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Goethite deironization process for
cobaltiferous bioleaching solution by central composite design

LI Hai-jun, YANG Hong-ying, CHEN Guo-bao, ZHOU Li-jie, LIU Yuan-yuan

(School of Materials and Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: The central composite design experimental method was employed to establish and optimize the model of iron
removal process on the basis of the single factor experiment. Meanwhile, the influencing factors of the iron removal rate
and the cobalt recovery were also discussed. The results show that, E.Z goethite method is suitable for the iron removal
process from the cobaltiferous bioleaching solution, and its mathematical model is well fitted with the trial result. Their
absolute deviation is less than 1%. The results of model variance analysis show that, when the pH value is in the range of
3.5-4.5. Temperature, the amount of seed crystal and the interaction between them are the main control factors for the
iron removal rate. The interaction between the amount of seed crystal and pH value affects the iron removal rate weakly.
It is also found that the cobalt recovery changes markedly with pH value, and the interaction between pH value and the
amount of seed crystal. Besides, the model can be used to optimize the control parameters of the iron removal process.
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Table 1 Chemical composition of cobaltiferous bioleaching
solution (mass concentration, g/L)
Fe Co Cu Ca Mg Si
29.83 2.04 0.02 0.38 0.16 0.65

O 10" cell/Lo S5 247535 4 45 0440
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Rl YA BT S5 KL, s Al
(18 2).
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Fig. 1 SEM image of goethite seed

4+—FeOOH

10 20

30 40 50 60 70 80 90
260/(°)

B2 BHERDTEFI XRD
Fig. 2 XRD pattern of goethite seed
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Fig. 3 Schematic diagram of experiment units for iron removal

process
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Fig. 4 Effect of pH, temperature and amount of seed crystal
on iron removal rate and cobalt recovery: (a) 70 C, seed
crystal 0.50 g/L; (b) pH=3.0, seed crystal 0.50 g/L; (c) pH=3.0,
70 C
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Table 2  Test results with central composite design

WIS R BoR,  SEH O SRR ER 3R S MR35
3R 99.60%F1 99.30%, BRERF KA IR IS T
O A BT SR 1 T 3IME(98.32% 1 96.58%), FRék
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X 2 PR H O REAT RSN, A
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1), LR FE R FER S B () RV [RTBCR (17,)
(AL EY 43 ) Ay
171=-93.812 5+2.611 054+33.508 5B+24.311 5C—

0.1314B—0.2114C-0.011 124*-2.497B°-3.917C" (3)

1=—272.782+0.846 554+175.743 5B+14.856 5C—
0.017 54B—4.74BC—0.0054°-22.392B*+1.388C* (4)
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Independent variable

Run n/% 12/ %
A: Temperature/ C B:pH C: Amount of seed crystal/(g-L™")
1 90 4.0 0.50 99.59 99.75
2 80 4.0 1.00 99.91 99.07
3 90 3.5 1.00 98.59 97.56
4 90 4.5 1.00 99.65 87.65
5 80 3.5 0.50 96.23 98.35
6 70 4.0 1.50 97.53 98.53
7 80 3.5 1.50 96.02 99.07
8 80 4.0 1.00 99.92 99.02
9 70 4.5 1.00 98.44 89.01
10 70 4.0 0.50 96.11 99.54
11 90 4.0 1.50 96.79 98.75
12 80 4.5 1.50 99.85 87.37
13 80 4.5 0.50 99.87 91.39
14 80 4.0 1.00 99.64 99.43
15 70 3.5 1.00 94.76 98.57
16 80 4.0 1.00 99.32 99.15
17 80 4.0 1.00 99.19 99.81
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Table 3 Analysis of variance (ANOVA) of fitting results of iron removal rate based on quadratic model
Source Sum of square df Mean square Fvalue P-value prob>F Significance
Model 44.77 8 5.6 20.22 0.000 2 Significant
A 8.75 1 8.75 31.62 0.000 5
B 3.65 1 3.65 13.19 0.006 7
C 7.42 1 7.42 26.80 0.000 8
AB 1.72 1 1.72 6.20 0.037 5
AC 4.45 1 4.45 16.09 0.003 9
A 5.2 1 5.2 18.81 0.002 5
B 1.64 1 1.64 5.93 0.0409
lon 4.04 1 4.04 14.59 0.005 1
Residual 2.21 8 0.28
Lack of fit 1.77 4 0.44 3.96 0.105 6 Not significant
Pure error 0.45 4 0.11
Cor total 46.98 16
R4 BRI 45 R T 22 0
Table 4 ANOVA of fitting results of cobalt recovery based upon quadratic model
Source Sum of square df Mean square F value P-value prob>F Significance
Model 3259971 8 40.749 64 191.676 2 <<0.000 1 Significant
A 0.931 618 1 0.931 618 4.382 098 0.069 7
B 99.088 15 1 99.088 15 466.086 1 <<0.000 1
C 2.769 33 1 2.769 33 13.026 24 0.006 9
AB 0.030 625 1 0.030 625 0.144 052 0.7142
BC 5.6169 1 5.6169 26.420 5 0.000 9
A4 1.054 738 1 1.054 738 4.961 225 0.056 5
B 131.947 8 1 131.947 8 620.649 7 <<0.000 1
lon 0.506 985 1 0.506 985 2.384 733 0.1611
Residual 1.700 77 8 0.212 596
Lack of fit 1.270 05 4 0.317 513 2.948 667 0.1599 Not significant
Pure error 0.430 72 4 0.107 68
Cor total 327.697 9 16
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Fig. 5 Contour maps of influence of interaction between various factors on iron removal rate (%): (a) pH and temperature at

amount of seed crystal of 1.00 g/L; (b) Amount of seed crystal and temperature at pH=4.00
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Fig. 6 Contour maps of interaction between various factors on cobalt recovery (%): (a) pH and temperature at amount of seed

crystal of 1.00 g/L; (b) Amount of seed crystal and temperature at pH=4.00
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Table 5 Analytical results of relative deviation of model

. Actual value Fitted value Relative deviation/%
Experimental
. Cobalt Iron Cobalt Iron Cobalt Iron
point
recovery removal rate recovery removal rate recovery removal rate
(3.90, 0.60 g/L, 70 C) 97.32 100.00 96.48 100.33 0.86 —0.34
(440, 090 g/L, 75 C) 100.00 91.87 100.67 92.30 —0.67 0.46
(3.60, 140 g/L, 89 C) 98.93 99.50 98.00 99.46 0.94 0.05




2046

A G A R

201347 H

R 2E 0 0.81% . PIRASAHN i 22 1 24 0)
EHEDNT 1%,

3 Zig

p=}

1) BRRRERLRERELY], HrP Iy 100 g/L 1)
WRIR ANV, SN Sl HE 18 % 0 600 r/min 441 T,
SRR VAR ALK (B R . pH {H 3.5~4.5,
WEE 70~90 C, i fhE 0.50~1.50 g/L.

2) FIH LSS BRI THOE A, 13815
T 5 A i SR BRI R I B AR .
PG 5 BAIE SR 45 W) & B s, 2 (4
XHEDNT 1%,

3) 1 pH & 3.5~4.5 Julfly, WEEE P EEEE
BRI FER R, M 3252 pH A5

Wi PR BT SR AT B 045 w2k P R A 25 A 3R
Z I A EATE Y o JRLSERT R 2 TR A LA I B

BRI s 1o T4k e, pH BT R 2
AR AZ A R T E W IR 3R . S e R B R 1 X Ak
AR BRI RE AP 24

REFERENCES

[1] NDLOVU S. Biohydrometallurgy for sustainable development
in the African minerals industry[J].
91(1/4):20-27.

[2] MORIN D, PINCHES T, HUISMAN J, FRIAS C, NORBERG A,
FORSSBERG E. Progress after three years of BioMinE—

Hydrometallurgy, 2008,

Research and technological development project for a global

assessment of biohydrometallurgical processes applied to
European non-ferrous metal resources[J].
2008, 94(1/4): 58—68.

[31 SLATER M J. Iron
Hydrometallurgy, 1987, 18(1): 123.

(4] B Uk, #ITE, T4, M JNERE AR A
AR R W P BRER[T]. AR RS, 2005(5):
13-15.

ZHAO Yong, JIANG Kai-xi, WANG De-quan, GUO Ya-hui.

Hydrometallurgy,

control in hydrometallurgy[J].

Iron removal from hot acid leaching solution of zinc roasting

dust by goethite process[J]. Nonferrous Metals: Extractive
Metallurgy, 2005(5): 13—15.

[51  XkBt, BRIAIC, FHREEM, KPR Wik ReeR gk
W Bk o B 10 160 4% (0], P B A0 < A 4, 2008, 18(S1):
s27-s31.

DENG Yong-gui, CHEN Qi-yuan, YIN Zhou-lan, ZHANG
seeds for removal of

Ping-min. Preparation of goethite

[10]

[11]

[12]

[13]

ferrous/ferric ions from leaching solution of zinc in
hydrometallurgy process[J]. The Chinese Journal of Nonferrous
Metals, 2008, 18(S1): s27—s31.

KB, BRIE T, R, TRV R BRR R LR B
F 4 )E, 2010(3): 80-84.

DENG Yong-gui, CHEN Qi-yuan, YIN Zhou-lan, ZHANG
Ping-min. Removal of ferrous/ferric ions from zinc leaching
solution by goethite process[J]. Nonferrous Metals, 2010(3):
80—84.

WAR, TEM, O, L. B kB R
B R TR S W BT R RS ]. IR 4, 2007, 26(2):
88-91.

PENG Jian-rong, WANG Ji-kun, YANG Da-jin, YAN
Jiang-feng. Study on removal of iron from pressure acid leaching
liquor of zinc
Hydrometallurgy of China, 2007, 26(2): 88—91.

AR O, LA, BHEE. B IEDTERE R Ik AR
FRITALRIT]. &85035, 2012, 27(3): 329-334, 342.
XIONG Fu-giang, GUI Wei-hua, YANG Chun-hua. Integrated

sulfide concentrate precipitated indium[J].

prediction model of iron concentration in goethite method to
remove iron process[J]. Control and Decision, 2012, 27(3):
329-334, 342.

T3 B, ARG AEE R R R R P 20 B IR AT
RI6 4, 2003, 22(4): 169-182.

FANG Cheng-kai, TAN Pei-jun. Separation and recovery of
cobalt and nickel from electro-solution of Co-Ni waste[J].
Hydrometallurgy of China, 2003, 22(4): 169—-182.

O, AR SRR RSN P R B W
BEWIS[I]. A2Ath 5, 2001, 42(6): 289290, 305.

WANG Yan, ZHOU Chun-shan. Study on the separation of
cobalt, iron and manganese from the leach solution of sulphated
calcined cobalt residue[J]. Chemical World, 2001, 42(6):
289-290, 305.

WREZLME. HEMERT i B 1 & SR BT BRI ST 0], B
MRS 4 TR, 2012(4): 27-29.

CHEN Hong-bin. Iron removal from acidic leaching solution of
Co white alloy by goethite process[J]. Metal Materials and
Metallurgy Engineering, 2012(4): 27-29.

RODDA D P, JOHNSON B B, WELLS J D. Modeling the effect
of temperature on adsorption of lead (II) and zinc (II) onto
goethite at constant pH[J]. Journal of Colloid and Interface
Science, 1996, 184(2): 365-377.

LACKOVIC K, ANGOVE M J, WELLS J D, JOHNSON B B.
Modeling the adsorption of Cd (II) onto Muloorina iolite and
related clay minerals[J]. Journal of Colloid and Interface Science,
2003, 257(1): 31-40.

(RiE FRITE)



