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Apparatus is described for maintaining hydrostatic environment, 1 in. in diameter by 4 in. long, with
8 to 12 electrical leads, up to 20-kbar pressure and various temperatures. Bending creep of 99.999+4-9, lead
is reported with an activation volume of about 21X1072* cm?, essentially independent of temperature
between 0° and 57°C. Evidence for recrystallization is given.

INTRODUCTION

HE effect of pressure on properties of materials has

been extensively reviewed.'=® Theories of creep

have also been reviewed elsewhere.*~® Those relating
creep to self-diffusion involve dislocation climb,”# va-
cancy creep,” and motion of “joggy” dislocations"
among other mechanisms. Bridgman” has investi-
gated the effect of pressure on Young’s modulus, the
shear modulus, work hardening, elastic limit, ultimate
strength, etc., for a large number of materials. Lazarus,*
Daniels and Smith,"* and Hughes et al.’® have studied
the effect of pressure on elastic constants of a number
of solids. Christy'® has reported the effect of pressure
on creep in silver bromide. Butcher and Ruoff'” have
investigated the effect of pressure in 99.9999 lead.
The influence of pressure on self diffusion in sodium,'8
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phosphorus,* zinc,? silver,? silver bromide,” and lead®
has been found to approximate an equation of the type

D=Doe—pAVt/KT’ (1)

where D is the diffusion coefficient, D, the value of D
at zero pressure, p the pressure, AV* the activation
volume, 7" the temperature, and K Boltzmann’s con-
stant. Nachtrieb, Resing, and Rice* found a tempera-
ture-independent activation volume of 0.71 to 0.87
atomic volumes for self-diffusion in 99.9999, lead be-
tween 253° to 301°C.

If creep were vacancy controlled, the activation
volume for creep would be expected to be equal to
that for self-diffusion, and hence given by

AVA=[KT/(po—p1)] In(&1/és), (2)

where ¢ is the deformation rate at pressure p,. Butcher
and Ruoff® reported the activation volume for creep
in lead to be 0.80 atomic volumes at 70°C.

SAMPLE PREPARATION

Samples were prepared from 99.999+9, lead.** Typi-
cal principal impurities were listed as Ag, Cu, Fe, and
Bi, less than 1 ppm each. An ingot of the material was
crushed in a press until it was approximately 0.375 cm
thick. Beams were carefully cut from this with a hack-
saw and carefully filed or sanded to various sizes 0.28
to 0.38 cm thick by 0.3 to 0.4 cm wide and 2.4 cm long,
the sizes chosen to obtain about the same creep rate
at different temperatures. Visual inspection of surfaces
of the samples, after finishing revealed that the grain
size varied from less than 0.1-mm to 1-mm diameter,
with a mean size of approximately 0.5 mm. Sample 20
was melted and allowed to cool slowly, resulting in
the center % of the sample’s being one large grain.
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APPARATUS AND EXPERIMENTAL PROCEDURE

The composite high-pressure vessel used in these
studies is shown schematically in Fig. 1. With piston
and bottom plug in place, it provided a working space
1 in. in diameter by 4 to 5 in. long. It has been tested
to 20 kbar, although the present creep measurements
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Fic. 1. (a) and (b), high-pressure vessel component parts
shown in partial cross section. Safety ring, outer binding ring,
inner binding ring, shims, and die are assembled successively in a
hydraulic press. Shim rings are then introduced between both
screw-in retaining rings and die.

were only carried on up to 10 kbar. The piston was
sealed with a Bridgman unsupported area seal, using
polyethylene as the soft seal material. The bottom
plug, shown in Fig. 2, introduced 8 (or sometimes 12)
electrical leads into the pressure vessel. Figure 2 also
illustrates the means by which the creep apparatus
was mounted on the bottom plug for easy assembly

o

12° Taper

0002"

Under
finished LD.

12° Taper >
of cylinder

Drill rod cone

Teflon coated
Plug graph- wire
mole steel
L Rc62+2

L]t
it e 3 Drill
1
I+
i Trolyethylene 1005 Diam
!

gasket

1 0375 Diam
-—-.F-\‘
Graph-mole 0.002"

steel Rc 62%2  Under finished
1.D. of cylinder

Nylon insulator

Fi1c. 2. High-pressure plug with 8 electrical leads
(dimensions are in inches).

in the pressure vessel. Pressure was determined from
the force applied to the piston, calibrated with 2.19%,
gold-chrome?® and also manganin'? coils.

The temperature was controlled by a continually
stirred water bath in which the pressure vessel was
completely immersed. Heat was provided by a 1 kW
immersable heater regulated by a mercury control and
relay.?® The temperature varied by less than 43°C as
continually recorded on a Bristol Dynamaster dc po-
tentiometer. In room-temperature studies, the ambient
was controlled to =2°C. Low-temperature studies were
made with the bath packed in ice, with a maximum
temperature variation of 2°C during creep.

Figure 3 shows schematically the creep stressing ap-
paratus, which was surrounded by a stainless steel
tube. The sample rested in slots in the tube which
served as knife edges for 3-point loading. The other
knife edge consisted of a wire loop attached rigidly to
the spring which supplied the stressing force. Since a
spring was used to load the sample, the load changed
slightly with deformation. However, weak springs with
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