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Native cellulose fibers were surface modified by poly(N,N-dimethyl aminoethyl methacrylate)
(PDMAEMA) to generate an anion adsorbent, which was characterized by scanning electron microscopy,
fourier transform infrared spectroscopy and elemental analyzer. This adsorbent had high efficiency in
removal of F~, AsO,~ and AsO43~ from aqueous solutions, even at low initial concentrations. Adsorp-
tion kinetics showed that the adsorption equilibrium could be reached within 1 min. The distribution
coefficient did not change with adsorbent dose, indicating the adsorption was a homogenous process.
Langmuir, Freundlich and Temkin models were used to fit the adsorption isotherms. Based on the param-
eters calculated from the models, the adsorption capacity was in the order of AsO43~ > AsO,~ >F-, and
the adsorption was a favorable process. Compared with Freundlich and Temkin models, the isotherms
followed Langmuir model a little better.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Fluoride and arsenic pollutions are commonly found in the
groundwater on global levels, affecting large populations in Canada,
China, United States, Bangladesh, India, Mexico, etc. [1-3]. They
both exist in water in the form of anions. Fluoride is an essential
component for the dental and bone health of mammals, but as a
double-edged sword, the excessive intake of fluoride through food
and drink may cause chronic diseases such as mottling of teeth,
skeletal fluorosis and neurological damage in severe cases [4,5].
Arsenic, predominantly in the inorganic forms of arsenite (III) and
arsenate (V), is primarily introduced into groundwater from oxida-
tive weathering and geochemical reactions [6]. Intake of arsenic
can lead to disturbance of the cardiovascular and nervous system
functions, and sharply increase risks of cancer in skin, lungs, liver,
kidney, and bladder [7]. According to World Health Organization
(WHO) [8] norms, the upper limit of concentration in drinking
water is 1.0mgL~! for fluoride and 0.01 mgL~! for arsenic [8].
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Many treatment methods for removing fluoride and arsenic
have been reported thus far, such as chemical precipitation [9,10],
ion exchange [11,12], adsorption [13], membrane [14], electrol-
ysis [15], coagulation [16], and lime treatment [17]. Some of
these methods have disadvantages. For example, the cost for ion
exchange, electrolysis and membrane processes is usually high,
while precipitation, coagulation and lime treatment processes will
produce large amounts of toxic sludge, needing further treat-
ments. Among all these methods mentioned above, adsorption has
been recognized as an effective technique for treating fluoride and
arsenic-contaminated water. Many materials can be used as adsor-
bents, such as activated carbon [18], chitosan [19,20], alumina [21],
calcite [22], fly ash [23], lanthanum-impregnated silica gel [24],
and bone char [25,26]. However, some of them are efficient only at
high ion concentrations [27], and some of them are really expen-
sive (like activated carbon). In addition, arsenic pollution is often
accompanied with fluoride pollution in practical cases. The exist-
ing adsorbents can only adsorb arsenic or fluoride separately. Even
for the arsenic adsorption, it needs to oxidize As (III) to As (V) at
first, and then the latter can be adsorbed [28]. So it is necessary
to find an adsorbent that (i) can adsorb both fluoride and arsenic
(either arsenite or arsenate) with high efficiency, and (ii) has a
low-cost/benefit ratio.
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Native cellulose, arisen as crystalline microfibrils, constitutes
the most abundant and renewable polymer resource available
worldwide. Cellulose is inexpensive and abundant in hydroxyl
groups, which can attach functional groups through a variety of
chemical modifications. If the attached functional groups are amine
groups such as -NH,, -NRH, and -NR{R;, which can be proto-
nated in aqueous solutions to form positive groups like -NH3*,
-NRH,*, and -NR{RyH*, the toxic anions in aqueous solutions
can be adsorbed through electrostatic interaction. N,N-Dimethyl
aminoethyl methacrylate (DMAEMA) is a tertiary amine-based
monomer and can be polymerized through a variety of reac-
tions, such as atom transfer radical graft polymerization [29] and
reversible addition-fragmentation chain transfer polymerization
[30]. In this work, we used native cellulose fibers as template, and
grafted poly(N,N-dimethyl aminoethyl methacrylate) (PDMAEMA)
onto its surface. These modified cellulose fibers were presented
as effective adsorbents for removing F-, AsO,~ and AsO43~ from
aqueous solutions. The characteristics of the adsorption behavior
were studied under equilibrium and dynamic conditions. This work
can be extended to prepare adsorbents by making use of agro- or
plant-residues.

2. Experimental
2.1. Materials

Cellulose fibers were prepared via grinding the native cellu-
lose cardboard by a grinder. The obtained cellulose fibers were
washed with deionized water, methanol and acetone, and then vac-
uum dried. The monomer N,N-dimethyl aminoethyl methacrylate
(DMAEMA, Aldrich) was purified by vacuum distillation. The initia-
tor ammonium cerium (IV) nitrate ((NH4),Ce(NO3)g, Alfa Aesar)
was used without further purification. Nitric acid (65-68 wt%),
sodium fluoride (NaF), sodium arsenite (NaAsO;) and sodium
arsenite dibasic (Na;HAsO4-7H,0) were all analytical grade sup-
plied by local chemical agent suppliers and were used as received.
Potassium nitrate from Alfa Aesar was used without further treat-
ment. Sodium chloride (NaCl), sodium sulfate (Na;SO4) and sodium
hydrogen carbonate (NaHCO3) were all analytical grade supplied
by local chemical works and used as received, offering competing
anions.

2.2. Synthesis of cellulose-g-PDMAEMA

Ceric ion (Ce*") initiated polymerization [31,32] was used
to graft PDMAEMA onto the cellulose fiber surface, as shown
in Scheme 1. About 0.5g of cellulose fibers were dispersed in
42mL of 4.34x10~2molL-1 (NH,4),Ce(NO3)s aqueous solution
with 0.69 mol L-! HNOs. The solution was purged with nitrogen for
30 min before 3 mL DMAEMA was added drop wise. After another
10 min of nitrogen purging, the solution was heated under mag-
netic stirring at 50 °C for 3 h. Then the PDMAEMA grafted cellulose
fibers were rinsed in deionized water for several times and dried in
vacuo.

2.3. Fluoride and arsenic adsorption

In this study, the solutions of F~, AsO,~, and AsO43~ were
obtained respectively from sodium fluoride (NaF), sodium arsen-
ite (NaAsO,) and sodium arsenite dibasic (NayHAsO4-7H,0). The
effects of initial ion concentration, initial pH value, adsorbent dose
and the existence of other anions on the equilibrium adsorption
capacity were taken into consideration. The adsorption isotherms
and kinetics were also studied. For the adsorption capacity tests,
cellulose-g-PDMAEMA was magnetic stirred in aqueous anion
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Scheme 1. Synthetic route for the cellulose-g-PDMAEMA.

solutions with a known concentration. The adsorption capacity g
(mgg~1) was calculated from the following expression:
(G -GV

q=2—= (1)
where Cy and C; represent the initial and final concentrations of the
anion solutions, respectively. V and m are the solution volume and
adsorbent mass, respectively. The adsorbent dose (m/V) was kept
1gL-! for all the experiments except the adsorbent dose study.

2.4. Characterization

The morphology of the cellulose fibers was studied using a JSM-
6700F field emission scanning electron microscopy (FE-SEM). A
TENSOR 27 fourier transform infrared spectroscopy (FTIR) and a
flash EA 1112 elemental analyzer were used for confirming the
graft process. The concentrations of F~ were measured using a PFS-
80 fluoride analyzer. The concentrations of arsenic were measured
using an AFS-9130 atomic fluorescence spectrophotometer.

3. Results and discussion
3.1. Synthesis of cellulose-g-PDMAEMA

The cellulose fibers have been fabricated just by mechanically
grinding. The morphology of the obtained cellulose fibers is shown
in Fig. 1a. Most of the cellulose fibers are 10-20 wm in diameter.
Fig. 1b is the SEM image of the cellulose fibers after being grafted
with PDMAEMA. As the grafting process on cellulose fiber sur-
face is a heterogeneous reaction, the morphology and diameter of
the fibers have not changed after grafting. Seen from the insets
of Fig. 1, still no significant changes can be observed before and
after surface modification, indicating that the heterogeneous graft-
ing process will not change the features of cellulose fiber surface.
Fig. 2 shows the FTIR spectra of cellulose fibers and the synthe-
sized cellulose-g-PDMAEMA. The broad band around 3410cm~! is
attributed to hydrogen bonding from —OH of cellulose. The band
at 2901 cm~! corresponds to the C-H stretching vibration, and
the band at 1637 cm~! represents H,0 that was adsorbed on the
material surface. The absorption bands at 1431 cm~!, 1165cm™!,
1115 cm~! and 900 cm~! are all the characteristic absorption bands
of cellulose. These bands are assigned to CH; of pyran ring symmet-
ric scissoring (1431 cm™1), glucosidic bond asymmetry stretching
(1165 cm™1), the crystal absorption peak of cellulose I(1115cm™1),
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Fig. 1. SEM images of cellulose fibers before (a) and after (b) being grafted with
PDMAEMA. The insets are SEM images of higher magnification to show the features
on fiber surface (scale bar 5 wm).

and C-H out of plane stretching due to B-linkage (900cm~1),
respectively. After the graft polymerization, these characteristic
absorption bands of cellulose have not shifted at all, indicating
the grafting reaction has not destroyed the basic molecular struc-
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Fig. 2. FTIR spectra of cellulose fibers before (a) and after (b) being grafted with
PDMAEMA.

Table 1

The content of N in cellulose fibers and synthesized cellulose-g-PDMAEMA, obtained
from elemental analysis. The calculated content of tertiary amine groups and the
grafted PDMAEMA was also included.

Cellulose  Cellulose-g-PDMAEMA
Content of N (wt%) <0.30 117
Content of tertiary amine groups - 0.836
(mmol/g)
Content of the grafted PDMAEMA - 131
(wt%)

ture of cellulose. The characteristic absorption band of PDMAEMA
that belongs to ~COO- vibration appears at 1732 cm~! in the spec-
trum of cellulose-g-PDMAEMA, and this proves evidence for the
grafting of PDMAEMA onto cellulose. Table 1 shows the nitro-
gen content of the non-grafted and grafted cellulose obtained
from elemental analysis method. There is little nitrogen in cellu-
lose fibers (<0.30wt%), while after grafting, an obvious increase
in nitrogen content can be observed, which corresponds to the
introduction of tertiary amine groups. So, the elemental analysis
results also confirm the success of grafting. The content of ter-
tiary amine groups and the grafted PDMAEMA can be calculated
from the nitrogen content, shown in Table 1. The graft content can
also be calculated by weighting estimation as follows: graft con-
tent=[(Wg - Wp)/Wp] x 100%, where W, and W, are the weights
of cellulose-g-PDMAEMA and cellulose fibers, respectively. By this
way, the graft content of the synthesized fibers is around 11.20 wt%.
And this value is close to the graft content calculated from the
elemental analysis in Table 1.

3.2. Effect of initial concentrations and time on adsorption
behaviors

Fig. 3 shows the adsorption behaviors of cellulose-g-PDMAEMA
for F~, AsO,~ and AsO,43~ at different initial ion concentrations,
with the adsorbent dose being 1gL-!. In Fig. 3, the equilibrium
adsorption capacity (ge) for F~ increases with the initial F~ con-
centration (Cg). The ge increases from 1.5mgg~! to 7.5mgg!
while the Cp from 1.8 mgL~! to 12.8 mgL~!. This adsorption capac-
ity is much higher compared to other adsorbents. For example, S.
Meenakshi and co-workers [19] used protonated chitosan beads
for F~ adsorption, and the g are 2.183-3.369 mg g~! with Cy from
11mgL-! to 17mgL-1. Their ge is much lower and initial con-
centration is higher than ours. From the inset figure, we can find
that when Cy is below 4.5mgL"1, the F~ equilibrium concentra-
tion after adsorption process (Ce) can fit the WHO requirements of
no higher than 1mgL-!. For Cy higher than 4.5mgL~!, the WHO
requirements can be achieved by increasing the adsorbent dose.
Like F~ adsorption, ge for As (III) and As (V) also increases with Cy in
the adsorption process. When the Cy increases from 0.05mgL~! to
8.9mgL1, the ge rises up from 0.06 mgg~! to 7.8 mg g~ for As (III)
and from 0.05mgg~! to 8.7 mg g~ for As (V). The higher adsorption
capacity for As (V) than As (III) is due to the more mobility of As (III)
[33]. This difference can also be seen in the inset figures. For As (III),
when Cy exceeds 2.5mgL!, the equilibrium concentration Ce will
surpass the WHO guidline of 0.01 mgL-1. And for As(V), a solution
with Cp below 5mgL-! can be treated to fit the WHO require-
ment. These results suggest that cellulose-g-PDMAEMA adsorbent
is effective in the removal of F~, AsO,~ and AsQO43~ from aqueous
solutions, even at low initial concentrations.

Fig. 4 shows the effect of time on adsorption behaviors of
cellulose-g-PDMAEMA for F~, the adsorbent dose being 1gL~1. It
is found that it has very quick adsorption kinetics. Within 1 min,
the concentration of F~ reached equilibrium below 1 mgL-!, and
the removal efficiency reached above 86%. So, this adsorbent can
efficiently adsorb anions in a very short cycle.
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Fig. 3. Effect of initial concentrations on adsorption behaviors of cellulose-g-
PDMAEMA for F~, AsO,~ and AsO43~ (adsorbent dose 1gL-1).

3.3. Distribution coefficient and competitive adsorption

The distribution coefficient Kp describes the binding ability of
adsorbent surface to an element. Kp is a ratio of the element con-
centration in solid state and in water state, and it can be calculated
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Fig. 4. The adsorption kinetics of cellulose-g-PDMAEMA for F- (adsorbent dose
1gL1).

from the following expression:

Gs
Kp = G (2)
where C; (mgg~1) and Cy (mgL-1) are the element concentra-
tions in solid adsorbents and in water, respectively. And their
values equal to the equilibrium adsorption capacity (ge) and the
equilibrium concentration (Ce), respectively. In real life water,
there coexist many other anions such as Cl-, SO42~ and HCO5,
which would compete with F~, AsO,~ and AsO43~ for the adsorp-
tion sites on the adsorbent surface. Fig. 5 shows distribution
coefficient Kp of the adsorbent for F~, AsO,~, AsO43~ and the
competitive anions Cl-, SO42~ and HCO3~ with initial ion con-
centrations of 10mgL~1. A higher Kp value corresponds to higher
binding ability to this anion. From Fig. 5 results, it can be found
that the adsorption of these anions is selective to be in the
order of AsO43~ > AsO,~ >S042~ >F~ >Cl~ >HCO3~. So, arsenic has
extremely high binding ability on the adsorbent surface, and the
adsorption behavior should not be influenced too much when
competing anions coexist. For fluoride, the binding ability is com-
paratively low, and the adsorption for it may be influenced by other
anions. Table 2 shows the fluoride and arsenic removal proportions
without and with the competing anions. The composition of the
mixed solutions is F~, 2; AsO,~ or AsO43~, 1; CI-, 20; HCO3 ™, 20;
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Fig. 5. Kp values of the adsorbent for AsO43~, AsO,~, F~, Cl-, SO4%~ and HCO3~ with
initial ion concentrations of 10 mgL-1.
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Table 2

The F and As removal proportions of the surface modified cellulose fibers with and without the competing anions, the composition of the mixed solution is F~, 2; AsO,~ or

AsO43-, 1; Cl-, 20; HCO3~, 20; SO4%~, 20 mg L-1.

Valence state of As F~ Removal proportion

As removal proportion

Without competing anions

With competing anions

Without competing anions With competing anions

27.56%
27.56%

Ul 81.81%
\% 81.81%

99.74%
99.56%

99.05%
99.41%

S042~, 20mgL-1. It is noteworthy that F~, and AsO,~ or AsO43~
anions are coexistent here. The concentrations of the Cl-, HCO3~
and SO42- in the mixed solutions (20 mg L~1) are much higher than
F~ (2mgL-1) and AsO,~ or AsO43~ (1 mgL-1). While the compet-
ing anions exist, the F~ removal proportions decreased from 81.81%
to 27.56%, and the As removal proportions remain still above 99%.
This suggests that in practical use for water treatment, we should
increase the adsorbent dose for F~ removal, and we can totally
ignore the influence of other anions on As removal.

According to the property of the adsorbent surface, the value
of Kp for an element shows two different situations at a given pH
value: if the surface is homogeneous, the Kp value stays the same
with adsorbent dose, whereas if the surface is heterogeneous, the
Kp value will increase with the adsorbent dose [34]. Fig. 6 shows
the plot of Kp values of F~ as a function of adsorbent dose. It is found
that as the adsorbent dose increased from 1 to 3gL-!, the distri-
bution coefficient Kp stayed around 5Lg~1, which implies that the
surface of cellulose-g-PDMAEMA is homogeneous. That means the
molecular chains of PDMAEMA, which are chemically bonded onto
the cellulose fibers, should be totally dissolved into water. Based
on this fact, this cellulose-g-PDMAEMA adsorbent has an attrac-
tive structure. For one thing, it has an insoluble fiber template that
can be easily removed from water after the adsorption process. For
another thing, its surface is covered with soluble PDMAEMA chains
that have adsorptive sites on it.

This special structure of the adsorbent can explain the phenom-
enain Fig. 3. For heterogeneous adsorbent such as alumina [21] and
zirconium-impregnated collagen [35], some of them are efficient
only at high ion concentrations [27]. But for this cellulose-g-
PDMAEMA, at low concentrations, the dissolved PDMAEMA chains
on the surface have much more chances to contact with the harmful
anions, so it is still effective and can decrease the ion concentra-
tions down to the WHO level. The homogeneous surface can also
explain the fast adsorption kinetics in Fig. 4. The adsorption process

0 T T T T T T T T T
1.0 15 20 2.5 3.0

Adsorbent Dose /g L

Fig. 6. Plot of Kp values of F~ as a function of adsorbent dose.

of anions can be divided into two processes, which are diffusion in
water and surface reaction. Both of them happen homogeneously,
so the adsorption process will be very fast. And this is quite helpful
in practical use.

3.4. Effect of pH values on adsorption behaviors

Fig. 7 shows the effect of initial pH values on the adsorption
behaviors, with the adsorbent dose keeping 1gL-!. It is found
that at pH< 10, the adsorbent keeps high ge. While at higher pH
(pH>10), the ge decreases sharply with increasing pH value, even
decreases to zero for F~. This adsorption behavior is attributed to
the pH-responsibility of PDMAEMA. On this adsorbent surface, it is
the tertiary amine group (-NR;R;) on the PDMAEMA chains that is
responsible for the binding of anions. The solubility and the charged
properties of the grafted PDMAEMA polymer chains are both pH-
responsive [36,37]. At lower pH, the tertiary amine group —-NR;R,
can be protonated to -NR{R,H*, and the electric repulsion between
-NR;RyH* can overcome the tendency of the chains to collapse or
aggregate in water. While at higher pH, the tertiary amine group is
deprotonated to -NR; R, and the uncharged chains will collapse or
aggregate. So the grafted PDMAEMA will become positive-charged
and totally dissolved chains at lower pH and become uncharged
and collapsed chains at higher pH. (See Fig. 7) As a result, lower
pH can raise the chance for the adsorptive sites to contact and
adsorb harmful anions in water, and enhance the adsorption capac-
ity of cellulose-g-PDMAEMA. Furthermore, the arsenic chemistry in
water is highly dependent on pH, too [38]. For As(Ill), at pH<9.2,
the uncharged species H3As03° will predominate in water, so the
ge for As(Il) will also decrease with the decreasing of pH, leav-
ing the highest ge at pH~ 9. For As(V), the pH range for uncharged
species H3As04° predominating in water is very narrow (pH<2),
so the ge will not change a lot at lower pH. Similar phenomena have
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Fig. 7. Effect of initial pH values on adsorption capacities of cellulose-g-PDMAEMA
for F-, As(1ll) and As(V), adsorbent dose: 1 gL', initial concentrations: 4 mgL-" for
F~,10mgL-"! for As(Ill) and As(V).



98 Y. Tian et al. / Journal of Hazardous Materials 185 (2011) 93-100

Table 3
Langmuir, Freundlich and Temkin parameters for adsorption isotherms of cellulose-
g-PDMAEMA at 30 °C. The 12 values correspond to the linear correlation coefficients.

Langmuir parameters

Qo (mgg™) b(Lmg") r
F- 8.59 1.06 0.979
As(I1I) 8.96 16.63 0.995
As(V) 27.93 27.76 0.940
Freundlich parameters
K (mgg) n r
F 423 2.83 0.994
As(III) 8.46 3.78 0.838
As(V) 350.55 1.13 0.992
Temkin parameters
Ar(Lmg1) br Jmol-1) 12
F- 14.6 1504 0.972
As(IIT) 1430 2255 0.968
As(V) 845 840 0.934

been reported for arsenic adsorption on nanocrystalline titanium
dioxide [39].

3.5. Adsorption isotherms

Adsorption isotherms are useful to determine the amount of
adsorbent needed to adsorb a required amount of adsorbate. In
the present study, the equilibrium condition was kept at 30 °C, and
the adsorption isotherms were analyzed by the three most com-
monly used model equations, which were Langmuir, Freundlich
and Temkin (see Fig. 8). The parameters calculated from the three
models were stated in Table 3.

The Langmuir isotherm model [40], which assumes monolayer
adsorption with uniform energies of adsorption on the surface, can
be expressed as Eq. (3):

Ce 1 Ce

de Qob * Qo 3)
where Ce (mgL~!) and ge (mgg~') are the concentration and
adsorption capacity at equilibrium, respectively. Qg (mgg~') and
b(Lmg~1) are Langmuir constants related to maximum adsorption
capacity and adsorption energy, respectively. From the values of
Qp in Table 3, we can see that the maximum adsorption capacity
for the three kind of anions are in the order of: As(V) > As(IIl)>F~.
In Langmuir model, a dimensionless parameter called separation
factor (R.) [41] can be defined as:

_ 1
- 1+bC0

In the initial ion concentration (Cy) range of our study, the values
are all 0<Ry <1, indicating the adsorption process is favorable.

The Freundlich model [42] is based on a multilayer adsorption
with the adsorption energy decreasing with the surface coverage.
It is expressed as Eq. (5):

(4)

Ry

lnqe:InKﬁ-%lnCe (5)

where ¢e and Ce are the same meaning as noted previously. K¢
(mgg~1) and n are Freundlich constants measuring the adsorption
capacity and the adsorption intensity, relatively. The K; value for
F-, As(Ill) and As(V) is 4.23mgg~!, 8.46 mgg! and 350.55mgg!,
respectively, suggesting that the anion binding affinity on cellulose-
g-PDMAEMA can be in the order of As(V) > As(Ill) > F~. The n values
for F~, As(Ill) and As(V) are all 1<n <10, indicating that adsorption
is a favorable process.
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Fig. 8. Linear plots of adsorption isotherms at 30°C fitting by (a) Langmuir, (b)
Freundlich and (c) Temkin models.
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Table 4
Comparison of the Langmuir capacity of different adsorbents for fluoride and arsenic
adsorption.

Adsorbent Q (mgg™) Reference
F- As(III) As(V)
Chitosan beads 7.32 - - [19]
Laterite 0.846 - - [44]
Manganese-oxide-coated alumina 2.851 - - [45]
Iron hydroxide-coated alumina - 7.65 159 [46]
Cupric oxide nanoparticles - 26.9 22.6 [47]
Ce-Ti oxide adsorbent - - 45.0 [48]
Cellulose-g-PDMAEMA 8.59 8.96 27.93 This study

Temkinisotherm [43] assumes that the fall in the heat of adsorp-
tion is linear rather than logarithmic, as implied in the Freundlich
equation. It can be applied in Eq. (6):

RT R

InAt + —TlnC.E (6)
br T

e = b

where ge and Ce are the same meaning as noted previously, and
At (Lmg1) and br (Jmol~1) are the Temkin constants. R is the
universal gas constant 8.314] mol~! K- and T is the absolute tem-
perature 303 K. Based on the linear correlation coefficients, 2 in
Table 3, the fitness of the three models is in the order of Lang-
muir (12 =0.940-0.995)>Temkin (r?=0.934-0.972)> Freundlich
(r?=0.838-0.994). It indicates that the adsorption isotherms of
F-, AsO,~ and AsO43~ onto cellulose-g-PDMAEMA fit Langmuir
model a little better than Freundlich and Temkin models. The Lang-
muir capacity for fluoride and arsenic of different adsorbents is
given in Table 4. By comparison, it can be stated that the adsorp-
tion capacity of our adsorbent is competitive. In addition, the
cellulose-g-PDMAEMA can adsorb both arsenic and fluoride in high
efficiency, and this is the main advantage that other adsorbents do
not possess.

4. Conclusions

Cellulose-g-PDMAEMA adsorbent for F~, AsO,~ and AsO43~ has
been fabricated successfully by modifying the surface of native
cellulose fibers with poly(N,N-dimethyl aminoethyl methacrylate)
(PDMAEMA). This adsorbent has an insoluble cellulose template
but soluble PDMAEMA grafted polymer chains on the surface. So
it has a homogeneous adsorption process, in which the distribu-
tion coefficient will not change with adsorbent dose. Based on the
homogeneous adsorption feature, it has quite fast adsorption kinet-
ics (reaching equilibrium within 1 min), and it is still effective at
very low initial concentrations. PH value influences the adsorp-
tion characteristics because of the pH-responsibility of PDMAEMA.
Other anions such as C1=, HCO3~ and SO42~ can hardly affect arsenic
adsorption of the adsorbent but will compete with F~ and reduce
the F~ removal proportion. The Langmuir, Freundlich and Temkin
isotherm models are introduced to interpret the experimental data.
The results show Langmuir model fits best for the three anions.
The adsorption capacities calculated from Langmuir and Freundlich
equations are both in the order of AsO43~ > AsO,~ >F~. The val-
ues of separation factor (R ) and Freundlich constant n show that
the adsorption is a favorable process. This work gives useful infor-
mation to prepare adsorbents with high efficiency using agro- or
plant-residues.
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