
BMI-1253 

METALLURGY AND CERAMICS 

UNITED STATES ATOMIC ENERGY COMMISSION 

PROGRESS RELATING TO CIVILIAN 
APPLICATIONS DURING JANUARY 1958 

By 
Russell W. Dayton 
Clyde R. TiptoEp J r . 

February 1, 1958 

Battelle Memorial Institute 
Columbus, Ohio 

Technical Information Service Extension, Oak Ridge, Tenn. 



DISCLAIMER 
 

This report was prepared as an account of work sponsored by an 
agency of the United States Government.  Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights.  Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



Date Declassified: July 18, 1958. 

L E G A L N O T I C E 
This report was prepared as an account of Government sponsored work. Neither the 

United States, nor the Commission, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, express or implied, with respect to the 
accuracy, completeness, or usefulness of the information contained in this report, or that 
the use of any information, apparatus, method, or process disclosed in this report may 
not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages resulting from 
the use of any information, apparatus, method, or process disclosed in this report. 

As used in the above, "person acting on behalf of the Commission" includes any em­
ployee or contractor of the Commission to the extent that such employee or contractor 
prepares , handles or distributes, or provides access to, any information pursuant to his 
employment or contract with the Commission. 

This report has been reproduced directly from the best available copy. 

Issuance of this document does not constitute authority for declassification of 
classified material of the same or similar content and title by the same au­
thors. 

Printed in USA. Price $1.75. Available from the Office of Technical Services, 
Department of Commerces Washington 25, D. C. 

Oak Rid>>. Tiiincssce 



B M I - 1 2 5 3 

r.rut.att No. W-, Inh-en <-J'J 

PROGRESS RELATING TO CIVILIAN APPLICATIONS 
DURING JANUARY, 1958 

by 

RubSfU W. Dayton 
Clyde R. Tipton, J r . 

F e b r u a r y 1, 1958 

BATTELLE MEMORIAL INSTITUTE 
505 King Avenue 

Columbus 1̂  Ohio 

1 



3 

TABLE OF CONTENTS 

Pag 

REPORTS RELATING TO CIVILIAN APPLICATIONS ISSUED DURING JANUARY, 1958 5 

A. DEVELOPMENTS FOR ZIRCONIUM-CLAD FUEL ELEMENTS 7 

Thermal Conductivity of Uranium and UO2 ? 
Meclianii al Properties of Zirt oniuni Alloys S 
Zirconiurn Cladding S 
Preparation of Aluminum, Molybdenum, and Zirconiuin Single Crystals 10 
Development of HIgk-Strength Corrosion-Resistant Zirconiusn Alloys 10 

B. DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS 13 

Extrusion Cladding of Flat Plates 13 
Stud^ of the Liquidus in Aluminum-Uranium Alloys 13 
Preparation of Aluminum-Uranium Alloys 14 
Development of a Mechanical Extensometer IS 

C. PLANT ASSISTANCE TO MCW IT 

Investigation of Uraiuuiii Osiides IT 
The Electrical Properties of Uranium Dioxide 18 
I'he Corrosion Resistance of Selected Stainless Steels 18 
Gas-Metal Studies 19 

D. PROCESSING OF FEED MATERIALS 23 

Solidification of Uranium 23 

Ej^amination of Factors Affecting the Quality of Induction-Melted Uranium Z4 

E. GENERAL FUEL-ELEMENT DEVELOPMENT 25 

Developoient of Dispersed UC and UN Fuel Elements 25 
Fabrication of Cermet Fuel Elements 25 

Fueled Zirconium Hydride Moderator 26 

F . STUDIES OF URANIUM AND URAKIUM-ALLOY FUELS 29 

Radiation Stability of UraniuDn;-Zirconiutii Alloys . 29 
Development of Gamma-Phase Uranium Alloys 29 
Preparation of Uranium-Niobium Alloys 30 
Mechanism of Aqueous Corrosion 31 

G. FATIGUE STUDIES OF INCONEL 33 

H. REACTOR MATERIALS AND COMPONENTS 35 

Oxidation-Resistant Niobium Alloys 35 
Valence Effects of Oxide Solutions m Uranium Dioxide 38 
High-Temperature High-Pressure Solid-State Studies . . . . . . . . . . . . . . . . . . 39 
Rubbing Surfaces in Sodium Environments 40 
Basic Studies of Pressure Bonding 41 

I. PHYSICAL RESEARCH 43 
Study of Bonding Fundamentals 43 
Niobium-Gas Reactions 46 
Migration of Hydrogen m Zirconium Hydride 47 

J. CORROSION PROBLEMS ASSOCIATED WITH THE RECOVERY OF SPENT REACTOR FUEL ELEMENTS . . . 49 

The Darex Process 49 
The Thorex Process 49 
The Fluoride-Volatility Process . 50 



4 

TABLE OF CONTENTS 
(G ontinued) 

EVALUATION OF A REFLECTOR-CONTROLLED HETEROGENEOUS BOILING REACTOR 51 

STUDIES OF SODIUM-TANTALUM COMPATIBILITY AT ELEVATED TEMPERATURES 53 

Tantalum-Sodium Compatibility Studies . 53 
High-Temperature Mechanical Properties of Tantalum 54 

Weldability of Tantalum for High-Temperature Systems 54 

DEVELOPMENTAL STUDIES FOR THE PWR 57 

Reactor Flow Studies 57 
X-Ray Photonnetric Examination of Fuel Elements 57 

Pressure Bonding of Zircaloy 2-Clad Fuel Elements Containing Compartoiented Oxide Fuel Plates . . . 58 

EVALUATION OF URANIUM MONOCARBIDE AS A REACTOR FUEL . 61 

Casting Techniques for the Preparation of Uranium Monocarbide 61 
Irradiation Capsule Design for Uranium Monocarbide 62 



5 

REPORTS RELATING TO CIVILIAN APPLICATIONS 
ISSUED DURING JANUARY, 1958 

BMI-1Z37 "The Cor ros ion of Monel and 70-30 Cupronickel in Hydrofluoric Acid" , by 
Walter J , Braun , F r e d e r i c k W. F ink , and G. Lee E r i c s o n . 

BMI- i24I "Compar ison of Active and Inactive Uranium Dioxide-Oxygen S y s t e m s " , by 
Dale A. Vaughan, J . Rober t Br idge , and Char les M„ Schwar tz . 

BMI-J 242 "Evaluation of Container Ma te r i a l s for Z i r cex and Darex N u c l e a r - F u e l -
Recovery P r o c e s s e s " , by Paul D. M i l l e r , Char le s L, P e t e r s o n , 
Ea r l L . White, and F r e d e r i c k W. Fink. 

BMI-1243 "De l t a -Phase Zirconiuni Hydride as a Solid ModerEitor" , by Jam.es B. 
Vetrano. 

BMI-1244 "The Cladding of De l t a -Phase Zi rconium Hydr ide" , by Stan J . P a p r o c k i , 
Edwin S, Hodge, and Char l e s B. Royer . 

BMI-1Z47 " P r o g r e s s Relating to CHil ian Applications During D e c e m b e r , 1957", by 
Russe l l W. Daylon and Clyde R. Tipton, J r . 

http://Jam.es




7 

A-1 

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

F . R. Shober 

T e s t equipment has been designed and cons t ruc ted to m e a s u r e the t h e r m a l con­
ductivity and e l ec t r i ca l r e s i s t iv i ty of u ran ium in z i rconium capsu l e s . Cal ibra t ion of 
the unit has been completed. An invest igat ion of the effect of i r r ad ia t ion on the t h e r m a l 
conductivity of UO2 is in p r o g r e s s . The c reep and s t r e s s - r u p t u r e p r o p e r t i e s of 15 pe r 
cent cold-worked Zi rca loy 2 a r e being evaluated at elevated t e m p e r a t u r e s . T ime at 
t e s t has been extended, g r e a t e r than 2000 h r , in an effort to evaluate the effect of 
s t r e s s on the total c r e e p deformat ion at the ini t iat ion of t h i r d - s t a g e c r e e p . 

A sound me ta l lu rg i ca l bond has been obtained between 2S aluminumi clad and 
n ickel -p la ted u ran ium by h o t - h y d r o s t a t i c - p r e s s i n g techniques . Bonds formed in 5 min 
at 950 F and 10,000 ps i w e r e as s t rong a s those formed under the s a m e t e m p e r a t u r e 
and p r e s s u r e conditions in 1 h r . 

An a l loy-development p r o g r a m has been ini t iated in an effort to develop additional 
h igh- s t r eng th c o r r o s i o n - r e s i s t a n t z i rconium a l loys . It is expected that t hese al loys 
will have g r e a t e r s t rength than Zi rca loy 2 and good co r ros ion life in 570 F wa te r . The 
ini t ia l por t ion of the p r o g r a m will cons is t of sc reen ing se lec ted al loys by h a r d n e s s 
tes t ing and co r ros ion t e s t ing . 

T h e r m a l Conductivity of Uran ium and UO2 

H. W. Deem and C. F . Lucks 

P r o g r a m s a r e in p r o g r e s s to invest igate the feasibi l i ty of making t h e r m a l -
conductivity and e l e c t r i c a l - r e s i s t i v i t y m e a s u r e m e n t s on encapsulated u ran ium and to 
evaluate the effect of i r r ad i a t i on on t he se s p e c i m e n s . The effect of i r r ad i a t i on on the 
t h e r m a l conductivity of UO2 is a lso being invest igated. 

Uran ium 

The appara tus to be used in m e a s u r i n g the t h e r m a l conductivity and e l ec t r i ca l 
r e s i s t iv i ty of i r r a d i a t e d u ran ium has been completed and ca l ib ra t ed , and is ready to be 
moved to the hot c e l l s . Specimens of un i r r ad i a t ed u ran ium in Zi rca loy 2 with NaK a s 
the h e a t - t r a n s f e r medium a r e being p r e p a r e d at another l a b o r a t o r y , and m e a s u r e m e n t s 
of t h e r m a l conductivity and e l ec t r i ca l r e s i s t iv i ty will be made on t he se canned s p e c i ­
mens when they a r e r ece ived . Meanwhile addit ional m e a s u r e m e n t s a r e being made on 
b a r s of Zi rca loy 2 and u ran ium in o r d e r to have good values for the component p a r t s 
of the canned spec imen a s s e m b l i e s . 
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An appara tus for making thermal -conduc t iv i ty m e a s u r e m e n t s on UO2, both 
before and after i r r ad i a t i on , has been completed. A s t e a d y - s t a t e , absolute method is 
being used . Some r e a s s e m b l y of the appara tus has been n e c e s s a r y and cer ta in h e a t e r s 
have been changed. This has delayed cal ibra t ion of the appa ra tu s . The modified guard 
a s semb ly has been completed, and fur ther ca l ibra t ion runs will be made in F e b r u a r y . 

Mechanical P r o p e r t i e s of Z i rconium Alloys 

F . R. Shober and J . A. VanEcho 

An invest igat ion of the c reep p r o p e r t i e s of 15 pe r cent cold-worked Zi rca loy 2 at 
elevated t e m p e r a t u r e s is being conducted. The s t r e s s e s have been se lected for d e t e r ­
minat ion of long- t ime c reep p r o p e r t i e s . Two per cent total deformation was the l i m i t ­
ing deformat ion , this being designated as the allowable deformation in the p r e s s u r e 
tube under cons idera t ion . Modification of the design has caused the l imiting de fo rma­
tion to be changed to that deformation assoc ia ted with the beginning of t h i rd - s t age c r e e p . 
Hence the t e s t per iod has been changed to include determinat ion of that deformation. 
The effect of s t r e s s on the amount of total deformat ion at t h i rd - s t age c reep will be 
invest igated. 

The t e s t s in p r o g r e s s a r e on 15 p e r cent cold-worked Zirca loy 2 in the 450 to 
650 F t e m p e r a t u r e range and at s t r e s s leve ls ranging f rom 15,000 to 40,000 p s i . The 
r e su l t s of these t e s t s a r e given in Table A - 1 . Those spec imens on t e s t at 550 and 
650 F will be continued in an a t tempt to es tab l i sh the t ime n e c e s s a r y to ini t ia te t h i r d -
s tage c reep at these s t r e s s l eve l s . Specimen 7 - 1 - 1 , which was removed from t e s t after 
2015 h r , will be brought to t e m p e r a t u r e again and re loaded at the same s t r e s s , for the 
same pu rpose . The two t e s t s at 450 F in a i r will be discontinued and replaced by 
t e s t s at 750 F and 15,000 ps i and 550 F and 40 ,000 ps i in vacuum. Metal lographic 
examinat ion will be made of al l t e s t spec imens upon completion of the t e s t s . 

Z i rconium Cladding 

F . R. Shober and R. F . Dickerson 

Nickel -p la ted u ran ium c o r e s , both solid and in terna l ly and external ly cooled core 
types sealed in 2S a luminum c a n s , a r e being bonded by a h o t - h y d r o s t a t i c - p r e s s i n g 
technique. Resul t s f rom init ial t e s t s on so l id - co re spec imens indicate that 5 min at 
950 F and 10, 000 ps i is sufficient to produce sound me ta l lu rg i ca l bonds between the 
a luminum and the n icke l -p la ted u ran ium. 

The so l id - co re spec imens w e r e p r e p a r e d by fitting the n ickel -p la ted u ran ium 
c o r e s in a luminum cans and closing the ends by cold p r e s s forging. The in terna l ly and 
external ly cooled c o r e s w e r e p r e p a r e d by sizing the cans to the n icke l -p la ted c o r e s and 
welding the ends in p lace . Meta l lographic examination of spec imens cut nea r the ends 
and the cen te r of the so l id - co re spec imen p r e s s u r i z e d for 5 min and 1 h r at 950 F and 



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

Specimen 

7-1-2 

7 -1-3 

7 -2 -2 

7 -2 -3 

7 -3 -1 

7 -3 -2 

7 - 1 - 1 

7 - 2 - 1 

7 -3 -3 

7-4-1 

Temperature , 

F 

450 

450 

550 

550 

550 

550 

650 

650 

650 

650 

Stress, 

psi 

40,000 

30,000 

35,000 

30,000 

25,000 

20,000 

30 ,000 

25,000 

20,000 

15,000 

T ime at 
Test(a). 

hr 

2500 

2400 

2200 

2100 

2275 

2250 

2015,6(°) 

19-75 

2000 

1100 

Load 

On 

0.400 

0 .280 

0 .353 

0 .275 

0 .205 

0 .178 

0 ,315 

0, 230 

0,180 

0,110 

50 Hr 

0 .503 

0 .333 

0 ,495 

0 ,375 

0.267 

0 .223 

0.537 

0 .385 

0,300 

0.185 

Deformation at Time Indicated 

100 Hr 

0 .512 

0.337 

0,520 

0 ,385 

0 ,282 

0.227 

0 ,592 

0.420 

0.325 

0,205 

500 Hr 

0 .545 

0.350 

0 .595 

0 ,415 

0 .305 

0 ,245 

0 .745 

0,510 

0,380 

0,245 

1000 Ht 

0.560 

0,355 

0.625 

0.440 

0 .323 

0, 250 

0 .875 

0.548 

0.397 

0,265 

1500 Hr 

0.567 

0.355 

0. 675 

0 .455 

0 .33 

0. 265 

1. 025 

0.580 

0 ,415 

- . 

2000 Hr 

0.580 

0 .355 

0.692 

0.47 

0.335 

0 .265 

1.183 

0 ,612 

0,427 

— 

Load 

Off 

__ 

__ 

— 

_. 

-_ 

. . 

0.882 

— 

— 

— 

Creep Rate(b), 

per cent 

per hr 

0.000026 

<0.00001 

0.000034 

0.00003 

0,00001 

<0.00001 

0,00028 

0,000064 

0,000024 

— 

> 
1 

(a) Test in progress. 
(b) Based on creep deformation between 1500 and 2000 hr. 
(c) Test discontinued. 

N O 
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10,000 ps i showed a sound me ta l l u rg i ca l bond. Slightly g r e a t e r diffusion of the nickel 
into the u r an ium was evident in the spec imen held at t e m p e r a t u r e for 1 h r . The 
s t reng ths of the bonds produced were evaluated by welding a luminum studs to the c lad­
ding and loading in tension until the cladding sepa ra ted from the c o r e . The s t r e s s at 
which separa t ion o c c u r r e d was approximate ly 20,000 p s i . 

Two in terna l ly and external ly cooled type spec imens will be p r e s s u r i z e d at 950 F 
for 5 min and 1 h r , r e spec t ive ly , at 10,000 p s i . The bonds obtained will be evaluated. 

P r e p a r a t i o n of Aluminum, Molybdenum, and 
Zi rconium Single C r y s t a l s 

J . A, De M a s t r y , F . R. Shober , and R. F , Dickerson 

This r e s e a r c h has been r e c e s s e d pending rece ip t of sui table m a t e r i a l s . 

Development of High-Strength C o r r o s i o n - R e s i s t a n t 
Z i rcon ium Alloys 

J , A. De M a s t r y , F . R. Shober , and R. F . Dickerson 

Cons iderab le study has been made of z i rconium and i t s al loys in connection with 
i t s u se as a cladding m a t e r i a l for fuel e l emen t s . A fur ther invest igat ion is being made 
to develop addit ional h igh- s t r eng th c o r r o s i o n - r e s i s t a n t z i rconium a l loys . The purpose 
is to develop z i r con ium-base al loys which will have at l e a s t twice the s t rength of 
Zi rca loy 2 and have good co r ro s ion life in 570 F wa te r . The nuc lea r p r o p e r t i e s , t h e r ­
ma l conductivity, and t h e r m a l expansion coefficient should be s i m i l a r to those of 
Z i rca loy 2. 

F r o m pas t exper ience with z i rconium a l loys , it a p p e a r s that l a rge additions of 
any e lement (except hafnium) to z i rconium will des t roy i ts co r ros ion r e s i s t a n c e . It has 
been found that smal l addit ions ( less than 5 w/o) of some e lements (such as t in , mo lyb ­
denum, and niobium) d e c r e a s e the co r ro s ion r e s i s t a n c e of h igh-pur i ty z i rconium only 
sl ightly. It has been fur ther obse rved that ve ry smal l addit ions ( less than 1/2 w/o) of 
a few e lements ( i ron and nickel) s e e m to give addit ional co r ro s ion r e s i s t a n c e to z i r ­
conium in wa te r . P r ev ious work has shovm that the e lements t in , molybdenum, and 
niobium a r e effective s t r eng thene r s of z i rconium and that the combination of tin with 
e i ther molybdenum or niobium produces h igh- s t r eng th h e a t - t r e a t a b l e a l loys . Tin , 
molybdenum, and niobium have been se lec ted for the development of h igh-s t reng th 
c o r r o s i o n - r e s i s t a n t z i rcon ium al loys not only for the i r s t rengthening effect, but a l so 
for t he i r low t h e r m a l - n e u t r o n - c a p t u r e p r o p e r t i e s andfor the i r min imum effect upon the 
co r ros ion r e s i s t a n c e of z i rconium. 

The init ial por t ion of the p r o g r a m will cons is t of sc reen ing se lec ted a l loys . 
Alloys containing up to 4 w/o t in , 3 w/o niobium, and 2 w/o molybdenum will be "pre­
pa red by a r c mel t ing using sponge z i rcon ium. This* sc reen ing will consis t of h a r d n e s s 
tes t ing in the annealed condition and of co r ros ion tes t ing for 1000 hr in 570 F 



I I 

A-5 and A-6 

h igh-pur i ty wa te r . In o rde r to se lec t a l loys falling within the s t rength r e q u i r e m e n t s , 
the h a r d n e s s - s t r e n g t h re la t ionship will be used . Alloys which m e e t the r equ i r emen t s 
of these screening opera t ions will be subjected to h o t - h a r d n e s s t e s t s to obtain data on 
the i r re la t ive fabr icabi l i ty . If t ime p e r m i t s , work on the mechan ica l and phys ica l 
p r o p e r t i e s will be ini t ia ted. 

A l i s t of al loys cover ing the composi t ions of i n t e r e s t has been p r e p a r e d , and 
me l t s of smal l buttons in an a r c furnace will begin as soon as the m a t e r i a l s a r e 
ava i lab le . 
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B. DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS 

R. J . Car l son 

Studies of the a luminum-uran ium phase d i ag ram have been completed and a topical 
r epor t is being p r e p a r e d . Liqxiidus t e m p e r a t u r e s observed ranged f rom 855 C for the 
a luminum-20 w/o u ran ium composi t ion to 1265 C for the a l u m i n u m - 5 1 . 2 w/o u ran ium 
composi t ion. Nei ther si l icon nor magnes ium in the amounts studied was found to affect 
the liquidus t e m p e r a t u r e s , although si l icon addit ions of 1 w/o lowered the pe r i t ec t i c 
t e m p e r a t u r e f rom 734 C to 706 C. 

The invest igat ion of the feasibi l i ty of producing hollow a luminum-25 w/o u ran ium 
extrus ion bi l le ts i s nea r ly comple te . The analys is of ingots produced using a redesigned 
d i s t r ibu tor for deposit ing the me ta l in the mold cavity will complete the exper imenta l 
por t ion of th is p r o g r a m . 

The mechanica l ex tensomete r which was designed to be used in de te rmin ing the 
mechanica l p r o p e r t i e s of u r an ium tubing has been ca l ib ra ted and ca l ibra t ion curves 
have been p r e p a r e d . The ca l ibra t ion i s being evaluated by m e a s u r i n g the t r a n s v e r s e 
p r o p e r t i e s of alumina., yellow b r a s s , copper^ and u ran ium r i n g s . 

Extrus ion Cladding of Fla t P l a t e s 

R. J . F i o r e n t i n o , D. C. Drennen , C. J . S lunder , and A. M. Hall 

Work with the r igh t -angle ext rus ion cladding tools has been delayed t e m p o r a r i l y 
pending the a r r i v a l of a new m a n d r e l . In the mandre l used p rev ious ly , the two webs 
support ing the core plot c racked during the las t t e s t . 

In the future work with the new mandre l^ a t tempts will be made to extrude a 30-
mi l aluminum cladding onto 40- in , -long u ran ium pla tes connected together with M276 
and M355 s in te red a luminum-a l loy end p lugs . The na tu re of the welds in the cladding 
between success ive bi l le ts will be examined. 

Study of the Liquidus in Aluminum-Uran ium Alloys 

V. "W. Storhok, A, A. B a u e r , and R. F . Dickerson 

The study of the a luminum-uran ium sys t em has been completed and a topical r e ­
por t is being preiaared. 

P rev ious ly r epor ted liquidus t e m p e r a t u r e s for the 40 and 50 w / o u ran ium alloys 
were found to be in e r r o r . A react ion between the liquid meta l and the p la t inum-
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plat inum 10 w/o rhodium thermocouple r e su l t ed in false b r e a k s of the t h e r m a l - a n a l y s i s 
cu rve . This was a l levia ted by pro tec t ing the thermocouple with a c e r a m i c coating 
which sepa ra ted the alloy spec imen from the the rmocouple . 

The following i s a tabulat ion of l iquidus t e m p e r a t u r e s observed . 

Aluminum-20 w/o u ran ium 855 C 

Aluminum-30. 9 w/o u r a n i u m 1068 C 

AIuminum-41 . 6 w/o u ran ium 1190 C 

Aluminum-51 . 2 w/o u ran ium 1265 C 

Nei ther si l icon nor magnes ium in the amounts studied were found to affect the liquidus 
t e m p e r a t u r e s , although si l icon addit ions of 1 w/o lowered the pe r i t ec t i c t e m p e r a t u r e 
f rom 734 C to 706 C. 

P r e p a r a t i o n of Aluminum-Uran ium Alloys 

N. E . Daniel^ E . L. Fos te r^ and R. F . Dickerson 

Melting and cas t ing techniques capable of yielding sounds homogeneous ext rus ion 
blanks of a luminum-uran ium alloys containing high concentra t ions of u ran ium a re the 
p r i m a r y concern of a r e s e a r c h p r o g r a m now in p r o g r e s s . These alloys a r e de s i r ed in 
the form of heavy-wal led cy l inders suitable for ex t rus ion to fuel e lements for low-
t e m p e r a t u r e wa te r - coo led w a t e r - m o d e r a t e d r e a c t o r s . Any cas t ing techniques developed 
mus t yield reproducib le r e su l t s and the ingots produced mus t r equ i r e a min imum of 
cleanup. 

The inves t iga t ions concerned with the product ion of a luminum-25 w/o u ran ium 
ingots by centr ifugal cas t ing techniques have continued. As repor ted p rev ious ly , the 
ingots analyzed to date have exhibited var ia t ions in the u r an ium content on the o r d e r of 
3 to 5 w / o . 

Additional cas t ings have been produced using a redes igned d i s t r ibu tor for d e -
ipositing the m e t a l in the mold cavi ty. Dis t r ibut ing the mol ten m e t a l evenly in the mold 
cavity should improve the homogenei ty , and samples taken f rom these cas t ings a re 
being analyzed to de te rmine the efficiency of this technique. 

Evaluation of the above ingots will complete the exper imenta l por t ion of this 
p r o g r a m . 
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Development of a Mechanical Ex tensomete r 

J . A. D e M a s t r y , F . R. Shober , and R. F . Dickerson 

A mechanica l ex tensomete r has been designed and cons t ruc ted with sufficient 
sensi t iv i ty to de te rmine the t r a n s v e r s e mechanica l p r o p e r t i e s of u ran ium tubing. To 
evaluate the mechanica l p r o p e r t i e s of i r r ad i a t ed u ran ium tubing, it was n e c e s s a r y to 
develop an ex tensomete r that can be adapted to r emote applicat ion and opera t ion. 
Evaluation of the ex tensomete r under l e s s r e s t r i c t e d conditions is being m a d e . The 
t r a n s v e r s e mecl ianical p r o p e r t i e s of s eve ra l n i a t e r i a l s a re being compared using both 
a Type A-9 SR-4 s t ra in gage and the mechanica l ex t ensome te r . 

The ex tensomete r is a split r ing onto which th ree equally spaced knife edges have 
been placed. Changes in the d iamete r of the uran ium tubing actuate push rods connected 
to each half of the split r ing . Movement of the push rods i s t r a n s m i t t e d to two 
can t i l ever - type s t ra in gages and two loop-type s t ra in gages . Deflections of the s t r a in 
gages a r e r e g i s t e r e d on SR-4 s t r a in -gage ind ica to r s . 

The eri tensonieter lias been ca l ib ra ted and cal ibra t ion curves have been p r e p a r e d . 
F u r t h e r evaluation of the ca l ibra t ion i s being made by measu r ing the t r a n s v e r s e p r o p e r ­
t i e s of a luminum J yellow b r a s s , coppe r , and uran ium r ings at room t e m p e r a t u r e s . 
Additional t e s t s a r e to be run at 350 F in o rde r to comxjletely evaluate the ex tensomete r . 
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C. PLANT ASSISTANCE TO MCW 

D. A. Vaughan 

Studies on the r e s idua l n i t rogen content in UO^ have not been conc lus ive , and they 
a r e being discontinued. To aid in unders tanding the s t r u c t u r a l changes that were p r ev i ­
ously desc r ibed for the u ran ium dioxide-oxygen s y s t e m , the densi ty is being m e a s u r e d 
for s e v e r a l composi t ions over the range UO2 QO ^° ' ^^2 25' 

The co r ro s ion r e s i s t a n c e of cons t ruc t ion m a t e r i a l s for n i t r i c acid recot icent ra tor 
and for a new so lvent -ex t rac t ion p r o c e s s under development at Weldon Springs is being 
evaluated. Pro longed-expo sure t e s t s indicate that Type 304 ELC s ta in less s tee l would 
offer sufficient r e s i s t a n c e to a t t ack , in the n i t r i c acid r e c o n c e n t r a t o r , by solutions con­
taining up to 30 w/o n i t r ic acid with chlor ide ion concent ra t ions as high as 0. 3 w / o . 
However , a s the n i t r i c acid concent ra t ion i n c r e a s e s , the chlor ide concentra t ion m u s t be 
d e c r e a s e d for safe opera t ion. A f i r s t appra i sa l has been made on m a t e r i a l s for the new 
so lvent -ex t rac t ion p r o c e s s that is designed to provide essen t ia l ly ch lo r ide - f ree feed to 
the r econcen t r a to r . Although lead and r igid polyvinyl chlor ide were not r e s i s t a n t to 
a t tack by the synthetic raff inate , s eve ra l s tee ls and Ti -75A t i tanium exhibited ex t remely 
low c o r r o s i o n r a t e s . 

Fundamenta l studies on the kinet ics of va r ious reac t ions which may influence the 
puri ty and yield in the product ion of dingot u ran ium a re being continued. The reac t ion 
tube used for m e a s u r i n g hydrogen pe rmea t ion through molten magnes ium fluoride slag 
was raodified to prevent lea,king at the bottom d iaphragm. A run should be completed 
during the next per iod. The viscosi ty of magnes ium fluoride was m e a s u r e d and found not 
to be significantly different f rom that of s l ag , which contains s eve ra l per cent magnes ium 
oxide or u ran ium dioxide. The techniques for su r face - tens ion m e a s u r e m e n t s on mol ten 
magnes ium fluoride by the b u b b l e - p r e s s u r e method a r e desc r ibed . 

Invest igat ion of Uran ium Oxides 

D. A. Vaughan, J. R. B r i d g e , and C. M. Schwartz 

The study of the de te rmina t ion of n i t rogen in u ran ium dioxide has been continued. 
P r e v i o u s exper iments on the co lo r ime t r i c de te rmina t ion of n i t rogen in UO2 have aot 
proved successful . The co lo rs developed after the use of hydrogen pe rox ide , which was 
n e c e s s a r y to put the UO^ in solut ion, have not been reproduc ib le . 

During January the r e s u l t s of previous attemipts to de t e rmine the n i t rogen content 
in UO2 by a co lo r ime t r i c method were evaluated and confi rmed by additional t e s t s . 
Other solution agents were cons ide red , but none was found to be beneficial . The follow­
ing conclusions a r e made f rom this work: (1) the co lo r s developed after the use of 
hydrogen peroxide a r e not r ep roduc ib l e , and (2) on the b a s i s of t e s t s made on laiown 
n i t rogen-bea r ing s a m p l e s , with and without hydrogen pe rox ide , when compared with t e s t s 
made on UO2 s a m p l e s , the n i t rogen content of UO^ is e s t ima ted to be l e s s than 0. 01 w / o . 
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A study of the re la t ion between densi ty and oxygen content of UO^ is being made to 
aid in de te rmining whether U02.fx ^^ "^^^ oxygen-excess or meta l -def ic ien t s t r uc tu r e . 
The r e s u l t s of previous work , using pycnometr ic d e n s i t i e s , were quest ionable. New 
samples of U02+x^ with oxygen- to -u ran ium ra t ios from 2, 03 to 2. 23 have been made and 
annealed at 450 C for 100 h r . Heliuin density m e a s u r e m e n t s a r e being m a d e , and the 
r e s u l t s will be r epor t ed next month. 

The E l e c t r i c a l P r o p e r t i e s of Uranium Dioxide 

J. W. Moody, R, K. Wi l la rdson , and H. L. Goering 

The e l ec t r i ca l p r o p e r t i e s a r e being de te rmined on s in te red bodies of UO2 which 
were doped with other m e t a l s . No data a r e avai lable to r e p o r t as yet . 

The Cor ros ion Res i s t ance of Selected Sta inless Steels 

C. L. P e t e r s o n , W. C. Bay tos , and F . W. F ink 

Ni t r ic Acid Reconcen t ra to r 

Invest igat ions a r e in p r o g r e s s on the c o r r o s i o n of Type 304 ELC s ta in less s tee l by 
ch lo r ide - and f luor ide-contaminated n i t r ic acid solutions such as might be expected to 
occur in the n i t r i c acid r econcen t r a to r at the Weldon Springs uranimii re f inery . 

P ro longed-exposu re t e s t s in 5 , 30, 38, and 45 w/o n i t r i c acid solutions a r e con­
tinuing. The t r ends in the c o r r o s i o n r a t e s have not changed. Chlor ide levels as high as 
0. 3 w/o continue to appear safe in 5 and 30 w/o n i t r i c acid so lu t ions , while 0. 25 w/o 
chlor ide appea r s to be nea r the upper l imi t in 38 w/o solutions and seve re c o r r o s i o n 
occu r s with only 0. 2 w/o chlor ide in 45 w/o acid solut ions. 

Studies a r e being read ied in which the effect of sulfate addi t ions , ranging from 5 to 
5000 ppm, on the co r ro s ion of Type 304 ELC s ta in less s tee l will be evaluated in 38 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 . 

Container Ma te r i a l s for P r o p o s e d Solvent-
Ext rac t ion P r o c e s s 

A new p r o c e s s for the recovery of n i t r ic acid is under development at Weldon 
Spr ings . This p r o c e s s involves tlie handling of aqueous solutions containing both n i t r i c 
and sulfuric a c i d s , as well as the i r s a l t s , in some type of so lvent -ex t rac t ion equipment 
at r oom t e m p e r a t u r e . The end r e s u l t will be an essen t ia l ly ch lo r ide - f ree feed to the 
r econcen t r a to r . 

Carpen te r 20, Carpen te r 20 s tab i l ized , and Types 304. 304 E L C , 316, and 347 
s ta in less s t e e l s , Ti~75A t i tan ium, l ead , and r ig id polyvinyl chlor ide were al l suggested 
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as poss ib le container miaterials for the so lvent -ex t rac t ion p r o c e s s . Specimens of these 
m a t e r i a l s have been exposed for 2 weeks in the usua l v a p o r , i n t e r f ace , and liquid pos i ­
t ions in t h ree different solutions r ep resen t ing e x t r e m e s which may occur in th is new 
p r o c e s s : 

holutiou CoinpohilK'ii 

A 3 U HNO3, 1 M NaNOg 

B 3 M HNO3. 1 M NaNOg, i U H,SO_j 

G 0. 05 M NaNOgs J M NalibO^ . 

The f lasks containing the solutions a r e mainta ined at 75 F , A i r , p r e s a t u r a t e d with 
s imi la r so lu t ions , is bubbled vigorously th rough , affording both agitat ion and aera t ion to 
the solutions. 

Inspection of the speci inens following 1 week of exposure showed that lead was at­
tacked excess ive ly when submerged in Solutions A and B . The r ig id PVC showed a slight 
weight gain. Cor ros ion r a t e s for the other m a t e r i a l s were ex t r eme ly low, being of the 
o r d e r of 0. 01 mi l per month , or l e s s . During the second week m o s t of the c o r r o s i o n 
r a t e s were even lower . 

These t e s t s will be continued, Ivleanwhile, m o s t of the m a t e r i a l s will be evaluated 
in actual raffinate from the Weldon Springs re f inery to de te rmine the effects of the t r a c e 
e lements normal ly p r e s e n t in the raffinate stream.. P robab ly these t e s t s will be fol­
lowed by invest igat ions of poss ib le compl ica t ions which may a r i s e f rom the p r e s e n c e of 
the organic phase of the so lvent -ex t rac t ion p r o c e s s . 

Gas -Me ta l Studies 

W. R. Hansen , M. J. T r z e c i a k . and M. W. Malle t t 

A kinetic study is being made of some phases of the t h e r m i t e reac t ion for p roduc­
ing dingot uran ium from uran ium te t ra f luor ide and magnes ium nie ta l . The objective is 
to gain an unders tanding of the fundamental p r inc ip les governing the pur i ty and yield of 
the dingot uraniuiTi product . 

P r e s e n t l y , the pe rmea t ion r a t e of hydrogen through naolten magnes ium fluoride 
slag is being studied, A knowledge of the pe rmea t ion r a t e will help in de termining the 
path followed by hydrogen jus t following the t he rmi t e reac t ion . This knowledge will aid 
in designing methods for lowering the hydrogen contaminat ion of the dingot u ran ium 
product . 

In addit ion, a study is being made of the effect of impur i t i e s on the v i scos i ty and 
surface tension of mol ten magnes ium fluoride s lag. These two p r o p e r t i e s might affect 
the sett l ing r a t e of u ran ium drople ts formed in the ther ra i t e r eac t ion . That i s , m o r e 
rapid sett l ing of u ran ium pa r t i c l e s would leave fewer p a r t i c l e s ent rapped in the slag as 
it sol idi f ies , and a g r e a t e r yield would r e su l t . 
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P e r m e a t i o n of Hydrogen Through Molten Magnesiuixt 
F luor ide Slag 

Work to obtain a gast ight sea l between the diffusion d iaphragm and the molybdenum 
reac t ion tube p roper is continuing. It was r easoned that molybdenum in the d iaphragm 
was not sufficiently duc t i le , when fitted at r oom t e m p e r a t u r e , to "flow" and give a seal 
tight enough to prevent seepage of mol ten slag. H e n c e , a 1-mil- thick nickel washer was 
in se r t ed between the d iaphragm and the reac t ion tube. Nickel has the advantage at room 
t e m p e r a t u r e that it wil l "flow" under p r e s s u r e and fill i r r e g u l a r i t i e s in the mat ing su r ­
faces . Nickel a lso has a much g r e a t e r coefficient of t h e r m a l expansion than molybde­
num. T h u s , when the sys tem is hea ted , a t ighter seal will be effected. 

Expe r imen t s with this modification a r e scheduled for an ear ly t r i a l . 

Viscosi ty Dete rmina t ions 

M e a s u r e m e n t s previous ly r epo r t ed indicated that tlie v i scos i ty of mol ten magne-
siuiTi f luoride slag was l e s s than 3 and probably g r e a t e r than 1. 5 cent ipoises . These 
values were based on ca l ibra t ion data obtained with s - t e t r ab romoe thane over a v iscos i ty 
range of about 4 to 12 cen t ipo ises . Subsequently, ca l ibra t ion points below 4 cent ipoises 
were obtained using water at t h ree t e m p e r a t u r e s . These data did not agree with the ex­
t rapola ted curve of the s - t e t r ab romoe thane data. T h e r e f o r e , ixiore ca l ibra t ion points 
were obtained using ace tone , carbon t e t r a c h l o r i d e , n-butyl a lcohol , and amyl alcohol. 
All these points supported the water data within the l imi t s of exper imenta l e r r o r . Ap­
parent ly the l i t e r a t u r e values for s - t e t r ab romoe thane were in e r r o r . 

Viscos i t i e s of the following s y s t e m s were naeasured: Mal l inckrodt magnes ium 
fluoride s lag , and cp magnes ium fluoride alone and with addit ions of magnes ium oxide 
and uraniujn dioxide. The data ba sed on the new ca l ibra t ion a r e tabulated as follows: 

_ _ _ S ^ e i n 

iMgr, 
KIgF,, + .:. 5 w, 0 Mg(.) 

KlgF,, + 4.7 w, 0 MgO 
Klgl- + 6 .4 w 0 KlgO 

KlgF,, + 6.4 w/ 0 MgO 

MgF„ + 1.2 W/O U0.2 

MgF, + 4 . 6 w/o UO9 

MgF,^ + 11.3 w, 0 UO.j 

Mallmckrodt 

Temperature, 

C 

137U 

1370 
1370 

1370 
1415 

1370 

1370 

1370 

1360 

Viscosity, 

cfiitijKUseb 

T.i.) 

8.5 
6 .5 

6 .5 
4 . 5 

6 .5 
6.3 

5.0 

6 ,5 

iMgFo slag 

In each c a s e , six to ten v i s c o m e t e r read ings were taken. Based on the s tandard 
deviat ion, the sensi t ivi ty of m e a s u r e m e n t s is e s t ima ted to be ±1 cent ipoise with a p rob ­
able e r r o r of about ±0. 6 cent ipoise . 

As shown in the tabula t ion, the additions of magnes ium oxide and u ran ium dioxide 
to cp magnes ium fluoride have l i t t l e , if any , effect on the v iscos i ty at 1370 C, If the 
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s e n s i t i v i t y of m e a s u r e m e n t (±1 c e n t i p o i s e ) i s c o n s i d e r e d , t he v a r i a t i o n s in v i s c o s i t y 
m e a s u r e m e n t s a r e n o t s i g n i f i c a n t . A l s o , t h e c h a n g e in v i s c o s i t y in go ing f r o m 1370 to 
1415 C in t h e M g F 2 - 6 . 4 w / o M g O s y s t e m i s s m a l l . A s w o u l d b e e x p e c t e d , h o w e v e r , t h e 
v i s c o s i t y i s l e s s a t 1415 t h a n a t 1370 C . T h e v i s c o s i t y of t h e M a l l i n c k r o d t s l a g a t 
1360 C i s abou t t h e s a m e a s t h a t of t h e o t h e r s y s t e m s . 

I t i s c o n c l u d e d t h a t t h e p r e s e n c e of s e v e r a l w e i g h t p e r c e n t MgO o r UO2 in M g F p 
d o e s n o t c h a n g e v i s c o s i t y su f f i c i en t ly to af fec t the y i e l d of t h e u r a n i u m , p r o d u c t . T h i s 
c o n c l u d e s t he p r e s e n t l y s c h e d u l e d w o r k on v i s c o s i t y . 

S u r f a c e T e n s i o n 

F u r t h e r c o n s i d e r a t i o n w a s g i v e n to a p p l y i n g t l ie b u b b l e - p r e s s u r e m e t h o d to 
s u r f a c e t e n s i o n m e a s u r e m e n t s on m o l t e n iT iagnes ium f l u o r i d e . I t w a s c o n c l u d e d t h a t the 
m e t h o d a p p e a r s qu i t e p r a c t i c a l . 

T h e t e c h n i q u e i n v o l v e s m e a s u r i n g the m a x i m u m p r e s s u r e r e q u i r e d to f o r c e a g a s 
b u b b l e f r o m a c a p i l l a r y t u b e i m m e r s e d in m o l t e n m a g n e s i u m f l u o r i d e . T h e e q u a t i o n for 
c a l c u l a t i n g s u r f a c e t e n s i o n i s , 

T = f (Pmax " h d g ) , 

w h e r e 

s u r f a c e t e n s i o n 

r a d i u s of t h e c a p i l l a r y 

m a x i m u m p r e s s u r e rec^ui red to f o r c e tlie g a s 
b u b b l e t h r o u g h the c a p i l l a r y t u b e 

t he d e p t h to w h i c h t h e c a p i l l a r y i s i m m e r s e d 

in t h e m o l t e n M g F 2 

d e n s i t y of t he m o l t e n M g F 2 

a c c e l e r a t i o n of g r a v i t y . 

T h e p r e s s u r e , Pma.x^ ^^ e x p r e s s e d in t e r m s of h"" a n d d ' fo r t h e m a n o m e t r i c f l u i d , and 
of g. T h e t e r m h d g of m o l t e n M g F 2 r e p r e s e n t s tlie h y d r o s t a t i c h e a d t h a t n e e d s to b e 
o v e r c o m e by the g a s p r e s s u r e . T h e p r e s s u r e o v e r a n d a b o v e t h i s h e a d i s t h e f o r c e r e ­
q u i r e d to o v e r c o m e t h e s u r f a c e t e n s i o n of t h e m o l t e n M g F 2 a r o u n d t h e b u b b l e . 

S o m e of t he p h y s i c a l d i m e n s i o n s of t h e p r o p o s e d e x p e r i m e n t a l s y s t e m u s i n g a b u t y l 
p h t h a l a t e m a n o m e t e r a r e a s f o l l o w s : 

r = 0. 03 c m 

7 = 

• m a x 

h = 

d = 

g = 

h = 3 c m 
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d = 2 g per cm-^ 

d ' = 1 g per cm-5 . 

The surface tension of MgF2 may be about 100 dynes per c m , the same o rde r of magni ­
tude as that for s imi l a r mol ten s a l t s . If s o , a value of about 13 cm will be observed for 
the difference in height between the two a r m s of the imanometer. This value can easi ly 
be m e a s u r e d to within 2 per cent . 
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D. PROCESSING OF FEED MATERIALS 

E . L. F o s t e r 

Two studies a r e in p r o g r e s s that a r e concerned with the operat ion of the Feed 
M a t e r i a l Product ion Center by National Lead of Ohio. These a r e the examinat ion of 
fac to rs affecting the quality of vacuum-induc t ion-mel ted u ran ium and the theore t i ca l 
study of the solidification of pure uranium ingots . Both of the s tudies have the same 
u l t imate object ive , the improvement of u ran ium-fue l - s lug quali ty. In addit ion, the 
solidification study should provide a method of evaluation for mel t ing and cas t ing 
va r i ab l e s for future cas t ing needs . 

Solidification of Uranium 

E . L. F o s t e r , C. K. F r a n k l i n , B . Schwar tz , 
and R. F . Dickerson 

A bas ic study of the solidification of u ran ium cas t ings is in p r o g r e s s . Inves t i ­
gations of pouring t e m p e r a t u r e , mold des ign , cooling r a t e s , and o ther cast ing va r i ab le s 
a r e being made to de te rmine the i r effect on the quality of product ion- type uran ium 
ingots . As a method of a n a l y s i s , ma thema t i ca l mode ls have been cons t ruc ted which 
cons is t of a set of s imultaneous equat ions . The equa t ions , e x p r e s s e d in t e r m s of smal l 
finite i nc r emen t s of t i m e , make poss ible the calculat ion of tlie t r ans i en t heat flow 
through the cast ing and i ts mold . Using these equat ions , the influence of a var iab le or 
va r i ab l e s on the me l t during i t s solidification can be evaluated. In addition to the 
theore t i ca l s tud ie s , fur ther examinat ion of the me ta l l u rg i ca l va r i ab l e s is commencing. 
A port ion of this will involve s m a l l - s c a l e foundry expe r imen t s where in some of the 
fac tors will be studied under control led condit ions. 

The p repa ra t ion of a prograixi for the compute r s where in the heat flow is ca lcu­
lated for a mat l iemat ica l model with 48 ingot ce l l s and 28 mold ce l l s in a pie s l ice of a 
cas t ing has been m a d e . (The model used previous ly contained 20 c e l l s . ) This i n c r e a s e 
will p e r m i t a m o r e detai led examinat ion of the t i m e - t e m p e r a t u r e f ield, and the accu racy 
of the analys is should be improved. As before , this model includes cons idera t ions of 
supe rhea t , pouring t i m e , var ia t ions in mold p rehea t ing , the r e l e a s e of hea t of fusion, 
and envi ronmenta l t e m p e r a t u r e s , i. e. , those of the cooling jacke t and the bottom of the 
c ruc ib le . One addit ional cons idera t ion in this m o d e l , not used in the previous a n a l y s i s , 
is the var ia t ion of the t h e r m a l conductivity of the cas t ing and mold m a t e r i a l s with 
t e m p e r a t u r e . At this t i m e , the coefficients for this var ia t ion ai*e not known, so con­
stant t h e r m a l conductivi t ies will be used unti l the r equ i red data become avai lable . 
Another new feature included in this mode l i s cons idera t ion of the change from con­
ductive to radia t ive heat t r ans fe r between the cas t ing and mold wall a s the outer skin of 
the cast ing solidifies and con t rac t s away from the mold. 

Expe r imen ta l de te rmina t ion of the physical p r o p e r t i e s of u ran ium and graphi te 
m a t e r i a l s will be m a d e . These p r o p e r t i e s include the t h e r m a l conductivi ty, total 
n o r m a l emis s iv i ty , and the l inear t h e r m a l expansion of the m a t e r i a l s . In addi t ion, 
t h e r m a l r e s i s t a n c e m e a s u r e m e n t s of the mo ld -wash m a t e r i a l will be obtained. These 
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p r o p e r t i e s , obtained at the de s i r ed t e m p e r a t u r e r a n g e , will be ut i l ized in tlie refined 
m a t h e m a t i c a l ana lys i s . It is expected that these exper imen t s will s t a r t during the 
coming month. 

Examinat ion of F a c t o r s Affecting the Quality 
of Induction-Melted Uraniimi 

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

Var ious data r epor t ed in the l i t e r a t u r e have indicated that u ran ium-fue l - s lug 
quali ty and tlie quantity of ce r t a in nonmetal l ic impur i t i e s found in the m e t a l may have a 
d i r e c t re la t ionsh ip . Consequent ly , a r e s e a r c h p r o g r a m is now in p r o g r e s s to study 
poss ib le reac t ions of va r ious p r o c e s s - r e l a t e d impur i t i e s that m a y occur during the 
vacuum mel t ing of u ran ium. The p r o g r a m is compr i sed of two complementa ry phase s . 
One phase is expe r imen ta l , cen ter ing about a 10- lb-capaci ty vacuum-mel t ing furnace; 
the other is a survey of the l i t e r a t u r e . 

Evaluat ions have been completed on an ini t ial t e s t s e r i e s which was conducted by 
obtaining the r a t e , quanti ty, and ana lys i s of gas evolved at var ious t e m p e r a t u r e levels 
from 2000 to 25 00 F during tlie mel t ing of dingot u ran ium. As r epor t ed prev ious ly , the 
gas evolved at any of the t e s t - t e m p e r a t u r e leve ls was found to be predominant ly 
hydrogen. In a blank t e s t in which no urani iun was p r e s e n t , however , a typical w a t e r -
gas reac t ion evidently o c c u r r e d at the 2500 F t e m p e r a t u r e leve l . Since only smal l 
quant i t ies of carbon monoxide were found in gas samples taken over uranium m e l t s , it 
i s suspected that a w a t e r - g a s reac t ion m a y provide carbon monoxide for a secondary 
reac t ion with the uraniuni me l t . Moreover^, the ana lyses showed that each gas sample 
contained approximate ly 2 volume per cent of w a t e r , indicating a continuous source of 
wa te r . If these reac t ions o c c u r , then a gaseous -phase m e c h a n i s m for introducing 
carbon is implied. 

As a consequence , a second s e r i e s of t e s t s i s under way in an a t tempt to reso lve 
the implied ro le of m o i s t u r e and to indicate what p recaut ions should be taken in a l l 
succeeding t e s t s . In this s e r i e s , blank t e s t s (no u ran ium presen t ) a r e to be run on un-
coated and MgO-coated graphi te c ruc ib les and on a z i rconia cruc ib le under controUed-
m o i s t u r e condi t ions. Melting t e s t s , using dingot s tock, will then be rtin under con­
dit ions s imi l a r to those of the blank t e s t s . Water sou rces which were pa r t i cu l a r ly 
t roub lesome during pas t exper imen t s in contributing to sys tem var ia t ions include 
(1) slow drying of the cruc ib le cement ( s iUimani te ) , (2) condensation of i i iois ture on the 
wa te r -coo led wal ls of the furnace (especia l ly manifes ted in varying weather condit ions) , 
and (3) water that is botind in the MgO coating even at re la t ive ly high t e m p e r a t u r e s 
(2000 F ) . Steps a r e being taken to reduce a l l f ac to rs causing sys tem var ia t ion to a low 
leve l . 
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E . GENERAL F U E L - E L E M E N T DEVELOPMENT 

F . A. Rough and D. C. C a r m i c h a e l 

F u e l - e l e m e n t developmient p r o g r a m s supported by the AEC Division of Reac tor 
Development a r e r epor t ed in this sect ion. 

No new data a r e avai lable f rom the study of s t a in less s t ee l - c l ad spec imens con­
taining enr iched UC or UN, 

Methods of fabr icat ing c e r m e t fuel e lements with high loadings of fuel compound in 
a m e t a l m a t r i x a r e being studied. The s t reng th of U 0 2 - s t a i n l e s s s tee l c e r m e t s has been 
improved by techniques giving be t te r density and dis t r ibut ion of the m a t r i x . Resul t s in­
dicate that a U 0 2 - s t a i n l e s s s tee l c e r m e t has good t h e r m a l conductivity, 

A study is being made of the feasibi l i ty of using the hydr ide of a z i r con ium-
uran ium alloy as a fueled m o d e r a t o r . Specimens have been p r e p a r e d for i r r ad i a t i on 
t e s t ing , and phase boundar ies have been de te rmined for the z i r con ium-1 w / o u ran ium 
alloy hydride sy s t em at t e m p e r a t u r e s of about 600, 650^, and 700 C, and for the 
z i rcon ium-50 w/o uran ium alloy hydride sys t em at about 650 C. 

Development of D i s p e r s e d UC and UN Fuel E l e m e n t s 

S, J„ Paprocki^ D. L . K e l l e r , and G, W, Cunningham 

I r rad ia t ion spec imens containing 24 w/o fully enr iched UN and UC d i s p e r s e d in 
s t a in less s teel and clad with Type 318 s ta in less s tee l have been given p r e i r r a d i a t i o n leak 
checks by exposure to boiling n i t r ic acid . As soon as the ana lyses a r e comple ted , en­
capsulat ion will be ini t ia ted. Tens i le t e s t s a r e being run on d i spe r s ions of UN and UC 
in Type 347 s ta in less s teel ; however , no additional data a r e avai lable at th is t i m e . 

Fabr i ca t ion of C e r m e t Fue l E l e m e n t s 

S. J . P a p r o c k i , D. L . K e l l e r . G. W. Cunningham, and D. E . Kizer 

Techniques a r e being developed for the fabr icat ion of fuel e lements which contain 
60 to 90 volume pe r cent of fuel d i spe r sed in a meta l m a t r i x . Specimens containing U02 
d i spe r sed in Type 302B s ta in less s teel have been p r e p a r e d by h o t - p r e s s i n g t echn iques , 
and the spec imens have been t e s ted for t ens i le s t r eng th , e l ec t r i ca l r e s i s t i v i t y , and shock 
r e s i s t a n c e . In addit ion, p r e s s u r e bonding is being invest igated as a method of cladding 
these c e r m e t s . 

Calculat ions of the u l t imate tens i le s t rength at room t e m p e r a t u r e have been made 
from bend- t e s t data on h o t - p r e s s e d compac t s . The values range f rom 15,200 ps i at 80 
volume pe r cent UOz to 76 ,600 psi at 40 volume per cent U02 d i spe r sed in s t a in less 
s tee l . These va lues a r e somewhat h igher than previous ly r e p o r t e d , and it is bel ieved 
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that these higher values a r e a r e su l t of having a be t t e r d is t r ibut ion of the me ta l m a t r i x 
and a slightly i n c r e a s e d compact densi ty . 

The t h e r m a l conductivity has been calculated on the bas i s of e l e c t r i c a l - r e s i s t i v i t y 
m e a s u r e m e n t s , and the r e s u l t s indicate that a c e r m e t of 60 volume pe r cent UO2 in Type 
302B s ta in less s tee l has twice the t h e r m a l conductivity of UO2 at a t e m p e r a t u r e of 
460 C. At higher t e m p e r a t u r e s , an even higher ra t io could be expected. 

Fue led Z i rcon ium Hydride Modera to r 

H. E . Bigony and J . B . Vetrano 

Studies a r e continuing to evaluate z i rconium hydr ide -2 w/o u ran ium as a fueled 
m o d e r a t o r for potential use in gas -coo led r e a c t o r s . S t ruc tu ra l evaluation and p r e s s u r e -
compos i t i on - t empera tu re de te rmina t ions a r e in p r o g r e s s , as well as encapsulat ion of 
spec imens for i r r ad ia t ion . 

S t ruc ture and F r e s s u r e - C o m p o s i t i o n -
T e m p e r a t u r e Studies 

Investigation of the p r e s s u r e - c o m p o s i t i o n - t e m p e r a t u r e re la t ionships in the 
z i r con ium-uran ium-hydrogen t e r n a r y sy s t em is continuing. Absorpt ion i s o t h e r m s have 
been run for a z i r con ium-1 w / o u ran ium alloy at 601 , 6 5 1 , and 703 C , and a z i rcon ium-
50 w/o u ran ium at 652 C. The r e s u l t s for the 1 w/o alloy a r e given in Table E - 1 . 

TABLE E - 1 . PIIASL BOUNDARIES) IK THE ZIRGONIUM-1 w/o URANIUM ALLOV m DIVIDE bTSTEM 

Phase-Boundary 

Desigiiation 

aio+ft) 
(a+ft)[l 
/ ] ( / ] +S) 

(/3+S)S 

Hydrogen 
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cin3 per g 

6 .6 

6ul C 
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Ilydio^eu 
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ciri"^ per g 

7.U 

95 . G 
ICl, 1 

651 C 

PlLteUU. , 
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11.053 

(1. Uhi! 

!i.213 

0.28.) 

lI\drogfn 

soiplion, 

cm3 per ,4 

5 . i 

18.5 

103.4 

lb8 .5 

7113 C 

Pie^siue, 

cm of mercurv 

" ' . . io 

(I.I)') 

1.J2 

J . D 

E q u i l i b r i u m in t h e 601 C r u n w a s e x t r e m e l y s l ow of a t t a i n m e n t . T h e r u n w a s d i s c o n t i n ­
ued a f t e r 85 cm-^ of h y d r o g e n h a d b e e n a b s o r b e d w i t h o u t t h e a p p e a r a n c e of a n e w p h a s e 
b o u n d a r y . F o r t he 50 w / o a l l o y , w h i c h w a s h y d r i d e d a t 652 C , the r e s u l t s w e r e in s u b ­
s t a n t i a l a g r e e m e n t w i th t h o s e w h i c h G u l b r a n s e n * d e t e r m i n e d a t 649 C , T h e l i m i t s of the 
l o w e r m u l t i p h a s e r e g i o n w e r e 9 . 1 a n d 3 5 . 1 c m of h y d r o g e n p e r g of a l l o y a t 0. 15 a n d 
0. 19 c m of m e r c u r y p r e s s u r e , r e s p e c t i v e l y . T h e l i m i t s of t he u p p e r i i i u l t i p h a s e r e g i o n 
w e r e 4 8 . 5 a n d 7 9 . 6 cirf^ of h y d r o g e n p e r g of a l l o y a t 0. 29 a n d 0. 30 c m of m e r c u r y p r e s ­
s u r e , r e s p e c t i v e l y . 

*Gulbranseo, E. A., et al.. Research Report lUOFF 10 lO-Rl, Westiiighouse Research Laboratories. 
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Encapsula t ion and I r rad ia t ion 

The radia t ion-effects study of the fueled mode ra to r m a t e r i a l , z i rconium hydr ide -
Z w/o u r an ium, is continuing. Two i r r ad ia t ion c a p s u l e s , BMI-20-1 and - 2 , will each 
contain four fueled and four nonfueled control spec imens under 1 a tmosphe re of hydrogen 
at room t e m p e r a t u r e . The design operat ing t e m p e r a t u r e s a r e 1500 F for Capsule BMI-
20-1 and 1200 F for Capsule BMI-20-2 . The operat ing t e m p e r a t u r e of the spec imens in 
Capsule BMl-20-1 will be moni tored by six t he rmocoup le s . Capsule BMI-20-2 will not 
be in s t rumen ted , but the operat ing t e m p e r a t u r e of the spec imens in the capsule will be 
calculated from the ra t io of the t h e r m a l - n e u t r o n fluxes during opera t ion . 

Specimen fabricat ion for the i r r ad ia t ion p r o g r a m is comple te . All s p e c i m e n s , 
both fueled and unfueled, a r e hollow cyl inders which a r e 1/2 to 1 in, long, 3 / 1 6 in. in 
OD, and 1/16 in, in ID. The composi t ion of the fueled spec imens is ZrUO. 008 Hl_7 and 
that of the unfueled spec imens is Z r H j ^ j . Identification m a r k s have been engraved on 
the spec imens and the p r e i r r a d i a t i o n inspec t ion , including m e a s u r e m e n t s of physical 
d imensions and dens i ty , is in p r o g r e s s . 

Fabr ica t ion of the capsule components has been completed . The capsule m a t e r i a l 
is Type 348 s ta in less s tee l . M e a s u r e m e n t s of the weights and physical d imensions of 
the compounds a r e in p r o g r e s s . The the rmocouples for Capsule BMI-20-1 a r e being 
fabr icated from Chromel -Alumel thermocouple m a t e r i a l insula ted with magnes ium oxide 
swaged in a s t a in less s teel sheath. The t ips of the the rmocouples a r e ch romium plated 
for r e s i s t ance to the formation of the ui 'anium-nickel and u r a n i u m - i r o n eu tec t i c s . 

The spec imens in each capsule will be sepa ra ted by s p a c e r s and supported during 
irraidiation by a single l / l 6 - i n . - O D molybdenum tube through the center of the spec i ­
m e n s , A nickel -cobal t dos ime te r wire will be inse r t ed in the center of each molybdenum 
tube , and other d o s i m e t e r s will be provided outside the spec imens and capsu le . 

Capsule BMl-20-1 will be i r r ad i a t ed for seven no rma l MTR cycles at a flux of 
1 X lO^"* nv to achieve a calculated burnup of 20 a/o of the total u r an ium. Capsule BMI-
ZO-Z will be i r r ad i a t ed for a per iod of approximate ly nine cyc le s . 
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F . STUDIES OF URANIUM AND URANIUM-ALLOY FUELS 

F , A. Rough and A, W. Hare 

The var ious r e s e a r c h p r o g r a m s on u ran ium-a l loy fuels a r e r epor t ed in this s e c ­
t ion. These p r o g r a m s a r e sponsored by the A E C s Reac tor Development Divis ion. 

I r rad ia t ion of Capsules BMI-8-5 and BMI-8-6 containing z i r con ium -u ran ium 
alloys is being continued at the MTR, 

The resu l t s of the ini t ia l s tudies of transfornniation k inet ics which were based on 
h a r d n e s s m e a s u r e m e n t s a r e r epor t ed in the r e s e a r c h and development p r o g r a m on 
gamma-phase u ran ium a l loys . 

The l i t e r a tu r e survey which has been made to obtain and evaluate exis t ing i n ­
format ion regarding the p r e p a r a t i o n of u ran ium-n iob ium alloys is e ssen t ia l ly comple te . 
The re is a l a rge por t ion of this sys t em for which l i t t le or no information has been 
publ ished. 

F u r t h e r p r o g r e s s is r epor t ed on the r e s e a r c h concerned with the mechan i sm of 
uranium, co r ro s ion in wate r with emphas i s on development of techniques to de te rmine 
the oxidation s tate of surface f i lms . 

Radiation Stability of U r a n i u m - Z i r c o n i u m Alloys 

A. W. H a r e , A. E . Aust in , A. A. B a u e r , and R. F . Dickerson 

Capsules BMI-8-5 and BMI-8-6 a r e cu r r en t ly being i r r a d i a t e d at the MTR. 
z i rcon ium-50 w/o u ran ium alloy spec imens (Capsule BMI-8-5) and the th ree z i r con ium-
22 w / o u ran ium alloy spec imens (Capsule BMI-8-6) a re tentat ively scheduled to r e m a i n 
in the MTR until about March 7 , at which t ime the spec imens will have rece ived a 
calcula ted burnup of about 2 to ta l a / o . 

The l i t e r a tu re survey of the u r a n i u m - z i r c o n i u m alloy sys t em is being concluded. 
Upon completion of this survey a final r e p o r t will be i s sued which s u m m a r i z e s and 
evaluates the p r e s e n t technology of this alloy s y s t e m . 

Development of G a m m a - P h a s e Uran ium Alloys 

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

The project a imed at developing a me tas t ab le g a m m a - p h a s e alloy by t e r n a r y and 
qua te rna ry alloying with chromium^ molybdenum, n iobium, ru then ium, vanad ium, and 
z i rcon ium is continuing. The p r o g r a m cons i s t s of s tudies of k ine t i c s , c o r r o s i o n t e s t ­
ing , t h e r m a l a n a l y s i s , me ta l log raphy , and h o t - h a r d n e s s t e s t ing . 
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Ini t ial s tudies of t r ans fo rma t ion k ine t ics based on h a r d n e s s nea su remen t s have 
been completed . Among the u r a n i i i m - 7 . 5 w/o molybdenum base a l loys , 3 w/o add i ­
tions of niobium and 2 w/o addit ions of ruthenium apparent ly i n c r e a s e gamma stabi l i ty . 
Additions of 2 w/o vanadium and up to 10 w / o z i rconium s e e m to have a de le ter ious 
effect. The gamma stabil i ty of u r an ium-10 and -20 w / o niobium alloys i s improved by 
up to 10 w/o z i rcon ium addi t ions . With the u ran ium-10 w/o niobium al loy, 1 and 5 w/o 
addit ions of molybdenum appear to have equal s tabi l iz ing ef fec ts , while no i m p r o v e ­
ments were noted with 0. 5 w/o ch romium and 2 w / o vanadium addi t ions . Among 
u r a n i u m - 2 0 w / o z i rconium a l loys , 3 and 5 w/o addit ions of niobium and molybdenum 
have about the same effect on gamma s tabi l i ty , while 5 w/o addit ions of e i ther niobium 
or molybdenum to the u r a n i u m - 4 0 w / o z i r con ium alloy resu l t in equal i m p r o v e m e n t s . 
These data were obtained by m e a s u r i n g changes in h a r d n e s s as a function of inc reas ing 
aging t i m e . Uran ium-z i r con ium and u ran ium-molybdenum al loys were aged at 500 C 
while u ran ium-n iob ium alloys were aged at 550 C, 

Since g a m m a - p h a s e uran ium alloys genera l ly exhibit improved co r ros ion r e ­
s i s t a n c e , a l l the alloys a r e being co r ros ion t e s t ed in h i g h - t e m p e r a t u r e wate r in the 
hope that some indication of gamma stabi l i ty may be obtained. On the bas i s of p r e v i ­
ously r e p o r t e d c o r r o s i o n behavior in 500 F w a t e r , a number of p romis ing al loys were 
se lec ted for c o r r o s i o n tes t ing in 680 F w a t e r . These al loys were heat t r e a t e d 4 lir a t 
900 C and water quenched and a r e now on t e s t . As yet no data have been obtained. 

As an indicat ion of the effect of t e r n a r y additions on h i g h - t e m p e r a t u r e s t r eng th , 
h o t - h a r d n e s s m e a s u r e m e n t s a r e being made on a l l a l loys . F r o m data gathered to da te , 
inc reas ing niobium and molybdenum contents genera l ly r e su l t s in an i n c r e a s e in hot 
h a r d n e s s for the u ran ium-20 w/o z i rcon ium base al loy. At 900 C, the effect is a p ­
prox imate ly the same for e i ther addi t ion, the h a r d n e s s inc reas ing from 7 .5 DPH for 
the base alloy to 12. 8 DPH for a 5 w / o niobium, addition and to 10. 3 DPH for a 5 w/o 
molybdenum addit ion. Molybdenum apparent ly has a g r e a t e r hardening effect at 500 C; 
an alloy with 5 w/o molybdenum had a h a r d n e s s of 292 DPH compared with 249 DPH for 
a 5 w / o niobium al loy. Additional h a r d n e s s data a r e being ga thered . 

T h e r m a l - a n a l y s i s data a r e being ga thered on a l l al loys involved in this inves t iga ­
t ion. Insufficient data a r e c u r r e n t l y avai lable to d raw any conclusions as to the effect 
of varying amounts of additions on gamma decomposi t ion t e m p e r a t u r e . 

Additional alloys a r e being p r e p a r e d to fill gaps in p r e s e n t data and to invest igate 
the effect of ru thenium and niobium combinations on the u r a n i u m - 7 . 5 w/o molybdenum 
alloy, 

P r e p a r a t i o n of Uran ium-Niobium Alloys 

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

A study concerned with the appl icabi l i ty of u ran ium-n iob ium alloys as poss ible 
r e a c t o r fuels is in p r o g r e s s . The purposes of this p r o g r a m a re twofold: (1) to obtain 
and evaluate the exist ing information rega rd ing p r e p a r a t i o n of the al loy const i tut ional 
d i a g r a m , phys ica l and mechan ica l p r o p e r t i e s , co r ro s ion behavior , and the effects of 
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rad ia t ion , and (2) to r e so lve deficiencies that a r e found in the l i t e r a t u r e and to b roaden 
the scope of the exist ing knowledge regard ing alloys in th is s y s t e m . 

In o r d e r to accompl i sh the f i r s t of the aforement ioned pu rposes a l i t e r a t u r e s u r ­
vey has been conducted and is e ssen t ia l ly comple te . However , t he re a r e numerous 
a r e a s in which l i t t le or no information has been published and a t tempts a r e being made 
to gather this information by d i r ec t contact with o ther l a b o r a t o r i e s . In addition to the 
l i t e r a t u r e su rvey , an exper imen ta l p r o g r a m has been concerned with p r epa ra t i on of 
high-qual i ty alloy m a t e r i a l and the subsequent fabr icat ion of this m a t e r i a l . This effort 
has been concent ra ted on the al loys containing 20 and 80 w/o niobium and is now being 
expanded to include alloys in the "yi "T^ ^^gion. F r o m a c u r s o r y evaluation of the m e l t ­
ing t e s t s made to da t e , the re is r e a s o n to bel ieve that the inhomogenei t ies encountered 
in mel t ing the u r a n i u m - 1 0 w / o niobium alloy will a l so be encountered in other al loys in 
this s y s t e m . However , t hese inhomogenei t ies may be e l iminated by suitable hea t 
t r e a t m e n t of the cas t m a t e r i a l o r by fabr ica t ion and subsequent heat t r e a t m e n t . 

F u t u r e s tudies will encompass not only mel t ing of the a l l oys , but a lso p r e l i m i ­
na ry fabr icat ion and heat t r e a t m e n t in a t t empts to improve homogeneity of the a l loys . 
Fab r i ca t ion of the alloys will be a t tempted after they a r e clad in molybdenum and have 
been homogenized for pe r iods up to 16 h r . 

Mechanism of Aqueous Cor ros ion 

E , Adelson, C. M. Schwar tz , D. A. Vaughan, O. M. Stewar t , 
W. E . B e r r y , P . D. Mi l l e r , and F . W. Fink 

The aqueous -co r ros ion products of u r an ium a r e being studied to aid in u n d e r ­
standing the c o r r o s i o n p r o c e s s . Owing to prev ious difficulties in obtaining a m a t e r i a l 
ba lance between evolved hydrogen and weight l o s s , for the case of UO2 as a s s u m e d 
co r ro s ion produc t , other t e s t s a r e being made to de te rmine the oxidation s ta te of the 
u ran ium in the r eac t ion produc t . 

During January the exper imen ta l techniques for studying the u r an ium l^jjj X - r a y 
absorpt ion edge w e r e modified. Theore t i ca l calculat ions were made on the opt imum 
th ickness of u r an ium for m a x i m u m edge intensi ty and samples of UO2 and UO3 with 
constant u ran ium content were p r e p a r e d . In addition to a difference in the b read th of 
the absorpt ion edge between UO2 and UO3, which was r e p o r t e d in BMI-1247, the edge 
was found to occur at a sho r t e r wavelength for UO3 than for UO2. This' is consis tent 
with published data . Attempts to improve the resolu t ion a r e in p r o g r e s s . It is planned 
to make s imi l a r s tudies of the X - r a y absorpt ion edge of samples of co r ro s ion p roduc t . 

P r ev ious exper iments in s t e am at 200 C have indicated that the u ran ium oxide 
c o r r o s i o n product oxidizes fur ther when exposed to a i r , thus prevent ing an accura t e 
de te rmina t ion of oxygen in the c o r r o s i o n produc t . P r e s e n t equipment is being modified 
to p e r m i t the ana lys is of the u r an ium oxide without removing it f rom the c o r r o s i o n t e s t 
v e s s e l . 
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G. FATIGUE STUDIES OF INCONEL 

W. S. Hyler and R. J . F a v o r 

This p r o g r a m has the object ives of obtaining bas ic fatigue information on Inconel 
and es tabl ishing quantitat ive re la t ionsh ips among the va r i ab l e s of t e m p e r a t u r e , s t r e s s , 
s t r a i n , t i m e , and cyclic f requency for Inconel , 

The scope of the invest igat ion includes t e m p e r a t u r e s of 1200, 1400, and 1600 F . 
P r e v i o u s l y , data obtained at 1600 F were repor ted . At 1200 F the evaluat ions xmder 
complete ly r e v e r s e d loading were a lso completed. 

During J anua ry ini t ial data at 1200 F and load ra t io of 0. 25 have been obtained. 
These data will be r epor ted after the 1200 F invest igat ion h a s been completed. 

During F e b r u a r y it is expected that the invest igat ion at 1200 F will be completed. 
In addi t ion, an evaluation at 1400 F , load ra t io of oo, and cyclic frequency of 1 cps will 
be ini t iated. 
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H. REACTOR MATERIALS AND COMPONENTS 

F . A. Rough and A. W. Hare 

This sect ion r e p o r t s the var ious r e s e a r c h p r o g r a m s which a r e suppor ted by the 
AEC Division of Reac tor Development and a r e concerned with r e a c t o r m a t e r i a l s and 
components . 

The r e su l t s of continuous-weighing oxidation t e s t s in dry a i r at 1000 and 1200 C 
on niobium-tungsten alloys a r e d i scussed . Severa l new a l l o y s , including t e r n a r y a l loys , 
a r e being p r e p a r e d to fur ther develop the theory of oxidation. 

The r e su l t s of meta l lographic and diffraction a n a l y s i s , oxidation t e s t s , and con­
ductivity and t h e r m o e l e c t r i c power m e a s u r e m e n t s on UO^ - L a 2 0 3 samples a r e r e ­
por t ed on the p r o g r a m concerned with the valence effects of oxide solutions in u r an ium 
dioxide. 

It is r epor t ed in the h i g h - t e m p e r a t u r e h i g h - p r e s s u r e so l id - s t a t e s tudies that the 
f i r s t die has been t e s ted and has opera ted sa t i s fac tor i ly . The p r o b l e m s concerned with 
p r e s s u r e ca l ibra t ion of the die a r e a l so d i scussed . 

Routine p r o g r e s s is r epor t ed for the invest igat ion of rubbing sur faces in sodium 
envi ronments . 

The studies of the fundamental p r inc ip l e s a s soc ia ted with hydros ta t ic p r e s s u r e 
bonding a r e continuing. In the analyt ica l phase of this work , a rev is ion of the theory in 
t e r m s of p r e s s u r e , g e o m e t r y , and m a t e r i a l p r o p e r t i e s is being c a r r i e d out so that a 
snore accu ra t e e s t ima te can be made of the m a t e r i a l p a r a m e t e r s involved in hydros ta t ic 
p r e s s u r e bonding. Routine p r o g r e s s is r epo r t ed on the exper imenta l phase of this 
work. 

Oxidat ion-Res is tan t Niobium Alloys 

W. D. Klopp, C. T. S i m s , and R. I. Jaffee 

The objective of this p r o g r a m is to study the oxidation of p u r e niobium and the 
m e c h a n i s m s by which var ious alloying addit ions affect the oxidation behavior . P rev ious 
work has shown that s ize and valence of the alloying e lement affect the oxidation behav­
ior in the low alloying range (15 a /o m a x i m u m ) , while the na tu re of new oxide p h a s e s 
formed de te rmine oxidation behavior in the high alloying range . P r e s e n t work includes 
oxidation test ing of b inary alloys at 1000 and 1200 C, and p r e p a r a t i o n of new binary and 
t e r n a r y a l loys . 

Continuous-weighing oxidation t e s t s in dry a i r at 1000 and 1200 C have been com­
pleted on four n iobium-tungsten samples and two n iobium-vanadium s a m p l e s . The 
r e su l t s a r e given in Table H - 1 . The behavior of n iobium-tungs ten al loys at 1200 C was 
significantly different f rom that at 1000 C. At the lower t e m p e r a t u r e , tungsten effected 
only a slight d e c r e a s e in the l inea r oxidation r a t e , while at 1200 C , tungsten p romoted 
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TABLE H-1. OXIDATION DATA FOR NIOBIUM ALLOYS IN DRY AIR 

Sample 

0-30(a) 
0-70(a) 
0-101 
0-74(a) 

0-77(a) 
0-ld5 
0-106 
0-102 
0-103 
0-104 

Composition, 
a/o 

100 Nb 
Nb-lW 
Nb-5W 
Nb-lOW 

100 Nb 
Nb-17, 5V 
Nb-25V 
Nb-lW 
Nb-5W 
Nb-lOW 

Test 
Temperature, 

C 

1000 
1000 
1000 
1000 

1200 
1200 
1200 
1200 
1200 
1200 

Parabolic 
Rate 

Constant, 
(mg/cm2)2 

per hr 

100 
e» 

112 
108 

» 
(200)(^) 

-
-

1020 
640 

Transition 
to Linear 
Rate, hr 

0.1 
0 
0.2 
0.1 

0 
0.6 
0 
0 
1,3 
3 

Linear 
Rate 

Constant, 
mg/(cm2)(hr) 

30.0 
(35)(c) 
(30) 
(27) 

(93) 
68.7 

(198) 
(70) 
13.5 

6.3 

I h r 

30.0 
43 
26.1 
32.4 

107.7 
53.3 

160.3 
64.2 
29.9 
24.2 

Weight Gain, 
2hr 

61.3 
7S.5 
60.8 
57.5 

-
115 

„ 

» 
45.1 
35.0 

3hr 

89.8 
101 
88.4 
76.5 

m 

« 
-
-
-

43.6 

mg per cm^ 
4hr 

114.2 
120 

_ 
92.0 

« 
„ 

_ 
-
_ 

51.4 

5hr 

136.9 
136 

, 
106 

„ 

-
-
-
-

58.3 

6ht 

158.6 
152 

» 
115,5 

o 

-
-
-
_ 

64.8 

(a) Data from previous tests Included for comparison. 
(b) Parabolic rate is estimated, since parabolic rate increased gradually with time up to 0.6 hr. 
(c) Linear rates in parentheses are estimated, since reaction rates of these samples decreased gradually with time. 
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parabo l i c behavior with significantly lower r a t e s than p u r e niobium. At 1200 C , 
n iobium-5 a / o tungsten formed a p ro tec t ive sca le and oxidized parabol ica l ly for 1. 3 h r , 
while niobium-10 a /o tungsten oxidized parabol ica l ly at a sl ightly lower r a t e for 3 h r 
before t rans i t ion to l inea r behavior occur red . The impor tan t feature of these r e su l t s is 
not so much that the weight gains were reduced (vanadium, t i t an ium, and molybdenum 
effected s i m i l a r reduct ions in weight gain at 1200 C) , but that the sca l e s were so p r o ­
tec t ive . P r e v i o u s l y , the bes t al loys had exhibited pa rabo l i c behavior for l e s s than 1 hr 
at 1200 C. 

The m e c h a n i s m by which tungsten improves the oxidation behavior at 1200 C is not 
immedia te ly apparent . Although i t s high valence (+6) should reduce diffusion r a t e s in a 
compact NbzOs f i lm, i ts l a rge c r y s t a l r ad ius (+18. 6 p e r cent compared to niobium) in­
dicates that tungsten should expand the Nb205 s c a l e , promot ing cracking and l inea r 
behavior . 

Niobium-17. 5 a /o vanadium oxidized a lmos t pa rabo l ica l ly for 0. 6 h r at 1200 C, 
the r a t e then becoming l inea r . Niobium-25 a /o vanadium oxidized l inea r ly at a high 
r a t e . This behavior i s s imi l a r to that obse rved at 1000 C, and re f lec t s inc reas ing 
amounts of a l iquid oxide (V2O5 or a complex n iobium-vanadium oxide) which fluxes the 
sca le and causes high oxidation r a t e s . 

Sixteen new binary and t e r n a r y al loys a r e now being a r c me l t ed and ro l led to s t r ip 
for oxidation tes t ing . The composi t ions of these al loys a r e : 

N iob ium-5 , -10 a /o rhenium 

Niob ium-5 , - 1 0 , and -20 a / o i ron 

Niobium-12. 5 a /o t i t an ium-4 a / o molybdenum 

Niobium-19 a /o t i t an ium-6 a /o molybdenum 

Niobium-25 a / o t i t an ium-7 . 5 a / o molybdenum 

Niobium-12. 5 a /o t i t an ium-7 . 5 a / o ch romium 

Niobium-19 a / o t i t an ium-11 a / o ch romium 

Niobium-25 a / o t i t an ium-15 a /o ch romium 

Niobium-12. 5 a /o t i t an ium-6 a /o vanadium 

Niobium-19 a / o t i t an ium-9 a / o vanadium 

Niobium-25 a /o t i t an ium-12 . 5 a / o vanadium 

Niobium-11 a /o t i t an ium-5 . 5 a / o molybdenum 

Niobium-6 a / o molybdenum-9 a /o vanadium 

Of the new binary sys t ems p lanned, rhen ium additions may be beneficial because 
i ts high valence (+7) should inhibit ionic diffusion in the sca le . I ron has a favorable s ize 
(-14. 3 p e r cent compared to niobium) and may p r o m o t e pa rabo l i c oxidation behavior 
through the s ize-effect mechan i sm. The t e r n a r y al loys a r e combinations of beneficial 
b inary addit ions as de te rmined p r ev ious ly , se lec ted so as to provide m a x i m u m informa­
tion about oxidation behavior in the t e r n a r y s y s t e m s . 
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Valence Effects of Oxide Solutions in Uranium Dioxide 

W. B. Wilson, J. Moody, A. G e r d s , W. M. Albrech t , 
R. Bennet t , and C. M. Schwartz 

Modified methods for the product ion of solid solutions a r e being inves t iga ted , in 
continuation of the work d i scussed in BMI-1247. An additional revis ion in sample p r e p ­
ara t ion was in t roduced when it was found that BeO and probably hydrocarbon contami­
nation was detected in undes i rab le amounts in the sy s t em used for s in ter ing the spec i ­
m e n s . The tentat ive approach , p r e sen t l y being evaluated to e l iminate this difficulty, 
has been to adopt a t an ta lum susceptor insula ted with Alundum. Samples of UO2 con­
taining 40 , 50 , and 60 w / o L a 2 0 3 or 45 w / o SC2O3 have been p r e p a r e d , using this tech­
nique for the second s inter ing. These a r e p r e sen t l y being evaluated and appear to be 
sui table . At p r e s e n t , as a fur ther re f inement , i t appear s des i rab le to e l iminate the 
b inder being used , for m a x i m u m pur i ty . 

Metal lographic and diffraction ana lys is of the spec imens produced to date has 
indicated that the 50 and 60 w / o L a 2 0 3 contain a sma l l amount of a g ra in-boundary 
phase . This is apparent ly L a 2 0 3 whose cel l s ize has been reduced by UO2 in solution. 
Since the amount of L a 2 0 3 i s nea r the r epo r t ed solubili ty l imi t (70 w/o) this may indi­
cate e i ther an incomplete reac t ion or excess solubil i ty. The sample of 45 w / o SC2O3 
fired in vacuo did not form a solid solution with UO2 but did form a solid solution when 
f ired in a i r at 2500 F . Apparen t ly , the U+4 size i s too l a r g e , whereas the U+6 ion s ize 
is sma l l e r and allows the solid solution to form. 

Air -oxida t ion t e s t s of specinaens of UO2, UO2 - 50 w/o L a 2 0 3 , and UO2 - 45 w / o 
SC2O3 were run for 3 h r at 2500 F in moving a i r a s a t e s t of valence s ta te . The UO2 
pel le t was complete ly t r a n s f o r m e d to powder and conver ted to U30g. The 50 w/o L a 2 0 3 
solid solution re ta ined its shape and s ize and showed no signs of powdering. A slight 
lowering of the f luori te la t t ice p a r a m e t e r of th is sample was detected and is i n t e rp re t ed 
as oxidation which occur s as follows: 

1 , 
2RO2 + 2R2O3 + 0 2 ^ 6 ( R , R 1 ) 0 2 

The SC2O3 solid solution with UO2 r ema ined as a f luor i te- type solid solution for 3 hr at 
2500 F . Analys is of weight-gain data indicates that both the U 0 2 - L a 2 0 3 solid solutions 
gained in acco rd with the expected reac t ions but that UO2 had not. The apparent fai lure 
of the UO2 to gain weight i s p robably due to the loss of volat i le U30g , since diffraction 
ana lys i s indicated that the UO2 had fully oxidized to U30g. 

Modification of the mic roba lance equipment to opera te in a i r has been completed 
and work has been ini t ia ted to compare the oxidation behavior of UO2 with the solid 
solut ions. 

Conductivity and t h e r m o e l e c t r i c power of the U 0 2 - L a 2 0 3 samples have been ana­
lyzed as a function of t e m p e r a t u r e f rom ambient to 800 C. The r e su l t s indicate that the 
e l ec t r i ca l p r o p e r t i e s of the spec imens a r e affected by p r i o r h i s tory . The room-
t e m p e r a t u r e conductivity i n c r e a s e s with aging at r oom t e m p e r a t u r e and d e c r e a s e s as 
the spec imens a r e heated above 400 C. This makes it difficult to de te rmine the exact 
effect of L a 2 0 3 addit ions on UO2. However , it appea r s that the p-type conductivity of 
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UO2 d e c r e a s e s with inc reas ing L a 2 0 3 content and becomes ?i-type when the L a 2 0 3 con­
tent exceeds about 50 mole p e r cent. The act ivat ion energy n e c e s s a r y to free a charge 
c a r r i e r of spec imens quenched from elevated t e m p e r a t u r e appea r s to be independent of 
L a 2 0 3 content. 

Work will continue to confirm the nonoxidizing p r o p e r t i e s of the solid solutions 
and to r e l a t e the i r behavior to the e l e c t r i c a l , s t r u c t u r a l , and chemica l ana lyses . 

High- T e m p e r a t u r e F l i gh -P re s su re Solid-State Studies 

W. B. Wilson and C. M. Schwartz 

Exper imen ta l tes t ing and ca l ibra t ion of the f i r s t die unit was ini t ia ted in January . 
Var ious functions of pe r fo rmance of the unit we re subjected to p r e l i m i n a r y t e s t , in­
cluding cooling, t h e r m a l and e l ec t r i ca l insu la t ion , t e m p e r a t u r e and p r e s s u r e ca l i b r a ­
t ion, and power r e q u i r e m e n t s . 

In g e n e r a l , the pe r fo rmance of the unit to date was sa t i s fac tory with the exception 
of the p r e s s u r e cal ibra t ion. This ca l ibra t ion was a t tempted by util izing the b ismuth 
t rans i t ion and re la t ing it to the p r e s s load. A "working" es t ima te of p r e s s u r e may also 
be obtained by using the s t rength of the die m a t e r i a l s as an e s t ima te of p r e s s u r e and, 
of c o u r s e , by the d i rec t calculat ion of p r e s s u r e through the hydraul ic s y s t e m , neglec t ­
ing frict ion. ( "F r i c t ion" he re r e fe r s to fr ic t ion in the p r e s s at lo^v loads and is offset 
by the force of gravi ty of the 20 ,000- lb r a m weight. ) 

In the two exper iments pe r fo rmed to da t e , the p r e s s u r e was i n c r e a s e d to fa i lure . 
The b ismuth t rans i t ion was not de tec ted , probably because of the choice of m a t e r i a l s 
used as an insu la tor . It is bel ieved that this m a t e r i a l , Lav i t e , loaded up as a column in 
the die. T h u s , such seve re depa r tu re from "hydros t a t i c " conditions occu r r ed in terna l ly 
that the t rans i t ion was not de tec ted , due to poor t r a n s m i s s i o n of p r e s s u r e to the 
specimen. 

In the second expe r imen t , immedia te ly before fai lure of the carbide p i s ton , a 
t rans i t ion was poss ib ly detected but o c c u r r e d at a p r e s s u r e e s t ima ted to be much too 
high to be b ismuth . 

Direc t calculat ion of the p r e s s u r e indicated that in excess of 600,000 psi was 
achieved before fa i lure . This is close to the 700,000 to 900 ,000-ps i level p red ic t ed for 
the uni t , based on the crushing s t rength of the ca rb ide . 

These p r e l i m i n a r y exper imen t s sviggest a special t echnique , which appea r s en­
t i r e ly feasible for synthesis of m a t e r i a l s . In this techniqtie , the l imi ta t ions of the un­
supported r i g h t - c i r c u l a r - c y l i n d e r design may be overcome by pushing the top of the 
pis ton flush with the die with a m a s s i v e block of carb ide . This in effect would produce 
a "bomb" which has been " sea led" at 600,000 ps i or jus t below the l imi t of s t rength of 
the carb ide pis ton. Additional p r e s s u r e may then be genera ted by ra i s ing the t e m p e r a ­
t u r e in terna l ly . In t heo ry , at l e a s t , such technique should be capable of the mos t ex­
t r e m e p r e s s u r e and t e m p e r a t u r e even though these cannot be control led independently. 
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Work will continue to detect the b ismuth t rans i t ion for final ca l ibra t ion. Modifi­
cations a r e being made to achieve higher p r e s s u r e s including use of the "bomb" 
technique. 

Rubbing Surfaces in Sodium Envi ronments 

J. W. Kisse l and J. H. Stang 

An i n e r t - a t m o s p h e r e t e s t appara tus has been cons t ruc ted to study the fr ict ion 
behavior of s o d i u m - i m m e r s e d sliding su r faces . During J a n u a r y , a few explora tory 
exper iments were c a r r i e d out , using unlubr ica ted and n i ine ra l -o i l - l ub r i ca t ed surfaces 
(in a i r at room t e m p e r a t u r e ) . The chief objective of these t e s t s has been to examine 
the operat ing c h a r a c t e r i s t i c s of the appara tus and of the f r ic t ion-sens ing and - r eco rd ing 
devices . 

The conditions for these p r e l i m i n a r y exper iments have been as follows: 

Specimen combination 1/2-in. - d i a m e t e r hardened (to 
Rockwell 62 C) s tee l bal l 
sliding against a flat surface 
of unhardened tool s tee l 

L inea r speed of flat spec imen about 1/4 ipm (about 1/10 m m 
p e r sec) 

7 5 , 9 3 , and 143 g 

8 0 , 0 0 0 , 8 5 , 0 0 0 , and 100,000 ps i 

Net contact loads applied 
no rma l ly to fixed sphere 

Corresponding Her tz ian loads 
(maximum s t r e s s at cen te r 
of contact a rea) 

When an unlapped poor ly c leaned flat specimen was u s e d , the average coefficient 
of kinetic friction was of the o r d e r of 0. 02 to 0. 05; in such c a s e s , the p r e s e n c e or 
absence of m i n e r a l oil made l i t t le difference. This lack of sensi t ivi ty to apparent lubr i ­
cation is not pa r t i cu l a r l y s u r p r i s i n g , since the ini t ial contamination of the ground s u r ­
face probably provided a lubr icat ing film; it is l ikely that the contact loads used were 
too light to b r e a k through this film and es tab l i sh meta l - to -mie ta l contact , hi subsequent 
experinments, a lapped s p e c i m e n , carefully cleaned by acetone and e ther w a s h e s , was 
used . Average coefficients of kinetic fr ict ion obtained immedia te ly after the surface 
was d r i ed were in the 0. 19 to 0. 21 range ; after 4 days in a i r , with no fur ther t r e a t m e n t 
to the f lat , the corresponding range was 0. 15 to 0. 17. Breakaway friction values with 
the carefully p r e p a r e d flat we re quite d is t inc t , ranging f rom 0. 24 to 0. 32. 

The kinet ic fr ict ion forces during the runs made thus far have not been constant 
but have va r i ed with soine pe r iod ic i ty , suggesting " s l i p - s t i c k " behavior . In fact , the 
sha rpness of the fluctuations i n c r e a s e d with applied load and, at the 143-g load l eve l , 
s l i p - s t i ck behavior was quite pronounced. 
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As a whole , the data obtained with the appara tus under the t e s t conditions thus far 
employed a r e quite r easonab le . However , p r i o r to runs with sodium, a few addit ional 
check-out exper imen t s a r e contemplated at h i g h e r - t h a n - r o o m t e m p e r a t u r e s , pe rhaps 
with an iner t a tmosphe re . 

Bas ic Studies of P r e s s u r e Bonding 

S. J. P a p r o c k i , E. S. Hodge, S. D. Beck , D. C. C a r m i c h a e l , 
and P . J. Gr ips hover 

An invest igat ion i s in p r o g r e s s to study the fundamental p r inc ip les a s soc ia t ed with 
hydros ta t ic p r e s s u r e bonding. The p r inc ipa l emphas is is p laced on a study of the de­
formation of bodies under hydros ta t ic p r e s s u r e in o rde r to de te rmine the conditions r e ­
quired to insu re that sur faces p laced together will at tain the sufficiently close contact 
needed to bond. 

Analyt ical Studies of P r e s s u r e Bonding 

In an effort to obtain an unders tanding of the behavior of bodies under hydros ta t ic 
p r e s s u r e , a study is being made of the compress ion of a th ick-wal led c i r c u l a r cyl inder 
under ex te rna l hydros ta t ic p r e s s u r e . The theo re t i ca l approach f i r s t used for this p r o b ­
lem a t tempted to p red ic t deformations in t e r m s of p r e s s u r e , g e o m e t r y , and m a t e r i a l 
p r o p e r t i e s which were expected to vary with t e m p e r a t u r e . Allowance for va r ia t ions 
with t ime was made poss ib le by regard ing the m a t e r i a l p r o p e r t i e s a s varying with t ime 
a l so . However , it is thought now that the theory would be improved if var ia t ions with 
t ime were shown expl ic i t ly , so that the m a t e r i a l p a r a m e t e r s would be independent of 
t ime as well as independent of the p r e s s u r e and geomet ry . An effort i s being made 
p r e sen t l y to produce a r e v i s e d theory in t e r m s of these m o r e uniform m a t e r i a l p a r a m ­
e t e r s . This involves obtaining a s t r a in -ha rden ing function which d e s c r i b e s the c reep 
behavior of the m a t e r i a l . If th is revis ion can be effected, a ixiore accu ra t e e s t ima te can 
be made of the m a t e r i a l p a r a m e t e r s involved in hydros ta t ic p r e s s u r e bonding. 

Expe r imen ta l Studies of P r e s s u r e Bonding 

No spec imens were r equ i r ed by the anlyt ical s tudies unti l the end of the p r e s e n t 
repor t ing per iod; t h e r e f o r e , no r e su l t s a r e avai lable . 

Specimens a r e now being p r e p a r e d to be p r e s s u r i z e d at 6000 ps i and 500 F for 
pe r iods of 2, 4 , and 6 hr . These spec imens a r e th ick-wal led a luminum tubes with both 
ends sealed. Duplicate spec imens will be run at each of the t h r e e conditions to insu re 
re l iabi l i ty of the r e s u l t s obtained. The amount of deformation produced in these spec i ­
mens will be u sed to t e s t the validity of p roposed ma thema t i ca l models for predic t ing 
the flow c h a r a c t e r i s t i c s of me ta l s during p r e s s u r e bonding. The values obtained for 
these spec imens will be compared with prev ious r e s u l t s obtained at a lower p r e s s u r e 
using the same t e m p e r a t u r e and t i m e s . 





43 

I - l 

L PHYSICAL RESEARCH 

F . A. Rough and B. W, Dunnington 

P r o g r a m s of phys ica l r e s e a r c h supported by the AEC Division of R e s e a r c h a r e 
r epor t ed in this sect ion. 

Las t month in BMI-1247 r e p o r t s of r e s u l t s were included for p r o g r a m s of r e ­
s e a r c h on p r o p e r t i e s of u ran ium compounds, consti tution of u ran ium al loys , and solid-
state studies of UNC and of UC2- R e s e a r c h is continuing on these p r o g r a m s , but r e ­
sults a r e not included in this r epo r t . 

In the study of bonding fundamentalSj, the role of diffusion is being evaluated. 
Calculated and exper imen ta l r e su l t s co r respond over a l imited t ime range for a lmos t 
eve ry exper imenta l ca se . Evaluation of data is continuing in o r d e r to unders tand the 
cause of deviations occur r ing at the longer t i m e s . 

In the study of n iobium-hydrogen reac t ion k ine t ics , surface reac t ion appea r s to 
be affecting sorpt ion r a t e s , giving inexplicable r e s u l t s . Exper imen t s a r e planned to 
study desorpt ion r a t e s , which should be diffusion dependent. Additional equi l ibr ium 
data at 300 to 600 C and hydrogen p r e s s u r e s of 0. 6 to 10 miTi of m e r c u r y confirm 
e a r l i e r r e s u l t s . These s tudies a r e continuing. 

The phenomenon of hydrogen migra t ion on z i rconium hydride under a t h e r m a l 
gradient is being studied. A theore t i ca l examincition of the var ious fac tors affecting 
the migra t ion is in p r o g r e s s . Resul ts of exper imen t s to de te rmine diffusion coefficients 
of hydrogen in the delta hydride a r e repor ted . 

Study of Bonding Fundamenta ls 

J. B. Melehan, F . C. Holden, H. R. Ogden, 
and R. I. Jaffee 

Studies have been continued on the so l id - s ta te bonding p r o c e s s for the purpose of 
re la t ing the adhesion behavior of me ta l s to m a t e r i a l p r o p e r t i e s and expe r imen ta l con­
dit ions. In a typical exper iment , the n o r m a l force of adhesion is m e a s u r e d at the con­
tact region between a h e m i s p h e r i c a l needle point and a plane sur face . The contacting 
sur faces a r e exposed to var ious conditions of t ime and t e m p e r a t u r e to s t imula te an in­
c r e a s e in the bonded a r e a and therefore i n c r e a s e the adhesive s t rength of the contact . 
Severa l theor ies have been advanced to explain the m a t e r i a l t r a n s p o r t which takes place 
to i n c r e a s e the bonded a r e a . Kuczynski* has proposed a theory based on volume dif­
fusion as the mechan i sm for m a t e r i a l t r a n s p o r t in s in ter ing of me ta l powders . On the 
bas i s of this theory , coefficients of volume self-diffusion have been pred ic ted which 
show reasonable a g r e e m e n t with r e s u l t s of r a d i o a c t i v e - t r a c e r de t e rmina t ions . 
Kuczynski studied the ra te of s in ter ing between sphe r i ca l me ta l powders and fiat p l a t e s , 
measu r ing optical ly the change in contact radius with changing t ime . In the p r e s e n t 

"Kuczynski, G, C , "Self Diffusion in Sintering of Metallic Particles", Trans. AIML, Journal of Metals, 185, 169-178(1949). 
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work, the relation derived by Kuczynski has been modified by making allowance for the 
finite initial contact area established by application of a preload. The preload was im­
mediately removed in order to allow bond growth to occur under negligible external 
pressure. The equation expressing bond growth between a spherical particle and plate 
with zero initial contact area ist 

Area = Tfx = 
2 j 40a .̂̂  a^ Dyt 

k T 

2 / 5 

With allowance for an initial contact area the equation becomes: 

2 2 
TTX = T I X Q 1 + 

81a.^ a^ Dvt \ l /3 

4 k X Q S T - ) 

( I - l ) 

(1-2) 

w h e r e 

X = c o n t a c t r a d i u s a t t i m e , t 

Xo = i n i t i a l c o n t a c t r a d i u s f o r m e d by p r e l o a d i n g 

a - surface tension 

. = interatomic spacing 

a = radius of curvature of needle or powder particle 

Dy = coefficient of volume seH-diffvision 

t = time 

k = Boltzmann' s constant 

T = temperature. 

Both equations are subject to certain geometrical restrictions and are valid only when 
the ratio of contact radius to radius of curvature is much less than unity. The loga­
rithmic form of Equation (1-2) can be differentiated giving; 

^ -{y^ -
d In t 

= 1/3 
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ThuSj a logar i thmic plot off / l\ v e r s u s t ime would be l inear with a slope of 1/3. 

The same re la t ion should hold when / £ _ r ep l aces / _ . Exper imen ta l values of ad-
F„ V A„ 

O V o 

hesion forces and contact a r e a s calculated from e l e c t r i c a l - r e s i s t a n c e m e a s u r e m e n t s 
have been compared with values obtained from this equation. In the t e m p e r a t u r e range 
from 600 to 800 C^ the exper imen ta l r e s u l t s do not show the p red ic ted l inea r c o r r e ­
spondence, but have a varying slope which d e c r e a s e s with inc reas ing t ime . In a lmos t 
every instance^ there is a t ime range over which the calculated and exper imen ta l 
curves cor respond . It is evident, however , that the theore t i ca l model is not adequate 
over the ent i re range of bonding t i m e s . The range of s lopes de te rmined exper imenta l ly 
for t ime up to 60 min a r e tabulated below? 

Temperature, 

600 

630 

700 

SOU 

_C 

"Vi-') 
d l u t 

U. 50-1) . 4 0 

(i.o4-'i,26 

0. 55-0.26 

0,5'J-i!. 18 

""(jA»-') 
d i n t 

„ -

0.7 -0,34 

0,G7"0.34 

0,47-0.20 

The calcula ted slope of 1/3 is based on the volume di f fus ion- t ranspor t mechan i sm. It 
a l so depends on the assumpt ion that the geomet ry is that of a sphe r i ca l surface touching 
a plane sur face . 

An eventual d e c r e a s e in the ra t e of bond growth by this mechan i sm mus t be an­
ticipated, since the amount of ma te r i a l t r a n s p o r t r equ i red for a given inc remen t of a r e a 
will i n c r e a s e rapid ly with an i n c r e a s e in contact r ad ius . The high ini t ia l growth ra t e 
sugges ts thatj in the ini t ial s tages of bond growth, m e c h a n i s m s other than volume dif­
fusion a r e effective. The poss ib i l i t i es include surface and g ra in -boundary diffusion 
(which p roceed m o r e rapid ly than volume diffusion), an i n c r e a s e d ra te of volume dif­
fusion due to deformat ion at contact , and t r a n s p o r t of me ta l by evajjoration and 
condensation. 

In bonding exper imen t s between gold needles and s i lver flatSj s i lver was observed 
to deposi t on the gold needle . The deposi ts occur both when contact is made , and when 
the spec imens a r e placed in close p rox imi ty without contact . The observed deposi t ion 
of s i lver on gold shows that evapora t ion and condensat ion can occur under the condi­
tions used in these t e s t s . It is not es tabl ished whether condensat ion of me ta l at the 
surface of min imum rad ius (i. e. , the bond junction) can be r e l a t e d to equi l ibr ium p r e s ­
su re s by the Kelvin equation. If this is the c a s e , then the bond growth should p roceed 
at a r a t e propor t iona l to t^/-3. * A study of this p r o c e s s is being made . 

^Kuczynski, G. C., loc. cit. 
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The d e c r e a s e of the expe r imen ta l slope at longer bonding t imes has not yet been 
reso lved quanti tat ively. Meta l lographic sect ions of bond junction a r e being studied to 
de te rmine the geome t r i ca l fac tors that influence the r a t e of bond growth. M e a s u r e ­
ments a r e a lso being made of needles exposed to varying exper imen ta l conditions to 
de te rmine the extent of deformat ion occur r ing at the contact , and to es tab l i sh whether 
the geome t r i ca l l imi t s on the theory have been exceeded. 

Niobium-Gas React ions 

W. M. Albrecht and W. D, Goode 

A study of the kinet ics and mechan i sms of the reac t ion of hydrogen with niobium 
is being made . Data for the r a t e s of format ion of s e v e r a l solid solutions using 1/4-
i n . - d i a m e t e r cy l indr ica l spec imens were r epor t ed prev ious ly . These e a r l y expe r i ­
ments gave e r r a t i c r e s u l t s and slow reac t ion r a t e s when the sy s t em p r e s s u r e was 
g r e a t e r than 10"^ m m of m e r c u r y during the ini t ia l heating per iod . F u r t h e r expe r i ­
ments have been made at 500 C to de te rmine whether there is any contamination of the 
spec imen while it is being heated in vacuum to the reac t ion t e m p e r a t u r e . Niobium 
spec imens were heated for va r ious lengths of t ime before obtaining ra t e data with hy­
drogen. It was found that heating the spec imens in sys t em p r e s s u r e s of the o r d e r of 
10~o m m of m e r c u r y for t imes up to 1 hr did not affect the reac t ion of hydrogen with 
the me ta l . 

F r o m diffusion theory , the ini t ia l ra te of sorpt ion should be pa rabo l i c . However, 
if the r a t e of diffusion is quite rapid the ini t ial parabol ic behavior may not be d i s ce rn i ­
ble from the expe r imen ta l data. Once the concentra t ion of hydrogen in the core s t a r t s 
to i n c r e a s e , the ra te appea r s to be l inear until the equi l ibr ium hydrogen composi t ion 
is approached. There fo re , where diffusion is quite rapid , the ini t ia l r a t e of sorpt ion 
could appear l inear even if the reac t ion were diffusion control led. 

Another aspec t of diffusion-controlled r a t e s is that they should v a r y inver se ly as 
the square of the d i ame te r . There fo re , s e v e r a l exper imen t s were made at 450 to 500 C 
to de te rmine the effect of spec imen d i ame te r on sorpt ion r a t e . The r e s u l t s a r e shown 
in Table I - l . It is seen that the ini t ia l r a t e of sorp t ion v a r i e s l i t t le with spec imen 
d i a m e t e r s ranging from 0. 29 to 0. 97 cm. This indicates that a surface reac t ion is 
probably control l ing the sorpt ion ra t e and not diffusion of hydrogen within the meta l . 

The surface reac t ion for desorp t ion probably does not in te r fe re with the diffusion 
process^ so de te rmina t ion of the diffusion r a t e s during desorp t ion of hydrogen from 
niobium may be feasible . Expe r imen t s of this type a r e being planned. 

In o r d e r to extend the equi l ibr ium d iag ram of the n iobium-hydrogen sys tem, the 
l o w - p r e s s u r e equi l ibr ium study is being continued. Equi l ib r ium data obtained at 300 
to 600 C at hydrogen p r e s s u r e s from about 0. 5 to 10 m m of m e r c u r y ag ree with the 
r e s u l t s of the p rev ious study. Also, p r e l i m i n a r y r e s u l t s of the e levated t e m p e r a t u r e 
X - r a y study at 300 to 400 C of spec imens with hydrogen-niobium ra t ios of 0, 0. 097, 
0. 24, and 0. 54 show lat t ice expansions of the body-cen te red-cub ic phase of the m e t a l 
as the hydrogen concent ra t ion i n c r e a s e s . The l o w - p r e s s u r e equi l ibr ium and X - r a y 
studies a r e continuing. 
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TABLE I - l . EFFECT OF SPECIMEN DIMIETER ON THE RATE OF SORPl'ION 

OF HYDROGEN BY NIOBIUM 

Temperature, 

C 

500 

500 

450 

450 

Product 

Composition, 
H/Nb 

O.J 

0 .1 

0.5 

0.5 

Diameter , 

cm 

U.29 

0.6u 

0.5b 

0,97 

Initial Linear 
Rate Cons.tanl. 10"2 

ml / (cm-Xsee) 

1.07 

0.97 

1.40 

1.35 

Migrat ion of Hydrogen in Zi rconium Hydride 

J . B. Vetrano, W. M. Albrecht , and R. J. H a r r i s o n 

The object of this invest igat ion is to study the phenomenon of the migra t ion of 
hydrogen in z i rconium hydr ide . F r o m a knowledge of the i s o t h e r m a l diffusion coeffi­
cients of hydrogen in z i rconium and z i rconium hydride as a function of t e m p e r a t u r e 
and hydrogen concentra t ion, and from a knowledge of the thermodynamic p r o p e r t i e s of 
the hydrogen-z i rcon ium sys tem, an a t tempt will be made to der ive an exp re s s ion to 
desc r ibe hydrogen migra t ion under a t h e r m a l gradient . 

A theore t i ca l examinat ion of the var ious fac tors affecting migra t ion of hydrogen 
in z i rconium hydride under a t h e r m a l gradient and the probable re la t ive magnitude of 
these fac tors is continuing. The extent to which the s tandard phenomenological equa­
tions expres s ing the flow of m a t t e r as a l inear function of the grad ien ts of t e m p e r a t u r e 
and concentra t ion m a y be expected to be valid under the conditions planned for e x p e r i ­
mentat ion is being studied. The contr ibut ion of pu re ly the rmodynamic p a r a m e t e r s to 
the coefficients in these equations is being evaluated by compar ing these equations to 
the m o r e fundamental ones in which the gradient of chemica l potent ia l r a t h e r than the 
concentra t ion gradient is cons idered as the driving force for ina t te r flow. F o r ex­
ample , it is expected that the rmodynamic data based on knowledge of the equi l ibr ium 
p r e s s u r e of hydrogen over the hydride as a function of t e m p e r a t u r e and composi t ion 
m a y be used to deduce a t ime dependency of the m e a s u r e d thermal-d i f fus ion coefficient. 
It i s well known that the rmodynamic data re la t ing to the nonideali ty of a l inear sy s t em 
m a y be used to account for the difference between o rd ina ry diffusion coefficients and 
self-diffusion coefficients. It is poss ible that expe r imen t s using isotopic hydrogen as 
a t r a c e r would be valuable in the study of thermal-di f fus ion m e c h a n i s m s in z i rconium 
hydr ide . 

Since the las t r e p o r t of this work, in BMI-1232, the diffusion coefficients of hy­
drogen in delta z i rconium hydride have been m e a s u r e d at 200 to 600 C by the moving-
boundary technique. In this technique the ra te of movement of the h y d r i d e - m e t a l (delta-
alpha) boundary into a hydrogen- sa tu ra t ed core is m e a s u r e d . The diffusion coefficients 
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a r e l is ted in Table 1-2, These values a r e sl ightly lower than those obtained by ex­
t rapola t ions of the l o w - t e m p e r a t u r e data p resen ted by Gulbransen and Andrew* who 
used a weight-gain technique to m e a s u r e diffusion coefficients. 

TABLE 1-2. DIKbUSlON COEFFICIENI S FOR 
HYDROtlEN IN DELIA 
ZIRCONIUM HYDRIDE 

Temperature , Diffuiioo Coefficient, 

C cin~ per ^ec 

200 1.5 X 10-•'•'-' 

300 3.1 \ l u~^ 

4Ui! 1.1 v id" ' ^ 

5U0 3 . 4 \ l i r ' 

V.W} -J. I . iu"*-' 

As r epo r t ed in BMI-1232, the diffusion ra te of hydrogen in beta z i rconium it, too 
rapid to p e r m i t use of the concen t ra t ion-grad ien t technique to obtain diffusion coeffi­
c ien t s . There fore , expe r imen t s were made with a technique bjised on measu r ing the 
r a t e of absorp t ion of hydrogen by a cy l indr ica l spec imen at 700, 750, and 800 C. It 
was found that the data obtained did not follow cliffubion theory. Apparently a surface 
reac t ion is control l ing the sorpt ion r a t e . P resen t ly , other exper imen ta l lechniques> a re 
being cons idered . 

^Giilbranieu, E. A . , and Andrew, K. F . , J. Electrochemical bocicty. l u l , 56i-5i.t> (Noveiubei, 1954). 
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J . CORROSION PROBLEMS ASSOCIATED WITH THE RECOVERY 
OF SPENT REACTOR F U E L ELEMENTS 

C. L. Pe te rson^ P . D. M i l l e r , E, F . Stephan, J . D. Jackson^ 
T. E . Snoddy, and F . W. Fink 

The evaluation of m a t e r i a l s of construct ion for use in the var ious proposed 
p r o c e s s e s for the r e c o v e r y of spent r e a c t o r fuel e lements has been continued. 

The Darex P r o c e s s 

Uranium can be r ecove red from fuel e leinents containing s ta in less s tee l by the 
Darex p r o c e s s in which the e lements a r e f i r s t d issolved in dilute aqua reg ia . The 
chlor ides a r e s t r ipped from the solution with concent ra ted n i t r i c acid^, and , after sui t ­
able ad jus tment , the dissolved uran ium is r e cove red by solvent ex t rac t ion . 

Disso lver Studies on Ti tanium 

As was desc r ibed in BMI-1Z47, Ti-75A and Ti-55A titanium^ a r e being studied 
under conditions s imulat ing those p r e s e n t at cer ta in s tages in the dissolut ion p r o c e s s . 
The r e s u l t s of this work will be repor ted at the conclusion of the study. To da te , r e ­
sul ts with t i tanium a r e encouraging, 

FAT Studies on Ti tanium 

Various types of t i tanium specinaens a r e being evaluated in boil ing-refluxing con­
ditions in s imula ted feed-adjus tment - tank (FAT) solut ions . No de le te r ious effects have 
been noted after inspect ions following 1 and 4 weeks of exposure in the solution s imu­
lating the beginning condition. 

Ti tanium is a lso being evaluated in a solution simulat ing the final boil-down con­
cent ra t ion . The spec imen cons i s t s of a 1/Z-in. t i tanium (Ti-55A) tube through which 
s t eam at 140 C is passed to mainta in the solution at the boiling point (approximately 
1Z5 C). A p r e l i m i n a r y examinat ion after a few days did not d i sc lose any co r ros ion . 

The Thorex P r o c e s s 

In the Thorex p r o c e s s , fuel e lements containing thor ium m e t a l or Th02 a-re declad 
by suitable means and then dissolved in a n i t r i c -hydrof luor ic acid solution. The p r o ­
jected t r e a t m e n t of s t a in less s t ee l - c l ad e lements will probably involve decladding in a 
sulfuric acid solution. 
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The study of s eve ra l s tages of this t ho r ium- fue l - r ecove ry p r o c e s s has been ini t i ­
a ted. A solution of 13, 0 M HNO3 and 0, 05 M NaF is being invest igated as a s ta r t ing 
composi t ion. Specimens were evaluated in refluxing solutions of the above composit ion 
contained in Teflon r e t o r t s fitted with Karbate condense r s . Carpen te r 20 s tabi l ized 
showed a co r ros ion r a t e of about 50 mi l s per month and Type 17-7PH steel showed a 
ra te of about 100 mi l s per month after exposures of 38 and 61 h r , r e spec t ive ly . 

The F luor ide-Vola t i l i ty P r o c e s s 

Fuel e lements containing z i rconium as a diluent or cladding can be r ec l a imed by 
a f luor ide-volat i l i ty p r o c e s s . The f i r s t s tep cons is t s of hydrofluorinating the e lements 
in a mol ten bath of Z r F 4 - N a F with a s t r e a m of HF . A m a t e r i a l of construct ion for this 
hydrof luor inator is being sought. 

Monel was exposed in the m e l t for 1000 hr at 650 C at an HF flow ra te of 10 g per 
h r . A penet ra t ion r a t e of about Z5 mi l s per month , or g r e a t e r , was exper ienced at 
a r e a s of h ighest gas veloci ty . 

A spec imen of INOR-1 was exposed under the same conditions for about 430 h r . 
No i n t e rg r anu l a r a t tack o r penet ra t ion was indicated by metctl lographic examinat ion. 
Weight-change m e a s u r e m e n t s were of no value because of the l a rge buildup of meta l l i c 
nickel c r y s t a l s on the specimen wa l l s . The explanation for this m a s s t r ans fe r is not 
known at p r e sen t , A s i m i l a r deposition of c ry s t a l s was obse rved on a specimen of 
INOR-8 which was exposed for about 60 h r . 



51 

K- 1 and K-2 

K. EVALUATION OF A REFLECTOR-CONTROLLED 
HETEROGENEOUS BOILING REACTOR 

R. G. Wilson, D, A. Dingee, and J. W, Chasta in 

A bas ic study of the effects caused by voided regions which p a s s completely 
through a r e a c t o r core is being made . This kind of void si tuation occurs frequently in 
r e a c t o r -work, as it did in the e a r l i e r r e f l ec to r - con t ro l expe r imen t s . It is bel ieved that 
m o r e iiiformation regard ing the effects of voids is des i r ab le . 

A p l a s t i c - m o d e r a t e d unref lec ted 24-in. cube is being used for the study. P a r a l l e l 
voids of different c r o s s - s e c t i o n a l a r e a s which pa s s completely through the core a r e 
being introduced and the effects on va r ious r e a c t o r p a r a m e t e r s a r e being observed . 
The amount of mode ra to r is being held constant in the var ious void conditions for the 
purpose of el iminating one effect and thus simplifying the ca lcula t ions . 

Data taken during December were analyzed and plans for future exper imen t s with 
this r e a c t o r sys tem were estctblislied. The ana lys is showed tha t , for the condition of 
th i r ty- two 1-1/Z by 1-1/Z by 24-in. uniformly d is t r ibuted p a r a l l e l vo ids , the c r i t i c a l 
m a s s is 8930 ± 45 g. This is an i n c r e a s e of about falO g over the condition of no through 
voids. The change in reac t iv i ty between these two conditions wjis calculated to be 
- 0 . 0249 ± 0. 0013 ^— . The worth of one control e lement was found to be the s a m e in 

k 
both these ca ses within the accu racy of the exper iment . 

The neut ron leakage from the co re was m e a s u r e d with b a r e indium foils. The 
ra t io of the neutron leakage in tegra ted over one face of the r eac to r pe rpend icu la r to the 
voids to the neutron leakage in tegra ted over one face of the r eac to r p a r a l l e l to the voids 
was found to be 2. 72. 

Fu ture exper iments with this sys tem will be c a r r i e d out to obtain cor responding 
data for s eve ra l o ther void condit ions. 
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L. STUDIES OF SODIUM-TANTALUM COMPATIBILITY 
AT ELEVATED TEMPERATURES 

J. H. Stang 

R e s e a r c h is being conducted for Los Alamos Scientific Labora tory to obtain infor­
mation concerning the c r eep behavior of c o m m e r c i a l types of tanta lum in environments 
of h igh - t empera tu re sodiusn and iner t gas and concerning the weldabiii ty of tanta lum. 
The r eac to r applicat ion involved is LAMPRE, which will feature an a l l - t an ta lum c o r e , 
cooled by flowing sodium, to contain the molten plutonium-al loy fuel m i x t u r e . 

C reep t e s t s in p r o g r e s s during January have indicated (1) that c r e e p of tanta lum 
during IZOO F sodium exposures may be s i m i l a r to that during comparab le i ne r t -ga s 
exposures (this is based on init ial data from two c o r r o s i o n - c r e e p exper in ients just 
under way), and (2) that i n e r t - a t m o s p h e r e c r e e p of tanta lum welds (at 1200 F) may not 
be grea t ly different than that of the or ig inal m a t e r i a l . Res is tance-weld ing s tudies have 
continued, but a significant p rob lem st i l l not overcome is that of e lec t rode sticking 
when melting is prodiiced in weld nuggets . Four different t ube - to -heade r joint designs 
for r e s i s t a n c e welding appear to hold p romise on the bas i s of meta l lographic 
examinat ions . 

Tanta lum-Sodium Compatibilityi- Studies 

G, E. Ra ines , C. V. \ \ f a \ e r , £ind J. hi. Stang 

The c r eep and co r ro s ion behavior of s t r e s s e d tanta lum spec imens exposed to 
1200 F flowing sodium is being in\ es l igated. The exposures a r e being made in smal l 
forced-convect ion polythernial loop s y s t e m s fabricated of Type 31n s ta in less s t ee l ; 
these loops a r e equipped with appropr i a t e faci l i t ies for s t r e s s ing the spec imens and 
monitoring c r e e p . 

During January , thi- f i rs t two exper iments in this r e s e a r c h were s t i i r ted. The 
f irst of these is being run with a spec imen of annealed s in t e red tanta lum, while the s e c ­
ond is with a spec imen of annealed a . rc-cast tan ta lum; the nominal s t r e s s level being 
employed in each case is 15, 000 ps i . At the end of Z'^7 h r , t!ie annealed s in te red ma­
te r ia l has deformed 2. 9 per cent and has e::hibited a minimum c r e e p ra le of about 
0. 0046 per cent pc-r hr . These values ag ree fair ly well with cor responding ine r t -
a tmosphe re c r e e p values for s in tered tantalum whicli wjis exposed to sodium p r io r to 
c r e e p test ing (see BMI-1232)» This pa r t i cu la r compar i son , which, of cou r se , is based 
on very l imited data , would indicate that s t r e s s - c o r r o s i o n effects with the t an ta lum-
sodium combination a r c not especia l ly significant. 

The exper iment with a r c - c a s t tantiilum has been in p r o g r e s s only 120 hr . While 
the minimum c r e e p ra te has not yet been es tab l i shed , it would appear that it will be low 
and in fair ag reemen t with the cor responding ra te during i ne r t - a t i nosphc re loading. 

Two more exper iments a r e planned to begin during F e b r u a r y ; in t h e s e , the two ma­
te r i a l s now being tes ted will be subjected to loads different from those now mainta ined 
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(probably lower in the case of the s in te red m a t e r i a l and higher in the case of the a r c -
cas t m a t e r i a l ) . At the conclusion of these expe r imen t s , a fair appra i sa l of the factors 
being invest igated should be poss ib le . 

H igh -Tempera tu r e Mechanical P r o p e r t i e s of Tantalum 

G. F . Huber, C, J. Blunder, J. G. Dunleavy, and 
A, M. Hall 

Cur ren t ly , the main effort in this r e s e a r c h is being placed on obtaining fine­
gra ined degassed tan ta lum for 1200 F i n e r t - a t m o s p h e r e c r e e p tes t ing; the p roces s being 
invest igated involves a h igh- tenapera ture t h e r m a l - d e g a s s i n g s tep followed by cold-
working and annealing s t e p s . During January , a t t empts were made to degas spec imen 
stock at a t e m p e r a t u r e somewhat above 4800 F (this t e m p e r a t u r e hi ther to has been in the 
4500 to 4800 F range) to obtain an u l t r apu re m a t e r i a l for subsequent t r e a t m e n t . How­
ever , at this higher t e m p e r a t u r e , s ev e r a l difficulties were encountered with the degas ­
sing appa ra tu s . Consequently, modifications to the appara tus have been n e c e s s a r y and 
have delayed invest igat ion of the effect of var ious fac tors involved in the gra in-ref in ing 
s t e p s . The appara tus modificat ions have now been nea r ly completed and it is ant icipated 
that degass ing runs can r e s u m e in F e b r u a r y , 

Specimens having a bead weld n o r m a l to the d i rec t ion of load a r e being evaluated 
in c r e e p t e s t s (at 1200 F in hel ium) now in p r o g r e s s . These spec imens were p r epa red 
from a sheet of a s - r o l l e d a r c - c a s t tanta lum on which a bead-on-p la te weld had been 
drawn. Nominal s t r e s s leve ls being emiployed a r e 15, 000 and 17, 500 ps i . At the end of 
400 hr , the total deformat ions a r e 0. 34 per cent and 0, 57 per cent, respec t ive ly ; min i ­
mum c r e e p r a t e s at 400 hr a r e 0. 00006 and 0. 00035 per cent per hr . Thus far , the 
weld-containing spec imens have exhibited g r e a t e r ini t ial deformat ion than the or iginal 
sheet , but the i r c r e e p r a t e s a r e only slightly higher . As a compar i son , a control spec i ­
men of a s - r o l l e d a r c - c a s t naater ia l subjected to 15, 000 psi has deformed about 0. 1 per 
cent in 400 hr , and its min imum c r e e p ra t e is about 0. 00004 pe r cent per hr , 

Weldabiiity of Tanta lum for H i g h - T e m p e r a t u r e Systems 

R. L. Koppenhofer, S. M. Silver s tein, and R. P . Sopher 

During January , a phase of this r e s e a r c h d i rec ted toward de termining factors 
which contr ibute to poros i ty in a r c -we lded tanta lum joints was renewed. P r e l i m i n a r y 
a rc -weld ing and meta l lographic s tudies using a new lot of m a t e r i a l showed that the 
weld beads contained poros i ty in the weld region. At tempts a r e now being made to con­
t r o l and concent ra te this poros i ty by var ious welding techniques . If this plan proves 
successfu l , the m a t e r i a l adjacent to the porous a r e a will be analyzed, and a compar i son 
will be made between the const i tuents p re sen t and those p re sen t in unwelded tan ta lum. 
In this way, e lements which a r e causing poros i ty in welds of some lots of tanta lum 
should be d is t inguishable . 
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Resul ts of recen t exp lora tory r e s i s t ance -we ld ing t e s t s with tan ta lum indicate that 
four of eight t ube - to -heade r joint designs being invest igated may be successf td . Studies 
a r e being continued on the promis ing ones to develop welding conditions and techniques 
for making sa t i s fac tory jo in ts , 

Metal lographic examinat ions of spot welds made in tan ta lum sheet have indicated 
that so l id -phase - type bonding can be obtained. Although melt ing can be produced in the 
weld nugget by inc reas ing the welding heat, e lec t rode st icking becomes a p rob lem. It 
has been found that RWMA Class 2 copper -a l loy e lec t rodes give the bes t r e s u l t s for 
welding sheet m a t e r i a l . These e lec t rodes have been in terna l ly and ex te rna l ly wate r 
cooled during welding. 

Hardness su rveys made on spot welds in tanta lum sheet have indicated that ha rd ­
ness differences do not exist in s i m i l a r a r e a s of so l id -phase bonds and bonds in which 
melt ing occu r r ed . There i s , however , a gradual d e c r e a s e in ha rdnes s f rom approx i ­
mate ly 370 VHN for the base meta l to approximate ly 170 VHN at the cen t e r of the weld 
interface in each type of bond. 
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M. DEVELOPMENTAL STUDIES FOR THE PWR 

R. W. Dayton 

P r e p a r a t i o n s a r e being made for a continuation of the work on PWR flow s tud ies . 

P r e l i m i n a r y t e s t s w e r e made of the X - r a y pho tomete r . A low counting r a t e and a 
high background act ivi ty w e r e found; a t t empts to c o r r e c t t he se difficulties a r e being 
made» 

Methods of p r epa r ing Z i rca loy 2 sur faces for p r e s s u r e bonding fuel p la tes a r e 
being invest igated, with r e su l t s s imi l a r to those prev ious ly r epo r t ed . Chromium has 
been found to be the mos t sui table b a r r i e r layer^ for prevent ing reac t ion between 
Zi rca loy 2 and UO2. An i r r a d i a t i o n - t e s t sample which appea r s to be sa t i s fac tory has 
been p r e p a r e d . 

Reactor Flow Studies 

L, J . F lan igan and H. R. Haza rd 

Flow studies using a i r in a q u a r t e r - s c a l e model of the PWR r e a c t o r a r e being 
conducted to de t e rmine the effects of l ower -p l enum geomet ry on mixing and flow d i s ­
t r ibut ion in Core 2. P rev ious ly r epor ted work includes complet ion of flow studies to 
de te rmine core-f low dis t r ibut ion, shield veloci t ies and d i r ec t ions , flow-baffle p r e s s u r e 
l o s s , and mixing for two- , t h r e e - , and four- loop opera t ion with the ba s i c 9-ft co re d e ­
sign and with the ba s i c 9-ft co re with flow def l ec to r s . 

Additional s tudies a r e being ini t iated with two addit ional co re l eng ths . Drawings 
of the flow baffle for the q u a r t e r - s c a l e model to s imula te a 7-1 /2- f t bas i c co re design 
have been rece ived and a r e being rev i sed to include ins t rumenta t ion for p r e s s u r e 
m e a s u r e m e n t and a layout of the hole pa t t e rn for the bot tom of the baffle. 

The t e s t facility is being moved into a new l abo ra to ry building. It is e s t imated 
that the move will be completed ea r ly in March . 

X-Ray Pho tome t r i c Examinat ion of Fue l E lemen t s 

J . B . Schroeder and C. M. Schwartz 

An X - r a y photometer is being developed for examinat ion of m i c r o s e g r e g a t i o n in 
fuel e l emen t s . P r e l i m i n a r y t e s t s w e r e made of the b e a m at tenuation in a t e s t f i l ler 
pla te 0. 139 in. thick; the t r a n s m i t t e d intensi ty appea r s lower than es t ima ted on the b a s i s 
of extrapolat ion f rom the exper imenta l conditions of the init ial feasibi l i ty s tud ies . 
F u r t h e r m o r e , a high background count r a t e was found. This appea r s a t t r ibutable to 
B r e m s s t r a h l u n g f rom the be ta act ivi ty of the f i l ler p l a t e . 
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X - r a y pinhole photographs w e r e obtained to check the b e a m geomet ry . The focal 
spot appea r s d isplaced f rom the axis of the radia t ion cone; this may be the cause of the 
low intensi ty . 

The poss ib le e r r o r in b e a m al ignment is being tes ted fur ther , and will be c o r ­
r ec t ed . At tempts a r e being made to reduce the background r a t e by means of additional 
shielding around the de tec tor tube . 

P r e s s u r e Bonding of Z i rca loy 2-Clad Fue l E lements Containing 
Compar tmented Oxide Fue l P l a t e s 

S. J . Pap rock i , E . S. Hodge, D. C. Ca rmichae l , 
P . J . Gr ipshover , and H, D. Hanes 

A Zi rca loy 2-clad fuel e lement containing compar tmented u ran ium dioxide fuel is 
being cons idered for PWR Core 2. An invest igat ion is being conducted to study the 
p r epa ra t i on of these e lements by p r e s s u r e bonding. This p r o c e s s ut i l izes hydros ta t ic 
p r e s s u r e at elevated t e m p e r a t u r e s to achieve bonding. Studies a r e being continued to 
de te rmine sui table conditions for obtaining good Zi rca loy 2 - to -Z i r ca loy 2 bonding and to 
de ter in ine a feas ible b a r r i e r l aye r to p reven t fuel-cladding reac t ion . Specimens a r e 
a lso being p r e p a r e d for i r r ad i a t i on t es t ing . 

Specimens a r e being p r e s s u r e bonded to invest igate the effect of surface p r e p a r a ­
tion on bonding. The u l t imate objective of th is study is to obtain a per fec t bond. Such 
a bond is one in which t h e r e is no t r a c e of contamination and in which t h e r e is complete 
gra in growth a c r o s s the or iginal interface so that , after bonding, the interface cannot be 
identified by examinat ion and tes t ing . P rev ious r e su l t s of this study have indicated that 
ho t - ro l l ed or annealed Zi rca loy 2 that has been machined or bel t abraded can be s u c ­
cessfully bonded. Additional spec imens have shown that be l t - ab r aded sur faces bond 
m o r e consis tent ly than machined su r f aces , and that co ld- ro l led m a t e r i a l can a lso be 
sa t i s fac tor i ly bonded if it has been belt abraded according to developed techniques . 
Var iab les in the be l t - ab rad ing p r o c e s s which have been invest igated to de t e rmine the i r 
effect on the bonds obtained between abraded Zi rca loy 2 sur faces a r e belt speed, coolant, 
ab r a s ive m a t e r i a l , and amount of me ta l r e m o v a l . Resul t s indicate that co ld- ro l led 
m a t e r i a l r e q u i r e s a s lower bel t speed than ho t - ro l l ed m a t e r i a l to obtain good bonding 
su r f aces . Sulfonated oil is p re fe rab le to water for a coolant; a sui table ab ra s ive 
m a t e r i a l is 60-gr i t s i l icon ca rb ide . The amount of me ta l r emova l does not appear to be 
c r i t i ca l except that sufficient m a t e r i a l mus t be removed to produce a clean su r face . 

In an a t tempt to ac t iva te the sur faces of Z i rca loy 2 and thereby p romote bonding, 
a specimen was p r e p a r e d with bonding sur faces that had been cathodical ly charged with 
hydrogen. The thin sur face l aye r of zirconiumt hydr ide did not improve bonding signif i ­
cantly; an addit ional spec imen is being p r e p a r e d with a th icker hydr ide l a y e r . A ho t -
ro l led and meta l lographica l ly pol ished spec imen was bonded to de t e rmine the effect of 
surface smoothness on bonding. This spec imen yielded only 75 p e r cent g ra in growth 
a c r o s s the bond in ter face , indicating that surface smoothness may influence the extent of 
bonding. However , the poss ib le effects of other v a r i a b l e s , such as surface con tamina­
tion and surface work, could not be de te rmined for this spec imen . A s i m i l a r spec imen 
which had been p r e p a r e d f rom co ld- ro l led and meta l iographica l ly pol ished components 
exhibited only 45 p e r cent g ra in growth a c r o s s the bond in ter face , which suggests that 
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ho t - ro l l ed m a t e r i a l may bond m o r e read i ly than co ld- ro l led m a t e r i a l . A spec imen with 
cojxiponents which w e r e beta annealed in a good vacuum prev ious to bonding was not 
sa t i s fac tor i ly bonded, apparent ly due to slight oxidation of the sur faces during anneal ing. 
The annealing of Z i rca loy 2 will have to be followed by a sur face t r e a t m e n t to r emove 
contamination before bonding, 

A study is a l so being conducted to de t e rmine a sui table b a r r i e r l aye r to p reven t 
reac t ion between the u ran ium dioxide c o r e s and the Z i rca loy 2 cladding during p r e s ­
s u r e bonding. The r e su l t s of spec imens containing no b a r r i e r l aye r have demons t ra ted 
that the t e m p e r a t u r e of bonding is c r i t i ca l in de te rmining the amount of reac t ion . Thus 
the neces s i t y for a b a r r i e r l aye r cannot be finally evaluated until the bonding study is 
completed and the min imum sa t i s fac tory t e m p e r a t u r e for bonding is known. 

If a b a r r i e r l aye r is n e c e s s a r y , ch romium appea r s to be ve ry sui table for this 
p u r p o s e . Specimens intentionally made defective and containing co re s e lec t ropla ted 
with a 0. 0005-in. coating of ch romium have exhibited no growth or apparent a t tack after 
4 weeks in 750 F s t eam and 3 weeks in 680 F w a t e r . The ch romium apparent ly does 
not have a de le te r ious effect on the co r ro s ion r e s i s t a n c e of the Zi rca loy 2 and a l so has 
good c o r r o s i o n r e s i s t a n c e itself. Metal lographic examinat ion of these spec imens after 
bonding revea led no reac t ion between the ch romium b a r r i e r l ayer and the AI2O3-2I w / o 
UO2 fuel and no detectable diffusion of ch romium into the Zi rca loy 2. Chromium 
appea r s to be an effective b a r r i e r even if an as-bonded sample is heat t r ea t ed at 1650 F 
for 4 h r or at 1850 F for 15 min . A method of e lec t ropla t ing oxide co re s with a thin 
coating of ch romium has been developed. 

I ron and nickel a l so appear to be sa t i s fac tory b a r r i e r l a y e r s but a r e not as d e ­
s i r ab l e as ch romium. Intentionally defected samples having 0 .0005- in . and 0 .001- in . 
i ron b a r r i e r s have been on t e s t for 8 weeks in 750 F s t e a m and 3 weeks in 680 F wa te r 
with no vis ible growth or a t tack, except for a slight rus t ing of the i ron l a y e r . Specimens 
r ende red defective and containing b a r r i e r s of nickel foil and nickel coatings deposi ted by 
electroplat ing and chemica l d i sp lacement , have shown only slight growth after 8 weeks 
in 750 F steami and 8 weeks in 680 F w a t e r . 

Postbonding heat t r e a t m e n t s in the h igh-a lpha -phase or l ow-be t a -phase regions 
for Z i rca loy 2 have been found to improve the bonding obtained between sur faces which 
bond poorly , such as pickled s u r f a c e s . Bonded spec imens have been heat t r e a t e d to 
study the effect of these t r e a t m e n t s on fuel-cladding reac t ion . The a lpha -phase 
annealing was pe r fo rmed at 1650 F for 4 h r and the be ta annealing was done at 1850 F 
for 15 min . The spec imens w e r e enclosed in a quar tz tube with an a rgon a tmosphe re 
during heat t r e a t m e n t . Specimens with no b a r r i e r between 100 w / o UO2 and AI2O3-2I 
w / o UO2 c o r e s and the Z i rca loy 2 cladding w e r e given the heat t r e a t m e n t s and examined 
meta l iograph ica l ly . The u ran ium reac t ion zone for the c o r e s diluted with AI2O3 was 
i nc rea sed f rom 0. 0002 to 0.0003 in. by the alpha anneal and to 0, 0006 in. by the be ta 
anneal . Specimens containing the undiluted UO2 c o r e s showed a 0. 0003-in. zone of 
u ran ium reac t ion after bonding and exhibited a 0. 001-in. zone after alpha annealing and 
a 0. 002-in. zone after beta anneal ing. Z i rca loy 2-clad c o r e s which had b a r r i e r s showed 
that nickel and i ron b a r r i e r s diffused into the Zi rca loy 2 during a be ta anneal , but 
ch romium b a r r i e r s appeared to r e m a i n unchanged. Specimens f rom this study which 
have been defected by dr i l l ing a 0. 040-in. hole through the cladding a r e being c o r r o s i o n 
tes ted in 680 F w a t e r . 
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X - r a y examinat ion of one group of co r ro s ion spec imens indicated that some of 
the UO2 in the c o r e s had been oxidized to U3O8. Hcwever , b a r e co res have exhibited no 
apprec iab le a t tack or weight change after 6 weeks in 680 F wate r or 750 F s t e am. Since 
the observed co re oxidation o c c u r r e d in only one group of spec imens , it appea r s that the 
at tack was due to insufficient deoxidation of the s t eam during one of the co r ro s ion t e s t s . 

Two i r r ad ia t ion spec imens w e r e p r e p a r e d using ho t - ro l l ed and machined c o m ­
ponents . The co re s w e r e coated with 0. 0003 in. of ch romium to prevent fuel-cladding 
reac t ion . The re was a fa i lure of one can during p r e s s u r e bonding, so both spec imens 
w e r e heat t r e a t e d at 1850 F for 15 min , s ince this t r e a t m e n t has been found to d i sc lose 
he l ium entrapped in co re compar tmen t s during a can fa i lu re . The core compar tments 
of the spec imen f rom the defective can swelled during heat t r e a tmen t , indicating that 
some he l ium had en te red the spec imen before sealing was comple te . No swelling was 
observed in the other specimen, a s su r ing that t h e r e had not been a can fa i lure and 
he l ium had not been ent rapped. Metal lographic examination of the edges of this 
spec imen showed gra in growth a c r o s s the bond in te r face . 
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N. EVALUATION OF URANIUM MONOCARBIDE AS A REACTOR FUEL 

F . A. Rough 

Because of i t s high u ran ium density^ repor ted high t h e r m a l conductivity^ and 
re f rac to ry nature^ u ran ium carbide appea r s a t t rac t ive as a r e a c t o r fuel. This i s the 
f i r s t r epor t of a p r o g r a m to evaluate the monocarb ide . It i s expected that sa t i s fac tory 
techniques will be developed for the cas t ing of smal l slugs of carbide having nea r 
theore t i ca l densi ty for use in i r r ad i a t i on t e s t s up to burnups of s eve ra l thousand 
megawat t days p e r ton. 

Cast ing Techniques for the P r e p a r a t i o n of Uranium Monocarbide 

A. C. S e c r e s t , E . L. Fos t e r^ and R. F . Dickerson 

The f i r s t objective of the r e s e a r c h p r o g r a m i s to produce cas t spec imens suitable 
for i r r ad i a t i on . In i t ia l ly , u r an ium carb ide will be p r e p a r e d by p r o c e d u r e s that will 
yield m a t e r i a l whose carbon content i s as c lose as poss ib le to i t s s to ich iomet r ic compo­
si t ion. E m p h a s i s will then shift to finding be t t e r fabr icat ion techniques a s soc ia t ed with 
a r c mel t ing and cas t ing . Alsoj ca rb ides with carbon contents both above and below the 
s to ich iomet r ic amount will be p r e p a r e d to study the effects on the p r o p e r t i e s and 
i r r ad i a t i on p e r f o r m a n c e . 

Exper ience indica tes that u r an ium monocarbide spec imens may be castable^ and 
avai lable a r c - m e l t i n g furnaces a r e c u r r e n t l y being used in the p r epa ra t i on of m a t e r i a l s . 
However^ an a r c - m e l t i n g unit intended to produce l a r g e r shapes i s being cons t ruc ted . 
Small buttons weighing approximate ly 100 g have been p r e p a r e d by mel t ing s to ich iomet ­
r i c amounts of b iscui t u ran ium and spec t rograph ic carbon rod . The buttons ^ p r e p a r e d 
under a he l ium a tmosphe re j, were sound and did not f r ac tu re upon cooling. However j i t 
should be noted that these spec imens were cooled at a s lower than n o r m a l r a t e f rom 
1000 F to room t e m p e r a t u r e . Approximate ly 1 h r was r equ i r ed to cool f rom 1000 F to 
room t e m p e r a t u r e . This p rocedu re i s bel ieved to have p reven ted f r ac tu r ing , s ince 
buttons which were cooled at the n o r m a l r a t e sha t t e red . P r e l i m i n a r y t e s t s on the 
buttons indicate that they can be machine ground without f rac tur ing and have a h a r d n e s s 
of the o r d e r of 725 VHN. Techniques a r e being studied for coating this m a t e r i a l with a 
m e t a l , s ince coated spec imens will be r equ i r ed for the rmal -conduc t iv i ty de te rmina t ions . 

The u ran ium carb ide specimen size for the i r r ad i a t i on p r o g r a m has been e s t a b ­
l i shed . On the b a s i s of thermocouple s i z e , capsule s i z e , c en t e r - l i ne t e m p e r a t u r e , and 
flux r e q u i r e m e n t s , a 3 /8 - in . -OD by 2-in. -long spec imen was se lec ted . 

Immedia te plans a r e to produce cas t i na t e r i a l of suitable s ize and shape for 
the rmal -conduc t iv i ty de te rmina t ions and for compat ibi l i ty s tudies of UC with NaK at 
600 C. Concur ren t with the above p lans will be a study of p r o p e r t i e s of u r a n i u m m o n o ­
c a r b i d e , such as h a r d n e s s , dens i ty , and m i c r o s t r u c t u r e . 
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It is tenta t ively planned to i r r a d i a t e u r a n i u m - c a r b i d e spec imens in s ta in less s tee l 
capsu les containing NaK as the h e a t - t r a n s f e r med ium. The MTR will be ut i l ized for the 
i r r a d i a t i o n s . Each capsule will contain two spec imens and will be ins t rumented to mon i ­
to r t e m p e r a t u r e . One thermocouple will be i n s e r t e d into a hole in one of the spec imens 
to obtain the cen t ra l core t e m p e r a t u r e and another at the surface of the spec imen. 
Changes in the t e m p e r a t u r e drop between the the rmocouples will s e rve roughly as an 
indicat ion of a change in the t h e r m a l conductivity of the spec imens . 

Some of the p r e l i m i n a r y phases of the i r r a d i a t i o n capsule design a r e completed. 
P l ans for NaK-uran ium carb ide compat ibi l i ty t e s t s have been formula ted and p r e l i m i n a r y 
capsu le -de sign calcula t ions have been completed on a u r a n i u m 4. 8 w/o carbon fuel 
m a t e r i a l . 

T e s t s to check the compat ibi l i ty of u ran ium carbide with NaK in s ta in less s tee l 
capsu les at 1200 F a r e planned ea r ly in the p r o g r a m . These t e s t s will show whether it 
i s feasible to use s t a in l e s s s tee l capsu les with a NaK h e a t - t r a n s f e r medium for the 
i r r ad ia t ion phase of the study. Two spec imens of u r a n i u m - 4 . 8 w/o carbon will be encap ­
sulated in each of t h r e e NaK-fil led s t a in less s tee l capsu les and held at a t e m p e r a t u r e of 
1200 F for t h r e e different pe r iods of tim.e. Tentat ive plans a r e for per iods of 2 , 4 , and 8 
weeks . Two addit ional c a p s u l e s , one containing two spec imens of m a t e r i a l having a 
lower carbon content and the o ther containing two spec imens having a h igher ca rbon 
content , will be encapsula ted and opera ted at the same t e m p e r a t u r e to check the effects of 
var ia t ions in composi t ion. The tentat ive per iod for the va r i ab le -compos i t ion t e s t s i s 
4 weeks . The spec imens in a l l t e s t s will be held in baske t s fabr ica ted f rom a miaterial 
which does not r e a c t with u r an ium or carbon at the t e s t t e m p e r a t u r e . 

P r e l i m i n a r y calcula t ions on f ission ra te indicate that an enr ichment in u ran ium-235 
of 8. 3 p e r cent i s opt imum for 0. 375-in. - d i a m e t e r spec imens . I r rad ia t ion spec imens of 
s m a l l e r d i ame te r than this a r e not des i r ab le for the p r o g r a m because of the necess i ty for 
i n se r t ing the rmocoup les in one of the spec imens in each c a p s u l e , and a lso because 
s m a l l e r s i zes m a y not be r ep re sen t a t i ve of the conditions of potent ial u s e . 




