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Abstract: Ni-based catalysts supported by +v-Al,O, were
prepared for improving the lower heating value (LHV) of
biomass gasification fuel gas through methanation. Prior to the
performance tests, the physico-chemical properties of the
catalyst samples were characterized by N, isothermal
adsorption/desorption, X-ray diffraction ( XRD) and a
scanning electron microscope (SEM). Afterwards, a series of
experiments were carried out to investigate the catalytic
performance and the results show that catalysts with 15% and
20% Ni loadings have better methanation catalytic effect than
those with 5% and 10% Ni loadings in terms of elevating the
LHYV of biomass gasification fuel gas. Moreover, controllable
influential factors such as the reaction temperature, the H,/CO
ratio and the water content occupy an important position in the
methanation of biomass gasification fuel gas. 15Ni/y-Al,O,
and 20Ni/y-Al, O, catalysts have a higher CO conversion and
CH, selectivity at 350 C and the LHV of biomass gasification
fuel gas can be largely increased by 34.3 % at 350 C. Higher
H,/CO ratio and a lower water content are more beneficial for
improving the LHV of biomass gasification fuel gas when
considering the combination of both CO conversion and CH,
selectivity. This is due to the fact that a higher H,/CO ratio
and lower water content can increase the extent of the
methanation reaction.
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biomass

t is generally accepted that energy and fossil fuel con-
Isumption are crucial to industrial and economic devel-
opment. However, traditional fossil fuels such as coal
and petroleum have a limited storage amount and also can
cause various severe environmental problems such as air
pollution and the greenhouse effect during use. Biomass
fuel gas generated from gasification of organic materials
rooting in forestry and agricultural residues, for instance,
wood and straw, can be utilized as an alternative, clean
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and supplementary source of fuel'".

Hence, production
of biomass fuel gas through gasification has attracted
more and more attention recently due to the increasing
market demand and the encouragement of the national en-
ergy policy. Nevertheless, the lower heating value
(LHV) of some types of biomass gasification fuel gas is
relatively small (2 to 6 MJ/m’ under standard temperature
and pressure) due to different biomass sources and gasifi-
cation conditions”™ . From perspective of combustion, a
smaller LHV potentially implies a larger amount of fuel
gas when the same amount of heat is in need, which ac-
cordingly raises the operation costs of a few factories and
plants. Furthermore, gas appliances are designed in ac-
cordance with certain heating values. Biomass gasifica-
tion fuel gas with an insufficient heating value might
cause undesired damage to them and influence the effi-
ciency of combustion. Therefore, it is economically and
securely meaningful to improve the LHV of biomass gasi-
fication fuel gas.

Two technologies have been frequently employed to en-
hance the lower heating value of biomass gasification fuel
gas: 1) Decreasing the content of N, contained in the
gas; 2) Converting CO and H, into CH, through metha-
nation. The first technology normally includes the process
of N, separation from the product gas, which correspond-
ingly increases the content of toxic CO and explosive H,,
thus increasing the complexity and risk to the system. Be-
sides, choosing some novel substances such as steam'”™
or oxygen-enriched air'”"” as biomass gasification agents
can reduce the dilution effect of N, on the LHV of bio-
mass gasification fuel gas as well. Similarly, this method
may also decrease maneuverability. Methanation of syn-
gas has been investigated extensively over a century. It is
generally applied to produce high purity methane from
syngas (CO + H,) out of coal gasification or to remove
CO from ammonia synthesis feed gas (N, + H,) in am-
monia plants'"' ™. In recent years, this technology has
played a significant role in the elimination of CO impuri-
ties from reformate gas for polymer electrolyte fuel cells
(PEFCs) or polymer electrolyte membrane fuel cells
(PEMEFCs) '™,
applying the technical approach of methanation into the

However, from the current literature,

biomass gasification fuel gas system for LHV enhance-
ment is rarely reported.

According to the research results of Ma et al. '™, the
CO disproportionation reaction, also known as Boudouard
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hibited by adding water vapor to the system. Considering
the existence of water during our research, the effect of

which leads to carbon deposition, can be in-

this side reaction can be ignored. The main reaction in
our system, which refers to methanation reaction, is
highly exothermic.
transformed into thermal energy with the reaction pro-
ceeding, which naturally causes a considerable loss of en-
ergy, thus leading to the reduction of thermal efficiency.
In addition, the volumetric flow rate of the product gas
will decrease with the increase in the generation of CH,
since the methanation reaction belongs to volume-reduced
reactions. Inadequate product gas volume will have im-
pact on the use continuity of gas appliances. Consequent-
ly, sufficient assurance of product gas volume should be
taken into consideration for the purpose of industrial ap-
plication when aiming at increasing the LHV of the bio-

Massive chemical energy will be

mass gasification fuel gas through methanation. Though
the LHV of pure CH, is higher than that of single-compo-
nent CO and H,(35.914, 12.636 and 10. 785 MJ/m’ for
CH,, CO and H,, respectively), the formation of CH, is
based on the CO and H,, which also have a certain
amount of heating value that can partially account for the
total LHV of the biomass gasification fuel gas. In a nut-
shell, it is not optimum to carry out methanation as thor-
oughly as possible from those aspects above.

The key factor of methanation is the catalyst and vast
quantities of noble-metal and transition-metal methanation
catalysts have been studied'”’. In comparison with metals
such as Ru, Rh and Co"™™, the Ni-based catalyst is
more appealing for methanation due to its massively suc-
cessful industrial application and lower market price.
Many efforts have been made to enhance the performance
of the Ni-based methanation catalysts in order to produce
a higher quality methane or to remove CO from the am-
monia synthesis feed gas more thoroughly. The results of
Lu et al. *" indicated that VO_ can promote the dissocia-
tion of CO in the methanation reaction and thus yield
more methane. Kim et al.'" reported that Ir-doped Ni
catalysts showed the best performance for decreasing the
CO content from reformate gas below 10 x 10 ~* at 190 to
230 C. As for the catalyst support, various metal oxides
such as AlLO,, SiO,, ZrO, and TiO, can be used as
methanation catalyst support. Of all these materials,
Al,O, is the most typical one for methanation. Liu et
al. ™ systematically compared three Ni-based catalysts
and concluded that the low-temperature activity of the
three catalysts are in the order of Ni/Al,O, > Ni/ZrO, >
Ni/CeO,. Unlike the systems mentioned above, our goal
in this work is to improve the heating value of biomass
gasification fuel gas by partial methanation. As a result,
there is no need to remove CO as utterly as possible by
selective methanation or to produce high quality methane
by complete methanation on the premise of the expected

requirements. Accordingly, the catalysts employed in the
biomass gasification fuel gas system will act differently
from those catalysts described above.

In this paper, with the purpose of studying the feasibil-
ity and practicality of biomass gasification fuel gas LHV
improvement through methanation, a systematic inquiring
experiment was carried out. In terms of the catalysts for
methanation, we selected nickel as the active metal and
v-Al, O, as the support due to its abundance and various
advantages such as high stability and having a satisfactory
porous structure.
successfully loaded on the support and observe the surface
difference of the catalysts with diverse Ni loadings, N,
isothermal adsorption/desorption, X-ray powder diffrac-
tion (XRD) and a scanning electron microscopy ( SEM)
were used to characterize the catalyst samples.

In order to examine whether Ni was

1 Experimental
1.1 Catalyst preparation

The Ni/vy-Al,O, catalysts with different Ni loadings
(5%, 10%, 15% and 20% ) were prepared by an im-
pregnation method and the whole preparation process was
elucidated as follows. First, the y-Al,O, granular support
(2 to 3 mm) was impregnated with an aqueous solution of
Ni(NO,), - 6H,0. During the period of impregnation,
the mixture was kept at 60 ‘C for 12 h so as to obtain cat-
alyst precursor samples with uniformly dispersed Ni spe-
Secondly, after impregnation, all samples were
dried at 120 C overnight and subsequently calcined at
450 C for 4 h in air. In order to describe the catalysts
with different Ni loadings conveniently, the abbreviations
of the catalysts are denoted as ANi/y-Al,O,(6 =5, 10,
15 and 20) in this paper.

cies.

1.2  Catalyst characterizations

The X-ray diffraction (XRD) analysis of the catalyst
samples were measured on an X-ray diffractometer
(Smart Lab, Japan) with Cu Ka radiation under a 0. 02°
scanning step and a 20 (°)/min scanning speed operating
at 40 kV and 100 mA. The wavelength A was 0. 154 nm
and the scanning 26 angle range was from 20° to 80°.
The phase identification was carried out using the profes-
sional processing software Jade.

The specific surface area of the support and catalysts
was evaluated by the BET method using N, adsorption at
- 196 C via an automated gas adsorption analyzer ( BEL-
SORP-Mini, Japan). All the samples were pretreated un-
der N, flow at 150 C for 1 h prior to N, adsorption. The
morphology of catalyst samples was determined by a HI-
TACHI S-4800 scanning electron microscopy ( SEM) op-
erating at 5 kV.

1.3 Catalyst pretreatment and testing

The biomass gasification fuel gas methanation tests
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were conducted in a continuous flow fixed-bed reactor
equipped with a stainless steel tube (inner diameter: 50
mm) under atmospheric pressure (see Fig.1). The cylin-
der gas was employed to simulate the composition of the
biomass gasification fuel gas and the feed gas flow was
controlled by the mass flowmeter. A peristaltic pump was
employed to guide the water to the reactor tube. A pre-
heater under 250 C was utilized to preheat the feed gas
and transform the liquid water into steam. The reaction
temperature was measured in the middle of the cata-

AL :
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@f 7-Heating furnace

lyst bed by a K-type thermocouple. In a typical methana-
tion reaction, 50 mL catalysts were reduced in a gas flow
of H,(GHSV: 1 000 h™') at 450 C for 2 h. When the
oven was cooled down to 200 C, the reduction gas was
subsequently switched to the reaction feed gas( GHSV:
2000 h™'). All the tests were performed in a temperature
range of 300 to 500 C. The composition of dry gaseous
products was analyzed by VARIO PLUS (MRU, Germa-
ny) posterior to a water trap and the gas analyzer is accu-
rate to the 0.01% level.

¢ 1-Mass flowmeter
2-Temperature controller of preheating section
3-Temperature controller of reaction section
4—Peristaltic pump
5—Deionized water
6—Preheater

8—Catalyst granules
9—Cold trap
10-Allochroic silica gel
11-Analyzer
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Fig.1 Schematic diagram of biomass gasification fuel gas methanation reaction

1.4 Reactions and calculation

The process of biomass gasification fuel gas methana-
tion possibly includes the following main reactions:

CO +3H, —CH, +H, AH’= -206.1 kJ/mol
(1)
CO, +4H, —CH, +2H,0 AH’= -165.0 kJ/mol
(2)
CO +H,0 —CO, +H, AH’= -40.6 kJ/mol (3)
2C0——CO, +C AH'= -173.0 kJ/mol  (4)

In light of the reactions above, the LHV of the biomass
gasification fuel gas (unit: MJ/m’) is calculated as

LHV =10.785V,, +12.636V,, +35.914V,  (5)

The percentage conversion of CO (X,) and CH, prod-

uct selectivity (S.,,) are determined by'*”

- [Fco] om)/[Fco]in (6)

100 x [ Fey, 1
[Feolin + [Fcol] in

Xeo =100 x ([ Feol,,

out 7
_[FCO]oul_[FCOQ]uul ( )

where V is the volume fraction and F is the molar flow

SCH,, =

rate of the inlet and outlet species.

2 Results and Discussion

2.1 Textural properties and phase compositions of

the catalysts

Tab. 1 exhibits the textural properties of the support and
prepared catalysts. The y-Al,O, support is provided with
a high surface area and pore volume. The addition of Ni
can significantly decrease the BET surface area and pore
volume. However, the shrunken surface area of the cata-
lysts are still considerable enough for catalytic perform-
ance which can be proven in our following experiments.
In addition, the pore volume and the average pore diame-
ter descend with Ni loading. The pore size distribution
and N, adsorption/desorption isotherms of the support and
catalysts are shown in Fig. 2. It can be seen that the
v-Al, O, support exhibits a pore size distribution centered
at 3.82 nm. The addition of Ni to the support shifts the
pore size distribution to smaller sizes. Most of the pore
size concentrates on the range of 2 to 10 nm. Judging
from the patterns of isotherms in Fig.2(b), the y-Al O,
support and catalysts are with mesoporous structure (2 to
50 nm) according to the IUPAC classifications for the
isotherms'*".

As shown in Fig. 3, in comparison with the material
PDF cards, the diffraction peaks of four different Ni-load-
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Tab.1 Textural properties of the support and catalysts

Surf: P A
Support/ urface ore Peak pore verage
area/ volume/ ) pore
Catalysts — ;5 _;, diameter/nm
(m*-g™") (ecm’-g7") diameter/nm
v-Al, O5 241.46 0.399 5 3.82 6.618 0
5Ni/y-Al, O, 192.70 0.367 3 3.72 7.624 6
10Ni/y-Al, O5 179.80 0.337 8 3.72 7.5153
15Ni/y-Al, O, 179. 15 0.314 4 3.71 7.020 2
20Ni/y-Al, Oy 175. 66 0.275 4 3.71 6.270 2
En
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Fig.2 N, isothermal adsorption/desorption analysis. (a) Pore
size distribution; (b) N, adsorption/desorption isotherms
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Fig.3 XRD patterns of Ni/y-Al, O, catalyst samples

ing catalysts appeared at 37.3°, 43.3°, 62.9° and 75.5°
are assigned to distinct peaks of the NiO ( PDF #75-
0197). The XRD patterns of 5Ni/vy-Al, O, and 10Ni/~y-
Al, O, catalysts do not show peaks at 62. 9° and 75. 5°
due to the high dispersion of the NiO species. In addi-
tion, the unique peaks observed at 45.7° and 67.3° cor-

respond to distinct peaks of y-Al,O, ( PDF#04-0880)
These indicate that Ni was successfully loaded on the ~y-
Al, O, carrier. Besides, Fig.3 displays some discrepancy
among four catalysts. It can be seen that the intensity of
NiO diffraction peaks increases and half peak bandwidth
decreases with the increase in Ni loading, which suggests
that the grain size of NiO becomes larger when more Ni is
loaded on the y-Al,O, support'™ . This can be deduced
by the Debye-Scherrer formula (D = Ky/Bcosf) and ex-
plained by the fact that overlarge Ni loadings will reduce
the degree of NiO dispersion, thus easily leading to the
aggregation of Ni species on the support.

SEM images in Fig. 4 display the texture properties of
four catalysts with different Ni loadings. It can been seen

(d)
Fig.4 SEM images of y-Al, O; supported Ni catalysts. (a) SNi/
~v-Al,05; (b) 10Ni/y-AlL, O5; (¢) 15Ni/y-Al,O5; (d) 20Ni/y-Al, O,
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that catalysts with less Ni loading (5Ni/y-Al,O,, 10Ni/
v-AL,O,) show uneven structure while Ni species on the
catalysts with more Ni loading (15Ni/vy-Al,O,, 20Ni/~-
Al,O,) disperse uniformly. Notably, a NiO cluster can
be clearly observed in the SEM image of 20Ni/y-Al,O,,
which is consistent with the XRD results.

2.2 Effect of reaction temperature

As shown in Fig. 5, the LHV of biomass gasification
fuel gas can be increased to a various extent through
methanation over Ni/y-Al, O, catalysts ( The dotted line
in Fig. 5 represents the original LHV of biomass gasifica-
tion fuel gas before methanation). All the catalysts with
different Ni loadings presented catalytic performance and
revealed the same changing pattern. For one certain cata-
lyst, the LHV increases with the increase in reaction tem-
perature to a peak then decreases. As for 5% and 10%
Ni loading catalysts, the LHV reaches maximum at 400
C while for the 15% and 20% Ni loading ones, the crest
value of LHV appears at 350 C.

2r 72sNiy-A1L,0,; = 10Niy-ALO,
SNiy-ALO;; N 20Ni/y-ALO

10 . 3
= BN E
= / : \ ] /—.
=4 % \ 8 /=

=\ = =
=\1: =

2 % b \ I”‘g %-.

= 1E s

2=z % § =i A éi

300 35 300 450 500
Temperature/C

Fig.5 LHV of biomass gasification fuel gas after methanation
reaction with the dry feed gas consisting of 46.4% H,, 18.6%
CO, 27.0% CO,, 8.0 % N,and the liquid water flow rate of
7.63 mL/h

The relationship between CO conversion and reaction
temperature is displayed in Fig. 6. Notably, the line plots
for all the catalysts reveal the same pattern. The CO con-
version reaches a maximum value at 350 C. Compared
to other catalysts, 20Ni/y-Al, O, has the highest CO con-
version and 5Ni/y-Al,O, has the lowest CO conversion.
Tab. 2 lists the methane selectivity of the catalysts applied
in the tests. As can be seen, the 15% and 20% Ni load-
ing catalysts have the higher methane selectivity at 350 C
in contrast with other reaction temperatures. This might
explain the fact that the LHV of biomass gasification fuel
gas after methanation reaches a maximum value at 350 C
when combined with CO conversion, as shown in Fig. 6.
However, in terms of 5% and 10% Ni loading catalysts,
the methane selectivity at 400 C is higher than those at
other temperatures though the CO conversion at 400 C is
not the highest. Therefore, the LHV attains a crest value

at 400 C.
100 -
90
80t

70

—e— 5Ni/y-AL0,
| ——10Niy-AL0,
50| —— 15Nify-ALO,
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Temperature/C

CO conversion/%

60

40

Fig.6 CO conversion with the dry feed gas consisting of
46.4% H,, 18.6% CO, 27.0% CO,, 8.0% N,and the liquid
water flow rate of 7. 63 mL/h

Tab.2 Methane selectivity of catalysts with different Ni load-
ings under test temperatures

Catalysts " S300 Saso Sa00 Saso Ss00
5Ni/v-Al, O, 54.03 52.73 77.03 56.91 63.47
10Ni/y-Al, O5 48.15 59.16 69.83 47.31 48.79
15Ni/y-Al, O 64.53 77.51 59.99 50. 63 59. 64
20Ni/y-Al,O;  59.06 60.75 48.87 46.90 48.78

Note: * represents the methane selectivity under 300 C and the rest
follow in the same manner.

2.3 Effect of H,/CO ratio

As shown in Fig. 7, the LHV growth rate of biomass
gasification fuel gas after methanation increases with the
increase in the H,/CO ratio. Best of all, the LHV of bio-
mass gasification fuel gas can be improved by 34. 3%
when the H,/CO ratio is 2.5 for 15Ni/vy-Al, O, catalyst.
According to Eq. (1), the stoichiometric ratio of H,/CO
is 3, and from the perspective of reaction kinetics, more
H, will promote the reaction. Therefore, the LHV has the
largest growth rate when the H,/CO ratio is 2. 5 under the
selected experimental conditions. Moreover, it can be
seen that the LHV of biomass gasification fuel gas is diffi-
cult to enhance, it even decreases when the H,/CO ratio
is 0.8 or 1.0. This is due to the fact that under those cir-
cumstances, the H,/CO ratio is far lower than the stoi-
chiometric ratio of the methanation reaction. In conse-
quence, the degree of the reaction is small and CH, pro-
duction is insignificant. Hopefully, referring to the
process of synthetic natural gas production from coal,
adding a technology of water gas shift reaction ( WGS)
before methanation'" or developing bifunctional catalysts
combined with WGS and methanation'”’ may be able to
ease such a situation. For the 20Ni/y-Al, O, catalyst, it is
noteworthy that the LHV growth rate at the H,/CO ratio
of 2.5 is smaller than other catalysts. This phenomenon
may be explained by the fact that powerfully released re-
action heat will intensify the aggregation of the Ni species
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and/or cause sintering, thus reducing the catalytic
effect”™ . According to SEM images in Fig. 4, 20Ni/~-
Al, O, catalyst presents a NiO cluster.

40 r—e— 5Ni/y-Al0,

—&— 10Nif-ALO,
30 F—v—15Ni/y-ALO,
—a— 20Nify-ALO,

20

LHV growth rate/%

~10 1 I 1 )
0.5 1.0 1.5 2.0 2.5

H,/CO ratio

Fig.7 LHV growth rate of biomass gasification fuel gas after
methanation at 350 C with the dry feed gas consisting of
27.0% CO,, 8.0% N,, the H,/CO ratio varying from 0. 8 to
2.5 and the liquid water flow rate of 7. 63 mL/h

The lines in Fig. 8(a) show the varying pattern of CO
conversion along with the change of H,/CO ratio.
Among them, 20Ni/y-Al, O, catalyst has the the highest
CO conversion and 5Ni/y-Al, O, catalyst has the lowest.
Similarly, the CO conversion increases with the increase
in the H,/CO ratio for all four catalysts with different Ni
loadings. This phenomenon may be due to the fact that a
larger H,/CO ratio means more H, in the reaction sys-
tem, thus providing more H, to react with the CO. In
terms of CH,selectivity (bar charts in Fig. 8(b)), I5Ni/
v-AlL,O, possesses higher CH,selectivity than 10Ni/~y-
Al, O, although the CO conversion of 10Ni/y-Al,O, is
higher than 15Ni/vy-Al,O,. The combined analysis of CO
conversion and CH,selectivity proves that the LHV
growth rate using 15Ni/y-Al, O, is higher than that using
10Ni/~v-Al, O, in the H,/CO ratio range of 0.8 to 2.5.

2.4 Effect of water content

Biomass fuel gas derived during the gasification period

. . oL 27
generally contains impurities such as tar'*”

, so washing is
commonly employed in order to obtain pure gas product.
In this case, dry fuel gas will carry various contents of
water according to the washing temperature. In this pa-
per, with the purpose of investigating the effect of water
content on the LHV of biomass gasification fuel gas
through methanation, several saturation water contents
(6.2%, 8.1%, 10.4%, 13.4%, 17.2% ) are adopted
corresponding to different washing temperatures (45, 50,
55, 60 and 65 C). As shown in Fig.9, the LHV growth
rate decreases with the water content for both the H,/CO
ratio of 2.5 (see Fig.9(a)) and the H,/CO ratio of 1.5
(see Fig. 9(b)), which indicates that introducing water
into the system plays a negative role in enhancing the LHV
of biomass gasification fuel gas.

100F
._”.__’/_._’-———-
90} /”*///;/A
8 80+
8
£ 70+
z —+—5Ni/y-ALO,
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o ‘
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(b)
Fig.8 Conversion and selectivity of the catalysts at 350 C
with the dry feed gas consisting of 27.0% CO,, 8.0% N,, the

H,/CO ratio varying from 0. 8 to 2. 5, and the liquid water
flow rate of 7.63 m/h. (a) CO conversion; (b) CH, selectivity
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(b)
Fig.9 LHV growth rate of biomass gasification fuel gas after
methanation at 300 C. (a) The dry feed gas consisting of
46.4% H,, 18.6% CO, 27.0% CO, and 8.0% N,; (b) The

dry feed gas consisting of 39. 0% H,, 26. 0% CO, 27.0%
CO, and 8.0% N,
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CO conversion is influenced by water content as well.
As can be seen in Fig. 10(a), CO conversion declines
with water content for all four catalysts at the H,/CO ratio
of 2.5. This is due to the fact that water is the product of
methanation reaction according to Eq. (1) and Eq. (2)
and introducing water to the reaction system will increase
the partial pressure of water, thus reducing the degree of
methanation reaction. As a consequence, CO conversion
decreases thereupon. Much attention should be paid on
Fig. 11 (a). For 15Ni/y-Al, O, and 20Ni/y-Al, O, cata-
lysts, some difference in Fig. 10(a) can be seen. The CO
conversion increases when the water content increases
from 10.4% to 13.4% . This phenomena may be due to
water gas shift reaction (WGS) according to Eq. (3). Ni
also has a catalytic effect on WGS"™' .
abundant Ni active sites for methanation, the extra Ni ac-
tive sites can be utilized for WGS. This may explain the

When there are

phenomena mentioned above since there are more Ni ac-
tive species on the surface of 15Ni/y-Al, O, and 20Ni/~y-
Al, O, catalysts than that of 5Ni/vy-Al,O, and 10Ni/vy-
Al, O, catalysts on the basis of the SEM images in Fig. 4.

Besides, as mentioned in section 3.3, CH, selectivity of
15Ni/v-Al, O, catalyst is higher than that of 10Ni/~y-
Al, O, catalysts (bar charts shown in Fig. 10(b) and Fig.
11(b)) though the CO conversion of 15Ni/y-Al, O, cata-
lyst is lower than that of 10Ni/y-Al, O, catalyst, which
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Fig.10 Conversion and selectivity of the catalysts at 300 C
with the dry feed gas consisting of 46.4% H,, 18. 6% CO,
27.0% CO, and 8.0% N,. (a) CO conversion; (b) CH, selectivity
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Fig.11 Conversion and selectivity of the catalysts at 300 C
with the dry feed gas consisting of 39. 0% H,, 26. 0% CO,
27.0% CO, and 8.0% N,. (a) CO conversion; (b) CH, selectivity

leads to the fact that the LHV growth rate using 15Ni/~y-
Al, O, catalyst surpasses the LHV growth rate using 10Ni/
v-Al, O, catalyst.

3 Conclusion

1) The LHV of biomass gasification fuel gas can be
heightened to various degrees with the catalysis of Ni/~y-
Al,O, under distinct operation conditions. According to
the performance tests, 15Ni/y-Al,O, and 20Ni/y-Al, O,
are highly efficient in terms of improving the LHV of bio-
mass gasification fuel gas due to their remarkable catalytic
effect.

2) When investigating the single influential factor,
15Ni/v-Al, O, and 20Ni/vy-Al, O, catalysts function desir-
ably at 350 C due to their satisfactory CO conversion and
CH, selectivity. Also, a higher H,/CO ratio and lower
water content are favorable for elevating the LHV of bio-
mass gasification fuel gas.

3) From the results of the experiments, improving the
LHV of biomass gasification fuel gas with a low H,/CO
ratio ( <1.0) merely through methanation is difficult to
achieve. Adding a process of water gas shift reaction be-
fore methanation or employing catalysts with both func-
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tions may address such a problem.
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