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Bio-oil from pyrolysis of bagasse
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Abstract

Pyrolysis is one of the most important routes for thermo-chemical conversion of biomass to fuels. Pyrolvsis of
bagasse for the production of bio-oil was taken into consideration in this study. Pyrolysis was performed at different
temperatures ranging from 400"C 10 600°C under vacuum. The optimum temperature of bagasse pyrolysis wis
500"C and reaction time was 30 minutes. The products of the bagasse pyrolysis were bio-oil. bio-char and gascous
mixture. The maximum oil yield was 56 wi of dry bagasse. The fuel properties such as caloritic value, viscosity,
density, pour point, flash point, water content ete. were determined for the bio-oil and compared with the typical bio-
0il characteristics. The physico-chemical characterizations of bio-oil were carried out by FT-IR spectroscopy, 1CP-
OES and TG analysis. The bio-char was characterized for its suitability to be used as fuel and adsorbent by
measuring the calorific value, surface area and by methylene blue adsorption test.

sev words: Renewable energy, Bagasse, Pyrolysis, Bio-
~char,
Introduction

fld’s fossil fuel reserves are limited and in fact
cxhausted, but the energy consumption has
Iherefore high demand for fuel is obvious. Thus

2 attention is being paid to the alternative or
energy sources. Biomass, a material derived

v dead organisms such as plants, animals and

zs. 1s one of the main focused raw materials for

=1 (bio fuel) production. Bio-fuel is defined as

r vascous fuel derived trom relatively recently

¢ brological materials while fossil fuels are
me dead biological materials. The bio-oll

I from any biological carbonacecous sources:

0st common sources are photosynthetic

s plants, plant-derived materials and

-2 tor bio-o1l production around the world
availability in the specific zone [2].

igar cane is one of the most produced

About 30 wt% of sugar canc gencrates
cxtraction of juice from cane [3]. It is

~0 nullion metric tons of bagasse is

the world from which 90% is from

2z [4]. Mostly this is either under-

: source of heat encrgy. Bangladesh

+. produce huge sugar cane as well

cnergy recovery from this bagasse

[he thermo gravimetric analysis

5| shows that bagasse may be

25 a fuel, The pyrolysis oil may

dedicated diesel engines and

= purpose of power generation

zre scopes to upgrade the oil to

. able chemicals [7]. The solid
- zcuvated carbon, reinforcing
and as lertilizer and soil

conditioner [8]. The energy obtained from bio-oil is a form
of renewable energy. Utilization of this energy does not add
any extra carbon dioxide to the atmospheric environment in
contrast to fossil fuels [9]. Due to the lower contents of
sulfur and nitrogen in the bagasse pyro-oil. ils energy
utilization also creates less environmental pollution and
health risk than {ossil fuel combustion,

2. Materials and Methods
2.1. Materials

In this study. the bagasse sample was collected from Zeal
Bangla Sugar Mill, Jamalpur. Bangladesh. The physical
impuritics of the sample were scparated out. The sample
was then solar dried and stored in the laboratory under dry
condition.  The main characteristics of  bagasse  raw
materials were determined and are shown in Table 1.

Table I: Characteristics of bagasse raw materials

Characteristics _Values

Moisture. % wt.

Ash | % wt,

Combustible matter. % wt.

Carbon residue, % wt.

| Average bulk density. ke/m’

2.2, Pyrolysis

An eclectrically  heated fixed-bed tubular reactor was
designed for this experiment. The length of the reactor was
0.61 m and the mner diameter was 0.08 m. Pyrolysis
experiments were performed at 710-720 mmllg pressurc.
Moisture free bagasse sample was taken into a stainless
steel mesh and was introduced into the tube furnace. The
furnace was heated electrically and the reactor temperature
was recorded using & YOKOGAWA digital thermometer
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(model 2455). A centrifugal pump was set to create and
maintain the vacuum inside the pyrolyser. The temperature
of pyrolyser was varied from 400 to 600"C for several
experiments. The mixture of liquid and gases came out
through the vacuum line of the pyrolyser. The fluid from
the pyrolyser was condensed in a series of ice-cooled
condenser and raw bio-oil was obtained. Uncondensed gas
was blown off. The solid bio-char was collected from the
pyrolyser as residue at the end of cach batch of pyrolysis.

3. Results and Discussion

3.1 Product yields

The products obtained from the pyrolysis process were
liquid oil, solid char and gaseous mixture. The liquid was
found to be a single phase greenish-white color. From the
several experiments it was observed that the yields of liquid
product and solid char vary with process conditions. With
the increase in temperature up to 300'C. the liquid yield
increased. The liquid product yield decreased with the
further increase i temperature. The maximum oil yield was
50 wit% of dry bagasse sample at 500'C. At a temperature
lower than 500"C, the liquid yield decreased and char yield
increased. On the other hand. at a temperature higher than
500"C, the char and oil yields were found to be lower while
the gas yield was observed to be higher. The reason for
lower amount of liquid yield at lower temperature may be
due to the fact that the temperature was not cnough for
complete pyrolysis, At higher temperature there is a
possibility of decomposition of reaction products to lighter
oaseous products giving lower liquid and char yields. The
variation of product yields with reactor temperature is
presented in Table 2.

Table 2: Effect of pyrolysis temperature on product
vield (Pyrolysis time was 30 minutes)

"l‘mnpcraml'e. | Bio-oil | Bio-char
‘C | yield. yield, %
400 15.7 61.75 22,55
425 18.5 52.67 883 |
450 25.0 46.24 28.76
475 35.5 42.78 172 |
500 56.2 37.02 6.78
525 41.6 3235 | 26.05
550 40.0 2471 35.29
575 175 | 22.58 39.92
600 26.8 22.19 51.01

It was observed that the yield of oil product increased with
time. After 30 minutes,

the increase in the liquid yield was insignificant. The effect
of time on the liquid yield at 500°C is presented in Table 3.

Table 3: Effect of pyrolysis time on liquid product yield

[ Temperature, &5 Time, minute % Bio-oil |
- o yield
10 16
15 26
—
500 20 33
25 41
30 56
35 58
40 60
= 61

3.2 Bio-oil analysis
3.2.1 Physico-chemical Characteristics

Biomass pyrolysis oil is not standardized product. This can
exhibit in a wide range of properties and composition based
on the feedstock and pyrolysis techniques employed.
Product characteristics may also vary with the process
conditions. However, the pyrolysis liquid product is highly
acidic having high water content, moderate heating value
and very low sulfur content [10]. The most prominent 1s the
acidic nature of the o1l due to high oxygen content. The pil
value of bagasse derived pyro-oil was found to be less than
3 and it 1s therefore, very corrosive. The high water content
of pyro-oil is due to formation of water in pyrolysis process
and moisture content of the raw materials [11]. The lower
heating value of the oil is due to the high water content and
presence of carbonyl compounds [12]. The ash content in
the oil is very negligible. Table 4 shows the characteristics
of the bagasse oil in comparison to the typical bio-oil.

TI'able 4: Physical ' Fuel properties of bagasse pyrolytic oil

Properties Method Bio-oil | Typical
of testing derived bio-oil
from
bagasse B
IP-131/57 1.01 | 1.12
15°C, glec
Viscosity 4.19 5-20
40°C. ¢St |
pH value 2.7 | 25 o
‘ Water content, 32 20-50
| Y% wi.
Heating value. 4 12-25
MJ/kg.
Flash point, 'C | ASTM-D 67 85
92-62
Pour point, 'C ASTM-D -7 -15
97-57
Cetane D 613-86 54 .
Number
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Ash  content, | [P 4/58 0.07 0.10
Yowt. | 1 ]
Sulfur content. | ASTM-D not trace

| % wt. 129-64 detected

r_\'itrogcn 1P 74/57 not trace

| content, % wi. detected |

| Corrosion [P 154/59 | drastic | drastic

| Carbon ASTM-D 0.34 0.40

residue, % wt. 189-65 ]

3.2.2 TGA of bio-oil

[hermogravimetric analysis (TGA) indicates the volatility
of bio-oil constituents at different temperature. The TGA
eraph (Fig. 1) gives the information of high water content
m bio-oil. The TGA graph becomes almost horizontal after
150"C. This indicates that most of the bio-cil constituents
have the boiling point below 150°C.

Fig. 1. TGA graph of bagasse derived bio-oil

3.2.3 FT-IR analysis

Ihe functional groups and the indicated compounds of
bagasse derived bio-oil from the Fourier Transformed-
Infrared (F1-IR) spectroscopy (Fig. 2) are presented in
Table 5.

R

Fig. 2: FTIR spectrum of bagasse bio-oil
Table 5: FT-IR functional groups and the indicated
compounds in bagasse derived bio-oil

" Frequency Group Class of
| range (cm’) compound
3650-3100 O-H Polymeric O-H,
stretching water impurities
2800-2300 C-H Aldehydes
stretching
1750-1640 Cc=0 Ketones,
stretching aldehydes,

carboxylic acids

C-H hcndmé Alkanes

1300-950 C-0
stretching
O-H bending

Primary, secondary
and tertiary
alcohols, phenols,
cthers and esters

900-500 Out-of-plane | Aromatic
bending compounds
.
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The high fraction of oxygenated ¢ompounds reduces the
calorific value of the o1l since C=0O bonds do not release
energy during combustion. The presence of C-H; C-C; and
alcohols indicates that the liquids have a potential to be
used as fuel.

3.2.4 Analysis of heavy metals in bio-oil by ICP-OES
The bio-oil samples were digested by acid mixtures 1 a
microwave digestion system and analyzed by inductively
coupled plasma-optical emission spectrophotometer (1CP-
OES model: Varian 720-ES). The heavy metals impurities
in bio-oil were analyzed and shown in Table 6. Heavy
metals content in the bio-oil were very low and within the
acceptable limuts.

Table 6: Heavy metal contents in bagasse derived bio-oil

Name of Heavy Metals Amount in ppm

Antimony (Sh) 2.00

Arsenic (As) 4.00 1
Barium (Ba) 0.05

Cadmium (Cd) not detected
Chromium (Cr) 550 o |
Lead (Pb) 7.25 o
Mercury (Hg) not detected

Selenium (Se) 1.50

3.2.5 Bio-char analysis

Calorific value of bio-char was measured by a JULIUS
PETERS Berlin NW21 model bomb calorimeter and the
value was found to be 22.55 MUI/kg. The high calorific
value of char indicates its suitability to be used as fuel. The
surface area of bio-char was 214. 32 m'/kg, obtained by
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Blain air-permeability  apparatus, surface area
indicates that the bagasse derived char would be an
cffective adsorbent. The adsorption capacity of chars was
measured by methylene blue (MB) solution test. Bagasse
derived bio-char was found to adsorb 5.5 mg/g methylene

blue (MB).

Large

4.  Conclusions

Ihe bio-oil was single-phase liquid product of greenish-
white color with acrid smell. The hazardous crealing agents
sulfur and nitrogen were not detected in the oils. FI-IR
analysis showed that the liquid was dominant with
oxveenated species. Hence. it 1s important to deoxygenate
the liquid by some upgrading technology. The physical
propertics analysis showed that the oil was acidic i nature
with Tower viscosity. The oil possessed favorable pour and
flash points. The heating value of the oil was moderate &
the value i similar to other biomass derived pyrolysis oil.
I'rom this study, it is found that the pyrolysis ol bagasse
may be a future potential alternative source of liquid
hydrocarbon fuels and chemical compounds feed stock.
Further characterization studies on pyrolysis liquid product
from the solid wastes should be conducted to provide ways
of utilizing the liquid as fuels in boiler: internal combustion
engines ete. Catalytic upgrading of the liquid product to
higher utility fuels, using various types of catalyst may also
be studied.

References

I, Brown. R.C., 2003, “Biorenewable Resources Engineering
New Products From Agriculture™. 1% ed. Towa state Press,
LUSA, pp 245-247.

2. Bridewater, AV, 2003, * Renewable fuels and chemicals by
thermal processing of biomass”, Chem. Eng. 1., 91 (2-3). pp

87-102.

3. MeKendry, P, 2002, “Energy production from biomass (part
1): overview of biomass”, Bioresource Technology Journal,
83 (1), pp 37-46.

Demirbas, A., 2001, “Biomass resource facilities and biomass
conversion processing for fuels and chemicals™. Energy
Conversion and Management Journal, 42 (1'1) pp 1357-1378

Ani. FNCand MUNL Islam, 1998, “Liquid oil from Fluidized
Bed Pyrolysis of Rice Husk Waste and Its Characterization”
RERIC International Energy Journal, 20 (1) pp 212-217,

Hogan, E., 1990, development  program-
thermochemical Bio-0il  Production &
Utilisation™ CP. Press. Berkshire. United Kingdom, pp 1-4.

“Bioenergy
conversion. In

Horne. P.A. and P.T. Williams, 1994, “Premium quglity fuels
and chemicals from the fluidized bed pyrolysis of biomass
with Zeolites catalyst upgrading”™ Renewable Energy Journal.
5(2), pp 810-812.

Grover, P.D., T.R. Rao. P.V.R. Iver and S.S. Sambi. 1992,
“Recovery of value added products and cnergy from
biomass”, In: proceedings of the World Conference on
Agrarian Reform and Rural Development, Kuala Lumpur.,
Malaysia, 1992, pp 164-170.

McKendry. P., 2002, “Energy production from biomass (part
2) ¢ conversion technologies™. Bioresource Technology
Journal, 83 (2) pp 47-54.

Rick, F. and U. Vix. 1991, “Product Standards for Pyrolysis
Products for Use as Fuel in Industrial Firing Plants™. Elsevier
“Science Journal., 38 (3) pp 177-218.

Hague, R. A. 1998. The Pretrcatment and Pyrolysis of
Biomass for the Production of Liguids for Fuels and

Specialty Chemicals”, Ph. 0. Thesis, pp 1-129. Aston
University, Birmingham. UK.
Meier, D., O. Oasmaa and G. V. C. Peacocke. 1997,

“Prapertics of Fast Pyrolysis Liquids: Status of Test Methods
London”, CPL Press. Berkshire. United Kingdom, pp 391-
408



