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Effect of electrospinning process on structure and property of
electrospun PA6/MWNTs yarn

LIU Yang, XU Anchang, CHEN Qian, PAN Zhijuan
(College of Textile and Clothing Engineering, Soochow University, Suzhou, Jiangsu 215021, China)

Abstract In this paper, multiwalled carbon nanotubes ( MWNTs) were used to reinforce electrospun
PA6 yarn. The effects of spinning voltage, vertical distance, electric field intensity and other
electrospinning parameters were investigated. The results indicated that the increase of spinning voltage
not only increased the diameters of yarns and fibers, crystal linity degree, and fracture strength but also
decreased the adherence between fibers. As the vertical distance was enlarged, the fiber orientation in
yarn, crystal linity degree, fracture strength and initial modulus of yarns were improved. Under a certain
fixed electric field intensity, the fiber orientation in yarn, fracture strength, elongation at break, initial
modulus are improved by enlarging voltage and vertical distance.
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Schematic diagram of electrospinning device

Fig. 1

10 000, FH - ¥ 3 4= 't & G sm ML B2 e sk 2P 21y
TGRS, HORAEECH 200, F HI2000 38 F #1445
BT RGN 2P L EF 4 B AR
1.3.2 HFHEFFEHNE

il X PERATEHAL (47 2= PAN anytical 2 #], X'
Pert Pro MPD System ) U %2 #3 A IR £F 4 () 117 5 5ik )3
Mk AT M Ry 5° ~45°, SRJF H Peakfit 4. 1 %K
14 ( AISN Software Inc), % F & Hr — 557 18 25 & B
( Gaussian-Lorentzian peak sharp) X £k #4748l &
(R* KT 0.998) , FRARAE 4 i IX 1 BRI AL X
TR B FUA LT e 46 S
1.3.3 2 h=MaEMNE

TR 25 B 10 AR, 7E AR HE AR T 1y
24 h, J Instron 3365 K H,7~5ik J3 A H#EATHi A ) 271
RERYIN 7 o 1 RE Je 355 4 B2 2 10 mm, 37 A1 3 J& Oy
10 mm/min, F] #7 5K 73 250. 1 N, 58 J7 0 8 45 B2
0.01 N, i mEH5 = 40, 01 mm,

2 #HRE5SMH
2.1 HBENHM

2.1.1 FHESWENTSEN

& 2 K% 22 B K 8em B, R [R]FL R T 55 11 9
PA6/MWNTs GREFHAE2b (g I o T LA
R RS, £F 4k 1 2 1) HES R B 3 Ay, (R R 4
Yelal A —E PR YRS R m 14 kVEL |
B, 21 4 2 1) () 6t B ksl /D, HELAT R4 09 2 1) °F-
TTHEZI M . O TR R T, W8S i I T A F
17 5 BE /N, S A RE 0 T e, V71 ke BR A £ 4k ) i & A
Rhi%E o e PR o S P A ) PR T % B R, AR 4y
fLfe i 3aom A R TR A3 & o AR & 0 L 2
SNV TR R T A AR UE 1, By (Ve i R T A A=+ 80, A

SN 22 L FR (V) ST o

F 1 R ORI E R PA6/MMNTs 44 K 4T 4 Fil
DR EREAE . 2w E—EMEL T, s
FL PR 38 T, 21 4 (1) AR S R S B R ka3, b 2k
IONERESURTSLI NS W N B S Y T s WA e



5531 X

TE A5 Y22 T 2% PA6/MWNTSs QKT 2045 Ky 5 PERE 451 =3

Spm
(2) 10kV

(d)16kV

(e) 18kV

K2 ARREYi22d KT PA6/MWNTs 44K
LR AEL A HLBE IR (< 10 000)
Fig.2 SEM images of PAG/MWNTs fiber bundles
electrospun at different voltage ( x 10 000)
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Tab.1 Diameters of fiber and yarn at different

spinning voltage

HL R/ 4t ek
kV HA%/nm CV {H/ % B2/ pm CV {H/%
10 252.89 13.77 8.76 9.88
12 322.53 20.68 11.18 8.81
14 349.13 18.71 11.38 6.42
16 328.86 16.17 12.82 4.74
18 357.45 14.38 13.39 11.78
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Fig.3 X-ray diffraction intensity degree of fibers spun
at different voltage
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Tab.2 Crystallinity degree of fibers

spun at different voltage

o /kV 25/ %
12 50. 88
16 51.80
18 53.74
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Tab.3 Mechanical properties of yarns

spun at different voltage

HLE/ W e Wil WAk, WP
kv J1/eN /% MPa MPa
10 0.511 63 918.01 84.81
12 0.526 46 735.83 53.63
14 0.656 58 671.36 64.48
16 0.748 58 935.13 57.98
18 0.742 58 739.31 52.75
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Fig.4 Loading — elongation curve of yarn spun

at different voltage
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Fig.5 Fiber arrangement of PA6/MWNTs fiber
bundles electrospun at different TD
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Fig.6 X-ray diffraction intensity of fibers
spun at different TD
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Tab.5 Crystallinity degree of fibers spun at different TD

2544 =B/ em 25 S/ %
4 45. 64
6 51.78
8 50. 88
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Tab.6 Mechanical properties of yarns

spun at different TD
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J&/em J1/¢N R/ % H/MPa J&/MPa
Tab.4 Diameters of fiber and yarn spun at different TD 1 0.809 47 238. 53 25 59
YR/ o4 Yok 6 0.579 52 636.74 49.00
cm HA%/nm CV {H/% HA/ wm CV {8/ % 8 0.526 46 735.83 53.63
4 315.71 11.00 20.07 9.72
6 351.22 17.58 12.27 10.13 2.3 HImEER=I
8 322.53 20. 68 11.18 8.81

DU 70 B0 25% 1) PA6 I & A 0. 6%



5531 X

TE A5 Y22 T 2% PA6/MWNTSs QKT 2045 Ky 5 PERE 451 °5-

MWNTs R 5 W W R 95 22 W, TE 95 225 FE R 6.,
8 em, HLEM5I 12,14 16 F118 kVEY &4 T, 1%
SRR IE 2 x 10° V/mF1 3 x 10° V/m , X He Fl s
JEHATAFIRLL A, TRZE 53T HL 7 58 B 0 b 2 25
LR IDAE=S EE b A
2.3.1 HFESUERMEEENR

&7 7 H LA 5 B A ), AN [) fEL e N 2 22 1
HEMBRMA LI, LA FE 08 A
(RIS, Wit O RN )5 24 B2 R I, R 4R P-4 T HES
FREEA P4 S o X2 T H S S 1) i oy 5%
BESRE R, T YRS AL RE T 1Y 5 5 25 22 5 BE RGN, 27 4k 5
Tt e JR R B4 23 (RIS AN

5 um

(b) 16kV, 8cm

(¢) 12kV, 4cm

(d) 1I8kV, 6cm

FI7 RIFF AN 2 B AL A £
Fig.7 SEM images of fiber bundles spun at
different voltage and TD

T 7 AR R RN 25 22 g BE 21 5 I R i Fn b
KM EAR, ERIRE N2 x10° V/m B, & i
1o 27 22 15 FE I 275 ) B2 4k ELAR RN &) K LU AR AL TR
Ry 22 5 BERT 97 AR 2 AR R A1/, IR
P T AT 8 P I A1 FL T T S 3 I ) i
BE/IN, o AGRE /0N, Bl FE T B8 T i, S0 0 ) oL oy 2
FERR e, AR e AL RE Mg i, HL25 22 = BE S s, 3
T BETE T, T 22 3k BARYOR I Z IR, J5 2234}
TBERE 0 2 22 B AN, DN ITT P S AT 2 AR T R
TEG5 N 3 x 107 V/m I, 5 HL PRI 45 2 5 BE 4
LT BLAR AN S 3R 2 LU AR R R FIAE 25 22 75 2 977 1Y
LT 4 AR RN 213K 1 T 2 e A i T 3
22 AN IS 22 3k TR T DRI £ A AR A

[ES, 25 22 @ BE i K5, £F AE AR i i 1 ) DR i AR
R YR R R R, B B A LT e R4 T 11
BE SR BORRE VT B, I £F 4 HAR R B 5 M 2%
AN HARZ L 4 A (AT Y Z ARSI I R B AR
LR A LR LA S AR AR AR AR 2 T RN R
Msm, R, 3R 7 Fs M R R L S5 47
HERYA — B, BT A T2 B /N B 27 4 Al i 2 2
A

xR7T AEBEMGLEEHEHF4EN

WHRNER
Tab.7 Diameters of fiber and yarn spun

at different voltage and TD

T4 Wy
%/ CVA{d/ HA#&/ CVIH/
nm % wm %

HRE/ MR/ Y54
(V‘m'l) kV J&/cm

2 x10° 12 6 351.22 17.58 12.27 10.13

2 x10° 16 8 328.86 16.17 12.82 4.74

3x10° 12 4 315.71 11.00 20.07 9.72

3x10° 18 6 365.94 12.70 18.32 9.78
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Tab.8 Mechanical properties of yarn

spun at different voltage and TD

MR/ R/ Yisgir WiaR WP WG TR
(V-m~1) kv BE/em Ji/eN K#/% H/MPa JE/MPa

2 x10° 12 6 0.579 52 636.74 49.00
2 x10° 16 8 0.748 58 935.13 57.98
3x10° 12 4 0.809 47 238.53 25.59
3 x10° 18 6 0.810 64 306.81 30.76
A4
3 &

1) B T A, 27 S FIZD 28 0 T 2T
L B L9 S, £ 0 0 S, 7 4



Gl

iz

F31 %

FILH R 07 [ HEZ P, (B e id R S BT 4
PP ST RGN

2) BEAE Yy 220 2 B I N, £ 4 1) 5E 18] RS AR

P, AR EEIEOR, 21 4 AR ST KR /N PR
PR AR [ 20 2 1) W7 228 i JEE 1) i A6
TN, W SRR R S B e i /N AR R

3) HL 7y 5 J3E A [R) I, 7 e FRL S AT e 207 22 7 JEE

AR ATHES R B R 7, 20 2R A0 I R T | I

UM AR IR 2458 BEAR I R

FZXB

SE 3k

(1]

(2]

(3]

[4]

[5]

[6]

KA, R, A T RO [ M]. b5t HLAK
Tl S A ,2003.

ZHU Hongwei, WU Dehai, XU Cailu. Carbon Nano-
tube[ M]. Beijing: China Machine Press, 2003.
ZER M I, AT 3 R ANOK A I R B B 2
e H S FIEREL ) ] AORBIFGY 244k, 2003, 17 (4):
444 —448.

LI Hongwei, GAO Xushan, TONG Yan. Preparation
and properties of the new antistatic fiber with carbon
nanotubes[ J ]. Chinese Journal of Materials Research,
2003, 17(4) . 444 —448.

GONG X Y, LIU J, BASKARAN S, et al. Surfactant —

assisted nanotube/ polymer

2000, 12 (4):

carbon

Chem Mater,

process  for
composites [ J].
1049 -1052.
SANDLER J, SHAFFER M S P. Development of a
dispersion process for carbon nanotubes in an epoxy
matrix and the resulting electrical properties [ J].
Polymer, 1999, 40, 5967 —5971.

Mo i 40, 250t MR G TE A. B AORAE Y Ak [T ] 1k
TV EL, 1999, 27 (2) :22 -24.

YANG Zhanhong, LI Xinhai, CHEN Zhiguo, et al.
Purifying of carbon nanotubes [ J].
Materials, 1999, 27(2) .22 -24.
RAL B, BT, S R LR/ BRANKAE S
B ERE S S5 [T ] AP I R 4l A 4R
Bl2gh, 2002, 36(3) :319 -321.

YU Ying, ZENG Yan, WANG Weijun,

New Chemical

et al.

(7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

Mechanical properties and structure of polystyrene/
carbon nanotubes composites [ J ]. Journal of Central
China Normal University: Natural Sciences Edition,
2002, 36(3) :319 —-321.

WATSON K A, SMITH J R, JOSEPH G,
Polyamide/ carbon nanotube composite films for potential
space application[ C]//Inter SAMOE Tech Conference.
2001, 33, 1551 - 1560.

KEARNS J C, SHAMBAUGH R L. Polypropylene fibers
reinforced with carbon nanotubes [ J ].
Sei, 2002, 86(8) : 2079.

RUR AR, =L OG M. Bk 98 K A 8 9R PAG ZT 4E Y BT
FELI]. b Ab 75 5 Be = 4 A SR BE 2 b, 2006,
22(5) :27 -29.

GUO Zhenfu, YUAN Guangyao. The study of
reinforcing PA6 fiber with CNTs[J]. Journal of Hebei

et al.

Appl Polymer

North University; Natural. Science Edition, 2006,
22(5):27 -29.
FRANK Ko, YURY Gogotsi. Electrospinning of

continuouscarbon nanotube - filled nanofibers yarns[ J].
Advanced Materials, 2003 ,14.:1161 - 1165.

JEONG J S, JEONSY, LEETY, et al. Fabrication of
MWNTs/nylon by
electrospinning [ J]. Diamond and Related Materials,
2006, 15 1839 —1843.

SHI Zujin, LIAN Yongfu, LIAO Fuhui,
Purification of single — wall carbon nanotubes [ J]. Solid
State Communications, 1999, 112, 35 -37.

XL . S yE 27 PA6/66 40K £F 4 20 T HL 25 F9
PEREL D] J5JH - T5M oK%, 2008.

LIU Hongbo. Preparation for polyamide 6/66 filaments

conductive composite nanofibers

et al.

of nanofibers by electrospinning and analysis of the

structures and properties [ D ]. Suzhou: Soochow
University, 2008.

FORNES T D, PAUL D R. Crystallization behavior of
nylon6 nanocomposites [ J ]. Polymer, 2003, 44,
3945 -3961.

THERON S A, ZUSSMAN E, YARIN A L.
Experimental investigation of the governing parameters in
the electrospinning of polymer solutions [ J]. Polymer,

2004, 45 2017 -2030.



