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Fig.1 The liquid-phase continuous-flow preparation process
for exo-THDCPD

1—H, gas generator, 2, 5—on-off valve, 3—mass-flow gas
meter, 4—one-way valve, 6—three-way valve, 7—N, gas
generator, 8—Prep Pumps (2PB-05), 9, 12—liquid in-flow
port, 10—H, inlet, 11, 13—liquid out-flow port, 14, 15—
temperature controller I , 16, 17—temperature controller II ,
18—H, outlet, 19—samping port, 20—continuous-flow bubb-
ling hydrogenation reactor, 21—tank type continuous-flow

isomerization reactor
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Table 1 Reactor specifications

symbol size

h1 200 mm
h2 50 mm

di1 20 mm

d2 15 mm

d3 60 mm

h3 50 mm

d4 55 mm

V(20) 150 mL
v(21) 75 mL

2.2.4 HHAZE
3R By GC-2014 RI@EGEAY, T AR —35 40 B H:
ARG, it HP-5 BANAE (34 (30 mx0.32 mmx

i 130 °C, FUREHRE 200 °C, # il i 250 °C.
3 AR5
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2 DCPD, DHDCPD Fll endo-THDCPD it bifi )z i fi i) 2% 1k ity &
Fig.2 Curves of change in the content of DCPD, DHDCPD and endo-THDCPD with time
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A

LW OME T A RM T,y 30 °C, H, i &
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Fig.3  Relationship between WHSV and the yield of endo-
THDCPD

3.1.3 S8REXELR NS KA A0

TE Ty 30 °C,WHSV 2.4 h™' &/F T, BFE A3
(60 ~140 mL - min™" ) % DCPD % %% i i & 5 2
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Fig.4 Relationship between H, gas flow rate and the yield of
endo-THDCPD
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W1 22 1 5 T

£ T30 °C,H, %% 80 mL - min™' ,WHSV 2.4 h™'
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100% ,endo-THDCPD 2 98% LA I, =¥ A /b &
Hii] 72 9 endo-DHDCPD, ] I, Pd/C {1t DCPD
B LA i £ endo-THDCPD , PEREAR E , 1 2 in = T
R ] R E B AT IR .

100 10
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2 o4l Ly 2

924 ‘—_—k—\\_‘/g\_‘_‘ -2

90 r ; : T T T 0
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tin
B 5 #EZNE T 2iEmE 5 endo-THDCPD W R i 56 &

Fig. 5 Relationship between continuous hydrogenation process
run time and the yield of endo-THDCPD

3.2 endo-THDCPD #%l| % exo-THDCPD W iE 4 ik R
MIE

3.2.1  AICL £k B ¥ I Bz i3k &

£ 70 °CF , W3¢ AICI, {4k endo-THDCPD S:#44k,
A 1 exo-THDCPD (% i 3 32, 45 K &1 6 fim . HE 6
AT UL B SRR AT, JEORAS W 8, 7 N W, R
3 h,endo-THDCPD %4k %k 99% ,exo-THDCPD =%
97 % , Hash A8 A it 14 I 0 4 Mot A B o

100-
. 80
X
S 601 —=—endo-THDCPD
Z —e— admantane
s 401 —a—ex0-THDCPD
8 2]

0- - 2

t/h
B 6 AICI 1k endo-THDCPD ) 544 1k fz 17 3 5

Fig.6 The isomerization reaction rate of endo-THDCPD cata-
lyzed by AICI,
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Fig.7  Relationship between WHSV and the yield of exo-
THDCPD

3.2.3 EEZERMIZIET
A

2 X SR 570 B0 2% L 5T AICH 4k endo-
THDCPD 5 4 % %2 il % exo-THDCPD i 1% fig, 45 5
mE s iR, mES AL, FMT ZRER, T4
76 h Py, B N B E] 3G, exo-THDCPD i 2 fif 47
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B ,ZE10hBE E90.5% , Al g J R & 3 43 AICH, 5 7=
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Fig.8 Relatlonsh|p between continuous isomerization process

run time reaction time and the yield of endo-THDCPD
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RIS TR DU OB 5, s A A T i 2 3
4 W98 3% SE WA H 45 exo-THDCPD Ry 2 [H %
3.3.1 WHSVXEZEZENS-FHUITEMNHNI

WHSV S i & S A4 £ 3¢ 2ok 72 1) 52 o 45 21 4n &1 9
fizm. w9 wf b, DCPD #; fk 46 & Ky 100% ,
WHSV 1.2 ~2.4 h™' ,exo-THDCPD it 3 3 A {4 4%
92.5% L I 4t 5 Fa 2 ; WHSV # 5t 2. 4 h' it
exo-THDCPDU A T B & o it A 2 R 5 WHSV 1
B, TSRS R T A 2o R I A 45 B I RS 3
TR 5 48 AN 58 4, i exo-THDCPD 19 i R [%
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Fig. 9
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Relationship between WHSV and the yield of exo-

THDCPD in continuous-flow hydrogenation-isomerization
process
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0% 6 h %M 0.5 g AICL, B 5% T 38 47 B[] %F 2 1o 1Y)
S, g5 & 10 Bros . BB 10 W], T4 ) E £
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20 100
—x—ex0-THDCPD ~ —e—DCPD
—=—endo-THDCPD  —a— DHDCPD
154 —v— adamantane =L
S W % S
g z
£ 3
= @
3 3
§ 54 —a . = = e 185
0_ - o o i : ‘f 80
0 10 20 30 40 50
t/h

B 10 FELLINE-FH L T 2B 178 | 5 exo-THDCPD i %
PN
Fig.10 Relationship between continuous-flow hydrogenation-

isomerization process run time and the yield of exo-THDCPD

4 7 it

i Al g T2 b s B 0T, PR AN S )
¥ DCPD 4k A 5 endo-THDCPD 1) 5 ¥ )2 i
ERIE, SEBL T OWAH % 2L %5 exo-THDCPD, 2k I 9 Jin
ARy Pd/C, b fe il AICL, T2 F %
TE = A J7 A 8RB

(1) DCPD &Z: 4 il # endo-THDCPD ¥y 1.2
AR R FigtT, HME A EHF 4. ma T2
Bk EAFZSH (WHSV) 2.4 h™'  p, 0.1 MPa, &<,
Wi 80 mL - min™' ,DCPD ¥ J¥ 0.76 mol « L™, T},
30 °C,endo-THDCPD Bt 98%

(2) endo-THDCPD % 4 5 #4 #l % exo-THDCPD
M) T2 E o i ke AT S A bR R R AR
GBS, SHMITYN: WA (WHSY) 2.4 h™' Ty,
70 °C,exo-THDCPD % 95% ,

(3) HRI I &0FR S5 48 SR 0958 T 20, A i AR 3%
2Ll % exo-THDCPD , & 0% 5 & F 48 T4
SRR, DCPD # 4k % 100% ,exo-THDCPD [l %
92.5% . LB ABCIHR A Tolk v F RT3 .
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Liquid-phase Continuous-flow Preparation of High Energy Fuel Exo-THDCPD

CHEN Hua-xiang, LI Jia-rong, LI Han-sheng, SHI Da-xin, SUN Ke-ning
(School of Chemical Engineering & Environment , Beijing Institute of Technology, Beijing 100081 , China)

Abstract: Exo-tetrahydrodicyclopentadiene (exo-THDCPD) is an important high density liquid hydrocarbon fuel. To improve the
synthesis efficiency of exo-THDCPD, a new process of continuous preparation of exo-THDCPD, including the cascade of two reac-
tors ( continuous-flow bubbling hydrogenation reactor and continuous-flow isomerization tank reactor) , namely the cascade of two
processes (dicyclopentadiene (DCPD) was hydrogenated to endo-THDCPD over Pd/C catalyst and the endo-THDCPD was isomer-
ized to exo-THDCPD over AICI, catalyst) was studied. The liquid-phase continuous-flow preparation of exo-THDCPD was real-
ized. Results show that the optimum liquid-phase continuous-flow process conditions of preparing exo-THDCPD are determined
as: weight hourly space velocity(WHSV), 2.4 h™"; hydrogenation pressure(p,,), 0.1 MPa; H, gas flow rate, 80 mL - min™";
DCPD concentration ( Cyepp) > 0.76 mol - L™ ; hydrogenation reaction temperature: 30 °C; isomerization; reaction temperature,
70 °C; conversion of DCPD, 100% and yield of exo-THDCPD, 92.5%.

Key words: exo-tetrahydrodicyclopentadiene(exo-THDCPD) , ; continuous-flow; hydrogenation; isomerization; process
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