Author's personal copy

S0 selectivity

Tl pirig BN S

48 BT Suhadel et al ) Catalysis Today 142 {2008} 4351
L .-""’” '~"’\.
b~ 3 T
B 7 L B 3
>-'}‘. et -
- L}
Tt ' E e
g L 25T
Sy v o 5
£ o

&

A"\

Lo an )

iemperature °Cl

Fig. 11. Fxperimentally determined product yields m catalybic (catalyst wath
900 cpsi) and homogeneous SR of prapane with §)C 4; Alled symbols: with catalyst;
open symbols: without caralysr.

and complete conversion is reached at 900 C. Warter is only
converted to a minor extend (below 5%). The product spectrum
differs significantly fram those of the catalytic experiments and are
dominated by unsaturated hydrocarbons.

The influence of S/Cis negligible due to the low waterconversion.
Although it would be more appropriate to call this process hydro-
cracking instead of steam reforming due te the low water
conversion, the latter notadon will still be used furcher on for
continuity.

Only some experiments with one 5/Cs per alkane and few
remperatures are carried out in order to test the suitahility of the
chosen gas-phase mechanism. In non-catalytic SR of ethane with 5/
C 25 ar 9207°C, the selectivities of the three major carboin-
containing products are 50.3% CsHy, 29.0% CoHo, and 10.7% CH,y In
SR of propane with 5/C4atr 940 Cwe found 41,2% C,H,, 26.4% CHa,
and 19.0% C;H,, and in SR of butane with §/C 4 at 840 C 55.7%
C5Hy, 15.3% CHy, and 11.7% GGHg Fig. 11 shows as example propane
conversion and the yield of the main products of SR of propane
with §/C 4 with and without catalyst.

6. Discussion

Conversion {Figs. 2, 4, 3 and 7-9) and product selectivity
(Figs. 3,5 and 13)in steam reforming of alkanes depend on S/C. The
conversion of all alkanes slightly increases with increasing S{Ciora
given temperature, The decreasing increments of conversion with
more steam addition (Fig- 2) is caused by rhe thermodynamics of
the system (Fig. 12). CO selectivity strongly increases with rising
temperature but falls with rising S/C (Figs. 3 and 13) according to
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Fig. 12. Methane conversion at thermodynamic eguilibiium as funcdon of
temperature for methane|steam mixtures with varying 5/C
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Fig- 13. CO selectivity in Sk of ethane [ 4. propane { W), and butane | &} filled
symbolis/full lines: §(C 2.5, open symhbals/dashed fmes: ${C 41 symbols:experiment,
Iimes. simulation.

the warer-gas shift equilibrium:

H:0 + €O — €Oy —Hy. (19)

There is little difference berween ethane, propane, and butane
concerning the CO selectivity as function of temperature and 5/C
(Fig. 13), CO selectivity actually shows a minimum al low
temperatures, where methane selectivity peaks ( Fig. G). All alkanes
show higher CO selectivity for lower S/C again. Both the simulation
and experiment indicate no significant differences between
conversion and selectivity of the individual C.—C;4 alkanes (Fig. 14).

The temperature dependence of the selectivity is dominated by
€O at high temperatures and CO. at low and mediocre
temperatures; methane is only formed at low temperatures
agreeing with the thermodynamic mrends (Fig, 15). The selectivity
of SR of the higher alkanes is close to the values at thermodynamic
equilibrinm excepr ar tcemperature below 400 “C, where methane
is the thermodynamically favored product. The selectivity of CO in
steam reforming of methane is lower than the thermodynamic
limit due to surface kinetics.

As expected, the conversion of methane increases with
increasing surface to volume ratio, whereas no significant
influence of the cross-section of the individual channels on
selectivity is observed (Figs 4 and 5). A catalyst with 900 cpsi
{channels per square inch} leads to higher conversion of merhane
(Fig. 1G) and, for temperatures exceeding 570 “C, a slightly higher
CO selectivity than a 600 cpsi catalyst.
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Fig. 14. Conversion of methane | @} ethane (), propane (4, and butane [ A)in SR
of the mdividual alkanes. 5/C=4; symbaols: experiment, lines: simulanon.
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