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Abstract

The kinetic behavior of the Ni/L,#Ds catalyst in the reforming reaction of methane with carbon dioxide was investigated as
a function of temperature and partial pressures of @ktl CQ. The apparent activation energy of the reforming reaction was
estimated to be 13.2 kcal/mol. It was also found that increase of flpaHial pressure leads to a continuous enhancement of
the rate of CO formation, due to the simultaneous occurrence of the water-gas shift reaction. The mechanisméCthe CH
reaction has been investigated using steady-state isotopic tracing and transient experiments, as well as FTIR, XRD, XPS
and HR-TEM techniques. Based on the mechanistic results, a kinetic model was developed, which was found to predict
satisfactorily the kinetic measurements. Methane cracking and the surface reaction between C and oxycarbonate species, are
suggested to be the rate determining steps of thg CEb reaction over the Ni/LgO3 catalyst. © 2001 Elsevier Science B.V.
All rights reserved.
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1. Introduction The reaction has been investigated over both, noble
metal [4-9] and Ni-based [10-18] catalysts dispersed
The reforming reaction of methane with carbon on different carriers. A major problem associated with
dioxide to synthesis gas has received significant atten- both types of catalysts is continuous deactivation with
tion in the last few years as it constitutes a promising time on stream due to carbon deposition. In the case
alternative route for the production of synthesis gas. of noble metals, efforts to alleviate this problem have
Although steam reforming is the dominant method for centered around the use of additives and promoters
synthesis gas production, it produces syngas with high [4], while in the case of Ni catalysts the support seems
H,/CO ratio, which is not suitable for methanol and to play a major role in this respect [9,10,15].
Fischer-Tropsh synthesis. The reforming of methane Kinetic and mechanistic studies have been per-
with carbon dioxide has also been proposed as aformed over noble metal and Ni-based catalysts.
means of storing and transporting solar and atomic Ross and co-workers [8], observed that both methane
energy [1,2]. Worner and Tamme [3] have studied the and carbon dioxide dissociate independently of one
CO, reforming of methane in a solar driven volu- another over Pt/Zr@ The dissociation of carbon
metric receiver-reactor, demonstrating this concept of dioxide acts as an oxygen supplier while the decompo-

solar energy harvesting. sition products of methane scavenge the oxygen from
the catalyst surface [5,6,8]. Lercher and co-workers

"+ Corresponding author. Tek+30-61-997826: [9] also studied the C@reforming of CH, over the

fax: +30-61-991527. same catalyst and concluded that catalytic activity is

E-mail addressverykios@chemeng.upatras.gr (X.E. Verykios). determined by the accessibility of Pt on the Pt—ZrO

0920-5861/01/$ — see front matter © 2001 Elsevier Science B.V. All rights reserved.
Pll: S0920-5861(00)00511-3



84 V.A. Tsipouriari, X.E. Verykios/ Catalysis Today 64 (2001) 83-90

perimeter. The perimeter concentration can be altered decomposition of the nitrate. After this treatment, the

by calcination. catalyst was reduced at 50D in Hy flow for at least
The kinetics of CQ reforming of methane over Pt  5h. A further reduction at 75 for 1 h in H flow
supported on TiQ, ZrO,, CrpO3 and SiGQ as well was performed before any experiment.

as over Ni-based catalysts were studied by Bradford

and Vannice [19,20]. The kinetic behavior was ex- 2.2. Kinetic apparatus and measurements

plained by a mechanism which involves dissociative

CHg adsorption and CHO decomposition as slow ki- The apparatus employed for the kinetic measure-

netic steps. C@ participates in the reaction mecha- ments consists of a flow measuring and control system,

nism through the reverse water-gas shift to produce a heated quartz tube reactor and an on-line analytical

OH groups. Surface OH groups react with adsorbed system. Feed flow rates were measured and controlled

CH, intermediates to yield a formate-type intermedi- by thermal mass flow meters. Weighted amounts of

ate, CH.O, which decomposes to yield,Hand CO catalyst (5—10 mg) were placed in the middle of the

[20]. It was also suggested that the support may serve reactor supported by quartz wool. The internal reac-

as a sink for surface hydroxyl groups, such that the ac- tor diameter is 4 mm, while the catalyst bed height

tive site for CH O formation and subsequent decom- is 2.5 mm. A chromel-alumel thermocouple, inside a

position may be at the metal-support interface. The thermowell which run through the catalyst bed was

kinetics of elementary surface reactions involved in used for temperature measurement and control. Anal-

the reforming of methane to synthesis gas over sup- ysis of the feed and of the reaction mixtures was per-

ported Ni catalysts were also studied by Aparicio [18]. formed by a gas chromatograph connected on-line to

The model developed suggests that there is no singlethe reactor apparatus via a gas sampling valve. The

rate-determining step in methane reforming with ei- TC detector was used to analyze,HD,, CO, CH,

ther steam or C®and that under some conditions the CO,, and HO, separated by a carbosieve S-11 100/120

availability of surface oxygen may play a key role in  mesh column. Kinetic measurements were performed

determining the rate. under differential conditions in the temperature range

Detailed mechanistic studies have been performed 650-750C, employing dilute CH/CO,/He feeds. The

in this laboratory over the Ni/l#Ds catalyst, which total feed flow rate was 300 ml/min, while the catalyst

exhibits unique behavior in the methane reform- particle was in the range 0.18-0.22 mm.

ing reaction in the sense that its activity initially

increases with time on stream and subsequently re-

mains constant for extended periods of time [21-24]. 3. Results and discussion

In the present study, kinetic measurements over the

Ni/LaO3 catalyst were performed in the temperature 3.1. Mass and heat transport effects

range 650—75CC. The conclusions from the previous

mechanistic studies are combined with the present Reliable kinetic data can only be obtained in the

kinetic results to derive a mechanistic scheme and a absence of mass and heat transport resistances. The

kinetic model for the reaction. effects of interface and intraparticle heat and mass
transport resistances on kinetic parameters were deter-
mined employing theoretical and experimental proce-

2. Experimental dures. The effect of feed flow rate and catalyst particle
size of the Ni/LaOs catalyst on reaction rate was
2.1. Catalyst preparation determined experimentally with a feed mixture com-
posed of CH/CO./He (=10/10/80 vol.%) at 75CC.
Ni/La>O3 catalyst, containing 17 wt.% Ni, was pre- The effect of variation of flow rate under constant

pared by the wet impregnation method, using nitrate W/F ratio on the reaction rate at 78D is presented in
salt (Ni(NO;3)3-5H20) as the metal precursor [21]. The Fig. 1la. It can be seen that the reaction rate is rather
residue was then dried at 1’0 for 24 h and then was  invariant to flow rate when it exceeds 200 ml/min.
heated at 500C under N flow for 2 h for complete Therefore, employment of a flow rate of 300 ml/min
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variant to the average diameter of the particles, within
the particle size range investigated. Therefore, em-
ployment of particles with average diameter of 0.2 mm
appears to be sufficient for operation in the kinetic
regime.

3.2. Kinetic studies

Kinetic studies of the CHCO, reaction were car-
ried out at the temperature of 78D. Fig. 2 presents
the variation of reaction rate with time on stream, ex-
pressed in units of mmol/g s, obtained under differen-
tial reaction conditions over Ni dispersed on various
carriers such as L®s, A1,03, YSZ (yttria-stabilized
zirconia), SiQ and CaO. It is shown that the Ni/YSZ
catalyst exhibits higher initial reaction rate, as com-
pared with the other Ni-based catalysts, but its deacti-
vation rate is very rapid. In fact, all catalysts, with the
exception of the Ni/LgO3 catalyst, deactivate consid-
erably with time of exposure to the reaction mixture.
The rate of deactivation is very high during the initial
4-5h and decreases at longer times on stream. As has
been discussed previously, the deactivation of these
catalysts is due to carbon accumulation on the surface
of Ni, which originates from cracking of CH

In contrast to the kinetic behavior of most of the
Ni-based catalysts, the Ni/k®3 catalyst exhibits a

Fig. 1. (a) Effect of volumetric feed flow rate on the rate of methane
consumption during reforming reaction over the NyOg catalyst

at constantW/F = 1.25 x 10~2gs/ml. (b) Effect of catalyst
particle size on the reaction rate observed over Niacatalyst

at constanW/F ratio.

in the kinetic experiments seems to be adequate for
operation in the kinetic regime, taking into account
the fact that the kinetic experiments are conducted at
even lower temperature, in the range 650150

The effect of the catalyst particle size on the reaction
rate at 750C is shown in Fig. 1b. All measurements
were conducted with a flow of 300 ml/min using cata-

R, * 10’ (molg s)

10 15 100
Time (h)

Fig. 2. Alteration of the reaction rate as a function of time on

lyst particles of diameter in the range 0.05-0.4 mm. It stream over Ni/LaOs, Ni/Al 05, Ni/YSZ, Ni/CaO, and Ni/Si@
can be seen that the rate of methane conversion is in-catalysts at 750C.
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unique kinetic performance. The reaction rate is ob- -1.0
served to increase with time on stream for the initial
2-5h of reaction and remains stable during 100 h of
operation. The above reported behavior has already
been discussed by Zhang et al. [21-24]. It has been
shown that the unique performance of the NiyOa
catalyst is due to the fact that particles of La&e de-
posited onto the Ni crystallites where they react with -2.0 +
CO, to form carbonates and oxycarbonates. These =
species, in turn, react with the accumulated carbon at

the interface of the Ni and L®s particles, thus restor- . )
ing the Ni surface to |ts orl_glnal state. As long as the ‘2-(5)‘92 0.97 1.02
rate of carbon deposition is equal to the rate of car-

bon scavenging, a stable catalyst results. Furthermore, 1/T*10° K™
_On'Y a small fraqtlon of the Ni .parf“des IS pa}rtlmpat- Fig. 3. Influence of the reaction temperature on the rate of
ing in the catalytic process, which is the fraction atthe co formation. Experimental conditions: GHCO/He = 10/
interface with the lanthanum oxycarbonate particles. 10/80vol%, 0 = 300 mi/min.

The remaining Ni surface is covered with carbon and

is catalytically inactive.

The unique kinetic performance of the NiAGg 44 kcal/mol. It is apparent that the support of Ni crys-
catalyst leads to the suggestion that new catalytic sites, tallites may influence significantly the activation en-
which are more active and stable towards the/CQD, ergy, probably by altering the rate-controlling step in
reaction, are formed on the Ni/k@3 catalyst sur- the reaction sequence. This has been established by
face, following exposure to the reaction mixture, as a kinetic isotope effect study [23] which showed that
discussed above. For this reason, detailed mechanis-over Ni/LaO3 methane cracking is the rate determin-
tic studies of the surface and bulk structure as well as ing step while over Ni/AJOs methane cracking is
characterization of carbon accumulated during reac- a fast step. Aparicio et al. [25] report values of the
tion, has been conducted over the NgDg catalyst apparent activation energy of 17.5 and 16.5 kcal/mol
[21-24]. The results of these studies are related to the for Ni/Al 203 and Ni/SiQ catalysts, respectively. The
present kinetic study from which a mechanistic kinetic value of the activation energy estimated in the present

=15

In (Rgo)

1.07 1.12

model is derived. study is lower than those reported previously. This is

probably due to the unique mechanistic scheme, which

3.2.1. Temperature sensitivity of reaction rate is offered by this catalyst, which is described in a sub-
The temperature sensitivity of the GO, reac- sequent section.

tion rate over the Ni/LgO3 catalyst was investigated

in the temperature range 500-800) employing a  3.2.2. Effect of Clj and CQ partial pressures on
feed mixture consisting of CHACO,/He at the ratio of intrinsic rate

10/10/80. The experiments were conducted after the The influence of the partial pressures of £ahd
performance of the catalyst was stabilized at “T&0 CO; on the rate of CQ reforming of methane was
Results in the form of an Arrhenius plot are shown studied over the Ni/LgOs catalyst at atmospheric
in Fig. 3. The apparent activation energy, as deter- pressure in the temperature range 650=2Z5Qnder
mined from the results of Fig. 3, is 13.2kcal/mol, a differential conditions. The Ni/LgO3 catalyst was
value which is lower than the respective activation en- activated as follows. It was first exposed to pure
ergy which has been reported for noble metal cata- H, at 750C for 2h and then to the CHCO,/He
lysts, which is in the range 20-30 kcal/mol [6]. Brad- (10/10/80vol.%) mixture at 75C. The reforming
ford and Vannice [20] report activation energies for reaction was followed for 5h, until the catalyst had
CO formation over Ni catalysts supported on C, 5O  reached the stable level. After this treatment, the vari-
TiO2 and MgO carriers which range between 19 and ation of CH; or CO; partial pressure was conducted.
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Fig. 4. Effect of alteration of partial pressures of (a) £&hd (b)
CO; at constantPco, and PcH,, respectively, on the reaction rate
over Ni/LaO3 catalyst at 650, 700 and 750. Solid symbols:
experimental results, solid lines: model prediction.

A constant CH partial pressure of 10 kPa was used
as the CQ partial pressure was varied between 2 and
58kPa, and a constant partial pressure of, @Qual
to 10kPa was used when the gldartial pressure

87

measurably the rate of reaction. The alteration of the
rate of methane consumption with partial pressure of
CO, and reaction temperature, at a constant methane
partial pressure of I0kPa, is shown in Fig. 4b. A very
strong influence is observed as the £gartial pres-
sure is varied in the range 0-I0 kPa. However, a stable
performance is observed as the Ogartial pressure is
varied in the range 13—-60 kPa. Comparison of Fig. 4a
and b suggests that the reaction rate is more sensitive
to CO partial pressure, than to Ghpartial pressure,
at low CO, and CH; partial pressures, respectively.
This result indicates that GOadsorption on the
Ni/LaoOs catalyst is stronger than that of GHvhich
can be attributed to the stronger interaction of the
CO, molecule with the LaOs support, due to the ba-
sic nature of LaOs. It is well known that CQ reacts
with La,O3 and produces L#,CO3 species, which
play an important role in the kinetic mechanism and
the stability of the Ni/LaOs catalyst [21].

The effect of alteration of CiHand CQ partial
pressures at constant @@r CH,; partial pressures
of 5, 15 and 20 kPa, on the rate of reaction at“150
is shown in Fig. 5 (a and b). It is apparent that a
strong influence of both reactants on the reaction rate
is observed at low ClHand CQ partial pressures.
The influence becomes stronger as the concentration
of CO, or CHy, respectively, in the reaction mixture
increases.

3.2.3. Effects of land CQ partial pressures on
intrinsic rate

Fig. 6 demonstrates the alteration of the rates of
CH4 and CQ consumption as well as the rate of CO
production with variation of i partial pressure, as the
CHz and CQ partial pressures were kept constant at
10kPa, at the reaction temperature of AB0It can
be observed that Hhas essentially no effect on the
reforming activity of the Ni catalyst, as evidenced by
the invariance of the rate of methane consumption,
with Ho partial pressure. The rates of CO formation
and of CQ consumption, on the other hand, increase

was varied between 2 and 50kPa. The effect of the considerably with increase of hydrogen pressure. This
variation of the methane partial pressure on the rate result can be attributed to the occurrence of the inverse
of methane consumption is presented in Fig. 4a. It is water-gas shift reaction. Thus, increase of partial

shown that the reaction rate is strongly affected by
the partial pressure of methane for gpartial pres-

sures lower than 20kPa. Further increase of partial

pressure of Chlup to 50 kPa, does not seem to affect

pressure leads to a further @@onsumption via the
reaction

CO; +Hy — CO+ HO



88 V.A. Tsipouriari, X.E. Verykios/ Catalysis Today 64 (2001) 83-90
0.00035 12
750°C P o, (kP2)
0.00030 o
L 4 > = = . 15
0.00025
o I ‘ =
s 000020 5 &
E I AA A E
= 0.00015} -
3 x
o
0.00010 | @ a
0.00005 - R,
F—=-a = - —u— u
0.00000 : L S -
0 10 20 30 40 50 o L L L
X 5 5.0 7.5 10.0 125
P, (kPa)
: P, (kPa)
750°C Py, (kPa)
0.0003 | ° 20 Fig. 6. Effect of hydrogen partial pressure on the rates of methane
L and CQ consumption and CO production at 78D
[)
. . ® 15
= 0.0002} _
3 3.3. Proposed mechanism
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= . . .
o Y . - P The mechanism of the methane reforming reaction
0.0001 -w with CO,, over the Ni/LaOj3 catalyst has been inves-
o tigated employing a number of different techniques
® [21-24] and the most important observations, upon
0.0000 . . . . . which the proposed mechanism is based, are the fol-
0 10 20 30 40 50 60 |owing :
P, (kPa) e A certain fraction of the Ni content of the catalyst is

Fig. 5. Effect of alteration of partial pressures of (a) £k&hd

(b) CO; on the reaction rate over Ni/k®; catalyst as the partial
pressures of C®and CH, respectively, are kept constant at 5,
15 and 20kPa. Solid symbols: experimental results, solid lines:
model prediction.

which occurs in parallel with the GOreforming of
CHyg reaction.

In addition, the influence of CO partial pressure on
the reaction rate was studied in the temperature rangee
650-750C. It was found that the rate of reforming
reaction was slightly influenced by the partial pressure
of CO, decreasing with increasi®o up to 4 kPa,
and remained more or less stable for further increasese
of Pco.

visible by XPS and SIMS, following the reforming
reaction even under integral conditions. This im-
plies that portion of Ni is free of carbon deposits
under reaction conditions [24].

e Methane was detected (by steady-state isotopic trac-

ing kinetic analysis) to exist on the surface of the
catalyst under reaction conditions [27].

Transient studies have shown that the rate of
dissociation of C@ on Ni crystallites is not sig-
nificant as compared to that of GHNaturally,
the carbon which accumulates onto Ni crystallites,
derives mostly from the ClHmolecule [28].

A strong interaction exists between g@nd the
LapO3 support leading to the formation of stable
Lay0O,CO3 species, which are detected by FTIR and
XRD [22].

Transient studies employing isotopically labelled
molecules indicate that the p@s support or the



V.A. Tsipouriari, X.E. Verykios/ Catalysis Today 64 (2001) 83-90 89

LapO,CO3 species which are formed behave as a
dynamic oxygen pool under reaction conditions,
participating in the formation of CO [27].

In contrast to the Ni/AlO3 catalyst, over the
Ni/La>O3 catalyst, cracking of methane on Ni is a
slow step [23].

The active carbon-containing species which exist
on the catalyst surface under reaction conditions
consist exclusively of carbon, and not of CH >

0, species [28].

HR-TEM has revealed that islands of J@g exist

on the surface of the Ni particles under reaction
conditions. This structure is probably formed during
preparation of the catalyst [26].

Based on these observations, the following mecha-
nistic steps, which lead to the production of CO and
H, are proposed:

1. Reversible adsorption of methane on the surface of
Ni which leads to cracking of methane and pro-
duction of carbon deposits and hydrogen. Methane
cracking is a slow step while methane adsorption
is at equilibrium:

CHa + S&s—CH, equilibrium 1)
S-CHi2s-C+2H, RDS @)

. A strong interaction exists between £é&nhd Lg0O3
which leads to the formation of L®,COs species.
This is a fast step, considered to be at equilibrium

CO, + Lay0383La,0,C05  equilibrium  (3)

. Lay0O,CO3 species react with carbon deposited
onto Ni particles at the interface between Ni and
LapO,COs. In this way the methane cracking ac-
tivity of Ni (at the periphery of the Lg0,COs
particles) is restored and the catalyst exhibits
good stability. Therefore, the active portion of
the catalyst is the interfacial area between Ni and
oxycarbonate particles. The remaining surface of
Ni is covered by carbon deposits. This step is also
considered to be a slow step in the sequence

Lap0,COs + C-S4 12,03 + 2CO+ S RDS (4)

. Adsorbed hydrogen, at very low surface cover-
age, may also exist and interact with other surface
species. This adsorbed hydrogen originates from

the sequential cracking of the methane molecule
and it is assumed to be at equilibrium with gas
phase hydrogen

Hz +2S< 2S-H equilibrium (®)

The following steps are assumed to be fast steps
in comparison with slow steps 2 and 4 above:

Lap0,COz + H-S <> Lay03 + CO+ S—OH™ (6)

S—OH™ + C-S<> S—CO+ S—H(9) @)
S—OH+ S—H < H,0 + 2S 8)
S-CO<> CO+S 9)

5. Simultaneously, the inverse water-gas shift reaction
takes place, which may be described by the follow-
ing sequence of reaction steps:

CO; +S< S-CQ (10)
S-CQ + H-S< S-CO+ OH-S slow  (11)
S—OH+ H-S <> H,0 + 2S (12)

3.4. Kinetic model

A rate expression for the GCOreforming of
methane is developed, based on the mechanism illus-
trated above, assuming that steps 2 and 4 are both
rate-controlling. It is further assumed that the Ni sur-
face at the periphery of the oxycarbonate particles,
which is the catalytically active surface, is either cov-
ered with carbon or it is vacant. Alternatively, it is
assumed that the surface coverage of other species,
such as H or CO, is negligible. Under these assump-
tions, the rate of methane conversion is of the form

_ K1k K3kaPch, Pco,
K1koK3PcH, Pco, + K1ko Pch, + K3kaPco

CHy

whereKj is the equilibrium constant of methane ad-
sorption andk; the rate constant of the decomposition
(cracking) of methane on the surface of Ni. The two
constants could not be determined individually but
only their product which was found to b&1k, =

2.61 x 10 3exp(—4300/T) (mol/gs) (kPa)~1. The

value of —4300 represents the sum of the acti-
vation energy of methane cracking and the en-
thalpy of methane adsorption on Ni. The constant
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K3 which is the equilibrium constant of the re- slow step. CQ reacts with LaO3 to form LaO,CO3
action between C® and La0O3 was found to be (fast step) and the oxycarbonates react with carbon
5.17x 102 exp(8700/ T) (kPa)~* while the rate con- at the interface of the Ni—L®,CO;3 particles (slow
stant of the reaction between the oxycarbonate speciesstep) to produce CO. The inverse water-gas shift reac-
and carbon deposited on the surface of Wi, was tion occurs simultaneously. The kinetic model which
found to be 535 x 101 exp(—7500/T) (mol/g's). is based on this mechanism predicts satisfactorily the
The predictions of the model, i.e. the rate of methane kinetic results.

consumption as a function of GHand CQ partial
pressures and temperature are shown in Figs. 4 and 5.
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with the model predictions (solid lines) are shown
for the experiment in which the methane partial pres- [11°T.A. Chubb, Solar Energy 24 (1980) 341.

) . [2] J.T. Richardson, S.A. Paripatyadar, Appl. Catal. 61 (1990)
sure was varied at a constant £@artial pressure of 203.
10kPa, within the temperature range 650-&0In [3] A. Worner, R. Tamme, Catal. Today 46 (1998) 165.
Fig. 4(b), the experimental results (symbols), along [4] S.M. Stagg, E. Romeo, C. Padro, D.E. Resasco, J. Catal. 178
with the n.wdel prediqtions (solid ”n.es)' are shown for [5] I(Zl?cﬁi/riizl G. Kutsan, A. Erdohelyi, Catal. Lett. 11 (1991)
the experiment in which the G(partial pressure was 149
varied at a constant CHpartial pressure of 10kPa  [6] A. Erdohelyi, J. Cserenui, F. Solymosi, J. Catal. 141 (1993)
within the same temperature range. It can be seen that  287.
in both cases, the fitting obtained by the model is very [7] V.A. Tsipouriari, A.M. Efstathiou, Z.L. Zhang, X.E. Verykios,

. . Catal. Today 21 (1994) 579.

good and the main features of the reaction are ade- (g x \ 3 van Keulen, K. Seshan, J.H.B.J. Hoebink, J.R.H. Ross,
quately described. In Fig. 5(a) the experimental data J. Catal. 166 (1997) 306.
and the model predictions are presented for the cases [9] J.H. Bitter, K. Seshan, J.A. Lercher, J. Catal. 171 (1997) 279.
which the partia| pressure of GOs constant at 5, 15 [10] A.A. Lemonidou, M.A. Goula, |.A. Vasalos, Catal. Today 46

; ; ] (1998) 175.
and 20kPa while the partlal pressure of £id var [11] A.M. Cadalla, B. Bower, Chem. Eng. Sci. 43 (1988) 3049.

ied. Similarly, in Fig. 5(b) the experimental data and [12] AM. Cadalla, M.E. Sommer, Chem. Eng. Sci. 44 (1989)
model predictions are presented for the cases in which 2825,

the partial pressure of CHs constant at 5, 15 and  [13] J.-R. Rostrup-Nielsen, J.-H. Back Hansen, J. Catal. 144 (1993)
20 kPa, whilePco, is varied. It is obvious that the ki- 38. _ , i

netic model predicts satisfactorily the kinetic results. =4 aéggr)n‘;gg;" T Nozaki, K. Omata, K. Fujimoto, Chem. Let.
The success of the prediction of the kinetic data by [15] y.H. Hu, E. Ruckenstein, Catal. Lett. 36 (1996) 145.

the model is not fortuitous. No other kinetic model, [16] P. Gronchi, D. Fumagalli, R. Del Rosso, P. Centola, J. Therm.
among those which were tested could predict satisfac-  Anal. 47 (1996) 227.

torily the kinetic results. The good model prediction [171A. Slagtern, U. Olsbye, R. Blom, I.M. Dahl, H. Fjellvag,

. . . Appl. Catal. A 145 (1996) 375.
is due to the fact that the development of the kinetic [18] LM. Aparicio, J. Catal. 165 (1997) 262.

model is based on detailed mechanistic studies. [19] M.C.J. Bradford, M.A. Vannice, J. Catal. 173 (1998) 157.
[20] M.C.J. Bradford, M.A. Vannice, Appl. Catal. A 142 (1996)
97.
. [21] z.L. Zhang, X.E. Verykios, J. Chem. Soc., Chem. Commun.
4. Summary and conclusions (1995) 71.
o ] ] [22] Z.L. Zhang, X.E. Verykios, Appl. Catal. A 138 (1996) 109.
The kinetics of the reaction of COreforming of [23] Z.L. Zhang, X.E. Verykios, Catal. Lett. 38 (1996) 175.

methane over the Ni/l.#D3 catalyst, were investigated  [24] ZL. Zhang, X.E. Verykios, S.M. MacDonald, S.A.

; ot Affrossman, J. Phys. Chem. 100 (1996) 744.
—780
in the temperature range 650-76 by variation of [25] P.F. Aparicio, A.G. Ruiz, I.R. Ramos, Appl. Catal. A 170

the partial pressures of Gand of CH,. Based on (1998) 177.

detailed mechanistic studies, a mechanistic model is [26] A. Slagtern, Y. Schuurman, C. Leclercq, X. Verykios, C.
proposed from which a kinetic model is derived. The Mirodatos, J. Catal. 172 (1997) 118.

mechanistic Scheme assumes adsorption Oﬁ @h.l [27] V.A. Tsipouriari, X.E. Verykios, J. Catal. 187 (1999) 85.

Ni, followed by cracking and carbon deposition, as a 128 V-A- Tsipouriari, X.E. Verykios, in preparation.



