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ABSTRACT

The palm oil has the potential to use as a source for liquid fuel production. The catalytic cracking process
with a HZSM-5 catalyst was carried out in the horizontal reactor to produce organic liquid product (OLP). The
composition of OLP was analyzed in the fraction of olefins, paraffins, naphthenes, aromatics, oxygenated and mixed
naphthenes - aromatics. The aim of this research was to study the influence of temperature (400 - 600 °C) and weight
hourly space velocity (WHSV) (23.20 — 68.70 hr'') on the composition of olefins, paraffins and aromatics in organic
liquid product (OLP). The quantity of product distributions was analyzed and modeled using the response surface
method (RSM). The predicted results showed that the composition of olefins, paraffins, naphthenes, aromatics,
oxygenated and mixed naphthenes - aromatics at the temperature 461.9 °C and WSHV 23.2 hr' was 19.5%, 13.9%,
7.0%, 29.8%, 18.8% and 10.8%, respectively. These were very close to the verification experiment results.
Therefore, the models for the prediction of the product distributions were adequate and statistically significant. The
optimum residence time for OLP production was 20 min. Based on the finding in this work, it provides insights into
the operational factors for maximizing the quantity of olefins, paraffins and aromatics. Moreover, it has tremendous

guiding significance to the efficient operation of transforming palm oil into biofuels.
Key words: palm oil, chemical composition, organic liquid product, catalytic cracking process
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Taghl v AeA1vesdulsasuaues; X; uag X; Aedwnlsddse; g, AeA1nan; g, B, uag B, Aoa

Y a QJ d v o w ' [ a Q‘{ d v o w @ a Q‘{ @ an
Fuilszansveanaannlsmaaniia, dulszansvoanaidnsideans nazduilszansvesdunsnsen

5EINAT Auaa; n AvIuIUAI DAY

av a 4
NaN3IvaazIIIUNA

¢ ~ A adayy
1. 99ndsznouM vV BaIdUNIIN 1A
NNIZUIUMSHANGIA AN e
a [ P k) v 9
NARA NN 1AINNTZUIUMTUANAIAIY
o [ aaa 901 @ 4 A o Id
dusalgnservesiniuihdvazianvaziilu
a3 o A A & 7
YBUHAIMNA1aM YANUHUAZI Fe0ATznoY
=\ a [ s 9 @
MUANYBIHAANUNN 1A INNTLUIUNMTUANA
Y @ ' aaa 3 o J o
adreaIalgnierveinduilidusgiinnsg
a <Y A 94 =
AnT1zHAEIAT N Iasu Innsv-unaealn
a 4
Tasiinos (Gas Chromatography-Mass Spectrometer,
{ 3 o
GC-MS) nazran latludanaaaly Table 2 Tas
a [ S [ I 1 [
nanduyinldvszutseonidu 6nqu Taun
a 4 a
TowaWud (olefins), W51 U (paraffins), LUNNUY
(naphthenes), a2 15u1@n (aromatics), DONFUUN
a = a .
(oxygenated) L1a1g dpguuniu-oz Isuan (mixed

naphthenes-aromatics)

=] v Y U \ aan
2. MIANBINIZUIUMIUANAINIBA NI R38N
Z U d
yaaiuhau
MIANHINTZUIUMTUANAIAITAUT
aan %,' Ly S A v Aa o
Ugnservesinduihannidetedassiiuou 2
[ 1 a 1< a a
ave 1dun guvgll (A) nazanuinligil (B)
o 9 an &’ a
Tag11nN1500NULUNITNABDIAIEITNITNUA
ADUTUDY (Response Surface Methodology, RSM)
HUUNITROAMUUAINYITLaNNaId (Central
Composite Design, CCD) 1@31uun1Inaand

22 = A v o
MNAU 11 NTNAADN mwami‘vmam‘ﬂ"lmﬂum

a

uaadly Table 1 Wu21 151 ud lotadlud

a

(%olefins) HA1GIgAR D 25.3% 1io 1dgangil

LY

A

o A < ‘]JQ a -1 A1 o
571°C NANNEIUTYN 29.86 hr UATUAINTAAND

a

A 9 o A <3 a A
5.0% Lueﬁl%quﬂn 400°C Vlﬂ')’ljJLj'Jﬂij;ljJ 45.95

Q

J

- S @ a [
hr' 1losIduan15 WU (%paraffing) UA1gegane

a

A 9 0 A < D A
15.5% 1o ldgaungil 429°C 10151391 62.04

U
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v
a =t

1 Ao A A Y 0
hr UAZUMAIFTAND 6.2% LllE]l‘liQﬂlWﬂiJ 600 Cn

LY

< J =

< a a - 4
1591594 4595 he' 1le st uauuNY

a

(%naphthenes) TiAgagane 13.1% e 1dguugil

u

A

o A <3 A A -1 A o
500°C T]ﬂ')?llli’)ﬂﬁall 4595 hr LIASUAIAITAND

a
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1.5% 1o l¥gaumgil 400°C NANNITII il 45.95

LY
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A zi 9 a o d' <3 a a
A0 45.6% 1o l¥gungl 429°C NANWITIUT il

-1 A1 o A A 9 a
62.04 hr' uazNAGIgAND 24.4% 110 1¥gaigil

a

< J

500°C in21013213 98 2320 hr' 1o 1F U
DONFIUN (%oxygenated) HAIGIGAND 26.6% 11JD

a { 5 A A -
Tdquingil 400°C Na321/591 45.95 hr' nazd

a

) A A Y o A <
ANFAND 11.2% mﬁ)ﬁl%quﬂm 600 C NI

LY

a - I3 Ja o a
U39l 45.95 hr' nlesisuannguunnu-oz Isinan

s A

( %mixed naphthenes-aromatics) ¥ A1FIF AN

15.5% tiio 1¥gaingil 429°C finnui311591 62.04

a

-1 a0 :; A tﬁ 9 0 d'
hr' nagliadigane 5.4% e ldgarigil 500°C N
3 a -1 A o =
ANTNIT91 45.95 hr' naziiierwanINAa eI
TduadeaunmsdiedsmsonnesuuuiaIa e
Y A . ) 1
UOINGA (Least square regression) dmsulelums
fiulrenavednlInilsuazswaveatavesaw
(Interaction effect) ADAINOUAUDY 3% lAAITUAT

@) -

%Olefins = - 180.377 + 0.746A — 0.012B — 1.075x10°AB — 6.324x10™* A” + 4.082x10°B’ )
%Paraffins = - 77.363 + 0.363A + 0.479B — 8.035x10"AB — 3.663x10 ‘A’ — 1.301x10°B’ (3)
9%Napthenes = - 264.533 + 0.965A + 1.258B — 1.652 x10°AB — 8.562 x10*A” - 5.374x10°B’ 4)
%Aromatics = +380.823 — 1.341A — 0.545B +2.330 x10*AB + 1.285 x10”A” + 8.045x10°B’ 5)
%Oxygenated = +43.757 — 0.015A + 8.964 x10°B +2.650 x10°AB — 1.821x10"A” - 0.015B’ (6)

%Mixed Napthenes-Aromatics = +197.730 — 0.718A — 1.189B + 6.487 x10*AB + 7.517A° + 9.621x10°B>  (7)
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A v o W ~ Y
ANUNNBTIAYVOIAUNITN (2) - (7) ILUAAIAY
%’ayaﬂm Analysis of variance (ANOVA) ALA A
Tua15190 3FINUIINNAUNITUAT F-value

v [ v Y

11NN critical value NAMUIADIU 95% DANIA

a 9 1 @ g’; A YR A
P-value HA1DENI1 0.05 A9 U aun15Nlavadl
v o w 9 o 4 [
Hediagylunmsleiuisesndsznouaia o ves

a [ 4 4 a v o o

wannuaial uazilonsaanulivedingy

o @ a o v d @ [
v lsnan nazlduiusvesdinilsnanly

naazodnlsznou Taslda P-value 1 utnars

oS iFud Totadlud (%olefins) 115 B, AB 1ag

[ v o @ 1 S 3 o a
B’ litivedhanyae wlesiduanisilu (%paraffins)

a

@ ] v o w ' <3
dutls AB liliivdhdnyde osidudes Tsuan

1

(%aromatics) Aau11ls Buaz A’ luflvediAnyao
d @ 4 ana o
1o IFUADNTAUUN (%oxygenated) tazas B

9w 1

a o S 3 A 4 a
uas AB llll3J‘L!fanﬂiyﬂ@iﬂﬂil“ﬁu@]uﬂ%uu‘ﬂﬂu-
Y
oz 153100 (%mixed naphthenes-aromatics) U® AN
4 a 1 4 1 1
LﬁfJW%1im1m R2 "U@\i@\?ﬂﬂﬁgﬂﬂﬂﬁ1\1 € WSWUIN

A U = Y < ' A 9}2‘/
UAIWINNIT 0.93 %Q!Lﬁﬂ\ﬂﬁl‘]’il&’ﬂﬁhﬂ1iﬂ1ﬂuu

o v

1 I 1Y § o o I 1
(P-value 00111 0.05 1T uduilshiivedra) mnsalFlumsrineldilueded

A o @ 1

vgnuadauds ABuag B lilivedidaae

Table 3 Analysis of variance of the developed model for %Olefin, %Paraffin, %Napthenes, %Aromatics,

%0Oxygenated and %Mixed Napthenes - Aromatics

Jose ﬁﬁ A %0 Olefin % Paraffin % Napthenes
F-value P-value F-value P-value F-value P-value
Model 64.39 0.0002 15.16 0.0048 48.87 0.0003
A 169.16 <0.0001 53.88 0.0007 63.16 0.0005
B 64.16 0.0005 3.15 0.1363 11.54 0.0193
AB 6.11 0.0565 2.78 0.1563 20.36 0.0063
A’ 57.63 0.0006 15.77 0.0106 149.12 <0.0001
B’ 6.43 0.0521 0.53 0.4982 15.74 0.0107
Lack of Fit 0.62 0.6644 1.84 0.3716 4.03 0.2053
Adeq Precision 26.309 10.610 19.296
C.V. (%) 6.02 9.31 9.91
Std. Dev. 0.99 1.10 0.83
Good of Fit R’ =0.9847 R’ =0.9381 R’ =10.9799
Jode ﬁﬁnm % Aromatics % Oxygenated % Mixed Napthenes -
F-value P-value F-value P-value F-value P-value
Model 68.30 0.0001 29.52 0.0010 22.67 0.0019
A 54.52 0.0007 94.07 0.0002 71.15 0.0004
B 132.35 <0.0001 2.29 0.1909 0.36 0.5764
AB 0.19 0.6844 15.19 0.0114 0.97 0.3697
A’ 154.27 <0.0001 1.96 0.2208 35.57 0.0019
B’ 16.19 0.0101 35.91 0.0019 15.61 0.0108
Lack of Fit 3.50 0.2301 0.11 0.9490 0.22 0.8777
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Table 3 (Continuous)

o A= % Aromatics %Oxygenated % Mixed Napthenes -
adananmn
F-value P-value F-value P-value F-value P-value
Adeq Precision 22.356 15.741 12.507
C.V. (%) 3.52 9.18 12.90
Std. Dev. 1.23 1.55 1.50
Good of Fit R’ =0.9856 R’ =0.9672 R’ =0.9577

3. Mynnzvinavesiadams q Aemneuaues
“lunszmumssmnﬁaé’aaéf‘m’aﬂﬁﬁ%ﬂwmiiﬁu
1hdu
3.1 1esidunlailud (Yeolefins)
Ujduiusvesguugil uazaamin
W giindawadetSinmves wedidud Toiadlud
(%olefins) aunsanaauiiunsmlitufinevanes
wazns 1 1A393198% Figure 2(a) - 2(b) FaWaves

aov o J J 4 a 1A 3 J
Uduusuaasinioguugiia LUz dIHg

73 & a e A X
197 15 1dud TotaWud (%olefins) HANNUAY
1 o = d' d' a 0 d‘
Uy Tagaziageangangangil 550°C uaziiie
a A A2 9 P A
gMQINNINNBUdInNald nlosidud leraWud
s

' I a
(%olefins) UAraad1ag FudunaInnIsINa coke

%Olefin
3

68.70
57.33
45.95

34.58 450.0

B: WHSV

23.20 400.0
(a)

Figure 2 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Olefins

R: WHRY

A: temperature

Aa j’ a Y] 1 aan = o Y
UUUiljﬂ!WUNDﬂJ@QﬁﬂliﬂﬂaﬂifJ']‘l]\?‘Vl 1+

' '
a o =

Useansainvesdnsslgnserandias &

AOANRDINUNANITNAADIVDI Hou ef al. (2017)

A A X

$ A <3 a 1
TuvazMilionnuslsgimviuszdanali
S L a 7 ' 4
/o3 15ud Il ud (%olefins) HA1aAauNnI12lo

< a a A tg 1 Y
AT uazdanalviszezinaIng
v v @ 1 %,' o d @ ¥ a
Fuianuszrne leszmeveariniudusuiung

v
yoednsslfnserduas il luaunsomans

o 9 ] 4

uandlvesluanaldedrsauysal Taowanis

v

NABDIVOINIADIAINUTTOANFOINVHNANIT
NARDIVDY Yaisamlee and Reubroycharoen (2021)
x I a A 4

Fauumsanuimsnda ToraWud (olefins) 910y

2 Y )

1¥a008a (Fusel oil) A28ATLUIUNITHANAIAY

Au3nI81 ZSM-5

%0lefin

400 450 500 550 600

A: temperature

(b)
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3.2 e SiFuaw v (Y%paraffins)
Ujduiusvesquugil nazaamin
WS giifidenadetSmaves nlesidudmsiu
(% paraffins) ﬁ1n1iﬂllﬁﬂuﬂuﬂi1ﬂ1ﬁuﬁ’;
aouaUDd uarns1W 1A59519A1 Figure 3(a) — 3(b)
Fawavesd fauusuaasiuioguvgives
YT euinduezdanald mlefidudnisaily

(%paraffins) UA1A1A9 LAZIUONIITUIHAUD

11.75

% Paraffin

R WHRY

A132139d azwurfigumgil 400 - 500 °C
s 2 a oA XA
oSIFuANIITY (Yparaffins) 3z TANNUAUY 110

A2 & g ad
ﬂ'J'lllL‘i'J‘]J% ANUNNVU mlﬂuwammﬂﬂmguw

a

aa
gz liinal§asen

u

o 3 a
mgmzmmﬁaﬂ
o Taso' 51941 (isomerization) FaTlutTaseiivi
a < I 4 a
5 ua o5 iduan1s19u (%paraffing) 1u
a [ =W A g zlﬁ k) [ Aa o
NAANMNUANUNUUYY FIFDANAOINUNANITIVY

U0 Yang et al. (2013)

% Paraffin
68.70

57.33

138937

1321915 5001

45.95

34.58

A: temperature

(b)

Figure 3 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Paraffins

d Jd
3.3 oSt unuunliiv (Y%naphthenes)
Aa o v a < a
Ugduniusvesgungil uazanuG 1Tl
A ' a s % a
faananodSuimves 1o iFuauunnu
Id :&l a
(%naphthenes) d1u150udaNduns 1NN UAY
aouaued azn31W TATI519 Figure 4(a) — 4(b) ¥4
A v 4 A <3 a A g
waveslgaunusuaasIulon NG NI gl
[ S @ 14 a
vraanaly Wos G uauumfiy (Y%naphthenes) 3
A 3 A A A A g o I
Ay TuvazNiiegun iy uIn 400°C 11U
o \ v s 2
550°C vzaana v Wosisuauunu (%naphthenes)
A X & g A X '
AU FUTUNAINNITINNVYUVBIAITNINATT

a

10N (selectivity) YoeUHATe uApgUUNguny

LY

[ [ S 4
171 550°C sz aamald oS iFuduuniu

(%naphthenes) 1A19A8Y TIHOANADINUNA
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Figure 4 Response surface (a) and contour plot (b) as interactive effect of temperature and WHSV on %Naphthenes
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Table 4 Optimization criteria to maximize %paraffins at optimized condition for catalytic cracking process of palm oil

Optimized condition

Optimization Lower  Upper %

Description Predicted Experimental
target limit limit Different
value value
Temperature (°C) In range 400 600 460.3 462 -
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