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FRLASETRRE S ZE(PVDF) MEHHELT
KAW 2 B KRE BEE

(1. INTTHE M Lok A BRAF, TR WY1 518110;
2. B Tl K2R S A R B S T &, i 201209;
3. dumtE R A S L, B 201203)

WE. 1% — 4 2% (polyvinylidene fluoride, PVDF ) & —f# % Flhth 3 & B R 44, B
AW ER ABEEfANEEg, S 2N THEARE BFEREMENEFFHHE . PYDF
WM ZEREMLEEM (a.fuy.d.6) WBH, P, MUELHLERE e HEH I T
Mottt AT, o MR BERAFREBREMKEGZTBFUR X . AR X ST LTS f B
AR AR, PR T PVDFEGETWEWEL ., EHELUHT,PVDFRAEEEL o R
E,HEELEBM., MEREA T AE (0~20 GPa) , o A EH M D, 5 47 5 156 Fudk 55 4 fr
BEARET ampMBoy MEBHEEREFR I,y MM Z Ak . SENH—F 5 ZE 20 GPa
PEe, MERAEFERE, AERKBEAFEMBHL, FEOABET A RLFERN, HRXE
REFTEHNF ST PVDF L FTHEHS LG A RN ELMEEN, BATHEFEMRET
BARLG & E A, FEAT X PVDF 4540 -0 6 x & 6932 ##, b Of H 78 00 BR80T 1 M 4k
P EHERR R ARMET ERKE,

X #218): PVDF; & & ; & M40 % ; G0 X 4T & A7 41

FES 2 E:0521.2; TQ36.2 XHRARERS: A

R — % £ ¥ (polyvinylidene fluoride, PVDF) j&—Ff H A 5 i U4 R B3 Fnq B el 2l i1
LR G, W2 N TS Esh AR | BERER I SR M R S U . PVDF (90 5 1 E 5 HLA

JEE b 5 R R ) 5 DI AR O, FEAR R B LR T A5 F . HATIRIERY PVDF £ 24 o, B, y. 6
e s Fffn i, ok o, By oy 3 M BLES AU R ph S 0. 38 1 B T PVDF 280 B (9 4544
TITERESHL

ANTR] b B PVDF A4 58 K 52 A HE S 22 S 4tk e FLOR WA B, DRIk, 1) P o 2 495 g R 2 AR ML 1
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T s AR o AR 25 B, W LT B AR 2 L o AR F2 o Rk g AR (A i 3800 Ay AR (0 1 B A
GO0 TTTG) A ZeR ALK, 12 B o Ak i i 1k, L rp DL g AR PR RE AR ol W o el 7 i 45 R R4 T B
SRR BRI IR HES , ATH 4 T I L i R AR AT A
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LA 4T (X-ray diffraction, XRD) W] RS 7 H& 5 4 U8 Ak, DR A = e 21 A0 G 3% m] () 2038 5 43 4k sl A A8
1k, ABFFTIIEE A 2 RN FB, RGMAT PYDF 78 = FE T (A AR 7 81 AR i AR A, DA A i s R 5%
1 PVDF 14 45 k4 ] i 12 (4 52 56 40 ] 5 AL 1 1 7

&1 PVDFEZRBNEMFLESH

Table 1 Structure and performance parameters of the main crystalline forms of PVDF

Crystal phase  Crystal system  Molecular chain conformation Polarity Space group  Lattice parameters
a=4.96 A,

b=9.64 A,
a Monoclinic TGTG Nonpolar P2l/e c=4.62 A,

a=B=y=90°

a=8.58 A,

b=4.91 A,

B Orthorhombic TTTT Strongly polar Cm2m =256 A,
a=B,=y,=90°

a=4.97 A,

b=9.66 A,

c=2.58 A,

Unoriented-y Monoclinic TTTGTTTG’ Weakly polar P21/c
@, =y,=90°,

B=97°

a=4.97 A,
b=9.66 A,
Oriented-y ~ Orthorhombic TTTGTTTG’ Weakly polar P21/c c=9.18 A,

@=y;=90°,

B,=92.9°

1 £ I

1.1 HRLESEEEXERRE

K HI PVDF ¥y ARAE Ry 200 RE i o 1200y R W) 2R S R BH e 40 A RHA BRA D, i Ry BT R 3, &
143 FHh 500 kg/mol, -5 4 PVDF 761 A, 4l 99.99%.

K FH 4 Wi % Tot A ( diamond anvil cell, DAC) FF J& 5 Fe 5255 o S A i R 2140 St 3 i il XRD 3
BT R 8942 WA 4 18 RS 44 300 pm, 29534 % 2a-Boehler %14 W47 . 26 T301 49 Fr VR4 H, 21
ARRb BRI, P R R EE 29 40 pm, [RIBFZEB A EAT H B AR 150 um A9 FL, T BRE i . 7 1E XS0 56
A, ¥ PVDF #3 oK B T KA & N4 AT (1000 pm) EFEF7 R, TS B8 R H BCR /N | TR B 4538 11
— R SRR e

AT FE LGRS (Ar) AL A T, SR LD 5 A R, 286 Ar 8 1R 07, Hl KA1 8 5 6 1 py A g vk ¢
B e

P =(19.04/5)x 10*{[(A+A1)/ 1,1~ 1) (1)

o ) A ET Ry BN, nm; Ad=A—, B SEMALRL, A & ET Ry ML, nm. SE8G R, 445 2050 1
a5 R AL [ RARE RS, TH G R P R AP0 % R, YU, IR0 (D) BRI Z R T
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1.2 REALEE LI AL N A1 XRD Uit 5515

JRUE 55 K XRD SE56 76 15 [5) 4 4% 5 %% ' (Shanghai Synchrotron Radiation Facility, SSRF) /) BL15U1
AT, SCHSR I REE M 20.0 keV Y HL A X GFZR, XTI KN 0.619 9 Ao A 1.5 pmx1.5 um A9 3t
AR, JEBER ST 290 4 pm> 12 pm, DL DR AR A5 = I o 00 177 5 508 o A7 5 BRLSGE 3 MAR165
CCD 5 2%, R EBEECHEE N 90 s, LA 2~6 GPa Y JE J1 18] b JF & 52 56, FF90 sk e i ik 33.7 GPa [
XRD i . Ry T4 TR U 0 A5 ho s 47 3 R Ao — 4R E 5 20 R4, {1 Dioptas /4% B4 2E 17
Ab B

% Bruker Vertex 70V £14MNGiEA (W B Fi -+ Bruker 24 7)) FF 8 A7 5 R 20 4 9256, v JH OPUS %k
58 BB SR AR 520 A o e AR I 503 Bl A 400~ 1 400 em!, & 4 T3% X [l BRAE W Wi e i A8 4k, 52
536 v i) e i R 13K 28.5 GPa, DL 1~9 GPa J ) (A1 B #E A7 R s 48 o S g a2 b, R B R 45 R 0, R A
OPUS {451 st b BN 23 B Bl , Wil PVDF By A AE A ) ) R 8943 F 25 #9784k o

2 FRE5R

2.1 JE{i XRD i

XRD 23 1 4R S A 2540 9 DB B R F- B . [R5 4R B XRD T A L w8 22 B A s 0 B (9 L 3, g
AR IOSH PR S5 ) B DR B, 00 55 i T 1D I 2R 2 i LA B AR B 1 5 56 2 020, 3 R 05 v d FE 4
RHE = T 0 A B AR Ak, BT Sk DR B A 0 (R 205 F B AR S A 0 S8 . AR RS A B DR AT () 25 i A
XRD Fi AR, REGHIT T =K T PVDF #) K 1 & B AR

TESZB WA Y B, X% PVDF By oK #E4T % 5 K (9 XRD R 4E, SR FI AT #E X 54 (K 1=1.541 8 A) JKHL
H A B RS, &5 B 1(a) Bros . AT UL, 76 20 24 18.43°, 20.07°, 26.76°, 33.07°, 36.22°, 38.81°l
41.17°%5 7 B BT BT, 43 B B PVDF [ a #1%) (020), (110), (021). (130). (200). (002). (111) £
mmlfl o ULk, 76 260=20.82°40 th 1 B T — >0, XN T B AHAY (110)/(200) & 1A, 2= Wt PVDF oK £ %2
i1 o AR, X — 45 55 Wang 2507 BT 5T 456 i — 3

JE AV 1R S 56 T FH A G Ao 0.619 9 A, S T 5 8 J5 2k 55 i XRD S 56 43 87, 1) A3 i A6 e 1
(nA=2dsin 0) ¥4 HAE 5 FAHE XRD(A=1.541 8 A) 117 5 0 A7 FE HEA T4 58, Q0181 1(b) o, AH I 19 Z 504n Bt
FAPERAI~FA4R. K 1) 4 TH AR PVDF 7834 JEFT 1.1 GPa F XRD i Xk . ol LLE
H, H o MY (020). (110). (021), (130). (200), (002). (111) 4FAE & 10 87778 S5 B9 AT 5, i TR
PR BRI R BRSNS BT AR 22 5, (HR I A ] .

(a) 20.07°

(©)

. (b) 8.07 .
18430 20820 — Ambient Sse — Ambient " 1.1GPa
' — Ambient oy
: : EAVA N AN
S s =[N S
5 5 14,440 16.26° 5
= = o = 5
= S k= ;
15.34° ‘
15 20 25 30 35 40 45 6 &8 10 12 14 16 18 20 6 8 10 12 14 16 18 20

26/(°) 26/(°) 20/(°)
K1 (a)A=1.541 8 A B PVDF ¥R i) XRD i, (b) i FAhits 2 (na=2dsin 0) TS BN 1=0.619 9 A B
PVDF ¥R A XRD i, (¢) % JEHI 1.1 GPa F PVDF ¥y KH) XRD 14Tk
Fig. 1 (a) XRD spectrum of powdered PVDF (1=1.541 8 A); (b) XRD spectrum of powdered PVDF calculated using the Bragg
equation (nA=2dsin 6) for 1=0.619 9 A; (c) comparison of XRD spectra of powdered PVDF at atmospheric pressure and 1.1 GPa
PVDF # RAEA[R HE J) T (19 XRD 1§ A& 2(a) firzs o Ay 1 54 4 AR B0 HEAE g T B 235 4 A ot 72,
B Hor 2 ClLL €2, €3, C4, C5, Co 3t 6 N IXIBEATRRE . X4k C1 AR JIE 8 1.1~16.9 GPa, A LR
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e B R T, o #H (020) & AT 5 06 R S8 FE AR, JTAE 4.8 GPa Ik [AIRT, 7E 6.8 GPa L T y #H
(002) i 17 XTI, (4 A7 5 e, LA b B e 0 T B i AR B, ARG HE 9.4 GPa kA4l fk, JJ5 7F 16.9 GPa i
R, EHA BT RAT aoy A, XK C2 19K J1VEH R 1.1~33.7 GPa, AT LLE H: o #H (110) & 1H
X IO AT S WETE 3.1 GPa Ji 2%, B 5 11 BUAR B8 A 43T 56 0, H T B AH (220) T (110) ST 5 y 48 (110) Fl
(LO1) & TH X N7 1) 37 S W 7 8 AU, BT b, 22 07 59 0 Sy 1 3R TU b i 1T 1) 22 6 07 539 e WO B A )
BT R OB, AE AT B T 25 MR O R AT, SRS 7E 16.9 GPa J5 Blifk, Wl 76 05 9 i e 2 i vl o
s, R B R AT a—p My MIFEAS . X C3 B RSB RI 1.1~16.9 GPa, 7] LUE H: ZEIIE
R, o M (021) & TRIAT ST IEAE 3.1 GPa W5 2%, BfiJ5 7 4.8 GPa W BL T y A (022) & 1 fi7 G i, 16
6.8 GPa fx 2R, ke ik J5 WG T EliAk, f 5 7E 16.9 GPa W2k . it B &2 T a—p Fly MHEYEES . X
B, C4 {9 FE 13 R 1.1~33.7 GPa, o # (130) &b 10 AT 5106 7E 3.1 GPa i 2%, Al B 8 A (001) /& 1 477
U, Z AT SR AE R 1R 9.4 GPa IR AR B, W TE 76 BL e B R o B2 rpob SR B v . X3k 5 Y R S LA
13.3~33.7 GPa: 1 13.3 GPa N 3L T y AH (201) & THIAT7 5 08, 7F 27.8 GPa I FedR i, Bl /5 7F 33.7 GPa I i
TEAEGE . Xk C6 WY IE ST H N 1.1~33.7 GPa: 1 1.1~4.8 GPa [X [a]if f£ 7€ o A1 (020). (110), (021),
(130). (200). (002). (111) fh AT 5T U, 75 6.8 GPa B 4 BUAR 38 A AT 5 0, 2% 1 » A (041). (132). (211).
(004). (140) 18 1) 52 G A7 S5 0, I L 76 ol R v L Bk Rk AR 56, ¢ BH 78 12 3 i vl 4 it M Ok
U, BAET a—y MBRAS o DL AT S5 G i A R 2K 1 D DXL 980 Rl A 8 Sy, 8 T A W A8 S BCHL &85
AR WEIE BT B B O, o & 2(b) 44 T PVDF 45 MG 4> T BEA L

(a) [ — 33.7GPa — 192GPa — 9.4 GPa — 3.1 GPa (b) e ¢ ee 0 27 o
— 27.8GPa — 169 GPa — 6.8 GPa — 1.1 GPa a-phase
— 246GPa — 133GPa — 48GPa  _C6
LN { Y - o =
,’/\‘ o0 ¢ ee ¢! o0 ¢! se ¢!
Cs \ v
c2 AEEY/AN
\ / u.\ \
/;; (X ] e® oo L X ] (X4 (X ] L X ] o0 o0 L X J
§', B-phase
2
7]
2
2
k=
LA
y-phase

o0 o

e ¢
. Carbon Fluorine ® Hydrogen

[¥12  (a) PVDF ¥3oRTEA AR I B XRD 1%, (b) PVDF 45 AR5 5E k7
Fig. 2 (a) XRD patterns of PVDF powder under different pressures; (b) molecular chain configuration of PVDF crystal phase

2.2 LTHMNIR UL S

FESE I T KRR 1N PVDF /9 XRD 4387 J5 , i —25 1) FH 4 5L A5 466 21 41 % 3% ( Fourier transform
infrared spectroscopy, FTIR) ${ R¥K 5% PVDF 7& m R 54 T 0 F 4545 fk . FTIR fig i £ fiL ¢ F
PVDF 43 T 5 ¥ G A b M A8 AL 1 PR (5 B, 5 XRD (19 S AR 254 2 e i 5 #b o A& 3(a) FFoR, 7
1.1 GPa 12k b3t it 6 LA U AR 08, AR A Li 281 B A5 R, W HAm 40 @,(614.137 cm ™) |
@,(769.366 cm™) | @;(975.456 cm™) . B5,(846.102 cm™) | 3,(882.379 cm™) . B5(1075.995 cm™), HJ hy It
WSO X 0L 1 RS . A 3(b) TR, @y 214 MR 3 06 ik KB e ) T 1T F8 (2.4 em'/GPa) , If-7E 8.8 GPa Hif
T 5%; a, LLAMNIR S I BOBE TR F1 TH 5 17 W 5% (1.6 cm™'/GPa) , HL7E 28.5 GPa I W IS5 J3E 21 il AR, I T
FE N3 7 v M A s oy 215104 I8 5 R 07 T T W 3% (1,01 em'/GPa) , W T 7E il 5 2 v 38
Fefk, HAE 19.5 GPa B} 2K 5 B, 21 A1 Wi 8 55 7 i i A2 P 5 88 (2.51 em™'/GPa) , I8 TR B i Gk ; B, 41
AN WA 0 0t KO in T 3 AR P A% (2.08 em /GPa) , W T 3Z ¥ SE AL, 7E 28.5 GPa IR 2% 5 B, £1 7 W it
BAE 1.1~10.5 GPa il EiF R 542 (1.01 cm™'/ GPa), BB i wi ik, 78 13.9 GPalf i 2% 5 v A1 AG 4R E IR
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ShGEFE R 3 R AEAS BIAREE, JRRAG 2 1. (1) T PVDF B[R] & 8 BT AL 4 FaE 4, Har
AN AP AR 2 3L R IR Sh U, v A B RRAE PR s nT R8-S5 HAAH (A o AHEK 8 A1) FR4IR Bl 06 (37 B AH I 2,
(2) H Ty AH A 43 B R BR 48 3R sh 76 5 R T B9 AR SR AR fL /DN, i 4T AME 5 55, S 20 AN EE iR HoAl
i AH A S, ME DL X )

(@) B _285GPa 1100 '.(Ii) e 0 : 22
~__195GP A gl
— v
. \E 1000'.‘ TR - . S0 ‘az
o
g % v vyv¥yy - A‘ ﬁ3
3 S 900f_ & yywr ¥ e a
§ g AL Adas A
=}
< S 800t Erp— ¥
g ses oees
700
/ \ . , 600 L= e 0 , , , ,
400 600 800 1 000 1200 1400 0 5 10 15 20 25 30
Wavenumber/cm™! Pressure/GPa

3 (a) NFEEJITF PVDF B3R 11 FTIR J6i¥%, (b) PVDF #iKH @\ @, a5, B, B, B; 19 FTIR WIS 3 i & A A%

Fig.3 (a) FTIR spectra of PVDF powder under different pressures; (b) pressure-induced shifts
of FTIR absorption peaks for @, a,, a3, B,, B,, B; of PVDF powder

3 & @

ARWFFE R G K T PVDF By oK 19 8 JE XRD AL ARG 3% K dl, 528 T XRD 453 2] i K & i ik 5
FTIR 15 2| (1) R SR E A0 S 1 BLEEXT 1L, 19 8 DUF 258

(1) WHET, FES L o MR 3 It A2 vh, 4> F5E S HEK 3h o A0 56748 Sl g AR y M, 3X — g Y
S A h R HETE 3~6 GPa X [H], XRD 1 5 £LAMGIE R #2 3 o /55 TR B, v (551558, B3k 1
K& e 7 S A AR AR R 2Dk

(2) ETHE, B 5 y M A AE B TR, Al b AL B 2 B, 208 [R) A5 10 S T A AR A G 1 i 37
SR B A . YR T AT 20 GPa B, A% AR T S5 INR, IR B 5y M REAT T, X AT S 0 A T O
FEIFTH I s XRD 5 W58 T B 2w 38 K, R IR )P B AR SRR AR, 204X B 5 y AHRRAE W i e []
5, HE— DA UE SR

(3) XRD i 1 75 Jo] 4001 1 B0R%, A R Ak BIUAE T 2K 5 FTIR I R A 4, AN /0 i 8 &2 H e BVl 45
WA, X A e B HL 2 . I, & N L0465 rh AT AR n] UL 5 “a 155 07 U1 TR 1 W 2 A
PIFR A7 10 5B TGTG BEEL, 173k 58 2 1) =4k o ik

(4) 2 FPERE LA ] T 7 5 20 T B0 B3 (] 38 A 375 T M 522 B0 A < b Sl e 8k . A 0 T R T B R AR
LA

Zi I+, PVDF {5 e AHAE 2 5+ 4 5 HE 5 S A% A 5 B2 PRIl Ak i 52 5l 725 A9 4 ) W] PVDF 7E 4K
Ui PR T B S5 AT AL SR AL T SE IR AR, I o He s e R PR BB AR AL B T AR A

Bt L& R ¥ a4t K E BLISUL 89 R R &AF KA 7 & BAF AL F 8 & E s i g
WR, ERALEE X AT ARl & E PR B A R Ao 3 A PR 69 & 35 535 )
53 TRk

[1] DUAN B Y, WU K F, CHEN X Y, et al. Bioinspired PVDF piezoelectric generator for harvesting multi-frequency sound

energy [J]. Advanced Electronic Materials, 2023, 9(8): 2300348.
[2] FAN W, LEIR X, DOU H, et al. Sweat permeable and ultrahigh strength 3D PVDF piezoelectric nanoyarn fabric strain sensor [J].

021101-5


https://doi.org/10.1002/aelm.202300348

40 K THEEE . RS N R B2 (PVDF) BYS5HARE 2

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Nature Communications, 2024, 15(1): 3509.

MU J L, XIAN S, YU J B, et al. Synergistic enhancement properties of a flexible integrated PAN/PVDF piezoelectric sensor for
human posture recognition [J]. Nanomaterials, 2022, 12(7): 1155.

Z0OU X X, ZHU R J, CHEN X, et al. PVDF piezoelectric sensor based on solution blow spinning fibers for structural
stress/strain health monitoring [J]. Smart Materials and Structures, 2024, 33(4): 045006.

ZHOU H J, ZHANG Z J, SUN C X, et al. Biomimetic approach to facilitate the high filler content in free-standing and flexible
thermoelectric polymer composite films based on PVDF and Ag,Se nanowires [J]. ACS Applied Materials & Interfaces, 2020,
12(46): 51506-51516.

KUMAR A, KUMAR R, SATAPATHY D K. Bi,Se,-PVDF composite: a flexible thermoelectric system [J]. Physica B:
Condensed Matter, 2020, 593: 412275.

PAI Y H, XU C, ZHU R Y, et al. Piezoelectric-augmented thermoelectric ionogels for self-powered multimodal medical
sensors [J]. Advanced Materials, 2025, 37(6): 2414663.

FERREIRA A, COSTA C M, CORREA M A, et al. Thermoelectric study of Co,FeAl thin films grown onto flexible P(VDF-
TrFE-CFE) terpolymer [J]. Journal of Alloys and Compounds, 2023, 956: 170333.

TIWARI V, SRIVASTAVA G. Effect of thermal processing conditions on the structure and dielectric properties of PVDF
films [J]. Journal of Polymer Research, 2014, 21(11): 587.

WANG Z, XUE W Q, YANG Y Z, et al. PMMA brush-modified graphene for flexible energy storage PVDF dielectric films [J].
Composites Communications, 2023, 37: 101411.

PADURARIU L, BRUNENGO E, CANU G, et al. Role of microstructures in the dielectric properties of PVDF-based
nanocomposites containing high-permittivity fillers for energy storage [J]. ACS Applied Materials & Interfaces, 2023, 15(10):
13535-13544.

CHEN X L, SHI Y H, ZHANG K, et al. Synergistically depressed dielectric loss and elevated breakdown strength in
core@double-shell structured Cu@CuO@MgO/PVDF nanocomposites [J]. Polymer, 2024, 307: 127321.

CHEN Y X, CAO L L, SU Y L, et al. Enhancement of dielectric properties in flexible Ti,C,T/PVDF composite films [J].
Ceramics International, 2024, 50(3): 4323—4331.

LOVINGER A J. Annealing of poly(vinylidene fluoride) and formation of a fifth phase [J]. Macromolecules, 1982, 15(1):
40-44.

WRIRI, JHIR, 558, 5. R L4 (PVDF) £ S BURHIE BT [1]. da2% b0k}, 2022, 55(4): 1-12.

CHEN Y Q, ZHOU J, WU K, et al. Research progress in polyvinylidene fluoride (PVDF) polycrystalline characteristics [J].
Insulating Materials, 2022, 55(4): 1-12.

GREGORIO JR R, UENO E M. Effect of crystalline phase, orientation and temperature on the dielectric properties of
poly(vinylidene fluoride) (PVDF) [J]. Journal of Materials Science, 1999, 34(18): 4489-4500.

WANG W J, FAN H Q, YE Y X. Effect of electric field on the structure and piezoelectric properties of poly(vinylidene
fluoride) studied by density functional theory [J]. Polymer, 2010, 51(15): 3575-3581.

LIL, ZHANG M Q, RONG M Z, et al. Studies on the transformation process of PVDF from « to 3 phase by stretching [J]. RSC
Advances, 2014, 4(8): 3938-3943.

MAO H K, BELL P M, SHANER J W, et al. Specific volume measurements of Cu, Mo, Pd, and Ag and calibration of the ruby
R, fluorescence pressure gauge from 0.06 to 1 Mbar [J]. Journal of Applied Physics, 1978, 49(6): 3276-3283.

CHAUHAN A, CHAUHAN P. Powder XRD technique and its applications in science and technology [J]. Journal of Analytical &
Bioanalytical Techniques, 2014, 5(5): 212.

CAI X M, LEIT P, SUN D H, et al. A critical analysis of the e, 8 and y phases in poly(vinylidene fluoride) using FTIR [J].
RSC Advances, 2017, 7(25): 15382-15389.

021101-6


https://doi.org/10.1038/S41467-024-47810-7
https://doi.org/10.3390/NANO12071155
https://doi.org/10.1088/1361-665X/ad2d6a
https://doi.org/10.1021/acsami.0c15414
https://doi.org/10.1016/j.physb.2020.412275
https://doi.org/10.1016/j.physb.2020.412275
https://doi.org/10.1002/adma.202414663
https://doi.org/10.1016/J.JALLCOM.2023.170333
https://doi.org/10.1007/s10965-014-0587-0
https://doi.org/10.1016/j.coco.2022.101411
https://doi.org/10.1021/acsami.2c23013
https://doi.org/10.1016/j.polymer.2024.127321
https://doi.org/10.1016/J.CERAMINT.2023.11.016
https://doi.org/10.1021/ma00229a008
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.001
https://doi.org/10.16790/j.cnki.1009-9239.im.2022.04.001
https://doi.org/10.1023/A:1004689205706
https://doi.org/10.1016/j.polymer.2010.05.021
https://doi.org/10.1039/C3RA45134H
https://doi.org/10.1039/C3RA45134H
https://doi.org/10.1063/1.325277
https://doi.org/10.4172/2155-9872.1000212
https://doi.org/10.4172/2155-9872.1000212
https://doi.org/10.1039/c7ra01267e

5540 % K THEEE . RS N R B2 (PVDF) BYS5HARE 2

fiisRA PVDF & &EBI(TH & E A EIR KR 20 (7511

& Al PVDF o @EMTTST MR EFUR K 1.541 8 70 0.619 9 AHY 26 7 591§
Table A1 Diffraction planes of PVDF a-phase and corresponding 26 peaks at wavelengths of 1.541 8 and 0.619 9 A

26/(°)
Crystal planes'”! A=1.541 8 A 1=0.6199 A
Calculation™ Experiment!'” Calculation Experiment

17.40 6.98

17.50 7.02

17.66 7.10

(100) 17.88 17.70 7.25 7.12
17.80 7.16

17.94 7.24

18.10 7.32

18.20 7.34

18.30 7.40

(020) 18.41 18.40 7.43 7.44
18.38 7.38

18.50 7.44

18.80 7.54

19.70 7.94

(110) 20.14 1990 8.07 .00
20.00 8.06

20.04 8.08

20.10 8.10

201/(310) 26.20 10.46
26.30 10.50

19.90 8.00

20.20 8.14

(021) 26.69 2222 10.69 12::
26.60 10.64

26.78 10.74

(111) 27.97 2780 11.90 1106
27.92 11.10

(130) 33.20 13.14
35.70 14.22

(200) 36.22 35.90 14.26 14.32
36.12 14.36

(002) 38.99 3850 15.40 1338
39.00 15.42

(022) 43.51 57.40 17.18 22.34
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#& A2 PVDF B @B MLTH RE A KR 1.541 8 §10.619 9 ARy 20 1751 1%
Table A2 Diffraction planes of PVDF S-phase and corresponding 20 peaks at wavelengths of 1.541 8 and 0.619 9 A

260/(°)
Crystal planes" A=1.541 8 A 1=0.6199 A
Calculation'! Experiment!"” Calculation Experiment

20.70 8.36
(200) 20.70 8.36

20.80 8.38

(110) 20.85 20.80 8.42 8.38

20.00 8.06

20.70 20.26 8.30 8.16

(200)/(110) 20.85 20.30 8.37 8.18

20.60 8.32

20.90 8.42

(001) 35.05 35.60 14.00 14.12
36.37 14.32

(310)/(020) 37.0 14.56
36.53 14.44
36.53 14.44

(020)/(101) 36.60 14.44
36.68 14.50

56.10 21.86
21) 56.08 21.84

56.90 22.14

# A3 PVDFy @B WITH R E AR KA 1.541 8 71 0.619 9 AfY 20 7531
Table A3 Diffraction planes of PVDF y-phase and corresponding 20 peaks at wavelengths of 1.541 8 and 0.619 9 A

26/(°)
Crystal planes!"”! A=1.541 8 A A=0.619 9 A
Calculation™ Experiment!"” Calculation Experiment
18.40 7.44
(020) 18.37 7.39
18.50 7.44
(002) 19.38 19.20 7.75 7.74
20.00 8.06
(110) 20.09 20.04 7.99 8.08
20.10 8.10
20.09 7.99
(110)/(201) 20.20 8.14
37.96 15.20
20.09 7.99
(110)/(101) 20.30 8.18
20.75 8.32
(101) 20.75 20.30 8.32 8.18
(022) 26.77 26.80 10.74 10.74
36.00 14.34
(200) 36.22 14.50
36.20 14.36
37.96 15.20
(201)/(041)/(132) 38.47 39.20 15.39 15.48
39.17 15.60
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RA3 ()
Table A3 (Continued)

26/(°)
Crystal planes" A=1.541 8 A 1=0.6199 A
Calculation'! Experiment!"” Calculation Experiment

(132) 39.17 39.50 15.60 15.60
(211) 39.17 3870 15.60 1336

39.00 15.42
(004) 39.34 39.30 15.67 15.58
(140) 41.62 41.70 16.64 16.46
(212) 4329 43.20 17.32 17.16

% A4 PVDF T[] EH) FTIR & BRI IE
Table A4 FTIR exclusive characteristic absorption peaks of different crystal phase of PVDF

Crystal phase Wave numbers/cm™'
a 410, 489, 532, 614, 763, 795, 854, 975, 1 149, 1 209, 1 383, 1 423
445, 468, 473, 509, 840, 879, 1 073, 1 275, 1 401, 1 431
Y 431, 482, 776, 811, 833, 1 234, 1 429

Polyvinylidene Fluoride (PVDF) Phase Transitions under In-Situ High Pressure
ZHANG Shenghan'**, LI Ting', ZHANG Xiaojun', CHEN Zhigiang'?

(1. Arrayed Materials (China) Co., Ltd., Shenzhen 518110, Guangdong, China;
2. Department of Materials and Chemical Engineering, School of Energy and Materials,
Shanghai Polytechnic University, Shanghai 201209, China;
3. Center for High Pressure Science & Technology Advanced Research (HPSTAR), Shanghai 201203, China)

Abstract: Polyvinylidene fluoride (PVDF) is a versatile semi-crystalline polymer exhibiting outstanding
piezoelectric, pyroelectric and dielectric properties, and is therefore widely employed in sensors, energy
devices and biomedical applications. Its performance is governed by crystallinity and the polymorphic
constitutiona (a, B, v, 6, €), among which the polar S-phase possesses superior electromechanical
characteristics compared with the non-polar a-phase. Nevertheless, the a-phase remains the most stable and
the most readily obtained thermodynamical form. The structural evolution of PVDF under high pressure is
investigated by means of in situ X-ray diffraction and Fourier-transform infrared spectroscopy. At ambient
conditions the powder consists primarily of the a-phase with a minor fraction of 8. Upon compression to
0-20 GPa, the « phase gradually diminishes; the emergence of new diffraction peaks and band shifts
indicates sequential —f and S—y transformations, accompanied by a pronounced increase in 8 content and
concomitant formation of y. When the pressure exceeds 20 GPa, severe lattice distortion destroys long-range
crystalline order, resulting in peak broadening and eventual amorphization. The study unveils the intricate
interplay between pressure-induced chain rearrangement and polymorphic transitions, clarifies the high-
pressure phase-transformation pathway and structural evolution of PVDEF, and thereby deepens the
structure—property understanding of this polymer. The findings also provide a theoretical basis for tailoring
its performance under extreme conditions and for designing high-pressure technologies.

Keywords: PVDF; high pressure; structural phase transition; in-situ X-ray diffraction
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