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Compressibility of Natural and Synthetic High Polymers 
at High Pressures 

Charles E. Weir 

Co mpressio n data ( - t. V IVo) are repor ted between 1,000 and 10,000 atmospheres for 
the foll owing materi a ls : dry cellulose, polyvinylidene chloride (Saran), polyethylene, poly­
rnonochlorotrifluoroethylene (Kel-F) , polytetrafluoroethylene (T efion), a polyester (Seleetron 
5003), and raw r ubbers, H ycar OR25, H ycar ORIS, Neoprene, a nd Thiokol ST . All com­
pression curves are smooth excep t that for polytetrafiuoroethylene, which shows a transition 
at 5,500 a t mospheres, resulting in a change in volume (t. V IVo) of approximately 2 percent. 
Coefficients of t he cubic eq uat ions, - t. V IVo= a(P - 2000) + b (P - 2000)2 +C (P - 2000)3 
fi tted to t he data are as follows: Cellulose: a = 9.26 X 10- 6 , b=-3.25 X 10- 1O, c= 2.93 X 10- 's; 
polyvinyJidene chloride (Saran) : a = 2.17 X 10-s, b=- 1.90 X IO- 9, c= 8. 73 X lO- l4 ; poly­
ethylene: a = 1.89 X IO- s, b=- 1.45 X IO- 9, c= 6.lO X lO- 14 ; polymonochlorotrifjuoro­
ethylene (Kel-F): a = 9.89 X lO- 6, b=-4.74 X lO- 1O, c= 8.29 X lO- ' 5 ; polyester (Selectroll 
5003) : a = 1.76 X lO- s, b=- 1.23 X 10- 9, c= 4.82 X lO- 14 ; H ycar OR25: a = 2.26 X IO-5, b= 
- 2.03 X lO- 9, c= 9. 09 X IO- I4 ; H ycar OR15: a = 2.17 X 10- 5, b=- 2.03 X lO- 9, c= 9.42 X IO- I4; 
Neoprene: a = 2.04 X IO- s, b=- 1.75 X 10- 9, c= 7.66 X 10- 14 ; Thiokol ST : a = 1.92 X 10- 5, b= 
- 1.41 X 10- 9, c= 6.07 X 10- 14 • Co mprcssibilities calculated from these eq uations s how 
fictitious minima cir ca 10,000 atmosphere, although t he eq uations represen t the data satis­
factorily to 10,000 atmospheres. The data given compare favorably with those obtained 0 11 

similar materials by previou workers. 

I. Introduction 

In a previous paper [1] 1 the design, constru ction , 
and use of apparatus for measuremen t of volume 
change of solids (or liquids) at high pressure wa 
described . The apparatus was applied to a deter­
mination of the compression of leather and collagen 
in the forementioned report. This equipment has 
been applied subsequ ently for measuremen t at room 
tempera Lure of compression of a number of other 
mater ials tlmt fall in to the two general caLegories of 
high polymeric substances and minerals. Th e data 
on compression of minerals is primarily of geological 
intere L and will be reported elsewhere. The results 
of experiments on high polymers are of particular 
interest h ere and constitute the subj ect of this r eport. 

II. Experimental Method and Treatment 
of Data 

The apparatus and experimental procedure have 
been described in detail previously [1 , 2], and will 
not be discussed fully here. Briefl y, an experiment 
consists of forcing a leakproof piston into the bore 
of a heavy -walled cylinder , which contains the speci­
men immersed in a suitable pressure-transmitting 
liquid (Varsol, a mixture of naphthenes boiling 
between 1500 and 200 0 C). Combination of the 
measurements of depth of penetration of the piston 
and the internal hydrostatic pressure- made at eaell 
1,000 atm- with measurements obtained from a 
similar experimen t in which the specimen is replaced 
by a steel bar of comparable volume, permits a cal­
culation of the compression of the specimen . Suit- · 
able equations for th e calculation , as well as valu es 
of the cons tan ts of the vessel and the V arsolrcq uired, 
have been given previously [2, 1] . 

I Figures in brackets indicate the li terature references at the end of this paper. 

:MeasufemenL were mad e in t he pressure range 
1,000 to 10,000 atm. T he upper limit of 10,000 atm 
was self-imposed a a re uJ t of a crack existing in 
the ram , while the lower limi t of 1,000 atm. is imposed 
in this type of experimen t by frictional forces between 
packing washers and the bore of the vessel. 

The notation used here conforms to that followed 
for many years by workers at the Geophysical Lab­
oratory of t he Carnegie Institu te of \'Vashington. 
The compression - Lll '/F o i defined as - (Vp - V') /V o, 
wh ere V p i the volume at pres m e P; V ' is the volume 
at the experimental refcrence pressure of 2,000 atm; 
and 110 is the initial volume at atmospheric pre sure. 
The subscript zero may be taken to refer to zero 
atmospheres, since in these and most other high­
pressure measurements, the volume change oc(;urring 
between 0 and 1 atm is insignifi cant. The compres­
sion occurring bctween 1 and 2,000 atm is clesign lJ..ted 
by - Ll V ' /Vo and is equal to - (V' - Vo) /Vo. This 
compression which is not measured in these experi­
ments is referred to as the initial compression. 

Estimation of the ini tial compression that occurs 
between 1 and 2,000 atm was made by successive 
extrapolations of tf'ntative calculations of compres­
sion to 1 atm rath er than by t he least squares method 
previously described [1]. While this extrapolation 
is not to be constru ed as more than mod erately ac­
curate, it is believed sufficien tly accmate for the fol­
lowing reason : The rcq uiTed initial compression 
enters the calculation in a correction term that is 
usually small. Errors in asse smen t of the initial 
compression of as mu ch as a few tenths of a percent 
result in negligible variation in the measmed values 
between 1,000 and 10,000 atm. However, if the 
compression is reckoned from 1 atm, the initial com­
pression (- Ll F ' / Fo, 1 to 2,000 atm) must be added 
to the measured values, and the final res ults will be 
subj ect to at least as mu ch uncertainty as is involved 
in th e initial compression. To eliminate this uncer-
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tainty, all da,ta and calculations are based on the 
experimental reference pressure of 2,000 atm, at 
which - f1 V / Vo is taken to be zero. Values at 1,000 
atm therefore appear as negative compressions, 
which as a result of the previously mentioned fric­
tional forces, are less reliable than data at higher 
pressures. 

In the present experiments no serious attempt was 
made to establish the presence of slow plastic flow 
under hydrostatic pressure. Most observations 
made during measurements, however, indicate that 
if such a process occurs a much longer time than was 
used here must be employed for its detection. Pres­
sure equilibrium in these measurements appeared to 
be obtained in 15 to 20 minutes following each 
pressure change, a period of time ordinarily required 
for establishment of thermal equilibrium [1]. Ob­
servations made during measurements were indica­
tive of an instantaneous response to pressure changes 
in all specimens except Thiokol rubber. The agree­
ment of data obtained in duplicate measurements 
made on some specimens also tends to indicate 
negligible permanen t set. 

During the course of these experiments the dial 
gage, which was used to measure the depth of pene­
tration of the piston, was remounted directly on the 
ram itself. Measurement.s with all rubber samples 
were made with this arrangement. All other data 
were obtained with the dial gage mounted on the 
top platen of the press. 

III. Materials Studied 
There is a scarcity of data on behavior of all 

polymeric materials in this pressure range, but the 
choice of materials to be studied was dictated by the 
Varsol used as the confining liquid. Only those 
available materials expected to be resistant to swell­
ing by Varsol were studied. The following materials 
weTe investigated : 

Gellulose.- A sample of purified cotton was com­
pressed into cylindrical form for test and was dried 
at 100° C in vacuum «2 mm Hg) for 48 hours. 
This specimen is referred to as dry cellulose, and had 
a density of l.521 g/cm3 at 20° C, as measured by 
hydrostatic weighing in Varsol [1] . 

Polytetrafluoroethylene (Teflon).- One sample of 
T eflon , denoted sample A, was an opaque, grey rod 
having a density of 2.236 g/cm3 at 20° C. The 
previous history of this sample is unknown. Sample 
B was obtained from the E. 1. Dupont de Nemours 
& Co., and was a rod of mottled greyish color having 
a density of 2.219 g/cm3 at 20° C. The mottled 
appearance was caused by dispersed dark material in 
the greyish bulk of the rod. 

Polymonochlorotrifluoroethylene (Kel-F). *- A sheet 
of this material was available for test. The material 
was transparent with a sligh t opalescence and had a 
density of 3.168 g/cm3 at 20° C. A bundle of strips 
of suitable width, cut from the sheet, comprised the 
test specimen. 

Polyethylene.·-A molded rod, which served as test 
specimen, had a density of 0.917 g/cm3 at 20° C. 

'This m aton aJ is of uncerta in origin and history . 

Polyvinylidenechloride (Saran).- A sheet of this 
substance was available for study. 

The material was very dark in color, and had a 
density of 1.099 g/cm3 at 20° C. A bundle of strips 
cut from the sheet formed the test specimen. 

Polyester.- A molded rod of this material was made 
of Selectron 5003, and was a brittle rigid product 
having a slightly yellowish cast. The density was 
found to be 1.190 g/cm3 at 20° C . 

All rubbers studied were raw stock containing no 
fillers or added vulcanizing agents, as follows: 

Hycar OR25.- A molded cyclinder of density 
0.972 g/cm3 at 20° C. 

Hycar OR15.- A molded cylinder of density 0.964 
g/cm3 at 20° C. 

Neoprene.- A rough cylinder cut manually from 
an irregularly shaped piece of raw stock. This 
sample was probably partially crystalline, and had 
a density of 1.134 g/cm 3 at 20° C. 

Thiokol ST.- A test specimen formed by stacking 
disks of rubber cut from an irregularly shaped piece 
of raw material. The density of the specimen was 
1.298 g/cm3 at 20° C. 

IV. Results and Discussion 

1. Synthetic Plastics and Cellulose 

The results of measurements made on cellulose, 
polyethylene, polymonochlorotrifluorethylene, poly­
vinylidene chloride, and a polyester are given in 
table 1. 

The initial volume (at 1 atm), Yo; th e volume at 
th e reference pressure (2,000 atm), V'; the compres­
sion assumed between 1 and 2,000 atm, - f1 V, /Vo; 
and the density, p , are given at the head of the 
appropriate sections of the table. In some instances 
duplicate measuremen ts were made on the same 
specimens to ascertain the reproducibility. Such 
duplicates are referred to as run 1 and run 2, and 
the average of th e values obtained appears as a 
separate column in these instan ces. The last column 
of each section contains calculated values of 
compression obtained by solving the equa tion: 
- f1 V / Vo= a(P - 2000 ) + b (P - 2000)2+ C(P - 2000) 3, 
which was fitted to the data by the method of least 
squares. The appropriate values of the constants of 
the equation are compiled in tabular form in table 4. 

The large compressions experienced by the syn­
thetic materials are to be noted. The decrease in 
volume of these materials appears to be approxi­
mately inversely related to the density, a relationship 
that has been pointed out frequently by Bridgman [3] . 
The synthetic polymers are generally more com­
pressible than the natural polymers cellulose and 
leather reported previously [1]. The dense K el-F, 
however , is less compressible than leather and nearly 
equally compressible as cellulose. 

The synthetic materials were weighed in air before 
and after test to ascertain the amount of absorption 
of Varsol. The increase in weight noted for all 
synthetics of table 1, except for polyvinyliclene 
chloride, amounted to no more than 5 mg. Poly-
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T A BLE 1. Compression of natural and synthetic pol ymeTs 

I 
D ry cellulose Polyvin yliden e cbloride Polycster 

(purified cotton ) (Saran ) (Selectro n 5003) 

Vo= 10.527 ml 17'=10.290 ml 170=11.377 ml 17'=10.694 m! 170=16.031 m! V '=15.390 ml 
-d17' / Vo=0 .0225 P20o= 1. 521 - d V ' / 170=0.060 P20o = 1.099 -dV'/Vo=0.040 P2oo= I.100 

Pressure 

I Measured 
M es'Sured, Calculat ed, 

I I 
- d V/ V o -dV/V o R un 1 R un 2 Average, 

-dV/ I 'o - d V/Vo - dV/ F o 

atm 
10 .. 000 0. 0534 O. 0548 0.0959 0.0962 0.0900 

9,000 .0497 .0499 .0889 .0888 .0888 
8, 000 .0441 .0434 .0808 .0807 .0808 
7,000 . 0380 .0386 .0717 .0714 . 0716 
6, 000 .0304 .0320 . 0612 . 0616 . 0614 
5. 000 .0245 .0248 .0501 . 0495 .0498 
4 000 . 0178 .0172 . 0368 . 0364 . 0366 
3 000 .0090 .0080 . 0210 .0204 . 0207 
2, 000 .0000 . OOCO . 0000 . 0000 .0000 
1, 000 a- .0104 -. 0096 a-. 0259 a- .0260 a-. 0260 

Polyethy lene 

1'0=14.742 ml 1"=14.0041111 
- d V' / Vo =0.050 P20o =0 .917 

M eas ured 
Calcula ted, 

R un 1 R un 2 Average, -dl '/ I 'o Run 1 
-dl '/ I 'o - 6\ '/ 1'0 -6 1'/ 1'0 -dl'/ I 'o 

10, 000 0.0895 0.0892 0. 0894 0.0897 0. 0523 
9.000 . 0826 . 0823 . 0824 . 0822 .0490 
8, 000 . 0745 . 0743 . 0'44 . 0744 . 0439 
7.000 .0,,00 . 0658 . 0359 .0659 . 0387 
6,000 . 0562 . 0553 . 0510 . 0563 . 0329 
5.000 . 0450 . 0447 . 0448 . 0453 .0255 
4. 000 . 0327 . 0327 . 0327 . 0:325 .0185 
3. 000 . 0178 . 0180 . 0179 . 0175 . .0101 
2 000 . 0000 . 0)00 .0000 . 0000 . 0000 
1,000 -------.-. '-. 0205 11.-. 0205 -. 0204 ·-.0089 

tL Valu e'S not used in leasL squares determi na tio ns of constants of empirical equations. 

vinylidene chloride, however , was observed to bo 
covered with minute blisters after test. This 
specimen absorbed 0,4 g of Varsol, corresponding 
to 3 .2-percen t increase in weight during tost . -While 
the effect of absorbed Varsol on compressibili ty is 
not known , it is probably small , and the data given 
for polyvinylidene chlorid e ar e most probable 
essentially correc t, This absorption of Varsol does 
create some uncertainty in the presen t measurements . 

The data of table 1 are shown graphically in figure 
1, in which the compression, - t:. V IVo, is plotted 
against. th e pressure. The corresponding compressi­
bilities, (- l jVo) (dVldP), obtained by differentiation 
and solution of the appropriate equations, are plotted 
as functions of the pressure in figure 2. 
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Cal· Measured , Calculated, culated, 
- d V / Vo - d V/ Vo - d V/Vo 

0.0963 0.0867 0.0864 
.0884 .0716 .0795 
. 0804 .0717 .071 8 
. 0717 .0634 . 0633 
. 0618 .0538 .0538 
. 0502 . 0431 .0431 
. 0364 . 0306 . 0307 
. 0199 . 0163 .0164 
.0000 . 0000 .0000 

-. 0237 --- --------- - , 0189 

Poly mollochlorotr ifl uoroethylcne 
(K el- F ) 

Vo=8.030ml V'=7.835 ml 
- dV' / Vo=0.025 P20o =3 .168 

Measured 
Calculated, 

Run 2 A verage, -d 1'/\'0 
- d\ '/ I 'o - dl '/ I 'o 

0.0537 0.0530 0. 0529 
. 04 81 . 0'185 . 0488 
. 04 39 .0439 . 0440 
. 0383 .0385 . 0386 
. 0321 . 0325 . 0326 
. 0256 .025G . 0250 
. 0180 . 0182 . 0180 
. 0094 . 0097 . 0095 
. 0000 . 0000 . 0000 

'-. 0104 a- .0096 -.0105 

2000 4000 6000 8000 
PRESSURE, aIm 

10000 

It is noted in figure 2 that while the compressibili­
ti es of the synthetic polymers decrease to approxi­
mat.ely one-t,hird of their original values at the ex­
treme press ure, the compressibility of cellulose has 
deCI'eased much less. In particular, the polymono­
chlol'otrifiuoroethylenc, which exhibits approximately 
the same compi-ession as cellulose, differs markedly 
from cellulose in compressibility. It will be noted 
that a minimum compressibilit.y is indicated in figure 
2 at approximately 10,000 atm, This minimum is 
fictitious, being due to the cubic equation that was 
used to represent t.he data. 

FIGURE 1. Compression of synthetic plastics and cellulose, 
~, Poly vinylidene chlorido (Saran); (), polyes ter (Seleetron 5003); (), noly-

ethylene; e, polymonochlorotrilluoro~thylene (K el·F ); 0 , cellnlose. • 

Parks and Richards [4] and Bridgman [5] have 
reported compression data on polyethylene. Parks 
and Richards studies were confined to pressures 
below 2,000 atm. The data presented here are in sub~ 
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FIGURE 2. Compl'ess'ibilities of synthetic plastics and cellulose. 
~ Polyvinylidene chloride (Saran) ; <) . polyester (Selectron 5003); (), poly· 

ethylen e; e, polymonochlorotriOuoroethylene (K el·F); 0, cellulose. 

stantial agreement with their r esults at 1,000 and 
2,000 atm, as far as can be ascertained, since the~r 
data are given graphically. However, the compress~­
bilitv of 5.5X lO- s/atm at 1 atm repor ted by them IS 
not obt.ained by extrapolation of the cubic equation 
fitted to these data. Bridgman [5] reported data on 
the compressibilities of thl'ee samples of polyethylene 
of differing molecular weights to a maximum pressm e 
of 40,000 kg/cm2 . The present data are in fair agree­
men t with his data at corresponding pressures but in 
general appear to show slightly higher compressions . 
The differences arc of the general order of a few tenths 
of a percent in compression. 

2 . Polytetrafiuoroethylene 

Measurements made on polytetrafluoroethylene 
(Teflon) differed from all others in that a transition 
was observed at 5,500 atm. The transition was 
anticipated in view of previous studies at atmos­
pheric pressure [6], and it was s~bseque!l~.ly found 
that Bridgman [5] had reported thIS transl tiOn under 
pressme. As the present data differ somewhat from 
those of Bridgman, it is believed they may be of 
interest. 

Original measurements w('re made in duplicate on 
a specimen of uncertain origin- sample A. Obser­
vations clea,rly showed a transition at 5,500 atm, but 
the volume of the specimen was too small to permit 
accurate evaluation of the volume change at the 
transition. The difference in vol ume between this 
specimen and the reference steel bar generally used 
was so large that the data were undesirably sensitive 
to small variations in the assumed initial compres­
sion. A larger specimen of material;-sample B­
was procm ed from the manufacturer and tested . 
Within experimental error of a few atmosph~res, the 
t ransition was found at the same pressure III these 
two specimens. ·No effort was made to do more 
than locate the t'il:nsition with sample A, all serious 
'm easm em ents at this point~·being conducted with 

T ABLE 2.- Compresswn of polytetrafiuoroethylene at 25.5° C 
(Teflon ) 

Sample A Sample B 
Vo=6.565 ml V'=6.368ml Vo=21.241 m! T ransition region, 

-/l V'/Vo=0.030 V'=20.604 ml sample B 
Pressure p"o=2.236 - /l V'/Vo= 

0.030 
p20o=2.219 

Run 1 Run2 Average, Pres· I -/l Vf1~ - /l VI ]!o -/lV/V. -/lV/Vo -/lV/V o sure 0 

---. ----------------------

atm atm 
10,000 0.0987 0.0987 0. 0987 0.0998 5, 753 0. 0672 
9.000 . 0932 . 0945 . 0938 . 0930 5. 590 . 0616 
8. (\()() .0861 . 0864 .0862 . 0858 5,493 . 0557 
7,000 . 0783 . 0799 . 0791 . 0784 5.452 . 0524 
6.000 '. 0696 '. 0700 '. 0698 ', 0694 5.390 . 0469 
5, 000 . 0359 . 0349 . 0354 . 0389 5.280 . 0425 
4,000 .0251 . 0254 . 0252 . 0267 ----- ------
3.000 . 0138 . 0136 . 0137 . 0149 ----- ------
2, 000 . 0000 . 0000 .0000 . 0000 ----- ------
1. 000 - . 0166 -.0215 - . 0100 - . 0192 ----- ------

'-/l V I VO resulting from transition 0.0235. 

sample B , which was of such volume that variations 
in assumed initial compression produced only small 
differences in compression. As the t.emperature was 
not cont.rolled, all data refer to the average ambient 
temperature of 25.5° C. The results obtained on 
these measurem ents are shown in table 2. 

The original volumes, measured densities, volumes 
assumed at 2,000 atm, and the initial compressions 
used are given at the head of each section of the 
table. Measurements made in the transition region 
are given at the right of the table. The data are 
shown graphically in figure 3. 

The transition is observed as the large compres­
sion caused by a small pressure change in the range 
about 5,500 atm. The transition occurs over a 
definite pressure range, and is not, therefore, con­
sidered to take place at a fixed pressure. The change 
of volume at transition is estimated to be 2.35 
percent of the original volume, a value in substantial 
agreement with the 2.26 percent reported by Bridg­
man [5]. The transition, however, is reported by 
Bridgman to occur at 6,500 kg/cm2 (= 6,300 atm) 
as compared to the 5,500 atm observed here. Rela-
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FIGURE 3. Compression of polytetrafluoroethylene. 

e Sample A; ° sample B. 
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tive volume change at b eginning and end of transi­
tion are al 0 at variance with Bridgman's values, 
but this discrepancy is du e almost entirely to the 
difference in the initial compression of 0.0300 used 
here as compared with the 0.0527 used by Bridgman. 
Substantially larger compressions reported here are 
not due to thi factor, at least in sample B in which 
a change of 0.0200 of the initial compression changes 
the compression calculated at 10,000 atm by only 
0.2 percen t . The differences between these data 
and those of Bridgman [5] may arise from differences 
in samples or in temperature of measurem ent, but 
no other explanations can be offered. 

Suitable equations to represent the compression 
of this material were not obtained, as too few points 
were obtained above or below the transition to 
permit accurate curve fitti·ng. However , compari­
sons of curve and data permit the conelusion that 
this material is slightly less compress ible than 
polyethylene above th e transition, and considerably 
less comprcssible below the transition pressure. 
It is much more compressible than polymonochlo­
rotrifluoroethylene however, over the whole range 
studied. Th e divergence of the b ehavior of these 
three materials is marked, particularly , as no anal­
ogous transition occurs for polyethylene or poly­
monochlorotrifluoroethylene in this pressure range 
or even up to 40,000 kg/cm 2 for polyethyJene [5]. 

3. Raw Rubbers 

Compression daLa on raw rubbers arc given in 
table 3. The pertinent volume and dens ity figures 
a rc given at the head of each section, while Lhe cor­
re ponding constants of the cubic equations fi tted to 
the da ta are compiled in table 4. 

These results show that the compression of the 
rubbers is of the same general numerical order of 
magnitude as that of the synthetic polymers that arc 
not elastomer (table 1) . D espite the wide variety of 
chemical compositions involved in the samples, there 
is r elatively little change in compression. It seems, 
t herefore, that the com pre sion of these types of 
m aterials is governed largely by the gross nature of 
t he cl ainlike structure, and is influenced to a lesser 
degree by details of the molecular structure. 

W eights of specimens taken before and after test 
showed the following pickup of Varsol: Thiokol 
S T , 0.31 percent ; Hycar OR15, 0.11 percent ; Hycar 
OR25, 0.09 percent ; Neoprene, 4.8 percent. As a 
portion of the increase in weight at least is very 
probably clue to Varsol held in void spaces, it is 
believed that, except for Neoprene, the compression 
d ata given ar !3 not subject to uncertainty arising 
from absorption of varsol. The Neoprene specimen , 
which was obviously porous, absorbed Varsol with 
v isible surface swelling, and the effect of this absorp­
t ion on the compression is not known. 

A differ ence in b ehavior between Thiokol ST and 
the other rubbers was noted during the measure­
ments. The Thiokol rubber appeared to react 
luggishly to pressure changes in con trast to the 

instantaneoLls response exhibited by the other 

TABLE 3. Comp1'ession of raw rubbers 

nycar OR-25 n yc"r 0 /1- 15 

----------------
V.= 21.074 rul V' = 19.81O ml V .= 19.343 ml V'=18.182 /TI1 

Pressure -~ V'/ V.=O.06O pzoo= 0.972 -~ V '/ V.=0.060 P2o·=0.9G4 

-----------------
~1casurcd. Calculated, Measured, I a lculated, 
-~V/ V. -~V/ V. -~V/ V. -~ V/ V. 

---------- --------------
aIm 

10,000 0.0969 0.0969 0.0922 0. 0925 
9,000 . 0898 . 0895 .085 .0853 
8,000 .0818 .0818 . 0781 .0779 
7,000 . 0732 .073<1 . 0696 .0698 
6,000 .0632 . 0636 . 0602 .0606 
5,000 . 0516 .0518 .0495 .0495 
4,000 .0375 . 0377 . 0363 .0361 
3,000 .0203 .0206 . 0203 .0198 
2,000 .0000 . 0000 . 0000 .0000 
1, 000 '-. 0265 -.0246 ' -.0265 -. 0237 

Neoprene Thiokol ST 

----------------- -----------------
V .=17.711 ml V '= 16.781 ml V o= 19.786 ml V '= 18.797 ml 

-~ 11'/ 110= 0.0525 pzo·= 1.l34 -c. V '/ V.=0.050 P2oo= 1.298 

Measured, aiculatcd, M easured, I Calculated , 
-~ V/ II. -~ II/ V . -~V/ V. -~V/V. 

-------- ------- -------
10,000 0. 0908 0. 0909 0.0940 0. 0941 
9,000 . 0839 . 0837 . 0859 . 0858 
8, 000 .0763 .0763 . 0775 . 0773 
7,000 .0680 . 0681 .0683 . 0682 
6, 000 . 0587 . 0587 .0577 . 0580 
5, 000 . 0476 . 0477 . ~164 . 0465 
4,000 . 0347 .0345 . 0331 . 0332 
3,000 .0187 . 0188 . 01 0 . 0178 
2, 000 .0000 . 0000 . 0000 .0000 
1,000 '-.0245 - . 0221 '-. 0227 -. 0205 

• Values not uscd in least squares determinations of constants of empirical 
equations. 

rubbers. No explanation can be g iven for thi 
behavior. 

The data of table 3 arc shown graphically in 
figure 4 , and the corresponding compressibilities 
calculated from the equations g iven in table 4 ar e 
shown in figure 5. 

The compressibilities shown in figure 5 decrease 
rapidly with pressure, and appear to level off at 
about 10,000 atm . This ap parent minimum is the 
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direct result of the equations used for calculation, 
all of which exhibit a minimum in the first derivative 
at about 10,000 atm. A pronounced similarity 

• exists between the compressibility curves of figure 
5 and most of those of figure 2. 

Compressibility data on rubber have been reported 
by a few other workers, all of whom, as far as can be 
ascertained, studied rubbers that were vulcanized. 
Copeland [7] presented data that cannot be con­
veniently compared with the present results. The 
data of Scott [8], obtained on rubbers with varying 
sulfur contents , terminate at a maximum pressure 
of 800 bars. Extrapolation of his data at 25°C on 
rubber of 3-percent sulfur content yields a compres­
sibility of approximately 26 X 10- 6/atm at 1,000 atm, 
which is numerically comparable with the values 
shown in figure 5. The present data, however, on 
extrapolation will not give the high compressibilities 
shown by Scott at pressures below 800 bars. Bridg­
man [3] reported the compressions of a number of 
vulcanized rubbers, some of which contained filler 
at a few pressures up to 25,000 kg/cm2, but the 
present values are slightly higher at corresponding 
pressures. Bridgman also reported a discontinuity 
in the pressure-compression (- 6 V /Vo) curves of 
some samples that most probably corresponds to 
the second-order transition [9]. This discontinuity 
is not shown by Adams and Gibson [10] who worked 
with similar rubbers, or by the present data on raw 
rubbers. The present data agree well at low pres­
sures with the results obtained by Adams and 
Gibson on a rubber sample containing 4 percent of 
sulfur. At higher pressures the present values are 
slightly lower, a difference probably due to differ­
ences in rubbers studied. The cubic equations 
obtained by these authors are very similar to the 
present equations. Adams and Gibson noted the 
minimum compressibility at 10,000 atm previously 
mentioned as arising from the cubic equation used 
to represent the data. 

The absence of the discontinuity reported by 
Bridgman [3] in this study, and that of Adams and 
Gibson [10] is puzzling, and no explanation can be 
offered. It is important to note, however, that 
the maximum decrease in volume on compression 

TABLE 4. Constants of empirical equation · 
- A V j Vo = a(P-20000) + b{P-20000) 2+ c(P-20000)3 

Constan ts' 

Material 

aXlO' -bXlo' eX 10 I< 

Dry cellul ose __________________________ 0.926 
Polyvinylidene chloride (Saran )_______ 2.17 
Polyester (Seleetron 5003)______________ 1. 76 
Polyethylene __ ____ ______ ________ ______ 1. 89 
Poly monocblorotrillu 0 ro re t b y l e ne 

(Kel-F )______________________________ 0.989 
Ryear OR- 25____________ ____ __________ 2. 26 
R year OR- 15____________ ______ ________ 2. 17 
Neoprene______________ __ __ __ __ ____ ____ 2.04 
Tbiokol ST __ __ ________ ____ ________ ____ 1. 92 

0. 325 
1.90 
1. 23 
1. 45 

0.474 
2.03 
2. 03 
1. 75 
1. 41 

0.293 
8. 73 
4.82 
6.10 

0. 829 
9.09 
9.42 
7.66 
6.07 

• Constants given are applicable at room temperatnre (20°C to 25°0) over the 
pressure range 2,000 to 10,000 atm. 
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of approximately 15 p ercent is far in excess of the 
decrease in volume of approximately 6 percent 
which occurs between room temperature and - 65°0 
- the second-order transition temperature of natural 
rubber- as a result of thermal contraction. As 
the transition temperatures of most of the rubbers 
subj e~ted to pres.sure h ere are above -65° C [9, ll], 
the dIscrepancy IS even greater and indicates that 
the second-order transition iR not a r esult of change 
in volume alone. 

The measurements reported here were made by 
the author in the laboratories of the Geophysical 
Laboratory of the Carnegie Institution of Washing­
ton. The au thor is indebted to workers of the 
Geophysical Laboratory for their suggestions and 
encouragemen t, as well as the use of their facilities 
wi thout which these m easurements could no t hav~ 
been completed. 
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