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Alkylation of Naphthalene with Propylene Catalyzed by Aluminum Chloride
Immobilized on AI-MCM-41
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Abstract: AIClI; catalysts immobilized on mesoporous Al-MCM-41 were prepared by a two step vapor method and their catalytic perform-
ance was evaluated for the alkylation of naphthalene with propylene in a slurry bubble column reactor. The physico-chemical properties of
the supports and catalysts were characterized by X-ray diffraction, N, adsorption, and pyridine adsorption infrared spectroscopy. The halide
loadings of the catalysts were analyzed by a chemical method. For the alkylation of naphthalene with propylene over AICIs/Al-MCM-41,
pore diameters that match the molecular dimensions of 2,6-diisopropylnaphthalene (2,6-DIPN) and an appropriate amount of [-O-AICl,] in
the catalyst are key to controlling activity and selectivity. The AICI; catalyst immobilized on mesoporous H/AI-MCM-41 with a Si/Al ratio of
15 exhibited high activity when the alkylation was carried out at 0.1 MPa and 85 °C for 5 h. A naphthalene conversion of 82.1% and a
2,6-DIPN selectivity of 32.2% were obtained.
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Fig. 1. XRD patterns of different samples. (1) Na/AI-MCM-41(15);
(2) H/AI-MCM-41(15); (3) Na/Al-MCM-41(12.5); (4) H/AI-MCM-
41(12.5). The number in the sample name is nsi/na,.
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Table 1 Physico-chemical properties of the AI-MCM-41 supports and the AICI;/Al-MCM-41 catalysts

Sample Surface area (m?/g) Pore volume (cm®/g) Pore diameter (nm) w([-O-AICl,]) (%)
Na/Al-MCM-41(15) 360 0.22 2.35 —
AICIy/Na/Al-MCM-41(15) 147 0.08 2.19 24.13
H/AI-MCM-41(15) 408 0.26 2.59 —
AICIy/H/AI-MCM-41(15) 281 0.19 2.55 12.58
Na/Al-MCM-41(12.5) 225 0.13 231 —
AICIy/Na/Al-MCM-41(12.5) 186 0.08 1.74 26.73
H/AI-MCM-41(12.5) 421 0.27 2.58 —
AICI3/H/AI-MCM-41(12.5) 187 0.13 2.51 18.93
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Fig. 2. FT-IR spectra of pyridine adsorbed on different samples. (1)
AICI3/Na/AI-MCM-41 (15); (2) AICI3/H/AI-MCM-41(15); (3) AICIy/
Na/Al-MCM-41(12.5); (4) AICI;/H/AI-MCM-41(12.5).
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Table 2 Catalytic performance of the immobilized AICI; catalysts for alkylation of naphthalene with propylene

Sample Naphthalene Product distribution (%) n(2,6-DIPN) 2,6-DIPN in
conversion (%) Naphthalene MIPN DIPN Others /n(2,7-DIPN) DIPN (%)
AICly 82.6 17.3 27.8 26.5 28.2 0.8 18.3
AICly/Na/Al-MCM-41(15) 143 86.6 12.7 14 0.2 1.2 20.5
AICIy/H/AI-MCM-41(15) 82.1 16.8 374 333 12.3 0.9 322
AICly/Na/Al-MCM-41(12.5) 48 95.1 48 0 0 0 0
AICIy/H/AI-MCM-41(12.5) 80.1 19.8 415 29.6 9.0 0.9 28.0

Reaction conditions: naphthalene 0.05 mol, propylene 0.1 mol, cyclohexane 100 ml, catalyst 4.21 mmol [-O-AICl;], 85°C, 5 h.
MIPN: monoisopropylnaphthalene; DIPN: disopropylnaphthalene; Others: tri- and tetra-isopropylnaphthalenes.
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Fig. 3. Reusability of the AICI;/H/AI-MCM-41(15) catalyst. Reaction
conditions: naphthalene 0.05 mol, propylene 0.1 mol, cyclohexane 100
ml, catalyst 4.21 mmol [-O-AICl,], 85°C, 5 h.

2 BRTR, LL AI-MCM-41 244581 4% 1) 13 216
AICI; A0 FAE 2 25 B0 IR S NV i v HL A7 8 vy 1) A
25 5 M ot HE A S N & . fE 85 °C AT 0.1 MPa
) [ B 4644 F, AICI/HIAI-MCM-41(15) b 2586 4r %
ik 82% LA I, n(2,6-DIPN)/n(2,7-DIPN) % 0.9, H.

AL A — & ke tE. AICI 7 AI-MCM-41 %
A0 ) fi] 2 A A5 L P 3 FL AR DN, S BUSIE R
PR K, B4 2,6-DIPN 7 73 1% R
~ A VT P FL T8 R I8 B (9 [~O-AIC ] 4H 2 i A2 32
HE A 703 R e 3 1) G

2 % x &

1 Song CS. CATTECH, 2002, 6: 64
2 lwahara M, Aoki A, Saruwatari T, Imada S. EP 0 565 821.
1993
3 gkEEE, BRiME, L AE, VTR, RAR. AR (Zhang
M J, Chen S 'Y, Shen Sh D, Sun Y H, Wu D. Chin J Catal),
2000, 21: 440
4 ZAETOst FITWE, Bk, 8RR DR AR (LK J, He
G X, Jin H B, Zhao Zh. Chin J Process Eng), 2008, 8: 523
5 RAE3E, 208, MR, 8RB, b (Wu L M, Ji M,
He M, Cai T X. Chin J Catal), 2007, 28: 585
6 Getty E E, Drago R S. Inorg Chem, 1990, 29: 1186
7 Zhao X S, Lu M G Q, Song C. J Mol Catal A, 2003, 191:
67
8 Zhang W H, Shi J L, Wang L Z, Yan D S. Chem Mater,
2000, 12: 1408
9 Li X, Wang A J, Shun Z C, Li C, Ren J, Zhao B, Wang Y,
Chen Y'Y, HuY K. Appl Catal A, 2003, 254: 319
10 BN, &M, MK, KRER. ofrfr KiE: KiE
PEOK2E HRAE (Gong W M, Li N, Liu Zh G, Zhu A M.
Analysis Chemistry. Dalian: Dalian Univ Technol Press),
2000. 87
11 Tranke S, Grunenberg J, Schwarzbauer J. Intern J Environ
Anal Chem, 2007, 87: 437
12 Luan Z H, Cheng C F, He H Y, Klinowski J. J Phys Chem,
1995, 99: 10590
13 Xu T, Kob N, Drago R S, Nicholas J B, Haw J F. J Am
Chem Soc, 1997, 119: 12231
14 Drago R S, Getty E E. J Am Chem Soc, 1988, 110: 3311



