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Abstract: The influence of Li loading on the catalytic activity of Li-promoted Rh-Mn/SiO, catalyst for the synthesis of C,-oxygenates
through CO hydrogenation was investigated. The catalyst samples were characterized by volumetric chemisorption, tempera-
ture-programmed reduction, temperature-programmed desorption of CO, and temperature-programmed surface reaction. The addition of Li
significantly suppressed the formation of CH4 on the Rh-based catalyst, while the selectivity for higher hydrocarbons was little affected. The
Li promoter largely enhanced the selectivity for C,-oxygenates, especially that of acetic acid. However, the activity of the Rh-based catalyst
for CO hydrogenation gradually decreased with the increase in Li loading. It was suggested that the role of Li was to decrease the CO disso-
ciation ability and to reduce the number of active sites for CO dissociation. The uptakes of H, and CO on the Li-promoted Rh-based catalyst
were almost the same as those on the Rh-Mn/SiO, catalyst, which implied that most of Li was positioned on the support, and only a small
part of the added Li was positioned on the top of Rh particles.

Key words: lithium; rhodium; manganese; silica; carbon monoxide; hydrogenation; C,-oxygenate

LW LMK OISR SR G YRELN AR R hds i, M58 b, i & S S WAl
WL, U AR FRAR K R BB Vs R m07E DAl O g o JORE A 7 1. il A BT DL SRR R

Weks B E3: 2009-10-20.
BERA: T =74 Tel/Fax: (0411)84379143; E-mail: dyj@dicp.ac.cn
HE&KIF: FHEE LRI IR (973 11K, 2005CB221403).



366 otk

¥k

Chin. J. Catal., 2010, 31: 365-369

SRR AT AT T SR AFARAL G 4B 7 B £ 1) D V. AR
FF R IR B R AR S 55 4 SRR — B &
(R AL TR A e, R AT B T e ok e R, 38 T BA SR
O3 R AR R RO AR A IR IR A, A B 20 i
TEAA D, TR K I A T8, R B
(1) 48 5 30 .
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1.1 ERFIEE &

K IR B B & AL K Si0, (> 99.5%,
20~40 H, BET tL & M 127 120 m*/g, Johnson Mat-
they) 71 773 K £%5%5¢ 5 h, LA 23 33 1R BT i) 2% 5. 4%
Jii B R e 4F 1) Si0, ¥ AN B RhCls (Rh 75 i 37.22%,
Johnson Matthey), MnCl, (73874l 3 fdadi 4 1T 47 B
A AULACL (43 Bt 4, R R 25 WAL 223857 IF % o
) 44 JiT i LU AR T T 9 1) W W, R T R T
393 K T4 8 h, B 73 Rh-Mn-Li/SiO, i 44 71, Rh Fl Mn
1) B 3 5 530l A 1.5% F10.57%.
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I J5U 1 h, 7E 4l Hy AU B 2 R Nl B S, VD4 ol &
. N AE 553 K, 5.0 MPa, GHSV =12 500 h™' A1l
H,/CO =2 (FE/K L) B4 AF N IEAT. AR & A&
W2 150 ml 25 & 1 K. Sk H %647 HP-FFAP &
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HEALTART Hy F1CO P W B 58 R FH 7 285 A 27 IR P
VEN 52, 5256 45 Quantachrome Autosorb-1 4 47) Bl 4k,
SR B HEAT. AR R 700 mg. B TS AE
623K, 4l H, 4 NIt J5 1 h, R 5 T 623 K il a 48 1 %
107" Pa, £ 0.5 h. A 76 3025 W R & 313K A,
W 5E Hy W B A5 2. W58 58 B2 05, FF ah PR B Bk
4 PRI S il R B 1T i 00 5 5 Y CO Wi
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FHEL.
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£ 623 K, it it 1 h, f V) e ji He, T-AH A £ 0.5
h. SRJ57E He S P BF & 313 K, K3 10 min. 1 A
CO (35 ml/min) M #9 30 min, Y] ¥t 24 He X F7 15 min
Jo, THHA TR A THE. | 313 K THE 2 973 K, TR # %
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CO fn &2 — A 45 M U [ B, Rh F2 42 ) 3.4 nm
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B F R 2
Table 2 H, and CO uptakes on Rh-Mn-Li/SiO, catalysts with differ-

ent Li loadings

Li loading (%) ——2ptake (umol/e) HRh  dy/nm
H, Co
0 25 44.6 0.32 34
0.025 19.5 412 0.28 3.9
0.050 23.9 411 0.34 32
0.075 25.1 420 0.38 2.9
0.100 26.8 44.6 0.39 2.8

“Taken from total adsorption isotherm.
H/Rh: dispersion of H, on Rh, based on total H, uptake; dya: vol-
ume-area mean diameter of Rh calculated by total H, uptake.

SR, AFLAR 22 TR B ) 465 SR W, Li XF Rh B A 46 771
b Hy B CO W B & (1) 52 e AR /I, B Li () £ 38 i 4
i 21 0.1% (Rh/Li BE/R 29 20 1) i), i 4n Li #8F1 Rh
RAT M HAEH, Toie &k i RO Ik S JLA RL,
B 7 Li 6 Rh JE A A6 7] Hy R CO (W B i 38 A
BCORFE R, AR SRS 45 OF ARt X R WA A
5y Li IR %A 5 Rh R AEAE R, 12 23 #128 28044 Si0,
b Ay EREN Bk B Li nTREAT 2 T 43 B Rh 4 )@ kL
T BEIR A E A . I, Rh (6738 k21T T
I
2.3 TPRZR

1 3 AN Li 9135 & [ Rh-Mn-Li/SiO, i 16 7]
) TPR 3. 4 K ff 7%, Rh-Mn/SiO, #E 4k 71 H B0 T 1
AT 423 K 26 A3 R348 T e 3R B, Min 7R 38 s
(1) Rh 35 A A Ak R rp 52 +2 02 2R Serp B i 4 1)
LA MnCl, 24 Mn [ 15K 44 1) 4, HA 28 il 55 4%,
A R Min 75 38 J5HI o2 +2 A, 38 Dk R e AR
M, BRI b3 ) O Js v A2 AT DTk, B 1) g s
e 137 I Ji8 S RO IR JL. 78 00 Li J, Rh 3EAEAE 7] 1
WA H LB 8 U0, 3X O PR R Li 78 TPR SE56 4% 1

# 1 Li f13 2% Rh-Mn-Li/SiO, /L7 £ CO mME R 1 AER 20
Table 1 Effect of Li loading on catalytic performance of Rh-Mn-Li/SiO, catalyst for CO hydrogenation
Li loading CO conversion Selectivity” (%) STY
(%) (%) C,,-0xy CH,4 CH MeOH EtOH AcH HOAc (g/(kg'h))

0 11.1 59.0 30.6 10.3 0.2 5.5 349 16.7 604.8
0.025 9.3 66.9 21.9 10.9 0.2 4.8 35.7 20.9 590.1
0.050 7.9 70.3 18.1 11.3 0.4 5.6 353 229 522.2
0.075 6.6 71.1 16.2 124 0.4 6.2 33.7 242 436.9
0.100 5.0 73.1 14.9 11.4 0.5 7.1 33.1 253 344.7

Reaction conditions: 553 K, 5.0 MPa, GHSV = 12 500 h™", n(H,)/n(CO) = 2.
“Based on carbon efficiency. C,-oxy: C,-, Cs-, and Cy-oxygenates; Cp.H: C,-, Cs-, and Cy-hydrocarbons; STY: space time yield of Cy.-oxy.
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Fig. 1. TPR profiles of Rh-Mn-Li/SiO, catalysts with different Li
loadings: (1) 0%; (2) 0.025%; (3) 0.05%; (4) 0.075%; (5) 0.1%.
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Fig. 2. CO-TPD profiles of Rh-Mn-Li/SiO, catalysts with different
Li loadings: (1) 0%; (2) 0.025%; (3) 0.05%; (4) 0.075%; (5) 0.1%.
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Fig. 3. TPSR profiles of Rh-Mn-Li/SiO, catalyst with different Li
loadings for CH4 formation. (1) 0%; (2) 0.025%; (3) 0.05%; (4)
0.075%; (5) 0.1%; (6) Blank (without adsorbed CO) TPSR of
Rh-Mn-0.028%Li/SiO,.
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