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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.
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ARGONNE NATIONAL . LABORATORY - Reported by L T Lloyd

R

Ur&nium—Nioblum AllQYS‘:;f‘hd L

'Phase Diagram: oThe investigation'of_the~uraniuméniobium equilib-

riun phase disgram has been extended to 10 w/o Nb. Thé eutectoid trans-
formation occurs. at 634;1N2°C,‘and its composition is estimated at
8 +.1 w/o Nb; characteristic lamellar structureS-arefproduced by‘this

reaction. (Dwight)

Uranium-Plutonium Alloxs,

o Irredistion: Extrusion has been found_by‘Kelman to be a successful
means of fabricating the higher Pu alloys.ofvuranium. A series of 10, 15
and 20 w/o extruded specimens has been irradiated and examined. The 10

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

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

and relatively unchanged at burnups up to 60p. Gross length change was
5 7% and there was.some:overall warp. A heat»treated specimen of the
same material (645°C with one hour arrest at 500°C) however, developed

roughening 1n irradiation ‘which characteristically accompanies a coarse

~ grain. structure. (Paine)

"Uranium-Sjlicon Allox 'va

Irradiation. Two additional specimens of uranium-B 8 w/o Si elloy,

homogenized at 800°C for 2-3/L days by the supplier, yuclear Metals, Inc,

have been examined after burnups of 0 12% and O 33% of uranium atoms.

The length changes amounted to 2 l% and -l 4% respectively. The speci— :
mens appear to be quite stable under irradiation, though on the specimen |
having the higher burnup there are some traces of surface cracks. (Paine)

Corrosion° As part of the program of testing material fabricated

- by Nuclear Metals, Inc., open—ended sections of two Zircaloy II clad

,:co-extruded uranium—3 8 w/o Si alloy rods were tested at 290°C in degassed
: r‘—"“"—""_"wﬂ
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- 4 - | . ‘ |
distilled water. The alloy had been heated at 800°C for ssvenldays j

prior to extrusion, After about lO days of testing, both core and bond

appear good. The corrosion rates are comparable with as cast materialo -)'h

One 10% enriched uranium-B 8 w/o Si alloy cast at Argonne and
epsilonized at 825°C for two hours was tested hare after irradiation' h
indicated uranium burnup was O 71% Results of. corrosion tests at 260°C
and 290°C are listed in Table I Although corrosion behavior was only
fair, it was approximately the same as shown by the alloy (apparently
inot too well made) before irradiationo It appears that,irradiation is
not harmful to the corrosion resistance of this alloy. (Greenberg and
Draley) : |
: : . Tabls I

Corrosion of Irradiated U-3, 8 w/o s Alloy (BB—B)

iTest Temp. | Time | Gorr. Rate* | B
- (°c) | (Hrs, ) 1 (med) “Appearance AftertTest-

f<260+ fgj R 24 : “‘L 0013# , *No apparent change-except for
D A | small silver colored spot near
, _ o one .end.,
290 hh'\”f87.;ai - 31.9%% |, Loose particles in water and on

" ‘sample, Relatively large piece
cracked off one end, Other end
“roughtned and has hole in cylin-

drical surface° o

# Pre-irradiation corrosion rate at 290°C was 15,7 med after 88 hours,‘if;fk‘ﬁ

# Result at 260°C previously reported. g
# Wt. change small enough to have been: balance error,
3 Based on major pieceo

Uranium—NiobiumrTin Alloys
_ Corrosiono. Two 10% enriched samples of uraniumPB w/o. Nb-O 48
w/o Sn alloy cast at Argonne were tested in degassed distilled water
at 260°C for 70 hours° The samples were. water quenched after 4 minutes‘
at 800°C and aged at 350°C for 6 hourso Indicated uranium burnup were

0,58 a/o and 0,19 a/o respectively. Pre—irradiation corrosion rates at
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290°C were 28 3 mg/emz/day (med) and Bl 3 med, respeetively, for 88 hour

tests,. After irradiation the samples were roughened and warped . Growth

- rates were 15 and 38 pin /in./ppm. burnup, respectively° The-samples were

-completely disintegrated in the corrosion test, (Greenberg and Draley)

Irradiations 'In‘investigating‘the eorrbsion,properties of uranium-5

w/o Zr-l 5 w/o Nb alloy it was observed that these are evidently impaired

by irradiationo It is not evident whether the- impairment is the result

. of struetural changes in the speeimeng or whether it is due to the

roughening emd surface ehanges produeed by irradietion. Specimens are
now. available whieh may resolve this uneertainty° In the irradiated group

some were heavily restrained by close=fitting cladding, while others were

-,’irradiated under identisal eenditions without jackets° Upon removal of

the jackets the elad specimens appear to have retained their original
smoothness at burnups ranging up to 0 33%; the unclad specimens have the
eheraoteristie irradiation ronghening° The entire group will be tested
for corrosion resistanoe° (Paine) |

Corrosion: Work designed to eorrelate corrosion damage and hydro-

- gen absorption in uranium~5 w/e Zr—l .5 w/o Nb alloy has continued. ' As

'previously reported a relatively high hydrogen content €8s 35 ppm

as found in a sample quenehed from- salt at 850°C is not detrimental to -

1

: oorrosion resistanee in the as quenched conditiono‘ Tbisnis;perhapsrbeeause

of the uniform distribution of the hydrogen° 5'r‘

A group of samples whieh ‘had been quenohed from salt were aged for

- various times at 400°C and tested for 71 hours in degassed distilled

water at 290°C, - The aging times bracketed that for optimum ‘corrosion
resistance, of a vaeuum treated sample, i €0y approximately two hours.,
The results are shown in Table II S . I kT oS
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| Table II ;,.~"’ o

" Effect of Aging on Corrosion Resistanee and Hydrogen L
Absorption of U-5 w/6 Zr - 1-1/2 w/o Nb Alloy;
‘ L-170B - as cast - Quenched from Salt at: 805°C

L ”Hydrogen‘:‘ -
| Aging ~ ‘|- Content of |
Time at (‘20::"1"o .}~ Alloy after e
| 400°C | Rate . | - Test, (ppm . Appearance .of Sample -
Sample (Hrs) | (med) by Height)‘ : After Test _
1 | o 7i13951" 60 |Dull, pitted |
2 ~}*i,'f,l ol o3mTe 832 'Sample cracked into irregularly
SRR BN « | shaped piece and slurry. This
o | piece in good condition.
3 vr.é ’ . 450?.?' 1220 . | Same as above, -
FAN ;:3* 1 61‘6*va | 1340 Sameé as above. A
5 4 - — Completely disintegrated.

- * Based on remaining pieceo

lt_ treated and similarly aged netal,

'1The as quenched sample acted in the normal expected fashion, the aged

‘ vsamples corroded in~a completely different fashion than do vacuum heat

It is thought that the aging process causes the hydrogen to concen-

nucleus for further rapid hydrogen absorption°

' trate, perhaps at grain boundariesa

This concentration may act as a

It is significant that -

this is the first instance in which very small pieces of metal close. to :

cracked surfaces have been analyzed

found a8 had been previously postulated

Very high hydrogen contents weref’

Unfortunately,\the remnants of the corrosion test were not large'

enough to permit both hydrogen analysis and -metallography., The seriesj, fh

of hesat treatments will be repeated and the samples examined before

corrosion testing°

' Further study is being made of samples prepared at Sylvania by

8
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powder metallurgy techmiqueso PrelimiﬁEiy réeﬁlts.indicate that during :
heat treatment longer. timeé in the gamma region is required than for cast
metal, ‘These results also indioate~that mild eging improves corrosion

2 resistance as for eonventionally prepared metal°

Two completely clad plates (ﬁg-lOmz and AH-12-2) were tested for
corrosion after irradi&tioné indicated burnups were 0,021% and 0,079%

' - respectively. Both samples were from the same standard type clad plate
(#64). Exposed core ends and edges were weld clad with Zircaloy II. The
samples were water quenched after 15 minutes at 850°C and aged at 425°C
for 45 minutes, After irradiation, a 1/8" diameter hole was drilled
through'the clad to the core of each sample,

"Sample AH-10-1 was tested ih degassed, distilled water for 58 hours
between 240°d’and 275°C. At the end of this period there was loose oxide
at the hole but no swelling,

Sample AH-10-2 was similarly tested for 66 hours at 290°C, At the
o end of this period the undrilled cover plate was elmost completely
severed from the eesemblyv(attached at .one corner), The drilled cover
plate was not as completely separated. There was no swelling of the
cover plate at theldrilled‘hole° A1l failures were along weldsn The
core was swelled to at least twice its original thickness and was
apparently completely converted to oxide._I;“* \
A sample duplicate in very respeet to AH-10~2 and AH~12~2 except
;o; that it was. not 1rradiated was tested at 290°C for 95 hourso: There ‘was 2
= no change except difference in color between core and clad (Greehberg

and Draley) -




ARMOUR RESEARCH. FOUNDATION Reported by R, J Van Thyne L

Isothermal Transformetion Characteristics of UraniumrBase Allox ;':',f;, :f»]k"f‘;.?i
Previous reports in the Uranium Alloy Newsletters have describedfj} ;jpe RO

transformation kinetics for uraniumerich U—Mo, U—Mo-Nb U—Mo-Pt and

»E

U-Nb alloys, this work has now been completed From this information
certain generalizations can be drawno; It has been shown (Newsletter
No. 11) that for any given alloy and temperature level the observed
, times for transformation vary depending upon the techniques employed.
The reasons for this can be ratlonalized However, using any given
’ technique, trends due to alloying are simd.lar°
TTT diagrams have not been presented previously for the 10 and
20 w/o niobium alloysu The ef’f’ect of niobium content u:pon stabilizing R
the gamma phase is clearly demonstrated by Figure 1. - Transformationlis

more sluggish in the U~20 w/o Nb compositiono The data points were

T

3 taken from curves of room temperature electrical resistivity VS.

»A’annealing time and represent times required to produce an initial

ivdecrease in resistivity° Other techniques generally yielded similar : o o .
,resultsO, However, some difficulties arose in the detérmination of V |
'vkinetics for the lO w/o niobium alloy at temperatures of 400°C and

. below0 For;thisvalloyka;good:correlation between metallography‘and -

resistivity‘results‘uasInot.obtainedb* Ambiguousfmicrostruetures'uere

sometines observed, Addftional ‘v;oﬂ; is now. being done in -this’-»reg‘ion‘ -

by WAPD, " : o :

Resistivityifindings foraall alloys’showithatnafter annealing ‘,'ki | | “

at 5000C for lOOO hours, transformation was complete only for ‘the -

U-5.4 w/o Mo, U—8 w/o Mo~1 w/o Pt ~and U—lO w/o Nb alloys° At the

lower temperatures transformation was not complete within 1000 hours ”ﬂ‘}i » : -

for any of the compositions. TTT diagrams for the U;Mo and U;Mo-X
' e 1 0@8 H )




.
o .-
o e e
oo »
5 ..
& e o

Dessse .

‘0eseee
L L e e

oeeese
«

oeesee
Ov‘ L

20

G289

’

,k{J

TEMPERATURE, °C

700

600

500

400

300

- 200

100

. . o .
L/ ” . 1

Gy

i < APCI
.

bl |

LR I'Ill| 1§ LS Il‘lll ¥ LN O i O O R O g bR RET

10 % Nb

0% Ny
;;X4h2ci3§<hb?: R

 SOLUTION ANNEALING TEMPERATURE = 1050°C

L Laaald R L1 byl v bl

0.1

FIG.

| : 10 ' 100
- TIME IN HOURS
1 - TTT DIAGRAMS ILLUSTRATING INITIAL RESISTIVITY DECREASE
FOR U-Nb ALLOYS
' (Armour Research Foundation)

1000




alloys have been presented previously (Newsletter Noo ll) Comparisons
of alloy kinetics are easily made° Resistivity results presented in
Table I probably represent the most useful data for all alloysorfi

- At temperatures below AOOOC the gamma solid solution is metastable;\k
for the longest times in ‘the. U=8 w/o Mo-3 w/b Nb and T-20 w/o | Nb alloys._.j
Using all teehniques, no transformation was detected at 350°C in either i'

oompositiona A trace of deoomposition was observed metallographieally

in ther ternary alloy upon a lOOO hour anneal at 400°C With a similar _'v‘

treatment no deeomposition was noted in the mierostructure of the 20 w/o'.

niobium composition. Using X=ray diffraotion,_only the metastable gamma_

was detected in either eomposition at 40000 Similarly, hardness and

resistivity results indieate the- superior stability of these alloys.':,
o " Table I |
Transformation Times Determined by Resistometric

- Technique to Produce - Initial Transformation in.
, UraniumrBase Alloys :

Alloy Time (Hours) to Produce Resistivity Decrease.
(wt )  |5009C | 4509C | 400°C | 350°C
»54M0’r 0.8 | |15 | 10
. Mo .. | 4 . 1 150 | . 500
10, Mo las o} 60 | s00 |
12 Mo 60 - | | 200 | 2006 |
8 Mo-1Pt |80 | 2000 | 800
8 Mo-1.5Nbj30 |- | 200 | 1500 |
8 Mo-3.Nb | 6 | 100 | 1500 | 2000 |
100 Nb . | 0.4 N 2 |, 200 [
200 N . |20 350 '1000¢=3 ; IQOQ :

' BATTELLE MEMORTAL INSTITUTE - Reported by H, A, Saller
Phase Qiagg '

The stability and existenee range of’the epsilon phase of the
Zr-U gystem are under investigation° : f"-‘;; S l'ff:‘

Consumable are-melted alloys eontaining 40 to 60 w/b uranium are.

‘~being prepared. Both crystal-bar and sponge zireonium are to be used

PP P RS GLO
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as the»bese materialso?’

\\\\

It has been found possible to form the: epsilon phase from zirconium

and uranium powders by annealing below 600°Co Uraninm hydride and zircon-

' 1000°F in & Vacuun furnace, and then annealed 17 days at 1000°F, Th

to form epsilon from the - elemental powders without first forming the high-
temperature beta zirooniumugamma uranium phase shows that ‘epsilon is not
a transition phase in the. decompositibn of betay but-is.avstable”phasey

Alloys. of. base 50 w/o uranium composition and ‘with 0 to 20 a/o

oxygen additions have been exemined metallographioally and by. X—ray
4 diffraetion teehniques after having been annealed 100 hr et155Q9C°- The

seme trend is shown by both methods of examination. The Xéray\diffrae-

tion results are given in Table I. It is seen that with increasing .

~ oxygen content, the epsilon phase disappears, being feplaced by the

Zireoninm,and;uraniﬁm alpha phases, Lettiee‘peremeten measurements,
particﬁlerly of the elpha zirconium, are planned.’

 Additional data have been’obteined on the test 50 w/o'uranium alloy

,,iumtpowders~were mixed;end,eompaeted at room temperetureg-dehyd;ided belOW/

in the highmtemperature camera° This sample has: been examined at 5°C +19C

intervals from 585 to 610°C Phases were either epsilon or' beta, and. no

’twodphase region of epsilonoplus—beta was identifiedo;tz

\ In order to determine the eomposition limits of the alpha—plus-beta
zirconium phase region, & quantitative study of the phases present in
'zirconium=rich Zr-U alloys as a funetion of oxygen and nitrogen content

A preliminary mathematical analysis of experimental requirements
for the study is being madeoe Upon the basis of this analysis, alloys will

be prepared and heat treated for quantitative measurementso

.
Yosees

GO

3

(2]

y..:.-. o
‘ beb

s

Sesee
yeeede

-

‘ reSults‘of erey“diffraotion examination are shown in Table I,. The ability
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Table I f"i‘*g sf?ﬁrrf‘,7f~ B

Results of X—Ray Diffraction E:xamination
of Zirconium-Uranium Alloys

4 q
' T E I,*Intensities(a)of Phase PatternS'r o
, Composition R Heatf Treatment | & |AZr | AU - ‘
Pow?er specimen, Zr~50 17 dags at 1000°F . S M F
- "wfo U IR S T LA R B
 Zr-50 w/o U Base | 100 hr at '550°C s o o
Base Alloy with 2 0 | S TR
~ afo0 | Ditto S MF. 0
| ' Base Al%oy with 5 oo £
, a/0’0s . | .. Ditto S | M F
Base Alloy with o : o : -
“afo 0, | Ditto M s MF
Base Al%oy with 15 . SRR B R [
a/o O C “ Ditto OtoMF| s | M toM |
Base Alfoy with 2 | R S R
. a/b 02 g | Dpitto : OtoF | MS |- MF
' f(a) S = Strong
- " E = Faint"
M Medium

Heat Treatment

irconiuanranimn Allozso A series of’ Zr—U alloys containing from
7 to 70 w/ 0 u:ranium are being prepared for heat-treatment studies, The |
ef‘fect of oxygen on the heatmtreatment behavior of thesse: alloys is’ also
being examineda Oswgen contents will be varied from 300 to 3000 parts

" per milliono Alloys containing 7 to 15 w/o uranium and 900 to- 3000 ppm

oxygen are now available f‘or si';ul.dy‘° L ‘ k f o _i E
Initial attempts to vary the structure of alloys containing 7 to ‘
15 w/o uranium- and 900 to 3000 ppm oxygen have been unsuccessf’ul 3 the

-familiar Widmanstatten structure being produced in every case. A prelim— R b

inary . examination of end-quench bars shows -that these alloys contain S ”
equilibrium alpha zireonium at 900 C, This effect is caused by the o
oxygen presenta Hardness traverses on these bars indicate thiat hard- - - ' 1
ening effects due to quenching are negligible at 7 per cent uranimn, | ' '
o A .
PEEtEI ey i Ee-n-e-a-i‘-n- ______ L “
Nt S LR S I 0t SR AR - ST




L pare alpha zirconium and alpha uram.um° The three ingots were designed

- but increase to an appreciable extent in the 15 per cent uranium alloy,
_A hardness increase of 20 DPH was observed near the quenched end of a-
g 7 w/o uranium alloy, a hardness increase of over 70 DPH was observed

: near the quenched end of a 15 w/o uranium alloyo;~f

The structure observed in the enduquench bars will be used as a

';bguide to future attempts to vary the structure of these alloys°

Alloys containing 20 to 70 w/o uranium are being prepared for &n

| investlgation of the kinetics of the beta zirconium—to~epsilon decom--
liﬁpositionos Experimental work aimed at achieving a description of this
i ‘:decomposition, will begin when the complete series of alloys is avail-

iableo- The alloys are being consumable arc melted from biscuit uranium‘

: o ‘-&nd crystal—bar zireoniumo :.:;.;._‘ _

A study of the 50 w/o uranium alloy, to’ correlate resistance and

"micro—structure, has begun A re81stivity specimen has been machined
v“from a8 50 w/b uranium alloy rod after it was annealed at 800°C and water
i fquenched The isothermal transformation of retained beta to epsilon is
g f:,}tto be followed by resistance measurementso Equipment is being set up

‘ for this purposeo»-iv;{ib“}?if:Af' ’ if ,'j"ffi

An investigation of the ternary system, zirconiumruraniumromygen,

‘bhas disclosed that the addition of oxygen to erU alloys causes the

v»formation of a two~phase region where omygen~rich alpha zirconium and a :'
‘uraniumrrich phase are in equilibriumo. Because alpha zirconium has }

‘ desirable corrosion properties, it is of interest to determine whether

If»favorable properties -ean be produced by proper treatment of these alloys. L

Three 100ag ingots containing uranium, zirconium, and oxygen have

- been preparedo; Each ingot contains zirconium and oxygen in the ratio

| lgj of- four atoms to one, so that the phases present at room temperature

625 013
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‘fto contain 20 40 and 60 a/o uranium., X—ray diffraction measurements ’

~

‘”'on the as-cast alloys show that the room temperature constituents are as'

"i“ipredicted° namely, alpha zireonium and alpha uraniumo

Future work w1ll include heat treatments to vary the hardness and

’5ifi§structure of the alloys, X=ray studies to determine the nature -of the

“li:constituents present and corrosion testso,;,f »

7 lgtggggQiatg_g;_leLg:Ehagg_&l;gzgo The investigation of the
'~‘dphase relationships between the delta phases of the U-Mo and U-T4 :
<1systems has continu.ed° [ / '

Alloys prepared for this investigation range in composition from
f‘U—Bl 5 a/o Mo to U=3A a/o Tio~ Differential thermal data indicate a. trans-
'tfformation in these alloys whieh increases in temperatnre with increasing

L’titanium content from about 590 to 650°C Molybdenumsrich alloys con-

"*,;taining less than 2 a/o titanium showed no thermal arrest on heating,,

‘ d*‘?the stabilized gamma phase evidently never having transformed during

| ”fjthe previous homogenization and furnaceucooling treatment, Molybdenum - -

o ‘additions to the UmTi delta phase, hieh transforms to -gemms, at about .

'90000 cause a gradual decrease in the gamma transformation temperature°

- A series of samples annealed at 850°C are now being prepared for

f‘:metallographie examination and additional samples are being prepared for-

. ;both metallographic and pray studieso

' fﬂRadiation Damage Studies
' As a part of the over~all program concerned with the study of U—Zr

w:alloys that is being sponsored by the Reaetor Development Division of the Qi*"}
’s’Atomic Energy Commission, an investigation of their radiation stability |

b'has been initiated The first step in this investigation will consist 7
of postairradiation stndies on specimens of both 22, and 40 w/o Zr—U alloys _aldf“?;'"?
' that have ‘been irradiated by Knolls Atomic Pover Laboratory,»-s L

..: °*s : ..: : ..- ... ... L"":';"Oo .ﬂ i’ gj i E g

3 o - .8 o
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and on other properties such as microstructure,i

,{damage tests° ﬂ;ﬁ

":_ 15,_ ;

It is planned to use these specimens in an attempt to determine the

‘I'

| :'effect of post—irradiation heat treatment on the“release of fission products

1hardness, and deneity° In :

'addition to these experimentsg normal post-irradiation examinations will :

: be performed ‘on the alloys és’ they are received from KAPLo'

Phxsical Prgpertie
_Allo;s for_Hi;hnT;ﬁwerature~Service} The objective ‘of this program |

isto develop uranium alloys for reactor operation at temperatures above :

7009C, At preeent interest is centered on alloys containing 3.5 to

15 w/o molybdenum and -3 to 20 w/o zirconiumo

Specimens of UaZr alloys were subjected . to heat treatments designed ‘

‘to produce finengrained random structures° A metallographic examination
was made of specimens of each compoeition, and two of the better heat
treatments were'seleeted, _At;present, dilation andehotehardness specimens

_hsve been prepared and heat treated and are undergoingfexaminationo

Specimens have &lso beenjprepared for evaluationhﬁyéﬁhermal‘stress

dcycling tests°

"U=Mo-alloys have also been prepared and subjected 10 heat treatments

designed to yield fully retained and fully transformed gamma structureso"

~These alloys are undergoing similar studies° Ultimately, one or more of -

i :the better—behaved alloys of each system will be selected for irradiation—

o §<
S ] . LT
UraniumrTitanium Allgx . A number of alloys of uranium and titanium

!‘;jhave been made by eonsumable—electrode arc melting° Fabrication and testingj “

,iare underwayo _*‘. ST C gﬁ;{’ ~¥H'

A series of alloys are -

) being studied in the hope that a: comparison‘of their irradiation behavior

Jhand their physical and mechanical properties will result in a’ better

¥
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fvshown'aBOVe for different alloys.

f"f‘ understanding of the properties necessary to. resist damage. ‘The alloYS E

being studied are induction=melted uranium, arc-melted uranium, uranium :

plus O 35 a/o chromium, uranium plus 1, 5 a/o silicon, and uranium plus

0.5;a/ortitaniumb The major differences between these.alloys,are to be:"
«fdfound.in their mechanical‘properties, hardness, grain size, and micro-
g'structuresog Thelmechanical properties have been reported previously and
'i;shou;that_the,silicon;alloy is the hardest, strongest,/and'least ductile;

arc4melted uranium»has'the*loweSt strength and lowest'hardness, The low -

ductility of the U¥81 alloy seems to be significant but differences
between the ductilities of the other alloys may be the result of unknown
factorso'

| Thermal—expansion measurements have indicated no significant
differences in this property in these alloys. In the range between 20
and 600° C, the thermal=expansion coefficient in mioroinches per inch per
degree Centigrade was 19 for arc=melted uranium, 16 for the chromium

alloy, 19 for the silicon alloy; and 18 for the titanium alloy. The-

range,of'Values_obtained for each alloy was greater than the differences

3

End-quench ‘tests have been performed on each alloy. Specimeéns
3 in long and 1/2 in, in dismeter were heated to 800°C for 15 min, and

end quenched over a 3/8 in, water get° Vickers hardness traverses on.

1f these bars disclosed no trend" in hardness that could be attributed to

the different rates of cooling throughout the bars. Local hardness.~

’ variations of* as much as 100 DPH were observed and were attributed to

i‘ segregation of impurities and alloying elements. Likewise, grain-size

0%

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

‘ 'uted to the quenching operationd. Grains up tol mm in diameter were R

observed in the arc=melted uranium, the inductionumelted uranium, and -

-
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A.ksthe 1.5 a/o silicon alloy° Grains up to 0s 25 mm in diameter vere observed
'in the 0. 35 a/0 chrontun alloy and the 0,5 a/b titanium alloy. Aging the
f‘quenohed bars for 2 hrs° at AOO°C produeed no measurable changes in hard-

lness or- grain size° No eraoking occurred in any bar° These-tests show
”that air cooling and water quenohing from 800°C produce identical results

- as’ far ‘a8 hardness and grain size are coneernedo

While it may be that these alloys aotually exhlbit heat—treetment

-effeots, the alloy content is 80 small that eny effeots must . necessarily

be small., . The possibility exists that small heat—treatment effeots will

be masked by and oonfused with variations in “the. base metal, Attempts

- to heat treat these. alloys Will be abandoned until such time as heat- :
‘treetment,effeots anohe1olearly distinguished\from,random veriations
An the base metal, Attemptsnwill be made to dednoefthevoause of these

~"varietionsa | ‘ \

"«V'Prooessing

Prgparation and Properties of Low- elt;gg Alloz . A program aimed -

’at the development of low=melting alloys for possible use as power reactor

fuel elemsnts is in progres505

On the basis of reoently oompleted thermaluoycling studies,_a'

number of‘low~melting elloys were selected for fUrthen studyo The elloys
.:listed in the following tahulation will be. thermally stressed and exsmined°

Composition Approximate Melting Point
T U=5,97 w/io Cr-2 69 w/o Th L 18400F .e;_
' 0=-5,0 w/o Cr=1,0 w/o Mo . = . - ?11680°Fgg“‘3~
o U=4,.82 w/b,Cr-o 72 w/o Si L | .1650°F .
L U=2,56 y/b Cr-2.26 w/o V S . 17859F it
U-5.0-w/0 Cr—l o w/o Ge , : @116500F» ﬁ{f-"h

. The objeotive in thermally stressing the alloys is to reproduoe,

fin model speoimens, stress petterns similer to those present in a reactor

: - fuel element To do this, it is necessary to duplioate the geometry,(}ir?
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: if”requirementso :

'1ftemperature pattern, and linear power generation rate’ in &’ scale—size nodelo
3  ' Linear power generation can be simulated by the use of surface in- :
'iduction heating effectso. The’ temperature pattern in the fuel can ‘be
'l‘reproduced by introducing a eoolant flow through the interior of the -
*i:heated cylindrieal model,, For handling ease and in order to avoid
'jcorrosion problems,thelium under:pressure appears to fulfill the coolant

¢

The specimens will be’ in the form of hollow cylinders 3 in, long,

R 50 ino.inside diameter, and 0. 32 in, thick, Requirements of the testing

‘;equipment are. that a- temperature gradient of approximately 40°F be estab-'
A: lished between inside and outside eylinder walls" at the mean outside wall
“temperature of SAQ?F The gradient is produced by combined surface heating
andiinternal gas cooling of the test specimens.-
| | After.screening-of'alloys.by stress cycling, those appearing
- ,3table}will_have physical:pronerties determined. The ultimate goal of
the project is to produee one or more promising alloys for irradiation-
ifrﬁamagezetuuieso

The nature of the bond inter-

j'faee between 8 Zirealoy 2 clad and U-12 w/o Mo core and its corrosion '

1:"behavior in high—temperature water was investigated. The effect of

“fﬁtransition layers on the corrosion properties of the interface was also

L »studied

. In addition, an exploratory 1nvestigation was made of the effect of
. ;barrier’layers on the diffusion rate_between,Ziroaloy 2 and epsilonized_
- U-3, 8 w/o Si. Reaetion rates between coreAand barrier and cled and
'-‘fbarrier were determined for barrier layers of copper, molybdenum, niobium;
ﬁplatinum, and tantalumoh Tantalum was the most effective barrier studied
L;and platinum was the least effeetive,,
S ens 018



Sy

Sges L
VB

Y

o

_ intervals with iodide zireonium as the base material,

l and the eonfirmation of oertain areas of the AlmU phase diagram°

‘,‘ pertinent to the melting and oasting of these alloys° Included in the

A casting teohnique has been developed that produees sound homo-

geneous castingso. This eonsists of pourlng the 16 w/o alloy at 1300°F

‘ ition range of 14 to 18 w/o uranium are the subgect of a eurrent study.

fprogram are the determination of the eooling rates between the- 1iquidus

‘and solidus temperatures necessary to produee sound homogeneous oastings

into a steel mold preheated to between 1100 and 1200°F The steel mold

ie positioned in a tank and after pouring9 water is introduoed into the

Efforts to confirm the Al1-U phase diagram are continuing, and -

tures and their effeote on segregation have been initiated

Prgparation of Uranium Zireonium Allox ° The development of con-
sumable-eleetrode areumelting teohniques for the produetion of U—Zr alloys

.tank The water. rises around the mold freezing the alloy rapidly ‘and

within speoified oompositional limits is in progresso 1These alloys ‘are

required for a thorough study of this system in the oomposition range -

between 0 and 60 W/ uranium°

v A series of alloys to be used in the study of the epsilon region

has been prepared These alloys contain 40 to 60 w/b uranium in 5 w/o

- .4','\

Aan alloys in ‘the" compos—

'Vallowing the casting to solidify progressively from the bottom to top° -

. studies of different oooling rates through the liquidus-solidus tempéra--

has been double melted into 2«1/2ain -diameter ingots and surface oondi—~

I

'have been obtained and the analyses are in progresso l§‘~

‘ Alloys oontaining 22 40 50 and 60. w/o uranium 1n Grade A9
- S : p

b
* o . L] on [ .
*An - odo. B ooo o o om0

Jieeee s

' tioning is in progress,. Samples for ohemioal analysis from each ingot

o-ogo¢<~

: The program of research is eoneerned with the aocumulation of information -

All of this series s
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azirconium‘sponge have been double melted Because of a need for a- large
quantity of both the 50 and 60 w/o uranium alloys, ingots of - these compo-
Sitione were made by melting four 2=1/2—1n ~diameter ingots into one. ingot
7ahaving a diameter of A in° These ingots were surface conditioned by
‘"normal techniques, but, as a result of this treatment cracking developed
near the ends of the ingots° It is felt that the sensitivity ‘of the
’alloys in this range to heat treatment is responsible for this cracking°
In the future, ingots with this uranium content will not be surface l
welded on the ends, but will be maehined to the desired surface finish
Chemical analysis of these alloys is ‘in progress. |

’ An ample supply of .sponge zirconium hes - been treated to raise the
oxygen level to 2 w/o. This material has been mixed with‘enough untreated
sponge containing the normal oxygen level of 740 ppm to give a nominal »
oxygen content in ‘the zirconium of 3000 ppm. This material has been
made - into, electrodes containing 22 &nd 50 w/o uranium and melting is in
'progreSS, Ghemical analysis and hardness surveys will be made after
-double melting is complete°
HANFORD ATOMIC PRODUCTS OPERATION - Reported by S. H. Bush

Structural Stability of.Irradigted Uranium Alloys

‘A‘study‘to determine the dimensional stability gnd mechanical and
hysical properties of irradiated uranium alloys in essentially isotropic,
fc‘modifications is being pursued The € phases of U_Si énd U-Zr have been :
selected for the initial worko |

In &n evaluation of various physical properties as criteria ‘of. phase |

‘changes, dilatrometry has been found to be-of no- value. Metallography has

.....

"*“f'gheat—treated above the peritectoid temperatureo This specimen,- however,

"_ showed the same thermal expansion characteristios in the range 25 to 800°C

e e 80 o
. o ...
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- &8 another specimen whioh contained large amounts of phase° Other
,,properties will be examinedo (L F, Kendall - R G Wheeler)

f?CMbchanical Prgperties of Irradiated Uranium Allgys

The tensile properties of irradiated uranium alloys are to be

svdetermined to evaluate the effects of nominal alloying additions to
"uranium,, Fabrication of specimens of U—T1 and U—Cr containing O 5 to,w
;Q¥2 0 a/o additions and of container assemblies is nearly completeog It
"is hoped that these will be charged into the MTR during the next quarter.‘ B
}'Tensile speeimens of the epsilonized U-S1 alloy are also being fabricatedgi'\'

R for irradiation in. the MIR,- (L F.Kendall - R.G Wheeler)

ir,nUraniumrThorium Allgxs

h—U alloys are being investigated a8 possible reactor fuel

) : i

'fsimaterialsol The thoriumsrich ‘end of the thoriumruranium system has been

“"{:studied metallographically with alloys prepared: from normal reactor A'
_ 'f 'grade thorium and ‘uranium and containing a nomingl’ two ‘to ten w/o uranium° o
:-‘»LﬁﬂThe metallographic -study has been made difficult by impurity inclusions 3“1d‘

f“fpresent in the thorium and contamination resulting from the alloy’ prep- -

aration° Heat=tinting of metallographic specimens has been found to

’ delineate the Tth eutectic phase,. The identity of this phase has been

iq-ilvfurther verified by an in—pile autoradiographic technique using nuelearlif*-}*

emulsion film sensitive to fission: fragmentso This technique has worked

vsuccessfully in identifying the uranium bearing eutectic in a coarse

’vgstruoture of the higher percentage uranium alloys, but has. not been -

successful in lower percentage uranium alloys of a finer structure‘

‘ because of a lack of resolution° However, a solid solution of uranium o
in thorium, as. indicated in Figure l~«has been determined by these

metallographic studies,» (J W Goffard)
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, Uranitun—Thorimn«Zirconium Allox ) ’~‘“f"vff"'f L R
‘_ Ternary alloys of Th-UaZr have been prepared and examined to deter—
mine if ziroonium dissolved in the thorium will 1ower the solubility of -
t-uranium-in thorium° It does not appear that additions of four to twenty 1
,w/o zirconium to alloys of thorium two w/o uranium decrease the solid
: solubility of- uranium in thorium° Samples of these alloys submitted for
chemioal analysis have proven very diffioult to dissolve in hydrochlorio,”
sulfuric$ nitrie, hydrofluori09 or’ combinations of these acidso Since
this suggests a high corrosion resistance of these’ alloys, samples have |
-been water autoolaved with the following resultso ‘

o

Initial Final

Sauple I 7 g v "%'Losi_éi"f"p"rest Condition & Time
xThorium o ; - - : - '~jvn REE 3 - - -
'.1 Alloy base, wrought 3257'é 0 >gA lOéi Distilled H,0, 2469Q,l

“HAPO thorium slugs ‘ : f o about .4 hrs :
2, ines as-cest < | 16,8 | 5.0 | 70 - Distilled Hy0, 240°C,

billet ‘ Rt EE ‘;116 hrs

=

1. Th-2 w/o U-6w/oZr | 58,7 | o | 100  Distilled H?_o 240%
o S b © | ebout 6'hrs” - -

‘2. Th2 w/o U-10 w/o Zr| 99.4° |.92.0 |  7.5: Distilled H,0, 240°C,

| RN FERS |26 heurs T

3. 'l?he-:z;;v/e" U-10 w/o zr] 92.0 | o | 100 Distillea H20 0%,

L L : v : - : g?about 9 hrs° R

" The binary Th 2 to 10 w/o uranium and ternary Th 2. w/o U 4 to 20 w/o Zr
lhave been hot forged and rolled with poor results. Forging was not success-
ful until temperatures in excess of 800°C were used, This is believed to '
result from "poor metal qualityw of the’ alloy samples,wi eo, detrimental oo

contamination resulting from ‘the. alloy preparation° h,l': _
A ternary alloy of Th - 2 w/o U-1 w/o Ti has been prepared and

o heat treated in an attempt to remove uranium from solution in thorium by

525 ?93
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s NATIONAL BUREAU OF STANDARDS - Reported by L L. Wymsn

the formation of U TiO’ This has not been successful Forging and rolling
of this alloy also has been poor. beeause of the suspected "poor metal

'quality" faetorqu (3. W Goffard)

if:Uranium—Platinum System [ S -‘J‘ ‘ . ' ’ K o

a ' 5.

Subsequent data based on mior05oopic9 thermal, X—ray, and micro-

: ?;hardness analysis has shown that there is ‘no appreciable solid solution

: at UPt3° Miorohardness determinations substantiate the previous con-
fjelusions on the eonstitution of this.system besed on thermal X—ray and
i‘mierosoopic analysiso

{Uranium—Ruthenium Svstem

K High temperature thermal analysis of the ruthenium—uranium alloys

".'tin the oompos1tion range 5701 w/o = 71.0 w/o of ruthenium indicate that

iaa reaotion horizontal oocurs ‘at 1575°C # 10°C, In view of this, and the

 fact that previous mioroscopio work indicated a two phase region in the

a composition range between Ru3U and the terminal solid solution, it appears

~fgthat Ru3U is formed periteotioally and that the liquidus rises from 15759C L
‘-_tto the melting point of ruthenium, ‘
&Uraniumrlridium :
‘ Seven iridium—uranium ‘alloys in the composition range 0.25-20 w/o
fi;iof 1r1dium were prepared by induction‘melting in berylliia orucibles° A
:itviolent exothermio reaction which raised the temperature of the melt
'.Tsome‘several»hundred degrees~was observed in the 0425 w/o of iridium : R
<~f%alloy,- Subsequent to this reaotion, a vigorous evolution ‘of a vapor- o
| iphase ooourred whioh tended to eject the melt from the crucible,- This
Avp:reaction became increasingly violent with increasing amounts of 1ridium.-j7
- ‘:v’Uraniwn—Rhodium -

'7‘; Nine uranium—rhodixm}alloys in the composition range O, 25—40 w/o~: B
: 0 |
E;ia,si (} t <
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f:of rhodium were prepared by indlction melting in beryllia crucibles, and

a 50 and 60 w/o of rhodium alioys by arc melting._!~ b

' The alloys in the" composition 0 25 30 w/o of rhodium showed no

. metal—refractory reaction. However, as there appeared to be some such

'72 Uranium—Palladium System

'were arc—melted

‘reaction in the case of the AO w/o of rhodium alloy, the higher alloys

The thermal microscopic, and X—ray data show that the two reactionv

o p;fhorizontals reported at 990°C and 952°C in the uranium-palladium system

‘fﬁextend to at least 20 w/o of palladiumo The- gamma—beta transformation

" was lowered from 77000 to 738°C and the beta—alpha transformation was

) lowered from 660 to 644,°C, on both heating and cooling these alloys dis—

A”:l‘played a hysteresis in the allotropic transformation points similar to

f;that reported in the case of the platinum—uranium system,, X—ray and ,

'microscopic date showed the alpha and beta solubility of palladium to

”;be less than 0.2 w/o and “the indications are that the solubility of

ipalladium in gamma uranium is considerably less than that of platinum,
N 'as might well be expected from considerations of ‘the electronic config-

‘uration. Microhardness data indicates the existence of a reaction

,‘horizontal at 952°C, confirmatory to the thermal dataoy Microscopic

© * and X-ray data for the "as~cast" alloys in the comPOSitiOH range

vvg1O 45-40 w/o -of palladium indicate that the uraniumnrich phase is

’ 'present in all the alloys in this composition range.

’ NORTH AMERICAN AVIATION, ING, - Repo’rted by B, R. Heyward -

The current work at North American Aviation consists of the

'evaluation of uranium alloys for use as long life and high operating

temperature experimental fuel materials in the sodium reactor experi—

1

ment (SRE)Q Since none of the alloys have been made on a larger than
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: laboratory ecale9 the preeeni phase of the program is to establish

’ "Lj;’fabrication feasibilify on a semi»production scaleo After satisfactory

b

5{evaluation on’ suwh iteme as alloy content and homogeneity, unlform
ﬁfﬁmicrostructureg denoltyg size end SUJ“BGB specificationS, etc, the
‘7€;sllghtly enrlched nranvam allov (ThwU useq k’?;i enrlched U) slugs "111
”;1Vbe fabric&ted by the hame equipment and -on the same scale,u The alloy

v:~slugs currently belng “ahricated ior feasibillty include° o

(i)ngwMog l 3 w/o Mo powder compacted 3/1" % 1w*
‘ -*(le;U%Sig 005 wy /o Sl powder compacted 3/4w x l"f,'
) (B)ThnU oa% u extruded 3/4";;»_67 |
?ip‘i"(l):‘,fur—Mog 1.2 w/o MO' cast, 3/4" x 6n
| {b) ‘»’_UmSi 0 5 w/o s tast 3/4w 3 6n

7(65 'J=ng d O w/o ng cast 3/4" x 6n :" '

'ff;Partlal shipments of item (l) and (6) have been recelved

The ch01ce of alloy'element is ]imited on a nuclear basis to '

i*about 5 a/o and to lﬂw croxs aection materialsoc The powder compacting
;;l~fabrication technique and gmall 1/8 xatio was. chosen foredimensional

vstability to thermal cycllng Qpreviously neported) and potential use of

._mass production methodeo It is anti cipated that the aq~sintered slugs f'

\

A]be Argonne. This process also presents poseibilities for high material
°jefficiency, low inventory, remote refabrication low scrap recovery, and
.potential low cost fuel slugs, It:also allows the production of some

g alloys which could not be made by worklng and heat treatihg techniques.,

i
s
i

i Tt is planned ultimntely to cast the slugs to size exceptifofelength;:L'

coeess
oceses . T ..
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k‘Will ‘be SatiSfactorV in size for dlrect useo The casting technique was,l:f" L

-hchosen on the basis of excellent performance of cast U—Zr alloys reportedf:
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~ 634°C on hea ing and at 659°C on cooling° (H F Sawyer)

Uranium—Silieon Egsilon Allox

‘and Thermal Analxsi

The temperature and magnitude of transformation and. the thermal \
expansion of the U~1 5 w/o Nb-5 w/o Zr alloy were determined, Four
samples (graphite melted material extruded at 1150 1200 1250 and

" 1300°F) were cycled in 8a conventional quartz—tube push—rod type dilatom-

eter. A dilatometer cycle consisted of heating and cooling from room
’temperature to: 800°C in a purified argon atmosphere,‘ The heating rate
was approximately bo 4°C/min and the cooling rate approximately 1.2°C/min

The averaged mean coefficient of thermal expansion of the 4 samples

from- 25° to 800°C was 24 6 x 10 6/bC on heating and 23.5 x 10‘6/00 on
cooling and included the effect of the allotropic transformation° From
25°C to 600°C ‘the coefficient was 18 4 x 10‘6/00 on heating and 17.2 x
0'6/00 on cooling, For the high temperature phase (7oo°c to 800°C) the
mesn coefficient was 17 8 x 10‘6/00 on heating and 22 0 x 10~6/°C on
cooling
The transformation is accompanied by an expansion on heating

(0. 54% change in sample leng'th) and a contraction on cooling (0.44%
change in sample 1ength) The exact starting temperature of the, trans-

formation on heating is uncertain but appears to be close to 625°G ending

‘at 678°C On cooling, the transformation initiated at 650°C and finished

at 61000

Thermal analysis data indicate the transformation starts at
")

The corrosion of bare U-Si epsilon alloy is now better understood.

More information is available on the corrosion of axtruded material




::fmelsimultameous pouring ofdseveralfcastlngS‘is now stamdard=expogt"
| for'»-dmpémimemtal~‘ individual castings of special composition,  The. effect -
of impurities suoh as those in oommercial silicon is of particular L.
1nterest since they may broaden the comp081tion range of the epsilom

~ phase. The establishment of the optimum silicon content has been deldyed-
1 . by difflculties in the usual method of analysis for silioon° _It is_noy_ U

‘established that this method, tnvolving direct solution of the metal in

J’aeid, gives 1ow results for the silicon oontent of non-epsilon material,
Oxidation of the sample befora dissolution eliminates the. effect of the
‘(phases on the apparont silicon oontent Epsilonization by heat treatment
for a week at 800°C is still standard, Essontially the same results are
obtained at 32500; At ’t)oth temperatures, the inad;equgcy of shorter times
is ooserved metallographically and confirmed by corrosion data in 650°E |
water (but, not in 500°F water) Heat treatment after extrusion (or a.
double extrusion scheme involving a second heat treatment before the
final.coextrusion) cannot be depended upon to eliminate free uranium and
.U3Sié which are separated By\epsilono ‘
| Therpmeparatiom of materialiresistént to 500°F water presents 1ittle
- difficulty but:matérial adeouate for 6500F sorvice is not being obtainod~

8 réproduoibly yet. Undemétanding of the metellographic factors deter-

e k,minimé corrosion resistance was helped by examination of a series of

ngmloétof_oétablished‘oorroéion rosistanoe° For resistance to 6509Fv

‘. ‘water, oonoontration of either leSSIresistant‘phase, i.e. free umamimn

or U581y, is disastrous. 113512 is tolerable if finely subdivided, As
A“oipeoted the requiremonts for resistance to SOOQF‘water are somewhdt
4"m:ildero U3812 still should not be coarse but free uranium can be o

'fl”tolerated to some extent some of the corrosion products being retalned ,

By the metalo' o (;“‘*“3

? ;8?,5
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A set of samples selected on the basis of resistance to water at

v'500°F and 650°F was tested in 750°F steam for 48 hours. Substantial partsj

45tof these samples were converted to sludge,.

T Coextrusion of Zircaloy—Z»clad rods- is being helped by use of &

, f“lcold cone, i, e, one that is not preheated at all° Attention is being

\;devoted to prevention of gouging of the Zircaloy and to a barrier between.

the Zircaloy and the steel ‘can’ to eliminate the streaks of alloy resist- '

,_ant to pickling after extrusion.. '

_ Bare: samples obtained by removal of the cladding from coextruded

g_material are withstanding 500°F water but in 650°F water, cracks develop
(fparallel to the axis° These cracks are attributed to uranium stringers
‘:generated by agglomerates of free uranium in the billets. The deterioration
| of the core in the course of. extrusion hampers the assignment of any other
',cause for tbe failure of rods which were clad end-plugged and defected.

Afterrinsertion of a54gemil;defect, the longest test period before'failure~

s still 36‘days, .Samplés;with;7¥mil'defects?have:been'tested as long ‘as

- '581 days, none have failed yet. -

The behavior of the epsilon alloy in liquid lead was investigated

- A two-week test in lead at 350°C showed no attack. AtvﬁogPG or above,

an as yet unidentified layer built up,:

A report was received from Mr, J H Kittel of Argonne National

B Laboratory on the effects of irradiation on. two bare, as-cast and
“‘epsilonized samples prepared at NMI some time ago. “The sample with
0 33% uranium atom burnup grew’ in length 2, l%, increased in diameter

1.8%, and developed some surface cracking° The specimen with 0 12%

,ﬁ,burnup shortened 1.4% and increased in diameter 25 9% These results -
_are similar to those that have been obtained on castings of ‘the same

'.lyfalloy made at this laboratory (Argonne) " Goextruded rods were shipped ,
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’,ito Argonne for supplementary test., (S Isserow, J.F.Ruchta;, W,B. Tuffin)
Uranium=Rich Allozs |
o A number of alloys are being studied: in an exploratory program to
find compositions which might ‘exhibit good irradiation stability to high | :':2
:'vburnup;ievels:inva fast reactor, To date; twelve binary and ternary

| uranium-rich alloys contalning.5 w/o additions of molybdemum, nicbiun,

i titanium, vanadium, and zirconium have been prepared by . induction melting

A1l alloys, with.the exception of U-Mo-Ti which was so brittle in the

‘and casting in graphiteo Fabrication behavior and microstructures in
-‘cast extruded and heat treated conditions are being examined as initial
“screening criteria° '

T: Some characteristics as determined to date are listed in Table I.:

ceast condition as to be unmachinable, have been successfully extruded by - B
,sheathing in copper. Extrusion constants are compared at 1650°F for most - :
| aljl‘ofrs;p Vanadium has the smallest'effect in raising the extrusion con- - .
"stantiofjuraniumv(K:for'Uranium = 3 tons per sq. in, at i600°F), whereas

‘molybdenum canses the most rapid increase in extrusion constant with

‘alloying contento

Ability of as=extruded rods to withstand cold reduction in swaging

| ‘.has been studied As indicated in Table I, several of the alloys with-

":ikrstood‘substantial reductions‘without annealing before failure occurred.

* Least success was experienced with alloys containing titanium, The

E uranim-titanium system is known to form a brittle intermetallic, U,Ti. ST

e ,‘fAlsp,.-inwgeneral,. difficulty in cold working inc¥eases with hardness. of 1 R
the'alioy in'the;extruded condition, . Thus,.the softer alioys, UeV,~U;Mo;?7 T
;7and Ueﬁoékawere;most‘easily cold worked. The less readily cold'workedatw
‘faliofs‘requireffurther-studyo Effect of heat treatment prior to swaging

and response to warm swaging should be examined for some of the alloys.




Photomicrographs are being obtained for the ‘alloys in the conditions
indicated in Table I, Probable gamma retention is observed in the quenched

U-Mo-Zr alloy and the possibility of at least partial retention in the

'slow-cooled condition is suggested by the microstructure, This alloy

will be: studied further. The U~V alloy shows a two phase dispersion
(probably J vansdium in a uranium matrix) and will also be exesmined in
greater detail, particulerly in vien of the good fabrication characteristics,
Additional attention will also be directed to ternary alloys containing
vanadium, (L,RaAronin) ‘

' TABLE I - CHARACTERISTICS OF URANTUM-RICH ALLOYS

o . Approx. Cold Rockwell A Hardness
' Extrusion Reduction to Heated 800°C-15 min,
' "~ | Constant K Failure by As ,
Alloy Composition | At 1650°F Swaging As | Extru-~ HZO Furnace

w/o Tons/sq.in. . % Cast| ded  |Quench | Cool
U-5Mo - 16,5 45 57 49 40 69
U-5Zr * 25 67 | 70 76 66
U-5Mo-52r | - 22 [ - 20 76 | 67 67 78
U-5Nb 14.5 15 70 | 69 51 70
U-5Mo-5Nb " 21.5 - 55 61 66 56 68
U-5Z2r-5Nb 14 0 75 73 61 72
U-5T1 14.5 -0 67 76 74 69
U-5Mo~5T1 #* Brittle as cast

U-52r-5T1 14 O 7l 75 75 yat
U-5v 9 50 61 64 71 60

© U-5V-5Mo 13 3. 66 | 70 ol 64
U=-5V-5Zr . 12 0 s 69 [ 72 - 78 68
- % 25 TSI at 1200°F R I ‘ PEUE L
Extrusion constant K = P/ln . Where P = Running Pressure
i ,A.‘ ‘ Ao’ A" =

Zircaloy—z—clad Uranium-z w/o Zirconium° Intsrdiffusion Treatment

Defected interdiffu81on treated specimen rods of U—2 w/o Zr ina

30 mil thick Zircaloy—z clad have survived over 2600 hours in 600°F
1500 psi water or over l700‘hours in 750°F, 1500 psi stream, The defects

are 7 mil dismeter holes’which'were'drilled through the clad to, or a

short distance into, the core at the mid—lengths of the specimens,

YA L o . ee sse e ® .
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‘ Initial and Final Cross Sections



* usually before the heat treatment Prior to corrosion teSting,*the'specimensf
‘:received heat treatments varying from 850°C for 24 hours to 1100°C for one
- ‘hour, Satisfactory coextruded rods of U-2 w/o’ Zr core in Zircaloy-2 ‘elad |

“ have been obtained° New specimens ‘are being prepared for use in proposed

o studies of the effects of larger defects, weak clad—to-eore bonds, thinner

O SYLVANIA ELEGTRIC PRODUCTS _INC, - Reported by H. S. Kalish

; clads, shorter heat treatments, and other factors on their corrosion
"}resistance, Other studies being planned are concerned with the prepara-'-~ -
| tion, treatment and testing of clad rods containing pre-extrusion defects, vix
kthe effect of the interdiffusion treatment on clad rods with cores. of
| ‘:either uranium or alloys such as U-Nb which do not form brittle compounds
\1;with the clad° the effect of irradiation on interdiffusion treated o

f¢ispecimen fuel rods, (R G Jenkins)

(

~?f‘A1101 Preparation
- Techniques were improved for the hydrostatic pressing ‘of uranium

L ‘alloy rod. about O 2" in diameter and approximately 9" long. Rods of -

e ;cl 2 w/o Mo-U powders were compacted hydrostatically at 30 tsi and vacuum

iisintered for 5 hours at 1100°C The samples attained densities of
tf18 5 gms/cc, which is about 98 5% of theoretical Straight-rods are
sfobtained by utilizing ngrooves in graphite slabs in which the compacts
are placed t‘At the present time, the rods mist be centerless»ground
s‘but attempts are being made to develop techniques which will permit
uniform diameter rods to be obtained
,Mechanical Prgperties \

Work was continued on obtaining the mechanical properties of various
powder metallurgy binary uranium alloysog The data in Table I show 8 |
comparison between the properties of these alloys with' as-cast uranium.‘;ﬁb

These data some of which were presented in the previous Newsletter

° o o
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”:ef(Noo 12) verified the trend for decreased ductility and increased strength

'A77with increased molybdenum content S t;gﬂp“

The 2 w/o Zr—U alloy is the most ductile of all the alloys made to

TABLE I
"MECHANICAL PROPERTIES OF SOME POWDER METALLURGY
URANIUM ALLOYS IN THE AS-SINTERED CONDITIONo
’SPECIMENS COMPACTED AT. 50 TSI IN A STANDARD
POWDER METALLURGY TENSILE BAR DIE WHICH YIELDS
A RECTANGULAR CROSS—SECTION TENSILE SPECIMEN
ﬁNominal . .<Vickers R Yield, trength Ultimate Tensile Elongation
“Composition,, Hardness, ‘ psi . » Strength - | Percent in
o w/o - | oer Y] (o 2% Offset) psi 1 inch
: a.;As—Cast v ,va‘;*.jg 28,600 56'000 4
] 058 Mo 2 | egloo0 122,000 6
‘"1,0_Mo» : 275 - 6 , 000 125, 000« ' 6
1.4 Mo 206 | 100,000 1 136,500 = | 5.5
2.0 Mo 306 | g0 | 135,000 4
340 Mo, . 335 | 101,000 | 145,000 1.5
3.5 Mo 367 | == 147,000 - -
450 Mo 392 f136 OOO . 160 OOO. 1
2.0 Zr 278 .| 8,000 - 122,000 9.
0.5V 260 | 58,000 - 111,000 4.5
1.0V - 277 | . 55,000 110,000 ' b5
0,75 Si 250 - | . 46,000 80,000 3
3,0 Nb 338 | 1oq;ooo S 145 000 1.5

,Above data is average of 8 samples for each compositiono S

Thermal Czcling -i"

. <
. s :
i ’ i

A series of powder metallurgy Mo-U alloys were thermal cycled in

fcomparlson with powder metallurgy Zr-U alloy and wrought ahd heat-treated,

Zr-U alloy at Argonne National Laboratories, Two pin type samples of each

»composition were alpha cycled rapidly 200 times between 65° and 620°C

'_In addition, two samples of each composition were beta cycled rapidly

200 times between 90° and 715°C The results of this cycling are shown -

”in Table- II°,. o
. i 5§§§?'{f" §3~3.*-;E§3“"
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TABLE II

" slpha eycled. -

. of the otherss

THE EFFECT OF 200 FAST CYCLES ON THE DIMENSIDNS'
~OF PIN TYPE (0.145" DIAMETER X 263" LONG)
URANIUM ALLOY. SAMPLES  DATA SHOWN IS
B THE AVERAGE OF TWO- SAMPLES

’s‘Nominal - - | " | Density
Composition, Fabrication | Elongation, | Weight Change,
- wfo Method - B U JE A SRR N
L Ao Mpm "CYCLES, 65° to 620°¢ |
2.0 2r ACast wrought and ® ® 0.83
L Heat treated , S o : :
2,0 2r | Sintered-Fine Grained 1,02 ~ 0.49 1,78
2.0 Zr | Sintered-Coarse " S l.24 - 0:.26" 1.59°
1.4 Mo - | Sintered 0.9 - 0.32. 1,55
2,0 Mo Sintered 0.98 + 0,31 " 1.07.
2,5M0 | Sintered 0,61 + 0,10 1.2
o B, BETA CYCLES. 90° to 715°%
. 2,0/Zr | Cast, wrought and 3 o 0.7
. | heat treated
1 .2.02r ‘Sintered-Fine Grained | ** - 3,96 21,0
" 2,0 2r Sintered-Coarse R *# - 3,40 © 6,3
1.4 Mo Sintered: =~ - 1.70 - 4,20 1.0,
2.0 Mo Sintered - 1.0 - 2,00 1.3
2.5 Mo ’Sintered . 0.8 + 0,03 2.5 -

#  Not determined. |
. ##%  Could not be measured aceurately for length ‘change because of
distortion°

; The aboVe‘datewindieate that the 2 w/o Zr-U made by both methods‘and
" the lokiw/o.ﬁoéﬁ_énd 2 w/o Mo=U ailoye are all essentially the same when-

' The 2,5 w/o Mo-U elloy, however, was more stable than any
In befa7eycling, both typeSAofAZAW/o Zr-U alloy efe}faf:
Iéss "stébl’é' than aﬁy of ‘the"molybdenum.alloys-o At the same time, ‘there
7 1is definite trend of- improved dimensional stability in going from 1,4 to

- 12-5 w/b Mb-U It is interesting to note that the 2 w/o Zr-U alloy made
by powder metallurgy methods showed a difference in dlmensional stabllity‘
:depen&ing upon initlal grain 31zea As one would expect, ‘the finer grain =

Isized material was the more stable of the two° Qjﬁft

Q“
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»alloys as indicated in Table IV

The density changes which occur seem. to be primarily a function of

Nk corrosion. This is indicated by the weivht ohange, One exception to

this appears to be the 2 w/o Zr-U powder metallurgy alloy which was beta

cycled Whe large density decrease in these samples appears to be -due

“to the formation of internal por031ty during thermal cy'clingc

The surface appearance of the samples after beta cycling indicated
the superiority of the 2 5 w/o Mo»U alloy even more clearly, It hed.

essentially a smooth surface,’whereas the 2 and 1. 4 w/o Mo-U- alloys

showed increasing amounts of surface roughness° The 2 w/o Zr-U alloys

were extremely rough and distorted after bete cycling° ,

The inv‘estigation‘ of the @feasibility of 'm)aking‘ a completely

:epsilonized 3. 8 w/o Sin alloy by powder metallurgy was continued
“Elemental powder mixtures of 3 7 3 8 and 3; 9 w/o Si-U were hot pressed
"and subsequently heat treated for 140 hours at 850°C to homogenize and

’epsilonize the structurecpi""'

These samples viere" corrosion tested in 600°F water with cast

epsilonized 3.8 w/o Si=U alloy as a control. The data in Table IIT show

that the 3,8 w/o Si=U alloy is the best of the powder metallurgy samples, ’

It has, however, inferior corrosion resistance to the cast materialor_This

is undoubtedly a function. of the low density of the powder m.etallurav |
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TABLE II1

CORROSION RATES ' OF SOME -SILICON- : N el
URANIUM ALLOYS IN 600°F WATER : .
| . Corrosion Rete in mg/me/hr 7
1 Sagpl | 24 Hours | ‘48 Hours | 72 Hours
3.8 w/o Si Cast . - -5.5 - 3.2 - 2.5
and Epsilonized B ‘ _
3.7 w/o 81 Hot. Pressed | - 25,5 - 23,0 Semple |
and Homogenized : Disinte-
‘ : : grated
‘ 3 8 w/b '8i- Hot, Pressed - 6.4 - .3.9 - 3.9
. ‘and. Homogenized . c : A
3 9 w/b Si Hot Pressed | - 5.5 - 4.6 - 5,2
TABLE IV
THE DENSITY OF SOME SILICONE—URANIUM
ALLOYS '
Density, Density, ' -
: As Hot Pressed | After Homogenization
__ggple _gms/cc (Epsilonized) gms/ce
- 3.8 w/o 51 Cast . - 15.45
and Epsilonized
| 3.7 w/o Si Hot Pressed 14.78 14.19
| 3.8 w/o Si Hot'Pressed 14,66 13.87
3.9 w/o Si Hot Pressed |  14.53 13467 -

The déta-df,Table IV show that the density decreases during homo-
geﬂizing andfepsilOniZingg whereas it should ircrease, This decrease in

' density is due to the Kirkendall effect, that is, during homogenizing,

k"f thbfdiffusion rates of the‘silicon into the uranium and uranium info

’°17made of high density is by subsequent hot working of the homogenized

,,_~9111can-are different, such that porbSity is devéloped in the materisal.

‘7'f}Thé«thY“p0ssibie way,fthény that,the powdér netallurgy allo&s can be

TS
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- ;*"».;WESTINGHOUSE ATOMIC POWER DIVISION - Reported by M Le Bleiberg

Samples of uraniumrmolybdenum (9, 10, 5, 12 and 13 5% Mo) and.

’uranium—niobium (10% Nb) alloys exposed to pile irradiation in both the

f’gamma-quenched and’aipha-transformed conditions reverted to a condition

intermediate between the untransformed and transformed states, that is,

Q;-the gamma—quenched samples showed a slight tendency to transform, while

‘formation, All the irradiations were conducted at temperatures far
, below those at which. thermally—induced transformations ‘would be ex-
‘pected This behavior was also reported in case of the U—9 Mo alloy

’ by Konobeevsky, Pravdyuk, and Kutaitsev (po 681 (Effect of Irradiation

on., Structure and Properties of Fiss1onable Materials) at the Geneva
-

tConference° These. effects appear to be quite well-established based
uupon electrical resistivity, temperature coefficient of electrical
<fresistivity and hardness, (the Russ1an 1nvestigators employed in ‘

; addition, X-ray diffraction techniques)

U-Mo Alloys

.'vfIrradiation Behavior of UraniumrMblvbdenum and Uré&iBE:ﬂiQQiEﬂLéllQZ§

}the transformed samples showed a marked deczease in the amount of trans-

‘ Dimension andvDensity éﬁangés;~ The changes in dimensions and density

of the U-Mo alloys due to neutron bombardment are shown in Table I The

U-9 w/o Mo alloy specimens whlch were heat treated to produce theah 6

’phase showed decreases in density of l ,0 and 1, 3 percent after exposures

of 920.and 700 MND/T, respectively° One U-10,5 w/o Moialloy specimen
\

showed a density decrease of C. 4% after an exposure of“SOO MMD/T

¥

.den31ty or diametrical changes were found in the U-9 w/o Mo or U—lO 5
rw/b Mo alloy specimens irradiated in the gamma phase° The U-12 w/o ‘

‘Mo and LLlB 5 w/o Mo alloy specimens showed no, changes in diameter or
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‘axexposure,"Noteéthat theidensity‘decreases in.the“UQQ W/o Mb“alloy;fﬁ L

"ifspecimens are sach that - the transformed specimens after 1rradiation

have den31ty values close to. that of gamma—quenched U-9 w/o Mo alloys.

The difference in. density values of U-10.5, -12, and -13.5 w/o Mo,

‘ between the gamma-quenched condition -and the transformed condition, 1s"

small or negligible and ir phase transformation reversal occurred in '

;~these alloys no density changes would be noted,

lectrical Re31stiv1tz Rgsults, The changes in electrical resistiv-

4»1ty 4in liquid nitrogen of these speclmens after irradiation are shown . in

;TablerIIo: The gamma-quenched U—9 w/o Mo alloy specimen showed a decrease'

t.:inQelectrical'resistivity at =196°C of 1.2% while the transformed speci—

'méns of U=9 w/o’Mo alloy showed increases of 125% and 114% respectively.

Thetsame:behavior was found in the U-10,5 w/o Mo alloy specimens with the

‘genma-quenched . specimen decreasing 3% and the transformed specimens in-

'creasing‘1406%,and 2l;7% reSpectively; In the U-12 and 13.5 w/o Mo alloy

4‘:wspecimens;‘thosetspecimens*which were'initially in the gamma—quenched

. condition and those which were slightly transformed by aging at 525°C for

8 hours and 48 hours respeotively, showed decreases in electrical resis-

tivity° However,fthose specimens which were more completely transformed

7‘},5prior to. 1rrad1ation by ‘aging at 535°C for 312 hours show gppreciable in-

1creases in electrical resistivityo It is 1nterest1ng to note that all’

;_bspecimens of - the U-12 w/o No alloy appear to approach an. equilibrium

"7,‘value of electrical resistivity of” approximately 74 pacm regardless of

”:°prior heat treatment exposure and temperature in-pile. Similarly; the

U—lB 5 w/o Mo alloy specimens appear to approach equilibrium at about

: 76 acm, the U-lO 5 /o Mo at 69-73, and the U-9 w/o Mo at 6871 pacm.

‘The gamma—quenched samples of U-9, —10 5, =12, and ~-13, 5 w/o Mo

'exhibitfa negative temperature coefficient of electrical resistivity

s - o> .
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‘ gamma—quenohed,oonditionp*ﬁ3

.«39—

between —19600 to +150°C and the transformed specimens of the same compo—r'
4:sition exhibit 8. positive temperature coefficient of electrical resis-

ttivity in the same temperature rangeo Electrioal resistivity measure-

to irradiation., However9 the positive temperature eoeffioient of elec-

trieal resistivity of . the transformed speoimens ‘has reversed to a

Anegative coefficient after 1rradiation°

_ Hardness Changes°4 The ehanges in hardness of these specimens are

shown in Table III It may be seen that the hardness of the transformed

U—9, and -10. 5 w/o Mo alloy speoimens has reverted to that of the gamma’

w/o Mo elloys between the gamma-quenohed oondition and the transformed

’oondition is small or negligible so that if phase transformation

reversal -occurred in these~alloys no‘hardness<ohanges»would be noted.
U-Nb Alloys | SR
The changes in dimensions and density for the gamma—quenched U-10

w/o Nb specimens ‘shown 1n Table v are of the same order of magnitude

~as the ehanges found in UuMo alloys given e similar exposure, while the“

‘changes shown for the aged specimens are generally greater than changes*\

observed in transformed U—Mo alloyso Note that the direction of the

_ohanges are toward the, gamma oondition in the aged alloys s1nce on
. ;transformation of gamma9 -density increases° This same effect may be f

'-noted for the electrical resistivity data, shown in Table IV It is’

to- be noted that all the transformed speoimens have changed toward the

’jfzf‘;fgii % (}U‘
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| v"ments on the irradiated U~9,;=10 5, =12 and ~13 5 w/o Mo alloy specimens’:
et —196°C -75°c +5o°c and +1oo°c have been obtained and these results
‘show that these alloy speeimens irradiated in: the gamma phase exhibit a

'negative temperature ooeffioient after irrediation similar to that prior \

'phase after irradiation, The differences in hardness of U-12 and -13. 5-~'



[t g

N Discussion of Above Results i

The results above show that the stablev(* 6 phase of U-9, -10. 5,

ol

-12 and -13 5 w/o Mo alloys reverts back to- the metastable¢7ﬂphase after

]

| ibeing subJeoted to neutron bombardment The~electrlcal resistivity behav-' v‘?g
~'ior of. these alloys is similar to that shown in order—disorder alloys : ¥
e after neutron bombardment 4in. that the disordered phase (5}*) slightly
'_orders while:the ordered phase (& )vdisordersp both condltions approach-
' ing thehsame degree'of disorder, It may be surmised that neutron bom-
bardment of the ordered ep51lon phase reverts it to the disordered ‘gamma,
Subsequently (or perhaps simultaneously) ‘the free alpha uranium present
is taken,baok;into solution, ‘
»ln.the.case of the U-Mo alloys where one of the productsiof trans-
tformation is the ordered epsilon phase, the results obtained are in -

“harmony ‘with experimental observations on other order-disorder systems, e

v

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

")

‘anneal at 525 °%c is apparently re-absorbed during the 6-week irradiation ' e
at a maximum estimated temperature.of 300°C, However9 in case. of the h
U-Nb system, where no such‘orderedvphase has been reported; this ex-

~ ‘planation is not available, , .

' Cold Water Irrsdistion of Prototype Rod Fuel Elements
-Prototype fuel rods of uranium and U=-2 w/O“Zr alloy with enrioh4'
‘»7'\ments which ‘varied from 0,7 to 5% 5 w/o U=235 have been irradiated in the

"Chalk River NRX reactor to a maximum burnup of 10,500 MWD/T and have been TR e

L3

‘;ﬁreturned’to the Bettis Hot-Labora_tory° At regular intervals during the fv
‘vjfirradiation, the~rods were removed from the reactor and X-raYed so that
::'!ehanges'in length‘of the rods were obtained.. These results indicatedﬂ S . .
ithat the U—2 w/o Zr alloy rods exhibited greater growth (approximately : o
All to 3%) than the unalloyed uranium. rods (approx1mately 0.1 to 0. 5%)
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Cimaes D L
t'iﬁowever,.when dimensional measurements were: made on the irradiated rods .
‘;'iin the Hot Laboratoryg it was found that the percent ‘change in “volume Of
ikjthe i ranged from 1 to 3% and appeared to be independent of core’

"composition, and prior heat treatment of the rods° Howevery there L

R Ty b @ &

'appears to be a trend toward increas ng volume change with increasing

Bl

' exposure, emount ing to about 3% at 10,000 MID/T.

Visual examination of these rods showed. that the three rods

LA,

‘ irradiated to 9000 MWD/T or greater exposure exhibited transverse and.

- 1ongitudinal splitting of the cladding in the vicinity of the end cap
weld., In addition, smaller longitudinal splits and bulges were observed
in the middle of these specimens° No cladding failures have been

,,observed in specimens irradiated to lower exposures, indicating that

| 9000 MWD/T may be the upper limit of - exposure, before the cladding is

. excessively stressed by expansion of the core alloy°

o : Identification of HYdride Phases Formed During Gorrosion of ‘Gamma_Phase
S Alloys

An experiment iSfin“progreSS'to'identify‘theihydride phase formed

‘vduring hot water corrosion of U—Mo alloys, The‘experimentyconSists of‘
"‘.measurement of the decomposition (hydrogen) pressure as a function of -
» temperature over samples of 12 w/o Mo alloy which were gamma—quenched

and then hydrided by autoclave corrosion treatment in 650°F water°
Preliminary measurements on specimens which were corroded for 7

and 21 days, resulting in 8 hydrogen concentration of 270 and 1350 ppm,{‘:

‘vrespectively, have been completed and indicate reproducible equilibriumfﬁ

S " pressures, The yalues closely approx1mate the relation° ’ ‘;,Di”‘***}h

‘as compared withs
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w}versus

”f‘for the equilibrium between UHB’ hydrogen, alpha—uranium. Plots of" log P

{l - were made and extrapolation of this plot revealed a. pressure-i
TOK

",‘of about 38 mm at room temperature for the U—Mo ‘specimens.. The value for
;';Epalpha U is 0 6 m at 200°C Deereasing the temperature revealed»that
g{some of the gas is reabsorbed at preoeptible rates even at room tempera—

i";;,,ture, indicating reversibility of the reaction on a qualitative basis.

It appears from the above that much higher hydrogen pressures and

"‘~'lower«heats of formation are associated'with the decomposition of the
’h .corrosion hydride eompared with pure UH3 The corrosion hydride,lthere-

'fore, is different than pure UH3
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showed no change 1n dﬂmenblons or density.

n.s. lnalcates an 1ns;gn1f1cant change.

Heat

Treaﬁnénts‘

a
#2
#3

‘

900°C in klnetlc vacuum for 2/ hours, water-quenched.

#1 plus 525°C in evacuated Vycor tubes for 8 hours,

#1 plus 5?500 in evacuated Vycor tubes for 48 hours
#l plus, 5“9 C in evacuated Vycor tubes for 312 hours, water-quenched.

water-quenched.
water-quenched.

;' ‘jis s ’ » € (] ﬁ} "y, s
. ;
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Tablé I
Changes in Dimensions and Density of Irradiated U-Mo Alloys
Estimated .(Diametef in;) Density (g/éms)

Sample : S Heat Exposure ' % _

No. Compos1tlon ;  Treatment (MWD/T) Pre =~ Post Change Pre Post
A6 U-9 w/o Mo::ﬁﬁﬁ;?» #1;;{ 310 1880 L1887  nus,  17.35+.01 © 17.34
A-8 U=9-w/o Mo il 920 1875 .1887  40.6 ) 17.47%,01  17.29
A-9 U-9 w/o MOw;r L 700 .1870 1882 +0.7 ) ‘ 17.24
‘B-1 U-10,5 w/o Mo " #1. 600 1860  .1888 n.s.. 17.15+.01  17.16
B-12 - #U=10s5 w/o-Mo~ i - 540 .1880 .1880 0 17.18+.,0L - 17.16
B-9 - .U=10.5 W/OMO T :"r'l-l- 500 .1870 1874 N.S. - 17.11
Notes. N | =

1. All sp901mens of U l/ w/o Mo ‘and U-13.5 w/o Mo having heat treabnents #i1 to éh ruspectlvely

- -




: Table II i
vees, 1 Changes 1n Electrlcal Re31st1v1ty of Irradlated U-Mo Alloys
...... ' No. - . . Composition " Treatment : ;1 QMWDZTQ -~ Pre. ~ Post - (Change
SN k6 U=9 wo Mo ) a0 720200 TL36 . -l
.t A-8 - U=9.w/o Mo #h 920 . 31.17 70,81 - +125
cages A-9 ) ' U-9 W/O Mo . #l& 700 ) 31 15 . 67 52 +lll} -
e B-1 . - -U-10.5 w/o Mo o 600 Th 48 72,22 3.0
B-12.. .~ . U-10.5 w/o Mo e 540 59,75 - 68,52 4llh.6
. L B9 U-105 w/o Mo - - C#L 500 597k - T2.68 +2L.7 .
i =6 U-12 w/o Mo i 310° 6l S5 s3.0
Cc-8-. - U-12 w/o Mo #2 770 76.23 ThaT1 -2.0
c-9 . U-12 w/o Mo #2 - 600 75.99 74,09 - -2.5
c-15 . . U-12w/o Mo #3 L75 75.62 Th o L6 -1.5
Cc-16 U-12 w/o Mo #3 . 640 75.70 T4.85 -1.1
Cc-22 U-12 ‘w/o Mo #h . 780 70.15 . 73.03 +4.1
- C-23 U-12 W/o Mo Ol 610 - 69.67 . 772.98 +4.8
D2 U-13.5 w/o Mo Rt 310 79.57 76.32 . k.1
@l.. D-14 U-13.5 w/o Mo #2 700 78.20 . - 76.56 -2.1. .
E A - D-9 U-13.5 w/o Mo #2 500 7877 . 76,33 =31
e D-15 U-13.5 w/o Mo #3 475 76.78 75,81 -1.2
' ‘ D-16 U-13.5 w/o Mo #3 820 76,48 76.26 -0.3
. p-22 U-13.5 w/o Mo #l, - 810 72.09 76 440 +6.,0
\"‘:-:x D—ZLI. U—13.5 W/O Mo ‘ } #L}. o 720 ) . 72-96 ] . , 75-77 : ,+3‘o9
SIS SR AL :-‘._»N o.t e » ’ ' V ‘ : - o]
|  “Hea£ Treaﬁméﬁts ,j o
#l - 900 C in klnetlc vacuun for 2L hours, water-quenched
#2 - #1 plus 525°C in evacuated Vycor tubes for 8 hours, water—quenched.
"#3 - #1 plus 5?5°C in evacuated Vycor tubes.for 48 hours, water- quenched.
#, - #1 plus 525 C in evacuated Vycor ‘tubes for 312 hours, water—quenched
W l_" S G T e T e T R A N
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o - Table III
»;; : Hardhess of Irradiated U-Mo Alloys
2 | B .
3 Spec. Comp. Pre-Irrad. Exposure¥ Hardness (5 kilo load)
= No., w/o Mo Heat Treatment (MWD/T) Pre Post DPH
. A-1 U-9 w/o Mo oA 310 287H,  299+11  n.s.
T AS U-9 w/o Mo # 920 L40F20 30376 -197+26
: A-7 U-9 w/o Mo #ho 700 Lhi22 29949 -145+31
B-1 U-10.5 w/o Mo  #1 600 30541 © 300410  n.s.
B-6 - U-10.5 w/o Mo - #L 540 384+17 334%9 -50+26
B-7 U-10.5 w/o Mo ih 500 361+7 326+14 -35+21
c-1 U-12 w/o Mo # 310 3244+5 307+12 N.s.
, c-6 U-12 w/o Mo #2 770 320+9 323+5 NeS.
. c-7 U-12 w/o Mo #e 600 321t - -
‘ c-11 U-12 w/o Mo #3 - L75 32646 35048 24+14
B c-12- U-12 w/o Mo #3 640 333%3 323%14 n.s.
¥ C-16 U-12 w/o Mo #l 780 3L4+6 353+16 n.s.
) c-17 U-12 w/o Mo - Fl 610 336+8 353+15 n.s.
D-1 - U-13.5 woMo . #1 310 341+h 348+, n.s.
D-7 U-13.5 w/o Mo #2 700 - 311+2 339+10 -28+12
D-8 U-13.5 w/o Mo #2 500 339+16 345+6 n.s.
s D-11 ' U-13.5 wo Mo - #3 L75 333%5 327514 n.s.
D-12 U-13.5 w/o Mo #3 820 325+6 334+16 n.s.
* D-16 U-13.5 w/o Mo - #h 810 34L8+7 - -
a ¢ D-11 U-13.5 w/o Mo #L 720 3L3+h - 347+10 n.s.

)

From flux monitor data
#* n,s. - not significant
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Pre—Irradlatlon‘~
Condition

':::Exposure (MWD/T)
- Pre-Length (in,)
Post-Length (in.)
% Change in Length

Pre-Density”(gm/cm3
Post-Density (gm/cm”)
% - Change in Den31ty

'Pre—Elect Re51st
at. 196°C
E Post-Elect Res:Lst
at 196°C
% Change

___Pre-Elect. Res1st
at R.T. y
oy
o B Change L

o
W

(op}

Post—Elect Reslst. B

Table IV

o :

900°C- .
24 Hrs- |
W.Q.

1820

1.992°
1.995
+0.,2°

16,51

16 GI+V9 |
-0

71.19
61.55

-13.5

65.59

- 63.87
S Lol

N e W

900 C-

24 Hrs-

W.Q.

1660
1.993

- 1.995
+0.1

71.22

69.96

-1.8 -
65.76
66.12

0.6

T

F-5

F-22'

" 900°C- 900° 0-24 Hrst
- 2l Hrs- hOO C—2 Wks'
WeQ.
1220 - 222
1.995 . 1.983 .
1.996 1.995
- +0.1 “+0,6
16,49 16.71
16.50 16.55
-0.1 © -1.0
71.19 35,71
72.64 58,99
+2,0 +65,2
65 .66 52,22
68.5L 63.67
+yl +21.9
™ ,f..,. o

’F—19 “

9oo°c ?a Hrs+
1,50° C—2 Wks

L6

1.983
1.993

4.5

16.76

- 16.58

-1.1
21.73
hl.58

91k

Lo 2
58,26
+31.7

" *Phys1cal Property Changes of Irradlated Unclad U 10 w/o Nb Alloys

. G-h

9oo°c 2u Hrs+
500 C 2 Wks
1060
1.98)
2,014
+1.5
16.79
16.53
-1.6 .
18.04
34.20
+89.6
11,56
53ebibe
+28.6

G-1 "

© 900°C=24 Hrst -
550°C-2 Wks

1660
1.98,

3.4
16.82
16.47

1657,
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