulting in section 1 being filled only after section 2 of the coal tower is
completely loaded.

At the start of the experiment, all coal concentrates included in the coal charge
were sampled and analyzed. Once the coal preparation department completed the
preparation of the coal charge comprising stages such as preliminary and final
crushing, component dosing, and mixing, the charge was transported to the coal
tower of batteries No. 7-8 using a belt conveyor. At this stage, samples were
simultaneously collected to determine the initial parameters of the charge. Sampling
was performed directly from the conveyor belt before its transfer into the coal tower.
In the next stage, samples of the coal charge loaded into the hoppers of the coal-
charging machine were taken from different sections and rows of the coal tower over
six hours. The final stage involved analyzing the collected samples, comparing the
results, and forming conclusions.
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Abstract The research aims to study the functional and monomer composition of the
obtained samples of pyrolysis products from the most common household polymer waste to
determine the possibility of their use in industrial technologies using chromatography. The analysis
of modern methods for recycling household polymer waste allows us to establish that one of the
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promising methods is their thermochemical decomposition (destruction) by pyrolysis. It has been
shown that in the process of pyrolysis of a mixture of polymer waste, plastic waste decomposes into
liquid and gaseous fractions with the release of a solid residue, the amount of which depends on the
degree of contamination of the waste and the type of plastic. It has been established that the main
part of plastic waste includes products of thermal destruction of polyethene, polypropylene and
polyethene terephthalate and they are 90-95% represented by unbranched alkanes and alkenes.
Keywords: pyrolysis, household polymer waste, products, chromatography, research

Household polymer waste (HPO) belongs to the category of municipal solid
waste (MSW). There are two main methods of elimination: passive - disposal at
landfills; and active - burning. The most widespread method is landfill burial (98%).1
Despite the relative simplicity of this method, it has the following disadvantages:
irretrievable loss of waste fractions, removal of large areas of land from circulation
for a long period, and significant costs for carrying out the necessary sanitary and
epidemiological protective measures. The greatest disadvantage of solid waste
disposal at landfills is associated with the existence of a real danger of contamination
of drinking water aquifers. These polygons fill up quickly due to the large volume
and low density of contained waste. The looseness and low compressibility of plastic
waste lead to frequent landfill fires. Of the active methods of solid waste elimination,
the fire (flame) combustion method is mainly used.2,3 Combustion is carried out in
furnaces and furnaces of various designs. In this case, a distinction is made between
layered combustion of unsorted waste in the furnaces of boilers of waste incineration
plants and chamber combustion of specially prepared (enriched) waste, which has a
relatively stable fractional composition, in the furnaces of energy boilers or cement
kilns.4,5 In practice, it has been established that during flame combustion, fine dust
(25-50 kg/t of waste) and gases containing carbon dioxide, nitrogen oxides, sulfur,
hydrogen chloride and hydrogen fluoride, organic compounds (aldehydes and
phenols), extremely toxic, are released into the atmosphere. organochlorine
compounds (dioxin and furan), as well as heavy metal compounds.6,7 The analysis of
modern methods of recycling HPO allows us to establish that one of the promising
methods is their thermochemical decomposition (destruction) by pyrolysis.8,9 This
method is carried out in special reactors and is more environmentally friendly and
energyefficient. It is characterized by a high intensity of thermochemical
transformation and an optimally structured relationship between controlled energy
product flows throughout the entire technological cycle, which ensures extremely
high energy efficiency values (86%).10,11 The research aims to study the functional
and monomer composition of the obtained samples of pyrolysis products from the
most common HPOs to determine the possibility of their use in industrial
technologies using chromatography. Material and methods Household polymer waste
was used in the form of a mixture of waste plastic bags, polypropylene disposable
tableware and polyethene terephthalate bottles in the proportion of 30:30:40% wt.,
respectively. The HPO pyrolysis technique included adding 100 g of BPO and
placing it in a Wurtz flask, pre-weighed on a technical balance.

A water cooler and a receiver (also pre-weighed on a technical balance) are
connected to the Wurtz flask. Then the BPO is heated to a temperature of at least

350 °C. Low molecular weight liquid hydrocarbon products are collected in a
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receiver during the process of thermal condensation in a water refrigerator. The
thermal condensation temperature is controlled by a thermometer. After the
appearance of the first drops of condensate, reduce the heating speed. The heating of
the flask is adjusted so that the pyrolysis rate does not exceed 1 drop per second. The
experiment was continued at a temperature in the heating mantle not higher than
350 °C until the end of the process of separation of low molecular weight liquid
hydrocarbon products, which can be judged by the cessation of condensate formation.
The liquid products of HPO pyrolysis composition were determined by the standard
gas-liquid chromatography method on a Shimadzu chromatograph (Japan).
Evaporator temperature — 240 °C; detector temperature — 250 °C; speed of carrier gas
(hydrogen) — 1.0 ml/min., flow division — 1:60. Fatty acids were identified by
comparing their retention times with the retention times of reference samples.

Thus, in the process of pyrolysis of a mixture of polymer waste, plastic waste
decomposes into liquid and gaseous fractions with the release of a solid residue, the
amount of which depends on the degree of contamination of the waste and the type of
plastic. It has been established that the main part of plastic waste includes products of
thermal destruction of polyethene, polypropylene and polyethylene terephthalate and
they are 90-95% represented by unbranched alkanes and alkenes. In general, the
liquid fraction containing light and heavy hydrocarbons can be used to produce liquid
fuels and wax, the latter being used, for example, in the manufacture of cables and
capacitors. The solid residue can be used in construction as a good waterproofing
agent; after mixing it with sand and crushed stone, obtaining a highstrength paving
slab coating is possible. One of the important areas of application of semi-liquid
products of pyrolysis of plastic waste may be their use as raw materials followed by
hydrodealkylation to obtain diesel fuel components with high cetane numbers and
ultra-low sulfur and aromatic hydrocarbons conten.
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KOHTPO.JIb METAJIEBUX BAJIOHUYUKIB, HATTOBHEHMX 3PIIKEHUM
BYIJIEBOJJHEBUM I'A30M
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Memoouka eusnauac unpobyeants, AKi 3aCMoCco8yI0Mb NPU UXIOHOMY KOHMPOTL 20MO80i
npooyKyii Ha NIONPUEMCMBI MA CHPAMOBAHI HA NOWLYK 8IOMO8 nNpu 6a2amopazosomy
BUKOPUCTNAHHS OANIOHY.

Knrouoei cnoea: sanvyrosanns kianana, memanesi OAIOHYUKU, 2A30HENPOHUKHICIb

BupobHrya MeToiKa MOMMPIOETHCS HA METAJIEB1 OATIOHYMKY JJI CKPATUICHUX
BYTJICBOJIHEBUX Ta3iB, 3 KJIAMAaHOM, JJII BUKOPUCTAHHS 3 Ta30BUMHU MaJbHUKAMU Ta
NEPEHOCHUMH TIPUIIaIaMHU.

MeTtoauka Bu3Hauae BUMPOOYBaHHS, SIKI 3aCTOCOBYIOTH MPU BUXITHOMY
KOHTPOJI1 TOTOBOI MPOAYKIIi Ha MIAMPUEMCTBI Ta CIIPIMOBAaHI Ha MONIYK B1JIMOB IPH
0aratopa3oBoMy BHKOPHUCTaHHS OajoHYy. YCl e€Tanmu TECTyBaHHS BIAMNOBIAAIOThH
BuMoram eBporeiicbkoro crangapty EN 417 “Non-refillable metallic gas cartridges
for liquefied petroleum gases, with or without a valve, for use with portable
appliances — Construction, inspection, testing and marking” ta . 6.2.6.3.3 JIOITHB.

Jis maHOi METOIUKH TIOIIUPIOETHCS HA POOITHUKIB BIAILITY TEXHIYHOTO
KOHTPOJIIO.

[IpencTaBHUKM BIAJAUTY TEXHIYHOTO KOHTPOJIIO Ha MPOTA31 pobOodoi
3MIHU IPOBOJISITH HACTYMHI BUMTPOOYBAHHS Ta OTJISI;

1. IlepeBipka napamMeTpiB BaJbIIOBAHHS KJIANAHA

HeoOximui 1HCTpyMeHTH:  BHMIproBad 3aTHCKy KiamaniB Kroemplin 3
nmoxuokoro + 0,01 MM

HanamryBanus o0jlaqHaHHS TMOBUHHO BIJIIMOBIJATH XapaKTEPUCTUKAM
rOTOBOT'O MPOIYKTY NPUBEACHUM B TaOIuIl 1.

Ta0aumg 1
TexHiYHI XapaKTEePUCTHKH IOTOBOI0 MPOAYKTY
IITupuna BanbiroBanHs, CD 27.0-27.1 MM
Bucora BansiroBanus, CH 5.1-5.25 mm
JlomycTuMa BHUCOTA IITOKY 2.38-2.98 Mm

[TepeBipka Bi1OyBa€eThCs JUIIE HA BIAKATIOpOBAHOMY MPUOOPI.
[TepeBipii mijisirae HE MEHIIE HDK TSTh (5) OAWHIN TOTOBOI MPOMYKIIiT
(BIAMOBIIHO IO MapaMeTpiB HaBEJEHUX B TaOmuIll 1) mij yac 3amycKy JiiHii, a TAKOXK 3
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nepioguyHicTiO oauH (1) pa3 Ha roaWHy Ha KOXHIA BUpoOHWUIM miHii. [licis
NEPEBIPKU 3pa3Ku MOBEPTAOTH HA JIHIIO.

B pa3i oTpumaHHS HE3aI0BUTLHUX PE3yJbTATIB MepeBipku mnpeactaBHuk BTK
MOBUHEH 3YNMMHUTHA BUPOOHUUY JIHIIO Ta CKIACTH AKT HEBIAMOBIMHOCTI, IPOTYKITiS
MapKYETHCS Ta 130JTIFOETHCS I MPUAHSATTS MOAATBIINX PIllIeHb.

2. IlepeBipka 3apsiay rasy.

HeoOxiaH1 iHCTpyMeHTH: Baru (KOi110poBaH1/OBIpeHi)

3apsig razy B OallOHYMKY MEPEBIPSAETHCS HA OJHOMY OaJIOHI HE piJlie HIXK
koxHi 10 xB. SIKIII0 MakcHMabHUIA 3aps (11 roToBOI npoaykiii ®asop 3075 rp.,
nns Capren 3173, rp.), nepeBHuIlEeHO, HEOOXIJHO MEPEBIPUTH 3alPABKy KOMKHOIO
KapTpHUIKa 3 MOMEHTY OCTaHHBOTO B11I00pY MpoO AJis BUKIIIOUEHHS MEPENOBHEHUX
KapTPHUIIXKIB.

[IpumiTka - 3ampaBKy KapTpuIKa Tra3oM MOXKHA TaKOX TIEpeBIpUTH 3a
JIOTIOMOTOI0  METOJIIB CTaTUCTHUYHOTO KOHTpoyto 3a mporiecom. [1[o6 3Bectu 1o
MIHIMyMY KUIBKICTb TIEPETIOBHEHHX KapTPUIIXKIB, PEKOMEHIYETHCS TEPEBIPITH
KUTBKICTh Ta3y, IO TMOJAEThCS KOKHOI 3allpPaBHOIO0 TOJIOBKOIO, MEpe]] MOYaTKOM
3amoBHEHHS. Barosi mpucTpoi Ta MaHOMETPH, [0 BUKOPUCTOBYIOTHCS TP 3aIpaBili
KapTPUJIKIB, IEPEBIPSIOTHCS (OTIJISIIAIOTHCS) HE PIIIIE OJTHOTO pa3y Ha JICHb.

PoOiTHUKamMu BUPOOHMYOI AUTBHMII NEPEBIPAIOTH 3apsj] razy B OajoHI Ha
KOXHOMY BHpPOO1 BaroBUM MOBIPEHUM (KaJI1IOPOBaHUM) MPUIIAJ0M.

3. 'a30HeNPOHUKHICTH 0AJIOHIB

HeoOxiaH1 iIHCTpyMEHTH: BOAsHA 1abopaTopHa OaHs 3 J1ala30HOM TeMIlepaTyp
+20 +55°C.

[lepeBipka 6a3yeThCcsi Ha 3aHYpPEHH1 3aIIOBHEHOTO Ta30M KapTPHUXKY B BaHHY 3
rapsidilo  BOJAOIO Tak, 00 THUCK B CEPENIMHI KapTPpUIKYy nocsr He MeHi 90% THCKYy,
CTBOPIOBAHOTO razoM npu Temneparypu S55°C. BpaxoByrounm OGaratopiuHuii JOCBiA
NepCcoHaIy KoMMaHii B poOO0Ti 3 0aJOHUYMKaMU (a€pO30JIsIMH), a TAKOK HEOE3MEeUHICTh
ra3oBUX OAJOHYMKIB JI0 BIUIMBY Taps4u0i BOJH, SIKUW MPU3BOAUTH O KOPO3ii TOTOBOI
IpOAyKIlii OyJ0 MpUHATO pimieHHS BiAcTynuTy Bif Bumor m. 7.4.3 EN 417 Tta
3actocyBatyd BuMord 1. 6.2.6.3.3 b) JIOIIHB. Ockinbku Ha OaOHYUKH HETaTHBHO
BILJIMBAa€ BUIIPOOYBaHHS B BOJISIHIN OaH1 TOMY 3aCTOCOBYEMO aJIbTEPHATUBHUI METO
BU3HAYEHHS O0apOCTIMKOCTI METOJOM CTaTHMYHOI MpoOu BigOuparouud 1mo Tpu (3)
3pa3Ku KOXHI JIBl TOJUHU POOOTH KOKHOI poOOUOi JIiHIT M0 103BOJISIE 3a0€3MEUUTH
€KBIBaJIEHTHUH pIBEHb OE3IEKHU.

[IpumiTKa - 3a JBI TOAMHM OJHA BUPOOHWYA JIIHISI BUTOTOBIISIE OPIEHTOBHO J10
2000 oMHUITH TOTOBOT MPOIYKIIIi.

[IpencraBHUK BIIIITYy TEXHIYHOTO KOHTPOJIIO KOXKHI JIBI TOJWHHU Ha KOXKHIN
BUpOOHWYIN iHIT BigOWpae mo 3 OaJOHYMKM BUTOTOBJICHMX 3a Iled dYac i
IPOBEJICHHs BUIIPOOyBaHb B BOAsSHINA Oani. [licis mepeBipku 3pa3kd MiAsAraroTh
Jerasaifii Ta yTrIi3aii.

BunpoOyBaHHs BBaXXarOThCA YCIIITHAMU B Pa3i MOBHOI BiJICYTHOCTI BUTOKIB 13
OasoHiB. Skmo Oyab-sikuii 6alOH HE TPOWIIOB BUMPOOYBAHHS, HEOOXITHO B3ATH S5
('siTh) HOBUX OAalOHIB Ta MPOBECTH TEXK CaMe€ BHUMIPOOYBAHHS, SIKIO IMICIS
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MOBTOPHOTO BUNPOOYBaHHS HE Oyno 300iB, pe3yibTaT TECTy BBAXKAETHCA
3anoBUTbHUM. [licnst mepeBipku 3pa3ku OANOHIB YTHUITI3YIOTHCS.

B pa3i oTpumaHHS HE3aIOBIILHUX DPE3yJIbTATIB BUMPOOYBAaHb MPEICTABHHUK
BTK mnoBuHEH 3ynWHWUTH BUPOOHUYY JIIHIFO Ta CKJIACTH AKT HEBIIMOBITHOCTI,
IPOIYKITISE MAPKYETHCS Ta 130TI0€THCS JUTSl IPUUHSTTSI TOJATBIINX PIIICHb.

Pe3ynbraTy nepeBipkd BHOCUTH B IEHHUN YEK-JIHCT.

4. IlepeBipka ra3oHenNPOHMKHOCTI KJIANIAHIB

HeoOxigH1 1HCTpYMEHTH: ra3oBHil NalbHUK: BOAsSHA jabopaTopHa OaHs 3
niama3zoHom Temmeparyp +20 +55°C.

Le#t TecT MpoBOAUTHCS HA ABOX 3pa3Kkax FOTOBOI MPOAYKIIT IPH BUKOPUCTAHHI
HOBOI1 MAPTIi KapTPUKIB Ta\abo KJIaraHiB.

Knanan mignaerscs 50 omepartisiM BIAKpUTTS Ta 3akputts npu (20+£5)°C 3
BUKOPUCTAaHHSM ajanTepa Mpuiaay, HNpU3HAYEHOro [UJIi BUKOPUCTAHHS 3
kapTpumkeM. KokHa oneparlisi CKIalaeTbCs 3 TOBHOT YCTAHOBKU Ta MOBHOTO 3HATTS
aganTepa 3 Kaptpumka. [licis nmux oneparliii KapTpupK MOMIIIAIOTh y BOJSHY OaHIO
3 Temrieparyporo (50 + 5) °C na 15 xB. Ilyxupiii He MOBUHHI BUXOJHUTH 3 KapTPHIKa
IPOTATOM HACTYIMHHUX TPHOX XBUJIWH. BUMPoOyBaHHS BBaXKAIOTHCS yCHIIITHUMU B pasi
MOBHOI BiJICYTHOCTI BHUTOKIB 13 KiamaHiB. SIKmo Oyap-skuii OanoH HE MPOMIIOB
BUNMPOOYBAHHSI, HEOOXITHO B3SATH 5 (M'sITh) HOBUX OAJOHIB Ta MPOBECTU TEXK CaMe
BUMPOOYBAHHSI, SIKIO MICJS TOBTOPHOTO BUMPOOYBaHHSI HE Oyso 300iB, pe3yibTaT
TECTy BBaXXA€TbCs 3aJ0BUIbHUM. Ilicas mepeBipku 3pa3ku OalOHIB JEra3yroThCs Ta
YTHIII3YIOTHCA.

B pa3i oTpumaHHs HE3aJOBUILHUX pE3YyJIbTAaTIB BUIPOOYBaHb MPEICTABHUK
BTK mnoBuHEH 3yNWMHUTH BUPOOHHUY IJIHIIO Ta CKJIACTH AKT HEBIANOBIIHOCTI,
MPOYKIIIS MAPKYETHCS Ta 130TI0€THCA JUIsl IPUUHSTTS MOJANBIINX PIIICHb.

PesynbpraTu nepeBipku Ta BUMIPOOYyBaHb BHOCSTHCS B JIGHHHM YeK-TUCT (popma
SKOTO HaBeJIeHa B AOJATKy | 10 M1aHOi METOIMKH.

[Ticnst 3aBeplIeHHS BUTOTOBJICHHS MapTii Ta MPOBEIECHHS BCIX MEPEBIPOK Ta
BUNpoOyBaHb HaBeJeHUX B naHid metomuill. Hauamsauk BTK ckmamgae TIporokon
BUTIpoOyBaHb MapTii (hopMa HaBeACHA B TOAATKY 2 0 JAHOT METOIUKH).

3a pe3ysbTaTaMH NO3UTUBHUX BUIPOOYyBaHb Ta nepeBipok Hauansaukom BTK
roryetbcsi CepTUdIiKaT SKOCTI Ha MapTi0 OpOoAyKuUli (PpopmMa SKOro HaBeJAeHA B
nonatky 3 no naHoi metoguku). CepTudiKaT SKOCTI MIANUCYETHCS HAYaIbHUKOM
BTK Ta 3aBiTproerbcst nedarkoro ¢ipmu. OpuriHan cepTudikariB 30epiraerbcs B
Biaauii BTK a komist BUmaeThes 3 MpoayKIII€rO.

Inspection of finished products in metal cans filled with liquefied

hydrocarbon gas
Marchenko Valeri, LCC New Ton Promservise
The methodology defines the tests that are used during the initial control of finished
products at the enterprise and are aimed at finding failures during repeated use of the cylinder.
Key words: valve rolling, metal canisters, gas tightness.

VIIK 661.9
BU3HAYEHHS KATETOPIi AEPO30JIbHOTO POSIIJIIOBAYA
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. K. Kysin!

ITOB " Texniuni cnpei

LImyuni aepo3oni 3HAxX00AMb WUPOKE 3ACMOCYBAHHSA 8 DA2AMbOX 00IACMAX THOOCLKOT
OisANbHOCMI. Y XIMIUHIL, Xapyo8ill, nap@hymepHo-KoCMemuuHtit, 6yoi- 8ebHill NPOMUCTIOBOCHII,
MeOUYUHi, CLIbCLKOMY 20Cn00apCmei i m. 0., Wo 00y- MOGIeHe iX 8UCOKOI0 eqheKMUBHICMIO.

Knrwouoei cnosea: aeposonvhuil po3nuniosau, menioma 320psiHHs.

1. Bu3Ha4YeHHS TENJIOTH 3rOPSIHHA

3rigno g0 1.1.12. TexHIYHOrO perjamMeHTy aepo30JbHUX PpO3MUIIOBAYIB
TEIUIOTA 3rOPaHHS MOKY OYTH BUpaxyBaHa 3a pO3PaxXyHKOBHUM METOOM, SIK:
AHe=Y [ X[wAHe()] (1)
ne AH. - Teruora 3ropsHHS aeposomo, KJ[K/T; wi - MacoBa dacTKa 1-TO
KOMITOHEHTa aepo30iito y BigHOCHMX omuHuIpix; AHc(i) - Teruora 3ropsiHHSA 1-TO
KOMITOHEHTA aepo30J1t0, KJ[k/T.

AHc = (48,0*0,20+0*0,80)*0,80=7,68 (x1x/1) )
Tabmmug 1.
2. BunpoOyBaHH$ 11010 BU3HAYCHHS BiJICTaHi, HA AIKid Bi10yBa€TbCH
3aiiMaHH$ 2€pP030J1iB, 0 PO3NHUJISIIOTHCH.

ITouaTkoBa maca po3snujiaBavia, r

PosmuimroBay 1 PosnuiroBau 2 PosnumroBau 3

434 435 434

IloyaTkoBHMii BHYTPIillIHili TUCK Y po3nwaoBayi, Mna

PosmutroBay 1 PosmutroBau 2 PosnuimroBay 3

3,5 3,5 3,5

IToyaTkoBa MBHAKICTHL BUBiJIbHEHHS BMICTY I/C

PosnumroBau 1 PosnuiroBau 2 PosnumroBau 3

3,01 2,99 3,00
Temmeparypa 20°C BigHocHA BOJIOTICTh 65 %
PoznutoBay 1 Po3nuatoBay 2 Po3numoBay 3
IToyaTkoBuUit
piBEHb % 80 80 80
HAITOBHCHHS
150 migiMeTpiB Hi, ui,H1 Hi, 11,11 Hi, 11,11
300 MiTIMETPIB| 3aiiMan Hi, 11,11 Hi, Hi,H11 Hi, ai,u11
450 MUTIMETPIB|  HA Hi, ui,H1 Hi, 11,11 Hi, ui,H1
600 minimerpis| TAK un Hi, ui,ni Hi, ui,ui Hi, ui,1i
750 mimimetpis| HI Hi, Hi,H1 Hi, ui,H1 Hi, 11,11
900 MiTIMETPIB Hi, ni,H1 Hi, Hi,H1 Hi, Hi,H1
[TonoxxeHnns
PO3MHITIORAYA BEPTHKAITBHO BEPTHKAIBHO BEPTHKAIBHO
Tabmmig 2.
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3.BunpoOyBaHHs HA 3aMMHUCTICTh Y 3aMKHYTOMY IIPOCTOPI

IlouaTkoBa Maca po3nujaBava, 1

PosnuroBau 1 PosnuiroBay 2

PosmuiroBau 3

434 435

435

IToyaTkoBHii BHYTPIillIHI THCK Y

o3nuarBavi, Mna

PosmumroBau 1 PosmutoBau 2

PosmumroBau 3

3,5 3,5

3,5

IToyaTkoBa MBUAKICTHL BUBIJIbHEHHS BMICTY I/C

PosnuroBay 1 PosnuaoBay 2 PosnuitoBay 3
2,36 2,36 2,36
Temneparypa 20°C BigHocHa BOIOTICTD 65%
daktuunuit 06’ eM kamepu, 200 11 PosnumtoBau 1| PosnumroBay | PoznuiiroBau
2 3
[ToyaTkoBHUIl piBEHb HAITOBHECHHS, %0 80 80 80
TpuBaiicth BHBIIBHCHHS BMICTY 710 37 39 37
TOCSTHEHHS 3aiMaHHsI, CEK.
Maca aepo30J1t0, PO3MUIICHOTO i1 Yac 56.32 57.02 56.93
BUIPOOYBaHHS, T
YacoBuii €KBIBAIEHT (teq), 3@ AKOTO
BiIOyBa€eThCs 3aiMaHHs B | M-3
170,98 170,98 170,98
t.q=1000* yac BUBITbHEHHS a€PO30III0 (C)
dakTryHmii 06’ eM Kamepu (m°)
['yctuny aeduarpaiii (Dger), 3 aKoi
B1/10yBA€ThHCS 3aliMaHHS
D4er=1000 * KiTbKICTh PO3MUICHOTO 291,81 295,44 294,97
aepo30III0 (C)
(akTrunmii 06’ eM Kamepu (am?)

BucnoBok:y BimmoBigHocTi 10 n.1.11.1 - 3) - B) aepo30JbHUN PO3MUITIOBAY

KJIacU(PIKYyETHCS SIK HE3AUMUCTHUH.

Conducting tests to determine the category of an aerosol sprayer

Kuzin Dmytro, LCC " Technikal spray"

Artificial aerosols are widely used in many areas of human activity: in the
chemical, food, perfumery and cosmetic, construction industry, medicine, agriculture,

etc., due to their high efficiency.

Key words: aerosol sprayer, heat of combustion

YK 662.74:537.311

IMPROVING THE ELECTRICAL RESISTIVITY OF BLAST-FURNACE
COKE
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Valentine Koval! , Denis Miroshnichenko?, Yevhen Soloviov?
!Coal Department State Enter prise "Ukrainian State Research Institute for Carbochemistry
(UKHIN) Kharkiv, Ukraine e-mail: kovalen79(@gmail.com
’The Department of Oil, Gas and Solid Fuel Refining Technologies National Technical
University «Kharkiv Polytechnic Institute» Kharkiv, Ukraine e-mail:dvmir79@gmail.com
3The Department of Oil, Gas and Solid Fuel Refining Technologies National Technical
University «Kharkiv Polytechnic Institute» Kharkiv, Ukraine yevhen.soloviov(@ihti.khpi.edu.ua

The study examines the impact of petroleum coke on coal charges and blast furnace coke
quality. Four charge variants with different coal concentrate and petroleum coke contents were
analyzed. Adding 5% petroleum coke increased coke structure orderliness and nanostructures
while boosting gross coke output by 1.3-1.4%. However, it raised sulfur content (0.12-0.14%) and
reduced ash content (0.3-0.4%), while slightly worsening mechanical properties, reactivity,
structural strength, abrasive hardness, and electrical resistance. The use of "Svyato-Varvarynska"
coal improved coke quality, whereas its lower share in the charge led to a significant decline.

Keywords — Coal charges, blast furnace coke, concentrates, petroleum coke, electrical
resistivity, quality indicators.

Due to the fact that the carbon structure of coke contains nanomaterials -
nanotubes, fullerenes, etc., coke can be used to obtain anodes for the electric arc
synthesis of nanotubes from it. It is also possible to extract natural fullerenes in the
form of nanodispersed aqueous compositions or extracts. It is also possible to obtain
suspensions that, without additional processing, can be used as micro impurities in
construction and paint materials. So, for example, micro impurities of about 0.005%
obtained from dust collected during coke production strengthen the cement stone by
1.8 times after adding them to the cement mortar. The purpose of this study was to
establish the effect of adding petroleum coke on the quality of coal charges and on
the quality of blast furnace coke obtained from them. For this purpose, we
investigated the coal that forms the coking base of the main coke-chemical
enterprises of Ukraine.

The lower current electrode is inserted into the measuring channel of the matrix
and a measured amount of tested coke powder weighing (3,000+0,007) g is carefully
poured into the channel through the funnel. After that, the upper current electrode is
inserted into it. The measuring matrix is installed on the support of the jack between
the support surfaces of the press and the U-shaped bed. At the same time, the
cylindrical heel of the lower current electrode must be in the socket of the reference
contact. After installing the matrix in the press, tighten the screw of the jack, make
several swings with the handle of the jack until the upper current electrode rests
against the bed. 3 together with the installation instructions, assemble the block
diagram of the device for measuring the electrical resistance of coke powder. The
handle of the hydraulic press is used to raise the rod to the "caliber" stop in the upper
base of the press. The endurance of the sample under pressure is determined by the
time during which the measurements show SER values that practically do not change.
For analytical coke powders, the indicated holding time is from 1 to 2 minutes. The
measurement results are recorded in a logbook with an indication of the
characteristics of the sample. Cleaning the channel of the matrix from pressed powder
is carried out by pressing it with a ramrod made of wood or plastic. A metal ramrod
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can damage the textolite channel of the matrix, it is necessary to clean the channel
with the help of a hair-trimmer.
Research of components of charges.
Initially, the components that were part of the coal charge (Haju, brand "DG";
CPP "Dobropilska", brand "G (G1)"; CPP "Myrnogradska", brand "G(G2)"; CPP
"Svyato-Varvarynska", brand "K" ) were tested by the methods of technological (W",
AY, S4, Vi) plastometric (X, Y) and petrographic (R, petrographic composition)
analyses. The obtained data are presented in the tables I and II.

Table 1.
Technological properties of components of coal blends
Plastometric
. <o
Component Grade Proximate analysis, % indexes, mm
w- A1 S | 4 X Y
Haju DG 2.2 54 1.40 40.2 48 9
CPP "Dobropilska" (((}}1) 1.7 4.4 1.31 38.1 44 16
CPP "Myrnogradska" ((?2) 1.1 6.2 1.35 38.7 38 16
CPP "Svyato- K | 14 | 86 | 067 | 284 | 25 | 15
Varvarynska
Petroleum coke 0.7 0.6 4.13 12.9 Not defined

Coking

Coking was carried out in a 5-kg laboratory furnace designed by Ukhin State
Enterprise The condensed methodology is as follows. A metal chamber (retort) with a
width of 150 mm, a length of 270 mm, and a height of 300 mm was filled with a coal
charge weighing 4.5-5.0 kg, the grinding of which was adjusted to 80% of the
content of the grade less than 3 mm, moisture content to 8%, and bulk density ~800
kg/m3. After that, the retort was loaded into an electric furnace preheated to 1100 °C.
Upon reaching a temperature equal to 950 £ 10 °C in the loading center, the research
was stopped.

The duration of the experiment was 2 hours 50 minutes - 3 hours. Coke was
quenched by the dry method, after which its output was determined.

The obtained coke was subjected to destructive forces for the realization of
cracks by dropping it 4 times from a height of 1 m onto a metal plate, after which the
coke was subjected to screening (calibration) on sieves with round holes with a
diameter of 70, 60, 50, 40, 25 and 10 mm. Based on the results of screening, the yield
of individual size classes was calculated.

Coke larger than 25 mm after dumping was subjected to destruction in a 4-
section drum.

To do this, all the coke was divided into 4 equal portions. The weight for each
portion was calculated taking into account the ratio of size classes in coke larger than
25 mm after reset. The weight of each portion ranged from 790 to 800 g. Each
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portion was loaded into a separate section of the drum and tested simultaneously with
the others. After scrolling 300 complete revolutions of the drum at a rotation speed of
45+1 rpm, the drum was unloaded. Coke from each section was screened on round
sieves with hole diameters of 25 and 10 mm. The yield of coke greater than 25 mm,
which characterizes the coke grindability index (M,s), and the grade yield of less than
10 mm, which characterizes the attrition index (M;,) of coke, was determined.

The table VIII presents the gross yield of coke, parameters of its mechanical (M,s,
M) and (SS) structural strength, abrasive hardness (AH), as well as technologica
analysis data (A9, S, V90) and specific electrical resistance (SER) of coke, which
were determined after coking.

Bibliographic list
1. R. Sakurovs, M. Grigor, A. Sokolova and Ya. Mata “Effect of high temperature on
nanopores in coke,” Fuel, vol. 334 (2), pp. 126821,- 2023.
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2. Hb. Zhu, WI1. Zhan, Z;j. He ‘“Pore structure evolution during the coke
graphitization process in a blast furnace,” Int J] Miner. Metall., vol. 27, pp.
1226-1233, 2020. https://doi.org/10.1007/s12613-019-1927-1

V]IK 661.9
BUITPOBYBAHHS {010 BU3HAYEHHS BIICTAHI, HA SIKTI
BIIBYBAETBHCS 3AUMAHHS AEPO30JIIB, [0 PO3MUISIOTHCS

C. JI. XKapos!
'TOB Hviomon Ilpo cepsic

LImyuni aepo3zoni 3Haxo0same wupoKe 3ACMOCYB8AHHA 8 0a2amboX 001ACMAX JHOOCLKOL
OIIbHOCMI. Y XIMIUHIU, Xapyosiu, nap@ymeprHo-Kocmemuuniu, 0y0i- elbHIU NPOMUCIOBOCHII,
MeOUYUHi, CLIbCLKOMY 20CHO0ApCmei i m. 0., o 00y- MOGIeHe iX 8UCOKOI eqheKMUBHICTIO.

Kniouosi cnosa: posnuniogau, menioma 320pAnHs, A€po30iib.

1. BusHaueHHs TEIJIOTH 3TOPSHHS

3rigHo 70 1.1.12 TexXHIYHOTO perIaMeHTy aepO30JIbHUX PO3MUITIOBAYIB

TEIIOTa 3rOpaHHs MOXe OyTH BHpaxyBaHa 3a PO3PAXyHKOBUM METOJIOM, SIK:

AH, = > [ X7 [exAHe ().
(1)

ne AH. - Terutota 3ropsHHS aepo3onmo, KJK/T; wi - MacoBa 4acTKa 1-TO
KOMIIOHEHTa aepo30ii0 y BigHocHUX oauHulsx; AHc(i) - Termuora 3ropsHHSA 1-TO
KOMITOHEHTa aep0o30J1r0, KJ[K/T.

40% BMICTY aepo30JI0 € BYIJIEBOJHEBUM IPOMEJICHTOM, IO CKJIAIA€ThCS 3
nporany, OyTaHy Ta i1300yTady. MacoBi YacTMHM KOXKHOTO 3 IIMX BYIJICBOAHIB Yy
TOBapHOMY TIPOMENICHTY € BapiaTUBHUMHU I[IOKa3HWKAMH, TOMY 3a [IPHUHITUTIOM
HAWUTIPIIIOTO CIIEHAPIIO Y pO3paxyHKaX TEIIOTH 3TOPSIHHS aePO30III0 MPUAMAEMO TEIUIOTY
3rOpstHHSL OyTaHy 3a TEIUIOTY 3TOPSHHS MPOITeNieHTy. 65 % Cywmilll pPO3YMHHUKIB Y

HACTYITHOMY CITiBBiTHOMIEHHI: MeTw aretat — 40%, et anerat -10%, keumorn — 10%.
AHc = (48,0*0,40+15,4*0,40+23,6*0,10+40,3*0,10)*0,80=25,35 (xx/T). (2)
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Ta6muns 1.

BunpoOyBaHHsi 110,10 BU3BHAYEHHS BiJICTaHi, Ha sIKil Bi10yBaeThCst
3aliMaHHsI 2ep030J1iB, 0 PO3NUIAITHCS.

IlouaTtkoBa maca pOo3nniiIroBayda, r

PosmwtroBau 1

Posmwtrosau 2

Posmwtrosau 3

379

381

380

IToyaTkoBHI1 BHYTPIIIHIM TUCK Y PO3OIIIIOBaYl, Miia

PosmumroBay 1

PosnuiroBau 2

PosmutroBau 3

3,5

3,5

3,5

ITouaTkoBa MIBUJIKICTh BUBUIBHEHHS BMICTY T/C

PosmutroBau 1

PosmutroBau 2

Posmwttosau 3

3,01 2,99 3,00
Temneparypa  20°C BigHocHa BOJIOTICTh 65 %
PosnumoBau 1 PosnumoBay 2 PosnumtoBau 3
ITouaTkoBuit
piBCHb % 80 80 80
HAITOBHCHHS
150 MiTiMeTpiB Tak, Tak, Tak Tak, Tak, TaK Tak, Tak, Tak
300 mimiMeTpiB|3aiiman | Tak, Tak, TaK Tak, Tak, Tak Tak, Tak, Tak
450 MITIMETPIB|HS Hi, Hi,H1 Hi, 1,11 Hi, ui,ni
600 mimimerpis| TAK uy Hi, mi,zi Hi, mi,u11 Hi, ui,H1
750 minimerpis|HI Hi, ui,H1 Hi, ni,H1 Hi, ui,H1
900 miTiMETpIB Hi, ui,H1 Hi, 1,11 Hi, 11,81
[TonoxeHHs
PO3MUITIORAYA BEPTUKAIIHHO BEPTUKAIIHHO BeprukanpHO
TaOmurs 2.

BunpoOyBaHHs HA 3aliMHMCTICTh Y 3aMKHYTOMY IPOCTOPI

IlouaTkoBa maca PO3MNHJIIOBayda, I

PosouiroBau 1

PosmutoBau 2

PosnuaroBau 3

381

380

382

[ToyaTkOBHUI BHYTPIIIHINA TUCK Y PO3

uIroBavl, Mna

PosmutroBau 1

PosmutroBau 2

PosmutroBau 3

3,5

3,5

3,5

IToyaTkoBa MBHAKICTh BUBLILHEHHS BMICTY T/C

PosnuiroBau 1

PosnuiroBau 2

PosnuiroBay 3

2,36 2,36 2,36
Temmneparypa 20°C BigHOCHA BOJIOTICTH 65%
daktuunuii 00’eM kamepu, 200 11 PosnumtoBau 1 | PozmwmoBau | Po3numnroBau
2 3
[ToyaTkoBHUI piBEHb HAIIOBHEHHSI, %0 80 80 80
TpuBanicts BUBLJIbHEHHS BMICTY hi( 33 33 13

TOCSITHEHHS 3aiiMaHHsI, CEK.
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Maca aep030i1t0, PO3MUIICHOTO 1] 4ac
BUIIPOOYBAaHHS, T

56,32

57,02

56,93

YacoBuil €KBIBAJIEHT (tq), 3@ AKOTO

B1JI0yBa€eThCs 3aiiMaHHs B 1 M-3

teq=1000* yac BUBITbHEHHS a€PO30IIIO (C)
daxTuunmii 06’ eM kamepu (am?>)

170,98

170,98

170,98

['ycruny nedmarpartii (Dger), 3a K0T
BiJI0YBAETHCS 3aliMaHHS

Dger =1000 * KigbKiCTh PO3MUICHOTO a€PO30III)

(c)

291,81

295,44

294,97

aKTUYHHHN 00’ €M Kamepu (am>
P

BuchnoBok: y BianosimHocti 10 n.1.11.1 - 1) - a) aepo3osibHMII pO3NMIIOBaY
KJIACU(DIKY€ETHCS SIK JIETKO3aUMUCTUM

Conducting tests to determine the category of an aerosol sprayer
Zharov Sergiy, LCC New Ton Promservis
Artificial aerosols are widely used in many areas of human activity: in the chemical, food,
perfumery and cosmetic, construction industry, medicine, agriculture, etc., due to their high
efficiency. It is known that an increase in the surface of a substance is accompanied by an increase
in its activity.
Key words: atomizer, heat of combustion, aerosol.
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BUKOPUCTAHHSA BOJHEBOI'O ITAJIMBA B TPAHCIIOPTHIUN TA
EHEPTETUYHIN I'AJTY35IX: IEPEBAT'A TA BUKJIUKHA
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Bueueno nepcnexmusu  GUKOpUCMAHHA ~ B00HEB020 NAAUGA 6 MPAHCNOPMHIL —mMa
eHepeeMmUYHIll  2any3sax, NPOAHANI308AHO U020 Nepesacu ma OCHOBHI GUKIUKU. Pozenanymo
€KONO2IURY 0Oe3NeKy, BUCOKY eHepeoe@eKmusHicms | nomeHyianr 600HI0 5K ATbMEPHAMUBHO2O
oofcepena enepeii.

Knruosi cnosa: 600nese nanueo, ekonoziuna besnexa, enepeemuxa, ingppacmpykmypa.

B cydacHux yMoBax r1100ajdbHOI €HEPreTMYHOI KpH3W Ta 3pPOCTaHHS
€KOJIOTIYHUX 3arpo3 OCOOJMBY yBary MpHUBEPTAE MOIIYK alIbTEPHATUBHUX JIKEPE
eHeprii. OJHUM 13 MEPCIIEKTUBHUX PIllIEHb € BUKOPUCTAHHS BOJHEBOTO MaINBA, SKE
MOKe 3a0e3meunTH e()EeKTUBHE Ta EKOJIOTIYHO YHCTE EHEepro3ade3rneueHHs
TPAHCTIOPTY Ta €HEPreTUYHOI rany3i. BojaeHs sk manuBo Mae BUCOKUN €HEPTEeTUIHHMA
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MOTEHINa)I 1 HE CHPHUYMHSE BUKUJIB MAPHUKOBUX Ta3iB MPHU 3TOPsiHHI, IO POOUTH
HOro KJIIOYOBUM €JIEMEHTOM Y MEPEXO/il 10 CTaJI0l EHEPreTUKH. «3eJIeHU» BOJIEHD €
€KOJIOTIYHO OC3IEYHUM TIaJIMBOM, 3JaTHUM 3aMIHHTH BHUKOITHI €HEPropecypcH y
HalOIMK9ii nepcrekTusi [1].

3pOCTaHHS CIOXHUBAHHS TPagUIiiHUX BHUIIB manuBa (HadTH, Ta3y, BYTULIs)
OPU3BOAUTH 10 3HAYHUX E€KOJIOTTYHUX MPOOJIeM, BKIHOYAKOYU 3a0pyJHEHHS NOBITPS,
3MIHY KJIIMaTy Ta BHCH@XEHHS NPHUPOJAHMX pecypciB. BoaHowac, po3BHTOK
TEXHOJIOT1 BUPOOHHULITBA Ta 30€piraHHs BOJHIO BIJIKPUBAE€ HOBI MOXJIMBOCTI IS
HOoro BIPOBAKEHHA y TPAHCIOPTHIN Ta eHepreTuuHii cdepax. bararo kpain yxe
PO3pOOJISIFOTH cTpaTerii pO3BUTKY BOAHEBOI EKOHOMIKH, a IIPOBiHI aBTOMOOLIBHI Ta
E€HepreTUYH1 KOMITaH1i IHBECTYIOTh Y BIITIOBIHI JOCIDKEHHS Ta 1HPpaCTPyKTypy.

ITepeBary BUKOpUCTaHHS BOJHEBOTO MajivBa [2]:

1.  Exomoriuna ©Oe3meka — BOJEHb NPH BHKOPUCTaHHI B MaJIHMBHUX
eJIeMEeHTaxX YTBOPIOE JUIIE BOAY, IO 3HAYHO 3HIKYE PIBEHb BUKHUIIIB IIKIJJTMBUX
PEYOBUH.

2. Bucoka eHeproeekTUBHICT, — BOJHEBI MaJWBHI €JIEMEHTH MAalOTh
Bumuii koedimient kopucHoi aii (KK]I), Hix TpamuiiitHi JBUTYHH BHYTPIIIHBOTO
3TOPSIHHA.

3. VYHIBepCaIbHICTh 3aCTOCYBAaHHS — BOJIEHb MOXE BUKOPUCTOBYBATHCS SIK

NaJuBO JJisi aBTOMOOUIIB, 3aJI3HUYHOTO Ta aBIAlIMHOIO TPAHCIOPTY, a TaKOXK Y
CTaIllOHAPHUX CHEPTreTHYHUX YCTAaHOBKAX.

4.  3MeHIIEHHS 3ale)XHOCTI BiJl BUKOIHUX TMAalUB — BOJEHb MOXE
BUpPOOJSATUCA 3  BIJHOBIIOBAHUX  JOKEpesl  eHeprii  (COHSAYHOI, BITPOBOI,
T1POCHEPTeTUKH ), 110 CIIpHUsE quBepcHdiKallli eHepreTuyHux pecypceis [3].

OCHOBHI BUKJIMKH BIPOBAKEHHS BOJHEBOIO NAJINBA:

1.  Bucoka BapTicTh BUPOOHUITBA — OTPUMAaHHS «3€JIECHOTI0» BOJHIO 3a
JIOTIOMOTOI0 €JIEKTPOJII3Y MOTpedy€e 3HAYHUX €HEPreTUYHHUX 3aTpaT, 110 BIUIMBA€E Ha
KIHIICBY I1HY TTAJINBA.

2. [IpoGnemu TpaHCIOpTyBaHHS Ta 30epiraHHid — BOJACHb € HAWMEHII
IIUTBHAM Ta30M, TOMY MOTO CTUCHEHHS a00 3piPKeHHS BUMAara€ 3HaYHUX TEXHIYHUX
plLIEHb.

3. HenocratHiil po3BUTOK IHPPACTPYKTYpH — y OLIBIIOCTI KpaiH Opakye

po3ramyKeHoi MepeKi BOJHEBUX 3allpaBHUX CTAHIINA Ta MPOMHUCIOBUX MOTY>KHOCTEH
JUTSL HOTO BUPOOHUIITBA.

4. TexHOJOrYHl PU3MKKM — BOJEHb € BUOYXOHEOE3NMEYHHM Tra3oM, UIO0
notpedye TOTpUMaHHS BUCOKUX CTAaHAAPTIB OE3MEKH i yac MOro BUKOPUCTAHHS.

TakuMm YWHOM, BOAHEBE TMAJIMBO € MEPCIEKTUBHOIO aJbTEPHATHUBOIO
TpaAuIlIMHUM BHJIaM €EHEProHOCIiB 3aBISKH CBOiM €KOJOTIYHOCTI Ta BHCOKIH
eHeproe(eKTUBHOCTI. MOro BIPOBa/KEHHS B TPAHCIOPTHIHl Ta EHepreTHuHiii
rajry3siX MOK€ 3HAaYHO 3MEHIITUTH PiBEHb 3a0pyHEHHS HABKOJMIIHBOTO CEPEIOBUIIA
Ta CHOPUSTH TEPeXOoay 1O  BIAHOBIIOBAaHOI  eHepreTuku. OpHak s
MOBHOMACIITA0HOTO BUKOPHCTAHHS BOJHIO HEOOXITHO BUPIMIUTA HU3KY TEXHIYHUX,
€KOHOMIYHUX Ta 1HPPACTPYKTYpHHUX BUKIUKIB. [lomanbiii HaykoBI JOCHIPKEHHS Ta
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Jiep’KaBHA MIATPUMKA BOJIHEBHX TEXHOJIOTIM € KIFOUYOBMMHU (DaKTOpaMu YCHIITHOTO
PO3BUTKY BOJHEBOI €KOHOMIKH.

Bioaiorpagiunmii cnucok
1. Rao P.C., Yoon, M. Potential Liquid-Organic Hydrogen Carrier (LOHC) Systems:
A Review on Recent Progress / Energies — 2020. 13. C. 23
2. Boyko S., Kotov O., Vyshnevsky S., Melnyk O., Podhornyh N. Analysis of the
prospects of the implementation of hydrogen energy in the energy balance of
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The use of hydrogen fuel in the transport and energy sectors: benefits and

challenges

Matiushchenko Oleksandr, postgraduate student, Zinkovskyi Artem, postgraduate student,
Bosiuk Alona, PhD in ecology sciences (National Technical University “Kharkiv Polytechnic
Institute™)

The prospects for the use of hydrogen fuel in the transport and energy sectors are studied,
its advantages and main challenges are analyzed. Environmental safety, high energy efficiency and
the potential of hydrogen as an alternative energy source are considered.

Keywords: hydrogen fuel, environmental safety, energy, infrastructure.

VIIK 662.76
ASSESSMENT OF THE ENERGY POTENTIAL OF PYROLYSIS GASES
FROM PLANT RESIDUES

I. O. Rogoza!, P. V. Karnozhytskyi 2
National Technical University ‘Kharkiv Polytechnic Institute’, 2, Kyrpychova str., Kharkiv,
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During the pyrolysis of plant residues, pyrolysis gas is formed, the composition and calorific
value of which depend on the pyrolysis conditions. The component compositions of two gases
obtained from walnut shells have been determined.

Keywords.: pyrolysis, combustion heat, walnut shell.

Ukraine is one of the world's leading charcoal producers, with 93% of
Ukrainian charcoal exported mainly to the European Union member states, such as
Poland, Germany, Romania and Belgium. Table 1 shows the sales of Ukrainian
charcoal to countries around the world.
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Charcoal is the main product of biomass carbonisation and has a wide range of
applications in various industries: direct combustion of charcoal as a solid fuel;
gasification of charcoal to produce synthesis gas; flue gas cleaning, desulfurisation of
gases or water; as a reducing agent in the metallurgical industry, etc. [1-5].

In 2017, 51.2 million tonnes of charcoal were produced globally, with Africa, the
Americas and Asia producing the largest amount of charcoal from 1993 to 2017 (Figure

).

a)

Global Production b)
{in Mty

Top 10 Producers
{in Mt

Top 10 Exporters d) pie

{in kt)
129
=
a5 84 7
X 73 72 80
e*#“ﬁﬁ 5 S

Figure 1. Charcoal production and trade in the world (1993-2017) [6]

Standard 7657-84 ‘Charcoal’ specified the following requirements for the

quality of charcoal (Table 1).

Table. 1
Charcoal requirements
Mark
Indicator A B C
Additionally | First First | Second
1 2 3 4
Apparent density, g/cm?, not 0.37 037 B
less
1 2 3 4 5 6
Ash content, %, not more 2,5 3,0 2,5 3,0 4,0
Non-volatile carbon, %, not less 90 78 88 77 67
Total moisture,%, not more 6 6 6 6 6
Granulometric composition,%,
not more
<25 mm 5 5 — — —
<12 mm 5 5 7 7 7
Mass fraction of soot, %, not Absence 5 Absence ) 5
more
Bulk density, g/dm?, not more 210 210 —
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The formation of charcoal in the laboratory was studied and the main stages
were recognised [7]:

— at 293 to 383 °K — wood absorbs heat during the drying process, releasing
moisture in the form of water vapour. The temperature remains at 373 °K or slightly
higher until the wood is dry;

—at 383 to 543 °K — the final water residues are released and the wood begins
to decompose, releasing some carbon monoxide, carbon dioxide, acetic acid and
methanol. Heat 1s absorbed;

— at 543 to 563 °K is the point at which exothermic decomposition of wood
begins. Heat is released and decomposition continues spontaneously, provided the
wood is not cooled below this decomposition temperature. Mixed gases and vapours
continue to be released along with some resin;

— at 563-673 °K - with the continued destruction of the wood structure, the
emitted vapours are combustible gases of carbon monoxide, hydrogen and methane
together with carbon dioxide gas and condense into vapours: water, acetic acid,
methanol, acetone, etc. and resins, which begin to prevail with increasing
temperature;

—at 673 to 773 °K - at 673 °K, the conversion of wood to charcoal is almost
complete. Charcoal at this temperature still contains a significant amount of tar,
possibly 30 % by weight, retained in the structure. This soft-burning coal needs to be
further heated to drive off more tar and thus increase the nonvolatile carbon content
of the coal to about 75%, which is normal for good quality charcoal. To drive off this
resin, the charcoal is subjected to further heat to raise its temperature to
approximately 773 °K, thus completing the carbonisation process.

Three main steps that require heat input for charcoal production [7]:

e drying of wood,

e increasing the temperature of the dry wood to 543 °K to start spontaneous
pyrolysis, which generates heat on its own;

e final heating to approximately 773-823 °K to drive off the resin and increase
the carbon content to an acceptable level for quality commercial charcoal.

One of the most important products obtained from charcoal is pyrolysis gas,
the composition and yield of which depends on the feedstock and pyrolysis
conditions. The pyrolysis of plant residues leads to the formation of a multi-
component gas product, the main components of which are CO, CO,, H, Ta CHy4. The
composition of the gas can vary depending on the pyrolysis conditions and the type
of feedstock used. These gases can be used as fuel or raw materials for the chemical
industry. This makes the pyrolysis of plant material a promising technology for
generating renewable energy. Experiments on pyrolysis gas production were carried
out in a laboratory setup to determine the effect of temperature and pressure on the
yield and quality of charcoal.

The laboratory setup for determining the effect of temperature and pressure on
charcoal yield and quality is shown in Fig. 2 and consists of a nitrogen cylinder, a
safety valve, a tube furnace, a reaction tube, a sealing flange, a digital temperature
control display, a condenser, a liquid collection device and a gas collection device.
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Figure 2. Laboratory setup for determining the effects of temperature and pressure

A 25 g sample of plant material is placed in a small layer in the reaction tube.
The size of the charcoal is 0-0,2 mm. For 20 minutes, the charcoal sample 1s purged
with a stream of nitrogen (80 ¢cm?/min) at a temperature of 400-700 °C and a pressure
of 0,1-2,0 MITa.

At the end of the experiment, the resulting charcoal is weighed, and its
analytical moisture (%), ash content (4%), non-volatile carbon (FC?), volatile matter
yield (V%) and highest calorific value are determined (%%}).

To determine the composition of the pyrolysis gas, which was taken by a
special sampler (gas pipette), it was analysed using a gas chromatograph «Crystal-
2000» (columns with carriers «Zeolite CaA» and «Polysorb-1», helium was used as a
carrier gas) by gas adsorption separation of components and determination of the
volume fraction of components by absolute calibration.

The walnut shell was used as a plant feedstock. Two samples of pyrolysis gas
were obtained at the plant. Gas composition 1 (% vol.): CO, —45 %; CO —32 %; H,
— 1.5 %, CH4 — 20 %; C,H4 — 1.5 %. The lower calorific value of the gas was 12263
kJ/m?.

Gas composition 2 (%vol.): CO, — 20 %; CO — 38 %; H, — 20 %, CH, — 15 %;
CHy— 1.5 %, O, — 1.16 %; N, — 4.34 %. Lower heat of combustion of gas was 13376
kJ/m?.
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OuiHka eHepreTHYHOro MOTEHIiATy ra3iB MipoJi3y POCIMHHUX 3ATHIIKIB
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B npoyeci niponizy pociunuux 3anuwKie ymeopoemocsa nipoaiZHull 2as, CKiao ma menioma
320PAHHAKOMPO20 3ANeHCaAMsb 8i0 YMO8 NPOBeOeHHs Nipouaizy. Busnaueni KomnoneHmui CKiaoosi
080X 2a3i8, OMPUMAHUX 3i UWKAPIYNU B0JIOCLKO20 20piXd.

Knrouogi cnoega: niponiz, menioma 320psanns, WKapayna 80J10CbK020 20pixa.

YIAK: 665.637.3:665.64:678.046.3

KOMBIHOBAHO OKUCHEHI BITYMU: OCOBJIUBOCTI TEXHOJIOI'TI
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3anpononosano mexHono2ito 00epHcants Oimymy 3 GUKOPUCMAHHAM 2YMOBOI KpUuxmu sK
mooughikamopa. IlposedeHo KoMNIEKCHUU AHANI3 CUPOBUHU MA NPOOYKMIE OKUCHEHHS 34
00noM02010 THhpauep8oHoi CReKMpPOCKONii ma peHmeeHOCMPYKMYPHO20 AHANI3).
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Ha ceorojHi icHye KiJibka ITPOMHCIOBO OCBOEHUX TEXHOJOTIM OTpUMaHHS
01TYMIB 13 3aJaHUMU (13UKO-XIMIYHMMH XapaKTEPUCTUKAMMU, 1110 OOYMOBIIIOIOTHCS SIK
OPUPOAOCID BHUXIAHOI CHPOBMHHU, TaK 1 CHEHU(PIKOI OOPAHOrO0 TEXHOJIOTTYHOIO
npouecy. Jlo HalOUIbII MOMIMPEHUX METOAIB HajekaTh: aTMOC(HEPHO-BAKyyMHa
TUCTWIISIIS, AeacanbTu3alis 3 BUKOPUCTAHHSIM PO3YMHHUKIB, a TaKOX MPOIECH
OKMCHEHHS 3 YTBOPEHHSIM OKHUCJIEeHHX OiTyMmiB. OcTaHHI 3a3BHYail OTPUMYIOTh Ha
CHeIlaji30BaHUX YCTAaHOBKax IUISXOM BIyBaHHsS IOBITPS B 3aJHUIIKOBY Ha(pTOBY
CHUPOBHUHY 3a KOHTPOJbOBAHUX TEMIIEPATYPHUX PEKUMIB.

B's13kicTh BUX1THOT CUPOBUHH Ta PEKUMHU OOPOOKH BiJIIrParOTh KIIOYOBY POJb
y ¢GopMyBaHHI BJIACTHUBOCTEH KIHIIEBOTO TPOAYKTYy. DopMyBaHHS SKICHOTO
OITYyMHOr0 BSDKY4Oro 3a0e3ledyeThCsi 3aBASKU Mepeldiry HHU3KH  XIMIYHHX
NEepPETBOPEHb, 30KpeMa MOJIIMEpHU3allil Ta KOHAECHCAlli, 0 CYMNPOBOIKYIOTbCS
3pOCTaHHSIM CEPEAHBOT MOJICKYJISIPHOI Macu, 1, SIK HACHIJOK —  MiJBUILECHHSIM
B'SI3KOCT1 MaTepiany.

CyuacHi TeHzeHIii y HadTonepepoOll, CHpPSIMOBaHI Ha MaKCHUMAaJIbHE
BUJIyUYCHHS CBITIMX (pakuiid Ta NIJBULICHHS TJMOMHU NEpepoOKH, HEraTUBHO
BIUTMBAIOTh HA AKICTh 3aJUIIKOBUX MPOAYKTIB, IO BUKOPUCTOBYIOTHCS MJIA
BUpOOHUIITBA OiTyMmiB. 30KpemMa, €(EeKTUBHICTh IMPOIECY OKUCHEHHS 1CTOTHO
3aJIeKUTh BiJI TPYTOBOTO Ta €IEMEHTHOIO CKJIaay cHpoBUHHU. HuszbkoTemmeparypHe
OKHMCHEHHS JI03BOJISIE  OTPUMYBAaTH OITyMH 3 TIOKPAIlEHUMH aJre31iHUMHU
BJIACTUBOCTSIMU Ta BHINOI CTIMKICTIO IO TEPMOOKHCIIOBAJILHOI'O CTapiHHS, OJIHAK
Taka TEXHOJIOTiS Ma€ CYTTEBE OOMEXKEHHS Yy BWIJISl 3HIKEHHS MPOJYKTHBHOCTI
YCTaHOBOK OKMCHEHHS.

[IpoGiema 3acTocyBaHHA MaJjOSKICHOTO OITyMy B JAOPOKHBOMY OY/iBHUIITBI
3QIMIIAETHCS  OJIHIEKD 3  TOJOBHUX  MOPUYMH  3HUKEHHS  JIOBFOBIYHOCTI
ac(anbT0OETOHHUX MOKPUTTIB. OJHUM 13 €PEKTUBHHUX MIAXOAIB 10 1i BUPIMICHHS €
mMoaudikaiiss O0iTyMy nojiiMepHUMH JToOaBkamu. Cepeln cydacHHMX MOAMQIKATOPIB
AKTUBHO 3aCTOCOBYIOTbCS TakKl pPEYOBUHHU, SK CTUPOJI-OyTaAl€HOBHHM Kaydyk,
eTWJICHBIHIJIALETAT, CTUPOJ-OyTaAl€H-CTUPOJ, a TaKOX MepepoOsieHl MOJIIMEpHI
Marepiaiu, 30kpema rymoBa kpuxTta (I'K).

JlocnmipKeHHS ToKa3alid, 10 BJIACTUBOCTI 01TyMy, MOAM(IKOBAHOTO TYMOBOIO
KPUXTOIO, 3aJie)KaTh BiJi HU3KU (HAKTOPIB: XIMIYHOTO CKJIAay BHXIJIHOTO OITyMYy,
Bmicty 'K y xommosumii, po3mipy Ta MopdoJorii 4aCTUHOK KPHUXTH, YMOB
3MiNIyBaHHs (TeMIepaTypa, 4ac, HIBUIKICTh MEPEMIITYBaHHs), a TAKOXK B3a€MO/IIi Ha
Mixk(pazoBomy piBHI. CKIQTHICTh CHCTEMH 3YMOBIIIOE PI3HOCIPSIMOBAHICTh €(EKTIB,
SIK1 CIIOCTEPITal0ThCSI B IMIUPOKOMY TEMIIEpaTypPHOMY JTiara3oHi.

bitymu, MoandikoBaHi TyMOBOIO KPUXTOIO, XapaKTEPU3YIOThCS MiJBUIICHOIO
TEPMOCTIUKICTIO, MOPO30CTIMKICTIO Ta 3HOCOCTIMKICTIO. 3acTOCYBaHHSI TaKHUX
B'DKYUMX MareplaiiB y JOpPOXKHbOMY OYAIBHULTBI J103BOJIsi€ 30LIBIIMTH TEPMIH
eKcIuTyaTalii moKpuTTiB y 1,5 — 2 pa3u MOpPIBHSAHO 3 TPAJULIAHUMU MaTepialiamH.
BaxxnuBo migkpecnuTy, M0 BIPOBAIKEHHS BTOPUHHOI TYMOBOi CUPOBHHH HE JTUIIIE
CHpHsIE BUPIIIEHHIO €KOJOTIYHUX MpoOJeM, MOB’A3aHUX 3 YTHII3AILI€I0 IIMH, a U
3abe3reuye eKOHOMIYHO €(EeKTUBHHUUN MiAXiJ 10 MiABUILEHHS SKOCTI TPAHCIIOPTHOT
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1HOPACTPYKTYpH, IO B JOBIOCTPOKOBIM TEPCIEKTUBI CHPHUATUME 3HUKEHHIO
aBapIMHOCTI Ta MIABUIIECHHIO OC3MEKU TOPOKHBOTO PYXY.

Y wMexax poOOTH MPOBEACHO MOCTIIKEHHS 3MIH XIMIYHOTO CKIIaay Ta
PEOJIOTIYHUX BJIACTUBOCTEM BaKyyMHOIO 3aJMIIKy B TPOIECI OKHUCHEHHS 3a
npucyTHocTi 'K, 1mo 3ymoBmoe mMomu@ikaiito CTpyKTYpHOIi Oprasizaiii BHX1THOT
OJIMBHOI CUCTEMHU.

Sk BUXIAHY CHPOBHHY Uil JJAOOPATOPHOIO OTPUMaHHSA OITYyMy METOIOM
OKMCHEHHs BuKopuctaHo TyapoH (I'), orpumanumii Ha HadTonepepoOHOMY
niagnpueMcTBl «YkpratHadTa». ['yIpoH € B’S3K010 pIAMHOIO 3 TYCTHHOW 982,5 kr/m?
3a temmneparypu 20 °C, yMoBHOIO B’s3kicTio — 93 mwm?/c 3a temmepatypu 80 °C,
TEMIEpaTypolo crnanaxy y Binkputomy TUrial — 280 °C, moyaTKOM MEpEroHKH 3a
temmneparypu 393 °C, no 500 °C neperansietbes 19 % 006. cupoBuHHU.

B sxocti Moaudikatopa y AOCHIKEHHI 3aCTOCOBYBalld TYMOBY KpHXTY,
OTpUMaHy UIUISIXOM TMOAPIOHEHHS BUKOPUCTAHWUX IIMH JIETKOBUX, BaHTXHHUX, a
TAaKOX  TMPOMHUCIOBUX 1  CUIBCHKOTOCIOAAPCHKUX  TPAHCIOPTHUX  3acO0iB.
Buxopucranns 'K ob6ymoBieHO i moaBiHOIO (DYHKIIIEIO: BOHA BHUKOHYE POJb 5K
Moaudikatopa, Tak 1 Karajaizatopa, MPUCKOPIOIOYM MPOIIEC OKMCHEHHS 3a PaxyHOK
NPUCYTHIX HEHACHYCHUX (PparMEeHTIB 1 MOTEHIIIHHOT TOBEPXHEBOI aKTHBHOCTI.

[Tporec KoMOIHOBaHOTO OKMCHEHHS Peasli30BaHO 3a TAKOO MOCIII0OBHICTIO:

4. HiaroroBumnii eran: Jlo ryapony nomaBanu mnepmry nopuiro 'K y
KuTbkocTi 2 % mac., cyminn nepemimryBaiu npu temneparypi 180 °C ynpomosx 30
XB. 32 IUX yYMOB 3a0e3leuyBajocs PIBHOMIPHE PO3MOJIJICHHS YaCTMHOK KPUXTH B
00’eMi, a Tako)X iXHe HaOyxaHHS BHACIIJOK TOTJIMHAHHS PIAKUX KOMIIOHCHTIB
0iTyMHOI cuctemu (puc. 1).

0 B
Pucynox 1 — Burnsg 'K a) 3a Tppoma dpaxmismu: 0,5 — 1,0 mm; 0,8 — 2,8 mm;
¢pakmiss 2 — 4 mM; 0) pesynbrar HaOyXaHHS KaydyKy; B) MIKOCTPYKTypHa

doTorpadist rymoBoi KpuxTu MaciTad 30ubieHHs 1:100

3. OxucHenHsi: OTpuMaHy KOMIO3UIIIIO M1JaBAIM OKUCHEHHIO TOBITPSM
yOposoBx 2 TroauH 3a Temreparypu 260 °C, 3 BuTpartoro moBiTps 4 n/xB. Takwii
TEMIIEpaTypHUN PEXKUM cropusie 1HTeHCHU(iKalii PO3YMHEHHS YacCTUHOK TyMOBOI
KPUXTH TIiJ] BIUTUBOM ac(aJbTOTeHHUX KHUCIOT Ta MOJICKYJISIPHOTO KHCHIO, IO
KaTaji3y€e OKMCHI IEPETBOPEHHSI KOMIIOHEHTIB.
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Ha mpomy >k eram g0 OITYMHOI KOMIIO3WINi JI0JaBaili KOMOBY CIPKY B
KiTbkocTi 2 Ta 3 % Mac. BBeneHHsS eleMeHTapHOl1 CIpKH y TYAPOH 13 MOJAIBIIO0
EHEPreTUYHOI0 OOpOOKOI CHUCTEMH CHOpUSiE TIOM SIKIIEHHIO YMOB MPOIECY
OKMCHEHHS, L0 MPOSBISETHCA Y CKOpPOUEHHI ioro TpuBanocTi. KpiMm Toro, Taka
TEXHOJIOTIYHA ofepallis [03BOJs€ ePEeKTUBHO yTHII3yBaTH 10 3 % Mac. CipkH, 110
pPO3IIIAIA€ThCA  SIK JOJATKOBUIM EKOJIOTIUHHMNM Ta pecypco30epiralouuii  acriexT
nporiecy. Peamizarisi nboro miaxoAy Aa€ 3MOTY HE JIMIIE ONTHUMI3yBaTH MapameTpH
OKHCHEHHS, a ¥ IOKPAIUTH CEKCIUTyaTaIliiiHl BIACTUBOCTI KIHIICBOTO MPOIYKTY 3a
paxyHOK (pOpMyBaHHSI CTaOUIbHIIIOI CTPYKTYPHOI CITKU B OITYMHOMY B’ SKYUYOMY.

6. ®inaabHa moaugikanis: J[o MpoayKTy CHUIBHOTO OKUCHEHHS T'yAPOHY
3 2% I'K nomaBanu apyry mopiir0 KpuUXTH B KUIbKocTi 8 % Mac. 1 IpOBOIWIH
nepemimyBanHs 3a Temreparypu 180 °C mporsrom 30 xB. Ha mwpomy erami
AKTUBIZYETHCS B3AEMOJIS MIDXK KOMIIOHEHTaMHM CHCTEMH, IO 3aBEpIlye IIPOIIeC
Moaudikaiii 6iTymy.

3acTtocoBaHMi MIAX1A JO3BOJMWB IIOE€JHATA JBa 3a3BAYail He3aJeXHI
TEXHOJIOTIYHI €Tanyd — OKUCHEHHS TYJIpOHY Ta Moaudikaiiio OITyMy — B €IUHUHN
IHTETpOBaHUM TpoleC, SKUK y AaHid poOOoTi Kiacu]pikoBaHO SK «KOMOIHOBaHE
OKHCHEHHs». TeXHOJOTTYHY CXeMy MPOIleCy MPEACTABICHO Ha PHC. 2.

3anpornoHOBaHa  TEXHOJIOTiS IPYHTYETbCS Ha MPUHUUIL  I[OETAIHOTIO
3MINTYBaHHS TYJPOHY 3 MOJU(DIKATOPOM-KaTaai3aTOpoOM, KOMOBOKO CIPKOIO — Yy
3MINIyBaJIbHUX arnapaTax 3a KOHTPOJIbOBAHUM TEMIEPATYPHUM PEKUMOM.

HarpiBanHa CUpOBHHM Ta MIATPUMAHHS TEMIEPATYpPU TOTOBOTO MPOIYKTY
3a0e3MeYy€eThCsl BHUCOKOTEMIIEPATYPHUM TEIUIOHOCIEM, SIKAH IUPKYJIIOE dYepes
TEMJI000MIHHY CUCTEMY, HAarp1BalOYUCh y CHELIaIbHOMY KOTIII.

[Ipouec € mepioAMYHUM 1 CYNPOBOIKYETHCS 3HAUYHUM OOCSTOM BaHTaXHO-
pO3BaHTaXyBaJbHUX onepanid. Ha erami mpurotyBaHHS B 3MINIYBAJIbHUA pPEAKTOP
OJIHOYACHO TMOJAI0ThCA TYIPOH, T'yMOBa KpuxTa Ta cipka. [licis 1HTEHCHBHOIO
NepeMillyBaHHs KOMIIO3UIlIsl TEepeKayyeTbesl 10 pe3epByapiB 30epiraHHs, 3BIIKU
BIJIBAHTAXKYETHCS CIIOKUBa4YaM a00 CIPSIMOBYETHCS JI0 MAPKY HAKOITUYEHHS.

NORIIRP NA OKNCHONHA

Em-3 Enm-4

Hum-1

L_H-J { E
IT; Hwm-3 Hu-d/da I

Baox menonochr

Pucynok 2 — TexHosoriyna cxema KOMOIHOBAaHOTO OKHCHEHHS TYJAPOHY
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KoMmrmnekcHe OKHMCHEHHS TYIPOHY  JIOIUIBHO  3MIACHIOBAaTH Y  JIBOX
BEPTUKAIBHUX €MHOCTAX 00’emoMm 1o 8,0 M3, 0O0JIalHAHUX KOHIYHHUM JTHHIIEM,
CUCTEMOIO MepeMilTyBaHHs (MeXaHIqHa MIIIAIKa) Ta MTaPOBOIO TPIFOYO0I0 COPOUKOIO B
HUOKHIA dacTuHi. KoOXKHa €MHICTh OCHAIIY€ThCS HACOCHHM OOJIATHAHHSAM IS
3a0e3MeveHHs] K IUPKYJSIIi MPOAYKTYy B Tporeci oOpoOKwW, Tak 1 #oro
nepeKkavyyBaHHs O EMHOCTEN 30epiraHHs.

['oTtoBl maptii MoAM(IKOBAaHOTO OITYMy TpPAaHCHOPTYIOTBCA Y MPOMIKHY
eMHICTb 00'eMoM Oim3pko 80 M3, 3 AKOI 3IHCHIOETHCS ITOJANBIIE BilABaHTAKCHHS
CHokMBayaM ab0 TMepeBelCHHs 10 TOBAPHOTO MapKy. BepTukanbHi HUTIHIPUYHI
pesepByapu mnsa 30epiraHHs Oitymy o00’emom 1o 80 M® KOXEH OCHAIIYIOTHCS
TEIUI0130JIALIIEI0 Ta CHCTEMOIO O0ITpIBY.

KoHCcTpyKkTHBHE pillIeHHSI HACOCHOI O0B’S3KH 13 3aCTOCYBaHHSAM HacociB Hm-1
ta HM-2 nependadae MOXKIMBICTh MOBHOTO PE3€pBYBaHHS OOJAaJHAHHS HA BUIAJ0K
TEXHIYHUX HEeCTpaBHOCTEH. J[1s1 3a0e3medeHHs cTajJoro TeMIepaTypHOTO PEXUMY K
y nepiojJ; poOOTH, TaK 1 Ha eTari po3irpiBy CUCTEMHU MepeadadueHo creliagbHui 010K
TEIJIOHOCISA, 1[0 BKJIOYAE KOTEJ, TEMIOOOMIHHMK, BUTPATHI €MHOCTI Ta HACOCHE
oOJtaTHaHHS.

['oToBuit MoaudikoBaHuii OITyM MOJAETHCA JO €MHOCTEH 30epiranus (€wm-3,
€m-4), 3Bimku Hacocamu Hwm-4 (Hwm-4a) TtpancmopTyeThbcsi Ha ecrakamy JUis
BIJIBAHTAKEHHSA CIOXKMBayaM. Y pas3i JIOBFOTPUBANIOI 3YNUHKH BUPOOHUIITBA
nependavaeTbCsl MOMJIMBICTH TPOMHUBKH CHCTEMH 3 BIJBEJCHHSM TMPOMHUBHOTO
MaTepiairy A0 KOTEeIhHOTO MaJInBa, 10 CIPUSIE MiHIMI3aIlii BTpAT 1 3a0pyTHECHD.

Pesynpratu, oTpuMaHi 3a JOMOMOTOI0 1H(PAYEpPBOHOI CIEKTPOCKOIIT,
JO3BOJISIIOTH  OOIPYHTYBaTW 3MIHM XIMIYHOIO CKJaAy TYyIApOHY B IpoLecl Horo

OKHUCHEHHS y  TPHUCYTHOCTI  TyMOBOI

8 CHy

o y; MHC‘_L — oo~~~ KpHXTH. BcCTaHOBIEHO, 1O TyMOBHUU
gbsey . : KOMITOHEHT cripusie YTBOPEHHIO
~o ¢ O A s . .. .. . [
e e | g o cennivyHOi  CTPYKTYpHOI — Oprasisaiii,
J ! 30KpeMa — BYJKaHI3aI[IHHOI CITKH, sIKa

T'ynpon I'yMoBa KpHxTa

BUKOHY€E (PYHKIIIFO THYYKOTO IOJIIMEPHOTO
Kapkacy B CEpPCIOBHINI  TPOJIYKTIB

oHy o OKHCHEHHS.
MH?7é=CH7CPZ—MCHF—CH= C—TH —NN Ha

S s

OKHCHEHHSA

OCHOBI  IHCTpyMEHTaJIbHUX
JOCIIIKEHb 3alpPOMOHOBAHO CXEMY

NP, .. g Mo i L
. L1 - MOXKJIMBUAX XIMIYHHX TEPETBOPCHb,
i MR HaBeICHOI Ha puc. 3. AHam3 wiel
Yy  \Mombioseml Gy CXEMH BKa3y€ Ha HAsBHICTh HCHACHUYCHUX

’ | Ta CIPKOBMICHMX (DParMeHTIB Yy CTPYKTYpl

Kay4dyKy, SIKi aKTUBHO 3aJIy4alOThbCs 1O MPOLIECIB OKUCHEHHS 3 YTBOPEHHSIM HOBHUX

CMOJIUCTUX Ta acgalbTeHOBUMX KOMMOHEHTIB. Ili peakiii Karami3yloTbCcs SK

3QJIMIIKOBUMHM MPOAYKTAMH BYJIKaHi3alli (CIpKOBMICHI (DYHKITIOHAJIbHI IPYIIK), TaK 1
J0JJaTKOBO BBEJIEHOK KOMOBOO CIPKOIO.

BHacnainok TepMOXIMIYHOIO pO3KJIaQy KaydyKy y CHUCTEMI YTBOPIOIOTHCS

MOJIEKYJISIpHI ()parMeHTH, sKi pa3oM 13 CIPKOIO YTBOPIOIOTH MOJIMEPOINOIIOHY
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npocTOpoBy Matpuio. Ll MakpocTpykTypa BHUKOHYE apMmyrody (QYyHKIIO,
cTabumizyroun  piaky a3y OITyMHOTO B’SKYy4OTO Ta CHPHUSIIOYM YTBOPEHHIO
CTabUIBHOI JUCTIEPCHOI KOMITO3HIIIT — TyMOOITYMHOTO KOMIIO3UTY.

OcoOnuBICTIO 3aMPOMOHOBAHOI KOMITO3HIII] € YaCTKOBO 3IIIMTA BYyJIKaHi3aIlitHA
ciTka, ska (opMye THYUYKHH Kapkac ycboro oO'emy warepiany 6e3 BTpatu
MJIACTUYHUX XapaKTepUCTUK OiTyMHOI ¢a3u. Taka MakpoCTpyKTypa 3abesrneuye
BHUCOKY CTaOUIBHICTh KOMIIO3MIIIT Ta MOKpPAIICHHS EKCILTyaTallliHuX BJIACTHBOCTEH
rOTOBOTO Marepiany.

Taxkum YUHOM, MOJIIMILIEHHS (b13UKO-XIMIYHUX XapaKTEPUCTHUK
MOAM(DIKOBAHOTO OITYMYy JOCSTAEThCS IUISIXOM CTBOPEHHS 00 ’€MHOI MOJIMEpPHOT
CITKM Ha OCHOBI IPOJYKTIB OKMCHEHHS T'YJIPOHY Ta Kay4yKOBUX KOMIIOHEHTIB, SIKa
3abe3neuye e(EKTUBHY CTPYKTYpHY OpTraHi3aimilo Ta MiABUIICHY CTaOUIbHICTh
KOMIIO3UIIIi B IIUPOKOMY TEMIIEpaTypHOMY Jiarna3oHi.

Combined Oxidized Bitumens: Technological Aspects of Production

Bohun Vasyl, postgraduate student, Tertyshna Olena, Doctor of Technical Sciences,
Zinchenko Olena, head of the laboratory, Sheremeta Dmytro, postgraduate student, Roienko
Kateryna, Candidate of Technical Sciences, Tertyshnyi Oleh, Candidate of Technical Sciences

A production technology for bitumen modified with crumb rubber is proposed. A
comprehensive analysis of the raw material and oxidation products was carried out using infrared
spectroscopy and X-ray diffraction analysis. The study highlights the impact of rubber modifier
introduction on the structural and chemical transformation processes during oxidation.

Keywords: vacuum residue, crumb rubber, oxidation

YK 691.16:625.06

JOCJIKEHHS I30JISIIMHUX MATEPIAJIIB HA OCHOBI
HA®TOITOJIMEPHUX KOMITIO3ULIN

O. O. Mapaynenko', I. B. Cinkepuy?
Hayionanonuit mexniunuil yHigepcumem «XapKigCoKuil NOJIMeXHIYHUL IHCIUmMYmy
I Mapoynenxo Onexciii Onexcandposuy cm..euxiaday kageopu mexHonoziii nepepobxu Hagpmu, 2azy
ma meepoozo naiusa. e-mail.: alekseym93(@ukr.net
2 Cinkesuu Ipuna Banepiisna npogpecop xageopu mexmnonoziii nepepobxu nagpmu, 2asy ma
meepoo2o nanusa. e-mail: ivsaam@gmail.com

IIposedeno docnioxncents i po3pobKa 301y IUHUX MAMEPIANié HA OCHOBI HAGMONOIIMEPHUX
KOMNO3uyitl 3 ni08UWeHO0 mpilyuHOCMItKICIIO NOKPUMMIE.
Knrouoei cnosa: naghpmosuii winam, nonimep, KoOMnosuyis, oimym acgharbmobemonna cymiul.

B 130oisIiiHMX TOKPUTTAX IIICIsS HAHECEHHS iX Ha 130JIbOBAaHY ITOBEPXHIO
BUHUKAIOTh YCaJKOBi Jaedopmarliii, BUKJIMKAIOUYA BCEPEIUHI MOKPUTTS HA HANPYTH,
BEIIMYMHA SKUX 3QJICKHUTHh BiJ Ae)OPMATHBHOCTI MaTepialy IMOKPUTTSA. 3a3BUYAM
yCcaJKoBi aeopmaliii B 130JISAMIKHUX MOKPUTTIX CIPUUUHEH]

- BUIIAPOBYBAHHSM PO3UYMHHHKIB 13 PO3UMHEHHUX Y BYIJIEBOJHSIX MaTepialliB
13071511111 @00 BOJM 3 €MYJIbIOBAHUX MaTeplaiiB 13011111
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- TOPOTIKAHHAM XIMIYHMX peakiiii mpu 3aTBEPAIHHI MOJIMEPHHUX CMOJ, IO
OTBEPKIAIOTCS, 130JIA1111; - MPOTIKAHHSAM XIMIYHUX PEaKIlid, 10 CYNPOBOIKYIOThH
MIPOLIECH CTapiHHS MaTepiaiiB MOKPHUTTS;

- (QopMyBaHHAM pPIBHOBLKHUX CTPYKTYp Y MaTepiayi TOKPUTTS THUITY
KpHUCTaJi3alii, HariBKpUCTaNi3alii Toulo;

- mudy3i€r0 Ha MOPU 130JIbOBAHOI MOBEPXHI HU3BKOMOJEKYJISPHHUX 3'€IHAHB
MaTepiairy HOKPHUTTS, IIIacTU(]IKATOPIB TOLIO;

- BHACJIJIOK OXOJIOJPKCHHSI Ta 3aJIUIIKOBOI JedopMaliii miciisi MoAaIbIIoro
HarpiBaHHS.

3a3HayeH1 (aKTopH, 1110 BUKIUKAIOTh YCAAKY 130JISALIHUX MOKPUTTIB B YMOBax
eKCIUTyaTallii JII0Th Y PI3HUX MOEIHAHHIX 3a PI3HUX TEMIEPATYypHO YaCOBUX YMOB,
CTBOPIOIOYM HAMPYKEHUH CcTaH Yy TNOKpUTTsIX. KpiM TOro cama BelMYMHA
HAINPY>KEHOTO CTaHy B 130JISAIIIHHUX MOKPUTTAX 3HAYHOIO MIPOI0 OOYMOBIIOETHCA
BEJIMYMHOIO are31iHO1 B3a€MOJI1 MOBEPXOHb MOKPHUTTS 1 OCHOBH. He3Bakaroum Ha
PI3HOMAHITHICTh ICHYIOUHX TEOpPIH, SIKI MOTJIM O TOSICHUTH aire3iidiHy B3a€MOIIIO:
€IeKTPOCTAaTUYHA, TpUIIapoBa, AUQYy3iiiHA, EJIEKTPO- pelakcalrliiHa - BCi BOHH
BU3HAIOTh BaXJIMBICTh OOJIKY K (DI3MYHOTO CTaHy MaTepiajly MOKPUTTSA Ta Ioro
npupo U (po3Mipy, THyYKOCTI Ta MOJICKYJISIPHOI MacH, MOJISIPHOCTI), TaK 1 XIMIYHOT
noBepxHi. PeanpHa, Hampukian, MeTajeBa IOBEPXHS SBJISE COOOI0 CKyMYEHHS
OpiOHUX KpUCTANIB Ta IX YyJaMKiB, [0 YTBOPIOIOTh 3alaJuHU, BUCTYMH, IOPH,
MIKpoTpiliuHA. KpiM Toro, 3a3HaueHHil CTaH MOBEPXHEBOTO IIApy HAAA€ PIZHUM
OUITHKaM  METaJIeBOi  MOBEpXHI pi3HI  XiMiuHI  BiacTUBOCTI  «IlopUCTICTHY
MIOBEPXHEBOTO IIapy METally, 110 YTBOPIOETHCS, ICTOTHO 30UTbIIye (PAaKTHUHY TUIONTY
KOHTaKTy TOKPUTTS - cyOcTpaT. 3B'S30K MeTall - MOJIMEPHE IOKPUTTS MOXKE
YTBOPUTHUCSA 3a paxyHOK audy3ii KIHIIB abo0 JUISHOK CEepeaHbOTO JIAHIFoTra
MaKpOMOJIEKYJl y TMOpU Ta TPIIIMHUA MeTaly. Y TOMY BHUNAAKY, KOJM MeTajieBa
MOBEPXHSA TMPH HArpiBaHHI MOKPUBAETHCS MOPUCTOIO ITUTIBKOIO OKUCITY, YTBOPEHHS
TAKOro pojy Audy3HOro 3B'A3Ky METaN-ModiMep Ie Ourime HMoBipHE. 3a3BUYAi
aAre3ilo CTABJATH y 3aJCKHICTh BiJl BHYTPIIIHIX Hampyr. AAresis XapakTepH3ye
HacaMIiepe 1 3AaTHICTh MOJTIMEPHOTO APy MPOTUCTOSTH BiAMIAPOBYBAHHIO.

OCHOBHY yMOBY BIJCYTHOCTI PO3TpICKYBaHHS a00  BIAIIAPOBYBAHHS
HaNpPYy>KEHOTO 130JIAL1IHOTO TOKPUTTSI MOYKHA TIOJJaTH B HACTYITHOMY BHTJISIL:

A>c, <o, (1)
ne A - anaresiliHa MIIHICTB; Gy - BHYTPIIIHI yCaJKOB1 HAIIPyTH B MOKPUTTI; a Gy,
— Me’Ka MIITHOCTI MIPH PO3TATYBaHHI MaTepialy MOKPHUTTA.

Po3TpickyBaHHS OKPUTTIB 3MEHIIYETHCS 31 3MEHIICHHSM TOBIIUHU TUTIBKU Ha
MOBEPXHi, 10 130JII0ETHCS, [0 0OYMOBJICHO 3MIIIHEHHSM TOHKHX IIapiB IUIIBOK Ha
MIIKJIaKaX BHACHIIOK Aii aJicOpOIIHHUX CHII MaTepiany migkiaanku. Jjis 61TyMHUX
MOKPUTTIB BCTAHOBJIEHA 3aJICKHICTh TEMIIEPATyp PO3TPICKyBaHHS BiJl TEMIEPATyPHOI
HAIIPyTH BiJ] TOBIIUHU ILUTIBKU X:

Tpx: Tp0.5 + 91gX + 2979 (2)

ne T, x - TeMIepaTypa po3TpiCKyBaHHs IOKPUTTA IPpH TOBIIUHI IIBKU X, Tpo s
- TeMIepaTypa pO3TPICKyBaHHS MOKPHUTTS MPH TOBIIMHI IUIIBKH, 110 TopiBHIOE 0,5
MM.
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O4eBUHO 110 3aKOHOMIPHICTH CJiJi BPaXxOBYBaTH IMpPH CTBOPEHHI TPIIIUHU
CTIMKHUX 130JIIMHUX TTOKPUTTIB.

3po0eHO TPHUIYIICHHS IIPO MOXKIHBICTH MiABUINSCHHS TPIITUHOCTIAKOCTI
130JIIIMHAX TIOKPHUTTIB NUIIXOM BHOOPY Marepiaqy Ta TOBIIMHU TPYHTOBKH, IO
3a0e3MevyIoTh aAre3ito 10 MiIKIAIKU Ta 3HKEHHS BHYTPIIIHIX HAlpyr y marepiani
TOKPUTTSL.

JocnipkeHHsT TPIMHOCTIMKOCTI OITYMHHMX 1 OITYMITOJIIMEPHUX MOKPUTTIB Ha
MOBEPXHAX, OOTPYHTOBAHMX PO3YMHAMU €JacTOMEPIB 1 TEPMOEIaCTOIIACTIB
JO3BOJIMJIA BCTAHOBUTH, IO ICHYIOTh JOCHTbh BY3bKI ME€X1 MO TOBIIMHI (BUTpATi)
TPYHTOBOK Ha MOBEPXHAX, MPHU SIKUX TEMIIEpaTypa PO3TPICKyBaHHS MOKPUTTIB Mae
MiHIMaJIbHI 3HaueHHs. [Ipu ToBmuHI T1iBKK enactoMepiB nopsaky 0,0010-0,0027vm
TeMIIeparypa KpUXKOCTI IMOKPUTTS MiHIMalbHA. [Ipu BBeseHHI enmacToMepy B OiTyM
Ty MOCTIHO 3HIKYETHCSI B Mipy 301IbIICHHS BMICTY elacToMepy B OiTyMi.

[Ipun HaHeceHH] enacToMepy Ha MiJKJIAJIKy BUTpaTa eixacTtoMepy B 5-6 pasiB
MEHIIA, HIK [IPH BBEJCHHI MOro B O1TyM, IIPH OJHAKOBOMY 3Hau€HHI Tpy
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Research and development of insulating materials based on petroleum polymer
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Hocnioacenus npogoounocs 8 pamxax Haykogoi wikonu XiMiko-mexHon02i4HOi HAYKU iMeHi
Ocunosa npu HTY «XIIl», ona oyinku nomenyiany 2eomepmMaibHUX  eHepeoHOCIi8
BUKOPUCTNOBYIOMbCS MAMEMAMUYHI MA 2e0]1020-MeXHONI02IUHI Memoou, Oaui ma pe3yromamu
npoeKmis po3pooOKU HAPMO2a30KOHOEHCAMHUX POOOBUW MA EKCNEPUMEHMIB 3 BUKOPUCTNAHHAM
HAHOMEXHON021Ul Y HADMOBOOOPOOHTU PIOUHI.

Knrwuoei cnosa: ceomepmanvHa — enepeis, HNOBMOpPHE  3AKAYYBAHHA  C8EPONIOSUH,
eHepeemuyHULl NOMeHYia, 8IOHOBNIOBAHI Oxcepena eHepeii, 2e0mepManbHi 3anacu Haghmo2azoeux
POO0BULY, HAHOMEXHONO2II.

VY crarTi po3riasgaeThesl KOHIENT IMPOMHUCIOBOIO €HEprocaty Ha 0asi
reoTepMaibHO-BYTJIEBOIHEBOI cBepAsioBUHU €dpemiBcbkoro 'KP 3 MoxnuBicTiO
reHepaiii Ta 30epiranis BogH0. OCHOBHA MeTa JIOCHIIKEHHS MOJsrae y po3pooiii,
BUT'OTOBJICHHI Ta BBEJCHHI B €KCIUTyaTallifo MJIOTHOTO CBEP/JIOBUHHOTO r'eHepaTopa
1 30epiraya BOJHIO, 3/JaTHOTO IE€PETBOPIOBATH TE€OTEPMANIbHY EHEPIril0 rapsyoi
MIHEpaTi30BaHOT BOJAM B 3€JICHHM BOJACHb 0€3 BUKOPUCTAHHS ITOBEPXHEBOIO
TEIJIOBOTO YCTaTKyBaHHA. Y CTaTTl aKTyalli3yIOThCs KIIOYOBI €IEMEHTU JOCIIIHKEHb
1 po3p00OOK, OUiKyBaHI Pe3yJIbTaTU MPAKTUYHOTO BIPOBAKEHHS Ha 06a31 TEXHOJIOTO-
CXEMaTUYHOI'O PIIIEHHS, aJallTOBAaHOI MaTEeMAaTHYHOI MOJIEi, a TaKOX TONepPeIHIi
TEXHIKO-eKOHOMIUHHM aHami3. CXeMaTUYHO-TIPEICTABICHUN KOHIICTIT € aKTyaJlbHUM
y KOHTEKCTI TJI00aThbHOTO E€HEPreTHYHOTO MEePexoay Ta HEOOXiTHOCTI 3MEHIICHHS
BUKH/IIB MAPHUKOBUX ra3iB. BUKopuCTaHHS BHCHa)X€HUX HA(PTOTa30BUX POOBHIILL
JUIsl TeHepallii Ta 30epiraHHs BOAHIO J103BOJIsIE €(PEKTUBHO BUKOPUCTOBYBATH HASIBHY
1H(PaACTPYKTYpy, B3HIKYIOUM BUTpaTH Ta eKoyoriuHuii BmuuB. Ilpencrasieni
JOCIIJKEHHSI CIUPAIOThCAd Ha ICHYIOUl HAayKOBI poOOTHM Ta MUIOTHI MPOEKTH, IIO
HNIATBEPIKYIOTh €(PEKTUBHICTh Ta EKOHOMIYHY JOLUIBHICTh peali3alii TaKoro
KoHienty. IlomepeaHi TEXHIKO-€KOHOMIYHI OIIHKM TIOKa3yloTh, IO peai3allis
NPOEKTY € MEPCHEKTUBHOIO Ta BUTIIHOIO JUIsi HAdTOra3oBoi Taiy3i, 0COOJMBO B
MACHMBHHX IOKJIaJaxX 13 BUBUYCHHMU TEPMOOAPUUYHMMHU MapaMeTpaMu Ta BUCOKHUMHU
(biTBTpaIifHO-EMHOCTHIMH BJIACTUBOCTIMU.

OcHOBHI 3a7a4l JOCIIHKEHHS BKJIIOYAOTH aJalTallll0 CHIEI1ai30BaHOro
HaHO(IIIOIy TEPBUHHOTO KOHTYpPY Uil €(heKTHBHOTO BiIOOpY TeIuia 3 TIIHOWHH
noHaa 2-3 KM, BHOIMHOrO TETUIOOOMIHHMKAa HOBOTO THITY, 3JIaTHOTO BUTPHUMYBATH
BUCOKUH THCK 1 TeMmIepaTypy, HIPOMHUCIOBO-TUPIOBOTO €IEKTpoJi3epa BUCOKOI
MiHepamizalii JUis  eNeKTpoNdi3y MpsiMO Ould THpia CBEPAJIOBUHH, a TaKOX
IPOEKTYBaHHS Ta BIPOBAJKEHHS MIJCUCTEMHU 30€piraHHs BOJHIO Y MPUKOJIOHHIM
KaBEpHI.

OuikyBaHl pe3yJbTaTH BKJIIOYAIOTh CTBOPEHHA NuUIoTHOrO GeoH-caiity 3
BupoOHUITBOM 10 10-15 xr Ho/roguny 3 oaHi€l peKOHCTpYHOBaHOI CBEPAJIOBHHH,
IHTErpalio BOJHIO Y MaJUBHUN JAHLIOT JJIS BJIACHOTO CHOKMBAHHS IPOMHUCIOBO-
eKCIUTyaTallliHol  1HQPACTPYKTypH,  MOXJIMBICT,  IHTEHCHU(IKalli  CyCIOHIX
CBEpPAJIOBUH uepe3 IIuMOOoKe BIOpcKyBaHHA Ha, cTBOpeHHs LHU(POBOro [BIHUKA
YCTAaHOBKM 3 JOWHAMIYHUM TEIUIOBUM 1 TIAPOreHEepaliiiHUM MPOTHO3YBAaHHAM, a
TAaKOX CTBOPEHHS TEXHOJOTTYHOI OCHOBHU ISl MaclITa0yBaHHS Ha 1HINI BHCHAXKEHI
CBEPAJIOBUHHU.

[lonepenHbo-o1liHEHA E€KOHOMIYHA  €(EKTUBHICTb TI'PaAaHTOBO-BUPOOHHUOT
HMEOPETUKO-TIPUKIIAIHOT IMIUIEMEHTAIlli MpoekTy st ymoB peanizaiii B IIAT
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«YxprazBunoOyBaHHs» Ta TmepeoOnaaHanoi cBepaiioBunn €dpemicskoro ['KP
BKJIIOYa€ J000Be BUPOOHUIITBO BOmHIO 240-360 Kr, rapaHTOBaHWUN PIYHHA OOCST
BupoOHuIrea ~4,000-5,000 kr, co6iBapticth 1 kr H» 3.5 €/kr, ekBiBaJIeHT BapTOCTI
3aMIIIeHOr0 Au3ensi/Merany 6—8 €/Kr, TOTEHIIHY EeKOHOMII0 Ha TMaJuBl <
15,000-20,000 €/pik, OKYMmHICTh TPOEKTYy ~4 poku, 3HIWKEHHS BUKUAIB CO,
He3anexHICTh Bin moctadyanHs [IMM, miatpumky ESG, a Takox mnoTeHIian
maciTabyBanHs Ha iHmI cBepuioBHHE (50—-100 06'exTiB mo Ykpaini). CTBOpeHMit
KOHIIETIT € BAXJIMBUM KPOKOM Y PO3BHUTKY HU3BKOBYTJIEIEBOI CHEPTETHUKUA Ta MOXKE
CTaTU OCHOBOIO JJIs MOIAJIBIINX JIOCIIKEHb 1 BIPOBAIXKEHb Y HA()TOTra30Bil ramysi.
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The study was conducted within the framework of the Osipov Scientific School of Chemical
Technology at NTU "KhPI", mathematical and geological-technology methods are used to assess
the potential of geothermal power reserves, data and results of oil and gas condensate field
development projects and experiments using nanotechnology in oil-water fluid were used.
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