%2 1 8 49 F ¥ ik No. 2

1995 4£ 4 B ACTA POLYMERICA SINICA Apr.. 1995

RELH/ =ROHBERYNTRNBHERESE"
KX T w )& R

(FEBERAXEHNREETREA AR 230026)  (B{A¥FWHEF AA 351-01)

B B AR anstiE OB 2% 0ET VDF/TFE(73/27, 65/35, 52/48mol%)
IRDBHE, BRE K, BB REEREE—120—130°C, 107°—10'Hz HEEEK
SHNBER MTHRLABAREREARERENEXARRSERENG BB NRLE
AR T & SRE LA, BRAGHMREREK, RTS8 MRS HRE
FRX 4 TEIHH 6 MUK REZEER v RCHIR) BAMK. MARERER,
B PSR /N, v HASHEE IR S S RN SR BT B, DK AL HhGRBE I,

X@E RECHE/ZRCHILRY, B, 4R

BB/ =8 L)% (VDFTrFE) LRy ek s b Bask R BLLLK , Bl 26 H gk - i
RAEERT TIFEH RN BRBOT I EEERERTERXE™, BTAERANERE
DA%, AT 2 AR B SR B0 AR 4 B8 BE SO » IR T AR 8 XIS A v A St B 225 8 DR

5, M2 AR B EE PR, BT LARIPLAR , % VDF/TIFE EBRAEIER A s AASHIAIR
RD, UBAr e bAse 5 B Ui e R B T, N THRBXMEEEB TN
P FASH, EELE A BRI,

A RESCEN BRRUR AL RESEENRRT, B REE T A RS RE
R, PR T4 RBEEXN VDF/TFE Skt KRYNER A MR BXAERX A
R FA S BRAY R .

1 OUEe AR il
Ll frea A RS

RGBT R RTE, & C 2 f MR, E L S HIE PR
Rt LA B vt ALK B 2 AT T Bt , N R A 1 %R 53 2%, WX ALH
FHEY: NAXRSBFINAE —EME—e MU EZEEE, 2355, BHE R
FSAE . o A LT M 7 B R AR RO A s iR, 2 s K2R TS A R B Bk 5 S
FBILRBEMEM A/D BHEBEFTIHEIF. KEE Fourier BB R, HARE
AR B2 0 382 10 & BRORD ik R R 61 » 75 20 B RO OB, i S AT EDALE A B D e
1.2 A&

R4 VDF/TrFE RIIBLRMETB K IAFE(BERE D S8 514 52/48.65/35.73/27)
A BA Daikin iy A F] =4, 4351 PFR DT 25 B BROR [F) 45 &4 BE B9 3R B

* 1992-07-06 W35



162 =2 4y ¥ =4 R 1995 £E

WRARIE (as-cast): JIFR ZEABIBRIREEA 5% MOVEH , ZiE T RHB MR =E, HIBE
B2y 30pm HyBHABALE;

RALE (annealed) : R IF KRR FETE 140°CHZSRALEE 2 /N3

AP K (quenched) : $F 75w BRI FETE 180°C 38 43 F R Ja G TR b 8 2K 5

RN % (slowly-cooled): MFE 53 RR AL 0.5°C/min MIEEZBANEERE.

Fl Cauchy REGHAMNEAXHEITHEMSG, BTHESAESE (C) FdER
(NYEB 2, RBERE X, =C/(C+N)¥, BRAEKRE X. 20 20%, FERENY
30% , BRIV AR BN EE I 70—80%,

AHLENEREELEER(ERER 23 X 2ow?), £ERMXZZEAE—120—
130°C,1072—10'Hz {EREAEBNMBER e* =¢ —ie”,

2 ZRmMiTiE

LBRNE TEEAMAAETRECENERDRAEERE - RETHOMLEEIERERR
BETHINBITERE, B 126 VDF(65)/TrFE(35)# 0—130°CRYFH R IT BN L iR B 1,
B VDF(65)/TrFEQGS) R A IR AT RIS A/r s B IR MEE S, B %Y
HOIBE R ENL, ERE 60—130°CHEEN ¢ BRE X M AR B RN 5% - I s AE 4
TEREBER T.), SREEIBNEELKTLARIEN T, % 95°C, HEMHNE
65°CAA ;X T VDF(73)/TrFE(27) RAFE, FHREEM T, 7 125°C,BFERMNI% 75°C;
il VDF(52)/TtFE(48) FHRM T. 24 70°C,BERAINIAE 58°C. FEHN T. LEEHE

W%, &I HR ARk e B SR 3R M
) AIFBE/R&EM VDF/TIFE £ Rk E,
A FEEEMN T. i VDF SEEXHTT
. XEHE% VDF &8 50—80% i,
FZRERNEEENERR S HAR). F
B (BB, BT 4E R,
(8485 VDF & BN T, REM k., %
B (A EAE), e %R R
10 R0 0 T, MHERN T, HELRK,

T T, AR BRELIBEEX, AN
Fig. 1 Temperature dependence of & for ZEBELREXR. BB 170, XFH

60 F

< 40F

20

VDF(65)/TrFE(35) copolymer at heating ﬁﬁ:ﬁ, ﬂﬂagig‘éﬁmﬁﬁé(z) (‘DB‘J T
rate of 2°C/min and 104Hz . ? e ¢
(1) as-cast; (2) annealed; (3) quenched; wﬂaagﬁ{%mﬁﬁﬁ(3) /N 10%C, ﬁlﬂ%

(4) slowly-cooled

ZREIRRERRE T, Rifi%. Oks S5
Fi DTA fl TSC HAMEEXN THE VDF SELEY, BARERBARED
T. 25", F AKX RERE, ERAFREEN, TEARELEERE, &
FRTCFFROBREA. B SR A 8 % R B kel SRR RS 3R, L R Sk MR A i85 K
RN T, BB RRIE. b, IR RBERE(OMBLERREQE T, K30
F, XRRAWEHRG M R R,



2 HWNTTE: RELHE/ ZHTHARDN B A0S R R 163

BEMEXHM R ERMSXRNA X, 1 AN RERGE T R R T
GREBEAR,FUNMREBREE, EREABEHSEQ) . (DREHMRER
SOLRAERE(D GYRMM(AIORBE, K2, N T. & ¢ BANTHE RS
RE AR, '

70

Fig. 2 Temperature dependence of &8 and &'’ for VDF(73)/TrFE(27) copolymer at
) heating rate of 29C/min and 104Hz
(1) as-cast; (2) annealed; (3) quenched; (4) slowly-cooled
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Fig. 3 Frequency dependence of & and &’ for quenched
VDF(52)/TrtFE(48) copolymer.
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Fig. 4 Three-dimensional display of &'’ for frequency and temperature
spectra of VDF(52)/TrFE(48) copolymer
(a) annealed; (b) quenched
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Fig. 5 Frequency dispersion composing of (1) low-frequency part and (2) high-
frequency part for quenched VDF(65)/TrFE(35) copolymer at —25°C
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Fig. 6 Comparison of (a) low- and (b)( high-frequency parts for dielectric freque-
ncy spectra (8'') of quenched and annealed VDF(65)/TrFE(35) copolymer
quenched; ----annealed
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Fig. 7 Correlation of relaxation time with temperature for VDF(52)/TrFE(48)
copolymers @ quenched; O slowly-cooled; © annealed
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Fig. 8 Correlation of relaxation strength with temperature for
" quenched and annealed VDF(65)/TrFE(35) copolymers
(1) ey + Asy; (2) Asy
® © quenched; O @ annealed

RIEERE. () AMRMBNERR IS, G ABMBRXRIEMS. £E)H, #FARK
PERYAE R AASHIE L RGE BIRFEI R F, (BREE #0 LAR R HR B 128 2 i 1 BE PR AR I R4 5
M#a. EOE, BARELAGERERNRMER NS, WEREREREREERN
RIS M3, (ERHREREEEAB KR, IFRUEERE MR RRERRA B &
L, FRBEXB GRS S FHBENBAMEHE T, LT RES RS, BiEsh 3RS, N



168 = 4 F OF iR 1995 £

T e AR TR RS 5 1 B B RO SR X A St — B8 R B T 2, T ARAEERHRREEN
FKISEN S, XS RE 4 & X AR X R KT B 0 % RIEE RER
A%, 53 T 7T B BB 4 6 R i i A /N 5 20 R A St B B i e AR

FAG Bl (f FOEIBORNE lgr SEERXARME 7 iR, BhE4H TR
EMNARSZIREARRAROBYE. B 7 HE, RERGREERKAhEERRELL
EEBT--E,EZRBUTDH 6.7 RAMEMS. KR 6 M4 WLF H&2. 7 5
B gt 51/T X%, ET Arrhenius BUfAM., B Arrhenius % ERX

7 = 1 e AH/RT )

ko

HESEXNT VDF/TFE LRy, BHEMHIEMHEE AH 2% 57.7kJ /mol, (& R VDF
HERREMEL, SRENEREXRRBARK, X &k A%, £ 5 Boltsmann #K.
XL T ESR FEREAHES, NERESEKBESAFNERLEE. W
M AT #1e VDF/TFE (RN BEX . FERXURBELZEEINECIERERN. £
R L, BT T RIS RSB 3 A TR AR R 2 B AY,
H(OAUEBBMWZEUT VDF(65)/TrFEGS) MM BAMRE (Ae) 5RE(T)
XA A 8 R, EHRIARE S 4 A RSB KREAIESZRHEEE (A,
A8 AR RENEXAENESNIEER K, BERENALERBENRX
FAMBREE (Ae,) B K. 7E—40°CHET, R MBEIB IREE, SAIRAMIRE FoEME.
5tH'E VDF/TFE R Ae-1/T WXARENBXNIIREER VDF & & 1% in /i &
ANIERRMIEELS VDF §BXAARK. —40°CUT,IERNUB GRS, S FAIEHH
oy RTR/N, B AT (SRR b B84 BT 8 E LR R B MR TR a m/h.

g % X MW

{1] Furukawa T, Johnson G E. J Appl Phys, 1981, 52: 940

{2] Ohuchi M, Chiba, A, Date M, et al. Jpn J Appl Phys, 1983, 22: 1267
3] Koizumi N, Haikawa N, Habuka H. Ferroelecirics, 1984, 57: 99

{4] Furukawa T, Ohuchi M, Chiba A, et al. Macromolecules, 1984, 17: 1384
[5] Samara G A. J Polym Sci, Polym Phys, 1989, 27: 39

[6] HXTHNER,BH FFETFRHEC(H A),1989,38; 3401

{7] Furukawa T, Date M, Ishida K, et al. Rey Sci Instrum, 1986, 57: 285
[8] Tajitsu Y, Ogura H, Chiba A, et al. Jpn J Appl Phys, 1987, 26: 554
{9] Oka Y, Murata Y, Koizumi N, Polym J, 1986, 18: 417

{10] Fernandez N V, Suzuki A, Chiba A. Macromolecules, 1987, 20: 1806
§11] Furukawa T, Date M, Nakajima K, et al. Jpn J Appl Phys, 1988, 27: 200



2§ WXL R SRR IERY A AL BB ' 169

EFFECT OF THE DEGREE OF CRYSTALLINITY ON
DIELECTRIC RELAXATIONS OF VDF/TrFE
COPOLYMERS

ZHANG Xingyuan
(Department of Maserials Science and Engincering, University of Science and Technology

of China, Hefei 230026)

FURUKAWA Takeo
(The Instisute of Physical and Chemical Research, 351-01, Japan)

Abstract The complex dielectric constants of as-cast, quenched, slowly-cooled and
annealed copolymers of vinylidene fluoride with trifluoroethylene (VDF/TrFE) (73/
27,65/35,52/48 mol% )are measured by an improved dielectric relaxation spectrome-
ter in the range of —120—130°C, 1072—10'Hz. The Curie point (T.) of slowly-
cooled and annealed samples is lower than that of quenched ones because of a diso-
rdered ferrophase in the former and an ordered one in the latter. The dielectric
constant around T, increases with the rise of crystallinity. The frequency spectra of
copolymers below the room temperature consist of 8-relaxation ascribed to the micro-
Brownian motions of molecular segments in the noncrystalline regions and 7-relaxa-
tion designated as the local motions of small-scale segments. With increasing the
crystallinity, g-relaxation peaks of low-frequency part diminish and 7-relaxation pe-
aks of high-frequency part enlarge, the relaxation strength of noncrystalline decrea-
ses and that of crystalline increases. A

Key words VDF/TrFE copolymers, Dielectric relaxation, Crystallinity effect





