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llopoxna M.@. IliiBUILIEHHS  €KOJIOT1YHOi  O€3MeKu BUPOOHHULTBA
ouulIeHOro OikapOoHATy HATPilO MIIAXOM MiHIMI3alii Tra30BUX Ta PIAMHHHUX
Biax0/11B. — KBanmiikamiifHa HayKoBa mpals Ha paBax pyKOIUCY.

Huceprtaiis Ha 3700yTTS HAYKOBOTO CTyIeEHs JokTopa (dinocodii 3a
cnemianbHicTio 101 — Exonoris. — HanioHanbHUM TEXHIYHUA YHIBEPCUTET
«XapKiBCbKUH MOMITEXHIYHUN IHCTUTYT» MIiHICTEpPCTBA OCBITH 1 HAYKH Y KpaiHH,
M. Xapkis, 2021.

Po6oty BukoHaHO Ha Kadenpi XiMIYHOI TEXHIKM Ta MPOMHCIOBOI €KOJIOT1i
HanioHanbHOro  TEXHIYHOTO  YHIBEPCUTETY  «XapKIBCbKUM  MOMITEXHIYHUN
1HCTUTYT» MiHICTEpCTBA OCBITH 1 HAYKU Y KpaiHU.

06’ exmom 00CniOxHceHHss € TPOILECH YTBOPEHHS BIIXOJIB BUPOOHHUIITBA

Ilpeomemom OocniodicenHss € 3aKOHOMIPHOCTI ONTUMI3alll (PI3UKO-XIMIYHUX
nmapaMeTpiB  mporecy  kapOoHizaimii  cogo0ikapOOHATHOTO  PO3YMHY  Ta
KOHCTPYKUIHHUX OCOOIMBOCTEN O1KapOOHATHUX KOJIOH BUPOOHHUITBA OYHILEHOIO
OikapOoHaTy HATpitO.

JucepraniifHe JOCHIDKEHHS TNPUCBSYEHE €KOoJorizalii BHUpPOOHMIITBA
OUYHMIIEHOr0 O1KapOOHATy HATPIIO HUIAXOM ONTHUMI3alli TEXHOJIOTTYHHUX MapaMeTpiB
nporecy kapOoHizaiii coJ001kapOOHATHOTO PO3YMHY Ta  YIAOCKOHAJIEHHS
KOHCTPYKTUBHUX MapaMeTpiB OCHOBHOTO TEXHOJIOTTYHOIO 00JIaJHAHHS MPOLECY —
01kapOOHATHUX KOJIOH.

VY BcTymi OOIpYHTOBAHO HAYKOBO-TE€XHIYHY AaKTyaJIbHICTh JUCEpTaliiiHOI
pobotu, chopmMyIbOBaHO METY 1 3aJayi, BUBHAYEHO 00’ €KT, MpeaMeT 1 METOJIU
JOCIIKEHHS, MOKa3aHO 3B'A30K pOOOTH C HAYyKOBUMH TE€MaMH, HaJlaHO HAYKOBY
HOBHU3HY Ta C()OPMYJIHOBAHO MPAKTUYHE 3HAUEHHSI OTPUMAHUX PE3yJIbTaTIB.

[lepmmii po3nia MPUCBAYEHO KOMIUIEKCHOMY aHali3y HayKOBO-TEXHIYHOI
iHpopmanii Ta iHQopMalii, OTpUMaHOI Ha 3aBoJax 3 BUPOOHULTBA COOU Ta

COJIONIPOAYKTIB, IIOJ0 CYYaCHUX METOMIB TMiJIBUIICHHS €KOJIOTIYHOT Oe3NneKu
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BUPOOHHUIITBA OYMILEHOIO OIKapOOHATY HATPIl0 Ta OCHOBHUX TEXHOJIOTTYHHMX
napameTpiB. Po3riisHyTO Ta mpoaHaiai30BaHO CBITOBUHM JOCBiJ 11010 BUPOOHUIITBA
ouulIeHOro OikapOoHaTy HaTpito. PO3MISHYTO KOHCTPYKUIMHI OCOOJMBOCTI
OCHOBHOI'0 TEXHOJIOTIYHOrO OOyiazHaHHd — OikapOoHAaTHUX (KapOOHI3alliHUX)
KOJIOH. BUSIBIEHO BIJIMB BUPOOHMIITB OUMINEHOTO OiKapOOHATy HATpPilO Ha CTaH
HABKOJIMIIHBOTO CEpEJOBHUIlA pPailoHIB iXHBbOro pos3ramyBaHHsA. Ha miacrasi
aHamizy copMyIbOBAaHO 3a7a4l JOCIKEHHS Ta MIJISAXU iX BUPIIICHHS.

VY apyromy po3nuii po3risiHyTO METOAMKU MTPOBEACHHS €KCIIEPUMEHTATbHUX
JOCIIKEHb B J1a0OPATOPHUX Ta MPOMMCIOBUX YMOBAX, Ha/JaHO OMKC MaTepiajis,
MpUIAJIIB Ta 00JIaJHAHHS JUIsl IXHBOI peai3alii.

Tperiii po3ain NPUCBSIYEHUH TEOPETHUYHOMY OOIPYHTYBAaHHIO MIJISAXIB
iHTeHcHudIKaIlli TPOIECiB TEXHOJOTIl OYUIIEHOTO OiKapOOHATy HATpPil0 3 METOIO
pillieHb 3aJad eKoJiorizaiii BUpPOOHMIITBA. byjo MpoBeleHO aHali3 BIUIUBY
OCHOBHMX TEXHOJIOTIYHUX MapaMmeTpiB Mpouecy KapOoHizalii cogo0ikapOOHATHUX
PO3YHMHIB Ha €KOJIOT14HI MOKA3HUKH SAKOCT1 KIHIEBOI'O MPOAYKTY Ta €(hEeKTUBHICTD
abcop6uii CO2 3 MeTorw MiHIMI3alli YTBOPEHHS BIIXOJIB BHUpPOOHMIITBA Ta
3MEHILEHHS iX HETaTUBHOT'O BIJIMBY Ha JOBKIJIA.

B derBepTOMy pO3aiJii JOCHIAKEHO BIUIUB TEMIIEPATYpH Ta BUTPATH rasy Ha
KIHETUKY KapOoHi3allii (HacHMYEeHHS IOKCHUIOM BYIJICIIO) PO3UMHY KapOOHAT-
riipokapOboHary HaTpito. B pe3ynabTaTi BHUKOpPUCTaHHS EKCHEPUMEHTAIBHOIO
1ab0paTOpHOro 00JIaJHAHHS 3HAWJEHO, 110 3POCTAaHHS TeMIEepaTypu abCOpOEHTY
Bi 79 no 85°C npu3BOAUTH O 3HMKEHHS MAaKCUMAaJIbHOTO CTYNEHIO KapOoH13allil
po3unHy 3 64 10 59%. SKICTh k€ OTpUMAHUX KPUCTAJIB TAPOKApOOHATY HATPIIO,
HaBIPOTH, 3pOCTae€, ajie TUIbKU B 1HTepBam Big 79 go 82°C. Kpim Toro, Oyio
BU3HAYEHO 1110 OKpPIM KOHCTPYKTHUBHOI XapaKTEPUCTUKU HUKHBOI YACTUHU
OikapOOHATHUX KOJIOH, CYTTEBY pOJIb Y TPUBAJIOCTI EKCIUIyaTallli KOJIOH MIDXK
3YIMHKaMU Ha MPOMUBKY BIJIIPA€ KIIBKICTh 1 MICIIE€ PO3TAIlyBaHHS KOHTAaKTHHX
eJeMeHTIB. B pe3ynbTaTi JoCiKeHb B MPOMUCIOBUX YMOBax OyJi0 BUSIBJICHO, 1110

HalOIBIIMK eeKT Aae eKCIuTyaTallis JUIIE IBOX 3 CEMU TapiJIOK.



[’saTuit po3aisl NpUCBSYEHUM BUSHAYCHHIO NIISX1B MiABUIIEHHS €KOJOT14HO1
0e3MeKr COJOBUX BHUPOOHUUTB 1 CYMDKHMX 3 HMMH BUPOOHHULTB OYMILEHOIO
OikapOoHATy HaATpil0 M[UIAXOM  E€KOJIOoTi3allii TEXHOJIOTIYHUX  MapameTpiB
BUPOOHUIITBA. byno BH3HAUYEHO OCHOBHI €KOJIOTIYHO HeOe3Me4Hl acleKTu
JISIBHOCT1 OCTaHHIX BUPOOHHUIITB OUMILEHOTO OiKapOOHATy HATPilo, SIK1 MOB’s3aH1
3 HEJOCKOHATICTIO mpolecy KkapOoHizalii comobikapOoHaTHOro po3uuHy. Ha
OCHOB1 MpPOBEAEHUX JOCIIKEHb, SK B JIA0OPAaTOPHHUX, TaK 1 B MPOMHUCIOBHX
yMOBax, OyJio po3po0JICHO HAyKOBO OOTPYHTOBAaHI pPEKOMEHMAIl MI0A0
iHTeHcudikaiii mnporecy KapOoHi3allii, CHpsIMOBAaHOI K Ha MIHIMI3AIIIO
HETaTUBHOTO BIJIMBY Ha JOBKULIS Ta MiJBUILECHHS €KOJOTIYHOI OE3MEeKU MPOIIECy,
Tak 1 Ha MIJBUIICHHS SKOCTI BUPOOHUIITBA KIHIIEBOTO MPOAYKTY. Buxoasuum 3
JTAHUX PEKOMEHAIlli, pO3pax0BaHO OPIEHTOBAHE 3MEHIIICHHS KIJTbKOCT1 BUKHU/IIB B
atMocdepy napHukoBoro razy CO:z CBITOBUMH MiJNPUEMCTBAMHU OYMILEHOTO
OikapOoHaty HaTpito, sike ckiano 20,8 Tuc. T/pik. B pasi peamizamii
3alpPONOHOBAHUX Y IT’SITOMY PO3AUTI 3aX0/1iB OyJI0 JOCITHYTE 3MEHIIIEHHS 00CSTiB
YTBOPEHHS PIIMHHUX BIAXOAIB HA 57,7%.

Kntouosi cnosa: cogoBa TpPOMHUCIOBICTh, KaJbIIMHOBAHA COJIa, OYMIICHUN
OikapOoHaT HaTpito, KkapOoHi3alis, KapOOHi3aliiiHI KOJOoHH, abcopOIris,

eKoJsioriyHa 0e3mneka, eKoJorizalisi IpoLeciB, ra30B1 BUKU]IU, P1/IKi CTOKH.



Cnucox nyonixayii 3000ysaua

Hayxosi npayi, 6 saxux onyoOniKOBAHO OCHOBHI HAYKOGI pe3yibmamu
oucepmayii:

1. Ilopoxuss M.®. AHaini3 BIUIMBY TEXHOJOTIYHUX IMapaMeTpiB MPolecy
KapOoHi3alii coq00iKapOOHATHOTO PO3YMHY y BUPOOHUUTBI  OYMILEHOIO
OikapOoHaty Hatrpito Ha ctyniHb abcopOuii COz. Ekonociumi mayku. 2019.
Bunyck1(24), T2. C. 169 — 173. DOI: https://doi.org/10.32846/2306-9716-2019-
1-24-2-33

2. Ilopoxns H. ®., ®pymun B. M., bypun B. JI. Ananmu3 BiusHus
OCHOBHBIX TEXHOJIOTHYECKUX IMapaMeTpoB KapOOHHU3AIMU COJOBOTO pacTBOpa B
MPOU3BOJACTBE OYMIIEHHOrO HATpusi OukapOoHaTa Ha KayeCcTBO KOHEYHOIO
NpoNyKTa. Xumus U MexXHONo2Usl NPOU3BOOCME  OCHOBHOU  XUMUYECKOU
npomviunenHocmu. Cooprux nayunvix mpyoos. 2019. Xapokos: I'Y «kHUOXUM».
T.79. C. 32 - 40.

3. Porokhnia M., Shestopalov O., Bukhkalo S., Novozhylova T. Influence
of structural descriptions of underbody of bicarbonate columns on duration of
period of their operation and ecologization of process. ScienceRise. 2021. Vol. 3.
P.3 —11. DOI: https://doi.org/10.21303/2313-8416.2021.001917

4. Porokhnia M., Tseitlin M., Bukhkalo S., Panasenko V., Novozhylova T.
Defining features in the kinetics of sodium carbonate-bicarbonate solution
carbonization and the quality of the resulting sodium bicarbonate crystals. Eastern-
European Journal of Enterprise Technologies. 2021. Vol. 4, Ne10(112), P. 38 — 44.
DOI: doi1:10.15587/1729-4061.2021.239157

5. Tlopoxus M.®. JlocmipkeHHS BIUIMBY OCHOBHHMX TEXHOJIOTTYHHX
napaMeTpiB (Temreparypa pO3uMHY, HaBAaHTKEHHS MO Ta3y) Ha e(EeKTHUBHICTH
mpoiecy KapOoHi3alii B TNPOMHUCIOBHX yMoBax. Bicnux Hayionanbnoeo
mexniynoco yHigepcumemy «XIIl». Cep.: InHo8ayiiini 00CNIONCEHHS ) HAYKOBUX

pobomax cmyoenmis. 30. nayk. np. 2021. Xapkis: HTY «XIII». Nel. C. 56 — 61.



Onybunixosani npayi anpobayiino2o xapakmepy:

6. Ilopoxuas M.®., IllecromanoB O.B. AHnHami3 HEraTMBHOIO BIUIUBY
BUPOOHUIITBA KAJIBIIMHOBAHOI COJIM HA HABKOJIMIIHE cepenoBuile. Mamepianu XII
Midicnapoonoi Hayko8o-npakmuuyHoi KoHgepenyii mazicmpie ma acnipanmis.
2018. Bun.2. C.214 - 215

7. llopoxuss H.®., ®pymun B.M. OnpeneneHre 0OCHOBHBIX AKOJOTHYECKUX
npo0JsieM TMPOU3BOJACTBA OUMINEHHOTO OukapOoHata HaTpusi. Mamepian XXI
MINCHAPOOHOI Haykogo-npakmuynoi xougepenyii MicroCAD-2018. — Xapkis:
HTY "XIII", 2018. Bun. 4. C.40

8. Ilopoxust M.®. IliaBumieHHs cTyneHs kapOoHi3alii cofo-0ikapOOHATHUX
PO3YMHIB y COJOBOMY BHPOOHMITBI SK crHoci0 MiHiMI3alii 3a0pyaHEHHs
aTMoc(epH BYTJIEKUCIUM Ta30M. 5-u Midxcnap. Konepec «3axucm HABKOIUUHBO2O
cepedosuwya. Enepeoowaonicme. 36anamcosane npupoooOKOpuCmy8aHHA». —
JIpBiB: BumaBuuntso JIpBiBChKOI momiTexHiku, 2018. C. 129.

9. Ilopoxus M.®., Ilecronanos O.B. AmnHami3 BIUIUBY COAOBOTO
BUPOOHUIITBA HA CTaH HABKOJHUIIHBOTO CepeloBHUIa Ha TepuTopii [Hmii.
Mamepianu XIII mixchapooHnoi naykogo-mexHiunoi kougepenyii [Ipobremu
exonozii ma enepeozdepedicennsi. 2019. C.52 — 53

10. IMopoxus H.®., Bypun B.JI. [1oBbllIeHHE 3KOIOTrMYECKON O€30MaCHOCTH
IPOU3BOJICTBA OYMILIEHHOIO0 OMKapOOHATa HATPUS IyTEM PEKOHCTPYKLMH HUKHEN
4acTW KapOOHU3AIMOHHBIX KOJIOHH. [International scientific and practical
conference "Natural sciences: history, the present time, the future, EU experience.
2019. C.87-90

11. ITopoxuss M.®., IllectonanoB O.B. AHaini3 KOHCTPYKTUBHUX MPOOIEM
KapOOHI3alIMHUX  KOJOH  BUPOOHULTBA  ouulieHoro OikapOonary.  XIII
Mixcnapoona Hayko8o-npakmuyHa KOH@epeHYis Mmazicmpanmie ma acnipaHmis
«Teopemuyni ma npakmuyui O0O0CHIONHCEHHS MONOOUX Haykoeyiey (1922
nucmonaoda 2019 poky): mamepianu xkoughepenyii / 3a peo. npog. €.1. Cokona.
XapkiB : HTY «XIIl», 2019. C.477 — 478



6

12. TMopoxus M.®., Illecronanos O.B. JlocnijpkeHHs BIUIMBY HUTOMOI
BUTpATU Tra3y Ha Mpolec KapOoHizaimii coA00iKapOOHATHOTO PO3YMHY B
nabopatopHux ymoBax. IX nayxkosa xongepenyia «Haykosi niocymxu 2020 poxy»
36ipra naykosux npays. XapkiB.: Texnonoriunuii Lentp, 2020. C. 34.

13. Iopoxus M.®., IlllecronanoB O.B. Po3paxyHOK cyMapHOi KUIBKOCTI
BukuaiB CO2 B arMocdepHe MNOBITPS CBITOBUMM MIJNPUEMCTBAMU COJIOBOT
npomucioBoctTi. XXVIII  Mixcnapoona Haykogo-npakmuuna  KoH@pepeHyis
«Ingpopmayiiini mexnonocii: Hayka, mexuika, mexunonozis, oceima, 300p08°s»

(MicroCAD-2020). Xapkis: HTY «XIIl», 2020. 4.4. C.37



SUMMARY

Porokhnia M. The improvement of environmental safety of refined sodium
bicarbonate production by minimization of gas and liquid wastes. — Qualification
scientific work on the rights of the manuscript.

Dissertation for the degree of Doctor of philosophy in specialty 101 —
«Ecology». — National Technical University «Kharkiv Polytechnic Institute» of the
Ministry of education and science of Ukraine, Kharkiv, 2021.

The dissertation work was performed at the Department of Chemical
Engineering and Industrial Ecology of the National Technical University «Kharkiv
Polytechnic Institute» Ministry of Education and Science of Ukraine.

The subject of the study is the processes of generation of refined sodium
bicarbonate production wastes and minimization of their impact on dockillage.

The subject of the investigation is the regularity of optimization of physical
and chemical parameters of the process of carbonization of sodium bicarbonate
solution and design features of bicarbonate columns for the production of refined
sodium bicarbonate.

The dissertation research is devoted to greening the production of refined
sodium bicarbonate by optimizing the technological parameters of the carbonation
process of a carbon dioxide solution and improving the design parameters of the
main technological equipment of the process — bicarbonate columns.

In the introduction, the scientific and technical relevance of the dissertation
work is justified, the purpose and objectives are formulated, the object, subject and
methods of research are defined, the connection of the work with scientific topics
is shown, scientific novelty is given and the practical significance of the results
obtained is formulated.

The first section is devoted to a comprehensive analysis of scientific and
technical information and information obtained at plants for the production of soda

and soda products, on modern methods for improving the environmental safety of
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the production of refined sodium bicarbonate and the main technological
parameters. The world experience in the production of refined sodium bicarbonate
is considered and analyzed. Structural features of the main technological
equipment — bicarbonate (carbonization) columns-are considered. The influence of
refined sodium bicarbonate production on the state of the environmental in the
areas of their location is revealed. Based on the analysis, the research objectives
and ways to solve them are formulated.

In the second chapter, methods of conducting experimental studies in
laboratory and industrial conditions are considered, materials, devices and
equipment for their implementation are described COs.

The third section is devoted to the theoretical substantiation of ways to
intensity the processes of refined sodium bicarbonate technology in order to solve
the problems of greening production. The influence of the main technological
parameters of the carbonation process of carbon dioxide Solutions on the
Environmental Quality indicators of the final product and the efficiency of CO:
absorption was analyzed in order to minimize the formation of industrial waste and
reduce its negative impact on the environment.

In the fourth section, the influence of gas temperature and flow rate on the
kinetics of carbonation (carbon dioxide saturation) of a sodium carbonate-
bicarbonate solution is studied. As a result of using experimental laboratory
equipment, it was found that an increase in the temperature of the absorbent from
79 to 85°C leads to a decrease in the maximum degree of carbonation of the
solution from 64 to 59%. The quality of the obtained sodium bicarbonate crystals,
on the contrary, increases, but only in the range from 79 to 82°C. In addition, it
was determined that in addition to the design characteristics of the lower part of
bicarbonate columns, the number and location of contact elements play a
significant role in the duration of operation of columns between Flushing stops. As
a result of research in industrial conditions, it was found that the greatest effect is

given by the operation of only two of the seven plates.
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The fifth section is devoted to determining ways to improve the
environmental safety of soda production and related industries of refined sodium
bicarbonate by greening the technological parameters of production. The main
environmentally hazardous aspects of the activity of the latest production facilities
of refined sodium bicarbonate, which are associated with the imperfection of the
carbonation process of the carbon dioxide solution, were identified. Based on the
conducted research, both in laboratory and industrial conditions, scientifically
based recommendations were developed to intensify the carbonation process,
aimed both at minimizing the negative impact on the environment and improving
the environmental safety of the process, and at improving the quality of production
of the final product. Based on these recommendations, an oriented reduction in the
amount of greenhouse gas CO> emissions into the atmosphere by world enterprises
of refined sodium bicarbonate was calculated, which amounted to 20.8 thousand
tons/year. If the measures proposed in section five were implemented, a 57.7%
reduction in liquid waste generation was achieved.

Key-words: soda industry, soda ash, refined sodium bicarbonate,
carbonation, carbonation columns, absorption, environmental safety, process

greening, gas emissions, liquid effluents.
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