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Direct Synthesis of AI-SBA-15 at High Aging Temperature without Mineral Acid
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Abstract: AI-SBA-15 with a rod-like morphology and well-ordered mesostructure was hydrothermally synthesized
through a one-step approach in an environmentally friendly medium by using triblock copolymer Pluronic P123 as
a structure-directing agent. The influence of aging temperature and silica-alumina species co-hydrolysis on the
morphologies and structural properties of the resultant materials were investigated by XRD, IR, SEM, TEM and
nitrogen adsorption-desorption techniques at 77 K. Compared to silica-alumina co-hydrolysis, the aging
temperature plays an important role in the formation of the ordered mesostructure. The mesopores are widened
and the wall thickness becomes thinner when the aging temperature is increased. The particles have well-defined
rod-like morphology with the uniform particle size from 2 to 4 pm and the diameter in the range of 400~600 nm.
The Si/Al molar ratio of the final Al-SBA-15 samples will be obviously higher if the time for silica-alumina co-
hydrolysis is longer than 20 h.
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Table 1 Structural and textural characteristics of AI-SBA-15 synthesized without mineral

acid at different synthesis parameters

Sample Synthesis parameter ap / Asggr / V! A/ D,/ t/ Shringkage /
T/K Co-hydrolysis time / h ngi/na nm (m?-g™) (em®-g™) (m?-g™) nm nm nm
S1 363 15 52 12.08 984 1.15 86 8.46 3.62 1.02
S2 403 15 39 12.86 595 1.18 78 9.98 2.88 0.35
S3 423 15 40 12.87 410 0.93 91 10.06 2.81 0.38
S4 443 15 63 13.05 368 0.94 104 11.68 1.37 0.36
S5 403 5 38 12.74 562 1.04 122 9.77 2.97 0.78
S6 403 20 42 12.75 538 0.99 88 9.77 2.98 0.58
S7 403 25 101 12.69 578 1.07 99 9.42 3.27 0.74
S3-HT 423 15 NA 12.70 385 0.89 188 11.28 1.42 NA
S4-HT 443 15 30 1291 381 1.09 105 11.68 1.23 NA

a,: unit cell parameter determined by XRD; A e total specific surface area obtained by the BET method; A, and V: external specific surface

area and total pore volume, in terms of equivalent liquid volume, obtained by the a, method; D, mesopore diameter corresponding to the

maximum of the PSD calculated by NLDFT method; twall thickness, calculated as t=a,~D,

NA=not available
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on calcined Al-SBA-15 , synthesized without mineral acid, with different aging temperatures of (a) S1-363 K,
(b) S2-403 K, (c) S3-423 K, and (d) S4-443 K. (The isotherms of S2, S3 and S4 are offset vertically by 22,

48 and 67 mmol - g™, respectively)

Pl 2 i 1R 31 4 P A AT

Fig.2 SEM images of (A): S2, (B): S3, (C): S4, (D): S4-HT, (E): S5, and (F): S7

600 nm,
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Pl 3 R A ST B R
Fig.3 TEM images of (A): S2, (B): S3, (C): S4, (D): S4-HT, (E): S5, and (F): S7, synthesized without addition

of mineral acid, taken along the [110] direction
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The relative tilt angles are marked in the images
Pl 4 S3 M 11 [R) — UKL 7E AN R0 A R 1) 37 5 o B R
Fig.4 TEM images of S3 taken at different angles tilted along two perpendicular directions
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Isotherms of S2, S6 and S7 are offset vertically by 19, 42 and 60 mmol - g™, respectively
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Fig.5 (A) XRD patterns and (B) nitrogen adsorption- desorption isotherms at 77K (open symbols: desorption) determined

on calcined Al-SBA-15 synthesized, without mineral acid, at 403K and with different co-hydrolysis times of

(a) S5-5 h, (b) S2-15 h, (c) $6-20 h, and (d) $7-25 h
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Fig.6 FT-IR spectra of AI-SBA-15 samples synthesized
at different temperatures (a) 363 K, (b) 433 K
and (c) 453 K
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