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Fig.1 The distinction of precious and
base metal elements of group Wl and IB
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B, HRGHEKRILE, B, EE5WLE, TikhE
HEFHEMAL, UTEEFEX 2 ATERORE  BORKHEM, SraTEURRBERE dBTF. F
FLEMRFFE, AOTRAMSEIIAR L, K2
1.2 REAMRGCEBEREOEENNEFERNES
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Table 1 Some physical parameters of the elements in group Wl and IB

T X Fe Co Ni Cu

BTN (Ar) 3d°4s? (Ar) 3d'4s? (Ar) 3d%s? (Ar) 3d'%4s!

B R T2/ pm 122.7 118.1 113.9 1.9.1

&R ¥12/pm 116.5 116 115 117

JEFAR/cm® mol ™! 7.10 6.62 6.59 7.09
CHER/T 1535 1492 1455 1083

T X Ru Rh Pd Ag

BT 5 (Kr) 4d’Ss' (Kr) 4d%5s! (Kr) 4d" (Kr) 4d'ss!

i EFEB/pm 141.0 136.4 128.6

&8 ¥42/pm 124 125 128 134

JEF AR/ cm® mol ™! 8.28 8.30 8.89 10.3

HE/T 2400 1960 1550 960.5

T k3 Os Ir Pt Au

T4 (Xe) 4f'*5d°6s’ (Xe) 4f5d"6s (Xe) 4f5d%s! (Xe) 4145d'%6s!

R EF¥2/pm 126.6 122.7 122.1 118.7

&8 ¥42/pm 126 126 129 134

JEF &R/ cm® - mol ™! 8.45 8.58 9.09 10.2

BE/TC 2700 2454 1769 1064.4
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%2 MRBETENEFEES (ev)

Table 2 The atomic ionization potential of

the elements in group Wl and IB

T X Fe Co Ni Cu
B 7.87 7.86 7.63 7.72
BB 16.18 17.05 18.15 20.29
B EH 30.64 33.49 35.16 36.83
1~3 B %A 54.693  58.4 60.943  64.844

T X Ru Rh Pd Ag
F—EmEY 7.3 7.46 8.33 7.57
B R B 16.76 18.07 19.42  21.48
E=mEY 28.46 31.05 32.92 34.82
1~3 BHEHEAM 52.584  56.58 60.67 63.874

JC x Os Ir Pt Au
FE—HEH (ev) 8.7 9 9.0 9.22
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Table 3 The melting point or decomposition temperature of oxides and sulfides ('C)

FeO 1380 CoO 1935 NiO 1990 CuO 1260* Cu,0 1230
RuO, >1000" Rh,0, 1150* PdO, 200" AgO >100" Ag,0 200"
Ir0, >1000" PO, 500" Au,0, 160" AuO 250"
FeS 1195 CoS >1100 NiS 797 CuS 220" Cu,S 1130
PtS, 225° Au;S; 197 Ag;S 845
(n * 5 H5HRRE)

EZI3IREB/YAMYMRAYHBREANLE
B, XPREBHBAYRZELHE, RE=H
HHTEASREBESSE S, RPRSENELY
FBALYIBR CuO 1 CuS 4b, HHFEEER, RUE
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Fa &I BPHFAY R AT ILERRIELET
B (RHEAEAR) k&Y, W FeS MAEARE
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Fe' . REBMER Ag,S A SN, HitbE ik
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X AuO, FHE 250CREZL2H 0,, KMEXthaEL
RIS Au,S; 7E 197~200C 2R TTE Auo
AgO TEIREE >100C B 43 % h Ag f1 O,, #REAY
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Table 4 The electronegativity of the
elements in group Wl and IB

Fe 1.83 Co 1.88 Ni 1.91 Cu 2.0

Ru 2.2 Rh 2.28 Pd 2.20 Ag 1.93

Os 2.2 Ir 2.20 Pt 2.28 Au 2.54

* JERECE SRR [7)

PR AR HL S B R ) T B AL R R R #E AT
MEG IR FYHIR ., ARTRNYBERI N ARER
il EfEFIAE S,

x5 WERIBERTRN—LEEFRBM EE"
Table 5 The reduction potential value (E*)

of the elements in group Wl and IB

AL AR SR BE E°*/V
Fe** +2e=Fe -0.44
Co** +2e=Co -0.287
Ni2* +2e=Ni -0.23
Cu®* +2e=Cu 0.34
Ru** +2e=Ru 0.45
Rh** +3e=Rh 0.8
Pd* +2e=Pd 0.915
Ag* +e=Ag 0.7994

- 0s** +2e=0s 0.85
IP* +3e=1Ir 1.15
P22t +2e=Pt 1.2
Au* +e=Au 1.68
Av*t +3e=Au 1.50

* BARBUE SR [14]

F 5%, RWEEK Cuft EW R RME, $HE
KANRAEABESNTF R Fe>Co>Ni>Cuo HE
REMEHAHNEE, HHNEFERIEE, BT
AR, T EERI HEFESNIRF, 2
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Ru, Au>Pt>0s>1Ir, r B THEEEE KL EY
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TR, XWRNKEAERNIEELTHED,
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Ni) SHEMENHFENT Y, YRDEGLEEH
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~2.0g/t, EREE)NP FNERB LML 0.3~
0.5g/t.
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FREMFAAKT BHEL VAL, BHHEETE
40%~50%, FILAESHEMN 22% ~24% FEKE
10% . FE 1000 ~1100C FREHET, R, $THIBRAL
YT RES AN A ESEY), RMETTES 5%
~15% BES AR B & 35U, SR b B 4P 5 R B,
AL BHE, R TREENEE,

RRES B EP B HRUFE ISR (K
VKER), M R A BB ALK SR S AL B B9 B B AL
Y89 SR AE R #EAT, HENERATEFRS. ¥
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25%S. B, EVIRFFEESR Cu. Ni. Fe FH
SIRAT. T ER R R RS 4 5 SR L R,
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Fig.2 Thé relationship between the solubility
and anode potential of platinum group elements

in sulfate (a) and chloride (b) solutions
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FEERAEFELEES, HERRERRLE-FL
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fi4b#E 0.2~0.4V EE, WEZHF 0.3% KA
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MR ABIAL R R REERE, ik
RYHHAREBBMTTURERTAZILETSZ
JLo HBEREMTEEGAEST 150CHEE THERR
AhEE, FLAERE Cu. NiB AT, BHER
£ 250~300C F#HITHBRILIE RS R Y, HRERK
IREE T 200C /5, 95% L Ef Ir. Rhy, Ru #
HANB K. 7 250 ~260C % 5 B2 AL B RS, HnA
20% Y K,S0,, MIBR Pt A1 Au A EARHERER L,
LEEHEREFSI, 25%H Pd F125 90% K9 Ru. Rh,
Ir. Ag #EABMEBHW, Os M ATHHELR T
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Table 6 The temperature impact on the solubility of

precious metals in sulfating process

B R EX (%
R®E (T)
Pd Pt Au Rh Ir Ru Ag
256 242 B & 8.6 80.4 83.8 62.5

300 <0.15 <0.1 0.14 73.5 60.0 80.5 =

400 0.16 <0.1 0.14 52.1 47.0 64.8 —

REE)GHT L RES BT R FRE
A B X B AL BR — I R 8 FE AR D 4 B e < R 9 3
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- DA EBI R BEE, ZEA b ERRE A A SOW SR
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EEAARE FERESFAESSHERESY
B, REEAmEPHE, K2 EFHENFTMAEL

Flo BEHRFEBFERTFEARR, EEBFRERBA
BT 400 mV J5, BREBIPHETIEANBER, HE
BOMBFAESE LY. B RUREREE
REN O FRMEERESBREETEREM, &
FHEMEZ.

%7 BRARMNERRHEHPR

Table 7 The influence of the usage of sulfur acid on the leaching rate of precious metals

RAR xR/ B E/%

BR/k % Pt Pd Au Rh Ir Os Ru Cu Ni Fe
1 18.6 <0.06 | <0.18 | <0.14 4.0 5.4 2.1 15.3 86.9 75 96.2
2 11.0 <0.07 <0.2 <0.16 32.6 14.8 11.8 35.8 98.1 90.5 97

-3 7.6 <0.05 | <0.16 | <0.14 44.8 25.6 23.3 53.8 98.9 97.7 97.3
4 6.9 <0.05 | <0.15 | <0.14 73.5 60.0 34.0 80.5 99.5 98.3 98.9.
10 6.7 <0.05 | <0.15 | <0.28 71.0 56.3 43.0 68.8 99.3 99.9 99.9

* 300CHHMMAE)T, 120g/L FEEMRY, WELK 6, BE 80~90C, #H 2h. Os EHMMILNE XM} ER,
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Fig.3 The dynamic curve of eliminating impur-

ities in the chloridizing roasting of crude gold
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Study of the Behaviour of Precious Metals in
Metallurgy Processes in Terms of Atomic Structure

Chen Jing
( Precious Metals Research Institute, Kunming, Yunnan 650221, China)

[Abstract]  The differences of chemical characteristics of Fe, Co, Ni, Cu 3d and other eight precious metal
elements in Wl group and IB group, together with that of precious metal elements of Ru, Rh, Pd, Ag 4d and
Os, Ir, Pt, Au, 5d were analyzed in terms of atomic structure. This paper stated that their chemical stability
increased from the left side to the right when transverse comparison was conducted and the chemical stability
rank occurred as 3d<4d < 5d when longitudinal comparison was carried out. From the practice of extraction
metallurgy of precious metals from copper-sulphide nickel ores, the paper discussed the behaviour of precious
metal elements in thermometallurgical processes such as baking-reduction smelting-oxygen blasting and hy-
drometallurgical processes such as electrolytic concentration, sulphuric acidification of anode slime, wet chloridi-
fication, pressured oxidification and optional reduction.

[Key words]  atomic structure; precious metals; extractive metallurgy
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