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Fig.1 Effect of evaporation temperature on impurity content in mother

liquor.
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Fig.2 Effect of evaporation temperature on the particle size

distribution of APT was studied.
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Fig.3 Effect of stirring speed on impurity content in mother liquor.

U —=—0.94m/s

——1.26m/s

8r —— 1.57m/s
&
=
p—
[}
g
=
o
>

0 100 200 300 400 500 600 700 800 900
Particle Size (um)

Bl 4 $EbEL e APT HPRIAR A0 52

Fig.4 effect of stirring speed on the particle size distribution of APT
was studied.
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Table 1 Factors and levels in a response surface experiment

& x
4 Sl 1 0 59.8460
5 0 1 Sl 71.8606
6 Sl 0 Sl 70.5235
i 0 Sl Sl 73.2370
8 1 0 1 61.6720
9 0 Sl 1 57.2120
10 1 1 Sl 62.8918
11 0 0 0 34.7882
12 Sl 0 1 68.1798
13 0 0 0 36.9902
14 0 0 0 43.8714
15 1 Sl 0 54.0590
16 0 1 1 60.5607
17 1 1 0 51.2758
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Table 3 Analysis of variance results for the regression model of

#*3

impurity content

4)

Sum
of D Mean F o
Source Sl O e Value P Significance
es
Model 2420'6 9 27118 1468  0.0009  significant
A 8249 1 8249 447 0.0724
B 158 1 1.58 0.086  0.7782
C 131.05 1 131.05 7.09 0.0323
AB 781 1 7.81 0.42 0.5362
AC 032 1 0.32 0.017  0.8996
BC 966 1 9.66 0.52 0.4934
A 311.81 1 31181 1689  0.0045
B’ 27857 1 27857 1508  0.0060
c’ 14257'4 1 142745 7728 < 0.0001
Res'ldua 12932 7 1847
Lad.(Of 8197 3 2732 2.31 0.2182 ot
Fit significant
Pure 4735 4 1184
Error
Cor 2569.9
Total 5 16

R’=0.9497 R%.4=0.885

Factors
Initial
. L concentration of
Evaporating Stirring line .
Levels ammonium
temperature A speed B
tungstate
G m/s .
solution C
g/L
-1 70 0.94 40
0 90 1.26 70
1 110 1.57 100
R2 BUBRMEBER
Table 2 Design scheme and experimental results
Contents
Experiment A B € of
sequence impurity
NG m/s g/L ppm
1 0 0 0 40.1688
0 0 0 38.1370
3 -1 -1 0 57.0051

P {HE R TR 2 v, B R Y,
3 WA, %R P=0.0009(P<0.05), 7 BIRA G ¥,
EHRR ST, AR R . Hoh P(C)<0.05<P(A)<P
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Fig.6 Response surface diagram and contour map of the total content
of four impurities under the interaction of three factors
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Fig.7 Comparison of the predicted values of the total content of four
impurities in APT with the experimental values.
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Table 4 Predicted values and parallel experimental results
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Table 5 Impurity content in APT generated by parallel experiment 1#

impurity K Na S Mo Al Mn Mg Cu Bi Ca Co
Content(ppm)  <8.0 <14.0 <8.0 <10.0 <5.0 <30 <50 <30 <01 <9.0 <0.1

impurity As Cr P Pb Cd Fe Vv Ti Ni Si Sb

Content(ppm)  <8.0 <5.0 <6.0 <0.2 <0.1

<8.0 <10 <1.0 <20 <0.2 <0.2
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Fig.8 SEM images of APT crystals : (a) APT formed under a better
process;(b) Unoptimized APT
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Ammonium tungstate evaporation crystallization purification based on single factor
combined with Box-Behnken method
Xiao Lairongl, Li Shaohaol, Zhao Xiaojunl, Wang Xinyuel, Wang Zihaol, Cai Zhenyangl, Lu ekangl, Liu Sainanz, Li
Qingkui’
(1. School of Materials Science and Engineering, Central South University, Changsha 410083, China;
2. School of Resource Processing and Bioengineering, Central South University, Changsha 410083, China;
3. School of Materials Science and Engineering, Zhengzhou University, Zhengzhou 450001, China)
Abstract: The single factor + Box-Behnken response surface method was used to optimize the impurity removal process of ammonium tungstate
solution evaporation crystallization method to prepare higher purity ammonium paratungstate (APT). Firstly, in order to reduce the total content of
four impurities (Na, K, S, Mo elements) in APT, the preferred range of crystallization temperature, stirring speed and initial concentration of
ammonium tungstate solution was preliminarily determined by single factor method. Secondly, the evaporation crystallization impurity removal
process of APT was further optimized by Box-Behnken response surface method, and the mutual influence of three factors on the total amount of
four impurities in APT was studied. The results show that the order of influence of three factors on the total amount of four impurities is : initial
concentration of ammonium tungstate solution > evaporation temperature > stirring speed ; the optimum process conditions were as follows :
evaporation temperature 94 °C, stirring speed 1.25 m/s, initial concentration of ammonium tungstate solution 73 g/L. Under the experimental
conditions, the total content of the four impurities in the prepared APT was reduced to 39.351 ppm, and the relative error with the optimal
prediction value of the response surface method model was only 4.110 %, and the purity of APT reached 4N. The generated APT crystal is a
columnar cuboid morphology with a small amount of broken crystals. The layered structure is obvious, the particle size distribution is uniform, and
the grain refinement is obvious.

Key words: evaporative crystallization; APT; Ammonium tungstate solution; Response surface method; Impurity content
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