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DIMINIODE THERMIONIC CONVERSION WITH 1ll-IRIDIUM ELECTRODES
by Erich W. Kroeger, Virginia I.. Bair, and James 1. Morris

Lewis Research Center
SUMMARY

This report presents preliminary data indicating thermionic~conversion
potentialities for a 111-iridium emitter and collector spaced 0.2 mm apart,
These results comprise ouvtput densities of current and of power as functions
of voltage for three sets of emitter, collector, and reservoir temperatures:
1555, 944, 561 K; 1605, 898, 553 K; and 1656, 1028, 586 K, Ior the 1605 K
evaluation, estimates produced work-function values of 2,22 ¢V for the emitter
and 1. 63 eV for the collector with a 2.0~eV barrie: index (collector work func-
tion plus interelectrode voltage drop) corresponding to the maximum output of

3.5 \\!’/om2 at 0.24 volt. The curvent, voltage curve for the 1656 K 111~iridium

diminiode yields a 6.2 W/ em? maximum at 0.25 volt and is comparable with the
1700-K envelope for a diode with an etched-rhenium emitter and a 0, 025-mm
electrode gap made by TECO and evaluated by NASA.

INTRODUCTION

This report presents preliminary thermionic-conversion results for a
diminiode (ref. 1) with 111-iridium electrodes separated by 0.2 mm. Making
both the emitter and collector of the same bulk material counteracts converter
vaporization, deposition effects (ref, 2). The choice of 111-iridium derives
from ""the fact that higher work function (metallic) surfaces are known to pro.

“vide a lower work function value in the presence of a specified Cs pressure

and substrate temperature” (refs. 3 {0 5): The bare work function-of 111~
{ridium is 5.76 eV, of 0001 rhenium, 5.34 eV; of 110 tungsten, 5.25 eV: and
of 110 molybdenum, 4,92 eV (ref. 3). So of the potential metallic electrodes,
1li-iridium promises the lowest cesiated work functions, which meang greater
curyent dengities from the emitter and greater output voltages from the collec-

tor, In addition the vapdr pressure of iridium is simular to that of molybdenum,
losing less than 107 4‘ mm a year at 1700 K in vacuum fig. 1). Thus, 11l-iridium

is an excellent prespect among possible metallic electrodes for cesium ther-
mionic caonverters,
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This preliminary report is the product of initial testing of a variable-gap
diminiode with 111-iridium electrodes: A malfunction terminated the evalua~
tion, And subsequent examination revealed irreparable damage as well as a
eapillary opening covered by liquid cesium in the end of the reservoir. No
other indication of a leak had been apparent. While a replacement diminiode
is in process, the present results can serve to indicate the thermionic-
conversion potentialities of 111~iridium electrodes. To that end these data
represent observed maximim performances corresponding to three sets of
emitter, collector, and reservoir temperatures; 1553, 994, 561 K; 1605,
8§98, 553 K, and 1656, 1028, and 586 K.

As a background reference 6 cites references 7 to 10 on cesium diodes
with iridium emitters. References 7 and 8 report 5.5 W/ em? for a 1703 K
emitter and a 0.76 mm electrode gap. Reference 9 reveals that a 1643 K
polycrystalline-iridium emitter 0.23 mm from a stainless-steel collector
produced 5.8 W/em? at 0.3 volt and a maximum of 7.2 W/em? at 0.16 volt
with about 2 torr of cesium vapor. Adding 60 torr of xenon increased those
performances to 7.4 W/cm2 at 0.3 volt and a maximum of 8.4 W/c:m2 at 0.2
volt. '""As before, high cesium pressure with close spacing yields better high-
current output at lower voltages, and low cesium pressure with wider spacing
yields kigher output at higher voltages" (ref. 9). Incidentally reference 10
discusses effects of pulsed discharges of the reference 9 diode.

Enlightened consensus indicates that the usually higher performances
found in early thermionic-converter studies probably involved oxygenation
effects unrecognized at that time. The same sophisticated opinions propose
that additives used in those early studies, particularly inert-gas additions,
generally contained oxygen as an impurity. And "the presence of minute
quantities of oxygen (107" to 10"6 torr) in a cesium thermionic converter re-
sults in improved performance characteristics' (ref. 11). In fact, such obser-
vations received support en masse as more effective quality control in diode
processing led to lower and lower thermionic-conversion outputs. These find-
ings contributed to the initiation of a program that presently explores oxygen-
ation of cesiated electrodes (ref. 12). And today a practical demonstration of

-this effect is the increased performance of the TECO cesium, oxygen, tungsten

diode over that of the standard nonoxygenated version.

Thus the high power densities of the reference 9 diode undoubtedly re-
dounded at least partially from undefined prductim oxygen effects. The re-
sults from the 111-iridium diminiode may also involve some unspecified
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oxygenation, But the absence of leakage symptoms and the presence of per-
formance levels substantially below those of reference 9, indicate probably
negligible additive influences in this diminiode study.

W. E, Frey and R. D. Schaal developed and performed special proce-
dures and conducted research tests necessary to fabricate this diminiode.

EQUIPMENT AND PROCEDURES

Reference 1 provides detailed descriptions of all equipment and proce-
dures used in the experiments treated in this report.

RESULTS

IFigures 2 to 4 show selected data representing maximum performances
observed in limited initial testing of a diminiode with 1114iridium electrodes
spaced 0.2 mm apart. These results comprise output densities of current
and power as functions of voltage for three sets of emitter, collector, and
reservoir temperatures: 1553, 944, 561 K; 1605, 888, 553 K; and 1656,
1028, 586 K. ’

Because insufficient data exist to form constant-emitter~temperature
envelopes, the present exemplary curves serve only to imply potentialities
for thermionic converters with both electrodes made of 111~iridium. For
example, outputs reach at least 2.9 W/cm? at 0.14 volt for a 1553 K
emitter, 5.5 W/cm? at 0.24 volt for 1605 K, and 6.2 W/cm? at 0.25 volt
for 1656 K. :

. Work function estimates for the 1605 K test are 2.22 eV for the emitter
and 1.63 eV for the collector. These values compare with 2.38 and 1,54 eV
for cesiated rhenium at appropriate electrode~to-reservoir temperature
ratios of 2.9 and 1.6 (ref. 13).  The work functions for this 1605 K 111~
iridium diminiode indicate a barrier index (collector work function plus
interelectrode voltage drop) of 2.0 eV corresponding to the 5,5 -W/ cmz
maximum. o :

Figure 5 reveals that the 1656 K current, voltage curve is similar to the

better 1700 K envelope for diodes with etched-rhenium emitters and 0.25-mm

electrode gaps made by TECO and evaluated by NASA (ref. 14).

Such results merit further investigation: Another 111-iridium diminiode
is now in the fabrication process.

. -




4

REFERENCES
1. Morris, J. F.: Energy-Conversion Research and Development with
Diminicdes. First International Conference of Plasma Science. IEEE,
Knoxville, Tennessee, May 1974 (NASA TM X-71533).

2. Moyrris, J. F.; and Lundholm, J. G.: NASA Thermionic-Conversion Pro-
gram. Eleventh Inferscciety Energy Conversion Engineering Conference,
State Line, Nevada, Sepiember 1976 (NASA TM X-73430),

3, Swanson, L, W.; NASA ERDA TEC~ART (Thermionic-Energy~Conversion
Applied- Research~and-Technclogy) Program Review. Naval Research
Laboratory, Washingien, D. C,, January 1975,

4, Swansen, L, W.; and Strayer, R. W.: Field Electron-Microscopy Studies
of Cesium Layers en Various Refractory Metals: Work Function Change.
Jl} Chemw Phys:g éj’? 24.:-:;1 1968)0

6. Bell, A, E.; Bennefte, C. J.; Strayer, R. W,; and Swanson, L, W.:
Single Crystal Work Functions and Behavior of Various Adsorbates on
Metal Surfaces. Final Report, NAS3-11820 (1970).

6. Morris, J, F.: Cesium-Digode Performances from the 1963-t:-1971 Ther-
mionic Conversion Specialist Conferences. NASA TM X-2589.

7. Talaat, M. E.: Iridium Thermionic Converter Siudies. PIC No., 734,
March 1963,

8. Martini, W. R.: Internal Flame-Heated Thermionic Converters. Report
on the Thermiosnic Conversion Specialist Conference (pp. 356~361).
1EEE, Gatlinburg, Terpsssee, October 1963.

9. Kaplan, C.; and Merzenich, J. B.: Xenon Addition Experiment ina
Thermionic Convertr. Report on the Thermicnic Conversion Specialist
Meeting (pp. 353 {2 344). IEEE, Cleveland, Ohio, October 1964.

10. Kaplan, C.: PulsedaDischarge Experiments in a Thermionic Converter.
Report on the Thermionic Conversion Specialist Meeting (pp. 326-332),
IEEE, Cleveland, Ohio, October 1964,

11, Rufeh, F.; Lieb, D.; and Fraim, F.: Recent Experimental Results on
Electronegative Additives. Report on the Thermionic Converseion
Specialist Meeting (pp. 25 to 28). IEEE, Palo Alio, California,
October 1967. ' '




5

12, NASA Contracts with Thermo Electron Corporation (TECO): NAST7-508,
NAS3-14413, and NAS3-19866

13. Hatsopoulos, G. N,; and E, P. Gyftopoulos: Thermionic Energy
Conversion - Volume I: Procésses and Devices. MIT Press, 1973,

14, Manista, E, J.; Smith, A, L.; and Lancashire, R. B.: Comparison of
Computer-Acquired Performance Data from Several Fixed Spaced Planar
Diodes, Report on the Thermionic Conversion Specialist Meeting, San
Diego, California, October 1971. (NASA TM X-67935.)

15. Storms, E. K,: NASA ERDA TEC-ART Program Review, University of
Texas, Austin, May 1976,



it et e it e

09T9.-8D A .um:.—<~_um Eu._.

Ncﬁxmw | V4 1 SR | 9 |
— i~
AL \s .
Toﬁl 01
| .01
0L~ (6T "43) ¢
9761
P - msmo._.m - P o=
ALvy ul ¢ vy 2
NOLLYZIMOdVA | 4, 0l NOILYZIYOdVYA -
A1 4l |- |
mog.l ;c,wm
) e 4 !
A1

30IH08VYX3IH NNNVHLNVT ANV ST1VL3IN JdNd 40 NOILVZIHOdVA




RLSTe

RS —

R AT, TTRSTOATIIRR ITIN 10y

SUMNPICURIE IS S S—

!

f

!
i

TV A i gl e e R e e e R e
| R s
: JERE 1 “ e .
e el 8 : { T
. 0 Ofar - R
: 1 o BT TS64: { &
; : <o  32as ) i (o -
i S o s
! f Y BE RS T
ST IO S e s - WP
£33 3 o )t § R e o
: ; 3 i . i

POSUES SSe-u &

8

RE— .

L

B

T

FAOE, VO

I

IO SRS S SIS

|

- QUPRPUT! VOL

u e
! 3
! ]
et
i 4t
"L R
% . i [
— : g + |
= | ! _ |
.- - i . 4
ouy t 1 : i
i {
! &

qHL J0 X100

€iSl oy &3

O HISSI 7 NN TY
-

N ST X )
LIWILNID IHL OL Ci X OF WOY—



(38
ttodad i a
i

!
thedaisd

- Lisim .
_ ‘ } ; i ! } ! $ i : } 3 :
“ i i { : : ! ; : i 3 { 3 ¢ -
s o1k u13 + 3 ¥ 4 ¢
3 i s m : % 3 H { M ! 3 3 3 z |
s Fove o e R T R : : ” 22 same Bt gy e paves vown g terey ceios tasis Soead S : 332
St R P « :
t : i ! ! | :
s e T i Sodtd > e GhI. 3 b ! : : _
s i+ § 4 i 1o waek i
e N H ¥ ¥ ..
m : - - 0. -+ ‘m " it rl ilo“qu.tllpwr.v‘b
32 : 3 g S HT 3
seases s i . w! -0 va}.ut] v frpans o .0,1»“’4
guosh IH = ;
: § \ i
s Sl P 3SR T :
12 4 « '
: ’ i zq :
} H $ = :
} } : : =8 m
W i g o1 e o
: 1 ! -t -E USSRl (3 O =N : o :
T ey T i | | ! < | : t —
e ¢ H 4 3 = ! { ! § ¢ | i f .
i . i . i i y { ! - | { -} ) i { :
§ ! : | i 1 + - i ! : i }
| . - $ : O i ——n $ 3 :
'olllfl M HE e B S i ; ! M..” : = Wr i ! m 3 4 4 . s
S | : : : 8 Sl Satk Sy Bty Hnmy Chuekd 00 sl e e i g 2T 8 ! ! fat
s o i R ol R O A 0 e B S o0 SRR 4..
EEEEEs e b - EEkid |
i i & =1 t e T t S feand
| | i . . § e _ o8 .
W - ,-- ~ 4 * A»!I[Y"lr"»'r P —— ..l""!nl' : 0 u ! ﬂ \'M - m “ m
o Satms $ ! i ! s ! Lt R - PR RN 3 t i :
: o RRET St ThPT L $ : : i i : e T, | |
7 o ; | i i : i B o e s e, & o
o= $itl i i E { : b3
5 - ok RS b 35 Lo
. I « =3 - ..-b “
! i . - ot Ly el ¢} G
3 —
- O
<

{

e Cas taa st Jev

g HSBaS: 2
SRR ESE
aier P
m : reger
- . o6
SNSEE SRGEE Misbac Sl A S

400d SI d9Vd TVNR

St T TR ————— W T L A e

<.~J

0D 83853 % T2a4nIN

X

A N M, W |




]
\ .
: 00 1
- e —— — . N —— TS 1 ' v R Tt e i Litelibi il o

e T —.

OO SRR | HRIRGS T o fil S BRI : ! 1
< 3 3 { : } 3 3 3
! ! i | t {
ﬂ e S S et bt —
! 1 ! 1 3
- - ol af ; i | ' i § e
: R | P Sl P NP R T E - e o
ol T | : ! ol | : i
E= 1 e i S| i } § { : il gt ik i35 e
SR B | 1 | R | _ : & i
- 1 1 s f + R | O
SEED = | S Gl iE
= o 1 e . w SRS UES SN - Faaries < n\ﬂ. :
£ : : : i : | : sl B ;
i Sl .w.'l.c.'wn..lr lwlllﬂllwolll — S5 — - | : mi. M‘Cc e seate soave
. ..-:* [ 3 3 K ats
: i O
: < : : 1 - PN
: T3
i 1 i i a
. - 5HR AR U FWO:
B [ = G
bt B P s ¢
B . i D B
st f 4.1 = | MW
- e — R rors TEIT) WTEL (N . . B et n...
) 231 S 3
3y i <
w s & m : m_ jilem b
— v BEARD.: | Lo 21
il B m A | I ™ i
T3 1 N A W ! : I i . i 9 RPN e . i
: ] | AR TR D SO NI DG S S R .50 80 T
Fo =2 i A A T S [ el e
5 i P S TR S 0 e i v W | R ol BT S
: > e i T o L R S -~ S SRR~ Lo
- £ i { i : i | { ! ! g ! et 23 :
BT 3 LI 3 (O SESTIES: DR m B H BT | H I~ ] ! { (s bt | = 137 geiie
3 : { 71l i ; ! i i s Al ik i §5i
: ST HE Al GRS E s s
wl!‘ e A I : Siadh | .o} : H - $ Loy { i 1 hO =1 el
. 5 SRR S | R | it NS |
E- : i T i S 1 61 1 e _ :
- 3 ~ I3
3 ! b il ] i m I ‘m fe a5 SRECL _ Y .mmmm ,A“w.
i i | | . ! . g
" T R g IR T e A e T = T i g = H
2R LR = : ! ﬁ ¢ i ! " “ ! L LS i3
e i Wt e s T i s I = il ) 5 3
o 3 M | v h : 4 | i MU + - 3 & s
=3 i ; 3 ; i T “ 9 9 s
BT 3 LI #a G N i M, = m. gl e | frid
i i : = : AR S B 3 e SESE S NSRS ML= i 855
i w _ | w | “ i3
bt - ] ! L | ! : :

mgm m~ mcdm TVNE
L 40 ALIrmdgionaos Wi

EISL OF  “3i3miaNGED 344 OL O X OF 2

o sl o M AL s B o



.-_...._,...,i,..f 5 “+ 21 1 . ; ot
Sttt i : 2 5 ~
i ' | | | |
e ! -.ﬁ..!L.....,.*.“.....t e
H ' l i ’ : |
$ H i : { 4
{ ] |
1 ; { i BRI : }
| | | | ‘ !
{ |
-~ _.‘ 53 — " +
i b | | ,
S i %
A ) 33 B F3248 iSal3 {
il |
------ ] i+

L TemmRe——

e ourpur VOLTAGE,VOLTS‘ i
"‘"hw?esﬂ COMEAF sbu OF zmom-zmr'rm (0.25MH-GAR)

§iid

ENVELOPES (RQF 14 ) WITH DIRrAINI ODE CUTPUTS
i cim-un IUM ELELCTRCRDES N.2MM APART |
. UB56K En B.,SSBKCMQ.I&!&,SE_BKEESERV&IRJ

{

|
] 4
| i i
223202208 23080 RRIRE LRSS0 £3034 L2 IRE QOURY B8] 43 l 534 £ . : , .....m_l ....... it ,' it
| | { | { | vi { |
; :‘ 4 ! {
gl 334 et e i i 1RSI |
+ t - —f- {
i i |
""" { { { } !
| { | |
Stste Lt s aed st 3323722 1RECRETOT0 PETRS SR8 A B TR ST L TS L ? Sined 14 4 4 hed 12
{ | : |
i ! 1 |
| { {
STEITITERN IARITIRACE SRAATRELE] SEE33 E235 cosRL LIREY E2E33 B2 3 SRR HEEERiteel ittt e L L H ] 13353 ENee 2531 148
| | | i
! ! |
! |
!
............................. 1821 42

|
i
i
§
1
Fed
58
{
1

......

is 7S/

1

i

;

§

]

&

!
S

{
-
SESEE | B
EE; £588

-
-

-
J »
-



	GeneralDisclaimer.pdf
	0028A01.pdf
	0028A02.pdf
	0028A03.pdf
	0028A04.pdf
	0028A05.pdf
	0028A06.pdf
	0028A07.pdf
	0028A08.pdf
	0028A09.pdf
	0028A10.pdf
	0028A11.pdf
	0028A12.pdf
	0029A08.pdf
	0029A09.pdf
	0029A10.pdf
	0029A11.pdf
	0029A12.pdf



