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Table 1 Table of factors and levels
. | level factors
experlmenta evels A(nx . nv) B( \/M . VN) C/OC
1 A1(3:1) B1(4:0) 5
2 A2(2 1) B2(3:1) 15
3 A3(1:2) B3(2:2) 25
4 A4(1:3) B4(1 :3) 35

Note: 1) A (ny : ny)refers to the molar ratio of gelator X and gelator
Y in the complex gelators; 2) B(V,, : V\)refers to the volume
of solvent M and solvent N in the mixture solvents; 3) C refers
to the gelation temperature; 4) n and V stand for the mole of
selected gelators and the volum of selected solvents in the gela-

tion test, respectively.

F1 i AB.CaRlRRITELLEMN 3 NHEE,
ARFBREBGEER T X 5 Y WPREMGEL(n o ny),
BARKIRAEN T M5 NWEBLL(V, : Vy),CfR
FEEWTE Bl B, °C o BRI 3 &8 MR AE (y) Rk B
B PI# R (4355.0 s71) FURRKE (v) 1E N IEC LK
ZRA bR . MR RIE NS %, HE LT T i
i 5 P b S IR RS L PE (i BE R ) A 4E 5T DI AR
RS AR A R A N A Sk R R iR 2 K 1Y
RN R
3.2 HRMWR

IEAC S I EREE R T 2. B R
A 95 58 M2 1 8 25 S AR S g 4L 55 B U0 % (4355.0 s 7')
N PRRE BE AR, DA % T JC fith F A i XoF 31 6 A Ak 1 40 1
BT REL 2 s T R R g FURS BE S5 i B AR 2
MLV BT LU AN R]C 7 568 J5C 1 s e A £ i 5 1) 12 )
B A L LA BT AN TR . 7E 16 4LEC Ty, B 114
IRAEAE 6.0 ~2000.0 Pa Z (a4 4k, &l 2 S T 5E R 5Y
YIAHAR J5 1A 2085 B2 B 5 D) R 1 28k, w] LA H 7E X
ARt RO U R (4355 s7') R, 15 SR R A BRRS
[z 9.8 mPa - s, 3 5K &M Eik 257.3 mPa - s,
ALY, T BT VIR 3 AR PR, Al B S St 0 50 238 A8 Ak 17 B
TR A R B L AN TR AR AN AR ) o Ferplic 7 5,6,
8,10,15 [ fiff R 5 75 5 AN 4 32 4 1 Y [F1 P (0. 0628 ~
628.0 rad/s) IEAAAS T 3,4,9,11,14 [ ReA & X
WA AR AR 16 5K R HAE 300 rad/s A f
E AR R R R E T TN

T B B 1 2, A R0 0 3 B M T AR FORS -1
DI R £ (B 2) Feib . Hoh B 2 5 T & 87 U)o oR
AN [EIAR ZRE B B DI HCR A . A XER M
FR T 5 ST Sk 2 5 e % R 19 5 470 3 4 P A
A g A

WWWw. energetic-materials. org. cn



e ) A 401 0 A B TR T B B O 2

417

R 2 ML I IR AL < 1 RE WF 5T A TE 32 S 90 0

Table 2 Orthogonal experimental orders of rheological behaviors of simulated gels

No. factors experimental results
A B C state y/Pa v/mPa s stabilities of storage modulus (G * ) at frequency sweep
1 Al B1 C1 Gw 500.1 95.1 stable within 100 rad/s
2 Al B2 C2 Gt 630.9 121.4 stable within 100 rad/s
3 Al B3 C3 Gt 1585.0 257.3 unstable within whole frequency sweep
4 Al B4 C4 Gw 1995.0 13.2 unstable within whole frequency sweep
5 A2 B1 C4 Gt 794.3 77.1 steadily changing within whole frequency sweep
6 A2 B2 C3 Gt 630.7 130.1 steadily changing within whole frequency sweep
7 A2 B3 C2 Gw 1585.0 176.0 increasing within whole frequency sweep
8 A2 B4 C1 Gw 794.3 13.7 stable within whole frequency sweep
9 A3 B1 C2 Gt 501.2 74.5 unstable within whole frequency sweep
10 A3 B2 C1 Gw 316.2 61.8 stable within whole frequency sweep
11 A3 B3 C4 Gt 19.8 101.9 increasing sharply within whole frequency sweep
12 A3 B4 C3 Gw 199.5 22.3 increasing within whole frequency sweep
13 A4 B1 C3 Gt 500.9 60.6 steadily changing within 50 rad/s
14 A4 B2 C4 Gt 6.3 119.5 increasing sharply within whole frequency sweep
15 A4 B3 C1 Gw 501.2 9.8 stable within whole frequency sweep
16 A4 B4 C2 Gw 125.9 13.3 stable within 300 rad/s

Note: 1) y refers to the yield value of a gel; 2) v refers to the viscosity of a gel at 4355 s™'; 3) Gw and Gt stand for white gel and tranparent gel

respectively. The results of rheological measurements were shown clearly in Figure 1 and Figure 2.
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Fig.1 Plots of the storage modulus of simulated gels against
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Fig.2 Plots of viscosity of simulated gels against shear rate
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Table 3  Analysis of orthogonal experimental results(yield value)

No. KE’)

K1 K, ", 4711.0 K, ), 2296.5 K, ), 2111.8
K2 K,V 3804.3 K, , 1584.1 K, 2843.0
K3 K, 1036.7 K, 3691.0 K, ), 2916.1
K4 K, ,1134.3 K,®,3114.7 K, , 2815.4
k1 k", 1177.8 k, 2, 574.1 k, ), 527.9
k2 k,", 951.1 k,*), 396.0 k,), 710.8
k3 k", 259.2 k, ), 922.8 k, @), 729.0
k4 k,(V, 283.6 k,*, 778.7 k,®, 703.9
R(™ R, 918.6 R, 526.8 R, 201.1

R4 EXLEOPRCOEE)

Table 4 Analysis of orthogonal experimental results (viscosity)

No. HP

H1 H, (", 487.0 H, ), 307.4 H, ), 180.4
H2 H,", 396.9 H, ), 432.8 H,®), 385.2
H3 H, " 260.5 H, ) | 545.0 H, ), 470.3
H4 H,", 203.2 H,® , 62.5 H,®), 311.7
h1 h, (", 121.8 h, ¥, 76.9 h, ), 45.1

h2 h,",99.2 h,*,108.2 h, ), 96.3

h3 h, (", 65.1 h, ), 136.3 h, ) 117.6
h4 h,",50.8 h,®,15.6 h,*,77.9

R,™ R, ,71.0 R, ,120.7 R, , 72.5
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Instant Gelation of a Simulated Agent for Liquid Propellants at Room Temperature and Rheological Property

Studies of Relevant Gels

LIU Kai-giang, ZHAO Ke-ru, CHEN Xiang-li, ZHANG He-lan, FANG Yu

(Key Laboratory of Applied Surface and Colloid Chemistry, Shaanxi Normal University, Ministry of Education, School of Chemistry and Materials Science,
Shaanxi Normal University, Xi'an 710062, China)

Abstract: A simulated agent for liquid propellants was gelled efficiently and instantly at room temperature by modulating aggregate
behaviors of a typical surfactant with the addition of a carboxylic salt in two polar solvent mixtures. An orthogonal test (three factors
and four levels) was employed to investigate the factors affecting the rheological properties of the gels of the simulated agent. Results
show that the significance of the factors affecting the mechanical strength of the gels follows the order of (1) the composition of the
composite gelators (a surfactant and a carboxylic salt), (2) the composition of the mixture solvents, and (3) the temperature at
which the gel had been prepared. However, the factors affecting the viscosity of the gel systems at higher shear rate (4355.0 s™')
follows another order, that is (1) the composition of the mixture solvents, (2) the gel preparation temperature, and (3) the
composition of composite gelators. Considering the results from frequency scan and those from orthogonal test, a gel from the
simulated agent having high stabilities and low-viscosity at a high shear rate was obtained. In the gel formula, the molar ratio of the
composite gelators, and the volume ratio of the mixture solvents are 2 : 1 and 1 : 3, respectively, and the total mass percentage of
the composite gelators is 2.4% . Moreover, the dynamic yield value and the viscosity of the gel at higher shear rate are 794.3 Pa and
13.7 mPa - s, respectively.
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