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ABSTRACT According to the law of conservation of mass and the law of simultaneous equilibrium, loga-

rithm concentratiorr pH( Ig C-pH) diagrams of Sb( II)-CFH,0 system have been made for the first time. The

effect of Sh and Cl on stabilization zone of each solid phase was studied and discussed. T he results show that

the pH of complete hydrolysis and complete dechloride are decreasing with the toal concentration of Cl in the

system C? and the toal concentration of Sh in the system CY, decrease, C? and €Y has little effect on ShyO5

solution equilibrium, but they have prominent effect on the equilibrium of SbOCkFsolution and Shs04Cly-solu-

tion. Using the figures we can choose some technology parameters of hydrolyzing and eliminate chloride pro-

cess in theory. The pH of hydrolysis completely is approximately 0.5 and the pH of dechloride completely is

above 7.
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1 INTRODUCTION

The thermodynamic equilibrium of Sh( II)-
CFH,0 system was studied firstly by Vam Bem-
melen and his collaborators. Sabaneff and Lea
had studied the hydrolysis problem of antimony
trichloride too. However these studies are
preparatory and qualitative, they hadn’ t ob-
tained fixed quantitative equilibrium relation of
each substance in hydrolysis process' . Fu
Chongyue! *! had studied thermodynamic equilib-
rium of ShyS5-CHFH,0 system, it wasn’ t consid-
ered that the equilibrium of ShsO5Cly and solu-
tion in their study. Duan Xuechen'! had studied
the phase equilibrium of ShCl-HCFH,0 system
to prepare high purity ShCl;. Tang Motang "
had studied specially the relationship of total
concentration of antimony [ Sh]rt and total con-
centration of chloride [ CI" |1, and that of [ Sh]
and other metallic ion concentration in Sh( II])-
CFH,0 system, however the relation of pH and
the stabilization zone of each solid phase matter
had not been studied. The antimony trichloride
hydrolysis process is very complex because there
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are some intermediate products of solid phase
matter in the process. People will be concerned
practically about the stabilization zone of each
solid matter in solution, however, it was not re
ported in predecessor’ s studies. In the present
paper, the mathematical model was established
according to the law of conservation of mass and
the law of simultaneous equilibrium, the lg C-pH
diagrams of Sb( II)-CFH,0 system have been
made, and the stabilization zone of each solid
phase in different pH value at normal tempera
ture was studied and discussed.

2  REACTION EQUATIONS AND MATHE-
MATICS MODEL

2.1 Reaction Equations

The Sh( II)-CFH,0 system is a very com-
plex system because there are some complex ions
of Sb?" with CI” and Sh™ with OH™ except the
ion of Sh** . CI". OH™ etc in the solution, and
maybe there are some solid products such as
ShOCI, Shs0s5Cly, ShyO3 and Sh(OH) 3 at high-
er pH. Though Sh™ ion is only exists at high
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acidity and is hard to see under other conditions,
we adopt reaction equation based on Sh™* for
sake of calculation in following. Activity was re-
placed by concentration on the calculation be
cause of lack of activity coefficient. There are
four kinds of element, twenty one kinds of
chemical matter and involving four numbers of
multiphase equilibrium of solutionrsolid such as
solutiomr ShOCI,  solutiorr Sh4Os5Cly,  solutiomnr

Shy03 and solutiomSh( OH) 3 in the system. So
we can divide this system into four parts to
study, then overlap the four diagrams into one of
this system.

In the lgC-pH diagrams, there is only one
solid matter that can stably exist at each pH val
ue except the triple point. There are 18 kinds of
matter in the reaction system for someone solu-
tiorrsolid equilibrium, therefore the number of
independent reaction is 18— 4= 14.

The independent reactions of this system
can be expressed as follows, where (s) indicates
solid and (1) indicates liquid:

1) Reaction of water dissociation

H,0= H" + OH" K,=[H"]J[OH ]

(1)

2) Reactions of Sh’", CI” and their com-
plex ions

Sh** + nCI” = ShCl,™ ")

(n=1, 2, ... 6)
(3= n)
= 2)
[Sh™ ][ Cl" ]

3) Reactions of Sh** | OH™ and their com-
plex ions

Sh* + mOH™ = Sh(OH) ;™ ™

(m=1,2,3,4)
[Sh(OH) ™ "]
"7 [ShT[OHT "
4) Other reactions in this system
Sh** + CI” + H,0= ShOCI(s)+ 2H*
Bl

Sh* + H,0= ShO* + 2H*
[H* 1°[ShO* |
[Sh™ ]
Sh¥* + 2H,0= ShO3 + 4H"
[H* 1°[ ShO3 |

K= (5)

K 3= 6
3 [Sb3+] ( )

4Sh** + 2CI" + SH,0 = Shy0sCly (s) +

10H"

K4: 3 N (7)

[Sh™ P ]?
2Sh’" + 3H,0= Shy0s3(s) + 6H'

+ 16
K52[5b3+]2 (8)
Sh** + 30H™ = Sh( OH) 3(s)
K= [SH™ ][OH™ |’ (9)

2.2 Selection of thermodynamics data

The Gibbs free energies of Sh™* . ShOCI
and Shs0sCl, are selected from reference| 5].
The complex constants of Sb’" with ClI” and
Sh** with OH™ are from reference| 6]. The

Gibbs free energies of others are from reference
[ 7]. Some thermodynamics data are listed in

Table 1 and Table 2 as following.

Table | Complex constants of Sb’* with
Cl'_and Sb’* with OH complex ions at 298 K

Complex IgB,  1gB, IgBy  IgB,

constants

lg B5 lg Bﬁ

2.26 3.49
24.3

4.18 4.72 4.7 4.10
36.7 38.3 - -

Sh¥*-CI
Sh*-0H- -

2.3 Mathematical model

According to the law of simultaneous equr
librium and the law of conservation of mass,
some equations of ion concentration in the solu-
tion deduced from reactions above can be ex-
pressed as follows.

1) The total concentration of Sh™*-Cl-

K 1= 3 - (4)
[Sh™ J[CI" ] complex [ ShCl] 1:
Table 2 Gibbs free energy of some matters at 298 K
M atters H,0 OH~ Cl Sh* Sho™* ShO3 Shocl Shy0sCly Shy03
AG O/ kJomol™ ' — 273.178 — 157.293 — 131.056 69.467 - 175.64 — 339.74 — 335.908- 1349.533 - 626. 604
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[ShCl]y = ”6 2 [ShCl™ "]
_ (z B,[Sh™* ][ Cl™ ]
=[SV ERICT]T (10)

2) The total concentration of Sh’"-OH~
complex [ ShOH] 1:

4
[ShOH] 1 = ;I[SbOHC,?‘ "
4
— ;IBm[Sb}F ][OH— ] m
4
= [Sh¥* ] ZIB’,”[()H‘]’” (11)
3) The total concentration of Sh'*
[Sh™ ]1:
[Sh™ 1= [Sh™ ]+ [SHCL| r+ [ ShOH] 1+
[ShO™ ]+ [Sbog]
= [Sh™ ]+ [Sh™ ] zB,,[Cl 1"+

H=

[Sh¥* ] S B, [OH 1™+

[51':51 [Sh™ ]
ST EMMTTENE

= [Sh™ {1+ zB,,[Cl 1"+
Z Bm ()H "l +
ST

K%
T ]4} (12)
4) The total concentration of CI'[CI Jr:
[CI" ]r=[C] ]+ [SH"] an,,[(n 1"

(13)
There are six relationship equations and
eight variates for a solid-solution equilibrium ac

cording to the reactions above, thus the degree
of freedom is 8— 6= 2. If we consider it in phase
rule, the degree of freedom f= ¢— p+ 2= 4- 2
+ 2= 4, sof is 2 when it is at constant temper-
ature and constant pressure. In the predecessor’ s
calculation, the total concentration of some lons
is always fixed, but every total concentration is
variable with pH in the system. So it was incor-
rect if we would suppose some concentration is
fixed. In order to solve these equations, we sup-
posed that the total quantity of Sb ( III)
( concentration) and the total quantities of Cl

( concentration) are fixed, and supposed they are

CS}) and C?;l. Therefore it is added a stoichiome-
try equation for each solidsolution equilibrium,
and there are seven equations and eight variates
and the f is 1. So we can solve these equations if
the pH is given.

(1) Solution-ShOCI equilibrium

Because 1 mol ShOCI needs 1 mol CI” and 1
mol Sh**
[C] ]r s

[CI 1= Ch— C&+ [SH™ 1

[Sh** ] in the solution is

[Sh'" = —mz—

K€l ]

The two equations above are substituted in-

o(12), (13) and adjusted,

quation as following:

B S (s Byrer )7

according to equation ( 4), then

then we get an e

K] n=1
K
Z B m _ N2
e m[OH ] [H+]2+
K* + 1) - [CI %+
[H*]*
(Ch- CH)[CI 1=0 (14)

Under the initial condition as above, we can
get [ CI" ] if pH is given, then substitute
[CI7], [Sh™ ] and [H* ] into (10) ~ (13) we
can get [ ShCl]y, [ ShOH]r, [Sh™ ]t and
[CI” ]r.

(2) SolutionrSh40sCly equilibrium

Because 1 mol ShsO5ClL needs 2 mol CI”
and 4 mol Sh™*
[ Cl_ ] T 18t

[CI Jr= Co= 0.5C%+ 0.5[Sh™" It

[Sh™* ] in the solution is:

[t 192

[Sh™* = K};M[Ci_ E

The two equations above are substituted in-
0o (12), (13) and adjusted,
quation as following:

5/2 6
2Kl/z[(ﬂ] 24 ,1:21 (1= n) B LCI]"+

according to equation (7)., then

then we get an e

K K
S B0 1"+ - —+ 1) -

- (127 [H
[CI ]+ (CA- 0.5C%)=0 (15)

Under the initial condition as above, we can
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get [ CI" ] if pH is given, then substitute calculated by solving equation ( 14) and ( 12),
[Cl ], [Sb”r ] and [H* ] into (10) ~ (13) we they are shown in Fig. 1. It is stabilization zone
can get [ SbCl]y, [ ShOH ]y, [ Sh™ ]t and of ShOCI on the curve ahove, and the below is
[Cl™ 1. solution zone. It is shown that the C%, and C{

(3) Solution-Shy03 equilibrium

Because 1 mol Shy03 only needs 2 mol Sh*
according to equation ( 8), then [ Cl" |t is:

[CI Jr= €&

[Sh™* ] in the solution is

+13

The two equations above are substituted in-

0o(12), (13) and adjusted,

quation as follow ing:

36
[CI” ]+ > S abCl ]~

H=

then we get an e

Cl= 0
(16)

Under the initial condition as above, we can
get [ CI” ]

if pH is given, then substitute

[Cl ], [Sb ] and [H" ] into (10) ~ (13) we
can get [ SbCl]y, [ SHOH ]r, [ Sh ]t and
[CI Jr

(4) Solution-Sh( OH) 3 equilibrium

Because 1 mol Sh( OH) 3 only needs 1 mol
Sh¥* a(*(*ording to equation (9), then [ Cl” |t is

[CI” ]r= C2

[Sh™* ] in the solution is

K
gb%+ — —_p

LSh 1= Ton-

The two equations above are substituted in-
0o(12), (13) and adjusted,

quation as following:

[C]” ]+

then we get an e

K 6
—i[.;

0 _
[OH™ 1%~ Ca=0
(17)

Under the initial condition as above, we can

get [ CI" ]

= B[ CI7]"-

if pH is given, then substitute

[CI"], [SH™* ] and [H' ] into (10) ~ (13) we
can get [ ShCl]t, [ ShOH]r, [Sh™ ]t and
[Cl™ 7.

3 RESULTS AND ANALYSIS

Initial condition C%, and CY, are given, the

lg C-pH diagram of ShOCksolution equilibrium is

have important effects on stabilization zone of

ShOCI in Fig. 1. The diagrams of Shs0sCl,,
ShoO3 and Sh(OH) s will be calculated in the
same way. We can get the stabilization zone dia-
gram of these solid matters at different pH by
overlapping them which have same initial condr
tion.

The overlapped diagram of €% = 1.0
mol/ L, Cti= 3.0mol/L and C$,= 0. 1 mol/L,
C?;l: 0. 3 mol/ L. is shown in Fig. 2. It is seen
that the pH of hydrolysis is low when €%, and
C? are low, which is useful for eliminating for-
eign matter, but it can increase the quantity of
waste water. The pH of hydrolysis completely is
approximately 0. 5 when €%, is 0. 1 mol/L,
which is in the range of pH in practical hydroly-
sis. It is commonly adding 10 times water in
practical hydrolysis, which is correspond to the
result of calculation. ShOCI is not stable when
C%< 1mol/L and pH> 1, but the stabilization
zone of ShsO5Cly is wide. When pH> 7, it is
stabilization zone of Sho03. Sh(OH)3(s) does

not exist if there is ClI” in the solution.

Solution zone

Fig. 1 lgC-pH diagram of SbOCI solution
——(‘21,— 1.Omol/L, €%= 3.0mol/L;

= 0. lmol/L, ((1— 0.3mol/L
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There are many complex ions and other ions
in the solution as discussed above. In order to
study and research which ions are dominating at
some pH, we calculated the lgC-pH curves of
Sh** ., ShO™ |

overlapped them in stabilization zones and get

ShO, and all of complex ions and

the diagram of ion equilibrium as shown in Fig.
3, which is calculated that total concentration of

ShCls is 1mol/L. [Sh¥ 1 is higher when pH
g p

\\\\ Sb<0H>3 / /
-2 :
iy
+ - 4
o
2
< 6
-8
-1
-4 0 4 8 12
pH
Fig. 2 1gC-pH diagram of
Sh( 1I)- CFH,O system
——(]2],: 1.0mol/ L, C?;l: 3.0mol/ L;
------ —(]2],: 0.1 mol/L, C?;l: 0.3mol/L
2 \\
™
[SB**
-2
—4 [SbO™ ]
o .
0 Solid zone
-6
-8
[ SbOH]
10 [SbCH]r P4
-4 0 4 8 12
pH

Fig. 3 Ion equilibrium of
Sh( 1I)- CFH,O system
€= 1.0mol/L, C¥= 3.0mol/L

< 0, but it is so few that it may be neglect when
pH> 0. The dominating ions are complex ions of

Sh** with CI” when pH is from 0 to 3. So
[ CI" ] is the major factor to effect hydrolysis.
When pH< 3, ShO*
ShO; is dominating ion when pH> 7. When pH
> 10, [SbO; | is increasing over 10~ 6 mol/ L,
which means Sh>03 begin to be dissolved. Al
though Sh™ and OH™ maybe react to complex

is an another major ion.

ions, their concentration are so few that they
have little effect on this system.

Fig. 4 shows the effect of concentration of
ClI" . The pH of complete hydrolysis and com-
plete dechloride are decreasing with C¢; de
crease. C¥ has smaller effect on ShyOssolution
equilibrium, and when pH> 4 the effect is little.
But C¢) has prominent effect to the equilibrium
of SbOCEtsolution and ShsO4Clrsolution. The
stabilization zone of ShOCI is enlarging with C{
decreasing.

Fig. 4

Effect of C¢ on hydrolysis
process of Sb( II)- CFH,O system

——(]2],: 1.0mol/ L, C?;l: 3.0mol/ L;
------ —C%= 1.0mol/L, €¥%= 1.0mol/ L

Fig. 5 shows the effect of C%,. The pH of
complete hydrolysis and complete dechloride are

decreasing with CS}, decrease too. CS}, has effect
on equilibrium of ShOCkFsolution and ShyOsCly-
solution, but has little effect on Sh,Osz solution
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equilibrium. By the diagrams above, the process
of dechloride in produce Sh>03 is mainly process
of transfer ShsOsCly to ShyO3. When pH > 5,
the €§, and C? have little effect on ShOx
solution equilibrium, but C¢ is the major factor
to effect ShsO5Cly-solution equilibrium.

Fig. 5 Effect of C% on hydrolysis
process of Sb( II)- CFH,O system
——C%=1.0mol/L, €Y= 1.0mol/L;
...... —C%=0.3mol/L, €= 1.0mol/L

The effect of C¢yon pH of complete dechlo-
ride is shown in Fig. 6. The pH of dechloride is
low when C?;l i1s low, and it increases with C?;l
increasing. The pH of dechloride is 6 when C{
is Imol/ L, and it is increased to 6. 7 when Clis
increased to 3 mol/ L. The pH has some change
w hen C?;l is low, but it has little change when

CY s high.
4 CONCLUSIONS

(1) It is studied that the effect of pH,
Sh>* , CI” on the stabilization zone of solid mat-
ter in Sb( II)-CFH,0 system and on the process
of producing Sh,03 by hydrometallurgy.

(2) Using the diagrams shown in the pa

-6

I
-]

18[5b3+ ]T

Fig. 6 Selection of pH in decholoride process
— —Sh,05; ... .. —Sh405Cl,
1 —(]2],: 1.0mol/ L, C?;l: 1.0mol/L;
2—C%=1.0mol/L, C¥= 3.0mol/L;
3—C%=1.0molV/L, C%= 5.0mol/L;
4—C%= 1.0molV/ L, €Y= 10.0mol/ L

per, the technology parameters of process of hy-
drolysis and dechloride in producing Sh,03 by
hydrometallurgy will be simply and obviously se-
lected in the initiation. The results of calculation
are similar to that of the practical process.
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