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Abstract

Pyrolysis is one of the most important routes for thermo-chemical conversion of biomass t0 fuels. I'yrolysis of
bagass0 fi,r thc production of bi{Foil \vas takcn into consideration in this study. Pyrolysis was performed at dilTerenl
tem^pcratures rtngirg liom 4000C to 6000C undcr vacuum. 'lhe optimum temperaturo of bagasse plrol,vsis lras
5000C and reaction tim€ was 30 minutes. 'l'he products of the bagasse pyrolysis wcrc bio-oil, bio-char tnd gasoous
mixture l'he marimum oil ti€ld was 56 wt'% ol dry bagasse. The fu€l properties such as calorific valuc, viscosity,
dcnsity, pour point, flash poirt, wrter content etc. were determined lbr th€ bio-oil and compar€d with th€ typical bio-
oil characteristics, The physico-chemical characterizations of bio-oil were carried out by FT-lR spectroscopy, ICP-
OES and TC analysis. The bio-char was characterized for its suitability to be uscd as lirel and adsorbent by
measuring the calorific value, surlace area and by methylene blue adsorption test.

1cr eords: l{enewable energy, Bagasse, Pyrolysis, Bio,
d- Bio-char.

L lntroduction

fL rorld's fossil fuel reservcs are limited ar.rd ir.r fact
rrl) exhausted, but the energy consunption has
*d. -l'helefore 

high dema[d for fuel is obvious. Tl]us
c--'-g attention is being paicl to the altelnativ€ or
ct*l€ energy sources. Biomass, a material derived
h rctnrly dead organisms such as plants, animals and
& '{it''es. is one of the main locused raw materials for'
fr$& fuel (bio fuel) production. Bio,fuel is defined as

hod or gascoLrs fucl derived fror.r.r reiatively recently
r dite biological nutedals while fossil fuels are

ioar long dcad brological n.laterials. The bio,oil
fiom any bjological carboraceous sources:

L most comnlon soutces arc photosynthetic
\-arious plants, plaut-delived materials arrd
nscd for bio-oil production around the world

: 6eu availability jn the specific zone l2l.
a 91- sugar cane is orre of the most produced

tqld, -About 30 wtoZ of sugar cane generates
lhe extraction of.juice from cane l3]. It is
ccr 80 million mclnc rons o[ bdgdsse rs

conditioner [81. The energy obtained lrom bio-oil is a fbrm
ofrenewable energy. Utilization oflhis energy does not add
any extra carbon clioxide to the almospheric environnlent iD

contuast to fossii ftlels f9l. Due to thc lower contenls oi-
sulfur and nitrogen in the bagasse pyro-oil, its energy
utilization also creales less cuvironmental pollution and
health risk than lossil ftrcl combustion.

2. Materials and Methods
2,1. Materials

In this study, the bagasse sample was coilected fiom Zeal
Bangla Sugar Mili, Jamalpur, Ilangladesh. 'fhe physical
impurities of the sample were scparatcd out. The sautple
was then solar dried and stored in the laboratory r-rnder dty
condition. The main charactelistics of bagasse raw
materials were determined and are sbown in'l'able 1

Tabl€ 1: Characteristics of bagassc rarv materials

Characteristics Values

Moishlle. % wt. 1'7 4l

Ash , % wt. 2.7 6

Combustible matter. Yn wf 85.34

Carbon residue, o% wt. 12.8 8

Average bulk density, kg/m' 311.56

2.2. Pyrolysis

An elecnically heated fixed-bed tubular reactol was
designed for this expedmenl. '['he ler.rgth of tl]e reactor was
0.61 m and the iffier diametel was 0.08 m. Pyolysis
experiments were pelformed at 710-720 mmlIg pressure.
Moisture free bagasse sample was taken into a stainless
steel mesh and was introduced into the tube furnace. l-he
fumace was heated electrically and the reactor temperature
was recorded using a YOKOGAWA digital thermometer

rn rhe worLd from which 90% is fiom
mtries l4l. Mostly this is either under,

as a source ofheat energy. Bangladesh
rumu-r. produce huge sugar cane as well
&a energy rccovery from this bagasse
lrirle. 'fhe thermo gravimetric analysis
lff.* [5] shows that bagasse may be

er] as a fuel. The pyrolysis oil may
r bqler- dedicated diesel engines and

&r the purpose of power g€neration
fure are scopes to upgrade the oil to
o: : aluable chemicals [7]. Th€ solid

L !*i-g acrivated carbon, reinforcing
dis:.rols and as lertilizer and soil
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Table 3: Eltcct of p\'rolrsis time oD liquid product r icld(modcl 2,1i5). A ccDtrillgal pump \1as sct to create and

n-rarlrtarn lhe vacuum inside thc pvrolyser. lhe temperature

of pl,tolyscr t'as varied lion 400 to 600"C1 lor sc\eral

expermenls. l he mixttLte ol lirpid and eases came out

tlnough the vacuum linc of tl.re p-vlolyser. 'lhe lluid lion.t

thc p,vroLyser rvas condcnsed in a scties ol ice cooled

condcrseL atid ra* bio oi1 n'as obtained. Utrcotldensed gas

las blou,n olf. flie solid bio-chat ,,vas collccted fiom thc

pyrolyscr as resjduc at tilc cntl of tach balclt of pyl ol.vsis

3. llesulls and Discussion
3.1 I'ro.luct )tields
Thc ploducts obtatred liot.tt the pyroll-sis process \\'ele

LiqLrrcl oil. solid chat and gaseous nxxtLne TlIe liquid rvas

lound to be a stngle phase greenish-whlte colot From the

sevclal expeliments it rvas obsetved that the yields of liquid
product ar.ld solid chal valy u'ith plocess conditions With

ihe incrcasc in tcmperatule up to 500"C. the liquid yield

ru'rcrcascd. lhc litluid ploducl yicld dccreased rvrth the

firther rnctcase l1t tempctatLlre. lhc maxintum oiJ yicld rlas

5() \\t% ol dry bagasse sample at 5000C. At a temperature

lo$cr thall 500r)C, the liquid lield dccleased and chal yield

rncrcased. On the othcr hand. a1 a temperature higher than

500"C. lhe char aud oil .vields rvere ibund to be lorvcr rvhile

thc gas yield \\as observcd to be highcr' -lhe reason fot

lo\\'er anount of liquid yield at lo$'el tenperanrte tlay be

duc to the iacl ll]at the lenperatLll-c u'as not cnotLgh lbr
complete py|ol1'sis. ,At highet tcrnpelature there is a

possibilil! of dccomposilion of tcactiou prodtLcts to lighter
qaseous prodtcts giving lou'et liquid and cliar yielcls. 'fhe

'rflJlr, rr nl pt.r'l.r.t 'tcl l. rrith t-a.tnt lcnlllaldl.lre l5

prrscnled 1n Table 2.

Table 2: Eflecl of plrollsis temperature on product

-yicld (Pl rol) sis tilne n as 30 minutes)

I cmpcratLrre. Bro-oti Bio-chat Gr. IreLtl
y ield. r ield. ,

4(X) t i.t 6i

425 18 _i 51.6- :S:-r

450 25.0 46.24 ls -6

4?5 3 5.5 4) 18 I -l

500 56.2 3',l .02 6.7 8

)25 i11 6 t2.35 2 6.05

550 40. t) 24.1r r5.29

575 3 7.5 2? 58 i 9.92

600 2 6.8 22.r9 -51.01

It u,as observed that the yield of oil product rncreased u'ith

tinc. Aiicr 30 mututes.
tlr. llrc-crsc rrr rhc lrquid llcld *o' ttl\letilic,llll fhe elle(t
or nr're ol llr( Iqrr,l I ield.l (rr0rr'r. pte'etttcJ tn l rble -i

I emper ann c. "C T nne, irirrLLtc 9'" Bio oii
vielcl

500

10 t6

15 )6

20

25

.J

.11

-r0 56

l5 58

40 60

45 61

3.2 Bio-oil anal)'sis

3.2.1 Physico-chemical Characleristics

Biomass pylolysis oil is not slandardizcd product l I'tis can

exhibit in a rvide tange ofpropclties and composttion bascd

on the leedstock and pyrolysis techniques employed

Product characteristics may also vary \\'1th the process

conditions. Horvever, the pylolysis [quid product is highl,v

acidic having high ivatel conient, moderate heating valuc

and very low sulliu content 1101. Thc most plomlnent is the

acidic nature of the oil due to high oxygen conle1lt. l he pll
value ol bagasse delived pylo-oil rvas lottnd to bc lcss tl'lan

3 and it is tilcrcfore, ver]' corrosive. 
-fhe high \\'atcr contcnt

ofpyro-oil is due to tbmration of rvatet tn p,vro1}'sis process

and moisture cortent of the raw nuterials ll l l Ihe lo*cr
heating vallre ofthe oil is due to the high $ater conleul and

presence of carbonll con]potttlds 112]. l-he asll conteul in

the orl is very negligibie Table l shons lh. charactcristics

of the bagasse otl in contpart-.on 1o lhr' llpical bio-oil

Table J: Phl sical Fuel properliei of bagasse p) roll-tic oil

D::. r:'.

Irr c. .-i:

\\'ater .on:i:r:. \Sl) l i: 10-50
D.; \\ t. -: 

-< 
-

Heatrng ralue, Br:r: -tr 12 25

\,1J kg .::or:.::r.
a

.\ST\1 D
91 5-

Pour point. C

D 611-56 5l



ISio-oi1 fiom pvrolysis ofbagassc

.\sh content.

'1, ri't.
IP :1,'58 001 010

SulfiLr content.

'% wt.
.\SIN,t l)
t)9 64 detectcd

trace

Nitlogen
contenl. ol) u t

lP 7.1157 1101

detected
Corrosiolr lP l_i4r_59 dlasl ir: rlrastic
('arbol
rcsiduc. u.i \\'1

AS'I'M-I)
i9 -65

0.1;l 0..10

3.2-2 l'G1 rtf bitt-oil
fhc uog|avrmetr ic analysis (lGA) indicates lhe volatility
ol bio-oil constnuents at diffelent temperature. lhe TGA
graph (Fig. 1)eivcs thc inforrtatiou of l'tigi'l \\'ater content
in bio-orl. lhc fGA graph becomes alnost holizontal after
1:0"C This indicates that most of the bio-oil constituents
har c the boiling poillt belo\\, 1500C.

fig. 1. 'fGA graph ofbaeassc deljved bio-oil

3.2.3 1"7 -IR qnal!-sis

fhc functional groups and the rndicatecl compounds of
basasse derived bio oil iiom thc Fourier fransformed-
Infiared (FT IR) spectroscopy (Fig. 2) are presented in
Tablc 5.

Fig.2: F I lll speclrunr ofbagasse bro-or1
'lablc 5: F'I-lll lunctional groups and the indicated
compounds in bagassc deril'ed bio-oil

Frcquencl'
range 1cm 

1)
Group (llass ol

compound

1650-3100 o-H
stletching

Polyn.rclrc O-H.
u'atel impuritie s

2 8 00-2100 C-H
stlctching

Aldehl,des

I 150- I 6,10 c:c)
stetching

Ketones.
aldehydes,
carboxylic acrds

-,, -, ":T':. -,. ..

The hrgh fiaction of oxygenated conpounds reduccs thc
calolific value of the oil since C-O bonds do not release
energl, duling combustion. The presence of C-ll: C -C: and
alcohols indicates that the liquids have a potential 1o bc
used as fuel.

3.2.1 An 1'sis o./ heav! metuls in bio-oil bJ, JCP-OllS
The bio-oil samples rlere digested b.v acid mi\nires in a

mrcrorvave digcstion s1'stcm and anal_vzed by inductivcll'
coupled plasma-optical emissioll specl ophotometer (lCP
OES modei: \'arian 720 FS). the heavy metals inprLtities
in bio-orl rvele analyzed and shorvn in Table 6. IIear.v
nretals content in the bio oil were very lou' and rvithin the
acceptablc limits.

Table 6: Heavl metal contents in bagasse deri'r'ed bio-oil

Name of IIeavr' !Ietals Amount in DDm

Antinon), (Sb) 1.00

-\rsenic (n s) 4.00

Bur iLrnr 1Br ) 0.0-5

Cadmun (Cd) not detecled

ClLromiun.i (Cr') 5 _i0

I erd (Pb) 7.25

MercLu y (l{g) not detected

Selenium (Se) I 50

3. 2. 5 Bio-cltar analysis
Calolilic value of bio-char was neasuLcd by a JI-tl-lLlS
PETERS Berlin NW21 n.iodel bomb caiorimetcl and tire
value was found ro be 22.55 MJ,kg. 'l'he high calorific
valuc of char indicatcs its suitability to be used as fuei. 

-fhc

:rirl:rcc ar\'a o bro-,lr.rr ua: I14. J2 nr l;. .rbruincd br

l9

a

1,17,5-1350 C'-]l bcndirg Alkares

1300-950 c-o
sfr clahino
O-H bcuding

Pr irnar 1'. seconclar,l
and tertiary
alcohols. pheno)s.

cthers aDd esters
900 500 Out-ol planc

bending
Aronutic
colttDolln
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lllaur ajl pclneabLlrty apparatus l-arge surl;acc area

indicatcs that the bagasse dctivcd char u'ortld be an

cflacli\c adsorbent. lhe adsorptioll capacity of chars \!as

mcasLrrcd b1' Drethyicue bluc (MB) sollttiolr tcsi l]agasse

dcrirccl bio char t'as found to adsorb 5 5 mg,'g methl'lenc

bltLe (MI3).

,1. (lonclusions

-lhc bio-oi1 rvas singlc phasc licpid plocluct ol gtccuish-

rhitc color rlith aclitl slnclL. fhc hazatclotts crcalilig asents

suliil and 1'IitLogcD Nerc nol dclcctcd ill thc oils III lR
analysrs shorvecl lhat thc liquid rl'as donllnant uith
oxy.geuatcd specics. Ilcncc, it 1s ilrportalt to.]coxygenate

thc 1lquid by some ttpgracling tccln'iology Thc phystcal

propcrtics analysis shou'ed that tbe oil u'as acidic in nature

irith lorver riscositl,. fhe otl possessed 1'avotablc pout and

1lash poirls. lhc healiDg value of tbe oil \\'as moderate &
drc valuc is simrlar 1cr other biomass derived pyrolysls oil
l:rom tiris snrdy. it is tbuud that the pyrolysis of bagasse

may be a luture potential altenatjve soulcc of liquid
liyclrocatbor fuels and chcntical cotrrpouncls leed stock

Irurll'rcr charactcrizatiort sluclics on pylolysis liquid product

lioDr thc solicl $'astcs should be conductcd to ptovicle lvays

oi utiiizing thc ltquicl as 1ucls in boiler'; intclnai comblrstion

ctrgincs ctc. C'atalytic ltpgradrug of the liquid ploduct io

highcr utilit-r lircis. uslLtg various lypcs ol calalyst rrray also

bc stLLdicil.
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