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Table 1 Mainly chemical compositions of

silver concentrate %

Ag Au Pb Zn Cu Fe Ca

0.44 17.3° 2.05 2.27 0.39 26.49 0.99

As Si0, ALO; St Cr Corg
0.11 19.15 3.89 25.29 6.71 6.69
* —g/t
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Table 2 Chemical phases of silver in concentrate and calcines

Roasting conditions

Silver content/ (gt~ ")

Encapsulating minerals

e  oh  BORIE  aghnne Nemml e Total
dpmromphiers it Orides Sdlfides  Silieates

I RM 490 1780 — 2030 31 4331
2 600 2 A 1950 1780 480 80 41 4331
3 600 0.5 A Lims 105 1550 500 35.0 — 2200
4 600 2 A Lims 350 1760 92.5 10 2.5 2230
5 600 0.5 Orriched Lime 85 1570 523 25 — 2205
6 600 2 Drdided  Dime 290 1845 92.5 2.5 2.5 2232

Note: The differences between sum of analytical data and total silver contents are mainly attributed to analytical error.
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Fig.1 Silver distribution in each silver phase
in concentrate and its calcines
1 —Natural silver and its oxide; 2 —Argentite;
3 —Silver encapsulated in oxides; 4 —Silver encapsulated

in sulfides; 5 —Silver encapsulated in silicates
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Fig. 2 Silver distribution in each silver phase

in concentrate and roasting products
1 —Natural silver and its oxide; 2 —Argentite;
3 —Silver encapsulated in oxides; 4 —Silver encapsulated

in sulfides; 5 —Silver encapsulated in silicates
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Fig. 3 Silver distribution in each silver phase

in concentrate and oxygen-riched roasting products
1 —Natural silver and its oxide; 2 —Argentite;
3 —Silver encapsulated in oxides; 4 —Silver encapsulated

in sulfides; 5 —Silver encapsulated in silicates
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Table 3 Gibbs free energies of some chemical reactions at different temperatures

No. Chemical reaction equations AG o AG g0 AG 1500
1 Zn0+ Fey03= Zn0*Fe,05 =717 - 6.96 - 5.68
2 Ca0+ Fey03= Ca0*Fey05 - 26.45 - 28.48 - 30.04
3 Zn0+ Si0y= Zn0*Si0, 24.47 25.31 26.96
4 Zn0+Si0,+ CaO= Ca0*Si0s+ ZnO - 113.97 - 114.78 - 116.07
5 2Zn0+ Si0,= 2Zn0+Si0, - 33.96 - 33.85 - 33.39
6 27n0+Si0,+ CaO= Ca0*Si0+ 2Zn0 - 55.54 - 55.62 - 55.72
7 PhO+ Si0,= PhO*Si0, - 19.68 - 20.47 - 20.063
8 Ph0*Si02+ CaO= Ca0*Si0y+ PhO - 69.82 - 69.00 - 68.48
9 2Ph0+ Si0,= 2Ph0*Si0, - 27.37 - 30.43 - 32.47
10 2Pb0*Si0s+ CaO= Ca0*SiO2+ 2PhO - 62.13 - 59.04 - 56.64
1 FeO+ Si0y= FeO*Si0, 37. 55 41.34 45.45
12 FeO*Si02+ CaO= Ca0*SiO2+ FeO - 127.05 ~ 130.81 - 134.56
13 Fe0*Si0y+ CaO+ 1/40,= Ca0*SiOy+ 1/2Fey05 ~ 258.37 = 260.51 ~ 263.73
B, T RIEER ST RR R, ©
AT R G K E M T . AT, (A 3 £Eip

IRAFAEMITGOUT, X 3 EHARY W RS e i T
AIAE, BHE 3T 2ot 4R Ca0 5
Si0, IZEA J % ZnO, PbO, FeO 5 Si0, HISEAI S
LR Z, YW A5 0 KRR, 06
oA s S5 T ) Ca0 = Si0,, ) B 5 I 18] 1)
K, Af O B HORE PR | Tk IR 1 B Ak R A M B Ak
FSOAH R 45 £, (DR 52 [ AF A% 58l ) 2% R BR 1, 3
i — P DU AR e LT, MO7E S B i e o R
HARARAE A K GBI RAS, A Reik 2%
IR AR, AT KR B 42 Ry 4R v th (RIS 26 (1)
HE . 2T AgoS BARAERT B B2 o e A Ak 5 ot
R, EHEH/DE FeS), FeS SN WAFALE,
AT S AR R R R RN, R ER AN
AgS, XIGIFEMMR TR —Min IR B 5 b F A
R I DA 200 A R T 1) ) A

BEAb, Milke 250"V HIF 5% e B4 A B ) AT A IR
RIL: 550 CHF AR « RO 47, (HAE SR
AR A — AR LA Cus (AsO4) 2 Ak, B
3Cu0+ As:03+ Or= Cuz(AsO4)2, MIIEEM T %K
kL () 3 — AR A A, SR 4 CaO fEAERT,
As:03 B Lot 5 CaO MR Cas(AsO4) 2 . TR
AR & D pg i, AL =15 Ca0 456
Al Cas(AsOy4) 2 Jo, W EEWT WIS AL
BRI, B B INA KRB B 8 Ji I A&
Y, AR TR R .

1) BRSO 7050 AP R e, KR )
H AR S E AR (BRR ) o 22884, U ARtk
B, HEAYEERE 11.08%, XEBEWENLT
K e I R 28 I G ) 35 SR A

2) WK H5AKIEEY, Atk rds s
o, ARG E A S P R FE(600 C, 2
h), BRACELES S WA, A 80%, F HHE A
TN OERNLCR A (=Y 24% L4), b
ZNHIRE AR, AR R STT
Bl F AN 2 4%, B 0 b3 e AR, H AR
AR 5% . IEXFR G HOAERE T AURTT A KRS,
AE R ] 2 SR R LS . (AR R e i
R T IIN ) CaO A 7] Be G R b ok 2> T I8 i 7=
WA AT A A P18 18 H 4% 4 4 CaSi0s 5%
A G, B A ) de K R R b i 2

Bt

KRBT LB T S 5 BRI AT (0 @
FUbE 73 M s A8 R o e 3 B S Rl T AR AL 24 A,
Fr e 2 .

[ REFERENCES]

[1] WANG Yun(E£ =). EXAEBT GG T S8
[J]. Nonferrous Metals * Metallurgy Section( f %4 J *



© 730 * A AR 2001 4 8 J]
RIEER A7), 1994(1): 38. [9] Taylor P R. Lime roasting of refractory precious metals
[2] SUN Jian(#h ). Metallurgies of Gold & Silver( &4 ores [A]. EPD Congress 1991 [ C]. Warrendale, PA:
H4) [ M]. Beijing: Metallurgical Industry Press, TMS, 1991. 725.
1986. 24. [10] Taylor P R, Cho C S, Choi Y. Cyclone roasting of
[3] Thomas K G. Alkaline and acid autoalaving of refractory pyrite in the presence of hydrated lime [ A]. Paper pre-
gold ores [J]. JOM, 1991, 43(2): 16. sented at the SME Annual Meeting ( preprint No. 94—
[4] Thompson P, Diaz M, Plunge G. Pressure oxidation of 94) [C]. Albuquerque, New Mexico, February 14-
silver-bearing sulfide flotation concentrates [ J]. Mining 19, 1994. 47.
engineering, 1993(9): 1195. [11] XU Shengming (4 #& #]), ZHANG Chuanfu( 5k 1%
[5] Fair K J, Basa F J. Treatment of Agnico Eagle’ s silver &), ZHAO Tian-cong( & K M), et al. Nonpollution
bearing flotation concentrate by the nitrox process [ A]. processes for complex silver-gold concentrate[ J]. Trans
Proceedings of the international symposium on Processing Nonferrous Met Soc China, 1995, 5(4): 69.
of Complex Ores [ C]. Toronto: Pergaman Press, 1989. [12] Xu Sheng-ming (%% & W), ZHANG Chuanfu( 5K 1%
411. ), ZHAO Tian-cong( K M), et al. B ERED
[6] Limpo JL, Figneiredo J M, Amer S, et al. The CEN- MG RG4H L2 W] % 5 b ) O o R
IM-LNETI process: a new process for the hydrometal [J]. The Chinese Journal of Nonferrous M etals( ' [E
lurgical treatment of complex sulphides in ammonium B4 B 2% 4R), 1995, 5(Suppl): 101- 105.
chloride solutions [ J]. Hydrometallurgy, 1992, 28: 149 [13] XU Sheng-ming( %4 W) . Nomrpollution metallurgical
- 161. processes for refractory silver-gold concentrate and their
[7] Vinals J, Nunez C, Carrasco J. Leaching of gold, silver applied fundamentals ( 5 2% 8GR0 (14 675 G416 & 9
and lead from plumbojarosite-comtaining hematite tailings T8 K H N A il o %) [ D]. Changsha: Central
in HCFCaCl, media [ J]. Hydrometallurgy, 1991, 26: South University of Technology, 1996. 96.
179- 199. [14] Milke E G, Isabaev A S, Sivak L F. Properties of te-

[8] XU Shengming (4% # #), XIAO Kejian( 14 52 81),
TANG Zhrjun(HEF), et al. AT G HE T
2 R [J].
M etals( 1 A7 €4 4 J8 224R) , 1998, 8(2):

The Chinese Journal of Nonferrous

303.

trahedrite at the oxidization atmosphere [ J]. Soviet U-
niversities Bulletin: Nonferrous Metallurgy, (in Rus

sian) , 1991(3): 29.

Chemical phase changes of silver in lime roast prosess of

silver-gold concentrate

XU Sheng-ming', CHI Ruan', XU Jingming', ZHU Guo cai', ZHANG Chuarr fu’
(1. Institute of Nuclear Energy Technology, Tsinghua University, Beijing 102201, P. R. China;
2. Department of Metallurgical Science and Engineering,

Central South University, Changsha 410083, P.R. China)

[ Abstract] In order to explain the fact that lime roasting process (LRP) can evidently improve silver leaching yield, the influences
of lime and roasting atmosphere on chemical silver phase types and their contents in the LRP of silver concentrate were studied quan-
tificationally by chemical phase analytical method. The action of lime on oxidation and dissociation of silver-existed minerals was also
discussed primarily in virtue of thermodynamics calculations. T he results show that amount of silver encapsulated in oxides of a calcine
can be reduced obviously from 11.08% in the absence of lime to 4. 15% in the presence of lime when roasting time is equal to 2 h,

and is regardless of air or oxygen-riched atmosphere.
[ Key words] silver concentrate; lime roast process; chemical phase of silver
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