5524 5 11 3 PEESEEEFIR 2014 4£ 11
Volume 24 Number 11 The Chinese Journal of Nonferrous Metals November 2014

TEHES: 1004-0609(2014)11-2943-08

= IR E AR A FI B AR ES 0 — 7K FER $5%

= AL HFERL L WL £ A7
(1. W TR E MEELEE TRE2ERE, IERITEERE 0100515
2. ALK MR SR 42EBE, TEFH 110004)

& E. XA SNSRI E I, 8RR R EAS R T E ISR B AR A . &
SRR T R T e il gl il I — KR PR AR R A Wi iR T 2. 45 R iR 99 C, R
EORPIS R 95%, BRHEE LR 6:1, B HEE R 90 min B, B R HFE N 98.76%, Mg g FikH] 74.32%.
TR EOCIE HT B IR0 Mg (1032 A AT T, TRME A 75.06%, TIUill4h SRS 25 R A B i — 80k . il
P K BRBRBEALE N 95.42%, WIRRIMALEIER] 99.27%.

KHER. WU, mEERL, R, —KERRE:; BHER

FESES: TDISS NERRERD: A

Preparation of boric acid and magnesium sulfate monohydrate from
boron-rich slag by sulfuric acid leaching method
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(1. School of Materials Science and Engineering, Inner Mongolia University of Technology, Hohhot 010051, China;
2. School of Materials and Metallurgy, Northeastern University, Shenyang 110004, China)

Abstract: The sulfuric acid was used to decomposing boron-rich slag. The best test conditions of the boron-rich slag
sulfuric acid leaching were determined by single factor and orthogonal experiments. The high temperature crystallization
preparation of magnesium sulfate monohydrate and low temperature crystallization preparation boric acid were
developed by sulfuric acid leaching solution. The results show that the optimum parameters are leaching temperature of
99 C, the sulfuric acid theoretical of 95% dosage, leaching time of 90 min and leaching liquid to solid ratio of 6:1. Under
these conditions, the leaching rates of B and Mg are 98.76% and 74.32%, respectively. The leaching rate of Mg predicted
by gray relational theory and the predictive value is 75.06%. A good agreement between the actual and predicted results is
obtained. The purity of magnesium sulfate monohydrate and boric acid obtained by this method are 95.42% and 99.27%,
respectively.
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Table 1 Main chemical composition of boron-rich slag (mass

fraction, %)
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Fig. 1 Influence of sulfuric acid on leaching rates of B and

Mg (Temperature: 95 “C; liquid-solid ratio: 5:1; time: 90 min;

stirring rate: 200 r/min)
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Fig. 2 Relationship between leaching rate of B and Mg in
B-rich slag and temperature (Theoretical dosage of H,SO,:
85%; liquid-solid ratio: 5:1; time: 90 min; stirring rate: 200

r/min)
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Fig. 3 Relationship between leaching rate of B and Mg in
B-rich slag and time (Theoretical dosage of H,SO,: 85%;
liquid-solid ratio: 6:1; temperature: 95°C; stirring rate: 200

r/min)
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Fig. 4 Relationship between leaching rate of B and Mg and in
B-rich slag liquid-solid ratio (Amount of H,SO4: 85%
theoretical amount; temperature: 95 ‘C; time: 90 min; stirring

rate: 200 1/min)
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Table 2 Variables levels of orthogonal experiment during sulfuric acid leaching in B-rich slag

Level No. Theoretical dosage of H,SO,4, A/%  Leaching time, B/min  Leaching temperature, C/°C  Liquid-solid ratio, D
1 85 80 90 5
2 90 90 95 6
3 95 100 99 7
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Table 3 Orthogonal experiment results of sulfuric acid leaching of B-rich slag

Experimental factor

Test No. B leaching rate/% Mg leaching rate/%
A B C D
1 1 1 1 1 96.85 59.47
2 1 2 2 2 96.76 64.51
3 1 3 3 3 95.60 66.38
4 2 1 2 3 97.10 60.82
5 2 2 3 1 99.13 71.39
6 2 3 1 2 95.23 61.60
7 3 1 3 2 98.98 73.09
8 3 2 1 3 94.81 63.39
9 3 3 2 1 96.33 67.94
Ii 190.36 193.38 184.46 198.80
i 193.81 199.29 193.27 199.20
Jil; 204.42 195.92 210.86 190.59
[i3 63.45 64.46 61.49 66.27
1Ti/3 64.60 66.43 64.42 66.40
1I1/3 68.14 65.31 70.29 63.53
Range 4.69 1.97 8.80 2.87
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Fig. 5 Flowchart of utilizing sulfuric acid leaching solution of boron-rich slag
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Table 4 Theoretical prediction and experimental results of

Mg extraction rate

Factor Leaching rate of Mg/%
Predicted A3B2C3 Dz 75.06
Experiment A;B,C;D, 74.32
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Fig. 6 XRD pattern of MgSO4H,O obtained from sulfuric
acid leaching of B-rich slag
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Fig. 7 XRD pattern of boric acid obtained from sulfuric acid
leaching of B-rich slag

8 WAL IR HII IR SEM 4
Fig. 8 SEM image of boric acid obtained from sulfuric acid
leaching of B-rich slag
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