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In situ observations of liquid speciation forms of lead in hydrothermal fluids
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Abstract

Speciation of metal in Cl-aqueous solutions at 150 C was examined by using a high pressure and te mperature
cell connected to an U V- Visible spectrometer . PbS and aqueous solution were put in a high pressure vessel with
a quartz window , through which U V- Visible light can pass. The cell was pressurized, and the cell was put in a
heating box . Then this box was installed in the VUV spectrometer. The high pressure cell was heated until the
pressure inside the cell reached the saturation vapor pressure . We could observe and test the U V- Visible spectra
of the speciation of metal- bearing solutions at high te mperature and saturation vapor pressure and could also con-
tinue to observe the changes of the speciation with time, te mperature , and nature of solutions . In this way , the
kinetic study of mineral-solution system could be realized, and the experimental system of PbS- NaCl- HCl- H, O
was tested.

The experiments indicate that two steps are involved in the speciation process of Pb-bearing solution, na me-
ly, Pb>" +Cl~ = PbCl and PHCl* + CI” = PbCl,. The main species is PbCl, in the solution near saturation .
Concentration of Cl-bearing species , te mperature and resident time affect the speciation.

Key words : geoche mistry , speciation of lead, in-situ observation, UV-visible spectrum , pressure cell with

quartz window
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( UV- Visible) F1IT ZL AN G HE ( NIR) RI A SAEN £ T
SR 4 J 3 A% 1 45 A0 1 il oy P U AR B A B 85
W& B AL SR gt KA e L ml s
SN B i 1 AT DLz ik 4 el 2 BT R AER I Jis
WA T S50 . 33T T JLA R — T T
E}%( Hu et al.,1995;1997a;1997b ;2000 ; Zhang et
al.,1998;1999; 2001 ; 2004 ; # 15 M %% | 1994a;
199415 ;1996 ;1998a;1998b ; 5K S L% 1992 :1994a ;
19941 ;1994¢ ;1998a ; 1998b) .

ARSI S 58 2 A0 A R b SEEL . R
(RS0 R <8 BT KA A& Fh 2% 5 1) i) i
SERIBEA WL ) TR pH E IR - JHS®
SN TR O AR R BT R AR AR A . X e A
AT DAL I 5 4 e Y AR A A b YR B BR A
B EFITERE TREAAK &EE 15
PR 18] JE 28 ) 45 #4) ( Anderson et al ., 1988 ; Bub-
bak et al., 1987 ; Clark et al., 1979 ; Frantz, 1981 ;
Susak et al.,1982; 1985; Hu et al., 1999 ; #]54§
&5 ,1994a;1998a; 1998b; Brimhail et al., 1987;
Laptevet al., 1987 ; Rossman, 1988) .
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( Oh = Td) ,IXP AR AR T4 8 70 AN IR .
g JE (BRI RE RN K
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2 RS

MBI 2A7E 20 A4S 80 AEARIL T UG T X J7
THNIRIFST 2 A AR R 2 AR AR B ABATTH U'v-
vis- NIR Fl Raman [ . 5 1] 1& T 400 °C 4 x 10°
kPa 2cF N HISE 5 T 4E ( Bubbak et al ., 1987 ;Susak
et al., 1985; Wood, 1989 ; Yang et al., 1988;
1989) .
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W 300 CEHF T zn P 7E HBr FHES R 3L 1) b7
261 ( Yang et al ., 1988 ;1989) ,JfF HA#FFT T 300 C
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ANF R IR FEI) NaCl ¥ L B I S 42 XL



Foask Fa

P RACAE AR AR P < Y 1A A et T T U ) S 513

SRR A qREA K. m QKT &
JEAT T RCAL AL Ma, . AT R I 4 S 2 1 DY T
DY IR ECAL) AN TR (7S IRECAT ) 2655 W) 78 N
RSt S AT OC . e R AR A 4 )
E I DY TR DY IRBCAL) 7] )\ AR /S IRBCAL) 255
Y4k ( Brimhail et al ., 1987 ;Susak et al ., 1989) ,

e BR8P A AR Y F3 B8 R 7 AR T K 2
A FH A S TR D s R S I O R R T i
JRERAM T WO | SEEGRFSAE 300 CAME T RT A
Ff 5 AN R 2R KA AR 2R 22 42 ) (1) 7K
WHIFIE R ( Laptev et al . , 1987) .
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(1) O TR UD Crerar S2560 = H U V- VIS
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al., 2001 ;Brimhail et al., 1987) .
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SRS AR R ) LR 18 SC TR 25 P ( Zhang et
al., 1998 ; 1999 ; 2001 ; 2004 ; Hu et al., 1995;
1999 ; 2000 ;1997a; 1997b ; TKIRMEZE 1992 ; 1994a ;
1998 ; B EEE 1994a; 1996 ; 1998a ; 1998b) ik it
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A% ( Lambert) AT H( Beer) $8 HI AL 6 T 55 53
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TERRS AL 5 b oA W B2 R BE (em) (T HDOGRE 25 25 0
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3 AT A ] WG g
Jiik

M B 8 R 7 R e Bl R R R IR
NI AT LB 2 R A I

T AU R ER R . SIS BT LA
FAERE RO AE % . AEIX T I S N AE ST KT
AT R R | SR FRAT T B 4 1% &1 P 4l A S B A
DR i e s < A ik 22 TR) B B % 5 )
ALE A s T ARG E . e AR — AN B
BN . [ BR [R AT IEAERT Il e s S 5
NIRRT e — MR . PR AN iE S 5 I
I AN il R RL i HL I A2
B 8T K ot . FRATHE EHHE B O s
e s SR LA A R URRE I 2 A S
AMEAX . B NN A S < WA X TR R
BE L IX R —ANE Y B R = SR L e Sl
1k B 300 CRSEIGEAE I A Z WL ( Hering et al .,
1988 ;1989 ; Kharkaetal., 1987 ; Mastetal., 1987 ;
Marley et al ., 1988 ; Panet al., 1989 ; Ruayaetal.,
1986 ; Seward 1984 ; Sjoberg, 1977 ; Spycher et al .,
1989 ; Fordet al., 1999) .

ASCAE A % BN JEERT ST PbS- NaCl- HCL-
H, 0 A% .
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6 —HMEIE E ;7 =4I ;8 —HHAIK ;9 —HLUE
Fig. 1 Pressure cell with quartz windows for U V-visible
spectrum study at high te mperatures and pressures
1 —Cooling part ; 2 —Thermocouples ; 3 —Te mperature controller ;
4 —Heatings ; 5 —Insulator; 6 —Outer fixation ;7 —Outer circle ;
8 —Inlet and outlet of water; 9 —Power supply



514 W R o R 2006 4
# 1 PbS NaClL HCL H, Ok R332 F
Table 1 Experimental records of PbS- NaCl HCF H, O
K5 basii m( PbS,)/ mg pH t/C I i)
1 0.1 mol HCI(1.039ml) 0.151 150 14:30 ~16:00
2 0.1 mol NaCl+0.01 mol HCI 0.02092 21-~2.3 100 11:55 ~17:00
3 0.1 mol NaCl+0.01 mol HCI 16 .362 21-~22 150 14:10 ~18:30
4 0.1 mol NaCl+0.01 mol HCI 14.187 2.1~1.75 125 10:30 ~19 :00
5 I mol NaCl+0.001 mol HCI 6.260 3.0~3.2 150 10:47 ~14:35

T2 5 PG AE RN 27 ot B 2 F 9 IA68 P 1) 5 I J el AN
BN A AR 30 mm MBI A A 08
HRANAT LR (NI 2 ml) . XA L kSR AR
MRITR 2% 1989 41 WL 21 (1) /2 BV Ji -+ 40 AHARL . T
RO TE AT WA A 2 ARV E T —AN 1]
DSOS T (2 B 5 2 ARV EESRE— A
AT LA AR L B T R T L8R S TR SR 4
AT OLREASCHLTH, DL 1. R AR AT L R g LS A
SP1800 A . 7 HTAE BEAT 45 [ BrbriE .
3.2 REIIE

EFE 1 ADNTTET BRI PhS) JFRE Z R N
SN SR G TIN5 3 5 TR RS2 56 . i
ALK R BAPAT VAL P S5 4

4 SR

4.1 BE3 PbS NaClk HCl K R 5N E i B S0

SV PbS + 0.1 mol NaCl + 0.01 mol HCI,7E
100 °C 125 CHI150 C 3 MRSESAM RIS 25 1 5]
T2 fE 2.

Bl 2 RO IERE— N B ) 2B, ik
g tgAs N . oot E S HZ (48 000 cm ) [
PbCl™ N 5 (44 000 cm ), fF W] PbCL, A
(40 000 cm™ ') BWIARAL |

Wal L HAE 100 CHI 125 CHIE AN 3£
SN % VA M Y I o L1 VAN i MY A =TI
BN TR RN oy, o SOV AR BE T AR TR
FEREAR R 3 W NV T G
42 SBTFIRER PbS NaCk HCl 1K R & 5MNEILRY

AL

16150 CIHESAMF T 7E PbS- NaCl- HCI A&,
PbS 55 AN [F) GRS VA B IR Y. 45 ARG A3
Tt SR -

PbS +0.001 mol HCI +1 mol NaCl

a.100°C A/nm
350
B
=
=3
30 23
b.
200 250 300 350
#®
E
=3
32 30 28
C.
350
1.0
#{
e
B o5
-0.1

44 42 40 38 36 34 32 30 28
/1000 cm™

Bl 2 Pbs NaCl- HCI AR (¥ 2R AM i 2 WO L 1
PbS +0.01 molHCl + 0.1 mol NaCl
a.100C;b.125C;¢c.150C
Fig. 2 Absorbance vs. wave-numbers of U V-visible spectra
for PbS +0 .01 molHCl + 0 .1 mol NaCl

a.100C;b.125C;c.150C
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350 4.3 REshNFEHRR
a R 5 IS 77 49 R W Wi 5 B2, mT DAAE A b i 2 ]
ITEOL T TH B RN =) PhCl, 4890 1) RE Bl
- N AR T AR it 228 ) 2 R -t )
x os MR 58 ST R AS (1) 40 22 0 P 1 D' 1 R g ot
' FERNTE S 0 Ak 27 ) e B R v S5 e R B
39500 cm” ) FTACERIPIFIIREE .
4}
50 48 46 30 28
pH=3.0(3.2) 2ra PP HO NaCHO o
200 250 300 350 1 0.01mHCL 0.1mNsC1. 150C, 37500cm-1 a
1.4 e . ~ 10} o
b 5, e
1.0 /\ g, 8{ o °
) a
m k 7[‘ =]
8 ol
05 14.35 p.m. é 6 o
5} s
] -
47ﬂ.m.”'00 3 NP T A SR S —— —
_001 [} 20 40 60 80 100 120 140
-50 48 46 44 42 40 38 36 34 32 30 28 tmin
. 5 034
¥ /1000cm 0| b, PbS-HCI-NeCHH0
03} 0.01mHCL 0.1mNaCl. 150C, 37500cm"*
3 150 C4&HFF PbS+0.1 molNaCl +0 .01 mol HCl #A R (a) E‘m
026 ¢
F1 PbS +0.001 mol HC + 1 mol NaCl 7 R ( b) &AM E K 024}
Fig. 3 U V-visible spectras for systems of PbS +0 .1 mol z’ Oﬁ;t °
NaCl +0 .01 mol HCI(a) and PbS + 0 .001 mol HCl + %g:;
1 molNaCl(b) at 150 C g o1af 2
“0.12 a
O.IL ° a o 4
PbS +0.01 mol HCl+0.1 mol NaCl | A/ o
10 30 50 0 % 110 130 150
PbS +0.1 mol HCI tmin
e 034
SR A YT 3. 3a & 3b SR o2l c PUS-HCI-NeCL-H,0
Jun S T e e [ 03l 0.01mHCL 0.1mNeCL. 150C, 37500cm ™!
HCl BE IR JE AN ] , Ve UETEAANAE . ~ 028
SRR G R na BRI S s B
BN N G e Sk 3R] .
NaCl R /R BE 1S N3 U N Phal, 7 FHAT . %Zﬁ
— a
S UL QB TERIE P BRI o -
fto o(:;;L ®a e
[RIES AT DAA s W B 8] SE KA R F pyalt + 008 — 6 T 10 3
Cl" - PbCl, MRNHEAT . RN 2 20 o(PbCLV10“(mol/t)

Pb* " +Cl- -~ PbCl” (1)

PhCl' +Cl™ — PbCl, (2)

2 AR FEAN T BRI R . N3, o IR
eI B AN AR TR AR FR IR N

B SR AN R N 45 KW phs-HA
- NaCl- H, Ok RN I R N =) o 5 Qi 48 & W) B

4  PbS HC- NaCl- HyO KR M c- t Bl(a) , -t El(b) F
rc B(c)(150°C, 0.01 molHCI +0 .1 mol NaCl) .
Fig. 4 Kinetic diagrams for system of PbS- HCl- NaCl- H, O

at 150 C(a. cvs. t; b. rvs. t;c. rvs. c)
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5 W ®

7E PbS + 0. 01 mol HCl + 0.1 mol NaCl ) [z W it
P TR R A ot B 4a) BRI
V) W PoCL, YRR R S BE B 1) S K T 2% 8 48
WoRH—Fih s . v IR IRAR RN poal, W
JEE 5 B NI 1) OC FR TR s I 6

R=c/t

| RNV | ¢ ARG | ¢
TR RNV [A]

TERL R A5 (150 1C) R 1) s Bl R B i vy
T 125C 100 CEHA T RN E . WU W 2
R ) 3 A AR AR B s BT R mT DI LU AR . Bk
] PR S ST 2R BRI (T 4 B 4c) . XA S
(18] J5 W 2 RIE A 5O I P 1) 7 B ™ PR 9 e Je 1,
HEARLG e Wil ie 2 ZAME 2 . RS R N ZE
P, EH T R TE AR /)N PR o 00 s TR] A g 3 3k 38 B L
TEEF PR Y B B 2R 5 100 i . A 4 P934
PRI e KER AT LUF A . WS I [R] 4558
D) ZE/NTF 1 min B S N R AR S
5.1 &RB5 I EREEYHERTE 2B I®

R

T A2 206 8 B 55 O AT S A0 HA N TE 4%
B SN R BRI JE A ) A B (1) 93 30 5 e
RN, HATC e H T SHLBAU HE FR E IR E R )
RS WNE A S A R4 G A BRI
RE . AESAF TR 5 PR RB) J N. B ) 5 S 2
LRV AM G A %2 20 1R J7 B 5 FAG 1) s v 328 A K
IR AN S g5 R 25 ] DL U SR X L
SN R P R AR AT AT S 56 5 R AL )
teis . & 2 A H Heh AT PbS 5 1 molNaCl +
0. 001 mol HCl ¥ M. J JE I K AL il

7E22 MPa N AN[AUE FE B, PbS + 1 mol NaCl +
0. 001 mol HCl ¥ 5 N HRIA ~F- 1 J (1 15 100w LA FH B
WTFETGI . ILE5 BT T AR R 5 MK A )
(I RS | EH e MR I

25°C W, PbCl, . PbCIT . PbCI3 " . PbCl; . PH*°
(25 CHIE R EEA A2

100 CH ,PbCl, .PbCl; PbCL3"

200 CHY ,PbCl, .PbCl; PHCL3-

300 CHf ,PbCl, .PbCl; PbCI}"

400 I ,PbCl, .PbCl; PbCI}"

PH2 T
Pyt
Pyt |
PH2t

PbCl”
PbCl”
PbCl?
PbCl?

THELG 25 PR AL i i B 22 9K . 5 e
{E 1 mol NaCl + 0. 001 mol HCl ¥ N % Fl Pb 17K
o fios Tl s
5.2 SBRIBMETHE

(1) &JEET a0 po? " FEHRB N IR E S5
TR H R TS 7 0 A 9 125 1 1 R R B 25
YRR R . I 6 AT LR H AR - 4
N TN N1 A0 o S e RS A O e
WA S I po? " ZHUE B phal, BIJERAEALE T
WA . iR T R A4 AR 6a) .

2 4 PbS {E/KIF N KA IR o 25

M 1) 4 I8 45 45 W) ) A 8 BT & Y Cu
Zn . Ag Au 55 B AT [V A R R I
W BIARh A IR 48 SRR e 464

(2) i L R s S AN ] L B T - R
Z ) N (R BB WL, AT DASRAS S W AA 2R 1 A A
AR B I 4 B S e X RN A Bl
TEIE B VA A5 I 4 a2 DA 1 BT SR 2% S )T X
W) . Kolonin ZE N ELEE 1L Ph L& FIZE R N 1
Tt S Sz 37 B 1) PR A8 AKX — T 57 45 R R R AE 1 6a
W, H % K AT E H PbS NaCl HC-H,0 1 & 1
0.1molNaCl,pH =1.7 i ;100 Cilt A HILPbCL "
AWITE 50 hiEAL 250 CHESAE FHBL Phal, 4%
HWIFE 23 hEAL .

Kl ob B — ik vl 7 i b 2 N IE 7
0.1 molNaCl + 0.01 molPbCl, ¥ W , 20 C I H B
py>F FlpbClt RN 4G4 ;200 CIN I HS B PhCI, #

PbS+1 mol NaCl+0.001 mol HCI+H,0

0
-5 g_—:—_g
-10 —

go /

.15
-21
-25

25 100 200 300 350
t/°C
-Pb™ «PbOH’' —PbO ~«HPbO, +Pb(HS),
<~Pb(HS); =PbCI’ +PbCl, ®PbCl, +PbCl

K5 J5 T AE 1 mol NaCl +0.001 mol HCI ZK ¥ A )
KA B
Dissolved aqueous species of PbS in the system of

1 molNaCl + 0 .001 mol HCI + H, O

Fig. 5
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F 2 AIHEH +1 mol NaCl + 0.001 mol HCl RLEFE 25 ~ 350 C &M T &S Bk k474

Table 2 Aqueouws speciation of the system of galena + 1molNaCl + 0 .001 mol HCI at temperatures of 25 ~ 350 C under
equilibrium conditions
n( B)/ mol
t/) C
H,0 H* OH" H, H,S HS" s?- S, 04 SO, SO;
25 9 .66 E-01 9 .03 E-04 2 .66E-11 5.24E-11 5.87E-07 1 .50E-10 1 .44E-22 2 .59E-20 6 .88 E-21 1 .28E-22
100 9 .67E-01 9 .02E-04 1 .56E-09 6 .65E-09 1 .28 E-05 1 .14E-08 6.72E-19 1.02E-16 9 .08E-16 5.93E16
200 9.68E-01 4.78E-04 3 .88E-08 5.45E-07 2.14E-04 3 .02E-07 3 .33E-16 9.02E-14 4 .38E11 4 .83EI16
300 9 .72E-01 4 .63E-07 6.92E-07 1 .59E-05 4 .47E-04 1.79E-06 8 .60E-15 2.61E12 1 .54E-08 4 .74E-14
350 9 .76 E-01 7 .81 E-06 1 .12E-06 7.59E-05 4 .52E-04 2 .09E-06 1.30E-14 3 .92E12 1 .26 E-07 1.59E13
n( B)/ mol
t/) C
HSO; SO; HSO; cl- HCl Na* NaOH NaSO; NaCl Pb* Y
25 2 .94E-19 8 .08E-12 -8.69E-14 9 .46 E-01 9 .57E-05 9 .45E-01 6 .08E-12 4 94E-12 5.54E-02 4 58 E-08
100 5.05E-15 7.89E10 - 8.40E-11 9.10E-01 7 .21 E-05 9 .09E-01 3.75E-10 7.89E-10 9.06E-02 4 56E-07
200 2 .33E-11 3.71E-08 -4.17E-08 8.17E-01 9 .35E-05 8 .16E-01 1 .03E-08 5.74E-08 1 .84E-01 1 .22E-06
300 3.59E-09 6.48E-07 - 2.19E-06 6.24E-01 5.72E-05 6.24E-01 3 .09E-07 1.12E-06 3.76E-01  2.04E-07
350 1 .58E-08 1.20E-06 -1.58E-05 3.76E-01 7 .21 E-05 3 .76 E-01 1.77E06 1 .87E-06 6 .25E-01 2 .64E-08
n( B)/ mol
t/) C
PbOH™ PbO HPbO, Pb( HS), Pb( HS) 5 PbCl ™" PbCL, PbhCl; PbCl3-
25 9.98E-12 1.83E19 3 .81E27 3.01E-14 7.24E23 1.65E-07 2.16E-07 7.68E-08 8.37E-08
100 4 .92E-11 2 .57E15 7.10E-22 1.69E-11 2.13E18 2 .86E-06 5.60E-06 2 .22E-06 1 .65E-06
200 6.99E-11 4 .01E12 7.23E-18 2 .89E-09 1.25E-14 2 .44E-05 9 .82E-05 5.56E-05 3 .51 E-05
300 3.10E-11 1.11E09 1.77E-14 1 .93E-08 1.13E12 1 .80E-05 1.77E-04 1 .63E-04 9 .40E-05
350 1 .08E11 1.24E-08 3.96E13 2.61E-08 4.23E-12 7.27E-06 1.79E-04 1.98E-04 8 .93E-05
A/nm
a 210 230 250 279 b
I s re I s Y
LT
"me v s~ SO0h
TR ,7100°CH
1.24 vy » 250°C

B3R B

48

Fig. 6

\

- -
e e m m e me--wm - -
T

44

100C, 250C

40

H /1000 cm™
PbS-NaCl-HCI-H;0

0.1 mol NaCl1, pH=1.7

K 6 18 AN S WM PbS- NaCl- HCH Hy O K &R (a) Fl PbCly- NaCl- HCL H, O 18 F ( b) Kb 2423h )1 2401 5%

36

W3R

o . ) Y
¥ /1000 cm™
PbCl,-NaCl-HCI-H,0
0.01 mol PbCl,
0.1 mol NaCl

( Kolonin ,1992 /P}\ﬁiﬁ‘)

Kinetic study by using Uv-visible spectrometer for observation of the PbS- NaCl- HCI- H, O syste m( kolonin, 1992,

personal correspondence)
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WERAE S a7 IREEWE AT LA Pbalt + PbhCl,
TG B4 H V) 22 T7 I 5L e @ s e B
AR XTI R ah- B i Pl R 4
BILL po? " B I RS A B AEIX MR T
BT R R AR =

(3) EBEEWH T 7 ILRIEA WS 8T
B . TR E] Cu (Co Ni Fl Fe 757 S
LT 1S OCBC A 1) )\ THAA( Oy ATPY e A7 FR Y T
PR(Td) . SEEUER] TSR] Oh 1) Td 45
Y 31 LA AR A O B0 AE 1348 5 Wi AE A
WAL |1 B I A3 A T 2 B oh T2 XPtiE ok .
AU B UUE 5 B R A A S oh B
Tﬁﬁ%@f( Z Zhang et al.,2001 ;Brimhall et al .,
1987) .

i

6 4

AR YRS FH i e R s R Ah- T WL
TEACHEST 150 CH BE 45 1 T 5 7E 7 S i L M 0
TEX L SR o M NaCl WRE R &R . S22
HTET R 4 B A AN R T NaCk HC- H, O
TR T A 0T O s o R s
BTSN PTG . A T DA R A
A OLYERE . B e R S i R i AT
PR ZEAS TR . 3% 252 D00 8 A [i) B 1 ] B B, 7 s
PRLRIZE S 0 00 35 90 HE 4 i X M R 58 A m] WLk
WEIE R . AT LA S I ) 50 5 Y R PR A T
ARG R TR AT 2% 8 ) 4090 . SEBE
B i LA Na QLR FEA ) TR B %110 MCln 48545
PR . TR E S N AHRIE T A 2 Wi TR L 5 )
IR SR S py? T poal B .
Fee e L ) 5 4 R AR A mT L 1 W T LA
FEBRATTIN R R A I 1) 4 8 3T B A 20, thom) LA
B BATT o A AT (1) S N ) g 2 R b G @ i v
gt it (R e K

B RERFOTT I WA R R AR PHDIRES
RS RIT B RS & A4
JEIERIE X 50 - 2 T8 A2 3l ) 2 i R 1
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