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Fig. 1 XRD patterns of Mg(OH), obtained at different parameters: (a) Mg2+, 2 mol/L, 120 °C, 2 h; (b) Mg2+, 2 mol/L, 2 h,
1:0.5; (¢) Mg2+, 2 mol/L, 120 ‘C, 1:0.5; (d) Mg%, 120 C, 1:0.5,2h
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Fig. 2 Influence of molar ratio of Mg2+ to NH4OH on morphology of Mg(OH),: (a) 1:0.4; (b) 1:0.5; (c¢) 1:0.6
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Fig. 3 Influence of reaction temperature on morphologies of Mg(OH),: (a) 100 C; (b) 120 C; (c) 140 'C
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Fig. 4 Influence of reaction time on morphologies of Mg(OH),: (a) 1 h; (b) 2 h; (c)3 h
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Fig. 5 Influence of Mg2+ concentration on morphologies of Mg(OH),: (a) 1.5 mol/L; (b) 2.0 mol/L; (c) 2.5 mol/L
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Fig. 6 EDS pattern(a) and BET analysis results(b) of flowe-like Mg(OH),
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Fig. 8 Relationships between adsorption capacity and contact time(a), equilibrium adsorption capacity and initial
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Fig. 9 Langmuir (a) and Freundlich (b) isotherms of Cu®" and Ni*" adsorption

1 AEBRT Cu® I Ni* & 25

Table 1 Fitting parameters for Cu>" and Ni*" adsorption on Mg(OH),

Gona! Langmuir model parameter Freundlich model parameter
Ton _
(mg'g ) gmad(mg-g)  K/(L-mg™ R Ke/(L-g" n' R
cu® 80.23 78.67 0.093 0.9912 29.108 0.192 0.9760
Ni** 55.14 55.76 0.132 0.9964 20.832 0.183 0.9964
®2 WIS
Table 2 Thermodynamic parameters for the immobilization of Cu*and Ni**
Cu2+ Ni2+
'K AG®/ AH®/ AS®/ AG®/ AH®/ AS®/
(kJ-mol™) (kJ'mol™)  (kJ-mol “K") (kJ-mol ™) (kJ-mol ™) (kJ-mol K™
273.15 —14.968 —13.594
293.15 —20.207 67.108 0.300 —19.892 54.006 0.249
313.15 —27.025 —23.426
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R 10 Fros. HE 10@)MOb)AT T, RE-—%
BN I EER RS I A0 S, R AR
Ko W Bh IR R A A S R B
IR 725 tH B T T S A, MO PR AR Ak
SRR, B 10(c) T L, TR PR AR ) N = AN B
F—BBRTE 1 min BIAS]—/MEK =, £
ANy BRIE IR SE . 55 B BOMIEWIAA Y B, NPT
Bk R 3 AR, Cu™ IR R R AR R B 2, X2
R AP BTSRRI T BN B, IR 15
BN, Ni77(0.069 nm)5 Mg* (0.072 nm) K £ B 75
e B, T Cu®'(0.073 nm)t5 Mg A8 e H

4.1 _(a)' [ Cl,lz+
o Niz*
=39}
T y=4.1675-0.1382x
370 R2=0.9673
23 /
T35t )
> L}
= 1=3.3820-0.0252x
= 331 5 m=08%8/
M’\
31 L L L 1 | 7
1 2 3 4 5 6
Time/min
50 r(c) —
40k =48.7406+0.0140x
y=0.8157+20.4246x R=1
~ R2=0.9806 '
T 30F 7
o 1=32.4455+0.0005x
2 —
@m— A R=1
NG 7
4 2
ol y=212363+22793  *
R2=0.8907 °
0 05 10 15 20 25 30 35
t1/2/min1/2
#z3 IWHFEUNESE

HAE SN R TR PR S L, AT T 5 N 3 AR AR A AN
R FEAL IR RE R, Mg(OH), R
Mg® #1 O, BEJ I OH i HE Ak 225 Bt S 7 it AT
VRGBS AR T LU 7 PR (8) #2022,

Mg(OH),+Me*'—>Me(OH),+Mg** (8)

W B S 6 SE R, TP Mg TR A 71.46
mg/L(Cu®")Fl 78.28 mg/L(Ni*"), Mg> WL T H %
/Kb #E450 ppm). FEIR Mg(OH), i 2 Fr iR
KL BREEML T &8 & 79 BrmiE . 2 =pr Bk
SRR kB AR, W PR LT P O iy 2R T
B A M ZEA TR A, Y B R ME— TP 3R,
A2 22 T3 oM A 3 B R 4 UL,

Wz B 7510 (00 406 2 1) FH A B A 52 e G Tl 2 A A
b
0.18 —( ) = Cu?*
° Ni2+

2 014}
o y=0.0047+0.0301x
= 2 ~—~
£ 0.10 R2=0.9999 \
3 $=0.0370+0.0142x
= 2_
= 0.06L R2=0.9933

002 L 1 1 1 1 1

1 2 3 4 5 6
Time/min

B 10 W—Z Mg 1= R T e
US4 it 42
Fig. 10

order(a) and Pseudo-second-order(b) models

Fitting curves of Pseudo-first-

and intraparticle diffusion(c) kinetic model

Table 3 Kinetic parameters for immobilization of Cu”*and Ni** by Mg(OH),

Pseudo-first-order

Pseudo-second-order

Ion

qe/(mg'gfl) ky/min”! Rf qe/(mg-gfl) kz/(g-rngfl -minfl) Rf
Cu** 64.55 0.138 0.9673 70.42 0.006 0.9933
NiZt 29.43 0.025 0.8088 33.22 0.193 0.9999




2570

hEA O RYR

2021 429 H

(15 N R P Mg(OH), ¥ B
(Kp=7.08 X 10""*)izt i -F Ni(OH), Fl Cu(OH), 14 &
H(Kp=6.31X107"° Fll K,;=4.79X10*%), Mg(OH),
SR, L, ARERHBREE. o2 [E
WY Ni** Cu™ Ja MERTEAEIR Mg(OH),, 2Rt
M-8 4 IXIEF G, Mg(OH), 4 NiZ™ Al Cu® 1
B B AR FFLE 94%~95%

3 Zig

1) FIFH AL G4 LA BE T2 R W (&
(NH4)>SO4 1 MgSO.)ill £ i Fr bR FIORE A4) B R A6 AR
Mg(OH), . 7E [N 2649 Mg® #eJE 2.0 mol/L, Mg*™
5 NH,OH [ BE/REER 1:0.5. KHGRFE 120 'C. =
JSIEE] 2 h AR N A RIS 5E £ I AEIR Mg(OH),

2) Mg(OH), Mt Cu® I Ni* )68 /1 BT, 7E 50
mL. K 200 mg/L &R 43 51 I 200 #1300
mg 1EIR Mg(OH),, WHT 5 min i, Cu® F1 Ni*“f 2
BB ATIA E 94.09%F1 96.87%; Wil 6 min i,
Cu® M1 N LB ATIE 97.55%H1 97.34%, W
2Ry 48.78 mg/g Al 32.45 mg/g.

3) Langmuir 55 W BRAS Y A1 40t 43R W B ot
FE, TEAR Mg(OH), Bt Cu®s Ni** (1 B I ff 25 B
Al ATk 78.67 mg/g Al 55.76 mg/g. WIS FERT A
LB AR, WS AR BT, THER A F
TR, WS AR R T AR A R R
H.
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Preparation of flower-like Mg(OH), from nickel laterite and
o2+

its adsorption ability for Cu®" and Ni

SHAO Hong-mei, CUI Yong, ZHANG Wei, XU Wen-di, LI Xue-tian, SHAO Zhong-cai

(School of Environmental and Chemical Engineering, Shenyang Ligong University, Shenyang 110159, China)

Abstract: Employing waste solution after precipitating nickel from nickel laterite hydrometallurgy (MgSO,
solution containing (NH,4),SO,) using raw material and ammonia water as precipitant, hexagonal flower-like
Mg(OH), was successfully prepared by hydrothermal process without dispersant, which is composed of many
ultra-thin sheets. Flower-like Mg(OH), with perfect morphology can be obtained under the conditions of Mg**
concentration 2.0 mol/L, molar ratio of Mg2+ and NH,OH 1:0.5, hydrothermal temperature 120 ‘C, reaction time
2 h. Flower-like Mg(OH), exhibits good adsorption ability for Cu*" and Ni*". The removal rate of Cu®>" and Ni**
reach 94.10% and 95.46% in 6 min by adding 200 and 300 mg of flower-like Mg(OH),, respectively, into 50 mL
solution with Cu®" and Ni** concentrations of 200 mg/L, indicating flower-like Mg(OH), is a highly effective
remover for heavy metal ions. Further studies on adsorption mechanism show that the adsorption characteristic as
monolayer was well fitted by the Langmuir model. The adsorption of heavy metal ions was adjusted by the
pseudo-second-order kinetic model.

Key words: nickel laterite; flower-like Mg(OH),; adsorption; Cu®"; Ni**
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