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Biogasoline from Vegetable Oil Using Catalytic Cracking Process

Aav

Syan ¥enags

v

Jiratchaya Chuaykleang

37]811131/‘11!1%5!‘7]1!&’31!?15\16116\1ﬂﬁﬁﬂ‘mﬂ]uﬁﬁﬂgﬂiﬂ%tfgﬂﬁ
IAINIINNAATUFIVUNA TVIAINTTHAN
UINENTBAVAIUATUNS
A Thesis Submitted in Partial Fulfillment of the Requirements for the Degree of
Master of Engineering in Chemical Engineering
Prince of Songkla University
2557

AVENTVRINHINGNFHFIVATHAIUNS

(1)



d' a a d [ =) %’ v A a cgl
FOINHNUS TuTeuna Txdauaniniuny lasnizuiunmsnzes ladnuasnnag
Y A ao ] dy

AT, A ITFY FIVNAYY

VIV

NI TUIAL

¢a a a ¢
ﬂ]i]ﬁﬂ‘ﬂﬂ%ﬂ‘lsﬂ?]‘ﬂﬁﬂuwuﬁﬂﬁﬂ AUTNITINNTADY

1J5L51UNTTUNT

J a [ a 4 a a
(399MANTINTY AT.GNONT I imm”la) (599MTNTITY AT.UTTIAN WTNUINT)

dd' a a [ 4 a [ a
21015803 INNHNUSTIIN (3IFANTINTY AT.GNGNTIN Sauila)

SRRTRTRRN A § V1A N b
9 4 J o . PA 4 J o 4
(A¥WMTANTITY ATANINA QY WAIUUN)  (FBIWATATINGY AT AN DEYWAUIUUN)

e NTTUATS
(3. 955N GUU)

e NTTUNIT
[ a2 o o J
(ﬂﬁ.’sjﬁﬁ'llﬂ NITUUN)

v Aa a o a @ a 4 A v A a 4 = I ' %
Taudiainerds ¥ INeIdeauaIuaIUNg oyl ImiuIneriwusatuiiudiunila
YoIMIANE MuKangas iy Irnssumansuiiada d1913513803 50T

o
(599FNANTI0158 AT FIZNA ATHUL)

AVALUNAING IR

)



3)

[

Y 1
UBITUVIDIIT WU EJﬁNWﬂWﬂﬂﬁﬁﬂ‘H'I’J%EJGII’ENuﬂﬁﬂH'ILEN uaz"lﬁ’uﬁmmmmammuﬂﬂaﬁﬁ

1 ] A Y
AIUWHADLLDD

4 a [ a
(799MANTINTY AT. FNONDI Saudla)

S a a o
'E)'li]'liﬂﬂlﬁﬂ‘]&l'nﬂﬂ'luwuﬁ

[

Y
(HNE1TFY GI)”JEJLﬂaEN)

@

=
UNANHI



(4)

Y
Aav A v

9 £ Y ' ' < ' & a 9 '
VTNRNUDITIUIBIIN NENTLH%EJ‘L!VIJJLﬂEJ!JJ‘L!?f”mW“LJQGluﬂWiﬂléluﬂﬂ’ii}jigﬂuwﬂuﬂlQMﬂ@u Lae

A

[ Y
li'lagnldlumssuvesyinlsyanluameil

Y
(UNANMVTFY FIVNALA)

o

=
UNANHI



(5)

a

d‘ a Jd [2J = O a &
POINUTUNUD ulUTﬂL!ﬂﬁICﬁauﬂ']ﬂouHWGﬁjﬂﬂﬂﬁgﬂjuﬂ'ﬁﬂgﬁzulaﬁﬂllﬂﬁﬂﬂ\i

Y
e UNEAITYY FI0NDY

e

I NI TUIAL

Umsdnm 2556
U |l
UNAaeo

v A& = a (24 = a 2
U2 ﬂulﬂuﬂ’lﬁﬁﬂ‘ﬂ'lfnﬁWaﬂulﬂjﬂllﬂﬁi“lfauﬂWﬂﬂﬁ%U?uﬂWﬁﬂZﬁgllaﬂﬂllﬂﬁﬂﬂﬂﬂ’lﬂ

Y o oA Y A . . Yo 1 aaa ~ v 1
UINUNFAYIATDN Fixed-bed micro reactor Iﬂﬂi"]f@?]!;i\‘iﬂ&]ﬂiﬂ1 H-ZSM-5 Iﬂﬂﬂ?ﬁmiﬂuﬁﬂljx‘i

a

Aaana 4 I < o w 1 Aaan
UN301910 NH,-ZSM-5 lilwniigaivigi 550 esemasadod Hunat 6 52 Tus nazihausalgnae

U
v
=

1 d v 4 1 ] J v { o 4
& hasrnaeunyiandudiemios FT-IR wulimgiendun ldianulndifesiumuaauves
v 1 Aaan YR ] Aaa gol o A I (2 ) a
ansalnsen H-zsM-5 ladnuirgurgiminiudsudnuztludoiuzunadiomaiia TGA
Y 9 ] a g‘/ 1 = = g o A A Y I [ a
Taglvinusoulurrsguugiaiua 50-800 oarusamad Any1u 3 silan lniluiagauly

9 4
LR

1 o v %} %
msanumsnaaluTeufa ladu 1aun Wduihaus Il iduihaas 1 l9ud vaziidiuan

a

' < R a A = I o A
AU FIUUIARN WUIINTUINUN 3 %u@iiulﬂaﬂuﬁﬂ']jgfﬂ']ﬂsll@QLﬁajqﬂlﬂullﬂﬁﬂqmﬂﬂu 350

QU

a Y o { < )
@\‘Iﬁ’llcﬁalﬁﬁﬂﬁ LW’I BNQUN YU 400-550 mmmfaLéffﬂﬁumuﬁmﬁmﬂaﬂumﬂﬂlmmaﬂﬂtﬂmmﬁ

E]

[

I A aw A= A a v A A aa aa ? = A

laanga “uiseiidudengurgllugeibednuiguvginldilfnser vintudnuianzi
a o o s A
manganlunseaaluTouna Tedunnigiuddus 11l Tas141151n50 Response  surface
methodology (RSM) lunmisesnuuunisnaaes lastloudiuilsdu 3 dwlsldun gungil (X,)
by
A9UA 400-550 peAUTAIFod 0nT1NT Inaved lulasiau (X,) 10-20 NadanIaouldl Lag As
aan @ ° a o
UfnTen 1-5 niu (X)) wanmineasslaihiosaznalavesvounaidunid (%Yield of OLP) 11
a ) 1 ~ a (9% =
AnsawazmuInenTdsunsy RSM wun aaneimunganlumswnan lulouna leauan
%/ an [ [
uniu1haus lhine 497.3 ssrusaoa Ausellfnsen 3.96 nfu uazdasims naveslulasu
litigninadeievazwalavesvouratdunsdaaadluaums v, = -206.55 + 1.245X,
9

11.35X, -0.00136X,” -0.308X,” + 0.02773X,X, Uonnil IaAny19NTNaveguuinazalig

Y
=

Ufnserreanudutuvouuuguas lo Twoonmulu OLP wuluieguugiinuaiu anududu

De

v
a a a

YOUVUFUNLYY uonTHavesgungil lulinaaeanududuveslo Tyosnmu naziliolSua

A X

% 1 aan = [ 9 9 a A zg ld’ (% 1
mgsqﬂgﬂimmmumﬂ 1 llﬂﬂ\i 35U ANUTNIUVeUUUFU U OLP WYY UALNDA LI



(6)

v Y v
UgnseunuauIud 5 nfu nauhldanududuvesuuduly OLP anas tagmsmulsumues
o 1 aana U 9 9y 9 £ 2 A
ﬁjlﬁﬂﬂgﬂifﬂﬁ\?Wai‘ﬂﬂ]ﬁJlﬂlﬂﬂ]uﬂl@ﬂul'ﬂicﬁﬂﬂﬂl‘ﬂubl‘Ll OLP HUAADY N UUNITNNICNUNNIZTY

a ° 1 v oA
TaginsannmanmsmuInnllsunsy RSM Asdenynan1izlinsoungquradnsnlanin

= % 1

T1lsunsu RSM Ao Ngaungil 450 500 uag 550 aerusaltod 59 n3e12 3 uag 4 3y way

E]

a Aaa a

[ A A 1 A R Y <3 a
931013 1aved luTasunsiinasanisnaaesi 5 aaansaeuri alininusa1l5gl
[ 1 < a d' 9 9 (%
(WHSV) 1u%1411.25-22.50 @052 14 Tagna1sanan1ies Mz auin osazna lauoaaumni
o A Ay Y a s Yy 9
una Tyauin laanmsinszia NN U0 Isooctane, Benzene, Toluene, p-Xylene, m-Xylene,
a 1 H a ()
o-Xylene 118¢ Ethyl benzene 1349 INA20 GC-FID wunanziimzanlunisnanluTouna

I a a

= 2 o Jd A J = (U aaa [ ] =
Toauamiiuaus ldiidluguvgil 500 eseiwaFoa auselfnser 2 niu uazaus1/590
v = ECYRI v P v ! = [ =
22.50 Ao Tue Naanziilimiesazma ldues OLP naziovazwa ldvesaiuvilaveund ladu
I 9 ¥ @ Y ¥ o o w S o =2
gagaitludosas 29.09 TastminuazIesas 5.86 asiMIN MuUAIAD MNUWNNMSANYITNIL
. a 2] Y J o a
nvangaylumswanluTound Teduainiiuldus lahilduds guugl 450 500 uaz 550 oen
= % ! anan % 3 d' d'
aided A5HN3e12 3 waz 4 iy uazensIng Inaved lulasnuniiinasaniinaaoad 5
A aa ' A =R Y1 < Aa ] ' A a
Hadansaeui aaldannuEf5gil 11.25-22.50 aedr Tus nunaazimiunzanlunmsnaa ly
[ o J A J I a = v aan @
Touna Twauvininiuihays lhildudailugumgi 550 esmuaadoa ansalgnse 3 n5u uaz
< a ] { ¢ 1 U %
ANUEIISYN 15 Aot Tue Nannziildmiesazwa ldves OLP nazdosazwalavesarunilaues
2% = < 9 ¥ o 9 ¥ o o w o
unalaaugagailu Sesaz 37.37 Tastninuaziosas 6.20 Tagimin Mua1ay uenvIndill
= a [ P 3 o ' ] A a o ? o
msanyIimseaa luTouna TaduaminiunnmuievmnaaniionSeuisunuraveainiu
¢ @ o A . . 4 LY s @
haus il Tesduiumsianzimnzanilaninmsanyniiuilaus v wamsnaass
' a 24 P ? o ' < vy Y 1 @
wu mawaa 1o Teund Taduaminiuamievinaanlidosazwa ldues OLP 22.22 Tagimiin

! : I ¥ o & S 3
naziyeeazwa ldvoaarunilavouna Isaune 6.45Iagrimin aaaalimunsaamilull

9’ 1 1
18 umswanluTouna Taauanuiniuavsievuiadnae 1



(7)

Thesis Title Biogasoline from vegetable oil using catalytic cracking process
Author Miss Jiratchaya Chuaykleang
Major Program Chemical Engineering
Academic Year 2013
ABSTRACT

In this research organic liquid product (OLP) from catalytic cracking of vegetable oils using
Fixed-bed micro reactor was investigated. The H-ZSM-5 was prepared and analyzed by FT-IR. The
results show that the transmission spectroscopy of H-ZSM-5 and the significant bands are nearly
functional group of H-ZSM-5. TGA method was used to study the range of temperature that vegetable
oils were changed its phase from liquid to gas. The refined palm oil (RPO), used refined palm oil
(UPO) and microalgae oil were studied. The temperature at 350 °C is initial temperature of changing,
range of temperature 400-550 °C is the good temperature range for all of vegetable oils can be changed
to gas phase and this research choose this range to study the effect of reaction temperature for catalytic
cracking process. The catalytic cracking of RPO with H-ZSM-5 in fixed-bed micro reactor at
atmospheric pressures was studied. The response surface methodology was used to design the
experiments for study the parameters over yield of organic liquid product (OLP). The effect of reaction
temperature (X,) between 400-550 °C, Nitrogen flow rate (X,) between 10-20 ml/min and weight of
catalyst (X,) between 1-5 g are the 3 factors for RSM design. The results show that the significant
variables and their effects on the responses have to be identified in order to study the effects of the
reaction variables on the yield of OLP. Among the three response factors, nitrogen flow rate does not
play a role on yield of OLP. As a result, it was neglected from the design, so the design equation is
Y., = -206.55 + 1.245X, -11.35X, -0.00136X,” -0.308X,” + 0.02773X,X,. The predicted optimum
condition is temperature of 497.3 °C, catalyst weight of 3.96 g and no effect of nitrogen flow rate. In
addition, this research studies effect of operating variable on benzene and isooctane fractions. It was
observed that, benzene concentration increased with the increase in temperature, which had not a

significant effect on isooctane concentration. The concentration of benzene increased with the increase
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of catalyst weight and decreased at higher weight of catalyst. Isooctane concentration decreased with
the increase of catalyst weight. So it is necessary to repeat the result for find the optimum condition
without the RSM. This research study the temperature at 450, 500 and 550 °C, catalyst weight at 2, 3
and 4 g and weight hourly space velocity (WHSV) at 11.25, 15 and 22.50 h'. This section was give
precedence in yield of parts of gasoline; it was analyzed by GC-FID in concentration of isooctane,
benzene, toluene, p-xylene, m-xylene, o-xylene and ethyl benzene for study the optimum condition.
The optimum condition of the catalytic cracking of RPO was temperature at 500 "C, catalyst weight 2
g and WHSV 22.50 h' giving the yield of OLP 29.09 % by weight and yield of parts of gasoline 5.86
% by weight. There were also studying on the catalytic cracking of UPO, with temperature at 450, 500
and 550 °C, catalyst weight at 2, 3 and 4 g and WHSV at 11.25, 15 and 22.50 h'. The results from the
experiments found that at 550 "C, 3 g of catalyst and WHSV for 15 h' is the optimum condition of
UPO and gave yield of OLP and yield of parts of gasoline 37.37 and 6.20 % by weight respectively.
Furthermore, the study the possibility of in OLP and gasoline from catalytic cracking of microalgae oil
at optimum condition from RPO studied gave the yield of OLP 22.22 % by weight and yield of parts
of gasoline 6.45 % by weight. That has possibility for produce biogasoline from microalgae oil by

catalytic cracking process.
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Hydrocarbon RON MON
PARAFINS
2,2-dimethylpentane >100 >100
2,2,3-trimethylpentane 100 100
2,2, 4-trimethylpentane 100 100
OLEFINS
2,2 4-trimethyl-1 pentene >100 86
2,2 4-trimethyl-2 pentene >100 86
AROMATICS
Benzene >100 >100
Toluene >100 >100
0-xylene >100 >100
m-xylene >100 >100
p-xylene >100 >100
Ethylbenzene >100 98
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Fuels Feed Catalyst Reactor Condition Result Reference
Temperature = 400 °C | Yield of OLP= 63 %wt S.M.
Fixed-bed
Biogasoline | Canola Oil H-ZSM-5 WHSV =1.8/h Yield of aromatic product= 51.786 %wt | Sadrameli et
micro reactor
Oil/Catalyst = 0.9 - al. (2009)
Temperature = 450 °C Yield of OLP= 70 %wt
Used Palm | Nanocrystalline Fixed-bed Niken et al.
Biogasoline WHSV =25 /h Yield of gas = 8 %wt
0il Zeolite Beta micro-reactor (2010)
- Conversion = 86 % wt
Bio Fuels Temperature = 426.2°C | Yield of Light fuel oil = 65.6 %wt
FCC
Biogasoline | Cottonseed o Fixed-fluidized | Catalyst/ Oil =7.8 g/g | Gasoline Fraction = 33.7 % wt Hong Li et al.
Equilibrium
Light fuel Oil bed (2009)
Catalyst Residence time = 50.2 s | Yield of Gas = 11.6 %wt
oil
Temperature = 450 °’C Yield of OLP = 53.5 %wt Pramila
Transport riser
Biogasoline | Palm Oil Zeolite REY Catalyst/ Oil = 5 g/g Gasoline fraction = 33.5 %wt Tamunaidu

reactor

Residence time =20 s

Conversion = 75.8 %wt

et al. (2007)
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Fuels Feed Catalyst Reactor Condition Result Reference
Temperature = 450 °C Yield of OLP = 59.3 %wt
H-ZSM-5(40) Transport riser Thaim et al.
Biogasoline Palm Oil Catalyst/ Oil =5 g/g Conversion = 95.9 %wt
/REY reactor (2009)
Residence time =20 s -
Temperature = 400 °C Yield of OLP = 70 %wt
Biogasoline AIMCM- Fixed bed quartz G.Ramya et
Jatropha Oil Reaction time=1h Gasoline fraction = 61 %wt
41/ZSM-5 catalytic reactor al. (2012)
Liquid fuel WHSV =4.6 /h Conversion = 99 %wt
Biogasoline Temperature = 380-430°C | Yield of OLP = 66 %wt
Noabh et al.
Squalene MCM-41 Tubular reactor | N, flow rate = 2 lit/min Yield of gas = 33 %wt
Liquid fuel (2011)
- Aromatic yield =20 %wt
Temperature = 500 °C Aromatic yield = 11.45 %wt
Fixed-bed micro Tirena et al.
Biogasoline Palm Oil Cu-ZSM-5 Reaction time =4 h Naphalenes yield = 10.53 %wt

reactor

WHSV =2.5/h

(2006)
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1. 131118355 194l (Refined palm oil, RPO) Aim Hsiuthau Teradunnilethauasiusna
2 A 9 < @ A A A o I A
Falvreaiunesnarana il Tasanvaznioueniidmasslanaslianyuziduvounadli
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2. 1131118353 1943 19187 ( Used refined palm oil, UPO) A9 115iu1auTeamduainiile
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g % 1
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3. UUINE I wUUIRAEN (Microalgae oil) Ao WU MIWHWWUT Chorella sp. 1R
v 9 ax . 9 < v o @ I A A 9
MNNITEANAAIYIT Ultrasonic 19819 Acetone 1HuaIrazate anyazmeuonuadmenay la

A v I 3 A Ay
nazlianyuzitluvewdangurgines
3.1.2 M5tAdl

1. an391n3e191ia Zeolite Ammonium ZSM-5 (NH,-ZSM-5) HUURI Wan 1ag1TEm
Zeolyst International Company SHATUA1 CBV 3024E Usemaanigomsm

2. ufe luTasiou anududuy 99.9%, Regular Grade 13U Fixed-bed micro reactor

3. @1311AT9 U Benzene ANUIANT 99.9%, 1nTA GC HAA 1ABLTEN Sigma-Aldich
sWadaum 12540 Uszmaansgonisn

4. 9150193314 Isooctane ANUTUTY 99.7%, N30 GC Wan laguTEn Sigma-Aldich

sWadaum 59030 Uszmaansgonisn
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5. Purge able Aromatic for Gasoline (N30 GC Waf 1Ag U5 EN Dr. Ehrenstorfer GmbH

HAAUM XA06020300ME UTeinateosiil

3.2 gilnsal
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3.2.1 1AT9IUDUNIITH

' A 2 <3|
1. 1A309UDATIZN Gas chromatograph with frame ionization detector (GC-FID ) 11l

4 A a saq Yo @ J X A J H 1 a
mi9@1]93&ﬂ51$1’?7]1"]5ﬁ’]‘1’ﬁ“£!8ﬂ@Qﬂﬂ53ﬂ@TJGIJ@Qﬁ’ljlu@lﬂﬂ?ﬂu@ﬂﬂﬂigﬂﬂﬂmﬂﬂﬁ1§ﬁ%!ﬁ 2 ¥UA
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v A

Yul azaeluveunanfernu lusmIsolild GC-FID 8¥fo Hewlett Packard jU 6890A (GC-
a Jd a A ~ a 24 =
Lampang)lun15 a1z iiFeqaunin ivemianzimuzaulunmswaa luTouna Taduluy
vy
YDIUMAWBUNIE (OLP) 1nnszuaumsnzaz ladnuainng Taeldduselfnser H-zsMm-5 Tagld
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INT9NDAUANTIEH GC-FID NFUIATOIUDINGIFITAT UHIINUIQYTIVATUATUNT

aN1ITNTNAAIVON GC-FID

- Inlet temperature: 250 °C, Split ratio 5: 1, Carrier(He) flow 1.0 ml/min

- Detector temperature: 250°C

- Oven initial temperature: Initial Temperature 40°C, hold 5 minutes

- Ramp to: 140°C, at 5°C/min, hold 5 minutes, Post Run 250 °C hold 1 minute

- Hydrogen flow: 30 ml/min

- Air flow: 300 ml/min

- Make up flow: 25 ml/min

- Column: Select for FAME, length 30 m., 320 um L.D, 0.1 pm film thickness

A A A 4 . . I A A A ’Aq Yo o
2. INDIUBUATIEH Thermo gravimetric analyzer (TGA) Hunsealeuasizinlsdvsy
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a %’ sol d' Yo 9 é [ g [} % ] d‘ = d‘
myaaszmhminiiude 1dsuanuiou Feimhminvesasarediuielimanasunilamn
] a o a d' 9 d'd
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TNITNITNATDIVDN TGA
-Purge gas: Nitrogen

-Scanning program: Heat from 80 °C to 750 °C at 10 °C /min

4 a 4
3. 1A3091UATILH Fourier-transformed infrared spectrophotometer (FT-IR) Pellet (KBr)
I A A A 4 [l ) 3 A Y I @ ' Aa
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Temperature ('C) | Catalyst (g) N, flow rate (ml/min) Yield of OLP (%wt)
475 3 5 28.65
475 3 10 26.81
475 3 15 26.29
475 3 20 22.58
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Temperature C)

Concentration (Yowt)

Benzene (C,) Isooctane (Cy)
400 0.35 0.04
400 0.33 0.04
475 4.96 0.03
475 4.17 0.05
550 4.55 0.01
550 5.62 0.70 E-03
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OLP

Concentration (Yowt)

Catalyst weight (g)
Benzene (C,) | Isooctane (C,)
1 1.38 0.08
1 2.91 0.11
3 4.97 0.03
3 4.12 0.05
5 4.2 E-03 0.13 E-03
5 4.4 E-03 0.16 E-03
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475 3 73643.20 2138.52 4.30 0.07
550 3 79026.50 731.98 4.76 0.02
550 3 94631.30 32.47 5.88 1.05E-03

dy = 9y 9 a 2 a A
AT N-12 HLAAINUNLAZ AUV UV UUDIUUUY U (C6) LLanlaTmaaﬂmu (Cs) GlUﬂ']iﬁﬂE'l’E]Tl'ﬁ‘Wﬁ

H v o 1 aan v a 2 o d A 4
6]]@\11!’]1’(1!ﬂﬁjlﬁ\?ﬂj‘]ﬂifﬂg’l@ﬂ’lﬁ‘ﬂgV’lgvlaﬁﬂl!ﬂiﬂﬂﬁu’luuﬂ’lﬁuiqwu

Temperature | Catalyst weight Area C, Area C, Concentration | Concentration
0 (2 (pA*s) (pA*s) C, (%v/v) C, (%v/v)
475 1 61173.70 4639.59 3.04 0.15
475 1 44760.50 3363.94 1.45 0.11
475 3 40357.20 1192.18 1.20 0.04
475 3 84671.70 1272.10 5.19 0.04
475 5 155.49 5.35 4.43E-03 1.73E-04
475 5 147.70 6.95 4.66E-03 2.24E-04

(J ! [ a &’
A1069MIMUIBANUTNTUVB UV UFUIINHY
@ U aan @ 4 ~ a I 1 [
waFed anslfnser 3 iy wunldnsivesuugwily 13007.74 T¥nsdszummnilumgaa
(Interpolation) azM131/521WAINONFI (Extrapolation) TaslddoyaninninuiaTgIiuyes

wuguaaailuaise n-13 uagl¥1ysunsu Polymath software version 6.0 TuMIAIUIUAULAAS

v
=1

N

dodralumnwilszaeun n-1 9214 Fosazanududuvosvusy (TasSuas) =037

Tdnslvouuudu Ngumgi 400 par



A dqy a A Y 9
M1919 N-13 mewuﬂmﬂi11/\|€|J§Nﬁ1smm§mmu%ummmwuﬁuumm

Concentration (% by volume) Area (pA*s)
0.1 3372.54
0.5 18000.30
1 35868.60
5 82048.30
10 164712
15 248788
20 329985
25 409109
Regression Analysis |grapn]
Eal
Dependent variable | Concentration |
Independent variable | Areapaak =

Interpolation l Differentiation] Integrationl

Indep wariable walue 1300774
Calculated value 0.3701335

Solve with

RATINT hd

v 9 1
amlsznoun n-1 uaasdresamsndasiunldansidluanududuvosuusulasldldsunsuy

Polymath

o o Y 9 A dqyu i
G]'J@‘(’J'Nﬂ’liﬂ’]ujmﬂ'J'llllf’llll"lluGU@QU]:@I“]f@@ﬂlﬂu%'IﬂWUVIGI,G]ﬂi'W\IGU@QU]J@IG]f@@ﬂLWU N

a =S @ U Aann [ dy ~ Y
QUMY 400 DIFLH ALY T @]’Jliﬁ‘ﬂgﬂifﬂ 3 n5u Nunlansi

Uszaua1lugi9 (Interpolation) Hazn151szuaAIMONSI9 (Extrapolation) Taglddoyaainnsiu
1asg1uuedlo Teponmuawuaasluaisis n-14 uag1411s1unsu Polymath Software Version 6.0

Tumsmurusauaaddlrodnalunmnilsznaun n-2 1214 Sesazanududuvsdlo Isoanimu

(Tawaf5u195) = 0.05
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A dqy A Y Y
M1919 N-14 mewumi@ﬂi11/\|€|Jmﬁ15mm§mllaMaaﬂmummmmmmumm

Concentration (% by volume) Area (pA*s)
0.1 3071.43
0.5 15040.30
1 31501.60
5 63423
10 115468
15 175452
20 232216
25 298561
Regression Analysis | Grapn |
]
Dependert varisble | Concentration ~|
Independent variable  |Areapeak |

Interpalation ] Differentiation] Integration]

Indep wariable walue 168814
Caleulated walue 0.0547358

Salve with

RATINT -

98

1 9 ]
anilsznoun n-2 naasdregamsudasiunlansidluanudnduvesle Taeonmu Ingld

T1/5unsy Polymath
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manganvesiaiuhdus Tl

¥ { o 1 Aaan 3 AaA
M1514 0-15 uaaanun 1ans 1o Isooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 1182 o-xylene lumsmansslfnsemazanugifsgin

Temperature | Catalyst weight | WHSV Area(p*As)
(0 (2) (h") Isooctane | Benzene | Toluene Ethyl benzene | p-Xylene | m-Xylene o-Xylene
550 2 22.50 10.35 1495.36 | 3241.88 529.68 848.87 0 28.86
550 3 15 286.95 4321.85 | 81353.5 13888.1 2611.46 4427.73 21821.2
550 4 11.25 4.02 577.67 1136.67 261.24 0 0 7.78

v A Y o 7 o
M1514 0-16 1aaanun 1ans19ue Isooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 1182 o-xylene lumsvigauvgiinming auvetiniuias i

Temperature | Catalyst weight | WHSV Area(p*As)
(‘C) () (h') | Isooctane | Benzene | Toluene Ethyl benzene | p-Xylene | m-Xylene 0-Xylene
450 2 22.50 109.96 8745.87 33185.50 10612.90 19514.20 0 27.72
500 2 22.50 3623.61 61947.90 158854 15760.70 1737.33 7397.07 26030.64
550 2 22.50 10.35 1495.36 3241.88 529.68 848.87 0 28.86




Y
manganvosiudus i 4

¥ { o 1 Aaan 3 AaA
M15149 017 uaaanun 1ans 1o Isooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 1182 o-xylene lumsmanssdfnsemazanugifsgin

Temperature | Catalyst weight | WHSV Area (p*As)
(C) (2 (h_l) Isooctane | Benzene Toluene Ethyl benzene | p-Xylene | m-Xylene o0-Xylene
550 2 22.50 40.80 3111.04 8452.23 1993.58 3164.62 0 51.01
550 3 15 1270.03 | 54433.40 128131 15467.90 2832.34 | 5588.80 19937.20
550 4 11.25 | 25290.70 | 97253.90 0 12416.20 15964.80 | 22388.50 3694.83

A Hdqu ad Y o ¢ A q ¥
1319 N-18 uaAINUNIAns 1N Ye9 Isooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 8¢ o-xylene “lumimqmwgwmmzﬁmmumuﬂmm'lwu“lcv

Temperature | Catalyst weight | WHSV Area (p*As)
(0 (2) (h_l) Isooctane | Benzene Toluene Ethyl benzene | p-xylene | m-Xylene o-Xylene
450 3 15 3408.59 31892 199754 1254.14 4246.16 16430.1 51782.40
500 3 15 165.92 5368.95 15529.80 4042.66 5969.27 135.49 0
550 3 15 1270.03 | 54433.40 128131 15467.90 2832.34 5588.80 19937.20

100
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A1319 N-19 UaAY3 a3 Tsooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 182 o-xylene 114 OLP uaz3osazma lavasaiuniiaveuna Taauly

(Y] 1 aan <3 A aa z ] = 4
mMamansalfnsemazanuEfs gz anveainiuids T

gram in OLP Yield of
Catalyst Yield of
Temperature parts of
weight Ethyl OLP
) Isooctane | Benzene | Toluene | p-Xylene | m-Xylene | o-Xylene Total gasoline
(2) benzene (%wt)
(Yowt)
6.37 5.05 9.52 2.64 1.76 7.92 1.51 1.90
550 2 0.13 27.72
E-05 E-03 E-03 E-03 E-06 E-05 E-03 E-02
1.18 7.37 3.41
550 3 0.01 0.22 0.01 0.06 0.04 2.27 25.08
E-03 E-03 E-01
3.24 1.81 3.06 1.61 1.80 6.80 5.59
550 4 0 0.04 25.37
E-05 E-03 E-03 E-06 E-05 E-04 E-03
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A1319 N-20 LEA9Y3 U1 Tsooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 182 o-xylene 114 OLP uaz3osazma lavesaiuniiaveuna Taauly

aa y o J A o
mimqmﬁqwmmxﬁmmumuﬂmm‘lwu

gram in OLP Yield of
Catalyst Yield of
Temperature parts of
weight Ethyl OLP
0) Isooctane | Benzene | Toluene | p-Xylene | m-Xylene | o-Xylene Total gasoline
(2) benzene (Yowt)
(Yowt)
4.50 1.55 6.70
450 2 0.03 0.09 0.05 0.03 0.19 1.29 24 .45
E-04 E-06 E-05
5.69
500 2 0.02 0.22 0.49 0.02 0.08 0.05 0.88 5.84 29.09
E-03
6.37 5.05 9.52 2.64 1.76 7.92 1.50 1.90
550 2 0.13 27.72
E-05 E-03 E-03 E-03 E-06 E-05 E-03 E-02




1 . [
A1319 0- 21 UaAY311EN5 Isooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 12 o-xylene 114 OLP uaz5osama lavesaiuniiaveuna Taauly

(L aan < A ad Y o J o
msmansalnsewazanuisginmngavueainiuldds Trlilsuda

gram in OLP Yield of
Catalyst Yield of
Temperature parts of
. weight Ethyl OLP
q) Isooctane | Benzene | Toluene | p-Xylene | m-Xylene | o-Xylene Total gasoline
(2) benzene (Yowt)
(Yowt)
2.00 9.88 1.76 1.40 5.69
550 2 0.01 0.02 0.05 0.34 27.74
E-04 E-03 E-06 E-04 E-03
7.68
550 3 0.25 0.51 0.01 0.02 0.08 0.06 0.93 0.69 37.37
E-03
2.12
550 4 0.08 0.28 0.04 0.04 0.06 0 0.51 3.43 27.46
E-03
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A1319 N- 22 A 1MET sooctane, Benzene, Ethyl benzene, p-xylene, m-xylene 182 o-xylene 114 OLP uaz5osama lavesaiuniiaveuna Taauly

ad 2 o ¢ @
msganginmuzanvesiniuthans Tvhildudy

gram in OLP Yield of
Catalyst Yield of
Temperature parts of
. weight Ethyl OLP
(C) Isooctane | Benzene | Toluene | p-Xylene | m-Xylene | o-Xylene Total gasoline
(g benzene (Yowt)
(Yowt)
2.85
450 3 0.01 0.09 0.47 0.01 0.04 0.12 0.73 4.89 22.13
E-03
8.29 4.16
500 3 0.02 0.05 0.02 0 0.01 0.10 0.69 30.25
E-03 E-04
7.69
550 3 0.25 0.51 0.01 0.02 0.08 0.06 0.93 6.20 37.37
E-03
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° v v , & % a 4 9 9 4 X dqu Ay v
msmmmiaﬂazwa"lﬂmmmuwuwamﬂaicmu LillG]uﬂ]&lﬂﬁlﬂaﬂuwuﬂiﬁf‘liW\l‘ﬂqﬂ
a 7Y & Y 9 '
INNITUATICHINIY GC-FID ‘1]1ﬂﬂ511/\|3ﬂ§5]§j§1u (LLﬁﬂ\ﬂHﬂTﬂNu’Jﬂ 3.) mgﬂummmmuiuwmﬂ
' Y Y ¥ o = o v Y ' &
ppm uazLuJawuaffl‘wagﬁlugﬂmmﬁeaaﬂ@aumuﬂ mmmmmmmiaaazwa"lmmmuwm

o a o ' ° Y} Y} ' & o a A a
ﬂJ@QLLﬂﬁT“ﬁau G]’JE]EnQﬂﬂliﬂﬂlu']mi@ﬂagWa]’lﬂql@Qﬁjuwuqm@\illﬂﬁicﬁaqumﬁﬂuu 550 939f1

e

1 v A

~ % aaa o <3 a ] 9
IHAULHBYN 917 3\11J§]ﬂﬁfn 3054 llagﬂ'nwﬁ?lﬁgll 15 @]@G]f'JIlN llﬁﬂ\jl‘lﬂﬂﬁu

¥

i 1dns 14 Isooctane = 1270.03 pA*s ulauiluanududu'ld = 1261.80 ppm

1261.80 mg C8

C8
1261.80 ppm = = 1261.80x10_3g—

1OLP 1OLP
_ 12618 88 U 2618x10-2 88
- 10LP X 1000ml 2% " mIoLp
g(C8 1 g .
— 1.2618x10°3 = 0.14% = 0.14 % by weight

X
mlOLP 92 (%)

0.14
0.14 % by weight in OIP => Too ¥ gram of OLP

0.14
= gg X 5606 g = 7.69x107° g C8 in OLP

gram of isooctane in OLP = 7.69x1073 g

gram of benzene in OLP = 0.25 g

gram of toluene in OLP = 0.51 g

gram ofp — xylene in OLP = 0.01 g

gram of m — xylene in OLP = 0.02 g

gram of o — xylene in OLP = 0.08 g

gram of ethylbenzene in OLP = 0.06 g

Total in OLP = 7.69x1073 + 0.25 + 0.51 + 0.01 + 0.02 + 0.08 + 0.06 = 0.93 g

) ) gram of gasoline
% Yield of parts of gasoline = x100%
gram of feed

3
% Yield of parts of gasoline = T X 100% = 6.20% by weight
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1. mAnzvidemaia Gas Chromatograph- Flame Ionization Detector (GC-FID)

MWisznoUN U- 1 Gas Chromatograph- Flame Tonization Detector (GC-FID)

ay v A A
1oUasIHVYIINIDING
Gas Chromatograph- Flame Ionization Detector (GC-FID) @¥10 Hewlett Packard 3‘ U 6890A
(GC-Lampang)
a o dal 9J a . . d‘ Y
Tuamdvetlsmaia Gas Chromatograph- Flame Ionization Detector (GC-FID) 8¥i® Hewlett
Packard §1 6890A (GC-Lampang) lum3sIns1giFenaunn ievmangimingaulumswan ly
%) = a A J a ay Y o 1 Aaan
Touna Taauluveurnaidunsd (OLP) mnnszurumsazaz laanuainna Tagldansalfnse H-
ZSM-5
a d Yy v a =] a v 1
1.1 ﬂ]ﬁ]!ﬂTI$ﬂﬂ1ﬂ'J13»1!6113»161114!‘1]9Q!Uumu!!ﬁgulﬁi"lfﬂﬂﬂ!‘ﬂu‘l‘uﬂ”ﬁﬂﬂ‘l&l”lNﬁ‘llf]\‘lQﬂ!ﬂQN!!ﬁ%ﬂ')ﬁﬂ
Ufiseaenszurumsazazlafnunsnig
ANNITNITNAADIVDNY GC-FID
- Inlet temperature: 225°C, Split ratio 10:1, Carrier (He) flow 1.0 ml/min
- Detector temperature: 250 "C
- Oven initial temperature: Initail Temperature 50°C, hold 3 minutes
- Ramp to: 185°C, at 8°C/min, hold 5 minutes
- Hydrogen flow: 35 ml/min

- Air flow: 450 ml/min
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- Make up flow: 35ml/min

- Column: HP-5, length 30 m., 0.32 um I.D, film thickness 0.25 pm
1.2 M3AA3 wﬁmmmg%'u%'umm Isooctane, Benzene, Ethyl benzene, p-xylene, m-xylene as o-

xylene TumsmannziinanzmdumssanluTeudalsduoningiuity

TN1IENTNANDIVOY GC-FID

- Inlet temperature: 250 OC, Split ratio 5: 1, Carrier(He) flow 1.0 ml/min

- Detector temperature: 250°C

- Oven initial temperature: Initial Temperature 40°C, hold 5 minutes

- Ramp to: 140°C, at 5°C/min, hold 5 minutes, Post Run 250 °C hold 1 minute

- Hydrogen flow: 30 ml/min

- Air flow: 300 ml/min

- Make up flow: 25 ml/min

- Column: Select for FAME, length 30 m., 320 um I.D, 0.1 pm film thickness
1.3 mﬁmswﬁnmﬂéauuﬂmmﬁﬂnnaumaa131ﬁuﬁauuazﬁﬁemzmumiﬂzm"laﬁmminﬁa
(GG,

AN1ITNITNARIVN GC-FID

- Inlet temperature: 290°C, Split ratio 50: 1, Carrier(He) flow 1.0 ml/min

- Detector temperature: 300°C

- Oven initial temperature: Initial Temperature 210°C, hold 12 minutes

- Ramp to: 250°C, at 20°C/min, hold 8 min

- Hydrogen flow: 30 ml/min

- Air flow: 300 ml/min

- Make up flow: 25 ml/min

- Column: Select for FAME, length 30 m., 320 um [.D, 0.1 um film thickness
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2. MAATITHAEmANA Thermogravimetric Analyzer (TGA)

mwilszneun v-2 Thermogravimetric Analyzer (TGA)

Ay ' A A
g1ialas IHYDUNTOIND
Thermogravimetric Analyzer (TGA) Wi perkin Elmer §' U TGA7

a < A
2.1 M3INSZHMTIQUHRINF UM Inaaes

o A T

0o ¥ a ) a v P o v
IUIUUNBUATICHAWNAUA TGA Iﬂﬁlclﬂﬂ'J'lilfl"ﬁ]uﬂ‘]Ju'liJuW“]fﬂ'lElGlﬁ‘]_lﬁﬁ'Eﬂﬂ'lﬁ

A A ?,’ o %’ | Y Y A a :3 ] 1 A
”luimﬁm lfwa@minJaﬂuuﬂaqumuﬂﬁuENumum6177ﬂammumqmwmﬁwuammmum

U U

2 Y v

a ! 3 3 { < ]
Aoamsigungiisuaunaunsarh lfihduisiinswaeunlasaoie hhiiuaowzunald
v =
launiga
ANIZNINAADIVEI TGA
-Purge gas: Nitrogen

-Scanning program: Heat from 80 °C to 750 °C at 10 °C /min
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a d
3. MIUATIZHRAWMANA Fourier transform infrared spectroscopy (FT-IR)

mMWsznouf U- 3 Fourier transform infrared spectroscopy (FT-IR)

d’ 4 \J tﬂ' =)

ﬂ‘ﬁmngummmimm
Fourier transform infrared spectroscopy (FT-IR) #¥0 Bruker Germany g'u EQUINOX 55

a d v Jd v Y aaa

3.1 ﬂ1§'J!ﬂi]zﬂﬁﬁﬁﬁﬂ‘lﬁuﬂlﬁﬂﬂﬁ!5\11]{]ﬂ§ﬂ1

I o w 1 aan A A = 9 Y a 4 ' ) o aan

Aumsrhausalgnsnimsouizouiesuda lUTnzimlandusesdnsalgnse lae

< a o 1 < a £
1% FT-IR Spectroscopy 4 1#imatian1siasona15uuy KBr Disc IagUAa15A206 19009915 §Nn5
(1-2 Faan5u) 5IUAVHE KBr (100 Fadnsu) 111411AT9989 minipress 31 laurunanuuulandie
9 [ v [ 9 o ] . AR A 9 o v A

3508 waqmﬂ@mﬂuuwmmuum UMLKY KBr disc GlﬁﬂﬂﬂW!ﬂHLm’J’N\ﬁJu%’lﬁﬂﬁ IR

aNNITNTNAADIVDN FT-IR
-Test Technique: Pellet KBr

-Test Condition: 4000-400 cm’'
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NIZUIUMIAZAL 1aANIAINDIN A0 Fixed-bed micro reactor

a o

Y 1 1 v
T3 19195099 Fixed-bed micro reactor tWeoldlunisazaz lafnuasnng szuuas
a 2 v v 9 ' a 2 A
az laganuasnnalszneuale i ldanuiounoumsnzas ladnuasnna (Pre-heater) 1AT09

a 4 . . 1 < a 4 a 7 I @
‘ll;]ﬂiﬂ! (Fixed-bed micro reactor) & UUAIULUULALHADANUNIHNAH Lﬂ%ﬂﬁﬂ;}ﬂimtﬂuﬁﬂ%ﬂlaﬁ

a Qy < o A a Aaan @ g 9 %’ = Y
5$1J1Jﬂ$§5]$vla¢]ﬂlmiﬂﬂ\1 nJumLmuQ‘mﬂ@ﬂ;]ﬂsmmm@mmmmumu Tagriungnlvany

U

J 4 a 4 1 UK aan ' <
§oU10 Pre-heater 2 lvardginsesifnsainindmuuinieluladnsalfnse 13 auarailu

[

a ¢ = < 9 < o ] ] oA A ]
NNDONVDINAANUN Gﬁﬂﬂzﬂﬂlﬂﬂjﬂﬂi‘b"ﬁa@ﬂlﬂ‘ﬂ@]ﬂ@ﬂ’lﬂ TﬂﬂmumimmmummauﬂaﬂunJu

U

v
Y= Y

A A a a 1 493 = o A Yo 1 dy
seuumomnlszansnmmsauuinliauy Feiunoumsduivaundasldasae liil
v Y o [ a 7 v 1o 1 aan . .
1. Jadiuludalgnsaineglu Pre-heater itz ladu3a1gne11u Fixed-bed micro reactor

1 9 [

1 a £ =] 9 Y a o 9
2. ﬁ@igﬂ‘1Jﬂ$ﬁgulaﬁﬂl!ﬂiﬂﬂ\ﬂ‘mifJ’lJ'i’EJEJL!?I'JlﬂﬂﬂT"IfuluI@]ilﬁ]uHﬂﬁigﬂﬂﬂﬁﬂi’)@]51ﬂ1§1ﬁa

U

9
Y

Aa aa 1 I 1 [ [
20-30 Haaansaoui 13umal 15-20 WA ABUMINAADY 1NUULTUTATING InavDd
3w Ay Y a
TuTasuilusasims lnandosnmsldasalumsnaass
a A a . . Y= A Y o aan A
3. an3oenrugueungily Fixed-bed micro reactor 1¥indgavgiinlemlfnser e
a . . =3 Ay Y Y a A a
gunnN1u Fixed-bed micro reactor D40 UNGDINILAY THIAIATDIAIUANYUNYNVD

Y o 3 . .
Pre-heater U1 uvzgnldnnudounazszionateiulomng Fixed-bed micro reactor 1Ay

Tvarihgszuuaiuuiu

Y
S a @ J

A o a ] Y o 4 3 Y A Y
4, Lll'l’)ﬂ'lluuﬂ'lﬁlﬁﬁfﬂﬁuGl,ﬁu'lﬂﬁ@Iﬂmmm@\‘]lﬁﬁ'Jll‘IJGINu']WuﬂlW@WTWﬁHlﬂﬂJ@QGU@QLﬁﬁ'J

dunson lannnmsnaassuazihwansumian la 1 ansieinase 1
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(a) (b)

Mmwdsznaun a-2 (a) Pre-heater, (b) Fixed-bed micro reactor
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(a) (b)

d' Il @ l <3 a o 14
5117‘!1]58119‘]]‘“ A-3 (a) T2UUAMIVLUUY, (b) AIBYWMTNUNANNUN



MARNUIN .

ﬂiW\lNWlii11-!"]1@]&i;T]§N1ﬂi§1N!!ﬁ%iﬂi&lﬂ'ﬂ!!ﬂiﬂﬂlﬂﬁ OoLP

ﬂi']‘V\IiJW]iﬁ'Iu"’IJ’EN Isooctane

Isooctane Calibration Curve

600

500 A

/ v =1.0096x - 3.8812
/ RI=0.0994

Aren (pA*s)
L
2

Concentrations (ppm)

a . .
MNWY5LNOUN 9-1 Isooctane calibration curve
ﬁilﬂ”l’i!,fafjuﬂ’iﬁﬁllmﬂﬁﬂm%ig”lu £ Y=1.0096X-3.8812 ANANNADNU : R* =0.99
A A dq v v
Wo Y : nunlansm (pA*s) X ANUINIY (ppm)
ﬂ'iW\IiJMi@u"ll’fN Benzene

Benzene Calibration Curve

r= 5 - >

600 / v =13456x - 10.249
/ RZ=0.0987

500

Area (pA*s)
[F5)
3

i (I f T T T |
-100 100 200 00 A00 200 a0

Concentrations (ppm)

MWU32ndUN 9-2 Benzene calibration curve

AuMsduUAsToINIIMLIATIIUN : Y=1.3456X-10.2490 AIANUFHOIU : R* =0.99
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e Y : i ldnsnl (pA*s)

ﬂi'l‘l/\liJW]iﬁ'lu"U’EN Toluene

X : AN (ppm)

Touene Calibration Curve

p

¥=13530x-0.1499

E7=0.9966

Aren (pA¥s)

\

7

MNWU5£NBUN 9-3 Toluene calibration curve

10 15

Concentrations (ppm)

AUMIIEUATVDINTIUNIATFIW : Y=1.5390X-0.1499 AIAMMFOIU : R® =0.99

o Y : i ldnsnl (pA*s)

X : AN (ppm)

ﬂ‘iﬁ/\llﬂ@liﬁ1ﬂ"ﬂ’ﬂx‘l Ethyl benzene

Ethylbenzene Calibration Curve

=

Area (pA¥s)

7

Concentrations (ppm)

¥=1.5841x + 0.5235

BZ=10.5928

mnseneui 9-4 Ethyl benzene calibration curve

auMsduUAsTIvoInTMIATIIUN : Y=1.5841X-0.5235 AIANUIFHOIU : R® =0.99

' 2 4
e Y : i ldnsnl (pA*s)

X : ANUAYNYY (ppm)
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ﬂﬁ‘l/\lilmi@u"]]’m p-xylene

p-xvlene Calibration Curve

/ ¥ =1.4471x + 2.0258
20 RZ=0.0078

Area (pA¥s)

\

0 2 4 6 8 10 12 14 16

Concentrations (ppm)

mniszneui -5 p-xylene calibration curve

AUMSIAUATIVOINTINIIATTIN : Y=1.4471X-2.0258 AIANUFOIU : R =0.99
Wo Y Wunldnsml (pA*s) X anudutu (ppm)

NTULINTFIUVBY o-xylene

m-xylene Calibration Curve

25 ¥ =1.6133x - 0.6266

/ R==10.9975
20

Aren (pA¥s)
s

7

0 T I I 1

] 5 10 15 20

Concentrations (ppm)

mniszneui -6 m-xylene calibration curve

auMsduUAsTIvoInIMIATIIUN : Y=1.6133X-0.6266 AIAMUIFHOINU : R® =0.99

Wo Y Wunldnsm (pA*s) X :Aanuduvu (ppm)



7. ﬂimlmmgmmm m-xylene

o-xylene Calibration Curve

. ==
20 //

Aren (pA*s)

Concentrations (ppm)
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v =1.5996x + 0.8401

R:=10.9811

mwilsznoui 9-7 o-xylene calibration curve

AUMIIAUATUDINTIUNIATIIV | Y=1.5996X-0.8401 1A 1F0IU : R*=0.98

Wo Y Wunldnsm (pA*s) X Aanuduvu (ppm)
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pData File C:\HPCHEM\1\DATA\102-56\102N4018.D

dilution factor 2
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Sample Name: 9UPO-ExXp3

Injection Date 10/22/20 Seq. Line 10
Sample Name 9UPO-Exp3 vial 10
Acq. Operator Pim Inj i
Inj Volume 1 pl
Acq. Method : C:\HPCHEM\1\METHODS\102-56M.M
Last changed 10/18/2013 16:17:19 PM by Sujanya
Analysis Method : C:\HPCHEM\1\METHODS\102-C2.M
Last changed 10/25/2013 10:33:08 PM by Sujanya
(modified after loading)
FID2 B, (102-56\102N4018.D)
pA’]
800 -
2
Q
600 - e
3
«©
° e
400 < a8
g a
o
2
200 - .
o
e 2
CWNIX <<
0- i~ v
T v T T T T T i 1 A
1 2 3 4 5 6 7 8 mir
Sorted By 2 Signal
Calib. Data Modified : Friday, October 25, 2013 10:17:00 PM
Multiplier s 1.0000
Dilution 1.0000
Signal 1: FID2 B,
Peak RetTime Type  Width Area Area Name
# [min] {min] [pA*s]) $
senefeneaee === e At ot MRt EELEEEES R
2 5 3.054 + 0.0000 0.00000 0.00000 Pentene
2 3.243 BB + 0.0288 12.84914 1.00759 Isooctane
3 $.021 BB + 0.0596 1171.33386 91.85245 Benzene
Totals 1184.18300 92.8600
Results obtained with enhanced integrator!
1 Warnings or Errors
Warning : Time reference compound(s) not found
*** End of Report ***
Instrument 1 10/25/2013 10:33:11 PM Sujanya Page 1 of 1
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pata File C:\HPCHEM\1\DATA\102-56\102N4018.D

dilution factor 2
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EE e i i L e T L L )
Injection Date : 10/22/2013 04:03:35 PM Seq. Line : 10
Sample Name 9UPO-Exp3 vial : 10
Acq. Operator Pim Inj & 1
Inj Volume L pl
Acq. Method : C:\HPCHEM\1\METHODS\102-56M.M
Last changed 10/18/2013 16:17:19 PM by Sujanya
Analysis Method : C:\HPCHEM\1\METHODS\102-C1l.M
Last changed 10/25/2013 15:16:53 PM by Sujanya
(modified after loading)
FID2 B, (102-56\102N4018.D) S
PA ]
1800
1600 -
1400 §
12004 S © ®
. 52 S
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e 5 3
800 ~ 2 e e
600 & s 2
o= o5
400 BT 8 o 2
200 -L a7t e 38 2
0 ' N r " r .A ek 1&] e : VN A
6 8 10 12 14 16
===========sss=========s==s========s===s=ss======s==sS==s==s===s=s==s====
Area Percent Report
m=======s=s=s=s=ssssss=s=ssssS=SSSSSsSSSSSSSsSSSssSssSsssSSsSssSsSSEsss
Sorted By H Signal
Calib. Data Modified 10/25/2013 15:07:11 PM
Multiplier 3 1.0000
Dilution § 1.0000
Signal 1: FID2 B,
Peak RetTime Type Width Area Area Name
# [min] [min] [pA*s] %
L e |-=mn R |-omenees R SESGREESEEEI TS
2 i 7.019 BB+ 0.0593 2856.31689 30.91646 Toluene
2 9.260 BB + 0.0498 637.86798 6.90421 Ethylbenzene
3 9.416 BB + 0.0516 1127.21509 12.20085 p-Xylene
4 10.030 + 0.0000 0.00000 0.00000 m-Xylene
5 11.083 BB + 0.0579 33.85718 0.36647 o-Xylene
6 11.810 BPA + 0.0236 35.82144 0.38773 Chlorobenzene
7 17.282 + 0.0000 0.00000 0.00000 1,3-Dichlorobenzene
8 17.902 BB + 0.0641 104.04699 1.12619 1,4-Dichlorobenzene
9 18.951 BB + 0.0554 177.54868 1.92177 1,2-Dichlorobenzene
Totals : 4972.67425 53.8237

Results obtained with enhanced integrator!
1 Warnings or Errors :

Warning : Time reference compound(s) not found

EESECEESSECSSENSSSEESSISSITX

Instrument 1 10/25/2013 15:16:53 PM Sujanya
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Page 1 of 1
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Data File C:\HPCHEM\1\DATA\3404-56\3404N007.D

8/21/2013 12:26:12 PM

Injection Date
Sample Name
Acq. Operator

3404-56RPO1
Pim

Seq. Line
vial

Inj

Sample Name:

3404-56RPO1

Inj Volume 1 pul
Acq. Method C:\HPCHEM\1\METHODS\3404-56 .M
Last changed 8/21/2013 09:55:30 PM by Pim
Analysis Method : C:\HPCHEM\1\METHODS\3404-56C.M
Last changed 8/23/2013 09:54:48 PM by Pim
(modified after loading)
This method is for 3404/56 and 3468/56
FID1 B, (3404-56\3404N007 D) S P i
. 2 s
8 g
2000 & R ¢ g
z Zuw
T sghsz
1500 2 ; Ry v
o2 = = %) § ' © O - e o
sNo ¥ sh¥ = g8 ] S
o2 8 b wil~ & 03 o 00
1000 ;l:m s 3,‘ w % % %5 5 ke
O w ‘ w Wwow @
=L 2 gl & 32 2 EE
1 [&=s |k g/l 1 & e w oF
00 o @ t <] I ' i 39 K o NI ~
|Gz ~8 IE 8 || B = HE g8 =s = §
0__}«-‘;'1:-; Bee Jl/ L)Y @s =R = = 8 X . @
2 a ' 8 10 14 16
Sorted By ] Signal
Calib. Data Modified : 8/23/2013 09:51:39 PM
Multiplier 3 1.0000
Dilution 1.0000
Signal 1: FID1 B,
Peak RetTime Type width Area Area Name
# [min] [min) [pA*s] %
semefemmee |----- [--emee- | mmeees R G
5 B 2.180 + 0.0000 0.00000 0.00000 FAME ot C8:0
2 2.303 PB + 0.0169 4.95858 0.01541 FAME ot C10:0
3 2.509 BB + 0.0189 74.52970 0.23161 FAME ot Cl12:0
4 2.893 BV + 0.0217 266.88467 0.82939 FAME ot Cl14:0
S 3.671 PB + 0.0417 1.16649e4 36.25065, FAME ot C16:0
6 357721 BB 0.0271 65.04438 0.20214 FAME ot Cl6:1
Z 4.960 PB + 0.0723 1336.37561 4.15303 FAME ot C18:0
8 5.306 BB+ 0.0797 1.44370e4 44.86550/FAME ot C18:1
9 5.714 BB + 0.0519 3566.97266 11.08500 FAME ot C18:2
10 6.415 BBA + 0.0458 62.41735 0.19397 FAME ot C18:3
31 7.328 BBA + 0.0539 120.83328 0.37551 FAME ot C20:0
12 7.694 BBA + 0.0637 60.84971 0.18910 FAME ot C20:1
13 11.685 BBA + 0.0855 18.59996 0.05780 FAME ot C22:0
14 12.266 + 0.0000 0.00000 0.00000 FAME ot C22:1
15 14.953 BBA + 0.0449 22.41276 0.06965 FAME ot C24:0
16 15.168 BBA + 0.0466 6.43258 0.01999 FAME ot C24:1
Totals 3.17082e4 98.5388
Instrument 1 8/23/2013 09:54:57 PM Pim Page 1 of 2
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Biogasoline from Catalytic Cracking of Refined

Palm Oil Using H-ZSM-5 catalyst

Jiratchaya Chuaykleang® , Sukritthira Ratanawilai’

Abstract— Recently, fuels are becoming more
necessary thing in daily life. Especially diesel and gasoline
are primary fuel in transportation. Most of fuels made from
fossil, however, this has caused global warming issue.
Renewable energy is an important source for replacing fossil
fuels. In this study, the catalytic cracking of refined palm oil
to gasoline was studied. The effect of reaction temperature
(673-823 K), weight hourly space velocity (108-1080 h%)
and weight of catalyst (1-5 g.) on the catalytic cracking
activity of H-ZSM-5 in fixed-bed reactor at atmospheric
pressure was studied. The response surface methodology
was used to design the experiments for study the operating
variable effect over yield of organic liquid product. In
addition, this research studies effect of operating variable on
benzene and isooctane fractions. The optimum condition of
maximum yield of organic liquid product, benzene and
isooctane was determined.

Keywords— Biogasoline, Catalytic cracking, H-ZSM-5,
Refined palm oil

I.INTRODUCTION

Nowadays, there are two Kkinds of critical
problems, energy crisis and global warming.
Global petroleum crude oil prices are likely to become
scarce and costly, it has effect to energy situations.
Using fossil fuel as petroleum fuel has caused global
warming problem because of air pollution emissions
[1]. Biofuel can be substitute fossil fuels as renewable
energy. Biofuel is defined as liquid and gaseous fuel
that can be produced from utilization of biomass. In
the recent years there have been several studies on the
production of hydrocarbons from biomass. Biomass is
any organic matter, it can be derived from plant oils or

Jiratchaya Chuaykleang® is with the Chemical Engineering
Department, Prince of Songkla University, Songkhla, 90112
Thailand (e-mail: chuaykleang.j@gmail.com).

Asst.Prof.Dr. Sukritthira Ratanawilai’® is with the Chemical
Engineering Department, Prince of Songkla University, Songkhla,
90112 Thailand (e-mail: sukritthira.b@psu.ac.th).

animal fats such as castor, soybean, canola, cotton and
palm oil [2]. The production of biofuel is becoming as
an alternative transportation fuels such as diesel and
gasoline. So the transportation is the next user of
biomass.

Different types of vegetable oils, edible and non-
edible types are utilized in the production of biofuel.
The choice of these raw materials depends on its
availability, cost and climate in each country. Qil
palm is widely grown in Thailand, which is
considered as the third largest producer in the world.
Nearly 1.2 million tons of palm oil produced in 2010

[3].

There have been several methods reported for the
production of biofuel in previous studies on
alternative fuel; one of these methods was, catalytic
cracking. Catalytic cracking is a conversion process,
converts high molecular weight oil components to
lower molecular weight by catalyst. The catalyst
directs the course of the cracking reactions to produce
more of the desired higher octane hydrocarbon
products which can be used for the production of
higher octane gasoline [4].

The catalyst properties in catalytic cracking
process were the catalyst can convert large
hydrocarbon to small hydrocarbon, stability form high
temperature and low pressure condition, small coke
formation and catalyst has acidity. H-ZSM-5 is one
type of zeolie catalyst. They are inorganic porous
materials with a highly regular structure of pores and
chambers that allow some molecules to pass through
while others to be excluded or broken down. H-ZSM-
5 have important features shape selectivity: avoids
reactant oversized molecules from diffusing into its
pores, allows only small molecules product to be
formed during reaction to diffuse out of the zeolite
pores and molecular traffic control. The reactant



molecules enter the catalyst through one type of
channels, and the products, due to their size and shape
limitation, leave the catalyst through the other type of
channel, thus minimizing counter-diffusion [5]. So the
H-ZSM-5 catalyst should be the main catalyst for
catalytic cracking process.

The scopes of the present study is to study the
optimum condition for produce biogasoline by
catalytic cracking process from refined palm oil. The
effect of temperature, WHSV and catalyst weight
were study. The respons surface methodology was
used to design the experiments for study the operating
variables effect over yield of organic liquid product.
Benzene and isooctane fractions in OLP was
analyzed.

ILEXPERIMENT METHODS

A. Materials and Chemical

Refined palm oil (RPO) in commertail grade
(density of oil = 0.889 g/ml), purchased form local
market under name “Morakot”. It was used as a raw
material. Analytical grade of nitrogen gas (99.99% of
purity) was used for carrier gas. Ammonium-ZSM-5
(code no. CBV 3024 E) with the Si/Al ratio of 30 and
99.98% of purity was purchased from Zeolyst
International Company, USA. Benzene and isooctane
analytical standard for GC (CAS no. = 71-43-2 and
CAS no. = 540-84-1 respectively.) were purchased
from S.M. Chemical supplies company, Thailand.

B. Catalyst preparation

Firstly, NH;-ZSM-5 was dried at 393 K for 24
hours. Dreid NH,;-ZSM-5 was put in the furnace under
N, flow rate of 20 ml/min. The NH,-form was
transformed to the proton form of zeolite (H™) and
ammonia (NHs) by was heated at 823 K for 6 hours.
The H-ZSM-5 catalyst was prepared for catalytic
cracking process.

C. Fourier-transformed Infrared analysis

Fourier-transformed Infrared (FT-IR) is a method
of obtaining infrared spectra by first collecting an
interferogram of a sample signal using an
interferometer. In this study, the FT-IR of H-ZSM-5
was studied. The H-ZSM-5 was prepared from NH;-
ZSM-5, heated at 823 K for 6 hours.

D. Thermo gravimetric analysis

Thermo gravimetric Analyzer (TGA) is a type of
testing performed on samples that determines changes
in weight in relation to change in temperature, weight
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loss curve can identify the point where weight loss is
most apparent. TGA is commonly employed in
research and testing to determine characteristics of
materials to determine degradation temperatures [7].
In this study, the weight loss of refined palm oil was
studied. Study between 323-1073 K, the temperature
was increase with heating rate 10 K/min.

E. Catalytic cracking

The catalytic cracking was performed at
atmospheric pressure with reaction temperature range
of 673-823 K using a fixed-bed reactor. This study
using two reators for catalytic cracking, first reactor
for feed of refined palm oil and second reactor for
catalytic cracking reaction. Refined palm oil fed into
the first reactor and was heated. Then the oil in liquid
phase was evaporated to gas phase and ready for
cracking. The oil in gas phase was carried to second
reactor by nitrogen gas at certain weight hourly space
velocity range of 108-1080 h™ and weight of H-ZSM-
5 catalyst was varied between 1-5 g. After the
reaction, the gas product leaving the reactor were
cooled to 313K in the condenser system. The organic
liquid product (OLP) were collected in glass liquid
sampler at room temperature. Fig.1 shows the
experimental cracking process used for this study.
Finally, OLP was kept and the benzene (C¢) and
isooctane (Cg) were measured by gas chromatograpy
with frame ionization detector (GC-FID).

The study intents to study the activity of catalytic
cracking of refined palm oil to determine the effect of
reaction temperature, weight hourly space velocity
and amount of catalyst. The temperature was
maintained at 673-823 K, weight hourly space
velocity at 108-1080 h™ and weight of catalyst at 1-5
g. A response surface methodology was developed by
Box-Behnken Design (BBD) and was carried out by
performing 16 experiments based on a three factors.
The low, center and high levels of each variable were
designated as -1, 0 and +1 respectively as shown in
Table I. After the reaction, the OLP was determined to
for find the optimum condition of catalytic cracking.
The OLP and residual products are calculated as in
(1), Cs and Cg were analyzed.

Desied product
Oil feed

Yield of OLP(%wt)= x100 (1)



Fixed-bed reactor
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The regression model was used to approximate the
responses based on a second-order polynomial model
show in (3)

. 3 Y =By + LXKy + o Xy + By Xy + B X Xy + BiaX Xy + (3)
3 £ 2 2 2
I = + BoaX o Xg + BiuX{ + P X, + BasXs
where Y is the response, B, is a constant coefficient,
EN X are the independent variables and f;, B and pj; are
= i f ] ; . . . .
interaction coefficients of linear, quadratic and the
£ [CVARECORRRC second order terms respectively.
TABLEII
DESIGN OF EXPERIMENT FOR CATALYTIC CRACKING OF REFINE
Fig.1. Diagram of catalytic cracking process. PALMOIL
TABLE | Run
INDEPENDENT VARIABLES CODED AND REAL VALUES USED IN No X1 X2 X3
LINEAR MODEL '
_ Real values 1 823 20 3
Variables Code
-1 0 2 823 10 3
Temperature (K) X1 673 748 823 3 673 10 3
Flow rate of N, (ml/min) Xz 10 15 4 748 15 3
Weight of catalyst (gram) Xs 1 3 > 748 10 1
6 823 15 1
F. Design of experiment
. . . 7 748 10 5
The RSM is a collection of mathematical and
statistical techniques for developing, improving and 8 748 15 3
optimizing processes by finding the true relationship
between the response and a set of independent 9 748 20 5
variables [6].
) _ 10 748 20 1
The Box-Behnken design was used in the resent
investigation to assess the effect of the reaction 1 673 15 1
parameters. In this study, 3 factors, reaction 1 748 15 3
temperature, nitrogen flow rate and weight of catalyst
(Weight hourly space velocity (WHSV) was 13 673 20 3
calculated from Nitrogen flow rate and weight of
. S . 14 823 15 5
catalyst as show in (2).) were identified as important
factors that influence the catalytic cracking of 15 400 15 5
vegetable oil on the organic liquid product. A total
16 748 15 3

number of 16 experimental runs including 3 center
runs were generated in Table I1.

Mass flow rate (Mj
time ) (2)

Catalyst weight (weight)

WHSV  (time™) =

1. RESULTS AND DISCUSSION
A.Thermogravimatic analysis studies
In this research, it is used to estimate the range of

temperature that used to experiment for production of
biogasoline.



Fig. 2 shows curve of derivative weight and
temperature of refined palm oil. Weight of RPO was
begun to change at temperature of 623 K and derivate
between623 — 823 K, weight loss was not significantly
changed by increasing temperature from 823-1073 K.

Fig. 2. Graph between derivative weight and
temperature of refined palm oil .

B.FTIR analysis studies

The transmission spectroscopy of H-ZSM-5 are
shown in Fig. 3. The spectrum of H-ZSM-5 has wave
number in renge of 400-2000 cm™ and 3400-3500 cm®
! Significant transmission bands are observed at 452,
548, 801, 1107, 1226 and 3454 cm™. This
transmission bands are assigned to T-O bend, double
five member ring, symmetric stretching, internal
asymmetric of TO, tetrahedral, external asymmetric of
TO, tetrahedral and funtional group of Si-(OH)-Al
respectively.

Scientific Equipment Center , PSU.
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Transmittance [%]
w0 e &0
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2
533 —
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Fig. 3. Transmission spectroscopy of
H-ZSM-5 from FT-IR.

C.Organic liquid product yield

The significant variables and their effects on the
responses have to be identified in order to study the
effects of the reaction variables on the yield of organic
liquid product (Yorp)
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Nitrogen flow rate factor has not a significant
effect on yield of OLP among the three response
factors. It was nectlected from the design, so the
design equation is shown in (4).

Table 1l shows the analysis of variance
(ANOVA) at 95% confedence level for the three
independent factors of yield of organic liquid product

(Yorp).
Yo =—260.55+1.245X, -11.35X, — 0.00136)(12 )
—0.308X2 +0.02773X,X,

TABLE 11
ANOVA FOR THE QUADRATIC EQUATION MODEL FOR (4)

Source Sum of Square Mean of square F-value
Regression 362.79 72.56 42.25
Residual 17.17 1.717
LOF Error 11.95 3.984 5.3392
Pure Error 5.223 0.746
Total 379.96
R?=0.955
Table IV shows the analysis of variance

(ANOVA) at 95% confedence level for the three
independent factors of yield of organic liquid product
(Yorp). Yield of OLP of catalytic cracking process is
between 15 to 27 percentage by weight (%wt). Yield
of OLP increased with temperature more than 673 K
and decreased with temperature up to 823 K. The
predicted optimum condition of temperature, weight
of catalyst and nitrogen flow rate were 770 K, 3.96 g
respectivly , with no effect of nitrogen flow rate. On
the optimum condition from RSM was shown WHSVs
of 136, 204 and 272 h™. WHSVs were calculated by
(2) with optimum catalyst weight of 3.96 ¢g. and
various nitrogen flow rate of 10, 15 and 20 ml/min
respectively. In this predicted optimum condition
show 26.66 %wt yield of OLP. Fig. 4. presents
temperature and weight of catalyst effects on yield
of OLP.



m25.0-30.0
m20.0-25.0
m15.0-200
m10.0-15.0
=35.0-10.0
m0050

Yield of OLP

Temperature (K)

Fig. 4. Percentage yiled of OLP as a function of temperature
and weight of catalyst.

TABLE IV
MATRIX FOR THE SIXTEEN EXPERIMENTAL AND PREDICTED YIELD
OF OLP

Yield of OLP (%w1)

X1 Xz X3

Experimental Predicted

823 20 3 21.95 21.19
823 10 3 22.05 21.19
673 10 3 15.22 16.06
748 15 3 27.24 26.29
748 10 1 23.47 25.11
823 15 1 16.01 15.85
748 10 5 25.19 25

748 15 3 26.43 26.29
748 20 5 26.9 25

748 20 1 24.97 25.11
673 15 1 20.68 19.05
748 15 3 25 26.29
673 20 3 15.58 16.06
823 15 5 22.28 24.06
673 15 5 10.31 10.62
748 15 3 26.2 26.29
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D.Benzene and Isooctane analysis

On this above discussion, nitrogen flow rate has
not a direct effect on the yield of OLP, hence, the
study on percentage of gasoline and isooctane was
carried out depenting on two factors (Temperature and
weight of catalyst). This study selected some of
experimental to study the effect of temperature and
weight of catalyst in benzene and isooctane
concentration. The experiments were devided in to
two parts. Study of the effect of temperature (T) in
673, 748 and 823 K with the constant weight of
catalyst (3 gram) and study the effect weight of
catalyst (WC) with constant temperature (748 K). The
experiments are shown in table V. Benzene and
Isooctane were analyzed by GC-FID. The result of
Benzene and Isooctane Concentration with effect of
temperature and catalyst weight are shown in table VI
and VII.

TABLE V
EXPERIMENTAL OF BENZENE AND ISOOCTANE STUDIED.
Effect of Temperature Effect of Catalyst weight

T (K) WC (9.) WC (g.) T(K)
673 3 1 748
673 3 1 748
748 3 3 748
748 3 3 748
823 3 5 748
823 3 5 748

TABLE VI

EFFECT OF TEMPERATURE FOR BENZENE AND ISOOCTANE
CONCENTRATION.

Concentration (%by weight)

Temperature
Benzene Isooctane
673 0.3539 0.0414
673 0.3271 0.0385
748 4.9685 0.0311
748 4.1160 0.0525
823 4.5544 0.0179
823 5.6209 0.0007




TABLE VII
EFFECT OF CATALYST WEIGHT FOR BENZENE AND ISOOCTANE
CONCENTRATION

Concentration (%by weight)

Catalyst weight
Benzene Isooctane
1 1.3847 0.0825
1 29114 0.1149
3 4.9686 0.0319
3 4.1161 0.0526
5 0.0042 0.00013
5 0.0044 0.00016

It has been observed that the concentration of
benzene increased with the increase of temperature,
particularly above 673 K, however for isoocatne,
temperature has no significant effect because the
concentration did not change with temperature

Effect of catalyst weight, while the benzene
concentration increases with catalyst weight increase,
reach to the maximum at 1-3 gram and then level off
at higher catalyst weight regions. Isooctane
concentration is decresed with catalyst weight incrase.

In adddition, the catalyst is important effect for
catalytic cracking process. Amount of catalyst is
directly affecting catalytic cracking reaction, as the
reaction used higher catalyst weight, the longchain
hydrocarbon was broken to small hydrocarbon. When
the reaction was put more catalyst weight, some
hydrocarbon was cracked in smaller hydrocarbon than
gasoline range(less than benzene and isooctane range)
and it did not show in this study.

IV.CONCLUSSION

The response surface methodology was used to
design the experiments to study the operating variable
effect of catalytic cracking reaction over yield of
organic liquid product. The optimum condition from
RSM prediction was temperature of 770 K, weight of
catalyst of 3.96 g. and no effect of nitrogen flow rate
(WHSVs are 136, 204 and 272 h™%). The yield of OLP
obtained was 26.66 %wt.

The Effect of temperature on benzene and
isooctane concentration was studied, and it was
observed that, benzene concentration increased with
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the increase of temperature, which had not a
significant effect on isoocatane concentration.

Furthermore, the effect of catalyst weight on
benzene and isoocatne concentration was studied, too.
The concentration of benzene increased with the
increase of catalyst weight and decreased at higher
weight of catalyst. Isooctane concentration decreased
with the increase of catalyst weight.

ACKNOWLEDGMENT

This research was supported by Faculty of
Engineering, Prince of Songkla University.

REFERENCES

[1] S. Amin, “Review on biofuel oil and gas production processes
from microalgae,” Energy Conversion and Management. Vol.
50, pp. 1834-1840, April 2009

[2] T. L. Chew and S. Bhatia, “Effect of catalyst additives on the
production of biofuels from palm oil cracking in a transport
riser reactor,” Bioresource Technology. Vol. 100, pp. 2540-
2545, January 2009

[3] J. Dallinger, “Oil palm development in Thailand: economic,
social and environmental considerations,” Oil Palm Expansion
in South East Asia: trends and implications for local
communities and indigenous peoples.

[4] James G. Speight, “Petroleum Technology-Part IIL,” The
process and technology of cracking. The Chemistry &
Technology of Petroleum, Marcel Dekke, pp. 255-257

[5] T.B. Siregar, “Catalytic cracking of palm oil to gasoline using
zeolite catalysts,” M. Eng. Dissertation, Faculty of Chemical
and Natural Resources Engineering., University Technology
Malaysia., Malaysia, 2005

[6] S. Raissi and R. E. Farsani, “Statistical Process Optimization
Through Multi-Response Surface Methodology,” Engineering
and Technology, vol. 27, 2009

[7] “Thermo Gravimetric Analysis,” [Available online
http://www.chemsultants.com/technical-resources/article-
description.aspx?id=7 (1/10/2013)]

Jiratchaya Chuaykleang was born in Bangkok, Thailand , in 1990.
She received the B.Eng. degree in Chemical Engineering from
Prince of Songkla University, Songkhla, Thailand. She current
research interest is catalytic cracking for biogasoline. She is
studying M. Eng. Degree in Chemical Engineering at Prince of
Songkla University, Thailand.

Sukrittira Rattanawilai received the B.Eng. degree in Chemical
Engineering from Prince of Songkla University, Songkhla,
Thailand. She received the M.S. degree in Chemical Engineering
from Colorado School of Mines , USA and received Ph.D. degree in
Chemical Engineering from Colorado School of Mines , USA.

She joined the Faculty of Engineering, Prince of Songkla
University, Songkhla, Thailand, as an Assistance Professor. Her
current research interest is catalytic cracking for biogasoline,
catalyst development for biodiesel production and application of
adhesive from epoxized natural rubber.



127

A Y A
sz InIvay
d’ a o 1 dy
¥o ana WYY PN
SHaUNANHN 5410120097
UM AN
a d‘ £ =S =* d‘ o &
9 Yoao1Uu imsanyinguse
a J o a a % a 4
IINTTUAAATUUNA UHINGATHIVAIUATUNS 2554
RINTTUAL)

< v 3 Yo <
NUMIANHY (§$ﬁ31ﬁmﬂiﬂﬂ1§ﬂﬂﬂ1)

3 a a a a 1% a
nuﬂﬂWNlﬂumﬁﬂNjﬂ’lﬂﬁﬁﬂlﬂﬁ ﬂﬂl%'lf"f’)ﬂiﬁﬂﬂ?ﬁ@lg Mﬁ??ﬂﬂTﬁﬂﬁﬂﬂlﬁWﬂﬂiuﬂé’

MIANNHINEIN SR
Jiratchaya Chuaykleang, Sukrittira Ratanawilai. (2014) Biogasoline from Catalytic Cracking of
Refined Palm Oil Using H-ZSM-5 catalyst. IICBE 2014 International Conference on Biological,

Cemical and Environmental Sciences (BCES-2014), Phuket, Jan 21-22, 2014.



