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Compressibility of Eleven Inorganic Materials 
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Volume co mpression measurements were mad e on eleven inorganic mate ria ls to a 
maximum pressure of 10,000 atm. Coefficients of t he empirical equation - 6. V /Vo = a(P 
- 2000) + b(P- 2000) 2 were d etermined for t he substances studied. Values of a in uni ts of 
10- 6 at m- 1 a nd b in un its 10- 10 atm- 2 a re as follows : MOllel- a = 0.62 0= 0 ' Waspalloy- a 
= 0.65, b= O; sapph ire- a = 0.34, 0= 0; rutile- a = 0.46, &= 0 ; spincl- a = 0. 39, b= O; BaS- a 
= 3.99, b= - J.6 ; Ca8--a= 2.48, b= - 1.1 ; B 203(crystall ine) - a = 3.24, b= - 0. 29; ][ 3]30 3-

a = J1.65, b= - 3.2; AS20 3 (glass) - a = 8.34, b= - 1.7 ; a nd As 28 3 (glass) - a = 8. 12, b= - 2.8. 

1. Introduction 

During se ,"eral years of systematic studies of 
P - V behavior of solids, data were occasionally 
obtained on a few miscellaneous materials. These 
materials were studied because of requests for the 
d ata or as part of a proposed systematic study which 
never materialized. Inasmuch as the P- V data 
(and the derived compressibilities) were of sufficient 
interest to warnw t im"estigation , they appear to 
deserve publication . This report contains volume 
compression data on 11 inOl"ganic materials studied 
at room temperature to a maximum pressure of 
10,000 atm. 

2. Experimental Method and Materials 

The method used has been described previously 
in considerable detail [1] 1 and will be outlined here 
briefly. The specime:n was immersed in Varsol in 
the bore of a heavy-walled steel \'essel. A leakproof 
piston forced into the bore generated pressure in 
the Varsol, thereby compressing both the Varsol and 
the specimen. A similar experiment was performed 
in which a steel bar of similar volume replaced the 
specimen. Comparison of the piston position at 
equal pressures in the two experiments permitted 
calculation of the compression (-.1 V /Vo) of the 
unknown in terms of the compression of steel which 
is known [2]. 2 Pressure was measured by means of 

I Fig ures in brackets indicate the li terature references at the end of this paper. 
2 The Question of the variabili ty of com pressibility of steel with cornposition 

was investigated by L. H. Adams. He did not publish the results but found that 
Brid gman's compressibility value fo r steel was valid for straight carbon steels 
withitl the ex perimental elTor of the measurement of the compressibility. The 
reference steel bars used here were fabricated from drill rod, which contains 
approximately 0.9 percent carbon. 

a manganin coil immersed in the Varsol in side the 
pressure vessel. The pressure gage was calibrated 
at the water-ice VI transition point at l'oom tempera­
ture [3] . In such experiments a fiducial point at 2,000 
atm was used because of friction in the packin a 
washers of the movable piston . All volume change~ 
were calculated from this pressure. ~ 
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T1W materials studied and their method of prepara­
tion were as follows: 

1. Monel metal g- this Nickel-copper alloy was 
obtained commercially. 

2. Waspalloy- a complex alloy of nickel was also 
obtained commercially. Both of these alloys were 
studied in the annealed state in the form of bars 
approx. % in. diam. X 4 1n . long. 

3. Sapphire- several rods of Al20 3, each a single 
crystal, prepared by the flame-fusion process com­
prised the specimen studied. The specimens were 
obtained commercially. 

4. Rutile- a single crystal rod of Ti02 appro:\:. 
?f in . diam. X 4 in. long was prepared by flam e fusion. 
The specimen was heated in an oxygen atmosphere 
subsequent to formation but was still oxygen deficien t 
as indicated by its purplish color. 

5. Spinel- hand-picked natural spinel crys tals 
obtained from Ceylon gravel. The specimen studied 
was composed of a quantity of small crystals con­
tained in an open steel cylinder. 

6. B20 3- crystalline B20 g was obtained from 
dehydrated H gBOg by the method described by 
Kracek et al. [4]. The specimen consisted of 

3 Both Monel and Waspalloy are nickel alloys with t he following nominal 
compositions (values repor ted are percentages, given only for those componen ts 
present ill excess of 1%). 
Monel; Ni- 67, Cu- 30, F e-1.5, Mn- l.O, Si, C. 
Waspalloy; Ni-59, Cr- 19.5 , Co-13.5, M o-4.3, Ti-3.0, AI- 1.4, Fe, B, Zr. 



several large fragments contained in an open steel 
cylinder. Although the specimen was crystalline it 
was not certain that it did not also contain a small 
quantity of uncrystallized B20 3 glass. 

7. H 3B03- orthoboric acid was a reagent grade 
material. rrhe specimen consisted of polycrystalline 
p owder contained in an open steel cylinder. 

8. Asz0 3- glass, prepared by melting reagent grade 
material in a sealed, evacuated tube. The specimen 
consisted of a cylindrical bar. 

9. AszS3- glass , preparation and specimen similar 
to AS20 3 • 

10. CaS- powdered material of commercial origin. 
The specimen was contained in a steel cylinder. 

11. BaS- also commercially prepared powder. 
Handled as in the case of CaS. 

3. Results and Discussion 

The experimental compression data are divided 
into two groups based on the magnitude of the com­
pression. The data are given in tables 1 and 2. 
In table 1 data are given for the compression of the 
less compressible materials while those for the more 
compressible materials are given in table 2. 

For each material of low compressibility at least 
two independent measurements were made on each 
specimen and the averages are given in table 1. In 
general, the duplicate measurements showed that 
variations occurred in the fourth significant figure . 
Measurements made to five significant figures have 
been rounded off in the data of table 1 to four figures. 
For substances of medium compressibility duplicate 
measurements were made on only BaS and CaS, all 
other data represent the results of one determination. 
Several measurements were made on fresh specimens 
of both BaS and CaS from the same samples with 
some evidence that decomposition of the samples 
occurred with time. This result was inferred from a 
small but significant increase in compression with age 
of sample. The data reported for these two sulfides 
represent the averages of data obtained in the first 
two measurements on each compound. 

TABLE 1. Compression data for inorganic solids oJ low 
compressibility 

Compression, -flV/Vo 

P ressure, atln Monel Waspalloy Sapphire Rutile Spinel 
----- - --

10000 0.0048 0.OO5O 0.0026 0. 0035 0.0032 
9000 44 45 24 32 29 
8000 38 40 21 25 23 
7000 31 33 19 23 18 
6000 25 28 16 19 13 
5000 19 21 10 15 10 
4000 12 14 5 10 8 
3000 6 6 4 4 5 
2000 0.0000 0.0000 0. 0000 0.0000 0.0000 

For each set of data of tables 1 and 2 an empirical 
equation of the form 

- ~ 11 /V o=a(P- 2000) + b (P-2000)? (1) 
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was fitted and the coefficients determined by the 
method of least squares. For the data of table 1 it is 
unlikely that values of the coefficient b would be 
meaningful because of the low compressibility. 

T ,\BLE 2. Compression data for inorganic solids of medium 
compresfibility 

Compression, - flV/V, 

Pressnre BaS 

I 
CaS B,O, I H,BO, .'1.5, 0 , } . 8283 

atm (cryst) (g lass) (glass) 

10000 0. 021R 0. 0132 0.0241 0.0728 0.0,,56 0. 0467 
9000 200 120 210 659 496 432 
8000 178 104 187 584 437 382 
7000 157 96 156 503 372 330 
6000 133 79 128 419 308 275 
5O00 105 64 93 324 238 218 
4000 78 49 59 214 15t 158 
3000 42 35 33 lIO 87 84 
2000 0.0000 0.0000 0.0000 0.0000 0. 0000 0.0000 
1000 - 0. 00042 - 0.0026 - - - - --- - - -- - -0.0097 -0.0093 - 0.0096 

For these materials the linear form was assumed and 
only a single coefficient was deri\Ted. For the sub­
stances of table 2, the pressure-compression relation 
is distinctly nonlinear and a nonzero value of b is 
required. The appropriate values of a and bare 
given in table 3. 

T A BLE 3. Value of coe,(ficients a and b of the equation 
- ~ VIVo = a (P-2000) + b(P- 2000) 2 

Material a, 10-6atm- J - b, lO- IOatm- 2 

MoneL ___________________ _ . ________________ __ 
Wasp a lloy _______________ ____ ______________ __ _ 
Sapphire (AhO,) _______ _____________________ __ 
Rutile ('1'iO,) ___ ___________________________ . __ 
Spinel (M gAhO.) ___ ________________________ __ 
BaS ___ . __ . _______________________________ ____ . 
CaS ___ . __ . ________________ __ ________ . _. __ . __ __ 
B,03 (cryst) __ ___ ___ - _ - ______ - --- - - - -- - - - - - - -__ 
H ,BO, ___ . __ ________________________ . ________ _ 
As,O, _______________________________________ __ 
As,S, _________________________________________ _ 

0.62 
. 65 
.34 
.46 
.39 

3.99 
2. 48 
3.24 

11 . 65 
8.34 
8.12 

1.6 
1.1 
0.29 
3.2 
1.7 
2. 8 

The data given in tables 1, 2, and 3 require little 
discussion. The data for Monel and Wasp alloy 
appeal' to be in reasonable agreement with the 
values expected from simple mixtures of their 
respective components. Volume compression data 
on sapphire and rutile were obtained to pro vide n. 
check on the data of Bridgman who measured only 
linear compression [5 , 6, 7] . The agreement between 
volume compressions calculated from Bridgman's 
linear compression data and the experimental values 
reported here is very good. In fact, the agreement 
is much better than might be expected considering 
the experimental difficulties in measuring volume 
compressions of such incompressible materials. So 
far as can be ascertained there are no previous com­
pression data on spinel. D ata on BaS and CaS were 
obtained because it was suspected that Bridgman's 
results might b e too large [8, 9]. However, the 
compressions obtained here are fully as large and in 
addition do not agree with Bridgman's results 
particularly well. From observations made here, 
it would appear tbat the question of purity may be 
of importance in producing the somewhat discordant 



data obtained on t hese two sulfides. The compres­
sibility of crystalline B 20 3 is considerably less than 
that obtained previously on the glass [10], as is to 
be expected. It is to be noted that the value of b 
for B 20 3 is much lower than th e corresponding values 
found for BaS and CaS, even though the values of a 
are comparable in these three compounds. Inas­
much as b represents the pressure coefficient of 
compressibility which is large for B20 3 glass [10] 
it may be concluded that the quantity of glass in 
the specim en of c.rystalline B 20 3 is small and that 
the numerical data are representative of the crystals. 
The compression data on H 3B03 was measured 
routinely as were the two arsenic glasses. These 
results require no comment. 

The author is indebted to A. Friedman for the 
specimens of Monel and Waspalloy, to J. Wachtman 
for the sapphire and rutile, and to H . Yoder for the 
spinel. R. Waxler assisted in a few of the measure­
ments. 
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