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Preface

Environmental issues and uncertainly in the future of fossil based energy sources have
stimulated global interest in the development of alternative and renewable fuels. In this
context, biomass has been identified as a promising resource because of it is abundantly
available and convertible into different forms of bio-energy which suits various needs. In
addition, bio-energy is acknowledged as environmental friendly because it produces less
CO2. There is also a high potential benefits from C-sink for carbon trade in line with
Kyoto protocol. However, during the past few years, several controversies have
complicated bio-energy development. It has been implicated for exacerbating climate
change rather than mitigating and also been cited as a major factor in rising food prices.
Such different views reflect that in addition to technical issues, socio-economic issues
should be taken into account in pursuing of bio-energy development.

Recognizing the important roles of biomass, The University of Lampung placed biomass
development as one of the priorities. In line with this commitment, currently The
University of Lampung has established The Biomass Laboratory, under the management
of Research Institution. This particular laboratory is devoted to biomass development in a
board sense related to biomass utilization, including development of alternative energies.
Further development is projected to up-grade this laboratory into A Centre of Excellent
on Biomass Research in the next few years. As a part of development plan toward
establishment of the centre, Lampung University and Yokohama National University are
planning to collaboratively host international seminar on biomass utilization and
management, in order to gain more insight on biomass utilization impacts on Green
House Gas Emission (GHGE).

The seminar is planned to be carried out to pursue the following three main goals (1) to
improve knowledge and understanding of Indonesian scientists (participants) on the
ongoing development of science and technology in the field of biomass, (2) to enhance
the capacity of the participants in carrying out research on various aspects of biomass,
and (3) to enhance understanding on the impacts of biomass utilizations and related
issues of C-sink issues for carbon trade in line with Kyoto Protocol and Green House
Effects due to CO2 emission.

In this opportunity, on behalf of the Organizing Committee and The University of
Lampung, | would like to thank all the participants for their presentation. | would like to
extent our sincere thanks and highest appreciation to Yokohama National University for
invaluable supports, including financial support for the seminar. Our appreciation also
extent to the Government of the Province of Lampung, PT Gunung Madu Plantation, BNI
46, Directorate General of Higher Education Department of National Education, and
many others for their supports.
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Abstract

NiO/LaCrO; catalyst was prepared using citric acid methodnfits’ precursor of nitrates. The preparation
steps consist of wet impregnation of varied permges (b/b) NiO into LaCr{, evaporation and calcination.
To examine its activity, the catalyst was used ,Conversion experiment at different temperaturdsge T
experimental results indicated the dependency of @iiversion on temperature, with the highest methan
formation (176.051L) was achieved at 18T under Ar/CH (40/10, 50 mL mif) as a feed. Adding Ogas
into feed increasing the methanol formation anditibeement achieved 68%. X-ray diffraction examiomat
proved that its crystalline phases consist of Nifbic structure in a bulk crystalline of LaGy@erovskite
structure. Furthermore, increasing Ni contentrgtg unit cell volume of catalyst. FTIR analyspgpaared to
indicate that both the Lewis and Bragnsted-Lowrylaiies were involved in the catalytic conversiéiCbl,.

Keywords: CH, Conversion, NiO/LaCr@activity, CHOH formation, Lewis and Bragnsted-Lowry acid projesrt

1. Introduction

Now days, air emission regulation has been apglibdoadly across the nations, especially
on activities resulting pollutant gases such as,N8®,, and CQ. In addition, source of
fuel energy is limited for 20 — 30 years. Therefdireding out the energy resource dealt with
environment is really interesting and challengingBell et al., 2004,

AtlanticBiomass@aol.com, www.acrion.coand www.methanol.org ).

One of alternative energy resources is biomass wgtmarvelous abundance. Biomass can
be change simply to biogas by catalytic pyrolysen@robial process. The main product of
these processes is methane gas. Furthermore, raedhans processed to methanol by these
methods, first forming synthesis gas and then nmethar direct methane oxidation to
oxygenates excluding the synthesis gas generateyg $n the first method, including

synthesis gas forming, unfortunately is a highlgahermic process, thus also expensive.

In case of direct methane oxidation to oxygenates)y researchers are involved in over the
world. For instances, HZSM-5 supported Fe and MNsewconsidered to be active to
methanol production both in intermediate and hgyhperatures (Michalkiewicz, 2004). In
other research, one group reported that methane bmantransformed into higher
hydrocarbons or alcohol by using first row tramsial metal oxides — containing ZSM-5

catalyst . The reaction is happened vig ©n formation (Han et al., 1994). Another group

ISBN : 978-979-18755-7-8 1-284
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of research used water as a feed due to increasméthanol formation (Alptekin, et al.,
2000).

In this moment, we study the conversion of methizwd@ methanol using LaCr{Odoped
NiO. Here, we emphasize our study on how incrgphli content into LaCr@can give a
synergic effect in directly partial oxidation of thane to methanol at low reaction

temperature.

2. Experimental
2.1. Catalysts Characterization

X-rays power diffraction pattern of NiO/LaCsOwere recorded from&= 10 to 98 on a
Philips diffractometer Model PW 1710 using Ci Kadiation at a step 0.02 Electron
micrographs were obtained with Scanning Electroorbticope . To determine Lewis and
Br@nsted — Lowry sites, catalysts were previouslgtacted to ammonia saturated vapor at

ambient temperature, using FT-IR spectrophotometer.

2.2. Catalysts Preparation

Solid LaCrQ was prepared by dissolving Cr(h@. 9 HO, and La(NQ@)3 . 6 HO in citric
solution. Then, these solutions (1:1) was mixed awdporated until sol — gel solution
formed. Furthermore, this precursor was calcinate600°C for 6 hours (increased by 2
°C min™). Solid formed was crushed into a fine grain. GataLaCrQ supported NiO were
prepared by dissolving nickel nitrate solid in icitsolution and then adding LaCy®olid
with ratio 5 to 7% (NiO : LaCrg). After solvent evaporated, sol — gel form wasdrand

calcinated as before. Solid NiO was also prepasddllow as mentioned above.

2.3. Catalytic Measurements

The reaction was carried out in the U — tube re@actmtaining catalyst. A schematic
diagram of the experiment is shown in Fig. 1. tihdae (1), oxygen (2), hydrogen (3), and

Argon (4) were supplied from the gas cylinders ppgad by micrometric valves (5). The
ISBN : 978-979-18755-7-8 1-285
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mixing reagents were passed by valve (6) to thetgueactor (7) of an inside diameter 12
mm. The catalyst bed was placed on quartz graims.reactor was heated by furnace. The
measurement and control of temperature was endweitiermocouple and temperature
regulator with a digital meter. The gas productsassed to dichloromethane solution as a
trapper. The reaction was held at 100 —°250The contact time was carried out for 30
minutes. The composition of mixture products waslyred chromatographically using a

Varian apparatus equipped with mass spectrometectde with argon as a carrier gas.

Figure 1. A schematic diagram of the experimergalip : Methane (1), oxygen or hydrogen (2), and
Argon (3) were supplied from the gas cylinders ppad by micrometric valves. The mixing

reagents were passed by valve to the quartz re@jtand catalyst is located on (5), furnace with
temperature program (6). The gas products wasatetleon trapper containing dichloromethane (7)

and gas plastic bag before analyzing.
3. Results and Discussion

3.1. Catalyst Characterizations

In Figs. 2 and 3 XRD powder patterns of the pregpdr@CrQ, NiO and 6% NiO/LaCrQ
catalysts are presented. All the patterns of pegpaolids exhibit the typical lines for
LaCrGs, NiO and 6% NiO/LaCr@solids respectively.

ISBN : 978-979-18755-7-8 1-286
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Figure 2. Diffractogram LaCr£and NiO calinated at 600 and reduced by tyas

In case of NiO/LaCr@solid, there are two lines a2 44.5 and 62which are the strong
lines of Cubic NiO, JCPDF 47 — 1049. No evidencamy other phase besides LaGinhd
NiO was found in all samples. For catalyst impreégdavarious NiO, the obtained line

intensities and patterns are not depending on Ni@emnt.

Intensitas (arb. unit)

200 1
100

0] 10 20 30 40 50 60 70 80 920
Sudut2@/°

Figure 3. Diffractogram 6% NiO/LaCralinated at 60 and reduced by tyas

ISBN : 978-979-18755-7-8 1-287
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Further investigation using Rietveld program to 6@NaCrG; solid, proved that its unit
cell change such as parameter a = 5,536A , b=5/784n ¢ = 7,7941A (goodness of
fitting, x* = 1,306 and unit cell - volume = 236,424s shown on Figure 5 and Table 1
below. Increasing NiO content in LaGy@nlarging unit cell volume of NiO/LaCgO
catalyst.

LaCro3
#*

+

750
7004
5504
500 4
550
5004
4504
400 4
=50
3004
250
200 4
150
100
50
ol
_50,
100
RELE
20 25 =0 35 400 45 =0 55 &0 &5 70 75
2 theta (deqg)

Counts

Figure 5. XRD diffractogram 6% NiO/LaCg@alculated by Rietveld method

Table 1. Unit cell Parameter of 5 — 7% NiO/LaGr@btained by Rietveld method

NiO/LaCrO 3 a(A) b (A) c @A) Volum (A3)
5% 5,5300 5,4867 7,7850 236,208
6% 5,5360 5,4794 7,7941 236,426
7% 5,5390 5,4800 7,7950 236,607

Note: calculated cell volume, V = a x b x ¢ be@asisnpleorthorhombicstructure

Fig. 6 shows the typical scanning electron micrpgc(SEM) picture. The background
homogeneity of LaCr@phase was covered partially distribution of NiGwadysis of EDAX
ZAF result showed that 6% NiO/LaCg@onsists of 34.53% La atom, 34.05% Cr atom, and
6,38% Ni atom. It implies that the solid of LaCr@8ped 6% NiO has formed in an

apropriate ratio.

ISBN : 978-979-18755-7-8 1-288
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Figure 6. Electron micrograph 6% NiO/LaGrO

Gravimetric acidity of NiO/LaCr@increases if it is compared tboseof both NiO and

LaCrO; as shown on Figure 7 below. Quantitatively, dgidncrement caused of NiO
addition to LaCrQ is about 24%. Acidity distribution of brgnsted-Lgwand Lewis sites
respectively is further discussed.

mmol NHs/ (g kat * 10)

e P e s~ P A

NiO LaCrO3 NiO/LaCrO3

Figure 7. Gravimetric acidity of NiO, LaCgland 6% NiO/LaCr@respectively

ISBN : 978-979-18755-7-8 1-289
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Infra red spectra analysis of 6% NiO/LaGr@bsorbed ammonia have done in order to
knowing acid distribution on both brgnsted-Lowryddrewis sites . Vibration of —Njand
—NH," forms is referred Br@nsted-Lowry and Lewis acigsirespectively. This spectra is
showed on Figure 8, scanned on the range 450 — &®90Wave number range of 3100 —
3700 cn refers to stretching vibration and below 2500cis indicated to bending and

rocking vibrations.
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Figure 8. FTIR spectra of 6% NiO/LaCy@®eated ammonia for 24 hours

Formation ammonium ion, —Nf (Br@nsted-Lowry acid) is showed on wave number of
1483,15 and 1409,12 ¢hwhereas coordinated species is referred to Lavi site and is
showed on wave number of 1600 tmPeak appeared at 606,66 dan 420,35 ismeferred
respectively to O-Cr-O deformation and Cr-O stregtghvibration (Zheng et al., 1999).
However, peaks appeared on wave number 498; 488;5d8 cni as a characteristic
adsorption of NiO is not exist .

3.2. Methane oxidation

In this experiment, the gas composition as a feedriCH, (40/10) and temperature
reactions are 100, 150, 200, and Z50respectively . As shown on Figure 9 below, the
tendency of methanol formation is decreased as deatyre increase. Since there was no

oxygen supply from outside, the transformationrisy@ccured by oxygen bulk involved.
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Figure 9. Methanol formation in various temperat@&ction on 6% NiO/LaCr
( Label 1 = 18D, 2= 150C, 3= 206C, 4= 250C)
The same pattern of tendency is also happened GnCgadoped by 7% NiO as shown on
Figure 10. However, the tendency on Lagddped by 5% NiO is the methanol formation
increases as temperature reaction increases ewaghthits quantity is lesser than that of
6% NiO/LaCrQ catalyst.
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Figure 10. Methanol formation in various temperattgaction on 5 and 7% NiO/LaCGyO
( Label 1 = 16a, 2= 156C, 3= 2006C, 4= 256C)

Furthermore, by adding as in the feed as Ar/GHD, (35/10/5), the methanol formation
on the lowest reaction temperature, AD@ increased as shown in Figure 11 below.
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Figure 11. Methanol formation under the feed of?4/O, (35/10/5) at 10€C

In general, by adding {@as on the feed, the methanol formation is in@eéakn addition, as
NiO quantity as dopant increases the methanol fiiomaalso increases. The biggest
increment is happened on 7% NiO/LaGreatalyst. The increment is almost achieved 68%.

It means that oxygenous supply on transform, Gak into CHOH is working.

Conclusions

Based on this experiment, we can conclude that témeperature reaction affect the
formation of methanol from methane gas. In genethlcatalyst of LaCr@doped NiO is
active on this reaction. In the reaction undelCAt{ as a feed, the bulk oxygen of catalyst
played a role on transforming methane gas into ameth Increasing the Ni content in
LaCrG; catalyst giving a negative effect to methane cosiva. Furthermore, adding.@as

on the feed increasing methanol formation.
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