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A Study on DC Breakdown Strength due to Variation of Specimen Shape
of Epoxy/Si0: Compound Material Treated with Silane Coupling Agent

AWE, AN, AAE, 434S, &0%, dAE
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Abstract
In order to increase the coupling strength between bisphenol-A type epoxy resin and filler

Si0., it was treated to filler with silane coupling agent[KBM-603].

‘To observe how silane coupling agent effects on dielectric breakdown strength of

Epoxy/Si0: compound material, specimens of eight type were made like {ollowing.
(A-1, A-2), (B-1, B-2), (C-1, C-2), (D-1, D-2) (see 2-2. Specimen)

Specimen treated with silane coupling agent had always bigger dielectric breakdown strength

than non-treated specimen.

Under the influence of silane coupling agent, increment ratio of dielectric breakdown
strength at specimen manufactured by hand drill was very bigger than that of specimen in-

serted spherical electrode.

Therefore, as the specimen shape was varied, it was studied on effect that silane coupling
agent affects on dielectric breakdown strength of Epoxy/Si0O: compound material.
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A Study on DC Breakdown Strength due to Variation of Specimen Shape of Epoxy / SiO,

Compound Material Treated with Silane Coupling Agent

1. INTORODUCTION

Polymer materials used to insulation of
electrical and electronic apparatus are com-
plexly affected by factors such as state of
applied voltage, temperature, humidity and
mechanical stress.(1)

Under the influence of these complex fac-
tors, it is needed that toughness and dielec-
tric breakdown strength of compound mate-
rial should be improved for high confidence
and long life time of electrical and electro-
nic apparatus.

Therefore in this study as treating silane
coupling agent to inorganic filler, dielectric
breakdown  strength
Epoxy/Si0: compound material was cont-
rived  through
combination between epoxy resin and filler.

improvement  of

improvement of interface

Also, from the result as specimen shape
was different, it was studied on effect that
the silane coupling agent affects on com-
pound material.

2. SPECIMEN AND EXPERIMENT

2-1. Reserve Experiment
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Fig 2-1. Dielectric breakdown strength
due to coupling agent concen—
{ration on filtler content (DC)
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Fig 2-2 Dielectric breakdown strength
due to filler content on cou—
pling agenl concentrat ion{1. 5%)

Contact badness of filler and epoxy resin
existent in filler particle interface between
electrode and concentrated stress in the in-
terface is being breakdown by weak point,
on behalf of elimination, filler is treated, as
in figure 2-1, by providing the variation of
concentration of silane coupling agent of
the solution at 100.

Therefore treated filler of 7 kinds of con-
centration is added on epoxy resin at 100
by the ratio of 50(wt%), and dielectric
breakdown strength is tried to measure by
adding the product as a specimen, the result
to figure 2-1 is obtained.

Therefore, as concentration of silane cou-
pling agent is increased by 1.5(wt%),
dielectric breakdown strength increases and
above that concentration the decreasing
tendency of dielectric breakdown strength is
showed.

Such phenomena is due to the attache-
ment of monomoleculer layer in silane cou-
pling agent about 1.5(wt%) in the filler sur-
face and above that ranges, it becomes
polymoleculer layers and particuler layer is
formed due to the action on filler surface of
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the electrical impurities.

From figure 2-1, it is decided that the
silane coupling agent of concentration is
most suitable at 1.5(wt%) and the quantity
of silane coupling agent being treated filler
is changed by controlling particular layer
and contact of interface can be made better,
by standardizing the compound solution of
silane coupling agent concentration 1.5
(wt%) on Toluene 100 and this quantity of
filler treated solution is variated from 203
(wt%), 102[wt%), 68(wt%]}, 51(wt%), 41
(wt%], 34(wt%), 29(wt%), to 25(wt%).

As the known from figure 2-2, the dielec-
tric breakdown strength voltage of treated
specimen (under specimen with silane) at
34[wt%) silane coupling agent is increasing
by 10.8% than unprocessed specimen(under
specimen with non-silane) can be known.

This specimen have made basically for
experiment.

2-2. Specimen

Used epoxy resin in this experiment is
YD-128(Diglycidly ether bisphenol-A). As
curing agent, DDM of aliphatic amine series
is employed.

As couping agent one of Aminosilane
name:N-N-( #-Aminoethyl-7
trimetoxy-silane))

(chemical
-aminopropyl series (2)
is employed.

Shape of specimen is shown in figure
2-3.

X
2mm

A-1: silane, 5(wt%) of filler content,
spherical electrode,
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: non-silane, 5(wt%) of filler content,
spherical electrode,

. silane, 50(wt%) of filler content,
spherical electrode,

: non-silane, 50(wt%) of filler content
spherical electrode,

(a)

o~

p— 20 mmr—{
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C-1: silane, 50(wt%) of filler content,
electrode by hand drill
C-2: non-silane, 50(wt%) of filler content,
electrode by hand drill,

D-1: silane, 100{wt%) of filler content,
electrode by hand drill,
D-2: non-silane, 100(wt%) of filler content,

electrode by hand drill,

(b)
Fig. 2-3 Specimen shape

Figure 2-3(a) shows specimen inserted
spherical electrode before curing of
specimen.

Figure 2-3(b) shows specimen manufac-
tured to specified thickness by hand drill of
diameter 3(mm)} after curing of specimen.

In table 2-1 curing condition and compo-
site ratio of specimen are shown.

Manufacturing process of specimen 1is
illustrated in figure 2-4.

Process of epoxy composites with non-si-
lane an with silane is schematically illus-
trated in figure 2-5.

2-3. Experimental Method
High voltage experimental device on this



A Study on DC Breakdown Strength due to Variation of Specimen Shape of Epoxy / Si0,
Compound Material Treated with Silane Coupling Agent

Table #-1. Composite ratio of epoxy resin

SPECIMEN i/l /i
YA VASYAY
W | DB 100
RESIN
o |FUR | Sily | St | llts] S0voe 0(w]
O | WABRR | DM Ulws]
| ACCELERATOR] DVP-3) 0.5[wts]
= JUBT | OB 0.5(st4
R (Tolwene | 100[ts]
A QN Ofts]
o | SIAE 1.5[wts]
COLFING (K60
A ) 0[wts]
First cuwe © 0{C] X 2lhr)
(R CORDITION ,
Post cure : 150{C] X 4[hr]

I ¥eight Percent Mixing (Table 2-1) H
I I
[ First Cure ( 90['C]X2[hr} ) H
.
ﬂ Post Cure ( 150{°C]Xx4[hr] ) ﬂ
|
I Specimen Processing H
| )
I Supersonic Waves Washing E
|
I Electrodeposition ( Silver paste } J
I -_,
l Dry ( 50[C]X12{hr] ) i

Fig 2-4. Manufacturing process ol specimen

experiment used AC/DC high voltage gen-
erater of Pulse Engineering Co., Ltd.

The speed of elevating voltage(ie DC
Voltage) is 1(kV/sec] until specimen will
be reached to dielectric breadown point.
Breakdown voltage Veo devided by distance
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Silane coupling agent Fitler
(KBM-603) (Si02)
I ———
Toluene
treatment

L
[ =

- - B
ﬂ Epoxy resin }—v ——— H Epoxy resin ‘ﬂ
Composite Composite
treated with non- treated
Silane with Silane

|

Fig 2-5. Process of epoxy composiles with
non-silane and with silane

between electrode D is dielectric breakdown
volatage, Esp.
Figure. 2-6 is experimental device.
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Fig 2-6. Experimental device

3. RESULTS AND DESCUSSION

3-1. Dielectric Breakdown Strength of
Specimen Inserted Spherical Electrode.

Figure 2-7 is the result gained from DC
dielectric breakdown experiment due to
effect of interface treatment. In the normal
temperature, dielectric breakdown strength
of A-1 as compared with A-2 was 12.7%,
dielectric breakdown strength of B-1 than
B-2 was improved about 10.8%.
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The reason is due to function of coupling
agent like following.

In the figure 2-8 showing structural for-
mula of silane coupling agent, H:N operat-
ing into organic functional group become a
reactive part with epoxy resin. By moisture
in the air of moisture cling to inorganic
material, OC:Hs is hydrolysis and then takes
form SIOH like figure 2-9.

This SIOH is combined with inorganic
silica and coupling strength is increased.(3)
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Fig 2-7. Diclectric breakdown strength of
Aand B type (DC)
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Fig 2-8 Structural formula
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Fig 2-9. Model of adhesive part

3-2. Dielectric Breakdown Strength of
Specimen Manufactured By Hand Drill

Figure 2-10 shows DC dielectric break-
down strength of C and D type.

Dielectric breakdown strength of C-1 than
C-2 by comparison is improved about
39.5%, dielectric breakdown strength of D-1
is improved about 24.3%.

As it is able to know in figure 2-7 and
2-10, dielectric breakdown strength of C
and D type than that of A and B type was
very lowered.

The reason is as follow.

When the specimen is manufactured to
specified thickness, deterioration and fine
crack of material by occured heat is thought
to cause of dielectric breakdown strength’s
decrease.(4)

From this cause, It is able to suppose
that mechanical deterioration was applied to
specimen.

As the coupling agent was treated on
same condition, it is able to know improve-
ment ratio of Dielectric Breakdown Strength
of mechanical deteriorated specimen is lar-
ger than that of non-damaged specimen(i.e
specimen inserted spherical electrode)

Therefore, As the KBM-603 is treated to
epoxy compound material, It is sure that
good result can be gained when the electric-
al stress exists.

Further, it is supposed that even better
result can be obtained as the mechanical
stress exisits.



A Study on DC Breakdown Strength due to Variation of Specimen Shape of Epoxy / SiO. -38-
Compound Material Treated with Silane Coupling Agent

N
}
J

3%
LS5 S SO St S S R S S SO S L IR SN BN B B SR L B

Breakdown Strength{MV/cm

N

0 buwnehoondrobeaatoisuie b sbeooshununbio

20 40 60 80 100 120 140 160 180 200
Temperature (°C)

Fig. 2-10

4. CONCLUSION

Conclusion obtained in this investigation
experimenting dielectric breakdown property
due to interface treatment effect through
treatment or non-treatment of silane cou-
pling agent, and dielectric breakdown prop-
erty due to variation of specimen’s shape
are as follow.

(1) As the DC voltage was applied, in
the specimen inserted spherical electrode
and of 5(wt%) of filler content, dielectric
breakdown strength of specimen treated
with silane coupling agent than that of non-
-treated specimen was improved about
12.7% in the normal temperature.
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Also, in the specimen inserted spherical
electrode and of 50(wt%) of filler content,
dielectric breakdown strength of specimen
treated with silane coupling agent than that
of non-treated specimen was improved about
10.8% in the normal temperature.

(2) As the DC voltage was applied, in
the specimen manufactured by hand drill
and of 50{wt%) of filler content, dielectric
breakdown strength of specimen treated
with silane coupling agent than that of non-
-treated specimen was improved about
39.5% in the normal temperature.

Besides, in the specimen manufactured by
hand drill and of 100(wt%)] of filler content,
dielectric breakdown strength of specimen
treated with silane coupling agent than that
of non-treated specimen was improved about
24.3% in the normal temperature.

As the silane coupling agent(KBM-603)
is treated to Epoxy/SiO: compound mate-
rial, it is anticipated that better toughness
will be gained in the mechanical stress than
the electrical stress.
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