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NATIONAL THERMICNICS PROGRAM REVIEW 

Thermo Elec t ron was host to the National Thermionic P r o g r a m 

Revie'w held on October 3 and 4 in Waltham, Massachuse t t s . Repre 

sentat ives of the USAEC, NASA Headquar te rs , Thermo Elect ron, 

Rasor Associa tes , NASA Lewis, Je t Propulsion Laboratory , General 

E lec t r i c , Los Alamos Scientific Laboratory , Naval Resea rch Labor

atory, Arizona State Universi ty, State Universi ty of New York and 

Pr inceton University par t ic ipated in the conference. Although the 

focus of the meeting was p rogramat i c , exper imenta l data and sys tem 

design studies were presen ted and d iscussed . It was a consensus of 

the par t ic ipants that the conference -was valuable in adding perspec t ive 

to their individual efforts. 
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ANALYSIS OF LOW WORK FUNCTION SURFACES 

Activation Chamber 

A se r i e s of (Ba, Sr, Ca) O activation exper iments 

have been conducted using Vidicon cathode a s s e m b l i e s . 

These s t r uc tu r e s , which a r e compatible with the photo-

emiss ion flange geometry, provide convenient sample 

p repara t ion and mounting p r io r to opening the vacuum 

sys tem to a tmosphe re . 

Thermionic and photoemission m e a s u r e m e n t s were 

niade on BaO, (Ba, Sr, Ca) O and BaO-Cs-Ag sample s . 

Cesium was deposited in the vacuum chamber from a 

ces ium channel. For the la t te r exper iment , Ag was 

vapor deposited onto the BaCO p r e c u r s o r in another 

vacuum chamber , p r io r to activation. The re su l t s of 

these m e a s u r e m e n t s a r e summar ized in F igure 1, along 

with re tard ing potential data repor ted by Nottingham* 

for (Ba, Sr, Ca) O. Although the t empera tu re dependence 

of the Thermo Elec t ron data is s imi la r to Nott ingham's, 

the work function values (assuming A = 120) a r e substan

tially lower . Thus far, the (Ba, Sr, Ca) O low work 

function e lec t rodes appear to be chemically stable in a 

ces ium a tmosphere . 

Surface Charac ter iza t ion Chamber 

The BaO-Ag-Cs sample , descr ibed in the previous 

section, was subjected to Auger ana lys i s . The surface 

*W. Nottingham in Handbuch der Physik, Vol. 21 , Ed. 
S. Flugge (Spr inger-Ver lag, Berlin, 1956) p . 133. 
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layer (1000 A) was sput tered in s teps , in between which 

Auger spec t ra were taken. As shown by the typical 

Auger spec t rum in F igure 2, no s i lver could be detected 

in this l ayer . These m e a s u r e m e n t s indicate that the s i l 

ver evaporated r a the r than diffused into the oxide l aye r . 

Multistation Chamber 

The fabrication of the mult is ta t ion chamber shown in 

F igure 3 has been completed. This apparatus has individ

ual stations with removable exper imenta l components 

which a r e separa ted f rom each other by compar tment baf

f les . This a r r angemen t pe rmi t s the operat ions of cleaning, 

oxidation, cesiation, inspection and m e a s u r e m e n t to be pe r 

formed in isolated s ta t ions . The surface to be investigated 

is mounted on the end of a t empera tu re controlled tube which 

can be " sh i f t ed" from s ta t ion- to-s ta t ion by means of a gim-

bal-bel lows-indexing as sembly . Vacuum levels down to 10 

t o r r have been obtainable. 

The Ag-O-Cs surface was chosen for initial studies since 

it has a low work function and has been well cha rac te r i zed as 

a photoemissive m a t e r i a l . Work function m e a s u r e m e n t s as a 

function of e lec t rode t empera tu re a r e given in F igure 4. The 

Thermo Elec t ron data (solid line) a r e compared to those of 

Weber*. All data cor respond to an " A " of 120. A pronounced 

t empera tu re dependency is evident. The favorable compar ison 

of the Thermo Elec t ron data with those of Weber is evidence 

that the Multistation Chamber is functioning sa t i s fac tor i ly . 

*S . Weber in Doctoral Thes is , E r l ange r Institute of Technology, 
1964 
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Figure 2. Auger Spectra of (Ba, Sr, Ca) O-Ag-Cs Cathode 
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SYSTEM STUDIES 

Stone and Webster have continued to evaluate the ef

fects of p a r a m e t e r per turbat ions on a s t eam sys tem with 

thermionic topping of the water w^alls, superhea te r and r e -

hea te r . The conventional boiler must be modified to higher 

gas t empe ra tu r e s by in ter -component f ir ing. Typical mean 

gas t empe ra tu r e s in conventional boi lers a r e around 2 800F. 

Analysis indicates that significant improvements in t he rm

ionic topped sys tems can be achieved by increas ing the mean 

gas t empera tu re to 3400F. Such a t empera tu re should st i l l 

pe rmi t ni t rogen oxide formation to be l imited to acceptable 

leve ls . 

Fo r a thrott le p r e s s u r e of 1800 psig, r ehea t e r and super 

heater t e m p e r a t u r e s of lOOOF, emi t te r t e m p e r a t u r e s of 2330F 

(corresponding to collector t empe ra tu r e s on the boiler, super

hea ter and r ehea t e r of 760, 970 and lOlOF; respect ively) , the 

station efficiency (including stack, genera tor , power condi

tioning and dis t r ibut ion efficiencies) was 46 percen t - compared 

the s t eam station efficiency without topping of 36. 8 percen t . 

These r e su l t s a r e consis tent with a previous , but l e ss detailed, 

study c a r r i e d out in conjunction with Combustion Engineer ing. 

The thermionic data ut i l ized in these analyses cor respond 

roughly to "second gene ra t i on" pe r fo rmance . "Th i rd gener

a t ion" thermionic data will be considered in the analys is in the 

nea r future. 

An in teres t ing aspect of the sys tem studies is that the heat 

t ransfer calculat ions suggest that the emi t t e r heat pipe incor 

porated in the conceptual design of the thermionic diode may 

not be essen t i a l . 
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R E S E A R C H C O N V E R T E R E X P E R I M E N T S 

Gold C o n v e r t e r ( C o n v e r t e r No. 96) 

Gold in c o m b i n a t i o n wi th c e s i u m can be e x p e c t e d to 

p r o d u c e a m o d e r a t e l y low w o r k funct ion c o l l e c t o r s u r 

f a c e . S o m m e r * h a s d e m o n s t r a t e d tha t the s t o i c h i o m e t r i c 

compound CsAu i s a s e m i c o n d u c t o r . W o r k func t ions of 

about 1.45 eV w e r e m e a s u r e d in the s i m u l a t e d c o n v e r t e r . 

A v a r i a b l e s p a c i n g c o n v e r t e r wi th a gold c o l l e c t o r and a 

t u n g s t e n e m i t t e r w a s c o n s t r u c t e d to s tudy the c o l l e c t i o n 

p e r f o r m a n c e of gold in tne c o n v e r t e r e n v i r o n m e n t . 

The c o l l e c t o r was p r e p a r e d by e v a p o r a t i n g a tnin f i lm 

of gold on the m o l y b d e n u m s u b s t r a t e . Dur ing o u t g a s s i n g , 

the e m i t t e r t e m p e r a t u r e w a s r a i s e d to 1700° K and the c o l 

l e c t o r t e m p e r a t u r e was r a i s e d to 825°K (s ince gold has a 

low v a p o r p r e s s u r e a t th i s t e m p e r a t u r e ) . 

P e r f o r m a n c e da t a ob ta ined o v e r the e m i t t e r t e m p e r a t u r e 

r a n g e of 1200 to 1700° K and i n t e r e l e c t r o d e s p a c i n g s f r o m 

5 to 20 m i l s showed b a r r i e r i n d i c e s n e a r 2 eV with c u r r e n t 

d e n s i t i e s be tween 2 and 10 a m p s / c m . The o p t i m u m c o l 

l e c t o r t e m p e r a t u r e for T „ = 1400 to 1700° K was 850° K, and 
E 

the T / T v a l u e s for the m i n i m u m b a r r i e r i n d i c e s r a n g e d 
C R 

be tween 1, 5 and 1 . 6 , L o w e r m o d e da ta w e r e ob ta ined in 

o r d e r to m e a s u r e the c o l l e c t o r w o r k funct ion . C o l l e c t o r wor 

func t ions of 1.40 to 1.45 eV w e r e o b s e r v e d o v e r a T / T 
C R 

va lue r a n g e of 1. 4 to 1. 6. T h e s e v a l u e s a r e s ign i f i can t ly 

b e t t e r than t h o s e p r e v i o u s l y ob t a ined wi th h igh ly o r i e n t e d non-

oxygena ted e m i t t e r s and c o l l e c t o r s . 

*A. H. S o m m e r , N a t u r e 152, 215 (1943) 
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After the high t empera tu re data was obtained, the 

performance was somewhat reduced and the b a r r i e r 

index increased to around 2. 1 eV. Fu r the r improve

ments in per formance may be expected in an oxygen

ated conver te r . 

P l a sma t ron (Converter No. 97) 

As a resu l t of a comprehensive review of enhanced 

mode thermionic conve r t e r s , a " P l a s m a t r o n " config

urat ion has been designed. This review included en

hanced mode conver te r s fabricated and tested by Thermo 

Elec t ron ( e . g . , c rossed ExM devices, cavity diode, a r c 

t r iode, proposed dual mode conver ter , e lectronegat ive 

additive diodes and r a r e gas additive diodes) as well as 

p r e - 1965 devices (such as unignited t r iode, P l a sma t ron 

tube, and auxi l iary discharge conver te r s of Gabor, Bloss, 

Knechtli, e tc . ). Conver te rs utilizing nuclear generated 

ions were not evaluated extensively because of their fund

amenta l l imi ta t ions . Pa r t i cu l a r attention was given to 

the hybrid mode conver ter* achieved inadvertent ly by 

Rasor Assoc ia tes . Such a device appears to have much 

in common with the P l a sma t ron , a controllable gas d i s 

charge tube developed by Johnson and Webster . If the r e 

sults repor ted by Rasor Associa tes can be reproduced, the 

hybrid conver ter will r e p r e s e n t a major advancement in 

thermionic conversion technology. 

I 

*Rasor Assoc ia tes , Status & Highlights Summary, 
August 1973 
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Because of i ts potential significance, an effort is 

being made to duplicate the hybrid conver ter r esu l t s 

at Thermo Elec t ron by modifying the s tandard v a r i 

able spaced diode used for collector evaluation. This 

modification, t e rmed the " P l a s m a t r o n " , is subject 

to the cons t ra in ts of: (1) util izing the same bellows 

and ce r amic seal as the var iable spaced diode and 

(2) min imum per turbat ion to the tes t station. The con

figuration used by Rasor Assoc ia tes can be approximated 

in the var iable spaced diode by machining a cavity in the 

collector to mate with an extension on the emi t t e r . The 

P l a sma t ron thermionic conver ter layout is shown in F ig

ure 5. 

In an at tempt to provide a tes t vehicle that may p r o 

vide additional insight into the physical p r o c e s s e s of the 

hybrid conver ter , the P l a sma t ron conver ter incorpora tes 

seve ra l design changes: (1) var iable cavity gap spacing, 

(2) split col lector , (3) e lec t ropla ted plat inum emi t te r , 

(4) th ree t empe ra tu r e s enso r s and (5) two e lec t ron bom

bardment f i laments . The detai led design of the P l a sma t ron 

has been completed and the conver ter is being fabr icated. 

This device should be evaluated during the next repor t ing 

per iod. 

11 
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HOT SHELL EVALUATION 

An effort has been init iated to evaluate TRW's Haf-

nalloy and other alloy sys tems as hot shel ls for t h e r m 

ionic conver te r s in contact with reac t ive combustion p r o 

ducts . The p r o g r a m is divided into th ree t a s k s . The 

f i r s t task is the select ion, p repara t ion and c h a r a c t e r i z a 

tion of candidate m a t e r i a l s . The next task is the environ

ment test ing of the candidate m a t e r i a l s . The l a s t t ask 

is the p repara t ion of sheet for de terminat ion of physical 

and mechanica l p r o p e r t i e s . 

The candidate m a t e r i a l s have been identified and the 

tes t samples a r e being p repa red . These a r e : 

1) Hafnalloy (Hf-2.5 Sn) uncoated. 

2) Hafnalloy (Hf-2.5 Sn) coated with TRW L20 
aluminide. 

3) Hafnalloy (Hf-2.5 Sn) coated with TRW sil icide 
s l u r r y . 

4) TRW patented columbium alloys (patents 3, 753, 699 
and 3, 75 3, 701). 

5) Wah Chang's WC 3015 

6) TD-NiCr or TD-NiCrAlY. 

7) TRW modified F e - C r - A l - Y alloy. 

8) TRW computer innovated alloy A. 

9) TRW computer innovated alloy B. 

10) TRW computer innovated alloy C. 

Of course , new alloys may be added or modified as 

testing p r o g r e s s e s . 
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The compositions of the major equi l ibr ium species 

for the two tes t cases ( a i r - r i ch mixture and s toichio

m e t r i c mixture) and the corresponding simulation p r e -

mixed gases to be used in the labora tory evaluations 

a re given in Table I. Case 1 r ep re sen t s the combustion 

of C ,H, with 3 percent excess a i r , C^HS . (thiophene) 
6 6 / 4 4 . ^ 

at 0.5 1 lb /10 BTU, and NO at 0. 31 lb/10 BTU. Case 

2 r ep re sen t s the combustion of C,H, with a stoichio-
o 6 

m e t r i c quantity of a i r with the same thiophene and NO 

conditions as Case 1. 
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TABLE L 

IDEAL EQUILIBRIUM COMBUSTION PRODUCTS AND SIMULATION GAS COMPOSITIONS 

Species 

CO 

^ ^ 2 

«2° 
^ 2 
NO 

°z 
so^ 

>k 

Case 1 

0.06 

15.56 

7.77 

76.09 

0. 14 

0.56 

0 .04 

Simulation Gas 
Mixture No. 1 

16.90 

* * 

82.45 

0 .61 

0.04 

* 
Case 2 

0. 18 

15.88 

7.98 

76.02 

0.05 

0.07 

0.04 

Simulation Gas 
Mixture No. 2 

. , 1 

17.27 

* * 

82.61 

0 .08 

0 .04 

Case 1: Chemical species f rom complete combustion, of C,H- with 3% 

excess a i r , C HS (thiophene) at 0.5 lb /10 BTU, and NO at 
6 

0. 3 lb /10 BTU. 

Case 2: Chemical species f rom complete combustion of C,lr[, with 

s to ichiometr ic amount of a i r , C HS (thiophene) at 0.5 
6 6 

lb /10 BTU, and NO at 0. 3 lb /10 BTU. 

** Water is added to the flowing gas mix ture by means of a bubbler. 
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AEC CONTRACT AT( 11-1)-3056 

ADVANCED THERMIONIC TECHNOLOGY 

SUBMITTED PROGRAM MILESTONES FY75 

Targe t Date Actual Date 

1. Submit technical p r o g r a m plan 
for approval 

2. Activate GaP in semiconductor 
activation chamber 

3. Examine Ag-O-Cs surface in 
mult is ta t ion appara tus 

4. Complete tes t station for hot 
shell evaluation 

5. P r e l im ina ry study of BaO/SrO 
surface completed 

6. Submit topping cycle r epor t 

7. Low t empera tu re p a r a m e t r i c 
data mapped 

8. Summary repor t on low work 
function col lec tors 

July 20, 1974 July 18, 1974 

September 1974 

October 1974 October 4, 1974 

December 1974 

January 1974 

Apri l 1975 

May 1975 

June 1975 
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T H E R M O e I. C C T R O N 

» AEC Cont rac t AT( 11-1)-3056 

T a 

I . 

U. 

L 

I I . 

m. 

in. 

JTL 

-IV: 

1 

sk No. 

A . 

B . 

C . 

A . 

B . 

C . 

Tit le 

Surface Theory 

E x p e r i m e n t a l 
Surface P h y s i c £ 

P l a s m a Theory 

Sys t em Studies 

Col lec tor 
Eva lua t ion 

E m i t t e r 
Eva lua t ion 

P a r a m e t r i c 
Data 

Hot Shell 
Evalua t ion 

Sub .Total 

F ixed F e e 
(6. 897% ) 

b 

TASK BREAKDOWN 

PERIOD ENDED io /27 /74 

Total This 
Month 

26, 389 

3, 336 

1, 389 

20, 699 

6,962 

7, 319 

2, 347 

70, 936 

4, 893 

Total 75, 829 

Open 
Commi tmen t s 

Tota l 
Including ^5, 829 
Commi tmen t s 

Total to 
Date 

$ 10,096 

100, 980 

7, 725 

3, 760 

101, 711 

14, 818 

18, 998 

3,593 

261, 681 

18, 048 

279, 729 

139, 668 

419, 397 

Con t r ac t 
C 

$ 

$ 

o s t 

46L, 730 

280, 377 

46, 738 

70, 091 

186,901 

9 3 , 4 5 3 

93 ,520 

140, 134 

957 ,944 

66, 070 

1, 024 ,014 

1, 024 .014 

Cos t 
Remain ing 

$ 36,634 

179, 397 

39, 013 

66, 331 

85, 190 

78,6 35 

74, 522 

136,541 

696, 263 

48, 022 

744, 2 85 

(-139.668) 

604, 617 
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T H E R M O E L E C T R O N 

AEC Cont rac t AT(11- l)-3056 

TASK BREAKDOWN 

Title 

Capital 
Equipment 

PERIOD ENDED 10/27/74 

Total This 
Month 

$ 2,035 

Total to 
Date 

Con t rac t 
Cost 

Cos t 
Remain ing 

$ 4,425 $ 69 ,859 $ 65,434 

Open 
Commitments 

Total 
Including 
Commitments 

$ 2 , 035 

17, 06? (-17, 062) 

$ 21,487 $ 69 ,859 $ 48,372 
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