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Abstract. A series of ZSM-5/�-Al2O3 composite materials were prepared 
under various pretreatment method; The physicochemical properties of 
composite materials were investigated by XRD, SEM, FTIR to find out 
optimal pretreatment method. The results showed that the composite 
materials performance better  structure property when �- Al2O3 was firstly 
immersed in TPAOH solution under reflux condensation for a period of time 
and then immersed into anhydrous alcohol before mixed with ZSM-5 
precursor solution. The result of infrared spectrum indicated that the 
formation of Al-OH bond played a key role in the synthesis of 
micro-mesoporous ZSM-5/�-Al2O3 composite materials. 

Keywords: �-Al2O3; pretreatment method; TPAOH; ZSM-5/�-Al2O3; 
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1 Introduction 
Micro-mesoporous materials have interconnected pores with double model pore 

distribution of micropore and mesopore combined the advantages of mesoporous materials 
and the strong acidity and high thermal stability of microporous molecular sieves[1-4]. It can 
be predicted that it has good development prospect to be used as catalyst carrier in catalytic 
hydrogenation desulfurization[5-8]. The introduction of microporous secondary structure 
units into pore walls of mesoporous is a key problem in the preparation of micro-mesoporous 
materials. It is core factor to obtain stable performance catalyst with specific pore size 
distribution and excellent sulfur tolerance[9,10]. Micro-mesoporous materials have been 
paid much attention since micro-mesoporopus MCM-41/FAU materials were synthesized in 
one step by Kloetstra et al. in 1996[11]. Preparation of micro-mesoporopus composite 
molecular sieve with microporous molecular sieve as the skeleton is one of the important 
methods to obtain composite materials. Zhao[12] adopted two-step hydrothermal 
crystallization method to synthesize micro-mesoporopus composite molecular sieve(M�). 
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Triantafyllidis et al.[13,14] ,Van Oers et al.[15] ,Di et al.[16,17] and Zheng[18, 19] have 
studied introducing primary or secondary structure of microporous molecular sieve such as 
ZSM-5,� into pore walls of mesoporous molecular sieve to synthesize micro-mesoporopus 
composite materials successfully. The pore and crystal structure of �-Al2O3 can be kept stable 
under the crystallization conditions of ZSM-5 molecular sieve. and they all belong to 
alumina material .However, the aluminosilicate gel of  ZSM-5 can not be dispersed in gamma 
-Al2O3 structure effectively. In this paper, we prepared a series of micro-mesoporopus 
ZSM-5/Al2O3 composite materials under different pretreatment method. To choose 
optimal pretreatment method by analysis the result of XRD, nitrogen adsorption - off 
desorption isotherms, BET specific surface area, SEM.   

2 Experimental  

2.1 Samples Preparation 

Pretreatment method A1: �-Al2O3 powder was mixed with TPAOH in the mass ratio of 
25%, by certain solid-liquid ratio , washing and filtering the mixture after heating and 
immersion for a period of time under reflux condensation,then dipped it into anhydrous 
alcohol for a period of time and then filtered it again, washed two or three times and dry it. 

Pretreatment method A2: Following the same process to pretreatment method A1.without 
dipping it into anhydrous alcohol for a period of time.  

Pretreatment method A3: �-Al2O3 powder was impregnated into the TPAOH solution at 
room temperature for 4 h, then washed and dry it. 

Respectively 5 g �-Al2O3 pretreated under pretreatment method A1, A2, A3 were 
impregnated into 30 ml molecular sieve precursor solution (mole ratio: 150SiO2: Al2O3: 
13.5Na2O: 20TPAOH: 3000H2O) in a crystallization reactor at 120 oC for 4 h, and then 
crystallized at 180 oC for 24 h. The samples after crystallization were filtered and washed 
until pH value was less than 8, and then the composite materials were dried under 100 oC for 
24 hours. With 1 oC/min heating rate rose to    550 oC in air atmosphere, the samples were 
calcinated for 6 hours at 550 oC. The synthesized materials were named as YFA1, YFA2 and 
YFA3 corresponding to pretreatment method A1, A2, A3.YFA0 represented �-Al2O3 
without pretreatment. 

2.2 Characterization 

X-ray diffraction (XRD) patterns of the samples were recorded on a Bruker D8 
ADVANCE diffractometer using Cu K� radiation. The X-ray tube was operated at 40 kV 
and 30 mA, and its scanning range  and scanning rate were 3°-80°, 2 °/min respectively.The 
textural properties of supports and samples were determined from the nitrogenad 
sorption/desorption isotherms at 77 K, using a fully automated Quantachrome Autosorb-1 
gas adsorption device. Theisotherms were elaborated according to the 
Brunauer–Emmett–Teller (BET) method for surface area calculation, pore size distribution 
was determined by NLDFT method. SEM was performed with an FEI Quanta TM-250 
scanning electron microscope to observe surface morphology of the samples. Scanning 
electron microscope was operated at 0.2kV-30 kV, resolution value was 22 nm (High 
vacuum mode).Infrared Spectrum patterns of the samples were recorded on a USA Nicolet 
Nexus470 infrared spectrometer using KBr pellets. FT-IR characterization were carried out 
as follows: Test samples with KBr (chromatography pure) were dried at 105 oC for 2 h, 
subsequently cooled to room temperature in dryer. 2mg specimens and 300 mg KBr were 
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grinded in mortar agate until the particle size was less than 2 �m to prevent light scattering 
effect. Then a certain amount of mixed powder were pressed into a transparent wafer into the 
infrared test mould for test. 

3 Results and Discussion 
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Fig. 1 X-ray diffraction patterns of samples: YFA0 (�-Al2O3 without pretreatment); YFA1 
(pretreatment method A1); YFA2 (pretreatment method A2); YFA3(pretreatment method 

A3) 

3.1 XRD Patterns Analysis. 

The XRD patterns of samples prepared under different pretreatment methods were 
presented in  Fig. 1. The patterns of Samples YFA2 and YFA3 showed well-resolved 
diffraction peaks, which were well matched to �-Al2O3-type structure diffraction peaks at 66°, 
45°,39° and 32° 2� . However, the characteristic peaks of ZSM-5 structure (5~8° and 23~25° 
2�) were not observed obviously, where only small “steamed bread” peak could be seen, 
suggesting that ZSM-5 crystal phase structure could not generated well on �-Al2O3 with 
these two kinds of pretreatment method[20]. The patterns of Samples YFA1 showed  the 
characteristic reflection peak of ZSM-5 (two strong diffraction peak at 5~8° 2� along with 
obvious characteristics of the finger peak at 23~25° 2� ),meanwhile the four strongest 
diffraction peak of �-Al2O3 were observed and there was a diminution of �-Al2O3 peaks 
intensities with enhancement of the ZSM-5 peaks, suggesting micro-mesoporous materials 
ZSM-5/�-Al2O3  could be synthesized under pretreatment methods A1.Thus it can be seen 
that pretreatment method had a great influence on the synthesize of the composite materials 
and the product crystallization. 
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Fig. 2 Adsorption-desorption isotherms (a)-Pore diameter distribution (b) of samples: YFA0 

(�-Al2O3 without pretreatment); YFA1 (pretreatment method A1); YFA2 (pretreatment 
method A2); YFA3(pretreatment method A3) 

3.2 Surface Properties Analysis.  

The N2 adsorption-desorption isotherms of samples YFA0, YFA1, YFA2, YFA3 were 
presented in Fig.2-a. The isotherm of YFA0 exhibited the isotherms of Langmuir type IV, 
moreover, the shape of the hysteresis loops of supports fell within the H3 category , appeared 
as a typical mesoporous adsorption-desorption isotherm. The isotherm of samples YFA1, 
YFA2 and YFA3 exhibited the isotherms of Langmuir type IV. However, when the relative 
pressure P/P0 < 0.4, the adsorption quantity was smaller while the H4 type hysteresis loop 
appeared and adsorption quantity increased obviously under relative pressure P/P0 range 
from 0.4 to 1.0, indicating the existence of micro-mesoporous structures. When P/P0 
approached to 1, saturated adsorption platform were not observed, indicating that were not 
single orderly arrangement channels, which further proved the materials were 
micro-mesoporous materials. Adsorption quantity of sample YFA3 was the largest, which 
was due to its largest specific surface area. Unfortunately, adsorption isotherm platform of 
sample YFA3 was small under medium relative pressure, showing pore size distribution was 
heterogeneous. A platform of sample YFA1 and YFA2 was observed in the region of 
0.4<P/P 0 <0.8 proved pore diameter distribution were uniform. 
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In Fig 2-b the pore size distribution of YFA0 was mainly concentrated at 8 nm, which was 
typical mesoporous pore size distribution. Sample YFA1 had no obvious peaks of micropore, 
therefore it did not meet the requirements of micro-mesoporous materials. Both sample 
YFA1 and YFA2 were micro-mesoporous materials, however the aperture of sample YFA2 
was mainly distributed in 5~7nm, the micropore is not obvious and the pore size distribution 
was relatively wide along with low order degree. The aperture of sample YFA1 was mainly 
distributed in 1nm and 4 nm around, and the pore size distribution was narrow, meanwhile 
the degree of order was improved, which fully indicated that the composite materials 
prepared by the pretreatment method of A1 had the porous structure of both microporous and 
mesoporous. 

Table1 Textural Properties Of Samples 

Sample Pretreatment 
Method 

specific 
surface 

area 
[m2.g-1] 

total 
pore 

volume 
[cm3.g-1]

mean 
pore 
size 
[nm]

specific surface area 
[m2.g-1] pore volume [cm3.g-1] 

mesoporous micropore mesopore micropore 

YFA0 411.8 1.733 17.23 330.1 58.1 1.380 0.0173 
YFA1 A1 203.6 0.3744 7.351 164.2 97.6 0.1786 0.0440 
YFA2 A2 193.9 0.4844 9.996 177.6 56.2 0.2220 0.0260 
YFA3 A3 202.6 0.5658 11.17 206.0 28.0 0.3580 0.0126 

The results of textural properties of samples were shown in Table 1. The specific surface 
area of samples synthesized under pretreatment method decreased significantly compared 
with �-Al2O3, which reflected part of channels collapsed and the structure were damaged to 
some degree. Compared with the other two pretreatment methods, sample YFA1 had larger 
specific surface area, microporous specific surface area and micropore volume while the total 
pore volume and average pore diameter were small. This is due to the loading of the 
microporous molecular sieve blocking part of the channels. Fortunately, the microporous 
specific surface area and micropore volume are much less than mesoporous, indicating that 
only a small amount of ZSM-5 were loaded in mesoporous �-Al2O3, which would not hinder 
the advantages of mesoporous channel. To sum up, the micro mesoporous ZSM-5/ � -Al2O3 
composite materials were better under pretreatment method A1 in terms of the specific 
surface area and pore structure. 

   

 

Fig. 3 The SEM images of samples :YFA0 (�-Al2O3 without pretreatment); YFA1 
(pretreatment method A1); YFA2 (pretreatment method A2); YFA3(pretreatment method 

A3) 
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3.3 SEM Analysis. 

Fig. 3 illustrated the SEM images of samples synthesized under different pretreatment 
methods, among which YFA0 was the SEM images of mesoporous �-Al2O3 without 
pretreatment. As was shown in the figures, pretreatment methods had a great influence on the 
morphology of composite materials. The morphology of YFA2 and YFA3 were in 
disordered state, combining to be flocculent and had no obvious crystal. �-Al2O3 can hardly 
remain the original appearance may be due to the surface and inner channels of mesoporous 
�-Al2O3 were excessive corrosion exceedingly by pretreating agent without immersion of 
absolute ethyl alcohol. On the condition of pretreatment method A3, �-Al2O3 powder was just 
immersed in pretreatment agent under normal temperature, the pretreating agent could not 
erode its surface to form –OH bond and ZSM-5 could hardly load on its surface. From YFA0, 
we can notice that mesoporous �-Al2O3 were axiolitic with ladder-shaped striations on them. 
In contrast to YFA0, the appearance of crystal was also axiohitic in YFA1, but it had a layer 
of strip-shaped material. In view of  XRD patterns, we can preliminarily estimate the 
materials were ZSM-5 crystal. This fully proved that ZSM-5/�-Al2O3 composite materials 
could be synthesized under pretreatment method A1.  

3.4 FT-IR Analysis. 

 Fig.4 demonstrated infrared spectrum of �-Al2O3 under different pretreatment method. 
As is shown in the Fig. 4-a, there were infrared characteristic peak of �-Al2O3 at 616 cm-1, 
1400 cm-1, 1522 cm-1,1636 cm-1 and 3454 cm-1[21]. The peak position of Fig. 4-b Fig. 4-c 
and Fig. 4-d were not quite different. In Fig. 4-b,well-resolved  infrared characteristic peak 
(558 cm-1,1384 cm-1, 1629 cm-1 and 3421 cm-1, wave number) were well matched to 
�-Al2O3-type structure. Thus, it can be seen that the functional group of �-Al2O3 did not 
change after pretreatment. However the infrared peak intensity decreased and red shift 
occurred, which may be caused by the effect of the pretreatment agent TPAOH. Infrared 
characteristic peak of TPAOH at 970cm-1 and 1022cm-1 appeared in Fig. 4-b and Fig. 4-c, 
suggesting partial TPA + or OH– were loaded on �-Al2O3. An obvious infrared peak at 3620 
cm-1 were observed in Fig. 4-b and Fig. 4-c, since the infrared characteristic peak of Al-OH 
bond is 3600~3700 cm-1, we speculated that the peak belong to Al–OH and it worked as 
bridge bond connecting ZSM–5 and form Si-O-Al or Al-O-Al bond, which played a key role 
in synthesizing ZSM–5/ �-Al2O3. However neither infrared characteristic peaks of TPAOH 
nor the peak at 3620cm-1 were observed in Fig. 4-d, indicating that Al-OH were not formed. 
As the result of XRD patterns have confirmed that ZSM–5/ �-Al2O3 could not synthesized 
under pretreatment method A3, we can come to a conclusion that Al-OH plays a vital role in 
the formation of composite materials. 
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c                                                      d  

Fig. 4 The infrared spectrum of �-Al2O3 by different pretreatment methods 
a(without pretreatment); b(pretreatment method A1); c(pretreatment method A2); 

d(pretreatment method A3) 

4 Conclusion 
The pretreatment method had great effect on the pore and phase structure of 

Micro-mesoporous ZSM-5/�-Al2O3 composite materials. Under the condition of 
pretreatment method A1, ZSM-5/�-Al2O3 composite materials can be prepared with superior 
specific surface area and pore structure along with higher degree of order and axiolitic grain 
morphology attached to ZSM-5 grains. Al-OH bond can be used as a bridge to connect the 
ZSM-5, the formation of Si-O-Al or Al-O-Al, ZSM-5 and -Al2O3 played a vital role in the 
composite of Al2O3 / ZSM-5. Only under the condition that stable Al-OH bond were formed 
could the composite materials Al2O3 / ZSM-5 be synthesized.  
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