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A-I. 

A .  DEVELOPMENTS FOR ZIRCONIUM-CLAD F U E L  ELEMENTS 

F. R. Shober 

Equipment has  been constructed and methods are  being explored to determine the 
effect of irradiation on the thermal  and electr ical  conductivities of encapsulated uranium 
and on the thermal  conductivity of U 0 2 .  The thickness of the NaK between the specimen 
saniple and the Zircaloy-2 cladding does not appear to influence the accuracy of the 
the:n-mal-conductivity measurements .  Long-time c reep  t e s t s  of 15 p e r  cent cold-worked 
Zircaloy-2 have been in p rogres s  for approximately 7000 h r  at 2 9 0 ,  345, and 400 C. 

Seven high-strength zirconium alloys h.ave been selected for fur ther  study on the 
basis of their  corrosion resis tance in 300 C water and hot-hardness values at 300 C. 

Work on the modification and improvement of the experimental  method of sink- 

The t ime and tem-  
float density measurements  has  been s ta r ted .  
f a d  o r s  affecting irradiation-induced volume changes in graphite. 
perature  parameters  necessa ry  to  grow single crystals  of molybdenum in a modified 
Anc rade-type furnace a r e  being established. 

This method is to be used to identify 

Thermal  Conductivity of Uranium and U 0 2  

C. F. Lucks anclH. W.  Deem 

Equipment has  been constructed and methods explored to determine the effect of 
irr , idiation of the thermal  and electr ical  conductivities of uranium and on the the rma l  
conductivity of uranium oxide. 

Urz.nium 

Measurements of t he rma l  conductivity and electr ical  res is t ivi ty  were continued on 
uni rradiated specimens clad in Zircaloy-2 with NaK as the heat- t ransfer  medium. 
E f f  3rts were directed toward improving the ,%ccuracy of the measurements .  
m e  i t s  were made in the techniques of making electr ical-resis t ivi ty  measurements ,  and 
the resul ts  to  750 C on one Zircaloy-2 speci.men a r e  not in e r r o r  by m o r e  than *5 pe r  
cent. 
t ha?  *5 per  cent to 300 C ,  but were outside this limit at higher temperatures .  
is Ileing made to improve accuracies  at higher temperatures .  
specimen measured  was surrounded by a layer  of NaK 0 .040  in. thick, and the re  seemed 
to I,e no significant difference in  the accuracy of measurements  with this thickness of 
Nal'.: over a thickness of 0 .010  in. on a specimen previously measured.  

Improve- 

Thermal-conductivity measurements  Ion the s a m e  specimen showed e r r o r s  of l e s s  
An effort 

The l a s t  clad Zircaloy-2 

During the next month measurements  on other clad specimens will be continued 
After the with emphasis on the uranium-1. 5 w / o  zirconium and uranium specimens.  

unirradiated specimens a r e  measured they will be i r radiated and the measurements  
reFeated in the hot cells.  ' @ 
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Uranium Oxide 

An apparatus for making thermal-conductivity measurements  on U 0 2 ,  both before 

Briefly, accurately measured power is introduced into the top pa r t  of the speci-  
and after irradiation, has  been completed. 
used. 
men and the heat flows through the specimen into a heat sink. 
couples at known positions measure  the the rma l  gradients.  
the specimen will be calculated f rom the heat flow, cross-sectional a r e a ,  and the 
thermal  gradients. 

A steady-state absolute method is being 

Compensated thermo-  
The thermal  conductivity of 

Guarding to prevent s t r a y  heat flows has been provided. 

Three  mater ia ls  have been used to calibrate the apparatus: (1) c l ea r  fused quartz,  
which has a thermal  conductivity lower than that expected for U 0 2 ;  ( 2 )  a titanium-6 w / o  
aluminum-4 w/o vanadium alloy, which has  a conductivity at lower t empera tu res  about 
the same as UOz and at elevated t empera tu res  somewhat higher than U 0 2 ;  and 
( 3 )  Inconel, which has a conductivity some five t imes  that of U 0 2  a t  higher temperatures.  

The apparatus is  ve ry  sensitive to guarding, and, because the guard cylinder i s  a 
ceramic  mater ia l ,  it was possible to guard the quartz and titanium-alloy specimens 
better than the high-conductivity Inconel specimen. 

Over a temperature  range f r o m  150 to  450 C ,  the average of the observed thermal-  
conductivity values for quartz  was 4 p e r  cent higher than the l i t e r a tu re  values. 
served values for  the titanium alloy averaged 7 pe r  cent lower than the l i t e r a tu re  values, 
and for Inconel the observed values were about 10 pe r  cent lower than the l i t e r a tu re  
values. 
possible to reduce e r r o r s  of future measurements .  

The ob- 

With the experience in  guarding gained during the calibration runs ,  it should be 

It is noted that the experimental  values for quartz were higher than l i t e r a tu re  
values while the experimental  values for  the titanium alloy were lower than l i t e r a tu re  
values. The expected thermal  conductivity of U02 is between quartz and the alloy and 
for  that r eason  the observed the rma l  conductivities of U02 should fall in the accurate  
region of the apparatus.  

A change in thermal-insulation ma te r i a l  will be made which will i nc rease  the 
thermal  res is tance between the specimen and guard cyclinder. Increasing this t h e r m a l  
res is tance will decrease the effect of temperature  unbalances between the specimen and 
guard cylinder. 

During the next month, thermal-conductivity measurements  will be s t a r t ed  on un- 
i r radiated U 0 2  specimens.  
will be a t e s t  of the apparatus to  m e a s u r e  small differences in thermal  conductivity. 

Measurements  made on U 0 2  specimens of different densit ies 

Mechanical P rope r t i e s  of Zirconium Alloys 

F. R.  Shober and J .  A. VanEcho 

The c reep  strength of 15 pe r  cent cold-worked Zircaloy-2 is  being determined a t  U 

elevated temperatures  and evaluated as a pa r t  of a program to provide design data fo r  
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r eas to r  components in the 290 to 400 C temperature  range. 
frorn two types of t e s t s ;  short-t ime s t r e s s  rupture and long-time c reep  t e s t s  (10,000 h r  
or rnore). The t ime for initiation of third-stage c reep  and the total deformation a s soc i -  
ateti with it a r e  of specific interest .  The ability of cold-worked zirconium to retain the 
add tional strength achieved by cold working under sustained load a t  elevated tempera-  
ture s is also being studied. 

Creep data a r e  obtained 

Twelve c reep  units a r e  in use a t  the present  t ime,  with ten being used for long- 
It is expected that these t e s t s  will continue for  10 ,000  h r  o r  more .  tim,: c r eep  t e s t s .  

Three  additional t e s t s  a r e  t.0 be s tar ted,  two a t  400 C at 30,000 and 35,000 psi ,  
and one a t  290 C and 37,500 psi .  
i t  i s  planned to s t a r t  a s e r i e s  of c r eep  t e s t s  on annealed and cold-worked ma te r i a l  i n  
whit:h the t e s t  temperature  is cycled. 
s e r  e s  to cycle f rom room temperature  to 290 C and a second s e r i e s  to  cycle f r o m  room 
temperature  to 345 C. 
at tlie elevated temperature  and 1 day (24 h r )  a t  room temperature .  
rep1:ated for a minimum t e s t  period of 1000 h.r. 
a t  uhich constant-temperature t e s t s  a t  290 and 345 C have been conducted. 
son of data f rom the constant-temperature t e s t s  and cyclic-temperature t e s t s  will be 
mace  to evaluate the effect of cyclic-temperature conditions on the c reep  propert ies  of 
annc,aled and 15 pe r  cent cold-worked Zircaloy-2. 

As t e s t s  a r e  completed in the units presently occupied, 

The two tes t - temperature  conditions a r e  one 

The sequence of the cycle is to be approximately 6 days (144 h r )  
The cycle will be 

T e s t  s t r e s s e s  selected include s t r e s s e s  
A compari-  

Development of High-Str ength Corrosion -Re sistant Zirconium Alloys 

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

The successful operation of r eac to r s  at elevated t empera tu res  is dependent, in 
pa r t ,  upon the development of fuel-cladding and s t ructural  ma te r i a l s  with propert ies  to  
withstand these temperatures .  Neutron economy is of the upmost importance in  power 
r eac to r s ;  therefore ,  a higher strength zirconium alloy with satisfactory corrosion r e -  
s i s t m c e  is desirable.  The development and use of s t ronger  alloys can reduce the 
amount of zirconium used in the r eac to r  sys tem o r  allow higher r eac to r  operating 
tem2eratures .  
yielji strength of 35,000 ps i  a t  300 C and good corrosion life in 300 C water could be 
dew loped. 
by screening approximately 100 compositions. 
t em,>e ra tu re  and 300 C hardnesses  and corrosion propert ies  in 300 C water .  
was used as a n  indication of the relative strengths of alloys prepared f r o m  the s a m e  
base mater ia l .  The expansion coefficients, nuclear propert ies ,  and the rma l  conduc- 
tivities of the selected alloys should be similar to those of Zircaloy-2. 

It was believed that zirconium-base alloys having a 0.  2 pe r  cent offset 

The objective of this program was the selection of the m o r e  promising alloys 
Screening was based on room- 

Hardness  

Nine s e r i e s  of alloys were prepared. They consisted of t e r n a r y  zirconium-base 
alloys containing 2.0, 3.0, and 4.0 w / o  t in plus 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  tin plus 0 .  5 to  2 . 0  w/o  molybdenum and 1 .0  to 3.0 w / o  
niobium. 
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The alloys were fabricated and corrosion tested,  and hardness measurements  
were made a t  room and elevated temperatures .  
f r o m  a n  evaluation of the data: 

The following conclusions were drawn 

.r 

(1) The alloys having the desired combination of good corrosion resis tance 
and high hardness  a re :  

(a) Zirconium-2.0 w/o  tin-0. 5 w / o  molybdenum 

(b)  Zirconium-2.0 w / o  tin-2.0 w / o  niobium-0. 1 w / o  i ron-  
0 . 5  w/o  nickel 

(c )  Zirconium-2.0 w / o  tin-3.0 w / o  niobium-0.1 w/o i ron-  
0.  5 . ~ 1 0  nickel 

(d) Zirconium-3.0 w / o  tin-0. 1 w / o  i ron-0.5 w/o  nickel 

(e )  Zirconium-3.0 w / o  tin-0.5 w / o  molybdenum-0.1 w / o  
iron-0.5 w / o  nickel 

(f) Zirconium-3.0 w/o  t in-0.5 w / o  molybdenum-1.0 w / o  
niobium-0. 1 w / o  iron-0.05 w / o  nickel 

(g) Zirconium-4.0 w / o  t in-0.5 w / o  molybdenum 

( 2 )  The addition of tin improves both the strength and corrosion resis tance 
of zirconium. At the 4 . 0  w / o  tin level a slight deleterious effect on the 
rolling propert ies  was noted during fabrication a t  850 C.  

(3) The addition of molybdenum up to  2.0 w / o  improves the strength of z i r -  
conium considerably, as indicated by increased hardnesses ,  but amounts 
g rea t e r  than 0 . 5  w / o  tend t o  dec rease  the corrosion resis tance.  

(4) The addition of niobium does not improve strength greatly and does not 
decrease the corrosion resis tance markedly.  

(5) A detailed study of the room- and elevated-temperature mechanical 
propert ies  of the m o r e  promising alloys is recommended before a 
final selection of an alloy o r  alloys is made. 

Physical Distortion of Graphite 

W. C .  Riley, A. J. Roese,  and W .  H. Duckworth 

Research  to  develop a method of sink-float density measurement  to identify 
factors  affecting irradiation-induced volume changes in graphite was continued. 

Modification and improvement of the experimental  method a r e  under way. The 
application of centrifugal force to the separation of density fractions is being studied. 
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Adtantages of such a method may include the use of an extremely wide range of graphite 
particle s i zes  and an appreciable reduction i n  the t ime required for each determination. 

of ~ e p a r a t i n g  density fractions of graphite samples  is under way. 
L Eqcipment for testing the method has  been procured, and a study of the reproducibility 

0 

Preparat ion of Molybdenum Single Crys t a l s  

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

Single crystals  of high-purity molybdenum a r e  being prepared for irradiation- 
darrlage studies. 
of r?iolybdenum. 
rod has  been discontinued because sufficient power was not available to maintain the 
temperature  high enough to  grow single crysi;als f r o m  such l a r g e  rods.  
now be made to grow crystals  f r o m  1/8-in. -diameter rod. 

A modified Andrade furnac'e was constructed to grow single c rys t a l s  
The growth of single c rys t a l s  f r o m  1 /4-in. -diameter stock molybdenum 

An attempt will 

In o rde r  to obtain increased power capacity for this purpose,  relocation of the 
Andrade furnace was undertaken. This  change has  been completed, and a study of the 
1eng:th of t ime and exact temperatures  required to  grow molybdenum single crystals  is 
beirlg made. 
1 / 8  -in. -diameter rod will be prepared. When growth of the molybdenum single c rys t a l s  
has  been completed satisfactorily,  at tempts to grow alpha-zirconium single c rys t a l s  will 
be rnade. 

After these parameters  a r e  established, eight o r  ten single c rys t a l s  of 

e 

E 

c 
II 
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B .  DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS 

R. J .  Ca.rlson 

Due to the lack of information concerning the behavior of U C  under irradiation it 

F r o m  the s t ruc tu re  of U C  it is estimated 

Irradiation studies now in p r o g r e s s  

has  been deemed necessa ry  to utilize the available physical-property data to es t imate  
the performance of UC in a nuclear r eac to r .  
thal about 74 p e r  cent of the volume is  occupied by uranium and carbon; the maximum 
syntmetrical  hole radius is approximately 0.44 A. 
will supply experimental data concerning the ability of the UC latt ice to accommodate 
fission fragments . 

The program of study concerned with the casting of aluminum-uranium alloys in  
the form of hollow cylinders is continuing. 
fabiication studies a t  another site. 
uraiiium alloys containing t e rna ry  additions revealed that a number of these ma te r i a l s  
did not exhibit the the rma l  a r r e s t  associated with the per i tect ic  reaction found in the 
bina r y  alloys. 
up t 3  83 w / o  uranium has been initiated. 

11 s e r i e s  of six ingots is being p repa red  for  
The thermal  analyses of the aluminum-35 w/o  

A study of the compounds formed in aluminum-uranium alloys containing 

Preparat ion of Aluminum -Uranium Alloys 

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

L 

Aluminum-uranium alloys clad in aluminum have established themselves as one of 
the inost  satisfactory fuels fo r  use in low - temperature  water -cooled water  -moderated 
r e a c t o r s ,  These alloys - present ly  Containing up to 20 w / o  uranium - a r e  used in the 
m a j o r  portion of the r e s e a r c h  r eac to r s  and in  many of the production-type r e a c t o r s  now 
in o1)eration. 
cont3ining these alloys a r e  well established. However, a n  inc rease  in the uranium con- 
tent of the alloys would resul t  in increased neutron economy and longer fue l  cycles.  One 
r eac to r  concept would employ aluminum-uranium alloys containing 35 w / o  uranium in  
the f o r m  of hollow cylinders clad inside and outside with aluminum. 
geous method of producing such an element is by coextrusion. 
homogeneous, sound, nonporous hollow right cylinder is  desirable .  
indic ated that the major  problems encountered in casting extrusion billets of this shape 
and (:omposition a r e  segregation and porosi ty ,  

The techniques fo r  the production of the usual flat-plate-type fuel elements 

The most  advanta- 

All work to date has 
F o r  this purpose a 

A numb.er of castings of the aluminum-35 w/o  uranium alloy have been made 
uti1i::ing centrifugal-casting techniques employing a pouring spout designed to deposit  the 
molten metal along the axis of rotation. One of the problems encountered in this method 
of introducing the metal  into the mold is the control of the pouring rate.  Freezing of the 
metal  in the pouring spout has caused considerable delay in  obtaining the desired resul ts .  
Howtwer, it is  believed that, with the p rope r  (design and control of the t empera tu re  of 
the spout, this problem will be alleviated. 
obtain a yield of approximately 75 p e r  cent. 

Using the p re sen t  technique it is possible to 
8 
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Standard evaluation techniques - including chemical analyses,  sectioning, and 
radiography - a r e  being used to evaluate all ingots produced. 
being prepared for  shipment to another s i te  fo r  fabrication studies. 

A s e r i e s  of 6 ingots is 

Since the ultimate utilization of the high-uranium aluminum alloys i s  dependent 
upon their  fabrication character is t ics ,  and since alloys of this system contain com- 
pounds which a r e  detrimental  to fabricating, a n  attempt is being made to improve the 
casting and fabricating character is t ics  of the alloys by t e rna ry  additions. It is believed 
that improved fabricating character is t ics  can be obtained in the alloys either by refine- 
ment of the par t ic le  s ize  of the compounds o r  by reduction of the amount of compound 
present  in the alloys. F o r  this investigation, alloy additions of 3 a / o  have been made to 
the binary aluminum-35 w/o uranium alloy. 
specimens,  p r e s s  forged at 1000 F to approximately 45 p e r  cent reduction in length, r e -  
vealed that only the palladium alloy did not exhibit any evidence of microcracking. 
o the r s  showed microcracks.  
the data a r e  being interpreted.  Some of the alloys exhibit no evidence of a the rma l  
a r r e s t  which would correspond to  the per i tect ic  reaction which occurs  in the binary 
alloys. Alloys containing l e s s e r  amounts of the t e rna ry  additions will be made to de t e r -  
mine the lower limit of additions which will tend to inhibit the formation of UA14. Heat- 
t reated specimens a r e  being prepared and will be examined by metallographic techniques 
to determine the extent of compound formation that might occur during extended periods 
a t  elevated temperatures .  Both quenched and furnace-cooled specimens a r e  being used. 

Microscopic examination of t e rna ry  alloy 

All 
Thermal  analyses of the alloys have been completed, and 

In an effort to m o r e  fully understand the UA13-UA14 reaction, five specimens con- 
taining 69 to 83 w/o uranium have been prepared  and a r e  being examined by metallo- 
graphic techniques. These compositions were  chosen to  include all of the compounds 
known to  exist  in the binary system. 
to heat  t reatments  s imi l a r  to those given specimens containing the l e s s e r  amounts of 
uranium. 

Specimens in this s e r i e s  of alloys will be subjected 

Fu tu re  work will be concerned with improving cu r ren t  casting techniques and with 
obtaining castings suitable f o r  fabrication studies.  
employed to produce the castings fo r  fabrication will be a radical  departure  f r o m  the 
methods investigated to  date. 
study of the UA13-UA14 reaction will be concerned p r imar i ly  with the 35 w/o  uranium 
alloy. 
83 w / o  uranium may yield pertinent information regarding the formation of UAl4. 
information may indicate the mechanisms through which the var ious additions inhibit the 
formation o r  growth of the UA14 compound. 

It i s  possible that the technique 

The p r o g r a m  concerned with the t e rna ry  additions and the 

However, it is thought that a comprehensive study of the alloys containing 69 to 
This 

L i t e ra tu re  Survey fo r  the Appraisal  of Uranium 
Monocarbide as  a Possible  Nuclear Fuel  

J .  B. Melehan, A. A. Bauer ,  and R .  F. Dickerson 

The collection of information f r o m  the l i t e r a tu re  pertinent to the preparation and 
propert ies  of uranium monocarbide has  been virtually completed. 
pected that new data will become available before completion of the program.  

However, it is ex- 
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The l i terature  has  been found especially lacking f r o m  the viewpoint of r eac to r -  
per 'ormance character is t ics  of UC. Consequently, in o rde r  to obtain an estimate of the 
bebivior of UC in  a nuclear r eac to r  it was considered worthwhile to make whatever con- 
clutions that could be drawn about this behavior on the basis of the available physical-  
pro,>erty data. The carbide was compared with U 0 2  with respect  to  accommodation and 
relttase of fission products.  In the NaC1-type UC s t ruc tu re  uranium and carbon account 
fo r  about 74 p e r  cent of the total volume, while in the CaF2-type U 0 2  s t ruc tu re  the unit 
cell is only 64 p e r  cent occupied by atoms.  .4 l a r g e  p a r t  of the UC latt ice vacant space 

0.4~L A. The l a rges t  in te rs t i t i a l  positions in the oxide s t ruc tu re  have a radius of about 
1 .  0 A .  The carbon, oxygen, and uranium may be viewed as being in either the atomic 
o r  ionic f o r m  without producing significant differences in the intersti t ial-vacancy 
dimensions. 
oxic e could theoretically accommodate m o r  e and l a r g e r  fission fragments  intersti t ial ly 
thar could the carbide.  
might be expected through the l a r g e r  vacancies p re sen t  in the oxide lattice. The m o r e  
"opl:n" latt ice of U 0 2 ,  as compared with UC, might be expected to resul t  in l e s s  latt ice 
s t r a in  f r o m  fission fragments;  but the diffusion of fission gases  out of U 0 2  may a l so  be 
exp1:cted to be f a s t e r .  
of liittice rupture by fragmentation, both will accommodate fission fragments  inter  - 
stitjally with ve ry  l i t t le change in density at  1,emperatures below about 1200 C. 

z 

l is composed of eight te t rahedral  s i tes  with a maximum symmetr ica l  hole radius of 

On the basis of these highly simplified observations it appears  that the 

On the other hand, f a s t e r  in te rs t i t i a l  diffusion of fission products 

The ionic nature  of both compounds suggests that, up to the point 

No reliable mechanical-property data exist to t e s t  the ability of the carbide to r e -  
tain its integrity under conditions of s t r a in  resulting f r o m  the introduction of fission 
fragments  into the latt ice;  however, i t  is expected that information concerning mechani- 
ca l  Droperties will be forthcoming f r o m  r e s e a r c h  presently under way. 

the Theoretical fo recas t s  discussed above. 

? 

Irradiation 
4 studies now in p rogres s  will supply concrete experimental data to support  o r  modify 
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C. RADIOISOTOPE AND R.ADLATION APPLICATIONS 

u 

P. Schall 

A review of pertinent l i t e ra ture  on qual-ity-control procedures  indicates that a 
nurr,ber of analytical procedures  used in cement-products manufacture could be great ly  
simplified by the use of radiochemical techniques. 
on the development of a radiometr ic  titration technique for analysis  of MgO in cement a s  
the Eirst specific application to be investigated. 

Experimental  work has  been s ta r ted  

In the investigation of the radiation chemistry of inclusion compounds i t  has  been 
fourd that thiourea compounds prepared  thus far do not have sufficient thermal  stability 
to be suitable f o r  i r radiat ion studies. Of the urea  compounds which have been prepared  
only cetane and s t ea r i c  acid have suitable thermal  stability. These ma te r i a l s  a r e  cur -  
reni l y  being irradiated,  

Development of Radioact ive-Tracer  Quality-Control System 

J. E. Howes, D. N. Sunderman, andM.  Pobereskin 

An investigation has  been undertaken tcl es tabl ish the feasibility of the use of radio- 
active t r a c e r s  for  industrial  quality control. 
lite -ature survey directed toward two purposes:  F i r s t ,  the selection of a manufacturing 
pro1:ess to which radioact ive- t racer  techniques a r e  applicable with a resul tant  saving of 
timlt and money. Standard ASTM analytical p rocedures  used in var ious operating proc-  
essc:s were  studied for the purpose of making; this selection. Second, recent  develop- 
mer t s  in the use of radioactive t r a c e r s  as analytical tools were  reviewed with special  
attention given to isotope-dilution techniques. 

The work,  t h u s  far,  has  consisted of a 

As a resu l t  of this study the cement industry was selected for  the application of 
rad,oact ive- t racer  quality control. 
analyses  a r e  necessary .  
mu$ t be analyzed to a s s u r e  that the proper  rrixture i s  fed into the kiln. 
fini:;hed product mus t  pas s  s tandard ASTM chemical  analyses. 
be znalyzed by the re ta i le r  and/or  buyer before i t  i s  finally used. 

In the production of cement ,  severa l  s e t s  of chemical  
F i r s t ,  the raw ma te r i a l s  ( l imestone,  cement rock,  s lag ,  etc. ) 

Final ly ,  the cement may 
Second, the 

The required chemical analyses  a r e  given in  the ASTM Handbook on Cement::'. 

If these analysis  per iods were  shortened, considerable t ime and 
Thus,  the usefulness of radioactive t r a c e r s  in quality control 

Some of these analyses  requi re  f rom 3 to 5 h r  while o thers  (MgO and s u l f u r  trioxide) 
reqiiire a t  l ea s t  12 hr .  
morey  could be saved. 
would be clear ly  demonstrated.  

Experimental  work has  begun to develop a rad iometr ic  t i tration procedure which 
will shorten and simplify the determination of MgO in. cement. This  procedure involves 

* A S 7  h.1 Standards 011 Cement,  American Society For Testiiig Materials, Philadelphia, Pennsylvania (1955). Q -  
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the titration of magnesium with standard phosphorus- 32  labeled disodium phosphate 
solution. 
When the radiophosphorus is detected in the supernatant liquid, the end point has  been 
reached. 
only two points on the radiometr ic  titration curve. 
of disodium phosphate required to reach the end point can be calculated. 

The end point is determined by counting aliquots of the supernatant liquid. 

U s u a l l y  this type of procedure may be considerably simplified by determining 
F r o m  these two points, the quantity 

Consideration is also being given to applying radioisotope-dilution techniques to 
other cement analyses,  and resul ts  will be reported as the work is completed. 

Radiation Chemistry of Inclusion Compounds 

M. J. Oestmann, J. L. McFarling, and W. S. Diethorn 

The radiation chemistry of selected inclusion compounds of hydrocarbons and their  
derivatives is being investigated for potential application in the general  a r e a  of radiation 
processing. 
prel iminary irradiation experiments i n  the Battelle cobalt-60 i r radiat ion facility was r e -  
ported in  BMI- 1280. 

The selection of four urea and two thiourea inclusion compounds for the 

Thiourea Compounds 

Thiourea compounds of cyclohexane, isooctane and cumene were  prepared during 
After storage of the cyclohexane and isooctane compounds in d ry  air fo r  1 week 

the compounds were dissolved in water  and the ratio of urea to 
August. 
a t  ambient temperature  
hydrocarbon determined. 
values,  showing that the the rma l  stability of these two compounds a t  ambient temperature  
is  poor. 
The study of the effect of storage t ime on the cumene compound h a s  not been completed. 
If the thermal  stability of the cumene compound and other candidate thiourea compounds 
is  not sat isfactory,  thiourea compounds will not be  i r radiated in the program. 
month a few other thiourea compounds will be prepared  for thermal- stability t e s t s  and 
the r e su l t s  will be used to re-evaluate the role of this c lass  of inclusion compounds in 
the irradiation program. 

This ratio increased 30 to 50 p e r  cent over  the prestorage 

F o r  this reason,  these two compounds will not be i r radiated in the program. 

Next 

Urea Compounds 

Of the four urea compounds selected for  study, heptane. cetane,  s tear ic  acid,  and 
amyl acetate,  only cetane and s t ea r i c  acid were  prepared  in  sufficient yield and exhibited 
satisfactory thermal  stability for  the i r radiat ion experiments.  
currently being i r radiated in  the Battelle cobalt-60 facility. 
stability of thiourea compounds reported above, the search for  additional urea compounds 
for the i r radiat ion experiments will be increased. 
t e s t s  on both the urea and thiourea compounds suggest that only the inclusion compounds 
of the relatively high-molecular-weight hydrocarbons and their  derivatives will be 
suitable for irradiation. 

These compounds a r e  
In view of the poor thermal  

The resul ts  of the thermal-  stability 

8' 
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D. PROCESSING OF FEED MATERIALS 

E. L. F o s t e r ,  Jr. 

This r e sea rch  i s  p a r t  of the National Lead Company of Ohio program to improve 
the quality of fabricated uranium fuel slugs. 
Center ,  the effect of processing var iables  on quality i s  being studied. 

To aid the Feed  Mater ia ls  Production 

The fabrication of uranium fuel slugs for production-type r eac to r s  includes many 
proc:essing steps. 
procluces la rge  ingots f rom charges made up of various types of fabrication sc rap  and 
as- i ,educed uranium. 
uport the fac tors  involved in  the melting and casting operations. - The resolution of fac- 
t o r s  important  in the solidification of the uranium ingot and the evaluation of these fac- 
t o r s  in t e r m s  of future casting requirements  i s  the objective of this program.  

One of these steps i s  the vacuum me1,ting and casting operation that 

To some extent the quality of the final wrought slugs is dependent 

In studying the solidification of uranium ingots, a mathematical  model has  been 
devised that expres ses  the t ransfer  of heat f rom the meta l  a s  i t  cools and solidifies. 
initial solutions of this model appear reasonable and efforts a r e  now principally con- 
cerrled with an experimental  p rogram to provide data that will be compared with the 
theoret ical  calculated results.  

The 

P 

So lidif i c atio n of U r ani um 

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

Time- tempera ture  relationships a r e  being studied during the solidification of smal l  
Temperature  h i s to r i e s ,  recorded a t  var ious points in  the ingot and cyliiidrical castings. 

the inold and the immediate surroundings,  a r e  being used to es tabl ish the manner  and 
r a t e  of solidification. The solidification pa t te rns ,  so obtained, a r e  expected to give 
thermal  data that can be compared with theoretically computed heat-flow data. With 
these data and comparisons a s  a bas i s ,  effects of casting var iab les  on the casting of 
la rge-  scale uranium ingots may be predicted. 

In making prel iminary t e s t s  with small--scale cast ings with thermocouples posi- 
tioncbd in  the mold and ingot, excessive s t r e s s e s  were  placed on the innermost  thermo- 
COUFleS by the liquid metal  a s  i t  was poured. Shattering of the protective covering of 
some of the thermocouples occurred.  
a r e  Ibeing redesigned to hold reinforced thermocouples SO that the high s t r e s s e s  along 
the (:enter line of the castings may be overcome. 
face of the mold and on the furnace jacket  per formed satisfactorily during the init ial  
test:;.  

The molds which a r e  used in these experiments  

Thermocouples placed along the sur -  
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Investigation of the mechanical events taking place a t  the mold-metal interface 
during casting and solidification is  beginning. In chill castings,  i t  is known that a gap 
i s  formed between the mold and ingot surfaces  during solidification. 
and nature of such a gap must  be considered in  analytically describing the heat flow in 
the metal  o r  mold. 
face region may be obtained, a p r o c e s s  must  be devised that will r eco rd  the instant of 
gap formation and which will fol-low i t s  progression along the ingot surface as separation 
occurs.  
t r i ca l  probes in the mold. The method used consists of placing probes a t  the separation 
interface,  flush with the inner mold wall, and having a common wire  a t  the bottom of 
the mold which should be in contact with the metal  a t  all t imes.  
the mold each probe makes contact with the molten metal  forming a n  electr ical  circuit .  
By means of a recording device which notes the t ime a t  which each circui t  is closed o r  
opened, a r eco rd  of the t ime of formation of the gap and i t s  ra te  of formation along the 
mold wall may be obtained. Some prel iminary t e s t s  using aluminum metal  for  casting 
have been performed. The r e su l t s  of these initial t e s t s  a r e  being evaluated and will be 
discussed in subsequent reports .  

The appearance 
* 

In o rde r  that a f u l l  knowledge of the events occurring a t  this inter-  

With this objective in mind, a study is being made using a network of elec- 

As  the liquid r i s e s  in 
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E.  DEVELOPMENTS FOR LMFRE 

J .  McC(a1lum 

Methods for preparing a thin protective coating of molybdenum on Croloy 2 - 1 / 4  
a r e  being investigated. 

Electrole  s Plating 

R. W .  Hardy, J. McCallum, and C. L. F a u s t  

Products  f r o m  molybdenum pentachloride and molybdenum hexacarbonyl reduced 
These prod- by (;rignard reagents were observed to be insoluble in concentrated HC1. 

uct 3 were analyzed by X-ray diffraction and found to  be amorphous.  
resul t  and the p r io r  negative r e su l t s  with the: Grignard reagents,  no fur ther  work is 
pla ined with the Grignard reducing agents. 

Because of this 

A few experiments were performed with the the rma l  decomposition of molybdenum 
hexacarbonyl dissolved in liquid hydrocarboris. 
e i g i  patents that claimed this to be a good coating p rocess .  
pourdery and occurred on the Croloy above the solution phase. N o  fur ther  work is 
p h i n e d  with the the rma l  decomposition of solutions of molybdenum hexacarbonyl. 

The object was to  check out some fo r -  
The coatings obtained were 

Future  work will at tempt to find solvents for  the lower valent molybdenum com- 
pounds together with a suitable reducing agent. 

Vapor Plat ing 

C. F. Powell and I. E.  Campbell 

Molybdenum was deposited by hydrogen reduction of molybdenum pentachloride 
a t  E O 0  C, and with conditions believed t o  be (optimum for  obtaining sound molybdenum 
coatings. The interface beneath 
the coating was usually black o r  discolored, indicating contamination with lower 
chlorides o r  with oxidation products result ing f r o m  outgassing of the tube walls during 
the preheating period. 
obtitined, by the application of about 0.  2 mil of e lectroless  nickel on the Croloy before 
coating . 

The coatings obtained were not completely adherent.  

Th i s  surface Contamination was prevented, and adherent coatings 

Additional t e s t  specimens of sound molybdenum coatings on Croloy 2 - 1 / 4  will be 
prepared using optimum coating conditions. 
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F. RESEARCH FOR AEC REACTOR DEVELOPMENT DIVISION PROGRAM 

S .  J. Paprocki  and R. F. Dickerson 

REACTOR MATERIALS AND COMPONENTS 

R.  F.  Dickerson 

Previous r e s e a r c h  indicates that in a binary sys tem of U 0 2 - L a ~ O 3  about 60  w/o  
La203 is required to f o r m  a stoichiometric s t ructure  a f te r  oxidation. 
refiults in reduced uranium loadings, attempts a r e  being made to reduce the amount of 
stabilizing additive by using ceramic  t e rna ry  systems.  The initial composition being 
investigated h a s  equal amounts of UO2 plus 60 w/o La203 and U 0 2  plus 10 w / o  CaO. 
Boljies of this ma te r i a l  a r e  being tested under oxidizing conditions a t  t empera tu res  of 
30(10 F and higher. 

Because this 

The specimen-chamber configuration previously used to c a r r y  out high- 
teniperature high-pressure studies is being modified and a l a r g e r  graphite heater  has  
been adopted. 
be generated. 
Thj s design should fur ther  increase the temperature  and p r e s s u r e  l imits .  

These changes will i nc rease  the p r e s s u r e  and temperature  which will 
In addition, a die having a greatly simplified design is being constructed. 

Investigation of the hydrides of uranium-zirconium alloys has  continued. P h a s e  
bobndaries a r e  being established f r o m  hydrogen-absorption isotherms in the zirconium- 
25 " / o  uranium alloy a t  710 C. Capsules for the irradiation of fueled zirconium hydride 
specimens have been p repa red  and will be delivered to the MTR. 

Specimens of Type 347 stainless s tee l  have been inser ted in the ETR fo r  exposure 
to fast-neutron f lux .  
teniperature.  
w i l .  be inser ted in the ETR. An instrumented capsule wil l  be placed in the F-10-NW 
position for the purpose of correlating specimen temperature  with gamma flux. 
th,ir has been done seven capsules designed to make use of gamma heat will b e  loaded 
intcl the proper  tes t  hole. 

These par t icular  specimens will b e  i r radiated a t  process-water  
The core-fi l ler  piece needed 1;o accommodate the required dosimetry 

When 

Valence Effects of Oxide Additions to Uranium Dioxide 

W. B. Wilson and C. M. Schwartz 

Experimental  work has  been initiated to reduce, if  possible, the excessive amount 
of ~ d d i t i v e  needed to prevent oxidation of U 0 2  to U3O8. Previous r e s e a r c h  indicated 
thal in a "binary" sys tem such as the U02-La203 sys tem nearly 60 w/o  La203 is r e -  
qui,.ed to f o r m  a stoichiometric s t ruc tu re  a f te r  oxidation. Since this resul ts  in waste 
of space where high specific co re  loadings a re  required in a r eac to r ,  i t  would appear  
desirable  to reduce the amount of additive. 
teriiary sys tem (quaternary) utilizing principles previously discussed, where the @ #One approach to this is to go to a c e r a m i c  
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additional additive has  a t 2 valence. 
60  w/o L a 2 0 3  and UO2 plus 10 w/o CaO has been selected as a start ing point fo r  this 
approach . 

A composition having equal amounts of U02 plus 

- 
Other compositions will b e  evaluated utilizing the U02 plus 60 w / o  Y2O3 compo- 

sition as a base .  
sma l l e r  yt t r ium c r o s s  section. 

This mater ia l  appears  m o r e  suitable for  fuel use, in view of the 

Ln addition, i t  was previously pointed out that bet ter  U02-ThOz ma te r i a l s  may 
possibly b e  produced by substituting U02-60 w/o La203 for  the U 0 2 .  While this may b e  
unnecessary for  a high ThOZ content, i t  is apparently necessa ry  to prevent rupture and/ 
o r  vaporization of uranium a t  a higher U02 content. 

Bodies of each of the above ma te r i a l s  have been prepared and a r e  current ly  being 
tested under oxidizing conditions a t  temperatures  of 3000 F and higher. 

High -P r e s s u r e High - T emP e r a  t ur  e Solid -Stat e S t udie s 

W .  B. Wilson and C. M. Schwartz 

The specimen-chamber configuration previously used to c a r r y  out high- 
temperature  high-pressure studies is currently being modified. 
graphite heater  has  tentatively been adopted f o r  a twofold purpose. 
ment p e r m i t s  use of the "bomb1' technique where i t  is planned to seal the p r e s s u r e  appa- 
ra tus  a t  30,000 a tm.  Fur the r  p r e s s u r e  and temperature  will b e  generated by internal 
e lectr ical  heating of the l a r g e r  graphite hea te r  to high temperature .  
t u re  calibration, it is planned to fur ther  study the behavior of U02 with B e 0  and other 
oxides with this hea t e r  sys t em,  

A significantly l a rge r  
The p resen t  equip- 

Following tempera-  

A greatly simplified advanced die design has  been proposed which is intuitively 
m o r e  attractive than the I1geometrical-advantage1l unit previously described. 
tion of the unit i s  i n p r o g r e s s .  

Construc - 

Previous solid-state studies have been conducted a t  a temperature  range 
(- 1000  C) which is below that anticipated to b e  necessa ry  f o r  reaction of refractory 
mater ia ls .  
quired to produce reactions and a t  p r e s s u r e s  which a r e  higher than previously utilized. 

Attention will now b e  directed toward obtaining the temperature  range r e -  

Fueled Zirconium Hydride Moderator 

H. E .  Bigony, A. K. Hopkins, and H. H. Krause  

Investigation of the hydrides of uranium-zirconium alloys fo r  possible use in gas-  
cooled r eac to r s  has  continued, 
of additional isotherms in the zirconium-25 w / o  uranium system, and the completion of 
capsules for radiation-damage studies of fueled-moderator samples.  

Efforts during August w e r e  directed toward determination 
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Structure and P r e s s u r  e -Compo si tion - 
T em .pe r a tur  e Studies 

y. 
? 

Rough data for the hydrogen-absorption isotherms in the zirconium-25 W / O  

urar ium alloy a t  710 C have been obtained. 
cor]  esponding phase boundaries is now under way. 

Processing of these data to establish the 

Hydrided specimens of the zirconium-1 w / o  uranium alloy and the zirconium-50 
w/o  uranium alloy were  sealed into quartz tubes in an argon atmosphere in preparation 
for  liigh-temperature X-ray diffraction studies.  The sealed samples  w e r e  homogenized 
by heat treatment a t  approximately 1000 C before exposure to X-rays for  s t ructural  de-  
terniinations. 

Hydrogen-absorption isotherms will b e  obtained a t  other temperatures ,  and X-ray 
diffraction work will be  continued during the next month. 

Radi at ion -Damage Studies 

The final assembly and NaK loading of' Capsule BMI-20-1, designed fo r  i r r a d i a -  

Both cap- 
tion a t  1500 F in the MTR, is very nearly corripleted. The fueled-moderator specimens 
a r e  3eing loaded into Capsule BMI-20-2, designed fo r  i r radiat ion a t  1100 F. 
sules  should go to the MTR next month. 

F 

Irradiation Surveillance P r o g r a m  on Type 347 Stainless Steel 

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

A n  irradiation-damage program on Type 347 s ta inless  s t ee l  h a s  been undertaken 
to study the changes in physical propert ies  th(3t are  caused by continued exposure to a 
fast..neutron flux up to 3 x 1015 nvt and integrated flux levels of 14 to 16 x 
Chartges in propert ies  associated with integrated f l u x  levels of 2 . 4 ,  4. 8, 7 . 2 ,  9 . 6 ,  12, 
and 14.7 x 1022 nvt will be  evaluated based on changes observed in the mechanical prop-  
ertic:s of the s ta inless  a t  room temperature  and 600 F. These propert ies  include tensile, 
cycl .c-strain-fatigue, and impact propert ies .  

nvt. 

Eight "cold" capsules (those which a r e  being exposed a t  ETR process-water  t e m -  
pe ra tu re )  a r e  in the F10-NE and F10-SE positions in the la t t ice  of the ETR. It is planned 
to discharge one capsule containing tensile specimens and cyclic-strain-fatigue speci-  
men,: a t  intervals equivalent to a 6-month exposure of the KAPL-33 loop in the F-10 
posilion. 
until the loop is installed, capsules will be discharged a t  6-month intervals.  

Since the experiment now occupies and will continue to occupy the F-10 position 

The C-4X core-fi l ler  piece to accommodate the des i r ed  dosimetry will soon be 
ship!>ed to the ETR. The "mock-up'' capsules containing the s a m e  weight p e r  unit length 
of T-rpe 347 s ta inless  s tee l  as the capsules in the ETR are being p repa red  fo r  the ETRC. 
The: e capsules will b e  sent to the ETRC in September. @ 
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An instrumented capsule will b e  placed in the F-10-NW position with a 14-in. 
The temperature  of the spacer to locate it in the center portion of the t e s t  position. 

capsule will b e  recorded throughout a complete ETR cycle to co r re l a t e  the temperature  
of the specimens with the gamma flux. 
during Cycle 6 of the ETR, scheduled to s t a r t  in September.  
evaluation of the temperature  in the tes t  position, the seven remaining capsules will be  
loaded into the F-10-NW and F-10-SW positions. These capsules have been designed 
and constructed to operate a t  approximately the s a m e  temperature  as the lead capsules.  
The capsules contain tensile, cyclic-strain-fatigue, and impact specimens which a r e  to 
be  i r radiated a t  elevated temperatures ,  preferably 600 F. A l l  capsules will remain in 
the F-10 position until such t ime that the KAPL-33 loop is ready fo r  installation in the 
F-10 position a t  which t ime all will be  moved to the H-10 o r  a comparable position. 

This temperature  excursion is expected to  occur J 

Upon completion of the 

A dosimetry program fo r  determination and evaluation of the neutron flux is being 
planned and will be  initiated upon installation of the core-fi l ler  piece. It is planned to 
obtain some measure  of fast-neutron flux, with energies g rea t e r  than 1 Mev by use of 
nickel and sulfur dosimeters  in enough locations to determine any variation of the f a s t -  
neutron flux along the ver t ical  plane of the tes t  hole. A cadmium-shielded cobalt w i re  can 
b e  used to determine the neutron flux with energies  above 0 . 4  ev in the s a m e  location. 
Subtraction of this value f r o m  the flux as determined by nickel and sulfur will give some 
value of the neutron f l u x  in the 0.4-ev to 2.5-Mev range o r  epithermal-energy range. 

The cyclic-strain-fatigue propert ies  of the unirradiated Type 347 s ta inless  steel  
will be  determined af te r  suitable apparatus has  been constructed. 

STUDIES OF ALLOY FUELS 

R. F. Dickerson 

The study concerned with the propert ies  of niobium-uranium alloys and the effect 
of impurit ies on these propert ies  has  been delayed due to slow delivery of the niobium 
needed. The necessa ry  melting will begin as soon as the ma te r i a l  becomes available. 

As an initial step in the development of thorium-uranium alloys, a series of cal-  

Fu r the r  calculations indi- 
culations has  been made which indicate that l .  5 p e r  cent volume inc rease  p e r  l a / o  
burnup can b e  expected for  a thorium-10 w/o  uranium alloy. 
cate that if the uranium part ic les  a r e  l e s s  than about 7 p in diameter ,  the fission f r ag -  
ments will lodge in the matr ix .  Iodide thorium h a s  been received and alloys are  being 
prepared for  initial study. 

Development of Niobium-Uranium Alloys 

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

The propert ies  of alloys of the high-niobium portion of the niobium-uranium con- 
stitutional d iagram are  of interest  because of the possible use of these alloys as nuclear 
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fuel mater ia ls .  P a s t  investigations have been limited to the uranium-rich portion of the 
niobium-uranium diagram ( less  than 2 0  W / O  niobium). 
these investigations that the propert ies  of ura.nium-niobium alloys a r e  influenced greatly 
by tlie impurit ies present  in the uranium and niobium. 
not only with the propert ies  of the high-niobium alloys but a lso with the effects of the two 
major  impurit ies,  oxygen and zirconium, on the propert ies  of niobium alloys containing 
1 0  to 6 0  w /o  uranium. The mechanical and physical propert ies  wi l l  be  studied at  room 
and elevated temperatures .  
vestigated and the effect of several  corrosive atmospheres  will  be  studied at  t empera-  
tu res  of interest .  

It i s  evident f r o m  the resul ts  of 

The present  studies a r e  concerned 

The cold- and hot-fabrication character is t ics  wil l  be in- 

Alloys of uranium with 40, 50, 60, 7 0 ,  80, and 90 w/o  niobium a r e  to be  prepared  
with three grades of niobium melting stock. 
oxygen and l e s s  than 200 ppm zirconium, niobium containing approximately 800 ppm 
oxygen and l e s s  than 1 .0  w/o  zirconium, and niobium containing 800 ppm oxygen and l e s s  
than 0 . 5  w/o zirconium. 

'These a r e ,  niobium with l e s s  than 300 pprn 

Fabrication tempera tures  will be  selected on the bas i s  of previous fabrication 
stud e s ,  and on the bas i s  of resul ts  of hot-hardness tes t s  on special  buttons cas t  for this 
purpose. Measurements of hot hardness  wi l l  be obtained f r o m  200 to 900  C, and it i s  
belicmved that the resu l t s  wil l  provide a guide for  selection of a fabrication temperature .  

The alloys wil l  be  prepared  as 3 to 5-lib ingots by consumable-electrode a r c -  
melting techniques, and they will be fabricated by either rod rolling, conventional rolling, 
forg'ng, and p r e s s  forging o r  by a conbination of these techniques, 
may have to be used in rod rolling since pr ior  investigations have shown a need for  
lateimal res t ra in t  while fabricating cer ta in  of the uranium-rich alloys. 

Molybdenum cans 

The mechanical and physical propert ies  of alloys successfully fabricated will  be  
investigated at  room and elevated temperatures .  A study of the effect of heat t reatment  
upon propert ies  will b e  made. 
corrosion resis tance of the alloys in sodium, water ,  carbon dioxide, and air a t  various 
temyleratures, depending upon the corrosive environment. 
sodium up to 890 C, the boiling point of sodium, in water at  300 C, in carbon dioxide a t  
600 I;, and in air a t  400 C. 

The final phase of the p rogram wil l  be a study of the 

Tes ts  wil l  be conducted in 

The niobium to be  used for  melting stock i s  on order .  Casting of the required 
ingo1.s will  proceed as soon as mater ia ls  a r e  received. 

Development of Thorium-Uranium Alloys 

V. W. Storhok, A. A. Bauer ,  and R. F. Dickerson 

A project aimed at  developing thorium -uranium alloys with improved i r radiat ion 
stab .lity and corrosion resis tance has  begun. Approaches being considered a r e  the con- 
t ro l  of distribution and par t ic le  s ize  of the alpha-uranium phase, alloying to improve the 
propert ies  and fission-gas-retention character is t ics  of the uranium phase, and alloying to 
incr 3ase the strength and corrosion resis tance of the alpha-thorium phase. Improvement 
in corrosion behavior of the alloys in hot water is desired.  
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Calculations for a thorium-1 0 w/o  uranium alloy show that a 1 .5  per  cent volume 
increase pe r  1 a / o  burnup can be expected assuming that the fission fragments a r e  in- 
troduced a s  an additive volume. 
fission-fragment range in uranium, if the uranium part ic les  a r e  l e s s  than about 7 p in 
diameter,  the fission fragments will  lodge in the thorium matrix.  
strengthening the thorium mat r ix  by alloying is,  therefore,  indicated. 

Fu r the r  calculations indicate that, considering the 

The importance of 

A comparison of the alpha- and beta-thorium s t ruc tures  was per formed since 
some consideration was given to the possibility of alloying to stabilize the beta  s t ruc ture  
if  improvement in either corrosion resis tance o r  irradiation behavior could be expected. 
The comparison favors the alpha s t ructure  for i r radiat ion resis tance.  Face-centered-  
cubic alpha thorium can be expected to show slightly lower volume changes,' assuming 
substitutional positions for  fission atoms,  for  a given burnup than body-centered-cubic 
beta thorium. 
atom than can the body-centered-cubic s t ructure .  
sensitivity can also be  expected to be grea te r  in the body-centered s t ructure .  

The face-centered-cubic s t ruc ture  can accommodate a l a rge r  inters t i t ia l  
Fission-gas-diffusion ra tes  and notch 

An initial supply of iodide thorium for  the preparation of alloys has  been obtained. 
Additional mater ia l  i s  on order .  
cast  initially, and will  be investigated to determine the effects of casting variables,  
impurit ies,  fabrication techniques, and heat t reatments  on microstructure .  

Binary alloys containing 5 to 20 w/o  uranium a r e  to be  

GENERAL FUEL-ELEMENT DEVELOPMENT 

S .  J. Paprocki  

Dispersions consisting of enriched UC and UN dispersed in a s ta inless  s teel  
ma t r ix  have been prepared,  encapsulated, and forwarded to the MTR for  i r radiat ion.  
The irradiation behavior of these specimens will be compared with U 0 2  dispersions con- 
taining an equivalent uranium-235 loading. 
irradiation-test  data a r e  available. 

Reports of this work wil l  be  resumed when 

Investigations a r e  being conducted to develop fabrication techniques for  preparing 
dispersion fuel elements containing 60 to 9 0  volume per  cent of UO2, UN, and UC 
dispersed in stainless s teel .  
advantages of both the conventional ce rme t  and ce ramic  fuel. 
U 0 2  dispersion wil l  posses s  improved thermal  conductivity over a pure  U 0 2  body because 
of the presence  of the s ta inless  s teel  phase and absence of s e v e r e  cracking that is 
encountered in ce ramic  U 0 2  mater ia l .  

These mater ia l s  a r e  of in te res t  because they combine the 
It is anticipated that the 

A technique utilizing gas p r e s s u r e  a t  elevated tempera tures  is  being investigated 
as a bonding method for the cladding and joining of niobium and molybdenum fuel e le -  
ments and a s sembl i e s .  
of 1650 and 1750 F were  unsuccessful.  
temp e ra t  u r  e s , 

Initial at tempts to bond niobium and molybdenum a t  tempera tures  
Fu tu re  bonding tes t s  will b e  conducted at  higher 

In the pressure-bonding process ,  the initial step involves deformation of the 
At the present ,  the t ime, temperature ,  and p r e s -  mater ia ls  to obtain intimate contact. 

s u r e  required to achieve this condition a r e  determined by t r ia l .  It is believed that this 
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deformation is governed by a secondary-creep process .  
to  cietermine if  c r e e p  p a r a m e t e r s  f r o m  this tes t  can b e  applied to the basic  c reep  law. 
Th(: ultimate objective is to re la te  the creep propert ies  of ma te r i a l s  to their  s t r e s s  be-  
h a l i o r  during p r e s s u r e  bonding. 

Torsion t e s t s  will be  conducted 

Fabrication of Cermet  Fuel  Elements  

S. J. Paprocki,  D. L. Keller, G.  IN. Cunningham, and D. E. Kizer 

Fabrication techniques fo r  producing dispersion fuel elements with c o r e s  of 60 to 
90  irolume p e r  cent U 0 2 ,  UN, o r  UC dispersed in s ta inless  steel ,  molybdenum, niobium, 
o r  c:hromium are  being investigated. 
phy sical and mechanical propert ies .  

Core  evaluations will be made on the basis of 

Cores  containing 75 volume p e r  cent U 0 2  dispersed in Type 302B prealloyed 
s ta inless  s tee l  have been hot p r e s s  forged a t  1900 F in evacuated s ta inless  s tee l  frames 
to determine the effect of total reduction in the mic ros t ruc tu re  and density. Reductions 
were  var ied f r o m  44 to 55 p e r  cent, resulting in theoretical  densit ies of 8 2  to 9 1  p e r  
cenl , respectively. 
Forgings a t  1900  F w e r e  done in Type 304 s ta inless  s tee l  packs. Cores  of the s a m e  
composition, p repa red  in the s a m e  manner ,  were also p r e s s  forged in Type 318 s ta inless  
s tee l  packs a t  2000 and 2100 F. 
denisity of 93 pe r  cent of theoretical ,  while a theoretical  density of only 88 p e r  cent was 
realized with reductions of 29 p e r  cent a t  2100 F. 
forging temperature  is probably due to the increased plasticity of the pack and s ta inless  
skeleton resulting in decreased l a t e ra l  restraining fo rces  and, consequently, a dec reased  
hydi-os tat ic -pres sing effect. 

All dispers ions were  uniform with continuous metall ic skeletons.  

Reductions of 29  p e r  cent a t  2000 F resulted in a c o r e  

This dec rease  i n  density a t  the higher 

Hot-press-forged c o r e s  of 80  volume p e r  cent U 0 2  dispersed in molybdenum and 
niobium a r e  being prepared to determine the effect of U 0 2  par t ic le  s i ze  upon the density 
and microstructure .  
proc uce desirable  c o r e  shapes for physical and mechanical testing. 

Also, pack-design alterations a r e  being made in a n  attempt to 

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

S. J. Paprocki,  E. S.  Hodge, 42. B .  Boyer,  and R. W. Getz 

The high-temperature strength and favorable nuclear propert ies  of molybdenum 
and iiobium make them promising s t ruc tu ra l  ma te r i a l s  fo r  use in high-temperature 
iner :-gas -cooled and some liquid-metal-cooled r e a c t o r s .  
techiique has not been developed fo r  cladding of fuel elements with these ma te r i a l s .  
The). a r e  highly susceptible to oxjdation; consequently, they must  b e  protected with a n  
oxid,ition-resistant outer container during ro l l  cladding o r  coextrusion. 
matcmrials that a r e  usually employed alloy with the molybdenum and niobium during high- 
temrlerature fabrication. The molybdenum arid niobium a l so  offer much m o r e  r e s i s t ance  
to df formation a t  the elevated bonding t empera tu res .  Many of these problems associated 
with conventional fabrication techniques for  cladding with molybdenum o r  niobium can be  
avoicied by p r e s s u r e  bonding of these ma te r i a l s  with an iner t  gas p r e s s u r e  a t  elevated 
temr e r a t u r e s .  

A conventional fabrication 

The container 
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the initial phases of this investigation, bonding of either molybdenum o r  nio- 
bium to itself is being studied. The effect of p r io r  fabrication history and surface prep-  
aration on the bonds obtained during p r e s s u r e  bonding is bei9g investigated. A series of 
flat-plate specimens incorporating two flat  plates of molybdenum and niobium was sub- 
jected to  different surface-preparation t reatments  to  study the effect on bonding of these 
mater ia ls .  
helium p r e s s u r e  of 10, 000 ps i .  
par t ia l  bonding. 
the molybdenum was observed. 
along the mating surfaces  af ter  bonding. 

The specimens w e r e  bonded a t  1650 and 1750 F for  a period of 6 h r  a t  a 
P re l imina ry  evaluation of these specimens revealed only 

No recrystall ization of either mater ia l  was observed 
The niobium had not recrystal l ized and only par t ia l  recrystall ization of 

Additional specimens have been assembled for  bonding a t  temperatures  in excess  
of 1750 F. 
crystall ization and grain growth a c r o s s  the bond interface a t  a lower temperature ,  as 
increased cold work significantly lowers  the recrystall ization temperature  of both 
ma te r i a l s .  
as a function of surface preparat ion and p r i o r  fabrication history.  

The base  mater ia ls  will be  cold worked severely in an attempt to produce r e -  

These specimens will b e  studied metallographically to evaluate bond quality 

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

S. J. Paprocki,  E. S .  Hodge, S. D. Beck, and M. A. Gedwill 

An investigation of the gas  -pressure-bonding p rocess  is being conducted. This 
p rocess  i s  a technique fo r  the bonding of surfaces  by the application of elevated tempera-  
t u re s  and external p r e s s u r e .  
tions with which the mating surfaces  will deform sufficiently to insure intimate contact. 

In this study emphasis is placed on determining the con'di- 

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

The deformation of the surface i r r egu la r i t i e s  is assumed to b e  governed by the 

The present  effort in the analytic portion of the investigation is directed 
basic  c reep  law, = Aon, which is a widely accepted relationship representing second- 
stage creep.  
toward the determination of a suitable geometr ic  model to r ep resen t  the contours of the 
mating surfaces  which will a t  the s a m e  t ime pe rmi t  solution with a reasonable effort. 
Several  models have been considered thus far. 
manageable mathematical  solut2on. 

None of these models yielded a 

ExDerimental Studies of P r e s s u r e  Bonding. 

Preparat ions have been completed fo r  running a s e r i e s  of torsion t e s t s  on 2s 
Data f r o m  these t e s t s  a r e  expected to  provide the c reep  aluminum a t  500 and 700 F. 

parameters  needed fo r  the bas i c  c r e e p  law. 
the deformations of thick-walled c i r cu la r  cylinders under hydrostatic p r e s s u r e .  
predicted deformations may be  compared with previously obtained experimental  m e a s u r e -  
ments as a check of the validity of the theoretical  analysis.  

These values may then be  used to predict  
The 
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FATIGUE STUDIES O F  INCONEL AND INOR-8 

F. H. Lyon 

Fatigue Studies of Inconel 

This program has the objectives of obtaining basic  fatigue information on Inconel 
and of establishing quantitative relationships among the var iables  of temperature ,  s t r e s s ,  
strain,  t ime,  and cyclic frequency for Inconel. The cu r ren t  phase of the program i s  con- 
cern2d with measuring and recording of s t ra in  associated with the cyclic portion of a 
com1,ined load. 

During August a new s e r i e s  of calibration runs was made. Previously the fatigue 
apparatus  was adjusted to produce a given load on a specimen while the specimen was a t  
roorr temperature .  When the specimen reached the tempera ture  of the tes t ,  additional 
adju!: tment of the load was required.  
at  room temperature  so that a des i red  load a t  a given elevated tempera ture  wi l l  automat- 
ical l r  result .  Thus, the elimination of the intermediate  load adjustment makes  i t  possi-  
ble to r eco rd  the first s t ra in  cycle at elevated tempera ture .  
refinements a r e  planned next month. In addition, the instrumentation sys tem a s  a unit 
will l)e calibrated and proof checked so that the resulting fatigue and s t r a in  data can be 
t ranslated into quantitative units. 

It w i l l  now be possible to adjust the load mechanism 

Fur the r  modifications and 

Fatigue Studies of INOR-8 

This program i s  concerned with the investigation of tempera ture  and frequency de- 
pendence of fatigue proper t ies  of INOR-8 alloy. 

L 

Little has been accomplished on the p rogram since the pre l iminary  studies. When 
mate.-ial fo r  specimens a r r i v e s ,  machining of fatigue specimens and accumulation of data 
may 1)egin. In the in te r im a second fatigue-testing machine wi l l  be modified to accommo- 
date 1 iigh-tempe r ature  e quipme nt. 
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J. CORROSION PROBLEMS ASSOCLATED WITH THE RECOVERY O F  
SPENT REACTOR FUEL ELEMENTS 

C .  L. Pe te r son ,  P. D. Miller,  E:. F. Stephan, 0, M. Stewart, 
5.. D. Jackson, W. C. Baytos, T. E. Snoddy, and F. W. Fink 

The evaluation of ma te r i a l s  of construction for use in the various proposed proc-  
e s s e s  for the recovery of spent r eac to r  fuel elements has  continued. 

No severe attack of titanium specimens has  been observed in any of the studies in- 
vol.,ring Darex solutions, 

Stress-rel ief  t reatments  have not been effective in improving the corrosion r e -  
A stabilized grade of Nionel sislance of Carpenter  20 Cb to Sulfex-Thorex solutions. 

and an extra-low-carbon and -iron f o r m  of Il.lium a r e  being evaluated in  these solutions. 

Studies of the fluoride-volatility p rocess  have shown fa i r ly  high corrosion r a t e s ,  
particularly a t  interface a r e a s  with coupons of INOR's and Hastelloys, and much l e s s  
attack on tubular pieces.  

The Darex  P r o c e s s  

Uranium can be recovered f r o m  fuel elements containing s ta inless  s tee l  as a 
diluent o r  cladding by means of the Darex pr,ocess. The elements a r e  first dissolved in 
dilute aqua regia .  The chlorides a r e  stripped f rom the solution with concentrated n i t r i c  
acicl and, following suitable adjustment, the (dissolved uranium is recovered by conven- 
tional methods of solvent extraction. 

Dis solver Studies With Titanium 

A metallographic study of s eve ra l  of the titanium specimens f r o m  the 2000-hr run  
of tile flowing dissolver was completed. 
cre.rices and to the highly s t r e s s e d  a r e a s  both around welds and at the apex of specimens 
helc in the contour of U-bends. 
conclitions of the flowing dissolver could be found. 

Special attention was paid to the bottom of 

No evidence of cracking as  a r e su l t  of exposure to  the 

Titanium specimens f rom the new flowing dissolver experiment were given a 
cauijtic cleaning in place following a 1000-hr exposure and were removed for  examina- 
tion. Eight weekly 3-hr cleaning periods with 10 w/d NaOH, including the final clean- 
ing, were completed during this exposure.  
obs1:rvations o r  weight-loss measurements .  

No seve re  attack was detected, e i ther  by 

- 

FAY' Studies With Titanium -. 

Representative titanium specimens of the various plain, welded, and s t r e s s e d  
type s ,  which were exposed to  boiling Initial FAT solutions, were sectioned and 
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examined. 
attack associated with crevices ,  weldments, o r  highly s t r e s s e d  a r e a s  were observed. 

These had received a 4500-hr exposure.  No signs of cracking o r  severe 

All of the titanium s team tubes which had been exposed to Initial o r  F ina l  FAT 
solutions were cleaned. 
Sections have been taken through cr i t ica l  locations in these tubes, and will be examined 
metallographically . 

No apparent surface attack of any consequence was observed. 

The Sulfex-Thorex P r o c e s s  

The evaluation of various metals  for  u se  as container mater ia ls  for  the dissolu- 
tion step of a proposed Sulfex-Thorex p rocess  has  continued. 
stainless-clad fuel elements of thorium o r  thoria would be dejacketed by dissolution in 
sulfuric acid. 
13.0 M HN03, 0 . 0 5  M F-, to  give a final solution of about 8 .5  M " 0 3 ,  0.05 M F-, and 
1.0 M Th(NO3)4. Experience has  a l ready shown that the addition of 0 .  2 M Al+3 to the 
Thorex solution will help to prevent excessive corrosion of several  ma te r i a l s  and will 
probably be used during actual practice.  

In this par t icular  process, 

Following this,  the thorium o r  thoria would be dissolved by a solution of 

Experiments With Carpenter 20 Cb 

Specimens of Carpenter  20 Cb were exposed to  boiling 6 M H2S04, while s ta inless  
s tee l  rods were dissolved in a batchwise operation. 
and another not i n  contact were submerged in the boiling liquid. 
as  soon as  a buildup of about 5 g p e r  l i t e r  of dissolved s ta inless  s t ee l  had been reached. 
Some 50 such renewals resulted in a total exposure of 124 h r .  
cracking was apparent on the surface of the unconnected specimen but could not be de- 
tected on the connected one. The unconnected specimen was corroding at a r a t e  of 2 . 9  
mils p e r  month a t  the end of this period, while the r a t e  of the connected specimen was 
0 .  8 mil pe r  month. These resul ts  indicate that cathodic protection of the Carpenter  20 
Cb might be expected as a r e su l t  of the dissolving fuel elements acting as sacr i f ic ia l  
anodes . 

A specimen in contact with the s tee l  
The acid was renewed 

By that t ime ,  s t r e s s  

Specimens of 11- and 16-gage Carpenter  20 Cb containing weldments were given 
(1) a solution anneal at 1950 F for 15 min  one of three heat t reatments .  

followed by a water quench; (2)  
specimens at 1650 F for  10 min  and then cooling in the furnace; and (3) 
these two t reatments .  The specimens wexe then exposed to  boiling 6 M H2S04 for  sev- 
e r a l  hours ,  
ments  on the tendency for s t r e s s  cracking to occur.  All t reatments  seemed to alleviate 
the tendency to some extent. 
the corrosion r a t e  of this ma te r i a l ,  both when it was used alone and in combination with 
the solution anneal. 
even if  it did solve the cracking problem. 
other t empera tu res  a r e  being investigated. 

These were: 
a s t r e s s - r e l i e f  t reatment  consisting of holding the 

a combination of 

No conclusive evidence was obtained concerning the effect of these t r e a t -  

However, the s t r e s s - r e l i e f  t reatment  greatly increased 

The r a t e  of attack is too great  for such a t reatment  to be useful, 
At present ,  s t ress-rel ief  t reatments  at 
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Exr)eriments With Nionel 

A stock of stabilized Nionel ( o r  Ni-o-nel) has  been secured. Specimens have been 
prepared and will be studied under cyclical exposures similar to those of previous 
s tu l i e s .  

Scouting Experiments With Other Metals 

Scouting experiments were conducted with welded specimens of Illium R exposed to 
boi ing Sulfex and Thorex solutions. 
specimens exposed to boiling Initial Thorex solutions even with 0 .  2 M Ait3 present.  
This  attack was m o r e  pronounced in the heat-affected a r e a s  next to the weldments. 
wac the only place that it occurred on the specimens exposed to boiling Final  Thorex 
soliitions. 
boi! ing H2S04 solutions. 
unu,elded specimens exposed to  similar solutions. 
has  a n  extra-low carbon and i ron content has  been supplied in cas t  f o r m  for use in 
furl.her scouting experiments.  

Intergranular attack occurred over the faces  of the 

This  

No apparent intergranular attack was observed on specimens exposed to the 
The corrosion r a t e s  closely approximate those calculated for 

A new Illium alloy (Illium 98), which 

The Fluoride-Volatility P r o c e s s  

' Fuel  elements containing zirconium as  a diluent o r  cladding can be recovered by a 
The first s tep consists of hydrofluorination of the elements fluc'ride-volatility process .  

in E bath of molten fluoride salts using a s t r e a m  of HF. 
evaluated for use in the construction of this liydrofluorinator. 

Various ma te r i a l s  a r e  being 

Specimens of various ma te r i a l s  have been exposed for 500 h r  in the 62 mole pe r  
cent NaF-38 mole pe r  cent Z r F q  salt a t  650 C to flowing H F  (10 g p e r  h r ) .  
tubi: specimen held on a Hastelloy W gas-impingement tube showed a penetration r a t e  of 
0 .43  mil per  month based on the weight loss , ,  
above the piece jus t  mentioned, showed a r a t e  of 0 . 0 3  mil per  month. 

An INOR-8 

An INOR-1 tube specimen, positioned 

In contrast  to these r e su l t s ,  specimenij in the f o r m  of coupons cut f r o m  sheet 

Table J - 1  surnmarizes  the data as calculated for  the 
mal e r i a l ,  placed a t  the liquid-vapor interface,  showed appreciable attack at the a r e a s  
exposed nea r  the liquid level. 
specimens based on the weight l o s s .  
(ba,;ed on micrometer  readings) measured  ai; the interface where the most  s eve re  attack 
occurred.  

The table a lso gives maximum penetration values 

Also included a r e  values for the specirnens exposed to the vapor. It can be seen 
thai the penetration of these specimens was much l e s s  than for the interface position. 

I 

The specimens exposed to the liquid phase were held on s t r i p s  of Hastelloy W 
about 1 / 8  in. wide. 
the specimens to fall to  the bottom of the container. 
The gas-inlet tube and thermocouple tube of Hastelloy W used in the above experiment 
showed no noticeable attack at the interface a r e a  o r  below it.  
nisli m o r e  information regarding these differences in corrosion r a t e s .  An experiment 

These s t r ip s  were completely severed at the liquid level,  allowing 
They have not yet been examined. 

F u r t h e r  work should fu r -  
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is now under way using the same sa l t  and a n  H F  flow rate  2.5 t imes  g rea t e r  than used 
in the study jus t  discussed. 

Nearly 400 h r  of exposure has  been completed in the equimolar N a F - Z r F 4  sa l t  
mixture during a new study. 
simulated dissolver effluent a tmosphere ( 2 . 4  w / o  hydrogen-97.6 w/o  HF).  

In this experiment,  specimens a r e  being exposed to a 

TABLE J-1. CORROSION RESULTS IN 62 MOLE PER CENT NaF-38 MOLE PER CENT 
ZrF4 AT 650 C AFTER 500 HR 

Penetration Rate, mils per month 
Over-All, Based on I Maximum. Based on 

Specimen Weight Change Micrometer Measurements 

-- INOR-8 tubing, gas 0.43 
impingement. immersed in 
liquid 

INOR-8 coupon, vapor 0.42 

INOR-8 coupon, interface 6.26 

INOR-1 tubing, gas  impinge- 
ment,  immersed in liquid 

0. 03 

None 

11 .0  

-_ 

INOR-1 coupon, vapor 0.41 None 

INOR-1 coupon, interface 4.41 6.0 

Hastelloy B coupon, interface 3.63 6 .0  
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K. DEVELOPMENTS FOR SRE, OMRE, AND OMR 

F. A. Rough arid J. E. Gates  

This is p a r t  of the Atomics International r e s e a r c h  program. The objectives of 
this  r e sea rch  a r e  to develop uranium monocarbide as’a fuel for  SRE and to pe r fo rm 
PO stirradiation studies of ma te r i a l s  of i n t e re s t  to the SRE, OMRE, and OMR programs.  

EVALUATION O F  URANIUM MONOCARBIDE AS A REACTOR F U E L  

F. A. Rough 

The f i r s t  phase of this study of uranium monocarbide,  the development of casting 
techniques, determination of physical  p roper t ies ,  and preparat ion of i r radiat ion speci-  
mens ,  is essent ia l ly  complete. The irradia.tion of the monocarbide is well under way, 
ant€ two capsules of specimens have been opened, although the r e su l t s  are not yet avail-  
able for  reporting. 

P re l imina ry  experiments  to develop techniques for  the study of fission-gas r e -  

- lea se  during post i r radiat ion heating a r e  reported.  

Casting Techniques for  the Prepara t ion  of Uranium Monocarbide 

A. C. Secres t ,  E. L. F o s t e r ,  a n d R .  F. Dickerson 

The init ial  phase of this p rogram,  which included the development of an  
exiierimental- scale  melting and casting procedure,  the determination of some of the 
phj.sical proper t ies ,  and the preparat ion of (enriched as- cast specimens fo r  irradiation 
in  ;he MTR, is  being concluded with the preparat ion of a topical report .  The r epor t  
will  cover the techniques used to p repa re  the i r rad ia t ion  specimens and information on 
the physical p roper t ies  and other charac te r i s t ics  of ca s t  UC. 

Irradiation- Capsule De sign for  U r ani um Carbide 

R. B. P r i c e ,  R. H. Barne,j:,  and W. H. Goldthwaite 

I 
One BRR capsule i r radiat ion and one MTR capsule (BMI- 23- 1) i r rad ia t ion  have 

Ca1)sule BMI-23-2, which contains uranium- 5. 0 w / o  carbon specimens,  is scheduled 
f o r  inser t ion in  the MTR A- 28-NE position during the Cycle 110 shutdown i n  September.  
Ca1,sule BMI-23-3 (uranium-5. 0 w /o  carbon specimens)  is tentatively planned f o r  in- 
s h  tion during the Cycle 11 1 shutdown in  September.  

- been completed, Two more  MTR capsules (BMI-23-2 and BMI-23-3) have been loaded. 

Capsules  BMI-23-4, BMI- 23-5, 
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and BMI-23-6 a r e  tentatively scheduled to be loaded with uranium-5. 0 and -4. 8 W / O  

carbon and uranium-4.6 w / o  carbon specimens,  respectively,  a s  specimens become 
available. 

Capsule A. I. UC BRR No. 1 was  i r radiated for 1036. 9 h r  o r  about 43 days a t  
1 megawatt in a flux of approximately 1 f 0. 2 x 1 0 l 2  thermal  nv. 
surface temperatures ,  respectively,  were  about 660 and 600 F. 
i r radiated 970 MWD at  39.8 megawatts in a f lux  of approximately 8 f 0. 2 x 1013 nv 
thermal. Ext reme measured core  surface tempera tures ,  respectively,  were  about 
1600 and 1000 F. 

Calculated core and 
Capsule BMI-23-1 was 

An analysis of tempera ture  data wil l  be made soon. 

The long-term NaK-UC-stainless s tee l  compatibility tes t  a t  1100 F has  been 
terminated. Post tes t  examinations a r e  in progress .  

Fission-Product Release F r o m  Irradiated Uranium Monocarbide 

R. Lieberman,  D, N. Sunderman, and M. Poberesk in  

The purpose of this work is  to de te rmine  the amount of fission-product xenon- 1 3 3  
re leased f rom uranium carbide as a function of time and tempera ture  of postirradiation 
heating, 

P re l imina ry  experimental  work has  been c a r r i e d  out on a sample of uranium 
carbide of near  theoretical  density. 
2. 95 x 1012 nvt as determined by cobalt dosimetry. 

The specimen received a radiation dosage of 

The uranium carbide was  then placed in a closed, evacuated system and heated a t  

After exposure to 
severa l  t empera tures  up to 1700 F. 
coal t raps  which had been evacuated and cooled with liquid nitrogen. 
the fission gas the individual t raps  were  isolated. 
measured  by means of gamma-ray spectrometry.  

Samples of gas  were  collected by means  of char-  

Xenon- 133 concentrations were  

It  was  found that sma l l  quantities of xenon-133 were  collected a t  t empera tu res  as 
low as 1000 F. Results a r e  shown in  Table K-1. 

TABLE K-1. FISSION GAS RELEASED FROM URANIUM CARBIDE AS A FUNCTION 
OF TIME AND TEMPERATURE OF POSTIRRADIATION HEAT 
TREATMENT 

Sample Temperature, F Time, hr Fraction of Total Present Xenon-133 Found 

A 1000 1.5 0.00040 
0.00075 B 1250 1.5 

C 1500 1.5 0.00012 
D 1700 1.5 0.0024 
E 1700 17  0.0 049(a) 
F 1700 47.5 0. 0066(a) 
G 1700 66.5 0. O07Ofa) 

(a) Cumulative values for total times at  1700 F. 
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Some difficulties were  encountered in  maintaining a vacuum i n  the furnace tube 
A new tube i s  under construction and a second specimen, used in these experiments. 

i r radiated with the f i r s t ,  will be checked under the same conditions. 

After this method is  proved, specimens with a burnup of about 500 MWD/T burnup 
will be studied. 

'POSTIRRADIA~TION STUDIES OF SRE, OMRE , AND OMR FUEL MATERIALS 

J. E. Gates 

Radio chemical anal y s e s and me tallo g I' aphi c examinations of i r radiated tho r i um - 
11 w / o  uranium specimens were delayed, 

Two capsules containing U 0 2  slugs were opened and the tubes containing the speci- 
mc n s  were  examined. 
diz torted. 

The specimen tube f r o m  Capsule NAA- 28- 1 was found to be 
The tube f rom Capsule NAA- 29- 1 was in  good condition. 

Examination of the specimens of s t ruc tu ra l  ma te r i a l s  i r r ad ia t ed  in a dummy 
Oh[RE fuel element will be initiated in  September. 

The i r radiated OMRE fuel element,  O.MRE-3, has  been disassembled. The in- 
t e r i o r  of the fuel box was f r ee  of obstructions and distortions. 
of :ars was observed on all p a r t s  of the element. 
c 01 tdi ti on. 

A thin adherent coating 
All fuel plates were  in  excellent 

SRE Fue l  Mater ia l  

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

Evaluation of the data obtained f rom the examination of the thorium- 11 w / o  
The uranium specimens f rom Capsules NAA- 15-6 and NAA-15-7 i s  in  progress .  

amL>unts of cesium- 137 contained i n  the NaK recovered f r o m  Specimens NAA- 15-6- 1 and 
NA4- 15-7-F have been determined. 
NA4-15-6-2, NAA-15-6-3, and NAA-15-6-4 have also been completed. These data will 
be ?valuated as soon as the burnup of the specimens is determined by radiochemical 
ana l y  se s. 

The analyses of g a s e s  recovered f r o m  Specimens 

Radiochemical burnup analyses and metallographic inspections of s eve ra l  speci- 
meiis will be initiated next month. 
the::mal coefficient of expansion of two specimens,  will complete this program. 

This work, along with measurements  of the l inear  

, 
I '  
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U rani  um Dioxide Sp e c i m  e n s 

The postirradiation evaluation of uranium dioxide specimens recovered f rom 
Capsules N U - 2 8 -  1 and NAA-29- 1 has  been initiated. 
in a thin sealed stainless s teel  tube which was  immersed  in NaK. 
consist of visual examinations, the making of s te reomacrographs  , and determination of 
the dimensions of each specimen tube, 
measured  and the amount of fission gas  re leased f rom the specimens f rom Capsule 
N U - 2 9 -  1 wil l  be determined. 
selected portions of each specimen stack. 

The specimens were  contained 
The evaluation wil l  

The length of each specimen stack will also be 

Metallography and burnup samples  wil l  be obtained f rom 

Both Capsules N U - 2 8 - 1  and N U - 2 9 - 1  were  opened and the detailed visual 
examination of the specimen tubes was  completed. 
for  approximately 2 h r  a t  a central  core  tempera ture  in  the specimens of approximately 
1400 C .  
sule NAA-29- 1 was  i r radiated to an estimated burnup of 0. 75 total a / o  a t  a control- 
specimen core temperature of approximately 2000 C. 
of the specimen tube f rom this capsule. 
Capsule NAA-29-1 revealed severa l  scratches on the tube surface. 
appear to have been caused by contact of the fuel pin with sharp edges in  the capsule 
during irradiation o r  handling. 

Capsule NAA-28- 1 was  i r radiated 

The specimen tube f rom this capsule was visibly warped and distorted. Cap- 

There  was  no visible distortion 
V i s u a l  examination of the specimen tube f rom 

These m a r k s  

Photomacrographs,  measurements  of the dimensions of each specimen tube, and 
analyses of the gas recovered f rom Capsule NAA-29-1 a r e  scheduled for  next month. 
Metallographic evaluations and radiochemical burnup analyses wil l  be pe r fo rmed  on 
selected specimens. 

OMRE Fue l  Elements  

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

The postirradiation examination of Fuel  Element  OMRE-3 is approaching com- 
pletion. Evaluation of the data obtained to date is  i n  progress .  

Examination of Fuel-Element Box 

The outer surfaces of the fuel-element box were  examined a t  magnifications at 
All surfaces  were covered by a fi lm of t a r  which was determined to be approxi- 32X. 

mately 0. 5 mi l  in thickness. 
surfaces  of the box were shiny and revealed no indication of corrosion o r  other damages.  
The welds a t  the box co rne r s  were  examined and were  found to be in good condition. 

In some a r e a s  where the t a r  could be  removed,  the meta l  

Dimensional profiles were  made of all four s ides  of the fuel-element box to 
determine the extent of distortion. 
both ends of the element box adjacent to the end pieces. 
After this work was completed, the end pieces were  cut f rom the fuel-element box, ex- 
posing the ends of the fuel plates. 

Width and thickness measurements  were  made a t  
These data a r e  being evaluated. 
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The variations in radioactivity along t:he length of the fuel-element box were  
measured  with the aid of a gamma-ray spectrometer.  
that the peak burnup occurred  slightly below the middle of the element. 
measurements  were  completed. 
noled. 
individual plates. 

The "gamma scans" indicated 

Only minor changes in coolant- channel widths were  
Plate-spacing 

b 

The fuel-element box was then disassembled to pe rmi t  close examination of the 

-. De.;ailed P la te  Examination 

All 16 plates were covered with a thin, strongly adhering layer  of tar.  The t a r  
suimface was  covered with what appeared to he small  bubbles. 
the fueled a r e a  of the plates. 
Three  plates ,  one f rom either side and one f rom the middle of the assembly ,  were 
selected for close examination with the stereomacroscope. The plates  were  found to be 
in 1good condition but several  pitted o r  eroded a r e a s  were  noted. I t  is believed that 
these defects may have occurred  during fabrication of the fuel plates. 

These were  located over 
The plates appeared to be  in  good condition generally. 

The three plates selected for  stereomacroscopic examination were  gamma 
scanned t ransversely and longitudinally, and. the resu l t s  a r e  now being evaluated. 
ing September i t  is planned to measu re  the t a r  deposit and thickness of the three fuel 
plates  selected fo r  close examination. Specimens fo r  radiochemical burnup analysis 
will be punched f rom selected a r e a s  of the three plates  and the resu l t s  compared with 
the gamma-activity scans. 

Dur- 

OMR Fuel  and Structural  Mater ia ls  

R. J. Burian and J. E. Whitney 

n 

It is planned to initiate the examination of the s t ruc tura l  mater ia l s  i r radiated in  
a d( immy OMRE fuel e lement  during September. 

' 
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L. STUDIES OF SODIUM-TANTALUM COMPATIBILITY 
AT ELEVATED TEMPERATURES 

J.  H. Stang 

As indicated in BMI-1280, emphasis  in studies conducted for  Los Alamos 
Sc: entific Laboratory i s  being diverted to a program having the objective of developing 
co -e-construction ma te r i a l s  for  LAMPRE service.  
prc:vious LASL programs (tantalum’- sodium compatibility, high-tempe ra ture  mechanical 
proper t ies  of tantalum, and weldability of tantalum) was the completion of 1200 F ine r t -  
atrTosphere c r e e p  t e s t s  with thermally degassed fine-grained tantalum. 

The only work during Ju ly  in the 

In setting the stage for the materials-development program,  attention was given 
du *ing Ju ly  to formulating procedures  that minimize the possibility for  contamination 
du :ing a r c  melting of tantalum and tantalum-tungsten specimens,  
plc r a to ry  work completed a r e  encouraging i n  this respec t .  

Resul ts  of the ex- 

The new materials-development program begins next month. This new program 
a12 o provides f o r  a study of tantalum Specimens which will be i r rad ia ted  and an  investi- 
gai:ion of the effects of tungsten buildup (by transmutation of tantalum) on the mechanical 
proper t ies .  

High-Temperature Mechanic:al P rope r t i e s  of Tantalum 

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

Fina l  effort in this program has  been concerned with c r e e p  t e s t s  at 1200 F in 

The final data  a r e  given in Table L-1 and show that the c reep  s t rength of this 
he .ium on 30-mil s t r ip  specimens of therma.lly degassed f ine-grained s intered tanta- 
l u r n .  
m; terial is considerably higher than that of annealed s intered tantalum. 
at a s t r e s s  of 12,000 psi  the minimum c r e e p  ra te  for  thermal ly  degassed fine-grained 
sirttered tantalum was only about 0. 00001 pe r  cent p e r  h r ;  the corresponding c r e e p  r a t e  
foi. annealed sintered tantalum was about 0. 00024 p e r  cent pe r  h r .  It might  also be 
no ed that l i t t le,  if  any difference was found between the c r e e p  r a t e s  of fine-grained 
tht rmal ly  degassed s intered tantalum and annealed a r c - c a s t  tantalum. 

For example,  

In the prel iminary phase of the pr0gra.m directed toward the development of con- 
ta iner  ma te r i a l s  for LAMPRE applications, s eve ra l  100-g buttons and 150-g rods of 
taritalum and t a n t a l d - 3  and -6  w/o tungsten alloys were  produced by a r c  melting in  a 
helium atmosphere.  Sheet stock of Fans tee l  a r c - c a s t  tantalum and tungsten were  used 
in melting the unalloyed tantalum specimens,  and the tantalum-tungsten specimens.  
El3ctron-beam-melted tantalum supplied by Temesca l  was a l so  used in the preparat ion 
of unalloyed specimens.  
niciues on the bas i s  of purity, hardness ,  and mic ros t ruc tu re .  
an1  swaging behavior have been studied. 

The specimens have been used to evaluate a rc-mel t ing  tech- 
In addition, cold rolling 
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TABLE L-1. CREEP DATA ON THERMALLY DEGASSED FINE-GRAINED SINTERED TANTALUM SHEET 
TESTED AT 1200 F IN A HELIUM ATMOSPHERE 

Stress, Time in Progress, Initia 1 De for ma tion, Total De formation, Minimum Creep Rate, 
Specimen psi hr per cent per cent per cent per hr 

21-B1 10,000 960.7 
25-4 12,000 1200.0 
25-3 14,000 1032.3 
21 -82 16,000 1001.8 

0.051 
0.012 
0.058 
0.12 

0.090 
0.098 
0.158 
0.201 

N i l  
0.00001 
0.000025 
0.00004 

Results to date indicate that a r c  melting does not significantly affect the purity 
F o r  example,  of e i ther  the Fansteel  ma te r i a l  o r  the high-purity Temesca l  ma te r i a l .  

i t  was found that the hardness  of the Temesca l  ma te r i a l  remained about the same 
( 9 2  VHN) a f t e r  a r c  melting a button specimen. 
of tantalum can be produced by a r c  melting, provided that the melting stock is  of high 
purity.  

Thus, it appears  that high-purity alloys 

Microscopic examination revealed that the buttons and rods are  internally sound. 
The mic ros t ruc tu re  of the tantalum-tungsten alloys consisted of v e r y  l a rge  grains  of a 
homogeneous solid solution with uniformly distributed spherical  par t ic les  of unidenti- 
fied contaminants. No difficulty was encountered in cold rolling the tantalum-tungsten 
alloys without a lubricant; however, i t  was necessary  to use  kerosene as  a lubricant to  
swage the rod specimens.  

Studies will be continued on, arc-melt ing techniques; a n  investigation will be made 
to establish a procedure f o r  a r c  melting high-purity Temesca l  tantalum buttons weigh- 
ing up to about 300 g.  
cedure which will avoid contamination of s t r i p  specimens.  

Additional studies will be made to develop a cold-rolling pro-  
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M. DEVELOPMENTAL STUDIES FOR THE PWR 

R. W. Dayton 

Mixing studies in a model of the PWR c o r e  have been resumed. Some improve- 
mes i t s  were'found f r o m  the use of deflector vanes over  each inlet. 

Work with the panoramic c a m e r a  was completed with the taking of a color photo- 
graph which distinguished between dents and corrosion. 

Reactor Flow Studies - 
L. J. Flanigan and H. R. Hazard 

Flow studies using air in a quarter-scale  model of the PWR a r e  being conducted 
to (letermine the effects of lower-plenum geometry on mixing and on flow distribution in 
Co1.e 2.  
7 .  5-ft core  design with and without lower-plenum mixing devices, and preparat ion of a 
r eF o r t  covering this work. 

Previously reported work includes completion of flow studies made with the 

Early in August additional studies of lower-plenum mixing, and studies of upper- 
Included were  exploratory studies of upper-plenum mixing ple i u m  mixing were begun. 

to 1)e made with the Core 1 configuration. 

Upper-plenum mixing was studied with the 7.5-ft co re  design with swir l  vanes f o r  
thr Be different loop configurations. 
tiort of fluid from the t raced inlet in the operating outlets. 
wit5 Inlet 2-1 t raced,  the distribution was: Outlet 2-1, 34 p e r  cent; Outlet 1-4, 27 p e r  
cent; Outlet 4-3, 21 p e r  cent; Outlet 3-2, 18 p e r  cent. 
25 p e r  cent would be  obtained for each outlet. 
fouzd in any outlet is affected by the mixing occurring in the lower plenum. 

Measurlements were made to determine the distribu- 
For  operation with four loops 

For  perfect mixing a value of 
The amount of fluid f rom the t raced inlet 

To improve lower-plenum mixing over that  obtained with the 30-deg swir l  vanes 
attziched to the flow baffle, deflector vanes w e r e  placed ove r  each inlet. 
the flow in the outer thermal-shield passage, thus introducing shield flow f rom the 
t raced inlet into the periphery of the co re  in an a r e a  of low concentration. 
tor configurations w e r e  studied to determine the effect of vane angle and location on mix- 
ing and p r e s s u r e  lo s s .  With one configuration some improvement in mixing was  obtained 
with no increase in p r e s s u r e  lo s s .  

These rotated 

Four deflec- 

In preparation fo r  enlarging the holes in the flow baffle to study performance with 
rec uced lower-plenum p r e s s u r e  lo s s ,  an aluminum core  extension was  added to simu- 
latl: the 7. 5-ft core .  This reduced the space between the flow baffle and the c o r e  bottom 
f rom 5 .9  to 3 .  3 in. 
found that mixing between the inlets and the bottom of the co re  was  r,educed somewhat. 

- 
This change had no effect on flow distribution in the co re ,  but i t  was 

I 

. 
In September,  the effect of flow-baffle hole size will b e  studied and upper-plenum- 

mi:r.ing studies will b e  made for  the Core 1 design. 
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ImDroved Techniques f o r  Corrosion Detection in 
Subassemblies and Clusters  

G. G. Cocks and C. M. Schwartz 

This work is concerned with the interpretation of photographs of fuel-plate a s s e m -  

These photographs were taken using color film 
blies taken with the panoramic camera .  
taken of a specimen furnished by Bettis. 
and the flat  45-deg probe m i r r o r .  
sequently corroded. 
tinguishable f rom corrosion m a r k s .  

During this r epor t  period photographs w e r e  

The sample was one which had been dented and sub- 
The dent, which is quite l a rge ,  was easily visible and easily dis- 

This completes the experimental  work on the present  contract. 
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N.  DEVELOPMENTS FOR THE MGCR 

W.  H. Goldthwaite 

This  r e s e a r c h  is  a pa r t  of the Mari t ime Gas Cooled Reactor  program. T h e r e  is 
interest  i n  a carbon dioxide-cooled graphite-moderated concept with gas  t empera tu res  
ani1 p r e s s u r e s  up to 1500 F and 2000 psi ,  respectively. 
to  be clad to  prevent C02-graphite reaction:; at these temperatures .  
unller way a t  Battelle to investigate the effects of radiation on the reactions of the clad- 
dir g with the C 0 2  and the graphite. 

The graphite will probably have 
A program is 

Investigation of the Effect of Irradiation on Clad Graphite 
SDecimens in a CO-, Environment 

J. C. Smith, R. H. ,Barnes,  W.  S. Diethorn, J .  D.  Bray,  and W. E. Murr  

Two specimens each of graphite clad with Type 310 s ta inless  steel ,  Type 446 
stz inless steel ,  and Inconel were i r radiated in the Battelle Research  Reactor .  The 
sp1:cimens a r e  1 by 1-cm cylinders of AGOT graphite sealed in tightly fitting containers.  
of the cladding ma te r i a l s  of in te res t .  
els,ewhere will provide control data for  a determination of the effects of radiation. 

. Duplicate out-of-pile experiments conducted 

- I r i  adiation Experiment  
I’ 

The i r radiat ion was performed in a s ta inless  s tee l  capsule containing electr ic  
he i t e r s .  
dose r a t e  of 5 x lo7 and 3 x l o 7  r a d s  pe r  h r ,  respectively. 
sp$3cimens averaged 1300 F for 4 weeks followed by 1520 F for  1 week. 
p r  zssures  a t  these t empera tu res  were 940 and 1020 psi, respectively.  

The C 0 2  and specimens were exposed to an estimated gamma and fas t  neutron 
The gas temperature  at the 

Average gas 

i?= 5. 
Several sampl/es of the gas were taken and analyzed during the irradiation. After 

eazh sample was taken, the capsule was refilled with f r e s h  gas taken directly f r o m  a 
tartk of welding-grade C02. The important details  of the i r radiat ion a r e  presented in 
Table N-1. 

At a n  average temperature  of 1300 F, a f t e r  a n  initial r i s e  in CO, consecutive gas 
When the t empera tu re  was r a i sed  to 1500 F, samples  showed a decreasing CO content. 

thcb CO content r o s e  and then dropped again. 
roughly the same as that for  the C 0 2  tank supply. 

The reported oxygen contents a r e  all 

Thermodynamic calculations of the C(I2-CO-oxygen sys tem indicate that t empera-  
tu:-e alone would not be responsible for  the CO concentrations that have been observed. 
TI-e experimental data suggest either that radiation decomposes CO2 into CO and oxygen 
and the oxygen oxidizes the cladding, leaving a residual  CO content, o r  that the the rma l  
r e i c t ion  between C 0 2  and the cladding yields the oxidized metal  and CO. However, the 
r e su l t s  do not indicate which mechanism is dominant. 
mc:nts may help to clarify this point. 

- 
- 

- @ The out-of-pile control experi-  
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TABLE N-1.  IRRADIATION HISTORY AND RESULTS OF GAS ANALYSES FOR EACH CONSECUTIVE GAS LOADING 

Analysis of Gas 
Irradiation History Loading('). __ 

Temperature, T i m e  a t  Temperature(b), volume per cent Gas-Loading Total  Time(a), 
Designation hr F hr Pressure, psi co Oxygenm 

B (tank 
analysis) 

Initial purge 

1 

2 

3 

4 

5 

6 

7 

8 

-- 

(15 sec) 

29-112 

31-1/2 

72-1/2 

14 9 

220 

69-1/2 
1/2 ( 0 . 1  

megawatt) 

99-1/2 

52 

-- 

-- 
25 0 

1500 

15 00 
1350 

1400 

1350 
275 

1260 
275 

1250 

1275 
275 

1260 
<200 
1410 
1500 

1560 
1520 

1500 

-- 

-- 

27-1/2 
2 

7-1/2 
24 

72-1/2 

55 
13 
25 
4 

64 

215 
5 

67 
51 
1 
2 

2 1  
93 

52 

- -  

-- 

Est. 900 
Est. 900 

900 
900 

870 

93 0 
700 
900 
700 
900 

85 0 
85 0 

900 
700 
93 0 
980 

1000 
900 

1000 

N i l  

-- 

-- 

3.6f 0.2 

3.1 f 0.2 

1.1 f 0.2 

0 . 4 f  0.1 

0.45 f 0.15 

1 .9  f 0.2 

0.6 f 0.2 

0.024 

0. 06 

0. 04 

0.05 

0. 04 

0.04 

0.07 

0.04 

0.07 

0.06 

(a) Irradiation at  1 megawatt unless otherwise noted. 
(b) In order of occurrence, includes reactor downtime. 
(c) Only a portion of total volume analyzed was in irradiation field; hence, results are  meaningful only in comparison with 

other results. 
(d) Absolute accuracy of measurement approximately f 50 per cent. 

Examination of Specimens 

The capsule was removed f r o m  the Battelle Research  Reactor  to the Battelle Hot- 
Cell Facil i ty and was opened. Although 
there  were no g ross  distortions of the capsule o r  specimens,  the surfaces  of the speci-  
mens a r e  no longer bright and the re  has  definitely been some surface reaction. 

The specimens appear to be in good condition. 

A detailed examination of the specimens,  including the making of photomacro- 
graphs and the measurement  of weights and densit ies,  will be made next month. 
specimens will be sectioned and the mic ros t ruc tu re  will be studied to  determine the 
extent and nature of the COZ-cladding reactions and cladding-graphite reactions.  

The 
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0. DEVELOPMENTS FOR NMSR 

A. W .  Hare and R. F-: Dickerson 

This r e sea rch  i s  pa r t  of The Babcock & Wilcox Company Nuclear Merchant Ship 
RE actor  development. 
fa1,rication techniques and the design, fabrication, loading, and subsequent shipment 
of i r radiat ion capsules to the MTR. 
pr3totype fuel pins to 125 per  cent design burnup and to tes t  pins in  which central  mel t -  
in{; has  occurred.  

Current  work i s  directed toward the development of fuel-pin 

The i r radiat ion capsules will be used both to t e s t  

Fabrication of Urania Fuel  Pe l le t s  for Loop-Test Studies 

H. D. Sheets, C. Hyde, a n d A .  G. Allison 

Work on the preparat ion of slightly enriched U 0 2  specimens for  this p rogram has  
be 3n temporar i ly  recessed ,  pending receipt of additional U 0 2  powder. 

Fabrication of Loop-Test Fuel  P ins  

S. Alfant, A. W .  Hare,  F. A. Rough, and R. F. Dickerson 

The program concerned with testing prototype U 0 2  fuel pins under anticipated 
NRISR reactor  conditions i s  being continued, 

As discussed in  BMI-1280, all the short  pins for the in-pile and out-of-pile load- 
ing;s in  the high-temperature high-pressure irradiation-test  loop were  as sembled. 
Fi:ial examination of these  pins was completed in  August, and the pins were then shipped 
to the MTR. 

An investigation was initiated to determine a method of satisfactorily welding 
Type 304 s ta inless  s tee l  tubing containing 300 ppm boron to  Type 304 stainless s tee l  
enci caps.  
in  the weld and base mater ia ls .  Metallographic examination of defective welds indi- 
caied the existence of a second phase (possibly a boride) i n  the cladding heat-affected 
zoiie. Near the high-temperature edge of the heat-affected zone, a eutecticlike phase 
was observed at the grain boundaries. 
a t  this t ime inconclusive. 

In addition, a n  attempt was made to identify the deleterious phase o r  phases  

X i r a y  diffraction studies of these phases  are 

Pre l iminary  work was begun on an evaluation of the soundness of welds in  seven - sp(*cimens that were  successfully closed by welding at both ends.  After being tes ted 
ant1 examined, the specimens were cycled between 1000 C and room tempera ture  for 
25  cycles.  
t es ted  for  defects and cracks in the weld mater ia l .  
of macrocracks.  

Upon completion of the the rma l  cycles,  the specimens were examined and 
The welds were  leakproof and f r ee  

The welds were  examined metallographically for microcracks  and 
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other defects and were found to be satisfactory.  Thus 
s e e m  to have had any undesirable effect on the welded 

During August, s i x  long-term burnup specimens 

the the rma l  cycling does not 
sections. 

and two manufacturing control 
specimens were fabricated t o  be used in the capsule-irradiation program. 
specimens were manufactured by the s a m e  techniques which were applied to the loop 
specimens.  
l e s s  s tee l  end caps to  Type 304 stainless s t ee l  tubing. 
were prepared by a r c  welding Type 304 stainless s t ee l  end caps to Type 304 stainless 
s t ee l  tubing containing 300 ppm boron. The tubing containing boron was welded to the 
s ta inless  s t ee l  end caps by a welding procedure which eliminated the p r e s s u r e  inside 
the tubing during welding and thus prevented the formation of blow holes in  the weld 
me ta l .  

These 

Three of the six specimens were  prepared by arc  welding Type 304 stain- 
The other t h ree  specimens 

These specimens were examined for  defects and fai lures  i n  the weld and found to 
be satisfactory.  
warded to the MTR for irradiation. 

Upon completion of the examinations, the six specimens were  fo r -  

Fuel-Capsule -Irradiation P r o g r a m  

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

Calculations for capsule design, as  well as the fabrication of some capsules,  
were  achieved in August. Two of the six i r radiat ion capsules intended for  a long-term 
burnup study of the s ta inless  steel-clad UO2 fuel were sent to the MTR fo r  irradiation. 
T h r e e  m o r e  capsules i n  the program will be sent to the MTR in  September i n  addition 
to a thermocouple -implemented capsule. 

The capsules a r e  made of s ta inless  s t e e l  and u s e  NaK as a heat-transfer agent. 
Each capsule is provided with dosimeter  w i re s  both externally and internally fo r  the 
en t i r e  length of the specimen. 
t e r n a l  thermocouples,  It is anticipated that the capsules will be subjected t o  the r e -  
quired thermal-neutron flux of 1 x 1014 nv in o r d e r  to  achieve the des i r ed  experimental  
conditions of temperature ,  specific fission-heat generation, and burnup rate. 

The implemented capsule has  four internal  and two ex -  

The completion of the sixth capsule during the month of September will complete 
the construction of the long-term burnup capsules fo r  the NMSR in-pile-capsule 
program.  

Also, during September,  work on six capsules containing a specimen each for  
specimen central-melting studies will be continued. 

RWD:CRT /all 
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