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ABSTRACT
Pyrolysis gas chromatography mass spectrometry (Py-GC/MS) studies were carried out on catalyzed and uncatalyzed Nigerian corn
cobs at 500oC. The catalyst used was Pd-doped γ- Al2O3.The compounds produced in the catalyzed and uncatalyzed samples were
similar but in different quantities. The Pd-doped γ- Al2O3, significantly reduced the quantities of acids and alcohols from 12.84% to
4.16% and that of miscellaneous oxygenates from 2.78% to 1.45%. The quantity of phenolic compounds, aldehydes and ketones, as
well as furfural increased significantly. Pd-doped γ- Al2O3 has been shown to improve the quality of bio-oil by reducing the
quantities of acids and miscellaneous oxygenates in order to make bio-oil less corrosive.
Key words: Fast Pyrolysis, Py-GC/MS, Corn Cobs, Pd-Doped Γ- Al2O3, Catalyst and Bio-Oil.

1. INTRODUCTION
A lot of attention has been drawn to renewable energy
because of the shortage of fossil fuels and carbon emission
problems. In order to attain a sustainable environment, there
is an urgent need to make a transition to renewable resources
of energy. With increasing global energy demand and
deteriorating atmospheric greenhouse effects, biomass has
become a promising energy source due to its abundance,
carbon-fixing, and carbon-neutral properties. If well-managed
and regulated, biomass is a sustainable source of energy that
offers significant life-cycle GHG savings compared to fossil
fuels. The carbon dioxide produced from burning biomass is
captured during plant growth and is perceived as carbonneutral and able to reduce the net CO2emissions when
displacing fossil fuel use (W.-H. Chen & Lu, 2003; W.-H.
Chen & Wu, 2009; Fiaschi & Carta, 2006; McKay, 2006;
McKendry, 2002).
Biomass is widely considered to be a major potential future
energy source. Biomass was the main energy resource for
human beings in the past until the industrial revolution, when
petroleum begun to be widely used. Biomass is the largest of
all renewable resources that are utilized worldwide in
underdeveloped, developing and developed countries. It is
more available than most renewables like wind and
hydropower ("Drax, Biomass: The Fourth Energy Source," ;
W.-H. Chen, 2011). In the context of current energy
problems, biomass has been found to be an eco-friendly
alternative source of renewable energy. This has led many to
look towards biomass as the only sustainable alternative to
fossil fuels that is capable of yielding petroleum like products
(Balat, Balat, Kirtay, & Balat, 2009; Bridgwater & Peacocke,
1999; Huber, Iborra, & Corma, 2006; Serrano-Ruiz &
Dumesic, 2011; Stephanidis et al., 2011).
Parallel with the growing interest in biomass as an alternative
source of fuel and chemical feedstock, there is an increased
demand for innovative technologies for the conversion of
biomass to bio-oils (W.-H. Chen, & Kuo, P.-C. , 2011; Deng,
Wang, Kuang, Zhang, & Luo, 2009). Among the currently
used conversion processes are: pyrolysis, anaerobic digestion,
hydro-carbonization, incineration, and combustion under

controlled atmosphere. Fast pyrolysis is a thermal
decomposition process that takes place in the absence of
oxygen to convert biomass into liquid products, noncondensable gases and solid chars (Bridgwater & Peacocke,
1999; Mohan, Pittman, & Steele, 2006). Pyrolysis is one of
the most promising processes that converts lignocellulosic
materials into transportation fuels and chemicals because it is
one of the few techniques that offers the opportunity to use
nearly all of the biomass (Mettler, Vlachos, & Dauenhauer,
2012).
Biomass has been known to compose mainly of cellulose,
hemicellulose and lignin. Cellulose is a high molecular
weight (106 or more g/mol) linear polymer of β-(1→4) linked
D-glucose units in the 4C1 conformation. Biomass comprises
about 40-50% cellulose. Unlike cellulose, which is homo
polymer (homogeneous) carbohydrate, hemicellulose is a
hetero polymer (mixture) of various polymerized
monosaccharides such as hexoses (e.g., glucose, galactose,
mannose), pentoses (e.g., xylose, arabinose) and sugar acids
(e.g., glucuronic acid, 4-O-methyl glucuronic acid,
galacturonic acid) (Saha, 2003; Sun, Lawther, & Banks,
1998). Hemicellulose constitutes 20-30% of biomass and can
be easily hydrolyzed by an acid to produce its monomer
components. Lignin is a highly complex three-dimensional
cross-linked macromolecular substance that consists of
substituted phenyl propane units (e.g., guaiacyl, syringal, and
p-hydroxyphenyl), linked together by C-O and C-C bonds
(Nadji et al., 2009).
Corn cobs, stalks and leaves are abundant biomass resources
and it is advantageous for the lignocellulosic parts of corn
plants to be converted to fuels in order to enhance the total
crop value per acre, while relieving some of the pressure on
food price inflation. Unfortunately, very little corn stover, is
converted to higher value added products because most of it
is discarded as waste or as low-grade fuels (Cao, Xie, Bao, &
Shen, 2004; Lin, Keener, & Essenhigh, 1995).
Generally, bio-oils are viscous, acidic, thermally unstable,
and contain a high proportion of oxygenated compounds. The
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quality of bio-oils can be improved by the addition of
catalysts into the pyrolysis process. The catalyst is expected
to enhance the cracking reactions of the heavy molecules in
pyrolysis products, leading to the production of less viscous
bio-oils, reduce the formation of carboxylic acids in order to
make bio-oil less corrosive and enhancing the formation of
more valuable products like hydrocarbons that can increase
the heating value of bio-oil.

2.3 Product analysis

There are a number of publications on corn stover pyrolysis
(Capunitan & Capareda, 2012, 2013; Dang, Yu, & Luo, 2014;
Huang, Kuan, Chang, & Tzou, 2013; Ren et al., 2014; Shah et
al., 2012; C. Yang et al., 2010; X. Yang, Dey Laskar, Ma,
Zhang, & Chen, 2013; Yu, Ruan, & Steele, 2009; Zhong,
Song, Zhang, Liu, & Xue, 2014) but to the best of our
knowledge, none of these reports has focused on the effect of
Pd-doped γ- Al2O3 catalyst on the fast pyrolysis of corn cobs.
The current study aims at utilizing the waste of the corn
plant- corn cobs, to generate bio-oils by catalytic fast
pyrolysis. The catalyst is expected to reduce the formation of
carboxylic acids in the bio-oil and in essence make the bio-oil
less corrosive.

The peak area and peak area percentage of each pyrolytic
product were identified and determined. The chromatographic
peaks were discriminated and analyzed by means of the NIST
MS library and other literature data (Artigues, Puy, Bartroli,
& Fabregas, 2014; Samanya, Hornung, Apfelbacher, & Vale,
2012; J.-P. Sun, Sui, Zhang, Tan, & Wang, 2013; Zhang et
al., 2013; Zhang et al., 2009). For each chemical composition,
a calibrated peak area % was identified to represent its
relative content. Besides, it was known that the products
could not be collected during the Py-GC/MS experiments,
and therefore, the yields of total organic pyrolysis products
could not be determined. The total calibrated
chromatographic peak areas were used to reveal the changes
of product yields, because the mass of feedstock was kept
exactly the same during each experiment. Pyrolysis of each
sample was carried out three times, to determine the
consistency of the experimental results. The peak arears we
added and the average determined and presented. However,
some peaks were not identified.

2. MATERIALS AND METHODS

3. RESULTS AND DISCUSSIONS

2.1 Preparation of corn cobs
Dry corn cobs were collected from some farms in the city of
Jos, Nigeria, the cobs were oven-dried at 120 oC for 2 hours,
crushed in a Bauer Mill (Bauer Brothers Co., MN, USA) and
screened to a particle diameter of 0.5-2 mm, using a universal
vibrating screen. The catalyst was heated in an oven at 110C
for two hours to eliminate moisture. The ratio of corn cobs to
Pd-doped γ- Al2O3 catalyst was 10:1. The corn cobs and Pddoped γ- Al2O3 were homogenized, by mixing thoroughly in a
mortar.

3.1 GC/MS of pyrolyzed Nigerian corn cobs at 500oC
Figures 1 and 2 are the GC/MS chromatograms of the
pyrolyzed Nigerian corn cobs. The two figures look similar
with only slight differences.

2.2 Pyrolysis-GC/MS procedure
4.0 mg of the ground sample was placed in a quartz capillary
tube and then held in a CDS pyroprobe (500 series, model
5150). The pyroprobe was interfaced with a 300ºC transfer
line, into a platinum coil attachment. Each sample was
pyrolyzed at 500 oC at 20oC/ms heating rate. The hold time at
the pyrolysis temperature was approximately 10s. The
pyrolysis vapors were directly transferred to the GC/MS
(Model: Clarus 500 GC/MS, Perkin Elmer, Inc., MA, USA)
which carried out the analysis. The transfer line and injector
temperatures were kept at 300 oC. An Elite-35MS capillary
column (30 m × 0.25 mm × 0.25 μm) was used for
chromatographic separation. Helium (99.9%) was the carrier
gas with a constant flow rate of 1 mL/min and a split ratio of
1:8. During the analysis of the pyrolytic products from the
stalks, the GC oven was heated from 40 oC to 280 oC (2 min)
with the heating rate of 10oC/min. The GC/MS interface was
held at 280 oC and the mass spectrometer was operated in EI
mode at 70 eV.
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Figure 1. GC/MS of Uncatalyzed Corn Cobs
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Figure 2. GC/MS of Catalyzed Corn Cobs
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Table 1. Compounds Detected in the Py-GC/MS of Catalyzed and Uncatalyzed Corn Cobs
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3.2 Comparative Py-GC/MS of the catalyzed and
uncatalyzed pyrolyzed corn cobs, based on the compounds
identified
Table 1 is a list of compounds detected in the catalyzed and
uncatalyzed pyrolyzed corn cobs. Most of the compounds that
were produced by the uncatalyzed sample were also produced
by the catalyzed corn cobs. However, compounds such as:1Pronane-2-ol,acetate; Acetaldehyde, hydroxy-; Ethyl-1propenyl ether; 1,2-Benzenediol and Phenol,4-ethyl-2methoxy were produced by the pyrolyzed catalyzed corn
cobs but were absent in the uncatalyzed sample. Propanoic
acid,2-oxo-,methyl ester; 1,2-Cyclopentanedione; Phenol,2methoxy-4-(1-propenyl)-;
Benzaldehyde,4-hydroxy-3,5dimethoxy-; Ethanone,1-(4-hydroxy-3,5-dimethoxyphenyl)and 4-Hydroxy-2- methoxycinnamaldehyde were produced
by pyrolyzed uncatalyzed corn cobs but absent in the
pyrolyzed catalyzed sample.

The pyrolyzed uncatalyzed sample produced a relatively high
percentage of acids and alcohols (12.84%) while the
pyrolyzed catalyzed sample produced only 4.16% (Figure 3).
The pyrolyzed catalyzed sample produced more aldehydes
and ketones as well as furans. However, the pyrolyzed
uncatalyzed sample did not produce any esters and ethers,
while the pyrolyzed catalyzed samples produced 2.23%. The
pyrolyzed catalyzed corn cob produced more phenolic
compounds (17.02%) than the uncatalyzed sample (14.23%).
The pyrolyzed uncatalyzed sample produced more
miscellaneous oxygenates than the catalyzed sample. The Pddoped γ- Al2O3 catalyst employed in this study increased the
quality of bio-oil produced by decreasing the quantity of
acids and miscellaneous oxygenates in the bio-oil and
increasing the quantity of aldehydes and ketones, furans as
well as phenolic compounds.

3.3 Comparative Py-GC/MS of the catalyzed and
uncatalyzed pyrolyzed corn cobs, based on the relative
peak area% of the classified compounds
The compounds detected in the pyrolyzed catalyzed and
uncatalyzed corn cobs were classified into: acids and
alcohols: Acetic acid; n-Hexadecanoic acid and
1,Benzenediol. Aldehydes and ketones include: 2-Propanone;
1-hydroxy, 1-Hydroxy-2-butanone; Butanedial and 1,2
Cyclopentanedione. Among the phenolic compounds are:
Phenol,2-methoxy; 2-Methoxy-4-vinylphenol and Phenol,2,6dimethoxy. The miscellaneous oxygenates include: 2Propanone,1-(acetyloxy)-; Propanoic acid,2-oxo- methyl ester
and
Dihydroxybenzaldehyde4-Hydroxy-2-,
methoxycinnamaldehyde. The furans are: Furfural; 2Furanmethanol and 2(5H)-Furanone. Other classes of
compounds are: esters and ethers.
IJST © 2015– IJST Publications UK. All rights reserved.
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Figure 3. Classes of Compounds Detected in the Py-GC/MS of Catalyzed and Uncatalyzed Pyrolyzed Corn Cobs

Acids and ketones are majorly formed from hemicellulose
because of its characteristic structure while furans and smallmolecule aldehydes are produced by cellulose. Furfural is
considered to have originated from hemicellulose by the
concerted cleavage of the bond between oxygen and C-5
position on the xylose unit, followed by ring reforming
between C-2 and C-5 position, by dehydration (Lv et al.,
2013; Peng & Wu, 2010). Small molecular weight aldehydes
originate mainly from the secondary decomposition of
anhydrous sugars because under high temperatures, the
anhydrous sugars (especially levoglucosan) that are generated
from the direct conversion of the cellulose molecules can be
further decomposed through possible dehydration, fission,
decarbonylation, and decarboxylation reactions (Lv et al.,
2013; Peng & Wu, 2010).
The production of aldehydes through the decomposition of
anhydrous sugars was confirmed by the fact that very few
anhydrous sugars are produced from the fast pyrolysis of
cellulose at 500 oC. However, in this study, levoglucosan was
not identified in both pyrolyzed samples. Ketones with
slightly large molecular weights are formed mainly from the
decomposition of sugar units and then recombination of the
opened bonds (Shen, 2009). Monomeric phenols and cyclic
compounds are formed from the fracture of ether linkages and
the C-C bonds contained in the side chains of the lignin
monomer. 2-Methoxy-4-vinylphenol and phenol,2,6dimethoxy are formed from guaiacyl and syringyl lignin units
respectively (Hosoya, Kawamoto, & Saka, 2009).

4. CONCLUSION

higher value added products such as bio-oil because most of it
is discarded as waste or as low-grade fuels. Bio-oils are
viscous, acidic, thermally unstable, and contain a high
proportion of oxygenated compounds. The addition of
catalysts into the biomass pyrolysis process is expected to
enhance the cracking reactions of the heavy molecules in
pyrolysis products, leading to the production of less viscous
bio-oils and reduction in the formation of carboxylic acids in
order to make bio-oil less corrosive.
The Pd-doped γ- Al2O3 catalyst that was employed in this
study significantly reduced the quantity of acids and alcohols
from 12.84% to 4.16% and miscellaneous oxygenates from
2.78% to 1.45%. The quantity of phenolic compounds,
aldehydes and ketones as well as furfural increased
significantly because of the presence of Pd-doped γ- Al2O3.
This study has shown that the quality of bio-oils can been
improved by the addition Pd-doped γ- Al2O3 to the pyrolysis
process.
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