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Abstract 

The impact of sulphur impurities (up to 58 ppmv) during the catalytic partial 

oxidation (CPO) of ethane was investigated on Rh- and Pt- based honeycomb 
catalysts tested under self-sustained high temperature conditions. Both steady state 

and transient operation of the CPO reactor were investigated particularly with 

regards to poisoning/regeneration cycles. A detailed analysis of products 

distribution in the effluent and a heat balance of the CPO reactor demonstrates that 

sulphur reversibly adsorbed on Rh selectively inhibits the ethane hydrogenolysis 

and, to a lower extent, steam reforming reaction. A further, simultaneous adverse 

effect of S on the kinetics of the reverse water gas shift reaction on Rh catalyst 

operating at temperatures<750°C can cause an unexpected increase in the H2 yield 
above its equilibrium value for low concentrations of the poison. Pt catalyst is less 

active for those reactions but in turn is more S-tolerant.  

 

Introduction  

The production of syngas (CO and H2) via the catalytic partial oxidation (CPO) of 
light hydrocarbons is an attractive and feasible alternative to steam reforming 

reaction in the utilisation of the world’s abundant natural gas reserves [1]. The 

syngas can then be converted to clean fuels such as sulphur-free diesel or gasoline 

by Fischer-Tropsch synthesis [1-2]. Furthermore, CPO of various hydrocarbons has 

been proposed as a preliminary conversion stage in low-NOx hybrid catalytic 

burners [2-4]. A number of catalysts have been tested for the CPO of hydrocarbons 

from methane up to diesel and jet-fuels and Rh- and Pt-based catalysts have shown 

the highest activity and selectivity to syngas[1,2,4,5]. The adverse impact of 

sulphur compounds on catalytic performance is well known [5,6], however, studies 
on the effect of sulphur bearing compounds naturally occurring in the fuel, or 

added as odorants, during the CPO over precious metal based catalysts have so far 

remained scarce and mainly limited to methane feed [7,8]. 

It is largely accepted that in the case of CH4 CPO over Rh and Pt the gas-phase 

paths are negligible at atmospheric pressure and the catalytic route dominates [1]. 

However, following the progressive lower stability of the C-H bond in higher 
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alkanes, gas phase chemistry can play an increasingly important role [9-10], as in 
the case of CPO of ethane or propane [11,14], when large quantities of ethylene 

can be formed with Pt based catalysts (but not with Rh) mainly through 

homogeneous reactions if proper conditions are met (T>750°C, C/O feed ratio ≈2, 

addition of a sacrificial fuel) [9,11-14].  

Accordingly we set out to investigate the effect of S addition to the feed during the 
CPO of ethane for syn-gas production (feed ratio C/O=1) under self sustained high 

temperature short contact time conditions over γ-alumina supported Rh and Pt 

catalysts anchored to honeycomb monoliths. Apart from assessing the impact of S 

poisoning with respect to practical issues for industrial implementation such as 
catalyst activity and durability and multi-fuel operability of a CPO reactor, an 

attempt is made to shed light on the complex interaction of hetero-homogeneous 

reaction paths that become available as soon as the strength of the C-H bond in the 

hydrocarbon feed is lowered with respect to the case of methane. With respect to 

this last point, S-poisoning is often reported to be structure sensitive [6] and the 
resulting inhibition of specific surface active sites can be used to “titrate” the 

contribution of some heterogeneous reactions to the overall performance of the 

CPO reactor.     

 

Experimental  

Commercial honeycomb monoliths with straight and parallel channels of roughly 

square section (cordierite, 600cpsi by NGK) were cut in the shape of disks of 17 

mm diameter and 10 mm long and washcoated with 3% La/ γ-Al2O3 (SCFa140-L3 
Sasol) by a dip-coating procedure [8]. Rh or Pt (respectively 1 and 2 % by weight 

of the alumina, in order to obtain similar atomic concentrations of metals) were 

loaded via repeated incipient wetness impregnations onto washcoated monoliths 

using an aqueous solution of Rh(NO3)3 or H2PtCl6 (Aldrich). Catalyst conditioning 

was performed directly under CPO reacting atmosphere. The impact of sulphur 
addition (2-58 ppmv SO2) on the CPO of ethane to syn-gas was studied under self-

sustained high temperature conditions at fixed preheating and C2H6/O2 feed ratio = 

1 - 2, under both transient and steady state conditions. Air or enriched air 

(O2:N2=1:2) was used as oxidant.  

Conversions and selectivities were calculated from exit dry-gas mol fractions of the 

main species independently measured with by a continuous analyzer and an on line 

gas chromatograph equipped FID and SCD detectors, calibrated to measure light 

hydrocarbons up to C4 and main S species. In fact O2 was always completely 

converted after catalytic light off was achieved.  

 

Results and Discussion 

Steady state and transient experiments with addition/removal of up to 58ppm of 

SO2 to the feed demonstrated that S-poisoning is rapid, completely reversible, 

directly dependant on S-concentration, and leads to a new steady state 
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characterised by a higher surface temperature of the catalyst and a correlated drop 
in fuel conversion and yield to syn-gas.  

Rh catalyst, which is more active than Pt with S-free feed (Fig. 1), mainly due to its 

higher activity for steam reforming (eq. 1) [1,15] and hydrogenolysis of ethane (eq. 

2) [15], is also more prone to the adverse impact of sulphur [7], which strongly and 

preferentially adsorbs on highly dispersed Rh crystallites [7,9].  
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A close examination of the variation in the flows of the main products from the Rh-

based monolith (Fig. 1a-c) indicate that sulphur selectively inhibits ethane 

hydrogenolysis (eq. 2) forming methane (Fig. 1c) and, to a lower extent, steam 
reforming of ethane (eq. 3) and ethylene, in good agreement with the reported 

structure sensitivity of these reactions on supported metals [6]. 

A third inhibiting effect of sulphur on the kinetics of the reverse water gas shift 

reaction (eq. 3) was observed only for operation with Rh at temperatures below 

750°C (in air at low preheating), and prevented the equilibrium to be reached (Fig. 
2), in contrast to what normally observed during CPO over Rh [1]. On the other 

hand WGS kinetics and approach to equilibrium are not affected by S on Pt-based 

catalyst (Fig. 2), which in turn operates at higher temperatures than its Rh- based 

counterpart under identical feed conditions.  
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Figure 1. Effect of SO2 addition on the steady state flows of products from the Rh- 

(filled symbols) and Pt- (open symb.) monolith catalysts during the CPO of ethane 

in air. Feed C2H6=20Sl/h, C/O=1, GHSV=6.7 10
4 
h

-1
, preheating 235°C. Dashed 

lines represent equilibrium values (p, H=constant) excluding Cs formation. 
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Figure 2. Comparison between WGS equilibrium constant and values calculated 

from the measured concentrations of products during ethane CPO over Rh- and Pt-
monoliths, at varying SO2 concentration in feed (see legend), as a function of gas 

temperature at the exit of catalyst. CPO at C/O=1, with air and preheating at 235°C 

(circles), or enriched air at 350°C (squares). 

 
 

The combined poisoning effect of ethane hydrogenolysis and reverse WGS at low 

sulphur concentrations during ethane CPO in air with Rh-based catalyst explains 

the apparently surprising increase in the H2 yield above its equilibrium value 

recorded with a simultaneous drop in fuel conversion (Fig 1a).  
As shown in Figure 3, the temperature increase measured in the Rh-based monolith 

upon variation of S from 3 up to 58 ppm of S is proportional to the reduction in 

ethane conversion, which agrees well with the data collected for the CPO of 

methane over the same catalyst [8]. 
The adverse impact of sulphur on steam reforming which was previously argued 

from the variation in the flows of products can be further corroborated by a simple 

heat balance in the gas phase (eq.(4)). Assuming adiabatic operation and thermal 

equilibrium between solid and gas in the second part of the reactor [7,8], it is 
possible to calculate an apparent heat of reaction for ethane or methane from the 

slope of the lines in Figure 3:  
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where Cp is the specific heat of the product gas mixture, W is the total molar flow 

rate, and Ffuel is the hydrocarbon feed molar flow rate. For the case of ethane, with a 
Rh on La-γ-Al2O3 catalysts operating at roughly 750 °C with S-free feed and air as 
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oxidant, it turns out that ∆Hr
750°C

 = +360 kJ per mole of C2H6, which corresponds 
well to the heat of the ethane steam reforming reaction at that temperature level. 

The superimposed and larger poisoning effect of the exothermic ethane 

hydrogenolysis (eq. 2) that was found for the addition of 2-3 ppm of sulphur (Fig. 

1), is the cause of the initial low temperature increase and change in the slope of 

the curve relevant to ethane feed in Figure 3. 
It is also evident from Figure 3 that the higher reforming reactivity of ethane in 

comparison to methane [15] limits the adverse impact of sulphur on syn-gas 

production and on the associated risk of catalyst overheating during CPO. 
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Figure 3. Increase in catalyst temperature as a function of the variation of fuel 
conversion measured upon the addition of sulphur to the feed during the CPO of 

methane or ethane over the same Rh/La-γ-Al2O3 monolith. Feed: methane or 

ethane at C/O = 1, air as oxidant (O2=20 Sl/h), preheating 235°C.  

 

Finally, it was found that S-poisoning significantly increases the net production of 
ethylene (Fig. 1 c) particularly over Rh catalyst, but also over Pt, discovering the 

role of heterogeneous reactions consuming both the reactant (ethane) and the 

product (ethylene) of gas phase dehydrogenation chemistry, which occurs 

simultaneously, supported by the high temperatures in the CPO reactor [9-14]. 
Thus selective S-poisoning of catalytic sites can be used as a strategy to alter the 

balance between homogeneous and heterogeneous chemistry in the CPO of highly 

reactive feeds. 
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