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Abstract—Iridium catalysts were prepared by converting Ir(CO),(acac) on acidic supports(y-Al,O;, NaY)
and basic supports(MgO, Basic Zeolite). The samples were used as catalysts for CO hydrogenation at 1-
20 atm, 200-325C and Hy/CO feed molar ratios of 0.5-3.0. Ir catalysts supported on acidic support and on
basic support showed markedly different catalytic performance in activity maintenance, olefin/paraffin product
ratio, hydrocarbon distribution, and by-product species. These unique results are believed to be due to the
presence of different active species on both catalysts. The IR spectra suggested that predominant iridium
species in the catalysts supported by the acidic supports were metallic or carbonyl clusters, whereas those
of the catalysts supported by the basic supports were carbonyl cluster anions.
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Fig. 1. v(CO) region of the IR spectra for fresh catalysts
derived from Ir(CO)y(acac).
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Fig. 2. v(CO) region of the IR spectra for fresh catalysts
derived from Iry(CO)y,.
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Table 1. Major v(CO) bands in the IR spectra for the fresh catalysts

Compound v(CO), cm™! Reference
Ir(CO),(acac) in Hexane 2075(s), 2000(s) This work
/1-ALO; 2074(s), 1993(s) This work
/NaY 2078(sh), 2065(s), 1999(s) This work
/BZ-Y 2075(s), 2040(m), 1988(s) This work
/Lay03 2059(s), 1982(s) This work
/MgO 2052(s), 1968(s) This work
Ir(CO),/NaY 2102, 2088, 2030, 2004 28
Ir(C0),/SiO; 2080, 2008 26
Ir(CO)2/ALO; 2070, 1995 26
Ir,(CO) 12 in Hexane 2068(s), 2027(s) This work
with KBr 2056(s), 2019(s) This work
/v-ALO; 2074(sh), 2062(s), 2045(sh), 2021(m), 1993(sh) This work
/MgO 2058(s), 1979(m) This work
Ir (CO)12/ALO; 2073, 2059, 2020, 2000 25
Ir,(CO)12/ALO; 2072, 2023, 1995 26
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Fig. 3. Influence of time and temperature on the activity
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Fig. 4. Influence of time and temperature on the activity
of Ir/MgO. Reaction conditions as stated in cap-
tion of Fig. 1.

A8 2719 e AT T Ak ol Ak FA}
G714l o deHoE sRkgolt olggo] A

che
ol

&8 /st w7}

Ichikawa[7]9] Z#}e} & ¥-ggdck FoAe F
HA3] FolEch 2 x

o w2 gxxel Wiz AEr] FYsUAE

75191 ch(Fig. 6). 287 &Aslixe =&,
o] ta) z+z; 22.1, 22.0, 13.0,
AL re] A7 &

ebsl 4, oEHS
17.1 kcal/mol 2 A 4= gk CO

, oll&HE

Co-Ce

A el 1) 2= 214 keal/mol 2 A 4k= el o817 GE

\_.

£8[7,10, 2410 B8 #E
7] Algefo] el wtx)E Zvf(Ir/BZ-Y)9) H

5 2

o g}

O

O

E54-¢ Table 40| SoFstgict. n] @A 87} Azgg]z] 1

ok7re] vlEAstel ¢FA(53] vlekE) e &l & 2, g/ vyt 23, dussv dEErh @
Table 2. Performance of Ir/y-ALO; and Ir/NaY catalysts for CO hydrogenation
Time on CO Selectivity(mol%) Olefin/Paraffin
Catalyst stream  conversion ratio(Cp-Cs)
(hr) % CH, Cy-Cs MeOH DME EtOH (molar)
Ir/ALO; 1 0.20 534 357 4.6 54 0.8 0.61
3 0.17 53.7 327 5.7 6.0 1.7 0.59
6 0.14 53.8 35.0 4.2 6.2 0.7 0.56
10 012 53.7 344 48 6.0 1.0 0.50
21 0.09 54.4 319 54 7.0 10 0.54
28 0.09 54.0 322 52 7.2 1.2 0.51
36 0.08 54.2 317 5.6 7.3 1.1 0.53
Ir/NaY 1 0.19 29.2 63.0 41 0.5 1.0 0.26
0.18 292 65.5 4.0 04 10 0.25
10 0.16 29.7 65.7 3.7 0.1 08 0.20
24 0.16 28.0 67.3 37 - 09 0.19
36 0.16 29.7 65.7 39 - 08 0.19

Reaction conditions : 250C , 20 atm, H,/CO=10.
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Table 3. Performance of Ir/MgO catalyst for CO hydrogenation

Reaction conditions” Co Selectivity (mol%) Olefin/Paraffin

conversion ratio
T(C) P(atm) (%) CH, Cx-Cs MeOH EtOH (molar)

225 20 0.13 264 59.1 10.3 43 2.62
250 20 0.35 23.0 67.0 5.5 45 2.89
275 20 1.04 25.1 66.0 4.0 35 2.07
300 20 212 284 64.7 33 24 1.31
2300 20 0.55 22.3 34.8 371 56 0.03
045 17.3 25.7 514 56 0.06
0.44 16.1 28.6 49.1 48 0.07
0.35 176 279 48.5 56 0.09
0.37 146 324 45.7 6.0 0.18
2300 10 0.20 22.1 34.0 36.7 6.2 0.24
0.22 20.8 417 304 6.3 0.25
0.22 215 415 28.6 6.2 0.26
021 22.1 433 284 6.3 0.29
£300 1 0.10 29.0 55.7 10.1 5.0 1.00
0.11 283 57.7 95 46 1.03
0.10 28.7 56.0 10.0 50 1.05

H,/CO ratio(molar) =1, Yafter reduction at 300C.
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Table 4. Performance of Ir/BZ-Y catalyst for CO hydrogenation

Reaction conditions CO Selectivity (mol%) Olefin/Paraffin
- conversion ratio(Cy-Cy)
Pu,/Pcu T(C) P(atm) (%) CH, Cy-Ce MeOH EtOH (molar)
1 225 20 0.07 269 46.5 17.7 6.2 3.0
1 250 20 0.25 24.1 59.8 8.8 5.0 3.1
1 260 20 041 244 63.3 7.6 4.5 3.1
1 275 20 0.68 247 65.2 5.3 3.6 2.7
1 260 20 040 243 63.7 76 45 3.0
1 260 10 0.29 251 63.1 74 44 35
1 260 5 0.20 28.1 63.6 7.0 35 4.2
1 260 1 0.10 29.0 63.5 5.7 20 7.3
0.5 260 20 041 213 65.7 6.4 45 3.7
1 260 20 041 244 63.3 7.6 45 3.1
2 260 20 0.39 26.3 60.8 7.3 44 26
3 260 20 0.38 278 57.3 8.8 45 24
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Fig. 7. IR spectra(CO stretching region) of the [r/y-ALOs
treated with an equimolar Hy/CO mixture at var-
ious temperatures.
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Fig. 8. IR spectra(CO stretching region) of the Ir/MgQ

treated with an equimolar Hy/CO mixture at 25°C.
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Table 5. IR frequencies of Ir-carbonyl cluster anions

Formula v(CO), em™! Reference
[Ir(CO).1- 1895(s) 30
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1910(sh), 1770(s),
1745(s)
[Irs(CO) 1512~ 1975(vs), 1935(w), 31
1755(m)
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Fig. 9. IR spectra(CO stretching region) of the Ir/NaY
used at reaction conditions.
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Fig. 10. IR spectra(CO stretching region) of Ir'(CO),-Y
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Fig. 11. IR spectra(CO stretching region) of the Ir/BZ-Y
used at reaction conditions.
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= o g2 9] BAg 352 A =
Fo] o g AR ZA =R B 5 ik

Hhg-ol| 2}-8-% F 9] Ir/NaY Zujo) 1+ Fig. 99} 7to)
vebgtth o] Irs(CO) o] Al Zeto]E2] AlFud e
Lewis A4 3} wiedstA] 2=l gl A& viehdd)
[28]. o]&lg} el S 150T o)Ate] A-FollA] Azt
2102, 2088, 2030, 2004 cm~'(doublet) 2] E4L Zt=
Ir'(CO),°) #H&= ik (Fig. 10). oleigt ®ishe st
719 g o8 doju g3} e wkgAle R 73
7 ok

evac. T>150T
e

Ir(,(CO) 16'02 — 6 IrI(CO)z-Oz +4CO

CO, 100t
(5)
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Rhol| i &f 2} A 9] 7t A#r} dd s o] Qlri(8-10]. &
27 gJ= B2 259 iridium carbonyl clusters Zol 4]
dl2-2}o] E 2] supercageol 8 ¥ 5= qle 27]9 A2
Irs(CO) o] HEstch(Y3 Al gefel e AF3]+= 8
Aol cages: 128292 104 =719 Irs(CO) ol
Aube A BEsla kA stAl E£ERG[29]).

d714 Algee) ol Ir(CO)x(acac) & FAAL &
o) & uhgol A% $£9 IR #2E5$ Fig 11 e}
walch G714 A getolE A9 HaEE A3t
Table 5¢] gt&3} vlaate] B [Ir(CO) w12 7F 7H8
A gsict, o) Algatol 2] AlFul ol 4] Ir(CO) 0l
#25)= NaYe| ZAnE vjgo 2 3ot

Zitslo] AR A4 obx) 2ol M= FE5AH G
molecular carbonyl clusters2 ZA3lz Q714 EA
Zvo} 2] carbonyl cluster anions© 2 ZE|Fcia
AR} o]#dt o] wl ol ubEAJe] HAF 2
2}xl = Zlole} gxkslc)

Zx.

4.4 £

Ir(CO).(acac) & A Al A7 ZFo 52 ¥
gAs7t dAxsbe, A A/t wvh vhow, A
o2 el o) £go] Fow, ddd| st ofEH 27}
282 YA wEEAS Zerh

Ir(CO)x(acac) & 714 A FAA7 Fel &2
st sto] v A sty FabE] A o 31/gketd vl
7} Fony, AHeg dREo] FFo] FiL, A3
v} ofH 25} RAaARR JAEA g ade] 229
go) AAHE WHEELS Hech
A &bz Zulj ol A& F4-Abell v} molecular carbonyl
clusters® &8t G714 @z} Zulo A= carbonyl
cluster anions Z}&}7] uFoll uh-g-E2do] Ate]3}A|
B

o) =
%L,

A

v el Aule A FA Eo)7 ATl
ZHAHE =gyt

E#nEs
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