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£ AFelA4+= DGEBA(diglycidyl ether of bisphenol A)2} mercaptan 74341 A2 73}k

EAT 98t AFE cFAl/oM FEAE AsAAe} vlaste] Attt GRAIFe} o5 2zt TMA
(thermo mechanical analysis)?} 98 #5-2 DMA(dynamic mechanical ananlysis)& ©]-&3}e] #4133} o}ql f=
A ASAE AHERE ol FA] A5l ‘rrﬂﬂo] o} GAITE 22t 82.6 °C9F 71.2 ppm/°Ce] B YERTH
Mercaptan A3HAIE ARE-SE o ZA] HsE9] 749 -SH #5717t S71EE fFellolss F43] Zasiurt
AR} F7¥sted oF 80°C ol el #s Zt= 733% HAN, frejdel 2= ofstollA 35S oF 80 ppm/ CollA X
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71

200 ppm/°C77V] 7Tt °F 100 ppm/°CE B Zashe 43S B3k ofwl =A% 43S ARE-3E ol
Al AstE2 9F 1.5 mol/em’?] 7t =S YERNAL, mercaptan ASHAIE ARE-SE Al FA] ZA3FE-2 2F 1.0 mol/em®|

A SF 17 moliem’® #5717k 271245 L) Z7E 8 30 °CA 2700 MPa o)l A% BIES
M gee sk,

Abstract: The thermal expansion and mechanical properties of diglycidyl ether of bisphenol A (DGEBA) with mercaptan
hardeners were studied by a comparative method with an amine-adduct type hardener. Thermal expansion and dynamic
mechanical properties were measured by thermo mechanical analysis (TMA) and dynamic mechanical ananlysis (DMA),
respectively. The 7, and the coefficient of thermal expansion (CTE) of epoxy/amine-adduct type hardener system were
82.6 °C and 71.2 ppm/°C, respectively. As the number of -SH functional group of mercaptan hardener increased, the 7,
rapidly decreased and gradually increased up to ca. 80 °C and the CTE under the 7, rapidly increased to ca. 200 ppm/
°C from 80 ppm/°C and decreased to ca. 100 ppm/°C. The crosslinking density of epoxy with amine-adduct type hardener
was ca.1.5 mol/cm®, while that of epoxy with mercaptan hardeners increased from 1.0 to 1.7 mol/cm’, as the number of
-SH functional group increased. The storage modulus can increase up to 2700 MPa at 30 °C.

Keywords: epoxy resin, mercaptan, thermal analysis, dynamic mechanical analysis.
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Table 1. Materials Details®
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Material

Sample name

Diglycidyl ether of bisphenol A (DGEBA)
Amine-adduct type Hardener
2-Ethylhexyl-3-mercaptopropionate (BMPA-2EH)
Ethane-1,2-diyl bis(3-sulfanylpropanoate) (TEGDM)
Trimethylolpropane tris(3-mercaptopropionate) (TMPT)
Pentaerythritol tetrakis(3-mercaptopropionate) (PETP)

NFMO: The number of functional groups of mercaptan is 0
NFM1: The number of functional groups of mercaptan is 1
NFM2: The number of functional groups of mercaptan is 2
NFM3: The number of functional groups of mercaptan is 3

NFM4: The number of functional groups of mercaptan is 4

Table 2. Measured Temperature at Peak (7p) by Dynamic
DSC, and Evaluated Activation Energy (E,) by Kissinger’s
Equation’

Peak temperature Activation energy

Sample (T, °C) (E.. keal/mol)

NFMO 108 39.8

NFM1 82 28.0

NFM2 80 263

NFM3 76 20.0

NFM4 72 18.6
AR Aol EEalSlaL, oF 100 °C F2ollA= 24 =
ZHE A7RS B olslE Agkehs Zo] dukzow uigt
23 Aot}

o]z e] Aol A? ol FAl ] AT A 73 SHA <
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dsHA AHEE AAEE UERNSITE 5=81ete] YD-128<
vl2HE AY of|FA] 2| 24], Ajinomoto Fine-Techno Co.,
Inc.®] o}¥l F=AF 2208 ZAsHAIR] Ajicure MY-245 7}
7} AR&-8F3ATE. Mercaptan 73 3HA= -SH #57] ol whzh
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ATk AEES BAFRE FAEd 260 AAIE 2
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Figure 1. TMA analysis curves for dimensional change of epoxy
resin with amine-adduct type hardener (NFMO) and various mer-
captan hardeners as a function of the content of -SH functional
group (NFMI1, NFM2, NFM3, NFM4).
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Figure 2. Comparison of glass transition temperate, measured by
TMA, with amine-adduct type hardener (NFMO) and various mer-
captan hardeners as a function of the content of -SH functional
group (NFM1, NFM2, NFM3, NFM4), and an expected tendency
(dotted line).

= 743] siic o] S7kehe 73S B Ath(Figure
20] A Fx). Q57120 NFMI1o] 7 3pikgo] Zrofahd,
-SH #3571 ©]9)e] e & A& 252 AslE A
ZE o|FA] o, F 4 AFEL &50] 7FsslA A
T)7F NFM2el oJgt Z1Ent ¥ FA] 288 Z10= oXdsl3l
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7R AL A7) Wil AREe] AR 52 Adlste] fE
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Figure 3. Comparison of coefficient of thermal expansion with
amine-adduct type hardener (NFMO) and various mercaptan hard-
eners as a function of -SH functional group content (NFM1, NFM2,
NFM3, NFM4), and an expected tendency (dotted line); (@)
=CTE before T, and ap(O)=CTE after T,.

Table 3. Glass Transition Temperatures (7,) and CTE Measured

by TMA
NFMO NFMI NFM2 NFM3 NFM4

T, 826 466 377 656 800

a (ppmPCY 713 1072 2001 866 816
@ (ppmPCY 2258 2878 5987  239.1 2134

“a;: CTE under T, *a,: CTE over T,
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Figure 4. DMA analysis curves for storage modulus of epoxy resin
with amine-adduct type hardener (NFMO) and various mercaptan

hardeners as a function of the content of -SH functional group
(NFM1, NFM2, NFM3, NFM4).
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Figure 5. Comparison of storage modulus at 30 °C with amine-
adduct type hardener (NFMO0) and various mercaptan hardeners as
a function of -SH functional group content (NFM1, NFM2, NFM3,
NFM4), and an expected tendency (dotted line).
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A, FEIA, B, a2 B53A FollA o] 220 ¥
sk AgsiA 5T 7 Jom [t e A T
LEot 25 IS = vk AeA 54 olFA] 7l
A} AREe] wlo]az-H E}T(micro-brownian)%%Ql A&l
ofal} F7ket=], o] &5 A A& 7 (chain segment)
o] ghibat AAZE e B o] M-S tan § 2229
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Figure 69 DMAZ =43¢ tan §9] 22 E YERAL
Figure 7] tan 89 T3 24 743 FE|dol=s YER
ATk NFMO= ¢F 96 °CEZ TMACIAM S8 =R} =9k
3, NFMI= 9F 45°C, NFM2= ¢F 35°C, NFM3= ¢F 70 °C
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Figure 6. DMA analysis curves for tan é and 7, of epoxy resin with
amine-adduct type hardener (NFMO) and various mercaptan hard-

eners as a function of the content of -SH functional group (NFM1,
NFM2, NFM3, NFM4).
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Figure 7. Comparison of glass transition temperature, measured by
DMA, with amine-adduct type hardener (NFMO) and various mer-
captan hardeners as a function of -SH functional group content
(NFM1, NFM2, NFM3, NFM4), and an expected tendency (dotted
line).
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Figure 8. Comparison of elastics modulus at 7, +40 °C with amine-
adduct type hardener (NFMO) and various mercaptan hardeners as
a function of -SH functional group content (NFM1, NFM2, NFM3,
NFM4), and an expected tendency (dotted line).
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Figure 9. Comparison of crosslinking density, predicted by the
Nielsen’s theory at rubbery region, with amine-adduct type hardener
(NFMO) and various mercaptan hardeners as a function of -SH func-
tional group content (NFM1, NFM2, NFM3, NFM4), and an
expected tendency (dotted line).

Table 4. Glass transition Temperature (7,), Storage Modulus
and Elastic Modulus Measured by DMA and Crosslinking
Density Calculated from Elastic Modulus

NFMO NFMI1 NFM2 NFM3 NFM4
T, (°C) 96.3 44.8 34.6 69.6 81.9
Storage
modulus 2929 498.7  47.39 2980 2743
(MPa)
Elastic
modulus 14.61 10.43 2.17 9.704 16.75
(MPa)
Crosslinking
density 1.45%107 1.04x107° 2.58x10* 1.20x107 1.73x10?
(moles/cm?)
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