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Abstract - Bio oil, activated charcoal and bio gaswere produced using woody forest residue biomass by pyrolysisusing
simpletechnique. Biomasswas pretreated in different techniquesto compare productsyield. Heating rate and pyrolysis
temperature influence the pyrolysis products. Bio oil has very high heating value comparable to diesel oil and good
physical propertiesfor useasalternativeto fossi| fuels. Besidesit contains many valuable chemical sfor further processing
of it. By products—charcoal and bio gas are also useful fuels and reducing agents. India generates millions tons of
biomass as forest and agriculture waste, which can be used in rural sector to trap huge amount of non conventional

energy.

1 INTRODUCTION

Biomass and other renewabl e energy sources arereceiving
worldwide attention for several reasons. Theseincludethe
increasing concern about potential global climate change
and other environmental consequences of the growing
consumption of fossil fuels, the desire to develop
sustainable energy sources, decreasing dependence on
foreign source of ail, improving balance of payment, and
decreasing the rate of depletion of the fossil fud reserves.
Biomass fuels constitute the major fraction of domestic
energy requirement in most of the devel oping countries. In
Indiaitself, these fuds fulfill about 75% of the domestic
energy-requirements[1]. Biomassfuel sare generally used
in primitive combustion devices, which are reported to be
highly energy inefficient, and release vast amounts of
pollutantsinto the environment . Renewablebiomassisan
attractivealternativetofossil feedstock. Agriculture wastes
generate huge amount of woody biomass. India produces
annually about several million tons of forest residues. A
rough estimateindicatesthat even if 30% of theagricultural
residueisavailable, thereexistsapotential to generate about
30,000 MW of power at 36% overall efficiency Direct
combustion of biomass produces heat energy with low
efficiency and gives rise gaseous pollutants. Pyrolysis of
biomass is very attractive. It converts biomass to bio oil,
gaseous fuels and activated charcoal. While the formers
are good renewable energy source, the later is also very
useful in form of excellent reducing agent, gas absorbent
and catalyst.

Biomass is a mix of three basic components, lignin,
cellulose and hemi cellulose. Lignin serves as a sort of
‘glue giving the biomassfibersitsstructural strength, while
hemi cdluloseand cellulose polymersarethe basic building
blocks of the fibers. It generally consists of about 25 to
30% lignin, 25t0 30% hemicedlulose, and 30to 45% cdlulose
[2]. Cdlulose is a straight and stiff molecule with a
polymerization degree of approximately 10,000 glucose
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unites (C6 sugar) in the cellulose chain, the glucose units
are in 6-membered rings, called pyranoses [3]. Hemi-
cellulose is polymers built C5, C6 sugars with a
polymerization degree of about 200 sugar units. Ligninisa
three dimensional branched polymer composed phenolic
units. Both cellulose and hemicellulose can be converted
tovapour and Lignin contributestomajor fraction of char
formation. In addition, biomass often contains varying
amounts of speciescalled “extractives’, which are soluble
in polar or no polar solvents, consist of terpenes, fatty
acids, aromatic compounds and volatileail.

Pyrolysis of biomass had been studied extensively
worldwide to produce bio oil and gaseous products.
Investigations have been carried out with different types
of biomassviz. Ground-nut shell, Wood, Rice-husk. Bagasse
etc. Works have also been carried out to find the effect of
various reaction parameterson product yields and kinetic
of thereaction. Biomassin the form of cashew nut shell
represents a renewable and abundant source of energy in
India. Daset. a [4] pyrolysis Cashew nut shell inalxed
bed pyrolysis reactor under vacuum produced dark brown
oil and on heating up to 175.C. Mario Lanzetta and
Colomba Di Blasi [5] investigated pyrolysisof wheat and
corn straw. They confirmed two-stage mechanisms, which
takes into account the formation of a solid intermediate
and volatiles, followed by further degradation of the
intermediateto char and volatiles. For all temperatures, the
first stage, wheremost part of volatilesisrel eased, isabout
10timesfaster than the second. For high reaction rateand
moreyield of bioail , pyrolyssof biomassarecarried outin
fluid bed reactors at extremedy high heating rate which
involve high eguipments making process costly and
uneconomical. Studies of woody biomass pyrolysis have
been carried out by many workers[6-10] by single step or
two steps modd s. Two-step modelsincludeaprimary stage,
during which wood thermally decomposesto producelight
gases, tars, and chars, and asecondary stage, during which
tars undergo additional cracking to produce gases. Much
mor e sophisticated devolatilization modelsexist [11, 12],
including some under devel opment by this research group
[13]. RBall, A CMcIntosh and JBrindley [14] in their recent
studies of pyrolysis of biomass found activation energy
involved for char formation islow whilethat for bioail is
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high. Mok et al. [15], observed during pyrolysisthat either
a high concentration of vapour products or added water
increased char yield and decreased the temperature of onset
of decomposition. Subsequent analysis of these data [16]
led to the suggestion that the water produced in thermal
dehydration reactions feeds back to hydrolyze the
unreacted cellulose. Evidence was also presented from
pyrolysis experiments [17,18], that product water
accd erated theformation of char. Evenwith so much works,
bio oil produced lack of standardsand inconsistent quality.
Better process technol ogies are needed for competing with
fossil fuels. In the present investigation woody forest of
rural front was pretreated and pyrolysised to obtain bio oil
and biogas.

2. EXPERIMENTAL

Biomass of woody forest residue (twigs) was collected from
rura front. They werecut in sizesand weredried by heating
inthefurnaceat 150 °C temperaturefor onehour toremove
physically absorbed moisture. It was sieved and separated
tohaveuniform sizeof 5to 6 mm. Thesamplewasanalyzed
and percentage compositions of cellulose, hemi cellulose
andlignin aredepictedin Table 1. Thesample waspretreated

as follows.

Type Pretreatment process

1st Wood dust which is prepared by only
passive drying.

2nd Wood dust which is prepared by passive

drying & subsequently heating in the
furnace about 150°C for onehour.

3rd By mixing wood dust in 0.25-wt % nitric
acidfor onehour todissolved alkali metal.
Demineralization and subsequently
heating in thefurnace at about 150°C for
one hour.

Table 1. Composition of Biomass
Hemicellulose % Lignin % Others %

24.66 28.29 5.34

Cellulose %
41.71

The preheated and pretreated samplewas put into the
zone 2 and argon gas was purged into the zone 1 of the
furnace as shown in theschematic diagram Fig. 1. All the
valves 1,2 and 3 areopened and argon gasis purged through
the system. The valves are closed and the zone 1 of the
furnace was heated to the required pyrolysis temperature.
When the temperature indicated by thermocouple 1 has
reached, heating in zone 2 is started with fixed rate of
heating, controlled by PID controller and the hot argon
gasisimmediately allowed to flow through the samplein
zone 2 by opening the valve 2. Therate of heating in the
zone?2 that ispyrolysiszoneis obtained from the readings
of the thermocouple 2 with time and final temperature is
also recorded. Thus, the rate of heating can be controlled
by manipulating the temperature of the hot argon gasin
zone 1 along with rate of heating in zone 2 just before
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allowing the gas to passto zone 2. After a predetermined
residence time, the valve3 is opened and products of
pyrolysiswere cooled in condenser. The solid product | eft
inside the furnace is weighed to find percentage charcoal
formation, thevapour condensingtoliquidisbiooil, which
is collected and weighed to find its percentage and the
remaining massfrom theinitial weight of sampletakenis
the contribution of gaseous fuel formed. The physical
properties of bio oil were determined using standard
instruments and calorific value in calorimetry. The major
chemical constituents of the oil were analyzed .

Gas flow out

Thermocouplel  Thermocouple 2

Argonin Heated Araon gas

Furnace Zone 1

A

vavel valve2 vave3
Condenser

Bio Qil

Fig. 1. Schematic diagram of experimental setup of
pyrolysis of woody biomass and production of bio ail.

3. RESULTSAND DISCUSSIONS

Figure 2 and 3illustrate DTA and TGA analysis of wood
floor at aheating rate of 25 and 40°C per minute respectively.
Itisdearly seen that around 100 °C, 5% weight loss occurred
dueto vaporization of physically absorbed moisturein the
wood sample. The major weight loss occurs between
250 °C to 500 °C and it continues till 700 °C , due to
decomposition of biomass and formation of gaseous and
liquid bio product (Fig. 2) and with higher heating ratethe
wei ght loss curve sift to theright hand side and Pyrolysis
continuestill 800°C (Fig. 3). In our experiment heating rate
wasnormally chosen at 30 °C per minute so maximum weight
loss expected to be in between 700 °C and 800 °C likey
750 °C. So experiments were performed between 500 °C to
750 °C to abtain maximum amount of liquid yield. All the
three products of pyrolysisareindustrially important. The
gaseous product can be used as gaseousfuel, the charcoal
obtained being highly porous has a good application as a
reducing agent, gas absorbent & catalyst and the bic-oil
has wide application as partia substitute for petrol and
diesd in automobiles.

Effect of temperature of pyrolysis on weight % of
variousproducts hasbeenillustrated in the Figs. 4 to 6 and
their result have been tabulated in Tables 2 to 4. It is
percentage of gaseous fuelsisaways much morethan those
of liquid fuel bio oil and solid fuel activated charcoal. Itis
seen that increasing pyrolysis temperature produce an
increasing in yield of bio-ail till the temperature of about
650 °C to 700 °C depending on the type of sample taken.
These confirm pyrolysis temperature to be maintained
between 650 °C to 700 °C for maximum bio-oil recovery. For
charcoal the weight % yields goes down with increasing
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temperature and more or lessremainsfixed from 650 °C to
700 °C. The weight % of gaseous fuel becomes minimum
around 700 °C for first and second type of pretreated wood
sample, whereasfor the third type, it does not vary much.
Itisvery clearlyindicated that third typeof pretreated wood
sample gave maximum bio-oil yield and the gas yield is
minimum. Thus, third type of pretreated wood was
recommended for more proportionate of bio-oil & lessgas
evolution. As far as effect of pretreated wood sample on
charcoal yield is concerned, It is seen that first type of
pretreated wood gives higher charcoal yield followed by
second and third type of pretreated wood sample. Fig. 7
illustrateseffect of variation of res dencetime on percentage
yield of various products. It isinteresting to seethat lower
the residence time moreisthe percentage of bio oil, while
char formation is higher with longer duration of residence
time, and gas percentage is maxi mum when the residence
timeisneither very low nor very high.
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Fig. 2. DTA and TGA analysis of woody biomass, Heating

Rate 25°C/min.
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Fig. 3. DTA and TGA analysis of woody biomass, Heating
Rate 40°C/min.

The heating rate has a strong influence on
proportionate of pyrolysis productsasdepictedin Fig. 8. It
is seen, faster is the rate of heating to the pyrolysis
temperatureof 700 °C moreisthe proportionate amount of
bio-oil while at lower rate both gasand char formation are
morefavorable,
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Fig. 5. wt% yield of charcoal, bio-oil & gas Vs pyrolysis
temperature (for second type of wood sample).
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Fig. 6. wt% yield of charcoal, bio-oil & gas Vs pyrolysis

temperature (for third type of wood sample).

From the foregoing results and discussion, it is seen
that using third type of pretreated woody forest residue
and a simple two chambers electrically heated furnace, a
sufficiently high heating rate has been achieved to have a
good yield of bio-oil. Productions of bio oil out of biomass
by fast pyrolysis as performed by many workers[1,4,7-9],
occur with very high heating rate so that the required
pyrolysistemperature can be achieved within few seconds.
This necessities sophisticated types of fluid bed and flow
reactors, such asEntrained Flow Reactor, Circulating Fluid
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Bed Reactor, Vacuum Furnace Reactor, Vortex reactor,
Rotation cone reactor etc. Faster the heating rate, more
costly istheinfrastructure and higher istheyield of bio-
oil out of a given weight of biomass. But in this proposed
process, using a simple design and less expensive
equipments, bio-oil can be obtained using lot of forest
woody residue generated in the rural front. The products
of pyrolysis are liquid bio-oil, gaseous fuels and solid
porous charcoal. The gaseous fuels can be utilized to
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oilsshould bein acid proof materialslike stainless steel or
poly-olefins. Conductivity of bio-oil ranges 2.8t0 3.6 ms
fromtheTableb. Itisclearly seen that the conductivity of
bio-ail isreatively high with third type of pretreated wood
sample. Thebio-oil produced showsal so high heating value
(Table5). Compared to diesd ail, it has energy content of
45t055% of diesd ail.

generate heat for drying of biomass or in thefurnaceitself :E:’ oil |
instead of argon gas as used in the present model and 60 g
porous activated char is a byproduct. So the process can 50 |
berural friendly. s
S 40 -
%
Table 2. Yield of Different Types of Product during £ 301
Pyrolysis of First Type of Wood Sample at Different 8 201
Reaction Chamber Temperature & 101
Sampleweight | Temp | Bio-oil yield Char yield Gasyield o
@W | O [GW] & [@W] 5 | @] @) 6o 2 4 s 8 10 1 1
30 500 | 2.89 | 9.66 | 105 | 3500 | 16.61 | 55.36 Time in mins
30 550 | 4.60 | 15.33 | 9.67 | 32.33 | 15.73 | 5243
30 600 | 4.30 | 1433 | 950 | 31.66 | 16.20 | 54.00 Fig. 7. Effectof residence time on different product yields.
30 650 | 6.00 | 20.00 | 9.00 | 30.00 | 15.00 | 50.00
30 700 | 7.10 | 2366 | 8.25 | 27.50 | 14.65 | 48.83 ——
30 750 | 6.70 | 22.33 | 8.00 | 26.66 | 15.30 | 51.00 —=— Charcoal
——Gas
Table 3. Yield of Different Types of Product during 60
Pyrolysis of Second Type of Wood Sample at Different o
Reaction Chamber Temperature 2 40
o 30
Sampleweight | Temp | Bio-oil yield Char yield Gasyield £
(gm) CO @] @ [@] @ [ @ [ % 8 10
30 500 | 5.00 | 16.66 | 9.75 | 3250 | 15.25 | 50.83 0
30 550 | 5.00 | 16.66 | 8.50 | 28.33 | 16,50 | 55.00 ° 20 % eating raton deg.Cimin 100 0
30 600 | 4.80 | 16.00 | 8.20 | 26.06 | 17.00 | 56.66
30 650 | 6.50 | 2166 | 7.60 | 2533 | 15.90 | 53.00 Fig. 8. Effect of heating rate on percentage yields of
30 700 | 7.18 | 2393 | 7.50 | 25.00 | 1532 | 51.06 pyrolysis products.
30 750 | 7.00 | 2333 | 7.30 | 2433 | 15.70 | 52.33

Table 4. Yield of Different Types of Product during
Pyrolysis of Third Type of Wood Sample at Different
Reaction Chamber Temperature

Sample weight | Temp | Bio-oil yield Char yield Gasyield
(gm) O [@mT] @ [@m [ @ | @ [ @)
30 500 | 5.2 | 17.33 | 10.10 | 3366 | 14.70 | 49.10
30 550 | 53| 1766 | 9.20 | 30.66 | 1550 | 51.66
30 600 | 6.2 | 2066 | 9.00 | 30.00 | 14.80 | 49.33
30 650 | 6.6 | 2822 | 820 | 2113 | 1520 | 50.66
30 700 | 75| 3450 | 6.94 | 1353 | 1556 | 51.86
30 750 | 6.7| 3233 | 750 | 1100 | 1580 | 54.66

Bio oil obtained was almost red-brown to dark red-
brown color (Fig. 9), with density of 1040 to 1200 kg/m?®,
which arehigher than of fuel oil, and significantly higher
than of the original biomass (Table 5). The degradation
products from the biomass constituents include organic
acids(likeformic and acetic acid), giving theail itslow pH
of about 2.8 to almost 4. There is no such influence of pH
due to pyrolysis temperature. The pH indicates that the
bio-oil isacidic soit attacks mild steel, and storage of the

i'?-‘a"’_
1 | ‘ ,

N
A

Fig. 9. Displaying different bio oil samples under several
pyrolysis conditions.

Bioall isamixture-oxygenated compound of hundreds
of chemicals with wide range of molecular weight
distribution. An analysis of major constituents have been
carried out for only third type of pretreated sasmpleand is
givenin Table6. It isfound it contains a good proportion
of water, pyrolytic lignin and organic acids. Because of so
much water, itisnon viscous and can be easily transported
and stored. Besidesitshigh heating valuefor itsapplication
assource of non-conventional energy, bio-oil can befurther
converted to many useful organic chemicals[19]. Bio-oil
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could be successfully converted to alcohols by
fermentation with some microorganisms and algae in our
next investigation [20] and thealcohol was used to devel op
abioelectrochemical fue cdll.

Table 5. Physical Properties of Bio Oil

Pretrestment Color Dendty | pH | Conductivity | Cdarificvaue
Kgn? ms kilkg
Type-| Broan 1040 | 31 28 16000
Type-ll Broan 1060 | 30 30 17500
Type-lll DakBrown | 1200 | 25 36 19000

Table 6. Chemical Analysis of Bio Oil with Type 111

Pretreatment
Constituents Percentage
Water 20.8
Lignin 235
Hydroxyaceta dehyde 10.2
Glyoxa 2.2
Levoglucosan 3.0
Forma dehyde 34
Formic acid 5.7
Acetic acid 6.6
Formic acid 5.7
Acetd 5.8
Others 188
4. SUMMARY

Pretreated biomass asforest wasteunder controlled heating
rateand cooling to presel ected pyrolysis temperature could
give more than 30% of bio-oil using simple less costly
equipments. Thebio-ail isof high heating value and other
properties for its use as source of renewable energy.
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