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Abstract: Thermodynamic analysis of Au-I -H,O system was carried out based on the principle of simultaneous
equilibrium. The ¢g—pH programs of balance with solution and Au, solid Aul and Au were investigated. Also, the
existence condition of Aul precipitation and change-rule of gold-bearing components were studied. The results show that
with decreasing cr(Au) or increasing cr(I') in the solution, ¢y, a, reduces rapidly compared to the standard potential of
Au, and the balance pH value of Au**/Au,0; increases. This is beneficial to gold leaching with iodine-iodide. As the cr(I7)
increases gradually in the solution, Aul precipitation appears and the trend of Aul precipitation amount increases firstly
and then reduces. When the cr(Au) is 1X 10 *mol/L, if the ¢7(I') is more than 0.0021 mol/L, Aul precipitation will not
occur, meanwhile, the main complex ion is Aul, . The thermodynamic analysis of Au-I -H,O system provides theoretical
basis for the efficient gold leaching with iodine-iodide.

Key words: Au-I -H,O system; simultaneous equilibrium principle; ¢—pH diagram; Aul precipitation; thermodynamic
analysis

BEEWE: @555 LR L IR R % B H (20100006110003)
Igis B#A: 2014-04-30; &iTHH: 2015-07-13
BIEEE: VRS, ¥d%, Wt; Wik 010-62334953; E-mail: suncb@ustb.edu.cn


mailto:suncb@ustb.edu.cn

1988 hEA SR R

201547 A

FAr, A RS e Pt m k. s T
2, A, B EA S S, A
FIESRNY; AR R AR AR — SR AR i
WA REE, BTG R; RAHERNS a kit
G B BT SRR AL B A R R R
7, BRSNS ey B BERIBR AR TN S
2GRS A, BHIEA R —EBO) THERE S BRI
7o WA MAERER 7L AR AR
IR EE . AT AL WS WL L
i598) BRI 2k,

Wtk yL et — M aAERER &7k, FAE 20 tH4 90 4
£, AN SO I U0 b 12 S TR,
HEAF T —E MR . Q&G T /e il—fiib 4
W30 )5 A EEAT A, 45 R S I
TE—HIR B )2, — 93 6 5 [ 288 e 2 3ok 4 (1)
TRTTAE s S PEMUE IR 2L Aul, R
Auly (IR AEAE . ANGELIDIS 25U F e s (7 1
A S AT P A R T (R AT T 09, R
T AT ORI R TR B, SRR T
KT, H A iR I L s A R R e P .
%y SR E ST 5% 4 JE R S ST SO B -l
HEPERE R T - G0, LT HAas
s armrgese M . B S AT R HLRR & =
1.6%) B A A1 XSSk s R R 1Rk
ST A s A FR e UV T OB H R
iR, MULIERA RIFE B . ASEH T
7 R R0 A VOV o R K R R R I S R O R
L, WAL B A T SRR AN s FRER XS
IR GG AT T 312090, IR R B F
D IO ) Ik ol N

MARUN £ #7451 ] Pourbaix 453 4
SR T IUAKIR R R 1K o—pH K. Pourbaix 72 EAR
P L BB G A R Y T, R R T A
YBT3 AR 2B R e X 75 Z RS S WIAFAER)
HOREm AT, BRSNS G5 T,
BB 5% G B T2 A A, ST
fir. RH Pourbaix V143 il 2 P& GYIAEAE I B A5
SRR IEARFEA SERREDLT . A T Sk HERf Hh 2 At
WEESERN] o—pH BRI TGRS 40 20
A SO R 5N 532022 4 ) B 467 i
H, X Au-l-H,O RIZEHRI) AT T o081, F2
WFFT T S 84 Au AT Aul POTE 5 844K Au ~F i (1)
@—pH KR Aul AF7E S AT R 75 44153 AR A
o AR R R T BRI .

1 Aul-H,0 RREBELFETE

1.1 ERSEE Au B8

Aul-H,0 #E M EAHPEE T AuH
A, NEHHEET Aul, M Auly IR AR, 17
76 Au's AU\ Auly « Auly STE K Au (G SN,
(D~ PR

1) Au" 5 & Au (174

Aut+e=Au, @=1.7+0.0591lgc(Au") (1)
2) AW 5 A Au (K374

Au’t +3e=Au, ¢=1.5+0.01971gc(Au*") )

3) Aul, 5B Au [ P-4

Aul,”
MHHEMM*W,¢%5Rﬁme§xué) 3)
c(1)
4) Auly S5EA Au 1F°F-1li
Au+dl™=Aul, +3e¢ , ¢—056+0(H971g£&é;%%2 )
C

R, SR )P 1l R B 5 Au-T-H,0 R I
Povaus WA IR 25 FEV A X 4 P 1 5 A4 11
(e

Au-T-H,O R IG5 [ A4 4 T8 11l
AR J5 HA A S A, B Au-T -H,O Z& HRIf J FEA
HE 1A, RO~ o HZE. B er(Au) W
PRI, on(D) R R 23 1) Rk
B WA T 7 FEn =X (5) A(6) T :
cr (Au)=c(Au")+c(Au y+e(Aul, )+e(Aul, ) (5)
cr(IM)=c(I”)+4xc(Aul, ) +2xc(Aul, ) (6)

B RO~ AN KRS F6)F, 7T
p-1.7 P-L5
cr (Au)=10 0:0591" 41 0.0591

+

—0.578
((/7

10 o001 12x1ge(I) (27056 3 4 asige ()

+10 0.0591 (7)
((p—0.578
cr T )=10(1g0(17)) +2x10 0.0591

97056 3 4uige(17)
4% 10 00591 ¢ (8)

e o WIEIREAL, Vi (D) R 131
WHE, mol/L.

R4 (7))@ AT %1, RIS E ST,
WS B Au PR A 44, B er(Au)s er(1)s
o Ml c(I). {EIX 4 MR Z A R (T)RI®) AN JT FE,

+2x1ge(17))
+




255 T W

YL, & ST NP E T Aul -H,0 BRI %507 1989

[ E er(Aw)H eI, JAZAR AR T 2 4.
UE, Sl er(Au) R i2E en(T), W SRIFE & en(1)
FARE IR @ R e(1) o ARYHANR] 5 <08 115 [ A< (11
i, WAL E Au'y Ad’'. Auly F1 Auly [ fr

1.2 AulJTESER Au B9 F%

FE— 2 4 T Au-T -H,0 R Hid 2 B Aul Ui,
BUBR R S E A Au P854k, 0 Aul JliEs
44 Au (P47 0 (9 s :
Ault+e=Au+l", ¢=0.502-0.05911gc(I7) )

N T HE R Aul YUEAAAERI AT, IR Et
S pawaue ISR JEEE, R (D)~(4)F1(9) 735
FAKG)MA(6), FI13:

(40—17 @-1.5 «3)
or (Au)=10 0.0591" 4 1) 0.0591

+

—0.578
(40

10’ 00501 +2xlge(17)) (¢70'56><3+4><1gc(17))

+10 0.0591 (10)

0.502-¢, (00578
cr(IT)=10 00591 42510 00591

+2x1ge(I7))
+

-0.56 -
(=203 axige (7))
4x10 00591 (11)

A QORI ) AT %0, Rl BT E LT, 52
M A77E Aul YTUE I Au-T -H,0 R-PAT AR R 41,
Bl er(Au)s er(I)s @ Fle(I). £EIX 4 N2 A
AOMADDITHE, HEDE er(Au)Ml ex(D)I, Jla7
BEMAR T 2 A Wik, EEREE er(Au) L SAr
er(), RIS & ex(OAHXT ) @ F e(T)o [RIFEHR
PEANTR] G B 15 (AR G (0 P, AR s T
(VTR T

2 Au-l-H,0 & OWZFES4

—AE Au-H, O &9, BT &EL RN, 847
TERIAL 2 N W20 (12) FT s :

Au,0; +6H" =2Au’ +2H,0
pH=0.2285 —%lg c(Au™) (12)

A pHAE AT T Auib 25 OH e W A Jl AN F] 1)
S4BT, 0 HAuO; « HAuO:* il AuOs* . T
A i < B TP S W) pH A — R R AE T v A
A T T A o—pH ISR E TR T

IRPERS o A pH {EIISENT, S5+ 20 H,AuO;
HAuO;” Il AuO;™ 45 ] B 1 o—pH [ (471 X 4

2.1 Au-I'-H,0 % ¢—pH

PRIV A4 Au (1) [R) IF>P 48 7 R R A& Aul
LA Au IR [R5 R 2 X (12), 2 AS TR
cr(AWAT e Au-I-H,O & o—pH FEE 1 Al 2
FiR o

1 sy 25 C R ex(1)24 10 mol/L.
er(Au)Zr 54 1 F1 1X 107 mol/L Iy o—pH K.
1 W BEH, Au-l-H,O REFBT er(Au)h 1 mol/L.
er(I)2h 10 mol/L B, ggopan HHERFRHER R HLA 1.5V
FRAKEN 047V, pawau N 0449V, 0giau 51T pawaw
IEI P 2 I Aul DTUE . A3 IF er(Au) BRAIK
# 107 mol/L B, poyan it —2 U B 52 0.223 VAR T pauvau
1) 0.443 V, {EEFIIEE RIS HIL Aul PUE,
M4 R Aul PURESE— DA 1) RN N (13) s :

Aul+1"=Aul,” (13)
2.0
Au’ (a)
3 Au,0,
1618 Aul; Aulj AR
1ok cr(Au)=I1
>
S ‘““ O-\
08k B & er(Au)=] X107
(‘Osnlﬁu @_J\u{i\n K \
PO i Serremrrerialeng s
0 -/-Hl 1 /?Ll 1 L 1
~2 2 6 10 14 18 22
pH
0.6 ®)

CT(AU):l s Poliau v
0.5F \ cr(Au)=1, ‘\g:\ui-’a‘\ull\_ ™~ ~N

M,
0.4r cr(Au)=1 X107, @{‘\:I:‘;\J“
Z crfAu)=1Xx10"
s N
0.3r .
CI'I'(‘Al'l): 1072, DPsoliau 01
\ \
021
H, Au
{}1 / 1 | 1 | 1 s 1
=2 2 6 10 14 18 22
pH

1 AuT-H,0 % ¢—pH
Fig. 1
mol/L, ¢r(Au)=1 mol/L, 10 mol/L): (a) Whole figure; (b)

¢—pH diagrams for Au-I -H,O system (cr(I)=10

Local amplification figure



1990 hEA SR R

201547 A

K, 76 Au-T-H,O &R or(Au) ] B
% @uoyan FUEEGL Aul YLTE A8, 7R T ek 4
.

Bl 2 sy 25 C R er(Au)=10"* mol/L,
er() 12 1X107*, 1 A1 10 mol/L I} (¥) o—pH K. H
B2 LA, Aul-H,0 REBRT er(Au)dy 1X107
mol/L Itf, BEH (NN, psoran 9 @awan HBZ L
BEAG, Au’'/Au,O; I pH EIE K. 43 o)
A 1X107* mol/L I, Dsol/Au T P Aul/Au? XS~
WP AL Aul DU5E: MR o) 03
1 molV/L I, ggoyau N 0.342 V, X T pauwas 19 0.502V,
W AR E XA A S B Aul U3, BE
AU AWO; T4 pH (EIGKF] 19.8; ZkSEH A
T er(1)E) 10 mol/L I, pgoyan A 0.223 'V, LK T
Pawan 1 0443 V, WK FEFEASH Aul JIIE,
AUCYAWO; [T pH {1 KF] 21.8. Kk, 4
Au-T-H,0 AP IS or(D)HREE AT TR pgoyan
TG L Al PT3E, X & ML AR R A

2.0
Au’ P {[_}=1 %1074 :
A, - 1 -4 Ah0;|

1.6[ Cp | )=| 10 s PoliAu \
< Aul;, Aul,

L2f e DRIX 107 o, =101

o/V

‘03 (1 -):\]‘

0.8{¢1I=L @auiii- . er(1N=10, @ pupa,
C'-l-{ [‘):l » Psol .f\u‘ i “__k_ C'I'(l_]=] 03 Psol/Au

2 AuT-H,0 % o—pHH
Fig. 2 ¢—pH diagram for Au-I -H,O system (cr(Au)=1X10"*
mol/L, ex(I)=1X10"*1, 10 mol/L)

2.2 Au-I'-H,0 % g-lge(IN)E

LERW er(Au)y 1X107* mol/L ] Au-I'-H,0 %
W, O T T Aul PUGE LA A5 AN DX S, AR A [ I
P R EE AT LA S AR ] on(1) BRI S LAY @,
WAL ¢ 5 lger (DR R WIE 3 fioR,

I 3 WTLAE Y, BEAE W o), AL
BTG . 24 er()3E ] 0.0021 mol/L i, A FEE
F]0.663 V, kAN cr(1) % 0.1 mol/L I, AL
F]0.46 Vo 3 sy 4L A 504 Aul HIRIX
Wo B or(DRE I, B RPRLR WA 2258 1 K5
P/ UL Aul PUTE B 5 5639005 98 IR
2 e NE] 0.0021 mol/L 1, Aul JUIE BB i -

R, PIREAST i, %N Aul JUEAAAE S T
Feifr o SREK er(1), Aul PUEHIRH Ko NI,
Al iR G R R IS B T 7] Bk e iR
t, il Aul JUREM HIE.

1.6
L4r Aut Au?*
1.2F Aul, Auly
5 1.0+
S osl Aug | €r(1)=0.0021 mol/L
0.6F Au
0.4
02r , : : l . . .
~B. =7 =6 =5 =4 B =2 =1 O 1
lger(I)

3 Aul-H,0 & g-lger(IN)E
Fig. 3 p—lger(l') diagram for Au-I -H,O
(er(Au)y=10"* mol/L)

system

23 Au-l-H,0 RE&EHHHE

1ECHNER cr(Aw)ff) Au-1-H,0 &, R4 [
S SR B T AUE SR RV eI 85 Fh 3 421 0
(KR BER A3 A% o ] 4 FER M ex(Au) 1107
mol/L i} Au-T-H,O R & 44 5 A it .

W 4 JT50, SR e Au-T-H,0 RIS 4
3 3 A R AR K o M3 or ()7 107 mol/L I,
G EFLL AU AR, T er(DRADN, 1T
LUK Au-T-H,0 RIEEE Au-H,O R FEFHT
er(DIFI3E I, HBL Aul JivE HIDT0E & 5 585 s ik
INBRES, EHP c(Au)s (AU c(Auly )b,
c(Auly )Y Y en(1)¥GME] 0.0021 mol/L K, Aul

100 =
; / Aul,

\

£ =) o0
o (=] =
T

Distribution rate/%

[
=

0

1

e

=3 =g <[ Q@ |
lge(1)
4 (X Au-T-Hy,O R 42 53 50 A0 3 158 )

Fig. 4 Effect of cr(I') concentration in Au-I -H,O system on

distribution rate of gold-bearing components (cr(Au)=1X 107

mol/L)



255 T W

YL, & ST NP E T Aul -H,0 BRI %507 1991

VOREB W e I R (W N(13)), 4RSI
er(1)s c(Auly )R IFHET 0, c(Aul WRESE N,
SR VI < ) AR AE T

3 BLREXEMR

WA ERGR ST A R, AR 4
A RS i A B AR A B A IF 500 52 43 Sl 3R A 7
A S8 . R R 25 C .y WE HE A 4:1. pH AN
7.5 BEFEHESE Jy 400 r/min. UAILEIRIE N 8 g/L. 4=
K5 4 hy LSRR 2 h AR, 200
HHATILE B EEy 122, 1:30 14, 1:5, 1:6 Al
1:8 R thikie, seie g Bkl 5 fros. HE 5 4,
TEWIURTOR B — 5 AR PE T, B TR B i 3s i,
SR REH A, UilS TSRy 1:6 B
SR IR T 88% A AT . MR 45 B R 24
AT 30 T B 1 IR B3R 4 (103 Hh 2 A — 30

90

86

82+

78

Leaching rate of gold/%

74+ =—Gold concentrate
+—Gold ore

70 1 1 1 | | L
1:2 1:3 1:4 1:5 1:6 1:8
Mass ratio of iodine to iodine ion

5 M5 T BT st HON R AR I s e
Fig. 5 Effect of mass ratio of iodine and iodine ion on

leaching rate of gold

4 it

1) K H AP 5 50 8T T Au-1-HO R KR 4
W), WG T WS AR AR AR Al [ AR AT
W I o—pHIK R, BHAG E W T er(Au) I BE K Bler(1)
FRIEE IS oy audViE FEAK, Au'/AwO5 1) T AT pHAR 1 K,
E AR TSR

2) EVEW er(Au)ly 1X107* mol/L i) Au-I"-H,O
R, B or(D)FZEHE N, I Al Pl H
JLPCUE B B ARG N S Y o) 8 F|

0.0021 mol/L i, Aul YT &AM k.

3) LW cr(Au)l 1X107* mol/L ] Au-I -H,O
AF, BB er(DIBZHHN, c(Au)F1 c(Au’™)
/N, c(Auly ) SEIG G DN, c(Aul, )IBE#THE . 4
cr(I) KT 0.0021 mol/L i, ¥4 E2 L Aul,
SwHEE T

4) Wb 4 S gl AR W, R R Ik
SRR B A A B AR AL A R T IR IR
SR AR ISR 88% /it

REFERENCES

[1] Btz MR SN T 24445 D]. MR 2k
TERHE B, 2010: 2-3.

LU Jin-yun. Study on the mechanism and technical conditions of
iodine leaching of gold[D]. Haerbing: Heilongjiang Institute of
Science and Technology, 2010: 2—3.

[2] WILMOT J C, MILOSAVLIEVIC E B, SOLUJIC L, HENDRIX
J L. Fate of cyanide in gold ores containing reduced sulphur
minerals[C]//Proceedings of 24th International Mineral
Processing Congress. Beijing: Science Press, 2008: 2958—2964.

[3] DAI X, JEFFREY M L. The effect of sulfide minerals on the
leaching of gold in aerated cyanide solutions[J].
Hydrometallurgy, 2006, 82(3/4): 118—125.

[4] £ ¥, HBE. FULKARE RS ITIRERN]. B 8,
2010, 39(3): 9-12.

YU Han, HU Xian-zhi. Review of gold-leaching technologies by
cyanidation and non-cyanidation[J]. Yunnan Metallurgy, 2010,
39(3): 9-12.

[5]  hedR, AR FRARSHEARRIRD]. TEE L, 2003,
12(3): 1-5.

LI Gui-chun, LU Shou-ci. The development of non-cyanidation
gold lixiviating technology[J]. China Mining Magazine, 2003,
12(3): 1-5.

[6] HILSON G, MONHEMIUS A J. Alternatives to cyanide in the
gold mining industry: what prospects for the future[J]. Journal of
Cleaner Production, 2006, 14(12/13): 1158—1167.

[71 SYED S. Recovery of gold from secondary sources—A
review[J]. Hydrometallurgy, 2012, 115/116: 30—51.

[8] QI P H, HISKEY J B. Dissolution kinetics of gold in iodide
solutions[J]. Hydrometallurgy, 1991, 27(1): 47-62.

[91 QIPH, HISKEY J B. Electrochemical behavior of gold in iodide
solutions[J]. Hydrometallurgy, 1993, 32(2): 161-179.

[10] ANGELIDIS T N, KYDROS K A, MATIS K A. A fundamental
rotating disk study of gold dissolution in iodine-iodide
solutions[J]. Hydrometallurgy, 1993, 34(1): 49-64.

[11] SEDELNIKOVA G V, KRYLOV G S. Iodinated and brominated
solvent of gold[J]. Schnigri, 2001, 3: 43-52.

[12] BAGHALHA M. The leaching kinetics of an oxide gold ore with


http://www.baidu.com/s?wd=%CF%86&rsp=1&f=1&oq=fai&tn=baiduhome_pg&ie=utf-8&rsv_ers=xn1&rs_src=0
http://www.baidu.com/s?wd=%CF%86&rsp=1&f=1&oq=fai&tn=baiduhome_pg&ie=utf-8&rsv_ers=xn1&rs_src=0

1992

hEA SR R

201547 A

[13]

[14]

[15]

[16]

iodide/iodine solutions[J]. Hydrometallurgy, 2012, 113/114:
42-50.

FHEAR, TR UL SR FTD]. P EE, 2004,
13(7): 66—68.

LI Gui-chun, LU Shou-ci. Experimental investigation for iodine
leaching of gold[J]. China Mining Magazine, 2004, 13(7):
66—68.

WANG Hai-xia, SUN Chun-bao, LI Shao-ying. Study on gold
concentrate leaching by iodine-iodide[J]. International Journal of
Minerals, Metallurgy and Materials, 2013, 20(4): 323—328.
REYR, T, B, BER A, MRS, IR, kL
A A AL B B L B R IR WAL, h RS AR,
2014, 9(3): 351-354.

YUAN Xi-zhen, LI Shao-ying, ZHAO Liu-cheng, KANG
Jin-xing, SUN Chun-bao, LI Gen-zhuang, ZHANG Wei.
Experimental study on selective leaching of refractory gold
ores[J]. China Sciencepaper Online, 2014, 9(3): 351-354.
B, EHE, IMEE, BRI, BEMR. BT R
il Al 32 1R 32 W (9], TR A (0 A, 2013, 23(5):
1434-1439.

LI Shao-ying, WANG Hai-xia, SUN Chun-bao, ZHAO
Liu-cheng, YAN Zhi-qiang. Effect of different iodide on gold
concentrates leaching process in iodine-iodide solution[J]. The
Chinese Journal of Nonferrous Metals, 2013, 23(5): 1434—1439.
BHYE, THE, ZHk, BEK, IET. SR IVLGR I
MREF ] T EA SRR, 2014, 24(3): 814-819.

LI Shao-ying, WANG Hai-xia, YUAN Xi-zhen, ZHAO
SUN  Chun-bao. of gold

Liu-cheng, Leaching dynamics

concentrates by iodine-iodide solution[J]. The Chinese Journal of

[18]

[19]

[20]

(21]

[22]

[23]

Nonferrous Metals, 2014, 24(3): 814-819.

MARUN J N, MEISSL R J, LARA R F, GARCIA R A. Gold
bearing ore processing with iodine-iodide solutions[C]//
Proceedings of the
Congress, 1997: 381-389.

FHEAR, R, BULR ST AR ]. BRI R
2BE2AR, 2009, 19(5): 345347, 364.

XX International Mineral Processing

LI Gui-chun, LU Jin-yun. Basic theory of iodide leaching of gold
process[J]. Journal of Heilongjiang Institute of Science and
Technology, 2009, 19(5): 345-347, 364.

BT, MBGDL, AL, Au-CI-H,O0 RN 2o HT[I]. 38
4z, 1982(3): 44-49.

ZHONG Zhu-qian, MEI Guang-gui, CAI Chuan-suan. The
thermodynamic analysis for Au-ClI-H,O system[J]. Gold,
1982(3): 44—-49.

ZEEME. Au-NH3-H,O RIGHA —pH B K T 225007 [I]. 4k
T4, 1988, 9(3): 56—60.

MENG Xing-hui. E-pH diagrams and thermodynamic analysis of
Au-NH;-H,O system([J]. Engineering Chemistry and Metallurgy,
1988, 9 (3): 56—60.

S0, A LT Cu-Cl-H,0 FRIH T 5253 11 K b Air
—pH EI[J]. "R 162 BiA4R, 1980(3): 12-24.

FU Chong-yue, ZHENG Di-ji. The thermodynamic analysis on
the Cu-Cl -H,O system and its potential-pH diagram[J]. Journal
of Central South Institute of Mining and Metallurgy, 1980(3):
12-24.

DAVIS A, TRAN T, YOUNG D R. Solution chemistry of iodide
leaching of gold[J]. Hydrometallurgy, 1993, 32(2): 143—159.

HE E B



