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Afatraet: Hydrophobic properties are the advantages of silicon insulators over other types of
insulators. This paper discusses the investigation to improve the performance of the SR
insulator matrix with micro-nanofillers to maintain hydrophobic properties. A new polymer
insulator with the best filler composition and concentration is expected 1o be produced in this
rescarch to be effectively applied as a high-voliage outdoor msulator in the fropics
Investigations were condwcted to determine the performance of the Sid., ATH, and TiO=
micro-nancfillers to improve the properties of hydrophobic, water diffusion, and UV radeaton
of insulator meatrix SE. The materials used are selected from well-performing composites and
fillers and then combined o obtain the right insulator matrix to improve the performance of
silicone rubber for outdoor high-voltage polyemer insulators. Mixers under vacuum conditions
are applicd o reduce agglomeraton and voids from cavitation when fabricating an insulator
matrix. Investigation of the performance of the SR insulator matrix includes testing amd
analysis of physical, elecirical, and chemical test characteristics according o IEC standards
ircluding hydrophobic transfer, water diffusion, permittivity, resistivity, and FTIR. The resalts
showed that the performance of the SR insulator mairix with S0, ATH, and Ti: micro-
nanofiller with concentrations of 15 wi% and 20 wi% has the potential to improve the
performance of high-voltage polymer insulators.

Keywords! Hydrophobic; water diffusion; resistivity; permittivity; micro-nanofiller.

1. Imtroduoction

The polymer insulator mairix s the main material of polymer insulators as housing. The
quality of polymer insulators is largely determined by the performance of the polymer insulator
matrix [1]. The main materials of the polymer msulstor matrix used in this research are
BRTV6AREY silicone rubber (SR) and 5002 ATH. and TiQ: micro-nanofillers. The SR has
bwdrophobic propertics that can convert pollutanis on the surface inte hydrophobic which is
very well used az a high-voltage outdoor msulater [2], [3]. To improve the performance of
polymer insulators, the SR can add quality fillers according io the environmental constrainis. i
which the insulator will be used. The combination of miceo-nanofillers can expand the filler
surface, and improve stability and thermal distribution o prevent cavitics cansed by cavitation
and air wrapped in the fabrication of an insulator matrix [4].

Silicone rubber has external and mtermal constrainis on its use as a high-veltage owtdoor
imsulator [5]. Physical, clectrical, and chemical constrainis on the application of polymer
imsulators need to be climinated by engincering composites and fillers with the right
composition and concentration o produce the best-performing insulator matrix such as Si0-
micro-nanofillers for hardness, and electrical resistivity  [6], [7], alumina trbedrate (ATH) for
flame resistance [B]-[11]. and Ti0: for UY radiation [12]. tracking. and erosion [13]. [14]. The
combination of micro-nanofillers with the right composition and concentration can mamiain
biwdroplobic transfer properties, and improve thermal stability, tracking, and erosion resisiance
[15]. which can improve the performance and service life of polymer insalators [ 16].

The 5B insulator matrix by engineering Si0:, ATH, and TiO: micro-nanofillers has been
imvestigated 1o determine the performance of the combination of micro-nanofillers o improve
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the propertics of hydrophobic, tracking, and UV radiation of the SR insulatoss matrix [17],
[18]. The tests and analyses of the sample before and afier surface pollution and water
diffusion treatment are then performed mcluding bydrophobic transfier, water diffusion,
permittivity, resistivity, and FTIR [12]. The novelty of this paper is the composition and
concentration of the SR insulator matrix with 5i0s., ATH, and Ti0: micro-nanofillers o
mmprove the physical, electrical, and chemical performance of polymer insulators with the
addition of TiCk that can improve UV radiation resistance, water diffusion, flashover, comona,
and tacking to maintain the hydrophobic propertics of palymer insulators.

2, Materkals and Methods
A Marerial and Insidaior Mairix Fabvication

In this rescarch, the material used consisted of the best composite SR provided by
CY. Intraco and support from PT. Serambi Gayo Sentoza. The filling material uses the best
quality filler materials including 5i0s, ATH, and Ti0: micro-nanofillers with specifications
and phiysical characteristics according to Table 1.

Table 1. Specifications and characteristics of particle filler [4]

Particle Particle size Shape Supplier
Tily =~ M e armrplous Poshopku
Shanghai Xingha Chemical
ATH =2} am amorphous Technology Co., Lid.
S B.19- 857 um armrplous HYW
S 20 = 30 nm hexagonal Manomaterial, China

Sample fabrication follows the standing operating procedure of making an insulator matrix.
Initially, all fillers ase stored scparately in an oven at 60 °C for 485 hours to remove air
mroisture, then weighed and mixed with other materials according to a predefermined
composition and concentration. The dry filling material was then put into a mixer container
with a cerfain composition and concentration. The weight percentage (wis) of each filler was
weighed at room femperature, stiered well gently before mixing with silicone rabber. The SR is
added to the filler mixbare with a percentage of weight according to the design of the mixture
conceniration [19]. The composition and concentration of fillers in the SR insulator msatrix are
described in [4]. In this stady, filler concentration was inceeased by up fo 20 wi% in cach type
of the SR insulator matrix.

The dough of the SR insulator matrix is placed on the mixer machine and stirred under
vacuum conditions for 30 minutes using a mizer with a balloon whisk beater. The mixer speed
was set at Pl oand P3 speed for 3 and 25 minotes, respectively. MNext, the dough is added
hardener as a catalyst and rotated again st Pl and P35 speed for | and 4 minutes, respectively to
sprzad the hardener on the dough [4]. The sample is printed 3 v thickness with unpressurized
evold at room temperature for 24 houwrs. The molded and dried dough is cut into an SB insulatos
matrix of size T0xT0x? mm® and other sizes according to the design. The SR msulator matrix is
cut and washed with 946% alcohol and heated inoan oven at 60 °C for 24 hours [19].

B Hydrophobic Transfer lesdator Matrix Test

Investigation of the hydrophobic transfer characteristics of the SR insulator matrix was
carried cut with two treatments of kaolin surface pollution, namely: (1) applied pollution above
the surface then exposed at room temperature, (2) pollution applied above the surface is then
cxposed to UVa radiation (340nm) [17], cach for 120 hours. Before processing, pure comndition
samples must be ensured that all parameters have been measured according to the procedurs
imcluding thickness, capacitance, weight, volume and surface resistance, and contact angle
mcasurements [ 19].
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Adfter the pure condition measurement 8 completed, the sample is then placed in a containes
and coated with 2 mm thick kaolin for surface pollution treatment [ 19]. Mext, the contact angle
i mcasured in a pure state shortly after the kaolin contaminant is applied as the initial
condition (HO) Contact angle testing was repeated every 3 hours for 5 days until the kaolin
contaminant became hydrophobic, and then hydrophobic properties were measured cvery 24
hours until the contact angle condition was relatively constant [4]. All samples that have
completed surface contaminant treatment have their paramciers measured again including
weight, capacitance, resistance, PTY, flashover, BD, SEM. EDS, and FTIR for comparison of
performance before and after treatment [4].

. Wearrer DNffieston Tnsulator Mairie Tesr

Water diffusion test treatment i carried out by placing samples measuring T0xT0x3 mimn® in
the distilled water container and treated with two temperature conditions, namely exposed in a
confainer in an open place at room temperature, and exposed i a distilled water container at a
water container with a terperature of 70 “C,

The sample weight of the SR insulator matrx is measured at pure condition (HO) before
being put into the container. In water diffusion treatment investigations, parameters measurod
persdically every 24 hours include weight, capacitation, resistance, and contact angle [20].
This measurement s repeated every 24 howrs antil the weight change s relatively constant.
Furthermore, additional measurements are perforned after the constant imcluding PD,
flashower, BD, SEM, EDS, and FTIR. Based on the data obtained, analysis and cvaluation wene
carried out by comparing parameters before and after water diffusion treatment [ 19].

. Permirtvity rswlator MWarrix Tesr

Investigations of the permittivity of the SR msulstor matrix are carried out by measuring
the capacitation of cach sample periodically and comparing permittiviny conditions before and
after treatment. Permitfivity festing by measuring capacitance to samples with 2 types of
treatment, namely: (1) permittivity testing of water diffusion treatmsents with exposure to rooim
temperature, and T0°C; (2} hydrophobic transfer permittivity testing with two treatmenis,
pnamely kaolin swrface pollution exposed o moom temperstare, and UVa radiation, each
cuposed for 18 days

Capacitance measurcments are carricd out in pure conditions and then contmued daily
persdically for water diffusion treatment, while hydrophobic transfer treatment measurements
are carried owt i pure conditions and at the finally of processing. The capacitamce
encasurement results ane then used to analyze permittivity with the formula as follows.

E=C.d/4 (1

E=E(En (2}
where, £o = SRM1ETRIT.I0F? (Flm), C = capacitance (Farad), d = sample thickness (m],
A = surface area (m°), £ = relative permittivity.

E Resiotvity fresulaior Mairix Test

Ome method for measuring resistivity is o use a Kyoritsu-type KEW3 1234 insulation tester
o pvcasupe the volume and surface resistance of the SR msulator matrix. The sample used for
resistivity testing is T0xT0x3 mm’. Pure condition resistance measurement is carried out aficr
the sample is cured, then continued resistance mcasurement at cach test stage according to the
treatment procedure [19). Mext, the volume resistance measurement resulis are analyeed to
determine the volume resistivity using the formula as follows.

p=R.Ald (1)
where 0, = volume resistivity (Olaneem), R, = volume resistance (Ohin), 4 = surface arca
{em’), and o = sample thickness (em).

The same sample is used for surface resistance measurcment using insulation testers. This
module uses two 2x7 cm?® electrodes with a distance of 5 cm between the two electrodes. The
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sample insulator matrix s placed under both clectrodes [19]. The swiface resistance
pcaswrernent resulis ane axalyzed o determine surface resistivity using the formula as follows.

=R 10w {4)
where g, = surface resistivity (Ohm), 8= surface resistance (Ohm), [ = clectrode length (cm),
and r = electrode distamee (cm).

F. Fourier Transform Infrared (FTIR) Spectroscopy

FTIR analvsis is one of the instruments that can be uwsed to understand intermolecular
mteractons in the SR insulator matri. FTIR testing of the SR insulator matrix on pure samples
and after treatwent was carricd out to determine the effectiveness of the interaction between
filler and composite on the SR insulator matrix with a combination of micro-nanofilless. The
FTIR spectrum presented in this figuee is the result of FTIR study of SR insulator matrix for all
compoaitions with filler concentrations of 15 wi% and 20 wi%o [19].

3. BResulis

Investigation of SR insulator matrix characteristics includes testing and analysis of
hydrophobic transfer, water diffusion, permittivity, resistivity, and FTIR, some other data that
wiz have published previously [4], This paper is a continuation of the results of the research
mvestigation. The test results and data analysis are presented as follows.

A, Hydrophabic Trarsfer Performance Analvsis
The results of the investigation of the hydrophobic transfer charscieristics of the SR
isulator matrix from the contact angle analysis during processing are shown in Figuree 1.

ST T
B ——

Coniaci Amgle 7}

b Al iy [ H i 5] T 130

'I'I:Hha IIn:|:.I.'|
Figure 1. Hydsophobic transfer performance of the SR o {0 room emperature, and (h) U s trestments

Recovery of hydrophobic with UVa exposure is faster than exposure at seoam temperatune.
Hydrophobic transfer analysis with comparing the contact angles of cach SR isolator matrix
from both treatments for 120 hours. Based on the resulis of the analysis, it was found that
bydrophobic transfer exposed to UVa occurs aficr 75 hours 96.44°, 91.22°, 91.22°, 90617,
Q0.10°, and 90107 for SR-D4, SE-NF, SR-ID, SR-C4, SR-A4, and SR-B4, respectively. The
spead of recovery of contact angles exposed to room temperature oceurred afier | 10 hours at
QL85 90.87°, W0.597%, and B0.09° for SR-B2, SR-Ad, SR-Cl, and 5R-D1, respectively. This
happens because the addition of TiD: fillers can reflect UV eadiation [12] to improve thermal
stability and reduce bow molecule weight fo surface of the insulator matrx [16], [21].

B, Warer Difficsion Performance Amalysis

Driffusion analysis of water of the same composition can determine the influence of the
weight of the filler, while the comparison with the same concentratbon can determine the
influence of the type of filler. The results of the analysis can be shown in Figune 2.
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Figure . Wster diffasion | AW) performance of the SE at (2) room temperature, and (B} 70 “C treatmients.

O the graph, it can be seen that the diffusion of water s faster satorated at bower
temperatures, as well as the percentage of water diffusion is greater if the temperature is
higher. Meanwhile, at the same temperature and concentration, the diffusion of SR-D water is
better than that of SR-C. SR-B, and SR-A. Likewise, the higher the concentration of filler will
increase the percentage of water diffusion with water absorption less than 0.25%,

. Perminivity Performance Analvsis
The results of permittivity analysis of the SR insulator matrix that has been exposed to
water diffusion treatment at room temperature and 70 °C for 18 days can be scen in Figure 3.
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Figure 3. Permintivity performance of the SB with water diffiesion tresimsenis ot {a) room temperature, amd (b 70 *C.

The permittivity performance of the SR msulator matrix with micro-nanofiller at water
diffusion treatment at 70 °C & greater than at room temperatune, relative permittivity ranges
from 3-7. It was also seen that the addition of filler concentration would increase relative
permittivity, even if SR-A4 samples failed after the 15% day. However, the addition of filler
concentration will incrcase the permittivity of the SR insulator matrix, so it must be a
consideration in engineering the insulator matrix [22].

I Resisoivity Performance Analysis

Analysis of the resistivity performance of the SR insulator matrix was carmied out on pure
samiples and after treatment, namely: (1) after surface pollution treatment exposed to room
temiperature and UVa radistion, and (2) after water diffusion treatiment exposed to room

temiperature and 70 *C. The results of volwme and surface resistivity performance analyeis ane
shown in Figure 4.
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Based on the resulis of resistivity analysis, it i3 konown that the addition of filler
concentrtion decreases the volume and surface resistivity of the polymer msulator. [n the
surface pollution trcatmeent, it was seen that samples SR-C and SR-D containieg  TiO:
nancfillers had greater volume resistivity. Furthermore, when companng sample types of the
same concentration, it can be scen that the voelume and surface resistivity of SR-D samples ane
greater than the other samples at room termperature up to 70 “C. This is a consideration in
choosing the type, composition, and concentration of fillers becawse a decrease in volume
resistivity reduces the performance of polymer insulators.

E. FTIR Performance Amalysis

FTIR analysis has been performed on all samples. [n this seetion, SR-A, 5R-B, SR-C, and
SR-D samsples with filler concentrations of 15 wi and 20 wis are displayed to determine the
effectiveness of micro-panofiller to improving the performance of polymer imsulator matrx in
high-voltage outdoor insulators. Each S0, ATH, and Ti0s filler particle can undergo H™5-0%
covalent bonding at a given temperature on the surface of the polymer msulator [3], [4]- The
resulis of FTIR data analysis from cach SR insulator matrix using the Originlab application can
be shown FTIR spectra on Figure 5.
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Figare 3. FTIR spectm of the SE icalstors matric with Sick, ATH, and T micro-nanodillers.

The results of FTTR analysis in the wavenumber range of 30000 cm! can be known as

the intensity of absorption bands for SR-A, SR-B, 5R-C, and SR-D samples with concentrations
of 15 wits and 20 wils. The intensity of the absorption band i the region of 3200-3700 cm!
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wis the lowest at 60985 T and the highest at 89 7TWT for SR-A3 and SR-D3, respectively.
Meanwhile, the highest mtensity of the absomption band i the region of 29622964 cm® is
B6.24%T, 22832290 ey is 97.84%T, 1261 em™ is 69.51%T, 10931097 cm™ is 56.22%T,
10221024 cor!' is 58.32%T, 800802 cm™! is 55.14%T, and 385-395 cm! is B35 98%T for SR-
C4, 5R-B4, SR-C4, SR-C4, SE-C4, and SR-D3, respectively. This means that SE-C and SR-D
the SE msulator matrix with micro-manofillers have greater absosption mtensity than other
isulator nsatrix samples.

4. DMseussion

The 5B insulator msatrix with Si:, ATH, and TiOs micro-nanofillers has been investigated
according to IEC standards. Evaluation of the relationship between surface pollution and water
diffusion treatment from the results of physical, electrcal, and chemical characteristics analysis
is discussed below:

A. Hyvdrophobic Tranifer Performance Evaluanion

Hydrophobic mecovery with UVa exposure is faster than moom temperaiune cxposwre,
because UY exposure can accelerste the movement of silicone rubber particles, buat the
combination of micro-nanofillers and TiOy particles having cxcellent radiation reflection ability
menzase thermal stability and inhibit the movement of particles to the surface of the insulatos
pratrix [2]. This suggests that the sddition of T fillers for UV resistance to polymer insulabors
is important becanse it impacts polymer performance and serviee Life [21].

B, Warer diffusion Performance Evalirrion

The results of the SR insulator matrix water diffusion analysis found that the higher the filles
concentrtion will increase the percentage of water diffusion. Meanwhile, it is also seen that the
diffusion of water is lower and quickly saturated at lower temperatures due to the interaction of
silanol bomds on the surface of the insulator matrix is sbower. Furthermore, at the same
temperature and concentration the diffusion of SR-D water is better than that of SR-C, 5R-B,
and SR-A. The SR msulator matrix with miceo-panofillers has more silanol bosds on the surface
of the polymer insulator matrin to reduce water diffusion.

. Permirivity Performance Evaluetion

The permittivity of the SR insulator matrix with micro-nanofiller imcrcases at higher
temperatures because the density of the filler decreases so that the voids enlarge which increases
capacitance and permittivity. This is certainly greater at higher filler concentrations, therefore a
combmation of micro-manofillers that have good thermal stability is needed. Fillers with a
combmation of micro-nanofillers i addition fo having a stronger struchare also increcase the
surface arca of the filler and thermal stability so that the permit performance is better [22]

0. Resisnvity Performance Evaluation

The resulits of the resistivity analysis of the SR msulator matrix with micro-namnofiller
showeed that the addition of filler concentration decreased the resistivity of volume and surface
after treatment. The decrease in volume and surface registivity with water diffusion treatmient at
beavier filler concentrations occurs because the percentage of water absorbed by the insulator
patrix 15 higher so that it 5 moist and conductive. Meanwhile, the decrease in volume and
surface resistivity with surface pollution treatrsent is caused by kaolin residues on the surface of
the msulator matrix so that it is more modist than in pure conditbons. Volume and surface
registivity of SR-D samples i betier than other samples at room temperature up to 70 *C due to
the influcnce of Ti0: and Si0: nanofillers with a composition of 1667 wi% of filler
concentrtion respectively [7].
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E. Chemical Performance Evaluation

Based on the results of FTIR analysis in the wavenumber range of 3003000 cm, it can be
known the intensity of the absorption band for SR-A, SR-B, SR-C, and SR-D samples with
comcentrations of 13 wi% and 20 wi%. From the intensity of the spectrum, it is keown that SR-
C and SR-D samples have greater absorption mtensity than other insulator samples. This shows
that the presence of Si0: and TiDy nanofillers in addition to improving physical and electrical
performance, can also play an effective role in reflecting UV radiation on polymer insulators.
In addition, TiCk: fillers can form O-H bonds with Si0: and ATH fillers [31]. The three fillers
form the dehydroxylation of O-H compounds so that they can rebease HAD compounds if the
temperamre is met, which iz needed in polymer insulators o improve the dielectric
performance of polymer msulators SR [6].

i Conclusions

Investigation of the performance of the SR insulator matrix with 5i0:, ATH. and TiOk:
micro-nanofillers has been carried out experimentally according to IEC standards including
testing and analysis of physical, chemical, and elecirical characteristics by surface pollution
treatment exposed to room femperatore and U'Va, a5 well s diffusion treatment of water
cxposed to room temperature and T0PC.  The findings of this study can be surmmed up as
follows.

. The performance of the SE insulator matrix with micro-nanofillers containing TiCky
particles showed better performance of water diffusion and hydrophobic transfer. The
addition of nanofiller particles can improve the performance of the SB msulator matrix
to reduce the filler concentration to overconse the constraints of water diffusion.

2. The additien of TiD: sanofillers has the potential to improve the performance of
polymer imsulators, it can be scen that the additon of filler concentrations up
20 wit% in SR-C and SR-D samples contaiming Ty napofillers shows better
permittivity and resistivity compared o SR-NF, SR-A, and SR-B.

3. The resulis of FTIR analvsis of the insulator matrix SR-D with SR-C show that the
clectromagnetic radiation and chemical structure of the SR-D insulator matrix are
better than SRE-C. This confirms thar the addition of hexagonal nanofillers Si0: and
TiDy of 16,67 wi cach can mprove the performance of polymer insulators for high-
voltage outdoor msulater applications.
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Abstract—This paper discosses the charncteristics of
pubymer insulator matrix from RTV6E3 compesites with micro-
manafillers to improve the performance of polymer insolators.
Research is expected to obiain 0 mew polymer insulator matrix
with the best filler compasition that is effectively applied to high-
valtege sutdoor imsulaters in tropical climates. Investigntions
were conducted to develop new materinls that can improve
Iydraphobic performance by reducing partial discharge and
incressing the UV resistance of silicone rubber insulators. The
method wsed was to choose the material with the best
performance and then combine it to overcome the shstwcles of
upphving polymer insulators as eutdoor high-voltage insulators,
Furthermure, develaping n manufscturing methsd for making
i pobymer insulator matriz using RTVER? silicone rubber with
Silly, ATH, and Tild; micro-muinofillers. Insalator matriz
fubrication using mixers under vaecuum conditions for fller
dispersion and elimination of veids in polymer imulater matrix.
Testing and analysis of polymer insulator matrix characteristics
inchuling physicul, electrical, and chemical tests accerding to
IEC standards inchule hydrophebic transfer, water diffusion,
scamning electron microscopy (SEM), purtinl discharge (FD)
und Fourier trunsferm infrared spectroscopy (FTIR) The
results shawed that the RTVER3 palymer insulator matriz with
u combination of 5500;, ATH, and To}; micro-nanofillers hus the
potential to improve the perfarmance of high-voltage polymer
imsulstors.

Keywords—partinl  discharge,  polymer  fnsulztor, UV

L INTRODUCTION

The polymer msulator mairix is the main material of
polymer insulators as housing. The quality of polymer
insulators is largely determined by the performance of the
polymer insulator mairix [1]. The main materials of the
polymer insulator matrix studicd are RTV6RI silicone rubler
(SR and SiCk, ATH, and TiCk: micro-nanofilless. This SR has
hydrophobic propertics that can convert pollutants on the
surface into hydrophobic which s very well used as a high-
voltage owdoor insulator [2]. To improve the performance of
the polymer msulator matrix from SK, it is nocessary to add a
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quality filler according 1o the environmental consiraints where
the insulator is used. The combination of micro-nanofillers
expands the filler surface, improving stability and thermal
distribution to prevent capitation causing voids in the
fabrication process that can be engineered on the insulator
ratrix [3].

Silicome rubber has external constraints in the use of high-
voliage outdeor msulators, such as tearing, burning, and biting
animals, insects, and microbiology [4], blistering, absorbing
water, and UV radiation [1], and internal constraints such as
flashover, PD, and dry band art (DBA) [5]. These physical,
clectrical, and chemical constraints need to be overcome by
engineering the best quality micro-tanofillers such as silicon
dioside (Si0:) fillers for hardness and alomina trilydrate
(ATH) for high-temperatore resistance [6], and titanium
diostide (Tidk) to increase resistance 1o UVa exposure [T][8].
The combination of Si0: micro-nanofillers can improve the
mechanical sirength and stability of hydrophobic transfer,
while our ATH uses mano-sizes o improve the durability of
polymer insulators from flashover, PD, and DBA causing
tracking and crosion in polymer insulators. In this research,
we investigated the effectivences using of 510z, ATH, and
Ti0; micro-nanofillers 10 improve the performance and
service life of polymer insulators [9]] 10].

Investigation of RTYGES silicone rubber insulator matrix
by engimeering 5i0:, ATH, and TiDy micro-manofillers o
determine high-voliage polymer msulator physical, electrical,
and chemical characteristics for outdoor applications. Surface
pollution reatment and water diffusion, then conduct testing
and analysis including hydrophobic transfier, water diffusion,
scanning eleciron microscopy (3EM), pantial discharge (PDY),
DC breakdown voltage, and Fourier transform imfrared
speciroscopy (FTIR)[11].

The novelty of this research is the combination of TiO;
nanofiller with 5i0y and aluminum trihydeate (ATH) on
RTV6R3 silicone rabber. The addition of TiDy is expeeted to
improve the performance of polymer insulators agamst UV
exposune in maintaining hydrophobic properies.

ioaded on October 05, 2023 2t 05:32:35 UTC from EEE Xploee. Restricsans apply.
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A Maserials aind Sawple Fabwricatton

The material used in this study is RTVAES silicone rubber
composite supplied by CV. Intrsco and support from PT.
Seramibi Gayo Sentoza, While filler materials use Si0z, ATH,
and Tily with specifications and phvsical characteristics
aceording to Table L.

MATERIALS AND METHODS

TABLE L CHARACTERISTICS OF PARTICLES ACCORDING T
SUPPLIER DATA.
Partick Partiele shee Shape
Tile: =~ imm amorphous
ATH =2 mm amorphos
Sick 819237 pm amarphous
Sl N30 min bexagonal

Initially, all fillers are stored in an oven at 60FC for 48
Ioaurs b0 remove air moisture. The dried filler matersal s put
into the mixer container and weighed according to the weight
pereentage (wit) of cach filler using electronic balanee type
55-A1000. Opee the filler composition & appropriate, it is
thein stirred 1o evenly distribute the filler and remove the
agglomeration of the filler when mixed with silicone mubber.
RTVGE] silicone rubber is then added to the filler that has
bt stirred evenly with & percentage of weight according o
thee: plamied misture concentration.

RTV6EY composite material and filler that have been
inserted into the container are then placed on the mixer
machine i be stirred evenly under vacuum conditions for 30
miftes using a balloon whisk mixer of 3 minues at Pl speed,
and 25 minutes at F3 speed respectively. Mext, a catalyst with
a certain concentration is added, then mixed with P1 speed for
| minme and P35 speced for 4 minutes o spread hardener in
composite dough and filles. It 5 then printed using an
unpressurized container with a thickness of 3 mm & room
ternperature foe 24 hours. The dred material i cut into an
insulator matriy measuring  TOxT0x3 mm® and  others
aecording to the test design. Before testing, the insulator
mmatrix sample was washed with 96% aleobol and then heated
i an oven at 60°C for 24 howrs [11].

B, Hydrophobic Transfer Test on Insulator Matele

Hydrophobic transfer testing of insulator matrix is camied
out with two rypes of treatment: (1) the sample is placed in a
container and given contamimants on its surface cxposed o
roorn temperanare, (2) the sample is placed in a container and
given contaminants on one side then exposed o UVa light
during the test process.

Before being placed into the container, the sample in
virgin condition must be ensured that the paraimeters have
been measured according to the procedure. The measurcments
carricd out include sample thickness using a  digital
mcrometer, capacitance using a CMEA01 A+ type capacitance
meter, weight using an AUWIXD type analyiical balanee,
izasuring volume and surface resistance using a KEW 31234
iype insulation tester, and measuring the contact angle with
water droplets from a 30 microliter Joanlab type micropipetie,
thein water droplets are recorded with a digital camera and
analyzed using Image] software [11].
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Afier the measurement of the virgin condition is complete,
the sample is put into a container and coated in 2 mim thick
kaolin contaminamis. Next, the sample was treated with
contaminarts, measured the contact angle as virgin condition
(HO) and then repeated onee every 24 hours urtil the contact
angle condition was relatively comstant. After the treatiment of
contaminants cxposed o moom temperature and UVa is
complete, all samples are then tested again for capacitance,
weight, resistance, partial discharge, DC breakdown voltage,
SEM, and FTIR to comypare parameters before and after
treatment.

O Warer Diffiesion Test on frsulator Marrix

Sample treatment with water diffusion is camed out by
placing the sample in a container of distilled water and then
treated with iwo conditions, namely exposed 1o rPoom
temperatune it an open space, and exposed 1o 8 consiant
temperatue of 50 °C ina contaimer of water.

The sample size used in this test is TOx7053 mm’. Samples
with similar fillers can be placed in distilled water in the same
containes with different concentrations of fillers. Weight
incasuperent of the insulator matrix sample is carried ouf af
virgin condition (HO) before being inserted imto th container,
During water diffusion ireatment, measuremcnts of weight,
capacitation, and contact angle are performed every 24 hours
uitil the relative weight change is constant [11].

Measurement and testing according to procedures include
capacitance, volume and surface resistance, contact angle,
weight, PO, DC breakdown voltage, SEM, and FTIR. Then
conduct amalysis and evalustion by comparing pasansiers
before and afier treatment.

0. Scanning Electron Microscope (SEM)

The saigple size used is 10x10x3 min® according to the
SEM module specimen design. The samples analyzed by SEM
include SR-CI, SR-C2, SR-C3, SR-D1, SR-D2, and SR-D3,
namely the RTV6R3 insulstor matrix containing Ti0y
clements with filler concentrations of Swi%, 10wi%, and
I5wits respectively to determine the morpholegy  and
topography of the combination of 510y, ATH, and T micro-
nanofillers in the polymer insulator matri. This SEM test was
carricd out at the Microstructure Laboratory of the Faculty of
Engincering Universitas Muslim [ndomesia,

E. Pardal Dizcharge Test on Insulator Matix

The PD testineg of the insulator matrix to determine the
partial discharge value of the phase angle change and the
meagnitode of the partial discharge with the amount of
discharge occurring 1o belp understand the  electrical
isilation behavior under operating conditions in performing
ivore feliable polyier msulator matrix engineering [12]. The
samiple dimersions of the insulator matrix used are Tl TG
ram?, this sampli is placed on an HY9134 type module with a
round plate electrode 3 cm in diameter [13]. The PD testing
with a test voliage of 10,13 kY on cach insulator matrix
samiple under virgin conditions and after aging treatment. This
test uses a digital parial discharge meter type HV9 160 for AC
voltage at the High Voliage Laboratory of Universitas
Hasamuddin.

F. DO Breakdows Voltage on Tnsularor Mairix

DC breakdown voltage testing to determine the dielectric
strength of the insulstor matrix msaterial [ 12]. The sample size
used is T T0n3 mme'. The sample 5 placed between two



acrylic plates, cach 24 mm thick with a width coresponding
tir the sample size 1o prevent charge from flowing theough the
surfaee of the insulator. ln the center of the acrylic plate, a
needle conductor is given o conncet the electrode with the
insnlator matrix sample. The sample attached between the tvo
aerylics i then placed on both 1.5 mm diameter wbe
clectrodes on the HVY133 type spare gap module. DC
breakdown voltage testing of the insulator meatrin was
performeed against each viegin irsulstor sample and afier
treatment. This test uses a Tereo beand HY module with peak
volimeter measurement type HVI131.

(. Fourier Transform Infrared Spectroscopy (FTTR)

FTIR anmalysis of RTV6EY insulator matrix o determine
the chemical structure of the insulator matrix and the
effectiveness of using 5i0:, ATH, and Ti0: micre-nanofillers
it outdoor high-voltage polymer insulators [11]. The test was
carried out at the Organic Chemistry Laboratory, Faculty of
Mathematics and Matural Sciences, Hasanoddin University.
The sample size used is 10xl003 o’ according to the
pequired specimen design. Samples tested by FTIR are
described in Table 1.

TABLE [1. MaTRIX [N2ULaTOR DESIGN.
§ Canceniration
Cade Fills Weight %)
SRl Silicone rubber from the industry
SR-NF Mon-filler ]
SR-AL micre 500+ mano ATH L]
SR-Al micr S0+ mano ATH ]
SR-A3 e S0+ mane ATH 15
sR-BI micrnans Si0y+ nano ATH L]
SR-A2 micro nano 5+ nano ATH 10
SRS micronana S+ nano ATH 15
SRCH micre 5100+ mane ATH= namo Tily L]
SRaC2 micrs S0+ mano ATH# naso Tilky ]
] micre S0 mane ATH= namo Tily 15
SR micrenans Si0y+ nano ATH+ mano Tid, L]
SR.02 micrnans Si0y+ nano ATHY mano Tid, 10
SRD3 micrenann Si0y+ nano ATH+ mano Tio, 15

FTIR is ene of the instruments used to sce intermolecular
movement and clectromagnetic radiation at wavelengths of
0.75-1,000 pm or wavenumbers 13,000-10 cm™. FTIR
cxamination is carmed out on all insulstor matrix samples,
both new materials and from the mdustry a5 a companson o
determine the bonds and deflective groups of chemical
clements from cach insulator matrix.

M. RESULTS

Investigation of polymer insulator matrix by analyzing
physical, elecrical, and chemical characteristics includes
hydrophobic transfer testing, water diffusion, SEM, PD, DC
breakdown voltage, and FTIR. The resulis of the rescarch
whise data can be analyzed below.

A Hydrophobie Transfer Aralysis
Hydeophobic transfer testing of the RTVAE3 polymer
insulator matrix has been performed by two treatment

iethods, each test exposed to room temperature and U'Va with
a wavelength of 340 nm [9) for 18 days. The resulis of
measuring the contact angle during the treatment process afe
shown in Fig. 1.

The recovery eate of hydrophobic transfer cxposad to UVa
lias a faster hydeophobic transfer than these exposed to room

terperature.  Furthermore, by comparing the average
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hydrophobic transfer rates of the contact angles of cach
insulator matrix sample from both weatments it can be found
that hyd rophobic transfer exposed to UV a occurs on day 2 SR-
C3 (92459, SR-DI (W.66, SR-BI (99007, SR-B2
(9759, SR-1 (90.22°) faster than those exposed to poom
temperatune. [t was seen that the RTVERY insulator marrix
with a filler concentration of 13wi% experienced faster
recovery than others, SR-C and SR-D samples containing
T, filler experienced slower recovery, and the contact angle
of SR-Id was greater than SR-C for the same filler
concentration. The comparison of the recovery speed of the
contact angles SR-D1; SR-DI; and SR-D3, it is keown that
the recovery specd of the contact angle of SR-D3 with a
contact angle of 91.08° on the 3% day exposed o room
temperature and a contact angle of 4.66% on the 3 day

exposed to UVa, is superior io other samples.
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Fig. . Hydrophobic tressfer characenistic of insulmor matrix RTVAE3, ot
() room temperatare, and (h) U'Va treatmenis.

B. Warer Diffision Analysis

Water diffusion analysis in insulator matrix samples was
carricd out by comparing water diffusion from cach insulator
iatri with the same filler composition to determine the effect
of filler type, also comparing filler conceritration to determine
the effect of filler weight on the characteristics of RTVER3
il ator iatrix on water absorpiion.

InFig.2 It can be seen that the higher the concentration of
insulator matrix filler, the higher the water absosption with
water absodption of less than 10%. However, when companed
bietween samples with the same composition it can be seen that
the water diffusion of SR-D3 s lower than SR-C3, SR-B3,
and SR-A3. The low diffusion of water from the RTVEE3
rkatrix with micro-nanofillers Si0;, ATH, and Ti0y is due 10
the presence of more silamol bomds on the insulator surface so
that the ability to expel hydrogen elements from water is
stronger. In addition, the bond of RTVAE silanol with nano
Sik is more elastic so it is casier to interact in repelling water
entering the surface of the polymer isulator [11]. It was also
geen that RTVaE3 non-filler (SR-NF ) repelled water from day



3. Comparison of water diffusion of samples exposed to room
temperature with a temperature of S0°C until day 18 shows
that the percentage rate of water diffusion is faster at 50°C.
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Fig. 2. Waser diffusion (AW) RTV6R3  at (a) room temperature, and
{b) S0°C treatments.

C. Scanning Electron Microscope (SEM) Analysis

SEM investigation was conducted by analyzing the
morphology and topography of the RTV683 insulator matrix
including SR-C1, SR-C2. SR-C3, SR-DI, SR-D2, and SR-D3
for Si0z, ATH. and TiO: micro-nanofillers. The presence of
TiO; nanofillers appears shiny in a brighter insulator matrix as
shown in Fig.3.

Fig.
{a) SR-C1, (b) SR-C2, (¢) SR-C3, (d) SR-D1, {¢) SR-D2, {d) SR-D3.

3. SEM mic s of the insulator matrix RTVOR3 wath filler TVO, :
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Based on the results of SEM analysis with the
magnification of 500x and S000x, it s known that the
morphology and topography of the insulator matrix of
RTV683 with SiO:, ATH, and TiO: micro-nanofillers still
have agglomeration in SR-D3 samples of 6.67 um and coarse
textures in SR-C2 samples also have holes in SR-C3 samples
of about 44.4 pnr’,

When compared morphology and topography  at
concentrations of Swt%, 10wt%, and 15wt% it can be seen
that the agglomeration of SR-D3 samples is smaller and more
evenly distributed than SR-D2 and SR-DI. Likewise, when
comparing the different compositions between SR-C and
SR-D at the same concentration, it can be seen that the
agglomeration of SR-D samples is smaller than SR-C. This
means that the morphology of SR-D3 is better than other
samples. While at 3000x magnification SR-CD3 samples with
concentrations of 15wt% are smoother than others. This
means that the topography of the SR-D3 insulator matrix is
better than that of other samples.

D. Parttal Discharge (PD) Analysts

Based on the results of partial discharge (PD) testing on
Fig4, it is known that the higher the filler concentration, the
smaller the PD value of the insulator matrix. When comparing
samples after treatment with water diffusion and surface
pollution at filler concentrations of 3wt%, 10wt%, and
I5wt%, it can be seen that the PD value of SR-D3 is lower
than other samples. It can be seen that the SR-D3 insulator
matrix has the smallest PD Value of 4.9 pC after water
diffusion treatment at room temperature and 16.42 pC after
water diffusion treatment at 50°C.  Much smaller than the
average PD value after treatment of all samples was 36.72 pC.
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Fig.4. PD value RTV6S3 with micro-namofillers after surface pollation
and water diffusion treatment.

E. DC Breakdown Voltage Analysis

DC breakdown voltage is one of the parameters to
determine the dielectric strength of cach polymer insulator
matrix with different filler composition and concentration. DC
breakdown stress test results of cach insulator matrix sample
as shown in Fig 5.

Based on the results of the DC breakdown voltage test
above, it can be seen that the ratio of DC breakdown voltage
at filler concentrations of Swt%, 10wt%, and 13wt% shows
that the DC breakdown voltage of SR-D samples is higher
than SR-C, SR-B, and SR-A. This means that the diclectric
strength of SR-D is better for the same concentration of filler.
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F. FTIR Analysis

FTIR analysis of the insulstor matrix was performed on
SR-C and SR-D samples. Each filler particle can undergo
H*- 0% covalent bonds, that is, hydrogen atomic bonds with
oxygen io elements that have sirong electromagnetism. Based
on the wave number transmitted to the sample of the insulasor
ratriz, the peak, intensity, and arca of cach element of the
imsulator mairix and then pormalized by application
OriginLab can be shown the resulis of FTIR specirum analysis

from the insulator matrix on Fig.6.
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Fig. 6. FTIR spevtra of RTVEE3 samples with 5i0y, ATH, dam Ti0y micre-
nanofillers in the wavenumber range from 300 s 000 o™,

From the results of FTIR analysis, it is known that the
FTIR spectea of SR-C and SR-D are shown in the
wavenumber range of 04000 co [T]. The theee filler
show three bands including a broad absorption band of about
3500 crr'. Streiching vibrations of O-H hydreatyl groups
bousd 1o the surface of 3i0x, ATH, and Ti0: absorption bands
at 2962 cm™ due to S-0H, Al-OH, and Ti-OH bands and
absorption bands at 1262 e for 510, Ti-0, and ALD
modes, then about 304 e appeared Ti-0-5i chemical bond,
then about 1024-109% co™ appeared $i-0-8i sirong band in
SR-C and SR-D insulator matrix. There was an increase in
transrnittance in OH (3200-3700) from 61%T in SR-C3 o
BO%T in SR-D3 with the addition of 3i0: nanoparticles as
mvuch as 2. 5w1% in SR-D3 samples.

IV. Discussion

Rescarch on the RTV6EY polveer insulator matrix with
8ilz, ATH, and Ti0y micro-nanofillers has been carried out
according 10 IEC standards. Testing and analysis of physical,
chemical, and electrical characteristics include lydrophobic
tranafer, water diffusion, SEM, PD, DC breakdown voltage,
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dan FTIE. The relationship between surface pollution and
water diffusion treatment with the physical, electrical, and
chemical characienistics of polymer msulator mairix is
discussed below:

A Plysical Performance Marrix Insulator Polimer

Based on the resulis of physical amalysis including
bydrophobic transfer, water diffusion, and SEM, w the
RTV6E3 polymer imsulator matrix with 5i0e, ATH, and TiCk
micro-nanofillers. The relationship between each treatment

can be explained from the resuls of testing and analysis of
physical claracteristics, as follows.

Ip The contact angle and hydrophobic transfer of the
RTV6EY insulator matrix of SR-D and SR-C samples for
heavier filler concentration are relatively better and stable,
but the recovery is slower and the contact angle of SR-D is
greater than SR-C. This happens because the combination of
Silk, ATH, and Ti0: micro-manofillers extends the
movement path of silicone rubber particles to the surface so
as to maintain hydrophobic transfer properties and extend the
lifi of the insulator [14]

b The results of water diffusion analysis from the
RTV6EY insulator matrix found that the heavier the filler
concentration, the more water diffusion. [t was also seen that
SR-D3 samples lad lower absorplion than SR-C3, SR-B3,
and SR-A3. This happens because SR-D3 samples have more
silanol bonds on the insulator surface in the presence of Si0:,
ATH, and Ti: micro-nanofillers so that the ability o repel
water from lbydrogen elements is stronger. n addition,
RTVAEY silanol bonds with nanofillers become mone clastic
i interacting to repel water cnicring the insulator surface.

3} The results of SEM analysis with the magnification of
500x and 3000x showed that the agglomeration and texture
of SR-D3 were better than other samples. This occurs due to
the mfluence of Si0x, ATH, and TiD; micro-nanofillers
added to the insulator matrx. The filler effect of nano Til;
fillers shows brighter samples that can beter reflect sunlight
on the insulator surface [7]

8. Electrical Performance Marix Insulator Polimer

Based on the resulis of eleetrical analysis including PD,
and DC breakdown voltage against the RTVEE3 polymer
insulator matrix with 5i0s, ATH, and TiCh micro-nanofillers.
The relationship can be explained from cach electrical
characteristic test result as follows.

I The sesults of PD analysis with surface pollution
treatenent and water diffosion show that at high filler
concentrations, the smaller the PD value. However, it can be
nioted that SR-C and SR-D samples have greater PD values
than others, this happens because the addition of Si0s, ATH,
and TiO: miero-nanofillers mereases the number of particles
with different permeabilities that increase the PD value [ 13].
This is a considceation in filler cngincering o improve the
performance of pelymer insulators.

2) Apalysis of DC breakdown wvollage by surface
pollution treatrent and water diffusion shows that increasing
the concentration of filler decreases DC breakdown voltage
[16]). At the same filler concentration, the SR-D insulator
atrix has @ higher DC breakdown voltage than other
samples. This is related o the increase in capacitance and the



increase in the surface arca of the filler from the increase in
the filler concentration in the insulator matrix.

. Cheniical Performance on Tnsulator Matrix

The O-H bond produced by the three fillers allows
chemical compounds to oceur between the three elements of
the particle if conditions are met. Delydroxylation of O-H
compounds from different fillers can release HaO compounds
meeded in polymer insulators 1o improve the diclectric
performance of polveer insulators [7]. Likewise, the
hydrogen bonding of O-H compounds between fillers allows
the insulator to absorb water, but in the presence of
hiydrophobic properics and hydrophobic transfer ability
silicone rubber can repel water on the surface of the insulator
ITEatri.

V. CONCLUSIONS

Investigation of BTV6R insulator matrix with S0k,
ATH, and Ti0y micro-nanofillers with testing and analysis of
phiysical, chemical, and electrical charscieristics has been
carried out expeamentally acoording fo IEC standards with
surface pollution treatment exposed to proom temperature and
UV a, as well as diffusion treatment of water exposed to foom
ternperature and 30FC. The conclusions of the research
findings are as follows.

1) Performance of the RTVAEY insulator msatrix
containing Ti0: fillers showed better hydrophobic transfer
performance against UVa exposure, hydrophobic propertics
can be recovered on day 2 SR-C3 (92.45%), SR-D3 (94.66°).
However, the increase in filler concentration needs to be
carcfully limited because it i proven bo incrcase waber
diffusion.

2} RTVA33 insulator matrix containing 5i0:, ATH, and
Ty micro-nanofillers with heavier filler concentrations in
SR-C and SR-D samples showed bemer PD oand DC
breakdown voltages compared to SR-A and SR-B, indicating
that the addition of TiD: nanofillers has the potential to
improve the performance of polymer msulators

3 A comparison of the insulator matrix of the SR-D
with SR-C on surface pollution and water diffusion ireatment,
undier various conditions shows that SE-D performs better
thean SR-C. This confirms that the addition of 5i0: hexagonal
manofillers and nano Tids can improve the performance of
polymer  insulators for  high-voltage owtdoos insulator
applications.
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Lampiran 5. Data spesifikasi MSDS material

W WS A a M reOh . Dh

LEMBAR DATA KESELAMATAN mevisl eagge) 05 7. 222

menurut Peraturan (EC) Na. 19072006 Tanggal Catak 07.07.2022
MSD¥S Umurm Uni Erapa - Tidak ada data wntuk negara tertentu - Tidak ada OEL Data

BAGIAN 1: Identitas Bahan dan Perusahaan
1.1 Pengidentifikasi produk

Nama produk : Silikon dioksida koloidal, sangat terdispersi
EMPROVE® ESSENTIAL Ph Eur,NF,JP,E 551

Nomor Produk ¢ L13126

No katalog : 113126

Merak : Millipore

Nomor REACH © 01-2119379499-16-XXXX

No-CAS : 7631-86-9

1.2 Penggunaan yang relevan dari bahan atau campuran yang diidentifikasi dan
penggunaan yang disarankan terhadap

Penggunaan yang ¢ Produksi farmasi
teridentifikasi

1.3 Rincian penyuplai lembar data keselamatan

Perusahaan : Merck KGaA
Frankfurter Str. 250
D-64271 DARMSTADT

Telepon : +49 (06151 72-0
Fax : +49 6151 727780
Alamat email ¢ TechnicalService@merchkgroup.com

1.4 Nomor telepon darurat

Momer Telepon Darurat
# 001-803-017-9114 (CHEMTREC)

BAGIAN 2: Identifikasi bahaya
2.1 Klasifikasi bahan atau campuran

Bukan bahan atau campuran berbahaya menurut Peraturan (EC) No 1272/2008.
2.2 Elemen labal

Bukan bahan atau campuran berbahaya menurut Peraturan (EC) No 1272/2008.

2.3 bahaya lainnya
Zat/campuran ini tidak mengandung satu kompenen pun yang dianggap baik persisten,
bioakumulatif, dan beracun (PET) maupun sangat persisten dan sangat bioakumulatif
(vPvB) pada kadar 0,1% atau lebih.

Millipore- 1.13126 Halaman 1 dari 9

The life science business of Merck operates as MilliporeSigma in
the US and Canada
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BAGIAN 3: Komposisi Bahan

3.1

Bahan

Rumus : 5i0,

Berat Molekul ¢ B0,08 g/maol
MNo-CAS : TB31-BA-9
MNo-EC i 231-545-4

Tidak ada komponen perlu diungkapkan sesuai dengan ketentuan yang berlaku.

BAGIAN 4: Tindakan pertolongan pertama pada kecelakaan (P3K)

4.1

4.2

4.3

Penjelasan mengenai tindakan pertolongan pertama

Jika terhirup
Setelah menghirup: hirup udara segar.

Jika kontak dengan kulit
Bila terjadi kontak kulit: Tanggalkan segera semua pakaian yang terkontaminasi. Bilaslah
kulit dengan air/ pancuran air.

Jika kontak dengan mata
Setelah kontak pada mata : bilaslah dengan air yang banyak. Lepaskan lensa kontak.

Jika tertelan
Setelah tertelan: ber air minum kepada korban (paling banyak dua gelas). Konsultasi
kepada dokter jika merasa tidak sehat.

Kumpulan gejala / efek terpenting, baik akut maupun tertunda
Gejala dikenal dan efek yang paling penting dijelaskan dalam label {linat bagian 2.2) dan /
atau di bagian 11

Indikasi pertolongan medis pertama dan perawatan khusus yang diperiukan
Data tidak tersedia

BAGIAN 5: Tindakan Penanggulangan Kebakaran

5.1

5.2

5.3

5.4

Media pemadaman api

Media pemadaman yang sesuai
Gunakan tindakan pemadaman kebakaran yang sesuai untuk situasi lokal dan lingkungan
sekeliling.

Media pemadaman yang tidak sesuai
Untuk bahan/campuran ini, tidak ada batasan agen pemadaman yang diberika n.

Bahaya khusus yang muncul dari bahan atau campuran
oksida silikon

Tidak mudah terbakar.
Api ambient dapat melepaskan uap yang berbahaya.

Saran bagi petugas pemadam kebakaran
Jika terjadi kebakaran, pakai alat bantu pernapasan SCBA.

Informasi lebih lanjut
Tekan (pukul kebawah) gas/uap/kabut dengan semprotan air jet,

Millipore- 1.13126 Halamizn 2 dan 9

The life science business of Merck operates as MilliporeSigma in
the US and Canada



Lampiran 6. Data hasil pengujian surface rouhgness

User ID: ADMIN
User name: Administrator
Description: FIRST ADMINISTRATOR

No.

10

11

12

13

14

15

16

17

18

ResiSq[um] Ssk

0.623

0.578

0.611

1479

0.769

0.383

0.577

2.242

0.481

2.260

2328

1.533

1.480

0.284

0.967

1.856

0686

1.848

-2.254

0.193

0.681

-1913

-2.386

-2.235

-2632

-1.022

0670

-0.524

-3.097

-7.186

0214

-0.641

0.087

-0.230

-2.449

-3.043
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SR-A35
[Acquisition parameters)

Scanning mode: XYZ fast scan + Color
Image size[pixels]: 1024X1024
Image size[pm]: 640x643
Objective lens: MPLAPONLEXT20x
Zoom; 1%

DIC: Off

Sku  Sp[umSv[pm Sz[umSa[um] MTyAc[um] As[Af[jFile name

44,146

5552

19.363

13.363

23662

18.058

17.222

2,318

4252

6.742

29.579

15817

5770

10.580

6.398

3608

20497

35.440

6.759

2.306

6.588

3.857

2880

1.365

1,366

6.433

1.934

16.483

5718

2669

6.006

1.826

8.663

7.754

3.021

0.863

10164

3547

11.897

18.220

11.297

4942

a2n

15,120

4.250

24 435

33.088

28.001

12310

3697

6.146

11.844

7.849

28.664

16.923

5.003

18.485

2.0m

14.217

6.307

9637

21,353

6.184

40.918

38.805

30,670

18.315

5523

14.808

19.598

10.870

38.527

1/1

0370 R 800.000

0.410

0.418

1.002

0.505

0.255

0,394

1.657

0.352

1.686

1.581

0.654

1.029

0.201

0.669

1437

0.430

1.008

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000

800.000
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SR-D15
SR-D45
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- SR-D35
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- SR-C35
SR-C25
SR-B45
SR-B25
SR-C15
SR-B35
SR-B15

= SR-AdS
- SR-A13
- SR-AZ5

SR-A33

4/4/2024
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Lampiran 7. Data hasil pengujian tensile strenght dan elongation

LAB. METALURGI FISISK DEP. TEKMNIK MESIN FT

Fogry Flord

Test Fia Hame
Report Date
Test Typa
Shape

Gty Batoh:

Hame
Urak
SR C1
SR C2
SR Ca
SR C4

Mot
Paramitess
Uit
SR
SR G2
SR O3
SR O

Mot
Paramitess
Uit
SR
SR G2
SR O3
SR O

UH

TENGILE

Product Mama

SR Cltax Method Fila Hame Teasile Slloord rabber of
221470004 Tast Dats 2213/,05
Tensile Spesd 250w i
Plate Miz of Barbokes: 1
4§
Thicknoss Width Cauge Length
mim mim mim
33000 5.6000 S0.0000
1000 5.6000 S0.0000
3.09000 5.6000 S0.0000
3.09000 5.6000 S0.0000
Max Force Max Dan Break Force Break Diap.
Cale. at Entlee Arga Calo. ot Entire Srea Sensithity 10 Cernlthdty 10
H T H i
AT 20dqE A2 I860 A7 T 5 25110
41 048 12708 2a0s82 15834
259153 0.5042 -- -=
SLTIE AR.ETTE G4.T130 AT
YR Foroe YR Disp. Elastic
0% 01 % Foroe 10- 20 H
H T M mamd
- - 1 27440
- - (ETELE
- - 2Ea50

- PR LS



Lampiran 8. Data hasil pengujian FTIR

a) FTIR setelah perlakuan difusi air

271

No. |Peak Corr. Intensity | Base (H) Base [L] Ared Corr. Area

1 384 55 2408 37410 351.04 1.819 0.173
Z 440.41 154 S501.40 43077 1.632 0.326
3 516.02 DATT 538,14 501.49 0.198 0.055
4 BR0.57 0816 B613.36 BE1.29 0.251 0.105
5 E96.3 DATE TE3.31 &r7.01 0.576 0.094
[:] B02.39 Z3.074 852 54 T23.31 T.148 4.925
T BG2.18 0386 9z21.97 B52.54 0.854 -0.014
B 1024.2 0753 1080.85 821.57 T.435 1.896
o 1083.84 1.755 1207.44 1062.78 T.794 1.461
10 1263.37 13.828 1282.31 1234.44 1.758 1.553
11 1309.87 0534 1330.68 1204 24 0.239 0042
12 1423.47 1.701 1438.9 13791 0.341 0.233
13 146011 2320 1481.33 14389 0.523 0213
14 1518.05 ] 1520.55 14E3.26 1.309 0.294
15 164914 3765 1686.5 1581 27 1.377 0.815
18 1893.5 2521 172438 1668 43 1.475 0408
17 1838.23 1118 1855.52 1816.94 0.088 0098
138 131917 04TE 1534 6 188024 0.046 0.033
13 2063.83 0144 2083.12 203104 0.03 0.8
Fiil 237244 2576 2401.38 230123 0417 0.251
Ky 2501.87 0.307 2628.88 242838 0.075 0.085
22 275N 00aT 277364 26E1.05 0.073 0.011
3 20873 oAl 203373 56823 0.32 0098
24 296459 6061 3016.67 23373 0.851 0.732
25 312082 026 314783 0B 25 0.099 0038
Pl 3238 48 0953 331371 314783 0.551 0.353
7 3300 .88 0380 340832 3137 0.381 0.073
8 3444 AT i 0402 3480 33 3136 0191 0.032
24 3564.45 |EB.91B 1.134 358181 354516 0.077 0.084
3 3618 .46 OF 620 2531 5635 82 356181 0.3 0257
Comment; Date/Time; 31372024 11:36:15 AM

SR-C4 Mo. of Scans:

Resolution;

Apadization;
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b) FTIR setelah perlakuan kontaminan
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4000 :EIM Mh] Eh 2000 1500 1I:ll'l 5&]
SR-C4 liam
No. |Peak Corr. Intensity | Base {H) Base L] Area |Corr Area
1 36455 2409 a74.18 351.04 1.818 0173
2 44841 1.54 501.48 430,77 1.632 0.326
3 S16.82 DA77 S38.14 501.49 0.196 0.055
4 EROET 0816 E13.36 EE1.20 0.251 0105
B B96.3 0.A78 T23.31 BTT.01 0.578 0,094
L] B02.38 Z3.074 B52.54 T23.31 7.148 4925
T BE2.18 0988 02187 BS2.54 0.054 -0.014
B 1024.2 B.753 1060.B5 B21.87 T.435 1.896
o 1083.84 T.755 120744 1062.78 T.794 1.461
10 1263.37 13.828 1282.31 1234.44 1.758 1.553
1 1308.87 0.534 1330.68 126424 0.238 0.042
12 1423.47 1.701 14380 1379.1 0.341 0.233
13 146011 2320 1481.33 14389 0.523 0213
14 1516.05 2880 1520.55 14E3.26 1,509 02894
15 1649.14 765 1686.5 1581.27 1.377 0815
18 1693.5 2521 1724.38 1668.43 1.478 0408
17 1838.23 1118 1B55.52 1818.94 0.088 0098
18 1919147 0478 1534 6 180024 0.046 0.033
19 2063.83 0144 2083.12 2031.04 0.03 0B
20 FIT2 44 2576 2401.38 F351.23 0.417 0251
Pyl 2501.87 0307 2E28.08 2478 38 0.075 0.085
X2 275821 Du0eT 277364 26E1.05 0.073 0011
23 FA06.73 0811 2833.73 FB66.22 0.32 0.0898
24 964 50 E.061 A01B.ET 23373 0.851 0.732
25 312082 026 3147.63 30E2.25 0.088 0038
28 3238 48 0953 3313 314783 0.551 0353
T 330086 0380 340822 B1an 0.381 0.073
ZB 3444 87 | 0402 348823 343136 019 0.032
xa 3564.45 GE.01E 1.134 A581.81 354516 0.077 0.084
3 318,46 QE.629 2531 36:35.62 3561.81 0.381 0257
Comment: DalaTime; 31372024 11:36:15 AM
SR-C4 Mo. of Scans;

Resolution;
Apadization;



¢) FTIR setelah perlakuan korona
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Paak Corr. Intensity  Base (H) Bage (L) 2
1 7419 BAT3 3B3.R3 i 3.2 |ﬂ'.9E‘9
2 472,58 6443 540.07 435.81 5.538 [1.802
3 551.64 0854 611.43 2 1.57 0137
4 BAT.37 28T GEO.AT B4 22 0.747 0.244
5 B02.39 55225 BE0.A1 7233 1837 14.403
L[] BET.ET 4845 918.12 BS2.54 2.588 0.506
T 1024.2 1951 1055.08 03162 20720 4084
B 1085.57 19.4E3 1236.37 105698 as217 5903
o 1261.45 41.838 1305.81 1238.3 B.727 5.053
10 141788 428 1438.8 13521 1.641 0.722
11 1541.12 215 158549 1525.80 0.614 0.242
12 1845.28 4418 168264 1567 .42 1.583 |ﬂ'.TE.'|"
13 1880 1583 172438 166457 1.208 |ﬂ'_'2'E
14 1842.32 1264 187887 1826.88 0.5 |ﬂ'.15.'|"
15 2058.05 0718 2083.12 2911 0.258 |ﬂ'ﬂﬂ]"
18 F32 28 1854 2337.712 21B5.35 1.04 |ﬂ'.1BE
17 240975 1871 2538.32 2445.74 0.474 |ﬂ'.154
18 286177 1.041 272735 2174 0.282 |ﬂ'.1ﬂ'|
19 ZAO2.57 0841 2B23.T3 273735 0.588 |ﬂ'ﬂ1ﬁ
El 3048 3083 ﬁm 282378 2248 0347
Pyl FOE2 86 20.701 3030.81 203794 4.181 |ﬂ.ﬁ|}9
X2 384 72 0268 345644 342558 2748 |ﬂ'ﬂ19
23 352202 1578 355268 3510.45 3303 |ﬂ'.14-ﬁ
24 35148 24922 363369 3507 24 1.985 |ﬂjﬂﬂ
Comment; DateTime;  3M8/2024 11:12:12 AM
SR-C45 A Mo. of Scans,

Resolution;

Apadization;



Lampiran 9. Data hasil pengujian EDS

a) EDS murni
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b) EDS setelah perlakuan korona

View()12

50 pm
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Lampiran 10. Data hasil pengujian water diffusion

a) Data resistivitas perlakuan difusi air

Table 1d. Resistivity Analysis After Perlakuan RTV683

276

Resistivity After Perlakuan

Sample Murni WD with RT WD with 50°C WD with 70 °C
pv(Ga.m) ps(Ga) pv(Ga.m) ps(Ga) pv(Ga.m) ps(Ga) pv(Ga.m) ps(Ga)
SR-ID 266.09 0.28 68.73 0.20 209.60 0.20 108.27 0.21
SR-NF 204.85 0.29 61.18 0.22 136.73 0.22 60.78 0.21
SR-A1l 142.49  0.28 50.69 0.23 100.24 0.24 42.33 0.20
SR-A2 164.86  0.25 3354 0.25 80.60 0.21 35.81 0.20
SR-A3 173.24 0.27 15.72  0.25 47.63 0.21 4.52 0.20
SR-A4 165.45 0.31 17.45  0.26 9.02 0.21 4.29 0.09
SR-B1 216.14  0.30 9343 0.27 122.30 0.27 77.64 0.32
SR-B2 205.37 0.32 92.19 0.22 113.05 0.30 77.41 0.29
SR-B3 205.37 0.31 74.17 020 112.86 0.28 15.47 0.26
SR-B4 175.52  0.28 58.80 0.25 61.76 0.27 17.92 0.23
SR-C1 211.19 0.31 91.65 0.25 111.31 0.28 69.33 0.21
SR-C2 205.55 0.34 68.43  0.26 65.04 0.25 3578 0.21
SR-C3 218.37 0.33 7523  0.22 99.26 0.25 29.36 0.20
SR-C4 151.50 0.28 36.85 0.25 42.27 0.18 4.25 0.12
SR-D1 190.00 0.28 7273 0.21  108.27 0.21 58.26 0.25
SR-D2 219.85 0.28 52.18 0.21 93.40 0.21 2443 0.18
SR-D3 205.92  0.26 3581 0.27 78.66 0.23 0.38 0.17
SR-D4 204.65 0.27 23.65 0.24 47.04 0.21 8.90 0.12
b) Data flashover perlakuan difusi air
Table-1a. AC Flashover RTV683 With Water Diffusion
FO FO After FO After FO After IF Murni IF After IF After IF After
SAMPLE Mumi  WD25°C  WD50°C WD 70°C WD25°C  WD50°C WD 70°C
(kv) (kV) (kv) (kv) (mA) (mA) (mA) (mA)
SR-ID  16.18 23.66 23.76  18.27 42.00 21.80 20.00 10.00
SR-NF 21.26 19.28 29.47 19.24 33.00 18.80 24.00 10.00
SR-Al 16.78 20.58 36.03 20.71 39.00 13.70 36.00 8.00
SR-A2  20.25 20.89 2116  14.22  56.00 3.30 8.00 2.00
SR-A3  20.60 20.30 19.64 1234 33.00 9.20 2.00 4.00
SR-A4 23.00 18.99 20.56 19.35 51.00 10.80 2.00 22.00
SR-B1  21.53 26.41 20.86 16.08 70.00 10.70 10.00 6.00
SR-B2  22.70 25.31 2197 13.79 120.00 20.00 8.00 2.00
SR-B3  17.56 25.10 18.67 8.65 54.00 22.00 2.00 2.00
SR-B4  20.62 22.41 18.45 12.72 37.00 41.40 2.00 2.00
SR-C1  22.05 20.63 24.84  20.46 134.00 7.80 30.00 17.00
SR-C2  18.55 20.74 1456 10.10 63.00 20.00 2.00 6.00
SR-C3  17.55 20.82 23.45 10.50 33.00 13.80 6.00 2.00
SR-C4 19.64 25.96 15.25 13.44 58.00 48.40 2.00 2.00
SR-D1  21.76 20.59 27.96 15.44 25.00 13.70 30.00 2.00
SR-D2  18.82 31.90 23.14  12.02 42.00 22.00 4.00 2.00
SR-D3  17.84 23.32 21.42 7.12 81.00 28.20 4.00 6.00
SR-D4  21.70 20.98 20.98 8.33 58.00 15.20 4.00 10.00
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Lampiran 11. Data hasil pengujian transfer hidrofobik

a) Data resistivitas perlakuan kontaminan
Table 2b. Data Resistivity RTV683

After Treatement TH

Sample Virgin Kaolin with RT Kaolin with UVa
pv(Ga.m) ps(Gn) pv(Go.m) ps(Ga) pv(Ga.m) ps(Ga)

SR-ID 260.23°  0.23 22890  0.21  255.30 0.21
SR-NF 219.08 0.21 208.25 0.19 195.17 0.20
SR-Al 190.18 0.26 170.11 0.25 182.75 0.23
SR-A2 184.01 0.26 162.24 0.23 177.94 0.25
SR-A3 181.52 0.25 149.60 0.23 188.23 0.24
SR-A4 197.12 0.26 182.08 0.24 180.33 0.23
SR-B1 205.30 0.23 180.25 0.21 211.03 0.21
SR-B2 184.87 0.22 179.27 0.21 179.27 0.21
SR-B3 208.69 0.24 189.36 0.23 189.71 0.22
SR-B4 184.66 0.25 180.49 0.22 162.73 0.25
SR-C1 247.00 0.29 240.36 0.26 216.05 0.25
SR-C2 252.73 0.29 237.91 0.26 22997 0.27
SR-C3 214.63 0.31 200.76 0.28 192.24 0.27
SR-C4 211.13 0.30 202.64 0.29 218.97 0.31
SR-D1 175.70 0.21 150.04 0.18 174.22 0.18
SR-D2 218.40 0.26 191.98 0.23 209.96 0.23
SR-D3 226.62 0.29 191.65 0.26 221.72 0.26
SR-D4 192.01 0.27 175.26 0.26 178.72 0.23

b) Data flashover perlakuan kontaminan

Table-1a. AC Flashover RTV683 With Transfer Hydrophobic

SAMPLE BD Virgin BD After TH-RT BD After TH-UV IB Virgin IB After TH-RT 1B After-TH-UV
] V) &) &V) (ma) (mA) (mA)
SR-ID 16.18 18.92 16.35 42.00 240 1.20
SE-NF 21.26 17.95 16.37 33.00 5.20 840
SR-Al 16.78 17.13 16.54 39.00 0.60 2.00
SR-A2 2025 17.63 1883 56.00 240 420
SE-A3 20.60 17.16 17.75 33.00 220 420
SE-A4 23.00 17.60 15.55 51.00 420 220
SR-B1 21.53 16.53 1594 70.00 220 21.80
SR-B2 2270 16.55 16.55 120.00 9.60 9.60
SR-B3 17.56 17.06 16.93 54.00 5.60 8.80
SE-B4 20.62 17.13 18.10 37.00 0.40 14.20
SR-C1 22.05 18.07 17.12 134.00 0.36 14.20
SR-C2 18.55 16.00 16.81 63.00 11.20 6.20
SR-C3 17.55 16.65 15.10 33.00 13.00 1.40
SR-C4 19.64 17.60 19.60 58.00 4.60 2.60
SR-D1 21.76 17.88 17.50 25.00 9.40 16.40
SR-D2 18.82 16.29 16.22 42.00 240 28.80
SE-D3 17.84 1591 17.00 81.00 18.40 3.20

SR-D4 21.70 16.99 16.63 58.00 0.40 3.20




Lampiran 12. Data hasil pengujian korona

a) Data resistivitas perlakuan korona

Table-1a. Surface Resistivity RTV683 With Corona Treatement

278

TIME SURFACE RESISTIVITY RTV683 ps|G0) WITH CORONA TREATEMENT
[Day] SRD SR-NF SEAL SR-A2 SR-A3 SE-A4 SRE1 SRE2 SRE3 SR-64 SRC1 82 SRG SR04 SR SR02 SRD3 SR04
(T 041" 030 0.26 030 0.9 0.26 0.3 035 033 038 027 032 037 035 0.5 036 041 040
T1 01 019 016 013 0.15 0.17 0.16 o 017 017 0.16 0.16 018 0.16 017 014 0.15 0.15
T2 018 0.24 019 017 0.17 0.19 0.16 0.15 0.14 0.14 018 014 015 017 [ya ] 03 01 0.4
T3 013 013 019 017 013 0.20 o o 0.20 o [UWE] o 0.20 0.20 019 o 019 0.0
T4 015 014 0.15 0.14 0.14 013 0.20 0.19 0.20 013 0.5 0.20 o 0z 018 017 0.19 018
15 0.16 014 0.14 018 0.18 0.16 0.20 0.22 0.5 022 017 0.18 0.19 019 019 018 0.1 (.16
T6 018 016 016 014 047 014 014 014 0.16 014 017 0.16 0.9 0.19 017 0.16 0.7 0.16
7 015 012 015 0.14 0.14 017 013 0.15 0.15 0.16 0.20 014 0.20 01 0.20 0 0.10 021
T8 017 0.20 0.20 0.20 0.8 o o 0.20 017 019 0.16 013 017 015 o o 0.20 0.0
T4 015 013 o 0.2 0.3 03 0.15 0.16 014 017 013 0.16 0.16 0.16 0.19 01 02 021
T-10 0.2 0N 015 0.16 018 0.16 o 017 (Wi} 0 017 016 015 017 014 015 0.16 0.5
Table-2a. Volume Resistivity RTV683 With Corona Treatement
TIME VOLUME RESISTIVITY RTV683 pv|G2.m) WITH CORONA TREATEMENT
[Day] SRID SR-NF SR-AL SR-A2 SR-A3 SR-A4 SR81 SR2 SR3 SR-84 SRO1 SR SR03 SR04 SRD1 SRD2 D3 SR04
T0 N 261‘59‘ 7730 14172 1801 15469 11606 15709 15275 25985 18509 17808 18459 20398 20364 1935 1483 13002 23300
T1 8125 8722 6578 TAl4 5758 0420 8590 L5 G764 6482 B8 5752 M6t 680 4760 4133 471500 097
T2 6155 4068 4740 60 4782 310 4288 4B42 907 4036 4834 5066 445 413 4073 M 5050 5112
T3 4 4068 6433 6767 6085 5350 6R6L 6119 TIL? 6604 Bl 600 7042 8000 5836 4974 6000 6243
T-4 13 112 609 61 5904 5062 TR BbA7  BOS/ 6768 783 040 7649 8081 B413 5816 001 AR
T35 1.3 550 B2 417 16 32 608l 4754 6008 570 480 6268 S0V I8 M3 492 5200 5456
T6 17.85 5115 498 4130 383 ¥4 BDH O 426 MR 58 44 493 ¥M 5738 420 4091 6651 5210
T7 60.48 3004 5949 7663 7064 5638 1806 M6 M& 019 BN BI8 M 2026 026 M55 6851 6095
T8 27.08 3945 5030 6668 6392 5144 3566 4006 4298 4607 423 4336 US52 YW NS 43 4600 6489
x| 5.8 4820 520 6618 %04 6009 5056 3635 M3 358 497 5538 4978 M 443 813 050 BY
T-10 4555 4871 7062 6867 6392 6091 350 /A0 4494 B2 NL BN ¥ 4081 00 6L 72 A
b) Data flashover perlakuan korona
Table-1a. AC Flashover RTV683 With Corona Discharge
FO Before FO After IF Before IF After
SAMPLE
(kV) (kv) (mA) (mA)
b
SR-1D 16.18 19.18 42.00 31.00
SR-NF 21.26 20.46 33.00 24.00
SR-Al 16.78 21.19 39.00 42.00
SR-A2 20.25 18.98 56.00 12.80
SR-A3 20.60 19.02 33.00 24.30
SR-A4 23.00 17.90 51.00 14.80
SR-B1 21.53 18.07 70.00 45.00
SR-B2 22.70 17.82 120.00 ©2.00
SR-B3 17.56 20.24 54.00 75.00
SR-B4 20.62 21.95 37.00 87.00
SR-C1 22.05 19.34 134.00 54.00
SR-C2 18.55 19.63 63.00 19.00
SR-C3 22.55 19.96 33.00 32.00
SR-C4 19.64 21.31 58.00 26.00
SR-D1 21.76 21.10 25.00 71.00
SR-D2 18.82 18.33 42.00 39.00
SR-D3 17.84 19.16 81.00 21.00
SR-D4 21.70 19.72 58.00 17.00
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Lampiran 13. Data modul tegangan tinggi existing
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Lampiran 14. Data kontrol dan instrument pengujian
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Lampiran 15. Dokumentasi dan foto-foto kegiatan
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Foto Uji Breakdown dan Flashover

I% 88

Foto Ha5|l Cetakan Materlal Isolator

Foto Uji Partial Dischz;ije
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Lampiran 16. Daftar arti lambang dan singkatan

DAFTAR ARTI LAMBANG DAN SINGKATAN

Lambang/Singkatan
Ry
Rs
Pv
Ps

Vrms
BD
PD
pC
LC

Rv
Rs

Arti dan keterangan
Resitansi volume
Resistansi permukaan
Resitivitas volume
Resistivitas permukaan
Permitivitas relativ
Permitivitas relatif
Ohm
Sudut kontak
Panjang gelombang
Bilangan gelombang
Kecepatan cahaya
Derajat
Konstanta Planck
Tegangan efektif
Tegangan tembus
Peluahan sebagian
Piko Coulomb
Arus bocor
Frekuensi
Kekuatan tarik
Massa jenis
Elongasi
Resitansi volume

Resistansi permukaan




