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A Novel Method for Synthesis of Zr-Ce-SBA-15 Mesoporous Materi-
als with Hexagonal-platelet Morphology
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Abstract Highly ordered mesoporous Zr-Ce-SBA-15 silica with hexagonal-platelet morphology was syn-
thesized through a hydrothermal route by using pluronic P123 as a template, tetracthyl orthosilicate as a sil-
ica source, zirconyl chloride and cerous nitrate as a precursor. The main strategy of this method was to util-
ize the acidity self-generated from the hydrolysis of inorganic salts in the aqueous solutions, where no addi-
tion of mineral acids was necessary. The as-synthesized materials were characterized by X-ray diffraction
(XRD), transmission electron microscopy (TEM), scanning electron microscopy (SEM), inductively coupled
plasma atomic emission spectrometry (ICP-AES) and N, adsorption. Characterization reveals that the
Zr-Ce-SBA-15 possesses a 2D hexagonal mesoporous structure similar to SBA-15. The average pore size,
pore volume and specific surface area of the materials is 5.58 nm, 0.96 cm’/g and 776 mz/g, respectively.
The hexagonal-platelet Zr-Ce-SBA-15 materials were superior to the conventional SBA-15 of rod or fiber
morphology in facilitating molecular diffusion when they were used in the adsorption, separation and cataly-
sis processes.
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Aii K B 37 #2833 Barrett-Joyner-Halenda (BJH)AH
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B 1 REBerfdh Zr-Ce-SBA-15 ) SEM JE A
Figure 1 SEM images of calcined samples of Zr-Ce-SBA-15 for the n(Ce)/n(Zr)=1 at n(Zr)/n(Si)=0.03 (a), 0.05 (b), 0.1 (c); and for
the n(Zr)/n(S1)=0.05 at n(Ce)/n(Zr)=0.5 (d), 0.2 (e), 0 (f)

TEOS & & BHIEM g, HmZ RN ITBCIRIES, X
55 Chen 25T 4E RARSAL. 55— 7, #&iH Zo/Si
Eb A 0.05, TAI N D> Ce(IID) & TN, /LA
(RT3 /N T BCHR 28 0 AR Bl T 1R, X mT e A2 e
T Ce(I1D) B AR T A AL BRSOV AL 1E TEOS 7K
fitda &, IR Ce(IID) /K i34 1 JE W Zr-Ce-SBA-15
PTBZRIIRIE. Fi> Ce(IDE TGN, WA NS
TR RN, RIS IR b 2 BRI, 4T
S P123 i il TEOS IRI/K R4 753 5 A, BRI R
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Figure 2 (a) Low-angle XRD patterns, (b) nitrogen adsorp-

tion/desorption isotherms, and (c) pore size distribution of cal-
cined samples of Zr-Ce-SBA-15

F w=40% HF)7E GBI i 4% ke [ A48 i 50 2.
B RAE AR n(S1)/n(Zr) =23 5 ) HER T
n(Siyn(Zr)=20 JLF—2L, 14 BFEa T 1 n(Si)/n(Ce)=
900, 26 KT BB K n(Si)/n(Ce), UiH] Zr(IV) &
O 5E 4 E NS SBA-15 [Fi 48, T Ce(II) &5 A7
DFRAFHEN SBA-15 (4L, Xl REE H1 T Ze(IV)I1 &
T2F42(0.084 nm)/N T Ce(TIN)E 1-24%(0.092 nm)5 i

B3 NIHCIR Zr-Ce-SBA-15 [f) HRTEM f& 5
Figure 3 TEM images of Zr-Ce-SBA-15 sample with hexago-
nal-platelet morphology

M. —J5H, ERARSRY, Zi(AV)E 75 P123 1
FUR T BERIEAI 2 GAEH, TEOS IRI/K i 4s & 5
5 Ze(IV) B TR FEARUL AL, MfiEA SBA-15 8
2 S —J51, 16 Ce(Ill), Zr(IV)E T IL77 1) K N Ak &
1, Ce(I11) 25 7F 2h A7 2800 ke 3= 3 A4E H, - DAL 5 40 i
TIECAL LR A e A e 22, IS, JEHLRTBK SR 7K figt =
HERIEEYE, 1§43 Ce(IID L Zr(IV)E T 5T TR M(4:
JB)—O0—Si . ik, 4 Ce(Ill), Zr(IV)E TILAERS, E
PR Zr(IV)#EA SBA-15 [ %2,
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F1 AHHR Zr-Ce-SBA-15 M LRI 45 B 5L
Table 1 Structural parameters and textural properties of Zr-Ce-SBA-15 samples

n(Zr)/n(Si) n(Ce)/n(Si) B 2 - 3 -1
Sample digo/mm  ay“/nm Sger/(m”eg ) Vioa/(cm’eg ) ®,/nm
Gel product Gel product
Zr-Ce-SBA-15 20/23 20/900 9.84 11.4 776 0.96 5.6

“ap=(2/43) dioo

3 #Rr

FIFHJEHLHT IR & 1 £ K= AR 10 95 B (e 2k TEOS /K
filt, TEAIMINTCHLER AT Pl /K G ik 2 — 4
BT N TIRCIRTES . m JE A7 10 4 S 7 A LA R
Zr-Ce-SBA-15. G /NTTBUIR Zr-Ce-SBA-15 41 fLAE}
EHE YRR L n(Zr)/n(S1)=0.05, n(Ce)/n(Zr)=
1.0. 7EMEAAE A I FLARHROR 4 5], TR B,
WKL AR KL R 1.5~1.7 pm, ShKELN 0.4~
0.5 pm. EFEANTHCRIEIL. 48 BRI R FLiE 4
HRENFLA RS 1588 SBA-15 AHIEL, H HEAEMAL . WF
KAr 57 B 5T A 212 N .
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