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A Study on the Partial Discharge Resistance Characteristic for Optimizing the Mixing Ratio
of Heterogeneous Inorganic Insulated Materials for Environmentally Friendly GIS Spacer

[P
(Jae-Jun Park)

Abstract — 7 type composites (40, 45, 50, 55, 60, 65, and 70 wt.%)were prepared for the environmentally friendly GIS Spacer.
Five kinds of samples were prepared for optimization of the filler content ratio (MS: MA=1:9, 3:7, 5:5, 7: 3, 9: 1) of epoxy/
microsilica and microalumina. As a result of evaluation of the partial discharge resistance characteristic, surface erosion is
generally slowed down as the fill amount of micro silica is increased. Also, partial discharge resistance characteristics for the
development of insulating materials with optimal mixing ratios of heterologous showed a higher partial resistance of discharge
and a decrease in erosion, as the filler content ratio of micro silica was larger. In the future, various researches such as
electrical, mechanical, and thermal studies will be needed to develop insulating materials that can commercialize power devices

in environmentally friendly insulating gas.
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Number Type of Samples Note

1 Epoxy (B41) epoxy original

2 EMS_40wt% epoxy/micro silica_40wt%
3 EMS_45wt% epoxy/micro silica_45wt%
4 EMS_50wt% epoxy/micro silica_b50wt%
5 EMS_55wt% epoxy/micro silica_55wt%
6 EMS_60wt% epoxy/micro silica_60wt%
7 EMS_65wt% epoxy/micro silica_65wt%
8 EMS_70wt% epoxy/micro silica_7T0wt%
9 MS:MA=1:9 content ratio=1:9

10 MS:MA=3:7 content ratio=3:7

11 MS:MA=5:5 content ratio=5:5

12 MS:MA=7:3 content ratio=7:3

13 MS:MA=9:1 content ratio=9:1

2101822 A] Epoxy Resin: Araldite(B41), Hardener:HT 903-12.2
B41(FANe} ASHAl &% HIE 1:042
EMS:Epoxy Micro Silica(SS0090)
MS: Micro Silica(SS0090), MA: Micro Alumina(AF2)
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Fig. 8 Surface Profiler (Dektak-150) by Veeco

1191



HM7|8ts=2X 67 95 20184 9

J8]30 0.2mm SIATIOlA] AT 5kV/T20HZE Q1718 A7)
Z AEHA ZUEA BHol i e JIEgth JAE
A 2 ZI0]= Optical Surface Profiler® 0]835t0] £&5t9 11

() FHOIZAl X1(B4D)

(b) AZAI/MS_T0wt%

J¥ 9 njo]A2 FEXE Zetanlg AR Ao Bie)
Fig. 9 Microcomposite optical microscope photograph (40x

magnification)
50000
Partial Dischdrge Resistahce
0 .

—  -50000
£ I
£ -100000 | |
2 \
§  -1s0000 ¥
I
<}
w o -200000

250000

—— Epoxy Resin(B41)
300000 —IB41IM|cm Sllllca_40wt°/7

b

(©

1192

0 2000 4000 6000 8000
Erosion Width[pm]

B41/MS_40wt% composites surface erosion depth
50000
Parftial Discharge Renist:j;
0 ,_W. L
Ll AN
= -50000
AR
'-:5_ 100000 , V‘
=1
S -150000
an|
w -200000
-250000 \‘
——Epoxy Resin(B41) \
—— B41/Micro Silica_45wt%
300000 : + T
0 2000 4000 6000 8000
Erosion Width[pm]
B41/MS_45wt% composites surface erosion depth
50000
Partial Discharge Rnasistabce
g Wpﬂ g
-50000 A V‘I
£ L
c
g 100000 o
g /T
a -150000
] f {
3 il
m -200000 \[
-250000
‘EI Epoxy Resin(B41) \
300000 —IB41II_\'II_icro ?ilica 50wt°/.|.
0 2000 4000 6000 8000
Erosion Width[pm]
B41/MS_50wt% composites surface erosion depth

50000

Partial Di Resisl
=
R

0 T

-50000

|

-100000

S

-150000

Erosion Depth[nm]

-200000

-250000

——Epoxy Resin(B41) R
—— B41/Micro Silica 55m°/:.,rj
—

U
0 2000 4000 6000 8000
Erosion Width[um]

-300000

(d) B41/MS_55wt% composites surface erosion depth

50000

I

‘ Partial Disch

0 2

. -50000 : AN“ 7 Iﬂ

: AR

=3

£ 100000

g VI

5 [

= -150000

i

8 ||

5 200000 !
250000 \l

——Epoxy 1 T
300000 J——B41/Micro Silica 60wt%|
0 2000 4000 6000 3000

Erosion Width[um]

(e) B41/MS_60wt% composites surface erosion depth

50000 — .
Par*lal Discharde Reslstanqe
0 ot
-50000 A
=
= 100000 S
°
3 /
2 -150000
2 :
S 200000 ;
{l
250000 \
—— Epoxy Resin(B41) | \
. = o
666 Ba1Micro Slmca_65wt/,:|
0 2000 4000 6000 8000

Erosion Width[pum]

(f) B41/MS_65wt% composites surface erosion depth
50000 P+mal . T rL
’ " TR T
-50000 [[| A .IJI
T A
% 100000 ’ \ ” I
s = v
: /
= -150000
2
: |
i 200000
-250000 \’
[—— Epoxy Resin(B41) Y
300000 —IBMIM‘_icro Slilica 70wt°/uI

0 2000 4000 6000 8000
Erosion Width[pm]

(g) B41/MS_T0wt% composites surface erosion depth

T 10 B4I/MS EXEEE FEAES HERPE Aghy
Fig. 10 Partial discharge Resistance of composite by filling
amount of B41/MS (a) 40wt%, (b) 45wt%, (¢) 50wt%,

(d) 55wt%, (e) 60wt%, (f) 65wt%, (g) T0Owt%



I 23 B419] AFOIZA] A9 AL 264umO| FAlg THAg
Ch FAl Z2 8000umBA 408) Zekind = REs 1
gl 9o LFERAQICH
YYo= FRIQH= ThEA] o ZAl/mtolAZARTE BT
o] Z7oll wet tiRlZ FAjZort Woldeg golg = AUk
2Lt MS_601F MS_T0wt%OlAE &AROZ Zashe Zgkol
OlE Aol olRe T MSO ETA] HIEARE QRO
EX9 =2 Qs AWl otz Qlsh diulE Al EEE
0l AlgE fEldoREo AWz 2 4 Qrh dHoZA5R| 9
AL Tg7b 107.97COIal, 40wt%S] A 1104C, 50wt%2o AL
114°C, 60wt%2] A 108.9°C 2|1l 70wt%olAl= 102°Ce &
WE A HAth FRIFoErt HolklE o|fe AlojaR2Al
7ot olZAIFAIQNS] AWM Zgo] akste A, nEks79)]
ER7F Lol A= JladE oFsto] Y910z AFZETHI0].
OlXE EZxIgEo| Ve [EHEQl Fgog & o, g
ZAIRo] HIsto] FAl9] AMetgo] A 4SHEE ¥ = Utk
dY@64pum)o]  HIsto]  FAIZIOE 40wt%(616%), 45wt%
(617%), 50wt%(770%), 55wt%(1438%), 60wt%(680%), 65wt%
(1785%) 12|21 7T0wt%(800%)2 FAlo] Esirle= & Ag4o]
Z3tel= Aol
OlFe YgoZAloAls BHEAS @Fo] A9 glo] ml
A FAERA Td8)al o] FAlo] 7HE Hal B4
oA Hold+E £g52 Arlg UERGITE FEdE 9
al mfola2AE)Ft FXAES F2 FAle nlojaZ2dy7} gle
FRZRE FAjo] AlFE L T80 2HE #ESHK Eoith 1
A7 HEZOE FEXEN FAUTEOE mff gEEYoz F
Alo] AAEOA| L, e/t 9AEEr IS 9 HES s
ol Fajo] FhErt. €9 ol =28 dRHELUt =
azln #Ede 7 8ol w7] iRl Aol el oF
st 4 QrH11][12]. s oz EFV] AR AXYAoIAE
60~T0wt% HXE otal Jom, B AFoME I8 9z
40~70wt% S XM H ZAolth L-gH 9] A9 S A
H nolag "9 A Hlu HESH] 8 o, AFEE nojaE
AlE|7HSS0090)2]  HHEY¥Ea7lE  10.721umo]al  HIEHEES
0.709m*/golt}, NAEOR SAAMZA0ES A7 1nmo|1l
Z0]7} 50~100nmQ! XS] H|FHE L ebEsH diz|7} o]F0&
] 850m%gOE nio]3EQ} L0 HIEHWAQ H= 1075HIQ]
HIZHAY] ROIE & = 71 A Aol I8 O|{ZE LA
o] Bito] sHAl olFold i, YRS YARE 7HHol M &
St7] ol Aol E3HE 471 g Aol & BAEN 1
a7 S o]R0E mf LeYAhs AHOZ ZEF
A Ho] REAA Agtdoz Hed IA FHE&F Zojrh Tt
AR =RIAHANO] ZffEo] A5l olFojd o, FAlo] 45
A ZAgE a1 B2 AW o] o o &, SHI Ee 4
LollAe FAlol mje Fokst He BY 4= g Zloth Fol
=]

)

ro JH
)

9,1_',

1z

AL

(o]

(@)
-
o

A ]

O|FOIR AL RAomM[18], HQl2 mo]A=e} Lot Sfo] 9ldl
ZA9 AEde 27 gl FEEde FANEdol 4%t 4
PE & 57 ArHisl.

=5

st GIS Spacerg, 0|

Trans. KIEE. Vol. 67, No. 9, SEP, 2018

(a) MS:MA=1:9 B

(b) MS:MA=7:3 &HzH]
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Fig. 11 B41l/Heterogeneous mixed composite optical microscope
photograph (40x magnification)
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Table 2 Depth of erosion of composite by filling amount of

B41/MS
number Type of samples Dfprfhs i[irrln] Note
B41(Epoxy Resin) 264.24 reference
(4a) Epoxy/MS_40wt% 51.18 516.29% |
(4b) Epoxy/MS_45wt% 42.78 617.67% |
(4¢) Epoxy/MS_50wt% 34.28 770.82% |
(4d) Epoxy/MS_55wt% 18.37 1438% |
(4e) Epoxy/MS_60wt% 38.82 680.68% |
(4f) Epoxy/MS_65wt% 14.80 1785% |
(4g) Epoxy/MS_T0wt% 32.99 800% |

B 3 B4I/MS:MA 0|5 ZTHIE FEAEQ| FAZ10]
Table 3 Depth of erosion of composite depending hetero-
geneous mixture ratio of B41/MS:MA

number Type of samples Df;‘?hs 1[(3]] Note

B41(Epoxy Resin) 264.24

EMS(70wt%) 32.99 reference
(5a) MS:MA=1:9(70wt%) 55.40 +167%
(5h) MS:MA=3:7(7T0wt%) 60.02 +181%
(5¢) MS:MA=5:5(7T0wt%) 29.56 -10.4%
(5d) MS:MA=T7:3(70wt%) 26.28 -20.34%
(5e) MS:MA=9:1(7T0wt%) 8.65 -73.718%
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