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1 ] LIS 45 WA A A 5 o0 (00) - N, S, 64. 38,
Ni 15.91, Fe;O, 5.98, Fe,SiO, 5.27, Cu 4. 44,
CoS 2.19 . HAlh 1. 83,
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Table 1 Compositions of fine grain alloy /%
95 Ni Fe Cu Co S SiO2 CaO Pb Zn Ag* Au* Pd* Pt~
1 63.07  8.65 4.44 1L.41  17.96  1.19 0.14  0.032 0.0044 42.0 24.0 22,7 4T.7
2 63.16  8.63 4. 44 L4l 17.96  0.89 0.97  0.028 0.0050 230 87.0 43.4  83.6
3 63.07  8.71 4,44 .44 17.96  1.79  0.098  0.033 0.0049 153 40. 5 35.8  73.6
-4 63.1 8. 66 4. 44 1.42 17.96  1.29  0.255  0.031 0.0046 165 47.0 35.5 7.7
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XRD pattern of fine alloy
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Ni’ (Co’, Fe) (, +CuSO,q,—Cuf, +
NiSO, (CoSO, s FeSO,) ¢,

Ni’ (Co’ ,Fe”) (, +H,SO,,—>H,, +
NiSO, (CoSO, ,FeSO,)

Ni” (Co” ,Fe) (,, + H, SO, + Os, —> H, O+
NiSO, (CoSO, ,FeSO,)

Culy, +0,p—> Cu, O,

Cu, O, + H,S0,;,—>CuS0,, +H,0+Cul,,

Ni; S,y +CuSO, ) + O,y —>NiS,,, + NiSO,(, +
Cu, O,

Ni; Sy + H, SO,y + Onpy —>NiS,,, + NiSO, ) +
H,O
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FeSOy, + Oy + H, SO,y — Fe, (SO, )5, +
H,O

Fe, (SO,) s, +H, O —>¢FeOOH,,, +H, SO,
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NiS(CuS,CoS) (,, +20,,—>
NiSO, (CuS0O, ,CoSO,)

Cu, O, + NiS.,, + H,S0,;, —> NiSO,,, +
Cu, S, +H,0

Cu, S, +H, S0, +20,, —>CuSO,,, +H,0

Cu, O, +H,SO,,—>CuSO,, +H, 0

NiS,,, +CuSO,;,—>CuS,,, +NiSO,,

Ni; Sy +CuSO,, +H, O —>Cuy 5 S+NiSO,, +
H, SO0,

NiS.,, +CuS0,(, + H, O —>Cuy s S+ NiSO,(, +
H, S0,

CuS(, +CuSO,, +H,0 —>Cuy S+ H, SO,
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SI()Z () + ZNa(,)H(l) I Naz Sl()g D + Hg (,)(1)
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AR I ELAE R AT B8 0= S ) e 75 40 1 L R
P A R SRR TR B R AT S Tl A 7 S BR R oK
WRBR AL 5 LB gk A7 . F A A o 4
P Sl e P T 9 & YRR A B R R BRI AHORL G 4 IR
AT FE TR W B A 3 SRR g T
T B[] L A P e S SR R R R RO
45 oI AL U L H R R TR .
HE 4 R 1T 300 28 B8 B S5 4 R < W L
AR . m*[t, FED9~12. 32 i i [a] 4~7 h,

3.1

WA 0.5~2.0 L/min 32 H i JE 85~90 °C fig$F
B3 300 r/min, F)iE H, SO EE 60~70 g/L ¥ th
T ~10 g/L Cu*" . ¥ PL EH AR KM ZE 17 4
PRI | 2 8 S A8 Ab X R 18 1 A% SR (0 5 0
311 VETE LG5 e

HoB SF A R AR i W [ 10~12
ZeAE TS R R A UL 3 2 (GR B HE R TR A R
P ED . R 2 B AT A ), Bl A R LAY B
KBV BT R R EA R, FEFERE, ¥ T
B ad #E rp Sy B R R U VE #E A L R R rp
PRFFIR L & . AR A & P AR LBk VEE A a HH E
SyER ALY IR AT BE AR DR R BRI R R
AR K . L5A 7 B AR A & B U TE 8 1 DL &
L T AR 7 S B B 28 B S8 R PR L R R R
A A 10,
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Table 2 Compositions of atmospheric leaching lixivium

BB (g - L7D

4 WA L AT B HWRARR/L Ni Cu Fo Co o+

1 9 4.0 3.5 36. 84 9. 88 7.94 0.75 0.22

2 10 4.0 3.48 34. 39 9. 50 7.16 0.72 0.23

3 11 4.0 3. 26 32.68 8.69 7.23 0. 65 0. 34

4 12 4.0 3.54 29.57 6. 89 6.03 0. 50 0. 38
3.1.2 & HE R Y 52 B 5 h, HANER KRR, A2 /NI R —

BRI ARK MR R E 4~7 h
ZAF S, 3R RO IR 3 (3R U Dy [R] 2% A
PUE S R o AR e 8 K a3 B L 3R ] A

W pH L D25 R oR RS h JE I RR BN
PR AL . Ut W BN B AR 58 B . BT DL e 5 3 A )
M5 h,

®3 BEEERHERNES

Table 3 Components of normal pressure lixivium

MWy (g L7

T B ] /b HORARBYL R HIBRIARL NG Cu e Co 1,50,
1 4 1.0 1.0 32.58 8. 49 6.58 0.71 0.18
2 5 1.0 1.0 34.52 7.26 8. 46 0.76 0.23
3 6 4.0 4.0 35.23 8.63 8. 11 0.72 0.24
4 7 4.0 4.0 34.59 8. 22 7.96 0.75 0. 26
3. 1.3 WIUH IR FE 1 5% M T, RN S5 R 5 S U8 BORE RS K

PR SRR IR R A F RN R Z — 4k &
HA R EORTE H s [ BUR AT REIR M 45 U 2> 7 iR R
H I PR R AT TR R I TR R R AR
B W TR IR R JRE 1 0 2 R R R X BRI T R Y 5
M), (kR 1 i K [ Rl 2 4R R A 0K

I AE 5 LGebh i b 47, & UG58 50K 400 g,
T30 2ok AR A TR R R 85~90 C R I IE] 5 by
W L 10 RRIR T2 85 "C UL M)A R 40 %5

W IR R R R TR R WL AR 4L TR R
WS, K 4~5 al LI L3R R R 72 2
PR AR B 2 K H R TR R R IR L
I R JE 50 gf L I 35 R U R — B
() 9 R B B e gy o A P 9 R R R T
MK TS, 285 % IR EFR R MR 60 o/ L. % 4%
PF R T A AT A RN L 35 AR R T LA E
SMTEESK
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Table 4 Acidity tests and compositions of leaching solution at atmospheric pressure

RIS (g« L7

RIS RHE[(g e L) %/ %
Logiohs TR IE[ (g e e N Ca Co =
1 90 64.08 8.28 34.05 8. 44 0.76 0. 49
2 80 82.10 7.23 32. 34 7.84 0.77 0. 61
3 70 62. 95 7.16 34. 39 9.50 0.72 0.23
4 60 65. 52 6. 30 30. 69 5. 90 1. 00 0.037
5 50 67. 25 6.90 21. 24 5. 70 0. 94 0.063
£S5 EFEERHBERERHE
Table 5 Leaching rates of atmospheric pressure leaching acidity test
R % R R %
0% B — ‘ : e S .
Fe Ni Cu Co Fe Ni Cu Co S SiO,
1 81. 99 46. 34 —27.63 45. 89 87.12 42. 47 0 48. 56 18. 94 10. 23
2 78.06 47.99 —26. 69 50. 70 86. 26 0. 33 0 A7.54 19. 55 23.15
3 71.93 47.83 —17.35 44.11 87. 21 45.53 0 53.90 21. 28 52. 66
1 69.11 46. 27 —43.95 66. 90 84. 41 46. 54 0 59. 39 17.57 2.59
5 72.11 30. 51 —48. 41 59. 90 79.42 40. 58 0 56. 43 19. 64 8.25
AR 1 o B ke s 95 B X B 23 A B E 6 MAWIEFKEER

R R AEROR & W 10,8 A
5 h il % 0. 8~1.0 L/min. & H I 85~90 °C.
PEFERE 3 300 r/min F) iR H, SO, MR EE 60 g/ L 9]k
i ~10 g/L,

3.1.4  HER /MR IE R 25 R

A R I R IR MR R RS IR R AR T
B A2 P2 5 e AN N i B IR R e
BN AR IR . AR R B RS e g 2E U
Jo& o I 32 VR R A5 R S i R AT I 3R A
5. /AMRAAEHRIRTE 5 L BeAr b k4T, ik 4T 50
A= AR A 4 20 ke MBI Y 200 L, WK
il 15 kg,

B i A A R Ak A R i
FRES AW, SRR BB mEA LR,
I 32 L VR R vy VP R R R . R
TR E LR MR BE, 555 BRI
A R A5 T R R i A RV R IS L 43 SIAE 60 g/L
570 gL g B 5N AT 8 R A R A5 3
(3 Hh YRR i A R A A BT R T A R a3k 6
FIE7R

M 6 0] LAt H R a8 B e 1) T2
S AE A RIS T 25 AR 5 R I R NPk
JERT LLGKE] 90 g/ L, H' #e B  2 AMF ok s & 78 7
JEi M b E AR E TR 0.000 55 /L, HE &R
JCR AR M TR 60 g/ L W), H s i rh gk 1
MRIEH 70 g/ L AR & o

Table 6 Verification test results of trial test

2 4 BT (g s L7
Moy FREE 60 g/l FREE 70 g/l JTE WRIE 60 g/L FREE 70 g/L
Fe 3.21 2.08 Fe 8 9.39
Ni 57. 65 57.85 Ni 89.57 83. 83
Cu 13.83 13.03 Cu 8.63 7.77
Co 0. 63 0.65 Co 2.08 2.04
Ca0 0.12 0.09 Ca 0. 40 0.27
Pb 0.0082 0. 041 Pb 0.014 0. 022
Zn  0.0055 0.29 Zn  0.002 1 0.003 2
MgO  0.037 0.11 Mg 0.17 0.21
S 25. 28 24.76 H* 0.19 0. 45
Si0, 2. 65 1.70 Ag Pl KA
Ag* 69 0.006 3  Au  0.00055  0.000 54
Au* 47. 4 51. 60 Pd ot o H
Pd* 44 50. 10 Pt ot Hof
pt* 47.1 18. 49
3,15 PR IIES

R ARG SR 200 kg, 153 3132 K
1000 L, H i it 2 160 kg, R H bt 5 ok
WEWE R4y Ni 51.72% . Fe 1.29% .Cu 12.92% .
Co 0.66% .S 24.33%, SiO, 3.09% . Ca 0.37%,
Pb 0.012% .Zn 0.05% ,Ag 71. 23 g/t.Au 52. 13 g/t,
Pd 37.5 g/t.Pt 50. 12 g/t,

IR H A 55 5 i B AR R SR iR
B Ni 32 SRR EAE 4590 ~50% , Fe 12 th % 75 % ~
85% .Co B IR K 50% ~60% ik F T H 8 1 i
FERUR
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3.2 mEiR

IR B AE 5 Lome 28 b it A7, BOkh 3 58
R L 5 O AR AR S R T R R . B R
JEIRF) 120 °CJ5 ¥ b 38 480 < JF AR 98 38 B2 o e 1 Ol
BAMEEE, fFFRE R NRER . T —
FEACHE o 3 B ) LR R E R R T
PG 9 A5 R0 A R PRIE R B R . AR S T
M BAER) A 3 2 FAR KA L 10387 B
6] 4~6 h J& I 160~180 C & )y 0.7~
0.9 MPa 35 PE#E 3 240~350 r/min PG TR FE 50~
80 g/L H,SO, ., #% LA b 45 AR Z 138 50 it 47 2% 1 ik
B o % 5% S AR AR AR I e 38t AR (S
3.2.1  WIURTRJE (5%

o 5 M AN AR S RO e IR W b B R
50,60,70.,80 g/L ZAFi50, 5 il 512 i o L
F TCERPEAR R RSHLR- T HIE) . WK T ATEH,
TR A TR 32 A e 3 ARG, R R E Ry 80 g/
IR RN 1.0% ~1. 5%, i B i PRl R<5%
FORFEIREER BB th R By 80 g/ L.,

3.2.2 = HUEE] R
HE S MAAE AR AN R A 4~6 h 5%

PRI 32 A AN TR R D 36 8 (B v B ds
R AR YD) . NER 8 AT A Y, Bl A5 V= it
[ ZE K o P 9 S S 5 0 T AR AR L A 0 R W T
= s R 2 i e 32t B A 6 b
3.2.3 BRI R I 5

o S AS AR MR AT i 3 1 B 140 ~
160 °C B H E 7 0. 6~0. 8 MPa /i85, 12 H
5592 L DL 3 9 R b Bl Ol TR AR AR IR T 1
fH). WK 9T AH I B EE 160 C. %= I KT
0.8 MPa i, # R A, 8 VB 2 R R . il
XA 46 40 °F i 38t 50 1 X L 43 A B
FEB Y S AR B R S5 00 W B 10,38 S ]
6 h 2B 160 °C =il 1 0. 8 MPa., #] 4 iz
B 80 g/L,
3.2.4 IR BRI 5

Foe BB 3R I H 5 0 R A5 R A B0 TR X 5 L 32
W AT WL 10,32 i LA W3R 11, AR 10,36 11
HE v LU 45 00 R SR A R 5 4% 4R, NiL Co
(RS- 435 1 RGR B 99 %0 LA b 4 U R OF 34 0 R AE
LSW A s IEFEB<3% . &Hi<<0.5% . &R E &%
FESNE R .

R VHEBELEER
Table 7 Test results of initial acidity

e 2 % | ARARRY R/ Wy (g L7 | R/ R R %
’ (g+ 1D L L Fe Ni Cu Co H' . [ Ni Co
1 50 3.0 3.25 0.27 52.04 12.10 0.76 0.17 15. 44 5.15 99.73  99.51
2 60 3.0 3.32 0.23 50.23 12.20 0.68  0.40 8. 72 2.91 99.84  99. 84
3 70 3.0 3.11 0.52  62.93 12.17 1.15  0.42 5. 21 1.74 99.91  99.85
4 80 3.0 2. 89 1.34  63.01 12.45 1.09 0.75 4.08 1. 36 99.94  99.91
*8 FRHMEIRIEER
Table 8 Test results of time
e — IR Jr & By (g s L7 vl R/ T %
N R/ A/ Fe Ni  Cu  Co H g o Ni Co
1 4 3.5 3.5 1.02 57.69 7.30 0.57 0.76 10. 90 3.63 99.13  98.95
2 5 3.5 3.5 2.20 65.71 12.00 1.29  0.80 5.50 1. 83 99.74  99.94
3 6 3.5 3.4 2.11 67.77 11.92 1.35 0.68 4. 28 1. 42 99.90  99.86
*9 RUHREEEHARKRER
Table 9 Test results of leaching temperature and pressure
. LB/ 1 1/ RV JR B o/ (g - L7 i/ B IR IR %
’ C MPa WRE/L /L Fe Ni Cu Co H' e v Ni Co
1 140 0.6 3.5 3.3 2.21 63.40 8.65 1.05 0.85 8. 87 2.96 98.96 99. 14
2 150 0.7 3.5 3.3 1.96  69.82 10.49 1.20  0.80 5.52 1. 84 99.54  99.92
3 160 0.8 3.5 3.5 1.36  69.49 10.25 1.20 0.91 3. 86 1. 29 99.89  99.89
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Table 10 Composition of pressure leaching solution [(g+ L")
95 Fe Ni Cu Co HT Ag Au Pd Pt
1 2.47 62. 48 11. 40 1.17 0. 69 ©C 0. 000 2 ©C 0.013
2 2.20 65. 71 12.00 1.29 0. 80 ©C 0. 000 63 ©C 0.014
3 0.52 62.93 12. 17 1.15 0. 42 ©cC 0. 000 2 0.003 1 0.014
1 2. 11 67.77 11.92 1.35 0. 68 ©C ©C 0.002 2 ©C
5 2.29 69. 08 11. 14 1.39 0. 77 ©C ©C 0. 000 62 ©C
k11 mMERHBHRS
Table 11 Composition of pressure leach residue /%
I 5 Fe Ni Cu Co S SiO; Ag Au Pd Pt
1 8. 09 3.02 1. 80 0. 52 1. 80 35.01 0. 41 0.92 0. 86 2.09
2 10. 29 3.04 0. 42 - — — 0. 65 0. 61 0. 39 0. 69
3 44. 29 2.49 1. 30 0.053 2.16 — 0.10 0.14 0. 054 0.13
4 19. 88 2.16 0.73 — — — 0.26 0.33 0. 20 0. 30
3.3 InEERREKE P lo%#X Y @K L 200 g#Z &M T i <2y
 @ABC Ttk i ' R JP%F 5T IR # I r _ W5R 14815 AR %
$B# BHWB7ZH#H_ M H T PT#FE 3 @QAHB7<§=>7, Kkt £ 16%
>2?% % P fE>% g < ilR# Sio, P
3.3.1 BT 45K APM 33.17% Fo Z 9.24%# i Rl ik B

WBIXE - #f T HERBKESBCIESBC
AHRIHWERE - 4z R BT ZPP B %~ «@A
/ETIFZH_sSE PIRE #MEE - FE L 1044
LI H e ESB CHl ESB CHEE] 3z &
i “HEZD FAaxxili#i HESD FeaellL'
A( Bk ! 10%$20%"$B( B C iR J¥!160$180 C"$
C( BCHTA]! 120$180 min" %

AZRAmZ 5 L @A™ T i “#f 170 g &K
@A @A~ " #i “ATRKRBHABCrH x%#
% { T ee/£O e S$SIO, #r _ k12 £
A%b A OB O RKLEZE] KA r
ME 13 ER%NALIRE o0 eFEr _ KF #Zi

£ ZPMEIN#ORE @ABC T SO
FEPP R o #HIK TR ol E#NaOH ¥k JE P
PR I % 13AbkCH#iii oP Ly

L CB, A#H1 Jz o i} [d] 180 min$)z o ¥ & 180 C$

NaOH ¥ 20 %%

3.3.2 BT O FKMRT ik
razslmp €P Ly &M okt

180 min$/x o I B 180 ‘C$NaOH ¥k FF 20 U #% &

AR E = SIO N RYik 87% b #E| B Mo

Kiip SHo ik A>FiP% #NaOH ¥ ¥

84. 719N HF =2 WE =99 %#A[~ A BT F 80%
b Pi{E*K™" %
Fx12 WEREREEREES
Table 12 Results and components of

desilication test by alkali leaching

. ne BCi#b / #/ S/ SiO./
mL g % %
1 XJCZ-5-24-1 1580 83.62  8.92  10.05
2 XJCZ-5-25-2 1720 75.53  9.50 9. 80
3 XJCZ-5-19-1 1 700 84.20  10.42  8.76
4 XJCZ-5-25-1 1 460 87.69  9.18  10.63
F13 WERREEZAEER
Table 13 Orthogonal test results of
desilication by alkali leaching
A( NaOH #JE/ B( KoiifE/ C( Kot/ i
s _
% C min %
1 10 160 120 77.97
2 10 180 180 92. 21
3 20 160 180 88. 33
4 20 180 120 86.16
K, 85.09 83.15 82.07 —
K 87. 25 89. 19 90. 27 —
R 2.16 6. 04 8. 20 —
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