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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 жəне 

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 əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне 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. 

 
 

 
   



ISSN 2224-5278                                                                                Series of Geology and Technical Sciences. 5. 2018 
 

 
3 

Б а с  р е д а к т о р ы 
 

э. ғ. д., профессор, ҚР ҰҒА академигі 
 

И.К. Бейсембетов  
 

Бас редакторының орынбасары 
 

Жолтаев Г.Ж. проф., геол.-мин. ғ. докторы 
 

Р е д а к ц и я  а л қ а с ы: 
 

Абаканов Т.Д. проф. (Қазақстан)  
Абишева З.С. проф., академик (Қазақстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Əзірбайжан)  
Бакиров А.Б. проф., (Қырғыстан) 
Беспаев Х.А. проф. (Қазақстан)  
Бишимбаев В.К. проф., академик (Қазақстан)  
Буктуков Н.С. проф., академик (Қазақстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Тəжікстан)  
Грэвис Р.М. проф. (АҚШ)  
Ерғалиев Г.К. проф., академик (Қазақстан) 
Жуков Н.М. проф. (Қазақстан)  
Кенжалиев Б.К. проф. (Қазақстан)  
Қожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Ресей)  
Курскеев А.К. проф., академик (Қазақстан)  
Курчавов А.М. проф., (Ресей)  
Медеу А.Р. проф., академик (Қазақстан)  
Мұхамеджанов М.А. проф., корр.-мүшесі (Қазақстан) 
Нигматова С.А. проф. (Қазақстан)  
Оздоев С.М. проф., академик (Қазақстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Қазақстан)  
Сейтов Н.С. проф., корр.-мүшесі (Қазақстан)  
Сейтмуратова Э.Ю. проф., корр.-мүшесі (Қазақстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (АҚШ)  
Штейнер М. проф. (Германия) 

 
 

«ҚР ҰҒА Хабарлары. Геология мен техникалық ғылымдар сериясы».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.). 
Қазақстан республикасының Мəдениет пен ақпарат министрлігінің Ақпарат жəне мұрағат комитетінде 
30.04.2010 ж. берілген №10892-Ж мерзімдік басылым тіркеуіне қойылу туралы куəлік. 
 

Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 

Редакцияның мекенжайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., 220, тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2018 
 

Редакцияның  Қазақстан, 050010, Алматы қ., Қабанбай батыра көш., 69а. 
мекенжайы: Қ. И. Сəтбаев атындағы геология ғылымдар институты, 334 бөлме. Тел.:  291-59-38. 
 

Типографияның мекенжайы: «Аруна» ЖК, Алматы қ., Муратбаева көш., 75.  



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

   
4  

Г л а в н ы й  р е д а к т о р 
 

д. э. н., профессор, академик НАН РК 
 

И. К. Бейсембетов 
 

Заместитель главного редактора 
 

Жолтаев Г.Ж. проф., доктор геол.-мин. наук 
 

Р е д а к ц и о н н а я  к о л л е г и я: 
 

Абаканов Т.Д. проф. (Казахстан)  
Абишева З.С. проф., академик (Казахстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Азербайджан)  
Бакиров А.Б. проф., (Кыргызстан) 
Беспаев Х.А. проф. (Казахстан)  
Бишимбаев В.К. проф., академик (Казахстан)  
Буктуков Н.С. проф., академик (Казахстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Таджикистан)  
Грэвис Р.М. проф. (США)  
Ергалиев Г.К. проф., академик (Казахстан) 
Жуков Н.М. проф. (Казахстан)  
Кенжалиев Б.К. проф. (Казахстан)  
Кожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Россия)  
Курскеев А.К. проф., академик (Казахстан)  
Курчавов А.М. проф., (Россия)  
Медеу А.Р. проф., академик (Казахстан)  
Мухамеджанов М.А. проф., чл.-корр. (Казахстан) 
Нигматова С.А. проф. (Казахстан)  
Оздоев С.М. проф., академик (Казахстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Казахстан)  
Сеитов Н.С. проф., чл.-корр. (Казахстан)  
Сейтмуратова Э.Ю. проф., чл.-корр. (Казахстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (США)  
Штейнер М. проф. (Германия) 

 
 

«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 и архивов 
Министерства культуры и информации Республики Казахстан №10892-Ж, выданное 30.04.2010 г. 
 

Периодичность: 6 раз в год 
Тираж: 300 экземпляров 
 

Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, ком. 219, 220,  тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 

 
 Национальная академия наук Республики Казахстан, 2018 

 

Адрес редакции: Казахстан, 050010, г. Алматы, ул. Кабанбай батыра, 69а. 
 Институт геологических наук им. К. И. Сатпаева, комната 334. Тел.:  291-59-38. 
 

Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75  



ISSN 2224-5278                                                                                Series of Geology and Technical Sciences. 5. 2018 
 

 
5 

E d i t o r  i n  c h i e f 
 

doctor of Economics, professor, academician of NAS RK 
 

I. K. Beisembetov 
 

Deputy editor in chief 
 

Zholtayev G.Zh. prof., dr. geol-min. sc. 
 

E d i t o r i a l  b o a r d:  
 

Abakanov Т.D. prof. (Kazakhstan)  
Abisheva Z.S. prof., academician (Kazakhstan)  
Agabekov V.Ye. academician (Belarus) 
Aliyev Т. prof., academician (Azerbaijan)  
Bakirov А.B. prof., (Kyrgyzstan) 
Bespayev Kh.А. prof. (Kazakhstan)  
Bishimbayev V.K. prof., academician (Kazakhstan)  
Buktukov N.S. prof., academician (Kazakhstan)  
Bulat А.F. prof., academician (Ukraine)  
Ganiyev I.N. prof., academician (Tadjikistan)  
Gravis R.М. prof. (USA)  
Yergaliev G.K. prof., academician (Kazakhstan) 
Zhukov N.М. prof. (Kazakhstan)  
Kenzhaliyev B.K. prof. (Kazakhstan)  
Kozhakhmetov S.М. prof., academician (Kazakhstan)  
Kontorovich А.Ye. prof., academician (Russia)  
Kurskeyev А.K. prof., academician (Kazakhstan)  
Kurchavov А.М. prof., (Russia)  
Medeu А.R. prof., academician (Kazakhstan)  
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan) 
Nigmatova S.А. prof. (Kazakhstan)  
Ozdoyev S.М. prof., academician (Kazakhstan)  
Postolatii V. prof., academician (Moldova)  
Rakishev B.R. prof., academician (Kazakhstan)  
Seitov N.S. prof., corr. member. (Kazakhstan)  
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)  
Stepanets V.G. prof., (Germany)  
Humphery G.D. prof. (USA)  
Steiner М. prof. (Germany) 

 

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 periodic printed publication in the Committee of information and archives of the 
Ministry of culture and information of the Republic of Kazakhstan N 10892-Ж, issued 30.04.2010  
 

Periodicity: 6 times a year  
Circulation: 300 copies  
 

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18, 
http://nauka-nanrk.kz/geology-technical.kz 
 
 

© National Academy of Sciences of the Republic of Kazakhstan, 2018 
 

Editorial address:  Institute of Geological Sciences named after K.I. Satpayev 
 69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38. 
 

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty   



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

   
32  

N E W S 
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 

SERIES OF GEOLOGY AND TECHNICAL SCIENCES 

ISSN 2224-5278 https://doi.org/10.32014/2018.2518-170X.7 

Volume 5, Number 431 (2018), 32 – 37 
 
 
UDC669.213.6 

 
B. Surimbayev1, 2, L. Bolotova2, B. Mishra3, A. Baikonurova1 

 
1Satbayev University, Almaty, Republic of Kazakhstan, 

2The Branch of the RSE «NC CPMS RK» State Scientific-Industrial Association  
of Industrial Ecology "Kazmekhanobr", Almaty, Kazakhstan, 

3Worcester Polytechnic Institute, Worcester, USA. 
E-mail: surimbaev@gmail.com, L_bolotova@yahoo.com, bmishra@wpi.edu, а.baikonurova@yandex.kz 

 

INTENSIVE CYANIDATION OF GOLD FROM GRAVITY 
CONCENTRATES INA DRUM-TYPE APPARATUS 

 
Abstract. Gravimetric, chemical, and mineralogical analyses of a gold-bearing gravity concentrate have been 

performed. Intensivecyanidation process of the concentrate was carried out in the presence of an organic reagent, 
while the concentration of sodium cyanide was changed in a drum-type reactor. The use of a reagent activator 
increased the gold extraction, reduced the time of the reaction, and reduced the leaching losses of gold in to tailings, 
even when using low concentrations of sodium cyanide. 

Keywords: intensive cyanidation, gravity concentration, reagent-activator, gold, leaching. 
 
Introduction. Since the early 1990s, the introduction of centrifugal concentrators, such as Knelson or 

Falcon concentrators, has significantly increased the percentage of extraction of gold into gravity 
concentrates by 1-3%, including the processing of ores with a highsulfide content [1-3]. However, 
standard methods for processing gravity concentrates allow gold recovery at a level of no more than 70% 
[4]. To solve this problem, intensive cyanidation plants have been tested, which have made it possible to 
achieve a high extraction of gold from gravity concentrates in an acceptable amount of time for a general 
technological cycle [5, 6]. 

The behavior of gold during cyanidation depends on many factors; the main factor is the relationship 
of gold to ore and rock-forming minerals. Gold can be present in both a free state and in the form of 
splices with minerals. Any of these conditions can affect the under-extraction of gold during dissolution 
and can cause an increase in the consumption of reagents. The presence of sulfides in cyanate pulp often 
inhibits the dissolution of gold, as it tends to form a protective film on the surface of gold. As a result of 
the oxidation of sulfide minerals in an alkaline solution (pH 10-11) insoluble compounds, such as Ag2O, 
FeOOH, CuO, Cu(OH)2 and Zn(OH)2 [7-13], can form on the surface of gold. The intensification of the 
process of gold leaching uses chemical additives to dissolve passivating films of insoluble compounds on 
the gold surface. However, these additives are expensive and use an increasing concentration of sodium 
cyanide that ranges from 2–4% [10, 14-16]. 

The intensive cyanidation of gravity concentrates on an industrial scale has been successfully 
demonstrated using a drum machine-reactor ILR (Gekko). The drum-type apparatus contains a different 
prostate device that consists of built ribs, which can improve mass transfer [1, 10]. 

Therefore, we examined the parameters of intensive cyanidation of gold-bearing concentrate in a 
drum-type apparatus, along with the addition of a reagent-activator that was based on an aliphatic acid. 
This process does not require the use of high concentrations of sodium cyanide. 

Experimental. The original composition of the gravity concentrate, as determined by an x-ray 
fluorescence technique on a portable analyzer [Alpha InnovXSystems] shows (in %): Ti – 0.68; Mn – 
0.09; Fe – 27.87; Co – 0.15; Cu – 0.16; Zn – 0.04; Pb – 0.05 and Zr – 0.08 as main metals with other 
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materials adding up to 70.88%. A wet chemical analysis of the gravity concentrate of the major 
components shows (in %): Cu – 0.11; Zn – 0.025; Fe – 35.02; Stotal – 32.14; Ssulphate – 0.034; and Ssulfide – 
32.1. The goldcontent used for research on the gravity concentrate ranged between 77–92 g/t[17], and 
silver content ranged from 39.7–49.8 g/t. It was previously determined [18, 19] that the gravity 
concentration and cyanidation of the original ore indicates that the gold is in free form and dissolves 
easily, which is consistent with the results of optical analysis (figure 1). 

 

 
 

Figure 1 – Micrographofagravityconcentrate: 1 – gold; 2 – pyrite 
 

Through an X-ray diffraction method using an automated diffractometer DRON-3, it was revealed 
that the concentrate is represented by the following percentages of minerals: pyrite – 78.5; chalcopyrite – 
5.5; feldspars – 5.9; and quartz – 10.0. Magnetite, covellite, and iron hydroxides are all present in small 
quantities (figure 2 and table 1).  

 

 
 

Figure 2 – X-ray diffraction of gravity concentrate 
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Table 1 – Interplanar distances and phase composition of the gravity concentrate 
 

d-spacing, Å Rel.int. % Mineral Chemical formula 

4.25085 15.3 quartz SiO2 

3.34411 24.9 quartz SiO2 

3.24011 16.6 feldspars KAlSi3O8 

3.12762 32.2 pyrite FeS2 

3.02968 15.6 chalcopyrite CuFeS2 

2.99745 18.4 feldspars KAlSi3O8 

2.70819 100.0 pyrite FeS2 

2.53647 15.5 magnetite Fe3O4 

2.42236 48.2 pyrite FeS2 

2.21099 31.5 pyrite FeS2 

1.91515 25.2 pyrite FeS2 

1.63378 50.7 pyrite FeS2 

1.56390 17.2 pyrite FeS2 

1.50184 21.2 pyrite FeS2 

1.44801 20.0 pyrite FeS2 

 
The results of physico-chemical analysis confirmed that the concentrate mainly consists of sulfide 

minerals that can form through the dissolution of oxide films on the surface of gold. To destroy the oxide 
films that passivate the gold surface requires the introduction of special reagent activators under intensive 
mass-transfer phases. 

To achieve this goal, we used a drum apparatus ILR[17], an intensive cyanidationreactor, that 
simulates industrial installation. The parameters of the drum-type laboratory agitator were as follows: 
drum diameter, 98 mm; drum length, 214 mm; drum full volume, 1.6dm3; drum usable volume, 0.38 dm3; 
and rotation speed of the agitator, 4.25 rpm. 

The conditions for leaching of the gold-containing gravity concentrate in the laboratory apparatus 
were: mass of the gravity concentrate, 0.05 kg; a solid-to-liquid ratio of 1:14; volume of cyanide- 
containing solution, 0.7 dm3; and a pH of 10.5. As an additive, a reagent activator based on an aliphatic 
acid with 1.5 and 3.0 kg/t of sodium cyanide was used at a concentration of 0.1, 0.3, and 0.5%. 

After the completion of leaching, the filtered solutions were analyzed by atomic-absorption spectro-
scopy to determine their gold content. Solid phase tailings were washed with water, dried, and were also 
analyzed for gold content with the assay-gravimetric method. 

Results and discussion. Figure 3 shows the results of studies on intensive cyanidation of gravity 
concentrate in a drumtype apparatus. 

The data obtained shows that the extraction of gold from the gravity concentrate in a drum-type 
apparatus, with the addition of a reagent-activator based on an aliphatic acid, was up to 95,5%, while 
without the addition, it did not exceed 94.5%. It should be noted that in the presence of a reagent-activator, 
gold dissolves quite rapidly. The duration of the process to dissolve gold is ~12 hours, which shortens the 
process by more than half of its normal duration. 

It has been established that the content of gold in tailings after intensive cyanidation by using a 
reagent-activator falls below 0.5-0.6 g/t, in contrast with the same process without the use of this reagent 
(table 2). 
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Table 2 – Gold content in the tails after the process of leaching the gravity concentrate 
 

Name of materials Indicators 

Concentration of NaCN, % 0,1 0,3 0,5 

Content of reagent-activator, kg/t w/o* 1,5 3,0 w/o 1,5 3,0 w/o 1,5 3,0 

Content of gold in tailings, g/t 4,33 3,80 3,90 4,40 3,83 3,85 4,33 3,83 3,70 

Note: *w/o – without the addition of a reagent-activator based on an aliphatic acid. 

 
Conclusion. The data presented show that the use of an effective reagent-activator based on an 

aliphatic acid as a chemical additive in intensive cyanidation of gold-bearing concentrates in a drumtype 
apparatus increases gold extraction by 0.7–1.1%, reduces the overall leaching time by half, and reduces 
the loss of gold with tailings, even when using low concentrations of sodium cyanide. 
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Аннотация. Алтынқұрамды гравитациялық концентратта пробирді-гравиметриялық, химиялық жəне 
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концентрациясының өзгеруімен алифаттық қышқылға негізделген органикалық реагентті қолдану арқылы 
жүргізілді. Жұмыс нəтижесі бойынша, гравитациялық концентратты қарқынды цианирлеуде реагент-акти-
ваторды қолдану арқылы алтынды өндіру мөлшері ұлғайтылатыны, байыту уақытын қысқартылатыны, 
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Аннотация. Проведены пробирно-гравиметрические, химические и минералогические анализы золо-

тосодержащего гравитационного концентрата. Проведены исследования по интенсивному цианированию 
гравитационного концентрата в аппарате барабанного типа. Процесс интенсивного цианирования проводили 
в присутствии органического реагента на основе алифатической кислоты при изменении концентрации 
цианида натрия. Показано, что использование реагента-активатора при интенсивном цианировании увели-
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