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DEVELOPMENT OF THE REGENERATION TECHNOLOGY
OF AM-2B ION EXCHANGE RESIN
IN THE PROCESS OF SORPTION OF GOLD RECOVERY
FROM POLYCOMPONENT GOLD-BEARING SOLUTIONS

Abstract. The principal technological scheme of desorption of gold and accompanying metal-impurities from
the AM-2B resin phase used for the sorption processing of gold-bearing ores is considered. The proposed combined
scheme, involving the use of two independent traditional methods of gold elution, involves desorption of metal
impurities from the resin with alkaline solutions of sodium thiocyanate, and gold - with sulfuric acid solutions of
thiourea.

The results of studies of the gold elution and impurity metals from anionite saturated with the following com-
ponents are given, mg/g: Au=2.6; Cu-3.5;Zn-1.3; Ni-2.9; Co - 3.3. It is shown that the main amount of impurity
metals is desorbed from the resin under its thiocyanate treatment, while the transition of gold into the cluate is
negligible. The composition of the eluate in the thiocyanate treatment of saturated resin, mg/l: Au - 14.66; Cu -
669.2; Zn=222.1; Ni - 493.0; Co - 412.6. Subsequent processing of the resin with sulfuric acid solutions of thiourea
makes it possible to transit 98.67 % of gold from the ionite containing a small amount of impurities to the eluate. The
resulting eluates containing ~ 377 mg/1 of gold are target solutions for obtaining a valuable metal.

The ion exchanger resin was regencrated by washing with water and treating with an alkaline solution of
sodium to convert it to an OH -form, at which sorption of gold from cyanide solutions of heap leaching takes place.

Residual contents of components in the resin after regeneration were, mg/g: Au - 0.06; Cu - 0.02; Zn - 0.02;
Ni - 0.01; Co - 1,2, which allows the successful use of the regenerated resin at the next stage of sorption.

Keywords: clution, desorption, combined technology, anion exchange resin, thiocyanate solutions, acid
thiourea solutions.

Introduction. Gold-bearing productive cyanide solutions formed during heap leaching, in addition to
gold, contain complex cyanide compounds of silver - NaAg(CN), and metal impurities, of which the most
characteristic are cyanide copper compounds NaCu(CN),, Na,Cu(CN); and NazCu(CN),, of zinc
Na,Zn(CN),, nickel Na;Ni(CN),, iron NayFe(CN)g and cobalt Na,Co(CN)4 [1-4]. In this regard, saturated
ion-exchange resins, along with gold and silver, contain impurity metals, which mass content in the resin
is sometimes 2-3 times higher than the content of noble metals.

In the process of regeneration of anion exchange resin, it is necessary to achieve the most complete
desorption of both noble metals and impurities. The impurities remaining on the resin when it is reused in
the sorption process deteriorate the kinetics of the process, reduce the resin capacity of noble metals, and
increase the loss of dissolved gold in the liquid phase of tails. As practice shows, the content of residual
components in the anion exchange resin after regeneration can be: gold - no more than 0.1-0.3 mg/g,
impurities - no more than 3-5 mg/g of air-dry sorbent [5].
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Analysis of technologies for the desorption of gold from saturated ion-exchange resins showed that
among the tested eluents the most suitable are alkaline solutions of zinc cyanide [6], sodium thiocyanate
and ammonium [7], as well as solutions of thiourea in the presence of mineral acids [8].

However, zinc tetracyanate is effective as an eluent only for anion exchangers having guanidyl
groups. The anion exchangers used in the CIS contain other functional groups, and zinc cyanide has low
values. To reuse anion exchangers, a deep removal of zinc from the resin, which is carried out by solutions
of mineral acids, is necessary. The process is ineffective and has not found industrial application [9-11].

On an industrial scale, mainly thiocyanate and thiourea solutions are used, while the latter is given
preference in terms of technical and economic indicators. The costs of reagents for thiourea technology are
1.91 times lower than the costs of thiocyanate technology.

Acid-thiourea technology of gold desorption and resin regeneration includes several operations, the
main ones are the treatment of the resin with a hot cyanide solution to remove iron and copper, sulfuric
acid for desorption of zinc and nickel, sorption of thiourea, desorption of gold and silver directly with
thiourea sulfuric acid solution, thiourea washing and transferring the resin to the OH-form by treatment
with sodium hydroxide. All operations, except for aqueous washing of slurries, alkaline treatment and
washing of alkali are conducted at a temperature of 55-60 °C and atmospheric pressure [5, 12].

In the operation of acid-thiourea resin processing technology, its serious drawbacks were revealed:
when using strong hot cyanide solutions for desorption of copper and iron, gold and silver are partially
desorbed from the ion exchanger; zinc and iron are incompletely desorbed and almost no cobalt is
extracted. In this regard, zinc, iron and cobalt are accumulated in the ion exchange resin, which leads to a
deterioration of its sorption properties; complexity and multi-operation scheme; a long duration of the
sorption-desorption-regeneration cycle (250-300 hours) [5].

In order to eliminate these shortcomings, a study of the combined processing technology of saturated
anionite proposed by the authors has been conducted. This technology includes three stages of desorption:
the first and the second - selective elution of impurity metals, the third one - gold elution with the use of spe-
cific complexing reagents at each stage, and the regeneration of the ion exchanger with an alkali solution.

Instead of using strong hot cyanide solutions for desorption of copper and iron, it is suggested to use
weak alkaline thiocyanate solutions that successfully desorb these impurity metals but leave gold in the
resin [13], then desorb zinc and nickel with a solution of sulfuric acid with simultancous conversion of the
resin from thiocyanate form into sulphate, and then desorption of gold with the acid solution of thiourea.
Also, the task was to maximally desorb cobalt from the resin, which according to the existing technology
is almost not extracted.

The implementation of the combined technology will eliminate the shortcomings of the existing
industrial technology and ensure the production of high-quality gold-bearing eluate without accompanying
impurities, which will improve the quality of the finished product.

Methods of the research

Researches used the AM-2B resin produced by GC "Smoly" (Ukraine) [14]. AM-2B anionite is a
macroporous ion-exchange resin based on styrene copolymer with divinylbenzene containing strong and
weakly basic functional groups in its structure.

Studies on the combined technology of gold desorption and resin regeneration were carried out in
dynamic conditions in a laboratory sorption column with a height of 160 mm and a diameter of 40 mm.
The height of the resin layer was maintained to 140 mm, the volume of the resin was 60 ml. All the
process steps were carried out by passing the solution through the resin layer in the bottom-up column.
The flow rate of the solution was 100-120 ml/h, which corresponds to a specific load (SL) of 2-2.4 h™.
The proposed technological scheme of the combined technology of gold desorption and resin regeneration
is presented in figure 1.

After completion of the gold elution from the resin phase, the ion exchanger is regenerated by its
successive washing with water at an elevated temperature of 55 °C and room temperature. Then alkaline
treatment of the ion exchanger (3 % NaOH) is carried out in order to neutralize the sulfuric acid residues
and transfer the resin to the OH -form, which is most favorable for the gold sorption from alkaline
cyanide heap leaching solutions. Spent solutions from alkaline treatment are combined with solutions from
acid treatment and aqueous washing from thiourea and are sent for neutralization.
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Figure 1 — Principal flow chart of the combined technology of gold desorption and AM-2B resin regeneration

Results of tests of combined thiocyanate-thiourea resin regeneration technology

Volume of the passed solution, sp.v. Metal content in solution, mg/1 Residual metal content in the resin, mg/g
in operation | in aggregate Au | Cu | Ni | Zn Co Au | Cu | Ni | Zn | Co
Desorbing solution of 1 % NaSCN and 2 % NaOH
1,97 1,97 1,45 | 589,0 | 184,0 | 192,5 | 296,0 | 2,59 | 045 1,95 0,30 1,77
1,97 3,93 4,87 | 65,10 | 2200 | 184 | 62,0 | 2,57 | 0,11 0,81 0,21 1,45
1,90 5,83 4,80 | 5,88 | 65,0 4,0 11,0 [ 2,54 | 0,09 | 048 0,19 1,39
0,47 6,30 3,54 | 921 | 240 7.2 43,6 | 2,54 | 0,07 | 045 0,18 1,34
Processing 5 % H,SO,
1,93 1,93 098 | 1,13 [ 6,80 | 0,09 | 328 | 2,53 | 0,07 | 042 0,18 1,32
2,17 4,10 0,0 1,38 | 35,60 | 390 | 0,14 | 2,53 | 0,06 [ 022 0,16 1,32
0,40 4,50 0,0 037 [ 16,2 | 2,10 | 0,05 | 2,53 | 0,06 [ 020 0,15 1,32
Desorbing solution of 9 % CS(NH,), and 3 % H,SO,
2,47 2,47 1940 | 1,95 | 7,50 | 2,00 | 0,17 | 1,27 | 0,05 [ 0,15 0,14 1,32
2,70 5,17 122,0 | 1,24 | 2,00 | 3,50 | 0,11 | 041 | 0,04 [ 0,14 0,12 1,32
2,40 7,57 34,0 | 0,73 1,20 | 3,70 | 0,02 | 0,19 | 0,03 [ 0,13 0,09 1,32
2,37 9,93 15,5 1,13 | 340 | 3,18 | 0,13 | 0,10 [ 0,03 | 0,11 0,07 1,32
2,03 11,97 6,5 0,70 | 405 | 2,88 | 0,13 | 0,06 | 0,02 [ 0,09 0,06 1,32
2,07 14,03 2,65 | 0,58 | 330 | 2,68 | 0,08 | 0,05 0,02 | 0,07 0,04 1,32
2,50 16,53 1,95 [ 0,55 | 3,03 | 298 | 0,08 [ 0,03 [ 0,02 | 0,05 0,02 1,32
Washing H,0
2,00 2,00 0,84 | 024 1,53 | 2,20 | 0,02 | 0,03 | 0,02 [ 0,04 0,01 1,32
2,50 4,50 0,30 | 0,04 [ 0,33 1,50 | 0,00 | 0,03 | 0,01 0,04 0,01 1,32
Processing 3 % NaOH
2,00 2,00 [ 008 [ 025 ] 019 [ 129 | 158 [ 003001 ] 004 | 001 | 131
Note: The content of ions of metal-impurities in the regenerated resin, mg/g: Au = 0.06; Cu - 0.02; Ni - 0.01, Zn - 0.02; Co - 1.2.
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Results and their discussion

The results of the experiments are shown in table and in figures 2 and 3.
Figures 2 and 3 show graphical data on the desorption of metals by different eluting solutions.
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Figure 2 — Dependence of metal desorption on the volume of the passed solution upon desorption of metals-impurities
with solutions of 1% NaSCN and 2% NaOH
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Figure 3 — Dependence of metal desorption on the volume of the passed solution upon desorption of metals-impurities
by solutions of 9 % CS(NH,),and 3 % H,SO,

From the presented data, it can be seen that the majority of the metal impurities are desorbed using an
alkaline thiocyanate solution. At the same time, to the eluate there are transferred, %: copper 97.88, nickel
84.32, zinc 86.18, cobalt 59.43. Further acid treatment of the ion exchange resin allows to desorb mainly
nickel (from 84.32 % to 93.10 %) and zinc (86.18 % to 88.10 %).

Figure 3 shows the data using the acidic thiourea solution (9 % CS(NH,), and 3 % H,S0,) as the

cluent. It can be seen that the metals-impurities are not desorbed practically, and gold is desorbed to
98.67 %.
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'K. 1. CatbaceB arbiamarsl Kazak YITTHIK TCXHHUKAJIBIK 3¢PTTCY YHUBEpCHTETI, Ammatsl, Ka3akcraH,
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HOJUKOMIIOHEHTTI AJITBIHK¥PAM/IbI EPITIHIUIEPAEH AJTBIHFAH I.HAfII»IPJIéPI[AH
AJITBIHABI JECOPBIHUAJIAY JKOHE IIAUBIP/IbI KAJIIIBIHA KEJTIPY BAFBITHI BOUBIHIIIA
BIPIKKEH TEXHOJTI'UACBIHAAMBITY

AHHOTAIMS. ANTBHIHKYPaMIBI KEHACPACH anThlHABI AM-2B Mapkamsl ImMaHbIpeIHAH JECOPOIMSIIAY IKOHE
MIaHBIPABI KAWTa OHACYMIH OIPIKKEH TEXHOJOTHSCHIH KOJJAHYIBIH HETI3Tl TEXHOJOTHSUIBIK CYJI0ACHl YCHIHBLIFAH.
By cyitba aaTeHAR ACCOPOUMSIIBIK OHACY AC KOITAHBIIATHIH CKi JOCTYPJIi TCXHOTOTHIHBI KAMTHIBL.

Taiieprapmnan Kocma METaamapAbl CIATLTK POJAHHATI CPITIHAUICPMCH ACCOPOINMAIAY KOHC ANTHIHABI
KbIIIKBLT THOMOYCBHH/II EPITIHALICPMEH AeCOPOIISIIAY IbI KAMTHTBIH YCHIHBIIFAH O1PIKKEH TEXHOJIOTHSIHBI KOIIAHY
KC31HIC KOCTA MCTAIIIAPIBIH OPCKCTI 3CPTTCITAL

3eprreyiep anThHABI JCCOPOUMUIAY SKOHE WOH AIMACTBIPFBIN HIAHBIPABI KAJNbIHA KEATIPY OAaFbITHIHIA
YCHIHBUIFAH apajiac TEXHONOTrwWs OoWbIHIIA OTKi3inal. Kexeci KOMIIOHEHTTEPMEH KAHBIKKAH HMOH AIMACTBIPFBIII
ManeIp madaananeuael, Mr/t; Au — 2,6; Cu — 3,5; Zn — 1,3; Ni — 2,9; Co — 3,3. KanmbIHa keITipiircH HOH aaMac-
THIPFBINI THAWBIPIBIH KAJIBIK KypaMel, MI/T; Au — 0,06, Cu —0,02; Zn—-0,02; Ni-0,01; Co —1,2.

KocnameraxgapasrH, 6ackiM MOTIICPI MCH ANTHIHHBIH a3 MOJIICPI CIMTLNL POJAHHATI CPITIHAIICPIL KOTIAHY
KC3IHIC 2II0ATKA OTCTiHI KepceTimmi. PomaHmari eHACY KE3IHAC 3MF0ATTaFbl MCTANTAPABIH Kypambl, MI/I. Au —
14,66; Cu — 669,2; Zn — 222,1; Ni — 493,0; Co —412,6. UoHuT KypaMBIHIAFEI AATHIHHBIH 98,67 % axThHKYpaMabl
epITIHILIEPTe OTE I, aJl HM0AT KYPAMBIHAAFHI AITHIHHBIH KypaMbl 376,6 M1/ nefiia Oapazsl.

Tyiiin cesaep: aecopOnmsanay, OIPIKKCH TEXHOJOTHS, AaHHOH AIMACTBIPFBIN MIANBIP, POJAHHMATI EPiTIHALIED,
KBIIKBLUT THOMOYCBHHII CPITIHALICP.
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PA3PABOTKA TEXHOJIOTA! PETEHEPAIIMA HOHOOBMEHHOM CMOJIBI MAPKH AM- 2B
B MPOLECCE COPBHMOHHOI'O U3BJEYEHUA 30J10TA
N3 NOJUKOMOHEHTHBIX 30JIOTOCOAEP KAIIIMX PACTBOPOB

AnHoTanusa, PaccCMOTpeHA MPHHIAIHATBHAS TEXHOJIOTHICCKAS CXCMA JCCOPOMUH 30JI0TA M COIY TCTBYOLIHX
MCTAILIOB-MIPUMECEH u3 (pa3sl cMOITBI Mapku AM-2B, ucmoms3yeMol mpu coOpOLHOHHOM MEPepaboTKE 30I0TOCOACP-
skamux pya. Ilpeanaracmas KOMOWHHPOBAHHAS CXEMA, MPEAYCMATPUBAOIIAS MPHMCHCHUS IBYX TPATULUOHHBIX
HC3aBHCHMBIX JAPYT OT APYTa CHOCO00B 3MFOMPOBAHMAS 30JI0TA, BKIFOYACT ACCOPOILHIO MCTAILIOB-IPHMECEH CO CMOJIBI
MICJIOYHBIMH PACTBOPAMHE POJAHKUAA HATPHUSL, A 30]0Ta — CCPHOKHCIBIMH PACTBOPAMH THOMOYCBHHBL.

HpI/IBGI[eHI)I PE3Y IBTATHL I/ICCJ'IGI[OBaHI/Iﬁ QJMOHPOBAHHUA 30JI0TA H MNMPHUMCCHBIX MCTAJUIOB W3 AHHOHHWTA,
HACBIIICHHOTO CIICAYIOIIAMH KOMIOHCHTAMH, MTI/T; Au — 2,6; Cu — 3,5; Zn-1,3; Ni — 2,9; Co - 3,3. [loka3aHo, 4T0
OCHOBHOC KOIIMMECTBO METAJUIOB-TIPUMECEH IECOPOMPYIOTCS CO CMOJIBI IPH €€ POJAHHIHON 00paboTKe, MpH 3TOM
MCPEX0 I 30J10Ta B 3JIF0AT HC3HAYMTCSIBHO. COCTaB 3/F0aTa MPH POAAHHIHON 00pa0O0TKE HACBICHHOW CMOJIBI, MT/II:
Au - 14,66; Cu — 6069,2; Zn — 222.1; Ni — 493,0; Co — 412,6. Tlocaeayromas o0pabOTKa CMOJIBI CCPHOKUCIBIMHA
PACTBOpPAMH THOMOYCBHHBI TO3BOJLICT MEPECBECTH B 3moar 98,67 % 30m0Ta OT COACPKABIIETOCS B HOHHTC C
HEOOIIBIINM KOJITUECTBOM HpHMecer. [TosyHueHHBIE 3MH0aThl, coaep Karmue ~ 377 M1/ 30J10Ta, MPEACTABISIOT COOOH
LCJICBBIC PACTBOPHI A MOJTYy YCHHS ICHHOTO MCTAJIIA.

IMpoBeacHa pereHEpamusa HOHHTA MYTEM HMPOMBIBKH BOAOH M 00pabOTKHM MICJIOYHBIM PACTBOPOM HATPHS IIA
mepeBoaa e¢ B OH™ - hopMy, mpH KOTOPOH OCYIICCTBIACTCA COPOLAS 30J10TA W3 MHAHHIHBIX PACTBOPOB KYIHOTO.

OcraTo4HBIC COACPKAHNA KOMIIOHCHTOB B CMOJIC TTOCIC PereHepanun coctaBuim, Mr/r: Au — 0,06; Cu — 0,02;
Zn—0,02; Ni — 0,01; Co — 1,2, 4T0 MO3BOJIIET YCIEIIHO HCMOIb30BaTh PETCHEPUPOBAHHYIO CMOJY HA CJIETYyFOIIHH
cTaguy cOpOuuH.

Kirouernie ¢j10Ba: 3IOHPOBAHKC, ACCOPOIMA, KOMOMHMPOBAHHAS TCXHOJOTHSA, AHHOHHT, POJAHHAHBIC pac-
TBOPBI, KHCJIBIC THOMOYCBUHHBIC PACTBOPEL.
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