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Abstract-In order to improve the adsorption performance of
Attapulgite (ATP) on dyes. ATP was modified by cetyl
trimethyl ammonium bromide (CTAB), and the ATP before
and after modified were characterized with XRD and FT-IR.
The results showed that ATP had been modified with CTAB
successfully, and crystal structure of ATP was unchanged.
The influence factors such as modified agent dosage, solution
temperature, pH value of solution and dyes structure on
adsorption properties of ATP were discussed. The results
suggested that the optimal dosage of modifier was 10 wt%
based on the quality of ATP. ATP had good adsorption effect
on methyl orange when the pH value was pH value was in
the rage of 3.6 to 11.6, temperature was in the range of 30-
50 °C. The order of adsorption effect was as follow: methyl
orange>methylene blue>amido black>methyl blue>congo
red>rhodamine B.
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L.

Recently, dye is extensively used in many industries,
such as textiles, paper, printing and leather [1]. But the
wastewaters containing dye are difficult to remove by
conventional wastewater treatment methods because of the
stability of the dyes under oxidants or light irradiation [2].
However, adsorption technique is widely used to treat the
dye wastewater due to simple operation, low cost and
circulating reuse of absorbents in practical application [3,
4]. Attapulgite (ATP), a species of hydrated magnesium
aluminum silicate mineral [(H,0)4(Mg,Al Fe)s(OH),.
Sig0,9-4H,0] with commonly a rod-like morphology,
possesses high surface area and moderate cation exchange
capacity [5], which is beneficial for the adsorption of many
pollutants such as heavy metals [6], dyes [7, 8] and phenol
[9] from wastewater.

In this experiment, attapulgite (ATP) was modified
with cetyl trimethyl ammonium bromide (CTAB), and the
ATP before and after modified were characterized by XRD
and FT-IR. The adsorption properties of modified ATP for
adsorption of methyl orange (MO) was examined through
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comparative experiments. The effects of the amount of
modifier, solution temperature, and pH value of solution
on adsorption experiments were studied. Under the same
experimental conditions, the adsorption of different dyes
such as rhodamine B, methyl blue, amido black, methylene
blue and congo red were carried out.

II.  EXPERIMENTAL

A. Materials

CTAB, methyl orange (MO), rhodamine B, methyl
blue, amido black, methylene blue and congo red were
purchased from Aladdin Industrial Corporation (Shanghai,
China). The pristine ATP clay powder was supplied by
Jiangsu Junda Attapulgite Material Co., Ltd. with mesh
number is 50.

B. The Modification of ATP

ATP was organically modified according to the
following procedure. 5 g ATP, a certain quality of CTAB
and 200 mL distilled water were slowly poured into 250
mL conical flask, than stirring at 80 °C for 3 h. The ATP
power was washed with distilled water and ethyl alcohol
until there was no bubble in filtrate. After that, the power
was dried at 50 °C for 5 h to get modified ATP (CTAB-
ATP).

C. Adsorption Experiments

The CTAB-ATP (0.2 g) mentioned above were
immersed in MO solution (100 mg/L, 100 mL), while
stirring at a certain temperature. A certain volume of
supernatant liquor was taken out and analyzed on a 722
spectrophotometer using distilled water as reference at
Amax of 465 nm. The adsorption efficiency was calculated
using the following equation:

Remaining rate = C,/C, )

where C, is the initial concentration of MO solution, C;
is the concentration of MO solution after a certain reaction
time.



III. RESULTS AND DISCUSSION

A. XRD Analysis of Attapulgite

The X-ray diffraction (XRD) pattern of modified ATP
was shown in Fig. 1, which was recorded on XD-6
diffractometer with Cu target (36 kV, 20 mA) at a
scanning rate of 2 °/min. The typical diffraction peaks at
20=8.3 °, 19.7 ° and 27.3 ° in Fig. 1(a) shown good
agreement with primary diffraction of the (110), (040) and
(400) planes of the attapulgite [10]. After modified with
CTAB, no obvious other peaks could be observed in Fig. 1
(b) compared with ATP, which proved CTAB did not
change the original crystal structure of attapulgite.

B. IR Analysis of Modified Attapulgite

The structure of CTAB-ATP was characterized with a
Nicolet 5700 FT-IR instrument. FT-IR spectra of ATP
power and those modified with CTAB were presented in
Fig. 2.

There was broad band at around 3582 cm™' and 3434
cm ' in FT-IR spectra curve a (ATP) were attributed to the
stretching vibrations of -OH groups. The absorption peaks
at 1684 cm™ was ascribed to the bending vibrations of -OH
groups. In addition, the absorption peaks at 1043 cm™ was
ascribed to the stretching vibrations of -Si-O-Si groups
[11]. The absorption peaks at 2913 and 2835 cm™ just as
curve b (CTAB) shown were attributed to the
asymmetrical  stretching vibration and symmetric
stretching vibrations of C-O groups. However, there was
obvious asymmetrical stretching vibration and symmetric
stretching vibrations of C-O groups in curve ¢ (CTAB-
ATP), compared with curve a. These results indicated that
ATP had been modified with CTAB successfully.

C. Effect of Modifier Dosage

The dosage of CTAB is one of important elements
which can influence the adsorption effect. So the effect of
CTAB dosage on adsorption of MO was investigated. The
CTAB were 10 wt%, 20 wt%, 30 wt% and 40 wt%
respectively, based on the quality of ATP, the results
shown in Fig. 3.
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Figure 1. X-ray diffraction patterns of ATP (a) and CTAB-ATP(b)
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Figure 2. FT-IR spectrum of ATP (a), CTAB (b) and CTAB-ATP (c)
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Figure 3. Effect of modifier dosage on Adsorption (CTAB-ATP 0.2 g,

MO 100 mg/L, 100 mL, T 30°C, pH 7.6)

The remaining rate of MO in solution almost
unchanged after adsorption for 60 min, indicating
unmodified ATP almost had no adsorption of methyl
orange. When the modifier dosage was 10 wt%, the
remaining rate of MO in aqueous solution was 56.2 % after
adsorption for 60 min. When the modifier dosage was 20
wt%, the remaining rate of MO was 42.3 %. When the
modifier dosage reached to 40 wt%, the remaining rate
was the minimum 41.0 %. This may be due to the surface
area and cation exchange capacity of ATP were limited,
too high modifier density in the solution would impact the
adsorption and reaction between modifier and ATP surface.
So the adsorption was slightly affected by the modifier
dosage, the optimal dosage of modifier was 10 wt%.

D. Effect of pH

The effect of solution pH value on adsorption of MO
was studied by varying the initial pH value in 100 mL of
MO solution (100 mg/L) on 0.2 g of CTAB-ATP at 30 °C.
The results of MO remaining rate versus pH value were
shown in Fig. 4. When the pH value was 3.6, the
remaining rate of MO in aqueous solution was 7.6 % after
adsorption for 60 min. When the pH value was 5.6, 7.6, 9.6,
and 11.6, respectively, the remaining rate were 22.3 %,
25.4 %, 23.3 % and 24.8 %, respectively. It was found that
when the pH value of the solution was acidic, adsorptive



effect of CTAB-ATP remarkably increased, the adsorption
rate reached more than 90 %. In addition, there was no
difference of remaining rates in alkaline solution and
neutral solution. Therefore CTAB-ATP has good
adsorption effect on MO when the pH value was in the
rage of 3.6 to 11.6.

E. Effect of Temperature

The effect of different temperatures on CTAB-ATP
adsorption of MO was shown in Fig. 5. At 30, 35, 40, 45
and 50 °C, the remaining rates of MO were 25.4 %, 27.9 %,
25.8 %, 22.9 % and 24.3 %, respectively, after adsorption
for 60 min. The results indicated that the adsorption of MO
on CTAB-ATP was slightly affected by the temperature,
and the adsorption can be carried out at temperature (30 °C
to 50 °C) in practical application.

F. Effect of Dye Structure

In order to study the effect of dye structure on
adsorption properties of CTAB-ATP, the experiments that
adsorption of rhodamine B, congo red, methyl blue, amido
black, methylene blue and methyl orange on CTAB-ATP
were carried out under the conditions of CTAB-ATP 0.2 g,
modifier dosage 10 wt%, dye 100 mg/L, 100 mL, pH 7.6,
the results shown in Fig. 6. The remaining rates of
rhodamine B, congo red, methyl blue, amido black,
methylene blue and methyl orange were 32.9 %, 25.4 %,
19.0 %, 10.1 %, 9.9 % and 2.3 %, respectively, after
adsorption for 60 min, the structures of dyes as seen in Fig.
7.

The adsorption effect of methyl orange was best,
compared to other dyes. The order of their adsorption
effect was as follow: methyl orange>methylene
blue>amido black>methyl blue>congo red>rhodamine B.
The structures of azo days as congo red and rhodamine B
were relatively stable, so it was difficult to be adsorbed.
The remaining rates of methyl orange, methylene blue,
amido black and methyl blue was relatively low. That
indicated when the amount of sulfonic acid groups in the
same type of dyes was more, it is conducive to adsorption.
When the number of sulfonic acid groups is the same, the
larger the molecular structure of dyes was, the worse
adsorption effect was.
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Figure 4. Effect of pH value on adsorption (CTAB-ATP 0.2 g, modifier
dosage 10 wt%, MO 100 mg/L, 100 mL, T 30 °C)
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Figure 5. Effect of temperature on adsorption (CTAB-ATP 0.2 g,
modifier dosage 10 wt%, MO 100 mg/L, 100 mL, pH 7.6)
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Figure 6. Effect of dye structure on adsorption (CTAB-ATP 0.2 g,
modifier dosage 10 wt%, dyes 100 mg/L, 100 mL, pH 7.6)
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Figure 7. The structures of dyes

IV. CONCLUSIONS

Attapulgite (ATP) was modified with cetyl trimethyl
ammonium bromide (CTAB), and the ATP before and
after modified were characterized with XRD and FT-IR.
The results of characterization showed that ATP had been
modified with CTAB successfully, and crystal structure of
ATP was unchanged. The influence factors such as



modified agent dosage, solution temperature, pH value of
solution and day structure on adsorption properties of ATP
were discussed. The results showed that the optimal
dosage of modifier was 10 wt% based on the quality of
ATP. ATP had good adsorption effect on methyl orange
when the pH value was in the rage of 3.6 to 11.6,
temperature was from 30 to 50 °C. The order of adsorption
effect of modified ATP was as follow: methyl
orange>methylene blue>amido black>methyl blue>congo
red>rhodamine B.
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