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1, INTRODUCTION AND OBJECTIVES

The objective of this study is to develop interpenetrating polymer network
(IPN) elastomers and foams which exhibit good sound and mechanical energy
attenuation characteristics over a broad frequency and temperature range.
In this study the effect of various plasticizers and fillers was investigated.
The effect of post-curing on the dynamic mechanical properties (tan$ ) of IPN
elastomers was also studied. IPN foams were prepared with different levels
of epoxy, fillers and plasticizers. The sound absorption was measured by the

impedance tube method.

II. EXPERIMENTAL
A. Materials
The materials used in this study are summarized in Table I. The polyols,
chain extenders, and epoxy resin were degassed under vacuum at 70°C for 24 hours.
The other chemicals were used as received from the manufacturers.

B. Preparation of Samples

1, IPN Elastomers
The IPN elastomers based on polyurethane and epoxy and pure

polyurethane were prepared by the simultaneous polymerization technique. The

pure polyurethane system contained polyols (Nfax 31-28), chain extender (Isonol-
100), urethane catalyst (T-12), isocyanate (Isonate 143L) and various plastici-
zers.

9 The components were mixed together for one minute at room temperature

using a high speed mechanical stirrer. The wmixture was then poured into a pre-
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heated mold and pressed on a laboratory platen press at 100°C, The samples
were then removed from the press (after curing for 30 minutes) and then post-
cured in an oven at 100°C for 16 hours. Samples were conditioned at 25°%
and 50% relative humidity for at least three days prior to testing.
2. IPN Foams
IPN and 100% polyurethane foams were prepared by the one-shot,
free-rise method. The chemicals were used at room temperature (RT) as received
except for DER 330 and 1,4-BD which were degassed. All the reactants and
blowing agents were measured and well mixed in a cup. Then the isocyanate
and catalysts were added to the cup and thoroughly mixed with a high speed
stirrer. The cream time, rise time, and tack-free time were recorded in
seconds. The foams were cured at 100°C for one hour and conditioned at 25°C
and 50% relative humidity for at least three days prior to testing,
C. Testing
1. Dynamic Mechanical Spectroscopy
All dynamic mechanical measurements were conducted on a Rheo-
vibron dynamic viscoelastometer, DDVII (Toyo Manufacturing Co.) at a scanning
rate of 1 to 2% per minute in the glass transition region or every 3 to 5%

per minute in the non-transition region. The specimens were in the form of

rectangular films with dimensions of 2 cm in length, 0.1 cm in width, and 0.05

cm in thickness. The specimens were inserted into the chamber and cooled to

e S

-50°C where the measurements began, All tests were carried out at a frequency

®
of 110 Hz.
The height of tan & as reported in Tables 6 and 7 is the height at which
the maximum tan § {s obtained, and the temperature at the peak 1s the point

at which the maximum tan § is obtained, and is the glass transition temperature,

Tg.
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The area under the curve was calculated by Simpson's method. The area
considered is under the tan & curve and is calculated by taking into account
all the tan § points, from the beginning to the end of the transition.

Thermo-mechanical analysis was also conducted on the samples using the
TMS-2 Thermo-Mechanical Analyzer. The peaks were recorded and are reported
in Tables 9 and 10.

2, Standing Wave Apparatus (Bruel & Kjaer, Type 4002)
for Sound Absorption Measurement

This apparatus (Type 4002) 1s designed for easy and quick
determination of the absorption coefficient of acoustic materials by the
standing wave method., The advantages of the method are that only small
circular samples, about 10 cm in diameter, are needed. The principal of
the measurement method is shown in Figure A, The loudspeaker at one end of
the tube is operated at the desired test frequency from an audio-frequency
oscillator with 6 ohms output impedance and a distortion of less than 1%
(B.F., Oscillator Type 1022). The sound waves move through the tube and
strike the sample which is placed in a sample holder with a thick back plate,
to avoid all sound absorption by the apparatus itself, The sound waves are
then partly reflected at the sample. The resultant of the incident wave with
amplitude 1 and reflected wave with amplitude r is a standing wave pattern
with alternate sound maxima 1 + r and minima 1-r in the tube, From the ratio
n of these sound pressure maxima and minima the reflection coefficient r (see

equation below) follows directly:

(1)

- n-1
r n+l

However, we are interested in the absorption coeffiicient ~, i.e. the ratio of
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‘R d the energy absorbed by the sample to the incident energy. In other words,
: a = l-rz, from which, with the aid of the relation (1):

‘ .

L

! e (2)
| @ n+ s+ 2

The sound field is explored by means of a probe microphone, movable on a track
equipped with a scale on which the exact distance between the probe entrance
® and test sample can be read. The microphone voltage i1s amplified by a selective
) amplifier to reduce the influence of hum and noise and higher harmonics, which

are inevitably generated by the speaker in the tube. Particularly suitable

- - -

L J for this purpose is the 1/2 Octave Analyzer 2112 with 33 fixed filters from

22 Hz to 45 kHz and three scales, 0-100%, 0-70%, and 0-307.

The absorption coefficient is determined by the tube measurement method
@ only at normal incidence, which is why the measured coefficients are generally

somewhat smaller than those determined by the reverberation room method

e N X

according to W.C. Sabine's formula,

4

® 3, Density

The density of foam samples was measured according to ASTM D-1622.

4. Compression, Tensile Strength, and Elongation
. The compression, tensile strength, and elongation were measured
on an Instron Universal Tester according to ASTM D-3574, Test C and Test E,
respectively. The hysteresis curves were also obtained on the Instron at

2.0 mm/s. The area bounded by the two curves is the total energy absorbed.

®
K The hysteresis values are the ratio of energy absorbed to the total energy given
&

\ to the sample.
L/
' 5. Bashore Rebound

®
K The Bashore rebound test was measured according to ASTM D-3574,
0 .

Test H,

)
L)

L
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¢ I1I. RESULTS AND DISCUSSION

W

2 _ A. Effect of Plasticizers on Pure Polyurethane System

s

: The effect of various plasticizers on the morphology as determined
P" ‘

by (tan 8 ) behavior of pure polyurethane system was investigated. The pure

«
i

iy o

polyurethane system selected as a model formulation is labelled as Formulation

#1 in this report (see Table 3),

u o Plasticizers such as tricresyl phosphate (TCP) resulted in very high
tan§ values, and in low amounts has led to a broadening of the temperature
E‘.’ range of the transition. The area under the tan§ curve always increased
t" w with increasing amount of plasticizers (see Table 6). The glass transition
9 temperature (Tg) decreased, as expected (see Figures 2 and 3).

:: Santicizer 141 also led to an increase in tand as the amount of Santicizer
3 @ 141 increased, but the temperature range remained the same. The Tg decreased

3 also (see Figures 4 and 5).

z‘ Santicizer 160, Benzoflex 988, and Stan Flux LV also resulted in higher

5 ® and broader tan § values with the Tg again at lower temperature (see Figs. 6-8).
L Higher amounts (8%) of chain extender, Isonol-100, utilized in elastomers
:5 with 20 and 50% Santicizer 141 as plasticizer, led to a decrease in tan §

‘; - height with an increase in the temperature range., The Tg also was correspond-
i ingly higher, as expected, due to more hard segments (see Figs, 9 and 10).

:: Further analysis of the above interactions may be obtained by studying the

"E solubility parameters of the polymers and the plasticizers, Solubility para-

3 ° meters provide a measure of the extent of interactjon possible between chemical
E‘ species, To determine the solubility parameter, the structure of the smallest
;: repeat unit was considered and the contribution of each atomic group to the total

e energy of vaporation and molar volume was summed over the molecular structure,
[~ ' The ratio is calculated as the cohesive energy density and the square root is
’

!.’ '
‘

I NN AT o T P ST AT AT T, T TP TE e
R T b Ll w DA A ,. Lo T A fet

(34 b it

T ™ 000 X R . a1 \.r\ T NAT R e N et . . ATt
't oy VY La < e ¢
'..'.JP.. i.:‘,‘:.. y ¥y 'C'\ o » ) n, -J_ SN -_ o)



- W WS S dadn A 4 - -y WFVEETR Wy WM TN RN EFNErFTwWoyw  TW IR F ®WHowm»wR Y OWE s 7

X 6

M

b

b taken as the solubility parameter. The calculated solubility parameters of

N v the polymers and plasticizers are shown in Table 2,

, It has been noted during the 8tudy that as the solubility parameter of

2 various plasticizers approach those of the polyurethane group, the height of

L & tan § and the temperature range broadens. Santicizer 160 and tricresyl phos-

s phate (TCP) which have similar, high solubility parameters, and Benzoflex 9388

? which has an even higher value, led to a broadening of the temperature range

"" & and a high tan § value to result in the greatest area under the tan é§ curve,

j Santicizer 141 and Stan Flux LV, which had the lowest solubility parameter,

‘i resulted in the least enhanced height and broadness of the tan & peak.

:f“ B. Interpenetrating Polymer Networks (IPNs)

; The effects of IPN formation with epoxy were to greatly broaden the

13 tan § peak and shift it to around room temperature, This {s, of course, due

}s‘; to the interpenetrating effect resulting in a semi-miscible morphology. The

'; height of the tand peaks decreased. The overall area under the tan$ curve

gﬁ increased with epoxy content, indicating the enhancement in energy absorbing

‘#lﬁ potential of these IPNs,

N In the case of pure polyurethane, the glass transition temperature (Tg)

ﬂ is much below room temperature, but it has shifted by as much as 30°C 1in the

L,

':“. case of IPN elastomers (too close to RT-the desired location for optimum
energy absorption over broad temperature and frequency ranges),

2“ Plasticizers helped in obtaining very high tan ¢ values and a broad temper-

'? : ature range in some cases with the pure polyurethane system. However, the

,"' same cannot be said about the IPN elastomers. The temperature range has

%i narrowed, though a slight increase in tan 8 value was obtained, No relation

%Ei' between the solubility parameters of the polymers and the plasticizers could

be found regarding tan § behavior.
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The effects of various plasticizers on the morphology as noted approxi-
mately by tan & behavior of IPN elastomers were investigated, The PU/epoxy
IPN elastomer (Formulation #1 in the previous report), 60/40 with 2% Isonol-100
as a chain extender, was selected as the basic PU formulation (labelled as
Formulation #11 in this report). This formulation was repeated to check the
reproducibility and consistency of the preparation, The result is shown in
Figure 11 (the result indicates the reproducibility of the previous work).

The plasticizers used were Benzoflex 988, Santicizer 141, 148, 160, Stan
Flux LV, and tricresyl phosphate (TCP) in various preparations in the PU/epoxy
IPN.

It has been found that the higher level of Benzoflex 988 definitely in-
creases the tan § height but it narrows the temperature range. However, with
low amounts of graphite filler, it slightly broadens the temperature range,
This behavior is shown in Table 7B and in Figures 12 to 15. A shift in Tg
by ~10° was observed with the increased level of Benzoflex 988.

In the case of Santicizer 141, higher level of plasticizers does not
really effect the tan § height or the temperature range, as shown in Table 7C
and in Figures 16 and 17,

In the case of Santicizer 148, the higher level of plasticizer increases
th> tan 6 height but narrows the temperature range considerably. This is shown
in Table 7C and in Figures 18 and 19,

In the case of Santicizer 160, it has been observed that higher level of
plasticizer increases tan § height but it is acrompanied by reduced temperature

range. In addition, considerable shift in Tg (¥ 25°C) was observed. This is

shown in Tabie 7D and in Figures 20 and 21,




In the case of Stan Flux LV, the lower level of plasticizer gives very
good tan 8 height and temperature range also. This behavior is shown in
Table 7D and in Figures 22 and 23,

In the case of TCP, neither higher nor lower levels of plasticizer helped
in either increasing tan§ height or the temperature range. This behavior is
shown in Table 7E and in Figures 24 and 25.

C. Effect of Chain Extender Isonol-100

In an attempt to study the effect of change in the level of Isonol-100,
it was observed that higher levels of Isonol-100 decreased the tan§ hefght but
broadened the temperature range, as shown in Figure 27,

D. Effect of PU/Epoxy Ratio

In order to study the effect of the PU/epoxy ratio, IPN elastomers
with different PU/epoxy ratios (50/50 and 40/60) were made using Benzoflex 988
ang Santicizer 160, The results indicate that in both cases higher tan$
is obtained as compared to the PU/epoxy ratio of 60/40. However, with 30%
Benzoflex 988, the PU/epoxy ratio of 40/60 yields higher tané and broader
temperature range while with Santicizer 160 the temperature range obtained is
narrower, The results are shown in Table 7F and in Figures 28 to 33.

E. Effect of Post-Curing

During our study of the viscoelastic properties of various IPN
elastomers as shown in Table 4, it has been found that for a given
IPN elastomer, lower amounts of post-curing result in tan é values which
are considerably higher and somewhat broader than that of the fully post-
cured elastomer sample,

The high tan & values of the samples without post-curing or low post-

curing time (See Table /Gand Figures 34-43)were probably due primarily to
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the unused epoxy. The molecular chains are partially loosening and the

small chain segments can move, i.e, the epoxy acts somewhat as a crosslinked
plasticizer. In order to investigate the above phenomena, THF (tetrahydro-

furan) extraction of uncured reference IPN elastomers was carried

out on samples ranging from no post-cure to 2, 4, 8, and 16 hours of post

cure,
The samples were extracted for 24 hours, followed by vacuum drying

at 66°C for 24 hours and were conditioned at 25°C and 50% relative humidity

for at least three days prior to testing.

The results are shown in Figures

44 to 49, not

It indicates that the epoxy has gelled within the mold, 1i.e,
much was extracted (see weight loss results in Table 8),

The following observations made be made from Figures 44 to 49:
1) The weight loss after the extraction decreased as the time of post-
curing increased,

2) For the sample with no post-cure and two hours post-cure, the
tand results are unusual below 0°C (multiple peaks), where as for 4, 8,
and 16 hours post-cured samples, the unusual results are below -20°%.

3) For almost all the samples, the maximum height of tandé and the
temperature range do not vary considerably.
The results obtained are quite interesting and require futher investigation.
F. Discussion
Since difficulties arose pertaining to collapsing and shrinkage of
the foams, as mentioned in the previous reports and necessitated preheating
the reactants, a series of experiments was conducted on the amount of water
exlsting in the foams as blowing agent., This amount was varied in different

formulations according to different levels of epoxy and fillers to result in
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desirable foams (no collapsing or shrinkage of the foams without preheating
the reactants, as was necessary in the previous studies).

IPN foams were then prepared with PU/epoxy ratios of 90/10, 80/20, 70/30,
60/40, and 50/50. Different levels of fillers, such as graphite and rubber
powder, were introduced into the IPN foams at different levels and various
PU/epoxy ratios. Figures 50-52 show the effects of the PU/epoxy ratio for
different fillers at different levels on the sound absorption. Figures 53-55
also show the effects of graphite for different PU/epoxy ratios on the sound
absorption. The total energy absorbed at lower frequencies (0-500 Hz),
higher frequencies (500-8000 Hz) and the whole range of frequencies (0-8000 Hz)
was calculated from the areas under the sound absorption curves (bar charts),

A cutoff at 500 Hz was made because this seems to be where most of the foams

experienced a quantum jump in sound absorption, The acoustical energy ab-
sorbed at each range of frequencies was compared to each other in the form

of relative deviation within that frequency range, Therefore, it is not
advisable to compare the plots of different frequency ranges because of the
scattered nature of the data. Simply compare behavior of each system within
each of the ranges. The least-squares method was used to lump all the informa-
tion available onto a linear curve. This would show trends as to how the pro-
perties of the foams are affected. Figure 50 indicates that at the lower
frequencies, addition of the epoxy improves the sound absorption at all levels
of graphite and rubber powder. This, however, is not true at the higher
frequencies (see Figure 3), Notice that addition of epoxy improves the sound
absorption of the sample without any fillers added at both lower and higher

frequency ranges, Figure 53 shows that the samples with PU/epoxy ratios of

70/30 and 80/20 have positive reaction to higher levels of graphite at lower
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frequencies. At higher frequencies, the 80/20 sample still has an upward
slope with increasing graphite while the 70/30 sample almost stays unaffected
(see Figure 54).

The effects of plasticizers were studied on IPN foams with PU/epoxy
ratios of 90/10 and 70/30. Each plasticizer was used at 20% by weight,
Higher amounts could not be used due to foam collapse (crosslinking reduced
too much), It can be seen from Figure 56 that Stan Flux LV improved the
sound absorption at both the lower and the higher frequencies for the PU/
epoxy ratio of 90/10. Santicizer 148 and 160 had a large impact on the
samples at the higher frequencies. However, they lowered the sound absorp-
tion at the lower frequencies., Santicizer 160 improved the sound absorption
of the IPN foam with the PU/epoxy ratio of 70/30 at both the lower and the
higher frequencies (see Figure 57). Benzoflex 988 and Santicizer 148, however,
lowered the sound absorption at the lower frequencies.

Other foam properties such as compression, tensile strength, rebound
and hysteresis, were measured for the foam samples. The effect of graphite
on stress at 50% compression of the samples may be seen from Figure 58,
where graphite slightly improved the 70/30 IPN foam and lowered the compres-
sion at 60/40. The properties of the rest of the PU/epoxy ratios were almost
unchanged by graphite addition, The tensile strength properties of the IPN
and PU foams were lowered as a result of increasing the graphite (see Figure
59). This most likely is due to the presence of the foreign material in
the samples which disturbs the crosslinking of the foams to result in the
lower tensile strength properties., The presence of the graphite also slightly
improved the hysteresis properties (see Figure 60). As the ratio of the epoxy

increases in the IPN foams, a decrease in stress at 507 compression occurs
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in the presence of fillers. However, foams without graphite and rubber powder
showed an upward slope (see Figure 61). The tensile strength properties were
lowered as the concentration of the epoxy was increased (Figure 62). The most
dramatic effects of IPN formation on the energy absorbing abilities of these
foams occured in the mechanical energy absorption measurements, i.e. rebound
and hysteresis (see Figures 63-64), As expoxy increases, rebound decreases
significantly while hysteresis increases, Both these results demonstate

the enhancement in energy absorption due to IPN formation.

The mechanical properties of IPN 90/10'and 70/30 are shown in Figures 65-
68, with different plasticizers introduced into the foams. Figure 65 shows
that the stress at 50% compression was lowered by introducing Santicizer 160,
Benzoflex and Stan Flux LV, The hysteresis and tensile strength have also
dropped in the presence of plasticizers (Figures 66 and 67 respectively),
Introducing the plasticizers has Towered the rebound values as expected
(Fig. 68).

In order to determine the effects of density and cell structure on the
sound absorption of these foams, foams with varying amounts of Freon (PY/epoxy=
70/3J) and varying ratios of surfactants prepared (Figures 69-71 and Figures
72-74). As can be seen, increasing density resulted in increased sound ab-
sorption, especially at lower frequencies. Coarser cell structure resulted
in enhanced sound absorption, especially at higher frequencies,

Future Work

Three component IPN's will be studied,
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Table 5. Foam Formulations

1 2 3 4 5 6 7 8 9
Isonate 143L 25 - « 7.5 - « - - -
Niax 31-28 100 - « 60 - - - - -
1,0 1,05 « « 0.77 « « * - -
1,4 Butanediol - - - - - - - - -
A-1 0.06 <« « 0.06 « « « - -
T-12 0.02 <« « 0.02 < « - + -
DC-193 0.5 - « 0.1 « « « « «
L-540 0.5 « « 0.3 « s « « -
DER-330 - - - 8.6 « “ « « -
Xu-213 - - - 0.25 « « « - -
DMP-30 - - - 0.12 « - - -
Freon-l1A 15 « + 20 - + « « «
Plasticizer - - - - - - - - -
Filler* 0 12,5 25,0 O 4.3 8.7 13.0 17.3 21.7
PU/Epoxy 100/0 “ « 90/10 <« - « « -
Filler, % 0 10 20 0 5 10 15 20 25

Plazticizer, % - - - - - - - - -

1,4 Butanediol, % - - - - - - - - -

*Graphite (#2 Flakes)
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Isonate 143L
Niax 31-28

H20

1,4 Butanediol

A-1

T-12
DC-193
L-540
DER-330
Xu-213
DMP-30
Freon-1llA

Plasticizer

Table 5

22
21.4

50

0.95

0.06
0.02
0.5

0.5

48,2
0.72
0.36

20

23

s

26

- e M m e e W m e e W m o e e e e W™ ™ m e e e W e ™ o e e e e = = e

PU/Epoxy

Filler, %

Plazticizer, X

1,4 Butanediol, %

*Graphite (2 F

lakes)

(continued)
24 25

+ 27.8
+ 50
« 1.28
- 0.06
+ 0.02
+ 0.5
« 0.5
« 79.0
+ 1.20
« 0.80
- 20
24 0

« 50/50
20 0




22

o

"y

N Table 5 (continued)

"

" 27 28 29 30 31 32 33 34

Isonate l43L 25 17.5 20.3 17 .4 21.4 17.5 « -

1%
K- Niax 31-28 100 60 60 50 50 60 - .
h
l
K- H,0 1.05 0,77 0.90 0.76 0.95 0.77 <« -
¢

* 1,4 Butanediol - - - - - - - -
. A-1 0.06 < < « « 0.06 + «
e T-12 0.02 <« « « - 0.02 <« «
by

v DC-193 0.5 0.1 <« « 0.5 0.1 « -
) L-540 0.5 0.3 <« - 0.5 0.3 <« -
v
o DER-330 - 8.6 20,3 29.2 48.2 8.6 < «
]

XU-213 - 0.25 0.30 0.44 0.72 0.25 « -
. DMP-30 - 0.12 0.15 0.22 0.36 0.12 « -
"
Freon-11lA 20 * « « - 20 « -
| @ Plasticizer ) i - , - 17.4% 17.4% 17.4°
8
‘2 Filler* 12.5 8.7 10 10 12 - - -
T i I I I e e
Mo PU/Epoxy 100/0  90/10 80/20 70/30 60/40 90/10 < .
.: Filler, % 10 « « « « - - -
:f Plazticizer, % _ - - _ - 20 - <
‘ 1,4 Butanediol, % - - - - - - -
:: lSanticizer 148
“ 2Sant:i.cizer 160

i 3Stan Flux LV

’

o
L -
kY.
e
L
.
1)
l

L
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Table 5 (continued)
35 36 37 38 39 40 41
¢ Isonate 143L 28.8 24+ « 36.4  « 24
: Niax 31-28 60 50 + + 80 * 50
H20 0.81 0.90 <« « 144« .90
® 1,4 Butanediol 2.7 1,12 <« « 1.80 < 1.12
A-1 0,06 <« « « 0.06 <« 0.06
T-12 0.02 « « - 0.02 +« 0.02
¢ DC-193 0.1 0.2 + - 0.2 <« 0.2
L-540 0.3 0.3 + + 0.2 « 0.3
DER-330 40 32,5 +« « - - 32.5
& XU-213 0.59 0.49 + « - - 0.49
DMP-30 0.29 0.24 <« « - - 0.24
Freon-1l1A 3o 26 * « 20 b 22
. Plasticizer 268 220 222 223 bt g 32!
Filler* - - - - - - -
o PU/Epoxy 70/30 < . «  100/10 « 70/30
Filler, X% - - - - - - -
Plazticizer, % 20 20 0 30
* 1,4 Butanediol, % 2 1 . - 1 1 1
1Benzoflex 988
2Santiqizer 148
¢ 3Sarn:j.cizer 160
L)
o

a0

(X OY (™. ) ¥ y . . . ) e - o - WA M
RO R R, o o e Lo RO 5 o SN ! et e NN it ety it




Table 5 (continued)

T T CH R T e T T TrTeTrTwT T v rre

24

42 43 44 45
Isonate 143L 24 « 36 «
Niax 31-28 50 * 75 «
320 0.90 <« 1.35 =«
1,4 Butanediol l.12 + 1.68 <«
A-1 0.06 <« 0.09 «
T-12 0.02 « 0.03 <
L-5303 u.l « 0.1 «
L-548 0.9 « 1.0 «
DER-330 32,5 +« 48.8 <«
Xu-213 0,49 <« 0.74 <«
DMP-30 0.24 < 0.35 <«
Freon-11A 20 « 10 20 30 40 30 « «
o Plasticizer 22t 222 3t . . . . . .
Filler* - - - - - - - - -
® PU/Epoxy 70/30 « * « « « « « «
Filler, % - - - - - - - _ _
Plazticizer, % 20 A + + + -« « < -«
L @ 1,4 Butanediol, X 1 * “ < « « « - -
L-548/L-5303 9/1 10/1  10/1 10/1 10/1 1/1 2/1 8/1

1Sant: icizer 148

2Sant:ic: izer 160
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TABLE 8
% Wr. Loss AFTER THF EXTRACTION

‘:15
S, No, SYSTEM Wr, Loss IN %
o 1 UNCURED 14,10
2 2 HKS, POST CURED 13,40
3 4 HRS, POST CURED 12,10
° ot § HRS, POST CURED 11,33
5 16 HRS. POST CURED 8.00
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Table 9

S. No. System TMA

1 Pure polyurethane 43°C to -26°C

2 Pure polyurethane + 20% TCP -41°¢ to -23.5%
3 Pure polyurethane + 50% TCP +44°C to -28°C

4 Pure polyurethane + 20% Santicizer 141 -48°¢c to -26°%

5 Pure polyurethane + 50% Santicizer 141 -63°C to -51°%

6 Pure polyurethane + 20% Santicizer 160 -55.5°C to -43°C
7 Pure polyurethane + 20% Benzoflex 988 43°c to -25.5°C
8 Pure polyurethane + 20% StanFlux LV -58.5°C to -46°C
9 Pure polyurethane + 20% Santicizer 141 41°% to -12%
10 Pure polyurethane + 50% Santicizer 141 -48°C to -28°C

Systems 1 through 8 used 2% Isonol 100.

Systems 9 and 10 used 8% Isonol 100.
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Table 10
® S. Na. System First Peak Second Peak
11 60/40 + no plasticizer -10.0% +173.0%
12 " 4 10% Benzoflex 988 -13.0% +174 0%
| 13 " 4+ 30% Benzoflex 988 -21.0% +202.0°C
1_‘ 14 " 4+ 50% Benzoflex 988 -21.0% +173.0°%
15 " + 50% Benzoflex + 5% filler -15.5°C +201.0°C
16 " 4+ 20% Santicizer 141 -6.0°C +207.0°%
17 " 4+ 50% Santicizer 141 -5.0°% +231.5°%
18 " 4 20% Santicizer 148 -6.5°% +172 .0
® 19 " 4+ 50% Santicizer 148 -33.0°%C +211.0°C
20 M 4 20% Santicizer 160 -11.0% +204.0°C
21 " 4 %0 % Santicizer 160 -31.0°% +178.0°%
22 " 4 10% Stan Flux LV -12.5% +168°¢C
® 23 " 4 20% Stan Flux -13.0°% +181.0°C
24 " 4 20% TCP -5.0% +211.,0%
25 " 4+ 50% TCP -21.0°% +209.0°¢
26 Approx. 60/40 + 20% Santi. 148  -37.0°% +179.0°%
™ 27 60/40 + 50% Benzoflex 988 -23.5% +192.0%
28 50/50 + 30% Benzoflex +.0% -
29 50/50 + 20% Santi. 160 -19.06°% +207.5°%
30 40/60 + 30 % Benzoflex 988 -14.0% -
® 31 40/60 + 20% Santi. 160 -2.5% +207.5%
Systems 11 through 31 used 2% Isonol-100 except systems
é 26 and 27.
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® TaBLE 11 %
Statistical Analysis on Areas Under Sound
Absorption Curveé’._
o UNIT = 1 RELATIVE DEVIATION
sample No, 0-500 Hz 500-8000 Hz 0-8000 Hz
1 3.51 2,00 2,04
¢ 2 3.36 3,57 3,60
3 3.36 3.32 3.4
4 3.24 1.23 1.67
¢ 5 3.81 2.64 2.73
6 3.14 3.34 3.42
7 2.96 3.09 3.16
@ 8 1.58 3,57 3,61
9 1.75 3.56 3.60
10 3.28 2,80 2.87
@ 11 2.60 3.20 3,25
12 3,13 3,21 3 99
13 3.21 3.49 3,58
° 14 3.34 3.16 3,24
15 - 4,78 2,02 2.11
16 3.93 1,32 1.34
e 17 3.29 1.18 1.18
18 4.15 2.38 2,47
19 3.65 1.00 1,00
20 4.95 1.38 1.45
- 21 §.53 1.41 1,46
22 4,22 2.67 1.77
®
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i d[ TaBLE 11 (cONTINUED) 37
§ UN1T = 1 RELATIVE DEVIATION
Sample No. 0-500 Hz 500-8000 Hz 0-8000 Hz
; 23 | 4,21 2.77 2,33
o 24 2.4y 4,24 4,34
y 25 3,90 3,28 3.40
) 26 1.81 3.36 3.39
‘ 27 1.00 4,17 4,20
. 28 1.88 3.86 3,92
: 29 3.07 3.20 3,28
3 30 4.4y 1.71 1,77
31 3,83 1.91 1,96
- 32 2.47 4,16 14,26
33 2.38 4.67 4,79
| ¢ 34 4,12 2.29 2,37
3 35 1.95 3.69 3,74
¢ 36 2.63 3.45 3.53
j 37 1,03 4.69 4,76
. 38 4,01 3.88 4,02
¢ 39 3.02 2.86 2,92
B 40 3.13 3.36 3,45
- 41 1.62 4.26 4,33
3.
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Table 12 . Property Measurements of Foam Samples

Hyster - Tensile 50% Com-
esis Density Rebound Strength Elongation pression
No. (%) (pcf) (%) (KPa) (T) (KPa)
1 28 3.4 35 158 120 15
2 30 3.9 33 152 115 15
3 31 4.3 32 138 107 16
4 39 2.4 20 140 100 21
5 27 2.3 12 108 75 26
6 40 2.3 12 90 75 21
7 42 2.5 16 105 100 18
8 43 2.6 14 96 100 24
9 52 2.6 17 69 65 18
10 43 2.5 14 113 120 13
11 31 2.2 7 86 124 22
12 33 2.6 7 102 105 17
13 40 2.7 11 99 113 19
14 42 2.7 11 83 105 17
15 40 3.9 11 72 85 11
16 47 2.6 8 114 130 13
17 53 2.7 6 94 115 18
18 51 2.7 4 84 115 10
19 54 2.6 4 69 124 16
20 54 3.2 6 78 105 12
21 53 3.1 8 75 100 18
22 73 3.1 8 89 150 15
23 58 3.2 6 69 124 14
24 69 4.0 6 58 95 12
25 83 2.8 3 66 90 18
26 85 3.2 13 83 62 11
27 35 4.3 39 207 124 15
28 48 3.1 24 153 100 21
29 51 3.7 17 144 112 15
30 39 3.4 9 108 111 9
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z Table 12 (continued)
;
Hyster- Tensile 50 % Com- '
N o esis Density Rebound Strength Elongation pression
- No. (%) {pcf) (%) (KPa) (%) (KPa)
k)

A 31 53 5.0 12 158 90 10
E 32 31 3.6 16 63 107 15
& 33 27 3.2 18 50 90 10
19 138 107 13

>
(W)

4

w

[ag}

-~

w w

35 40 3 1 108 129 12
A 3e <5 3.9 7 108 120 11
37 3¢ 2.9 3 37 116 17
. 38 37 3.7 6 75 116 10
% 3¢ 36 2.8 16 72 98 18
- ~3 :. 2.0 18 56 76 25
‘A -l 50 3.9 3 63 116 12
M .l <2 3. 4 64 186 7
\ 3 3% 3¢ € 55 184 §
S - -l L 11 83 162 10
. .3 2 3. s 65 161 N
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Resclts on oconstant Zeflection compression set test:

A
) - . . :
s Ihe presence of the efIxy caused over 60% deflecticn of the
6. A . - - $ . - . - -
& criginal thiikness of the sazple., however, the thicknesses of the
K zamples without epoxy were not affectel in this test, The samples
L]
. were feflestel to T3 of the criginal thickness and were trested
*' . R .
. aooording to ASTM Da3E .
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-; ‘ : Fig. 1 Dynamic Mechanical Spectroscopy
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- Fig. 2 Dynamic Mechanical Spectroscopy
- Pure PU + 2% Isonol 100 + 20% TCP
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E‘ - Fig. 3 Dynamic Mechanical Spectroscopy
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- Fig. 4 Dynamic Mechanical Spectroscopy
@ - Pure PU + 2% Isonol 100 + 20% Sant. 141
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- Fig. 5 Dynamic Mechanical Spectroscopy
- Pure PU + 2% Isonol 100 + Sant. 141
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- Fig. 6 Dynamic Mechanical Spectroscopy
] . Pure PU + 2% Isonol 100
° + 20% Sant. 160 |
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:: - Fig. 7 Dynamic Mechanical Spectroscopy
e -] Pure PU + 2% Isonol 100 + 20%

: E Benzoflex 988
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- E' Fig. 9 Dynamic Mechanical Spectroscopy
: Pure PU + 8% Isonol 100 + 20% Sant. 141
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Fig.

10

Dynamic Mechanical Spectroscopy
Pure PU + 8% Isonol 100 + 50% Sant. 141
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Fig: 13
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] Fig: 15 Dynamic Mechanical Property of 60/40 PU/Epoxy
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] Fig: 18 Dynamic Mechanical Property of §0/40 PU/Epoxy
IPN Elastomer (2% Isonol 100) with 20% 1.
- Santicizer 148
q
h |y
100 | -
ﬂ
—ray — ] .‘
e ]
El‘
A —a 1.0
] &
3
- On
S —J1 .
10 j
o
S . |
["¢] —
e
>y anny
° 4 — 1o
-
__l}o.
108 | o
-
nd ﬁ-o.
—40
e
7 | | | (o
10 BU 720 T80

" W L TN PR R AL I N
'\Y‘-'\\\-.\‘\-\\'\‘-.-N.\.i
':1":\':&%\':‘-‘:&1&':&.&{\“:\.'fx‘fn.‘ﬂ A A



IS
¢

g VTV,

2 X "]
Ve

)
3

g

LA

s

e A

2

Dynes/cm

58 ;
] . .
- Fig: 19 Dynamic Mechanical Property of 60/40 .
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: Fig: 20 Dynamic Mechanical Property of 60/40 PU/Epoxy
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- Fig: 28 Dynamic Mechanical Property of 50/50
- PE/Epoxy + 2% Isonol 100 + 30%
- Benzoflex 988 1.
q
1.
1009
] 1 4
El
EII
1.4
= o'
-}
O
109"—1‘ 1.
-
~ 0.4
0.4
108
: tansé
- an
- 0.4
0.4
7 | ] lo
10 BO 160

S TSR
W %, """-""

0 ; Ty g % Wy
ntta o)

n .- Lt [ %

aaNRaa

b} h‘l"n

i




Y R YO I T O T T TR T R W IR T O e T W T W M R W Y W PN E Y WU VRN

68

. Fig: 29 Dynamic Mechanical Property of 50/50
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Fig:
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] FIG:34 Dynamic Mechanial Property of 60/40 PU/E IPN
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- FIG: Dynamic Mechanial Property: of 60/40 PU/E IPN
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- FIG: Dynamic Mechanial Property of 60/40 PU/Epoxy
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Dynamic Mechanial Property of 60/40 PU/E IPN
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7] B ﬁIG: Dynamic Mechanical Property of 60/40 PU/E
_ 40 IPN Elastomer with 2% Isonol-100 + 20%
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Dynamic Mechanical Property of 60/40 PU/Epoxy IPN
Elastomer (2% Isonol-100) with 50% TCP Uncured
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-~ Fig: 44 Dynamic Mechanical Property of 60/40 PU/Epoxy
- + 2% Isonol 100 IPN Elastomer, Non Cured,
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Fig: 45

Dynamic Mechanical Property of 60/40 PU/Epoxy
+ 2% Isonol, Post Cured 2 hours, 'THF Extracted
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- Fig: 47 Dynamic Mechanical Property of 60/40 PU/Epoxy
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Dynamic Mechanical Property of 60/40 PU/Epoxy
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Vs, Cell Structure
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