
Relationship between Structure and Mechanical Property 
for Bismaleimide-Biscyanamide Resin 

Bismaleimides, which may be classified into addition-type 
polyimides, are well known as high-temperature resistant 
polymers. Their cured products, however, are extremely 
brittle because of their high crosslinking density. So the 
most important problem in technical application is for 2 h. 
toughening bismaleimides without decreasing their heat 
resistance.'.' 

Recently we reported on the modification of N,N-bis- 
maleimidediphenylmethane (BMI) with bis [ 4- (4-cyan- 
amide-3-methylphenyl) ] methane (BCMM) , and the 
characterization of the cured resin  system^.^ We found 
their properties, such as glass transition temperature, 
crosslinking density, dielectric constant, and decomposi- 
tion temperature, changed with the molar ratio of BMI 
and BCMM. We attributed these changes to a variation 
of chemical structure at  different molar ratios. 

In this note, we report on the mechanical property of 
the modified resins as a function of the amount of bis- 
cyanamide for the purpose of correlating macroscopic be- 
havior and the resin's chemical structure. 

The prepolymer powder was placed in a heated molding 
press, with a 1 mm spacer, and was cured under a pressure 
of 40k gf/cm2. The molding temperature was first held at 
170°C for 5 min, and then was raised to 220°C and held 

Measurements 

The densities of the cured products were evaluated using 
a bromoform- ( d  2.9) toluene ( d  0.86) mixture at  25°C. 
The density of the corresponding mixture was measured 
on a Anton Parr precision density meter (Model DMA- 
02C). Dynamic mechanical analysis (DMA) was done us- 
ing an Iwamoto Seisakusho device (Model RPX-706), 
ranging from -180 to 400°C at a heating rate of 5"C/ 
min, and determined by means of an instrument employ- 
ing a forced longitudinal vibration at  10 Hz. The samples 
were rectangular strips, 40 X 4 X 1 mm. Flexural testing 
by the procedure of JIS-K6911 was conducted on a Shi- 
mazu Autograph (Model DDS-5000) at  room temperature. 

EXPERIMENTAL 

RESULTS AND DISCUSSION 
Materials and Sample Preparation 

Crosslinking Densities 
Figure 1 shows the materials used. The prepolymers were 
prepared from BMI (Mitsui Toatsu Chemical) and 
BCMM, which was synthesized according to the 
literature4s5 at  several molar ratios (Table I ) .  Prepoly- 
merization was done as follows: A 200-mL, four-necked 
flask with a reflux condenser was charged with N,N-di- 
methylformamide (DMF, Wako Pure Chemical) and BMI. 
The amount of DMF was determined to get a 50 wt % 
prepolymer solution. The solution was heated at  120"C, 
using an oil bath for 20 min, while stirring. Then, BCMM 
solid was added into the flask and the solution was held 
at  120°C for 20 min. The product solution was then cooled 
to room temperature and was coated lightly on polyester 
films. The DMF was removed by holding the polyester 
films in a thermostated oven at  150°C for 10 min. 
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The crosslinking densities ( u )  were obtained from the ex- 
perimental equilibrium rubber modulus using the same 
method as our former r e p ~ r t . ~  The resin components and 
crosslinking densities of cured resins are listed in Table 
I. Crosslinking densities of the cured resins became the 
lowest at  the ratio of BCMM/BMI = 50/50. 

Room Temperature Flexural Modulus 

The flexural moduli a t  room temperature of formulations 
2 through 7 showed a significant drop as compared with 
formulation 1, BMI alone, as presented in Figure 2. In 
general, crosslinking density affects several properties of 
cured resin, including moisture absorption, yield stress, 
tensile modulus above T,, creep, density, and impact 
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Figure 1 Structures of materials. 

strength. The data in Table I showed that the formulations 
with different BCMM/BMI ratios had different cross- 
linking densities, so there may be a corresponding rela- 
tionship between crosslinking densities of this system and 
the flexural modulus. For the thermoset networks that we 
investigated, there was a weak correlation between cross- 
linking density and the room temperature flexural mod- 
ulus, as shown in Figure 3. On the other hand, the flexural 
modulus at room temperature correlated well to bulk den- 
sity, as shown in Figure 4. 

One group has reported that the glassy state moduli of 
a series of chemically similar networks were independent 
of crosslinking density,6 but two other  group^^.^ have found 
that the higher the crosslinking density, the lower the 
modulus of the studied epoxy system. In these cases, be- 
cause the epoxy system did not obtain a high bulk density 
by cramp for crosslinking, the moduli decreased with in- 
creasing crosslinking density. For our systems, the bulk 
density was weakly affected by crosslinking density, as 
shown in Figure 5, so flexural moduli were a function of 
crosslinking density. 

Table I Formulations and Their 
Crosslinking Density 

BCMM/BMI log Y 
Formulation (Molar Ratio) (mol/cc) 

0/100 
20.1/79.9 
25.0/75.0 
30.0/70.0 
40.0/60.0 
50.0/50.0 
60.0/40.0 
100/0 

- 
-2.08" 
-2.14" 
-2.08 
-2.26 
-2.47 
-2.29 
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Figure 2 Flexural modulus vs. BCMM fraction. 

Flexural Strength 

The introduction of biscyanamide improved the flexural 
strength of cured resins, as shown in Figure 6. These resins 
are suitable for industrial use. 

Hasumi and Kataoka' have investigated the mechan- 
ical property of maleimide polymers prepared from BMI 
and 4,4'-diaminodiphenylmethane (DMA) . They achieved 
the highest tensile strength and elongation when the molar 
ratio of BMI/DMA was 1.2, and they explained it as fol- 
lows. If only a Michael addition reaction occurred between 
BMI and DMA at BMI/DMA = 1.0, the resins obtained 
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Figure 6 Flexural strength vs. BCMM fraction. 

densities were like that of cured BMI (formulation 1 ) , SO 

the network structure become very rigid and the cured 
resins were brittle. 

would ideally be a long chain and the mechanical property 
would be a maximum. However, at 1.0, self condensation 
of BMI and a crosslinking reaction occurred, and there 
were some unreacted amine groups, so the property was 
not maximized. However, at the 1.2 ratio, where BMI was 
present in a larger amount than DMA, there were no un- 
reacted amine groups and the mechanical property was a 
maximum. 

The room temperature flexural strength vs. logarithmic 
crosslinking density is shown in Figure 7. Generally, the 
flexural strength in glass regions is affected by crosslinking 
density? As crosslinking density increased with formu- 
lations 6 < 7 < 5, the break strength increased. However, 
as crosslinking density continued to increase, break 
strength dropped off slowly. In this region, crosslinking 

CONCLUS~ON 

The introduction of bis [ 4- (4-cyanamide-3-methylphe- 
nyl) ] methane (BCMM ) to N,N-bismaleimidediphenyl- 
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Figure 7 Flexural strength vs. log v. Figure 6 Bulk density vs. log u. 
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methane (BMI) could improve the mechanical property 
of cured resins. The flexural modulus at room temperature 
of this system showed a significant drop as compared with 
BMI alone. A weak correlation of the room temperature 
modulus to crosslinking density was found, because there 
was a weak correlation between bulk density and cross- 
linking density. In addition, flexural strength of cured resin 
was shown to change with crosslinking density. In the 
region where crosslinking density was low, the strength 
was improved with increasing crosslinking density. How- 
ever, in the region where crosslinking density was high, 
the network structure became very rigid and the cured 
resins were brittle. 

References 

1. S. Takeda, H. Akiyama, and H. Kakiuchi, J .  Appl. 

2. S. Takeda and H. Kakiuchi, J .  Appl. Polym. Sci., 35, 

3. M. Suzuki, A. Nagai, M. Suzuki, and A. Takahashi, J .  

4. A. Takahashi, M. Ono, M. Wajima, and S. Kadono, 

Polym. Sci., 30 ,  1341 (1988). 

1351 (1988). 

Appl. Polym. Sci., to appear. 

Kobunshi Rombunshu, 43 (12) ,  847 (1986). 

5. A. Takahashi and M. Suzuki, J .  Appl. Polym. Sci., to 

6. L. E. Nielsen, J .  Macromol. Chem., C3 ( l ) ,  69 (1969). 
7. M. Ogata, T. Kawata, and N. Kinjo, Kobunshi Ron- 

8. J. A. Schroeder, P. A. Madsen, and R. T. Foister, Poly- 

9. S. Hasumi and S. Kataoka, Kobunshi Ronbunshu, 

appear. 

bunshu, 4 4 ( 3 ) ,  193 (1987). 

mer, 28,929 (1987). 

41,(10) ,629 (1984). 

MASAO SUZUKI 

AKIRA NAGAI 

AKIO TAKAHASHI 
MASAHIRO SUZUKI 

Hitachi Research Laboratory 
Hitachi Ltd. 
4026 Kuji-cho 
Hitachi-shi, Ibaraki-ken 
3 19-1 2, Japan 

Received May 28, 1991 
Accepted July 19, 1991 


