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

F. R. S o b e r  

Pre l iminary  measurements  of the thermal  conductivity of clad uranium and 
Z i r c  aloy 2 p r io r  to i r radiat ion have begun. 
conc,uctivity measurements  of U 0 2 ,  both before and af ter  i r radiat ion,  has  been com- 
pletc?d. 
290, 345, and 400 C a r e  being determined. 
assc  ciated with the transit ion f rom secondary to t e r t i a ry  c reep  is approximately 1. 0 p e r  
cent ~ 

The, apparatus  for  making thermal-  

The c reep  and rupture  strengtfis of 1 5  p e r  cent cold-worked Zircaloy 2 a t  
Data indicate that the total  deformation 

The preparat ion of high-strength corrosion-resis tant  zirconium alloys is con- 
tinuing. All alloy compositions have been fabricated a t  850 C without difficulty. 
2 w / o  tin-3 w / o  niobium alloy, one of the h a r d e r  a l loys,  had a room-temperature  hard-  
ness of 360 DPH in  the annealed condition. 

The 

Corrosion data a r e  not yet available. 

Thermal  Conductivity of Uranium and U 0 2  

H. W. Deem and ( 2 ,  F. Lucks 

The effect of i r radiat ion on the thermal  and e lec t r ica l  conductivities of uranium 
and ,311 the thermal  conductivity of uranium oxide i s  being studied. 

U r  ax tium 

Radiographic examinations of the clad specimens of uranium and Zircaloy 2 to 

Kerosene was  first admitted t o  the 
dete rmine i f  NaK surrounded the specimens were  continued. 
on o l e  of the Zi rca loy  2 specimens was  opened. 
specimen chamber in  a manner to t r ap  any NaK that was around the specimen for  
exaniination when the capsule was sawed open. 
in the specimen chamber,  but the degree of filling could not be determined. 
tion of the sur faces  showed wetting over  most  of the a rea .  
naticln, i t  was decided to proceed with measurements  on the unirradiated specimens.  
The f i r s t  measurements  on a Zircaloy 2 specimen were  nullified by the omission of a 
key .hermocouple. 

In addition the cladding 

This  examination showed that NaK was 
Examina- 

On the bas i s  of this exami- 

This is being remedied. 

During the next month, measurements  wil l  be continued on the clad Zircaloy 2 
and biranium specimens.  

Urarlium Oxide 

Construction of an apparatus for making thermal-  conductivity measurements  on 
U 0 2  ,, both before and af ter  i r radiat ion has  been completed. A steady-state absolute 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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method is being used. Brief ly ,  accurately measu red  power i s  introduced into the top 
p a r t  of the specimen and the heat  flows through the specimen into a heat  sink. 
pensated thermocouples a t  known posit ions measu re  the thermal  gradients.  
t he rma l  conductivity of the specimen will  be calculated f rom the heat flow, c r o s s -  

s t r ay  heat flows h a s  been provided. 

Com- 
The 

sectional a r e a ,  and the thermal  gradients  over  measured  lengths. Guarding to prevent  5 '  

Work h a s  continued on guarding problems and on measurements  of the fused- Y -  

quartz  standard,  
balance out rad ia l  heat  flows. 

Measurements  show the modified guard to have adequate control to 

During May the UO measurement  will begin. 2 

Mechanical P rope r t i e s  of Zirconium Alloys 

F. R. Shober and J. H. VanEcho 

The creep strengths of 15 p e r  cent cold-worked Zircaloy 2 a r e  being determined 
9 

3 .  
a t  t empera tu res  up to 400 C. 
operating tempera tures  has  prompted this  investigation to determine the c reep  
s t rengths ,  the elongations associated with the initiation of third- stage c reep  and 
rupture ,  and the metal lurgical  stabil i ty of cold-worked Zircaloy 2 under load a t  elevated 
tempera tures .  

The demand for  reac tor  ma te r i a l s  to withstand higher 

The t e s t s  include long-time creep  and s t r e s s - rup tu re  tes ts .  

Twelve t e s t s  a r e  in  p r o g r e s s  in  the 290 to 400 C tempera ture  range with some 
Six s t r e s s - rup tu re  t e s t s  have t e s t s  having been in  p r o g r e s s  approximately 4400 hr .  

been completed. The 
average total  c reep  deformation f rom five t e s t s ,  th ree  shor t  t ime and two longer t e r m ,  
a t  the beginning of third stage c reep  i s  1. 08 f 0. 15 p e r  cent. 
a t  the t ransi t ion to third-s tage c reep  does not appear  to be  related in  any way to the 
tes t  t empera ture ,  s t r e s s ,  o r  the t ime associated with transit ion.  The length of the 
te r t ia ry-creep  portion of the tes t  is apparently a function of s t r e s s .  
deformations to fa i lure  a t  290 C a r e  indicative of cold-worked Zircaloy 2, 
annealed ma te r i a l  have been repor ted  to be approximately 40 p e r  cent. The cold- 
worked proper t ies  a r e  re ta ined a t  290 C f o r  t imes  as long a s  1650 h r .  I t  i s  thought 
that  m o r e  softening will occur  a t  the higher tempera tures  and the longer t e s t  t imes.  

The r e su l t s  of the c reep  t e s t s  a r e  shown in Tables  A-1 and A-2. 

The deformation observed 

The low total 
Values for  

Sufficient additional t e s t s  will  be run to es tabl ish design curves for the c reep  of 
Zircaloy 2 a t  290, 345, and 400 C. 

Development of High-Strength Corrosion-Resis tant  Zirconium Alloys 

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

Zirconium alloys have been given considerable attention as  ma te r i a l s  which may 
have desirable  proper t ies  for  reac tor  components. 
s t rength a t  elevated tempera tures  had been a handicap. 

In some instances,  their  lack of 
The purpose of this  p rogram 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE A-1. CREEP PROPERTIES OF 15 PER CENT COLD-WORKED ZIRCALOY 2 

Per Cent Deformation at  Indicated Time Creep Rate, 
Temperature, Stress. Time on 50 100 500 1000 1500 2000 2500 3000 3500 4000 4500 per cent 

Specimen C psi Test, hr Load On Hr Hr Hr Hr Hr Hr Hr Hr Hr Hr Hr per hr ' 

7-5-1 

7 -5-3 
7-6-2 
7-6-3 
7-A-3 
7-4-2 

7-2-2 
7-2-3 
7-3-1 
7-3-2 
?-/.-I 
7-5-2 
7-1-1(') 

7-2-1 
7-3-3 
7-4-1 
7-6-1 
7 -4-3 

290 

290 
29 0 
290 
29 0 
290 

29 0 
290 
290 
29 0 
345 
345 
345 

345 
345 
345 
400 
400 

47,970 Failed on 
loading 

45,000 0.1 

42,000 123.3 
41,000 190. O(b) 
40,000 1690.0 

35,000 4400(b) 
30,000 4300(b) 
25,000 4475(b) 
20,000 4460(b) 
??,5GG 32 
35,000 140.4 
30,000 4000(b) 

44,000 0.3 

25,000 4200(b). 
20,000 4200(b) 
15,000 3150!b) 
20,000 520(b) 
15,000 1780(b) 

0.66 

0.46 
0.46 
0.269 

I- 

0.353 
0.275 
0.205 
0.178 
0. a? 
0.37 
0.315 

0.230 
0.180 
0.110 
0.200 
0.134 

-- (Total elongation 11.0 per cent) 

(Total elonganon 8.3 per cent) 
(Total elongation 9.3 per cent) 

-.. -- 
0.8s (Total elongauon 1.07 per cent) 0. 0036(a) 
0.69 0.735 -- 
0.510 0.550 0.800 1.00 1.415 -- (Total elongauon 10.7 per cent) 0. 0004(a) 

0. 00083(c) 
0.495 0.520 0.595 0.625 0.675 0.692 0.705 0.726 0.741 0.757 -- 0.00003(c) 
0.375 0.385 0.415 0.440 0.445 0.470 0.476 0.483 0.495 0.503 -- 0.000016(c) 
0.267 0.282 0.305 0.323 0.330 0.335 0.340 0.347 0.353 0.365 0.375(d) 0.00002(c) 
0.223 0.227 0.245 0.250 0.265 0.265 0.270 0.272 0.280 0.280 0.280(d) <O.OOOOl(c)  
I T n t a l  elnnrra+lnn 1 0  7 n e r  rent1 -- 
1.20 2.11 [Total elongauon 12.7 per cent) 0.014 
0.537 0.592 0.745 0.875 1.025 1.183 1.398 1.745 2.390 3.77 -- 0.00026(a) 

0.385 0.420 0.510 0.548 0.580 0.612 0.645 0.675 0.695 0.715 -- 0.00004(c) 
0.300 0.325 0.380 0.397 0.417 0.427 0.440 0.450 0.475 0.475 -- <O.OOOO1(c) 
0.185 0.205 0.245 0.265 0.275 0.287 0.293 0.315 -- I" -- 0. 000044(c) 
0.500 0.580 0.930 -- "I -- -- -" -- -- -- -I 

I- -I -- -- -- -- -I -- -- 

+. 
w '  --. -_ --~--, \* - - -  ---__ 

0.0027(') 

0.290 0.330 0.440 0.500 0.550 -- -- -- -- -- -- o.oool(c) 

(a) Minimum creep rate. 
(b) Test in progress. 
(c) Creep rate based on creep deformation occurring during latest 500-hr period of t e s t  
(d) Extrapolated. 
(e) Test discontinued at 2015.6 hr and reloaded after a 6-week rest period. 
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TABLE A-2. TOTAL CREEP DEFORhlATION AT THE BEGINNING OF THIRD-STAGE CREEP 

Time for Total Elongation 
Iniuation a t  Initiation of Total Deformation Mini rn um 

Specimen Temperature, C Stress, psi Creep, hr per cent per cent cent per hr 

7-6-3 29 0 42,000 70 1.00 10.3 0.0036 

Creep Rate, per at Fracture, of Third-Stage Third-Stage Creep, 

- 
0 

7-4-2 29 0 40,000 1250 1.15 1 0 . 1  0.0004 

7-A-1 345 37,500 18 

1-5-2 345 35,000 50 

1.08 

1.25 

10. I 0.02 

12.7 0.014 

7-1-1 345 30,000 1200 0.92 -- 0.00026 

_ .  - 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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A-5 and A-6 

is to develop zirconium-base alloys having both twice the s t rength of Zircaloy 2 and 
goocl cor ros ion  l i f e , a t  570 F. 
thermal  conductivities, and expansion coefficients s imi l a r  to Zircaloy 2. 
shoTvn that sma l l  additions ( l e s s  than 5 w/o)  of molybdenum, niobium, and tin strengthen 
zirconium with only a slight detr imental  effect on cor ros ion  res i s tance  in  high- 
tem3era ture  water ,  
parttd and screened. 
cor i~os ion  testing for  1000 h r  i n  570 F high-purity water  and room-temperature  hardness  
tes t  3 .  

watc r and a minimum room-tempera ture  hardness  of 250 DPH have been selected for  
init ial  screening. 
hot-hardness  measu remen t s ,  and the bes t  alloys will be selected for  mechanical-  and 
phys ical-property studies. 

I t  i s  necessary  that these alloys have nuclear  proper t ies ,  
I t  has  been 

With this in  mind, nine groups of alloys were  selected to be pre-  
The selection of the bet ter  alloys will  be based  upon r e su l t s  f rom 

A maximum corros ion  r a t e  of 34 mg p e r  d m 2  weight gain in  1000 h r  in  570 F 

Alloys which meet  these requi rements  will be fur ther  sc reened  with 

The nine s e r i e s  of alloys consis t  of t e rna ry  zirconium-base al loys containing 2, 
3 ,  and 4 w / o  tin plus  0 to 2. 0 w / o  molybdenum, t e rna r i e s  containing 2 ,  3 ,  and 4 w / o  
tin Flus 0 to 3 w/o  niobium, and quaternary a.Lloys containing 2 ,  3,  and 4 w / o  tin plus 
0. 5 to 2. 0 w /o  molybdenum and 1. 0 to 3. 0 w/o  niobium. 
melted and cas t  into buttons, 
1 by 1 by 1/4-in.  b a r s  for  rolling. 
furnace to 70-mil sheet ,  annealed a t  700 C for  4 h r ,  and furnace cooled. 
measurements  were  made ,  and specimens were  prepared  for  cor ros ion  testing. 
thes': al loys sheared  readily with no evidence of br i t t leness .  

All nine s e r i e s  have been a r c  
About half of the alloys have been remel ted  and cas t  into 

These have been hot rol led a t  850 C f rom a helium 
Hardness  

All of 

Additions of 1 and 2 w / o  molybdenum to the zirconium-2 w / o  tin base  produced 
allo1.s having higher ha rdnesses  than annealed Zircaloy 2 (210 to 220 DPH). 
zircim.ium-2 w / o  tin-3 w / o  niobium alloy had a hardness  of 360 D P H ,  which is  the 
highi:st hardness  obtained among the 2 w / o  tin. alloys. 
a t  850  C. 
and .i w / o  niobium showed ha rdnesses  of around 3000 DPH. 
available fo r  any of the above alloys. 
alloy s falls within the requi rements  noted above, i t  would appear  that  s eve ra l  will 
war ran t  fur ther  investigation. 
alloy. 

A 

This  alloy rol led without difficulty 
The quaternary alloys containing 2 w / o  tin, 2 .  0 w / o  molybdenum, and 1,  2 ,  

Corros ion  data  are not yet 
If the cor ros ion  res i s tance  of any of these ha rd  

The most nota'ble of these is  the 2 w / o  tin-3 w / o  niobium 

Casting and fabrication of the remaining alloys a r e  in  p rogres s .  Hot-hardness 
meariurements will be made on any of the above 2 w / o  tin alloys which show good 
corrrjsion resis tance.  Additional cor ros ion  t e s t s  will be s ta r ted  as ma te r i a l  becomes 
avail able. 
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B. DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS 

R. J. C(ar1son 

A development program on the preparation of aluminum-25 to 40 w/o  uranium 
allcys in  the form of hollow extrusion bi l le ts  by centrifugal-casting techniques has  been 
initiated. 
the alloys can be improved by suppression of UAl4 formation o r  by refinement of the 
UAI4 par t ic le  s i ze .  

' f  In addition, t e rnary  additions wi l l  be studied to determine i f  fabricabili ty of 

A technique has been developed whereby hydrostatic p r e s s u r e  bonding can be 
use  1 to clad nickel-plated uranium slugs with aluminum with a sound metal lurgical  bond 
betjveen core  and cladding. Efforts a r e  current ly  being directed toward determining 
minimum time - tempera ture-pressure  relations which wi l l  resu l t  in sat isfactory fuel 
elernents. 

Efforts to develop a high-uranium fuel alloy possessing improved corrosion r e -  
s is tance in 300 C water  by a fac tor  of 3 o r  4 over that of the uranium-2 w/o  zirconium 
alloy and having a thermal-neutron-absorption c r o s s  section equal to o r  l e s s  than a 
uraiiium-4 w/o zirconium alloy a r e  continuing. p. 

Prepara t ion  of Aluminum-Uranium Alloys 

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

Aluminum-uranium alloys clad with alu.minum a r e  of in te res t  a s  fuels fo r  low- 
tempera ture ,  water-cooled, and water-moderated r eac to r s .  Alloys in this sys tem con- 
taining low concentrations of uranium have p:roved themselves  a s  reac tor  fuels and have 
beer1 used a s  such for  some t ime.  However, i t  i s  desirable  to r a i s e  the uranium con- 
cen, ration in  order  to increase fuel loading and decrease parasi t ic  neutron capture. 
Twc major  difficult ies a r e  encountered in  melting and casting these al loys,  They a re :  
(1) 13orosity f rom gas and shrinkage, and (2 )  segregation due to the  density differences 
betkreen the phases present  and to the g rea t  tempera ture  difference between the liquidus 
and solidus l ines  of the phase diagram. 
uraiiium alloys of this  system a r e  to be cas t  into other than the s implest  shapes.  F o r  
ceri ain applications, it i s  desirable  to cast  these alloys into the fo rm of heavy-walled 
tube s suitable fo r  coextrusion into tubular fuel e lements ,  

As a resu l t  of previous s tudies ,  i t  was determined that centrifugal casting tech- 

The:je difficulties m u s t  be overcome i f  the high- 

J 

niqL e s  could be developed into a sat isfactory production technique fo r  casting aluminum- 
uraiiium alloys containing uranium in amounts up to 25 w/o  and above. During these 
inve stigations,  single-length extrusion billets; of the 25 w/o  uranium alloy were  p r e -  
parc:d. These bil lets,  ca s t  f rom a i r  -melted alloy, were  relatively homogeneous and 
exhibited extremely good ex ter ior  surfaces .  
one a r e a  around the inside surface of the cast ings.  

I 

t 

The only evidence of porosity w a s  found a t  
s This band, approximately 1 in. wide, 

c 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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was located about equidistant f rom each end of the casting and represented the l a s t  
portion of the me l t  to solidify. 
to shrinkage. 
problem. 

Studies of this  a r e a  indicated that the porosity was due 
It is believed that proper  mold design and mold feed will c o r r e c t  this  

F u r t h e r  improvement of the in te r ior  surface of the castings can be expected 
with the use  of improved equipment and casting techniques.  5 :  

In an  effort  to obtain the des i red  improvements  of the in te r ior  sur faces  of the cas t  
shapes,  various mold designs and pouring techniques will be employed. 
purpose,  a pouring mechanism is being designed which will pe rmi t  the opera tor  to d i rec t  
the pour s t r e a m  a t  any point along the axis  of the mold. This will pe rmi t  the investiga- 
tion of var ious pouring techniques which cannot be investigated utilizing a s ta t ionary 
pouring spout, Mold designs to be used  in  conjunction with the improved pouring mech-  
an ism include those having var iable  wall thicknesses  and insulated wal ls .  
var ia t ions,  investigations can  be made of the effect of var ious cooling r a t e s  on the ingot 
quality. It i s  believed that these studies will r e su l t  in  a mold and pouring technique that 
will produce sound homogeneous extrusion blanks. 

F o r  the la t te r  - 

With these 

Previous  experience with the high-uranium alloys has  indicated that they exhibit 
relatively poor fabrication charac te r i s t ics .  
c les  present  in  the alloys.  A logical approach to the improvement  of the fabricat ion 
charac te r i s t ics  is through the suppression of UAl4 formation,  thereby retaining UAl3 
and increasing the amount of ductile m a t r i x  p re sen t  in the alloys.  If sufficient UAl3 
cannot be retained,  fabrication proper t ies  may  be improved by the refinement of the 
UAl4 par t ic le  s ize .  
ject ives  and also improve the casting proper t ies .  

This i s  due in  p a r t  to the l a rge  UAl4 par t i -  

It i s  possible  that alloying additions may  accomplish these ob- 

The choice of additions to be  made  to the alloys will be governed by the i r  com- 
patibility with the chemical  processing s tep,  by the i r  thermal-neutron c r o s s  section, 
and by experience with additions to aluminum-uranium o r  other aluminum-alloy sys -  
t ems .  Among the additions now under  consideration a r e  t in,  t i tanium, and zirconium. 
All of these a r e  known to suppress  UAl4 formation in  aluminum-uranium alloys.  It i s  
planned to p repa re  small me l t s  containing up to 3 w / o  of the t e rna ry  addition in  alloys 
containing 25, 35, and 45 w / o  uranium.  

The alloys containing t e r n a r y  additions will be evaluated by metallographic exam-  
Alloys that exhibit favorable charac  - 

Upon completion 
ination, X-ray diffraction, and thermal  analysis .  
t e r i s t i c s  will be screened  fur ther  by cor ros ion  testing in  300 F water .  
of the screening p rogram,  promising alloys will be compared to the equivalent b inary  
alloys on the bas i s  of castabil i ty and fabricabili ty.  

Fu tu re  work will be concerned with the evaluation of mold designs and pouring 
techniques. This work will be confined to single-length 25 w/o  uranium-alloy ingots.  
When sat isfactory techniques have been developed f o r  the production of the above ma- 
te r ia l ,  representat ive castings of 25 and 35 w / o  uranium alloys will be forwarded to 
the production s i te  fo r  fur ther  evaluation and testing. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Aluminum Cladding 

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

- *  
The technique, whereby gas p r e s s u r e  and tempera ture  a r e  used  to obtain a 

me1 al lurgical  bond, i s  being employed fo r  the cladding of internal ly  and externally 
cooled prototype fuel  e lements .  
uranium core  clad with aluminum. 

. ”  These fuel e lements  consis t  of a tubular nickel-plated 

Various tempera tures  have been employed to date in an  effort  to determine the 
mi r imum tempera ture  which can be used to obtain a sound metal lurgical  bond using a 
conj tant  t ime and p r e s s u r e  of 1 h r  and 5000 p s i ,  respect ively.  
be 1) ressure  bonded w a s  run  f o r  1 h r  a t  850 E’ and 5000 psi .  
tioned and i s  being evaluated metallographically.  
b o n i  obtained f rom this  t e s t  will be used as it guide in  determining the conditions to be 
chosen f o r  future  specimens.  

The l a t e s t  specimen to 
This sample  has been s e c -  

The integrity of the metal lurgical  

Once the minimum bonding temperaturle has  been obtained, p r e s s u r e  and t ime will 
be var ied  in  an effort  to ult imately determine the minimum t ime,  tempera ture ,  and 
p r e  ssure  necessa ry  to obtain a sound metal lurgical  bond. 

- 
2 1  

I ‘  

I *  Development of a Natural-Uranium Fuel  Alloy With 
Improved Cor r o  si ion Re si s tance 

I 

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

Development of a high-uranium fuel alloy that posses ses  improved cor ros ion  
r e s  s tance in  300 C water  by a fac tor  of th ree  o r  four over  tha t  of the uranium-2 w / o  
zirconium alloy is being undertaken. This  al.loy mus t  a l so  have a thermal-neutron c r o s s  
seciion that i s  equivalent o r  l e s s  than that of a uranium-4 w / o  zirconium alloy. 

I 

, , 

Seventeen alloy compositions,  consisting most ly)  of uranium-2 W / O  zirconium- 
bas#:  a l loys,  plus the allowable amount of a low-cross  section element ,  have been cas t ,  
worked, and hea t  t rea ted  at 900 C f o r  1 hr and furnace ,  cooled. 

proc:ess is not feasible ,  a s  the cor ros ion  products which spa11 off obs t ruc t  the view. 
Consequently, shor t - t ime cor ros ion  t e s t s  will be empdoyed to evaluate the cor ros ion  

T I 
I P r e l imina ry  cor ros ion  
I 
I 

testing in  a windowed autoclave has indicated that vispkl observation of the cor ros ion  

l 
it  res i s tance  of the alloys.  

i 

The ex t reme rapidity of uranium corros ion  a t  C makes  i t  necessa ry  that the 
-I .. -1 following method be  used.  

at 300 C will be admitted to the preheated 

The t e s t s  will be c a r r i e d  in  a n  autoclave that has been 
r flushed with argon and evacuated, this p rocess  seve ra l  t imes .  Water 

allowed to proceed,  
init ially f o r  approximately 15 min.  
mi t  the escape of hydrogen generated in  the cor ros ion  p rocess .  
will be  c a r r i e d  out by r e l ease  of the p r e s s u r e  and introduction of argon.  
autcclave has reached 150 C, i t  will be  water quenched. Because it is difficult to r e -  
procluce cooling r a t e s ,  and the per iod of cool tng may  approximate the intended t ime of 

Use of a hydrogen diffuser will be  employed to p e r  - 
c Cooling of the autoclave 

After the @ 
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testing, all specimens will be cor ros ion  tes ted  simultaneously so that comparative data - 

can be obtained. 
which exhibit promising behavior will be  subjected to controlled cor ros ion  t e s t s  for  
increased  per iods of t ime.  

Based upon the resu l t s  obtained during the init ial  t e s t s ,  those alloys 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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C. PLANT ASSISTANCE TO MCW 

D. A. Va.ughan 

The p rograms  which have been in p rogres s  during F i s c a l  Year 1958 have been 
terininated during the past  month,  with the exception of a study of the orientation of 
uranium. 
f o r  quantitizing the amount of orientation by X-ray diffraction. I t  i s  planned to t e s t  
mociifications of the diffraction techniques in o r d e r  to se lec t  a suitable procedure fo r  
pro  duction control.  

This  study has  been l imited,  to da.te, to an  evaluation of published methods 

The experimental  work on the e lec t r ica l  p roper t ies  of uranium dioxide was dis-  
continued l a s t  month. 
molybdenum, nitrogen, and zirconium) on the e lec t r ica l  p roper t ies  of U 0 2  bodies a r e  
reviewed. 

The significant resu l t s  on the effect of additions (calcium, 

F ina l  cor ros ion  r a t e s  were  measu red  fo r  specimens of Type 304 ELC stainless  
stei.1 in 38 and 45 w/o  n i t r ic  acid solutions and in these acid solutions containing 
chloride , fluoride , and sulfate additions. 
w e i e  observed f o r  the acid solutions containing chloride o r  sulfate additions. 
cor ros ion  r a t e s  of this  s tee l  in 38 w/o  n i t r ic  acid containing fluoride continued to in- 
c r e3se  with increasing fluoride concentrations up to 100 ppm. 

No significant changes in cor ros ion  r a t e s  
The 

A final tes t  was  made  of hydrogen permeat ion through molten MgF2 slag. F r o m  

MgO, and 
the one valid t e s t ,  i t  would appear  that  molten slag is  impermeable  to hydrogen. 
Surface-tension and density measu remen t s  on MgFZ and mix tu res  of MgF 
UO., were  completed.  

2' 
I 4  

Inve stieation of Uranium Oxides 

D.  A .  Vaughan, J .  R. Bridge,  and C. M. Schwartz 

During Apr i l  a l i t e ra ture  sea rch  was made  on the quantitative determination of 
pre . 'erred orientation, to select  a suitable procedure for production control.  
major i ty  of the methods evaluated were  modifications f o r  the method of Schulzsk. 
method resu l t s  in  the preparat ion of a pole f igure.  
a r e  required f o r  each crystallographic p lane ,  which makes  the procedure ve ry  t ime 
con iuming. 
c onejuming . 

The 
This  

A l a rge  number of measu remen t s  

Automatic instrumentation is  used f o r  this  reason ,  but this  i s  still t ime 

H a r r i s  and severa l  other  worke r s  use  a modified method to construct  a "recip-  
rocid pole figure".  * 4 ~  This method, however,  i s  still r a the r  lengthy if seve ra l  d i r ec -  
t ions a r e  to be studied in  the fabricated body. 
"Schidz, L. G . ,  J. Appl. Phy., 20, 1030-3 (1949) 

*Harris, G. B., Phil. Mag., %(336), 113 (1952). 
Mut:ller, M. H., Knott, H. W . ,  and Beck, P. A . ,  ANL-5194 (1954). 
Stuq cken, E. F., DP-251(1957). 
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It  i s  possible that a simplification of the published methods may  be devised to 
sat isfy the requirements  of the intended application. 

The Elec t r ica l  P rope r t i e s  of Uranium Dioxide 

J .  W .  Moody, R. K. Willardson, and H. L. Goering 

The incorporation of foreign a toms in  the uranium dioxide latt ice resu l t s  in a 
change of latt ice constants and of the valence of some of the Ut4 ions.  
pected,  then, that  the presence  of even small amounts of impur i t ies  would have a g ross  
effect on such s t ructural ly  sensit ive proper t ies  as  react ivi ty ,  sinterabil i ty,  e lec t r ica l  
cha rac t e r i s t i c s ,  e tc .  E a r l y  work was concerned with the effect  of excess  oxygen a toms 
on the e lec t r ica l  propert ies  of uranium dioxide, and it was shown how the magnitude 
and type of e lec t r ica l  conductivity could be related to the phase relationships in  the 
U 0 2 - U 3 0 8  system (BMI- 1135). 
effects of nitrogen and var ious meta l l ic  impur i t ies  on the e lec t r ica l  p roper t ies  of U 0 2 .  
The significant findings of this work a r e  summar ized  in  the succeeding paragraphs .  

I t  is to be ex- 

More recent ly ,  this work was extended to include the 

Nitrogen 

2 

. 

Since uranyl ni t ra te  is  used a s  an  intermediate  in the usual preparat ion of UO , i t  

The f i r s t  of these methods in- 
is  reasonable to suppose that nitrogen is a common impuri ty  in  U 0 2 .  Three  methoJs  
were  used to del iberately "dope" U 0 2  with nitrogen. 
volved exposing f resh ly  made  "active" U 0 2  to d r y  ni t rogen gas .  
t r i c a l  conductivities of these specimens were  lower and the activation energ ies  were  
higher than that observed f o r  inactive specimens of comparable  excess  oxygen content. 
The s t ruc ture  of the samples  was cubic. Since n-type conductivity was observed in  
every  case ,  these resu l t s  were  interpreted as  indicating the presence  of a cubic modifi- 
cation of U 0 3 .  
oxygen during handling, and reproducible r e su l t s  of e l ec t r i ca l  p roper t ies  were  difficult 
to obtain. 

In general ,  the e lec-  

Subsequent work with the samples  revealed that they were  absorbing 

Uranium dioxide was a l so  doped with nitrogen by adding uranium ni t r ide to 

Again a reduction of the magnitude of the conductivity of U 0 2  was noted. 
normal  MCW UO 
ments .  
nitrogen i s  accommodated in the U 0 2  latt ice in  in te rs t i t i a l  or oxygen posit ions,  the 
p-type conductivity of the compound should be increased ,  not decreased .  Since the 
composition of the nitride used in  these experiments  was uranium-rich,  i t  was  believed 
that pa r t  of the excess  oxygen of the oxide might have combined with the excess  
uranium of the ni t r ide,  result ing in  a dec rease  of the conductivity. 
hypothesis was not proven. 

before  press ing  the powders into specimens f o r  e lec t r ica l  measu re -  2 
If 

- 
L' 

However, this  *c 

A third method used to dope U 0 2  with nitrogen was  the addition of uranyl  n i t ra te  
to normal  MCW U 0 2  powders.  
p repared  specimens revealed a surpr i s ing  dec rease  of conductivity with increasing 
n i t ra te  content. Where between 3 and 5 mole p e r  cent of the ni t ra te  was  added, the 

Room-temperature  e lec t r ica l  measu remen t s  on the as-  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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e conductivity of the oxide changed f rom p-type: to n-type. These  r e su l t s  indicate the 
ea53 by which U 0 2  may be doped by the n i t ra te .  
mexis when measu red  at elevated tempera tures .  

Nitrogen was lo s t  f r o m  these speci-  

. I  Due to  the difficulties of obtaining reproducible e lec t r ica l  measu remen t s  and the 
lad:  of an  independent method of assaying the: nitrogen content, the effect of nitrogen on 
the e lec t r ica l  p roper t ies  of U 0 2  is not c lear ly  understood. However,  the r e su l t s  of the 
thrc:e methods of doping were  consistent in  that nitrogen caused a reduction of p-type 
conlluctivity and the appearance of n-type conductivity when p resen t  in  sufficient 
amounts . 

' I  

Cal sium 
, 
Normal  MCW U 0 2  was intimately mixed with var ious amounts of CaO and the 

mixtures  were  s intered at 1600 C fo r  2 h r .  
lat t ice to about 10  mole p e r  cent. I t  en t e r s  the latt ice by substituting for  uranium 
atorns. 
introduced additional acceptor  s ta tes  and enhanced the p-type conductivity of U 0 2 .  
Activation energ ies  measu red  fo r  calcium-doped U 0 2  were  slightly lower than those of 
und'3ped ma te r i a l .  

(Calcium is known to be soluble in the U 0 2  

The accommodation of a Cat2 ion in  a s i te  normally occupied by a Ut4  ion 

'U 

c, 

:, 
Z i r ' 2  onium 

Zirconium dioxide was  added to U 0 2  in a manner  s imi la r  to that used fo r  calcium 
' dopmg. It  fo rms  a substitutional solid solution with U 0 2 .  The substitution of a Zr t4  

ion €or Ut4 (up to 1 mole p e r  cent)  resul ted in no detectable effects on the e l ec t r i ca l  
p roaer t ies  of s intered specimens of U 0 2 .  

I 

Molybdenum 

I Molybdenum trioxide was added to UO, in  an e f for t  to dope the compound with a n  
ion of t 6  valence. However, room-tempera ture  measu remen t s  of the e lec t r ica l  con- 
duc iv i t i e s  of specimens containing molybdenum were  not significantly different f rom 
thotie of "pure" U 0 2 .  

t4 d e n m  entered the latt ice a s  Mo . 
Evidently the Mot6 ions were  reduced by the U 0 2  and molyb- 

i 
The tempera ture  dependence of the conductivity of the molybdenum-containing 

sanlples showed an anomalous dec rease  in conductivity a t  about 800 C .  
that this  anomaly is  associated with a change of the oxidation s ta tes  of uranium and 

It i s  believed 

s' mol ybdenum ions. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
0 0  0 0 0  0 0 0 0  0 0 0 0  0 0  0 0 0 0 0 0  0 0  



20 

c - 4  

The Corrosion Resis tance of Selected Stainless  Steels 

C.  L. Pe terson ,  W .  C. Baytos,  and F. W .  Fink 

Nitric Acid Reconcentrator 

During Apri l  the corrosion investigations c a r r i e d  on a s  pa r t  of a p rogram of 
ass i s tance  for  the design and operation of the Weldon Springs plant were  terminated.  

The final corrosion r a t e s  measu red  for  specimens of Type 304 ELC s ta in less  
s tee l  in 38 and 45 w / o  n i t r ic  acid solutions boiling at 250 mm of m e r c u r y  absolute 
p r e s s u r e  a r e  given in Tables  C-1 and C-2, respectively.  

The only significant change in  any of the cor ros ion  r a t e s  in 38 w/o  n i t r ic  acid 

Here  a sudden fivefold increase  occurred  during the 
occurred  in the case  of the specimen exposed in  the vapor-phase position in the acid 
containing 0.  20 w/o  chloride.  
209 h r  following the 4000-hr measurement .  
the case  of the liquid-phase specimens in the other solution containing 0. 20 w /o  
chloride and in the solution containing 0. 25 w / o  chloride between the 1500- and 2000-hr 
examination. 
these sudden changes indicate that concentrations of 0. 20 w /o  chlor ide,  and g rea t e r ,  
m a y  resu l t  in metastable  conditions in 38 w/o  n i t r ic  acid solutions boiling under these 
conditions . 

However, similar inc reases  occurred  in 

~ 

While none of these r a t e s  a r e  beyond the range of useful se rv ice  l ife,  

The resu l t s  with 45 w/o n i t r ic  acid solutions continue to show that,  a t  the 
0.  10  w /o  chloride level,  cor ros ion  i s  re la t ively insignificant but becomes important  a t  
the 0.  20 w /o  level .  

As  reported in BMI-1259, the presence  of up to 5000 ppm sulfate a s  a contaminant 
in 38 w/o  n i t r ic  acid solutions does not s eem to have any deleter ious effect on the 
cor ros ion  of Type 304 ELC s ta in less  steel .  
200 mm of m e r c u r y  absolute p r e s s u r e  and at a tmospheric  p r e s s u r e  a r e  given in 
Table C-3. 
c r e a s e s  in sulfate concentrations.  
ra te  will occur  at the interface than in the vapor o r  liquid phases .  

The f inal  r e su l t s  fo r  solutions boiling a t  

A l a r g e r  effect  r e su l t s  f r o m  the higher boiling tempera ture  than f rom in- 
The re  is  a definite indication that a higher cor ros ion  

A s e r i e s  of experiments  has  been completed in  which the e f fec t  of additions in the 

This  study was made  to determine the concentration of fluoride 
Seven 48-hr exposure per iods 

range f rom 1 to 100  ppm f luoride was studied in  38 w / o  n i t r ic  acid solutions boiling a t  
a tmospheric  p r e s s u r e .  
contamination alone a t  which cor ros ion  becomes seve re .  
were  completed using specimens of Type 304 ELC s ta in less  s teel ,  and the cor ros ion  
r a t e s  calculated on the total  exposure a r e  tabulated in  Table C-4. .. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE C-1. THE EFFECT OF CHLORIDE CONTAMINATIONS ON THE CORROSION OF TYPE 304 
ELC STAINLESS STEEL IN BOILING 3'3 W/O NITRIC ACID 

(250 mm of mercury absolute pressure) 

Chloride, Specimen Corrosion Rate a t  Indicated Exposure, mil  per month 
4209 Hr W / O  Position 3500 Hr 4000 Hr 

0.00 

0.05 

0.10 

0.10 

0.15 

0.20 

0.20 

0.25 

Vapor 
Interface 
Liquid 

0.017 
0.021 
0.016 

Discontinued 
Discontinued 
Discontinued 

Vapor 
Interface 
Liquid 

0.023 
0.031 
0.026 

Discontinued 
Discontinued 
Discontinued 

Vapor 
Interface 
Liquid 

0.026 
0.035 
0.024 

Discontinued 
Discontinued 
Discontinued 

Vapor , 

Interface 
Liquid 

0.024 
0.032 
0.028 

Discontinued 
Discontinued 
Discontinued * 

0.027 
0.037 
0.056 

Vapor 
Interface 
Liquid 

0.028 
0.037 
0.061. 

0.026 
0.035 
0.055 

Vapor 
Interface 
Liquid 

0.029 
0.033 
0.032 

0.030 
0.034 
0.046 

0.149 
0.033 
0.082 

Vapor 
Interface 
Liquid 

0.022 , 
0.034 
0. 191.' 

0.023 
0.033 
0.223 

0.024 
0.033 
0.231 , 

Vapor 
Interface 
Liquid 

0.029 
0.043 
0.375 

0.031 
0.068 
0.389 

0.031 
0.061 
0.411 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ... I . . . . . . . . . . . . .  
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TABLE C-2. THE EFFECT OF CHLORIDE CONTAMINATIONS ON THE CORROSION OF TYPE 304 

ELC STAINLESS STEEL IN BOILING 45 w/o NITRIC ACID 

(250 mm of mercury absolute pressure) 

Chloride, 
W/O 

Corrosion Rate at Indicated Exposure, 

3500 Hr 
Specimen mils per month 
Position 3000 Hr 

0.00 

0.05 

0.10 

0.20 

vapor 
Interface 
Liquid 

0.023 
0.045 
0.031 

Discontinued 
Discontinued 
Discontinued 

Vapor 
Interface 
Liquid 

Vapor 
Interface 
Liquid 

Vapor 
Interface 
Liquid 

0.040 
0.040 
0.035 

0.055 
0.053 
0.049 

1.213 
0.481 
0.625 

Discontinued 
Discontinued 
Discontinued 

0.053 
0.051 
0.053 

Discontinued 
Discontinued 
Discontinued 

TABLE C-3. THE EFFECT OF SULFATE CONTAMINATIONS ON THE CORROSION OF TYPE 304 
ELC STAINLESS STEEL IN BOILING 38 w/o NITRIC ACID 

Corrosion Rate at Indicated Exposure, mil per month 
200 mm Hg Absolute Pressure Atmospheric Pressure 

Sulfate, Specimen 
w/o Position 336 Hr(a) 500 Hr(a) 336 Hr(a) 500 Hr(a) 

0.0000 Vapor 0.011 0.011 0.176 0.170 
Interface 0.022 0.022 0.216 0.210 
Liquid 0.023 0.023 0.181 0.163 

0.0005 vapor 0.016 0.016 
Interface 0.026 0.026 
Liquid 0.024 0.025 

0.0020 Vapor 0.019 0.018 0.185 0.180 
Interface 0.026 0.026 0.245 0.237 
Liquid 0.025 0.026 0.181 0.167 

0.0100 Vapor 0.016 0. 016(b) 0.187 0.187 
Interface 0.029 0.029 0.270 0.264 
Liquid 0.026 0.027 0.186 0.169 

0.5000 Vapor 0.029 0. 029(b) 0.262 0.257 
Interface 0.044 0.043 0.427 0.407 
Liquid 0.041 0.040 0.247 0.241 

(a) The 336-hr exposure actually consisted of seven 48-hr periods, with solutions changed for each period, 
followed by one period of 164 hr to give the 500-hr exposure. 

(b) These two tests were continued until a total exposure of 1500 hr was reached. The results were: 0,0100 w/o 
sulfate - 0.021, 0.038, and 0.030; 0.5000 w/o sulfate - 0.039, 0.049, and 0.041 mil  per month, 
respectively. 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE C-4. THE EFFECT OF FLUORIDE COI'JTAMINATIONS ON THE CORROSION OF 
TYPE 304 ELC STAINLESS STEEL IN BOILING 38 w/o NITRIC ACID 

(Atmospheric pressure) 

Fluoride 
Addition, 

PPm 

Corrosion Rate(a) at  Indicated Position, mils per month 
Vapor Interface Liquid 

~ 

0 
1 

10 
20 
40 
60 
80 

100 

0.18 
0.28 
0.41 
0.48 
1.05 
1.18 
1.03 
1.35 

0.25 
0.28. 
0.43 
0.59 
1.04 
1.29 
1.50 
2.03 

0.22 
0.26 
0.34 
0.45 
1.00 
1.51 
2.08 
2.56 

(a) These corrosion rates for 20, 40, 60, and 80 ppm F' have been calculated on the basis 
of 336 hr of exposure consisting of seven 48-hr periods; those for 0 ,  1, 10, and 100 
pprn F- on the basis of 321 hr of exposure clue to one period of only 33 hr. 

The cor ros ion  rate is seen  to inc rease  in  all three  posit ions with increasing 
f lucr ide concentration. 
i s  somewhat e r r a t i c ,  but a plot of cor ros ion  r a t e  a s  a function of fluoride concentration 
fo r  the liquid specimen r e su l t s  in  a smooth curve .  
relationship i s  near ly  l inear .  
valite of f luoride contamination which resu l t s  in  severe  cor ros ion  would have to be 
se1c:cted a f t e r  an a r b i t r a r y  l imit  of the cor ros ion  rate was imposed f o r  the operation a t  
hand, 

The variation of the r a t e s  f o r  the vapor and in te r face  specimens 

F r o m  20 to 100  ppm f luoride,  the 
There  i s  no abrupt  change in the curve ,  and the threshold 

G a s - M e  tal Studie s 

W .  R. Hansen, M.  J. Trzelziak, and M.  W. Mallett  

To a s s i s t  in  understanding fundamental a spec t s  in  the production of dingot 
u r a  iium, a study is being made  of f ac to r s  in.fluencing yield and puri ty  of product.  
P r e s e n t  experiments  a r e  on the permeabili ty of hydrogen through molten magnesium 
fluoride s lag and on the surface tension of Mallinckrodt and synthetic s lags .  

w r o g e n  Permeat ion  , 

An at tempt  was made to m e a s u r e  hydrogen permeat ion using the experimental  
setup previously descr ibed (BMI-1256). 
and 1350 C.  
that obtained a t  1350 C. 
pos 3ible explanation fo r  this  e r r a t i c  behavior.  
m a t d y  half the wall  thickness had developed a t  the s lag-metal  interface.  

In the blank run,  r a t e s  were  obtained a t  1420 
A third r a t e  (the l a s t  determined)  at 1300 C was considerably higher  than 

Two c racks  extending through approxi- 
A l a t e r  visual examination of the react ion tube suggested a 

Because 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  
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of the higher blank ra te  at 1300 C y  it was presumed that the c racks  had formed during 
o r  j u s t  p r io r  to this  run. 
and permeat ion values were  determined at 1300, 1350, and 1420 C. 
peared normal  in that the logarithm of the r a t e  increased  proportionately with t emper -  
a tu re .  The ra te  obtained a t  1300 C was the same as  that obtained fo r  the blank within 
the limits (about 5 per  cent)  of experimental  e r r o r .  The other  permeat ion values 
could not be evaluated fo r  lack of re l iable  blank data.  
i t  appears  that  the molten slag i s  impermeable  to hydrogen. 

Next, the tube was fitted with a 3-mil molybdenum diaphragm 
These data  ap-  

> ;  

F r o m  the one possible valid r a t e ,  - 

Surface Tension 

Densit ies of Mallinckrodt slag and severa l  MgF2-base ma te r i a l s  were  determined 
by measu remen t  of slag depth in  a tantalum crucible .  
cyl inders  which were  calibrated with water  fo r  volume p e r  unit depth a t  room temper-  
a tu re .  
were  made.  
capi l lary as  a probe. 
p r e s s u r e  was noted when the capi l lary was sealed off by touching the s lag surface.  

The crucibles  were  regular  

Correct ions for  the the rma l  expansion of tantalum at the operating tempera ture  
The position of the s lag sur face  was found using the surface- tension 

With argon flowing through the capi l lary,  a n  abrupt r i s e  in  

The experimental  slag-density data  a r e  tabulated below: 

Slag composition, w/o Temperature, Density(a), 
"02 C g per an3 - - hlgF2 h rgo  

_ _  100 
98.8 1.2 
96.1 3 .9  
94.1 5 .9  
98.8 
97. 7 
96.8 
95.5 - -  
94.4 - -  
92.2 - -  
Mallinckrodt slag 

- -  
- -  
- _  

- -  
1 .2  
2.3 
3.2 
4 . 5  
5.6 
7.8 

1350 
1350 
1365 
135 0 
1365 
1365 
1365 
1365 
1365 
137 0 
1375 

2.27 
2.48 
2.54 
2.54 
2.56 
2.51 
2.59 
2.56 
2.55 
2.61 
2.42 

(a)  The estimated experimental error is f 5 per cent. 

The surface- tension values calculated using the densi t ies  l is ted above are  
tabulated on the following page. 

I ...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Slag Composition, w/o 

MgO "02 -- - +  - - 
100 - -  
100 - -  

98.8 1.2 
96.1 3.9 
93.2 6.8 
98.8 - -  
96.4 - -  
33.0 - -  

h allinckrodt slag 

! :, 
- -  
- -  
1.2 
3 .6  
7.0 

Temperature, 
L 

1350 
1425 
1350 
1370 
1370 
1365 
1365 
1365 
1350 

Average 
Surface 

Tension(a), 
dynes per 

cm 
Number of 

Determinations 

Average 
Deviation, 
dynes per 

cm 

236 
233 
221 
241 
244 
218 
217 
212 
222 

(a) The estimated error in these measurements i s  f 5 per cent. 

F r o m  a knowledge of the surface tension of molten Mallinckrodt slag,  calcu- 
lations were  made to determine the maximuni s ize  of a uranium sphere which could be 
sup3orted on i t s  sur face .  
ward p r e s s u r e ,  P, of the sphere i s  equal to the p r e s s u r e  exer ted by the uranium 
part ic le  minus the upward p r e s s u r e  of the di,splaced slag: 

The fo rce  supporting such a par t ic le  i s  27rr-y and the down- 
* 

e m 

nr 

where 

V = volume of sphere 

dU= density of uranium 

ds= density of s1a.g 

g= accelerat lon of gravity. 

The l imiting condition f o r  displacement i s  when the sphere i s  one-half immersed .  
resir.ltant fo rce  i s  equal to the p r e s s u r e ,  P, t imes  the d iamet r ica l  c r o s s  section of the 
sphtbre, nr2 P. F o r  the la rges t  sphere supportable by the surface tension of the s lag,  
the pressure  may  be designated a s  Pmax and the following equations hold: 

The 

i 

2nry= nr 2 PmaX 

I 
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Calculations f rom the data  show that Mallinckrodt s lag with a surface tension of 

Thus,  
222  dynes per  cm will support  uranium spheres  with radi i  up to 0. 138 cm.  
emphasized that these uranium par t ic les  would be located on the s lag surface.  
the data  offer no explanation for  the uranium par t ic les  found randomly dis t r ibuted in a 
typical sample of Mallinckrodt slag. 

It should be 

5 '  

This  concludes the cu r ren t  work on a s e r i e s  of studies on three  proper t ies  of 
molten magnesium fluoride slag: 
(3 )  i t s  surface tension. 
viscosi ty  nor surface tension of the slag could have an appreciable effect on the yield 
of uranium metal .  
low yield. One plausible explanation which m e r i t s  study is that a t  high t empera tu res  
uranium m a y  fo rm a complex low-valence fluoride with magnesium, thus retaining 
uranium in solution in the slag. 
producing a dispers ion of uranium in MgF2.  
point of the s lag so that the uranium has  no opportunity to settle out. 
have been noted in  other s lag-meta l  sys tems.  

(1)  i t s  permeat ion by hydrogen, ( 2 )  i t s  viscosi ty ,  and 
As indicated before ,  experimental  data  show that nei ther  

Therefore ,  other  f ac to r s  should be studied a s  possible causes  of 

Upon cooling, disproportionation m a y  take place,  
This may  occur a t  o r  n e a r  the melting 

Such react ions 

.. .*, . *.. e. 
. e  .. .. . .. e . .  0 . .  0 .. . e  *. .  
e .  8 .  m e .  

e. e.. e 1 . e o  

.. . e . . 
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D, PROCESSING O F  FEED MATERIALS 

E. L. Fos t e r  

Two programs now in progress  re la te  to problems concerning the processing of 
f e e l  ma te r i a l s .  
pertaining to the factors  affecting the quality of vacuum-melted uranium and the other 
the theoretical  considerations involved in the solidification of unalloyed uranium ingots. 
Tht, resolution of the factors  affecting the quality of vacuum-melted uranium could make 
an tmmediate contribution to the improvement of fuel- slug quality, and the solidification 
stualy will provide an evaluation of mold var iables  for  future casting needs.  

The programs a r e  concerned with two specific l ines of study: one 

Solidification of Uranium 

E. L. F o s t e r ,  C. K. Framklin, B. L. F le t che r ,  
B. Schwartz,  an’dR1 F. Dickerson 

A basic  study of the governing mechanisms present  during the casting of uranium 
me1al i s  being made ,  Variables such a s  pouring r a t e s ,  superheat ,  mold shapes,  mold 
ma le r i a l s  and o thers  will be investigated and evaluated a s  to their  effect on the internal 
souidness  of ingots. 
conlit ions to study the individual var iables .  The casting and mold will contain thermo- 
couAes in such a manner  a s  to measu re  and record  the tempera tures  of the meta l  and 
mold ma te r i a l  during the cooling period. These data will be used to fur ther  refine the 
mathematical  expressions being developed to descr ibe heat t ransfer  f rom the me ta l  and 
mold. 

Small-scale  mel t s  of uranium will be poured under controlled 

To study the heat-flow phenomena a mathematical  model of a metal-mold sys tem 
con,sisting of 76 cel ls  was prepared,  
and mold materials. 
IBM 650 computer,  
thece tes t s  in which solidification of the en t i re  casting was completed. All checks made 
to dste indicate that the information fed to the computer cor rec t ly  represents  the mathe- 
mat ical  model.  The number of cel ls  have been reduced f rom 76 to 72 due to elimination 
of s3me smal l  cel ls  a t  the bottom of the casting; this was done to pe rmi t  use of a l a r g e r  
timc: interval  in computing the tempera ture  change in !a par t icular  cel l ,  

This model represents  a pie s l ice  of the casting 
Pre l iminary  tests of the model have been made by use of an 

Correct ions have been made to the model on the bas i s  of one of 

P r e s e n t  efforts a r e  being directed toward impr4ving the values of the constants 
use(! in the mathematical  expressions and a l imited amount of computing will be done to 
procluce prel iminary data to indicate the nature  of the / r e s u l t s  obtainable. 
computational work i s  being delayed until correlat ion with the experimental  p rogram i s  
atte np ted .  

Extensive 

Although the previously used 20- cel l  model does not contain the var iable  thermal  
contkuctivity and the gap formation, the resu l t s  of computation with this sma l l e r  model 
a r e  being compared with the 72-cell model for indications a s  to the convergence of the 
solution. A fur ther  tes t  of the mathematical  method being employed would be to 

. . . . . . . . .  *.,,.. ::..: ..... 
0 0  0 6 0  ,, !e* : : 0 0 .  0: : : : :.. :e* 
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compare the 72-cell solution with the solution obtainable with a l a r g e r  number of ce l l s ,  
e . g .  , 500. 
pared  with the experimental  r e su l t s ,  i t  will be a s sumed  to be adequate. 

However, i f  r esu l t s  f r o m  the 72-cell  model obtained a r e  favorable com- 

In connection with improving the mathematical  constants , various physical- 
property measurements  on the ma te r i a l s  a r e  being made. 
include the thermal  conductivity of uranium and graphi te ,  each in two different or ienta-  
t ions;  thermal  res is tance of a layer  of mold wash; total  normal  emissivi ty  of wash- 
coated graphite and of oxidized uranium; and l inear  t he rma l  expansion of graphite and 
uranium. 

Measurements  being made  

The total  normal  emissivi ty  of oxidized uranium has  been measu red  in the tem- 
The measu red  values during the f i r s t  heating 

Upon reheating to 1975 F, 
pe ra tu re  range between 1540 to 1975 F. 
var ied f rom about 0.55 a t  1540 F to about 0.56 a t  1875 F. 
the emissivi ty  dropped to about 0.54. 
heating to near  the melting point, the emissivi ty  increased  with tempera ture  f rom 
about 0.53 to 0,54. 

During subsequent cooling to 1588 F and then 

Uncorrected values for the emissivi ty  of graphite painted with mold wash have 
been obtained f rom 1500 to 3000 F, Correct ions m u s t  be made for the tempera ture  
gradients  through the relatively thick walls of the graphite- tube spec imens ,  and the 
effect of flaking of the MgO f rom the graphite in this t empera ture  range a l so  m u s t  be 
evaluated. As soon as the the rma l  conductivity of the graphite i s  determined,  the 
correct ions will be applied and emissivi ty  values will be reported.  
ments  to be taken a r e  the l inear  t he rma l  expansion and the rma l  conductivity of the 
ma te r i a l s .  
used in the mathematical  model. 

Other measu re -  

Data obtained f rom the determination of these physical p roper t ies  will be 

Examination of Fac to r s  Affecting the Qualitv of 
Induction-Melted Uranium 

R. W. Endebrock, E. L. F o s t e r ,  and R. F. Dickerson 

This p rogram is concerned with the react ions that occur  during the induction 
melting of uranium. 
vary  f rom charge to charge both in kind and in magnitude. 
the investigation is being conducted in a 10-lb-capacity vacuum-melting furnace which 
has been equipped with a gas-sampling manifold.  
that m a y  occur  within the furnace during melt ing should lead  to improved methods of 
process  control. 

Of par t icular  i n t e re s t  a r e  those nonmetall ic impuri t ies  which can 
The experimental  portion of 

A bet ter  knowledge of the reactions 

A s e r i e s  of experimental  me l t s  has  been in p rogres s  in which the gases  ni t ro-  
gen, hydrogen, oxygen, COY C 0 2 ,  and H 2 0  have been admitted to the furnace in 
significant amounts so  a s  to obtain p r e s s u r e  profiles (the change of furnace p r e s s u r e  
with t ime)  over  pure  uranium held a t  a tempera ture  of 2500 F and contained in uncoated 
graphite crucibles .  Gas analyses  a r e  being omitted in the init ial  profiles , but a r e  
being obtained at the apparent  reaction end point in two succeeding repl icate  tes t s ,  The 
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initial profiles a r e  used to indicate the gas- sampling points and to indicate whether the 
gal; reacted.  The above-mentioned gases  were chosen because they have been found as 
the predominant background gases  in previo;us tes t s  and because they s t em f rom two 
important operational impuri t ies :  a i r  and water. It i s  believed that a knowledge of the 
beliavior of these impuri t ies  in the presence of molten uranium m u s t  be obtained before 
an intelligent evaluation can be made of the (effects of impuri t ies  which s t em f rom the 
vai.ious charge mater ia l s .  

During Apri l ,  the init ial  profiles and one replicate s e r i e s  of profiles were ob- 
t a i l ed  f rom oxygen, nitrogen, CO, C 0 2 ,  and hydrogen. 
aplieared to r eac t  with various degrees  of ra.pidity. 
action place oxygen as m o s t  react ive and nitrogen second. 
than nitrogen in reactivity and approximately equivalent to each other ,  

admitted to the furnace,  the p re s su re  remained constant,  which indicated that 
hyclrogen was ine r t  a t  this tempera ture  and p res su re  to the carbon-uranium system. 
Thl? tes t s  with water vapor were defer red  until all other  t e s t s  have been completed so 
that inaccuracies  a r i s ing  f rom absorbed water  on the furnace and sample-bottle walls 
arc avoided. 

All gases  except hydrogen 
The indicated relative ra tes  of r e -  

CO and C 0 2  were  each l e s s  
After hydrogen 

Agreement of p r e s s u r e  data appears  to be reasonably good for  these tes t s .  Re- 
su l t s  of the various gas analyses a r e  now being processed.  
d p a m i c  considerations of a nitrogen reaction with carbon to form cyanogen indicate 
that a nondetectable amount of cyanogen would be formed a t  a tempera ture  of 2500 F, 
On the other hand, reaction between nitrogen and uranium i s  expected to take place,  
since the equilibrium constant i s  calculated to be,  K 2 5 0 0 ~  = 9. 1 x lo6. 

Pre l iminary  thermo- 

Preparat ions a r e  under way to repea t  these tes t s  for  the third t ime ( three 
reFlicate tes t s  each) .  
be Ulmitted. 
iml'ortance of the type study present ly  being conducted i s  to be found in a theoret ical  
thermodynamic t reatment  of reactions in molten uranium by E. H. Roland of 
Weitinghouse (WAPD-TM-99). He s ta tes  thi3t the role  played by the presence of CO 
on he impuri ty  level  of carbon and oxygen in uranium and i ts  alloys is very  important.  
Roland believes that the variabil i ty of furnace p r e s s u r e s  over  the working range in 
vacuum-melting techniques can account for  the difference in oxygen and carbon contents 
froln me l t  to mel t .  

Because of i t s  apparent  iner tness  to the sys tem,  hydrogen i s  to 
The water-vapor tes ts  in trip1ic:ate a r e  to follow. An indication of the 
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E .  GENERAL FUEL-ELEiMENT DEVELOPMENT 

F. A. R o u g h a n d D .  C. Carmichael  . 

Various studies of fuel-element development a r e  repor ted  in  this  section. These  
stuciies a r e  p a r t  of the p rogram of the AEC Division of Reac tor  Development. 

No additional resu l t s  of a study of dispers ions of UN o r  UC in  s ta in less  s tee l  will 
be i epor t ed  until specimens prepared  fo r  this3 p rogram have been i r rad ia ted  and 
exainined. 

An investigation is being made to determine the feasibil i ty of a fueled zirconium 
hydimide modera tor ,  
t emJe ra tu re  s t ruc tura l  studies by X-ray  diffraction. 

Specimens a r e  being prepared  for  i r radiat ion testing and high- 

A p rogram has  been initiated to study the effect of sur face  preparat ion of 
Zircmaloy 2 on the quality of bonding obtained between the surfaces .  
boncling technique being employed ut i l izes  a high gas  p re s su re  at elevated tempera tures  
to  a1:hieve bonding. 

The p r e s s u r e -  

Development of Dispersed  U C  and U N  Fuel  Elements  

S. J. Paprocki,  D. L. Kel ler ,  and C. W.  Cunningham 

Stainless steel-clad i r rad ia t ion  specimens containing 24 w / o  UC o r  UN dispersed  
in ma t r ix  composed of 18 w / o  chromium, 14 .w/o nickel,  2.5 w / o  molybdenum, and the 
ba l a i ce  i ron  have been fabricated and a r e  being prepared  for  inser t ion in  the MTR. 
Specimens will be i r rad ia ted  at 1650 F at var ious burnups up to 15 a / o  of the uranium- 
2 3 5 .  
Yeait 1958. 

No additional fabrication studies a r e  planned for  the remainder  of F i s c a l  

This  study will be r eces sed  until post i r radiat ion study begins. 

Fueled Zirconium Hydride Moderator  

H. E. B igonyandH.  H. Krause  

The hydrides  of uranium-zirconium alloys a r e  being investigated as fueled 
modc:rators for potential u s e  in  gas-cooled r eac to r s .  
toward preparat ion of samples  fo r  s t ruc tura l  studies. 
irrati iation is s t i l l  in  progress .  

Effor ts  during Apri l  were  directed 
Encapsulation of specimens for  
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Structure  and P r e s  s u r e  -Composition- 
Tempera ture  Studies 

Samples of uranium-zirconium hydrides  a r e  being prepared  for  high-temperature  
X-ray  diffraction in  order  to  identify the condensed phases  m o r e  completely. 
containing 1 and 50 w/o  uranium will be examined a t  t empera tures  of 500, 600, 700 ,  and 
800 C. 
nitriding of the f i r s t  se t  of specimens prepared ,  making them unacceptable fo r  X-ray  
studies.  The zirconium-25 w/o  
uranium alloy required for the remaining hydrogen-absorption-isotherm study is being 
prepared.  

Alloys 

Leaks which developed in the hydriding apparatus  resul ted in oxidation and 

A second set will be hydrided during the next period. 

P r o g r e s s  is continuing on the encapsulation of i r radiat ion specimens in  Capsule 
BMI-20-1, which is designed to  operate  a t  ia t empera ture  of 1500 F. 
components have been fabricated.  
capsule is May 1 2 ,  1958, in o r d e r  that i t  a r r i v e  in  t ime for  MTR Cycle 106, scheduled 
f o r  June 16 ,  1958. The decision was reached to discontinue work on Capsule BMI-20-2,  
which was designed to operate a t  1200 F. 
prepared.  

Most of the capsule 
The planned date for shipment of the i r radiat ion 

A topical r epor t  fo r  this program i s  being 
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F. STUDIES O F  URANIUM AND URANIUM-ALLOY FUELS 

F. A. Rough and A. W. Hare  

The various studies of uranium-alloy fuels  a r e  reported in  this section. This 
r e s e a r c h  is p a r t  of the program of the AEC Reactor Development Division. The 
p rograms  cur ren t ly  being investigated a r e  concerned with the effects of radiation 
z i r  :onium-uranium alloys,  development of gamma-phase uranium al loys,  development 
of techniques fo r  the preparat ion of homogeneous uranium-niobium alloys,  and the 
meu;hanism of uranium corrosion.  

Radiation Stability of Uranium -Zirconium Alloys 

D. J. Hamman, A. W .  Hare ,  A. A. Bauer ,  and R. F. Dickerson 

No work was done in  April  on the metallographic examination of i r rad ia ted  
zirl:onium-22 w / o  uranium alloys by electron-microscopy techniques.  
plaiined to complete this  phase of the investigation during May. 

It is cur ren t ly  

Capsule BMI-8-5, which contains two specimens of zirconium-50 w / o  uranium, 
is continuing to operate  a t  the control thermocouple tempera ture  of 950 F, giving an 
approximate specimen center- l ine temperatu.re of 1145 F. The capsule is  scheduled 
for  discharge during MTR Cycle 104 shutdown in May with a calculated burnup of about 
2. 1 total  a / o .  

Capsule BMI-8-6, which contains three  specimens of zirconium-22 w / o  uranium, 
is  cperat ing a t  a calculated specimen center-- l ine tempera ture  of approximately 550 F. 
This experiment  is scheduled for  discharge f r o m  the MTR during Cycle 104 shutdown 
witlk a calculated burnup of 1. 9 total  a / o .  

Development of Gamma-Phase  Uranium Alloys 

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

T e r n a r y  and quaternary alloys of uranium with chromium, molybdenum, niobium, 
rutlienium, vanadium, and zirconium a r e  being investigated in an  effort  to develop an  
improved metastable  gamma-phase alloy. 

Hot-hardness data a r e  being obtained on all alloys to gain a n  indication of hot 
s t rcngth.  Some general  s ta tements  can  be made  concerning the effect of alloying on 
hartiness.  Increasing niobium and molybdenum content i n  gamma-quenched uranium-20 
w/o  zirconium and uranium-40 w / o  zirconium alloys usually resu l t s  i n  lower room-  
tempera ture  hardness  and increased  high-temperature  hardness .  The decreased  room-  
tempera ture  hardness  i s  probably due to improved gamma stabil i ty,  while the increased  
higk - tempera ture  hardness  is a solid-solution hardening effect. Among uranium-  
niokium-base alloys it is ve ry  difficult to make  any general  s ta tements  concerning 
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effects of alloying on hardness  as resu l t s  have been inconsistent.  
uranium-20 w / o  niobium-5 w / o  zirconium alloy apparently r e s i s t s  softening a t  t emper -  
a tu re s  as high a s  900 C while uranium-20 w / o  niobium-3 w / o  zirconium and uranium-  
20 w / o  niobium-10 w / o  zirconium alloys begin to soften appreciably a t  500 C.  
conium additions to uranium-7.5 w / o  molybdenum alloys increased  hardness  a t  t emper -  
a tu re s  up to 500 C, but at  900  C showed pract ical ly  no effects.  

F o r  instance , a 

Z i r -  

F r o m  thermal-analysis  data,  zirconium appears  t o  lower the gamma-to-alpha 
plus gamma transformation f r o m  634 C in  a uranium-10 w / o  niobium alloy to 594 C 
fo r  a uranium-10 w / o  niobium-10 w / o  zirconium alloy, while 1 to 5 w / o  molybdenum 
additions do not appear  to have any appreciable effect. Niobium additions to  uranium- 
40 w / o  zirconium alloys lower the tempera ture  of gamma decomposition f rom 606 C in  
the binary alloy to around 583 C fo r  a uranium-40 w / o  zirconium-3 w / o  niobium alloy. 
Additions of e i ther  3 w / o  niobium o r  molybdenum lower the gamma-decomposition 
tempera ture  of uranium-30 w / o  zirconium alloys f rom 606 C to 585 C. 

Corrosion t e s t s  of gamma-quenched alloys in  680 F water  a r e  continuing. After 
1008 h r  of exposure,  surviving alloys exhibit weight l o s s e s  as tabulated below: 

Total Weight Loss, 
mg per cm2 Alloy (Balance uranium), w/o 

10 niobium-3 molybdenum 392.0 
20 niobium 33.7 
20 niobium-5 zirconium 13.9 
7.5 molybdenum-2 ruthenium 13.6 

Transformation-kinetics studies a r e  continuing, but studies of the additional uranium- 
molybdenum-base alloys p repa red  a r e  incomplete,  as a r e  the studies being made  a t  
480 C on uranium-niobium-base alloys.  F ina l  data a r e  expected short ly .  

P repa ra t ion  of Uranium-Niobium Alloys 

J. B. Melehan, E. L. F o s t e r ,  and R.  F. Dickerson 

The uranium-niobium sys tem is  being studied to find and develop alloys f o r  use  in 
r eac to r  fuel e lements .  A notable benefit to be gained by adding niobium to uranium i s  
the improvement  of high-temperature  mechanical  proper t ies  without an  intolerable in-  
c r e a s e  in  neutron-absorption cha rac t e r i s t i c s .  
the development of techniques fo r  obtaining the alloys in  sat isfactory fo rm , puri ty ,  and 
metal lurgical  condition, and the determination of cer ta in  proper t ies  such as mechanical 
proper t ies  and cor ros ion  res i s tance  in  var ious media .  

The pr incipal  objectives of this study a r e  

At Battelle and other s i t e s  previous efforts i n  the preparat ion of uran ium-r ich  
uranium-niobium alloys have encountered difficulties i n  obtaining homogeneous ma te r i a l .  
The extreme reactivity of the molten alloys with ce ramic  crucibles  and mold ma te r i a l s  
resu l t s  in  undesirable contamination. 
consumable-electrode a r c  -melting method. However, a disadvantage of this technique 
is the segregation of the alloy during solidification with the formation of a banded 
macros t ruc ture .  At an alloy content of 10 w / o  niobium, the segregated ma te r i a l  

Impuri ty  pickup is minimized by employing the 

P 
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exl~ibi ts  nonuniform cor ros ion  res i s tance  in  superheated water  and i t  is expected that 
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siriilar nonuniformities exis t  in mechanical physical  p roper t ies .  
shown that the banding phenomenon p e r s i s t s  throughout the composition range 20 to 80 
w /  niobium. 
o r  minimizing alloy segregation by modification of the melting techniques and/or  by 
fabrication o r  heat  t reatment .  

Recent work has  

The present  efforts i n  this  program have been concerned with eliminating 

a i  

. b  Melting studies consisted of preparing ingots of the alloys uranium-20, -40, and -80 
The ingots ,  4 to 6 in. long by 2 in .  i n  W / I )  niobium by the consumable-electrode method. 

I 

I 

' diameter ,  were  general ly  of uniform composition but exhibited local  segregation with 
bar ding t r ansve r se  to the ingot axis. An at tempt  was  made  to  me l t  the uranium-20 w / o  
niobium alloy by the consumable-electrode method using a ZrO2 sleeve to prevent  con- 
t ac t  between the ingot and the walls of the water-cooled furnace crucible .  
1inc:r was attacked and melted and the ingot was of poor quali ty.  Because  of the higher 
m e  ting tempera tures  required,  this experiment  was not extended to the higher niobium 
allc I ys . 

The ZrO2 
1 
I 

I Fabr icat ion experiments  have been r e s t r i c t ed  to the rolling of uranium-20 and -80 
Two cyl inders  of the f o r m e r ,  3 /8  in. i n  d iameter  by 3 / 4  in .  long, 

The final specimen thickness was about 
No difficulty was encountered in  fabricating under these  conditions; however,  

The specimen edges were  

I w/c niobium al loys.  
w e i e  sealed in  titanium and hot rol led a t  650 C. 
0 . 0 8 0  in.  
the specimen sur faces  were  rough with substantial  waviness .  
d re s sed  on an e m e r y  wheel to remove l a r g e r  imperfections and fabricat ion was then 
coninued  by cold roll ing.  
and both specimens eventually cracked.  

molybdenum and rol led a t  1000 C with 10-mi.1 reductions p e r  pas s .  
in  the ea r ly  s tages  but fabrication was continued until the alloy specimen was exposed. 
The f inal  specimen,  165 mils thick, was f r ac tu red  during removal  f r o m  the capsule;  
however, i t  is apparent  that  effor ts  to ro l l  the uranium-80 w / o  niobium alloy were  a t  
l e a s t  par t ia l ly  successful ,  as were  experiments  with the uranium-20 w / o  niobium alloy. 

~ .I 

. I  

I 5 Only minor  reductions were  possible at room tempera ture  . ,  
A single specimen of the alloy uranium-80 w/o  

I niokiium similar in  geometry to the uranium-20 w / o  niobium specimens was sealed in  
I 

I 

I 

The capsule c racked  

\ 

I Experiments  a re  under way to study the elimination of segregat ion by homogeni- 
z a t i m  heat t rea tments .  Heat t rea tments  c a r r i e d  out to date a r e  tabulated below: 

Time at  
Niobium Content Temperature, 

(Balance Uranium), w/o Specimen Temperature, C hr Atmosphere Cooling Rate 

20 20-2A 1000 4 Hydrogen Water quench 
20 20-1A 1000 24 Hydrogen Water quench 
20 20-3A 1200 8 Vacuum Furnace cool 
40 40-3A 1223 8 Vacuum Furnace cool 
80 80-3A 16 50 8 Vacuum Furnace cool 

< 
Mic:v*ostructure examination ' revealed that dendrit ic s t ruc tu res  remained  in all specimens 
aftei. heat t rea tment .  
c reas ing  deter iorat ion of the cored  s t ruc ture  with increasing sever i ty  of heat- t reatment  
conditions. Heating a t  1200 F f o r  8 h r  is sufficient to remove all but a few t r a c e s  of the 
dendrit ic s t ruc ture ,  
dence shows that macrosegregat ion of the constituents remains  and that interdiffusion 
has  ,lot significantly reduced concentration gradients  responsible  fo r  banding. 

However, the uranium-20 w / o  niobium specimens show an  in-  , 

Despite the removal  of the microscopic  cor ing,  radiographic  evi-  ' i  

@ 
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Melting studies a r e  being continued with attention being directed to the skull-  
melting technique as a possible means  of preparing homogeneous ingot ma te r i a l .  
efforts to produce small experimental  ingots a r e  successful  , the design of equipment for  
l a r g e r  scale  experiments may  be worthwhile. Investigations into the bes t  techniques fo r  
fabr icat ing the alloys will be continued, and some  additional experiments  a r e  a t  this 
t ime already in  p rogres s .  Additional homogenization heat t rea tments  a r e  under way and 
o thers  a r e  being planned. The present  plan is to inc rease  the homogenization t emper -  
a tures  to as close to the solidus tempera tures  as is  pract icable  to determine if i t  is 
possible  to eliminate alloy segregation by heat  t rea tment .  Corrosion and oxidation 
studies a r e  in  the planning s tages ,  and a l imited amount of ma te r i a l  i s  now available to 
begin such experiments .  

If 

In addition to s tandard chemical analysis ,  a nondestructive method is being e m -  
ployed to measu re  concentration gradients  in  the segregated ma te r i a l .  A nar row beam 
( 2  p in d iameter )  of e lectrons incident on the alloy specimen resu l t s  in  an X-ray err-is- 
sion, the charac te r  of the emiss ion  a t  any given region being dependent on the concen- 
t ra t ion of the alloying elements .  With this  method, i t  should be possible to de te rmine  
the alloy composition a c r o s s  the banded a r e a s .  

Mechanism of Aqueous Corros ion  

E.  Adelson, C.  M. Schwartz ,  D. A. Vaughan, 0. M. Stewart ,  
W. E.  B e r r y ,  P. D. Mi l le r ,  and F. W ,  Fink 

The aqueous cor ros ion  of uranium is being investigated to a id  in  understanding the 
cor ros ion  mechanism.  Since previous analysis  of the cor ros ion  products failed to a c -  
count fo r  all the meta l  consumed, assuming the solid products to be U 0 2 ,  the studies 
during the pas t  year  have been concentrated on a be t te r  identification of the solid c o r -  
rosion product.  
of l e s s  than t 4 ,  while X-ray absorption methods indicated the bulk of the cor ros ion  
product has  a valence of t4 o r  g rea t e r .  
vealed par t ic les  of metal l ic  uranium dispersed  in  the oxide produced at  a tempera ture  
of 100  C. 
m a y  have been due to inco r rec t  assumptions in  r ega rd  to the amount of meta l  oxidized. 

Chemical analyses  indicated an average valence of uranium in the oxide 

More recent  X-ray diffraction studies have r e -  

Thus,  i t  appeared that the lack of a ma te r i a l  balance in the cor ros ion  reaction 

During Apri l ,  studies were  continued on the phases  present  in the solid cor ros ion  
The identification of metal l ic  product f rom boiling-water cor ros ion  of dingot uranium. 

uranium in the cor ros ion  product was verified.  However, in  o r d e r  to re ta in  the metal l ic  
par t ic les  by preferent ia l  dissolution of the oxide, i t  was found necessa ry  to maintain 
careful control of the n i t r ic  acid concentration. Acid solutions containing m o r e  than 
10 cm3 "03 to 100 cm3 H20  tend to dissolve the small metal l ic  par t ic les ,  whereas  too 
dilute a solution fails to dissolve some of the oxide par t ic les .  In near ly  all samples  ex-  
amined af ter  the dissolution t rea tment ,  unidentified diffraction l ines  were  observed.  
During the next month, the source  of the unidentified phases  will be sought. 
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Studies a r e  continuing on determining the nature  of the newly formed oxide on 

The 

Because of the high density of UCI2, the X-ray beam was able to  identify 

uranium exposed in  s team a t  200 C. 
l a r y  tubing was reacted with 200 C s team until completely converted to oxide. 
tub ng was then sealed.  
on l r  U02. 
reaction products a t  the surface.  
vealed by this method. 

A thin wire  of uranium inser ted  in a g lass  capil-  

X - r a y  diffraction analysis of the cor ros ion  product revealed 

Any subsurface reaction products  would not be r e -  
A modified technique i s  being considered for  fur ther  study. 
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G. FATIGUE STUDIES O F  INCONEL AND INOR-8 

W. S. Hyler and R. J. Favor  

Fatigue Studies of Inconel 

This p rogram has  the objectives of obtaining bas ic  fatigue information on Inconel 
and of establishing quantitative relationships among the var iables  of tempera ture ,  
strc?ss,  s t ra in ,  t ime,  and cyclic frequency for Inconel. 

The first phase of the over-all  p rog ram has  been completed. This includes con- 
ventional axial-load studies at 1200, 1400, and 1600 F. 
beiilg summar ized  in  a topical report .  

The r e su l t s  of this phase a r e  

The cur ren t  phase of this p rogram is concerned with the measur ing  and recording 
During April ,  work was  of s t r a in  associated with the cyclic portion of a combined load. 

cen:ered on the design of a suitable specimen and extensometer sys tem.  
that during May fabrication of a specimen and extensometer sys tem will be  completed. 
In addition, s o m e  modification of the fatigue machine is planned. 

It is expected 

Fatigue Studies of Inor-8 

A p rogram to evaluate the fatigue propert ies  of the alloy Inor-8 has  been initiated. 
The broad implications of this p rogram include exploration of the effects of s t r e s s  
conc:entrations and metal lurgical  variables.  

During the remainder  of the f iscal  yea r ,  modification of fatigue machines and 
f u r r a c e s  to accommodate tempera tures  up to about 1500 F a r e  planned. Initial evalua- 
tion of the alloy wi l l  be  made a t  1250 F. In addition, exploration of the effect of speed 
of tc?sting will be c a r r i e d  out in an effort to a r r i v e  at maximum feasible speed at which 
the machines can b e  operated without affecting resul ts .  

In Apri l ,  the t e s t  mater ia l  was  receiveld. This has  been heat t rea ted  and is now 
being fabricated into specimens.  
testing tempera tures  up to about 1500 F. 
a r e  a l so  being completed. 

The furnacse has been reworked to accommodate 
Other modifications to the fatigue machine 

During May it i s  expected that assemb1:tng and checking of equipment will be  com- 
plet1.d. Subsequently, initial studies of Inor-8 will begin. 

? 
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H. REACTOR MATERIALS AND COMPONENTS 

F. A. Rougharid A. W. Hare  

* 2  

Various par t s  of the program of the AEC Division of Reactor  Development a r e  
re t>or ted  in this  section. 

I. 
' C  

Routine p rogres s  is reported on the r e s e a r c h  concerned with the development of 
ox. dation-resistant niobium alloys.  
alloys in d r y  air a r e  reported.  

Oxidation data  fo r  niobium and var ious niobium 

Experimental  work is reported on the investigation of valence effects of oxide 
solutions in  uranium dioxide. Also repor ted  is the routine p r o g r e s s  on the programs 
coitcerned with high-temperature  high-pressure sol id-s ta te  s tudies ,  rubbing sur faces  
in sodium environments,  and the bas ic  studies of p r e s s u r e  bonding, both analytical  and 
exlje rim ental. 

- Oxidation-Resistant Niobium Alloys 

.- 
W. D. Klopp, C. T. S ims ,  and R. I. Jaffee 

This investigation is concerned with the oxidation reactions of pure  niobium and 
. the mechanisms by which var ious alloying additions affect these reactions.  

wo rk includes oxidation testing of various b inary  and t e rpa ry  al loys,  mater ia l -balance 
calculations on previously oxidized alloys,  a.nd preparat ion of new alloys.  

Curren t  

I 

Binary alloys containing chromium, i ron ,  rhenium, and tungsten were  oxidized 
by continuous weighing to confirm previous tes t s  and t e s t  the application of some oxi- 
dation principles previously suggested. 
4. E a / o  chromium alloy, tes ted in the as -cas t  condition, formed a par t ia l ly  protect ive 
sca le  a t  1000 and 1200 C and oxidized s lower than pure  niobium, although not as slow 
as the bes t  binary alloys. 
t es t - resu l t s ,  which indicated a minimum Oxidation r a t e  in  this sys tem a t  15 a / o  chro-  
miiun. Niobium-5 a / o  i ron  oxidized l inear ly  a t  a sl ightly g rea t e r  r a t e  than niobium-1 
a / c  iron. Iron additions were  investigated on the basis of the s m a l l e r  s i z e  of Fe3+ 
(0. 54 A) compared with Nb5+ (0.69 A),  which would suggest improved oxidation re- 
sis Lance through the "size-effect" principle. The dec rease  in oxidation r e s i s t ance  

c r e a s e  the oxidation rate .  
oxi'lation r a t e  of niobium. 
fur  lace,  it is probable that volatilization of low-melting (297 C) Re207 caused the de- 
c r e a s e  in  oxidation res i s tance .  This factor obscured  the possible beneficial  effects 
which might be  expected of rhenium because of its high valence ( t 7 )  and small ionic 
s i z  2 (0. 56 A). 
f o r m e d  a sca l e  which was protective a t  1200 C for  a t  l ea s t  6 h r .  These  t e s t s  confirm 
previous resu l t s  which indicate that tungsten is m o r e  effective a t  1200 than at 1000 C, 
and a l so  show that the period of protection a t  1200 C inc reases  with increasing tungsten 
content. 

Resul ts  a r e  given in Table H- 1. The niobium- 

These t e s t s  par t ia l ly  confirm earlier intermit tent  weighing- 

< probably indicates the presence  of Fe2+  (0.74 A) ra ther  than Fe3', which would in- 
The addition of 5 a / o  rhenium significantly increased  the 
Since these alloys w e r e  smoking on removal  f rom the t e s t  

A niobium-12.5 a / o  tungsten alloy oxidized l inear ly  a t  1000 C, but 

@ 
If the Goldschmidt ionic radius  for  W6+ (0.62 A) is used r a the r  than the 
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TABLE H-1. OXIDATION DATA FOR NIOBIUM AND NIOBIUM ALLOYS IN DRY AIR 

.... . .  ...... . .  . .. 
e..... ...... .. ...... 
e..... .. . . . .  . .  .. . . .. . .  ..... ..... e .  

...... . .  . .  .... . .  . .. ...... .... . .  ...... 

Composition Test Parabolic Rate Transition to Linear Rate 
(Balance Niobium)(a), Temperature, Constant, Linear Rate, Constant, Weight Gain in Indicated Exposure, mg per cm2 

Sample a/o C (mg per cmq2/hr  hr mg/(cm3(hr) 1 Hr 2 Hr 3 Hr 4 Hr 5 Hr 6 Hr 
0-30 100Nb(b) 1000 100 . 0.1 30.0 30.0 
0-37 

0-131 
0-111 
0-119 
0-129 
0-123 
0-121 
0-127 * 

0-125 . 
0-133 

0-77 
0 -82 

0-132 
0-118 
0-120 
0-130 
0-124 
0-122 
0-128 
0-126 

" 4 . 5 0  
5F e 
5Re 
12.5w 
16.5Ti-4.5Mo 

' 21.5Ti-6Mo 
10Ti-3V 
24Ti - 1 l V  
5.5Mo-8V 

4.5Cr 
5F e 
5Re 
12.5w 
16.5Ti-4.5Mo 
21.5Ti-6Mo 
10Ti-3V 
24Ti-llV 

1000 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

1200 
1200 

1200 
1200 
1200 
1200 
1200 
1200 
1200 
1200 

54.0 

59.4 
"- 
-- 

114 
49.7 
46.3 
54.6 
49.3 
38.5 

-- 
193 

576 
1900 

786 
235 
238 
535 
27 1 

-- 

2.2 

0.25 
0 
0 
0.1 

>6 
>6 

1.2 
0.45 

>6 

0 
0.45 

0.15 
0.25 
0 

>6 
0.05 
0.25 
0.4 
0.15 

2.56 

6.8 
26.1 
77.7 
34.1 -- 
-I 

2.89 
10.1 -- 

(93)(C) 
10.6 

23.2 
47.6 

(67) 

(13) 

-- 
15.6 
16.6 
18.5 

7.4 

10.4 
31.5 
73.7 
32. 5 

8.0 
6.6 
7.5 
8.3 
7.0 

107.7 
15.8 

31.0 
59.5 
70.9 
26.5 
24.0 
19.6 
27.0 
23.2 

61.3 
10.5 

17.6 
57.1 
"- -- 

10.8 
9.3 

11.3 
16.4 
9.4 

-- 
26.8 

56.2 
99.0 

38.6 
39.4 
30.5 
44.2 
43.2 
26.7 

-- 

89.8 
13.1 

24.1 
79.5 
-I 

"- 
12.9 
11.5 
14.5 
25.7 
11.2 

-- 
37.4 

79.4 
-I 

-- 
47.8 
52.4 
38.7 
59.6 
60.2 
33.0 

~ 

114.2 
15.7 

30.3 
99.5 -- 
-- 
14.8 
13.6 
17.5 
36.1 
12.7 

-- 
41.4 

101.9 -- 
"- 
55.4 
63.6 
45.4 
74.2 
74.6 
37.9 

136.9 
18.2 

36.2 
e- 

-- 
-- 
16.2 
15.3 
20.3 
46.5 
14.0 

-I 

57.0 

122.0 -- 
-- 
61.9 
73.5 
52.0 
87.0 

43.7 
-- 

158.6 
20.8 

41.8 
-- -- -- 
17.7 
17.0 
23.3 
56.4 
15.3 

Y -- 
67.0 

141.1 
"I 

-- 
68.0 
82.0 
57.4 
-I 

-" 
..- 0-134 5.5Mo-8V 1200 365 4 5. 5 17.8 

(a) Compositions of ternary alloys are corrected to nearest 0.5 a/o on basis of weight losses during melting. 
(b) Data from previous tests included for comparison. 
(c) Rates in parentheses are estimated. 
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extrapolated Pauling c rys ta l  radius  (0.83 A ) ,  the 1200 C improvement  in oxidation be- 
havior can  be cor re la ted  with the size-effect principle.  
ex :ellent addition fo r  improving the 1200 C oxidation behavior.  

Tungsten appears  to b e  a n  

Oxidation t e s t s  have also been completed on four niobium-titanium t e rna ry  alloys 
a d  one niobium-molybdenum-vanadium t e r n a r y  alloy. A l l  five alloys exhibited com- 
pa ratively high oxidation resis tance,  but only the niobium-5. 5 a / o  molybdenum-8 a / o  
va iadium showed super ior  oxidation behavior compared with the bes t  binary alloys.  
The sca le  on this alloy was protective for  ai! l ea s t  6 h r  a t  1000 C and 4 h r  a t  1200 C. 
The behavior of this alloy suggests that  the beneficial effects of those elements  which 
improve oxidation res i s tance  via s i ze  effects in  the sca le  may  be  additive. 

Niobium-16.5 a / o  titanium-4.5 a / o  molybdenum and niobium-21.5 a / o  titanium-6 
a / o  molybdenum had g rea t e r  oxidation res i s tance  than niobium- 10. 5 a / o  titanium-3 a / o  
mcllybdenum, repor ted  in BMI-1259, but c rys t a l s  which appeared to be Moo3 w e r e  
nol;ed near  the top of the furnace  a f te r  testing these la tes t  two alloys. 
an  improvement ove r  the bes t  binary alloys plus this indication that Moo3 is volatilizing 
frcm the sca l e  suggests  that  molybdenum is not a good t e rna ry  addition to niobium- 
t i t ,mium alloys. 

The absence of 

The two niobium-titanium-vanadium alloys w e r e  l e s s  oxidation r e s i s t an t  than 
nic,bium-l7 a / o  titanium-6.5 a / o  vanadium, repor ted  in BMI-1259. 
po:iition in this  sys tem thus l ies  between 10 and 24 a / o  titanium and 3 and 11 a / o  
vai iadium. 

The optimum com- 

Several  conclusions may  tentatively bt: drawn f rom the r e su l t s  on ten ternary 
all3ys tes ted  to date:  

(1) -The solubilities of chromium, molybdenum, and vanadium a r e  lower 
in  Nb2Ti07 than in Nb2O5. 

(2)  The niobium-titanium-chromium and niobium-titanium-vanadium 
alloys a r e  mos t  a t t ract ive,  since the parabolic r a t e s  which were  
followed fo r  60 to 80 min  at 1000 (3 indicate weight gains as much 
as  60 p e r  cent lower than weight gains on the bes t  binar ies .  , 

(3) The solubilities of molybdenum and vanadium in Nb2O5 are  not ap- 
preciably reduced in  t e rna ry  niobium-molybdenum-vanadium alloys.  

Material-balance calculations on niobium-zirconium binary alloys have shown that 
formation of the visible outer  s c a l e  a t  1200 C is not the predominant reaction, as was  
prcwiously assumed.  
30 p e r  cent  of the oxygen reac ted  to fo rm Z r 0 2  subscale ,  while a t  45 a / o  zi rconium 
55 per  cent  of the oxygen was reac ted  into the subscale.  
for mation on these  alloys a r e  appreciably lower than previously indicated. 

Instead, these  calculations indicate that at 25 a / o  zirconium 

The r a t e s  of ex ter ior -sca le  

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  
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Future  work includes : 

(1) Completion of oxidation tes ts  on two remaining ternary alloys. 

(2) Prepara t ion  and testing of cas t  niobium-15 a / o  molybdenum and 
niobium-10 and -20 a / o  chromium alloys (unfabricable) to complete 
t e s t s  on binary alloys. 

(3) Continuation of m a t e r  ial-balance calculations. 

Valence Effects of Oxide Solutions i n  Uranium Dioxide 

W. B. Wilson, C. M. Schwartz,  and A. F. Gerds 

i -  

In microbalance s tudies ,  U 0 2  with 50 w / o  Tho2  in solid solution w a s  compared 
with the pr ior  UO2-La203 bodies. 
the sample s ta r ted  to d e c r e a s e  in weight a t  a l inear  r a t e  of 3.5 pg per  m i n  over  a 
period of 7 h r .  

It was found that upon exposure to a i r  a t  1540 C, 

Since the microbalance sample was too s m a l l  for  accura te  chemical analysis ,  
mass ive  samples  a r e  being f i r ed  in air a t  1375 C to determine the cation rat io  before 
and af te r  extensive air oxidation. 
there  i s ,  i f  any, between the volatile components a r i s ing  f rom sol id  solutions contain- 
ing t r ivalent  and te t ravalent  additives. While replacing a heating element which failed 
af ter  42 h r ,  the samples  were  visually inspected. 
but had changed color to deep red,. indicating oxidation, whereas  the UO2-50 w / o  Tho2 
had shat tered.  
would appear  to a r i s e  f rom the fact  that oxidation had ei ther  changed and produced 
internal s t ra ins ,  o r  had effected a high-temperature transformation. 

This is being done to determine what difference 

The uo2-60 w / o  La203  was intact 

The reason  for  the behavior of the UO2-ThO2 is not as yet c lear ,  but 

High-Temperature High-Pres s u r e  Solid-state Studies 

W. B. Wilson and C. M. Schwartz 

Tr ia l  runs a t  high tempera tures  and high p r e s s u r e s  were  c a r r i e d  out on U 0 2 ,  
BeO, and La203  samples  previously. 
right-circular-cylinder die apparatus  to es tabl ish i f  the sample heater  and insulator 
configuration would perform sat isfactor i ly .  
plus-U02 reactions may  be  studied using the present  configuration. 

These prel iminary tes t s  w e r e  conducted in the 

The tes ts  indicate that the B e 0  and BeO- 

In some instances use of a graphite hea ter  would resul t  in conversion of the Sam- 
ple m a t e r i a l  to carbide,  and modification would b e  required to avoid such undesirable 
s ide reactions.  

Since i t  was believed des i rab le  to determine the effect of p r e s s u r e  and m o r e  
moderate  tempera tures  on pure  mater ia l s  with g r e a t e r  f reedom f rom contamination 

...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ........................ 
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prclblems, a s imple "Bridgman anvil" unit with furnace has  been assembled.  
wilt make available facil i t ies for  use  in another area of the p re s su re - t empera tu re  
reg:ion. 
tu re ,  but is l imited where high tempera tures  a r e  needed for  react ions involving r e -  
f r a - to ry  ma te r i a l s .  . 

This unit 

It is capable of higher p r e s s u r e s  than the unsupported cylinder a t  low tempera-  

Additional work was conducted testing the Bridgman anvil unit and attempting to 
recuce  the 18 p e r  cent friction found in the right-circular-cylinder die unit. 

Rubbing Surfaces in Sodium Environments 
~~ ~~ 

J. W. Kissel  and J. H. Stang 

Coefficient-of-friction data  were  obtained fo r  a 1/4-in. -diameter  WC-20 w / o  
cokalt polished bal l  sliding a c r o s s  a horizontally moving flat plate of the s a m e  mater ia l .  
Thi: normal  load at the contact a r e a  was about 145,000 ps i  maximum and 98,000 ps i  
average. 
a t  Ihis point, molten sodium was  dropped on to the lower (flat)  specimen. 
for  the sodium-immersed sur faces  were  than obtained a t  numerous tempera tures  for  
s e l e r a l  t empera ture  cycles during a week'  s period. 
0. 3 fo r  dry  sliding a t  t empera tures  up to 800 F and 0. 3 to 0.45 for  sodium-lubricated 
sur faces ,  over the s a m e  tempera ture  range - both in  a n  a rgon  atmosphere.  
m e  i t s  made  at higher t empera tu res ,  for  sodium-lubricated t e s t s ,  indicated a rapid 
inc Pease in f r ic t ion above the 1000 to 1100 F range. The maximum coefficients re- 
corded w e r e  about 0.83 at 1200 F. 

Dry  f r ic t ion  coefficients were  obtained a t  var ious tempera tures  up to 800 F; 
Coefficients 

Fr ic t ion coefficients w e r e  around 

Measure-  

J 

The mos t  interest ing aspec t  of the data for  the sodium-immersed specimens i s  
the marked  inc rease  in f r ic t ion a t  the higher testing tempera tures .  
wez.r t r acks  could not be found on the f la t  splecimen for  runs involving d r y  friction, 
the other  hand, c lear ly  defined t racks resul ted for  all of the sodium-lubricated runs ;  
the ; e  w e r e  m o r e  pronounced a t  the high tempera tures .  After alcohol and water  washes,  
the,se t r acks  became quite faint and w e r e  found, by microscopic  examination, to b e  con- 
fine d to a l aye r  of fine c rys ta l s ,  regular ly  di.stributed over  the sur face .  In the wea r -  
trae-.k a r e a ,  these  c rys t a l s  had a polished appearance indicating that sliding took place 
bebveen l aye r s  of c rys t a l s  ra ther  than between the base  specimen ma te r i a l s .  
coniposition and source  of the deposited c rys t a l s  is unknown, although their  disposit ion 
suggests an  intergranular  cor ros ion  product I 

After the runs ,  
On 

The 

P u r e  molybdenum will be utilized for  the next pa i r  of t e s t  specimens.  Because 
of the iner tness  of molybdenum in elevated-temperature  sodium, the opportunity fo r  
su r€ace  films formed through a cor ros ion  p rocess  should be minimized. Thus, data  
on 1 he molybdenum specimens may ,  when compared with the previous data,  help to  
provide a n  understanding of the contribution of sur face  films to f r ic t ion behavior.  
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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 is being conducted in an effort to obtain an understanding of the 
mechanisms of p r e s s u r e  bonding. 
deformations associated with external hydrostatic p r e s  su re ,  in o r d e r  to determine the 
conditions under which surfaces  will at tain the intimate contact required for bonding. 

Par t icu lar  emphasis is placed on the analysis of the 

Analytical Studies of P r e s  su re  Bonding -- 
The deformations of sur face  i r regular i t ies  a r e  considered in te rms  of the c r e e p  

If the original sur face  roughness is thought of as  a s e t  of propert ies  of the mater ia ls .  
hemispherical  voids i t  is possible to apply c reep  theory to predict  the amount of col- 
lapse which will occur under prescr ibed  bonding conditions. While the c r e e p  mecha- 
nism alone cannot account for complete c losure of the holes,  i t  may provide a bas is  on 
which to select  the bonding conditions. 

In o r d e r  to obtain the m a t e r i a l  constants needed to analyze the c r e e p  behavior of 
the m a t e r i a l s  a simplified model has been utilized. 
c i rcu lar  cylinder can b e  analyzed in t e r m s  of the c reep  constants of the mater ia l .  
Steady-state creep,  and a simple dependence of c r e e p  r a t e  on a power of the s t r e s s  a r e  
as sume d. 

The collapse of a n  axial hole in a 

f 

The experimental  measurements  of collapse w e r e  used to  determine the c r e e p  
On account of wide sca t t e r  in the experimental  constants for  2s aluminum a t  500 F. 

resu l t s  i t  is difficult to de te rmine  whether o r  not the steady-state assumption i s  valid. 
Experiments a r e  being planned in which the predicted c losure  of voids in t e r m s  of the 
c r e e p  constants can be  compared with the actual amount of closure.  
should indicate the reliabil i ty of the c r e e p  model used. 

These experiments 

The cylindrical  model used to obtain the c reep  constants has  cer ta in  inherent 
disadvantages. 
formation is taking place. 
the final deformation can be  measured.  
somewhat, by the advantage that the cylindrical  specimen is subjected to a combined 
s t r e s s  s ta te  s i m i l a r  to that which ac t s  on the surfaces  to b e  bonded; the extent to which 
this advantage outweighs the disadvantages is unclear.  
model  could be  used which will give the des i red  information with grea te r  accuracy and 
with fewer  experimental  difficulties. 
finding of such a n  alternative.  

One of these is the changing geometry of the specimen while the de- 
Secondly, i t  is impossible to m e a s u r e  the c r e e p  ra te ;  only 

These disadvantages a r e  counterbalanced, 

It is possible that  an alternative 

Consideration is presently being given to the 

Experimental  Studies of P r e s  s u r e  Bonding - 
The work on this  p rogram is directed toward acquiring experimental  data which 

can be  cor re la ted  with the theoretical  values calculated on the bas i s  of postulated 
mathematical  models. As prescr ibed  by the analytical studies,  thick-walled tubular 

...... -*. . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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47 H-7 and H-8 

47 and 48 

T 

aluminum specimens a r e  externally pressur ized  under various se t s  of pressure-bonding 
pai.ameters in o r d e r  to study the flow character is t ics  of metals  during a p r e s s u r e -  
boriding process .  

During April,  metallographic measurements  of deformation w e r e  completed for 
spc cimens which had been previously subjected to p r e s  sure-bonding p a r a m e t e r s  of 
40(10 p s i  a t  500 F for  periods of 4 and 6 hr ;  4000 ps i  a t  700 F for  periods of 2,  4, and 
6 h r ;  and 6000 ps i  at 500 F for  periods of 1 /2 ,  1, and 6 hr .  The r e su l t s  of these tes t s  
anc the comparison with previous data indicate that the extent of deformation is mos t  
significantly affected by p r e s s u r e ,  and leas t  by tempera ture  for the p a r a m e t e r s  which 
ha1 e been studied. 

Additional specimens are  being subjected to a p r e s s u r e  of 6000 ps i  a t  700 F for  
periods of 1 /2 ,  1,  2, 4, and 6 hr .  
suk jected to time-dependent Vickers hardness  determinations a t  500 and 700 F a r e  
be i ig  machined f r o m  the bar-stock m a t e r i a l  used in the preparat ion of the tubular 
aluminum specimens.  
the je  specimens will b e  compared with the resu l t s  obtained by pressurizing the tubular 
specimens . 

Flat-plate aluminum specimens which will  be  

The calculations based on the hot-hardness data obtained f rom 

Effect of Surface Preparat ion on Bonds Obtained During 
P r e s s u r e  Bondinlg of Zircalov 2 

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

An investigation has been initiated to study the effect of sur face  preparat ion on 
the quality of the bonds obtained during p r e s s u r e  bonding of Zircaloy 2 to Zircaloy 2. 
F r c m  previous experience,  it  is believed tha.t the bond quality i s  dependent on p r io r  
sur face  condition of the Zircaloy 2, s ince a minimum amount of deformation occurs  
bebveen mating surfaces  during the p r e s  sure-bonding operation. The objective of this 
stuciy is to acquire  a bet ter  understanding of the relationship between sur face  prepara-  
tior, and bonding, so that a n  optimum and economical surface-preparation process  can 
be :#elected.  
bon3ing, such as the cold-worked condition of the metal, sur face  contamination, s u r -  
facti roughness,  and recrystal l izat ion and grain growth, will be  isolated, and the i r  
effect on p r e s  s u r e  bonding will be  determinejd. 
se1t:cted as the b a s e  condition for  this  investigation. 

Bonding variables which appear  to have a n  influence on the extent of 

A belt-abraded surface has been 

The Zircaloy 2 stock-plate m a t e r i a l  being used in this investigation has  been ob- 
tained f r o m  the s a m e  ingot and hot rolled a t  1150 F f r o m  a helium-atmosphere furnace 
witli a total  reduction of 2 to 1 followed by alpha annealing under helium at 1550 F for 
1- 1 2 h r  in flattening dies. After annealing, the major i ty  of the plates have been belt  
abr. ided on the sur faces  to b e  used subsequently for  the surface-preparation s tudies ,  
and a r e  now in  the process  of being sheared  to specimen s ize .  

In o r d e r  to obtain information on the effect of sur face  roughness on bonding, the 
few remaining plates have been sheared  to specimen s ize ,  and the specimens a r e  now 
beirtg individually machined to a different sur face  roughness. 

....................... 
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I .  PHYSICAL RESEARCH 

F. A. Rough 

Various pa r t s  of the p rogram of the AE:C Division of Resea rch  a r e  repor ted  in  this  
secl ion. 

BMI- 1259 repor ted  var ious s tudies ,  including those on bonding fundamentals,  
niok ium-hydrogen react ions,  and migrat ion of hydrogen in  z i rconium hydride.  
r e s : ;  on the balance of the pro jec ts  i s  repor ted  this  month.  

P r o g -  

In the study of the physical p roper t ies  of uranium compounds, the the rma l -  
expimsion coefficients of UBe13 and of UC have been secured .  

In the study of uranium t e r n a r y  constitution, f inal  detai ls  of r e s e a r c h  on uranium- 
zirconium-sil icon alloys a r e  in  p rogres s ,  and r e s e a r c h  has  begun on the effects of oxy- 
gen on uranium-niobium alloys. 

Additional detai ls  of the t e r n a r y  uranium-nitrogen-carbon sys t em are reported.  
A dt?termination by neutron diffraction of the s t ruc tu re  of UCz and fur ther  calculations 
of tlie carbon-carbon bonding pa rame te r  a r e  in p rogres s .  

Prepara t ion ,  Fabrica.t ion,  and Phys ica l  
P rope r t i e s  of Uranium Compounds 

A. B .  T r i p l e r ,  J r . ,  M. J. Snyder,  and W. H. Duckworth 

Methods of ce ramic  fabrication and fundamental p roper t ies  of some ref rac tory  
urartium compounds which a r e  potential nuclear  fuels are being studied. 

Linear- thermal-expansion measurements  were  made  in  the range 68 to  1800 F on 
The bulk densi t ies  of the specimens were  97 and 

The: measurements  were  made in  a recording,  
sintl:red specimens of UBel3 and UC. 
95 pe r  cent of theoret ical ,  respect ively.  
ver t ica l ,  quartz-tube di la tometer  under a vacxum of approximately 5 x 10-5 mm of 
m e r c u r y .  A heating and cooling r a t e  of approximately 5 F p e r  min  was maintained 
throughout the measurements .  
coefficients fo r  the specimens over  the t empera tu re  ranges  shown. Both m a t e r i a l s  
show a l a rge r  coefficient than U 0 2  (about 5 . 6  x 10-6 pe r  F in the range 32 to  1800 F) 
and a sma l l e r  coefficient than uranium (11 x 10-6 p e r  F f o r  the range 80 to 1220 F a s  
determined by X-ray, and 10.9 x 10-6 p e r  F for  the range 68 to 1100 F as de termined  
by d i la tometer ) .  

Table I- 1 contains the mean-l inear  -thermal-expansion 

P r e p a r a t o r y  to  measur ing  the t h e r m a l  expansion, the specimens were  machined 
With the UC spec i -  by grinding. 

men the re  was a tendency to pull out tiny par t ic les ,  and although th is  tendency was 
min:mized  by taking small cuts ,  it was not overcome. 

No difficulty was encountered in  grinding the UBel3.  

....... ......... : :.. : :.. .. . . . . . .  .. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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TABLE 1-1. MEAN-LINEAR-THERMAL-EXPANSION COEFFICIENTS FOR SINTERED me13 AND UC SPECIMENS 

T einper atur e Mean Coefficients Over the Temperature Ranges Shown, 10-6 per F 
Range, First Cycle First Cycle Second Cycle Second Cycle - 

F Heating Cooling Heating Cooling 

68-200 
68-400 
68-600 
68-800 
68-1000 
68-1200 
68 - 1400 
68-1600 
68-1800 

7.2 
I. 6 
8.0 
8.4 
8.7 
8.9 
9.1 
9.1 
9 .1  

I. 3 
7.6 
I. 9 
8.2 
8.4 
8.7 
8.9 
9.1 
9.4 

uc 

7.1 
7.4 
I. 8 
8.3 
8.6 
8.9 
9.0 
9.2 
9.3 

7.7 
8.0 
8.3 
8.5 
8.7 
8.9 
9.1 
9.2 
9.5 

68-200 
68-400 
68-600 
68-800 
68-1000 
68-1200 
68-1400 
68-1600 
68-1800 

6.9 
7.0 
7.2 
7.3 
7. 6 
7.6 
7. 6 
7.6 
7 . 4  

6.7 
7.0 
7.2 
7.3 
7.5 
7.6 
7. 7 
7.9 
8.1 

7.1 
7.1 
7.3 
7.6 
I. 7 
7.9 
7.9 
8.0 
8.0 

7.0 
7.1 
I. 2 
7.5 
7. 7 
7.8 
7.9 
8.0 
a. 1 

. . . . . . . . . . . . , . . . . . . . . . .. . .  .. . . . .  ... ... . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .  . . .  . .. ... . . .  .. ..e . 0 . .. .. . . ... . ... e.  
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The e l ec t r i ca l  res is t ivi ty  of s in te red  UBe13 has  been determined as 113 microhm- 
cm a t  27.6 C. 

A method has  been developed for  elect]-oplating nickel on the s in te red  UBel3.  The 
niclcel e lectrodeposi t  makes  it possible to  t in  the ends of the specimens fo r  thermal -  
conductivity measu remen t s .  
In c r d e r  to insure  good the rma l  contact with the s in te red  UC, the ends will be coated 
wit1 L indium, applied by a loaded-wheel technique. 

Attempts to  e lectroplate  on UC have not been successful .  

Constitution of Uranium-Base T e r n a r v  Allovs 

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

An investigation of the uranium-zirconium-molybdenum sys t em has  been confined 
to  alloys whose compositions l ie  on a t e r n a r y  cut joining the delta phases  of the two 
u r a i i u m  binary s y s t e m s ,  
and are essent ia l ly  a s  shown indBMI-1220. 
and a topical r epor t  i s  being p repa red .  

P h a s e  relationships in the t e rna ry  cut have been determined 
Work on this  sys t em has  been concluded 

The phase relationships existing in the high-uranium portion of the uranium- 
zircmonium-silicon sys t em a r e  a l so  being studied. 
plete with the exception of those being studied to  es tabl ish the solid solubility of U3Si2 
and Zr3Si2 and to  es tabl ish the existence of Zr4Si. 
prej iared f rom electrolyt ic  uranium, c rys ta l -bar  z i rconium and t r ans i s to r -g rade  s i l i -  
c o n ,  have been cas t  and heat  t rea ted .  
and X-ray  diffraction examination. 

Data f rom all the alloys a r e  com- 

Alloys for  these  determinat ions,  

They a r e  now being p repa red  for  metal lographic  

Phase  relationships in  the uranium-niobium sys t em a r e  being determined.  High- 
puri ty  niobium and uranium a r e  the s ta r t ing  ma te r i a l s .  
garr.ma-phase immiscibi l i ty  loop will a l so  be studied. Electrolyt ic  uranium and iodide 
and bromide niobium a r e  to be employed in  the study. The niobium is being prepared. 
Iodide niobium will be used  i n  prepar ing  the first alloy cast ings because it is available 
imniediately in  l imited amounts.  

The effect of oxygen on the 

Solid-state Study of T e r n a r y  System Uranium-Nitrogen-Carbon 

A.  E. Austin, A. F. Gerds ,  and C.  M. Schwartz 

The objective of this study is to  determ.ine existence regions of solid-solution 
phazies of uranium carb ides  and ni t r ides .  
betvreen UN and UC. 
carlion in  U2N3. 
U(C,N) .  

Solid solution extends along the binary join 
- There  is essent ia l ly  no sol id  solution of nitrogen in  UC2 o r  of 

Several  compositions were  obtained i n  the two-phase field UC2 t 
Reactions of the carbides  with nitrogen up to 1600 C gave U2N3 t C.  

Additional react ions have been c a r r i e d  out to  yield compositions in  the t h r e e -  @ pha:;e f ie ld  UC2, U(C,N), and C .  
t ions ,  and phases .  

Table 1-2 gives the hea t  t rea tment ,  final composi- 
According to  the unit-cell  s ize ,  the U(C,N) phase would be about 
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70 mole p e r  cent UC and 30 mole pe r  cent UN. This  composition i s  about the s a m e  as 
the t e rmina l  U ( C , N )  solid solution for  the compositions in  the two-phase field U C 2  t 
U ( C , N ) ,  a s  should be expected for  a three-phase field. 

i .  TABLE 1-2. COMPOSITIONS AND PHASES IN URANIUM-NITROGEN-CARBON SPECIMENS ' 

composition, a/o 
starting Material Heat Treatment Uranium Carbon Nitrogen Phases 

9 g U N + l g C  2 hr at  1800 C in argon 30. 8 63.3 5.85 U(C,N) a0=4.9417 A ,  
+ u c 2  + c 

1.95 g UN + 7.7 g UC2 Ditto 31.0 68.5 0.58 UC2 + U(C,N) + C 

U(N,C) a0=4.8923 A ,  2 hr at  1800 C under nitrogen 32. 0 39.8 28.5 
at  760 mm mercury + c  

2 hr at 2000 C under nitrogen 40.2 48.5 11.35 U(C,N) a0=4.9416 A ,  
+ u c 2 + c  at  760 mm mercury 

UC2  a s  powder and solid chunks was reac ted  with nitrogen at 1-atm p r e s s u r e  at 
1800 and 2000 C .  
formed a t  1800 C is about 90 mole pe r  cent UN according to i t s  unit-cell s ize .  
U ( C , N )  phase formed at 2000 C i s  about 70 mole per  cent UC.  
nation showed tha t  the react ion at 1800 C gave a single uranium carboni t r ide phase plus 
f r e e  carbon,  while the react ion a t  2000 C formed a she l l  of U ( C , N )  ma te r i a l  around 
UC2.  
between 1800 and 2000 C the ni t r ide becomes l e s s  s table  than the carbide.  

Table  1-2 gives the f inal  compositions and phases .  The U ( N , C )  phase 
The 

Metallographic exami-  

The d i c r e a s e  in  nitrogen content and presence  of U C 2  at 2000 C indicates that 

S t ruc ture  of U C 2  

A. E. Austin and C .  M. Schwartz 

The s t ruc tu re  of UC2 is being reinvest igated in  o r d e r  t o  de te rmine  the posit ions 
This  information should lead to  an interpretat ion of i t s  t h e r m a l  of the carbon a toms ,  

behavior and type of uranium-carbon bonding. 
been obtained f rom UC2 powder. 
t u re  and indicate that the carbon-carbon bonding i s  of a type between the double and 
t r ip le  bond. 
posit ions.  

X-ray  and neutron diffraction data  have 
The data  conf i rm the body-centered te t ragonal  s t ruc -  

Fur the r  calculation of the carbon pa rame te r  i s  in p rogres s  to refine the 

Neutron diffraction data were  obtained for  uranium sesquicarbide,  U2C3.  
ing to  X-ray data  the compound is body-centered cubic in  space group IJ3d. 
the neutron-diffraction pa t te rn  showed a detectable (200)  reflection, which means  that 
the space group choice is incor rec t .  

Accord- 
However, 

The data  a r e  being fur ther  analyzed. 
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J .  CORROSION PROBLEMS ASSOCIATED WITH THE RECOVERY 
O F  SPENT REACTOR F U E L  ELEMENTS 

C. L. Pe te r son ,  P. D. Mil ler ,  I:. F. Stephan, 0. M. Stewart ,  
J .  D. Jackson,  W .  C. Baytos,  T.  E. Snoddy, a n d F .  W .  Fink - .  

The evaluation of ma te r i a l s  of construction for  use  in  the var ious proposed proc-  
e s s (  s ' f o r  the-r-ecoy$!ry of spent reac tor  fuel e lements  has  been continued.> 
/ .___ __ --__ __/ --------- - *- ----- - - ._ _ _ _  

'-Titanium continues to be a promising ma te r i a l  for  u se  in the construction of both 
the jlissolver and the feed-adjustment tank fo-r the Darex  process.> 

IC___/ 
/-------.".--- -~ - -_, - -----------. 

<-Nionel showed sufficient promise  during scouting experiments  to  m e r i t  fur ther  

8 

- 

cons ideration for  evaluation as a container ma te r i a l  in the Sulfex-Thorex dissolution 
process .  Carpenter  20 Cb is being evaluated by al ternate  exposure to the Sulfex and 
Thorex  solutions. 
m e r  it. 2 

At present ,  the data a r e  not sufficient to  draw conclusions as  to i t s  

I 

'"The Ino r ' s ,  1 and 8, a r e  under investigation in the molten ZrFq-NaF  bath at 
pres ent. The new Hastelloy B mel t  containers for  this  bath appear  to function well. 

The Darex  P r o c e s s  

Uranium can  be recovered  f r o m  fuel e lements  containing s ta in less  s tee l  as  a 
di1uc:nt o r  cladding by means  of the Darex  process .  The elements  a r e  f irst  dissolved in  
diluie aqua regia.  The chlorides a r e  s t r ipped f r o m  t h e  solution with concentrated n i t r ic  
acid and, following suitable adjustment,  the dissolved uranium is recovered  by conven- 
t ionid solvent extraction. 

Dissolver  Studies With Titanium 
-, 

The flowing dissolver  has  been kept! in  operation, but no examination of the speci-  
mens  was conducted during the past  month. 

FAT Studies With Titanium 

The var ious plain, welded, and s t r e s s e d  specimens of Ti tanium 55A and 75A were  

The  cor ros ion  r a t e s  were  small and of the s a m e  
examined following 16 weeks of exposure to boiling solutions represent ing the init ial  
concitions in  the feed-adjustment tank. 
o rde r  as measured  a t  the end of 12 weeks. 

One of the hairpin-shaped s t eam tubes of unalloyed Ti tanium 55A was r'emoved 
follcwing slightly over 10 weeks of exposure t.o the F ina l  FAT solution. A portion of the 
tube on both s ides  of the meniscus under the l a r g e  deposit that  accumulates  there  was 
rem,>ved and sectioned. 
thiclmess of the specimen tube nor any changes in its mic ros t ruc tu re  that might indicate 

Metallographic examination revealed no necking down of the 
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se r ious  attack occurr ing beneath this  deposit. The tube was welded together and 
replaced on tes t .  

A Titanium A-40 s t eam tube was cleaned and examined for  the first t ime  af te r  9 
weeks of exposure to the F ina l  FAT solution. The usual  accumulation of deposit had 

e '  

occurred  at the meniscus,  and the crystal l ine coating had formed beneath the surface of 
the liquid, but removal  of these revealed a surface,  unattacked, as  f a r  as could be 
dis cerned. . 

Other s team tubes a r e  still being exposed and were  not examined during the month. 

It is thought 
A study of the problems associated with the removal  of the crystall ine deposit which 
occurs  below the surface of the solution on these tubes will be s ta r ted  soon. 
that this  deposit may  in te r fe re  with heat t r ans fe r ,  and a suitable means  of remote 
removal  will be desirable .  

The Sulfex-Thorex P r o c e s s  

Various meta ls  a r e  being evaluated for  u se  as container ma te r i a l s  for  the dissolu- 
t ion s tep of a proposed Sulfex-Thorex process .  
clad fuel e lements  of thorium o r  thoria  would be dejacketed by dissolution in sulfuric 
acid.  
M "03, 0. 05 M F-. At the end of this  dissolution, the final Thorex  solution would be 
about 8 .5  M "03, 0 .05  M F-, and 1 .0  M Th(NO3)4. 

In this  par t icular  p rocess ,  s ta in less -  

Following this ,  the thorium or  thoria  would be dissolved by a solution of 13. 0 

Scouting experiments  with Nionel specimens have indicated that this alloy m e r i t s  
fur ther  evaluation for u se  as a container mater ia l .  Other experiments ,  in which 
Carpenter  20  Cb specimens were  exposed to  F ina l  Thorex  solutions containing 0. 1 and 
0. 2 M thorium additions, show that 0. 2 M additions reduce the cor ros ion  m o r e  than 
0. 1 M y  but nei ther  a r e  so  effective as corresponding additions of aluminum. 

A cyclic study has  been s ta r ted  with Carpenter  20 Cb specimens being cycled be-  
tween boiling Sulfex and Thorex  solutions. 
Study 1, the specimens a r e  exposed for 3 h r  in 6 M H2SO4 followed, af ter  careful  r i n s -  
ing, by a 5-hr  exposure in  F ina l  Thorex  solution containing 0. 2 M aluminum. 
a similar t ime cycle is maintained between boiling solutions of 4 M H2SO4 and Initial 
Thorex  containing 0. 2 M aluminum additions. 

Twenty cycles  have been completed. In 

In Study 2, 

In both s tudies ,  the highest  cor ros ion  r a t e s  were measu red  for the liquid-phase 
specimens.  All the corrosion r a t e s  a r e  decreasing with continued exposure.  In Study 1, I 

the r a t e  i n  the liquid s ta r ted  at about 3 mils pe r  month and is now below 2, while in  
Study 2 the ra te  has  been consistently higher ,  s tar t ing nea r  5 and decreasing near ly  to 2. 
The corrosion r a t e s  based on the combined weight l o s s e s  of two se t s  of specimens which 
have not been cycled but which, taken together ,  have endured the same  amount and type 
of exposure as the cycled specimens,  a r e  always higher than those based on the com- 
parable cycl'ed specimens.  In other words,  cycling does not impose a m o r e  severe ly  
cor ros ive  sequence than the combined fo rces  of the two conditions. 
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J - 3  and J - 4  

There  is an  indication that a t  l ea s t  the par t icular  Carpenter  20 Cb stock being used 
for  I-hese specimens shows t ranscrystal l ine corrosion a f te r  exposure in  the sulfur ic  acid 
solution at points subjected to  deformation s t r e s s  p r io r  to  the beginning of the exposure.  
The exact nature  and severi ty  of this  attack i f 3  one of the objectives of investigation a t  
p r e f  ent. ' .  

3 - 7  The Fluoride -Volatility P r o c e s s  

Fuel  e lements  containing zirconium as .a diluent o r  cladding can  be recovered by a 
The f i r s t  s tep consis ts  of hydrofluorination of the elements  fluo:m*ide-volatility process .  

in  a molten bath of Z rFq-NaF  with a s t r e a m  of HF. 
NaF may  be employed. 
s oug ht . 

An a l te rna te  bath of molten LiF- 
A ma te r i a l  of construction fo r  this  hydrofluorinator is being 

Two runs  a r e  under way in  the new me l t  containers constructed f r o m  Hastelloy B. 
Specimens of Inor-1 and Inor-8 

P r e s e n t  plans cal l  for  inspection of these  specimens at the end of 500 
The 

Both a r e  being conducted in the molten ZrFq-NaF  bath. 
a r e  mder  study. 
h r  0' exposure.  
thirti mel t  container will be f i l led with a L iF -NaF  mix and one of the two Ino r ' s  will be 
stud ed in this  system. 
well If this  performance continues, severa l  m o r e  will be constructed along the s a m e  
d e s i p .  

At this  t ime,  specimens will a l so  be inser ted  in  the vapor phase.  

The new design of the me l t  container s e e m s  to  be functioning 

...... . . . . .  ..... . . . .  . . . . .  
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L. STUDIES OF SODIUM-TAYNTALUM COMPATIBILITY 
AT ELEVATED TEMPERATURES 

J. H. Stang 

Studies to determine c reep  charac te r i s t ics  of tantalum in sodium and in  iner t -gas  
environments and a n  investigation of problems associated with the welding of tantalum 
arc being supported by Los Alamos Scientific Laboratory.  
per t inent  to  the LAMPRE development p rogram;  this reac tor  concept is based on the 
containment of a plutonium-alloy fuel in a small sodium-cooled all- tantalum vesse l .  

The  information sought is 

Recently,  c r eep  data fo r  tantalum specimens simultaneously s t r e s s e d  and exposed 
to :200 F flowing sodium have indicated that the sodium environment has  a beneficial  
effr:ct on s t rength.  
of ] , resent  knowledge. In iner t -a tmosphere c reep  t e s t s ,  additional data f o r  tantalum 
specimens s t r e s sed  at 900 and 1500 F a r e  reported.  
has been negligible at 20,000 and 25,000 ps i ;  the s a m e  is t rue  at 1500 F for  loadings up 
to I ! ,  000 psi .  

Reasons fo r  this  unexpected t rend  cannot be advanced on the bas i s  

At the lower tempera ture ,  c r e e p  

Current ly ,  an objective of the welding r e s e a r c h  is to demonst ra te  conclusively 
tha,:  a relatively high carbon content improves  the soundness of tantalum welds.  
of in te res t  a r e  fur ther  explorations into the use of ul t rasonic  excitation to reduce weld 
gra in  size.  
sonic energy was constructed and successfully run. 

Also 

During Apri l ,  a n  apparatus  capable of introducing a l a rge  amount of u l t ra -  

Tantalum-Sodium Co:maatibilitv Studies 

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

Small forced-convection polythermal  loop systems fabricated of Type 316 stain- 
l e s s  s tee l  a r e  being employed to  p rocure  information related to the effects of sodium 
exposure on the c reep  behavior of tantalum. 
specimen is simultaneously s t r e s s e d  and exposed to  1200 F low-oxygen-content (< 10 
ppri)  flowing sodium. The  c reep  of the specimen is monitored during the exposure.  

In each of these  loop sys tems,  a tantalum 

At the end of Apri l ,  four  of the five exjperiments conducted during the  month were  
s t i l l  in  p rogres s .  
ened to prevent  deformation in  the g r ip  portions (as was d iscussed  in BMI-1259). 
Cr6:ep data  f r o m  these  experiments  a r e  presented  in  Table L-1. 
sor iewhat  lower than those previously established f o r  1200 F arc-cast tantalum 
str  Jssed in helium, 
onlr  known ma jo r  change in tantalum f r o m  exposure to low-oxygen sodium is  a reduc-  
tiort in  oxygen level and a corresponding dec rease  in hardness .  In general ,  such 
changes in a ma te r i a l  should produce lowered s t rength at elevated tempera tures .  

These  experiments  utilized a r c - c a s t  tantalum specimens s t rength-  

The  c reep  r a t e s  a r e  

This  evidence of increased  s t rength  in  sodium is surpr is ing.  The 
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TABLE L-1. CREEP DATA FOR ARC-CAST TANTALUM OBTAINED DURING EXPOSURE TO HIGH-TEMPERATURE SODIUM 

Loop Conditions: 
Exposure Temperature 
Fluid Temperature Cycle 
Flow Rate Approximately 1 /2  fps 

1200 f 10 F 
Approximately 80 F and 160 F 

T ime  in Time to Reach Indicated Percentage 
Minimum 

Total Creep Rate, 
Stress, 

psi  
Progress, 

hr 
Deformation, hr Deformation, 

0.1 0.2 0.5 1 . 0  per cent 
per cent 

per hr 

<o. 0001 -- 0.40 

~ 0 . 0 0 0 1  22,000@) 537 4 24 0 - -  0.40 - -  

26, OOO(b) 367 0.6 3 12 264 1. 07 0.0014 

26, OOO(b) 211 0.5 1 . 8  7 18 1. 65(d) 0.0006 

26,00O(a) 65 0 .3  0.8 4 - _  , 0.90 - -  

(a )  Fluid temperature cycle, 160 F. 
(b) Fluid temperature cycle, 80 F. 
(c) Terminated because the creep was negligible (remaining experiments still in progress). 
(d) The first-stage creep for this experiment was higher than was the case for its duplicate. Thus, the total deformation at the 

end of 211 hr was relatively high. 
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While i t  is difficult to s e e  how ei ther  the par t icu lar  lot of tantalum employed o r  
the specimen-loading and creep-monitoring :system being used could be responsible  f o r  
thif unexpected effect, these  possibi l i t ies  a r e  to be thoroughly checked out. 
addition, consideration will be given to planning of experiments  that  can provide in-  
for  na t ion  which can help to explain the apparent  i nc rease  in s t rength caused by sodium 
exF os ur e. 

In 

High-T empera ture  Mechanical P rope r t i e s  of Tantalum 

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

P re l imina ry  experiments  with the recently modified vacuum-induction furnace 
have indicated that  fa i r ly  la rge  ( seve ra l  hundred grams) tantalum specimens can be 
degassed at 4800 F without difficulty. 
wal e r  -cooled furnace jacket  and elimination of radiation shields  have provided sub - 
staitial improvement  in  operating charac te r i s t ics .  Work is in p r o g r e s s  to obtain a 
sufficient stock of thermally degassed tantalum f o r  cold rolling to s t r ip ,  machining into 
crE ep-test  specimens,  and recrystal l iz ing b.y annealing to produce a fine -grained 
st r uctur e. 

Substitution of c l ea r  qua r t z  fo r  Vycor in the 

A lot  of tantalum, which was produced by the electron-beam melting technique, 
has been received. 
suEplied was to  be  quite low in in te rs t i t i a l  content and was to have a hardness  c o r -  
responding to  the 40 to 60 VHN range. 
tioil of the ingot, however,  showed values of about 83 VHN. 
being made to determine whether cer ta in  inters t i t ia ls  a r e  contributing to the h igher -  
tha n - exp e c t ed ha r dn e s s . 

According to the manufac turer ' s  specifications,  the product 

Hardness  measurements  on a t r a n s v e r s e  s e c -  
Chemical analyses  a r e  

Creep  t e s t s  ( in  helium) on annealed a rc -cas t  tantalum shee t  specimens at 900  and 
15(10 F a r e  continuing. 
pe i iods  of about 300 h r .  
at loads of 20,000 and 25,000 psi ;  loadings of 30,000 and 40,000 p s i  produced minimum 
c r e e p  r a t e s  of approximately 0. 00004 and 0.00046 p e r  cent  p e r  h r ,  respect ively,  Data 
obtained at 1500 F show negligible c reep  with loadings of 5000, 6000, and 8000 ps i .  
loading of 10 ,000  ps i  produced an  approxima.te minimum c r e e p  rate of 0.00003 p e r  cent  
pel  h r .  

The loads at both t empera tu res  have been increased after 
The resu l t s  have indicated that at 900  F c reep  was negligible 

A 

Weldability of Tantalum f o r  High-Temperatur e Sys tems 

J .  J. Vagi, S .  M. Si lvers te in ,  and R .  P. Sopher 

Recently,  the investigation of the cause of porosi ty  in  welds of tantalum has  been 
cor cerned p r imar i ly  with ascer ta ining the influence of var ious  carbon levels .  
t e s t s  indicated that  porosi ty  in  tantalum welds can b e  reduced markedly  m e r e l y  by 
coi,ering the weldment sur faces  with graphite before welding. 

P r i o r  

The recent  studies were  
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designed to inc rease  the carbon content of a low-carbon unweldable lot  of tantalum by 
exposing the sheet  ma te r i a l  to a CH4 a tmosphere  a t  elevated tempera ture .  As a r e su l t  
of this  t rea tment ,  carbon was adsorbed on the sur face  of the tantalum specimens;  how- 
ever ,  subsequent heat  t rea tments  at 1000 C ( in  argon)  did not diffuse the carbon to the 
center  of the sheet.  
enization t rea tment  could have removed some of the added carbon f rom the samples  
s ince,  at 1000 C,  tantalum carbide will reac t  with oxygen to produce tantalum oxide 
and carbon monoxide. 
of carbon to  combine with any oxygen that  might be  in  the sys tem at the time of homog- 
enization. Once the carbon is 
diffused into the tantalum, a n  analysis  of the ma te r i a l  will be  made and welding studies 
will be performed.  

It is suspected that any oxygen in the sys t em during the homog- - "  

At present ,  additional studies a r e  in  p r o g r e s s  to add an  excess  " 

Plans  a r e  to study the effects of t h ree  levels  of carbon. 

The use of ul t rasonic  excitation has  reduced the g ra in  s i ze  of a r c  welds of tanta-  
However, weld-metal  expulsion (when excitation takes  place during welding) and lum. 

reproducibil i ty have been a problem. 
method of coupling the acoust ical  horn  (ul t rasonic  source)  to the t e s t  specimen. 
tain a be t te r  couple, a new horn containing a slit to accommodate the tantalum speci-  
mens  has  been designed and evaluated. This  newly designed horn has  given specimen 
displacements of approximately 1 mil at a 20 p e r  cent power fac tor ,  whereas  the old 
horn was capable of impart ing a maximum motion of only 0. 5 mil at a power factor  of 
100 p e r  cent. 
which appears  to have caused weld-metal  expulsion. 
made  of the effect of s t r e s s  impar ted  by the new acoust ical  horn on grain s ize .  

These  difficulties have been attr ibuted to the 
To ob- 

In addition, the new design has  minimized extraneous t r a n s v e r s e  motion, 
At p re sen t ,  s tudies  a r e  being 

The major  effort  in res i s tance  welding consisted of the preparat ion of tubes and 
header  stock f o r  an evaluation of the mos t  promising joint  designs.  
chining work has  been completed, and it is expected that additional welded samples  will 
soon be available f o r  testing and examination. 

Most of the ma- 

. 
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M. DEVELOPMENTAL STUDIES FOR THE PWR 

R. W. Dayton 

Flow studies in  the PWR model  have been r e sumed  with attention being concen- 
tra1,ed on mixing in the lower plenum. 
at the expense of i hc reases  in  p r e s s u r e  drop. 
efficient de sign configurations. 

Improvements in  mixing have been obtained, but 
Studies a r e  being continued to obtain m o r e  

Studies of the X-ray photometer a r e  continuing. The shielding is  being improved;  
sensitivity t e s t s  a r e  in  progress .  

Studies of the gas -p res su re  bonding of plate-type oxide elements  a r e  continuing 

Ea r ly  r e su l t s  
witli the study of a two-'step p rocess ,  alpha-phase bonding at a low tempera ture  to pro-  
due'. a par t ia l  bond followed by be ta  annealing to complete the bonding. 
are encouraging, and seve ra l  radiation samples  have been  prepared .  

Re actor  - Flow Studie s 

L. J. Flanigan an'd H. R. Hazard 

Studies in  a quar te r -sca le  air-flow model  of the PWR a r e  being conducted to de te r -  
m i n -  the effects of lower-plenum geometry 0 1 1  mixing and on flow distribution in  C o r e  2. 
P r e  ,riously repor ted  work includes flow studies with the 9-ft  c o r e  design, relocation of 
the nodel  and t e s t  apparatus  in  a new laboratory building, installation of a per fora ted  
flow baffle to be  used to s imulate  a 7-1/2-ft  c o r e  design, and pre l iminary  core-flow dis-  
t r ib  iition and mixing studies.  

During the pas t  month,  mixing in  five different lower-plenum configurations was 
The mixing was studied. The first configuration was the basic  7-1/2-ft  core design. 

poor.  The ma jo r  portion of the flow f r o m  the t r aced  inlet  passed  through the c o r e  in  the 
quac,rant adjacent to that inlet. The maximum concentration of air f r o m  the t r aced  inlet  
f o u n j  in one simulated fuel assembly  was 99 pe r  cent. The s ta t ic  p r e s s u r e  drop between 
the inlet  pipe and a point downstream of the flow baffle was 8. 1 in. of water.  

In the second configuration, turning vanes were  attached to each inlet  to produce a 

These vanes d i rec ted  
vortex in  the lower plenum, 
11/16 in. apa r t ,  and inclined 45 deg was insta.lled over  each inlet. 
the flow tangentially around the bottom dome. 
amoimt of fluid f r o m  the t raced  inlet  found i n  any fuel assembly  was  reduced to 79 p e r  
cen t ,  but the s ta t ic  p r e s s u r e  drop between the inlet  duct and downstream of the flow baf- 
f l e  w a s  31. 2 in. of water .  

A 4-in. -ID r ing having s t ra ight  vanes 1 in. wide, spaced 

With this  configuration the maximum 

Configuration 3 was designed to maintain vor tex  flow in the lower plenum, but  with 
lower p r e s s u r e  lo s s .  
sixty vanes 3 / 4  in. wide were  attached to the ring at l - in .  intervals .  
posilioned at an  angle of 60 deg f r o m  a radius  and extended f r o m  the flow baffle to a 
c i r c l e  on the bottom dome tangent to the botto:ms of the inlets.  

A r ing of 18-3/4-in. d iameter  was installed on the flow baffle; 
The vanes were  

With th i s  configuration 
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the maximum amount of fluid f r o m  the t r aced  inlet  found in  any fuel assembly  was 65 pe r  
cent. 
was 16. 7 in. of water .  With Configuration 3 ,  some of the fluid passed through holes in  
the flow baffle located outside the turning-vane r ing ,  without flowing through the vanes.  
In Configuration 4 ,  these holes were  plugged with masking tape. 
mixing study showed that the maximum amount of fluid f r o m  the t raced  inlet  was 58 per  
cent. The fluid f rom the t raced  inlet  was well distributed over  the core  with the excep- 
t ion of an  a r e a  in  Regions 3 and 4 about 45 deg f r o m  the t r aced  inlet  opposite f r o m  the 
direct ion of rotation of the fluid. 
tom of the core  was 18. 7 in. of water.  An analysis  of p r e s s u r e  distribution data indi- 
cated that the fluid f rom any inlet  flowed about 45 deg in  each direct ion in the space be-  
tween the vanes and the bottom dome and then passed  through the vanes.  

The s ta t ic  p r e s s u r e  drop between the inlet  pipe and downstream of the flow baffle 

Resul ts  of the fourth 
I 

- 
c 

The s ta t ic  p r e s s u r e  drop  between the inlet and the bot- 

In Configuration 5 ,  to obtain both t r aced  air and clean air 90 deg in  each direct ion 
f r o m  an  inlet ,  horizontal  dividers  were  placed in  the space outside the vaned r ing ,  ex- 
tending f r o m  the top of one inlet  to the bottom of the adjacent inlet .  This  configuration 
eliminated the high concentrations in Regions 3 and 4,  45 deg f rom the t r aced  inlet ,  and 
opposite f rom the direction of rotation, but over -a l l  mixing was not so good, with a max- 
imum concentration of fluid f r o m  the ' traced inlet  of 70 per  cent. 

Because the high concentrations of fluid f r o m  the t r aced  inlet  were located near  the 
per iphery of the c o r e ,  studies in  May will be  made  to determine the effect of thermal -  
shield coolant flow on mixing resu l t s .  In addition, other devices will be studied in a n  
at tempt  to obtain adequate mixing with lower p r e s s u r e  loss .  

X-Ray Photometr ic  Examination of F u e l  Elements  

J. B.  Schroeder  and C.  M. Schwartz 

Work on the development of an  X-ray photometer for  the inspection of fuel e lements  
has  been resumed.  
cated sat isfactory operation. 

The apparatus  is essent ia l ly  completed,  and init ial  t e s t s  have indi- 

Minor modification of the X-ray shielding is being made  to provide adequate safety. 
Sensitivity t e s t s  on flat-plate f i l ler  ma te r i a l  and on fuel-pin end c losures  a r e  in  prog- 
r e s s .  These  t e s t s  will complete the work planned. 

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

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

, 

Flat-plate  Zircaloy 2-clad fuel e lements  containing compartmented uranium dioxide 
fuel a r e  being considered for  PWR Core  2. 
the preparat ion of these  fuel e lements  by gas -p res su re  bonding, in which helium gas 
p r e s s u r e  at elevated t empera tu res  is used to obtain metal lurgical  bonding of the 
components. 

An investigation is being conducted to study 

............ . . . . . . . . . . . . .  : ... **: :: 
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Presen t ly ,  this  study consis ts  of developing a two-step bonding process .  Gas-  
pre : ; sure  bonding is used to obtain a strong bond in  the init ial  s tep,  and heat t rea tment  
at 1550 F to promote complete gra in  growth a c r o s s  the bond interface is  the final step.  

Six edge-welded specimens with vapor-blasted and pickled components and con- 
taining na tura l  uranium dioxide c o r e s  were  b'onded at 1200 and 1350 F and 3500 ps i  and 
at 1400 to 1500 F and 5000 psi. Bonding t ime was  4 h r .  

After the gas-pressure-bonding operat ion,  the specimens were  wrapped in molyb- 
deniim foil  and heat  t rea ted  in  a ba r ium chloride salt bath for  5 min at 1850 F. After 
healing, the specimens were  quenched to approximately 1200 F in a helium b la s t  and 
ther water quenched to room tempera ture .  
lographically examined for  core- to-clad react ion and bond integrity. 
exainination disclosed that the specimens bonded at 1200 F did not experience any 
cor(:-to-clad react ion;  however,  the specimens did not bond proper ly  at this  tempera-  
tu re .  The specimen bonded at 1350 F exhibited much be t te r  bond integrity with no ap- 
part:nt reaction; however,  the bond was questionable in a r e a s .  
in  tl.Lis s e r i e s  were  obtained with the specimens bonded at 1500 F; near ly  equivalent 
boncling was observed in  specimens bonded at 1400 F. 
fusiljn for  the specimen bonded at 1400 F was 0. 0006 in. , while the amount of diffusion 
obtained at 1500 F during gas -p res su re  bonding and subsequent heat  t rea tment  was 
0. O(117 in. 

The specimens were  sectioned and metal-  
The r e su l t s  of this  

The b e s t  bonding r e su l t s  

The average core- to-clad dif- 

The r e su l t s  obtained with these specimens suggest that  the two-step p rocess  may  
be f ?as ib le ,  s ince fa i r ly  good bonds were  obtained even though the surface prepara t ion  
by E'ickling h a s  previously been proven to be  de t r imenta l to  bonding. 
m e n t s  will be  made to prepare  and gas -p res su re  bond m o r e  of these  edge-welded-type 
spec imens.  However,  in  this  ca se ,  the sur faces  of the specimens will be  bel t  abraded 
p r io r  to edge welding. 

Therefore ,  a r r ange -  

In an  at tempt  to determine the m o s t  suitable surface for  specimens that a r e  bonded 

The sur face  prep-  
in  tl. e alpha followed by a be ta  t rea tment ,  s eve ra l  f lat-plate specimens have been run, 
using different surface preparat ions and pressure-bonding conditions. 
a ra t ions  included a hydrofluoric acid pickle followed by immers ion  in  boiling sodium hy- 
dro,.ide, a hydrofluoric acid pickle followed by a sulfuric acid pickle,  and the bel t -  
abr: ded surface preparat ion.  
spec imens ,  since this  type of surface preparat ion was previously shown to produce a 
favorable bond. 
pre: s u r e  was  var ied  between 5,000 and 10,000 psi ,  
of 4 h r  was employed. 

The bel t -abraded specimens were  used as control  

Tempera ture  was var ied  between 1400 and I500 F for  these t e s t s ,  while 
A cons tan t -pressure  bonding t ime 

After p r e s s u r e  bonding, the samples  were  heated i n  ba r ium chloride fo r  5 min  at 
185C, F, as previously described. 
pa r€  d and a r e  being examined to determine thle optimum bonding conditions. 

These  specimens have been metallographically p r e -  

Severa l  s e t s  of i r radiat ion specimens have been bonded, hea t  t rea ted ,  examined, 
and shipped out for  testing during this  month. 
tion:; used were  4 h r  at 1500 F and 10,000 ps i  followed by a 5-min hea t  t rea tment  at 
185C F. 

In all c a s e s ,  the pressure-bonding condi- 

Additional i r radiat ion specimens will b e  prepared  and bonded during May. 
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A s e r i e s  of 75 la rge-s ize  specimens with uranium dioxide co res  a r e  being proc-  
e s sed  for  bonding s tudies ,  to determine whether unexpected problems a r e  encountered 
with l a r g e r  specimens.  

Studies of the core- to-clad react ion,  clad ductility, fragmentation of the oxide . -  
core  during bonding and hea t  t rea tment ,  and the effects of the 1850 F heat t rea tment  on 
the bond integrity a r e  a lso being investigated with these l a rge -  s ize  specimens.  

r' 

P 
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N. EVALUATION OF URANIUM MONlOCARBIDE AS A REACTOR FUEL 

F. A. Rough 

The development of casting techniques Sor the preparat ion of uran ium monocarbide 
samples  is a key factor  in  this  program.  
successful ,  and techniques have been adopted for  grinding and dril l ing samples .  
e ra1  l e  physical testing remains  to be done , but the f i r s t  s teady-state  conductivity data 
for  Ihe cas t  carbide a r e  reported.  

Thus far the development has  proved quite 
Consid- 

The values a r e  comparable  to  those of uranium. 

Specimens a r e  being prepared  for  the f i r s t  i r radiat ion experiments .  

Casting Techniques for  the Prepara t ion  of Uranium Monocarbide 

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

The initial phase of a p rogram to  study and evaluate uranium monocarbide as a 
possible r eac to r  fuel ma te r i a l  is well under way and is proceeding on a n  acce lera ted  
schedule. 

Thermal-conductivity data have been obtained on cas t  UC during the pas t  month. 
Theimmal conductivity was found to  be a lmost  a s  high as that for  uranium meta l  and many 
times higher than values reported for  U 0 2  in the same  tempera ture  range.  It i s  i n t e r -  
estiitg that  while the thermal  conductivity of U 0 2  dec reases  with increas ing  tempera ture  
over the range of 100 to  700 C,  these pre l iminary  data  show that UC reaches  a minimum 
at albout 400 C and inc reases  again up to 700 C .  
conditions at 100,  400, and 700 C were  0.060,  0.054, and 0.059 c a l / ( s e c )  ( c m )  (C) ,  
respectively.  Additional conductivity measurements  will be made to  de te rmine  the 
reproducibil i ty of these data. 

Tentative values under s teady-state  

In the preparat ion of specimens,  be t te r - formed cast ings a r e  being made  as the 
r e su l t  of a 1/64-in. hole dr i l led through the bottom of the graphite mold. 
allo\vs entrapped o r  absorbed gas to  escape when the molten monocarbide is  poured into 
the Inold. 

This  hole 

The  problem of occasional spalling of U C  sur faces  during grinding has  been r e -  
The spalling was found to  be caused by the procedure followed during the solv-d.  

mac line -grinding operation. 
carbide were  torn  f r o m  the castings.  
eliminated this  t'loading". 
fornier ly  used completely eliminated the spall.ing tendency. 

The  grinding wheel became "loaded" and par t ic les  of 
Dress ing  of the wheel at m o r e  frequent in te rva ls  

Substitution of a d:tamond wheel for  the Alundum wheel 

All specimens to be used in  the next s e r i e s  of t e s t s  have been prepared  and radio-  
graphed. The present  and planned testing p rograms  include long- te rm compatibility 
stud e s  with NaK, thermal-shock t e s t s  on specimens in NaK-filled capsules ,  and impact  
tes t :  on dr i l led and undrilled specimens.  
In acldition, t he rma l  cycling of a s - c a s t  and ground specimens,  hea t - t rea tment  s tudies  at 

These  t e s t s  a r e  repor ted  in  the next section. 
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elevated tempera tures ,  modulus -of-elasticity measurements ,  and a room-tempera ture  - 
resis t ivi ty  determination a r e  to be made. 

As a resu l t  of a des i re  for  i r radiat ion data as soon as possible,  i r radiat ion 
specimens will be prepared very  short ly  for  loading the f irst  capsule.  
capsule will be i r rad ia ted  to about 1000 MWD/T in the MTR. 
schedule, the des i red  enriched fuel will not be available for  the f i r s t  specimens.  
fore ,  it will be necessary  to blend different enr ichments  to produce uranium enriched 
to about 8. 3 w/o  uranium-235. 
mens  (3 /8- in .  diameter  by 2 in. long) and three  controls  will be requi red  for this  f i r s t  
cap sul e. 

This  init ial  
Because of the acce lera ted  

The re -  

These  effor ts  have been initiated. A total  of two speci-  

A total of 1 2  enriched specimens (1/4- in .  diameter  by 1 / 2  in. long) and six control 
specimens will be required for  another capsule to be i r rad ia ted  in the Battelle Resea rch  
Reactor .  
t empera ture .  
var ious tempera tures  to obtain pre l iminary  data on the gas-releasing charac te r i s t ics  of 
the carbide.  

This  capsule will be of simple design and will operate  at a relatively low 
After severa l  hundred MWD/T i r rad ia t ions ,  specimens will be heated at 

I r radiat ion-  C ap  sul e De sign for  Uranium Mono carbide 

R.  B. P r i c e ,  R. H. Barnes ,  E. M. Chandler,  
and G. D. Calkins 

NaK compatibility t e s t s ,  basket  design, and i r radiat ion-capsule  design a r e  under 
way with a ta rge t  date of May 15, 1958, for  the completion of the fabrication of the first 
capsule. 
mental  plutonium-core t e s t  at the MTR tentatively scheduled to  begin May 26, 1958. 
Ta rge t  dates  for the scheduled two-cycle i r radiat ion of the f i r s t  capsule a re :  

The i r radiat ion schedule will depend to  a considerable  degree on the experi-  

(1)  Reactor  loading - Ju ly  7,  1958 
(2)  Reactor  discharge - August 18, 1958 
(3)  Hot-cell delivery - September  1, 1958. 

The inser t ion schedule for  the six additional capsules  in  the original p rog ram 
remains  unchanged except for  the substitution of one capsule in  the Bat te l le  Resea rch  
Reactor  for  one of the MTR capsules .  

The NaK compatibility t e s t s  of uranium-4.8 w / o  carbon specimens in  s ta in less  
s tee l  containers which have been completed a r e  tabulated below: 

Exposure Time, Temperature, 
Test Basket Material weeks F - - 

1 hl olybdenum 2 1100 

2 . Molybdenum 6 

3 Molybdenum 2 

4 Stainless steel 2 
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Specimens in  all t e s t s  remained intact  iind no penetration of NaK was observed. 

Weight l o s ses  of the o rde r  of 5 m g  occurred  for 
.However, one specimen f r o m  T e s t  1 spalled islightly af ter  standing about 1 week in  a 
desiccator  following the t e s t  period. 
eaclt specimen. The 
weii:ht l o s ses  were  about the same  for  both the 2- and the 6-week t e s t s  a t  1300 F. This  
indizates that no continuing attack occurred  af ter  the initial weight l o s s  which possibly 
reszilted f rom specimen-surface cleanup, saturat ion of NaK with carbon o r  depletion of 
oxyg;en f rom the NaK. The sys tems UC-Mo-NaK and UC-stainless steel-NaK appear  to  
be compatible at the tes t  t empera tures .  

The re  was a slightly g rea t e r  weight l o s s  a t  1300 than at 1100 F. 

The following long-term NaK compatibility t e s t s  of uranium-4.8 w / o  carbon 
spec.imens in  s ta inless  s tee l  containers a r e  under way:' 

Exposure Time, Temperature, 
weeks F - -- Test Basket hlaterial 

5 Molybdenum To be determined 1100 

6 Stainless steel To be determined 1100 

Thermal-shock t e s t s ,  ten cycles f rom l300 F to room tempera ture  in a few min-  
u tes ,  of two new and two previously tes ted specimens ( T e s t s  1 through 4) a r e  being 
prepared.  
tes t : ;  of new solid and ultrasonically dr i l led specimens will be made.  

Two of these specimens will be dr i l led ultrasonically.  Also physical d rop  

Fur the r  compatibility t e s t s  of UC speci:mens with organic  l iquids were  conducted. 
A remotely operated UC-CC14 compatibility t e s t  was conducted a t  70  and 120 F to  
determine the possibility of react ion,  but no reaction was observed. 
specimen was immersed  in  CCl4 for 1 ,  3,  and 5 h r  with no resul tant  weight change. 
Likewise,  specimens were tes ted in  acetone and methyl alcohol with no weight changes. 

Subsequently, a UC 

As a check on pa r t  of the preirradiation-inspection procedure,  specimens were  
cleaned in CCl4, weighed, baked at  5 0 0 - p  pres su re  and 180 F for 2 h r ,  and reweighed 
with no significant weight change. 

Specimen-basket and i r radiat ion-capsule  de sign and fabrication drawings have 
beer" completed. Fabricat ion of these components should be completed by May 15. 
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0. DEVELOPMENTS FOR NMSR 

A. W.  Hare  and 1%. F'. Dickerson 

The r e s e a r c h  and development repor ted  i n  this  section is p a r t  of the Nuclear 
Merchant Ship Reactor  P r o g r a m  sponsored by the Babcock & Wilcox Company. 
cui ' rent  work is being directed toward the fabrication and subsequent i r radiat ion of pro-  
t o t p e  fuel pins in  the Babcock & Wilcox Cornpany's dynamic t e s t  loop at the MTR. 
Alrlo, r e s e a r c h  is being conducted on the safety aspec ts  of th i s  r eac to r  by simulation of 
v a ~ ~ i o u s  accident considerations with analog techniques. 

The 

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

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

This p rogram is a imed at the preparat ion of U02 specimens containing 3 to 7 -1 /2  
Bulk densit ies of about pel  cent U23502 fo r  i r radiat ion testing for the NMSR program.  

91 per cent of theoret ical  a r e  des i red .  

Previously,  processing conditions for  fabrication of pellets having the des i r ed  
der s i ty  were  established for  three of the four lo t s  of U02 being used in  this work. 
hur dred  and twenty pel le ts  about 1 / 4  in. in  d iameter  and 1 / 4  in.  high were  made.  
der si ty and open porosi ty  of representat ive pel le ts  a r e  given in  Table 0 - 1 .  

One 
Bulk 

TABLE 0-1. BULK DENSITIES AND POROSITIES OF U02 PELLETS 
CONTAINING 7.46 PER CENT U23502 

- - 
Bulk Density Open Closed 

Per C e Z Z  Porosity, Porosity, Furnace 
- Ru 11 G per ~ m 3  Theoretical per cent per cent 

3 10.04 91.5 4.8 3. 7 

9.88 90.1 7.3 2.6 c 

10.16 92.6 0.8 6.6 

4 10.12 93.2 1.3 6.4 - - 
Note: Results reported are average of two measurements. Bulk densities of duplicate specimens agreed within 0.08 g per cm3, 

or better. Per cent open porosities agreed within 1 per cent, or better. Bulk densities and open porosities were measured 
in accordance with ASTM C-373-55T, with the following exceptions: 

(1) Specimens were dried at  80 C prior to measurement of dry weight. 
(2) The balance used was an analytical balance capable of measuring to 0.0001 g. 
(3) Specimens weighed about 2-1/2 g. 
(4) Specimens were measured as they came from the furnace. 
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Additional trials were  made  during the pas t  month in  the effort to es tabl ish fabri -  
cation conditions for the sample of U02 containing 6. 05  pe r  cent Uz35O2 (Sample c) .  
The r e su l t s  of these t r ia l s  a r e  given in' Table 0 - 2 .  On the bas i s  of these data,  4-hr ball 
mill ing,  20,000 to  40,000-psi forming p r e s s u r e ,  and 2600 F sintering tempera ture  were  
established as sat isfactory conditions for  the requi red  specimens.  Fifty-five specimens 
about 1 / 2  in. in  diameter  and 1 / 2  in.  high were  prepared .  Measurement  of bulk density 
and open porosi ty  i s  not yet complete.  

TABLE 0-2. EFFECTS OF PROCESSING VARIABLES ON SINTERED (2600 F) DENSITY 
OF U02 CONTAINING 6.05 PER CENT U23502 

Bulk 
Forming Density Diametral Sintered Bulk Density, 

Ball-Milling Pressure, as Formed, Shrinkage, Per Cent of 
Trial Time, hr 103 psi g per cm3 per cent G per ~ m 3 ( a )  Theoretical( b, 

43 4 
44 4 

46 4 
47 8 
48 8 
49 8 

45(c) 4 

10  5.6 16.8 9.66 
20 5.9 is. o 9.79 
20 5.9 16.0 9. 80 
40 6.1 15.1 9.91 
1 0  5.9 17.0 10.21 
20 6.2 16.1 10.30 
40 6.4 15.2 10.34 

88.0 
89.2 
89.2 
90.3 
93.1 
93.9 
94.3 

(a) Calculated from the weight and size of the pellet. 
(b) Theore.tica1 density of U02 was taken as 10.97 g per an3. 
(c) Trials 44 and 45 were fabricated from the same batch of ball-milled material, and were sintered separately, 

Future  work will include fabrication of the additional pel le ts  requi red  for the in- 
pile capsule- i r radiat ion t e s t s .  

Fabricat ion of Loop-Test Fue l  P ins  

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

Previous work on this  p rogram has resu l ted  in the completion of four dummy fuel- 
pin assembl ies  for pre i r rad ia t ion  dynamic fuel t e s t s  in the loop. 
contained no U 0 2  pe l le t s ,  but were  fabricated and assembled  using the s a m e  techniques 
as were  planned for  the fueled pins.  

These assembl ies  

At the present  t ime all the in-pile tes t  specimens have been fabricated.  The fuel 
pins were  loaded with enriched urania  pel le ts  in  a helium atmosphere and were  welded. 

Upon completion of the welding, the fuel pins were  given a f luorescent  penetrant 
inspection to detect  any discontinuities such as c racks ,  shr inkage,  or  po res .  
followed by a check for  any helium leaks ,  and X-ray radiography to  determine the ex- 
tent of the fue l  a r e a s  in the tubes.  
t ra t ion of weld on each fuel pin. 

This was 

X-ray radiography was a l so  used to study the pene- 
Metallographic examinations were  made  on var ious 
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7 1  and 7 2  - 
0- 3 and. 0 -4  

I welds to  determine the penetration. Resul ts  of all t e s t s  indicated 100 per  cent penetra-  
tior of the weld. 
were  observed. 

No helium leakage or  discontinuities in the weld a r e a s ,  caps,  o r  tubes 

a >  Final  assembly of the fuel pins will be initiated upon completion of measurements  
of length, d iameter ,  and apparent densit ies of each specimen. 

6 0 

Simulation of Various Accident Considerations for 
the NMSR P r o g r a m  Using Analog Techniques 

J. J. Stone, J r . ,  B. B. Gordon, a n d R .  S. Boyd 

Research  i s  being conducted on the safety aspects  of foreseeable  accident types in 
connection with the Nuclear Merchant Ship P rogram.  
leci ed for analysis by analog- simulation tech.niques. 
drawal ,  s tar tup,  loss  of coolant flow, and cold-water accident.  
we1 e reported when completed previously. 

Four  accidents have been se-  
These a re :  continuous rod with- 

The f i r s t  two accidents 

L During Apri l ,  the effect of total  loss  of coolant flow was studied. Two cases  were  
considered: (1)  four pumps at  full speed, coasting to  no pumps,  and ( 2 )  two pumps,  one 
p e r  loop, at half speed, coasting to  no pumps. The f i r s t  case  represented  total  loss  of 
flo\J under normal  operating conditions, and the second a total  flow los s  under the con- 
ditions of s tar tup a t  sea .  
pa rame te r s  and the modera tor - tempera ture  coefficient. 

.+ 

This study involved an analysis  of the variations of s c r a m  

The cold-water accident was a l so  investigated during this  per iod.  Conditions of 
An analysis immediate-idle-loop s tar tup and gradual valve opening were  considered. 

W a f  made on the sys tem for no safety act ion,  high-flux t r ip ,  and period t r ip  with the 
following pa rame te r  variations:  
mollerator- temperature  coefficient, t r i p  level,  and init ial  cold-loop tempera ture .  
analysis was c a r r i e d  out over a per iod of l e s s  than one loop t ime.  
the boi lers  was not considered. 

s c r a m  charac te r i s t ics  , fuel- temperature  coefficient, 

Thus,  the effect of 
This 

This concludes the work to be c a r r i e d  out'under the scope of this  r e s e a r c h  
p r  o g r  am. 

RW D: CRT / all  
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