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Recovery nickel from Berkheya coddii biomass
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Abstract: The leaching and electrowinning of nickel from Berkheya coddii biomass was studied according to
incineration—hydro-extraction and purification— electrodeposition—Metal/product flowsheet, and ammonia-ammonium
chloride solution was used as leaching agents. The research was carried out in two phases, which are a leaching study to
determine nickel extraction efficiency of this leaching agent, and an electrowinning study to determine nickel
electrodeposition efficiency from the filtrate. The results show that leaching temperature has the most dominant effect on
the metal extraction performance, followed by mole ratio of NH,Cl to NHj, liquid-solid ratio and leaching time.
Accordingly, the optimum leaching conditions are that temperature of 50 ‘C, n(NH4Cl1):n(NH;)=0.6, leaching time of 2 h
and L/S=5:1. The total nickel removal after leaching under optimum condition reaches to 97.61%. The optimum
conditions of nickel electrodeposition experiments are obtained as p(Ni*") of 23 g/L, polar distance of 3.5 cm, current
density of 200 A/m? and temperature of 40 ‘C, and the ultimate nickel content in the as-synthesized nickel plate is more
than 99.999%.
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Table 1 Main chemical components of this biomass (mass

fraction, %)

Ni Fe Ca Mg Al K S P Others

1222 092 880 0.84 3.03 841 0.62 0.76 64.0
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Fig.1 Flow sheet of resource utilization of hyperaccumulator

harvest
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Table 2 Experimental factors and levels selected for leaching

of ground Berkheya coddii

A B C D
Level
n(NH4Cl):n(NH3) Temperature/’'C  Time/h L/S
1 1.0 30 2 3:1
2 0.8 40 3 4:1
3 0.6 50 4 5:1

Table 3 Leaching experiment and analysis of means (ANOM) and range

Experiment No. A B C D Leaching rate of nickel/%

! ! ! ! ! 86.12

2 ! 2 2 2 88.34

3 1 3 3 3 90.18

4 2 1 2 3 86.45

5 2 2 3 1 90.60

6 2 3 1 2 93.50

7 3 1 3 2 88.90

g 3 ) 1 3 95.65

9 3 3 ) 1 97.80
Average 1 88.213 87.157 91.757 91.507
Average 2 90.183 91.530 90.863 90.247
Average 3 93.827 93.827 89.893 90.760
Range 5.904 6.670 1.864 1.260

R4 BB E M (0=0.05)

Table 4 Variation analysis of square error for nickel leaching rate

Experimental factor Sum of square error DOFY Variance rate Critical value
A 54.201 2 22.499 19
B 68.890 2 28.597 19
C 5.211 2 2.163 19
D 2.409 2 1.000 19
Error 2410 2 Dimention

1) DOF is free dimention.
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Table 5 Confirmation experiment results

Experiment Lixivium Metal content of lixivium/(g-L™") Leaching rate/%
No. volume/mL Ni Al Fe Ca Mg Ni Al Fe Ca Mg
1 241 24.55 0.098 Trace  0.0990  Trace 96.85 1.56 0 0.54 0
2 262 23.01 0.101 Trace 0.099 6 Trace 98.65 1.75 0 0.59 0
3 257 23.14 0.099 Trace  0.0989  Trace 97.34  1.68 0 0.57 0
Average 760" 23.57 0.093 Trace 0.099 2 Trace 97.61 1.66 0 0.57 0
1) Total lixivium volume
&6 Nulgas R
Table 6 Scale-up experiment results
Experiment Lixivium Metal content of lixivium/(g-L™") Leaching rate/%
No. volume/mL Ni Al Fe Ca Mg Ni Al Fe Ca Mg
1 2482 23.44 0.128 Trace 0.09 Trace 9525  2.09 0 0.55 0
2 2562 23.90 0.131 Trace 0.06 Trace 97.60 221 0 0.35 0
3 2589 23.16 0.092 Trace 0.06 Trace 98.14  1.57 0 0.35 0
Average 7 6339 23.50 0.117 Trace 0.07 Trace 97.0 1.97 0 0.42 0
1) Total lixivium volume
RN Ja S B FESE R (1 Fey Al Ca Fl Mg 5532
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Fig.2 Effect of nickel ions concentration on current efficiency

and energy consumption
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Fig.4 Effect of temperature on current efficiency and energy

consumption
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Table 7 Main chemical components of as-synthesized
electrowinned nickel
w(Ni) Alkaline-carth Transition metal ~ Others
metal
>99.999% Trace Trace Trace
+ A
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2) w6 SO IR TR 60 °C;
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3) GHBAURE, A S EOh: p(Ni*)23 g/Ls
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15851 99.999% 1] 4l 4 .
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