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Modification of Natural Cellulose Fibers for Arsenic Adsorption from
Water
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Abstract In this study, the natural cellulose fibers are chosen as template and the anion adsorbent cellulose - -PDMAEMA is
synthesized for arsenic removal. The cellulose fibers were surface modified by graft —polymerization of (N,N —dimethyl aminoethyl
methacrylate) (DMAEMA) initiated by Ce*. The adsorbent was characterized by Field Emission Scanning Electron Microscopy (FE-SEM),
Fourier Transform Infrared Spectroscopy (FT-IR) and elemental analyzer. And the adsorption behavior was evaluated by both batch and
column experiments. The results indicate that the adsorbent has a high efficiency in the removal of arsenite and arsenate from aqueous
solutions.

Keywords cellulose fibers; arsenic; adsorption; water treatment

0 (WHO) 0.01mg/L?,
N N N [3_6] ’ ’
o ( El N o
) N N N . ™,
AsO;  AsO o , “ , ,
’ [1] 9 ’ ’ 9
: 2010-11-05; :2010-11-08
(973 ) (2011€B933700) (50773086,50821062) ;
(TIZX2-YW-18)
s s s .field0531@iccas.ac.cn; ( ), s
s :wumin@mail.ipc.ac.cn
2010,28(22) 29
4@7



J‘CM K

30

O
,, (Special Issues)
( , ( ) o
AsOy 2
AsO;, 2.1
R Cet* FE-SEM.
o=t FT-IR . 1 FE-SEM
(PDMAEMA) , AsOy ) 10~20pm s
AsOF, , ,
- 2 FT-IR ,
1 3410cm™ —OH ;2901cm™
1.1 C—H ;1637cm™
s ;1431 1165 1115 900cm™ o
(DMAEMA ), Aldrich , . 2b 1732cm™
; ((NH,),Ce(NOs)s) , Alfa Aesar ) —CO0— R PDMAEMA |
; (65~68wt%), (NaAsO,), s o s N
(Na,HAsO, - 7H,0) , (NaOH), (HCI), . N 0.3wt%,
R R . N s 1.17wt% ., N
Ce** o
0.5¢g 42mL 0.69mol/L. 4.34x10mol/L
; o N,
0.5h, 3mL DMAEMA N, 10min, ;
50°C 3h, , ,
, cellulose—g—
PDMAEMA
1.2
AsOz - AsOF (NaAs0O,) 1 PDMAEMA (a). (b)
(Na,HAsO,+ 7H,0) o
pH , pH HCl Fig. 1 FE-SEM images of cellulose fibers before (a)
NaOH . , cellulose—g- and after (b) being grafted with PDMAEMA
PDMAEMA s 12h s 3408
’ 0 llllﬁ
4= (CC)-V | g
m
,C, C, Vv
,m o mlV
1g/L, s 2g cellulose—g—
PDMAEMA lem, 20cm s 53007 SIB0E TR0 20000 1300
4ml./min s i #/em
o 2 PDMAEMA (a). (b)
1.3
JSM-6700F Fig. 2 FT-IR spectra of cellulose fibers before (a)
(FE-SEM) ( ) . and after (b) being grafted with PDMAEMA
TENSOR 27 (FT-IR ) ( 22
)  FLASH EA1112 ( 2.2.1
) . AFS-9130 cellulose-g—PDMAEMA  AsO;
2010,28(22)




] jcmik

4@7
. eview
(Special Issues) tore & Secketony)
(As(IIT))  AsOF (As(V)) 3 o o , 4
0.05mg/L 89mgL As(III) pH (pH<10), ;
0.05mg/g 7.8mg/g,  As(V) pH (pH>10), o 4 As(1ID)
0.05mg/g 8.7mg/g, As(V) As(I1D), pH<9 pH , ,
As(111) my pH<9.2 | H;As0; W As(V)
, , 1g/L, As pH<2 H:AsO,,
(I1I), Co 2.5mg/L, C. pH o
WHO 0.01mg/L; As(V), Co Smg/L 5o
WHO . ) —a— AS(IIT)
123 —e—As(V)
(a) 10.0 . *
8 B bk
T /"/‘ — 15 -\\-
b= !
| £ sof \‘\
n * \
ey 5t i
=]
£ of .
et
gl ik o0 R
2k 2 t.i é» III II!) IIZ
/‘ W pEE
E:f - . 4 gL pH
€, /(me 1) cellulose-g-PDMAEMA AsO;( )
0 AsO&( )

(b)
—a— As(V)

g o
-;.; 4 _ .08
/ g.““"‘
2F S nooz
/ ’ °u
0 2 r
Cf(mgL™)
3 gL ,
cellulose-g-PDMAEMA AsO3( )(a)
AsO ( ) (b)

Fig. 3 Effect of initial concentrations on adsorption
behaviors of cellulose-g—PDMAEMA for AsO; (As(lll))
(a) and AsO% (As(V)) (b) with the adsorbent dose being 1g/L

Fig. 4 Effect of initial pH value on adsorption
behaviors of cellulose-g—PDMAEMA for AsO: (As(lIl))
and AsOj (As(V)), with the adsorbent dose being 1g/L

223
, Cl-.S0; \HCO;3,

’ o 1
,cellulose—g-PDMAEMA

) cellulose-g-PDMAEMA
, 99% o

1 cellulose-g—-PDMAEMA
Table 1 Arsenic removal rates of the
cellulose—-g—-PDMAEMA with the competing anions

1%

222 pH

4 pH ) PDMAEMA 1 99.74 99.05

AY 99.56 9941
pH ’ pH s —NRR;
—NR,R,H* : :AsO;  AsOf  1mg/L,CI"  20mg/L,HCO3
pH 20mg/L,SOF  20mg/L.
PDMAEMA ' ’ ' Note: The composition of the mixed solution is AsO; or AsOF, Img/L; CI,
20mg/L; HCO3, 20mg/L; SO%, 20mg/L.
AsO;  AsOi, pH , 2.3
,PDMAEMA s s ,
2010,28(22) 31



_| |[emYK — & L

eview

| Sotece & “choestogy (Special Issues)

o 2.0g cellulose—g— (References)
PDMAEMA lem, 20cm ) [1] Smith A H, Hopenhaynrich C, Bates M N, et al. Cancer risks from
4ml /min arsenic in drinking water. Environ Health Perspect[C]. Oxford, 1992, 97:

o

0.5mg/L, As(TII): 259-267.
As(V)=L:1, 5 ) . 600min [2] WHO. Guidelines for drinking water quality [M]. Geneva: World Health

o WHO 0.01mg/L
’ g/ [3] Camacho J, Wee H Y, Kramer T A, et al. Arsenic stabilization on water

€5 ), 782.1min, treatment residuals by calcium addition[J]. J Hazard Mater, 2009, 165(1):
3128mlL, 0.776mg/go 599-603.

Organization, 1993.

[4] Kim J, Benjamin M M. Modeling a novel ion exchange process for
I arsenic and nitrate removal[J]. Water Res, 2004, 38(8): 2053-2062.
/s [5] Manning B A, Fendorf S E, Bostick B, et al. Arsenic (III) oxidation and

0.10

=

o

=)
T

/ arsenic (V) adsorption reactions on synthetic birnessite [J]. Environ Sci
Tech, 2002, 36(5): 976-981.
[6] Wang J W, Bejan D, Bunce N J. Removal of arsenic from synthetic acid

(=1

(=1

=)
T

7 e fE/ (mg- L)
g ¢

= mine drainage by electrochemical pH adjustment and coprecipitation
/ with iron hydroxide[J]. Environ Sci Tech, 2003, 37(19): 4500-4506.

=
(=]
]
T

" [7] Jang M, Chen W, Cannon F S. Preloading hydrous ferric oxide into
O granular activated carbon for arsenic removallJ]. Environ Sci Tech, 2008,

s - - - : ‘ - 42(9): 3369-3374.
0 200 400 600 800 1000 1200 1400

fit ) /min [8] Boddu V M, Abburi K, Talbott J L, et al. Removal of arsenic (III) and

arsenic (V) from aqueous medium using chitosan —coated biosorbent [J].

5 20cm,  4mL/min, Water Res, 2008, 42(3): 633-642.
0.5mg/L [9] Kim Y, Kim C, Choi I, et al. Arsenic Removal Using Mesoporous Alumina
Fig. 5 Breakthrough curve for arsenic (with column Prepared via a Templating Method [J]. Environ Sci Tech, 2003, 38(3):

height of 20cm, flow rate of 4mL/min and influent 924-931.

arsenic concentration of 0.5mg/L) [10] Gupta K C, Sahoo S. Graft copolymerization of acrylonitrile and ethyl
methacrylate comonomers on cellulose using ceric ions [J]. Biomacro-

3 molecules, 2001, 2(1): 239-247.
Ce™ s [11] Gupta K C, Khandekar K. Temperature-responsive cellulose by ceric
R cellulose—g— (IV) ion —initiated graft copolymerization of N —Isopropylacrylamide [J].

PDMAEMA AsO;  AsOF Biomacromole cules, 2003, 4(3): 758-765.

El

[12] Ferguson J F, Gavis J. Review of arsenic cycle in natural waters [J].

Water Res, 1972, 6(11): 1259-1274.

El El

WHO 0 PDMAEMA  pH
As(Il)  As(V) pH ,
pH o

[13] Smedley P L, Kinniburgh D G. A review of the source, behaviour and
distribution of arsenic in natural waters [J]. Appl Geochem, 2002, 17(5):
517-568.

s Cl- .HCOs3.S0% (E18 44k £PET)

i e e e i e e L A e e e e A e e I e e e T Y
| :
t. . 1
t ( ¢
f STANT, Jf
t roo
&k A\ V | \\I - 9y [ 1] —a_
] IPRAHFFAFHhAR 20117X |
t t
E 2011 8 “ 20117, 1
; : 15 (100190) , :010-82543903, :010-62559588, +
+ :liuyang@cstam.org.cn., :http://www.cstam.org.cn, +
t 1

e S i i i A e S i e S o S S e mn s SR gl

32 2010,28(22)



