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AMTEC  the Alkall Metal  Thermal to Mcctric
Couvcrtcr,  is a direct energy conversion dcvicc capable
of near-Carnot cfl-icicncics: it has been demonstrated to
pcrfbrm at high powr densities, with open circuit
voltages up to 1,6 V and currwt dcmsitics up to 2,0
A/cmz [ 1-3 j. As a polvcr sjstcm,  AMTEK is cxpcctcd  to
dclit’c~  20-25 W/kg. The work dcscribcd  in this papc[
part of a study to test the suitability of AMTEC power
conversion in NASA’s X2000 spacecraft program for
exploration ofthc Solar Systcm’s  outer plaacts.

Elcctrodcs  used wi solid clcctro!ytc  dcviccs  such as high
tcmpcraturw  fllcl cells and direct conversion dcviccs  such
AMI’EC must meet several criteria for effect iw
opcrat ion of the dcvicc. At the same t imc that elect rodcs
must bc electrically conducting, they must be thin or
porous enough to allow fllcl or opcratir]g  fluid to pass
through thcm. III the abscm of pores in the electrode,
there must bc some other mechanism oft ransport,  such
as grain boundary diffkion  or ionic collductioa  through
the elect rode. lrl addition, these clcctrodcs  arc otkn
operated at hig)l tcmpcraturcs  ia corrosive atmosphcrw,
so they must bc su~lcicat I y refractory to allow opcrat  ion
over lor~g periods.

WA a constraint on clcctrodc  thiclmcss  and the high
operating tcrnpcraturc  in a sochum  vapor atrnosphcrc,
elect rode materials must bc sclcctcd  with the material’s
graia growth characteristics in miad,  Sputttcrcd or
chemically deposited clcctrodcs will form grains during
heating and operation; as the electrode matcriai  diflitscs
across itself, grains may gro~v,  ultimately opcniag voids
in the clcctrodc  and decreasing the ckct ronic
conductivity of the clcctrodc.

lJsing cxpcrimcntally  dctcnnimd surface self-difhsioa
cocfflcicnts,  the rate of growth of grains by coalcscmcc
may bc calculated for tcmpcraturcs  in the AMIIEC
operating range. Illcrc is aa iwcrsc relationship
bctlvccn cxchauge currcut a n d  grain r a d i u s  141;
undcrstandmg,  the rate of grain growth tbcrl makes it
p~~:~b!f:  {~ pr,:dic~ ?}:c &-ljw i!g cycIIaII:~;  c, I lrr~tlt  ~vcr
t imc. Prwious  work has shown that power produced by
art AMTFK electrode is not signi  flcar~t Iy afl”bctcd uat i I
cxcbangc  currmt dcclincs  below 50%0  of i nit ial cxchangc
currmt [5]. This relationship then makes it possible to
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cxpuctcd  to bc suitable for very long use at higher
tcmpcratur-cs,  but arc easily degraded by contmmants
such as Ma or Ni. This work extends the model to
include TiN elect rodcs, which have been chosen for the
p resen t  g,cacration  of AMTEC CCIIS.  TiN clcctrodcs
were first rcporcd to have good performance
characteristics which were stable over operating times
up to 1600 hours by rwarchcrs  at Ford [7]. ‘fIc
clcctrochcmical  behavior of TiN electrodes in AMTEC
CCIIS  has been reported to show significant difkmccs
from that of metallic (i,c, Mo, RhW, PtW) elcctnxlcs  by
rcscmchcrs at both Kyrshu IJnivcrsit~  and at JPL [8,9].
The Kjwsbu group has studied fabrication of a group of
clcctrodcs  including nitrides and carbides which have
performance characteristics similar to TiN clcctrodcs
]9].

III our prwious work, wc have used the observed grain
growth rates to construct a model of clcctrodc  Iifc [6].
This model relates grairl size to the material’s surface
Self-diflhsion rate through the }Icrring  scaling  law [ 10].
lr~ addition,,  the model prcdrcts  lifictmc  based on grain
size arid the observed rulatlonshtps  among power
density, cxchangc cumnt, elect rode resistance
(electrical), and clcctrodc  integrity.

Titanium nitride clcctrodcs  \vcrc made by sputter
dcpositioa  orl BASE surfaces. Electrodes which were
operated in AMTEC cells or in similar conditions were
studied to dctwminc pctiormancc  over time, including
power dcmity,  cxchangc currmt and resistance. Cirairl
size ar)d clcctrodc  composrtron  were also studied after
opcrat ion It was found that TiN electrodes have a
mat urat ion period of some 200 hours at opcrat ing
tmpcraturc  (1100 K), as has been found in other
clcctrodc  materials [11]. Power dcnsit  y of the elect mdcs
declines in the first fcw hundred hours, then dots not
dcclinc  significantly aflcnvards  in cells that have bcm
opcratccl up to 8000 hours [ 12].

Grain size of TiN clcctrodcs  dots not incrcasc rapidly;
ho}vcvcr,  there is some c~idencc that significant reaction
may take place in the electrode. TiN elect rodcs  made by
sputtering and operated for 1500 hours at 1013 K ~vcrc
found to have crystals of a Ti/Al nitride phase
distributed over the sulfacc,  while the TiN grain size had
uot incrcascd  significmtly  over the as-sputtered size.
TiN clcctrodcs  made similarly ar)d operated for 8000
hours at 973 K also did not have significantly incrcascd
grain size, but the clcctrodc  was considerably thirmd
lr~ addition. the clcctrodc  operated 8000 hours had
incorporated sigaificmt  quantities of the stainlcs.;  steel
containmcut  matcnals  (Mr~,  Fe. Cr, Ni).

I’his  paper will discuss the reactions of TrN clcctrodcs in
+1, -.. A.&4  TJ7~.  mtorati  IWJ  ahwymhcr~:  \vlt]l  rcfCrC1  ICC  tO
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at~ AMT[+[, chxtrodc  is not significantly  aflcctcct until
cxchangc  cumn[ declines hclow SO% of miti?d  CWIMWC
current  151. This relationship tbca matws  it possib]c  to
predict operating lifetimes for AMI’EC chxtmdcs.  WC
Iwo prwiously  used this model to predict opmting
Iifctimcx for tnotybdcman and PtW amd RhW clcctrodcs
[6]. h!o clcctrodcs  appear aasaitablc for long term usc
at l>1125K, while  the PtW and especially RhW arc
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cxmtnimm[)t  materials (MI).  I+c. Cr, h(i).

‘i ‘his paper \vill  discuss tllc reactions of TIN clcctrock in
tk AM’I’EC opcrat ing atmospl~crc wltii rcfcrcl ICC h
Iifctlmc  and pcxformatxc  at~d \vill present a mockl of
TiN clcctrodc  hfctmc for AMTEC WIIS bawl m the
prwrmsly  dcwlopcd model


