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Synthesis and application of EDTP-modified MCM-41 to remove
Cu® from water

LI Ru, LI Bing, TAN Jia, LU Qi-Lin"

(College of Chemical Engineering and Food Safety, Bohai University, Jinzhou 121013, China)

ABSTRACT: Objective To study adsorption properties of Cu’" by functionalized mesoporous material
MCM-41-(CH,);NH,-EDTP. Methods The MCM-41 were synthesized by hydrothermal method under alkaline
conditions, using sodium silicate as source of silicon and cetyltrimethyl ammonium bromide as template. The
modified MCM-41-(CH,);NH, was modified by 3-aminopropyltrimethoxysilane(APTS) and ethylsilicate
(TEOS), then reacted with EDTP, which succeeded to obtain MCM-41-(CH,);NH,-EDTP. Assemblies were
characterized by XRD, FT-IR and the adsorption of Cu’" were preliminary investigated. Results The
adsorption of Cu®" by modified-EDTP MCM-41 was better than the adsorption of pure MCM-41. Conclusion
After EDTP modified, the adsorption capacity can be improved obviously. The functionalized mesoporous
material MCM-41-(CH,);-EDTP has a promising prospect in inspection of water safety.

KEY WORDS: MCM-41; EDTP; adsorption; Cu*"

=R (LNSAKF 2011018)
Fund: Supported by Key Laboratory Project for Food Safety in Liaoning Province (LNSAKF 2011018)
*BiES: , , E-mail: luqilinn@126.com

*Corresponding author: LU Qi-Lin, Professor, Bohai University, No.19, Keji Road, Songshanxin District, Jinzhou 121013, China. E-mail:
luqilinn@126.com



2 , MCM-41 775
N (FA2004, ),
15 B (DF-101Z, ); Shimadzu
XRD-6000 X ( ), Cu
. Ka , , 40 kV, 40
i mA, 2°~10°, 2°/min;
, , Nicolet Impact410 , KBr
12 (1) . 400~4000 cm’ ;
, ) , (TAS990ATG, );
H,S, ; (3) (BW-ZKHX-400,
, , 1 g/L )
; (4) ; 22 ZENILSFiF MCM-41 &K
25 g , 50 mL
MCM-41 , pH 11, 10 min,
’ ’ ’ 6.4 g
’ (CTAB),
MCM-41 ,
s 30 min,
’ 6] , 130 C
. ’ 72 h, , , ,
MCM-41 ’ 260C
2h, 600 C 6 h ,
., MCM-41 MCMAL .
MCM-41,
EDTP®'”  MCM-41-(CH,);NH, 2.3 IHEEMNFLA R MCM-41-(CH,)sNH, BI& B
, XRD FT-IR , 20¢g (CTAB)
, 400 mL s
= . 3 mol/L NaOH , pH
2 MBSTHE 12, 75 C 40 min,
21 EERFIMNE ’ 2.0 mL 3-
( ’ y (APTS) 4mL (TEOS),
(CTAB, , ,75 C 25h ,
); 3- (APTS, , : ’
) ( ’ 20 mL 80 mL , 75T 6 h,
) ( ’ , , 60T 6 h,
) ( ’ MCM-41
) (TEOS)( , 2.4 THEEMANFLARL MCM-41(CH,)NH-EDTP
); ( , B & R
); ( , ); MCM-41 ,
( , ); 100 mL 1 mol/L 12
«C ) h, , , 60 C ,
(SRJX-8-13, ) 100 mL 0.1 mol/L  EDTA ,



776
24 h, , 60 °C ,
MCM-41-(CH ,); NH,-EDTP -
25 HREIE E
XRD(x ): , Cu _g
, Ka , , 40kV, =
40mA, 2°~10°,
2°/min > 3 4 5 6 7 8 9 10
FT-IR( ): Hr5T26()
KBr ’ 1 MCM-41 MCM-41-(CH,);NH,-EDTP  XRD
400~4000 cm'” Fig. 1 XRD pattern of MCM-41 and
26 IREMEAFLITR MCM-41(CH;)NHEDTP MOMATCHLNTERT?
B IR IR BT Bl 2% 8000
cuso, somL 3 10
150 250 350 450 550 mg/L Z 5000
, 0.4 g MCM-41(CH,);NH,-EDTP, “:E ;‘ggg
40 C , 2 h, , % 2000 aMCM-41
1008 b.NH.-MCM-41
2.0 25 30 35 40 45 50 55 60 65 70 7.5 80
3 BBt T F20(°)
2 MCM-41 NH,-MCM-41 XRD [1s]
31 XRD iREHT Fig. 2 XRD pattern of MCM-41 and NH,-MCM-411"!
1 MCM-41  20=2°-3°
, 100 , 20=4°~7° , -NH,, -EDTP
’ 110 200 MCM-41 , 100 110 200
,  MCM-41 , ) , ,
’ MCM-41
MCM-41- (CH,);NH,-EDTP ~ 26=2°~3° ’ ’
, MCM-41 100 , ’ MCM-41
-(CH,);NH,-EDTP , ’ ’
20=4°~7° , ’
MCM-41 110 200 , 3.2 FT-IR iLE 4
MCM-41 3 MCM-41-(CH,);NH,-EDTP
, XRD 3 , 1074 ecm™  Si-O-Si
, MCM-41 ;790 cm™  Si-O-Si ; 464 cm™!
Si-0O-Si ; 943 cm’! Si-OH
(1] ( 2 , 4 MCM-41
20=2°-3° , 100 , 4°~7° 1631 cm™ 0O-H ;3450 cm’™!
, 110 -OH ; 2920 cm’
200 , MCM-41 -CH, , 3284 cm’ -NH;"

1481 ecm™ 1631 cm’



2 , MCM-41 777
-COOH- C-0 MCM-41
s 2 s EDTP MCM-41
MCM-41 Si-OH
0 MCM-41-(CH,);NH,-EDTP
EDTP , EDTP el
60
50
L 40t 351
bl ~ Y= 0.067X + 3.4966
E 30F A 464.84 » 30 r=0997
20t 3450.64 3284.76 Eﬂg 251
10} ; X 20
0 ‘ ‘ . ‘ ‘ 1074.34 . . f}f_ 15k
4500 4000 3500 3000 2500 2000 1500 1000 500 0 =10k
PoHem 2]
8K
H— 0 1 1 1 1 ]
3 MCM-41-(CH,);NH,-EDTP 0 100 200 300 400 500
Fig. 3 FT-IR spectrum of MCM-41-(CH,);NH,-EDTP S (me/l)
5 Cu** MCM-41 [15]

33 INEEMANFLHER MCM-41-(CH,)sNH~EDTP
B F IR IR B Bl 2%

Langmuir :
CeQe=1QnK+CQ (1
Qe , mg/g; Qm ;
mg/g; Ce mg/ mL 1)
4 , r MCM-41-(CH,);
NH,-EDTP Langmuir
9r
i Y=10.03043X + 0.26571
5 8 2 =0.99054 >
ERA
= o6l
=
X ST
& 4|
H_
530
¥ 2r
& |
H_ 0 1 1 1 1 1 I
0 50 100 150 200 250 300
PR EE (mg/L)
4 Cu¥ MCM-41-(CH,);NH,-EDTP

Fig.4 Adsorption isotherm of Cu*" on MCM-41-(CH,);NH,-EDTP

MCM-41-(CH,);NH,-EDTP

32.89 mg/g (3] (
5) MCM-41 17.54 mg/g,
MCM-41 MCM-41-(CH,);NH,-
EDTP 53.3%

Fig. 5 Adsorption isotherm of Cu** on MCM-41["]

4 %

MCM-41, APTES

s 5 EDTP
MCM-41-(CH;);NH,-EDTP XRD FT-IR

> >

-(CH,);NH,-EDTP ,

MCM-41
Langmuir
, MCM-41-(CH,);NH,-
EDTP Langmuir
32.89 mg/g
EDTP ,
MCM-41 ,
SE 30k
(1]
[D]. : ,2013.

Huang J. Preparation of multifunctional mesoporous material for
heavy metal removal from aqueous solution [D]. Shanghai:
Shanghai Normal University, 2013.

[2] . MCM-41



778

[3]

(4]

[3]

(6]

(7]

(8]

]

[10]

[D]. ,2013.
Zhu WIJ. The study of MCM-41 organic functionalization and
heavy metal ionic adsorption performance [D]. Kunming:

Kunming University of Science and Technology, 2013.

MCM-41 [D].

,2014.
Sun QY. Study on the preparation of mesoporous MCM-41
molecular sieve and its adsorption properties [D]. Jinzhou:
Liaoning: Liaoning University of Technology, 2014.
[D]. ,2011.

Bai SS. Study on the modification of mesoporous molecular

sieve and thire adsorption properties of heavy metals [D]. Harbin:

Harbin Institute of technology, 2011.
Vasudevan M, Sakaria PL, Bhatt AS, et al. Effect of
concentration of aminopropyl groups on the surface of MCM-41
on Adsorption of Cu®* [J]. Ind Eng Chem Res, 2011, 50(19):
11432-11439.
Wongsakulphasatch S, Kiatkittipong W, Saiswat J, et al. The
adsorption aspect of Cu** and Zn* on MCM-41 and
SDS-modified MCM-41[J]. Inorg Chem Commun, 2014, 46:
301-304.

, , , MCM-41
MCM-41 [J].

,2011, 06: 1315-1320.

Cao Y, Li CJ, Huang QY, et al. Study on microwave performance
of amino-modified MCM-41 and the application for removal of
copper ions from wastewater [J]. Chin Environ Eng, 2011, 06:

1315-1320.

, > s MCM-41
[J]. ,2010, 41(5): 833-836.
Cao Y, Wang X, Bai YH, et al. Study the performance of drug
loading and release on aminopropyl modified

MCM-41-(CH,);NH; [J]. J Funct Mater, 2010, 41(5): 833-836.
, , 5-CI-PADAB EDTP
[J1. , 1991, 05: 4-6
Lin RC, Chen HG, Yang Y, et al. Visual Titration of copper with
EDTP Using 4-[(5-Chloro-2-Pyridyl)Azo]-1,3-Diamiao-Benzene
(5-CI-PADAB)as Indicator [J]. Metall Anal, 1991, 05: 4—6.

> > >

1 (nta)
(cydta) 1.

(edta)
-1,2- , 2004, 23(10):
1167-1176.

Wang J, Wang Y, Zhang XD, et al. Coordinate structures and

[11]

[12]

[13]

[14]

[15]

[16]

change laws of rare earth metal mplexes with
aminopolycarboxylic acids I, nta, edta and cydta series [J]. Chin J
Struct Chem, 2004, 23(10): 1420-1431.
Xu YQ, Cao Y, Xia ZN. Microwave radiation one-pot synthesis
of chloropropyl-functionalized mesoporous MCM-41 [J]. Cent
South Univ. 2012, 19: 2130-2135.
CH;-MCM-41-NH,
[D]. : ,2013.
Chu C. Synthesis of functional mesoporous material CH;-MCM-
41-NH; and its application study in solid phase microextraction
of quintozene(PCNB) [D]. Jinzhou: Bohai University, 2013.
. MCM-41
[D]. : ,2012.
Yuan C. Study on preparation,organic functional modification
and adsorption performance of MCM-41 mesoporous [J]. Wuhan:
Wauhan University of Technology, 2012.
MCM-41

[J]. ,2014, (4): 56.
He JX. Synthesis of MCM-41 mesoporous molecular sieve and
its catalytic activity at constant pressure [J]. Technol Wind, 2014,
(4): 56.

MCM-41

[D]. ,2010.
Li CJ. Study on adsorption of functionalized mesoporous
material MCM-41 toward copper ion in the wastewater [D].
Chongging: Chongqing University, 2010.
s s , . EDTA MCM-41
Cu® (7. ,2011,25(2): 119-122.

Huang CQ, Xu YQ, Cao Y, et al. Synthesis of modified MCM41
with EDTA and adsorption of Cu from an aqueous solution [J].

Mater Rev, 2011, 25(2): 119-122.

(UIESR 4 2 3EAK)

{EZ T

= & WL, TEFARFEAS T
THE IS .
E-mail: 746728832@qq.com

K, IR, TEMRFEASTF
TR .
E-mail: luqilinn@126.com



