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[ABSTRACT] In order to improve the structural stability of liquid-solid fuel, tetrahydrofuran-based gel matrix was pre-
pared using inorganic nanoparticles as gel agent, and aluminum-containing gel fuel was obtained by filling micron aluminum
powder into the matrix. The effects of ultrasound and heat treatment on the gelation of nanoparticles were analyzed by mea-
suring the elastic modulus G, and the linear region 7y, of the gel matrix. Rotating shear tests at different shear rates (0. 1-
2000.0 s™") were carried out for gel fuels with different aluminum contents, and the influence of shear history on the fuel
flow curve was studied. The results show that ultrasound and heating can promote the gelling outcome of nanoparticles.

Under low shear conditions (¥ <100 s~

), the shear history will increase the viscosity of the gel system, and after 100
s ™", the viscosity will be lower than that of the sample without shear history. It shows that the aluminum-containing gel fuel
thickens around 100 s ™' in the flow curves, and the higher shear conditions directly lead to the irreversible destruction of
the gel structure in a short time, resulting in a rapid decrease in viscosity.

[KEYWORDS] gel fuel; preparation process; strain sweep; shear history

PR AR B SRR 1 2008 AT B 24

0 2= RO AR ST
HE IR e B SRR 1 il v 2 A 28 G AR
BEIRRHE TR AR PN A BB s Bk . W RS BRI o T BEIEHR) L/IN o3 1 B RS
JIE B BOIR AR, WE 2 025 i RIEHE RS A e, (low-molecular weight gelator, LMWG ) DA Sz ToHLEE I
XA RE AN 22 A Ve I BER MOk ™ A L AR R TEBERS RS B B S SR URL , AT LA AR
8 LA RO T 0 05 2 i sh AL Tl o B8 4R RE SR % B, DT (R 00N PR AR B 77 o e T 5 1 TR
FOR ) PIR MAEe  R R ELR Y ) BRI AT B TR i SR P S R A A s K HE SR ] R Je

* IfE H #:2022-10-12
E—1EE T (1998 - ) B WL W5E A, F M FAE OB % T 2058, E-mail : yzy@ njust. edu. cn
BEEE . MR (1964 - ), 5 #0871, EENFRA L7 3 R ARMFSE . E-mail ; boliangwang@ njust. edu. cn



22 2 T )

552 B8 3

BRRHI IR L i ] AR U 2 A A AL
RV (AR TR RIS 5 W) 19 1 24T
5 TR AR AR 3 0 AL 2 BT AR AT
PERHI RO S5 4G 15 B A B T 842 B JRe A 1
INTAHERE A A7 5 i 185 3 3 B2 . Amold 5517 K
B, R BERC R I 525 ) et A P A A P
L RHABURE A 5 PR AR A SR8 A% 25
REAR, A R T BE R IRRE A 1AL T 28 K ke . =11
FIH LMWG il £ T — Z 51 o 8 B SR A SR AL
A BEWIFE T B T AR R RS K MERE
John F5107 ) R B 27 2 3 095 9 ik B 27 2 3R 1
T CBFR BRI IR T, 8 i W ST Sl it 2 AR
Sl AR A FIAN TR 7 B4 3 Wi oz A B, M ) R
A e S 2 I R v B AR A B R AR
1117, SR (3 I ek A AR A O A2 1 B 2 B R Y
KR R R BE IR R AT, ISR R4
B & Gz S

W 55150 0 B 0L B I MR A BRI R 2%
SEME AT, Guo S5 TR
T BB Y PR 4 £ e U S i SR/ IR R H

L BRIRE WP T R 0 U R B U6 BE AR ) R
W BHAR LA, 25 FiXF T3 BRI R 7
T IRBERRANE LK AR AN [R] B D) Dy S U S
MBS IR AEAN A, AN TR B U R 1 9 3 s W 52 e
TIARA,

RN (PO) S W EE A A WAL SR
SRR T 2R R I R R A i 1) 58 — R N A A
TET %R EAEZRB I, A3CH, LA PO
R FERR IR ARIORE , T I TS S e = A 9K JE AL
BRI, S IR ROR B AL s R AT 522 5
FBO B A AT WS, BIE 1o P06 36 2R £5 B
BGOSR AR AN B 31 38 RTR AR
IR WLEE 3 TR 28 (BERE IR T ) ) e/ B it LA
SCACHUBAE +F | 75 0 B B PR A i A2 1k
RSN, BRI RE T P A GIOK B b ] 45 L 5 B B I
BORE, = B AR M AT 1 X B R T
SYYY, WL BT U5 AP0kl 0 D158 A AR AR R TR Bl 2R
TS AN RN AL 7 AT Y) g sz XA RE Y 52
Wi, A A I S BE R B il 2 S 1S %

1 SRIGE4s
1.1 EHMBSig&

JEAT R Sk SLA B0 K TCHLEE I, S 56
= A RN RE (T, 2l 99. 5% ) | [ 25 5 A

AR PR A F AR (PR 2 um) |, BN S
IR AE R F] L SLA K TOHLEE I LA 2 45
A SEM JESR LA 1,

(a) SLA

BT SLA BERSGR AR SEM [
Fig.1 SEM diagram of SLA gel agent and

aluminum powder

4% : Testo 925 PR A I AN, 4 [ A #% [ bR
5 (B AR T Quanta FEG 250 37 % 5 414
HF R fle , CHERA 5 (i) A PR 5 FV1200 2¢
JEALIR A W U, H AR B AR 7 | ; LC-SFJ-10 F+
Fr U AL, W me ) IR AR BB A BR A A
UN70-1500 # 75 I fift 5 73 Hit s (e R % 1 500
W), 77 U5 ME R 7 R A BB A R FD; JSLA-
550ST = HARHH A TAL, L3 F7 IR ASCHS B4 A FR 2
F); HAAKE Mars 60 it A81% , 55 EFEER AT,

1.2 SHRERREHHE&E

FE L ERAARIUCRE 2 T 2 1Y SLA BE I F PO,
BT 1000 mL B FHBEES e+, 1700 20 1R
AR AT REUE A AR A 5 min, ARYE
SE IR T 15t 43 ) AN [ 6 ) 8 B ) 9 g 356 I 4 ol
%'5 K SLA4. 0 SLA4.5 SLA-5.0 SLA-5.5 SLA-
6.0 .SLA-6.5 Fil SLA-7.0, JEAbIE K BERE 3L A
FESIRP, B 5 min( Z33% P 4 300,600,900 .1 200
W) BUKE M 3 h(IREE ¢ 50,70 C)

TR RL  7E T 2 1Y SLA-6. 0 B fie L i
e EIFTRAR Ry . B S, R T B A IR
RGP AN, 5 303 #HL (1 000 1/min)
J& , BB MM AR, 43 BRI 3 min, AR B4R
AN B RE 53 B 455 o SLA-6. 0-Al-10 , SLA-
6.0-A1-20 1 SLA-6.0-A1-30
1.3 MR

ERBE BRI OV S AN 2 B, il ¢
SEFXFRE T AT Y (e Ab BE 8 3 5t S IR A I
MRS A RERY. WG MES
Y, @O g B Bk s G N 5
H TR X BCR SLA 9 KEE e I B 1) 221K I
LREERE Tz 1 XS 25 (a1 B, v LA B, B



2023 46 H

BT USRS BB & T 20T iF T, 5% "3

(b) SAL-6.0-A1-10 i3

(e) SLA-6.0-Al1-20 #13% (f) SLA-6.0-A1-20 H &3

(g) SLA-6.0-A1-30 %37

(h) SLA-6.0-Al-30 BI3%

(i) SLA-6.0-A1-30 H &%

B2 SHERINEHEDO IR B W T BB

Fig.2  Morphology of aluminum-containing gel fuel under fluorescence confocal microscope
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Fig.4 Test results of frequency scan
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Fig.5 Strain scanning test results of sample SLA-4.5
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Fig.9 Viscosity curves and Power’s Law model fits of samples at shear rates of 0. 1- 2 000 s '
%2 Power’s Law A 4y bh o 45 R
Tab.2 Fitting results of Power’s Law model
. ¥ <100 s y=100 s~ , ¥y <100 s y=100 s~
Ea FE
. K n K n " K n K n
SLA-6.0-0. 1 19.49  0.051 39.31 -0.194| SLA-6.0-A1-20-0.1 248.67 -0.071 247.85 -0.055
SLA-6.0-1.0 33.05 0.025 168.21 -0.431| SLA-6.0-A1-20-1.0 267.29 -0.036 324.34 -0.088
SLA-6.0-10.0 26.68 0.024 66.81 -0.255|| SLA-6.0-Al-20-10.0 276.35 -0.008 433.00 -0.110
SLA-6.0-100.0 11.06  0.080 16.94 -0.036|| SLA-6.0-A1-20-100.0 346.42 -0.042 963.24 -0.223
SLA-6.0-200.0 5.41 0.061 8.36  0.116 || SLA-6.0-Al-20-200.0 85.66 -0.004 122.67 -0.017
SLA-6.0-1 000.0 3.29  0.441 3.89  0.262 ||SLA-6.0-Al-20-1 000.0 71.23 -0.061 93.36  0.193
SLA-6.0-2 000.0 1.22  0.248 2.23  0.363 ||SLA-6.0-Al-20-2 000.0 37.46 -0.210 74.98 0.213
SLA-6.0-Al-10-0. 1 30.68 -0.035 39.09 -0.094 SLA-6.0-A1-30-0.1  234.88 -0.032 234.89 -0.020
SLA-6.0-Al1-10-1.0 ~ 51.06 -0.002 137.94 -0.239 SLA-6.0-A1-30-1.0  374.65 -0.006 642.83 -0.121
SLA-6.0-A1-10-10.0  59.06 -0.052 158.45 -0.199|| SLA-6.0-A1-30-10.0 465.47 -0.022 1 158.73 -0.161
SLA-6.0-A1-10-100.0 54.53 -0.071 140.70 -0.145| SLA-6.0-A1-30-100.0 203.95 -0.043 1718.88 -0.395
SLA-6.0-Al-10-200.0 70.79 -0.005 161.41 -0.110| SLA-6.0-Al-30-200.0 167.08 -0.019 163.05 0.083
SLA-6.0-Al-10-1 000.0 48.51 -0.033 95.62 0.054 ||SLA-6.0-Al-30-1 000.0 78.33 -0.063 32.26 0.318
SLA-6.0-A1-10-2 000.0 24.68 -0.050 62.32 0.200 [|SLA-6.0-Al-30-2000.0 55.50 -0.042 27.57 0.387
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