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Abstract

The activity–stability pattern of a 19 wt.% Ni/MgO catalyst in the pre-reforming (T, 450◦C;P, 10 bar) ofn-hexane with steam (S/C, 1.5–3.5)
in absence and presence of H2 (H/C, 2) has been investigated. Deactivation profiles of the kinetics of CH4 and CO/CO2 formation indicate that
the activity, selectivity and stability are closely related. Hydrogenation of carbon species to methane is a critical step involving the occurrence
of coking in the pre-reforming of hexane. Thermodynamic analysis of the outlet reaction stream signals that the net coking rate depends
upon the relative kinetics of carbon methanation (MET, C+ 2H2�CH4) and gasification/water–gas-shift (GAS, C+ H2O�H2 + CO; WGS,
CO+ H2O�CO2 + H2) reactions, while negligible appears the contribution of the Bouduard reaction path (DISP, 2CO�C + CO2).
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Hydrogen is nowadays one the most important chemical
finding an extensive use in a variety of industrial processes
going from hydrocracking–hydrotreating in oil refining, to
fine chemicals production and also as raw material for am-
monia and methanol synthesis[1–5]. Apart from latter, the
major users of hydrogen are currently the refineries consum-
ing ca. 85% of the total amount produced worldwide, most
of which (ca. 65% in US refineries) is available from the
catalytic reforming of naphtha[1]. The remainder supply is
met by auxiliary production facilities; mostly steam reform-
ing (SR) processes, satisfying ca. 90% of the actual extra
hydrogen demand[1,2]. However, this scenario is destined
to an abrupt change in the next future for two main reasons
[3]: first, the need to reduce progressively the aromatics’
content in gasoline, essentially through a lowering of the
catalytic reforming severity, will lead to a decreased hy-
drogen production[1,2]; and second, the expected break-
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through in the fuel market, imposed by the need of cleaner
and more efficient fuels (e.g., hydrogen, synthetic gasoline,
dimethylether, etc.) produced from natural gas (GTL) rather
than from oil, to attain a definitive reduction of NOx, SOx

and CO2 emissions from mobile sources[4,5], will impose
an extraordinary development of the actual syngas produc-
tion capacity. On this account, both industrial companies and
academic groups are involved since several years in a con-
tinuous challenge aimed at upgrading the hydrogen/syngas
technology which could result in significant improvements
of the overall GTL process economy[1–5]. The exploitation
of novel and alternative production routes[3], the engineer-
ing of combined and moreenergy-effective reforming tech-
nologies[1–3,6] and the enhancement of SR catalysts’ per-
formance[6–10]are the pursued routes. In this context, adi-
abatic pre-reforming constitutes an established technology
with recognised economic and operational benefits on the
overall syngas production, especially as a tool for revamp-
ing older SR plants[1,2,6,11]. Indeed, a pre-reforming unit
upstream a tubular reformer allows whatever hydrocarbon
feed (NG, LPG, VN) being converted into CH4 and COx at
low temperature, typically in 450–550◦C range, with many
practical advantages consisting in: (i) an increased produc-
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tion capacity with smaller reformer furnaces; (ii) a higher
feedstock flexibility; (iii) enhanced SR tubes and catalyst’s
lifetime; (v) exploitation of innovative process technolo-
gies, characterised by lower energy consumption and invest-
ment costs[1,2,11]. Ensuring a total conversion of higher
hydrocarbons, a pre-reforming unit limits drastically the
risk of carbon formation inside tubular reformers allowing,
then, SR operations at lower steam-to-carbon (S/C) ratio,
with a higher preheat temperature and heat flux and ca-
pacity [1,2,6,11–13]. Total elimination of S-containing im-
purities contributes also to enhance SR catalysts’ lifetime
[1–3,6,11–13].

Despite of its technological relevance[1,2,6,11–13],
a fragmentary knowledge of the basic aspects of the
steam reforming of higher hydrocarbons reaction under
low (<600◦C) temperature and high pressure condi-
tions exists in literature[6,11–13]. Since earlier works of
Rostrup–Nielsen on the steam reforming of C1–C7 alka-
nes on magnesia-supported metal catalysts, leading to the
development of the SPARG process[6,12,13], little ad-
vances to a deeper knowledge of the title reaction which
could result in further improvements of the catalysts’ per-
formance have been till now recorded[6,11–13]. Then,
mostly semi-empirical models are used to tune process
conditions[11] rather than account for the effects of the
operating parameters on surface reaction networks[6–13].
Although noble-metal systems feature a high reactivity in
the reforming of superior hydrocarbons to hydrogen and
carbon oxides[7,9], typical formulations of pre-reforming
catalysts include nickel as the active phase[11]. Due to
different operating conditions, yet, pre-reforming catalysts
are generally richer in Ni loading (50–70 wt.%), bear-
ing rare hearth elements (e.g., La, Sm, Ce, Y, Zr, etc.)
as promoters, and are characterised by larger total (SA)
and metal surface area (MSA) than counterpart SR ones
[6,11]. Loading of the active phase and type of promoters,
however, depend upon process characteristics and targets
[11].

In earlier papers we documented that Ni/MgO catalysts
obtained by an original non-aqueous preparation route ex-
hibit a remarkable performance in both “steam” (H2O)
and “dry” (CO2) reforming of methane[14–17]. Indeed,
hindering the formation of the NiMgOx solid solution,
the above preparation procedure allows a tuning of both
physico-chemical and catalytic properties through a proper
selection of Ni loading, calcination and reduction treatments
[15–17].

Therefore, this paper outlines a series of results con-
cerning the performance of a 19% Ni/MgO catalyst in
the pre-reforming ofn-hexane at 450◦C and 10 bar at
steam-to-carbon (S/C) ratio ranging between 1.5 and 3.5 in
presence and absence of hydrogen. In the light of a thermo-
dynamic analysis and mathematical modelling of catalytic
data, basic insights into reaction network and factors affect-
ing the activity–stability pattern of the Ni/MgO catalyst are
achieved.

2. Experimental

The 19.1 wt.% Ni/MgO catalyst (MPF) was prepared by
the incipient wetness method using a toluenic solution of
nickel acetylacetonate (Ni(C5H7O2)2) and MgO “smoke
powder” (UBE Ltd., Japan) as support[14–17]. After im-
pregnation, the catalyst was dried at 80◦C, calcined at
400◦C (16 h) and then pressed (≈400 bar), crushed and
sieved to the 40–70 mesh fraction. Before testing the cata-
lyst was subjected to an ex situ pre-reduction in flowing H2
(6 h) at 650◦C, purging in He flow at the same temperature
and a subsequent passivation treatment, consisting in a con-
trolled oxidation by 2% O2/He pulses (0.25 ml) injection at
RT.

Catalyst testing in the pre-reforming ofn-hexane with
steam at 450◦C and 10 bar total pressure was performed us-
ing a down-flow fixed bed stainless-steel microreactor (i.d.,
6 mm; wall-thickness, 10 mm), timely designed to ensure
an adequate heat transfer in the reaction zone. A 25 mg
catalyst sample, diluted (1/30 (w/w)) with same-sized car-
borundum (SiC), was used for testing after an in situ re-
duction treatment at 450◦C for 1 h under flowing H2 (100
stp cm3 min−1). The reaction mixture composition, with
and without hydrogen, was set with C6H14/H2O/He/N2/H2
molar ratio percentages equal to 1.8:30.5:36.6:8.0:23.0 and
1.8:30.5:59.6:8.0:0.0, respectively, corresponding to a stan-
dard steam-to-carbon ratio (S/C) value of 2.8. The S/C ratio
was also varied between 1.5 and 3.5 keeping constant the
n-hexane flow rate and changing in a balanced way those of
H2O and He. Liquidn-C6H14 (Carlo Erba reagents, purity
>99.9%; S-compounds<0.1 ppm) and bi-distilled water and
gaseous (N2, He, H2) reactants were fed by HPLC pumps
and mass flow controller (He, N2) respectively, at the total
gas flow rate of 286.0 stp cm3 min−1. The reaction temper-
ature was controlled by a thermocouple put in contact with
the catalyst bed, while the reaction stream was analysed on
line by a GC equipped with a three columns analytical sys-
tem and TCD and FID detectors for permanent gases and
C6H14 analysis, respectively.

H2 uptake of “fresh” and “used” catalysts was evaluated
by H2-TPD measurements in the range−80 to 620◦C using
Ar as carrier gas (30 stp cm3 min−1), after an in situ reduc-
tion treatment of the samples under H2 flow at 450◦C for
1 h. The fraction of reduced Ni was evaluated by titration
with O2 pulses at 450◦C in He flow[14–17].

3. Results and discussion

3.1. General aspects

Activity data of the Ni/MgO catalyst in the pre-reforming
of n-hexane at standard conditions (T, 450◦C; P, 10 bar;
PC6H14, 0.18 bar; PH2O, 3.0 bar; S/C, 2.8), in terms of
n-hexane conversion (χ) and product selectivity versus re-
action time (t.o.s.), are shown inFig. 1A. The only detected
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Fig. 1. Pre-reforming ofn-hexane (T, 450◦C; P, 10 bar; S/C, 2.8). (A)
Conversion (χ) and product selectivity (SX) vs. t.o.s.; (B) Modelling (Eq.
(3)) of the normalised activityα (χ/χ0) as a function of t.o.s.

C-containing products are CH4, CO2 and CO [6,11–13]
with a relative distribution which depends on the conversion
level during t.o.s. (Fig. 1A). At 30 min, hereafter taken as
zero reaction time (t0), then-hexane conversion is equal to
ca. 71% with a CH4, CO2 and CO selectivity of ca. 55, 43
and 2%, respectively, indicating that the methanation path
is favoured by the high pressure conditions resulting, on
the contrary, hindered in steam reforming at atmospheric
pressure[7,9]. A significant deactivation of the Ni/MgO
catalyst during t.o.s. is, yet, evidenced by a regular and pro-
gressive decay in hexane conversion, attaining a final value
(after 17.5 h) of ca. 25%, this corresponding to 35% of the
initial activity level. Such an activity loss is accompanied
by a progressive decrease in CH4 selectivity counterbal-
anced by a rise in that to CO2, reaching final values of 28
and 69%, respectively. Meanwhile, no significant changes
in SCO (2–3%) are recorded.

This deactivation trend, handled in terms of normalised
conversion rate (α, χ/χ0), has been inspected by non-linear
regression analysis to evaluate the deactivation kinetics and
shed lights into the related process(es). As shown inFig. 1B,
the best fit (r2 > 0.998) of experimental “α versus t.o.s.”
data is attained by an exponential-decay function, pointing
to a dependence of deactivation rate which is first-order on

Table 1
H2 chemisorption data of the “fresh” and “used” (standard run) Ni/MgO
catalysts

Sample �NiO (%)a H2 upatke
(�mol gcat

−1)
D (%) MSA

(mNi
2 gcat

−1)
dNi

(nm)b

Fresh 47.1 118.9 16.5 9.3 6
Used 47.2 100.3 13.9 7.8 7

a Fraction of reduced NiO determined by O2 pulses titration at 450◦C.
b Average Ni particle size.

conversion:

−dχ

dt
= kdeactχ (1)

Integration at boundary conditions ofEq. (1) leads to the
aforesaid exponential relationship

χ = χ0 ekdeact (2)

α = e−kdeact (3)

which provides a deactivation constant (kdeact) value equal
to 0.0613 h−1. This deactivation trend[18,21] and purity
reagents do not match with the occurrence of “selective”
poisoning (e.g., by S-compounds) and, then, “fresh” and
“used” catalysts were characterised by H2 chemisorption and
TGA–DSC measurements in order to ascertain the occur-
rence of sintering and/or fouling phenomena, respectively.
Namely, comparing H2 uptakes of “fresh” and “used” MPF
samples (Table 1), it is evident that a ca. 15% decrease in
MSA cannot be in any case related with the 65% activity loss
recorded at the end of run. On the other hand, TGA–DSC
analysis (Fig. 2) denotes a high concentration of carbon on
the “used” catalyst (ca. 50%) with a related broad eso-peak,
centred at ca. 600◦C, index of a poor reactivity of coke de-
posits[18–20]. According to literature data, these would be
constituted by “inert”C� agglomerates coming from poly-
merisation and ageing of “reactive”C� atomic species gen-
erated by hexane decomposition[18–20].

The effects of catalyst deactivation on the functionalities
driving CH4, CO and CO2 formation can be evaluated from
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Fig. 2. Pre-reforming ofn-hexane (T, 450◦C; P, 10 bar; S/C, 2.8).
TGA–DSC data of the “used” catalyst (after 17.5 h t.o.s.).
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Fig. 3. Pre-reforming ofn-hexane (T, 450◦C; P, 10 bar; S/C, 2.8). Relationship between the relative rate of CH4 (αCH4), CO2 (αCO2) and CO (αCO)
formation and normalised activity (α, χ/χ0).

the “log-plot” of the relative rate (e.g., the ratio between rate
at t andt0 time) of CH4 (αCH4), CO2 (αCO2) and CO (αCO)
formation against the normalised rate ofn-hexane conver-
sion (α, χ/χ0). As shown inFig. 3, the occurrence of quite
accurate straight-line relationships allows taking the relative
slope as a measure of the effect of catalyst deactivation on the
various functionalities and/or vice versa. With a slope value
(−1.6 ± 0.1) more than threefold larger than those ofαCO
(0.5± 0.1) andαCO2 (0.5± 0.1) then,αCH4 signals a major
impact of the methanation functionality on the pre-reforming
activity of the Ni/MgO system[6,12,13,19,20]. Considering
the absence of any C2–C5 hydrocarbon in the outlet stream,
a simplified description of the reaction network is possible
on the basis of the following irreversible (i, ix) and reversible
(ii–viii) surface steps[8,11–13,19–22]:

C6H14 + n∗ kCRK−−→
KH2O

(6 − m)Cα(s) + mCHx(s)

+
[

14− x

2

]
H2(g) (i)

H2O + p∗ � H2(g) + O(s) (ii)

H2 + 2∗
KH2
�

kGAS
2H(s) (iii)

Cα(s) + O(s)

kGAS
�

kMET
CO(s) +

(n

6
+ m − q

)∗
(iv)

Cα(s) + 4H(s) � CH4(g) +
(n

6
+ 4 − t

)∗
(v)

CO(s) + O(s)

kWGS
�

KCO2

CO2(s) + (m + q − s)∗ (vi)

CO2(s) � CO2(g) + s∗ (vii)

CH4(s)

KCH4
�
kcok

CH4(g) + t∗ (viii)

zCα(g) → Cβ(encapsulating+ wiskers) − w∗ (ix)

This confirms a kinetic dependence of the methanation
path (MET, v) on concentration of (available) active sites
(∗) much higher than those of GAS (iv) and WGS (vi) re-
actions [6,12,13,18–20]. Thus, according to experimental
data, the much steeper decay of the methanation function-
ality with catalyst deactivation (Fig. 3) can be reasonably
ascribed to a more pronounced decrease in the H(s)/C�(s) ra-
tio than Os/C�(s) one[6,12,13,18–20]. In fact, resulting the
net coking rate from the rate balance

rCOK = rCRK − [rMET + (rGAS + rWGS)] (4)

it is easy to speculate that coking process and surface func-
tionalities are closely related, each affecting the others de-
pending upon the relative effect and reliance on active sites.

3.2. Effects of the S/C ratio and H2 feeding on the
activity–selectivity–stability pattern

The influence of steam on the catalytic behaviour of the
Ni/MgO system has been evaluated by performing two other
tests at S/C ratio of 1.5 and 3.5. Data at S/C equal to 1.5
(A), 2.8 (B) and 3.5 (C) are comparatively shown inFig. 4
in terms of normalised activity and relative rate of CH4,
CO2 and CO formation against t.o.s., while the initial (t0)
values of conversion, product selectivity and reaction rate
along with the values ofkdeact and the amount of coke de-
termined by TGA–DSC analysis of the “used” catalysts, are
summarised inTable 2. An increase of the S/C ratio from
1.5 (Fig. 4A) to 3.5 (Fig. 4C) implies a regular rise of the
conversion level (Table 2) pointing thus to a positive depen-
dence, though lower than first-order, of reaction kinetics on
PH2O [6,11]. This result compares with the negative-order
dependence of pre-reforming kinetics onPH2O [11], though
it must be stressed that L–H equations in literature refer
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Table 2
Initial activity data (t0, 30 min), deactivation kinetic constant and amount of carbon deposits (after 17.5 h of t.o.s.) of the Ni/MgO catalyst in the
pre-reforming ofn-C6H14 at various S/C ratio (T, 450◦C; P, 10 atm)

S/C χC6H14 (%) RateC6H14 (�mol s−1 gcat
−1) SCH4 (%) SCO2 (%) SCO (%) kdeact (h−1) wcarbon (g gcat

−1)

1.5 52.6 82.0 54.9 42.6 2.5 0.114 1120
2.8 70.8 110.3 55.4 43.1 1.5 0.061 960
3.5 82.9 129.2 56.2 42.5 1.3 0.049 890
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Fig. 4. Pre-reforming ofn-hexane (T, 450◦C; P, 10 bar). Normalised
activity (α, χ/χ0) and relative rate of CH4 (αCH4), CO2 (αCO2) and CO
(αCO) formation vs. t.o.s. Effect of the S/C ratio: (A) S/C, 1.5; (B) S/C,
2.8; (C) S/C, 3.5.

to testing in the presence of hydrogen and, thus, when a
“competition” effect for active sites by H2 (reaction iii) and
H2O (reaction ii) determines a negative impact of the last
reactant on reaction kinetics[7,8,11,18–20]. In spite of neg-
ligible changes in selectivity (Table 2), an improved stabil-
ity, denoted by a decrease ofkdeactfrom 0.114 (S/C, 1.5) to
0.049 h−1 (S/C, 3.5), is the major effect of higher S/C ratios.
Namely, graphing in a “log-plot”kdeact values against the
S/C ratio (Fig. 5A), a reliable linear relationship (r2, 1.00)
with a slope value of−0.99 (e.g.,kdeact∝ (S/C)−1) is ob-
tained. This finding clearly addresses the crucial influence of
the S/C ratio on deactivation by coking[6,11–13,18–20], as
proved by the straight relationship betweenkdeactand weight
loss recorded in TGA measurements (Fig. 5B).

At least, the activity–stability pattern of the Ni/MgO cat-
alyst in presence of H2 feeding (H2/C, 2; S/C, 2.8) can be
evaluated from data shown inFig. 6. With reference to stan-
dard testing conditions (Fig. 1A), data inFig. 6display that
H2 in the feed enables a ca. 25% rise in the initial con-
version value (from ca. 71 to 88%) along with a striking
change in selectivity, evidenced by an increase of SCH4 from
ca. 55 to 98–99% and a corresponding drop in SCO and
SCO2 at a same very low level (0.5–1%). Associated to these
marked changes in activity and selectivity, yet, the most
striking consequence is a quite improved stability involving
an activity loss (ca. 10%) much slighter (ca. 65%) than that
recorded in absence of hydrogen (after 17.5 h). Evidently,
these findings catch the salient aspects of the above reac-
tion scheme, conveying hat a competitive coverage by Cads,
Oadsand Hadsspecies determine their relative surface abun-
dance and, therefore, the rate of the various surface steps
with consequent effects on both reaction and coking kinetics
[18,21].

3.3. Thermodynamic evaluations

In the light of above results, a thermodynamic analysis of
the outlet stream composition[6,11,18–21]has been devised
to shed lights into driving forces to carbon deposition. As
cracking of hexane can be considered irreversible[6,18–21],
a reliable evaluation of the outlet gas composition evidently
lies on the analysis of gasification (GAS), water–gas-shift
(WGS), methanation (MET) and Bouduard (DISP) reactions
(Table 3) [6–10,13,19]. Namely, substituting thePx values
(from conversion–selectivity data) in the expressions of the
relative equilibrium constant, experimentalKexp values for
MET, GAS/WGS and DISP reactions as a function of t.o.s.
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Table 3
List of reactions considered for thermodynamic evaluations of catalytic
data

Reaction Stoichiometry KP
a

CRK C6H14 →6 C + 7 H2 –
GAS C+ H2O�CO+ H2 5.09 E−4
WGS CO+ H2O�CO2 + H2 7.47 E+0
MET C + 2H2�CH4 5.41 E+1
DISP 2CO�C + CO2 1.47 E+4

a Equilibrium pressure constant values at 450◦C with PX values in
MPa (adapted from reference[13]).

were obtained. Therefore, the ratio (�) betweenKexp and
the corresponding value of the equilibrium constantKeq at
450◦C (Table 3) allows for a reliable evaluation of the ef-
fects of the S/C ratio (Fig. 7A-C) and H2 feeding (Fig. 7D)
on the catalyst reactivity. Namely, data shown inFig. 7
indicate that irrespective of t.o.s. and S/C ratio, WGS is al-
ways close to thermodynamic equilibrium conditions, being
characterised byβWGS values comprised between 0.6 and
1.0. On the contrary, gasification (βGAS ≈ 0.5) but, mostly,
methanation (βMET, 0.2–0.05) are always under kinetic con-
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Fig. 7. Pre-reforming ofn-hexane (T, 450◦C; P, 10 bar). Effect of the S/C ratio and H2 feeding.α andβ values of GAS, WGS, MET and DISP reactions
vs. t.o.s.: (A) S/C, 1.5; H2/C, 0; (B) S/C, 2.8; H2/C, 0; (C) S/C, 3.5; H2/C, 0; (D) S/C, 2.8; H2/C, 2. Legend: (�) α; (�) βWGS; (
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trol, their lower rate with respect to cracking being the driv-
ing force to carbon deposition and growth[6,19–22]. On the
other hand, aβDISP always larger than one (Fig. 7) compels
apposite considerations, since a [PCO2/(PCO)2] value larger
than that allowed by thermodynamics really points to a poor
efficiency of the catalyst in promoting the carbon gasification
by reaction with CO2 (DISP), mostly coming from WGS.
Further, whileβGAS andβMET decrease always with t.o.s.
like relative activity (�), βDISP rises according to a specular
trend (Fig. 7) indicating a direct but different influence of
the coking process on all these reactions. In particular, con-
sidering that surface carbon is a common intermediate in all
the above reaction steps (see reaction scheme), these results
would be diagnostic of a progressive decrease in the reac-
tivity of surface carbon (Cs) in concomitance with ageing of
coke deposits (e.g.,Cα → Cβ) [6,11,18–21]. In agreement
with literature data[6,11,18–21], a rather different influence
of catalyst fouling on the various functionalities is then
expected[20]. Indeed, despite of a considerable decrease in
the availability of metal surface area induced by the growth
of gum-like carbonaceous deposits, Jackson et al. found that
a Ni/Al2O3 catalyst retains a rather high activity towards
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the scrambling of C-atoms with isotope-labelled14CO and
14CO2 and surface carbon gasification[20]. On the other
hand, Bartholomew emphasised that methanation and steam
reforming functionalities of Ni catalysts are closely related
on the basis of the activation energy values[19], while
Rostrup–Nielsen stressed that hydrogenolysis and steam re-
forming reactions share most of the surface steps, requiring
also analogous ensembles (n, 2.5–2.7) of active sites[6]. In
this context, it is easily to speculate that H2 feeding strongly
promotes the activity and stability because of the enhance-
ment of the methanation functionality enabled by a high
availability of activated H atoms (Hs) at the catalyst surface.
In turn, hydrogen prevents the formation of “encapsulating”
carbon responsible of deactivation[6,18–22]while, limiting
the water splitting (reaction ii), it also implies a drop in
both CO and CO2 selectivity (Fig. 6). In other words, litera-
ture data well match with experimental findings, conveying
that hydrogenation is a crucial step, its kinetics control-
ling activity, selectivity and stability against coking in the
pre-reforming reaction. Whereas, an extensive coverage of
active sites at steady-state by Cs, Os and Hs species hinders
the backward DISP until getting “C–CO–CO2” equilibrium
conditions [18,23]. This hypothesis is confirmed by two
additional evidences: i) the initialβDISP values rise with
S/C ratio and H2 feeding (Fig. 7), resulting the highest (>4)
in latter case, thus in concomitance with an extensive sat-
uration of active sites by Hs and/or Os species and ii) the
(positive) deviation ofβDISP rises with the deactivation level
(Fig. 7), resulting the most pronounced at the lowest S/C
ratio (Fig. 7A), thus when a faster coking rate causes the
largest surface coverage by Cs species. A rising stability of
surface carbon during t.o.s.[6,11,18–23]concur further to
the enhanced displacement of out-of-equilibrium conditions
of MET, GAS and DISP reactions with t.o.s. (Fig. 7).

4. Conclusions

The activity–stability pattern of the Ni/MgO catalyst in the
pre-reforming ofn-C6H14 with steam at 450◦C and 10 bar
has been addressed.

The effects of steam-to-carbon ratio and H2 feeding on
reaction and deactivation kinetics have been highlighted.

In particular, the onset of experimental findings can be
summarised as follows:

• In absence of H2, the deactivation rate of the Ni/MgO cat-
alyst follows a first-order dependence on activity, result-
ing in an exponential decay with t.o.s. Thedeactivation
constant value isinversely proportional to the S/C ratio;

• Thermodynamic analysis of the outlet stream composition
indicates that the relative kinetics of CRK and MET+
GAS/WGS reactions control the coking rate. Methanation
is a critical step responsible of coking in absence of H2;

• Hydrogen feeding strongly promotes the methanation ac-
tivity speeding up the overall reaction kinetics which re-

sults in a quite improved stability of the Ni/MgO catalyst
against coking phenomena.
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