25 3 ,2012 7

Vol.25 No.3, July 2012 JOURNAL OF NINGBO UNIVERSITY ( NSEE)
SIOQ
315211
SIOZ ) s
Si0, (AL-SiO,), SEM FTIR  XPS cu*  pb*
Cu2+ Pb2+
: A-SiO,  Cu*™  Pb* 7lmgg' 138mgg’, 0.100g Al-SiO,
100 mL 50 mg-L™ Pb*" 95.3%, 3 89.8%.
SIOQ )
1 TQ424 A :1001-5132 2012 03-0092-05
1
[1-4] 1.1 Sio, [12-13]
18.0¢g 1000 14.0g 2000
57, 16.0g
40¢g ,
, , 170 3h,
[9-10] ’
[11]
60 2h,
, 3h, , 50
8], Si0, NH;-H,0 12 h,
Si0,, 60
2h, NH;3-H>O,
, Si0, , 5 min’
Si0, 820 30 min, ,
, Si0,
, cu* Pb* 12 SO,
, Si0, ( 10cm 3cm
1 2012-04 —12. : http://3xb.nbu.edu.cn
: 973 2010CB635116 2011C50052
1987 . E-mail: qunzhang2010@126.com
* : 1965

. E-mail: liangyunxiao@nbu.edu.cn



3 , SiO, 93

0.3 cm) 0.3~0.4cm . 1 SEM . 1 ,
g 80 2h, 50mL 0.3 mol'L" , 1 pum, SiO,
, 120 ,
12 h, , Si0, ,
, SiO, , ,
(AL-SiO,). 150 6h 0.4 mol-L™!
13 ,
JSM-5600LV
(SEM) ; /Kratos AXIS-ULTRA
DLD X (XPS)
; FTIR
PROTEGE460 E.S.P Nicolet ,
KBr .
14 Cu2+ Pb2+ 1 Si0, SEM
ct ph 212X
_ Si0, 2 Si0O, XPS
ct ph ,Ols 532.7eV, Si2p 103.4
50 rmin”! , ’ eV, Si0, Ols (532.8¢V)
(ICP) c? Pb Si2p (103.2~103.7 ¢V) . Al2p
LW cdt pp C© 74.1 ev, ALO; AI(OH); Al2p
ctt Pb : ( 743eV  T44eV). 1
Q=(C,~-C,)-V/m, (1) Si0, » Al
R=(C,~C,)/C, x100%, @) 7.38%, 10.11%.
.Q ,mgg ;R , %; Co 1 ALSiO,
,mgL;C;  Ce t 1% 1%
,mg'LhV 0 66.79 5424
,L;m ) 8. Si 19.11 27.24
) Al 7.38 10.11
Na 6.72 8.41
2.1 SO, 213 (FTIR)
2.1.1 3 ,3438cm™”  Si-O-H O-H
1(a) (b) Si0, , Si0, ,
N Si2p = Ols N Al2p
TH AU A N TR
-/ A U | R A N O
E / \ El__/ . B/ \V\w
108 l(l)6 1OI4 1(‘)2 1(;0 9I8 53lé 53‘4 552 53l0 52IS 78 7I6 7I4 7I2 7‘0

LiBHE / ev LEBhE /ev ZEERE /ev

2 AlSiO, XPS



2012

94
1099 cm™ Si-O-Si ,805cm”  Cu®t  Pb* 82.7%  95.3%;
470cm™  Si-O . 3000~3 400 300mg-L”' 40%
cm’! Si0, (14,
2.4
. . . . \ Langmuir
4000 3200 2400 1600 800 Freundlich
wavenumbers / cm’
3 Si0, (15-15]
22 Cu** Pb* ) '
6 Al-SiO, Cu*" Pb*' ,
pH .
2 2 , Langmuir
- ’ (;uz - Freundlich
’H ’ q ; 0.93 . Freundlich
p > p Pb2+ ,n 1’
' ’ ,n(Pb*")  n(Cu®"), Al-SiO, Pb**
pH 63( Cu™) 64( P ( 2)+ () .
4 cut Cu Langmuir
. , u .
. AlSiO, Cu** Pb*’ 71
) s -1 -1
mg- 138mg-g .
, , 3.5h &8 e
120 -
v v 60 [
100
% 80 % SOF
& &
g 60 § Freundlich
= 40 S S Langmuir
S Do
_A_Cu2+
0 50 100 150 200 250 300 0 200 400 600 800 1000
¢/ min C./(mgL")
4
120
2.3 ~
90
5 . §
= 60 Freundlich
100 mL gj ‘/ - Langmuir
50mg-L’ , 0.100 g AI-SiO, &
100 % 200 400 600 200
80 ‘\ C,/(mgL")
< 60 — v Pb” 6 AlSiO, Cu*" Pb*
~ —a O
< 40F ! 2 Langmuir  Freundlich
20 x\§1§\. Langmuir Freundlich
0 . . . . ) s | 2 2
0 200 400 600 800 1000 Qua/(mgg’) DAL'mg) R n R
C,/ (mgL") Pb** 138 0.0122 0938 509 0.973
5 cu* 71 0.0072  0.937  3.93 0.992




3 , SiO,

. MCM-41 1000 m*-g’!
= Cu*’ 38.46
mg-g" % SBA-15 700~1000 m*-g' 21,
Pb*>" 193 mg-g" 2,
Si0, 130
m*g’, Al-Si0, Cu®" Pb*"
71 mg-g’ 138 mg-g’,
2 5~14
’ ’ [8-9],
Si0,
3
1
Si0,
Al-SiO,,
SEM XPS FTIR .
2) Ccu*  Pb* , Al-
SiO, . AlSiO,  Cu* Pb*
, Langmuir  Freundlich
,  Pb* 138 mg-g™.
3) Si0,
(1] , , . cu*
(. ,2012, 31(1):64-68.
2] , : -
(. , 2008, 27(6): 746-750.

[3] Hao Y M, Chen M, Hu Z B. Effective removal of Cu(II)
ions from aqueous solution by amino-functionalized
magnetic nanoparticles[J]. J Hazard Mater, 2010, 184
(1/3):392-399.

[4] , , , . Cu pb*
ca* 1. , 2008, 28(3):379-382.
[5] > i > .
[7]. ,2010, 29(5):890-895.

95
. , 2006, 9:568-572.
[7] , , 1.
). ,2012, 27(2):134-138.
(8] , , .
. , 2008, 20(3):245-252.

[91 Zhu G, Yang Q, Jiang D, et al. Synthesis of bifunctiona-
lized mesoporous organosilica spheres for high-perfor-
mance liquid chromatography[J]. Chromatogr. A, 2006,
1103(2):257-264.

[10] Zhu G, Jiang D, Yang Q, et al. Trans-(1R,2R)-Diamino-
cyclohexane functionalized mesoporous organosilica sphere
as chiral stationary phase[J]. Chromatogr. A, 2007, 1149
(2):219-227.

[11] , , , .

[J]. , 2006, 34(1):107-108.

[12] Zhang Ruifeng, Long Nengbing, Zhang Lele. Preparation
of 3-dimensional SiO, structures via a templating method
[J]. Thin Solid Films, 2009, 517:6677-6680.

[13] , TiO,/Si0,

1. , 2009, 25(7):1153-1158.

[14] , , , .

H,N-Zr-Ce-SBA-15 [J1.
,2010, 26(6):1711-1716.

[15] Eveliina R, Tonni A K, Jolanta K W, et al. Removal of Co
(IT) and Ni(II) ions from contaminated water using silica
gel functionalized with EDTA and/or DTPA as chelating
agents[J]. J Hazard Mater, 2009, 171(1/3):1071-1080.

[16] Benhamou A, Baudu M, Derriche Z, et al. Aqueous heavy
metals removal on amine-functionalized Si-MCM-41 and
Si-MCM-48[J]. ] Hazard Mater, 2009, 171(1/3):1001-1008.

[17] Mihaela M, Aurora R, Ioan S, et al. Modified SBA-15
mesoporous silica for heavy metal ions remediation[J].
Chemosphere, 2008, 73(9):1499-1504.

[18] Heidari A, Younesi H, Mehraban Z. Removal of Ni(II),
Cd(II), and Pb(Il) from a ternary aqueous solution by
amino functionalized mesoporous and nano mesoporous
silica[J]. Chem Eng J, 2009, 153(1/3):70-79.

[19] . [D].
,2005.
[20] , , , . MCM-41
Cu** [1]. , 2010, 42
(6):954-957.
[21] . [D].
,2010.
[22] ) Pb*t (1.

, 2009, 38(8): 2-3.



96 2012

Surface Modified Large-sized Si0, Macroporous Materials and their
Adsorption Properties

ZHANG Qun, LIANG Yurl—xiao*, ZHANG Yu-qi
( Faculty of Materials Science and Chemical Engineering, Ningbo University, Ningbo 315211 )

Abstract: Large-sized SiO, macroporous materials are prepared using a three-dimensional (3D) skeletal epoxy
resin macroporous polymer as template through an in situ sol-gel process of ethyl silicate and a subsequent
calcination at high temperature. The SiO, macroporous materials are modified with sodium aluminate through
hydrothermal method. The Al-doped SiO, macroporous materials (Al-SiO;) are obtained and characterized by
SEM, FTIR and XPS. Cu®" and Pb*" are selected as simulative pollutants, the adsorption properties of the
modified SiO, macroporous materials are investigated. The results show that the modified macroporous
materials have satisfactory adsorption capacity for Cu*" and Pb*". Using Al-SiO, as adsorbents, the maximum
adsorption capacities of Cu®" and Pb>" are 71 mg-g” and 138 mg-g™, respectively. The removal efficiency of Pb**
is found to be 95.3% at an initial concentration of 50 mg-L", 100 mL aqueous solution and 0.100 g Al-SiO,.
After 3 cycles of adsorption, 89.8% removal efficiency of Pb*" is maintained.

Key words: Large-sized SiO, macroporous materials; surface modification; adsorption
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