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Fig. 1 Schematic diagram of experimental setup
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Fig. 2 Hugoniot data of some polymers'*!
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Table 1 Parameters of Hugoniot equation of state of some polymers'!
Before phase transition After phase transition
Material
C,/(km-s™) s, u,/(kms™") Cy/(km-s™) S u,/(km's™")
High density polyethylene 2.86 1.57 0.7-3.2 3.27 1.43 34-53
Epoxy 2.69 1.51 0.4-2.8 2.88 1.35 3.6-52
Polycarbonate 2.33 1.57 0.4-2.6 2.06 1.39 3.6-5.2
Polyimide 2.66 1.48 0.6-2.2 0.93 1.064 3.4-4.6
Polysulfone 2.35 1.55 0.7-2.4 1.58 1.51 34-5.1
At zero pressure
Material p/GPa
po/(g-em™) C/(km-s™) C/(km-s™) C/(km-s™)
High density polyethylene 0.954 2.462 1.014 2.166 24.7
Epoxy 1.192 2.641 1.177 2.264 23.1
Polycarbonate 1.196 2.187 0.886 1.933 20.0
Polyimide 1.414 2.723 1.217 2.332 17.8
Polysulfone 1.235 2.249 0.930 1.976 18.5

21 KERX

TR BT 41 4k A A A AT 72 Al 22 i B DX S AT DX o 3l P O T, AR XA a1 A0 AR s )
35 AT LU e/ ik BEATER ML, AT AR A I RS W B W ST AR 2S5 e

D = Cy + su,

4)

SR, 15 42 I 55 R ZHOPPRAS R 9 2, R G 1 AR M IXC ) R 57 21 4 MR ) 2 s AR Co 339 R %
FEARP A C,, AN 2 PR o R L, FEiX BOM IR ) IXTR], F ST LRIV NI . X R R A WI1E
ARy DX 8] ) PR AR PERE KR8 1k, XRS5 REWA S ZH BB . RE W kM X% L
i DX 5 BE A, Ar e —E /Y A il AR, DR e o il 4R 90 30 2 0 SE T4 A il R AR, 25 145 B IR] 47 3F

030109-3



938 4% AR SRS AT AT R R AR A SR AT T 53

DX Al X P27 e ) SREA W Ar F4 N B AE FH 088800 A (D A 1 R, T 4 I 2 A1 e X 4 4 (R 2B 1 7
FEGEW, R, 7EBRE T X 8], 3 2 5 A W0 00 I o LB IS A IR RS
D= C0+s1up+s2u§ ©)

2 (5) 76 R W EL P 4 2 1Y R (polymethyl methacrylate, PMMA ) 55 4 8H 252 45 31 1 AR A1 I JH o
B T STADIRE T R 2 Ah, G W R e i

12l 1.219
T 5 4 B K B R AT AE R K 25 5, X T Loty
SRR BB, Wit D 2 G, B T4 B Hor 0902

— W B BRAE, SRR R — B 5 B, AR ~ 08 bess

FHE B AT T ST A . AT, BAWH T £ o6l G N —

ROV R, bl AR A 5l R BT BRI 22 e

Lo BB | THT R, 2 A R A AT M| e

B, R 300 F R, Hoh wg, SR E R TR 02} 0.181

oz BRI RS WA R — B AR P i it 0

T o KRN GAEAR IR Ok 9, ELREE FE 0 05 Lo 15
T I BE A 1 O T T %O Times

B AN S, vhih 3 mE ML 54 EMHEE W Kl 3 BEBRELEE (polycarbonate, PC) ZE R X A4 351 201
A SE R Fig. 3 Wave profiles of polycarbonate in low pressure region®>"

22 HERX

MIEN 2 TR B, 8 20~ 30 GPa JE 7 i I, K& 43286 W0 14 W 5T Al 2R 70k 3 3 ks B A7 7R
WIS A T, RS T IR b X, T ST A i AT R W, AR I X R R A T A AR, T HUAR TR
REWRI AR E RS Flan. B OIE IR RN, 298 0.5%; E 0 (polysulfone, PSF)
FIER IR 2 4% (polycarbonate, PS) AT AR I A, 290 15%, &t LFE, KBB4 KNS o FHEm 45
FIAROG, WNIEl 4 iR . 5RO 50T B0 7 F5EAH L, B8 O ARG BA & 1 o 14 OR IR )
), BB A HE R IR SR, 4> TR R AR R IR S, AT AR B 2 (R AR, DRI <A AR S AR A 4
KA HR— L0002, BEW RN DTl DR E X 28 0 7 22 09 o I IX S B2 s R X, IR R il 4 s &5
KB LA AR B B0 %) S 57 240 2% [R] T

O.
(0]
QO 0O
)
H\ HZC CH% 0
n n O

(a) Polyethylene (b) Polystyrene (c) Polysulfone

K4 RO RARLIHMENRI > THESH
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Fig. 5 Wave profiles of polyimide in transition region!® Fig. 6 Wave profiles of cyanate ester in high pressure region* *?
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Fig. 7 Experimental and simulated results of (a) wave profiles and (b) shock velocities at different positions in polyimide!®
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Experimental Research Progress on Physical Properties and
“Phase Transition” of Polymers under Impact Loading

YE Shijia, HAO Long, WANG Yufeng, LI Shourui, GENG Huayun, LI Jun
(Institute of Fluid Physics, China Academy of Engineering Physics, Mianyang 621999, Sichuan, China)

Abstract: Polymers are widely used in various fields of national defense and national economy. They are
inevitably exposed to extreme conditions of high temperature and high pressure during applying. Thus, it is
necessary to study their physical properties and “phase transition” under impact loading. Because of their
characteristic molecular chain structure, polymers show different properties from most materials such as
metals. The intercept extrapolated from Hugoniot curve at low pressure is obviously higher than their body
sound velocity at atmospheric pressure. The wave profile at low pressure presents a structure with an arc
shape. At 20-30 GPa, the Hugoniot line turns obviously, indicating that the material has undergone a “phase
transition” under impact loading. The “phase transition” is explained as chemical decomposition or lattice
structure transformation, and the kinetics of “phase transition” is studied. In addition, the modeling method
of equation of state based on chemical decomposition is briefly introduced. Finally, the prospect is put
forward according to the doubtful points in the study of physical properties and “phase transition” of
polymers under impact loading.
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