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Optimisation of Ammonium Sulphate Crystallization Based on
Response Surface Methodology

LI Rui', JIANG Yonghua', ZHANG Yanling', CHEN Kunqing', HUANG Bangfi’®, LI L
(1. Yunnan Tianlang Energy Saving & Environmental Protection Group Co., Ltd., Anning 650302, Yunnan, China;
2. Faculty of Metallurgical and Energy Engineering, Kunming University of Science and Technology, Kunming 650093, China)

Abstract: The influences of pH value, Fe*" mass concentration, and stirring rate and their interactions on the ammonium sulfate
crystallization were investigated via cooling crystallization and sieving based on a response surface methodology. An average particle
size quadratic orthogonal model and a variation coefficient 2FI orthogonal model were proposed. The interactions among the various
factors were analyzed. The results show that pH value (4) > stirring rate (C) > Fe®" ions concentration (B) is a decreased order for the
parameter effects on the average particle size and variation coefficient. Their interactions have a decreased effect order (i.e., AC >
BC > AB) on the average particle size and variation coefficient. When pH value is 5.5, stirring rate is 150 r/min, and Fe*" ions
concentration is 0.3 g/L, the average particle size and variation coefficient of the ideal crystals is 0.985 mm and 793.719, respectively.
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Fig. 1 Cooling crystallization of ammonium sulfate experimental
apparatus
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Table1 Design factors and level table of response surface

Level A B/(r'min™") Clg'L™
-1 3.5 150 0.1
0 4.5 200 0.3
+1 5.5 250 0.5

A—pH; B—Stirring speed; C—Fe®" mass concentration.
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Table2 Results of response surface.

No. A C/Armin”")  BAgL™")  Average particle size/mm C-V-
1 3.5 200 0.1 1.003 837
2 3.5 250 0.3 1.145 960
3 4.5 250 0.1 0.608 503
4 45 250 0.5 0.752 623
5 55 200 0.1 0.716 596
6 55 250 0.3 0.535 442
7 45 200 0.3 0.654 626
8 55 200 0.5 0.899 746
9 45 200 0.3 0.754 625
10 4.5 150 0.5 0.902 749
11 3.5 200 0.5 1.077 903
12 4.5 200 0.3 0.777 660
13 3.5 150 0.3 1.069 895
14 4.5 200 0.3 0.834 693
15 4.5 200 0.3 0.746 831
16 4.5 150 0.1 1.185 992
17 5.5 150 0.3 0.888 740

C-V—Coefficient of variation.
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Table3 Average particle size model variance analysis

Variance analysis items Confidence indicators Quadratic sum Degree of freedom Mean square F value P value
Model 0.5026 9 0.0558 5.19 0.020 6*
A 0.1976 1 0.1976 18.34 0.003 6**
B 0.1258 1 0.1258 11.68 0.0112*
c 0.0018 1 0.0018 0.163 8 0.6977
AB 0.046 1 1 0.046 1 4.28 0.0829
AC 0.0030 1 0.0030 0.2803 0.0374
BC 0.0457 1 0.0457 4.24 0.0785
A4 0.0503 1 0.0503 4.67 0.0675
B 0.0092 1 0.0092 0.8555 0.3858
c 0.0159 1 0.0159 1.48 0.263 8
Residual error 0.0754 7 0.0108

Lack of fit 0.0584 3 0.0195 5.59 0.0876

Pure error 0.0170 4 0.0042
Total 0.5780 16

F—MRR/MRe; P—Credibility index; 4B—Interactive items of pH and stirring speed; 4C—Interactive items of pH and Fe** concentration, BC—Interactive

items of stirring speed and Fe®* concentration; 4> —Quadratic term of pH; B>—Quadratic term of stirring speed; C*>—Quadratic term of Fe*" concentration; “**”

represents that the results were significant at 0.01 level; “*” represents that the results were significant at 0.05 level.
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Table4 C-V- value model variance analysis

Variance analysis items Confidence indicators Quadratic sum Degree of freedom Mean square F value P value
Model 301848.87 6 50308.14 5.51 0.009 3**
A4 143 182.73 1 143 182.73 15.67 0.002 7**
B 89993.49 1 89993.49 9.85 0.010 5%
C 1067.23 1 1067.23 0.1168 0.7396
AB 32885.05 1 32885.05 3.60 0.0870
AC 1763.96 1 1763.96 0.1931 0.0397
BC 32956.41 1 32956.41 3.61 0.0867
Residual error 91351.05 10 9135.10
Lack of fit 62255.23 6 10375.87 1.43 0.3811
Pure error 29095.82 4 7273.96
Total 393199.91 16

“**” represents that the results were significant at 0.01 level; “*” represents that the results were significant at 0.05 level.
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