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lJndcrstanding the thermal characteristics of
the various components and materials in an
alkali metal thermal-to-electric converter
(AIW1’JiC) cell is necessary for optimizing
performance of such a cell, Thermal models
have been developed and used to good
advantage [llnderwood,  C( al., 1990; Suitor, c1
al., 1992], but those models have, until now,
been descriptive of the thermal characteristics of
components of CCI1 s,, rather than used to make
decisions concerning materials and construction.
llxtcnsive cxpcrimcntal data on the thermal
characteristics have not previously bem
available for usc in those models. With the
measurement o f  mi ssivitics of several
components of an AM’I’IK  ccl], data are now
available for use in models, and such data may
bc used to dcteminc optimum materials and
device construction. T h e  cmissivitics of
components of the electrode, current collection
network, solid clectrolytc, and heat shields of
AM’1’1 K cells have. hem measured in the
teqpcraturc range 900-1200 K, both in vacuum
and in sodium atmosphere using optical
pyrmctry.

Measured  missivities were used to
deteminc ckctrodc tcmpcrat ure both at open
circuit and during current flow in an operating
AM’I’EC CC]l. Direct nmmwrmcnt of the
cleztrodc operating temperature makes it
possib]e to calculate the tcmpcraturc at the
reaction site while a cell is operating; a
relii~blc, direzt measurement of this tcmpcrat urc
has not previously tmn made. IJircct
nlemmnent of the electrode operating
tmpcrature  has also made it possible to
calculate an upper and lower bound for the
thermal conductivity of ~“-alumina at AM’]’] iC
operating tcmpcrat ure.

ICxpcrimcnta]

IWli.f,rivitics
‘1’hc optical emi ssivitics, c, of components

of AMTJ X ccl]s were measured in vacuum and
in sodium atmosphere. l’iezcs of bar-c ~“..
alumina solid electrolyte (BASli), of BASJ i with

PIW clectrodc, of BASE with electrode and
mol ybdcnum mesh and wire current collecting
net work, and of mol ybclcnum foil used as a heat
shield material were mounted on a cylindrical
cartridge heater in a vacuum chamber equipped
with a window. In addition to the materials to
bc measured, a piece of Mo foil and a piece of
/3’’-alunlina painted with zirconia black-body
paint (making the painted material a grcy body
with e= .99) in the temperature range of
interest) were mounted in the chamber. A
cylinder painted with zirconia paint and with a
narrow slit exposing the samples to the window
was wrapped around the samples. ‘l’his cylinder
kept radiation from the heated samples from
reflecting from the walls of the vacuum
chamber and returning to the samples. ‘l’he
cxperi mental set-up is shown in 1 ;igure 1.

‘1 ‘hcrmocouples  were mounted on each
sample, including the painted reference
mat mials, so that the thermocouple tips were in
contact with the material hut out of the field of
view of the pyrometer telcscopc, In the case of
ceramic (HASI~, clez(rodcs on BASIL) materials,
the thcrmmouplcs were mounted in shallow
trenches cut into the material; for the metal
foil, the thermocouple was tied on to the foil
with Mo wire behind the tip and the tip bent
down to make contact with the foil.

Tcmpcrat urcs and cmissivities were
measured using a Mikron model M90H digital
infrared thermometer (opt ical pyrometer). The
spectral range of this instrument is .78-1 .06
pm. “1’hc radiation blocking effect of the
window was measured by setting the pyrometer
cmissivity to .95 ancl measuring the difference
in tmpcrature  bet wecn the thermocouple and
the pyrometer. limissivitics of the materials of
interest were then measured by scanning
c.missivities with the pyrometer until the
tmpcrature reading on the pyrometer matched
the tcmpcrat ure measured by the thermocouple
attached to that sample. The emissivity was
then adjusted for window absorption.
lhnissivitics were measured for all samples in
the temperature range 850- 1200 K.

]Wissivitics were measured in vacuum.
‘J’hc measurements were repeated in sodium
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]~gurc 1: ‘1.he experimental set-up Ior measuring mlssivity in vacuum and m sodium atmosphere,
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atnmphcre by providing a source of sodium or decreased. l’reviouslv mmrted values for
vapor in the chamber.

AMZEC LYcctrodc  operating  7kmpcra(urc
The tcmpcraturc o f  a  PtW AM’J’l W

clcdrodc was measured cturjng operation of an
AM’T1 E cell. ‘1’hc (ccl] chamber was equipped
with a shutbmxt window and a hole in the heat
shiclct surrounding the BAS1 Yclectrodc
assembly, Tcmpcraturc was measured by
setting the optical pyrometer to the detcmined
C’mi!$sivit y and reading the tcmpcrat ure.
IHcctrode temperature was measured at open
circuit and while current-vo]tage curves were
run, The temperature of the elcctmdc plus the.
current collection network was measurwi with
the Mikron infrared thermometer, The.
tcm:pcrat um of the elmtrode alone was
mea.surezl with a Pyro disappearing filament
optics] pyrometer (A = 0.65 pm) by locating
the filament over a section of electrode not
covered by the current collecting mesh,

Results

‘J’hc measured emissivitics arc shown in
l~igurcs 2 and 3. It was found that the
missivity of molybIdcnun~  mesh and foil drop
after being held for several minutm at -1000
K, apparcntl y because of the loss of the surface
oxide layer. T h e  emissivity is  then
replroduciblc  as temperature is either increase{i

mol ybdcnum arc .40 - .d6 a~ 1100-1200 K in
vacuum [Wall, C[ al. 1 9 9 3 ;  Makino, cl al. ,
1983]; cmissivitics of .41 -.50 were measured
on Mo foil in these cxpcrimcnts,  but after
several minulcs at 1000 K, the cmissivity fell
rapid] y and settled around 0.3.

The cmissivity of ~“-alumina is very
close to 1 over the temperature range 900 -
1200 K. ‘1’hc emissivity of PtXW electrode is
around ,4 at 1000 K and rises with increasing
temperature. The most interesting mcasurcnmt
is the emissivity of the PtxW electrode with Mo
msh and tic wires. As temperature is
increased, the cmissivity of the electrode
increases until it reaches a maximum -.95 at
1100 K. The electrode plus mesh acts more
and more as a black body as temperature
increases.

Sodium atmosphere has little or no effect
on the cmi ssivit y of the ekctrodc plus current
collecting net work; the cmissivity o f
molybdenum foil is somewhat lowered as a
result of exposure to sodium vapor.

Usin~ the measured emissivitics, the
opcrat i Jlg tcmpcrat urc of a l’t3W clectrodc in an
AM’1’IX cell was measured pyromctricall y,
Using an infrared thcrmomctcr, the operating
tcmpcraturc of the chxtrode plus current
collecting network was measured and compared
with the tmpcratm measured in the sodium
pool on the high pressure side of the BASE
The tmpcraturc  of the clectrodc plus current
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collmting network was monitorexl while takinp,
a cwrrent-voltage  curve. Temperature was
measured after it had reached a steady-state
value during opcraticm. The rate of decrease of
elect rode temperature Cluring opcrat ion
corresponded close’ly to the fall in the
temperature of the soclium pool, as shown in
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Figure  2: ‘l’he measured emissivities  for PtW
electrode in sodium vapor ( O ) and NW
electrode with MO mesh and tic wires in
vacuum (A) and in sodium atmosphere (O).

measured using a disappearing
twrometcr. The cmissivitv of the

filament
electrode

14

surface was taken to bc .9~, the maximum e
reached by the clectrodc + mesh assembly, as
shown in 1 ~igurc 2.

The thermal conductivity, Kfi, of 13ASH was
then calculated from the measured elextrode
surface tempcrat urc, assming  the thermal
re.si stance of the 1 pm thick electrode to be
negligible. The values calculated, Kfi == 1.5
W/mK at 1143 K and Kh == 1.2 W/nlK at
1163 K, compare favorab] y with rcporkd
values of 3.0 W/n~K at 300 K and 2.9 W/n~K
at 680 K [May, 1978].

The temperature of the reaction zone
dur ing  AMrl’IIC operation,  T,,, ma be

/calculated using a value of 1 -2 W/n~K or K*
when the sod ium pool tempcrat ure ‘1’~, is
known, using the relation

“l’.l = ‘iN - (Wti. 6 I A., . Kti )

where T is tmpcraturc in K, Wti is the thermal
input power in Watts, A., the total electrode
area in n12, and 6 the electrolyte thickness in
meters.
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Figure 4: ‘l’he measurwl temperature of the
sod ium pool (.), the electrode -t mesh
assembly (0), and the electrode surface (+)
during current flow in an AM’I’EC cell.
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Figure 3: The measured emissivity  of (5’”-
idumina  solid electrolyte in vacuum (A) and
of molybdenum foil in vacuum (.) and in
sodium atmosphere (0).

‘1’hc tmpcraturc  of the reaction ?,onc is the
tcmpcraturc of particular interest for analysis of
the thermal characteristics of an AMT1 iC CCI1.
‘J’hc temperature of the clectrodc surface was
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IXscussion

‘1’hc sharp increase of emissivit y of the.
electrode plus current collecting mesh as the
tenqpcratm increased was onc of the more
surprising rcsu]ts of this study. This increase
in cmissivity  is attributed to the presence of the
mesh . As the temperature of the emtire
assembly increased, the mesh acted as walls to
a create a hole, and each square in the mesh
acted as an individual black body. This
behavior made it possible to measure the
electrode surface temperature directly, using a
disappearing filament pyrometer and
considering the clcclrodc surface surrounded
by mesh walls at ‘1’ > 1100 K to be a grcy
bod:y with c == .95

‘l’he emissivity of Mo foil is slightly lower
in sodium atmosphere than in vacuum; this
difference may be attributed to the corrosive
cffczt of hot sodium vapor on Mo. ‘1’hc sodium
vapor removes any trace of oxide layer which
remains on the surface, and the emissivity
measured is that of the unoxidized material.
The same effect should occur with a metal foil
a( high temperature in vacuum over a longer
time period; the sodium vapor accelcra{cs the
removal of the oxide layer.

The temperature of the reaction 7,0JIC is
-15 K lower than the tmpcrature  of the
sodium pool. ‘l’his difference, which is causexl
by Ithc thermal resistance of the BAS};, will
chatijgc slightly the values of cell operation
parameters previously rcporled from this
laboratory, but the diffcrcnccs  will bc small.
}Juturc calculations will take into account the
diffcrcncc in temperature between the sodium
pool and the operating electrode,

As shown in l~iglure  4, the rate of change in
tmpcralurc  caused by current flow is similar
for lthc sodium pool (on the high pressure side
of the BAS11) and for the clcetrode (on the low
pressure side of the IIASE). ‘l’he elez(rodc
surface temperature may be calculated from the
thermal conductivity, as described above.
Thus, it is not necessary to instrument an
AMTJ W tube on the low pressure (electrode)
side to monitor the temperature of the reaction
if the temperature inside the t ubc and behind
the site of interest can bc mom easily
Jncasuml.

The temperature of the electrode on an
opclat ing AMT1 E t ubc will not rcflezt the
reaction site tcmpcrat ure if it is measured with
a thermocouple in contact with the mesh and/or
tic wires. The mesh and tic wires arc cooler
than the clcctrodc, bccausc they reject heat and

because the mesh squares form black bodies
~,}li~h retain heat at t}~e c]e~trodc sllrface. A
thermocouple in contact with both the surface
and the mesh will rncasure an intermediate
tcmperat ure.

lhlr(hcr work to characterize the thermal
conductivity, K&, of IJASII more accurately and
over a larger temperature range is underway,
including direct measurement of Kti of sodium
(Y-alumina ceramic.

The research dcscribcd in this paper was
carried out at the Jet Propulsion 1 xiboratory,
California institute of ‘J’ethnology, under a
contract with the National Aeronautics and
Space Administration, ‘1’hc work was supported
by NASA and by the Department of llnergy -
Advanced Industrial Concepts Division.
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