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Infrared Spectroscopy Study of CO Adsorption on Rh-Mn/SiO, Catalyst
for C,-Oxygenates Synthesis from Syngas
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Abstract: The Rh-xMn/SiO; (x is Mn/Rh atomic ratio = 0-3) catalyst samples were prepared by conventional co-impregnation. The sam-
ples were characterized by transmission electron microscopy, X-ray diffraction and catalytic performance evaluation using CO hydrogenation
to C,-oxygenates. CO adsorption behavior over Rh-xMn/SiO, catalyst under CO and syngas atmosphere at 50 and 280 °C, tempera-
ture-programmed reaction of CO with H on the Rh/SiO,and Rh-0.5Mn/SiO, catalyst samples between 50 and 280 °C, and the change of the
gem-dicarbonyl species with increasing temperature under CO atmosphere and vacuum were also studied by infrared spectroscopy. The
results showed that, when the temperature was higher than 200 °C, the gem-dicarbonyl species was undetectable on the catalyst in the pres-
ence of CO, implying that Rh” site is unlikely the active site for CO insertion. The addition of Mn promoter resulted in the formation of tilted
CO. The addition of Mn could be also in favor of weakening the Rh—C bond in the linear CO adspecies, which facilitated the linear CO mi-
gration on the catalyst surface and enhanced the rate of CO insertion into CHy. This is consistent with the results from the experiment to
improve C,-oxygenates selectivity with addition of Mn into Rh/SiO; catalyst. The formyl adspecies was detected by infrared spectroscopy in
the experiment of temperature-programmed reaction of syngas over Rh-0.5Mn/SiO, catalyst. This result suggests that addition of Mn to
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Rh/SiO; is helpful to stabilize formyl species and this will be favorable to enhance the rate of hydrogen-assisted CO dissociation during the

hydrogenation of CO to C,-oxygenates.
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TEM images and Rh particle size distribution of Rh-xMn/SiO, catalyst samples. (a) Rh/SiOy; (b) Rh-0.2Mn/SiO,; (c) Rh-0.5Mn/SiO,; (d)
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Fig. 2. XRD patterns of Rh-xMn/SiO, catalyst samples. (1) Rh/SiOy;
(2) Rh-0.2Mn/Si0;; (3) Rh-0.5Mn/SiOy; (4) Rh-1Mn/SiOy; (5) Rh-
2Mn/SiOy; (6) Rh-3Mn/SiO,.

Mn 75 JI 2 (1) Rh-xMn/SiO, fi# 4671 |- Rh #F 43 5L 1
DL 2 5.
22 BUFIBCOME %R

HT T MIn 8 A 4544 4 700 1R 35 1 0 C 75 S AL
BB HS AT AR, OB I A RN SRR
HME 4 T 3R A5 Mn X Rh/SiO, i 46 1 B 52 Wi (1 41 5 {5
Bl A sci b A F Mn s i &
Rh-XMN/SiO, #1471 75 AN ] S5 Vil FE T 1) 40 3%
J Cop & S Ak A W 3k 1, ok % 82 Mn 18 5 Jn ot
Rh/SiO, {14 71 14 BE 1 52 M.

3 TR S N E R Min s i -5 A 5
PERIOC &R, W] LA o 2> 5 1) Mn BT 8 25 48
HEAL ) 5 PE. £F 240 F1260°C T, 4 x>0.2 )5, b &
Mn 78 00 PR 12D 880, AR TS R AN R R
L T4 280 °C B, 24 x> 1.5 Ji, AL 3 Ik K e

4 2 Rh-xMn/SiO, i AL FIAE 5 L 1) CO &L
PEBE. 1l 4(a) 7T LA, 7EAH R CO B fh 2 1, ffk
AT E Co & A S WD B P B Min 5 & 1R 19 0 i 56
THEBE. 75 x=0.2~1.0 i, C, 4L & Wik B0 )L
AN GRBETH X AH, Co & B G WD B B %
i1 Pl 4(b) AT LLE H, ZEAH ] 0 CO # 4k % 1, ik
A b CH, 3 FE M Bl Mn 55 5 14 38 0 im B A, 199 Min
(% A 2 3 T CH, I A2 . ml L, 98 0 38 & 1Y

30+

2] -

O

[ 3
15 }o

0]

S

gE _—

X 10F / .
5| / °/'\'ﬁ) —
0 'géo———o o Bo—o— s

L L PR SR SN SR N T T TN S (NN S SO S S Y ST ST
0.0 0.5 1.0 15 2.0 25 3.0
x (Mn/Rh atomic ratio)

3 AEIEET Rh-xMn/SiO, L FI# CO MmEiEH
Fig. 3. CO hydrogenation of Rh-xMn/SiO, catalyst samples at dif-
ferent temperatures. (1) 240 °C; (2) 260 °C; (3) 280 °C. Reaction con-
ditions: H,:CO:N, = 60:30:10, 18000 ml/(g-h), 2.0 MPa.
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Fig. 5. IR spectra of CO adsorption on the Rh-xMn/SiO, catalyst
samples at 50 °C. The spectra were recorded under vacuum. (1)
Rh/SiO,; (2) Rh-0.2Mn/SiO;; (3) Rh-0.5Mn/SiO;; (4) Rh-1Mn/SiO;;
(5) Rh-2Mn/SiOy; (6) Rh-3Mn/SiO,.
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syngas (H,:CO:N, = 60:30:10) for 7 min. Flow rate of syngas = 20
mi/min.
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Fig. 9. IR spectra of CO adsorption on Rh-xMn/SiO, catalyst sam-
ples at 280 °C. (1) Rh/SiOy; (2) Rh-0.2Mn/SiO;; (3) Rh-0.5Mn /SiO;
(4) Rh-1Mn/SiO,; (5) Rh-2Mn/SiOy; (6) Rh-3Mn/SiO,. The spectra
were recorded after evacuation at 280 °C for 3 s.
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Fig. 10. IR spectra recorded at the indicated temperature during

stepwise heating of the CO pre-adsorbed Rh-3Mn/SiO, catalyst under
vacuum from 50 to 300 °C.
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atmosphere from 50 to 280 °C (a) and difference spectra between
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