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Induction Effect of Montmorillonite on Polar Phase of Poly(vinylidene fluoride) and Crystallization Process
Liu Gang', Xiao Lihua', Fu Chao
(1. First Aircraft Design and Research Institute of AVIC, Xi’ an 710089, China ;
2. Changchun Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, China)

Abstract : The organic poly(vinylidene fluoride) / montmorillonite (PVDF / MMT) nanocomposite film was prepared by
solution blending. The content of polar phase and crystallinity were characterized by Fourier-transform infrared spectroscopy and
differential scanning calorimetry respectively. -The results showed that MMT could effectively induce the polar phase of PVDF. The
dispersity of MMT was examined by scanning electron microscopy. The MMT almost existed in form of few platelets complex and
exfoliation of single platelet at concentration of 0.5%, whereas agglomerates with large size at 1%. The polar phase was induced
by ion-dipole interaction between MMT platelets surface and PVDF chains. Larger contact area between MMT surface and PVDF
chains resulted in more polar phase. The isothermal crystallization process was observed by polarization optical microscopy. The
MMT with better dispersion suppressed the nucleation and growth of a phase and promoted the y phase.
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R LMy (PVDF) J2& H Al E R e M e B
AR 2w TR, B R A RE h 47

YRE G R
PVDF 4114 5 3 KR M AR B 48K i i & 1

AR SR 1] [7]—J7 1 B B AH (TTT) Fr iR B, o
H (TG'TG) F il 3L 19 i A 6 B T 1) HE 57, JC 1 H
P, v H(T,GT,G) BIBRPES T Z (8], B 7m—
SE ML IERE o SRR — A4S A 2R PR R 5 1 A
T E AR AT ERE N o MLIERL B AT
s B2 e R L L RRE L B A
v TR TG B RE R RE A A AR 5 PVDF A%
PEAR B, AT 2005 R IR I AR S A AT
JIANELRS T O EATE NGRS T R LY NP N 5
h B Ak SRR 1 RS T B AR
FEAP R IR EERRER AT KIR AR 7 J=2 4540, 1L
PR , B AR AT, R 2 R T & RS )

Z 8] i AR B AE I g 65375 5 PVDF A MR AR TE 1k,
It PVDF / 4K 2R R AL B A A BE RIS AR 11
AR AH 5 40 T BE AT A DK R I U 2 254
Ol SRR Z S50 0 1A TR A6 2 0k TG 2
A L8 ) =S e N S B i) P P (I TN E SRR
PR AT AR S A5 R U0 83 ) Vs TR0 2 0k i 4
T PVDF/ Wi+ (MMT) 91K 52 & 98 T
PVDF By 45 iAo, #EMAR DT T MMT 40K Fr b 4
¥4+ PVDF M AR AR ()75 S HLEE, 3X % 42 % PVDF

i N 1= E7 1 = VN c v B i i B B G )
Witk H 391 2 2017-07-09


杨超


24 TSR

JEHPERERA T RN E L,
1 ZWES
1.1 =&k4

PVDF : KF-1000, H A5 P\ A 5

AP MMT : KSF, L& H L 20 ~ 40 m’
/ g, BT TR A |

N, N- — H FLH i i (DMF) : 4l 99.5%, Jt
AL TR
1.2 MEREAE

{8 FL AR e 2T A3 (FTIR) /X : VERTEX 70
A, 7% [ Bruker 27 ;

ZRFIEI (DSC) 1% : Q20 Y, SEFH TA A ] ;

Yk A B 5EE (SEM) : XL-30 B, 5%
[¥ FEI A7 ;

A WG B S (POM) « #4 & B Sy LTS
350 AU, |75 YL [ Linkam 23 75 WAL S A
DM2500 P 2, |~ Z N1 [E Leica 237 .

1.3 XAH &

439K 5 mg A1 10 mg ) MMT 43076 10 mL
DMF H, #8745 2 h J5, 1o it A& 77 W imAL g
PVDF, 7£ 80 ~90 °C F LA 250t/ min #iE % 1 hAf

PVDF Fo /0 , 3045 = FhMMT & 2 /) PVDF /A7) :

0%,0.5%, 1%, {H FH LIS WATE S 10 /min.

¥ L IRIR AR A R P AT B S il L
TE110°C FZE R EF 5 h, 76 190°C F filfk 10 min
J G % 2 2 IR A T
1.4 MX5 k4

iz POM ULINAE i 45 St i 5

3 % 5 SEM XA TE Stk F TR ;

FH FTIR SO T aRAG RS (4 285 A A R 04 T 3RAIE
FRIEHIMA — F/RE, T 837 em' Abpyidesi i n]
fEfe B A vy AHIRSIAVES, ILFIH o HHAGHFAE
I 763 cm ' AbAYPRBNIEFEFD 837 em AL AYIRBhER
5 2 2 (1) TR TR A P R A A R
F(p)o
A (1)
1.26A, + A,

K .4, A4, 5 5k 763 em ' A1 839 em
AR sl 1

FH DSC A3 i 1) — vk T il 2, AR 45 =X
(2) I+ FI ] PVDF () o AH 45025 il s B4 425 @l e (8L
AHh =93.04 1/ g, AH,, =103.4 1/ g THETHARAE &
25 X, o

F(p) =

2017 4F, 45 45 3 465 9 1]
X. = Ay X 100% )

2 #R5ite
2.1 FTIR #= DSC 4 #1

B 1L 2 AR TR MMT & ()9 0 04 sk ol
2 B IR T AE 190 °C 5 il J5 T 45 S 1 FTIR 13 AN
DSC £k,

/|

400 600 800 1000 1200 1400 1600 1800 2000
WL/ em™!
(b)

a— YRR IS i 5 OIS 5 b b 745 5 1
FI1 ORI MMT & B (A AR AR 1 45 S 0% FTIR Pl

MIE 1 FT LA H, 4l PYDF 7R85 I T A
TRIEZE RN SRARAR D B AR A, X T
T T AR R X R P AR 35 S A AR /N 1) i
TR R R GE F AR B AR AT
FGEM o MW FEW A MMT J& M P AR 75
H F(p) Th, HARIER 1 A 4E R MMT & &
9 0.5% B} F(p) ik %) 89%., 1 B 7E A1 [H] 10 235 & 4 14
T NA MMT % PVDF B4R PEAH I BAT 2 VR FH o
o Fl B AHEYKE SN 169 ~ 173°C, ELMELIIA B 1 X
g5, y MG S L ENTEIRZ, R 180 ~ 183°C,, fig
S W SR X4 MY M DSC — Ik THE #h 2
AT LLVE MR RS I R 2 o A1 B A, A
Jo vy MIE AL, 25 MMT & &8 0.5% B, #F i 19 1
FlGE TR S BT B b AR 1) 44 Rl IR, BRI LE
LRI . TR LA A F TR MMT M5


杨超


XU, S5« S A5 3 SR AR IR ARAR A A 1R L o 7 25

0%

g

100 120 140 160 180 200
g /C
(©)

a— VAR AR NS 1 2 (A S 5 b Rl B 245 T ) T
2 AN[E MMT & 9 i vk sk il 45 0 AR A DSC ik
*1 AEHRM Fp) X,

e g A Fp)/% X/ %
1 4li PVDF- /R4S iy 38 63
2 0.5% MMT— JFIRZE i 69 55
3 1% MMT- %45 T 89 53
4 4fi PVDF- IS T — W g 45 19 63
5 0.5% MMT— &AW — il 2h 63 54
6 1% MMT— EES - KA 4S5 90 43

0.1% MMT [AAE & 9 S0 Al UG b A s (I 1Y
JA Vg, 3 O I S AR TT BB B T AE UL AR IF N 45
mn i o FHARAR, B TR BIA R ZE R R, 4
HORER, o AARARTEEREE AR R, I s

W bR IETE 190 °CF 58 44 Bl s 2218 B IR
LT, BRI Fp) SEAR GRS {(HARYE DSC
2R, BE S B SR A A T AR A T AR AR AL, 4l
PVDF 5V I 5 114 J il JE DA T 2%, 795 4 445
NSEA R LY o K] PVDF (45 Bl IR, 0 B i
TRV RS IR P 205 5 DAL PVDF 4 T8 58 &
P, ZEICAE 0 R E4E R, PVDF 20 A5 20 Bty
SRR o MR IER: , HEA 75 2 AR st At fi]
DL o MBI AE K T B4 Sl R TR 43, AR
PR SR JE W . TSI MMT J5 T+ 20 5 D
JeE 2 &, MMT MAFFEBR I T o AHZE 5, e iF
THAEAH T B, 32 B TR ACIRAS T MMT 1)
R 2315 PVDF 4 18 22 6] 19 55 1 — (8 1 141

HAER, 54 0 F G e i 32 B BR I, BRI TR
B TTT A% 0501488, i PVDF 43755 5 L)
TTT M5 A A

£ 0.5% MMT 1Y) PVDF i I 28 8 45 5 5 FE AR
ALy ARG &L 40 DSC ki B AT 182°CAb 1Y)
TR SR BTy A SRR A AT R A e 2
P R Ay N ST 5 N s s DN A1 VAT LD A TR
I HAE TR A R i), o> THEIR 2 2 KA S e
W B Z 1 TG TG MG 8Ll , LRI A )2
FHo T 1% MMT (9 R 25 4t J5 A B AT — o i
() o M, ELHBL T 177 CAR R K g, ix T BEJR T
gh AR SE A y AL P BRI S G SRR ]
J& MMT 7£ PVDF HAK 2 8UE A R B0, &
0.5% MMT B FE i MMT £ PVDF 344 3 i e
s, T 5 PYDF 4314 12 i i AR K,
DA BAE AR, RS 5T 22 A A, X
HE— U - MMT %) PVDF B SR .

I MMT 5 PVDF 85 1) 45 i B FEAIG, 3843
KA S0 MMT 3K BERARBH AT T o AHZE 5
FEARPNE SRS b VER, TR 2 R
e 7% 0.5% MMT [BHEELE S EG = T 1% MMT
(1) JHE B, 332 0 BSORRE R A 1 1) MIMIT A Al
AFAY BAZ AR T R AR 4G O, DT 285 i B i, 31X
VL] MMT ()5 HORE E RESZ 25 PVDF R PEAR Y 25
TS A — R
2.2 SEM o#1

MMT 7£ PVDF B4R H o] G4 LA F JUFIEAE TR
K R R IR RT3/ NR AR 1
RIZE AW B 23R XL ioE U S R
B AR T ke AR %) RS/ IN TR S A P A 1) 5 8
& 3 N 1% F10.5% MMT () 8 5 28 4% Fil o 45
Ja SEM B R. HE 3 T EFH, & 1% B9 MMT [
HERE R MMT 43 DA K A SR ARTE AR A i
£ 0.5% MMT B, 24 MMT 43 8 7F DMF Hfk 174

MMT &t a—1% ;b—0.5%
E3 1% F10.5% MMT RIS A RE 25 5 )5 19 SEM IR -


杨超


26 TR R

2017 4F, 45 45 35 465 9 1

PRI AR A PSR R DB MMT 3 5 4K
15 R RB R A4 2 B 25 A1 400, MMT R
o LA B GRS A R R R X
TEAE, IR T8 £Z 49 MMT 5 PVDF SR A9 2
fil TE R, PRLMCAE S A P A P B i, AR T AR PR AR 1Y
e
2.3 POM % dhid A2 o4

Pt 5 A% vT LA L EE PVDF (145 bt 2,
Kl 4 38 1% MMT [ PVDF 35 210 °C 45 fb 5 78
160 °C 45 .45 fh A R ETE Y POM B o DAL 4 1]
b BAE T EE RIS o MRS
St B (18 4a), B 5 7R L /NGy AHEK G (
& 4c), BAKAIE o HIRBREZ F (K 4d), it
BOHLRE T g5 . S & 1% MMT [ PVDF
HEIEAE 170 °CHERlUG B9 POM BEF o 4% L THE
2 170°CHT, o AHIRER Al Ak T 2%, i Y
JNER SRR ORI R B, DR T H o B B
Uy AHERAR

100pm

2t ] : a—8 min ; b—13 min ; c—20 min ; d—60 min

E4 % 1% MMT ) PVDF {BES5E 25 SN Rl Rl A9 POM R

E'5 % 1% MMT i PVDF #iIRTE 170°CRlE)5 1) POM JE ;5
A% PVDF / MMT & 45 i 160 °C R4S i
IR POM JEALWEE , A5 A A MMT & & PVDF
WA o A1y AHBERAAE KR AZE, GnEl 6 Fis .

0% A1 1% MMT [UFEfh o A AR IRSEAR 76 A1
(] (1) 225 d R 1) 1 300, ELBR it 2B A ], BVt et
FRAME, X LI 24 MMT 78 PVDF 44 o 43 B i
BEERT, BRI KA ARG AEAERT R o AHAYES
HAREATCRE M, o AT DR HEA 125 AT
M 0.5% MMT B}, it MMT 7E PVDF J:f4rpjy
BB OUEAS, v AHBAZ S S iof TR RS 15 0, LBk A 2k
K HCR AR, U DA R E SRR R 2
RN EIE A v AR A A KA — 2 A AR

M i A

100 - .
N
£ 80 2 .
ES a o N
N 60 A0 ~
T ] - P A
s " o e 50°"  oo”
- W 0 o
=2, a ® > o0 DDDD
=20 - ] AAAQQQSSZDDD
02 £8g68% . )
0 10 20 30 40
[ [H] / min

n—0 %-o;0—0.5%-00; A—1%-0; 5—0%-v; 2—0.5%-y; ©—1%-y

K6 NI MMT &t AR A BT o Ry AHIBER AR R 30K
v AH B4 R A7 B R R S, 4l
PVDF £ §i7E 160 ~ 165 °C LA L 1L 45 5 i) 75 45 i
RIS By AH AR, AR K EURARAT, A
MMT J&, v MAERK RS, & 0.5% MMT Lt
1% MMT ) vy AHAERKEAR G, HAERR L v A7
&, 568 MMT 55 T PVDF DA v #4585, H MMT
GG OU AT BIRE AT y AT E T A
3 it
(1) BRI 25 T PVDF/ MMT 49K
AN, MMT BEM5A %075 S PVDF MAEATE % .
(2) 24 MMT % & B AIK i 0 51 &0 38 48, n
0.5% MMT 7€ PVDF 34k b LI dh i 2 E &
RECRAS 7 R R BE X AFTE, T MMT & 8805
o B DL 22, 0 1% MMIT 78 A op K3 40 LU
BRI A RIEIE A
(3)MMT 3 U1 Bl 1t o AH AR AR A8 B0 A
AR AZ BN Ty AR A R 2 B
S & 3k
(1] W1, XU 5 B . A0 v 55 B b T 47 i (0], 75
JrFil iR, 2004, 5:75-81.
Hu Nan, Liuxue Ning, Yang Zhizhong. Polymer piczoelectric
smart materials research new progress[J]. Polymer Bulletin,2004,
5:75-81.
[2] Hasegawa R, Takahashi Y, Chatani Y, et al. Crystal structures of


杨超


XU, &5« S A5 3 SR AR IR L ARAR A A 1R L e 7

27

(3]

[4]

[5]

(6]

[7]

(8]

three crystalline forms of poly(vinylidene fluoride)[J]. Polymer
Journal, 1972,3:600-610.

He Xujiang, Yao Kui. Crystallization mechanism and piezoelectric
properties of solution-derived ferroelectric poly(vinylidene fluoride)
thin films[J]. Applied Physics Letters,2006,89:112909-1-12909—
3.

Thakur P, Kool A, Bagchi B. Effect of in situ synthesized Fe,O;
and Co;0, nanoparticles on electroactive b phase crystallization
and dielectric properties of poly(vinylidene fluoride) thin
films[J]. Physical Chemistry Chemical Physics,2015,17:1368—
1378.

Thakur P, Kool A, Bagchi B. Enhancement of { phase
crystallization and dielectric behavior of kaolinite / halloysite
modified poly(vinylidene fluoride)thin films[J]. Applied Clay
Science,2014,99:149-159.

Dipankar M, Karsten H, Dieter S. The electroactive 3 -phase
formation in poly(vinylidene fluoride) by gold nanoparticles
doping[J]. Materials Letters,2012,73:123-125.

Swarup M, Arun K N. Piezoelectric B polymorph in

poly(vinylidene fluoride) Functionalized multiwalled carbon
nanotube nanocomposite films[J]. Journal of Physical Chemistry,
2007,111:14670-14 680.

Maya S, Giridhar M, Suryasarathi B.-Contrasting effects of
graphene oxide and poly(ethylenimine)on the polymorphism
in poly(vinylidene fluoride)[J]. Crystal Growth Design,2015,

15:3345-3355.

[9] WEVEHE, U5, T, 55 RV / S LUK E SR S5
PERE [1]. MOBHUFFE 244, 2006, 2(20):197-202.

(E#E22TT)
Zhu Baolin. Curing and fricton property of CE / TiO, composites[J].
Engineering Plastics Application,2016,44(6):94-98.

[6] WULRM . Hedbde — AL Bk / FURRBR A NG H S A A R RGBT ST -

(7]

[8]

(]

T #A B4 5 A B PERB I (7], FAREPERAR . 2016,32(2):9-16.
Zhu Baolin. Preparation and performance characterization of
Nd-dope anatase titanium dioxide / cyanate ester composites[J].
Thermosetting Resin, 2016,32(2):9-16.

FHEIE, SRR . SRR BT 1Y TiO, Ay & M LAE CE
FRARECE [J]. TREERLN T, 2015,43(3):117-118.

Wang Junlong, Zhu Baolin. Preparation of multistep graft modified
anatase TiO, and its dispersion in cyanate ester resin[J]. Engineering
Plastics Application,2015,43(3):117-118.

SRR R LB A MR T [D]. RN - AR A
2011.

Guo Yiqiang. Research on rare earth doping and modifying
plastic[D]. Fuzhou:Fujian Normal University,2011.

LR . BetB e — ALk / SRR IR = SRR IEE 1 - 42
FRLT A I ETARAE (9] FARPERI , 2014,29(6):6-11.

[10]

[11]

[12]

[13]

[14]

[15]

[10]

(1]

[12]

[13]

Hong Haoqun, He Hui, Ding Chao, et al. Effect of compound
organification of montmorillonite on the structure and properties
of polypropylene / montmorillonite nanocomposites[J]. Chinese
Journal of Materials Research,2006,2(20):197-202.
TR, AR U AE, 5F L REERY / B R SRR A
JRAE [3). #55r T2#41,2014,3:370-377.
Zhang Qi, Li Duxin, Lai Dengwang, et al. Preparation and
characterization of polyimide / sericite mica composites[J]. Acta
Polymerica Sinica,2014,3:370-377.
Rinaldo C, Marcelo C. Effect of crystallization temperature on
the crystalline phase content and morphology of poly(vinylidene
fluoride)[J]. Journal of Polymer Science, Part B:Polymer Physics,
1994,32(5):859-870.

Salimi A, Yousefi A A. Conformational changes and
phase transformation mechanisms in PVDF Solution-Cast
Films[J]. Polymer Physics,2004,42:3 487-3 495.

Pedro M, Carlos M C, Maria B. On the origin of the

electroactive poly(vinylidene fluoride) B -phase nucleation by
ferrite-nanoparticles via surface electrostatic interactions[J].
Crystengcomm ;2012, 14(8):2807-2 811.
Martins'P ;. Lopes A €, Lanceros-Mendez S. Electroactive phases
of poly(vinylidene fluoride):Determination, processing and
applications[J]. Progress in Polymer Science,2014,39(4):683—
706.

Ramasundaram S, Yoon S, Kim K J. Preferential formation
of electroactive crystalline phases in poly(vinylidene fluoride)
/ organically modified silicate nanocomposites[J]. Journal of

Polymer Science, Part B:Polymer Physics,2008,46:2 173-2 187.

Zhu Baolin. Study of Nd doped anatase nano TiO, / cyanate ester
composite 1 :Synthesis and structure characterization of compound
particles[J]. Thermosetting Resin,2014,29(6):6-11.
FLICIBE, 0, SREIL, A . NK Ok Ot 2R Y R P 1R I A F
EUERE [J]. WAL, 2014(2):1-6.
Kong Wenxiao, Liu Yu, Zhang Kai, et al. Research progress
of PMMA modified by nanoparticles[J]. Shanghai Plastics,
2014(2):1-6.
BUASR . SUREERI AR PEREDIST [M]. JET : B2z, 2016.
Zhu Baolin. The study on properties of cyanate ester resin[M].
Beijing:Science Press, 2016.
BLORAK . SURRREA IS IS [M]. JERT: Bhar i, 2017.
Zhu Baolin. Cyanate ester resin application research[M].
Beijing:Science Press,2017.
TR, Mg ARk, T A HLEE / 40K SiO, MM SE B N AR R
BRFLRAIWEST [J]. MPRH:, 2015,29(6):68-72.
Gao Jingya, Hou Faqiu, Qing Ning. Study on core-shell acrylate
emulsion modified by organic silicon / nano-SiO,[J]. Materials

Review,2015,29(6):68-72.


杨超




