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Studies on the synthesis and
physical properties of epoxy resin

containing multifunctional group

Byeng-In Ko

Department of Applied Chemistry and Engineering

Graduate School of Industry, Pukyong National University

Abstract

Multifunctional epoxy, which is mainly used for materials requiring
high heat resistance and electrical insulation properties used for
composite materials, is mainly applied to high performance composite
materials such as aerospace and wind turbine blades. A widely used
amine type multifunctional epoxy has excellent physical properties but
may have a storage stability problem due to the aging of the product
after production due to residual amine remaining in the synthesis
process.It 1s necessary to study the structures that can solve the
structural problems and have the excellent multi-functional
characteristics.

Therefore the syntheses of N,N,N’ N'-tetrakis—(2,3-epoxypropyl)

- viii -



—diaminodi (2-chloroph enyl) methane(TEDCM), which has better
storage stability than conventional multifunctional amine type epoxy,
were studied.

The ECH addition reaction and the epoxidation reaction conditions
were established in the synthesis process, and the end point method
for the synthesis step was developed by FT-IR to minimize unreacted
amine. As a result, a multifunctional epoxy which can be used for
composites was developed. Its epoxy properties and basic properties

were confirmed by FT-IR and wet analysis.
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sin structure with multi-functional group.

Fig. 1. Various novolac re
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Fig. 2. The kinds of Multi—functional epoxy resin.
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Table 1. Characteristics of Materials and Important Raw Materials

454 CAS NO/3}5H TE 5%
101-14-4
4,4’-Methylenebis( = . -o| Z-A] ol A3}
2-chloroaniline) HoN Ne, AEE AREE
MOCA 447 —Diamino-3,3" - “Mw 12675
dichlorodiphenylmet -M.P :104 ~109C
hane
- Z A& SYAE
(0] FY88 AHEH.
ECH Epichlorohydrine I>\/C | -#5E
-Mw :92.5
-B.P: 117.9C
7 Sodium hydroxide =~ NaOH —o| ZE A B}A],
71 Kalium hydroxide — KOH AR RS
T > 85 THA
~Ammonium ¥
(FH A),
Phosphonium$
Zuj= -ECH %7} ¥+§ (Z"1B)
o Zuj Lewis4k
(90,
71 &t =S4 8AF
(7 D)
-Toluene,
-HE-g 84 MIBK,
PM<]
A -Acetone,
-A & Toluene,
MIBK
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Table 2. Time Result in Preliminary Reaction with Various Catalyst

T8
= = = = —Z:'ZUH D =
S o] A Zwl B =9 C & o) ubk =wl D
J_[’E‘?:}%* T W o
1 1
31 30.5 30 30
Batch Batch
0.001 2 0.05 2
30 30.5 30.5 30.5
mol Batch mol Batch
3 3
30.5 31 30.5 30
Batch Batch
1 1
29.5 30 30 29
Batch Batch
0.002 2 0.1 2
30 30.5 30.5 29
mol Batch mol Batch
3 3
30 30 30 29
Batch Batch
1 1
30 31 31 28
Batch Batch
0.01 2 0.5 2
30 30 30 28.5
mol Batch mol Batch
3 3
30.5 30.5 30.5 28
Batch Batch
1 1
30.5 30.5 30 25
Batch Batch
0.02 2 1 2
30 30 30 25.5
mol Batch mol Batch
3 3
30 30 30 25
Batch Batch
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Table 3. Effect of Catalyst D on the Epoxidation

FT-IR S A
Peak o Hy-Cl ZSh=d
(1,597.5)

&9 HR gleq % c;)gocat

1 Batch 30 160.24 1.33 12,300

=uwjgk 2 Batch 30.5 161.32 1.52 13,500

0.05 mol 3 Batch 30 158.78 1.25 11,900

ECH #7} ¥h-& Azt &5 A )

1 Batch 29 161.54 1.47 12,400

=mgF 2 Batch 29 160.87 1.28 11,600

0.1 mol 3 Batch 29 160.12 1.42 12,000
ECH 771 BESiS ~'1 A7 &=

1 Batch 28 159.87 1.51 12,500

=mgy 2 Batch 28.5 158.9 1.22 11,900

0.5 mol 3 Batch 28 161.1 1.49 13,100
ECH ¥7} & 1 ~ 1.5 A3t o3

1 Batch 25 159.6 1.37 12,100

=mgy 2 Batch 25.5 157.7 1.28 11,100

1 mol 3 Batch 25 157.8 1.29 11,500
ECH ¥7} % 45 ~ 5 A3t @&
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Table 4. Effect of Catalyst D Content on the ECH Addition Reaction

Time
ZvjoF
e 1.5 mol 2 mol 2.5 mol 3 mol 3.5 mol 4 mol
1
20 17 15 14 11 10.5
aro  Batch
A1 ZE 20.5 17 14.5 14.5 10.5 11
Batch
(Hrs) 3
19.5 16.5 14.5 14 10.5 10
Batch
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4 mol
10.5

3.5 mol
11

3 mol
14

2.5 mol
15

2 mol
17

1.5 mol
20

o K
(Hrs)

B

Table 5. Effect of Moles of Catalyst D on the Epoxidation
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Table 6. Synthesis Result According to Reaction Time

b3 L

WAz Wbgew o EAGE  Hy-Cl T
T (;lrs]) © ]( /; . (YO/ ) (cps at
£ied ° 501C)

1 10 90 ~ 91 198.52 4.82 34,800
2 30 90 ~ 91 162.3 141 14,100
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Table 7. Results of ECH Addition Reaction According to

Temperature
A
gk Hy-Cl
o= ECH ° e Y (cps, at
T 2= B 1918 71 (gleq) (%)
(hr) 150 +
A 3 10 1.2 max 12,500 max
30 o)
1 70C (30hr7}A] 5t 175.2 1.49 19,200
HE-S-)
30 o]
2 80C (30hr 7} A 2t 163.1 1.41 14.900
HE-S)
3 90C 30 158.3 1.29 13,100
105C
19.5 157.1 1.33 12,860
Reflux2=
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Fig. 9. Kinds of feasible epoxidation reaction during alkali reaction.
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Table 8. Analysis Data with Variation of KOH(90%) Mole Ratio*

of] F A & Hy-Cl A=
=9 gleq % cps at 50T
1 Batch 158.25 1.15 12,100
2 Batch 157.75 1.14 12,300
KOH(90%
OH(0%) 3 Batch 159.16 1.21 12,900
2 mol
4 Batch 157.96 1.11 11,800
5 Batch 158.38 1.10 12,000
1 Batch 163.71 1.41 13,400
2 Batch 163.84 1.43 13,900
KOH(0%
(90%) 3 Batch 164.99 1.50 14,100
1.0 mol
4 Batch 162.12 1.39 13,400
5 Batch 162.46 1.46 13,400

* U X mol =& NaOH50% = th A€
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Table 9. Analysis Data with Variation of NaOH(50%) Mole Ratio

o Z A -2 Hy~Cl A
=9 gleq % cps at 50T
1 Batch 156.11 1.01 11,000
0,
NaOH(G0%) 5 156.34 0.98 11,000
0.5 mol
° 3 Batch 155.93 0.87 10,800
s
4 Batch 157.57 0.93 11,200
1 Batch 154.54 0.85 10,800
0,
NaOH(G0%) 5 155.45 0.79 10,100
1 mol
e 3 Batch 154.77 0.83 9.900
o o
4 Batch 153.08 0.72 9,600
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(a) NaOH 50% (b) NaOH 20%

Fig. 12. The dissolution state of NaCl produced

according to NaOH concentration.

_43_



Table 10. Analysis Data by Changing NaOH 50% to NaOH (20%)

of| Z A F-2F Hy-Cl Fs =]
e gleq % cps at 50C

1 Batch 153.00 0.77 9,800

NaOH(20%)
Lo 2 Batch 154.12 0.79 10,100

mo

o 3 Batch 153.99 0.81 9,600
°° 4 Batch 153.54 0.80 9,700
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Fig. 13. The exothermic graph occurred during epoxidation with 50%
NaOH and 20% NaOH.
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(a) NaOH 50% (b) NaOH 98% (c) (b)e]&

o
r

Fig. 14. The state Comparison of NaCl produced by NaOH 50% and
90% NaOH.
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Table 11. Analysis Data by Changing NaOH 50% to NaOH (98%)

Bead
of| Z-A| Hy-CI A=
ke gleq % cps at 50C
NaOH(98%) 1 Batch 159.98 0.68 11,900
1 mol 2 Batch 160.24 0.72 12,400
=g 3 Batch 160.77 0.73 12,100
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Table 12. Analysis Data by Changing KOH (90%) Bead to KOH
(50%) and KOH (20%)

o FA| & Hy-Cl A=
L gleq % cps at 50C

1 Batch 159.00 121 12,400

KOH®0%) 5 paten 158.85 1.19 11,800
KOH%SO%) 3 Batch 160.02 1.27 12,900
4 Batch 159.33 115 12,000

1 Batch 168.55 153 15,200

KOHB0%) 5 Batch 168.74 1.56 16,100
KOH%ZO%) 3 Batch 167.69 1.49 16,000
4 Batch 169.02 1.52 16,800
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Table 13. Synthesis Results Before and After Endpoint of

Epoxidation
FT-IR
" | <A
T Peak Hy-Cl Zahe
=
( 1,597.5)
cps at
2 HR /e %
g/eq 0 S0
1 Batch 20 155.34 0.87 9,800
-y
ol 7 2 Batch 20.5 163.42 1.38 14,300
Y Y 3 Batch 20 154.16 0.83 10,400
E 1 Batch 20 153.71 0.66 9,400
o) 2 Batch 20 153.26 0.61 9,600
7Y T3 Batch 20 152.84 0.58 9,100
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Fig. 17. The state of separation with desalted water input.
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Table 14. Analysis Data with Solvent Distillation Temperature

120C 130°C 140C 150°C
o} ek
(g"/e‘a) 153.4 154.7 160.5 178.2
TX]({% e 88.9 90.3 92.3 94.6
|
a1

] A 2

i
2:3
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Table 15. Color Change Time of TEDCM with Temperature

120C 130C 140C 150C
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Table 16. Change of Analysis Result for TEDCM with Vaccum

Distillation Time

1 Azt 2 Azt 3 Azt 4 A3t 5 ARt
(g% 153.74 153.68 153.8 154.2 155.72
TALBE 953 97.4 98.6 98.9 99.1

(%)
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defvibration®}  829.7cm'¢] sym ring def vibration IZZ
et 2gar o FAs ddA #H57IQl -OH 7)o sl st
Peak (3,400 cm )7b A<l gl 2& AT F 7t Atk (Fig. 18

Ax),

%9, m°1‘

- 4% TECDM ol FA] FA=A 9 7| =4 Table 173 2t
ANl Gl =4 WMol AN Fad FAEe AdAES

- A ¥ TEDCMS 712 A EAo] AdyA UYx| gorvz 1749
Z1EHl E8% B5AS B4 dEZ|HY Fste] st 1
ZA3}E Table 189 YEFHSA T}

_69_



3800

=
e L L

3600

3400

3000

§ i
\I‘\{ o U,-/
J

FE]

2600

2400 2200

‘Wavenumber

Fig. 18. FT-IR spectrum of synthesized TECDM

_70_

4828

800




Table 17. Analysis Data of Final TEDCM (1)

4 <@ 4 A4 Wel B B4
1. A= Cps(507C) 12500 Max 11,260
2. A ZAFF EEW 140 ~160 155.06
3. Hy-CL? % 1.2 Max. 0.352
4. 1Y %(130°C,50 min) 99 Min. 99.102
5. &A #F % 1.0 Max ND*
6. TEIF % 0.12 Max 0.053

1. Al @= (EEW) : Epoxy equivalent weight *. N.D ‘not detected
2. Hy-Cl : Hydrolysed chloride
3. 1YPE

= >~ =]
R A AR
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Table 18. Analysis Data of Final TEDCM (2)

T =E =4
+4 SAHEA B i
=AM -160 ~ 50 C
Tg -13C
LRS! SR A S -2+<t, at 101.3 kPa)
1.7x10° mmHg, 2.2x107
Pa -at 20C
718
2.2x10° mmHg, 2.9x10*
Pa -at 25C
FEI= 16 mg/L -at 30 £ 05 C
AR7] 4% 1.294 kg/ni -at 25T
213k 206C
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