WL I K FFROAARHAFR.H 31 5. % 28,2014 53 A
Journal of Zhejiang Sci-Tech University (Natural Sciences)

Vol. 31, No. 2, Mar. 2014

XEHS: 1673-3851 (2014) 02-0127-06

STF-RMEE S HIBI B E R R

IR, THE, E O, WK

(HITHIKRT, a HHEHRFR. b ARGERIBERABRIBEARAFRZ PO, 44 310018))

W E: A THR STF-ZBR LM st fert AKX, H 54k A 4k Kevlar 8044 STF #9530k £
R — 2 W) T L A& STE-F i Z M4, RE KA 7 AR I bt L3t A7 45 0 i 4R 5K, ST B A dE ik
BHEEBE 5 AT RE SO, B4V B E 44 E f 6y STE-Z M 5 A Ak 47 5 58k Akl 3K, , A 3245 @ A2 RO 69 4k
FRAAERL G AL, SR AU AR IR PR R 4E R B, 48 Kevlar R4 fe STF-Z 0k 5 M4BT 138 A A K
— 30,30 STF &9 46 B R 2B A3 hmdn H oA A8 75 F; T4 SIO, B4 Fd 0 38ms) 45%, £ @ RBOKiE T d
78.8 ]« m’ /kg¥ghm3| 87. 4 ] » m” /kg, L STE-F b 4 S A6 17 3 80OR T A 45 & /A 3T b7 itk b o9 vl AL 3|

X ER 5 A 45°.90°.0°,

KGR : LAHH; oMz, i, LEREX

HESES: TB334 XEkARERS: A

0 3 &

ULAER L BEE B A E 2D 5 R s AT TR Bl s oA
BHOBE TR — BB 15 1k PRSIk AN
G A A A O A A4 iy — A R L B
PR G R ARL ARG R AR R B4 KA S A b
e SREG B BRSSO AR ORI B 2
£ 20 fib22 90 AFAUAEDTSE STEF, o H A T4
TRBi R Y s Wetzel E D S5 K 5T D134 B/ i 14
(STE) 57 LA MAYE & F B LRIEW T
STE af DL i By 59 A 14 9 2 o ] It e 17 it o
ZUE R BV BAF BT B s IR RIS PR T
STF 5l 7 11 R LI R (WA A e g5 A
SLEFOR B 3B 4 RE - S B A2 5 AR RE IR
ot Y ot BE R I ACTE R AN Z . A OGRS RIS
STF 4k TP ARSI SRS 24 52 B iR R AR ol
I s STE A5 1A 26 B2 9% 18] 38 K BB A A (R B
$¢ STE 55 Kevlar K& G FTIE iy STE-R LR
B EA —E T

ek H . 2013—09—06

HEWH : Wil BERREHEL G E LW (A ETFRO BH (2012C24013)

ASCRI JSM-5610LYV =l -4 ML 5¢ SiO, 1
Sfi, Wi & T STF 535 44 E 4 L
LR AT TR TR SO, [ X STE-Z2 4%
S MR R BE 1 5 ) 5 SR FH A4 vl A S 2
BRI TSR SIO, [E S S [ A A R
) STF-ZE MR G MR B PR BE .

1 ZEWES

L1 BistERERAT %

TER WL RE . AR By iR RES2 BIAR 2 I R
ARSI N 1 SEAE 3t A 6 8 ) 7 S A0CR AR 2R B
SRR i T 20 AR A SCHR L 11-12 ]l 80 A4 4Bl
SPERESEAR TR A .

E:%mz@*%mv% (D
I”'IZE (2)

o
p:N{OD (3)

K E— it ()

PEE A INPUHE (1988 —) . 35 . L RUZIN A BT R SRR . R BETFE 5 1) A B G SLBOAR BT ™ BT

WEVEE : PR, E-mail: cyzhu@zstu. edu. cn



128 FC A N S D =~

e CHABHERD

2014 5 31 &

m— T3 i (kg) 5

v TR AR (m/s) 5

v F LA (m/s) 5

L, A e (T » m* kg s

o Z Z AR T % (kg/m®) 5

oo Z PR T 25 (kg/m”) 5

N—FEHYJZEL

FESE I MR A A R A 1B B0 T 440 Rk 2 5
B BARHE) L WORICME B, 22 BB ki B 0 1 il
RS Y R i v 1 O N A 0 o NS i M e
Al LUl 2B M RH B P R
1.2 STFZHEEAMERH&E TZ

a) 2L B F Kevlar 229 #5170 mm X
170 mmff) 1E J5 JE . L2810 Bk o 48 45 % 94 X 94
(HR/10 em) | 18 % B 207 g/m”, R G ¥ Z i & T
LC-213 AUS XA 2 b, HREE sl 50°C

b) FikiAR K 20 nm 9 SiO, FI4rF1H 200 Y
PEG #il#5 STF, H:rp STF 438k & SiO, [ #5
AR 35 Y0 45% . K b Ab RS ) Kevlar 41
YR ififE STF MJCK QR 1 ¢ 1.5 B9H

FBERP 5 min, 7ERR W Y [A) I L 7RI BOE R 25°C 1Y
KQ-250DE AU % 5 AU /E H 30 min, HIh3h
100 W i1 STF 5] 1) 7 BAE b .

o WA Tk S STE-Z MR A MR E:
T LC-213 RIS T AT 13 min, B £ oK
LBE,
L3 hsTrik

K H Instron 3367 J7 BB BFSLIRHL, 2 B E AR
GB/T 7689. 5—2001 jlli STF-Z & &4 KL E I
Ak RE s F AR R e B STF- R &
AR B s BE 5 5 By JSM-5610LV 454l v B2 3 A
STF-ZZME MBI

2 GRS

2.1 STE-ZMEE SR L 20 b

1 M4l Kevlar Z11F1 STF 5492 4 51k
FERY SEM &, MNIE 1 Fa] LIF 1, Kevlar 284 5£
[ b SiO, ki 2 5] 34, B STF g8 15 i
BIEL WY, /W STF-EHE S MERHI&S TZE2S
BE A,

Bl 1 4l Kevlar 219 f1 STE-ZE M2 A M 8HY SEM [E

2.2 STF-ZMEGMEHRLYERE /BT

K 2 hali Kevlar 214, STF-ZL M & & 1 kY
ZemMmaim Pz, AE 2 Hharsn, 4l Kevlar
LU AN STE-ZEE 5 G A RHERL AR W R A A A= T —
FE WTEAR AR FE B AT T IR s o T JH AR iz e W7 224 1) JoF
RAEMIEAS £ 82 Kevlar S 45 (1) IR A2, F%
S R R AR i 20 2 v R 27 4 e A T R 3
FIKH E W 7% 10 20 2k v 0 45 2 F P9 )2 20 41 )2 1 fif
KATEAKRKIE /N, B STE 9 B3 K, )2 [BDRS
SEREB AR, E T R T Kevlar 25 4E 1 i 1

AT E — 3 L P A T I G Ak Y 48 4 5T B R
TR BT 2, B 2 550 STE-Z2 M & M K52 4 7
., HEE SO, 155 o0 B, 4l Kevlar 21
FE SIO, Be dil A [\ 5t & 20 By STE-ZPE R A+
S A R ES AN OB e DA L VA R E A DA 7 N
AAE, XS5 R K] STE-Z 2 A M BHE 50
mm/min {38 B 7 i, STF 3 A 5 57 34 2400, B
AN BB A3 S 1 L A DR 4 58 T R R A AR A SRR
PERE AT H BIGE SIS A2 {fi15 STF K R 155 B
B



% 2 4

PP REAT  STF-AE R A MR B Ak REATT 5T

129

K 2
2.3 STF-ZMEE A MR B L RE 3 A

B T WG A EE R SO, [ Gt STF-Z2 1k
A MRT APERE RS it T 3 SR Bl
3ANANE SIO, [ & & i iEE, STF 2 i 20nmSiO,
F1 PEG200 148 i 5 .

a) IR T 20 O o8 2 R W2 STF-ZE 1
AP L m R 2R 0 A TR A2 RIARAB PRI )2 HF
Bh 2 0] 5 2 1) 5 46 ) 5 46 ) 22 (A0 2 B —E 38
S BB JZ A BE 3 00 07 4571 90°, HOR
Ean& 3 fis .

GUMI L2 1) 28 [ L P RE T 26

B3 HERMERE
b) REEECK 5 2 E XUB25-D SEHai b HLE
J1°8 1. 25 MPa, T /ERY[E] 30 min, Ji& )& & 105°C .
TPUGIBAVE L TRV B ERLL, Horp TPU 175
S WINSMILE, #4% 47 16 em>X 1 em, B FPUJH , 84
JZ. SR R R R B SR R Qg 1 R

x 1 RERSE L
AE SiO, 7£ STF Hii¥ ) NI Tl A LENATEALSTe
Hi'e /% fa /() 0/ (m/s) o /(m/s) At 1,/ ' /kg)
. 170.0 10.5 77.9
190.0 81.0 79.9
191.0 16.5 98.0
17 0 45
185.0 7.5 92.4
176. 0 7.6 83.6
90
175.0 2.7 82.8
. 152.0 0 -
181.0 42.1 83.8
189.0 0 -
195. 0 0 -
2% 35 45
194. 0 10.7 101.5
198.0 20. 4 104. 9
180. 0 10.5 87.4
90
178.0 0 -
. 181.0 16. 6 87.9
187.0 53.8 86.8
190. 0 0 -
166. 0 0 -
3% 45 45
201.0 31.8 106. 6
196. 0 0 —
191. 0 42.5 93.8
90
172.0 0 —




130 FC A N S D =~

W CHRBHERD 2014 4F 4531 %

W2 1 b = vhoxd By 1AJ2 A EE 07 45°F0 90°
() L 25 HIBOES3ME, 43 B4l 2 M X STR R
B R B S RE I

4 ah il c o RIE 5 JZERE MR 0°,
A5° 1 90° A 57 3 kA e} B A7 v L A R A il B AL
A DVA W AR AR T B )2 AR B R A5°HT, B
o7 T R S R e I 22 L 2 AR BE Sk 907 EL A )2 A B
Sk O° R EAAS ThT AR A1 i B 22 BRIV L ) B
PERE B 2 55 10 8l 2 A BRI 45°>90°>0%, A
FEARZ A B AR IR B L B STF e SIO, 1 [ 55 it 1Y
B A RHE AL AR A IR IR R . KR
T35 By A R B, S Y R R T 1 R
BYP) AR Kevlar £F4Efl 2 f A8 8RBT 2E, 244
R EE R AT My R BN 5 2 AR A
ANTR] fg 2 i) T s 6 2 1 55 1 T R, A R0
BHAS T G 7 ] LA 2 s bR ICSE 22 11
et s B2 A B AT 52 M B R 0°. 90 AH L, B
Z 1) Kevlar ZF4E4b TR, i & 5 # R #E
AE v T o VI A TR RERE . BT LAY Bl 2 1 By 4571, B
A7 TR AR W WA RE B I 22 B2 AR B R 90° LUl 2 A
H MRS LE LS S5 R, STERER S
WRHE 2 Z 2 BER 43 & STF Al Kevlar 214, Horp
Kevlar £F 45 HLAT B B8 O A #E E 1 R4 1
P, B Kevlar 21576 52 255 (4 o i 0] DAAR 47 L
BT 1 2E RS MR N BT VI 1 1 = 2 A 3R
Ko Kevlar 7452 5 lge L (15 AR T155% .

STF 7 v 3 vhai iy, STF B 26 B2 1 hns B4 = 1
Kevlar £F 2 22 8] (1 B 482 31 L [ Kevlar £F 2 A
TPU i p 4 I BE B, TPU Wi 2T LA K JZ
(] 73 2R A RE i AT AR Lk 7 ity

& A4 AS[FIAH 2 A B B LA T FR I A o

2.4 STF-ZEZME SR 3 ZFERER

K5 rha R b B SV s LB T K ¢ &
i d By ARy Sl K. STF-ZEE 568
WS B RE Y 3207 A : [ a iy Kevlar £F
A F LA T WRNER 5y AT M Kevlar £F4E7E b
P ep U R 30y 52 30 5 55 U0 AR T M 2L, ¢ [
A d & B Kevlar 21 4k 1Y 42 | lt i #0158 20 Wy
ZL AR UL STF-ZE M B M BHEZ B 7 b i
IF L AT Kevlar 2048 380k 4 T 5P 3L, 5 1
1) Kevlar ZF4E F 88 TSI Al

PS5 SALAR 2T 2 i GO



PP REAT  STF-AE R A MR B Ak REATT 5T 131

a) M ST AR B H] 5 208
A7) E TR BN 50°C S X T4 . IF Ak
P2 hy RJG ¥ TG B 455 L 8V K L
STF s ol 1.5 ¢+ 1 RIRG IR P RIS h. )5
RS BAH S SR P R JOK C R %

b) M STE-ZAEAT S bR 257 246 219 (1 B fif
VERE IR I n] LAFE Y FLr {7 22858 ) FEA LA
ARl WAL 8 BN A A 51 R RV 2 K
STF-ZMEE A MR, STF (555 AR 2 I 5038
CALUPN(NESEER=IS

o) BEE AR LA STF- R S AR Y
iy 3 B el o 0 55 ) 2 R ARG, 457> 907>
0°, HAEENZ M AR I, & STF A SO, i &
3G STE-Z2 M SR RHR B Sk RE B .

d) STE-ZR RS 45 4 BHH FE ol B i T 202
STF (R R HIRHEREN . $2 055 Kevlar 2142 8] (4 B
71, HAEREIE N Kevlar £ 4ER 2 ST Al i

SEHf -

(1 BR Bl 2F4E5 B RPRE R A& SRR I T e AL K 35t
EREDIFELD]. Bat: MRt R, 2006,

[2] Rudiger H. Ballistic protective fabrics-past and future
[ C1//Proceedings of the 34th International SAMPE
Technical Conference. Baltimore, 2002. 499-505.

(3] IH. AOKZ5K I By oA ] B3R,
2008, 20(1); S1.

[4] Wetzed E D, Wanger N J. Advanced body armor utili-
zing shear thickening fluids [C]// 23rd Army Science

Conference. Orlando: The Assistant Secretary of the
Army for Acquisition, Logistics and Technology, 2002.

(5] ARFRMS, FB . sk TS, STDIIG R ARG 5 20 B
PERERIPLEIRISE LT ], REE Al K244k, 2012, 31(3):
15-19.

(61 X WEN, SToafs, XBIIAE, 5. Ak 2R Oy Mk i & Jig
Beni LY ). TRESRLRL T, 2009, 37(3): 80-83.

[7] Hoffman R L. Discontinuous and dilatant viscosity be-
havior in concentrated suspensions II: Theory and exper-
imental tests[ J]. Journal of Colloid and Interface Science
1974, 46(3) . 491-506.

[8] Lee Y S, Wagner N J. Dynamic properties of shear
thickening colloidal suspensions[]J]. Rheologica Acta,
2003, 42(3): 199-208.

[9] Decker M J, Halbach C J, Nam C H, et al. Wetzeltab re-
sistance of shear thickening fluid (STF)-treated fabrics[J]
Composites Science and Technology, 2007, 67 565-578.

[10] Hassan A T, Rangari V K, Jeelani S, Synthesis. pro-
cessing and characterization of shear thickening fluid
(STF) impregnated fabric composites [ J]. Materials
Science and Engineering A, 2010, 527. 2892-2899.

[11] Lee Y S, Wetzel E D, Wagner N J. The ballistic im-
pact characteristics of Kevlar woven fabrics impregna-
ted with a colloidal shear thickening fluid [ J], Journal
of Materials Science, 2003, 38(13): 2825-2833.

L12] Jmifait, @44, SR8l hiditEredt Il 4
225, 2000, 21(4): 212-213.

(131 ¥ &, XIWRME, ZARE. Kevlar ZUY3% 58 52 5 bk
JEA R B R RO L) ] PHAE Dol R A2 244
2002, 20(3): 486-491.

(14] ¥ 2035, BTYIIG R AL 22 1 B B ) b %y 1o I
[D]. Jo#. 1R K%, 2011.

Study on Bulletproof Property of STF-flexible Composite
SUN Xi-chao» LI Yan-qing™ , WU Zhong™» ZHU Cheng-yan™"*
(a. School of Materials and Textiles; b. National Engineering Technology Research Center of Modern
Textile Manufacturing Technology; c. Key Laboratory of Advanced Textile Materials and Manufacturing
Technology, Ministry of Education, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: To study the bulletproof property and impact energy consumption mode of STF-flexible
composites, pure Kevlar fabric and STF dispersion system are used to prepare the STF-flexible composites
according to certain technology firstly. Then, the universal material testing machine is used to test tensile
property. With the help of a pneumatic high-speed launchers, the bulletproof property of STF-flexible
composites with different SiO, solid content and different layering angles is tested. The bulletproof proper-
ty is expressed with the energy absorbed pre unit area. The results show that when universal material tes-

ting machine was at a low speed, breaking strength of pure Kevlar fabric and STF-flexible composites is
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basically consistent. This indicates that the viscosity of STF will not sharply increase or influence people’s
activities. With the increase in SiO, content from 0 to 45%, the absorbed energy per unit area increases to
87.4 ] » m*/kg from 78.8 J » m?/kg. This means the bulletproof property of STF-flexible composites be-
comes better. The descending order of the influences of the layering angles on bulletproof property is as
follows: 45°, 90° and 0°.,

Key words: composite; shear thickening fluid; ballistic property; energy consumption mode
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Research of Effects of UV Absorber on Improving Photostability

of Amino Acids
XU Cong-gang®, WANG Zong-qian®, CUI Zhi-hua®", HE Kai-jun*, CHEN Wei-guo™®
(a. Key Laboratory of Advanced Textile Materials and Manufacturing Technology » Ministry of Education;
b. Engineering Research Center for Eco-Dyeing &. Finishing of Textiles, Ministry of Education,
Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: The effects of benzotriazole-type UV absorber UV-FAST W on light degradation of amino
acid and common dye in the wool are studied through using the mercury lamp to simulate sunlight source.
The influences of different pH environments on light degradation of tyrosine and the interactions of differ-
ent amino acids in the process of light degradation with compound amino acid are discussed. The results
show that pH value had a great influence on the light degradation of tyrosine under the condition of the
same light source without protection of UV absorber, in which both pH 4 and pH 10 could accelerate the
light degradation of tyrosine, while the photo degradation ratio of tyrosine is relatively low at pH 8. Tyro-
sine photolysis rate can fall from 70. 1% to 36. 1%; tryptophan photolysis rate can fall from 100% to
88.1%; the photolysis rate of acid dyes can fall from 72. 3% to 37. 8% under the condition of using benzo-
triazole-type UV absorber UV-FAST W. Tyrosine can transfer the energy from the photon to tryptophan
for promoting its light degradation. Mwanwhile, tyrosine and tryptophan can transfer the energy from the
photon to histidine, phenylalanine and dye for promoting theirs light degradation.

Key words: benzotriazole type; UV absorber; tyrosine; light degradation; amino acid; wool
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