
ИЗВЕСТИЯ
НАЦИОНАЛЬНОЙ АКАДЕМИИ 
НАУК  РЕСПУБЛИКИ
КАЗАХСТАН
Satbayev University

N E W S
OF THE ACADEMY OF SCIENCES 

OF THE REPUBLIC OF 
KAZAKHSTAN 

Satbayev University

ISSN 2518-170X (Online) 
ISSN 2224-5278 (Print)

ҚАЗАҚСТАН РЕСПУБЛИКАСЫ
ҰЛТТЫҚ ҒЫЛЫМ АКАДЕМИЯСЫ

Satbayev University

Х А Б А Р Л А Р Ы

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

6 (456)
NOVEMBER – DECEMBER 2022

THE  JOURNAL  WAS  FOUNDED  IN  1940 

PUBLISHED 6 TIMES A YEAR

ALMATY,  NAS RK



2

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

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.

Қазақстан Республикасы Ұлттық ғылым академиясы «ҚР ҰҒА Хабарлары. Геология және 
техникалық ғылымдар сериясы» ғылыми журналының Web of Science-тің жаңаланған 
нұсқасы Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. 
Бұл индекстелу барысында Clarivate Analytics компаниясы журналды одан әрі the Science 
Citation Index Expanded, the Social Sciences Citation Index және the Arts & Humanities 
Citation Index-ке қабылдау мәселесін қарастыруда. Webof Science зерттеушілер, 
авторлар, баспашылар мен мекемелерге контент тереңдігі мен сапасын ұсынады. ҚР 
ҰҒА Хабарлары. Геология және техникалық ғылымдар сериясы Emerging Sources Citation 
Index-ке енуі біздің қоғамдастық үшін ең өзекті және беделді геология және техникалық 
ғылымдар бойынша контентке адалдығымызды білдіреді.

НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 
наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии 
Web of Science. Содержание в этом индексировании находится в стадии рассмотрения 
компанией Clarivate Analytics для дальнейшего принятия журнала в the Science Citation 
Index Expanded, the Social Sciences Citation Index и the Arts & Humanities Citation Index. Web 
of Science предлагает качество   и  глубину   контента   для   исследователей,  авторов,  
издателей  и  учреждений. Включение Известия НАН РК. Серия геологии и технических 
наук в Emerging Sources Citation Index демонстрирует нашу приверженность к наиболее 
актуальному и влиятельному контенту по геологии и техническим наукам для нашего 
сообщества.
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Бас редактор
ЖҰРЫНОВ Мұрат Жұрынұлы, химия ғылымдарының докторы, профессор, ҚР ҰҒА 

академигі, Қазақстан Республикасы Ұлттық Ғылым академиясының президенті, АҚ «Д.В. 
Сокольский атындағы отын, катализ және электрохимия институтының» бас директоры (Алматы, 
Қазақстан) H = 4

Ғылыми хатшы
АБСАДЫКОВ Бахыт Нарикбайұлы, техника ғылымдарының докторы, профессор, ҚР ҰҒА 

жауапты хатшысы, А.Б. Бектұров атындағы химия ғылымдары институты (Алматы, Қазақстан) H = 5
Р е д а к ц и я л ы қ  а л қ а:

ӘБСАМЕТОВ Мәліс Құдысұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, ҚР ҰҒА академигі, «У.М. Ахмедсафина атындағы 
гидрогеология және геоэкология институтының» директоры (Алматы, Қазақстан) H = 2

ЖОЛТАЕВ Герой Жолтайұлы (бас редактордың орынбасары), геология-минералогия 
ғылымдарының докторы, профессор, Қ.И. Сатпаев тындағы геология ғылымдары институтының 
директоры (Алматы, Қазақстан) Н=2

СНОУ Дэниел, Рһ.D, қауымдастырылған профессор, Небраска университетінің Су ғылымдары 
зертханасының директоры (Небраска штаты, АҚШ) H = 32

ЗЕЛЬТМАН Реймар, Рһ.D, табиғи тарих мұражайының Жер туралы ғылымдар бөлімінде 
петрология және пайдалы қазбалар кен орындары саласындағы зерттеулердің жетекшісі (Лондон, 
Англия) H = 37

ПАНФИЛОВ Михаил Борисович, техника ғылымдарының докторы, Нанси университетінің 
профессоры (Нанси, Франция) Н=15

ШЕН Пин, Рһ.D, Қытай геологиялық қоғамының тау геологиясы комитеті директорының орын-
басары, Американдық экономикалық геологтар қауымдастығының мүшесі (Пекин, Қытай) H = 25

ФИШЕР Аксель, Ph.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) Н = 6

КОНТОРОВИЧ Алексей Эмильевич, геология-минералогия ғылымдарының докторы, 
профессор, РҒА академигі, А.А. Трофимука атындағы мұнай-газ геологиясы және геофизика 
институты (Новосибирск, Ресей) H = 19

АГАБЕКОВ Владимир Енокович, химия ғылымдарының докторы, Беларусь ҰҒА академигі, 
Жаңа материалдар химиясы институтының құрметті директоры (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Рһ.D, Дрезден техникалық университетінің қауымдастырылған профессоры 
(Дрезден, Берлин) H = 20

СЕЙТМҰРАТОВА Элеонора Юсуповна, геология-минералогия ғылымдарының докторы, 
профессор, ҚР ҰҒА корреспондент-мүшесі, Қ.И. Сатпаев атындағы Геология ғылымдары институты 
зертханасының меңгерушісі (Алматы, Қазақстан) Н=11

САҒЫНТАЕВ Жанай, Ph.D, қауымдастырылған профессор, Назарбаев университеті (Нұр-
Сұлтан, Қазақстан) H = 11

ФРАТТИНИ Паоло, Рһ.D, Бикокк Милан университеті қауымдастырылған профессоры (Милан, 
Италия) H = 28



4

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

«Известия НАН РК. Серия геологии и технических наук».
ISSN 2518-170X (Online), 
ISSN 2224-5278 (Print)
Собственник: Республиканское общественное объединение «Национальная академия наук 
Республики Казахстан» (г. Алматы).
Свидетельство о постановке на учет периодического печатного издания в Комитете информации 
Министерства информации и общественного развития Республики Казахстан № KZ39VPY00025420, 
выданное 29.07.2020 г.
Тематическая направленность: геология, химические технологии переработки нефти и газа, 
нефтехимия, технологии извлечения металлов и их соеденений.
Периодичность: 6 раз в год. 
Тираж: 300 экземпляров.
Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, оф. 219, тел.: 272-13-19
http://www.geolog-technical.kz/index.php/en/

© Национальная академия наук Республики Казахстан, 2022
Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75.

Главный редактор
ЖУРИНОВ Мурат Журинович, доктор химических наук, профессор, академик НАН РК, 

президент Национальной академии наук Республики Казахстан, генеральный директор АО 
«Институт топлива, катализа и электрохимии им. Д.В. Сокольского» (Алматы, Казахстан) H = 4

Ученный секретарь
АБСАДЫКОВ Бахыт Нарикбаевич, доктор технических наук, профессор, ответственный 

секретарь НАН РК, Институт химических наук им. А.Б. Бектурова (Алматы, Казахстан) H = 5
Р е д а к ц и о н н а я  к о л л е г и я:

АБСАМЕТОВ Малис Кудысович, (заместитель главного редактора), доктор геологомине ра ло-
гических наук, профессор, академик НАН РК, директор Института гидрогеологии и геоэкологии им. 
У.М. Ахмедсафина (Алматы, Казахстан) H = 2

ЖОЛТАЕВ Герой Жолтаевич, (заместитель главного редактора), доктор геологоминерало-
ги ческих наук, профессор, директор Института геологических наук им. К.И. Сатпаева (Алматы, 
Казахстан) Н=2

СНОУ Дэниел, Ph.D, ассоциированный профессор, директор Лаборатории водных наук универ-
ситета Небраски (штат Небраска, США) H = 32

ЗЕЛЬТМАН Реймар, Ph.D, руководитель исследований в области петрологии и месторождений 
полезных ископаемых в Отделе наук о Земле Музея естественной истории (Лондон, Англия) H = 37

ПАНФИЛОВ Михаил Борисович, доктор технических наук, профессор Университета Нанси 
(Нанси, Франция) Н=15

ШЕН Пин, Ph.D, заместитель директора Комитета по горной геологии Китайского геологического 
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ФИШЕР Аксель, ассоциированный профессор, Ph.D, технический университет Дрезден 
(Дрезден, Берлин) H = 6

КОНТОРОВИЧ Алексей Эмильевич, доктор геолого-минералогических наук, профессор, 
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директор Института химии новых материалов (Минск, Беларусь) H = 13

КАТАЛИН Стефан, Ph.D, ассоциированный профессор, Технический университет (Дрезден, 
Берлин) H = 20

СЕЙТМУРАТОВА Элеонора Юсуповна, доктор геолого-минералогических наук, профессор, 
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(Милан, Италия) H = 28



5

ISSN 2224-5278                                                                                                                  6. 2022

News  of  the  National  Academy  of  Sciences  of  the  Republic  of  Kazakhstan.  Series  of  geology  
and technology sciences.
ISSN 2518-170X (Online), 
ISSN 2224-5278 (Print)
Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the 
Ministry of Information and Social Development of the Republic of Kazakhstan No. KZ39VPY00025420, 
issued 29.07.2020.
Thematic scope: geology, chemical technologies for oil and gas processing, petrochemistry, technologies 
for extracting metals and their connections.
Periodicity: 6 times a year. 
Circulation: 300 copies.
Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19
http://www.geolog-technical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2022
Address of printing house: ST «Aruna», 75, Muratbayev str, Almaty.

Editorial chief
ZHURINOV 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
ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of 

NAS RK, Bekturov Institute of chemical sciences (Almaty, Kazakhstan) H = 5
E d i t o r i a l  b o a r d:

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

ZHOLTAEV 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) Н=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) Н=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

AGABEKOV 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) Н=11

SAGINTAYEV 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



196

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan
NEWS of the National  Academy of Sciences of the Republic of Kazakhstan 
SERIES OF GEOLOGY AND TECHNICAL SCIENCES
ISSN 2224-5278
Volume 6, Number 456 (2022), 196-213
https://doi.org/10.32014/2518-170X.249
UDC 661.961.1.662.796. 2. 542.76

R.G. Sarmurzina1, G.I. Boiko2*, N.P. Lyubchenko2, U.S. Karabalin1, 
G.Zh. Yeligbayeva2, N.S. Demeubayeva2

1«KAZENERGY» Association, Astana, Kazakhstan;
2Satbayev University, Almaty, Kazakhstan.
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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 К  radiation, 
β-filter. Conditions for shooting diffraction patterns: U=35 kV; I=20 mA; shooting 
θ-2θ; 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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БЕЛСЕНДІРІЛГЕН АЛЮМИНИЙ - СУ ЖҮЙЕСІНЕН СУТЕК АЛУ

Аннотация. Шашыраңқы түсті металдарды қолдануды болдырмайтын және 
активтендіргіш металдар ретінде құрамында Вуд, Розе және Дарсе қорытпалары 
бар жаңа экономикалық тиімді қорытпалар әзірленді. Вудтың, Розе және Дарсенің 
эвтектикалық қорытпаларының алюминийді белсендіру және сутегін өндіру мен 
сақтаудың тиімді экологиялық таза көздерін алу үшін белсендіруші қоспалар 
ретінде қолдану мүмкіндігі теориялық тұрғыдан негізделіп, тәжірибе жүзінде 
расталды.

Дарсе, Вуд, Розе қорытпаларымен белсендірілген алюминий қорытпаларының 
сумен әрекеттесу параметрлері температураға, қорытпадағы активтендіргіш 
қоспаның мөлшеріне және судың рН деңгейіне байланысты оңтайландырылған.

Қорытпалардың рентгендік спектрлік талдауы X-Ray Innov-X жүйесінің 
спектро метрінде жүргізілді. Қорытпаның микроқұрылымы және оның тотығу 
өнімдері энергия-дисперсиялық рентгендік сканерлеуші   электронды микрос-
коптың (SEM/EDXs) көмегімен JEOL Superprobe 733 электрон зондының 
25 кВ жылдамдықпен кернеуі микроанализаторына орнатылған OXFORD 
INSTRUMENTS INCA ENERGY спектрометрі арқылы зерттелді және зонд тогы 
25 нА. Микроқұрылымды талдау негізінде Al түйіршіктерінің шекарасындағы 
қорытпалардың фазалық компоненттері анықталды. Әртүрлі тотықтырғыш ортада 
түзілген  қорытпасының реакция өнімдерінің рентгендік дифракциялық талдауы 
Cu К  сәулеленуі, β-сүзгісі бар автоматтандырылған DRON-3 дифрактометрінде 
жүргізілді. Дифракциялық үлгілерді түсіру шарттары: U=35 кВ; I=20 мА; ату θ-2θ; 
детектор 2 градус/мин.

Жартылай сандық негізде рентгендік дифракциялық талдау бірдей салмақтар 
мен жасанды қоспалар әдісін қолдану арқылы ұнтақ үлгілерінің дифракциялық 
үлгілерін қолдану арқылы жүргізілді. Кристалды фазалардың сандық қатынасы 
анықталды.

Түйін сөздер: су, сутегі, қорытпалар, алюминий, активтендіргіш қоспалар, 
Вуд, Дарсе, Розе қорытпалары, тотығу, микроқұрылым, РФА.
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ПОЛУЧЕНИЕ ВОДОРОДА ИЗ СИСТЕМЫ АКТИВИРОВАННЫЙ 
АЛЮМИНИЙ - ВОДА

Аннотация. Разработаны новые экономически целесообразные сплавы, исклю-
чающие применение цветных рассеянных металлов и содержащие в качестве 
металлов – активаторов сплавы Вуда, Розе и Дарсе. 

Теоретически обоснована и экспериментально подтверждена применимость 
эвтектических сплавов Вуда, Розе и Дарсе в качестве активирующих добавок для 
активации алюминия и получения эффективных экологически чистых источников 
получения и хранения водорода.  

Оптимизированы параметры взаимодействия сплавов алюминия, активиро-
ванных сплавами Дарсе, Вуда, Розе с водой, в зависимости от температуры, 
количества активирующей добавки в сплаве, рН воды.

Рентгеноспектральный анализ сплавов осуществляли на спектрометре X-Ray 
Innov-Х systems. Микроструктура сплава и продуктов его окисления изучена 
методами сканирующего электронного микроскопа с энергодисперсионным 
рент геновским излучением (СЭМ/ EDXs) с использованием спектрометра INCA 
ENERGY фирмы OXFORD INSTRUMENTS, установленного на электронно-
зондовый микроанализатор Superprobe 733, фирмы JEOL при ускоряющем 
напряжении 25 кВ и токе зонда 25 нА. На основе анализа микроструктуры иденти-
фицированы фазовые составляющие сплавов на границах зерен Al. Рентгено-
дифрактометрический анализ продуктов реакции сплавов, образующихся в 
различных окислительных средах, осуществляли на автоматизированном дифрак-
тометре ДРОН-3 с CuК – излучением, β-фильтр. Условия съемки дифрактограмм: 
U=35 кВ; I=20 мА; съемка θ-2θ; детектор 2 град/мин.

РФА на полуколичественной основе осуществлен по дифрактограммам порош-
ковых проб с применением метода равных навесок и искусственных смесей. 
Определялись количественные соотношения кристаллических фаз.

Ключевые слова: вода, водород, сплавы, алюминий, активирующие добавки, 
сплавы Вуда, Розе, Дарсе, окисление, микроструктура, РФА.

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℃, Wood’s is 60-68.5оС, 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%), mp= 60-68.5°C, ρ=9.720 g/cm³.

Rose’s alloy is a fusible alloy, composition: (tin-34%; lead-20%; Bismuth-46.0%). 
tmelt = 94°С, ρ=7.6 g/cm³.

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, ρ 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 
№34988; Patent of RK №34806; Patent of RK № 34807). According to (Patent of RK 
№34806; Patent of RK № 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 µm 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 К  
radiation, β-filter. Conditions for shooting diffraction patterns: U=35 kV; I=20 mA; 
shooting θ-2θ; 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), 
α-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 ((Р+В)х(273+20))/(101325x(273+t))                                                      (1)

where, V is the volume of gas measured by the meter and reduced to normal conditions 
(temperature 20°C and pressure 101325 Pa), dm3; t is the temperature of the measured 
gas, °C; Vt - volume of gas measured by the meter at temperature t and pressure Р, dm3; 
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):        

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:

V=Vt ((Р+В)х(273+20))/(101325x(273+t)) (1)

where, V is the volume of gas measured by the meter and reduced to normal conditions (temperature
20°C and pressure 101325 Pa), dm3; t is the temperature of the measured gas, °C; Vt - volume of gas measured
by the meter at temperature t and pressure Р, dm3; 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):

       Wн = V
m∆t

       (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 AI:Darcet
alloy = 90:10.

a b c
Figure 1. Image of the surface of an aluminum alloy in secondary electrons activated by the Darcet alloy at a ratio AI: Darcet alloy = 

90:10 a) in secondary electrons; b) in back-scattered electrons; c) detail of the previous photo

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.
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Alloys Ratio 
Content of metals, %

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

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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where, V is the volume of gas measured by the meter and reduced to normal conditions (temperature
20°C and pressure 101325 Pa), dm3; t is the temperature of the measured gas, °C; Vt - volume of gas measured
by the meter at temperature t and pressure Р, dm3; 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):
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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 AI:Darcet
alloy = 90:10.
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Figure 1. Image of the surface of an aluminum alloy in secondary electrons activated by the Darcet alloy at a ratio AI: Darcet alloy = 

90:10 a) in secondary electrons; b) in back-scattered electrons; c) detail of the previous photo

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 1. Image of the surface of an aluminum alloy in secondary electrons activated by the Darcet alloy 
at a ratio AI: 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 AI: Rose alloy = 90:10 with
a magnification: -x2000 and EDX spectra

a b

Figure 3. Micrographs of the surface of an aluminum alloy activated with Darcet alloy at a ratio AI: Darcet alloy = 90:10 with
magnification: a - x200; b-x2000 and EDX surface spectra

a b

Figure 2. Microphotographs of the surface of an aluminum alloy activated with a Rose alloy at 
a ratio of AI: Rose alloy = 90:10 with a magnification: -x2000 and EDX spectraFigure 2. Microphotographs of the surface of an aluminum alloy activated with a Rose alloy at a ratio of AI: Rose alloy = 90:10 with

a magnification: -x2000 and EDX spectra

  a b

Figure 3. Micrographs of the surface of an aluminum alloy activated with Darcet alloy at a ratio AI: Darcet alloy = 90:10 with
magnification: a - x200; b-x2000 and EDX surface spectra

a b

Figure 3. Micrographs of the surface of an aluminum alloy activated with Darcet alloy at a ratio AI: 
Darcet alloy = 90:10 with magnification: a - x200; b-x2000 and EDX surface spectra

Figure 2. Microphotographs of the surface of an aluminum alloy activated with a Rose alloy at a ratio of AI: Rose alloy = 90:10 with
a magnification: -x2000 and EDX spectra

a b

Figure 3. Micrographs of the surface of an aluminum alloy activated with Darcet alloy at a ratio AI: Darcet alloy = 90:10 with
magnification: a - x200; b-x2000 and EDX surface spectra

      a b
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Figure 4. Micrographs of the surface of an aluminum alloy activated by Wood's alloy at a ratio of AI: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
O 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 μm (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).

a b c
Figure 5. SEM image of the surface of an aluminum alloy activated with Rose alloy at the ratio AI: Rose alloy = 90:10 at

magnification: a-x2000; b-x5000; c - x20 000

a b c d
Figure 6. SEM image of the surface of an aluminum alloy activated by Wood's alloy at a ratio AI:Wood's alloy=90:10 at

magnification: a-x2000; b-x5000; c - x5000; g- x20 000

Figure 4. Micrographs of the surface of an aluminum alloy activated by Wood’s alloy at a ratio of 
AI: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
O 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 μm (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 4. Micrographs of the surface of an aluminum alloy activated by Wood's alloy at a ratio of AI: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
O 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 μm (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).

a b c
Figure 5. SEM image of the surface of an aluminum alloy activated with Rose alloy at the ratio AI: Rose alloy = 90:10 at 

magnification: a-x2000; b-x5000; c - x20 000

a b c d
Figure 6. SEM image of the surface of an aluminum alloy activated by Wood's alloy at a ratio AI:Wood's alloy=90:10 at

magnification: a-x2000; b-x5000; c - x5000; g- x20 000

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

Figure 4. Micrographs of the surface of an aluminum alloy activated by Wood's alloy at a ratio of AI: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
O 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 μm (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).

a b c
Figure 5. SEM image of the surface of an aluminum alloy activated with Rose alloy at the ratio AI: Rose alloy = 90:10 at

magnification: a-x2000; b-x5000; c - x20 000

a b c d
Figure 6. SEM image of the surface of an aluminum alloy activated by Wood's alloy at a ratio AI:Wood's alloy=90:10 at

magnification: a-x2000; b-x5000; c - x5000; g- x20 000Figure 6. SEM image of the surface of an aluminum alloy activated by Wood’s alloy at a ratio 
AI:Wood’s alloy=90:10 at magnification: a-x2000; b-x5000; c - x5000; g- x20 000
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a   b 

c   d 

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; c) spectrum 3; d) spectrum 4.

a b

c d
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; c) spectrum 3; d) spectrum 4.

a b c
Figure 8. Image of the surface of an aluminum alloy activated with a Rose alloy at a ratio of AI: Rose alloy = 90:10 a) in

secondary electrons; b) in back-scattered electrons; c) detail of the previous photo

a b c
Figure 9. Image of the surface of an aluminum alloy activated by Wood's alloy at a ratio of AI:Wood's alloy=90:10 a) in 

secondary electrons; b) in back-scattered electrons; c) detail of the previous photo
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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; c) spectrum 3; d) spectrum 4.
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Figure 8. Image of the surface of an aluminum alloy activated with a Rose alloy at a ratio of AI: Rose alloy = 90:10 a) in

secondary electrons; b) in back-scattered electrons; c) detail of the previous photo
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Figure 9. Image of the surface of an aluminum alloy activated by Wood's alloy at a ratio of AI:Wood's alloy=90:10 a) in 

secondary electrons; b) in back-scattered electrons; c) detail of the previous photo
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a  b 

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; c)- 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 Вi 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 Вi 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 Вi 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.

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 AI 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 Al0.975Sn0.025 88,4
PDF 01-081-3929 lead bismuthide Bismuth Pb0.05Bi0.95 4,3
PDF 03-065-0296 Tin, syn Sn 3,2
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, Al0.975Sn0.025, 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℃, an endothermic thermal 
effect is observed, which corresponds to the melting temperature of the aluminum alloy.
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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 AI 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 Al0.975Sn0.025 88,4
PDF 01-081-3929 lead bismuthide Bismuth Pb0.05Bi0.95 4,3
PDF 03-065-0296 Tin, syn Sn 3,2
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, Al0.975Sn0.025, 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℃, an endothermic
thermal effect is observed, which corresponds to the melting temperature of the aluminum alloy.

a b
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, sm3

500С 700С 900С

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, sm3

500С 700С 900С
Amount of activa-

ting additive,%
Amount of 

activating additive,%
Amount of activating 

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 AI: Darcet alloy, at a ratio of 90:10, the volume of released 
hydrogen is 690 cm3.
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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
900С 700С 500С

Amount of activa-
ting additive,%

Amount of activating 
additive,%

Amount of activa-
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 HCl 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 H2 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℃, 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 90оС
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In a hydrochloric acid medium, electrolytic dissociation shifts towards the formation 
of hydrated ions, hydronium ion H3O

+ and OH- (irreversible stage), hydronium ion H3O
+ 

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.  

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 90оС

In a hydrochloric acid medium, electrolytic dissociation shifts towards the formation of hydrated ions,
hydronium ion H3O+ and OH- (irreversible stage), hydronium ion H3O+ 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.

Figure 14. Average release rate of H2, during the interaction of the activated alloy Al: Wood's alloy depending on temperature and 
HCl 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 H3O + and OH- (irreversible stage).
Hydronium ion H3O+ 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.
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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 HCl 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 H3O + and OH- (irreversible stage). Hydronium ion 
H3O

+ 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.



210

N E W S  of  the  National  Academy  of  Sciences  of  the  Republic  of   Kazakhstan

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.

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.

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.

Figure 15. Average rate of hydrogen evolution during the interaction of activated Al alloy: Rose alloy depending on temperature and 
HCl 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 Sn0.8182 18,34

PDF 49-0133 Aluminum Oxide
Hydroxide

Al O (O H) 9,15

Al:Rose’s alloy
90:10

PDF 85-1327 Aluminum Al 49,34
PDF 01-072-5625 Bismuth Lead Bi0.3 Pb0.7 11,30

PDF 75-0993 Bismuth Oxide Bi2 O2.7 2,94
PDF 27-0054 Bismuth Oxide Bi O 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
AlO(O H ) 19,03

Al:Wood’s alloy
90:10

PDF 85-1327 Aluminum Al 36,78
PDF 01-072-5625 Bismuth Lead (Bi0.3 Pb0.7) 19,43

PDF 44-1246 Bismuth Bi 14,94
PDF 49-0133 Aluminum Oxide

Hydroxide
Al O (OH) 28,85

Al:Darcet’s alloy
90:10

PDF 85-1327 Aluminum Al 28,88
PDF 01-0709 Bismuth Oxide Bi2 O3 6,83
PDF 75-0993 Bismuth Oxide Bi2 O2.7 6,82
PDF 82-1317 Bismuth Lead Oxide Bi24 Pb2 O40 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 O17 8,95
PDF 49-0133 Aluminum Oxide

Hydroxide
AlO (O H ) 14,92

Analysis on a powder diffractometer D8 Advance (Bruker)
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.
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Figure 15. Average rate of hydrogen evolution during the interaction of activated Al alloy: Rose alloy 
depending on temperature and HCl 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 percen tage [%]
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 

Sn0.8182
18,34

PDF 49-0133 Aluminum Oxide Hydroxide Al O (O H) 9,15
Al:Rose’s 

alloy
90:10

PDF 85-1327 Aluminum Al 49,34
PDF 01-072-5625 Bismuth Lead Bi0.3 Pb0.7 11,30

PDF 75-0993 Bismuth Oxide  Bi2 O2.7 2,94
PDF 27-0054 Bismuth Oxide  Bi O 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 AlO(O H ) 19,03

Al:Wood’s 
alloy

90:10

PDF 85-1327 Aluminum Al 36,78
PDF 01-072-5625 Bismuth Lead (Bi0.3 Pb0.7) 19,43

PDF 44-1246 Bismuth Bi 14,94
PDF 49-0133 Aluminum Oxide Hydroxide Al O (OH) 28,85

Al:Darcet’s 
alloy 

90:10

PDF 85-1327 Aluminum Al 28,88
PDF 01-0709 Bismuth Oxide  Bi2 O3 6,83
PDF 75-0993 Bismuth Oxide  Bi2 O2.7 6,82
PDF 82-1317 Bismuth Lead Oxide Bi24 Pb2 O40 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 O17 8,95
PDF 49-0133 Aluminum Oxide Hydroxide AlO (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 Pb7Bi6O16, 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 O2.7, Bi O, Bi2 O3 and 
Bismuth, syn Bi and Aluminum Oxide Hydroxide - AlO(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 90оC. The amount of hydrogen released and the 
rate of evolution increase with increasing temperature from 50 to 90оС 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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