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A Study on Flame Retardancy and Tracking Properties of
Expanded Vermiculite Added Silicon Rubber for Wire
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Abdtract: In this study, a high-temperature vulcanizing (HTV) method was used to achieve a shore a hardness of 70.
The basic base was composed of 60% silicon gum (GUM) which is a high-viscosity polymer, 30% fumed silica (FS),
and 5% of plasticizer. The GUM and FS were mixed well with less than 1% silane to improve rubber strength. Expanded
vermiculite was added as a filler at 10%, 15%, and 20%. The curing conditions were 170°C for 10 min and a molding
method was applied. We report herein, the results of inorganic analysis and flame-retardant and tracking tests on the
expanded vermiculite. The flame retardance and tracking test outcomes for a shore a hardness of 70 were found to be

optimal when the expanded vermiculite content was 10%.

Keywords: Silicone rubber, HTV (high temperature vulcanizing), Expanded vermiculite, Flammability rating
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Fig. 1. Tracking test sample and electrode assembly method.
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Table 1. Flammability rating standard.
UL 94V Test Rating V-0 V-1 V-2 3. & ¥ ax
Individual after flame time, t, or t, <10s <30s <30s
Tota after flame time for any condition 3.1 el Al ot
set, t;+t, for the 5 specimen =50 =250 =20
After flame plus after glow Time for WA S 10% A7 G A8 Ax= 1 29
each individual specimen after the second <30 <60 <60 Zro] 1x} 10x7F A & 27) Al 10X o= A
flame application, t:+4 spt grRElgioy Uolx] 7l 30& ofuje] Asbt
Burning up to the holding clamp 125 mm No No No Azt 2&F A 5 Alg BT 30% oy A3}
Cotton ignition No No  Yes ABEPT, 1, 28} Al& 5719 3 ASHA|7HS 155
A2 20IE v, 250% oY= A3t daE At 2
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30x oluioflA AsteE] it
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Table 2. Vermiculite (10%) flame retardant test result.
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Table 4. Vermiculite (20%) flame retardant test result.

Flame retardant test book

Flame retardant test book

I. Individua after flame time, t; or t,

1. Individual after flame time, t; or t»

After flame After flame
. o © 0 @ ® Total ) o © ® @ ® Total
time time
ty 2 1 15 10 12 40 th 1 1 1 1 4 8
t2 24 25 21 25 20 115 t2 1 1 9 1 1 13

. Total after flame time for any condition set,
ti+t, for the 5 specimen

II. Tota after flame time for any condition set,
ti+t, for the 5 specimen

155

21

Ill. After flame plus after glow time for each individual
specimen after the second flame application, t+ts

Il. After flame plus after glow time for each individua
specimen after the second flame application, ty+ts

Sample o © 6 @ ® Remarks

Sample o © ©® @ ®

Remarks

Time() 12 10 8 7 9

Time (s) 2 3 2 3 4

IV. Burning up to the holding clamp 125 mm

IV. Burning up to the holding clamp 125 mm

Sample @ @ ©) @ ® Remarks Sample @ @ ©) @ ® Remarks
Yes/No No No No No No Yes/No No No No No No

V. Cotton Ignition V. Cotton ignition
Sample @ @ ©) @ ® Remarks Sample @ @ ©) @ ® Remarks

Yes/No No No No No No

Yes/No No No No No No

VI. Judgment V-1

VI. Judgment V-0

Table 3. Vermiculite (15%) flame retardant test result.

Flame retardant test book

1. Individua after flame time, t; or t,

After flame
. o)) ) ©) @ ® Tota
time
ty 1 1 9 1 8 20
ta 21 15 22 12 13 83

II. Total after flame time for any condition set,
ti+t; for the 5 specimen

103

IMl. After flame plus after glow time for each individual
specimen after the second flame application, t+ts

Sample ) @ ©) @ O

Remarks

Time (s) 8 7 8 10 9

IV. Burning up to the holding clamp 125 mm

Sample o @ ® @ ®  Remaks
Yes/No No No No No No

V. Cotton ignition
Sample @ @ ©) @ ®  Remarks

Yes/No No No No No No

VI. Judgment V-1

A aspAIZES
10% A7ker Alzuct

for
p-
fon
i)
=]
e
i
2
22
>
r\l J
rlo
L

of| A =
mmZ7Ix] JA RIse gl
71E9] Wt Qigict
e=Esiabeiu g
£ 49 Al 2y RN e 20% FUreE dd Al
= ANE 2= 10% oYz

Rl
o
ol
o R dr >
o

e

=32 v-00=2 AALYCt 27
19 5 A8 2% 10X oy syt &aEy, I,
P A& 5719 Al AshARE2 2128 &RIEQlY,
= 99 g % 234

= DR
& OJUjollA st At
Al2g g5t Qe 9= 125 mm7HA] A4 Al
g2 i, =% & dstaol ik ALY wete
At BAEHY ol 10%, 15% Alaes T
swv°l V-12 ZAEAL, 20% F7IgE Alge] AlY
2 dd S5 V-0o= AAEHAH



216 J Korean Ingt. Electr. Hectron. Mater. Eng.,, Vdl. 32, No. 3, pp. 213-218, May 2019: S-H. Pak & al.

3.2 LHERHZ AR Zat

Fig. 2. Vermiculite (10%) tracking test result.

Fig. 3. Vermiculite (15%) tracking test result.

Fig. 4. Vermiculite (20%) tracking test result.
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Table 5. Vermiculite EDS analysis. 205 2 FxoA A™E LHkst El Soprt A
o 3 [sid
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o 24
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Fig. 5. Optica microscope photograph vermiculite (a) 10%, (b)
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15%, and (c) 20%.



218 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 32, No. 3, pp. 213-218, May 2019: S.-H. Park et al.

REFERENCES

[1]1 S. I. Lee, Ph. D. Thesis, A Study on the Properties of
Dielectric and Thermally Stimulated Current of Silicone Rubbers
Added Reinforcing Fillers, p. 1-4, Kwang-woon University,
Seoul (1993).

[2]1 S. M. Lee, H. T. Shin, D. G. Byun, J. Y. Shin, C. H. Lee,
C. H. Lee, and J. W. Hong, Proc. KIEEME Annual Summer
Conference 2002 (The Korean Institute of Electrical and
Electronic Material Engineers, Jeju, Korea, 2002) p. 451.

[3] S. P. Kim, J. W. Song, J. P. Lee, S. W. Lee, W. G. Kim,
and J. W. Hong, Proc. KIEEME Annual Summer Conference
2000 (The Korean Institute of Electrical and Electronic
Material Engineers, Pyeongchang, Korea, 2000) p. 779.

[4] S. H. Park, M. S. Ph. D. Thesis, A Study on Dielectric
Properties of the Wire Silicone Rubber, p. 2-4, Korea National
University of Transportation, Chungju (2012).

[5] H. M. Lim, J. H. Yoon, S. O. Jeong, D. J. Lee, and S. H.
Lee, Korean J. Mater. Res., 20, 691 (2010). [DOI: https://

doi.org/10.3740/MRSK.2010.20.12.691]

[6] UL 94 Standard for Tests for Flammability of Plastic Materials
for Parts in Devices and Appliances.

[7] Electrical insulating materials used under severe ambient
conditions, KSC IEC 60587 (2007).

[8] S. I. Lee, J. Korean Inst. Electr. Electron. Mater. Eng., 25,
916 (2012). [DOI: https://doi.org/10.4313/JKEM.2012.25.11.916]

[9] C. H. Lee, K. J. Ok, S. K. Kim, and S. W. Jee, J. Korea
Inst. Fire Sci. & Eng., 22, 67 (2008).

[10] I. K. Sung, Ph. D. Thesis, Studies on Physical Properties
and Flame Retardance of Rubber Blend Mixtures Containing
Flame Retardant, p. 6-10, Pukyong National University,
Busan (2017).

[11] M. S. Kang, S. J. Joo, and S. M. Koo, J. Korean Inst. Electr.
Electron. Mater. Eng., 25, 345 (2012). [DOI: https://doi.org/
10.4313/JKEM.2012.25.5.345]

[12] W. Y. Ji, J. Korean Inst. Electr. Electron. Mater. Eng., 14,
941 (2001). [DOI: https://doi.org/10.4313/JKEM.2001.14.11.941]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


