2024454 F
312 Apr.2024

%o Tk
CHINA RUBBER INDUSTRY

FT1EH4M
Vol.71 No. 4

HYIEREAEES MBI RER

HATF L EES Y

E

(1 AR TR MRS fsa A T2 e, Uil BGAR 61000052, [ TAEH BB S Be (L T ATRMIESEAT, DU Il 45 BH

621000)

T DY VIR B (STE) A A 37— AR REFEREAORL &2 R T B L Bt w ol FBHLJE 41 6 45 . A 210 STF B A7
FUBY VIS ARBLEL , 2558 ST AL & MORHI il 8 7 30, G AR IR BT sl ik | Je 2 sl e ISk LUK e 16 5 BT STRA & BERHI 3L
JUHLYERE BT bt PR B IR PR 5 B o IG5 PR AR STE 1 55 VI3 BEAL R, F 4 06 PR3 AN SRR Al i )

7 o5 o ol R T W A P L U AR R S TR AL A B

SRR ST UGN s Sk s DUAFLAR G 5 B0V B 5 B Bl 1 B 5 TRk e Ak
XEHES:1000-890X (2024) 04-0312-08
DOI:10.12136/j. issn. 1000-890X. 2024. 04. 0312

RES#ES:TQ336.472
XHERARERD: A

19314ER. V. WILLIAMSON" 7 it 4 73 Hilc t4 2
ORI T S H AT N, B8] ) B3k — I E
i, B BRI B 2 Bl AR K% . 2R
H. FREUNDLICHZ P i 86:41F 7 3% — Bl 4, i B 42
B R 55 L) 4 H (I T. GILLESPIE™ T 1966 4F 4%
) o BT SR AR KA B Sl IR AR 1 7% L B 2
L WA TS R R AR 5], M Z P
N TP AR RIS . T oK Bl 25 R 55 (4 AN TR
TR VB GAE B 37 0 BELJE D e 25 45 38 s A £ 10
BB % BE, BT DI B AL ] £t 22 3106

By (STF) & —Ff L A () 55 7] 38 B 44
Ak R AR R AR 4R OK SSAOK U 2 5 1)
WORLE TR o X P B VP IR IR H I R s, B
AR s (E S 72 B9 55 1) 7 338 — 2 B
(L= SERLE SV lbe N R B Ve i PN L A
I ELRZI Py B3 ) =3 e 2 B S8 V=R Ealb )
RES AR R AT B R AR o Xl [R] Ao Stfe LA 5 s
RE AR RE M B — 22 Rl (i A2 3] )32 ST (H R T3
A 5 RWAS, NG T BT, By DL 5 2

ELTH: BHRAAFEIEE I H (51803197,52003260)

OSIDFF B FARIARD
(B S1EEZR)

S AWM A, A A A BB LA AN
Al TR 2. H AR WA 5 07 N
O BT AR A R E AT
MR IrR . STRR G REAHURAL BT
ifr it R e el IR 25 22 Rk, 88072 0 T A B
ANV RS 03 LN IR NER e

AR SCA G STF e LA K 35 41135 B8 28007 19 AL
HZRIRSTRE S AR 2677 20, 20 STEAZ 544
BHIPERE , A STFRYIT L FIN IR S %

1 STFRY$FIEFETYIIERAVIE

FETAR 12 BB R BT PN ) 585 Y)
R LA, 2 FRA R 5T U 5 A8 b AR HEh L I 50
MRS o X AR , 265 5 59 U R 0 A2 4k T
5, JE M RL B A S H B TR 2 1 Y
TR AL — M R AR A= Tt A, FL B B 2 5 D) R
AR AR Ak o ST IR (i A A= i o (A, 7 e
WPRASTT , BT DTSR AR XS B/, STF & BLAR 7 1A 1)
PEIT, 6 B A 2 ; Bl 59 D) UG R, STRRE

EREB A FRIT (1996—) , 55, W B, UAREE DR A 7 A, T2 20w 4 F A R BT 5

E-mail:842304957@qq. com

SURARST: WA s g, 23, 48, DY UIE R S BRI F HE e (], AR Tk, 2024, 71 (4) :312-319.
Citation: CHEN Baiyu, GUAN Denggao,PENG Yan, et al. Research progress in shear thickening fluids and their composites[J]. China Rubber

Industry,2024,71(4) :312-319.



%4l

WG =45 BT U0 BRI S A A R BT 5 3 313

FELG I/, BT VAR LG 5 {H 24 B 1) 54 K
B AN AES , STF A Zb B T by Bl Y 111 7 1 i
K, BT D)3 B4 5 2 05 D) o 3R o e K (E
B, STF X RN 8y VAR M AT R o M4 B9 L) 4 R
DX IR AN [R], STF A 5 VIR BR800 W] 43y i L7k 5
VI (CST) AR 2L PE By Ul (DST) . CST#
7 STFAE B D) 1 A8 DX I 80 B 1 R 3 9218 , DS TR
N STELE B VI3 X s 3 e e 2 K,

KT STRRIBT DI FIMLEE , H R SR A 58 4
R E . HERME TAEEN IS R, 8
Hid i T A AL, 19744ER. L. HOFFMAN"" 1
WHEH TR P-4 P38 , X FLIS A M STFRY
7 SR B AR Ak 55 SO T = T8 IR ZS AR 1 o
2455 U)o AR, R A AR S M HE A,
RN T T ol , R R 0 B Rl N B 5T D)
TR A IE IR L G 55 V) ] AR S A
KT R T WA PRI 564, R RN
ST 4", 19854E). F. BRADY 242 ki
FREHS R BT UG BRI G, AT 1IN BT 80 ) g3
KT A - FE A R 8] B Al /N T 1) B
TR A I AT 1 RS R T O LR
K, JEAESE ,N. FERNANDEZ 25! /b4 47; fih 55 42
I AR A AR P55 S5 AH R e = A 1
Pl BEAE T SR R B DR ) = R B
T fh B 482 7 (R P88 K, STR 286 i Ul K

2 STFEEMBHESEARK

STF 1 B YIHEH AT 0 HAT SRR T #E Pk
SRR A SR B B 0 I Sl B T B A
F L T2 S A B AR E o AT AR
B REWR TR, M TE 4. B
AN ST FF Tt E B R e R AW E Sk
b AR RS E T 5STEARINE 407
X, BT ELE G 06 B Eiakmig )z sl i
7o IR LU Ak
2.1 FERWBLR

EEAYIY A (WS JEIV X (N N L]
B, Al VE N STFI A, & HATSTFN i)™ &
B4, SR STE Y 26 18 5K 1 K F— M 4, 4n
REEX YL Y TR B, B BRI 51
25 1 n) R, 6 i o P BE 67 TAT R R, 200348

Y. S. LEEZ5" 5 S STF (450 nmiki#2 i — 48 4L ik
M —BE ) 5 LB LR A, 76 B A B STFRE
A kMR B S8, Z a2 E T80 CX
MR AA20 min A Bk 2B, 0 FHER 2.0 (PE)
BT A A bR AT B DL B 1 ST , 7T L
UV | = = 3 1 v R 17 o I 52l ] O
HEIRE R, XA HSTFRB T2 LRI E &
FHREAT LR B Y S . X R RA 2 S
SR T STRRYE Rt , AR DR T (H 2k
) FRCETE S A B R BT DR T G2 b
NRER B YER . M A /DI 25 1 R T
IR A A4 S TR S AR EF YL R 4
il 4 A R R I STERE S PR, Ak, AT
T [ 9k 15, A. SRIVASTAVA %5 22/E STF 5 B
BRI LY, B A 5 13 K, STFRE
FA 5B L), i AR R AR SV P A A
HOmA), B A MBI RE R REAR N B S . 5
TEI= 5 110, 05 MPa | A HE, 761235 710. 2 MPa
A RE A N S0%AYSTEIZ 151200 g » m 5 48
S B WA s R R T T36. 69%. 25, K
BFSE IR R 5 007 X 45 STE/ 81 2 4
Bk, B e R AR D R D %5 4k
e A A

i 3 ¥R T R A 2N A AR R
TS AT IE YRR A (R T STF Y 54U K i
WA A, B ol FH Ao ] 228 KK A0 AS b 25 g 45, 41
Yy A MR ST 6 IR 42 , b vh i M e 25 2 )
WA 2T 2 Qe (i STF 54U Zb 2R T B 2k &
JESTFRBSVWIR R 2T M iy n g, T R
BEGLSTRRIIE TS , (58 8 MR REA T T KB T
YEo H. MAHFUZZ5SF) i ek b 18 156 551 X5 STE A 114
AR AR RE RO UEA T R T R R T STF S 4L
M4 i, IR 45 R R W, TE LT 720K 25 A
B J5 T i 2% 1 STF A2 45 i R i1 ThT 285 2 45 2 A Hy
5%; J. L. HAOZ gk 0 ) 24 B N 2T e AR 4L s
A AR LR AT 2 20, R L R 1 AL/
FLARFRBANE I 3 R STR/ SR 4 2 A bR
STRIR B %,
2.2 REHIEFRE

LU 21 AE W S5 10 25 B4R L T STEE AW AT RE
P, SR EAIE BT RS WA S T 4 ) 25



314 B Tk

20244F 557 14

HZs B, MUk, AR R T 2 s i =X
il & STFE A F1 KL, RIBESTE LA K AR B A IE
AEAME P, C. FISCHERZ ™M STFH: A R
N (PVC) e JZ 0], ZIPVCIFIX AL B LL5] &
STFIW Y I REFRAT Ry, W By VI T A R T E A
TR Z B PEfE B E$2 5. S. GURGENZP N STF
M HTHARIZ T, SR MSTF AR ZARAA L,
FEAEE vh i BE R 2 AT T, B INSTF I SR J2 4 i 52
AR el B ek N

BR T EHA STRE AJE)Z 2, 38 ALK STFE
ARG Z . Hh R (PU) L
RHEE O R s A A Reoe v, H o FHVE SR vk
Ko K STEH AL H, ATTE ¢ IS TF 324 1Y [R] e 52 B
REAE W, 5 2% nh PR BE. L. W, WUZEP LK STF
PUMIAK % B, il 45 10 52 A PR AU K b B g
/N, Hoobii B/, F. ZHAOZE e M AF 5T 1Y)
Fehit I, #8787 STFHA SR PU M A% 1L IR I HLER, B 37
BT STFRR T H B & A= 55 VIS P 1A e 1 =2 A1
TERALRER SR O s e R A T
TS U o B p N g bl ] )
SEAE, ORI — 2D ARk phh o AR R AR S AR R
Z Bl RE B 2g e, P2 pr o MERE , PR E 2 %) STF
AT 6] Bl 17 Al 5 4 A AR A2 A B R 2% v i
A Fo J. WARRENZEPSR N 10 It 53 25 4 4 5
VB R STF 1) S5 70235 46 R D R oy 8 o o5 AR 484 45 - 1
R 1 (PEG) A MM e Z ml v J5 &R R
st , 2T B B S 2 I TS TRIE Fe b i 45
PSR /I AR B T T ol SR A . W
5RO AN 7 Gl ) BOAR B R PR R
JE RN BERE T, (H X 1T PN 7 (T Tl ) o
i S 25 5y (1 e o B R A B VTR IR . 7. CLARKN
Q. HUZEP 3 53] WA v i 47 R 25 1 46 47 9 UE 52
T STFIRIFEA T T4 TH 6 45 ¥ 1 P 12
2.3 #iE

TSR TR RIS R IR R , #RF ZEXTSTF
AT, K STER H T AR i i 2
K AR B AR 0] DU# e STFAY 2% [n] 81, T. T. LI
S PU R BRI T R M ASTE, #1485 T 77
SAVERE WL PR RE | BR AR BE AN IR A M RE A R 4
(88 L STF/PUMLIAE A 41K, P. WANGZ"*43 5l
W5 T STF/PUMLIKE & M RN Tad B v B A

STF (% ALk /PEG-400) F1 50 I A — A AL REFN
PEG-400X} 14 8} J1 £ RE A FLEE R 52 o 45
JBL, STE G sAE T 5 H A5 H B UTAH ¢, EUARSTF
T PEGAS S 14 A 52 e, (H 2 PEG R Bt 75 — 1k
REURL 2 18T, T BRI 2, T T — S A ik i A
BRI T HAM A, C. CAGLAYANZPs
WM T STERPUIRL IR &6 A REE Tk 21 4k 214 )
22 Bl RIIEA T 48 1 50 A 5 e v o U, TR
A MR BT REAR T 5 (H 2 STFAY ot 12 73 BUK
F 1%}, i F & it 8 b STR AR 24 i &, 0K
AP RHO TR RE T IR R, SR ¥ N T STF
J& , R A AR o M R A B s, ke
RE I SRt Al kA R S . T LA, STF Y
BA YRR BARKSTER Zh % £, {2 i T STF
ForHl, BT VIR AN B 2, &2 A AR AR
o R BRI 1 JURE () R A T L v v R
e R T m AR A EH . HAEl, STFS R A
Yy 22 18] 49 AH AR FHBILEE 0 AS T B, HRSTRI &R &
MR 73 SRR A 5 07 Xl 5 I STF A & - BHIT RE
SEFEHSON IR
2.4 BB

STF 11 35 2% [ B — & STF & A A Rk Xk 1
B e . FHPEME B s it i 2 SR B S TR 41
WA MR SRR B T STE 5 #1851 12 fph 17 2, {HL
ANREMRYESTF S5 IL R ZH B I A, 52 & A Rk fil
PEREA 23 bl STRR T sl i AR, JEAFk  iF &
722K STR AL AT LA il 8 I STFRURE 9 , 31X — 5 T
fift e T STF 1) %% 5f I 1, S 63 B STF 32 BR 5% 1) 5%
Wil 5 95 — 7 T i U 7 STE Y Ui 3 o) AL, U6 2% STEAE
i FH AR PR S T S U 3 AN K T STFE
B R RE B o SR STFIX F v 266 1 TR
PRI T e B AL AT A B RMEBE

20174FEH. ZHANG 25" 3 1 6 B 8 /IN Y 2 %
AR B PEGHE R STF Y AR 2844, 5 76 B 5 1)
STF 3 o 41457 A8 R NE s v, 5 2R 0 0
Jiie 55 . S 45U Wi TSR A4 I, A STF 2 1 T i AL
Se)Z2, SE L T STFIELE . 1% 7 75 S STF Y 32 1
FHERAE T B s 5 . BRI A X HA 56
HEATARAL , X3R0S [ e B 1l 4 5 =t AT T 4R
b5, 38 3 STF S AR I I &2 5 UESE T STRAR e A7
T4 R AR B o s PERE™, SN S TR M 28 14



%4l

WG =45 BT U0 BRI S A A R BT 5 3 315

tE A5 BEAH Eb Sl RE AR S A o o 20T T R A 2 R
AFREHE T T71.3%. X, LIUZ "2 STF/ W 1A Itk /
T S T ) — B FL VR o VR O A A SRS T W
Kol 25 STERE 48, FIIFH T 6 e 1 4k 5 Sl AL 85 19 28
BIE Bt 72 o (H 2 i T S LA B, X A7
i & B STR IR B fLAR &R &L K, 43 3 M 0.2~2.7
mm7A11.93 mm, AF| T ST 4 5 L 1 &2 & 5
Hlo W.Y. CHENZE" R 304, EL 1K STF IR
L BLIH R AR A IR A, STFH I PEG S FL &
T A B — 0 Bl o M 4, 4 - 2 R W e — R AR
fi 45 R IE w1 22 I PUSE 2, PUSE 2 38 11 oK 2 hi
MY S UL iR 5 W £ 3 = S B R Y R
JIK7E 2 , il % B9 STE i 3 - #4 RS AU 0.1 mms,
iMS. S. CHENZ " 5ifL G5 (1) 2 — i s PEG %5 45
MLERAA , 2 F 38 I A STFIY 2R A, I X 5 571 1F
1178k, BIbt G N ER B i 78 &, NI IlE - T M —R
AR ILIRY) (ABS) 2R #7435 H R 7 80 J) 6] (%1 4k
W e )2, X PR R AR AT P B ST 2214
] R66~260 um,

3 STFEAMBKMEESNA
3.1 R SRR

T GE B 37 b4k v <5 i A A g e o, o
RABUR Wi, 38w 1T R KT AL
BRI PEAY BRI, AR AEH] T T i A Y
PRI o T4 S 1Y iR L RE 2T 4 210 HA (IR
JE v 0 B | e OO R A, ST S AR A
ARk S5 ) R A B AR . AR, DRy T 3 N 5
TR, By A — R T 2 20—50/2 210, 3X KM AR
T B A AT R T STE/ 05 4 U & 4 bk
T Y A R U T 4 R P T 4 S R A3
TILP AR A SR E R H R . A5
1% STE 5 U0 52 5 A4 AT A0 L BE A 3l 1
BEEAT T KRR 527" X STF WUk He J3 | ik:
RFE A A B U SR A — R B S
R PEAT T RGPl IESE T STEXS i P BELT 4E 21
P HTRIFLAE RESR i A A

FURTXTSTE/ 8300 52 45 R B 55T R0+
REMLER B = 500 (Y B AR I O35, W 350 1K AT i
o B 5 0 B TR A B R, R, WEIZEDY
A 5 73 M U U 28 1R G 2 HE R R L e

MR AN ISTRE I A R PR & 1 71 228 A2 a)
LR PN , X PR R LU 45 46 11 S A e
L F) T AMAE . A MAJUMDARZ%5 % B STF
5| A By IR 2 26 2 [R5 1 8%, A5 R T 07 )
TELUYIAI AL % . S. ARORAZESI[EREIN S} STRHR
il TR BT R S (T Z AR 4E S g
e, STFEYMNA T LIAS S BH (- 2028 132 3, AT
HAR LUy o7 T AR, 3K B R FSTR#E & T 20
SR Ia] B EEHE T, T STF I M v ) R4 bR, U1
PrslFLE RE A
3.2 mpEHESNA

e e s W RGP I RE T, 5D T
FREEAFE H 5 R R o A CE RS2 gk far , (RIS
23 7z wpl BT, DR HAT A X 35 A ) S e A7
HEAT 0T AR, XoF o ey, R IEZE 4 . STFAY I [
bk B S IHFE R, XA RIS SN | TG
FERIT AT A 1) i B IR S ML) 6 S TR AR L o i 438K
CF R o SRR wh il 5 o i B IR LA
7], STEH)fig LAAS[A] 1) et W ey =X A T 28 o

H HTSTFAE SR B o o 77 11 A9 1 HH 2 22 4 v
TE Je )2 25 ¥ 2 G R BRI £ 4 a5 3 R 5 R B )
(FRP) Z &k, 2450 5 A M B FIFRPE
RSP SN e A NN 5= 01 P VA3 £ [ Rt
KRG IRE TSR, KK FUZ K STRI
FERNI 2 G AR R B S5 R E A R R
il R4 moe s R A RE R OSCR AR TR B
JNSTFI)Z L5 E -G BIE K T 145, SR, g
SISO I AN Bl A el SRS A3 R R, AR vy
R4 5me s FAINSTERY S 2450 52 4 6 RHK
e W ICRAL LR SIS TR e JZ 2544 52 A R
37%, FAXS T opili#R4 m« s IR ELWES
AR RN T26% X J& KA [A] T ho 4L 1%
A, MK b B8 1 i WA 3 AR T STF i 85 )34
RO T AR BE 4 17 A0 R B R 5 STF
DL I 1 ot T BE R A, DT G208 Wi 5 D7) 4 7
L, e s i T, IR A BB MR S
KA NG, BRI Z Ah, STFJE )2 J5 B XK i
A A R RE I AT S 3 S e T A R
phly B STE e J2 J5 B (0 5% i I A 0 % ol o T
U, STEAZ A5 A Ak 1 Xof {1 338 ok vy ik o o R B0 41
AN RE R SRR Z. Q. LUZE S %k 3 ks %



316 Bk Tk

20244F 557 14

KT —E (HI], STFIR T L 8 52 A MR L
T R RE ARG S . X R IR ST , 414
(1) =257 TP R IR ARIE S 22 B, SALE U R Y
T 15 R AR, XA AR LD LR R S P S
AR BIY) FF HEm T E B Z R AR
AR, ZPZ R BE BN, BRI
TEJC R G5 R A MR e, B0 28 5 3 8
STFERE 5 2 & M R RE IS MERE . UL, 78
e e o o AR, T R R R K e Tk R AT A
& R AEAVE AR, Y. H KIMZE ' WF 5% T HISTF
BB LR b #R3.2~4.0km s
NPT AT o AR TE AR A v SRS
[ BL R, BT AT STFIR 1t 214 J2 £ vh i 330363, 8
km « s 22 A7 T AR AE B AT AL B YRR R R X
P T STFAEAZS S AR AR S e S AR AN B R T
T A9 0 . J. WARREN%E5 HI STFIEL 75 45 4 5% 4
HEAH4. 85k6. 8 km s ' By EyEE o UERA T STFIA TR
SJe JE MR T it v S R AR B A/ B A e v
B IRE T o SRR FARE bk | 76 o o vk
TE AR ESRRERRAR b 0, (A BEIR, R
HA B Bk, STRTE & oo 45U
{14 1oy FH 2 AN ARG 8 o o5 45892, STFE o i i

3.3 MHEERIRMEsESNA

FHIE AR R B R G AEHR B, i TA AR
FH Chn A< BH 3 FEE 382 01 46) R/ X R e A B [ A5 1)
Jir PR 5 | A ) 4 s s 3 s/ N P R DA R e
M ALRAE , W2 G A RHR S | R0 B 55
PSSR, STFHY ISR HF K 1 g e FE L
il EAT SRR TR AR 2R G4 R T EA A R
ISRV B S N A v A S R W G P
N7 FH T BELJE DR 48K

R. HELBERZ:"9 VOB STFRAE W T S 22 vh 1)
UB/INR B0 2R G B R SN IR, RS H. ML LAUNZE
PEH T I T STFRYAEZ M It sl il £ R AR LB
JE &%, UEIA T STEAE BHLJE Uel I 4538 107 FH A ml A
X. Z. ZHANGZ i Y Al 45 3% T STFAY 4T B
Je#s, Ix HEh SRR HEAT T 5T . IR, X
i 3 - STF 11 BHLJE #1577 LABE 2 in 28 01 5 1) A 4k i
AR B A I D BELE 1 B 2 B 8 A R 2k
R NG TR A NIEE FIBEE , O 2 g it

H. ZHOUZE "4 1 T STFXUFFBHLJE #%, I 058 T
STFEURL Mk B S5 e fs e MEREC &R . Bl STF
Sk e 16K 31 67% , STF Y e K B HR 438 Kk, B
JE PR HIBHJE R 22, 7 kN, HSTF AT FHJE 5 4 BHL
JER T ILAEUES ., IT4EHP. URDAZE T HISTFIR
B R BEFC A4 1) B 28 B TR % BLE 2R
PERE 5 = M REDE A2 5% I BELJE #5402 , HLZ5 4 5 i fij
B IR AR FNAED A AR . S. GURGENZE b1
STFAE il 3 57 e I J22 R 2 A iRt v, STF i 3%
W T e 2 A5 5 A PR BEE iR PERE (R [R) s
N Jz PR R B T 5, STRH Uk A2 S, ST BY
YRR N 0 K, 5 BORH JE IR 1k BB R
I FR A T STRAE iR A I . S. LIUZE s
F 1l (4 075 A= STFHE il 3] 3 I e 16 ot v 4 Sl BELJE
J2 R E AR B I IR R AR . AR TR T
B S TERE 5 B T w2 5 M A I L 5170 338 B8 358 7 i 55
BIAT R, %A MR B BELE 1 REFE 25~ 55 °C i [l
PR Bt 90 8 T T 4 L R R R T STRAE RS Ak 1l
AR RGN

4 ZEiE

STFAE R — AR REFERE M RL )12 N T
A NB L B 7 i T IR 2 R el i A g 45 45
. STFMHEE ARG B 2 HUS 3 iR,
SRMTATS AR T s — 2 ) R, A )5 PRI s F

(1) BY 4130 B R0 07 A 45 342 22k B By 14 ) =l
SR BT DI AR , 1 B RS R AS [R] ) B A
B, = g0 — BB HRLE —F BR ROk, AL,
iE— 2 ¥R F STF Y 5 V) 3 AR HL K & — > B2
WFFET7 10l

(2) HAGTSTF AR B sl 7 1 7 5 Sk &2
A, A7 AESTF o [ A URL T 3 142 45 4R STF
I8 V% 1 IR 4, A2 A b RE I 0 75 i Kz g i,
I 3G IS TE AR e P 815 STF 5 B4R iy AH 251k
FERSTF A G M RHN 1 ] 2 it 2 — > 2R oF
FI7 Il

(3) STRXIAEE TRk, 5 5 25 P i K el
RN, TR FIPESREIR B AE B2 5 M R M A T
WEARBERE G S TR 8 T80 o A AN G2,
T £ STRIMURS 3% T 20 %8l AR ior . R, AT
F 7 P ) STF I 3 ] 25 7 Xl 4% ASTF H



%4l

WG =45 BT U0 BRI S A A R BT 5 3 317

AT, TR IR AN U BT RIS TR A AL

(4) STFA A& WA RHE foy 3 i I 1) 26 B A
QI e SR, PRI L Tl DA e R R ST 2R
BB A T-HIESE, 38 228 18 i A [7] (9 STF Bk 8 FH AN 7]
HYFEAR & e STFAE oy i s T Y o

(5) STFRHJE #% AEU AR T T A9 I FH =2 202 )
STF Y 55 U114 25007, 17 5 D) 8 A 250 1 A AE — 2 Y
VIR A AT B0 12 89 Ul R 2 008K,
X FBEE fv @ TR bz, PR ] £ B w i As
ol HE A PR STF A S BR R JE 8 1 32 sl il 5 9 5
Pt AR A, DT BEL 2 25 35 17 57 52 2% 0 iR 7% B4 855
SEYESTE W A S 7 11 2 —

S 3k

[1] WILLIAMSON R V. Some unusual properties of colloidal
dispersions[J]. The Journal of Physical Chemistry, 1931,35 (1) :354—
359.

FREUNDLICH H, RODER H L. Dilatancy and its relation to
thixotropy[J]. Transactions of the Faraday Society,1938,34 (1) :308—
316.

GILLESPIE T. Application of the hydrodynamic-structural theory

[2

[3

=

of non-Newtonian flow to suspensions which exhibit moderate shear
thickening with particular reference to “dilatant” vinyl plastisols[J].
Journal of Colloid and Interface Science, 1966,22 (6) : 554-562.

[4] LIDY, WANG R, GUAN F W, et al. Enhancement of the quasi—

static stab resistance of Kevlar fabrics impregnated with shear
thickening fluid[J]. Journal of Materials Research and Technology,
2022,18:3673-3683.

CAO S S, CHEN Q, WANG Y P, et al. High strain-rate dynamic

O
i

mechanical properties of Kevlar fabrics impregnated with shear
thickening fluid[J]. Composites, Part A. Applied Science and
Manufacturing,2017,100A:161-169.

[6] HASSAN T A, RANGARI V K, JEELANI S. Synthesis, processing

and characterization of shear thickening fluid ( STF ) impregnated
fabric composites[J]. Materials Science and Engineering, A. Structural
Materials: Properties, Misrostructure and Processing,2010,527 (12) :
2892-2899.

[7]1 FU K K, WANG HJ, CHANG L, et al. Low-velocity impact
behaviour of a shear thickening fluid (STF) and STF-filled sandwich
composite panels[J]. Composites Science and Technology,2018,165
(8) :74-83.

[8] SERRA G F, FERNANDES F A O, ALVES DE SOUSA R J, et al.

New hybrid cork-STF (Shear thickening fluid) polymeric composites
to enhance head safety in micro-mobility accidents[J]. Composite
Structures,2022,301 (12) : 116138.

[9

GURGEN S. An investigation on composite laminates including
shear thickening fluid under stab condition[J]. Journal of Composite

Materials, 2019,53 (8) : 1111-1122.

[10] LIU X,HUO J,LI T T,et al. Mechanical properties of a STF capsule
filled flexible polyurethane composite foam[J]. Materials Letters,
2020,269:127580.

[11] WANG Y P,DING L,ZHAO C Y, et al. A novel magnetorheological
shear-stiffening elastomer with self-healing ability[J]. Composites
Science and Technology,2018,168:303-311.

[12] GALINDO-ROSALES F J,RUBIO-HERNANDEZ F J,SEVILLA
A. An apparent viscosity function for shear thickening fluids[J].
Journal of Non-Newtonian Fluid Mechanics,2011,166(5/6) :321-
325.

[13] MARI R,SETO R,MORRIS J F,et al. Shear thickening, frictionless
and frictional rheologies in non-Brownian suspensions[J]. Journal
of Rheology,2014,58 (6) : 1693-1724.

[14] HOFFMAN R L. Discontinuous and dilatant viscosity behavior
in concentrated suspensions. II. Theory and experimental tests[J].
Journal of Colloid and Interface Science, 1974,46 (3) :491-506.

[15] HASANZADEH M, MOTTAGHITALAB V. The role of
shear-thickening fluids ( STFs ) in ballistic and stab-resistance
improvement of flexible armor[J]. Journal of Materials Engineering
and Performance,2014,23 (4) : 1182-1196.

[16] BRADY J F,BOSSIS G. The rheology of concentrated suspensions
of spheres in simple shear flow by numerical simulation[J]. Journal
of Fluid Mechanics, 1985, 155:105-129.

[17]1 FERNANDEZ N, MANI R, RINALDI D, et al. Microscopic

mechanism for shear thickening of non-Brownian suspensions[J].
Physical Review Letters,2013,111(10) : 108301.

[18] LEEY S, WETZEL E D, WAGNER N J. The ballistic impact
characteristics of Kevlar® woven fabrics impregnated with a
colloidal shear thickening fluid[J]. Journal of Materials Science,
2003,38:2825-2833.

[19] ZHANG J S, WANG Y, ZHOU J Y, et al. Multi-functional STF—
based yarn for human protection and wearable systems[J]. Chemical
Engineering Journal,2022,453:139869.

[20] QIN J B, GUO B R, ZHANG L, et al. Soft armor materials
constructed with Kevlar fabric and a novel shear thickening fluid[J].
Composites, Part B. Engineering,2020,183:107686.

[21] SHENG X Z, QINJ B, WANG T W, et al. Properties of Kevlar

fabric composites reinforced by STF composed of monodisperse
polystyrene microspheres[J]. Thin-Walled Structures, 2021, 167:
108238.

[22] SRIVASTAVA A, MAJUMDAR A, BUTOLA B S. Improving
the impact resistance performance of Kevlar fabrics using silica
based shear thickening fluid[J]. Materials Science & Engineering,
A. Structural Materials : Properties , Misrostructure and Processing,
2011,529C:224-229.

[23] WANG X W, ZHANG J B, BAO LY, et al. Enhancement of the
ballistic performance of aramid fabric with polyurethane and shear
thickening fluid[J]. Materials & Design,2020,196:109015.

[24] MAWKHLIENG U, MAJUMDAR A. Deconstructing the role of



318

BB

I

20244F 557 14

[25]

[26

Iy
=

[28]

[29]

(30

[31]

[32]

[33

Py
=t

[35

[36]

[37]

shear thickening fluid in enhancing the impact resistance of high—
performance fabrics[J]. Composites, Part B. Engineering, 2019,
175:107167.

FAHOOL M, SABET A R. Parametric study of energy absorption
mechanism in Twaron fabric impregnated with a shear thickening
fluid[J]. International Journal of Impact Engineering, 2016, 90: 61—
71.

ARORA S, MAJUMDAR A, BUTOLA B S. Structure induced
effectiveness of shear thickening fluid for modulating impact
resistance of UHMWPE fabrics[J]. Composite Structures, 2019,
210:41-48.

AVILA A F,DE OLIVEIRA A M,LEAO S G, et al. Aramid fabric/
nano-size dual phase shear thickening fluid composites response
to ballistic impact[J]. Composites, Part A. Applied Science and
Manufacturing, 2018, 112A:468-474.

MAHFUZ H, CLEMENTS F, RANGARI V, et al. Enhanced
stab resistance of armor composites with functionalized silica
nanoparticles[J]. Extremes, 2009, 105 (6) : 884-890.

HAO J L, DING J, RUTLEDGE G C. Shape-stable composites of
electrospun nonwoven mats and shear-thickening fluids[J]. ACS
Applied Materials & Interfaces,2022,14 (6) :8373-8383.
FISCHER C,BRAUN S A,BOURBAN P, et al. Dynamic properties
of sandwich structures with integrated shear-thickening fluids[J].
Smart Materials and Structures,2006, 15 (5) : 1467-1475.
GURGEN S, FERNANDES F A O, ALVES DE SOUSAR J, et
al. Development of eco-friendly shock-absorbing cork composites
enhanced by a non-newtonian fluid[J]. Applied Composite
Materials, 2021,28 (1) : 165-179.

WU L W,WANG J,JIANG Q,et al. Low-velocity impact behavior
of flexible sandwich composite with polyurethane grid sealing
shear thickening fluid core[J]. Journal of Sandwich Structures &
Materials, 2020,22 (4) : 1274-1291.

ZHAO F,WU L W,LU Z Q, et al. Design of shear thickening fluid/
polyurethane foam skeleton sandwich composite based on non-
Newtonian fluid solid interaction under low-velocity impact[J].
Materials & Design,2022,213:110375.

WARREN J, COLE M, OFFENBERGER S, et al. Hypervelocity
impacts on honeycomb core sandwich panels filled with shear
thickening fluid[J]. International Journal of Impact Engineering,
2021,150:103803.

CLARK J, JENSON S, SCHULTZ J, et al. Study of impact
properties of a fluid-filled honeycomb structure[C]. ASME 2013
International Mechanical Engineering Congress and Exposition. San
Diego, California, USA,2013.

HU Q,LU G,HAMEED N, et al. Dynamic compressive behaviour
of shear thickening fluid—filled honeycombl[J] International Journal
of Mechanical Sciences,2022,229:107493.

LITT, LING L, WANG X X, et al. Mechanical, acoustic,

and thermal performances of shear thickening fluid-filled rigid

[38]

[39

[40]

[41]

[42]

[43

[44]

[45

=
o

[47

[48]

[49

[50]

polyurethane foam composites: Effects of content of shear
thickening fluid and particle size of silica[J]. Journal of Applied
Polymer Science,2019,136(18) :47359.

WANG P, JIANG Y, LIU X K, et al. Study on the mechanical
properties of shear thickening fluid—filled polyurethane foam
composites[J]. Materials Research Express,2019,6(12) : 125380.
CAGLAYAN C, OSKEN I, ATAALP A, et al. Impact response
of shear thickening fluid filled polyurethane foam core sandwich
composites[J]. Composite Structures,2020,243(7) : 112171.

LI W, XIONG D S, ZHAO X D, et al. Dynamic stab resistance of
ultra-high molecular weight polyethylene fabric impregnated with
shear thickening fluid[J]. Materials & Design,2016,102:162-167.
SOUTRENON M, MICHAUD V. Impact properties of shear
thickening fluid impregnated foams[J]. Smart Materials and
Structures,2014,23 (3) :035022.

ZHANG H, ZHANG X, CHEN Q, et al. Encapsulation of shear
thickening fluid as an easy-to—apply impact-resistant material[J].
Journal of Materials Chemistry A,2017,5 (43) :22472-22479.
ZHANG X, ZHANG H, WANG P F, et al. Optimization of shear
thickening fluid encapsulation technique and dynamic response of
encapsulated capsules and polymeric composite[J]. Composites
Science and Technology,2019,170:165-173.

LIU X,HUO J,LI T, et al. Investigation of the shear thickening fluid
encapsulation in an orifice coagulation bath[J]. Polymers, 2019, 11
(3):519.

CHEN WY ,LIANG S E,PENG Y et al. Preparation of STF-loaded
micron scale polyurethane polyurea double layer microcapsules
and study on the mechanical properties of composites[J]. RSC
Advances, 2023 (13) : 7385-7391.

CHEN S S,ZHAO Y, ZHANG H, et al. Direct microencapsulation
of Tonic-Liquid-Based shear thickening fluid via rheological
behavior transition for functional applications[J]. Chemical
Engineering Journal ,2023,455:140819.

GURGEN S, KUSHAN M C. The ballistic performance of aramid
based fabrics impregnated with multi-phase shear thickening
fluids[J]. Polymer Testing, 2017, 64:296-306.

GONG X L, XU YL, ZHU W, et al. Study of the knife stab and
puncture-resistant performance for shear thickening fluid enhanced
fabric[J]. Journal of Composite Materials,2014,48 (6) : 641-657.
TR, ESCF, ]S SET R 2B/ 20501 R (I R
BRI ZR RS DRSS L FE (). AU T, 2022,69 (9) : 643~
651.

ZHANG B, WANG W C, TIAN M, et al. Study on environment—
friendly dipping system of aramid cord based on plant polyphenols/
polyamines and its interfacial adhesion mechanism[J]. China Rubber
Industry,2022,69 (9) :643-651.

XUY, CHEN X G, WANG Y, et al. Stabbing resistance of
body armour panels impregnated with shear thickening fluid[J].

Composite Structures,2017,163:465-473.



54 WG =45 BT U0 BRI S A A R BT 5 3 319

[51] LIDY, WANG R, LIU X, et al. Shear-thickening fluid using 105-110.
oxygen-plasma-modified multi-walled carbon nanotubes to improve [59] LU Z Q, YUAN Z S, CHEN X G, et al.Evaluation of ballistic
the quasi-static stab resistance of kevlar fabrics[J]. Polymers,2018, performance of STF impregnated fabrics under high velocity
10(12) :1356. impact[J].Composite Structures,2019,227:111208.

[S2] LITT, DAIW N, WUL W, et al. Effects of STF and fiber [60] KIMY H,PARK Y,CHA J H, et al.Behavior of shear thickening fluid
characteristics on quasi-static stab resistant properties of shear (STF) impregnated fabric composite rear wall under hypervelocity
thickening fluid (STF)—impregnated UHMWPE/Kevlar composite impact[J].Composite Structures,2018,204:52-62.
fabrics[J]. Nature Reviews Neuroscience,2019,20(2) :328-336. [61] HELBER R, DONCKER F, BUNG R. Vibration attenuation

[53] ARORA S, MAJUMDAR A, BUTOLA B S. Interplay of fabric by passive stiffness switching mounts[J]. Journal of Sound and
structure and shear thickening fluid impregnation in moderating the Vibration, 1990, 138 (1) :47-57.
impact response of high-performance woven fabrics[J]. Journal of [62] LAUN H M,BUNG R,SCHMIDT F. Rheology of extremely shear
Composite Materials, 2020, 54 (28) :4387-4395. thickening polymer dispersions ( passively viscosity switching

[54] WEI R,DONG B,ZHAI W et al. Stab-resistant performance of the fluids[J]. Journal of Rheology, 1991,35(6) :999-1034.
well-engineered soft body armor materials using shear thickening [63] ZHANG X Z,LI W H,GONG X L. The rheology of shear thickening
fluid[J]. Molecules,2022,27(20) :6799. fluid (STF ) and the dynamic performance of an STF-filled

[55] MAJUMDAR A, BUTOLA B S, SRIVASTAVA A. An analysis of damper[J]. Smart Materials & Structures,2008,17(3) :35027.
deformation and energy absorption modes of shear thickening fluid [64] ZHOU H, YAN L, JIANG W, et al. Shear thickening fluid-based
treated Kevlar fabrics as soft body armour materials[J]. Materials energy—free damper: Design and dynamic characteristics[J]. Journal
and Design,2013,51:148-153. of Intelligent Material Systems & Structures,2016,27(2) :238-247.

[56] ARORA S, MAJUMDAR A, BUTOLA B S. Soft armour design [65] URDA P, PEREZ J, CARABIAS E, et al. Design and testing of
by angular stacking of shear thickening fluid impregnated high— a steering damper for motorcycles based on a shear-thickening
performance fabrics for quasi-isotropic ballistic response[J], fluid[J]. Smart Materials and Structures,2022,31(9) :95031.
Composite Structures,2020,233:111720. [66] GURGEN S, SOFUOGLU M A. Vibration attenuation of sandwich

[57] MAWKHLIENG U, MAJUMDAR A. Deconstructing the role of structures filled with shear thickening fluids[J]. Composites, Part
shear thickening fluid in enhancing the impact resistance of high— B. Engineering, 2020, 186:107831.
performance fabrics[J]. Composites, Part B. Engineering, 2019, [67] LIU S, FAN X, YUAN F, et al. Enabling thermally enhanced
175:107167. vibration attenuation via biomimetic Zr—fumarate MOF-based shear

[58] TAN ZH,ZUO L,LI W H,et al. Dynamic response of symmetrical thickening fluid[J]. Composites, Part B. Engineering, 2022, 239:
and asymmetrical sandwich plates with shear thickening fluid core 109964.
subjected to penetration loading[J]. Materials & Design,2016,94: WS EHE:2023-11-16

Research Progress in Shear Thickening Fluids and Their Composites

. 2 2
CHEN Baiyu', GUAN Denggao' ,PENG Yan®,LIU Tao
(1. Chengdu University of Technology,Chengdu 610000, China;2. China Academy of Engineering Physics, Mianyang 621000, China)

Abstract: Shear thickening fluid (STF) ,as a new generation of intelligent energy consuming materials,
was widely used in fields such as puncture resistance, impact resistance and vibration damping. In this paper,
the characteristics and shear thickening mechanism of STF were introduced, and the preparation methods,
including impregnation or spraying,interlayer or filling, blending and encapsulation of STF composites were
reviewed. The puncture resistance, impact resistance and vibration damping of STF composites and their
application were analyzed. It was recommended to further explore the shear thickening mechanism of STF
and develop STF composites that are environmentally insensitive,have a long service life,can be applied at
high impact rates,and exhibit magnetorheological or electrorheological properties.

Key words: STF; composite; puncture resistance; impact resistance; vibration damping; blending;

encapsulation



