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The thermal diffusivity of Teflon, sodium chloride, quartz, and silica glass was measured at 40øC to 
pressures of 35, 18, 30, and 36 kbar, respectively. A transient line source method was modified for use in a 
piston-cylinder high-pressure cell. Pressure gradients were determined by experiments with bismuth foils. 
The pressure dependence of the thermal diffusivity at 40øC for the substances studied may be represented 
as follows (K in square centimeters per second, P in kilobars): for the low-pressure phases of Teflon, 
Teflon I-II, P < 5.5 kbar, K = 0.0012 + 3.6 X 10-sP; for the high-pressure phase, Teflon III, 5.5 kbar < 
P < 35 kbar, • = 0.0012 + 8.0 X 10 -5 P; for polycrystalline halite, P < 18 kbar, • = 0.0031 + 9.5 X 10 -4 
P; for quartz, perpendicular to the c axis, P < 30 kbar, • -- 0.031 + 5.3 X 10 -4 P; for silica glass, P < 36 
kbar, • = 0.0068 - 6.7 X 10 -6 P. The diffusivity of silica glass decreases with pressure, in contrast to the 
diffusivity of its crystalline counterpart, quartz, which increases with pressure. In addition to the 
diffusivity the thermal conductivity of Teflon was determined by measuring the power applied to the 
heater wire. The thermal conductivity of a Teflon I-II mixture is approximately constant at 0.0075-0.0078 
cal/cm s øK to 5.5 kbar. Above 5.5 kbar the conductivity of Teflon III is given by K: 0.0062 + 4.0 X 
10-sP. The specific heat of Teflon decreases with pressure and decreases discontinuously by 15% across 
the Teflon lI-lII phase change, in good agreement with the decrease predicted from thermal expansion 
and compressibility data. 

INTRODUCTION 

There are only a few reported data in the literature on the 
variation of the thermal conductivity or diffusivity of minerals 
with pressure [Bridgman, 1924; Fujisawa et al., 1968; Schloessin 
and Dt;orak, 1972]. We report here new thermal diffusivity (K) 
data for Teflon, sodium chloride, quartz, and silica glass and 
thermal conductivity (K) and specific heat (c) data for Teflon. 
These substances were chosen for measurements for a variety 
of reasons: (1) Teflon, as a material that is commonly used 
in pressure cells, as a material for which values had been 
published [,4ndersson and Bg'ckstr•m, 1972], and as a material 
with phase transitions in the range of pressures attainable 
[Pistorius, 1964]; (2) sodium chloride (polycrystalline), as a 
crystalline substance whose atomic structure allows theo- 
retical calculations of the thermal properties [e.g., Mooney and 
Steg, 1969]; (3) quartz, as a framework silicate representative 
of minerals in the earth's crust; and (4) silica glass, as an 
amorphous material for comparison with its crystalline coun- 
terpart, quartz. 

THEORY: LINE SOURCE METHOD 

We modified the transient line source method first proposed 
by daeger[1959] and later developed by daeger and Sass[1964] 
for application to a piston-cylinder high-pressure cell. In this 
method a thin linear heater serves as the heat source; the 
temperature rise (t;) above ambient is recorded as a function of 
time (t) at a known distance from the heater. The thermal 
diffusivity and conductivity may be determined from this tem- 
perature-time (t;-t) curve and a knowledge of the power output 
of the heater. Many advantages of the method as used for 
work at 1-atm pressure were listed by daeger and Sass [1964]. 
In addition, the method has the following advantages for high- 
pressure work: (1) the diffusivity and conductivity are both 
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determined, either allowing the specific heat to be determined 
through c = K/pK or providing a consistency check if the 
specific heat is known; (2) the early part of the temperature- 
time history may be used, thus minimizing violations of 
boundary conditions which are in general difficult to maintain 
in the pressure apparatus; (3) thermal properties are measured 
in a single plane, perpendicular to the line source; (4) sample 
design is amenable to the inherent pressure vessel geometry; 
(5) sample size maximized so that experimental errors due to 
the finite size of the heater wire and the thermocouple are 
minimized; (6) sample preparation, while it is not trivial, is 
relatively simple. The main disadvantage of the method is that 
data reduction is complex. 

An inherent difficulty with the application of most methods 
of simultaneously measuring the thermal diffusivity and con- 
ductivity to high pressure is in providing an accurate descrip- 
tion o[ the boundary conditions on the sample. The original 
line source method of Jaeger and Sass [1964] applies to a 
sample which is perfectly insulated or has only small heat 
losses. It is not possible to insulate a mineral sample (which is 
itself a good insulator) in a high-pressure vessel. We per- 
formed several experiments which showed that the assump- 
tions of perfect insulation or small heat losses from the sample 
are not even approximated at high pressure. We therefore 
decided to make the cylindrical surface of the sample as nearly 
isothermal as possible by placing the sample in contact with 
good thermal conductors. The following theory, then, is a 
modification of the Jaeger and Sass [1964] theory to this 
boundary condition. 

An infinitely long circular cylinder 0 < t, < a (or equiva- 
lently, one which is perfectly insulated at the ends so that the 
axial flux is zero, dv/dz = 0) is assumed to have a thermal 
conductivity K, density p, specific heat c, and thermal diffusiv- 
ity • = K/pc. K, •, p, and c are assumed to be independent of 
temperature. The initial differential temperature between the 
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cylinder and its surroundings (v) is assumed to be zero (v = 
vo(r) = 0) at time zero (t = 0). The outer surface (r = a) is 
assumed to be an isothermal surface (v = v(a) = 0 for all t > 
0). For all time t > 0, there is a line source of infinitely small 
diameter parallel to the axis through the point whose polar 
coordinates are (r', 0). This source emits heat at the constant 
rate Q per unit length per unit time. 

The basic equation of heat conduction in cylindrical coordi- 
nates is 

+ 7 - = o 
The ditTerential temperature v (henceforth referred to simply 
as the temperature) at the point (r, 0) at time t (t • 0) is 
obtained by applying, successively, a Laplace transform, the 
addition theorem, the inversion theorem, and the theory of 
residues, or by direct integration of the Green's function [Car- 
slaw and Jaeger, 1959, p. 385]. For a line source and the 
thermocouple at equal distances, r' = r, the solution is 

•Kv(r)_ 1 {--ln (•)+ In o 2 

• • -- ,,• Jn [a .... (r/a)] -- Z qn COS H0 Z •xp [ K. n 2t/•2] 2 =o =o (•n,m•/a•) t• ' (2) n m Jn (•n,m) 

where O is the heat emission per unit length, K is the con- 
ductivity, • is the diffusivity, r is the radius to the heater and 
thermocouple (assumed equal), a is the cylinder radius, •, = 1 
for all n = 0, •, = 2 for n 2 1, and an,m are the positive roots of 
J,'(a) = 0. This solution consists of two terms: the first, a 
steady state term; the second, a transient term which is a 
complicated function of the sample geometry. 

EXPERIMENTAL PROCEDURE AND DATA REDUCTION 

The experiments were conducted in an end-loaded piston- 
cylinder apparatus to a maximum pressure of 35 kbar. The 
initial temperature (To) was room temperature (about 27øC). 
The high-pressure cell which contained the sample was placed 
in a large pressure vessel (3.18 cm (1{ inches) in bore diameter 
by 15.24 cm (6 inches)) in length. The outside of the vessel 
was cooled by continuously circulating water. 

The high-pressure cell is shown in detail in Figure 1. The 
sample (5.08 cm (2 inches) in length, 1.27 cm (• inch) in diam- 
eter) contained two diametrically opposing slots, passing 
through the points (r, 0) and (r, •); r was generally chosen 
to be 0.7 of the sample radius. The heater wire and thermo- 
couple (Chromel-Alumel) were placed i n opposed slots. For 
Teflon samples the wires were packed into the slots with 
Teflon; glass was melted into the sIOts of quartz and glass 
samples; and sodium chloride was packed into the slots of 
the sodium chloride sample. The four wires from the heater 
and thermocouple were brought out from the high-pressure 
environment through a four-hole ceramic tube at the top of 
the assembly. 

The cell was designed to achieve two conditions: (1) the 
desired thermal boundary conditions on the sides and ends of 
the cylinder, and (2) a condition of uniform stress distribution. 
The sample was surrounded in the radial direction by good 
conductors which coupled it thermally to the pressure vessel 
and cooling system. Such thermal coupling gave a reasonable 
approximation to the boundary condition of the cylinder sur- 
face that the differential temperature remain zero (v(a) = 0 for 
all t • 0). Silver was chosen as the material to be placed 
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Fig. 1. High-pressure cell for measurement of K, K, and pc by the 
line source method. 

immediately in contact with the sample because of its high 
thermal conductivity. To assure reasonable stress distribution, 
however, a weaker bushing of lead (a slightly poorer con- 
ductor) was placed outside the sample over a substantial 
length of the cell. An insulator, Teflon, was placed at the ends 
of the sample to give a reasonable approximation to the 
boundary condition that the axial heat flux be zero (dv/dz = 
0). 

Ideally, the sample environment should be hydrostatic. This 
condition is impossible to attain in a solid medium pressure 
apparatus because of the finite shear strengths of the various 
cell components. Weak materials (lead and Teflon) were used 
wherever possible in order to minimize shear stresses. 

Stress distribution in the cell was studied in a separate 
experiment of geometry similar to the thermal measurement 
assembly. Bismuth foils were placed at the ends of a Teflon 
sample, as is shown in Figure 2. As the pressure was increased 
and decreased through two cycles, the Bi I-II and II-I transi- 
tions in each foil were observed by monitoring electrical resis- 
tance. Although these foils are expected to respond most sensi- 
tively to the axial component of stress, we have taken them to 
be reasonable indicators of pressure. On compression, the Bi 
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Fig. 2. Pressure gradients in the high-pressure cell. Data points A, 
B, C, and D indicate applied pressure at which the bismuth l-ll 
transition (A and B) and the ll-l transition (C and D) were observed 
at the two foils. Closed triangles represent transitions in foil 1; open 
triangles, foil 2. In this plot, linear pressure distributions are con- 
structed to pass through these points and the corresponding locations 
(a, b, c, and d) at which the transitions actually occurred. The top line 
shows the assumed pressure distribution at an applied pressure of 35.2 
kbar; reduction of this applied pressure to 30.0 kbar is necessary to 
just reverse the pressure gradient at the center of the cell. Complete 
reversal of the gradients is not attained until the pressure is reduced to 
23.0 kbar, coincident with point C. 

1-11 transition pressure was taken as 25.5 kbar [Heydemann, 
1967]; the Bi II-I transition on decompression was assumed to 
be about 0.5 kbar lower [Davidson and Lee, 1964]. 

Upon compression the foil nearer the piston underwent the 
l-If transition at a pressure of 27.3 kbar applied to the piston; 
the more remote foil, at 28.8 kbar. On decompression the foil 
nearer the piston underwent the II-I transition at 23.0 kbar; 
the more distant foil, at 21.1 kbar. These values are symmetri- 
cally located about the true transition pressures to within 0.2 
kbar for the foil nearer the piston and 0.6 kbar for the more 
distant. The departures from symmetry were of opposite signs 
at the two ends of the sample. The applied pressures at which 
the transitions took place implied an axial pressure gradient of 
0.4 kbar/cm (1.2 kbar/inch) over the 5.08-cm (2.0 inches) 
initial length of the sample. 

The thermocouple used in the thermal measurements was 
located at the midpoint of the sample's length. Thermal scaling 
of the experiment shows that during a typical run of 100-s 
duration the thermocouple history is most influenced by mate- 
rial within a distance slightly less than one cylinder diameter, 
that is, by material within 1.27 cm (,• inch) of the thermo- 
couple. Thus we estimate that the pressure variation within 
material which influences the experimental results is about 1 
kbar. Since the pressure gradient is probably uniform in the 
central region, it is reasonable to assume that the pressure 
differences are largely self-compensating and that the thermal 
properties are averaged over +• kbar about the mean pressure. 

In order to estimate the mean pressure at the center of the 
sample, diffusivity measurements were made on compression 
and decompression over several pressure ranges. The data for 
Teflon are shown in Figure 3a. Having observed the frictional 

effects to be reasonably symmetrical in the bismuth experi- 
ments, we chose the midpoint of hysteresis loops as the pres- 
sure at the center of the sample. In the central region of the 
loop (•7 to •27 kbar) the correction is 2«-3 kbar (Figure 3b). 
The ends of individual hysteresis loops are complicated by 
pressure gradient reversals. At the lower ends they are also 
complicated by phase changes in the Teflon. Data from these 
regions are not considered in determining friction corrections. 
On the 35-kbar excursion, complete pressure gradient reversal 
upon decompression appears to have occurred by 26 k bar 
(Figure 3a). This value is in reasonable agreement with the 
value required to reverse the gradient in the vicinity of the 
sample center (from the linear model of Figure 2). 

The temperature-time (v-t) history of the thermocouple was 
recorded (generally for about 2 rain) on a strip chart recorder. 
Data reduction was accomplished by using the method of 
Jaeger [ 1959] using only the early part of the temperature-time 
curve, typically the first 30 s to 1 min. The theoretical solution 
(2) of the temperature-time curve is of the form 

v(t) = A(K, •)f(•t/a •) (3) 

where A is a constant depending on K and •. From this, it 
follows that 

v(nt) l(nt•t/a •) 
v(t) - l(gt/a •') (4) 

where n is a positive number, generally taken to be an integer. 
With the aid of a theoretical curve or table of the function 

f(n•t/a•)/f(•t/a •) a value of •t/a • can be found from an experi- 
mental value of v(nt)/v(t) [Jaeger, 1959]. 

In practice, convenient units of time t = to and n are chosen, 
e.g., to = 2 s, n = 2. Values of v(mto) are read from the strip 
chart at times mto, rn = 1, 2, ß ... The ratios v(nmto)/v(mto) are 
calculated and compared to tables of the function 

4 

Diffustvity vs •ominal Pressurg: TEFLON • I 
ß Up1 

u Down2 •/,. / /,,j 
_^Up3 / / / • 

v Down 3 / /' -/./" / 

v Down4 / •/% / 
X Second / • / / / 

• v 4t 

(• 
I0 20 30 40 

I I 

Fig. 3. (a) Diffusivity of Teflon versus pressure. Four hystereses 
loops are shown. The center (heavy) line represents the midpoint 
values. The light line shows the relative values of Andersson and 
Backstrbm [1972] normalized to our l-bar value. (b) Hysteresis loop 
width versus pressure. 
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f(nKt/a2)/f(Kt/a 2) generated from (2). From these tables a 
value of K is determined for each ratio. In theory, each ratio 
v(nrnto)/v(rnto) gives the same value of K, or values which agree 
within experimental error. In practice, we observed systematic 
drift of the values in all but the earliest parts of the v-t curves, 
an indication that the theory did not perfectly represent the 
experimental situation. In these cases we extrapolated the 
drifting values back to the nominal value at t = 0. When K has 
been determined, the value of K can be found from (3) (if the 
heater power, Q, has been measured) by comparing the ob- 
served values of v(t) with the theoretical value A(K, K)f(Kt/a2). 
From K and K the specific heat can be determined from c - 
K/OK. 

The observed diffusivity values vary somewhat with varia- 
tions in the power applied to the heater wire. Higher heater 
power causes a higher average temperature in the sample. We 
therefore expect the observed values to reflect the temperature 
dependence of the diffusivity. This is indeed the case. For 
Teflon, higher values of diffusivity were measured at larger 
power outputs (e.g., a factor of 2 increase in power applied to 
the heater caused an increase of average diffusivity of about 
10%). The published values of diffusivity of Teflon do indeed 
increase with temperature in the range 30øC-60øC [Shelley 
and Huber, 1968]. For quartz the diffusivity generally de- 
creased slightly with applied power, as would be expected from 
the temperature dependence of the thermal conductivity 
[Clark, 1966, p. 466], but the dependence was slight. The 
diffusivity of glass did not vary with changes of a factor of 2 in 
applied power. No data were obtained on the power depen- 
dence of diffusivity of NaCl because of experimental problems. 
In order to minimize this temperature effect we used the min- 
imum power required to give a resolvable v-t curve for data 
reduction. The measured values of diffusivity are appropriate 
to a temperature averaged over the sample volume for the 
duration of the experiment. The value of temperature which 
we specify for our measurements is the highest temperature 
attained at the thermocouple during the duration of the experi- 
ments. Actual temperatures attained in the material between 
the heater wire and the thermocouple at the end of the experi- 
ment would have been slightly higher, but the value specified is 
probably a reasonable approximation to the mean temper- 
ature of the sample integrated over the duration of the experi- 
ment. 

Because of the difficulty of the experiments we wished to 
determine the diffusivity and conductivity of a sample for 
which the values were previously known. After consideration 
of previously published data on diffusivity and conductivity of 
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Fig. 4. Phase diagram of Teflon (polytetrafluoroethylene). 
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Fig. 5. Heat of reaction of the Teflon III-II phase change recorded 
as the pressure was decreased through the phase change region. Values 
of applied pressure during the decompression (not corrected for fric- 
tion) are recorded beside the curve. 

rocks, minerals, and polymers, we chose Teflon as the sub- 
stance for use for our initial samples because (1) diffusivity and 
conductivity values for Teflon with small experimental uncer- 
tainties had been published by Andersson and Biickstrbm 
[1972]; (2) Teflon is commonly used in laboratory pressure 
cells, and knowledge of its thermal conductivity would aid in 
designing experiments; and (3) Teflon is easily machinable and 
therefore easy to use for developmental experiments. 

RESULTS 

Teflon. Teflon shows several kinds of phase transitions 
(Figure 4) [Pistorius, 1964; Shelley and Huber, 1968]. At 1-bar 
pressure there is a strong first-order thermodynamic transition 
at 20øC (Teflon II-la in Figure 4; [Rigby and Bunn, 1949]). 
This transition is believed to be a screw dislocation, order- 
disorder transformation, in which the helical form of the poly- 
mer chain changes [Shelley and Huber, 1968]. At 30øC a transi- 
tion (Teflon Ia-I in Figure 4) occurs as the polymer chain 
unwinds. The high-pressure data of Pistorius [1964] show a 
high-pressure phase, Teflon III, stable above about 5 kbar. 
These data show the Teflon I-II-III phase boundaries but do 
not resolve the I-Ia transition at high pressure. 

Data in the literatur e regarding the behavior of the thermal 
diffusivity and conductivity across the phase boundaries are 
inconsistent. The l-atto data of Kirichenko et al. [1964] and 
Ozawa and Kanari [1967] do not show discontinuities at the 
II-I and l-la transitions; the data of Shelley and Huber [1968] 
clearly resolve the transitions and show large variations in 
diffusivity through the transitions. The pressure data on diffu- 
sivity of Andersson and Bi•ckstrbm [1972] do not resolve the 
II-IIl transition. 

Our experimental diffusivity data for Teflon are shown in 
Figure 3. Below 5.5 kbar the diffusivity is given by K(cm • s -•) = 
0.0012 + 3.6 X 10 -* P(kbar) at average temperature 40øC. 
The nominal value of the diffusivity extrapolated to I bar is 
0.0012 cm • s -•. Although pressure uncertainties in a piston- 
cylinder apparatus are relatively large at pressures of a few 
kilobars, so that we could not resolve a phase change in this 
range of pressure, it is probable that the low-pressure data 
apply to a mixture of Teflon I and II, in which the proportion 
of Teflon II present increases with increasing pressure. 

The diffusivity is discontinuous across the Teflon II-III 
phase boundary. The transition occurred gradually in the 
high-pressure cell at pressures between about 5 and 8 kbar. 
Although we did not see any evidence of the I-II transition at 
low pressures, the heat of reaction of the II-III phase transi- 
tion was clearly recorded on the strip chart recorder by varia- 
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Fig. 6. Thermal conductivity of' Teflon versus pressure. Same nota- 
tion as for Figure 3. 

tions in thermocouple temperature as the pressure was in- 
creased or decreased across the transition (Figure 5). The 
pressure at which the heat of reaction was recorded agrees well 
with the pressure at which the phase transition was reported 
(Figure 3) and with the measured discontinuity in the thermal 
diffusivity. The diffusivity has the value 0.0020 cm • s -• at 10 
kbar and increases linearly to.0.0045 cm • s-' at 40 kbar. In this 
range the increase is 8 X 10 -5 cm • s-' kbar -•. The values of 
thermal diffusivity are somewhat lower than those reported by 
Andersson and Bi•ckstrbm [1972], who did not resolve the 
II-1II phase transition. It is possible that variations in the 
sample properties (degree of crystallinity, method of manufac- 
ture) account for the lack of agreement between the two sets of 
results, although the density of the samples used was nearly 
identical (2.15 gcm -• [Andersson and Bfickstrb•, 1972], 2.144 
gcm -• (this paper)). 

In order to determine the conductivity K from the diffusivity 
K it is necessary to measure the power dissipated per unit length 
in the line source. Limited by the number of wires exiting from 
the cell, we were not able to measure this power in situ. Instead, 
the initial resistance of both the heater and its copper leads was 
measured before assembly into the pressure vessel. During the 
run the heater current and total resistance of the leads plus 
heater were measured. The copper leads inside the cell changed 
in resistance owing to the effect of pressure. Bridgman [1938] 
observed a 5% decrease in the resistance of copper from room 
pressure to 30 kbar. After this correction was applied to the 
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Fig. 8. Specific heat and volume of Teflon versus pressure. 

pressurized length of copper leads, the final heater resistance 
was observed to vary from 0.63 •2 initially to 0.50 •2 at 35 kbar. 

The thermal conductivity data obtained for Teflon are 
shown in Figure 6. Below 5.5 kbar the conductivity is approxi- 
mately constant at K = 0.00075 cal cm -• s -• øC-'; the con- 
ductivity does increase slightly with pressure in this range, to a 
value of K = 0.00078 cal cm -z s -z øC-' at 5.5 kbar. These 

values are attributed to a Teflon I-II mixture or to Teflon II. 

The conductivity is discontinuous across the Teflon II-III 
phase boundary. Extrapolated to 5.5 kbar, it has the value 
0.00088 cal cm -• s-' øC-' and by 30 kbar increases to 0.00187 
cal cm -• s-' øC-'. This increase in conductivity for Teflon III 
is 5.5% kbar -z, somewhat lower than the (7.6 + 0.8)% kbar -• 
reported by Andersson and BiickstriSm [1972]. 

The experimental values for K and K are summarized in 
Figure 7. From these values and Bridgman's [1948] compres- 
sion data the specific heat was determined from c = K/t•K 
(Figure 8). The specific heat decreases nonlinearly by 17% 
from 0 to 5 kbar and decreases by 15% across the Teflon II-III 
phase change, in good agreement with the decrease across the 
phase change predicted by Weir [1954] from thermal expan- 
sion and compressibility data. 

Quartz. The thermal diffusivity of single-crystal quartz 
was measured perpendicular to the c axis (Figure 9). Although 
two cycles of compression and decompression were measured, 
the data shown in Figure 9 are selected from only two tra- 
verses. Data from a smaller, interior hysteresis loop were badly 
scattered and are not shown. The hysteresis loop width ob- 
tained from the first compression and last decompression is 

b 

•5 i/vv.?? _ 30 

28 i Quartz 26 _L. tO C-•xis 

24 I I I I I I I 
0 5 I0 15 20 25 •0 •5 40 

Pressure (kb) 

Fig. 9. Thermal diffusivity of quartz, perpendicular to the c axis, 
versus applied pressure. 
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Fig. 10. Thermal diffusivity of silica glass versus pressure. Two 
hysteresis loops are represented. Solid line represents least squares 
linear fit to data. Dashed line indicates probable behavior discussed in 
text. 

anomalously large, between 6 and 8 kbar. The large value of 
hysteresis loop width indicates that the pressure gradients in 
the cell containing quartz are larger than those measured in the 
Teflon cell used for calibration. We believe that this effect is 

caused by the larg•e strength of the quartz. We therefore ig- 
nored data from the interior hysteresis loop because it was 
obtained over a pressure range which may have been sub- 
stantially affected by incomplete pressure gradient reversals. 

Upon examination at the end of the experiments, quartz 
samples typically showed 3-5 major fractures roughly parallel 
to the cylinder axis. These fractures generally initiated at the 
slots which contained the heater and thermocouple wires. In 
the experiments on glass and quartz, loud cracking noises 
which may have been related to the formation of these frac- 
tures were heard upon compression at pressures near 10 k bar. 
The fractures probably remained closed at pressures above a 
few kilobars and did not appreciably affect the diffusivity 
measurements. The two low data points at the lowest pressures 
(Figure 9) suggest that the fractures may have opened below a 
few kilobars pressure. 

From the data in Figure 9 the nominal 1-bar value of the 
diffusivity for quartz is 0.031 cm 2 s-l, and the rate of increase 
with pressure is 1.7% kbar -1. The 1-bar value is within the 
range of values of diffusivity which can be calculated from 
thermal conductivity data given by Clark [1966, p. 466]. These 
values range from K = 0.029 to K = 0.033 cm •' s -x (with the 
reported values of Clark interpolated to 40øC--K = 0.0145 
cal cm- x s- • øC- x and 0.0157 cal cm- • s- 1 øC- l, respectively-- 
and with the assumptions that p - 2.65 g/cm 8 and c - 10.9 
cal/mol øK). The rate of increase of diffusivity with pressure 
is equivalent to an increase of conductivity of 1.2 X 10 -4 cal 

cm -x s -x kbar -1, in excellent agreement with the value 1.3 X 
10 -4 cal cm -x s -x kbar -x reported by Schloessin and Beck 
[1970]. 

Sodium chloride. Sodium chloride was ground into a fine 
powder and pressed, slightly damp, to 14 kbar to form a 
sample of 97% theoretical density. It was not possible to form 
a single sample of 5.08 cm (2.0 inches) in length, so the final 
sample was composed of two shorter segments. The thermo- 
couple broke during this run at an applied pressure of 20 kbar 
during the first increase in pressure, so the four data points 
which were obtained were corrected to a final pressure by 
subtracting 3 kbar from the pressure applied to the piston. This 
value of the half-hysteresis width was observed in all of our 
experiments (except those on quartz) in which one or more 
hysteresis loops were obtained. The four data points give a 
diffusivity of 0.031 cm •' s -1 at I bar (40øC) and a rate of 
increase of diffusivity with pressure of 3.2% kbar -x to 18 kbar. 
The l-bar value of the diffusivity is close to the value of 0.029 
cm •' s -1, which can be calculated from published values of 
thermal conductivity data [Clark, 1966, p. 465]. 

Silica glass. The diffusivity was measured on samples of 
homogeneous silica glass to 35 kbar (Figure 10). Upon exam- 
ination after the experiments the samples typically showed 3-5 
major fractures similar to those observed in quartz. If a linear 
fit is made to the data to 35 kbar, the diffusivity is given by 
•(cm •' s -1) = 0.0068 - 6.7 X 10-•P(kbar). The zero-pressure 
value agrees with that which can be calculated from the ther- 
mal conductivity data of Ratcliffe [1959]. Note that the diffu- 
sivity of silica glass decreases with pressure, in contrast to the 
diffusivity of its crystalline counterpart, quartz, which in- 
creases with pressure. The data show a systematic departure 
from the straight line rifted to the data, being consistently low 
in the •15- to •25-kbar region and then rising with further 
increase in pressure. 

Comparison with theory. An approximate expression for 
the pressure dependence of the thermal diffusivity has been 
given by Fujisawa et al. [1968]: 

Ko 

VmO • dP/oJ 

where B(kbar) is the bulk modulus, v•(km/s) is the phonon 
velocity, and the subscript 0 refers to the values of these 
quantities at l-bar pressure. Values of the parameters required 
in this equation are listed in Table 1. In the case of NaC1, for 
which (dv•/dP)o is kfibwn, the last term of this equation 
contributes less than 10% to the calculated Change of diffusiv- 
ity. The values of this derivative are not kno TM for the other 
substances; however, they are likely to be of the same magni- 
tude as for NaCI, so the lack of knowledge of this term does 
not seriously affect the approximation, 

TABLE 1. Parameters for Equation (5) 

Predicted Observed 

dv,ddP, Change in Change in 
Substance Bo, kbar dB/dP Vr•o, km s -• km s -• kbar -• K, % kbar -• K, % kbar -• 

NaC1 245 5.3 2.9 1.5 X 10 -•' +2.5 +3.2 

Quartz 374 6.4 4.5 ... + 1.7 + 1.7 
Silica 370 -7.3 4.1 .... 4.0 -0.1 

All data are from Clark [1966] except dB/dP and dvr•/dP, which are from Roberts and Ruppin 
[1971] and Fujisawa et al. [1968], respectively. 
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The values of K predicted by (5) are in good agreement with 
the measured values for quartz and sodium chloride (Table 1 ). 
Equation 5 also correctly predicts the decrease of diffusivity 
for fused silica but severely overestimates its magnitude. The 
decrease of diffusivity with pressure is associated with the 
....... I"us bulk -,,,,4,,• ,4,•..: .... : ...... Uich is •,, ................. us ......... •, ,•, ' •Uaracteristic -• 

fused silica and Pyrex glass but not of most other glasses [e.g., 
Birch, 1966]. We therefore expect that the negative pressure 
dependence of diffusivity is characteristic of silica glass and 
will not be found in glasses which do not have anomalous bulk 
modulus derivatives. From (5), however, we see that this de- 
crease will persist only in that range of pressures where the 
bulk modulus is behaving anomalously. At high pressures the 
glass 'stiffens,' and the diffusivity should increase with pres- 
sure. Our data suggest that this reversal in gradient occurs at 
•25 kbar. It is worth noting that Bridgman's [1924] measure- 
ments of thermal conductivity for Pyrex glass, which has a 
negative, but smaller, bulk modulus derivative than fused si- 
lica, show that the conductivity increases slightly with pres- 
sure. Since K = Kpc, this observation suggests that if the 
predicted small diffusivity decrease occurs, it is offset by the 
density increase. 

CONCLUSIONS; SUMMARY OF DATA 

The pressure dependence of the thermal diffusivity at 40øC 
for the substances studied may be represented as follows (• in 
square centimeters per second, P in kilobars)' 

Teflon I-II, P < 5.5 kbar K = 0.0012 + 3.6 X 10-sP 
Teflon III, 5.5 kbar < P < 35 kbar K = 0.0012 + 8.0 X 10-sP 
Quartz, perpendicular to c axis, 

P_<30kbar g= 0.031+5.3X 10-4p 
NaCI (polyxl), P _< 18 kbar • = 0.031 + 9.5 X 10-4P 
Silica glass, P _< 36 kbar g = 0.0068 - 6.7 X 10-6P 

The thermal conductivity of Teflon I-II is approximately con- 
stant to 5.5 kbar, in the range 0.0075-0.0078 cal/cm s ø C. 
Above 5.5 kbar the conductivity of Teflon III is given by' 

K = 0.0062 + 4.0 X 10-sP 

The specific heat of Teflon decreases with pressure and is 
discontinuous across the Teflon II-11I phase change. 
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