
 

 

  
Abstract—Many studies have been conducted on DC 

transmission. Of power apparatus for DC transmission, high voltage 
direct current (HVDC) cable systems are being evaluated because of 
the increase in power demand and transmission distance. Therefore, dc 
insulation characteristics of liquid silicone rubber (LSR), which has 
various advantages such as short curing time and the ease of 
maintenance, were investigated to assess its performance as a HVDC 
insulation material for cable joints. The electrical performance of LSR 
added to nano-aluminum trihydrate (ATH) were confirmed by 
measurements of the breakdown strength and electrical conductivity. 
In addition, field emission scanning electron microscope (FE-SEM) 
was used as a means of confirmation of nanofiller dispersion state. The 
LSR nanocomposite was prepared by compounding LSR filled 
nano-sized ATH filler. The dc insulation properties of LSR added to 
nano-sized ATH fillers were found to be superior to those of the LSR 
without a filler.  
 

Keywords—Liquid silicone rubber, Nanocomposite, Nano-ATH, 
HVDC insulation, Cable joints. 

I. INTRODUCTION 
HE need for HVDC transmission for increased long 
distance transmission and to meet the demands for power is 

expanding. Around the world, many studies have been 
conducted on DC transmission. To transmit direct current 
power, the HVDC cable and joint are needed. The cable system 
is comprised of a cable and accessories, such as joints and 
terminations. Joints are connections between the cables [1]-[4]. 
When they are connected, several problems are encountered 
including the leakage current and heating. One of the major 
issues with the HVDC cable system is the accumulation of 
space charge and the consequent distortion of the electric field. 
These problems reduce the insulation performance, which is the 
breakdown strength, conductivity etc. [5]-[6]. To solve this 
problem, many studies have focused on HVDC cables, but the 
HVDC cable accessories have attracted less attention. 
Consequently, HVDC cable accessories currently do not meet 
the standard insulation property for insulation materials. 

To enhance electrical performance of insulation materials, 
filler and additives are blended with the basic resin. The 
application of nano-scale fillers has been generally researched 
[15]. The addition of the appropriate nano-filler can reduce the 
accumulation of space charges and increase the dielectric 
strength and partial discharge resistance of composites. These 
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fillers present that reaching the desired improvements in 
materials performance with comparatively low amounts (less 
than 10%wt) and avoiding the usual disadvantage of 
micro-filler. Also, the addition of nano-filler can reduce the 
total cost of the composites as well, because the price per unit 
polymer is typically higher than that of fillers [16]. 

This study examined the breakdown strength and volume 
resistivity of LSR, which has been used as an insulation 
material of HVAC cable joints to apply to the insulation 
material of the HVDC cable joint. In addition, field emission 
scanning electron microscope (FE-SEM) was used as a means 
of confirmation of nanofiller dispersion state, and the effects of 
addition of the nano-filler used LSR nanocomposite were 
considered. 

II. SAMPLE PREPARATION 

 
Fig. 1 Fabrication scheme of the specimens 

 
Silicone rubber is used mainly as insulation materials for 

outdoor insulators as well as cable joints. Among these, LSR is 
a good insulating material because of its short curing time and 
ease of maintenance [7]-[9]. LSR (Momentive Performance 
Materials Inc.) was used to prepare the specimens. The mixing 
ratio of LSR and hardener was 1:1. The ATH filler (US 
Research Nanomaterials, Inc.), 10~20nm size, was used to 
prepare the nanocomposites. 

A direct mixing method was used to disperse the nanofillers. 
The ATH filler added at 1phr in the LSR for nanocomposite. 
The nano-sized filler improved properties of the pure material 
by forming a nanocomposite [11]. The planetary centrifugal 
mixer (ARV-310 from THINKY Co.), a high viscosity 
dispersion device, was used because of the very high viscosity 
of LSR [10]. The specimens were fabricated by curing for 5 
min at 165°C in a hot press. Fig. 1 shows the preparation 
process of the LSR nanocomposite. Table I lists the 
classification for the specimens.  

 
 
 
 
 
 

Ju-Na Hwang, Yong-Jun Park, Min-Hae Park, Kee-Joe Lim 

Influence of Nano-ATH on Electrical Performance 
of LSR for HVDC Insulation 

T

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:8, No:2, 2014 

269International Scholarly and Scientific Research & Innovation 8(2) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
2,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

74
69

.p
df



 

Br
el
el
w
pr
br
na
th
Th

te
re
m
ex
an
vo
ho

fil
th
ba
w
ac
sp

CLASSIFICATI

 
Resin [ph

Hardener [p
Nano-ATH [

phr* : Part per h

A. Unipolar D
Fig. 2 (a) sh

reakdown Tes
lectrode system
lectrode system

was 8mm. The
revent surfac
reakdown str
anocomposite 
hickness. The 
he applied vol

B. DC Condu
Fig. 2 (b) sh

st. A three-ter
esistivity of 

material, appr
xamined. The 
nd the measu
olume resistiv
our after comm

C. FE-SEM I
For the imag

llers, pictures 
he FE-SEM. T
asic resin. Fo

was conducted
cceleration vo
pecimens has a

 

T
ION OF THE SPECI

LSR
hr*] 1
[phr] 1
[phr] 

hundred parts of L

III. EX

DC Breakdow
hows the expe
st. The set up
m, and tempe
m was used a
e electrode w
ce flashover. 
rength of a 

material, 
measurement
ltage was incr

uctivity Test 
hows experime
rminal electro
a sheet spe
roximately 8
applied electr

urement tempe
vity was evalu
mencing the m

Imaging 
ge analysis to
of surface of

The SEM ima
llowing platin

d. X-rays use
oltage of 3kV
a magnificatio

TABLE I 
IMENS OF THE LSR

R_NF LSR
00 10
00 10
0 1

LSR resin 

XPERIMENTAL 

wn Strength Te
rimental setup

p consisted of
erature control
and the diam

was immersed
This study 
sheet spec

approximatel
t temperatures
reased at a rate

ental setup for
ode system wa
ecimen the L
80~100µm 
ric field was 1
eratures were
uated from th

measurements

o evaluate the
f LSR specime
age was sepa
nic coating, th
ed FE-SEM 

V, and the FE
on of 500. 

R NANOCOMPOSI

R_Al LSR_
00 100
00 100
1 3

est 
p for the unip
f a DC power
ller. A sphere
eter of the el

d in insulation
examined th

cimen of the
ly 120~150µ
s were 30 and
e of 1kV/sec.

r the dc condu
as used. The 
LSR nanocom
in thickness

10, 20 and 30k
e 30 and 90°
he leakage cu
. 

e dispersion s
ens were take
arated into fil
he FE-SEM i
was applied 

E-SEM image

 

ITES 
_A3 
0 
0 

polar dc 
r apply, 
e-sphere 
lectrode 
n oil to 
he DC 
e LSR 
µm in 
d 90°C. 

uctivity 
volume 
mposite 
s, was 
kV/mm, 
C. The 

urrent 1 

state of 
en using 
ller and 
maging 
to the 

e of the 

 

Fi

ma
HV
pe

 

F
 

res
co
str
am
inc
de

 

 

the
be

an
sup
LS
tha
str

g. 2 Experimen
unipolar

A. DC Breakd
The test of th

aximum allow
VDC cable sy
rformance of 

Fig. 3 DC Break

Fig. 3 shows
sults are listed
efficient) is th

rength on tem
mount of degra
crease in tem
fined as follow

As shown in T
e specimens w
cause of the e
LSR_A1 show

nd the dielectri
perior to tho

SR_A3 showe
at LSR added
rength decrea

ntal setup used f
r dc breakdown 

IV. RESULTS

down Strength
he dc breakdow
wable temper
ystem was car
the LSR nano

kdown Strength

s the value of 
d in Table II. T
he dependenc

mperature. Th
adation for the
mperature at 
ws: 

TDC %

Table III, the T
were not affec
excellent heat 
wed the best 
ic strength of 
se of the LS

ed the lowest 
d ATH 3phr a
ased with inc

for the dc insula
test, (b) dc con

S AND DISCUS

h  
wn and dc co

rature and op
rried out to ex
ocomposite. 

h of LSR spcim

f the dc break
The TDC (temp
ce of the evalu
his index can 
e breakdown s
room temper

,
·

TDC was calc
cted substanti
resistance of L
electrical diel
LSR added to

SR unfilled n
dielectric cha

act as impurit
creasing temp

ation property t
nductivity test 

SION 

nductivity un
erating field 

xamine the ele

mens as a temper

kdown strengt
perature depen
uated dc brea
be observed 

strength for ea
rature. The T

100        

culated using (
ially by temp
LSR. 
lectric charac
o the nanofille
nanofiller. Ho
aracteristic. It 
ties. The brea
perature due 

 
test: (a) 

der the 
of the 

ectrical 

 
rature  

th. The 
ndence 

akdown 
in the 

ach 1°C 
TDC is 

    (1) 

(1). All 
erature 

cteristic 
er were 
owever, 

seems 
akdown 

to the 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:8, No:2, 2014 

270International Scholarly and Scientific Research & Innovation 8(2) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
2,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

74
69

.p
df



 

th
 

 

F

fu
de
te
re
th
di
ca

un
re
w

hermal breakdo

DC BREAKDO

Specimen 
LSR_NF 
LSR_A1 
LSR_A3 

T
Spec
LSR
LSR
LSR

B. Volume Re

Fig. 4 Volume r
function o

 
Fig. 4 shows

unction of the 
ecreased wit
mperature. It

esistivity value
han the value
ifferent fillers
an increase the

The basic pro
nderstand the
esistance of th

wt% silica fi

own mechanis

T
OWN STRENGTH IN

BDS(30°C) [k
335.5 
343.9 
297.4 

TA
TEMPERATURE DE

imen 
R_NF 
R_A1 
R_A3 

esistivity 

resistivity of the
of the electrical

s the volume 
electrical fiel

th increasing
t can be seen
e for LSR fille
es obtained in
s. It introduce
e dc conductiv
operties of the
e effects of 
he silicone rub
illers was i

sm ( 0 .

ABLE II 
N LSR NANOCOM

kV/mm] BDS

ABLE III 
EPENDENCE COEF

(a) 
 

(b) 

e LSR nanocom
l field: (a) at 30

resistivity of
ld strength. Th
g electrical 
n from all the
ed ATH 1phr 
n the LSR n
s free ions in
vity of the com
e nanocompos
nanofiller ad

bber (SR) nano
improved as 

. 

MPOSITES AT 30,9
S(90°C) [kV/mm

268.3 
277.7 

247.4 

FFICIENT 
TDC 
0.33 
0.32 

0.28 

 

 

mposite specime
0°C, (b) at 90°C

f the specime
he volume res
field strengt

e figures that 
is marginally

nanocomposite
nto the system
mposite. 
site were exam
ddition. The 
ocomposite w

compared 

 

0°C 
m] 

ens as a 
C 

ens as a 
sistivity 
th and 
the dc 

y higher 
es with 

m which 

mined to 
erosion 

with low 
to the 

mi
sho
bre
pro
the

in 
str
sho
LS
un
ex

 

the
spe
the
As

Th
co
ele
pro

(1)

(2)

(3)
(4)

icrocomposite
owed impro
eakdown stren
operties of th
e insulation pr
These results 
LSR. There

rength were in
own in Fig. 5

SR added to n
nfilled nanofil
cluded from t

Fig. 5

C. FE-SEM Im

(a) LSR_

Fig. 6

Fig. 6 shows
e dispersion s
ecimen filled
e primary part
s the result, AT

ATH/LSR na
he specimens w
nductivity for
ectrical dielec
operty of nano
Summaries of
) DC breakd

highst, and
specimens. 
in the dielec

) Nano-ATH
resistivity th
there are op

) It is that LS
) In the co

dependence

e [12]-[14]. T
oved dc die
ngth and volum
e nanocompo
roperties [18]
show that the

efore, the vol
ncreased due to
5, the nanofil
nanofiller has
ler [19]. How

this trend 

5 Model of the n

mage 

R_A1                  

SEM images of

images of ea
state of ATH
ATH 3Phr is 
ticle diameter
TH nano-fille

V. CON

anocomposites
were tested us
r an understan
ctric performa
o composite w
f the experime

down strength
d increased by

But, LSR_A3
ctric material.

H/LSR nanocom
han other com
ptimistic comb
SR added ATH
omprehensive
e coefficient o

The epoxy n
electric perfo
me resistivity

osite will be h

e nanofiller ac
lume resistiv
o the nano-siz
ller trap effec
s a deeper trap
wever, a speci

nanosize filler t

  
                       

f fillers for nan
 

ach specimen.
H 1phr, Fig. 6

dispersed in t
r is approxima
er are well disp

NCLUSION 
s were prepar
sing dc breakd
nding influen

ance of the co
was investigate
ental results a
h of LSR_A1
y 0.3~3.5% m
3 specimen ha
. 
mposite (1phr

mposites at 30 a
bination and r
H 3phr act as i
e this study
of ATH_A1 h

nanocomposit
ormance, su

y [17]. Therefo
helpful in imp

cts as a deep tr
vity and brea
ed filler additi

ct is explicate
p site than th
imen of LSR_

trap effect. 

 (b) LSR_A3 

ocomposite 

 Fig. 6 (a) in
6 (b) signify 
the nano scale
ately 100nm o
persed genera

red with nano
down strength 
ce of nano-A

omposites. Die
ed. 

are as follows:
1 specimen h
more than di
as bad charac

r) has higher v
and 90°C. The
atios.  
impurities 
y, he temp
had lower val

te also 
uch as 
ore, the 
proving 

rap site 
akdown 
ion. As 

ed. The 
he LSR 
_A3 is 

. 

 

dicates 
that a 

e. Also, 
or less. 

ally. 

o-ATH. 
and dc 

ATH on 
electric 

 
has the 
ifferent 
cteristic 

volume 
erefore, 

erature 
lue. So 

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:8, No:2, 2014 

271International Scholarly and Scientific Research & Innovation 8(2) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
2,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

74
69

.p
df



 

 

that properly growing content of nano composite can be 
used for a stable insulation structure. 

(5) The dispersion state of fillers using FE-SEM image was 
fairly uniform to the specimen filled nano-ATH. 

Investigation results are that the opinion that there are effects 
from the nano filler that make the electrical performance good 
but the degree of this effect is unpredictable. The nano filler 
content is not proportional or inversely proportional. Therefore, 
the study regarding the consecutive study of the thermal, 
mechanical and chemical properties as well as electrical 
dielectric should be conducted.  
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