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Abstract

Tricyclopentadiene (TCPD) as a next generation high density fuel was synthesized by Diels-Alder oligomerization reaction
of DCPD. TCPD was prepared by ionic liquid (IL) catalysts with combination of cationic and anionic precursors. Two kinds
of anionic precursors such as copper( I ) chloride (CuCl) and iron(Ill) chloride (FeCls) and cationic precursors such as triethyl-
amine hydrochloride (TEAC) and 1-butyl-3-methylimidazolium chloride (BMIC) were used. The preparation of TCPD using
IL catalyst was superior to that using Diels-Alder reaction in terms of DCPD conversion and TCPD yield. In addition, TCPD
yield was correlated with Lewis acidity by changing the ratio of anionic and cationic precursors. The TCPD yield was higher
when using CuCl as anionic precursor than that of using FeCls. Control of Lewis acidity by changing the molar ratio of

anionic and cationic precursors could further improve TCPD yield as well.
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Figure 1. Diels-Alder oligomerization route of reaction with DCPD and CPD.
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Figure 2. Reagent for making ionic liquid catalysts in this
anionic precursor, (b) cationic precursor.
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x = n (mol of anion precursors)/[n (mol of anion precursors) +
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Conversion of DCPD = [1-(Concentration of residual DCPD/
Concentration of initial DCPD)] x 100
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Table 1. The Product Distribution and Conversion of CPD/DCPD Oligomerization Under Various Experimental Conditions"”

Ionic-liquid Cat. Ionic-liquid Cat. (wt%) Temp. DCPD (%) TCPD (%) TeCPD (%)  Oligomer (%) Conversion (%)
DCPD - - 98.1 1.9 - - -
None.” None 150 69.0 26.8 4.1 0.1 29.7

10 145 48.4 41.2 10.2 0.2 50.7
[TEAC])/CuCl

20 145 34.1 45.1 16.4 4.4 65.2

10 145 41.7 435 14.8 - 57.5
[BMIC]/FeCl3

20 145 50.0 17.8 24.8 74 49.0

[©)

@ non-catalytic Diels-Alder reaction, reaction time = 20 hrs, pressure = 9 bar

reaction condition: temperature = 145 C, reaction time = 20 hrs, x = 0.67, pressure = 9 bar

Table 2. The Effect of Reaction Temperature on Product Distribution and DCPD Conversion in the CPD/DCPD Oligomerization with Various IL

Catalysts
Temp. (C) Ionic-Liquid Cat. DCPD (%) TCPD (%) TeCPD (%) Oligomer (%) Conversion (%)
[TEAC] / CuCI?V 385 476 13.1 0.8 60.8
ss [BMIC] / CuCl™ 31.2 53.3 14.9 0.6 68.2
[TEAC] / FeCL® 19.6 40.8 25.7 13.9 80.0
[BMIC] / FeCl;” 142 36.3 26.1 234 85.5
[TEAC] / CuCl? 187 61.1 16.8 34 80.9
[BMIC] / CuCl" 32.0 429 235 1.6 67.4
160 [TEAC] / FeCL® 15.5 44.6 26.0 13.9 84.0
[BMIC] / FeCl;? 123 311 27.8 28.8 87.5
M reaction condition: catalyst contents of CuCl = 20 wt%, time = 20 hrs, x = 0.67, pressure = 9 bar
@ reaction condition: catalyst contents of FeCl3 = 10 wt%, time = 20 hrs, x = 0.67, pressure = 9 bar
3. éﬂl‘ EL _T'_,-él- DCPD } } TCPD J L TeCPD
| | \ |
2 Ao Zu|Z AMg3A %S Diels-Alder WFS¥HOZ DCPD . R
o 2FRE FAste] IL SHvlele] e vl aick 150 —_— —
T, 20 h B¢k P 2FF 1hS-S 3 45 endo-DCPD (98%)2] % - P
8L 29.7%, TCPD F&°] 26.8%°]2CHTable 1). Whde] thokst B ( } | )
ZgrgellA CuCl ¥ FeClil IL Fvll5 AHE&-g 397} DCPDS] A E SN - R
2 SuelA P 25 Wgre R8Ik Table 191 IL % g L ]
Hjo] Fo]g/ekol ATAL] & Hl(x)7F 0.670]7 REE 2EE 145 S | | | |
T, W& Al7t0] 20 he wl DCPD 255 A2 A2lsk3ih CuClAl 1. ! ! ,L_A ! 1
IL Fvlli= Fe] Fefo] F7184% DCPD 883} TCPDO] 48 L | R
o] Z7}alA]uk, FeCli7) IL Zvlj= 93]8 DCPD A3H&¥} TCPDE . L
ego] 71231900k 5] FeClAl IL S2 20 wive AHESIIS 29 | o AN
ol 3 ke 151 s 2AEES) TeCPD W oligomer®] - A A
o] F43] Tkt As & T AUth B IL Fujg] FolA Ak Time (min)
7} DCPDE} CPDE] ©]&3} RHg-H = DCPDE ol F3kgo Figure 3. Typical GC graph for product of CPD/DCPD oligomerization
Z REgo] MaE7] wliFelth Y. Yang 5°] thkst 55 deElo|tE using none catalyst and two kinds of ionic catalysts, reaction condition;
AFAZ g ILe J2ld IR ATl W29, CuCle A= 3 IL temperature = 145 C, time = 20 hrs, catalyst amount 20 wt%.
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Table 3. The Effect of Anionic Precursor mol Fraction (x) on Product Distribution and DCPD Conversion in the CPD/DCPD Oligomerization with

Various IL Catalysts”

Ionic-Liquid Cat. Mole fraction x DCPD (%) TCPD (%) TeCPD (%) Oligomer (%) Conversion (%)
0.50 19.4 52.0 21.5 7.1 80.2
[TEAC]/CuCl
0.67 18.7 61.1 16.8 34 80.9
0.33 16.4 51.2 244 8.0 83.3
[BMIC]/FeCl3 0.50 10.1 36.8 26.8 26.3 89.7
0.67 12.3 31.1 27.8 28.8 87.5

M reaction condition: Reaction temperature 160 C, catalyst contents of CuCl = 20 wt%, catalyst contents of FeCl; = 10 wt%, time = 20 hrs, x = 0.67, pressure = 9 bar

AgHEo] CuClA Fullel] Hlal|A] 9-=aF3ick kA%t TCPD & &4
A& CuClAl IL Fu7} 9-8k3itk 58] 160 C oA [TEAC]/CuCl
Z19] TCPD 82 61%% DS 5 AU} 01L& FeCli Al IL i
9] A7) o} DCPDE] A#HE-2 A o]FARA T &£ vhgofA] ¢
3}A] 1= TeCPD, oligomerZ 2] Zgko] 1 doju}y] wlitolt} 5, A
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oligomer®] F&o°] =A Webstth Bk W27} 715l wheba
Zuje] Ae ga9% ST Wizl BE IL SujjelA FakE<]
TeCPD %} oligomer &&©] L7135t A& & 4= vk 1k 257} 160
T ol [TEAC)/CuCl iﬂﬂ% AHEERE 74971 DCPD A$-8-3 TCPD
& FHAA 7P SRt EE 80.9% TCPD 48 61.1%).

ol A 9} °$01i AEAY) & H(x)E HIAA IL FH9
FO| A Ato] t)$t DCPD 4% % Z3E Table 39 LRI At
7} Bl A W& [TEAC)/CuCl 1= x7} 57185 TCPDO] &= o]
S7Fshs ZlE ER1E = Qlvk Wi, Akert vz [BMIC)FeCls &
= @38 x7} S7FEE TCPDE] F78°] FHashs Ae & 7 3
t}. 53] [BMIC)/FeCl; Z19] DCPD A&-&2 80% o= vl-¢-
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4 E
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N
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FHRSHTE 943100 IL FlE o] 43 AT wke AT, éﬂﬁﬁl
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FAHEQ] TeCPD 2} oligomer®] &8 H43lE = ATk FeClAl
€] 79, TCPD &5 S7H717] Sl8liA e At @ ool
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Algiabd Bl WA e AT TCPD 58S 9L 4 Jthdss
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