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ABSTRACT 

The paper describes the currng behavrour of several brsmalermrdes, cham 
extended brsmalermrdes and reactrve drluent modrfred brsmalemrdes. Cure kmetrcs 
of the resms was evaluated by Isothermal curmg usmg DSC. Hugh temperature performance 
of the resms and glass fabrtc/carbon frbre remforced composites was evaluated by 
thermogravrmetrrc analysrs and dynamrc mechanrcal analysrs. 

INTRDDUCTION 

Malermrde end-capped monomers and olrgomers are prrme candrdates as 

matrrx resms for frbre-reinforced composites, because of the:r good performance at 

elevated temperatures and hot wet envrronments. However the apphcatrons of these 

polymers for structural composrtes IS somewhat Irmrted due to therr brrttleness. Mrchael 

addrtion reactron of drammes and blsmalermrde leads to chain extension reactron thereby 

reducing the brrttleness of the product. Structural modrfrcations of these polymers 

can thus be achreved by varymg either the structure of the brsmalelmlde or the amrne 

Bed for charn extensron. Copolymerrsatron of brsmalermrdes wrth double bond contarnlng 

compounds IS yet another way of modifymg the polymer backbone and thus may affect 

the processmg condrtrons and thermal behaviour. 

In our earher papers we have reported the syntheses and charcterrsatron 

of brsmalermldes, cham extended brsmalermrdes and currng of rmldes tn presence of 

vrnyl ester resrns(1-8). In thus paper we report thermal behavlour of brsmalermrdes, 

charn extended brsmalermrdes and trrallylcyanurate modrfred rmrde. 

EXPERIMENTAL 

4,4’-Brs(malermrdopheny1 methane) (BM) (m.p. 156-157OC) and 4,4’ - 

Brs(malermrdopheny1 ether) (BE) (m.p. 179-181°C) were prepared by the cyclodehydratron 

of brsmaleamlc acid precursor with acetrc anhydrrde and sodrum acetate usmg a modrfr- 

catlon of the method descrrbed by Searle (9) .Charn extensron of BM and BE was done 

by using 4,4’ - dtamrno drphenyl ether (E), 4,4’ - drammo drphenyl methane (M), 4,4’- 

dlamrno drphenyl sulfone (DDSp), 3,3’ - dramrnodrphenyl sulfone (DDSm), 9,9 brs 

(p-amrnophenyl) fIuorene (BAF) and trrs (m-ammophenyl) phosphme oxrde (TAP). 

Brsmalermrde - amrne adducts were prepared by refluxrng brsmalermrde (BM)/ 

(BE) with varrous amrnes m molar ratlo of 1:0.3 and 1:0.4 In acetone for 3-4h till 
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a homogeneous solutton was obtamed. Acetone was removed by usmg rotary evaporator 

and shinmg powder of bismaleimlde-amme adduct, was obtained. 

Bismaleimldes as well as their adducts were separately placed In shallow 

alummlum dishes and cured at 220 * 5OC for 4-l/2 h in an air oven. Effect of trlallyl- 

cyanurate on the curing of these blsmalelmides and cham-extended bismalelmlde was 

also mvestlgated. 

A Du Pont 1090 thermal analyser having a TGA module 951 and DSC module 

910 was used to evaluate the thermal behavlour of the resins. The measurements were 

done rn air (static) or in nitrogen atmosphere (flow rate 100 cm3/mm) at a heatmg 

rate of 10°C/min. 

Ten pieces of 6”x6” glass fabric (Pllkmgton Flbre Glass Co., Rp-6 epoxy 

compatible welghmg 200 g/m2) were coated with a 45% (W/W) solution (DMF or methyl 

ethyl ketone) of chain extended bismalelmlde having different weight percentage of 

trlallylcyanurate (5-15%). The dried prepregs were stacked and pressed between glazmg 

sheets covered with an alummium foil. Moldmg was done on a Carver Laboratory Press 

at a temperature of 180°C and a pressure of 100 psi. Post curing was done at 220°C. 

Glass transition temperature of laminates was determmed using Du Pont 

982 dynamic mechanical analyser.Mechamcal Properltes of the lammates were determined 

according to ASTM standards using Instron tenslle testmg machine. 

RESULTS AND DISCUSSION 

In the DSC scans of various resms, endothermic transltlon associated with 

melting (Tm) and exotherm due to curmg reaction were observed. The temperature 

correspondmg to exothermlc peak (Texo) and onset of curmg reaction (TI) (obtained 

extrapolation) depended on the structure of the resin sample (Table 1). Cham extension 

of BM or BE resin with various dlamlnes resulted m a decrease m T, and T values. 
exo 

The reduction was significant if the amine contamed electron donor groups (E or M). 

In the DSC scan of triallylcyanurate (TAC) two exotherms were observed 

(T exe at 189 and 299OC resp.) Addition of TAC to BM reduced the Tm but no slgnlfkcant’ 

change in the curing exotherm was observed (Table 2). In BM-TAP system, the Texo 

and T, values Increased on mcreasmg the concentration of TAC. 

Thermal stability of cured resms was evaluated by TGA and mltial decom- 

position temperature (Til, temperature of maximum rate of weight loss (T max 
) and 

char yield (Yc) (%) at i300°C in nitrogen atmosphere was noted down (Table 3). 

The mechanical properties of the glass flbre reinforced/carbon fibre re- 

mforced laminates were also evaluated. Interlammar shear strength of 355 kg/cm2 

and flexural strength 2970 kg/cm2 was obtamed with laminate based on BE-E and 

glass flbre. 
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TAEILE I 

Results of DSC Scans of various blsmalelmlde - amlnes 

S.No Blsmalelmlde Amme Molar 
ratlo 

T1 
T AH 

f%O 

PC) PC) (J/g 1 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 

BM 
BE 
BM 
BM 
BE 

:‘M 
BM 
BE 
BM 
BE 
BM 
BM 
BE 
BM 
BE 
BM 
BM 
BE 

E 1:0.3 
E 1:0.4 
E 1:0.3 
E 1:0.4 
M 1:0.3 
M 1:0.4 
M 1:0.3 

DDSn 1:0.4 
DDSm 1:0.4 
DDSp 1:0.3 
DDSp 1:0.4 
DDSp 1:0.4 
BAF 1:0.4 
BAF 1:0.4 
TAP 1:0.3 
TAP 1:0.4 
TAP 1:0.4 

156 
181 

80 

83 
75 

129 

147 
137 

79 

194 260 
219 262 
203 245 
180 264 
113 154 
131 171 
118 162 
84 136 

117 152 
201 248 
195 242.2 
198 259 
227 266 
199 239 
100 135 
122 149 
125 190 
128 194 
130 194 

221 
164 

33.3 
29.6 
36.7 
30.6 
32.9 
24.4 
18.8 
99.4 
113 
158 
152 
144 

34.1 
25.5 
100 
119 

95.2 

TABLE 2 

Effect of trlallyl cyanurate (TAC) on the curing characteristics of b!smalelmlde ammes. 

S.No Blsmalelmlde % of 
TAC 

T1 
W) 

T 
exo 

(W 

AH 

(J/g) 

1. BM 5 154 238 266 109 
2. BM 10 151 249 273 
3. BM 15 148 236 264 153 
4. BM 20 147 236 265 171 
5. BM 25 143 236 263 176 
6. BM-TAP 5 167 205 95 
7. BM-TAP 15 180 219 144 
8. BM-TAP 25 193 232 227 
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TABLE 3 
TGA results of various blsmalelmlde - ammes (cured at 220 f 5’C) 

S.No Blsmalelmlde Amme Molar IDT 
rat10 (“0 

T 
max 

W) 

T f 
(0 

yc 
(o/o) 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
IO. 

11. 

BM E 
BE E 
BM M 
BM M 
BE M 
BM DDSp 
BM DDSp 
BM BAF 
BE BAF 
BM TAP 

BE TAP 

1:0.3 
1:0.3 
1:0.3 
1:0.4 
1:0.3 
1:0.3 
1:0.4 
1:0.4 
1:0.4 
1:0.4 

1:0.4 

373.3 
301.7 
372 
377.5 
373.4 
418 
400 
390.4 
392.3 
363.3 

373 

433 
413.6 
424 
434.3 
417.6 
445.6 
431.4 
420.4 
417.4 
399.1, 
520.4 
396.4, 
511.2 

520 
499 
523 
522.7 
511 
501.6 
498.4 
522.1 
500 

42.89 
45.20 
49.28 
41.00 

44.7 
50.5 
47.0 
45.6 
47.7 

50.67 

61.1 

1. 

2. 

3. 

4. 
5. 
6. 
7. 
8. 

9. 
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