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Fig. 1 (a) FT-IR spectra of PVDF primary fibers; (b) content of B crystalline phase in the crystalline phase
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Tab.1 F(PB) of PVDF primary fibers

Samples A A, F(B)/%
F1 0.117 0.099 40.2
F2 0.107 0.099 42.1
F3 0.055 0.051 42.5
F4 0.084 0.083 439
F5 0.057 0.056 439

1

note;AB;absorbance of PVDF B crystalline phase at 840 cm™ ;
A, :absorbance of PVDF « crystalline phase at 764 cm™ ; F(B) :

content of 3 crystalline phase in the crystalline phase
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Fig. 2 SEM image of PVDF primary fiber:(a) F1; (b) F2; (c¢) F3; (d) F4; (e) F5
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Fig. 3 (a) DSC curve and (b) crystallinity of PVDF primary fibers
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Tab. 2 Crystallinity of PVDF primary fibers

Samples AH,/(J-g") X./%
F1 432 41.3
F2 453 433
F3 46.4 443
F4 52.8 50.4
F5 60.1 574
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Fig. 4 XRD patterns of PVDF primary fibers
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Fig. 5 (a) stress-strain curve and (b) bensile strength of PVDF primary fibers
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Fig. 6 FT-IR spectra of PVDF fibers with the same spin-stretching

ratio and different post-stretching ratios
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Tab.3 F(B) of PVDF fibers with the same spin-stretching

ratio and different post-stretching ratios

Samples A, Aq F(B)/%
F1 0.117 0.099 40.2
F1-2 0.172 0.171 43.9
F1-3 0.090 0.160 58.4
Fl1-4 0.069 0.164 65.3
F1-5 0.061 0.238 75.3
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Fig. 7 SEM images of PVDF fibers with the same spin-stretching ratio and different post-stretching ratios: (a) F1; (b) F1-2; (c) F1-3; (d)

F1-4; (e) F1-5
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Fig. 8 PVDF fibers with the same spin-stretching ratio and different post-stretching ratios: (a) DSC curve; (b) crystallinity

Tab. 4 Crystallinity of PVDF fibers with the same spin-

stretching ratio and different post-stretching ratios

Samples AH./(J-g™") X./%
F1 432 41.3
F1-2 47.9 45.8
F1-3 49.8 47.6
Fl1-4 50.1 47.8
F1-5 52.6 50.3
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Fig. 10 PVDF fibers with the same post-stretching ratio and different spin-stretching ratios: (a) FT-IR spectra; (b) F(B)

Tab.5 F(B) of PVDF fibers with the same post-stretching

ratio and different spin-stretching ratios

Samples A, Ay F(B)/%
F1-2 0.173 0.171 439
F2-2 0.184 0.187 44.6
F3-2 0.179 0.191 45.8
F4-2 0.112 0.154 52.1
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Fig. 11 PVDF fibers with the same post-stretching ratio and different spin-stretching ratios: (a) DSC curve; (b) crystallinity
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Fig. 12 PVDF fibers with the same post-stretching ratio and different spin-stretching ratios: (a) stress-strain curves; (b) tensile strength

Tab. 6 Crystallinity of PVDF fibers with the same post-

stretching ratio and different spin-stretching ratios

Samples AH_/(J-g™") X./%
F1-2 47.9 45.8
F2-2 48.3 46.1
F3-2 48.6 46.4
F4-2 54.2 51.8

(3) F1EPERE : Fig. 12 (a) JWELL I LA
PO H M IR B0 PVDE 2F 45 B 10748 i 28, 25 &
Fig. 13 (b) A A1, BB 22 Sk 1 it 44 K, F1-2 27 44 51
F4-2, 14 (K 38 5 52 2 PR, R ) T 28
{0 ) 2 T S R B A RO R R B kA
PRI 223 530 L S 45 27 S B, 2802 I L0 He g 2
F A 1, 6 R B T 25850 A e, L0
AR 24 S B {HH L 1 45 2F R, 22558 5 B E O 2 1O
R T 248 015 B B R 3, A
2 G AT X 2 SR i L A 0 9 2 £ 4 5
M, 35 2 Ry A ARt 24 3k 3 it o 46 140 2 2F
S AR IS T R B BT, S o e o R
THETPE S AT HES 7] 0 22 I 2 S
0 46 1 2 2R | AT HETT IR B % i 5K
T3 TR 22 Sk LA L ) 5 9 242 27 4 , 5 4o 25 1]
AN AR TR L M I R T LA 3% O 22 Sk
{0 L L 2 0 T

3 g
ATl R 25 223k ) % T BA A R 22 Sk A

-~

i1 HE RIS PLAH A PVDF 274, §F 58 1 S i e b 3o
PVDF 24 i B ZEH R RE A0, FEEE58 T

(1) 3w g 22 Sk P A L vl i 35 20 3% PVDF #)4:
LYER Gy 4 WU B2 R 4 A EE (N 41.3% 5 =
57.4% ), EE G LT A o SRR B A
RUREAR B ShH S B vk 75.3% , ELJG P i Lk
K, EFYE ) 1 2 PERR P2 T i 25, D\ 85 MPa 14 < %]
350 MPa, ZEA 2K Wt 22 kb A Lb 3 2 52 i £ 4k (1)
25 fh L T A b DU B A0k 78 e A T 2l
15 RE

(2) 381 18 FH A 3 10 % 22 3k B GRS B B
i L, T A5 20 35 PVDF 21 4k i 245 S 25 #6) F 2 B
IR RIS 22 SR AT B T B R AR A 0 A R
A Ay i A AR B L T 22 ) W R (H A M 22 Sk R il L
1K IS5 7 fifr 23 [RDK R R Fe 4, il 45 ) il xof
PVDF £F 445 & 52 T 1 24P e 0 et /R FH g BR il £F
Y IR B R o> F-HE T R R RN

SE WK

[1] 2552, M54, PR, % Mo RO 2 a8 i 5tk ae
B [T]. S5 TR R 5 TR, 2019, 35(6): 40-44.
LiZ, Lu Q Z, Yin Y C, et al. Effect of heat aging on the
structure and properties of polyvinylidene fluoride[J]. Polymer
Materials Science & Engineering, 2019, 35(6):40-44.

[2] Lin B, Chen G D, He F A, et al. Preparation of MWCNTs/
PVDF composites with high-content 3 form crystalline of PVDF
and enhanced dielectric constant by electrospinning-hot pressing
method[J]. Diamond and Related Materials, 2023, 131: 109556.

[3] Wang A, Liu Z, Hu M, et al. Piezoelectric nanofibrous scaffolds
as in vivo energy harvesters for modifying fibroblast alignment and

proliferation in wound healing[J]. Nano Energy, 2018, 43:



62 R TR S TR 2026 4F:

63-71. [15] Ve, AbE, T&%If‘r‘a A5, O R 2R A R 2 T 40 ) J i

[4] Chorsi M T, Curry E J, Chorsi H T, et al. Piezoelectric 2 [T]. YA, 2015, 36(6): 1-6.
biomaterials for sensors and actuators[J]. Advanced Materials, Wang Y, Li X L, Wu C R, ef al. Melt spinning of poly
2019, 31:1802084. (vinylidene fluoride) fibers with high strength[J]. Journal of

[5] Sarkar L, Singh S G, Vanjari S R K. Preparation and optimization Textile Research, 2015, 36(6): 1-6.
of PVDF thin films for miniaturized sensor and actuator [16] R, BEde, REm, & HMERAR N A SR 8 06 2 4t
applications[J].  Smart Materials and  Structures, 2021, T ERERISE R [T]. 78154k, 2017, 38(7):28-33.
30:075013. Wu S, Li X L, Wu C R, et al. Influence of tensile residual

[6] Mireja S, Khakhar D V. Methods to characterize the crystal stress on mechanical properties of poly ( vinylidene fluoride )
polymorphs of polyvinylidene fluoride using Fourier transform fiber[J]. Journal of Textile Research, 2017, 38(7):28-33.
infrared spectroscopy[J]. Polymer Engineering & Science, 2023, [17] B, HEKE, T, 55 foilad b R IW R 0 25 4k fb ik
63: 2857-2870. A1), R oA, 2019, 50(7):752-760.

[7] Huang Y, Rui G, Li Q, et al. Enhanced piezoelectricity from Yan J J, Xiao CF, Wang C, et al. Crystalline structure changes
highly polarizable oriented amorphous fractions in biaxially of poly (vinylidene fluoride) fibers during stretching process[J].
oriented poly ( vinylidene fluoride) with pure [ crystals[J]. Acta Polymerica Sinica, 2019, 50(7):752»760.

Nature Communications, 2021, 12: 675. [18] HBEME, skE, WEM, . & B HZEERIKE /B TR

[8] Nishiyama T, Sumihara T, Sasaki Y, et al. Crystalline structure A/ B Am I LA FL A A1 %ZZI’“M«M WA, & FHé
control of poly (vinylidene fluoride) films with the antisolvent RS TR, 2021, 37(9): 116-123.
addition method[J]. Polymer Journal, 2016, 48: 1035-1038. ShaoJ Y, Zhang H'Y, Ke F Y, et al. Preparation and fuse

[9] Brunengo E, Luciano G, Canu G, et al. Double-step moulding: deposition modeling of high-B phase multi-walled carbon
an effective method to induce the formation of (-phase in nanotubes/ionic  liquids/polyvinylidene  fluoride  dielectric
PVDF[J]. Polymer, 2020, 193:122345. materials[J]. Polymer Materials Science & Engineering, 2021,

[10] LinY, Zhang Y, Zhang F, et al. Studies on the electrostatic 37(9): 116-123.

effects of stretched PVDF films and nanofibers[J]. Nanoscale [19] Purushothaman S M, Tronco M F, Poncot M, et al. Quantifying
Research Letters, 2021, 16:79. the crystalline polymorphism in PVDF: comparative criteria using
[11] Zhang L, Li S, Zhu Z, et al. Recent progress on structure DSC, WAXS, FT-IR, and Raman spectroscopy[J]. ACS
manipulation of poly (vinylidene fluoride )-based ferroelectric Applied Polymer Materials, 2024, 6: 8291-8305.
polymers for enhanced piezoelectricity and applications[J]. [20] Efk, #EAK. ZRERRAUCRA R AT L IR b 2s £F i B i
Advanced Functional Materials, 2023, 33:2301302. e M FAE[T]. B TAREE S TR, 2017, 33(8): 163-170.
[12] LiL, Zhang M, Rong M, et al. Studies on the transformation Wang W, Dong L. Preparation and characterization of multi-
process of PVDF from « to B phase by stretching[J]. RSC walled carbon nanotube/polyvinylidene fluoride blended hollow
Advances, 2014, 4:3938-3943. fiber membranes[J]. Polymer Materials Science & Engineering,
[13] Yan J, Xiao C F, Huang Y, et al. Study of crystal structure and 2017, 33(8):163-170.
properties of poly ( vinylidene fluoride )/graphene composite [21] XP3EIX. PVDF FEHLEF4E AU ) B BN REAF 5T [D]. W
fibers[J]. Polymer International, 2022, 71:26-37. IR M R K2, 2017.
[14] Matsushige K, Nagata K, Imada S, et al. The II-1 crystal Deng J K. Self-perceptual properties of PVDF piezoelectric fibers

transformation of poly (vinylidene fluoride) under tensile and

compressional stresses[J]. Polymer, 1980, 21: 1391-1397.

and their  fabrics[D]. Harbin: Harbin  Institute  of

Technology, 2017.



$s5 BRIK LA BT HO 58 i T 2 27 4k i TR 45 4 S5 PR R A S 63

Effect of Tensile Ratio Combination on the Crystal Structure and
Properties of Polyvinylidene Fluoride Fibers

Yongcheng Wei, Jingjing Yan, Xinyu Li, Xiang He, Changfa Xiao
(School of Textiles and Fashion, Shanghai University of Engineering Science, Shanghai 201620, China)

ABSTRACT: In order to clarify to what extent the PVDF fiber is stretched during the spinneret stretching stage in
the actual production process and then post-stretched (the distribution of the spin-stretching ratio and the post-
stretching ratio in the total stretching ratio, that is, the tensile ratio combination), the manuscript aims to explore
the influence of different tensile ratio combination on the crystal structure of PVDF fibers. In the study, PVDF
fibers with different spin-stretching ratios were prepared by melt spinning, and further PVDF fibers with different
post-stretching ratios were fabricated through post-stretching treatment. The crystal structure and properties of the
fibers were analyzed by characterization techniques such as Fourier transform infrared spectroscopy (FT-IR) and
differential scanning calorimetry (DSC). The results indicate that increasing the spin-stretching ratio can
significantly improve the crystalline structure of PVDF fibers, enhancing their crystallinity from 41.3% to 57.4%.
In contrast, the effects of post-stretching process is mainly reflected in the aspect of crystal form transformation.
Increasing the post-stretching ratio can more effectively induce the transition from « crystal form to (3 crystal form,
with the 3 crystal content rising from 40.2% to 75.3% . Meanwhile, the mechanical properties have also improved
significantly, increasing from 85 MPa to 350 MPa. The spin-stretching process and post-stretching process exhibit
a synergistic effect during the preparation of PVDF fibers. The former primarily regulates the crystallinity, while
the latter dominates the crystal form optimization. The reasonable combination of the two can achieve precise
regulation of the structure and properties of PVDF fibers.

Keywords: polyvinylidene fluoride fiber; crystalline structure; tensile ratio combination; mechanical property



