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Abstract: Thermodynamic calculations have been made from existing literature data to show that it is reasonable to
expect to recover metal chlorides from the chlorination of metal sulfides with chlorine gas. The reactions between 12
metal sulfides, such as, Ag:S, As;S;, CdS, CuS, Cu.S, FeS, HgS, MoS,, NisS;, PbS, Sb,S; and chlorine gas were investi-
gated by means of thermogravimetric method. The theorical calculation and the experimental investigation showed that
chlorination of sulfide is a better alternative process for the extraction metallurgical process of sulfide ores.
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Fig. 1. Standard gibbs free energy changes diagram
for the chlorination of various sulfides with
chlorine gas according to change of tempera-
tures.
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Fig. 2. Vapour pressure versus temperature relation-
ships for iron, cobalt, nickel and copper chlorides
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CuCl; and F=FeCL)[72].
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tionship elemental sulfur(S,=thermodynami-
cally reactive species, S,=all species).
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Fig. 5. Comparision of predominance area diagrams
for the (a) Ag-S-Cl system at 600°K, (b)
As-S-Cl system at 400°K, (c) Cu-S-Cl
system at 600°K, (d) Fe-S-Cl system at
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Fig. 6. Comparision of predominance area diagrams
for the (a) Hg-S-Cl system at 600°K, (b)
Ni-S-Cl system at 400°K, (c) Sb-S-Cl
system at 600°K, (d) Zn-S-Cl system at
500°K.
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Table 1. Samples of Metal Sulfide

Crystalline form and Purity

Formular Physical Properties (%) Manufacture

AgS firtzy—blk., rh. Argen- 99.9 Aldrich

As:S; yel., mn. Orpiment 99.99 Aldrich

cas  Orvel hex Gree o0 Aldrich
nockite

CuS blk. hex. Covellite 95 Junsei chem.

CuS blk., rh. Chalcocite 99 Aldrich

blk-brn, hex. Pyrrho-

FeS 98 Shinyo pure

tite
HgS red, hex. Cinnabar 99 Aldrich
Mos, ~ dkeray, hex. Molyb o Aldrich
denite
. dt-vel, cub. .
NIsSz Heazlewoodite 99.7 Aldrich
PbS blk., cub. Galena 99.9 Aldrich
Sb:Ss blk., rh. Stibnite 99 Aldrich
ZnS col,, cub. Sphalerite  99.8 Fluka chem.
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Fig. 7. Schematic diagram of thermogravimetric ap-
paratus for the chlorination of metallic sul-
fides with Cl, gas.
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Fig. 9. X-ray diffraction pattern of the residue from
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4. 3. Cadmium Sulfide{ Greenockite)
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Fig. 10. Thermogravimetric analysis on the chlorina-
tion of As;S; at 473°K and at Cl, gas flow

rate of 30m*min™".
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Fig. 11. Thermogravimetric analysis on the chlorina-
tion of CdS at 873°K and at Cl, gas flow
rate of 30m’min™".
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Fig. 12. X-ray diffraction pattern of the residue
from the chlorination of cadmium sulfide.
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Fig. 13. Thermogravimetric analysis on the chlorina-
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Fig. 14. X-ray diffraction pattern of the residue
from the chlorination of copper sulfide.
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Fig. 15. Thermogravimetric analysis on the chlorina-
tion of FeS at 773°K and at Cl, gas flow

rate of 30cm’min™".
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4. 6. Mercury Sulfide{ Cinnabar)

Fig. 162 HgSE uHg-&% 300CAA Cl 7kx
4% 30cm’/ming] Z73}el A HgSel daste] of
g $austs AN Astold.

o]7]4 uH¢-LEE 300CE2 ATAL AA9 o3
7% A9} wpsbA 2 HeSel mp.(subl 5837 )%}
HgSel 43yt agdez APse A¢ A48
HgCL9) mp. 277°C 2 bp. 304°Colm2 F3}H<
£4E Hgtelr}.

Fig. 169 vepd whe} 7o) HgSe| astel e
Fepuiste w12 9 A A 100% olF
aglet. ol2ld Azes A AsSit FeSel ¢34
A AXE 9359 bprl weld A wHEER
27 300CAAE - Ja3t uhgo] AP
o] 7135 2&-& el Zolrth. webA HeSe 3
45 Cl 7k2el 98 2 9437 s 2 A=
Ao wkdEr)

4.7. Molybdenum Sulfide{ Molybdenite)

Fig. 172 Molybdenum Sulfide® #F3-2% 350C
o] 273} Clk 7k29 % 30cm’/ming] 7]5F-5el
A GaspA] 7| olu o] FF WS E AR Ateld)
Molybdenum Sulfide = 7FAtojut 7} 7o 2] 4
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Fig. 16. Thermogravimetric analysis on the chlorina-

tion of HgS at 573°K and at Cl, gas flow
rate of 30cm’min™’.
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4. 8. Nickel Sulfide( Heazlewoodite)

Nickel Sulfide 4] oJ2] §ele] sulfider} £
o SHA olEW TR AFH wish o) UA B
32 NiS, NiS,, NisS7b A3t 2ev 94 &
g3 7 EA 9 Fig 6614 AAE uie} Zo] o
£ #3EEL 94 NCLet F3& 7Hd ¢ drh
Fig. 18& Y4 35 F 3% Nigt 92483 4
A 84 7153 heazlewoodite 729 FAaote 4
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Fig. 17. Thermogravimetric analysis on the chlorina-

tion of MoS at 623°K and at Cl, gas flow
rate of 30cm’min .
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Fig. 18. Thermogravimetric analysis on the chlorina-

tion of Ni;S; at 873°K and at Cl, gas flow
rate of 30cm’min™".
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Fig. 19. X-ray diffraction pattern of the residue
from the chlorination of nickel sulfide.
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4.9. Lead Sulfide( Galena)
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RS A 59 Fof WL 2AMEE Aajelr)

Fig. 20014 & 4 Sl& uls} o] Feko] sl
33 FHIE JEhted 257} 2242 ¥ 2
ok 600Ce o & $%437le ZLYTE wkes
7} wE el 7)QlEke Aol Fak Frhe o]9 o
237t a2 AYSHE A$ A 7HsE PhCL
9 mp. 501C % bp. 953CE 788 & o o4
g 4 gl 23oln PhCLY bprst 953 Colm2 ub
TLEE 953C olAoR FA&E AS Y Za
7b velbd Ao 2 Eol AA) lead sulfide’} 100%
Hast 5o} uheEe] 7357 g1 BF agE
sohd JEAoE 162294747 5% 27} 929
t}.

PHS+Ch PHCL+S,

£ A% As 3B0CAAE 721% 600CH =
138%° F#371e dehlz gich kEAHez
16.22% 9] FF37he wla] e o) e Aspe
AA QAAA B ) 50% Al o)= glov} AA|
Y ES gl o)F Ao d2d $x 9}
st FoiAl Hb2ex 600°C LA 108 o]
o) 27t A uhgA1 g9 FelE Sto 2 s
e 443 AP FAsL dee HAY 5
A7) o},

=

5 olelgh Al gl

L

PbS9 mprl 1113CE



AW/W(%)

100 T T T T T T

60 |-
40 |-

20 |- .
D 5—N———>

N A RASCVASS
Gy Sy S—

Time( min)

Fig. 20. Thermogravimetric analysis on the chlorina-
tion of PbS at 623°K( 0 ), 873°K(A ) and
at Cl, gas flow rate of 100cm’min".
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Fig. 21. X-ray diffraction pattern of the residue
from the chlorination of lead sulfide.
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Fig. 22. Thermogravimetric analysis on the chlorina-
tion of Sh,S; at 473°K and at Cl, gas flow
rate of 30cm’min™.

AAE £ 9lE PbCLY Zo W &alxr} 2 @
ong fiste] o Fel A &3}E J|dske
Ate dast whee 255 F44 AP F
& AFE 71 5 A& AeE A, PbS
A3t uby X FF FP) SlenE A F%
Z7F Ao l o934 AgS 59 A9 A E

600CS ZAol4 PESE J25hi7A Fojal A2
X-AHY EAE shel AREALE Helshnd o
ek,

Fig 21004 ¥ 4 2t wsh o] PbSe} CLe
R85 ol WA PO HEARE hehd
T %4 3

4.10. Antimony Suifide( Stibnite)
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GHslg 2AE Ajolr),
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AAEE ShCLY 74 mprt 734Celx bpot
220°Col 22 ShSot 9437t A8 = ojolat Szt

J. of Korean Ind. & Eng. Chemistry, Vol.5, No.6, 1994



1090 FA5 - TAHA - oA

100 T T T T T T

60 |- b
40 |- E
20 |

O@/Opo——o—-cr—o—ﬂq}——o 1

-20 |- 1

AW/W(%)
(=)

-40 + .

-60 |- ]

_100 [ L | . L 1
0 5 10 15 20 25 30 35

Time( min)

Fig. 23. Thermogravimetric analysis on the chlorina-
tion of ZnS at 773°K and at Cl, gas flow
rate of 30cm’min~.
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4.11. Zinc Sulfide({ Sphalerite)
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Fig. 24. X-ray diffraction pattern of the residue
from the chlorination of zinc sulfide.
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