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Experimental Study on Improving Leaching Rate of Beryllium from Chrysoberyl
by Response Surface Methodology

PANG Dandan, JIANG Qin, CUI Chuanfa
( Zhengzhou Vocational University of Information and Technology, Zhengzhou 450000, Henan, China)

Abstract: A chrysoberyl-type beryllium ore from Xinjiang, containing 0.102% Be with quartz as the dominant gangue
mineral, was taken in an experimental study on sulfuric acid leaching. According to the Box-Behnken experimental
design principle, a multivariate regression equation was established by using response surface methodology (RSM) for
three influencing factors of leaching effect, including liquid-solid ratio, leaching time and leaching temperature, as well as
their interactions. Based on the test of significance of regression equation, the optimum process conditions were determined
as follows: roasting temperature of 900 °C , roasting time of 3 h, sulfuric acid concentration of 50% , liquid-solid ratio of
3.2: 1, leaching time of 4.8 h and leaching temperature of 90 “C. Under these conditions, the Be leaching rate is
predicted to be 89.73%, and an average value is 89.10% based on three parallel experiments, indicating that the
established model is accurate. A kinetic model of leaching revealed that the leaching process was controlled by interfacial
chemical reactions, with an apparent activation energy at 50.42 kJ/mol.
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Table 1  Analysis results of chemical composition of raw ore %
Be F Li Nb Cu Pb Zn
0.102 1.01 0.001 0.003  0.0042 0.018 0.013
Si0, Al O, Ca0 MgO K,0 Na, O TFe
42.12 23.10 2.47 3.15 3.18 3.12 2.30

1—BeALO, &4t 54
2—MgBeAl O J53EA
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XRD pattern of raw ore
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Fig. 1
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SR b KA A MR ES A A AR R A R T
MR, TR & AR B 2= =R

BeAl,O, + 4H,S80, =——
BeSO, + AL(SO,), + 4H,0
MgBeAl, O, + 8H,80, =——
MgSO, + BeSO, + 2AL(S0,), + 8H,0 (2)
1.3 ELHRERRITESE

JF W RE LIRS 2 3 mm LA, SR 4 v B
FE VR SE S fbIn e £, SCHAEZE @200 mm x
250 mm FFEEENET 2 1 mm LT, BES 5
KGR SE TR et F T e 20R th 9e 86, Se gt 4

(1)
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MR RFTEN
IR R R R LA R R -1 mm B0 7E
900 °C T Xike 3 h, sk btk FH B sk i 50% 1Y it
PRI TRV EE 30 1 32 ] 4 h 32 R 80 C
KT BHZ RN 80.13% , BN 44k A M I2
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SR R i TS F)F Design-expert 8.0 3% 44714 Box-
Behnken 1175 % ( BBD) , LUV A [t (X,) L3 H i ]
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ZKV R b tn 25 2 Fifs 45 RN 3 Fs , (Bl AR Y
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Table 2 Factor, levels and codes in experiment

7K
o -1 0 1
X, 2:1 3:1 4:1
X, 3 4 5
X, 70 80 90

FIHERA X S g 48 SRk A7 [l U5 434, LAV [
Ho(X)) R HEFEN(X,) =R (X,) AR, B
W2 R N Y A4S B R A A
Y =82.11 + 1.73X, + 2.83X, + 1.70X, + 1.15X,X, -

0.87X,X, + L.72X,X, + 1.04X,* - 2.84X,> - 0.77X,>

(4)

P AETT LU AR FRAE [P BE R 5C R 5800 w2, P
N, B Y R 4 ek S T LIE %
PAE/INT0.000 1, 2 WIEHEHUL5 FR 2 AT By
2 H Yo R0 0.992 2, JEHE e E R R 0.9822,
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Table 3  Experimental results
sy i
1 0 0 0 82.17
2 -1 1 0 79.81
3 0 0 0 82.18
4 0 1 -1 78.29
5 0 -1 1 75.28
6 0 -1 -1 75.26
7 0 0 0 82.13
8 1 1 84.87
9 -1 0 1 83.26
10 1 1 0 85.67
11 -1 -1 0 77.25
12 1 0 -1 83.26
13 1 -1 0 78.52
14 0 82.07
15 0 82.02
16 -1 0 -1 78.16
17 0 1 1 85.19

x4 HEARBEFESWER

Table 4 Variance analysis results of regression model

T EARIR M AW HUr FE P{E
TEETR 171.98 9 19.11 99.07  <0.000 1
hk2% 1.35 7 0.19

A 1.33 3 0.44 95.87 0.000 4
afi{R s 0.019 4 0.004 63
PR 173.33 16
e A 0.9922
TR IUE R 0.9822

x5 MAFBRRYBERRBRER
Table 5 Test results of significance of coefficient

for regression equation

FERE P AHE HHFE O FE P

X, 23.94 1 23.94 12413 <0.000 1
X, 64.13 1 64.13  332.47  <0.000 1
X, 23.22 1 2322 12039 <0.000 1
X, X, 5.27 1 5.27 27.31 0.001 2
X, X, 3.05 1 3.05 15.79 0.005 4
X, X, 11.83 1 11.83 61.35 0.000 1
X,> 4.56 1 4.56 23.63 0.001 8
X,> 34.01 1 34.01 176.31  <0.000 1
X,> 2.48 1 2.48 12.84 0.008 9

NGET24 3 Xk, AR AR T AR Ay T 0 B S5 58 Ak
IR

PAE/NT 0.05 B, Fon iz bids bR B %, k& sl
ALRE L (X)) R (X,) R R (X)) B P

/8T 0.000 1, FBHIX 3 A4~ R XHIR H R0 5
FE R o 22 HLIGR H A E) SR R (X, X)) A
FE A 5 P A 28 IO IR H R i B

FAESR XA G S H R BOHA T & A 0 1 95
b, — B F RO 2R R A 2 RS ]
DA X, X, X, XX, [ FAESTh 332.47 124.13
120.39 ,61.35 , X SE PR R X 15 Hh R i) 8 2 1 K/
WF A7 2 X, > X, >X,>X, X,
22 WENEESHR

BT 9w = 4 Ay S bR (R R B0 AR, A
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¥Y=0.99117X+0.4483
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Fig.2  Comparison of actual and predicted leaching rates of beryllium
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Fig.3 Residual distribution of leaching rate
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Fig.4 Effect of interaction between liquid-solid ratio and leaching time on leaching rate of beryllium
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Fig.5 Effect of interaction between liquid-solid ratio and leaching temperature on leaching rate of beryllium
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Fig.6 Effect of interaction between leaching temperature and leaching time on leaching rate of beryllium
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Fig.7 SEM image of leaching residue

JEH Th A CaO 207, B SRR A E AL R
Ca0 + H,80, == CaSO, | + H,0 (5)
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Table 6  Analysis of EDS chemical composition of

leaching residue %
(VA= Be 0 Si Ca S
a 0.02 45.12 43.93 8.56 2.37
b 0.01 43.21 45.80 9.13 1.85
c 0.02 46.89 40.15 10.27 2.67
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Y Z IRl A K, 25 BRI 22 ) B 1 IR (1) Fl R
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Fig.8 Relationship between beryllium leaching rate and

reaction time at different temperatures
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