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HE OIT LRI B Y AEF T 7 A (Rh/SIOy) filtfit % v C
ALK SE (COs) DMK FALSITIC X 5 7V a— L DA B A1
AL C&EA. ZOFER, RhOZBEEROMIEE T CO, &k (Hy)
PHETINVaA—IEERTHDEEHLOTHRETHAZ EHDM1-
72V, 2T TCbRFE (CO) DKFARICIC L 57 v a—v g
BICRh & bUBERTHAS EHONTOWALEEBD—DTH 5
7NV F (Co) T2 OB a L7z, Co DU k- T A
2/ —) (MeOH) #IRFK T KIgIZ LA L7222, =X/ —)
(EtOH) D ZNIZIF L A EE DB 723,

[ (Rl % P 7o REBIAL D O K FRAL SIS BT, U F 7 A
(L), FrurvANa), BLIUCAHIVTAXK)IOE ST IVAY
BRI D RICDOTE I J O/ T /T AE B E R I8 T
ET WO HREOhHE I T 5. Naito 513 CO DKFEAL
FIGIZ 3BT Na ® K % Rh filliicism+ % &, C, &MFEE
MOFBIRKBRE B+ 5T L& BV LY. %7 Takagawa 5L
HR-HSA—SE— 2 T AR A B\ 72 CO, OBl A FEALRIC 35\ C,
KR r 2 / —IVOEBICER TH 5 L XTW5HY. 0D
LD BICEK S < &, Fijkd Rh—Co/Si0, filfic 5\ T 7L
hVEBEHRINT 5 & MeOH 7210 Tz < EtOH D& IRME: 23
THARREAEZONS. £ THENL, Li, Na, KOT IV A
SIEERINY % Rh—-Co/SiO, il iciimin L, CO, Mk FAL K It
ICRITETHE LTI, ZORR, BT 5N OREIC L -
T EtOH RS COy B biEHERKES BT H LA RV
L72DOTHET 5.
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2.1 & %

BisKADE & L Cid, ey~ A (Rh(NOs)s, iR)IE(LS),
filslig 71 /N KR (Co(NOs) 5 6H,0, WRIIFILE), fslis Y
F 7 1 (LINO;, FOGAISE LY, fEEAS 1 U7 A (NaNO;, FK:
MFETZE), BRUMEEAN Y 7 L KNO;, FEATHK T 2/

7o KR, 16—32 A9 2D Si0 (5 4V, #57, HE
T 247 m?/g) & /.
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2.2 fhiERs

fAEE T N CIERETHELL /2. FreiEo Rhig & Co i
mz, Li Na, KEEOWIFNhr—o% GO KEREY, 75 AaH
T 473K, 2 h MBAEEP KA % L /2 Si0y ICERME T C&iR
L7z, 473K, 2h BEREzfE L 7=t%, 16-32 A v vV 2 DBRD %
% 100 cm®/min OFHEKFE (Hy) Kifih, 623K T1h FHET
L Rh—-Co-M/SiO, filfiit % #57-.

2.3 CO, ik RILRIG L ERHDOAHT

B  B] PR 200 FE S I A B T T - 72 SRS
IS 1g Ot % FEHE L, 200 cm?/min O3 T Hy, K,
623K, 0.5 h @A # 1T 7. RIGEFREZZERE TS, H,
% Hy/CO, RE A (Hy/CO, =3, PIEBIEE#E L L C7 LT v (Ar)
1B ET)Y D2, ZOHRATEDIGSEBICHE L TG
T o7z, RIGHEOT ZALHEICRL, 463K IR LT EE
BEAA7 < 757 (BHRERT, GC-8A)ICHEAL, #HrL
7z. Ar, CO, CO;, B LU CHy OB, 2wt¥% A7 7 5 /3
FriGt R 15 A (3m, 323K), SMFIL & D5 HTICiE PEG
1500 75 A (3m, 363K) i\ /. HAZOX 7571285
S HTRE B B ELET C-R6A 7 o< /8y 7 Tatdg L 7-.

2.4 77— IEBRFNRRZRY +IILORIE

KO RIS T COfBEFRE EOWREMEE in situ 7 —Y T
BEARFRANBIL A7 TV (FT-IR) % IV CTHIE L 72, FRRIC
FERUY L 7 il 0.06 g % @i B IR L9 Ah, 200 cm?/
min OFE Hy, ZliH, 623K, 0.5h 5 eALFE % 1T - 7=, AR
EAFEOREE TS, Ho KT Ny 7757 FAXRY
PV 7 IV A)ZRIEL. BRECREY TTF AL H, &
H,/COy AN AN 2, ZDOHIIEDKIGEMICFHE L T
AR PV ZEIT > 72 ( 7 F IV B). RIGEHET TOAXRY +
BNy 7T 57/ FDOANYZ FIVEZLGIK CEICEDEA
N7 W TFIVB= 7 F IV A) 157, T OEMEIC XD fild
ZDHOD IR BB SI N, RABREFDAD AN FIVH
Bohi.
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3.1 Rh-Co/Si0, MiE(C T 27 I ) EBARMHDEE
SFEFHEOT VA &JB AWML 72 Rh—Co/SiO, fift i % FI\ T
CO, B K EAL R IEH 1T - 7=. Rh OHEFE T Si0, 125 L T5
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Table 1 Effect of additives on CO, hydrogenation over 5 wt% Rh-Co(1 : 1) /SiO, catalysts?

Product selectivity/%

. co
Additive™ 2
conversion/f CH,OH C,H,0H co CH, CH, C,H
None 25.2 13.4 1.2 9.8 73.0 1.7 0.8
Li 36.1 4.0 14 2.8 81.1 45 3.6
Na 19.8 2.0 8.7 27.1 36.7 6.8 7.4
K 16.6 1.7 48 33.1 42.9 5.9 5.6

a) Reaction conditions: temperature =533 K, pressure =5 MPa, H,/CO, ratio =3, flow rate =100 cm3/min.

b) Atomic ratio; Rh : additive=1 : 0.5.

Table 2 Effect of the amount of Na additive on CO; hydrogenation over 5 wt% Rh—Co (1 : 1) /SiO,

catalysts?®
Na/Rh CO, Product selectivity/%
Atomic ratio conversion/ % CH,OH C,H,0H co CH, CH, CHq
0 25.2 13.4 1.2 9.8 73.0 1.7 0.8
0.1 30.5 4.3 2.9 5.2 73.0 6.1 5.4
0.5 19.8 2.0 8.7 27.1 36.7 6.8 7.4
1.0 16.8 2.6 4.9 53.1 24.0 5.9 4.5

a) Reaction conditions: temperature =533 K, pressure =5 MPa, H,/CO, ratio =3, flow rate =100 cm3/min.

wt% TH Y, Co, 7IVHVEEOFHRMET Rh ikt L THEFI
TENZENL 05 & L7, RUSRE, BUSHET, RISH ADM
W, BLUWMENLZNZN 533K, 5 MPa, H;/CO,=3, 100 cm3/
min CORILFER A Table 1 1ORd. LitgEaRnd % & CO, #xn
ERIFKIBIC LA L7225, Nao KTk L7z, CO, ix
(biEYEIE K <Na<Li i O NI &7 - 7.

BRI O\ T A B &, Rh-Co/SiO, fiit D84 & Rtk
ICWFNOTIVAY EBEHEINT L EAEEWIE CH, TH-7-. Li
BIRIMZKFL A RAEL, BRIMOMIE XD & CHy #IRE
R L7z, IS LT Na B8LU KERMOEEICIE, CHy
BRI L CO ZEIRME P BEEICHE R L 7. K<Na<Li#&n
PIDONAIZ CO EIRFKIZML <, MeOH EIRKIZE - 7. £/,
FTRTOTIVA ) EBEIHIIC EtOH A BLAE % [ | S & 4 8
ENDDHIENDhro T BT Na iRt ey EtOH
SEINEK 8.7% w5 L, Rh—Co/Si0, filfiticst L C 3D T L H
U B O TEOH GRICHK LB LMW Th 5 Z & 11
LTI 57z,

3.2 Rh—-Co-Na/SiO, il (Z35(F D Na IERMEBDE

PLEWCRLZE D1, 3EHOTIVAY &R+ Na i)
Rh—Co/SiO, filfift % Fi\ v 72 EtOH O & RICHR b iF £ L \WIRINY T
BHHT DR 72DT, KIZ Rh—-Co—Na/SiO, filtft iz 35T
Na i nEOFELHEF L. RhicH L TREFHTOAS 1.0
FC Na iR ImE L2 S ¥ 7. Rh#lEEL 5 wt%, Co iRinE
[FRh KL THRFHTL & L7

3.2.1 CO, #MKRILRIE : SJUNRE, FOGET, BUSH A
O, BICWMEIPZNZN 533K, 5MPa, H,/CO,=3, 100
cm?/min TO R IEKE R % Table 2 12779 . CO, #{t3RIE Na ¥l
g EFITEV#EAL, Na/RhJFEFIEA 01 ICBWTRAL
0, FOKMA L7, EtOH SR (T Na/Rh T A 0.5 1
BWTR D E 2 - 7o MeOH #EIRFK T Na iR nED EAIC D
NTPhE<7% Y, Na/Rh JEFHA 05 TlhNER D, 2Dk
FTPMTKE T - 7z, COFERE D Na lBIRINEDOIKITHE - T

EFL, Na/Rh JRFHA 0112 WTiR/IERL, FOH%ER
L7z, —7, CH, SRR Na iEiRinEO KIS - TRA L.
3.2.2 Insitu FT-IRBI®E : 3.2.1 T ~X7z Xk 5 7% Na ¥R in
B ERYEREIC G 2 B OFRR AL 720, KOG
PR TOfEFRE ORISR A in situ FT-IR TEML 7. K&
W, RIGES, BIGA AOMB, L UH#E»Zh Zh 533
K, 5 MPa, H,/CO,=3, 100 cm?3/min TOWEREF 4 Fig. 1 157
4. WENOMEEIC I\ Td 2050—1700 cm ! £F4T1C Rh B
CO WEMABIEIX 172, Rhy—(CO)3M (1940 con~1 f37) 910 &
ZEfE T (1800 cm ! £ 31) CO W35 O [H ## 7 (2030 cm~ 1 £ 4T)
CO mEMICH T AE &L, NaimmED LRIk E< -
72. T FT-IR O#5 %% Table 2 DKL R & H#g4 5 &, CO
FEIRNFK (T Rhy—(CO) ;M & ZEAEH CO WA RO & HIFI L, CHy
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HANCEEI NS, Rhy—(CO) B85 CO WE IS, EARA
ICHEREDEBORE S DL, Z D78 Rhy— (CO) 4
17 CO WMAEMN L\ &, Hy OWFE SEIT D 7% < 7e 0 KFEL»
MEl s T, CHy FEIRMIIETL COEIREL ER LD L
Zz26N5. ZTOM, 1610cm~! £ Rh D CO, W 7%
fE12-13 (Fig. 1(a)) 3 XU Na £ HCO3~ W& Y15 (Fig. 1
(b), (c), (@) BBH SN/ W21 Na i GH Nat @
WRETHFET LI LA o7z, NathiRmENKEL k5 &
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N HCOs~ MDA P RE I N//cDOTHL EEZLN
%. k0% <D HCO;- WAEMMAERT 5 & TREMAIHN S
N, CHy B#IRMEDIET & COEIRED ERICESL LD L BEX
N7z, F7z, EtOH FERZE (T Na/Rh JFF A 0.5 I8\ TRA
TH o7, THUIMIEOMEE KR LS DTH % L H#E
TSNS, LT, U7 A% Rh/SiO, il % v 72 BROGIC 5
W T MeOH & CO 3B HREEAR L, KFEILEDHEEZICEH S
A1 EtOH BIRK AV E WD T e aE L7210, T bk
IZ Rh—Co-Na/SiO, fil i iZ 35\ T4 Na ¥iln&E& A/ S v & kR
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Fig. 1 Effect of the added amount of Na additive on in situ
FT-IR spectra of CO, hydrogenation over 5 wt% Rh-
Co(1 : 1)/Si0; catalysts. Reaction conditions: temper-
ature=533 K, pressure=5MPa, H,/CO, ratio=3,
flow rate=100 cm3/min. (a) : Na/Rh=0, (b) : 0.1,
(c) : 0.5, (d) :1.0.
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Li, Na #5 L OF K #O#C Na #4725 Rh—Co/SiO, filfi %
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DOFIRVEICK X 7oA 5 2 /2. Na/Rh [R5 0.5 OfffEic
BT EtOH sEINKIZHFEATH - 7. In situ FT-IR ¥ CRIES
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Hydrogenation of CO, over SiO, Supported Rh—Co—alkalimetal Catalysts

Hitoshi KusaMA™ and Hironori ARAKAWA

Photoreaction Control Research Center, National Institute of Advanced Industrial Science and
Technology, AIST Tsukuba Central 5, 1-1-1 Higashi, Tsukuba—shi 305-8565 Japan

CO, hydrogenation was carried out over alkali metals such as Li, Na and K promoted silica—supported
Rh—Co catalysts (Rh—Co—-M/SiO,). Na additive was most effective of the three alkali metals for ethanol
formation over 5 wt% Rh-Co(1 : 1)/SiO,. The added amount of Na influenced product selectivity as
well as CO, conversion. The highest ethanol selectivity was obtained over 5 wt.% Rh—Co—Na (1 :1:
0.5) /Si0O, catalyst. The mechanism of promotion effect of Na added amount was investigated by means
of in situ FT-IR observation during reaction. The variation of Na added amount changed the ratio of Rhy
—(CO) 3 and bridged type adsorbed CO species to linear type one. This finding suggested that the amount
of Na affected on the hydrogenation ability of Rh—Co/SiO, catalysts, leading to the difference in CO,
hydrogenation activity.



