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Abstract: The theoretical simulation and verified experiments on metal separation in a Sb>*~OH —CI~ complexation—precipitation
system involving hydrolysis—precipitation reactions of SbOCIl, Sb,OsCl, and Sb,O3 were carried out. The equilibrium concentration
of [Sb*"]r was obtained by calculation and verified by experiments. The precipitates SbOCI, Sb,OsCl, and Sb,0; were analyzed
through the equilibrium concentration of Sb>" in the solution and the A,G®,, of transformation reactions of these materials. It is found
that the concentration of [Sb>']; in verified experiments was larger than the theoretical value, where the theoretical minimum
concentration of [Sb>*]r was 10712 mol/L at pH value of 4.6 and the minimum concentration obtained from the verified experiment
was about 10>% mol/L at pH value of 5.1. Different precipitates can be obtained at certain pH. The SbOCI cannot be obtained both in
theoretic calculations and in verified experiments, while the SbgO;;Cl,'H,O was generated in the experiment.
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1 Introduction

There exist a series of antimony oxides, such as
SbyOs, SbeOy3, SbyO4, Sb,O;, Sb,O and gaseous
SbO [1-5]. The most stable antimony oxide is Sb,0O3, an
important antimony product [6]. Most Sb,O; products
are produced by pyrometallurgy, while some are obtained
by hydrometallurgy involving hydrolysis reactions of
SbCl; solution. Recently, hydrometallurgical processes
of sulfide ores have greatly been promoted for lowering
SO, emission, and some advanced technologies, such as
oxidation leaching and slurry electrolysis of sulfides [7],
have already been developed and adopted. Generally, in
an acid system of SbCl;, the Sb,O; is obtained by
hydrolysis of SbCl;, which involves the complexation of
Sb*" with CI” and OH . Because of the complexation, the
stability of the SbCl; system in hydrochloric acid is
influenced by the concentrations of CI" and OH. When
the system 1is changed or the equilibrium of
complexation—precipitation is altered, either the
antimony ion precipitates from the solution or the
antimony precipitate dissolves in the solution. In the

hydrolysis process of SbCl; solution, SbOCI, SbsO5Cl,,
Sb,OCls, Sb,0s, SbsO3(OH);Cl; and Sb,O5;(OH);sCl
could be generated depending on certain conditions [8,9].
In the hydrometallurgy of antimony in a hydrochloric
acid system and other hydrometallurgical processes
involving SbCl;, the equilibrium of complexation—
precipitation of Sb*" with CI” and OH must be
controlled to prevent unexpected reactions. Based on the
known data on Sb compounds and other materials in
complexation—precipitation system of Sb>" with CI™ and
OH', theoretical simulation of the complexation—
precipitation equilibrium could be achieved [10,11-13].
As to the system of SbCls, researches on the hydrolysis
equilibrium of the Sb*>*—C1—H,O system [14] are limited
to achieve theoretical simulation without verification by
experiments. And there exist some deficiencies in these
theoretical analyses, such as limitation to acidic system,
no consideration on the precipitates generated in the
system neither in theoretical analyses nor in verification
experiments, which will hinder the comprehensive
understanding of the system [15].

In this work, in order to well understand
complexation—precipitation equilibrium of the Sb**—
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OH —CI" system, comprehensive theoretical simulations
and verified experiments were carried out respectively.
The thermodynamic equilibrium model was established
and experiments were conducted for verifying the
theoretical model.

2 Experimental

2.1 Thermodynamic simulation

The element of antimony, complexing agent of OH™
and Cl, precipitant of OH and ClI" were selected for
composing the complexation—precipitation system of
Sb>*—OH —CI . The related reactions and constants are
listed in Table 1, where the stability constants of
complexes are  cumulative. The  equilibrium
concentration of Sb was calculated based on the principle
of mass balance and simultaneous equilibrium, where the
Sb concentration comprises all soluble Sb materials such
as Sb**, SbO,", SbO" and complex of Sb** with CI™ and
OH. Some unknown parameters in the complex
equations of complexation—precipitation system are
obtained by Gibbs free energy changes of the related
reactions or calculated with the data known in Table 2.
The thermodynamic calculations are based on the
assumptions: 1) system temperature is 25 °C and system
is operated at atmospheric pressure; 2) thermal effect of
reactions on the system is not considered; 3) activity
coefficient is 1.0 and not affected by ionic strength and
solution system; 4) the system is in equilibrium state;
5) no gas and other unexpected materials are generated.
All the thermodynamic calculations were carried out by
using excel 2010. The unstable antimony compounds
and the compounds without thermodynamic data such as
Sb,0OCl, and SbsO3(OH);Cl; are not taken into account
in the thermodynamic calculations. Only stable
compounds SbOCI, Sb,O; and Sb,OsCl, are considered
in thermodynamic simulation.

Table 1 Complex constants of Sb*" with CI” and OH [16]

Cumulative

lgg  lgp lgBs  1gBs 1gfs  1gpfs
complex

SK**-CI” 226 349 418 472 470 410
Sb*'-OH" 2430 36.70 38.30

Table 2 Aan? of related materials at 25 °C [12]

Material A G"(? 11 Material A G‘(z {1

(kJ-mol ) (kJ-mol )

H,0 —237.178 SbO; —339.740

OH" —157.293 SbOCl —335.908

Cr —137.056 Sb,0sCl,  —1349.533

Sb** 69.467 Sb,04 —626.604
SbO* —175.640

Equilibrium equations of Sb®* and CI  in this
system:

Sb*+iCl'=SbCl;"", i=1-6;
B=ISbCL/([SHTI[CL]) @)
Equilibrium equations of Sb** and OH :

Sb**+iOH =Sb(OH), ", i=2—4
B'=[Sb(OH)? JA[Sb™ J[OH 1) 2
Other equilibrium equations in this system:

Sb**+C1+H,0=SbOClI(s)+2H",
K=[HP/([Sb™][CI']) (3)

Sb’*+H,0=SbO"+2H",

K,=[H’[SbO™]/[Sb*] (4)
Sb*>*+2H,0=SbO; +4H",

Ks=[H]*[SbO; 1/[Sb*'] (5)
4Sb*"+2C1 +5H,0=Sb,05Cly(s)+10H",

K=[HT/([Sb* T'[CI 1) (6)
2Sb*"+3H,0=Sb,04(s)+6H",

Ks=[H1°/[Sb*'T? (7
Sb(OH)5(s)=Sb>*+30H ",

Ke=[Sb"J[OH T’ ®)

The K; listed above could be obtained by calculation
with given data. Based on the principles of simultaneous
equilibrium and mass conservation, the equilibrium
equations of each ion in solution could be obtained.

1) Concentration of [SbCIl]y formed by
complexation of Sb** with CI”

[SbCI]=[SbCI**|+[SbCl, T+[SbCl; ]+ [SbCI, ] +
[SbCIZ™ ] +[SbCE ™ 1=
BiISHIICT HA,[SH™ ][CI P+45[Sb™ J[CT T+
BalSHIICT T[S J[CT T+A[Sb* ][C ]°=

6 .
[Sb™ 1D AICIT &)
1

2) Concentration of
complexation of Sb** with CI~

[SbOH]tr formed by

[SbOH];=SbOH: +[SbOH; ]+ SbOH; =
B[Sb* J[OH T+B5[Sb* J[OH T+B%4[Sb* J[OH T'=

4 .
[Sb™* 1> BIOH ] (10)
1
3) Total concentration of Sb in solution

[Sb**1r=[Sb* T+[SbCl];+[SbOH]+[SbO ]+ [SbO; ] =
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6 4

[Sb* 1+[Sb>* 1D BICI T +[SH** 1> BICI T +
1 1

Ko[Sb™ V[H T+K;3[Sb* 1/[H']*=

6 4
[Sb** 11+ BICI T+ BIOH T +
1 1
K/[HT+K/[H'T) (11)

4) Total concentration of Cl in solution
6 .
[CIJy = [CIT+[Sb™ I iA[CT T (12)
1

The a; (09, 01, 02, 03, 04, Os, Og, 07, Og, Og, 019 and
ay) are defined as the percentages of Sb®*, SbCI*,
SbCl3 , SbCly(l), SbCl,, SbCIZ™, SbCIY™, Sb(OH)},
Sb(OH)s(1), Sb(OH);, SbO" and SbO,, which are
listed as follows:

a=[SbC1")/[Sb*"]1, i=0—6 (13)
a7=[ Sb(OH); /[Sb*']r (14)
as=[Sb(OH);)/[Sb* ] (15)
a=[ Sb(OH); J/[Sb*Ir (16)
a10=[SbO")/[Sb* I (17)
an=[ SbO; J/[Sb* Ix (18)

As to each solid product, there exists one
relationship expression on equilibrium constant. Together
with the dissociation equilibrium of water, eight
variables and six equilibrium equations could be used in
every complexation—precipitation equilibrium system,
where the degree of freedom is two. In order to study the
hydrolysis  process of complexation—precipitation
equilibrium, the concentrations of antimony and
chloridion are supposed to be constant, where the total
concentration of antimony ([Sb3+]To) is Cgpo Which stands
for initial antimony concentration in solution and
chloridion ([Cl o) is Ccp. Then, another equation of
initial state is added, and there are eight variables and
seven equilibrium equations in the complexation—
precipitation system with the degree of freedom being
one. After that, the other variables could be calculated by
the given pH value.

i) The dissolution—precipitation equilibrium of
SbOCI in complexation system

According to equations above, 1 mol CI” and Sb**
are consumed to generate 1.0 mol SbOCI, then the total
concentration of chloridion is

[CT Tr=Cei—Cspot[SH* T (19)
The concentration of Sb>" in solution is
[Sb™"1=[HTAK,[C1 ]) (20)

Together with equations above, the total equation is
obtained:

[H P /(KO (A-DBICT T+ BIOH T +
1 1

Ko/[H'THK/[H T4 1)~[CT TH(Ceio~Cspo)[C1 10
30

The concentration of CI" could be calculated by
dissolving equation under given Ccjy, Cspo and pH, and
then [SbCl]r, [SbOH]r, [Sb* ]rand [Cl ]t could also be
obtained.

ii) The dissolution—precipitation equilibrium of
Sb,405Cl, in complexation system

Similarly, 2.0 mol CI" and 4.0 mol Sb’* are
consumed to form 1.0 mol Sb,O5Cl,, and then the total
concentration of chloridion is

[C1 ]1=Ccig—0.5Cspot[Sb* Tr (22)
The concentration of Sb>* in solution is
[Sb3+]:[H+]2.5/(K40.25[CI*]O.S) (23)

Together with equations above, the total equation is
obtained:

6
[H' P /QKZICI 1 O a-20B[C T +
1
4
> BIOH T + K, /[H T + Ky /[H T +1) -
1

[CT 1H(Ci070.5Cs00)=0 (24)

The concentration of Cl could be calculated by
dissolving equation under given Ccjy, Cspo and pH, and
then [SbCl]r, [SbOH]r, [Sb* ]rand [Cl ]t could also be
obtained.

iii) The dissolution—precipitation equilibrium of
Sb,0; in complexation system

Obviously, 2.0 mol Sb’" is needed for 1.0 mol
Sb,0s3, and then the total concentration of chloridion is

[CI' ]+=Ccio (25)
The concentration of Sb** in solution is
[Sb3+]:[H+]3/KSOA5 (26)

Together with related equations, the total equation is
obtained:

[ KOS S i T)+[C ] Cogg =0 27)
1

The concentration of CI™ could be calculated by
dissolving equation under given C¢jy and pH, and then
[SbCl]r, [SbOH]r, [Sb**]r and [Cl ]y could also be
obtained.

2.2 Precipitation experiments

The antimony chloride solution was prepared by
leaching of antimony powder (AR, Sinopharm Chemical
Reagent Co., Ltd.) by hydrochloric acid (AR) as leaching
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agent. The NaOH (AR, Sinopharm Chemical Reagent
Co., Ltd.) was used for neutralization in the experiment.

The solution of antimony trichloride was put in
water bath with magnetic stirring (DF-101, Yuhua
Instrument, China) for controlling the experimental
conditions. The pH value of the solution was adjusted by
dropping NaOH slurry, and then liquid—solid separation
was carried out by centrifuge (TDL—-40B, Shanghai
Anting Scientific Instrument Factory, China). After that,
the separated solution was diluted and then detected, and
precipitates were dried at 55 °C in dryer before further
analysis. In the study, the influences of different pH
values in the range of —0.5 to 14.0 at complexation—
precipitation equilibrium of antimony compounds were
investigated. The influence of chloridion concentration
on the equilibrium process was also studied, in case that
the concentration of chloridion was diluted by NaOH
solution, NaOH was added in the form of NaOH slurry in
stead of NaOH solution.

2.3 Analysis

The concentration of antimony ion in solutions was
determined by inductively coupled plasma atomic
emission spectroscopy (ICP-AES, PS—6, Baird, USA).
pH values of the solutions were measured with a pH/mV
meter (PHS—3E, INESA Scientific Instrument, China).
The precipitates obtained were detected by X-ray
diffractometer (XRD, S0902240, Rigaku, Janpan).

3 Results and discussion

3.1 Thermodynamic simulation

The distribution of antimony compounds in solution
could be derived from a;, which could be obtained with
the given [Cl ], as shown in Fig. 1.

L L T

—— 3 mol/L CI”

80
[SbCIZT]

[Sb(OH),]

| el

[SbO*]

0 2 4 6 8 10 12 14
pH value
Fig. 1 Curves of a; vs pH

From Fig. 1, one can see that the antimony is
mainly in the form of chloridion complex ( SbCl, ,
SbCIZ™, SbCIY™) when the pH is below 4.1. The g

firstly increases and then decreases in the pH range of
3.4-8.0, and the a;ohas the same trend between pH 3.4
and 6.0. With the increase of pH value, the antimony
complex with chloridion decreases and the oy, increases.
It is speculated that the hydrolysis reaction mainly
involves the formation of SbCl;, SbCI;~ and SbCI~
when the pH is below 3.5, and the hydrolysis products
would be antimony oxychlorides. The hydrolysis
reaction mainly involves the formation of SbO", Sb(OH);
and SbO, when the pH is higher than 4.0 (where [Cl ]
is 3.0 mol/L), and the products of the hydrolysis would
be antimony oxides.

The  thermodynamic  simulation  of  the
complexation—precipitation ~ equilibrium  of  the
compounds SbOCI, SbsOsCl, and Sb,O; is shown in
Fig. 2, where the influence of initial total CI°
concentration and pH value on the equilibrium
concentration of [Sb*‘]1is easily seen, where the [Sb*'];
stands for all the soluble Sb in the system.

As can be seen in Fig. 2(a), the hydrolysis
equilibrium concentration of Sb®* of SbOCI decreases
with the increase of pH value at first, and then increases
when the pH is higher than 4.3. The concentration of
[Sb**]r is the largest when the initial concentration of C1™
is 1.0 mol/L, and reaches its minimum when the initial
concentration of Cl is 2.0 mol/L. Compared with
1.0 mol/L CI', the increasing ClI concentration could
enhance the hydrolysis of Sb>" with C1” and H,0, leading
to less [Sb>']r left in the solution when the CI is
2.0 mol/L. When the initial concentration of Cl” is more
than 2.0 mol/L, the concentration of [Sb’]; slightly
increases with the increase of CI™ because of the complex
reactions. In the acid system the Sb>" is in the form of
chloride complex (SbCL; ), while in the alkaline system
it is in the form of antimonite (SbO; ), so the CI™ has
influence on the equilibrium concentration of [Sb**]; in
acid system but has little influence in alkaline system.

The hydrolysis equilibrium concentration of [Sb*];
of SbsOsCl, versus pH value at various initial
concentrations of Cl is demonstrated in Fig. 2(b). In
acid system the Sb>" slightly increases along with the
initial concentration of Cl  because of the complex
reaction, and the CI° has no influence on the
concentration of [Sb>*] in alkaline system because there
are rarely SbCli’x but mainly SbO’, SbCl, and
Sb(OH); in the alkaline system. As can be seen in
Fig. 2(c), the influence of pH value and initial
concentration of Cl™ on the hydrolysis of Sb,Oj5 is similar
to that of Sb4O5Cl,.

3.1.1 Complexation—precipitation equilibrium of [Sb*];
at various pH values

Three concentrations of [Sb®'] with 3.0 mol/L CI”
and 5.0 mol/L C1™ are put together as shown in Fig. 3.
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Ig[[Sb*J¢/(mol-L )]

1g[[Sb**]/(mol-L71)]

Fig. 2 Thermodynamic simulation curves of total antimony at

complexation—precipitation  equilibrium of SbOCl (a),

Sb405C12 (b) and Sb203 (C)

It is easily seen that the concentration of [Sb*']; in the
complexation—precipitation curve of hydrolysis reaction
of SbOCI is minimum when the pH is less than —0.2,
which means that the hydrolysis reaction of SbOCI
happens more easily than that of SbyO;sCl, and Sb,0; in
this range of pH, and the Sb is precipitated in the form of
SbOCI. In the same way, the SbyOsCl, rather than others
is generated when the pH is between —0.2 and 6.6, and
the hydrolysis reaction generates Sb,O; when the pH is
higher than 6.6. The predicted stable interval of these
materials without any transformation is demonstrated in
Fig. 3(b).

4@ — 3mol/L CI SbOCI
5 = = 5mol/L CI”
T_.] 0Ff: ™~ e
° \
g 2} X Sb,0.Cl,
f -4 A\ \\
7 “\ o
S -6 A\ $b,0,
-8} AL
\
_[0 E
2 0 2 4 6 8 10 12 14
(b) pH
e 1
SbOCI  Sb,0sCl, |
r T T T T T T T 1
2 0 2 4 6 8 10 12 14
pH

Fig. 3 1g[Sb**]-pH curves of antimony (a) and stability interval
of these materials generated (b)

The influence of C1 on the concentration of [Sb*'];
could also be analyzed from Fig. 3(a). The Sb>" is in the
form of complexes because of the complexation of Cl in
an acidic system. The [Sb**] with 5.0 mol/L CI” is larger
than that with 3.0 mol/L Cl . When the system is alkali
the Sb*" is in the form of antimonate hydrate, so there is
no difference between the concentration of [Sb*]; with
different concentrations of CI where the hydrolysis
product is Sb,O; While the products are SbOCI and
Sb,05Cl, (the Cl takes part in the hydrolysis reaction),
the ClI' will promote the hydrolysis and the Sb
concentration with 5.0 mol/L CI" is smaller than that
with 3.0 mol/L CI".

3.1.2 Theoretical precipitates at various pH values

A preliminary deduction of the precipitates could be
obtained from involving three complexation—
precipitation equilibriums of Sb,OsCl,, SbOCI and
Sb,03, then the three precipitates, Sb,OsCl,, SbOCI and
Sby0;, will be theoretically analyzed from the
perspective of thermodynamic conversion. Some related
published literatures already illustrate the hydrolysis
behavior of SbCl;, which are in the order of
SbCl;—SbOCl—Sby05Cl,—Sb,0; [5,17,18], and there
exist rarely researches about the reverse reactions. To
further clarify the relationship between pH and the
products, the transformation Gibbs free energy of the
three precipitates is calculated and is shown below,
where the activities of related components are their
concentrations and the initial concentrations of Sb>* and
CI' are 1.0 mol/L and 3.0 mol/L, respectively.

4SbOCI+H,0=Sb,05Cl,+2H+2CI",

AG=AG®,—2x2.303x TpxpH+2x2.303x Tpx1g[Cl ]
(28)
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2SbOCI+H,0=Sb,05+3H'+3CI,

AG=AG®—3%2.303x TpxpH+3%2.303% TrxIg[Cl]
(29)
Sb405C12+H20:2 Sb203+2H++2C17,

AGn=A,G®,~2x2.303% TrxpH+2x2.303x Tgx1g[Cl ]
(30)

The A,G,, of transformation reactions (16)—(18) are
shown in Fig. 4. In the given conditions, the SbOCI
cannot exist in the system because it will turn into
Sb4OsCl, spontaneously and then Sb,O; is generated
when pH is larger than 1.9. The Sb,OsCl, could only
exist stably when the pH is less than 6.3. So, when the
pH is less than 6.3 the Sb,OsCl, could be obtained
directly or by transformation, while Sb,O; could be
obtained directly or by transformation when the pH is
higher than 6.3.

Sb,0.CL,—~Sb,0;

A,G,, /(kJ-mol™)

—60 SbOCI—Sb,0,
-100 F
SbOCl—Sb,0:Cl,
—]40 1 I L L 1 1 1
0 2 4 6 8 10 12 14
(b) pH

Sb,0,Cl, Sb,0,

f T T T T T T 1

T
-2 0 2 4 6 8 10 12 14
pH
Fig. 4 AG,, of transformation reactions of three materials (a)
and stable interval of these materials generated (b)

3.2 Precipitation

In the verified experiments, the precipitates came

into being when the alkali slurry was added into the
solution and the equilibrium of dissolution
(complexation)—precipitation was altered. After keeping
certain pH for 2.0 d, the solution and precipitates were
separated and detected. Then, the results in verified
experiments were compared with the theoretical ones,
which  were calculated from the equilibrium
concentrations of SbOCI, Sb,O5Cl, and Sb,0s.

3.2.1 Equilibrium concentration of [Sb’']; in verified
experiments on  complexation—precipitation
equilibrium of [Sb*']; with 3.0 and 5.0 mol/L CI°
at various pH values

From the equilibrium of [Sb*']; in the solution, the
final concentration of [Sb*']; should be the minimum

value in any of the three concentrations as shown in
Fig. 5(a). The results of verified experiments are shown
in Figs. 5(a) and (b).

(a)

3 mol/L CI
5 mol/L CI”

lg[[Sb**]¢/(mol-L™1)]

-15 = — 3 mol/L CI”
* — 5mol/L CI”

Ie[[Sb* Jr/(mol L 1)]

Fig. 5 Ig[Sb**]-pH curves of thermodynamic simulation (a)

and verified experiments (b)

From the result, it could ecasily be seen that the
concentration of Sb*" in verified experiments has the
same tendency with those obtained from the
thermodynamic simulation: with the increase of pH
value, the concentration firstly decreases and then
increases. The concentration of [Sb*']r with 5.0 mol/L
CI is slightly larger than that with 3.0 mol/L Cl” because
of the complexation of CI'. Because there are some
unknowns in the system such as multi-core complexes
(Sb,CL“™* or Sb,(OH),** ", a>1, b>0), mixed-type
complexes (SbCl,(OH).* " or Sb,Cl,(OH).* 7, a>1,
b>0, c>0), and the reactions corresponding to these
complexes, the concentration of verified experiments is
larger than the theoretical one, where the theoretical
minimum concentration of Sb is 7.94x10™'° mol/L at pH
value of 4.6 and the minimum verified concentration is
about 6.31x10° mol/L at pH value of 5.1, which is
drawn from the curve in Fig. 5(b).
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3.2.2 XRD pattern of precipitates

In verified experiment of 1.0 mol/L Sb** with
3.0 mol/L CI', the precipitates obtained were detected by
XRD. Certain pH values (pH=0, 2.0, 3.0, 4.0, 5.0, 6.0,
9.0, 12.0 and 14.0) were selected for this study, the
results of XRD pattern are shown in Fig. 6.

o — Sb,0;Cl, (monoclinic)
v — Sbg(OH)404Cl,,-H,0
(orthorhombic)

10 0 40 50 6() 70 80
26/(°)

o004

(b) o — Sb,0Cl, (orthorhombic)

¥ — Sbg0,,Cly+(H,0)s
(orthorhombic)
° — Sb,0; (orthorhombic)

v o i de’i ) El l
ML.LMJLUJ’L.JLJ\.WAB&

I P

10 20 30 40 50 60 70 80

(c) ? :
°© — Sb,0; (orthorhombic)

* — Sb,0;5 (cubic)

10 20 30 40 50 60 70 80

20(°)
(d) I Sb:(OH)0Cl,,
$b,05Cl, [ _
T T T T T T T T 1
-2 0 2 4 6 8 10 12 14
pH

Fig. 6 XRD patterns of precipitates at different pH values (a, b
and c) and stable interval of precipitates obtained in verified
experiment (d)

Figure 6 shows that no SbOCI is obtained in the
conditions of this study. When the pH value is less than
4.0, there exists monoclinic Sb4O;Cl, (JCPDS No. 30—
0091) in precipitates. The orthorhombic transition
material SbgO;;Cl,-6H,0 (JCPDS No. 77-1584) could
also be detected when the pH is between 2.0 and 4.0, and
the SbgO,;Cl, will transform to Sb,O; when reacting with
alkali liquor, which involves the Egs. (19) and (20) [19].
Available data of SbgO,;Cl, are hard to be found so that
Sbg0,;Cl, is not discussed in this work. Orthorhombic
Sb,0; (JCPDS No. 11-0689) could be found in
precipitates when the pH value is equal to or higher than
4.0, and when the pH is 14.0, cubic Sb,O; (JCPDS
No. 43—1071) is obtained. It is known that orthorhombic
Sb,0; is stable crystal at low temperature while the cubic
stable at high steric
configuration of orthorhombic Sb,0; is Pccn, and there
are four Sb,O; molecules in a unit cell. The steric
configuration of cubic Sb,0; is Fd3m , there are eight
SbsO¢ molecules (or sixteen Sb,O; molecules) in a unit
cell.

8SbCl;+11H,0=Sbs0,,Cl,+22HCI (€2))]
Sbg0,;Cl,+H,0=4Sb,05+2HCI 32)

one is temperature. The

According to the Ostwald law and the granularity
effects [20], the atoms (molecules) of a unit cell at
metastable phase are less than those at stable phase, thus
the number of molecules and the nucleation energy
needed for the formation of critical nucleus to generate a
unit cell at metastable phase are less than those to
generate a unit cell at stable phase. Therefore, the
precipitate at metastable phase is generated prior to the
final product at stable phase. Besides that, the precursor
of Sb,0; is monoclinic SbyOsCl,, which is easily to
transform into orthorhombic ones.

4 Conclusions

1) The effect of CI" on the separation (hydrolysis)
process was discussed according to the calculation, and
at the same time the precipitates obtained at different
pHs were speculated from the perspective of equilibrium
concentration of [Sb’']; in the solution and from the
A,G,, of transformation reactions of the material.

2) Most results from the verified experiments and
from the theoretical simulation match up each other, but
there exist some differences. For example, the
precipitates obtained do not totally agree with those
drawn from the theoretical calculation.

3) There still exists room for further investigations
on the complexation-precipitation system of Sb*'—OH —

Cl.
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