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bstract

Mesoporous nickel–alumina xerogel (XNiAl) catalysts with various nickel contents were prepared by a single-step sol–gel method for use in
ydrogen production by steam reforming of liquefied natural gas (LNG). The effect of nickel content on the catalytic performance of XNiAl catalysts
as investigated. Nickel species were finely dispersed in the XNiAl catalysts through the formation of Ni–O–Al composite structure. The XNiAl

atalysts served as efficient catalysts in the hydrogen production by steam reforming of LNG. Both LNG conversion and H2 composition in dry
as showed volcano-shaped curves with respect to nickel content. Thus, optimal nickel content was required for maximum catalytic performance.

he performance of XNiAl catalysts in the steam reforming of LNG increased with increasing reducibility of the catalyst. Among the catalysts
xamined, the 30NiAl (30 wt% Ni) catalyst with the highest reducibility showed the best catalytic performance. The highest surface area and the
argest pore volume of the 30NiAl (30 wt% Ni) catalyst were also partly responsible for its superior catalytic performance.

2008 Elsevier B.V. All rights reserved.
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. Introduction

Hydrogen has attracted much attention as an alternative
nergy source due to its clean, renewable, and non-polluting
ature [1]. Technological advances in hydrogen utilization such
s fuel cell make hydrogen more important as a new energy
ource. However, development of feasible production meth-
ds for hydrogen is necessary, because abundant hydrogen is
ot given to us in nature but should be produced from water
r organic compounds [2]. A number of catalytic reform-

ng technologies, such as steam reforming, partial oxidation,
nd auto-thermal reforming, have been extensively investi-
ated for the large and small scale hydrogen production from

∗ Corresponding author. Tel.: +82 2 880 9227; fax: +82 2 889 7415.
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arious hydrocarbons [3–11]. Among the reforming technolo-
ies, steam reforming of methane has been recognized as
feasible route to produce hydrogen. Liquefied natural gas

LNG), which is abundant and mainly composed of methane,
an serve as an alternate source for hydrogen production by
team reforming reaction. The extensive piping system for
NG in modern cities also makes LNG well suited as a
ydrogen source for residential reformers in fuel cell applica-
ions.

Nickel-based catalysts have been widely studied as efficient
atalysts for various reactions, such as hydrogenation of unsatu-
ated hydrocarbons and reforming of hydrocarbons [12–16]. In
articular, Ni/Al2O3 catalysts have been recognized as promis-

ng catalysts for steam reforming reactions due to their low
ost and high catalytic activity [17–21]. The Ni/Al2O3 catalysts,
owever, require high reaction temperatures and excess amounts
f steam to prevent sintering of nickel particles and deposition
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dx.doi.org/10.1016/j.cej.2008.01.001
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f carbon species on the catalyst surface in the stream reforming
eactions [3,9,22].

The catalytic activity of Ni/Al2O3 is closely related to both
ickel content and nickel dispersion, but these two factors have
pposite effects on the catalytic activity. With increasing nickel
ontent, for example, the catalytic activity of Ni/Al2O3 increases
ue to the increased number of active nickel sites, but the dis-
ersion of nickel particles decreases due to the aggregation
f nickel species. In general, nickel content of conventional
i/Al2O3 catalysts used in the steam reforming reactions does
ot exceed 12 wt% to avoid severe aggregation or sintering
f nickel particles during the reactions [23]. Although stable
i/Al2O3 catalysts can be obtained by lowering the nickel con-

ent, they may show an inferior catalytic activity due to the
nsufficient number of active nickel sites. Furthermore, the nickel
atalysts that are highly dispersed on Al2O3 readily form nickel
luminate phases through the incorporation of Ni2+ into the lat-
ice of Al2O3 [21,24,25]. The strong metal–support interaction,
n turn, inhibits the reduction of nickel aluminate into active

etallic nickel.
Many attempts have been made to increase the stabil-

ty of Ni/Al2O3 catalysts in the steam reforming reactions
17,20,21,26–28]. The performance of Ni/Al2O3 catalysts in the
team reforming reactions depends not only on the nature and
tructure of active nickel, but also on the chemical and physical
roperties of Al2O3. It is known that metal oxides prepared by
sol–gel method retain hydroxyl-rich surfaces, and therefore,

xhibit unique chemical and physical properties compared to
hose prepared by a conventional method. In particular, alumina

aterials prepared by a sol–gel method have high-surface areas
nd controllable chemical and physical properties. It has been
eported that a nickel–alumina xerogel catalyst prepared by a
ol–gel method inhibited carbon deposition in the dry reforming
f methane, resulting in the enhanced methane conversion and
oke resistance [29,30]. Therefore, developing a sol–gel derived
ickel–alumina catalyst, which retains both high activity and
tability in the steam reforming of LNG, would be worthwhile.

In this work, a series of mesoporous nickel–alumina xero-
el catalysts with various nickel contents were prepared by a
ingle-step sol–gel method for use in hydrogen production by
team reforming of LNG. The effect of nickel content on the
atalytic performance of mesoporous nickel–alumina xerogel
atalysts was investigated. It is expected that the mesoporous
ickel–alumina xerogel (XNiAl) catalysts prepared by a single-
tep sol–gel method would show a high and stable catalytic
erformance in the steam reforming of LNG without significant
ickel sintering and carbon deposition.

. Experimental

.1. Preparation of mesoporous nickel–alumina xerogel
atalysts
A series of mesoporous nickel–alumina xerogel catalysts
ith various nickel contents were prepared by a single-step

ol–gel method, according to the similar method reported in
he literatures [29–31]. A known amount of aluminum precur-
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or (aluminum sec-butoxide, Sigma–Aldrich) was dissolved in
thanol at 80 ◦C with vigorous stirring. Small amounts of dis-
illed water and nitric acid, which had been diluted with ethanol,
ere slowly added into the solution of aluminum precursor for

he partial hydrolysis of the aluminum precursor. After main-
aining the resulting solution at 80 ◦C for a few minutes, a
lear sol was obtained. The sol was cooled to 60 ◦C, and then
known amount of nickel precursor (nickel acetate tetrahy-

rate, Sigma–Aldrich) was slowly added into the sol to obtain
nickel–alumina sol. After cooling the nickel–alumina sol to

oom temperature, a monolithic gel was obtained by adding an
ppropriate amount of water diluted with ethanol into the sol.
he gel was aged for 7 days, and then dried overnight at 120 ◦C.
he resulting powder was finally calcined at 700 ◦C for 5 h to
ield the mesoporous nickel–alumina xerogel catalyst. The pre-
ared nickel–alumina xerogel catalysts were denoted as XNiAl
X = 15, 20, 25, 30, 35, and 40), where X represents the nickel
ontent (wt%) in the catalyst. For example, 30NiAl denotes a
0-wt% nickel–alumina xerogel catalyst.

For the purpose of comparison, a nickel catalyst supported on
ommercial Al2O3 (Degussa) was prepared by an impregnation
ethod. The nickel loading was fixed at 20 wt%. The supported

ickel catalyst was denoted as 20Ni/Al2O3-impregnation.

.2. Characterization

Nitrogen adsorption–desorption isotherms of the catalysts
ere obtained with an ASAP-2010 (Micromeritics) instrument.
verage pore diameters of the catalysts were determined by

he Barret–Joyner–Hallender (BJH) method applied to the des-
rption branch of the nitrogen isotherm. Nickel dispersion on
he catalysts was examined by TEM analyses (Jeol, JEM-
000EXII). Crystalline phases of the catalysts were investigated
y XRD (MAC Science, M18XHF-SRA) measurements using
u K� radiation (λ = 1.54056 Å) operated at 50 kV and 100 mA.

n order to examine the reducibility of the catalysts, temperature-
rogrammed reduction (TPR) measurements were carried out
n a conventional flow system with a moisture trap connected
o a thermal conductivity detector (TCD) at temperatures rang-
ng from room temperature to 1000 ◦C with a ramping rate of
◦C/min. For the TPR measurements, a mixed stream of H2

2 ml/min) and N2 (20 ml/min) was used for 0.2 g of catalyst
ample.

.3. Steam reforming of LNG

Steam reforming of LNG was carried out in a continuous
ow fixed-bed reactor at atmospheric pressure. Each calcined
atalyst (100 mg) was charged into a tubular quartz reac-
or, and then reduced with a mixed stream of H2 (3 ml/min)
nd N2 (30 ml/min) at 700 ◦C for 3 h. Water was sufficiently
aporized and continuously fed into the reactor together with
NG (92.0 vol.% CH4 and 8.0 vol.% C2H6) and N2 carrier
30 ml/min). The steam/carbon ratio in the feed stream was fixed
t 2.0, and the total feed rate with respect to the catalyst was
aintained at 27,000 ml h−1/g. The catalytic reaction was car-

ied out at 600 ◦C. Reaction products were periodically sampled
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nd analysed using an on-line gas chromatograph (Younglin,
CME 6000) equipped with a thermal conductivity detector.
NG conversion and H2 composition in dry gas were calculated
n the basis of carbon balance as follows

NG conversion (%) =
(

1 − FCH4,out + FC2H6,out

FCH4,in + FC2H6,in

)
× 100

(1)

H2 composition in dry gas (%)

= FH2,out

FH2,out + FCH4,out + FC2H6,out

+FCO,out + FCO2,out

× 100 (2)

. Results and discussion

.1. Chemical and physical property of XNiAl catalysts

Physical properties of XNiAl (X = 15, 20, 25, 30, 35, and
0) catalysts were examined by nitrogen adsorption–desorption
sotherm measurements. Fig. 1 shows the nitrogen
dsorption–desorption isotherms and pore size distribu-
ions of selected XNiAl (X = 15, 30, and 40) catalysts. The
NiAl (X = 15, 30, and 40) catalysts showed IV-type isotherms
ith H2-type hysteresis loops, indicating the existence of
ell-developed framework mesopores. Furthermore, the XNiAl

X = 15, 30, and 40) catalysts showed narrow pore size distribu-
ions centered at around 2–5 nm. The XNiAl (X = 20, 25, and
5) catalysts also showed isotherms, hysteresis loops, and pore
ize distributions similar to those observed for XNiAl (X = 15,
0, and 40) catalysts. These results indicate that mesoporous
ickel–alumina xerogel catalysts were successfully prepared in
his work.

Detailed chemical and physical properties of XNiAl (X = 15,
0, 25, 30, 35, and 40) catalysts are summarized in Table 1.

or comparison, the physical properties of bare alumina xerogel
31] are also listed in Table 1. It was revealed that the nickel
ontents of XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts were
lmost identical to the target nickel loadings. The incorporation

3
p
p
r

able 1
hemical and physical properties of XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts

atalyst Ni/Al atomic ratioa Actual Ni loading (wt%)a Su

are alumina xerogel 0.0 – 36
5NiAl 0.39 17.1 (15) 34
0NiAl 0.52 21.7 (20) 36
5NiAl 0.64 25.2 (25) 41
0NiAl 0.81 30.0 (30) 45
5NiAl 0.97 33.9 (35) 33
0NiAl 1.14 37.7 (40) 32

a Determined by ICP-AES analysis (values in parentheses represent the target nick
b Calculated by the BET equation.
c BJH desorption pore volume.
d BJH desorption average pore diameter.
ig. 1. Nitrogen adsorption–desorption isotherms and pore size distributions of
elected XNiAl (X = 15, 30, and 40) catalysts. All the catalysts were calcined at
00 ◦C prior to the measurements.

f nickel into mesoporous alumina did not greatly affect the
urface area, but decreased the pore volume and average pore
iameter of XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts,
hen compared to the bare alumina xerogel. It was found that

he surface area and the pore volume of the catalysts showed
olcano-shaped curves with respect to nickel content, although
hey did not show the same trend. Among the prepared catalysts,
he 30NiAl catalyst exhibited the highest surface area and the
argest pore volume.

.2. Nickel dispersion

Fig. 2 shows the XRD patterns of XNiAl (X = 15, 20, 25,

0, 35, and 40) catalysts calcined at 700 ◦C for 5 h. For com-
arison, the XRD pattern of bare alumina xerogel [31] is also
resented in Fig. 2. It is noteworthy that no diffraction peaks cor-
esponding to nickel oxide were observed even in the 40NiAl

calcined at 700 ◦C for 5 h

rface area (m2 g−1)b Pore volume (cm3 g−1)c Average pore diameter
(nm)d

5 0.64 4.7
0 0.20 2.1
0 0.30 2.1
2 0.32 2.4
8 0.42 2.6
3 0.37 3.1
8 0.36 3.0

el loading).
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3.3. Reducibility
ig. 2. XRD patterns of XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts calcined
t 700 ◦C for 5 h.

atalyst. This result indicates that nickel species were finely
ispersed in the XNiAl (X = 15, 20, 25, 30, 35, and 40) cata-
ysts, resulting in the formation of small nickel particles that
ere under the detection limit of XRD measurement [32,33].

nstead, the diffraction peaks (solid lines) indicative of spinel
ickel aluminate phase were observed in all the XNiAl (X = 15,
0, 25, 30, 35, and 40) catalysts. It was difficult to distinguish
lumina phase from nickel aluminate phase due to the overlap
f XRD peaks. The formation of nickel aluminate phase caused
he lattice expansion of alumina because the ionic radius of Ni
s larger than that of Al. In this work, it was observed that the
4 4 0) diffraction peak of alumina shifted to lower angle with
ncreasing nickel content. The above result implies that a nickel

luminate phase was formed in the XNiAl (X = 15, 20, 25, 30, 35,
nd 40) catalysts due to the homogeneous mixing and interaction
etween alumina sol and nickel precursor during the catalyst r

Fig. 3. TEM images of (a) 30NiAl and (b) 40N
ig. 4. TPR profiles of XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts calcined
t 700 ◦C for 5 h.

reparation. It is likely that the anionic acetate groups in the
ickel precursor (nickel acetate tetrahydrate) acted as chelating
gents retarding hydrolysis and condensation of the alumina sol,
hich resulted in the formation of Ni–O–Al composite structure

30].
Fine dispersion of nickel species in the prepared catalysts

as further confirmed by TEM analyses. Fig. 3 shows the TEM
mages of 30NiAl and 40NiAl catalysts calcined at 700 ◦C
or 5 h. No visible evidence representing nickel agglomerates
as found in both catalysts. This result indicates that nickel

pecies were finely dispersed in the nickel–alumina xerogel
atalysts, as confirmed by XRD measurements (Fig. 2). TEM
mages also showed that both 30NiAl and 40NiAl catalysts
etained well-developed mesopores, as demonstrated in Fig. 1
nd Table 1.
TPR measurements were carried out to investigate the
educibility of XNiAl (X = 15, 20, 25, 30, 35, and 40) cata-

iAl catalysts calcined at 700 ◦C for 5 h.
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Table 2
Catalytic performance of XNiAl (X = 15, 20, 25, 30, 35, and 40) and Ni/Al2O3-impregnation catalysts in the steam reforming of LNG at 600 ◦C

Catalyst LNG conversion
(%)a

H2 composition in
dry gas (%)a

CO composition in
dry gas (%)a

CO2 composition in
dry gas (%)a

H2/CO ratioa Carbon deposition
(wt%)b

Equilibrium at 600 ◦C 99.89 76.08 16.98 6.28 4.48 –
20Ni/Al2O3-impregnation 15.42 43.98 8.32 9.61 5.29 12.0
15NiAl 66.59 65.23 11.67 15.00 5.58 0.1
20NiAl 72.54 66.07 12.14 14.46 5.44 0.4
25NiAl 79.70 67.45 12.89 14.41 5.22 0.5
30NiAl 80.68 67.70 12.09 15.06 5.60 0.3
35NiAl 78.38 67.24 12.44 14.49 5.40 0.5
40NiAl 76.28 66.52 12.75 14.49 5.22 0.2
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and 30NiAl catalysts showed a stable catalytic performance dur-
ing the reaction, extending over 1000 min. It was also observed
that the XNiAl (X = 15, 25, 35, and 40) catalysts exhibited a
stable catalytic performance during the reaction (although their
a Obtained after a 400-min reaction at 600 ◦C.
b Determined by CHNS elemental analysis after a 1000-min reaction at 600 ◦

ysts, and to examine the interaction between nickel species and
lumina. Fig. 4 shows the TPR profiles of XNiAl (X = 15, 20,
5, 30, 35, and 40) catalysts. All XNiAl (X = 15, 20, 25, 30,
5, and 40) catalysts showed a broad reduction band at around
00 ◦C. This means that the stable nickel aluminate phase was
ormed in the XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts,
n good agreement with the XRD results (Fig. 2). However, the
eduction peak shifted to a lower temperature with increasing
ickel content in the XNiAl (X = 15, 20, 25, and 30) catalysts. In
ther words, the interaction between nickel species and alumina
ecreased with increasing nickel content in the XNiAl (X = 15,
0, 25, and 30) catalysts. It is believed that the surface nickel
luminate phase, which is easier to be reduced than the bulk
ickel aluminate phase, was preferentially formed with increas-
ng nickel content in the XNiAl (X = 15, 20, 25, and 30) catalysts
34,35]. On the other hand, both 35NiAl and 40NiAl catalysts
xhibited a higher reduction peak temperature than the 30NiAl
atalyst. It was reported that the reducibility of nickel catalyst
upported on alumina decreased with decreasing nickel loading
nd with increasing calcination temperature [36]. In the 35NiAl
nd 40NiAl catalysts, however, the reducibility decreased with
ncreasing nickel content. It is believed that the bulk nickel alu-

inate phase was dominantly formed in the 35NiAl and 40NiAl
atalysts unlike in the XNiAl (X = 15, 20, 25, and 30) catalysts.
he nickel species mainly exist on the surface of alumina in the
ickel catalyst impregnated on alumina. In the XNiAl (X = 15,
0, 25, 30, 35, and 40) catalysts, however, the nickel species
xist both on the surface and in the bulk of alumina due to homo-
eneous mixing of nickel precursor and alumina sol, resulting
n the formation of both surface nickel aluminate phase and
ulk nickel aluminate phase. It is believed that the majority
f nickel species was located in the bulk of alumina when the
xcess amount of Ni was added into alumina sol as the case
f 35NiAl and 40NiAl catalysts. The TPR results presented in
ig. 4 clearly demonstrate that the reduction peak temperature
f XNiAl (X = 15, 20, 25, 30, 35, and 40) catalysts showed a
olcano-shaped curve with respect to nickel content. This means
hat optimal nickel content was required for the effective forma-

ion of surface nickel aluminate phase in the XNiAl (X = 15, 20,
5, 30, 35, and 40) catalysts. Among the catalysts examined,
he 30NiAl catalyst showed the highest reducibility (the lowest
eduction peak temperature).

F
2
A

.4. Steam reforming of LNG

The catalytic performance of XNiAl (X = 15, 20, 25, 30,
5, and 40) and Ni/Al2O3-impregnation catalysts in the steam
eforming of LNG at 600 ◦C is summarized in Table 2. It is well
nown that the steam reforming of methane is an equilibrium-
ontrolled reaction. The equilibrium methane conversion and
ydrogen composition in dry gas at 600 ◦C were 99.89 and
6.08%, respectively. The performance of XNiAl (X = 15, 20,
5, 30, 35, and 40) and 20Ni/Al2O3-impregnation catalysts was
ower than the equilibrium value. However, the H2/CO ratio was
igher than the theoretical value.

Fig. 5 shows the LNG conversions with time on stream over
0NiAl, 30NiAl, and 20Ni/Al2O3-impregnation catalysts in the
team reforming of LNG at 600 ◦C. It is noticeable that the
0Ni/Al2O3-impregnation catalyst experienced a severe cata-
yst deactivation due to the significant carbon deposition on
he catalyst surface. CHNS elemental analyses revealed that
he 20Ni/Al2O3-impregnation catalyst contained 12 wt% car-
on species after a 1000-min reaction. However, both 20NiAl
ig. 5. LNG conversions with time on stream over 20NiAl, 30NiAl, and
0Ni/Al2O3-impregnation catalysts in the steam reforming of LNG at 600 ◦C.
ll catalysts were reduced at 700 ◦C prior to the reaction.
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atalytic performance was not shown in Fig. 5). The amount
f carbon species deposited on the XNiAl (X = 15, 20, 25, 30,
5, and 40) catalysts after a 1000-min reaction was less than
.5 wt%.

The superior catalytic performance of the XNiAl (X = 15,
0, 25, 30, 35, and 40) catalysts compared to the 20Ni/Al2O3-
mpregnation catalyst can be explained by the chemical and
hysical properties of the XNiAl (X = 15, 20, 25, 30, 35, and 40)
atalysts. It is believed that the highly dispersed nickel species
nd the well-developed mesopores in the XNiAl (X = 15, 20,
5, 30, 35, and 40) catalysts greatly enhanced coke resistance
y preventing polymerization of the adsorbed surface hydro-
arbons during the steam reforming reaction. Furthermore, the
trong interaction between nickel species and alumina in the
NiAl (X = 15, 20, 25, 30, 35, and 40) catalysts effectively sup-
ressed sintering of nickel particles through the formation of a
table nickel aluminate phase.

Fig. 6 shows the LNG conversions and H2 composi-
ions in dry gas over XNiAl (X = 15, 20, 25, 30, 35, and
0) catalysts in the steam reforming of LNG, plotted as a
unction of nickel content. Both LNG conversion and H2
omposition in dry gas showed volcano-shaped curves with
espect to nickel content, and decreased in the order of
0NiAl > 25NiAl > 35NiAl > 40NiAl > 20NiAl > 15NiAl. This
esult indicates that optimal nickel content was required for
aximum catalytic performance of mesoporous nickel–alumina

erogel catalysts. It is also believed that the highest surface area
nd the largest pore volume of 30NiAl catalyst were partly
esponsible for its superior catalytic activity (Table 1). The
igh surface area and large pore volume of the 30NiAl catalyst
mproved adsorption of both LNG and steam onto the catalyst
urface. Harmonious adsorption of hydrocarbons (LNG) and
team onto the surface of the 30NiAl catalyst, in turn, enhanced
he gasification reaction between two components. The surface

ickel aluminate phase in the 30NiAl catalyst also played an
mportant role in increasing the surface area of active nickel,
esulting in the enhanced catalytic performance of the 30NiAl
atalyst.

ig. 6. LNG conversions and H2 compositions in dry gas over XNiAl (X = 15, 20,
5, 30, 35, and 40) catalysts in the steam reforming of LNG, plotted as a function
f nickel content. The catalytic reaction data were obtained at 600 ◦C after a
00-min reaction. All catalysts were reduced at 700 ◦C prior to the reaction.
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ig. 7. Correlations between reducibility and catalytic activity of XNiAl (X = 15,
0, 25, 30, 35, and 40) catalysts in the steam reforming of LNG. The catalytic
eaction data were obtained at 600 ◦C after a 400-min reaction.

.5. Correlations between reducibility and catalytic activity

Although the reducibility of the catalyst is not the sole
actor determining the catalytic performance in the steam
eforming reaction, it can serve as a correlating parameter for
he catalytic performance in the steam reforming reaction. Fig. 7
hows the correlations between reducibility (reduction peak
emperature) and catalytic activity of XNiAl (X = 15, 20, 25,
0, 35, and 40) catalysts in the steam reforming of LNG. The
eduction peak temperature determined by TPR measurements
Fig. 4) increased in the order of 30NiAl (763 ◦C) < 25NiAl
773 ◦C) < 35NiAl (790 ◦C) < 40NiAl (805 ◦C) < 20NiAl
821 ◦C) < 15NiAl (846 ◦C). The lower reduction peak temper-
ture corresponds to the higher reducibility of the catalyst. It
hould be noted that both LNG conversion and H2 composition
n dry gas were well correlated with the reducibility of the
atalyst. Both LNG conversion and H2 composition in dry gas
ncreased with increasing reducibility of the catalyst; more
educible catalyst showed a better catalytic performance in
he steam reforming of LNG. It is believed that the surface
rea of metallic nickel was higher in the more reducible
atalyst through the formation of surface nickel aluminate
hase. Among the catalysts tested, the 30NiAl catalyst with
he highest reducibility showed the best catalytic performance.
herefore, it is concluded that optimal nickel content was

equired for maximum catalytic performance of mesoporous
ickel–alumina xerogel catalysts in the steam reforming of
NG.

. Conclusions

A series of mesoporous nickel–alumina xerogel catalysts
ith various nickel contents were prepared by a single-step

ol–gel method, and were applied to hydrogen production by
team reforming of LNG. The effect of nickel content on the

atalytic performance of XNiAl (X = 15, 20, 25, 30, 35, and 40)
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