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DEVELOPMENT OF TECHNOLOGY
FOR CHROMITE CONCENTRATE
FROM THE SLURRY TAILINGS OF ENRICHMENT

Abstract. The exploration results of manmade residues retreatment — slurry tailings of chromite ore enrichment
of Donskoi Ore Mining and Processing Plant of the Republic of Kazakhstan are performed in the article.

The technology of chromite concentrate extraction by chemical enrichment and centrifugal separator methods
has been developed. The technology includes preliminary activation processes of chromite-containing tailings in
sodium hydro-carbonate solution, leaching in ammonium bisulfate solution and gravity concentration in a centrifugal
separator. The preliminary activation process is required to increase enrichment degree of chromite-containing
tailings when leaching by means of accompanying elements removal — magnesium, silicium, ferrum. Quantitative
composition of samples is changed insignificantly as a result of activation. At the same time, the phase composition
of samples is changed, calcium oxides phases and ratio of magnesium-containing phases are disappearing.

Prime results through researches when choosing reagent to slurry tailings leaching have been achieved by using
30%NHHSO,solution. Out of data of X-ray phase and chemical analysis, follows that when leaching slime tailings,
the rock-forming minerals mainly go to solution, while chromium and chromite-containing minerals, kaolinite and
amorphous silica remain in the cake-the rough concentrate.

Chromite concentrate has been received at rough concentrate treatment using centrifugal separator KNELSON
consisting of chromite mineral - (Feg 52Mgo 45)(Cro76Al024),04 with Cr,03 59,2% content when ¢jecting Cr,O; into
86,8% concentrate. Technology engineering of chromite slurry retreatment contributes to solve an environmental
problem and also to increase chromite concentrate production.

Key words: slurry tailings, activation, ammonium bisulfate, centrifugal separator, and chromite concentrate.

Introduction. Processing of accumulated and newly formed manmade waste, including chromite
tailings, is an actual task of the present.

The importance of solving the problem of involving in the processing of wastes of enrichment
products is associated not only with ecology but also with the need to increase the production of chro-
mium. For the period from 2005 to 2012, the world production of chromium, according to the Interna-
tional Chromium Development Association (ICDA), increased from about 18 million tons to 24 million
tons [1].

Donskoy Ore Mining and Processing Plant is the enterprise that extracts and enriches chromium raw
materials in Kazakhstan. Gravitational technology for chromium ore enrichment makes it possible to
obtain a chromium concentrate from large and medium fractions. At the same time, the fine-grained
tailings are practically not enriched because of the difficulty of separating complex minerals into chro-
mium concentrates and empty rock [2, 3].

Research in Physics and Chemistry. Slurry tailings of chromite ores enrichment of the Donskoy
Plant were used in the work. Chemical analysis of slurry tailings is given in table 1.

The results of X-ray diffraction analysis of slurry tailings of the Donskoy Plantare presented in
table 2.
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Table 1 — Chemical composition of thechromiteoreslurrytailings

Name Content, % Name Content, %

Cry04 2547 Cu 0,008

Fe, 0 9.1 Pb 0,05
Si0, 21,53 As 0,025

AL O4 1,51 Sb 0,23

H,0O(bound) 7.8 K 0,05

CaO 0,75 Na 0,05

MgO 29.4 P 0,008

MnO, 0,053 C <0,2
Seam 0,1 Agght <20
Seuir <0,1 Aught <0,05
Zn 0,1 Ni 0,28
Co 0,02

Table 2 — Phase composition of the slime tailings

Name Formula %
Antigorite Mg;Si,05(OH), 41,8
Aluminum-ferruginousmagnesite MgFeAlO, 29,7
MagnesiumChromite MgCr,04 12,5
Clinochlore MgSi4019(OH)g 5,1
CalciumIronOxide CaFe,0, 4.8
Aluminous Iron Oxide Of Calcium CayFe; 15Al 7,05 3,9
Brownmillerite Fej 3341 67Cay05 1,7
AluminumCalciumSilicate Cays(AlorSi0oOsgs) 0,3
AluminumMagnesiumCalciumSilicate Cayz 90Mg9s 4(AlgrS1,060384) 0,3

Mineralogical analysis of the samples was carried out using the microscope MIN-8 at 320x magni-
fication, and using the OLYMPUS microscope at 200x, 400x magnification in transmitted light in an im-
mersion medium and in polished sections in reflected light under an inverted Leica microscope. The
photomicrographs of the samples in reflected light were made at 300x magnification using an inverted
Leica microscope, in transmitted light with the help of the OLYMPUS microscope at 200x, 400x magni-
fication using the StreamBasicR software (figure 1).

Figure 1 — Mineralogical composition of the slime tailings:
1 — shungit; 2 — spinel minerals chlorite group; 3 — aluminum-magnesium spinel; 4 — antigorite; 5 — immersion environment
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The spinel of minerals of the chlorite group is represented by chamosite (Fe, Mg, Al) (Si, Al) 4010
(OH) 8 - yellowish-green lamellar grains with pleochroism (pleochroism from green to light yellow).

Aluminum-magnesian spinel - Fe, Mg, Al, Cr - grains from brown to reddish brown, isotropic,
fractured shell.

Antigorite Mg3Si1205 (OH) 4 - anisotropic colorless grains with a fibrous structure. Optically biaxial
negative 2V (-), with refractive index N ~ 1,550,

The thermal analysis of the tailings was carried out using a synchronous thermal analysis instrument
STA 449 F3 Jupiter. Before heating, the oven space was pumped out and then purged with an inert gas.
Heating of the samples was carried out at a rate of 10°C/min, in an environment of highly purified argon.
The volume of incoming gas varied depending on the chemical analysis of the sample and was maintained
in the range of 80-90 ml/min. Cooling was carried out to 300°Cat a speed of 15°C/min. The processing of
the results obtained with the STA 449 F3 Jupiter was performed using the NETZSCHProteus software
(figure 2).
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Figure 2 — Thermogram of slurrytailings

The most intense effect on the AITA curve is endothermic, with maximum development at 680 °C
accompanied by a decrease in weight of the sample. In combination with exothermic peaks at 805 °C and
1160 °C this effect may reflect the manifestation of serpentine. At680°C the structure of the mineral
breaks down with the simultancous removal of the OH group, and the formation of new mineral phases,
crystalline forsterite, and X-ray amorphous enstatite. The exothermic peak at 805°C reflects the ordering
of the forsterite structure, and the peak at 1160°C shows the crystallization of X-ray amorphous enstatite.
At a minimum of 403°C on the curve of DTG reflects the manifestation of dehydration of iron hydroxide,
magnesium, and chromium oxyhydroxide. A weak maximum on the same curve at 458°C may show the
oxidation of ferrous iron in magnetite or chromite by residual oxygen. The combination of an endothermic
effect with an extremum at 680°C, an endothermic effect with an extremum at 831°C, and an exothermic
effect at 847°C can be interpreted as a manifestation of some magnesian chlorite - pennin, cammererite,
clinochlore. The combination of an exothermic effect with a peak at 360°C, endothermic effects with
extremums at 680°C and 745°C, and an exothermic effect with a peak at 905°Capparently reflects the
presence of a margariteCa0,Al,0;2510,H,0in the sample of the mineral. At 360°C, oxidation of the
ferrous iron impurity takes place, at 680°C and at 745°C the removal of hydroxyl water and lattice failure
occurs, at 90°C crystallization of the decomposition products proceeds.It is known [5] that heating of
chlorite to temperatures exceeding the temperature of the exothermic effect leads to the formation of
spinels. In [4] it is reported that after dehydration of several hydroxides, a solid solution of spinels is
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formed. The process is displayed on the thermogram with an exothermic effect. Based on these data, it can
be assumed that exothermic effects, in addition to the processes described above, also show the formation
of solid solutions of chromospinelides from thedehydration products of the phase constituents of the
sample.

The results and its discussion. A technology for processing slurry tailings has been developed to
produce chromite concentrate, which includes preliminary activation in sodium hydrogen carbonate
solution, leaching in a solution of ammonium hydrogen sulfate and gravitational enrichment with the use
of a centrifugal separator.

The preliminary activation is necessary to increase the degree of enrichment of chromite-containing
tailings during leaching by the removal of the accompanying elements - magnesium, silicon, iron.

The possibility of activation of slurry tailings by treatment with sodium hydrogen carbonate solution
of 120 g/dm’ concentration at temperatures of 100-240°C, T:F = 1.0:10.0 and a duration of 90 minutes
were studied.

Chemical analysis of the activated tailings showed (table 3) that, as a result of the activation, the
quantitative composition of the samples changes insignificantly, except for a decrease in the calcium
content. At the same time, as follows from thedata of X-ray phase analysis, the phase composition of the
samples changes (Table 4), the phases containing calcium oxide are disappearing; the quantitative ratios of
the magnesium-containing phases are also changing.

Table 3 — Chemical composition of the slurry tailings after the activation

Name Cr,04 MgO SiO, Fe,04 ALO4 CaO
Initial tailings 2547 29.4 21,53 10,4 2,97 1,95
Tailings after activation at 100°C 254 29,49 21,73 10,28 2,96 0,864
Tailings after activation at120°C 25,52 29,53 21,69 10,56 2,99 0,812
Tailings after activation at150°C 2542 29.5 214 10,5 291 0,8
Tailings after activation at200°C 2548 29,39 21,35 10,46 2.8 0,794
Tailings after activation at240°C 25,5 29,38 21,38 10,5 2,75 0,641

Table 4 — Phase composition of the tailings after activation

Composition, %
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Initial tailings 41,8 5.1 12,5 8.7 15.3 3, 11,0 -
Tailings after activation at100°C 21,8 20,9 204 7.6 15,8 5,6 0,8 1,2
Tailings after activation at120°C 21,8 21,6 20,6 15,3 15,7 52 0,8 14
Tailings after activation at150°C 22.0 21,3 20,6 15,9 154 42 0,6 1,0
Tailings after activation at200°C 224 214 19,7 15,7 15,8 5,0 - -
Tailings after activation at240°C 23,7 21,0 21,5 182 15,6 52 - -

The analysis of thegiven data for the preliminary activation of tailings shows that practically all main
changes in the phase composition are terminating at the temperature of 120°C.

— 185 =—



H3zeecmua Hayuonanvroti akademuu Hayx Pecnybnuxu Kasaxcman

After activation, the slurry tailings were processed by leaching at a temperature of 95-100°C in the
regenerated solution of ammonium hydrogen sulfateNH,HSO,.

The carried out study in the process of leaching of slurry tailings, a solution of ammonium
hydrogensulfate with a concentration of 30.0% was used. Leaching was carried out at a temperature of
95°C for 60 minutes.

For comparison,in addition to the ammonium hydrogen sulfate solution, a solution of 5% H,S0, and
a solution consisting of 30% NH,HSO4+1% H,0, were used for leaching.

The obtained results of leaching are shown in table 5.

The best results were obtained using a leaching solution consisting of 30% NH,HSO,, in this case,
the content of chromium in the cake (rough chromite concentrate) was 38.4% Cr,Osat cake output of
65.5% of the weight of the initial slurry tailings.

Table 5 — Cake (rough concentrate) from the leaching of slurry tailings

Cr203 F6203 MgO SIOQ AIQO:; Cake
Name G
% | £%* | % [ &% | % | &% | % | &% | % | &% | output,%
Initial tailings 2547 100 10,5 | 100 | 30,0 100 | 22,7 | 100 | 2,74 | 100
Cake form leaching with
5% H,80, 32,1 95,4 9,94 [ 699 | 188 | 46,3 | 30,7 | 100 | 3,04 | 82,1 75,0
Cake form leaching with
30% NIH,HSO, 384 96,8 9,25 (399 | 7,08 | 10,7 | 34,0 | 70,0 | 4,56 | 75,0 65,5
Cake form leaching with
30% NH,HSO,+ 1 % H,0, 36,9 95,5 747 | 33,5 | 8,07 | 12,06 | 40,8 | 84,6 | 3.2 | 55,7 67,1
€, % * — extraction of the component in the cake (rough concentrate).

For the regeneration of a solution of ammonium hydrogen sulfate, a method [6] of thermal decom-
position of ammonium sulfate into hydrosulfate and ammonia according to reaction (1) is known:

mH4)ZSO4 = NH4HSO4 + NH3 .

Cakes from leaching weredispatched to enrichment using gravity separator KNELSON.

As a result of the centrifugal separation of cakes, chromite concentrates with the following content,
mass% were obtained:

- from the cake after leaching in (30% NH4HSO, + 1% H,0,) solution — 53,4 Cr,O;; 9,8 MgO;
19,1 Si0,; 13,1 Fe,05; 4,1 ALLO3; 0,14 CaO. The output of the concentrate accounted 32.4% of the weight
of the initialtailings. The extraction of Cr,0; into the concentrate accounted for76.2%;

- from the cake after leaching in 5% H,SQOysolution— 42,6 Cr,O;; 18,7 MgQ; 23,0 SiO;; 11,0 Fe,05;
3,67 AL,Os; 0,2 CaO. The output of the concentrate accounted 36.9% of the weight of the initialtailings.
The extraction of Cr,Oj; into the concentrate accounted for72.7%;

- from the cake after leaching in 30% NHsHSOusolution — 59,2 Cr,O;; 9,1 MgO; 124 Si0,;
13,05 Fe,05; 4,63 ALLOs; 0,21 Ca0. The output of the concentrate accounted 32.9% of the weight of the
nitialtailings. The extraction of Cr,0; into the concentrate accounted for86.8%. The material balance of
cake enrichment under these conditions is given in table 6.

(D

Table 6 — Material balance ofcakeenrichment after leaching
in a 30% NH,HSO, solutionusing KNELSON centrifugal separator

Output Content, % Production Extraction,%
Product name
g % Cr203 Cr203 Cr203
Concentrate KNELSON 49,35 32,9 59,2 1947.68 86,8
Tailings KNELSON 100,65 67,1 4,35 291,7 132
Total 150 100,0 2239,38 100,0

X-ray phase analysis of cake enrichment products after leaching in 30% NH.HSO, solutionis
presented in tables 7, 8.

Table 7 — X-ray phase analysis of tailingsenrichment of cake after leaching in a 30% NH,HSO, solution
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Name Formula %
Kaolinite Al,S1,05(OH), 44.9
Clinochlore (Mg.Fe,Al)s(S1,Cr),014(OH)g 445
Chromite (Feq.55Mgo.48)(Cro.76Al0.24 204 10,6

Table 8 — X-ray phase analysis of chromite concentrate

Name Formula %
Chromite (Fep 5oMgo 48 )(Cro.76Al0 24204 100

The data of X-ray phase and chemical analysis shows that leaching of slurry tailings with a 30%
NH:HSQ, solution of ammonium hydrogensulfate, the rock-forming minerals commonlyconvert into
solution, and chromite and chromite-containing minerals, coalitol and amorphous silica remain in the
cake-the rough concentrate. The amorphous silica resists the X-ray phase analysis.

When enriching the rough concentrate using the centrifugal separator KNELSON, a chromite
concentrate consisting of a chromite mineral - (Feg 5,Mgg 45)(Cro 76Al0 24),04 wasobtained.

Thus, in the process of slurry tailings enrichment, using the technology including the operations on
the preliminary activation of the chromite-containing tailings in a solution of sodium hydrogen carbonate;
leaching in a solution of ammonium hydrogen sulfate, and gravitational enrichment using centrifugal
separator,a chromite concentrate with a 59.2% content of Cr,O; was obtained with the extraction of Cr,0;
into a concentrate of 86.8%.
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Merannyprus xsHe KeH 0albITy HHCTUTYThI, AMaTsl, Kazakcran

BAUBITY YPAICIHIH IIVIAM KAJIIBIKTAPEIHAH
XPOM KOHIIEHTPATEIH AJTY TEXHOJIOTHSICBHIH JKACAY

Annoramus, TexHoreHmi kangsikrapasl — Kasakcran PecmyOmukachiHbH JIOHABIK Tay-KCH OAHBITY KOMOH-
HatbiHbH (JloHasik TKBK) xpomuTTi KeHiH OaHBITKAHIAFBI ILIAM KAJIBIKTAPBIH KAWTa OHACYIIH 3EpPTTEY HOTH-
JKenepl KeNTIpiIreH.

OpTanpIKTaH TENKINI 0TIl KOHE XUMISUIBIK OAWBITY apKbIIbI XPOM KOHICHTPATHIH ATy BIH TEXHOJIOTHICHI
JKacaibIHABL. Byl TexHOmorms KypambIHZA XpoM 0ap KaXIBIKTApAbl THAPOKAPOOHAT HATPHH EPITIHIICIHAC anablH
ana OenceHnipyai, aMMOHUHTIH OUCYIb(aT CPITIHAICIHAC MAKMajay >KOHC OPTAJIBIK TCIKIMI OONTIImHIC TPaBHTa-
OUAUTBIK OAMBITYIbI KAMTHIBL. AJIBIH ama OCICCHAIPY YPAICIH KYPri3y — ImaiManay Ke3iHAC KOCHIMINA 3ICMCHT-
TepAiH (MarHWM, KPEMHHH, TEMIp) »KOHBLTYy cceOiHCH, KypaMbIHIA XpOoM Oap KanabIKTapAbl OAHBITY JOpE:KECiH
JKOFAPIIATY VINIH KSPeK. ANIBIH aja OCICCHOIPY HOTIDKCCIHAC YITLICPAIH KypaMbl con e3repeai. COHBIMCH Kartap,
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yarimepaiH (a3amslk KypaMbl e3repeidi, KypaMmblHAa MarHwi Oap (pa3amapapH KATBIHACHL, KYpaMBIHAA KaIbIHH
oxcuzai 6ap (azamap >KOUBLIATBL.

JXKypriziireH 3eprIey JKYMBICTApBHIHAA IUIAM KANABIKTAPBIH IIaiiManay YINiH pearcHTTi TaHmaraHma — 30%
NH/HSO, epiTiHaiciH KOITaHFAHAA 6TC JKAKCHI HOTIDKEICP ANBIHABL PeHTreH(A3aIbI KOHEC XUMIAIBIK TaIIayaap
HOTIDKECIHEH IIJIaM KAJIBIKTAPBIH INAiiManaraHaa KBIHBICTAPTY3CTINI MHHEPANTAp HETI3IHEH CPITIHAIrE OTei, al
KEKTE — aJFANIKpl KOHICHTPATTa XPOMHT >KOHE XPOMHTTI MHHEpANAap, KOAMMH, aMOp(Thl KPEMHHUH THOKCHAI Ka-
JATHIHBIH KepyTe 00Iazbl.

KNELSON oprazaH Tenkim OeTilmiHIe aiFallkbl KOHOCHTPATTH OAaHBITKAHIA XPOMHT MHHCPAJBIHAH TYPa-
ThH - (Feg50Mgo.48)(Cro76Alp24)20,4 Kypambagarel CryO; — 59.2% - xpomutTi KOHOGHTpar aiasiHael. Cr,O; KoH-
LCHTPAKA ambIHYHI 86,8%.

XpoM KaIABIKTAPhIH OHACY TEXHOJOTHSICHIH 5Kacay 3KOJIOTHIBIK MOCETeCp Il eI KaHa KOHMal, COHBIMEH
KaTap XpOM KOHIICHTPATHIHBIH, IIBIFBICHIH APTTHIPAIBL.

Tyiiin ce3aep: muaM KaJgbIKTapsl, OCICCHIIPY, aMMOHHUH OWCYIb(aThL, OPTANBIK TEHKIII Oenrimi, XpoMm
KOHIICHTPATHI.

Bb. K. Kem:xxames, C. B. Inagennes, P. A, Aoayasammes, E. U, Ky aees,
K. O. Beiicembexora, C. A. Omapoea, A. 1. Mananosa

WnctutyT Metamty prun u odoramenmns, Anmarsl, Kazaxcran

PA3PABOTKA TEXHOJIOI'MHA INIOJYYEHHUA XPOMUATOBOI'O KOHIHEHTPATA
N3 HNIJIAMOBBIX XBOCTOB OBOT'AIINEHUA

AnnoTtamusi. B cratee mpuBencHBI pe3yIbTaThl HCCICAOBAHMI NMEPepabOTKH TEXHOTCHHBIX OTXOJOB - IIJA-
MOBBIX XBOCTOB OOOTAICHHS XPOMHTOBOH pyAbl JIOHCKOTO TOPHO-O00OTAaTHUTEIbHOTO KoMmOMHata PecrmyOmmkn
Kasaxcran.

Pa3paborana TEXHONOTHS MOIYYCHHUS XPOMHTOBOTO KOHIEHTPATA METOJOM XHMHYCCKOTO OOOTAIICHHS H
HOEHTPOOCKHOHM cemapanun. TeXHOJIOTHS BKIFOYACT ONCPALMH IPECIBAPUTCIBHON AKTUBALMH XPOMHTCOACPKAIIIX
[IJIAMOB B PAcTBOPE THAPOKAPOOHATA HATPHS, BHIMCIAYHBAHHUEC B PACTBOPE THAPOCYIb(aTa aMMOHHA WM TPaBH-
TAIlMOHHOE O0OTAICHWE HA ILIEHTPOOSkHOM cemaparope.llpoBencHue OIEepanuy NPEABAPHTCIBLHON AKTHBAIMA
HEOOXOAMMO 711 IOBBIICHUS CTCIICHH OOOTAINCHH XPOMHTCOJICPKALIMX IITAMOB IPH BHICIAYHBAHUN 32 CUCT
VAaJCHUS COIMYTCTBYIOINMX 3JEMCHTOB — MArHWs, KPEMHHS, Kele3a. B pe3ynprare akTHBALMHU KOIHYCCTBEHHBIH
COCTaB Mpod MU3MCHACTCS HE3HAUUTEIHHO. B TO ske BpeMa MEHACTCS (ha30BbIi COCTAaB MPOO, HCUE3ar0T (haskl, COaep-
JKaIe OKCHJT KaIbIMsI, COOTHOIICHHUS MAarHUHACOACPKamux (as.

B mpoBeACHHBIX NCCIETOBAHMAX IMPH BHIOOPE PEarcHTA I BHIICIAYUBAHMUS IIJJAMOBBIX XBOCTOB HAWIIYYIIIIC
PC3YIBTATHl MOIYUCHBI MPH HCTIONB30BaHNH pacTBopa ¢ 30% NH,HSO,. M3 maHHBIX peHTTCHO(A30BOTO H XHUMH-
YECKOTO AHANM30B CJICAYCT, UTO TPH BHIIICTAYMBAHUM ILTAMOBBIX XBOCTOB, IOPOJO00PA3yIOIIHNEC MHHEPAIBI B
OCHOBHOM MEPEXOJAT B PACTBOP, 4 B KEKE - UCPHOBOM KOHICHTPATE OCTAOTCA XPOMHT W XPOMHTCOJCPIKAIIHC
MHHEPAJIbI, KOATHHAT 1 aMOP(HBII KPEMHE3EM.

[Tpu oboramenuy YepHOBOTO KOHIEHTpaTa Ha ueHTpoOexkHoM cenaparope KNELSON nonydeH XpOMHTOBBIH
KOHIICHTPAT, COCTOSIIHA W3 MuHEpana xpomuta - (FegsnMgo 42)(Cror6Alp24):04 ¢ comeprkarmem CrO; 59,2% mpn
mpneucHIn Cr,O3 B KoHOCHTPAT 86,8%

PazpaboTka TexHOIOTHH TIepepabOTKH XPOMHTOBBIX IIIAMOB IIO3BOJIHT HE TOJBKO PEMIATh SKOJIOTHUCCKYIO
poOJIEMy, HO U YBEIMYHUTD BBITYCK XPOMHTOBOTO KOHIIEHTPATA.

KioueBnie cioBa: muraMoBBIE XBOCTBL, AKTHUBALMWS, THAPOCYIb(PAT aMMOHWS, LEHTPOOSKHBINH CEImaparop,
XPOMHTOBBIN KOHICHTPAT.
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