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The following report no new developments: 
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General Electric,  ANP 

@ak Ridge National Laboratory 

The following have not been heard from: 

Ames Laboratory 

Brookhaven National Laboratory 

Bureau of Mines, Albany 

os Scient i f ic  Laboratory 

hemical Works 
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Uranium-Plutonium Alloys 

Irradiation: Extrusion has been found by Kelman t o  be a successful 

A series of 10, 15 means of fabr icat ing the higher Pu alloys of uranium. 

and 20 w/o extruded specimens has been i r radiated and examined. 

and 15 w/o specimens showed radical  changes, apparently due t o  extremely 

coarse grain. The 20 w/o as-extruded specimen, however, remained smooth 

The 10 
- 

, - :  

. and r e l a t ive ly  unchanged a t  burnups up t o  .60k. Gross length change was 

5.75$, and there  was some overall  warp. 

same material ( 6 4 r o C ,  with one hour a r r e s t  a t  5OO0C) ,  however, developed 

roughening i n  i r rad ia t ion  which character is t ical ly  accompanies a coarse 

grain structure.  (Paine) 

Uranium-Silicon Alloys 

A heat t reated specimen of the 
*. 

Irradiation: T nium-3.8 w/o S i  alloy, 

homogenized a t  800 

have been exam 
A. The length changes 

-2 - 
P mens appear t o  

' 6 *  
5 -  

having the  highe a r e  some t r ace  ce cracks. (Paine) 

t e r i a l  fabricated 
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The alloy Rad been heated a t  8 d i s t f l l e d  water. 

pr ior  t o  extrasfon, After about 10 days o . 7 .  

2. 
/ &  appear g o d ,  The comosfon rates am sonparable with as cast  k terfal .  

. 
epsflonized a t  825OC f o r  two h 

fndfcated uranium b m u p  was 0,71$, 

and 290°C are l i b % &  fm Table I, 

fair ,  it was approximately the same as shown by the  alloy.(apparently 

not too well mde) before imadiatfon. 

not hamnful to %he comosfon resistance of t h i s  alloy, 

was tes ted bare a f t e r  f m d f a t f o n ;  
\ 

Results of 'corrosion tssts-at 2$ooc 
\ 

Although corroifon behavior was only 

It appears that &adfation is 

(Greenberg and 

Draley) ' 

- Table I 
..... 

. -  

Corrosion of Irradiated U-3.8 w/o S i  Alloy (BB-3) 

I 

Appearance After Test 

No apparent change except f o r  
small s i lve r  colored spot near 
one end, 

8 .  

, Loose par t i c l e s  i n  water and on 
sample, Relatively large piece 
cracked off one end, Other end 
roughtned and has hole in cylin- 
drical surface, 

Q Pre- i rmdht ion  corrosion rate a t  29OoC was 15.7 mcd after 88 hours. 
+: Result a t  260OC previously report 
p W t ,  ohange small enough t o  have b balance emor. 
Baaed on major piece. 

2 $ 2  - 

Corrosion: %o 10% enrieped saplples of uranium-3 w/o ~b-0.48 
.\ 

w/o Sn alloy cast a t  Argsnne were test& in degaised, distilled water 

a t  260°C f o r  "PO h m s ,  

a t  800% amd aged a t  350% for 6 horns, 

0.58 a/o and 0.19 a/o reapectiveQ', 

Thhg samples were water quenched a f t  

_. Indica 

Pre-irradia 

I- 7 1"L ...... . . . . . . . .  . . . . . . . . . . . . . . . . .  P.$L ..- I . . . . . . . . . . . . . . . . .  .- - - - - - . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 



Uranim-Zbe onim-N- 

h d i a t i o n x  In hvest fga tbg  the corrosion propertfes of uranium-5 

w/o ~r-$.5 w/'o ~b a ~ o y  it was observed that these are evidently impaired 

by i m d i a t i o n .  

of' stmetma1 changes in the speehen, or whether it is due to the 

roughening and surface changes produced by %asPad%ation, 

now amiKLable whfeh may resolve this wnoelP$ainty, h the irradiated group 

some were heavily restmibed by close-fitting eladding, while others were 

jlr%.erdh%ed under Iden t fod  conditions without jacketa, 

the Jackets the clad spechens appear to have r&afned t h e i r  orfgfial 

smoothness at b m q s  ranging up t o  0,34%; the unclad spechens have the 

eharaeterfstie irradiation Ip 

It is not evident whether the impairment is  the result 

Specimens are 

Upon removal of 

'e- f o r  corrosion re~ix~tanee, (Pabe) 

m x  'Work designed to eomela%e comosion damage and hydro- 

gen absorpt i io~ $n uranim+ w/o Zr--fo5 w/o Nb a l l o y  has continued, 

previolpsIsp r q m t d ,  a relatively high hydrogen conte 

as fomd in a sample quenched from salt at,8500C9 is not detrimental to 

As 

, e,g, 35 ppm 

1 

corrosion ~ e s i s t m c e  the as quenched 

of' the uniform distribution pf  the hydrogen. 

i ...................... . . . . . . . . . . . . . . . .  ... . . . . . . . . . . . .  . .  . . . . . . . . . . .  . . . . . . . . . .  . .  
e.. e e D 0 0  0 0  0 0 0 0 0 0  0 .  - 
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Table I1 

Effect of Aging on Corrosion Resistance and Hydrogen 

I,-17OB - as cast - Quenched fkom Salt a t  805OC 

2 .  

* Aborptiion of u-5 w/o 2%. - 1-1/2 w/o ~b ~ $ l o y ~  
-a 
. *  

Hydrogen 
Content of 
Alloy after 

$0O0C b t e  Test, QPPm 
by Weight) 

Aging 
Timeat C s ~ .  

sample (TITS) (medl 

1 0 1305 60 

.2 1 337* ' 832 

2 4-50". ' 1220 3 

4 3 $316" 1340 

5 ' 4  

j .  

- -- 

Appearance of Sample 
After Test 

Dull, p i t ted ,  

Sample cracked i n to  i r regular ly  
Shaped piece and slurry. This 
piece in good condition. 

Same as above, 

Same a s  above. 

Completely disintegrated. 

remafifng piece. 

sample acted in the  normal expected fashion; t he  aged 

samples corroded in a completely d i f fe ren t  fashion than do vacuum heat 

treated and sfmflarly aged metal. 

It is thought that the  aging process causes the  hydrogen t o  concen- 

trate, perhaps a t e g r a i n  boundaries, 

nucleus for her rapid'hytbogen absorption. It is eignifieant that 

This concentration may a c t  as a 

t h i s  is t he  fhst  instance in which very small pieces of metal close t o  

cracked m a c e s  have been analyzed. Very high hydrogen contents were 

found, as had been previous~y postdated.  - 

UnPortunately,~ the  r t s  of the corrosion test  were not large 

enough t o  p e ~ ~ d t  both hydr analysis and metallography. The series 

of heat treatments dl1 be repeated and the samples examined before 

qorrosion tes t f ig .  

L 

M h e r  study is being made of samples p r e m e d  a t  Sy 

6::s 006 . . . . . . . . . . . . . . . . . . . . . .. .. .. . ... ... . .  . . . . . . . . . . . . .  * . . .  . . . . . . . . . . . . . . . . .. .. ... , .. ... ... .. ... . . . .. .. , . ... . ... .. 
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PrelimZr&&y results indicate t h a t  during powder m&allmgy techniques ,, 

heat treatment, longer t h e  i n  the  garrmi region-1s required than f o r  &t 

metal. ‘These results also fndiea$e’%hat mild aging improves COPPOS& 

res~stanee as for eonvent iowi~y prepared metal , 
1 ,  

Two crmpPetely eI&d plates @-10-2 and AH-12-2) were tes ted for 
\ \  

comos%on otfler k a d i a t f o n p  indicated bumups were 0,02l% and 0,079% 

respectively, Both sunplea were from the  same s t andad  type clad p l a t e  

Exposed core ends and edges were wbld elad with Zhcaloy 11, The 

samples were water quenched after 15 minutes a t  S50°C and aged a t  425OC 

f o r  45 mhwbes, After irradiation, a l/gw diameter Role was dr i l led  

through the  clad to the  core of‘ each sample, 

Sample AH-10-1 was tes ted fn degassed, d i s t i l l e d  water f o r  58 hours 

between a O ° C  and 275’C0 A t  the  end of t h i s  period there was loose oxide 

a t  the  hole but no swelling, 

Sample AH-10-2 was sh&Parly tes ted f o r  66 hours a t  290°c, A t  t he  

end of t h i s  period the m d r i l l e d  cover p l a t e  was almost completely 

severed from the  assembly (attached a t  one corner), 

plate was not as completely separated, 

The dr f l led  cover 

There was no swelling of the  

cover p l a t e  a t  the  dr%PPed hole, A l l  failures were along welds. The 

core was sw@PPed t o  a t  leas 

apparently completely 

ickneaa and was 

and AH-12-2 exoept 

that it was not 5 h ~ s ,  Theee was 

no change except lad,  (Greenberg 

and h l e y )  
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ARMOUR RESEABCH FOUNDATION - Repo.~hd by R, J o  
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* 
1 

The reasons for this can be ratfomlized. 

technique, trends due to alloying are sfmflm. 

However, usfng any @V8n 

TTT diagrams have not been presented previously for the 10 and 

20 w/o niobium alloys, The effect' of niobium content upon stabilizing 

e 1s clearly demonstrated by Figure 1, Transformation is 

more sluggish'in the  U-20 w/o Nb eomposftfon, 

taken from BWQB of room aperatme electsieal, resistivity vs , 

The data points were 
,a 

annealing time and represent times required to produce an initfa1 

deerease in res is t iv i ty ,  

ageeupts. However, s iffieulties arose fn the deteP.mfnatfon of 

kinetics fm the 10 w/o niobium alloy at temperatures of 400°C and 

below, 

res%stivdty rem.Its was not obtained. Ambiguous mierostronetureq were 

sometfmes observed. A@ditfo ork is now being done in t h i s  region 

by WAPD. 

Other techniques generally'yfeldd similar 
/ 

3 

FOP thfs allay a good correlation bq;tween metallography and 

Resistivity ffnd%ngs for all alloys show that after a 

at 5OO0C for 1000 '~OUPS, transformation was complete only for the 
- . .  

J' 

u-5,& W/O Mo, U-8 W/O Mo-l W/O Bt, a d  U-10 W/O N b ~ a l l ~ s .  

lower temperatures transformation was not e o ~ l  
I! 

for any of' the oolmposftfons, TTT d f a g r m  *or t I 
I 

I 
I ..................... . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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alloys have been presented prevfously (Newsletter' No. 11) , Co-arisons 

of alloy kfnetfca are  easi ly  made. 

Table I probably represent %he most usefbl 

Resistivfty 

A t  temperatures below 4.00:C the gamma 

f o r  the longest times in the U-8 w/o Mo-4 w/o 

Using a l l  teehiques, mo %maformation was det 

composition, A %race of' deeompoaftiom was 

fn %her t e m q  aUsy upon a PO00 how ann 

treatment no decomposition was noted fn t 

niobfwm compoeitfon, Usbg X-ray dfffraetf the metastable 

was detected in ei ther  compoei4hon a t  40 

resfstfvfty results fndfeate the sqerfor stabflfty.of these alloys. 

Table I 

T r a n s f o ~ t f o n  Times Determfied stomgtrfe 
Technique t o  Produce Initial T r  tion in 

Uranium-Base Alloys 

Alloy 
w P) 
504 MO 008 
8 Mo 4 -  

10 Mo 25 
12 Mo &Q 
8 Mo-l Pt 80 
8 Mo-1.5 Nb 30 
8 Mo-3 EJ 

10. Nb 0 0 . 4  
20 Nb 29 

;o Produce Resfstfvf 
,!JOoC I 4OO0C 

100 

450 

15 
150 
60 
200 
200 
200 

1500 
2 

1000, 

y Deerewe 
35OoC 

150 
, 500 
500 I 

200G 
800 

1500 4 

2000 , 
200 

1000 
Lt 

BATTELLE PlEMOfiLAL INSTITIJTE: - Reported 

Phase Dfamw 

E, A 

The s%etbiP%ty md.exis%ende range of the. s g o n  phase 

Zr-U system ape under bvestfgatfon. 

Consumable am-melted alloys containing wl/o u&nLum are 

are tojbe used 
/I 

being prepared, Both cqatal-bar andl sponge 
* // .................... ' i  . . . . . . . . . . . . .  . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  .i Q PO ....................... - - -  
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as th*--MSe wtesehls 0 

t b l e  t o  form the  @pailon phase from zirconium 

and, uranium powdsra by meaf ing  below 600°Co Uranium hydride and zfrcon- 

and aompacted a t  room tempe~atme, dehydrided below 

POOO* %m a Vacuum fbrnace, and then annealed 17 days a t  lOOO%, The 

results of X-rq-dfffkactTon exmnimtfon a re  shown in Table I, 

to form epsilon from the elemental powders without first fonomfng the hfgh- 

The a b i l i t y  

temperatme beta zbeoniuun-gamma uranium phase shows that epsilon is not 

a transftfon phase in %he decomposition of beta, but 5s a $table phase, 
\ <  

Alfoya of base 50 w/o wan%m composition and'with 0 t o  20 a/o 

oxygen additions have been examhetl metallographically and by X-ray 

diffpae.eion teehntqu~s afler h v h g  been &ealed 100 h~ a t  55OoC, The 

same tmnd is shown by both methuds of examinatiom. The X-raytdiff'rae- 

t fon re&%a are given h Table I[, 1% is  men that with i n e r e d n g  

oxygen content, the epsflon phase disappears, being replaced by t he  

Additional. &..$a have been obtained on the  tea% 50 w/o'manfu.in alloy 

in the high-%eqera%aaaPe cam 

intemls from 58 

been examined a t  5% 2 1% 

sireonim phase regLon, a 

zirconium-rich Zs- 

f a  p h e d .  i 

A prefimimrq mathematical anafysis of experimental reqtnfrements 

for the  study is be@g .made, Upon the basis of this analysis, 'alloys w i l l  
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Table I 

' *  - 

(a) s ' =  Strong 
E = 3aint 
M = M&%m 

H e a t  Treatment 

Zirconfum-Uranim Alloys, A serfes of Zr-U a l loys con&fning f'rom 

manihnm are being prepired for heat-treatment s t d i e s .  

" 
< <  

The 

effect of oxygen on the heat-treatmgnt 6ehavior of thebe a l lays  fs a l so  

being exadbedo 

per nKtlfon. Alloys contain- 7 'to 15  w/o uranium and 900 t o  3000 ppm 

oxygen are now available f o r  s t d y e  

Oxygen contents w i l l  be -&fed Psom 300 t o  3000 parts 

. .  ~ n i t ~ d  attempts t o  vary the structwe o l loys  e o n b b f n g  to 

15 w/o upanfppm and 900 t o  3000 ppm oxyga 

fdi& -Wfdmanst&ten stmcture be- produced in every casee 

inary,examinatfon of end-queneh bam shows.that 'these alloys'contafn 

equflfkrim alpha zfrconium a t  900 C, 

oxygen present, 

enfig e f fec ts  due t o  quenehbg are negllgfble 

A prelim- , I 

This effect i s  caused 

Hardness traverses on these b 
If 
I 

I , 

Results of X-Ray DfffYfietfon Efcamfnation 
of Z&conlm-Urmfm Alloys ' 

C omposit ion 

a/o o - 
Base Alloy with 20 

H e a t  Tr&tment 
' I  17 aays a t  lOOO0l 

100 hr, .at 75500C 

Ditto 

Ditto 

Ditto 

Ditto 

Ditto 

. s  

S 

S 

S 

M 

0 t o  MF 

0 t o  F 

80 Pattern 

F 

0 

0 

F 

MF 

MF to M 

MF 



~ .- " - --  - -_. _ _  _ _  
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I 

but increase to 

A hardness 5ncr hed end of' a 

dness, bopease of 

in the 15 peF- 

I 
( 5  

\ 

near the quem 

J 
1 

j guide to fitme att 

of' the %>eta sireon epsilon decom- 

' position, Ebperimenta 

dec?opqsositfon, w i l l  0, 

* A  

\ 

and bpyshl-bar zhconim,  

A study of the 50 W/Q madm allay, to &orrefa@ seesfstance &d 

f rom a'50 W ~ O  w&fm 

quenehed, ' The i so th  

ed at 800°C and water 

etained beta to epsilon is 
. . I  

, to be-followed by re 'ements. Equipment is being set up 

for this purpose, * 

An %nvgstigat%. 

has dfsaPosd that the ad 

formation of a two-p 

I 

desirable corrosion proper%fes, ,it is of fnterest t o  determine whether 

'' favorible proper=t&s can be produced by proper tr+kac&t, of these d l o y s .  
I I* .- 

4 -  

w 

, Thee 100-g 

been prepared, Eae 

of for& atoms io 

alpha zirconium 

............... . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . .  
I 

~ 
,.̂ * r  .. i 0 n o *  .o 



.predicted; namely, alpRa zirconium and 

htme work w i l l  include heat treatments t o  vary the  bdness and 

d e t e d e  the nature of t he  

, .The.bvesti.gation of the 

es of' the U-Mo and U-Ti 
t. 

1 systems h s  eon% 
i 

this fnvestfgation range in 'eomposftion f r o m  

u-gl,% a10 to U-34 a40 Ti, DHferentW thermal data indicate a trans- 

f o m k i o n  %n these aPPoya which hereases in temperature with hcreasf ig  

en t  f r o m  about 590 to 6%OoC, Molybdenum-rfch alloys con- 

han 2 a10 tftanium sh0wed'n.o t h e m 1  m s t  on heatfng, 

gamma phase ~ i d l e n t l y  neve? having transformed d u r a  

the  previous homogenization and t3.wnace-e ool'ing treatment , Molybdenum 

tons t o  t he  U-Tf delta phase, which transforms t o  gamma a t  about 

, cause a gradual decrease in' the  gamma transformation temperature, ~ 

' 

les annealed a t  85OoC are now being prepared 'for 

tibon and ad&tional samples are being prepared f o r  flogz-aphic e 

both metallograph%o and X-ray studies, 

pt of the  over-all program aoneemed with the  atudy of U-Zr 

d. by, the Reactor Development Division of the  

investigation of their  radiation s t a b i l i t y  

t step %n %his bves t iga t fon  w i l l  consist  

ns of both 22 and 40 w/o Zr-U tihloys 

011s Atomic Power ,Labomtoryo 

C C ?  ozfi 
i . ~ ~ . . ~ . . .  .@ n n h 5 7  ............... . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... . . . . . . . . . . . . . .  . . .----- 
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1% Gi? pl!m?l& 

effebt of p o s t - l z ~ a d b t i  

knd on other propertifes ess, and density, In 

add'i%fon to these experhent~~ normal poet- 

be perfarmed on the alloys as t h w  arb rec 

Physical PPmertiea 

we4 these apeohen; in tempt t o  determine the 
- ,  

of f iss ion p r  

examinations w i l l  
i 

I ,  . . ,  

I Alloys for Hi~h-Tmmsratme Sem%ce, 

is t o  develop manitam alloys f o r  reactor i 
700°C, 

15 w/o molybdenum and 3 to 20 w/o abeon im,  

At present, hterest  %a centered on alloys eontainfng 3,,5 t o  

Spechens of U-Zr a1lsy9s were subjected P, 

t o  produce fhe-grahedl random s t ~ ~ t ~ l f . e s ,  A m 

was m&e ,of spechens ~f eaah eoqoa%tfon, and two of %he bet te r  heat 

treatments were aeleo%ed,' At present, di la t ion  and hot-hardness speefmgns 

have been prepwed &d heat t reated and are unde 

t treatments designed 
- 

I 

2 

i Speefmens e v e  a l so  bsen.prepmed f o r  evalmtf 1 thermal stress 

eyeling tests. 

U-Mo alloys have also be to heat treatments 

l 

A number of alloy; of w a n  , 

a Wranim U f o m  for Slw-Type Fuel Element&, ea of alloys are 

being studied in the h 

and t h e b  physioal and mec 

dfatfon behavior 

I 
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kderstanding of the properties necessary to resist damage. The alloys 

%died m e  induction-melted upanium, arc-melted uranim, uranfum,;. 

s 0,35 a/o chromhm, m m i b  plus 10.5 a/o silicon, and uranium plus 

0,5 a/o tiQanfum, 

found in the& mechanical propertfes, hardness, &rain size, and micro- 

structures , 

show that the silicon a l loy  is %he hardest, strongest,'and least ductile; 

ape-meLted manipam has the Powest strength and lowest 'hardness. The low 

ductility of' the U-Sf alloy seems to be significant, but differences 

between the ductflfties of the other alloys may be the result of unknown 

faetors 0 

The major differences between these alloys are to be 
I., 

The mechanical properties have been reported previously and 
I 

Thermal-expansfon heasmements have indfcated no sfgnfffcant 

differences in this property in these alloys, 

and 6OO0C, the %hemal-expansfon coefficient in microinches per inch per 

In the range between 20 

degree Centigrade was 19 for am-melted uranium, 16 for the chromium 

alloy, 19 f o r  the silicon alloy, and 18 for the titanium alloy. The 

range of values obtained for each alloy was greater than the differences 

shown above for dif@rent alloys, 
r 

- End-quench 'tests have been performed on each alloy, Specimens 

3 in, long and 112 in, in diameter were heated to 800°C for 15 mfn, and 

end quenched over a 418 in. water j e t ,  Vickers hardness traverses on 

these bars disclosed no trend in hardness that eollikd be attributed to 

the different rates of esoP%ng throughout the bars. 
I 

Local hardness 

variations of as meh as 3.00 DPH were observed and were attributed to 

on of impmities and aPloy%ng elements, Likewise, grain-size 

differences throughout the bars showed no trends that could be attrib- 

uted to the quendhhg operation, Grains up to 1 mm in dfameter were 

,observed in the are-melt anbfm, ihe induction-melted uranium, and 
p:b -", . 

..................... . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  =. .e. . 0 .. 0 0  0 0 0 0 0  0 0 0 0  90 
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ve been double melted. 

e 50-and 60 w/o manium alloys, ingots of these compo- 

Because of a need f o r  a large 

sitforns were merde by melting f0m 2-b/2-in,-diameter ingots U t 0  one ingot 
3.' 

lameter 6f 4 in, These &ots were supface condftioned by 

1 techniques, but, as a result of t h i s  treatment, emeking developed 

near the @ R ~ S  if" the ings.pIs0 

alloys in this range to heat treatmemt %s' responsible f o r  t h i s  cmekfng. 

In the htme, ingo%s wjkth this manlm eontent w f l f  not be surface . 

welded m the ends, but w i l l  be machined t b  the  desired surface finish, 

Chemieal irdysis of these alloys is in propeas,  

It is Pel% that t he  sensi t ivi ty  of the 

I 

An ample supply of sponge zirconium has been t rea ted ' to  ra fse  the 

oxygen level  t o  2 W/O, 

sponge containing the normal oxygen level of 740 ppm t o  give a nomfnal 

Th%s mter%al has been m5xed w i t h  enough untreated 

owgen content in.the zirconfum of 3000 ppm, This material has been 
i 

made. into electrodes containing 22 and 50 w/o manfun and melting -2s fn I _  

progress, 

double melting is e o q l e t e 0  

Chemical. mlysfs  and hardness surveys w i l l  be made a f t e r  

- Reported by So He Bush 

Stmctmal Stabil2t-r of Emadh'ted Uranium A&&- 

A study t o  determine the dimensional s t a b i l i t y  and meehanhl and 

physfcal propsskefee sf imadipted uranium alloys in essentially isotropic 

modiffcations is behg  ppplt.sued, 

selected fo r  ,the h i t % a l  work, 

The e phases of U-Sf and U-Zr have been 

In an evaluation of various physical propertisa as c r i t e r i a  of pha 

o h g e s ,  diUatrometry has been found t o  be-of no value. Metallography h& 

heat-treated above the perite&,oid temperatwe, This spechen, however, 

t6rXstics in the range 25 t o  800°C 

2 0 ............... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 5 ' :  
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\ 
Monotectic temp. - - - -  q solid 

solut.ion 

375 c 
_I---- 

cf + melt 1 
ELzt.ect,ic temp. 1086 c - 

q = eutec t ic  

I 
I 

I -- 
Weight. Percent iiranium 

F3gure le Thorium-rich end of the Thorium-'Jramium System 
as Determined Me allographically 

HANFORD ATOMIC OPERATION - Fige 1 
\ 
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as another specimen which contained large am0 

'7 

6 

propep-P;%es of h d i a t e d  urm%pnpl 
5 

2,O a/o additions and of con'tainer assemblies ie nearly complete, 

is hoped that these w i l l  be e b g e d  h t o  the  MTR during the  mxb quarter. 

It 

I Tensfle spechem of the epsELon2:ssd U-Sf  alloy are also being fabricated 
I 

for brad fa t ion  3n the  MTR, (E,F,Kendall - R,G,Wheeler) 
i 

Th-U alloys a m  bebg bvesitfgated as possible reactor f u e l  
J I 

orium-r%ch,end 2 .  of the thorium-uranium system has been 

hieal ly  with alloys prepaped from n o m 1  reactor 

n i m  and eontafning a nominal two t o  ten w/o man 

The metalPographic study h& been made d i f f i c u l t  by fmpmity inclusions 

presenk,%m the thorium and contamhation resul t ing from the  alloy prep- 

mation. 

* 

H e a t - t h t h g  of metdllopaphie speefmens has been found t o  

eat0 the  Th-U eutectic phase, The ident i ty  of th i s -  phase ha's been 

fi.rther verified by an fn-pile autoFadiographic technique usfng nuclear 

eql.sion-fi lm sensit ive t o  ffssjlona fragments. .This technique has worked , 

suceessfldfy in %dentLQfig the  uranium bearing eutect ic  in 

st ructure  of the  higher pereenhge uranium alloys, but has n 

mccessfip1 in lower pexysntage uranium alloys of a finer s 

boause of a Paek of resolution, However, a sol id  solutf 

h i  . ?  

I 

? 

i I 

I 

- fn thorium, as fndfcateh $sl P i m e  l-, - h a -  been d e t e h e d  

metallomaphie studies . (J,W,Goffard) , 

.. '... j. . . ..I .. . ... . ".. .. .-, :::. : I * :  ::*. *. ::. ::. :: ... . . ... . ... * *  .. 
:io* E eQjl ..* : : : :e* 
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i i  

b e d  t o  deter- 

w/o zirconium t o  alloys of t h o r i m  two w/o wanjbufn decrease the  solfd ' 

solubflf ty  of e a n h m  thor im,  s ~ ~ & e s  of these +oys sub&,ted f o r  

ehemfcal amlysfs have oven. v e q  difffc&.t t o  dissolve,  in hydrochloric, 

s u l M e ,  n i t r i c ,  hydro ic, or combinations of these acids. Sfice 

uggests a high corrosion resistcince of theae'aPBoys, samples Rave' 

%been water autoclaved with ' the following results, 

2. &e0 as-cast 1 bU1et  

1, Th-2 W/O U-6 W/O Zr 
) 

' 2, Th-2 W/O U-10 W/O Zi 

3o Th-2 W/O U-10 W/O 21 .I 

I 

3207 g 0 g \ I  
I '  . ,  

92.0 I 0 

$ Loss Test Condition 8~ Time 
, ,  

PO0 Dfstfiled P20, aO°C- ,  
about 1; hps 

SO Df~6i11ed H20, 2+$OOC, 
,I6 %mS 

\ 

100 Distilled H20, a O o C  
abosf$ 6 h p ~  

100 ' ; Disti l led H20, 34O0C, 
g about 9 hps. 

i 

The bfnaPy: Th 2 t o  10 w/o manim and ternary Th 2 w/o 'U, 4 t o  20 

have been hot forged and rol led with poor results, 
r 

Forging was not success- 

htl until tqerettmea i,n excess of 800°C were used, ih3.s 5s believed t o  

con tip resa t ing  ,from 'the alloy preparation, 
I 

A t e m v  e t l f a ~ p  of TA - 2 w/o-U - 1 W/O T n prepaped and 

heat t reated in an attempt to'resnove m a n i m  i n  thsrfwn by 

................ . . . . . . . . .  ...... . . . . . . . . . . .  . . . .  . . . . . . . . . . . .  . . . . . . . . . .  
0 0 0  0 0  0 0 0 0 0 0  0 0  
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formt ion  of U2Tio his has not been successfulo 

llay a l so  has been poor because of the  suspected Opoor metal 

Forging and ro l l fng  
\ 

ciw~~ityw factor ,  (J, 

NATIONAL BUREAU OF STANDARDS - Reported by Lo L. W p a n  

J 
f 3 

I \ 

Subsequent data based on microscopic, thermal, X-ray, and micro- 

hardness. analysls h s  shown t h t  there ds no appreciable sol id  solution 

ohardneaa.deteminations substantiate t he  previous con- 
' 

elusions on the  eonstLtutfon of thf$ system besed on thermal, X-ray and 

Hfgh temperatwe t h e m 1  analysfsfof the ruthenfm-manfun alloys 

in the  composition r&ge 59,l w/o - n , O  w/o of ruthenium indicate that 

a reaction horfaontal occuys a t  1575OC 2 10°C, 1 In view of t h i s ,  and the  

t that p rev iou~  mferoscopie work indicated a two phase region in the  

composition range between Ru3U and the  terminal sol id  solution, it appears 

that rtU3U is formed per i tec t ica l ly  and tha t  the liquidus rises from 1575OC 

, t o  t he  melting point of ruthenium, 

Urm ipnm-IridiUm 

Seven iridium-uranium al loys i n  the composition range 0,25-20 w/o 

A of iridium were prepared by induction-melting in beryl l ia  crucibles. 

exo%hede  reaction which raised the  temperature of t he  melt 

some several hundred degrees was observed in the  0,25 w/o of iridium 

Subsequent t o  t h i s  reaction, a vigorous evolution of' a vapor 

ed which tended t o  e j ec t  the  m e l t  from t h e  cnnrbible, 

i 

?% 

, 
1 

This 

reaction became increasingly violent with ficr'easfng amounts of iridium, 

Uranium-R.hodfpxmn 

Nine waniwn-rhod al loys in the  composition rakge 0,25-40 w/o 

.................... 
\ * .-d . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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of rhodium were prepared by indretion meltfig i n  beryllfa crucibles, and 

a 50 and 60 w/o of rhodium alloys by a rc  melting. 

The alloys i n  the composition 0.25-30 

metal-refractory reaction, However, as the 
red'eo be some such 

reaction i n  the  c e of the 40 w/o of rhodium alloy, the higher alloys 

were arc-melted, 

Uranium-Palladium System 

rhodium showed no 

The thermal, microscopic, and X-ray data show t h a t  the two reaction 

horizontals reported a t  990°C a 

extend t o  a t  least 20 w/o of palladium. 

was lowered from 970°C t o  '738' 

lowered from 660 t o  6&OCO On 

played a hysteresis in the  a l i o t r  

that reported i n  the  caae of t he  platinum-urani 

microscopic data showed the  alpha and beta sol 

less than 0.2 w/o and the  indications are t 

adium i n  gamma uranium is considerably Pes 

The gamma-b 

as might w e l l  be expected from considerations of the 

Da t ion ,  

horizontal a t  952"C, eonfirmtory t o  the  t h e m 1  data, 

and X-ray data f o r  the  P"as-eastw al loys i n  the  composi 

0.45-40 W / O ~ O ~  pal.ladfm indicate tha$ the  uranium-rich phase is 

present i n  a l l  t he  alloys in t h i s  composition range. 

NORTH AMERICAN AVIATION. INC. -- Reported by B e  R, Hayward 

tronfc config- 

Microhardness data indlcates t he  exfstenee of a reaction 

f 

The current work a t  North Ameridan Aviati 
consfsts of the 

*%. 

evaluation of uranium alloys for use a s  long l i f e  and high operating 

temperature experimental fuel materials in the  sodium reactor experi- 

a 

ment (SRE), Sfice none of the  alloys have been made on a larger  than 
I 

[ Q S  
; . .. .. . ... 0 ... ... . .. . . . . ... . . ... ... . 
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N U C ~  METALS. INC, - I 

1 

I 

j ;- 
I 'expansion of t he  U-1.5 w/o Nb-5 w/o Z r  a l loy were determined. Four 

samples (graphite melted material, e x t M e d  a t  1150, 1200, 1250, and 

" I  1300%) were cycled in a conventional quarts-tube push-rod type dflatom- 

eter, A dflatometeno cycle consisted of heating and cooling from room 

temperature t0 \~800~C in a purified )argon atmosphere, 

was approximately 404~c/mfno and the  cooling rate a p p r h t e l y  1.2OC/mig 

The averaged mean coefffcfent of thermal esnpansfon of t he  4 samples 

The heating rate 

j .  
1 
i .. from 25O t o  800°C was 2406 x 10-6/OC on heating and 23.5 x 10-6/oC on 

coolfig and included the  effect of the  al lotropic  transformation. 

25OC t o  60O0C-the coefffcfent was 18.4 x 10-6/OC on heating and 17,2 IC 

I From i 

OC on cooling. For the  hfgh temperature phase (VOOOC t o  800OC) t he  

mean'coefficient was 17.8 x 10-6/OC on heating A d  22.0 x 10m6/OC on 

on is accompanied by an expansion on heating 

length). The e d c t  s t a r t i ng  t 

certafn but appears t 

ling, t he  transformation fn 

- 2. 

indfcate the  t ransf  

cooling, ( 

- 
The corrosfon of bare U-Si epsilon al loy 

More information is availableion the  corrosion 
3 

< 
I . . . . . . . . . . . . . . . 

. .. . ... . 0 o* 
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The shultameous pouring of several castings is now standard except 

5menbP b d i v i d w l  castings of special  composition, The e f fec t  

of @mities such as those in commercial sSLieon is of pa rb icka r  

interest s h e e  they m y  broaden the composition range of the  epsilon 

phase, 

by difficulties in the  usual method of analysis f o r  silicon, It is now 

established that %his method, 3avolvbg dkrelet solu’%fon of the  metal in 

acid, gives low results for the si l icon content of non-epaflon material, 

M d a t f o n  of‘ the  sample 6efox-a dfaaolution el-tes the  effect of t he  

phases on the  appmem.& silfccern content, 

for  a week a t  800°C 5s still s t m h d ,  

obtained a t  82%°C, 

The establishment of the o p t h  sil%eon con%ent has been delayed 

EpsfPonfsatfon by heat treatment 

Essentially the same results are 
[ 

At, both %emperatwee, the inadequacy of“ shorter times 

f a  observed metallograpMc?al~y and eonf‘fPsned by comosfon data i n  650oP 

water (but not in 500??? wetter) 

duuble extrusion scheme hvolxlng a second heat treatment before the 

Heat treatment a f t e r  e x t m f o n  (or a 
/-- 

flmn coe&msfon) canno% be depemded upon t o  eliminate free uranium and 

The preparatfon of material res i s tan t  t o  5009 water presents l i t t l e  

difficulty but mterhl adequate for 65S?F service is not being obtained 

reprduc%bPy yet, 

mbing eomoaion reafstmee was helped by exmination of a series of 

samples of established corrosion resistance, 

Understanding of the  metaPlogmphic factors deter- 

For resistance to 65OOF 

water, aoncentra%%on 0% either less resistant phase, foe ,  free wranfum 

or U3S%29 1s dfaastro;, As 

expected, the reqdrements for resfstanee to 9WF water are somewhat 

milder, 

tolerated t o  sane extemt; some of t he  COXTOS~OR products being retained 

lJ3S12 is tolerable if’ f inely subdivided, 

V3S$ still should not be coarse but free uranium can be 

5 .................... . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... : . i .; ;e- 
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i&nee t o  water a t  . 

9 stem f o r  48 haups. Substantla1 par t s  

I 
Coextrusfon of Zf lad rods 3s being helped by use of a 

‘cold cone,, f o e o  one th& is not pkeheated a t  a1 Attention is being 

devoted t o  preventfon 

the Zircalay and the steel can t o  eliminate the streaks of alloy res i s t -  

ant t o  pickling after 

of the Zfrcalay ind t o  a barr ier  between 
I 

i 

( 

1 of the cladd’ing from coextruded 

material are withst but i n  650OF water, cracks develop 

at t r ibuted t o  uranium st r ingers  - para l le l  t o  the E& 

generated by aggl lets. The deterioration 

o f t h e  core in the  course of esctrusion 

cause fo r  tbe fa i lure  of rods which were clad, end-plugged, and defected. 

After insertion of a 

is  stw 36 &ys, S 

81 days; none have 

si-t of any other 

t,, the longest test period before failure 

defects have been tested as long a s  

i 

The behavfor of the flon a l lay  fn lfqufd lead was investigated, 

A two-week test in lead a t  XO°C sh 

an a s  yet  un”identfffed layer bu i l t  Go 
500OC or  above, 

, I  

A report was received from M r *  J. He 

Laboratory on the effects  of &adiatlon on, 

es prepared a t  ”MI some t 

om buf.nup grew i n  length 2 

ed some surface cracking, 

burnup shortened lo&$ &d f i c r  

are sfmi7r t o  ,those hat have been obtained o 

alloy made. a t  this labmatory (Argonne) ,we Go 

‘ I  

P 
... .. .. ... . 
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, t o  hgonn or  supplemen%ary test , (S . Isserow, J .F,-Kuchta, W .B .Tuff in) 

A number of a l loys are b e b g  studied in an exploratory program t o  

Umim-UcR Alloys 

I 

find eompssition's whfclh might %bit  good h r a d h t i o n  s t ab f i f ty  t o  high 

s in a fast reactor, To date, twFlve b h q y  &d ternary 

uranium-rich aUoys s o n b b h g  5 w/o addLt%ons of molybdenum, niobium, 
L 

itanimn, vanadium, mil zirconium Rave been prepared by induction melting 

and eastbg in graphite, 

east, extruded, and heat t r b t e d  conditions are being exmined as initial 

'screening cr%%erfa. 

Pabr%eat%on behavior and mfcros-bmctures in 

Some eharaeterfaties as d l e t s d d  t o  date are l i s t e d  in Table I. 

A l l  alILoys, with- the acbptfon of U-Mo-Ti which was so br i t t l e  in the  

cast condition as t o  be u m e h h b l e ,  Rave been successfully extruded by 

sheathing In c bra F k t m i o n  eons$ants are compared a t  16509  f o r  most 5 

alloys, 

s tan t  of .u&ium- (K f o r  uranium = 3 tons per sq, in, a t  16009) , whereas 

molybdenmpl causes the most rap5d &crease i n  exbmsisn constant with 

I '  

Vanadhm has t he  malfest effect fi raising the  extrusion con- 

-a l loy ing  content, 

AbXHty of as-extmded res t o  withstand cold redtiction Sn swagfig 

has been stdiedl, A s  bdlf@a%ed( in Table I, several of t he  al loys with- 

stood s u b s t m t M  reductions without m e d i n g  before faflare occurred. 

L e a s t  sueeess was erienced wfth allqys containing titanfun, The 

wanium-t&tmim system is known t o  form a b r i t t l e  iptemetalffc, U2Ti, - 2  

Also, in general, d5.f?ficuPty In cold working hpbeases wfth hardness of 

t he  alloy in the  &rudd  conditlon.. Thus, t he  softer alloys, U-V,-U-Mo, 

and U-MOTNP, were.most easi ly  cold worked, The less readily cold worked 

alloys require fur ther  study, 

and response t o  warm swaging,should be examined f o r  some of the  alloys. 

- -  

. 
- 

Effect of heat treatment prior t o  swaging 

- 030 ..................... . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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Photomicrographs are being obtained f o r  the  al loys i n  the  conditions 
1 .  

indicated i n  Table I. 

U-Mo-Zr al loy and the  poss ib i l i ty  of a t  l e a s t  p a r t i a l  retention in the  

slow cooled condition is suggested by the  microstroueture. 

w f l l  be studfed further. 

(probably 4 vanadium in a uranium matrfr) and w i l l  a l so  be exambed in 

greater de ta i l ,  partieulaplg in view of the good fabrication characterist ics,  

Additional a t tent ion w i l l  a l so  be directed t o  ternary alloys containing 

vanadium. (Le R Aronin) 

Prob l e  gamma retention is observed i n  the  quenched 

This a l loy 

The U-V a l lox  shows a two phase dispersion 

> o  69 

TABLF: I - CHAFWTERISTICS OF URANIUM-RICH ALLOYS 

hlloy Composition 
w/o 

45 
25 
20 
15  

u e 5  I ‘ 0  
38 Brit t le  a s  east u 0 

9 1 50 

57 
67 
76 
70 
61 
75 
67 

n 
61 

13 I 3 I 66 

lockwel: 

As . 

Extru- 
ded 

49 
70 
67 
69 
66 
73 
76 

75 a 
70 
72 

A Hardness 
Ieated 8OOOC-15 m i n ,  
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40 
76 
67 
51 
56 
61 
74 

75 
71 

78 
n 

Furnace 
Cool 

69 
66 
78 
70 
68 
72 
69 

n 
60 
64 
68 

* 25 TSI a t  12009 

ross  Sections 

30 m i l t h i c k  Zircaloy-2 clad have s 

1500 p s i  water or over 1700 hours i n  7509, 1500 p s i  stream, 

are 7 m i l  diameter holes which were d r i l l ed  through the  clad to,  or  a 

short .distance into,  the  core a t  t he  mid-lengths of the  specimens, 

The defects 

r . . . . . . . .  .& 2. 
sa- . . . . . . . . . .  . . . . . . . . . .  - - -  . . . . . . . . . .  . . . . . . . . . .  

0 0  0 0 0  0 0 0 0  0 n 0: ^ @  
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usually before the  he treatment. Pr ior  t o  corrosion test  , t he  specimens 

;-received heat treatments varybg from 850°C f o r  24 hours t o  

hour, 

have been obtained. New specimens are being prepared for usebin proposed- 

studies of the- effects  of larger  defects, weak clad-to-core bonds, thinner 

clads, shorter heat treatments, and other factors  on thef r  covosion’. 

.resistance,  1 

t ion,  treatmknt, and testing of clad rods containing pre-esttrusion defects; 

SatLsfactory coe&Puded rods of U-2 w/o Zr core in Zfrdaloy-2 clad I 

I 

\ 
\- 

I 

r studies being planned &e concerned with the  prepara 

L 

the  effeet of the i n t e r d f l h s i o n  tTeatment on clad rods with cores o f .  

either uranium - .  OP alloys such as U - e ,  ‘which do not f o m  brittle-compounds 

:with -the’ clad; the  effect of i r radiat ion on interdfff’usion t reated 

1 .speefmen fuel pods. (R,G,Jenkfns) 
- . I  1 

SYLVANIA ELECTRIC PRODUCTS, IN@, - Reported by H, So Kalish . . .  
I i .  

. .  

, 

, .  

(’ 
~110s Pieparat ion 

Techniques were improved f o r  the hydrostatic presshg’of  uranium . 

a l loy  rod abotit 0,2W fi diameter and approxfnately 9” long, 

1,2 w/o Mo-U powders were compacted hydrostatically a t  30 tsf and vacuum 

sintered for  5 horns a t  llOO°C. 

18.5 gms/cc, wRich is about 98,5% of theoretical .  

obtained by u t i l i z ing  V-grooves in graphite slabs in which the compaits 

are plae 

but attempts are being made t o  develop techniques whidh will permft 

Rods of 

The samples a t t awed  densi t ies  of 

Straight rods are 

A t  the piesent time, the  rbds must be centerless ground, 

r rods t o  be obtained. 

d on obtaining the  mechanical properties of various 

powder metallurgy b b P y  wanlum alloys, The data fi Table I ‘show a 

comparison between the  properties of these alloys with as-eas$ uranium. 

These dab, some of which were presented in3 the .p rev i  

I 0 .................... 02” j . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  E 
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TABU I1 

I3RANPUM ALLOY SAPIIPLES, DATA SHOWN IS 
TIB AVE3AG.E OF TWO SAMF'US 

Nominal 
C ompos it ion I 

w/o 

200 ZT 

200 zy 
200 zr  
lo& MQ, 
2,O Mo 
205 MO 

200 zr 

200 Z r  
2.0 Z r  
104 Mo 
2,O Mo 
2;5 Mo 

Fabrication Elongation , 
Method % 

I 

% . A ,  iiiFI%-CYCLES, 65' to 620' 

Cast,wrought and f 
heat t reated 
S%nt er &-Fine era  ined 1002 
Sintered-Coarse 1 0 %  
Sintered ' 009 
Sfntered 0098 
Sintered 0061 

Bo BETA CYCLES. 90' t o  7 l 5 2  
I 

Cast, wrought and 
heat t reated 
Sintered-Fine Grained 
Sintemd-Coarse 99 

Sintered'  
SSnt elWl 
Sintered 

*% 

*+ 
+Y 
1.70 
, l o  0 
008 

Weight Change, 
% I  

* 

* 

- 3096 . - 30&O . - k020 - 2000 
+= 0.03 

+ Not determined 

Densitj 
Decreis 

d 
P 

0083 

1,78 
1.59 
1055 

1J2 
1007 

0-7 

21-0 
6 .'3 
100, 
1.3 
2 e 5  

++ Could not be measured aeemately f o r  length change because of 
d i s tor t iono  

The above data indicate t h a t  the  2, w/o Zr-U made by both methods and 

the  lor ,  w/o Mo-U &nd 2 w/o Mo-U a l loys are a l l  essent ia l ly  the  same when . 

alpha cybled, . The 2,5 w/o Mo-U alloy, however, was more s table  than' any 

of the  others, In beta cycling, both types of 2 w/o Zr-U alloy a r e  far 

less 's table  than any of t h e  molybdenum alloys,  A t  the  same time, there * ;  

f i n i t e  trend of impoved dfmensfoml s t a b i l i t y  i n  going from 104 t o  
, 

2,5 w/o J4o-?J0 
' 

by powder metallurgy methods showed'a difference i n  dimensional s t a b i l i t y  

depending upon initfa1 grain size ,  

It fs interest ing t o  note tha t  the  2 w/o Zr-U a l loy  made 

A s  one would expect, the  ffiier grafi' 

sized &terial*was the more s tab le  of the two. ( g < k  5 
...................... . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  ' _  . . . . . . . . . . . . . . .  ....................... 



' 

%. ' The density changes O C E C ~  seem t o  be fmarily a function of 

by the weigh e, One exception t o  

powder metallurgy al loy which was beta &his appears t o  be t 

cycled, The large d 

t o  the  formation bf internal  

The surface app 

se  i n  these samples appears t o  be due 

s i t y  d k i n g  t h e m 1  cycling, 

he samples after beta cycling indicated 

the  superiority of Lh -U alloy even more clearly.  It had , 

essent ia l ly  a smooth 

showed increasing amounts o 

were esrtreme&y= rough and'@ ed after beta3 cycling, , 

Alloys f o r  9inproved'Corrosfon Resistance 

eas the 2 and L , 4 . , w / o  Mo-U alloys 

face- roughness, The 2 w/o Zr-U a l loys 
I 

", 

The investigation of the  f eas ib i l i t y  d f  making a completely 

epsflonized 3e8 w/o Si-U alloy: by powder metallurgy was continued, 

Elemental powder mixtures of So?, 3089 and 3,,9 w/o Si-U were hot pressed 

and subsequently heat treated f o r  U.0 hours a t  85OoC t o  homogenize and 

epsilonize the  structure,  

These samples w 

epsilonized 3i8 w/o S 

omosfon tes ted in 6OOO.F water with cast  

f l o y ~ a s  a control. The data in Table I11 show 

...... . . . .  i. .. .. ..... .. . . . . . . . . . . .  .. . . . . . . . . . .  .. ................ 
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TAl3LE I11 

J 

r 

t 

. 

TABLE IV 

'. 

- <  

The data of' Table IV show that the density decreases during homo- 

genizing and epsilonizing, whereas it should increase, 

d e n s i t y i s  due to the KbkendalP effect ,  that is ,  during homogenfzing, 

the diffusion rates of the s i l icon i n t o  the pmranim and uranium into 

sflimn are different, suck that poroslty is developed fn the material. 

This decrease & 

* i  possibie way, then, that the powder metallurgy alloys can be 

igh density is by subsequent hot working of the homogenized 
1 -  

material . 

. . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . .  ...................... 
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- 
ty 
$5 

4 

n . .\. 
. ,  

formation,' A l l  the diations were conducted at temperatures far 

, ly-induced transformations *would be' ex- 

by Konobeevsk$, Pra 

on Structure and Prop 

Conference. These ef ear to be qufte well-established based 

fonable Materials) at the Geneva 
i 

5 
upon electrical resistivity, temperature coefficient of' electrical 

, ' 4  

4 ,  
resist ivity and hardnes (the Russian hvestfgators. employed, in 

cx 

3 .  addition, X-ray 'diffrac on techniques) 

, .  U-Mo Alloys 

. The changes in sions and density 

of the U-Mo alloys due to neutron bombardment 

U-9 w/o Mo 'alloy spechens which were heat treated t 

owed decreases h density of 1.0 and 1.3 per 

I 

, , ,  
I 

of 920 and 700 PIWDfi, respeetiveiy, One u-10.5 w/o 
\ 

. c Y ity dedrease of 0,4% after an exposure 
-.. 

density or diametrical changes were f o p d  in the U-9 

w/o MO specimens irradiated fn'tb gamma p 
1 3.5 w/o Mo alloy specimens sh 

' /  

. density regardless prior heat-treated 

... . - 0 .  e. . .. . e  .. . .. 0 



I 

8 U-9 W/O MO a l loy 

cimens a f t e r  i r radiat ion 

quenched U-9 w/o MO alloys. 

-12, and -13,5 w/o Mo, I 

t he  gamma-quenbhd condition b d  the  transfo&ed condition, is  

small or  negligible and-if  

these alloys no density changes would be noted, 

hase transfomation reversal  occurred i n  
2 ’  
.. 

Eleetr i6al  ReslstLvity Results. The changes in e lec t r ica l  res i s t iv -  

i t y  i n  l iqu id  nitragen of these specimens after i r radiat ion are shown in 

gamma-quenched U-9 w/o Mo al loy specimen showed a decrease 

I 

’ 

i n  e l ec t r i ca l  rsa%ativi%y a t  -196°@ of 1,2% while the  transformed speci- 

mens of U-9 w/o Mo al loy showed increases of 125% and 134% respectively. 

The same behavior was found in the  U-10.5 W/O Mo a l loy  specfmens with the 

gamma-quenched specimen decreasing 3% and the  transformed specimens in- 

creasing Ue6% -and 21.7% respectively. 

specfmens, those specimehs which were i n i t i a l l y  in the gamma-quenehed 

condition and those which were s l igh t ly  transformed by a g h g  a t  525OC f o r  

8 horns and 48 hours respectively, showed decreases in e lec t r i ca l  resis- 

t i v i ty .  However, those specimens which were more completely transformed 

p r io r  t o  i r radiat ion by aging a t  525OC f o r  312 hours show appreciable in- 

creases Sn.electr ical  r e s i s t i v i ty ,  

In the  U-12 and 13.5 w/o Mo a l loy  

. 

It is interest ing t o  note that a l l  

ecimens of the  U-12 w/o Mo al loy appear t o  approach an equilibrium 

e l ec t r i ca l  r e s i s t i v i t y  sf approximately ’74 P a m  regardless of . ’  
heat treatment, exposme and temperature in-pile. Similarly, the  

< 

u-13.5 w/o Mo al loy specimens appear t o  approach equilibrium a t  about 

76 p&m,  the  u-no.5 w/o Mo a t  69-93, and the  U-9 w/o Mo a t  68-71 PLnern. ... 

-quene hed lea of U-9, -1005, -12, a d  -13,5 W;/O MO 

exhibi gative temperature coefficgent of e l ec t r i ca l  res i i t iv i tg .  
i 

...................... . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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I - .. 
c 

between -196oC t o  +l 

s i t ion .  e,&ib$t a pos 

of the, same compo- 

ec t r i ea l  resis- 

'in the same tempe e range, Electr  r e s i s t i v i ty  measure- 

ments on the  irradiated 10,5, -12 and -13.5 w/o Mo al loy spscfmens 

a t  -X9boC, -75'C, +50 d +lOQ°C have, been obtahkd and these resu l t s  

show tha t  these al loy speebens irradiated b t h e  gamm phase exhibit a 

negative temperatme e 

t o  irradiation., Howev s i t fve  temperatwe coefficient of elec- 

t r i e a l  r e s i s t i v i ty  of t h e  transformed specimens 'has reversed t o  a 

negative e oeffie ien t  a f t e r  %mad f a t  ion 

ient after i r radiat ion similar'to tha t  p r ior  

Hardness Changes, The changes i n  hardness of these specimens a re  
! 

show in Table III, 

U-9, and -10.5 w/o Mo al loy specimens has $everted t o  tha t  of the  gamma 

phase a f t e r  irradiation. The diffeymces 5n hardness of U-12 and -13.5 

w/o Mo alloys between the, gama-quenehed condition and the transformed 

condition is small OF negligible so that if phase transformation 

reversal  oeemed in the 

u-Nb Alloys 

It m y  be seen tha t  the hardness of the transformed 

1 

I .  

alloys no hardness changes would be noted. 

, I  

I n  dimensions and 

w/o Nb speefmens shown i n  Table N a 

as the changes fomd in U-Mo alloys given a sh i l a r  e 

changes shown fo r  the aged specimens a re  generally 

observed in transformed U-Mo alloys, Note tha t  t h  

changes are t rd the,g- condition i n  the aged 

t r a n s f o m t i o  f gamma9 density fflcreaees, This  

noted f o r  t h e  e l m t r i m 1  re s i s t i v i ty  data, shown 

t o  be noted t h a t  a l l  t transformed sp ec h e n s  

ganrma-quenched eondition, 

.. ... . . .. .. 
~ 
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Discussion of Above Results 

*- 
The' results above shbw tha t  the  s tab led  + 6 phase of U-9, -10,5, 

P 

* 
-12 and -1j05 w/o Mo al loys r e v e d s  back t o  the  metastable phase' after 

befig subje'eted t o  neutron bombardment. The e l ec t r i ca l  r e s i s t i v i t y  behav- =& 

ior of these al loys is similar t o  t ha t  shown in order-disorder alloys 

after neutron bcimbardment in that the  disordered phase ( &) s l igh t ly  

orders while the  ordered phase ( 6 ) disorders, both conditions approach- 

ing the same degree of disorder, 

bardmen? of the ordered epsilon phase reverts  it t o  the  disordered gamma. 

Subsequently (or perhaps sbmiltaneously) the free alpha uranium present 

is taken back. in to  so%ut%on, 

- 
1 

-t 

3 .  

It m y  be surmised that neutron bom- 

In %he ease of t h e  U-Mo alloys where one of the produets of trans- 

formation is t he  ordered epsilon phase, the r e su l t s  obtained are fn 

harmony with experimental observations on other order-disorder systems, 

although it is indeed puzzling that alpha precipitated during a 2-week 

anneal a t  525OC is apparently re-absorbed during the 6-week i r radiat ion 

. 
* - 

r 
j ,  

s 

7 -  

a t  a maximum estimated temperature of SOO°C, 

U-Nb system, where'no such ordered phase has been reported, t h i s  ex- 

planation is not available, - 

Cold-Water I r radiat ion of Prototype Rod Fuel Elements 

However, in ease of t he  

Prototype f'ueP < d a  of uranium and U-2 w/o Zr al loy with enrich- 

ments which varied from 0,7 t o  5,5 w/o U-235 have been i r r a d h t e d  fn the  

Chalk River 
c -  

z 

reactor t o  a mqfmpnm burnup of 10,500 WD/T and have been 

returned t o  t h e  Bettfs Hot Laboratory, A% regular intervals  during the  1 ,  
rradhtion, the  rods were removed from the  reactor and X-rayed so that  

changes in Peng-th of the rods were obtained, 

that the 'U-2 w/o Z r  al loy rods, exhibited greater growth (approximately 

These results indicated' 

the  unalloyed manfun rods (approximately~O,l t o  005%) 

. .  - _  Q 40 .................. . . . . . . . . . . . . .  . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . .  ....................... 
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However, when d e e n s i o m l  ements were ma the  irradiated rods 

in the  Hot Laboratory, 

the rods rangkd from 1 

composition, and pr ior  ment of $he rods, However, there 

appears t o  be a trend 

exposure, amounting t o  a 

d that the  percent change in volume of 
, 1  

appeared t o  be' ependent of core 
ii 

as lng  vslme change with increasing ' 

5 at 10,000 WD/bj, , 

Visual examination of these rods showed that, the.tPlree rods 

' irradiated t o  9000 MeJD/T or er exposme e f i  ted transverse and 

dding i n  the  v ic in i ty  of the  end cap longitudinai i p l f t t i n g  

weld, In  addition, sma gtudfnal s p l i t s  and bulges were observed 

i n  the middle of these 

observed i n  specimens to lower exposures, indicating that 

9000 MWDD may be the  upper f M t  of exposure, before the  'cladding is 

excessively stressed by 9xpans 

Identification of HmMde Phas 
Alloys 

No cladding fa i lures  have been 

of the core alloy, 

omed During Corrosion of Geumnct Phase 

ss t o  ident i fy  the hydride phase formed An eseperfment isl in 

duPfng hot water eomosf6n of" 

measurement of the deeonposftfo 

temperature over samples of ~2 w/o MO al loy 

and then hydrfded by autoclave corrosion tre 

Mo alloys,  The expesfment consistx of 

(hydrogen) p 

I ,  

Preliminary measurements on specimens 

and 21 days, r e s d t i n g  in a hydrogen concent 

e been completed and indica ' respectively, 

pressures, T lues closely approximate the  re$ati 

-2225 ? $ 5  log %pm - ' T  ' 
I . -  . as compared with$ 

. - *  9 9  g p m -  T I 

I 

P T  
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- &2 - 
for  the equilibrium between UH3, hydrogen, alpha-uranfum. Plots  of log P 

versus - were made and emetrapolatfon of t h i s  p lo t  revealed a pressure 

of about 38 mm a t  room temperature fo r  the U-Mo specimens. The value f o r  
. TOK 

f. 
.$. 

c 

'ha U is 0.6 mm at 200°C, Decreasing the temperature revealed tha t  ,Y 

some of the  gas is reabslirbed, a t  preceptible rates even a t  room tempera- 
, 

ture, indieatf ig  reversibf l f ty  of the reaqtfon on a qual i ta t ive basis. ._ 
a It appears from the above that much higher hydrogen pressures and 

lower heats of formation are associated with t h e  decomposition of the 

corrosion hydride compared ~ 5 t h  pure 'OH 

fore, is different  than pure 'OH3" 

. 

The corrosion hydride, there- 3" 

I 

I 
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Table I 

Changes i n  Dimensions and Density of I r r ad ia t ed  U-Mo Alloys 

Sample Heat 
NO. Composition T reataent 

A-6 u-9 W/O 

A-8 u-9 W/O i'10 
A-9 u-9 W/O Eo 

B-1 
J3-l.% 
B-9 

310 
9 a  
700 

600 
540 
500 

(Diameter i n , )  
a7 
/o 

- Pre - Post Change 

.1880 .1887 n.s. 

.1870 .1882 +0.7 ) 

.lS75 +0.6 ) 

.1880 .1888 n.s. ,  

. M H O  .1880 0 

.U70 .1874 n.s. 

3 )  Density (g/cm 
% 

P o s t  - Change - Pre - 
17.35+.01 17.34 0 
17.47+.01 17.29 -1.0 

17.24 -1.3 

17.15L.01 17.16 0 
17.16+.01 17.16 - - 

' 17.11 -0.4 1 

I 

e o lio and U-13.5 w/o Mo having heat treatments l b l  t o  &4 respec t ive ly  
nsions o r  dens i ty .  

i f i c a n t  change. 

I 

3 .  Heat Treatments 

,;il 
8 2 
: i3 

- 900°C i n  k i n e t i c  vacuum f o r  a hours, water-quenched. 
- $1 plus 5250,C i n  evacuated Vycor tubes f o r  8 hours, water-quenched. 
- 41 p lus  525 C i n  evacuated Vycor tubes f o r  L& hours, water-quenched. 

i;4 - l;ll plus 525 C i n  evacuated Vycor tubes f o r  312 hours, water-quenched. 0 

. .  
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Table I1 

Changes i n  E l e c t r i c a l  Res i s t iv i ty  of I r rad ia ted  U-$10 Alloys .... . .  ...... . .  . .. ...... ...... Sample Heat Exposure E e a t  -196OC % 
Post Change - - No. Composition Treatment (MbiD/T) .. ...... ...... .. . . .. . .  A-6 u-9 W/O No #1 310 72.20 71.36 -1.2 . . .  .. .. . A-8 u-9 W/O Mo - #4 920 31.17 70.81 +125 ..... 0 .  A-9 ~ U-9 W/O Mo . #4 700 31.15 67.52 +I14 - ..... 

...... t- B-1 - U-10.5 W/O Mo #1 ~ 600 74*48 72 23 -3 .O 
B-12 U-10.5 W/O MO #4 540 59.75 68.52 +14.6 

0 .  B-9 U-10.5 W/O MO r #4 500 59.74 72.68 +21.7 

C-8 U-12 W/O MO #2 770 76.23 74.71 -2.0 

C-16 u-12 w/o No #3 640 75 70 74.85 -1,l 

. .  . .  .... . .. ...... .... . .  ...... C-6 U-12 W/O MO tfl 310 76.43 74.15 -3.0 

c-9 u-12 W/O Mo #2 600 75.99 74.09 -2.5 
C -15 u-12 W/O No #3 475 75.62 74.46 -1.5 

c-2 2 u-12 W/O Mo #4 780 70.15 73 03 +4.1 
C-23 u-12 w/o Mo #4 610 69 .h7 72.98 +4.8 

D-2 U-13.5 W/O Mo #l 310 79.57 76.32 -4.1 

a”r D-9 U-13 .5 w/o iilo #2 500 78.77 76.33 -3 e 1  

D-16 U-13.5 W/O MO 3 820 76.48 76 26 -0.3 
U-13.5 W/O MO #4 810 72 a 09 76.40 +6.O 

@ - D-l.4. U-13.5 W/O NO $2 700 78.20 76.56 -2.1 

D-15 U-13.5 W/O 140 It- 3 475 76.78 75081 -102 

U-13.5 W/O Pi0 #4 720 72.96 75 77 +3 e9 
__ __I_- __ _ _ _  - 

Heat Treatments 

,#1 - 9OO0C i n  k i  
#2 - #l plus 525OC i n  evacuated Vycor tubes for  8 hours, water-quenched. 
#3 - #l plus 525OC i n  evacuated Vycor tubes f o r  48 hours, water-quenched. 
#4 - #1 plus 5 2 5 O C  i n  evacuated Vycor tubes f o r  312 hours, water-q=nched. 

t i c  vacuum f o r  24 hours, water-quenched. 

+ -.- I - - 
_1 

- __ 

A + d , b  I , .  
j. 4 <*’ . 
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Table I11 

Hardness of I r r ad ia t ed  U-Mo A l l o y s  

Spec. Comp . Fre-Irrad. Xxposure++ Hardness (5 k i l o  load) 
DPH - Post - Heat Treatment (MWD/T) Pre  - No w/o Mo 

A-1 U-9 W/O MO #1 310 28724 299+11 n s 
A-5 U-9 w/o Mo #4 9 20 44e20 303z6 -197+26 
A-7 U-9 W/O MO #4 700 444222 29929 -U5?31 

B-1 U-10.5 W/O MO ?P 600 30521 300+10 n.s. 
B-6 U-10.5 W/O HO #4 5 40 3 84+17 33429 -5O+26 
B-7 U-10.5 W/O NO #4 500 361z7 3 26214 -3 5z21 

c-1 U-12 W/O MO #1 310 324+5 307+12 nos .  
n.s. C-6 U-12 w/o ivio #2 770 32E9 3 23i5 

c-7 U-I2  W/O MO #2 600 321+4 
c-11 u-I2 W/O 140 #3 47 5 3 26T6 35qt8 2.4214 
c-12 U - I 2  W/O MO $3 640 33323 323+14 n o s .  
C-16 U-12 W/O Mo A4 780 344+6 3 53716 n.s. 
C-17 u-I2 W/O Pi0 $4 610 33 6z8 3 53zl5 n o s .  

D-1  U-13.5 W/O MO #1 310 341+k 34824 n.s 

D-8 U-13.5 W/O MO #2 500 339z16 34556 n o s .  
D - 1 1  U-13.5 W/O 1~10 #3 475 33325 3 27+14 n. s. 

820 325+6 334516 n.s. 

; D - 1 1  U-13 . 5 W/O MO #4 723 34324 347210 n.s. 

-- -- 

D-7 U-13.5 W/O 140 . #2 700 3ll-.2 339+10 -28+12 - 

-- -- D-12 U-13.5 W/O MO #3 
* D-16 U-13.5 W/O $10 #4 810 348E7 

- 
v 

x- From f l u  monitor da t a  
n.s. - not  s ign i f i can t  .I .I 

I\ I .  

I 

.............. . . . . . . . .  .. .. .. . . . . . . . . . .  . . . . . . . .  . 0 . .  
.. 
0 .  
0 0  .e O I I  0 0 ' : 
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C..... ...... .. ...... ...... .-_ 

? 

. -'. Table I V  

Physical Property Changes o f  Irradiated Unclad U-10 w/o Wb Alloys 
-_ 

F-22 - F-5 - F-19 - G-1 - 
.. . ' .. . .  

F-3 - F-4 .. : -,%Specimen No. ..... ..... 0 .  

90OoC- . Pre-Irradiation 
:*a**= Condition 24 Hrs- 

....'Exp o sur e (MW/T ) 

. .  
m .  .... . .  

0 .  ... ". 
W e Q o  

1820 . .  ..*... 
Pre-Length (in.) 1.992 
Fos t -Length ( i n  . ) 1.995 
% Change i n  Length +0.2 

900'C- 
24 H r s -  
W.Q. 

1660 

1.993 
1.995 

+c.1 

Pre-Density (gm/cm '4 16.51 
Post-Density (gm/cm 16.49 
k Change i n  Density -0.1 

Pre-Elect . 2esis t 71.19 
- - I  _. at  196Oc 

Post-Elect . Resist . 61.55 
a t  196OC 

16-49 -- 
-- 

71.22 

69.96 

-1.8 

65059 65.76 

Post-Elect . Resist . 63.87 66.12 cr? 
?-, a t  R.T. 
edf % Change -2.6 +0.6 

Q 
k b  
0 

~- - .  

.*\ 4 -> > 

W.Q. 

1220 

1.995 
1.996 
+0.1 

16 49 
16 . 50 
-0.1 

71.19 

72.64 

+2,0 

65.66 

68.54 

+4.4 

222 

1 0  983 
1.995 

+0.6 

16.71 
16-55 
-1.0 

35.71 

58.99 

+65.2 

446 

1.983 
1.993 

+0.5 

16.76 
16.58 
-1.1 

+9l. 4 

52 . 22 4k. 24 

1060 1660 

1.984 1.984 
2.014 2.052 

+1.5 +3 04 

16.79 16 82 
16 . 53 16.47 
-1 -6 -2.1 

18.04 - 16.57 

34.20 27.76 

+89 -6 +67.5 

41.56 

63.67 58.26 53 044 50.27 

+21.9 +31.7 . +28.6 +25 . 2 




