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Abstract

This research aims at investigating the effect of product gas recycling on yields and properties of bio-oil derived from
fast pyrolysis of Leucaena leucocepphala in a fluidized-bed reactor at different temperatures ranging from 400°C to
550°C.The biomass particle size of 0.25-0.50 mm and gas flow rate of 10.5 L/min were chosen. The results showed
that at 400°C the bio-oil yield reached its maximum at 65.97%, whereas the char and non-condensable gas were
22.27 wt% and 11.76 wt%, respectively. It was also found that the density, viscosity, pH, solids content and stability
of the bio-oil were 1.2 g/ml, 7.5 cSt, 2.4, 2.9wt% and 0.62, respectively. In addition, the use of product gas recycle
increased the bio-oil yield from 56.47 wt% to 65.97 wt%.

Keywords: Product Gas Recycle, fast pyrolysis, Leucaena leucocepphala, bio-oil

AgaLSynln griomanmansd WesyJian1sIsewa G wuaznTWe NIy Isn AN IAINTINANEAT UM INSIRLURIETI TN
FIUATINTLISUNDNUNTITY TIRTANAIFTINIY 44150

fﬁf?ﬂﬁ’lﬁﬂ?’)?’l?ﬂrﬁﬂl’ﬁﬂ?ﬂ?ﬁm’)?ﬁlﬁ@l ABKEIMINTINAGAT URVINGIABNIIEITAIN FILAY NSNS UNAUNTITE TanTaumarsau
44150

Master Student, *Assistant Professor, Bio-Energy and Renewable Resources Research Laboratory, Faculty of Engineering, Mahasarakham
University, Kamriang, Kantharawichai, Maha Sarakham 44150, Thailand

Assist. Prof. Manufacturing Engineering, Faculty of Engineering, Mahasarakham University, Kamriang, Kantharawichai, Maha Sarakham
44150, Thailand. *Corresponding Author: adisak_pattiya@yahoo.com, Tel.: +664 375 4321x 3036; Fax: +664 375 4316



Vol 32, No 4, July-August 2013

UNUI
1uﬁ%ﬁ;ﬁuw§wmﬁu'j'lLﬂuﬂﬁﬂﬁé’nﬁ@hmiﬁwmﬂi:mﬂ
lunn 9 dulidezndummialulsnugamnnisue o
mIudan1snaalnfuazanusn1siu 9 Anwany
Uszinnunssfianaaswisrmaadlanluilagiudaulnajan
nniBandsnasds Aaduiasas 80 Tay Uszanmluwame
fisndszanmiasar 14 1nnTrunadaduunsanasan
nywdoufindnigalusnzilasyszanm 3 T 4 20
wisnuiamnaillulanldlulssnafimaswamuazin
1 1w 4 Wludszinadiiamudludaginldissyaula
ﬁ;wﬁﬂﬂmﬂﬂ'jﬂaﬁ@ma%nﬁ”‘dﬁ‘aﬁmiﬁ@umnﬁmaﬁm
inaluladuazgamnnasaeig o AiruasTiiatwnnuned
wuiuiuaglunnnivuaslan WAV R e TR
LﬂuiﬂngwuiunﬂiﬁwuﬂﬁuL‘éuﬁa:m@amn’m LT WA
W WESNULARTITN T AL NI UAY $9F
unumfisndduagnsnnlugasdelng sgalsiau
mﬂﬁwé’amummﬁﬂummqﬁﬂﬁﬁ@mnﬁﬁﬂmmaa
°uaaamwgﬁa'ln'ml,l,a:ﬁalﬁl,ﬁwaﬁwiaéaumé’au LT
mazlanfau dunia 98y wazynisznandszaudym
Tushueng 9 sl I@:Jmwwzﬁmmmﬂﬂmmauﬁﬂﬁu
L%al,wﬁaﬁﬁu‘?uﬁa:Lﬁuga‘ﬁuﬁaﬂ 9 Usunalnedaslds
wisnwihiwdufugunanlunsvamdszmaiaiia
anuesyidulansduaisginlasdasiidr gl
NAILIINATOAY 70 VBINFINUTIANG Tt
ﬁaamsmwm‘%zyLauimLLazmwﬁaamswé‘ammﬁa
Hapaadgmauisnadenlasumlivsaslanisag
Tuszninandawldwiandsouuuufodu’ doiunsls
wé’dmumLmu"?iaﬁuwmﬂﬁﬁwﬁmuaﬂﬂaédluqﬂi‘]aﬁgﬁu
nszuaumlnlsladawdonszuaunsndusansy
(Destructive distillation) LHulfjfseiadanuian 6oy
mﬂﬁmﬂu‘?auﬁu’a‘aqhmsmmﬂﬁi&iﬁaaﬂe‘ﬁmﬂ@aﬂfﬁ
ganpfilunmsviiwlsladaszanm 500 asenaaduadan
5@15’m’rﬂﬁﬂ'sm§auﬁga (>10 a9eLTaLTRGDIUIN) Uae
L'amﬂaaglimaa”lagu (<2 Fwfl) Femansoudssaninia
maﬁl,ﬂumamﬁaﬁﬂ%”lﬁwﬁmﬁmﬂugﬂmaamm (Bio-Oil)
284ud4 (Char) Wazwia (Gas) Soinasenasanldvinnms
naaasuirinszuaumsinlladauuniinniagiana
ﬁﬁmwLmn@mﬁmmzszuwaumﬂﬁmrﬁﬁﬁm’mLmn
dafunans 9 uubazldnanda (Bio-Oil) gaflafannz 80
yasFaurafidowdnlu®
luawu‘i%‘ﬂﬁLﬁaﬂLmnizﬁuﬁﬂﬁmlﬂui@]qaw%a
Fawanltlunszuawmsinlslsdsunudauilosdansztn

Influence of Product Gas Recycle on Yields and Properties 511
of Bio-oil from Fast Pyrolysis of Leucaena leucocepphala

Fnduiwasnwioiloulse Wi G108 LHs
wanwasnunauny 15 9 sldvsmmelnalindanu
naunwdundnvasdssnaunsmsinidisiig Tagna
Whwaineiiudagiwnslindsnunaunuliiuiosss 20
Pa3mslEnasaulull 2565 Tawssunaunuiiinisss
wSuliimahanldgegadandanudaanadiwim 3,700
wnedad wusTa R lvnasnuiintanseauinmiu
Audvinawlamszdulilag s asnalvnsy an 121
mminél'mmlﬁl,ﬂm%aLwﬁavlﬁﬁnﬁy'uﬂuﬁﬂnﬁvlajﬁad@LLa
undn nuudslddarsernsaisndanldnnninie
ﬂs:ﬁuﬂ'ﬂﬁﬁahLﬂuﬁﬂungaﬁaﬁmmsnﬁﬂu‘[mmu
luarmeanls

lunIneaassmanszuiwnsinlsladsazltuss
Tulasionldaandaneenainszuy 31nms Anwieim
W9WITE09 Heo uazame® Ief 14811189104 1800
watieineulduianyuinlddsinalulasesdionas
59 LwiLﬁaifLLﬁ”aﬁaguauvlé‘luIaaaﬂﬁl,ﬁw%mﬂu%aﬁaz 66
WazIUWITBVaI Heo wazame® laltTrwiaanunaunan
IHudanywinldvsanmlulasasatasas 50 udiiialfusa
malmuvl,ﬁ‘lu‘[aaas&ﬁu%mﬂﬁayaz 60 waagndlsAau
Tilifnmsdnwngiasnnnsziuinginlalulese s
Huinls

solufianlumsvinawdsed wenanianiu
398789 Heo WazAm® UAZINUILVDS Heo uazamm’
Ievinnsanwudsunaluloas §ALANE wrintue b
"L@TnsmﬁaNamadﬂwsiﬁwﬁmﬁmeﬁLLﬁ"aﬁﬁ@iawaqmauﬁ'ﬁ
atndls é’f\aﬁyfulmmﬁ%'ﬂﬁﬁﬂﬁﬁwmsﬁﬂmag’ 2 Ysuidn
Ad99 N uwiTeande nmsldguiaannsziudnduas
navoamslinaaAneiuiafiddeauialuloaos & e

BMInaaag

FEmnasaslwnuddsluaSiitlduisnmanas
poniilu 5 &% a9il

1. MIABNBING

Frnaiiunvinmnaassde sz iuing

ﬁvl,@‘fmﬂvlﬁmmngmﬁmmLﬂmaﬂmdﬁm%’smamﬂ
wndinmapmaluladgsud Ymdauasnodun lasih
mauLm’au,azﬁ'lmsu@ﬂaylﬁﬁ"um@amgmﬂ 0.25 - 0.50
ARy ‘[m‘lﬁm‘%aoﬁmmﬂmm@Lm:ﬁﬂﬂauﬁqmﬁgﬁ
105 ssenimaifaa saoiaautiuiam 24 $2lug tiarnia
anuTBluEIauazI TN s LU Y SN 0
(Proximate analysis) FadlumBensinUsinmdosas



512

Khannam et al.

PYBIAMNTH RITIAL LT BRZANTUOUAINTINAT LALRAI
14 Table 1

Table 1 Proximate analysis of Leucaena leucocepphala

J Sci Technol MSU

2. MINRAWLILVDIWAFRNTZLIBNTT LN
(=4
Tslagdauuunsa
%’u@laumimuﬁﬂumadLLﬁ”aﬁmns:mums
InlslagauuusiBiuaadad Figure 1 laanimaaadisy
duanmsUsasuna lwlasandnlunzuiwnsinls lads
WD 8B aNTLIR0NAINIZUY NI RaULARN AL

Component Wit%
Moisture 23 wuwnsnauwaszuuluniTluavesuizasNuazaINITe
AIUANTAIINIT IRV ILAF b ITaTzuUNTITWAR
Volatile 78.0 ¢ . W 2 Y e 2 ae o
TulasaniarszuunmIdaasuians aniuiassultuis
Fixed carbon * 17.5 a a « A a
wyndsuluszuunszuiunsinlsladauuuiuienia
Ash 2.2 lulenaus
*Calculated by difference
l\'ml Gas
Air cooled
Foeder . Tobe Electrostatic Drylee Condenser Close Ball valve e et
Precipitor { \ Cotton Wool Filter Pump Vacuum

Fluidised-bed Reactor

Input Gas Recycle

Ball valve '
& Cotton Woal Filter 20 "3

Close Ball valve

Nitropen

Cylinder

'y

Figure 1 Schematic diagram of the recycle-gas fast pyrolysis apparatus
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Figure 2 Effect of the recycle gas and

Table 2 Experimental conditions

pyrolysis temperature on product yields

Experiment
Parameter

1 2 3 4 5 6 7 8
Pyrolysis temperature (°C) 400 450 500 550 400 450 500 550
Fluidising medium type® N N N N P P P P
Gas flow rate (L/min) 10.5
Biomass feed rate (g/hr) 100
Biomass particle size (mm) 0.250-0.500

Type of biomass

Leucaena leucocepphala

Filter medium

Glass wool

Fluidising medium

Sand of 0.250-0.425 mm

N and P refers to nitrogen and product gas, respectively
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Table 3 Effect of pyrolysis temperature on properties of bio-oil

Pyrolysis temperature 400°C 450°C 500°C 550°C 475°C°
Fluidising medium® N P N P N P N P N P

pH value 1.8 24 1.9 253 |2 2.6 2.3 273 |276 |3.25
Solids content (wt%) 549 |29 3.09 |276 [2.19 |1.58 |5.02 |3.58 |- -
Density (kg/m®) 113 (112 |113 (111 |[1.14 [1.12 |1.15 [1.13 | 1.17 1.12
Viscosity (cSt) 8.6 75 294 |97 316 | 105 |[458 | 156 |82 53.96
Stability 121 |062 |092 |24 1.78 |159 |1.79 |359 |- -

®N and P refers to nitrogen and product gas, respectively
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