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Abstract: This study analyzed the fuel properties of bio-oils produced by catalytic fast pyrolysis of Tectona
grandis in a fixed bed reactor at different temperatures (400 — 600 °C) and biomass to catalyst (b/c) weight
ratios (90/10 — 60/40). Magnesium oxide (MgO) was used as catalyst. The product yields were determined.
Bio-oils were characterized with their elemental composition and their Higher Heating Values (HHVS) as
well as their basic fuel properties at maximum bio-oil yields conditions, including viscosity, flash point,
moisture content, pH value and Conradson Carbon Residue (CCR), were determined and compared with
those of non-catalytic pyrolysis bio-oils. The maximum yields of bio-oil at 400, 500 and 600 °C were 31.53,
40.87 and 29.30 wt.%, respectively, obtained at b/c ratios of 70/30, 80/20 and 70/30. Catalytic pyrolysis
bio-oils possessed higher carbon and hydrogen but lower oxygen and sulphur contents than non-catalytic
pyrolysis bio-oils. The HHVs of catalytic pyrolysis bio-oils (40.31 — 42.08 MJ/kg) were higher than those
of non-catalytic bio-oils (36.47 — 36.76 MJ/kg). Catalyst reduced the viscosity (at 400 and 500 °C), moisture
content and CCR (at 400 and 600 °C), and increased the pH value of bio-oils (at 400 and 600 °C). Catalytic
pyrolysis deoxygenates and enhances the fuel properties of bio-oils.
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Tectona grandis' in Katalitik Hizh Piroliziyle Uretilen Biyo-Yaglarin Yakit Ozelliklerinin
Analizi ve Karsilastirilmasi

Oz: Bu galismada, farkli sicakliklarda (400 — 600 °C'de) ve farkli biyokiitle/katalizor (b/c) agirlik
oranlarinda (90/10 — 60/40) sabit yatakli bir reaktdrde Tectona grandis'in katalitik hizli pirolizi ile tiretilen
biyo-yaglarin yakit 6zellikleri incelenmistir. Katalizor olarak magnezyum oksit (MgO) kullanilmigtir ve
iiriin verimleri belirlenmistir. Biyo-yaglar karakterize edilmistir ve element bilesimleri, yiiksek isitma
degerleri, maksimum biyo-yag verimi kosullarindaki temel yakit 6zellikleri, viskozite, parlama noktasi,
nem igerigi, pH degeri ve Conradson karbon kalintist (CCR) degerleri incelenmistir ve katalitik olmayan
piroliz biyo-yaglarin degerleri ile karsilagtirilmistir. 400, 500 ve 600 °C'de ve 70/30, 80/20 ve 70/30 b/c
oranlarinda elde edilen agirlikga maksimum biyo-yag verimleri sirasiyla, %31,53, % 40,87 ve % 29,30
olarak bulunmustur. Katalitik piroliz biyo-yaglari, katalitik olmayan piroliz biyo-yaglarindan daha yiiksek
karbon ve hidrojene ancak daha diisiik oksijen ve kiikiirt icerigine sahip bulunmustur. Katalitik piroliz biyo-
yaglarimin Yiksek Isitma Degerleri (HHV) (40,31 — 42,08 MJ/kg), katalitik olmayan biyo-yaglardan (36,47
— 36,76 MJ/kg) daha yiiksek belirlenmistir. Katalizor, viskoziteyi (400 ve 500 °C'de), nem igerigini ve
CCR'yi (400 ve 600 °C'de) azaltmistir ve biyo-yaglarin pH degerini (400 ve 600 °C'de) artirmustir. Katalitik
piroliz, biyo-yaglarin yakit 6zelliklerini gelistirmektedir.

Anahtar Kelimeler: Karakterizasyon, Katalizor, Hizli piroliz, Tectona grandis, Biyo-yag, Yakit 6zellikleri
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1. INTRODUCTION

Advances in global economy and sustainable development have necessitated the need to make
energy readily available in the most environmentally friendly way. Energy generation from fossil
fuels is no longer business as usual as humans are now well aware of its various consequences on
the environment (Thangalazhy-Gopakumar et al., 2010), humans and aquatic lives (Latake et al.,
2015). These include acid rain, depletion of the ozone layer, global warming (Zabeti et al., 2012)
and destruction of microalgae, to mention a few. Sequel to these, regulations on carbon emissions
into the atmosphere have become more stringent than ever. Besides, the depletion of fossil fuel
resources suggests that fossils will not be able to meet the ever increasing energy demand in the
future (Kraiem et al., 2014).

Renewable energy resources are now being considered as substitutes for fossils. Amongst the
promising renewable resources, biomass is seen as a viable option. Although there are
thermochemical and biochemical technologies for biomass conversion to energy fuels,
thermochemical processes are often preferred. Pyrolysis, one of the thermochemical processes,
has been shown to be a viable means for production of solid, liquid and gaseous biofuels, with
the liquid fuel accounting for about 70% of the energy content of the feedstock (Bridgwater and
Peacocke, 2000).

However, the liquid fuels (bio-oils) from pyrolysis have high moisture, oxygenated
compounds, acidity and viscosity. Besides, they are unstable during storage and are characterized
with low H/C ratios (Piitiin, 2010). These shortcomings have brought about the use of catalysts
in upgrading bio-oils from biomass pyrolysis (Samolada, 2000). Zhou et al. (2013) studied the
effect of zinc oxide on the characteristics bio-oil derived from pyrolysis of rice husk in a fixed
bed reactor. Piitiin et al. (2008) investigated the effect of alumina on the product yields from
pyrolysis of Euphorbia rigida biomass sample in inert and steam atmospheres and analysed the
compositions of the bio-oil yields. French and Czernik (2010) evaluated the performance of
commercial and laboratory-synthesized catalysts on hydrocarbon production during pyrolysis of
aspen wood, Avicel PH-105 cellulose and straw lignin. Piitin (2010) studied the effect of
magnesium oxide on pyrolysis of cotton seed and compared the yields of asphaltenes, n-pentane
solubles, aliphatic sub-fraction, aromatic sub-fraction and polar sub-fraction from non-catalytic
and MgO catalyst-assisted pyrolysis. Giillii (2003) studied the effect of sodium and pottasium
carbonate on the yield of liquid products from pyrolysis of hazelnut, tea factory waste, tobacco
stalk and yellow pine wood. Onay (2014) studied the effect of Ni-Mo/y — alumina catalyst on
pyrolysis of Laurel (Laurus nobilis L.) seed in a fixed bed tubular reactor. Samolada et al. (2000)
presented an evaluation of some catalysts commonly used for catalytic pyrolysis of biomass. In
many of the studies discussed above, the basic fuel properties of the derived bio-oil were not
determined.

Qiang et al. (2008) analysed the chemical and physical properties of bio-oil from fast
pyrolysis of rice husk and determined the basic fuel properties of the bio-oil. However, the effect
of catalyst on these properties was not considered. Mythili et al. (2017) studied the effect of
pyrolysis temperature on physicochemical properties of Prosopis juliflora bio-oil but did not also
consider the effect of catalyst on these properties. Shah et al. (2012) analysed the physicochemical
properties of the bio-oil produced by fast pyrolysis of corn stover and cobs and only reported the
proximate and ultimate analyses with modified acid number without considering the effect of
catalyst. Lyu et al. (2015) estimated and compared the components of bio-oils from different
pyrolysis conditions but did not determine the basic fuel properties, neither was the effect of
catalyst considered. Yu et al. (2007) analysed the physical and chemical properties of bio-oil from
microwave pyrolysis of corn stover but did not also consider the effect of catalyst on these
properties. Several other researchers studied the properties of bio-oils from various biomass
materials under different pyrolysis conditions without considering the effect of catalysts (Nanda
et al., 2014; Weerachanchai et al., 2007; Garcia-Perez et al., 2007; Chukwuneke et al., 2019;
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Garcia-Pérez et al., 2002; Kato et al., 2016). Besides, studies have shown that different feedstocks
give different yield patterns and properties of pyrolysis-derived bio-oil (Chukwuneke et al.,
2019). Therefore, in this study, the effect of magnesium oxide catalyst on the physicochemical
properties of bio-oil from Tectona grandis pyrolysis was studied. The basic fuel properties,
including density, viscosity, pH value, flash point, pour point and Conradson carbon residue of
the bio-oil were also determined and compared with those of the bio-oil from non-catalytic
experiments.

2. MATERIALS AND METHODS

2.1. Materials

Tectona grandis sawdust was procured from a sawmill in Ogbomoso, South-Western Nigeria.
Magnesium oxide (MgO) catalyst (having 5% loss on ignition at 1000 °C) was procured from a
chemical vendor in Ogbomoso, Nigeria.

2.2.Methods
2.2.1. Feedstock Processing

The procured sawdust sample was sundried for three days in order to reduce its moisture
content. After sun drying, it was weighed and bagged in a cellophane bag for it to maintain its
moisture content and it was kept at room temperature till when it was used for the experiments.

2.2.2. Feedstock Characterization

The biomass sample was characterized with its fixed carbon, volatile mater, moisture and ash
by proximate analysis using a thermogravimetric analyzer (TGA) (Model 5E-MAC 6710,
Changsha Kaiyuan Instruments Co. Ltd, China). The elemental analysis of the raw sample was
done in a CHN analyzer (Leco CHN 2000 elemental analyzer). Sulphur content was determined
by a sulphur analyzer (TSHR TS 6000 Total Sulphur Analyzer). The Higher Heating Value
(HHV) of the raw sample was estimated by equation 1, according to Sheng and Azevedo (2005),
given as

HHV, ., (M]/kg) = —1.3675 + 0.3137 X wt. %C + 0.7009 x wt. %H + 0.0318 X wt. %0 (8]
2.2.3. Experimental Setup and Procedure

Figure 1 shows the exploded view of the pyrolysis unit used for the experiments. The detailed
description of this setup has been given elsewhere (Okekunle et al., 2016). Samples with different
biomass/catalyst weight ratio (b/c ratio) of 90/10, 80/20, 70/30 and 60/40, thoroughly mixed
together, were fed into the crucible, one at a time, and the crucible was covered and fastened with
bolts and nuts in preparation for a run. The furnace was then plugged to the mains, pre-set and
heated with the aid of an electric heating element to a temperature 50 °C higher than the desired
temperature for pyrolysis in order to compensate for the heat loss during the insertion of the
crucible. When the furnace attained the pre-set temperature, it was opened and the crucible was
inserted into it. The furnace was covered again and reset to the actual pyrolysis temperature.

This procedure was followed for the pyrolysis temperatures of 400, 500 and 600 °C and a
residence time of 15 min. After each run, the liquid and char yields were weighed and expressed
in percentages of the weight of the initial sample while gas yield was obtained by mass balance.

2.3. Bio-oil Characterization
2.3.1. Ultimate Analysis

The elemental analysis of the bio-oils was done with the same equipment used for the
feedstock. The sulphur content of the bio-oils was also determined by a Sulphur analyzer (TSHR
TS 6000 Total Sulphur Analyzer). The Higher Heating Values (HHVS) of the bio-oils were
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determined using modified Dulong’s formula according to Theegala and Midgett (2012), given
by equation 2.

33.5 xwt. %C 4 142.3 x wt. %H 15.4 x wt. %0

)
100 100 100

HHVbio—oil (M]/kg) =

2.3.2. Fuel Characterization of Bio-oils

The fuel properties of the bio-oils were determined in accordance with standard methods.
Viscosity was determined according to ASTM D 445. The flash point was determined according
to ASTM D 1310. The pour point and Conradson Carbon Residue (CCR) were determined
according to ASTM D 5853 and ASTM D 189, respectively. The pH value was determined with
the aid of a pH meter (Hanna Model HI 8424). Moisture content was determined according to
ASTM E 203. Ash content was estimated according to ASTM D 482.

Metal casing
Furnace cover

1

1

1 Furnace

1 Crucible

i Crucible cover

1 Flask 2

1 Overflow flask

1 Gas collection flask
1 Conical flask
4

4

1

Y

DD BWN =

L'<)

Glass seal
Pipe and Hose
Casing cover

-
(=)

-
—

Q PART NAME
PARTS LIST

3c

Figure 1:
The exploded view of the pyrolysis unit

3. RESULTS AND DISCUSSION

3.1.Physicochemical Properties of Tectona grandis

The physicochemical properties of the feedstock are presented in Table 1. Proximate analysis
showed a high percentage of volatile matter (78.42%), low moisture content (9.00%) and ash
(0.58). Elemental analysis revealed the percentage of carbon (50.82%), hydrogen (5.88%) and
oxygen (42.80%). The detailed analysis of the physicochemical properties of the feedstock has
been given elsewhere (Okekunle et al., 2021).
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3.2. Products Yields

Table 2 shows the yields of char, bio-oil and gas from the catalytic pyrolysis at different b/c
ratios and temperatures. From the table, the highest yields of char (52.45%), bio-oil (40.87%) and
gas (46.95%) were obtained at 400 °C (60/40 b/c ratio), 500 °C (80/20 b/c ratio) and 400 °C (80/20
b/c ratio), respectively, while the lowest yields of char (25.65%), bio-oil (10.27%) and gas
(21.83%) were respectively obtained at 600 °C (90/10 b/c ratio), 500 °C (60/40 b/c ratio) and 400
°C (60/40 b/c ratio).

Table 1: Physicochemical properties of Tectona grandis

Proximate analysis (wt.%) | Elemental analysis (wt.%) | Atomic ratio (-)
Moisture content 9.00 Carbon 50.82 H/IC 1.3787
Ash content 0.58 Hydrogen 5.88 O/C 0.6322
Volatile matter ~ 78.42 Nitrogen 0.28 N/C  0.0047
Fixed carbon 12.00 Oxygen 42.80

Sulphur 0.01

HHV (MJ/kg) - 20.1

Source: Okekunle et al. (2021)

Table 2: Char, bio-oil and gas yields from catalytic pyrolysis of Tectona grandis

B/C Char yield (wt.%) Bio-oil yield (wt.%) Gas yield (wt.%)
ratio

400 °C | 500°C | 600°C | 400°C | 500°C | 600°C | 400°C | 500°C | 600 °C

90/10 | 36.29 32.30 25.69 | 26.13 | 28.89 28.58 37.58 38.81 | 45.73

80/20 | 28.29 | 32.89 | 3349 | 24.76 | 40.87 27.36 | 46.95 | 26.24 | 39.15

70/30 | 35.49 37.35 39.52 | 3153 | 29.61 29.35 32.98 33.04 | 31.13

60/40 | 52.45 42.63 4249 | 25.72 | 10.27 17.05 21.83 47.10 | 40.46

3.3. Elemental Analysis of Bio-oils

Table 3 shows the elemental composition of the bio-oils from catalytic pyrolysis at different
temperatures and b/c ratios compared with those of the bio-oils from non-catalytic experiments.
As shown in the table, the bio-oils derived from catalytic pyrolysis are richer in carbon and
hydrogen but leaner in oxygen than those obtained from non-catalytic (NC) runs at the same
temperatures. These results are in agreement with the findings of Piitiin (2010), who reported
higher percentages of carbon (77.62 wt.%) and hydrogen (12.15 wt.%) but a lower oxygen
percentage (4.9 wt.%) for catalytic pyrolysis bio-oil compared to the values obtained for non-
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catalytic pyrolysis bio-oil (C - 74.24 wt.%, H - 11.39 wt.% and O - 9.56 wt.%). Zhou et al. (2013)
also reported higher percentages of carbon (49.73 wt.%) and hydrogen (12.57 wt.%) with a lower
oxygen percentage (35.62 wt.%) for bio-oil from catalytic pyrolysis than the values obtained for
non-catalytic pyrolysis bio-oil (C - 49.20 wt.%, H - 11.65 wt.%, O - 36.78 wt.%). Carbon and
hydrogen enrichment with reduction in oxygen in the bio-oils from catalytic pyrolysis suggests
they have better calorific values than those from non-catalytic experiments. This fact is
substantiated by the HHVs presented in Table 3. These results have also shown that catalysts help
in deoxygenating bio-oils (Piitiin, 2010). Oxygen reduction in catalytic pyrolysis bio-oils will
improve their stability and enhance their upgrading to hydrocarbons (Shah et al., 2012). This is
because oxygen in bio-oil has been identified as a source of bio-oil instability (Bardalai and
Mahanta, 2015) and also, bio-oil upgrading to hydrocarbons will require oxygen removal (Shah
etal., 2012).

Moreover, Table 3 also shows that the presence of MgO catalyst reduced the percentage of
sulphur in catalytic pyrolysis bio-oils (0.05 — 0.07%) compared to the values for bio-oils from
non-catalytic experiments (0.11 — 0.21%). This implies that Sox emissions from the combustion
of catalytic pyrolysis bio-oils will be much lower than those from non-catalytic pyrolysis bio-oils.
Therefore, bio-oils from catalytic pyrolysis could be more environmentally friendly. H/C and O/C
ratios for bio-oils from catalytic pyrolysis are respectively higher and lower than those for non-
catalytic pyrolysis bio-oils. These results are in agreement with the findings of Piitiin (2010) and
Zhou et al. (2013), who reported higher H/C and lower O/C ratios for bio-oils from catalytic
pyrolysis compared to the values obtained for bio-oils derived from non-catalytic pyrolysis.

Table 3: Elemental composition and HHVof bio-oils obtained at different temperatures and
b/c ratios

B/C Element (wt.%) Atomic HHV
(°C) | ratio (-) ratio (-) (MJ/kg)
C H N o) S H/C o/C N/C
400 90/10 | 81.36 | 10.90 | 3.24 4.52 0.07 1596 | 0.042 | 0.034 42.07
80/20 | 81.10 | 10.98 | 3.26 4.60 0.06 1.613 | 0.043 | 0.034 42.08
70/30 | 80.02 | 10.88 | 4.48 4.80 0.06 1.620 | 0.045 | 0.048 41.55
60/40 | 80.26 | 10.90 | 4.24 4.55 0.07 1.618 | 0.043 | 0.045 41.70
NC* 75.82 | 8.98 429 | 10.80 | 0.11 1.410 | 0.110 | 0.049 36.52
500 90/10 | 80.30 | 9.98 5.27 4.60 0.05 1.481 | 0.043 | 0.056 40.39
80/20 | 80.22 | 9.96 5.30 4.57 0.05 1.479 | 0.043 | 0.057 40.34
70/30 | 80.22 | 9.98 4.29 4.88 0.07 1.482 | 0.046 | 0.046 40.32
60/40 | 80.46 | 9.96 5.24 4.50 0.06 1.475 | 0.042 | 0.056 40.43
NC* 76.50 | 8.96 424 | 1050 | 0.11 1.400 | 0.100 | 0.048 36.76
600 90/10 | 80.40 | 9.93 4.26 4.60 0.06 1.472 | 0.043 | 0.045 40.36
80/20 | 80.52 | 9.98 4.28 4.65 0.07 1.477 | 0.043 | 0.046 40.46
70/30 | 80.36 | 9.90 4.24 4.52 0.05 1.468 | 0.042 | 0.045 40.31
60/40 | 81.20 | 9.94 4.26 4.60 0.05 1.459 | 0.043 | 0.045 40.64
NC* 75.80 | 8.93 446 | 10.60 | 0.21 1.400 | 0.110 | 0.050 36.47

NC - Non-catalytic pyrolysis, * Data for NC were obtained from Okekunle et al. (2021).
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3.4. Basic Fuel Properties of Bio-oil

The basic fuel properties of the bio-oils from catalytic pyrolysis at the b/c ratios where
maximum yields were obtained for all the considered temperatures are compared with those of
the bio-oils from non-catalytic experiments at the same temperatures. The maximum bio-oil
yields from catalytic pyrolysis at 400 (31.53 wt.%), 500 (40.87 wt.%) and 600 °C (29.35 wt.%)
were obtained at b/c ratios of 70/30, 80/20, and 70/30, respectively.

3.4.1. pH Value

Figure 2 shows the pH values of the bio-oils from catalytic pyrolysis at optimum b/c ratio for
bio-oil yield at 400, 500 and 600 °C compared with those of the bio-oils from non-catalytic
experiments at the same temperatures. As shown in the figure, MgO catalyst increased the pH
values of the bio-oils at 400 and 600 °C. These results are in agreement with the findings of
Shadangi and Mohanty (2014 a&b), who reported increase in pH values of the bio-oils from
catalytic pyrolysis of Karanja and Niger seed as compared to those of bio-oils from non-catalytic
pyrolysis of the same biomass materials. At 500 °C, however, the pH value of the bio-oil from
catalytic pyrolysis was lower than that of the bio-oil from non-catalytic experiment. This may be
linked to the difference in b/c ratio that gave the optimum yield of bio-oil at this temperature.
Lower pH values make bio-oils acidic, causing damages to internal combustion engines when
such bio-oils are used. The pH values of the catalytic pyrolysis bio-oils are within the range (2.0
— 3.8) reported for other bio-oils (Garcia—Pérez et al., 2002). Catalytic esterification can be used
to further increase the pH values of the bio-oils (Wang, 2013).
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Figure 2:
Comparison of pH values of bio-oils from catalytic and non-catalytic pyrolysis

3.4.2. Viscosity

Figure 3 shows the viscosities of the bio-oils from catalytic pyrolysis at optimum b/c ratio for
bio-oil yield at 400, 500 and 600 °C compared with those of the bio-oils from non-catalytic
experiments at the same temperatures. As shown in the figure, the presence of catalyst reduced
the viscosity of bio-oil at 400 and 500 °C. Shadangi and Mohanty (2014 a&b) have also reported
reduction in viscosity of bio-oils obtained from catalytic pyrolysis compared to the values
obtained for bio-oils from non-catalytic pyrolysis of the same feedstock. One of the main concerns
in the use of bio-oil as fuel in diesel engines is high viscosity, which poses a challenge during
atomization (Shadangi, 2014a). Catalytic pyrolysis, with the right process conditions and b/c ratio,
can help address this concern. At 600 °C, however, the viscosity of catalytic pyrolysis bio-oil was
higher than that of non-catalytic by 1 mPa.s. This may be attributed to repolymerization of lighter
organics at this temperature. The viscosities of the catalytic pyrolysis bio-oils obtained in this
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study are much lower than those reported by Yu et al. (2007), and Oyebanji and Ololade (2017),
which were 185 and 53.25 mPa.s, respectively.

3.4.3. Flash Point

Figure 4 shows the comparison of the flash points of the bio-oils obtained from catalytic
pyrolysis with those of the bio-oils from non-catalytic experiments. As shown in the figure,
catalytic pyrolysis bio-oils have lower flash points than those from non-catalytic experiments, and
are also lower than that of petroleum diesel (58.5 °C) (Khan et al., 2016). This implies that the
catalytic pyrolysis bio-oils obtained in this study are more flammable than petroleum diesel.
Therefore, for safety in handling and transportation, increasing the flash points of the bio-oils by
removing lighter organic compounds may be necessary.
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Figure 3:
Comparison of viscosities of bio-oils from catalytic and non-catalytic pyrolysis
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Figure 4:
Comparison of flash points of bio-oils from catalytic and non-catalytic pyrolysis
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3.4.4. Pour Point

Figure 5 shows the pour points of catalytic pyrolysis bio-oils compared with those of the non-
catalytic pyrolysis bio-oils. As shown in the figure, the presence of catalyst has no effect on the
pour point at pyrolysis temperatures of 400 and 600 °C. At 500 °C, however, the use of catalyst
reduced the pour point of bio-oil from - 25 to - 28 °C. The pour points of bio-oils from
catalytic pyrolysis obtained in this study are lower than those reported by Weerachanchai
et al. (2007) (—17 to 1 °C) and Chukwuneke et al. (2019) (13.5 °C). Since pour point is
the temperature below which a liquid loses its flow characteristics, the bio-oils obtained
in this study, therefore, are not suitable for use in extremely cold countries.
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Figure 5:
Comparison of pour points of bio-oils from catalytic and non-catalytic pyrolysis

3.4.5. Moisture Content

Figure 6 shows the comparison of the moisture content of the bio-oils produced by catalytic
and non-catalytic pyrolysis. As shown in the figure, the moisture content in catalytic pyrolysis
bio-oils was higher at 500 °C but lower at 400 and 600 °C than in non-catalytic pyrolysis bio-oils.
Shadangi and Mohanty (2014 a & b) reported a higher moisture content in catalytic pyrolysis bio-
oils while Zhou et al. (2013) reported a lower value than in non-catalytic pyrolysis bio-oils. Many
factors can be responsible for these different observations, including the type of feedstock, the
catalyst used, the temperature of pyrolysis as well as the feed to catalyst ratio. In this study, the
moisture content of the bio-oils from catalytic and non-catalytic experiments were not
significantly different at 400 and 500 °C. At 600 °C, however, there was a reduction from 15.8%
to 13% with the use of MgO catalyst (b/c ratio of 70/30).
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Figure 6:
Comparison of moisture content of bio-oils from catalytic and non-catalytic pyrolysis

3.4.6. Conradson Carbon Residue (CCR)

Figure 7 shows the comparison of the CCR of the bio-oils from catalytic and non-catalytic
pyrolysis. Carbon residue is a measure of the coke-forming tendencies of fuel oils. From Figure
7, it is interesting to note that the CCR is the same for all the catalytic pyrolysis bio-oils at all
temperatures. This may be due to the fact that the data presented are for the b/c ratios yielding
maximum bio-oil at all the temperatures considered. Beisdes, the figure also shows that the CCR
for the catalytic pyrolysis bio-oils is lower than the values obtained for non-catalytic pyrolysis
bio-oils at 400 and 600 °C. This implies that at these temperatures and b/c ratios for maximum
yield of bio-oil, the formation of heavy structures that are difficult to evaporate was reduced. The
values of CCR for both catalytic and non-catalytic bio-oils are lower than those reported for other
bio-oils (18 — 23 wt.%) (Garcia-Pérez et al., 2002) but higher than the values specified for gasoline
(< 0.2 wt.%) and diesel ((< 0.3 wt.%) according to NF EN 590 and NF EN 228, respectively
(Anouti et al., 2016). The use of polar solvents can be helpful in extracting complex polar heavy
structures, thereby reducing the CCR values of the bio-oils (Anouti et al., 2016).
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= 68
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Figure 7:
Comparison of carbon residue of bio-oils from catalytic and non-catalytic pyrolysis

702



Uludag University Journal of The Faculty of Engineering, Vol. 26, No. 2, 2021

4. CONCLUSION

The fuel properties of bio-oils from catalytic pyrolysis (with MgO as catalyst) of Tectona
grandis at different temperatures and b/c ratios have been analyzed and compared with those of
non-catalytic pyrolysis bio-oils. The maximum yield of bio-oil at 400 (31.53 wt.%), 500 (40.87
wt.%) and 600 °C (29.30 wt.%) were obtained at b/c ratios of 70/30, 80/20 and 70/30, respectively.
Elemental analysis showed that catalytic pyrolysis bio-oils are richer in carbon and hydrogen but
leaner in oxygen and sulphur than non-catalytic bio-oils. The calorific values of catalytic pyrolysis
bio-oils are therefore higher than those of non-catalytic. The use of MgO as catalyst in pyrolysis
improved the fuel properties of bio-oils by reducing their viscosity (at 400 and 500 °C), carbon
residue and moisture content (at 400 and 600 °C), and increasing pH values (at 400 and 600 °C)
as well as their HHV at all the temperatures considered.
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