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Abstract 
The papel" describes the co-curing studies of ethynyl and ethenyl end-capped imide resins. 

The effect of composition and cherlical structure of ethenyl end-capped resins (nadicimides) on 
thermal behavior of ethynyl end-capped resins was evaluated using DSC and thermogravimetrie 
analysis. An increase in char yield was observed on co-curing of few resin formulations. A 
mechanism has been proposed to account for this observation. 
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Introduction 

Polymer blends based on thermosets and thermoplastics have been investi- 
gated extensively in the past to improve thermal stability, mechanical properties 
and toughness characteristics. Thus blending of an easy-to-process but brittle 
thermosetting polymer with a tough but difficult to process thermoplastic yields 
a combination with easy processability and good toughness characteristics [1-7]. 

Co-curing of two or more thermosets has also received attention in the past 
[8-14]. In situ chain extension of bismaleimide resins with diallyl bisphenol A 
has been successfully used to develop a two component resin with better impact 
strength [15, 16]. Co-curing of nadicimide and allyl nadicimide resin has been 
reported to give formulations with better char yields and thermal characteristics 
[17, 181. 

It would be of interest to investigate the co-curing of an ethynyl end-capped 
resin i.e. thermid resin with high char yielding phosphorus containing 
nadicimide and methyl nadicimide resins. In this paper the simultaneous curing 
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of phosphorus containing (methyl) nadicimide and ethynyl terminated resin is 
described. Such studies have not been reported in literature. 

Experimental 

Materials 

Ethynyl terminated imide (thermid-600) (designated as T in subsequent text) 
was a commercially available material (National Starch Co., USA) and was 
used as received. 

The bis/tris nadicimide/methyl nadicimide resins having following structure 
were synthesised in the laboratories [ 19-23]. 
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R =CH3, X=0, Y=2, Z=l 
0 

E 803 

Sample preparation for co-curing studies 

A homogeneous solution of thermid resin and (methyl) nadicimide resins in 
a w/w ratio of 3:1, 1"1 and 1:3 was prepared in N,N-dimethyl acetamide at 
room temperature. Solution was stirred for 10 min, and then concentrated un- 

T a b l e  l a  D e t a i l s  o f  r e s i n  f o r m u l a t i o n s  for  c o - c u r i n g  s t u d i e s  

S a m p l e  R e s i n s  

d e s i g n a t i o n  T / g  A / g  B / g  C / g  

TA3 0 . 1 0 1 9  0 . 3 0 2 5  - - 

T A  0 . 2 0 0 3  0 . 2 0 0 3  - - 

T 3 A  0 . 3 0 0 1  0 . 1 0 6 7  - - 

T B 3  0 . 1 0 2 1  - 0 . 3 0 0 6  - 

T B  0 . 2 0 2 8  - 0 . 2 0 1 8  - 

T3B 0 . 2 9 8 8  - 0 . 0 9 6 8  - 

TC3 0 . 1 0 0 4  - - 0 . 3 0 0 0  

T C  0 . 2 0 1 1  - - 0 . 2 0 1 1  

T 3 C  0 . 3 0 0 0  - - 0 . 1 0 0 4  

T a b l e  l b  D e t a i l s  o f  r e s i n  f o r m u l a t i o n s  for  c o - c u r i n g  s t u d i e s  

S a m p l e  R e s i n s  

d e s i g n a t i o n  T / g  D / g  E / g  F / g  

T D 3  0 . 1 0 1 4  0 . 3 0 2 9  - - 

T D  0 . 2 0 1 8  0 . 2 0 1 0  - - 

T 3 D  0 . 3 2 5 0  0 . 1 0 8 0  - - 

T E 3  0 . 0 9 5 7  - 0 . 3 0 2 6  - 

T E  0 . 2 0 0 0  - 0 . 2 0 1 0  - 

T 3 E  0 . 3 0 3 3  - 0 . 1 0 8 0  - 

T F 3  0 . 1 0 0 3  - - 0 . 2 9 9 3  

T F  0 . 2 0 0 0  - - 0 . 1 9 9 0  

T 3 F  0 . 3 0 5 6  - - 0 . 1 0 3 9  
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der reduced pressure. In order to remove the last traces of solvents, water was 
added and the precipitated sample was collected and dried in a vacuum oven at 
100-150~ for 2 h. The samples have been designated by writing the letter des- 
ignation of both the resins, with a subscript indicating the ratio of the two con- 
stituents taken. For example TA, TA~ and T3A indicate 1:1, 1:3 and 3:1 (w/w) 
ratio of resin 'T' and 'A' respectively. The details of various resin formulations 
alongwith their designations are given in Table la and lb. 

Thermal characterisation techniques 

A DuPont 9900 thermal analyser having a 910 DSC module was used for 
curing studies of the resins (10+2 mg) in static air at a heating rate of 
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10~ min -1. The exothermic transition in the DSC trace was characterised by 
determining To - onset temperature of curing and Texo - exothermic peak posi- 
tion (determined by extrapolation). 

TG analysis of resins (10+_2 mg) was carried out by using DuPont 1090 ther- 
mal analyser having a 951 TG module in nitrogen atmosphere (flow rate, 
60 mL min -t) at a heating rate of 10~ min -I. TG traces were characterised by 
determining the initial decomposition temperature (T0, the temperature of 
maximum rate of weight loss (Tm~x) and char yield (Yc) at 800~ 

The isothermal curing of (methyl) nadicimide: Thermid-600 was carried out 
at 325~ for 1 h in a muffle furnace. 

Results and discussion 

In resin thermid-600, no endotherm was observed. The curing exotherm was 
observed in the temperature range of 220-325~ with Tmax at 258~ (Fig. 1 (a)). 
In TG trace (Fig. 1 (b)) the major weight loss was observed between 450-700~ 

Table 3 Mass loss during isothermal co-curing (lh at 325~ of (methyl) nadieimide and 
thermid-600 resins 

S1. No. Sample designation Mass loss/% 

1. T3A 3.59 

2. TA 3.14 

3. TA3 1.01 

4, T3B 6.64 

5. TB 6.5 

6. TB3 0.38 

7. T3C 10.0 

8. TC 9.6 

9. TC3 7.8 

10. T3D 13.7 

11. TD 8.7 

12. TD3 13.7 

13. T3E 5.5 

14. TE 6.01 

15. TE3 10.2 

16. T3F 15.7 

17. TF 1.25 

18. TF3 7.04 

19. T 4.10 
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with Tm.x at 612~ (25.6% weight loss). Curing behaviour of nadicimides used 
in present studies has been reported elsewhere [23]. 

Co-curing of Thermid with phosphorus containing (methyl) nadicimides, re- 
suited in broadening of curing exotherm in most cases (Fig. 2). On this broad 
exothermic transition peaks were superimposed in few samples. The onset tem- 
perature of curing (To), exothermic peak position T~xo and end of exotherm (T2) 
obtained from DSC scans are summarised in Table 2. 

An increase in methyl nadicimide resins (i.e. A, B, D, E and F) in the resin 
formulations resulted in an increase in T, xo as well as To whereas a decrease was 
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observed in case of resin C. Resin C was derived from tris [3-(4-aminobenz- 
amido)phenyl]phosphine oxide (TABP) while other resins were based on tris(3- 
aminophenyl)phosphine oxide (TAP) and bis(3-aminophenyl)methyl phosphine 
oxide (BAP). 

An endothermic transition between 100-240~ was observed in blends of 
thermid with resin A and D and in TB, T3B, TC3. T3C. 

Isothermal curing of these resin blends was done initially in air atmosphere 
for 1 h at 275~ The cured products were found to be partially soluble in 
DMAc. DSC scans of these co-cured resins showed an exothermic transition in- 
dicative of residual curing. Therefore further isothermal curing was done at 
325~ for 1 h. Such a treatment resulted in complete curing and no exotherm 
indicative of residual cure was observed in DSC. Heating at 325~ resulted in 
weight loss (Table 3). The weight loss on isothermal curing at 325~ was high- 
est for T3F (15.7%) and was lowest for TB3 (0.38%) 

Thermal stability 

TG traces of these co-cured resins are shown in Fig. 3. Initial weight loss of 
<5% was observed around 100~ but the main degradation started above 400~ 

Table 4 TG results of co-cured resins containing (methyl) nadieimides and thermid 

SI. No. Sample designation TII~ T~xI~ Yc/% 

1. T3A 475 599 62.5 

2. TA 451 598 62.5 

3. TA3 447 552 67.0 

4. T3B 334 619 60.0 

5. TB 402 579 62.5 

6. TB3 351 504 69.0 

7. T3C 361 503 56.5 

8. TC 395 583 61.0 

9. TC3 427 612 62.0 

10. T3D 453 617 62.0 

11. TD 413 525 63.0 

12. TD3 302 500 67.0 

13. T3E 477 607 60.0 

14. TE 398 486 65.5 

15. TE3 416 482 66.0 

16. T3F 460 625 66.0 

17. TF 410 550 65.0 

18. TF3 393 470 65.0 

19. T 540 600 62.0 
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Fig. 4 Plot of char yield at 800~ vs. weight fraction of T in co-cured resins (a) TD (b) TE,  
(e) TF 

The initial decomposition temperature and temperature of maximum rate of 
weight loss (Tm~x) are given in Table 4. 

No systematic trend in T~ and Tm,x values as a function of blend composition 
was observed. 

An increase in (methyl) nadicimides in the resin formulation resulted in an 
increase in char yield of thermid. The composition having 3:1 ratio of (methyl) 
nadicimides:thermid resin exhibited char yield higher than neat (methyl) 
nadicimide resins. 

The char yield in co-cured resins were also calculated using the rule of mix- 
tures. The observed char yield in few co-cured samples were higher than the 
calculated values (Fig. 4). 
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The polymerisation of ethynyl-terminated imides is basically a free radical 
propagation of ethyne moiety to a linear conjugated polyene [22-26]. The ki- 
netic chain length of such reaction is usually short (6-8 ethynyl units). 

0 0 Ar 

Several routes for crosslinking and aromatisation have been suggested for 
these resins [24-28]. 

Curing of nadicimide resins also comprises of several reactions such as 
endo-exo isomerisation, reverse Diels Alder reaction (RDA), polymerisation 
etc. The RDA reaction leads to the formation of cyclopentadiene and a substi- 
tuted maleimide as depicted below: 

Where n = 6 - 8 
0 0 

o 

CH 3 
0 0 

It is quite likely that when ethynyl terminated imides are co-cured with 
nadicimide resins, then the maleimide derivative generated in situ undergoes 
Diels Alder reaction with conjugated polyene thereby enhancing the condensed 
phase reactions. 

AF 
II 0 Ar  0 

CH 
I § - - R  ,- 

At7 C%CH , ,~  - At- ]'~q l] 
0 H 0 

The higher char yields observed in some resin blends can thus be explained. 
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