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1. Intreduction

The devdapeaent of industry sround the world hos resshied
in an epormcus demand for erecgy that will comtinue to riss
Haowewer, the supply and the mvaiability of energy from fossil
Tuelewill decreae. Ridrmiss i@ an enviranmerialiy susiaivahle
altemiative evengy source that s widedy avallibde amsund the
warlkd [1] Lsang bimass spurces surch ax wood. tice busks
and bagasse, which bave the highest energy comtent, together
with the highest eifciency corwversion methods wonld add o
gignificant ameoiet of energy The vse af biainmss far hiofach
has reached approimimcly S-14% of the wial of enorgy
demand warkdwide [2].

Gasification & an emeficent and sustainable thermo
chepntcal cormversion method [3] that creates loow Jovels of
pollurinn (4],

Various forms of gasitiers have been developed 1o mest
ceiteia of being sy o ooporate, bedig lighly «Scdent,
and predliscing relatbvely Tow smeunnts of e The twve maosd
popalar types of hxed-bed reaciors wsed are the updraft
gasifier and the downdratt gasifier. The updrak gasiber is easy
to optaic and has quite bigh conversion efficbency, bat this

type proaduces high levels of tan as high w02 km'n.'." |51,
because the pyrobysis gases containing high levels of tar are
extracted direcily fram the reactor This inerenses the load on
the gas chaning systens and the kevel of corcinegenic woste
produced [1].

BladEying the reactor is one commmon methad used {o
reduce the level ol tar produced from the gasibcation, The
gasifier crnld be modified with reclrcalalon of pyeolpsic gac
anad msndifecation of gae outle [&],

This shudy presects a study of a modihed updmit gosiber
with recircubatin of the pyralysis pse back to the combus-
tion g arkd the gas et gt dhe reduction aome. The effecs
on cornbastible pascamgpostion, the LHY, apd the: rar comient
ot thie producer gos wers irmsesbpabed.

2. Material and Methods

The fuel used was wondy biomass that was ot into pieces of
01 m wide and (L0 m lang and had a moigure comient af
Wi 24% The proscirate and ultienate: anakoses af this fad ane
shaniar in Table )
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Canee & Prosimate aid ulimie sy [7] pupplicd Gy 6 el Bloses The few pangs of the il
uic the motive low, aed thee recirculated gas were messsred
Frosiammte s vilimate anatpees using coifice plate fow meiers, The prioducer gas ootle
Linit e e the reactor was al a beight of 0.i3m above the gras
Froxmate analyss (ai rodustism gonel, Revimuhbtion pipes with a dismeter of
Molsture [adh) L m24 0.06 m yunning frora the top (deying eoneh tn the bottom
Aah 5 a7l of the resctor {the combustion gone] wers consteacied from
il % TLED stainkees steel and equipped with cantrel valves 1o mmapge
| Carim iy %25 the recirculstion flow: The pyralysis gas was driven w the
UMekiriay acialypia :u:.nl:uu:.'lkm wme by the muu'.».t: flow fair cjocioeh in the
i e % e recircalatbon plpes, The secircalatice pipes wene heated using
an electric heater oo temperaturs of 623K to prevint ar
Hydmaen - A1 | : )y
A ; cordensation (3] The farcontent in the prudu:fr FASCT WAE
Ifllmpzn % Wt detected o nived wiling slx liapinger botiles, five of which were flled
Sulfor n Dt debected with a soheat (snpropanal} and ane which was empiy, s
hygen Ha in [7, 9; 1], Approzimately 0.09005 m” {50 mL) of mbvent
Cabeorific value kg FIds wirs aeed 1o hil each of the five botiles Soheeguently, the
Dhenily kg/m' L] soidvetit cantalning the tar was wiporbsed at 3 tenperture of

TThe gasification process included a pasihcation meactor
with n dtwncter of D32 and a lepth of D3 m ol
congriied of saiediss slec] (SIS 34 [FTh as dhoesm dn
Figure |. Type-K thermaocouples were placed at the bativan
of the reactar wall fo measure the lenaperature imside the
combiastion zone reactor, Two alr supplice were wod in
this proces; the pritnary air and the mative Aow {efecio
ale k. The primary ale for combustion wis spplicd wing &
blower and the motive Hew for driving, pyrolysis gas was

ARO[, 12). The tar that was o wk;-'urlm‘l wak wasnsLred 1o
determine the mass of the tar {kg/m” ). The gos compasifion
wist tnken using somple opht baps. then it was anabred using
pins chivenatograplsy with thermal condictivity detector
(T

The ejecior was n constoni-muxing-ares fype, and the
corvergence poxale had the ioBowing dimersicos: the
dinmeters of the inlet and cullet abr were BE25m arsd
L0075 i, pedpeectively, and the mieele et position (WXP)
wis —0.03m before the entrance of mixing chamber
13
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The lower heating waloe (LHY ) of producer gas was @l
culated using calorific value of moles fracton of combusible
fas (L0, H:_.- =H 2 [n4]:

LHV (kIfm®) = pog « 12630+ pyy - 10779 & yyy « 3587,
{1}

where , valaes are volume Iractions of man combastible gas
iny the producer prs,

The mass af tar was cacalaied Based an differaices of
mass impinger battle conainmg tar and eoply ompinger
bantle:

mmass of battle comtainmg tar (kg) - mass of empiy bottle (k)

Gravimeric lar {kgim®| =

T begin the tests, approsimately 0.5 kg of fud was ploced
in the reactor and burned until the wmperature reached the
mazimam af 473K, Mext, approcimately & kg of sdditional
fuel was placed indo ke reactor wotd the reactor wis pearly
tull. Afiee W seconds of eperaton, 1he combastible A
wereabtainesd. The primary air gasification (primary air Beas)
v varied of 000083 m ' fs and 0.001 m*fy. The motive flow
of ejectar {alr epector) wios varied of 052 J'u".l'1.1 i e s,
and 0014 m' 5. The experimmt was carcied out t constant
primory ait gasbcation acd the air ceclor was Dereased,
them thee wir eecner wins hed constant and the pelmary s was
bncrmased. The gis composition wis taken dor the sampliog o
the temperature of combustion zone was stable. Tar sample
were Laken at the weperatare of the combustion zone was
stable, while the fow rate of gas sampling was et a9 3.3
16" s and the sammpling time was aboot 200 seconds for
wach experiment

3. Besults and IViscussion

1) Tar Corrent,. Heore I shows the dfca of the flow rawe
of the recirculated perahsis gases oo the amount of @r

floww rate of tar sampling {m* 8] = tme of tae sampling {8}

12k

produced. A1 recirculated pyrolysis gas fow ety of BUR0IL
00304, and 00020 m" s, pengmated with  giectur molive
low ries of Do m' s .00 na' s, and DUl m s,
respecively,  the resdiing W concentratiors  wens
ipprocimmoly 0.050, Ral, and I}':I.:.'-'Iflhg.'llll reEpe vy
indicating 3 poluctban il ta dontenl. AL d notive flow
rate of LM m' /s, the primery air flow roe was increased
b lm' /s, and the br mncentretion was reduced o
0.6 kgma’, Thas reduction in the amount of far resulisd
fram the cracking (peacticis ()1 end refoeming (reactions
(9 and reactioes (100 process of tar into combustible gases
(H; and OO o g temperatin of appeaximaely 923973
[15, 16]. Figmre5 shows the tenaperitune in the canbustion
zare for every operating conditon above 107K for which
cracking and reforming tar is prasible. The cracking wrd
reformirg of the tar will contribute more 0 H; (reactions
i#), and 19)) production when the primary air fow mie is
coretant ard the methw flow of the ekoor §e varbed. When
the primary gesdfcation was increased, there was a endency
tonwards am ipwremed Contribution of tar seforniing o CO
productlen (reactbons (UK as an offet of the increme
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Fiare 3,

3.2 Gow Compositionszz. Flgure 3 shows the concenteatiors
of the gases mesulting from the recbreslatian of the peralysl
gascs back 10 e comBustion wove.

Insrwasing the recdreulation of the prrolysis gas from
DOl % bo o madomum of 0092m'fs at a consan
primory wr fow sie of 000083 m" s caased the concen:
trativn of Hj ie increass fom K745 o F46% ansd the
comrnirabion of CHy fo isrmse foom L6FN o 323%,
however, the concentmtian of GO decreaicd Broms I7.25% 10
13.29%:. This upwaed brend wis coused by the water vapou
(H; O} present i pymdysis gases reacting with the O and
tho 0 at bigh temperatures {above 73K o preduce H;
{reactbons (31 and [reactons {8)). According to Kumr et al
{201, thee water ga redction shouldinoresse ol tempes ol e
between 102V E and 107YE [17]. The reaction odtar cracking
Lreactions (BE and steam reforming of thetar {reactions {95}
ab teemperaures of appeeinatedy 923K e WK (15, 14|
waould comribiste 10 an increms 0 H,. The dedreie n the
OO concentmtion duz to a decrease - the dominmce of
the bovdosand maction (reactions (53] roeeed o termperahare
redictian, The Incrsse in the CH leved wias cansesd by an
incevass inthe metha nizatbos reactian Creactionslalh becase
the pressure inreased o the gasiber as an effect of the
pressure of the gjecton According o Kaupp and Gross {1581
[18] and Doma) et al. (20300 [39], an incresse in thie pressure
inslede the eeactor indeeaes the conceniration ol CH,

When the rectculation flas rate was at 2 masinum of
L0028 m'fs ard the primary zir fow Tate was mcreased to

1,001 m' s the concentration of C0 e feom 13 29%
o 0%, Bt the comcentratione of H, and OH, decreaced
Eroma 07 46%, 10 13 68% and from 37% 10 268, respectanely
Becuee ihe increase in the primary air oy rate increases
the consbustbon seachan {reafiors {71 sad the tempeaiae
Inshde the reactor thils comrboted ta 8 reduction in ik
reaction that produces Hy (reactico (23] and {reacton (1)
and an increase m the boudawrd reaction (reaction {31}
(200 and dry reforming of the tar {pacticn (10 The
decieass in Hy contrbutad to a rediction in CH, {reaction
61| The increased temperiure inside the reactor (Figure 5}
cartriruted to the decressein the CH; concentration |20, 2],

Comsider pastfication, tar crackieg, and tar reforming
reaction a8 follows:

O+ H,0 — CO+H, IE
00+ Hy0 — 00, + H, i4)
C+00; — 2€D {5}

C+H, — CH, (&)

C+ 1];. —_— LI.'J: {7

&

CH, — mC+ [E]"-‘ #
t:eramH:u—-:ul.’.'una{m;fjl-l_. %)
CH, + w0, — [;}u} + A0 1)
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3.3, Ve Lower Heating Valee of the Producer Gas. Figuare 4
shows the effect af the How of the pyrelysb gases i the
cornbustion mone oo the lower leatbog value of the gas,
When the pyralysis gas recirculation rate was increased
From @00 m' e bo o masimurm of L0901 s ot 2 constant
pricary air fAow mate of SO0083m™ s, the lower lseating
valug of the gas incecassd froms 43 ML 1 47 S
This increase resubed rom a sigmibficant crease n the

coccentration of H, and 3 moderale decrease in 122 con
cetitration af CO Furthemmare, thene was an Inoresss in the
cotcentration af CH, which has a greater bweating value than
that of the other gases. When the primary air How rate was
increased to 00| m" s and the pyralesis gas recincolation
pate was held coostant a1 D0OZIm s, the lower heating
value ficreased from 4.7 MBm o 49 MIm' becauss aof the
significant increase in the concentration of GO




T4, Cromphustion Fome Termperatire. Figure 5 shows the vari
ation in the masimmm temperature in the combustion
zape with the glecioe Ao rate. When the pyralyis gas
reciralation was increiaed fimom DOOILm'e 1o & maxi
mum of 40021 m'fs 2t 3 comstant primary ait flow rate of
HOE3 ', the maxienm temperaiure (5 the combosiian
ware di reased fram D73°K wl1487K bhecpuse the sdomlier-
mie neaction that produces Hy (ceactions (315 becans naoee
dominant. The lower pyroheis pas temperature bed to o nead
fur more heat to increase its temperature, musing a decrease
in the tepperatare af 1 bed [17] The temgeratues fnsigle
e ety was Comdant st aver T8 K a0 that the cracking and
steam meforming of the tar were continuous.

When the primary air fow rae was increassd to
B0l e amd the pyralysis pas recirculation was held con
stand i {1,002 m’ s, the femperatare in the combustion zne
increased from 1A' to [773K hecause the incresse in the
flowt rate of the primary e cortrdted tooan inceeisae in the
sxathepmic comisiion reaction [reacton {715

4. Concluskons

The mectroulotion of pyeolys gases froen the top of goalfies
(drying mome) bo the sombustion zooe ard gas owtlet from
reduction 2one in a modified updraft gasifer in this stody
peahed B sadenon lovwer beating value of da.':h!l.”.l'ﬂ'i.
lecreasing the flow of the prrolysts gasce 1o the combustian
zope fended 1o reduce the amount of tar produced, The
concemration of H, tended to increase and the concentration
of OO decreased with incrensing matbve Ao role wnd
cotslar prlmary goaification ale, Increasing taw mie of the
primary gasificatiom air tended 1o increase the amount of 0
and decrease the amount of H, prodaced

%llﬂlﬂﬂlllﬂﬂﬂ

The muthors dedore that there & oo conflet of inlereb
rqunib'g_ﬂ}:pqﬁltlﬂ.ﬂ af this paper.
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