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Abstract—Zeolite-entrapped rhodium carbonyl clusters were prepared by converting adsorbed [Rh(CO)-
(acac)] in the pores of zeolite Y made basic by treatment with NaNs. In a strongly basic zeolite, entrapped
rhodium carbonyl clusters were formed, and the catalyst was active for CO hydrogenation and selective
for low-molecular-weight olefins and methanol. The catalyst was stable, operating at 300C and 20 atm with
H./CO molar ratio 1 for more than two weeks with no significant loss in activity and selectivity. The catalytical-
ly active species are suggested to be rhodium carbonyl clusters trapped in the zeolite cages.
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Fig. 1. Dependence of product distribution on time on
stream,
Reaction condition: 300C, 20 atm, H,/CO=1.
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Fig. 2. Hydrocarbon product distribution in CO hydrogen-
ation catalyzed by supported rhodium. Reaction
conditions as stated in caption of Fig. 1.
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Fig. 3. Time dependence of olefin to paraffin ratio. Reac-
tion conditions as stated in caption of Fig. 1.
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Table 1. Catalytic performance of supported rhodium catalysts for CO hydrogenation

Catal Reaction Selectivity, mole % Olefin/Paraffin ratio  Reaction ratet
atalyst conditions* CH, CiC; MeOH EtOH CJC; CiCs  Cu/Ce X108
300C, 20 atm 25.82 47.33 23.45 2.73 2.3 4.1 18.7 9.05
Hy/CO=1
300%C, 10 atm 28.53 48.62 20.35 242 3.3 5.2 19.2 7.34
H,/CO=1
300C, 5 atm 29.01 53.15 15.82 2.02 4.5 6.9 22.5 6.35
H,/CO=1
300C, 1 atm 31.03 55.28 12.08 141 8.6 12.1 © 2.34
H,/CO=1
300C, 20 atm 25.13 50.79 21.87 2.05 38 4.7 235 6.52
Hy/CO=0.5
Rh/Y¢ 300TC, 20 atm 26.19 47.24 23.76 2.76 2.1 39 17.8 9.20
Hy/CO=1
300C, 20 atm 26.89 39.24 30.46 3.23 1.6 3.7 14.2 15.93
H,/CO=3
325C, 20 atm 30.60 50.30 15.60 235 1.0 4.2 164 20.19
H,/CO=1
300C, 20 atm 26.72 46.84 23.98 2.80 2.0 4.1 178 8.96
Hy/CO=1
275C, 20 atm 23.62 44.22 29.08 3.00 1.9 5.2 234 4.10
Hy/CO=1
250C, 20 atm 20.72 40.05 35.83 3.36 27 8.3 o 1.49
Hz/ CO=1
325¢, 20 atm 75.34 16.46 149 4.74 0.2 24 1.5 204.17
H,/CO=1
Rh/v-AlO; 300T, 20 atm 64.97 19.77 4.52 9.26 0.3 35 2.0 104.98
H,/CO=1
275C, 20 atm 56.54 22.35 741 13.52 0.6 3.7 24 44.56
Hy/CO=1

“Data for catalyst in approximate steady, more than 100 h on stream
#Units of rate: mol of CO converted/(mol of Rh-s).
“Rhodium in basic zeolite; preparation described in text.
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Table 2. Catalytic performance of supported rhodium catalysts for CO hydrogenation

Catalyst Reaction Co con- Activity and selectivity Olefin/Paraffin ratio Reference
conditions version % CH; C,-Cs MeOH EtOH C/C, Cy/C; Cu/Cy
300, 20 atm A# 1.01 1.69 0.67 0.08
CO/H;= 0.13 16 45 16.7
60h on stream st 288 485 192 24
3007T, 20 atm A# 0.79 148 0.73 0.09
Rh/Y* CO/H,=1 0.12 23 39 189 This work
300h on stream St 255 476 236 28
325C, 20 atm A¢ 2.29 3.76 116 0.12
CO/d.=1 0.28 1.0 4.2 164
100h on stream St 306 503 156 15
300T, 20 atm A# 27.17 864 1.86 3.74
Rh/ALOY CO/H,=1 1.56 0.3 3.2 2.1  This work
100h on stream S 647 206 45 89
Rh(CO)¢  250C, 30 atm — ~ 10 04 05 o1 2
in Y CO/H;=05 St 46.6 24.7 24.2 43 -
Rh/Y? 250C, 30 atm - A< 108 35 o1 09 23
10 & CO/H,=05 S 705 227 06 60 “
Rh/Y’ 250C, 30 atm ~ A 105 150 04 25 ”
30 & CO/H,=05 S 85 121 03 21 “
250C, 1 atm A 14 1.2 0 0
Rh/Y' CO/H;=1 5.30 - 1.5 — 24
40h on stream St 527 463 0 0

“Rhodium in zeolite Y containing Na clusters prepared from NaNj.

*Rhodium crystallites prepared from RhCls.
“Rhe(CO)6 entrapped in zeolite Y.

410 A metal particles supported on zeolite Y.
30 & particles supported on zeolite Y.

fCation exchange of RhCl; with zeolite Y, CO+H,0 at 100T, O, at 200C, and then H, reduction at 200-400T; sample

suggested to be Rhy/Y.

¢ Activity; measured as reaction rate in mmol/g of metal/h.

k Selectivity; mol %.

Table 3. Infrared frequencies of rhodium carbonyl clusters
in Rh/zeolite Y

Cluster IR frequencies (cm™") Reference
Rhi(CO), 2118, 2053 (internal pore) 29
2093, 2036 (external surface) 29
2116, 2101, 2048, 2022 23,28
2115, 2098, 2044, 2019 26
Rhg(CO)s 2090, 2069, 1875, 1832 23
2095, 2065, 1760 24
(entrapped in supercages)
2086, 2060, 1834 24
(external surface)
2098, 1763 26
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Table 4. Infrared spectra in the carbonyl stretching region
of Rh/zeolite Y

Mixture of Rh(C;H,),(acac) and NaY

treatment IR frequencies (cm™7)

CO 25C short time 2089(s), 2018(s)
long time 2096(s), 2086(vs), 2054(sh),

2025(m), 1834(w, br)

CO 50T 2096(s), 2086(vs), 2078(m), 2068(sh),
2019(m), 1832(w), 1766(w)

Co 75C 2097(s), 2086(vs), 2078(sh), 2068(m),
2026(sh), 1834(w), 1766(w)

CO 100T 2096(vs), 2086(s), 2078(sh), 2068(m),
2028(sh), 1766(s)

CO 200T 2097(s), 2090(m), 2086(vs), 2067(m),

2027(sh), 175%w)
Impregnation of Rh(C,Hj).(acac)/NaY

CO 25C 2082(s), 2056(sh)
CO 50C " 2085(vs), 2066(m), 2056(sh), 2028(sh),
1834(m)
CO 75T 2124, 2092(vs), 2062(m), 2028(sh),
1834(s), 1766(m)
CO 100T 2129, 2096(vs), 2065(m), 2019(m),
1765(s)
vac. 150C 2111, 2098, 2046, 2020 strong doublet
Air expose  2096(m), 2075(vs), 2012(s)
CO 25C 2114, 2083(vs), 2054(sh), 1828(w, br)
CO 50T 2085(vs), 2069(m), 2054(sh), 2028(sh),
1829(m)
CO 75C 2125, 2090(vs), 2061(m), 2029(sh),
1834(s), 1767(m)
CO 100T 2125, 2097(vs), 2065(m), 2019(m),
1767(s)
vac, 150C 2111, 2098, 2046, 2020 strong doublet
vac. 25C 2111, 2046 — decrease
2098, 2020 — increase
CO 25C 2126, 2089(vs), 2059(m), 2039(sh),
1836(s)
1.76 2096  CO at 100T
for 1 hr
1.62 1
§ 146 1765
£
2 1.30 1
=
1.14 4
0.98

2301 2234 2167 2100 2033 1966 1899 1832 1765 1698
Wavenumbers, cm™!

Fig. 5. Infrared spectrum of Rho(CO)6-Y zeolite.
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Fig. 6. Infrared spectrum of Rh'(CO),-Y zeolite.
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