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Abstract — In this work, ruthenium substituted SBA-15’s(Ru-SBA15’s) of various Si/Ru ratios were prepared using a
non-ionic triblock copolymer surfactant, EO,,PO,,EO,,, as template. We investigated the nitrogen or oxygen adsorp-
tion/desorption behaviors of the Ru-SBA-15’s for their future applications as catalysts or selective adsorbents, etc. The
pore size of the Ru-SBA-15’s was determined by both the Barrett-Joyner-Halenda(BJH)(Dj ;) and the Broekhoff-de
Boer analysis with a Frenkel-Halsey-Hill isotherm(BdB-FFF) method(Dy ). The Dy and Dyyp oy of the Ru-
SBA-15 having 50/1 ratio of Si/Ru were 3.9 nm and 4.7 nm, respectively. The transmission electron microscope(TEM)
image of the Ru-SBA 15 of the Si/Ru mole ratio of 50 showed that the pore size is 4.7 nm, which is consistent with the
N, adsorption results with the BdB-FHH method. The surface area of pores form oxygen adsorption/desorption iso-
therm was higher than that from the nitrogen adsorption/desorption isotherm by the Brunauer-Emmett-Teller(BET)
method, which were respectively 612.7 m%g, and 573.3 m?/g. X-ray diffraction(XRD) patterns and TEM analyses
showed that the mesoporous materials possess well-ordered hexagonal arrays.
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Fig. 1. X-ray diffraction patterns for Ru-SBA-15 (Si/Ru molar ratio

of 30) of (a) as-synthesized and (b) calcined.
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Fig. 2. XRD patterns for calcined Ru-SBA-15 Samples with differ-
ent Si/Ru molar ratios of (a)10 (b)20 (c)30 (d)40 (e)S0 (f)oo.
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Fig. 3. FT-IR spectra of calcined Ru-SBA1S samples with different
Si/Ru molar ratios of (a)10 (b)20 (c)30 (d)40 (e)50 (f)oo.
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Table 1. Comparison of unit cell parameters and pore diameters determined by the BJH and BdB-FHH methods with surface areas determined

by BET Method for various Ru-SBA1S materials

Sample (Si/Ru) ~ Surface Area(m*/g) Dy,f (nm) Dyl (i)  digo (A) a,c (A) Wall thickness?(A) ~ Wall thickness® (A)
10 583 4.4 4.7 83.4 96.1 52.1 49.1
20 463 3.0 43 76.1 87.9 579 44.9
30 519 4.0 4.7 86.5 99.9 59.9 52.9
40 664 39 4.8 80.2 92.6 53.6 44.6
50 573 39 4.7 89.2 103 64.0 56.0
o0 520 4.7 4.7 89.2 103 56.0 56.0

“BJH pore size determined at a given relative pressure.

PBAB-FHH pore size determined by solving eq (2) at a given relative pressure.

“Lattice parameter from X-ray diffraction; a,=2/3*d
NWall thickness=a,—pore size (D)
“Wall thickness=a,—pore size (D gz rrr)
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Fig. 4. TEM image of calcind Ru-SBA-15(Si/Ru=50 mole ratio).
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Fig. 5. SEM images of calcined Ru-SBA15 mesoporous materials of
different mole ratios of Si/Ru (a)oo (b)S0.
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Fig. 6. Adsorption-desorption isotherms of nitrogen at 77 K for vari-

ous Ru-SBA-15 with Si/Ru molar ratios of (a)10 (b)30 and
(¢)50.
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Fig. 7. The BJH pore size distribution calculated from the desorp-
tion branch of the isotherm of Ru-SBA-15 samples with differ-
ent Si/Ru mole ratios of (a)30 (b)40 and (c¢)50.
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Fig. 8. The BET plot for oxygen adsorbed at 82.1 K. z/n(1-z) is plot-
ted against z; n=amount adsorbed in cm?® (stp) (Ru-SBA15
mesoporous materials of Si/Ru=50 mole ratio).
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Fig. 10. Plot of pore size versus pressure at which capillary conden-
sation occurs via a cylindrical meniscus by BJH or BdB-
FHH methods from data of Ru-SBA15 (Si/Ru=40).
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