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Devdopment o Synthesized High-Density Hydrocarbon Fuds

Xiong Zhonggiang Mi Zhentao Zhang Xiangwen ) Xing Enhui
(Key Laboratory for Green Chemicd Techrology , School of Chemical Engineering & Techrology ,
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Abdract The development of syntheszed highrdendty hydrocarbon fuels, including naphthenic hydrocarbon ,
caged hydrocarbon and fud swith naroparticles is summarized. Through polymerization , hydrogenation and i somerization ,
high-energy fuel swith high dendty , high combugion value and good quality ,are syntheszed to satigy the requirements of
advanced aircrefts. The high-grain caged hydrocarbons and highr dendty fue swith nanoparticle additives are nog pronr
isng candidate fuds, because of their higher density (usudly over 1g/cm’) and combustion val ue.

Key words high-dendty fud's; hydrocarbon fue's; artificia fuds

0.8—0.9g/cm’ 0.9 —4. Og/cm’

. 1g/cm’
’ [12]
0. 85g/cm’
, 37MIL , , JP8
160 ,
1 - ” 50 %,
17 %, )
0. 8g/cm’
(3]
2004 1, 2004 3
* email :diuying @ublic. tpt.tj.cn

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



360 -

17

[4]

1
0.579g/cm’ 0. 746g/cm’  0.931g/cm’ 0. 946g/cm’
1. 09g/cm’
1 [5]
Tablel Rdevant properties o naphthenic hydrocar bons
copound ggavity freezing point visoosity combustion val ue
(g/em® 15.6 ) () (ops,-34.4 ) MI/L MI/kg
nmorocyclic ngphthenes
n-propyl cyclohexane 0. 7936 -9 2.34(-25 ) 34.45 43.41
i opropyl cyclohexane 0. 8063 - 89.4 — 35.01 43.42
n- butyl cyclohexane 0.7992 -75 2.93(-20 ) 34.70 43.42
dicyco ngphthenes
hydrindana 0. 8627224 -44.4 7.74 36.80 42.66
methyl hydrindana 0.8757° < -50.4 9.47 36.96 42.21
ethyl hydrindana 0. 8774° < - 59.4 11.2 37.63 .88
i propyl hyokri ndana 0. 8304° < - 59.4 12.7 37.11 2.15
ds-decdin 0. 8967 -42.8 — 38.31 2.73
trans-decalin 0.870 - 30.6 — 37.07 42.61
1-methyldecalina 0. 8857° — 15.1 37.78 42.66
2 methyl decdlina 0. 8691° — 1.1 36.95 42.51
1-ethyldecdlina 0.8871° — 22.0 37.90 42.73
2ethyldecdina 0.8811° -71.1 22.0 37.65 42.73
1- n-propyl decdina 0. 8854° — — 37.85 42.75
1-i sopropyl decdina 0. 8938° <-59.4 — 38.29 42.84
1- n-butyldecdlin 0. 8897° <-5.7 126.0 38.16 42.90
dimethyl decdina 0. 8768° < -59.4 2.6 37.57 42.85
hicyclopentyl 0.8701° -37.2 4.2 37.03 42.56
bicyclohexyl 0. 8838 — wlid 37.99 42.98
2-methyl bicyclohexyl 0. 884¢ /4 -26.7 — 38.04 43.03
0. 895924 - 10 — 38.83 43.38
dimethyl bicyclohexyl 0. 8838 — 163(- 53.9 ) 37.75 2.7
2-i propyl bicydohexyl 0. 893° 2/ -8.9 — 38.84 43.50
0. 9049204 — — 38.90 43.03
tricyclo ngphthenes
9 methylperhydrofl Lorene 0. 9355° <-59.4 86.9 39.74 42.48
perhydrophenanthrene 0.9322° - 45.6 — 39.27 42.12
tetracyclic Ngphthenes
3-ethylperhydropyrene 0. 9850° -3.9 lid 41.39 42.02
dimetharodecalin 1. 0065 — — 2.42 42.15
mixed iomer  Pcalculated from vol ume combustion val ue and weight combustion val ue
“low boiling iomer  Shigh- boiling isomer  ©20/4 = hydrocarbon densty (20 ) /weter densty(4 )
; 2
JP
10 RF41 RI-5
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) RJ' 5 [13]
1. 09g/cm’ 44MIL, JP10
,RFF5
> 16l
. . . o (NBD) ,
Table 2 Properties o some high density fuel<®
No. RF4 R4 | R}5 JP10 o
gravity (g/em®) 0.92—0.94 0.936 1.08 0.94 . . ' . .
flash poirt( ) 60—79.4 95 54 10%—20%, 16 %—=22%,
freezing point () - 10 -29 0 - 79 - 55 % —75%,
visoosty 30 400 37
(mPa-s,- 18 )
catalyst 3)
combugtion value 39.0 39.9 43.8 39.6 dlmenzauon Z%ﬁ] dﬂ % (
(MIL) pentacyclics hexacyclics hexacyclics
ex0-1-ex0 €X0-C-€X0 endo-endo
R4
150W 4l
, 1 =1000 1, 37h
. 99 % ,
@CHS Hp @CHS M ’ 6)) 14 )
CH; catalyst CH, + CHs )
endo exo ! !
JP4 JP5 ,RI-4 ,
16 %, 39. OMI/L ,
R]-4 ’ ( 1) ) 1
R4 (endo- exo- ) , R}-5 ,
Somen ™
, ; , 144 h, 88 %,
) exo- trans-exo , 63.5
R-4 : Arrold™ ,192h
; R-4-1( 23 %, endo- trans-exo ,
). 38.5 (7]
o . o( )/so
JP10 RI-4-1 ) , 84 %, 3
' ‘exo- transexo exo-transendo et
do- transendo , 8% 13% 2%
hydrogenatlon lsomenzatlon exo- trans-exo
catalyst catalyst (2)
DCPD endo-THDCPD exo-THDCPD
RF-4 HCOT (el
(endo- THDCFD) , HCOT
77, , 1. 09g/cm’
, (exo- THD- 45. 33MJ/L - 30— 60 ,
CPD) RI-4-1 ,RI-10 RF5 3.5%,
( -719 ., Rr41 50 ),
, R»-4-1 6
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) , un
HQOT ,
el ,90 %
endo-exo-endo- Burdette
[13,19—24] (23]
70 , Sel Ashland ; )
RI}-5 3
RI}-5 3 [
’ Table 3 The property o tetrahydr otricyd opentadiené®
41. 83MJ/L ’ : . . . -
formua gavity flashpoint freezingpoint  visosty — comb. vaue
; ) (g/em?®) () () (mPa: s) (MIL)
- 40 1.038( > 37(20 )
! 43.38(>
CisHz  JP10, 121 - 40 97(0
0. 92g/cn? 39. 3MIL ; Rt s10( 0 9 P10.9.5%
[7.3.L.0°7.1"]
, 1g/cm’ , (241 _
-70 41. 8AMIL -
100 4h, 70%,
3 1
, lg/cm 7

e Oy - 2

— +
ﬂi s %
+

endo-DCPD CPD endo-exo-endo-TCPD
[6,25,26]

Ni/ kleselguhr
+2H; —>

éf

4
Table 4 Properties o adamantane fuds

fu average carbon gravity  flash point punping tenp.  comb. vaue
s

endo-exo-endo-TCPD endo-exo-endo-THTCPD

AICIy/CH,CI nutber  (gom’) () () (MIL)
— 6) RF1 12 0.922 74 > - 60 38.92
RF2 14 0.988 82 - 45 41.07
endo-exo-endo-THTCPD exo-exo-exo-THTCPD RE3 16 1.028 126 .8 1260
RF4 18 1.090 — 25 44.22
Did sAlder , RE1
Gebhat G RE-2
' ,RF-3
’ RF-4
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, Mobil ,
5 ]
Table5 Properties of some mixing fuel$®
e gravity flash point Vioosty freezing point  combugion va ue
fuel oorpostion
rmpost (glom?) () (cg,-40 ) () (MIL)
80 %RI-5 + 20 % n- butyl berzene 1.028 338 150 < -40 43.12
90 %R}-5 + 10 % n- butyl berzene 1. 046 370 78(0 ) < -40 44.27
80 %R}-5 + 20 %decdin 1.034 349 430 <-4 43.48
90 %R}5 + 10 Ytetrain 1. 061 118 <-4 44. 88
JP9 20 % —25 %RJ}-5 + 65 % —70 %JP-10 0.94 158 26 <-8 39.75
+ 10 % —12 %methyl cyclohexane
S-60 80 %RJ-5 + 20 %i- butyl berzene 1.020 313 163 <-4 43.12
R}F6 60 %RJ-5 + 40 %JP-10 1.02 140 400(- 54 ) - 40 42.9%6
40(- 18 )
PF1 0. 900 —0. 930 60 40(-54 ) - 65 39.00
R}»-5 )
, RJ-5 JP10 R4
6 [27]
1 ) RJ—S . . . 27
Table 6 Properties d some high strained hydrocar bon fudd
, JP9 SF60 RF6 PF1
, 5 fuel cubane  tetrahedrane quadricyclane dihydrobenzvale
0. 9g/cm’
g/ structure E@ 4> ﬁ ‘%
39.OMILL PF1
strain energy  693.9 560.7 392.9 334.7
JP-10 )
(kJ/mol)
1.
1 8 1
[28—0]
96. 6kJ/mol , ,
[25]
3
( 1g/cm’) 7
ey 60 3 ®)
! 2
, 6
[31—40]
(&G GG :
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Harovia medium pressure Hg

PQUD

. 364 -
[38]
GG GG +¢'—’MO — L5 o
o . CoCoG, PCUD
C-G-C, , POUD Cx Ha
grith™  Harovia 550W , ,
1L 180g CuoHu , 1 al a2 a3 a4 Marc
89 : 36—  hand Ci H Ti :
48 h, 126 —145g, 70 % —80 % , ( )
250nm 11.9MI/nmol Sl 4
, 1.23 —1. 35g/cm 2.1683/(g- K) ,
(42 ] 408k3/mol 178
: , al :
300nm 214 X
1.28g/cm’ bl b2  POUD
(el , 365nm ,
bl 1. 29g/cm’ 114
b2 74
2. [2.1.1.0° Tid,
[2.1.1.0°°] (2] Coo Hos , clc2
: 65 %, 11 :
) ) cl,
: ) 246 X ,
[2.1.1.0°°] 1. 30g/cm’
, [2.1.1.0°°]
[2.1.1.0°°] % %
ay
3. PCU
,PCU (pentacycloundecane , PQU) %
Caz Har o
Sedman Marchand a
(27 [5.4.0.0°.
0'*.0°° ] (Cu Hw ,PQUD)
DielsAlder ,

(1. 239g/cm’) ,

PQUD

© 1995-2005 Tsinghua Tongfang Optical Disc Co., Ltd.

1 CooHa
Fg.1 Sructure of CyHy

All rights reserved.



2 . 365 -
c2, 186 X
1.27glem’, cl ,
PCU ) )
CZ4 H28 [ 64 1 !
1.2 —1. 3g/em’ 2
,  PQU
POU 55 16,62 89
, 22 %(wt) , PCU 1. 0g/em’
N\
L (
\ 1.5—.8g/em) |
\ _50
10% 3
2 PCU
Fg.2 Sructure of methylated PCU dken dimer 1 )
4T _e— MeNAPH
= —&—C
' £ 3L —A—Zr
(cubane) ! SE | A
7 5 | —B—BorBC
601. 9kJ /ol , 693. 9kJ/mol eg
1. 29g/cm’ , 1
0 20 40 60 80 100
30 % , 14 % weight percent additive in JP-4
(1 ( quadricyclane) 392. 9kI/mol | .
3
0. 98g/em ’ Fg.3 Increadng energy content by addition
' ' o slid conponents
CGO C70 [}
[27]
( JP10) 15% 85%(w) , el “ ALMB-2"
[64]
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