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PREFACE

This report describes development of technology for an advanced
thermal battery to be used for ordnence applicationa; This effort began with
electrochemical technology resulting from research by the Air Force Frank J.
Seiler Research Laboratories. The next effort was a béttery engineering
feasibility study completed by the Bﬁreka Advance Science Corporation under
Contract F33615-76-C-2080. This effort demonstrated that a thermal battery
with a LiAl alloy anode, a NaAlClalanolyte, and a catholyte made primarily
with MoCl5 was at least feasible. However, the work under the above-contract
was extremely limited in scope due to both time and funding limitations and,
as a result several very promising applications and techniques were not invest-
igated. This new effort, Contract F33615-77-C-3147, provides for further
exploratory development and optimization of an advanced thermal battery system.

The submitted date for this report was February, 1979, covering
effort completed during the interval 15 Septembér 1978'thru315 September 1979.

The cognizant Air Force project officer was Mr. R. A. Marsh, AFAPL/
POE-1, Wright-Patterson Air Feérce Base, Ohio. The technical support rendered
by Mr. W. S. Bishop of the project officer's organization was very béneficial
and greatly appreciated. The consultation and technical support of Lt Col
Lowell King, Major John Erbacher, Capt Chﬁck Hussey, Lt John Nardi'anq_Gapt
Larry Vaughn of the Air Force Frank J. Seiler Research Laboratory, Air Force

Academy, Colorado was outstanding and a major contribution to thg_pfogfém.
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SECTION I

INTRODUCTION

- {4

It has previously been demonstrated that an advanced theimal battery
based on the LiAl/NaA1014/H0C15 electrochemical system was feasible (Contract '
#F33615-76-C=2080). The work done under the: above feasibility contract was
extremely limited in scope due to both time and funding limitations and as a '
result, several promising materials applications and design/fabrication tech-
niques were not investigated. This most recent effort (Contract #F33615-77C-'
3147) provides for further characterizations, development, and optimization of
an advanced thermal battery system along with testing of sufficient cells Q;d
batteries to establish reliable performance predictions over the range of
interest.

This work has a general and specific objective. The general objective
is to develope technology for an advanced, long life, compact, lightweight
thermal battery for missile and air delivered ordnance applications. This effort
will be built upon electrochemical technology resulting from research by the
Air Force Frank J. Seiler Research Laboratories and engineering research and
development done by the Eureka Advance Science Division to demonstrate the
feasibility of using such a system for thermal battery application. The most
critical problems such as activation voltage spike; availability of sufficient
high purity electrolyte; pellet building and fabrication; etc., should be
eliminated or at least controlled. Alternate materials should be investigated
to optimize the cell/battery performance. These investigations shall include
use of alternate alloys or surface preparation techniques to insure rapid and
predictable activation; alternate electrolyte formulations; studies of other

cathode reactants such as CuClz, FeSZ, or other applicable materials; use of




more efficient thermal insulation materials; and use of lightweight structural
case materials.

The specific objective of the program is to design and develope a
battery which will meet the requirements outlined below. The voltage of the
battery should be 28 volts nominal. The battery should be capable of carrying
a 2 amp current across a resistive load for 45 minutes. The activation time
is less than one second. The electrical noise maximum is 1/2 volt peak to
peak. This should not ideally exceed 1 pound or 6 in3. The battery must
function at both =65°F and at 165°F. The skin temperature should not exceed

200°F. The battery must also be capable of withstanding other normal thermal

battery environments such as storage requirements; vibration, shock, spin, etc.;

and other usual thermal battery requirements.
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SECTION II
A COMMERCIAL SOURCE OF NaAlCl,

NaAlCla is a difficult material to prepare. The salts are'hygroscopié
and volatile. Their vapors are corrosivé and boisonbus. The Alcoa Aluminum
Company has developed a new metﬁod of producing AICI3 and has become a source of
pure NaAlCla. It was the purpose of this experiment to'eQaiuate tﬁis material
for thermal battery use.

The first sample from Alcoa was received in August, 1977.° The second
sample was received in Septembef, 1977. The earlier sample was somewhat yellow
in color but the second samplé was quité white. The material was received in
the form of 50 to 100 gram chunks mixed with smaller chips.

When the first sample was received it was tested by a differential
scanning calorimeter (DSC). The DSC showed a large eﬁdotﬁerm peaking at 167°%.
The melting point was at 159°C. The gample was further heated to nearly 290°¢
and then allowed to cool. The sample froze at 97°C. The sample was reheated
and the melting point was at 157°%.

A sample of this material was then mixed with 10 ¥/o Cab-0-Sil, sealed
in a glass container, and heated one hour in an oven at 220°C. When cooled,
ground and sieved, this mixture was called Anolyte #102. Another anolyte was
made identically like this and it was labeled Anolyte #104. The DSC spectrum of
Anolyte #104 yielded a melting point of 152°C. The sample was cooled and reheated.
The new melting point was 151%.

A?olyte #102 was mixed with graphite and M0015 to make a catholyte.

The catholyte formula was: '

25.43 w/o Anolyte #102

56.50 “/o MoCl,
18.08 “/o Graphite

e e o v et




This was labeled Catholyte #103. The DSC spectrum of Catholyte #103 provided
a melting point of 151°C. This sample was allowed to cool and was then reheated.
The new melting point was 147%.
A second catholyte (Catholyte #101) was made identically like Catholyte
#103 except that Anolyte #104 was used instead of Anolyte #102. The melting point
of Catholyte #101 was 149°C as measured with the DSC.
A single cell test was performed with cells made from Anolyte #104 and
Catholyte #103. The anode was 20 Ylo LiAl alloy. The cell formula was:
Anode: 0.277 gm 20 “/o LiAl alloy
Anolyte: 0.935 gm Anolyte #104
Catholyte: 1.039 gm Catholyte #103
The platen temperature was 200°C and the test load was 25 ohms.
Single Cell #101
Peak Voltage (Vp) = 2.34v
Peak Current (Ip) = 93.6 ma
Current Density (ip) = 18.5 maIcm2
Life to 80% Peak (TSO) = 960 sec.
Energy Density (Elm) = 21.0 Wh/kg
This cell has the longest 80% lifetime of any single cell test yet reported (for
earlier single cell test results see AFAPL-TR~77-12)1. This long life can be
primarily attributed to the absence of a high voltage spike.
A single cell test was also performed upon a cell made with Anolyte
#102 and Catholyte #101. In every other respect this single cell test was identica}

to Single Cell #101.

1. Reference. D. M. Ryan, and L. C. Bricker, "High Energy Density Pelletized
Aluminum Chlorine Thermal Batteries," AFAPL-TR-77-12, April, 1977




Vﬁ = 2.33v
I = 93.2 ma
© 960 sec.
E/m = 20.86 "/ig
i = 18.4 m'alcm,z
This single cell showed no spike at all.

It is felt that these tests indicate clearly that the Alcoa NaAlCl4
can make excellent electrolyte for use in this system and can indeed be considered
a commercial source of NaAICla.

A second sample of NaAlCla was received from Alcoa in September, 1977.
This sample was whiter than the somewhat yellowish first sample. Some of this
material was used to make a test anolyte. A test anolyte is composed of 10 w/o
Cab=0-Sil and 90 “/o NaAlCla. This was labeled Anolyte #1002. The DSC spectrum
showed a peak at 436°%K (163°C) and ancther broad exotherm at 628%K (355°C). A
second sample was tested and both the endotherm (163°C) and the exotherm (347°C,
2nd sample) were reproduced. The melting points measured by the DSC were 151%
and 150°C respectively.

Anolyte #1002 was used to make a test catholyte, Catholyte #100l. A
test catholyte is composed of:

Test Catholyte 25.4 /o test anolyte
56.5 “/o MoCl,
18.1 Y/o graphite

The DSC spectrum of Catholyte #1001 showed an endotherm at 379°K (106°C)

and an endotherm at 432°K (159°C) and a confusion of peaks and valleys which start

about 470%K (197°C). A second sample was run and the two endotherms were well
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reproduced (2nd sample, 105°C & 159°C). Heating of the second sample was stopped

at about 200°C and the material was allowed to cool. When the cooled sample was
reheated only one endotherm was noticed (159°C). The endotherm at 105°C did not
reappear upon the second heating of the sample. It is interesting to note that
the area of the second 159°C endotherm was approximately equal to the sum of the
L; areas of the original two endotherms at 105°C and 159°C. If the endotherm at
159% corresponds to the fusion of NaAlCl4 then the melting point of this material
o was about 152°C and was lowered to 148°C upon reheating. The catholyte appears

to react with the aluminum sample pan at about 195°C and this corresponds to the

peaks and valleys noted at the hot end of the spectrum. This area is not very

reproducible.

v

SECTION III

NaAlCla ANALYSIS

The physical/chemical properties of NaAlCla depend upon the ratio of

sodium and aluminum in the material. Three of the most important properties
controlled by composition are conductivity, melting point, and acidity. In
addition to these three properties a thermal battery chemist is also interested

in moisture contamination. These properties can be monitored by performing two

analyses on the NaAlCla:
1) Differential Scanning Calorimetry (DSC)

2) An acid/base analysis
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After many DSC spectra were generated for test electrolytes typical
spectra were gradually characterized. A typical DSC spectrum for an anolyte
displays two prominent features:

1) an endotherm at 162°C, and

2) a large endotherm at about 29006.
The sharp endotherm at 162°C is probably caused by the fusion of the salt. The
large endotherm at 290°C is not explained.

A typical DSC spectrum for a catholyte, Figure 1b, displays many more
features. The first feature noticed is an endotherm at 105°C. This peak is
probably due to the loss of moisture. The next peak is an endotherm at about
156°C. This is probably due to fusion of the NaAlCla. The next feature is two
endotherms, so broad and close together that they sometimes are hard to resolve.
These appear at about 189°C and 214°C regpectively. The next feature is a strong
exotherm at about 258°C. These last two endotherms and exotherm are reproducible,
but often difficult to resolve and identify.

It is interesting to note that the moisture peak has been present in
each of the catholytes and absent in each of the anolytes. Upon referring to
some DSC spectra made on catholytes that had been made six months previously, it
is noticed that these catholytes did not show a moisture peak. Despit; the
contemporary appearance of a moisture peak in the catholytes there appears to
be no immediate or obvious effect upon performance of either cells or batteries.
The absence of moisture in the anolytes suggest that the source of the moisture
in the catholytes is either the HoCl5 or the graphite.

While the source of moisture in the catholyte is not clear this
observation does indicate that a DSC can be used to detect moisture contamination.

Accordingly, a DSC spectrum was generated for an anolyte sample. The anolyte was
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then exposed to room air and resampled. This was repeated every ten minutes for
the first hour. The last sample was taken after overnight exposure to moist air
(chemistry laboratory ambient air).

The dry sample had a clear peak at 164°C (See Figure 2). Upon repeated
exposure to the moist room air this peak was foqnd to diminish and a new pgck began
to appear at the temperature range from 131°%¢ to 142°C, increasing in amplitude
as the 164°C peak diminished. As the exposure was repeated, the initial 164°C
peak and the 137% peak moved closer together and broadened until it was nearly
impossible to resolve the two peaks. Also, after prolonged exposure aﬁothyer peak
appeared at about 97°C and then the only two features that remained were the peaks

at 97°C and a broad peak at about 151°C.

Differential
Scanning
Calorimeter

1 DRY SAMPLE
2 20 Min.Exposure
3 40 Min.Exposure
4 60 Min. Exposure

~¢——EXOTHERM ENDOTHERM—»

A'I.‘O 330 340
TEMPERATURE °K

gl
3

Figure 2. Differential Scanning Calorimetry used
to Monitor Moisture in Anolytes




Another interesting, but not always repeatable, feature of these spectra
was the appearance of an exotherm which sometimes followed the broad endotherm at
about 160°C. Figure 2 is an illustration of the above described spectra.

It appears that the absence of hydrolysis products can be monitored by
measurement of the relative heights of the peaks at the 160°C range and the 136°%C
range. For "total" hydrolyeis of the sample (ie, exposed overnight), the sample
became more endothermic by a factor of 2.8 over the total range 47°% to 327°%.

The most inexpensive, easiest way to monitor the acidity or alkalinity
of the NaAlOl4 would be by addition of a colored "indicator" to the melt. The
initial search has so far been unsuccessful. The materials tried have been CoClZ,

FeCl,, S, and NaSCN. Stilbene was tried and did not work as well as some other

3?
common organic acid.base indicators.

The only impurity which appears to be important is iron. Alcoa claims
the iron content of their NaAlCla is about 10 ppm. Therefore, it is concluded
that if the supplier will certify the iron content of the NaAlCl4 they supply
and the level is maintained at about 10 ppm, the only additional analytical
procedures necessary to control this material is a DSC spectrum and an indication

of acidity or alkalinity. The search is continuing for a good color indicator

for acid and base melts.
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SECTION IV

PARTICLE SIZE GROWTH IN CATHOLYTES

The thermal cells mad; for.this.ﬁrogram are made by filling a cylindrical
cavity with electrolyte powders, passing a straight edge across the top of the
cavity to make an even upper surface, and compressing the powders to make a round
pellet. However, some difficulty has been incurred while making cells with
catholytes made with NaAlCl4 and HoClS. The upper layer cannot be struck off to
form a smooth surface because of the presence of some unusually large particles
which cause deep furrows to form as thé straight edge moves across the top of the
cell making cavity. It has been noticed that these large particles are not
initially present in the catholyte but appear after storage. It appears that the
catholyte particles are growing larger. It was believed that, since the électrolyte
materials were so hyrgroscopic, some product of hydrolysis was probably slowing
forming. Therefore, an experiment was performed to investigate the effécts of
storing HoCIS catholytes in atmospheres which contain various amounts of moisture.

Four catholyte samples were stored in four respectively different

atmospheres and were periodically examined with a microscope. The catholyte was
a regular test MoCl5 catholyte. Two gram. samples of catholyte were placed in a .
three inch length of 1/2" square section glass tubing. The first sample was

stored in ambient chemical laboratory air which had a nominal relative humidity 1

o

of greater than 50%. The second sample was stored in dry room air which maintained
a nominal relative humidity of about 2 1/2%. The third sample was placed in the
sample tube while in an argon box and was gealed shut so it contained an atmosphere
of dry argon. The fourth sample was similar to #3 except that 20% of the argon
was pumped out of the sample tube, refilled with 02 and then sealed. The atmosphere

above sample #4 was 20% 0, and 80% argon.

11
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The samples were inspected and photographed periodically. The intervals

of inspection were:

Inspection Elapsed Storage Time

1st None

2nd 1 Hour

3rd 2 Hours

4th 3 Hours

5th 4 Hours

6th 19 Hours ‘
7th 24 Hours :
8th 45 Hours 3
9th 70 Hours

10th 118 Hours
11th 163 Hours

The sample that reacted quickest to the presence of moisture was the
sample exposed to moist air. The first evidence of reaction occurred after

three hours exposure. After about 24 hours a profuse growth of yellowish-white

needle crystals had grown, either on the catholyte surface or, above the surface
on the walls of the glass sample tube. The sample exposed to dry room air reacted
similarly except that the first changes were not noticed until after about 19
hours of exposure. There were even some small white crystals starting to form

in the two sealed samples but these were just barely viaiblelafter even 163 hours
of elapsed time.

In addition to the profuse growth of large needle crystals there were
also some small salmon pink crystals noticed. These appeared in all four samples
and are not necessarily hydration products. The identity of these pink crystals
is still unknown.

An attempt was made to collect the yellow white crystals for analysis.
Thie was done (Figure 3a & b) but the analysis was unsuccessful. The yellowish-

white crystals are still unidentified.

12
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Figure 3a, Yellowish White Crystals in %"
Square Section Sample Tube

Figure 3b, Yellowish~white Crystals
Collected for Analysis
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In addition to this experiment some practical observations can be made.

One day an attempt was made to make cells even though the dry rooms were wet
(above 3.5% R.H.). The project had to be stopped because a noxious red vapor
formed above the catholyte as the cells were being made. Also, after only about
30 minutes small yellowish crystals were noticed forming in the jar of catholyte.
The catholyte was obviously reacting to the moisture.

On another occasion a small glass jar with a plastic screw type lid was
used to store MoCl5 cells. This was stored in a dry room next to a jar of CuCl2 ;
cells. After a couple of weeks the MoCl5 cells had grown a fine crop of yellow
needle crystals on the catholyte layer. After a month the cells bowed badly and
cracked. After two months the cells were completely crumbled. During this same
time period there was only a slight bowing of the CuCl2 cells stored in the adjacent
jar. After about three months the Cu012 cells also cracked and eventually broke.

There were never any yellow crystals visible on the CuCl2 cells.
SUMMARY

A Mocl5 catholyte has been found to be quite sensitive to moisture.
When exposed to moisture large yellow=white needle crystals form on the surface
of the catholyte. These crystals are a nuisance which hinder the cell making
process. In future cell making projects, more than the normal degree of care
is going to have to be given in order to prevent moisture contamination during
fabrication or storage of MoClS containing materials. MoCl5 cells can be made

satisfactorily only when freshly made MoCl5 catholyte is used.
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SECTION V

CAB-0-SIL FOR ANOLYTE PREPARATION

Cab=0=Sil is a synthetically prepared siliceous material manufactured
and marketed by the Cabot Corporation, Boston, Massachusetts. The thermal battery
industry uses this material as a thickening agent to prevent electrolyte flow in
activated batteries. As this program began the only percentage of Cab=0=Sil ever
tried was 10 "/o. An experiment was performed to test the effects of using some
other percentage and optimizing the percentage of Cab=0-Sil used to immobilize
electrolyte powders.

A series of anolytes containing from 7.4 to 15 Y/o Cab=0-Sil was prepared.
These anolytes were used to prepare corresponding catholytes. These materials were
tested with a DSC, made into cells and given single cell tests.

The DSC spectra of these anolytes and catholytes show no changes due to
the difference in the amount of Cab=-0-Sil present in the anolyte.

The -single cell test data have been organized into four groups of
7.4 ¥/o Cab=0-Si1l, 10 ¥/o Cab=0-Sil, 13 "/o Cab=0-Sil and 15 ¥/o Cab=0-Sil.

Curves for 80% life versus current density have been generated for these four
groups. The curve for the 15% group is lower than for the curves for the other
three groups. The curves for the 7.5 Y/o, 10 w/o, and 13 “/o have been collected
under one envelope. The data points for the 7.4 Y/o group are scattered worse
than the others. The scatter in the 7.4% group is unexplained except that
electrolye flow was noted for some of these cells. There was a large activation
high voltage peak which appeared in the 15% group but was not as pronounced for

the other three groups.
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Figure 4. Single Cell Test Results for Cells made
with Various Amounts of Cab-0-Sil in the Anolyte

Another set of four curves was generated as test temperature versus

energy density (Figure 5). The best data were at 10 Y/o and the worst were at 15 ¥1os

SINGLE CELL
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Figure 5. Single Cell Test Data for Cells made
with Various Amounts of Cab-0-Sil in the Anolyte
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Codigis al

It is the conclusion of this experiment that:

1) The contained percentage of Cab=-0-Sil in an anolyte has very
little effect on cell performaﬁce with the range of 10 Yo
to 13 /o Cab=0-5i1;

2) at the low extreme of 7.4 "o Cab=0-Sil there is evidence of
electrolyte flow;

3) a high percentage of Cab=0-Sil (15 /o) increased the
activation high voltage peak;

4) the optimum percentage of Cab=0-Sil in an anolyte is from

10 ¥/o to 13 Y/o.

SECTION VI

LiCl AS AN ELECTROLYTE ADDITIVE

The normal peak voltage expected from a thermal cell with a LiAl anode

and a MoCl_ catholyte is about 2.4 volts (dependent upon how the cell is loaded

5
for testing). However, in some instances in the first few seconds after initiation
the peak voltage may be as high as 3.7 volts (again depending on how the cell is
loaded). Because this initial high voltage peak appears as a long, narrow, sharp

pointed curve on the strip chart made during single cell testing, this phenomenon
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has been called "spike" formation. It was believed that perhaps a reaction between
lithium and chlorine could produce this high voltage. Therefore it was felt that
perhaps the spike formation could be retarded by slowing the lithium reaction.
Since Li ¥ ions are probably a product of this reaction it was anticipated that
adding LiCl to the anolyte would prevent spike formation. It was also felt that
adding LiCl would lower the melting point of the electrolyte and, therefore, speed
activation.

To test these theories a series of anolytes were prepared which contained

different respective amounts of LiCl.

Anolyte Number % LiCl Contained
A #1016 1 Yo
A #1018 5 Yo
A #1022 10 /o
A #1024 20 Y/o
A #1026 40 “/o

The DSC spectra of these LiCl anolytes were similar to all of the other
anolyte spectras. It was noticed that the spectra for Anolytes #1022, #1024, and
#1026 (10, 20, and 40 Y10) displayed characteristic moisture peaks while Anolytes
#1016, and #1018 (1 and 5 "/o) did not. It is interesting to note that there was
only very little cold voltage noted for cells made with Anoltyes #1016 (1 ¥/o) or
#1022 (10 /o) even though #1022 (10 “/o) had prominent moisture peaks. On the
other hand all of the cells made with Anolytes #1018, #1024, and #1026 (5, 20 and
40 Y/o) did display cold voltage even though there were no moisture peaks in the
DSC spectrum of Anoltye #1018 (5 ¥/o). The peak at 105°C, which is prominent in
the catholyte spectra, has been 1ntérpreted as a moisture peak, and this peak was

present for all of the LiCl containing catholytes.
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Single cell tests were made to test these LiCl containing powders.
The purpose of the experiment was to reduce the spike formation but the single
cell test results showed just the opposite. The results of these tests are
3 illustrated by Figure 6. Adding LiCl to the anolyte greatly increases the spike,

and no batteries were ever made with cells containing LiCl.

SINGLE CELL
+ DISCHARGE
8 CURVES
S 1% LiCI 40% LiCI
§ 12.6 obm 12.6 ohm
$ 21 5.0ehm 5.0 ehm
-
Z
=
e
0.8)ehm
:: 1
| |
F 5 3 o I
1 TIME (minutes)
» |

Figure 6. Single Cell Discharge Curves Illustrate
the "Spike'" formed by Adding LiCl to the Anolyte
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SECTION VII

ALTERNATE BINDERS

Florida kaolin (2A1203-38102-H20) is a naturally occuring mineral
which is mined, cleaned and purified. This material has been used as a binder
(ie., an antiflow agent) in thermal cells for many years and has just recently
been replaced by Cab=-0-Sil, a synthetic silica. All of the cells made so far

for this project have been made with Cab=0-Sil and now cells have been made

with kaolin for comparison of electrical properties performance.

Prior to being used the kaolin was further processed by being baked
at 485°%C overnight. This was done to remove the water and change the structure
to metakaolin (2A1203-28102) which has superior binding properties.

One hundred fifty grams of NaAlCl4 was melted in the dry box. Twenty=-
five weight precent (50 gm) kaolin was added and stirred in. The molten material
took on a pink color. More kaolin was added to bring the weight percentage up
to 40 “/o kaolin. This was necessary to prevent flow of the molten electrolyte.
The kaolin was stirred into the open container of molten material with a glass
rod. After 40 “/o kaolin was added the material was cooled and ground until it
could pass through a #40 sieve. This anolyte was stored in a jar and labeled
A #1034,

A catholyte was prepared with the anolyte and MoClS. This was a test
catholyte which contained about 10 Y/o kaolin. This was labeled C #1065.

Test cells were made from these materials. Some cells (#1289 thru #1292)
were made with 40 “/o LiAl anode. Cell_#1293 was made with 28 “/o LiAl. Cells
#1287 & #1288 were made with Cab=0=Sil catholyte and 40 ¥/o LiAl and were control

cells for this test. The results of the tests are shown in Tables 1 and 2.
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TABLE 1 SINGLE CELL TEST RESULTS
FOR KAOLIN CONTAINING POWDERS.

o Laite i, e 40 o

v, 1 e fe EDy, | ED,, | Loap |
S/N - NOTES

volts Mlcna seconds | seconds "h/kg Whlkg ohms
1288 | 1.81 | 206 145 220 32.2 | 43.7 | .81 Cab-0-Sil Catholyte
1287 | 2.35 43 642 876 37.7 | 47.5 5 With 40 /o LiAl anode 1
1292 | 2.31 | 42.3 218 638 12.3 | 29.4 5 170°% | 40 ¥/o Kaolin ;
1290 | 2.23 | 40.8 675 970 35.4 | 46.6 5 180°% | 40 ¥/o LiAl
1289 | 2.26 | 41.4 498 732 26.0 | 35.1 5 200°¢ | 10¥/o Kaolin in
1291 | 2.29 | 41.9 459 637 25.5 | 32.6 5 220°C | the Catholyte
1293 | 2.31 | 42.3 391 686 21.5 | 33.5 5 200°¢c | 28 “/o LiAl

TABLE 2 SINGLE CELL TEST RESULTS FOR KAOLIN
CONTAINING CELLS - SPECIFIC RESISTIVITIES.

|
i Spec. r | Spec. R | Spec. r | Spec. r
L e tgg | losd | temp {00 ty at tg, | at tg, |at ey,
S/N oA 2 o 7 5 3 5 NOTES
! volts [cm sec. | ohms C ohmecm ohme cm ohmecm™ | ohmecm
1288 | 1.81 204 145 | .81 200 1.31 955 1.84 - Cab=0=-Sil 1
1287 | 2.35 43 642 5 200 477 «261 146 1.02 40%/o LiAl i
1292 | 2.31 42.3 218 5 170 8.20 6.40 5.94 - Kaolin 4
1290 | 2.23 | 40.8 675 5 180 3.9 e 4.67 2.48 :
1289 | 2.26 41.4 498 5 200 <249 3.11 1.23 6.96 40%/o LiAl
1291 | 2.29 41.9 459 5 200 2.67 1.0