e il 78 B K e IR R Y A A % e 501

X EHS:1006-9941(2019)06-0501-08
=M TS E R R SRR & R R
PEXR,E B, KELHGEE

(RERFMT ¥ RHMH G UFRANAFTHE L LR E, X2 300072)

W OE. RIAPLEIRF(Gn) FIAAH 465 (SiO,) 43 515 HD-01 . HD-03 \HD-03-1, QC U F 4l i 14 25 %5 i Kbk skl 4 1 HH N Y
E N SRR 9T T T BE ISR G 1 SiO, (4 fe /N TR I L 0 52 T 68 Mg ok S0 B 10 4% B 80 IV S SR LR o . 5 8 T LA
Rtk o RE b KIS R S RE e, AR MR . SR, BTN 6% SiO, A RE 1l 21 14 5 25 13 MR R I Bk
B SURL L T G die /NS DTS KT 1% , HL Gn 4 JRRE AR B 119 25 BE R A JL T 5 52 W) 5 Gn B8 JE B U RL7E 40 CIR IR T7 K
55 T A 0 R S O S TC TR B T B4 5 Gon T e SR el 1% I B 1 0 S B S A 0 VA AR R e il e
I G BB FERRE R R 2L T B — 2 21 2k AR S5 4, B PR 8 e R (150 C) W B IZ 25 4, i T B VR S PT84 G BE IR

ik VKRB WO T S1O, BE I A Y 30 72 1 i fh 8 4, ) 1A 3 3 i AN 25 A o

KA WK % BB B e e LA} 5 B Mk 5 B U O AR
HESES: T)55 XHERFRERD: A

DOI:10.11943/CJEM2018206

1 35

il

150 B B RRE AT DUAE RAT SR B Z IR S 00 N o &
S HLFE AL TE 2 Y Rl i, L = R T R AT
JP-10.RJ-4 \RJ-5 . RJ-7 55 J& & [ WF il iy 0L 700 ooy 2% 3 o
PRIRARE, T-10 BARE U2 Mk 2 1 1 o5 285 B ok AR R
40 S 5 W T HD-01 \HD-03 \HD-03-1 #il QC 45 1=
W E WA R oA HD-01 AT HD-03-1 B 1k fiE =
JP-10 . RJ-7 FH Y, 78 18 Jin AT 5 00 72y 1H] 22 B0 58
MR o AR AR RRHE KA A7 b 5 ik 6% L ) 15
S, T 32 iy v ok e G R AORR . VR R R R S
B SR, T T LA A 0 AR R 0 AR R )
58 GBI AE AR A S 5 8l % ot R 4 A
BB s e e Ty B D) A SR T 2 T B ST
PR AR —FE T Bl , DRI HEAT WAt e b e A

s AHl: 2018-07-26; 1€ E HH#: 2018-09-20

P 4& H RR B 8 : 2018-12-10

EEWMB: BATMAHHHKATH(625010304)

EZ B WH RK(1990-) , %, 18+, 32 N F AL R K22 5
i ARWFFE o e-mail : xtf_e@tju.edu.cn

BEBRRAN: 452 (1978-), 9, #4R, FENF MR EALF
HARBIE . e-mail :jj_zou@tju.edu.cn

AL L 22 W B A EARORE D) A s i o TR AR i
P L3, R A e i A sh WL H s vk e bk T
SEMEAEAR AR, PR AR o R & B LR KT R B HLAE
UL R HEE R G A7 B ) iz R HoAr R
FH B8RS A S A A RE T NBR R ok 2R A B
TR Ab A i A1) 3 B 5 e ) 1) 948 o i 3 Y v
(>5%) , BE & %% B AR BN BR 4R (b e &, R AR T B i
BRBHR e G R I HL SR b AR R M ) ) A ) 9
BB b A R R 22, ELR SR BN B B AR, BY V) AR A 1
RE— B, T 52 M 25 AL 8OR, , S BRSS9 150 5 3 B
AR B T 22 B be sk it it & | ) B JE 48 1 S BN TR S
B 07 FH v 22 2] R a0

BEXT b A ) 8, A B9 ] & T — R A BILEE e R
(Gn) M T A A AE e B 45 T A Uk 5l /N R 4
A7 R 33 B A PR R 25 A B ), Gn AT LR A b 5 TR
TR AR BE AV TE B34 — A, T AT 80 3kE e [T 9 53 25 sl R 4%
FREA . [ HD-01 .HD-03 .HD-03-1.QC Y 4l ¥
A o 2 B KR A3 SN N S 9 Gin 1 STO, il 48 A 7 11
8 I e SRR B, WF 58 1 B 55 BE B R Gn A1 S1O, 1Y 35/
FH A 03T B i e SRR 0 % R LB R R A Al
Py 3 5, ] I 25 58T R AR E M O AR E T K
FENE AR 1k A5 o MR B L LA B 35 Ji e SV R Ak 1) 9 A

SIRA ST 5875 KR G ok 7 30, A . A 2 e A O I B SR R G o g S VERE D). & RE R BE, 2019,27(06):501-508.
E Xiu-tian-feng,PAN Lun,ZHANG Xiang-wen. Synthesis and Performance of High-density and High-thixotropy Gelled Hydrocarbon Fuels[J]. Chinese Journal of

Energetic Materials(Hanneng Cailiao),2019,27(06):501-508.

CHINESE JOURNAL OF ENERGETIC MATERIALS

N XK 2019 % %27 % %64 (501-508)



ST KRR, 5K A 30, 4B %

At , WL HL O 45 44 I 00 28 73 Fr 1T Gn i1 SiO, fili 26 7
A oo 5 B AR U B AL B

2 SLIGER 4

2.1 JERFEE

FE RS EARRE(HUK, LR AL 300 m*-g ™),
I BT T A AR B oy A B A D 5 A A R i (4l
95% ) il e (26 B 98% ) B (4l B 99% ) N, N-—H
HEH LM (DMF, 465 99% ) , g BT 7 T A b BB i
By A BR 2> w5 20 WK % B R R HD-01 . HD-03 .
HD-03-1(70%HD-03+30%HD-01) . QC ¥ 2 52 ¥ =5
H il D72 WSCHER[ 6141 VU F 4l 14 v 2% B8 R Ak
%% BE R B SRR B S T AR

R PURP AR R B RE Al R B

Table 1 Basic physical properties of four kinds of high-densi-
ty liquid fuels

fuels HD-01 HD-03 HD-03-1 QC

p (20 °C)/g-mL"" 0.93 1.03 1.01 0.98

wu (20 °C)/mPa-s 3.2 29.0 13.5 1.02
Q/IMJ-kg™! 42.1 42.0 42.6 44.4

Note: p is the density. u is the viscosity. Q is the combustion heat.
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Fig. 1 Photographs of 8%SiO,/ HD-01 and 1%Gn/HD-01
gelled fuels
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Table 2 The minimum dosage of SiO, and Gn gelling agent
required for four kinds of high-density liquid fuels to form gel

%
gel HD-01 HD-03-I HD-03 QC
Si0, 8 8 6 8
Gn 1 0.8 0.5 1
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Fig.2 Density of gelled hydrocarbon fuels under the differ-
ent addition amount of SiO, and Gn (Dots marked with cir-

cle are gelled hydrocarbon fuels)
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Fig.3 Viscosity of gelled hydrocarbon fuels under the differ-

ent addition amount of SiO, and Gn
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Fig.5 Viscosity of 6%SiO,/HD-03 and 0.5%Gn/HD-03 gelled

hydrocarbon fuels at temperature ranging from 30-150 °C
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Table 3 Coefficient values of SiO, and Gn gelled hydrocar-

bon fuels fitted with power law mode equation of non-Newto-

nian fluid

fuel K n R?
8%Si0,/HD-01 794.8 0.829 0.98
8%Si0,/HD-03-1 3014 0.820 0.96
6%SiO,/HD-03 3758 0.821 0.99
8%Si0,/QC 4217 0.818 0.98
1%Gn/HD-01 5258 0.007 0.96
0.8%Gn/HD-03-1 1864 0.048 0.96
0.5%Gn/HD-03 6764 0.018 0.97
1%Gn/QC 3936 0.072 0.99
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Fig.10 Phase transition process of high thixotropic property
for 1%Gn/HD-01 gelled hydrocarbon fuel
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Fig.11  SEM images of 8%SiO,/HD-01 and 1%Gn/HD-01
gelled hydrocarbon fuels
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Synthesis and Performance of High-density and High-thixotropy Gelled Hydrocarbon Fuels

E Xiu-tian-feng, PAN Lun, ZHANG Xiang-wen, ZOU Ji-jun
(Key Laboratory for Advanced Fuel and Propellant of Ministry of Education, School of Chemical Engineering and Technology, Tianjin University, Tianjin
300072, China)

Abstract: Synthesized organic gelling agent (Gn) and gaseous silica (SiO,) were used to prepare corresponding gelled hydrocar-
bon fuels with four kinds of high density liquid fuels HD-01, HD-03, HD-03-1 and QC respectively. The minimum addition
amount of gelling agents required was studied. The basic physical propertiessuch as density, viscosity, heat value for Gn and
SiO, gelled fuels were determined. Their thermal stability, centrifugal stability, long-term storage perforemance and other stabili-
ty properties, as well as rheological properties were also investigated. Results show that at least 6% SiO, was added to make the
liquid fuel form the gelled fuel, while addition amount of Gn required for gelling the fuels is not greater than 1% with little influ-
ence on the density and heat value of the fuel itself. No liquid exudation phenomenon happens after Gn galled hydrocarbon fuels
are stored at —40 °C, room temperature or high-speed centrifugation. The viscosity of Gn gelled hydrocarbon fuels decreases sig-
nificantly with the increasing shear rate, approaching the viscosity of liquid fuel at high shear rate. By scanning electron micros-
copy, it is found that Gn can be self-assembled to form a three-dimensional fiber network structure in fuel, which can be dam-
aged by stirring or high temperature (150 °C) and recovered by static or cooling, making the rheological and thixotropic proper-
ties of Gn gelled hydrocarbon fuels significantly better than those of SiO, gelled hydrocarbon fuels and more conducive to pipe-
line transportation and atomization.

Key words: high-density liquid fuel;gelled hydrocarbon fuel;stability ;shear rheological properties
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