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Abstract: The rheological properties are one of crucial factors limiting the injection, atomization,
mixing and combustion efficiencies of gel propellants. This paper reviews the gelation of the fuel,
oxidant and additive in liquid propellants by using energetic powder, polymeric gelling agent,
inorganic Si0O, particles and novel low molecular weight gel (LMWG) as the gelling agent. The
gel propellant prepared by energetic powder has good thixotropy and ignition and combustion
efficiencies but high powder consumption, undesirable sedimentation effect and poor stability for
long-term storage. The gel propellant prepared by polymeric gelling agents featuring stable

molecular structures has high stability and combustibility but high viscosity and low injection,
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ignition and combustion efficiencies, and its rheological properties can be improved by using the
polymeric and metallic gelling agents together. The SiO, particles also show excellent gelation

but

characteristics are still not ideal. By contrast, novel LMWG brings gel propellant with excellent

ability and wide adaptability to different components, thixotropy and combustion

thixotropic characteristics by constructing a non-covalent interaction-driven self-assembly
network. The physical network of the LMWG based gel propellant is beneficial to reduce the
yield point, reduce the liquid propellant viscosity, and improve the thixotropic properties. In
addition, LMWG is combustible and does not cause a serious energy loss. Therefore, LMWG can
fine-regulate the rheological properties of gel propellant with excellent thixotropic properties, low
viscosity, and small additive amount, and could be considered a potential candidate for future gel
propellant optimization.

Keywords: gel propellant; gelator; LMWG; thixotropy; viscosity; rheology; non-Newtonian
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Fig. 1 The advantages of gel propellant compared to typical

solid and liquid propellants!®
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Fig. 2 The developing progress of gelators utilized in gel

propellant

http: // zkxb. xjtu. edu. cn

o L B 245 ELAT H B0 ) i R R AR L L BE AR
Jei B 8 B2 /N SRR S RE T 5 TR AT DL AL B
A ) LA A P B T L B R G
F T R 4 23 A BE RS AL 5 . AR SC LU g U 28
P A B T R JT I S84 T8 P A B
2 TR TR 0 VA 3 5] T A 03 AT SRR IR AL B BIF Y 4
I AT LMWG A 55 BB BE ] . xF T 5 i #E
P 7R IS R A Y O

2 VR A o W BER AL Ot

TR AR 1 ) 32 2 A3 SR S AR R DL R T
FVLH 53 A SCHN 2 T 4 28 W8 TR AE 45 21 43 v 1) BE I
Tk g ARG R TR 1,

2.1 BMBHRELHRE

WR AR 3 S VAR A 0 R0 A9 A% 0 4 0 TE i
FERE I FR b 25 5 AR A LU R L AR RN K A
Bot AR DR Ot o R A7 o e b b BB T Y A oY R
o AREBAFLRIR T 8 IE AL A I B T A R Y
TRAE DL K o € SRR 1 2 TS A0 B 5 3 e
2.1.1 M= H

e s S R H Rl Tz i s R, B
P IR PR E PR (BT ARA  E PE A R
BV RE 4 25 e L RE WG A2 (I IR TE V8 b IX A s 25 RAT
GRPR B SR SR K, BRIC a2 kR T
ZAF5, K EE S RP &3] (RP-1,RP-2,
RP-3.RP-4 . RP-5) , & E AR fEZE B Ny Jet R Y1,
TTFHASENG N TP R, K T F L5 =4
98 LA e VR A A Al g A e L (R
e zs B AR AT R R R b TR R KA
Gy BESEN 7= AR K i TR 8 TR 2 BT R 5
RIRIE I o PRI 25 5 22 4 FIPE BE 25 I8 I ol B I
R EZEN KRBT Z—,

+ /\BE Bz (Thixatrol ST) J2 5 i #E UE 57 o %
R e BE ) 2 — . Btk 5080k 520/ Thixatrol ST
RE K I i AL, JF R B ik AR M BB L 761 300
s B RE T, B ETE 34 mPa s, Clez-
kit**! 5% FH Thixatrol ST ¥ Jet A-1 i Ih & B4k, {H
AEAKMEE AR K, HigE 4| AL BB i A
Kol AR RE . H Y AL R B BOR T 40 % B
A HEBE 1k . Rahimi 2504 SR S10, WOk 1 R i e
o AR BE B8 AT R4 00 i s vl S AL RIOCR L B2
ARFIFHREEH BRSPS . Arnold 452 i 45 T JP-8/Sili-
ca BERE BEMCACKOR RA4F. ST U048~ &5 ) by L

W3 2 71 figh A A B D) A< 100 s RIAT




%5

T W o A5 < O I AP 2 50 B

AR IF 5 E 169

b WAL S B EE<<10 Pa « s, 45 1R BT YIS AT LUK

SRR T SIO. AREE &S SREE.

BRBE R 22 [ )L

T

WEFEF AT 2208 78 8 LMWG 2 i 8 57 » fit He

WG X Fheke 2 M B B W EER/EM . Zhang
EERF Y 3% WH %5 249 Bl 45 T 25 LMWG (D-gluconic ace-
tal, Gn) A A5 8 EE AL TP-1011, kg BB K () 8
~ 18, H e HE 5 K X TP-10 % B 0 AL 3 B2 A

TAEVERERS ) TR Wk . EA KB AR LM- FHROW, SRR IR TN 8 > CH,/CH; #JT, H
F 1 BRAES A BORE AN
Table 1 Summary of gel propellants and their rheological performances
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JP-10 HDIT-18(0. 0638 %) 0.3~30 1.19 Pa« s <1% [28]
JP-10 G8(2%) 0~1 000 1200 Pa-+s 7% [10]
JP-10/Al G8(2%) 0~1000 911 000 Pa s 41. 3% [10]
JP-10 LARRL = BORCEERE 0 0886 Par s [29]
13-4k be) (<1 %)

55% Al/RP-1 RN 25.9 Pa [30]
Jet A-1 NGB 5% 1~1 300 0.034 Pa+s [24]
Ry SiO, [31]

+ ke AR AT A 1 (<20, 120 94 % [32]

i Carbopol941(0. 5%) 0.0857 Pa-s [33]

JHE BROIFHEZEQY~4%) 0.1~1000 <10 Pa-s [27]

i — PRI (<300 [34]

s — ' JpF 4K (4. 48%) /Al/ Mg [35]

FH 2 i BRNIEFHEE QY ~4%) 0.1~1000 << 1Pa-s <20 Pa [27]
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) LR A (4% ~6%)/Al20%) [38]

B/ K TR AR (<500 [39

N JIH [ B (A (LS, (<<1%) [40]

T R 32 e B LI (20 %) [41]

il 118 ¥ iz Al %) /PVAC20%) 5X10° Pa [42]

i R 2 Jhie / FH it RN e (126) (0.4~3)X10° Pa [43]
TR E SiO, i kir 1~100 107 Pa » s [44]
ADN/MMAN/ urea 10% B BN AT g% [45]
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2T iz 6 % PVP/6%SiO, 1~20 19.6 Pa [47]
LR SO, / 5 24 N 16 5 1) 1~1 000 30~60 Pa [48]
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do-2C8/oleyl
Fom trans-1,2-bis(3-dodecylureido) 0,005 P« < r50]
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HAN #1 . 2020 4F, Bao %5 SR H i & 4> 800
5% ALY AR 20% B9 PVA 254 % 4 80k
75 %0 1) HAN B Ak 4 1850 ) 5l M B R B 7
0.5 MPa Jinf & . o] BEATHRBE, Hob SR SR 4 o T
214.7%,
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I AR 5 Y AR B T R L 2
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2.2.1 FTAAAHP)

H, O, (4l >90% , HP) K b 2 KR R LF A
R g e R be ) e # A A R A TA I S
BEAR Z—" . HP Y B s 5ok fF =
A —DNRIETHER 1.45 g/em’, ZBIKIERH
666 Pa,100% 4l B () HP JK &5 —0. 43 °C L, R L%
Ty 38 3 7 A AE PRk ORAE RUE T . HP Al fE R 2
R Ak 1 R0 Ah ) S T B2 TR 2 L AR A L
B WA SET 0 HP MR R BLA S i b il
AR G RE o 171 X L 0 A7 95 I Ak A BT L sk e A
o A v AR BT R R

Si0O, Fkix T HP Y& B b ab 3B A 1 2% 1F
ARG Tyoti BT, =R T Si0, (F #4041
62,0, 2~0. 3 pm 8 A W 5850 R AE HP
3 AR AR R BT E Ak (SEOH) 2 ] 4 & B E i 5E
R 2%, 15 1~20 s "F1 1~1 000 s ' fy 5 4 3 R
T YRR R B WY A il AR BR L H BT D) B K )
26 A0 DA R R R L R R A 1 T ARURR KL GIEBH T BT
il 1 HP 8 B Rk 2 68 1. HP %A
TR 283.15,293. 15 F1 303. 15 K T 1 % & 43 71
K3 614.1 246 F1 735 Pa « s, i IR 2 J5 B9 35 B 43 51
1 53.89.22.29 Fl 12.78 Pa » s, MAh, FFiHl &0
HP/SiO, &M 5 ¥0BHEE I JP-8 B A B4 (14 i 48 It
BEt, R e B2 %5 Ak TR A RN R be BRI T B AR
XL SN HFGE T SI0, fURL R ST 1 B i) 5 I 3%
T2 5, 45 FUIE B 90K G ROK 9 Ok HP B
A EERRE S . AEBT D) Ry 0~100 s ' [A] B
A AR R PE L HP B Ve B B8R , B D) 0RO A ik
AR RE S SR . SO, X T HP #4244 ik )
HA — R MBS HP R A
Y] g Si0, BERE AL . % FH NaBH, Jy & k5| & 7 3k
A1 RS2, 25 RAE W IR G B 1 2 A W G Y 4
IRZLE L B H, O, AR DL N NaBH, #9506 /)N

http: // zkxb. xjtu. edu. cn
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HEMMIRAY . SRk, 76 Lk HP B8, Kk
SRIEAE — & WY, [ HP/S1O, 88 i 78 AR TR FDG
W25 I it A7 Foo PR30 22 HP/ 3R & W 8 JiE 1 2k
PERE R 22 W B — s .

PTAE SR BT R L HL O, A S i & 441
% LMWG 2t Ty 68 &8 i b kL BF 52 i, i Xu
ST g W 3.3 - B AR N N R Y B
Jo TR K 6 e LA SR A R ) 1N BE DL FE HL O,
ISR S B8 AT LA 5 B 28 YR 1) W5 -3 6 o 4 A7
s HARE fE 146 5 JL-F 0l LA SE BP0 3K i A9
PG i, Chimala 487 SR Fl M 2 L R &4 hb-
poly(HPMAy,-stat- MEMA,, ) B ¥ 1: 14 B 2 5 4
(TR B v R B4 . SR HL O, AL B, AR 25 10 Y B
i 3 AT PR 4 A S R T T R 114 B AL B T T LA
AR A A . Wi TE L SR L Ho O, 1Y)
S e s o BRSR AS e A ) PR 2 BT R
R A UE HP SR BB AE .

2.2.2 BB 4 (ADN)

T e B CADND J2 i B T 1 R (AR 4
SRR | = S R oy NIRRT /9 I (A 1
ST B 1997 AE LR, H BT K A R (SC)
FEG 84 [ B BF 5% 0 (FOD JF U8 WF 986 ADN F F 34
JUWR A HE ), 2010 AE R BE” DR BRI T LA
ADN 7K 1 Ry 32 B2 4 1) LMP-103S 4 32 5
2014 47, v [ L KRR 4R A A B HLBE 502 fir A Ty A
il H ADN $fe 308 25 20 0, A 3k 25 3% B Rk 4k o B 22
Jei s B EES AN ) B ADN G 7 2 5 A [
&Ko ADN %Ak JC 8 o] 5 /F Mok, A R FHETHRA
TR A s AT AE T B N S8 BN T T T & S
TE A7 1) 24 o B T 5 A LA B
EARE 5% )8, 1 kg kol DAHS B B W23 10
W, 1 kg ADN af DU#E B LR W EEZE D 20
WA R F R AT R A o i o R R T
AN B TR Y e TV N AR 4 AT SRR e .
I, HHTEA . ADN @4l H 85 a2y, fH J2 ADN 1)
filf A A7 78 Ak 2 22 28 M A 25 B H A R 1Y i)
LTI ADN ) B J5E Ak Ak 31 AT 3E— 25 i 3 ADN
il M RE R HE

R S1O, i B 1) 5 A W e Bk 711 A0 g s 1) TR
B YAEXT T ADN A F ) 2 BT R 5 sk
. Guan YR 9K SIO, fE A K&, 5
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ADN/ 7K 3 4 35 IR & J5 o8 B i Ak, 7E 0.2~ 1
MPa [ 13 5 FE 91 F Al R 4F 58 il % k. A e
AT SR T AR B0 5 %6 A SiO, (Aerosil)
FTHE 8 2 %0/ TM200T 1R A9 0 IR & I EE .
REALFE ADN/JK B HESE 7 OF & L ok 3. 50 1) A7 25
JE o AR e SRR L ST Rk (1800~ 19000, HLAE
it BT 1] 14 53 i 3 23R KR ARG L RIS E 30 °C iy BB
T AZ AR A A A T 3k 15 4R . Shiota
LK ADN, MMAN Fil IR 2 B 7R 1R & il 1%
AMU RE Y, 76 50 C i 24 h iE i e 40 3ok
JoHE 4 ER 10 20 BRI N TN Bk 41 4 3 (HPO) by i
F AT LA AMU $i 3 5000R & 0 1A 8 ek . EL3IR 19
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O3B0 5 Y0 CR i B 5L A S 7K A TR A W B AL R
0.2~0.8 MPa [y 4 /& F7 B ol 52 )l % 4k . H ik
A XF ADN % e fb A sk 2/ T ADN B f& a2
P AT 58 55 A3k B S AS (1 F E Y 5 (R0 5 2258
T X 2% 2 I B SR FH T 10 900 A8 R 1 A R AT O T N R
J& AR HE ADN (14 5 A6 R R
2.2.3 TE K (MEA)

LR (MEAD #f #F 57 B AR A T 3 IR 3L
I8 R A5 1 0 A iR L e AR AT R T 4R = MEA 1)
W R E 25 B A T A e R

Jyoti ZF SR HIZUIE  Int R A / 5 2 I i g6 . i
(PVP) . B IE #E/SiO, . SiO, /PVP 4 i 21 43 Jie ¢ 7
s H EEFIR A Y6k MEA #E47 T %6 I Ak Ak B, 45
RRPAET U AN 1~1 000 s ' [N, &I &
PR T I S B S AR 7 R ik AR A7 A S AR B T 7E 30
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JINER R RN S AL g . HE A B A TR A R A
. fEH I — % SIO, /PVP Y % e 45 o o 47 #F
FEHT R B A28 6 % PVP R i35 6 % SiO,
VERIR A R EER . 78 298 K i B R, L3 000 r/
min (450 B B8 BE L 7E 99. 5% By 20 I e v B B v
FiE 24 h S HIAS R E BERS . 7 1~20 s '
BT WY A B U AR R 4 i T e R LA R IR
N1k 19. 6 Pa, HREMSYK I K 4T . 76 5E I Wk & 3k
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Y17E PVP/SIO, ey 7% 0 o &2 43 80 2 00 I 90 K &
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WA A Jiit AR I A7 . 5 WA B HP 3[R 1 A X0
MR B WY R R R R R R (1~ 5
ms) » /] LUy BA BT SR HE R 45
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