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Reaction time t (hr)

Initial concn. of reagent (mol/l)
Epoxy group 1.0
Amine .5
Solvent: Ethyl alcohol — - —
Benzene-ethyl alcohol 1:2 -.--..
4 1:1 —

Fig. 1. 7-~t (Reaction of Epon 828 with »-
butylamine).
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Reaction time t (hr)

mn @ 3 @

Initial concn. of epoxy group (mol/) 1.0 1.0 1.0 1.0

” amine " 0.25 0.5 1.0 2.0
Solvent: Ethyl alcohol

Reaction temp.: 60°C
Fig. 2. 7,~t (Effect of initial concn. of amine).
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BEHEEOH ST p=1+at LV a %, HEHBE
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(Table 1, 2), a [IHEEELIEEICRHEFET>ERLE
z6h, RICRE, miho=F1r7 va— vRICHEF
Nhb, Fi oa LT IVEBE (Ca), =KX
s (Cp) L DFiZix a=KCg-Ca (Fig. 4) 23R T 5,
Fl—ifEzHB T2 loga & YT LizERMEICZHY,
RISBEIZX 2 a OFftic 7T re=v2& BT
L RIED BB YT 5 11.6~11.8 kcal/mol # 15
7 (Table 1),
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Reaction time ¢ (hr)
1 @ 3
Initial concn. of epoxy group (mol/l) 1 2/3 1/3
” amine ” 1/2 1/3 1/6
Solvent: Ethyl alcohol

Reaction temp.: 50°C

Fig. 3. 7-~t (Effect of initial concn. of amine

and epoxy group).
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828 LxFLyUT IyEDORITITED WROKELER
Ry, LRIGHHt L OBRERD, RICETIHEC
DVTRH L7,

2.2.1 HBREOBENHBE, KIGEE (Fig. 5 6)
(1—=1/pr)~t IXERERIZIR D, 7 OEMIR—AE

TREREEEFHVCEEFEETH S, RA—RIGRETIR
ITFATAI—ADBCERIT 7 OEIMTIKEWY,
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a and apparent activation energy (in the reaction of Epon 828 with n-butylamine).

ax10* (min~*)

| E (kcal/mol)

|
60

(

|

Reaction temp. (°C)

Ethylalcohol sol. 2.33
Benzene-ethylalcohol 1:2 sol. 1.45
Benzene-ethylalcohol 1:1 sol. 1.28 ]

50
1.37
0.82
0.65

T

30 [ —
1.09 — i 11.8
0.48 0.28 11.6
0.39 0.20 ) 11.6

Table 2. {(5r—1)/t}¢—, at the various concn.

of reagent ethylalcohol sol., reaction temp. 50°C.

Initial concn. of epoxy group (mol/!) 1.0
Initial concn. of amino group (mol/l) 1/4
{r =Dt} e—o (=a) 0.0068

1.0 1.0 1.0 2/3 13
12 1.0 2.0 1/3 1/6
0.0137 | 0.028 | Ca. 0.0060 | 0.0016
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CexCa C4 (mol/)
Solvent: Ethyl alcohol
Reaction temp.: 50°C
(a) in the case of equivalent reaction Cr/C4=2.0
(b) in the case of Cr=1.0 (mol/l)
Fig. 4. a~initial concn. of amine (C,) and epoxy
group (Ck) (Reaction of Epon 828 with n-butyl
amine).

Reaction time ¢ (hr)

Initial concn. of reagent (mol/l)
Epoxy group 1.0
Amino group 0.5
Solvent: Benzene-ethyl alcohol 1:2 ------
” 1:1 —

Fig. 5. 7.~t (Reaction of Epon 828 with ethylene-
diamine).
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-7 FALTIDFEL R 1-1=5, {(1-
Uno)ity—y X9 B %k 3 (Table 3, 4), 3 1% a L[
BICRICRE, AR, 7 3 OB, = X% v EMik
EOM%LE2 N5, Fig. 10 15 =KCe-Ca H5
L, log 3~1/T @ EHRBEL & KD FEHEASRE L
T 13.2kcal/mol %83, B DEKICOVTIZ & 5123
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Reaction time #7(hr)
Initial concn. of reagent (mol/l)
Epoxy group 1.0
Amino group 0.5
Solvent: Benzene-ethyl alcohol 1:2 -t
” 1:1 —
Fig. 6. (1—1/7,)~t (Reaction of Epon 828 with
ethylenediamine).

Reaction time t (hr)

Initial concn. of reagent (mol/l) (1) (2) (3) (4) (5)
Epoxy group 1.0 1.0 1.0 2/3 1/3
Amino group 0.4 0.5 0.931/3 1/6
Solvent: Benzene-ethyl alcohol 1:1
Reaction temp.: 50°C

Fig. 7. 7-~t (Effect of initial concn. of amine
and epoxy group).
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Reaction time t (hr)

Initial concn. of reagent (mol/l) (1) (2) (3) (4) (5)
Epoxy group 1.0 1.0 1.0 2/3 1/3
Amino group 0.4 0.5 0.931/3 1/6
Solvent: Benzene-ethyl alcohol 1:1
Reaction temp.: 50°C

Fig. 8. (1—1/yr)~t (Effect of initial concn. of
amine and epoxy group).
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B, k: B17I Lz 8x v ELORICEEERTH
B, LIhioT, B=0.366 aky, 72D, B RXBALMIT
ak, +hbb, 7 IUPBE, T RAx o EMBE S
EEERCHEAT 5,

F7m, =FLUYT ICvKBREOHAEE n (=K%
vEIT V) b AMMEED =R X VERIER p LOH

Reaction time t (hr)
Initial concn. of reagent (mol/l) (1) (2) (3) 4 5) (6)
Epoxy group 0.5 0.5 0.5 0.5 0.5 0.5
Amino group 2.0 2.0 2.0 1.0 1.0 1.0
Reaction temp: (°C) 50 40 30 50 40 30
Solvent: Benzene-ethyl alcohol 1:1

Fig. 9. 7,~t (Reaction of Epon 828 with excess

ethylenediamine).
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CexCa C4 (mol/l)

Solvent: Benzene-ethyl alcohol 1:1
Reaction temp.: 50°C
(a) in the case of equivalent reaction CE/C4=2.0
(b) in the case of CE=1.0 (mol/l)

Fig. 10. p~initial concn. of amine (C4) and epoxy
group (Ce) (Reaction of Epon 828 with ethylene-
diamine).

R #=2/3-1/p* (JI12L, n=2 DHHELBERIE) icB\

T, 4.0 {EORIGEEAVYRTIE n=1/2 LY, ¥k
LAEVEIBICASD, Lizh->T, ¥kl izv n-75F

Table 3. 3 and apparent activation energy (in the reaction of Epon 828 with ethylenediamine).

8x10 (min™Y); 1/8 (min)

E (kcal/mol)

Reaction temp. (°C) | 50
Benzene-ethylalcohol 1:2 sol. 0.63; 158
Benzene-ethylalcohol 1:1 sol. 0.49; 204

40 30 —
0.35; 285 0.18; 555 13.2
0.26; 384 0.13; 769 13.2

Table 4. {(1—1/7:)/t):—, at the various concn. of reagent, benzene-ethylalcohol 1:1 sol.,
reaction temp. 50°C.

Initial concn. of epoxy group (mol//) 1.0
Initial concn. of amino group (mol//) 0.4
{1=1/9)[t}ye— (=8) 0.45

1.0 1.0 ’ 2/3 13
0.5 0.93 13 1/6
0.49 0.99 ‘ 0.23 0.06
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Reaction time ¢ (hr)
Initial concn. of reagent (mol/l) (1) (2) (3) (4)
Epoxy group 1.0 1.0 1.0 1.0
Amino group 0.250.5 1.0 2.0
Solvent: Ethyl alcohol
Reaction temp.: 50°C

Fig. 11-a. (5r—1)/t~t (Effect of initial concn.

of amine).
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Reaction time t (hr)

Initial conen. of reagent (mol/l) (1) (2) (3)
Epoxy group 1.0 2/3 1/3
Amino group 1/2 1/3 1/6
Solvent: Ethyl alcohol
Reaction temp.: 50°C

Fig. 11-b. (7r—1)/t~t (Effect of initial concn.
of amine and epoxy group).
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Fig. 11-a, 11-b, 12 (z 7R+ X 91 (pr—1)ft~t, (1—
1pnft~t FEBEFE B0 0, pr=1+at— A, p=
1(1—pt+Bt?) 55, RIEKBOHE, 1-1/p-=pt T
HBMPE B=0 L1153,
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Reaction time ¢ (hr)

Initial concn. of reagent (mol/l) (1) (2) (3)
Epoxy group 1.0 1.0 1.0
Amino group 0.4 0.5 0.93

Solvent: Benzene-ethyl alcohol 1:1
Reaction temp.: 50°C

Fig. 12. (1—1/y,)/t~t (Effect of initial concn.
of amine).

BOhind t OEIZH L THLEROEDKE Y & 254
Thodhb B> L5,

(b) »F by 384 e ORDFRN 02255
ATHD0H BSF4 L2V, t AEDEIETHY, t=
0 NHLIEVICHEML TITL DTH B b, # MLEiC
BUTE 1=(3-+/352-4B) 2B L2 %,

B OBBRIZERTHTHBA, B Bitk), oK
ISRO 5 VRS & BHERICRD B2 Z LN TE S,
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XY 9r=1{1-23/ak,-p/(1-p)} %785,

RISS &L OB AT 7-=1/(1—pt+Bt?), log {(1—
np[2)[(1—p)}=0.4343(1—n/2)a/n kit L1729, 112k Y
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1
nm= ——— @

2n
(1—n+2.p)
kins, ThzMadse,
dm _ 2n 1, dp

dt n+2 (1_@__ )2 dt
n+2

BE#Y (2B T, dpldt=aln-k(1—p)1—n/2:p) T
B0,

o2 0-9(-30)
i, X
dt n+2 (l-»’%nz-p)g



(552) mEH - BFA

n=2 (RI4 &) DHE

dm a 1
= Ekl som —Ezlk1!+1
n32 DBPE
dm 2 { (n—2*  3nn-27 , }
2T 2, _ O g
dt  n+2 U 2m+2)° 2(n+22

HINRISEE m OB (STFOER) ICHEDEMNST
BlT2LE2DE n=2 OBAEIT, RIEROKEDHEMN
GRERER L EREESH B, Fig 1 OfFRbL Z0Z
LESMELTVB, 72 OB, FINRKIEEDRM
HEE{ ) 0¥ 2 BI3IHEHOKRKIVTALETD
Bhb, RICEHME LI p BKRELRD L LIV
BB, NEER n>2 OBEAIT n=2 0LV D
BLAY, n<2 OBA{IHEL 15, Fig 2 OREOR
fich ZoFEEBED bR D,

3.4.2

TRV 828 LzFLLYTIVEDRIED BEILD
Rk,

g/

dm 2

a-p)(1-5-»)
T—n_-}—lakl T om
(1= 41?)
2 —n?+5n—2
a1’ ‘{ MEPYCTSY

n(—3n*4+14n-7) ,
2(n+1)> P }
n=2 (R4 &) OHER

D o (14 2 g )
Lir%,

n-FFATIVOBELERY, p OHEM, ThbL
RED #fFicoh THEE IR BT s ZLic
%%,

nx2 OPLIE, { Y NDOE 2 FHiF 0.4385-<n
<4.561---, 5 3TEIT 0.569 - <n<4.097 D
BIZEICRY, p EERIEHERE & LICHERLOR
MRIZELL D, n NI OFEEASTIE, FEEERLOH
IEEERTEEL VB 1o TL B, Licdi=T, Z0
IO RRIEEETIE, =T F A7 2 v OBEICENULE
Emizz Y, ¥kl (Fig. 9).
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Studies on the Gelation of Epoxy Resin with Amines
by Viscosity Determination

By Toshio Kakurai* and Tatsuya Noguchi*

At the reaction of Epon 828 with n-butylamine and ethylenediamine in mixed benzene-
ethylalcohol solution the increase of viscosity with reaction time was well represented by
equation yr=1+at— Af* (n-butylamine) and 7-=1/(1— 3¢+ Bt*) (ethylenediamine), where 7 is
(solution viscosity at time ¢)/(solution viscosity at time 0): @, A, 8 and B are constants. a
and 8 was proportioned to the product of the initial concentration of reagents (amine and
epoxide), and increased with the temperature and the content of ethylalcohol in solvent. The
apparent activation energy of reaction calulated from the temperature dependence of a and
8 were 11.6~11.8 kcal/mol and 13.2 kcal/mol, respectively.

From the relationship between 3 and the extent of reaction it was found that course of
the reaction could be pursued by viscosity measurement.

* Tokyo Institute of Technology (Ookayama, Meguro, Tokyo)



