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The activity-selectivity-stability pattern of a 19 wt% Ni/MgO catalyst in the pre-
reforming of n-hexane (T, 450°C; P, 10-15 bar; S/C, 1.5-3.5), in the absence and the
presence of H2 (H2/C, 1), is thoroughly addressed. Coking and, to a much lesser extent,
sintering phenomena affect the catalyst stability with a 1st-order dependence of deactiva-
tion rate on activity. Regardless of reaction conditions, in the absence of hydrogen a
general selectivity-conversion pattern signals that CO is a primary reaction product from
the steam reforming reaction, whereas the prevalence of a hydrogenolysis path enhances
reaction rate, methane selectivity, and catalyst stability in the presence of hydrogen,
markedly hindering the coking process. Driven by different ensembles of active sites,
steam reforming, CO methanation, water-gas-shift, hydrogenolysis, and coking function-
alities control the behavior pattern of the Ni/MgO catalyst in the pre-reforming process.
© 2006 American Institute of Chemical Engineers AIChE J, 52: 2823–2831, 2006
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Introduction

Hydrogen is nowadays a strategic chemical intermediate
finding extensive use in numerous industrial processes from
hydrocracking-hydrotreating in oil refining, to production of
fine chemicals and synthesis of ammonia and methanol.1-3 The
actual hydrogen refinery balance, at present consistent with the
needs of the chemical industry, is yet destined in the near future
to inevitable deficits as there is an ever decreasing output from
catalytic reforming, due to softening of the process severity for
reduction of aromatics content in gasolines,1,2 and rising de-
mand of hydrogen/syngas for synthesizing more efficient and
cleaner fuels (hydrogen, synthetic gasolines, dimethylether,
and so on) from natural gas rather than oil.4,5 Therefore, im-
proving the economics of hydrogen/syngas production will be
a pressing challenge for the chemical industry in the future.1-3

Exploitation of “combined” energy-effective reforming tech-

nologies1-3,6 and continuous improvements of steam-reforming
catalysts’ performance and lifetime6-10 are to date the main
routes pursued. In this context, adiabatic pre-reforming is an
established technology implying relevant economic and oper-
ational benefits on overall syngas production.1,2,6,11 Put up-
stream of a tubular reformer, a pre-reforming unit enhances
feedstock flexibility and production capacity, ensuring also
superior energy efficiency.1,2,6,11 Despite being increasingly
relevant from the industrial point of view,1,2,6,11 relatively little
scientific concern has been focused on the steam reforming of
higher hydrocarbons after the main findings of Rostrup-Nielsen
and co-workers.6,12,13 A renewed research interest in superior
hydrocarbons steam reforming has been prompted in recent
years by the need of improving catalytic performance under
particularly demanding process conditions.7-10,14-17 Then, basic
investigations of the activity-stability pattern of representative
Ni catalysts in the pre-reforming of LPG,17 and liquid hydro-
carbon(s),14 addressed both thermodynamic and kinetic analy-
ses of the reaction stream,14 and carbon deposition,17 to ascer-
tain the dynamics of coking phenomena. A decrease in the
activity coefficient of surface carbon species was evi-
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denced,14,17 and threshold values for H2O/C and H2/C ratios
have been pointed out.17 Furthermore, reforming catalysts with
improved resistance against coking and/or poisoning phenom-
ena under low steam-to-carbon (S/C) ratio or in the presence of
S-compounds have been proposed.7-10,15,16

It is generally recognized that coking processes of Ni-based
catalysts in steam reforming and methanation reactions proceed
through common carbon intermediates leading to the formation
of several types of deposits depending on operating conditions.
6,12-14,17-20 Despite the causes and origins of carbon deposition
being known,6,11,18-20 there is little work by way of modeling of
catalytic deactivation by coking. Often undervalued, moreover,
the effects of metal sintering on the active surface area of
typical pre-reforming catalysts have been recently empha-
sized.21

Therefore, this work is aimed at disclosing basic relation-
ships that could highlight both the effects of coking and sin-
tering phenomena on the activity-selectivity-stability pattern of
a typical Ni/MgO catalyst in the steam reforming of n-hexane
at pre-reforming conditions.

Experimental Procedures

Magnesia-supported nickel catalyst (MPF, 19.1 wt% Ni)
was prepared by incipient wetness impregnation of a “smoke”
MgO powder (UBE Ltd., SABET, 30 m2�g�1) with an ethanolic
solution of the Ni(NO3)2 salt. The catalyst was dried at 80°C
and calcined at 400°C (16h) in order to prevent the formation
of the NixMg(1�x)O solid solution,22 and further pre-reduced
for 6h at 650°C under H2 flow.14

Catalyst testing in the pre-reforming of n-hexane was per-
formed at 450°C and a total pressure of 10-15 bar, using an
isothermal “fixed bed” stainless steel microreactor (i.d., 6 mm),
loaded with 25 mg catalyst sample, diluted with same-sized
SiC in a 1/30 weight ratio.14 Before reaction the catalyst had
been heated at 450°C in an H2 flow (100 STP mL�min�1; P, 1
bar) and further reduced in situ at such temperature for 1h. The
reaction mixture, containing n-C6H14 (1.8%), N2 (8.0%), He
(rest), and H2O (16.2-37.8%), for a variation of the S/C ratio
between 1.5 and 3.5, respectively, was fed at the rate of 283
(GHSV, 679,000 h�1) or 566 (GHSV, 1,358,000 h�1) STP
mL�min�1. The effects of H2 feeding (11.0%; H2/C, 1.0) have
been probed at the highest GHSV and an S/C ratio equal to 2.8.
The reaction temperature was controlled by a thermocouple in
contact with the catalytic bed, while the reactor stream was
analyzed by a GC equipped with a three-columns analytical

system connected to both TCD and FID detectors for perma-
nent gases and hydrocarbons analyses, respectively.14

TEM analyses were performed using a PHILIPS CM12
Transmission Electron Microscope (point-to-point resolution,
0.3 nm) on “fresh” and “spent” catalyst samples, dispersed
ultrasonically in ethanol and deposited over a thin carbon film
supported on a standard copper grid. The Ni particle size
distribution (PSD) was obtained from an average of 150-200
particles, and the average volume-area particle size calculated
by the conventional statistical formula21:
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Results and Discussion
Activity-selectivity-stability pattern

Activity data (t0, 30 min) of the MPF catalyst in the pre-
reforming of n-hexane at 450°C with varying GHSV, feed
stream composition (PH2O and PH2), and total pressure are
summarized in Table 1 in terms of hexane conversion (�, %),
reaction rate, product selectivity (SX, %) and weight of carbon
on “spent” (such as after 17.5 h of time-on-stream) catalyst
samples (WCarbon, g�gcat

�1).14 In addition, all the relative activ-
ity (� � �/�0, the ratio between conversion at the time “t” and
“t0,” respectively) with time-on-stream (A) and selectivity ver-
sus conversion (B) data are collected in Figure 1. Regardless of
experimental conditions, a systematic catalyst deactivation,
mostly in the absence of hydrogen, implies a regular decrease
of conversion during t.o.s. according to an exponential–decay
trend, the extent of which roughly parallels the amount of
carbon on “spent” catalyst samples (Table 1). Moreover, driven
by a multi-step reaction network involving steam reforming,
water-gas-shift, hydrogenolysis, and methanation reactions,6-18

the only C-containing products are CH4, CO2, and CO, their
relative distribution depending both on feed stream composi-
tion and operating conditions (Table 1). Small amounts of
C2-C5 hydrocarbons (SC2-C5 � 1%) are detected only in the
presence of hydrogen (Table 1).

Namely, in the absence of H2 at a pressure of 10 atm and an
S/C ratio of 2.8, the hexane conversion is equal to ca. 71%,
corresponding to a reaction rate of 1.1 mmol�s�1�gcat

�1, while
methane (54-56%) and carbon dioxide (42-44%) are the most
abundant reaction products. Meanwhile, an easy attainment of
equilibrium conditions of the water-gas-shift reaction (CO � H2O

Table 1. Activity Data (t0, 30 min) and Amount of Carbon Deposits on the “Spent” Catalysts (after 17.5 h) Under Different
Reaction Conditions (T, 450°C)

Run
PR

(atm) S/C H2/C
�C6H14

(%)
Reaction Rate

(molC6H14 � s�1 � gcat
�1)

SCH4

(%)
SCO2

(%)
SCO

(%)
SC2-C5

(%)
WCarbon

(g � gcat
�1)

a 10 1.5a 0.0 52.6 0.82E-3 54.9 42.6 2.5 — 1.32
b 10 2.8a 0.0 70.8 1.10E-3 55.4 43.1 1.5 — 0.96
c 10 3.5a 0.0 75.8 1.29E-3 56.2 42.5 1.3 — 0.89
d 10 2.8b 0.0 38.1 1.11E-3 38.6 59.3 2.1 — 1.23
e 10 2.8b 1.0 77.1 2.37E-3 97.8 1.1 0.2 0.9 0.03
f 15 2.8a 0.0 68.6 1.61E-3 59.7 39.2 1.1 — 0.75

aPC6H14, 0.18 atm; GHSV, 679,000 h�1.
bPC6H14, 0.18 atm; GHSV, 1,358,000 h�1.
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u CO2 � H2) keeps CO at trace levels (0.2-2.5%).7-10,14-17,23

Then, at a constant pressure of 10 atm, the most evident effects of
a rise of the S/C ratio from 1.5 to 3.5 consist in a progressive
improvement of hexane conversion (52.63 75.8%) and catalyst
stability (Figure 1a), while a slight rise in SCH4 is offset by lower
SCO2 (Table 1). A rise in total pressure from 10 to 15 atm (S/C,
2.8) implies a corresponding increase of reaction rate (1.61
mmolC6H14�s

�1�gcat
�1) and a further slight enhancement of SCH4

(59.7%) and catalyst stability (Figure 1a). Whereas a twofold
increase of GHSV implies a proportional decrease of conversion
and significant changes in the product distribution, evidenced by a
decay in SCH4 from 55.4 to 38.6% (Table 1).

Irrespective of ongoing deactivation and experimental con-
ditions, systematic changes in selectivity are in fact associated
with the conversion level,14,18-20,24-26 as documented by the
general “selectivity-conversion” pattern depicted in Figure 1b.
In particular, it shows that when the conversion of the substrate
is low (ca. 10%), the main reaction products are CO and CO2

(SCox � 95%) in a molar ratio satisfying the thermodynamic
equilibrium constraints of the WGS reaction,11,14-18,23 while
CH4 is present in the outlet stream only at trace levels (�5%).
Thereafter, an increase of conversion up to 50% produces a
corresponding rise in SCH4, further leveling off smoothly to an
asymptotic value of 55-60% in the conversion range 50-75%
(Figure 1b). With an opposite specular trend, the SCO2 de-
creases from 90 to 45%, while the SCO lowers, almost linearly,

from ca. 2 to 0.5% in the whole conversion range (Figure 1b).
These trends mirror marked changes in the ratio of hydrogen
and oxygen atoms “contained” into reaction products, as the
H/Ooutlet increases from ca. zero until a steady value of 2.4 for
conversion in excess of 50% (Figure 1b). Thus, the methana-
tion functionality is enhanced at high conversion when almost
all of the hydrogen from the splitting of water and cracking of
hexane is converted to methane, resulting in a H/Ooutlet ratio
greater than two. In fact, the selectivity pattern shown in Figure
1b points to a reaction network involving the first occurrence of
the hydrocarbon steam reforming with the primary formation
of CO:

C6H14 � 6H2O 3 6CO � 13H2 (a)

further transformed to CO2 and CH4, by parallel water-gas-
shift (k2) and methanation paths (k4), respectively,6-18,23,25,26:

(I)

Adsorption and subsequent activation and decomposition of
CO give rise to carbon species, the precursor of coke deposits
build-up.18,25,26 Definitively, the occurrence of a parallel or
sequential hexane cracking step, leading to an intermediate
formation of carbon species further undergoing gasifica-
tion,14,18,25,26

(II)

would not alter the fundamental essence of the reaction network.
On this account, a rational explanation to the peculiar “conver-
sion-selectivity” pattern in Figure 1b can be found in the potential
of the gas-phase, since low CO and H2 concentrations hinder the
kinetics of CO methanation mostly at low conversion levels, while
the WGS reaction always entails the prevailing formation of CO2

in the presence of huge amounts of steam (Figure 1b). This
becomes evident from the inspection of the “model” curves of the
SCH4 and of the normalized H2 yield ([YH2], molH2/molC) versus
conversion, shown in Figure 2. As the changes in the concentra-
tion of steam are virtually negligible at any conversion level
(Figure 2), the analogous trends of SCH4 and [YH2]

3 curves
matches with the consecutive methanation of CO

CO � 3H2% CH4 � H2O (b)

that involves a direct 3rd-order relationship between methane
and hydrogen concentration. Considering the minor variations

Figure 1. Pre-reforming of n-hexane (T, 450°C).
(a) Relative activity (�, �/� 0) with time-on-stream (t.o.s).
Legend (see Tables 1 and 2): run a �; run b F; run c Œ; run
d ‚; run e E; run f �. (b) Summary of product selectivity
(SX) and H/Ooutlet ratio vs. hexane conversion data.
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of the “{(SCH4)/[YH2]3}” function in the whole conversion
range (Figure 2), experimental findings confirm that the hydro-
gen pressure is the key-parameter accounting for the SCH4 trend
with hexane conversion (Figure 1b). Moreover, since relevant
amounts of carbonaceous deposits on “spent” catalysts (Table
1) parallel the rate of activity loss (Figure 1a), this being also
inversely related to the initial conversion level (Table 1), it can
be speculated that the methanation path acts as the main “com-
petitor” of the coking process, enabling an effective gasifica-
tion of the coke precursor species.6,11,14,17-20,25,26 Then, in the
absence of H2, a same adsorbed “C” intermediate (such as C�)
coming from CO decomposition and/or steam reforming reac-
tions,18,25-29 could either undergo methanation or transforma-
tion into poorly reactive adsorbed species:

(a) amorphous carbon (C�),
(b) vermicular carbon (CV),
(c) bulk Ni carbide (C�), and
(d) crystalline, graphitic carbon (CC),

precursors of carbonaceous deposits.18,19,25,26

Hydrogen in the feed stream in an H2/C molar ratio of 1.0,
indicated as the threshold value for avoiding carbon deposits
build-up,17,27 enables a 77% conversion at the highest GHSV
(reaction rate, 2.45 mmolC6H14�s

�1�gcat
�1) along with an over-

whelming selectivity to methane (SCH4, 96-97%), resulting in a
“selectivity-conversion” pattern evidently inconsistent with that in
the absence of H2 (Figure 1b). These evidences are diagnostic of
an abrupt change in the main reaction pathway(s),6,11,14,17,27

probed by the presence of C2-C5 hydrocarbons in the outlet
stream and the marked enhancement of: (i) reaction rate (Table 1),
(ii) H/Ooutlet (Figure 1b), (iii) catalyst stability (Figure 1a), and (iv)
resistance to coking (Table 1). Evidently, hydrogen in the feed
inhibits the splitting of water driving mostly the hydrogenolysis of
hexane while a competitive adsorption for the same metal sites
adsorbing the carbon intermediates would prevent nucleation and
growth of carbon deposits.6,8,11-14,17,18,25-27

Modeling of coking, sintering, and deactivation
phenomena

Several research articles recently addressed the effects of
stream composition on coking14,17,27 and sintering21 processes
of typical nickel catalysts at pre-reforming conditions. For
instance, by adopting a thermodynamic approach, we shed light
into the relative kinetics of forward and reverse equilibrium
reactions involving carbon as reactant or product:

GAS C � H2O% CO � H2 (c)

WGS CO � H2O% CO2 � H2 (d)

MET C � 2H2% CH4 (e)

DISP 2CO% C � CO2 (f)

In agreement with the fact that steam reforming/gasification
and CO methanation proceed through a same C� intermedi-
ate,6,18,25,26 far away from equilibrium constraints,14 the ki-
netics of forward gasification (GAS) and methanation
(MET) lower during t.o.s. with a trend analogous to that of
hexane conversion; whereas the kinetics of the Bouduard
reaction (2CO u C � CO2), involving the carbon interme-
diate as a product, rises in a specular way.14 Such data
surmise a decrease of the carbon activity coefficient further
to ageing, in agreement with the findings of Holmen and
co-workers who developed kinetic equations of the steps
involving the surface carbon intermediate to predict the
dynamics of coking of a “model” Ni-aluminate catalyst in
the pre-reforming of LPG.17

On the other hand, Datye et al. assessed the deactivation
pattern by sintering of aluminate-supported Ni catalysts under
pre-reforming conditions by evaluating the “long-term” kinet-
ics of metal surface area decay at 500°C under an H2O/H2

stream.21 From comparison of the PSD on “fresh” and “aged”
catalysts, they argued the occurrence of the “particle migra-
tion-coalescence” sintering mechanism obeying to a 2nd-order
kinetic relationship.21

Actually, comparative TEM views (Figure 3) of the
“fresh” (a) and “used” (b and c) catalysts confirm the total
absence of carbonaceous deposits on the spent catalyst in the
presence of H2 (Figure 3c), whereas catalyst particles in the
absence of hydrogen are embedded into an intricate array of
carbon fibers, 20-50 nm in diameter (Figure 3b).6,11-17,25,29 A
“smoothing” of the crystalline cubic habit of the magnesia
carrier also reveals an incipient structure “restyling,”11,21

coupled to a slight metal sintering probed by minor, though
appreciable, changes in PSDs (Figure 3d). These signal a
growth of the Ni particles diameter (dAV) from 10.2 nm
(“fresh” sample) to 10.9-11.2 nm on the “spent” catalysts,
corresponding to a decrease in metal dispersion from ca. 10
to 9%, irrespective of H2 feeding.

Such results entail that a reliable evaluation of the catalyst
deactivation pattern must take into account both the effects of
coking and sintering phenomena, though the effect of the latter
is expected to be of much less importance.

Figure 2. Pre-reforming of n-hexane (T, 450°C).
S/C (E) and SCH4, YH2, and 237 SCH4/[YH2]3 253 “model”
function versus hexane conversion.
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First, the exponential-decay fitting based on non-liner re-
gression analysis of the relative activity data (Figure 1a)

� � �0 � e�kdeact (2)

or

� � e�kdeact (3)

and already adopted for describing the activity decay by coking,14

implies a 1st-order dependence of deactivation on activity

�
d�

dt
� kdeact � � (4)

finding a theoretic support in the extension of the “LHHW”
kinetic approach to catalytic systems of changing activity.20

Figure 3. TEM micrographs (a-c) and PSD (d) of the “fresh” and “spent” catalysts.
Legend (see Tables 1 and 2): (a) “fresh” sample; (b) “spent” sample (run b); (c) “spent” sample (run e); (d) PSD of samples (a) through (c).
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This can described on the basis of a simple reaction scheme
including a surface intermediate (A*) common to the formation
of coke via a parallel path,20

(III)

and having the basic features of the above reaction networks
(I)-(II). Then, the following assumptions must apply for pre-
dicting the effects of coking on active sites20:

(1) The surface reaction, A*3 B*, is the rate-determining-
step (k�1 � k2 � k1, k-2, k3, k-3), matching with the methana-
tion step of the pre-reforming reaction network, as suggested
both by the “selectivity-conversion” pattern and previous ther-
modynamic evaluations.14

(2) The rate of coking must be small in comparison to the
reaction rate (that is, k4 � k-4 � k2). This requirement is also
fulfilled according to Figure 4, showing in practice more than
two orders of magnitude difference between reaction and cok-
ing rate at any condition and t.o.s.

(3) The rate of active site disappearance (deactivation) must
be a linear function of the amount of coke (such as unselective
poisoning).19,20 The lack of intraparticle porosity,22 avoiding ma-
jor pore-mouth plugging phenomena,18-20 allows the rate of active
sites (such as [Ns]) disappearance of the studied catalyst to be in
fact considered a linear function of the coking rate (Figure 4).

Therefore, a formal expression for the rate of active sites
disappearance can be developed:

�
dCsite

dt
� ratecok �

k4KACACsite

1 � KACA � KBCB
(5)

This, upon integration at boundary conditions, becomes

Csite � Csite
0 � e� k4KACA/�1�KACA�KBCB	dt (6)

where Csite and C0
site are the initial and final concentration of

active sites. If the rate of coking does not depend on the
concentration of the reacting species, the term under integer is
constant and the rate expression becomes

ratet � rate0 � e�kcokt (7)

with

kcok �
k4KACA

1 � KACA � KBCB
(8)

Equations 2 and 3 satisfactorily accounted for the activity decay of
the Ni/MgO catalyst in the pre-reforming of n-hexane,14 since the
effects of metal sintering were comparatively negligible. Indeed, as a
representative case of deactivation by metal sintering, the slight ac-
tivity loss in the presence of H2 (�7%) satisfactorily mirrors the metal
surface area decrease (ca. 10%) evidenced by TEM analyses (Figure
3). This can be adequately described by an exponential-decay trend
(Figure 1a), still pointing to a 1st-order dependence on activity or
metal site concentration. Considering the strong interaction at the
Ni-MgO interface,22 which could effectively hinder the migration-
coalescence sintering mechanism of Ni particles, this peculiar “low”
kinetic dependence of the sintering rate on dispersion could be mostly
the consequence of the ongoing reconstructuring of the MgO carrier
(Figure 3) induced by the huge amount of steam in the feed stream
(such as steaming).11,19,21

Then, in terms of conversion (��f(Csite)), the overall rate of
the activity decay induced both by coking and sintering results:

�
d�

dt
� kcok � � � ksint � � (9)

Separating and integrating at boundary conditions, the ob-
tained equation:

� �
�

�0
� e��kcok�ksint	�t (10)

matches with the previous model equation,14 provided that

kdeact � kcok � ksint (11)

If an asymptotic dispersion value is attained,19,21 the integral
equation rate becomes:

� �
�

�0
� �1 �

ksint � �


kdeact�0
� � e�kdeact�t �

ksint � �


kdeact�0
(12)

Since ksint �� kcok and �
 �� �0, the ratio

ksint � �


kdeact�0
� 0 (13)

Figure 4. Pre-reforming of n-hexane (T, 450°C).
Hexane conversion, active sites disappearance, and coking
rates versus t.o.s.
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can be assumed negligible (see infra). Thus, the logarithmic
form of integral Eqs. 10 and 12 results in any case in straight-
line relationships (Figure 5), with the slope corresponding to
the inverse value of kdeact. Likewise, the semi-log plot of the
relative rates of product formation with t.o.s. results in all cases
in fairly reliable linear trends (Figure 5). Then, the kinetic
constant of the decay of the various functionalities in each run
are summarized in Table 2. If the rate of sintering (run e) could
be considered constant (for example, 0.003 h�1) irrespective of
the S/C ratio and total pressure, the effects of coking on activity
are always prevalent, as indicated by kcok values between 10
and 35 times greater than ksint (Table 2). Accounting for coking
and sintering processes, kdeact values yet match satisfactorily
(�15%) with those quoted previously by non-linear regression
of deactivation curves (Figure 1a), while the variations of the

Figure 5. Pre-reforming of n-hexane (T, 450°C).
Relative rates of hexane conversion (�, F), CH4 (� CH4, Œ), CO2 (�CO2, �), and CO (� CO, �) formation vs. t.o.s. in the various runs (see
Table 1).

Table 2. Deactivation Kinetic Constants of the Various
Functionalities (T, 450°C): Hexane Conversion (kdeact),

Methanation (kMET), Gasification (kGAS), Water-Gas-Shift
(kWGS)

Run
kdeact

(h�1)
kcok

a

(h�1)
kMET

(h�1)
kGAS

(h�1)
kWGS

(h�1)

a 0.106 0.103 0.220 0.106 0.066
b 0.059 0.056 0.097 0.027 0.032
c 0.043 0.040 0.060 0.028 0.027
d 0.090 0.087 0.221 0.071 0.061
e 0.003 0.000 0.003 0.012 0.019
f 0.034 0.031 0.044 0.028 0.022

akcok � kdeact � ksint (ksint � kdeact in run e).
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kcok constant still entail an inverse dependence of the coking
rate on the S/C ratio (that is, kcok�(PH2O)�1).14

Moreover, direct relationships between the kinetic con-
stants of the various functionalities decay and that of activ-
ity loss result in straight-line correlations (Figure 6) with
slope value equal to 2.7 (�0.3), 1.1 (�0.2), and 0.6 (�0.1)
for methane, carbon monoxide, and carbon dioxide forma-
tion, respectively. Assuming that the relative activity is
proportional at any time to the fraction of available sites
(such as � � �/�0�Csite/C

0
site), such figures would mirror the

involvement of different ensembles of active sites by the
various functionalities.6,14,18-20,24-26 According to Froment et
al. who adopted a stochastic approach to describe the deac-
tivation functions with surface coverage by coking under
different mechanisms,24 MET (reaction e) is affected to the
maximum extent by fouling of active sites owing to its
highest formal site molecularity (f.s.m.),28 in comparison to
GAS (reaction c) and WGS (reaction d).6,14,18,23 Anyway, the
same slope value of the decay of hexane conversion and CO
formation (kGAS/kdeact � 1) supports the fact that the sub-
strate likely undergoes a primary conversion to CO via the
SR reaction.6,11-14,17,18,25-28 The activity decay is then more
enhanced at low conversion, mostly under the occurrence of
SR-GAS and WGS reactions (Figure 1b), as the CO forma-
tion-decomposition is mainly responsible for carbon
build-up via the adsorbed C� intermediate18,25; whereas dif-
ferent reaction paths and deactivation mechanisms are
probed by similar values of kdeact and kMET (Table 2), and a
much steeper decay of gasification (kGAS/kdeact � 3.5) and
WGS (kWGS/kdeact � 5) functionalities in the presence of
H2.6,14,18,27

Conclusions

The activity-selectivity-stability pattern of the Ni/MgO cat-
alyst in the pre-reforming of n-C6H14 with steam, in the pres-
ence and absence of H2, has been assessed.

A deactivation kinetic model based on a 1st-order kinetic
dependence of concentration of active sites for both coking and
sintering phenomena is outlined.

Basic relationships among activity, selectivity, and stability
highlight a crucial role of the methanation path on the coking
process and catalyst stability.

Coke formation in the absence of hydrogen occurs mostly
via activation-decomposition of CO coming from the primary
steam reforming reaction, while the hydrogenolysis path pre-
vents build-up of carbonaceous deposits in the presence of H2.
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