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1£ 3 GPa AN AU R4 . 1964 4, Wunderlich 2513 & 8L T &5 T 45 i 19 8 £ 4 (polyethylene, PE) 1
3 pm A EEE A, O O R AR AT T A A M BEAS H 1Y PE ZF4E, K PE ZF 4R (4 A o B 4R 5
% 2 GPa", Wunderlich 251 (9 BF 58 2 2E T 20 1H20 60 4-AR 2 80 AFAXHT I AA TR &5 &~ A W 45 H
YItER A IT . Bl ek [R] A 48 56 JE (synchrotron radiation source) 1 H BR, #5145 16 ) 26 4 5 X B 2R TR
W T 9% B A WAEN O 4 0F TS5 M . HAT, LANL 1E7E K 77 & JR 3k 5o ok [ A5 48 56 I . X B4k
H B H 306 (X-ray free-electron lasers, XFELs) DA} 5255 % 2 Wi BOR, DA ER Al o 55 14 F R & 58
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&) ((semi)crystalline polymer) (45 ¥ & 2%, BA j' L ' TLmk
ORI E RIS AR sk Y| _ Wiz
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FHATE I R A Sk L Mg 7N
A R ZEH S HE B IE A i (lamellar) 2544 (U (a) © @
10~10? nm) ; A 541 #i1 FE2 BEER i (spherulite) 45 4 1010 10102 10°-10°  Size/nm
(RER10°~10° nm); )5, BRI EE R & 1 fifbry AR A Y L N5 s )
Yo XMESS5IERESNREG . BRENSSLE Fig. 1 Simplified model of hierarchical structures
WA TR A RS g R RE BT S 45 T 5 R 9 He of the crystalline polymer™

2 EEeEXERAHERE

20 42 90 AR H BL A9 3€ ] APS(Advanced Photon Source) . BK Pl ESRF(European Synchrotron
Radiation Facility) . H 7% SPring-8( Super Photon ring 8 GeV ) 2555 =10 [7] 4 45 5 G VR 45 B & W 45 Wy (X F 5%
PRAL TR RE AL . E ST R X AP IED, 21 tEad  BLAYAE X 52k XFELs #455 — QAL 4R 5 X 4ot il
15¢ FE (brilliance) #& F+ 17 JLAN BP0, 4 Wil X T5Hifi (diamond anvil cell, DAC) | %M RO o if
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RA LI

] 2(a) S [7) 25 8 5 e AT S 52 30 5 P2, Al AR | B9 6 28 3264 28 (monochromator) B (A {6 5,
2 B 014 (KB % (Kirkpatrick-Baez mirror) Bf, CRL( compound refractive lenses) %5 ) 5 £, nJ 15 2 K 9
EEYORG N NEE . RAEST HOCHER G 2] DAC ARG L, 77 A 0 AT S5 538 3 1 2R D0 5 W £
WA X G4 Ae it 05 5 (—MEAE 60 keV DL L), i o] LU & 114 TG 1 T2 4 b (I 1R RT3 355 55 ) 1) X B4
B 5 A B R IR A /5 B, DAC j= A= i ey nl SR 80E 35 h, B 2 R i i e Y, 45 & s B i
OG5 75 2%, T LA™ A2 8535 29 6 000 K AT, Zead JL 4R Y & Jig, kT [R) A0 48 45 i DAC i
B X LA S0 R G O H R R A I AR 2 A e R R R AR AT MRS R RDIR S O R
G5, & 2(b) S AR R 57K 24 1 Gupta 282 4015 #5719 APS YE TR I 1Y 3l 2 He 46 52 58 0
(Dynamic Compression Sector, DCS) , i 1 1 8 M O vh b B R 5 W 2P 4R S H2 R A S &, 7T LA
S i I A BRI AT B[] A3 HE AR N BT, B 2(b) A7 b A A R SR IN R X AT S S g e T
El 2(c) MEEA THOGE mEd AR | 22T XFELs B9 X 5 26437 3 B AR R/ Bl e AR T R R & W 1
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S P . .l
~| i ﬂ\_ __ Diamond ,‘
Time (111) e

K2 i m R N RS YRR R RZS TR B SE IR : (a) DAC IMERAYEE T R AR SHOLIRAY X ST 525
IS0 RGP, Hrp, ID 446 AL (insertion device ), fU$EHI4E4% (wiggler) FIJ 77 #% (undulator ) , (b) 3 [ B 57 = KL 50 =
APS JEIRIK DCS S5t (%52 Y0l HEA 56 TR M2 [R5 4 5 XA e 90 R 4E™, Horh, HDPE Dy 2
& 2} (high-density polyethylene), PDV(photon Doppler velocimetry ) A5G+ 2 #i5HE ), (c) 3T
OGP A XFEL 195 & WA SRt (GG X ST st B 450
Hrr, LCLS(Linac Coherent Light Source) & T HiH 47 XFEL %¢ &, VISAR T3
T SO T #5003 22 45 (velocity interferometer system for any reflector) )

Fig. 2 Experimental techniques for research of equation of state and phase transition of polymers at high pressures and high
temperatures: (a) schematic of synchrotron-based X-ray diffraction beamline with diamond anvil cell, which generates high pressure
and high temperature conditions”?, in which ID is insertion device, including wigglers and undulators; (b) synchrotron-based X-ray
diffraction beamline combined with gas-gun driven compression at Dynamic Compression Sector of Advanced Photon Source,
Argonne National Laboratory™, in which HDPE is high-density polyethylene, and PDV is photon Doppler velocimetry;

(c) structure determination of laser-shocked polymer using X-ray free electron laser, including X-ray wide-angle

1'% in which LCLS is linac coherent light source
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5[ LANL H 20 40 60 AR =4, Ml T — FR 51 R4 Y1 Hugoniot RAS T 2, HB70£Hk 4 3(a)
Fr, o, udtn (n=1,2,3, HXT AR REY . X —FRIEES P Hugoniot AR 2L 2 4>
B E R R

(1) LT B Cu,) 2R HME 2 2 R, AH R 1w 249 L0 20 TR 8 A 0 0 00 A5 A9 4 75 3K . dRlt,
Millett 251 F Roberts 2552 % 2 Bk ik i ( polyether ether ketone, PEEK) 75 s [X. A4 ol I 3 8 5 b2 1~ 3
BEROC R AT T VEABT ST, AT A B, SR T 0, <1.2 km/s B, w-u, RBLI W WA AR LM OC R, W
I 3(b) BT, s R R BB u=cyts u,t sl EATHLG o 38 MG — I A st R AT LA A AR R (free
volume) il AR RS TSR A9 b A S AT 2 0 B8 10 HED 2 52 B /N1 S A0 4 I B 19 2% SE B, e A7
E—E WA R MR EWIHT IR, B e BB B R AR T AR, A AR AR 1
P %% S B 5 AN A T B 1Y % B, AR AR S AR A A S LU IR B R AR U R 4

(2) Ri TR EAE 2.5~3.5 km/s I, uu, ”IZR ARG AR T BB 224, ULIE 3(c). Carter 55 JA N AT
REAT 2 o Jt DR . — o 5t DR 2 6 1) BB, R AR 2L T A AR B G WA B 6 785 o5 — Rl DR SR & & A 4y
i, 3 R ) R B LU R B YR T, R wu, KRB . S5 FH UG S SepE Y kg, HA
Sy RL R BRI A5 0 2 A WY wg-uy, DR R R BE T R A A 04 2 4 1
ugu, KF o B, HATE R &R FT RE W S AR o0 v A it

H1 T 23R & W bh ek o % B2 VA RS AR AR AR, % 49 (4 7 Al i fin 28 07 AR MEAR A AR & 0 ey o AR
e, MU BNk, © 20K R A WRE T B AR s FE R 2 1 TPa %, JF AR 2 X 55,
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iR 0 451 5 & 2021 4F Liitgert 25 P00 SR HIHOG wh i in 208 AR I 5 0 % — W1 R £ 18 (polyethylene
terephthalate, PET, 7> ¥4 (C,,H,0,),) 7E (155£20) GPa. (6 000+1000) K i [k 45144 T PR S 7 FE, 0 5
SESAME 1 PrOpacEOS MR A A R E 4T T X b, BGAIE T AH AR I R2 0 T Sk o R 28 b [ 5% 52
¥ i Z 8, Root %571 PMP(poly(4-methyl-1-pentene)) JI1 %% 2 985 GPa, I+ 1 HAE 550 GPa & /)

TR N BPIR S T

16
b
(a)) o 4.5 L (b) PEEK o
Polymers o) ~
© : *
14} o g 40t X
2
© 235t =
o° ’Sffo 8 K
127 fe w(@ ® .0
{2 4 Or
B o 2 O Ref. [30]
. - 8:@ o E y A Ref 31]
T o e L + Ref. [32]
i o @ o ©n 25 . .
10 > 2nd order polynomial fitting
z g® g o s @ 0 02 04 06 08 10 12 14
L )
< gt J)U o o Particle velocity/(km-s™)
= \ a
< o & ® @’28 o 10 (©)
2 - S o ®° 9} PEEK
= b & @ 8@ ~
6 o”° 8 w8 o
-
(o @ E 7F &
a 8 5S¢ @
. . ) - o
4l @ © High density polyethylene (u,+4) 35 0r
I 8 O Epoxy (u+3) % S5t 2
© Polycarbonate (u,12) ; al i 2
o © Polyimide (u+1) E o Rel E?}
27 © Polysulfone @3 LF + Ref. [32]
L L L L L L 2} o
0 1 2 3 4 5 1 1 1 1 1 1
0 1 2 3 4 5

Particle velocity/(km's™) Particle velocity/(km-s™)

K3 (a) REWH Hugoniot IRZS 5D, (b) PEEK ¥ Hugoniot JRZS 5 FR7E R BErY B, Bl iy segk
JESR R R A B u, = co+slup+s2u§, (c) PEEK f#) Hugoniot JR 755 #2002
(K S8 de— I BB A 45 2R, umu, KA 7> 4 BOETHUE)
Fig. 3 (a) Hugoniot equation of states of polymers™™; (b) Hugoniot equation of states of PEEK at low pressures (Solid line
show the quadratic fitting result: u, = c;+s,u,+ szué); (c) Hugoniot equation of states of PEEK""?? (Solid lines

show the linear fitting results, which are made up of four distinct lines in different regimes. )

HI TR 6 W B PhRe (9 6 5 (viscoelasticity ) , FoE S5t — M 26 30 AR 55 14 10 728 30 Se bk, 3 8oib il
T AT W A5 8 e A R S AN AR R AR A NN AR IS RAEAE— B 22 5. D3 4b, vl n Bk
AN T A AR T A AR, i 0 2 R b I R A TR A B SR T Y B A A A IR R U e Y
4R R PR S (glassy) RGP ERT . RIH, A 2 B0 & 55 WU 7E B 22 SR B w2k | IR B8 w4
T RARE TR

TE(HE) B S INET , X T AL G0 S bk, — Rk HI DAC a8 45 & [ 20 58 5 T f X3 47
(wide-angle X-ray diffraction, WAXD) £ R F RS T . SR, X FRAE Y, WAXD HARALRE K e
mn A TR T AR OCAE ., Tk R G W B AR iy IR Ar Fe vk . L, A58 WAXD HOR X T RS W PR
D7 PRI O AN FAE H, 77 Bk R At T

(1) A7 BN B AR o M6 3R G W A 4 a5, 7T e A L ORI B A R I 2 RS i RS T R . A
FH A LR B H A 12 55 W7 T B A P (v )RR 875 3 (v) , PSS G A 5 2% (p) I G
F, MR B R A WA & R T % (p,)

Py
Po =P =f —dp

Po Vp

)
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2
—2y

3
K p AIETT, py HVTEREEE, v N HORE FE IR A L B A B LU AEL, vy ST P 3

Stevens 415 il HIAf HLIH AL BRI & T 4 3RS YITE 0~20 GPa JE IE BN AR T 2. Bl
J&i , Benjamin 5%V RAZ BRI 22 85 GPa,  FIRWTTE RN, X LE RS W AR R B (p<3 GPa) AP 45
Vv MAE S R B (p>3 GPa) WA RS FA —B(TE W 4), X —HR 5 ma& T R G W

2

Vg = V[

Hugoniot [t 2k S BL, AT A B H A8 im LA

(@) ?g % (b) Longitudinal
i mode

6F / I

° 14+ .
L 4

O 12} . 2 Transverse
2 10} . 2
z st * £
o - g »
£ 6l e A i MI:

4t - - a ik IU. b N

v J
2t . R
0t e P }jjt:\j
0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 -20 -10 0 10 20
Vv, Frequency/GHz

(a) Kel-F800( chlorotrifluoroethylene-co-vinylidene fluoride) 7 0~ 18.5 GPa & J1 7l il PN AR ZS 5 FRE (K el -F800 £
IRIE B ) R4 A 3 (S (80 50 45 v T B U (808 ) WL R R[], S 2R =B Birch-Murnaghan
WRAETr B AR T Rl N R EIR AU 52, (b) Kel-F800 7 fay 1 T~ Ay SLRL A7 HLPH N 115
Fig. 4 (a) Equation of state of Kel-F800 up to 18.5 GPa®", which indicates the different compressive behaviors of Kel-F800
at low pressures (green points) and high pressures (blue points) (Solid line is the fitting result of all the experimental data
points using 3rd order Birch-Murnaghan equation of state); (b) the typical Brillouin spectra of Kel-F800 at high pressures

R, A UM B WA A SRR S . w5, H TRAEY A J 08 2=, BEA BN
Pockel 5 8 (p,) BUBAR Y 3% B8 i A8 TRLBE (T,) , FEAE 5 MR AR He B £ R A TR 5 A 589 T DG vk 44 ) 810 g 5
S IE O, SR SR R A AR T YR AT T 1k S B N AR I e 2 T A B AR S RS L, DR, TR AR
P (1) A= (2) RAFAHRL S5 44 T AR T B HOR, BA WY 1 2E e 5 AR IRl 0 SR O ——
G YIAE E TR T R INAT LA A5 1 T SRS, 5 30A L IR O B A I A R A T R b A e e T 1
— B S B R K s Fe i, AR TR R Ny 0 BARE (2 (), AR Z GG N RE YN y B #YE
(294 1.0~ 1.2 Z ) ARH, B, SRS TR PG ABIMR 2, BRI 45 R AR EE .

(2) AT UG FE AR o AR5 5 5 W45 1l [P (19 45 4, Dattelbaum %512 AT WL sl AR B AR M & T
RE WA T DAC Il i S AR S, I b e 4 53 AR AH N 254 T AR 48 VT V,=(S1S,)*7, i i T
PDMS (poly(dimethylsiloxane)) 7& 10 GPa J& JJ i Bl N RS D7 #2, WIZPIER] T2 ORI 15 1. (H2,
Dattelbaum &5 (19 J7 15 308 AH 2 L RE (R 7 I8 AN B % BE 200 1 GPa, FE46 2 (V/V,) 1 & AN i 1 B 3K
0.03~0.04), XF FARZS R I 5, KR IG5 o % ik T e Ry ik — 2 58 3% e, 4
Y N, AR M AL FEA 5, 2545 FEA 3 0 /ING 7 AR AW A B AR B D, 5t 3R B W T8 LA A
SCHE, NI Bl AR 56 W 0 e 40 R T4 LR, AR I R AR K R RIONE 1Y 77 2B AT e (45 45 1 ]
PE 48 BB BT, BT LA, 3% 5 1538 A R 0 3 TR B 5 P, 8 S 18 140 D R A A 38 1T, B R
wF L 5eE . B, R EARE RS Y b 0N e 75 2E 47 3 — 22 BT .

it , Fedotenko 55150 PURE SO T . A 30 S0 851 11 40 2 55 7 T 0 ) WL UG B R 64T T HL
TE RN, A5 9% B B RE S RS I RS A B T 60 nm. Al % 7 %, Fedotenko 451 i T 4 JE
Ti FOBEES B (IR S O A, AR 4 8 Ti (RS T R 5 XS ZAin 569 50 560 10 00 285 SR AE S0 0 R 22 Y FEL N W)
GRS (WK 5) . 5 Dattelbaum 55 By 45 A L, Fedotenko 55 4 Tt 1 1% 07 % i I &0K5 152, it
ZOTE R R A YIRS TR AT R Z —
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Fig. 5 Optical equation of state measurement method developed by Fedotenko et al.*: (a) optical equation of state measurement

Coordinate/pixel

system, in which DM is the long-pass dichroic mirror, FOs are the focusing optics, BS is the 50/50 beam splitter, and CMOS is the
camera for image observation, VIS is visible light, NIR is near-infrared light; (b) the sample with sharp edges manufactured by
focused ion beam technique; (c) linear size measurement; (d) comparison of the equation of states of metallic Ti measured
by the optical method and X-ray diffraction technique, in which K and K|, are the bulk modulus
and its pressure derivative at ambient pressure, respectively

Zr LR, B TR A WK A T AR R DU S i A A 45 A R 1 DR AP AR (B DL 26 1), iR T R e A5 iE
) ST 365 1 AR i R SR A RS T BRI AR A AR IR ., 1] 6 bRA T LA YA I i Y 0 - BE TR &
1 3L ¥ VCE(ethylenevinyl acetate-vinyl alcohol copolymer) 7£ 0~ 12 GPa J& JJJE R N AR S H#E . Al LL
F 2], AR A7 0 A5 2 BRSO B 22 S R, T ELIR] — o ik I A5 R3S O AR 0 3 s A R,
A AT 5256 5 1 AE SR A R3S T R OO 25 D 1 TR A7 AR B Kk .
=1 BEMRKRESHENNEHZERR

Table 1 Comparison of different techniques for equation of state measurement of polymers

Measurement Measurement Pressure L.
) ) Potential issues
method information range/GPa
~ Compressibility of Temperature effect: i.f the shock temperature is higher than T, then
Shock Hugoniot >1000 the measured properties are those of the glassy polymer.

bulk material i
ulk materials Strain rate dependency.

Pressure limitations: for materials with a low 7, v can’t be measured
at low pressure (1 GPa), and at high pressure (85 GPa), the Brillouin
signal of the diamond obscures the v; signal of the polymer, which

Brillouin Compressibility of limit the pressure range for sound velocity measurements.

about 1-85 o . . .
scattering bulk materials Frequency effect: the frequency of Brillouin scattering experiments is
10° Hz, which results in an overestimation of the first derivative of
the bulk modulus of the polymer with respect to pressure.

Numerical errors introduced by y
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F1 (8
Table 1 (Continued)

Measurement Measurement Pressure L
. . Potential issues
method information range/GPa

Small molecules of the pressure-transmitting medium enter the

“free volume” of the polymer.
Visible light ~ Compressibility of POty

. . i >80 Non-hydrostatic conditions at high pressures lead to the failure of the
imaging bulk materials . .
isotropy assumption.
Low accuracy
Compressibility of
Dilatometor P ty about 0.2 Pressure range too small

bulk materials

o Only reflects the information of the crystalline part, lacking of the

) . Compressibility of . . .

X-ray diffraction ) >200 information about amorphous parts, and not reflecting the
crystalline phases o .

compressibility of bulk materials

12
© + Optical method
10 \O O Dilatometry
(oI O Brillouin
gl OO \ O Hugoniot reduced isothermal
& b Hayes EOS predicted Hugoniot!“®!
©) 4 Y Murnaghan EOS fit!“]
o 6 N+
2 O
Pl
A~ [e) Q"_‘L
gt
++
2r O _+
+_ O+
0r oo-0+
0.6 0.7 0.8 0.9 1.0
ViV,

6  ANEJTEMER VCE BPRETTRRIIRMETE 12 GPa AKX
FEJIE RN, AFTT 2 E R VCE MRS FER I
AR 22 57, LI EAR Y S B AR IO
Fig. 6 Equation of states of VCE measured by different techniques™*” (The results measured
by different techniques present large discrepancy even in the very low pressure condition
of 12 GPa. Furthermore, the experimental data pointes are quite scattered.)

4 HTHRHR

b R AW S5 R S R BO AR AR T RE VS e RS- R ASAHAE | JE RS -AE AR L AR A
SR S - A A AR 4 P ISTY, I AR e SRR B AR B2 2% . H T, A W0 A AR RS AR T R
G0 AT AT ) AR - SRR ZE R AR AR oAb, FE L A G SR, RA IR T RE AL R .

2007 4, Fontana %57 Fi| | DAC &5 & [7] 4 5 5 WAXD A, #58 T 40 GPa LLPY ., 280 °C Y PE fY
AR RGE R AAAE o & B PE FEXE 1L 2 1 45 tH 15 28 4548 (Prma) 728 755 4548, 76 6 GPa 72 47 6 78 hy )
S5k (P2,/m), 1€ 14~ 16 GPa I 5 & J& ) N i — 25 5648 g ) — Fp st 8540 (42/m) o [R1BS & 3R, PE 7£ =
FEF R E TR BT RE Ay i B R GE, BOR PAT T D 1) AR b TR O e AR 1 B
G, P TR TR DR B P % S p B e 5 T B 1) A S A B R H o il SR IR IR I T 7R DGR
W, PE Jefb 2 Fa @ i, %A KRR 2#70f# . 2010 4F, Fontana %181 SUR P21 4 FIRL 8635 H R, 18
50 GPa A4 . 280 C 414 T, Xf PE M5 F A AZ E 4T TWF5E, B I T PE 76 B0 I B 1 7 3 [l P9 A AH 8T
Fontana %" 7¥ 40.4 GPa DL 1 X S L7 9 FIPL Sk S i 45 R UL 7. SR, X L AH AR 1 B2 O 7k A B
] 3 ks 3 A 2.5~3.5 ks B el 0 38 8 5 0 B T LR R AR AR Ak

N
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= b =
@7 2.6 GPa ® = 155 GPa
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* 34._3@,Aj—L —
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g g
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Frequency/cm™

K7 (a)~(c) AFEIT PE AYSMBIRTEE (S BEREILI IESE (Y Prma S5 ITTETE, 206 BRI P2,/m 25K
T, WA BN A2/m SRS, (O ARFEEST T PE RYHLETENI(1340 om™ MEUT AY5RIGIE S NI A i hr 2 0 )
Fig. 7 (a)~(c) Typical X-ray diffraction spectra of PE at high pressures*” (The green, red and blue spectra are the ab initio simulated

patterns of the orthorhombic Pnma, monoclinic P2,/m, and the monoclinic A2/m structures, respectively.); (d) Raman spectra of
PE at selected pressures'**! (The broad and strong peak at about 1340 cm™ is the Raman peak from diamond anvils.)

2015 424y, 36 [ B R A% & 448 PR 5 (National Nuclear Security Administration, NNSA) Fl1 DOE ¢
B ¥y DCS 7 tH A fi S 1 (9 55 — AR [F) 25 i O 2 v —— SE IR SElE R U6 APS #EA™. DCS BL#& T & & /&%
FF L SR SR B 2R 0 =X, Bl A APS = Se B R I2 W X ST UE, Ok EE SR A Y IR R
R SEge-F- 517, 2021 4F, Huber 552 F| H] DCS B4 SR INER X FLAT 2T &, #5981 PE 74K
T 10.12 GPa F1#9 24.3 GPa F (i Hugoniot IR 5 8 w-u, B AL Y X B0 19 AHAE AT 9, K IRAE
6 GPa i f7, PE Wi IE S 45 M % 742 Jy PR 45 44, 55 Fontana 557 1) DAC SEE0 45 S AHW) & o Huber %% &
;= N PE A4S PR S B0 W1 0 i SO B4, A O 2l P i AR PE 48 85 AT T by Oy RS
FREG 7E 24.3 GPa T, X S AT ST % b 80T — N3 A AT S 068, (R BB A A J2: PE 1Y A2/m 4546 I i 5 0
O ) AT S o AR TR, ARE A R SR AE R, IR RERIIN PE AY ueu, RS AR th 454 A
AR SR AR TR

FLLE 20 HiE4E 80 4FAR, Ross™ A 7E vK B AT & (AN K &2 | i T %) N CH, nI g & A= #4r fi,
Hor BRR LA & R BB AR . 2017 48, R T RFSE vk AS AT 52 ISR A AHAE 13 72, Kraus 26110 ] FI O fin
FORILF X PR A o IO 00 SR AT R AR F 58 & B, 2R 2K 20 (polystyene) 78 il 2% 5 150 GPa B i
T SR TG, 23— SRS T RE YT m R S R A N R4 T 0. A2, 2019 4F, Hartley 55"
FI A (05 A5 PE T2k 2] 200 GPa i & 3, B 20 SR (015 535 SR AT WL, HE ARG M & i IEAS
SERE (Prma) 575 R PAARIEERE (A2/m) , %5 F S F5 T Fontana %597 (K WAXD £5 3 . X 2 45 R A —
O H AT ANTE A . B, A WTE T R AT OREF 3 B 7 2.5~ 3.5 km/s X [8]) B JIC 2 fb 2%
Oy, W REEFARAS, AF RS, X HATR S e iz —.

FIRRNKE B KRR A LR, BF5E i A LB A T Sl ik SR Gk U6l SRR
2022 4F, He S50 I OB N B AR | 561 X G A i il 7306 09 RS AT 5 B AR R/ U R, W5
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T C-H-O /R R ) PET W AL T 47 B2 3B A% e i 5 R A3 T AR AR i . S 45 2R i, 48U %
TR NHE C-H A 43 25 B A e HEVE L, B0 1 45 FR AT e e AR 4 0 B 5 i b A7 7E FAT A b . /MR
ISR 45 S F B, T8 A 4 WA R RO 2 gk 2

T REY 2 & R Io R AR, H X 5 2o S 55/, Ik g B, o FAHALT X 2k
BA—Er# . Fuller 55 @1 X 4 F0 17 5 £ R WF5E PEEK 194544 5 %% 9L, PEEK 7E 45 AR
KT R TR BT R A R AR, LR A W ELA RN B SR e A 5, I HAH S BE A S AR T HES A A
M%), Wu 25653 % F /N o 7 HU5) (small angle neutron scattering, SANS ) 57 AR X} 58 2,46 it 3804 A5 T AL il
AT TSR, PR A5 IR, R S0 i B M AR TP 32 B 02 38 38 350 43 M il R P25 LR SE B . H2, T
th O BE— MR, H AT 7R RS e = T I S5 M AR ) TAEIR 2

XF AT B 4 SR AR i B2, AT B9 S8 A 00 R A AR - A AR S5 A AH AR o R & 38 43 7 245 4 T 1k L B AT
FE 1Y A - R AN 5 0 B 72 O A R GE, X TR i A5 1 N R A AR SRR U, IR AN TR . BT
Hb A B Y S A AR AE AT, H TR PE Y ag-u, M2 A4 3378 A DL R e i e TR 2R A T B 3420 A S5 1) A )
INRWAETES B

5 & 8

REWMAERZ G Z N, Z 2B RE N ER . TR, LI H AR R & & A b
FUF T REMMHE R T iRAA RS TR, RS T RYVEELR . SR, H TR ST Y
ARZS Ty BB FAHAZ B 58 07 T IR AFAE T 2 PR, IJ g T .

(1) ZEAR 3 25 0 T PR S 5 BRI 5 1, X TS R AW 5, fh A AR S TE AR R 38 FE 0
R RA N, REMERESSREWRANER WA -, B0 T WP m
WAXD ] LA £ 5 2588 3 i FR 4 1, T O UG T 12T LA 12 SR A W B AR i IR A ek o S5 G 2 Fhor
s, A A A 2 A AR A8 AR R ASER SRR G R R Y R i R, DT S S 4 o R v R kR S R AR
AR

(2) FEZE R 7 1, H AT B A X ROW S A (Chn AR 25 R A, & 1 PR, ROEEFE 0.1~ 1 nm 5 4%)
022 W58 (Can Bk S a5 # 55, aniEl 1 s, ROEAE 10°~10° nm & 2% ) BUWF5Y, X T db & /48 A R A
WZER (I 1 R, RBEFE 10~100 nm 54%) i DA W Ko R F/X T2/ M sUrBoR, A B3k
i SR 0 ) R A /AN O A L B A W 235 A Bt L R 7 ) T A AR A T

(3) FEAHAE 5T J5 T, H AL B il AR 4 B AHAS A9 o X T AR SR AT 4, BT X
BORAR, L5 ARSI ST PR ARAR o Ak, — T 1T AT AR FH K AR R AL 28, 3 200 in 2 55 10 5 /85 5
B i BT, DA T X R AT S /B E 5 5 — J7 T, AT A A BT R B R S R XTGBT
TR R A W) AT REAETE AR f AL A8 s e Ah, JE TR o0 R HA BOR b 1O 8 i R R, R A
b JE R AR T S AR S S

AR, B RAE KB4 8 I A B R, — RIIKB 4 8 e oy 3 1 0 o 45 10 T 58
A YA TT B AR T Bl ) B R SRR O R . A i Y L [R) 25§ ) % UE (Shanghai Synchrotron Radiation
Facility, SSRF) i BL12SW A fifi Z2 T ee £k vl vh 49 LVP1 Fl LVP2 5 He JA w01 oo ] 50284 v 1 O vy b
FAF S AL db 5 AE [R] 25 4R 81 ' YR (High Energy Photon Source, HEPS ) P™ UL K | 1fg i #45 H B HL T
P :%% # (Shanghai high repetition rate XFEL and extreme light facility, SHINE) " 45— 2 51| KR} 22%& B
R R b 2 7 T A AH S U T 5%
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Polymers at High Pressures and High Temperatures: Advances
in Equation of State and Phase Transition Investigations

SU Qigqi, LI Lei, LI Jun, HU Jianbo, GENG Huayun, LIU Lei

(National Key Laboratory of Shock Wave and Detonation Physics, Institute of Fluid Physics, CAEP,
Mianyang 621999, Sichuan, China)

Abstract: Polymers are one of the most widely used materials in modern society. The interest of applying
polymers under extreme conditions (high pressure and high temperature) is ever increasing. However, our
knowledge of the equation of state (EOS) and phase transition of polymers at high pressures and high
temperatures is extremely limited, which prevents their applications in broad fields. Because of their mixed
phases and their hierarchical structures, investigation on the structures and properties of polymers at extreme
conditions is a big challenge to date. In this short review, we summarize the recently published studies on the
EOS and phase transition of polymers at extreme conditions. We point out the challenges faced and the
limitations of the experimental techniques used, which is expected to be useful for the investigations of the
EOS and phase transition of polymers in the future.
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