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Abstract. The amino modification montmorillonite was prepared using the cetyl trimethyl anmonium
bromide as modifier by the microwave irradiation and common heating method. According to the
analysis of infrared spectra, scanning electron microscope and specific surface area, it is found that the
larger amount of amino modifier has entered effectively into the layer of montmorillonite under the
condition of microwave irradiation, so it has the bigger pore size, the smaller particle, more obvious
layered structure and the thinner layer thickness. At the same time, according to the capture example of
carbon dioxide, it isfound that the capture amount of microwave amino modification montmorillonite
is the biggest, and it is 150 mg/g.

Introduction

The global warming resulted from the great emission of carbon dioxide serioudly threatens the
earthly environment. “Greenhouse Gas Control” has pointed out that, till 2050, carbon dioxide
captured globally can reach 2360 bhillion tons. That means emission reducing potential of carbon
capture and storage will be a third of the global total carbon emissions. At present, there are many
research reports about capturing material of carbon dioxide, but the cost and energy consumption of
this technique is still higher ¥, However, mesoporous modification montmorillonite gains a lot of
attention in the environment pollution control due to its special advantages like cheap and easily
accessible, stable properties, developed pores and good adsorption ability. In recent years, a large
amount of researches have been conducted at home and outside. And these results al prove that,
compared with the original montmorillonite, the adsorption of modification montmorillonite to various
pollutantsin the water has been greatly improved . And the study of its application in carbon dioxide
capture technology has rarely been reported.

In this paper, the mesoporous amido modification montmorillonite is prepared using microwave
heating method. And its capturing ability of carbon dioxide is experimented, and the original
montmorillonite and the montmorillonite prepared by common heating method are used as a contrast
experiment to provide strong theoretical support for its application of carbon dioxide capture.

M aterials and methods

Preparation of sodium modified montmorillonite The commercial calcium montmorillonite
(Ca-Mt) used in the present study was supplied by Tianhong Mining Company, Ltd. (Inner Mongolia
China). It was denoted as R1. The cation exchange capacity (CEC) of montmorillonite is 115
mmol/100g. The basal spacing of Ca-Mt is 15.38 A. Na-montmorillonite (Na-Mt) was prepared from
Ca-Mt before the organic modification. 100g original montmorillonite, 5g NaaCO; and 900ml water
were mixed under mechanical stirring for 20 min with the speed of 350 r/min. Then the mixture was put
inthe microwave over to heat 4 min under the power of 560 w. Subsequently, the obtained mixture was
centrifugated, dried and grinded through 100 meshes to get microwave sodium montmorillonite.
Preparation of amino modified montmorillonite The microwave sodium montmorillonite and
water were mixed with 1:20 (mg/L) ratio. And then 5 g amino modifier (cetyl trimethyl anmonium
bromide) were added under mechanical stirring for 30 min to thoroughly mix. Some of the mixture
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were heated for 2 hin 80 °C water bath and some others were put in microwave oven to irradiation 10
min under the power of 560w. Subsequently, the obtained mixture was centrifugated, dried and
grinded through 100 meshesto get microwave amindo montmorillonite. And they were denoted as R2
and R3, respectively.

Characterization Theinfrared spectra of montmorillonite were determined by FTIR-8400S - type
Fourier infrared spectrometer, which was produced by SHIMADZU company in Japan. The
microstructure were obvioused by SUPRAS55 SAPPHIRE type scanning electron microscope (SEM),
which was produced by Carl Zeiss Company in German. And the pore size and specific surface area

were analyzed by SSA-4300 pore size and specific surface area analyzer, which was produced by

Beljing Builder Electronic Technology Company.

Experiment of carbon dioxide capturing capability Carbon dioxide capture experimental
apparatus was shown in Figure 1. The mesoporous modified montmorillonite prepared by different
methods were placed in the adsorbent bed at 70 °C and the stable flow rate. In a certain period of time,
the quality of carbon dioxide was measured before and after the adsorption bed, and the difference
between them was the capture of carbon dioxide.
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Fig. 1 Carbon dioxide capture experimental apparatus

1 gas cylinder of carbon dioxide 2 pressurereducing valve 3 flowrator 4 Electric heating belt 5 thermocouple
6 temperatureindicator 7 mass flowmeter 8 connect 9 adsorption bed 10 Tail gas absorption bottle

Result and Discussion

FT - IR spectrum analysis Aninfrared spectrum analysis of the montmorillonite and two kinds of
amino modified montmorillonite were carried on, and the results were showed in the figure 2.I1n the
diagram, the bigger absorption peak at 1031 cm* is the stretching vibration pesk of Si-O-Si, which is
the characteristic absorption peaks of the montmorillonite. It can be seen that after the modification,
this peak does not change. So the basic structure of montmorillonite does not destroy.

However after organic modification, the characteristic absorption peaks of the quaternary
ammonium salt cationic at 2916cm™, C-H bond stretching vibration peak at 2848 cm™ and C-N bond
bending vibration absorption pesk at 1487cm™ are found. This made it clear that whatever the
modification method is used, the long carbon chain quaternary ammonium salt cations can be
effectively into the interlayer structure of montmorillonite. Comparison of the peak intensity of these
wave numbers, it is found that the intensity of the new peak of the modified montmorillonite using
microwave irradiation is more than that of the conventional heating method. This may be due to the
comparison with the conventional heating method, under the condition of microwave irradiation, the
molecules of montmorillonite and cetyl trimethyl ammonium bromide obtain the higher energy and
apace collide, so the reaction of ion exchange is more easily happened.
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The absorption peak at 3400 ~ 3650cmi” is the characteristic absorption peaks of —OH. After the
modification, the strength of the peak has an obvious weakening trend. It is because the addition of
amino modifier has the hydrophobic effect, which cause the smaller association between the hydroxyl.
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Fig. 2 infrared spectra of three kinds of materials

Resultsof SEM The SEM analysis of three kinds of montmorillonite are carried on, and the results
are shown in Figure 3, Figure 4 and Figure 5 (x50,000 times). It can be seen in the figures, surface
thickness of the original montmorillonite varies, granular lumps aggregate, particle surface extremely is
not flat, and the edge is not smooth. However, after the organic modification, there are small particles,
even distribution, obvious layered structure, thin layer thickas and more gaps.
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Fig. 3 SEM image of smpleR1 Fig. 4 SEM image of simpleR2 Fig. 5 SEM image of simple R3
Specific surface area and pore size analysis The specific surface area and pore size of three kinds
of montmorillonite are analyzed, and the results are shown inthe Table 1. As can be seenfrom Table 1,
specific surface area of the modified montmorillonite reduces significantly, while the single-point
average pore size increases. The reason may be that the cationic of quaternary ammonium enters the
montmorillonite, which cause the bigger pore. Compared to the microwave and common heating
method, the specific surface area and pore size has increased. It possibly due to the more amino
modifier entering into the layer of montmorillonite. Therefore, microwave modification
montmorillonite has the more pore, the bigger pore size and specific surface area.
Table 1 surface area and pore size data of three kinds of montmorillonite
Single-point average pore

wo

Simple BET specific surface area m’/g Total porevolume cc/g

radius/A
R1 25.738 0.139 108.6
R2 6.078 0.074 245.4
R3 8.51 0.124 290.3

Capturing performance of carbon dioxide The capturing experiments of carbon dioxide on three
kinds of montmorillonite are carried on under the condition of 70 °C and 0.2 L/min, respectively. The
amount of captured CO, per gram of montmorillonite is calculated, and the results are shown in Table
2.

FromTable2 , It can be seen that compared with montmorillonite, the capturing quantity of carbon

dioxide has been greatly improved on organic modified montmorillonite. At the same time, the
capturing performance of carbon dioxide on the microwave modified montmorillonite is better than
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that on the common modified montmorillonite. The capturing quantity of carbon dioxide can reach 150
mg/g.
Table 2 Capture quantity of carbon dioxide on three kinds of montmorillonite
Simple Capture quantity of carbon dioxide (mg/g)

R1 100
R2 124
R3 150

Combined with the results of characterization, under the condition of microwave irradiation, the
modification montmorillonite has the smaller particles, more obvious layered structure, the thinner
layer thickness, more space, bigger pore size and more amino modifier. These may cause that the
carbon dioxide enters the montmorillonite easily, so it is more suitable for the adsorption of carbon
dioxide on its surface. At the same time, due to entering alarge number of quaternary ammonium salt,
the carbon dioxide may react with the amine ion, therefore, the capturing performance of CO; is
increased.

Conclusion

Modified montmorillonite has not changed the inherent structure of montmorillonite, but the
quaternary ammonium salt cationic has been inserted between the layers. The pore size of microwave
modification montmorillonite is 290.3 A, and specific surface area is 8.51 m’/g. After Microwave
modification, montmorillonite has the smaller particle, more obvious layered structure, the thinner
layer thickness and more. Space. Capture experiments showed that organic modified montmorillonite
compares with the original soil on the capture quantity of carbon dioxide has greatly improved. At the
same time, the microwave modified montmorillonite on carbon dioxide capturing performance is better
than common modified montmorillonite.
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