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Chemo-Mechanical Analysis of Bifunctional Linear DGEBF/Aromatic Amine Resin
Casting Systems

In-Ho Myung™, Jae-Rock Lee™"

ABSTRACT

To determine the effect of chemical structure of aromatic amine curing agents on thermal and mechanical
properties, standard epoxy resin DGEBF (diglycidylether of bisphenol F) was cured with diaminodiphenyl
methane (DDM) and diaminodipheny! sulphone (DDS) in a stoichiometrically equivalent ratio. From this work,
the effect of aromatic amine curing agents on the thermal and mechanical properties is significantly influenced
by the chemical structure of curing agents. In contrast, the results show that the DGEBF/DDS system having
the sulfone structure between the benzene rings had higher values in the thermal stability, density, shrinkage
(%), thermal expansion coefficient, tensile modulus and strength, flexural modulus and strength than the
DGEBF/DDM system having methylene structure between the benzene rings, whereas the DGEBF/DDS system
presented low values in maximum exothermic temperature, conversion of epoxide, and grass transition
temperature. These results are caused by the relative effects of sulfone group having strong electronegativity
and methylene group having (+) repulsive property. The result of fractography shows that the grain distribution
of DGEBF/DDS system is more irregular than that of the DGEBF/DDM system.
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2 AFolA A8H oZFA4A = DGEBF (diglycidylether
of bisphenol F, SZ=3}8H ). YDF-170, epoxy equivalent weight
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Fig. 1 Chemical structures of the epoxy and aromatic amine curing agenfs:

() skeleton structure; (b) calculated structure obtained by HyprChem
5.0 software.
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Fig. 2 DSC thermograms of the fresh sample in the DGEBF/arematic
amine systens.

DDSE niE b



H184% % 4 3 2005. 8 DGEBF/&ZEolul ZslAlel WA Atole] 9128 Methyl”] 9k Sulfone?}7} Fshis EA4uE] g a7 17
T ’ " i ZEo] Golvix g dro} A HIEWA AAHY TR
er ] o FA% WS o= Ao] oF 40 Tofl it GEs AA
80 - . 2xo] Aoz yehdrh 18|31 DDMo| oF 35%9] Zregel
~ A B3 o] uehd v DDSE 55%9] koA wHEH
2
= 8or ) of urebutch el A ZHEFe] Jebd 2k DDSUF
5 wl i DDMo]| 8]3}ed oF 100C7} ok ol I ©HE ARsHolrt &
= 2 a7 BAARg Audel 4% 48 doe A
20} 1 Hojzclh F 22 B Fig 33 Zro] DDSrF Hdhzigl Ehg)
0 - . . , 7t AdiH ez wa °‘<>M‘— DDM Hrt} Ab& Aujddel o
0 200 400 600 800 5“ '6‘-“]7} /Hx /g!og L‘EIA] 5‘}: gxgg "]’E‘}"{ﬂq‘
Temperature (°C)
Fig. 3 TGA thermograms for the DGEBF/ aromatic amine post-cured 3.3 FT-IR ‘E“é:lOH 9"?.!' O-HEA[-O[E7[9_| ﬁ%% %lﬂ'
systems.
o Z Aol AT A o ofa] FT-IR AF ZAIE[11-13]25E
B} Houdesrst WA vehgtl ole DDS €719 7 WiHS4 w3k 1510em o)A YERL o] Ak skt
3 H7ISA T 23t $£AAT Suo] AH R QA ste] ol Zodsia] vl e ofFAlelze] MBS AL VE
o7k We LmoA whgo]l AREol FAHoE ¥rgAe  HAR ojFHrh nNkg oEabol= 3 A 913em o)A e
A7) &g Aem AgEch I vbd DDME] uigr] Wtk olFAleln ula ¥islaie ofFAle|ne] ML o
ol EXltle mhs S4TI9 ol EAZIY TS 0 o F Y A(D)E o] &t AT 4 ok
stA fdstel AEg vh-go] dofutA gt & BEEs o
AUE] Apol7) Hutder 9 W34 AolR veht= Ayys
Ag = A
05,; :1- 1510/ pagred (1)
32 ForEN o7 [Lj
Al 510/ liguid nixture
A2ofA ofEAleA] AIES] dF YL PYTR
WA E A E ZF A OoE Al oz ol AL oko _ -
df]?\s_ L_/-”E AT A F’l—‘ oi] (s} L‘E} »E = w0 o ® }E‘?] 047]/(’}, Aq]).?—}' A]S;()‘—S‘: 0}]%*}0159} Bo}ﬂ-doké“ C-HQ] Iqa_.é_
Astel TGA FEAE Aot zvje] FAGA: A4 Urebuic
dutHo g vurg B4 THE oY $EEO UEHI, o
A AAELA] 28 nEx AlSEoe] B RS =}
At g S e el FAAE dol 2 W o pompgarselu Al AaiAle] WA Aol
glo] QItH9L 1 o]Fof dojvte FHHal HXY YT "
e n ! o] erldste] w2 olFEifol=el HEE HIE BoFEch
25 34999 LEAAsEol BT A9 % ddolE i . .-
WMo oz ool o C o m Aol ot R o ZAtol =7l o] Fd WX 3E-2 DDMo] 90%, DDS7} 83%
IFE-0 2 Qlsle] dojiti: Zom AzlAQl ¥zt o } 2 Ueldcl = AsiulSo] AW wo| Ay wILADFS
= o2 FoEo{io] ‘
fglelzt oAz

A2
| ot FHdas 9
=\

2t Al WA Abolg] 1-‘5*/] %ﬂ b
B TAIE a®olrk Zhzhe] AHTEAE two steplB F

! g HojgEeh 12 FEs) 8hgo] 4Fs]
ool WAl WAHe TlE B4 Ao HAAE A
wlgo] ojfA =of 23 &3 WL AXNA FHeth ojE 1F
G ¥hgo] o BExEEe] BIE o|Fojxn 1 FpA oA
Ay vt & FRE AudE o 2EHo2 wAdgel
o=l Aol 22p HES] mAolnk dEI AMALm

ol DDSe) Fshirgoz
HE wgRel Aol DM Ashigow B4d B

H7zel Aedolnct HE AT WEE HolFk Foltt
Z DDSS| AsIgoE PHE WHTE F ALdolrt He

34 2 B RIFEHE 24
Table 1o] 3}l BApekl WAy Aloe] #g7] t*@roﬂ
£ YRS $HE(WY W] id Z3E FASKI &

Ajggo] W& DDMe] DDS Rt Wioh
et & o|Ae DDSY 9ol DDM ¥tz mu
bulky@ 28] WrHEA Fol FolshA 2§ wub oy
2, 0-5-08] 07} W7lgY=e| G 1= A% 0|22 Y

FEEW7T 7 L¥

oz O]oﬁ E]—,u EZ}A}.’;Q__ u}ﬁle_ 71_3}_ L]-ﬁ_% &71 XIH‘E‘
ojt}. ol2|3t DDS A7) o3t elgde Ao 4
ZB(%WE 93 98 o s o y

2 5}3
2
=)
oX.
e
o]

A BIEA AIER wsslAA A3



18 &0l A g

£08 Wyt 2R FUMled, AA BExwko] £& DDSE
Fola 7l o B WS HAY WAR Aoz 2
Zoz Uwt 45HE 2L ¥ 4 o
Table 1 Physical properties of the DGEBF/ aromatic amine post-
cured systems
DDM DDS
Item (M. W.=198 (M. W.=248
g/mol) g/mol)
Conversion (%) 90 83
Density (g/em3) 1.220 (1.153) ° 1.268 (1.191) ®
Shrinkage (%) 5.81 6.47
Th 1 S
er.ma expans:czn 126 307
coefficient (nm/mC)
Glass transition
temperature (C) 150 138
Tensile modulus (GPa) 3.21 3.96
Tensile strength (MPa) 25.1 33.8
Flexural modulus (GPa) 3.10 4.32
Flexural strength (MPa) 116 160

* The density of liquid mixture
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Fig. 4 Fracture surfaces (x120) of resin castings obtained by flexural test:
(a) DGEBF/ DDM, (b) DGEBF/ DDS post-cured system.
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