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Preparation of colloidal Sb2Os from arsenic alkali residue
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Abstract: The stable colloidal antimony pentoxide was prepared by oxidation of the mixture of Sh203 and Sh2Os

obtained from arsenicalkali residue by hydrometallurgical process, with hydrogen peroxide as oxidant and phosphor-

ic acid as stabilizer. Effects of main factors were investigated. The theories on thermodynamics, kinetics and electri-

cal double layer( EDL) were used to analyze the experimental phenomena and results. The results show that no aging

time is the most beneficial to forming colloid, when molar ratio of phosphoric acid to antimony is in the range from

0.8 to 1.0 and 1.0 to 1.3, the particle sizes of sol with the concentration of 10% and 15% antimony pentoxide by

mass are both smaller. With increasing concentration of the mixture of antimony oxide from 10% to 20%, the reac

tion time decreases from 90 to about 30 min, but the optimized range of molar ratio of H3PO4 to antimony increases.

The reaction temperature is not the main factor on particle size with the existence of H3POy in the temperature range

from 60 to 90 C.
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1 INTRODUCTION

Antimony compounds are commonly used as
flame retardants. Conventional antimony com-
pounds such as antimony trioxide are of a big parti-
cle size, resulting in low chemical activity, poor
combination between antimony compounds and
polymer, worse flameresistant performance and
the decrease of luster of polymer'™ . The way to
overcome these shortages is to decrease the particle
size. And the colloidal antimony pentoxide is desir-
able for this purpose, because of small particle size
and the excellent properties of colloidal antimony
pentoxide, such as better chemical activity, large
specific surface area, high dispersion and heat-
stability, less smoking amount, easy addition and
combination to the polymer. Therefore, it was
considered the best one among the antimony com-
pounds' ®” and has been widely applied in the in-
dustrial fields of fibre, plastic, dope, latex, paper
and so on.

The methods for preparing colloidal antimony
pentoxide, presently, were mainly developed, in-

1719 jon exchange' !,

[17, 18]
d ;

cluding refluxing oxidation
electrodialysis and colloidal chemical metho
in which refluxing oxidation was applied frequent-
ly, with HNOs, H202 and (NH4)2S:05 used as
oxidant, and pure antimony as raw material. How-
ever, there existed some shortages including no
stability of present technologies.

In addition, more than 107 kg arsenicalkali
residues were produced annually in antimony met-
allurgical process in China, in which over 30% an-
timony exists as the phases of NasSbOs, Na3SbhO4
and Sb, and 1% ~ 2% arsenic as the phases of
Na3;AsOs; and NasAsO4. The stack of arsenicalkali
residue has resulted in the serious waste of antimo-
ny resource and horrible environmental pollution,
limiting the sustainable development of the produc
er, and the poisonous accidents due to arsenic
alkali residue, have been paid great attention to by
the Chinese government and the locality.

Based on the purpose of protecting environ-
ment and recycling the resource of antimony,
therefore, a novel technology to treat arsenicalkali
residue was put forward for preparing colloidal
Sb20s with small particle size and narrow distribu-
tion, including water leaching, acid leaching, hy-
drolyzing and preparing colloid. And the effects of
aging time of mixtures after hydrolyzing, amount
of phosphoric acid, concentration of mixtures and
reaction temperature on the process of colloid for-
mation and colloidal particle size were also studied,
which was aimed at providing a new feasible tech-
nology for preparing qualified colloidal Sh2Os by
reusing arsenicalkali residue.

2 EXPERIMENTAL

2.1 Preparation of colloidal antimony pentoxide
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Arsenicalkali residue from Hunan Tin Mine
Co. Ltd., with antimony 30%, arsenic 1% ~ 2%,
was leached by water to separate antimony from
arsenic. The leached residue without arsenic was
further leached by hydrochloride, by which the so-
lution was hydrolyzed to form the mixture of 70%
Sb203 and 30% Sh20s as the raw material for pre-
paring colloidal Sh20s. Using refluxing oxidation
and colloidal chemical method, both Sbh.03; and
Sb20s can be transformed to colloidal Sh2Os. The
aging time of the mixture solution was investigated
on the effect of colloidal preparation. With centrif-
ugal filtrating, H20 and H3PO4 were added to the
mixture of antimony oxide in turn, and then, hy-
drogen peroxide was added into the mixture after
being stirred and heated for some time. During the
process, H3PO4 with volume concentration of 85%
is used as stabilizer and H202 with the concentra-
tion of 30% 1is used as oxidant. The ratio of H3PO4
to antimony and the reaction temperature were also
studied. Under the conditions of stirring, heating
and refluxing, at the concentration of antimony
pentoxide of about 0.186% and temperature of
20 C, clear and transparent colloid was formed.

2.2 Characteristics of colloidal antimony pentoxide

The colloidal antimony pentoxide was meas-
ured by D/MAX-RB XRD apparatus for the phase
analysis, under the conditions of Cu K. radiation
40 kV, 50 mA, step 0. 02°, scanning rate 2 (°)/
min, scanning scope from 10°~ 90°. The colloidal

particle size was analyzed by DELSA 440SX made
in USA Coulter Company.

3 RESULTS AND DISCUSSION

3.1 Effect of aging time of mixture on formation
of colloidal antimony pentoxide

The mixture of Sh203 and Sh20s was prepared
by hydrolyzing the solution containing antimony.
It is found through the experiments that aging time
of the mixture strongly affects the formation of
colloid. Fig. 1 shows the XRD pattern of the mix-
ture of antimony oxide without aging, Fig. 2 shows
the XRD pattern of the mixture aged for 4 h, and
Fig. 3 shows the XRD pattern of the colloidal
Sb20s prepared with amorphous mixture of anti
mony oxide without aging.

It can be seen from Figs. 1 and 3 that the
structure of mixture without aging is amorphous,
and colloidal antimony pentoxide can be prepared
from this amorphous mixture of antimony oxide.
However, after aged for 4 h, the main component
of the mixture becomes cubic Sh203 and the minor-
ity is orthorhombic Sh.0Os from Fig. 2, it fails to
form colloid Sh20s using this mixture. It is conclu-
ded that aging has strong effect on the structure of
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Fig.1 XRD pattern of mixture of
antimony oxide without aging

® — Sb,0; cubic
4 — Sb,0j3 orthorhombic
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Fig. 2 XRD pattern of mixture of
antimony oxide with aging
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Fig. 3 XRD pattern of colloidal Sh20Os

the mixture of antimony oxide, and the structure
of the mixture of antimony oxide has strong effect
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on forming colloid Sh20s too. So aging of the mix-
ture strongly affected the formation of colloid, no
aging is profitable on forming colloid Sh.Os.

(19200 " the struc

According to crystal theory
ture and the energy of interface between core and
substrate play the predominant roles in the process
of heterogeneous nucleation. With the presence of
substrate, the nucleation energy barrier and critical
radius are reduced and it is easier to form steady
crystal nucleus. Amorphous mixture of antimony
oxide appears the properties of small particle, large
specific surface area, plenty of surface activate
plots and high free energy and capacity of surface
absorption, so Sb2Os embryos precipitating from
solution are adsorbed on the surface of substrate
instantly and grow into the stable colloidal parti-
cles rapidly, and this process of phase transforma-
At the same

time, the concentration of Sh.0s near the surface

tion is heterogeneous nucleation.

activate plots is higher than the other places in the
solution, which is profitable for the diffusion of
Sb20s molecule and growing of embryos. Besides,
the particle size of amorphous mixture is small,
which causes the increase of solubility of small par-
ticle and makes supersaturation of Sh2Os higher,
which makes the precipitating faster. Conversely,
the aged mixture has few surface activate plots and
crystal lacuna, which makes the nucleation place
decrease and the new embryos dissolve without nu-
cleation, so it is impossible to form plenty of crys-
tal nucleus and further to form colloid.

3.2 Effect of amount of H;PQO: on particle size of

colloidal Sb: Os

Hydrated Sh20s shows positive electricity in
the water because of ionization, it is necessary to
add stabilizer with negative electricity in the water
to turn colloid of unstable thermodynamics state to
the dynamics stable state, such as H3;PO4?",
water-soluble alkanol amine'*, can be used as the
stabilizer. Since there is few phosphoric acid con-
sumption as stabilizer and it is a kind of flame re-
tardant too, it is sure to use H3POu4 as stabilizer in
the research. H3POs can decrease the activation
energy of reaction, improve the reaction speed,
suppress the growing up of the colloidal particle
and contribute to getting colloidal antimony pen-
toxide with small particles and narrow distribu-
tion. Tan et al''! and Zhang et al” have studied
the effect of adding order of oxidant and stabilizer
on particle size of colloidal Sb20s, an unanimous
conclusion has been drawn, that it is adding stabi-
lizer firstly was better than adding oxidant firstly.

The H3PO4 as a stabilizer was added into the
mixture solution, and subsequently the oxidants.
When the concentration of antimony pentoxide
exceeds its solubility, the nuclear embryos appear

in the solution, the surface will be wrapped up and
covered by the stabilizer at once and double elec
tricity layer forms, hindering the particle growth
and forming colloidal antimony pentoxide with

The

effects of H3PO4 amount on the colloidal particles

small particles and narrow distribution.
size were studied at the colloidal concentrations of
15% and 10% by mass, and the results are shown
in Fig. 4.
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Fig. 4 Effect of amount of stabilizer on
particle size of colloidal Sb20s with

concentration of 15% (a) and 10% ( b)
(90 C, 90 min, n(H202)/n(Sbh™ )= 1.2)

It can be seen from Fig. 4 that the colloidal
particle size is affected by the amount of H3POa.
The average particle size of the colloidal Sh.Os
with the concentration of 15% are (225 £19) nm,
(164 £32) nm and (189 £37) nm, respectively at
the molar ratio of H3PO4 to Sb as 0.8, 1.0 and
1.3. When the molar ratio is 0. 6, 0. 8 and 1. 3,
the average particle size of the colloid with the con-
centration of 10% are (357 £200 )nm, (159 £20)
nm and (225 £19 ) nm, respectively. With increas-
ing amount of H3POs, the average particle size

decreases firstly and then increases. Therefore,
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when the concentrations of colloidal antimony pen-
toxide are 10% and 15%, the suitable molar ratios
of H3PO4 to Sb range from 0.8 to 1.0 and from
1.0 to 1.3, respectively.

According to the theory of EDL'*', EDL is a
main influence factor of repulsive energy among
particles. With increasing amount of H3PO4, both
the EDL's thickness of colloidal antimony pentox-
ide particles and repulsive energy increase, parti
cles are not bound to each other because of colli-
sion, and colloidal particles could still keep smal-
ler. With continuous increasing the consumption of
the phosphoric acid, the density of electrolyte rises
and EDL is compressed, repulsive energy drops in-
stead, and particles size becomes larger because
collision causes the small particles to be bound to
each other. So the amount of phosphoric acid must
be suitable.

It is also be found from Fig. 4, that the suit-
able molar ratio of H3PO4 to Sb is different at dif-
ferent concentrations. The particles counting in-
creases with increasing concentration of Sh20s,
and the distance among them is shortened, both
repulsive and attractive energy increase, hence,
the stability of antimony pentoxide decreases and
particles size becomes larger. With increasing con-
centration of Sh20s, increasing the consumption of
H3PO4 could enhance the thickness of EDL and re-
pulsive energy, which is an effective way to keep
concentrated colloidal antimony pentoxide stable
and particles small. Consequently, the suitable
molar ratio of H3PO4 to Sb increases with increas-
ing concentration of Sh20Os.

3.3 Effect of mixture concentration on formation
and size of colloidal Sb:Os

The concentration of colloidal Sb20Os is de-
pendant upon the concentration of the mixture, the
time for forming the colloid, the molar ratio be-
tween H3PO4 and Sb for transforming the mixture
to colloidal Sh20s completely, as listed in Tables 1
and 2.

Table 1 indicates that with increasing in con-
centration of colloid, the required time for forming
the colloid without deposit decreases, which is re-
lated to the thermodynamic and kinetic conditions
in forming colloid.

The process of forming colloid includes solid

Table 1 Demanded time for forming colloidal
Sb20Os with different concentrations

w(Sh20s)/ % Time/ min
10 90~ 120
15 50-70
20 20~ 40

Table 2 Effect of mixture concentration on
formation of colloidal

n(H3PO4)/ n(Sh) 10% 15% 20%
<0.6 . No No

0.6 Partly Partly Little

0.8 Whole Whole Partly

1.0 Whole Whole Partly

1.3 Whole Whole Whole

phase precipitating from liquid phase and growing
up, according to the thermodynamics theory that
supersaturation is the motive force of this process,
the higher supersaturation is, the easier precipitat-
ing process is.

Since the concentration of mixture antimony
the higher supersaturation of

which

shorten the reaction time. As a result, the higher

oxide increases,
Sh20s is reached rapidly and remained,

concentration of mixture is, the less the reaction
time is. Forming colloid includes nucleation and
growth. Only the new particles are larger than
critical radius, and it can grow up to form stable
crystal nucleus without dissolved. Increasing the
mixture concentration makes solution keep high
supersaturation, and it is profitable to form plenty
of crystal nucleuses rapidly. With rising concentra-
tion, the nucleation places increase too, which
shorten the diffusion time that Sbh2Os molecule
spent in diffusing from solution to nucleation
place. So incubation time and nucleation time were
both shortened. From the view of growth, the
speed of growth is accelerated because diffusion
distance is shortened. Consequently, both nuclea
tion and growth speed are accelerated, a large
number of steady crystal nucleuses form and grow
up within shorter time, and reaction time is short-
en.

Table 2 demonstrates that with increasing
mixture concentration of mixture, the molar ratio
of H3PO4 to Sb is increased for transforming all
mixture to the colloidal antimony pentoxide, which
proves that different concentration of the colloidal
antimony pentoxide requires different repulsive en-
ergy to remain its stability without flocculation.
Because increasing colloidal concentration leads to
the increase in particles, the probability of floccu-
lation for the sake of Brownian motion is en-
hanced. In order to keep colloidal stability, the re-
pulsive energy among particles must increase. To
increase the thickness of EDL is an effective way to
improve repulsive energy. As a result, the increase
in the molar ratio of H3PO4 to Sb, which leads to
thicker DEL of colloidal particles and stronger re
pulsive energy, is the basic reason for the forma-



Vol 15 Ne 6

Preparation of colloidal Sh2Os from arsenic-alkali residue

* 1405 -

tion and stabilization of colloidal antimony pentox-
ide.

Fig. 5 shows the effect of the concentration of
mixture on particles size of colloidal pentoxide.
When the molar ratio of H3PO4 to Sb is 1. 3, and
the concentration of antimony pentoxide is 10%,
15% and 20%, the average diameter of colloidal
particles is (225 £19) nm, (189 £19) nm, and (225
F19) nm, respectively. For the 10% colloid solu-
tion, the consumption of H3PO4 is so much that
EDL of colloidal particles is compressed and the
particles diameter grows larger. The consumption
is less relatively and EDL is thinner for 20%
colloid solution, so diameter of particles is larger
too. However, the suitable concentration of the
colloidal Sb20s with small particle size is 15%.
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Fig. 5 Effect of concentration of mixture on
particle size of colloidal Sh2Os
(90 C, n(H3PO4)/n(Sh)= 1.3, n(H202)/n(Sh* )= 1.2)

3.4 Effect of temperature on formation and size of

colloidal Sb: Os

Fig. 6 shows the effect of temperature on size
of particles. The average sizes of particles are (163
F19) nm, (169 £19) nm and (159 £20) nm, re-
spectively at the reaction temperature of 60, 75 and
90 C. The results from Fig. 6 show no obvious
variation of colloidal size. According to the view of
kinetics, both nucleation and growth speed are in-
fluenced by temperature. With decreasing temper-
ature, molecule kinetic energy decreases while at-
tractive force among molecule is relatively en-
hanced, and molecule is easy to nucleate and grows
up. At the same time, the molecule diffusion be-
comes difficulty so that speed of nucleation and
growth are both slowed down for decreasing tem-
perature. It is clearly that temperature has both
advantaged and adverse influence on forming
process of colloid and two speeds co-determine the
formation of colloid and particles size. However,
with the presence of H3PO4, particles are covered

by H3PO4 as soon as they precipitate from liquid
phase and it could hinder the particles to grow up,
so temperature isn't the key factor to affect the
forming process of colloid and particles size.
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Fig. 6 Effect of temperature on particles size of
colloidal Sh20s
(90 C, w(Sh0s)= 10%,
n(H3PO4)/n(Sb) = 0.8, n(H202)/n(Sb* )= 1.2)

4 CONCLUSIONS

1) A novel feasible technology is developed for
preparing colloidal antimony pentoxide from arse
nicalkali residue, including water leaching, acid
leaching, colloidal
Sh20s.

2) Aging of the mixture results in difficulty
the formation of colloidal antimony pentoxide,
H3PO4 as a stabilizer affects greatly the colloidal
particle size. The average particle sizes of the
colloid with the concentrations of 10% and 15%
are (159 £20 ) nm and (164 £32) nm, respectively
at the suitable molar ratios of H3PO4 to Sb ranging
from 0.8 to 1.0 and from 1.0 to 1. 3.

3) The concentration of colloidal Sbh2Os is de
pendant upon the concentration of the mixture, the
higher the concentration of the mixture is, the lon-
ger the time for forming the colloid is, the higher
the molar ratio between H3PO4 and Sb for trans-
forming the mixture to the colloidal Sh20s is. And
the temperature is not the critical factor for prepar-
ing colloidal Sh2Os
H3POs.

hydrolyzing and preparing

anymore in existence of
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