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Supported Rh Catalysts for the Indirect Partial Oxidation of Isooctane

Praharso, Adesoji A. Adesina, David L. Trimm and Noel W. Cant*

School of Chemical Engineering and Industrial Chemistry, The University of New South Wales, Sydney 2052, Australia
*Department of Chemistry, Macquarie University, Sydney 2109, Australia
(Received 23 October 2002 « accepted 6 January)2003

Abstract—The production of hydrogen from isooctane over three rhodium-based catalysts has been examined. The
reaction entailed total oxidation of a proportion of the fuel followed by reforming of isooctane to produce hydrogen.
Rhodium (1% wt) was impregnated on three different supports: alumina, ceria-alumina, and ceria-zirconia. No differ-
ences in catalytic activity were observed, but reaction yield changed with the support. Ceria-zirconia was found to be
the preferred support since methanation did not occur over the catalyst.
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INTRODUCTION tion (2)]. Rhodium, an active catalyst for partial oxidation and steam
reforming [Burke, 2001], was deposited on three different supports
The control of vehicle exhaust emissions using catalytic con-and used to catalyse the reactions.
verters is well established [Lox and Engler, 1997]. However, in-
creasingly stringent legislation has led to consideration of alterna- EXPERIMENTAL
tive means of reducing emissions, with the fuel cell powered vehi-
cles being considered in some depth [Trimm and Onsan, 2001]. The Three rhodium-based catalysts, namely RA/ARNCeQ-ZrO,,
optimum unit for vehicle applications has been found to be the polyand Rh/Ce@d Al,O,, were used in all experiments,@§ and Ce@
mer electrolyte membrane fuel cell (PEMFC), but the cells haveZrQ, supports were prepared by sol-gel [Praharso et al., 2001], and
the disadvantage that they operate only on hydrogen as a fuel. Sin€eQ/d-Al, O, support was prepared by sequential impregnation meth-
the distribution of hydrogen is difficult and storage of hydrogen in aod. Thed-Al, O, was obtained fronpAl,O, by thermally treating
vehicle adds weight, consideration has been given to the conversiahe latter at 1,000C. This ensures that possible phase changes under
of more readily available fuels to hydrogen on board the vehicle. reaction conditions are minimised. Rhodium (1% wt) was depos-
Such conversion can be achieved by autothermal steam refornited onto three supports by impregnation techniques. All precur-
ing, in which part of the fuel is oxidised to produce heat and part issors were calcined in air at 6@for 4 hours. Prior to use, the re-
steam reformed to produce hydrogen [Ma, 1995] sulting catalysts were reduciedsitu by using a mixture of 5% hy-
_ drogen in nitrogen.
g:‘:&azggigf A conventional fixed bed flow reactor system was used to un-
A dertake all experiments. The bed contained 0.2 g of catalysts diluted
or by partial oxidation [Pena et al., 1996] in 1.8 g ofa-Al,O, packed in two wads of quartz wool. Isooctane
was picked up by argon via a water-bathed saturator controlled at
20°C and subsequently diluted by argon to obtain a feed composi-
The partial oxidation of several fuels has been examined, rangtion of 1% on mole basis. A total flow rate of 200 mL T&ITP
ing from methanol [Zum Mallen and Schmidt, 1996] to petrol [Jen- was maintained by the use of Brooks mass flow controllers. A car-
kins and Shutt, 1989]. The autothermal reforming of methane [Majon to oxygen ratio of 1:1.56 was employed. The reaction tem-
1995], methanol [Ma et al., 1996] and light hydrocarbons [Ma, 1995]perature was monitored by a thermocouple inserted in the catalyst
has also been reported. The present study deals with the convdsed. The disappearance of reactants and the appearance of prod-
sion of isooctane, used as a model for gasoline, to hydrogen ucts were examined (by the use of a mass spectrograph) as a func-
tion of temperature, using a transient-steady state control sequence.

CH,+1/20=CO+2H

G, 25/2Q=8C0O+9H0 @) Temperature was ramped 4Camin' from ambient to 608C.
C,H,s+40=8CO+9H )

C,H,+8H0=8CO+17H 3 RESULTS AND DISCUSSION

CO+HO=CO+H, 4 The conversion of liquid fuels to hydrogen is usually initiated at

. o . temperatures greater than room temperature. This is achieved by
The investigation has been focused on the conversion of octane . . 2 :
under oxygen deficient conditions pertinent to partial oxidation [reac_combustlng part of the fuel [Trimm and Onsan, 2001}, Itis neces-

sary to establish the temperature at which combustion becomes sig-

*To whom correspondence should be addressed. nificant (light off temperature), and the first objective was to de-
E-mail: d.timm@UNSW.edu.au termine this value for isooctane. As seen from Fig. 1, the value ob-
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Comparsion of reactant distribution for partox of iso-octane [C/O ratio 1:1.56] Reactant/product distribution for partox of iso-octane
110 Rh/Ce0,-ZrO, cat. Total flow 200 mL/min. Inlet i-octane 1%, C/O ratio 1:1.56
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. ) Fig. 2. H, formation and O, consumption at lower temperature.
Fig. 1. Support effect towards partox of isooctane.

ide/carbon dioxide ratio. The hydrogen yield at 400, 500, and 600
served was independent of the support used with oxidation becomiC, defined as the amount observed as a percentage of that expected
ing important above 200-22G. on the basis of the thermodynamics of reaction (2) was also found

Inspection of the results allowed the identification of two dis- to vary with the nature of the support. Results are summarised in
tinct reaction regimes. The initial heat release was very high, tendingable 1.
to stabilise at about 60% conversion. However above caC300 From Table 1, it is evident that for all three catalysts, the stoichi-
conversion increased again at a slower rate until complete convepmetric ratio, CO/CQ increases with temperature indicating that
sion was observed at about 800Some explanation of these results CO, produced during total oxidation was later consumed, most likely
was obtained by measuring oxygen consumption and hydrogen prada CO, dry reforming of the remaining isooctane. Although ceria
duction (cf. Fig. 2). Oxygen was consumed at low temperatures ang a good WGS catalyst, since the COJ/@fio in WGS is 1, this
was totally removed by 30CQ. Hydrogen production was observed reaction would not be responsible for the trend observed. However,
starting at about 27& but becoming significant only after com- the influence of ceria (which has high adsorption capacity.foj H
plete depletion of oxygen. This would suggest that hydrogen prois evident in the HMCO ratio. The two catalysts containing ceria
duction results from reforming rather than from partial oxidation  displayed a higher #¥CO ratio at all temperatures, suggesting great-
er steam reforming activity. Even so, this activity drops with tem-
perature due to the contribution of CO from dry reforming. Indeed,
CH,;+8CO=16CO+9H ®) both steam and dry reforming appeared to contribute evenly to the
overall H and CO production especially at 600 Stoichiometri-
cally, the H/CO ratio from steam reforming is about 2.1, while that
with the HO and CQarising from Eqg. (1). from dry reforming is about 0.6. It would seem that as temperature

In agreement with this, the experimental values of $€® increased, dry reforming gained prominence. However, the pres-
ratio were found to lie in the range 1.8-1.9, which is close to theence of ceria seemed to give greater weight to steam reforming.
ratio of 2.1 predicted from Eq. (3) and very different from a ratio Consistent with this, when ceria was absent (as in the Rh/dt-
of 1.1 predicted from Eq. (2). Thus, it would seem that hydrogen isalyst) dry reforming contributed more significantly to overall H
produced by a combination of total oxidation and reforming, ratherCO as may be evident from a value of 1 seen for this catalyst.
than by partial oxidation. Interestingly, Cklwas produced only at 580 and on Rh/Al

The product spectrum showed some interesting trends at highemnd Rh/Ce-Al indicating that the ZrGupport does not enhance
temperatures. Above ca. 4% methane was observed over some methanation. This is probably due to the fact that alumina support
catalysts and distinct changes were observed in the carbon monoghows better hydrogenation activity than zirconia as previously ob-

CH,,+8H0=8CO+17H €)

CO+H0=CO+H, @)

Table 1. Products of reaction

Catalyst Rh/AJO, Rh/CeQ-J AlLO, Rh/CeQ-ZrO,
Temperatur€C 400 450 500 600 400 450 500 600 400 450 500 600
H./CO 1.0 14 1.7 1.2 3.7 2.8 1.8 1.4 2.6 2.2 19 14
Co/COo 0.4 0.6 0.4 15 0.2 0.3 0.4 14 0.1 0.3 0.6 13
CH,/CO, 0 0.06 0.4 0 0 0.04 0.4 0 0 0 0 0

H, yield, % 42 - 88 100 77 - 90 100 40 - 100 100
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Product distribution for partox of iso-octane, 0.2 g of Rh/Al,O5 cat.
200 ml/min flow. C/O ratio 1:1.56, reduced catalyst
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Fig. 3. Product distribution for partox of iso-octane (Rh/ALO; cat-
alyst). Inlet isooctane: 1%, Ar as diluent: 187.5 ml mif,
temperature-ramp: 5°C min™, H,O product was not shown.
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