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ABSTRACT
The effect of pressure on high temperature dissolution has been
investigated. Solubility of NiO in Na,0:25i0, glass was found to
decrease with applied pressure, indicating that the entry rate of atoms
from a solute into a solvent is decreased by increased pressure. The
saturation concentration as measured with the electron beam microprobe
is an accurate measurement of the liquidus concentration for a given

temperature.
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INTRODUCTION

Physical properties, such as compressive strength of clays and
zirconia, have been enhanced by the application of pressure during a

A

chemical reaction. Chemical reactions can occur at lower temperatures
under an applied pressure than under vacuum. Carruthers and Wheat6
found mullite formation at 650°C in a china clay hot pressed during the
dehydroxylation reaction with 30,000 psi. The process of dissolution
can also be affected by an applied pressure.

The dissolution process consists of two steps, the entry of atoms
of solute into the solvent and a subsequent diffusion of these atoms
through the solvent. Either or both of Lliese steps can be rate-
controlling. These steps and their characteristics have been discussed
previously.7 When the migration of the solute atoms in the solvent is

limited by the interfacial reaction, the expression for the concentration

at any point contains error functions and a constant of proportionality.

2
c=c_|erte ( ol L gEPETE ] e ¢ TR )J (1)
2/Dt 2/t

and O is the reaction coefficient defined as

(wifel

where h =

_ aC
a(cs -C;)=-D = (2)
and C = concentration at any point
CS = saturation coefficient
Ci = interface concentration

X = distance
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diffusion coefficient

D

time

t
It is assumed here that the reaction is proportional to the chemical
activity difference between the two phases. Simpson and Carter9 used
these equations to study the diffusion of oxygen in calcia-stabilized
zirconia, taking into account the oxygen surface exchange.

The self-diffusion coefficient of lead has been shown to decrease
with increased pressure by Hudson and Hoffman.lo The other step in
dissolution, the entry, will be shown here to be inhibited by an applied
hydrostatic pressure.

The type of data obtained can be used to plot the liquidus of a
phase diagram as a function of pressure. Schwerdtfegerll has shown
that the saturation concentration as measured by the microprobe
technique used in this study is an accurate measurement of a liquidus.
He measured a portion of the liquidus in the Na0-3i0; system and found
agreement to within 1% or better. The results of his work can be seen
in Fig. 1. The dotted line shows the accepted liquidus of Kracek and
the solid line shows Schwerdtfeger's determination. In the present
work the NiO-Na20°:25i10, glass system was investigated and the effect

or pressure on the entry rate demonstrated.

EXPERIMENTAL PROCEDURE
A. Materials
Powdered sodium disilicate glass and oxidized nickel spheres were
used as the starting materials. The glass was made in the laboratory

from silica flour and reagent grade sodium carbonate by melting and
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refining in platinum crucibles in an inclined, rotating electric furnace
at 1300°C. The glass was cast and then crushed and dry ground to -325
mesh and had a density of 2.57.

Commercially obtained nickel microspheres were oxidized at 800°C
for one hour to provide a spherical source of NiO. The majority of
the particles were about 100 microns in diameter.

B. Hot Pressing

The powdered glass was mixed with about 10% oxidized nickel
spheres. Precise control of the composition was not necessary since
microprobe work was done on isolated spheres within the matrix. The
glass-oxidized nickel sphere mixture was hot pressed at 900°C for two
hours at pressures ranging from zero to 1000 psi in a graphite die. A
description of the hot-pressing arrangement has been given in a previous
paper.

The hot-pressed samples were sectioned and mounted in a clear
casting resin. All samples were polished with a set of silicon carbide
papers (240, 400, and 600 grit) and then finished on a series of diamond
paste laps (6, 2, and 1/2 micron diamond). Carbon was vapor deposited
on the finished samples to provide a conductive surface suitable for
electron microprobe analysis.

C. Electron Microprobe

A Materials Analysis Company electron probe was used for the
analysis of nickel. Characteristic radiation emitted by the nickel in
the specimen was resolved by a properly positioned lithium fluoride

crystal and the intensity was measured with a proportional detector. A
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motor-driven gear mechanism moved the sample in a step-wise fashion
relative to the electron beam. Integrated counts were taken at various
intervals along the radius of an oxidized nickel sphere and into the
glass sufficient to give a smooth curve of concentration as a function
of distance. The beam diameter was 1y and the depth of penetration was
a maximum of 3U. These values are small compared with the ~100u
oxidized nickel particle size. The electron microprobe was equipped
to take photographs of the X-ray image for any element from an oscillo-
scope. In order to minimize the instability of the alkali glass as a
result of the electron beam, short counting times (10 sec.), a low
sample current (0.02pA), a low voltage (15 KV), aud a relatively heavy
carbon coating were used. The stability obtained can be seen in Fig. 2.
All data obtained from the proportional counters were corrected
for background, absorption, counter dead time and non-linearity,
fluorescence, and atomic number. In this case the counter dead time,
fluorescence, and atomic number corrections are negligible and the
background can be accounted for by a simple subtraction. The absorption,
however, requires more careful consideration. Detailed procedure and

mass absorption coefficients were taken from Smith.ll

RESULTS AND DISCUSSION
The composites pressed at zero, 250, and 1000 psi were examined in
the microprobe and photographs were taken of the oscilloscope image of
Ni around a sphere. The background concentration of nickel can be seen
around an untreated oxidized sphere in Fig. 3. This background con-

centration was measured with the counter to be 0.2 Wt/O and a correction
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XBB 672-712

Fig. 3 Oscilloscope photograph showing background Ni
concentration about an untreated sphere.
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was made for this in each of the following values. Figure L shows
the nickel concentration around an oxidized nickel sphere in a composite
that was treated at 900°C and zero pressure for two hours in vacuum.
Measured concentrationshere were 5.1, 4.7, 5.0, and L.7 wt/o

The Ni concentration around spheres in composites formed at 900°C
for two hours in vacuum and at 250 psi and 1000 psi can be seen in
"y

Figs. 5 and 6, respectively. Measured concentrations were 2.6 .

fisr She 250 pel sample wnd D4 70

/O for the 1000 psi sample.

A composite was fabricated from sodium disilicate glass and nickel
oxide particles to insure that the oxidized nickel spheres were actually
acting as nickel oxide spheres. The composite was fabricated at 900°C
for two hours and at zero pressure. The measured concentration in the

matrix was found to be L.7 L

/O, the exact agreement indicating that the
oxidized nickel spheres truly did act as nickel oxide spheres in the
composites. A concentration profile across the particle interface in
the glass-nickel oxide composite can be seen in Fig. 7. The concentra-
tion gradient went from nickel oxide to glass in only eight microns.
Differences in polishing characteristics between the nickel oxide and
the glass contributed almost all of this.

Another sample was made in order to verify this polishing difference
and to determine the method of material transfer. Oxidized nickel
spheres and sodium disilicate particles were sintered at T50°C for two
hours under zero pressure. The concentration gradient in this sample

went from nickel oxide to glass in seven microns, verifying the polish-

ing difference. A similar effect due to polishing differences was

O

—
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Fig. 4 Oscilloscope photograph showing Ni concentration about
a sphere in a composite formed at 900°C, zero psi, and
2 hrs.
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Fig. 5 Oscilloscope photograph showing Ni concentration

about a sphere in a composite formed at 900°C,
250 psi, and 2 hrs.



~18~ UCRL-17410

XBB 672-710

Fig. 6 Oscilloscope photograph showing Ni concentration about
a sphere in a composite formed at 900°C, 1000 psi, and
2 hrs.
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seen in the Al03-sodium disilicate glass system. The measured con-

centration of nickel oxide in the glass was 0.3 wt/o indicating that
surface diffusion provided almost no contribution to the mechanism of
material transport from the oxidized nickel sphere into the glass
matrix and that almost all of the transport away from the sphere occurs
by bulk diffusion once the glass particles soften enough to provide &
minimum fluidity.

As was seen earlier, the saturation concentration is an accurate
measure of the concentration of the liquidus at a given temperature.l
With a relatively long length of time at temperature, the saturation
concentration will be reached and will be, in effect, the measured
concentration in the matrix. A plot of these compositions as a function
of pressure would therefore yield the liquidus as a function of pressure
at a given temperature. This function can be seen in the non-equilibrium
liquidus plotted in Figs. 8-9 and can be seen to be the correct shape
as would be predicted from free enérgy considerations.

The free energy of a two-component system can be expressed as

dF = VAP - 8dT + p,dn; + u,d(l-n,) (1)
where

F = Gibbs free energy

V = volume

P = pressure

S = entropy

T = temperature

U = chemical potential

n = mole fraction
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Since the temperature is constant,

dr VdP

—_— = — 4 - 2

dn, an, (H1-u2) (2)
Differentiating this,

d’F _ va’p (3)

dnl2 dnl2

Therefore, the slope of a P-n diagram changes in a manner directly pro-
portional to the change of slope of a F-n diagram. TFor a system like
this that tends toward compound formation the shape of curve shown in
Fig. 8 would be expected.

In all cases the concentration became constant deep in the matrix,
indicating that the entry step was affected by the pressure. Had the
diffusion step only been affected by the pressure, there would have
been a concentration gradient in the matrix.

Another interesting paint can be seen from the fact that the
solubility decreases with pressure. This decrease would illustrate
that in the hot pressing of two-phase systems, reaction between the two
phases becomes less important as greater pressures are applied. Under
high enough pressures two-phase systems actually are distinctly two-

phase and the problem of a third, interfacial phase is minimized.

SUMMARY
The rate at which solute atoms enter the solvent has been shown

to be dependent upon pressure. In the NiO-Na,0+25i0, system as the
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pressure increases, the solubility of the NiO in the glass decreases
and the system is truly two-phase. This would indicate that in the hot-
pressing of two-phase systems, once a high enough pressure is reached,

the problem of interference from a third, interfacial phase is minimized.
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