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I Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical sciences
scientific journal has been accepted for indexing in the Emerging Sources Citation Index, a new
edition of Web of Science. Content in this index is under consideration by Clarivate Analytics
to be accepted in the Science Citation Index Expanded, the Social Sciences Citation Index, and
the Arts & Humanities Citation Index. The quality and depth of content Web of Science offers to
researchers, authors, publishers, and institutions sets it apart from other research databases.
The inclusion of News of NAS RK. Series of geology and technical sciences in the
Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of geology and engineering sciences to our community.

Kaszaxcman Pecnyonuxacol ¥nmmoix eoinvim akademusicol «KP ¥£A Xabapnapei. ['eonoeus scone
MEXHUKAIBIK bLIBIMOAD CEePUsChly blIbIMU JCypHAIbiHbiY Web of Science-miy oicanananzan
nyckacol Emerging Sources Citation Index-me undexcmenyee kabviioaneanvli xabapiaiiovl.
Byn unoexcmeny 6apwicoinoa Clarivate Analytics komnanusicol scypHanowvl 00au api the Science
Citation Index Expanded, the Social Sciences Citation Index osicone the Arts & Humanities
Citation Index-xe xabwvioay macenecin xapacmoipyoa. Webof Science szepmmeyuiinep,
asmopnap, bacnawvliap MeH meKemenepze KOHmMeHm mepenoici MeH canacvih ycuvihaovl. KP
¥F'A Xabapnapwi. 'eonozus scone mexnuxanvly eviiimoap cepusicol Emerging Sources Citation
Index-xe enyi 6i30iy KoeamoacmvlK yuiik ey 03eKmi Jicane 6e0eNdi 2e0102Usl HCIHE MEXHUKATBIK
ELILIMOAp OOUbIHUA KOHMEHMKE A0a0blebIMbl30bl OLI0IPEOi.

HAH PK coobwaem, umo nayunwiii sicypran «zeecmuss HAH PK. Cepust eeonocuu u mexHuueckux
Hayk» 6vL1 npunam 0 undexcuposanus 6 Emerging Sources Citation Index, 06noenennoii éepcuu
Web of Science. Cooepoicanue 6 3mom uHOEeKCUpO8aHUU HAXOOUMCS 8 CMAaOUull paccmMompeHus
xomnanueu Clarivate Analytics ons danvueiueco npunsmus sicypHana 6 the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npeonacaem xavecmeo u enyOuHy KOHmMeHmMa Ol UCCledosamenel, asmopos,
uzoamenei u yupescoenuu. Brmouenue Hzeecmus HAH PK. Cepus ceonoeuu u mexHuieckux
nayx 6 Emerging Sources Citation Index demoncmpupyem nawty npugepiceHHocms K Haubonee
AKMYanbHOMY U GIUAMENbHOMY KOHMEHMY NO 2e0N02UU U MEXHUYECKUM HAYKAM Olsl HAule2o
coobwecmsa.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28

«KP ¥F'A Xa6apaapsl. ['eosiorusi xoHe TEXHUKAJIBIK FHUIBIMAAP CEPUsIChD».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Menmrikreymi: «Kazakcran PecryOnukachiHbIH ¥JITTHIK FRUIBIM akageMusick» PKB (Anmars! K.).
Kazakcran PecmyOnukachiHBIH AKHapar »KoHE KOFaMIBIK JaMy MUHHCTPJITiHIH AKHapar KOMHUTETiHIE
29.07.2020 x. 6epinrer Ne KZ39VPY 00025420 mep3imMaik 6acbUIbIM TipKeyiHe KOWBLTY Typalibl KyoiK.
TaKpIPBINTHIK OAFBITHL: 2€0102Usl, MYHAL HCIHE 2a30bl OHOEYOTH XUMUALLIK MEXHOL02UANAPbI, MYHAL
XUMUACDL, MEMANOAPObL ALY HCIHE ONAPObIH KOCLIHOBLIAPIHBIY MEXHONOSUACHL.
Mep3iMaimiri: KpUIbIHA 6 PET.
Tupaxsr: 300 nana.
Penakuusaei MekeH-xkaiibl: 050010, Anmarsr K., [lleBuenko kerr., 28, 219 6en., Ten.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.
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I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28

«M3Bectusst HAH PK. Cepust reo1oruu 1 TeXHH4eCKHX HAYK».
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
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© HammonansHas akagemus Hayk PecrryOnuku Kasaxcran, 2022
Anpec tunorpaduu: UIT «Apynay, . Anmarsl, yi1. Mypar6aesa, 75.
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Editorial chief

ZHURINOYV Murat Zhurinovich, doctor of chemistry, professor, academician of NAS RK, president
of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of
fuel, catalysis and electrochemistry named after D.V. Sokolsky» (Almaty, Kazakhstan) H = 4

Scientific secretary

ABSADYKOYV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H=5
Editorial board:

ABSAMETOV Malis Kudysovich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, academician of NAS RK, director of the Akhmedsafin Institute of hydrogeology and
hydrophysics (Almaty, Kazakhstan) H=2

ZHOLTAEYV Geroy Zholtaevich, (deputy editor-in-chief), doctor of geological and mineralogical
sciences, professor, director of the institute of geological sciences named after K.I. Satpayev (Almaty,
Kazakhstan) H=2

SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska
University (Nebraska, USA) H = 32

ZELTMAN Reymar, Ph.D, head of research department in petrology and mineral deposits in the Earth
sciences section of the museum of natural history (London, England) H = 37

PANFILOV Mikhail Borisovich, doctor of technical sciences, professor at the Nancy University
(Nancy, France) H=15

SHEN Ping, Ph.D, deputy director of the Committee for Mining geology of the China geological
Society, Fellow of the American association of economic geologists (Beijing, China) H = 25

FISCHER Axel, Ph.D, associate professor, Dresden University of technology (Dresden, Germany) H=6

KONTOROVICH Aleksey Emilievich, doctor of geological and mineralogical sciences, professor,
academician of RAS, Trofimuk Institute of petroleum geology and geophysics SB RAS (Novosibirsk,
Russia) H=19

AGABEKOYV Vladimir Enokovich, doctor of chemistry, academician of NAS of Belarus, honorary
director of the Institute of chemistry of new materials (Minsk, Belarus) H= 13

KATALIN Stephan, Ph.D, associate professor, Technical university (Dresden, Berlin) H =20

SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor,
corresponding member of NAS RK, head of the laboratory of the Institute of geological sciences named
after K.I. Satpayev (Almaty, Kazakhstan) H=11

SAGINTAYEYV Zhanay, Ph.D, associate professor, Nazarbayev University (Nursultan, Kazakhstan)
H=11

FRATTINI Paolo, Ph.D, associate professor, university of Milano-Bicocca (Milan, Italy) H =28
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R.G. Sarmurzina', G.I. Boiko?*, N.P. Lyubchenko?, U.S. Karabalin',
G.Zh. Yeligbayeva?, N.S. Demeubayeva’

'WKAZENERGY» Association, Astana, Kazakhstan;
*Satbayev University, Almaty, Kazakhstan.
E-mail: g.boiko@satbayev.university

HYDROGEN OBTAINING FROM THE SYSTEM ACTIVATED ALUMINUM -
WATER

Abstract. New economically viable alloys have been developed that exclude the
use of scattered non-ferrous metals and contain Wood’s, Rose’s and Darcet’s alloys as
activator metals.

The applicability of Wood’s, Rose’s and Darcet’s eutectic alloys as activating
additives for activating aluminum and obtaining efficient environmentally friendly
sources of hydrogen production and storage has been theoretically substantiated and
experimentally confirmed.

The parameters of interaction of aluminum alloys activated with Darcet’s, Wood’s,
Rose’s alloys with water are optimized depending on the temperature, the amount of
the activating additive in the alloy, and the pH of the water.

The X-ray spectral analysis of the alloys was carried out on an X-Ray Innov-X
systems spectrometer. The microstructure of the alloy and its oxidation products
was studied using an energy-dispersive X-ray scanning electron microscope (SEM/
EDXs using an OXFORD INSTRUMENTS INCA ENERGY spectrometer mounted
on a JEOL Superprobe 733 electron probe microanalyzer at an accelerating voltage
of 25 kV and a probe current of 25 nA. Based on the analysis of the microstructure,
the phase components of the alloys at the Al grain boundaries were identified. X-ray
diffraction analysis of the reaction products of the alloys formed in various oxidizing
media was carried out on an automated DRON-3 diffractometer with Cu  radiation,
B-filter. Conditions for shooting diffraction patterns: U=35 kV; [=20 mA; shooting
0-20; detector 2 deg/min.

X-ray diffraction analysis on a semi-quantitative basis was carried out using
diffraction patterns of powder samples using the method of equal weights and artificial
mixtures. Quantitative ratios of crystalline phases were determined.

Key words: water, hydrogen, alloys, aluminum, activating additives, Wood, Rose,
Darcet alloys, oxidation, microstructure, XRF.
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P.I. Capmypsunal, I 1. Boiiko?’, H.II. JTio6uenko?, ¥.C. Kapatcamun!,
I.K. Exur6aesa?, H.C. Jlemey6aeBa’

'«KAZENERGY» KaybIMIacThIFel, AcTana, Kazakcran;
2CorbaeB yHuBepcureTi, Anmarsl, KazakcraH.
E-mail: g.boiko@satbayev.university

BEJICEHJIIPUITEH AJIJIOMUHM - CY )KYHECIHEH CYTEK AJTY

AnHoramus. [llambipaHkpl TYCTI METaIAapaAbl KOJIAHYIbI OOJIIBIPMAUTBIH JKOHE
aKTHBTEHJIIPTill MeTaAap perinae Kypambinaa Byn, Pose xone [apce KopbITHanapsl
0ap kaHa YKOHOMHUKAJIBIK THIMII KOpBITHANap a3ipyieHai. Bynrein, Pose sxone JlapceHin
3BTCKTHKAJIBIK KOPBITIAIAPBIHBIH ATIOMUHUII OSJICEHIIPY KOHE CYyTETiH OHIIIPY MEH
CaKTay[blH THUIMJI SKOJOTHMSJIBIK Ta3a Ke3[epiH ally YIIiH OeJICeHIIpyIlI Kocmajiap
peTiHAe KONJIaHy MYMKIHZIT TEOPHSIIBIK TYPFBIIAH HETI3MENiI, TOKipuOe Ky3iHie
pacTasbl.

Hapce, Byn, Po3e KopbITiagapbiMeH O€ICSHIIPIITCH aTFOMUHUN KOPBITIIa apbIHBIH
CYMEH OpeKeTTeCy IapaMeTpiiepl TeMIieparypara, KOPBITIIAJaFrbl aKTHBTCHIIPTIII
KOCIIaHBIH MeJIIIepiHe xoHe cyabiH pH neHreliine 0alaHbICThl OHTANIAHABIPBUIFaH.

KopeiTnanapaslqy peHTreHaik CrekTpiik Ttanmaybl X-Ray Innov-X kylieciHig
CHEKTpOMETpiHJe Kypri3inai. KopeITHaHbIH MHKPOKYPBUIBIMBI JKOHE OHBIH TOTBIFY
OHIMZIEP] SHEPrusi-IUCIEePCHSIIBIK PEHTTEHIIK CKaHEepJeyIi SJIEeKTPOHIBI MHKpPOC-
konthlH (SEM/EDXs) kemerimen JEOL Superprobe 733 »snekTpoH 30HABIHBIH
25 kB kbUIaMabIKIeH KepHeyl Mukpoananm3atopbiHa opHatbuiran OXFORD
INSTRUMENTS INCA ENERGY criekTpomMeTpi apKbUTbI 3epTTENIi XKOHE 30H/I TOTHI
25 HA. MEKpOKYpBUTBIMABI Tajnay Herizinme Al TyHipimikrepiHiH HIeKapachbHIaFbl
KOpBITHANAPBIH (a3aibIK KOMIIOHEHTTEPI aHBIKTANIBI. OPTY Pl TOTHIKTBIPFBIII OPTaa
TY3UITeH KOPBITIACHIHBIH PEAKIUs OHIMIEPIHIH PEHTTEHAIK JUPPAKIUSIBIK Talaaybl
Cu . coynenenyi, B-cysrici 6ap aBromarranapipeuiran DRON-3 mudpakromeTpinze
xyprizinmi. Andpakuusuiblk yariaepai tycipy maprrapei: U=35 kB; [=20 MA; aty 6-26;
JEeTEeKTOp 2 Tpajyc/MuH.

JKapreinait caHAbIK HETi3[e PEeHTIeHIIK AU(paKIusIbIK Taiaay Oipaei canmakrap
MeEH JKacaHIpl KOcmanap dJIiCiH KOJIJAaHy apKbUIbl YHTAK YITUIEpiHIH JTUQPaKISUTBIK
YIITiIEpiH KOoNAaHy apKbuTel xyprizinai. Kpucranaer daszanapibiH caHIBIK KaThIHACKHI
AHBIKTAJIIBL.

Tyiiin ce3mep: cy, cyreri, KopbITHanap, aJlOMHHWH, aKTUBTEHAIPTIII KOcIauap,
Byn, apce, Po3e KopeITHanapel, TOTHIFY, MUKPOKYPBLUTBEIM, PDA.
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MOJIYYEHUE BOJOPOJA N3 CUCTEMbI AKTUBUPOBAHHBIN
AJIOMMHMM - BOJA

AnnoTtanus. PazpaboTanbl HOBbIE SKOHOMHUECKH LIEIeCO00pa3HbIE CIUIABbI, HCKITIO-
Yarolye MPUMEHEHHE IBETHBIX PAaCCESHHBIX METAJIOB M COMAEpIKallhe B KauecTBe
METaJJIOB — aKTUBATOPOB ciiaBbl Byna, Poze u apce.

Teopetnueckn 000CHOBaHA M IKCIEPUMEHTAIBHO MOATBEPIKACHA MPUMEHHUMOCTD
3BTEKTHUYECKUX CIUIaBOB Byna, Po3e u Jlapce B kauecTBe aKTMBHPYIOIIUX 100ABOK JIJIst
AKTHBAI[UH AFOMUHUS U TTOYyYeHUS (P PEKTUBHBIX YKOJIOTHUECKH YHCTHIX HICTOYHUKOB
MIOJTyYEHHS U XpPaHEHHsI BOIOPO/Ia.

OnTUMH3MPOBAHBI MapaMeTpsl B3aUMOAEWUCTBUS CIIABOB AJFOMUHUS, aKTUBHPO-
BaHHBIX cruiaBamu [apce, Byna, Po3e ¢ Bomoil, B 3aBUCHMOCTH OT TEMIIEpaTyphl,
KOJIMYECTBA aKTUBHUPYIOIEi 100aBKH B ciiiaBe, pH BOIbI.

PenTrenocnextpanbHbIil aHaMHU3 CIUIABOB OCYIIECTBISUIM Ha crekTpomeTpe X-Ray
Innov-X systems. MUKpOCTpyKTypa CIUIaBa M NPOAYKTOB €0 OKHCIECHMS H3ydyeHa
METOZaMH CKaHUPYIOIIETO JJIEKTPOHHOTO MHKPOCKOMA C 3HEProAMCIIEPCHOHHBIM
pentrenoBckuM m3nydenrneM (COM/ EDXs) ¢ ucnons3zopanuem criekrpomerpa INCA
ENERGY ¢upmer OXFORD INSTRUMENTS, ycTaHOBIEHHOTO Ha 3JIEKTPOHHO-
30HOBBIN MuUKpoaHanu3zatop Superprobe 733, dupmer JEOL npu yckopsromiem
HanpsokeHnd 25 kB u Toke 30012 25 HA. Ha ocHOBe aHann3a MUKPOCTPYKTYPBI HIEHTH-
¢unmpoBaHbl (a3zoBble COCTABISIIONINE CIUIABOB HA rpaHunax 3epeH Al. Pentreno-
I(paKTOMETpUYECKHI aHAIH3 NPOJAYKTOB pEaKIMH CIUIABOB, OOpa3yroIIuXCs B
Pa3INYHBIX OKUCIUTENBHBIX CPEax, OCYIISCTBISUIN Ha aBTOMAaTH3UPOBAHHOM JTU(paK-
tomerpe JIPOH-3 ¢ Cu, — usnyuennem, B-Gpuibtp. YenoBus ChbeMKH IU(PpaKTOrpaMM:
U=35 kB; [=20 MA; chemka 0-20; nerextop 2 rpaja/MuH.

P®A Ha 1mos1yKoJIM4eCTBEHHOM OCHOBE OCYIIECTBIICH 0 JU(PPAKTOrpaMMaM IOPOIII-
KOBBIX MPO0 ¢ MPUMEHEHHEM METOJa PaBHBIX HABECOK M HCKYCCTBEHHBIX CMecei.
Onpeensinch KOJTUUECTBEHHBIC COOTHOIIICHUS! KPUCTAUIMYECKUX (a3,

KiroueBsble cioBa: Bozia, BOIOPO/, CIUIABBI, ATIOMUHHIN, aKTUBUPYIOIIUE T0OABKH,
criaBel Byna, Poze, [lapce, okucnenue, MUKpoCcTpyKTypa, POA.

Introduction. It is proposed to use aluminum (Kumar et. al., 2020; Trowell K.A. et.
al., 2020; Martina Pini et. al., 2020; He et. al., 2016 a) and its activated alloys (AAA)
as an alternative energy carrier that allows producing hydrogen and storing energy
(Sarmurzina et. al., 2015; He et. al., 2016 b, 2020 a; Qiao et. al., 2018; Du et. al., 2018;
Xiao et. al., 2018; Cundi Wei et.al., 2017, He et.al., 2020 b). Previously (Sarmurzina
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et.al., 2022), we studied the effect of an oxidizing medium (water, hydrogen peroxide,
sodium hydroxide, sulfuric and hydrochloric acid) on the yield and rate of hydrogen
evolution, as well as the composition of the resulting oxidation products of an activated
aluminum alloy containing activator metals: gallium, indium, tin (by 5% mass, alloy
Rau-85) depending on the temperature, as well as the fineness of the particles of the
alloy. It was concluded that the reactivity of the alloy with respect to water can be
controlled by changing the oxidizing environment by introducing appropriate additives
to water, changing their amount, as well as varying the temperature of the experiment
and the dispersion of particles. The composition of the resulting phases and their total
percentage depends on the temperature, the nature of the oxidizer used for the reaction.

The purpose of this study is to develop a simple in composition and method for
producing aluminum activated by the eutectics of low-melting metal alloys Wood, Rose
and Darcet to produce hydrogen, with a high, controlled completeness of gas evolution
and reducing the cost of the alloy.

Activating additives differ in the content of metals bismuth, tin, lead and cadmium.
In the case of activated aluminum, diffusion of activator metals into the deep layers of
aluminum occurs, opening the interface, causing cracking and destruction, which leads
to a sharp increase in the reaction surface and, accordingly, to an increase in the rate of
hydrogen evolution upon interaction with water. Alloys of Wood, Rosé and Darcet are
available commercial products. The melting temperature for Darcet and Rose alloys
is 94°C, Wood’s is 60-68.50C, respectively. Activated aluminum alloys are made by
melting and casting.

The replacement of In and Ga in the activated aluminum alloy by Wood’s, Rose’s,
and Darcet’s eutectic alloys made it possible to minimize production costs.

Methods and materials. Aluminum in granules GOST 295-98 was purchased from
JSC “Kazakhstan Electrolysis Plant”, the only aluminum producer in Kazakhstan, part
of the ERG group of companies (‘“Eurasian Group”).

Wood’s alloy is a fusible alloy, (composition: tin-12.5%; cadmium-12.5%; lead-
25%; Bismuth-50%), m = 60-68.5°C, p=9.720 g/cm®.

Rose’s alloy is a fusible alloy, composition: (tin-34%; lead-20%; Bismuth-46.0%).
t .= 94°C, p=7.6 g/cm’.

Darcet’s alloy (composition: Sn-25%; Pb-25%; Bi-50%) Melting point 94 °C
[Chemist’s Handbook 21. https//Chem. 21.info, ru; wikipedia.org/wiki].

Hydrochloric acid of analytical grade, boiling point of azeotropic mixture (20.22%
by mass) = 108.6 °C, p 1.16 (35%), was used without further purification.

Aluminum-based alloys for hydrogen production contain an additive that destroys
the aluminum oxide film and increases the reactivity of the alloy in water (Patent of RK
Ne34988; Patent of RK Ne34806; Patent of RK Ne 34807). According to (Patent of RK
Ne34806; Patent of RK Ne 34807) activating additive (% wt.) - 5-15; aluminum - the
rest.

The completeness of gas evolution is 98-100 wt.% when the alloy interacts with
water or 1-5% aqueous hydrochloric acid solution in the temperature range of 50° -
90°C. Aluminum alloys with an activating additive are prepared in an alundum crucible,
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on the bottom of which an alloy (Darcet, Rose or Wood) is placed in an amount of
5-15% by weight, and aluminum is placed on top in a SNOL 1300 muffle furnace at a
temperature of 850°C. As soon as the aluminum melts (temperature above 660°C), an
intensive mixing process begins due to induction currents. The duration of the heating-
holding-cooling cycle was 1 hour. The total duration of metal heating during heat
treatment is the sum of the heating time to a given temperature and the holding time
at this temperature. The material subjected to hardening acquires greater hardness and
brittleness. The contents of the crucible were poured into a mold cooled by running
water to prepare an ingot. A powder with specified particle sizes of 80-1250 um was
made from the ingot by changing the gap between the jaws of the crusher (mm): 1, 2,
5 and 10.

Aluminum alloys were characterized using an energy dispersive X-ray scanning
electron microscope (SEM/EDX). The X-ray spectral analysis of the alloy was carried
out on an X-Ray Innov-X systems X-ray fluorescence spectrometer, which makes it
possible to determine the elemental composition and metal content in the alloy with an
accuracy of 0.01% (Table 1).

Analysis of the elemental composition of the samples and photography in various
types of radiation were performed using an OXFORD INSTRUMENTS INCA ENERGY
energy) dispersive spectrometer mounted on a JEOL Superprobe 733 electron probe
microanalyzer at an accelerating voltage of 25 kV and a probe current of 25 nA.

X-ray diffraction analysis of the reaction products of alloys formed in various
oxidizing media was carried out on a DRON-3 automated diffractometer with Cu
radiation, B-filter. Conditions for shooting diffraction patterns: U=35 kV; [=20 mA;
shooting 0-20; detector 2 deg/min. X-ray phase analysis on a semi-quantitative basis
was performed on the basis of powder samples diffraction patterns using the method
of equal weights and artificial mixtures. Quantitative ratios of crystalline phases were
determined. The interpretation of the diffraction patterns was carried out using the data
from the ICDD file cabinet: PDF-2 powder diffraction data base and diffraction patterns
of minerals free from impurities.

Powder X-ray patterns were recorded on a D8 ADVANCE diffractometer (Bruker),
a-Cu tube voltage 40 kV, current 40 mA. Processing of the obtained data of diffraction
patterns and calculation of interplanar distances were carried out using the EVA
software. The interpretation of samples and the search for phases were carried out using
the Search/match program using the PDF-2 Powder Diffraction Data Base.

Thermogravimetric analysis (TGA) was carried out using thermogravimetry
(Q-1000/D derivatograph of the F.Paulik, J.Paulik and L.Erdey system of “MOM”
corp., with a heating rate of 10°C/min in a nitrogen gas atmosphere of 30 ml/min).

The volume of hydrogen released during the interaction of aluminum alloys
containing activating additives of Wood, Rose and Darcet alloys in various oxidizing
media was measured on a drum gas meter. All experiments were repeated at least three
times and were carried out at a temperature of 25, 60°C and a humidity of 60%. The
water heating temperature was measured with a thermometer with an accuracy of 0.1°C.
To bring the volume of gas that passed through the meter to normal conditions, the
following formula was used:
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V=Vt ((P+B)x(273+20))/(101325x(273+1)) (1)

where, V is the volume of gas measured by the meter and reduced to normal conditions
(temperature 20°C and pressure 101325 Pa), dm’; t is the temperature of the measured
gas, °C; V| - volume of gas measured by the meter at temperature t and pressure P, dm’;
P is the pressure of the gas passing through the meter, Pa; B - atmospheric pressure, Pa.
The rate of hydrogen evolution was calculated by the formula (ml/g*min):

Wi =15 2)

where V is the volume of released hydrogen, m is the weight of the alloy sample;

t is the time between two gas clock readings.

The theoretical volume of hydrogen was calculated based on the generation of 1.244
liters of hydrogen per 1 g of Al under standard conditions (273 K, 1 atm).

Results and discussion. X-ray spectral analysis of aluminum alloys obtained on
the X-Ray Innov-X systems spectrometer shown in Table 1 showed that the main
component of activated alloys is aluminum, the content of which ranges from 90% to
93.04%, the content of Sn, Cd, Pb and Bi correspond to the initial proportion of these
metals in alloys.

Table 1 - X-ray spectral analysis of aluminum alloys activated by metal activators

Alloys Ratio Content of metals, % .

Al Sn Cd Pb Bi
Al:Rose’s alloy 90:10 93,04 1,80 - 1,90 3,26
Al:Wood’s alloy 90:10 91,12 1,85 1,11 2,92 3,00
Al:Darcet’s alloy 90:10 90,0 1.25 0.02 1.20 2.98
Analysis on X-Ray spectrometer Innov-X systems

Figure 1 shows the surface of an aluminum alloy in secondary electrons activated by the Darcet alloy
at a ratio of Al:Darcet alloy = 90:10.

Figure 1. Image of the surface of an aluminum alloy in secondary electrons activated by the Darcet alloy
at a ratio Al: Darcet alloy = 90:10 a) in secondary electrons; b) in back-scattered electrons; c) detail of the
previous photo
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The contrast in back-scattered electron images (composition or Compo) depends
on the average atomic number of the mineral. The greater the concentration of heavy
elements in a grain area, the lighter it looks.

The results of elemental analysis of the surface of samples of aluminum alloys
activated by alloy eutectics by the EDXs method are shown in Figure 2-4 and Table 2.

Figure 2. Microphotographs of the surface of an aluminum alloy activated with a Rose alloy at
a ratio of Al: Rose alloy = 90:10 with a magnification: -x2000 and EDX spectra
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Figure 3. Micrographs of the surface of an aluminum alloy activated with Darcet alloy at a ratio Al:
Darcet alloy = 90:10 with magnification: a - x200; b-x2000 and EDX surface spectra
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Figure 4. Micrographs of the surface of an aluminum alloy activated by Wood’s alloy at a ratio of
Al:Wood’s alloy = 90:10 with magnification: a - x200; b-x2000 and EDX surface spectra

Table 2 - Results of elemental analysis of aluminum alloys by energy dispersive X-ray spectroscopy

Elements W, %
Alloy Al : Rose Alloy Al : Darcet Alloy Al : Wood

Al 56,58 57,31 54,63

8} 39,14 38,85 42,28

Bi 2,19 2,36 1,56

Pb 1,32 0,93 0,81

Sn 0,77 0,54 0,39

Cd - - 0,32

SEM - image of the surface of the alloy samples are shown

in Figure 5-10. The

studies made it possible to obtain a general picture of the alloy, a fractogram of the
fracture surface, the distribution of dissolved elements in the alloy and their content in
separate local areas of the sample with a microprobe with a diameter of 1 um (Figure
1). Lighter areas in the micrograph indicate the presence of liquid eutectics of activating
metals on aluminum grains (Sarmurzina et. al., 1988; He et. al., 2016b).

Figure 5. SEM image of the surface of an aluminum alloy activated with Rose alloy at the ratio Al:
Rose alloy = 90:10 at magnification: a-x2000; b-x5000; ¢ - x20 000

Figure 6. SEM image of the surface of an aluminum alloy activated by Wood’s alloy at a ratio
AlL:Wood’s alloy=90:10 at magnification: a-x2000; b-x5000; ¢ - x5000; g- x20 000
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Figure 7. Spectra of a bright white grain of an aluminum alloy activated by the Darcet alloy (ratio 90:10):
a) spectrum 1; b) spectrum 2; ¢) spectrum 3; d) spectrum 4.

Figure 8. Image of the surface of an aluminum alloy activated with a Rose alloy at a ratio of Al: Rose
alloy = 90:10 a) in secondary electrons; b) in back-scattered electrons; c) detail of the previous photo

Figure 9. Image of the surface of an aluminum alloy activated by Wood’s alloy at a ratio of Al:Wood’s
alloy=90:10 a) in secondary electrons; b) in back-scattered electrons; c) detail of the previous photo
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C
Figure 10. Spectra of a bright white grain of an aluminum alloy activated by Wood’s alloy (ratio 90:10):
a) spectrum 1; b) spectrum 2; ¢)- spectrum 3.

Table 3 - Results of X-ray elemental microanalysis of aluminum alloy grains activated with eutectics
of Darcet, Rose and Wood alloys, the ratio of aluminum to the activating additive is 90:10.

Spectrum | Grain Element content, mass. % Total
Al Sn Bi Pb
Aluminum Alloy Activated by Darcet Alloy
Spectrum 1 | bright white grain 12,06 75,47 12,47 100,00
Spectrum 2 | bright white grain 9,10 4,06 86,85 100,00
Spectrum 3 | bright white grain 7,41 84,32 8,27 100,00

Spectrum | Matrix gray in the photo | 100

Aluminum Alloy Activated by Rose Alloy

Spectrum | Grain Al Sn Bi Pb Total
Spectrum 1 | bright white grain 0,69 10,69 43,31 45,30 100,00
Spectrum 2 | bright white grain 1,25 10,897 46,79 41,08 100,00
Spectrum | Matrix gray in the photo | 100 100,00
Aluminum Alloy Activated by Wood Alloy
Spectrum | Grain Al Sn Bi Pb Cd Total
Spectrum 1 | bright white grain 25,83 0,66 50,99 11,62 10,90 |100,00
Spectrum 2 | bright white grain 10,83 14,46 53,10 20,99 0,62 100,00
Spectrum | Matrix gray in the photo | 100 100,00

Based on the data in Table 3, it can be concluded that bright white grains are
heterogeneous in composition, the activating components Sn, Bi, Pb, Cd in the
composition of the eutectic alloy participate in the formation of complex eutectics, have
different distributions in the volume and on the aluminum surface.
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X-ray phase analysis confirmed the eutectic nature of the alloys under study. However,
an interesting feature inherent in eutectic alloys was discovered here: the chemical
composition of the grain surface differs sharply from the chemical compositions in
the bulk of the grain, which indicates the appearance of interphase nonequilibrium
(Sarmurzina et. al., 1988).

XRD diffraction pattern of an aluminum alloy sample activated with Darcet alloy
(ratio 90:10) is shown in Figure 11.

[1H
]

Figure 11. XRD diffraction pattern of an aluminum alloy sample activated with Darcet alloy (ratio 90:10)

The phase composition according to the X-ray diffraction pattern of the Al alloy
sample: Darcet alloy is shown in Table 4.

Table 4 - Phase composition of the aluminum alloy activated by the Darcet alloy at a ratio of 90:10

Pattern Components Chemical formula Total Percentage, %
PDF 01-074-5276 Aluminum Tin Al10.975Sn0.025 88,4

PDF 01-081-3929 lead bismuthide Bismuth | Pb0.05Bi0.95 43

PDF 03-065-0296 Tin, syn Sn 32

PDF 01-072-5625 Bismuth Lead Bi0.3Pb0.7 2,4

PDF 00-026-0215 Bismuth Lead PbBi 1,7

According to XRD data (Table 4), the phase composition of the activated aluminum
alloy includes phases of intermetallic compounds of various compositions: Aluminum
Tin, A10.975Sn0.025, lead bismuthide Bismuth Pb0.05Bi0.95, Bismuth Lead Bi0.3Pb0.7,
Bismuth Lead PbBi and Tin, syn Sn.

To obtain information on the melting temperatures of activated aluminum alloys, the
method of differential scanning calorimetry was used. The results of thermal analysis
are shown in Figure 12. DSC and TG curves are relatively identical for aluminum alloys
activated with Rose and Wood’s alloys, respectively (Figures 25.26). An analysis of the
DSC curves showed that at temperatures of 668 and 670°C, an endothermic thermal
effect is observed, which corresponds to the melting temperature of the aluminum alloy.
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Figure 12. DSC / TG curves of aluminum activated by a) Rose alloy, b) Wood (ratio 90:10)

The reactivity of activated aluminum alloys with respect to distilled water in terms
of hydrogen evolution was studied depending on the temperature, the amount of the
activating additive in the alloy, and the pH of the water.

Tables 5 and 6 provide information on the volumes of hydrogen evolution under
various conditions and the rates of hydrogen evolution.

Table 5 - The volume of hydrogen released during the interaction of water with aluminum activated by
Wood’s, Rose, Darcet alloys at various temperatures and the amount of activating additive

Aluminum alloy Volume of released hydrogen, sm®
50°C 70°C 90°C
Amount of activa- Amount of Amount of activating
ting additive,% | activating additive,% additive,%

5 10 15 5 10 15 5 10 15
Aluminum Activated by Wood Alloy | 98 82 85 153 | 128,3| 165 | 394 | 280 | 359
Aluminum Activated by Darcet Alloy | 47 | 118 | 80 | 79,5 | 600 |121,7 | 133 | 690 | 393
Aluminum Activated by Rose Alloy 44 | 46,7 | 50 |125,7|149,1 52,6 126,9 | 300 | 122,3

The amount of released hydrogen and the release rate increase with increasing
temperature from 50 to 90°C and depend on the percentage of the alloy. It was found
that the optimum temperature for the interaction of alloys with distilled water is 90°C,
the content of the activating additive in the alloy is 10-15 wt%. For aluminum alloys
activated by Darcet and Wood alloys, the optimal ratio is Al:alloy = 85:15.

When the ratio of components in the alloy Al: Wood’s alloy=95:5, the volume of
released hydrogen is 394 ml. The evolution of hydrogen upon interaction with water at
the maximum rate occurs for the first time in 10 minutes of the reaction at all ratios of
components in the alloy at 90°C and is 128-200 ml/g*min.

An increase in the reaction temperature makes it possible to reduce the amount of
the activating additive.

For alloy Al: Rose alloy, the volume of released hydrogen at a ratio of 90:10 does
not exceed 280-300 ml, aluminum conversion under these conditions reaches 25-28%
depending on the composition of the activated alloy.

At a temperature of 90°C, the largest volume of released hydrogen is observed for
an alloy of composition Al: Darcet alloy, at a ratio of 90:10, the volume of released
hydrogen is 690 cm®.
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The maximum rate of hydrogen evolution of the alloy upon interaction with water at
all ratios of components in the alloy is set at 90°C.

With an aluminum to alloy ratio of 85:15 for alloy Al: Wood’s alloy is 200 ml/g*min,
for alloy Al: Rose alloy -100 ml/g*min and 140 ml/g*min for alloy Al: Darcet alloy
(table 6).

The average rate of H2 generation under these conditions is for alloy Al: Darcet
alloy - 59 ml/g*min, Al: Woods alloy - 29 ml/g*min and Al: Rose alloy - 20 ml/g*min.

Table 6 - The maximum rate of hydrogen evolution during the interaction of aluminum activated by
Wood’s, Rose, Darcet alloys with distilled water

Aluminum alloy Maximum gas evolution rate, ml/g:min

90°C 70°C 50°C
Amount of activa- | Amount of activating | Amount of activa-
ting additive,% additive,% ting additive,%

5 10 | 15 5 10 15 5 10 15
Aluminum Activated by Wood Alloy | 128 | 160 | 200 | 90 116 80 18 | 24 20
Aluminum Activated by Darcet Alloy | 70 | 120 | 100 | 66 114 20 5 10 10
Aluminum Activated by Rose Alloy | 120 | 60 | 140 | 20 20 40 4 8 20

It was found that lowering the pH by adding HCI to distilled water increases the
volumetric yield of hydrogen 5 times higher from 200 ml to 1100 ml and the average
rate of hydrogen evolution from 20.5 to 100 ml/g*min (Fig.30-32).

The hydrogen yield increases with increasing HCI concentration and corresponds to
the theoretically calculated value. The rates of hydrogen release for aluminum alloys
activated by Wood and Rose alloys are almost equal, the conversion of aluminum
reaches 100%, the volume of H, released during the reaction of the alloy with acidified
water reaches the theoretically calculated value at a lower temperature (70°C).

Comparative kinetic curves of hydrogen evolution during the interaction of
aluminum activated with the Rose alloy with distilled water and acidified water (1%
HCI solution) at a temperature of 90°C, shown in Figure 13, indicate that the reactivity
of the alloy increases significantly when it interacts with acidified distilled water, the
hydrogen yield increases to the theoretically possible and amounts to 1180 ml over a
period of time.

Figure 13. Comparative kinetic curves of hydrogen evolution during the interaction of aluminum
alloys activated by Rose and Wood alloys with distilled water and aqueous HCl solutions at a temperature
of 90°C
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In a hydrochloric acid medium, electrolytic dissociation shifts towards the formation
of hydrated ions, hydronium ion H,O" and OH- (irreversible stage), hydronium ion H,0"
is an active oxidizing agent.

The conversion of aluminum reaches 99 - 100% at a temperature of 90°C and the
content of the activating additive in the alloy is 10%. The process ends within 10-15
minutes of the reaction, average speed reaches 100-102 ml/g*min, while without acid
the average rate of hydrogen evolution is 20-59 ml/g*min.

When the pH of water is reduced by the addition of hydrochloric acid to values
below zero, the volumetric yield of hydrogen increases and reaches 99% relative to the
theoretical one, and the heat is 33712 kJ/kg.

The average rate of hydrogen evolution during the interaction of aluminum activated
with Wood’s alloy, Rose and Darcet, depending on temperature and HCl concentration
for 10 minutes, is shown in Figures 14,15.
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Figure 14. Average release rate of H2, during the interaction of the activated alloy Al: Wood’s alloy
depending on temperature and HCI concentration (within 10 minutes)

Thus, it has been shown that the higher the temperature and acidity of water, the
greater the rate of hydrogen evolution over the same period of time. In a hydrochloric
acid medium, the electrolytic dissociation of water shifts towards the formation of
hydrated ions - hydroxonium ion H,O * and OH" (irreversible stage). Hydronium ion
H,O" is an active oxidant. The increase in speed is also due to an increase in electrical
conductivity with an increase in the acidity of the medium. In terms of the rate of
hydrogen evolution in acidified water, aluminum alloys containing Wood, Rose and
Darcet alloys as an activating additive are not inferior to an alloy based on aluminum
activated with indium, gallium and tin.

SEM with EDXs was used to study the microstructure and phase components of the
resulting products during the interaction of alloys with water as a function of temperature.
The complex of these methods provides sufficient and objective information about the
composition of the studied objects.
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The results of semi-quantitative XRF analysis of crystalline phases of the reaction
products of aluminum activated by Wood, Rose and Darcet alloys with water in

comparison with the Rau-85 reagent are shown in Table 7.

120

100

Average rate of gas evolution in 10 min,
ml/g*min
o

Rose's metal-10 90°C 5%..
Rose's metal-5 70°C 5% HCI

Rose's metal-10 70°C 5%..
Rose's metal-10 50°C 5%..
Rose's metal-5 90°C 1% HCl
Rose's metal-10 90°C 1%..
Rose's metal-5 70°C 1% HCI
Rose's metal-10 70°C 1%..
Rose's metal-5 50°C 1% HCI
Rose's metal-10 50°C 1%..
Rose's metal-5 90°C..
Rose's metal-10 90°C...

Rose's metal-5 90°C..
Rose's metal-10 90°C..
Rose's metal-15 90°C...

Rose's metal-5 70°C...
Rose's metal-10 70°C...
Rose's metal-15 70°C..

Rose's metal-5 50°C..

Rose's metal-10 50°C
Rose's metal-15 50°C...

Figure 15. Average rate of hydrogen evolution during the interaction of activated Al alloy: Rose alloy
depending on temperature and HCI concentration (within 10 minutes)

Table 7 - Results of X-ray phase analysis of the reaction products of aluminum alloys activated by
Wood’s, Rose and Darcet alloys with distilled water at 60°C (the alloy is crushed in a crusher)

Alloys Pattern Components Chemical formula | Total percentage [%]
Rau 85 PDF 85-1327 | Aluminum Al 49,34
PDF 01-077-2745 | Indium Tin (In3 Sn) 0.5 23,17
PDF 01-073-9037 | Indium Tin In0.1818 18,34
Sn0.8182
PDF 49-0133 | Aluminum Oxide Hydroxide | Al O (O H) 9,15
Al:Rose’s PDF 85-1327 Aluminum Al 49,34
alloy | PDF 01-072-5625 | Bismuth Lead Bi0.3 Pb0.7 11,30
90:10 PDF 75-0993 | Bismuth Oxide Bi2 02.7 2,94
PDF 27-0054 | Bismuth Oxide BiO 4,80
PDF 44-1246 |Bismuth Bi 14,64
PDF 53-0652 Lead Bismuth Oxide Pb5 Bi8 O17 8,51
PDF 49-0133 | Aluminum Oxide Hydroxide | AIO(O H) 19,03
Al:Wood’s PDF 85-1327 Aluminum Al 36,78
alloy PDF 01-072-5625 | Bismuth Lead (Bi0.3 Pb0.7) 19,43
90:10 PDF 44-1246 | Bismuth Bi 14,94
PDF 49-0133 | Aluminum Oxide Hydroxide | Al O (OH) 28,85
Al:Darcet’s PDF 85-1327 | Aluminum Al 28,88
alloy PDF 01-0709 | Bismuth Oxide Bi2 03 6,83
90:10 PDF 75-0993 | Bismuth Oxide Bi2 02.7 6,82
PDF 82-1317 |Bismuth Lead Oxide Bi24 Pb2 040 5,70
PDF 00-059-0331 | Bismuth Oxide Bi2 O3 5,11
PDF 01-085-1329 | Bismuth, syn Bi 13,45
PDF 50-0870 |Lead Bismuth Oxide Pb7 Bi6 O16 9,34
PDF 53-0652 | Lead Bismuth Oxide Pb5 Bi8 017 8,95
PDF 49-0133 | Aluminum Oxide Hydroxide |AlIO (O H) 14,92
Analysis on a powder diffractometer D8 Advance (Bruker)
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According to XRD data (Table 7), the phase composition of the reaction products of
aluminum activated with Rose, Wood and Darcet alloys, their total percentage content
differs significantly both in the number of phases and in their content.

The reaction products include intermetallic compounds of various compositions:
Lead Bismuth Oxide Pb5 Bi8 O17 and Pb7Bi16016, Bismuth Lead Oxide Bi24Pb2040
were found for aluminum alloys activated by Rose and Darcet alloys, respectively, for
all three Bismuth Oxide alloys with the compositions Bi2 02.7, Bi O, Bi2 O3 and
Bismuth, syn Bi and Aluminum Oxide Hydroxide - A1IO(O H).

The results indicate an incomplete reaction and are consistent with the kinetic data
for hydrogen evolution given above.

The reaction products contain the original aluminum. The diffraction patterns of the
samples contain a mixture of crystalline and amorphous phases.

Conclusion. New economically expedient alloys have been developed that exclude
the use of non-ferrous dispersed metals and contain eutectic alloys of Wood, Rose and
Darcet as activator metals.

The parameters of interaction of aluminum alloys activated with Darcet, Wood,
Rose alloys with water are optimized depending on the temperature, the amount of
the activating additive in the alloy, and the pH of the water. The completeness of gas
evolution (gas production for the developed alloys at the optimal ratio of alloy: activating
additive 90:10 was 98-99%. Hydrogen evolution during the interaction of the alloy with
water occurs at a maximum rate at 90°C. The amount of hydrogen released and the
rate of evolution increase with increasing temperature from 50 to 90°C and depend on
the percentage of the activating additive in the alloy. Hydrogen evolution during the
interaction of the alloy with water at a maximum rate occurs at 90°C.

The work was carried out at the expense of grant funding from the Ministry of
Education and Science of the Republic of Kazakhstan IRN AR09260008.
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