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ABSTRACT: We investigated the effect of polymer sublayer on volumetric resistivity and
tensile strength of carbon fiber (CF)/polyethylene composite films fabricated under high in-
tensity electric fields. The dependence of volumetric resistivity and tensile strength of the
films on the polymer sublayer thickness or mass part exhibited complex behavior according to
CF content and CF layer density in the films. As the thickness of polymer sublayer increases,
two groups of processes at thermo-mechanical forming stage would take effects in the proper-
ties of the films. The first group comprises the increase of polymer layer thickness having re-
duced CF content compared with central or upper part of the film and insufficient wetting of
CF resulting in the loosened structure near upper film side. The second group, on the other
hand, is the improvement of mobility of molten sublayer leading to better distribution of CF
throughout the film thickness and the formation of more compact structure. The different de-
gree of contribution of these two competing processes at varied CF content and CF layer den-
sity could explain complex dependence of the film properties on the polymer sublayer. These
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results are important to optimize the electrical and mechanical properties of highly conductive
polymer films, which can be used as electromagnetic interference shielding materials.

Keywords: Conductive composite films, electroflocking, high intensity electric fields, volumetric

resistivity, tensile strength.
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Figure 1. Schematic diagram for electroflocking (a:
hot plate, b: teflon-coated metal substrate as a ground-
ed electrode, c: polymer sublayer, d: aligned CF layer,
e: CF in main alignment zone, f: main mesh electrode,
g: CF in pre-alignment zone, h: ancillary mesh elec-
trode, i: brush rollers, j: agglomerated CF flocks, k:
resistor, and 1: DC power supply).
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Figure 2. Set up of measuring volumetric resistivity
of films using a four-probe method (a: Teflon, b: test-
ing film, and c: metal).
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Figure 3. Volumetric resistivity with polymer sub-
layer thickness (a) and relative sublayer mass part (b)
for CF/PE films with CF content of 10 wt% and CF
layer density of 10 (1), 20 (2), 30 (3) and 40g/
m? (4).
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Figure 4. Volumetric resistivity with polymer sub-
layer thickness (a) and relative sublayer mass part (b)
for CF/PE films with CF content of 20 wt% and CF
layer density of 10 (1), 20 (2), 30 (3) and 40g/
m? (4).
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Pigure 5. Tensile strength with polymer sublayer
thickness (a) and relative sublayer mass part (b) for
CF/PE films with CF content of 10 wt% and CF layer
density of 10 (1), 20 (2), 30 (3) and 40 g/m? (4).
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Figure 6. Tensile strength with polymer sublayer
thickness (a) and relative sublayer mass part (b) for
CE/PE films with CF content of 20 wt.% and CF layer
density of 10 (1), 20 (2), 30 (3) and 40 g/m? (4).

o

FAN(EL FEeEe] FAREE) w2t
AL Zr)bsi=y whale] (Figure 59
Sk (20 wi% )l = ekgk A
gt} (Figure 69 curves 1). wHd, CF 24%7}
2L A% (40g/mH)dE A CF 3= (10 wt% )l
NE e8] 7Aasti (Figure 59 curves 4), i
CF & (20 %)M s Z7shs (Figure 69
curves 4) WS} AFE welch F3t x| CF

ot ol
L o

i)

eS|

curves 1), 11 C

FU% (20, 30g/mMo M= 99 T A9
FTUE] B BAY. =3 APAES] HAsE
o] FA WEgd st &4 P e FA 9
g o EYD s 7t teAyl, 1 Age fAEE
& 5 Qlth o5 AAWEY U Y Ay H 3

273



vz gte] A 9-9f npaviA 2 A FstEe ol wE
T 7R e avea 49 4 Aok A CF
g A0wt%)dMe & A8A F W8 agst

AIse] Atalel F7lo) W) 2okE WRaTe
#8540l B W CF 2aye $4471n mrh
AW P2 (7130] Y)el WBo] AxHH 1 2
5 AFPEE F7H, oleE EAE Fel e CF

=% (10 g/mz)oﬂ/‘ﬂ Br} &z 3t (Figure 5(a)
9] curve 1) :LEiL} CF —"—“‘E-7]- 7-]7<]U4 (40 g/m?)

A7) 20, 30 g/m?Ql A= F21EQ Ago g
#asity £71 (Figure 5, curve 2)3tAY, d=2
)7} gl= (Figure 5, curve 3) FARE Holth,

CF &&fo] 20 wt% ! 749, ¥& CF 4% (10,
20 g/mH) e RA &3yt $Alsle M asiEel
Z7Hd wel Q3R 7143 (Figure 6, curves
1,2). 3% CF % } AAE (40 g/m?) s}
9 Frl wE AT FU BPe] ARE &
it} (Figure 6, curve 4). o]y 4] &a3d ¢
ote] HAetE AA e A=rt 1FE TR =5

T#&e| CFRP dge] 4xrt Atk Ade 28
S A4S A B4 2 Bue Poes

4> @

2 B

DANAE o] EITZ =44 CFRP €&&
Az o A6 °‘Z‘7‘E°ﬂ nAE L&}
Hastee] S diste dtsAo. g9 CF
gt CF 3= ot *ﬂ@“lxif?}ﬂr MR gAY
AEe3d i ATAHe Fe B 2etA
oh AlzE B9EEe] M7, A HEe B
S5l thE S &G HAsS] U w
2 LE sHd AU AF visle CF &
E7 BE A nEAFTY A Sotsta 2E
4EE EHeM e Y2 B8 182 EY A
ol HolA wjEHA FHo] EFEIHAY 7]l
TP =@ 72E FYAIIE ade I
Efxo] §34E vigez CF 2440 ¥4
FAldl Bt AWE 28 AT T VA A

274

- {449 - V. S. Mironov - ¥& A - 0]%3

i)
kI
Ho
rek

1. Y. I Voronezhcev, V. A. Goldade, L. S. Pinchuk, and
V. V Snezhkov, “Electrical and Magnetic Fields in
Polymer Composites Technology”, p. 264, Science and
Technics, Minsk, 1990.

2 V. 1 Popkov, “Higher Electric Fields in Technological
Processes: Electron-lon Technology”, p. 238, Energiy,
Moscow, 1969.

3. V. A. Dovgyalo and O. R. Yurkevich, “Polymer Com-
posites and Coatings Based on Dispersed Polymers”, p.
256, Science and Technics, Minsk, 1992.

4. V. S. Mironov, “Electrophysical Activation of Polymer
Materials at Frictional and Electrical Treatment”, Doc-
tor of Sci. Thesis, p. 335, Metal-Polymer Research In-
stitute, Gomel, 1998.

5. T. Itoh, H Kohyama, and T. Konishi, Proc.of IUPAC
32nd Intern. Symp. Macromol, Kyoto, 736 (1988).

6. M. Hozaca and K. Ando, Mem. Fac. Eng., 18, 47 (1977).

7. H. Marand and R. S. Stein, J. Polym. Sci. Pt.B: Polym.
Phys., 27, 1089 (1989).

8. S. F. Zhandarov, V. A. Dovgyalo, E. V. Pisanova, and
V. S. Mironov, Mechanics of Composite Materials, 29,
267 (1993).

9. S. F. Zhandarov, V. A. Dovgyalo, and E. V. Pisanova,
J. Adhesion Sci. Technol., 8, 995 (1994).

10. L. T. Drzal, S. Padaki, M. N. Vyakarnam, and ]. F.
Fernandes, “Polymer Powder Technology”, eds. by M.
Narkis and N. Rosenzweig, ch. 18, p. 511, J. Willey &
Sons Ltd., Chichester, 1995.

11. V. S. Mironov and M. Park, Composites Science and
Technology (in press).

12. M. N. Vyakarnam and L.T. Drzal, Plastics Engineer-
ing, January, 35 (1997).

13. V. S. Mironov, O. B. Skryabin, and O. R. Yurkevich,
Proc. Int. Conf. Adv. in Materials & Processing
Technol., 24-27 Aug., Dublin City Univ., vol. 1, 435,
1993.

14. P. K. Mallick, “Fiber-reinforced Composites”, p. 310,
Marcel Dekker, N.Y., 1988.

15. V. S. Mironov, “Conductive Polymer Composites: Mate-
rials, Technology and Applications”, p. 64, BNIITI,
Minsk, 1991.

Polymer{(Korea) Vol 24, No. 2, March 2000



DA FE o4 =AY SadA/Eeddd 2RYE] Ax F 54

16. G. M. Knoblach, SAMPE J, 25, 9 (1989).

17. E. N. Bershev,

18.

19.

20.

“Physical Fundamentals of the
Electroflocation Technology”, p. 127, Leningrad State
University, Leningrad, 1984.

E. N. Bershev, “Electroflocation(the deposition of a pile
in electric field)”, p. 229, Light Industry, Moscow,
1977.

E. L. Barden, “Floked Materials, Technology and Ap-
plications”, p. 294, Noyes Data Corp., Park Ridge, N.
Y., 1972.

B. G. Braverman, A. I Surgucheva, T. G. Sorina, T. A.
Konikova, and V. S. Korneeva, Plasticheskie Massy, 3,
47 (1978).

F2jof #2474 A23 2000 3€

21

22.
23.
24.
25.

26.
27.

28.

A7 nEA HAE 9%

V. S. Mironov, O. B. Skryabin, V. A. Dovgyalo, and O
R. Yurkevich, J. Friction & Wear, 16, 129 (1995).

K. Kozo, Kogyo Zairyo, 47, 39 (1999).

Y. Istuo, Kogyo Zairyo, 42, 31 (1994).

E. Kiesche, Plastic Technology, November, 77 (1985).
M. Weber and M. R. Kamal, Polym. Comp., 18, 711
(1997).

M. Sugino, Kino Zairyo, 19(5), 5 (1999).

R. P. Kusy, “Metal-Filled Polymers”, ed. by S. K.
Bhattacharya, chap. 1, Marcel Dekker, New York,
1986.

T. Hasegawa, “Recent Advances of Polymer Com-
pounds”, p. 14, CMC, Tokyo, 1993.

275



