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Property Changes due to Numbers of Nitrogen Atom Bonded at Ethyl Group,
Included in Main Chain of Curing Agents of DGEBGF/Linear Amine Systems

In-Ho Myung™*, Jae-Rock Lee”

ABSTRACT

To determine the effect of numbers of nitrogen atom bonded at ethyl group included in main chain of linear
amine curing agents of epoxy-cure systems on the thermal and mechanical properties, standard epoxy resin
DGEBF was cured with DETA, TETA and TEPA in a stoichiometrically equivalent ratio. From this work, the
effect of curing agents of the DGEBF/amine systems on the thermal and mechanical properties was significantly
influenced by numbers of nitrogen atom of curing agents. The results showed that heat of reaction increased,
and maximum exothermic temperature decreased with the decrease of numbers of nitrogen atom. In case of
cured systems, density and maximum conversion(%) had no relation to numbers of nitrogen atom, but flexural
modulus and tensile modulus increased with the decrease of numbers of nitrogen atom in main chain. Thermal
stability, shrinkage(%), Tg, tensile and flexural strength showed irregular tendency having nothing to do with
numbers of nitrogem atom at a sight. This findings imply that the differences in the maximum conversion(%)
about the chain length of curing agents affect the thermal and mechanical properties.
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Q1 diglycidylether of bisphenol F (DGEBF, = L=3}8kF):
YDF-170, epoxy equivalent weight (e.e.w.)=160~180 g/eq., W=
120 glem))i:  AMREATh Al Agel opmA9l
diethylenetriamine (DETA, ¥+ Tosho Co., e.e.w.=20.6 gleq.),
triethylenetetraamine (TETA, 9+ Tosho Co., e.e.w.=24.3 gleq.),
tetraethylenepentaamine (TEPA, ¢4 Tosho Co., eew= 27
g/eq)l 3FE U TR ALESIITh B ATolA ALE
& oNEAFAt AotAle stehrEd Fg 1o Fu A
ot oNEAFXL AHshAle] gt zEE Fig )9,
HyperChem 5.09] A tglol2 AR 3829 Bal AbS
ZolE b2t Fig. 1b)oll YERASITE HyperChem 5.0 software
off  2]%F conformation structure®} A}&EAO]I=  Molecular
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2.2 Resin Casting %! A& =2

DGEBF (YDF-170) ol Z A2 = 328 oA 247
kst =2 4 AFE & & AAS &
HhZ ARESIY. AdRolAl AEAl 3F(DETA, TETA,
TEPA) 443 o ZAFAE 1:1 B3 v 2 wgste] 108
b kst @3] ERE H, AFLE SoA 5B
Zstatgdth. ZL€=E 200 x 190 mm?e] 2=y~ B4
FAolES 3 mm FAY A IF spacerZ TAH 3l
a1, AirtekAl A)EQ release #19 ol@A R A3 RE&=d]
HANEFEE M3 FAsle] 71E0 AV)A F=E Qe
t}. 217} YA E-L& =+ convection ovenoll A tHS-3p

2 Fglzd oz A=Ak

rl

v A stz 80 °C/4hr,

% A3z A: 80 °C/ahr + 120 °C/4hr

Convection oven? 794 %=E 6 °C/min%lom, Wz Al
dE 6 °C/min2 Yzt H

Aald o FA|5A AJHL diamond cutter® A}-8-3he] th
23 ge Az ddsych

AZAE AH: 140 x 10 x 3 mm’

ZZAE AH: 80 x 10 x 3 mm’

23 4™ 53

AFAE, 37 A 24z 7 s/ AEe A
23ttt AFAEL Instron 4206 FHE o] 3o,
gauge length™ 50 mm, cross head speed™ ! mm/minZ 3}
ok AE FEo feldH2 X FRP A9 5% A
Abel tabZ 25 x 10 x 3 mm’ V|2 8] AFs Al
st S FA YL Inston 4510 FuE AL 2w, Al
FAe AAZFe] Aw} H]E 1:16, cross head speedv 1
mm/minS. & &% 2, ASTM D7909] Al&el o784
o 2zAgde Fod BEe e FtEv
Optical Microscopy PLM (A Leiz, Model Laborlux 12 Pols)
< Ab2-slgth WEE ASTM D38ooAldWylo s =43
o sAlel HFAE #Hssich DSCHEME Du Pont TA
(thermal analyzer) 2000°] 2 Du Pont DSC 2010 ZH]

d
rlo

& o]&sle] EAste Ak old FA 7] elA
Z2E&TE 10 C/minZ 312 Hd ZAHLEE 350 CE
FA=

TGA ZA 3= Du Pont TA (thermal analyzer) 22000] %3}
" Du Pont TGA 951 FvlE AMEsle] ZA3GIrh ol
AL BY7oM $2455E 10 CminZ 3t JRSHL
T 800 °C o)Atk

HMBPFEA AFL o FAlo|me AFE AL

A s)Q e, FT-IR (Fourier transform infrared spectroscopy)

)2 Bomem, Model MB 100-C15 £3718 o]&3i3ith
Scan8l = 203, scan® 9= 400~4000 cm” ZZ] 3L resolution
2 4 ¢m’ o]9iTh

TMA Z3+= Du Pont TA instrument 29402 Ab£-3ho]

Z43159. fFEldo)lR=(C) & AR AT (m/m°C) S ol
Z2ALRon $EEE 10 °C/mingE YASA &gz, A
TERLTE 300 °C o]}
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Scheme 1
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Fig. 2 Chemical reaction mechanism of the epoxy/amine cure systems.
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Fig. 3 DSC thermograms of the untreated sample in the DGEBF/

amine systems.
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TETA > TEPA 9] #Aola, ZhZ whg-E-2 485, 375, 1 A9 el TIE dL 2 BAURY Ak 7.]0])
Bl 351 Jg oIStk o we Fage Mg LA 2ol A7 A
°f A2 E DETA S 328 W54 722 4 = a0 @AM A7 228 2ade I0E BAG
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TGA thermograms of the DGEBF/linear amine cure
systems: (a) preliminary-cured; (b) post-cured.
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Table 1. Physical properties of DGEBA/linear amine cured systems

DETA TETA TEPA
Item Curing condition | (MW= MW= (MW=
103g/mol) | 146g/mol) | 189g/mol)
Conversion | preliminary-cured 90 92 93
(%) post-cured 93 95 94
Densi liquid mixture 1.167 1.160 1.179
(e tz))’ preliminary-cured 1.225 1.208 1.220
cm post-cured 1216 1.220 1.212
Shrinkage | preliminary-cured 5.0 4.1 35
(%) post-cured 42 5.2 2.8
Thermal
expansion | preliminary-cured 249 214 216
coeff. post-cured 161 128 167
(m/mC)
Glass
transition | preliminary-cured 95 103 105
&emp&:crature post-cured 103 116 115
Tensile | prefiminary-cured | 3.8 3.5 3.9
(GPa) post-cured 3.6 3.4 3.4
Jensile | oreliminary-cured | 39 39 36
(MP% post-cured 46 32 50
Flexural -
preliminary-cured 3.6 3.8 3.9
"‘(‘gi;,’;‘)’s post-cured 338 34 31
Flexural -
strength preliminary-cured 117 128 132
(ﬁ?)%) post-cured 127 107 112

A71A, Ags F Asio ZF ol FAtol= 7)o} wbekE wiAl
e e CH ¥AXFY H3E v

Table 1> 733A9 T Tgd Fx 2L BaYxty
MNy(ArEdohe) Zstxzzle] DGEBF/oIIZ st Al A€
of| Fatolze] Aggol vXE= FTFL HoFTh

DETA, TETA 2 TEPA9] ZgAle] ¥H&dgg&e oy
7ZAslet T4 242 90, 92 2 93%F 93, 95 L 94%9)
Ak Atz wWE JIFe FTHIEY o FAlol=7]
A@go] JuAsEe AR Awdoz Hu} ol
Au) et g o wwhg o FAlo|=r|y} FL kA B
HA gky BxAIEH ofvl)zE £33 A A oA
E Eggoz AFaWrgo] duAgel Aeudg H9 1Y
E A7) WEolrt. o224 rtwE e fede|&Ert Fol
A Hele d=%vl. DETA Z34lE TETASH TEPAS]
AgA Bt e AFES YT o) @ FAHsE] A
$& AR M7t B g3 F2YFE 52 WG
o3
AA

o
1
e

o

of Yelgileh AANEGE, duFgE a2l $3HEY
9% W1ee 27 1.160-1.179 glem®, 1.208-1225 glem® 2
1212-1.220 glem’olRith, Aoz U5 F49 Al&2d
olgli= & #AZE AT <M AE 2AME A&
7t #2 DETA AAle W=rt 3A Jeiga, £33 =
Aoxe FPar] Arolol FAAAZE 270l FAYUA 7}
6715 71X & TETA 738 A7t AR 370l n g9
247t 871& 7HA= TEPA ZA&ART A Jveded, o
e "4 FAg =AM FHogkgAgEo] TETA
A7L A 2 95%F vehde Ax F#IA gt E q
g Hgola wkgIA R #AF7]EC] TETA A7
TEPA 7150} o o] whgo 7|sle] AHF 7faTFZE
FAH7 YEe Ao Arggrh nAs AAELENA
AqH|AZER WgsiuA] Ak o REuezoz
T Z7lglon B3 DETA ZA3Ae 2 Fo=
HE AL B F v a8y du 3
W3slst o) DETASH TEPAS AdA= dxs}
ooy TETA Ale D&zt Z718tdth o= Gillham}
Enns[101¢] 4 gE dig 49T A7 fAReich 2
W And gga go wgol Mg wel 7w
Tzt AAHET oo uel FEHolrTrt A,
ojumf A3 Ao AANEBFEAAN AFRH] 194 FEE A
AW d=7t Fotsle dojutz, 197
Aol A 294 A2 WA HE "dmrh ZastEA
Ayt Ao a2 TETAE
ol

w37t BPe d4de 39
$R% BAL ool = BTsT A%sted W F7}
she 197 A8 4% FA80w A,

=

Uzl ArzRe ANEFEL 7|EoR JAuA3EH
FA43ER Agsle HAAA dojus RIFEZEWE
Table 19 YEMNSITE. DETA, TETA 283l TEPAY] 3|4
% W v 2 FA3 2 B 3550% B
2.8~5.2%0]91tk. FEar] Apelo] AAUA 179} €@ AA}
471% 7HA+= DETA AgAE @2 d3dgdgdn &3
o dqu)gste RuSEge] Fillo AiaAr 27iet @AY
2 67 2 A2AA 3719} ©202) 871E JMRlE TETA ¥
TEPA Bt} HlwZd 7 Vel o|RAE AA9A 1719
292} 42 71XE DETAE F47F &2 #Az weid
o @ o]FAel folate AHzAA F IHAH BT FAAL
£9] packinge] Z7]o w§- FEERE JME 2 dolvr]

9 Aoz AlRHE duA S FAHSE ¥ o
DETASH TEPAE F¥7} A= 5A4L Holx vyl
TETAE F371 53t 548 23tk
3.5 TMA 23 &4

Table 1238 AFA FH Zgd ALk 2 @44
A9 JMFArEdehet Azpxzde] WAL WA=
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DGEBF/A1 g0l Al Ael AgA F4ol X848 gl A%e F4Ux Asd we 2488 93 49

AEE g H Zol & 47 UTh duiAge $45e
AgZAse H9e 4zF 214249 pm/m°CSF 128~167 p
m/m°ColAth. <A glell A AR WAz 1719}
B2zl 47 7kA)i= DETA A3A7 ez g2 74
gARYg & Fo2 & & Btk duAsEe] £
sERY 52 9AIASE BT FudolEL(Tys
small molecules”} ¢F 507 AL w2 Ho 2 23
o]7] A|Z3 LEZ A HATFR WEE {Udte §F
& 73 ok ol#g RAMALE uATzY WEst A7
e 25E 37 ¢l TMA B4& g, o Ax
i Table 19] ®Aol&E o YeRUIATh v e}
F743e fEHcleE WA A4 95~105C ¥
103~116°ColA et 738t &o] duAsdERT IA et
. ol FREIEY NAfFo) AujAHNEY ABER
o =4 vebd A FEskz oo & A6 F 8 Edd @
ol mkE #E7)7t Askgel 71dstd NtudRE
F7HAF7] wFolch, dwrR e g Abgdolrt AW feld
ol 2yt vobzickal &4 A vk iy, AbEHelvt #
2 DETAZ} Ab&ol7t 70 TETASH TEPA Kt} @& kg
Byt ojAL ALY 1719 d4A9A 4HE THAE
DETAS] ¥HsAZE] ZA9AE 279 48 7IXe
TETAS TEPA Et} @& & 71x]7] o ¥-o]v} & DETA
= ouekg B sk AjehH 29 EAAbE
Yol AiHoez wol EAsle dd 97 nlihFze W
7 fGA AU mFoln)

3.6 7IHN =4 &4

AstA el Fie T3E A4 F BAYA A9 i
A58 wzto] thal stress relaxation®} stress concentration
o] g&g <tolry] At AFANPE AYsAY o A
7+ Table 16 LFERIAACH

Qg E] A, JuFE L FHsle AAHAHE
H:z Z7; 3.5~39 GPa Z 3.4~3.6 GPao|ich A3 E
Aol A gddy] Alojoll AAAzL 1749} B2UR} 4E
7FA= DETA A7} ddidez o AIARG 2 3
& YERth olgd #Ae ugAEmd EAAEY
packing A EI7F O & AZARG ¥ 77 wFo)m oe

N

FIAFHE%)°] & AL 20 Tdol gt s %
718 Uizt MEAPY F el HuFHe= aA Y
Bt & Aok onREE Jde] TAHNE G9n I
e, oA dn A E g AT R AM e ke
=7 ke B4 AR dangling point7t Bo] ¥
Hol oA, 9ol vALEE PA o, stress
relaxation &3 Z#sl7] HFQ Ao AlgHEh
GFER A, cuAstet FA s AFFE A=
Z+z} 36~39 MPa ¥ 32~50 MPa°|Qth. ER3E AloA
1#7% Z7]i= TEPA > DETA > TETA o]t} oly= @A4

A2 N7 B TEPA A7}F cross-linking unitol] ®) X &
ol ALEFHAel WAl 42 £ QlojA, AFSH o3
A crack®} HALES WE 7 ARV Aol 1En
TETA2] AoAHde Au4gEe] THFE vt %A Yt
UA dFaed g A Ax3 2y DETASH TEPAY
Ae o W2 Jeigch ol HulAstel $73te K5
FTEE%) B By J& Ao Iudrh
DGEBF/o}ql ZA A F39] At&Zolo] wE shear
deformationol] A &3l= THE dolnry] 9dtd 37 FF
AL #slg, 7 AAE Table 19 Jellide, 23
Ae&d FF73EY AFAXE ASTM D7900] AAE AL
o] g3te] FaT. FFHGEY AL, du| B3 A3
9 ZZEHE B9E 24 3.6~39 GPa 2 3.1~3.8 GPa©l
At duj BB FHe) A&7t AARLFE AR
B A%g B o AUWEEAEE] Aolr} ol

£4 9G¥ BAE AL vehanh FHel 3294 |
J

At SA9x 470E 7}XE DETA A7F Advr-xds
o] Yo% B7sly 73} A vimy 2 e B3
kol BAAAT EAAE S packing AE7E THE 7
=7

d &

ARG o A7) gifoli ol RuEFFEo| vy
£ AL #BHEel Aok oA 27138 gk shear
HEH st Hge] Julzoed BatA 88 &+ 97
f&Eo|t), A3z, TETAZ} TEPA BT+ 3 A JE
gt o)eldt A= TETAY #EE, UL Riys%§
(%)7F dtiA o2 TEPA Bt} ¥ AF A gt) 334
FEATEY FIZHPES Fxdd ue P48 24
A%k network 74 Y(dangling chains)oll 2j8] &S v
du)FsEe] Az & g el ol <u 43
A9 A2 E dangling chainso] Aid oz wol Ealsle],
ZI3HY ] NUAE FA T =, ool wil crack
Aot e 9F AT 7] i Aoz Azdd.
FEATe AS, duAse) FA45e FITAL YW=
247zt 117132 MPa 2 107~127 MPao]lth. o 8} 2 &) 4
FH9] At&delrt AoALE AAE AF¢E KU 9
T R EAA L Zo] HURISHEE ] Ao|r} ol
g B4 9&E " AE Ag Jeldo. TETA® TEPAT
duiAEEol FARE A Bk S e BRI A9F
gho vlg} 2ol M WEEE FAFEY FodlE JiE
02 & 2T FAZ g ez, Eapibs 7
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BtxlEol] 9% o EA|/olnlAE Al o ATAde) o
3 TH11,12]. E3ol sl DMA R4 Aol A rubbery
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ol e FAFe] o o 7pd tHEtA =YE
F A WP B2 ME fractographyE T § U @t o
2 a4 F 9= sd5xheze JZ‘}, 3, 24 3%
52 B 5 Uth of FollA FFatuke 33 UEAAT2
HHA DADE dangling chains] &siM ABHE dF

network defect zoneo|A] #EZ<Q crack Mol oJF A
S 33 ¢ 4 Uk o] T dangling chainsoll oj& MAAE
network defect zone?| 73}zlel ZHFo} Asx:yel uw

ZZgelo] nX e TS Aoty Hatd 27 SdH e
#atg et o] A $ol resin casting AlH AW A&
=22 at AE oWl AEA e QA8 &4 AE
Al Uigtel ofzte} AMebg o] WA, A pritiled
2449 A3 o EZA5AY FFHHEe] WE uAF2EE
7HH ez deEbg ¢ IEFE 7] fHEM 25 S o
2315 v13].

Fig. 59F Fig. 62 22 oju] 2 F33% DGEBF/DETA,
DGEBF/TETA 2 DGEBA/TETA 7379l AR& 25 g9
RO FHuF oz 1208 sl #AI AHE l
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