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Synthesis of Hollow Mesoporous Aluminosilicate Spheres and Its
Catalytic Cracking Properties

LI Jun-Hua* ZHANG Dan LI Xue
(School of Chemistry and Environmental Engineering, Liaoning University of Technology, Jinzhou, Liaoning 121001, China)

Abstract: Hollow mesoporous aluminosilicate spheres (HMAS) with middle strong acidity have been successfully
synthesized by a facile hydrothermal treatment on mesoporous silica spheres (MSS) in zeolite precursor solution.
The as-prepared materials were characterized by TEM, SEM, XRD, N, adsorption-desorption, Al NMR and NHs-
TPD. The results showed that the hollowing process was associated with a progressive mass redistribution and
changes of pores structures. The surfactant cetyltrimethylammonium bromide (CTAB) located in the pores of MSS
protected the mesoporous silica spheres from dissolving into strongly basic zeolite precursor solution and acted as
the template for mesoporous shell. Under the templating function of CTAB, primary zeolite units were introduced
into the mesopore walls of HMAS. The obtained material HMAS had moderate acid strength. Catalytic tests
showed that the catalysts exhibited high catalytic activity compared with the MSS and HP zeolite for catalytic

cracking of 1, 3, S-triisopropylbenzene.
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Fig.1 TEM images of samples
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Fig.2 Low-angle XRD patterns of samples



2052 kMl otk

- %29 &

fir HMAS-6, LA 5 06 o B S RE 58 T HMAS-2 1 06
SR EE SR LG OB G  IK AL 12 h 5
B HMAS-12 AT 5 04 5 35 I | 3R A LA FL &5 4
HA RIF0A P,

ZEA 1 B TEM ZRAE AT DL B, 767K 44 B 2
h 15 B 23 8 TR G T B IR XRD A7 5 06 5 55
TEURBESE | 32 B BL B A FL G5 B 8 B, HLBE &
2R OR A LA TF MOk BT, HMAS-12
7 HRTEM 4ni&l 3 fros , WK H AT LU T HMAS-12
BARLFAFLERTE . K 4 3 DHEE Y SEM B]
F N 4a 7T LA Y HMAS-12 A 4035 1 HURE B 5
Sy HCER AR FR AN [R) 7K SR Ak B s (] ) S 58 &5 S ]
DI i 03 Ostwald & 6P T v 25 25 14 (1) T B
E AR REBR R P SR R A AR A AL
BRFCATE CTAB MIVE T 28K AL

9200 nm

P 3 HMAS-12 K & 53 i i B U
Fig.3 HRTEM images of HMAS-12

200 nm

&l 4 KR EY SEM B8 F (a) HMAS-H12, (b) MSS-B and (c) MSS
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Table 1 Structure properties of samples

Samples BET surface area / (m?-¢™) Pore size / nm Pore volume / (cm®- ™)
MSS 945.6 2.8 0.53
MSS-B 942.3 2.7 0.52
HMAS-HO0.5 336.5 2.5 0.21
HMAS-H2 589.7 2.4 0.46
HMAS-H6 755.1 2.7 0.69
HMAS-H12 930.5 2.9 0.97
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Fig.5 Pore size distribution of MSS, MSS-B, HMAS-0.5,
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Fig.7 TEM images of samples obtained
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Fig.8 TEM images of MSS-X
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Fig.9 NHs-TPD curves of samples

HPB MR R 5 K, X R AR MSS BRIE 4>+
i, DRk HLTE % AL, WA NH, B B i | 550 1% A R
P, 9b iR, Bl 9c S HMAS-0.5 79 NH; i b
M4k, 78 230 CHEITA —4> NH, BB | 3t i & 2
IR ORI KA 0.5 h 5, A /DR
WA RTRAR R 5] A BIRE S B HMAS-2(1 9d)
TR M A HMAS-0.5 2500, #F7E 230 CHIE A —4>
NH; i i | (R R & A s i, &l 9e i) HMAS-6
1E 310 CHEE X2 17 1 4> NH, BB s e —
JE B R R (H IR A5G, T of H i) HMAS-
12 7E 220 F1 330 CALA P4 NH, i B | 32 W] = 2
LT 1) v R R (R R R R MR HB A LA
L X MR o~f, AXER PE HMAS FE 5 1 B2 7
FIVER B 2R3 TN, 3 S DKL oA b iy IR AR 245 ) BT A
KA P ) i v 2R W | N B o AR
2.3 ENRMBIRS R

DU 208 K o 1 1,3,5-— S TN AR MR
N, 5 SRR A T S5 R N3 2 PR |

R2 FIEHEREURRE135-ZRFEAIERE

Table 2 Catalytic activities in the cracking of 1,3,5-triisopropylbenzene

Sample Temperature / Conversion Selectivity / wt%
C / mol% Propylene Benzene Isopropylbenzene m-D p-D
MSS 300 0 - - - - -
HMAS-0.5 250 27.2 20.1 12.1 45.2 13.9 8.6
300 39.5 22.5 12.8 43.1 13.0 9.6
350 443 239 13.2 43.0 11.9 8.0
HMAS-2 250 54.8 25.2 14.8 42.7 11.6 5.7
300 58.4 27.7 15.3 40.1 10.0 6.9
350 60.7 29.4 15.9 39.2 9.2 6.3
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Continued Table 2

HMAS-6 250 705 315
300 749 36.9
350 80.4 37.1
HMAS-12 250 88.3 38.1
300 972 43.1
350 100 46.8
Hp 250 2.70 -
300 7.50 -
350 102 -

16.7 35.8 10.1 59
17.9 342 5.7 43
17.8 353 6.2 3.6
8.4 38.0 10.9 4.6
8.9 39.8 4.9 33
10.7 40.9 1.6 -
- - 100 -
- 11.7 75.0 13.3
5.2 13.5 69.6 11.7

m-D: m-diisopropylbenzene; p-D: p-diisopropylbenzene
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T 1,3,5- = SR 1% BN 0.94 nm, 1,3,5-—
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