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Abstract — Probe molecule technique has been applied to clarify the reaction pathway for selective synthesis of is-
oalkanes in the gasoline range from syngas catalyzed by zeolile Y supported Ru-Pt bimetallic catalysts. Reaction of
1-octene over the metal free dealuminated HY zeolite produced cracking products with high selectivity for isobutanes;
C3. carbon number distribution was similar to that from CO hydrogenation over dealuminated HY with 2 wt % Ru and
2 wt% Pt. When l-octene was added into syngas over the various combination of Ru (and/or Pt) catalysts, all the ob-
tained products resulted in similar products pattern besides the i/n ratios of cracking products. Therefore selective for-
mation of isocalkanes front syngas could be essentially due to acid catalyzed reaction on zeolite. With regard to the ac-
tive center for isoalkane formation modified bifunctional mechanism was also proposed.
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Fig. 1. Preparation of catalyst.
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Fig. 2. Experimental set up for CO hydrogenation.
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Fig. 3. Chromatogram of reaction products.

Reaction conditions: 240°C, 1.5 MPa, CO/H; =
2/3, W/F = 12.5g-cat h/mol-!, DAHY2R2P.

Table 1. Operating condition for gas chromatograph analysis.

Column spec.

Operating conditions

Analyzed products/

(Length) Initial Rising rate Final Remarks
Temp. (°C/min) Temp.
SE-30 (2.5m) 25 5 230 C1—C3/(FID)
Carbon No. distribution
Active 40 8 150 C,—Cy/(FID)
Alumina (2.5m) (Ethylene, propylene)
Active 110 CO, CHg4, CO,/(TCD)
Carbon (3m)
Ov-1 Capillary (50m) 25 3 170 C1—C,14/(FID)
(or-20) (Capillary analysis)
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Table 2. Identity of numbered peaks in Fig. 3.

% GYrhaz e ol astebae)

Peak Compound Peak Compound
number number
1 Methane 20 Methyleyclohexane
2 Ethane 21 2,5-Dimethylhexane?
3 Propane 22 2,4-Dimethylhexane?
4 i-Butane 23 2,3-Dimethylhexane
5 n-Butane 24 2-Methylheptane
6 i-Pentane 25 4-Methytheptane
7 n-Pentane +3,4-Dimethyl-
hexane?
8 2,3-Dimethylbutane 26 3-Methylheptane
9 2-Methylpentane 27 n-Octane
20 3-Methylpentane 28 2,4-Dimethylheptane
11 n-Hexane 29 2,6-Dimethylheptane
12 Methylcyclopentane 30 2,5-Dimethylheptane
13 2,4-Dimethylpentane 31 2,3-Dimethylheptane

(2,2-Dimethylpentane)® 32
14 2,2,3-Trimethylbutane 33

4-Ethylheptane
2-Methyloctane

15 2-Methylhexane 34 3-Methyloctane

16 2,3-Dimethylpentane 35 n-Nonane

17 3-Methylhexane 36 Branchedalkanes
o)

18 3-Ethylpentane 37 n-Decane

19 n-Heptane

a: Mixture of isomers, b: GC/MS identification not con-
clusive.
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Fig. 4. Effect of support on carbon number distri-
bution.
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Fig. 5. Schulz-Flory plot of Ru-supported catalysts
(Reaction conditions: 2 wt % Ru/SiO,; 240°C,
2.1 MPa, CO/H,;=1/2, DAHY2R2P; 240°C,
1.5 MPa, CO/H;=2/3).
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-octenes E&4 7kt o] m]i4AlA 240C, 0.1 434 QR2P) S HAAAH F-Thez7skel 1
MPa2l| 4 u&-5 #]71¢ick(Table 3), dFEE& ukd- -octene® AH7F: a1t l-octened B4
z71 79 CF FAoE g olavieldle] I3 we Fig, 63 Ze| 7t =k} = 24", & NH,TPD
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A4 (DAHY) 9] &l o)l el g7t & 1-947lo] & HY2R2P<DAHY2R2P& Z7}5i9) ol& o}
sslol ol zulebalo] FHG AHETE AHT £ Atk 2L A9 T wkSo) Abgol] SEse] AAHE A
T Aoz, oy AL E 1-0d7le] AMA glolA o7 A9E £ 9o}
carbonium o] &g 43 F Fzo|AAAY FabH Cs----»2C, UdAbd ol A o] uh-g-]
A A (n>mono—di—tri)ell ©]& A-cracking?} 4 C,+C,
3} (hydride transfer)oll oial zZFAAHE=F WH3ksl= 2Ce[Cia] [ekAbA ol A 2] 8}e]
RS- 2 2 sirln Ae] siesteleta ALa s 18, N CotCuo
19].
Table 3. Effect of metallic composition on 1-octene cracking“’.
Catalyst DAHY2P DAHY2R DAHY2R2P DAHY
Additive 1-Octene None 1-Octene None 1-Octene 1-Octene
CO conv./% 0.0 5.8 5.0 27.5 17.1 —
1-Octene
Conv./% 97.3 — 42.1 — 65.0 95.7
Carbon number Distribution/mmol g-cat. ~!h—!

C, 0.17 0.19 0.28 0.56 0.78 0.00

Cy 0.01 0.00 0.06 0.05 0.10 0.00

Cs 0.33 0.06 0.21 0.26 0.28 0.17

Cy 2.05 0.12 0.77 0.54 1.27 1.05

Cs 0.84 0.09 0.40 0.38 0.72 0.50

Cg 0.25 0.06 0.23 0.23 0.36 0.23

Cy 0.03 0.03 0.17 0.14 0.29 0.08

Cs 0.02 0.01 1.08 0.08 0.66 0.07

Co 0.00 0.00 0.02 0.04 0.04 0.01

Cio 0.00 0.00 0.00 0.02 0.02 0.01

Cn 0.00 0.00 0.00 0.00 0.01 0.00

cy 0.02 0.00 0.00 0.00 0.01 0.00

i/n ratio (eq.?)

Cq(1.1) 7.1 34 3.7 3.8 4.6 10.4

Cs5(4.0) 18.8 5.1 16.0 14.9 15.6 135.0

Ce(5.9) 8.7 6.2 34 11.3 18.5 9.5

C+(9.7) 3.2 6.3 31.0 15.6 28.0 4.6

Cg(7.1) 1.5 3.8 8.3 10.0 11.2 0.3

a) Reaction conditions:
g-cat.
equilibrium at 240°C.
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240°C, 1.5 MPa, W/F=12.5 g-cat.h mol~!, HyyCO=3/2, l-octene feed rate =1.9 mmol
—Ih-1, data obtained after 2-3h on stream, 1- octene cracking over support under flow of He,b) Thermodynamic
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Fig. 7. Plausible mechanism of isoalkane forma-
tion from 1-octene on bifunctional catalyst
(RuPtHY).
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