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Abstract: This paper studied the effects of the content and the orientation of the disk shape fillers on the modulus of
PP composites. The experimental results were compared with the theoretical calculations which included the three
dimensional ellipsoids and analyzed by two aspect ratios, p,=a,/a; and ps=a,/a, proposed by Lee and his researchers.
Mica and talc were used as disk shape fillers in the composites. The shapes of mica and talc were observed by SEM
and aspect ratios were statistically calculated. For the case of mica, the average aspect ratios were p,=13.5 and pg=1.8,
and for the case of talc, they were p,=3.8 and pg=1.4. Also, the effects of two aspect ratios and the content of filler on
the mechanical properties were studied: For 30 wt% of mica, £}, increased up to about 2.7 times, and for the other case
of'talc, E}, increased up to about 2.3 times, respectively.

Keywords: modulus, composite, aspect ratio, polypropylene, mica, talc.
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Figure 1. A composite formed from aligned ellipsoidal inclusions
(a>a,>a;) with two aspect ratios. (a) schematic view of heterogeneous
composites; (b) schematic view of homogeneous materials; (c) sche-
matic view of inclusions with the shapes of sphere, disc, and fiber with
their orientation relative to sample axes.
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Figure 2. Schematic view of the ellipsoidal filler particles, character-
ized by three-dimensional geometry or two aspect ratios: a primary
aspect ratio p,=a,/a; and a secondary aspect ratio pg=a,/a, and three
different directional dimensions: the longitudinal (LD), transverse (TD),
and normal (ND) directions.
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Table 1. Material Properties of Polymer Matrix and Disk
Shape Fillers'*"

Materials ~ Density(Kg/m®*)  Modulus(GPa) Poisson’s ratio
PP 910 1.9 0.38
Mica 2760 172 0.25
Talc 2700 107 0.23
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Figure 3. Images of SEM for the PP/talc composites parallel to ND

(a); parallel to FD (b); schematic illustration of the length(um) (c);
thickness(pim) (d) of filler particles of 10 wt% of talc.
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Figure 4. Histogram of mica filler length (a); filler thickness (b) for
PP/mica composites.
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Table 2. Statistical Results Obtained for SEM Micrographs
of Injection Molded Composites of PP/Various Fillers(10 wt%)

Filler s - — — —

type Direction l L, t ty l_n/ i ltv/ _w
Mica Parallel to FD 38 55.1 3.09 432 123 127
Parallel to TD 40.6 54.1 3.19 4.05 12.7 134
Parallel to ND 479 60.2 282 358 1.69 1.68
Talc Parallel to FD 2.08 2.55 0.62 0.74 338 3.5
Parallel to TD 1.69 2.12 0.50 056 34 3.8
Parallel to ND 2.07 239 128 1.6 1.62 1.5
Number average of filler length (4m) : _l_n
Weight average of filler length (um) : [, 3
Number average of filler thickness (4m) : _l‘
Weight average of filler thickness (tm) : £,
Number average aspect ratio of filler (xm): l I
Weight average aspect ratio of filler (zm): [y, /fy
Table 3. Aspect Ratios of Various Fillers
Filler content(wt%o)
Materials Aslz'e ct Average
ratio 5 10 20 30
Mica Vol% 1.71 3.53 7.62 12.38
Primary 149 13 157 103 13.5
Secondary 1.5 1.7 21 2.1 1.8
Talc Vol% 1.17 3.61 7.77 12.62
Primary 40 36 39 36 3.8
Secondary 14 1.5 13 1.3 1.4
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Figure 5. Comparison of longitudinal Young’s modulus ratio, £,/
E,(a); transverse Young’s modulus ratio, E,,/E.,(b) of experimental
data with theoretical prediction as a function of the content of mica.
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Figure 6. Comparison of longitudinal Young’s modulus ratio, £,/
E.(a); transverse Young’s modulus ratio, £,)/E,(b) of experimental
data with theoretical prediction as a function of the content of talc.

Ao}t o] 2H AL ghol At AFE
gFol S T WF

12.6 vol%(30 wt%)2] &3 st 718 ), 3
EH= 127% S7FeRlnh 42 2ot FA QL A=l
T 2 Ael7b AT Figure 6(b)ol Al PP/talc &34 <)
FNF GE V(EnE,) AN EAHE B3 FF) TR
A el . g2e] o] St s A 8
olE yH 4¥ %M %A}—a}ﬂl Z7FFA3L, 12,6 vol%(30 wi%)
o] g W THLF] FE HIE 85% SIS &
B9] o]y} %01 UFND)S AAE AYsA Zch
A7 02 PP/mica 22| o%ﬁ‘r Hlaste] & oo

o
W
-0,

Polymer(Korea), Vol. 36, No. 2, 2012



234 A - olgd - A

PP/talc 54| 9] o] & 72 AF 73t 2 Aol s &

‘F AT o= 2 ‘391 73 FA 7 4 | whel &=
[ 1:7}1]’] H - -
TT

o] AFolN = HIA Y FEl ¥
Az A9 A dlolEjebe] vl T‘Z:—% J
sl AFe T PPE A5 7R AR 3o,
FAANEZME SR §aE AL Ol%@ A9
A ARGE Bdo M= A Q] vl gko] ek gk o wtakol

= A 7IAA Y} SAA = FLHA A e,
Qb4 5 7:]]13:]2474 A & 71—‘—@: 74 713 o]—oiﬂ- PP/
mica -39 A9 2 F3vH|= pa—l3 59} p=1.8°]% 3L,
Tk} Faneke] YES BFA A 259 FHgol
17]'5]'}\; 17]'01'}:‘ 73 % E—Mﬂ' Enoﬂjﬂ 5 ?ﬂ'ako]
30 wt%d W 173% F7FsHRAAL Exol M= 143% 7=
A AT} PPralc EFA 2] A$ 2 FIY]= p, 3.8
oF pp=1401J 3L, K] 759 o] &9 o] F7t
S5 Stk A Bt €3 o] 30 wi%d
A5 DT I HIE 127% ST 3R 9
gﬂl% 85% S 71et3ith. ol 2 WS FHIA HE F
A st oyt T38| 7AE B dFE
e e Bt £ ATE B3l SA e 309 &
ol met FE VA= FFE G T UUL o|EF A
2 Sl dojzl HlolElE A @A Aol vlaEA] st
o I fARHS Bt 5 Y E FAA MR &
AEe o HAAd o7 A2

>‘_12i

oY

OP

Z g, A364d A2%, 20123

w N =

o
ror

k!

. J. D. Eshelby, Proc. Roy. Soc. Lond., A241, 376 (1957).
. T. Mori and K. Tanaka, Acta Metall., 21, 571 (1963).
. 1. C. Halpin, Primer on Composite Materials Analysis, Technomic

Pub. Co. Inc., Lancaster, 1992.

. G. P. Tandon and G. J. Weng, Polym. Compos., S, 327 (1984).
. K.'Y. Lee and D. R. Paul, Polymer, 46, 9064 (2005).

6. K. Y. Lee, K. H. Kim, S. K. Jeoung, S. L. Ju, J. H. Shim, N. H.

10.

11.

12.

13.

14.

15.

16.

17.

Kim, S. G Lee, S. M. Lee, J. K. Lee, and D. R. Paul, Polymer,
48, 4174 (2007).

. K. Y. Lee, S. R. Hong, S. K. Jeoung, N. H. Kim, S. G. Lee,

and D. R. Paul, Polymer, 49, 2146 (2008).

. R.Hill, J. Mech. Phys. Solids, 12, 199 (1964).
. T. Mura, Micromechanics of Defects in Solids, 2nd Ed., The

Hague Martinus Nijhoff, p.74 (1987).

C. L. Tucker and E. Liang, Compos. Sci. Technol., 59, 655
(1999).

P. J. Yoon, T. D. Fornes, and D. R. Paul, Polymer, 43, 6727
(2002).

H. S. Lee, P. D. Fasulo, W. R. Rodgers, and D. R. Paul,
Polymer, 46, 11673 (2005).

D. V. Howe and J. E. Mark, Polymer Data Handbook, Oxford
University Press, New York, 1998.

S. M. Lee, International Encylopedia of Composites, 5, 27 (1997).

J. W. Foulk III, P. A. Klein, and E. P. Chen, A Three- Dimensional
Validation of Crack Curvature in Muscovite Mica, J. C. Hill
Camegie Mellon University, Pittsburgh, 2001.

J. M. Kim, S. K. Jeoung, J. H. Shim, H. Y. Hwang, and K. Y.
Lee, Polymer(Korea), 34, 346 (2010).

H. Y. Hwang, S. K. Jeoung, J. H. Shim, J. M. Kim, and K. Y.
Lee, Polymer(Korea), 34, 352 (2010).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


