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Abstract A series of cetyltrimethyl amonium bromide bentonite C-Bt  cationic polyacrylamide bentonite P-Bt and composite
organobentonite  C/P-Bt were synthesized by modifying bentonite with cetyltrimethyl ammonium bromide CTMAB and/or cationic
polyacrylamide CPAM . The basal spacings of the obtained organobentonites were analyzed with XRD. The sorption capacities of
phenol and nitrobenzene to these organobentonites from water were examined. The results showed that the basal spacing values of C/P-
Bt were larger than those of C-Bt and P-Bt which indicated a simultaneous intercalation of bentonite interlayers by CTMAB and
CPAM. The sorption capacity of C/P-Bt was better than that of C-Bt. Under the same equilibrium concentration 7 045 mg/L for
phenol and 409 mg/L for nitrobenzene  the sorbed amounts of phenol and nitrobenzene on 60C/4% P-Bt were 150 and 69 mg/g
which enhanced 26% and 28% respectively comparing with those on 60C-Bt. Furthermore the sorption capacity of 60C/4% P-Bt was
better than the sum of 60C-Bt and 4% P-Bt and the sorbed amounts of phenol and nitrobenzene enhanced 22% and 26% respectively
showing an obvious synergistic sorption effect. An explanation for these results was that the arrangement model of CTMAB within the C/
P-Bt interlayers was affected by CPAM  which led to the formation of organic phase with better affinity to the organic compounds. This
novel organobentonites may have wide applications in organic pollution control.

Key words organobentonites phenol nitrobenzene sorption wastewater treatment

Vi 2
_ 14~ 16
1 17 ~22
23
2009-03-30 2009-06-30
547 40725006
863 2008 AA067328
08XZX15
X2008YJSCX20
8~13 1984 ~

E-mail mickey0316@ 163. com

* E-mail zhurunliang@ gmail. com



386

31

CTMAB
CPAM

1.1
Bt
CEC 1. 08 mmol/g
0.04% . CPAM 1 000
CTMAB
UVv1100 -
TOC-V CPH

CT15RT

DS8GADDS X-
7ZD-85

1.2
100 CTMAB
CPAM 60°C 6 h 12 h
60°C 100
C/P-Bt . CTMAB
CEC 0.6 1.0 CPAM
2% 4% 6% . 60C/2% P-Bt
CTMAB 0. 6CEC CPAM 2%
CTMAB C-Bt
P-Bt .
1.3

CPAM

0.3g 0.4¢

20 mL

25 mL

25C 150
6 h 4000 r/min 15 min
A =270 nm A =268

max max

r/min

nm
X-
Cu Ka 40 kV

0.5° ~20°

300 mA 20
260 4 ° /min DS/SS
25C
50% ~60% .
680°C
/ 6 ~7 min
25C

2
2.1 X-
X-
X- 1.
1.48 nm. P-Bt d oo,
C-Bt
CTMAB C/P-Bt
C-Bt P-Bt CTMAB CPAM
CPAM C/P-Bt
2.23 nm
100C/6% P-Bt
100C/4% P-Bt
100C/2% P-Bt
100C-Bt
60C/6% P-Bt
60C/4% P-Bt
60C/2% P-Bt
6% P-Bt
4% P-Bt
2% P-Bt
Bt
0 5 lb 15
26/(°)
1 XRD
Fig.1 XRD spectra of organobentonites
CEC
CTMAB  CPAM B
12 mg/L
1
CPAM C/P-Bt  C-Bt



2 CTMAB/CPAM 387
1 28% . CTMAB 1. 0CEC C/P-Bt
Table 1  Organic carbon contents of organobentonites 100C/2% P-Bt
/% % 100C-Bt 20%  19%.
29% P-Bt 1.06 60C/6% P-Bt 15.44
4% P-Bt 2.14 100C-Bt 20.51 CPAM C/P-Bt
6% P-Bt 3.25 100C/2% P-Bt 20.71 2 b 3 b CTMAB
60C-Bt 13.20 100C/4% P-Bt 20. 96 0. 6CEC CPAM
60C/2% P-B 14.20 100C./6% P-B 21.20
: t ‘ 60C/4% P-Bt > 60C/2%
60C/4% P-Bt 14.99
P-Bt >60C/6% P-Bt > 60C-Bt 2 ¢ 3 ¢
2.2 CTMAB 1.0CEC
CPAM
2 3. P-Bt 100C/2% P-Bt > 100C/4% P-Bt > 100C/6% P-
C-Bt Bt > 100C-Bt.
P-Bt P-Bt 2 3 C/P-Bt
44 . C/P-Bt C-Bt P-Bt . C/P-Bt
C-Bt. 7045 C-Bt  P-Bt
mg/L 409 mg/L. 60C/2% P-Bt 60C/4% .
P-Bt 60C/6% P-Bt  60C-Bt 7045 mg/L 409 mg/L.  60C/
133 150 128 119 mg/g 4% P-Bt 60C-Bt 4% P-Bt
64 69 62 54 mg/g 60C/4% P-Bt 22% 26% . CTMAB
60C-Bt 26% CPAM
200 200 250
(@) ®) @©
150 150 | 200 ¢
@ 150 } g
ﬂﬂ% 100 100 |
& ¢ 60C-Bt 100 } © 100C-Bt
= 4 100C-Bt ¢ o 60C/2% P-Bt o 100C/2% P-Bt
50t x 2% P-Bt 50| ¢ 2 60C/4% P-Bt 4 100C/4% P-Bt
+ 4% P-Bt x 60C/6% P-Bt 50 x 100C/6% P-Bt
- 6% P-Bt o 60C-Bt + 4% P-Bt 0 100C-Bt + 4% P-Bt
0 ik 0 1 1 0 1 1
0 3000 6000 9000 0 3000 6 000 9 000 0 3000 6 000 9 000
PG PE/mg L A /mg L7 SPHTH P /mg L7
2
Fig.2  Sorption isotherms of phenol on organobentonites
100 100 120
o 60C-Bt ¢ 60C-Bt + 100C-Bt
g0l & 100C-Bt g0 | © 60C/2% P-Bt 100 | o 100C/2% P-Bt
x 2% P-Bt A 60C/4% P-Bt & 100C/4% P-Bt
N + 4% P-Bt x 60C/6% P-Bt 80 [ x 100C/6% P-Bt
o 60 . 6%p-Bt 60 - o 60C-Bt+4 %P-Bt o 100C-Bt + 4 % P-Bt
= 60 }
]
Z 40} 40
= 40 |
20 | 20 | |
@ 20 ©
0 : - - ) 0 A . . . 0 . s . .
0 100 200 300 400 500 0 100 200 300 400 500 0 100 200 300 400 500
A /mg L7 PG PE/mg L R M B /mg- Lt

3

Fig.3  Sorption isotherms of nitrobenzene on organobentonites
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Table 2 Sorption capacities of phenol and nitrobenzene to

different systems

¢/mg- L7 Q/mg- g ' e/mg- L' Q/mg- g

60C-Bt +4% CPAM 4725 113 346 35
60C-Bt +4% P-Bt 4732 117 338 36
60C/4% P-Bt 4227 139 301 38
100C-Bt +4% CPAM 4635 157 316 48
100C-Bt +4 % P-Bt 4492 170 305 49
100C/4% P-Bt 4169 189 296 51
1 ¢ Q
7000 mg/L 1050 mg/L
3
2
2 3 C/P-Bt C-
Bt P-Bt
C/P-Bt
CPAM C/P-Bt
P17 XRD C/P-Bt
C-Bt CTMAB
CPAM /
CTMAB
C/P-Bt .
CTMAB 0. 6CEC C/P-Bt CPAM
C/P-Bt
60C/4% P-Bt > 60C/2% P-Bt
CPAM
C/P-Bt 60C/
4% P-Bt > 60C/6% P-Bt. CTMAB
1.0CEC C/P-Bt
CPAM

100C/2% P-Bt >
100C/4% P-Bt > 100C/6% P-Bt.

CPAM CTMAB
2 3 C/P-Bt
K,, 29 A
C/P-Bt
P ™
p—m
™
e T
26
C/P-Bt
4
1 CTMAB CPAM
2 C/P-Bt
C/P-Bt C-Bt P-Bt
22%
26% C/P-Bt C-Bt CPAM
23% 8.6%.
3 CPAM CTMAB
C/P-Bt
1
M . 2006. 1-2.
2
J. 1997 16 1  1-13.

3 Yang L Y Zhou Z Xiao L et al. Chemical and biological
regeneration of HDTMA-modified montmorillonite after sorption
with phenol J . Environ Sci Technol 2003 37 21

5057-5061.

I . 1998 6 3 53-61.

5 Tian S L  Zhu L Z Shi Y. Characterization of sorption
mechanisms of VOCs with organobentonites using a LSER
approach J . Environ Sci Technol 2004 38 2 489-495.

6 Matott L. S Bartelt-Hunt S L. Rabideau A J et al. Application



CTMAB/CPAM

389

10

11

12

13

14

15

of heuristic optimization techniques and algorithm tuning to
multilayered sorptive barrier design J . Environ Sci Technol
2006 40 20  6354-6360.
Bartelt-Hunt S L. Smith ] A Burns S E et al. Evaluation of
granular activated carbon shale and two organoclays for use as
sorptive amendments in clay landfill liners ] J Geotech
Geoenviron 2005 131 7  848-856.
Akgay M Akgay G. The removal of phenolic compounds from
aqueous solutions by organophilic bentonite J . J Hazard Mater
2004 113 1-3  189-193.
Lee SY Kim S J Chung S Y et al. Sorption of hydrophobic
organic compounds onto organoclays J Chemosphere 2004
55 5 781-785.
. Al-CTMAB
I 2006 27 1 91-94.
Shakir K Ghoneimy H F Elkafrawy A F et al. Removal of
catechol from aqueous solutions by adsorption onto organophilic-
bentonite J . J Hazard Mater 2008 15 3  765-773.
Chen B L Huang W H Mao J F et al. Enhanced sorption of
naphthalene and nitroaromatic compounds to bentonite by
potassium and cetyltrimethylammonium cations ] J Hazard
Mater 2008 158 1  116-123.
Changchaivong S Khaodhiar S. Adsorption of naphthalene and
phenanthrene on dodecylpyridinium-modified bentonite  J
Appl Clay Sci 2009 43 34  317-321.
Zhu R L Zhu L Z Xu L H. Sorption characteristics of CTMA-
bentonite complexes as controlled by surfactant packing density
J . J Colloids Surf A 2007 294 1-3 221-227.
Zhu R L ZhuLZ ZhuJX et al. Structures of surfactant -clay

complexes and their sorptive characteristics toward HOCs J

16

17

18

19

20

22

23

24

25

26

Sep Purif Technol 2008 63 1  156-162.

Zhu R L Zhu L Z. Thermodynamics of naphthalene sorption to
. J Colloid

organoclays role of surfactant packing densities ]

Interface Sci 2008 322 1  27-32.
. PDMDAAC-
. 2005 24 2
205-208.
/
J . 2008 43
9 31-35.

Breen C Watson R. Polycation-exchanged clays as sorbents for
organic pollutants influence do layer charge on pollutant sorption
capacity J . J Colloid Interface Sei 1998 208 2 422-429.
Breen C. The characterization and use of polycation-exchanged
bentonites J . Appl Clay Sei 1999 15 1-2 187-219.

Churchman G J. Formation of complexes between bentonite and
different cationic polyelectrolytes and their use as sorbents for
non-ionic and anionic pollutants J . Appl Clay Sci 2002 21

34 177-189.
Al-Asheh S Banat F' Abu-Aitah L. Adsorption of phenol using

different types of activated bentonites J .

2003 33 1 1-10.

Sep Purif Technol

] 2005 31 12 13-15.
. CPAM
J . 2006 29 3 13-14.
Yaws C L. M
1999. 377.
M

2006. 127-128.





