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FOREWARD 

The work covered by this r epo r t was accomLplished under Air F o r c e 

Contract AF 33(657)-8563, but this r epo r t is being published and dis t r ibuted 

p r io r to Air F o r c e review. The publication of this r epor t , the re fore , does 

not constitute approval by the Air F o r c e of the findings or conclusions 

contained he re in . It is published for the exchange and st imulation of 

ideas . 



SUMMARY 

During the report ing per iod Cell F was operated at power for 484 

hou r s . Cell F , as noted in the monthly r e p o r t s , i s the f i r s t cel l in which 

the expected cu r ren t eraiss ion density has been observed from a carbide 

emi t t e r in an engineered thermionic gene ra to r . Shor t -c i rcu i t cu r r en t s 

of 120 amp were observed from the emi t t e r in the ce l l . A maximum power 
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output of 50 watts (5 w / c m ) was obtained at an emi t te r t empera tu re of 

2440 K. During s teady-s ta te operat ion power was in the range from 10 to 

30 wa t t s . The cell was not optimized for maximum power . The contact 

potential in the cell ag ree s with that expected from a low work function 

carbide emi t t e r and a fully cesia ted col lec tor . Fo r a nominal contact 

potential of 1 volt and a sho r t - c i r cu i t cu r r en t of 120 amp, the optimum 

power should have been 120 wat t s , assuming no t r anspo r t defects in the 

ce l l . Actually the maximum power output corresponding to a sho r t -

c i rcui t cu r r en t of 120 amp was more near ly 40 wa t t s , indicating t r anspor t 

defects in the cel l . The spacing in Cell F is 20 m i l s . It is proposed that 

a reduced spacing be used for succeeding genera to r s to obtain a be t ter 

correspondence between predic ted and observed power . The pr incipal 

significance of the tes t r e m a i n s , however, the per formance of the emi t t e r 

itself. 

The task of fully optimizing the gene ra to r s to take advantage of 

this emi t te r per formance is likely to be a more gradual one. Optimization 

of the t empera tu re of the ces ium r e s e r v o i r and of the col lector jointly was 

not es tabl ished, A considerable amount of data has been obtained on the 

separa te effects of the ces ium r e s e r v o i r t empera tu re and of the collector 

t e m p e r a t u r e s from which optimum power can be es t imated . However, 

frequent fi lament fai lures during operat ion have in ter fered with plans to 

complete sys temat ic optimization of al l cell operating p a r a m e t e r s . The 
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data indicate an optimum ces ium t empera tu re of 625 K. A t rend of 

increas ing power output with decreas ing collector t empera tu re to 875 K 

was noted with constant emi t te r and ces ium t e m p e r a t u r e s . 

During the las t month of this qua r t e r the power output of Cell F had 

dec reased to such an extent that it i s planned to t e rmina te this tes t after 

Cell G becomes operab le . It is unknown at this t ime what the cause of 

decreased power output i s . It appears that the quantity of ces ium p resen t 

in the cell is insufficient to maintain the requ i red ces ium density in the 

vapor phase . 

The construct ion of Cell G has been in p r o g r e s s during this report ing 

period and completion was scheduled during the per iod . A succession of 

leaks in the insula tor , which f i r s t appeared in mid -December , has delayed 

the schedule . Also, during the final phase of Cell G construct ion, a shor t 

between the emi t te r and collector was discovered, necess i ta t ing a major 

r e p a i r . 

Cell ba ses H and J have been completed and baked out. Emi t t e r 

No. 39 showed a sa t is factory vacuum emiss ion (1 a m p / c m at 2200 K). 

The eixiitter has been welded into the cell s t ruc ture subsequent to the 

emiss ion t r i a l s . 

The development of higher UC-content emi t t e r s has been t e rmina ted . 

Fabr ica t ion of 10 UC - 90 ZrC emi t t e r s continues as requi red by the tes t 

p r o g r a m . 

The mic roprobe analysis of the Mark V-E emi t t e r has been rece ived . 

This completes the pos t - t e s t analys is of the Mark V-E Cel l , 

The study and evaluation of fission products was initiated in December . 

During the next month the operation of Cells G and H is scheduled. 

Cell J will be completed as a stand-by unit . When Cells G and H become 

operat ional , s e r i e s and pa ra l l e l operation a r e planned. 
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GENERAL 

CELL F 

During the previous qua r t e r , an emi t te r (No. 28 with 10 UC - 90 ZrC 

composition) had indicated sat isfactory vacuum emiss ion at t empe ra tu r e s 

up to 1700 K, the t empera tu re at which the low-cur ren t power supply 

became cu r r en t - l im i t ed . This emi t te r was e l ec t ron -beam welded into 

Cel l F . The emi t te r was heated to 2000°K t 30°K for a period of 40 hour s , 

a s tandard procedure to age the emi t t e r . 

Using the recent ly del ivered 5-kv (50-amp) power supply, data were 

taken for a number of different emi t te r t e m p e r a t u r e s . Vacuum emiss ion 

cur ren t s up to 5.8 a m p / c m at 4 kv and 2200 K (cor rec ted pyromete r 

reading) were observed . A represen ta t ive waveform for an emi t te r 

t empera tu re of 1883 K is shown in F i g . 1. The observed cu r ren t dens i ­

ties were plotted as a function of emi t te r t empera tu re as shown in F i g . 2. 

These values were st i l l slightly lower than the bes t values obtained on 

smal l discs (see GACD-3389); however^ i t should be pointed out that the 

t empera tu re distr ibution over the ent i re emi t t e r va r i e s by perhaps 100 K 

and the data a r e evaluated on the bas i s of the highest t empera tu re 

observed. 

Thermocouple cal ibrat ion was conducted simultaneously with the 

vacuum emiss ion s tudies . The thermocouples were then vacuum-brazed 

into Cell F , and the col lector was e l ec t ron -beam welded to the ce l l . 

On November 2, 1962, Cel l F was instal led in the bel l j a r and 

attached to the external Vac-Ion pump through a flanged connection near 

the base p la te . At this point two vacuum eioaission runs were made to 

evaluate the emi t t e r condition. After cooling, the Vac-Ion gauge showed 

a vacuum of 10 at the pump location (about 2 feet from the cel l ) . The 

pump-out connection was pinched off and sea l welded. During pinchoff 



DATE: 10-23-62 

Absc issa : 0. 5 kv/div 

Ordinate: 2 v/div (obtains 2 amp/d iv a c r o s s 
1-ohm r e s i s t o r ) 

Cur ren t : 7. 8 amp at 4 kv applied voltage 
o 

Emi t t e r t empera tu re : 1883 K 
Emi t t e r : No. 28 

;. 1--Representat ive waveform of emiss ion cu r ren t 
as a function of applied cell voltage 
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the opposite end (st i l l connected to the Vac-Ion pump) showed a slight 

momenta ry inc rease in p r e s s u r e followed by an a lmos t immedia te 

recovery to i ts or iginal value, indicating a successful operat ion. The 

completed cell is shown in F i g . 3 . 

After cel l isolat ion from the Vac-Ion pump a final vacuum emiss ion 

run was xnade. The re su l t s of this t es t and one previous tes t a r e shown 

in F i g . 4; they a re comparable to the or iginal data taken before cell 

c losu re . On November 7, ces ium was introduced into the cel l , ex te rna l 

thermocouples were insta l led, and operat ion commenced. 

On November 17, a fi lament burned out after 181 hours of operat ion. 

During the fi lament rep lacement , r epa i r of a leak in a cooling sys tem 

line was also made . On November 23, a second fi lament failure occur red . 

When the filament holder was removed, ~ 3/4 inch was badly eroded near 

the f i lament . On November 25, a s imi la r occur rence prevented further 

operat ion. Two additional fi lament fa i lures have occur red , al l present ing 

the same symptoms. 

The eros ion p rob lem near the tip of the fi lament holder has not yet 

been solved. It has been es tabl ished that the emi t t e r s t em inside d iameter 

has been reduced by ~ 30 mi l s due to deposited tantalum from the eroded 

sect ion. Mere rep lacement of the p r e sen t fi lament holder and filament 

was imprac t i ca l in view of the dec rea se in cavity s i ze . A spect rographic 

analysis of the fi lament holder at the eroded section indicated smal l 

amounts of magnes ium, aluminum, and silicon with t r a c e s of other 

ijxipurities. It was speculated that the sources of the major contaminants 

were react ion products ei ther from the lavite insula tor at the base of the 

filament holder or the alumina insulator near the top with the tantalum 

filament holder . It was thought that the above impur i t i es were not 

r e l eased effectively until the emi t t e r reached a re la t ively high t e m p e r a t u r e . 

However, concurrent with their r e l e a s e , the h igh-cur ren t e l ec t rom b o m ­

bardment power tended to set up a posit ive ion bombardment of the 
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filament s tem. Consequently two bakeout per iods were undertaken at 

emi t te r t empe ra tu r e s of ~ 400 C and ~ 1500 C. At this low level of cell 

power it was speculated that the g rea tes t net reduction in impuri ty level 

would occur . 

This p rocedure has not been successful . One fi lament las ted 4 .3 

hours while another survived near ly 50 hours of operat ion at power . 

While the ent i re cause of the fi lament fai lure is not known, the 

following a r e believed to be possible contributing fac tors : 

(1) The smal l insulator mentioned above was not of the same 

high-puri ty alumina as had been used previous ly . 

(2) A lavi te-base insulator (not baked out at high t empera tu re in 

vacuum) was used as filament support . 

(3) A tanta lum-f i lament holder instead of the or iginal molybdenum 

holder was used (at high t empera tu re reac t ions between tantalum 

and alumina occur ) . 

(4) The filament holder reached excessively high t e m p e r a t u r e s . 

(5) There was a possibi l i ty of a ces ium-to- f i lament cavity leak. 

To minimize the filament burnout p rob lem, the following changes 

have been made: 

(1) The smal l insulator was moved into a lower t empera tu re 

region. 

(2) High-puri ty alumina is being used . 

(3) The lavite insula tors were d i scarded . 

(4) Molybdenum filament holders will be used . 

(5) Openings were made into the holders to facilitate evacuating 

the emi t te r cavity. 
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During the f i r s t 10 days of operation the effect of ces ium p r e s s u r e 

was studied. Data were obtained over a ces ium tempera tu re range of 
o o 

473 to 650 K and emi t t e r t empera tu re range of 1700 to 2200 K. The 

collector t empera tu re was allowed to float, the only cooling provision 

being a heat r ad ia to r . The maximum collector t empera tu re observed was 

1170 K. The ces ium t empera tu re was inc reased stepwise from 470 K to 

660 K in o rde r to b racke t the optimum ces ium p r e s s u r e range very ear ly 

in the p r o g r a m . In o rde r to a s s u r e reasonable ces ium p r e s s u r e equil i ­

b r ium within the ce l l , the ces ium t empera tu re was r a i s ed about mid-day , 

a set of data taken, and then the cell allowed to operate with a constant 

load. Voltage and cu r ren t were r ecorded continuously except during 

per iods of data taking. The following morning a second set of data was 

obtained at the same cell conditions existing the previous afternoon and 

then the ces ium t empera tu re was i nc reased . Analysis of the recorded 

power data indicated that the cell r eaches ces ium p r e s s u r e equi l ibr ium 

within a very shor t t ime (< 30 minutes ) . During this per iod, it was 

fairly well es tabl ished that the optimum ces ium t empera tu re was between 

575 and 625 K for maximum power output. In F ig . 5 a family of curves 

is p resen ted indicating cell per formance as a function of emi t te r t e m p e r a ­

ture at s eve ra l ces ium t e m p e r a t u r e s . The amount of data obtained to 

date at controlled conditions is insufficient to es tabl ish optimum ces ium 

p r e s s u r e uniquely. When the effect of collector t empera tu re is evaluated, 

it will be possible to evaluate the effect of ces ium p r e s s u r e . 

Raw data for two days of cell operat ion, December 1 and December 

a re shown in Table 1. Oscil loscope t r ace s corresponding to some of 

these data a r e shown in F i g . 6A and 6B (note power dec rease in 

December 11 data) . 

During the in termi t tent operation since Novemiber 17, an effort has 

been made to de te rmine the optimum collector t e m p e r a t u r e . A cooling 

ring was mounted on the collector above the radia tor and was connected 
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EMITTER TEMPERATURE ("K) 

2100 2 2 0 0 2300 

F i g . 5~-Cell per formance as a function of emi t t e r t empera tu re 
at severa l ces ium t empe ra tu r e s 
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Table 1. Data from two days of cell operation 

Time 

12-1-62 

0946 

1015 

1027 

1037 

1045 

1100 

1121 

1145 

1530 

12-11-62 

1345 

1355 

1403 

1416 

1426 

1435 

1445 

1508 

1549 

1601 

1605 

1610 

1615 

Power laput 

Filament 

Volts 

6.75 

b.SQ 

6.82 

6.88 

6.88 

6.85 

6.70 

7.00 

7.50 

6.20 

6.20 

6.15 

6.20 

6.20 

6.20 

6.25 

6.20 

6.25 

6.25 

6 . 3 

6 . 3 

6 .2 

Aixips 

15.2 

15.0 

14.8 

14.6 

14.6 

14.8 

14.4 

14.6 

12.7 

15.1 

15.0 

15.3 

14.8 

14.6 

14.6 

14.5 

14.5 

14.5 

14.4 

14.3 

14.2 

14.6 

B ombardment 

Volts 

382 

335 

305 

290 

305 

365 

410 

332 

275 

420 

395 

482 

400 

360 

335 

306 

360 

Increasing 

355 

328 

' 310 

285 

400 

Amps 

1.64 

1.92 

2.27 

2.50 

2. 18 

1.40 

1.42 

1.88 

2.25 

1.50 

1.64 

0.95 

1.70 

2.00 

2.24 

2.54 

1.90 

Cs Temp 

1.96 

2.25 

2.47 

2.85 

1.50 

Total 
Watts 

729 

747 

793 

825 

765 

612 

679 

673 

714 

724 

741 

560 

772 

810 

841 

868 

775 
sra tare 

786 

830 

855 

899 

691 

Emitter 
Thermocoaple No. 2̂  

Mi in-
volts 

23.12 

23.98 

25.41 

26.11 

24.95 

21.31 

22.51 

23.82 

24.43 

23.70 

24.45 

21.10 

25.10 

26.10 

26.70 

27.50 

25.50 

25.70 

26.70 

27.20 

28.00 

24.00 

°K 

2025 

2070 

2154 

2190 

2130 

1815 

1990 

2060 

2100 

1915 

2135 

2192 

2225 

2270 

2160 

2170 

2230 

2255 

2300 

2080 j 

"Tempera tu re ' s '' 

Cesium 
WeU 

(No. 1) 

284 

302 

302 

310 

312 

315 

310 

307 

355 

301 

305 

307 

309 

310 

312 

315 

320 

350 1 

352 

352 

352 

355 j 

Insulator 
\ (No. 5) 

398 

410 

415 

420 

422 

410 

407 

412 

427 

404 

406 

405 

406 

410 

411 

415 

405 

416 

420 

420 

424 

425 

T ' — 

Collector 
(No. 12) 

712 

730 

752 

770 

765 

680 

685 

730 

741 

725 

740 

690 

740 

770 

785 

815 

782 

783 

806 

815 

830 

780 1 

CeU Owtput 

Open 
Circuit 
Voltage 
Volts 

(0.26) 

(0.20) 

(0.20) 

1.65 

1.62 

1.38 

1.64 

1.60 

1.58 

1.55 

1.53 

1.52 1 

1.52 

1.52 1 

1.40 j 

Short 
j Circuit 
1 Current 

Amps 

1 58.0 

j 72.0 

1 76.0 

60.0 

^ 25.0 

38.0 

3.20 

3.40 

0.52 

3.80 

5.60 

7.20 

9.40 

6 . 0 

8 .2 

10.0 

12.5 

4.0 j 

Photo No. 

97 (a) 

• 97(b) - ( c ) 

98 (a) 

98 (b) 

98 (c) 

103 (a) 

103 (b) 

103 (c) 

104 (a) 

104 (b) 

104 (c) 

DJ 
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Photo No. 97 

(a) Ordinate: 20 amp/d iv (1 v/div 
a c r o s s 0 , 0 5 n ) , Absc issa ; 1 v /d iv . 
T^ = 575°K. T^ = 2070°K. 

Cs E 
Max. cell output; 30. 8 watts 
(0, 7 V at 44 amp). 

(b) Ordinate: 20 amp/d iv (1 v/div 
ac ros s 0 . 0 5 n ) . Absc issa : 1 v /div . 
T„ = 575°K. T^ = 2154°K. Cs E 
Max. cell outputs 38 .4 watts 
(0 .8 V at 48 amp) . 

(c) Ordinate: 40 amp/d iv (2 v/div 
a c r o s s 0 .05f i ) . Abscissa : 1 v /div . 
T^ = 575°K. T^ = 2154°K. Cs E 
Max. cell output: 38 .4 watts 
(0. 8 V at 48 amp). 

December 1, 1962 

Photo No. 98 

(a) Ordinate: 40 amp/d iv (2 v/div 
a c r o s s 0. 05 f2). Abscissa : 1 v/div, 
T^ = 583°K. T^ = 2190°K. 

Cs E 
Max. cell output: 39. 6 watts 
(0. 6 V at 66 amp), 

(b) Ordinate: 40 amp/d iv (2 v/div 
a c r o s s 0,05 0 ) . Abscissa : 1 v /div . 
T^ = 585°K. 

Cs 2130OK. 

Max. cell output; 35.2 watts 
(0. 8 v at 44 amp) . 

(c) Ordinate: 10 amp/d iv (0. 5 v/div 
ac ros s 0.05S2). Abscissa : 1 v /d iv . 
T, 
"Cs 

588°K. T^ = 1815°K. 
E 

Max, cell output: 15.2 watts 
(0 ,8 V at 19 amp) . 

F ig . 6 A - - O s c i l l o s c o p e t r a c e s showing cell per formance 
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Photo No. 103 

(a) Ordinate: 2 amp/d iv (0. 1 v /div 
a c r o s s 0 .05O) . Absc issa : 1 v/div, 
T^ = 578°K. T_ = 2100°K. 

Cs E 
Max. cell output: 0. 54 watts 
(0. 3 V at 1. 8 amp) . 

(b) Ordinate: 1 amp/d iv (0.05 v/div 
ac ros s 0 .05O) . Absc issa : 1 v /d iv . 
T^ == 580OK. T^ = 1915°K. 

Cs E 
Max, cell output: 0.06 watts 
(0, 3 V at 0.2 amp). 

(c) Ordinate: 2 amp/d iv (0. 1 v /d iv 
a c r o s s 0,05 0 ) , Absc issa : 1 v/div, 
T. 
' C s 

582°K. T ^ = 2135°K. 
E 

Max. cell output: 0.72 watts 
(0 .3 v at 2 .4 amp) . 

December 11, 196''. 

Photo No. 104 

(a) Ordinate: 4 amp/d iv (0. 2 v /div 
a c r o s s 0,05 0 ) . Absc issa : i v /div . 

: 

L 

^r^jMm^ 

T_. = 5830K. T 
\_̂  S Hi 

2192°K. 

Max. cell output: 1.2 watts 
(0 .3 V at 4 amp) . 

(b) Ordinate: 4 amp/d iv (0,2 v/div 
a c r o s s 0 .05O) . Absc issa : i v /d iv . 
T^ = 585°K. T^ = 22250K. 

C s E 
Max. cell output: 1.44 watts 
(0 .3 v at 4 . 8 amp) . 

(c) Ordinate: 4 amp/d iv (0.2 v/div 
ac ros s 0 .05O) . Absc issa : 1 v /div . 
T^ = 588°K. T ^ = Z270°K, 

Cs E 
Max. cell output; 1. 8 watts 
(0 .3 V at 6 amp) . 

F ig . 6 B - -Osci l loscope t r a c e s showing cell per formance 
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to the Dowtherm cooling sys tem. Collector t e m p e r a t u r e s of 850 K to 

1050 K have been studied at a ces ium tempera tu re of 578 K and emi t t e r 

t empe ra tu r e s of 1700 to 2200 K. In F ig . 7 the r e su l t s of this p re l iminary 

survey a r e p resen ted for an emi t te r t empera tu re of 1762 K and a ces ium 

tempera tu re of 578 K. The data indicate that with increas ing collector 

t empera tu re the cell power is dec reased . The dec rease in power with 

increas ing col lector t empera tu re is p resumedly caused by ei ther inc reased 

back emiss ion or poorer ces ium wetting of the col lector . 

Thermocouple No. 2 is still operating re l iably, although slightly 

higher power input is requi red to obtain the same emi t t e r t e m p e r a t u r e . 

The cell output, however, has dec reased for the same conditions. There is 

every indication that the ces ium p r e s s u r e in the cel l i s diminishing. The ce 

and the ces ium well t empera tu re was inc reased to 693 - 743 K which 

resul ted in an inc reased power output. It is possible that the ces ium 

vapor is no longer in equi l ibr ium with cesium liquid and sufficient ces ium 

p r e s s u r e is only obtained at higher t e m p e r a t u r e s . While the maximum 

power output during this month was 41 watts at 2190 K and a ces ium 

tempera tu re of 575 K, the cell was operated during off-shift hours at 

approximately 10 wa t t s . A total of 484 hours at power has been 

accumulated on Cell F . 

CELL G 

Emi t t e r No. 36 was welded into Cel l G and has been fitted with a 

collector sized to obtain a 12-mil rad ia l gap at operating conditions. The 

top of the emi t t e r will be spaced about 70 mi ls from the mating collector 

surface to prevent shorting because of the rmal expansion. Consequently, 
2 

the top surface (~ 2 cm ) will not be an effective emitting sur face . 

Two thermocouples were t empora r i ly inse r ted in the emi t te r for 

cal ibrat ion and vacuum emiss ion m e a s u r e m e n t s . Both couples per formed 

sat isfactor i ly during cal ibrat ion; but, during brazing and subsequent 
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test ing, one failed at the hot junction and the sheath failed on the second. 

Two new thermocouples were p repa red for cell cal ibrat ion and emiss ion 

m e a s u r e m e n t s . Each was fitted with a copper col lar welded to the sheath 

which can then be sealed into the cell s t ruc tu re by he l ia rc welding in a 

purified ine r t gas a tmosphe re . This approach prec ludes the need for 

filament brazing of the thermocouples into the cell which has proved to be 

a t ime-consuming and unrel iable p r o c e s s . 

Three vacuum emiss ion runs and a final t empera tu re cal ibrat ion 

check of the thermocouples were conducted on emi t te r No. 36. The 

collector was welded to the cell and the assembly baked out at ~425 C. 

The emi t t e r was heated to 1700 K. The final check indicated a leak in the 

monel - to -copper weld at the lower side of the insu la tor . After each repa i r 

the assembly was leak tight but s ta r ted leaking again after some the rma l 

cycling. When the r epa i red joint survived an overnight bakeout, it was 

found that the collector had shorted to the emi t t e r due to warping of e i ther 

the insulator or the cell b a s e . Repair of the short in Cell G is in p r o g r e s s . 

OTHER CELLS 

Cell ba ses H and J were both completed and baked out. However, 

both developed leaks in the weld between the monel ring of the insulator 

and the copper cel l s t r uc tu r e . These welds have been repa i red s u c c e s s ­

fully. 

Vacuum emiss ion was measu red for emi t te r No. 39 (10 UC - 90 ZrC) 

which was subsequently welded into a cell base at the end of the report ing 

per iod . 

While Cell F had an emi t te r -co l lec tor spacing of 0. 020 inch, Cell G 

is built with O.OIl to 0.013 and H will have 0.010 to 0.012 spacing. It 

is anticipated that two cells will be in operat ion in the next report ing 

per iod . At that t ime para l l e l and se r i e sed cell operation will be a t tempted. 
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THERMOCOUPLE PROBLEMS 

During the var ious vacuum emiss ion s tudies , bakeout per iod, and 

final brazing of thermocouples to cell b a s e s , frequent fai lures of the 

thermocouples occur red . While one thermocouple had an in te rmi t ten t 

b reak of the sensor w i r e s , all the other fai lures were due to failure of 

the tantalum sheath. 

It was postulated that the tantalum sheath was filled with ni trogen 

and oxygen from the a tmosphere p r io r to the forming of the hot junction. 

E i ther during hot-junction fabrication or during subsequent operation at 

elevated t e m p e r a t u r e s the tantalum sheath at the hot end would get ter 

these impur i t ies and become ext remely b r i t t l e . Fa i lu r e would then 

occur during the rmal cycling. Self-welding of the sheath to the tantalum 

emi t te r slug may also contribute to these fa i lu res . 

The following s teps have been undertaken to reduce thermocouple 

fa i lures : 

(1) Thermocouples a r e baked out at 450 C in vacuum for 24 

hou r s . 

(2) After cooling, the thermocouples a r e filled with argon. 

(3) The cold junction is sealed with an epoxy to t rap the argon. 

(4) Molybdenum foil 0 ,001-inch thick is wrapped around the 

thermocouple to prevent self-welding of the thermocouple to the 

emi t t e r . 

EMITTER FABRICATION AND DEVELOPMENT 

During October and November development on the fabrication of 

high, u ran ium content carbide emi t t e r s on a meta l subs t ra te proceeded 

along two l ines: (1) building a thin tungsten tube by chemical vapor 

deposition within the carbide emi t t e r , and (2) plasmia-arc spraying thin 

layers of carbides with graded composition onto a tungsten tube or onto 
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a tantalum tube coated with a b a r r i e r layer to prevent undesi rable 

in te rac t ion . 

The f i r s t of these techniques was t r ied with the aid of San Fernando 

Labora tory , Paco ima , Cal ifornia . Samples of nominal composition 

30 mol-% UC - 90 mol-% ZrC were supplied to this labora tory for ini t ial 

s tudies . All of the samples p repa red for tungsten vapor deposition 

cracked during cooling because of the la rge difference in the rmal 

expansion. 

The investigation of p l a s m a - a r c spraying of a graded carbide 

s t ruc ture on a meta l subs t ra te has been te rmina ted due to excess ive costs 

and a prohibitive schedule. 

In the la t ter pa r t of November it was decided to discontinue both 

developmental efforts on higher UC content emi t t e r s since nei ther approac 

was likely to yield useful hardware within the cu r ren t contractual per iod . 

In o rde r to logically conclude the work on higher UC e m i t t e r s , 

vacuum emiss ion studies were conducted on emi t te r No. 33 (30 UC -

70 Z r C ) . The studies showed good vacuum emiss ion cu r r en t s ; however, 

this emi t te r was not welded into a cell b a s e . Based on the high uran ium 

loss observed in e a r l i e r thermal -cyl ing runs of 30 UC - 70 ZrC e m i t t e r s , 

it is not believed that sufficient hours of sat isfactory operation can be 

anticipated. Subsequent cells will have 10 UC - 90 ZrC e m i t t e r s . 

During the report ing per iod seven 10 UC - 90 ZrC emi t t e r s were 

fabr icated. Two of the f i r s t four e in i t te rs showed acceptable vacuum 

emiss ion cur ren t and were subsequently instal led in Cel ls F and G. The 

remaining three emi t t e r s a r e current ly undergoing final machining, 

POST-OPERATION ANALYSIS OF MARK V-E EMITTER 

Pos t -opera t ion analysis of the emi t te r in the Mark V-E cell has 

now been completed. The resu l t s of e l ec t ron-mic roprobe analyses which 
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have been pe r fo rmed can be summar ized as follows*; 

(1) The c lear a r e a s in the tantalum teeth immediate ly adjacent 

to the carbide a r e t an ta lum-uran ium solid solutions containing about 

3 wt-% uraniumi. 

(2) Nei ther uran ium nor z i rconium have penet ra ted into the 

tantalum beyond these c lear a r e a s . 

(3) The uran ium content in the carbide is non-uniform, with the 

maximum value being 15 wt-% and the average value being 3 to 

4 wt-%. 

(4) Tantalum has penet ra ted fairly uniformly throughout the 

carbide at a level of about 6 wt-%. 

(5) A very fine d ispers ion of smal l pa r t i c l e s in the carbide was 

observed to be p r i m a r i l y tungsten or possibly tungsten carb ide . 

The major point to be noted is the large reduction in the uran ium 

content of the carb ide ; i . e . , f rom an ini t ial content of 19. 67 wt-% uran ium 

to a final value of 3 to 4 wt-% uran ium. 

FISSION FRAGMENT E F F E C T S 

Studies of the chemis t ry of the var ious fission products were 

init iated during the report ing per iod . It appears that the following fission 

product e lements will tend to be r e l eased from bare carbide fuel ma te r i a l s 

to a degree dependent on t ime , t e m p e r a t u r e , and their diffusivity and 

volatilityi 

Elect ronegat ive - Se, Sb, Te , B r , I 

Elec t roposi t ive - Rb, C s , Sr , Ba, Sm, Eu, Cd , 

*References to s t ruc tu res re la te to the m i c r o s t r u c t u r e i l lus t ra ted in 

F ig . 2 of GA-3562 (Rev. ) , 
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It i s a lso possible that some of the l e s s volatile fission products (Y, Pd , 

Ag, In, Sn, La , Ce , P r , Nd, Pm) may be re leased to some extent. Of 

these the mos t impor tant a r e those underl ined since they have fission 

yields > 0 .3%. 

A l i t e r a tu re survey is underway to de termine the fate of the fission 

products exposed to a highly concentrated ces ium environment . The 

study of the in teract ion of fission products with each other and with the 

ces ium vapor will aid in analyzing the subsequent reac t ions with the 

emi t t e r and collector m a t e r i a l s , A par t i cu la r a r e a worthy of cons ide ra ­

tion is the effect of deposited alkaline ea r th and r a r e ea r th fission 

products and fission product compounds (Bal , S rTe , BrTe) on the 

collector work function. 

It is recognized that an analyt ical study of the fission product 

problem would not yield definitive design information; however, the resu l t s 

of this study should provide the bas i s for a future exper imenta l p r o g r a m . 

No exper imenta l work on fission product react ions is planned under the 

cur ren t cont rac t . 


