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RESlN MATRICES FOR COMPOSITES 

RESINICURING AGENT 

h, 

EPOXY RESIN BASED ON DlOCYClDVL ETHER OF 
BISPHENOL A (DGEBA) OR 9,9.BIS. 
(4.HYDROXYPHENYL) FLUORENE (DGEBF) OR 
BLENDS CURED WlTH TRIMETHOXYBOROXINE 
(TMB) OR MDA OR ODs 
(SAMPLE 2) 

TYPICAL CHEMICAL STRUCTURE 

EPOXY RESlN BASED ON MET HYLENE DIANILINE 
CURED WlTH AROMATIC AMlNE OR 
4.4' OIAMINO DIPHENY L SULPHONE (DDS) 
(SAMPLE 1) 

PHENOLIC MOVOLAC RESIN BASED ON 
CONDENSATION OF 0IMETHOXV.P.XY LEN€ AND 
PHENOL CURED WlTH HEXAMINE 
(SAMPLE 3) 
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PROCESSING CONDITIONS FOR RESINS 
AND LAMINATES - 

RESIN PURE RESIN - 

EPOXY RESIN 
(SAMPLE 1) 

= 

CURE 

Dm30pphe 
150°C - 1 hr 

CATALYST 

NMA OR 
DEAPA OR 
om 

POST CURE 

19WC-4hn 

180°C - 3 hn 
218O~ - 3 hn, 

"'2 

TMBe 30 p * e  

135°C - 3 hrs 

EPOXY RESIN, 
DGEBAIDGEBF 
(SAMPLE 2) 

TMB OR DDS 

RESIN/SOLVENT LAMINATE 

PREPREG I CURE POST CURE 

190°C - 4 hn 

2 1 8 0 ~  - 3 hn 
N2 

163OC - 10 min, 
340 K N / ~ ~  - 

2 hrs 

200°C - 10 min 
3 4 0 ~ ~ / 1 n ~ -  

2 hrs 

) AIR DRY, 
(SAMPLE 1)IMEK 

(SAMPLE 2)/MEK 

80°C - 10 min 
120°C - 20 min 

AIR DRY, 
lO@C-15min 
149OC - 20 min 



PROCESSING CONDlf IONS FOR RESINS 
AND LAMINATES 

I 
RESIN 1 PURE RESIN 

RESINISOLVENT I LAM INATE 

POST CURE 

2000c-1 hr 

1 8 0 " C - 4 h n  

CURE 

160°C-1.5hn 

200°C - 3 hn 

OEAPAl 
BAPMP 

CATALYST 

PHENOLIC NOVOLAC 
(SAMPLE 3) 

PO1.YBISMALEIMIDE 
(SAMPLE 4) 

PHOSPHORY LATED 
EPOXY (SAMPLE 5 )  

L 

(SAMPLE3)'MEK 

(SAMPLE 4)JMEK 

(SAMPLE 5)lMEK 

DEAPA 

PREPREG 

65°C - 15 min 
11s0c-20min 

AIR DRY, 
7 9 O ~  - 15 rnin 
120°C - 20 rnin 

AIR DRY, 
80°C - 10 min 
120°C - 20 rnin 

CURE 

177°C - 1 hr 
680KNlm2 

200°C - 3 hrs 
680 K ~ 1 m 2  

180°C - 10 min 

POST CURE 

188°C - 2 hrs 

200°C - 4 hrs 



EFFECT OF DGEBF MOLE FRACTION IN THE 
BLEND OF DGEBNDGEBF ON THE CHAR YIELD 

OF THE COPOLYMER AT 700°C 

CONDITIONS: 

HEATING RATE 10°C/min, N2 

DGEBF, mole % 



DRYING CURVES FOR 
BISMALEfMIDE/187 -Pr?EPREGS 

0 NMP, 105"C, DRY RESIN CONTENT 34% 
O NMP, 14@'C, DRY RESIN CONTENT 35% 
A NMP, 160°C, DRY RESIN CONTENT 39% 
+ NMP, 180°C, DRY RESlN CONTENT 39% 

5 10 15 
TIME, min 



DYNAMIC THERMOGRAVIM ETRlC ANALYSES OF RESINS 

@ EPOXY RESIN-DDS 

@ EPOXY RESIN, DGEBNDGEBF 

@ PHENOLIC NOVOLAC 

@ BlSMALElMlDE 

20 - 

I I I I I 1 I J 
0 100 200 300 400 500 600 700 800 

TEMPERATURE, OC 





SMOKE EVOLUTION OF RESiNIl81 GLASS LAMINATES 

0 EPOXY RESIN-DDS NBS SMOKE CHAMBER 
FLAMING 

0 PHENOLIC NOVOLAC 2.5 w a t t s / d  

6 OA BISMALEIMIDE, 35% RESIN 
s= 
tl*- 

BISMALEIMIDE, 4096 RESIN 
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EFFECT OF CHAR YIELD OF THERMOSET POLYMERS 
ON OXYGEN INDEX 

\ SAMPLE RESIN 
\ 1 

LCULATED FROM EPOXY-DDS (STATE-OF-THE-ART) 

FERENCE 7 EPOXY (DGEBA/DGEBF)-TMB 
3 PHENOLfC NOVOLAC 
4 BlSMALElMlDE 
5 PHOSPHORY LATE0 EPOXY 

0 10 20 30 40 50 60 70 

PERCENT WEIGHT REMAINING AT 800°C, N2 



EFFECT OF TEMPERATURE ON FLEXURAL STRENGTH OF COMPOSITES 

@ EPOXY, 181 E GiASS FABRIC. 40% RESIN 

-- @ PHENOLIC. 181 E GLASS FABRIC, 40% RESIN 

@ BISMALEIMIOE, 181 E GLASS FABRIC. 40% RESIN 

TEMP., O C  



CO CONCENTRATION HISTORY 

LOSS I N I T ,  CONSUMED EPOXY-DDS - - -  - -  - - - - -  - 
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CONCLUSIONS - 
. i 

DGEBAIDGEBF EPOXY CURED WITH TflB EXHIBITED HIGHEST 0 1  AND Yc THAN ALL OTHER * : 
$: 

EPOXY RES i NS W I TH PROCESS I NG PARAMETERS COMPARABLE TO CONVENT IONAL EPOXIES , 

h) 
W 

PHENOLI C-NOVOLAC RES I N EXH I BITED LOWEST DS THAN ALL OTHER RESIN SYSTEMS, 
0) 

BISMALEIMIDE RESIN EXHIBITED HIGHEST 0 1  AND "C THAN ALL OTHER RESIN SYSTEMS* 
PROCESS I NG PARAMETERS COMPARABLE TO PHENOLI CS, 

ABOVE RESINS EXCELLENT CANDIDATES FOR RESIN MATRICES FOR GLASS OR GRAPHITE 
COMPOS I TES , 


