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Curing Reaction of Bis-F Epoxy Resins by Aromatic Diamine. 1
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2 2k : Diglycidyl ether of bisphenol-F(DGEBF), Diglycidyl ether of bisphenol-A(DGEBA)$} p, p'-dia-
mino diphenyl methane(DDM)2] & &H] 7 8}4+-8-& isothermal differential scanning calorimeter(iso-
DSC)E AH&3le 110~125Col A AFa gt o] 59 A3k ofZA7)el ofyl uk-g 73 o A
BAHE F£A710 o8 weg FAse A5 FISE BoFez FEZ03A) RS
o] g3ted mFagr. DSC LM HEAHAHWH L HAN S E(doyd) 2 FE &
o] FAs A E 3xutend 2 2 dojd 43 UG F dA o, o]g2 FH
weaty, BAFUA, NEdA F& ARsY FEFHos nFPL o B3N
gz HESAT.

Abstract: The curing reactions of diglycidyl ether of bisphenol-F(DGEBF) and diglycidyl ether of bis-
phenol-A(DGEBA) hardened with the stoichiometric amount of p, p’-diamino diphenyl methane(DDM)
were carried out in the temperature range of 110~ 125C in Differential Scanning Calorimeter(DSC).
The reactions are accelerated by the hydrogen-bond donor produced through the curing reaction of
epoxy and amine and the experimental results were checked against the known autocatalytic reaction
kinetic model. The activation energy obtained from maximum reaction rate and final curing time of
DSC exotherm curve was found to be reasonably agreed with the result obtained from proposed ki-
netic model. All kinetic parameters of the curing reaction, including the kinetic constant, reaction or-
der, activation energy and frequency factor were discussed. The extent of the residual exotherm were

also discussed.
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AENA FUSE bisphenoldl o EA] FAE
epichlorohydrin® bisphenol A 9852 3ot
2o RN, 84, BHA T AHEAEE
7§218t7] 9980 bisphenol FAl o ZEA] $2]9] ¥4 3
olgAle) di] HEE T gIrh? ¥ ATE bisphe-
nol FAl o ZA] 29} BFF o}l A o] 3 shk-g-ol
A% Aee AHYPL FYTH mdg Foto A
E3tn -AFS %9 bisphenol AAlS}e} &3
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o Fefstmn gk,
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Aoz PEo) so)A o|FA7|st ofrle 7
srge 23 ol A, 33 opNe A,

U5 A FA7E A EAI7)9) 4 FEE §
AE A4 o191 7)7} F A3 S28H8-(Scheme
Doz AP AP AZu) wrg 13 18.19.22.23
o2 deA U
R,/y’;f RNH
Ry NH + CH,—/CHR’——» Eﬁ,—-(ﬁﬁ' ——~[ C’Hz—fHR'
: of o
HX Hx J [ Fx
Scheme 1

= ¥4 T Bz, HX(57), BETE, #AER
F9o] A7) el o) 2302493, gk wkgo]
g AsutsF AR A7l et w2 7t
23} g ot} 132252 malr Auks-F 4t
Ne A% S7Hke wd, 27]9] HX7e 192
A= BZ o EA7]g ofvle] A3} MEEEE v
<3 Zo] REY 4 Ut
da/dt=k,C(1-0) (B-o)+Ksx(1-a) (B-a)
:(K1+K20.) (1-0) (B-a) (1)

K= kC, C= HX719 &%, ox A&, BE
oA ZAY ofmle] 27] o), K Yole] 2=lA
HX7] SOl 98 wesE 44, K& 499 ex
oM SN (A& &F WEEE P4, da/dt
t g Sxolth,

4
Al e

N ZA A= B Fx349 bisphenol-FAl
(DGEBF)2! YDF-170% ®|=; Shell ChemicalA}t<]
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bisphenol-AA(DGEBA)$! Epon-8288 %13 (1 torr
A=Azt AMgelg o, HeAzs 292 Ciba
Geigy~t9]  p,p’-diaminodiphenylmethane(DDM)-&
ZFH52 29 AAHsn AT AR A%
3ot ol59 &3 A4ZEe Table 19 EA
3ttt

AlE M=

A EA} ZH3Ael AZE DGEBF 100part?
DDM 29. 1part, DGEBA 100part3 DDM 26. 2part
o] gE] 2ol M & Pt o] #Y
EEE A%t £1C 2x2Ho| £0l% oil bath 1}
oA o FEA A& 9g0CE 7}43 ¥ wHEIEA
7t A3tE HSAE 7hete] FHE EFE HE
£3t9d.

EJHAF oNFA A9 A9 ¥3-S A
3317 gt 7hE ek A2 AIRH(30 sec)Hlol A
By =

435 Hig 5 £3

| ZA] 29} oprle] FsHHHg-& Du Pont 910
DSC moduleg ©]&3td ZA3rh. hermetic
aluminum pan®ll £%2] A|8Z Y1 110To|A 125
T7lA] 5C HAL 2 573 A1F 28 thermogram
data= Du Pont 9900 thermal analyzer2 #4331

52993

3L o]wf DSC thermal curves T4 % indium(Fi-
sher Thermal Standards)-& AH2-3}4] calibrations}
At

£ A7 A48 DSCe Y $2457) v)m
%71(100C/min) Wil 52738 22717 71Qs}
< ¢ 2 ANreS H4sE gsky
DSC cell& 43 252 493 & A28 71533
W2 A cellell ol 23 Wwsd-S 2459t o)
Algst Z1EA ] 43 HYe 1580l =g 3}
Rew, L7 f48 40ml/minZ 3Qch,

T2 3t (Hy) & Al stel oet dojzon
Aete TR vhgo) 943 Agslo] o] &
Heg @ g7tz sldeh o5 AF A o=
Fig. 19 ®=2)3}4t}

2ol Bt AlEE DSC cell WolA e0'c
ojgtz FYd ¥ o FHrEA(H) S =A3)
71 913ked 50~300T WeolM 5C/ming] $L4%
Z AFHgstdt. =3 W ZB3HA(H)S 30~300C
WA 5C/ming} 10C/min 02 Z35td o
Atk

o

L

T,
H,=.[ dH/dt - dT

Table 1. Code, Structure and Properties for Epoxy Resins and DDM

Code Structure EEW* Vis(caotsiztgo(cc)p s) Maker
DGEBF ulq&cn-cnfo-loc"r(} o-cuz-g::-cu,-o»lnO-cn,»{_—}o-cuz-cg(l’;clu 70 2000-5000 dEF=5A
YDF—170)

n=0, 9%, n=1,10%
DGEBA }L,Q&;u-cn,-o-(og(,go-cu,_-‘én»:»cn,-o—)“{}é;%}o-cuz-q((];cn, 189 11000—15000  ©]% Shell
(EPON—828) Chemical
n=0,85%, n=1,15%
DDM Oy Omy M.P  91.6—92C 2:912 Ciba
-Geigy

*EEW=epoxy equivalent weight
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—CH-CH,+-NH;+HX — —CH—-CH;"""H.N—

N/ \ / “(4)
0 Q------- HX

temperature

__L/
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rate

time

Fig. 1. Typical thermogram of isothermal cure by the
sourour method(Pre-heated DSC cell) : (A) the DSC
cell was opened and the sample inserted,(B) the sam-
ple side of the cell has reached the isothermal value
and the sample commences curing, (C) curing is esse-
ntially complete.
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(2,304 BT FA7IE 4] H(4) 9 e
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M 43 pieg
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Fig. 2© 52 DSC& &3 Algto) o2 7Hsls
Zo MR Hog Aeew Fvtel et o s}
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AZFo] ¥hE-9lg Ho Ft,
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Aslge ddzke ugstmz Fig. 29 A7t
g Aghg el Walade) WA 2y A3
g2 (Fig. S 78 # AUtk o 2@l A3zt
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Fig. 2. Typical DSC exotherm curves for isothermal
cure of DGEBF with DDM at several isothermal tem-
peratures.
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Fig. 3. Extent of reaction as a function of time for
DGEBF with DDM at several isothermal tempera-
tures.
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Fig. 4. Reaction rate as a function of extent of reac-
tion for DGEBF with DDM at several isothermal tem-
peratures.
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Fig. 5. Arrhenius plot of the kinetic constant K; and
K: for DGEBF with DDM.
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DGEBAA 9] 5& DSC thermogram(Fig.6) 2. 25
B @ojzl 3t AEEH e S $AE U
Bhlisich. olg 2de BEE UM HEE
DGEBFA| ¢} st vl 23

Table 2. Rate Constants for the Curing of Epoxy
Resins with DDM

Curing Temp. Rate Constant Epoxy Resin
() (X10°min?) DGEBF  DGEBA
110 K, 9.4 14.3
K, 197.1 205.5
115 K, 15.2 19.3
K, 237.8 241.4
120 Ki 17.5 24.0
K 271.5 274.5
125 K, 27.5 29.0
Ke 341.3 316.0
Activation Energy(E) (Kcal/mole)
for Ki 20.56 14.00
for K. 10. 65 9.73
Frequency Factor (Arrhenius constant) (min™)
for K, 5.26X10° 1.44X10°
for K. 2.34X10° 1.43X 10

Heat of Curing (Kcal/mole)25. 10* 26.02*

“Klute : 26 £ 0.7 Kcal/mole
Sourour : 26 Kcal/mole
Horie : 24.5 % 0.6 Kcal/mole

0.5F

125¢C
~ 0.4 t20¢
g 115¢
g 0.3 1oc
N
=
E 0.2
5
N
g 0r
0 20 40 80 80 100

Curing time(min)
Fig. 6. Typical DSC exotherm curves for isothermal
cure of DGEBA with DDM at several isothermal tem-
peratures.
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Fig. 7. Extent of reaction as a function of time for
DGEBA with DDM at several isothermal temperatu-
res.

Table 3. Conversion Rate at the Peak of Exotherm Curve(a,), Maximum Reduced Reaction Rate (a}) and
Activation Energy(E) from Isothermal Maximum Reaction Rate(a,) and Final Cure Time(t.) for the Curing

of Epoxy Resin with DDM

T4%) O ap a, t.(min)
DGEBF DGEBA DGEBF DGEBA DGEBF DGEBA DGEBF DGEBA

110 0.303 0.320 0.53 0.55 0.2701 0.2739 88 103

115 0.295 0.297 0.54 0.60 0. 3377 0. 3458 74 85

120 0. 289 0. 282 0.55 0.65 0.3891 0.4001 65 72

125 0.283 0.279 0.60 0.70 0. 5079 0.4599 53 61
Activation
Energy - - - - 11.22 9. 89 10.92 10. 69
(Kcal/mole)

*(do/dt) /(1-a)28] HhA]

EelH A143 A235 1990 49
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8}A QIAFEE Table 29, 254 XE Table 39 1+
ERA ATt

Table 20 VRt 5313 Qa2 g 2
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Fig. 8. Reaction rate as a function of extent of reac-
tion for DGEBA with DDM at several isothermal tem-
peratures.
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Z7] 9hg9 gEoZ QlF ol T A X3l
WA ztol= DGEBFAIZF 4 4] Yebgch. 43}
Aoz WAz AujH & F= A& &}
Fupubg(K,) ol A& 8- R =3l7] 93 2
71ekg-e] FAslolvAE A}Eu] whgH E} 453
e RS 4 F A 2HEz 2UNge] &
AgAURAE EE & e 9T 5° 59 ﬂx—iii
o] Fojzo} & Aot}

2(1)E 93t A1A DSC BEFHY BG4S
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A2Z Table 39 Festch

FA TAREAE AAAEE AH HAHK,
> KD @3] dk-(B=1D A A(1)& 2(5)

[«
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6.0

g bt K,
5.0+ eo-0- K;

4.0 P
3.0

2.0

~In Ky, —In K,

1.0F

il L { 1 | | L L1
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Fig. 9. Arrhenius plot of the kinetic constant K; and
K; for DGEBA with DDM.
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da/dt=K,a(1-a)? (5)

Fig. 21} Fig. 69} da/dt-time plotoll A, d’a,/dt?=0
o]B2 (g, : conversion at the peak of exotherm
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30,/ —40,+1=0 (6)
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2= #AAo g X§EH 2(7)0] Ha 4(5)E F
23l K8 2534 4 (Arrhenius eq.) &2 X]|$
shd 2(8)o] Hh

day/dt(=a,) =Z - oy * (1-a,)* - EXP(-E/RT) (7)

do. _
jm =F(a) =K.
t.=1/Z - Fla.) + EXP(E/RT) (8)
EE R4S, RS 144, T A8
2%, av FHF AL, t¥ ool AshHgA
& o e AshEE AT
o]lE oM day/dt, t= 4olA HE ulejgto]

LwoEAL Zton o2 BE dojA R E Y
(Table 3) v &= E FE 2 @A A <
AR 29E RojF9oh. Fig. 103 119 o[59]
Arrhenius plot-& YERA AT

RIO{Z I

3z} ¥kg-ol) 213 DGEBF, DGEBAA ZAdh-g-d

9] 7331 8-8(Table 4)& 7t 78l i3l 80
% A%(Fig. 3,7l ©|21 o o]F AHLE
7} &3] =2l A A (Diffusion > Kinetic) %
DSColl o3l &3] ot (YrtHez fe
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Fig. 10. Arrhenius plot of the maximum isothermal
cure rate (o) for epoxy resins with DDM.

4.6F /V
a.4F /“/
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-0-0-o- DGEBF

—In t, (min)

< ' L 2 1 " a4

2,50 2.54 2.58 2.62
1/TX10% (K=1)

Fig. 11. Arrhenius plot of the final cure time(t) for
epoxy resins and DDM.

Table 4. Residual Extent of Cure of Epoxy Resins
with DDM

Residual Extent of Cure

T (C) DGEBF DGEBA
125 0.028 0.020
120 0.033 0.023
115 0.053 0.034
110 0.092 0. 050
87 1.0
(66) 1.0
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Az} Fejell A gk e s ofzfen 3
o e Tgs BEFozA A 7Hs3ith)

o] 7st&(Hy/Hr) & B8z aet dade
BAFQT ol A4 A [ F A ofnlAl e 3
shkgo] dojuhAl ¥E HF2=E DGEBFY
DGEBA®I| th3ll ztzt 87, 66C ©]3}7} wojoF &&
g+ ATk

=2
(==

ol Z A =2 (DGEBF, DGEBA) &} W3k tjolyl
A 733A(DDM) 9] Ashite-g 5ETHo R HE
3 A3 g2 2o 4E8L Ik

1. 73} ¥1-3dL DGEBFAlo) o3 25. 10Kcal
/mole, DGEBAA| th3l 26.02Kcal/mole®] 3Tt

2. AsAPL L A ro upe} Z/1h, Ho

73}t A 882 DGEBF 2 DGEBAAl 25 80% &
T2 Agerd FHEE ¢ 5 AU
3. Amine-hydrogen 7Z38hiH3-& #}3uf dk-golH

e o) 2 HgEL MelFch

4. DGEBF¢} DGEBAAl £x4(K, & K) &
Asewo e Zrltdon ALt 3%
S AL FAE 42 BAFUD K20 Kol

g 5
Hs 29as & F AUk

5. M&& 50% oMol FHIHoZE I 7
shbs-&x, BA48duA, RBlmdatel #AA(Ar-
rhenius) 4] o33 Zt},
DGEBFA

K, =5.26X10° exp(—20.56 Kcal/mole/RT)

K;=2.34X10° exp(—10.65 Kcal/mole/RT)
DGEBAA

K;=1.44X10° exp(—14.0 Kcal/mole/RT)
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