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Table 1 Physical property parameters of SBA-15
mesoporous silica
L/ LL R M/ NaO; it
e =R fie/om L E
(em® » g~ 1) (m? « g™ 1) S %
1~2 550~600 6~11 <0.01

1.2 REHE
1.2.1 BEZSUENHE

FE F A 5 RS0 I 55 JE Al 1, 2 EROGHAR
BRI 2-2 3 O BERR M (2- 2 H 2 FO iR
(P50 VR R A FL A8 A fk A A5 L) L = S0 e
CEADE N i B A FL 98 >k — S AL A1 B SBA-
15 1E MR B L AR B 34, & R B AL
TEACEEM B, B — 2R FR (0. 8.1.0.2.0.3. 0,
4.0 mL)P507 Z B F 25 mL &5 %7 b 7E
25 ‘C FMA 1.000 g SBA-15, 18424 h, Bk
SERUG S TEMRBE 50 C HEPE B 90 r/min 55 T i€
75 1 h BR G 05 15 B A BGR B E A L Sk Rk B
ER A, 25 ABaikehkd i HE pH B
TE S B 60 CH KT HRAR T 24 h B 5 A
60 CH2 THA M T 24 ho & H. AR A
RINR B LA AL I PSO7 AR o i
% N SBA-15-P507 (), Bl SBA-15-P507 (0. 8) .
SBA-15-P507 (1. 0), SBA-15-P507 (2. 0) . SBA-15-
P507(3.0) .SBA-15-P507 (4. 0),

1.2.2 FEWMIRLE

I3 BIFRE—E & CoSO, « 7H, O F1 NiSO, « 6H, O
R A B 2l K, R B R RN AR AL B
WRTTHEW pH, Z 5 L ERZ 1 LAENTHE
WY B — 4 S T R, A, PR — i
CoSO, « 7TH,Of1 NiSO, « 6H, O & 7 il 45 ¥ A&
W B AR TR 4 TR S ORR, TH TR A AR R WP
RERF Y . I FH e B e 7 1) 1 77 1 — A ik AR,
TR, S BLIE RIS RO A . WI2B R oe =,
TRA IR 2 h R L iR A Lk 3 W B £
WHRREL 1.0 g P507 =it fL A ALk T 250 mL
BERR T, Fae R T AR R EE 1/ 200 (g/mLs B RD N
AN BE 08 5 i R W, TE AR TR R B 2R IR
P — 7 B 1], BB s Ry 8 W A i i o, DR R 5k
TR N 2 VW R A e R RE L Dl i DR R T A
PE AR ERE 3 W BCFMAE.
1.2.3 BRPBFREMNUER X

BEAH R Co™ ™ N ARUER R (1 g/ L) 43 31
i 6 S AN [) Jo V€ B (1.2.5,10,15 il 20 mg/L)
HITR A AR VS . AN [R) 42 T 25 7 I o v B 0 e
JELA B ICP-OES M 2k 4F il 22 4 )8 2+ Bt it
e BE B b o i 2%
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201,10 WR Bt Bsf 8] e R B 4 22 i
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5.0.Co™" Ni*" W1 i i 2 vk B 24 R 400 mg/L %%
PET 2 220 B I ] % SBA-15-P507 (0. 8) 1% Fff
Co®" NI*" 52 ma , 45 RANKE 1 s,
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Fig.1 Effect of adsorption time on adsorption of Co
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Fig. 2 Effect of P507 amount on adsorption capacity of

impregnated silica

I 2 & B P507 RN, Co*t NI
W B 34, ax g B O B T AR Ak RE 0 B
Co™" Ni*" [ R Z AL 43 Ky P507, Ho 2 48 Jn &
B O e fE W R AR D Tt P507 A iR
2.0 mL/ghf 2L A AL RE X Co®t (NPT 1
W B 35 fe K P507 & i 2. 0 mL/g B,
Co™" (Ni* " I Bff 45t 357 3 B0 — o2 7 B R 1K, X T g
W N Z P507 AL e i I s UR 4 1 — Mk

REFLIE b, FLIE AR 28 A FF AR B Co™ " ONiT
B 1) FLIE 2R T 5 SO0 B R RS AR R
LGRS A, 1,00 g A EEH] 2.0 mL
P507 AU BT il £ #5215 A0 FL — AL R Y M L
s R J5 2R 0 7R IS LT R AT, Bk
SBA-15-P507 (2. 0)VE A W B 5]
2.1.3 BHEAEA pH Xt IR B #9545 M

W pH B M B ERERRZ —,
AL 3 52 5 W T B A AR L2 3 23 5 i W Y
FIA B, 78R P Co® Ni2© i i He B ¥ h
400 mg/L . J i B [A] 120 min 4510 F . % 2SR i
WitE pH % SBA-15-P507 (2. 0) W fft Co*"  Ni*"
WS, 25 SRR 3 FiR .

70
60 -
50
40
30
20
10

0
3.0 4.0 5.0 6.0 7.0

BB 46 pH

SRETPERH R/ (mg + g7)

B3 BE#E pH Xt SBA-15-P507(2. 0) U B
Co** \Ni** HI 21
Fig. 3 Effect of initial pH of feed liquid on adsorption of
Co*" and Ni** by SBA-15-P507(2.0)
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Fig.5 Effect of adsorption time on adsorption capacity of

Co*" and Ni** by SBA-15-P507(2.0)
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SBA-15-P507 (2. 0) B fff Co*" . Ni** 1y #fE —
() EZH D G S I LK 2. W]
L WE G sh 2 T AL A O RO W
TUHE— G 3 Iy 2, U0 W1 I AT DT 4y 40 G il g
B, 38 o e g B 0y Oy R UG AR F Al
R i g S R B B0 (E . Ui W] SBA-15-P507 (2. 0)
XF Co™" INI* 1 W B ok B2 TR IS A R g sl
SFHE IR LRSI X Co® " NPT R R B O R T A2
b2 B I 42 1l
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Table 2 Kinetic fitting parameters of adsorption of Co** and Ni** by SBA-15-P507(2.0)

WE— 293 Jy 2 O i

HEZ s 120 /&

W B B T Ge.itie/(mg + g~ 1)
G /(mg+ g 1) k1/min ! R? Ge.mig /(mg+ g 1) ko /min ! R?
Co?t 58. 90 66.276 6 0.128 7 0.976 4 61.087 4 0.005 3 0.997 6
Nizt 23.45 20.512 3 0.113 0 0.972 6 26. 845 6 0.005 9 0.997 5
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Fig.7 Adsorption isotherm of Ni*" by SBA-15-P507(2.0)
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Table 3 Isothermal adsorption fitting parameters for adsorption of Co’* by SBA-15-P507(2.0)

Freundlich Langmuir
TR /C
kr/(mgh /e LV e gl n R? gm/(mg+ 1) kr/(L+mg 1) R?
25 9.501 0 2.880 5 0.947 7 57.241 0 0.104 8 0.998 9
30 12.497 4 3.452 8 0.830 4 58.038 3 0.142 0 0.998 9
40 15.896 8 3.893 9 0. 880 8 60.277 3 0.246 0 0.999 6
50 21.818 7 4,854 4 0.905 7 63.451 8 0.803 2 0.999 9
2.3.2 Nt RMZES o 30r
SBA-15-P507(2. 0)%F Ni* ™ B W Bt 25 15 2k 40 & 2
. . g -
9 iR, A LI SBA-15-P507 (2. 0) % Ni*™ iy & 20
R Y k0 4 5 B 0 8K B 2 A B
LS 0 5 LV 0% Sk I3 25 10 01 » 35 9 3 o —e—wc
- ,9 & —&— 50
JETHE A H T SBA-15-P507(2. 0)%F Ni* ™ 1 fff . Z . , . .
MTTERY QR A1 e DE NG TS B 0 200 400 600 800
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X9 Bdig AT LA BLA R Zan &l 10 Fra ., W] 9 SBA-15-P507(2.0) Xt Ni*™ i IR Bif 4558 28
PIE 1 :SBA-15-P507(2. 0) %t Ni*™ f) W B 22 Bl Vg Fig. 9  Adsorption isotherm of Ni** by
BEF 0/ 8B FHR A T N W SBA-15-PS07(2.0)
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Fig. 10 Langmuir(a)  Freundlich(b) isothermal adsorption fitting curves of SBA-15-P507(2.0) for Ni**
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Table 4 Isothermal adsorption fitting parameters of Ni** by SBA-15-P507(2.0)
Freundlich Langmuir
EE/C
kr/(mg! 1/ e LVn e g=1) n R? G¢m/(mg+ 1) kL/(Lemg 1) R?
25 6.989 9 4.237 5 0.953 5 26.860 1 0.080 5 0.999 1
30 5.710 3 3.823 1 0.974 8 26.2950 0.056 7 0.998 8
40 5.415 8 3.94 8 0.987 5 24,582 1 0.051 9 0.998 1
50 4.650 7 3.787 4 0.961 8 21.862 7 0.048 9 0.998 9

SBA-15-P507 (2. 0) W Fff Ni*™ 1) 45 i W B 40045
ZHI R A, VT ULE MR R R EXET,
Langmuira5 75 W B 7 1) #0042 4 F Freundlich,
MR FRECR TE 0.99 Lh b B Langmuir 55 3
R AR Lt Freundlich &5 3 W B85 784 B 35 45 i iR
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Table 5 Thermodynamic parameters for adsorption of
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Fig. 11 Effects of reaction time on separation coefficients

and removal rates of Co’* and Ni2* by SBA-15-P507(2.0)
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Fig. 13 Thermogravimetric analysis curves of SBA-15,
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Solid-Phase Extraction of Cobalt( II ) and Nickel( Il ) from Wastewater Using
Impregnated Mesoporous Silica
ZHANG Shenghang,SHU Xuanzhao,JIAO Ziming, HUANG Yukun
(School o f Chemical Engineering »Zhengzhou University » Zhengzhou 450001 ,China)

Abstract: A series of impregnated mesoporous silica SBA-15-P507 was prepared by using 2-ethylhexyl
phosphate (P507) as extractor and mesoporous nano-silica material (SBA-15) as carrier. The
adsorption properties of SBA-15-P507 on Co®" and Ni’" in wastewater were investigated. The results
show that under the conditions of adsorbent dosage of 5 g/L,initial mass concentrations of Co®" of
400 mg/L,initial mass concentrations of Ni*" of 400 mg/L, adsorption temperature of 25 °C, the
equilibrium adsorption capacities of Co’" and Ni** can reach 58.90 and 23.45 mg/g. respectively.and
the adsorption equilibrium time is 40 min. The adsorption processes of Co’" and Ni*' conform to the
quasi-second-order kinetic equation, and the adsorption isotherms of Co’" and Ni*" conform to the
Langmuir isotherm adsorption model. The adsorption reaction of Co*" is endothermic, while that of
Ni*" is exothermic. In the mixed simulation system containing Co*" and Ni*" ,SBA-15-P507(2. 0) can
selectively adsorb Co®". 0.1 mol/L sulfuric acid solution has significant elution effect on Co’" adsorbed
by SBA-15-P507(2.0).The research results can provide a new way for the purification of cobalt-nickel
wastewater, which has certain theoretical guidance and practical application value.

Key words: cobalt;nickel; solid phase extraction; macerate; mesoporous silica; wastewater; purification;

removal





