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APPENDIX

1. Specification of Dow Epoxy Resins

D.E.R. 331 
182- 192 
11000- 14000 
3
1.16 
255
Faint epoxy odor

2. Thermograms and IR spectra

Trade Name:
Epoxide Equivalent Weight: 
Viscosity, mPa.s, 25°C: 
Colour Gardner, max.: 
Density, g/mL, 25°C:
Flash point (C.O.C.), ๐C: 
Odor:

Thermograms and IR spectra of various chemical substances are
shown as follows:-
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Figure A.l IR spectrum of 2,4-Diamino-6-hydroxypyrimidine (3)



Figure A.2 IR spectrum of Bisphcnol-A epoxy resin (2)
'นุ
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Figure A.3 IR spectrum of Crosslinked resin 4a



NETZSCH-Gerâtebau GmbH Thermal Analysis

DSC /rnW/mg

f FILE IDENTITY SAMPLE MASS/mq DATE SEGMENT RANGE conn1
2

0H>!)4040079404 087(14040079404 1: 1 liquid T 1 llQUld “ 11.37011.370 00.04.199406.04.1994 1 /4  4/ 4 - 100. c / 20. 0/210 c-100 C/20.0/210 c ธ00/ท(|โ100 uV 500/Rq500 uV

Figure A.4 DSC thermogram of uncurcd epoxy resin at equivalent weight ratio
(3:2) of 2:1 (Temperature range -100 - 210"C)



NETZSCH-Geràtebau GmbH Thermal Analysis

DSC /inW/œg

DATEITMJTmT0879403
IDENTITYTflËSür-
0879403

PROBE1: 1.5 liquid 1:15 liquid
MASSE/mq
i l  .9(50 
11.960

DATUM"พ. Ô47Î994" 05.04.1994
SEGMENT174/

BEREICH'ะเซฺรุ่JË /20.0/210.r
-1 0 0  c >2 0 .0 /2 1 0  c

CORR500/Hg‘j00 uV 500>Rg500 uV

Figure A.5 DSC thermogram of uncured epoxy resin at equivalent weight ratio
(3:2) o f 2:1.5 (Temperature range -100 - 210°C)



NETZSCH-Gerâtebau GmbH Thermal Analysis

DSC /mW/mg

t DAT El IDENTITY PR0DE MASSE/mq DATUM SEGMENT BEREICH CORR
1
2

08704020879402
0H7ü4Ü2
0879402

1:2 l iq u id  
1:2  l io u id

11.010
11.010

ObCÔÏ.TOÏÏT-
05.04.1994

1 / 4  
4 /  4

" -100.C  / 2Ô.0 /2 1 0 .'c 
-100 C / 2 0 . 0 /210  c

500/R(/>00 uV 
500/Rq500 uV

Figure A.6 DSC thermogram of uneured epoxy resin at equivalent weight ratio
(3:2) of 1:1 (Temperature range -100 - 210°C)



NETZSCH-Gerâtebau GmbH Thermal Analysis

DSC /mW/fng

- 50 ' 1  1-------0 50 100 150
Tem peratur / ’c

200 250 300 350

INSTRUMENT: NETZSCH DSC 200 pnoBL- 1: 1 l iq u id 13.790 mg MODUS: Dyn^misch
DAT El: 0879414 nHFEFTENZ: 0 .000  mg DEREICH: -BO C / I 0 .0 /3 5 0  c
IDENTITY: 0079314 EHPF-OATEI: ABNAHME.SNS SEGM: 1 / 1OATUM/ZEIT: Î Ï .0 4 .9 4  00: 16 KDRR-DATEI: BECHER: Pan Al. c lo sed
LABOR: Netzsch BEMERKUNG: B200B7/94 UNI Bangkok ATMOS: N2, 20:OPERATOR: in CORR: 000/Rq500 uV

Figure A .7 DSC thermogram of uneured epoxy resin at equivalent weight ratio
(3:2) o f 2:1 (Temperature range -80 - 350°C) oo

t o



NETZSCH-Geratcbau GmbH Thermal Analysis

DSC /mW/mg

Temperatur / ’c

INSTRUMENT: tETZSCH DSC 200 PROBE: 1: 1 .5  l iq u id 16.4G0 mg MODUS: Dyngmisch
DATEI: 0879413 REFERENZ: 0 .000  mg BEREICH: -80 C / 1 0 .0/350IDENTITY: 0079413 EMPFDATEI: ABNAHME.SNS SEGM: 1 / 1DATUM/ZEIT: 11.04.94 07: 11 K0RR-DATEI: BECHER: Pan Al. c lo se dLABOR: Netzsch BEMERKUNG: 020087/94 UNI Bangkok ATH0S: N2, 20:OPERATOR: IR C0RR: OOO/RqSOO uv

Figure A.8 DSC thermogram of uneured epoxy resin at equivalent weight ratio
(3:2) of 2:1.5 (Temperature range -80 - 350°C) 00



NETZSCH-Geratebau GmbH Thermal Analysis

DSC /mW/mg 
|e x o

0.0-

-0.ร-

-! .0-

-1.5-

94.0 c
G lasùbergang 
Onset ะ -17 .6]c 
M idpoint: -16 .2)c 
Wendcpkt: -1 4  .9 [c  
Endpkt ะ - ' A  o V  
D elta  cp: ! 38° J /  (gKK)

230,4*c

-50
— 1-----------1-------- '----

0 50 100 150 
Terapepatur / ’c

200 250 300 350

INSTRUMENT: NETZSCH DSC 200 PROBE: 1 :2  l iq u id 14.410 mg MODUS: Dyn?misch
DATEI: 0079409 REFERENZ: 0 .000  mg BEREICH: : B0 C / I 0.0/350 c
IDENTITY: 0879409 EMPF-OATEI: ABNAHME.SNS SEGM: 1/ 1DATUM/ZEIT: 07 .04 .94  10:08 K0RR-DATEI: BECHER: Pan Al. c lo se d
LABOR: Netzsch BEMERKUNG: B200B7/94 UNI Bangkok ATMOS: N2.20:
OPERATOR: in CORR: 000/Rq500 uV

Figure A.9 DSC thermogram of uneured epoxy resin at equivalent weight ratio
(3 :2 ) o f 1:1 (Temperature range -80 - 350°C)



NETZSCH-Gerâtebau GmbH Thermal Analysis

DSC /mW/mg 
}exo

0 .4  H

0.2- 

-0.0-

-0.2-

- 0 .4 -

-0.6-

-259 .806J /g

15.0min

Temperature / ’ 
-192.0

71 9 1 .5

7191 .0

7190 .5

7190 .0  

โ 109.5  

;1B 9 .0---- 1----- »---- ' 1 ■ ■ 1------1----- »------1------r
10 20

--- 1------1------ 1------1------1------»----- r
30

Time /min
-----1------»----- '------r~40 50

—.------1------1------
5 0

INSTRUMENT: NETZ5CH DSC 200 SAHPLE: 1:1 liq u id 1 0 .BIO mg MODE: IsothermalFILE: 0B79420 REFERENCE: 0.000 mg RANGE: 190.0C/B0TominIDENTITY: 0B79420 SENS-FILE: ABNAHME.SNS SEGM: 1 / 1DATE/TIME: 13.04.94 06: 22 C0RR-FILE: CRUC: Pan AI, c lo sedLABORATORY: Netzsch REMARK: 820087/94 UNI Bangkok ATMOS: N2.20;OPERATOR: III C0RR: 300/Rq500 uV

Figure A. 10 DSC thermogram of uneured epoxy resin at equivalent weight ratio
(3:2) of 2:1 (At constant temperature of 190°C)



NETZSCH-Gerâtebau GmbH Thermal Analysis

DSC /mW/mg Temperature /"

— •------1------1------1------1------r~10
— 1------ 1------1------ 1—

20 30 40 
Time /n in

50 —'— -------1------ r60

INSTRUMENT: NETZSCH DSC 200 SAMPLE: 1: 1 .5  liq u id 13.640 mg MODE: IsothermalFILE: 0879421 REFERENCE: 0 .000  mg RANGE: 19Ô.ÔC/60.0minIDENTITY: 08794231 SENS-FILE: ABNAHME. SNS SEGM: 1 / 1OATE/TIME: 13.04โ94 09: 10 CORR-FILE: CRUC: Pan Al. c lo sedLABORATORY: Netzsch REMARK: 820087/94 UNI Bangkok ATMOS: N2.20;OPERATOR: IB DORR: 300/RQ500 uv

Figure A .l 1 DSC thermogram of uneured epoxy resin at equivalent weight ratio
(3:2) o f 2:1.5 (At constant temperature of 190°C)



NETZSCH-Geratebau GmbH Thermal Analysis

DSC /mW/mg 
] |e x o

-0.10- 
- 0 .1 5 :  

-0.20: 
-0 .2 5  :  

-0.30: 
- 0 .3 5 :  

- 0 .4 0 :  

- 0 .4 5 :

-2 0 6 .9 8 J /g

Temperature / ’ 

------------' : 1 9 4 .  ธ

7194.0

7193 .5  

7-193.0

7192 .5  

"192.0

—1------1------>------1------1------
10

------1------>------ •—
20 30

Time /min

— 1------1------ -------1—
40 50

—i------ i------1------131. ว
60

INSTRUMENT: NETZSCH DSC 200 SAMPLE: 1:2  liq u id 9 .040  mg MODE- Isothermal
FILE: 0879417 REFERENCE: 0 .000  mg RANGE: 190.ÔC/60. Onin
IDENTITY: 0879417 SENS-FILE: ABNAHME.SNS SEGM: 1/ 1
DATE/TIME: 12.04.94 09:48 C0RR-FILE: CRUC: Pan Al. closed
LABORATORY: Netzsch REMARK: 8200B7/94 UNI Bangkok ATMOS: N2. 20;
OPERATOR: in C0RR: 300/RQ500 uv

Figure A. 12 DSC tlicrmogram of uncurcd epoxy resin at equivalent weight ratio
(3:2) of 1:1 (At constant temperature of 190°C) 00



NETZSCH-Geràtcbau GmbH Thermal Analysis

DSC /mW/mg

DATEI00/9412
0079412

IDENTITY
00794120079412

PROBE1: 1 1:1
MASSE/mq
14.400
14.4G0

DATUM
00.04.1994  
00.04.1994

SEGMENT1T
A L

BEREICH_______
o .c  /2 0 .0 /2 l0 |C0 c / 20.0/210 c

CORR
300/Hg!')00 แV 300/Rq500 uV

Figure A. 13 DSC thermogram o f 4a
(Temperature range 0 - 210°C) 0000



NETZSCH-Gerâtebau GmbH Thermal Analysis

ose /nnW/mg

# DATEI IDENTITY PROBE HASSE/mn DATUM SEGMENT BEREICH com1 0079411 0Ü79411 1: 1~5 13.930 00.04 .1994 1 / 4 o.c / 2 0 .0 / 2 1 0 ;c 300/1 tg'joo uV
2 0879411 0079411 1 :1 .5 13.930 0B .04.1994 4/ 4 0  c / 2 0 .0 /2 1 0  c 300/Rn500 uV

Figure A. 14 DSC thermogram of 4c
(Temperature range 0 - 210°C)



NÇTZSCH-Gerâtebau GmbH Thermal Analysis

DSC /mH/ing 
- |e x o 116.G'c

44.094J/g
glass tran sition
onset 
nidpt ะ 
in flp t:  
endpt ะ 
del cp: ;L

glass tran sition  
onset ะ 106 . i . c  
nidpt ะ 114 ,g|c 
in flp t: 117 ,g]c 
endpt ะ 12? ,7*c 
del cp: 0 .2 0  J/(gXK)

f ir s t  and second heating

-50 50 100 150
Temperature /"c

f FILE IDENTITY SAMPLE HASS/mq DATE SEGMENT RANGE
1 0179405 1:2 14.810 0T7oTl994 1 / 4 =1ÜÔ.C72Û.0/210. C
2 0879405 0079405 1:2 M^aio 06.04.1994 4 / 4 -100 c / w . 0/210 C

200

■ ะรฺiW ü V '
300/Rg500 üv

Figure A. 15 DSC thermogram o f 4e
(Temperature range -100 - 210°C) ■OO



Sample wt: 1 .3 4 1  mg Path: a: \
F ile :  SAMPLES! Figure A .16 TGA thermogram of 4a

(Temperature range ambient - 600°C)



D a t e :  Nov 2 1 , 1 9 9 4  1 1 : 1 8 a m  T e m p e r a t u r e  (c)
S c a n n i n g  R a t e :  2 0 . 0  c / m i n
S a m p l e  wt :  3 . 1 7 0  mg P a t h :  a :  \
F ile :  SAMPLE2 Figure A. 17 TGA thermogram o f 4c

(Temperature range ambient - 600°C)



Sample wt: 1 .3 3 4  mg Path: a: \
F ile :  SAMPLES Figure A.18 TGA thermogram o f 4e

(Temperature range ambient - 600°C)



Sample wt: 2 .3 3 4  mg Path: a: \
F ile : SAMPLE! Figure A .19 TGA thermogram of 4f

(Temperature range ambient - 600°C)



Sample wt: ธ . 091 mg Path: a: \
F ile :  SAMPLE5 Figure A .20 TGA thermogram of 4g

(Temperature range ambient - 600°C)
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