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A. DEVELOPMENTS FOR ZIRCONIUM-CLAD FUEL ELEMENTS 

F. R. Shober 

Thermal-conductivity measurements  of uranium and U 0 2  a r e  being made a s  p a r t  
of t.lvo p rograms  to determine the effect of i r rad ia t ion  on  these  two ma te r i a l s .  
obtained f rom c reep  t e s t s  on 15 per  cent colcl-worked Zircaloy-2 a t  290, 345, and 
400 C indicate that the 10,000-hr c r e e p  s t rengths  at  these  respect ive t empera tu res  a r e  
g rea t e r  than 35,000, 25,000, and 15,000 ps i .  
mate ly  6000 h r .  

Data 

Tes t s  have been in p rogres s  approxi- 

Corros ion  t e s t s  in  300 C water  and hot-hardness  t e s t s  of high-strength zirconium 
alloys containing molybdenum, niobium, and t in  have been used a s  the bas i s  of s e l ec -  
t ion for seven alloys which appear  super ior  to Zircaloy-2 in  both r e spec t s .  A study 
d i rec ted  toward development of sink-float density measurements  as a method of identi-  
fying fac tors  affecting irradiation-induced volume changes in graphite is under way. 
Resea rch  h a s  been init iated on the preparat ion of molybdenum single c rys t a l s  for  
ir  r a  diation-damage s tudies .  

The rma l  Conductivity of Uranium and U 0 2  

C .  F. Lucks anc! H. W. Deem 

The effect of i r rad ia t ion  on  the thermal.  and e l ec t r i ca l  conductivities of uranium 
and on the the rma l  conductivity of uranium oxide is being studied. 

Uranium __- 

Thermal-conductivity measurements  on clad specimens a r e  being continued. 
Data will  be repor ted  as soon as comparison measu remen t s  a r e  completed. 

U r ainium Oxide 

An apparatus  for making thermal-conductivity measurements  on U 0 2 ,  both before 
and  a f t e r  i r rad ia t ion ,  has  been completed.  
used.  
men  and the heat flows through the specimen into a hea t  sink. Compensated the rmo-  
couples at  known positions m e a s u r e  the the rma l  gradients .  The t h e r m a l  conductivity of 
the specimen will be calculated f rom the heat flow, c ross -sec t iona l  a r e a ,  and the t h e r -  
mal gradients .  

A steady-state  absolute method is being 
Brief ly ,  accurately measu red  power i s  introduced into the top p a r t  of the spec i -  

Guarding to prevent  s t r a y  hea t  flows h a s  been provided. 

Calibrating and establishing the reliabil i ty of the appara tus  h a s  continued. Re-  
sult:$ on the titanium-alloy s tandard a r e  given in Table A-1. 
r e s d t s  a r e  in  reasonable agreement  with l i t e r a tu re  values,  the apparatus  shows con- 
s iderable  sensit ivity to small t empera tu re  unbalances between the guard and spec imen 
hea te r .  However, careful  control of guard t empera tu re  is effective. 

Although the exper imenta l  



A - 2  

TABLE A-1. THEX1,iAL CONDUCTIVITY OF TITANIUM-6 W / O  ALUMINUM-4 W/O VANADIUM 

Temperature, Thermal Conductivity, w/(cm)(C) Difference, 
C Observed Literature per cent 

135 
150 
164 
184 
298 
325 
409 
4 53 

0.070 
0.076 
0.085 
0.081 
0.084 
0.098 
0.122 
0.116 

0.081 
0.083 
0.084 
0.087 
0.102 
0.106 
0.111 
0.123 

-11 
-8 
4-1 
-7 

-18 
-8 
+4 
-6 

Mechanical P rope r t i e s  of Zirconium Alloys 

F. R. Shober and J .  A. VanEcho 
t 

The c reep  s t rength of 15 p e r  cent cold-worked Zircaloy-2 is being determined and 

290 to  400 C tempera ture  range. Creep  data a r e  being obtained f rom two types of t e s t s :  
short- t ime s t r e s s - rup tu re  and long-time c r e e p  t e s t s  (about 10,000 h r ) .  
initiation of third-s tage c r e e p  and the total  deformation assoc ia ted  with it a r e  of special  
in te res t .  
achieved by cold working under sustained loads at elevated t empera tu res  is being 
studied. 

evaluated as  a p a r t  of a p rogram to  provide design data for  r eac to r  components in  the I 

The t ime for  

The ability of cold-worked zirconium to  re ta in  the additional s t rength 

Twelve c reep  units a r e  in  use  at the p re sen t  t ime with the major i ty  being used for 
long-time c reep  t e s t s .  
the resu l t s  to date indicate that they will  requi re  at  l eas t  10,000 h r  for  completion. 

Seven of these  t e s t s  have been in  p r o g r e s s  over  5000 h r ,  and 

Based on data  f rom t e s t s  at 290 C ,  both those completed and those in  p r o g r e s s ,  i t  
appears  that  15 p e r  cent cold-worked Zircaloy-2 will  sustain s t r e s s e s  of 35,000 ps i  o r  
l e s s  for per iods exceeding 10,000 h r .  The minimum c r e e p  r a t e s  obtained for  t e s t s  i n  
th i s  s t r e s s  range a r e  l e s s  than 0.00001 p e r  cent pe r  h r .  T e s t  specimens loaded i n  the 
s t r e s s  range f rom 40,000 to 45,000 ps i  at 290 C failed between approximately 1700 and 
0. 1 h r ,  respectively.  At 345 C ,  s t r e s s e s  capable of being sustained by the specimen 
for  per iods of 10,000 h r  a r e  25,000 ps i  o r  less .  
duced fai lure  in 0 . 5  and 4200 h r ,  respect ively.  
a t  400 C to make a s imi l a r  comparison,  but i t  appea r s  that  a 10,000-hr rupture  life will 
be attained by s t r e s s e s  below approximately 15,000 psi .  

Loads of 40,000 and 30,000 ps i  p r o -  
Insufficient resu l t s  have been obtained 

.. . .  . *  . .  . .  
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A-3 

Development of High-Strength Cor r o  sion -Resi stant Zirconium Alloys 

J .  A. DeMastry,  F. R .  Shober,  a n d R .  F .  Dickerson 

The development of a reac tor  to operate  at elevated t empera tu res  i s  dependent 
upon the development of cladding and s t ruc tu ra l  ma te r i a l s  capable of withstanding these  
t empera tu res .  Zircaloy-2 i s  a n  example of a cladding ma te r i a l  developed by such alloy 
studies.  
can  be developed for  use  as cladding, the use  of meta l l ic  uran ium fuel e lements  a t  
higher t empera tu res  will  be feasible.  
and t h e r m a l  conductivities of these  alloys should be similar t o  Zircaloy-2.  

If s t ronger  cor ros ion- res i s tan t  z i rconium alloys ( s t ronge r  than Zircaloy-2) 

The expansion coefficients, nuclear proper t ies  , 

Nine s e r i e s  of alloys were  p repa red ,  They consis t  of t e rna ry  zirconium-base 
alloys containing 2 .  0 ,  3 . 0 ,  and 4. 0 w / o  tin gilus 0 to 2. 0 w /o  molybdenum, t e rna r i e s  
containing 2.0,  3.0, and 4 .0  w / o  t in  plus 0 to 3 . 0  w / o  niobium, and quaternary alloys 
containing 2.0,  3. 0 ,  and 4 . 0  w / o  t in  plus 0 .  !j to 2 . 0  w /o  molybdenum and 0 to 3 . 0  w / o  
niobium. The above-mentioned alloys were  screened  by cor ros ion  testing for 1000 h r  
in high-purity 3 0 0  C water  and by room-tempera ture  ha rdness  (DPH) measu remen t s .  
Limiting p a r a m e t e r s  of a minimum room-tempera ture  hardness  of 250 DPH (this gives 
a 0, 2 pe r  cent offset yield s t rength of approximately 55,000 ps i  using the s t rength-  
hardness  relationship) and a maximum weight gain of 30 m g / ( d m  ) (  1000 h r )  were  es tab-  
l ished. 
on alloys containing the minimum and maxirr.um alloying additions were  made .  Several  
alloys shown in Table A-2, which have the bes t  combinations of proper t ies ,  have been 
selected for fur ther  investigation. 

2 

Measurements  of hot hardness  over  the t empera tu re  range f r o m  200 to 900 C 

Specimens were  p repa red  by rolling a rc -cas t  buttons to sheet  f rom an 850 C 
hel ium furnace and annealing at  700 C for  4 h r  followed by furnace cooling. P i eces  1 by 
3 / 4  by 0 . 0 7 0  in. were  p repa red  in t r ipl icate  for  cor ros ion  tes t ing by shear ing f r o m  
fabricated sheet.  Approximately 0 . 0 0 3  in. was machined f rom each  surface and a n  
additional 0. 002  in. was pickled f rom the su::faces (45 volume p e r  cent "03-5 vo1u;ne 
p e r  cent HF-50 volume p e r  cent H20  pickle solution). 

Corros ion  testing has  been completed. 
improved  the cor ros ion  res i s tance  of these alloys.  In the alloys containing 4 . 0  w / o  t in,  
29 of 3 2  alloys fel l  within the maximum corros ion  pa rame te r .  
denum o r  niobium does not appear  to  improve cor ros ion  res i s tance ,  nor in  many alloys 
doe;  it appear  to be great ly  detr imental .  
ening effect of the individual alloying elements  as ref lected by the hot-hardness  values .  
Increases  of 2 .  0 w / o  t in,  other e lements  remaining constant,  produce a significant i n -  
cre,2se in hardness  of alloys a t  300 C. 
and niobium contents a l so  produce significant i nc reases  in  ha rdness .  Table A-3 shows 
these  effects at 300 C. 
7 0 0  C .  

In genera l ,  increas ing  the t in content has  

The addition of molyb- 

It is difficult to separa te  the relat ive s t rength-  

Corresponding inc reases  in total  molybdenum 

The effect is evident over  the t empera tu re  range f r o m  200 to  

Table A-2 shows the alloys and the i r  p roper t ies  whic'h this survey  indicates 
shoilld be investigated fur ther .  
these  seven have the bes t  combination of all proper t ies .  
e rence  alloy. 

Severa l  other alloys have favorable p rope r t i e s ,  but 
Zircaloy-2 is  l i s ted  a s  a r e f -  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
S I  0.P 0 " - e  0 .l 0 0  e o  , 0 .e. 0 0  
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A-4 

TABLE A-2. ALLOYS SHOWING FAVORABLE PROPERTIES 

Weight Gain in  Approximate 
DPH 300 C Water Thermal-Neutron 

Nominal Alloy Composition Room Corrosion Test, Cross Section, 
(Balance Zirconium), W/O Temperature 300 C mg/(dm2)( 1000 hr) barns per at% 

2.0 Sn-0.5 Mo 290 140 18 0.198 

2.0 Sn-2.0 Nb-0.1 Fe-0.05 N i  307 140( a) 14 0.200 

2.0 Sn-3.0 Nb-0.1 Fe-0.05 N i  291 150(a) 14 0.213 

3.0 Sn-0.1 Fe-0.05 N i  312 160 1 2  0.189 

3.0 Sn-0.5 h,lo-O. 1 Fe-0.05 Fe  304 165 1 5  0.199 

3.0 Sn-0.5 Mo-1.0 Nb-0.1 Fe-0.05 Ni 319 160(a) 19 0.209 

4.0 sn-0.5 hlo 333 165 21 0.205 

~ i r c a l o y  - 2(b) 23 0 104 24 0.195 

~ i r c a l o y  - 2(C) 210 104 13 0.195 

(a) Estimated hot-hardness values from similar alloys. 
(b) Values obtained in this testing program. 
(c) Values obtained from literature. 

TABLE A-3. RELATIVE EFFECT OF TIN AND MOLYBDENUM AND NIOBIUM ADDITIONS 
ON HOT HARDNESS A T  300 C 

Nominal Alloy Composition 
(Balance Zirconiuinl. w/o Nominal 2.0 W / O  Sn 4.0 w/o Sn 

Hardness a t  300 C (DPH) 

0 . 1  Fe-0.05 Nda) 113 150 

0.5 Mo-0.1 Fe-0.05 Ni(a) 140 165 

1 .0  Mo-1.0 Nb(a) 160 195 

1 . 0  Mo-3.0 Nb(a) 145 228 

2.0 Mo-3.0 Nb-0.1 Fe-0.05 Ni(a) 187 277 

Zircaloy - d b )  104 

- 
(a) Tin content listed under hot hardness for comparison purposes. 
(b) Reference alloy. 
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Physical  Distortion of Graphite 

W .  C. Riley, A.  J .  Roesc:, and W .  H. Duckworth 

Research  will be directed toivard deve:lopment of sink-float density measurements  
a s  ;t method of identifying fac tors  affecting irradiation-induced volume changes in 
graphi te .  

Modification and improvement of the experimental  method a r e  under way. Limi-  
tations of the method will be determined. 
in par t ic le  s ize  on sink-float density measurements .  

Studies will include the effect of var ia t ions 

When the experimental  method has been adequately developed, samples  of un- 
i r rad ia ted  reac tor -grade  graphite will  be measured .  These samples  will be sent to 
another s i te  for  high-temperature  i r r a d i a t i o i  to var ious exposures .  Sink-float density 
measurements  will be repeated af ter  i r rad ia t ion  to  determine changes.  

PreDaration of Molvbdenum Sinele Crvs ta l s  

J .  A. DeMastry,  F. R. Shcber ,  a n d R .  F. Dickerson 

Single c rys t a l s  of high-purity molybdenum a r e  to be prepared  for  i r rad ia t ion-  
damage studies.  

A modified Andrade furnace has  been constructed to grow molybdenum single 
c rys t a l s .  
indicated that t empera tu res  sufficiently high to  grow single c rys t a l s  could not be main-  
tained for long per iods of t ime.  
obtained and a r e  being prepared  for testing in  the furnace. 

Pre l iminary  experiments  with seTreral 1 /4- in .  -diameter  molybdenum rods 

Smaller  &;.meter ( 1 / 8  in.  ) molybdenum rods have been 

The length of t ime and exact tempera ture  necessa ry  to grow single c rys t a l s  of 
molybdenum have not been established. 
eight o r  ten single c rys t a l s  of 1 /8-in.  -diameter rod will  be prepared .  
of the molybdenum single c rys t a l s ,  an  attempt will be made to  p r e p a r e  seve ra l  z i r co -  
nium c rys t a l s .  

0nc:e these  pa rame te r s  have been establ ished,  
Upon completion 

....................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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B. DEVELOPMENTS FOR ALUMINUM-CLAD F U E L  ELEMENTS 

R.  J .  Car l son  

Radiographic examination and s ectioniTg of extrusion bi l le ts  of aluminum-35 w / o  
The eval-  u ran ium cas t  by centrifugal techniques revealed essent ia l ly  sound ma te r i a l .  

uat  on of the aluminum-35 w / o  uranium alloys containing 3 a / o  p e r  cent t e r n a r y  addi-  
tioris is continuing. The rma l  ana lyses  and f3brication s tudies  a r e  being conducted on 
the ;e alloys.  

A s e r i e s  of nickel-plated uranium slugs has  been clad with aluminum and shipped 
to znother s i te  for  evaluation. 
p r o g r a m  of study. 

The  prepara t ion  of t hese  spec imens  completes  this 

The p r o g r a m  concerned with the  improvement of the co r ros ion  r e s i s t ance  of high- 
The resu l t s  of this  study indicate that  the c o r -  uran ium fuel alloys has  been completed. 

ros ion  life of uran ium can be increased  by a fac tor  of 2 to 3 and the l i fe  of uran ium-  
2 w / o  z i rconium can be inc reased  by a fac tor  of 1 . 5  to 2 by t e r n a r y  additions.  

Continued emphasis  has  been placed upon the acquisit ion of information pertaining 
to  the engineering proper t ies  and applications of uran ium monocarbide.  Cer ta in  de -  
s i r e d  data  a r e  v e r y  l imited;  therefore ,  fu ture  work will emphas ize  the appl.ication of 
proper ty  data that  a r e  obtainable to calculations designed to pred ic t  the pe r fo rmance  of 
UC under  r eac to r  -operating conditions. 

Pr eDa ration of Aluminum -Uranium Allovs 

N .  E. Daniel, E .  L. F o s t e r ,  and R .  F. Dickerson 

Interest  i n  aluminum-uranium alloys clad with aluminum f o r  use as f u e l s  in low-  
t empera tu re  water-cooled and -moderated rlzactors is ref lected in p re sen t  efforts to  
p r e p a r e  m o r e  sa t i s fac tory  fuels  of this  type.  
em1)loy alloys containing 20 w/o  o r  less of uran ium in the f o r m  of flat-plate-type fuel 
e lements  clad in aluminum. 
f a i r ly  well established. However, it is des i rab le  to  i n c r e a s e  the fuel  loading of t hese  
r e a z t o r s  and thereby r ea l i ze  an  economy in both fuel  handling and neutron uti l ization. 
When the uran ium content of the al loys i s  substantially increased ,  two m a j o r  diffi- 
cult ies a r e  encountered. 
to the density differences between the solid and  the  liquid during f reez ing  and to  the  
l a rge  f reez ing  range  of the alloys.  
evolution of hydrogen during solidification. 

Most of the r eac to r s  now using these  fuels  

The  technique for  the production of these  e lements  is 

These  a r e  segregat ion and porosi ty .  The segregat ion i s  due 

The porcssity i s  a t t r ibuted to shr inkage and to  the 

One fuel e lement  now being considered cons is t s  of a n  aluminum-35 w / o  u ran ium-  
The envisioned technique fo r  the produc-  alloy tube clad inside and out with aluminum, 

tion of t hese  elements  r equ i r e s  casting in  the f o r m  of a hollow r ight  cylinder.  
suitable cleanups,  the cylinder would then be coextruded with aluminum to f o r m  the 
tubular fuel e lement .  

After 

In cast ing such a cylinder,  the  usua l  difficulties which a r e  

....................... . . . . . . . . .  . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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encountered in  casting s imple shapes a r e  magnified. 
concerned with centrifugally casting suitable extrusion bil lets is now in p rogres s .  

Therefore ,  a p rogram of study 

The evaluation of a s e r i e s  of castings containing 35 w/o uranium has  been com-  
pleted.  This evaluation included chemical  analyses ,  radiographic examinations,  and 
macroscopic  examinations of sections cut f r o m  the ingots. 
vealed that a r e a s  of high uranium concentration w e r e  located in those sections of the 
ingot where the molten me ta l  was introduced. 
dras t ica l ly  toward the a r e a s  fa r thes t  away f r o m  the  point of en t ry  of the melt .  
over -a l l  var ia t ion in  uranium content was f r o m  5 to  8 w / o .  

The chemical  ana lyses  r e -  

The concentration of the uranium fe l l  off 
The 

Radiographic examination and sectioning revealed essent ia l ly  sound m a t e r i a l  in 
the ma jo r  portion of the ingots.  
of the melt .  
pouring spout i s  introduced. 
troduction of the molten meta l  into any portion of the mold that the operator  des i r e s .  
This a l so  is  expected to dec rease  the var ia t ion in uran ium content along the length of 
the ingot. 

The porosi ty  that was found was attr ibuted to shrinkage 
It is believed that much of this will be eliminated a s  soon as the movable 

This  mechanism is now completed and will pe rmi t  the in-  

A concurrent  p rogram concerned with the improvement  of the casting and f ab r i -  
cating charac te r i s t ics  of aluminum-uranium alloys has  been concentrated upon those 
alloys which exhibit the g rea t e s t  change in  compoundformation with 3 a / o  alloy addi- 
t ions.  
proved great ly  by ei ther  refining the p r i m a r y  compounds o r  by reducing the amount of 
compound p resen t  in  the a s - c a s t  s t ruc ture .  
palladium inc rease  the hardness  of binary aluminum-uranium alloys on the o r d e r  of 50 
p e r  cent ,  
in the alloys containing copper and niobium. 
palladium was relatively fine,  with an  apparent  d e c r e a s e  i n  the percentage of p r i m a r y  
compound present .  
t u re s  a r e  t in and sodium. 
cability, a s e r i e s  of alloys has  been p r e s s  forged at 1000 F. 
these  specimens failed to  revea l  extensive edge cracking i n  any of the ma te r i a l s  tes ted  
a f te r  approximately 45 p e r  cent reduction in  length. 
occur red  in  any number of t hese  al loys;  therefore ,  the specimens a r e  being examined 
by metal lographic  techniques to de te rmine  the extent of microcracking  p resen t  and 
where these  c racks  a r e  init iated.  
ana lyses  utilizing a platinum-platinum 1 0  w / o  rhodium thermocouple embedded in the 
specimens.  These  curves  will be 
used in conjunction with the metal lographic  examinations to de te rmine  if the per i tec t ic  
react ion of UAl3 with liquid to f o r m  UAl4 occurs  in the alloys containing the t e r n a r y  
additions.  
evidence of the above react ion occurr ing ,  it can be a s sumed  that no UA14 is fo rmed  in  
the alloy. 

It is believed that the fabricating cha rac t e r i s t i c s  of the binary alloys can be im- 

It was found that copper ,  niobium, and 

Metallographic examinations of t hese  alloys revealed v e r y  c o a r s e  s t ruc tu res  
The s t ruc tu re  of the alloy containing 

Other alloy additions which have produced fine as -cas t  mic ros t ruc -  

The visual  examination of 
In an effor t  to evaluate the effect of pa r t i c l e  s i ze  on f ab r i -  

However,  microcracking  may  have 

The al loys a r e  a l so  being subjected to thermal  

Both cooling and heating curves  a r e  being obtained. 

If there  is no evidence of UAl4 in  the mic ros t ruc tu re  and if there  is no 

Future  studies will be conducted on both phases  of the p r o g r a m  - casting and 
t e rna ry  additions. 
protection of the molten metal .  
additions will continue to be concentrated upon the evaluation of the mel t s  that  have been 
made  to date.  

The casting s tudies  will  u s e  a movable pouring spout and improved 
The portion of the p r o g r a m  concerned with the t e r n a r y  

However,  an increased  ef for t  will be  made  to de te rmine  the mechanism 

...... . . . .  . . . . .  . . . .  . . . .  
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through which the var ious additions ref ine the s t ruc tu re  of the binary alloys o r  inhibit 
thl- formation of UAl4. 

Aluminum Cladding 

S. J. Paprocki ,  E. S. Hodge, C:. B. Boyer ,  and C. C. Simons 

The cladding of internal ly  and externally cooled fuel e lements  consisting of a 
nickel-plated uranium core  clad with aluminum i s  being investigated.  P r e s s u r e  bond- 
ing;, a technique which incorpora tes  h igh-pressure  gas  and elevated t empera tu re  to  ob-  
ta in  a metal lurgical  bond between co re  and cladding, i s  being investigated as a method 
of preparing this  type of fuel element.  

The additional uranium slugs prepare13 during June by bonding 1 h r  at 950  F and 
10 ;  0 0 0  ps i  have been forwarded to another s i te  f o r  f inal evaluation. 

Studies concerned with gas -p res su re  bonding of nickel-plated uranium elements  
ha\ve been concluded, and a r epor t  covering the resu l t s  of this  study is being p repa red .  

Development of a Natural-Uranium Fuel  Alloy 
With ImDroved Corros ion  Res is tance  

M .  S. F a r k a s ,  A. A. Bauer ,  and R.  F. Dickerson 

Development of a high-uranium fuel  a l loy that p o s s e s s e s  improved cor ros ion  r e -  
sis1:ance in  300 C water  is being pursued.  P.lloy composition is  l imited to  an  addition of 
4 w / o  z i rconium o r  i t s  equivalent in t e r m s  of the resul tant  alloy thermal-neutron c r o s s  
section. 
alloy is  being sought. 

Corros ion  l ife g r e a t e r  than that  exhibited by the uranium-2 w / o  zirconium 

Four  cor ros ion  t e s t s  have been conducted on groups of 17 alloys in which the  
nominal compositions do not exceed the  c ross -sec t ion  l imi t  noted above. 
were  c a r r i e d  out on specimens measur ing  11'4 by 1 by approximately 0 . 0 6  in. 
selccted f o r  testing w e r e  sealed in  a n  autoclz~ve, which was then flushed with a rgon  and 
evacuated seve ra l  t imes .  The autoclave was heated to 300 C ,  and preheated water  was 
admitted.  
the cooling autoclave was flushed with cold argon.  
water  quenching the autoclave f r o m  204 C. 

The  tests 
Alloys 

Corros ion  proceeded f o r  15 min;  s t eam was r e l eased  f r o m  the autoclave,  and 
F u r t h e r  cooling was achieved by 

Resul ts  of the f i rs t  t h ree  cor ros ion  t e s t s  a r e  repor ted  in BMI-1273. The fourth 
This  t e s t  was per formed to  compare  the c o r -  and final t e s t  i s  repor ted  in Table B-1. 

rosion r a t e s  of aged and slowly cooled al loys.  
r a t e s  fo r  aged uranium-zirconium alloys a r e  the  s a m e  or slightly lower than f o r  a l loys 
in the slowly cooled condition. 
additions of a luminum, niobium, platinum, o r  ruthenium show higher  cor ros ion  r a t e s  
in the aged condition. 

These  r e su l t s  indicate that the cor ros ion  

However,  the uranium-zirconium al loys with t e r n a r y  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE B-1.  CORROSION RESULTS OBTAINED ON URANIUM ALLOYS TESTED SIAfULTAhTOUSLY 
1 5  AIIN IN 300 C WATER 

Noininal 

(Balance Uranium), 

Corrosion R a d a )  for Alloy With Indicated 
Alloy Composition Heat Treatment, mg/(cm2)(hr) 

24  Hr at  880 C, 1 Hr a t  900 C, 
Samole w/o Air Cooled in  Vvcor 24 Hr at  450 C. F. C. 

_ _  Biscuit uranium 432 0 
1 2 Zr 3328 3268 
2 4 Zr >331 O(b) 2960 
3 5 Zr 3140 2116 
5 2 Zr-0.33 Nb 2692 2200 
6 2 Zr-0.047 Ni - _  >2890(b) 
9 2 2 - 0 . 0 5  F’t 1980 2528 

13  2 Zr-0.46 A1 2212 2360 
1 4  1 Zr-0.5 Nb 
15 2 Zr-0.15 Nb-0.05 Mo 2664 
1 6  2 Zr-0.16 Ru 2052 2520 

2112 - -  
_ _  

(a) Based on original area. 
(b) Disintegrated, corrosion rate quoted is based on original thickness of specimen. 

This investigation i s  now complete;  experimental  data  obtained indicate:  

Aluminum, niobium, platinum, and ruthenium, when added to 
uranium-2 w / o  zirconium alloys in amounts as determined by 
c r o s s - s e ction considerat ions , improve the cor ros ion  r e s  i stanc e 
m o r e  than a n  additional 2 w /o  zirconium. 

The corrosion l ife of uranium can be increased  by a fac tor  of 2 
to 3 and the life of uranium-2 w / o  zirconium can be increased  
by a fac tor  of 1.  5 to 2 by t e r n a r y  alloying. 

The degree  of improvement  in cor ros ion  l ife v a r i e s  with heat 
t rea tment .  

L i t e ra tu re  Survev for  the  ADDraisal of Uranium 
Monocarbide as  a Poss ib le  Nuclear F u e l  

. 

J .  B. Melehan, A.  A. Bauer ,  a n d R .  F. Dickerson 

Effor t s  have continued on gathering information concerned with the science of 
uranium monocarbide and i ts  engineering proper t ies  and applications.  
r e f e rences  have been reviewed and, although additional r epor t s  r ema in  to  be consulted,  
i t  i s  apparent  that  the major  p a r t  of pas t  r e s e a r c h  effort has  dealt  with the prepara t ion  
of the carbide phases  f o r  the determinat ion of relationships in  the uranium-carbon 
sys tem,  and the determination of physical  p rope r t i e s .  Reports  show that U C  has little 
tendency to r eac t  e i ther  with NaK up to 1300 F or with bismuth a t  1100 F. Destruct ive 
hydrolysis react ions a r e  known to occur  with water  even a t  ambient  t empera tu res ,  and 
U C  oxidizes rapidly in air a t  elevated tempera tures .  
dynamic and chemical  proper t ies ,  and behavior under reactor-operat ing conditions a r e  
ve ry  l imited.  

Numerous 

Data on fabricat ion,  t he rmo-  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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However, on the basis  of c rys ta l  s t ruc tu re ,  thermal  conductivity, and mechani-  
ca l  p roper t ies ,  i t  may  be possible to make  s3me predictions concerning behavior of 
u r a i i u m  carbide a s  a fuel.  
prollucts is repor ted  to depend upon the density of inters t i t ia l  la t t ice  s i tes  and the 
conzentration and distribution of porosity.  
l i s h  the limiting internal  s t r e s s e s  which may be  imposed upon the la t t ice  by accumu- 
l a t i i g  f i ss ion  products .  
t empera ture  distribution, which i s  controlled by the coefficient of t h e r m a l  conductivity, 
In addition, the diffusion of f iss ion products Erom the fuel ma te r i a l  will de te rmine  the 
s t rength proper t ies  required by a cladding designed to  pro tec t  the fuel  and contain 
f i ss ion  products.  
operating t empera tu re  fo r  the fuel  and, hence,  the optimum geometry  of fuel e lements .  

The capacity of i~ fuel ma te r i a l  to accommodate  f iss ion 

The moduli of rup ture  and elast ic i ty  es tab-  

These  two moduli a -e ,  in  tu rn ,  functions of the internal-  

These severa l  in te r re la ted  fac tors  ult imately de te rmine  the maximum 

h future  work, emphasis  will be placed on applying such proper ty  data as  can be 
obtained to calculations designed t o  pred ic t  IJC per formance  under reactor-operat ing 
conditions, 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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C .  RADIOISOTOPE AND RADlATIGN APPLICATIONS 

Pau l  Schall 

Two studies have been initiated as p a r t  of the p rogram of the Office of Lndustrial 
Devl2lopment of the AEC. 
r i a l s  t rapped in  inclusion compounds, and (2)  the use of radioactive t r a c e r s  for indus- 
t r i a l  quality control .  

These  studies a r e  on (1) radiation chemis t ry  of organic mate-  

Inclusion compounds have been p repa red  and init ial  i r rad ia t ions  were s t a r t ed  du r -  
ing ,July. 
tu re  to select  specific quali ty-control procedures  for  investigation, 

The effort  on the t r a c e r  study has  been devoted to review of per t inent  l i t e ra -  

Radiation Chemis t ry  of h c l u s i o n  Compounds 

M .  J .  Oestmann, J .  L. McFzrl ing,  and W .  S. Diethorn 

Cer ta in  inorganic and organic  molecule s a r e  t rapped in cagelike molecular  s t ruc-  
t u re s  when the cage component is c rys ta l l ized  in the presence  of these substances.  
these so-cal led inclusion compounds both the cage component, the "host", and the 
"guest" Component re ta in  the i r  chemical  identity. 
thiourea,  and the quinones. 
gascs ,  and the hydrocarbons and their  derivz.tives. 
physical  stabil i ty of an inclusion compound i s  determined la rge ly  by the s ize  of the guest  
molzcule .  
components by dissolving the compounds in water .  
s ions and the t rapped guest molecules  a r e  r e s t r i c t ed  in  the i r  t ranslat ional  motion and 
contact with neighboring guest  molecules .  
radiation chemis t ry  of the guest  molecules  will be different f r o m  that  for  the same  mole-  
c.ules in the gaseous o r  liquid s ta te .  

In 

Typical host  molecules  include u rea ,  

F o r  a given hos t  the formation and 
Guest moleculezi include a var ie ty  of inorganic and ine r t  

Urea  and thiourea inclusion compounds a r e  decomposed readi ly  into their  
Cage s i zes  a r e  of molecular  diinen- 

These la t te r  res t r ic t ions  suggest that  the 

Curren t ly  being investigated i s  the radiation chemis t ry  of inclusion compounds 
which m a y  have possible application in  the a r e a  of radiation process ing .  
of this  study i s  to investigate the feasibil i ty of using inclusion compounds as a means  of 
increas ing  the radiation yields of des i rab le  products f rom selected hydrocarbons and 
their  der ivat ives .  Possible  applications in radiation processing include the formation 
of branched hydrocarbons f r o m  straight-chain hydrocarbons and the synthesis  of novel 
products by radiation-induced reac t ions  between host  and guest  molecules .  

The objective 

During July,  the pertinent l i t e ra ture  on inclusion compounds was surveyed and 
s ix  compounds selected fo r  the init ial  i r rad ia t ion  exper iments  using u r e a  and thiourea 
a s  the hos ts  as indicated on the following page. 
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Urea  Thiourea 

Heptane 
Cetane 
S tear ic  acid 
Amyl acetate  

Cyclohexane 
Cumene 

Several  of these compounds have been p repa red  and a r e  being i r rad ia ted  in the 
Battelle cobalt-60 i r radiat ion facil i ty a t  dose r a t e s  f r o m  2 to 4 .  5 x l o 5  r ads  pe r  h r .  
These compounds and o thers  to be p repa red  next month will be i r rad ia ted  to a total  dose 
of l o 8  r a d s .  Following these i r rad ia t ions  seve ra l  of the compounds will be selected for  
chemical  analyses  and the na ture  and yields of the radiolysis  products determined.  
chromatography methods a r e  being explored for  the chemical  ana lyses .  

Gas- 

Development of Radioactive- T r a c e r  Quality-Control System 

D. N .  Sunderman, J .  E .  Howes, a n d M .  Poberesk in  

An investigation has  been undertaken to  es tabl ish the feasibil i ty of the develop- 
ment  of rad io t racer  sys t ems  for  p rocess  and quality control .  
by developing and demonstrating the appropriate  radiochemical  analytical  techniques on 
a laboratory-  scale  p rocess .  

This  may  be accomplished 

The r e s e a r c h  p rogram will be executed in  the following manner :  

A study will be made  of ASTM analyt ical  p rocedures  present ly  in 
use in  var ious operating p r o c e s s e s .  One p rocess  will be selected 
for  fur ther  development on the bas i s  of complexity and cos t  of the 
s tandard analytical  techniques.  

Analytical p rocedures  based on the use  of r ad io t r ace r s  will be de- 
veloped as substi tutes for  the procedures  es tabl ished in Step (1 ) .  

Using a laboratory-scale  p rocess  as  a source of samples ,  the radio- 
t r a c e r  techniques will be compared  with the s tandard ASTM methods,  
Comparison will be based on e a s e  of analysis ,  precis ion,  t ime,  and 
cos t .  

The study of ASTM analytical  p rocedures  and other  pertinent l i t e ra ture  has  been 
init iated.  
mental  work will be initiated during August. 

It is anticipated that selection of suitable p rocesses  will be made  and experi-  
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D. PROCESSING O F  FEED MATERIALS 

E.  L. I’oster 

The study of the importance of the fac tors  involved in  the solidification of the 
uranium casting is  the objective of this  program.  

To date ,  the theore t ica l  considerations have been evaluated, and a mathematical  
model  of the heat flow f rom the ingot has been formulated.  The ini t ia l  solutions f rom 
the mathematical  model  have appeared reasonable ,  and an  experimental  p rog ram has 
been initiated to provide data for  comparison with the calculated resu l t s .  

Solidification of Uranium 

E .  L. F o s t e r ,  C .  K. Frznkl in ,  B. L. F le t che r ,  
B. Schwartz,  and R.  F. Dickerson 

Initial smal l - sca le  casting experiments  have been completed. The objective of 
these experiments  was to measu re  and r eco rd  t empera tu res  in  the casting and mold 
ma te r i a l s  during the cooling period. 
will be compared with data  obtained by calculation of the heat flow. Based  o n  these  
compar isons ,  evaluation of the var ious casting fac tors  present  during the cast ing of 
uran ium ingots of production s ize  will be made .  

The t empera tu re  data which have been recorded  

Two ingots,  3 by 20 in. and approximately 100 lb in  weight, w e r e  cas t .  Each  
me l t  was held for  5 min  a t  2550 F and subsequently poured into a cold graphite mold 
und1:r a vacuum of 50 x 
ser.u.ed for the m e l t s .  

mm of m e r c u r y .  A pouring t ime of about 15 s e c  was ob- 

The procedure  used to obtain tempera ture  h is tor ies  was  to place thermocouples  
in the mold in  such a manner  a s  to measu re  tempera tures  in  the me ta l  at horizontal  
positions 0. 25, 0 .75 ,  and 1.50 in. f r o m  the ingot sur face  and ver t ical ly  on the outside 
mold wall a t  in te rva ls  of 5 in .  One thermocouple was  placed flush with the inside wall  
of the mold. 
jacket and a t  the bottom of the crucible  support .  The thermocouples  a t  t hese  posit ions 
recorded  the t empera tu res  in  the immediate  surroundings of the mold and ingot. 

In addition, thermocouples were  placed o n  the inside wall  of the furnace 

P re l imina ry  examination of the the rma l  data  taken during the cast ing operat ions 

In the m e t a l  i t se l f ,  some  loss  of information o c c u r r e d  

Tempera tu res  of 200 and 700 F were  noticed at the furnace wall  and a t  the c r u -  

sho-us that t empera tu res  as high as 925 F exis ted a t  the outer su r f aces  of the mold walls 
durjng the cooling of the ingot. 
as 2. resu l t  of mechanical  fa i lure  of the thermocouples  posit ioned a t  the center  of the 
ingot. 
cible supports ,  respectively.  

Fu r the r  cast ings will be p repa red  by the same technique i n  o r d e r  to m o r e  defi-  
nitely es tabl ish tempera ture  fields in  var ious a r e a s  of the mold and ingot. Each cast ing 
will be sectioned to determine the exact loca.:ion of the thermocouples and to observe  the 
as -cast  grain s t ruc tu res .  
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With the experimental  work now under way, the p r o g r a m  for  calculation of the 
heat flow in the casting i s  being adapted to  the experimental-s ize  ingot. 
the interpretat ion of the resu l t s  obtained, the actual machine calculations a r e  being 
withheld until the position of the thermocouples i s  definitely es tabl ished by sectioning 
the ingot; this  should reduce the amount of interpolation necessa ry  in  subsequent c o m -  
puter  runs  to compare calculated with experimental  r e su l t s .  

To simplify 
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E-1 and E-2 

E. DEVELOPMENTS FOR LMFRE 

J. McCallum 

The purpose of th i s  study i s  to investiglite the possibi l i t ies  of applying a thin pro-  
tective coating of molybdenum on the in te r ior  sur faces  of the r eac to r  system. 
e lec t ro less  and vapor-plating techniques a r e  being studied as  possible  means  of attain- 
ing the coating. 

Both 

Elec t ro le  s !j Plat ing 

R. W. Hardy, J. McCallum, and C. C. Faus t  

During July,  four  different Grignard reagents  were  used to reduce molybdenum 
The Grignard reagents  were  methyl mag-  pentachloride i n  seve ra l  organic  solvents. 

ne s ium bromide , ethyl magne sium bromide , {ethyl magne s ium chlor ide,  and n-butyl 
magnesium chloride,  all as 3 M solutions in  ether.  The solvents used were diethyl 
e the r ,  dibutyl e the r ,  benzene, toluene, and xylene, Reduction of the molybdenum 
pentachloride did not proceed to the metal l ic  state but apparent ly  stopped a t  a n  in te r -  
mediate (k2 ,  + 3 ,  o r  +4) valence s ta te  with the formation of a n  insoluble molybdenum 
compound. 
denum pentachloride indicate that sufficient driving force ex i s t s  fo r  the reduction to the 
metal. 

Potential  measu remen t s  i n  the solutions of Grignard reagents  and of molyb- 

Future  work will be with Grignard reagents ,  using o ther  molybdenum compounds 
and other  solvents. 

Vapor Plat ing 

C. F. Powell  and I. E. Campbell  

Work during July was concerned with the prepara t ion  of 2 lb of molybdenum penta- 
chloi*ide, with deposit ion of molybdenum on Croloy 2-1 / 4  specimens by the rma l  decom- 
position of molybdenum hexacarbonyl a t  500 to  600 C, and with molybdenum deposit ion on 
Croloy 2-1/4 by hydrogen reduction of molybdenum hexachloride vapor  at 750 to 800  C. 
The imolybden&n coatings obtained f r o m  the carbonyl  were  much thinner than des i r ed ,  
but urere adherent. Difficulty was  experienceld i n  maintaining a uniform specimen tem-  
pe ra tu re  of accura te ly  known value with the type of specimen on hand. 
tained f rom the hexachloride were  adherent ,  except on two specimens coated a t  the lower  
end clf the range of deposition tempera ture  used,  and were  0. 5 to 1. 0 mil thick. 
coatings were slightly thinner than is des i r ed  f o r  tes t ing,  so heavier  coatings ( 3  to 5 mils 
thick) will be applied to additional specimens.  Work will then be r e sumed  on studying the 
vapo:r deposition of molybdenum f rom the pentachloride and hexacarbonyl a t  around 
550 (;. 

The coatings ob- 

These  
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F. RESEARCH FOR AEC REACTOR DEVELOPMENT 
DIVISION PXOGRAM 

S. J .  Paprocki  and R .  F. Dickerson 

REACTOR MATERIALS AND COMPONENTS 

R .  F. Dic:kerson 

The first  phase of the work concerned with valence effects of oxide additions to  
uranium dioxide is complete and future work will be concerned with obtaining a ma jo r  
reduction in the additive necessa ry  to prevent oxidation, a t tempts  to stabil ize U 0 2 .  Tho2  
bodies by other additive oxides,  and m o r e  detailed studies of oxidation behavior.  

Improved p r e s s u r e  equipment will be constructed for  u se  in  the synthesis  of new 
ma te r i a l s .  
the -mal gradient.  
modera to r s  is continuing. 
preparat ion for  s t ruc tura l  studies by high-temperature  X-ray  diffraction. 
tion capsule for operation at 1500 F has  been completed and is r eady  for  loading in the 
MTR. 

The ma in  disadvantage of present  equipment has  been an  exceptionally high 
The investigation of hydr tdes of uranium-zirconium alloys as fueled 

One i r r a d i a -  
Samples  containi ig  1 to 50 w/o uranium were  hydrided in 

The second capsule f o r  operation at ! . lo0 F will be loaded during August. 

The responsibil i ty f o r ,  and direct ion of, an  i r radiat ion-damage p rogram to de t e r -  
mine the extent of damage to Type 347 s ta in less  s tee l  in  fas t -neutron fluxes in the co re  
of the ETR has  been assumed.  The p rogram is designed to determine changes in phys- 
ical p roper t ies  caused  by continued exposure to  fas t  fluxes af ter  exposure a t  var ious 
flux levels  up to 14 to 16 x nvt. 
and subsize Izod impact specimens will be exposed and tes ted.  

Tensi le ,  cyc l ic -s t ra in  fatigue,  Charpy V-notch, 

Valence Effects of Oxide Ad'3ition to U r a n i u m  Dioxide 

W. B. Wilson and C .  M. Schwartz 

The purpose of this  project  is t o  gain fundamental  information on the effects of 
ma jo r  additions of divalent and t r ivalent  cation oxides to uranium oxide when the l a t t e r  
i s  subjected to oxidation. 
is  heing p repa red .  

The f i r s t  phase of the work i s  nea r ly  complete and a r epor t  

Future  work will be directed toward th ree  objectives:  

(1) Utilizing the information obtained f r o m  p r io r  r e s e a r c h ,  effor ts  will 
be directed toward a m a j o r  reduct.ion of additive n e c e s s a r y  to prevent  
oxidation and sublimation of the volatile oxide. 

(2) The oxidation cha rac t e r i s t i c s  of U(32- Tho2  bodies appear  capable of 
considerable improvement through use of other additive oxide. 
in  this  a r e a  will be directed toward the same  end as for  UO2 itself 

Work 
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except that UOz. Tho2 bodies (which break  up upon oxidation and 
lose uranium oxide) will be used.  

( 3 )  More detailed studies of oxidation and its "prevention" will con- 
tinue in o rde r  that  pr inciples  involved m a y  be applied to other 
volatile oxide sys t ems .  

Hieh- P r e s  sure  Hieh- Tempera ture  Solid-state Studies 

W .  B. Wilson and C .  M.  Schwartz 

This  project  was init iated to investigate the effects of p r e s s u r e ,  a s  a new degree 
of f reedom not conventionally used,  in producing new ma te r i a l s  for  use as  high- 
tempera ture  reac tor  components. 
effects of p r e s s u r e  on uranium oxide and uranium oxide with cer ta in  additives,  such a s  
BeO, La203, Sc2O3, e tc .  

Experimental  studies a r e  continuing to determine the 

h i p r o v e d  p r e s s u r e  equipment,  to be used in synthesis-type work,  wil l  be con- 
s t ructed on the bas i s  of experience with the p re sen t  equipment.  
vantage of present  equipment has  been too high a the rma l  gradient .  
tively la rge  uncertainty in the tempera ture  of the sample .  
to minimize th i s .  

The pr incipal  disad- 
This  led to a re la -  

The new design will a t tempt  

Fueled Zirconium Hydride Moderator 

H. E .  Bigony, A.  K.  Hopkins, a n d H .  H. Krause  

The investigation of hydrides  of uranium-zirconium alloys as fueled modera to r s  
During July,  zirconium- 1 to 50 

Capsule BMI-20- 1, which contains both fueled and un- 

for  possible use in gas-cooled r e a c t o r s  is continuing. 
w /o  uranium samples  were  hydrided, in preparat ion for s t ruc tu ra l  studies by high- 
tempera ture  X-ray  diffraction. 
fueled zirconium hydride specimens for  radiation-damage s tudies ,  has  been completed.  

S t ruc ture  and P r e  s sur  e -  ComDo sition- 
T ei-npe r a ture  Studie s 

Alloys of zirconium containing 1 and 50 w/o  uranium, which were  fabricated into 
I O - m i l  wi re ,  were hydrided to levels  of 10,  30, and 50 a / o  hydrogen (based on the z i r -  
conium content).  
610 to 620 C for 3 h r .  
b a r s  of alloy to get a hydrogen uptake la rge  enough for  accurate  measurement .  

Suitably hydrided samples  were obtained by react ion with hydrogen at 
However, i t  was found n e c e s s a r y  to supplement the wi re s  with 

These hydrided alloy wi re s  will now be examined by X-ray  diffraction at 500, 600, 
700 ,  and 8 0 0  C in o r d e r  to es tabl ish the s t ruc ture  of the condensed phases .  
mination of hydrogen-absorption i so the rms  will now be r e sumed ,  using zirconium- 25 
w/o  uranium alloy. 

The de ter -  
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Radiation-Damage Studies 

The zirconium hydride specimens were  ,>aded into Capsu : BMI-20-1, and the 
chamber  surrounding them was filled with hydrogen and sealed.  
shell  was then assembled  and loaded with N a K .  
pletion of Capsule BMI-20-2, which is  identical  with Capsule BMI-20-1. 
design center- l ine tempera ture  of the seconc capsule i s  1100 F, as  compared with 
1500 F fo r  the f i r s t .  

The outer  capsule 
Work has  been s ta r ted  toward the com- 

However,  the 

I r radiat ion Surveil lance P r o g r a m  on 
TvDe 347 Stainless  Steel  

F. R. Shober,  A. W .  Hare ,  and R.  F., Dickerson 

The responsibil i ty fo r ,  and direct ion of, an  i r radiat ion-damage p rogram to de-  
te rmine  the extent of damage to Type 347 stz.inless s tee l  in fas t -neutron fluxes in  the 
co re  of the ETR has  been assumed.  
KAl?L-33 loop program by determining changes in  physical  p roper t ies  caused by con- 
tinued exposure to f a s t  f luxes.  
s tee l  a r e  not adequate to predict  changes in  physical  p roper t ies  fo r  ma te r i a l s  exposed 
to flux levels  of 14 to 16 x 
a 3-year  life f o r  ma te r i a l s  in the C33-F-10 j?osition a t  the ETR.  
p rogram includes exposure of tensi le  specimens , cyclic- s t r a in  fatigue specimens , and 
Charpy V-notch and subsize Izod impact  specimens to increas ing  amounts  of integrated 
neutron flux and determinat ion of changes in mechanical  proper t ies  assoc ia ted  with the 
seve ra l  l eve ls  of i r radiat ion.  The levels  of i r rad ia t ion  to be investigated a r e  2.4,  4 .  8, 
7 .  2,  9 . 6 ,  12, and 1 4 . 7  x nvt. 

The prclgram i s  to supply data  in  support  of the 

P r e s e n t  i r radiat ion-damage data  on Type 347 s ta in less  

nvt. These  leve ls  of i r rad ia t ion  r ep resen t  approximately 
The survei l lance 

The design of the in-pile tube has  been based p r imar i ly  upon the tensi le  proper t ies  
of Type 347 s ta in less  s teel .  
to E:TR p rocess  water  and a t  approximately (bo0 F a r e  important .  
tensi le  samples  will  be made  a t  room t empera tu re  and at 600 F a f t e r  exposure a t  the 
above-mentioned flux levels  to de te rmine  whether t empera tu re  influences the extent of 
radiation damage ei ther  during o r  after exposure.  It is  thought that  the the rma l  s t r e s s  
experienced by the tube in  operation will exceed the yield point of the m a t e r i a l  and, 
hence,  i t  will be important  to know how neutron i r rad ia t ion  affects  the low-cycle high- 
s t r a in  plastic fatigue s t rength of Type 347 s ta in less  s tee l .  
cyclic- s t ra in  fatigue curves  a f t e r  i r rad ia t ions  f o r  t ime increments  equivalent to 
6 months of operation fo r  the in-pile tube.  
i r rad ia ted  proper t ies  should indicate whether irradiation-induced changes in  this  
proper ty  make it unsafe f o r  loop operation. 
if 'Type 347 s ta inless  s tee l  becomes br i t t le  during i r rad ia t ion  at  leve ls  of exposure ex-  
pected f o r  the KAPL in-pile tube. 
The impact  specimens will  be i r rad ia ted  to integrated neutron fluxes equivalent to 
6 rrdonths and 2-1/2 y e a r s  of the KAPL-33 in-pile-tube operat ion.  
dat<i f r o m  the i r rad ia ted  samples  with similar p re i r r ad ia t ed  proper t ies  of the m a t e r i a l  
will. provide an  indication of the s t ruc tu ra l  integri ty  of the in-pile-tube m a t e r i a l .  

Any changes of these proper t ies  with increased  exposure 
T e s t s  of i r r ad ia t ed  

The specimens will provide 

Comparison of these  proper t ies  with p re -  

Impact  specimens will  be used to de te rmine  

Safe operation of the loop is  of pr ime importance.  

Comparison of t e s t  
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The eight "cold" capsules  or those to be exposed to ETR p rocess  water  were  in-  
s e r t ed  in the F-10-NE and F-10-SE positions in  June .  
top of each capsule and on aluminum-cobalt  wi re  attached in  the same  general  a r e a .  
These will provide a m e a s u r e  of fast- and thermal-neutron fluxes in  the vicinity of the 
experiment .  Loading was made  in  the F-10 instead of the H-,lO position, a s  planned 
originally,  for severa l  reasons :  (1)  the H-10 position was  not available f o r  the exper i -  
ment  a t  the present ,  ( 2 )  the experiment  in  the F-10  position, the position to be occupied 
by the in-pile tube, will receive neutron fluxes equal  to those anticipated fo r  the in-pile 
tube, and (3)  i t  was  thought fur ther  delay would impai r  securing data  in advance of 
inser t ion and operation of the in-pile tube. 
H-10 or a comparable  position as  soon a s  possible.  

Nickel d i sks  were  attached on 

All  capsules  a r e  to be t r ans fe r r ed  to the 

The mock-up capsules  containing the same weight pe r  unit length of m a t e r i a l  to be 
exposed in  the ETR a r e  being prepared  f o r  the ETRC. 

The mechanical  proper t ies  of the Type 347 s ta in less  s tee l  before i r rad ia t ion  a s  
determined by KAPL have been reviewed. 
cyclic- s t ra in  fatigue t e s t s  a r e  under consideration. 

P lans  for  construction of a unit to per form 

In the present  plans f o r  dos imet ry  to m e a s u r e  the neutron f l u x ,  n ickel  w i r e s  wil l  

After  d i scharge  of the dos imeter  
be placed in the center  and in  one core-face dos ime te r  hole and exposed simultaneously 
during one complete ETR cycle in  the F - 1 0  position. 
w i re s ,  samples  will  be taken f r o m  eight comparable  posit ions on each  wi re .  
will r ep resen t  two places  fo r  each of four  capsules  in  the t e s t  holes ,  and will provide 
flux data for  eight points in  two ve r t i ca l  planes and two points i n  eight horizontal  planes.  
Sulfur m a y  be used in e i ther  o r  both dos ime te r  holes  to substantiate the fast - f lux data  
de te rmined .  
defined a s  a nickel wi re  in  the center  dos imeter  hole of the c o r e  f i l t e r  piece,  will be 
used.  
te rmine  m o r e  completely the energy spec t rum of the neutron flux. 

These 

F o r  succeeding cyc les  in  the F-10  position only minimum dos imet ry ,  

The use  of cobalt and cadmium-shielded cobalt  wi re  h a s  been suggested to de-  

A lead o r  instrumented capsule  will  be used to check out the design of the hot 
capsules  and to co r re l a t e  gamma f lux with t empera tu re  of the specimens in  the capsule 
during i r radiat ion.  The expected procedure  is as  follows: 

Determination of the gamma profile in  e i ther  the NW o r  S W  hole of 
the F - 1 0  position with the r eac to r  a t  low power,  presumably a t  the 
s t a r t  of a cycle.  

Inser t ion of the lead  capsule to the peak f l u x  level  in  the hole on 
which the gamma profile had been made .  

Recording the tempera ture  of the specimens in  the capsule  a t  this 
t ime during an en t i re  cycle o r  until r eac to r  shutdown during a cycle.  
At such t ime the lead capsule will  be moved to a new position toward 
the top of the t e s t  hole. 
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It  i:; thought that  the tempera tures  at the peak flux level  and the top of the hole can be 
measu red  during one cycle and the tempera ture  a t  intermediate  points established i f  
there  a r e  severa l  r eac to r  shutdowns during one cycle.  
when the experiment  is  moved to the H-10 o r  comparable  position. 
gamma-flux measu remen t  f o r  the F-10-NW and F-10-SW at the start of Cycle 3 and 
with the reac tor  power at 80  megawatts was  14 and 13 w pe r  g, respect ively.  
capsules  were  designed and built on the basi:j of an  expected gamma flux of 25 w p e r  g. 
This indicates that  the hot capsules  will run .st somewhat lower t empera tu re  than the 
anticipated 600  F in the F-10 position. 

This procedure will be repeated 
The repor ted  

The hot 

Attempts will  be made  to evaluate the f 'ast flux in  the F -10  posit ions so that t ime 
The gamma-flux measu remen t s  will of exposure fo r  the capsules  can be determined.  

be made  a s  soon as  possible.  

STUDIES O F  ALLOY FUELS 

R.  F. Diclkerson 

The development of gamma-phase uranium alloys f o r m e r l y  repor ted  in  this  
section h a s  been completed,  as  has  been the study of the mechanism of aqueous c o r -  
rosion. Experimental  work on the radiation effects of uranium-zirconium alloys has  
bee.2 temporar i ly  recessed .  

Because of the possible use  of niobium-uranium al loys a s  a high-temperature  
fuel ,  the p rogram concerned with these alloys has  been continued. 
ject ives  will be to study the proper t ies  of alloys containing 40, 50, 60 ,  70 ,  80 ,  and 
9 0 \ v / o  niobium. 
and cor ros ion  cha rac t e r i s t i c s  in  seve ra l  environments .  
these proper t ies  will a lso be evaluated. 

The p r i m a r y  ob- 

These will include fabricahili ty,  mechanical  and physical p roper t ies  , 
The effect of impur i t ies  on 

A program a imed at developing thorium-uranium alloys with increased  i r rad ia t ion  
Effec ts  of impur i t ies ,  fabr icat ion stabil i ty and cor ros ion  res i s tance  has  been init iated.  

techniques,  and hea t  t rea tment  on distribution of the alpha uranium will  be studied a s  
wel l  a s  alloying to stabil ize the gamma-uranium phase.  

Development of Niobium-Uranium Alloys 

J .  A.  DeMastry,  F. R. Shotjer, and R. F. Dickerson 

The possible use  of niobium-uranium al loys a s  fuel  m a t e r i a l s  h a s  resul ted in an  
active in te res t  in  the proper t ies  of the high-niobium portion of the niobium-uranium 
constitution d iagram.  
uran ium-r ich  alloys ( l e s s  than 20 w /o  niobium). 
that  the proper t ies  of uranium-niobium al loys a r e  influenced grea t ly  by the puri ty  of 
the niobium and uranium used in the prepara t ion  of a l loys.  

Most of the information repor ted  h a s  been concerned with 
A survey  of the l i t e r a tu re  has  shown 

Therefore ,  the e f fec ts  of 

....................... . . . . . . . . .  . . . . . .  
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the m a j o r  impur i t ies ,  zirconium and oxygen, upon the proper t ies  of high-niobium alloys 
will be investigated.  
physical  p roper t ies ,  and cor ros ion  cha rac t e r i s t i c s  in  seve ra l  environments.  

Those proper t ies  to be studied a r e  fabricabili ty,  mechanical  and 

The alloys selected for  study a r e  uranium-40, -50 ,  -60, -70 ,  -80 ,  and -90  w/o  
niobium. 
three  grades  of niobium will  be used.  
than 300 pprn oxygen and l e s s  than 200 ppm zirconium, niobium containing approxi- 
mate ly  800  pprn oxygen and about 1.  0 w /o  zirconium, and a third grade  of niobium 
containing 800 pprn oxygen and l e s s  than 0 . 5  w /o  zirconium. 
compositions will be prepared  using all th ree  grades  of niobium a s  base materials. 

In o r d e r  to check the effect  of contamination on the proper t ies  of these al loys,  
These a r e  high-purity niobium containing l e s s  

Each of the above al loy 

Fabricat ion t empera tu res  a r e  to be est imated by the use  of special  hot-hardness  
buttons cas t  fo r  this  purpose.  Hot-hardness  readings will  be obtained up to 900  C.  

All alloys other  than the hot-hardness  specimens a r e  to be prepared  by 
consumable-electrode a rc-mel t ing  techniques and will weigh about 4 lb.  Fabricat ion 
methods to be studied will include hot rolling, forging,  and p r e s s  forging. The methods 
of fabrication m a y  va ry  f r o m  one composition to another ,  depending upon information 
obtained from hot hardness ,  metal lography,  a l loy composition, and p r io r  investigations.  

A study of the mechanical  and physical p roper t ies  of these alloys will  be made  to 
de te rmine  the effects  of the impur i t ies  and hea t  t rea tments  upon the al loys.  
l i t t le  o r  no information available on the proper t ies  of the high-niobium alloys.  
f inal  phase of the p rogram wil l  be a cor ros ion  study in  sodium, water ,  carbon dioxide, 
and a i r .  

The re  is  
The 

Center-cut  derby  uranium biscuit  h a s  been secured  and i s  being prepared  fo r  
melting. 
hardness  buttons will proceed as  soon a s  m a t e r i a l s  a r e  available.  

The niobium to be used f o r  mel t ing stock i s  on o r d e r .  Casting of the hot- 

Development of Thorium-Uranium Alloys 

V.  W.  Storhok, A .  A. Baue r ,  and R. F. Dickerson 

In te res t  in  thorium-uranium alloys as  b reede r  m a t e r i a l s  has  prompted a p rogram 
aimed at developing thorium-uranium al loys with increased  i r rad ia t ion  stabil i ty and 
cor ros ion  res i s tance .  
purpose . 

T e r n a r y  and qua ternary  alloying will be considered f o r  this  

Initially, thorium-uranium alloys will be studied comprehensively to de te rmine  
the effects  of impur i t ies ,  fabrication techniques,  and hea t  t rea tment  upon the distribution 
of the alpha-uranium phase in  the alpha-thorium matrix. 
phase distribution m a y  provide a m e a n s  f o r  l imiting swelling of the alloy which a c -  
companies re lease  of f i ss ion  gases  by th i s  d i spersed  phase.  

Control of the alpha-uranium 

. . . . . . . . . . . . . . . . . . .  ............ ....... . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  0 0  0 0 0  e . -  r : **E e * :  

I 



31 

F - 7  

The retention of f iss ion gases  by the uran ium-r ich  phase m a y  a l so  be increased  
Te rna ry  additions of niobium and by d o y i n g  to  stabilize the gamma-uranium phase.  

molybdenum, which show little solubility in thorium but which a r e  soluble in  and 
stabilize the gamma-uranium phase,  will be used f o r  this  purpose.  

Thorium-uranium-zirconium alloys wi 11 a l so  be examined. Such alloys should be 
heai; t rea tab le  , permit t ing var ia t ions in  phase distribution to be achieved. 
i t  m a y  be possible to produce matrix var ia t ions,  e i ther  alpha thorium, or a thorium- 
uranium-zirconium phase,  o r  uranium-zirconium-epsi lon phase a s  the matrix phase.  
Improved cor ros ion  res i s tance  a s  well  a s  i r rad ia t ion  stability might  be obtained with 
such al loys.  

In addition, 

Techniques to be employed in this  investigation will include metal lography,  X-ray  

On the bas i s  
diffraction ana lys i s ,  and hot-hardness  t e s t s .  
tes ted and mechanical-property data  will be abtained on promising al loys.  
of r e su l t s  obtained, alloys will be selected f o r  i r rad ia t ion  s tudies .  

Selected al loys will a l so  be cor ros ion  

GENERAL FUEL-ELEMENT DEVELOPMENT 

S. J .  Paprocki  

During the pas t  f i s c a l  y e a r ,  dispersior.-type fue l  specimens containing 24 w/o  
fu l ly  enr iched UC and UN dispersed  in  a 18 V J / O  chromium-14 w/o  n icke l -2 .5  w/o 
molybdenum-balance i ron  matrix and clad with Type 31 8 s ta in less  s tee l  were  fabricated 
for  i r rad ia t ion  tes t ing at 1650 F. 
compared  to specimens containing an  equivalent loading of uranium-235 in  the f o r m  of 

The i r rad ia t ion  behavior of these  m a t e r i a l s  will be 

uo ;:. 

The studies concerned with the development of c e r m e t  fuel  e lements  a r e  con- 
tinuing. 
taining 60  to 9 0  volume pe r  cent of fuel  component d i spe r sed  in  a m e t a l  ma t r ix .  
anticipated that such fuel  m a t e r i a l s  wil l  combine some of the des i rab le  f ea tu res  of both 
the ce ramic  and the conventional c e r m e t  fuel. sys t ems .  

Emphas is  i s  being d i rec ted  to the development of c e r m e t  fuel e lements  con- 
It i s  

Gas -p res su re  bonding i s  being investigated a s  a technique fo r  the cladding and 
bonding of niobium and molybdenum fuel elernents.  
promising because a solid-state bond is produced and the br i t t l eness  encountered during 
the brazing and welding of these m a t e r i a l s  i:; not  p re sen t .  
concerned with the development of an optimum sur face  t r ea tmen t  and pressure-bonding 
conditions f o r  molybdenum and niobium. 

This  bonding p r o c e s s  i s  ex t remely  

The init ial  studies wil l  be 

The initial selection of gas-pressure-bonding p a r a m e t e r s  of t ime , t empera tu re ,  
and p r e s s u r e  f o r  the bonding of a m a t e r i a l  i s  based on the recrys ta l l iza t ion  t empera tu re  
of the m a t e r i a l .  
ducted to es tabl ish the optimum bonding conditions. A study i s  being conducted with the 
objective of re la t ing the c r e e p  proper t ies  of a m a t e r i a l  to i t s  s t r e s s  behavior during 
p r e s s u r e  bonding. 
any m a t e r i a l  f o r  which the c r e e p  proper t ies  are  known. 

Using these  p a r a m e t e r s  a s  a s ta r t ing  point, many  t e s t s  a r e  then con- 

This would pe rmi t  the prediction of optimum bonding condition f o r  
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Radiation Effects on DisDersion-TvDe Fue l  Elements  

D. L. Kel ler ,  G. W .  Cunningham, and A. W .  Hare  

The p r imary  purpose of this  program is  to de te rmine  the effects of i r rad ia t ion  at 
elevated tempera tures  on dispersion-type fuel  e lements  which contain 24 w/o  UC o r  UN 
in a matrix of s ta inless  s tee l  and a r e  clad with Type 318 s ta inless  s teel .  Twelve t e s t  
specimens have been prepared f o r  the i r radiat ion experiment .  The fueled specimens 
have a co re  which is  about 31 mils thick, 1 / 2  in.  wide, and 1 to 1-1/8 in.  long. The 
cladding thickness is about 7 mils. 
will contain UN.  
i r rad ia t ion  capsules  to es t imated burnups that  will  equal and exceed the burnup leve l  
achieved with similar specimens containing an  equivalent amount of uranium- 235 in  the 
f o r m  of U 0 2 .  

Six of the specimens will contain UC and the ,balance 
Two of each type of specimen will  be i r rad ia ted  at 1650 F in th ree  

The necessa ry  specimens have been fabricated and given the necessa ry  p re -  
i r rad ia t ion  physical measu remen t s  and density measu remen t s  p r io r  to encapsulation. 

Four  of the specimens have been encapsulated in a thermocoupled capsule and 
have been sent  to the MTR f o r  i r rad ia t ion .  
the relative flux necessa ry  to obtain a specimen tempera ture  of 1650 F. 
f rom the lead capsule a r e  obtained, the other  two capsules  will  be loaded and shipped 
to the MTR fo r  i r radiat ion.  
r e su l t s  a r e  available.  

This lead capsule will  be used to de te rmine  
After  the data  

P r o g r e s s  r epor t s  will be discontinued until i r rad ia t ion  

Fabricat ion of C e r m e t  Fuel  Elements  

S. J .  Paprocki ,  D. L. Kel le r ,  G. W .  Cunningham, 
a n d D .  E .  Kizer  

Development h a s  been expanded on c e r m e t  fue l  e lements  containing 60  to 9 0  
volume p e r  cent  fuel  compound d ispersed  in  a continuous m e t a l  matrix. 
investigated include UN, UC, and U 0 2 .  
molybdenum, nickel,  niobium, and s ta in less  s teel .  

Fue l s  being 
Metall ic skeletons will  cons is t  of chromium,  

Initial work i s  to be concentrated on the production of dense compacts  fo r  
thermal-conductivity measu remen t s .  
the possible combinations,  but an  a t tempt  will  be made  to obtain enough data  to es tabl ish 
the relative degree of improvement  which m a y  be expected when a c e r m e t  i s  used 
r a the r  than a c e r a m i c .  A hot-pressing technique will be used to p repa re  the specimens.  

The rma l  conductivity will not be measu red  on all 

P re l imina ry  fabricat ion studies have shown that hot press ing  is  the m o s t  feasible  
method of producing many of these  c e r m e t s ;  t he re fo re ,  a detailed study will be made  of 
the effects of such var iables  as  t ime,  t empera tu re ,  p r e s s u r e ,  and powder par t ic le  s ize .  
Also, f o r  sys tems such as  s ta in less  s tee l -U02,  in  which the m e t a l  does not wet the 
ce ramic ,  techniques such as  coating the U 0 2  with m e t a l  by vapor deposition, adding 
sufficient meta%$ give the c o r r e c t  composition, cold press ing ,  and s inter ing will be 

, :$I.! 
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investigated.  
moted.  
exaininations , mechanical-property t e s t s  , electrical-conductivity measu remen t s  , 
thermal-shock t e s t s ,  and thermal-expansion measu remen t s .  

Infiltration can a l so  be considered in c a s e s  where wetting can be pro-  
Fabricat ion methods will be evaluated on the bas i s  of visual  and metallographic 

Gas-pressure-bonding techniques will be investigated fo r  producing clad a s s e m -  
Bend t e s t s ,  t r a n s v e r s e  tensi le  t e s t s ,  and metal lographic  examinations will be b l ies .  

macle to de te rmine  the core-to-cladding bond strength.  

G a s - P r e s s u r e  Bonding of Niobium- and Molybdenum- 
Clad Fuel  Elements  

S .  J .  Paprocki ,  E. S. Hodge, C .  B. Boyer ,  and R. W .  Getz 

Niobium and molybdenum a r e  promising ma te r i a l s  for  iner t -gas-cooled and some 
liquid-metal-cooled high-temperature  reac tor  applications.  
property is  high-temperature  s t rength.  
approximately 9,000 psi ,  while molybdenum has  a tensi le  s t rength of approximately 
10,1300 psi .  
absorption c r o s s  sections with no significant resonance in the the rma l  o r  ep i thermal  
reg?-ons.  
s t ruc tu ra l  components f o r  high-temperature  r eac to r s .  

Their  m o s t  important  
At 2000 F, the tensi le  s t rength of niobium is  

Molybdenum and niobium posses s  re la t ively low thermal-neutron-  

These proper t ies  make  niobium and molybdenum highly des i rab le  fo r  use  a s  

The favorable  nuclear  and high-temperature  s t rength proper t ies  of molybdenum 
and niobium as  cladding ma te r i a l s  es tabl ish (a need f o r  an  effective p r o c e s s  f o r  
bonding, cladding, and joining of molybdenum and niobium-clad fuel  e lements .  I t  i s  
posijible to join both of these  ma te r i a l s  by welding in  a closely controlled a tmosphere .  
The niobium i s  m o r e  eas i ly  welded because i t  does  not become embri t t led a s  readi ly  
during welding. 
sorr-etime s difficult to obtain as a r e su l t  of oxide precipitation along the molybdenum 
gra in  boundaries during the welding operatio:n and the relat ively high brit t le-to -ductile 
t ransi t ion of recrys ta l l ized  molybdenum. 
ma te r i a l  that  h a s  been recrys ta l l ized  during fusion welding. Thin foil  sections of 
molybdenum and niobium can be joined by ul t rasonic  spot welding; however,  this  
p rocess  has  not been proven applicable fo r  welding of claddings to re la t ively thick 
f r ame  ma te r i a l .  In general ,  welding of t h e w  m a t e r i a l s  by i n e r t  a r c  welding h a s  been 
fa i r ly  well es tabl ished i f  base ma te r i a l s  of s-i i table puri ty  a r e  employed and if  a tmos -  
pheric  contamination i s  avoided during we1di:ng. 
display a high affinity f o r  oxygen and nitrogejn, it i s  n e c e s s a r y  to pro tec t  them f r o m  
a tmospher ic  exposure during cladding at elevated t empera tu res  by ro l l  cladding o r  
coextrusion.  
themselves  present  a n  additional problem. 
employed a s  outer  protective cans  during cladding of m e t a l s  that  have a high affinity fo r  
oxy:gen and nitrogen will readi ly  alloy with th.e molybdenum and niobium at the bonding 
t empera tu res .  
vated t empera tu res  will r e su l t  in  the can red.ucing much m o r e  than the molybdenum and 
niobium components;  consequently, possible rupture  of the protect ive can may occur  or 

Also,  the room-temperaturl3 ductility of the molybdenum welds is 

This  t ransi t ion can be a s  high as  575 F fo r  

Since both niobium and molybdenum 

The tempera tures  n e c e s s a r y  to obtain bonding of these m a t e r i a l s  to 
Oxidation-resistant m a t e r i a l s  normal ly  

In addition, the lower s t rength of the protective can m a t e r i a l s  a t  e le -  
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the fabricated fuel e lement  will display poor dimensional proper t ies .  
el iminate these problems,  some work has  been previously done on bonding of these ma- 
t e r i a l s  by sol id-s ta te  diffusion p rocesses  involving the use of die p r e s s u r e s  to obtain 
bonding; however,  none of these p rocesses  has  been proven applicable f o r  cladding fuel 
e lements  with molybdenum or niobium. 

In an at tempt  to 

Many of the problems assoc ia ted  with conventional fabrication techniques fo r  
cladding with molybdenum and niobium can be avoided by p r e s s u r e  bonding of these 
elements  with a high iner t -gas  p r e s s u r e  a t  elevated t empera tu res .  
can be applied di'rectly on an edge-welded fue l  e lement  o r  bonding can be done in  a two- 
s tep  operation. 
bonding of the elements  in  a coated protective can at intermediate  t empera tu res  subse-  
quent to decanning and final p r e s s u r e  bonding by d i r ec t  p r e s s u r e  on the cladding a t  
elevated t empera tu res .  The par t ia l  bond obtained in  the init ial  stage would have to be 
leakproof so that a p r e s s u r e  different ia l  could be establ ished during the second bonding 
operation. The two-step p rocess  would be applicable fo r  both fuel e lements  and com- 
plete subassemblies .  
during p r e s s u r e  bonding, it m a y  a l so  be possible to p r e s s u r e  bond in a one-step ope r -  
ation using a coated protective can a t  elevated t empera tu res .  

The gas  p r e s s u r e  

The la t te r  ca se  would consis t  of obtaining a par t ia l  bond by p r e s s u r e  

Since only a minimum amount of deformation i s  encountered 

Three  types of fuel e lements  a r e  being considered in  this  investigation. These 
a r e  flat plate, wafer ,  and tubular fuel e lements  which will embody co re  m a t e r i a l s  con- 
s is t ing of high-loaded c e r m e t s ,  high-loaded d ispers ions  , o r  compartmented uranium 
dioxide c o r e s .  
t e r i a l s  because a minimum amount of deformation i s  involved during the bonding ope r -  
ation. 
bonding ope rat ion.  

P r e s s u r e  bonding i s  an  a t t rac t ive  method of bonding these  br i t t le  m a -  

In addition, the d ispers ion  cha rac t e r i s t i c s  of the c o r e  a r e  not a l te red  during the 

In the initial phases  of this  investigation, the bonding of niobium and molybdenum 
to itself will be studied. 
on the bonds obtained during p r e s s u r e  bonding will be investigated.  
molybdenum will not bond proper ly  except  by recrys ta l l iza t ion  and gra in  growth during 
the pressure-bonding cycle,  it will be n e c e s s a r y  to put the m a t e r i a l  in  the bes t  condition 
for  recrystal l izat ion and gra in  growth to minimize  bonding t i m e s  and t empera tu res .  
Because the bond sur faces  do not deform enough during p r e s s u r e  bonding to break  up 
surface contaminant f i lms ,  the prepara t ion  of the surface f o r  bonding i s  especial ly  
important .  
contaminated by improper  pickling, machining, abrading, or degreasing do not bond 
properly.  
niobium and molybdenum f o r  bonding. It i s  a s sumed ,  because of the d e s i r e  to obtain 
recrystal l izat ion of the m a t e r i a l  along the mating in te r faces  , that methods of surface 
preparat ion will include peening, belt abrading,  o r  machining to  produce localized a r e a s  
of high energy by cold work. 
suitable surface roughness to produce high-energy points fo r  bonding. 

The effect of p r io r  fabr icat ion h is tory  and surface prepara t ion  
If niobium and 

In work with other  cladding m a t e r i a l s ,  it h a s  been found that sur faces  

It will be necessa ry  to de te rmine  the m o s t  suitable surface preparat ion fo r  

The l a t t e r  two methods would include determining a 

A s e r i e s  of flat-plate specimens incorporat ing two flat  plates  of molybdenum o r  
niobium will be used to study e f f ec t s  of fabr icat ion h is tory  and sur face  preparat ion on 
the bonding of the m a t e r i a l s  to themselves .  
gate pressure-bonding p a r a m e t e r s  and cladding-to-can or - space r  react ion.  
will be evaluated by bend, chisel ,  and peel  t e s t s ,  and metal lographic  examination to 
determine bond integri ty .  

S imi la r  specimens will be used to invest i -  
All bonds 
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Mater ia l s  a r e  being obtained fo r  this investigation, and pre l iminary  f la t -plate-  
type specimens a r e  being assembled to obtai:n information on sur face-prepara t ion  and 
p r e s sur  e - bonding pa r ame  te r s . 

Basic  Studies of P r e s s u r e  Bonding 

S. J .  Paprocki ,  E .  S. Hodge, S. D.  Beck, a n d M .  A. Gedwill 

An investigation i s  in  p rogres s  with the aim of establishing c r i t e r i a  fo r  choosing 
pressure-bonding conditions. 
p rocess  of bonding contacting sur faces  by the application of gas  p r e s s u r e  at elevated 
t empera tu res .  
sufficient deformation of the contacting su r faces  to in su re  per fec t  contact.  

P r e s s u r e  bonding a s  considered h e r e  r e f e r s  to the 

In this  study the emphasis  i s  on determining the conditions which cause 

-. Analytic Studie s of P r e s  s u r e  Bonding 

The assumption i s  made  that the sur face  deformation which occur s  i s  substantially 
a ci-eep phenomenon. 
geometry.  
the simple c r e e p  law E" = Aon. and G r e fe r  to s t r a in  r a t e  and s t r e s s  invariants ,  
and A and n a r e  c r e e p  p a r a m e t e r s  f o r  a given m a t e r i a l  at a given t empera tu re .  
f i r s t  model  used to descr ibe  the surface geometry was that of a collection of infinitely 
thick-walled spheres  subjected to  hydrostatic: p r e s s u r e .  However,  this  model  led to a 
la rge  overpredict ion of the conditions necess ,a ry  to bring the su r faces  into int imate  
contact,  even though the c r e e p  p a r a m e t e r s  a r e  not known accura te ly .  
model fo r  the surface geometry i s  being sought. 

It i s  necessa ry  to  p re sc r ibe  a model  to r ep resen t  the sur face  
In pr inciple ,  a t  l eas t ,  the c r e e p  of the surface can be predicted in t e r m s  of 

Here  
The 

An al ternat ive 

An effor t  was made to de te rmine  the c:reep p a r a m e t e r s  fo r  2s aluminum at 500  
and 700  F by analyzing data  on the collapse cif thick-walled cyl inders  under ex terna l  
p r e s s u r e .  Due to the combined effects of l imited information obtainable f r o m  each 
exp,zriment and l a rge  sca t t e r ,  these t e s t s  do not appear  to be a p rac t i ca l  way of obtain- 
ing c r e e p  p a r a m e t e r s  in  a sma l l  number of t e s t s .  However,  the tors iona l  c r e e p  of 
cyl indrical  b a r s  m a y  be analyzed in t e r m s  of the same fundamental  c r e e p  law. 
addition, an individual tors ion t e s t  can be used to give a d i r e c t  compar ison  between 
c r e e p  r a t e  and s t r e s s ,  since the angular  velocity and torque can be measu red  direct ly .  
Thu.s, a reduction in the number of t e s t s  needed to obtain the c r e e p  p a r a m e t e r s  i s  v e r y  
likely. 

In 

Exper imenta l  Studies of P r e s s u r e  Bonding 

A s e r i e s  of to rs ion  t e s t s  i s  being planned in  an  effor t  to obtain the paramete  
Cylindrical  b a r s  of 2s aluminum will be assoc ia ted  with the power law for  c reep .  

S 

twisted a t  a constant angular velocity and the torque will be m e a s u r e d .  If the a s sumed  
c r e e p  law i s  valid, a substantially constant torque will be assoc ia ted  with each angular  
velocity. The data  f r o m  these t e s t s  may  then be used in  the analytic s tudies .  
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G .  FATIGUE STUDIES OF INCONEL AND INOR-8 

W .  S. Hyler and F. H. Lyon 

Fatigue Studies of Inconel 

This  p rogram has  the objectives of obtaining bas ic  fatigue information on Inconel 

The cu r ren t  phase of the p r o -  
and of establishing quantitative relationships among the var iab les  of t empera ture ,  
s t r e s s ,  s t r a in ,  t ime ,  and cyclic frequency f.3r Inconel. 
g r a m  is concerned with measur ing  and recoi-ding of s t r a in  assoc ia ted  with the cyclic 
portion of a combined load. 

During July work continued on improving the specimen-extensometer  sys t em and 
increasing the reliabil i ty of the recording s y s t e m ,  
load and tempera ture  it may be possible to p r e s e t  the des i r ed  operat ing load. 
would pe rmi t  change f rom the r e s t  condition to the tes t ing condition without the inter  - 
mediate  manual  load adjustment .  

It appea r s  that  by calibrating for 
This 

The calibi-ation is par t ia l ly  completed.  

It is expected that during the next month the detai ls  of the t e s t  p rocedure  will be 
fur ther  c lar i f ied,  and the modification of the equipment wil l  be  extended to provide 
fac- l i t i es  for other kinds of operation. 

Fatigue Studies of INOR-8 

This  study has  been r e c e s s e d  until fur ther  notice.  
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J .  CORROSION PROBLEMS ASSClCIATED WITH THE RECOVERY 
O F  SPENT REACTOR, F U E L  ELEMENTS 

C .  L. Pe te r son ,  P. D. Mil ler ,  12. F. Stephan, 0. M. Stewart ,  
J .  D. Jackson,  W. C. Baytos,  'r. E .  Snoddy, and F.  W .  Fink 

The evaluation of ma te r i a l s  of construction for u se  i n  the var ious proposed p roc -  
e s s e s  for the recovery  of spent reac tor  fuel e lements  h a s  continued. 

Titanium is s t i l l  the ma te r i a l  of choice: for  use in  the Darex  dissolver  and feed-  
adjustment  tank. 
frorn mechanical  injury.  

Cur ren t  experiments  show no ill effects f r o m  caust ic  cleaning o r  
Scale removal  does not s e e m  to constitute a ser ious  problem. 

Studies have been continued to seek  ways of preventing s t r e s s -co r ros ion  c rack -  
i n g  of Carpenter  20 Cb in  the Sulfex-Thorex sys tem.  
cathodic protection a r e  under investigation. Nionel suf fe rs  f r o m  in te rgranular  a t tack 
in  a r e a s  of carbide precipitation when exposed to these solutions.  A remedy i s  being 
sou,zht i n  stabil ized or  extra-low-carbon grades  of th i s  alloy. 
dur  tng scouting experiments  in  Sulfex and TE.orex solutions but r ema ins  to  be  studied 
in tlie as-welded condition. 

Both s t r e s s - r e l i e f  t rea tments  and 

Il l ium R shows p romise  

A run is under way in  a new molten-sal t  composition ( 6 2  mole p e r  cent NaF-38 
mole pe r  cent Z r F q ) .  
a r e  being exposed. 

Specimens of INOR-1 and INOR-8, Hastelloy B,  and Type S-816 

The Darex  P r o c e s s  

Uranium can  be recovered  f r o m  fuel e iements  containing s ta in less  s t ee l  as a 
diluent o r  cladding by means of the Darex  p rocess .  The e lements  a r e  f i r s t  dissolved 
in dilute aqua regia .  
n i t r ic  ac id  and, following suitable adjustment ,  the dissolved uranium is recovered  by 
conientional methods of solvent extraction. 

The chlor ides  a r e  s t r ipped from the solution with concentrated 

Dis:;olver Studies With Titanium 

Specimens f rom the 2000-hr exposure in the flowing d isso lver  a r e  still i n  the 
p rocess  of being examined. 
ob s e rve  d . 

No evidence of any s e v e r e  co r ros ive  at tack has  been 

A new experiment  is  under way with the flowing d isso lver .  Severa l  plain and 
welded t i tanium specimens,  including some 1.ongitudinally welded specimens which have 
beell placed in tension by means of spec ia l  supports ,  a r e  being exposed to the conditions 
of continuous dissolution. At weekly in te rva ls ,  the ac id  is drained and the en t i re  d i sso-  
lution vesse l  and contents a r e  cleaned by boiling an aqueous solution containing 10 w / o  
NaOH within the dissolver  for  3 h r .  Following r insing,  dissolution is continued. Three  
such cleanings have been made with no apparent  bad effects .  

I .  - .  a '?  32 
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During this exposure,  some ti tanium specimens exposed high in the vapor phase 
above the point of dissolution a r e  being scra tched  daily to see  i f  the oxidative power of 
the vapor a t  this point i s  sufficiently high that the protective film on ti tanium will  be 
repa i red  before cor ros ive  damage occurs .  

FAT Studies With Titanium 

The various plain, welded, and s t r e s s e d  t i tanium specimens were  removed f r o m  
the boiling Initial FAT solutions following 4500 h r  of exposure.  
measu red  for  these specimens were  ve ry  low and no s t r e s s -co r ros ion  cracking was  
observed.  Representative specimens a r e  being sectioned at  vulnerable locations,  such 
as through crev ices  and through weldments and the i r  heat-affected zones,  fo r  me ta l -  
lographic inspection. 

The weight l o s ses  

The scale  which fo rms  on the submerged portion of t i tanium s t eam tubes exposed 
in  F ina l  FAT solutions was  removed quite eas i ly  during one experiment by exposing i t  
to a boiling solution of the Init ial  FAT composition. This  indicates that  the sca le  will 
probably be removed during each re f i l l  of the tank p r i o r  to the boil-down operat ion and, 
thus,  i t  does not constitute any grea t  problem in relat ion t o  the hea t - t ransfer  cha rac -  
t e r i s t i c s  of the s t eam tubes.  

The Sulfex-Thorex P r o c e s s  

The evaluation of var ious meta ls  for  use  a s  container ma te r i a l s  for the dissolution 
s tep  of a proposed Sulfex-Thorex p r o c e s s  has  continued. 
s ta inless-clad fuel e lements  of thor ium o r  thoria  would be dejacketed by dissolution in  
sulfur ic  acid.  
13.0 M "03, 0.  05 M F-, to  give a final solution of about 8. 5 M " 0 3 ,  0 . 0 5  M F-, 
and 1.  0 M Th(N03)4.  
to the Thorex  solution will  help to  prevent  excess ive  co r ros ion  of s e v e r a l  ma te r i a l s  and 
will  probably be used during actual  prac t ice .  

In this par t icu lar  p rocess ,  

Following th is ,  the thor ium o r  thoria  would be dissolved by a solution of 

Experience has  a l ready  pointed out that  the addition of 0 .  2 M Al+3 

Experiments  With Carpenter  20 Cb 

Experiments  in  which Carpenter  
H2S04 while i n  contact with dissolving 
a r e  being run in batch fashion for  only 

20 Cb specimens a r e  exposed to  boiling 6 M 
s ta in less  s t e e l  a r e  in  p r o g r e s s .  
as long as it takes  to r each  a buildup of about 

These s tudies  
- 

5 g p e r  l i t e r  of dissolved s ta inless  s t ee l .  Then the acid is d iscarded  and replaced with 
f r e sh .  
s e rved  when sufficient concentrations of dissolved s ta in less  s t e e l  a r e  present .  So f a r ,  
the experiment  has  not been run enough t imes  to allow a determinat ion to be made  as to 
whether o r  not this  cathodic protection f r o m  the s ta in less  anode is preventing cracking 
of the Carpenter  20 Cb specimens.  

This  is done to prevent  obtaining the corrosion-inhibit ing effects a l ready  ob- 

Specimens of Carpenter  20 Cb, both 11 and 16 gage, containing weldments,  were  
obtained and given a solution anneal  at 1950 F for  15 min ,  followed by a water  quench. 
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P a r t  of these  specimens were  then given a s t r e s s - r e l i e f  t rea tment  by holding a t  1650 F 
f o r  10 min and cooling in the furnace.  
ing 6 M H2S04 to s e e  i f  the s t r e s s - r e l i e f  t rea tment  has  been successful  i n  preventing 
the development of cracking. 

All  of these  spec imens  will be exposed in  boil-  

Experiments  With Nionel 

As mentioned in  BMI-1273, welded specimens of Nionel developed seve re  in t e r -  
g ranular  a t tack following exposure to Thorer: solutions ei ther  alone o r  cyclically with 
Sulfex solutions. 
the at tack had become so  seve re  that fur ther  exposure seemed unwarranted. 
a t tack occur red  in  the a r e a s  of carbide precipitation in  the heat-affected zones next t o  
the weldments in  much the same  manner  as has  been noted often with austenit ic s ta in-  
l e s s  s tee l .  
i s  being sought as a solution to this  type of attack. 

By the t ime 20  cycles had been reached,  following the usual  schedule,  
This  

P resen t ly ,  e i ther  a n  extra- low-carbon grade  o r  a stabil ized grade of Nionel 

Scorlting Experiments  With Other  Metals 

Scouting experiments  w e r e  conducted with specimens of Illium R exposed to boil-  
Illium R hzd reasonably low co r ros ion  r a t e s  i n  all but ing Sulfex and Thorex  solutions. 

the Initial Thorex  solution. 
However, these were  dras t ica l ly  reduced to around 2 mils p e r  month by the addition of 
0.  2 M Alf3.  
I l l ium R to s e e  if it suffers  f rom selective attack in  the a r e a s  of carbide precipitation. 

L Here  r a t e s  from. 1 2 0  to 160 mils p e r  month w e r e  recorded .  

More scouting experiments  will be made with welded specimens of 

The Fluoride -Vol.atility P r o c e s s  

Fue l  e lements  containing zirconium a s  a diluent o r  cladding can  be recovered  by 

Various ma te r i a l s  a r e  
a fl-uoride-volatility process. 
merits in  a bath of molten fluoride salts usin;? a s t r e a m  of HF.  
being evaluated for use  in  the construction of this  hydrofluorinator.  

The f i r s t  s tep  consis ts  of hydrofluorination of the e l e -  

At the p re sen t  t ime,  a run  is under way in  the 62 mole per  cent NaF-38 mole  p e r  

P r e s e n t  plans 
cent Z r F 4  sa l t .  
mens  of INOR-1, Type S-816, and Hastelloy B have a l so  been included. 
call  for inspection of these  specimens following 500 h r  of exposure,  
500-hr per iod,  the H F  flow r a t e  will be increased  considerably above that normal ly  
used ,  to determine how important  a role  thi:: flow r a t e  plays in  the cor ros ion  p r o c e s s .  
Oth,zr runs  with lithium sa l t s  and sa l t s  containing uranium to  r ep resen t  f inal  hydro-  
fluorinator conditions a r e  planned. 

While the m a t e r i a l  of p r i m a r y  in t e re s t  in  this  run  is INOR-8, spec i -  

During the second 
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K .  DEVELOPMENTS FOR SRE, OMRE, AND OMR 

J. E .  Gates and F. A. Rough 

This is p a r t  of the Atomic International r e s e a r c h  p rogram.  The objectives of this  
r e s e a r c h  a r e  to develop uranium monocarbid,? a s  a fuel f o r  the SRE and to pe r fo rm 
post i r radiat ion studies of ma te r i a l s  of intere.3t to the SRE,  OMRE, and OMR programs .  

EVALUATION OF URANIUM MONOCARBIDE 
AS A REACTOR FUEL 

F. A. FLough 

The p r i m a r y  concern of this  r e s e a r c h  i s  to  develop uranium monocarbide as a 
fuel fo r  SRE. The activit ies a r e  divided into two ma jo r  par t s :  
casting and fabricat ion techniques to produce in tegra l ,  unclad specimens and i r rad ia t ion-  
capsule design, and radiation-effects studies on unclad uranium monocarbide.  In the 
casting-technique phase,  s ix  specimens have been p repa red  fo r  loading into the MTR. A 
s tandard arc-melt ing procedure has been adclpted which controls  the composition of 
mel ted  buttons to within *O. 1 w / o  of the desi:red carbon content. 

the development of 

Casting Techniques f o r  the P repa ra t ion  
of Uranium Mono carbide 

A. C. Sec res t ,  E.  L. F o s t e r ,  and R. F. Dickerson 

Uranium carbide i s  one of a number of fuels present ly  being considered f o r  future  
r eac to r  u se .  
i r rad ia t ion- tes t  specimens of U C  and the deb-rmination of some of the physical p rope r -  
t i es  of UC. 

Por t ions  of this p r o g r a m  a r e  concerned with the prepara t ion  of a s - c a s t  

Six UC cast ings a r e  being made  using uranium enriched with 8 . 4  w / o  uranium-235. 
These spec imens ,  3 / 8  in. i n  d iameter  by 2 i 2 .  long, a r e  being p repa red  to have 4 . 6 ,  
4 . 8 ,  and 5. 0 w / o  carbon. All of these specimens will be loaded into capsules  f o r  i r -  
radiation in  the MTR. Each  capsule will contain two specimens of the s a m e  nominal 
c orrtpo s ition. 

Fu r the r  thermal-cycle  shock t e s t s  have been made  at 1100 C on specimens 
conTaining quantit ies of carbon above and below the UC stoichiometr ic  composition. 
Machine-ground specimens with 4 .5  and 4 . 7  w / o  carbon,  and an  a s -cas t  spec imen with 
5.  0 w /o  carbon, showed no evidence of f rac ta r ing  af ter  100 the rma l  cycles  (7  min  in  
the furnace a t  1100 C; 15-min cooling per iod at room tempera ture) .  
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By adopting a s tandard arc-melt ing procedure ,  i t  has  been found that the 
composition of buttons can be duplicated to within AO. 1 w / o  of the des i red  carbon 
content. Excellent reproducibil i ty was also achieved on cast ings made by mixing 
portions of castings of different composition. 
showed good uniformity in  composition f r o m  top to bottom. 

In each case  the result ing casting 

Tabulated below a r e  the resu l t s  of an experiment  designed to determine the 
optimum melting t ime for  minimum carbon pickup in  the preparat ion of 100-g a r c -  
mel ted buttons: 

Number 
of Melts 

hlelting Time 
per A4elt, sec 

20 
20 
30 
30 
35 
35 

Location 
of Sample 

Edge 
Center 
Edge 
Center 
Edge 
Center 

Composition, 
w/o carbon 

4.85 
4.84 
4 .93  
4.95 
5.04 
5.04 

The resu l t s  indicate that carbon pickup f rom the graphite e lectrode t ip inc reases  
with t ime and that the buttons are homogeneous. 
involves s ix  r eme l t s  a t  30 sec  each. 

The procedure  adopted as s tandard  

The f i r s t  

Irradiation-CaDsule Desipn fo r  Uranium Carbide 

R. B.  P r i c e ,  R. H. Barnes ,  and W .  H. Goldthwaite 

TR capsule,  BMI-23-1 , containing uranium-5.  0 w / o  car 
i s  being i r r ad ia t ed  in  MTR Posi t ion A-28-NE in a r eac to r  thermal  flux of 

3on specimens 
approximately 

1 x 1013 nv. 
BMI-23-1 will be  discharged a t  the end of Cycle 107 in  August. 
of uran ium-5.0  w / o  carbon a r e  available f o r  Capsule BMI-23-2 and all but one,  the 1 /4-  
in .  uranium-5.0 w/o  carbon specimen,  a r e  available f o r  Capsule BMI-23-3. 
uran ium-4.8  w/o  carbon specimens and one uranium-4.6  w / o  carbon specimen have been 
fabricated and radiographed f o r  Capsules BMI-23-4, BMI-23-5 , o r  BMI-23-6. 
lographs of these  specimens a r e  now being made .  

Due to the plutonium run  being scheduled for  Cycles 108  and 109, Capsule 
Sat isfactory specimens 

Some 

Metal-  

As soon a s  the specimens a r e  approved fo r  encapsulation and physical m e a s u r e -  
ments  on the specimens have been completed,  Capsules BMI-23-2 and BMI-23-3 will be 
loaded and shipped to the MTR. 
Cycle 110 in September  following the plutonium run.  
the rmocoupled. 

The t a rge t  inser t ion  date fo r  these  two capsules  is 
All s ix  MTR capsules  a r e  

Typical thermocouple t empera tu res  f o r  Capsule BMI-23 -1 during 40-megawatt 
reac tor  operation a r e  given in Table K-1 .  
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TABLE K-1. TYPICAL THERMOCOUPLE TEMPERATURE FOR CAPSULE BMI-23-1 

__- __ 
Temperature When Indicated Regulating Rod in Use,  F 

R R 1  RR1 RR1 RR2 RR2 R R 1  RR1 RR1 
T h e m  o c o up 1 e( a) (7-11) (7-14) (1-16) (7-18) (7-21) (1-23) (1-25) (7-29) 

1 1330 1260 1225 1190 1145 161db)  1545 1440 

3 660 645 645 63 5 610 820 I 7 0  760 
4 410 40 5 420 410 385 500 480 465 

6 

2 720 720 700 710 700 870 825 835 

5 49 5 490 50 5 500 48 5 590 555 555 
3 i 5  300 320 315 305 390 360 355 - 

(a) Pclsitioii of thermocouple: 
1 111 core center of top specimen. 
2 and 3 Touching basket at  center of top specimen. 
4 Touching inner capsule wall opposite top specimen. 
5 Touching basket at  center of bottom specimens. 
6 Touching inner capsule wall opposite center of bottom specimens. 

(b) Capsule raised into a higher flux during inidcycle refueling. 

These readings r ep resen t  peak values obser\.ed periodically by the Bat te l le  r ep resen ta -  
tive a t  the MTR. 
specimen sur face .  
t empera ture  graphs ,  
t ime i r rad ia ted .  

Readings fo r  thermocouples 2 ,  3 ,  and 5 m u s t  be extrapolated to the 
F o r  m o r e  p rec i se  values,  studies will be made  of the recorded  

There  i s  a genera l  tendency toward decreasing t empera tu re  with 

The long-term NaK-UC-stainless s tee l  compatibility studies a t  1100 F a r e  
continuing. 
power) ,  the compatibility studies will be terrninated at the end of 3 months at 
temperature .  

Since the longest i r rad ia t ion  ant:.cipated is s i x  cycles  (about 1 2  weeks at 

The BRR capsule containing specimens f o r  f i ss ion-gas- re lease  study is being 

Fiss ion  gas  r e l eased  into the capsule during 
irr2,diated in  BRR Core Posit ion 56 in  a r eac to r  thermal  flux of about 1 x 1013 nv. 
cap:jule wil l  be  discharged in August. 
irrz.diation will  be examined and specimen post i r radiat ion measu remen t s  wil l  be made. 
Fol!owing this ,  the f iss ion gas  r e l eased  will be studied on individual post i r radiat ion 
heat- t reated specimens.  A pre l iminary  t e s t  of apparatus  and procedures  is being con- 
duci:ed on two uranium-5.0  w / o  carbon specimens i r rad ia ted  fo r  1 min  a t  1 x 
thermal .  

This 

nv 

POSTIRRADIATION STUDIES O F  SRE,  OMRE, 
AND OMR FUEL MATERIALS 

J. E .  Gates  

The post i r radiat ion examination of twelve thorium-1 1 w / o  uranium spec imens  

After 
i r rad ia ted  in  two capsule t r a ins  has  been essent ia l ly  completed.  
made  to pe r fo rm radiochemical burnup analyses  and metal lographic  s tudies .  
these additional data become available,  the r e su l t s  can  be evaluated. 

P repa ra t ions  a r e  being 
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Two capsules f rom the SRE p rogram,  NAA-28-1 and NAA-29-1, containing 
i r rad ia ted  specimens of U 0 2  a r r ived  during July.  
i s  scheduled fo r  August. 

An examination of these specimens 

The dummy element containing i r r ad ia t ed  specimens of s t ruc tura l  ma te r i a l s  of 
in te res t  to the OMR program a r r ived  in  July.  
mens  to determine the effects of i r rad ia t ion  and cor ros ion  induced by the organic  coolant 
w i l l  be  initiated during August o r  September .  

Examination and testing of these  speci-  

An i r rad ia ted  OMRE fuel e lement  was received in  July.  
P re l imina ry  inspections have indicated that i t  i s  in good 

An examination of this, 
OMRE Element  3 ,  has begun. 
condition. 

SRE Fuel  Mater ia l  

G. E .  Lamale ,  J .  H. Saling, W .  J .  Braun,  and J .  E .  Whitney 

Thorium -Uranium Specimens 

The post i r radiat ion examinations of thorium-1 1 w / o  uranium specimens f rom 
Capsules NAA-15-6 and NAA-15-7 have been completed.  
f o r  radiochemical  burnup ana lyses ,  metal lographic  examinations,  and measu remen t s  of 
the l inear- thermal-expansion coefficients. 
and to be completed during September .  
a f te r  the burnup i s  determined.  

Specimens have been p repa red  

This  work i s  scheduled to begin in  August 
An evaluation of the i r rad ia t ions  will be  made  

The data obtained f r o m  the gas  collected f r o m  seve ra l  capsules  a r e  s t i l l  being 
evaluated. 
being studied. 

A fission-product analysis  of the NaK recovered  f rom two capsules  i s  a l so  

U r anium -Dioxide SDe cimen s 

Prepara t ions  a r e  being made  to examine the U 0 2  specimens i r rad ia ted  in  
Capsules NAA-28-1 and NAA-29-1. The examination is scheduled f o r  August. 

OMRE Fue l  Elements  

R. J. Burian,  D. K.  Dieter ly ,  D. N.  Sunderman, 
and J .  E. Whitney 

The f i r s t  fuel e lement  f r o m  the OMRE has a r r ived .  The inspection of this 
element,  OMRE Element  3 ,  has begun. 

Visually, the element appears  to be in  good condition. A layer  of black carbona-  
ceous ma te r i a l  was visible on the outer  sur faces  of the fuel e lement ,  The thickness was 

I -  $3 
* J ., 
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est imated to be approximately 0 .  5 mil. 
element was easi ly  removed with trichloroet'hylene. 
portions of the element near  the ends was not easi ly  removed. 
sages  between the plates  were  f r e e  of any obstruction. 

Most of this ma te r i a l  n e a r  the fueled a r e a  of the 
The adherent  ma te r i a l  on the cooler 

All of the coolant pas- 

The examination of this e lement  will continue. It i s  planned to examine the outer 
sur faces  of the element fo r  evidence of cor ros ion ,  m e a s u r e  over-al l  distortion, cut off 
the ends and m e a s u r e  plate spacing, and scan  the element to determine the relative 
radiation intensity at  various points.  
will be  mil led apar t .  
p la tes  inspected. 
macle with the gamma scan data ,  

Upon completion of the examination the element 
The thickness of individual plates  will then be measu red  and the 

Burnup analyses  will be made  on selected a r e a s  and a comparison 

OMR Fue l  and St ruc tura l  Mater ia l s  

R. J. Burian,  and J .  E. Whitney 

The fir s t  dummy element containing specimens of s t ruc tura l  ma te r i a l s  has 
a r r ived .  
of the OMRE element  and the routine examination of the U 0 2  capsules  a r e  completed.  
Since the examination of the s t ruc tura l  ma te r i a l s  will involve seve ra l  individual t e s t s ,  
such as tensi le  and cor ros ion  t e s t s ,  i t  i s  planned to i n s e r t  this work into the cel l  
schedules in small port ions,  r a the r  than to d o  i t  all a t  one t ime .  
work can be completed during the next 2 to 3 months.  

The s t ruc tu ra l  ma te r i a l s  will be examined af ter  the survei l lance examination 

It is believed that this 
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L. STUDIES O F  SODIUM-TANTALUM COMPATIBILITY 
AT ELEVATED TEMPERATURES 

J .  H. Stang 

The studies of the c r e e p  proper t ies  (in sodium and in  i n e r t  a tmosphere)  and the 
weldability of tantalum conducted f o r  Los Alarnos Scientific Labora tory  in  connection 
with the LAMPRE program a r e  near ing terminat ion.  
the init ial  a spec t s  of a program having the objective of developing core-construct ion 
alloys fo r  LAMPRE serv ice .  
gated will be based on tantalum, with additions of r e f r ac to ry  m e t a l s  such a s  molybdenum, 
niobium, and tungsten. 
tantalum-tungsten sys tem.  

During July,  attention was given to 

According to present  plans,  the m a t e r i a l s  to be investi-  

The cu r ren t  exploratory studies a r e  concerned with the 

Tantalum -Sodium Co.mpatibility Studies 

G.  E.  Raines ,  C.  V.  Weaver ,  and J .  H. Stang 

All exper iments  in  this  r e s e a r c h ,  which has  been concerned with determining the 
effects of sodium exposures  (in polythermal loop sys t ems  at 1 2 0 0  F) on the c r e e p  
behavior of tantalum, were  terminated during July.  
a tmosphere  c r e e p  runs  a re  now on hand and provide baseline c r e e p  data  d i rec t ly  com-  
parable  with those f r o m  the sodium runs .  
has  ve ry  l i t t le  effect on the c r e e p  s t rength of tantalum remains  unchanged. The com- 
pleted baseline data  indicate,  however,  that  the minimum c r e e p  r a t e s  previously 
reported have probably been somewhat on the high s ide.  
tion that in  one of the iner t -a tmosphere  runs  an  external ly  mounted d ia l  gage such as  
was  used in conjunction with the creep-loop sys t ems  indicated a consis tent ly  higher 
minimum c reep  rate than did a conventional internal  gage-section-mounted extensometer .  
The difference,  which is small f r o m  the standpoint of actual  elongation, apparently 
s temmed f r o m  deformation of the specimen g r ips  and elongation of the pin holes  
(as repor ted  in BMI-1273, pin-hole dis tor t ion during f i r s t - s t age  c r e e p  h a s  been a n  
important  consideration).  
reg i  j t e red  along with gage- section deformation,  while with the ex tensometer  method 
they a re  not.  

Data f rom two long-time ine r t -  

The e a r l i e r  conclusion that 1200 F sodium 

This  is  based on the observa-  

With the dial-gage method, these s t r a y  deformations a r e  

It  was reported in  BMI-1273 that  the c m e p  ra te  being exhibited by a sodium- 
exposed tantalum specimen which had a reduced oxygen content by v i r tue  of a lengthy 
soak in sodium p r io r  to s t r e s s ing  was  somewlhat higher  than exhibited by comparable  
specimens loaded immediately a f t e r  contact with sodium. 
this  experiment ,  the c r e e p  ra te  of th i s  specinnen gradual ly  declined to about 0. 0003 p e r  
cent  p e r  h r ,  which is  comparable  with o ther  sodium-exposed-specimen r a t e s .  
r e su l t  would suggest that  in te rs t i t i a l  oxygen does not contribute grea t ly  to the s t rength of 
tantalum, an  indication found in  p r i o r  iner t -a tmosphere  c r e e p  exper iments  repor ted  in  

During the last portion of 

This  

BMI-1238. 

....................... 
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High- Temperature  Mechanical P rope r t i e s  of Tantalum 

D.  C. Drennen, M. E .  Langston, C .  J .  Slunder,  
and J .  G. Dunleavy 

Fina l  c r eep  t e s t s  a t  1200 F in a helium atmosphere on 30-mil s t r i p  specimens of 
thermally degassed fine-grained s intered tantalum a r e  in p rogres s .  Data now on hand 
a r e  presented in Table L-1. Resul ts  of the long 12,000-psi run indicate that the c r e e p  
s t rength of this ma te r i a l  i s  higher than that of commerc ia l  annealed s intered ma te r i a l ;  
i t s  s t rength appears  to be about the same a s  that of the commerc ia l  annealed a r c - c a s t  
product. 
1000 h r .  

The runs a t  10,000, 14,000, and 16,100 ps i  will be concluded af ter  about 

TABLE L-1. CREEP DATA ON THERMALLY DEGASSED FINE-GRAINED SINTERED TANTALUM 
SHEET TESTED AT 1200 F IN A HELIUM ATMOSPHERE 

Time in Total  
Stress, Progress, Deformation, Minimum Creep Rate, 

psi hr  per cent per cent per hr . 
10.000 91 0.062 N i  1 
12.000 1148 0.092 h'i 1 

16.000 3 06 0.166 Ni 1 
14,  000 42 8 0.138 0.0002 

The pre l iminary  phase of an  alloy-development program,  having the objective of 
tailoring ma te r i a l s  to the requirements  of the LAMPRE applications,  i s  under way. 
The requirements  include res i s tance  to attack by molten plutonium-base fuels m o r e  
consistent than possessed  by commerc ia l  tantalum, fabricabi l i ty ,  and an  acceptable 
level  of elevated-temperature strength.  
essent ia l  to reduce the susceptibil i ty to attack to a degree  that  can be tolerated.  
work now under way i s  dealing with tantalum and tantalum-3 and -6 w/o  tungsten al loys.  
Small  (100 to 150-g) buttons and rods a r e  being a r c  mel ted at low p r e s s u r e  in a helium 
atmosphere to provide ma te r i a l  that can be used to evaluate f ac to r s  such a s  ingot- 
purity level ,  hardness ,  mic ros t ruc tu re ,  and ease  of cold rolling and swaging. Melting 
stock composed of Fans tee l  s intered sheet and Temesca l  e lectron-beam-melted ingot 
i s  being used to p repa re  the unalloyed tantalum specimens;  Fans tee l  tantalum sheet and 
tungsten wire  a r e  being used fo r  the preparat ion of the tantalum-tungsten alloys.  

It i s  believed that  a high puri ty  will be 
The 

Weldabilitv of Tantalum for  Hieh-TemDerature Svstems 

S. M. Si lvers te in  and R. P. Sopher 

The final activity in this  program has  been devoted to a study of f ac to r s  respon- 
sible for  porosity in a r c  welds of some lots  of tantalum, and, during July,  experimental  
work on this phase was concluded. 
c lassed  a s  unweldable because of porosity formation was remelted in an a r c  furnace.  
In severa l  me l t s ,  carbon was added, but in one it was not. 
welds could be made with a l l  remelted samples .  

In the f inal  experiment ,  a lot  of tantalum which was . 
It was found that sound 

This  resu l t  for  samples  to which 
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carhon was added i s  in l ine with pas t  experience concerning the beneficial  effects of 
carbon in  reducing porosity.  
made  in the sample without a carbon addition, 
and oxygen were  made on the original m a t e r i a l  and on th i s  sample.  
the former contained 175 ppm oxygen while the l a t t e r  contained 6 2  pprn oxygen; both 
contained 10 pprn of carbon. 

I t  is noteworthy, however,  that sound welds could be  
T o  investigate th i s ,  analyses  for carbon 

It  was found that  

These findings along with o thers  that  have been accumulated lead to  the belief 
that a carbon-oxygen ra t io  is an important  governing factor  i n  porosi ty  of tantalum 
welds. 
causing a lack  of weldability. 
should be  low if the weld is  t o  r ema in  f r e e  of porosity.  
ma te r i a l s  which do not come under these  constituent requi rements  i s  not known. 
not anlikely that e lements  other than carbon and oxygen play a p a r t  in  the porosi ty  
problem. 

If the carbon content is relatively high, the oxygen content can  be high without 
Similar ly ,  if the carbon content is  low, the oxygen level  

The explanation for  porosi ty  in  
It  i s  
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M. DEVELOPMENTAL STUDIES FOR THE PWR 

R. W. Dayton 

No experimental  work was  c a r r i e d  on during the month. 

Improved Techniques fo:: Corros ion  Detection 
in  Subassemblies  and C lus t e r s  

G. G. Cocks and C. M. Schwartz 

The purpose of this pro jec t  is to make  i t  e a s i e r  to in t e rp re t  the photographs of 

Future  work will  include testing the corroded 
corrosion-tested fuel-plate a s sembl i e s  taken with the panoramic  camera .  No r e s e a r c h  
was per formed during the pas t  month. 
samples  furnished by the cooperating laboracory and the prepara t ion  of the final report .  

P r e s s u r e  Bonding of Zircaloy- 2-Clad F u e l  Elements  
Containing Compartmented Oxide Fue l  P l a t e s  

S. J. Paprocki ,  E. S, Hodge, D. C. Carmichae l ,  and C. C. Simons 

Consideration is  being given to the typs2s of s tudies  which should be made during 
fur ther  work on this  subject. 
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N. DEVELOPMENTS, FOR THE MGCR 

W. H. Gold.thwaite 

In the MGCR program there  is  in t e re s t  in carbon dioxide as the coolant, a t  t em-  
pe ra tu re s  up to 1500 F and p r e s s u r e s  to 200'2 p s i ,  and graphite as  the modera tor .  
graphite mus t  be clad with a ma te r i a l  resistamt to cor ros ion  by the C 0 2  and excessive 
carburizat ion by the graphite.  The effect of radiation on these react ions is being 
studied a t  Battelle.  

The 

Investigation of the Effect of I r radiat ion on Clad Graphite 
Specimens in  a C 0 2  Environment  

J. C. Smith,  R. H. Barnes ,  and W. H. Diethorn 

A p rogram to investigate the effects of r eac to r  radiat ions on c-ad graphite speci-  
m e r  s is in  p rogres s .  
i r r ad ia t e  the specimens in  a GO2 environment a t  1000 p s i  and 1500 F. 
taining s ix  specimens is present ly  being i r rad ia ted  in  the Bat te l le  Resea rch  Reactor .  
Specifically, the specimens a r e  AGOT graph. te  clad with Type 310 s ta in less  s tee l ,  
Type 446 s ta in less  s tee l ,  o r  Inconel. 
ding. 
obtained f rom duplicate out-of-pile exper iments  which will  be conducted elsewhere.  
The p rogram objective i s  to l e a r n  the effects of r eac to r  radiat ions on cor ros ion  by the 
gaseous environment and react ions a t  the graphite- cladding interface.  

The experimental  objectives of this ini t ia l  p r o g r a m  a r e  to 
A capsule con- 

The re  a r e  two specimens with each  type of clad- 
The resu l t s  of the post i r radiat ion exarninations will  be compared  with r e su l t s  

Out-of-Pile ODeration Check of In-Pi le  Capsule 

Prior to inser t ion  in  the r eac to r ,  the operat ion of the in-pile capsule w a s  checked 
The capsule was placed ver t ical ly  in  a in  out-of-pile t e s t s  using argon as  a n  i n e r t  g,as. 

pool. of water  to simulate the situation in  the reac tor .  
desj.red experiment  conditions, i t  was  found .that, despi te  e f fo r t s  to design the capsule to 
minimize convection cu r ren t s ,  t empera ture  ,gradients of 500 F exis ted in  the specimen 
regjon when the capsule was  p re s su r i zed  to 1.000 psi.  By placing the capsule in  a water  
jack:et and operat ing the capsule in  a horizontal  posit ion,  the tempera ture  var ia t ion in  
the specimen region was  reduced to 100 F with Tmax a t  1500 F and a n  a rgon  p r e s s u r e  
of 1000 psig. 
i s  being i r rad ia ted  in  a horizontal  posit ion adjacent to the r eac to r  co re  a t  some sacr i f ice  
in  flux. The al ternat ive,  a redesign of the c.apsule to reduce the convection c u r r e n t s  in  
a manner  that would not compromise  the experiment  by increas ing  the surface a r e a  ex- 
posed to the C O z ,  was not possible  within the t ime schedule of this  p rogram.  

In the p r o c e s s  of attaining the 

To take advantage of the m o r e  uniform tempera ture  pa t te rn ,  the capsule 

Dosimetry and Reactivity Measurements  

A nuclear  mock-up of the in-pile capsule was  fabricated and provided with neutron 
dos tmeters .  Both the thermal-  and fast-  (akove sulfur threshold) neutron f luxes were  

< $ 1  1 4 4  
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measured  in the originally intended i r rad ia t ion  position in  the r eac to r  core  before  i t  was 
known that a change in position would be necessary .  The average values obtained were  
4. 4 x l 0 l 2  and 5 x 10" n / ( c m 2 ) ( s e c )  for  the thermal -  and fast-neutron fluxes,  r e spec -  
tively. The energy del ivered to the graphite specimens by a f iss ion spec t rum of f a s t  
neutrons was calculated to be 1 x l o 8  r a d s  p e r  h r  based on the flux value given above. 

1 

F r o m  C02-graphi te  ion- chamber  measu remen t s  made in  the position of intended ir-  
radiation and cor rec ted  fo r  the fast -neutron response ,  a gamma dose r a t e  of 2 x 108 
r a d s  p e r  h r  was established. 
total  radiation-energy dose ra te  ( fas t  neutron plus  gamma) of 3 x l o 8  r a d s  p e r  h r .  

Thus,  the graphite specimens would have received a 

In o r d e r  to operate  the capsule in  a horizontal  posit ion,  i t  was  necessa ry  to locate 
the in-pile capsule along a face of the core .  
radiation-energy dose ra te  to the specimens is  reduced by a factor  of 4, giving a n  es t i -  
mated  gamma and fast-neutron dose - ra t e  contribution of 5 x l o 7  and 3 x l o 7  r a d s  p e r  
h r ,  respectively.  The dose r a t e s  given above a r e  considered to apply a l so  for  the C 0 2  
gas  in  the capsule. 

At this  position i t  is est imated that the 

The In-Pi le  Exper iment  

P r i o r  to establishing the des i r ed  experimental  conditions of tempera ture  and 
p r e s s u r e ,  the capsule sys tem was  flushed five t imes  with C 0 2  and then sampled to 
check the composition of the ini t ia l  charge of C02.  
charge was determined to be 0. 06 f 0. 03 volume p e r  cent,  which i s  essent ia l ly  the 
oxygen content of the tank COz. 

The oxygen content of the initial 

The sys t em was p res su r i zed  and heated. Modifications to the e lec t r ic  power 
supply delayed operation a t  the des i r ed  tempera ture  and p r e s s u r e ,  and a t  the t ime the 
I, next gas  sample was  taken, 29-1/2 h r  a f te r  the r eac to r  s ta r tup ,  the capsule had experi-  
enced only 2 h r  a t  a n  elevated tempera ture  of only 1200 F. 
yielded 0. 04 f 0. 03 volume p e r  cent oxygen. 
l a t e r ,  a f te r  7-  1 / 2  h r  a t  1500 F and 24 h r  a t  1350 F. 
volume p e r  cent oxygen and 3 .6  f 0. 2 volume p e r  cent CO. 
these concentrations will have to be cor rec ted  b y  consideration of the total  volume of 
the system sampled v e r s u s  the fract ion of this  i n  the i r rad ia t ion  capsule . )  
tion in  tempera ture  was necessi ta ted by the l o s s  of two of the th ree  furnace h e a t e r s  and 
a reluctance to overpower the remaining hea ter .  

Analysis of this  sample 
The next gas  sample  was  taken 31-1 /2  h r  

(The absolute magnitude of 
The analysis  showed 0.05 f 0. 02 

The reduc-  

Subsequent analyses  of gas  samples  have revealed a decreas ing  CO content with 
in-pile time. In view of th i s ,  i t  has  been decided to opera te  the capsule a t  the reduced 
tempera ture  until the CO content s tabi l izes  before  r isking the l a s t  hea te r  i n  an  at tempt  
to operate  a t  1500 F. 
furnace wal l s  m a y  be responsible  fo r  dec rease  f rom 1400 F) and 940 psi .  

At p re sen t  the operating conditions a r e  1250 F (oxidation of 
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0. DEVELOPMENTS FOR NMSR 

A. W.  Hare  and R .  F. Dickerson 

The r e s e a r c h  repor ted  in  this  section i s  p a r t  of the Babcock & Wilcox Company's 
Nuclear  Merchant Ship Reactor  P r o g r a m .  The cu r ren t  work is p r imar i ly  concerned 
with the development of fabrication technique:; for  U02-containing fuel pins for  a dy- 
namic  loop tes t  a t  the MTR. A capsule-irrac!iation p r o g r a m  has  also been init iated to  
run  long-term burnup t e s t s  and controlled cen t r a l  melting t e s t s  on prototype fuel pins.  

Fabricat ion of Urania Fue l  Pe l le t s  for Loop-Test  Studies 

H. D. Sheets ,  C .  Hyde, and A. G .  Allison 

Work on the prepara t ion  of slightly enr iched  U 0 2  specimens for  the NMSR pro -  
g r a m  has  been t empora r i ly  r eces sed ,  pending receipt  of additional U 0 2  powder and 
changes in  the capsule - i r radiat ion p rogram.  
p r o g r a m  has  been completed.  

Fabricat ion of the U 0 2  pellets f o r  the loop 

Fabricat ion of Loop-Test Fue l  P ins  

S.  Alfant, A. W .  Hare ,  F. A.  Rough, a n d R .  F. Dickerson 

The p r i m a r y  purpose of this  investigation i s  to provide a f o r m  of t e s t  for  prototype 
U 0 2  fuel pins for the NMSR program under anticipated r eac to r  conditions. - 

Previous  work has  resu l ted  in  the completion of the sho r t  t e s t  pins for the f i r s t  
in-pile and out-of -pile loadings in the high-temperature  h igh-pressure  irradiation-te s t  
loop. 
c r a c k s ,  and checked for  any hel ium leaks  at the welded a r e a s .  With the completion of 
mea.surements  of length, d i ame te r ,  and apparent  densi t ies  of each specimen,  the fuel 
pins will  be assembled  and shipped t o  the MTR. 

These  pins a r e  now being examined and inspected to detect  any discontinuities o r  

Due to  the high boron content (500 ppm)  of the Type 304 s ta in less  s t e e l  cladding of 
the long fuel pins ,  a t tempts  to make  leaktight welds a t  the end caps  were  unsuccessful .  

These thin-walled tubes which have a n  outside d iameter  of 0. 3125 in. were  welded 
to Type 304 s ta in less  s t ee l  end caps using a butt weld design. Metallographic examina-  
tion of the c r o s s  sections of the weld areas indicated tha t  the weakness  in  the weld could 
have been caused by a boride precipi ta te  o r  i i  boron eutect ic  phase at  the gra in  bound- 
a r i e s  of the weld s t ruc tu re .  On the bas i s  of these  t e s t s ,  it was decided to  lower the 
boron content of the cladding m a t e r i a l  to 300 ppm and to  init iate an  investigation to  de -  
t e rmine  a method of sat isfactor i ly  welding these  fuel pins.  In this  study, an  at tempt  is 
beirig made to es tabl ish the relationship between welding conditions, depth of pene t r a -  
tion., and cracking assoc ia ted  with the welds .  Metallographic techniques wil l  be  e m -  
ploved where necessa ry ,  in  o r d e r  to identify the deleter ious phase,  o r  phases ,  which 
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would cause  the welding difficulties. 
in the identification of the phases ,  and a l so  to substantiate any resu l t s  obtained p rev i -  
ou s ly  by metal lographic  technique s . 

X-ray diffraction studies will a lso be made  to  a id  

Sixteen specimens were  used in  this  study. One end of each pin was welded in  an  

The welds on all specimens 
open atmosphere with supplementary helium shielding through the torch.  
welds were  leak tes ted and examined for  c racks  and holes.  
were  sat isfactory as to quality of weld and in  r e g a r d s  t o  leaks .  
specimens were  then end capped in  a helium a tmosphere .  
hibited porosi ty  in  the ends l a s t  welded. 

All  s ixteen 

The other  ends of the 
All  sixteen specimens ex-  

Since all specimens were  successful ly  welded a t  one end, and contained holes  at 
the other  end, it was fel t  that  the expansion of gases  could have blown holes in  the weld 
me ta l .  

In o rde r  to counteract the possible effect  of the expanding gases  on the weld joint, 
i t  was decided to init iate a welding procedure  which would eliminate the p r e s s u r e  inside 
the tube during welding. 
s ta in less  s t e e l  end cap p r io r  to  welding the end cap  to the tube. A s t r i p  of w i r e  was  
then inser ted  into the opening, with one end of the wire extending out of the end cap. 
The extended s t r i p  of wi re  was  then mel ted  down into the opening, completely sealing 
the hole.  

This  was  done by dril l ing a 45-mil axial hole through the 

Seven specimens were  welded using this  technique, and a n  evaluation of the sound- 
n e s s  of the welds in  these specimens is being made  a t  this  t ime.  Following the exami-  
nation of these  welds,  all seven specimens will  be cycled between 1000 C and room 
tempera tu re  for  25 cycles .  After the cycling t e s t ,  the pins will  be given a hel ium leak 
t e s t  and a metal lographic  evaluation t o  detect  any fa i lures  in  the welds which may  have 
been caused by the t h e r m a l  cycling. 

P re i r r ad ia t ion  Measurements  

R. H. Barnes ,  R .  B .  P r i c e ,  and W.  H. Goldthwaite 

In -Pi le  -Loop P r o g r a m  

The work on the loop p r o g r a m  was continued during July. Six of the shor t  loop 
spec imens  were  photographed, and the physical  examination of the specimens has  been 
completed . 

Fuel-Capsule -1rr adiation P r o g r a m  

J. C .  Smith,  R. H .  Barnes ,  and  W.  H. Goldthwaite 

In work on this  p rogram,  init ial  calculatidns have been made  and a r e  continuing. 
It is expected that the design of the capsules  wil l  be completed and fabrication will  begin 

-- during August. ~- 
’ - 1  


	REPORTS RELATING TO CIVILIAN APPLICATIONS ISSUEI) DURING JULY
	A DEVELOPMENTS FOR ZIRCONIUM-CLAD FUEL ELELLENTS
	Thermal Conductivity of Uranium and U02
	Mechanical Properties of Zirconium Alloys
	Development of High-Strength Corrosion-Resistant Zirconium Alloys
	Physical Distortion of Graphite
	Preparation of Molybdenum Single Crystals

	B DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS
	Preparation of Aluminum-Uranium Alloys
	Aluminum Cladding
	Development of a Natural-Uranium Fuel Alloy With Improved Corrosion Resistance
	Literature Survey for the Appraisal of Uranium Monocarbide as a Possible Nuclear Fuel

	C RADIOISOTOPE AND RADIATION APPLICATIONS
	Radiation Chemistry of Inclusion Compounds
	Development of Radioactive-Tracer Quality-Conxol System

	D PROCESSING OF FEED MATERIALS
	Solidification of Uranium

	E DEVELOPMENTS FOR LMFRE
	Electroless Plating
	Vapor Plating

	F RESEARCH FOR AEC REACTOR DEVELOPMENT DIVI5:ION PROGRAM
	REACTOR MATERIALS AND COMPONENTS
	Valence Effects of Oxide Addition to Uranium Dioxide
	High-pressure High-Temperature Solid-state Studies
	Fueled Zirconium Hydride Moderator
	Irradiation Surveillance Program on Type 347 Stainless Steel

	STUDIES OF ALLOY FUELS
	Development of Niobium-Uranium Alloys
	Development of Thorium-Uranium Alloys

	GENERAL FUEL-ELEMENT DEVELOPMENT
	Radiation Effects on Dispersion-Type Fuel Elem znts
	Fabrication of Cermet Fuel Elements
	Gas-Pressure Bonding of Niobium- andMolybderium-CladFuelElements
	Basic Studies of Pressure Bonding


	G FATIGUE STUDIES OF INCONEL ANDINOR-8
	Fatigue Studies of Inconel
	Fatigue Studies ofINOR-8

	J CORROSION PROBLEMS ASSOCIATED WITH THE RECOVERY OF SPENT REACTOR FUEL ELEMENTS
	The Darex Process
	The Sulfrex-Thorex Process
	The Fluoride-Volatility Process

	K DEVELOPMENTS FOR SRE OMRE AND OMR
	EVALUATION OF URANIUM MONOCARBIDE AS A REACTOR FUEL
	Casting Techniques for the Preparation of Uranium Monocarbide
	Irradiation-Capsule Design for Uranium Carbide

	POSTIRRADIATION STUDIES OF SRE OMRE AND OMR FUEL MATERIALS
	SRE Fuel Material
	OMRE Fuel Elements
	OMR Fuel and Structural Materials


	L STUDIES OF SODIUM-TANTALUM COMPATIBILITY AT ELEVATED TEMPERATURES
	Tantalum-Sodium Compatibility Studies
	High-Temperature Mechanical Properties of Tantalum
	Weldability of Tantalum for High-Temperature Systems

	M DEVELOPMENTAL STUDIES FOR THE PWR
	Improved Techniques for Corrosion Detection in Subassemblies and Clusters
	Pressure Bonding of Zircaloy-2-Clad Fuel Elements Containing Compartmented Oxide Fuel Plates

	N DEVELOPMENTSFORTHEMGCR
	Investigation of the Effect of Irradiation on Clad Graphite Specimens in a COz Environment
	0 DEVELOPMENTSFORNMSR
	Fabrication of Urania Fuel Pellets for Loop-Test Studies
	Fabrication of Loop-Test Fuel Pins
	Preirradiation Measurements
	Fuel-Capsule-Irradiation Program





