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This paper describes the use of ultrasonic transducers to estimate the physical and mechanical changes 
produced in organic polymers when they are subjected to high pressure gas media. Two experimental 
methods, involving the use of commercial ultrasonic transducers, are outlined to exemplify the potential of the 
techniques. One method uses a transducer as a simple displacement probe where the linear strain in the 
sample is sensed by measuring an acoustic distance in a liquid chamber attached to the sample. A second 
method measures an acoustic length in the sample itself. Both methods require appropriate calibration. The 
second technique also provides data on the physical state of the sample, in particular the acoustic modulus 
and the formation of internal fissures or bubbles which may be generated in fluctuating gas pressure fields. 

(Keywords: ultrasonic transducers; organic polymers; polymer~as interaction) 

I N T R O D U C T I O N  

Organic polymers absorb appreciable quantities of gas 
when they are exposed to a high pressure gas. The mass 
sorbed, or indeed desorbed, following a change in 
ambient gas pressure is time dependent but usually an 
equilibrium gas solubility is achieved after a suitably long 
period of time. This kinetic behaviour is, of course, 
governed by the permeability of the gas in the polymer 
under the prevailing ambient conditions. Hence the gas 
saturation times are a function of the particular 
combination of the gas, the polymer, the temperature and 
the ambient pressure. Similarly, the equilibrium mass 
solubility is a function of the same variables. At the 
'equilibrium' condition the mass sorbed by many 
polymers is in proportion to the ambient gas density. In 
addition the prevailing gas pressure appears to induce a 
triaxial stress on the polymer. In some cases, notably 
PTFE,  the polymer contracts 1 although the elastomer 
considered here dilates. 

Thus, when the polymer is equilibrated in a high 
pressure gas environment it contains a uniform excess gas 
concentration 2 and a relative compressive triaxial stress 
compared with its equilibrium state at a lower ambient 
pressure. As a result, when the ambient pressure is 
reduced a negative (tensile) triaxial stress is produced 3 
and also an internal stress gradient is created associated 
with the developing gas concentration profiles within the 
polymer 4. The existence of these stress fields has not been 
confirmed directly although the present study provides 
data consistent with this model. It is generally known that 
when the environment surrounding a polymer is 
decompressed rapidly it may rupture the polymer in a 
manner consistent with the presence of these types of 
stress fields. The phenomenon is termed 'explosive 
decompression failure' and a few references to the process 
may be found in the scientific and technical literature 5-7. 
Certain studies have also addressed the effect of a negative 
triaxial stress on polymers when the stress is produced by 
the action of confined tensile forces 8'9. 

A number of central questions emerge upon a detailed 
examination of the origin of this phenomenon. Important  
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factors are the time (or the ambient pressure) during the 
decompression when the polymer ruptures internally and 
the volume of the sample at this occurrence. In addition, it 
is necessary to estimate the modulus of the polymer under 
the high pressure ambient conditions in order to predict 
the failure stress required to induce cavitation voids or 
cracks in the polymer. A first order solution, for example, 
predicts cavitation at a negative triaxial stress of 5/6 times 
the Young's modulus a and corresponding volumetric 
dilation strain of c. 3% (ref. 14). 

In this paper, we mainly describe two experimental 
configurations which use the ultrasonic pulse echo 
technique 1° to enable the measurement of these 
characteristics. The polymeric samples to be described 
were studied in the form of relatively short, parallel-faced 
cylinders. The two techniques have been evaluated using a 
silicone elastomer, a nitrile rubber and a PTFE in a 
pressure range of c. 0.1 to 27 MPa using nitrogen gas at 
ambient temperature. The first arrangement (later 
described as mode-l)  is applicable to soft rubbery 
materials that can be readily and reasonably pre-strained. 
In this method the ultrasonic transducer was located in 
direct contact with the plane face of the specimen. The 
change in the transit time between successive reflections 
from its back face is measured as a function of ambient gas 
pressure. This variation is a function of the changes in the 
modulus, the density and the dimensions of the specimen. 
The attenuation in the transmitted signal during transient 
decompression of the ambient gas provides information 
about the crack nucleation and propagation or bubble 
nucleation and inflation which may be produced within 
the polymer. In the second method (mode-2) the 
ultrasonic transducer is not in direct contact with the 
specimen. The transducer is partially immersed in a liquid 
contained in a small container which is placed on one of 
the plane surfaces of the specimen. This method can only 
monitor the dimensional changes in polymers that 
accompany gas pressurization and decompression. The 
sensitivity and accuracy of these two methods depends 
upon the precision of the measurement of the transit time 
and hence upon the frequency of transmitted signal and 
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the data sampling frequency. Specifically, we will show 
how this ultrasonic technique can provide data on the 
variation of the linear strain and other physical property 
changes in an elastomer as a function of pressure under 
quasi-equilibrium conditions and also when the pressure 
is rapidly reduced. In conjunction with results obtained 
from a special gravimetric technique, the data from the 
ultrasonic method also provides an accurate estimate of 
the acoustic modulus of non-dispersive polymers in high 
pressure gas media. In addition, we will demonstrate how 
one experimental arrangement also senses the later stages 
of extended explosive rupture in certain polymers. In 
combination the various techniques provide unique and 
relevant information about the nature of the polymer-gas 
interactions at high ambient gas pressure. 

MATERIALS AND EXPERIMENTAL METHODS 

Materials 
The polymers used in this study were a silicone 

elastomer (Dow Coming Sylgard 184)  density 
1.023gcm -3, a carbon filled nitrile rubber (BP 
Chemicals) density 1.22 gcm-  3 and a PTFE (ICI) density 
2.089 g cm-3. The nitrogen gas used as the pressurizing 
media was 'white spot', oxygen free. 

Apparatus 
Hydrostatic compressibility. The bulk compressibility 

of the polymeric samples was investigated using a 
conventional mercury porosimeter (Carlo Erba, Italy). 
Small polymeric samples (25 x 8 x 5 mm) were introduced 
into a glass dilatometer to which was attached a capillary 
tube. The system was evacuated to c. 10-3torr and 
charged with mercury. The hydrostatic pressure transmit- 
ting medium, which was isolated from the sample, was 
ethanol. The maximum pressure of c. 100 MPa, on a 
specimen, was achieved in approximately 2 h. The volume 
change was sensed by following the position of the 
mercury-ethanol interface in the capillary. Correction 
was made for the compressibility of mercury. The data 
presented here are for the first compression of the samples. 

High pneumatic pressure studies 
General pressure vessel assembly. The pressure vessel 

assembly consisted of a compressed air driven reciprocat- 
ing gas booster pump (Charles Madam Altrincham, 
England) capable of producing a pressure of up to 
c. 60 MPa from a gas bottle at c. 6 MPa. An intermediate 
gas receiver was used between the compressor and the 
pressure vessel to smooth the pressure fluctuations during 
pressurization. The pressure vessel employed was 610 mm 
long with an o.d. of 127 mm and an i.d. of 50.8 mm and 
was housed in a thermostat chamber; temperature + 1 °C. 
The gas pressure was released manually through a 3 mm 
needle valve. A more detailed description of the whole 
assembly has been given elsewhere 11. 

Mass sorption. The 'equilibrium' gas mass sorption of 
the polymer was measured by a vibrating reed technique 
which has been described in detail elsewhere tl. The 
elastomer sample 28 x 8 × 6 mm (c. 1.4 g) was attached to 
the end of a thin metal reed such that its largest axis was 
orthogonal to the major axis of the reed. The reed was 
vibrated by the action of a solenoid and the vibration of 
the beam was sensed by a strain gauge attached to the 
reed. The experimental procedures, methods of calibra- 
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tion and data computation are detailed in another 
publication 11. Essentially, the method involves measur- 
ing the change in the natural vibrating frequency of the 
reed (typically 180 Hz) as the rest mass (polymer + sorbed 
gas) changes. By its nature this type of experiment also 
entrains an envelope of gas around the sample of 
approximately a constant but unknown volume; the so 
called entrained mass. A calibration of this contribution 
to the measured rest mass requires using an aluminium 
sample of similar size and geometry to the elastomeric 
sample. The data quoted in this paper and described here 
as 'equilibrium' data correspond to the mass sorption 
after at least 45 min exposure to each increment of gas 
pressure. We performed long term studies to establish 
that no detectable changes in sorbed mass were observed 
after this period of time for the samples of this size. The 
mass sensitivity of the device used in this study was 
+0.1mg. The pressure was actually increased in 
incremental ramps and the samples were, for obvious 
reasons, not rapidly decompressed. Hence, the mass 
sorption quoted for the high pressures will have received 
an accumulated exposure of several hours at increasingly 
higher pressures. 

Ultrasonic system 

Electrical connections and data acquisition. The 
instrumentation involved in these techniques essentially 
consisted of piezoelectric transducers, a pulse generator, 
an amplifier, an oscilloscope and a computer controlled 
high speed digital data acquisition system (Figures 1 and 
2). The technique has not been described elsewhere and 
hence its construction, operation and capabilities are 
given in some detail. The contact type piezoelectric 
ultrasonic transducers of c. 1 MHz resonant frequency 
were built in stainless steel casings by Rolls Royce 
Mateval (England). These single crystal transducers 
could be used as signal transmitters and receivers. Small 
holes ofc. 1 mm diameter were drilled in their casings near 
the back non-active face so that the high ambient pressure 

D, SONIC I "R & 
IVER 

  [OSC,''OSCO.] 

AL DATA 
!ISITION & 
YSIS 

DISPLAY& [ 
PRINTER 

Figure I Mode-I experimental arrangement and accompanied data 
acquisition electronics: T-I, T-2, ultrasonic transducers; A-I, A-2, 
polymeric specimen 
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Figure 2 Mode-2 experimental arrangement and accompanied data 
acquisition electronics: T, ultrasonic transducer; A, polymeric 
specimen; C, signal transmitting liquid 

was balanced inside the casing cavity. Most transducers of 
this type are constructed with a polymeric damping 
component which encapsulates the free surfaces of the 
piezoelectric crystal. This polymer is quite vulnerable to 
gas desorption induced rupture in certain environments. 
This is particularly so in CO 2 media for example. The 
ultrasonic transducer was connected to a pulser-receiver 
unit (Panamatrics, Inc., Model 5052 PRX75). The signals 
were captured by a software driven digital data 
acquisition board (WAAG, Wave acquisition and 
generation, Markenrich, Inc., USA) sitting in an 
expansion slot of an IBM XT computer. The data 
sampling frequency range of the board was from 2 kHz to 
20 MHz. It was triggered by the synchronizing signal 
from the pulser-receiver unit. The software used sets aside 
a block of the computer memory for the data and a 
maximum of 40 acquisition sets of 1400 data points each 
could be stored. The number of data points acquired in 
each set at 20 MHz sampling frequency were sufficient to 
record the original input pulse and its first and the second 
echoes from the opposite face of the specimen. The 
captured data arrays were transferred from the computer 
RAM to its hard disc and analysed subsequently. 

Mode-1. Figure 1 shows a schematic diagram of the 
experimental arrangement. The transducers were in direct 
contact with the specimens with a thin layer of acoustic 
coupling grease between the interfaces to ensure a 
uniform contact. The transducers were mounted on a 
metallic frame and housed in the gas pressure vessel. The 
polymeric specimens used in the experiment were 
cylindrical, c. 25 mm diameter and c. 15 mm thick and 
care was taken to maintain the specimen faces parallel and 
smooth. An unconstrained specimen (A-l, Figure l) was 
placed on one transducer. The second transducer was 
directly loaded on to the other specimen by one of the 
circular discs in the brass frame and this specimen (A-2, 
Figure 1) was strained to c. 10%. The strained specimen 
was a reference in this experiment because it was assumed 

that any change in the transit time under high pressure 
was not due to dimensional changes in the sample and the 
brass frame. This assumption introduces an error in the 
magnitude of the estimated linear strain of c. 1.0%. The 
bulk modulus of the brass is a factor ofc. 100 greater than 
that of the elastomer. No correction is made for this effect 
as it is within the experimental uncertainty of the data. 
This whole assembly, consisting of the ultrasonic 
transducers and the specimens, was attached to the 
pressure vessel cap. 

Mode-2. The experimental arrangement was similar 
to that used in mode- 1 (Figure 2). Only one transducer (T) 
was used in this mode. It was held, partially dipped in 
distilled water (C), inside a small container that was 
placed on the upper plane surface of the specimen (A) to 
be tested. Distilled water was used because its acoustic 
properties are well known and have also been studied 
extensively under high pressures TM13. The water provides 
a uniform path for the transmission of ultrasonic signals 
because the problem of air entrapment associated with 
more viscous fluids does not occur. The acoustic length of 
water in the container was adjusted relative to the 
anticipated increase in the specimen length due to the 
release of gas pressure in the experiment. Signals from the 
transducer travelled through the water and were reflected 
back from the base of the beaker. This arrangement acted 
as a simple but effective displacement transducer and was 
suitable for highly attenuating specimens where the 
ultrasonic signals were difficult to transmit and detect. 
Dimensional variations in specimens over the whole 
pressurization cycle could also be measured. The 
formation of cracks in the specimen on gas decompression 
did not affect the ability of this method to detect these 
changes. The direct contact method could not provide 
this information after the cracks had nucleated in the 
elastomeric specimen because they scatter and severely 
attenuate the transmited ultrasonic signal. The variation 
of sound velocity in the distilled water under gas pressure 
and the transient variations during gas decompression 
were evaluated separately as a necessary calibration. 

DATA ANALYSIS 

The pulse response characteristics of the current 
ultrasonic transducers were not found to vary within our 
levels of detection when excited in the high pneumatic 
pressure environment. Hence, no transducer calibration 
factors were used while performing the data analysis. A 
typical data set consists of the large amplitude pulse sent 
to the ultrasonic transducer by the pulse generator and 
the corresponding first and second reflection signals 
received by the transducer from the opposite flat 
boundary of the medium through which the signal 
travelled. The sections of the data array with two 
consecutive echoes were selected. Correction was made 
for phase shift (mode-l) to obtain accurate measure- 
ments. Such sections were numerically autocorrelated 
and the time lag was measured. The lag was twice the 
transit time of the signal passing through the travelling 
medium. 

Mode-1 
The initial thickness of the specimen was known and 

measurement of the transit time at the start of the 
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Figure 3 Percentage change in mass of silicone elastomer as a function 
of nitrogen gas pressure, 20°C, equilibrium time 45 min at each 
pneumatic pressure increment 

experiment gave the velocity of sound in the material. The 
specimens were pressurized in steps of about 3.5-4.5 MPa 
using nitrogen gas. An ultrasonic signal was transmitted 
and the transit time was measured at that pressure. The 
change in the transit time was attributed to be a 
consequence of a combined effect of the changes in the 
specimen modulus, density and dimension. For the 
pre-strained specimen this change was assumed to result 
entirely from the changes in the specimen modulus and 
density. We, of course, assume here that the modest 
pre-strain, which is still within the linear stress-strain 
response for the elastomer, does not produce a 
modulus-gas pressure characteristic which is significantly 
different to that of the unstrained sample. The changes in 
the modulus will, we believe, arise from gas sorption in the 
specimen and the relative compression of the same by the 
pneumatic stress. Confinement of a test piece in a way that 
restricts its volumetric changes under pneumatic stress 
will influence the extent of gas mass absorption and thus 
the modulus. However, a linearly strained sample, whose 
height to diameter ratio is of the order of 0.6 and whose 
interfaces with the plates (transducer face and confine- 
ment plate) are not bonded and are able to expand 
diametrically, will suffer no significant additional effective 
hydrostatic stress on a modest pre-strain ofc. 10%. Hence 
the modulus will be unaffected, whatever the ambient 
conditions, when compared with an unconstrained 
sample. This is confirmed by the fact that the change in 
signal velocity with pressure for different silicone 
elastomer test pieces, strained to various extent, remained 
constant (see Figure 6). 

The specimen acoustic modulus values were computed 
from 

E=VEp 

where V is the velocity of sound, E is the modulus and p is 
the density of the material. 

Significant gas uptake by some polymers at higher 
pneumatic pressures leads to a marked increase in their 
density, dimensional changes apart. The increase in 
density of the silicone elastomer has been determined at 
various pressures using the data from the vibrating reed 

mass sorption sensor combined with the associated linear 
strain measurements obtained by the means described. 
Equilibrium mass uptake values at a variety of nitrogen 
gas pressures are given in Figure 3. The specimen mass 
and the corresponding volume value at different pressures 
gave its density at these conditions. The moduli of the 
silicone elastomer, at various pressures, were then 
computed using the above relationship. 

The formation and development of internal cracks in 
the specimen during ambient pressure release have also 
been monitored using this experimental arrangement. 
The ultrasonic data were collected every 5 s while the 
pneumatic pressure was being reduced. Subsequently, 
FFT (Fast Fourier Transform) of the two consecutive 
back wall echoes in each set were performed. The 
amplitudes of the two frequency spectra were compared 
to determine the attenuation of the signal. 

Mode-2 

In this method the transit time of the ultrasonic signal 
was affected at high pneumatic pressure and depressuriz- 
ation by the change in the velocity of sound in the distilled 
water and the dimensional change of the specimen. The 
variations of sound velocity in the water have been 
calculated at the equilibrium conditions and during the 
transient conditions generated while decompressing the 
gas (Figures 4 and 5). The decompression data 
correspond to nonisothermal and adiabatic conditions. 
The gas pressure was reduced from c. 27MPa to 
atmospheric in c. 5 min. These data were used to calculate 
the dimensional changes in the elastomeric specimen. 
Figure 4 also shows the increase in the velocity of sound in 
distilled water with the application of a triaxial pressure. 
It is observed that the velocity of sound in water is more 
sensitive to triaxial pressure than to a nominally 
equivalent nitrogen gas pneumatic pressure. This 
difference is certainly associated with the absorption of 
gas in water at high pneumatic pressures. A similar trend 
is seen with polymers (see later). Under these conditions 
significant amounts of the gas were absorbed in the water 
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Figure 6 Change in the velocity of sound in silicone elastomer as a 
function of nitrogen gas pressure; V7, 7"/. prestrain;., 10% prestrain; 
n,  12% prestrain, conditions as in Figure 3. 

and consequently, its density increase was higher than the 
case if only triaxial pressures were applied. Polymers 
appear to behave in a similar fashion. 

EXPERIMENTAL RESULTS 

The increase in the velocity of sound in the silicone 
elastomer at various nitrogen gas pneumatic pressures is 
shown in Figure 6. These velocities were measured using 
the mode-1 experimental method. The dimensional 
changes computed using both the methods (mode-1 and 
mode-2) for the silicone elastomer are given in Figure 7. 
The strain-pressure curves from both the methods 
correspond to an initial contraction of the specimens and 
subsequently a linear expansion of c. 1.5%. Each 
measurement was taken after every 45 min of isobaric 
conditions on an increasing pressure ramp. The system 

had apparently reached mass uptake equilibrium in this 
period. The high pressure nitrogen gas environment 
induces an increase in the elastomer modulus and the 
density. The increment in its density at the nitrogen gas 
pressure of up to 27 MPa was only c. 17% (Figure 8). This 
gas pressure on the silicone elastomer resulted in a c. 45% 
increase in its computed modulus (Figure 9). During 
ambient pressure release the attentuation of the 1 MHz 
frequency component of the ultrasonic signal in the silicone 
elastomer is shown in Figure 10. It commences to increase 
with the inception of internal cracks when the decreasing 
pressure reaches a critical value of c. 18 MPa from a 
pressure of c. 27 MPa and augments rapidly with further 
pressure decrease until no further signals were detected by 
the transducer. The damage in the elastomer increases 
with the continuous decline in ambient pressure. The 
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Figure 10 Attenuation of 1 MHz frequency component of the 
ultrasonic signal in silicone elastomer during nitrogen gas depressuriz- 
ation (0.09 MPa s -  1 ) 

internal cracks or bubbles disperse the transmitted signal 
and attenuate the pulse received by the transducer. 

The linear expansion of the silicone elastomer in the 
course of the ambient pressure release was measured 
using the mode-2 of the experimental configuration. A 
significant expansion of the specimen takes place towards 
the end of the decompression (Figure 11), The maximum 
linear expansion of the specimen was e. 14% at c. 7 MPa. 
At this point the cracks or bubbles in the specimen would 
have been sufficiently developed and adequate surface 
area had been generated to desorb the gas at a rate 
equivalent to the depressurization of the ambient gas. As 
the pressure gradient between the polymer and 
surroundings and also within the polymer decreases the 
specimen reverts to its original size. This method 
(mode-2) has also been used to investigate the effects of 
gas pressurization on a PTFE  and a nitril~ rubber. Both 

the P TF E  and the nitrile rubber show a linear 
compression of c. 0.4% and c. 0.5% respectively at 
c. 27 MPa (Figure 12). The observations for the PTFE are 
in agreement with the results obtained previously using a 
displacement transducer based upon a capacitance cell 
technique under similar conditions I . However, these two 
polymers do not expand appreciably when the high 
pneumatic pressure was rapidly released. 

DISCUSSION 

Several generally interesting features emerge from the 
study of these data. First, at equilibrium, whilst the 
polymers described sorb significant quantities of nitrogen 
gas at high pneumatic pressures the associated volumetric 
changes are rather different. The equilibrium mass 
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hydrostatic (mercury) pressure for degassed polymeric samples, 20°C; 
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sorption to a first order is directly proportional to the 
ambient gas density (or pressure), for nitrogen, for all the 
cases. The relative nitrogen solubilities at c. 20°C are, 
silicone elastomer (1.0)>nitrile rubber (0.4)>PTFE 
(0.07). The bracketed quantities are the relative mass 
based solubility parameters. Considering these ratios and 
Figures 7 and 12, we may conclude that when sufficiently 
large amounts of the gas are sorbed, the system has a 
priority to swell in spite of an apparent triaxial 
compressive stress imposed by the pneumatic pressure. 
Thus, the PTFE and the nitrile rubber contract but the 
silicone elastomer initially contracts and then swells. 
Figure 13 shows the compressibility of these polymers 
under the action of triaxial stresses generated using 
hydrostatic stresses transmitted with mercury in the 
absence of gas. The trends for the pneumatic stress more 
or less follow the mercury triaxial stress data depending 
upon the extent of the gas sorption. The data for the 
silicone elastomer suggest that at low pressure (low gas 
content in the polymer) the polymer matrix is responding 
to a fine balance of tensile (internal) swelling stresses and 
compressive (external) stresses. At higher pressures the 
swelling stresses dominate. This behaviour is consistent 
with the observations made by Sekhar and Van Der 
Hoff 15 for natural rubber when subjected to a sudden 
pneumatic pressure increase. The effective internal 
pressures created in the matrix greatly exceed the external 
stresses operating on the body. We may also conclude 
that the action of the compressive stress also reduces the 
extent of gas sorption by inhibiting matrix swelling. This 
extreme is apparently the case for the PTFE and the nitrile 
rubber where the gas solubility is much less at a given 
pressure than for the silicone elastomer. 

Fioure 8 shows the computed density changes for the 
silicone elastomer, the nitrile rubber and the PTFE as a 
function of the gas pressure. The mass sorption data for 
the nitrile rubber and the PTFE under nitrogen gas 
pressure were obtained from references 4 and 11, 
respectively. Initially the sample density increases rapidly 
through the combined effect of the volume reduction and 

the gas mass uptake. The trend of these curves indicates 
that at a certain point at higher gas pressures the density 
will assume a constant value. Further sorption of the gas 
would be restricted by the pneumatic hydrostatic stress 
acting on the specimen and vice versa. 

An examination of the sound velocity as a function of 
the gas pressure for the silicone elastomer (Fioure 6) 
shows a good linear dependence upon the ambient 
pneumatic pressure in spite of the corresponding 
non-linear density-pressure relationship. The computed 
modulus, shown in Figure 9, as a function of pressure is 
considerably larger than its value in atmospheric 
ambient. The relative increase in the velocity of sound in 
the high pressure nitrogen gas environment is greater than 
the corresponding increase in the density of the specimen 
under similar conditions and therefore an overall increase 
in the modulus of the specimen is observed. Water 
responds in a similar way in high pressure nitrogen 
environment. The determination of the specimen 
modulus under the gas pressure enables the evaluation of 
the actual critical stress value that a polymer may 
withstand in a fluctuating gas pressure environment. The 
value of this critical stress is believed to be directly 
proportional to the specimen modulus 8'9. 

In summary, the various 'equilibrium' data indicate 
that the polymers are apparently in a peculiar state of 
stress. The swelling pressure arising from sorption seeks 
to dilate the polymer whilst the triaxial stress compresses 
the polymer. The combined action of the two nominal 
stresses is pronounced when the pressure is reduced. 
During the ambient gas pressure reduction we have been 
able to follow only the volume changes in the silicone 
elastomer specimen and the generation of internal wave 
scattering centres such as cracks or bubbles. The crack or 
bubble formation processes may arise from at least two 
potential mechanisms: overall and localized hydrostatic 
tension fields followed by gas bubble or crack nucleation 
and growth. The suggested overall stress field will arise 
from the removal of the pneumatic compressive stress and 
this field acts uniformly over the whole sample. The 
so-called localized stress fields will be caused by the 
concentration and hence internal pneumatic pressure 
gradients in the sample which are produced as the gas 
desorbs from the specimen. The geometry and nature of 
the cracks produced are described in a separate 
publication 16. These data strongly suggest that both 
localized hydrostatic tension and overall stress fields are 
produced during this type of gas desorption process. The 
present data do not accurately distinguish which of the 
two hydrostatic stress fields prevail. However, Figures 10 
and 11 , show that the cracks are detectable when the 
polymer dilates by a volumetric strain of c. 5%, which is 
consistent with a negative hydrostatic stress model 14. 
However, the volumetric expansion is not instantaneous. 
Once the localized internal failure has occurred the cracks 
will inflate and gross expansion of the sample will occur as 
the gas desorbs into the internal voids and subsequently 
to the ambient. It is also possible that voids are initially 
present in the sample and they may inflate directly when 
the pressure in the bubbles exceeds the external pressure 
by 5/2 times the shear modulus of the elastomer 9. 

CONCLUSIONS 

The use of ultrasonic pulse echo techniques has been 
demonstrated as a means of monitoring certain aspects of 
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polymer behaviour  under extreme condit ions of  pneu- 
matic pressure. The mode-1 technique can provide 
information about  physical and mechanical  proper ty  
changes which result from pneumat ic  pressurization and 
depressurization. It also has the potential  to determine 
the inception of  fracture or  bubble growth  in the polymer  
during gas decompression.  The mode-2 method,  which 
uses the technique as a displacement cell, can only provide 
data  on the dimensional  changes associated with the 
pneumat ic  pressure cycle. The data  serve to illustrate the 
peculiar stress fields which are created in polymers  under 
high pneumat ic  pressure ambients and the consequences 
of  rapidly reducing the ambient  pressures. 
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