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ABSTRACT

In this research organic liquid product was produced from coconut shell via fast
pyrolysis process which carried out in a fixed bed reactor with heating rate of 30 °C/min under
nitrogen atmosphere for 60 minutes. The liquid product without catalyst was thermal pyrolysis
and the liquid product using HZSM-5 zeolite catalyst was catalytic pyrolysis called organic liquid
product (OLP). The OLP was separated into two fraction including light fraction (LF) and heavy
fraction (HF). This research the pyrolysis of coconut shell without catalyst by used temperature of
350, 450 and 550 °C, flow rate of nitrogen of 5, 10 and 15 ml/min and particle size of coconut
shell of 0-6.5, 6.5-9.5 and 9.5-12.5 mm then the pyrolysis using catalyst by used temperature x)
of 450, 500 and 550 °C, particle size of coconut shell (x,) of 6.5-9.5, 9.5-12.5 and 12.5-15.5 mm
and weight of catalyst (x,) of 0.5, 2.5 and 4.5 g. Products obtained from the pyrolysis of coconut
shell is liquid , char and gas products. Response surface methodology (RSM) was developed by
performing 15 experiments based on Box-Behnken design (BBD) of a three factor, three level
central composite designs to evaluate and it was found that the optimize condition of catalytic
pyrolysis for yield of OLP, yield of HF and yield of gasoline. Gasoline was analyzed with Gas
chromatograph with flame ionization detector (GC-FID). The results show that flow rate of
nitrogen was not significant independent variable on liquid product for thermal pyrolysis. The
optimum yield of OLP, 38.60 wt%, was obtained at temperature of 492.07 °C, particle size of
coconut shell of 12.46 mm and weight of catalyst of 0.5 g. The weight of catalyst decreased from
minimum of experiments. The temperature was found to be the most important significant on
OLP yield for catalytic pyrolysis. The quadratic model for OLP yield is Y, = — 176.9 + 0.796%,
+3.221x, — 0.000808x," — 0.127x," + 0.167x," ~ 0.107x,x,. The optimum yield of HF, 6.21 wt%,
was obtained at temperature of 505.82 °C and weight of catalyst of 0.5 g with not significant of
particle size of coconut shell between ranges from 6.5 to 15.5 mm. The quadratic model for HF

yield is Y, = — 66.24 + 0.288x, — 0.()00283){12 + 0.372)(32 — 0.00449x,x,. The optimum yield of



(®)

gasoline, 0.098 wit%, was obtained at temperature of 499.30 °C, particle size of coconut shell of
12.67 mm and weight of catalyst of 2.35 g. The temperature was found to be the most important
significant on gasoline yield for catalytic pyrolysis. The quadratic model for HF yield is Y, e =
—-5.919+0.02196x, + 0.08415x, — 2.19956'05}(12 - 0.003493{22 - 0.00503x31 +0.00187x,x,. The

analytical results of liquid product from catalytic pyrolysis using the gas chromatography — mass
spectroscopy (GC-MS), acetic acid was mainly found in the light fraction and phenol was mainly

found in the heavy fraction.

Keywords: Biomass, Pyrolysis, Bio-oil
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2.3.1.2 Waanmuena’ (Liquid product) 1ﬂuwamﬂmmwmﬂﬂmﬂmi

nls TeFaunlilddusalfnie Genh uEanm (Bio-oil) dunsasadiveuvaiila
s i s ladauun19aasal§ATen w3 Caalytic pyrolysis 130091 HERS M UDUNAD
6‘%‘%5 (Organic liquid product, OLP)

2.3.1.3 WARSAUeIe (Solid product) WSnadui ldesnmsinls lada
wiudegiivszinadoans 30-40 yosthmiindunasudu doumsnlslaFawnSaey1d
Aa i nidnn sEasued 1dnnms InlslagadanFoufionszniems Tnlslada

=1 w 1
LE‘]J']J%'HL?I&’LU]J']JLTJ Llﬁﬂaﬂﬂﬂ'ﬁ'm‘ﬁ 2-1

Heat
Biomass ————» Char + Liguid + Gas
inert ! | !
Atmosphere i i |
{ | ]
A 1
—~

Fixed carbon, Hydrophilic CO,, CO,

volatile material, organics, CH,, Hy,

ash water, tars C-2 gases

mmlseney 2-4 waasaain laoinms tn s ladavesdnin (Demirbas, 2002)

~ o o ) = 3 o
AN 2-1 Lﬂﬁ Eﬁ]u‘]E”J531’1'J‘Nﬂﬁ:’;‘U’Juﬂ_]'ﬁ‘FI.WIillﬁ“ﬁﬁlluu%']uagﬁlﬁﬁﬁq

P oy o
1wisladeuuudn Twlsladenuasn
a 5f A r o a
- i dwandatiunienn - i id 1 dnaraaluveamaiin
x:; Y = Ay a‘ 9 = = ey &
- paldFlumsifadfasennn - naildlumainedgnsonios
a o 3 3 ar Ly g o
- DA I IHANMNTOUT - BATIMT IFANNTOULE
- HANARS MY PEAL 25-35 - wawanoudEaz 10-25
YOURDITO8AT 20-50 Yauriasveaz 50-70
[nd kY [rd 3
frieony 20-50 Mwdevaz 10-30




2.3.2 Yadehifinanens Inls lada
2.3.2.1 ﬂ"’JuﬂSSﬂ’EJUiiﬂﬁ’oJ'ﬁa (Composition of material)
1 = A o ar t P P o W o

dmlsrnevvssdniiudedwgdiunislumsiuanaan unuaInIn
A1 TLHY (VM) a5ln s ama laeva T darssevesenuidszuaioons 60-80 Y04
o [
dhmincudu TusnsfivaansadnnfSinamsszme 18 Tasgunndasidlelasau

] o 4 A o = @ A

(1) feaiuen () FoznihualS s duTasase 4 Dryden (1975) 1a1igms Empirical
ududmnaismssemsrsawanaiin Tag lihiwendauand o 0218 VM (%mass)
= 97.3 (H/C) — 40.4 (Hoffer, 2004)

2322 Qmwgﬁ (Temperature)

P~ Y] HAa o A ot 1 = ]
gungililudulsndaniga aungifidaunsznudsdvlszneunas
=y = = = 1 & o 3 @ dy

Winaesmsszme gangdueams nTs ladavesiaunamnsamilaily 3 dudsil

3 A qg ' q'}. < =
(1) 150 (The First state) A0 aanpiidaudgampiussenimlng ldaube

W

a.

(2) ¥uAans (The Second state) A17azmelszuaiovas 75 azgmlanildoy
dgi‘ E;’: ; ) ! 1 <l
pomn aluduil gumgiiozegluginlszinn 135-400 eemirnzvd
o R 3 t:g} o a0 A 1
(3) AT (The Third state) TuduiiaziiunszuIUNTHAND I HIILDYN
v 3
=3 =1 or 1) I ==
il 400 sarradvaiull niswngamal 600 BerUsRRU Y1
= = ay 1 =4
1) s Inls laGavesdanzdugens sz ullassamoesninon
2.3.2.3 dasima IRANUToU (Heating rate)
= A e o 4 m A w
inamdadassweunanzasaaielimafiudasimiiaimuiou ms
P S o =y ey =) ¥ =y T -1 o w o &
Ty lsladavesdiniudgasouaiiwnden aunsefinganidiuihulgisnsudunis
A or o B 1= 1 = ar 3 = ] as 9 P
{osinsasms ianudoninadens Inls ladia daiumsn/asuuraanainuanuioun
1 9} = Y i ] 1 1
arsoonldaslinonaslnls ladaiuandn undsnnuiousinlden 3 unds fio mians

1
L

3 1
Zoudiainueasn Wihnielddemaslumasn nd anuounaniuiman Tif9e

-

A A a L) 9 o ey .
ANUDAAUIMNY Lmzm‘smmmamxuﬁ“lﬂﬂms&qaﬂmﬂﬂummﬂiam (Alessio, 1998)
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2.4 13U IMN (Bio-oil)

3’ or o) a & { = 19
sk ilunaasasusamadi ianaszuaums Inls lage Tae'lale
as 1 =y ey 3 :J = = d o d s 3
dused§Aserdsznouday h mnlszaendunsgaie Aluvoamaudadon (Complex
. o I'd ar o
mixture) @15105200v talasmiveu aslsznouusanasen (Aleohols) f1sil3znousad 1oa
o
(Aldehyde) Hayozimnz lad (Acetadehyde)
o d @ oA Ay @ P g )
Sonanianien nueatiiudnawi ldnnnis Inls ladauvwisesl
o g ] . b4 o ¥y g ¢
Saunziduveunaiidnnuniladi Tl wmadud) (Dark-brown) Tavhinilussnlsznou
& o ' ] ] 14 ar ¥ = A oy dly
Wszanm 1520 wendua Tagaaulnges lilnsuenaiu snuauIanuaNuTUE
1 :’ =} A @ = 9 3 o g oA 3’ I
1ne daniiugan i ldnees InlslaFauuusesiiuanymusysunadia Tinilu
o 1 o o & =) A ]
aamlTzneuNINAI 20 Wosidud uaziianumilagann
¥ 1 k)
shiteglusiuidanmazdawansznuildaadnnuiou raden pH an
1 P v ~ ~ P T ' A 4
Anumile Snadeanaaesnwmuniuazmesi@nd i pH oglugie 2-3 Fuilunasn
=Y A . . Aa oy o e 1 oy . . ga
A5ADUNIE (Organic acid) ‘wuag“lumuummw BB NIADSEAN (Acetic acid) asanasin
o o ey o 1
(Formic acid) tHuAu F g auTaennsotansounonTans 18
a w  d A addk o w  oAn Y = Par 1
waasasyeunaisunitsiundasuain ldnnns Inds ledauunlsdaus

o e

£y ey A [ ny ar = o o Py
iAo elfuljenuamueainm fiosrsznevvesasilsznenlalasmiveundingy

)

¥
o Y [ e . "o o
ﬁTHﬂJ%LﬂﬁI"HﬁH (Gaseline) Mﬂﬂ’numu%’;mw
A o
2.5 5N 15NUEINONDUAUDY (Response surface methodology, RSM)

2.5.1 ANHHNBUDI RSM
U
=Y = <3 ey o =
32 nisRufianansuaueaiiunssIusuToyanIIEdaLasINAUANIg
= s A ) a0 ar A =0o;| =1
agaraas wodludsz Jewidomsiaut thudssanianuazviansninuIs ey
b
r ar o.) a s e g 3w ' @ ar o
Uszaoudsnguresiiulsaundnasiameansiazane IFann T aHLEaIn NUTUNUT
1 as =y :g as =y é = -¥ -
sy anaaeuuswasdmalssase Tasdszaouiunnwaduylsoasy Faoratalsae
=l a ¢ = o o =S 9/ =
wsoviateaaLls U153z RaTeIR 585 29 INHAN S RABDRNTS 1 HUANNIINN
= o & =y r w & [} ar
adinmas luginanouaussiiuiiaouaues Tavlinnmduiugizninmanouauon
Foyany ugadaaunms 2-1

Y = f(Xq,%2, . Xp) T £ (2-1)
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A5 AR UATIAAADUTIDATHINUW DRI
o
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o ar i ar = ar o4
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¥ a a dy g ) Ao at o = ar o A
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aanszny Taoase lumsnaasadianuidyissydulsdas: svennsodmuadiniely
ot ar o a 34 = 9 1 o =
asRannszauaudRguesiaus 14 maizezhndesdeanuduselumamaniizi
iz inensa
Y
W = =} =
namsnanosesalsaszuaaslumInaeanuR (Surface plot) taziims
=] 1 =] T ' o '
weoaunnInia91 (Contour plot) Tasmswavauuy Tnses1arsuaasgilnamsiumuiues
o Y o % 1 o 4 = o . . o
msnBeanuiilauiug Iy MIIAs 1N INA00Y (Regression analysis) UULVINDIVOS
o o . . at | 1 < ar
AU RS04 (Quadratic cquation) Aaaun1Eh 2-2 Tavd1 Y Whidauwlsam A, A, A, uay
[~ Poar a o ar 3 = cx’c: 9 ar a e w
A, Whumdinlss@nsunuadna (ntercept) Flszantdadu Linear) duiszdnsmnides
. s o e . o ar - I s =
(Quadratic) Hagd)sz@nTIFaaaU (Interaction) MMAINY VUSH X, AT X, dludlsoass
(i#j)
a =) d a a
auAsUUDSIananaiamaas 11w 3 Aunls
— 3 3 2 2 3
Y= T Ay + X5, AXy + Xy AuXP + Tieq Yimie AyXiXy -2
=) o ¢ o
A1T00NUUVNVONT-1UNUIAY (Box-Behnken Design, BBD) hupiseenuuy
ar d'.l ~ 3 =y 9 d’i' ~ k=
awszauieflafuiananeuaues aieinInnNseonuULLANBIEN 27 DUN1TBNLLY
oY () o =4 =ooa 3 o ar ~
udenldusyTol wansesnuuuiilszdninimuinludmduaudunlsvesminano
) Ao Y a a - X o
Baams Tunu3en el 3 # smasnadiavesmsseauuuszudaniu 0, -1 uaz 1)
] ¢ s o = ' o e o
assenuuuiend-audmauiuzinsnaviinnganseguugdnsanansn V2 ds
gy o o AR | 2 o W
amalszaeu 2-5 uaz bildsumegalas MilugaseauoIgnUIANNETIHINUADINALY
3 ] o 9 a ] a{} <3 g 1 A | 1
nazaravesudazdndsier 1y mansgdusuililulse lonieowniaganegunyuYss
'd [ ar 3 3 ] i
qninad Av nssamveailedvzdy (Factor-level combination) funamnwsoilullilanae

NNTNADDY Lﬁ@ﬁ%’]ﬂ‘ﬁﬁ]551ﬁﬂ%'lﬁﬂ"lf]ﬂ’lﬂ“l]ﬁ]ﬁﬂiﬁiﬂﬂuﬂﬁ
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=] L4 o
MWLlTEAD 2-5 PVBINTIOAVUTONB-1UTHIAY (Uran, 2007)

S UATHE (Code) voamualssasginldlunisesnuunanizlums
o a 3 o YY) - a
NABBIE LT g A azinsutlass Wad ) s8ase (Code variables) audanals

dnlddaauns 2-3

 Fmax F Zpmin
2
X=| —— (2-3)
Ampx " ¥rnin

2

| Code variable

=D
b

Tae

=4 s =
X Ao danlsoeasy

fio Adigavesdulivasy

]

3

Ko o Mgegaveiaulsdnss
o =N
2.5.3 152 Teynuvanniln RSM
= = g A =l =] o - 9 o
matin RSM e Tewtndisn/Soumeununaman 1z RMINE auaIeIs
- 3
Zady 13un mssenuuudasiimsfufwaneuausdisugamanaasaiponiiii
3t 1 3 ] L1
Supy SuunsuauEifuunsnaaesinnIuieaT Ul angAnNT TR ITT UL UA
= .gl} = =1 o 9ed o ~
32 osiufananevauesiauiiu iy 1dfzwenansenumely  ndanlsdaszan
= =t ] 1 = ﬁy = a o :{
assuaunsmeEaail luaumsetadeueiimsiuAnansumiesziua Ui lawah
Aao RN S BRI D ATEA19 INANMINYN fHaAODANDINOANABINTNIT
Y] =N 1 - ] 9T = 3 ﬁ' A = o s ¥
nAaoIveILl T8 TEA19e F9na12 1471 Inatia RSM dunsesdenitulse lesiunsde
msmaneimzaulunszuaumsmeFuaiiiaznszumanunil (Uran, 2007)
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b

4
=1
Di.

4

2.6 1Y

[e)
=

Bine T
2.6.1 M3 twTsadauun lilddus 1l§Asen (Thermal pyrolysis)
= 3' LU= = et [ as o oo
aswaniTuaaw Iaenszuaums s lada e ldaailuingr
@ Ao w o
ladefidifamaierszns Tno Faisal Abnisa uazasiz (2011) 1adnwimsl9se Tomian
& oL 4 - ny L) e
211131 (Palm shell) Tutlszimnenadadtondarhiudinm Tasaszuoums Twls ladd
o = = o - 2 o o P = =
suiumsluengnsaiuaiis Guonmathnozanthayeungaygi 105 paraadied 1
o o = & A o g 4 A
1 24 2Tue MmsimnsiifeasoaeulTitondr ANAU LaEMTUBNAIN LAZN
= ¢ A a 4 < Vo £y
2 msrsriienTumaiuen Telasnu wazluTasou wamsfnumud fesaznalaves

K

B milmgaged 46.1 TaolgAsnfigungl 00 pertuaaded vAeYNIA 1.7-2

o oA A 9 a ] =1 ar .
Sadwas nadldlumsnlgalen so wifl uaz dasms lnaveslulaieu 200 mimin

:’ EY=t Iy ¢ o =y d &
Srusanwi ldnneandudiuasszneudunsiaieg vaamsueu (€, C, Cg, G, G
UoY C o) iy Oxyganated aromatic (Ar0) MIUUN Em3ENW‘!J?Jﬂ’J'EHHJ“H‘B’Jﬂ”IWEJ’ENﬂﬂ’iwﬂ’ﬂ‘ij

‘U‘Elﬁu'lﬁi’)ﬂﬁ"’ 531 pH G’I'] (2.5) Liﬁ“’ﬂ’iﬂ?ﬂli’}ﬂﬂ"ﬂl‘flﬁﬁﬂﬂﬂiﬂﬂﬁw 71.40 IﬂﬂuWﬁuﬂ

Palm Shel Loasfing

C1 : Condenser

T2 Chiver

F . Cpincneal Furnace
FC - Flow Rate Cortrat
Ny : Mitrogen Cylinder i
P5: Pylm yhei l

B . Beaclor
59 : Swve Puty
ST Storage Tark

VoW
Ve S

amaliznen 2-6 nun Tassadems tnls Tadauun hilddusslgnson

d‘l oy LY s . s
Wierudimwanpzail 18y (Faisal Abnisa, 2011)
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¥
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2,62 m3nls laFauoulddusalgnse
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Leiyn tagamg (2013) Farimansas laan In 15 laga 910UnBDAIWA T
Y] =Y = 3 A 4 ar |
URAToiIA Zine oxide Adsanlfnaninuuiuatia famazsarmilinnudounsh 25 e
aEnanewtd iednyilsevesgungil Sasima lnaveslulaseu waztIunause
o - el [ 5 a0 o’g o 9
ﬂgmammaﬂamﬂawwa%mmwamﬂmmmmmxwa YOUNa uazma LUL IATadTIans
Yasladmuansdanmisznoy 2-7 szwiu 1A TﬂﬂfﬁNawwaﬂymwﬂmﬂﬂumﬂwTﬂacm
suv T lgdugagnsm mea%;mmﬂjgmmmumﬁa msflumﬁmﬂgnsmmmmﬁmmu
una) uazdngslfnze wun ovnzna ldveniudmminniige aneiimnza
gamgil 550 BariwaTOd tassasimsluaveslulaseu 150 dadansdouii dmalsum
ﬂia&mmﬂgmmmmumﬂ 520 wledidudveunay i i3 ouaz 2ol dunariEiuEanm
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Design an Experiment @
— Input Data
Mumber of Factors 3 —‘—J # of Centerpoints: 3 % Number of Responses 1 -:-l
v
v all Factors are Quantitative v Show aliasing (if applicable) W Randomize Worksheet
— 2 Level Screening Designs
Many Factors Higher Resolution
(" Fractional Factorial Res 3 Runs © Fractional Factonal | Runs
" Placket - Burman | Runs (" Fractional Factorial Res S i Runs
" Full Factorial Runs
— Response Surface Designs
Second Order Models L Central Composite Type |
| % Gircumseribed (i gaMa 3 Pl
" Central Composite 14 Runs | o TR A 1 !
* Box - Behnken 1z Runs C Fa T i
Exit |
Help J

|_ Make DOE _I

Factor Definition

Factor Name Units Low Value High Value
Temperature 450 550
Particle-size 9.5 15,5

_

]T‘sfeiuht-uﬂcatalvst I | 0.5 | 4.5
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A5 3-1 UEARIEAIEMINAADT IAsNIoBNULLABMATIA RSM 11111 Box-Behnken design
A 4 - o
doAnmavesmswAsnlagungll dasims lnaveelulasou uazvinaves

azanuend1 vaams inls ladauuy lilddudalgasm

gangil gn1as lnaves lulasiou PUIAVBIATAIWENS 1)
MSNAADY
(°C) {(ml/min) {tnm)
1 0 0 0
2 0 -1 -1
3 -1 0 1
4 1 -1 0
5 1 0 -1
6 0 1 1
7 1 0 1
8 0 0 0
9 1 1 0
10 -1 0 -1
1 0 -1 1
12 -1 1 0
13 0 1 -1
14 -1 -1 0
15 0 0 0
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(°C) (ml/min) (mm)
1 450 10 6.5-9.5
2 450 5 0-6.5
3 350 10 9.5-12.5
4 550 5 6.5-9.5
5 550 10 0-6.5
6 450 15 9.5-12.5
7 550 10 9.5-12.5
8 450 10 6.5-9.5
9 550 15 6.5-9.5
10 350 10 0-6.5
11 450 5 9.5-12.5
2 350 15 6.5-9.5
13 450 15 (-6.5
14 350 5 6.5-9.5
15 450 10 6.5-9.5
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ymiinAvesnzaiuendnamumsnlaeuuaguegur gl nu VUINUDINEAWENI 0-6.5

L= 1 ar @ r i o 4
WY 6.5-9.5 UBDIUANT ﬁmmmmummaﬂu ﬂﬂlﬂﬁﬂ\ﬂuﬁﬁ‘ﬁﬂﬁ 4.4 (HAaMITUATIEHNIT

] Ed
nJaauuﬂawmﬁmuﬂma&ﬂgmmw%’n?’{‘w TGA)

A5 HR 3-3 LARIEATIZNINARES TABNIIPENLLLA0MALIA RSM 1111 Box-Behnken design

d'! = d‘. =y af =3 ot ] amen
LW@ﬁﬂ‘H'}WﬁﬂJﬂﬂﬂTﬂﬂﬁHHL!.']J@QQEI!‘HQEJ PYUIRVOINTDTHTNWIT l,msﬂsmmmmﬂgﬂim VO

m3nls ladauuulddus sl gize

YUN PUIRUDINEAWZWE T Psmmdusalfnsm
AINAND

(°C) (mm) (2
i 0 -1 -1
2 0 1 1
3 0 0 0
4 0 0 0
5 1 0 1
6 1 1 0
7 0 1 -1
8 1 0 ~1
9 -1 0 -1
10 -1 0 1
11 0 0 0
12 1 -1 0
13 0 -1 1
14 -1 1 0
15 -1 -1 0
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AT 3-4 LEAIMIBBNLUIMINARBIMEATE M IzaudIBmATia RSM UUL Box-
Behnken design iftoAnywavesnsnlfeuinlnsgungil winavesnzawenin uazilfuna

Fus9fATen veams lnls loFauuuldduialfise

Junni PMNAVDINZANZNIY P ausaljnsm
AINAGDY

0 (mm) (8
1 500 6.59.5 0.5
2 500 12.5-15.5 4.5
3 500 9.5-12.5 2.5
4 500 9.5-12.5 2.5
5 550 9.5-12.5 4.5
6 550 12.5-15.5 25
7 500 12.5-15.5 0.5
8 550 9.5-12.5 0.5
9 450 9.5-12.5 0.5
10 450 9.5-12.5 4.5
11 500 9.5-12.5 2.5
12 550 6.59.5 2.5
13 500 6.59.5 4.5
14 450 12.5-15.5 25
15 450 6.5-9.5 2.5
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0.0006487 ml iscoctane density of isooctane

= X
mi LF density of LF
0.0006487 ml isooctane 0.692 g isooctane 1mlLF
= x x
mlLF ml isooctane 1.035gLF

0.0004337 g isooctane

gLF
0.0004337 g isooctane 85.65gLF 37.44 g OLP
- — « « S
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Elemental compositions HHYV
Materials Ref.
N C H 0 (MJ.kg)

Coconut shell 0.13 51.38 5.79 30.76 20.18 This research
Bagasse 0.20 48.58 5.97 38.94 19.20 Asadulla M. et al (2007)
Pine bark 0.21 48.90 4.95 45,76 18.98 Ahmed G. et al (2012)
Rick husk 2.67 48.59 8.27 40.47 17.21 Leiyu Z. et al (2013)
Corncob 0.63 49.32 5.35 44.70 16.66 Ilknur D. et al (2012)
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Input
Select Term (9 Total)

Temperature
Particle-size
Welght-of-catalyst
Temperature*Temperature
Particle-size*Particle-size
Meight-of-catalyst*Weight-of-catalyst
Temperature*Particle-size
Temperature*Weight-of -catalyst
Particle-size*Weight-of -cat alyst

Current Model (9 Terms)

Temperature

gl Particle-size

Weight-of-catalyst
Temperature*Temperature
Particle-size*Particle-size

Temperature*Particle-size
Temperature*Weight-of-catalyst
Particle-size*Weight-of -catalyst

=<|

Term

Constant

Temperature

Particle-size
| Weight-of-catalyst
| Temperature*Temperature
Particle-size*Particle-size
Weight-of-catalyst*weight-of -cataly
Temperature*Particle-size
Temperature™Welght-of-catalyst

0.00232

Weight-of-catalyst*Weight-of -catalyst

Coefficient Std Erraor t Statistic

||l -174.52 26.74 al|| -6.528
i 0.790 0.09864 —|| 8.007
3.026 1,029 2.941
0.283 1,294 0.219

-0.000814 9.650e-05 -8.432
-0.129 0.02681 -4,794
0.124 i 0.06031 2.055
0.000683 0.00155 0,442
oootonn x| ~|| 0.431

Multiple Regression [ZI

- AutoRegress
[
|
_Outller,.. | i All Transforms
._(iphi,u | >Forward> 1 ==
Limekeito | lcntsmmf B ==
Y Trans = |
) |<BackEiImInatton<| << l
[ hone -] | critsignf 0.1 = I
F [ Fsigr [ of
20.07627 0.002071 9
5
0.631873 0.660561 3
2

14

Qutput

Summary Previous ANOVA - 15 Total Data Points
Rz 0,973 Source | sS 55% Ms
R2 adjusted 0,925 Regression | 38.8310z | 97 4,314558
Standard Error | 0,464 Residual 1.07454z | 3 0.214908
PRESS 9.607 LOF Error 0.522875 1 (49) 0.174292
R2 Prediction 0.759 Pure Error | 0.551667 1 (51) 0.275833
DurbinWatsond | 1.774 Tatal 39.90556 100
Autocorrelation -0.01999
Collinearity 2.845e-13 " . 2 T~ :
cy 1.304 Resp_1 = b0 + bl1*Temperature + b2*Patticle-size + b3*Waight-of-catalyst + b4
Precision Index 11.55

*Temperature*Temperature + b5*Particle-size*Paiticle-size + b6*Weight-of-catalyst*™Waight-
of-catalyst + b7*Temperature*Particle-size + b8*Temperature*Weight-of-catalyst + b3

Significance VIF

- 0.00126 A

= 0.000491 = 905.5139
0.03220 354.5880
0.836 249.2639
0.000385 B67.6778
0,00491 151.,4741
0.09501 14.55278
0.677 235.7222

',J 0.684 :J 204.1250
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v =344 +0.15x, + 8.33x, — 0.00013x," + 0.00834x,’ — 0.388x,’ (4-3)

Tagh 350 < x, <550,5 < x, S 15482 6.5 <x, < 125
2 . ' 3
(1411 Maximum Y83599H19YBINTAUTNI )
o 3 o o ow o = =14
(i y = $ovazna lAvownindndvounaiaunid
x, = gannfin 1 lumsinl §iTen (amaidoe)
as o ;e 1 [=1
X, = §n31ms Imaves ulasiou (addnsneuii)

x, = VAYDINZAWENI I (TndAmas)

4 oy o =, g = gt
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= ar o ) = ) 19 ¥ 1 s Aa
AaafusiveunaIBunidnams Inls laFauuu b lddusalfnsen

Term Coefficient | Value | Std Error | tStat | P value
Constant b, -34.40 8.820 | -3.900 | 0.00362
Temperature b, 0.146 0.03491 | 4.173 | 0.00240
Particle size b, 8.326 0.821 10.14 | 3.19e-06
Temperature * Temperature b, -0.00013 | 3.87e-05 7 -3.36¢ | 0.00841
Rate of N, * Rate of N, b, 0.00834 | 0.00260 | 3.21 | 0.01064
Particle size * Partticle size by, -0.388 0.0430 | -9.03 | 8.33¢-06
Tﬁlﬂﬁ y=b,+bx, +bx,+ bjxf + b4x22 + bosz (4-4)
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Concentration %yield of
Rate of N, { % yield of Area (pA¥*s)
Exp V%V isooctane
(ml/min) | OLP (wt%)
Benzene Isooctane Isooctane {(wt%)
1 2.5 52.83 0 0 0 0
2 5 48.12 0 2.24e04 0.74 0.0023
3 10 50.42 0 2231.98 0.072 0.00023
4 15 50.87 ¢ 2145.40 0,070 0.00022
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Q

2
550 S UYL uammmaaﬂzamsw%’n 9-12.5 HafuAg ﬁﬂkiﬁﬂ\%ﬁ?ﬂﬁ%ﬂﬁﬁ

0.74 Density of isooctane yield of OLP
=  Concentration (V%/V) % %
ml/m} Density of OLP (wt%)
0.0724895 ml isooctane 0.690 g/mt isooctane 48,12 g OL?P
= X x
100 mi OLP 1.090 g/mt OLP 100 g Biomass

If

0.0023 wt % (%yield of isooctane)
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y=—176.91 + 0.796x, + 3.221x, — 0.000808x,” - 0. 127x, + 0.167x, — 0.107x,%, (4-5)

Tow# 450 < x, 550,9.5 < x, < 15508 0.5 <x, <45
(91 Maximum Y09930AVBINZA NI 1Y)
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Coeffi- ,
Term Value P value R
cient
Constant b, -176.91 | 6.63e-05
Temperature b, 0.796 2.43e-05
Particle size b, 3221 0.00099 ,
R =096
Temperature * Temperature b, -0.000808 | 2.15¢-05 )
R4 =093
Particle size * Particle size b, -0.127 0.00107
Weight of catalyst * Weight of catalyst b; 0.167 0.00910
Particle size * Weight of catalyst by -0.107 (.00067

Tauh y=b,+bx, +bx,+ b}x|2 +byx, + b5x32+ bX,X, (4-6)



49

A <R w o =Y ci:i [ j7) A W I'd
NEUAST 4-6 naainadlsautumsnTnadofovaska lAvsanansiusd
= g 9 o 1 aoa 9 1 = gf =Y
gounarsuvi g e nialfnsen Jud gumgil vwinvenzaIuenim wazlTuuvod
g9l fRsen uazanasiei 48 ilefinsandl P vale vosiandsudasd (Aadulsoue
At ] A Tl @ o [ 3 = ar &
$861 P value 1001 0.05 o0 ieenn Tiilieddanoiovazna lAveawdafuviiveuna
) -5 ' = o Q) Aaa a 1 gf Y = ow 4
Bun3d)  wu quugi (x) Sugaualshfisninanedsoasna IAV0IHAANUAYDIUND?
= o i ] = @r ] oy e c?)’ ar
BuUNIHNNGH drnareInzmuEniM (k) tezlSunavesdnTnl§aTe () NeEeen)
c:iu 1 = P [ k) o d = o d 9 3
wilstiansiisninadedvoasna IAUDIHARA UNUBUVAIDUNIEADUNILDY
a ¥
LLUEeE NI RuRNaRD DA UEBINTINAABLT a1 RY 11fD 0.96 uag

2 oW s g o 2 oA 1 A | ¢ o Y
R .0y 093 Iﬂﬁl“lfli]fleigu'ﬁ’} 01 R" UMWINNIT 075 amuﬂummamﬂﬁ URZDINNIT

adj
A o =St .di} =Y - af9f g
ﬂ"lﬂﬂs‘ii‘uﬂﬂ"l'}%ﬂﬁ‘il!'w’s‘f‘hﬂ'lllLL‘IJ‘U"l]"lﬁ’ﬂﬁ’J'ﬁﬂ']‘iW‘L!N’)Nﬁﬂﬂﬁﬁﬂ@ﬁ%iﬁiﬂﬂﬂ%ﬁWﬁllﬂ‘ﬂﬂﬂ

A ow o o P
Wﬂﬂﬂﬂ!%%@ﬂﬁﬂﬁ?ﬂuﬂiﬂﬂ'lﬂﬂﬁﬂ

T T £ '
A1319% 4-9 r«mm'smﬂﬂsmﬂmaﬁmazﬁmmzﬁmmuw%mm’;ﬁmsﬁummamuﬁummﬁ’
o 9 s ow o = A d PR 9 9} = o = ad
Zovazwa ldvesnandausunanaidunidnniiae feoazkn ldvosniniuiuounaBUNSY

3 E ]
dlovnsmenesdasminaaesiihdusal§asedmmmsiliuanm

Temperature Particle size Weight of catalyst %yield of
N °C) (mm) (g) OLP (wt %)
Ranges 450-550 9.5-15.5 0.5-4.5 -
RSM 492.07 12.46 0.5 38.60
Repeated 492 12.5 0.5 38.95
Regenerated 492 12.5 0.5 42.92

' < t ol { ]
Wineme: A1vearIaYesna N T figavessa

T
=

= [ 9 a e o =y =N
INAITIEN 4-9 HWUN iﬂUﬁ:’;H'ﬂulﬂ‘l]ﬂ@ﬂﬁ@lﬂﬂ&"ﬂ%ﬂﬂlﬂﬁ'ﬂ@ﬂﬂﬁlel’lﬂY]ﬁﬂ

]

¥ a A A =N -
18.60 Aeatimis w15 laSafianzoamgiuozrunaupngameni1 492.07 dasaired

E]

o T 1 1 i o 1 - ar ]
(o 12.46 uaniuas auanall °'1NL‘ljuﬂ'lﬂﬁ%‘i"ﬂ@ﬁﬂf?ﬁﬁﬂ1ﬂ1§ﬂﬂﬁ@% ﬁ']iéﬂiﬂd'}maliﬂﬂﬂ'}ﬁﬁ

S aa = a & o 1 A af B 1 A o 19 3t
UgAson e 05 niw Fudlumndesiigavesyaaniimmanes mnmsnaaewuil iy
ar ' ame o 19t 3 A W o I & Y 1
Ausalfnsen vemumn Younznaldvowansusiveunadunidnnns nls Tadaulsi

9 o ' oS [} 1 é 1 r a7 ] 2y &y {
1¥dusal§nsen azegluaalssinm 40-52 Fafidunnnimsnaasaunlédusalfizen

agluanalizum 32-38



50

- o . = y
1INU35Uee Leiyu sozane 2013) laanyims InlsloFavewnauld
Usinad i sl §R5e zne oxide $pvaz 5 10 15 1oz 20 vewnay wuh UTnadusalfise
d? vy 9} A ow < = ) A @ 1 aam o o
iy 1 l#Zerasnn [dvomdadususunardunsdieoas ilesnindusal§izesiilv
= o 4 a =t kY o = o o oar o
Aanmsuandivedlalasasuen Mldlvuavesnsmuzniruanas nufadlundanum
& - dg’ ooow o = oy =g g
fanntisii wanfusisounadBuns deioeag
o :’ =) 3 gr - Al ¥
Mimanaaosdnsnais lasldannzfimnzavi ldnnnsnenziuyes
o & A o = e ) o a’lrl 1 o =
T3l Agumgd 492 sernisadva (ilesvinniosyFnsol liansadsigungiilugilves
oy 9 = A T
aneilonld) vinavesnzawzwd 05 — 125 Hinfwas (lesnn liansaniuguuwa
¥ shy 9 o a 1 | o R A 9 Ae et ol
voanzazni i 1A 12.46 Hadums edrsusiud Judenlsunanianulnahshge) uas
= as I 23y as 1 oo '3 = o T
Wmnwdnsatl§izen 0.5 ndu wud Fevazwa lduowdnduiveunaidunid Ao 38.95 us

~ I

4 A oW 'l =N & = 1 =
199970 R = 0.96 Yovazna lduenans uaiueurasduss saunes oz doading lumu 38.60

I
o 9

L 096 T8y 40.17 uaziia lidn 1 38.60 x 0961 Wdu 37.00 dadu fevazwaldvos

r=) 1

s e o = o as
Naﬂnmcﬂsummm@um‘%‘ﬂmﬂﬂnmwﬂm’13"1@3{

a 9
]

paznuniiohdusalgnsermumslSugnmehnminaassfian gy
Py 4 = w & -y Al ) S d’}’ g 9 = ar
Wy Zooazna ldvondad ssivoaunaituns flauiuiuanios Tnue1nauIdeves Lopez
wazame o1 lddnwints InlsladGavemmadnlsudldrodus alfasenisumsliy
= [ 9 = o o oy a0 Y o @ o W ]
APTNFTIR ZSM-5 WU Sesaznn ldupananiavivearalsunidin Inamesiunus s
oy oy = =
UgnFenuTgnd
. oo 9 A e d a adan ¥
48.1.1 m3dmTziseaznnldupanaaipsivounaldunionlananis
. A A
T Ts ladfauuiiuAnansuauog
F=y 3! as ] P=Y=ToY ]
vnamdszned 48 uaasns nTs ladaunylddusdgasosznag
9F 9 A o < = ad w =y 3 =]
FovazmnldvasndaduivaunaIBunio AUgUHILAZUIUIAYBINEATNIWG T WU A
= { = gt
gunqil 492.07 ssmaaiied uozfvinaveanzamewii 1246 ladwas 1ldiovazmald
a W o =y o 4
PDINAARURVDUNDIDUNIININNYP 38.60
Mnnwdsenou 49 uaaans lwls ladauunlddudal§azosenin
Y 9t = o o = = Y ~ =y a 1 A ] “
Yovnzwaldvosnandiavaamaldunid suguugiinazsunadusslfiTer won g
= = o, YL VN @ Y o - o o
aaungil 492.07 osruaaiBed uazdsnuiusal)nge 0.5 n3u TW3evaznaldvesnannom
P | d yer & v 1 jman A A 4 o quy o
YounaIduns tuniiga 38.60 sziiu 1o UTinmdus wl§aserniviu M ldTouaznala
= e o = = P ar [} oy e =) 3 - ar o o o
yaaWAndavauraIdunidannd esnindus vl jasetsa liiansuandlusanannmim

- s d%, ° 9 ma w Sy ¥ =1 o A r_g
WBAUUDIDUNTULWUUINUU ﬂ11ﬁﬂﬁﬂﬂmm1‘l1@ﬂajﬂlﬂUﬂWWlwuﬂqﬂ‘l}u



51

1- { l | | { ‘L ‘ : | “ 1 ‘ 137.0-38.0

' "36.0-37.0
38.0 | | f
l | | W 35.0-36.0
570 | ‘r [ ®34.0-35.0
36.0 | [ w33.0-34.0
Paman |
32 350 i W 320-33.0
g e | ®310-320
—
e 330 7
2 ‘ /148
oo 320 T | ’ 7 ‘ 2 "‘135
| - i /- s v 4 r i = r~_3
310 \ ' ; . , .v’ i é.{"
-' S - > AN # 7, iyl
300 ¥ <& : Sl 7l f 7 £ &
450.0 E y ] p 7 / 0
S (31 e " 7 7 A Vs Jus
2 A g o/ 7 /
505.6 e ‘ ot Lis &
n'!mf)emtmeﬁc) 5218 o359 :

550.0

g = v w 1 9 9 a w s
ﬂ’iwﬂﬁb’ﬂﬂll 4-8 ﬂi'W‘I‘WuN'JtlﬂﬂﬂﬂT]llﬂllwu'ﬁig’;'ﬂ'J’N'ii’]ﬂﬁgwavlﬂ‘l]ﬂﬂﬂﬁﬂﬂmm

a d o =
YOUNAIDUNSY TURUNYIT (x,) HAZUHIAYDINZAINZN 1 (x,)

snnmilazney 410 uaaemsTnlsladauuulddusalgifosznin
a  w 'S a o 9 = @ 1 Aaaa
Yovaznalduewansaueanaisunss fuviavesnzawzniuazlFinud s gnsm
A e a = s I aan .
W Baveinzazndin 1246 Haawas uazlSadusalfite o.s niu Tidesas

a o d a o P
e ldvaIHanfNYDUNABUNITBUINNYA 38.60

| e
| | 1 —

1 e e e B
——ps—i "37.0-38.0

390
#36.0-37.0
380 §350-36.0
37.0 340350
360 "33.0-34.0
W320-33.0

Yorv (wt %o)

340 i .
l | - / 538.9
330 \ | A & f £ d
320 ke - S 7 o 7 7/ 516.7
! ; : / ~ i 'd)
. \ P y y 7 4944 O
St ’ - s A Z i v / &
e A / /_/_x a2 &
* 23 2.7 s 4 / 7 é}e
: 3.2 e /
= 36 ~¢ 450.0 @
Weight of catalyst (g 41 4 &

Ay a v @ d [ a W 4
anilsenan 4-0 naiuAEasIFURUTsTn Y esazna ldvoandnsiaal

= A d o a = L aaa
VOUNAIDUNTY NUYUNYY (x,) wazdlSunavesdusalgngen )



52

W 380-39.0
M37.0-38.0
= 360-37.0
m350-36.0
®340-35.0

N
.32 \ ¥330-3.0
- {1 ®320-33.0
g T HH -
a, 340 W | | ; / /
= \‘ = : : v /148
= 330 - ; 7, - . ; v
el il \ | ; . _ /135
= : . ‘ . J122 &
310 ; ; ” / A W &£
05 s e / 3 &
0.9 14 i rd / 5 3 .7‘ »’l' /_/ 10.8 é"
23 5 y. ; @
Wei T 3.6 a1 { 9.5 r?
eight of catalyer (g} * 45 q

A’l’ = @ o d 1 g 3/ a a g
awlsenou 4-10 ﬂﬂﬂwumuﬁmmmmwuﬁ33m1¢1ﬁmmswa"lmmawamnmmmmmm

a ad o = L ana
Suviad fuviausenzaznd (x,) waztlTinadns sl gnse )

= I Y a o d = oo s
4.8.2 mmmsww%’ﬂﬂazPm"lﬂwaﬂﬂmmmmmmaummﬂﬁﬂuﬂ
¥
= = a '
NﬁﬂTi‘l"lﬂﬁﬂﬂ‘l]']ﬂﬂ'liﬂﬂﬂll‘ijﬂiﬂﬂ']":ﬁ!ﬂ"liﬁuN?Wﬁﬂﬂ'ﬂﬁuﬂﬂ AIMWTIDAUATISH
o o w  d 1 a W J a o
'ﬂ'lﬁ‘lJﬂ'ﬁl,!.‘lJ‘]_li]’lﬂﬂQELﬁﬂ\'lﬂ’J'lﬂJﬁﬂqu‘ﬁES?T'J’Ngﬂﬂf\%ﬂﬁlﬁ%ﬂ\‘lﬂﬁﬁﬂm“ﬂ‘ﬂﬂﬂﬂﬂ?ﬂuﬂgﬂlw’ﬂ

@ W @ o A 9 o a oA [ A
Wuﬂﬂﬂﬂ?!lﬂﬁﬂ’uuuﬂ’]iﬁﬂ‘ﬂ”l ﬁ]ﬁvlﬂu‘l]‘l]‘inﬂﬂﬁﬂ'I\‘lﬂﬂlﬂﬁ'\ﬁﬂ'iﬂ!.ﬁﬂ]ﬁﬁﬂ ﬂﬂilﬁﬂqﬁluﬁﬂﬂ'l'ﬂ’l

47
y = 66.24 + 0.288x, — 0.000283x,” + 0.372x,” — 0.00449x x, (4-7)
Tawh 450 < x, < 550 1AL 0.5 < x, S 4.5
4 3 Y a o d a ad @
o y = Yovazna ldvnmdndmaivounaigunidnlanin

%, = gamgin1Flumsinl§isn esmeaibud)

x, = USinawesdusalfizen (n5w)



53

] o
M3 4-10 uﬁm%mga‘nmemﬂaamui‘ha@mﬁmﬁﬁuﬁawamuﬁuewm%’aaaz A lAvad

&= s = Ao ar - Yar 1 ama
waatamveammsunidiManminnnms Inls ladauunlddus wlgisen

Coeffi- )
Term Value P value R
cient
Constant by, -66.24 0.0109
Temperature b, 0.288 0.00696 5
R =0.91
Temperature * Temperature b, -0.000283 | 0.00778 5
R, =0.87
Weight of catalyst * Weight of catalyst b, 0.372 2.89e-05 4
Temperature * Weight of catalyst b, -0.00449 7.58e-06
Taa y=b,+bx, + b2x12 + b3x32+ b XX, (4-8)

= & o ) et - o o w4
SNENNIT 47 nanaiadaudsduiiumsitinadedovazna ldvewwaaium

= 4 ar ~ w1 = am 1 = =
saunasunidlanin mnmsinlslafaunldausalfasm 1un guugiuaslyne
vou Tl §AT07 Az Inea1ei 4-10 @oRe15aNAIP value wpadauauanzdy wudh

= 1

= W ] o ey 3 at e 3 o ar L4
Usurmvesdnsal§nse (x,) Fugunlsniisninaneieeazna lAvemtainunueana’
o = o ar d' = o3| ar Asia o 9/ Py 1
sunsddanitinmnnige uazgungd ) iludinlshlansnarsengs dIuNAY
9 Teem & 1w Y e W ' A =3 ar 1
nzmuznii (x) Tifisniwadeiosazsa lAvasndndurvaanaigunadmanin Tuaiae

ALAUBINZAINEN1 6.5 D 15.5 Uadiuns

' 1 a 1

#1519 4-11 Namsﬂwmxmmmﬁmwﬁmmmmmz.mtuﬂ“mma‘%miﬁumwaﬂauﬁumﬁ
g 3t Py o e o o . oW o
1iZauazna Ifuowiadusiunamassunidmaninnniiga Jeuazna ldvewanine

oy 4 or 4 a f 1o w ] Smen I ar
veunansuiinanindehimsnanesi uazmsnanssihduta fisosumediy

AN
Weight of catalyst %yield of
Exp. Temperature (°C) Particle size (mm)
() HF (wt %)
Ranges 450-550 8.5-15.5 0.5-4.5 -

RSM 505.82 Insignificant 0.5 6.21

Repeated 506 12.5 0.5 7.08

Regenerated 506 12.5 0.5 12.95

' o P oA ] '
e Aweavaveanzamznhudumfnnfigavess




54

=

i
LU aediE mIRuRManoUaLeeIMInAaDatl M R (1191 0.91 40
R,, WY 0.87 Tasnauiuds A1 R fidminad 075 Bouiuaesusuld wazenms
AN mﬁﬂnmmmwmﬁm!,mmmmaﬁmiwumﬂamauaumﬂﬁwfjmwa"lmm
o s o =y @l ~ ar
nEasuusanad s saminuiniga Senaasluased 411 nun Sevazkaldves
o ar 'd =y A s ~ 3 o o o =
saasuMmvearaldunIdlaniinuniga 6.21 doavims nlslegananzgungiuas
Wnud s AT 505,82 peamidua uag 0.5 AFW a1l
a ¥ o & 9 A Ay Y
Fnsnanesdiannie lasldanzimungauildanminianzae
¥
P

F5msil Rgunnd 506 esausaFod ynaeanzamsni 0.5 - 12,5 Tadmas uazilsinm

]

ar ] o ar L 5 a e ' =Y 2 o as A 1
G\?iﬁﬂﬂgﬂﬁﬂ'] 0.5 N3Y WUN 3@ﬂﬁgwaulﬂﬂlﬂﬁwﬁﬁﬂmm%3ﬂ'}’iﬁqguﬂﬁmﬂﬂwuﬂ A0 7.08 L#

=t

2 3 ) o e o = = o v A ¥ - qr T a
R = 0.91 saaa:wa‘lﬂmmNaﬂﬂmmmmmm@ummvdtmunmm%ﬁwwmum“lmnu 6.21 +
| e A ' o ' Voo [~ U 9/
0909 Ry 6.83 tazilalid1nm 621 x 0.91 1IN 5.64 szl Youazna laung
s ar o ~ AT Y- | 1 1 1 o = Py
WEasus e uasunItMaEninisunnaNYsvesiinnmIine Taslinulsauuan
| e = A P o & A Y 9
AIAIARZIM (7.08 - 6.83)/7.08 1Y 0.035 UANMTIEAUUNADUUINIDY Jadendovazwald
= as & o s d v An g o g’ A 1 Y w ¥ 9
mmmamﬂmmmmmmaummﬂﬁﬁuﬂm“lﬂmﬂmsmmmﬂﬂammnmaﬂa::ma"lmjm
o oel o = N4 o A Y
Haasusvunasuyitiariing I inmaaanziu
demhdaud sl fnseumliuaniw WIMINAADIRTAIZALINY WU
3 qr o e ' ~ A o @ e e ;3 =1 .1 =
Zonnzna ldunanansusivourad Uy daminia NG DY 9IRNUIILVBY Aguado
= a [ Ty o 1 Qs 1
uazaaie (2011) @Az lnlsladan LDPE Frafusalfizendlelan wuddause
o A al & w 3 ﬂg o 97 3t 3 :’ as a A
AfRserdmmnlFuan Ry i UATINAYY s lidorazpa ldvosihfiumaniniia
- o 31 R 9 - = e
aaad sz la ettty lnieesanuiuduNuIBYe Aguado HASAMY
= o' gt 9 o e ks as .5’ =Y
4821 miinszndesaznaldnaasusiusunaudanInLIUANE?
NAADLTUDY

snnmdaznoy 411 uaaems nls ladauuulddusalgasmssning

A

3t oo & - I a as = = [ ] mAaan 1
Zonaznn | dvewinsusiununarsun diemiin fugumgiiuazSinadausalgnse wumn

.

fommgil 505.82 oamuwaiion unziTneduinljizn o5 ndy vzl ¥ouazwaldvea

o ow s = a as 2 5/ 9/ =W 4 = = o
WaasuavpunaBunIdaminuniige 621 FevazHn lATeIHARNNNVBUNAIOUNIY
Mﬁwuﬂa@amﬂsmmmﬁaﬂgﬂﬁmmﬂ 05 4332 nduddevaznaldusndniun
Eummmaumm]ﬂwﬂummﬁﬂ 271 e alAse 3.32 nfu uazdeunzwaldves

wﬁmﬁmmaqmm%‘umejmlﬁ'ﬁumwmuwﬂﬁmmmmﬂgﬂﬁm 3,32 04 4.5 N3



55

60-70
u50-60
®4.050
H30-40
m20-30
=10-20
u00-10

Y o (WL %0)

0.9 ¢ f : : Y, / 4722

1.4

2.7 f / /
82 3.6 ; / 450.0

&

1.8 2.3 : | g:
) )
Wenghtofcazaiysr (g} )

4 P~y @ w A oar o
Andsznel 4-11 aslAuRaannuduR LTz ovazHa lduenani e ural

Sunididamin fugamail ) uazSnadus gz ()

= o o
4.8.3 M3z devazka ldvesmsilszaou lalasmiveu
= d I3 o

1INNIANUIN I ’]lﬂ‘i'w‘}”i‘l"i'lﬂﬁﬂ‘l_l'i%ﬂﬂ‘ﬂﬂ]ﬂﬂ’L‘f’li‘ﬂi%ﬂﬂﬂvlﬁjﬂ'iﬂ'ﬁﬂﬂuiu
Nﬁﬁﬁmqﬁ'ajmm a7 14un Pentene, Isooctane, Benzene, Toluene, Ethylbenzene, p-xylene,
m-xylene, o-xylene, Chlorobenzene, 1,3-dichlorobenzene, 1,4-dichlorobenzene LA

s
1,2-dichlorobenzene W31 13W1 Pentene Tunansamivedraniaoue
3/ 1
21nn1seenuun1snaasdlasldisnsnuinaneuaueuiionasa
4 s
o ﬁﬂixﬂﬂ‘uulﬂﬂiﬂ’liﬂﬂunﬂﬂ’) (Isooctane, Benzene, Toluene, Ethylbenzene, p-xylene,
m-xylene, o-xylene, Chlorobenzene, 1,3-dichlorobenzene, 1, 4-dichlorobenzene  LOE
1 1 A 1 s 1
1,2-dichlorobenzene) Wi A1 R = 0.575 1Az R,y = -0.190 e lamnsoveniu’ld (fealia
1 o 3 < A a o Ao o o w [
111H21 0.75) ﬂﬂuu‘ﬂﬁlﬂﬂﬂWiﬂiﬂHmW’l%ﬁ'l‘iﬂ'i&’ﬂﬂ‘llvlﬂiﬂﬁﬂ'li‘U?)'LWI‘il’]!ﬂuﬁ']ﬁiﬂﬂﬁﬂwﬂu
9

NGRS R 'i‘]JLLiglv aladu (Gasoline) Taun Isooctane, - Benzene, Toluene, Ethylbenzene,

p-xylene m-xylene LiAi¥ o-xylene



56

3
=t = = <
Nﬁﬂ'l'i‘!flﬂﬁ‘ﬂ\‘ﬁ]'lﬂﬂTi@ﬂﬂtiﬂﬂiﬂﬁl’l‘ﬁﬂﬁﬁﬂﬁ?ﬂaﬂﬂﬁﬁua\‘l FUNIDUNTIEY
o w oo ¢ ' 74 o o /A
“P‘I'!fﬂjfﬂi1L‘1J‘L|inﬂff]\?lkﬁﬂ\’iﬂ’]’11J’L’f3\lw1.lﬁ53‘;°r‘l"J”IQ%}ﬂﬂﬁ%Wﬁ\lﬁeﬂﬂﬂiLﬂﬁI“Hau ﬂvmuﬂsmmu

asEant s lduuySmeImndineEas Mz oy saaanaluaumsh 4-9
= -5.919+0.02196x +0.08415x,2. 199¢-5x,"-0.00349x,~0.00503x, +0.00187x;%, (4-9)

Tagh 450 < x, < 550,9.5 <x, < 155U02 0.5 Sx;, <45
¥ . 1 ¥
(1981 Maximum Y9459 1A YDINLDINTHITY)
¥y o o =1
ilo y — fovazna laveaun lenu
s, = aamgin i lumsinl§isn (eameaitur)

x, = MNAVDINZAWEHT (Tadins)

x, = USnsweedusalfifien (n5w)

{ S a = § = ¥
A1519% 4-12 Lﬁ’c’fm%’ayawmﬁamamuumamﬁmsﬁumwmauﬁuawms pyazna laved

R Tausinns Inls laGauuylddus algnse

Coetti- 5
Term Value P value R
cient
Constant b, -5.919 0.000337
Temperature b, 0.02196 (.000478
Particle size b, 0.08415 (0.01429 )
R"=0.85
Temperature * Temperature b, -2.1995¢-05 | 0.000472 ,
R =073
Particle size * Particle size b, 000349 | 001188 |
Weight of catalyst * Weight of catalyst b, -0.00503 0.04088
Particle size * Weight of catalyst by 0.00187 0.05796

Taoh y=b,+bx,+bx,+ b3x12 + b4x22 + bsx32+ bx,X, 4-10)




57

= £ ar o =y Aa 9 9 o =
NNANNTH 4-9 uaaadaRwlsauiTumsilinanes soazua laveuns Tudu
P ar T Laaey 9 ] = 9 =3 % ] £ Eney
suvladusal§ase Taun gungil swwvesnzaznin uaztSinavesduialfnsor uay
A A A~ t Y T ar ' = [ o ] et
INAT199 4-12 10BTANTUIAN P value voIdulsudazan wo gunnil (x,) dhudamalsind
=Y [ 3 o = ol 1 Y =
answanaesavwa laveswdd laduinniige diuviausinyaznin () tazdluinves
o ] Y Ao o 19 9 oy = o
aunslfpsen (x,) Hansnaneiosnzwa lavewna Tadusotaunaud sy
k4 @
unudraeddimsiuionoseuaesvesmsnaansil a1 R® iy 0.85 uas
[ T 1 (= 1A ar 9 1 1
R, i1 0.73 Taomquiudy 1 R fiedwnnnd 075 Seduuineensuld uadi R, I
1 i £; ‘é I
doond1 075 ilpasinnisnaassetaiinansznunndunedendsiilinaniivaany
d‘l 3 ar 3/ ' Qy oo '3 3 o o (TN P
anamdoula suldun nsiwdadunusurar Piduanuhldidanisnldeuuda
A = LS ’ 13 =4 1 a4 o
anw oannmsaansimmmslsznenuna loduluudazmsnaass nusnwianinli

Ci 1 r QF
JreznaN NN

v 1 4
ATI TN 4-13 Nﬂﬂ']iﬂ'lﬂﬂ&u"UENﬁﬂ’!Qgﬁmu"%’ﬁiﬁjﬂx‘iLL‘EJ?Jiﬁ'IﬁEN'JﬁﬂTiﬁuN’J
g Yy o o =t - @ Y o s A o
ﬂﬁﬁlE]Uﬁuﬂ\"r‘!ftﬁl‘ﬂi’ﬂﬂﬁgﬂﬁqﬂﬁfﬂﬂuﬂﬁiﬁﬁﬁuﬂﬂﬂﬂf!ﬂ S’E]?Jﬁ$Wﬂllﬂ‘llﬁl~3tiﬂﬁ1°ﬁﬁulilﬂﬂ'lﬂﬁ

14 +
naasuasmInaassmihdusal§aserhumslSuanw

Temperature | Particle size Weight of yield of Gasoline
X °C) {mm) catalyst (g) (wt %)
Ranges 450-350 9.5-15.5 0.5-4.5 -
RSM 499.30 12.67 2.35 0.098
Repeat catalyst 499 12.5 2.35 0.30
Regenerate catalyst 499 12.5 2.35 0.17

- T : '
HUWNE: ﬂ?ﬁjﬂﬂﬂl’lﬂﬂ“uﬂﬁﬂgﬁ’lﬂgw%}'I'Jlﬂuﬂ'lﬁﬂ']ﬂﬁf]"ﬂﬁj’é}ﬁ‘]f’}ﬁ

] 2
NNNIMAAZIUENTIZAMIN AUAULBUT 00T MIRURIHan o LT T
) Y o a = @ o "y Y o a
Fovaswa lAvowna Tafuuniige dwaaalunsned 4-13 wud Sovaswaldvewdia Tadu
mniiga 0008 dewhinislulsladaheninzgungl 49930 ewmnwadea wnauna

AzamENiT 12.67 Tadwes unglFunadns alfize 2.35 niy



58

o S 34 =4 a  dy oy A o

1’]']ﬂ'iﬁ1’lﬂf!'Elﬁ@f’]ﬂﬂﬂ‘i\‘1'V]ﬁﬂ’i'3351’]I.‘HN’lxﬁi]‘l’lqﬂﬂvlﬂ%'lﬂﬂ'liﬂ’lﬂﬂ&u NgUUNH

499 DIFUTAHOT NNAVDNZNWENIT 9.5 — 12.5 Tafes uazsTnaduslfiser 235
[y T 3 [ P=} A ) 9 9 [ =3

33 WU ﬁﬂﬂﬁ%ﬂﬁqﬁﬂﬂﬁuﬂﬁi“ﬁﬁu A8 0.30 HABTINNITMANSIU iaaagwa'flﬂmamﬂﬁi%u

A ) =

¥ ] ¥ ]
ﬁ]ﬁgl,ﬂ\‘lliﬂ'lllmﬂu .11 AgUY ﬂ"l‘t’lblg]}‘i}1ﬂﬂTiﬁ"l“l?'E%e{lﬂJﬂWﬂﬂﬂLﬂuﬂ1ﬁﬂ’lil1§])mﬂﬂ’!§ﬂ']ﬂﬂ$m 3

E
g

1 1 =4 o o P A = A o= (4 = e
w1 o819 lanawiiuwa land ifesainmsiineil desmsTunmvewna Tudumnniga
or ! A i ar = 9f
Pual 48 Patrick (1995) lafAnudusulfasernikumsdiuanimeinms lnls lagaainld
] ar ] A A ar = o u’: d? g vy ¥ g
wu aaslfasnamunsdiuaawiuiauaianeiu tlddesazwalave i
== | A S as o dy
Txauiiaianas FreandoetuauITes
1 T b4
Wohdusalgasenlsudiumsdiuanm  wdnhdnsalgaseniy
ar 90 !::{ dy 1 o kY [~ =t = ‘:x.' = ) ]
nauInlding fanrzmsnaaneil wod Sesaswa lavasuna Tadu T 0.17 Galianioand
3 3 i ) o 1 oy ey = = oy ey
Sovazwa lah ldnndus al §Rseusgnt uasfivseanimmanasdesas (0.30 - 0.17) + 0.30
x 100 =42.10
a <y Y o = 4 s
4.8.3.1 MadnTIzRiesazHa Tduoan IaautuuRuRINan DA DY
vnnlsznen 412 waasms w s ladmuuulddusalgigerssnag
b af 1 =} o = o oA =
Fovazwa ldvewndTody Augungluazauiavosnzaiwznia wud Raumngil 499.30
4 3 = oA Yy 9/ ¥ =
pernErIdIY dazRYeINZaINENIY 12.67 Tadwes szlifesazwaldveada Taduuin
#iga 0.098 udiilngan R = 0.85 fovazan ldvsauda Tetiuiiuias wzdvadin lidu 0.098 -
1w oy 1 1o ' 1 e A o S =1 v oAy
0.85 Wiy 0.11 uazilanlidindr 0.098 x 0.85 Wy 0.083 Famililufiseanidanms
a 9
manziu lag IS nsNuAIMDABUANBUVIINIY
vinawlszneu 4-13  uaaans inls ladauvulddus alfasersemnan
o 9 o = = o oA =
Fovagwa laveudea Todu Augun)luazIUIAYDINSAIENI1I W1 NQUNL 499.30
=1 =y ar ] oYY as ¥ 3 e = 5
asAusmded uazdSudusal§isen 235 niu ezldTosavnaldvesuna Taduuinfige
=y or t AAam T 9 o
0.098 wazanawlszneu 4-14 uaaans In s laFauuulddus ulfnsersznedesaswald
o =4 @ 9} = ar ] oo 1 -
pannd ladu  AuvwiavesnzatuzwinuazdTuaduswlgnser wod Avuiaves
) o A = w oo o 99 ¥ o
azatmeniv 12,67 Hadwas uaziSinadudalfase 2.35 n¥u wlndeoazwa ldvowna

Tofuanndiga 7o 0.098



"90-10.0

— “80-90
: n7080
90
- 6070
i; 80 5060
B 70 W40-50
&
) 6.0 ®3040
=3
:: 50 w2030
§ 0 m1020
i ®00-10
g so0
oh
20

3
a v w 1
mwalsznou 4-12 nsmNuRwaasnuduRussenedovazna lduuia Teau

Augamgll (X,) UazvIaveInzameni1 (X,)

®90-10.0
100 #8000
= 70-8.0
9.0
#60-7.0
= 8O-
5 W5060
> 70 4050
~ 80 |
o =30-40
= s 52030
¥ a0 w10-20
o
o WOO0-11
% 3 00-10
% 2
? 10
00 ¥~ e : ¥ SO
e P ~ — o 4
R e D s o Z /’ —
24833 4au, e Y o &
. B e oo — _Liis é&f
Emperamre [.,(_,) h 538.9 550.0 &

2
A v o o
aalsenou 4-13 nsNuRmEaIn NN FUTUTsZH T oeazwa ldvoaud e Tady

Augamgll (x,) uazlSunavedausslgnse (x,)



60

v 1
1NN NITENeUNITDIAINE1 IHaN 1T aNANNEY WU nsrWgungiiezll

Q

aaa =1 w Y

ANUTUINNYA azvuIAveINz s WI AU MY e us slfAselianudules

Gl 9 @ Y o 1 ada a 1Y 9 [+ =1 A
NamyIny Llﬁﬂﬂ1‘ﬁl‘ﬂu’ﬂ Qﬂlﬂgﬂhﬂﬂﬁﬂﬁﬂﬂﬁﬂﬂﬂ%Wﬁllﬁ‘ll?]ﬂllﬂﬁi"]fﬂuﬂ']ﬂ‘l’lﬁﬂ TGN

Q

= b

& 9 =y Qs ' aan e 9 A @ £ g
s vinavesnzmwzwiuazlTnavesdusalgaseniisniwatoslndifoenu dailull

ady a = A = !
AUNHEHNDNDIVINATTIN 4-10 [BDWIITUINT p-value

% 90-100
80-90

u7080

"60-7.0

s B \ ! RS - | 55060
1; ; | } 1 —. : ol "4.050
- > ] ! | 1 — I’ }
~ y | A i ‘ 2 anen - f w3040
< 5ol { ‘ ol %l P | | i [ ) ¥ { "20-30
| J e 5
s | | ] | - ) J 1020
- ‘ A7 . z : ' ~ : ; u00-10
'g 3017 | t <l % - . § v
& o] _ Zf— XY,
e s , S, &
| : : ‘ e : / / 2.3 &
00 d 7 > / ;a-\\
: i L
95 g ‘ ‘ - . 19 &
108 415 = &
: e gy 9
Parsir. ' LS q42 i fos &
Article size () 5 e &

2
Mwilsznew 4-14 psmnufuaasnuduRusszredosazma ldvoada Taduy

AUYHIAYEINZAWZNI (x,) HazlFiadaus el s (x,)

4.8.4 MIANTEY S ovazwa ldveaasilszneunas 15mnumu (Chlorobenzene)

wo1sanansseneunas Tsudy 1dun Chlorobenzene 1,3-dichlorobenzene
1,4-dichlorobenzene 1ag 1,2-dichlorobenzene ﬁ [1EiNIeH 'ﬁ IHuUIEY ﬁ qAa AATNIS ‘ﬁ?u o)
aouruesiiliTosaznaldvesufaladuinniige WenSoufvunansiamsieil 4-14 010
m'smamﬂ'?maxmi‘wﬂﬂmmﬂﬁadﬁﬂﬁﬁ?mﬁﬁmﬂﬁﬂ%’uﬁﬂ1‘w WU Fevazwa ldveg
mstsznevnas Iswuduiiswndefousudovazmaldvesuda Tody udarsdsznoy
aae Isuudu luddwddyluesdlsenovvewde Tody udaae Tsuuduaiusei T

Ugnseuenasu ey luglveauuduld



61

T b '
pisnaaeIniianzimnzaynnmmaazmuedlilsuny RSM W
=1 =3 ¢ o Y
foonznaldvownn Toduuazaae Tsiuudu 0.3 uag 2.97 MUSW HAZIINNTINATEIAIY
LY [] amaesy, n:i t ar 3/ [ o =t =
ausalgnsefirhumsiSudanm wodesazwa ldvewna lafuuazaas Isiwudy 0.17 uaz
o o B i o ar t A ;s v or

136 audw sziu1dn mslnlsladasindusalfisoismunsdiuanm Tdieuaz

¥ a v fe o - -
Wﬂu].ﬂguENNﬁﬂﬂﬂ!“ﬂﬂQllﬂﬁi“ﬁﬁulLﬂgﬂﬁﬂiﬂuu“ﬁuaﬂﬂﬁ

P et = V9 o o a Sy
BTN 4-14 Llﬁﬂ\‘lﬂ'ﬁiﬂﬁﬁi'ﬂl‘ﬂﬂﬂixﬁ"J’N'i'ﬁElﬂﬁiNﬁulﬂ‘liﬂﬂlﬁﬂﬁi“ﬁﬂulmgﬂﬂﬂiﬂﬂu“ﬁui]'lﬂﬂ'l‘i
4 P P Y o o a Ay y
‘ﬂﬂﬁﬂﬁ“]ﬂﬁ'lllﬂ.ﬂ’!'32;’1’1&1’5N?gﬂllﬂquﬂslj'ﬂ\?ﬁﬂﬂﬁ'3.,’Hﬂ]lﬂﬁJENllﬂﬁi“]ﬁﬂuﬂhlﬂil']ﬂﬂ'ﬁﬂ'kﬂﬂmu LA

nynaassithdus al§asormslivan s

%yicld of Chlorobenzene (wt %) yield of
yield
1,3- 1.4- 1,2- Chloro-
Experiment | gasoline | Chloro-
dichloro- dichloro- dichloro- benzene
{(wt %) benzene
benzene benzene benzene {wt %)
Repeat
0.30 0.00664 0.00348 2.87 0.0911 2.97
catalyst
Regenerate
0.17 0.00183 0.00178 1.28 0.0763 1.36
catalyst
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Liguid Element (%) HHV LHV
Materials Ref.
product N C H 0 (MJ/kg) | (Mkg)
Cocomut Light 0.08 | 17.66 | 9.30 | 23.57 1514 13.11
This research
shell Heavy 0.19 | 58.25 | 6.91 | 13.99 27.15 25.64
Zinc oxide Faisal A, etal
Rice husk 208 | 4973 | 12.57 | 35.62 26.45 -
cat. (2011)
H7ZSM-5 Ahmet G.
Pine bark <0.01 | 70.15 | 6.75 | 22.93 29.70 -
cat. etal (2012)
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Light fraction Heavy fraction
Area% | RT Composition Area% | RT Composition
56.21 | 1434 Acetic acid 36.41 | 29.41 Phenol
25.18 | 2937 Not identified 8.07 | 29.71 Phenol, 2-methyl-o~Cresol
327 9.71 2-Propanone, 1-hydroxy-Acetol 7.56 | 15.16 Acetic acid
295 12071 Phenol, 2-methyl-o-Cresol 7.21 31.61 | Phenol, 3,5-dimethyi-3,5-Xylenol
200 1799 Propanoic acid 4.18 | 23.38 | Azulene Cyclopentacycloheptene
1.81 | 3l.64 Phenel, 4~methyl-p-Cresol 2.67 | 1577 | 2-Furancarboxaldehyde Furfural
0.85 | 15.68 | 2-Furancarboxaldehyde Furfural 2.66 | 31.53 | Phenol, 3,5-dimethyl-3,5-Xylenol
0.83 12.45 Not identificd 1.95 549 Benzene, 1,4-dimethyl-p-Xylene
0.38 | 4948 Quinhydrone ‘ 1.89 | 16,13 Not identified
0.21 | 49.11 1,4-Benzenediol, 2-methyl 1.87 | 33.55 | Phenol, 3,4-dimethyl-3,4-Xylenol
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Area% RT Composition Area% RT Composition
32.92 2.05 1-Propanol, 2-amino 0.73 25.12 Phenol
20.54 1.60 1-Propanol, 2-amino 0.62 13.45 Acetic acid
8.04 2.56 1-Propanol, 2-amino 0.31 34.03 Dodecanoic acid
Phenol, 2,6-dimethoxy-4-
7.75 1.77 1-Propanol, 2-amino 0.28 37.35
(2-propeny!)
6.50 1.70 1-Propanol, 2-amino 0.27 14.09 2-Furancarboxaldehyde
6,29 1.86 1-Propanol, 2-amino 0.26 26.91 Phenol, 3,5-dimethyl
5.75 1.95 t-Propanol, 2-amino 0.18 43.42 Not identified
3.44 2.49 1-Propanol, 2-amino 0.17 5.60 p-Xylene
2.97 1.65 1-Propanol, 2-aming 0.17 30.01 Phenol, 2,6-dimethoxy
2-Methyl-2-(alpha-
4-Methoxy-3-
117 2.87 thienyl) 0.14 31.49
{methoxymethyl)phenol
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y = 1.3456x - 10.249

 R*=0.9987
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y = 1.539x - 0.1499

R2=0.9966
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y=1.5841x + 0.5235

R*=0.9928

Concentrations (ppm)

MW3znoU N-8 NIININATFIUUDL Bthyl benzene

N ond Ot 1

R*=0.9978

T T =i = T : L == =1
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Mwilsznoau n-9 NI INUINTFIUVB p-xylene
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y = 1.6133x - 0.6266

R*=0.9975

Concentrations (ppm)

mwilszneu n-10 ﬂﬂﬂmmgmmm m-xylene

y = 1.5996x + 0.8401

Rz=0.9811

T ) T ) | ' 1
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mMwilseneu n-11 ﬂ‘i’]ﬂﬂ’!ﬁ‘ig'luﬁlﬂ\‘l o-xylene
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y=1.1357x + 0.4669

R*=0.9815

5 10 15 20

Concentration (ppm)

Muiszney n-12 N3 MNINTFIUVB9 Chlorobenzene

y=1.1271x - 0.5002

R2=0.9944

2 4 6 8 10 12 14 16

Concentrations (ppm)

amlsznou n-13 nTWLIATFIUUBY 1,3-Dichlorobenzene
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y=1.1502x - 0.493
R?*=0.9936

2 4 6 8 10 12 14

Concentrations (ppm)

Ailsenou n-14 A3 WUNIFIUUBS 1,4-Dichlorobenzene

y = 1.2298x - 0.6252

R*=0.9939

Concentrations (ppm)

Mwilsznou n-15 N3 MWINTFIUUB4 1,2-Dichlorobenzene
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Ysuazaaziliinnzy

d
1. MIVATIEHAINNANA Thermogravimetric Analyzer (TGA)

awlszney w-1 Thermogravimetric Analyzer (TGA)
A 4 ~
N : http://www.sec.psu.ac.th/facilities.php (ﬁ‘uﬁ’mﬁa 20 HUIA 2556)
9 ' A A
1.1 U aLasIUUBINIBIND

Thermogravimetric Analyzer 8% 0 Perkin Elmer ;'u TGAT

1.2 amagmsnaney
1.2.1 o lu Tnsou
d o
122 Tilsupsunaaey: 1¥audensin 50-1,000 sruwaiioa N1OATI1N5

Tvia 10 esrEraFoaaauf
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2. MIIANSHTIEUNATIA Gas Chromatograph — Flame Ionization (GC-FID)

AMlsgney ¥-2 Gas Chromatograph — Flame Ionization (GC-FID)

i ; http://www.sec.psu.ac.th/facilities.php (ﬁﬂﬁ’mﬁﬂ 20 TU1AW 2556)

o o ' A A
2.1 gNDUAZTUVDUATDIND
i o ; ¢
U110 : Gas Chromatography with Flame Ionization Detector

U : 6890, Agilent Technologies, USA

2.2 dMAENITNaaal
Inlet temperature: 225 °C, Split ratio 10:1, Carrier (He) flow 1.0 ml/min

Oven Temperature: Initial temperature 50 °C hold 3 minutes
Column: HP-5, 30 m x 0.32 mm ID. x film thickness 0.25 pum
Detector temperature: 250 °C

Hydrogen flow: 35.0 ml/min

Make up flow: 35.0 ml/min

Air flow: 450 ml/min
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3. MIIATIEHAEMAN Gas Chromatograph — Mass (GC-MS)

1MsenoY v-3 Gas Chromatograph — Mass Spectrometer (GC-MS)

nan : http://www.sec.psu.ac.th/facilities.php (ﬁuﬁ’mﬁa 20 TUIAY 2556)
v 1 -
3.1 oViUaYIHUDINI BN 5\1\ :};5
\ 9 .
Gas Chromatograph — Mass Spectrometer, Trace GC Ultra /fSQ MS, Thermo

Scientific Inc., USA.

22anmMeEmianadeay

Gas Chromatograph Mass Spectrometer
Inlet temperature: 220 °C, Split ratio 75:1 Tonization mode: Electron lonization
Oven temperature: Initial 35 °C, hold for 5 min. Acquisition mode: Scan, 35-500 amu
Constant flow: 1.0 ml/min Ion source temp.: 245 °C
Column: TR-WaxMS, 30 m., film 0.25pum Transfer line temp.: 245 °C

ID. 0.25 mm. Solvent delay time: 5 min
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1. wamsannadesazraldveswandamifldnnmsinlsledamuTdlyius sl gt

{ 9) A o o = o = 19 ¥
15199 a-1 et eonzpa ldvesnandasivaunalBuns on lasnms n 15 laderua 1l

dusnlnsen
4
e minvesnzaznin
anzilyluminaned )
(5u)
13 -
_ | favimsiva fovaz
naned | gangl YUIRBYNIN , )
vo4luTasiu o N
(°C) (mm)
(ml/min)
f 450 10 6.5-9.5 20.01 9.86 49.28
2 450 5 0-6.5 20.00 8.65 43.25
3 350 10 9.5-12.5 20.13 8.98 44.61
4 550 5 6.5-9.5 20.08 10.15 50.55
5 550 10 0-6.5 20.00 9.05 45.25
6 450 15 9.5-12.5 20.10 10.00 49.75
7 550 10 9.5-12.5 20.01 10.09 50.42
8 450 10 6.5-9.5 20.02 9.93 49.60
9 550 i5 6.5-9.5 20.03 10.53 52,57
10 350 10 0-6.5 20.00 7.84 39.20
11 450 5 9.5-12.5 20.09 9.96 49.58
12 350 15 6.5-9.5 20.09 9.62 47.88
13 450 15 0-6.5 20.00 8.75 4375
14 350 5 6.59.5 20.02 8.83 44,10
15 450 10 6.5-9.5 20.04 10.02 50.00




84

MAKNUIN A (A1D)

ar 1 o | 1 a oo I3
G'I’J'E!U']\'lﬂ’l‘?jﬂ']u'}m@'l’ﬁ’]ﬁﬁ -1 ﬂ’lﬂ’]%}ﬂﬂﬂgﬂﬂ"lﬁ}ﬂlﬂﬁWﬂ@]ﬂm"ﬂﬁlﬂﬁlﬁﬁ’)

oy

= P P = ey Vo 1 oo or [} =
sunioh lannms lnTs laGauuu 1 lddus al§se dednimaned 1 an1isgungi

al

. =y

450 aernrmdne 531015 Inaved lulasiou 10 Tafansdond uazvuieeynta 6.5 - 9.5

LGLRGE
2 ¥
b4 ¥ = d a L] Al 9 =y
Sosazpn ldusawand aen invesueanasi e wls lada
o~y = d = uy ar 9 1 o = X 100%
VOUHAIOUNTY dwninueangaiuzniinouims Inls lade

386 g
X 100% =49.28 wt%

2001 g
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o ¥V kY a e IE: o = Ve T A
2. mawansmiuaierazpa laveanansaminldninmslnislada wunlddusalgnzm

R P o A w o S den 9 = o
1IN A-2 i,l.ﬁ@N3'ElE}ﬁ$Nﬁ‘lﬂﬂl@\‘iNﬁﬂﬂmﬂﬂ"l]ﬂﬁmﬁ’JE)‘L!‘V]ﬁEJ‘!’I\IﬂT]"Iﬂﬂ"I‘iulwz'ihlﬂ“]fﬁu‘U‘]ﬂ“]f

fusafnsen
4
s iminvesnzamzni
anazilylunsnaang y
713 (n3w) .
- — Souny
nAaRs | gungl | waeyma | UTinmedus
e e nie
(°C) (mm) YR (2)

1 500 6.59.5 0.5 20.09 7.45 37.10
2 500 12.5-15.5 4.5 20.04 6.76 33.73
3 500 9.5-12.5 2.5 20.18 7.47 37.00
4 500 9.5-12.5 25 20.18 7.57 37.50
5 550 9.5-12.5 4.5 20.10 0.76 33.65
6 550 12.5-15.5 2.5 20.03 6.59 32.90
7 500 12.5-15.5 0.5 20.00 7.45 37.25
8 550 9.5-12.5 0.5 20.00 7.13 35.65
9 450 9.5-12.5 0.5 20.03 7.50 37.44
10 450 9.5-12.5 4.5 20.06 7.03 35.04
11 500 9.5-12.5 2.5 20.00 7.29 36.45
12 550 6.59.5 2.5 20.00 6.74 33.71
13 500 6.59.5 45 20.00 7.4 37.21
14 450 12.5-15.5 2.5 20.55 6.92 33.67
15 450 6.59.5 2.5 20.11 7.02 34.89
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m1319# 7-3 uanadeoazn ldvewmdniaain idnnns nls ladauuy 1ddus algige

Productions Sayield of OLP
Productions (wt%)
Exp. in phase (wt%) (wt%)

Bio-oil Char Light Heavy Light Heavy
1 37.10 29.52 83.65 16.35 31.03415 6.06585
2 33.73 29.44 87.71 12.29 29.584583 4.145417
3 37.00 29.68 88.60 11.40 32.782 4.218
4 37.50 29.88 90.85 9.15 34.06875 3.43125
5 33.65 28.56 90.50 9.50 30.45325 3.19675
6 32.90 28.76 90.98 9.02 29.93242 2.96758
7 37.25 29.35 81.76 18.24 30.4556 6.7944
8 35.65 27.70 85.43 14.57 30.455795 5.194205
9 37.44 30.90 85.65 14.35 32.06736 5.37264
10 35.04 31.01 85.69 14.31 30.025776 5.014224
11 36.45 30.05 §8.98 11.02 32.43321 4.01679
12 3371 27.80 89.76 10.24 30.258096 3.451904
13 37.21 29.65 86.76 13.24 32.2833%6 4.926604
14 33.67 31.39 90.18 9.82 30.363606 3.306394
15 34.89 33.12 90.29 9.71 31.502181 3.387819

Fy
SMPduin i anUa LY 1.035 g/ml

MPdudn i avdnia e e tiiYg 1.204 g/ml
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d o ana
1. MyNEaMs IR IzHisuazNa lavewewdalrtuvesms s lagdouuulyiusalasen

P g/ 3 ar
ATI NN 3-1 Llﬁﬂ\ﬁﬂﬂﬂﬁwﬂqﬂﬂf@ﬂ Pentene LR Isooctane GL‘L!L’NE‘TL']J"I L%ﬁﬂilwﬁﬂi‘iﬂ

Pentene Isooctane
Concentrations . 5 Concentrations*® . 4
Exp. Yoyields x 10~ (wie) Yoyields X107 {(wi%)
(ppm) (ppm)
Light | OLP Light OLP Light OLP Light OLp
1 0 0 0 0 43532 | 1137.23 13.05 5.7294
2 0 0 0 0 571.32 | 1505.89 16.33 5.1848
3 0 0 0 0 696.52 | 1408.50 | 22.06 4.9344
4 0 0 0 0 0 25.84 0 0.07364
5 0 0 0 0 0 0 0 0
6 0 0 0 0 117.18 | 669.52 3.389 1.6502
7 0 0 0 0 152,58 | 1602.58 | 4.4898 9.0437
8 0 0 0 0 301.03 | 2052.42 | 8.8580 8.8544
9 0 0 0 0 44893 | 484.97 13.91 2.1641
10 0 0 0 0 348.92 | 2028.48 10.12 8.4479
11 0 0 0 0 834.11 | 1653.11 26.14 5.5151
12 0 0 0 0 269.73 | 1705.83 | 7.8855 4.8907
13 0 0 0 0 233.17 | 811.31 7.2730 3.3198
14 0 0 0 0 192.32 | 467.02 ¢ 5.6421 1.2825
15 0 0 0 0 301.53 | 328,93 ; 9.1777 0.9255
Repeat 0 0 Q 0 0 o 0 0
Regen. 0 0 0 0 0 0 0 0
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= ) 9 a
AT NN -2 Llﬁﬂﬂiﬂﬂﬁ&’ﬂﬁqﬂﬂjﬂﬂ Benzene LAY Toluene 6114!.‘%]’51’&‘1]1 Llﬁﬁiﬂ‘lﬁﬁuﬂ

88

Benzene Toluene
Concentrations ) 3 Concentrations ) 3
Exp. %yields 107 {wt%) Ysyields x 10 (wit%o)
(ppm) (ppm)
Light OLP Light OLp Light OLP Light OLP
I 83.35 0 2.50 0 146,33 | 21993 439 1.1
2 75.60 | 2248.19 2.16 7.74 40.61 217.75 1.161 0.7497
3 220.01 | 1985.66 7.25 6.96 7141 183.18 2.26 0.6417
4 162.19 | 5385.18 5.34 15.35 88,05 | 20901.98 2.90 59.57
5 7842 | 397.10 231 1.05 44.11 | 1512.05 1.30 4.01
6 57.68 | 23.25 1.67 0.0573 0 0 0 0
7 78.48 | 3912.94 2.31 22.08 0 171.93 0 0.9702
8 90.25 | 33.67 2.66 0.1452 0 0 0 0
9 33.00 0 1.02 0 0 0 0 0
10 0 0 0 0 95.82 | 334.02 2.78 1.39
11 610.89 | 3751.82 19.14 12.52 102.64 | 167.10 3.22 0.5575
12 0 0 0 0 32.08 141.58 0.9377 0.4059
13 25.86 0 0.8068 0 0 72.58 0 0.297
14 32.66 0 0.9581 0 0 g 0 0
15 23.32 0 0.7097 0 0 0 0 0
Repeat 0 0 0 4] 0 61510.17 0 240.54
Regen. 0 6409.15 0 26.85 0 19350.26 0 81.07

T aF 1 ] T
MINUING: Repeat fio MInanosihdmnannzitiiizanige uaz Regen. Ain Mnanodi

s algaTermmaliuanin (Regenerated) iimsnaassianzimunzauigs
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P 3 3 ar
A15197 3-3 Haadosnzna lAYes Ethyl benzene UDE p-xylene lain uazmaniin

89

Ethyl benzene p-xylene
Concentrations 4 Concentrations . 3
Exp. Y%ylelds x10 (wt%) Yoyields x10° (wt%%)
(ppm) {ppm)
Light OLP Light OLP Light OLP Light OLP
1 6.82 60.37 (.244 0.304 | 486.88 | 3833 14.60 0.193
2 15.59 | 269.90 0.446 0.929 17.48 | 566532 | 0.500 19.51
3 2941 | 429.97 0.932 1.51 123.80 | 4399.58 | 3.92 15.41
4 0 3342.86 0 9.53 0 6245.85 0 17.80
5 0 513.99 0 1.36 0 966.06 0 2.56
6 0 12.61 0 (0.0311 a 0 0 0
7 0 404.88 0 2.28 0 2967.64 0 16.75
8 0 0 0 0 10.01 0 0.254 0
9 0 0 0 0 4,24 0 0.131 0
10 2955 69.84 0.857 0.291 187.05 { 92.59 5.43 0.386
11 65.38 | 399.42 2.05 133 285.29 § 4827.70 | B8.94 16.11
12 4.50 27.51 0.132 0.0789 | 12446 1620 3.64 0.0464
13 0 103.68 0 0.424 4.54 ; 256.45 | 0.142 1.05
14 0 15.70 0 0.0431 0 6.03 0 0.0160
15 0 0 0 0 0 3032 0 0.0853
Repeat | 42.13 | 13503.65 | 1.555 52.807 0 0 0 0
Regen. | 8.92 [ 513949 | 0.338 21.533 | 49.47 | 9398.57 | 1.874 39.378
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= o o ar
15199 9-4 uamsdooazna 1Av99 mxylene 1A o-xylene Tuwlann uazerniin

m-xylene o-xylene
Concentrations ' 3 Concentrations . 3
Exp. Yoyields x10~ (wto) Yayields %107 (wt%)
(ppm) (ppm)
Light | OLP Light OLP Light OLP Light OoLp
1 0 0 0 0 21079 | 9597 6.32 0.484
2 0 21.56 0 0.0742 | 83.92 | 91.98 2.40 0.317
3 0 2093 0 0.0733 | 9432 | 7547 2.99 0.264
4 0 0 0 0 0 5898.54 0 16.81
5 0 0 0 0 0 0 0 0
6 0 |1348] o0 0.332 0 o | o 0
7 0 17.84 0 0.1007 0 59.00 0 0.333
8 0 161.43 0 0.696 0 0 0 0
9 3.94 | 90.04 | 0.122 | 0.402 0 0 0 0
10 0 19.23 0 0.0801 | 146.77 | 114.21 4.26 0.476
11 0 7.70 0 0.0257 1 144.06 ; 53.69 4.51 0.179
12 0 0 0 0 7076 | 30.32 2.07 0.0869
13 10.26 | 44040 | 0.320 1.80 0 98.39 0 0.403
14 342 | 567.62| 0.100 1.56 0 0 0 0
15 0 319.02 0 0.898 0 26.92 0 0.0758
Repeat | 173.17 | 86.01 | 6.393 0.336 0 244.39 0 0.956
Regen. | 92.65 | 88.55 | 3.509 0.371 0 65.00 0 0.274
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#5190 9-5 1eiae3 peazNa 1B Chlorobenzene a% 1,3-dichlorobenzene Mumlauasiva

niin
Chlorobenzene 1,3-dichlorobenzene
Concentrations N Concentrations _ 3
Exp. Yoyields x 16~ (wt%) Yoyields x 10~ (wit%)
{ppm) (ppm}
Light { OLP Light oLp Light OLP Light oLp
I 8.50 | 24.22 0.255 0.122 | 92489.49 | 285.63 | 2773.268 | 1.44
2 13.53 | 45.77 0.387 0.158 73.53 175.17 2.102 0.603
3 9.70 | 106.03 0.307 0.371 86.50 90.57 2.740 0.317
4 0 640.60 0 1.83 0 355.12 0 1.0l
5 67.71 0 1.99 0 0 0 0 0
6 0 0 0 0 0 0 0 0
7 0 166.17 0 0.938 0 1142.80 0 6.45
8 0 0 0 0 0 0 0 0
9 0 0 0 0 97749.00 | 47.96 3028.55 | 0.214
10 796 | 34.72 0.231 0.145 | 79135.04 | 378.15 | 2295.74 1.57
11 10.50 | 146.70 | 0.329 0.489 88537.57 | 1084.27 | 2774.45 3.62
12 575 | 5243 0.168 0.150 22.88 458.54 0.669 1.31
13 0 169.69 0 0.694 | 11161290 | 127.56 | 3481.39 | 0.522
14 0 0 0 0 0 63.04 0 0.173
15 0 0 0 0 0 0 0 0
Repeat 0 1697.19 0 6.037 61.54 308.56 2272 1.207
Regen. 0 435.98 0 1.827 47.11 0 1.785 0
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4 9 Yy . .
5199 9-6 udasiooazna ldvee 1,4-dichlorobenzene 1A 1,2-dichlorobenzene Tutvernuaz

lerndn
1,4-dichiorobenzene 1,2-dichiorobenzene
Concentrations . N Concentrations . 3
Exp. Y%yields X107 (wt%) Yoytelds x10° (wi%)
(ppm) (ppm)

Light OLP Light | OLP | Light | OLP | Light | OLP

1 0 19816.03 0 99.83 169.16 | 29.64 5.07 0.149

2 4181072 | 9161.10 | 1195.12 1 31.54 0 601.06 0 2.67

3 55762.38 | 17858.67 | 1766.19 i 62.56 65.09 | 323.25 2.06 1.13

4 42005.82 | 16870.30 | 1382.69 ; 48.08 G 3643.74 0 10.38

5 21270.12 | 12665.91 | 625.84 33.63 0 458.91 0 1.22

6 35402.,62 | 11724.02 | 1023.85 ¢ 28.90 0 436.65 0 1.08

7 58181.27 | 23376.85 | 1712.02 | 131,92 4] 355.31 0 2.01

8 75555.90 | 20585.05 { 2223.30 | 88.81 58.75 | 303.16 1.73 1.31
9 0 33700.09 0 150.38 | 250.11 | 116.96 1.75 0.522
10 0 30468.62 g 126.89 | 532.52 | 58.53 1545 0.244
il 0 40017.48 0 133.506 | 118.42 | 358.44 3.71 1.19
12 4494339 | 16062.99 1 1313.91 46.05 10.12 | 516.98 0.296 1.48
13 0 49074.68 0 200.81 | 113.53 § 2042.10 3.54 8.36
14 74788.64 | 33053.68 | 2194.06 | 90.77 40.15 | 2327.75 1.18 6.39
15 26403.14 | 11418.02 | 803.63 32.13 0 1551.83 0 4.37
Repeat | 77644.14 | 1200.49 | 2866.58 | 4.695 | 844.55 | 15323.2 | 31.18 55,92
Regen. | 33815.24 { 178.38 | 1280.91 0.747 | 47393 1 139376 1795 58.39
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AMARUIN 3§ (AD)

detunsAmau1sei o1 marieazesiilszneuvosle Taoonmui'ld
inmsnls lade Tnalddusadfnsn dedunisnanesii o anzgangii 450 e
Al YinaoRnIn 9.5 — 12.5 Nadwas uazlTunuausalgniem os ni findndmal
youna W (Light fraction, LF) tasuimdonsmuinsgiuuda v¢14 Concentration

448.9327 ppm

448.93 mg isooctane 1
44893 ppm = %
liter LF density of isooctane
0.44893 g iscoctane 1 ml isooctane ! liter LF
= X X
liter LF 0.692 g isvoctane 1000 ml LF

0.0006487 ml isooctane

mlLF
0.0006487 ml iscoctane density of isooctane (g/ml)
= X
miLF density of LF (g/ml)
0.0006487 ml isooctane 0.692 g isooctane/ml isooctane
= X
ml OLP 1.035 g LF/ml LF

0.0004337 g isooctane

gL.F

0.0004337 g isooctane
= X Yyield of LF

gLF
0.0004337 g isooctane 85.65g LF 3744 g OLP
= X P
gLF 100 g OLP 100 g biomass

l

0.0001391 wt % (%yield of isooctane)
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2. MsEamTIaNsieaazia lavesmsilszoevlalasmvenarinmainlslaGeunvly

fuIalgnsen

, ) L
M13197 3-7 ueraadooazka ldveannmsissneu la Tasmsueunfnen

%yields of hydrocarbons
Exp. {(wt%) % yield of hydrocarbons (wt%)
Light fraction Heavy fraction

1 2.819659 0.1093634 2.880140673
2 1.220609 0.0688735 1,.231984351
3 1.810711 0.0941757 1.835680647
4 1.390929 0.1804256 1.443991662
5 0.631438 0.0438465 0.662680078
6 1.028908 0.0320441 1053824505
7 1.718824 0.1928726 1.853336431
8 2.236836 0.0998103 2315142562
9 3.051487 0.1536826 3.187419077
10 2.334863 0.1399251 2440273756
11 2.842493 0.1750421 291730091
12 1.329709 0.0545091 1.364047643
13 3.493477 0.2176742 3.695?; 14997
14 2.201939 0.1002377 2.292575356
15 0.813517 0.0384789 0.840124116

Repeat 2.907984 0.3670994 3.275083049

Regen. 1.306370 0.2304508 1.536820807
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MANUIN 9 (AID)
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= ¥ ¥ o a ¥
A1319% 9-8 ueraadooazpa ldvowna Tady 18R Isooctane Benzene Toluene Ethyl benzene p-

xylene m-xylene Hii¥ o-xylene

%yields of gasoline (wt%)

Exp. %yields of gasoline (wt%)
Light fraction Heavy fraction
1 0.041063719 0.00781823 0.048881949
2 0.022996471 0.03450128 0.057497751
3 0.039416768 0.029789791 0.069206558
4 0.008237028 0.119125499 0.127362527
5 0.003605298 0.008998677 0.012603974
6 0.0050570627 0.002070903 0.007127931
7 0.006799157 0.051560724 0.058359881
8 0.011808259 0.009696058 0.021504317
9 0.01518512 0.002565847 0017750968
10 0.023443755 0.011071171 0.034514926
11 0.064000801 0.03623298 0.100233781
12 0.01466207 0.005508853 0.020170922
13 0.00854132 0.00729504 0.01583636
14 0.006700593 0.002900972 0.009601565
15 0.009887533 0.001984258 0.011871731
Repeat 0.007948794 0.294638677 0.302587472
Regen. 0.005721206 0.169481052 0.175202258
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Chemical Molar mass | Density
Chemical name ; Chemical structure
formula {g/mol) {g/cm’)
Pentene CH,, 70.13 0.64 NN
Isooctane
CH,, 114.23 0.692
(2,2,4-Trimethylpentane)
P
a‘:?ff “»3
Benzene CH, 78.11 0.8786 L 3
""‘;:Z#;r‘d
C.H, .
Toluene 92.14 0.8669
{CH,CH,) 7
CBHIO
Ethyl benzene 106.17 0.8665
(C;H,CH,CH,)
CSHEO
p-xylenc 106.17 0.861 '
(CH,(CH,),)
CRHJD
m-xylene 106.16 0.86
(CH,(CH,),)




'
MARUIN D (F1D)

Chemical Molar mass | Density
Chemical name R Chemical structure
formula (g/mol) (g/fecm’)
CEHIO
o-xylene 106.17 0.88
(CH,(CH,),)
Ci
Chlorobenzene CH,Cl 112.56 1.11 @
Cl
1,3-dichlorobenzene
CH,CL, 147.00 1.288
(meta-dichlorobenzene)
Cl
Cl
1,4-dichlorobenzene X
cHCL 147.00 1.25 |
(para-dichlorobenzene) L
Ci
Cl
1,2-dichlorobenzene Cl
CH,CL 147.01 1.30
{ortho-dichlorobenzene)
0O
Acetic acid CH,COOH 60.05 1.049 )J\
OH
OH
Phenol C,H,0H 94,11 1.07
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Catalytic Pyrolysis of Coconut Shell for Bio-oil

Puitiphon Kongnum, and Sukritthira Ratanawilai

Abstract—Bio-oils were produced from coconu! sheit via fast
pyrolysis process withowt and with HZSM-5 zeolite catalyst which
carried out in a fixed-bed reactor with heating rate 30 “C/min vader
pitrogen atmosphere. This research was investigated the effect of
pyrolysis parameters amouni catalyst by 3 response surface
methodology (RSM) experimentat design. The products of pyrolysis
afe prodaced bic-oil, char and gas. The results show that flow rate of
aitrogen was not sigaificant independent vatiable on bio-oil product
for pyrolysis. The maximum yield of bio-oil. 31593 w? was
obtained at temperature of 491.57 °C, particle size of coconut shetl of
12.5 mm and weight of catalyst of 0.3 g with flow rate of nitrogen of
5m¥min

Keywords-—biomass, pyrolysis. bic-oil, catabytic pyrolysis

I INTRODUCTION

N this present the world is facing a sertous problem on the

price of fiels getting higher. This is caused by the rapid
decrease in the world reserve of fossil fuels, which is using up
in pear futare f1]. As a renewable eriergy source, biomass is
the Iargest global contributor of primary energy supply, can be
convent te bic-oil by pyrolysis and has some advantages
compared with conventioval fossil fuel [2]. In Thailand.
agricultural producer is a magor with abundant agriculineal
resources and their by product could be used as biomass
energy which are characterized into processing industry (such
as rice husk from the rice mill. sugarcane bagasse, palm shell,
coconut shell and com cob). is mostly uwsed for heat and
electricity for the industry. and agricultural residues (such as
sugarcane tops and leaves, rice straw. soybean stalk cassava
stalk and oil palm residues).

The heating value of heat available in bio-oil is one of the
most important characteristics. The standard measurement of
the energy content of heating values can be reported as higher
heating valoe (HHV) and lower heating value (LHV). The
difference between HHV and LHV is eqinl to the heat of
vaporization of water formed by combustion of the fuel [31
Table 1 shown that a data for HHV of representative of
biomass.

Puttiphoa Keognun is with the Department of Chemical Engineering.
Prince of Songhla University, Hadysd. Songkhls %3112 THA (e-mmil:
putiiphon kEhotmail com).

Sukritthira Ratanawilai is with the Depantment of Chemical Eagineening,
Prince of Songkla University. Hadyai, Songkhla 90117 THA (e-mail:
sukgitthira bi@psw.ac.thy.
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TABLE1
HIGHER HEATING VALUT OF REPRESENTATIVE TYPES OF BIOMASSH
Biomass HHEV (MIkz)

Paln: shelf {4] 658

Sunflower-oil cake [5] 13.86
Rice steaw [8] 1635
Soybean cake [7] 1817
Sugatcane bapasse {6} 18.61
Biast firaiace slag §3] 19.37
Cocomt shelt {5] 22.83

Pyrolysis is the thermal degradation in the absence of
oxidizing agent at 300 — 300 °C for converting biomass into
bio-oil. gas and char. The bio-odl is liquid product from
biomass by very quick exposure to heated particles in reactor.
The char and gases produced are combusted to supply heat @
the reactor.

Bio-ail is one of the pyrolysis products, known as pyrolysis
hiquid, bio-fuel-oil, pyrolysis oil, wood liquids wood oil.
Generally. it is a dark-brown organic liqud and strong acrid
smell [4]. The bio-oil contains more than a Iundreds of
organic compounds that belong to alkanes, phenols. aromatic
hydrocarbon, acids, aldehydes, ketones, alcohols, esters,
furans.

The catalytic hydrogenation is imporant te select a catalyst
with higher activity. Catalytic pyrolysis derived from pyrolysis
of biomass is that oxygen containing bio-oils are catalytically
decomposed to hydrocarbons with the removal of oxygenated
groups. The zeolite catalyst, HZSM-5 has fwee-dimensional
frameworks regular pore system that known as crystabline
microporous aluminositicates [9].

Tn this study, coconut shell was used to produce bio-oils
based on pyrolysis process using a fixed-bed reactor amount
catalyst (with HZSM-5} io optinize the bio-oil yield The
influence of several operating parameters sach as temperafure,
flow rate of N, particle size of coconut shell and weight of
catalyst.

T EXPERIMENTAL

4. Material and sample preparation

The coconut shell sample investigated in this study has been
taken from Phatthalung located in Thailand. The coconut shell
was ground with a rotary grinder and sieved. Then the sample
was dried in oven at 120 °C for 12 h [10].

Tsai {2006) studied the proximate and ultimate anafysis of
coconut shell. The proximate and ultimate analysiz have been
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shown in Table II. HHV can be deternuned using the
following as in (1) The LHV can be determuned by using the
HHV and weight percent of hydrogen in coconut shell
according as shown in (2)

338.2xC+ 14428 x (H-0/8)

M =
HHV (M] /kg) 1000 (1)

LHV (M)/kg) = HHV — (0.218 x H) @)

B. Catalyst preparation

The HZSM-5 catalytic was prepared by NH,-ZSM-5. NH,-
ZSM-5 was dried in oven at 120 °C for 24 h The dried
catalytic was obtamed by calcmatons at 550 °C for 6 h, was
conducted at mtrogen gas flow rate of 20-30 ml/nun replaces
the air under anaerobic condition [11].

C. Pyrolysis procedure

The pyrolysis expenments were conducted m a fixed-bed
reactor (ID: 28 1 mm. length 300 mm) equipped with a sweep
gas (nitrogen) connection The reactor was heated externally
stainless steel by an electric furmace and stainless steel reactor,
with the temperature being controlled
- The experiments were carried out in two series. In the first
part, pyrolysis without catalyst to determine the effect of
reaction temperature, the effect of flow rate of N; and the
effect of particle size. The temperature was mamntained at 350-
550 °C, the flow rate of N, was maintained at 5-15 ml/min and
the particle size was mamntained at 0-12.5 mm A response
surface methodology was camried out by performing 15
expeniments based on a three factor. After pyrolysis the bio-oil
was condensed m a series of ice condenser traps maintained
the temperature between -5 to 0 °C and collected in the reagent
bottles. The uncondensed gases were flared to the atmosphere.
After cooling down the liquid weighted, the char product was
pushed out from the reactor and collected in the char

TABLED
PROXIMATE AND ULTIMATE ANALYSIS OF COCONUT SHELL
Characteristics Value [6]

Proxunate analysis (wi%)

Moisture 1126

Volatile mattes 8536

Ash 0.693
Ultimate analysis (wi%s)

Nitrogen 013

Carbon 5138

Hydrogen 5.79

Sulphus <0.01

Oxygen 30.76
HHV (MJ/kg) 2018
LHV (MI'kg) 1892

collection bag and weighted Gas weight was calculated from
matenal balance

The second part, which pyrolysis with HZSM-5 zeolite
catalyst, was camried out to deternune the effect of reaction
temperature, the effect of particle size and the effect of weight
of catalyst The temperature was maintained at 450-550 °C.
particle size was maintained at 6.5-155 mm and weight of
catalyst was maintained at 0.5-4.5 g wath flow rate of N, of 5
ml/min The bio-oil and char products are calculated as Eq. (3)
and the gas product was calculated by matertal balance.

Desired product (g

yield (wi%) = m x 100% 3)
D.Design of experiments

The response surface methodolygy (RSM) was developed
by Box-Behnken Design (BBD) The independent vanables
considered were temperature (X;). flow rate of N; (X:) and
particle size of coconut shell (X;) for without catalyst and
Temperature (X,), particle size (X;) and weight of catalyst
(Xg). The low, center and high levels of each variable were
designated as -1, 0 and +1 respectively as shown in Table I1I
In this study, the total number of experiments design was
based on 3 factors and 3 levels that counted 15 runs [12]

The regression model was used to approximate the
responses based on a second-order polynomial model as i (4)
where Y is the response, B, 1s a constant coefficient, X are the
independent vanables and B, B; and B, are nteraction
coefficients of linear, quadratic and the second order terms
respectively

TABLE I
EXPERIMENTAL RANGE AND LEVELS OF THE INDEPENDENT VARIABLES AMOUNT CATALYST
Pyrolysis without catalyst Pyrolysis with catalyst
Vanable Real values Real values
Code 5 o ] Code g 0 Y]
Temperature (°C) Xi 350 450 550 Xa 450 500 550
Flow rate of Na (ml'min) Xa 5 10 15 - - = -
Particle size (mm) X 63 93 12.5 Xs 95 12.5 153
Weight of catalyst (g) . . - - Xs 0.5 25 4.5
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TABLE IV
PARAMETER ESTDMATES AND THE STATISTICAL RESULTS
OF RSM APPROXDMATION WITHOUT CATALYST
ABLLL b2

TABLE V
PARAMETER ESTIMATES AND THE STATISTICAL RESULTS
OF RSM APPROXDMATION WITH CATALYST

Term Value p-value Snmmary Term Value p-value Sumumary
Constant -3440 0.00362 Constant -19053 0.00609
X 0.146 0.00240 X; 0863 0.00270
X 8326 3.19306e-06 R =0074 Xy 2828 007856 .
Xl: -0.00013 0.00841 M,z = 0.960 -0.000878 0.00244 Rﬂl e 0 761
X! 0.00834 0.01064 X! 0110 0.08470 ;
X" -0.388 8.33053e-06 X5 0226 0.06903
XsXs £.136 0.01486

Y = Bt BiXy + BaXo + BX 4 BuXeXs + BiuXXs

+BaXoXs + PuXa’ + PuXe’ + Xy’ ()

I RESULTS AND DISCUSSION

A. Non-catalvtic pyrolysis of coconut shell

RSM based on analysis of vanance (ANOVA) for
significance of the regression model It indicates that the p-
value is less than 005 means more significant of the
corresponding term of model The p-value over 0.05 that
means the model term is insignificant. The terms of model are
msignificant (Xz. Xy X3 and Xis) were removed from
regression model ANOVA table shows for significance of
model coefficients shown in Table IV.

The maximum bio-oil yield, 52 57 wt%, was obtained as
particle size of coconut shell and temperature were significant
respectively The flow rate of nitrogen was not significant
independent varable on bio-oil product for pyrolysis without
catalyst. So the second part. which pyrolysis by using catalytic

B. Catalytic pyrolysis of coconut shell

The catalytic pyrolysis experiments were conducted while
the temperature at 430-550 °C and particle size of coconut
shell at 9.5-12.5 mm with a constant sweeping gas flow rate of
N; (5 ml/min). The results were shown in Fig 1. The effects of
temperature and particle size of coconut shell on the bio-oil
vields of catalytic pyrolysis was observed that the bio-oil
vields increased from 3510 wi% to 3893 wit% with the
increasing temperature from 4350 to 49157 °C and with the
particle size of coconut shell from 9 5-12.5 mm

Fig 1 Effect of temperature and particle size
of coconut shell on bio-o1l yield

The temperature was found to be the most important
significant independent variable that affected the yield of bio-
oil for catalytic pyrolysis that the p-value is less than others
shown as table V

IV, CONCLUSION

Bio-oils were produced from pyrolysis of coconut shell in a
fixed-bed reactor by using HZSM-5 zeolite as a catalyst at
different parameter such as temperatre, flow rate of N,
particle size of coconut shell and amount of catalyst The
results for pyrolysis, without catalyst show that the flow rate of
N, was not sigmificant For catalync pyrolysis. the temperature
was the most significance independent vanable for optimize
the bio-o1l yields.
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