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Eli mination of As( V) by Bead Cellulose Adsorbent Loaded with Fe ( # FeOOH)

from Groundwater
GUO Xue-jun, CHEN Fu hua

( College of Environmental Science and Engineering , Nankai University, Tianjin 300071 , China)

Abstract : A new adsorbent , bead cellulose impregnated with Fe oxide hydroxide ( # FeOOH) was prepared, which is porous and has
excellent mechanical properties. The content of iron, the reactive center of the adsorbent was 360 mg/ mL at the most(50 % in
mass) . Batch sorption experiments show that the adsorbent had 15.6mg/ mL (33.2mg/g) of As( V) maximum sorption while the
iron content was 220mg/ mL . The adsorbent had good kinetic property for arsenate and the adsorption equilibrium reached in 10h.
The sorption kinetic data can be described by Lagergren pseudo-second order rate equation. The addition of chloride, sulfate and
silicate did not affecte the arsenic adsorption. The column experiment indicated that the breakthrough bed volume was 5 000BV while
influent As( V) concentration was 500png/ L and e mpty contact time was 5.9 min. The spent adsorbent can be regenerated eluting with
1.5 mol* L' NaOH solutions , and the desorption and regeneration process were more than 90 % . The FeOOH was che mically stable
during the column adsorption and regeneration. The preparation method is simple and innovative . The adsorbent has good future
applying for the arsenic re moval from groundwater and drinking water .
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, ) )
, (71 20 ~ 60 ,
. (p
Fe OOH) ( g FeOOH)
B ( #pFeOOH, Akaganeite ,
type) . 50 %( ) ,
, 5~10 , . ,
[18-22] X , ( g FeOOH)
JAs( V) .
As( 111) , (2) 1 mL
33.5,83.6,134,176 220 mg/ mL ( g
, Fe OOH) 250mL
, , 1 ~50mmol/ L As( V)
50mL, 25Cx1°C 1501/ min ,
! HCl NaOH pH,
1.1 pH 7.0 £0.1.24h
( g FeOOH) H,S O HCIO; HNOy ,
10.6020¢g , -
Na, HAsO;* 12H, 0 ( M 424.08) , , As( V)
200mL ,  Ha pH 7.0, ,
250mL, As(V) 100mmol L™ ", Langmuir  Freundlich
(3) ( g Fe OOH)
15 % 24h , As( V) 1 mL 220
- mg/ mL ( 8 Fe OOH)
( AFS230 ,Beijing , Haiguang Co. ) 500mL , 250mL
, 0.1pg/ L, 7.5mg/L  30mg/L  As( V) , 25C*1C
R* 20. 999151 ( phlilps , 2501/ min pH 7.0.
XL30ESE M) , X 1 mL , ,
( ,D/ Max-2500) ,
Lagergren , N @))
1.2 (2):
(1) 16.0g ( AN T T )
) 400 mL 20 % ( ) qe Yo ge
2h, 75g ( v = kit geg (2)
41), , 2 ~3d, ot (h),qc ¢ (mg / mL),
8mL CS, ( CS, = (g)/2), , Feq (mg/ mL) , k;
1501/ min 4 ~ 10h, , [ mLe(mg=h) "], 0
100mL 6 % NaOH , 3 ~5h [ mg*(mL-h) '],
500mL (4)pH ( #Fe OOH)
200mL - ( : = As (V) 1 mL 220
2:1) ,0.4¢g ,50mL ,200 ~ 250 mg/ mL ( #FeOOH)
r/ min 30min,30 ~ 60 min 90 C, 250mL s 50mL 300 mg/ L
2h, , ( As( V) 25°C %1 °C 1501/ min ,
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pH HCl NaOH ,
R pH (pH4~11) .24h B ( #FeOOH, Akaganeite-type) .
pH As( V)
(5) ( g FeOOH)
As( V) 1 mL 220
mg/ mL ( pFeOOH)
250mL , 25mL As( V)
(PO, SiG%™ , 807 ), As(V)
2mmol/ L, 25T =%
1'C 1501/ min s pH
HCl NaOH , pH ) (5 FeOO)
7.0%0.1 .24h , , (ESEM)
s Fig.1 ESEM micrograph of bead cellulose adsorbent
AS( V) loaded with Fe( g Fe OOH)
(6) ( g FeOOH) 2500
1 mL 60 130 180mg/L
( g FeOOH) . 200r
250 mL . s0mL 37.5mg/ L £ 1s00|
As( V) , 25C*1°C 1501/ min g
, pH HCl NaOH pH g 1000~
7.0 £0.1 .24h | , =
. 50mL 6 % NaOH or \ MA
25 C*1°C 1501/ min 24h . 0 R R R
0 10 20 30 40 50 60 70 80
, . 26/(%)
2. 3 As( V)
2 ( # FeOOH) X
Fig.2 X ray diffraction patterns of bead cellulose
(7) ( g Fe OOH) adsorbent loaded with Fe( g Fe OOH)
As( V) 12mL 220 mg/ mL
10mm, 400 m m 2.2 ( g FeOOH)
( lcm ) .As( V)
As( V) As( V) 500ug/ L, 360 mg/ mL( 501 mg/ g, ),
. pH 7.0. ; 0.718¢g/ mL, 63.8%. 1
1.5m/h, 5.9 min. 1 ,
As( V) ( g FeOOH)
9 - ( 1 8
5~10
2.1 ( pFeOOH) 2.3
X ( #FeOOH)
( pFeOOH) As( V) 3 .2
1 1 > Lang muir Freundlich
( > ) No. 1 Freundlich R? 0.74
2 x , , Langmuir  Freundlich
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R? 0.90, Lang muir
Freundlich As( V)
3 .
(mg/ mL) (mg/g) .
1

Table 1  Comparison of maximum Fe loaded in different adsorbents

! %
( g FeOOH)
u 50 5 FeOOH
9~12 Fe OOH [18]
-NT, N
Fe( 1II) [19]
HIPE 7~9 Hydrous Fe oxides [20]
0.1 ~0.2 Hydrous Fe oxides [21]
2~3 Hydrous Fe oxides [22]
6 Fe( 1II) [24]
18 -
*
L3 No.5
% ¥ Y Nos4
a0
A
£ A No3
o A Py
® ) ¢ No.2
2 » = u a No.l
0 | | I I I I | | I
0 5 10 15 20 25 30 35 40 45 50
¢./mmol-L!
3 ( # FeOOH)
As(V)

Fig.3  Adsorption isotherms for As( V) by bead
cellulose adsorbents loaded with different

Fe( g FeOOH) content
2 ( # FeOOH)
Table 2 Langmuir and Freundlich adsorption constants

for As( V) by bead cellulose adsorbents loaded
with different Fe( g FeOOH) content

33.5mg / mL(260 mg/g) 220 mg/ mL( 468 mg/

g) As( V) 1.56mg/
mL 15.6mg/ mL.

, No. 1 No. 5,
0.129g/ mL 0.47g/ mL. g As( V)

33.5~220mg/ mL

3 ( # FeOOH)

Table 3 Density and Q,,, for bead cellulose adsorbents

loaded with different Fe( g Fe OOH) content

Lang muir Freundlich
b Quu/ mg mL ' R? K n R?
No. 1 1.56 0.91 1.83 0.74
No.2 4.76 5.82 0.97 4.12 9.6 0.93
No.3  6.39 7.43 0.93 4.65 6.56 0.97
No.4 4.00 10.5 0.99 6.02 5.61 0.98
No.5 2.29 15.6 0.96 11.7 11.5 0.98
3 , mL As( V)

Fe As( V)
g*mL"'  mgemL"' mgrg ! mgrmL '  /mgrg’
No.l — 0.129 33.5 260 1.56 12.1
No.2  0.226 83.6 370 5.82 25.8
No.3  0.300 134 447 7.43 24.8
No.4  0.400 176 440 10.5 26.3
No.5  0.471 220 468 15.6 33.2
2.4 ( g Fe OOH)
4 ( § Fe OOH)
As( V) Lagergren
(3) , 5. 4
Vo ~ Geq R. (s
Fe OOH) As( V)
Lagergren , 7.5mg/ L 30mg/ L 2
, R 0.99 .
. 2h , 2.09mg/ mL.
0. 405 mg/ ( mLeh) ,
80

—0— As(V): 7.5mg/L
70  —O0— As(V): 30mg/L

Arsenic removal rate/%

4 ( # FeOOH)
As(V)
Fig .4 Kinetics of As( V) adsorption by bead cellulose
adsorbents loaded with Fe( g Fe OOH)
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7.58 (pH3~6) ,HAsO; (pH 7 ~11) ,AsO} (pH 12 ~
mg/( mLeh) . , 2h ; 14). pH ,As( V) HyAsO;
s ,10h , Vi
2 : 2h As( V) Fe OOH . pH ,
, , (HAsO;”™  AsQ} ™) : ,
) > pH B
) As( V)
5 [10]
As( V) . ) pH 100
o
) pH 90 |- o\.
o 801 e
g ~
8 - 3 70 | .\
53 [ 2
7+ = 60 e
g ~e
6+ As(V): 7.5mg/L g 50
A a0 f
g’ o
2 4 2
g < 0l
£33 As(V): 30mg/L 10-
f.f 2 0 1 1 1 1 1 1 1 1
3 4 5 6 7 8 9 10 11 12
1 pH
0 s
I I O N T B N N N |
0 1 2 3 4 5 6 7 8 9 10 11 12 6 pH As(V)
h Fig .6  Effect of pH on As( V) removal by bead cellulose
adsorbents loaded with Fe( g Fe OOH)
5 ( # FeOOH)
As(V) (#-t g0 2.6 ( p FeOOH)
Fig.5 Transformation with t and t/ g, for kinetics of As( V) AS( V)
adsorption by bead cellulose adsorbents loaded with Fe( g Fe OOH) AS( V) 2 mmol/ L i
\ As( V) , 1350,
Table 4  Coefficients of a pseudo second order kinetic pH 7.0. ( B Fe OOH)
model fitting of As( V) adsorption kinetics AS( V) 7
co Vo Geq k, , ,AS( V) 91 %.
/mgeL"' /mg*(mL+h) " /mgeL~' /mLe(mg+h) ' Sios- SO;- ,As( V)
7.5 0.405 2.14 0.09 0.986
30 7.58 2.09 1.74 0.998 ’ SlOg SO‘%
As( V) PO} As( V) :
2.5 pH ( pFeOOH) PO;"  LAs( V)
As( V) 78 % . B As( V)
pH ( 5 Fe OOH) ( Linda ,2004) ,
As( V) 6 As( V) —Fe—OH + As( V) — —Fe —As( V) Kas( v)
300mg/ L .pH PO;”  Si0y 8
As( V) 75 % . As( V) : .
pH . , pH 4 —Fe—OH+P — —Fe—P Kp
o, As( V) 96.2 %( pH = PO;” , 0.01 ~2
4) 52.6%(pH =11) . mg/ L, As( V)
As( V) pH 4~5.As( V) pH 2.7 ( g Fe OOH)
, pH 8 ( g FeOOH)
HyAsO; (pH 0 ~ 2) , H,AsO; As( V) , 3



100 2.8 ( pFeOOH)
:EE , ll/// y// Y pH 7.0, 1.5m/h,
iﬁ gg % % 5.9m/:( . ( g FeOOH) 9
12 r % | % 5.2mg/g;
Sios* S04 50pg/ L, As( V)

Fig .7  Effect of competing anions on As( V) removal by
bead cellulose adsorbents loaded with Fe( g Fe OOH)

As( V) . No. 1 No. 3
60 .130
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Fig .8 The removal rate of As( V) by bead cellulose adsorbents
loaded with Fe( g FeOOH) after regeneration

5

180mg/ L, 1:50,

HCO; .CO}” .Cl° .SO;™ .Ca*"

pH 0.4
P

( g FeOOH)
As( TI0)
( s Fe OOH)

(V)
10 (500pmol/ L) ,

As( V)

As( V)

500
T, 450
2 400
g
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I
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8
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g
.a-'

Q

S 200
150
100
50 -
0 J—-—#F/ ] ]
0 2000 4000 6000 12000 16000 20000

Bed Volume/BV

T T T T T T T T T

Effluent As(

9 As(V)
Fig .9  Performance of bead cellulose adsorbents loaded

with Fe( g FeOOH) in As( V) removal of column test

/mg'L'1

Table 5 The concentration of background anions from influent and effluent solution / mg* L~

pH co}- HCO; a- SO~

PO;}" F- Sl Ca?”* Mg** Fe

7.0 6.4 339 6.7 15.2
7.4 5.8 340 6.7 15.5

0.52 10.1 66.8 40.5 0.03
0.30 9.2 67.5 39.8 0.03
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6 As(V)
Table 6 Comparison of column experiment conditions and breakthrough volume for As( V) removal by different adsorbents
As( V) /pgeL! / min (10pg/ L)/ BV

HIPE 50 30 300 [20]
50 25 55 [20]

50 3.1 4000 [18]

200 4 300 [18]

1000 50 165 [25]

1000 15.5 235 [12]

( s FeOOH) 500 5.9 5000
2002 ,36 :3405 ~ 3411 .
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