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Abstract: Thermally expandable microcapsules (TEMs) can be expanded upon heating since the activation energy of lig-
uid hydrocarbon at the core of the TEMs increased at high temperature. Due to this property, TEMs are widely used in
the industry as blowing agents or light-weight fillers. In this article, chemical blowing agent and TEM were used for mak-
ing polypropylene (PP) foams, and their mechanical properties were compared. Physical properties (tensile strength,
impact strength ezc.) of PP foams decreased with increasing the amount of blowing agents while weight of specimen
decreased. However, PP foam produced with TEMs showed higher impact strength than the one with a chemical blowing
agent. In order to figure out the difference of impact strength, the morphology of PP foamed was investigated. Expanding
properties of TEM can be controlled by changing core back distance.

Keywords: polypropylene, thermally expandable microcapsule, foaming, chemical blowing agent, mechanical properties,
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Table 1. Physical Properties of HFJ-371

TEST Method Unit Result
MFI (230°C) ASTM D 1238 2/10min 51.0
Density ASTM D 792 g/cm’ 1.02
Tensile strength ASTM D 638 MPa 22
Flexural modulus ASTM D 790 MPa 19,483
Flexural strength ASTM D 790 MPa 33
HDT ASTM D 648 °C 121.2
Izod (23 °C) ASTM D 256 J/m 31

*In the experiment results may be different from the properties
presented by the producer.
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Figure 1. TGA and DSC results of commercial thermally expandable microcapsule.
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Figure 2. Particle size and distribution of commercial thermally
expandable microcapsule.

Figure 3. OM image of commercial thermally expandable micro-
capsule. (Left) before expansion; (Right) after expansion.
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Table 2. Physical Properties of PP Foam Produced by Blending with the Chemical Blowing Agent (CBA) and the Thermally

Expandable Microcapsule (TEM)

CBA TEM

Content of blowing agent 2 2.5 3.2 4 2 2.5 32 4
Density (g/cm’) 1 0.92 0.88 0.72 0.99 0.95 0.78 0.73
Tensile strength (MPa) 20.7 20.1 16.4 14.2 20.5 19.7 17.9 17.5

Elongation 35 27 30 20 27 20 22 11
Flexural modulus (MPa) 2050 1820 1711 1670 1950 1854 1742 1650
Flexural strength (MPa) 28 27 25 23 30 28 25 22
Izod (kgem/cm) 18.8 134 12.1 11.4 22.1 19.1 17.2 14.3

Polymer(Korea), Vol. 39, No. 1, 2015



68 S5 - A - ol - Pelal -

22
20} b 4
]
A *
% 18 #
£
on A
S 16 $
=]
wn
D)
= 14 .
g ¥
ﬁ @ Measured TS (CBA)
12 | * Calculated TS (CBA)
A Measured TS (TEM)
X Calculated TS (TEM)
10 *
1 2 3 4 5

Blowing agent contents (phr)

Figure 4. Comparison of tensile strength of PP containing chemical
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Figure 5. Comparison of impact strength of PP containing chemical
blowing agent, and thermally expandable microcapsule.
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Figure 6. Cross section OM images of PP foam containing (Left) chemical blowing agent; (Right) thermally expandable microcapsule.
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Figure 7. Cross section SEM image of TEM in PP matrix.
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Table 3. Density of PP Foams with Different Core Back
Distance

Core back distance (mm) 1.0 1.5 2.0 2.5
Density (g/cm’) 0.98 0.91 0.78 0.70

(a) (b) (c)

Figure 9. Appearance of injection molded specimen of (a) PP only;
(b) PP with chemical blowing agent; (c) PP with TEM.

A= AE AF 5 U AR, 271 H7F Al e E
WA W&o AL 200°C =24 P& Hu =77} oF
190 um o A== AoR FAE, @He] dAnjA AR
< SalM=

I ®Bo} 2o oF 6080 um F =2 WAL
HoAFA o]& AE719] 7H2E7} 190 °ColH T
A7} ¥k= shear forceS 2T 7S GBF &2 FHojd|
AT WAET}ATY A = BALER TR %t
AR, Thgdo] HA SRR 2 o= °
2 Bl wghA AET7RE Al 385 (core back)E T =
Al A A, T FAZFS HEESI 7oz 3
FES FPE F AS o= Jddr)

Table 39= A&7l Al 29559 AzlE 2glste] A
Z¥ AR WXl E AEleiiitt. S HFEH Al W&
zto|eke ER1sl7] 98t thE rHaERAe 71 FYsH
Stal Al ES A7) Wil 2 AdA3pt @98 Ae
2 3t HHsld AR & = gAY S FE wet
dxxfol7t Wlsh= ZS & 4 lon, 23557 55
A "7t THashe A el o] 71EHT §o
AF7) WEoR FgH)

~

Figure 9= S}8PdEA| ¢} I3 A& o] &3 AEE9
7S RT3}, sFehrAe] 79 1ol gas mark
LS

i)
rr
1) it
:
=2
e
o
o3
i)
)y
o
ol
o
i)

A7) AR ERG B
) 92 7kt R HolE

~
Iz
rr
Y
iy
%0 L
r =
%

Polymer(Korea), Vol. 39, No. 1, 2015



70 SRS - A4 - olsFt - A -

B Aolde 9 et st EAlE $3 PP E
TX] o] Ex—] [e] ;(1;(4 H]E_?S‘]—Qigtt], Hl—“‘;(.ﬂ 3

Ao =dA s 9 AEst 28 S

T g AukH]l spshd sl g GG A o
Fo7hl e SAE A7

A0 PP WE 204 slsPEAel oJslA] A== void
of gejot I Aez Qdsto] WAH voide] FF Aol=
A Aoz Attt o]H g Ao T ﬂﬂ 7AUF Aol
= FHSAF el FFE = T d52 Il &
ATolM e 7120l AE7heS 8 Al A48 A7)
BA o2 G &S olgsto] AFHE Xﬂz 7Feld=
SRl o, FF A28 Fele] A g S8l &
42 e s ddEn. & dAyelM e A9 24
o] __quﬂ sl 2= Gt <o) Pt A B}l &
S7No] freEfdt Zo' X ddHo s ATk 8
< 98t 7Ry M9 (processing window) 2 AR 7FAE 7]
= spehg A7} Bt -9l Jlor= of 7pA] ¥
Aol aLesof gt

W

LMl 1 o] ¥ =R@T)E *WX}%$ AR

717 EAI @A S 10045051)2] A|DoZ =38 A,

F

I
o
o

1. J. Park, J. Lee, S. Kim, J. Kim, and K. Ahn, Transactions of
KSAE, 1, 123 (2013).

2. D. W. Kim, J. W. Yoon, S. Park, K. Kim, and T. Lee, Int. J.
Autom. Techn., 14, 955 (2013).

3. C. S. Park, High Performance Epoxy Resins in Composite

ZaH, 43948 A15, 20153

10.
. Y. Kawaguchi, Y. Itamura, K. Onimura, and T. Oishi, J. Appl.

12.
13.

14.
15.
16.
17.
18.
19.

20.

21.

Y
e

o

215 - g

- oAl

Application, SAMPE Korea Symposium [l-San, S. Korea, Oct.
(2013).

. K. H. Yoon, J. W. Lee, and Y. C. Kim, Polym(Korea), 37, 494

(2013).

. D. Y. Hwang, K. D. Han, D. Han, K. I. Lee, and K. Y. Lee,

Polym(Korea), 24, 538 (2000).

. K. Hikita, JSAE Review, 23, 239, (2002).
. D. S. Morehouse and R. J. Tetreault, U.S. Pat. 3,615,972 (1971).
. M. Jonsson, O. Nordin, A. L. Kron, and E. Malmstrom J. 4ppl.

Polym. Sci., 118, 1219 (2010).

. M. Jonsson, O. Nordin, E. Malmstrom, and C. Hammer, Polym.

47, 3315 (2006).
Y. Kawaguchi and T. Oishi, J. Appl. Polym. Sci., 93, 505 (2004).

Polym. Sci., 96, 1306 (2005).

M. Tomalino and G. Bianchini, Prog. Org. Coat., 32, 17 (1997).
M. Jonsson, O. Nordin, and E. Malmstrom, J. Appl. Polym. Sci.,
121, 369 (2011).

Y. Zhao, C. Wang, Y, Bai, G Chen, M. Jing, and B. Zhu, J.
Colloid Interf. Sci., 329 48 (2009).

B. N. Kolarz, M. Wojaczynska, J. Bryjak, and B. Pawlow, React.
Polym., 23, 123 (1994).

M. Jonsson, O. Nordin, A. L. Kron, and E. Malmstrom, J. 4pp!.
Polym. Sci., 117, 384 (2010).

S. Doroudiani, C. B. Park, and M. T. Kortschot, Polym. Eng. Sci.,
38, 1205 (1998).

E. H. Tejeda, C. Z. Sahagun, R. Gonzalez-Nunez, and D.
Rodrigue, J. Cell. Plast., 41, 417 (2005).

D. Klempner and K. C. Frisch. Handbook of Polymeric Foam
and Foam Technology, Hanser, New York, 1991.

L. J. Gibson and M. Ashby, Cellular Solids: Structure and
Properties, 2nd Edition, Cambridge University Press, Cambridge,
1997.

V. Kumar and N. P. Suh, Polym. Eng. Sci., 30, 1323 (1990).




<<
  /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
  /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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


