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Thermal and Catalytic Cracking of Tung Qil using Activated Carbon and Fe/Activated

Carbon Catalyst in a Batch Reactor
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AMTuansa Jadefidnms Taun FllaveedbINUiAzen (AsuauAudiug (AC) fssUfAsunmanuu
ANSUBUANNUR (Fe/AC)) DRINEIUTBUANVUANTUDUNITIG 1 was 5 wt% (1-wt% Fe/AC wa
5-wi% Fe/AC) 8nMauveiissufisunaothiiune 05 uaz 1.6 wi% (005 uaz 015 Awpesn
SefAsensethifuge 10 n3a) gampivihuffBen 390, 416 waz 440 °3 uazAWNUAReN 30,
45 uaz 60 Wi wamIrnWUNIFNERTTD mMaIgeaaTigamnE 390 B wazvaan 30 wifl Weld
msupuANTussethiuge 05 wit% waz 1-wi% Fe/AC sathdfume 05 wi% lunsdl AC sethsfu
a9 0.5 wt% Awesedduiiunia nandusiveaman uazveeudsld 12.36, 84.95 uaz 2.69 wt%
AN dunsdiues 1-wi% Fe/AC fpthifuns 0.5 wi% I¢f 658, 89.63 uaz 3.79 wi% mn
f0D wazarnnaanzesdlsznavlundnduriveamatainnsuandafiguialasuninnm
wipuzandwIFaanenNIAaY (Simulated Distillation Gas Chromatograph) AUUNTFIY ASTM
D2887 WA UBemaaT Idannasuanimeieufuiuisznaufmeuunm 7.76 alsdu 8.22
WAaeauan 26.97 wiapandnin 5.08 waznnundundn (Long Residue) 36.92 wt% &nsu
psftsznavlunandnriupamadiildainnsuansame 1-wi% Fe/AC Usznaumeuunm 12.06
\AlsBu 10.88 ufdppudlLN 25.68 uiapayantn 9.06 uazanUnumtn 31.95 wik%

Non edible oils are one of attractive raw materials to synthesize liquid fuels which are

potential alternative energy as the petroleum reserve is decreasing. This research aims to study
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parameters that affect thermal and catalytic cracking of Tung oil, a non edible oil, in a batch
reactor at a constant hydrogen pressure of 1 barg to determine the optimum conditions. The
influences of several parameters were investigated: types of catalysts (AC, Fe/AC), the ratio of
Fe on activated carbon 1-wt% and 5-wt% (1-wt% Fe/AC was b-wt% Fe/AC), the ratio of catalyst
to Tung oil of 0.5 and 1.5 wt% (0.05 and 0.15 g catalyst : 10 g Tung oil), reaction temperature of
390, 415 and 440 °C and reaction time of 30, 45 and 60 minutes. The maximum liquid product
was achieved at 390 °C and 30 mins by using activated carbon to Tung oil 0.5 wt%, and
1-wt% Fe/AC to Tung oil 0.5 wt%. As a result, gas, liquid and solid fractions were found to
be 12.36, 84.95 and 2.69 wt%, respectively when 0.5 wt% activated carbon was used. In the
case of 1-wt% Fe/AC to Tung oil 0.5 wt%, gas, liquid and solid fractions were 6.58, 89.63 and
3.79 wt%, respectively. The compositions in liquid product were analyzed by the simulated
distillation gas chromatograph based on ASTM D2887. By using the activated carbon, the cracked
liquid product consisted of naphtha 7.76, kerosene 8.22, light gas oils 26.97, heavy gas oils 5.08
and long residue 36.92 wt%. For 1-wt% Fe/AC, liquid product consisted of naphtha 12.06, kerosene
10.88, light gas oils 25.68, heavy gas oils 9.06 and long residue 31.95 wt%.
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(Tung Oil) ﬁwﬁuayjm"ﬂ ST EALIN ﬁuﬁwﬁum
Wufislai$y forydu wazlinananlsisy fausiang
3 - 4 13zana 300 - 450 Alan3usials Fagenin
HANARRNAUALAN 1 - 2 Wi sUTing A5 [5]
Anwansunniapsinfugeiifiluianasuie
Ingifadaseiisonuuntifausanlaoduaz

waatBuuoonlsalundnsd A uuune Lo
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naapsldmsuauiuTufuazissiisomanuy
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m&mmmnﬁuwané"u@zyzyﬂmﬂ ﬁ@mmfﬁ 400 % 13a
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2. suiayisive
2.1 Awneviesdusznaueshiuneiouns

uANFNNINESY W ASTM D2687 sngufialasaninna vl

wiauwavswisananenInau

2.2 AATRURANNTWANAIFILANNTDUVDY
ﬁ’]ﬁumﬁw Thermogravimetric analyzer (TGA)

2.3 W3auAIUATEY 1-wi% Fe/AC WAz
5-wt% Fe/AC [7]

24 ApnianuarauTRUaNANTUaUTNITIALAS
fsiemanuunsUeuig Toun USines
EW‘guﬁ’JEJ"TJ% Barrett, Joyner tas Halenda (BJH
method) 2UAFWIUAILAS Dubinin kaz Astakhov
(DA method) kazituiifnasiisajisendeis
Brunauer, Emmett ka Teller (BET Method)

2.5 mansiiunzasdemIdianaldueadamas
mmmﬂmﬁLmﬂﬁwmﬁwﬁu@ﬂuLﬂ%’mﬂﬁmaﬂmu
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(Fe/AC)) dRINEIUYDBAIALUANSUDUANTUR
1 ey 5 wt% (1-wt% Fe/AC hay 5-wt% Fe/AC)
SamauesiaisefAzendethiiune 05 uay 1.5
wt% (0.05 waz 0.15 A3uUpesn Lﬁfﬁﬂf]ﬁ%mﬁiaﬁﬂﬁum
10 n3¥) purnRvinUgEen 390, 415 uaz 440 °o
waznanuzisen 30, 45 uaz 60 W1

2.6 AANAUAE NARATIVDUNAT WazIDIUDY
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WameIaeAalaTinmnsvinsausensuas
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3. WaNINAADINAZINIIUNG

A9 1 uanseeALlszALTBNNuRsDLNNS
WANFAANNNNATEIU ASTM D2887 Bennnthifumiin
gl 72,50 wt% shnsugamginsuaniinigan
Souisnzsisoy TGA oeflugae 300 - 450 °3
LazuAnFgegATinamaT 43048 o daduluns
nasaUNILANFYBsNTURsFuAFaULTUG
wazfLs U iAs s mAnUUANTURUA NI Tway
AdvieAnmiigamall 390-440 °n
AUURANINIEANYDIANTUAUANTUALATATLT

YATEMRANUUAITUDUANTUA AR 2

a1919f 2 andintenanwaesAsuauiNudLazAaLI AT AN DA T UANITUA

A19197 1 89AUTTNBUYBNTURNRBUANTUANGT

LL@Zﬂ’]iﬂ‘JZQ’]EJf;]J’JG]’]ﬂJF’Y]Uﬂﬂ HPDAYDIENT

avAlsznay Sonazlazvmiln (wtt)
WUWN1 (Naphtha)
IBP = 200 °C 3.20
1Al33u (Kerosene)
200 °C =< 250 °C 040
wAgpawaln (Light Gas Oils)
250 °C = 350 °C 140
wAdppuantn (Heavy Gas
QOils) 3560 °C < 370 °C 22.50
Uiy (Long Residue)
370 °C < FBP 72.50

o

Flinveeiadelfizen ﬁuﬁﬁfazw?u: USnasgngu ? AN > anwauzgngy *
e3uaI/ndn) | (@runAdsuswns/niu) (BeanTon)

Activated Carbon 466.5 0.0863 15.20 Micropore

1-wt% Fe/AC 549.0 0.0978 14.80 Micropore

5-wt% Fe/AC 613.4 0.1293 15.20 Micropore

wugnie : 1. BET Method 2. BJH Method 3. DA Method 4. a33suy [UPAC
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3.1.1 navessnsasulasuninues
mfuauRusussathiunwia R nauAs Hansm
Ypamad Vol LazpsrsznaulunEniapmad

it 1 azdiuindislunsdinsuansy
AlgAanusousNTUAITURURNTUS wazdid
AnuSauissagnadion (sifiansuaususiug) mnthiiy
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ANLSauLBsae RN afunalainansuauiusTus
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Tar [8] wazaNNNUIALYDY Federico hazmale [9]
wuBluanalalasrsuau C; - C, fuunaduniu
Audnanswaluana 4.30 - 7.08 S9anI0N KAAI
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ensusuusiudils lunsideddedauagngu 15.20
Feansey WanzaulunIARERnUNERTUT I
nAMIuANFBNNTURS
Forfasnauesenusufiisinethiiung
a1 05 1 1.5 wit% mnthdumiinluthdugeazuan
Fufuufawazvosudsldinndy daudSunanandog
YRNAIANAN INTZMIUaUTRL M IUANIYDY
Tnsndwelsd lwiniufisudiestu HZSM-5
YL heavy oxygenated hydrocarbons u
aTUsenevdlauLazdantas deasuansasawiy
wid CO,, CO whalalasmsuau dwnsuvoeuda
A eanUfizemedme lswduseduana
Talasansusuninenufiadunelae Katikaneni way
Anz [10] faduagdldnansueufsiudsiothsuge
0.5 wi% wanzaudwmiAsuanfvasiiug

o e %

annnin Weldasusunusiudaeungune 1.5 wt%
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3.1.2 Wavpsgan)iuazanfalIun
wAs HARATIvENIAE VDD wazpeAUIEnay
Tundndaurivoaman

m3usndpossiunsdl 390, 415
WAz 440 °7 fusRTEUTRNANSUBUNNTUsD
1thifums 0.5 wi% 1an 30 Wit denmdl 2 wui
degamaiigeturFinaufauazvosudazifiniy
sundninsiveamadanas AMAdEiogumglge
NARATITBMAIAAMIUARFAINATSUnTNAY

P04ANSURUANNUATINADYDIRTeRN UFATEN
wodplsisdureduianalolasamivouniin el
NNWATHYee Carlos Costa wazmasy [11] B9
AnnnsuannealeTEumASUDUREIA Ao
450-700 % SawuianmnfinanfarivsanaIanas
donamaigelu wazaivsudusiudifinnsides
a0 (Deactivation) aMNMTALENVDIANTUDY ﬁﬂﬁu
TunAtelpamaiifimanzaudmiuasuandves
thifums An 390 °v HARAAsivDIWMAL 7 ldTianun

wanfsoiduufiafe) fefildnaanud uenan  84.95 wt% Usznaumzuunm walsBu uideasdin

1hu55An carbonaceous hydrocarbons S¥aNUUAY  WasHAEeRLaWTN 7.76, 8.22, 26.97 waz 508 wWt%

[]Gas []Naphtha [ Kerosene [] LightGasOils [J] Heavy Gas Oils ] Long Residue [l Solid
Sandauveamivouiianoiniiuga (wi%) —

[ wdniosivoman=1s62 | 448
1s [ 19.90 === 2331 Tao2 ] 32.90 | ]
HanAUTRINA) = 84.95 I 2.69

05 R == 2697 3692
I HanfAIveINaI= 8375 ] 189

hifim3veuiuiiua == 21.00 55 ] 4554
3.20 0.40 140
0% 10% 20% 0% 40% 50% 60% 0% 80% 90% 100%

WhnauiaHansmiveana vearduazesmlsznoulumdnsaumveanial (wi%)

2 1 Snauia Kaafuresia 2wl wazesdssnaulundniriuaawaannsuanshiaes
indumssheri3ous i SUauiksuTiamgl 390 °3 wazan 30 WTinBBufisufudeumswAnsh

[1Gas [] Naphtha [ Kerosene [] LightGasOils [l Heavy Gas Oils [] Long Residue [Jli] Solid
gungimlinse c¥) -
| wansumiveanar= ssss | 11.59
440 [ 29.57 | 23.10 B st
| wansumveaniar= 7829 | 448
415 [ 1723 pas=s2—] 2325 [736 | 3523
| waafamivewnar- 8495 | o
390 [ 1236 [ 776 w22 26.97 [5.08] T 3692 ||
3.20 0.40 1.40
neuuand 72.50 i i ]
0% 10% 20% 30% 0% 50% 60% 70% 80% 90% 100%

o e » . -
Yhinania sdadumveamad veardauazesndsznevlundniumusamad (wi%)

A 2 naTeRMTIREURINUAS NaRfTURaman vose wazasdUszneulunARBamAaIaN
msusnfhueshiunsheanueunufmiauishsishnsuvesniauiuifothiung 0.5 wit Lan 30 wil
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NdINaTRIA UMW 3 WuIEB AN

UZASeuuIY MATTunin kAT NENAMIIIDImA)
azuandadulaianafifivunmantedundu agiiu
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Fnandadldgeiu deiulunadeidinah
UiRsenfimanzau Ao 30 Wil

3.2 mIuanfveshiunsfefmiseiize
WMANUUATLRUANTUA

3.2.1 wareasiBufinanuuAsUDU

Aududuazdnsaulaethninveamnanuuasueu
Ausfussriothifunsreyinauia naadasivaanan
e wazasdLsenaulunanitaaman

i 4 18eld 1-wt% Fe/AC wasdamahuves
wnuuAIDoURSsReThRIRY 0.6 wi% dnandasi
ypamaIgeiian Wnauumlunaniasivosmad
TndiFssiuidasmmauseamdnuumsueuiusiusse
thifums 1.5 wit) nuidfiayFanaiisafizm
wanuuAFUsuANTuRgeTy (5-wt% Fe/
AC) TS nI1duvLndnuuAIfuay
Ausfusisipthsugafigeiu nanfanivasmalazunn
fsaduufainty fafunnsiiumanzaudold
1-wt% Fe/AC WardnINaiupouranuuAsuay
Ausfusisievsiune 0.5 wi%

[[1Gas [] Naphtha [ Kerosene [] LightGasOils [l Heavy Gas Oils [] Long Residue [l] Solid
naninlfisen ani) —
| winsamiveaniaa= 7142 2.99
60 25.60 [ 706 23.06 2480 | |
| waasusiveamar=76.00 | 430
45 | 19.70 | B4 e 2131 27.03 -
| waadnsiveaman= 8495 | 2.69
30 [ 1236 | 176 Emm 2697 3692 ||
320 0.40 1.40
neuIANG 72.50 |
0% 10% 20% 30% 40% 50% 60% T0% 80% 920% 100%
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Phinauiapaasunveama veardanazesdsznovlusanniumveunal (wte)

AT 3 HAYRIIAADUSINULAE NERAIIUDAAD VRNNDS wazaerUsenauluNAnTuTiImA?

anmauanfzsshiugeisrnuiousmiuamsauiuiudisn s usasiUsuiludaotuns

0.5 wt% Migaumgfl 390 %
[ Gas

dasidanveast 13 §idv endnuen Suoviuifuadon ifiga (v

[C] Naphtha

E Kerosene [ Light Gas Oils

B HeavyGasOils 7] Long Residuc

HAANMNUD NN = 80.07 I -
23.05 3037

W Solid

15 [ 17.23 [ 5o s

3
]

S Wt%e-Fe/AC {
13.76 [ 700 HE#s 24.70

05 |

HoAdove A= 8426 | L
4174

[wansamvownai= 8306 | 4

t3

12.67 E—ens—]

22.70

w
3
e

15 | 12.65 |
1 witYe-Te/AC {
05 [ 058 [ 1206

I —

[ wandnriveannd= 8o.63 |

25.68

e
&

Titimdnuimiiversniniim | 1436 B === 2000

Hanan o Ntind = 83.75 | 1
45.54

3.20 040 140

Aainand

7350

e 10% 20% 30%
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S0% 60% e 80% 9% 100%

Yiinamia pandamueuniad veaudanazeadszaovhmanaimmvoauna) (wive)

AN 4 USNUUAE WERMUTDIMED DDA LLazmﬁﬂizﬂaﬂuwémﬁmfmmmmmﬂmil,mﬂéh

YaeniunesnunN U AL manUUASUBUNEA TRamall 390 °7 wazkaa 30 U7
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3.2.2 Wavpsgaun)iuaziianfalIun
i WansTusivenna 20wl wazesAUIEnay
Tunadndnsiveaman

ANA B WEAINNTUANAIVD
UhifunesgAufousNAUF LU FATEN
1-wt% Fe/AC dRI1aU2BIALI9UHATYN
1-wi% Fe/AC sipthsiums 0.5 wi% fiaan 30 unfi
wuienampigeiunandivasmarildanas
waztSanauiaiady mnensalufuaznaisesea

Tuluanaveslasndiwelas luhsiufisazunndu
wAa CO, wazuAalalasasuauanndu wuiieam
NUIREVRS Tani H. wazAnfifnmAswanizes
Tasnawelssluihsufisdufafiaannats (Middle-
distillate Hydrocarbon) bagldsa 139Uf%e1 MgO
18] sistiualdngamgiifimanzaudmiunmsuan
PaatNsuRsEANNFaUTINAD 1-Wi% Fe/AC fip

al o ¢

390 % wanAusivesmadf ligeigaiiosdsznay

9

WU LALSTY kazkdanndandngs

U

[[1Gas [] Naphtha [ Kerosene [] Light GasOils [l Heavy Gas Oils  [] Long Residue [ Solid
aungiilgise )
|_windumveamoa= 6537 | 10.35
440 | 24.28 Fel—s20 27.95 [443] 22.18 1
| wamfiwaiveamal= 75.20 | 225
415 | 1755 Rl 26.53 [607 | 29.67 | |
| wimidmunveamai= 89.63 | 3.79
390 [ 658 | 1206 | 55— 25.68 [ 906 | 3195 | ]
3.20 0.40 1.40
dowuanda [ [ [HNNNNNNGSSOR 72.50 ]

0% 10% 20% % 40%

50%u 60 % T0% 80% 90% 100%

Binaiamaainmiveariad veardanazeadlsznevlundaimmveanad (wiee)

A i 5 warpsnamlneUSINauAE HARTYIaRa) Taeude waresUsznaulunEnful

YDURAIRNIANTUANFIVBINTUAFIUANUTDUIINAVAIIUGATEN 1-wi% Fe/AC

fnauaeisaUfiAzen 1-wit% Fe/AC fpundiune 0.5 wi% firaan 30 wndl

MNT 6 WEASHATBINAFENMIUANFIT

ana

WNSTURMEANNTBUTINAUAILTUATN 1-wt%

aana

Fe/AC fiqaumgfl 390 °3 wuindiawhijisen
YUY MAUNTURTN RSN AN UTVDIARIAZAN

o
oy =0

sadulsanasunadniazuiaainndy wansiue
PpemaIFeanas ferulunuAded nawhuFizen
30 w1fi [enandauriveanangeiign 89.63 wi% Iny
flnsAsznouuunm 1AlsBu uwidepsdlun uazuia
PRYANINGFA

s 3 WiewSunWieuiuanuidy
PpssLnTng f3gned (5] TRnmmsuanfve il

aana <

nabaeldiseiiseimanoanlad funald

Tinawhdiitonlndifseiu miueuiuiud way
1-wi% Fe/AC TueuAdei] anunsauanluiana
voetnTuneldnanAuivneinadgenitegis
Faau waziivsunauiaessdiwnlundndued
POURIGINT daUWITReNING Tuns lamiia
[12] Aawmsuandaesleimediseiazen
5-wt% Fe/AC dwlnainsalvsiuvadlat fa C,..,
Cio W8Y Cuyp ﬁma‘lmaqal,mﬂ'jﬂﬁﬁﬁum B
Usznaumeninladi Eleostearic (C.,) [13, 14]
naalvsfuaeslaiduandiduluianasuiaian
wu ufalalasasuaulsie sefudeldnansine
o luanuidei
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[[1 Gas [] Naphtha [ Kerosene [] Light GasOils [l Heavy Gas Oils  [] Long Residue || Solid
nanil{ise ani) —
| wansumvourai= 74.18 | 49
60 | 2154 === 2238 [es1 | 33.10 | |
| wandumveunan= 7527 | 3.48
45 [ 2125 === 22.28 [4.63] 32.12
[ wansmaivoaman = 89.63 | 379
30 [e6ss | 1206 F=wss—] 25.68 [ 906 | 31.95
. . 3.20 0.40 1.40
NauuAN/A2
72.50 |
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

o o < = o
Bunawna nansaumveanal vewdanazeamlszasulunaniunveanal (wt%)

AT 6 HaTBIAUSINAULAE NARTTIIMAT VBTN LazesAlsznaUluNERALYI DA

NNMIUANAIYDUNSTUANAIEANNTBUTINAUMLSWE RN 1-wi% Fe/AC

SamauvpsiLT AT 1-wi% Fe/AC dathiiune 0.5 wt% gaumaill 390 °

4. ajilwa

ihiupaiduipgiumadeniifidnemmuazansls
dminduansiifamauna szthifugaduddi
flilduslae Wouwnnslasldasuouiusiug uay
1-wt% Fe/AC ldasifusinaninmivneumangelszana
85-90 wt% peAUsTnavluNAnAMTIvRINAd
AFDANSABUUNTN FIULAEDDYELLILAL
wnapaninausatluls laduwe3ssaus
fra dulnduneguadne wazlddnsfuge
Uszana 41 wt% [15] sedudululdidu

ihfuseazifufisieswgialupinan nsfimngs

e ldnanfasosmnangegn i gama
390 ° waztaN 30 W Tunsdif ldasuauiusius
Fesamdneseniuaufishudnathiiung 0.6 wi%
WAy 1-wi% Fe/AC iladnaiuvesmanuunsuau
fusudsiethifune 0.5 wi% wuilunsuandae
ANSUBUANTUR IR UAE NARADUYVDINAT LAY
Yo9uDe 12.36, 84.95 WAz 2.69 wt% &UNT
299 1-wt% Fe/AC [Auid NAnTUIUDUNa7 waz
2B 6.58, 89.63 waz 3.79 wit% MIinNTuLe
gaumIivnufAZeR 440 °5 wazraan 60 Wit u
Hadpdffivh iU inanandusiveamalanas
(wunmManasiEnton) wazwiafiuduptnednay
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WAZH? LiﬂﬂﬂﬂiﬂﬂlﬁaﬂﬂuﬂﬂiﬂBuﬂNNuEﬂuLﬂiﬂdﬂ{]ﬂﬁmLLUUﬂu

aN9e7 3 WSsuWisuRatuewIssfiEnuNsansvesunsui Wlduslan

3

sunfing AS§aeA [5] | nans dunslaniie [12] SRRt
g HU thifums oty thifums
wiestfnsal wuune wuune wuune
FseUfizen Ca0 MgO 5-wit% Fe/AC AC | 1-wit% Fe/AC
Rufiatamun (mg) 8.10 89.00 - 466.50 549.00
dnsdwvessiisenneinghu 2.5 2.5 0.75 0.5 0.5
(wt%)
aunnivindnsen (°o) 440 402 400 390 390
naURATeN (W) 38 30 69.51 30 30
YSunainghy  (n3) 20 20 20 10 10
AnusurasuAalalasay (barg) 1 1 1 1 1
nalapnaniaeivnanad (wid%) 37.55 38.83 68.14 84.95 89.63
WU KGR T UBAaY (Wi%) 19.16 21.43 33.68 7.76 12.06
wlsBulundnsausivoaman (wit) 11.58 8.37 9.22 8.22 10.88
wAapaaN UNARA MU MAD (Wi%) 5.71 8.01 21 26.97 25.68

5. pdaanssulszmea

2VRUAMAUINISHUILATLINMTITINIATE
Tendsinansaium ey S iaaszys 7
Baiflawniosiio gUnsal uazaauiiiidy ve
VOUAMAMLIANITTUAENS aoTuinalulad
WIzanunaEIRNIN s AN AN SET Rt aYLY
kol
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