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NOTICE
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work. Neither the United States, nor the National Aeronautics
and Space Administration (NASA), nor any person acting on behalf
of NASA:

(A) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not

infringe privately owned rights; or

(B) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any information,

apparatus, method or process disclosed in this report.

As used above, ''person acting on behalf of NASA" includes any
employee or contractor of NASA, or employee of such contractor,

to the extent that such employee or contractor of NASA, or employee
of such contractor prepares, disseminates, or provides access to,
any information pursuant to his employment or contract with NASA,

or his employment with such contractor.
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National Aeronautics and Space Administration
Office of Scientific and Technical Information
Attention: AFSS-A

Washington, D. C. 20546
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The detailed approaches and techniques used on this program have been
explained in the preceding progress reports. Briefly, the objective is to
evaluate the applicability of dense gaseous electrolytic solutions to energy
conversion. Ammonia is being used as the gaseous solvent. The experimental
studies are being carried out in hermetically sealed glass vessels. Since
the gaseous solvents are at pressures of the order of 112 atmospheres,

external pressure is used to prevent rupture of the glass.

The cell design has undergone many modifications to reduce or eliminate
experimental problems that have arisen on this program. Since the present
design appears to satisfy the principal requirements, we have summarized its

main features in section 2.

We now have reproducible EMF data at low temperatures (section 3) and
preliminary EMF and conductivity data to about 100°C (section 4). Various
techniques are being examined in order to extend the data above this tempera-
ture. The difficulty is that as the critical region is approached, the
solutions become turbulent and the half cells develop open circuit character=~

istics.




2. CONDUCTIVITY CELLS

The basic approach used on this program has been to contain the dense
gaseous electrolytic solutions in hermetically-sealed glass tubes. Since
the gaseous pressures exerted by these solutions are of the order of 100 -
200 atmospheres, external pressures greater than the solution pressures are
used to keep the cells from rupturing, glass being stronger under compression

than under tension.

The usable space inside the pressure vessel is cylindrical, nine inches
long by one and one-half inches in diameter. Because of this restrictive
geometry, we have chosen to use DC for the conductivity measurements, since
capacitive and inductive effects between the various components of the cell

may become appreciable if AC is used under such conditions.

A four-electrode cell is being used for these studies, one pair for the
measurement of equilibrium EMFs, and the four electrodes for electrolytic
conductivities, the two extreme electrodes being used to carry the current
and the two intermediate electrodes to measure EMFs for conductivity measure-
ments. The cylindrical tubular section between the two EMF-measuring
electrodes is called the ''conductivity tube' in the following discussion.
The factors on which the cell design {Fig. 1) is based are as follows:

1. The cell has been designed to produce a uniform current density in
the conductivity tube. When this condition is satisfied, the cell
constant K is equal to L/A, the ratio of length to internal cross-
section area of the conductivity tube.

2. The potential difference between the two ends of the conductivity
tube is measured through narrow slit apertures perpendicular to and
encompassing the entire circumferences of the conductivity tube at

each end of this tube. This geometry has been chosen instead of the
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small circular hole as in a Luggin electrode. One reason is that if
there are any non-uniformities in the current density electrolyte,
or EMF distribution, use of the circular slit should average them
out. That is, we scan or sample the EMF over a large region
instead of at a small locality. Hence, effects of non-uniformities
in the solution will be reduced. Secondly, for a given scanning
area, the slit can be made narrower than a circular hole, therefore
the potential drop across the width of the slit is less than across
the hole. Under this condition, there is less penetration of the
current into the EMF-electrode measuring region.

3. The cell can be easily pre-fabricated to within one percent of any
desired cell constant.

k., The areas of the amalgam=~solution interface are maximal.

The characteristics of the cells have been measured by several different
techniques, the three cell parameters, the length, L, the effective cross
sectional area, A, and/or the cell constant, K, having been deduced as

follows:
2.1 Areas

The geometrical dimensions of the condw tivity tube have been measured
with calipers before final assembly by the glassblower. From those mzasure-
ments of the length and the inner diameter, the cell constant K is calculated
as

K= L/A )
The numerical values of A, L, and K are tabulated in Tables 1, 2 and 3,

respectively,

With the cell, except for the freeze cup, completely assembled, cylindri=~

cal rods were inserted into the cell (Fig. 2). The cross sectional area of
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each rod was measured with a micrometer. The voltage, V (B-C), was measured
as a function of current, | (A-D), for the cell with one rod in place and the
slope, Sr’ of voltage versus current, determined graphically. With known
cross sectional area of the rod serving as an additional parameter, the
product of g specific conductivity of the electrolyte, and L, can be dropped

from the equations.

The effective cross-sectional area, now called Ao, may be determined by
an independent technique in which E-1 slopes are determined without and with
a rod of known diameter placed inside the cell. With Sg = dE/d | and Sr, the

corresponding slope with the rod in place, then

and

where Ar is the cross=-sectional area of the inserted rod. The areas are then

]

calculated from:

Ao = r )

The respective data for mercury and KC1 solutions are shown in Figs. 3 and L,

Data obtained with both KC1 solutions and mercury are included in Table
1. The agreement between the calipers and the rods in KC! and mercury is
only fair. It was found later that the resistor used for measuring the

current was overheating.
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TABLE 1

internal Effective Cross-Sectional Area of Conductivity Cell No. 3

Ao, cm2
Calipers 0.278
Rods
KCl No. 3 0.272
Hg No. 6 0.289
Ave. 0.280 + 0.006
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2.2 Lengths

After the cell was fabricated, the length was remeasured with a catheto-
meter. This measurement (Table 2) agrees well with the caliper measurement;
however, because of the distortions of the optical paths in the regions of

ring seals, it cannot be used as a reliable method of measurement,

In addition to the direct measurements of length with cathetometer and
caliper, a rod technique was used to measure the effective length of the
conductivity tube. The rod was inserted into the cell, and its position
varied. The voltage to current ratio was measured as a function of the rod
position. The slope, Sx’ of the curve of V/| versus position was used to
calculate the length of the conductivity tube. The data are plotted in Fig.
5.

Let the length of penetration of the rod into the conductivity tube be

X. Theg resistance, R in this tube consists of two series resistances, one

x’
from zero to x with the center occupied by the rod and from x to L with the

center clear. Then

X L-x
Rx =p Ag-Ar + p Ao

SR _ o A
X ——
dx A, (Ao-A,)

Since Ro =p %—-, when we solve for L, the specific resistivity drops out.
o]

The lengths are calcub ted from
A

Ro r
L =5 iR G)
X O r

where Ro is the resistance of the conductivity tube without rod.

It is seen in Table 2 that agreement is fairly good between the rod and
the caliper technique.
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Lengths

TABLE 2
L)Cm
Calipers 4.19
Cathetometer 4,22
Ro Ar
Rods (Sx); L = ¢ AR » average A, micrometer A_

KC! Solution No. 1, Rod No. 3, L = 4.25
Average L4.22 + 0.02



2.3 Cell Constant K

In addition to the caliper measurements, a second method (generally used
in electrochemistry) is to use the specific conductivity of KC1 to establish
K. Two different KC1 solutions were used and a single measurement made on
each solution. The cell constant is calculated from K = R 0. 1In addition,
with the first solution the slope, So’ of voltage #rsus current was measured.
The cell constant was calculated from: K = SOG. The agreement with the
caliper results (Table 3) was poor.

A similar measurement was carried out with mercury. Again, agreement

was poor. Here, however, it was noticed that the resistor was undoubtedly
overheated.

Two different rod techniques were used to measure the cell constant. |In
one, the rod was inserted all the way into the cell and the cell constant
was calculated from Sr’ the slope of voltage versus current with the rod

inserted, g, the specific conductivity, Ao’ and Ar. Since

L
S =R_=9p p 2
r r Ao Ar
and
L
K= =—
Ao ’

then Ao - Ar N

K=Sro<—A-o——-, &)

The second rod technique was used with KCI with the rod at various

positions. The cell constant was calculated from:

K=R° A A )
S. A (A -A
X 0" 0 r
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TABLE 5

Determination of the Cell Constant, K

1. Calipers K = —%— = 15.07
2. Average L, average A (Tables 1, 2) K = —%— = 15.07
3. K = Ro (R measured at a single voltage)

a. KC1 solution No. 1 14.32

b. KC! solution No. 2 14.38
b, K = Soo, where So = v/l

a. Hg K = 15.9

b. KCI solution No. 1 14,00

Ao - Ar
5. Rods inserted all the way in, K = Sro A » average Ao, micrometer Ar
o
a. Hg Rod No. 6 K = 14,83
b. KC1 Rod No. 3 K = 14.35
R A

6. Rods at various positions; K

(o)
KC1 Rod No. 3 K

r

] ; -
Sx A G <A average Ao’ micrometer Ar

r

15.32
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5. LOW TEMPERATURE STABILITY AND REPRODUCIBILITY MEASUREMENTS

Efforts have been directed toward removing the sources of instabilities
encountered in the cells in the first quarter. Measurements have been made
on a zinc-cadmium cell (No. 12) from -7k to -11°C. These measurements have
been restricted to the lower temperature, where the experimental techniques

are simpler, so that the studies could be concentrated on the instabilities.

This cell had excellent stability. Measurements made on three different
days at a number of temperatures have an average mean deviation of 0.3 milli-
volts at each temperature. The cell, which had no expansion bulb, was almost
completely filled with NHj. Zinc amalgam and ZnCI2 were put in electrode
compartments A and D and cadmium amalgam and Cd(:l2 in the other two cell
compartments. Since the cell was almost completely filled, it could be used

only at lower temperatures, there being only a little volume for expansion.

For the measurements, the cell was placed in an insulated thermostated

compartment which could be regulated from -80° to well above room temperature.

Contact was made to one zinc and one cadmium electrode with alligator
clips. A Leeds and Northrop Type K-3 potentiometer was used for the potential
measurements and the temperature was monitored with a copper-constantan

thermocouple which was read with a Hewlett-Packard VTUM.

EMFs of cell No. 12 were measured over the temperature range of -Th to
-11°C. The measurements in Table k& were made on the second day (the first
day being taken as the day when the cell was filled). The stability on the
second day was not as good as in the succeeding days. Possibly more time
was needed for the ammonium chloride solution to become uniform. For this
reason, the data of the second day are omitted from further consideration.
Three additional sets of measurements were made on the third, eighth and
ninth days, which are tabulated in Tables 5, 6;'and 7.

10



Data for each temperature from Tables 5, 6 and 7 were averaged, and the
results recorded in Table 8 and plotted in Figure 6. The plotted points
represent the mean values obtained for a given temperature. From 2 to 6
measurements are therefore represented by each data point, except for the non-
equilibrium point at -42°%. 1t will be noted from the tables that agreement
to within a few tenths of a millivolt was usually attained, thus lending
considerable confidence to the measurements. 1|t is possible that the small
residual scatter of data is due to temperature variation rather than to EMF
variations. With the particular thermostat being used, it is difficult to
hold the temperature to much better than a degree for prolonged periods of
time.

One question that was raised earlier was whether freezing of the amalgams
might affect the results. The two amalgams used differ in that cadmium forms
a solid solution with mercury while zinc does not. The curve in Figure 6
shows that a transition occurs at about -39°C. It is not certain whether it
is caused by the phase separation occurring on freezing of the zinc amalgam,
since any freezing, with or without phase separation, will in general cause
such a transition. It is interesting, nevertheless, to note that the trans-
ition does occur in the neighborhood of the melting point of mercury, -38.7°C,

and of the mercury-zinc eutectic, -41.6°.

The reason for the negative slope at the higher temperature branch of our
curve, instead of the positive slope obtained by Yost, may be due to variable
compositions of the zinc and cadmium amalgams. An inspection of the phase
diagrams for the cadmium=mercury and mercury-zinc systems, reveals that with
our amalgam compositions (about 1 to 2 weight percent for each amalgam) there
was probably a variable amalgam composition over the entire branch of our

curve above the freezing point of mercury.

il



When the temperature was lowered from =37 to -u2°c, a large increase in
the EMF was observed. |t persisted for about five minutes, then slowly
dropped. At the end of about half an hour, it had steadied down to a lower
value in accord with the other data. The initial high value is recorded in
Figure 6 with a plus. It may be a metastable point corresponding to super-

cooled liquid amalgam.

12
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TABLE &
EMF OF CELL NO, 12

AS A FUNCTION OF TEMPERATURE

MEASURED ON THE SECOND DAY

15

EMF, VOLTS
0.4116

0. 4407
0.4405
0.4405
0.4407
0.4219
0.4145
0.4336
0.L4346
0.4353
0.4353
0.4396
0.4399
0. 4345
0.4365
0.4367
0.4321
0.4323
0.4369
0.4367
0.4392
0.4395
0. 4399
0.4363




TABLE 5
EMF OF CELL NO. 12

MEASURED ON THE THIRD DAY

TABLE 6
EMF OF CELL NO, 12

EMF, VOLTS
0. 4229

0.4226
0.4287
0.4286
0.4310
0.4309
0.4373
0.4381

MEASURED ON THE EIGHTH DAY

14

EMF, VOLTS
0.4231

0.4218
0.4221
0.4267
0.4263
0.4277
0.4275
0.4284
0.4286
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TABLE 7
EMF OF CELL NO. 12
MEASURED ON THE NINTH DAY

T, °¢c EMF, VOLTS
-15 0.4258
-15 0.hk254
=27 0.4283
-27 0. 4291
=33 0.4328
=33 0.4328
=37 0.4377
=37 0.L4382
-42 0.4561%
-2 0.4352
=Ll 0.4322
=Ly 0.4326
-58 0. 4202
=58 0. k204
-7l 0.k101
~Th 0.4101
-58 0. 4194
-58 0.4194
-Li 0.4321
-4 0. 4324
~42 0.4353
k42 0.4351
-37 0. k3 7U**
-37 0. 4320%*
-15 0.k251
-15 0.4257
=37 0.4381
=37 0.4377

*This point was unstable. The following equilibrium value was reached
after about 30 minutes.

**These two points were unstable. A steady value was reached only after
the cell had been warmed to -15°.

15



MEAN EMF VALUES OF
DATA IN TABLES 5, 6 AND 7

TABLE 8

No. of Runs

o

ORI ol "« A T — i o )N b B s B @)

16

EMF, Volts

0.4220 + o.
0.4246 + 0.
0.4265 + 0.
0.4276 + 0.
0.4286 + o.
0.4319 + 0.
0.4378 + o.
0.4352 + 0.
0.4323 + 0.
0.4198 + 0.
0.4101 + 0.

0001
0012
0002
0001
0002
0009
0005
0001
0002
000k
0000




L. DATA AT ELEVATED TEMPERATURES

The principal efforts in this past quarter have been directed toward
extending EMF measurements to higher temperatures by improving the techniques
used for cell preparation. A number of high temperature runs have been

partially successful up to about 100°%¢.

Modifications of our cell preparation technigques have been examined in
some detail. We have used ultrasonics to prepare amalgams in situ, to effect
more intimate contact between halide and amalgam and to degas the system more

effectively when evacuating.

Three half cells were used in the measurements, Zn(Hg)/ZnCla, Cd (Hg)/cdCl,
'6NH3 and T1(Hg)/TiCl. Electrolytic solutions were generally NHhCI in NH}'
A few cells were also tried, with negative results, using sulfates instead
of chlorides. It was hoped that the solubility of the ammonium sulfate would
become adequate at higher temperatures. No interpretable data were obtainable

with the sulfate cells.

Data for chloride cells are tabulated in Tables 9 ~ 13 and plotted in
Figures 7 - 11. The EMFs are of the correct order of magnitude. However,
details on the curves have not yet been confirmed by recycling the cell until
satisfactory reproducibility is obtained. All cells have failed in the
neighborhood of 100°C, that is below the critical point of the solution, for
one of two reasons, mechanical failure due to rupture of the cells, or
electrochemical failure due to sudden irreversible changes in the EMFs

corresponding to open circuits,

One reason for the difficulties at elevated temperatures is that at about
100°C turbulence may occur and become increasingly prominent as the critical

point of the solutions is approached.

17



TABLE 9

POTENTIALS OF CELL NO. 15 (Zn-Cd)

TABLE 10

EMF, Volts
0.4182

0.4182
0. b1k
0.4128
0.4101
0.4107
0.4102
0.4097
0. 4081
0.4073
0.4058
0.%053

POTENTIALS OF CELL NO. 17 (Zn-Cd)

o
I, ¢

Room Temperature (x, 22°)
61
69
[P
80
85
104

18

EMF, Volts
0.3998

0.4k081
0.4ok7
0.4058
0.3968
0.3952
0.391



TABLE 1
POTENTIALS OF CELL NO. 32 (Zn-Cd)

This cell was treated for a few minutes with ultrasonics before being
filled with anmonia.

I, € EMF, VOLTS

22 0.4305
36 0.4320
45 0.k272
60 0.42k4
25 0.4248
50 0.4262
45 0.4281
36 0.L4286
45 0.4276
50 0.4223
95 0.4233
60 0.4212
65 0.4216
70 0.4186
(p] 0.4163

19
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‘Very unstable.

TABLE 12
POTENTIALS OF CELL NO. 22 (T1-Cd)

EMF_(BC)
0.5175
0.5220
0.5017%
0.48u2"
0.4500
0.4k470"
0.4410
0.4329
0.4250
0.4149
0.ko71
0.4151
0. 4060
0.395k
0.3792"
0.2780
0.2058
0. 1907
0.2086

20

EMF_(AC)

0. k675"
0.L4kho
0.4358
0.4282
0.4189
0.4108
o.hiki
0.4071
0.3943
0.3737
0.2934%
0.2281*
o.212¢*
0.237t*



TABLE 13
POTENTIALS OF CELL NO., 46 (Zn-Cd)
Specific Conductivity,

1, % EMF g_(ohm cm)-1
+ 23 0.4167 0.0438
25 0.4166
26 0.4155 0. 0429
48 0.4093
51 0.4090
52 0.4087 0.0372
55 0.4086
51 0. 4084 0.0369
(b 0.4037 0. 0292
[F; 0.4032
80 0.4018
97 0.3966
103 0.3941

21



5. FUTURE PLANS

In the next quarter, we plan to resolve the turbulence problem at elevated
temperatures. Three approaches will be tried. The first is more extensive
use of ultrasonics to reduce the tendency for bubble formation. A second
approach is to set up the cell so that it can be baked under vacuum prior to
filling, the filling also being carried out under vacuum. Again, it is anti-
cipated that this would be very effective in reducing the tendency for bubble
formation. The third approach is to prepare concentration cells without
liquid junctions and with soluble salts. The advantage here is that the

turbulence would not destroy the interfaces between insoluble salts and
electrode surfaces.

22
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