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SUMMARY 

The work accomplished during the th i rd quar t e r , ending May 31, 1963, 
of Contract NAS 3-2532 is summar ized below. 

1. LONG-TERM STUDIES (>1000 hr) OF THE VAPORIZATION AND 
ELECTRON EMISSION OF UC-ZrC AND W-CLAD UC IN Cs VAPOR 

The two long- t e rm tes t cells have been fabricated and tes ted. One 
has been loaded with a 30 UC—70 ZrC sample and the other with a 90 UC— 
10 ZrC sample . The ra t e s of vaporizat ion of these samples in vacuum 
have been determined both in the absence and in the p resence of a nickel 
anode maintained at 983°K with an electrode spacing of 20 m i l s , in o rder 
to set the basel ine values . Measurement of the r a t e s of vaporizat ion of 
these samples under these conditions in the p resence of ces ium vapor at 
a p r e s s u r e of about 1. 8 t o r r a r e in p repara t ion and will be continued 
for 1000 hr . 

Operation of the f i rs t tes t cel l , containing the 90 UC—10 ZrC emi t te r , 
was t e rmina ted after 510 hr because of leakage through a faulty meta l 
gasket sealing the e lectron-gun compar tment . 

The second tes t cel l , containing a vapor-depos i ted tungsten-c lad UC 
emi t te r , has been assembled and operated for a per iod of 111 hr . The 
tes t was t e rmina ted because a leak developed between the cell compar tment 
and the e lec t ron-gun compar tment . A control cell containing a solid tung­
sten emi t t e r is being a s sembled to check the modifications made in the 
design of the e lectron-gun chamber and the filament in o rde r to overcome 
such difficulties. Components for four other tes t cells have been received. 
Fabr ica t ion of the emi t t e r s for these cells has been par t ia l ly completed. 

2. STUDIES OF THE HIGH-TEMPERATURE PROPERTIES OF UC-ZrC 

Measurements have been completed on the vacuum vaporizat ion ra tes 
of two co ld -p re s sed and s in tered 30 UC—70 ZrC samples (B^ -9 and B j -9a) 
in the t e m p e r a t u r e range 2073° to 2273°K, and of a co ld -p re s sed and s in ­
t e r ed 90 UC—10 ZrC sample (Bj-lO) in the t empe ra tu r e range 2013° to 
2085 K. The vacuum emiss ion of B j^-9 in the t empe ra tu r e range 1700° to 
2000°K and its open-pore fraction have also been determined. The resu l t s 
a r e compared with those obtained on other UC-ZrC samples . 

i 
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Physical redeposit ion studies have been made in the following 
c a s e s : 

UC (2015°-2083°K) with nickel anode at 558° to 983°K, 
90 UC-10 ZrC (2027° to 2038°K) with nickel anode at 983°K, 
30 UC~70 ZrC (2082° to 2123°K) with nickel anode at 983°K. 

The activation, poisoning, and regenera t ion of the vacuum emiss ion 
of a hypers to ichiometr ic uranium carbide sample have been studied in the 
t empera tu re range 1670 to 2000 K. 

The h igh- tempera tu re furnace, with the sample loading and test ing 
fixtures in position, has been tes ted at 2073 K, Minor mechanical diffi­
culties encountered have been cor rec ted . The bearing guiding the loading 
rod has been shifted to a cooler region of the furnace to avoid freezing of 
the rod by the bearing when the furnace is at a high t empera tu re , 

3. IRRADIATION STUDIES 

The unclad-carbide capsule has been successfully i r r ad ia t ed in the 
General E lec t r ic Test Reactor (GETR) for two cycles; all of the high-
t empera tu re W—W26Re thermocouples have been functioning sat isfactor i ly . 
The i r rad ia ted capsule has been re turned to the General Atomic Hot Cell 
Faci l i ty for pos t i r radia t ion examinations. 

The clad capsule has been assembled and shipped to the GETR for 
i r radia t ion beginning the second week of June, 1963. 

4. STUDIES OF NEW CATHODE MATERIALS 

The vacuum emiss ion of the s to ichiometr ic UM0C2 sample (D-|^-2) 
has been m e a s u r e d in the t empe ra tu r e range 1750 to 2000 K. The ra te 
of vacuum vaporization of a co ld -p ressed and s in tered 30 UC-—70 NbC 
sample (Dj^-3) has been determined in the t empe ra tu r e range 2050° to 
2198°K. 

The compatibility between 98 wt-% W—2 wt-% Mo alloy and UC-ZrC 
(90 UC-10 ZrC and 30 UC-70 ZrC) has been studied at 2073°K for a per iod 
of 24 hr (Run D2-4). The diffusion samples after Runs D2-I (Ir, Re, and 
W-26Re ve r sus UC), D2-2 (85 wt-% W-15 wt-% Mo ve r sus UC), and D2-3 
(98 wt-% W—2 wt-% Mo versus UC) have been exainined by e lec t ron-
microprobe techniques. 

E lec t ron-mic roprobe studies have been made on the vapor-depos i ted 
tungsten-clad hypers to ich iometr ic UC (5.02 wt-% C, sample D3-I ) after it 
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was subjected to diffusion-emission studies at 2073 K for a period of 
838 hr . Two carbide samples , one hypostoichiometr ic UC (4. 70 wt-% C, 
sample D3-2)and the other 30 UC—70 ZrC (sample D3-3) have been clad 
with vapor-deposi ted tungsten and will be subjected to s imi la r s tudies . 

5. FABRICATION DEVELOPMENT 

The main effort during this quar te r has been in the fabrication of the 
samples for the clad i r rad ia t ion capsule . 
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INTRODUCTION 

This repor t covers the work accomplished during the th i rd quar te r 
of Contract NAS 3-2532, which is a continuation of the work under 
Contracts NAS 5-1253 '^ ' and NAS 3-2310, ' ' to investigate thermionic 
cathode m a t e r i a l s for the di rect conversion of fission heat to e lec t r ica l 
energy for space applicat ions. Measureinents of the vaporizat ion, e lectron 
emiss ion, and diffusion p roper t i e s of var ious candidate m a t e r i a l s under 
Contract NAS 5-1253 showed that both UC-ZrC and W-clad UC (or UC-ZrC) 
were promis ing thermionic cathode m a t e r i a l s which may provide useful 
life (e. g. , one year or longer) and per formance (e. g. , s eve ra l w/cm'^^). 
The purpose of the p resen t contract is to make further studies of these 
m a t e r i a l s in o rder to establ ish thei r feasibility for long- ter in thermionic 
applications in a r eac to r environment and to develop new cathode m a t e r i a l s . 
The investigation is divided into five major a r e a s : 

1, Long- t e rm (>1000 hr) studies of the vaporizat ion and electron 
emiss ion of UC-ZrC and W-clad UC (or UC-ZrC) in Cs vapor. 

2, F u r t h e r investigation of the h igh - t empera tu re p roper t i e s of 
UC-ZrC , including the effect of sample density and pore s t r u c ­
tu re on the vaporizat ion and e lec t ron-emiss ion cha rac t e r i s t i c s 
in vacuum, the effect of anode t e m p e r a t u r e s and chemical 
additives on the vaporizat ion c h a r a c t e r i s t i c s , the controlling 
factors of the e l ec t ron-emiss ion p rope r t i e s , and the high-
t empera tu re mechanica l p rope r t i e s . 

3, Studies of the dimensional stabili ty and f iss ion-gas r e l ea se 
p roper t i es of U C - Z r C and W- and W-Mo-al loy-c lad UC, 
UC-ZrC , W-UC ce rme t , and W-UO2 ce rmet fuels after i r r a d i ­
ation at high t e m p e r a t u r e s . 

4, Studies of the vaporizat ion, e lect ron emiss ion, and compatibil i ty 
cha rac te r i s t i c s of new cathode m a t e r i a l s , 

5, Fabr ica t ion development in the prepara t ion of UC-ZrC and W-
and W-al loy-clad uranium-containing re f rac tory nuclear fuels 
with controlled s t ruc tu res and composi t ions. 

The cells used in these studies and the sample coding sys tem were 
descr ibed in Table 1 of GA-3866, ^^^ 

1 



EXPERIMENTAL PROGRAM 

1. LONG-TERM STUDIES ON THE VAPORIZATION AND ELECTRON 
EMISSION OF UC-ZrC AND W-CLAD UC (OR UC-ZrC) IN Cs VAPOR 

1.1. Rate of Vaporization of UC-ZrC in Cs Vapor 

During the second quar te r of this contract , it was shown that the 
presence of cesiunn vapor at a p r e s s u r e of 1, 8 t o r r reduced the ra te of 
vaporizat ion of a cast 90 UC—IO Z r C sample (Aj^-la, density 93. 4%) at 
2093 K by a factor of six during a lOO-hr run. To check the accuracy of 
this figure, another lOO-hr run was made during the present quar te r under 
s i ini lar conditions at 2083 K with another cast 90 UC—lO ZrC sample 
(B-^-3, density 95, 5%). The vacuum vaporization cha rac te r i s t i c of this 
sample was studied during the f irs t quar te r of this contract . P r i o r to the 
ces ium run, the ra te of vaporizat ion of B i - 3 in vacuum was r e m e a s u r e d 
at 2083 K and found to agree with the first quar te r resul t . The data obtained 
in the presence of cesium, however, indicated that the vaporization loss 
was reduced by a factor of only 1. 4, One possible explanation for such a 
discrepancy could be the difference in the convection conditions in the ces ium 
vapor adjacent to the carbide surface during these two runs and the dependence 
of the vaporization loss on such convection conditions. The cell used in these 
tes ts has no anode (as shown in GA-4173, Fig. 1). In a ces ium cell, with 
the carbide cathode situated in the vicinity of an anode surface, the con­
vection condition would cer ta inly be different from that in the absence of the 
anode. More meaningful r e su l t s can be obtained only if an anode at an 
in tere lec t rode spacing comparable to that in a ces ium cell is incorporated 
in the tes t cell. 

Two cells were therefore built for this purpose. They a re s imi la r to 
the redeposit ion cell shown in F igs . 13 and 14 of GA-4173. ^ ' The anode, 
however, is cooled by water , through a metal the rmal b a r r i e r , instead of 
by compressed air . By varying the thernaal conductance of the b a r r i e r , 
the anode t empera tu re can be adjusted from 553 to 1123 K, (Figure 1 is a 
schemat ic drawing of this cell. ) One of the cells has been loaded with a 
co ld -p ressed and s in tered 30 UC—70 Z r C sample (Bj-9a) and the other with 
a co ld -p ressed and s in tered 90 UC—10 ZrC sample (B | -10) . To set the 
basel ine values, the vacuum vaporizat ion ra tes have been de termined in the 
Langinuir vaporizat ion apparatus and the anode effect on the vacuiim vapor­
ization ra t e s has been determined in the tes t cells in the presence of a nickel 
anode at 983 K and with an in te re lec t rode spacing of 20 mi l s . The vacuum-
vaporizat ion resu l t s a r e descr ibed inSection 2.1.1 , and the anode effect on the 

2 
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COOLING-WATER INLET 

COOLING-WATER OUTLET 
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Fig. 1--Schematic drawing of t e s t - ce l l a r rangement for studying the 
effect of ces ium vapor on vaporizat ion loss of UC-ZrC 
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r a t e s of vaporizat ion is presented in Section 2. 2. P repa ra t i on is under 
way for the initiation of the ces ium runs . 

1. 2. Emiss ion Stability of UC-ZrC and W- clad UC (or UC-ZrC) in Cs 
Vapor 

The first tes t cell containing a 90 UC—10 ZrC emi t te r had been in 
operation for about 300 hr by the end of February , 1963. The decrease in 
cell output indicated that the emi t te r was poisoned. At the beginning of 
this quar ter , the ernitter was thermal ly t rea ted to regenera te its emiss ion, 
but the tes t had to be te rmina ted after a total operating t ime of 510 hr 
because leaks developed in the cell components. Postopera t ional examination 
indicated that a meta l gasket used to seal the e lec t ron-gun compar tment 
had sprung a leak whenthe tantalum tube separat ing the e lect ron-gun com­
par tment and the cell was hot. This resul ted in the embri t t lement of the 
tantalum holding the tungsten cup and emi t te r and the tantalum sheath of 
the thermocouple, which caused leaking. 

The operation of the second tes t cell commenced during the la t te r 
part of April , 1963. This cell contained a vapor-depos i ted tungsten-clad 
uranium carbide emi t te r with the configuration shown in Fig. 2. P r i o r 
to the sealing of the cell, the vacuum saturat ion emiss ion of the emi t te r 
was measu red and was found to agree with previously published data' ' - -
4. 0 m a / c m ^ at 2073°K. 

The cell operated for approximately five days for a total of 111 hr. 
For 60 hr of the las t 70 hr of operation, the cell produced a maximum 

7 o 
power output of about 2 w / c m at an emi t te r t empera tu re of about 2073 K, 
Figure 3 p resen t s the performance data for severa l operating conditions. 
F igure 4 is a profile of the power density for the period during which the 
cell was operating. 

Before the operating conditions of the cell could be optimized, the 
test was te rmina ted because the p r e s s u r e in the e lec t ron-gun compar tment 
had exceeded 1 X lO ' r ' t o r r , which tr ipped the ion-gauge re lay and thus cut 
off the cell . Pos topera t ional examinations revealed that although the unit 
was leak-t ight to the ambient a tmosphere , a l a rge leak developed internal ly 
between the emi t te r compar tment and the e lec t ron-gun compar tment . 

It appears that there may be a definite problem in the filament design 
of the e lec t ron-gun sys tem. The flat pancake filament introduces con­
s iderable t he rma l s t r e s s on the base of the tantalum emi t te r holder by 
concentrating most of the bombardment cur ren t in the center of the filament. 
Thermal etching and gra in growth in this cent ra l portion a r e quite evident 
from visual examination of the tantalum holder. Correc t ive m e a s u r e s 
a r e being taken. F i r s t , the filament will be made slightly conical, so that 
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Fig. 2 - -Vapor-depos i ted tungsten-clad uranium carbide emi t te r 
for emiss ion l i fe- tes t cell 
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its cent ra l portion will be farther from the tantalum surface than its c i r ­
cumference. This will allow the bombardment power to be more uniformly 
distr ibuted over a la rge surface a rea . Second, the power input for main­
taining the emi t te r at a given t empera tu re can be reduced by diffusion 
bonding the tungsten cup to the tantalum holder to provide a be t ter heat 
conduction path. Third, during this diffusion bonding, a thin disk of tungsten 
can also be bonded to the surface of the tantalum holder facing the e lect ron 
gun, for the rmal protection. In addition, the possibil i ty of providing a 
complete tungsten holder for the emi t te r will not be overlooked. 

Several other observat ions were made during the assembly and 
operation of this second cell which may help to improve the c leanl iness 
and performance of future cel ls . During the assembly of the cell, the 
emi t te r assembly must be heated to operating conditions without the collector 
and guard- r ing assembly in^the system. This will el iminate the deposition 
of impur i t ies from the tantalum holders , the tantalum radiat ion shields, 
and the t i tanium getter on the collector surface. If any of these impuri t ies 
were to form an oxide coating on the collector surface, an e lec t r ica l 
r e s i s t ance could be introduced in the cell c ircui t . Another a r ea where a 
smal l e lec t r ica l r e s i s t ance could exist, which might affect the cell output, 
is in the contacts between the emit ter and the emit ter ho lders . These problem 
a r ea s canbe checked and the problems reso lvedby studying the output of a control 
cell that contains a solid cas t - tungs ten emi t te r diffusion-bonded to the 
tantalum support tube. The emi t te r assembly and the co l l ec to r -guard- r ing 
assembly would be outgassed separa te ly and the diffusion bonding should 
help to el iminate any internal e lec t r i ca l r e s i s t ance . Such a cell is being 
assembled. Components for the other four emiss ion l i fe- tes t cells have 
been received. Two vapor-deposi ted tungsten-clad 30 UC—70 ZrC emi t t e r s 
have been prepared, and one vapor-deposi ted tungsten-clad uranium 
carbide emi t te r is being fabricated. Two 90 UC—10 ZrC unclad carbide 
emi t t e r s a r e waiting for final outgassing, and two 30 UC—70 ZrC unclad 
carbide emi t t e r s a r e being prepared. 

2. STUDIES OF HIGH-TEMPERATURE PROPERTIES OF UC-ZrC 

2. 1. Effect of Poros i ty on the Vacuum Vaporization and Emiss ion of 
UC-ZrC 

To facilitate f iss ion-gas r e l ea se and to prevent fuel swelling, 
UC-ZrC containing a la rge number of open pores may have to be used, 
e i ther as unclad emi t t e r s or as fuel for the clad e m i t t e r s . It is therefore 
neces sa ry to know how pore s t ruc tu res affect the vacuum emiss ion and 
vaporizat ion cha rac t e r i s t i c s of these m a t e r i a l s . 

Previously , a new sample was first studied for its vacuum emiss ion 
proper t ies before measu remen t of its vacuum vaporizat ion cha rac t e r i s t i c s . 
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However, it was soon learned that new samples p repared by the cold-
press ing and sintering technique were always m e t a l - r i c h and that the excess 
meta l content was removed by the the rmal t rea tments in the vaporizat ion 
runs , most ly during the outgassing period. The emiss ion resu l t s obtained 
before the vaporizat ion runs therefore r ep resen t the m e t a l - r i c h 
" t rans ien t" s tate and have no significance in thermionic applications. For 
this reason the vacuuna emiss ions of these samples had to be renaeasured 
after the vaporizat ion runs . 

During this quar te r , a new procedure was adopted in which the samples 
were studied for their vacuum vaporizat ion ra t e s before measu remen t of 
their vacuum emiss ions . Since the change in the composition and density 
of the samples occur red p r imar i l y during the outgassing period pr ior to 
the vaporizat ion runs, both the vaporizat ion and the emiss ion resu l t s 
obtained with this procedure can be considered as accura te for samples of 
essent ia l ly constant composit ion and density. 

2. 1. 1. Vacuum Vaporization 

During this quar te r , measu remen t s were completed on two cold-
p re s sed and s in tered 30 UC—70 ZrC samples (Bj -9 and B | - 9 a ) which were 
cut from the same carbide piece, and on a co ld -p ressed and s intered 
90 UC—10 Z r C sample (B -10). The resu l t s a r e shown in Tables 1, 2, and 
3 and a r e plotted as a function of t empera tu re in Fig, 5. Also included in 
this figure a r e the vaporizat ion resu l t s for the co ld -p ressed and s in tered 
88 UC—12 ZrC sample (B^-2), de termined during the first quar te r . ^^' It 
is apparent that good ag reemen t exis ts between the resu l t s for B , - 9 and 
B -9a and between the resu l t s for B - 10 and B, -2 . Bj -9 has a density of 
S6. 7% based on the theore t ica l density of its final composition, 28. 3 
UC—71, 7 ZrC, and 89% of its void consis ts of open pores . Sample B , - 2 
has a density of 88, 5% based on the theore t ica l density of its final composition, 
88 UC—12 ZrC, and also 89% of its void consis ts of open pores . Both 
B i - 9 a and B -10 a r e being used to study the effect of ces ium vapor on the 
ra te of vaporizat ion of UC-ZrC, Their exact composit ions, densi t ies , and 
pore s t ruc tu res will be determined after the ces ium runs . 

The resu l t s in Fig. 5, when compared with those for the less porous 
UC-ZrC samples of s imi la r compositions, again i l lus t ra te the enhancement 
of vacuum-vapor izat ion loss from more porous samples . 

2. 1. 2. Vacuum Emiss ion 

The vacuum emiss ion of sample B | - 9 was m e a s u r e d after the com­
pletion of the vaporizat ion studies. The re su l t s a r e shown in Fig. 6, ' 
together with those for the ho t -p re s sed sample B2-7. It c a n b e seen that 
in spite of the p resence of a much higher open-pore fraction of the void in 



Table 1 

VAPOR-LOSS INVESTIGATION OF 30 UC-70 Z r C SAMPLE 6 - 9 " 
(Cold-pressed and s in tered) 

Run No. 

Original 

Degas 

1 

2 

3 

4 

5 

Temp. 
(°K) 

2193 

2273 

2163 

2245 

2128 

2073 

Exposure 
Time 

(sec X 10 ) 

9, 54 

2. 52 

4. 38 

2. 88 

2, 88 

3. 42 

Rate of 
Weight Loss 

[(mg/cm / s e c ) 
X 10-5] 

9. 99 

6. 45 

2. 55 

4. 43 

1. 85 

1. 34 

Counting Rate 
(alpha c o u n t s / m i n / c m ) 

Side 1 

964 

536 

493 

446 

454 

450 

453 

Side 2 

973 

544 

508 

466 

464 

467 

447 

UC Surface 
Concentration 

Based on 
Counting Rate 

(mol-%) 

15. 5 

8. 5 

8. 0 

7. 5 

7. 5 

7. 5 

7. 0 

Density 
(g/cm3) 

7.56 

7.69 

7. 71 

7. 71 

7. 73 

7. 72 

7. 71 

~ X - r a y diffraction analysis per formed pr ior to vapo r - lo s s determinat ions indicated a com­
position of about 30 UC—70 ZrC, single phase . Original composition, UQ i 5 l Z r o 3 ,̂7 CQ 432' final 
composition, 28. 3 UC—71. 7 ZrC. Sample had a density of 86. 7% based on the final composition 
following the vaporizat ion runs . 



T a b l e 2 

V A P O R - L O S S INVESTIGATION O F 30 U C - 7 0 Z r C S A M P L E B j - 9 a -
( C o l d - p r e s s e d and s i n t e r e d ) 

Run No. 

O r i g i n a l 

D e g a s 

1 

2 

3 

T e m p , 
(°K) 

2236 

2230 

2093 

2138 

E x p o s u r e 
T i m e 

( s e c X lO'^) 

16 .2 

6. 48 

5. 40 

3. 96 

R a t e of 
Weight L o s s 

[ ( m g / c m / s e c ) 
X 1 0 ' ^ ] 

8. 71 

4. 01 

1. 83 

2. 13 

Counting Ra te 
(a lpha c o u n t s / m i n / c m ) 

Side 1 

1017 

506 

370 

464 

439 

Side 2 

1009 

521 

512 

511 

473 

UC Sur face 
C o n c e n t r a t i o n 

B a s e d on 
Counting R a t e 

(mol-%) 

16 

8 

8 

8 

7. 5 

D e n s i t y 
( g / c m 3 ) 

7 . 6 7 

7. 89 

7. 91 

7. 92 

7. 92 

—X-ray d i f f r ac t ion a n a l y s i s p e r f o r m e d p r i o r to v a p o r - l o s s d e t e r m i n a t i o n s i n d i c a t e d a 
c o m p o s i t i o n of a p p r o x i m a t e l y 30 UC—70 Z r C , s ing le p h a s e . O r i g i n a l compos i t i on , 
^ 0 151^-'^0 367*^0 482* B a s e d on 30 UC—70 Z r C , the s p e c i m e n had a dens i t y of 87. 5% a f t e r 
v a p o r - l o s s i n v e s t i g a t i o n s . F i n a l c o m p o s i t i o n wil l be d e t e r m i n e d a f t e r l i f e - t e s t in a c e s i u m 
e n v i r o n m e n t . 



Table 3 

VAPOR-LOSS INVESTIGATION OF 90 UC-10 ZrC SAMPLE B ^ I O " 
(Cold-pressed and s intered) 

Run No, 

Original 

Degas 

1 

2 

Temp. 
(°K) 

2085 

2085 

2013 

Exposure Time 
(sec X 104) 

12. 06 

4 .68 

5 .94 

Rate of 
Weight Loss 

Q m g / c m ^ / s e c ) 
X 10-5J 

14, 8 

8, 73 

3. 94 

Density 
(g/cm3) 

11. 42 

11. 35 

11. 32 

11.29 

~No counting ra t e was taken owing to the 3% enriched UC 
in sample . Original coinposition, UQ 463^-'^0 058^0 479-
Based on 90 UC—10 ZrC, the specimen had a density of 86. 9% 
after vapor - lo s s investigations. Final composit ion will be 
de termined after l i fe- tes t in a ces ium environment. 
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CURVE 2 

' /CURVE I 

CURVE I 8,-9, COLD-PRESSED 
AND SINTERED, 28.3 UC-
71,7 ZrC, DENSITY 86.7%, 
89% OPEN POROSITY 

CURVE 2 B,-7, HOT-PRESSED, 
27.4 UC-72.6 ZrC, 
DENSITY 90%, 33.5% 
OPEN POROSITY 
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g, 6 - -Compar i son of vacuum saturat ion emiss ion of sample B j - 9 
with sample B , - 7 (data taken after vaporizat ion studies) 
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B i - 9 than in B i - 7 (89% ve r sus 33, 5%), the emiss ion data for these two 
samples show good agreement . 

The open-pore fraction in B^-9 was determined by the m e r c u r y 
poros imete r technique after the vacuum emiss ion m e a s u r e m e n t s . The 
resu l t s shown in Fig. 7 indicate that about 89% of its void consis ts of 
open pores . 

2. 2. Redeposition Studies 

To tes t the redeposi t ion cell (see GA-41 73,Figs. 13 and 14), a 
physical redeposi t ion run was made with a uranium carbide cathode at 
2003 K and a nickel anode at 1053 K, with an in te re lec t rode spacing of 
20 mi l s . The anode, which was cooled with a s t r e a m of compressed a i r , 
after 72 hr developed a leak at the point where the nickel-sheathed 
Chromel-Alumel thermocouple was welded to it and where the compressed 
a i r impinged on it. The a r rangement was therefore modified to allow the 
anode to be cooled with water flowing through a meta l the rmal b a r r i e r . 
The anode t empera tu re was var ied by changing the nature of the ma te r i a l 
and the the rmal conductance of the b a r r i e r . The cell with the modified 
anode-cooling a r r angemen t is shown in Fig, 1. The exposed cathode 
surface is 1/2 in, in d iameter and the nickel anode is 5/8 in. in d iameter . 

The effect of the anode surface on vaporization loss was studied for 
the following cases ; 

1. UC (sample Bo- l ) with nickel anode at 558 , 683 , and 983 K. 
2. 30 UC-70 ZrC (sample Bj -9a) with nickel anode at 983°K. 
3. 90 UC-10 Z r C (sample B^-IO) with nickel anode at 983°K. 

The re su l t s a r e shown in Table 4. The vacuum ra t e s of vaporizat ion 
of B -9a and B, - 10 were repor ted in Section 2, 1. 1. The vacuum ra tes 
of vaporizat ion of B^- l (co ld-pressed and s intered, initial composition 
UC, ^c), m e a s u r e d in the redeposi t ion cell , a r e included in Table 4 and 
plotted in Fig. 8. 

The resu l t s given in Table 4 indicate that (1) for UC and 90 UC—10 
ZrC, the vaporizat ion loss of the cathode was reduced by the presence of 
a h igh- tempera tu re anode, (2) for UC, the vaporizat ion loss decreased 
with the inc rease of the anode t empera tu re , and (3) for 30 UC—70 ZrC, the 
vaporizat ion loss was not affected by the p resence of a h igh- tempera tu re 
anode at 983 K. The reduction in vaporizat ion loss is presumably due to 
the back-sca t te r ing of the vaporized atoms by the anode surface. The 
vapor species from UC and 90 UC—10 ZrC consis ts most ly of uranium and 
carbon a toms , ' ^ ) ' " ' whereas that from 30 UC—70 ZrC should include a 
considerable amount of z i rconium. The difference between the r e su l t s for 
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Table 4 

ANODE E F F E C T ON VAPORIZATION LOSS OF UC AND UC-ZrC 

Sample 
N o . -

B2-I 
(UC) 

B , - 9 a 
(30 UC-70 ZrC) 

B j - lO 
(90 UC-IO Z] rC) 

1 

Run 
No. 

1 
2 
3 
4 
5 
6 
7 
8 

4 
5 

3 
4 

Temp. 
of Sample 

(°K) 

2013 
2083 
1983 
1963 
1948 
2008 
2010 
2063 

2123 
2082 

2038 
2027 

Temp. 
of Collector 

(°K) 

558 
983 

No anode 
No anode 

683 
983 

No anode 
No anode 

983 
983 

983 
983 

Exposure 
Time 

(sec X 10^) 

3. 852 
3.636 
2. 106 
3. 060 
3. 060 
3. 102 
1. 296 
0. 936 

3. 384 
3. 456 

3. 564 
3. 456 

Rate of 
Weight Loss 

[(mg/cm'^/sec) 
X 10-5] 

8. 16 
16.3 
6.56 
4. 01 
1.93 
3. 77 
7. 45 

24. 40 

2. 38 
1.66 

2. 10 
1.69 

Rate in 
Absence of Anode^ 

Rate in 
P re sence of Anode 

^ 1 

2 . 0 
__ 
__ 
1.5 
2. 3 

.._ 

~ 1 
^ 1 

2. 2 
2. 3 

•3'All of these samples were p repa red by cold-press ing and sintering. The initial com­
position of B 2 - I was UCj^ Q5 with a density of about 86% based on the theore t ica l density of UC. 
Details on B]^-9a and Bj^-lO a r e given in F ig . 5. 

—The data for B 2 - I were obtained from Fig. 8; the data for B]^-9a and B j - lO were obtained 
from Fig . 5, 
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UC and 90 U C - 1 0 Z r C and tha t for 30 U C - 7 0 Z r C could be due to the 
d i f f e r e n c e in the c o n d e n s a t i o n and b a c k - s c a t t e r i n g b e h a v i o r of u r a n i u m 
and z i r c o n i u m f r o m the n i cke l anode s u r f a c e . S ince z i r c o n i u m has a m u c h 
l o w e r v a p o r p r e s s u r e than u r a n i u m , it would be e x p e c t e d tha t z i r c o n i u m 
wi l l c o n d e n s e m u c h m o r e e a s i l y on the anode s u r f a c e t h a n u r a n i u m . The 
p r e s e n c e of z i r c o n i u m c o n d e n s a t e on the anode s u r f a c e m a y h e l p to i n c r e a s e 
the anode c a p t u r e of c a r b o n and u r a n i u m by a l loy ing and by c h e m i c a l c o m ­
b ina t ion . The b a c k - s c a t t e r i n g of the v a p o r i z e d a t o m s thus m a y b e c o m e 
neg l ig ib l e and the anode effect on the v a p o r i z a t i o n l o s s of the c a r b i d e m a y 
be c o n s i d e r a b l y r e d u c e d o r e v e n nul l i f ied . The n a t u r e and a m o u n t of con­
d e n s a t e on the anode s u r f a c e a r e be ing a n a l y z e d for the s a m p l e s l i s t e d 
in T a b l e 4. The r e s u l t s shou ld h e l p to d e t e r m i n e w h e t h e r the above 
exp l ana t i on is p l a u s i b l e . 

2. 3. T h e r m i o n i c E m i s s i o n M i c r o s c o p y 

D u r i n g th i s q u a r t e r , the a c t i v a t i o n , po i son ing , and r e g e n e r a t i o n of 
the e m i s s i o n f r o m a u r a n i u m c a r b i d e s u r f a c e w e r e s t u d i e d wi th the 
t h e r m i o n i c - e m i s s i o n m i c r o s c o p e . The s a m p l e w a s m a d e by c a s t i n g and 
w a s h y p e r s t o i c h i o m e t r i c (exac t c a r b o n con ten t to be d e t e r m i n e d ) . X - r a y 
e x a m i n a t i o n s of the s a m p l e a f t e r o u t g a s s i n g in v a c u u m (10~° t o r r ) a t 1700 C 
for a p e r i o d of 8 h r i n d i c a t e d tha t the s a m p l e c o n s i s t e d of a m i x t u r e of 
UC and U C„. The s a m p l e w a s then p o l i s h e d wi th fine e m e r y p a p e r and 
p l a c e d in the s a m p l e h o l d e r of the m i c r o s c o p e . E m i s s i o n p a t t e r n s w e r e 

o o o 
t a k e n of the p o l i s h e d s u r f a c e a t 1670 K and then a t 1670 and 1770 K a f t e r 

6 - 7 v a r i o u s t h e r m a l t r e a t m e n t s in a v a c u u m of 10" to 3 x 10" t o r r . The 
r e s u l t s , a s shown in F i g . 9, i nd i ca t e t ha t i n c r e a s i n g a m o u n t s of the s u r f a c e 
b e c a m e a c t i v a t e d a s the t e m p e r a t u r e of the t h e r m a l t r e a t m e n t w a s i n c r e a s e d . 
H o w e v e r , the e m i s s i o n p a t t e r n s t i l l a p p e a r e d pa tchy even a f t e r t h e r m a l 
t r e a t m e n t at 2000 K. The p a t t e r n o b s e r v e d at 2000 K (not shown in F ig . 9) 
had e s s e n t i a l l y the s a m e f e a t u r e s a s shown at the l o w e r r i gh t in F ig . 9, 
a l though the i n t e n s i t y w a s m u c h h i g h e r . I n s ide the p o o r l y e m i t t i n g r eg ion , 
t h e r e seenaed to be a s e c o n d p h a s e of m u c h b e t t e r e m i s s i o n . The c o r r e l a t i o n 
b e t w e e n the e m i s s i o n p a t t e r n and the s t r u c t u r a l f e a t u r e s i s now be ing s tud ied . 

In the c o u r s e of s tudying the a c t i v a t i o n of the e n a i s s i o n by t h e r m a l 
t r e a t m e n t , it w a s o b s e r v e d tha t e a c h t i m e the s a m p l e w a s coo led down 
f r o m a h i g h e r t e m p e r a t u r e , T , , to a l o w e r t e m p e r a t u r e , T^,, d a r k p a t c h e s 
a p p e a r e d on the e m i s s i o n p a t t e r n but when a g e d a t T^ the p a t t e r n wi l l 
g r a d u a l l y r e v e r t to the f e a t u r e s c h a r a c t e r i s t i c of the s a m p l e a t t e m p e r a t u r e 
T ( s e e F ig . 10). The d e g r a d a t i o n of the e m i s s i o n i s i n t e r p r e t e d a s be ing 
c a u s e d by the d e p l e t i o n of u r a n i u m on the s u r f a c e by hea t ing at a h igh 
t e m p e r a t u r e and by the a d s o r p t i o n of g a s e s on the s u r f a c e at c e r t a i n s i t e s 
when cooled . When the s a m p l e w a s aged a t T„ , the u r a n i u m c o n c e n t r a t i o n 
on the s u r f a c e w a s r e p l e n i s h e d by diffusion, the a d s o r b e d gas a t o m s w e r e 
r e m o v e d by pumping , and the e m i s s i o n at the s u r f a c e b e c a m e r e g e n e r a t e d . 
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face after the rmal t rea t raent at var ious t empe ra tu r e s (NOTE: bright 
regions a r e be t te r emitting a r e a s . The pat tern for the initial polished 
surface was taken at twice the exposure t imes of the other pat terns) 
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a. Initial enaission pat tern after activation. 

b. Sample heated 1 hr at 2000 K m vacuum, then cooled to 1770°K, Surfa ce 

c-h. 

par t ia l ly poisoned by losing adsorbed uranium by evaporation at 2000°K 
and by absorbing gaseous mapurit ies upon cooling. Pa t t e rn taken 5 m m 
after cooling. 

Pa t t e rns taken at 1770 K at success ive 5 min intervals , showing gradual 
r ecovery of emiss ion by replenishing surface uranium concentrat ion by 
diffusion, and by removing adsorbed gaseous impuri t ies by pumping. 

1. Fully recovered emitting surface. 

Fig. 10- -Elec t ron emiss ion pat terns from a uranium carbide surface showing the poisoning 
and regenera t ion of the emitting surface 
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The poisoning of the emiss ion of this sample in a poor vacuum has 
also been studied. When the activated sample was exposed at room tem­
pera tu re to a vacuum of 10"^ to 10"-^ t o r r for a period of 12 hr , or to the 
a tmosphere for a period of a few hours , poisoning of the surface occurred , 
as indicated by the appearance of la rge dark patches in the emiss ion 
pa t te rns . When the sample was brought to a higher t empera tu re (e. g. , 
1670 to 1770 K), the emiss ion recovered in al l cases within 8 hr at 1670 K 
and within 1 hr at 1770 K in a vacuum of 10" to r r . 

Other uranium carbide samples and 90 UC—10 ZrC samples a r e being 
p repared to continue these studies. An effort will be made to co r re la te 
the enaission pat terns with the m i c r o s t r u c t u r e s and a study will be made 
of the activation, poisoning, and regenera t ion of UC-ZrC with var ious 
amounts of uranium carbide. 

2. 4. High- tempera ture Mechanical P r o p e r t i e s 

The purpose of the mechan ica l -p roper t i e s evaluation is to determine 
what effect the U / Z r rat io of UC-ZrC has on s t rength and to obtain data 
with which to predict the swelling behavior during i r radia t ion . 

The sample- tes t ing fixtures have been incorporated into the furnace 
and heated to 1800 C for "shake-down" evaluation of the equipment. Minor 
mechanical difficulties were observed, such as loosening of the bottom 
testing fixture and swelling of the sample-loading tube in its guide. In 
addition, the bottom of the furnace was found to be uneven so that the 
stabili ty of the alignment of the whole furnace was affected. Neces sa ry 
cor rec t ions and refitt ings were made to overcome these difficulties. 

During a subsequent heating operation, it was noted that the sample -
loading push rod expanded thermal ly and froze against the water -cooled 
guide bushing. This guide bushing was to provide for the alignment of the 
push rod in contacting the specimen. Thus it became apparent that a much 
bet ter sys tem was needed to provide for push-rod alignment. A decision 
was made to enlarge the water -cooled guide sleeve so that it acted only as 
a the rmal shield. In addition, an alignnaent bearing integral with the push 
rod was added to the top plate of the furnace (see Fig. 11). The features 
of the alignment bearing a r e descr ibed as follows: 

1, The center of the bearing was aligned with the center l ines of the 
push rod and the furnace top plate, 

2, The top portion of the bearing was threaded internal ly to fit the 
Instron Universal Tes te r load cell to a s s u r e alignment of the load 
cell with the push rod. 

3, A water -cooled heat b a r r i e r was placed between the push-rod 
connection and the alignment bearing to keep the bearing surfaces 
cool. 



Fig, l l - - T o p of furnace for measur ing mechanica l p roper t i e s , showing 
push rod for loading sample and guiding-alignment bearing. Note water 

cooling a r r angemen t for interface 
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Testing of machined, outgassed 10 UC—90 ZrC b a r s will be init iated 
shortly. The composition and number of ba r s to be used in the tes t p rogram 
a r e as follows: 

No. of Test 
Specimens 

Composition Planned 

ZrC . . . . . . . . . . . . . . . . . . 12 
10 UC-90 Z r C . . . . . . . . . . . . 7 
30 UC-70 ZrC . . . . . . . . . . . . 12 
50 UC-50 ZrC . . . . . . . . . . . . 12 
80 UC-20 ZrC . . . . . . . . . . . . 20 
UC . . . . . . . . . . . . . . . . . . . 12 

Techniques for e lec t r ica l -d ischarge machining flats on the l / 4 - in . -
d iameter and 1-1/4-in. -long test b a r s have been developed. Six ba r s can 
be machined concurrent ly to an end-to-end and s ide - to - s ide to lerance of 
0. 0002 in. 

3. IRRADIATION STUDIES 

3. 1. Unclad-carbide Capsule 

The unclad-carbide capsule has been i r r ad ia ted in the General 
E lec t r ic Test Reactor (GETR) for two cycles . All the thermocouples have 
been functioning well. The readings for the four h igh- tempera tu re t he rmo­
couples during the two i r radia t ion cycles a r e shown in Fig. 12. The cap­
sule is now back at the General Atomic hot cell . Pos t - i r r ad i a t i on exami­
nation of the contents of the capsule should be s ta r ted ea r ly in the next 
quar te r . 

3. 2. Clad Capsule 

The clad capsule has been assenabled and shipped to the GETR. A 
descript ion of this capsule is given in the following sect ions. 

3. 2. 1. Nature of Samples in Capsule 

Because of compatibili ty l imitat ions, samples consisting of UC and 
90 UC-10 ZrC clad with a 98 wt-% W-2 wt-% Mo alloy were el iminated 
from the l is t shown in Table 10 of GA-4173. ' ^ The nature of the fuel 
samples included in the clad capsule is summar ized in Table 5. 
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Table 5 

FUEL SAMPLES INCLUDED IN THE CLAD CAPSULE 

Cladding 

W (vapor-deposited) 

98 wt-% W-2 wt-% Mo 
alloy (cast, hot-swaged, 
and machined) 

Fuel 

UC 

90 UC-10 ZrC 

30 UC-70 ZrC 

W-UO ce rme t 
W-UC ce rme t 

30 UC-70 ZrC 

W-UO2 ce rme t 
W~UC ce rme t 

Fuel Density 

High 
Low 
High 
Low 
High 
Low 

~60 vol-% fuel 
~60 vol-% fuel 

High 
Low 

- 6 0 vol-% fuel 
~60 vol~% fuel 

Number of 
Samples 

2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 

"High density,>90% theoret ica l value; low density, 85% to 
90% theore t ica l value. 

In addition to the 24 fuel specimens, the capsule also contained 9 
vapor-deposi ted tungsten-clad, enriched 90 UC—10 ZrC samples as 
the rmal shields for t empera tu re -g rad ien t control and 2 vapor-deposi ted 
tungsten-clad, depleted 90 UC—10 ZrC as control sanaples. The capsule 
contained a total of 35 samples . 

3, 2. 2. Sample Configurations 

The configurations of the finished vapor-deposi ted tungsten-clad 
samples and the 98 W—2 Mo-clad samples a r e shown in Figs, 13a and 13b, 
respect ively. The void was included inside the cladding to collect the 
fission gases re leased from the fuel; it has a volume approximately equal 
to that of the fuel. The axial hole was for the inser t ion of the tungsten-
thermocouple well. All samples have nominal dimensions of 3/8 in. OD, 
1/8 in. ID, and 5/16 in. high. The nominal cladding thickness around the 
fuel is 20 ini ls . 

3. 2. 3. Sample Fabr ica t ion 

3. 2. 3. 1, Fuel Fabr ica t ion 

Carbide Fuels . The UC and the 90 UC-10 ZrC carbide fuel samples 



29 

W PIN, P t -BRAZED 
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Fig, 1 3--Configurations of finished i r rad ia t ion samples to be included 
in clad capsule 
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were fabricated by cold-press ing and sinter ing, according to the procedures 
descr ibed in GA-4173. (4) The 30 UC-70 ZrC fuel samples were p repa red 
by vacuum hot -press ing under conditions s imi la r to those for fabricating 
the 20 UC—80 Z r C fuel samples for the unclad-carbide capsule. ^'*' The 
outgassing, machining, and charac te r iza t ion ( s t ruc tu res , dimensions, 
densi t ies , and compositions) of these fuel samples were c a r r i e d out according 
to procedures s imi la r to those used for the carbide samples in the unclad 

(4) capsule, ^ ' The finished samples were sealed in glass ampoules before the 
cladding operation. The enrichment of these samples was adjusted so that 
the u235 density was approximately 29. 4 x 10 atoms/cm-^ of the fuel. 
Metallographic and X- ray examinations of duplicates of these samples 
showed that all were s ingle-phase ma te r i a l s containing no UC-, or free 
meta l . The compositions of the samples a r e shown in Table 6. 

Table 6 

COMPOSITION OF CARBIDE FUEL SAMPLES 
FOR CLAD CAPSULE 

Nominal Composition 

90 UC-10 Z r C (depleted) 
90 UC-10 ZrC (enriched) 
UC (enriched) 
30 UC-70 Z r C (enriched) 

Final Composition after Outgassing 
(mol-%) 

C 

48. 8 
48, 7 
50. 0 
49. 0 

U 

45. 8 
45. 9 
50, 0 
15. 7 

Z r 

5. 7 
5, 3 

35, 4 

Cermet Fue ls . The W—60 vol-% UC ce rme t samples were prepared 
in the following manner . Uranium carbide powder (-325 mesh) , obtained 
by grinding a r c - m e l t e d uranium carbide buttons, was co ld -p ressed at 
90, 000 psi, s in te red in vacuum at 1600 C, and annealed in vacuum at 1800 C 
for 20 hr to homogenize the alloy. Chemical analysis indicated that the 
ma te r i a l was homogenized after this t rea tment and had a carbon content 
of 4. 70 wt-%. The compact was then crushed and the -100/+200 mesh 
fraction was mixed with the requi red amount of -325 mesh tungsten powder 
and 0. 03 wt-% of -325 mesh nickel powder as a sintering aid. The mixture 
was blended by hand tumbling in a glass vial for about 1/2 hr and then was 
vacuum ho t -p re s sed in a graphite die at 1800 C and 8000 psi to produce 
cyl inders 0. 4 in. in dianaeter and 5/16 in, in height. The product had a 
density of 96% to 98% of the theore t ica l value, Metallographic examination 
revealed that the d ispers ion was uniform and s ingle-phase (see Fig, 14), 

The W—60 vol-% UO_ ce rme t samples were p repared according to 
the following procedures . Spherical UO par t ic les about 100^ in d iameter , 
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both depleted and fully enriched (obtained from United Nuclear Corporation), 
were blended to the degree of enr ichment requi red . The UO2 powder was 
then mixed with the requi red amount of -325 m e s h tungsten powder and 
0. 03 wt-% of -325 mesh nickel powder, as a s intering aid, and was vacuum 
ho t -p r e s sed in a graphite die at 1750 C and 7000 psi into cyl inders of about 
the same size as the W-UC ce rme t compacts . The density of the product 
was 93% to 95% of the theore t ica l value. F igure 15 shows photomicrographs 
of a W-UO-, ce rme t sample p repared in this way. 

A blended mixture of depleted and fully enr iched UO^ par t ic les was 
used to achieve the requi red fuel enr ichment because par t ia l ly enriched 
UOo par t ic les were not available kt the t ime. A blended mixture of UO2 
and tungsten powder instead of tungsten-coated UOo par t ic les was used 
to p repa re the ce rme t because the coating p rocess was not sufficiently 
developed to ensure a sat isfactory product. 

235 
The enrichment of the cer inet fuels was adjusted to give a U 

density of approximately 34, 6 X 10 a t o m s / c m . 

3. 2. 4. Cladding Operation 

3. 2. 4. 1, Cladding of Fuels with Vapor-deposi ted Tungsten 

When the carbide fuels were coated with tungsten by the WF^+H2 
reaction, according to the configuration shown in Fig, 13a, at San Fernando 
Laboratory, difficulties were encountered because of cor ros ion of the fuel 
by the gaseous mixture surrounding the fuel. (No such problem existed 
when the carbide fuel was coated previously, according to the configuration 
shown in Fig. 30a of GA-4173. ) This problem was solved by f irst depos­
iting a thin coating of tungsten on the carbide fuels under conditions where 
the attack on the carbide fuels by the ambient gas mixture was minimized. 
The cladding thickness was then built up in accordance with the configuration 
shown in Fig. 13a. Figure 16 is a photonaicrograph of a 90 UC—10 Z r C 
sample coated with 0. 002 in. of tungsten by the modified vapor-deposi t ion 
method, i l lustrat ing the absence of at tack on the carbide by the ambient 
gases during the coating operation. 

After the cladding operat ion was completed, the outside d iameter 
and the ends of the sample were finished to specified dimensions by grinding, 
and the inside d iameter was machined to size by e lec t r ica l -d ischarge 
machining. To remove any gas t rapped inside the cladding can, a hole was 
dri l led with a carbide tool on one of the end surfaces and the sample was 

o 
outgassed in vacuum at 1750 C for a period of 24 hr . Before and after the 
outgassing, the sample was checked for leaks using a hel ium leak detector . 
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Fig. 15 - -Ho t -p re s sed W—60 vol-% UO cermet , 94% theoret ical density 
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3 2 8 8 - 1 - 1 X250 

F i g . 1 6 - - 9 0 UC-10 Z r C c lad wi th 0. 002 m. v a p o r - d e p o s i t e d 
t u n g s t e n . Note t h e r e is no v i s i b l e a t t a c k of the c a r b i d e by 

the a m b i e n t g a s m i x t u r e du r ing the d e p o s i t i o n 

3 7 4 9 - 1 - 2 XI0 

F ig , 1 7 - - C r o s s s e c t i o n of v a p o r - d e p o s i t e d t u n g s t e n - c l a d 
W—UO c e r m e t s a m p l e 
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A t u n g s t e n pin w a s then v a c u u m - b r a z e d into the ho le wi th p l a t i num, a c c o r d i n g 
to the p r o c e d u r e s e s t a b l i s h e d du r ing l a s t q u a r t e r . ' ' Af ter b r a z i n g , the 
s a m p l e w a s a g a i n c h e c k e d for l e a k s us ing h e l i u m p r e s s u r i z a t i o n followed 
by i m m e r s i o n in a l coho l . The f in i shed s a m p l e s , hav ing a con f igu ra t i on 
s u c h a s tha t shown in F i g . 13a, w e r e s t o r e d in s e a l e d g l a s s a m p o u l e s 
b e f o r e be ing a s s e m b l e d into the i r r a d i a t i o n c a p s u l e . F i g u r e 17 shows a 
c r o s s s e c t i o n of a t u n g s t e n - c l a d W-UO-, c e r m e t s a m p l e , wi th the th in s e a l 
coa t ing c l e a r l y v i s i b l e . F i g u r e s 18a and b show the end view and the s ide 
v iew of a t u n g s t e n - c l a d d e p l e t e d 90 UC—10 Z r C s a m p l e . 

3 . 2 , 4 , 2 . Cladding of F u e l s With 98 wt -% W-2 wt -% Mo Alloy 

(4) 
Cups of the W - M o a l l oy in the s h a p e shown in F ig . 33b of GA-4173 

w e r e p r e p a r e d by m a c h i n i n g . To na in imize the c h a n c e of f ue l - c l add ing 
i n t e r a c t i o n ( s ee Sec t i on 2, 4, 2), the i n s i d e s u r f a c e s of the cups w e r e c o a t e d 
wi th a l a y e r of v a p o r - d e p o s i t e d t u n g s t e n 0. 003 in. t h i ck p r i o r to the loading 
of the fuel. Af te r the o u t g a s s e d fuel and the t u n g s t e n baffles ' ' ' w e r e l o a d e d 
in to the cup, a 98 wt -% W—2 wt-% Mo c a p w a s d i f fus ion-bonded in v a c u u m 
to the cup by us ing 0. 01 - in . - t h i c k W—26Re a l loy s h e e t as an i n t e r m e d i a t e 
l a y e r . (4) The s a m p l e w a s then c h e c k e d for l e a k s us ing p r e s s u r i z a t i o n in 
h e l i u m fol lowed by i m m e r s i o n in a l c o h o l . The o u t s i d e d i a i n e t e r and the 
ends of the s a m p l e w e r e then g r o u n d and the i n s i d e d i a m e t e r w a s m a c h i n e d 
by e l e c t r i c a l - d i s c h a r g e m a c h i n i n g to the d i m e n s i o n s r e q u i r e d . The s a m p l e 
w a s a g a i n c h e c k e d for l e a k s and o u t g a s s e d at 1700 C for 2 h r . The f in i shed 
s a m p l e s wi th the con f igu ra t i on shown in F ig . 13b w e r e s t o r e d in s e a l e d 
g l a s s a m p o u l e s b e f o r e be ing a s s e m b l e d into the i r r a d i a t i o n c a p s u l e . 

3, 2. 5. A r r a n g e m e n t of S a m p l e s in P i n s 

The c lad s a m p l e s l i s t e d in Tab le 6 a r e g r o u p e d in to four p ins : (1) the 
f i r s t c e r n a e t pin, (2) the l o w - d e n s i t y pin, (3) the h i g h - d e n s i t y pin, and 
(4) the s e c o n d c e r m e t pin. F i g u r e 19 shows the s c h e m a t i c a r r a n g e m e n t of 
a fuel pin, wh ich is s i m i l a r to tha t in the u n c l a d c a p s u l e ' ' excep t tha t the 
Z r C t h e r m a l s h i e l d s a t e a c h end w e r e r e p l a c e d by t h r e e s h e e t s of 0. 005- in . 
t u n g s t e n foil. In e a c h pin, in add i t ion to the t u n g s t e n - f o i l t h e r m a l s h i e l d s , 
t h e r e w e r e two p i e c e s of t u n g s t e n - c l a d e n r i c h e d 90 UC—10 Z r C t h e r m a l 
s h i e l d s , one at e a c h end of the pin. S ince the p r e s e n c e of a d e p l e t e d c o n t r o l 
s a m p l e c a u s e s p e r t u r b a t i o n of the t e m p e r a t u r e of i t s n e i g h b o r i n g s a m p l e , 
a c o n t r o l s a m p l e w a s i n c o r p o r a t e d only in the f i r s t c e r m e t pin and in the 
h i g h - d e n s i t y pin. In add i t ion , an e x t r a t u n g s t e n - c l a d e n r i c h e d 90 UC—10 Z r C 
p i ece w a s i n s e r t e d b e t w e e n the fuel s a m p l e s and the c o n t r o l sanaple in the 
h i g h - d e n s i t y pin, to m i n i m i z e the t e m p e r a t u r e p e r t u r b a t i o n effect . S e p a r a t i n g 
the c e r m e t s a m p l e s into two g r o u p s w a s p r i m a r i l y to avo id hav ing a l l of 

P r o v i d e d to m i n i m i z e fuel r e d i s t r i b u t i o n by v a p o r i z a t i o n . T h e s e 
baff les a r e not n e e d e d for the t u n g s t e n - c l a d s a m p l e s b e c a u s e of the p r e s e n c e 
of the s e a l coa t ing . 
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F i g . 1 8 - - V a p o r ~ d e p o s i t e d t u n g s t e n - c l a d d e p l e t e d 90 UC—10 Z r C s a m p l e : 
(a) top v iew, ho le for o u t g a s s i n g a l s o shown; (b) s ide v iew 
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•I. SPECIMEN THERHOCOUPLES 
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i r rad ia t ion capsule GA2-306-2F2 
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the ce rme t samples located at the bottom of the capsule where the average 
neutron flux, during the reac tor cycle, is the lowest. 

The a r rangement of the samples in the four pins is shown in Figs . 20a, 
b, c, and d. The h igh- tempera ture W--W26Re (Ta-sheathed) thermocouple 
inser ted in each pin was located at a point where the t empera tu re was 
expected to be the highest along the axis of the pin. Each pin was filled 
with purified argon at a p r e s s u r e of approximately 10 cm Hg, which would 
r i s e to about 1 a tm at the i r rad ia t ion t empera tu re (1700 to 1750 C). In 
al l cases , a gap of about 0, 005 in. was maintained between adjacent samples 
with tungsten wi res . The radia l gas gap between the samples and the Inconel 
container was maintained by 15-mil tungsten wi res , 

3, 2, 6, Arrangement of Pins in the Capsule 

The a r rangement of the pins in the capsule is shown in Fig, 21; 
Fig. 22 shows the t r a n s v e r s e c ro s s section of the capsule. In addition to 
the four W—W26Re h igh- tempera tu re thermocouples , there were six 
Chromel-Alumel thermocouples for monitoring the outer Inconel-can 
t empera tu re and for controlling the composition of the He + N2 mixture in 
the var iab le - thermal -conduc tance gas gap. The locations of these t h e r m o ­
couples and the length of each pin a re shown in Fig, 23. F igure 24 shows 
the calculated radia l t empera tu re distr ibution in the capsule, and Fig, 25 
gives the calculated axial t empera tu re distr ibution through a typical 
tungsten-coated fuel sample. Figure 26 is a radiograph of the assembled 
capsule and Fig, 27 shows the dimensions of the capsule and lead-tube 
assembly. 

3, 2. 7; '' I r radia t ion Schedule 

The clad capsule will be i r rad ia ted in the GETR for one cycle. It is 
expected that the i r radia t ion will be completed by the middle of July, 1963. 
Hot-cel l exanainations of the i r rad ia ted capsule should s ta r t at the beginning 
of August, 1963. Because of the higher burnup ra te made possible by the 
presence of a void and thus a large heat - radia t ing a r ea for each clad 
sample, it is expected that the total burnlip achievable in one cycle will 
be approximately equivalent to that for the unclad-carbide capsule in two 
cycles, 

4, STUDIES OF NEW CATHODE MATERIALS 

The development of new ma te r i a l s with be t te r h igh- tempera tu re 
stability, emiss ion performance, and compatibili ty p roper t ies than the 
UC-ZrC and simple tungsten-clad fuel sys tems is covered in this section. 
This development involves studies of the vacuum vaporization and emiss ion 



39 

Top 

Thermocouple 

W-clad 
Sample 233 
Fuel a - 1 4 

W-clad 
Sample 236 

Fuel Tr-3 

W-clad 
Sample 232 

Fuel J - 3 

W-2Mo-clad 
Sample 304 

Fuel xr-l 

W-2Mo-clad 
Sample 207 
Fuel J - 2 a 

W-clad 
Sample 97 
Fuel A-16 

W-clad 
Sanaple 94 
Fuel a-8 

Thermal shield 
90-1 0 enrichfjd 
90. 1% T .D . 

W-UO2 
88.0% T ,D. 

W-UC 
97. 8% T. D. 

W-UO2 
94.7% T .D . 

W-UC 
95. 7% T .D . 

Chemis t ry control 
specimen 
90-10 depleted 
91,0% T .D. 

Thermal shield 
90- 10 enriched 
92. 2% T. D. 

I r radia t ion test 
specimens 

Bottom 

Fig. 20 - -Ar rangemen t of samples in clad i r rad ia t ion capsule GA2-306-2F2 
(a) F i r s t c e rme t pin, top of capsule (pin No. 4 in Fig. 21) 
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Fig, 20--(b) Low-density pin, second from top of capsule 
(pin No. 3 in Fig. 21) 
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Fig, 20--(c) High-density pin, th i rd from top of capsule 
(pin No. 2 in. Fig. 21) 
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cha rac t e r i s t i c s of uranium-containing carbides other than UC-ZrC; the 
diffusion between uranium-containing fuels and re f rac to ry meta l s other 
than tungsten; and the effect of ZrC b a r r i e r s on the compatibili ty between 
re f rac to ry meta l s and uranium-containing fuels. 

4. 1. Vacuum Emiss ion and Vaporization 

4. 1. 1. Vacuum Emiss ion 

During this quar te r , m e a s u r e m e n t s have been made on the vacuum 
emiss ion of a ho t -p re s sed s to ichiometr ic U M O C T sample ( 0 , - 2 ) , the vacuum-
vaporizat ion r a t e s of which were repor ted in GA-4173. ^ ' The resu l t s of 
the vacuum-emiss ion m e a s u r e m e n t s a re shown in Fig, 28. Included in 
this figure a r e the emiss ion data of B | - 7 (27. 4 UC—72. 6 ZrC, hot-pressed) . 
The close agreement between the two sets of data s eems to substant iate the 
theory that the emiss ions of uranium-containing carbides depend on the 
p resence of a uranium layer on the surface and therefore should be the 
same if the physical and chemical conditions of the samples and their 
environments allow such a layer to be maintained. Measurements of the 
vacuum emiss ion of other uranium-containing carbides will be made under 
this p rog ram for further confirmation of this theory. 

On the bas i s of the vacuum-emiss ion data in Fig. 28 and the vacuum-
vaporizat ion data shown in GA-4173, there seems to be no special advantage 
in using UM0C2 as an unclad cathode, since both its emiss ion and vapor i ­
zation proper t ies a r e approximately equivalent to that of UC-ZrC with 
conaparable uran ium content, 

4, 1, 2. Vacuum Vaporization 

The ra te of vacuum vaporizat ion of a co ld -p res sed and s in tered 30 
UC—70 NbC sample (D,-3) has been measured . The resu l t s a r e shown in 
Table 7 and plotted in. Fig. 29 as a function of t empera tu re . The sample had 
a density of 74. 5% on the bas i s of the theoret ica l density of 30 UC—70 NbC 
calculated from X-ray data. ( ' ) The exact composit ion and pore s t ruc tu re 
will be determined after the measu remen t of i ts vacuum emiss ion has 
been completed. Samples of 30 UC—70 NbC with higher densi t ies a r e being 
p repared for studying their vaporizat ion proper t i es , 

4, 2. Diffusion 

Diffusion studies have been undertaken to d iscover new cladding 
ma te r i a l s and to de termine clad-fuel combinations that would be suitable 
for c l ad -emi t t e r applications. Diffusion studies this year have been di rected 
toward the study of cladding ma te r i a l s that would be eas ie r to fabricate 
than a r c - c a s t tungsten (of the four re f rac tory meta l s , Nb, Mo, Ta,and W, 
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Fig. 28--Vacuum saturat ion emiss ion of ho t -p r e s sed 
UMoC sample D -2 



Table 7 

V A P O R - L O S S INVESTIGATION O F 30 U C - 7 0 NbC S A M P L E D ^ - 3 
( T h e o r e t i c a l d e n s i t y , 74. 5% af ter Run No. 4) 

Run No. 

O r i g i n a l 

D e g a s 

1 

2 

3 

4 

T e m p . 
(°K) 

2083 

2116 

2088 

2198 

2050 

E x p o s u r e 
T i m e 

( s ec X lo'*) 

1 7 2 . 8 

5. 34 

3 . 2 4 

3 . 9 3 

7 . 5 6 

R a t e of 
Weigh t L o s s 

[ ( m g / c m / s e c ) 
X 10-5] 

3 . 2 9 

3 . 6 7 

1 3 , 2 

1.42 

Count ing Ra te 
(Alpha c o u n t s / m i n / c m ^ ) 

Side 1 

908 

265 

252 

244 

201 

Side 2 

845 

267 

252 

246 

200 

UC Sur face 
C o n c e n t r a t i o n 

B a s e d on 
Count ing Ra te 

(mol-%) 

15 

4 . 5 

4 . 0 

4 . 0 

3 . 0 

D e n s i t y 
( g / c m 2 ) 

7 . 4 0 

7. 55 

7. 56 

7. 57 

7. 56 
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Fig. 29- -Vacuum ra te of vaporizat ion of 30 UC—70 NbC nominal sample D^-3, co ld -p ressed and 
s intered, density 74. 5% based on theore t ica l density of nominal composition 
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tungsten has been shown to be the only suitable cladding for UC, UO2, or 
UZrC with high uranium content at 1800 C. ) Rhenium and i r id ium were 
studied because they have slightly bet ter e lec t ron-emiss ion cha rac te r i s t i c s 
in ces ium than does tungsten. The tungsten al loys, W—26Re, 98 wt-% W—2 
wt-% Mo, and 85 wt-% W—15 wt-% Mo, were evaluated because their smal l 
grain size would enhance fabricabil i ty and the alloy may reduce grain growth. 

The examination procedures for diffusion speciinens involves 
(1) determining metal lographical ly the g ross fuel-clad interact ion or o b s e r v ­
able fuel penetrat ion into the cladding, and (2) determining the concentra t ion-
penetrat ion profiles by the e lec t ron-beam microprobe technique. 

During the f irs t and second q u a r t e r s , the diffusion between UC and 
Ir , Re, 74 wt-% W-26 wt-% Re (Run D2- I ) , 85 wt-% W~15 wt-% Mo (Run 
D2-9), and 98 wt-% W-2 wt-% Mo (Run D2-3) was studied at 1800°C for 
24 hr , and the. resu l t s a r e summiarized below. 

4. 2, 1. Recapitulation 

4. 2. 1. 1. Run D2-I 

Interact ion occur red between all th ree suggested cladding m a t e r i a l s 
and the hypers to ichiometr ic UC (5<, 02 wt-% C); the degree of interact ion 
corresponded to the following: Ir > Re > 74 wt-% W—26 wt-% Re alloy. 
I r idium reac ted with the uranium carbide so severe ly that it mel ted c o m ­
pletely and could not be identified. The liquid phase that was formed 
penet ra ted the uranium carbide grain boundaries to considerable depth. 
A zone of interact ion 6 to 10 |U thick was observed in pure rhenium and a 
layer of precipi ta te was seen in the 74 wt-% W—26 wt-% Re alloy, 

4 , 2 . 1 . 2 . Run D2-2 and D2-3 

The resu l t s obtained on these samples may be summar ized as follows: 

1. UC (4, 76 to 4. 80 wt-% C), in contact with both 98 wt-% W~2 wt ~% 
Mo and 85 wt-% W—15 wt-% Mo, developed an extensive g r a i n -
boundary liquid phase assoc ia ted with radica l grain growth. 

2. Both 98 wt-% W-2 wt-% Mo and 85 wt-% W-15 wt-% Mo alloys 
were at tacked by react ion with the uran ium carbide and were 
penet ra ted throughout by a liquid phase thought to be a U-Mo 
alloy. This liquid phase was seen at a la rge percentage of the 
t r ip le grain-boundary in te r sec t ions . 

3. Uranium carbide (4. 76 to 4. 80 wt-% C) in contact with pure 
tungsten showed l iquid-phase formation in the carbide . The 
liquid did not penet ra te the tungsten; however, the tungsten in 
contact with the carbide showed grain-growth inhibition. 
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The following hypotheses were formulated to explain the fornaation of 
a liquid phase in the uranium: 

1. The s ingle-phase s t ruc tu re of the m e t a l - r i c h carbide used was 
due to a quenched-in h igh- tempera tu re solubility for uranium; 
the excess meta l precipi ta ted during the the rmal t r ea tment of the 
diffusion couple. 

2. Nitrogen and oxygen were present in the uranium carbide in 
sufficient quantities to hold the uranium in solution with uranium 
carbide to give a s ingle-phase s t ruc tu re but were ge t te red by the 
tes t alloys to precipi ta te liquid uranium. 

3. Carbon, because of an activity gradient , migra ted from the 
carbide to the tes t alloys and pure tungsten, leaving the carbide 
so m e t a l - r i c h as to precipi ta te uranium. 

A hypothesis was also formulated to descr ibe a mechan ism for the 
penetrat ion into 85 wt-% W—15 wt-% Mo and 98 wt-% W—2 wt-% Mo alloys 
by the liquid phase formed m the uranium carbide. This was that the 
alloys were made susceptible to l iquid-uranium penetrat ion by gra in-
boundary segregat ion of molybdenum, as the a r c - c a s t m a t e r i a l s were 
quenched from the liquidus to the solidus. A different type of segregat ion 
could have taken place owing to the differing mobil i t ies of molybdenum 
and tungsten atoms during annealing of the mate r i a l , as it was worked down 
to break up the cast s t ruc tu re . 

During this quar te r , t he rma l t rea tment p rocedures were es tabl ished 
to check the f irs t hypothesis . In addition, e l ec t ron-beam microprobe 
analyses were used to check the segregat ion of Mo in the W-Mo alloys and 
to study the nature of diffusion species and new phase composit ions in 
diffusion runs D_- l , D_-2, D„-3 , and the new compatibili ty ran D -4 . 

2 2 2 ^ 

^' ^" ^" E lec t ron-beam Microprobe Analysis 

As stated above, the e lec t ron-beam microprobe or mic roana lys i s 
was used to examine concentrat ion profiles by s tep-scanning techniques. 

The raw step-scanning data have not yet been evaluated to account 
for absorption, background, and other cal ibrat ion effects, so accura te 
graphic presentat ion is not possible. However, some genera l conclusions 
have been drawn. These a r e presented and coordinated with examples of 
ca thode-ray tube (CRT) display photographs, which show in a qualitative 
wa,y the concentrat ion gradients existing in the diffusion couples covered. 
Figure 30 shows, without detailing a tomist ic mechan i sms , the radiat ions 
whose re la t ive intensi t ies a r e used in step scanning and in deriving CRT 
displays of concentrat ion gradients . As shown, the energy of the p r i m a r y 
electron beam (I ,pr imary electron beam current) is disposed of by e lec t ron 
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scat ter ing ( I ,back-sca t te red electrons) , X- ray generat ion ( I , charac te r i s t ic 
X- rays ) , t he rmal radiat ion (I,heat), and samiple cu r r en t flow (I ,sample 
cur ren t emanating). 

I, p r i m a r y e l ec t ron-beam cur ren t 

I, heat 

I, cha r ac t e r i s t i c 

I, back - sca t t e r ed e lec t rons 

1, sample cu r r en t 

Fig. 30--Schemat ic d iagram of e l ec t ron-beam microprobe 
energy dissipat ion p r o c e s s 

The radiat ion from the surface of the sample and the cur ren t intensity 
of the sample, genera ted by impingement of the p r i m a r y e lec t ron beam, 
can be used in seve ra l ways to evolve a quantitative and /o r qualitative 
represen ta t ion of the composit ional var ia t ion of the sample surface. 

The var ia t ion in the intensity of back - sca t t e r ed e lec t rons measu red 
over a scanned a r ea is a qualitative m e a s u r e of the composit ional var ia t ion 
of the sample , since a toms of higher atomic number sca t te r e lec t rons more 
effectively than those of a lower number. The intensity of back - sca t t e r ed 
e lec t rons can thus be stated to be a function of average atomic number. It 
is observed that sample cu r ren t intensity and back - sca t t e r ed e lect ron 
intensity have an inverse ly proport ional relat ionship. 

Elements f luoresce with cha rac t e r i s t i c X- rays on impingement by 
the mic roana lys i s e lect ron beam. The cha rac t e r i s t i c X- rays a r e analyzed 
(with suitable c rys ta l s at Bragg angles) for intensity, to quantitatively 
determine the sample composition. To de termine the composit ional 
distr ibution a c r o s s a specimen, a s tep-scanning process is used. 
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Both the intensity of back- sca t t e red e lec t rons and the intensi ty of 
cha rac te r i s t i c X- rays may be displayed on a ca thode- ray tube and photo­
graphed. During this p rocess , the prinaary e lect ron beam is swept rapidly 
over an a r ea of the sample surface while the intensity of the back - sca t t e r ed 
e lec t rons or cha rac t e r i s t i c X- rays is monitored. Although magnifying the 
sweep a rea , the CRT elect ron-gun beam is coordinated with the motion of 
the p r i m a r y e lect ron beam of the microana lyzer , and the intensity of the 
monitored radiation is used to govern the accelera t ing potential of the CRT 
elec t rons and thus the image br ightness . 

4. 2. 2. 1. Microprobe Resul ts 

Run D2-2 (85 wt-% W-15 wt-% Mo Contacting UC). Microprobe 
analyses were des i rable for this diffusion run (1) to de termine the com­
position of the extensive grain-boundary. l iquid phase developed in the 
uran ium carbide; (2) to confirm that the liquid phase, which penetrated 
through the 85 wt-% W—15 wt-% Mo alloy gra in boundaries was actually 
U-Mo; and (3) to confirm that the 85 wt-% W--15 wt-%) Mo alloy contained 
regions of high molybdenum content because of some segregat ion phonomenon. 

The CRT display of back- sca t t e red e lect ron intensity from the liquid 
phase regions (see Fig, 31 for the m i c r o s t r u c t u r e s ) in the 85 wt-% W— 
15 wt-% Mo alloy after interact ion with uranium carbide is shown in Fig. 32a, 
This figure shows that the liquid phase has a higher average atomic number 
than the surrounding 85 wt-% W—15 wt-% Mo and is probably predominantly 
uranium. Figure 32b, a CRT display of the cha rac t e r i s t i c X- ray intensity, 
U]y[j3, supports this view. F igures 32c and 32d, which show the cha rac t e r i s t i c 
X- ray intensity, W]_,Q; and MOLQ,, respect ively, from the same sample, 
indicate that the liquid phase is depleted in tungsten and contains an amiount 
of molybdenum s imi la r in quantity to that of the surrounding 85 wt-% W— 
15 wt-% Mo alloy. 

The CRT display of back- sca t t e red e lect ron intensity of the liquid 
phase formed in the uranium carbide is shown in Fig. 33a. The liquid 
phase is of higher average atomic number than the surrounding uranium 
carbide gra ins and is probably uranium. The corresponding CRT display 
of Uĵ j3 X- ray intensity (Fig. 33b) substant ia tes this . F igure 33£, a CRT 
display of WLCK cha rac t e r i s t i c X- ray intensity, revea ls that the liquid contains 
a smal l percentage of tungsten and that the bright spot is high in tungsten, 
probably a resu l t of tungsten-elect rode eros ion into the melt during carbide 
formation from the e lements . The intensity of the MO^Q, cha rac t e r i s t i c 
X- ray (see Fig. 33d) is inconclusive as to the distr ibution of molybdenum. 

Back-sca t t e red e lec t ron intensity from a sample of 85 wt-% W—15 wt-% 
MO (see Fig. 34) in the p re tes t condition shows a var iat ion in composition. 
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-UC 

-85 wt-% W-15 wt-% Mo 

3055-1-2 

Fig. 31- -Liquid-phase formation m 85 wt-% W—15 wt-% Mo 
alloy and UC (Run D -2) 



•«••••. 

•.•?^> 

160M 

00 

K-214b2 

(a) B a c k - s c a t t e r e d e l e c t r o n s 
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^^^ ^ M p ^ ^ ^ ^ a c t e r i s t i c X - r a y i n t e n s i t y 

F i g . 3 2 - - C R T d i s p l a y s showing l iqu id o h a s e in 8R wt o7 w it; *• of -^/r • 
a t 1 8 0 0 ° r for 74 K W r ; . ^^^ ^ ° '"^ c o n t a c t wi th u r a n i u m c a r b i d e 
a t I8UU C for 24 h r (a, b , c, and d a r e f r o m the s a m e a r e a ) 
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(d) Mo c h a r a c t e r i s t i c X - r a y i n t e n s i t y 

F i g . 32 (cont inued) 
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(a) Back - sca t t e r ed e lec t rons 
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(b) U cha rac t e r i s t i c X- ray intensity 

3- -CRT displays showing liquid phase in uranium carbide in contact with 85 wt-% W-15 wt-% 
Mo at 1800 C for 24 hr (a, b, c, and d a r e from the same area) 
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(c) W cha rac t e r i s t i c X - r a y intensity 
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(d) Mo charac te r i s t i c X- ray intensity 

Fig. 33 (continued) 
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Fig, 34 - -Back - sca t t e r ed e lect ron intensity 
by CRT display from a sample of 85 wt-% 
W—15 wt -% Mo in the p re t e s t condition. Note 
evidence of segregat ion of alloy consti tuents; 
dark a r e a s a r e molybdenum-r ich regions 
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The d a r k a r e a s a r e h igh in m o l y b d e n u m and a p p e a r to be a s s o c i a t e d wi th 
the g r a i n - b o u n d a r y s t r u c t u r e . 

In c o n c l u s i o n , the fol lowing q u a l i t a t i v e o b s e r v a t i o n s r aay be m a d e : 

1. The l iqu id p h a s e f o r m e d in the 85 wt -% W—15 wt -% Mo i s a 
U - M o a l loy which m a y con ta in a s l igh t a m o u n t of t u n g s t e n . 

2. The h y p o t h e s i s tha t the 85 wt~% W—15 wt -% Mo a l loy w a s s u s c e p ­
t ib le to a t t a c k by the u r a n i u m - r i c h l iqu id p h a s e f o r m e d in the 
u r a n i u m c a r b i d e , b e c a u s e of s e g r e g a t i o n e f f e c t s , h a s b e e n 
p a r t i a l l y s u b s t a n t i a t e d by the o b s e r v a t i o n of c o n c e n t r a t i o n 
g r a d i e n t s in the p r e t e s t 85 wt -% W—15 wt -% M o . 

R e s u l t s ob t a ined on s a m p l e D 2 - 3 (98 wt -% W—2 wt -% Mo v e r s u s UC) a r e 
s i m i l a r to t hose d e s c r i b e d above ; the s e g r e g a t i o n of Mo in the a l loy , 
h o w e v e r , i s not as p r o n o u n c e d as in 85 wt -% W—15 w t - % M o . 

Run D 2 - I , W"26Re Con tac t i ng UC. The a n g u l a r p r e c i p i t a t e p a r t i c l e s 
o b s e r v e d n e a r the W—26Re s u r f a c e in c o n t a c t wi th u r a n i u m c a r b i d e at 
1800°C for 24 h r ( see F i g . 35) a r e shown to h a v e a low a v e r a g e a t o m i c 
n u m b e r by a C R T d i s p l a y of b a c k - s c a t t e r e d e l e c t r o n s . F i g . 36a . The 
p a r t i c l e s a r e thought to have a high c a r b o n con ten t and m a y be W2C, the 
c a r b o n be ing d e r i v e d f r o m the h y p e r s t o i c h i o m e t r i c u r a n i u m c a r b i d e u s e d 
for the t e s t . The C R T d i s p l a y of Wx c h a r a c t e r i s t i c X - r a y i n t e n s i t y . 
F i g . 36b, shows a d e c r e a s e in t u n g s t e n c o n c e n t r a t i o n in the p r e c i p i t a t e 
z o n e , as would be e x p e c t e d with W2C p r e c i p i t a t i o n . R*2j^ c h a r a c t e r i s t i c 
X - r a y i n t e n s i t y . F i g . 36c , shows an i n c r e a s e in the s a m e a r e a and the 
U M S c h a r a c t e r i s t i c X - r a y i n t e n s i t y , F i g . 36d, shows a b a c k g r o u n d count 
( s t e p - s c a n n i n g d a t a show a u r a n i u m p e n e t r a t i o n of ~ 3 ^ at a l e v e l of only 
a few h u n d r e d s of p a r t s p e r m i l l i o n ) . If the p r e c i p i t a t e i s t u n g s t e n c a r b i d e , 
t hen i t c a n be a s s u m e d tha t W—26Re m a y be su i t ab l e for u s e a s c l add ing 
for s t o i c h i o m e t r i c o r s l igh t ly h y p o s t o i c h i o m e t r i c UC o r U Z r C w h e r e 
c a r b o n i s no t a v a i l a b l e for r e a c t i o n wi th the a l loy , s i nce the s m a l l a m o u n t 
of p r e c i p i t a t e f o r m e d m i g h t be h a r m f u l to the s t r u c t u r a l c a p a b i l i t i e s of 
the c l a d d i n g . A diffusion r u n i s p l a n n e d u s ing W—26Re in c o n t a c t wi th 
h y p o s t o i c h i o m e t r i c 30 U C - 7 0 Z r C at 1800°C for 24 h r . 

R h e n i u m C o n t a c t i n g U r a n i u m C a r b i d e . C R T d i s p l a y s of the c h a r a c t e r ­
i s t i c X - r a y and b a c k - s c a t t e r e d e l e c t r o n i n t e n s i t i e s a r e not a v a i l a b l e at 
p r e s e n t to i l l u s t r a t e the c o m p o s i t i o n of the r e a c t i o n l a y e r s shown in 
F i g . 37. S t e p - s c a n n i n g d a t a show tha t the r e a c t i o n l a y e r s of F i g . 37 
ex tend a p p r o x i m a t e l y 6 to 10 ^ into the p u r e r h e n i u m . The t h i c k e r r e a c t i o n 
l a y e r c o n t a i n s u r a n i u m , c a r b o n , and r h e n i u m at c o n s t a n t conapos i t ion 
and a p p e a r s to be a h o m o g e n e o u s p h a s e . The u r a n i u m l e v e l i s shown, by 
u n c o r r e c t e d s t e p - s c a n n i n g d a t a , to be r o u g h l y e q u i m o l a r with r h e n i u m . 
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2521-2-1 X250 

Fig. 35--Specimen of W—26 wt-% Re in contact with o o 
uranium carbide at 1800 ±20 C for 24 hr . Note smal l 
precipi tate par t ic les near specimen surface; also that 
the ma t r i x surrounding these par t ic les is a different 
phase (lighter in appearance) from the W—26 wt-% Re 

in the center of the specimen 
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(a) B a c k - s c a t t e r e d e lec t ron intensity 
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(b) W cha rac t e r i s t i c X-ray intensity 

Fig. 36 - -CRT displays of W-26Re held m contact with hypers to ichiometr ic uranium carbide 
for 24 hr at 1800 C (a, b, c, and d a re from the same a rea) 
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(c) R^T cha rac t e r i s t i c X- r ay intensity 
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4 0 M 

M|3 (d) Uj^^ cha rac te r i s t i c X-ray intensity 

Fig. 36 (continued) 
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-F i r s t react ion layer 
-Second layer 

2521-1-3 (a ) X500 

(a) Surface react ion l aye r s . Note a react ion layer on the surface and a 
more extensive react ion layer beneath it; a l so note some evidence of 

g ram-boundary at tack 

„«»—First react ion layer 
-a—Second layer 

2521-1-4 (b) X500 

(b) Definition of surface react ion l aye r s . Use of polar ized light makes 
react ion l ayers more easi ly d iscernible . Note that this is not the same 

a r e a of specimen as i l lus t ra ted m (a) 

Fig. 37--Rhenium m contact with uranium carbide at 1800° ±20°C for 24 hr 
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2521-1-1 X250 

(c) Hardness inc rease near speciinen surface. Note 
smal le r size of ha rdness indentation (diamond 
shapes) near the surface of the specimen in contact 

with uranium carbide 

Fig. 37 (continued) 
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Since r h e n i u m is s u s c e p t i b l e to p e n e t r a t i o n by u r a n i u m when he ld 
for a s h o r t t i m e (24 h r ) at 1800 C in c o n t a c t w i th h y p e r s t o i c h i o m e t r i c 
u r a n i u m c a r b i d e , it m i g h t be c l a s s i f i e d as an u n s u i t a b l e c l add ing m a t e r i a l 
for s u c h a fuel. The c r i t e r i a for such a c l a s s i f i c a t i o n a r e s u m m a r i z e d 
a s fol lows: 

1. E v e n wi thout c o n s i d e r i n g f i s s ion ing , the r a e c h a n i c a l p r o p e r t i e s 
of a c l add ing could be s e r i o u s l y i m p a i r e d o r a t l e a s t p l a c e d in 
doubt by the p r e s e n c e of a p h a s e con ta in ing r h e n i u m , u r a n i u m , 
and c a r b o n , s i n c e m e t a l l o g r a p h i c e x a m i n a t i o n showed the p h a s e 
to have h i g h e r h a r d n e s s than the b a s e m a t e r i a l . 

2. F i s s i o n i n g of the diffusing u r a n i u m a t o m s , if it r e s u l t e d in 
swe l l i ng of the diffusion zone , could c a u s e s e r i o u s d e t e r i o r a t i o n 
of m e c h a n i c a l p r o p e r t i e s . 

3. D e v e l o p m e n t of a p o r o u s l a y e r in the c ladd ing by f i s s i o n - p r o d u c t 
g e n e r a t i o n and c o n c o m i t a n t swe l l ing would i m p a i r f u e l - t o - c l a d d i n g 
h e a t - t r a n s f e r r a t e s . 

4. T h e r m a l - s p i k e f o r m a t i o n , du r ing f i s s ion ing , in the c ladding and 
fuel m i g h t a c c e l e r a t e diffusion of u r a n i u m a t o m s in the c l add ing , 
m a k i n g it l e s s s t a b l e t han o b s e r v e d wi thou t i r r a d i a t i o n p h e n o m e n a . 

4. 2. 3. T h e r m a l T r e a t m e n t of U r a n i u m C a r b i d e 

The h y p o t h e s i s tha t the s i n g l e - p h a s e s t r u c t u r e of the m e t a l - r i c h 
u r a n i u m c a r b i d e (u sed for the c o m p a t i b i l i t y d e t e r m i n a t i o n s of UC v e r s u s 
98 wt -% W-2 wt -% Mo and UC v e r s u s 85 wt -% W-15 wt-% Mo) w a s due to 
a q u e n c h e d - i n h i g h - t e m p e r a t u r e so lub i l i t y for u r a n i u m m e t a l w a s c h e c k e d 
by t h e r m a l t r e a t m e n t of the c a r b i d e . 

A s a m p l e of the m e t a l - r i c h u r a n i u m c a r b i d e (4. 76% to 4. 80% C), 
u s e d for the c o m p a t i b i l i t y r u n s r e f e r r e d to above , w a s s u p p o r t e d on Z r C 
and h e a t e d to 1800 C for 2 h r , s lowly coo led to 1100 C o v e r a p e r i o d of 
2 h r , and then f u r n a c e - c o o l e d to r o o m t e m p e r a t u r e . The t r e a t m e n t w a s 
d e s i g n e d to r e m o v e a q u e n c h e d - i n s t r u c t u r e and a l low u r a n i u m to p r e c i p i t a t e , 

M e t a l l o g r a p h i c e x a m i n a t i o n of the h e a t - t r e a t e d s p e c i m e n r e v e a l e d 
tha t a l i qu id p h a s e w a s p r e s e n t a t the e d g e s of the s p e c i m e n . L i t t l e g r a i n 
g r o w t h w a s o b s e r v e d - - F i g , 38 shows th i s s t r u c t u r e . A. A c c a r y ' ' h a s 
r e f e r e n c e d w o r k by M a g n i e r wh ich shows the e x t e n t of u r a n i u m so lub i l i t y 
in u r a n i u m c a r b i d e b e t w e e n 500 and 2300 C ( s ee F i g . 39). C h e m i c a l 
a n a l y s i s of a r c - c a s t u r a n i u m c a r b i d e fuel s l u g s , p r e p a r e d in l a r g e q u a n t i t i e s 
for c e n t r a l p o w e r s t a t i o n u s e , ^"' h ave shown c o n s i s t a n t l y t ha t s i n g l e - p h a s e 
m a t e r i a l m a y be s l i gh t l y h y p o s t o i c h i o m e t r i c in c a r b o n . 

T h e s e r e s u l t s s u b s t a n t i a t e the h y p o t h e s i s of a so lub i l i t y of u r a n i u m 
in s i n g l e - p h a s e u r a n i u m c a r b i d e . Al though the a v a i l a b l e m e t a l - r i c h 
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Fig. 38 - -Meta l - r i ch uranium carbide (4.76% to 4,80% C) supported 
on ZrC and heated to 1800 C for 2 hr, controlled cooled to 

1100 C over a 2 hr period, then furnace cooled 
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CARBON (WT-7e) 

Fig. 39 - -Por t ion of UC binary sys tem showing a r e a of stabil i ty of s ingle-
phase hypostoichiometr ic uranium carbide (from Ref. 8) 
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carbide samples could be brought c loser to s toichiometry by the rma l 
t rea tment , Fig. 39 indicates difficulty in ra is ing the uranium carbide 
carbon content higher than 4. 75% to 4. 76% by vaporizat ion of uranium, 
unless one goes to t empe ra tu r e s where vaporizat ion is too slow to be useful 
for this p rocess (900 to 1100 C) or where de-densification effects might 
be harmful (>2100°C). 

4. 2. 4. Thermal Trea tment of 90 UC-IQ ZrC 

Several samples of 90 UC—10 ZrC were obtained to evaluate the com­
patibility of this fuel m a t e r i a l with 98 wt-% W—2 wt-% Mo. The ma te r i a l 
was free from uranium inclusions and was me ta l - r i ch . It contained 4. 79 
to 4. 80 wt-% C, whereas a s to ichometr ic sample of this composit ion should 
contain 5. 01 wt-% C. 

In order to fully cha rac te r i ze the m a t e r i a l pr ior to the compatibili ty 
run, the following t es t s were performed: 

1. A sample with the above chemical composition, supported on clean 
ZrC, was heated to 1500 C for 1/2 hr , then cooled to 1270 C 
and held for 8 hr between 1270 and 1290 C to precipi ta te any 
quenched-in metal . Metallographic examination showed only 
t r ace amounts of precipi ta ted meta l at a few gra in boundaries . 
Chemical analysis showed that the hea t - t r ea t ed m a t e r i a l had 
essent ia l ly the same carbon content (4. 72 to 4, 76 wt-% C) as 
before the heat t rea tment . This lack of change in the carbon 
content indicates that the m a t e r i a l was not affected by the evap­
oration of uranium from the sample during this t rea tment . 

2, The 90 UC-10 ZrC used for the compatibili ty tes t with 98 wt-% W-
2 wt-% Mo was subjected to a heat t r ea tment designed to 
remove any free uranium from the s t ruc tu re by evaporation. 
The ma te r i a l was heated to 1800 C in a cold-wall vacuum 
chamiber for 1 hr and then cooled for 1 hr at each of the following 
t empera tu r e s : 1700 , 1470 , 1370 , and 1270 C. Analyses for 
carbon, nitrogen, and oxygen will be obtained for this ma te r i a l . 

4. 2. 5. New Compatibili ty Tes ts at 1800°C (Run D2-4) 

Another s e r i e s of specimens was used to de termine whether the 
incompatibil i ty of 98 wt-% W—2 wt-% Mo alloy with uranium carbide would 
extend to uranium carbide fuel ma te r i a l s s tabil ized with ZrC. To accom­
plish this evaluation, 90 UC—10 ZrC and 30 UC—70 Z r C were placed in 
contact with 98 wt-% W-2 wt-% Mo alloy at 1800° ±20°C for 24 hr in the 
following a r ray : 

w w 30 UC-
70 ZrC 

W w-
2 Mo 

30 U C -
70 ZrC 

W -
2 Mo 

90 U C -
10 ZrC 

W-
2 Mo 

W 
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The diffusion furnace and sample holders have been descr ibed in Ref. 1. 

A 30 UC—70 Z r C with tungsten sample was included as a compar ison 
standard; this combination is considered to be compatible for the tes t 
conditions. F igure 40 shows the m i c r o s t r u c t u r e of the p re tes t 30 UC—70 
ZrC with a carbon content of 7. 63% to 7. 72% C (s toichiometr ic carbon 
content = 8. 17%). The tes t r esu l t s a r e descr ibed below. 

90 UC-10 Z r C with 98 wt-% W-2 wt-% Mo. The m i c r o s t r u c t u r e of 
90 UC—10 Z r C in contact with 98 wt-% W—2 wt-% Mo showing one edge of 
the tungsten alloy is shown in Fig. 41. It is apparent that an extensive 
liquid phase was formed which surrounded the 90 UC—10 Z r C gra ins in 
amounts much g rea t e r than could be generated by precipi tat ion heat t r e a t ­
ment of the 90 UC—10 Z r C not in contact with the alloy. Radical gra in 
growth occur red in the 90 UC—10 ZrC . Visual e s t ima tes of the amount of 
liquid phase presen t showed less than the amount present with pure uraniura 
carbide in contact with 98 wt-% W—2 wt-% Mo under the same tes t conditions, 

A liquid phase, de te rmined by e l ec t ron -mic roprobe analysis to be a 
U-Mo alloy, was found throughout the 98 wt-% W—2 wt-% Mo alloy at t r ip le 
and ,quadruple gra in-boundary in tersec t ions ; Fig. 42 shows an example of 
this phase. This liquid phase extended through the 1/8-in. - thick alloy and 
completely filled the interface between the tungsten and the 98 wt-% W—2 wt-% 
Mo,as shown in Fig. 43, In addition, the interface was obscured by grain 
growth. 

30 UC~70 ZrC with 98 wt-% W-2 wt-% Mo. The 30 UC-70 ZrC 
showed essent ia l ly a s ingle-phase s t ruc tu re . No large amounts of liquid 
phase were observed (see Fig. 44). 

The 98 wt-% W—2 wt-% Mo revealed very smal l amounts of a liquid 
phase at t r ip le gra in-boundary in tersec t ions throughout its volume (see 
Fig. 45), Some liquid was seen at the 98 wt-% W—2 wt-% Mo to tungsten 
interface, as shown in Fig. 46. 

30 UC—70 ZrC with Tungsten. No l iquid-phase formation was observed 
e i ther in the carbide or in the tungsten (see Fig. 47). 

Conclusions. As a cladding ma te r i a l , 98 wt-% W—2 wt-% Mo alloy 
does not appear to be as a t t rac t ive as pure tungsten for uranium carbide 
fuels, even when diluted with as much as 70 ZrC, because of a probable 
degradation of the alloy s t rength due to the p resence of a gra in-boundary 
liquid phase and because fissioning would occur in this liquid phase; as 
e l ec t ron-beam microprobe analysis indicates , it does contain uranium. 
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Fig. 4 0 - - P r e t e s t 30 UC-70 ZrC (ho t -pressed) ,dark 
a r e a s a r e etchant stain (oblique light) 
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Fig. 4 1 - - M i c r o s t r u c t u r e of 90 UC-10 Z r C m contact 
with 98 wt-% W-2 wt-% Mo at 1800°C for 24 hr, 

showing 98 wt-% W-2 wt-% Mo edge 
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•i 

*= 

: % ^ 

3496-2-1 X600 

Fig. 42--98 wt-% W-2 wt-% Mo m contact with 90 UC-10 
Z r C for 24 hr at 1800°C; note liquid phase at quadruple 

g ram-boundary in tersec t ions 
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y P u r e t u n g s t e n 

• In t e r f ace 

V 98 wt -% W~2 wt -% Mo 

-7 -1 X250 

4 3 - - I n t e r f a c e of p u r e a r c - c a s t t u n g s t e n v e r s u s 98 wt -% W-
2 wt -% Mo in c o n t a c t wi th 90 U C - 1 0 Z r C for 24 h r a t . . o _ 
1800 C; note l iquid p h a s e a t i n t e r f a c e and at 98 wt -% 

W—2 wt -% Mo g r a i n - b o u n d a r y i n t e r s e c t i o n s 
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3496-5-1 X500 

Fig. 44- -Mic ros t ruc tu re of 30 UC-70 ZrC m contact 
with 98 wt-% W-2 wt-% Mo for 24 hr at 1800°C 

. . J , 

•^ '•••• V 

• » , 
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'." .•' ^ " ' ' ' -^^'-^'c V ' " ^ " •'*"•''•'.' 

'••• V i r . ; - - • - • ' - ' j ^ - ' "* 
- u^ 

.,; 

3496-1-1 X50Q 

Fig. 45--98 wt-% W-2 wt-% Mo m contact with 30 UC-70 
ZrC for 24 hr at 1800 C; note liquid at multiple g r a m -

boundary in tersec t ions 
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-Pure tungsten 
"Interface 

> 98 wt-% W-2 wt-% Mo 

3496-4-1 X500 

Fig. 46-- In ter face of a r c - c a s t tungsten ve r sus 98 wt-% W-
2 wt-% Mo in contact with 30 UC—70 ZrC for 24 hr 

at 1800 C; note interfacial liquid phase 
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\ P u r e a r c -cas t tungsten 

•^-

30 UC-70 ZrC 

3496-3-1 X500 

Fig, .47__30 UC-70 Z r C ve r sus tungsten at 1800 C, showing no liquid 
at the tungsten boundaries 
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In add i t ion , s e v e r a l t r u i s m s can be s t a t e d about the c o m p a t i b i l i t y of 
t h e s e W - M o a l l o y s wi th UC and wi th the U Z r C c o m p o s i t i o n s s tud ied : 

1. The i n c o m p a t i b i l i t y of W - M o a l l o y s wi th UC and U Z r C i n c r e a s e s 
wi th the e x c e s s m e t a l con ten t and the U / Z r r a t i o of the c a r b i d e 
b e c a u s e l iqu id u r a n i u m is m o r e e a s i l y f o r m e d by g e t t e r i n g of 
c a r b o n by the a l l o y s . 

2. I n c r e a s e d a m o u n t s of Mo in the W - M o - a l l o y s y s t e m c r e a t e l a r g e r 
q u a n t i t i e s of l iqu id p h a s e in the a l loy , i nd ica t ing a g r e a t e r 
s u s c e p t i b i l i t y to a t t a c k by l iqu id u r a n i u m . 

3. P u r e t u n g s t e n w a s not a t t a c k e d by l iquid u r a n i u m but shows 
g r a i n - g r o w t h inh ib i t ion in c o n t a c t wi th u r a n i u m c a r b i d e . The 
inh ib i t ion of g r a i n g r o w t h is m o s t p r o b a b l y a r e s u l t of g r a i n -
b o u n d a r y pinning by i m p u r i t i e s i n t r o d u c e d f r o m u r a n i u m c a r b i d e . 

4. 3. D i f f u s i o n - E m i s s i o n 

In d i f f u s i o n - e m i s s i o n s t u d i e s , the v a c u u m e m i s s i o n f r o m the s u r f a c e 
of the m e t a l e m i t t e r c ladd ing a r o u n d a u r a n i u m - c o n t a i n i n g fuel i s m o n i t o r e d 
a s a funct ion of t i m e a t the o p e r a t i n g t e m p e r a t u r e of the e m i t t e r . S ince the 
v a c u u m e m i s s i o n i s s e n s i t i v e to the p r e s e n c e of s m a l l a m o u n t s of i m p u r i t i e s , 
e m i s s i o n m o n i t o r i n g i s a s e n s i t i v e m e t h o d for de t ec t i ng t r a c e diffusion of 
fuel i n g r e d i e n t s t h r o u g h the c ladding to the e m i t t e r s u r f a c e . Any e m i t t e r -
fuel c o m b i n a t i o n , qua l i f i ed in g r o s s diffusion s t u d i e s , shou ld be s u b j e c t e d 
to f u r t h e r t r a c e diffusion s t u d i e s for two r e a s o n s : F i r s t , any s m a l l 
a m o u n t of i m p u r i t y , if a c c u m u l a t e d on the e m i t t e r s u r f a c e , c h a n g e s i t s 
w o r k funct ion and t h e r e f o r e the c e s i u m a d s o r p t i o n p r o p e r t y ; second , the 
p r e s e n c e of u r a n i u m , even in t r a c e a m o u n t s in the e m i t t e r ( e s p e c i a l l y 
a long the g r a i n b o u n d a r i e s ) , l e a d s to f i s s ion ing and f i s s i o n - p r o d u c t 
a c c u m u l a t i o n in the e m i t t e r and a r e d u c t i o n in i t s m e c h a n i c a l i n t e g r i t y . 

G r o s s diffusion s t u d i e s c a r r i e d out p r e v i o u s l y showed tha t t u n g s t e n 
w a s c o m p a t i b l e wi th UC (5 . 02 wt -% C) and 90 U C - 1 0 Z r C a t 1800°C, 
D u r i n g the f i r s t q u a r t e r of th i s c o n t r a c t , it w a s shown tha t t u n g s t e n 
d e p o s i t i o n by the t h e r m o c h e m i c a l r e a c t i o n b e t w e e n WF^, and H-, r e p r e s e n t e d 
one of the m o s t c o n v e n i e n t m e t h o d s for c l add ing the fuel. Dif fus ion-
e m i s s i o n s t u d i e s w e r e t h e r e f o r e c a r r i e d out du r ing the s e c o n d q u a r t e r on 
a v a p o r - d e p o s i t e d t u n g s t e n - c l a d h y p e r s t o i c h i o m e t r i c u r a n i u m c a r b i d e 
(5. 02 wt -% C) s a m p l e ( D 3 - I ) a t 1800°C. The r e s u l t s i n d i c a t e d tha t the 
v a c u u m e m i s s i o n of the t u n g s t e n s u r f a c e d e c r e a s e d g r a d u a l l y du r ing the 
f i r s t 700 h r a t 1800 C. E x a m i n a t i o n of a s e c t i o n of the s a m p l e a f t e r 
838 h r a t 1800 C showed tha t the diffusion of c a r b o n f r o m the h y p e r ­
s t o i c h i o m e t r i c u r a n i u m c a r b i d e t h r o u g h the t u n g s t e n c ladd ing to i t s s u r f a c e 
w a s p r o b a b l y the r e a s o n for the change of the e m i s s i o n c h a r a c t e r i s t i c s . 



82 

During this quar te r , sample D3-I was examined by the e lec t ron-
microprobe technique to detect if there was any uranium diffusion into the 
tungsten cladding. The resu l t s indicated that within the l imit of the sen­
sit ivity of the ins t rument used (a few hundred ppm) no uran ium penetra t ion 
into the tungsten cladding was detected. Samples s imi la r to D3-I (vapor-
deposited tungsten-clad hypers to ich iomet r ic uran ium carbide) a r e being 
p repa red to study i ts performance in ces ium vapor as outlined in Section 1.2. 

To cover a wider range of uranium carbide s toichiometry and to 
study the effect of the addition of ZrC to UC, two more samples have been 
p repared for diffusion-emission studies. One is a vapor-depos i ted tungsten-
clad hypostoichiometr ic uran ium carbide (4. 70 wt-% C) sample (D3-2), and 
the other is a vapor-depos i ted tungsten-clad 30 UC—70 ZrC sample (D3-3). 
The carbide samples were f irs t coated with a thin layer (^0. 002 in. ) of 
tungsten under conditions such that the attack on the carbide by the ambient 
gas mix ture was minimized. The coated carbide samples were laid on 
cast tungsten bases (Fig. 27, Ref. 3) and the cladding thickness was built 
up to about 50 mi l s . The coating p rocess was in ter rupted a few t imes during 
the deposition in o rde r to b reak down the columnar gra in s t r uc tu r e s of the 
deposit. The clad samples a r e being machined by the e lec t r ica l -d i scharge 
machine to the diraensions requi red . They will be insta l led in the emiss ion-
diffusion cells ea r ly in June for 1000-hr t e s t s . 

5. FABRICATION DEVELOPMENT 

The fabrication effort during this qua r t e r has been devoted to the 
p repara t ion of samples of the clad capsule. 



FUTURE PLANS 

1. LONG-TERM TESTS ON THE VAPORIZATION AND EMISSION OF 
U C - Z r C AND W-CLAD UC AND UC-ZrC IN Cs VAPOR 

The 1000-hr vaporizat ion runs of 90 UC-lOZrC and 30 UC-70 ZrC 
samples in ces ium vapor will be initiated. 

The operating conditions of the emiss ion l i fe- tes t control cell con­
taining a solid tungsten emi t te r will be optimized in order to es tabl ish the 
conditions for achieving an output of 5 w / c m . The assembling of the four 
emiss ion l i fe- tes t cel ls will be pursued. The emi t t e r s for these cells 
a r e tungsten-clad hypers to ich iomet r ic UC, tungsten-clad 30 UC—70 ZrC, 
unclad 90 UC-10 ZrC, and unclad 30 UC-70 ZrC. 

2. STUDIES OF HIGH-TEMPERATURE PROPERTIES OF UC-ZrC 

Studies will be continued on the effect of porosity on the ra te of 
vaporizat ion and e lec t ron emiss ion of UC-ZrC in vacuum, using the 
following samples : (1) 30 UC-70 ZrC, density '-95%; (2) 30 UC-70 ZrC, 
density 85% to 90%; (3) 90 UC-10 ZrC . density 85% to 90%. 

Anode condensate from the previous physical redeposi t ion runs will 
be analyzed. Physica l redeposi t ion studies of uranium carbide will be 
extended to an anode t empera tu re higher than 983 K pr ior to the introduction 
of ces ium and Cs + CsF into the tes t cell . 

Corre la t ion between the emiss ion pat tern and the m i c r o s t r u c t u r e s of 
uranium carbide will be pursued. Activation, poisoning, and regenera t ion 
of emiss ion from 30 UC-70 Z r C and 90 UC-10 ZrC will be studied. 

The modified bearing a r r angemen t for the loading rod of the high-
t empera tu re mechanica l proper ty furnace will be tested and measu remen t s 
will be initiated on 10 UC-90 ZrC. 

3. IRRADIATION STUDIES 

Hot-cel l examinations of the contents of the unc lad-carb ide capsule 
will be c a r r i e d out. 
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I r radia t ion of the clad capsule in the GETR will be initiated and the 
behavior of the capsule followed, 

4. STUDIES OF NEW CATHODE MATERIALS 

The vacuum emiss ion of sample Dj -3 (co ld-pressed and s intered, 
30 UC—70 NbC, density 74, 5%) will be measured . The vacuum vaporizat ion 
ra tes of 30 UC—70 NbC of higher densi t ies and 30 UC—70 TaC will be 
studied. 

Diffusion between 30 UC—70 ZrC and Ir, Re, and W—26Re will be 
studied. The use of Z rC as a diffusion b a r r i e r between tungsten and 
uranium carbide at 2000 C and between tantalum and uran ium carbide at 
1800°C will be tested. 

Diffusion-emission studies of sample D3-2 (vapor-deposi ted tungsten-
clad hypostoichiometr ic UC, 4, 70 wt-% C) and D3-3 (vapor-deposi ted 
tungsten-clad 30 UC—70 ZrC) at 1800 C will be initiated and continued for 
1000 hr . 

5. FABRICATION DEVELOPMENT 

Studies on the prepara t ion of submicron UC-ZrC powder will be 
resumed. 
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