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Abstract

It is very important to produce carbonaceous porous material from sustainable biomass resource and to investigate its dif-
ferent application areas. In this study, it was aimed to use fir wood sawdust as catalyst support material in precious metal
catalysts and to evaluate this catalyst in pyrolysis reactions of Brassica napus subsp. napus cake. Fir wood sawdust, which
have high carbon and volatile matter content, was a suitable raw material for the production of bio-char by carbonization
of biomass. 1%, 3% and 5% platinum (Pt) and palladium (Pd) metal loading was applied to fir wood sawdust biochar (FB)
and the obtained catalysts were characterized. Among the different metal-loaded catalysts, the catalysts with the highest
BET surface area are 5%Pd-FB and 1%Pd-FB catalysts. TEM images showed that as the amount of metal was increased, the
particle size of Pd metal was also increased. ICP-OES results verified that the used impregnation method was more efficient
and the standard deviation proportion was lower at low metal ratios. Pyrolysis experiments of B. napus subsp. napus were
carried out in analytical pyrolysis—gas chromatography/mass spectrometry (Py-GC/MS) system with and without catalyst.
Pyrolysis products was mixture of organic compounds in the range of C,—C,q carbons. With the application of catalytic
pyrolysis, while the amount of alcohol, which was the desired product, was increased in the pyrolysis product, the amount
of acid, which was the undesired product, was decreased. However, the amount of PAH, which was an undesirable product,
increased with some catalyst applications, showed that bi-metallic catalyst applications can also be applied in future studies.
Experimental results and discussions showed that the synthesis of carbon support material from biomass, which is a cheap
and renewable resource, is a promising study.
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1 Introduction waste conversion, biomass is an important raw material [2].
Lignocellulosic biomass is the most economical renewable
The chemicals that are the raw materials of the basic require-  carbon resource that could be utilized to obtain bio-chemi-

ments are generally produced from fossil fuels. Owing to  cals and bio-fuels by carrying out suitable eco-friendly pro-
the consuming of petroleum reserves and the environmental ~ cesses that achieve less greenhouse gas emissions [3].
effects of fossil fuels, the search for alternative renewable There are three main categories Waste to Energy Tech-
sources for chemical raw material production is increas-  nologies (WTE) to evaluate varied raw materials: thermo-
ingly important [1]. Biomass-based chemicals production  chemical, physicochemical and biochemical technologies.
is become more of an issue as alternative against climate =~ Thermochemical conversion of waste biomass to value-
change and dependence on fossil fuels. Especially, in terms  added chemicals has gained attention for sustainability of
of being a global resource, growing in each country and  waste management [4, 5]. Pyrolysis is one of the thermo-
chemical processes that is economically profitable on a
54 Elif Yaman large scale due to its energy efficiency of 80%. In addition
elif.yaman @bilecik.edu.tr to that, pyrolysis reduces environmental concern, in particu-
lar waste utilization, carbon sequestration and value-added
chemicals production [6]. Besides, with the development of
instrumental systems, Py-GC/MS system has been improved
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products of raw material in detail, successfully. The Py-GC/
MS system is also used for the characterization of complex
structures [7, 8]. The advantages of the system can be listed
as being rapid, sensitive and having the ability to separate of
complex pyrolysis product mixtures [9]. In addition to this,
the system needs very little sample amount, provides in situ
derivatization and sample preparation is so easy [10, 11].

The liquid product obtained by condensing volatile com-
ponents in biomass pyrolysis contains polar and non-polar
compounds with different molecular weights. Besides, it has
undesirable properties such as low thermal and chemical
stability, high oxygen content and high acid content [12].
These undesirable properties prevent the direct use of the
liquid product in refineries, as it provides high corrosivity
to the product [13, 14].

Performing the pyrolysis process with a catalyst provides
advantages such as increasing energy efficiency and the
desired product yield [15]. The catalytic pyrolysis process
consists of two stages: (i) pyrolysis of biomass (ii) catalytic
conversion of pyrolysis vapors. In the pyrolysis of biomass,
liquid product, non-condensable gaseous product and bio-
char are formed when it is heated. In the second stage, the
pyrolysis vapors contact the catalyst surface, where catalytic
conversion takes place. On this surface, aromatics, aliphatics
and alcohol are formed by the deoxygenation of oxygenated
compounds [16]. By using a catalyst in the pyrolysis process,
the quality and stability of the obtained liquid product is
increased, and a product that is easier to process, use and
transport is produced [17, 18]. According to Kobayashi et al.
when Pt catalyst was used in the pyrolysis of wheat waste,
the desired product yields such as sorbitol, xytol and other
sugar alcohols in the liquid product increased [19]. Simi-
larly, Yamaguchi et al. used pt catalyst to increase the yield
of sorbitol, mannitol, galacticol, xylitol and arabitol in the
liquid product. They also prepared ruthenium and platinum
as bi-metallic catalysts and determined that this catalyst was
more effective in the conversion of lignocellulosic biomass
[20]. In addition, the superior properties of biochar, which
is a solid product of the pyrolysis method, can be listed
as being thermally stable, rich in carbon and porous [21].
Features such as high surface area, chemical, thermal and
mechanical stability, homogeneous dispersion of metals on
the surface are the desired properties of a catalyst support
material [22]. Previous studies in the literature show that
activated carbon [23], carbon nanotubes [24], and biochar
[25, 26] can be used as catalyst support materials by means
of their above discussed properties.

The use of waste lignocellulosic biomass in pyroly-
sis technologies is encouraged because it eliminates the
competition against food. Forest wastes, which are among
the sources of lignocellulosic biomass, are arisen in great
abundance. Fir (Abies) is a coniferous species of the Abies
genus of the Pinaceae family. It grows in the tierra templada
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regions of the northern hemisphere, in the high mountain
areas and in North Africa, the Himalayas and Turkey. There
are 213,652 hectares of fir forest in Turkey [27]. Since fir
wood is used in the furniture sector, plenty of fir wood saw-
dust is produced in Turkey as both field waste and furni-
ture industry waste. Not only woody biomass but also farm
waste such as corn stalk, rice straw, wheat stem and Bras-
sica napus subsp. napus (rapeseed) cake are renewable lig-
nocellulosic resources. As a lignocellulosic biomass, these
farm wastes can be feedstocks for the fuel or chemicals pro-
duction [20]. Brassica napus subsp. napus cake is one of
the lignocellulosic residues of the edible oil factory. In the
world, approximately 68.9 million tonnes B. napus subsp.
napus was produced in 2016. In addition, in 2019, B. napus
subsp. napus production was approximately 250,000 tonnes
in Turkey.

This study includes synthesis, processing, characteriza-
tion and evaluation of biochar supported noble metal cata-
lysts as a porous material. Firstly, biochar was produced
from fir wood sawdust and the obtained biochar was evalu-
ated as a catalyst support material. Biochar supported mate-
rial loaded with Pt and Pd at different weight ratios was
used as a catalyst in B. napus subsp. napus cake pyrolysis
reactions. When the literature was analyzed, such a compre-
hensive study using the selected raw materials has not been
found. The reactions were performed in Py-GC/MS system.
The acquired results were targeted to promote towards the
development of bio-based and sustainable bio-chemicals
production.

2 Materials and methods

The raw materials which were used in this study are defined
in this section. In addition to this, catalyst synthesis and
characterization methods were described as well as the
pyrolysis system.

2.1 Fir wood sawdust and B. napus subsp. napus
cake

The moisture, volatile matter and carbon contents of the fir
wood sawdust (F) used in the production of catalyst support
material were 7.01 wt%; 80.74 wt% and 41.34 wt%, respec-
tively [28]. Since the carbonization method is a thermal
method, low moisture content is desired in the raw material
in order to decrease the energy requirement. In addition, for
the production of carbonaceous material, the raw material
has a high carbon content is preferred. According to its high
carbon content and low moisture content, F was a suitable
raw material for the production of carbonaceous material
by carbonization method. The weight percentage of carbon,
hydrogen, nitrogen and oxygen of the B. napus subsp. napus
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cake (BNC) to be subjected to the pyrolysis process were
45.04%, 6.29%; 5.26% and 44.41%, respectively. BNC had
a mid-calorific value (16.30 MJ/kg) and high volatile matter
content (73.09 wt%) [29]. While compared to other energy
crops, BNC was an appropriate raw material for the produc-
tion of value added and fuel-derived chemicals by volatiliza-
tion via pyrolysis method.

2.2 Synthesis and characterization of catalytic
materials

The carbonization process of F was carried out in muffle
furnace (Magma Therm). F sample was put in a closed pot
and placed in the muffle furnace. Temperature was increased
to 550 °C with a heating rate of 20 °C/min. The furnace
was kept at 550 °C for 10 min. Then, it was cooled to room
temperature. The sample taken from the muffle furnace was
cooled in a desiccator until it reached room temperature and
then stored in a moisture free environment. This carbonized
sample was coded as FB.

For the preparation of carbon supported catalysts contain-
ing 1%, 3% and 5% Pd, firstly, FB, which will be used as the
catalyst support material, was activated with 10% nitric acid
(HNO3) at 80 °C for 3 h. Activated catalyst support mate-
rial dried at room temperature. Then, palladium(II) chloride
(PdCl,) salt was weighed as to be the palladium content of
1%, 3% and 5% and dissolved in 12 mL of 1 M hydrochloric
acid (HCI) solution. 1 g of the activated support material was
weighed and prepared Pd solutions were added drop by drop
onto the solid. The mixture was kept at 30 °C for 20 h, and
at the end of this period, 30 wt% sodium hydroxide (NaOH)
solution was added until a basic pH (~ 8) was obtained. Stir-
ring was continued for 3 h at 30 °C, then heated to 60 °C and
800 uL of 37% formaldehyde was added. The mixture, which
was kept at 60 °C for 2 h, was filtered and washed 5 times
with distilled water. The catalyst separated from the filtrate
was dried at room temperature and ready for characterization
[3, 30, 31]. The obtained catalysts were codded as 1Pd-FB,
3Pd-FB and 5Pd-FB, respectively.

The activation process for the preparation of Pt-loaded
catalysts is the same as the Pd-loaded catalyst prepara-
tion method. Then, the tetraammineplatinum(II) nitrate
([Pt(NH;),](NOs),) salt was weighed as to be the platinum
amount was 1%, 3% and 5% and dissolved in 10 mL of
distilled water. 1 g of the activated support material was
weighed and prepared Pt solutions were added drop by drop
onto the solid at 50 °C. Then, 800 uL of 37% formaldehyde
was added and kept at this temperature for 1 h. The solid
separated from the solution by filtration was washed 5 times
with distilled water and dried in an oven at 100 °C for 2 h
[31-33]. The obtained catalysts were codded as 1Pt-FB, 3Pt-
FB and 5Pt-FB, respectively.

Surface area measurement analyzes of the prepared
catalysts were performed using the Brunauer, Emmet
and Teller surface area analyzer (BET, Micromeritics-
ASAP2020). BET surface areas (mZ/g), pore size (nm),
micropore and meso-macropore volumes (cm>/g) were
determined by multi-point BET analysis. Degas conditions
were 300 °C and 360 min.

Surface morphology of the catalysts were specified
using the Scanning Electron Microscope (SEM, ZEISS
SUPRA 40VP). Au/Pd coating process was applied to
provide the conductivity of the catalysts. The coating
thickness of the samples, which were coated for 1 min
under the Au/Pd source in the coating device (Quorum,
Q300 model), was approximately 100 nm. The parame-
ters of the SEM analysis were 15 kV acceleration voltage
(EHT), ~ 10 mm working distance (WD), different magni-
fication ratios and secondary electron (SE) detector.

Transmission Electron Microscopy (TEM, JEOL-JEM
2100UHR) analysis of the catalysts was performed by tak-
ing images from different regions with resolutions ranging
from 1000 to 10 nm.

Inductively Coupled Plasma-Optical Emission Spec-
trometry (ICP-OES, Shimadzu ICPE 9000) were used to
specify whether the Pt and Pd metals loaded on the cata-
lysts were in the desired amount by mass.

2.3 Py-GC/MS experiments

A Py-GC/MS System (Frontier Py-2020is pyrolyzer, Shi-
madzu QP2010 GC/MS) was used for analytical pyroly-
sis of B. napus subsp. napus cake. Approximately 1.0 mg
(£0.050 mg) of raw material was loaded into a small
size crucible, and then transferred to the microfurnace.
Pyrolysis process was isothermal at 550 °C and reaction
time was 10 min. The gas chromatograph equipped with a
Frontier Ultra Alloy column (30 mx 0.25 mm X 0.25 pm
film thickness) was used to chromatic separation of vola-
tile products. The column and injection part temperature
were 40 °C and 320 °C, respectively. The carrier gas was
helium which flowed 1.0 mL/min. In the catalytic pyrolysis
experiments, the catalyst:biomass ratio was set as 1:3 by
weight. NIST library was used to identification of peaks
from pyrolysis products. The defined chemical compounds
were graded into 5 groups; alcohols, aromatics, acids,
ketons and polyaromatic hydrocarbons (PAHs). Chemical
compounds that could not be identified by the NIST library
were named as unidentified. Py-GC/MS experiments were
applied three times under the same conditions to make
sure repeatability and the used values were average values
from these experimental runs.
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3 Results and discussion

In this section experimental results were presented and
discussed.

3.1 Characterization of the catalysts

The moisture and ash content of the FB sample produced
at 550 °C for 10 min were 1.21 wt% and 8.54 wt%, respec-
tively. It was determined that the moisture content of the
sample decreased by 82.74% after the carbonization process.
True density and bulk density were specified as 1.41 g/cm?
and 0.55 g/cm? in the previous work of the authors [21]. Dif-
ference between true density and bulk density verifies that
the porosity increased with the carbonization and porous
material was produced [34]. In accordance with the previous
studies [35], as the porosity improves during the carboniza-
tion, the bulk density decreases.

The BET analysis results of the FB samples loaded with
Pd and Pt metals in different weight ratios are given in
Table 1. Pt and Pd loadings were contributed to decrease
in the BET surface area as a consequence a significant pore
blockage. This result is in a harmony with the literature.
The authors specified the same results in Pt-loaded different
catalyst types in previous studies [36, 37].

As the amount of metal increased, there was no signifi-
cant change in the BET surface area of the Pd-loaded cata-
lyst, while the BET surface area of the Pt-loaded catalyst
decreased. This was sign to the metal accumulate in the
pores gradually with the increasing metal ratio [38]. While
both Pt and Pd metal were loaded on the carbon support,
the micropore volume also decreased. It is evident that the

Table 1 Porosity analysis results of the FB samples loaded with Pd
and Pt metals in different weight ratios

SgerT Pore size® V icro. V peso/macro”

(m°/g) (nm) (em’/g)  (em’/g)
FB 36.140 6.99 0.0125 0.0072
1Pd-FB 0.4256 355 0.0003 0.0021
3Pd-FB 0.4946 49.8 0.0003 0.0004
5Pd- FB 0.8589 314 0.0002 0.0011
1Pt-FB 17.6335 47.50 0.0064 0.0037
3Pt-FB 12.4532 28.4 0.0067 0.0009
5Pt- FB 15.4984 42.7 0.0063 0.0027

Sger specific BET surface area, (m%/g), V.., specific micropore vol-
ume, (cm*/g), V,.s0/macro SPECific meso/macro pore volume, (cm®/g)
*Multi point BET surface area

®Determined by BJH method from nitrogen adsorption data

“From V-t plot analysis

9From the difference of total pore volume at P/P0=0.99 minus the
micropore volume
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loaded metal is located not only on the external surface of
the biochar, but also inside the micropores. As it is known
from the literature, a high micropore volume can both
increase the adsorption ability of the catalyst and expand the
active sites [39]. However, the presence of metal particles
in the micropore in this study can increase the efficiency by
acting as a favorable catalyst in the adsorbing of undesired
products (acid and PAH) and their conversion to desired
products (alcohol and aromatics). Among the different
metal-loaded catalysts, the catalysts with the highest BET
surface area are SPd-FB and 1Pt-FB catalysts. When these
different types of catalysts were compared with each other,
it was determined that both the BET surface areas and the
micropore volume of the Pt loaded FB samples were higher.

SEM analysis results of FB samples loaded with 1%, 3%
and 5% Pd metal by weight were given in Fig. 1 and SEM
analysis results of FB samples loaded with 1%, 3% and 5%
Pt metal by weight were given in Fig. 2. According to the
SEM images obtained, it was determined that the increase in
the amount of loaded metal did not damage the morphologi-
cal structure of the catalysts in both Pd and Pt loaded cata-
lysts. However, in some catalyst areas, it was seen that the
metals were not homogeneously distributed on the support
and the metals tended to accumulate, which was encountered
with similar results in the literature [40].

TEM analysis results of FB samples loaded with 1%, 3%
and 5% Pd and Pt metal by weight were given in Figs. 3 and
4, respectively. Due to the catalyst support was carbona-
ceous material, it was seen that the resolution is low in the
images taken [41]. When the TEM images obtained from the
Pd-loaded FB sample were examined, it was seen that the
particle size distribution of the Pd metal is more apparent
since the higher resolution. The images of the different sam-
ples showed that the Pd particle size was highly dependent
on the amount of metal loaded. It has been determined that
as the amount of loaded metal was increased, the particle
size of Pd metal was also increased [3]. As seen in the TEM
images in Fig. 4, Pt loaded biochar catalysts had multi-layer
sheet structure.

ICP-OES analysis results of catalysts loaded with Pd
and Pt at different weight ratios are given in Table 2. It was
seen that the impregnation method used was more efficient
and the standard deviation proportion is lower at low metal
ratios. As can be seen from the table, generally the actual
metal loading value was lower than the nominal metal load-
ing value. The difference, which was especially in high
metal impregnations, was due to the fact that metals were
less soluble in the solvent and there was metal loss in the
beaker, pipette and other laboratory equipment used dur-
ing the impregnation method [42]. As it is known from the
literature, the interaction of the metal and the carbon sup-
port depends on the nature of the oxygen groups on the car-
bon surface [43]. The basic oxygen regions on the carbon
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Fig. 1 SEM images of FB samples loaded with different amounts of Pd metal by weight a 1Pd-FB, b 3Pd-FB, ¢ 5Pd-FB

support provide the formation of metal complexes between
the metals and the carbon surface [44]. As seen in Table 2,
it was specified that Pd was loaded on the carbon support
with higher efficiency. In the experimental section, while
Pd-carbon catalyst was synthesized, adjusting the basic pH
with NaOH provided the formation of metal complexes on
the Pd-carbon surface and thus the increase in metal loading
efficiency.

3.2 Pyrolysis of B. napus subsp. napus cake

The qualitative composition data of the B. napus subsp.
napus cake volatile components' from Py-GC-MS analysis
are given in Fig. 5. These results showed that the pyrolysis
products obtained through B. napus subsp. napus cake was
a mixture of organic compounds in the range of C;—C,q car-
bons. But the main product was acids which can be classified
as undesired product, because it leads to increase of the cor-
rosivity of bio-oil. PAHs were also undesired products due
to their carcinogenic potential. In other respects, alcohols,
ketones and aromatic hydrocarbons are desired products that
can be used for the production of valuable chemicals such
as fuels and bio-alcohol [41]. The peak area of alcohol was

determined as 23.02%. While this quantity was an accept-
able ratio to produce alcohol from B. napus subsp. napus
cake, the peak area of acids (36.94%) as undesired product in
the pyrolysis product should be reduced. Acids and alcohols
were produced from hemicellulose and cellulose by chain
breaking reactions during the pyrolysis process of the bio-
mass [9]. It can be performed the pyrolysis process catalyti-
cally with noble metal loaded catalyst in order to reduce the
acid yield, which was the undesired product, and to increase
the yield of alcohol as desired product [20]. According to the
above discussions, a possible reaction scheme for the pyroly-
sis of B. napus subsp. napus cake is presented in Fig. 6.

3.3 Catalytic pyrolysis of B. napus subsp. napus cake

Catalytic pyrolysis experiments were carried out in the pres-
ence of Pd and Pt loaded carbon support catalyst in order to
reduce the amount of acid, which is an undesirable product
in the pyrolysis of B. napus subsp. napus cake. In addition to
this, it is aimed to increase the yield of alcohol and aromat-
ics, which are the desired products.

The results obtained by grading the volatile compo-
nents obtained from the Py-GC/MS experiments using the
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Fig.2 SEM images of FB samples loaded with different amounts of Pt metal by weight a 1Pt-FB, b 3Pt-FB, ¢ 5Pt-FB

catalysts obtained by loading the FB sample with 1% Pd, 3%
Pd and 5% Pd were given in Fig. 7. The catalyst that reduced
the amount of acid, which was the undesired product, is the
1 wt% Pd loaded FB catalyst. As the amount of metal loaded
on the support material increases, the number of compounds
that cannot be detected by the library also increased. Cas-
soni et al. [3] stated that in the conversion of furan deriva-
tives to alcohol, furfural was converted to furfuryl alcohol by
catalytic hydrogenation reaction on Pd-carbon catalyst. The
increase in alcohol yield in pyrolysis reactions performed
with Pd-loaded biochar compared to the pyrolysis reactions
applied without catalyst could be explained by this reaction
pathway.

The results obtained by grading the volatile components
obtained from the Py-GC/MS experiments using the cata-
lysts obtained by loading the FB sample with 1% Pt, 3% Pt
and 5% Pt are given in Fig. 8. The peak area of the high-
est alcohol content was obtained as 31.02% with 1 wt% Pt
loaded catalyst. Yamaguchi et al. [20] stated that sugar alco-
hols were produced by the hydrogenation reaction of sugar
components in the presence of Pt/C catalyst. According to
this, higher alcohol yield was obtained by hydrogenation
reaction of sugar components hemicellulose and cellulose.

@ Springer

When the effects of Pt and Pd metals on the volatile
products were compared, the catalyst that increase the
alcohol content the most was the catalyst 1Pd-FB with a
peak area of 32.58%. Hydrogenation reactions for cata-
lytic upgrading of volatiles suggest the following reaction
sequence: (i) sugar — sugar alcohol (ii) ketone and alde-
hyde — alcohols (iii) carboxylic acid — alcohols. Accord-
ing to this sequence, the amount of acid obtained as a
result of catalytic pyrolysis reactions using precious metals
was also reduced. The catalyst that reduced the amount of
acid in the volatiles the most was the catalyst with 1 wt%
Pd load with a peak area of 18.24%. Also, Wang et al. [45]
stated that the chemical composition of the bio-oil changed
as a result of the hydrogenation reactions catalyzed by the
precious Ru metal catalyst. The yield of aromatics, another
desired product was also increased with the deoxygenation
of lignin oligomers over Pd and Pt loaded biochar catalyst.
However, metal-loaded catalysts caused an increase in one
of the undesirable products, PAH. Only 5Pt-FB catalyst
slightly reduced the amount of PAH. Possible reaction
pathways for alcohol and aromatics production according
to the explanations clarified above were given in Fig. 9.
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Fig.3 TEM images of FB samples loaded with different amounts of Pd metal by weight a 1Pd-FB, b 3Pd-FB, ¢ 5Pd-FB

Fig.4 TEM images of FB samples loaded with different amounts of Pt metal by weight a 1Pt-FB, b 3Pt-FB, ¢ 5Pt-FB
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Table 2 ICP-OES results of the FB samples loaded with Pd and Pt
metals in different weight ratios

Pd Pt (%)
Nominal Actual metal Nominal Actual metal
metal loading loading (%) metal loading loading (%)
(%) (%)
1Pd-BC 1.0 1.03+0.05 -
3Pd-BC 3.0 2.94+0.07 -
5Pd-BC 5.0 4.59+0.09 -
1Pt-BC - 1.0 1.06+0.05
3Pt-BC - 3.0 2.52+0.07
5Pt-BC - 5.0 4.21+0.10
40
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Fig.5 Chemical composition of B. napus subsp. napus cake pyrolysis
products (unidentified: chemical compounds that could not be identi-
fied by the NIST library)

3.4 Future perspective

In studies on the pyrolysis of biomass, it is very important
to increase the desired product yield and to use the by-prod-
uct efficiently. In this study, while valuable chemicals are
obtained from biomass by pyrolysis method, biochar, which
is produced as a by-product, was also evaluated as a catalyst
support material. Considering that catalysts are the highest
cost in the chemical industry, the importance of this study is
clear in terms of cheap catalyst support material production.
In the results obtained, it was determined that the surface
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areas were not very high and the metals agglomerated in
some regions. These problems should be eliminated in future
studies. However, when the synthesized catalysts are used,
the yield of acids, which is one of the undesirable products,
is reduced and the yield of alcohols and aromatics, which
are the desired products, is increased. In addition to this,
PAHs as another undesired product yields were increased.
Therefore, it could be aimed to reduce the amount of PAH
by bi-metallic catalyst applications in future studies. As can
be seen, the catalyst support material obtained from biochar
is very important as it is obtained from both a renewable
and sustainable source and can be made available on a larger
scale with additional studies.

4 Conclusion

Characterization of physicochemical properties of a biomass
is an important point to specify whether it is suitable for
pyrolysis. According to the characterization results, B. napus
subsp. napus cake is suitable raw material for pyrolysis due
to its high volatile matter content, low ash content, high car-
bon content and higher heating value. Analytical pyrolysis
experiments were executed pyrolysis coupled to GC/MS
system which is a useful tool to detect pyrolysis vapors. As
indicated above, the main components of pyrolysis prod-
ucts determined were alcohols, aromatics, acids, ketones
and PAHs. Thermal degradation mechanism of B. napus
subsp. napus cake was also suggested that depolymerisation
and chain scission to levoglucosane derivatives, alcohols,
acids, aldehites, ketons and furan derivatives for cellulose
and hemicelluloses, while thermal degradation to form aro-
matic hydrocarbons such as guaiacol, syringol derivatives
and lignin oligomers for lignin. According to the Py-GC/MS
results, B. napus subsp. napus cake is a suitable feedstock
for production of bio-chemicals. By performing pyrolysis
reactions with Pd-BC and Pt-BC catalysts, the yield of acid
(undesired product) yield decreased while alcohol and aro-
matic hydrocarbon (desired product) yield increased. This
results showed that the production of carbon support mate-
rial from biomass, which is a cheap and renewable resource,
is a promising study.
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