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2 Clarivate
Analytics

NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies 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 chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kasakcman Pecriybnukacel ¥nmmbik fbiribiM akademusicbl "KP YFA Xabapnapbel. Xumusi XoHe
mexHorsioeusi cepusicbl” fbifibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacbli Emerging
Sources Citation Index-me uHOekcmeryeze KabbindaHraHblH xabapnalidbl. byn uHdekcmerny 6apbicbiHOa
Clarivate Analytics komnaHusicsbl XypHandbl o0aH api the Science Citation Index Expanded, the Social
Sciences Citation Index xeoHe the Arts & Humanities Citation Index-ke Kabbiiday maceneciH
kapacmbipyda. Webof Science 3epmmeywinep, asmoprap, 6acnawsifiap MeH MeKemMesiepae KOHMeHm
mepeHDiei MeH canacbiH ycbiHaobl. KP YFA Xabapnapbl. XuMusi XoHe mexHosnoausi cepusicbl Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmabiK YWIiH eH 63eKmi xoHe 6edendi XuMusinbiK FbliibiMOap
bolibIHWa KoHmeHmke adasndbifbiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIl xypHan «13eecmus HAH PK. Cepusi xumuu u mexHonoaul» 6bin
npuHam dns uHdekcuposaHusi 8 Emerging Sources Citation Index, obHosneHHol eepcuu Web of Science.
CodepxxaHue 8 amom UHOeKkcuposaHuu Haxodumcs 8 cmaduu paccmompeHuss KomnaHuel Clarivate
Analytics 0ns OdanbHeliweeo rpuHamusi xypHana e the Science Citation Index Expanded, the Social
Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4ecmeso u
enybuHy koHmeHma 0ris uccriedogamersiel, agmopos, usdamerel u y4pexoeHul. BkrroyeHue Mzeecmus
HAH PK e Emerging Sources Citation Index demoHcmpupyem Hawly MpuUeepKeHHoCcmb K Hauboree
aKkmyarbHOMY U 8/1UsiMesIbHOMY KOHMeHmMy o XuMu4ecKuM Haykam 051 Hawezo coobuecmea.
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INVESTIGATION OF THE SORPTION CHARACTERISTICS
OF ACTIVATED CARBONS

Abstract. The article presents the results of a comparison of the sorption characteristics for gold of crushed
activated carbon of the foreign Haycarb brand, obtained from expensive raw materials - coconut shells, and crushed
activated carbon of the domestic Shubarkol brand, obtained from relatively cheap raw materials - low-ash coking
coal. The activated carbon Shubarkol crushed to a class of -3.6+1.0 mm, was produced in Kazakhstan from coking
coal by Shubarkolkomir JSC. To test the crushed coal Shubarkol, industrial crushed coal Haycarb, made from
coconut shells, was used as a reference sample. This coal is widely used in gold mining enterprises for the sorption of
dissolved gold from cyanide solutions and pulps. For research, a productive solution of the process of heap leaching
of gold from oxidized ore of one of the deposits of Kazakhstan was used with the composition, mg/L: gold 0.82;
silver 0.44; copper 8.34; pH 11.05. Determination of the sorption characteristics of coals was carried out by the
method of saturation with gold when changing solutions. The results of changes in the gold content in the mother
solution, its extraction and saturation of coals with precious metal after each sorption cycle from the productive heap
leaching solution using crushed coals of the Shubarkol and Haycarb brands are presented. It follows from the
obtained data that Shubarkol activated carbon has similar sorption characteristics compared to Haycarb activated
carbon. The working capacity for gold of Shubarkol coal was 2.28 kg/ton of sorbent, and of Haycarb coal - 2.57
kg/ton. Thus, crushed coal Shubarkol, obtained from relatively cheap raw materials, can be successfully used at
industrial facilities instead of foreign sorbent.

Key words: activated carbon, sorption, sorption capacity of coal, sorbent, gold.

Introduction. The sorption capacity of coal was first noticed at the end of the 18th century. The fact
that activated carbon can extract precious metals from solutions was first noted by Lazovsky in 1847 [1].
The use of active carbons for the sorption of gold and silver from cyanide solutions was patented in the
USA in 1894 by Johnson [2, 3]. The extraction of gold from cyanide solutions by activated carbons was
used in many small factories. Then this method was transferred to the USA and other countries [3, 4].

The analysis of research works [3-13] indicates an established trend of widespread use of activated
carbons for the extraction of precious metals from cyanide solutions and pulps. For the sorption of gold
from solutions, both pulverized activated carbons (with a particle size of less than 0.1 mm) and granular
coals with a fineness of more than 0.2 mm are used. For the sorption of gold from pulps, granular coals
with a particle size of more than 0.63 mm are often used. Coals differ only in the way they are produced.
The following are used as raw materials for the production of activated carbons: bones, peat, fruit pits,
bituminous and brown coals, coconut and nuts shells, wood, sugar, etc. Currently, different brands of
activated carbons from different materials are used, such as Haycarb, Carbon, Norit, UAF, etc.

The widespread use of activated carbons for the extraction of precious metals from cyanide media is
caused by their high sorption and kinetic properties and high selectivity with respect to the gold cyanide
complex during sorption from multicomponent cyanide media containing, along with gold, cyanide
compounds of metal impurities, such as copper and zinc [14, 15].
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It was of interest to study the sorption characteristics of Shubarkol activated carbon during the
processing of a productive solution of heap leaching of gold- containing raw materials in comparison
with the Haycarb activated carbon widely used in industry.

Object and method of research. To determine the comparative sorption characteristics of coals,
crushed coal Shubarkol and activated carbon Haycarb were used.

The activated carbon Shubarkol crushed to a class of -3.6+1.0 mm, was produced in Kazakhstan from
coking coal by Shubarkolkomir JSC. To test the crushed coal Shubarkol, industrial crushed coal Haycarb,
made from coconut shells, was used as a reference sample. This coal is widely used in gold mining
enterprises for the sorption of dissolved gold from cyanide solutions and pulps. It has high mechanical
properties and sorption characteristics in relation to the cyanide compound of gold [16-19].

For the research, we used a productive solution obtained by heap leaching of gold from oxidized ore
from one of the deposits of Kazakhstan. The solution is characterized by the following composition, mg/L:
gold 0.82; silver 0.44; copper 8.34; pH 11.05.

Method of research. The determination of sorption characteristics was carried out by the method of
saturation of coals with gold when changing solutions. According to this method, the Shubarkol and
Haycarb activated carbons weighing 0.5 g each were mixed in a bottle agitator for 24 hours with 0.25 L of
a productive solution obtained by heap leaching of gold from oxidized ore. The gold content in the
productive solution was 0.82 mg /L. After mixing the coals with the solution for 24 hours, the coals were
separated from the solution by decantation, poured with the next portion of the solution and stirred for
24 hours. Such operations were continued 12 times (12 cycles). The solutions after each operation were
analyzed for gold content. The activated carbons after the completion of the sorption cycles were also
analyzed for gold content. The total time of mixing the coal with the solution in the process of determining
the sorption characteristics was 288 hours.

Results and discussion. Figures 1-3 show graphs of changes in the content of gold in the mother
liquor, its extraction and saturation of coals with a precious metal after each sorption cycle from a
productive solution of heap leaching using crushed coals Shubarkol and Haycarb.
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Figure 1 — Changes in the content of gold in the mother liquor after each sorption cycle
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Figure 3 — Saturation of coals with gold by sorption cycles

Figures 1-3 show that the activated carbon Shubarkol has similar sorption characteristics with the
activated carbon Haycarb. The working capacity of Shubarkol coal for gold was 2.28 kg/ton of coal,
Haycarb coal — 2.57 kg/ton.

The crushed activated carbon Shubarkol obtained from relatively cheap raw materials - low-ash
coking bituminous coals, is quite suitable for extracting gold from productive heap leaching solutions and
can be used at industrial facilities instead of the crushed activated carbon Haycarb obtained from
expensive raw materials - coconut shells.

Conclusion. The positive results obtained in the study of the sorption characteristics of activated
carbon of Shubarkolkomir JSC in comparison with Haycarb activated carbon make it possible to
recommend the domestic product for industrial testing at an operating gold mining enterprise for the
sorption of gold from productive heap leaching solutions.
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BEJICEHAIPUITEH KOMIPAIH COPBIUAJIBIK CUTIATTAMAJIAPBIH 3EPTTEY

Angarna. Makanaga KeIMOAT IINKi3aT - KOKOC YKaHFaFbIHBIH KaOBIFRIHAH anbiHFaH Haycarb mapkansl OexceHmi-
plireH KeMipi MeH ap3aH IIUKi3aT - a3 30JIbJBI KOKCTENeTiH KeMipaeH ansiaral Llybapken OenceHnipinren kemipie-
pIHEH aJThIHABI almy OOMBIHILA AIBIHFAH HOTIKEIEeP] CalbICThIPMAIIbI TYpJe KepceriireH. KemipiiepiH cajbICThIp-
Mallbl COpOLMSUIBIK CUMaTTaManapbld anbikray yiuiH IllyGapken ycakranran kemipi sxone Haycarb Oencenpipinren
KeMipi KoamaHeLabl. -3,6+1,0 MM kimacekiHa meiiin ycakranrad Illybapken Oencenmipiaren kemipi Kasakcranma
«Ily6apken Kemip» AK kokcrenetin keMipieH enaipiieai. ¥ cakranrad IllyGapkesn keMipiH ChIHAKTaH OTKI3y YIIiH
aHBIKTAMAJIBIK YJIT1 pETiHAE KOKOC KaObIFbIHAH JalbIHAAIFAaH ©HEpKaciNTiK ycakranraH Haycarb kewmipi
naiaananeIbel. by kemip anThlH OHIIPETIH KCIMOphIHAAap/Aa LUAaHUI EpIiTIHALIepI MEH IyJbhajapAaH epireH
AITBIH/BI COpOLMsUIAY 9JiCi YIIIH KeHIHEH KOJJIaHbUIaJIbl. 3epTTey KYpridy yimiH Kasakcrannarbl TOTBIKKAH KEeH
OpBIHIAPBIHBIH OipiHAe anTHIHABI YHIHII ImaiiManay oMiCIHCH albIHFaH JKYMBIC epiTiHAici KoymaHeuibl. EpitiHmi
KapamaidbiM KypaMbIMEeH cunarrananpl, mr/ia: anteiH 0,82; kymic 0,44; meic 8,34; pH 11,05. CopOrusuieik
cUTaTTaMaJlapblH aHBIKTAY YIIiH KOMIpIi alThIHMEH KaHBIKTHIPY OMiCi KOJIAHBUIIBL. AHAIBIK EPIiTIHAINETi aaThIH
KYpaMBIH ©3TepTy, OHBI amy xoHe ycakranran lllybapken men Haycarb kemipiepiH KongaHy apKbUTBI YHiHII
mraiManay eHIMII epiTiHAICIHEH COpOIMAHBIH opOip MUKITIHEH KEHiH achll METaJIMEH KAaHBIKTHIPY HOTIDKEIepi
KenTipiireH. AJblHFaH ManiMertep OoibiHma, IllyGapken Oencenpipinren kemipi Haycarb Oencenaipinrexn
KOMipiMeH CaJILICTBIPFaH/Ia YKcac COpOIMSUIBIK cunarTaManapra e 6onpl. [1lybapkes keMipiHiH alThIHFA apHAIFaH
COpOLMSIIIBIK CHIMBIMIBLIBIFEI 2,28 kr/T, Xaiikapd kemipi — 2,57 kr/t kypazabl. Ocbuiaiiia, canblCTHIpMalibl TYp/e
ap3aH INWKi3aTTaH ajblHFaH ycakranraH lllyOapkenm kemipi ImeTesfik COpOEHTTIH OpHBIHA ©HEPKACINTIK
o0bekTiepe Nalaaanbluly MYMKIH €KeHi aHBIKTaIbI.

Tyiiin ce3nep: OenceHnipiiaren KeMip, copouus, KeMipIiH COPOLMSIIBIK CHIMBIMIBUIBIFBL, COPOSHT, AJITHIH.
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UCCJEJJOBAHUE COPBIIMOHHBIX XAPAKTEPUCTUK AKTUBUPOBAHHBIX YIJIEN

AHHoTanms. B craree mpencraBieHBl pe3ylbTaThl CPABHEHUS COPOLMOHHBIX XapaKTEPHCTHK IO 30JI0TY
JIpOoOJICHHOrO aKTHBHPOBAaHHOTO YIIIs 3apybexxHoil Mapku Haycarb, moiqydeHHOTo U3 JOpOroro ChIpbs — CKOPIIYIIBI
KOKOCOBBIX OPEXOB, M APOOJIEHHOIO aKTUBHPOBAHHOTO YIJIS OTedecTBeHHOH Mapku LllyGapkoib, HOJy4eHHOTO U3
OTHOCHTENBHO JEIIEBOTO CHIPbS — MAJIO30JBbHBIX KOKCYIOIIMXCS KaMEHHBIX YITIeH. AKTUBHPOBAHHBIH Yroib
[ly6apxons, apobiaeHHbINA 10 Kiacca -3,6+1,0 MM, Obu1 mpomsBeneH B KasaxcTaHe M3 KOKCYIOIIETocs KaMEHHOTO
yris komnanueid AO «lllybapkons komup». st ucnsitanust npodienoro yris 1llydapkoss B kauecTBe STaIOHHOTO
o0paslia MCIOJIb30BaH IMPOMBIIUIEHHBIH Jpo0JeHslii yroab Haycarb, M3roToBJI€HHBI M3 CKOPIYyHBI KOKOCOBBIX
opexoB. JIaHHBIN yroJb LIMPOKO UCIIONB3YETCs Ha 30J0TOA00BIBAIOIINX TIPEIIPHUITHSX J1JIsi COPOLIMH PaCTBOPEHHOTO
30JI0Ta M3 IMAHUJHBIX PAacTBOPOB M ITyJbIl. J[Jsl MpoBeneHMs WCCIEeJOBAaHMK OBUI MCIIOJIB30BAaH NPOIYKTHBHBIN
pacTBOp, MOJYYEHHBIH NPU KYyYHOM BBINIENAYMBAHUM 30JI0Ta U3 OKUCICHHOW PYJABl OJHOTO M3 MECTOPOKACHHH
Kazaxcrana. PactBop xapakrepusyercst cocraBom, Mr/i: 3oi1oto 0,82; cepebpo 0,44; mems 8,34; pH 11,05.
OmnpezeneHre COPOLMOHHBIX XapaKTEPUCTHK OBLIO MPOBEAEHO METOJIOM HACBHILICHHUS yIJIed 30JI0TOM IPU CMEHE
pacTBopoB. [IpuBeneHBl pe3ysbTaThl M3MEHEHUsI COICPXKaHHUS 30JI0Ta B MAaTOYHOM pacTBOpE, ero U3BICYCHHE U
HACBIIICHNE YTiIei 0JaropoHBIM METAIIOM II0CiIe KaXIOro HUKIIAa COPOLMU U3 MPOIYKTUBHOIO PacTBOpa KYYHOTO
BBIIIEJIAYMBaHUS TIPH MCHOJIB30BAaHUM OpoOieHbIx yriedl Mapok lllybapkons u Haycarb. M3 momy4eHHBIX AaHHBIX
CllellyeT, 4TO aKTUBUPOBaHHbIA yroub 1llyGapkons uMeeT 6au3kne cOpOLMOHHbBIE XapaKTEPUCTUKH 110 CPABHEHHMIO C
akTHUBHpOBaHHBIM yriem Haycarb. Pabouast emkoctsh yris IllyOapkons mo 3omoty cocraBuia 2,28 Kr/T yriis 10
cpaBHeHuto ¢ yriiem Haycarb — 2,57 xr/r. Takum oOpaszom, npoOieHsiii yronb lllyGapkosb, mosiydeHHbIH U3
OTHOCUTCIIBHO JCHICBOT'O CbhIPpbsA, MOXKET YCICIIHO MCIOJb30BaTbCA Ha IMMPOMBINIJICHHBIX O6LeKTaX B3aMCH
3apy0eIKHOTO COPOCHTA.

Ki1ioueBble cj10Ba: aKTUBUPOBAHHBIN YToJib, COPOIHs, COPOLIMOHHAsI eMKOCTh YIJIel, COpOEHT, 30J10TO.
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