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Characterization of the PVDF Fibers Fabricated by Hybrid Wet Spinning

Kun Jeong*, Seong-Su Kim*"

ABSTRACT: Polyvinylidene fluoride (PVDF) as a representative polymer with the piezoelectric property has been
studied since the 1960s.Crystalline structure of poly(vinylidene fluoride) polymer is composed of five different crystal
structure of the polymer as a semi-crystalline. Among the various crystal structures, f-type crystal exhibits a
piezoelectricity because the permanent dipoles are aligned in one direction. Generally 3-form crystal structure can be
obtained through the transformation of the o-form crystal structure by the stretching and it can increase the amount
through the after treatment as poling process after stretching. $-form crystal structure the PVDF fibers produced by
wet spinning is formed through a diffusion mechanism of a polar solvent in the coagulation bath. However, it has a
disadvantage that the diffusion path of the solvent remains as pores in the fiber because the fiber solidification occurs
simultaneously with the diffusion of the polar solvent. These pores play a role in reducing effect of poling process
owing to effect of disturbances acting on the polarization by the electric field. In this work, the drying method using
the microwave was introduced to remove more effectively the residual solvent and the pore within PVDEF fibers
produced through wet-spinning process and piezoelectric PVDF fibers was produced by transformation of the
remaining o form crystal structure into 3-crystal structure through the stretching process.

Z& E: Polyvinylidene fluoride (PVDF)&= ¢ AA-S YEY &= £ 0 T EAZ 1960 T 8 @ A7} A5y
& o] git}h. PVDF&= HHAA O IR AF2 4] 57}1]«] 24 =z B v, 8 1 ﬂ €B)= %] e aF 67 2
e A71H o m whESHA] G B4 AT RoIY B, vE 1Pl e Ao sk 54 AR
ojth. 11 FoA = P ARFxe EWL P EA4 A7 Baoem FX % FE = A PVDF @A 7} 2h= G- 4
SAZF R e e = v A E o] Qle 2] 7] ol AR o] AXA HAL bR S UErWA "ok o
HHR o2 BY AARTRL AL £ (xoc] AR T2 MBS Eale] AL 2 97, 94l T T BAL E3

v

(e

NHJ

1 p F7HA7 4 AUtk S ALE AR PVDE RS S Sol A 34 $uhe) st R
2R PR EE HE AT YA S Gk A U Aol A 28k A ] o] gl
o St AR AH WY 71RO WA Bl B X gk o 7] 8-S 3 (Poling) A A A7 o
3L Westol I ATE JAAI/IE 8 Ach Ea, PVDF A4 0 542 RE S $8op
5] IHIAE A6 T ol ATFo] WA HAslolof sht] 4§ FH= A= PVDE] A% 94
Sl 019 of ek £ Aol AL QLA 2 PVDE A§E 44 WAlsl 74 Wate] £ BH 0w et
o] 713 BAIZ SNASHAIL, Aol A6 Uio] 41%)% Core/shell o] PVDF 462 Alxste] che A
B4 2AE st

Key Words: 2|84 2]dl &3 ¢ 2}o] = (Polyvinylidene fluoride (PVDF)), 4 Ad-3-(Piezoelectric fiber), H|E} 27 (Beta
crystal), F-=-%] 2] (Poling), &4 Ar4=(Piezoelectric constant)

Received 12 August 2016, received in revised form 30 August 2016, accepted 30 August 2016

*Department of Organic Materials and Fiber Engineering, Chonbuk National University
*'Department of Organic Materials and Fiber Engineering, Chonbuk National University, Corresponding author (E-mail: sskim@jbnu.ac.kr)



146 Kun Jeong, Seong-Su Kim

1. M E

Al A (Sensor)2} oHZof|o] B (Actuator) 2 AFE-E= A A
2ES 250|144 Fobh WA e e, 2
B2} A A& <l Polyvinyledene fluoride(PVDF)= 52 22
x—]ﬁ‘]—_‘fq— 7}5% [e] U7ﬂ lﬂj O o Hjﬂr Zre x};@& 7}7(]_77_ o]
om[2,3], EHSE 44 1L &2 Ql3f tfE 1EA IAd A=
of vlsl iAoz & A4 0 S 7HAAL Q7] o
ol ALEA A Yz A Zs] AR5 AL QlTH4,5]. o]
23t PVDF= 4 5719 AR (o B v §- 1Al &)=
olzolzl AN MEARA 55 YA A4S 2
A E5& 7HA AL Q7] "ol 4 EAE UEl = 5
a3t Goolt5-7]. -2 S F=sh7| fgt W ez 74
X9l ol W S A2 3T 2L o $AY B
9% 483 4 9tk ofe] 714 Hel $4 F Qe L8
01]/\194 7]74]34‘?_] A4S B-278e Bk fldll == AR
A4 A4 FAHIA o272 17 (Necking)o
;jﬁ S-Z (Fibrillar structure)® HFECH &

Z o5k gpdlg} (Lamellar) 24 9] A9 =
‘Eﬂ’?‘ﬂoﬂ —JOH —’JrJJ 4= 9lem, il *X“ﬂ olsf| =pdlzt
2] e G ol F- = TH8]. G4 WA= &-§ W Atel B3]
Ao AFEAT H58] Az BG4 PVDE 2] 2
A FZE AT 5 Y= AHS /AL Qe FAH EA4 Y
AP 57180 Gl 5ok A9 R §u) o] =] o
off &4 o]&(Mass transfer)of] oJsff F3F-S W=t} =4 °]
Eoﬂ _,]‘6]— /\Al l:ﬂ—/\]-_,] _]—_7§]_ jui} 7:1;(—]§]__g_ 6]01 /\-] J_/\—] 1:I/\

AR T o 417 Aol Hlof BAAS FATTHI).
22l 4] e ofol A PVDF M4 ok ol 44
o} g A5 B vt w2 H G EE 4
ol oJa) 7130 Bol ZAJSI HTk. ol2fat 71 5L A 4
o) A= B4 F £3H 2 (Poling) B4 L WsHE o8
< o] A BEAS gAY aelow gt Eet
9FS 419 Welo] PVDFY] 79 5L WA 7147] wie

AT BASHE Aol olgiths Bale] glor ol ls] £
I Helo] AR M)A 4 Qleh B ATAE 9l A
HHES FEokn AL ek S8 71 4
A} 7 £5te] PVDE 442 Al=3tgic 7129) 4]
Z4 ol vo] 2. 9lo] B (Microwaver) & o] 8 44 34
Eo]a—].o:] S Ke) lﬂ‘l“—‘] X}—E’ .QLuH ol 7]_1_.Q. E/\] oﬂ ;(—”7_]
HPALS o] §3tel PVDE 442 Alxsteon] Aa

A AR AH71E ol 8ste] Al % A3y A
%2

34 Bl A B4 =Yskd

(Y rIF
-1014 Ol:] [

B Ad o= B e 9 PVDF(Kynar 761, Arkema,

Table 1. Experimental condition of drying method

Sample |Drying time (s) |[Drying method Remarks
M30F 600 Microwave |30 seconds, 20 times
M60F 600 Microwave |60 seconds, 10 times

MEF 550 Microwave |10 seconds, 10 times
OF 600 Vacuum oven -
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2.3 Characterizations of PVDF fibers
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Fig. 1. Schematic image of the corona poling
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Fig. 2. FT-IR spectra of the PVDF fiber with respect to the con-
centration of coagulation bath
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Fig. 3. Absorbance of the DMAc aqueous solution and the
equation of absorbance with respect to the amount of

added DMAc
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Fig. 4. Residual solvent contents with respect to coagulation
time in the 30 wt% coagulation bath
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Fig. 5. POM images of the PVDF fibers: (a) wet spun PVDF fiber,
(b) MIF, (c) M30F, (d) M60F, (e) OF
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3.4 Crystalline characteristics by drying method
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Fig. 6. XRD patterns of the PVDF: (a) PVDF powder and (b) PVDF
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Fig. 8. XRD patterns of the PVDF fibers: (a) un-dried PVDF fiber
after coagulation, (b) OF, (c) M60F and (d) M30F
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Fig. 10. Piezoelectric constant of the drawn M30F: (a) non-
poled and (b) poled
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