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Thesis Title Catalytic Cracking of Used Vegetable Oils to Liquid Fuels
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ABSTRACT

Less petroleum reserve while high demand of petroleum energy is a driving force to find
a clean alternative energy. This work studied catalytic cracking of used vegetable oils to liquid
fuels by HZSM-5 in a batch micro reactor. It was not only waste treatment but also value added.
Used vegetable oil is one of potential sources for liquid fuels. A series of experiments were
conducted by varying the following parameters: weight ratio of HZSM-5 to used vegetable oils of
0.5 and 2 % (0.1 and 0.4 g HZSM-5 per 20 g of used vegetable oils), reaction time of 30 and
60 min, and reaction temperature of 380°C and 440 °C at a constant hydrogen pressure of 1 barg.
From the results analyzed by the simulated distillation gas chromatography, the optimum product
distribution was found to be liquid fuels, hydrocarbon gases and a small amount of solids of
71.48, 22.14 and 6.38 wt%, respectively at 0.5 wt% of HZSM-5 to used vegetable oils, reaction
time of 30 min, and temperature of 380°C. Liquid fuels were composed of gasoline, kerosene,

diesel and long residues 0f 42.89, 5.60, 15.52 and 7.47 wt%, respectively.
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A IS0y, (A10,))] . ZH,0 (2.6)
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U

2.6 NITUVIUMIUANIAIBAIIN50Y (Thermal Cracking) [18 -20]

v 9 v g 4 1 g =
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P Pai I3 Aa < dy a aan v Ao ] 9 &
ayyaliMeNAsUBUBZADNLINNNVINANAYTIZIAAL AT I WA NAINM ML A IMADITBY
Y ad o 3 v v Y ] Y a o o4
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CH,CH-CH, + CH,CH:CH, —» CH,CH,CH, + CH,CH=CH, (2.9)
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M3 2.3 Unsendrguesmsuandadiodusalfnze [9]

13

Aahalnsen Unen AR
5 Cracking
9LAU (Alkane) »  Alkane + Alkene
/ Cracking
> LPG Alkene
Cyclization
»>  Naphthenes
v Isomerization
20AU (Alkene) > Branched Alkenes— Branched Alkane
H Transfer
»  Alkanes
Cyclization
»  Coke
Condensation
K Dehydrogenation
/
Cracking
P> Alkenes
UuHNY
< Dehydrogenation Dehydrogenation ;
(Naphthenes) > Cycloalkenes » Aromatics
Isomerization

\e > Naphthenes with Different Rings
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m3191 2.3 UfRTendinguoimsuandafieaussl§ase [9] (o)

1]

algnsen Ugnsen pans
(" Side-chain
»  Unsubstituted Aromatics + Alkenes
oy Cracking
e lsn@And
. Transalkylation :
(Aromatics) »  Different Alkylaromatics
Dehydrogenation Alkylation
L »  Polyaromatics » Coke
Condensation Condensation

Dehydrogenation

v
Y [

v Y
a Aaaa a é =} =1
nalnmanadgnseifaruniditienlossu (Carbenium Ton) HuaoUAN
:J Q‘ Y a d? d' U
1. YUULINAY (Initiation Step) (NAVYUYN Brensted  Site Tasniseneldsaou
9 '
(Protonation) 1HuNdafu nSoAATUN  Lewis Site lasn13nalalasiausenainoainy
(H-abstraction) A9&:NI5N (2.11) ~(2.12)

Initiation Step:

R,-CH-€H-R, ’ “giHZ s R ]—CH;,_-CHJr—R2 +7Z (2.11)
Alkene Brensted Site Carbenium Ion
R -CH,-CHXR)\, * T S R,—CHZ—CHJr-R2 + HL (2.12)
Alkane Lewis Site Carbenium Ion

:’J a aaa 4 a 1 4
2. Vel §3eraetiiesunugnla (Propagation Step) Aan1sa1om lalasa
(Hydride Transfer) tazmsiandindumuaud dsaunisi (2.13) - (2.14)

Propagation Step (Hydride Transfer):
H transfer

R,-CH,- CH'R, + R,-CH,-CH,-R, \R,-CH,-CH,-R, + R,-CH,CH'-R, (2.13)
——

Carbenium Ion Alkane Alkane Carbenium Ion
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Cracking Step ( - scission):

- scission

R3CH2-CH+R4 \___'__—\‘.___ R; + CH2 =CH _R4 (2.14)
Carbenium Ion Carbenium Ion Alkene

v
L

aan [~ aaa J ==
3. Yumsngal§dsen (Termination Step) 1luilfAze1sznIemstiion lovou

[ a g v A 9 5 7 v A [ A
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Carbenium Ion Alkene Bronsted Acid Site
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. G S| o A 2 a aaa o
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9 Q) I A ldg, Y] a
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piey e T f ;
FRCH -SRIt BEDNST . 2z 7R GH XV UeR, (@7 (2.16)
Brensted Site Carbonium Ion
B H, Loss
R, + CH,-CH,R, R,-CH,-C'H-R, +H,
Carbenium Ion Carbenium Ion

' v ' v Y
°1m;mzﬁmﬂﬂ§]ﬂsmmumﬂmmauﬁﬂmﬁumiﬁ (2.11) - (2.16) Hu MauandInTen
@ 1 aaa s g 4 2 a :3 9 1 aaa
2 ve4aus 1 RATe Nl unsa (Acid-catalyzed Reaction) NAVUAIY  1wU YRATYI
[ aaa a Twv a a 4 = : aaa
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Ty a i aaa ada 3 aaa 1 [
A15ANYOafn  (Dealkylation) U§ATIN191AANY (Branching)  UFATvINsARITUIS
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(Cyclization) wazwedwe lswdu aumsi (2.17) - (2.20) uaasdandiena lnnisifad §ase

mspnydanauazlfnserleTawe lsimdu
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Acid-catalyzed Dealkylation and Alkene Formation:

CH, CH, CH,
| ! I | ]

CHCH+H — —» G+ HE == OH, + HC H (2.17)
l
CH, CH, CH,

Acid-catalyzed Isomerization:

H Extraction

CHCHCHCH, + Hpe™ . CH.C/HCH,CH, ™ (2.18)
Y7, CH; CH,
v \ [somerize | A
CH,C HEHICH, _=5=1T 7= B 20 CEICH- SN =< 1T "L GH.C CE (2.19)
CH, CH,

. | : (2.20)
CH,C'CH,+H, —— CH,CHCH, + H
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1. Decarboxylation (CO, Removal):

C,,H,,CO0H 3G H Co (2.25)
2. Decarbonylation (CO Removal):

C;H,.COOH = » G . H CH=CH, +H.O + €O (Thermal Reaction) (2.26)

C H.COOH + H,—» :C H..+ H 0+ CO (Catalync Reaction) (2.27)
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3. Hydrodeoxygenation (Reduction):

C,,H,,COOH +3H, — C,H,, + 2H,0 (2.28)
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