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Preparation of AICl;/y-Al,O; Catalyst and Its Performance for Removal of
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Abstract: Thiophene and olefins are the main impurities influencing the grade and quality of coking benzene. The thiophene derivative,
which can be formed by the alkylation of thiophene and olefins in benzene, is easy to be removed. A series of AICl3/y-AL,O; catalyst samples
were prepared by a gas loaded method and their catalytic activity for the alkylation of thiophene and olefins in benzene was measured. The
effects of particle size of support, preparation temperature, preparation time, AlCl; addition amount, and flow rate of carrier gas on the cata-
lyst activity were investigated. Raman spectroscopy, X-ray diffraction, and N, adsorption-desorption were used to characterize the samples,
and gas chromatography-mass spectroscopy was used to analyze the reaction products. The results suggest that AICl; can be effectively
loaded by reacting with the -OH group and the active component is uniformly distributed on the surface of y-Al,O;. The catalytic effect of
AICl3/y-ALOs for the alkylation of thiophene and 1-hexene is obvious and the main reaction product is alkylthiophene. Based on the
evaluation results of the catalyst, the optimum preparation conditions of AlCls/y-Al,O; are that 3 g of AICl; was loaded on 10 g of y-AL,O;
with the y-Al,O; particle size of 0.198-0.246 mm under N, atmosphere with a flow rate of 100 ml/min for 5 h at 200 °C, in which the
removal efficiency of thiophene can reach 62.11% when the ratio of liquid to catalyst is 20 ml/g.
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Fig. 1. Scheme of the device for the catalyst preparation.
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Fig. 2. Effects of particle size of support on the removal of thiophene
(n) and the CI” content in the AICl;/y-Al,O; catalyst. Reaction condi-
tions: thiophene 700 mg/L, 1-hexene 4690 mg/L, 60 °C, 2 h.
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Fig. 3. Effects of the preparation temperature on 7 and the CI” con-
tent in the AICly/y-ALO; catalyst.
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Fig. 4. Raman spectra of y-Al,0;, AICl;, and the AICl;3/y-ALLO; sam-

ples prepared at different temperatures. (1) y-ALO;; (2) 180 °C; (3) 200
°C; (4) 220 °C; (5) 250 °C; (6) AlCL.
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Fig. 5. XRD patterns of y-AL,Os, AICl;, and the AICly/y-Al,O; sam-
ples prepared at different temperatures. (1) y-ALOs; (2) 180 °C; (3)
200 °C; (4) 220 °C; (5) 250 °C; (6) AlCl;.
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Fig. 6. Effects of the preparation time on 7 and the Cl content in
AICl;/y-Al,O5 catalyst.
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Table 1 Surface area of the AlCl;3/y-Al,O; catalyst prepared with
different time

Preparation time (h) Aper/(m’/g)
v-ALO; 209.7
3 196.7
4 194.2
5 188.7
6 177.1
7 202.3
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Fig. 7. Effects of AICl; amount on 7 and the Cl™ content in the
AICl;/y-Al,O5 catalyst.
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Table 2 Surface area of the AICl;/y-ALOs catalysts with different
AlCl; addition amount

Amount of AICI; (g) Aper/(m’/g)
Blank 209.7
10 203.0
2.0 194.9
3.0 188.7
4.0 184.9
5.0 183.1

25 BEREMEATEMHELA S AEHE RER
st B 22 B 82 M)

1E y-ALO; # & i 4% 0.198~0.246 mm, & /K
AICL; NN & 3.0 g, il #3200 °C, il & i 8] 5 h
AR #1453 1 AICL/y-ALO; i A4 77 b 1 wy Jii i 2%
ME CIrEF &2l mENE N R T’ 8. arbl
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Fig. 8. Effects of the carrier gas flow rate on 77 and the Cl™ content in
the AICl3/y-ALO;s catalyst.
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Table 3 GC-MS results of products from the reaction of thiophene
with 1-hexene

Retention Product
time (min) Name Structure
18.39 2-hexylthiophene @\/W
S
1850 1-cthylbutylbenzene O—C\
18.64 2-propylthiophene @\/\
S
18.88 1-methylpentylbenzene ®—<1
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3 45
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