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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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© Қазақстан Республикасының Ұлттық ғылым академиясы, 2023
Типографияның мекен-жайы:  «Аруна» ЖК, Алматы қ., Мұратбаев көш., 75.

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
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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 
общества, член Американской ассоциации экономических геологов (Пекин, Китай) H = 25

ФИШЕР Аксель, ассоциированный профессор, Ph.D, технический университет Дрезден 
(Дрезден, Берлин) H = 6

КОНТОРОВИЧ Алексей Эмильевич, доктор геолого-минералогических наук, профессор, 
академик РАН, Институт нефтегазовой геологии и геофизики им. А.А. Трофимука СО РАН 
(Новосибирск, Россия) H = 19

АГАБЕКОВ Владимир Енокович, доктор химических наук, академик НАН Беларуси, почетный 
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, 
член-корреспондент НАН РК, заведующая лаборатории Института геологических наук им. К.И. 
Сатпаева (Алматы, Казахстан) Н=11

САГИНТАЕВ Жанай, Ph.D, ассоциированный профессор, Назарбаев университет (Нурсултан, 
Казахстан) H = 11

ФРАТТИНИ Паоло, Ph.D, ассоциированный профессор, Миланский университет Бикокк 
(Милан, Италия) H = 28
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Editorial chief
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of the National Academy of Sciences of the Republic of Kazakhstan, general director of JSC “Institute of 
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Scientific secretary
ABSADYKOV Bakhyt Narikbaevich, doctor of technical sciences, professor, executive secretary of 
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E d i t o r i a l  b o a r d:
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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, 
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SNOW Daniel, Ph.D, associate professor, director of the labotatory of water sciences, Nebraska 
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director of the Institute of chemistry of new materials (Minsk, Belarus) H = 13
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SEITMURATOVA Eleonora Yusupovna, doctor of geological and mineralogical sciences, professor, 
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INVESTIGATION OF THE USE OF ION FLOTATION FOR THE 
EXTRACTION OF COPPER FROM SULFURIC ACID SOLUTIONS

Abstract. The purpose of this study is to use heap leaching followed by recovery 
of copper from solution by ionic flotation for efficient processing of off-balance copper 
ores. The object of research was the off-balance copper ore of the JSC Almalyk Mining 
and Metallurgical Combine. Since ion flotation is one of the promising methods for 
concentrating non-ferrous metals from various technological solutions, studies were 
carried out on the use of ion flotation to extract copper from sulfuric acid solutions. The 
air flow was controlled by changing the rotation speed of the impeller. The extraction 
of metals into foam (foam is a product of ionic flotation, consisting of a chemical 
compound of the collector with metal ions and from a certain amount that did not react 
with metal ions) was judged by its residual concentration in the solution after flotation. 
Sulfuric acid solution obtained by leaching had pH=4.5 and contained (g/l): copper - 10
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INVESTIGATION OF THE USE OF ION FLOTATION FOR THE EXTRACTION OF COPPER
FROM SULFURIC ACID SOLUTIONS

Abstract. The purpose of this study is to use heap leaching followed by recovery of copper from
solution by ionic flotation for efficient processing of off-balance copper ores. The object of research was
the off-balance copper ore of the JSC Almalyk Mining and Metallurgical Combine. Since ion flotation is
one of the promising methods for concentrating non-ferrous metals from various technological solutions,
studies were carried out on the use of ion flotation to extract copper from sulfuric acid solutions. The air
flow was controlled by changing the rotation speed of the impeller. The extraction of metals into foam
(foam is a product of ionic flotation, consisting of a chemical compound of the collector with metal ions
and from a certain amount that did not react with metal ions) was judged by its residual concentration in
the solution after flotation. Sulfuric acid solution obtained by leaching had pH=4.5 and contained (g/l):
copper - 1010,5; iron – 55,5; zinc - 0,5-1,5. Copper, iron and zinc are in solution in sulfate form (CuSO4, 
FeSO4, ZnSO4). In order to select a collector, we studied the dependence of the extraction of copper ions
into the “foam” on the pH of the solution, the consumption of the collector, and the duration of flotation
for the following collectors: amyl xanthate, ethyl xanthate, C7–C9 xanthates, isopropyl xanthate, and sodium
diethyldithiocarbamate. As follows from the data presented, a relatively low extraction of ions was obtained
with amyl xanthate. A mixture of high molecular weight xanthates (C7 - C9) forms a liquid "foam" during
flotation. The remaining collectors form a dry "foam" with a high extraction of copper ions. During ion
flotation, 98-100% of the metal is extracted from solutions. By adjusting the pH of the medium, it was
possible to selectively extract 98.-99.5% of iron, 88-95% of zinc (at pH=3.5-4), 99-99.8% of copper (at
pH=5-5.5). The collector consumption was 50 mg/1 g of the recovered metal.
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Аннотация. Цель данного исследования заключается в использовании кучного
выщелачивания с последующим извлечением меди из раствора ионной флотацией для эффективной
переработки забалансовых медных руд. Объектом исследований послужила забалансовая медная
руда ОАО «Алмалыкский ГМК». Так как ионная флотация является одним из перспективных
методов концентрирования цветных металлов из различных технологических растворов
проводились исследования по применению ионной флотации для извлечения меди из сернокислых
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диэтилдитиокарбамат натрия (ДЭДТКН). Как следует из приведенных данных, относительно
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(foam is a product of ionic flotation, consisting of a chemical compound of the collector with metal ions
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flotation, 98-100% of the metal is extracted from solutions. By adjusting the pH of the medium, it was
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5,5; zinc - 0,5-1,5. Copper, iron and zinc are in solution in sulfate form 
(CuSO4, FeSO4, ZnSO4). In order to select a collector, we studied the dependence of the 
extraction of copper ions into the “foam” on the pH of the solution, the consumption of 
the collector, and the duration of flotation for the following collectors: amyl xanthate, 
ethyl xanthate, C7–C9 xanthates, isopropyl xanthate, and sodium diethyldithiocarbamate. 
As follows from the data presented, a relatively low extraction of ions was obtained 
with amyl xanthate. A mixture of high molecular weight xanthates (C7 - C9) forms a 
liquid “foam” during flotation. The remaining collectors form a dry “foam” with a high 
extraction of copper ions. During ion flotation, 98-100% of the metal is extracted from 
solutions. By adjusting the pH of the medium, it was possible to selectively extract 98.-
99.5% of iron, 88-95% of zinc (at pH=3.5-4), 99-99.8% of copper (at pH=5-5.5). The 
collector consumption was 50 mg/1 g of the recovered metal.
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растворов. Расход воздуха регулировался изменением скорости вращения импеллера. Об 
извлечении металлов в пенку (пенка – продукт ионной флотации, состоящий из химического 
соединения собирателя с ионами металлов и из некоторого количества, не прореагировавшего с 
ионами металла) судили по ее остаточной концентрации в растворе после флотации. Сернокислый 
раствор, полученный при выщелачивании имел рН=4,5 и содержал (г/л): меди - 1010,5; железа – 
55,5; цинк – 0,5-1,5. Медь, железо и цинк находятся в растворе сернокислой форме (CuSO4, FeSO4, 
ZnSO4). С целью выбора собирателя исследовалась зависимость извлечения ионов меди в «пенку» 
от рН раствора, расхода собирателя и продолжительности флотации для следующих собирателей: 
амиловый ксантогенат, этиловый ксантогенат, ксантогенаты С7–С9, изопропиловый ксантогенат и 
диэтилдитиокарбамат натрия (ДЭДТКН). Как следует из приведенных данных, относительно 
низкое извлечение ионов получено с амиловым ксантогенатом. Смесь высокомолекулярных 

5,5; цинк – 0,5-1,5. Медь, 
железо и цинк находятся в растворе сернокислой форме (CuSO4, FeSO4, ZnSO4). 
С целью выбора собирателя исследовалась зависимость извлечения ионов меди 
в «пенку» от рН раствора, расхода собирателя и продолжительности флотации 
для следующих собирателей: амиловый ксантогенат, этиловый ксантогенат, 
ксантогенаты С7–С9, изопропиловый ксантогенат и диэтилдитиокарбамат натрия 
(ДЭДТКН). Как следует из приведенных данных, относительно низкое извлечение 
ионов получено с амиловым ксантогенатом. Смесь высокомолекулярных 
ксантогенатов (С7 – С9) при флотации образует жидкую «пенку». Остальные 
собиратели образуют сухую «пенку» при высоком извлечении ионов меди. При 
ионной флотации из растворов извлечено 98-100% металла. Регулированием рН 
среды достигнуто избирательно извлечь 98,-99,5% железа, 88-95% цинка (при 
рН=3,5-4), 99-99,8% меди (при рН=5-5,5). Расход собирателя составил 50 мг/1 г 
извлекаемого металла.

Ключевые слова: медь, забалансовая руда, кучное выщелачивание, раствор, 
ионная флотация, собиратель, извлечение, концентрат.

Introduction. One of the main conditions for the further expansion of the domestic 
production of non-ferrous metals, including copper, is the improvement of existing and 
the introduction of new technological processes. At present, the republic has accumulated 
a huge amount of off-balance copper ores, which are additional raw materials for the 
production of copper at the Almalyk Mining and Metallurgical Plant OJSC.

To date, the republic has accumulated a huge amount of off-balance copper ores, 
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which are additional raw materials for the production of copper at the Almalyk Mining 
and Metallurgical Plant OJSC.

To obtain copper from off-balance copper ores of the required quality, an appropriate 
technology is needed. Despite the severity and relevance of the problem, there is still no 
modern, efficient, cost-effective technology for extracting copper from off-balance ores.

In addition, gold and silver can be extracted from ores. This determines the relevance 
of the tasks set, which correspond to the main directions of the economic and social 
development of Uzbekistan to create the foundations for the processing of off-balance 
copper ores.

The well-known hydrometallurgical schemes for the processing of concentrates into 
non-ferrous metals are characterized by common disadvantages, which are determined 
by poor multicomponent raw materials, which require complex technological schemes 
for processing with a large expenditure of reagents and energy. On an industrial scale, 
ion flotation is used to purify industrial and domestic wastewater from cations of non-
ferrous, rare radioactive, and other metals. Ionic flotation allows the extraction of valuable 
components and associated metal cations (Dzhevaga, 2012: 161).

Materials and methods. When studying the existing literature, it was found that: 
the flotation scheme is the simplest in design, reliable in operation and economically 
favorable. When enriching refractory oxidized ores, the flotation scheme does not provide 
satisfactory performance, in particular, the extraction of copper is only from 27 to 40%, 
depending on the quality of the ore; the combined scheme (Mostovich’s scheme) does not 
allow achieving high performance in the enrichment of refractory ores; sorption-flotation 
technology has not been implemented on an industrial scale.

The purpose of this study is to use heap leaching followed by recovery of copper from 
solution by ionic flotation for efficient processing of off-balance copper ores.

The object of research was the off-balance copper ore of the JSC Almalyk Mining 
and Metallurgical Combine (Dzhevaga, 2012: 161; Gonçalves and others, 2003: 
1213; Ivanova, 2013:35; Jeldres and others,  2019: 57; Kadirov and others, 2021: 304; 
Khairullaev and others, 2021: 36;  Kholikulov and others, 2007: 187; Kirjavainen  and 
others, 2007: 629).

The studies were carried out under laboratory conditions in a cast-iron bath, the size of 
which is as follows: width - 400 mm, length - 400 mm, height - 400 mm.

Preliminarily, large ore was stored in the lower part of the bath, then medium and small. 
The pile was gradually irrigated with a solution of sulfuric acid. During the experiment, a 
chemical analysis for copper was carried out every day. After a one-day pause, irrigation 
was continued. During the experiments, the bottom cock (drain) was kept open all the 
time. The solution was applied dropwise from above, which prevents the solution from 
accumulating on top of the ore.

Since ion flotation is one of the promising methods for concentrating non-ferrous 
metals from various technological solutions (Dzhevaga, 2012: 161; Dzhevaga, 2012: 
161), studies were carried out on the use of ion flotation to extract copper from sulfuric 
acid solutions.

The flotation of copper, iron, and zinc ions from solutions was carried out in a flotation 
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machine with a capacity of 200 ml. The flotation chamber is made of organic glass, the 
impeller and the air suction pipe are made of ordinary glass. Air was supplied through a 
tube inside which the impeller shaft rotated.

Changing the pH of the solution was carried out by adding sulfuric acid. To control the 
concentration of hydrogen ions, an LPU-01 universal laboratory pH meter with a silver 
chloride electrode was used (Kozlowski and others, 2002: 677; Santos and others, 2010: 
15).

Results. The ores of the Kalmakyr deposit are divided into three technological types: 
oxidized, mixed (also including secondary sulfide) and primary sulfide. It has been 
established that off-balance oxidized ores have a complex structure (Sergeev and others, 
2018: 214). The content of copper in oxidized ores is from 0.1-0.33%, in the zone of 
secondary sulfide enrichment - from 0.3 to 4%. The share of secondary balance ores in 
relation to all reserves is 2.2%, mixed - 4.4% and secondary sulfide - 1.9%.

Off-balance oxidized ores accumulate in dumps. Dumps of overburden and off-balance 
ores at the Almalyk Mining and Metallurgical Plant, excluding dumps in the mined-out 
space of the quarry, contain about 5 million tons. mountain mass.

Highly mineralized copper-bearing effluents can also be attributed to copper-bearing 
resources. Natural leaching waters contain up to 0.5 g/dm3 of copper. Effluent is neutral 
to very acidic. Before being dumped, they are cleaned, usually hydrolytically, and the 
metals are lost in the sludge. An alternative physical and chemical technology can be 
applied to extract copper from all the named man-caused objects.

The study of the chemical and mineral composition of the ore showed that copper 
is present in oxidized ores - in the form of malachite, cuprite, tenorite. Copper-bearing 
minerals are in fine intergrowth with silicates of host rocks and other minerals of non-
ferrous metals and iron. The copper content usually does not exceed 0.5%, but mostly 
tenths of a percent.

To establish the regularities of physical and chemical processes, the influence of the 
following main factors on the results of leaching of minerals and ores was analyzed: size 
of the ore mass, structural features of the ore massif, solvent concentration, concentration 
of intensifiers. Leaching of malachite and oxidized copper ore occurs in a wide range 
of temperatures, even at their negative values, which determines the possibility of using 
heap leaching. The leaching of sulfide ores proceeds effectively only at high positive 
temperatures.

The previously established experimentally good solubility of copper oxides in sulfuric 
acid solutions served as the basis for studying the process of ore leaching depending on 
the duration, temperature, pulp density and solvent concentration. In addition, taking into 
account the complex nature of the feedstock, it was important to study the behavior of the 
accompanying valuable copper components in sulfuric acid solutions in order to ensure 
the complete separation of copper into a separate product and the selectivity of copper 
recovery (Kolesnikov, 2015: 131; Kozlowski and others, 2002: 677; Makhmudov and 
others, 2022: 2432; Makhmudov and others, 2022: 2432; Malghan, 1986: 158; Nasirov 
and others, 2020: 2251; Norov and others, 2018: 42; Pavlov and others, 2012: 11).

Thus, the pulp always contains a certain amount of ferric sulphate, an oxidizer 
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of sulfides, but the dissolution of sulfides proceeds more slowly than the reaction of 
dissolution of oxides. This allows additional oxidation of copper minerals.

It has been established that a change in the concentration of ferric iron in the solution 
and a change in the size of the mineral have practically no effect on the extraction of 
copper into the solution (Khayitov and others, 2022: 46). A significant increase in the 
extraction of copper into the solution is observed with increasing temperature. So, in 
one day of leaching at 350 C, 22% of copper is extracted, and at 500 C, already 32% of 
copper is extracted.

With an increase in the concentration of sulfuric acid in the solution (up to 75 g/l), the 
solubility of the ore components increases linearly and reaches a maximum. A further 
increase in concentration (from 75 g/l) does not increase the rate of copper dissolution 
and, on the contrary, after some time causes some slowdown in the process. Increasing 
the concentration of sulfuric acid from 75 g/l only slightly affects the dissolution of 
copper. For ore leaching with sulfuric acid, we recommend that the concentration of 
sulfuric acid not exceed 75 g/l, this can control the degree of dissolution of associated 
minerals. 

Irrigation density has a significant impact on the leaching process. With its increase, 
the concentration of copper in the productive solution decreases (Khairullaev and 
others, 2021: 36). Based on the test, it was found that in order to achieve the optimal 
ratio between the copper content in the productive solution and the existing capacities 
for its processing, it is necessary to differentiate the irrigation density over time.

Ion flotation was carried out to extract copper, iron, and zinc from the sulfuric 
acid solution. Ionic flotation is achieved by introducing into water, together with air, 
compounds having a charge opposite to that of the extracted ions.

The air flow was controlled by changing the rotation speed of the impeller (Zhurinov 
and others, 2020: 94). The extraction of metals into foam (foam is a product of ionic 
flotation, consisting of a chemical compound of the collector with metal ions and 
from a certain amount that did not react with metal ions) was judged by its residual 
concentration in the solution after flotation.

Sulfuric acid solution obtained by leaching had pH=4.5 and contained (g/l): copper - 
10
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Аннотация. Цель данного исследования заключается в использовании кучного 
выщелачивания с последующим извлечением меди из раствора ионной флотацией для эффективной 
переработки забалансовых медных руд. Объектом исследований послужила забалансовая медная 
руда ОАО «Алмалыкский ГМК». Так как ионная флотация является одним из перспективных 
методов концентрирования цветных металлов из различных технологических растворов 
проводились исследования по применению ионной флотации для извлечения меди из сернокислых 
растворов. Расход воздуха регулировался изменением скорости вращения импеллера. Об 
извлечении металлов в пенку (пенка – продукт ионной флотации, состоящий из химического 
соединения собирателя с ионами металлов и из некоторого количества, не прореагировавшего с 
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раствор, полученный при выщелачивании имел рН=4,5 и содержал (г/л): меди - 1010,5; железа – 
55,5; цинк – 0,5-1,5. Медь, железо и цинк находятся в растворе сернокислой форме (CuSO4, FeSO4, 
ZnSO4). С целью выбора собирателя исследовалась зависимость извлечения ионов меди в «пенку» 
от рН раствора, расхода собирателя и продолжительности флотации для следующих собирателей: 
амиловый ксантогенат, этиловый ксантогенат, ксантогенаты С7–С9, изопропиловый ксантогенат и 
диэтилдитиокарбамат натрия (ДЭДТКН). Как следует из приведенных данных, относительно 
низкое извлечение ионов получено с амиловым ксантогенатом. Смесь высокомолекулярных 
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 5,5; zinc - 0.5-1.5. Copper, iron and zinc are in solution in sulfate form 
(CuSO4, FeSO4, ZnSO4). In order to select a collector, the dependence of the extraction 
of copper ions into the «foam» on the pH of the solution (Fig. 1), the consumption of 
the collector (Fig. 2) and the duration of flotation (Fig. 3.) was studied for the following 
collectors: amyl xanthate, ethyl xanthate, C7 xanthates С9, isopropyl xanthate and 
sodium diethyldithiocarbamate. As follows from the data presented, a relatively low 
extraction of ions was obtained with amyl xanthate. A mixture of high molecular weight 
xanthogens (C7 - C9) forms a liquid “foam” during flotation.

The remaining collectors form a dry “foam” with a high extraction of copper ions.
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diethyldithiocarbamate. As follows from the data presented, a relatively low extraction of ions was obtained 
with amyl xanthate. A mixture of high molecular weight xanthogens (C7 - C9) forms a liquid "foam" during 
flotation. 

The remaining collectors form a dry "foam" with a high extraction of copper ions. 
 
 

Fig.1. The dependence of the extraction of copper ions from the sulfuric acid solution on the pH of the medium, xanthates. 
 

As the results of the experiments showed, of all the tested collectors, sodium 
diethyldithiocarbamate turned out to be the most acceptable. With its optimal consumption (110% of the 
stoichiometric), the extraction of copper is 99.6-100%. 

For further research, we chose the collector sodium diethyldithiocarbamate. 
 
 

1- ethyl; 2-isopropyl; 3- amyl; 4-С7–С9; 5- Sodium diethyldithiocarbamate 
 

Fig.2. The dependence of the extraction of copper ions from the sulfuric acid solution on the consumption of the collector, 
xanthates. 
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Fig.1. The dependence of the extraction of copper ions from the sulfuric acid solution on the pH of the 
medium, xanthates.
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1- ethyl xanthate; 2- isopropyl xanthate; 3- Sodium diethyldithiocarbamate 

Fig.3. Dependence of extraction of copper ions from sulfuric acid solution on the duration of flotation. 
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 Studies have shown the possibility of using the sodium diethyldithiocarbamate collector in the ionic 
flotation of copper from acidic solutions obtained during the hydrometallurgical processing of copper ores 
(Fig. 4.). It was found that the extraction of copper from the solution occurs in a certain range of values, at  
рН 5,5-6 (Fig. 4).  
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Sodium diethyldithiocarbamate is a well-known surfactant (surfactant) collector, it 
is a salt of weak diethyldithiocarboxylic acid and has long been used in conventional 
flotation processes and has the following advantages: Sodium diethyldithiocarbamate 
forms very strong, acid-stable, insoluble compounds with all heavy metals and enough 
stable in solutions with low pH; reagent available; relatively non-toxic (the maximum 
allowable concentration is 0.5 mg/dm3); there is a possibility of partial regeneration; the 
reagent is relatively inexpensive.

Studies have shown the possibility of using the sodium diethyldithiocarbamate 
collector in the ionic flotation of copper from acidic solutions obtained during the 
hydrometallurgical processing of copper ores (Fig. 4.). It was found that the extraction 
of copper from the solution occurs in a certain range of values, at  
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Fig.3. Dependence of extraction of copper ions from sulfuric acid solution on the duration of flotation. 
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In ionic flotation, each extracted ion interacts with the collector. As a result, the 
consumption of the collector per unit mass of colligen is much higher than in the case 
of mineral flotation. In ion flotation, complete extraction of colligen requires at least a 
stoichiometric flow rate of the collector; the minimum possible weight ratio of collector 
to colligend depends on their equivalent weights (Santos and others, 2010: 15; Sergeev 
and others, 2018: 214; Soltanbekova, 2021: 113; Zhurinov and others, 2020: 94).

In most cases, for the flotation of ions and molecules, gas is needed only as an 
inert phase for the formation of a liquid-gas interface. Therefore, in laboratory studies, 
nitrogen or air is most often used. In our case, air was used.

Discussion. As a result of the studies, it was found that with an increase in gas 
consumption, the concentration in the lower product decreases, and the extraction 
into the upper product increases. In froth flotation, an increase in gas flow is usually 
accompanied by an increase in bed height in the separating vessel. However, sometimes 
the foam is so unstable that the foam is formed directly on the surface of the solution. In 
such cases, at high gas flow rates, when the liquid surface is restless, there is a serious 
danger of foam dispersion and precipitation of its particles into the solution volume.

In addition, the air flow rate affects the stability of the foam. The gas flow rate should 
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only slightly exceed the foam breakdown rate in order to maintain a foam layer of the 
desired thickness.

Losses of individual metals in tailings range from 0 to 1.6%, and the sum of losses 
of all metals does not exceed 1%.

Table 1 
Optimal regime of copper ions flotation from sulfuric acid solutions by various collectors.

Gatherers рН Collector consumption, in 
% of stoichiometric

Flotation 
duration, in min

Extraction, 
in %

Potassium amyl xanthate 2-3 130 10 96,0
Ethyl xanthate 5-6 125 10 98,0 - 99,0
Xanthate С7 – С9 3-4 130 10 98,0
Isopropyl xanthate 5,0 140 12 99,0 - 99,2
Sodium diethyldithiocarbamate 6 110 10 99,2 - 99,8

Conclusion. Thus, in the course of the study, the fundamental possibility of using 
sodium diethyldithiocarbamate as flotation collectors of Cu (II), Fe (II), and Zn (II) ions 
was established. The use of sodium diethyldithiocarbamate as a collector in copper ion 
flotation makes it possible to extract 98-100% of the metal from solutions. Due to the 
double charge of its ion, copper is an element that gives an easily processed foam. By 
adjusting the pH of the medium, it was achieved to selectively extract 98.-99.5% iron, 
88-95% zinc (at pH = 3.5-4), 99-99.8% copper (at pH = 5-5.5) (table 1). The collector 
consumption was 50 mg/1 g of the recovered metal.
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