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A study of thallium organic complexes in transport of thallium in low
temperature hydrothermal solutions

XIONG YongLiang
(Sandia National Laboratories, 4100 National Parks Highway, Carlsbad, New Mexico 88220, USA)

Abstract

In this study, the stability constants up to 100°C of thallium organic complexes including TIAC (Ac: acetate), TICi®™ (Cit: cit-
rate), TIMal™ (Mal: malonate), TIOx™ (Ox: oxalate), and TISuc™ (Suc: succinate), were calculated based on the isocoulombic ap-
proach. After incorporation of these stability constants into the EQ3/6 DATAQ. SUP thermodynamic database, the speciation of thal-
lium as a function of pH in a simplified model low temperature hydrothermal solution with organic ligands was calculated. Based on
the calculations, the importance of the above organic complexes in the transport of thallium in low temperature hydrothermal solutions
up to 100C was evaluated. According to EQ3/6 calculations, at 75°C, under reducing conditions (ZH,S stable) and in the geologi-
cally reasonable pH range, free T1" accounts for about 55% of total thallium, TIHS® for about 10%, and the above thallium com-
plexes with organic ligands for the balance with TICi®~ as a dominant species. At the same temperature and under oxidizing condi-
tions (2SO, stable), free TI" accounts for about 55% of total thallium, and the above thallium organic complexes for the rest. At
100°C, under reducing conditions and again in the geologically reasonable pH range, free T1" accounts for about 20% of total
thallium, TIHS for about 20% , and the thallium organic complexes for the rest. At 100°C and under oxidizing conditions, free T1*
accounts for about 30% of total thallium, and the thallium organic complexes for the rest. It is thus concluded that thallium organic
complexes, especially with TICi®~ as a dominant player, could play an important role in the solubilization and transport of thallium in

low temperature hydrothermal solutions.
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Table 1 Stability constants log B,; of complexes of thallium

with organic ligands at saturated vapor pressures

25C*  S0C  75C  100T

TI* + Mal>~ =TIMal 1.07 1.2  1.96 2.39

TI* +0x*” =TIOx 1.39 1.82 2.23  2.64

TI" + Suc®™ = TISuc ™ 1.61  2.02 2.42 2.8

TI* +Cit’ ™ = TICi*~ 2.00 2.64 3.25 3.8

TI" + CH;CO0™ =CH;COOTI® —0.11  0.20  0.49  0.77
* Xiong 2007 2009  Mal*~ Ox*~

Suc?” Cit’~
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Fig. 1 Speciation of thallium as a function of pH at 100C
2 under reducing conditions where ZH,S dominates
Species that contribute less than 1% are not shown
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Table 2 Simplified model low temperature hydrothermal pH 3
solution for thallium mineralization T
w B mol kg Hz() pH 6~11
Na 1.28% 10 ! pH
Tl 1X10~ 0
a 1 00X 10-! 40 % TIHS
2% 103 10% TIHS
SH,S 380, 2x107°?
-3
Ac 210- TICI® TIHCO! TICO; TIOH
Cit 2x10°3
Mal 2x10°3
Ox 2x1073 75C

Suc 2x 1073 pH 3




2010

180
100 p
1007C —T1* 100 75C
90 —— TIClyy 90 |
80 —- TlO;2 80 |
- TICit™ —Tr
70 b —..- T1Suc 70t
i 60 — ..... c\\° 60 | —-— TIMal~
§50 -------------- =30 | _. 10z
2 40 Haol
i ! TICit®
s 30 1 S
20 20
10 10
0 0
2 3 4 5 6 7 8 9 10 11 12 2 3 4 5 6 7 8 9 10 11 12
pH pH
2 100C pH 4 75C pH

1%
Fig.2 Speciation of thallium as a function of pH at 100C
under oxidizing conditions where S0, dominates
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Fig.3 Speciation of thallium as a function of pH at 75C
under reducing conditions where ZH,S dominates

Species that contribute less than 1% are not shown
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