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Preparation and Characterization of Sinter-Resistant Rh-Sm;05/SiO,
Catalyst and Its Performance for Partial Oxidation of Methane to Syngas
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Abstract: Rh/SiO, and Rh-Sm;03/SiO, catalysts were synthesized by the conventional impregnation
method using rhodium acetylacetonate (Rh(acac);) and samarium acetylacetonate (Sm(acac)s) as
precursors. The preparation and catalytic properties, as well as the interaction between Rh and Sm0Os,
were characterized in detail by in situ infrared spectroscopy (IR), thermogravimetric analysis (TG), N2
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physisorption (Brunauer-Emmett-Teller (BET) method), X-ray powder diffraction (XRD), transmission
electron microscopy (TEM), temperature-programmed reduction (H.-TPR) and X-ray photoelectron
spectroscopy (XPS). The performance of the catalysts for the partial oxidation of methane (POM) to
syngas was also investigated. The results showed that a sinter-resistant Rh-Sm;03/SiO, catalyst with an
average Rh particle size of ~2.3 nm could be synthesized using the conventional impregnation method
with Rh(acac)s; and Sm(acac)s as precursors. The surface silanol groups of SiO, acted as the centers to
interact with M(acac); (M=Rh, Sm) molecules when SiO, was impregnated in the M(acac)s solution,
leading to the formation of a hydrogen-bonded M(acac); layer on the SiO; surface. In this experiment, the
monolayer coverage of Sm(acac)s; on the SiO, surface was equal to a Sm(acac)s loading (mass fraction)
of approximately 31%, which in turn corresponded to a Sm»O3 loading of approximately 15%. When a
Sm(acac)s/SiO, sample with Sm(acac)s loading below 31% was heated in air to approximately 360 °C, the
monolayer Sm(acac)s species decomposed into highly dispersed Sm»03 species on the SiO, surface,
which displayed superior stability against sintering at high temperature. No aggregation of the Sm;03
species was observed even when the sample was heated to 800 °C in air. The strong interaction between
the highly dispersed Sm;03; and Rh plays a key role in increasing the dispersion of Rh species in the
catalyst and preventing the Rh species from sintering under high temperature conditions. This factor
should also be responsible for the superior activity and stability of the Rh-Smy03/SiO, catalyst with

extremely low Rh loading for the catalytic partial oxidation of methane to syngas.

Key Words: Rh-Sm»03/SiO2; Rh(acac)s;

methane; Syngas
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Sm(acac); nH,0 (Alfa Aesar, 99.9%), FIZ ;7 REH
PR 2 SRR N 50 mL J57E 80 °C Jii# 0.5 ho [
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Table 1 Specific surface areas (Sge7) and pore properties of the samples.

Catalyst Sper/(m*-g ™) Pore volume/(cm® g ") Aperture/nm
SiO, 480 0.89 5.8
0.5% RW/SiO, 436 0.86 6.5
10% Sm,03/8i0, 381 0.76 7.0
0.5% Rh-10% Sm,03/Si0, 350 0.73 7.0
30
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R 20t ]
=
=]
5 15}
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B 10t
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0
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501t 23+£04nm
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Bl 1 RWSiO, 1 Rh-Sm,0,/Si0, ALK TEM 5 A1 Rh BRI 25 B
Fig.1 TEM images and size distribution of the Rh nanoparticles of the Rh/SiO, and Rh-Sm,03/SiO, samples.

(a) 0.5% RW/SIOy; (b) 0.5% Rh-10% Smy04/SiO,.
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Fig.2 IR spectra of the Rh(acac);/SiO, and
Sm(acac)3/SiO, with different M(acac); loadings.
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WnE s, W OBEEA S EEET S
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Sm(acac); [ 51 3 & i WA AR <P P AE Si0, FR TH
BN EWE, 528 253%8 31%, R
T Rh 1 Sm,05 ) & 73505 M 208 8%F1 15%.
* 2 FIH T 7EHT )5 ) Rh(acac); A1 Sm(acac); 7E
1300-1650 cm™' S P A IE & HLA8 A, o
F~1570 F1~1520 cm ' &b 1wy 2, 1 P R 2R _E
C=0 HJ X FRA 4 J5 B FT C==C==C ] JE XS TRt 45 =
FFEL P, 1542 em ' AbRyEEIE Sy C—H T4
A TEAR B AT 9106, ~1433 Fl~1446 cm ' AL 504
N EC—H M AEX AR TE AR B, ~1387 Fl1~1385
em bR ZEEPIERER b C==O B AERTFRAR 4R PR
~1362 cm™' AbIREIE N HIEE E C—H X RRASTE
5 0, 1% )5 Rh(acac); A7 T 1542 cm ™' Al
1365 cm™ ' (IARBNIEN Jc, R DR AT A T R
J& TR AL A1 52 BV A B P s SR TR B
AT AR Y, T Smacac) 7E £ 3 R AR IR B i
FORRAET AR, VA7 L BER ERAG& Y5
KR RBRE T

Kl 3 A 3.8% Rh(acac)s/Si0, (Ff M 1% Rh/
Si0,) 22% Sm(acac)s/Si0, (FfMNF 10% Sm,Os/
SiOy) LA K& 3.3% Rh(acac)s;-22% Sm(acac);/SiO, (Xf
MNF 1% Rh-10% Sm,0s/SiO,)FE fh7E 25 i 4
SRR TG-DTG M4k . FrafE i 7E 200 °C 2

%2 Rh(acac);, Sm(acac);, Rh(acac)y/SiO, LR Sm(acac)y/SiO, B 5k FILLAME I (em ) R HIF)E °
Table 2 Observed frequency (cm™) and band assigments for the IR spectra of Rh(acac);, Sm(acac);,
Rh(acac);/SiO, and Sm(acac);/SiO, samples®.

Rh(acac); Rh(acac)3/SiO, Sm(acac); Sm(acac);/SiO; Assignment Ref.
- - 1608 1605 J6(OH) 48

1566 1570 - - Vas(C==C==C) + v(C=0) 45,46

1542 - - - 2[(C—H)] 46,48

1516 1520 1517 1520 Vas(C=C=C) + v(C=0) 45,46

1427 1433 1454 1446 Jas (CH3) 46,48
1381 1385 1388 1387 Vas(C—0) 49

1365 - 1360 1362 05(CHz3) 46,50

%y: stretching vibrations; J: deformation vibrations; y: out-of-plane vibrations; s: symmetric vibrations; as: antisymmetric vibrations.
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Fig.3 TG-DTG curves recorded during the decomposition of Rh(acac);-Sm(acac);/SiO, samples in air.
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Fig.4 XRD patterns of the Sm,05/SiO, and
Rh-Sm,03/SiO, samples.

(a) x% Sm,05/Si0,; (b) 0.5% Rh-y% Sm,04/Si0s.
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Reaction temperature 700 °C, Feed: CH4/O»/Ar volume ratio is 2/1/4,
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