


battery and normal battery tests where the performance of
Ca/DCR is compared with Ca/K,Cr,0.

Experimental

Materials: Figure 1 shows a schematic of the
electrochemical cell used in battery tests. Impregnation of
fiberglass tape with a mixture of potassium dichromate or
DCR material, lithium chloride and potassium chloride
forms the cathode. The heat paper ash is electrically non-
conductive, and is enclosed within an iron, a stainless steel
or nickel dumbbell in order to provide a cell-to-cell
connection. One side of this dumbbell contains a thin layer
of calcium, which acts as the cell anode.

K,Cr,0+/LiCI-KKCl or
DCR/ LiCI-KCl1
«—Impregnated fiberglass tape cathode

«—Vacuum deposited calcium layer

<_Jleat paper pad

——JIron Dumbbell

V777,77

Figure 1: Schematic of the electrochemical cell.

Single cell testing: Electrochemical discharge testing was
carried out first in single cell tests in a glovebox under
high-purity argon. Cells were 34 mm in diameter with a
12.7mm center hole. Anode and depolarizer were in contact
between stainless steel disc current collectors and insulating
mica, and then were discharged at 500°C under 0.55A
(corresponding to 0.07A/cm?) background with 10msec
pulses of 8A (1A/cm?).

Battery testing: A reusable container was used both for 10-
cell battery, 15-cell battery for dichromate system and 18-
cell battery for DCR system. The discharge is the same as
single cell test.

Results and discussion

Single cell tests: Single cell tests results at 500°C for a
current density of 0.07A/cm* with 1A/cm® pulses are
shown in Figure 2.

Though giving an open circuit-voltage of 2.85V for DCR
material compared with ~ 3V for K,Cr,0,, DCR provided a
flat, stable, reproducible discharge.

The corresponding cell internal resistances in ohm.cm® at
1A/cm? pulses are shown in Figures 3 and 4 for K,Cr,0;
and DCR respectively. The polarizations of the DCR cells
are stable during discharge, low and equal to the best of
KszzO'[’S cells.
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Figure 2. Comparison of discharge curves of

Ca/K,Cr,0; and Ca/DCR couples at 500°C at
0.07A/cm? and 1A/cm pulses.
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Figure 3. Internal resistance in Ohm.cm? for
CalK,Cr,0; cells at 500°C at 0.07A/cm? and 1A/cm?

pulses.
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Figure 4. Internal resistance in Ohm.cm? for Ca/DCR
cells at 500°C at 0.07A/cm?® and 1A/cm? pulses.

In summary, these first single cell test results are very
promising. Despite providing a slightly lower voltage, this
new material can replace dichromate of potassium. From
single cell testing, we can characterize electrochemical
performance of DCR but we can not estimate the activation
time, which is an important parameter for this application.
That is why we tested the material in battery.



Ten-cell Battery tests: Batteries were built containing ten
stacked cells of the type shown in Figure 1 and the
activation times were estimated. Figures 5 and 6 give the
electrochemical performances of the Ca/DCR and
Ca/K,Cr;07 couples at +93°C and —54°C respectively. At
the hot temperature, the battery reaches the minimum
voltage of 14.5V in about 70msec for potassium
dichromate and in about 76msec for DCR system. At cold
temperature, the activation time is about 100msec for
K;Cry07 and 102msec for DCR. The DCR’s activation time
is slightly higher but is within the required specification
(<105msec at +93°C and <130msec at —-54°C).
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Figure 5. Comparison of 10-Cell Hot Battery
Response of Ca/DCR with Ca/K,Cr,0;at + 93°C.
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Figure 6. Comparison of 10-Cell Cold Battery
Response of Ca/DCR with Ca/K,;Cr,0; at -54°C.

Another important point in this study is the response
voltage for the two systems. At both cold and hot
temperatures, the dichromate cathode shows a gradual
voltage decline with discharge, whereas the DCR
electrochemistry provides a more stable power source. In
addition, the total polarization was lower for the DCR
system (sees the Figures 7 and 8) which could be an
important advantage in some applications.

As in single cell testing, voltages were lower for the new
system. However, in 10-cell battery trials, the loss was
larger around 0.4V per cell. This could be attributed to

both an effect of the temperature, which was higher in
battery and an effect of collector: use of stainless steel
collector for single cell test and iron collector in reusable
battery. To confirm this, single cell tests were made with an
iron collector. Results showed a decrease of voltage with
the nature of collector and with the temperature. As with
chromate, the DCR material decomposed at high
temperature and chemically reacted with collector. The
electrochemical reaction mechanisms are very complex and
must be essentially the same order as for chromates [3-6].
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Figure 7. Total Polarization data of 10-Cell Hot
Battery of Ca/DCR and Ca/K,Cr,0; at + 93°C.
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Figure 8. Total Polarization data of 10-Cell Cold
Battery of Ca/DCR and Ca/K,Cr,0; at -54°C.

Despite these two points, electrochemical performance of
this new material is promising: low internal resistances,
stable discharge curves, and activation time <100msec.

Battery tests: To obtain the required voltage of the original
battery, materials were tested in reusable containers with 18
cells for Ca/DCR system against 15 cells for Ca/K,Cr,O7
system. Figures 9 and 10 show the electrochemical
performances for the two systems at +72°C and —54°C
respectively. Both at hot and cold temperatures, the
discharges of the DCR depolarizer are stable and flat. The
voltage level has been attained and the internal resistance
was lower than that of the dichromate system. The
activation times for DCR system meet the specification as
shown in Table 1.

Battery results agree with our predictions. DCR material
with three-cell addition gives similar performance to those
of dichromate potassium.
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Figure 9. Comparison of Hot Battery Response of
Ca/DCR with Ca/K,Cr,0; at + 93°C.
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Figure 10. Comparison of Cold Battery Response of
Ca/DCR with Ca/K,Cr,O; at -54°C.

Specification K,Cr,04 DCR
Value (15 cells) | (18 cells)
Cold (-54°C) < 130ms 100 98
Hot (93°C) <105ms 64 74

Table 1. Activation time data for Ca/DCR and
Ca/chr207.

Conclusion and perspectives

For short activation time, short duration requirements, the
first objective, which was the replacement of dichromate
potassium by non-carcinogenic material named DCR, was
successfully achieved.

The Ca/K;Cr;0; technology has been kept to meet the duel
requirements of very thin cells with short activation time.
The first difficulty in the replacement of potassium
dichromate was to find a compound, which was soluble in
melted electrolyte with no decomposition and no thermal
reaction; secondly to have high open-circuit voltage and to
withstand load. On the other hand, the main
electrochemical characteristics of the new material are the
opposite of the generally suited cathode requirements for

lithium thermal batteries, which principally are non-soluble
material in electrolyte and electronic conductor.

The single cell tests allowed us to validate DCR’s
electrochemical performances. Although three more cells
were added in Ca/DCR batteries, this new candidate
exhibited a high voltage of 2.4V per cell under 0.07A/cm?,
internal resistance was low, discharge profiles were flat and
stable with very short activation times.

The future work on this project will be to build a chromate-
free calcium battery including the DCR cathode and the
new “green” heat paper. An all calcium, chromate free
battery will be tested and characterized. In addition, we will
try to well understand the complex electrochemical
mechanisms.
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