
Ultrasonic Investigation of Some Rubber Blends 

M. A. SIDKEY, A. M. ABD EL FATTAH,* A. A. YEHIA,+ and N. S. ABD EL ALL 

Ultrasonic Laboratory, National Institute for Standards, Tahrir St., Dokki, Cairo, Egypt 

SYNOPSIS 

Compression ultrasonic velocity, longitudinal ultrasonic absorption, and heat of mixing 
for NR-BR, NR, NBR, and NR-IIR rubber blends were measured. Results show the ap- 
plicability of examining the compatibility degree by using longitudinal ultrasonic absorption 
techniques. Results showed that NR-BR blends are compatible, whereas NR-NBR and 
NR-IIR blends are semicompatible and incompatible, respectively. 

INTRODUCTION 

The concept of physically blending two or more ex- 
isting polymers to obtain a new product has not been 
developed as fully as the chemical approach to 
blending, but the physical approach is now attracting 
widespread interest and is being used commercially. 

Polymer blends are physical mixtures of struc- 
turally different polymers, which interact through 
secondary forces with no covalent bonding.' The 
manifestation of superior properties depends upon 
compatibility or miscibility of homopolymers a t  
molecular levels. Depending upon the degree of mo- 
lecular mixing, the blends may be categorized thus; 
totally miscible (compatible blends), semimiscible 
( semicompatible ) , and immiscible ( incompatible 
blends). The word compatibility, therefore, refers 
to miscibility of homopolymers on a molecular scale, 
and of random copolymers blending with each other 
in various combinations. 

Compatibility of polymer blends can be examined 
by sophisticated experimental and theoretical tech- 
niques.' Such techniques include studies on viscos- 
ities, heat of mixing, mechanical properties, glass 
transition temperature, and morphology by electron 
microscopy. Recently, Hourston et al.3 has indicated 
the use of ultrasonic measurements for compatibility 
determination. Singh et al.4 and Singh5-7 have mea- 
sured viscosity and ultrasonic velocity for compat- 
ible, semicompatible, and incompatible polymeric 
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blends. They found that in compatible blends, the 
ultrasonic velocity varies linearly with composition, 
while the velocity deviates from linearity in incom- 
patible polymer blends. 

Kuleznev et a1.8 have carried out viscometric and 
sonic investigations to reveal various aspects of the 
compatibility of polymer blends in highly viscous 
and solid form. More recently, Bagchi et al? mea- 
sured ultrasonic velocity, density, and absolute vis- 
cosity for solutions of ISRO polyol in various sol- 
vents. The salvation number was found to be higher 
in highly hydrogen-bonded solvents. The theoretical 
and experimental values of Roa constants are found 
to be identical within experimental errors. 

Slonimskii and Struminskii, lo determined the 
heat of mixing of many polymer pairs with the same 
ratio as that of the components. They found that, 
in most cases, systems which do not separate into 
phases (compatible) are characterized by negative 
values for heat of mixing (i.e., AH < 0) , while sys- 
tems that separate into phases (incompatible) are 
characterized by positive values for heat of mixing, 
(i.e., AH > 0). Slonimskii" calculated the heat of 
mixing of polymers with each other; the behavior 
of the mixture of solutions of various polymers was 
also investigated. He found that the mixing of poly- 
mers with each other is usually an endothermic pro- 
cess and leads to the formation of macroscopically 
homogeneous, but actually microheterogenous, sys- 
tems with extremely high degrees of dispersion. 

Bohn '' prepared a list of compatible and incom- 
patible pairs of polymer blends. He found that the 
heat of mixing is an approximate measure of free 
energy of mixing and thus may indicate the degree 
of compatibility. SchneierI3 calculated the heat of 
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mixing for a number of compatible and incompatible 
polymer blends. He suggested an equation based 
upon the formulation of Gee,14 which is given as; 

AH = [XiMi~pl (b  -82){Xz/(l  -X2)M2~2 

+ (1 - X1)M1cp1}211'2 (1) 

Where 2?, cp, and Mare the weight fraction of poly- 
mer, density, and monomer unit molecular weight, 
respectively. The 6 is the solubility parameter of the 
polymer. Singh and Singh5 calculated the heat of 
mixing of some compatible blends using the Schneier 
equation. They reported that the heat of mixing, 
with values below a figure that is considered to be 
the upper limit of compatibility (10 X cal/ 
Mol ) , indicate compatible and semicompatible 
blends. On the other hand, values for the heat of 
mixing for incompatible blends are mostly above this 
upper-limit value. The present study describes an 
experimental investigation of compatibility in SO- 

lutions of the rubber blends: NR-BR, NR-NBR, 
and NR-IIR, by ultrasonic techniques. The study 
also covers theoretical calculations of the heat of 
mixing in these rubber blends. 

EXPERIMENTAL 

Materials 

The following blends have been prepared: 

1. NR (Natural rubber RSSI) + BR (Cis I,4 

2. NR (Natural rubber RSSI) + NBR (Acry- 

3. NR (Natural rubber RSSI) + IIR (Isobutyl- 

polybutadiene rubber), 

lonitrile butadiene rubber), 

ene Isoprene rubber). 

The rubber blends were prepared by masticating, 
on two roller mills, the two component rubbers sep- 
arately for 20 min. Requisite proportions of the two 
rubbers were then dissolved in toluene and were 
mixed thoroughly. Two blend concentrations were 
prepared (2% and 10% ) . Different composition ra- 
tios were then prepared according to the following 
percentages: 

Natural 

Synthetic 
Rubber 0 10 20 30 40 50 60 70 80 90 100 

Rubber 100 90 80 70 60 50 40 30 20 10 0 

Measurements 

1. Density (cp) : The densities of dilute solutions 
(2%)  were measured by pyknometer, and 

those of concentrated solutions ( 10% ) by 
specific gravity bottle. All density measure- 
ments were measured accurately to four dec- 
imal places. 

2. Compressional ultrasonic velocity ( C )  : The 
compressional velocity measurements were 
performed on solutions using an echo pulse 
technique. The time elapsed between two 
successive echoes was accurately measured 
using a double beam oscilloscope (Phillips 
PM 3055). Measurements were carried out 
a t  6 MHz; velocity measurements were ac- 
curate to +0.5%. 

3. Longitudinal ultrasonic absorption (a): An 
Ultrasonic Flow Detector USM2 (Krautkra- 
mer, W. Germany) was used in these mea- 
surements. This apparatus is capable of pro- 
ducing high-frequency oscillations in the fre- 
quency range of 0.5-12 MHz, and the 
apparatus usually operates with the same 
transducer as transmitter and receiver. The 
solution was contained in a double-walled 
glass cell where the transducer formed its 
base. Thermostated water was circulated 
from an ultrathermostat with thermal sta- 
bility of +0.25"C. The height of the blend 
solution in the cell (d) was measured accu- 
rately. Also, the heights (amplitude) of two 
or three echoes, which resulted from apply- 
ing an ultrasonic pulse to the solution un- 
der investigation, were measured. The ab- 
sorption of longitudinal ultrasonic waves 
was then calculated from the equation, a 

= 10 log - 2d , A. is the amplitude of i J A A Y ) /  1 
the pulse at d = 0, and Al is the amplitude 
of the reflected echo. All measurements were 
performed at 6 MHz and at a constant tem- 
perature of 25" k 0.5. 

4. Compressibility (@)  : The adiabatic compres- 
sibility @ of the rubber blend solution was 
calculated by the equation of Newton and 
Laplace,15 @ = 1/C2cp, where C is the 
compression ultrasonic velocity, and cp is the 
density of the blend solution. 

RESULTS AND DISCUSSION 

It is of great interest to investigate the behavior of 
the compressional ultrasonic velocity and longitu- 
dinal ultrasonic absorption in a number of rubber 
blend solutions in order to establish the general 
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Figure 1 Ultrasonic velocity vs. NR composition in NR-BR blend solution. 

shape of the curves. The compatibility, or the affinity 
of natural rubber, to be mixed with different types 
of rubber is determined according to the linearity 
behavior of these curves. 

vs. the composition of blend, that is, the weight per- 
centage of NR. The figure shows a linear relation 
that is represented by straight lines characterizing 
a compatible rubber blend. The linearity of this re- 
lation confirms the complete solubility of these two 

NR-BR Blend System rubbers in each other in all proportions. 
The relation between longitudinal ultrasonic ab- 

Figure 1 describes the compressional ultrasonic ve- 
locity measurements in the NR-BR blend solutions 

sorption and composition of this blend system is 
shown in Figure 2. The figure shows only one max- 

NR-BR 

COMPOSITION % 

Figure 2 Ultrasonic absorption vs. NR composition in NR-BR blend solution. 
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imum and one minimum at about 40% and 8096, 
respectively. The presence of one maximum and one 
minimum reflects the mutual solubility of compo- 
nent rubbers and the formation of a true solution 
from them. This behavior indicates that NR and 
BR macromolecules in the mixture are packed in a 
more orderly fashion than they are in individual 
components. 

The heat of mixing of the NR-BR blend has been 
calculated by applying the equation, given by 
Schneier, l3 over the entire range of compositions; 
the variation of the calculated heat of mixing with 
composition is shown in Figure 3. The NR-BR blend 
is supposed to be a compatible blend since the cal- 
culated heats of mixing at  all compositions are found 
to be in the range of 5.43 X 10-3-1.45 X cal/ 
mol. This range is well below 10 X cal/mol, 
the figure considered to be the upper limit of com- 
patibility. These thermodynamic calculations indi- 
cate a significant degree of miscibility in the NR 
and BR blend. 

Figure 4 depicts the variation of the adiabatic 
compressibility with the composition of the NR-BR 
blend system. A linear relationship is shown. This 
linear behavior suggests a compatible NR-BR blend. 

NR-NBR Blend System 
The variation of compressional ultrasonic velocity 
with NR-NBR solution blend composition is plotted 
and is shown in Figure 5. The curves are nonlinear 
and of an S type, which clearly indicates a region of 
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phase inversion. The nonlinearity is more pro- 
nounced in the high concentration blend ( 10% ). 
Departure from linearity has been indicated in the 
sonic velocity measurements in semicompatible 
blends by Hourston and hug he^.^ There may be an 
interaction between NR-NBR macromolecules on 
the mill during mastication through the free radicals 
interaction. 

The relation between longitudinal ultrasonic ab- 
sorption and blend composition is shown in Figure 
6. Two maxima and two minima are observed in the 
curve. The appearance of these maxima and minima 
suggests a region of distinct phase reversal a t  inter- 
mediate composition. A shape of relation such as 
this can, therefore, characterize a semicompatible 
blend. 

The above stated semicompatible nature of NR- 
NBR blend is further confirmed by calculations of 
the heat of mixing. Figure 7 shows the calculated 
heat of mixing against the blend composition. The 
values of heat of mixing lie in a range between 19.4 
X and 5.2 X lop3 cal/mol, which is higher than 
the upper limit value of compatibility. 

Figure 8 shows the influence of blend composition 
on the adiabatic compressibility. The shape of the 
curve is curvilinear, which is characteristic of semi- 
compatible rubber blends. 

NR-IIR Blend System 
Figure 9 shows the variation of ultrasonic velocity 
with composition of NR-IIR blends. The figure de- 
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COMPOSITION % 

Figure 3 
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Figure 6 Ultrasonic absorption vs. NR composition in NR-NBR blend solution. 

interaction of the blend in this region. This phase 
inversion may be attributed to the association of 
macromolecules, which indicates the aggregation of 
rubber domains in rubber-rubber solvent system.16 

Figure 10 shows the relation between longitudinal 

ultrasonic absorption and weight percentage com- 
position of the NR-IIR blend. Two maxima and two 
minima are clearly seen, indicating that the blend 
of natural rubber on butyl rubber behaves as two 
phases. 

N R -  NBR 
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COMPOSITION Yo 

Figure 7 Heat of mixing as a function of NR composition in NR-NBR blend solution. 
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Variation of adiabatic compressibility with the cornpositon of NR-NBR blend 

Figure 11 gives the relation between the calcu- are in a pure unstable mixture. The incompatibility 
lated heat of mixing of NR-IIR blend and the corn- of this blend may be a result of the difference in the 
position of the blend. Values of AH range between nature of the macromolecules. 
17.0 X cal/mol and 8.9 X cal/mol. These Figure 12 gives the relation between calculated 
positive values imply that macromolecules in the adiabatic compressibility and composition of the 
mixture are in a more disordered state than they blend. The shape of the curve is similar to that of 
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Figure 9 Ultrasonic velocity vs. NR composition with NR-IIR blend solution. 
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Figure 10 Ultrasonic absorption vs. NR composition with NR-IIR blend solution. 

the NR-NBR blend, which characterizes a noncom- 
patible blend. 

The present investigation indicates clearly that 
the compatibility of rubber blends may be studied 

in solutions by the ultrasonic absorption technique. 
It may be, therefore, concluded that the simple mea- 
surements of longitudinal ultrasonic absorption and 
compressional ultrasonic velocity provide a clue to 

solution. 
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Figure 12 
solution. 

Variation of adiabatic compressibility with the compositon of NR-IIR blend 

the compatibility of rubber blends, which clues are 
generally obtained by the sophisticated, rigorous, 
and expensive techniques of thermal, dynamic, and 
electron microscopic analysis. 

The compatibility of NR-BR blends, the semi- 
compatibility of NR-NBR blends, and the incom- 
patibility of NR-IIR blends are in agreement with 
the findings published by Yehia et al.17718 which were 
based upon viscometric and dynamic modulus mea- 
surements. 
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