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Thermal Stability Improvement of Liquid Fuel
by Using Some Additives
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ABSTRACT

We investigated thermal stability improvement of exo-tetrahydrodicyclopentadiene (exo-THDCP) with
thermal stabilizers (additives). The reaction products were sample during the reactions. The
compositions of products were determined by gas chromatography-mass spectrometry (GC-MS) to
measure thermal decomposition products of exo-THDCP and to specify mechanism for thermal
stabilizers. Hydrogen donors (thermal stabilizers) such as 1,2,34-tetrahydroquinoline (THQ), benzyl
alcohol (BnOH) increased thermal stability of exo-THDCP. These materials donated hydrogen to radical
of exo-THDCP produced after initiation of exo-THDCP. We found that stabilization of exo-THDCP
radicals decreased activity of primary products of exo-THDCP and lowered formation of secondary
products (above-Ci; products).
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Table 1. Thermal stabilizer

Compound Abbreviation Molecular
Formular
Butylate.d BHA CiHO
hydroxyanisole
4-hydroxybenzyl HbOH CH:O,
alcohol
Tetralin THN CioH12
1,2-benzene-dime BaDM CeHuOs
thanol
Butylated
hydroxytoluene BHT CastuO
benzyl alcohol BnOH C/HsO
1234 Tetrahydr | = ppyy CoHuN
oquinoline
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29 YERY At

380 C9 390 ColMeE ¥ 10 h & A9
AZL =P AEPAT FYTS FAFHL
400 Colle ¥+% 8 h o]3Ry BEHI 7
& Moz Mzo] Wy e AL FAT LUt

ATt Table 20 yehd ukel 2], exo-THDCP
v AAwE T gaw urgel o
4-Methyl-2,3,4,5,6,7-hexahydro-1H-indene,
Bicyclo[2.2.1]heptane, 2,2-dimethyl-5-methylene-,
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Fig. 2 Changes of exo-THDCP along reaction time
with sampling interval 1.5 h at (@) 380 C, (b)
390 T, (o) 400 T
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Table 2. Thermal decomposition products of exo—
THDCP after 11.2 h at 370 C, 45 bar

Molecular
Name Formular Comp.
Cyclopentene CsHs 0.07
Residuel - 0.05
Tricyclo[5.2.1.0(2,6)]dec-3-ene CioHus 0.09
Naphthalene, decahydro- CioHas 0.67
Exo-THDCP CioHie 95.24
4-Methyl-2,3,4,5,6,7-hexahy
dro-1H-indene CoHi 027
Bicyclo[2.2.1]heptane,
2,2-dimethyl-5-methylene- CroFze 0.06
Adamantane CioHie 0.91
Endo-THDCP CioHie 2.06
1-Cyclopentylcyclopentene CioHis 0.32
Residue2 - 0.09
Residue3 - 0.05
Residue4 - 0.08
APAI A FHIMA exo-THDCP=

|
8- 11.2 h ¥ 19.5% ®3l== ¥4 THQ 7}
Al 10%, BnOH #7HA] 13%% EalHe A &
H7h vrebEtTh

el 713 EA vehd THQS H7bakel o
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H7beFo] 05 wth s oW A5 Edf&o] 10%
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Fig. 3 Changes of conversion of exo-THDCP along
reaction time with additives at 390 C, 45
bar
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Fig. 4 Changes of conversion of exo-THDCP and
composition of THQ along reaction time with
varied composition of THQ at 390 T, 45
bar
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Fig. 5 Changes of exo-THDCP along reaction
time with sampling interval along reaction
time with varied composition of THQ (a)
0.05 Wit%, (b) 0.10 W%, (¢) 050 W%, (d)
1.00 wt% at 390 C, 45 bar
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Fig. 6 Mechanism for hydrogen donation from THQ
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Fig. 7 Products Distribution of exo-THDCP with and
without THQ after 11.2 h at 390 C, 45 bar
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Fig. 8 Changes of conversion of exo-THDCP and
composition of BnOH and BAD along reaction
time at 390 C, 45 bar
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