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3abiaka H.A. Marepiano-3aomaaxyBajibHl XIMIYHI MPOLIECH BUPOOHULITBA
BOJHIO B XIMIYHIM TexHiui Ta eHepretuul. — KpamigikamniliHa HaykoBa mpais Ha
IpaBax pyKOMucy.

HNucepranis Ha 37400yTTS HAyKOBOTO CTYIEHs JokTopa ¢utocodii 3a
cnemianbHIcTIO 161 — XiMIuHI TeXHOJIOT1T Ta 1HXeHepis. — HarjionanbHuil TeXHIYHUN

YHIBEPCUTET «XapKIBChKUI MONITEXHIUHUNA IHCTUTYT», XapkiB, 2021.

HNuceprariiina po0OoTa NpHUCBAYECHA PO3POOIl TEXHOJOTIYHUX MOKA3HUKIB
KEpOBAHOT'O BUPOOHUIITBA BOJHIO IUISIXOM XIMIYHOT B3a€MO/I1i AJIFIOMIHIEBOTO CIUIABY
cuctemu Al-Si (mapku AK7) 3 1y>KHUMU PO3UMHAMM 3 JOMIIIKAMH aKTUBATOPIB.

O6'exm OocniodcenHa — XIMIYHI MPOLIECH ATIOMOACTIONSPU3ALINHOTO ITUKITY
BUPOOHUIITBA BOJTHIO.

lIpeomem oocnioxcenns — KIHETUKA MPOLIECY B3AEMOJIIT AIFOMIHIIO 3 JIYKHUM
PO3YMHOM B 3aJIEKHOCTI BiJl CKJIaay €JIEKTPOJITY, TEMIIEpaTypu Ta CTaHy MOBEPXHI
CIUIaBY.

OnepkaHHsST BOJHIO 3JIMCHIOETHCS  IUIIXOM  XIMIYHOTO  PO3YHMHEHHS
anmroMiHieBOTO cruiaBy Mapku AK7 B Ty)XKHUX po3uMHAX 3 JOMIIIKAMH aKTHBATOPIB.
Peakitis po3unHEHHS TPOXOJUTH 3a MEXaHI3MOM BOJIHEBO1 Jemojspu3arlii, Ha ii
OCHOBI1 pO3p00JICHO HU3BKOTEMIIEPATYPHUHN aTIOMOBOAHEBUN TEXHOJIOTTUHHUIA TIPOIEC
OTPUMaHHS BOJHIO 0€3 BUKOPHUCTaHHSI MeMOpaHHUX eleKTpoizepiB. B pamkax
JOCTI/DKEHHST [OTO TUTAHHS BH3HAYCHO BIUIMB KIHETUYHUX TapaMeTpiB Ha
IIBUAKICTh B3aeMoii nuBapHoro cmiaBy AK7 3 poOounM elIeKTpoJiTOM, a came:
BIUTUB CKJIaMy po3uuHy (BB po3unHy NaOH, BIUIMB TaJOT€HIIHUX JOMIIIOK B
JTY’)KHOMY PpO34YWHI), BIUIUB TEMIIEpAaTypH, CTaHy IMOBEPXHI Ta TEpEeMillyBaHHS
EJIEKTPOIITY ITiJT 9Yac MPOBEJCHHS PO3YHMHECHHS.

OOGrpyHTOBaHO BIUIMB MpuUpoau ckiany crnaBy mapku AK7 nHa iioro

B3a€EMO/IIIO 3 JIY)KHUMHU PO3UMHAMHM Ta, K HACIIJIOK, IIBUJIKICTh BUAUICHOTO BOJHIO.
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[Ipu B3aeMoli 3 Iy>KHUMU €JIEKTPOJIITAMH IPUCYTHI TOMIIIKY B cuiasi (Si, Fe, Zn,
Mn, Mg) yrBoprototbes NapSiOs Ta Majopo3uMHHI OKCHUAM BKa3zaHux MetaniB. Lli
CIOJIYKU JIOKJII3YIOThCS HA MOBEPXHI CIUIABY y BUIJISAI TiIpaTOBAHOI IUIIBKH, SIKa
3MIHIOE CKJIaJ 1, B 3aJIeKHOCTI BiJl TEMIIEPATypH 1 MIOPCTKOCTI MOBEPXHI METAIy
nudyHaye 3 HOTO MOBEPXHI.

JlocnipkeHO BIUIMB CKJaAy €JEKTPOJITIB Ha IMIBUJKOCTI PO3YMHEHHS
AIOMIHIEBOTO CIUIaBY Ta BHJIUICHHS BOJHIO. Bimomo, M0 B ITy)XHHUX PO3YMHAX
ANIOMIHIA PO3YMHSAETHCS 3 YTBOPEHHSM AJIOMIHATY 1 KOMIUIEKCHUX 10HIB aJIOMIHIIO:
npu pH>11 peakiist po3unHEHHs MPOTIKAE 32 MEXaHI3MOM BOJHEBOI JIeMOISIpU3aIlii.
Peakiiii ioH13a1ii alqrOMiHIIO MPOTIKAIOTh MOCTYNOBO Ta BKJIOYAIOTH B cebe crafii
B3a€MOJIii 3aXUCHOI OKCHIHOI TUTIBKM 3 TiJPOKCHUIOM 1 pPO3YMHEHHSIM MeETay.
JlocmiJPKeHHsT TIPOBEJIGHO TMPU KOHIIGHTpAIlll TIAPOKCUIY HATpito, IO CKJajaia
(1+5) mons/nm®.  Tlpore oTpuMaHi gaHi XiMI4HOrO PpO3YMHEHHS B JIY)KHHX
EJIEKTPOTITaX MAIOTh HE3HAYH1 BEJIMUMHU CUHTE3Y BOJHIO JJIsi HOTO BUKOPUCTAHHS B
OPOMHUCTIOBUX MacmTabax. TakuM YMHOM, TOKAa3HMK IIBUIKOCTI PO3YUHEHHS
AITIOMIHIEBOTO CIUIaBy OyB 301UIBIIIEHUH 32 JJOTIOMOTOI0 aKTUBATOPIB. JJI moaambmx
JOCHIJDKeHh Oyna BuOpaHa TexHoJoriuHa KoHmeHTparis NaOH, ska ckimanae
2.5 MoJIb/IM>.

BuBueHo BIUIMB aKTHBYIOUOi [ii TaJOTEHIAHUX 10HIB Ha IIBHJAKICTH
BUJIUICHHS BOJHIO B pe3yibTaTi B3aemojii criaBy AK7 3 myXHUMU pO3YMHAMH.
ExcriepumeHTanbHO JOBEACHO, IO TPW BBEICHHI TAJOTCHINIB B EIEKTPOIIT
IIBUJIKICTh CHHTE30BAHOTO Ta3y 30UIBIIYETHCSA, IO IOSCHIOETHCA iX BHUCOKHMH
pEaKIifHUMH BIACTHBOCTSIMH, SIKI MPU B3a€EMOJIIl 3 aFOMIHIEM B JTY>)KHOMY PO34YHHI
KOHLIEHTPALicI0 2,5 MOJIL/IM® 3aM00iraloTh YTBOPEHHIO OKCHAHUX CIIONYK HA HOTO
noBepxHi. B po6oTi BuBYeHO BIuMB Takux aktuBatopiB sk Cl” ta F. TexHonoriuny
KOHLIEHTPALII0 JaHUX rajoreHiniB BusHavamu B inTepsanax (0,02+-0,17) mons/nm’ Ta
(0,05+0,17) mons/am®  Bimmosimo. Ha oTpumanmx rpadiuHHX 3alIEKHOCTAX

CIIOCTEPIraeThCs 30UIBIICHHS IBUJIKOCT1 BUJIUICHHS BOJHIO MPU BBEJCHHI (TOpUIY B
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€JIEKTPONIT OUIbLI IHTEHCUBHO B TOPIBHSHHI 3 10HaMH XJIOPY, LIO HOSICHIOETHCS
OUTBIIMMU peakUIMHUMHU BIACTUBOCTAMH (PTOPUIIB.

JlocnipkeHO BIUIMB TEMIIEPAaTypHOro (DakTOpy Ha IMIBHJIKICTh B3a€MOJIL
AIIOMIHIEBOTO CIUIABY 3 JYXKHUMHU po3uMHaMu 3 Aomimkamu akruBaTopiB Cl” ta F.
[Ipu 30uIBIIIEHH] TEMIIEpaTypH I 4Yac B3a€EMOJII CIUIaBy 3 JIY>KHO-TaJOTEHITHUM
PO3YMHOM BiIMIYA€THCSl 3pOCTAHHS IIBUAKOCTI BUJIUICHHS BOJHIO Ha MOpsAoOK. Taka
NOBE/I1HKA 3yMOBJIEHa aKTUBHICTIO KOMIIOHEHTIB €JIEKTPOJITY, sfKa MpH 30UIbIIEHH]
TEMIIEPATYpPH JIi€ Ha MMOBEPXHIO AIFOMIHIIO Ta MIPUCKOPIOE POLEC POIUMHEHHS.

Jocnimppkenuil BIUIMB KJIacy YMCTOTH NMoBepxHi cruiaBy AK7 Ha MIBHIAKICTH
foro B3aemolii 3 JIY)KHUMH  €JEKTpPOJIITaMd 3 JIOMIIIKAMH  aKTUBAaTOPIB.
BceraHnoBneHo, 1110 po3YMHEHHS aIOMIHIEBOTO CIUIaBY 3pOCTA€ MPHU 3MEHIIECHH]1 Kacy
yucToTU. JlaHa MoBeliHKa 3yMOBJIEHA HAsIBHICTIO PO3MIPIB CEpeIHIX pajlyciB BIaIUH
Ta BUCTYMIB KPUCTAJIYHUX MOBEPXOHb JIOCHIKYBAaHUX 3pa3kiB. OOIpyHTOBAHO BUOID
TEXHOJIOT1YHOIO0 KJIacy YHCTOTH, SKMM CTaHOBUTH V5. [l maHOi HIOpPCTKOCTI
IOBEPXHI MOKA3HUK LIBUAKOCTI PO3YMHEHHS aJIOMIHIEBOTO CIUIABY CKJIaJae
1000 r/m? npoTaroM | roguHu, a IBHUIKICT, BHUIUIEHHS BOJHIO CTaHOBHUTH
830-10% cm> 3a 1 roguny

JIOCHIKEHO BIUIMB OJIHOYAaCHO 000X AaKTHUBAaTOpIB B JYKHUX PpPO3YMHAX
KOHIIEHTpaIii skuX cTaHoBATh F- 0,2 Mons/nm> Ta Cl- 0,1 mons/am’. Busnaueno, mio
B JIaHOMY e€JeKTpoiTi mpu Temreparypax (293+298 K) moka3HUK IIBHUIKOCTI

BUIUIEHHS BOJHIO CTAaHOBUTH VHz =1,12 M*/M> 3a | roguHy, IO Ja€ MOYKJIMBICTB

OTpUMATH MEPCIEKTUBHI PE3yIbTaTH B OTPUMAHHI CHHTE30BaHOTO Ta3y.
OOTrpyHTOBaHO BIUIMB TPOIECY TEPEMINIyBaHHA IOBEPXHEBOTO IIapy
CNEKTPONITYy. BCTaHOBIEHO, MO TMepeMilllyBaHHS TEPEIIKOHKAE YCKIATHCHHIO
MPOTIKaHHS Tporecy po3duHeHHs craBy AK7 3aBasku 3HATTIO 3 HOro MOBEPXHI
OKCUJHHUX CIIOJIYK, SIKI YTBOPIOIOTHCSI B PE3YJIBTATI TAHOTO MPOIECY Ta OCIAAIOTh Ha
MOBEPXHI aTIOMIHIEBOTO CILIABY.
BaroBi 1moka3HHMKM 3pa3KiB BH3HAYaJIuCAd TPABIMETPUYHUM  METOAOM

aHamiTHYHUMH Baramu Mapku BJIP-200.
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CepenHio MIBUAKICTh BUIUICHHS BOJHIO BH3HAYEHO EKCIIEPUMEHTAIBHO 3
BUKOPUCTAaHHSAM ra3oMeTpa Ta HUIAXOM (iKcallli TUTOMUX BEJIWYUH 3MIHH BaroBOIrO
MOKa3HUWKa 3pa3Ky 1 NPUBEICHO 10 HOpMalbHUX YMOB. IIIBUAKICTH BUILIEHOTO
BOJHIO pPO3paxOBaHO Ha OCHOB1 OanaHCy XIMI4HOI peakuii. Pe3yiapTaTé BUMIpIB
CEpEeIHbOI MIBUJIKOCTI CUHTE30BAaHOT'O BOJHIO 1 pO3pPaxyHKIB IMOBHICTIO CHIBHAIH, L0
BKa3zye Ha BHUAUICHHS BOJHIO B EKBIMOJISIPHIM KUIBKOCTI BIJHOCHO JO KILIBKOCTI
ANIOMIHIIO, SIKUW TPUIIMa€e y4acTh B peaKIilii.

JlocnipkeHHsT XIMIYHOTO PO3YMHEHHS TPOBOAMINACS 3 BUKOPUCTaHHSIM
Mmar"iTHOI Mimanku MM-5 ¢ipmu MICROmed, sxa mae ¢yHkmiro cradimizamii
Temneparypu Ta  (QyHKUIIO [epemimnyBaHHS. Temmeparypa  €JleKTPOIITIB
BUMIpIOBaJIacs KOHTAKTHUM eleKTpoHHUM TepmomeTpoM Laserliner ThermoTester.

3 BUKOpPHUCTaHHSIM MporpaMHoro 3abesmeueHHs Statistica 6.0 ta MS Exel
2016 orpuMano rpadiuHi 3a71€KHOCTI MOKAa3HUKIB MIBUIKOCTI BUJIUICHHS] BOJHIO Bij
OJIHOYACHOI i1 BIUIMBY (DAKTOPiB: KOHIICHTpAIlli €JICKTPOJIITIB Ta Yacy MPOBEICHHSI
JOCJJPKEeHb. 3a TaHUMU TpadiuHUX 3aJeKHOCTEH BUBEJEHO EMITIpUYHI PIBHSHHS, SKi
JaI0Th MOKJIMBICTh BU3HAYNTH AP - IBHAKICTH crafy Baru ciuaBy AK7, r/cm?Ton

Ta VHz_ MBUIKICTh BHIUICHHS BOJHIO, CM>/CM>TOJ B 3aJIe)KHOCTI BiJ] 3MiHH

KOHIICHTPAIIIN JIY)KHOTO PO3YMHY, KOHIIEHTpAIlli rajJoreHiIiB B JYy)KHOMY PO3YHHI,
qacy MPOBEICHHS IOCTIKEHHS Ta TEMIIEPATYPH.

OOTrpyHTOBaHO HETaTUBHUN BIUIUB YTBOPEHUX TOBEPXHEBUX OKCHUIHUX
CHOJIYK 13 JOMIIIOK, 0 BxonaaTh y BMIcT cmiaBy AK7 (Si, Fe, Zn, Mn, Mg) Ha
NPOAYKTUBHICTh BUAUICHHS BOJHIO. 3allpONIOHOBaHI HUIAXU ycyHeHHs Na,SiO, 3
MOBEPXHI ATIOMIHIEBOTO CILIABY.

Ha ocHOBi BMBYEHHS BIUTMBY JaHUX KIHETHYHUX MMapaMeTPiB Ha B3a€EMOJIIO
crutapy  AK7 3 Jy)XKHO-TaJOTE€HITHUMH PO3YMHAMHU PO3POOJICHO TEXHOJOTIYHUN
MPOIIeC HU3BKOTEMIEPATYPHOTO JETIOISAPHU3AIIAHOTO MKy PO3YMHEHHS CIUIaBiB
ATFOMIHIIO B JIY)KHUX €JIEKTPOITITaX 3 TOMINTKAMH aKTUBATOPIB (XJIOPUAiIB, GTOPHUIIIB),
SIKUM peani3yeThCs 3a MEXaHI3MOM BOJIHEBOI Jemnojspu3aliii. JlomaTkoBo migiopaHuii

XIMIYHUWA PEAKTOpP Ta 3ampONOHOBaHA MPUHIIMIIOBA CUCTEMA OYHUIIEHHS BOJHIO Ta
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MEPEBIPKY SAKOCTI CHHTE30BAHOI'O MPOAYKTY. XIMIYHUN PEaKTOp JJIsi CHHTE3Y BOJHIO
Ta cXeMma Horo moTpeOyrTh MPOCTOTO 32 KOHCTPYKIII€I0 00IaJHAHHS Ta € JOCTYITHUM
y peatizallii 1aHOTO MPOoLECY.

Jlns  BOPOBQKEHHS ~ TEXHOJOTIYHOI  CXeMH  po3poliieHa  KapTa
TEXHOJIOT1YHOTO TIPOLIECY BUPOOHHUIITBA BOAHIO 3 BUKOPUCTAHHSM CIUIABIB
AITIOMIHIIO, SIKa J03BOJISIE OTPUMATH BOAEHb BHCOKOI YHCTOTH 0€3 BUKOPHUCTAHHS
MeMOpaHHUX €JIEKTPOITI3EPiB.

TakuM 4YWHOM, BHUCYHYTa TCOPETUYHO OOTPYHTOBAaHA i EKCICPUMEHTAIBHO
JI0BEJIeHA TIMoTe3a M[0/I0 MOKIMBOCTI OTPUMAaHHS BOJIHIO IIJISTXOM B3a€MOJIIT CIUIaBy
AK7 3 nIy)XHO-TaJOHETiTHUMHU PO3YMHAMU SIBIIIETHCA €PEeKTUBHOW. JlaHWi criociod
ABISAETbCA OJAHUM 13 TPOCTIIMX JJis peanmizalii: BiH He MNOoTpedye 3HAYHUX
MaTepialbHUX Ta CHEproeMHUX BuTpar. Jlns ioro peamizamii  MOXIUBE
BUKOPUCTaHHS BITYM3HSIHOI CHUPOBHUHU 3 ANIOMIHIEBUX CIUIaBIB, JOCTYITHI XIMIYHI
PEaKTUBH Ta MPOCTE 332 KOHCTPYKIII€IO OOMaJHAHHS K€ BKJIIOYAE XIMIYHUN peakTop,
GLIBTPU OYMCTKHM BOJHIO Ta €MHOCTI Ui Horo 30epiranHs. HuspkoremmnepaTypHuUii
AIIOMOJICTIONSIPU3AIINHUN IUKII CHHTE3Y BOJIHIO SIBISIETHCS] OJTHUM 13 NMEPCIEKTUBHUX
JUISl OTPUMAaHHS €KOJIOT1YHO-0€3MeYHOr0 MajiuBa 3 BUCOKUMM TOKAa3HUKAMU, SIKUN
MO>XKHa BHKOPHCTOBYBATH JUIsl OTPUMAaHHS TEIUIOBOi eHeprii. BmpoBamkeHHs gaHO1
TEXHOJIOT1i J03BOJUTh PO3UIUPUTH 00'EMU BUPOOHUIITBA BOIHIO.

Haykosa nosuzna ompumanux pe3yismamis

VY nuceprariifHiii poOOTI TEOPETUYHO OOIPYHTOBAHA Ta EKCIIEPUMEHTAJIBHO
MIATBEp/KEHA MOJKIIMBICTH HOBOTO CIIOCOOY CHHTE3y BOJHIO IIISXOM XIMIYHOT
B3aemofii criaBy Mapku AK7 3 JyKHUMH pO3YMHAMH HATPIIO TIAPOKCHIY 3
JOMIIIKaMH XJIOPUTHUX Ta PTOPUAHUX aKTUBATOPIB.

Bnepme:

- BCTAHOBIIGHO KIHETHYHI 3aKOHOMIPHOCTI XIMIYHOi TIOBEIIHKH CILJIaBY
amominiro Mapku AK7 y po3umHax Jdyry i3 JogaBaHHSM XJIOpHIIB Ta (TOPHIIB, a
caMe: MIBUAKICTh po3unHeHHs1 ciuiaBy AK7 Ta MIBUIKICT BUIUICHHS BOJIHIO, IIO

JO3BOJIMJIO OOpaTh TEXHOJIOTIYHI KOHLEHTpAlll pO3YMHY, SKI CTAHOBIATH



6

2,5 mons/am® NaOH; 0,2 mons/nm® NaF; 0,1 mons/nm® NaCl, Ta 3ampononysaTu
TeMreparypy enektpoiaity 298—323 K 13 3acTocyBaHHSM MEpEeMIITyBaHHS,

- IOBEJICHO aKTUBYIOUY JiI0 10HIB (PTOPUAY Ta XJOPUAY KOHIIEHTpALisIMHU
0,2 mons/nm® Ta 0,1 Mmons/nM®> Ha posumHenHs cmwiaBy AK7 npu ix cHinbHik
npucytHocti 'y posumHi 2,5 mons/nm® NaOH, mo [03BONMIO  30UIBIIMTH
MPOAYKTUBHICTh Tpouecy 3a BoaHeM y 10 pa3iB B MOPIBHAHHI 3 PO3YHMHOM
2,5 mons/nm® NaOH, 1m0 He MiCTHTh aKTHBATOPIB;

-3a pe3yJibTaTaMu MPOBEJACHUX JOCHIIKEHb 3alpONOHOBaHA CTaAIdHICTh
B3a€MO/I1i KOMIOHEHTIB criaBy AK7 3 po3uMHOM HATpIIO TIPOKCHUY Ta BU3HAUEHI
npolecH, SIKi epediraroTh NPy 10J4aBaHHI aKTUBATOPIB;

- pO3pO0JIEHO TEXHOJOTIYHUN TMPOIEC BUPOOHUIITBA BOJHIO IUIAXOM
AIIOMOJICTIONSIPU3AIIMHOTO [MKIY 3a JIOMOMOrOI0 B3a€EMOJIl CIUIaBy alIOMIHIIO
mapku AK7 3 posunnom 2,5 mons/mm® NaOH + 0,2 mons/am® NaF + 0,1 mons/am?
NaCl, mo no3Bosis€e OTPUMYBaTH BOJEHb 0€3 BUKOPUCTAHHS MEMOpaHHUX

€JICKTPOJII3EPiB.

Kniouosi cnosa: XiMiyHE pPO3YMHECHHS, CHHTE3 BOJHIO, AJTFOMOBOIHEBA
EHepreTHKa, JY)KHI PO3UMHH, aKTUBATOPH, CIIaB altoMiHito, cruiaB AK7, emmipuani

PIBHSIHHS, IUTOMA Bara pO34YMHEHHS.
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ABSTRACT

Zabiiaka N. A. Material-saving chemical production processes of hydrogen
in chemical engineering and industry. — Qualifying scientific work on the rights of
the manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty
161 — Chemical Technologies and Engineering. — National Technical University

"Kharkiv Polytechnic Institute", Kharkiv, 2021.

The thesis is devoted to the development of technological indicators of
controlled production of hydrogen by chemical interaction of an aluminum alloy of
the Al-Si system (AK7 grade) with alkaline solutions with additives of activators.

Object of study is chemical processes of alumo-depolarizing cycle of
hydrogen production.

Subject of study is the kinetics of the interaction process of aluminum with
alkaline solution depending on the composition of the electrolyte, temperature and
condition of the alloy surface.

Hydrogen production is carried out by chemical dissolution of the AK7
aluminum alloy in alkaline solutions with additives activators. The dissolution
reaction proceeds by the mechanism of hydrogen depolarization. On its basis the
low-temperature alumo-hydrogen technological process of hydrogen production
without the use of membrane electrolyzers is developed. The study of this issue
determined the effect of kinetic parameters on the rate of interaction of the casting
AK7 alloy with the working electrolyte, in particular: the effect of solution
composition (effect of NaOH solution, effect of halide impurities in alkaline
solution), effect of temperature, surface condition and electrolyte stirring during

dissolution.
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The effect of the nature of the AK7 alloy composition on its interaction
with alkaline solutions and, as a consequence, the hydrogen release rate has been
substantiated.

When interacting with alkaline electrolytes, impurities are present in the
alloy (Si, Fe, Zn, Mn, Mg), Na,SiO3; and insoluble oxides of these metals are
formed. These compounds are localized on the surface of the alloy in the form of a
hydrated film, which changes the composition and, depending on the temperature
and surface roughness of the metal diffuses from its surface.

The effect of electrolyte composition on the dissolution rate of aluminum
alloy and hydrogen evolution was studied. It is known that in alkaline solutions,
aluminum dissolves with the formation of aluminate and complex aluminum ions:
at pH>11 the dissolution reaction proceeds by the mechanism of hydrogen
depolarization. Reactions of aluminum ionization proceed gradually and include
stages of interaction of a protective oxide film with hydroxide and dissolution of
metal. The study was performed at a concentration of sodium hydroxide of
(1+5) mol/dm>. However, the obtained data of chemical dissolution in alkaline
electrolytes have insignificant values of hydrogen synthesis for its use on an
industrial scale. Thus, the dissolution rate of the aluminum alloy was increased
using activators. For further studies, NaOH technological concentration, which is
2.5 mol/dm?, was chosen.

The effect of the activating action of halide ions on the rate of hydrogen
evolution as a result of the interaction of the AK7 alloy with alkaline solutions has
been studied. It is experimentally proved that when halides are introduced into the
electrolyte, the rate of synthesized gas increases, which is explained by their high
reaction properties, which when interacting with aluminum in an alkaline solution
with a concentration of 2.5 mol/dm? prevent the formation of oxide compounds on
its surface. The effect of such activators as Cl" and F" is studied in the work. The
technological concentration of these halides was determined in the intervals
(0.02+0.17) mol/dm* and (0.05+0.17) mol/dm>® respectively. The obtained

dependency diagrams show an increase in the rate of hydrogen evolution during
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the introduction of fluoride into the electrolyte more intensely compared with
chlorine ions, which is due to the greater reaction properties of fluorides.

The effect of the temperature factor on the rate of the aluminum alloy
interaction with alkaline solutions with impurities of Cl" and F activators has been
studied. With increasing temperature during the interaction of the alloy with an
alkali-halide solution, there is an increase in the rate of hydrogen evolution by an
order of magnitude. This behavior is due to the activity of the electrolyte
components, which when the temperature increases, influences the aluminum
surface and speeds up the dissolution process.

The effect of the surface purity class of the AK7 alloy on the rate of its
interaction with alkaline electrolytes with activator impurities has been studied. It
is established that the dissolution of the aluminum alloy increases with decreasing
purity class. This behavior is due to the size of the average radii of depressions and
protrusions of the crystalline surfaces of the studied samples. The choice of
technological purity class, which isV5, has been substantiated. For this surface
roughness, the dissolution rate of the aluminum alloy is 1000 g/m? per hour, and
the rate of hydrogen evolution is 830-10° cm?® per hour.

The effect of both activators in alkaline solutions whose concentrations are
F 0.2 mol/dm® and CI' 0.1 mol/dm® was studied. It is determined that in this
electrolyte at temperatures (293+298 K) the rate of hydrogen evolution is

Vi, =1,12m%*/m? per hour, which makes it possible to obtain promising results in

obtaining the synthesized gas.

The effect of the process of stirring the electrolyte surface layer is
substantiated. It has been established that stirring prevents the complication of the
AK7 alloy dissolution process due to the removal of oxide compounds from its
surface, which are formed as a result of this process and settle down to the surface
of the aluminum alloy.

The weight indicators of the samples were determined by the gravimetric

method using VLR-200 analytical balances.
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The average rate of hydrogen evolution was determined experimentally
using a gasometer and by fixing the specific values of the change in the weight
indicators of the sample and brought to normal conditions. The rate of hydrogen
evolution is calculated based on the balance of the chemical reaction. The results
of measurements of the average rate of synthesized hydrogen and calculations
completely coincided, which indicates the release of hydrogen in an equimolar
amount relative to the amount of aluminum involved in the reaction.

The study of chemical dissolution was carried out using MICROmed MM-
5 magnetic stirrer, which has a temperature stabilization and stirring functions. The
electrolyte temperature was measured with a Laserliner ThermoTester digital
contact thermometer.

Using the Statistica 6.0 and MS Excel 2016 software, dependency diagrams
of the rate of hydrogen evolution on the simultaneous effect of the influence of
factors: the concentration of electrolytes and the time of study were obtained.
According to the dependency diagrams, empirical equations are derived, which
make it possible to determine AP - the rate of reduction in the AK7 alloy weight,

g/cm’ per hour and Vi, - the rate of hydrogen evolution, cm’/cm? -per hour

depending on changes in alkaline solution concentrations, concentrations of halides
in alkaline solution, time of the study and temperature.

The negative effect of the formed surface oxide compounds from
impurities included in the content of the AK7 alloy (Si, Fe, Zn, Mn, Mg) on the

productivity of hydrogen evolution is substantiated. The ways of Na,SiO, removal

from an aluminum alloy surface are suggested.

Based on the study of the effect of these kinetic parameters on the
interaction of the AK7 alloy with alkali-halide solutions, a technological process of
low-temperature depolarization cycle of dissolution of aluminum alloys in alkaline
electrolytes with activators (chlorides, fluorides) was developed. In addition, a
chemical reactor was selected and a basic hydrogen purification system and quality

control of the synthesized product were proposed.
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The chemical reactor for hydrogen synthesis and its scheme requires simple
equipment design and is available in the implementation of this process.

To implement the technological scheme, a chart of the technological
process of hydrogen production using aluminum alloys has been developed, which
allows to obtain high-purity hydrogen without the use of membrane cells.

Thus, the hypothesis put forward theoretically and experimentally proved
that hydrogen can be obtained by interaction of the AK7 alloy with alkali-halogen
solutions is effective. This method is one of the easiest to implement: it does not
require significant material and energy costs. For its implementation it is possible
to use domestic raw materials from aluminum alloys, available chemical reagents
and simple in design equipment that includes a chemical reactor, hydrogen
purification filters and storage tanks. The low-temperature alumo-depolarizing
cycle of hydrogen synthesis is one of the most promising for the production of
environmentally friendly high-performance fuel, which can be used to produce
thermal energy. The introduction of this technology will allow to expand the
hydrogen production volume.

Scientific novelty of the results obtained

The thesis theoretically substantiated and experimentally confirmed the
possibility of a new method of hydrogen synthesis by chemical interaction of the
AK7 alloy with alkaline solutions of sodium hydroxide with an admixture of
chloride and fluoride activators.

For the first time:

- the kinetic regularities of the chemical behavior of the AK7 aluminum
alloy in alkali solutions with the addition of chlorides and fluorides were
established, namely: the rate of dissolution of the AK?7 alloy and the rate of
hydrogen evolution, which made it possible to select the technological
concentration of the solution, which is 2.5 mol/dm®> NaOH; 0.2 mol/dm® NaF;
0.1 mol/dm*® NaCl, and suggest an electrolyte temperature of 298-323 K with

stirring;
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- the activating effect of fluoride and chloride ions with concentrations of
0.2 mol/dm? and 0.1 mol/dm> on the dissolution of the AK7 alloy with their joint
presence in a solution of 2.5 mol/dm?® NaOH was proved, which made it possible to
increase the hydrogen productivity of the process by 10 times in comparison with a
solution of 2.5 mol/dm® NaOH, it does not contain activators;

- based on the results of the studies, a staged interaction of the components
of the AK7 alloy with a sodium hydroxide solution and certain processes that occur
when activators are added are proposed;

- a technological process for the production of hydrogen by an alumo-
depolarization cycle has been developed through the interaction of an AK7
aluminum alloy with a solution of 2.5 mol/dm® NaOH + 0.2 mol/dm® NaF +
0.1 mol/dm® NaCl, with makes it possible to obtain hydrogen without using

membrane electrolyzers.

Keywords: chemical dissolution, hydrogen synthesis, alumina-hydrogen
energy, alkaline solutions, activators, aluminum alloy, AK7 alloy, empirical

equations, specific gravity of dissolution.
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