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PART ONE; DOE TASKS 

I. THERMIONIC CONVERTER PLASMA STUDIES 

A. CONVERTER THEORY 

In the or iginal Thermo Elec t ron p la sma p rogram, it was a s sumed 

that the ion flow in the p lasma is considerably l ess than the e lect ron 

cu r ren t . At the same t ime , the var ia t ion of ion cur ren t is equal to 

the absolute value of the var ia t ion of e lec t ron cur ren t . This resu l t s 

in a sma l l re la t ive var ia t ion of e lec t ron cur ren t a c r o s s the p lasma, 

even if t he re i s in tense ionization and a considerable var ia t ion of ion 

c u r r e n t . There fore , e lec t ron c u r r e n t may general ly be a s sumed to be 

constant a c r o s s the p l a sma . Since the ion cur ren t density (J.) i s 

considerably l e s s than the e lec t ron cu r ren t density (J ),it was further 

a s s u m e d that the e lec t ron cu r ren t density equals the value of total 

cu r r en t density (J) with negligible loss of accuracy ; that i s , 

J = J + J. ^ J 
e 1 e 

13 - 3 If the charged par t ic le density is in the order of 10 cm or l e s s , 

the above assumpt ion is valid. In the case of the charged par t ic le 
14 - 3 

densi ty being in the o rder of 10 cm or higher, the above assumpt ion 

may no longer be valid. For example , with an emi t te r t empera tu re of 
14 - 3 1600 K and a charged par t ic le density of 10 cm , the ion cur ren t 

2 

densi ty at the p l a sma boundary is approximately 0 .4 A / c m , which may 

have a significant effect on other p a r a m e t e r s if the output cu r ren t 

density is l e ss than 10 A / c m . In o rde r to evaluate the effect of ion 

cur ren t , the assumpt ion that the e lec t ron cur ren t equals the total cu r ren t 

through the p la sma has been removed fromi the p rogram. A coinparison 

of observed and calculated J-V curves is shown in Figure 1 where the 
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output cu r ren t density is l e ss than 10 A / c m , assuming that J = J = 

constant . F igure 2 shows the same compar ison, but with the 

assumpt ion that J = J (x) + J.(x). In this case , the output potential at 

which the knee of the calculated cha rac t e r i s t i c appears is a good 

match to the m e a s u r e d value. These r e su l t s demonst ra te that 

calculations using the modified assumpt ion a r e in better agreement 

with exper iment than those using the assumpt ion of constant e lect ron 

cu r r en t a c r o s s the p l a s m a . 

n. LOW-TEMPERATURE CONVERTER DEVELOPMENT 

A. CONVERTER NO. 209: TUNGSTEN EMITTER, LANTHANUM 
HEXABORIDE SHOWERHEAD COLLECTOR 

This conver te r is equipped with a gas panel capable of admitting 

m e a s u r e d amounts of oxygen into the showerhead tubulation behind the 

col lec tor . The conver te r has been outgassed and init ial power data 

and collector work function data have been obtained. 

Converter perfornnance was m e a s u r e d at emi t te r t empera tu res 

of 1400, 1500, 1600 and 1700 K. Visual observat ion of the plasma 

showed a uniform d ischarge in the in te re lec t rode space . Optimized 

ces ium and col lector per formance curves at the four emi t te r t emp­

e r a t u r e s a r e shown in F igu re s 3 through 6. Fully optimized curves 

at these t e m p e r a t u r e s a r e shown in F igure 7. The b a r r i e r index at 

1400 K was 2. 22 eV and inc reased to a value of 2. 34 eV a t 1700 K. 

Representa t ive r e t a rd ing plot and back emiss ion data a r e shown in 

F igure 8. A b a r r i e r index of 2. 22 eV at 1400 K is consistent with 

col lector work function values (at appropr ia te T / T ) measu red by 

re ta rd ing plots . However, a r i s e in the b a r r i e r index at higher 

emi t t e r t e m p e r a t u r e s is not indicated by collector work function 

m e a s u r e m e n t s . 
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Subsequent to completing the collection of power output data, 

m e a s u r e d amounts of oxygen will be introduced into the showerhead 

tubulation and the effects on conver ter performance measu red . 

B. CONVERTER NO. 207: TUNGSTEN EMITTER, TUNGSTEN 
OXIDE COLLECTOR 

An at tempt to ac t ivate this conver ter in the same manner as 

other tungsten oxide conver t e r s failed. After s eve ra l hundred hours 

at collector and ces ium r e s e r v o i r t e m p e r a t u r e s of 700 and 551 K, 

respec t ive ly , a high s e r i e s r e s i s t a n c e was st i l l apparent from the 

J -V c h a r a c t e r i s t i c s . The col lector t empera tu re was then ra i sed to 

750 K to expedite the act ivat ion p r o c e s s . After operating at this 

t empe ra tu r e for approximate ly 900 hours , the collector seemed to 

become ntiore conductive. At this t ime a b a r r i e r index of 2. 10 eV at 

6 A / c m was m e a s u r e d at e m i t t e r , col lec tor , and ces ium r e s e r v o i r 

t e m p e r a t u r e s of 1400, 750 and 487 K, respect ive ly . The assoc ia ted 

data a r e shown in F igure 9. The high emiss ion at low ces ium 

p r e s s u r e s indicates that the conver te r is well oxygenated. However, 

per formance at an emi t t e r t e m p e r a t u r e of 1750 K was not as good. 

A ces ium family at T_ = 1750 K and T_ = 750 K is shown in F igure 10. 

Upon re turning to T = 1400 K the per formance shown in Figure 9 was 

not r epea tab le . 

The min imum col lector work function m e a s u r e d by the re tard ing 

potential method was 1.50 eV as compared to a 1.42-eV collector work 

function for the m o r e successful Converter No. 206. The minimum 

work functions for both co l lec tors occur red at the same T / T ra t io 
C R 
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of 1.55. A plot of col lector work function v e r s u s the ra t io of col lector 

t empe ra tu r e to ces ium r e s e r v o i r t e m p e r a t u r e is given in F igure 11. 

Attempts to improve the act ivation of this col lector will continue. 

C. PARTICLE CONVERTER EXPERIMENT 

Work during this repor t ing per iod focused on the resolu t ion of 

s eve ra l p rob lems assoc ia ted with the building of a ces ia ted par t ic le 

conver te r . A tes t device was const ructed using a conventional frariable-

spacing t e s t converter , except for the omiss ion of the bellows a s sembly 

and the ces ium r e s e r v o i r . The emi t t e r was molybdenum and the 

collector was a mLolybdenum cap brazed to a nickel s u b s t r a t e . The 

device was built and tes ted to answer the following quest ions: 

a) Can the emi t t e r and col lector be uniformly sprayed with 
l / 2 - m i l thick coatings ? 

b) Can the var iable-spacing appara tus of the t e s t stand be 
used to bring the emi t te r and col lector surfaces into 
contact after act ivation so that the surfaces will be 
sufficiently pa r a l l e l ? 

c) After mat ing, will the act ivated coatings be e lec t r ica l ly 
insulat ing ? 

After ref inement of the existing sp ray technique, the emi t te r and 

col lector sur faces were coated in their r e spec t ive a s semb l i e s using 

the RCA composit ion of bar ium, s t ront ium,and ca lc ium oxides. Coating 

th icknesses on sample e lec t rodes were de te rmined to be approximate ly 

1/2 mi l . 

A ze ro spacing re fe rence was es tabl i shed by repeatedly short ing 

the bare e lec t rodes and monitoring the m i c r o m e t e r reading. If p roper 

ca re was taken in removing and replacing the e lec t rode a s semb l i e s 

(for spraying) , the ze ro re fe rence was not changed significantly and the 

e lec t rodes remained p a r a l l e l . 

14 • 
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The activation of the "bar ium oxide" coatings w e r e incomplete 

because of exposure to the diffusion pumip environment of the bell j a r . 

After both e lec t rodes were act ivated, the collector surface was lowered 

into contact with the emi t t e r surface . No short ing was observed \ 

during subsequent test ing although breakdown did occur when the 

potential a c r o s s the e lec t rodes exceeded one volt. Examinat ion of 

the e lec t rode surfaces after test ing revealed r e s i s t i ve l ayers at the 

coa t ing-subs t ra te in te r faces . Work has begun on the ces ia ted par t ic le 

conver te r , utilizing the exper ience provided by the tes t device . 

Tes ts on single e lec t rodes coated with RCA "bar ium oxide" were 

a l so c a r r i e d out in order to better understand the act ivat ion p r o c e s s . 

These t e s t s were per formed in a high-vacuum ion pump s y s t e m . 

m. COMPONENT HARDWARE DEVELOPMENT 

A. CVD COMPONENT HARDWARE DEVELOPMENT 

Eleven composite hot shel ls were fabricated during this repor t ing 

per iod. One graphite mandre l , 2 inches in d i ame te r , was CVD 

coated with si l icon carbide and was leak tight. Five of the 11 hot shel ls 

passed each of the leak t e s t s and will be brazed to a molybdenum 

flange for flame test ing. 

Continuous efforts a r e concentrated on identifying leaks 

and determining exactly where each orginates on the composi te hot 

shel l . An init ial leak tes t is made to confirm the absence of any leaks 

in the f i r s t deposit before the second deposit is made . This s tep is 

followed by two, and somet imes th ree , additional leak t e s t s . Each 
I 

tes t is m o r e sensi t ive than the preceding one. 
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In the f i r s t leak tes t , the composite shell is mounted in a bell 

j a r under vacuum for a min imum of 12 hou r s . It is then re turned to 

a tmospher i c p r e s s u r e with hel ium and soaked for 4 hours (see F igure 

12A). The composi te shell is then leak tes ted with a "sniffer" that 

detects any he l ium that might have been sorbed by the graphite via c racks in 

ei ther the graphite or sil icon carbide coating (see F igure 12B). 

The m o r e sensi t ive method has been to mount the hel ium-soaked 

composi te shel l in a bell j a r connected to a hel ium leak detector (see 

F igure 12C). If any hel ium has been sorbed in the composite shell , it 

will be detected as it is pumped by the helium leak detector . The 

significant l imitat ion to this method is i ts inability to locate the origin 

of the he l ium leaking from the composite shel l . 

A third tes t r e q u i r e s the r emova l of silicon carbide from the 

hemisphere of the composite shell to expose the graphite layer . The 

exposed graphite is coupled to a hel ium leak detector (see F igure 13) 

and hel ium is sprayed over the shel l . If a leak ex is t s , helium will 

pass through the opening in the graphite and r eg i s t e r on the leak 

de tec tor . 

Only two shel ls have been tes ted in this dest ruct ive manner . The 

f i r s t had a leak located by the "sniffer" at the open end. The second 

had no leak revea led by the "sniffer" method, but one was detected by 

the bell ja r method. As expected, the f i r s t shell continued to leak at 

the open end, but no leak could be found in the second shel l . This 

contradic ts the hel ium soak method. A possible explanation is that 

the graphi te layer may be leaktight to the a tmosphere and yet the in t e r ­

face of si l icon carbide and tungsten may sorb helium during the soak 

17 
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per iod. It is a l so poss ible e i ther that the leak was in te rmi t ten t or that 

the leak orginally detected was in the sect ion of the shell that was machined 

off. This is an impor tant t e s t because the composite shell completely 

sealed the graphi te but failed the hel ium soak tes t . This shell , which 

has si l icon carbide deposited f i rs t and tungsten second, was c r o s s -

sectioned as shown in F igure 14. Although there was good bonding at 

the si l icon carb ide- tungs ten in terface , a gap was evident between the 

two m a t e r i a l s on the outs ide. This may be the v i r tua l leak that sorbed 

the hel ium during the soak per iod of the composi te shel l . 

A com.posite shel l with a molybdenum sleeve (which passed the 

"sniffer" t e s t s , but not the helium soak tes t ) was a l so c ros s - sec t ioned 

(see F igure 15). There was an obvious void between the sleeve and 

graphite,which can be co r rec t ed with a snaaller to lerance between the 

graphite and molybdenum sleeve, 

B. ALLOY HOT SHELL DEVELOPMENT 

In o rde r to improve the safety and prevent accidental t empe ra tu r e 

excurs ions of the s imula ted furnace, the combustion controls have 

been rev i sed . Both an independent furnace control ler and an over -

t empera tu re cutoff unit have been ins ta l led. A delay in component 

del ivery f rom a vendor prevented furnace operat ion during this t es t 

per iod. 

C. INTEGRAL CESIUM RESERVOIR 
CONVERTER NO. 208: TUNGSTEN EMITTER, NICKEL 
COLLECTOR CESIUM-GRAPHITE RESERVOIR 

The design of this conver ter was desc r ibed in the previous 

p r o g r e s s r e p o r t . A 0 .45-gram cylinder of POCO PLC-1 is used as 

the graphi te r e s e r v o i r . Initial per formance data were taken to 

20 
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cha rac t e r i z e this conver te r . Cesium families were taken at emi t ter 

t e m p e r a t u r e s of 1400 and 1700 K. The spacing was optimized for 

each emi t t e r t empe ra tu r e while the collector and ces ium-graphi te 

r e s e r v o i r t empera tu re was held constant at 750 K. A typical ces ium 

family a t 1700 K is shown in F igure 16. Saturation cur ren t s from 

these curves will be used to ca l ibra te the ces ium p r e s s u r e above the 

ces ium-graph i t e r e s e r v o i r . It should be noted that ,during al l the init ial 

tes t ing, the graphi te r e s e r v o i r was exposed to the ces ium vapor in the 

conver ter ; thus , ces ium-graph i te compounds of different compositions 

were continuously formed. 

After mapping the conver ter pe r fo rmance , severa l exper iments 

were run p r io r to the final pinch off of the excess ces ium. These 

s tudies were run to tes t the abili ty of the ces ium-graphi te r e s e r v o i r 

to mainta,in adequate ces ium p r e s s u r e in the conver ter . In the f i r s t 

t es t , the ces ium r e s e r v o i r was cooled while the J -V cha rac te r i s t i c s 

were moni tored . The ces ium p r e s s u r e dropped quite rapidly and the 

ces ium-graph i t e r e s e r v o i r appeared to have little or no effect. The 

cool ces ium r e s e r v o i r rapidly pumped any ces ium that desorbed from 

the ces ium-graph i t e r e s e r v o i r . The second exper iment was to vary 

the ces ium-graph i t e r e s e r v o i r t empe ra tu r e while a l l other p a r a m e t e r s 

were held constant . No changes were observed in the conver ter 

performeuice, again indicating that the ces ium r e s e r v o i r de termined 

the p r e s s u r e in the conver te r . 

After these t e s t s , the conver te r was cooled and the copper tube 

connecting the liquid ces ium r e s e r v o i r to the conver ter was c r imped . 

It was expected that, by cr imping the tube to a smal l opening, the pumping 

speed of the liquid ces ium r e s e r v o i r would be slowed considerably. 

23 
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Both exper iments desc r ibed in the preceding paragraph were repeated . 

This t ime, the ces ium-graph i t e r e s e r v o i r had the anticipated effect 

on ces ium p r e s s u r e . After determining that the ces ium-graphi te 

r e s e r v o i r could nnaintain adequate ces ium p r e s s u r e in the conver ter , 

the graphite was heated to 800 K and exposed to 2 t o r r of ces ium for 

48 hour s . Next, the conver ter was cooled and the excess ces ium was 

pinched off. Approximately 0.5 g r a m s of ces ium had reac ted with the 

graphite (indicating a cesium-to-graphite weight ra t io of l : l ) i 

The conver ter per formance data were repeated using the ces ium-

graphite r e s e r v o i r . Cesium families were taken again at emi t ter 

t e m p e r a t u r e s of 1400 and 1700 K. These r e su l t s a r e shown in F igures 

17 and 18. 

The ces ium p r e s s u r e in the conver ter for a given ces ium-graphi te 

r e s e r v o i r t empe ra tu r e was infer red by comparing the sa tura t ion 

cu r r en t s with those of the init ial data. The cor re la t ion of ces ium 

p r e s s u r e v e r s u s ces ium-graph i t e r e s e r v o i r t empera tu re is given in 

F igure 19. Also plotted on this curve is the ces ium p r e s s u r e ve r sus 

the liquid ces ium r e s e r v o i r t e m p e r a t u r e . Note that the sensi t ivi t ies 

of both r e s e r v o i r s ( i . e . , the ces ium p r e s s u r e change for a given 

t empera tu re difference of the r e s e r v o i r ) a r e a lmos t identical . The 

major difference between the r e s e r v o i r s is that the graphi te -ces ium 

opera tes at a higher t e m p e r a t u r e . 

Since cal ibrat ing the r e s e r v o i r , the conver ter has been operated 

for 300 hours at the following conditions: T =1500 K, T = 75 0 K, 
£ C 

T Yilc ~ ^^^ ^* ^"^^ d as 0.25 mm. No significant change in conver ter 
per formance has been apparent . 
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During the next repor t ing period, this conver ter will be instal led 

in a life tes t s tat ion and the per formance will be monitored for long-

t e r m stabil i ty. 

IV. COMBUSTION-HEATED THERMIONIC DEVICE 

A. PROTOTYPE DEVICE NO. 1 (CONVERTER NO. 211) 

The testing of Prototype Device No. 1 (see photograph of component 

in F igure 20) was concluded because the conver ter developed a leak 

due to a c racked c e r a m i c in the c e r a m i c - t o - m e t a l sea l . P r io r to the 

fa i lure ,an operat ing t ime of 432 hours was accumulated at an average 

t empera tu re of 1370 K. 

B. PROTOTYPE DEVICE NO, 2 

The combust ion-heated thermionic device was redesigned (see 

F igure 21). The p r i m a r y modification was to the c e r a m i c - t o - m e t a l 

sea l geometry . The me ta l flanges mating to the ce ramic were made 

thinner to min imize the differential t he rma l expansion s t r e s s . A heat 

shield was added to the c e r a m i c - t o - m e t a l sea l to reduce its 

t empera tu re and to prevent evaporat ion of meta l vapors onto the 

c e r a m i c . 

The col lector cooling method was a lso rev i sed . The potass ium 

heat pipe col lector cooling s t em was replaced by a d i rec t gas-cooled 

collector cavity. This change r e p r e s e n t s a c loser approach to the 

cur ren t design of the thermionic conver ter for cent ra l station topping. 
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Figure 20. Photograph of Prototype Device No. 2 Prior to Assembly 
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PART TWO; J P L TASKS 

I. BASIC SURFACE EXPERIMENTS 

A. MOLYBDENUM OXIDE COLLECTOR SURFACE STUDIES 

A new, double-walled, wate r -coo led sublimation furnace was 

designed and const ructed . A s e r i e s of baffles between the walls 

d i rec t s the flow of coolant to ensure maximum heat t ransfer from the 

s a m p l e s . The configuration allows simultaneous depositions to be 

made on four collector su r faces , each of which can be independently 

posit ioned with r e s p e c t to the hot, cen t ra l molybdenum rod. An ion­

ization gauge connected to the s t ruc tu re m e a s u r e s vacuvun and low 

oxygen p r e s s u r e s direct ly inside the furnace. Oxygen is admitted 

into the sublimation enc losure by a c i rc le of orif ices that surrounds 

the molybdenum rod at the bottom of the furnace. Visual observat ion 

of the sur faces during deposit ion is possible through a s e r i e s of 

skewed holes dr i l led through the cover plate on the furnace. The r igid 

construct ion of this furnace and i ts flexible cur ren t leads r educe , to a 

min imum, the bending of the heated molybdenum rod due to t he rma l 

expansion. Such dis tor t ion had appreciably changed the c r i t i ca l rod-

to-co l lec tor separa t ions during sublimation runs in the previously used 

furnace . 

In an ini t ia l tes t ,both niobium and molybdenum subs t r a t e s were 

s imultaneously coated with molybdenum sublimed from a rod heated to 
_5 

2380 K in oxygen at a p r e s s u r e of 4 x 10 t o r r . These conditions 

produced high surface oxygen concentrat ions (approximately 20, 000 

ppm),which were a factor of four-to-five t imes higher than previously 

m e a s u r e d . These r e su l t s indicate that the oxygen penetra t ion into the 

enc losure of the old furnace had been re la t ive ly poor . 
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B. ADJUSTABLE CESIUM PRESSURE ACTIVATION CHAMBER 

A molybdenum sample was tes ted in ACPAC during this repor t ing 

per iod . The work function was m e a s u r e d a t a sannple t e m p e r a t u r e of 

650 K and ces ium r e s e r v o i r t e m p e r a t u r e s of 396 to 488 K. The glass 

envelope leaked to a tmosphere short ly after test ing was ini t iated and 

only four data points were obtained. However, as shown in F igure 22, 

these points show a good cor re la t ion with previously obtained molyb­

denum data frona c o n v e r t e r s . 

This was the f i r s t t es t with the redes igned A C P A Q a n d the r e su l t s 

were quite encouraging. The fi lament heater worked well . Samples 

could easi ly be heated to, and held at^any t empera tu re up to 1000 K. 
- 3 

The ces ium p r e s s u r e in the chamber could be var ied between 1 x 10 
- 2 

and 5 X 10 t o r r . Leakage r e s i s t a n c e between the e lec t rodes was 
7 

g rea t e r than 10 ohms at a l l ces ium p r e s s u r e s . 

The leak in the glass envelope was due to a c rack near the glass 

to kovar s ea l and was probably caused by excess ive mechan ica l s t r e s s 

while the glass was at elevated t e m p e r a t u r e s . This p rob lem should 

be e l iminated by modifying the tes t a r r angemen t to re l i eve the 

mechan ica l s t r e s s e s . A new glass enevelope has been o rde red . 

C. SURFACE CHARACTERIZATION CHAMBER 

The charac te r i za t ion of i r id ium surfaces with coadsorbed ces ium 

and oxygen was completed during this repor t ing per iod. Work functions 

(FERP method), reflect ion coefficients (FERP method), and surface 

composit ions (Auger analysis) were m e a s u r e d for a wide range of 

ces ium and oxygen coverages . 
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The poly c rys ta l l ine i r id ium sample was cleaned initially and 

pr io r to each exper iment by argon ion sput ter ing. Typical impur i ty 

levels at the beginning of a run were carbon (<6%), nitrogen (<3%), 

ces ium (<2% ),and oxygen (<1%). F E R P work functions for such a 

surface ranged f rom 5.0 to 5.6 eV, probably due to the sma l l impur i ty 

concentra t ions . 

Reproducible , oxygen-free ces ium doses were provided by 

a ces ium channel mounted inside the vacuum sys t em. All ces ium 

doses were ident ical (30 sec , 4. 5 A through channel after 2-min 

w a r m - u p ) . The F E R P work function (^) and pe rcen t coverage 

of i r id ium, ces ium, oxygen, carbon and ni t rogen as a function of ces ium 

doses is shown in F igure 23 . The work function drops to 1.6 eV after 

four ces ium doses . F igure 24 gives I (collector cur ren t ) ve r sus V 

(collector voltage) for this ces ia ted surface and for a clean i r id ium 

surface . Compar ison of the f i r s t maximum peaks shows a reflect ion • 

of only 18% for the cesiated, compared to the c lean, surface. Thus a 

pure ces ium coverage does not produce a high reflectivi ty, even with 

a work function of 1. 6 eV. 

The effect of oxygen on a ces ium over layer was studied in two 

ways . F i r s t , the ces ia ted i r id ium surface was exposed to 7. 2 x 10 

t o r r - s e c of oxygen. The work function inc reased f rom 1.6 eV to 2 .8 eV, 

as shown in F igure 23 . A subsequent ces ium dose reduced the work 

function slightly to 2. 5 eV. Continued a l ternat ion of oxygen and ces ium 

doses would probably lead to a low work fiuiction sur face . However, 

a second oxygen dosing technique yielded a fas te r way to obtain a low 

work function sur face . 
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This second method is to dose a clean i r id ium surface with 

ces ium until j^ = 1.6 eV is obtained and then simultaneously dose with 
-9 

ces ium and oxygen (P = 5 x 10 t o r r ) . The photoemisslon cu r ren t 

i n c r e a s e s with t ime unti l a max imum is obtained. F igure 25 shows 

d l /dV curves for the surface after max imum photoemisslon is achieved. 

The min imum work function is 1.05 eV and other peaks correspond to 

5̂  = 1.2 5, 3 .48 , and 4 .80 eV. A previous s imi la r (but shor te r ) run 

gave if> = 0 .95 , 3 .50 , and 4 .8 eV, with no peak at 1.25 eV. Apparently 

ces ium-oxygen patches of different work functions a r e formed on the 

sur face , and formation of these patches is sensi t ive to the dosing technique. 

Compar ison of the c u r r e n t a t the f i r s t maxima of the clean and cesixim-

oxygen surfaces gives a reflect ivi ty of 6 3 % , significantly l a rge r than 

the value of 18% obtained for a ce s ium layer a lone . 

A s u m m a r y of work functions, ref lec t iv i t ies , and surface coverages 

for ces ium and c e s i u m plus oxygen on polycrystal l ine i r id ium is given 

in Table I . The ve ry low i r id ium coverage for the 1.0-eV work 

function is notable . The escape depth for 1900-V Auger e lec t rons i s 

about 20 A . This impl ies that the ces ium-oxygen layer for this 
e 

1,0-eV surface is 20 A thick. By con t ra s t , the ces ium layer for this 
o 

1.6-eV surface is probably only 1 to 3 A thick. 

II. TRIODE CONVERTER EXPERIMENTS 

In the l as t p r o g r e s s r epo r t , the cha rac t e r i s t i c s of the pulse t r iode 

filled with xenon were s u m m a r i z e d . During this report ing per iod, the 

investigation of the t r iode was completed using both ces ium vapor and 

xenon gas in the conve r t e r . 
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TABLE I 

SUMMARY OF IRIDIUM DATA 

PROPERTIES 

Minimum Work Function 

Reflection Coefficient 
(at f i r s t max) 

Surface Coverages* 

^"563 

510 

Ir 
1908 

273 

N 

CESIUM 

1.6 eV 

0. 18 

CESIUM PLUS 
OXYGEN 

1.0 eV 

1.63 

380 

19% 

1% 

69% 

8% 

3% 

80% 

14% 

6% 

0% 

0% 

•Subscr ip t s on e lements denote energy of Auger peak used to 
calculate cove rages . 
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Representa t ive c u r r e n t t r a c e resu l t s f rom single pulse exper iments 

as a function of xenon p r e s s u r e a r e shown in F igure 26. F igure 27 

shows selected J -V cha rac t e r i s t i c s of the t r iode as a function of 

xenon p r e s s u r e under the condition of constant pulse power input. It 

is concluded that the highest power output is obtained when the t r iode 

is filled with low ces ium p r e s s u r e and high xenon p r e s s u r e . 

Direct compar ison between the diode and t r iode is difficult 

because the geometry , the operating condition;^ and the output form 

between the two a r e different. The diode favors high ces ium p r e s s u r e 

(1 t o r r and l a rge r ) , and nar row spacing (10 mi l s and l e s s ) , and the output 

is d i rec t cu r ren t . The t r iode , on the other hand, favors low ces ium 

p r e s s u r e with high xenon p r e s s u r e and l a r g e r spacing (100 mi l s ) , and the 

output is a l ternat ing cu r ren t . Operating the t r iode conver te r in the 

pulse condition gives bet ter r e su l t s than operat ing the conver ter in the 

diode configuration, counting in the pulse power expendi ture . The 

exper imehts were t e rmina ted when the tr iode conver ter developed a 

window leak during the final s tage of test ing. The t r iode will be cut 

open and examined. 

m . DESIGN OF CYLINDRICAL CONVERTER 

A. HALF-LENGTH CONVERTER 

The layout of the "half- length" cyl indr ical conver te r was shown 
(2) in the las t p r o g r e s s r epo r t . This design has a semiconductor s leeve 

combined with a r ad ia l emi t t e r - co l l ec to r heat choke. A bellows-

insulator a s sembly was a l so shown on the layout. Al ternate configur­

at ions of both the emi t t e r - co l l ec to r heat choke and the bel lows-insulator 

a s sembly were studied. Coordination with the overa l l sys t em 

optimization is needed before the final design of these components can 

be se lected. 
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The a l t e rna te heat choke designs a r e shown in F igure 28. 

F igure 28A shows the tubular heat choke design. This type of heat 

choke is cur ren t ly used on al l r e s e a r c h conver te rs built at Thermo 

E lec t ron . Prototypic cyl indrical conver te r s have also used tubular 

heat chokes. An a l te rna te design of a rad ia l heat choke is shown in 

F igure 28B.' The rad ia l design reduces the axial space requ i red for 

the heat choke but r e p r e s e n t s a g r e a t e r heat leak, for the same 

m a t e r i a l t h i cknes s , than does a tubular des ign. 

Two design concepts for the be l lows-sea l subassembly a r e shown 

in F igure 29. F igure 29A shows a planar be l lows-sea l . Such a sea l 

is a lso cur ren t ly used on a var iable-spacing r e s e a r c h conver ter built 

a t Thermio E lec t ron and can be fabr icated with relat ively s imple tooling. 

A nes ted configuration, shown in F igure 29B requ i res less axial space 

for a given number of convolutions, but r equ i re s somewhat more 

complex tooling. Ei ther of the a l te rna t ive concepts can be incorpora ted 

into the design layout as dictated by the overal l sys tem r e q u i r e m e n t s . 

IV. HIGH-EFFICIENCY CONVERSION EXPERIMENTS 

A. CONVERTER NO. 210: TUNGSTEN EMITTER, MOLYBDENUM 
OXIDE COLLECTOR 

During ini t ial testing^a par t i a l e l ec t r i ca l short between the collector 

and emi t t e r at spacings of approximate ly 0. 2 m m was noticed. This 

l a rge min imum spacing made i t imposs ib le to m e a s u r e the collector 

work function f rom re ta rd ing plots . Flaking of the molybdenum oxide 

coating probably caused this shor t ing. Power output measu remen t s 

were therefore l imited to min imum elect rode spacings of 0. 25 m m . 
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The ini t ial t e s t s focused on investigating the effects oa the emi t t e r 

of dispensing oxygen from the col lector . An i n c r e a s e in saturat ion 

cu r ren t r e p r e s e n t s a lowering of emi t te r work function. A dependence 

of sa tura t ion cu r ren t on collector t empera tu re would indicate that an 

additive is available to lower the emi t t e r work function and that i ts 

source is the col lec tor . Over the col lector t empe ra tu r e range of 600 

to 750 K, sa tura t ion cu r ren t was independent of col lector t e m p e r a t u r e . 

However, at a col lector t empera tu re of 760 K,a t ime-dependent 

i nc r ea se in sa tura t ion cu r ren t was observed . This r esu l t is shown in 
(3) 

F igure 30. Prev ious work by Pigford indicates tha^ at 760 K, Mo O 
-5 

volat i l izes with a vapor p r e s s u r e of about 10 t o r r . Liberat ion of 

oxygen at this p r e s s u r e should account for the observed r e s u l t s . 

The t ime dependency of the phenomenon suggests that chemica l 
(4) 

reac t ions a r e taking p lace . E a r l i e r work at Thermo Elec t ron 

descr ibed two possible reac t ions in which ces ium can reduce MoO to 

produce the ces ium oxide responsib le for lowering the emi t te r work 

function. On the collector surface the following reac t ion may occur : 

MoO , + 2 C s , . ^ MoO + C s _ 0 , . 
3(s) (g) ^ 2(s) 2 (s) 

If the reac t ion occurs in the gas phase: 

M o , 0 „ , . + 6Cs , , *- 3MoO^, , + 3 C s ^ O , , , . 
3 9(g) (g) -^ 2(8) 2 (!)• 

Conditions for both reac t ions a r e satisfied under no rma l operating 

conditions of the diode. 

Pe r fo rmance data were taken at emi t t e r t empera tu re s of 1400 

and 1600 K. A typical ces ium family for the conver te r is given in 

F igure 31. F igures 32 and 33 show the cesium-opt imized per formance 

at s eve ra l inter e lec t rode spacings . At 6 A / c m the b a r r i e r indices 
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were 2. 08 and 2. 12 eV at emi t t e r t e m p e r a t u r e s of 1400 and 1600 K, 

respec t ive ly . 

B. LANTHANUM HEXABORIDE BONDING 

Additional studies of bonding LaB, to emit ter subs t ra tes have 
D 

been c a r r i e d out during this repor t ing per iod. The resu l t s a r e 

s u m m a r i z e d in Table II. A promis ing approach has been the d i rec t 

a t tachment of L a B , to the subs t ra te using graphite powder. Although 

no meta l lu rg ica l bond was observed, the t empera tu re difference 

between the subs t ra te and LaB, was considered low enough to be use ­

ful for construct ing a conver ter for sho r t - t e rm test ing. 

The examination of LaB, bonding Sample No. 20 has been continued. 

A conductive gold coating was applied. X-ray spat ial distr ibution maps 

were cons t ruc ted that p resen t the e lementa l distr ibution over selected 

a r e a s of the sample . The a r e a scanned can be re la ted to the topographic 

phototgraph obtained by using the spec imen cur rent mode of presenta t ion. 

The data for the two types of in terfaces a r e as follows: 

In F igure 34 the zone between the original molybdenum surface 

(which after the reac t ion was mos t likely a MoB phase) and the LaB, 

region shows the dis t r ibut ion of the two elements ,molybdenum and 

lanthanum!,as well as an overa l l scan for the presence of rhenium. 

In F igure 35 the zone between the original rhenium foil and the 

L a B , region is shown in the spec imen cur ren t photograph. These a r e a s 

in the photograph re la ted to the rhenium and lanthanuna elemental 

dis t r ibut ions and the overal l molybdenum distr ibution. No significant 

amounts of molybdenum a r e p re sen t in this region. 
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TABLE n 

LaB, Bonding Tes t s 

INO. 

28 

28 A 

28 B 

29 

30 

31 

Configuration 

L a B , / R e 
1" dia disc of Re 

L a B , / R e 
0. 60T) dia disc of Re 

L a B , / R e 
0.601) dia d isc of Re 

L a B , / C / W 

L a B , / T a 
same LaB, as No. 29 

o 

L a B , / W 
same LaB, as No. 29 

D 

Bonding 

1270 C 

1460 C 

1460 C 

1450 C 

1296 C 

1289 C 

Pos t Bond Trea tmen t 

Did not bond 

Poor bond, AT «250 C 

Poor bond, ATw 250 C 

No bond 

Uniform t e m p e r a t u r e until 
unintentional power shut 
down, sample was loose 

No bond 
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In addition to the spat ial dis tr ibut ion maps , var ious regions in 

the interfaces were scanned in o rder to de termine what e lements 

might be p resen t . Such a scan along the interface is shown in F igure 34. 

The nar row white band in the sample cu r ren t photograph shows that a l l 

th ree e l emen t s , molybdenum, lanthanunv and rhenium, a r e p resen t . 

The spec t rum does show gold, but this is the coated layer applied to 

keep the sample conductive. A s imi la r scan along the interface shown 

in F igure 35 did not show any molybdenum; however, both lanthanum 

and rhenium were detected. 

In o rde r to obtain data on the dis t r ibut ion of the detected e lements 

in the interface reg ions , a s e r i e s of scans were taken a c r o s s the 

in te r faces . In this case , the x - r a y de tec tors were tuned for the 

specific e lement and the sample t r a v e r s e d under the e lect ron beam 

while the x - r a y intensi ty was moni tored on a s t r ip chart r e c o r d e r . 

The surfaces of this composite sample were ex t remely non-uniform 

since some sur faces were p r e s s e d powders and others were two-phase 

r eg ions . In the la t te r c a s e s , the ex t reme differences in hardness usually 

resu l ted in soine re l ief polishing so that the surfaces were rough or 

pit ted. Although these surface fea tures tended to mask the uniformity 

of the meta l l i c dis t r ibut ion, some genera l features a r e noted. The 

lanthanum dis t r ibut ion in F igure 36 ref lec ts the porosi ty of that phase . 

However, the data show that the lanthanum is confined a lmost exclusively 

in the LaB, zone of the sample . The dis tr ibut ion of the molybdenum is 

var ied (most likely because of the p resence of both metal l ic molybdenum, 

perhaps some oxides, and definitely a boride phase) in the region 

examined. However, there is very l i t t le , if any, diffusion of the 

molybdenum into the LaB , zone. 
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The mos t unexpected observat ion was the distr ibution of rhenium 

a c r o s s the in ter face . As expected, the x - r a y intensi t ies recorded while 

on the rhenium foil a r e r a the r uniform. The interface between the 

rhen ium and the LaB , is r a the r abrupt and does not show any significant 
o 

diffusion gradient a c r o s s the in ter face . However, within the LaB, 

the re a r e considerable regions of very high rhenium concentrat ion. The 

dis t r ibut ion is that which one would expect from p a r t i c l e s . In order to 

confirm this type of distr ibut ion, additional scans have been taken at 

different port ions of the interface zone. In a l l ca ses , the same type 

of non-uniform rhen ium dis t r ibut ion within the LaB, zone has been noted. 

The var ia t ion in the x - r a y in tensi t ies of the rhenium a r e a s in the LaB, 

zone and the in tensi t ies in the rhenium foil a r e a suggest that the 

rhenium-containing regions in the LaB, zones may be a compound or 

another phase of rhenium (since the intensi t ies a r e lower) . 
It is possible that the dis t r ibut ion of the rhenium in the LaB, 

region is due to a diffusion p r o c e s s . Since the LaB, m a t e r i a l is a 

compres sed powder, there is undoubetedly a l a rge r percentage of 

voids and grain-boundaries within such a m a t e r i a l . The non-uniform 

dis t r ibut ion of the rhenium in the LaB, may reflect the different r a t e s 

of diffusion when the p roces s is along or a c r o s s grain boundaries . 

The width of the r h e n i u m - r i c h regions can be nneasured from the scan 

r a t e data. These regions a r e about 50 to 60 in icrons in width along 

the scan di rect ion. This range of dimensions could be of the same 

o r d e r as the dimensions of LaB , gra ins in the compacted LaB, pellet . 

Thus the rhenium meta l may be interdiffused between the LaB, grains 
b 

as well as diffused into an individual g ra in . 
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The data obtained from these examinations suggest that the re 

is very l i t t le interdiffusion of the molybdenum into the LaB, or the 

LaB, into the molybdenum, except for some decomposit ion of the 

LaB , to provide a source of boron for the format ion of molybdenum 

boride p h a s e s . There is, however, considerable evidence that the 

rhen ium does diffuse into the LaB , regions and could possibly fo rm 

compounds with the L a B , . 

Samples of LaB, _ bonded to s tandard var iable-spacing conver ter-

emi t te r subs t r a t e s have been rece ived from LASL. One of these 

is being p r e p a r e d for instal la t ion into a var iable-spacing conver te r . 

Another sample will be examined in the Surface Charac ter iza t ion 

Chamber , 

V. POST OPERATIONAL DIAGNOSTICS 

No ppst operat ional diagnostics were per formed on J P L 

conver te r s during this repor t ing per iod. 

VL VARIABLE-SPACING TEST STAND 

Since this task is comple te , no work was performed during 

this repor t ing per iod. 

i 
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