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Abstract

The activated leaching of chalcopyrite with hydrogen was investigated in this
paper for the up-grading of concentrates and the recovery of S as S° and of as Fe;O,.
Desulfurization of copper concentrates with hydrogen was found to be most effective
as compared to thermal decomposition under reduced pressure or in an inert gas
stream. The reaction proceeds as shown below :

CuFeS, —f-chalcopyrite —bornite+ Fe, S —Fe+ bornite —Fe+ Cu.

Coagulation of the deposited FeS into a massive particle and formation of bornite
phase surrounding it were observed under a light microscope. Also, it was found that
partially reduced products were leached readily by hydrochloric acid solution with a
vigorous evolution of H,S and then Cu,S was formed. The dissolution of iron in
bornite was affected significantly by nonsto-

ichiometry of bornite and was slightly influe- Chatcopyite

172Cufes,

nced on the acid concentration or leaching

temperature.
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an Y o/ N L 1} /‘_‘—,~ o Hife N = 1 12CuFeS,+ 6Hy+= 3CufeS,+ 9FeS + 61,8
{'\LV XJ‘ L 35/)1/)\‘1"%'/’%{% ; > C(: 01%% L ° Jj’ 7 3CusteSs+ 9FeS +18Fe,0p + 132HC! + 61,5
CuFeS, % B3R5 B UMK ERTEO FHiz L b = 661 eCly* 6Cu,S + 185"+ I7H,0

3 661 eCl+ B8H,0 = 22F¢, 04 + 132HCI + 22H;

BUY B+ 5 &, T O Cu-Fe-S Rop=:

TCIRAER L Cu,S-FeS # ks s+ 5, Cu, Fig. 1 Process scheme for the pretreatment
N of copper concentrates by hydrogen.
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S-FeS # — T RIKBERIC X #uiE, CuFeSy 33k « R BN A BT 5 CuFeSs(bornite) & FeS
DM SHET 5,

CuFeS 28R 62 6% L 7ch = L bk, CuFeS;%n FeS L 5Bt LB 5 71X, #FETL0 ML
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Table 1 The analysis of chalcopyrite concentrates.

Cu Fe S Pb Zu B i Co
222 | 28.6 | 39.3 1.5 | 0.5 | 0.30 | 0.30
*o06 |*31.8 | a6 * CutFet5=100%

CaO | Mg0 | Sio, Au Ag

0.71 | 0.7 5.1 11.7g /¢ 107¢g / ¢

R L7 B TH D, B o5 HEE Table NZiBvi e, X #RET & 0 BEEY & L CHEHA
pyrite (FeS,) ¥ & ¥ magnetite (Fe,0,) MEFE S i, * BEMESHE» S BRI,
covellite (CuS) D LI, —H, KRAEFMPHHOFESIHERIFEERME - —FL,
X BREHTEE RS S LR B TH 5 = L EED b,

2,2 EBRAE

FEERGL O BRI 2EE) 2 SR~ 5 ERR A RAIR RS A F A & L, MEAREISE TT T, Ar s
L O H & B Tt oo ER Ty AP E 500 mi/min, BEHE 100mg & U, 7, WETOBE3107°
~10* mmHg 3 X U500 mg D&M L L1,

REHIBEFA A v P AR, BUSE EHCEY Sifcs s Bl = » 7 TRIGE R 51 LT
RE, FAIEERECELLE BT IeERICKEEEE, BORLNE s LIas s
i, WOTHIGHBEOEEEPAET S L & XEEF R L OBEROREE & L,

RS B O RHB I oW Tk 6 g, BWEILCit 4 g Bk 4, HyfidE 100 m{/min ©
KEFERTC LI 0T, EBREHFCE, FRBROoBA 4l HERICOWTIR2.5g ¥R bR L
L, FIEDRE, BREOEK 200m! th TR L KBISREERE, Ehiohd A7 4 L8 —T
FEwmEL, BRETFOBERI25EC I EEGHERYRE RIS TEE L L, BREHD
¥ Cu, Fe o>\l BsEE, ¥ SEoVWTHAZRRTC I AEREY A1, #E#S
o Fe, Cu B L U'S A0S RFE OV TIEaHE LT e, Cu, Fe LU S o4
EOEE100% 7D L5, ThZhooTEXRIEL .

bornite DIEFLE H 2B A T8~ B fo i B L 7 bornite o &R EHL, 9 CwS, CuS & L U
FeS %+ nFNERET v 7 AihTEHERB EFERREIDAERL, TORINLERIYEFTEDOH
BiLETeA X OBEREL, BXE7 v /AR THER LT,
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3. 1 WEThAE & BF ?
Fig. 2 i £ 85350 T s 1 5 BRI o Biwi 3 -
EEOLRICERBAMEAYR LI, $72, Table 2
CARECK T HE@ERD D X FRETIC X 5 7
FEHR S TR LT, Table2 i X,

CuFeS i3tk D £ B 2 U ED 2 Lo
DB,

stepl CuFeS,—CuFe xS,

step2  CupFe xSr—>CusFes xSe x+

Weight-loss, Wi1/%
U

4
Fe, xS
¥ LRRP T o FREREREV T, 3
step3 CusFes .Ssx+FexS—Cu+Fe
DIBREE L SIBHIDERT % o 7535 Cuy S A ’
PEEINR T b, TR0 X 5 7ol [
BEBRT2SBHOSRINEL V-2 &b
2% R0 500 600 700 800 900
CusFes S x—Cup S+ Fe,_ S—Cu+
Temperature, te/°C
Fe Fig. 2 Effects of temperature and
Lo Rt 028 E Fig. 2 ol & atmosphere on the desulfurization
WELTE 2D &, 500°CHiETHREEDZE LT of chalcopyrite.

Eoypnzsn, Tiurstep LY TS, Lo @® H, 15min A Vacuum,1h O Ar,4h
L, step 2 % L O 3 N T AL REE IR I B b io v, — 7, RERGTHERC I
VE 500°CH v 83 & 40T step 1 ICAEM T 2 RBE — 7 3B b cdd, fBDBFICIG Loy — 71k
RS nich ot Licdi- T, step 2 DMBIRE L D by LABREICHEEFEL O 5 &
oz, XRERTRER S B L BRRES W% bl s LT hoBHE T CusFesxSsx & FeryS
DA HIRL T B Z Ebdo T,

CusFes «Ss xTH 53> X 5 bornite HP (3K RI 1L CusFeSy (x=4) o CHECHFELEST A
kBRI TH 5, Cu-Fe-S RN 1 X it CweS & FeS s X b &EH
AR BRI 11 <, &R & O IFE L fe b, Z OIREEICKIGT % bornite i & L Tt Cuy
FeS; /MBI T B, 02 &b HLERHED,

Table 2 X-ray diffraction analysis of desulfurized chalcopyrite.

temp. C

400 500 600 700 800 900
atmosphere
Ar a s ¥is By b, p b, p, B
Vaccum @ s Vel By b, p b, p» 53 b, p
H. a s B, b.p |p.boc i

a:CuFeS; B:Cu,.xFe,.xS2 b :CuFesxSs.x» p-Fer-xS, ¢ :Cu, i:Fe
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4 CuFeS,—Cu,FeS;+3 FeS+S,
DI Y T 5 25% LA Lo B 55215 L SBHO LRSIV thd b L EZBRD, DDk
L 700COKFRTREDEBOERMER L L < —FT 5,

3. 2 BRI EEMLOBRE

CuFeS K1+ o it i o FZE AL 2 40 5 7 Bl D 3EHT DU TR T W o b A B 2 2 1T\
LIFOFEEHERL I,

step 1 ifH249 % CurixFei S, (B-chalcopyrite) ~ DBk (b FRE 2 HAIICE - T, b+
r I ANMCETT A0 TR, MTF2Er—F S BT 5, T, ORI IRT
NTD27 Ty 7 DFEEDDTERYHEHDO X — 5 REBADTALS Zblesoto, & 0B
TRO LN HMHE—DEAIRN FL2EOATPTEL P EBETH - 1,

step 2 @ S 7> 6 bornite OB T @R T step 1 L [RHEEIZ b A4 3 # 1Y bornite F O A4
RS bR, Phto. 1 @R T L 3 BRI FHENICT 2 7 —RICHTH L TL B, Bk sikx <
b on, MTEWHOEHRIENLBE LA b, E5HICZ D X 5 7t borsnite o KA H 0 B
i, FeSHEMMICRAETE % X 5 THBBERD LRish -k,

ZOMAEL S BT ST 5 &, bornite lHOEEA B HH L h k= < /e b, 0z bornite fHIZH
Wi B VT 2REBIC %, COBRRBETIE, KRG B EA DN LG OEFIEEICH
7y, FeSHIZEN LI BEbhslfidabNb, Lo, ZoRKELHET S L, bornite,
FeS k5 L O B HOZMEMN TN F M L THA L TR Y, By RIE i bornite » FeS m5247¢
TR E CBBR A ED D Z EREETH D Z Lo T,

—77, KFFHKUCBThH, BHMICTZ £ 7 — ki bornite #2Hlb i 285 ¥ TLiih o
BRI LA TH -1, LvL, KRICI LA CRBRFEE KX S /b, BT
TE&UKIC bornite DR ESL, T ORERAKIIG B IR FrhRIBCERRICE b K S RS

Photo. 1 Photomicrograph showing the initiation of bornite

phase from p-chalcopyrite. The dark lamellae are
bornite.
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Photo. 2 Chacopyrite particle after reduction with hydrogen show-
ing the formation of pyrrhotite and bornite. The light
—colored lamellae in bonite are pyrrhotite exsolving from
bornite solid solution.

Photo. 3 Scaning electron micrograph showing the growth of
metallic copper and iron after reduction chalcopyrite
with H, at 800 C.

L h, FOBBMBOET L & bic, SO/ & bornite MUK OILA(LAE H, TR LH
RO ELE o0 FeS IR+ 5 Blg v i#E» b iz, (Photo. 2 R

DX B, KEW L AWM BE TR EITL DI, By L (2527 b bornite &SR FeS
O MR & 70 5 23, bornite MIC b Ml T 2 T —IROBTHAED B, Wb S lammellae
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bornite & J XN AL TR L1c, CuS-FeS B irR MR «w X ¥, bornite » FeS jzsd-3
HEMEGEEREENEL CAKZF VLI ED b B, Lich - TEENSEIENC bornite Fliz &) =
ATV FeS 35 4 5 — It Licd D b b,

Lo X5 e HBAMOERBA~DOREIC T, 9 bornite #0s HEMER C— Bk w & B 8k
DEENED, Z P bornite P BURCHTHE U Ty 7z FeS M s ld4 5 & & b,
T 45 —PIHHEL Z bbb, 2 LEBFAD LIS B ~D I T Lahd -
foo X HICETLOETDr & &JBH bornite 2 LR D #HERICAEE L T 528 &gt nF
NETOMN A DEFHHERLTL 5, Photo. 320X d h&BORERRO SEM 1= & 522
HERERL, BILAET LIRATE, SEREBIELD -1 EOHER LS,

3. 3 BRHBEHoBRTHERE

BHFERTHAROER I Y ZEORMPLEL b lcd, 4~6g OB X AV-BREE0®
BRI T Lt Fig. 3 IS DK EBTE L OWERS B X ABBER 0 i d R L, K
R L ARV EFCHRITH B Z Lbr b, BERDETE, 58y ALRERIEDC
IAEZEECETOIRY, RBOEEEELRLIDRERT L VS S, Bkt FeS,, PbS
BIUOE ASEYMHREENTED, 600CAL T TLL FeS, o5 As DEEZRMBE D, ¥l v E
[RE Tk PbS B LT &, BieBEfctty, BBASOR S ER I {ltste, Th
LT, KERELCHELEL VAL LARET B R bR, T BT X h — kit
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Fig. 4 Reduction of copper concent-

Fig. 3 Comparison of desulfurization of rates by H, at different temper-

copper concentrates by hydrogen atures.
with that by thermal decomposi- O 800 €
tion under reduced pressure. oo
@® H., 30 mim 4 600 °C
O H,, 90 min @ 500 ¢
A Vacuum, 60 min © 00 C
A 300 C

Letter a indicates 16 h.
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WE&EBOERIRA dIC L 5,

Fig. 4 i Lo B BIF T K FZR OB OFE YR Lic, KNI 0B b2 7k X 5 RITEA 20
SREREFTCERELVCHERER LA LN, TAUBRIETKEEEOSHRINI S, L
Do THLARTREO LR L Y EER B BRI HBHROE V2 5, MEHEE
o TH R ER Y TVELOBE S HUOlBEY B, LarL, ENEEOKTHEEE
Ll DD EEFAVERT SUMEIHTH » 1o HEHEORT CRBHESERT 5 0dc I E R -
8.74% Ll Lo EE A A 38 L3 5 45, bornite 2 B D& B AR OV TOENIEEITRY S
W, L L, Fe 5L 0N Cu i b 8 1 5 Po, it Puys /P, LT I0PBRETHH Z £ b, BT
iz X b bornite & FeS o THHREEI7c 5 & Ps, 0B L \VETHATRIN S, 2T 8% ME B0
BITHEEVETHALIEMN BN, LIch - T P,/ NS CEEBE TR TRMOERE X 0 birl 5,
BILREY BT Ps,0fma it 50, H5VIHIRE LT 2 LARRCHRB LV 25,
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Fig. 6 Effect of partial desulfurization
of chalcopyrite by H; on the
leaching of desulfurized products
in HCI solution.

Fig. 5 Composition of residue obtained
when copper concentrates were
partially reduced by H,, then

- . O Cu
leached in HCI for 20 min. AS
B 800 °C, 2 h, 1:10 HCIL 80 C ® Fe
A 700 C, 2 h, ” ”
3600 °C,2h ” ” Position a indicates the original
O 600 °C, 16 h, 1:2 HCI, 40 C composition.
® 600 C, 20 min, » ”
A 800 C, 20 min, » ”

Position a indicates the
dissolution of Cu.
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FREL OB X AIEM LB RV Tet Subramanian® HaMRE L TU 505, AR
KOWTABAES S, KEETHORBRIETEECE L CFELZ TS 2 LxFf~
Fohy, T BHBEOREECRITTEEY Fig 5 iR, K1 v BHEBEOHER 1TXE
BULABBOBEENARLEVCHEBEELRL, A—EERIR TRELRES, BE&HOETIX
i KB N D kb b, HCUER T o FeS MO BMEE 12 Fe, xS 0L BHE
BICRFE L, (EFEEHERCIVCEREEENAES VI EPHMLA TS, BEERAVER -FIGT
% Fe, xS OMIc > TR AR T RBETH L2, BEREBEVE G- O®, BEEER L
L HoS o bivrc, Licdt - CREETRICERICHTH Uk FeS o i g+ I
B o8 L bbb,

B a TR LBl 500CC, 2RMET Lich O TERBEAR L 11 5% HYET %,
ZOMBOBHBEICL H,S oRE 3 e, BT ColPThnish B S hic, T h
L, 12% 0 EBEAROFE T HeS o FEL v, @R Co® il 2 h 7, BEoM
BEE O F VB & fe b, —H, KBETLOSFBE BRI L b Cu g0 BB L bR 5
ZEnbh, 11 5%BEE COEBN B OBEFICH L THRASELLY L b L Tudan
E\ 2B, PR BRI OV T R SRR A L Fig. 6 OfERAE L, WTRORR L H.S &
FEAL, ConBRIALNI) - o, BEEAE 1%L ic s & Bk o & oo LA 25
i, poR R HS o LU REXHCEEBER AR I~ SRITBERE T 5%, £k
BICOFPIL OB HE T HoS o 40 Cu OB IED biisd - 1o,

B HHioa0E S bornite & FeS o " Hin 5700, FeS MOBRBMHEL LT, BHAS
y3 bornite # D L h b A b | BEOFSA L CuFeSsD 62.6%, H AUk CusFeS, & LT 63.3%
BECLIESNITTHL, L LERERII73~79% &£ CS Kt VAR Td 0L 50,
FeS #Ho BRME M T © &, bornite #5250 Fe OB L E 2 ol hilin i,

WavaavaTe?
W VAVAVAVATA

\/CD

W.VAVAVAVAVAVAVAVA
/W AVAVAVAVAVAVAVAN

Fe

Fig. 7 Plots of the composition of residue obtained when
copper concentrates and chalcopyrite were partial-
ly reduced by H,, then leached in HC! solution.

_ Copper concentrates

@ Chalcopyrite

a . CuFeS,, b FeS, ¢: CuFeS;, d: CuS, e: CuS.



9 BRALSEL D KR & B B s L 0% o R BT % gt 21
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Photo. 4 Photomicrograph of residue after leaching in HCI
solution showing the selective dissolution of FeS and
the formation of Cu,S.

KRCHFAET 528 s CuFeS, < CusFeS, i3 3EMR L DRI IR L 7o 2, SEbFERAR A b
> B-chalcopyrite % bornite DEEFEEENIC O\ TITIRE 1 D 70U, Fig. 7 18 8h % X O8R4k
DENTNDRHBEEHER S Cu-Fe-S = RER Eic 7w o P LEHERAYR LI, WE & B
BONSWHEXBRFE, BEOEBECOMLTVLHZ Eovbhb, 20X 5 nERIIKER
JLCHR L e FeS ousfi# Llskic, bornite #2s 5 & FeS & LT o Fe OEMBKIGIET L, X bic
o FeS & L ToBEME I KERTHEO bornite DRFEEIC L » THED LT WA F HEHRL
Ty

Photo. 4 1= Photo. 2 i=xf 54 2 B0 B MR O BB EH 478 L 1o, B B3 FeS fHo 22
b L 723845 & 43 %+ 7¢ bornite L 2> R+, bornite #H0 AE41L Cu.S B L1722 L 23
Mo E 1 CuS HRIC 4 B B ZEME LB HFTIC bornite HIAIZ L B e T £ T —HRICHTH L Tus
TG T 5 L 5k 2 B,

3. 5 ;2H(CRKIZT bornite DIELFEHMENEE

ko> J 51z bornite » S HEL D >3 Hs 7B\ 45 bornite o I ZE BN IN %, R ORI B 1okt
LThRESEESTHLEELZLNDZ LD, BT ORI L BB IBERED X EEFTRIZO%
b2 Tt RS 8% 600°CT 2 B3 X OV 16 BFMIKERTT L, ERMAEH 13% 3 L 07 14.
9%0)5&*4@?%&%@%@%{&% Fig. 8 1248177, KUz i3 bornite o # 5k AT R (088) Mi T 7% L 7=

, BATIE 3 g bornite & FeS o EIfEDOZ B0, 16 KRR L /o306t o bornite o

%‘?%%M BRRKEL > TWBHEREDELIZD bV, L, BEREORENTOHE©
(% 16 AR TCHUEHC 13 bornite o EIFTER A HEE L, Cu,S o FBEWFTHEIHN S, Zhicxtl, 2
LR TCER 2 B OB KB €13 CueS DEHTHR & & $ i bornite DEIHTHRE LKA L L TRD LR,
732 bornite D FEFIIB T L b AL TV 5,

Z 0 X 51z bornite O, D BB B I I /oo, bornite B o R 25 EY A A B bornite %
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VTN, A bornite & L ik d ZBEOMBIC L T HEE

No 1 CusFeS, (CuS+2 Cu,S+FeS)
No 2 CusFeS;s (0.5 CuS+2 CuS+FeS)
No 3 Cu,FeS; (2 Cu,S+FeS)

Ch B ChD

| L

58 57 56 55 54
Co-Ky Diffraction angle, 28°

Fig. 8 X-ray patterns showing the
mineralogical transformation of
residue obtained when copper
concentrates were reduced by
H., then leached in HCI solu-
tion.

: Residue after leaching of b

: Reduced at 600 C for 2 h

: Reduced at 600 C for 16 h

: Residue after leaching of ¢

Ch: Chalcocite, 1.870 1.967 A

B: Bornite, 1.937 A

D: Digenite, 1.973 A

o060 oo

Table 3 Dissolution of Fe from the synthetic
bornite in HCI solution; 112, 40T

53

leaching time (min)

composition

20 240

CussFeSsas 33.9% 51.2%

CusFeS, 49.3 68.6

L7

10
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Photo. 5 Photomicrograph of Cu,FeS, after leaching in 1:2
HCI at 40°C for 30min showing the formation of Cu,S.

LA ERD eI b= &b R & HE YR T, BHHSF 1 2 HOABRY LV, RE
40°Ci2 BRI 20 433 X 08 240 4 & LT,

No 1 oE% (KREE bornite DR & R L) Tk H,S o FE13RBo b, BrEofa s &b
W Cu DRI E I, L L, BREEGIEFRICECESTOBRICL > THLIhictabh
5o —7F, No2 X0 No3oaE i ThbBHEE, S H,S R4 5\ Fe DRME
%o HiS o 4B I No3 nFn% <, ¥ Fe offRE % Table 3 io7x L1z, No 2 OB KT 240
St HoS oFAn & % b Cu oEEN D bite, X REHT 225 No 2 % 5 0 No 3 ¢k Cu,
S HMFSE Etc, Photo. 51 No 3 OB HIIKEOMREZ TR L e, BT AL D CuS {LDEEF137K5E
BILABOBE L KXW, BT ONIBIZ S B b2 CuS OFTHAED b b, Z IR T
DERELLORBBROBEA LA BNT, B S bornite HRNDO KB 1 4 v DILE B S Toic
BDIZELSDEEZ NS,

4. # B

4R & B S 8L oo 12 tHiG AL, ARBREED) DR HIC X % #k o SHRAV IR & 8 o [F
oW TR AT RO FES R B,

KR L DD S OB E MO AIEYE 7 A B L OIES X 2 HRictb~, FIGHEE 7+
B UM bornite & FeS o~ D 43t X OWE O S EERREBOB S LIFFICH RN TH L &
HED BT,

FINGL O IKFEREICI1E 500CLL ETHET L, L GEVGCHIEIRE RIS Z R CREBIE T 5, ¥ -
AR E RRE & & Stk L, 00CL L TR elBiE MR SN G 2 Lo te, 10
BRBR B IS U CAERBEMIIKR D L 5 LT 5 2 EBBE LI IR,

CuFeS; — B-chalcopyrite —bornite+ Fe,_«S —Fe+bornite —Fe+Cu
Ehic, FeSHDOARIICHEGRIGEREXME T L, 4 FeS 12 bornite A8 v Bl L7k BECHE
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ALY B, 4B D 4B bornite M HFE D, 1D IZ&BEAEHETRICHE L, etk FeS 4
BRBCHRT B, LOBREGBHFADOHHMERBEI RS Z L 1vb - 7,

RIBEET OWERE O LR IFIREEREL OLE, BEREVE 1% UL LD, 0, B
EOHEEIIKERTBEORSRERBEOAEREL, BITEE b OB M1/ S By
FFiea DR S s,

BHEG G HeS o FA A - T, FeS O BEM A M2, X 512 bornite #lns 5 & Fe o SR
a5, oW, bornite 560 Fe o Hi K 13 bornite D IF LR ERMICIR < KET D = &
NN S

bornite #H4: 5® Fe oE i fEL-, bornite (2 CuS MIICEALT B, = D 7 ob 5ol 5 45 B Bk g
TORBBIN T Fe 54 EGET, bOo@WOEGH RS T3%ICET RENE LR D = & &
7o
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