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Abstract Fe,O,-Attapulgite nanoparticles were prepared by a co-precipitation technique under a nitrogen atmosphere in this paper.

An aqueous suspension of attapulgite was modified with FeCl, and FeCl,. Then TiO, was loaded onto the surface of the Fe; O,—
Attapulgite by the sol-gel method. After sufficient dried the colloidal solution was heated at 773 K in a muffle furnace which forming
Ti0,¥e, O, Attapulgite composite. TiO, and Fe,; O, nanoparticles loaded successfully were confirmed by scanning electron microscopy
(SEM) X-ray diffraction ( XRD) analysis and vibrating sample magnetometry ( VSM) . The effects of pH dosage and H,0, on acid
red B removal were studied. The results show there is only 10. 1% mass loss after six cycles. The composite material has good
photocatalytic performance and recycling properties.

Keywords attapulgite clay TiO, magnetic nanocomposite photocatalysis acid red B

b P TiO, .
4
2 SN ° (ATTs( Attapulgite) ’
TiO,
o o ATTs
TiO, - ( OH,) ,( OH) , MgsSiz0,, * 4H,0 ’
( ROS) ( - OH) . ATTs .
(-0,) °? N N
9
20140941 ATTs
(51308185) ATTs
(1991—= ) MF3B " ;  ATTs NH,
1 15195952862; E-mail: xiachongyaoqd @ .
163. como ! Ag; PO4
© 13913899869; E-mail: CW_HHU@ 163. com. ATTs 2,



WATER PURIFICATION TECHNOLOGY

Vol. 34 No.2 2015
April 25th 2015

" Fe,0,

Fe,0,

80% " Fe,0, ATTs
24

7.53% © . ATTs/IOM

16

TiO,Fe,0,ATTs

1

1.1
ATTs ( 200 )
FeCl, « 6H,0 FeSO, « 7H,0
Chemical Regent.
o B o
30mg/L 0.303 ¢ B
1L o N N N
H,0,. N Sigma-Aldrich o

Oilbetter;
Sinopharm

Fe( 1)

1.2
1.2.1 ATTs
ATTs ( 0.074 mm)
ATTs 5%
24 h o
4h  ATTs
378 K o

ATTs ATTs

1.2.2  ATTs Fe,0,
Fe, 0,-ATTs.
-OH 7
ATTs

ATTs
=Si/AL-OH
343 K
5.0 g FeCL, * 6H,0
200 mL
(10 mL. 8 mol /L)
1 he

1.0 g ATTs
2.5 g FeSO, * 7H,0
NaOH
pH 11

343 K 4 h

373 K
3h Fe,0,ATTs o
1.2.3 Fe,0,ATTs TiO,
2.0 g Fe; O, ATTs
20 min o
20 mL
20 min, 80 mL
10 mL o
1h 30 min
24 h o

80 mL
80 mL

353 K
873 K
3h TiO,Fe,0,ATTs .
1.3

XTRA  ( Thermo) X

o

( Hitachi LTD S-4800) .

( VSM) ( Lake Shore VSM7410) .
1.4
B
1 g/L
o B
TiO,¥e,0,ATTs
x X =50emx15emx15cem 1L
288 K 350
N o B 2 mL
510 nm
2
2.1
1 ATTs. TiO,¥e; O,ATTs SEM o
1( a) ATTs
ATTs 40 ~50 nm. ATTs
5% 24 h
ATTs
o 1 Fe,0, TiO,
ATTs
2
XRD
10 ~20 nm  Fe, 0, TiO, ATTs -OH
TiO, TiO,



Vol.34 No.2 2015

ca  ATTs;b  TiO,¥e;0,-ATTs

1 SEM
Fig.1 SEM Analysis of Samples

2 ATTs.TiO,¥e, 0,-ATTs  XRD

2 ATTs
ATTs 20 8°~9°
2( a) ATTs
20 8.6° 10.5 A ATTs
XRD TiO,  Fe,0,
ATTs
ATTs ATTs
| e
a Fe,0,

=1
<
ﬁ N Lo A n “‘
B oot
B o
J
,-'I " LM“M“Uthurl‘iljﬁ'wJ-MJMifMM

20 40 60 80
20

ta  ATTs;b  TiO,F¥e; 0, ATTs
2 XRD
Fig.2 XRD Analysis of Samples

o TiO, Fe,0, 2( b)
27.5°.36.1°.41.2°.54.3°.
62.7°.64.0°,69.0°  TiO, 33010,
35.6°.38.5°.55.5°  Fe,0, o
- TiO,  Fe,0,
ATTs o
3 TiO,¥e, 0,ATTs
( VSM)
- 20 kOe < H <20 kOe.
(Ms) (Mr)
( He) ( Sr = Mr/Ms) 7.33 emu /g-0.
22 emu/g.9.75 G  0.03,
TiO, Fe,0,
7.33 emu /g
TiO,¥e,0,ATTs

o

. -

/T;) 3755 B =7.330 5emu/g
>
5 9
=
b
==
% L

=20 000 —10|000 0 10 600 20 000

Rk g/ G
3 Ti0,~Fe,0,ATTs VSM
Fig.3 VSM Analysis of TiO, ¥e; 0,-ATTs
2.2 pH B
4 pH 0.5¢
(298 K) 500 mL 30 mg /L B
o B
pH B o
N o pH 5
B 91.2% pH 9
B 69.6% -
B pH 6 ATTs
pH 4.43 ATTs



Vol. 34 No.2 2015

WATER PURIFICATION TECHNOLOGY April 25th 2015
B B
o B o
Na + Na + o« ”
Na* o
Na* ATTs
ATTS g ; o
b e w0
- + H TR SAMERREIEE o s
=0 N o] e
;o—ﬂ»/ /:/'/
o 60 /‘_ ././ ./.J-H'
ATTS ~ ‘_'_,‘,_a-n l/ ./o/
& 40 e
ATTs R I R 1o
/. g
sod —a-0.7g
100 - . —=—05¢g
B =R EILRALTE — ——02¢g
i A 0- T T T T T 1
80 A AT 0 20 40 60 80 100 120
/oi:;::.)_./' [f 8] / min
- 60 i a
L3 = 5 B
g 404 j. ./. Fig.5 Effect of Different Compound Material
{'}\l: - —e— pH=4 Dosage on Acid Red B Removal
—a— pH=6
20+ ‘ —a— pH=
o 2.4 H,0, B
0 T T 1 H, 02
0 20 40 60 80 100 120
f ] / min o (298 K)
4 pH B pH 6 H,0,
Fig.4 Effect of Different pH on Acid Red B Removal 0.5 g 6 °
53 B 6 H,0,
' B H,0,
: (- OH)
B B
(298 K) pH 6. 5 o 1,0, o,
(
1,0, .
1.0 g
100+
B I SR ‘%Eﬁl‘i‘tﬁé%w:dfﬂ
74.5% - e et
- -
ATTs ATTs Va "
B 2 601 * ././
%ﬂ' g -
B ° R 404 ;‘./ '/.
] X — —+— 5 mmol/L
( ) T102 —&— 3 mmol/L
20 —+— | mmol/L
—=— (0 mmol /L
( - OH) 0 . . : . ' .
B 0 20 40 60 80 100 120
fi1R] / min
° 6 H,0, B
B T102 Fig.6 Effect of Different H, O, Concentration on Acid Red B Removal



Vol. 34 No.2 2015

- OH
HZOZ

H,0, 0—0
- OH
- OH

* OH

o

H,0, —+ OH ++ OH —+ OH + H,0 — H,0 ++ OH

* OH
( + OH) B
o * OH
(e” =h™) o
H,0, H,0,
B o
2.5
0.5¢g (298 K) .pH ©6
(9.5:0.5)
5 mL
30 min
7 o
(6 )
10. 1% B 85%
TiO,
1.0
80 1
10.8
=@ oo
#401 04=
201 0.2
0+ 0.0
‘@ﬁ?ﬁ(ﬁ/ X
7 Ti0,Fe, 0, -ATTs
Fig.7 Recycling Performance of TiO,¥e;0,-ATTs
2.6 B
8 9 Langmuir
Freundlich 298 K
o Qb K 1/
n 1 0 1 R’ Langmuir
Freundlich
o 1/n Freundlich

( 1/n 0.1~1
) 0.1<1/n<1,
R Langmuir R 0~1
Langmuir R Langmuir
o Langmuir
Freundlich .
R’ Langmuir
Freundlich
(298 K)
0.005+
0,004+ /
> ;
=
0.003 —=—303K
—¥—323K
X ——343K
0.002 T T 1
0.00 0.02 0.04 0.06
1/c,
8 B Langmuir
Fig.8 Fitted Results of Acid Red B by Langmuir
Isotherm at Different Temperature
2.7+
—a-303K v
2.6 Ty
—¥—323K v v
ol
—=—343K v . _/-/
2.54 o / / -
= T //’ —a *
o0 B // / ‘// A A Ta
244 ////
- /
LI
2.31 .
LS 2.0 2.5
lgC,
9 B Freundlich
Fig.9 Fitted Results of Acid Red B by Freundlich
Isotherm at Different Temperature
1 Langmuir Freundlich
Tab.1 Parameters of Langmuir Isotherm
and Freundlich Isotherm
/ Langmuir Freundlich
Qo b R K 1/n R

303 316.4557 0.053369 0.9905
323 381.6794 0.046603 0.9911
343 421.9409 0.070979 0.9920

113.8 0.17409 0.8842
109.4 0.21681 0.9167
139.4 0.19959 0.9537




WATER PURIFICATION TECHNOLOGY

Vol. 34 No.2 2015
April 25th 2015

10 B In( C,/C) t
o 8 Langmuir—
Hinshelwood (
0.98) K., L 2
60 min B
86% . TiO,¥e;0,-ATTs
B 0.033 3 minfl(tl,2 =18. 39 min)
B 50%
18.39 min
B o
2 7w
/’/l/
%
® -
G e
E .
e
N
P
L
04 =
0 20 40 60
¢t/min
10 B Langmuir-Hinshelwood

Fig. 10 Pseudo—¥irst-Order Kinetics for the Degradation of Acid Red B

2
Tab.2 Parameters of PseudoFirst-Order Kinetic
B
Kopp tip R
TiO,¥e; 0, ATTs 0.0333 18.4 0.9831
3
TiO, ( TiO,-
Fe,0,ATTs) ATTs
10 ~ 20 nm TiO,
7.33 emu/g 0
B
Langmuir
Langmuir-Hinshelwood
0.047 9 min ' B
pH 6 pH 9 21.6%:;
0.7¢
500 mL 30 mg /L B
90.5%; 5 mmol /L. H,0,
98.1%

11

12

10. 1% B 85%

TiO,

Bonancéa C E  Nascimento G M D de Souza M L et al. Surface—
enhanced Raman study of electrochemical and photocatalytic
degradation of the azo dye Janus Green B ] . Applied Catalysis
B: Environmental 2008 77(3-4): 339-345.

B TiO,
I ( ) 2009
37(7): 129432.
. H,0, Ag* Zn0O
I (

) 2007 35(10): 101404.
Bouna L. Rhouta B Amjoud M et al. Synthesis characterization
and photocatalytic activity of TiO, supported natural palygorskite
microfibers J . Applied Clay Science 2011 52(3): 301311.
Xia S Liu F Ni Z et al. Ti-based layered double hydroxides:
Efficient photocatalysts for azo dyes degradation under visible light
J . Applied Catalysis B: Environmental 2014 144 ( 5):
570-579.
Zhang Z Xu Y Ma X et al. Microwave degradation of methyl
orange dye in aqueous solution in the presence of nano-TiO,-—
supported activated carbon ( supported-TiO, /AC/MW) J
Journal of Hazardous Materials 2012 148(209-210) : 271-277.
Zhang 1. Lv F Zhang W et al. Photo degradation of methyl
orange by attapulgite-Sn0O, -Ti0, nanocomposites J . Journal of
Hazardous Materials 2009 171(13) : 294-300.

Bradley W F. The Structural Scheme of Attapulgite J . American
Mineralogist 1940 6(25) : 401405.

QiZ YeH Xul] et al Improved the thermal and mechanical
properties of poly ( butylene succinate-co-butylene adipate) by
forming nanocomposites with attapulgite J . Colloids and Surfaces
A: Physicochemical and Engineering Aspects 2013 421 (9):
109-117.
Huang] LiuY Jin Q et al. Adsorption studies of a water soluble
dye Reactive Red MF3B using sonication-surfactant-modified
attapulgite clay ] Journal of Hazardous Materials 2007
169(1-2) : 541-548.
Xue A Zhou S Zhao Y et al. Effective NH,-grafting on
attapulgite surfaces for adsorption of reactive dyes J . Journal of
Hazardous Materials 2011 147(194) : 744.
Ma] Zoul] LiL etal. Nanocomposite of attapulgite-Ag; PO, for
Orange II photodegradation J . Applied Catalysis B: Environmental
2014 83( 10) : 3640.

(4



WATER PURIFICATION TECHNOLOGY

Vol. 34 No.2 2015
April 25th 2015

B TOC L% :
o G 200 pg /L;
96 TOC 500 g /Lo
94
= 92
o 90 4
A
% 88
1 86 TOC
84
82
80 T
ATZ BILZ 0c
TOC o
9 TOC
Fig.9 TOC Removal Rate of Different Demineralized Process TOC
TOC
B TOC TOC TOC
500
450 447
~ 400
T, 350 °
8o 300
2250
o 200
O 150 134
&= 100 694 1 Pavel Hubner. The fate of organics in the water-steam cycle ] .
50 | ‘ Power Plant Chemstry 2006 8(9): 1146.
ROHET S I FEpEHET S I lE(%(ﬁ‘lﬁﬁ)Ii 2 Stefan A. Huber. The behaviour of Natural Organic Matter in water
treatment and the water/steam cycle: Deeper insights J . Power
10 ToC Plant Chemstry 2006 8(2) : 3339.
Fig. 10 Average TOC Contents in Demineralized Water by 3
Different Demineralization Process I
T 0 B 2012 31(1): 2733.
oc 96.0% 86.0% 4 Rob Heijboer Marga H. Van Deelen-Bremer. The behaviour of
TOC 100 ng /L; organics in a makeup water plant J . Power Plant Chemstry
TOC 2006 8(4): 40-43.
( 31 ) recognition of 2 4-dichlorophenol ] Chemical Engineering
13 Zhong W Liu P Wang A. Facile approach to magnetic Journal 2011 174(1) : 6875.
attapulgiteFe, O, /polystyrene tri-component nanocomposite J . 16 Helmy A K de Bussetti S G Ferreiro E A. The surface energy of
Materials Letters 2012 85(11): 1143. palygorskite  J Powder Technology 2007 171 ( 2):
14 . Ti0, /Si0, /Fe; 0, 126-131.
J . ( ). 17 Fan Q Li P Chen Y et al. Preparation and application of

2006 34(10): 108-10.
15 Pan] Xu L Dai J

et al. Magnetic molecularly imprinted

polymers based on attapulgite/Fe; O, particles for the selective

attapulgite /iron oxide magnetic composites for the removal of U
(V1) from aqueous solution J . Journal of Hazardous Materials

2011 173(3): 18514859.



