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INTRODUCTION

Compared with the conventional highly endothermic catalytic steam reforming of methane, which is well established process for converting hydrocarbons into hydrogen or synthesis gas in industry, the catalytic partial oxidation methane offers the alternatively greatest potential for a fast, efficient and economical conversion of methane to hydrogen or synthesis gas, due to the mild exothermic, high conversion, high selectivity, suitable H/C ratio for the F-T and methanol synthesis, and very short residence time. 

On the other hand, for the present generation of fuel cell, the partial oxidation methane with or without simultaneous steam reforming provided another route to hydrogen due to it has a faster start-up time than steam reforming and the size of reactor can be greatly reduced which is particular attractive for compact fuel cell units. For these reasons the investigation of partial oxidation methane became one of the most active topics in the catalytic conversion of methane in recent years [1].

EXPERIMENTAL

    CeO2 modified zirconia support was prepared by sol-gel method [2]. The weight ratio of ZrO2 to CeO2 was 4:1. The modified support was calcined at 1073k for 6h. Supported Ni catalysts were prepared by molten-salt method [3]. The sample obtained were calcined at 773K for 6h.

     TPR was carried out in conventional apparatus using 5% H2/H2 gas with a heating rate of 10oC/min.

    Activity tests were carried out under atmospheric pressure in a fixed-bed microreactor. 50 mg catalysts were loaded into a quartz reactor with about 4 mm inside diameter at different process conditions. The reaction temperature was measured and controlled by a thermocouple inserted directly into the catalyst bed. Prior to reaction tests, the catalysts were reduced in 5% H2/N2 at 973K for 3h. The effluents from the reactor were analyzed on line by a gas chromatograph using a fused silica capillary column.

RESULTS AND DISCUSSION

    The partial oxidation methane was carried out over a series of Ni/Ce-ZrO2 catalysts (referred to as krict) with the Ni loading of 3-20% at 700~850oC. Table1 summarizes the typical reaction results of CH4 conversion, the selectivity of H2 and CO, and H2/CO mole ratio.

Table 1. Partial oxidation of methane over supported Ni/Ce-ZrO2 catalysts 

	Catalysts
	Temperature

 (oC)
	Conv. of CH4
(%)
	  Selectivity (%)  

CO       H2
	H2/CO

ratio

	krict3
	750

850

750*
	75.9

96.2

77.7
	    81.2     91.2

    96.5     97.8

    83.4     94.2
	2.25

2.03

2.26

	krict10
	750

850

750*
	81.3

97.4

81.7
	    86.1     92.3

    97.7     99.2

    86.2     95.9
	2.14

2.03

2.22

	krict15
	750

850

750*
	85.0

98.1

84.8
	    90.2     92.9

    97.4     98.8

    88.9     97.7
	2.06

2.03

2.19

	krict20
	750
	75.2
	    81.7     93.6
	2.29


Note. Reaction conditions: CH4/O2=1.875 and GHSV=5.52x104 ml/g.h

*: tested after reaction at 850oC.

As shown in table1, both the conversion of CH4 and selectivity to H2 and CO increase with the rise of Ni loading up to 15%, and above this level the conversion of methane and selectivity to H2 and CO decrease. The catalytic activity in terms of the conversion of CH4 for these catalysts (krict3, krict10, krict15) remained almost constant without any significant decrease during the reaction process. However, for the krict20, the reaction could not be carried out after 90 minutes due to a serious coke deposited on the surface of the catalysts, causing development of high pressure drop across the reactor.


[image: image1.wmf]200

400

600

800

krict20

krict15

krict10

krict3

Hydrogen consumption /a.u.

Temperature /

o

C


Fig.1. TPR results of Ni catalysts with different nickel loading.

Our TPR results (see Fig.1) indicate that the presence of bulk NiO which has small interaction with the support in the high NiO loading (krict20) catalyst to an appreciate extent. It probably causes a serious sitering of Ni crystallite after reduced at 700 oC for 3h, thus promoting the formation of coke[4] .

Thermal stability of the catalysts was examined through durability test as follows. After the reaction at 850 oC for 2h, the catalysts were cooled down to 750 oC and followed by activity test at that temperature again. By comparing CH4 conversion measured before and after the high temperature shown in table 1, one can find that no any decrease in CH4 conversion is caused by the high temperature test, indicating that the supported Ni catalysts have a good thermal stability.

    Results of partial oxidation of methane over krict15 catalyst at different process conditions are summarized in Fig.2.

    It is obvious that not only the conversion of CH4 but also the selectivity to both H2 and CO increase with increasing reaction temperature. The increase of the conversion and selectivity is consistent with the fact the formation of H2 and CO in the oxidative conversion of methane is thermodynamically favored at higher temperature[1]. 

    As shown in Fig.2, the space velocity has different effects on the conversion and selectivity at different reaction temperatures. The CH4 conversion at 800oC passes through a maximum, while that at 700 and 750oC passes through a minimum. 

    The H2 selectivity at 800oC remains almost constant, and that at 750oC decreases gradually, but that at 700oC increases with the increase of space velocity from 5.52x104 to 3.312x105 ml/g.h.

The CO selectivity at 800oC keeps almost constant, and that at both 750 and 700oC passes through a minimum.

    The observed results that the conversion of methane increases with increasing GHSV in a small extent suggest that the reaction is controlled by heat transfer. At various temperatures, with the increase of GHSV in some extent the heat produced in the reaction results in a rise of temperature at the inner surface of the catalyst, which can not be read correctly by thermocouple although it is inserted directly into the catalyst bed. Therefore, it causes the observed rise in the CH4 conversion.

    The effect of time on stream on activity and selectivity over krict15 at 800 oC and at the very low contact time (GHSV=2.208x105 ml/g.h) are presented in Fig 3. It is clearly that both the conversion and selectivity show decrease slightly but without significant deactivation during the reaction for 25h.

CONCULSIONS

    The partial oxidation of methane was performed over a series of Ni/Ce-ZrO2 catalysts with various nickel loading from 3~20%. The catalyst with 15%nickel loading gives highest conversion of CH4 and selectivity to H2 and CO , as well as good stability. The influence of reaction temperature and space velocity on catalytic activities reveal that partial oxidation of methane is controlled by heat transfer in some extent.
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Fig.3 Change of activity and selectivity with time on stream over krict15 catalyst
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