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Table 1 Results of CO hydrogenation for 50 h on stream over improved Rh-Mn-Li/SiO, catalyst

Time on Conversion Selectivity of products (C % )* Y g Rh effic. ©
stream (h) CO (%) CH EtOH HAc HOAc C,-oxy  g/(kg-cat-h) g/ (g-Rhh)
4.0 10.7 28.7 8.2 34.8 22.6 71.3 705.9 47.8
17.7 9.3 29.1 8.3 33.9 23.5 70.7 608. 8 41.2
27.6 9.6 29.2 8.7 34.9 22.2 70.6 625.4 42.3
42.1 9.2 28.9 9.1 34.5 22.7 70.8 602.7 40.8
50.0 9.3 28.6 8.5 35.3 22.4 71.2 609.9 41.3

Reaction conditions; 280 °C, 5.0 MPa, 12500 h~' and H,/CO =2
a. CH, EtOH, HAc, HOAc, and C,-oxy respectively imply hydrocarbons, ethanol, acetaldehyde, acetic acids,

and oxygenates such as ethanol, acetaldehyde, acetic acids, methyl acetate, and ethyl acetate et al. , the same below

b. Y., implies the space time yield of C,-oxygenates, the same below

c. Rh effic. is defined as the mass of C,-oxygenates yielded per unit mass of Rh metal and per hour, the same below
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Table 2 Performance of CO hydrogenation to C,-oxygenates on various catalysts

Conversion Selectivity of products (C % ) Y0y Rh effic.
Catalyst Co (%) CH, C,,o' EOH HAc HOAc C,-oxy g (kgcat-h) g (g-Rh-h)
Rh/SiO, 2.6 63.9 87 1.0 7.7 3.9  25.5 62.6 4.2
Rh-Mn/Si0, 25.1 40.7 9.9 1.7 22,2 9.4  49.2 11040 74.7
Rh-Mn-Li/Si0, 17.1 2.4 10.8 8.6 30.0 16.6  62.7 978.1 66.2

Reaction conditions: 300 °C, 5.0 MPa, 12500 h ~'and H,/CO =2

a. C,,qy implies hydrocarbons other than methane

K. 7 Rh/SiO, 4L H a5 0. 525% A Mn 5, C,
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lg. 1 Differential heats versus CO coverage plots

for various catalysts

HeAEAb ] CO M F fEFih 2. Rh/Sio, ki) F
CO [RGB 125. 6 kI/mol, iZEEALTF Za-
kumbaeva ZE7E 5% Rh/SiO, b 45 iy 25 5 (160 kJ/
mol ) , 15 Rh ¥R MY CO M4 (134 kJ/mol)
gz ' Rh-Mn/SiO, fil Rh-Mn-Li/SiO, f# {k
F L CO BRI e W B FAREAR, 435124 110.0 F1120. 1
kJ/mol. i 55 FE B3, Rh/Sio, fifk 5] | CO
(W BRFFRAE 120 kJ/mol BIETE B — 1 F- 15, BV B
PIUF AR 5 B ) A2 fe T A2 4k s 14 CO B35
KT250 wmol/g B, W HA G 2 B2 1 185 o
T & Rh-Mn/SiO, #il Rh-Mn-Li/SiO, ## 4k 5 - CO
(AW o A it 2 5 AR At SR B R SR R, (H
CO MM B PSR A B R R, D5 4h, BShn Mn £ Li
B, CO [y 7 o5 B o ms A B AR, X n] e &
BRI Sk Bl 300 AR A P 0 40 b B i 7 B 4 JR R Y R 1,
o R 52 B AR

2 25 AN ] Rh 0500 1 H, 02 B Ao
HE SRR pE H 8w WIS, 3 #

PEAET I H, W B AR 52 320 AR 1 B 3. X AT R
P T L ST 0% B 5 535 0 o T I R
S AR E AR s . Rh/Sio, g fks) b H, i
WA A 103. 3 kI/mol, X AMEHAE T Zakum-
baeva 7 5% Rh/Si0, I I 15 1) 407 4 W% [ 44 ( 130
kJ/mol ) ) 5 G 5 % i Min 1 Li J5 , H, B9 9 48 W% K

L %o 0 RWSO

100 a 2
_ o 0 REMYSO,
3 u A& REMLifSO
Es0f o 2
3 .
Teop?
] n]
= %m% 0 o
&
= 40 o 0 o
5 a8 0q o
-
£ LY
aawr

0L 1 1 1 1
0 10 20 30 40 50

H: Coverage (L mol « g')

& 2 A [F] Rh RG] b H, 0805 B bt 26
Fig. 2 Differential heats versus H, coverage
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Studies of Highly Efficient Rh-Mn-Li/SiO, Catalyst
by Microcalorimetry and FT-IR

JIANG Da-hao"*, DING Yun-jie'* , LI Lin®, CHEN Wei-miao', LUO Hong-yuan', ZHANG Tao’
(1. Laboratory of Applied Catalysis, Dalian 116023 | China;
2. Laboratory of Aerospace Catalysis and New Materials, Dalian Institute of Chemical Physics,
Chinese Academy of Sciences, Dalian 116023, China;
3. Graduate School of Chinese Academy of Sciences, Beijing 100039, China)

Abstract: A Rh-Mn-Li/SiO, catalyst that exhibited rhodium efficiency up to 41g/(g-Rh h) at reaction conditions
553K, 5.0 MPa, 12 500 h'and H,/CO =2 and excellent stability was developed by the re-optimization of metal
ratio, and the effect of promoters such as Mn and Li on CO and H, adsorption behaviors over Rh/Si0, catalyst was
researched by Microcalorimetry and Fourier Transform infrared ( FT-IR). The results showed that the addition of
Mn and Li to Rh/SiO, catalyst decreased adsorption intensities of linear and geminal CO and strengthened their Rh-
C bond, which led to an increase in CO insertion ability of Rh-based catalyst; Meanwhile, the Rh-C bond of
bridged CO was weakened or tilted CO appeared over the promoted Rh/SiO, catalyst, which was favorable for in-
creasing the CO dissociation ability. On the other hand, the number of active sites for dissociatively adsorbing H,
remarkably reduced, accompanied by an obvious decrease of adsorption intensities of H, with the addition of Mn
and Li to Rh/Si0,. The increase of CO insertion and dissociation abilities, and the decrease of hydrogenation abili-
ty of Rh-based catalyst were responsible for the dramatic increase of activity and selectivity toward C,-oxygenates
with the addition of Mn and Li.

Key words: Microcalorimetric adsorption; Rh efficiency; Rh-Mn-Li/Si0, ; C,-oxygenates; CO hydrogenation



