# Y ¥ #H
A

ACTA MINERALOGICA SINICA

D000 http://iwww.cqvip.com|

Vol.23.No.1
Mar.,2003

SCE 475 - 1000-4734(2003)01-0031-06

ABPIR B EEESFRRZEHR

AR 2, R AR

(1. PEB¥6 HRMERRN FRARMBEFRFFRLRE, #RH REH 550002;
2. PEBER PrFEBE, L 100039)

# ZE: X NaCL-HO-H,0 RFE TR B FEECPREUEJTERIR, LERZW B PR .6 . 056D
HBEAEZERERE pH.Eh L RAMRENER. HEREBET, H* Q- RERK, L REMN, HEEEY
BTIEE, RETRABENVIRSR. % =300 C,[C"]=0.24 ml/L,pH=6.86 i, FEE SV HIVITER
K 55% B EESPNTIERET 2%, RBEERFRAYOFE, FROZEREK, BRIHREVESYIL
PHRERS BETEESHEU T, MEMEFNREGYHNEE. AN HERA . BRTHRELURA
AR ERENERARFL. B, EERNFERSERBARTHSEFREFRHEERER,

XA AR RS ARER
a4 3£-S - P599; P618.4 HRERINEG A

EER BT MM, %, 1976 4 BT RN, AF LR ERILEBTI.

EMSET Ag Pb.Zn ST R EMBPHE
BMABEREH#GT T ARM TR IR, o
Seward! 12SF BIBAE T8 BESRIER P RBR
B EBIE AR P4 M B8, 8B R R B A
QA WEHRET, B EHEBERN Al ",
PbCE~"(n=1~ 4);Webster[3] ,Ga:rnnons[4] B BuR:
BEFHMNLR, FRXTRESHRARPNER
F 3. ; Barret S I E T 4 449" N5 7E NaCl 33
REERE, EERERRERAITERTEE
PP B R REBER, X T #%B Ag.Pb,
Zn [FI4L 64 75 R . XE B 70 U0 32 A9 35 50 BF 9X 4R 2,
EXET R B SH S RILEME RS
AR —NERAOBERRE, B TRE IR
B PE S ER R R R E R
W, ASCH B E TERRESYHK\EKR, B
FEMERR PR E R E ARG,
B AARBEAG TRSS . SREAYRLEN
EABHESMEER, FH S HRARB PR
B S R R HLH

W R B 3 : 2002-08-07
BERB :ELWE . HXARBERLSTE (LS . 49902008)

1 L HE

ITRAALHAKFTEHEESE P, RE
B BHSBRYT ARERRPEERUSGLY ., FF
FIREESYWHERA#ITIRS  TREHEE.
B EHENAEAPEIARNR, ENERE,
pH 4 43 ¥% B AR 46 YA B i A AR B B B4k B 4 2% 14
T, #TEEURBEENIRAR.

RNV YR 5 FRESY, A¥ %
ELREHRSZ,THB B . FHOHEN 99.99%
Pl E. WEREHBRR N A RHBRE , B mA B
20% i) NaCl AW AE AR 8 AgCl UTIEFFFEK I8 b
AT MAKRERAK, ERHRET, H 20%
NaCl+ 0.05 mo/LHCIBE R ERBBEIFEE, B
B —-ERBEORAESYEBER. HHERE
REFTEEE, TBEAYWEEN Al .PbC,
1 ZnClL,FIRERE —EREME A 1,3 M4 8
BERAEEY, AEWMEBERPR B HEEERERN
W E .

LR R pH @A CaCOs I H AT,
For A MARLEY (TEY INEY HE .
By EARHABREE)EH, #HERREL
* HS M ES,



http://www.cqvip.com

D000 http://iwww.cqvip.com|

32 VoY ¥ #® 2003 £F
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HFh HEEANSO%, ETRELZS, HBilk
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2.1 BMESEEETER.E. SR SWAITRENE

MR G TH B FEESYNBEERNE
RAEE B 200 ~ 300 C,PIHA4R (45 B R B FE 50
~200 mg/L,Cl- ¥ 0.12 ~ 0.48 mo/LAIRH T
#HiT. TREGRIITER L RNFEEERN Agl, .
PbCl\ZnCl, ZEER Z 4T HRRE KSR, R
HEATZ, BEAYUNEFEEXRAR A K
EAFRWMEZEA, BHFAEREIEBSRTIYE
Etk. R B BFRESYRBEAXFHEPERS
EMNAUELRA—-FRPRBEIR, TARE
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Table 1. The stabilities of silver-lead-and zinc-chloride complexes in different starting concentrations

BE AgCll-" PbCl,.z o ZnCl,’: "
oo/ (mg/L) o/ (mg/L) po/ (mg/L) p/ (mg/L) oo/ (mg/L) _p/ (mg/L)
200 C 11.94 12.81 16.06 15.88 20.00 20.00
18.00 18.30 34.13 35.56 50.00 51.25
300 C 62.50 64.25 83.30 85.00 118.30 120.00
81.00 81.50 167.50 167.50 197.50 201.25

W B TR n=0~4;0.0 5 BN CEMEE -G WAETE B P H9P) 15 0 B P B0 S 003 B) TR /S A BB v B .

2.2 BHBE.ASREEEIRNEEENE W

R THRRRBZB I BT RE LA EEAR
et 8 RS S YRR, £ A% AT
BREBEB T IMARRSHITLR, EREH,
EREREN, R ESYIERE , BBRAERE

LA K pH B B A na iR MAE S W E R
TR EFE.

B ENECYNBEHEFRLREHFT
EEBH(FE2) , EBB B E I pH F
. E FRESYRRBEERME, FUSEEN
HE .

2 300 CRUT RENDBRREDNE SFEASOBEENER
Table 2. The stabilities of lead-and Zinc-chloride complexes in different pH and starting concentrations at 300 C

Pb Zn

eo/(mg/L) [C~1o/(mol/1)  pH  p/(mg/L) VLIER/%  po/(mg/L) [A-]o/(m/L)  pH  o/(mg/L) VREB/%
50.00 0.12 6.86 21.55 56.9 50.00 0.12 6.86 1.00 98.00
50.00 0.12 6.13 28.00 44 50.00 0.12 6.13 9.80 80.4
100.00 0.24 6.86 45.00 55 100.00 0.24 6.86 7.10 92.9
100.00 0.24 6.13 52.50 41.5 100.00 0.24 6.13 39.50 60.5
100.00 0.24 3.33 94.90 5.1 100.00 0.24 3.33 53.40 46.6
100.00 0.24 2.88 99.00 1 100.00 0.24 2.88 55.30 4.7
100.00 0.24 2.40  100.20 100.60 0.24 2.40 100.04 0
500.00 1.2 6.86 469.2 6.2 500.00 1.2 6.8  456.70 8.6
500.00 1.2 5.64 498.1 0 500.00 1.2 5.64 468.1 6.4

I : oo 4+ BIfUFE PbZn 55640 15 BV B SRR B P 465 o SRR v B, [ Q- ] ARSR BRI P A0 SV BE s pH 5 SRR O JIE

LR/EH pH SRR MHEE B, A,

ER—BRERGT , B BRI N REE, A
ATHRESYNREFE. SERVBKRER

E,Pb\zn E!Wi&ﬁsmmg/lu [Cl— ]0 j:l
1.2 mol/L, BP G 35 ¥ pH 5B 6.86 FEE F#, 84
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Table 3. The effect of sulfides on the stabilities of lead-, zinc- and silver-chloride complexes in acidic salutions at 200°C

MAT Pb & Ag
po/(mg/L) o/ (mg/L) VIRER/ % po/ (mg/L) o/ (mg/L) DIEER/ (%) oo/ (mg/L) o/ (mg/L) VIEER/ %

PbS 192 3991.5 197.5 200.0 0 65.5 0 100.0
S 192 44.0 77.1 197.5 2494.8 65.5 0 100.0
Fe$, 192 186.8 2.7 197.5 200.0 0 65.5 0 100.0
AgS 199 200.8 0 200.0 199.0 0 68.0 103.0

S 199 198.0 0 200.0 201.8 0 68.0 4.2 93.8
Sb,S, 199 199.3 0 200.0 198.0 0 68.0 0.5 9.3

T oo S BIRTERD I ST 56 5 B PSR 4R B R RV B

R4 EPFHBRATRLEDNFENE. B HANESWRELEOER
Table 4. The effect of sulfides on the stabilities of lead-, zinc- and silver-chloride complexes in near-neutral sdutions

MAT i Zn Ae
po/(mg/L)  p/ (mg/L) ViER/ % po/ (mg/L) p/ (mg/L) BLER/ (%) oo/ (mg/L) o/ (mg/L) UIFER/ %
PbS 203.8 2712.5 204.2 205.8 0 53.2 6.75 87.3
nS 203.8 25.0 88.0 204.2 497.3 53.2 5.0 90.6
ZnS* 185.2 140.8 24.0 189.2 359.8 54.8 7.0 87.2
FeS," 185.2 76.8 58.6 189.2 190.0 0 54.6 1.5 97.3
AgS 193.8 191.5 1.2 197.2 198.0 0 59.0 21.0 64.4
S 193.8 190.5 1.7 197.2 198.0 0 59.0 5.2 91.1
Sh, S, 193.8 194.0 0.0 197.2 198.0 0 59.0 6.8 88.6

T po 0 S BIRTNIE AL P /S BUP SR 48 SRR R MR BE , W « S8 2 300 TR, HAR 9 200 °C.
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REEREYHRBEHE TR, 258 77%F 88%
RSB UIERD , XAERE T AL T TEAEN
X RE :PbCl,2~ " + ZnS = PbS + ZnCl,2~ ",

TOA FeS, R BURR B AV RETEI, B
M EEEYHERN T ERAELPTHEEFERTP,
PiE AT RE R4 RAUR BE . Pb?* + FeS, = PbS + Fe?*
+172S,, AW P 4 I MR B B R AR L 50% , 3+ (R
B9 LB MR B R 75 mg/L OEK,

LR AIEE N . A TEFERMNES S5 BT
HEBEBRNF AgS< <PbS < ZnS, B F4HE .
S BRTRRAERS R,

2.4 SERENRIIENR

ARERERRIEPHEERP, MALY (AgS
BIMDMEE BEREESYIE, S®RRETH
BBESYVRESE., XRBA=ZFPHAE
SYHBEEERE, FFEEBEYN kBN, Br
DAL SEULIENT i BifbsR sR IR A B R4, T H
BARANZEAABEITSHOTTIENE, RIEH#RS
2 HE (& 5)UO N BB 1) 1g/(0,)-pH AR #
AR200 C,e(2S)=0.01 ml/L, ¢ (2C) =2.5
mol/LEZHTHRERILBHBEG, U & Agll,
Ag(HS), " WIEMEFHEL, HETA, BILBA
— P RRVEEG MBRALESYREEM pH
HEREAZHTRELELE, SR EBILD KM
AL EERLT HS MIREGEE A, BURRE S
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e(2A) =2.5 mo/L, ¢(XZS) =0.01 mol/L, s =200 °C
MEERAEBEFERLDONEH HBRET AgQy, Ag
(HS), REB A AR, MELRERT AgQly, HERET Ag,
AgS, AgCl BRI EHM Ag(HS), HERESHR KD.Q
FR AgCL I W B 5 81 29 107, 10% mol/L, R D, D R Ag
(HS), IR BESH 3% 10,107 mol/L.
1 BEFEARNEES, UK Agly, Ag(HS),H
W B (R 1g/(0,)-pH
Fig.1. The predominance area diagram showing silver
solubility and speciation as a function of pH
and oxygen fugacity .

PVITELE IR AgS R AR, ETFHEXGT .M
BAHUES S, TREBENMERCEIE HS” LY
Gy, —8PorRLA Ag(HS),” MIERFETHHE T,

£5 HARAHFTEXNFHEY
Table 5. Equilibrium constants for the selected reactions

e R B B 1gk (200 °C) PAERE
1 H,S=H* + HS" -6.9% Helgeson (1969)
2 HS™ =H+ + %%~ -9.57 Helgeson (1969)
3 HSO,~ =H* + 502" -4.49 Helgeson (1969)
4 2H,S + 0, = S,(g) +2H,0 35.05 Helgeson (1969)
5 H,S+20,=H* + HSO_* 71.62 Helgeson (1969)
6 H,S+20,=2H* + 802" 67.13 Helgeson (1969)
7 HS™ +20,=H* + 502~ 74.09 Helgeson (1969)
8 S:(g) =28(D) 5.90 Bames (1979)
9 Ag+H* +20A" +1/40,(g) = AgCl, ™ + 1/2H,0 9.37 Seward (1976)
10 Ag+2H,5(ag) + 1740,(g) = Ag(HS),~ + H* + 1/2K,0 3.26 Garmmons and Bames (1989)
11 Ag+ 1/45,(g) = 1/2A%S(s) 3.9 Borton end Skinner (1979)
12 Ag+ A~ + H* +1/40, = AgQl(s) + 1/2H,0 11.22 Cobble (1982) 1 Robie (1979)

o BB S a ek (10,11]
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ARHRERY, B B . BEE/UNBELEE
REER TR REMR. BERGBEXLIESR
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BEURFRLUSIBRERKBIIEERI K, &
LSRR, BB 200 ~ 300 CHMEN
B, FARWBR TR B FRETYNERE
e, Rl R UL, XA A IR 28 1k 08 1 R H
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Eat, R =B EE R, R BOE B P RER S (W0
HS,CO, %), T EXMBERFPERMALE
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ZEW, B, 7T, B 128400 7 B R 4R
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BB AT RETE BB M TidE. AR REREKHA,
ER=FMEAHEREBRTHE . B FREARR
BENILE, RFRAHDSERNEFBHRAE
CEZRRS R G

G LEFE, AP B RS E R, TLTE
BERERARBE . pH.Eh RASKESARESR
FFRANER, REEARRKBRS F5E &R R
ERNEFERIR. BRAL—WEE , EHE

$ %F X W:

xR B BFZENSRATEBEENEH, pH
KWABSEHBERTH . BERESYHRBEL,
{EREE B 4K C1- ¥R BE 938 o0, X 7 &2 o B B 38R
ho BIKERBR AR S ER Eh HRERRE
FRNZ5AMRER B FRESROERR
Ao
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AN EXPERIMENTAL STUDY ON PARAGENESIS AND SEPARATION OF SILVER,
LEAD AND ZINC IN HYDROTHERMAL SOLUTIONS

SHANG Lin-bo, FAN Wen-ling, DENG Hai-lin

e e iz ettt

( Open Laboratory of Ore Deposit Ceochemistry, Intitute of Geochemistry, Chinese

Acadermy of Sciences, Guiyang 550002, China)
Abstract: The mechanism of paragenesis and separation of Ag, Pb and Zn has been studied by means of experiments on the
stabilities of their chloride complexes in the NaCl-HCI-H,O system. The experimental results show that the stabilities of
silver-, lead- and zinc-chleride complexes are affected by temperature, pH, Eh and the concentrations of components.
Chloride complexes of silver, lead and zinc become unstable and ore precipitated in varied extents at the same temperature
with decreasing [H* ], [Cl™ ] and increasing reduced sulfur concentration. At 300 C, [Cl~ ] =0.24 mol/L, pH =
6.86, the precipitated fraction of lead-chloride complex reaches up to 55% , and that of zinc-chloride complex exceeds
92% . When the sulfides are added in hydrothermal solutions, the silver concentration of the solution will decrease
dramatically, even to zero, while chloride complexes of lead and zinc keep stable. Thermodynamic calculation indicates
that the silver-chlonide complex becomes unstable and silver is precipitated as AgS or Ag. It is concluded that the presence
of reduced sulfur will cause the separation of silver from lead and zine.
Key words: paragenesis and separation; silver-lead-zinc; hydrothermal solution
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