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The electrical properties of conductive filler/epoxy resin composites
Jung-Eun Lee
2004.1/7

Department of Industrial Chemistry, Graduate School

Pukyong National University

Abstract

The conductive polymer composites recently became increasingly to many
fields of industry due to their electrical properties. To understand these properties
of composites, electrical properties were measured and relationship were studied.

Nobody doubts to say that one of the most important performance polymer is
a conductive polymer. The manufacturing process of the commercial conductive
polymers has been known by mixing with the conductive materials, but it
doesn’t noticeably appear of a conductive function.

Electrical conductivity measurements showed percolation phenomena. Percolation
theories are frequently applied to describe the insulator-to-conductor transitions
in composites made of a conductive filler and an insulating matrix. It has heen
show both experimentally and theoretically that the percolation threshold strongly
depends on the aspect ratio of filler particles.

In this study, epoxy resin filled with copper, nickel and zinc was comparison.
it were made with vehicle such as epoxy resin replenished with copper powder,
nickel powder, zinc powder and the study about their practical use was
performed in order to apply to electric and electronic industry and general field.
It was 10°~10" Q@ cm in using zinc powder, the volume specific resistance made
of epoxy resin which was mixed and added with every replenishing materials
when copper and nickel powder were mixed in each proportion it was 10°~10° @-
em and in according as each volume specific resistance, It was 5.021~8230 in

using zine powder, the microhardness test made of epoxy resin which was mixed



and added with every replenishing materials when copper and nickel powder
were mixed in each proportion. It was 3.060~13325 and 4.666—~13.074. The
waght loss of conductive composites happened from 350C ~470C.

It was though to be comparatively useful as a material of electric conduction
in solar heat, semiconduction heating unit preventing static electricity, stability of

resistance, static electricity recording papers and so on.
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Fig. 1. Percolation theory, as applied to conductive composites.
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Table. 1 The materials of conductive composites matrix
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Fig. 4. Microstructure of conductive filler :

(a) nickel powder, (b) copper powder, (c) zinc powder
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Table. 2 The formulation of nickel/epoxy composites

sample oA A F=A(g) datAl(g) | A | HxA{g) |Al(g) | YAEEH(g)
0wt _
. 2499 10.01 1.5 0.1 15 350
composites
Hhwt% _
. 2499 10.01 1.5 0.1 15 42.8
composites
STwt% _
. 24.99 10.01 1.5 01 15 46.4
composites
60wt% _
. 2499 10.01 1.5 0.1 15 52.5
composites
62wit%
. 24.99 10.01 1.5 0.1 15 57.1
composites
B3wt% - _ .
i 24.99 10.01 1.5 0.1 15 59.6
composites
Howt% , _ _
. 24.99 10.01 1.5 0.1 15 65.0
composites
T0wWt% - _ .
) 24.99 10.01 1.5 0.1 15 317
composites
Towt%o . _ _
) 24.99 10.01 1.o 0.1 15 105.0
composites
BOwt% _ -
. 24.99 10.01 1.5 0.1 15 140.0
composites
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Table. 3 The formulation of copper/epoxy composites

sample of FA 7R (g)| d&A(g) | SHAA) | 2EA(g) SA(g) | el g
50wt
_ 24,99 10.01 15 0.1 15 35.0
composites
BHwt2%
, 24.99 10.01 1.5 0.1 15 42.8
composites
60wt
. 24.99 10.01 1.5 0.1 b 225
composites
5wt
i 24.99 10.01 1.5 0.1 15 65.0
composites
T0wWtes
. 24.99 10.01 1.5 0.1 15 81.7
composites
T2wto%
. 24.99 10.01 15 0.1 15 90.0
composites
T3wt% _
) 24.99 10.01 1.5 0.1 15 94.6
compostles
Towt% _
) 24.99 10.01 1.5 0.1 15 105.0
composites
30wt _
. 24.99 10.01 b 0.1 15 1400
composites
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Table. 4 The formulation of zinc/epoxy composites

sample AZAFA(g)| d8tA(g) | THAE) | L2¥A(g) EA(g) |etaE R ()
50wt
. 24.99 10.01 1.5 0.1 15 35.0
composltes
Bowt26
. 24.99 10.01 1.5 0.1 15 42.8
composites
60wt
. 24.99 10.01 1.5 0.1 15 52.5
composites
6wt _
. 24.99 10.01 1.5 0.1 15 65.0
composites
T0wt26
. 2499 10.01 15 01 15 81.7
composites
Towt
. 24,99 10.01 15 0.1 15 105.0
composites
Towt2s
. 24.99 10.01 1.5 0.1 15 110.8
composites
T8wt %
. 24.99 10.01 1.5 0.1 15 124.1
composites
80wt
. 2499 10.01 1.5 0.1 15 140.0
COMposites
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Fig. 5. Flow diagram for experimental procedure.
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Fig. 7. SEM micrographs of nickel/epoxy composites :
(a) 50wt?% (b) 55wt% (c) 60wt% (d) 62wt% (¢) 70wt
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Fig. 8. SEM micrographs of nickcl/epoxy composiles
(Back scattered image) :

(a) 50wt% (b) 556wt% (c) 60wt% (d) 62wt% (e) 70wt
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Fig. 12. SEM micrographs of copper/epoxy composites.
(a) 62wt% (b) 70wt% (c) 73wt% (d) 7T5wt% (e) 80wt
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Fig. 13. SEM micrographs of copper/epoxy composites
(Back scattered image) :

(a) 62wi% (b) 70wt% (c) 73wt% (d) 7T5wt% (e) 80wt%
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Fig. 17. SEM micrographs of zinc/epoxy composites.

(a) 65wt% (b) 70wt% (c) 7TAwt% (d) 7T8wt% (e) 80wt%
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Table. 5 Volume specific resistance for conductive composites

Filler nickel/epoxy copper/cpoxy zinc/epoxy

contents(wt%) |composites(2 -cm)|composites(2 -cm)|composites(2 -cm)

50 4.32X10" 5.00X10° 8.80X10°

55 é.zuxm“ 4.26X10° 8.11X10°

37 1.27X10° n -

60 6.40X10" 3.98X10° 4.21X10°

62 751X10° - -

63 553X10° - -

65 4.16X10° 3.22X10° 3.26X10°

70 398X 10" 1.66X10° 3.02X10°

72 - 452X10" -

73 - 882X 10° -

75 2.65X10° 2.1 1)%10‘3 4.86X10° i

76 - - 358X10°

78 - - 452X10°

80 1.30X10” 1.65X10° 4.40% 10"
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Table. 6 Microhardness lest for conductive composites

Filler nickel/ époxy cor;per/ epoxy zinc/epoxy
contents(wt%) composites composites composites
50 4.666 3.065 5.021
55 5.084 3211 5.560
57 8.560 - -
60 9.046 3.322 5.691
“ 62 9.486 - -
63 9.560 - -
65 9437 3.668 6.384
7 70 10.015 8.568 7.090
72 = §.486 -
73 - m 12.072 -
75 12.653 12.560 7.365
76 - - 7412
78 - - 7.873
20 13.074 13.325 8.230
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