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Abstract: A new kind of precipitate, antimony arsantimonate, was found during the precipitation reactions in acidic solution
containing As(III), Sb(IIl) and Sb('V') by means of chemical analysis, SEM, XRD and IR spectrometry. The results show that the As
content in antimony arsantimonate increases with the increase of n(As(Ill))/n(Sb) in solution and the content of component Sb(III)
and Sb(V) remains almost constant with the variation of n(Sb(III))/n(Sb(V')) in solution. The antimony arsantimonate is a kind of
floccules with size of 1—5 pm. The crystal performance of the compound gets better with the decrease of n(As(Ill))/n(Sb), the cell
parameter of which is near to 10.33 X 10"'®m under different n(As(II1))/n(Sb) and As atom locates on the surface, not in the inner of
the grain. The chemical bonds of As—OH, Sb—OH, As—O—Sb, Sb—0—Sb and O—H of the precipitate are included in the
precipitate. The chemical structure of precipitate is described as Sb(OH),—O—[Sb(OH);—(0O—As(OH)—O—Sb(OH););]—O0—
Sb(OH),'xH,0. The structure analysis shows that the copper electrolyte can be purified by As(IIl) because the antimony

arsantimonate precipitate forms.
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1 Introduction

The laboratorial experiment indicated that Sb and Bi
in the copper electrolyte could be removed effectively by
adding appropriate arsenic[1], which has been proved in
industrial experiments[2—3]. There is a viewpoint that
the arsenate formed from As(V), Sb(Ill) and Bi(Ill) is
the reason of purification of electrolyte by arsenic[4—6].
As(V) and Sb(V) can form a series of arsenato-
antimonic acids(AAAc) which can further react with
As(III), Sb(IlI) and Bi(IIl) to form arsenato-antimonates
that is indissoluble even in the strongly acidic solution
[7-8]. As(V) is an indispensable element no matter in
form of arsenate or arsenato-antimonate[9]. However, it
was found that As(IIl) is an essential element in
purification of the copper electrolyte. Even for no As(V)
case, the purification performance is still good.
Obviously, it can not be explained by the viewpoint of
arsenate or arsenato-antimonate.

This work aims to find out the purification
mechanism of electrolyte by As(III ) during the
precipitate reactions in the solution containing H,SOy,,
As(III), Sb, Bi, and the characterized structure of the

precipitate.
2 Experimental

The analytically pure reagents, As,O;, Sb,0;, Bi,O;,
HNO,;, HCl and H,SO, were used. First, the high
concentration solutions of As(III), Sb(Ill), Sb(V) and
Bi(IIl) were prepared. A solution containing 10 g/L
As(Ill), 0.6 g/L Sb, 0.25 g/L Bi and 185 g/L H,SO,
synthesized by mixing these solutions were stirred
mechanically (200—400 r/min) under 65 C for 2 h, then
leached to remove the precipitate. The components of the
filtrate and precipitate were respectively determined. The
composition of precipitate was determined by chemical
method, the appearance was observed by SEM (JSM-
6360LV, JEOL Corp.), and the crystal phase and the cell
parameters were analyzed by XRD (D/max-rA, Rigaku
Corp., Japan). The vibration characteristics were inferred
by IR spectrum (NExus670, Nicolet Corp.).

3 Results and discussion

3.1 Precipitation reactions of As(Ill), Sb and Bi in
acidic solution
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As(ITI), Sb(III), Sb(V) and Bi interact in H,SO,
solution and the results are listed in Table 1. It can be
seen that the deposit in the acidic solution containing
As(III), Sb and Bi would form only in a kind of solution
containing As(III), Sb(III) and Sb(V). The concentra-
tions of As and Sb decrease in that solution.

Table 1 Precipitation reactions of As(III), Sb(IIl), Sb(IV) and
Bi in H,SO, solution

. Pheno-  Component of solution/(g-L™")
Solution
menon As Sb Bi
As(IIT)+Sb(II) 9.93 0.6 -
As(IIT)+Bi(IIT) 10.01 - 0.245
As(IIT)+Sb(V) 9.94 0.59 -
As(IIT)+SbI)+
Bi(lll) 9.95 0.60 0.240
As(IIT)+Sb(V )+ 9.9 0.60 0940
Bi(IIl) ' ' '
As(III)+Sb(IID)+
Sh(V) ! 9.37 0.43 -

3.2 Structure characterization of precipitate of As(IlI),

Sb(III) and Sb(V)
3.2.1 Influences of synthesis conditions on components

of precipitate

It is shown that As(II), Sb(IIT) and Sb(V) in the
acidic solution can form precipitate. A study was made
on the influences of different conditions on the
components of the precipitate to explore their structure.

1) Influence of n(Sb(III))/n(Sb(V)) ratio

1 L solution containing 1.5 g/L As(IIl), 2.4 g/L Sb
and 185 g/L H,SO,4 was stirred mechanically under 65
‘C for 2 h, then was filtrated to gain the precipitate. The
influence of n(Sb(III))/n(Sb(V)) on the components of
precipitate is shown in Fig.1. It can be seen that the
contents of As, Sb(III) and Sb( V) almost remain
constant, being 13.95%, 1546% and 30.89%
approximately, under the different ratio of
n(Sb(IIT))/n(Sb(V)). The ratio in the precipitate is nearly
equal to 1:2. Obviously, n(Sb(III))/n(Sb(V)) in the
acidic solution has little effect on the components of
precipitate.

2) Influence of n(As(IIl))/n(Sb) ratio

The influences of n(As(IIl))/n(Sb) ratio in the acidic
solution on the components of precipitate are shown in
Fig.2 under n(Sb( III ))/n(Sb( V ))=1:1 and other
conditions fixed. It can be seen from Fig.2 that the As
content in the precipitate decreases with the decrease in
the ratio down to n(AS(IIl))/n(Sb)=0.5 and remains
almost constant when it further decreases. The contents
of Sb(Ill) and Sb(V) remain almost constant, being
about 15.5% and 31% respectively, when the ratio varies.

The n(Sb(III))/n(Sb('V)) of the precipitate is nearly equal
to 1:2.
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The results show that either n(Sb(I1))/n(Sb(V)) or
n(As(Il))/n(Sb) has some effects on the components of
the precipitate. The As content in the precipitate
increases with the increase of n(As(Il))/n(Sb) in the
solution, the contents of Sb(Ill) and Sb(V) remain
almost constant with the variation of n(As(IIl))/n(Sb( 'V ))
in the solution and n(Sb(III))/n(Sb(V)) of solution has
little effect on the component of precipitate. The ratio in
the precipitate under different conditions is nearly 1:2.
3.2.2 SEM result of precipitate

The SEM result of the precipitate under p(Sb)=2.4
g/L, n(As(IIl)):n(Sb(II)):n(Sb(V))=4:1:1 and p(H,SO,)
=185 g/L is shown in Fig.3. It can be seen that the
precipitate under above conditions is floccules with the
size of 1-5 pm.

3.2.3 XRD results of precipitate

The precipitate under the different ratio of

n(As(III))/n(Sb) at p(Sb)r=2.4 g/L, n(Sb(III))/n(Sb(V ))=
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Fig.3 SEM images of precipitate under n(As(I1I)):n(Sb(IIl)):
n(Sb(V))=4:1:1

1:1 and p(H,SO4)=185 g/L were tested by XRD and the
results are shown in Fig.4. It can be secen that the
precipitate is crystal under different n(As(IIl))/n(Sb)
ratios, and the crystal performance gets better with the
decrease of the ratio. To get the structure of the crystal,
the XRD test with the low scanning rate of 0.5 (*)/min
was carried out in the range of 42°—62°. The results of
the precipitate at the ratios of n(As(Il))/n(Sb)=1:2 and
1.5 are shown in Fig.5 and Fig.6, respectively.

The crystal plane spacing can be calculated by
reflection angle of 6 according to Bragg’s Law:

d=)/(2sin 0) (1)

The XRD result of precipitate is similar to that of
the cubic antimonic acid[10], therefore, the crystal of the
precipitate is considered as cubic phase and its cell
parameter can be calculated according to the following

formula:

a=dxyhy +k, +1, (2)

According to Fig.5, the reflection angle of peak and
gravity center of (511) crystal plane is 22.947 5° and
22.859°. The parameters of #,6,, 1=1.541 78X 10 m
(wavelength of Cu-target) were listed in Bragg’s law and

—_
—_
—_—
—

w\ / \ : . n(As)/n(Sb)=1:1
M # \ . n(As)/n(Sb)=5:1

0 20 40 60 80 100
260/(%)
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Fig.5 XRD pattern of precipitate under n(As(IIl))/n(Sb)=1:2
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Fig.6 XRD pattern of precipitate under n(As(Ill))/n(Sb)=1:5

the crystal plane spacing was calculated as: d,=1.977 2 X
10 m, d,=1.984 4X 10" m. The cell parameter of the
precipitate can be calculated according to Eqn.(2) under
h=5, k=1 and /=1 as ¢;=10.274X 10 '"m and a,= 10.311
X 10" m.

By the same way, the crystal plane spacing can be
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calculated as a;=10.292X 10 " m and @,=10.314X107"°
m for (440) plane, and as=10.304X10"" m and a¢=
10.289X107"° m for (531) plane. Thus, the cell
parameter of the precipitate ¢=(10.274+10.311+10.292+
10.314+10.304+10.289)/6=10.297 X 10" m. While for
the precipitate of n(As(Ill))/n(Sb)=1:5, the cell parameter
is 10.33X 107" m. Obviously, the cell parameter of the
precipitate under different n(As(IIl))/n(Sb) is almost a
constant similar to that of cubic anionic acid ((10.30—
10.38) X 10" m)[10], indicating that As atom locates on
the surface, not in the inner of the crystal. This is the
main reason why the content of Sb remains constant
while the As content increases with the increase of
n(As(III))/n(Sb) in solution.
3.2.4 1R spectrum of precipitate

The IR spectrum of the precipitate at p(Sb)r=2.4 g/L,
n(Sb(II))/n(Sb( V ))=1:1 and p(H,SO,)=185 g/L is
shown in Fig.7.
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Fig.7 FT-IR spectrum of precipitate under n(As):n(Sb(IIl)):
n(Sb(V ))=4:1:1

It can be seen from Fig.7 that the FTIR bands at
341829 cm™' and 1 640.86 cm ' are the symmetrical
and anti-symmetrical stretch vibration absorption spectra
of O—H[11], the band at 1 261.87 cm ' is the bending
vibration absorption spectra of As—OH and Sb—OH
[12—13], and the bands at 796.83 and 429.47 cm ' are the
anti-symmetrical stretch vibration absorption spectra of
As—O—Sb and Sb—O—Y (Y=As, Sb) respectively
[12,14]. Therefore, the valence bands of As—OH, Sb—
OH, As—O—Sb, Sb—0—Sb and O—H are the parts in
the chemical structure of the precipitate.

HUANG et al[15] synthesized the antimony thioanti-
monate by Sb,O; and NasSbS,-9H,0. According to XRD
analysis, the cell parameter of the precipitate is similar to
that of cubic anionic acid. In addition, the n(As(III)):
n(Sb(IIT)):n(Sb(V)) in the precipitate is 3:2:4 according
to chemical analysis. Therefore, the precipitate should be
antimony arsantimonate and its chemical structure can be

described as Sb(OH),—O—[Sb(OH);—(0O—As(OH)—
O—Sb(0OH););]—0—Sb(OH),'xH,0.

3.3 Structure characterization of precipitate in

industrial experiment

The copper arsenite was added into the copper
electrolyte (provided by Daye Nonferrous Metal Ltd.) to
purify the electrolyte in the industrial experiment. The
components of the electrolyte before and after
purification are listed in Table 2. The XRD and IR
results of the precipitate in industrial experiment are

shown in Fig.8 and Fig.9, respectively.
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Fig.8 XRD patterns of precipitate in industrial experiment
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Fig.9 IR spectra of precipitate in industrial experiment

It can be seen from Table 2 that As(IIl) has distinct
effect on the purification of the electrolyte. The
concentration of Sb and Bi in the electrolyte decreases
greatly if As(III) concentration gets up to a value.

Fig.8 and Fig.9 all show that the precipitate by
purification in industrial experimental contains antimony
arsantimonate. The XRD peak is nearly the same as that
of antimony arsantimonate of n(As)/n(Sb)=5:1. The ratio
is high according to Table 2, so the crystal performance
of the precipitate of industrial experiment is not so good.
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Table 2 Components of electrolyte before and after purification (gL ")
Electrolyte Cu H,SO, As(1II) As(V) Sb Bi
Before purification 38.75 190.58 0.1 3.00 0.85 0.235
After purfication 46.96 183.26 7.62 3.54 0.22 0.086

As(II) reacts with Sb(IIl), Sb(V) to form antimony
arsantimonate when adding copper arsenite in the
electrolyte, making Sb concentration in the electrolyte
decrease greatly. Obviously, this discovery during the
purification indicates that the antimony arsantimonate is
the main cause of the copper electrolyte being purified,
which provides a new approach for purification of
copper electrolyte.

4 Conclusions

1) In the acidic solution, As(III) reacts with Sb(IlI)
and Sb(V) to form antimony arsantimonate. As content
of antimony arsantimonate increases with the increase of
n(As(III))/n(Sb) in solution and remains almost constant
with the wvariation of n(Sb( III ))/n(Sb( V )). The
n(Sb(IIT))/n(Sb(V)) in the precipitate is nearly 1:2 under
different conditions.

2) The SEM result shows that
arsantimonate is a kind of floccules with size of 1-5 pum.
The XRD results show that the crystal performance of
the floccules gets better with the decrease of n(As(I1I))/
n(Sb). Its crystal is cubic under different n(As(I1I))/n(Sb)
with the cell parameter about 10.33X 107"’ m, and As
atom is located at the surface not in the inner of the
crystal grain. The IR spectrum analyses show that the
chemical bonds of As—OH, Sb—OH, As—O—Sb,
Sb—0—Sb and O—H are included in the precipitate of
antimony arsantimonate, the structure of which is
determined as Sb(OH),—O—[Sb(OH);—(O—As(OH)
—O—Sb(0OH););]—0—Sb(OH),"xH,0.

3) The results of XRD and IR of the precipitate in
industrial ~experiments show that the antimony
arsantimonate is the main cause of the purification of
copper electrolyte by As(IIT).

antimony
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