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Abstract: Low temperature cure prepregs are being developed for use in the preparation of large-structured fiber-rein-
forced polymer (FRP) composites with good performance. Cure behavior and chemorheology of low temperature cure
epoxy resin system, based on epoxy resin, curing agent, and accelerators, were investigated to provide a matrix resin suit-
able for the prepreg preparation. Characteristics of cure reaction were studied in both dynamic and isothermal conditions
by means of differential scanning calorimetry and rheometry. The low temperature cure epoxy resin system suggested in
this study as a matrix resin was curable at 80 °C for 3 h, and showed the gel times of 120 and 20 min at 80 and 90 °C,
respectively. Thermal and mechanical properties of the cured sample were almost the same as high temperature cure
counterparts.
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Table 1. Chemical Structures of Epoxy Resin and Additives

Material Chemical structure
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e
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HN.\\C¢O
|
N
an/ \CH,
FXR-1020¢ Aliphatic polyamine-based accelerator

‘DGEBA: Diglycidyl ether of bisphenol A; Kukdo Chemical.

"DDA: Dicyandiamide; Sigma-Aldrich.

‘DCMU: 3-(3.,4-dichlorophenyl)-1,1-dimethyl urea; Sigma-Aldrich.
9U-410M: Toluene bis(dimethyl urea); Emerald Performance Materials.
‘FXR-1020: Fujicure FXR-1020; Fujikasei Kogyo.
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Figure 1. Shear viscosity of mixed epoxy resin as a function of tem-
perature.
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Table 2. Compositions of Epoxy-Based Resin Systems

Low temp. cure

Curing agent Accelerator accelerator

Sample
code DDA DCMU U-410M  FXR-1020
(phr) (phr) (phr) (phr)
D4 4 - - -
D6 6 - - -
D8 8 - - -
D4C2 4 2 - -
D4C4 4 4 - -
D4C6 4 6 - -
D4U2 4 - 2 -
D4U4 4 - 4 -
D4U6 4 - 6 -
D4C4F0.5 4 4 - 0.5
D4C4F1 4 4 - 1
D4C4F2 4 4 - 2
phr: parts per hundred parts of epoxy resin.
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Figure 2. Effect of DCMU content on heat flow of epoxy-based
resin system as a function of temperature. For clarity, some graphs
were shifted upward.
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Figure 3. Effect of low temperature cure accelerator content on heat
flow of epoxy-based resin system as a function of temperature. For

clarity, some graphs were shifted upward: (a) U-410M; (b) FXR-
1020.
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Table 3. Effect of Additives on Curing Onset Temperature,
Extrapolated Onset Temperature, Peak Temperature and
Heat of Reaction Measured by DSC

Sample code ?‘3,“&"‘; T(‘Z)‘“Cese (];Péak (AJZ(;
D4 192 201 212 241
D6 175 188 198 303
D8 175 187 196 357
D4C2 117 134 154 378
D4C4 113 129 150 396
D4Ce6 107 126 148 411
D4U2 98 109 128 357
D4U4 93 107 124 407
D4U6 78 100 121 436
D4C4F0.5 90 108 130 409
D4C4F1 79 94 113 415
D4C4F2 76 91 108 423
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Figure 4. Effect of DCMU content on storage modulus of epoxy-

based resin system as a function of temperature.
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Figure 9. Glass transition temperature with increase of low tem-
perature cure accelerator content: (a) DCMU (D4, D4C2, D4C4,
D4C6); (b) FXR-1020 (D4C4, D4C4F0.5, DACA4F1, D4C4F2).
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Table 4. Mechanical Properties of Cured Specimens of Epoxy-Based Resin Systems

Sample code Width Thickness Tensile strength Tensile modulus Elongation to break Work-done to break
(mm) (mm) (MPa) (MPa) (%) (N'-mm)
D4 2.98+0.04 1.98+0.03 45.13+4.22 1569+79.86 4.53+0.80 125.16+16.24
D4C4 3.00+0.03 1.96+0.08 45.66+3.35 1535+70.82 4.51+0.64 100.06+10.41
D4C4F1 3.06+0.05 2.01£0.01 44.96+4.47 1571+76.73 4.03+0.67 109.33£13.11
D4C4F1S* 2.9940.02 2.00+0.01 41.43+2.67 1566+53.80 4.04+0.24 104.78+2.66
‘D4C4F1S: Sample cured with DAC4F1 composition stored for 2 weeks at 20 °C.
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Figure 10. TGA thermogram of high temperature cure (D4C4) and
low temperature cure (D4C4F1) epoxy-based resin system.

Zan, #1384 A23, 20143

(80°C, 3X17F ZAshy= S Atk Ae] 74, 9% %
=, Q1% BYE, o1 AE 2 s 5 olug
Table 491 )3kl VERASIE. AofolA] no] 4& 733}
& oA 5721 DACAFI A5} Aol FAH B 1
@ o)A 57121 D4 B DAC4 A5} AHe] FA3} Ao]
SeRE A4 PR S0 AS SR S elsich

A2 7Asty Zazd o Az AEE oAFA UHEE"‘
3

TA ZPES g flate] dlFA] FA], AsHA|, F2A
£ st TR 4 ol wE =4 2 seHEs S
FFsAT AFE TS A A FA] FA =S
DGEBAA| | ZA] &8 =]l Z3kA] DDA 4 phr, 733} &

ZIA DCMU 4 phr, A-2% 73} 314 FXR-1020 1 phro]
7<47}Q ZAo] 71 Adlsl Ao g el ukst njE

2 A ZAELS 75°C F2AAMEE APt s sle=
oAl dEm AAEE = 80 °C, 3A7F e 90 °CollM= 1A17F
of A3t Ae] gEE= AR Yehyth 52 ZsiA A
3} A7 80 °CollAE 1203, 90 °CollAE 20870 & el
om, AstE FA9 GA, 7IAA 2482 12 A A
B F53L A A 7S Zlo R el 2
AollA AFgk 2] 2AE 9 stz
g A, olgbr = Af Fe E}%kﬁ& &3t
A 735}@ zZglazy o Az T

O

ZAle] 2: B AT7E SATAGNRF)] 7| Z2AFAKY
(No. 2011-0011180) 2 F471FH A A Lsh= 20129 =
At 35 7)< 7N AR (No. €0032861)2] 738 27}
UF-ZA] A7 Aol ZAP=HY T

!

ik

5

Mo

a1

1. B. Ellis, Chemistry and Technology of Epoxy Resins, Chapman &
Hall, London, 1993.



w

oo

10

12

A 738k oFA] mEY A 2]

2. J. Wan, B.-G. Li, H. Fan, Z.-Y. Bu, and C.-J. Xu, Thermochim.
Acta, 511, 51 (2010).

. Y. Nishimoto, European Patent 0,970,980 (2005).

. M. Melnykowycz, X. Kommann, C. Huber, M. Barbezat, and A.
J. Brunner, Smart Mater. Struct., 15, 204 (2006).

. P. Brondsted, H. Lilholt, and A. Lystrup, Annu. Rev. Mater: Res.,
35, 505 (2006).

. S. Sprenger, J. Appl. Polym. Sci., 130, 1421 (2013).

. P.Ren, G Liang, and Z. Zhang, Polym. Compos., 27, 402 (2006).

. S. Ganguli, D. Dean, K. Jordan, G. Price, and R. Vaia, Polymer,
44, 1315 (2003).

. W. Stark, Polym. Test., 32, 231 (2013).

. C. Williams, J. Summerscales, and S. Grove, Composites Part A,
27, 517 (1996).

. S. Honda, R. Sawaoka, and K. Nakahara, U.S. Patent 8,021,752
(2011).

. N. Amdouni, H. Sautercau, J.-F. Gerard, and J.-P. Pascault,

B~

)

ey

14.
15.
16.
17.

18.
19.

20.

21.

)

sshasiol tat <7 179

Polymer, 31, 1245 (1990).

. A. Pfitzmann, A. Fischer, K. Fryauf, and M. Fedtke, Polym. Bull.,

27, 557 (1992).

M. D. Gilbert and N. S. Schneider, Macromolecules, 24, 360
(1991).

N. Poisson, A. Maazouz, H. Sautereau, M. Taha, and X. Gambert,
J. Appl. Polym. Sci., 69, 2487 (1998).

T. G Mezger, The Rheology Handbook, 2nd ed., Vincentz,
Hannover, 2009.

C. Michon, G. Cuvelier, and B. Launay, Rheol. Acta, 32, 94
(1993).

H. E. Kissinger, Anal. Chem., 29, 1702 (1957).

R. E. Camargo, V. M. Gonzalez, and C. W. Macosko, Rubber
Chem. Tech., 56, 774 (1983).

S. Y. Eom, S. B. Seo, and K. Y. Lee, Polymer(Korea), 37, 240
(2013).

T. Guthner and B. Hammer, J. Appl. Polym. Sci., 50, 1453 (1993).

Polymer(Korea), Vol. 38, No. 2, 2014




<<
  /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


