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Effect of PVDF Content on Thermal Conductivity of Hollow Fiber Membrane
Yang Jingkui, Xiang Li, Zhang Kaizhou, Jin Jinbo, Yang Yuanyuan; Qin Qingging, Li Keda
(Guizhou Material Industry Technology Research.Institute, Guiyang 550014, China)

Abstract : Polyvinylidene fluoride (PVDF) hollow fiber:membranes were prepared by non-solvent phase separation method,

using N,N-dimethylacetamide (DMAc), polyvinylpyrrolidone K30 (PVPK30), and Tween 80 as solvent, pore-foaming agent and

emulsifier, respectively. The effect of PVDF content on the structure and properties of hollow fiber membrane were studied. The re-

sults show that the finger pores of the membrane cross section become slender and the average pore size decreases with the increase

of PVDF content, and the holes-on the inner surface is enlarged. The mechanical properties are greatly improved when the mass frac-

tion of the PVDF is 17%, and the thermal conductivity of the membrane does not decrease obviously. The PVDF hollow fiber mem-

brane can be used as the packaging carrier of phase change energy storage materials.

Keywords : polyvinylidene fluoride ; content ; pore structure ; thermal conductivity

R i £ M (PVDF) B A R g 1 #4 R
Tif £ 27 24 v R Ak 2 R e v, I R Tz M il
PVDF Jir il £ 1) vh 28 27 2 B 8L AT L R TTBUR 0 88
ROR T S L WOR O T B B Ak B R T
PVDF A B S5 7K 1), 78 15 43 15 4003k 107 P sf 7 2256
Hoert: B R s e vk B X A R T AR
B G Ak, 25 HI ] PVDF Hhas 2F i LR
T B SARE FH B AR AR i RE AT, T JCTR SE K ket , 3
fifi H BB 5 B K PEAR AR AR G IR, R AR
B L3 I R A R R A AL R AR )
LRSS P A A IR FLES F ) 2 e
i Fo T 1 RS AR A 2R, Bk % ® X PVDF

EEWA: 5tME TAkXOCH H |, B RS 4% [2018]2183

S SRR ) Z2 B e R R R AT TS I K
T AR B R AR RR A T IR T A RS
2 U0V St 25 TR A5 i B R T i R = 2L (TEP) &
AN, PVDF BRORCRLAR /N, FLE RIS i, 74
SRR, Cui Zhenyu 25 B9 SR B ELAT B i PR
e R BN 5 W il £ PVDF rhas SR 4, il
L R EC AR R LB sk 1 AN R Y K2 2R BE . Lin
Long % "2 3 i VR A R B = SR HH R AN S R
T ERAY LA, A5 B EL A S SR B LB N
64% ., Wr 2458 i o4 2.7 MPa, N. T. Hassankiadeh 55
BVRIEGE T AN ) 40T A B 2K M B (PVP) R
s SR YEIBE R A MRS BE B AR S5 H0 S5 1 RE ,

BIRER : HHEE, L, TENFRGYIEM BRI E-mail : jkyang2006@126.com

Y75 B #A: 2020-04-19
SRR s, 10177, kLA, & PVDF it s R b e R

Wi [J]. TRESAELN HT, 2020, 48(7) : 22-26.

Yang Jingkui, Xiang Li, Zhang Kaizhou, et al. Effect of PVVDF content on thermal conductivity of hollow fiber membrane[J]. Engineering

Plastics Application,2020,48(7) : 22-26.


杨超


WS, 8 (PVDF Xl s 2T AE L RS IR 23

SRR IR AR S TR Z LA B
AR A . SR A B S S s A R I
VLRI A ALY 2 RES S bR . Mk U & 9t
H £, T 400 (PEGA00) [ A RE f% 44 e 582 T 119
JFFLZ. . T Jung 45 U9 it T —Fh = F W22 R 4
¥, AR 1k 55 B 5 s ) B e e, i L 2 )
T 00 ) SR e 4, A B R AR B
LB . R IARBIFTY A K b PRI
TIWFTT , S HRA e MORH A AL B R s Ay o 5 52

% (£ %] PVDF Hi2s 2 4 5 B B0 i 7 24 i
JE MBI, I B R FLELER, £ 4 L) PVDF b il
JEIEST, N, N- —H L Z ke (DMAC) b . PVP
K30 A #FLF ki 80 AL, R FH AR I E0H
o3 B 25 PVDF Hh 25 2R 4E i, il i i 58 PVDF 7
SRR ES R M RE 52, LA REARAS o] T AH AR
HREAT BB AR Y PVDF Hhzs 2R 4
1 KIeERsy
1.1 EZRMHH

PVDF : Solvay 6020, Mt 2R 4E4E 14

PVPK 30 : fi gk 2li, [¥ 2 48 A A2 iRl A PR 2
GF

DMACc : 4r#r4t, E 2745 B AR A BRA F 5

i 80tk 2L Ak 2E R A FRA R
1.2 BBEAREE

Yirr ek . Al

JiE 5 2 AL NDI-5 s 8, Fiff B 3 b A &%
AR

Y % 8 A5 B 7 B BE (FESEM) : Quanta
FEG250 %Y, [ FEI A7 ;

JERAX : AutoPore 1V 9510 7 | 25 8 2w #e A
PR F

ML T REIR G AL : CMT6104 &, E4F W Tl R
g8 (P ) ABRA T

OGS HAYL . LFA-467 1Y, 115 [5] 17} 3t A 7% i i
AR
1.3 PVDF W & ¢ 4 6y 5] &

W S A % — o JoT 43 RO A B 70 °C Y i
S RGP EL R USRS, Rk FRRRAL
24 h, EHZS I 24 h, SR 5K 55 ISV o It 22 A
HIFZARE R (25 Tk ) RGBS 1d
B TR AU A 5% A AT, T B R it 43 1)
fiT#4 4 S1, S2, S3, S4, HARSE W BT 7 W4 1(
PR EL, %),

# 1 REPVDF EEM RS FLEBENEERER %

[EaE e PVDF PVP niii 80  DMAc
s1 13 5 5 77
S2 15 5 5 75
S3 17 5 5 73
sS4 19 5 5 71
1.4 JEPEREMX A KA
(1) PR

FE 70°CF X5 BRI 3 WK, e)m U4 SR R 3
UM -2

(2) IES

¢ PVDF 75 2 2 J55 78 W A T Ve VR VR T, 7
35CHEAR Tt 12 h, SR ZERE S A e 1T b E AT E 4
AR, SR FESEM WRE RS i) W e AN AP R THDE A

(3) fLER fLi A SEHIfLEE .

SR R ASCIN 3 5 1 FL B3 FL AR 43 A T3
LAz, o HrfLAs L. 5 ~ 340 000 nm, i &N 2 ~
3 g, e EASE IS 15 mm x 15 mm x 15 mm.

4y J1# g,

FE G20 ST I £ v 7S 27 Ak R N AR,
R EE A5 om 9 15 22 Je F5 7E SO LA il T BB 56
ML i 3 #2345 5 > 50 mm/ min, £ EL 8] B
100 mm, it 22 Wi 240 1 de R FL 05 2 AH ]
it 52 KR BCHE 448, I 2458 52 (0) i

A (1) BT
o=F /[m (D*~d?) / 4] 1)
A F—IRkH N

D—RMISME, m 5
d— PR NER, m,
(5) FHMERE
R T AREI R, T ) & WA, R O S
153 3IAE 30,25,20°C F IR Z 53X =AML AT
XA A B I REU LT ICm
2 HR5IHR
2.1 PVDF &2 345k 56 09 %R
Bl PVDF & &t 3G I, 55 B i 20 B 5 40
Bk, PVDF B4R 5 T B — A A B
WHENA TR T 22 , FE /N B L AR e R v
2257 N4 Gy Wi 3L, JCIRTE M e AR 2 5 B
i R, B R 8 W 22 3 W 2215, 25 9 A L Ak FEL AR,
H il 22 RS0 . B 1 N ARTE PVDF i
TR L, PVDF B /3 50 13% i, #5 E
LT 4.6 x 10° mPa - s, PVDF Jfift /324 19%
I, 4% B 5 9 8.9 x 10° mPa - s, 7E I 2 1


杨超


2020 4,45 48 45,55 7 11

24 TARERENY
10° £
.
T 10t
)
W&
103 . \ ‘ ;
13 15 17 19
PVDFB 434 / %
E 1 R[A] PVDF & N A BRI
A F TR 2524

2.2 PVDF &2 xRARII 589 7 o8

i it FESEM XI5 f9 1By 1 B P4 &b 3% 1 19 JE 33
PEATRAE, S5 2R AN 1R 2 ~ 18] 4 Frs. NI 2 W LI
H rp s 2 AR IR W i AT R AR IR LA, B
PVDF &1 (I, R ARFLAAR AR K IR R4
ARV W FL A /DN X e B T i PVDF iR
Xt DMAC 557K [ 5S40 A 1 — 5 (52, JE 2%
T BRI P ARER P AR R R AR Y D i
AR/ Wi ALAR A/

(d) (d1) (d2)
PVDF it 434k : a—13% ; b—15% ; c—17% ; d—19%

a, b, c,d ik 1000 fi%; al, bl, c1, d1 ik 5000 £;
a2, b2, c2, d2 jik 10000 i

2 K[l PVDF & iz 4B 5 SEM B A

A 3 H il 28 [6] PVDF 5 2 Y B 9 352 T 2
i, 24 PVDF Jii i 7340k 15% B (18] 3b2), FL12 %Y
5 pm, ik PVDF & & 12 G in, R
LIRS R, B ] 3d2 AT I, L4503 10 wm,
P B 22 L8 A ] T AR 78 4 RE DA v 23 38 T A
e, MIEL 4 T, B PVDF & &t 138 in, Ak 3
TR At BB S AR Ak, IO AR R R AT A B AR

AL, AP AE R RV AR B A5 , 1T phy T 5 1T SR
EYEROR, PR A Ak | BRSPS T A4 59
KA IR Rl SR AT — R RGO
BEAE 3K 2 BUE S5 K A ALk G PVDF JRAE A A
AR I B AR R

@, - (d1) (@2)
PVDF i34 : a—13% ; b—15% ; c—17% ; d—19%
a, b, c,d ik 200 1i%; al, bl, c1, d1 jizk 1000 1%
a2, b2, c2, d2 Ji Kk 5000 1%

3 K[A PVDF & 2s R 4Es N T SEM BE -

(d) (d1) (@2)

PVDF it 348 : a—13% ; b—15% ; c—17% ; d—19%
Kl 4 K[ PVDF S s eR4EBES MR LS SEM IR (TORA%
Kl 3)
2.3 PVDF &&xPBiLa s 5 -3 3L 6 %
Kl 5 Sy AN [a] PVDF & i 1 Y £L A% 50 A JeF
PR Ol FLAR O i i AN RHALAR B LA R


杨超


WS, 8 (PVDF Xl s 2T AE L RS IR 25

) 5E 434 (dV /digD ). PVDF Ji 43408 13% ~
15% I, B A FLAR 40 A £ B4 Wi 7E 10°~10° nm, K
L5 /ML T RRREE T, Y PVDF it 43400 17%
~ 19% Bsf, XoF 7 AR AR AL AR 20 A £ B AE 10° nm FfHIT,
BE# PVDF & i3 A0, 10* nm Ze 45 (K FLEE %
WA IR SE Y FLARAE PVDF i 8O 13% 1
JINE] 15% B FEAR T 60%), Ji DA S AR it B0 R i 0k
— N, KA A /ML

8:
~
|
S P4t
>a .0
3 E?2
0101 10? 10° 10*
L4 / nm
PVDFR M =—13%; —15%; »—17%; v~—19%
800 @
g
= 700
600
—
;?‘“ 500 .
- 400! . ‘ E—
13 15 17 19
PVDFG# 43440 / %

(b)
a—fLAR4M I 5 b—THHLEZ
E 5 Rl PVDF & ki has R4l pflas s e fL %
2.4 PVDF & & 21 I ILIRE 09 %R
& 6 IRl PVDF &t T i 2R 4R ) FLER
ARG, B 6 AT LA th, bfids PVDF % & i3
I, FLBRREE AR [, X2 T PVDF & i 5:3¢
JELRE v 1) B SRS R AR 1S B8 FLIR R Bl PVDF &
R — L R s . R R, 2 PVDF
T/ AR R IR SRS R R, Bl R R
SRR, AN S S5 R E YRR,
A RT3 FLEE T8 B, FLIBR AR XT3 5, Bl A
PVDF & 35N, i AR BRI IS 5 R AW
BENE BT PR ] 55 , 52 M FLE5HA BT AR

o 80
S~
= 60
—J
=
40 . . .
13 15 17 19
PVDFTE G4 / %

K6 IRl PVDF &2 S AL

2.5 PVDF 42t A F ek e oh
&7 K 4 FhASIA] PVDF &5 ) 1 oA PERE R 26
ME 7Ta FTLLFE H, B PVDF & & 5N, Wi 2458
JE WA v, FRERE v A B SR B R I R TR ) 2
PERE B 23 , 24 PVDF Jit i 4350k 17% I, W7 2456

FERR TR AR, 155 7.8 MPa, 4422452 5 PVDF (1
S, Wi R AR T R AT DL s e R
G YRR PRI, LB 7b AT UL, W S0P R A
PVDF i 5350k 17% WA — N ERTE, M\ 1149 34
Fn%) 134%, #2555 7 17.5%, Ak£E i PVDF & & 43
H05) 19%, Wi R S B sk AR 57 A R R
B, PVDF s 21 2 5 5L A B0 (14 W7 24560 J3 A
P, 24 PVDF it 4350 17% B, B ) 2= Pk hg
5, 5 19% &AL 22 B K.

1’7%

\
15% 1q04

13%

LR / MPa
N A O ©

0 50 100 150

NAS / Y%
(@)
s 150
N
> 140
ﬁ
Y
e 130
= 120
103 s 17 19
PVDFi 434 / %

(®)
a— W Z4BR I ; b— T B I
7RI PVDF & fik s SRR 992 e

2.6 PVDF & x4 i - # M Ak 69 3 v

AN[6] PVDF & 1 X Hp 28 2 2 5 44 5 R 1) 52 )
wE 8 fran. MK 8T LLA H, bl % PVDF & &
BRI, 65 0 BT 2R R B, Y PVDF Jiit i 43 4k
Jy 15% F1 17% If, P45 3R B A K, 24 PVDF Ji
O EUCH 19% B, VR ST R IE EE ORI T
PVDF A G (AT 30, B PVDF B 28450 f5
SIE— R R AT R

0.06
2

v

0.05
0.04

0.03

MER /W (m - K)]

v

20 25 30
W/ C
PVDFT i 4380 =—13%; o—15%; a—17%; v—19%
F8 Rl PVDF & ko P04 5%

3 it

(1) bt PVDF & & a3 hn, KFLZEHIH R, /N
FLE R Tn, BRI i LS 32 v, AL B R A WS
R o



杨超


26 TSR

2020 47,55 48 %, 45 711

(2) % PVDF &t Hysg N, B e - Refs 21
R MBI , >4 PVDF [t 53 80k 17% B, J52 0 i
k%] 7.8 MPa, 2K 30 148%,

(3) 4 PVDF [i 73 K 17% If, A $4 2R
A K B TR 5, PRI R AL AT B AR e
FABHIE AR RE 1 BH 7, A0 3 T 0% 7T A 27 1k
PR RS , AT VR AR AL i REAT I BB A

S & 3k

[1] Yuan Xiaotong, Xu Chunxia, Geng Hongzhang, et al.
Multifunctional PVDF / CNT / GO mixed matrix membranes
for ultrafiltration and fouling detection[J]. Journal of Hazardous
Materials, 2020, 384.DOI: 10.1016/j.jhazmat.2019.120978.

[2] JiJing, Liu Fu, Awanis H N, et al. Poly (vinylidene fluoride)
(PVDF) membranes for fluid separation[J]. Reactive & Functional
Polymers, 2015, 86:134-153.

[3] Xia Tonghu, Wang Peng, Yang Xing, et al. Fabrication and
characterization of novel asymmetric polyvinylidene fluoride
(PVDF) membranes by the nonsolvent thermally induced phase
separation (NTIPS) method for membrane distillation applications
[J]. Journal of Membrane Science,2015,489:160-174.

[4] Tao Mimi, Liu Fu, Xue Lixin. Poly (vinylidene fluoride)
membranes by an ultrasound assisted phase inversion method[J].
Ultrasonics Sonochemistry,2013,20:1232-1 238.

[5] Pourziad S, Omidkhah M R, Abdollahi M. Improved antifouling
and self-cleaning ability of PVDF ultrafiltration membrane grafted
with polymer brushes for oily water treatment[J]. Journal of
Industrial and Engineering Chemistry, 2020, 83(25):401-408.

[6] VenaultA, ChouY N, Wang Y H, et al. A combined polymerization
and self-assembling process for the fouling mitigation of PVDF
membranes[J]. Journal of Membrane Science,2018,574:134-145.

[71 Zeng Guoyong, Wei Ke, Yang Denglei, et al. Improvement in
performance of PVDF ultrafiltration membranes by co-incorporation
of dopamine and halloysite nanotubes[J]. Colloids and Surfaces
A:Physicochemical and Engineering Aspects,2020,586(5).
DOI:10.1016/j.colsurfa.2019.124142.

[8] ZhaoJJ, Yang Y, Li C, et al. Fabrication of GO modified PVDF
membrane for dissolved organic matter removal:removal mechanism

and antifouling property[J]. Sep Purif Technol,2019,209:482-490.

[9] Bk, WO, TTIAR, 25 . PVDF UG 4 5 ma (R Z 5T [J].
AL TRk R, 2017, 45(9):114-120.
Wei Yong, Zhao Wei, Jiang Xiaodong, et al. Study on the factor
effect on the preparation of PVDF ultrafiltration membrane[J]. New
Chemical Materials,2017,45(9):114-120.

[10] 5K3CHH, £, dbese, 55 .y -BL/ TEP IRAVA X PVDF 45

FFIPERE RS2 [3]. KALFIEAR , 2013,39(10):40-43,49.
Zhang Wenjuan, Wang Lei, Meng Xiaorong, et al. Effect of v-BL
/ TEP mixed solvents on the structure and properties of PVDF
membrane[J]. Technology of Water Treatment,2013,39(10):40—
43,49.

[11] Cui Zhenyu, Xu Shanshan, Ding Jinyue, et al. The effect of
diluent mixture with upper critical solution temperature on
membrane formation process, microstructure, and performance
of PVDF hollow fiber membrane by TIPS process[J]. Polymers,
2018,10(7).DOI:10.3390/polym10070719.

[12] Lin Long, Geng:Hongxin, An Yaxin, et al. Preparation and
properties of PVDF hollow fiber membrane for desalination using
air gap-membrane distillation[J]. Desalination, 2015, 367:145-153.

[13] Hassankiadeh N'T, Cui Zhaoliang, Kim J, et al. Microporous
poly(vinylidene fluoride) hollow fiber membranes fabricated with
PolarClean as water-soluble green diluent and additives[J]. Journal
of Membrane Science,2015,479:204-212.

[14] SREW], 220, X B, 45 . PVDF s SR 28 27 22 i i 78 Pk

VAR AR e 700 it Jon 700 % G 8 g s [3]. vk Bk, 2017,
36(4):74-78,83.
Guo Chungang, Li Xiaoming, Liu Guochang, et al. Rheological
property of spinning solution of PVDF hollow fiber membrane and
effect of non-solvent glycerin additive on the preparation[J]. Water
Purification Technology,2017,36(4):74-78,83.

[15] FA#s, E8ede, BHTIE, % . PEG400 Xt PVDF L K4k
AnEYFENE [J]. TRRERH T, 2015, 43(1):39-42.

Chen Mei, Wang Xinlong, Lyu Sihao, et al. Effect of PEG400
content on PVDF membrane morphology and crystallization[J].
Engineering Plastics Application,2015,43(1):39-42.

[16] Jung J T, Wang H H, Kim J F, et al. Tailoring nonsolvent-
thermally induced phase separation (N-TIPS) effect using triple
spinneret to fabricate high performance PVDF hollow fiber
membranes[J]. Journal of Membrane Science,2018,559:117-126.

AT =B
AT HAT AN P b RS MBS A )44 ST T R AR A, [ b e g A U 2% o s 9 0 AS FURR I B R SRR T )
Sy S TV SRS =R Br (L ZRAR SR AT T BT ) F200, 2k B o L 2R 48 D R T , AR O — 5 A 1 Ak
7 www.epal973.net, A PR ZEFCAT AU AL AN SEAERR ARG 55 o 18T RAEE A0 A T AL, B30k H s i, AN 22
Z N NIRASR, By 1152 B AS TR B O AR S Rl A NGB S TR AUALH]

({2t mm ) 4 &40)


杨超




