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Table IV Dynamic Mechanical Properties of 
PU-PMMA IPNs 

Tan 6 max 
Storage 

Sample "C Value Modulus 

PU 1A -22 0.253 2.1 
PU 4A -24 0.24 1.75 
PU 1A-PMMA 

90/10 0, 32 0.315, 0.294 2.9 

50/50 4, 14 0.351, 0.37 3.2 

90/10 15,15 0.24 1.95 

70/30 7 0.49 4.7 

PU 4A-PMMA 

TDI, increased ordering of chains and increased 
tensile stress for the PU 4A was expected. Cross- 
linking reaction during biuret formation was also 
expected to be more efficient for the MDI structure 
due to its more symmetric nature. The increased 
tensile stress and modulus observed for the PU 4A 
and IPNs as well as the reduced elongation of PU 
4A and IPNs in comparison to that of PU 1A and 
IPNs, can be attributed to the more efficient cross- 
linking of the MDI structure. When the composition 
of the PMMA was varied from 10 to 50 wt %, the 
individual IPNs showed maximum and minimum 
tensile stress. Addition of 10 wt % of vinyl monomer 
can produce IPNs with optimum mechanical prop- 
erties. The increased tensile stress on IPN formation 
may be attributed to the enhanced interlocking of 
polymeric chains on IPN formation. Presence of 
heterogenous interfacial regions on IPN formation 
were reported by Lipatov" for PU IPNs. The ran- 
dom increase of tensile stress observed for the pres- 
ent PU-PMMA IPNs could be a contribution of 
such an interfacial region. Synergism of the tensile 
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Figure 3 
PU 1A and PU 1A-PMMA IPNs. 

Effect of composition on tan 6 of TDI based 
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Figure 4 
based PU 1A and PU 1A-PMMA 90/10 IPN. 

Dynamic modulus temperature plot of TDI 

stress values occurred at all compositions of the PU- 
PMMA IPNs. The initial substantial increase in 
tensile stress was obtained on incorporating just 10 
wt % of MMA. The increased tensile stress of the 
50/50 composition could be influenced by phase in- 
version of the IPN with the PMMA becoming the 
cocontinuous phase. The optical micrographs [Fig. 
2(a-d)] indicate the phase mixing for IPNs up to 
70/30 composition. The phase inversion for the 50/ 
50 composition with the PMMA becoming cocon- 
tinuous is also seen in Figure 2(e). 

Dynamic Mechanical Properties 

The dependence of the loss tangent on the temper- 
ature for the different IPN systems based on TDI, 
PU 1A, and IPNs is given in Table IV and Figure 
3. In case of PU 1A, the loss factor exhibits a max- 
imum at -22°C corresponding to the glass transi- 
tion. In the PU 1A-PMMA IPNs, the location of 
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Figure 6 
and PU 4A-PMMA 90/10 IPN. 

Tan 6 temperature plot for MDI based PU 4A 
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this transition peak is shifted to higher temperatures 
indicating enhanced compatibility between the 
components of the IPNs. The glass transition tem- 
peratures (T,) obtained do not strictly follow the 
random copolymer or Fox eq~at ion. '~  The shift in 
Tg of the IPNs to higher temperature than the cal- 
culated Tg from the equation could be due to the 
increased hydrogen bonding in the IPN system. Such 
behavior of Tg departure was reported earlierI4 for 
weakly phase segregated PUS. In the PU 1A-PMMA 
IPNs, the tan 6 max values of PU 1A increased on 
the IPN formation. However, increase of above 30 
wt % PMMA resulted in a decrease of tan 6 max, 
confirming the earlier observed phase inversion. 

Values of dynamic storage modules E' fall in the 
temperature range of -70 to -20°C characteristic 
of glass to rubber transition. Figure 4 shows the 
broad temperature range over which the dynamic 
storage modulus decreases and that was attributed 
to increased degree of intermixing by Lee and Kim.15 
The value of the dynamic modulus (Table IV) for 
the IPNs was higher than that of the PU. This trend 
could be due to an increase of packing density caused 
by enhancement of permanent chain entanglements. 
Such synergism of modulus was also evident in the 
polypropylene oxide-polystyrene IPNs." The drop 
in modulus value for the 50/50 composition could 
be a consequence of the phase inversion of PU- 
PMMA IPN. 

The MDI based PU, PU 4A, has a tan 6 max at 
-24°C. Figure 5 shows that the tan 6 transition is 
shifted to the higher temperature in the PU 4A- 
PMMA IPNs, indicating enhanced compatibility 
between the components of the IPNs. Appreciable 
changes in tan 6 max are not observable in the PU 
4A-PMMA IPN, probably due to structures with 
less interfacial material. The dynamic storage mod- 
ulus E' values falling over a broader region of -80 
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Table V 
with Polymers 

Percent Hemolysis of Plasma in Contact 

Sample % Hemolysis 

PU 1A 

P U  4A 
P U  4A-PMMA 90/10 

PU 1A-PMMA 90/10 
2.0 
1.8 
2.3 
2.0 

to 10°C (Fig. 6), also indicate greater interpenetra- 
tion in the PU 4A-PMMA IPNs. Greater interpen- 
etration of MDI based IPNs is also borne out by the 
fact that in all cases the dynamic modulus values 
before the transition are higher than that for pure 
PU, PU 4A. The dynamic mechanical analysis stud- 
ies therefore indicate that up to 30% PMMA can be 
interpenetrated with PU without substantial phase 
separation. 

Hemolysis 

This test was conducted mainly to see the effect of 
the materials on the RBCs. Damage to red cells as 
a result of exposure to foreign surfaces and rheolog- 
ical stresses were reported by Indeglia and Bern- 
stein.17 Canine erythrocytes are reported" to release 
several lipids from the cell membrane when a flowing 
suspension of cells is exposed to a foreign surface. 
The position of red cells in thrombosis is rather un- 
clear. However, they can adhere to a surface and if 
hemolysis (or breaking up the red cells with the re- 
lease of hemoglobulin) occurs, erythrocyte ghosts 
are formed. Red cells also contain clot promoting 
factor (erythrocytin) and platelet aggregating sub- 
stance (ADP) that becomes available by hemolysis. 
Attempted phagocytosis of the ghost by the platelet 
triggers the platelet release reaction" leading into 
platelet adhesion and aggregation. The complex 
mechanisms of the red cell interaction with surfaces 
is poorly understood. However, Autian" reported 
that up to 5% hemolysis is permissible for a bio- 
material. Table V gives the percent hemolysis values 
of plasma exposed to the TDI and MDI PUS and 
90/10 IPNs. The values are nearly 2%, making the 
90/10 IPNs suitable candidate materials for blood 
contacting applications. 

CONCLUSIONS 
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Figure 6 
based PU 4A and PU 4A-PMMA 90/10 IPN. 

Dynamic modulus temperature plot of MDI 
IPNs of PU-PMMA can be synthesized with more 
compatibility. These IPNs are candidate biomate- 
rials for blood contacting applications. 
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