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REPORTS RELATED TO CIVILIAN APPLICATIONS 
ISSUED DUPING OCTOBER, 1955

BMI-1036 "The Mechanical Properties of Beta-Quenched Uranium 
at Elevated Temperature*11, by Frederic R. Shober, 
Lyle L. Marsh, and George K. Manning,

BMI-1037 "Fabrication and Welding of Arc-Cast Molybdenum", 
by Norman E. Weare, Robert E. Monroe, and 
George W. Rengstorff,

BMI-1041 "Reaction of Nickel in Molten Sodium Hydroxide", by 
Robert S, Peoples, Paul D. M iller, and H, Dale 
Hannan,

BMI-1043 "P rogress Relating to Civilian Applications During
September, 1955", by Russell W, Dayton and Clyde R. 
Tipton, Jr,

BM1-1045 "Corrosion in 650 F Degassed Water of Uranium- 
Molybdenum Alloys Containing Impurity Additions", 
by Edward W, Cawthorne, Warren E, Berry, James 
E, Reynolds, Robert I, Jaffee, and Robert S. Peoples.
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A- 1 and A-2

I A. DEVELOPMENT OF PWR FUEL MATERIALS * 
AND FU EL ELEMENTS

At noted in BMI-1043, the bulk of the PWR program  was concluded in 
Septem ber. The rem aining study "Modified UO^ F uel-E lem en t Cores" is 
now included in Section F , with re la ted  AEC ceram ic  stud ies. Continuing 
corrosion testing  of selected uranium -molybdenum  alloys has been in teg rated  
with other AEC Reactor Development Division studies of uranium -alloy c o r 
rosion, also  reported  in Section F ,

9
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B. DEVELOPMENT OF MATERIALS FOR REACTORS

J. R. Keeler

The program is directed prim arily  toward
the development of uranium alloys having improved mechanical properties. 
Studies on the properties of cold-worked Zircaloy 2 and zirconium at 
elevated temperatures are also in progress, and the thorium -rich end of 
the thorium-uranium constitutional diagram is being investigated.

Uranium Alloys for__________ Fuel Elements

H. A. Sailer, F. A. Rough, and W. Chubb

A series of uranium alloys was prepared in an effort to produce alloys 
that have different physical and mechanical properties. It was hoped that 
these alloys could then be irradiated, and that a comparison of their irradia
tion behavior and their properties would lead to an understanding of the 
properties needed to resis t damage. The alloys produced were arc-melted 
uranium which had low strength and moderate ductility, arc-m elted 
uranium-0.5 a/o titanium which had low strength and low ductility, induction 
melted uranium which had moderate strength and moderate ductility, arc- 
nnelted uranium-0.35 a/o chromium which had high strength and moderate 
ductility, and arc-m elted uranium-1. 5 a /o  silicon which had high strength 
and low ductility. No differences have been detected in the thermal expan
sions of these alloys. The possibility of changing the properties of the 
alloys by means of heat treatments is now being investigated.

End-quench tests from 800 C produced no differences in grain size or 
hardness that could be attributed to the differences in quenching rate pro
duced by this test. These tests have been repeated by quenching from 
900 C. Hardness traverses on these bars show no hardness variations 
attributable to quenching rate for four of the alloys. The uranium -1.5 a/o 
silicon alloy shows a hardness of about 420 DPH at the quenched end, the 
hardness drops rapidly to about 320 DPH 1/2 in. from the quenched end, 
and then remains about the same through the remainder of the bar. Evalu
ation of this bar has not been completed, but the hardness change must be 
related in some way to the solubility of silicon in uranium.

Thermal-conductivity measurements on these alloys are  almost com
plete and will be available next month.

A theoretical examination of the alloying nature of uranium shows 
that only chromium, molybdenum, niobium, titanium, vanadium, and

. .CONFJDENTIAL ; . r  ... . .. t-r-
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sirconiuxn have any appreciable solubility in alpha uranium. Cross-section 
considerations place a severe limitation on the amount of chromium, 
molybdenum, titanium, and vanadium that may be used. Larger amounts 
of niobium and sirconiuxn may be used, so that these two elements appear 
most promising for the development of alloys having high strength and high 
ductility.

As a  metallurgical assistance service, an attempt was made to fabri
cate 3/4-in. -diameter rod from an epsilon uranium-silicon alloy containing 
3.8 w/o silicon. Several techniques for fabricating this alloy were investi
gated briefly. Castings, epsilonized 148 hr at 800 C, spalled at the edges and 
cracked badly when forged bare at 850 C, just below the peritectoid decom
position. Both forging and swaging tests were also made on specimens clad 
in steel pipe. The temperature of these operations was restricted to 1290 F 
by the iron-uraniuni eutectic. Both types of specimens cracked badly. Hot
hardness data indicated that the hardness dropped off rapidly at the peritec
toid breakdown, which produced a higher silicide in a gamma-uranium ma
trix. However, forging teste on bare specimens at 950 C showed that the 
alloy was hot short in this phase region, and a zirconium-clad specimen 
swaged in this temperature range also was badly cracked after 30 per cent 
reduction.

Although satisfactory extrusions have been reported in the literature, 
the alloy appears to be unworkable by other fabricating processes.

The Constitution of Thorium-Uranium A lloy 

H. A. Sailer, F . A. Rough, and A. A. Bauer

An investigation to determine the constitution of thorium-rich 
thorium-uranium alloys is in progress. Alloys containing 0 to 20 w/o 
uranium have been prepared and are being heat treated at temperatures 
ranging from 500 to 1000 C for study. Prelim inary metallographic ex
amination has indicated a solubility of between 7 and 10 w/o uranium in 
thorium at 1000 C. The solubility apparently decreases with decreasing 
tem perature. However, the differentiation of sm all amounts of uranium 
from other inclusions appearing in the alloys becomes increasingly dif
ficult with decreasing tem perature, and an attempt is being made to de
velop an etchant which will aid in such differentiation.

Lattice-param eter and hardness measurements of the heat-treated 
samples are  planned.
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Mechanical P ro p e rtie s  of Z irconium  and Zircaloy 2 

F . R. Shober, L. L. M arsh, and J . A. VanEcho

The mechanical p ro p e rtie s  of nominally 50 p e r cent cold-worked 
zirconium  and Z ircaloy 2 a re  being compared to those of the annealed m a
te r ia ls  a t tem peratures up to 500 C.

E levated-T em perature T ensile  P roperties

No additional tensile  te s ts  on zirconium  o r Z ircaloy 2 have been con
ducted th is month. The da ta  reported las t m onth concerning the effect of 
annealing time at tem p era tu re  on the m echanical properties a t the sam e 
tem pera tu re  for 50 per cent cold-worked Z irca loy  2 indicated that additional 
te s ts  a re  needed a t 932 F and 800 F. It is planned co determ ine the m echan
ical p roperties of Z ircaloy  2 at 932 F a fte r 100 hours at 932 F and a t 800 F 
a fte r 500 hours at 800 F . These tests should provide more inform ation on 
shape of the softening curve a t these tem p era tu re s .

C reep P roperties

Additional s t re s s - ru p tu re  tes ts  were com pleted on the annealed 
Z ircaloy  2 transverse  sheet specim ens. These resu lts  a re  tabulated in 
Table B - l .  The resu lts  a t 230 C, which shew that the total elongation was 
reduced by approxim ately a factor of 2 when the s tre s s  was reduced from 
29, 000 psi to 24,500 psi indicate that s tra in  aging is occurring during  
testing at this tem pera tu re .

In addition to s tre s s -ru p tu re  tests , long-tim e creep tests a re  in 
p ro g re ss , but no data from  these tes ts  a re  yet available.

Tube Burs t ing

Additional tube-bursting  tests were conducted at room tem p era tu re  on 
Z irca loy  2 process tubes in an effort to de term ine  the best method of end 
c lo su re .

CONFIDENTIAL
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T A H i M .  STRESS-RUPTURE DATA FROM ANNEALED ZIRCALOY 2 SH£ET<1>

Temperature, C S een , pal Time to Failure, hr Flongnto.i, per cent

230 20,000 0.3 M .4
230 26,000 16,7 36.8
230 24.600 22,3 28.0
230 23. B00 136.6 27.6
n 20,000 3.8 32.8
300 I f .  000 0.35 42.0
500 14,600 10.0 60.0
500 10,000 * 225.0 60.4

(1) Traim ctte direction.

Four Z n *aloy Z  tubes, two welded and two seam less, were ruptured
successfu lly . Two of these tubes had welded p lates as end c lo su res , and 
two w ere sealed by a  combination oi  welding and externally supported stain-
less  steel end caps. The resu lts  a re  given in Table B-2,

TABU 0-2. BURSTING PRESSURES FOR Z RCA LOT 2 TUBES AT ROOM TEMPERATURE

Type of Tube Place of Failure Bursting Pressure, psl

Cold formed, welded team At welded team 6400

Cold formed, welded team At welded team 6260

Extruded, e a m k u In thin wall section 6800

Extruded, warn leu In thin wall section 7100

The combination welded and m echanical seal appeared to be the most 
sa tis fac to ry  method for closing the tubes, and tes ts  at elevated tem p era 
tu re s  were started .

CONFIDENTIAL
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C. FUEL-ELEM ENT DEVELOPMENT

D. C. Martin

V arious fuel-elem ent development program s are
being continued. Moat of the work on the alum inum -uranium  alloys has been 
completed. Liquiuus tem p era tu res  have been determ ined for the 24.5 and 
16. 0 w/o uranium  alloy. F u rth e r efforts are  being d irec ted  toward obtaining 
additional points on the Uquidus line at 15 and 19 w /o uranium . Work on in 
ternal cladding of tubes has been tem porarily  suspended. In the work on ex 
trusion cladding of flat plates, the extrusion container was broken in the 
course of experim en tal work. A new extrusion container is being constructed .

P repara tion  of Alum inum -Uranium  Alloys 

H. A. S a ile r, R. F. D ickerson, and E. L. F o ste r, Jr.

A lum inum -uranium  alloys containing 14 to 18 w /o uranium are  being 
studied. The p rogram  of study has been concerned with the development of 
casting techniques that would produce sound, homogeneous, cylindrical ex 
trusion  blanks, and also  the confirm ation or co rrec tion  of the existing phase 
diagram  in the range of 14 to 20 w /o uranium. Since a casting technique has 
been developed that produces sound homogeneous castings, present efforts 
are being d irec ted  toward the confirm ation of the phase diagram  and the 
determ ination of the effect of cooling rate on segregation of the castings.

Liquidus tem pera tu res of the 24. 5 and 16.0 w /o  uranium  alloys were 
found to be 954 and 755 C, respec tive ly . These points were determ ined by 
therm al an a ly sis . The eutectic com position was confirm ed by m etallographic 
techniques to be approxim ately 13.2 w /o. The peritec tic  horizontal extends 
to approxim ately  16.2 w/o uranium . Further efforts a re  being directed 
toward obtaining additional points on the liquidus line at 15 and 19 w/o u ra 
nium by noting changes in re s is tiv ity  as the tem pera tu re  is varied.

Studies concerned with the determ ination of the effects of cooling ra te s  
on ingot segregation a re  being continued.

€

Internal Cladding of Tubes 

R. J. F iorentino, D. B. Roach, and C. J . Slunder

Work on th is  program  has been tem porarily  suspended.
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Extrusion Cladding of F lat P lates 

R. J. F iorentino, D. B. Roach, and C. J. Slander

In the cladding study, work with the extrusion equipment to clad a 3- 
in.-wide flat plate has been continued. The resu lts  of the in itial te s t made 
la s t month indicated that the core was re s tra in ed  and, thus, only an alum i
num sheath was extruded. Exam ination of the core showed that the m andrel 
wall had com pressed  against the wide su rfaces of the co re . This deflection 
was caused by the high p ressu re  developed during the ex trusion . In the next 
te s t, a core, undersize by 0.010 in . , was tried  with the idea that the core 
might pass through the m andrel-tip  opening, even though the la tte r  would be 
narrow ed by deflecting. In addition, a  s tee l in se rt to fit into the die opening 
was pinned to the co re . The purpose of the in se rt was to cen te r the under
sized core in the m andrel and die openings, and also to aid in starting move
ment of the ce re  through the m andrel. During the tes t, the extruding alum i
num exerted p re ssu re  on the in se rt, and sta rted  the core  moving as expected. 
However, the core  moved only about 1 in . ,  and then was res tra in ed  as in the 
previous test. Shortly  afterw ard, the extrusion container broke at a pressure 
of 63,000 psi. It is  believed that the re la tive ly  low die tem pera tu re  (about 
600 F) contributed substantially to tins high extrusion p re s su re .

The construction  of a new ex trusion  container is under way. Provisions 
a re  being made to  supply additional heat to the die so that a die tem perature 
close to 1000 F can be maintained.

Undercutting C orrosion '

W. E. B erry  and R. S. Peoples

V ariables affecting undercutting- co rro sion  of fuel elements
a re  being studied. - C urrent investigations are  concerned with effects on 
undercutting co rro s io n  of outgassing the core and /o r the en tire  fuel-element 
assem bly prio r to p ressu re  bonding. Considerable effort has been spent on 
obtaining a  reproducible  te s t sample of the "half-dollar" type, i. e . ,  alum i- . 
num picture fram e , aluminum cover p late, nickel-plated c o re . E rra tic  ' 
undercutting behavior has been observed in boiling-w ater te s ts  with samples 
bonded 5 min a t 950 F a t p ressu res up to 6000 psi. To date , the variables 
responsible for th is  e rra tic  behavior have not been iso lated . Rather than 
spend m ore effort on determ ining these variab les, it has been decided that 
sam ples will be outgassed and p ressed  at severa l p re ssu re s  until a  minimum 
p ressu re  is reached which produces a sam ple res is tan t to undercutting. With 
such a sam ple, it  should be possible to vary  conditions of plating, pressing,

.« in i i « •« i .  i u t  i til ••■ • i « i i  i • « • • •  • • •• t i .  . . • •  i t i i< • • •  • •. . .  i • • i • * • •. . i t  • •  ■ • • • • •
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e tc . , until those variab les which promote undercutting corrosion  a re  iso 
lated. A group of sam ples is being prepared by bonding at 6000 p si and 
950 F for 5 min. The n ickel-p la ted  cores will be dutgassed p rio r to bonding. 
These sam ples will be co rro s io n  tested with an  intentional defect in one face. 
The re su lts  of the co rro s io n  te s t will determ ine whether p re ssu re  should be 
ra ised  o r  lowered to obtain minimum conditions which re s is t undercutting.

! -  ■’ * i

rO N F T n F N T T A T



CONFIDENTIAL 19

D -l

D. PLANT ASSISTANCE TO MCW

J. R. K eeler

A program  of plant assistance  to M ailinckrodt C hem ical Works (MCW) 
is in p ro g ress . Studies on the m ethods of preparation and properties of UO^ 
and UO2 were continued, and corrosion  problem s re la ted  to the operation of 
the uranium re fin e ry  a re  being investigated.

1

Identification of Uranium Oxides 

J . R. B ridge, C. M. Schw artz, and D. A. Vaughan

The reac tiv itie s  of various m odifications of UO3 (uranium  trioxide) are  
being investigated as an aid to the production of active UO3 and UO2. P re v i
ous studies have indicated that the reac tiv ity  of UO3 toward hydration may 
be related to the p r io r  UO 3 s tru c tu re . E arly  work had shown that the s tru c 
ture of UO3 depended^upon the method employed to decom pose the n itra te .
Thus, it appears that the activity of UO3 is related to the production method. 
Also, the s in te rab ility  of UO2 was found to be related  to the s truc tu re  of the 
UO3 from which the UO2 was made.

During the past month additional data  were obtained on the reactivity 
toward hydration of UO3 sam ples d escribed  in Table D - l .  These data indicate 
the following conclusions: (1) the reactiv ity  of amorphous UO3 is decreased 
when it is converted to Type C UO3 by hydration and dehydration and (2) the . 
reactiv ities of Types H and C (the c ry sta lline  m odifications of UO3) are  e ssen 
tially unchanged by hydration and dehydration. Type C UO3 containing some 
nitra te  is very active by this tes t. H ow ever, this re su lt  m ay not be signifi
cant, since a fte r hydration and dehydration the activity is approxim ately the 
same as norm al Type C UO3.

In addition, data were obtained from  M ailinckrodt te s ts  on reactiv ity  of 
amorphous UO3 toward hydrogen reduction  and hydrofluorination; these data 
indicate an even g rea te r difference in activity  between am orphous and Type C 
UO3 than was indicated by the hydration test.

A p re lim in a ry  investigation has been made of the am ount of oxygen 
sorbed at room tem peratu re  by UC2 preparations, as a m easu re  of UO2 re 
activity. A com parison  with s in te rab ility  data indicates th a t air-oxidation 
activity may be a m easure  of s in te rab ility  c f UO2. Sam ples which pick up the 
largest amount of oxygen on exposure to a ir appear to a tta in  the highest s in te r  
density. However, insufficient data a re  available at p resen t to establish  a 
definite rela tionsh ip .

•  • MS
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TABLE D -l. DESCRIPTION OF UOg PREPARATIONS AND THEIR REACTIVITY TOWARD HYDRATION IN WATER-SATURATED AIR AT 30C.
o

Initial
Race of Equilibrium

Hydration, Watet

Reactivity After Dehydration 
Initial

Rate, g  Equilibrium

•  •
•  •

•  t  • •

•  •
•  •  •

M  • •

Sample
Treatment Prior to Firing 
Temp, C Atmosphere

Type Before 
Hydration

g of H2O 
per g of 

UO3 per hr

Content* 
per cent

h2o

Type
After

Hydration

Type After 
Dehydration 

at 300 C

of H2O per
g of UO3

per hr

Water 
Content, 

per cent H2O
Type Afti 
Rehydra tii

374 175 Low-pressure
argon

Amorphous 1.46<*) 13.3(*> A C 1.05 10.8 A

20 . 200 Atmospheric- 
pressure air

Amorphous 1 .0 0 27.8 A C 0.85 8.4 A

33 250 . Low-pressure
argoa

Amorphous 1.20 19.8 A C 0.87 9.9 A

196 450 In air H 0.17 8.4 G H 4 C 0 .2 1 8.7 G

32 175 Low-pressure
argon

C 0,89 10.3 A C 0 .8 6 10.5 A

281 400 In air C 0.30 7.2 A C 0 .2 2 9.0 A

209 MCW-Pot 
(Stage 4)

Air C 4 nitrate 0.80 40.0 — — — — -

210 MCW-Pot 
(Stage 5)

Air C 4 nitrate 0.50 34.0 - - — — — -

211 MCW-Pot 
(Stage 6)

Air C 0.41 30.1 A c 0.72 7.1 A

212 MCW-Pot 
(Stage 7)

Air C 0.32 9.1 — - — - -

213 MCW-Pot 
(Stage 8)

Air C 0.31 8.1 - - — — ... -
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TABLE D*l, (Continued)

•  •  
•  • •  •

•  •  •  
•  •

• •• •
•  •  

•  •

Sample
Treatment Prior to Firing 
Temp. C Atmosphere

Type Before 
Hydration

Initial 
Rate of 

Hydration. 
g o fl^ O  
per g of 

UO3  per hr

Equilibrium 
‘ Water 
Content, 
per cent

h2°

Type
After

Hydration

Type After 
Dehydration 

at 300 C

Reactivity After Dehydration 
Initial
Rate, g Equilibrium

of H20  per Water
g  of UO3  Content,
per hr per cent H2Q

Type After 
Rehydration

214A } MCW-Pot 
(Stage 9 . 

filial)

Air C 0.26 . * u A C 0.35 S .4 A

2 1 4 A 2 MCW-Pot 
(Stage 9. 

final)

Air C 0.30 7.5 -- • • *• •• mm

(a) These results were obtained on 46 C hydration of Sample 374.
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During the next period a number of samples of UOj a re  to be obtained 
from  Mallinckrodt for hydration-reactivity studies. Additional data will be 
obtained on the sin terab ility  and air-oxidation activity of various preparations 
of UOj.

E lec tr ica l  and Magnetic P roperties  of UO2

R. K. Willardson and H. L. Goering

The objective of this work is the co rre la tion  of the sin tering  charac ter
is tic s  of UO2  with the e lectrical and m agnetic properties both before and after 
sintering. An extensive study of the e le c tr ica l  conductivity and thermoelectric 
power has revealed a number of very in teresting  ch a rac te r is t ic s .

(1) Specimens of MCW UO^ which had been sintered at 2050 C had 
a very low e lec trica l conductivity and conduction by electrons 
(a-type e lec tr ica l  conductivity),

(2) An extrapolation of the e le c tr ica l  conductivity v e rsu s  oxygen: 
uranium ra tio  indicates zero  e lec tr ica l  conductivity at a ratio 
of about 2 ,01 rather than the stoichiom etric  ratio .

(3) The energy-band separation in UO2  as determined by the in
tr insic  conductivity data is about 3 ev,

(4) The unusual changes in slope of curves relating the extrinsic 
e lec tr ica l  conductivity to rec ip ro ca l  tem perature  occur in 
tem pera tu re  regions where a  change in phase m ight be ex
pected according to the recen t diagram  of the equilibrium 
phases by Gronvald.

(5) As the tem pera tu re  is increased  and the ex trinsic  e lectrical 
conductivity increases , the therm oelectric  power also in
c reases  ra th e r  than decreasing  as predicted by simple 
theory.

•Specimens of MCW UO2  which had been sintered at 2050 C have a very 
low electrical conductivity at room tem pera tu re  and for Samples 1-1A-1 and 
1-1A-4 conductivity is by electrons. Table D-2 sum m arizes these data.
These results  a re  surprising  since the determinations of the oxygen:uranium 
ratio indicate about 2. 5 x 10^0 excess oxygen atoms per cm ^ , and interstitial 
oxygen atoms a re  associated with positive o r  hole conduction. The electrons 
which carry  the e le c tr ic  current could be supplied either by an excess of u ra 
nium over .the sto ichiom etric  proportions o r  by im purities (with a valence
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TABLED-2. ELECTRICAL PROPERTIES OF U02
\

Sam ple^

Oxygen: 
. Uranium 

Ratio

Sinter Density, 
per cent of 
theoretical

Electrical 
Conductivity 

at 27 C, 
(ohm-cm)"1

Sign of 
Majority 
Carrier

Activation 
Energy^ 

of Majority 
Carriers, b

Thermoelectric 
Power at 

200 C, p v pet C

1-1A 2.011 86 300 Positive 0.40
1-1A-1 2.011 86 3.00 Negative «. .39 -lio M
1* 1A“2 2.011 86 9.10 Positive 0.44 +325<c>
1-1A-3 2.011 86 278 Positive 0.30 ♦700
1-1A-4 2.011 86 300 Negative 0.76 -500
1-1A-5 2.011 86 1.72 Positive 0.44 ♦350^

lc-lA 2.036 79 1000 Positive 0.38 +215
lc-lB 2,072 •» • 3850 Positive 0.36 • •

2c-lA 2.006 1*5 1460 Positive 0.28 +500
2c-IB 2,100 -- 2630 Positive 0.42 --

3c-lA 2.024 84 1060 Positive 0.36 . -
3c-lB 2.147 -- 7400 Positive 0.38 --

( a) The details of the preparation of these samples of UOo. including crystallite size and lattice parameter!, are given in the report uMi-1043.
(b) The activation energy b it obtained from the relationship p* Ac-^2^  and the temperature dependence of the electrical conductivity.
(c) Specimens believed to be heterogeneous containing both n* and p-type regions.
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g re a te r  than 4} re p la c in g  some o f the u ra n iu m  ir. the la t t ic e .  Thus, e i th e r  the 
ig n it io n  m ethod o f  d e te rm in in g  the oxyge n :u ra n ium vf  a t io  cou ld  be in  e r r o r ,  
p oss ib ly  due to the presence of im p u r i t i e s ,  o r  th ^ ,e f fe c t  o f  the excess oxygen 
could be com pensa ted  by the p resence  o f an n -type  im p u r i t y .

P re v io u s  e x p e r im e n ts  on the v a r ia t io n  o f the e le c t r i c a l  co n d u c t iv ity  o f 
MCW UO2 w i th  o xyg e n ju ra n iu m  r a t io  ind ica ted  tha t the cond uc t iv ity  (by p o s i
t ive  c a r r ie r s )  in c rea sed  l in e a r ly  w i th  oxygen content. H o w e v e r,  the e x t ra p 
olated po in t o f  z e ro  co n d u c t iv i ty  o c c u r re d  at a ra t io  of about 2.01 ra th e r  than 
at the expected s to ic h io m e t r ic  r a t io .  • On the o ther hand, B a tte l lc  "a c t iv a te d "  
Sample 2c -  1A (b a l l  m i l le d )  and Sam ple  4c - 1A s in te r  to h ig h e r  dens it ies  and 
become m o re  n e a r ly  s to ic h io m e t r ic  (acco rd ing  to the oxyg e n ju ra n iu m  r a t io ) ,  
but re ta in  the p o s i t iv e  hole type o f  conduction  v/hich is  c h a r a c te r is t ic  of e x 
cess uncom pensated oxygen. Thus i t  seems poss ib le  th a t  one o f the m a jo r  
d i f fe re n ce s  be tw een the " o r d in a r y "  and the " a c t iv e "  U O j is  tha t a la rg e  p o r 
t ion  of some im p u r i t y  (p ro bab ly  no t  de tectab le  by s p e c t ro g ra p h ic  techn iques 
although the conce n tra t io n  should be 0. 1 to 1 a /o )  is  re m o ve d  f ro m  the la t t e r  
by the a c t iv a t io n  p rocess .  H o w e v e r ,  any ana lys is  o f the e le c t r ic a l  p ro p e r t ie s  
can be m ade m uch  m ore  c o m p lic a te d  i f  phase changes o c c u r .  A c c o rd in g  to 
the re ce n t d ia g ra m  of the e q u i l ib r iu m  phases by G ro n v a ld ,  m uch o f the excess  
oxygen cou ld  be taken up by a te t ra g o n a l second phase (UO2 33) in  the te m 
pe ra tu re  re g io n  below 200 C, than by a U4O3 second phase at somewhat h ig h e r  
te m p e ra tu re s ,  bu t occurs in  a s in g le  phase (a p p a re n t ly  de te rm ined  by the o x y 
gen ju ra n iu m  ra t io )  at s t i l l  m o re  e levated te m p e ra tu re s .  M a rk e d  changes o c 
cu r  in  the te m p e ra tu re  dependence o f  the c o n d u c t iv i ty  at te m p e ra tu re s  wh ich 
are  in  q u a l i ta t iv e  agreem ent w i th  those expected. The te tra g o n a l s t ru c tu re  
is m e re ly  an o rd e r in g  of the in t e r s t i t i a l  oxygen in  a i te s  in  planes p e rp e n d ic 
u la r  to the ( 001) d i re c t io n  of the f lu o r i t e  cubic s t r u c tu r e ,  w h ile  the 
m a in ta ins  the f lu o r i te  s t ru c tu re  but p resum ab ly  has an add it iona l oxygen a tom  
at the body c e n te r  o f the u n it  c e l l .  Thus i t  seems p ro b a b le  that in a l l  cases 
the excess oxygen  o ve r  the ra t io  o f  2 .0 0  is ava i lab le  to  fu rn is h  pos it ive  c a r 
r ie r s  fo r  the e x t r in s ic  c o n d u c t iv i ty ,  but at a som ewhat d i f fe re n t  a c t iva t io n  
energy.

The a c t iv a t io n  energy re q u i re d  to f re e  a p o s i t iv e  c a r r i e r  f ro m  an excess 
oxygen a tom  appears  to  be; ( l )  about 0. 3 ev i f  the oxygen is  random ly  d i s t r i b 
uted, (2) about 0. 6 ev when the oxygen is  in  the U^Oq type a r ra n g e m e n t ,  and 
(3) a p p ro x im a te ly  0.4  ev i f  the te tra g o n a l s t ru c tu re  is  p resen t.  In Sam 
ple 2c - l A  (b a l l  m i l le d ) ,  on ly the 0 . 3-e v  conduction c h a ra c te r is t ic s  are ob 
served.

The in c re a s e  of the th e r m o e le c t r ic  power w i th  te m p e ra tu re  poses a d i f 
f ic u l t  p ro b le m .  On the basis o f the accepted m ode l,  a te m p e ra tu re -d e p e n d e n t  
popu la tion  o f  c u r re n t  c a r r ie r s  ( i .  e. , e le c t r ic a l  c o n d u c t iv i ty )  m ust n e c e s s a r i ly  

• lead to a th e r m o e le c t r ic  power w h ich  decreases w i th  in c re a s in g  te m p e ra tu re .

..cq y r fflSNiiAx, .............
. * » . • • * .  . . . . . .  • • •  . » •  < . . .  * . . . .
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Battelle* s r e s u l t s  a r e  no t  in a g re e m e n t  with such  a  model.  S o m e w h a t  s im i l a r  
r e s u l t s  have been r e p o r t e d  for CU2O and SnS, but have not been  s a t i s f a c to r i l y  
expla ined .

'

F u r t h e r  s tud ies  of the  e l e c t r i c a l  conduct iv i ty  and t h e r m o e l e c t r i c  power 
a r e  planned.

The C o r r o s i o n  R es i s tan ce  of Se lec ted  S ta in less  Alloys 

W. J .  B ra u n ,  F .  W. F in k ,  and R, S. Peop les

Some of the u r a n i u m - b e a r i n g  m a t e r i a l s  now being d ige s ted  in  n i t r i c  acid 
at  M a l l inck rod t  a r e  of r e l a t i v e ly  high f lu o r id e  content .  The f lu o r id e - io n  con
c e n t r a t i o n  of these  l iq u o r s  app roaches  3 g p e r  l i t e r ,  which is su ff ic ien t ly  high 
to r e s u l t  in e x ce s s iv e  c o r r o s i o n  of the Type 347 s ta in le s s  s t e e l  d i g e s t e r s .  
A lum inum  additions a r e  being made to t h e s e  so lu t ions  to help  c o n t ro l  th is  c o r 
r o s i o n  by complexing the f luor ide  ion. The a lum inum  addition  a l so  tends  to 
i n c r e a s e  the so lubil i ty  of the  u ra n iu m -c o n ta in in g  m a t e r i a l s .  The f luo r ide - ion  
c a r r y - o v e r  in the e t h e r  e x t r a c t io n  phase  of the  refining is m a r k e d l y  reduced ,  
M a l l in ck ro d t  has r e q u e s t e d  addit ional in fo r m a t io n  concern ing  the  amount of 
a lu m in u m  n e c e s s a r y  to c on t ro l  the c o r r o s i v e n e s s  of these  so lu t ions  to 
Type  347 s ta in le s s  s t e e l ,  p a r t i c u l a r ly  at w e ld s .

In l abo ra to ry  e x p e r i m e n t s ,  Type 347 s t a i n l e s s  s tee l  s a m p l e s  w ere  ex
p osed  to boiling 45 p e r  cent n i t r ic  acid con ta in ing  3 g per  l i t e r  f lu o r id e  (see 
BMI-927) .  The addit ion of 3 g of a lum inum  p e r  g of f luor ide ion  provided  
a d eq u a te  c o r r o s io n  p ro tec t io n  for the unwelded  sam p le s .

Calcula tions  w e r e  made of the c o r r o s i o n  r a t e s  of Type 347 s ta in le s s  
W t l d l  exposed to the above solution.  Weld m e t a l  was found to c o r r o d e  at 
r a t e s  vp to five t im e s  those  observed  fo r  s h e e t  s tock.  Based  on e x p e r im en ta l  
r e s u l t s ,  an addit ion of 5 g of a lum inum  p e r  g of f luor ide r e s u l t e d  in adequate 
p ro te c t io n  for the weld m eta l .

It had been s u g g e s te d  that  b e ry l l iu m  m ig h t  im prove  the c o r r o s i o n  r e 
s i s t a n c e  of copper to H F .  Sam ples  of b e r y l l i u m  copper  and c o p p e r  w e re  e x 
p o sed  in boil ing 38 and 48 per  cent HF so lu t io n s .  L a b o ra to ry  r e s u l t s  indi
c a t e d  that  bery l l ium  did  not 'm p ro v e  the c o r r o s i o n  r e s i s t a n c e  of copper  to 
t h e s e  solutions .

Tens i le  s a m p l e s  of ten  s t a in le s s  a l loys  a r e  being eva lua ted  in an a t m o s 
p h e r e  of c racked  a m m o n i a  with sulfur p r e s e n t .  In this new ru n ,  the exposure  
t e m p e r a t u r e  has been  i n c r e a s e d  f rom  1500 F to 1700 F .  These  addit ional 
t e s t s  a r e  being u n d e r t a k en  as a r e su l t  of r e c e n t  in form at ion  f r o m  M al l inckrod t  
ind ica t ing  that h igher  loca l  t e m p e r a t u r e s  m a y  occu r  in the r e a c t io n  v e s s e l  
than  w e re  o r ig inally  an t ic ipa ted .

. . C Q N J J Q E fc ll^ . . .
, t • • • . • • .
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E .  PROCESSING O F  F E E D  MATERIALS 

D. L. K e l l e r

The im p r o v e m e n t  of u ra n iu m  fe e d  m a t e r i a l  and u r a n i u m  f e e d - m a t e r i a l  
p ro c e s s in g  m e th o d s  a r e  the o b je c t iv e s  of c u r r e n t  r e s e a r c h  s tu d ie s  for the 
National  Lead  C om pany  of Ohio (NLO).

It has  been d e m o n s t r a t e d  tha t ,  d u r in g  the fa b r i c a t io n  of  u ran ium ,  
hydrogen is  p icked  up by the m e t a l  while  the m e ta l  is  s u b m e r g e d  in hea t -  
t r e a t in g  s a l t  b a th s .  The o b jec t ives  o f  one program! a r e  to  d i s c lo se  the 
m e ch a n i s m  of hyd rogen  pickup a s  w e l l  a s  to develop s a l t - b a t h  condi tions  
which will low er  t h i s  tendency.

C o m m e r c i a l  c e r a m i c  r e f r a c t o r i e s  a r e  being e v a lu a t e d  fo r  th e i r  r e 
s is tance  to m o l t e n  fluor ide compounds  a s  one *tep in d e m o n s t r a t i n g  the 
feasib il i ty  of con t inuous ly  reduc ing  u r a n iu m  fluoride to m a s s i v e  u ran ium 
m eta l .  Seven d i f f e r e n t  r e f r a c t o r i e s  have  been heated  in a i r  in contac t  with 
sodium, a lu m in u m ,  m agnes ium ,  and ca lc iu m  f luo r ides  a t  t e m p e r a t u r e s  
be tween 1000 and 1500 C.

In hopes  o f  developing  a m o r e  eco n o m ica l  method for re c o v e r in g  
meta l l ic  u ra n iu m  f r o m  ingot c ro p p in g s ,  the scavenging of c a r b o n  by z i r 
conium is be ing  inves t iga ted .  U ra n iu m  m e l t s  with c o n t r o l l e d  addit ions  of 
z i rcon ium  and c a r b o n  have been p r e p a r e d  and a r e  p r e s e n t l y  being analyzed.

Studies c o n c e r n e d  with the p e r f o r m a n c e  of plant so lven t  in the r e f in e r y  
have cont inued.  R ecen t  r e s u l t s  ind ica te  that  a c o n s id e ra b le  d e c r e a se  in 
DBP content  o c c u r r e d  in the p l a n t - s o lv e n t  s am p le s  suppl ied  by NLO r e p 
re sen t ing  a p e r io d  of seve ra l  m o n th s  ope ra t ion .

Sa l t s  for Use in U r a n i u m - H e a t - T r e a t i n g  Salt  Baths  

K. A. Sense,  M. J .  Snyder ,  and R. B. F i l b e r t ,  J r .

The g e n e r a l  object ive of th i s  p r o g r a m  is to dev e lo p  s a l t - b a t h  condi t ions  
which will low er  the hydrogen p ickup by u ran ium  dur ing  h e a t  t rea t ing .

In BMI-1043 it was r e p o r t e d  tha t  c a rb o n a te s ,  c h lo r id e s ,  sulfa tes ,  
phosphates ,  and s i l i c a t e s  had been  c o n s id e re d  as  p o s s ib le  components  of a 
suitable sa lt  ba th .  Of these ,  su l fa te s  and phosphates  w e r e  re j e c te d  on the 
b a s i s  of th e i r  a ffini ty  lo r  w a te r .  F u r t h e r  study ind ica ted  tha t  s i l ica te s  do 
nui appear  su i tab le  because  of th e i r  high v iscos ity .  T h i s  le av e s  ca rb o n a te s ,  
ch lo r ides ,  o r  a m ix tu re  of the  two to be invest igated.
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A test program  is  being worked oat which should provide a m easure 
of the hydrogeq pickup by uranium  as a function of the water and hydroxyl- 
ion concentrations in the salt bath. A ttem pts will be made to co rre la te  the 
w ater and hydroxyl-ion concentrations with the age of the salt bath and 
m oistu re  in the a tm osphere over the salt bath. These variab les will be 
determ ined for various kinds of salt baths, nam ely, all carbonate, all 
ch lo ride , and carbonate-ch lo ride  m ix tures.

It is hoped that the tes t program  will d isclose the m echanism  of 
hydrogen pickup by uran ium . There seem s to  be some doubt a s  to whether 
w ater is physically d isso lved  in the salt bath and reac ts  with uranium  
d irec tly , or whether the water reacts  chem ically  with the salt bath to form 
hydroxides which in tu rn  reac t with uranium  to form  hydrogen. Possibly, 
both reactions occur.

The salt m ix tu res (w/o) considered fo r the tes t program  a re  50-50 
NaCl-KCl, 50-50 Na2CC>3-KCl, and 46-54 L i2C 0 3-K2CO3.

It is c lear that a ll of the salt sy stem s studied may not be suitable for 
heat-trea ting  baths, but a study of the ir perform ance should lead to inform a
tion on the m echanism  of hydrogen pick-up by uranium . Once that is  under
stood, suitable rem ed ia l m easures might be taken.

R efracto ries for Continuous Reduction of Uranium 

C. Hyde, J. F. Quirk, and A. G. Allison

In th is portion of the NLO program , a study is being m ade of the 
suitability  of com m erc ial ceram ic re f ra c to r ie s  for lining v esse ls  used in 
the continuous reduction of uranium fluoride. Initially, slag res is tan ce  of 
the re frac to ries  is being assessed  by a penetration  test in which molten 
fluorides are heated in sm all containers made from  the re frac to ry  speci
m ens. After a p redeterm ined  heating tim e, the extent of fluoride penetration 
is observed by sectioning the container specim ens.

Slag con ta iners, made by drilling 3/4 -in .-d ia m e te r  ho les , 2-1/2  ip. 
deep, in 2-1 /2  by 2 -1 /2  by 4 -1 /2-in . re fra c to ry  blocks, were p repared  
la s t month from the com m ercial c e ram ics  tabulated on the following page.

• « t t t  « « •  * • *
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Brand Supplier
Mono fr ix  H 
Mullfrax 
Alfrax K 
Magnorltc 
Stabilized ZirconU 
104
Magnoapall

Carborundum Company 
Carborundum Company 
Carborundum Company 
Norton Company
Norton Company
Corhart Refractories Company
Electro Refractories and 

Abrasives Corporation

T his month, each of the re frac to ry  specim ens was heated in a ir  fo r  
5 hr in contact with molten fluoride compounds a t the following tem p era tu res: 
NaF at 1000 C, A lF j at 1150 C, MgF2 at 1450 C, and CaF2 at 1500 C.

The c ro s s  sectioned specim ens will be exam ined and those re fra c to r ie s  
that appear m ost res istan t to slag  attack will be s im ila rly  tested at 1650 C.

The ability of zirconium  to scavenge carbon from  uranium m elts  is  
being investigated as a possible m eans for recovering  m etallic uranium  from  
ingot croppings.

Severa l heats were m ade with varying am ounts of zirconium added.
The zirconium  addition, in the fo rm  of a uranium -20 w/o zirconium m a s te r  
alloy, was charged with the h igh-carbon (1200 ppm) uranium  in an MgO- 
washed graphite crucible. All of the heatB were held at 2550 for 30 m in 
before pouring. The heats w ere bottom poured into 1 -1 /2 -in .-d ia m e te r  
MgO-washed graphite m olds. Sections from the top and bottom of the r e 
sulting ingots a re  being exam ined m etallographically , and analyses for 
carbon and zirconium are  in p ro g ress .

Phosphorus and uranium  analyses have been completed on three 
sam ples of plant solvents supplied by NLO. On the b asis  of the phosphorus 
analyses of aqueous sodium carbonate ex trac ts , the dibutyl phosphate co n 
tents of these  solutions were 170, 40, and 2 .4  m g p e r lite r . These data 
indicate that a considerable d ecrease  in DBP content had been effected 
during the several-m onth period covered by the sam ples.

M etal-R ecovery Studies

H. A. Sailer, J . R. Keeler, and L. J . Cuddy

Degradation P roducts of Tributyl Phosphate 

A. E. B earse, R. A. Ewing, and S. J . Kiehl, Jr.
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In uranium -containing so lven ts, DBP would be expected to combine 
with the uranium  to form U 02 (DBP)2 , with a m olar ra t io  of 2:1, In a ll 
plant solutions, uranium  in excess of th is ratio  iB found, indicating that 
much of th is uranium  is  tied up by diluent degradation products. The 
amount of th is  "excess  uranium " appears to roughly c o rre la te  with the 
emulsion tendencies of the solvent. However, there appearo  to be no c o r 
relation  with DBP content.

,  *  1

The so lub ility  of UO>(DBP) 2  in 22-1/2  per cent TB P has been d e 
term ined to be approxim ately 17 to  18 g per lite r. With fre sh  solvent, some 
reduction to uranous dibutyl phosphate apparently occu rs upon prolonged 
standing, based on the analysis of the green precip itate  form ed. The ind i
cated solubility of U(DBP)4 in 22 -1 /2  per cent TBP is  considerably below 
that of U 02(DBP)2.
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F. G E N E R A L  F U E L - E L E M E N T  DEVELOPM ENT

H. A. S a i l e r

The p r o g r a m s  on g e n e r a l  f u e l - e l e m e n t  developm ent  s p o n s o r e d  by the 
R e a c t o r  Division of the  A tom ic  Energy  C o m m i s s i o n  and s tu d ie s  fo r  WAPD- 
PW R fa ll  into t h r e e  m a i n  c l a s s e s :  c e r a m i c s ,  m e ta l lu rg y ,  and c o r r o s i o n .  
Supplem ent ing  the c o r r o s i o n  r e s e a r c h  and r e p o r t e d  for the f i r s t  t i m e  in 
th i s  sec t ion  is the O R N L - s u p p o r te d  study of the  ignition l im i t s  in the 
h y d r o g e n - o x y g e n -w a te r  s y s t e m  at e lev a te d  t e m p e r a t u r e s .  P r o g r e s s  has 
b een  m ade  on a ll  p h a s e s .

In the c e r a m i c s  p r o g r a m s ,  the s tudy of  m e thods  for ob ta in in g  m a x i 
m u m  s t ren g th  in BeO is  cont inuing. While MoSi^ and g raph i te  hav e  adequate 
s t r e n g t h ,  u ran ium  lo s s  a t  high t e m p e r a t u r e s  o f fe rs  a p ro b le m .  T h i s  is 
be ing  invest igated .  R e s u l t s  of e x p e r im e n t s  on two m a t e r i a l s ,  SiC and 
ru b y  g l a s s ,  tend to c o n f i r m  the validity of a th e o re t i c a l  r e l a t i o n s h ip  between 
t h e r m a l  f r a c tu re  and sh ap e  factor.  R e s u l t s  f r o m  a th i rd  m a t e r i a l  a r e  
n e e d e d  to make a b so lu te  conf i rm at ion  of the  val id ity  of th is  equa t ion .
S tu d ie s  on BeO to c h a r a c t e r i z e  s in ie r ab i l i ty  a r e  continuing.

Tes t ing  of a n u m b e r  of u ran ium  a l loys  contain ing 3. 5 to 15 w /o  
m o ly b d en u m  o r  3 to 20 w /o  z i rcon ium  has  continued.  T hese  s tu d i e s  a re  
d e s i g n e d  to obtain a l loys  su itab le  for h i g h - t e m p e r a t u r e  a p p l i c a t io n s .  The 
e v a lu a t io n  of l o w -m e l t in g  a lloys  is st i l l  u n d e r  way with no s ig n i f ic a n t  r e - -  
s u i t s  available  at th is  t i m e .  P r e p a r a t io n  of f u e l - e l e m en t  c o r e  m i x t u r e s  of 
UC, U^Ti ,  and UN m  z i r c o n iu m  or  s t a i n l e s s  s teel  has  cont inued . Some 
d e l a y s  were  e n co u n te re d  because  of ox ida t ion  of the Z i rca lo y  p o w d e r  during 
C rush ing .

C o r ro s io n  t e s t s  on intentionally  d e fe c te d  c lad s am p les  of  p in - type  and 
f l a t - p l a t e  fuel e l e m e n t s  re v e a le d  much h i g h e r  c o r r o s io n  r a t e s  on the pin- 
type s a m p le s .  T h i s  m a y  indica te  a  lack  of bond in these  s a m p l e s /  The 
ex am in a t io n  of the p r o d u c t s  fo rm ed  on u r a n i u m  exposed  to hot w a te t  were 
con t inued .  Result s  to d a t e  show that X - r a y  d i f f rac t ion  a n a ly s i s  a lone  will 
no t  expla in  obvious d i f f e r e n c e s  in the type of p roduc t  obta ined.  M eta l lo -  
g r a p h ic  studies  on b o th  p u r e  u ra n iu m  and u r a n i u m  al loys a r e  s t i l l  in p ro g 
r e s s .
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CERAMICS

R e f r a c t o r y  Fue l  E le m e n t s

L. D. Loch, C, Hyde ,  J ,  R. Gambino ,  H. D. Shee ts ,
C. C l i n e ,  and J. F.  Q u i r k

As  an approach  to a t t a in in g  h igher t e m p e r a t u r e s  in power r e a c t o r s ,  
the r e f r a c t o r y  m a t e r i a l s  BeO, MoSi^,  and g r a p h i t e  a r e  being deve loped  as 
f u e l - e l e m e n t  m a t r i c e s .

A s tudy  of the o p t im u m  ca lc in in g  and s i n t e r i n g  conditions for p r o d u c 
ing d e n s e ,  s t ro n g  BeO c e r a m i c s  is  near ing  com p le t io n .  M e a s u r e m e n t s  
of u r a n iu m  lo s s e s  f rom  M oSi^-UO^ com pac ts  in h e a te d  a i r  were  begun. 
Methods of con t ro l l ing  u r a n i u m  lo s se s  f rom  g r a p h i t e  e lem ents  a r e  u n d e r  
study.

BeO

P r e v i o u s  work with c e r a m i c s  made f rom  r e a d i l y  s in te rab le  BeO ' 
powders  showed  that  s t r e n g t h  and p o ros i ty  w e re  c r i t i c a l l y  affected  by the  
t ime and t e m p e r a t u r e  u sed  f o r  pow der  ca lc ina t ion ,  a s  well as for c o m p a c t  
s in te r ing .  A s e r i e s  of e x p e r i m e n t s  is under  way to  d e te rm ine  the h e a t  
t r e a t m e n t s  tha t  should be u s e d  to  obtain op t im um  p r o p e r t i e s .

H ig h -p u r i ty  Be(OH)2 s u p p l ie d  by the B ru s h  B e r y l l i u m  Company w a s  *f
ca lc ined  in a i r  at t e m p e r a t u r e s  f ro m  1470 to 2190 F fo r  1 to 4 hr.  C o m 
pac ts  w e r e  m ade  f rom the r e s u l t i n g  BeO p ow ders  by p re s s in g  in a r ig id  
s tee l  d ie  a t  20 ,000  ps i  us ing  3 w / o  of c am phor  a s  a t e m p o ra ry  b inde r .  The 
c o m p ac t s  w e re  s in te red  fo r  1 h r  in flowing h y d ro g e n  at 2400 o r  2600 F.
The r e s u l t s  of these  t e s t s  a r e  shown in Table  F - l .

T he  d a ta  indicate tha t ,  wi th in  the range of the e x p e r im en t ,  the s i n t e r a -  
bil i ty of the  BeO powder was  m o r e  markedly  dependen t  on t e m p e r a t u r e  than 
on t im e  of ca lc ina t ion .  The p o w d e r  p r e p a r e d  by ca lc ina t ion  at 1830 F  for 
1, 2 ,  o r  4 h r  a p p ea re d  to be the  m o s t  readily  s i n t e r a b l e .  However,  the 
v a r i a t io n  in dens i ty  was so s l ig h t  that  the s in t e r in g  t r i a l s  will be r e p e a t e d  
a t  low er  t e m p e r a t u r e s  in an a t t e m p t  to d e t e r m in e  m o r e  p rec i se ly  which  of 
the c a l c i n i ’tg conditions p r o d u c e  the  m os t  r e a d i ly  s in t e r a b l e  powder.  F r o m  
th is ,  a  c a lc in a t io n  t r e a t m e n t  wil l  be se lec ted  for u s e  in a study of the  e f fec t  
of s in t e r in g  t im e  and t e m p e r a t u r e  on s t reng th .
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TABLE F - l .  EFFECT OF CALCINING CONDITIONS ON SINTERED DENSITY OF BeO COMPACTS

Calcining Condition! 
Temperature, F T im e, hr

Bulk Density After Sintering 1 Hr at 
Indicated Temperature. F

2400 2600

G per Cm3
Per Cent of 

Theoretical^*) G per Cm3
Per Cent of 

Theoretical^*)

1470 1 3.00 99.0 2.89 95.6
2 2.98 98.5 2.95 97,5
4 2.96 97.8 2.98 98.5

1650 1 2.99 98.7 2.98 98.5
2 3.00 99.0 2.99 98,7
4 2.97 98.1 3.00 99.0

n

1830 1 3.00 99.0 3.01 99,4
2 3.00 99.0 3.01 99.4
4 3.00 99.0 3.01 99.4

2010 1 2.87 94.8 2.98 98.5
2 2.88 95.2 2; 98 98.5
4 2.85 94.2 2.98 98.5

2190 1 2.64 79.1 2.85 91.2
2 2.46 81.3 2. 78 92.0
4 2.59 85.8 2.91 96.1

(a) Theoretical density o f BeO taken at 3,025 g per cm 3.

. . . . . . .  .cpnr i p ^ i ^ ...| . .. • • . . .  . . *>««. <!  . • * • * ... • . • • i. . .  . . .  • i * . . «  . .  « • .. ... • ... . * .. i. . • • ... i.
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MoSi*

Compacts of MoSij-UO^ have been developed which re ta in  their 
strength  and develop protective g la re s  during a 100-hr exposure to a ir  at 
2500 F. However, co rrosion  of the MoSt^ at lower tem p era tu re  during 
heat-up re su lts  in oxidation of so*ne UO^ to U)Og. The extent of the 
uranium  losses which can be expected from  disproportionation of the UjOg 
a re  the subject of cu rren t resea rch .

Several fac to rs  contribute to  weight changes of MoS i^-UO j  compacts 
in a ir  at high tem p era tu re s . T h ere fo re , in addition to  m easuring  gross 
weight changes, c u rre n t experim ents provide for co llect mg and m easuring 
the uranium lost by the specim ens. An apparatus and analy tical procedure 
for doing this was tes ted  by beating a L*jOg pellet in dry  a i r  at 2500 F.
The pellet lost 0 OS per cent of its  o rig inal weight in l /2  h r. Most of this 
weight loss was a ttribu tab le  to oxygen, but sm all am ounts of uranium were 
recovered from  the furnace tube and the exit-gas trap .

The experim en tal technique was found to be ss tis fa c to ry  for m easu r
ing uranium lo sse s . S im ilar experim en ts with MoSi^-50 w /o UO$ com 
pacts were begun and will be continued.

The investigation of g raph ite -m atrix  fuel elem ents is  concerned 
curren tly  with the placem ent of a shaped m ass of uranium  fuel compound 
within a graphite sheath. This type of placem ent should d ecrease  uranium 
and fission product lo sses at high operating tem p era tu res .

In previous re sea rch , a  sa tis fac to ry  method was developed for in se r t
ing uranium  w ire into a graphite sheath  and converting it to UC in place.
In experim ents th is  month, p re s in te red  UO^ rods were placed in a graphite 
sheath. The rods were 0 .0 )0  in. in d iam ete r and had a bulk density of 
7. 5 g per cm*.

M easurem ent of uranium  lo sse s  through graphite in contact with the 
UOg at 5000 F  indicated that the use of UOj in place of UCg might result 
in a 50-fold d ecrease  in fuel loss. Conversion of the UO^ to UC appeared 
to be only superfic ia l in 40 hr at th is  tem pera tu re .

On the basis  of these experim en ts, it appears that UO^ may be m ore 
satisfactory  than UC o r UCj for use in a graphite m atrix . More p rec ise  
m easurem ents of uranium  losses w ill be made in future work. Losses 
from cylindrical prototype elem ents loaded with each of the three fuel 
compounds will be determ ined in tn  in e rt-g a s  s tream . The apparatus and 
method will be s im ila r  to those being used  for MoSi^-UO^ elem ents.

Graphite
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T herm al F rac tu re  of C eram ic S truc tu res 

A. K. Sm alley and W. K. Duckworth

R esearch  it  being d irec te d  toward c larify ing  the problem s a ris in g  
from  th erm al s tre s se s  induced by nonuniform heating of ceram ic s tru c tu re s . 
This program  was undertaken with a view to evaluating the th e rm a l-frac tu re  
p ro p e rtie s  of ceram ic m a te r ia ls  and shapes fo r  potential use as rea c to r  
com ponents.

In the past month, experim ents were com pleted to ch tek  the re p ro 
ducibility  of fabrication and testing techniques us*d for obtaining recent 
shape-fac to r data on S iC -base  specim ens. In th is  work, a rep est a e rie s  
of S iC -base  specim ens was p repared  and tested  for resistance  to therm al 
frac tu re . Each se rie s  consisted  of about ten specim ens of 2 -in .- lo n g  tubes 
having c irc u la r  inner boundaries snd c irc u la r , square , or trian g u la r outer 
boundaries. The resu lts  of these experim ents indicated that there  was a 
fa ir degree of reproducibility  between the two s e r ie s  and that no sta tis tica lly  
significant difference ex isted  between the average QmhX (power p e r  unit 
length at fracture) of the two groups of c irc u la r  shapes or between the 
sverage  Qmax two groups of triang les. A significant d ifference was
observed  between the Qmax values for toe two groups of square specim ens, 
snd determ inations of the average specim en d en sitie s  also showed a con
siderab le  difference in these  values. The cause of this is unknown.

A com parison is m ade in the tabulation below of the values of Qmax 
snd re la tiv e  shape-facto rs fo r the S iC -base specim ens along with e a r l ie r  
data on sin tered  ruby specim ens. The data shown for the SiC specim ens 
were ihose considered m ost valid from  the standpoint of average specim en 
density and average tem p era tu re  at failure.

___________ StC  Spcclmt;* . . | L| R r l f g ^  ^  m
A verage Power pet 

U nit Length m  

Fracture, Q ^ ,
S tU tiv e

t r a p .

A verage Power pec 

U nit Length at 
Fractara, Q ^ , ,

B eU uve
Strap.

C o n R su m io n w rxr cm w  per cro Fsctpt

Q rcttU t 1.00 » . t  * « . « ¥ • ) LOO

b a l e W . » * M l s s .t.o .W * ) 0 .1 9

T r ta a g s ta i M . # »  > .* * > 0  ,n 0 .1 5

(s) to  pet cent confidence 1 train.
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i These com parisons indicate the validity of the concept of separab le  
shape and m ate ria l fac to rs fo r the three shapes and the two m ateria ls  under 
study. Data on a th ird  m a te ria l a re  believed to be necessary  for reasonably  
firm  g en era l conclusions.

In future work, investigations of UOj c e ra m ic s , as a th ird  m a te r ia l, 
will be undertaken. Cur rent e ffo rt c o u s in s  of design  and fabrication of 
form ing equipm ent and developm ent of form ing techniques.

Charge ic.Mz.auon of S in t t r a b l c  Oxide Powder  &

J. F. Q uirk , C. Hyde, and G. B. Engle

This re sea rch  is d irec te d  toward the quantitative determ ination of 
factors affecting the sin te rab ility  of the re frac to ry  oxides of in te res t for 
nuclear rea c to r  applications. In previous work, com pacts of near th eo re ti
cal density  were made of BeO o r hdgO without re so rtin g  to compacting 
p re s su re s  o r  sin tering tem p era tu re s  higher than 20,000 psi or 1000 F, 
respec tive ly . These re su lts , obtained only on specially  prepared oxide 
pow ders, indicated that both the preparation and calcination of the paren t 
compound w ere significant fac to rs  controlling oxide sin terab ility .

E xperim ents a re  being conducted to determ ine  the significance of the 
contro llab le  factors involved in parent-com pound preparation. In itial studies 
a re  concerned  with Be(OH)£ precip ita ted  from BeSOt solution, with specia l 
attention to the effect of p rec ip itan t compound, reac tan t concentration, and 
p rec ip ita te  aging on the pu rity  and sin terability  of BeO made there from .

This month, p rep a ra tio n s , by different m ethods, of 11 Be(OH)j 
sam ples w as completed. The hydroxides w ere decom posed by calcining in 
a ir  at 1830 F  for 2 h r , the re s id u a l BeO pow ders w ere compacted hydro
s ta tica lly  nt 100,000 p si, and the compacts w ere sin tered  in hydrogen for 
1 hr a t 2400 F . The m ethods used for p reparing  the hydroxides and observa
tions on the d ried  p rec ip ita te  powders are  given in Table F-2.

It was noted that the m ethod of p reparation  had considerable effect on 
the bulk density  of the p rec ip ita ted  Be(OH)£ pow der. In general, boiling, 
o r d igesting the precip ita te  s lu rry  near the boiling tem pera tu re , increased  
the density  of the p rec ip ita te . The Be(OH)^ p rec ip ita ted  with gaseous NHj 
was som ew hat denser than tha t precip itated  with NaOH.

Som e cf the dried  p rec ip ita te s  were exam ined spectrographically  to 
determ ine the Im purities. The re su lts  are given in Table F-3. The 
analyses showed that the Be(OH)£ precipitated with NH3 was quite p u re ,
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TABLE P - t .  PKEPAKATOM AMD FftOfUtTItl Of BBVUIUM HYDOOX10W
$

M O H )j P itc tp tu n t «M  
C aacetttatftoa, w /o

C a a c ta o u k *  o1 
•eSQ^AHgO, w /o

T tournee* Pn«t
w  F U tm nf

M b !  Bell Ueoitiy. 
t  aer c<a*

UMtt T ipped

* •> NaOM*tft 04 ■Mktf Z he • . n 0 .04

1 H*OM-W 44 Mo m 4.10 6 .4 4

4 HaOW-l « Mo m 4 .4 0 4.04

A K aO X -tt 40 Dlgeewd t t  tv a* 44 C 4 .40 0 .0 4

• HaOW-l t Oi«utMl i t  I* a t  IB  C 4*40 . 0 ,4 0

1 K ti ,- G u 40 = * - 4 .10 0.01

• M H j-G ti t Mow 4.44 0 .0 4

• N H j-G ai 40 Dvgctted U l r t t U C 4.44 0 .0 4

IB NHj -Go i 1 OtfHMO U  M a t  41 C 4 .40 0 .0 0

u<*> HtOH-1* 40 Mo m 4 .14 0 .14

« * * N H j-G at 40 ; Mo m ; 4.40 0 .01

U ) Pwclptutel MOM), W*| «aofe«4 la ta  h c m i ol NiOH *a4 npKcipUaie* by botitef. 
(b) Fin* pfcciptttit ol M O H ), v u  diuolved la H,S04 Ut4 repredpiuted twice.
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tn 4 ,  f t c t p l  fo r sodium content, « l i< h  ores ve ry  high, Out p rec ip ita ted  with 
NoOK woe o f equal p u r ity . No s ign ificant increase to p u rity  w o t ottoioed 
by repo tted  solution ta d  precip ita tion.

TAJLi F-J. w m  Of SoO^Os r t* t# tT A T t* *>

.J S L
r*. g a p u f l l  1*0

d  m 1” “1 ai " • a Cb m h  *  m . 1% Is C* Tewl

4 HlQM \ l  ; Hies IM 1 <*» a >ISM

v NHa l too l i t i M B *0 m  I I  10 1 m  is M l ;;

11 V moH J s >100# too <30 10 MSM

IS |  s | u« u i so t t SI 100 10 <1 4 as u SSI

(A) HySrodiM m t t  peetpitswf fast s 40 w/o k Iuumi t f  M D 4*4Hg0a

Compacts of BeO mode from  tKe U  specia lly  prepared sam ples of 
Be(OH)g are being s in te red  io hydrogen at 2400, 2600, and 2400 F , Incom
ple te  results of the slate rin g  tr ia ls  ind ica te that none of the spec ia lly  p re 
pared m a te ria ls  are as read ily  sinterable as BeO made fro m  B rush  high- 
p u r ity  Be(OH)g. The compacts sintered at 2400 F had bulk densities tower 
than 70 per cent of the o re tica l.

Construction o f gaa-handling equipment fo r  de term ination  o f surface 
areas and hs lium -d isp lacem ent density o f BeO powders was com pleted.
One adsorption m easurem ent, made by the BBT method on a a ample of 
ac tive  BeO, indicated a surface area fo r  th is  powder of 7 ro* p e r g. This 
is  equivalent, fo r s o lid  spheres, to an average pa rtic le  d iam ete r of about 
0. 5p.

Sintering t r ia ls ,  chem ical analyses, and adsorption enperixnenta w ill 
be continued in  the e f fo r t  to  re late s in tc ra h ility  to surface areas and cbemi* 
c a l p u r ity  o f labo ra to ry -p repared  BeO powders*

M od ified  UOg Fue l-C lem ent Cores 

P. T . W oodberry, O. J. Bow ers, and M. J. Snyder

m  \

This w ork in  support of the WAPO-PWR program  is a study of therm al 
c ra ck in g  and watar logging in UO j core contain ing additives. Cores contain
ing SO volume per cent o r more of UO£ in  com bination w ith  va rious  metals 
and ceram ic m a te ria ls  are being studied.
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Work wo* co«iiiuw4 m  i  r t l m n c t  m t t« n t l  Cor com f»rikM  with 
WAPO p tU tU  «ad the « s p » n m t« u i  cor* n u i r m U .  B t f m t c t  m u t r u t i  

loot month * m  mode o l UO* only* This m onth, the tM itiv tk  
(Sterotes sod  polyvinyl lU o b l )  used  by W API) w ort *44*4 in fabricating
the reference  m ateria l. C e n y s c ti  w ere mode Crocn as received itCW UO
powder containing the addm v ta ; the  comport* w ere hydrostatically  p ressed  
s t 100,000 p s i9 sod then *iat«re4 in s hydrogen a tm osphere  at 1400 F lo r

F or the  in itia l work on developing the modified foe I-elem ent c o re s , 
bodies were m ade containing UO^ in com hi nation with $, 10, or Id volume 
per cent s ilico n  or sirconia . The com pacts were fab ricated  in the sam e 
m anner a s  w ere the reference com pact* etc apt fo r the  sin tering tem pera* 
tore. The bulb denaitic* and ten s ile  strengths of s in te re d  specim ens, Along 
with those of the reference com pacts, are given m Table F * i

The addition of silicon caused  both a decrease  to density and a re 
duction in  ten s ile  strength com pared  with the refe ren ce  UOj compact. 
Although the addition of sU conia resu lted  in dense s in te re d  com pacts, 
additions above 3 volume per cen t lowered tensile streng th  m arkedly.

The effect of varying sin te ring  tim e sad tem p era tu re  on the physical 
c h a ra c te r is tic s  of compact* of these  compositions w ill he investigated 
further. The addition of o ther m a te r ia ls , ss  outlined previously, a lso  w ll  
be studied.

MET ALLURGY

U ra n iu m  Alloy* for H i g h - T e m p e r a t u r e  A pp l ica t ion  

H. A. S a i l e r ,  R. F. D i c k e r s o n ,  A. A. B a u e r ,  an d  W, £ .  M u r r

A study is  in p ro g ress  on se lectively  h e a t- tre a te d  binary uranium  
alloys containing 3, 5 to 15 w /o molybdenum and 3 to  40 w /o slrcoaium . 
The objective of the program  is to  develop reac to r fuels for operation 
above TOO C. Work is concerned with physical p ro p e rtie s  at slsvated  
tem p era tu res  and with behavior of alloys under s t r e s s  cycling.

H ot-hardness values of uranium -m olybdenum  alloys have been obtained 
on specim ens containing both re ta ined  and tran sfo rm ed  gamm a s tru c tu re s .
A general com parison  of the two groups reveals the transfo rm ed  1. 5 through 
9 w/o molybdenum alloys a re  h a rd e r  at room tem p era tu re s  than a rc  s im ila r  
alloys quenched from  800 C. In addition, transfo rm ed  uranium -14 and - i f  
w/o molybdenum alloys have g re a te r  hardnesses a t 600 C and above. The

f5 r r n T V ^ f |‘ fl:.x t.. v : i J i g  i L  V
jfc-a
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h a rd n esses  of the balance of the retained and transform ed gamm a*phase 
a lloys U  in rough agreem ent with one exception. T ransform ed 3. 5 w /o  
molybdenum has a  g re a te r  hardness from 600 to  7 SO C than the sam e 
com position water quenched from  800 C.

H ot-hardness data a re  a lso  available on uranium *} through -2 0  w /o 
s ircon ium  binary alloys. The data include re su lts  of four b e s t- tre a te d  
conditions of each com position. Specifically the heat trea tm en ts a re  w ater 
quench from 800 C, furnace cool from 800 C , and two conditions of con
tro lled  cooling or transfo rm ation . The la t te r  two groups of specim ens 
w ere selected  for ho t-hardness m easurem ents on the basis of m ic ro stru c tu re  
and g ra in  slxe.

F o r means of com paring hot-hardness of variously h e a t-tre a te d  
u ran ium -sircon ium  a lloys, a  standard i t  n e ce ssa ry . The standard  selected 
fo r th is  study i t  the h a rd n ess  of u ranium -si rconium  alloys furnace cooled 
a fte r  l h r a t 800 C (see B M l-1025). A genera! discussion of the rem aining 
h e a t- tre a te d  alloya follows.

(1) Alloys w ater quenched after l h r a t 800 C have g re a te r  
room -tem peratu re  hardnesses than the standard. Con
versely , they s r e  so fter at 600 C.

(2) Alloys heat tre a te d  by step o r con tro lled  cooling have 
lower ro o m -te rap era tu re  h a rd n esses  than the standard.
Step cooling u ran iu m -3 w/o sircon ium  produces an in
c rease  in h a rd n e ss  over the standard  in the range of 
700 to 800 C. However, the u ra n iu m -10 w/o sirconium  
furnace-cooled specim ens a re  h a rd e r  than step-cooled 
specim ens at 709 C and above.

(3) Alloys iso thcrraa lly  transform ed a t  550 C have o v e r-a ll 
hardnesses equivalent to those furnace cooled from  800 C.
At 680 C, both 3 and 5 w/o sircon ium  tso therm slly  t r a n s 
formed alloys a re  harder than the standard .

Dilation studies s r e  in p rog ress on a lloys of both u ran ium -sircon ium  
and uranium -m olybdenum  system s. In addition, specim ens s re  being p re 
p a re d  fo r stress-cy c lin g  stud ies. After an evaluation of h o t-h ard n ess , 
d ila tion , and s tre ss-c y c lin g  re su lts , specim ens of both system s w ill be 
considered  for irrad ia tio n  te s ts .

CONFIDENTIAL
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Prepara tion  and P roperties  of Low-MeltinR A llo y  

H. A. S a lie r i  R. F. Dickerson, and W. E. Murr

A program  for the evaluation of low-melting uranium alloys for use 
as  p ow er-reac to r  fuel e lem ents is in p ro g re s s .  The curren t phase of work 
is concerned with the construction and checking of equipment to be used 
for s t r e s s  cycling specim ens of selected alloys.

Last month, five alloys were listed on the basis of their  good therm al- 
cycling behavior. These alloys have since been induction melted and cast 
into w arm  graphite molds in the form of large  hollow cylinders. These 
cy linders  a rc  being m achined to tubes 3 in. long with a wall thickness of 
0. 32 in. and an inside d iam ete r  of 1. 5 in. These tubes will be used as 
specim ens in the s tre ss -c y c l in g  tests .

After evaluation of s tress-cycling  behavior, the better behaved alloys 
will be given complete physical-property  te s ts .

Com partm entalised Fuel Elements 

H. A. S a ile r ,  D. L. Keller, and G. W. Cunningham

A development p rog ram  for the im provement of cerm et-type  fuel 
e lem ents  is currently  in progress* In an effort to obtain composite fuel- 
element cores with high-uranium  loadings and possessing desirab le  physical 
p ropert ies ,  present em phasis is being placed on the following m ate r ia l  
combinations: UC and UgTi fuel d ispersions in a  Zircaloy 2 m a tr ix  and 
UN d ispersions in a s ta in less  steel m atrix .

The UC and UgTl powders a re  being prepared  by a rc -m elting  tech
niques followed by crushing In an inert a tm osphere , while the UN and Z irca
loy 2 powders a re  produced by low -tem pera tu re , gas-m etal reactions with 
in term ediate  crushing operations if needed. Each of the production steps 
will be checked as possible  sources of m a te r ia l  contamination.

The a s -c s s t  UC has analysed 4. 5 w /o  carbon (less than 0 .05  w/o 
free  carbon), 0. 02 to 0. OS w/o oxygen, 0 .008 to 0.012 w/o hydrogen, and 
0. 00) to 0.00b w /o nitrogen. The gas analyses of the a s -ca s t  UgTi fall 
within these ranges, and the only phase reported  by X-ray diffraction is 
the delta  (UgTi) phase. These m ste r ia ls  a re  presently being reduced to 
powder.
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Starting  sheet m ateria l fo r the preparation of Z ircaloy 2 powder 
contained 0 .003 w /o nitrogen, 0 .023 w /o hydrogen, and 0. 11 w /o oxygen. 
After hydriding, there was no m easurab le  increase  in oxygen content. 
However, a fte r  crushing under an in e rt atm osphere and dehydriding, the 
oxygen content increased to approxim ately  0.71 w /o. M odifications a re  
being made in these two operations in an effort to obtain a higher grade 
powder*

P ic tu re -fram e-ty p e  packs of Z ircaloy 2 and s ta in le ss  steel have been 
prepared , so hot-ro lling  studies with co ld -p ressed  c o re  com pacts should 
be initiated next month.

CORROSION

The Reaction of F uel-E lem ent Cores With E levated- 
"*f#miH>rature Water

D. R. C r ie s e r  and E. M. Simons

A study is being made of the effect of the cladding bond c h a ra c te ris tic s  
and co re-a lloy  composition on the co rro sion  of fuel e lem ents containing 
pinhole cladding flaws. The reaction  of these e lem ents when suddenly 
subjected to 600 F water is observed  photographically by using a windowed 
autoclave. Also, the evolution of hydrogen from  the reaction  is m easured  

1 by recording the p ressu re  changes as the tes t p ro g re sse s .

T sble F -5  sum m arises teats of two coin-shaped and two pin-type 
bonded sp ec im en s, all containing uranium -3 w /o a ircon ium  alloy cores, 
Though a ll of the epecimens w ere supposed to have bonded cladding, the 
pin-type co re s  were completely oxidised in le s t  than an hour, which, aa 
the table ahowe, would be approxim ately  the expected tim e if they were 
unbonded. This might indicate tha t the bonds in th t pin-type elem ents 
were considerab ly  weaker than those in the coln-ehaped specim en!, even 
though all of the bonds appeared sound by radiographic exam ination.

The next te s ts  will be repeat rum  of unbonded and unclad pin speci
mens containing pure uranium  c o re s  to check the c o rro s io n  ra te s  found 
previously.

1
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TAIL! F-5. CORROSION Cf C U D  URANIUM'S w /o ilROONlUM ALLOY FUEL-ELEMENT CORES

Measured Time (or
Calculated^*) Time for Complete 

Oxidation of Core, hr
Specimen

Type
lo a d in g

Condition*
.Complete Oxidation 

of Core, hr
Unbonded
Specimen

Bonded
Specimen

Coat 7 .5  h i At 600 

jMl And 1700  1

( to /* ) 0 .1 3 6 .4

Coin MttO 5 .0 0 .1 3 1 .4

Pus *  h in t  2000 
f»i And 1500 P

0.17 0 .7 0 4 . 5

h a Ditto 0.17 IV 79 4 .6

(a) Based on R •  4400 m g/(cm 3 Xhr) *1 400 P.
(b) Ur 1 mated, since specimen was three-fourths consumed after •  7-hr exposure.

i t  * I X  FI • .  I
*»• «•
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C. M. Schwarts, D. A. Vaughan, and G. D. McDowell

Studies of the composition, structure, and mechanism of formation 
of hot-water corrosion products on uranium are In progress. Previous 
studies of the corrosion products on production-grade uranium m 60 C 
water have indicated (I) that the product adhering to the metal has the UOj 
structure but has a composition of UgOg and (2) that the loose yellow cor
rosion product has the structure of a hydrated UOg.

During the past month additional corrosion products were obtained and 
analysed for phase differences by X-ray diffraction, and for oxygen content 
by weight loss on ignition to UgOg. Although by visual comparison the 
corrosion proceeded differently in this run, the corrosion products gave 
the same structures by X-ray diffraction. Weight loss on ignition indicated 
the composition of the corrosion product adhering to the surface to be 
UOg' gg. Part of this extra oxygen, implied in the formula, may be in the 
form of adsorbed water. However, in carrying out this experiment, an 
attempl was made to remove the physically adsorbed water by washing with 
200-proof alcohol and drying by evaporation before igniting the sample at 
750 C. Thus it appears that X-ray diffraction analysis cannot be used alone 
in the identification of these corrosion products.

The observed differences in appearance of tht specimens, resulting 
from the two series of corrosion experiments, are unexplained. Pitting 
was observed after a 6-1/2-hr exposure in the first test but did not occur 
in ISO hr in the second test, at which time the surface corrosion product 
flaked off. On further exposure, the corroding surface appeared uniformly 
rough over the entire specimen. The average rate of corrosion in the 
first test was 0.271 mg/(cm*)(hr); in the sscond test, 0.162 mg/[cm^)(hr), 
The differences in the visual appearance of the corrosion process may be 
attributed to some unintentional variations in the surface preparation prior 
to corrosion. This possibility is being investigated.

Correlation of Microstructure With Corrosion 
Behavior of Uranium Alloys

W. K. Boyd, W. E. Berry, and R. S. Peoples

A study of the relationship between microstructure end corrosion be
havior of uranium alloys is being made in connection with the general fuel- 
element development program.
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M etallographic studies a re  being conducted on binary uranium  alloys 
exposed to 100 C water. Specim ens rep resen t unalloyed ursnium  and alloys 
containing up to 12 per cent of alum inum , iron, m olybdenum , nickel, 
niobium, silico n , tantalum , o r  mirconlum in both the alpha-annealed and 
gam m a-quenched conditions. S tudies to date have indicated some differences 
in grain  size  and the amount of nonm etalllc inclusions p resen t in the a lloys. 
C racking of the 12 w/o iron a lloys (both alpha and gam m a treatm ents) 
appears to  be associated  with co rro s io n  of the alpha pools in the delta(U ^Fe) 
m atrix . A build-up of co rro s io n  products in these a re a s  results in high 
s t r e s s e s ,  which ultim ately cause cracking of the hard  b rittle  delta m a trix .

Although some differences in struc tu re  have been observed for the 
other a lloys, no definite co rre la tio n  between m ic ro s tru c tu re s  and co rro s io n  
p roperties  has been estab lished . These studies a re  being continued and 
expanded.

Com positional V ariations in Uranium-M olybdenum Alloys 

W. E . B e rry , J . E. Reynolds, R. 1. Jaffee, and R. S. Peoples

The p rog ram  was orig inally  requested by WAPD in support of th e ir  
PWR p ro g ram , and was a study of the effects of com positional variations 
on the c o rro s io n  behavior in 690 F degassed w ater of uranium -m olybdenum  
alloys. R esults of the p rogram  as originally outlined have been reported  
in BMI-1045. C orrosion data a re  being obtained on a few additional m a
te ria ls  that w ere not available for reporting in BM1-1045 and are d iscussed  
below and sum m arized  in Table F -6 .

Silicon. Silicon additions in the range of 0 .05  to 0. 10 w/o were found 
to increase  co rro sio n  re s is tan ce  of u ran ium -10. 5 o r  -1 2 .0  w/o molybdenum 
alloys. However, additions of 0. 25 to 0 .5  w /o silicon  to the above b in aries  
resulted in d ecreased  corrosion  resistance . T hus, 0 .05  to 0. 10 w /o silicon  
additions appear to give optim um  corrosion  res is tan ce .

E lrconlum , Addition of 1 w /o  zirconium  to u ra n iu m -10. 5 o r  -1 2 .0  w /o  
molybdenum alloys resu lted  in in c reased  co rro sio n  res is tan ce . Additions 
of 2 .0  to  4 .0  w /o  zirconium  destroyed  corrosion  re s is tan c e  of the b in a rie s . 
An exception was the a s -c a s t  u ra n iu m -12.0 w /o m olybdenum -2.0 w /o 
zirconium  alloy , whose co rro s io n  life is in excess of 56 days with co rrp s io n  
res is tan ce  at least equal to that of the 12 w/o molybdenum binary.

C opper, Nickel, P la tinum , Tungsten. Additions 9 f these elem ents in 
the range 0 .0 5  to 0 .10  w/o re su lted  in improved co rro s io n  resistance  of 
the hom ogenized and the hom ogenised and aged 1 week 10.5 and 12.0 w /o  
molybdenum binary alloys. T h is sam e beneficial e ffect may also be tru e
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TABU F-4. TERNARY CAST URANIUM-MOLYBDENUM ALLOYS EXPOSED TO MOP DSC ASS ED WATER

Conoeton Rite<*). mg/(cm‘: X»u). And Ufe<b>, 
Nominal ConpoiUlon, _____________ <Uvt. for Heat Treatment! Indicated**)

w/o_________  Ai Melted b*»c______  ______ A
Molybdenum Other Ram U(e Rate life Kate life

10.5 •0.16 66-09 -0.07 96-42 •0,07 7-14
11.0 -0.15 42-49 -0.09 21-29 -0.01 14-21

10.5 0.26 SI -0.92 7-14 • • 0-9 -0.06 7-14
10.5 0.60 a -0.92 7-14 -0.94 14-21 •0.11 7-14
12.0 0.26 a -0.90 21-26 — 0-9 •0.04 3-7
12.0 o.6o a •0.29 7-14 -0.92 21-29 -O.IS M-21

10.6 2.0 Zf -0,17 14-21 -0.99 7-14 0-3
10.6 4.0 Zl -0.22 7-14 • • 0-9 mm 0-3
12.0 2.0 Zr -0.14 >60 -0.66 14-21 — 0-3
12.0 4.0 Zr -0.22 B-7 0-9 * - 0-3

12.0 0.06 CO -0.14 >66 -0.04 >64 •0.04 36-42
12.0 0.10CU -0.19 >64 -o.ot 96-42 •0.06 14-21

12.0 0.C6N1 -0.20 49-54 -0.04 42-49 -O .ll 14-21
12.2 0.10 Nl -0.12 >64 -0.10 21-24 •0.14 0-9

if.O 0.06 Pi -0.1« >64 -0.04 >64 •0.04 21-28
1 .0 O.lOPl -0.16 >64 -0.00 >64 •0.04 29-96

u . o 0.06 W -0.17 49-64 •0.04 >64 •0.06 42-49
12.0 0.10 W -0.14 >64 -0.14 49-49 •0,07 24-96

( * )  UW M tt OblCtvM (AM.

(b) Tim# »  a tckin i or dltintegrAtlao (complete oxidation),
M  * * *»  treatment. Bam -  900 C, l  day, water quenched.

A • bate plua 400 C, 7 day*. want quenched.

O E fflS B W E D
s-A1lip
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for a s -cas t alloysi but tests were not of sufficient duration to definitely 
establish this fact. Platinum additions appeared most beneficial followed, 
in descending order, by tungsten, copper, and nickel.

Ignit ion Reac t ion  L i m i t s  in the H y d ro g c n -O x y g e n -W a tc r  
S y s t e m  a t  E leva ted  T e m p e r a t u r e s

E. F. Stephan, N. S. Hatfield, and R. S. Peoples

Studies for ORNL of the reaction lim its of a 2:1 hydrogen-oxygen 
mixture in saturated water vapor In the 3-in. -diam eter autoclave and the 
effect of dilution with helium on the reaction lim its of a 2:1 hydrogen-oxygen 
mixture in saturated water vapor in the microautoclave were continued.

The results of the tests so far In the mlcroautociavc confirm previous 
results with the 1:1, 1:2, and \:J  hydrogen-to-oxygen mixtures, namely, 
the addition of 200 psia of helium reduces the amount of the hydrogen- 
oxygen mixture required for reaction to take place. At 400 F, the amount 
is reduced from about 85 psla of the hydrogen-oxygen mixture with no 
helium to about 65 psia when 200 psia of helium were added. At 450 F, 
the reduction is from 145 psia to 85 psia and, at 475 F, both with and with
out helium, the limit is about 195 psia of the mixture. It appears that 
helium is not an effective diluent to Inhibit the reaction at these tem pera
tu res.

In the 3-ln-diameter autoclave at 505 F , the hydrogen-oxygen mixture, 
at a partial pressure of 8 psia, reacted. The limit at this temperature In 
the 2. 5-In. -diameter autoclave was about 100 psia and over 200 psia in 
the microautoclave. At these temperatures and pressures, ignitions are 
difficult and tests are repeated several tim es to assure that reaction or 
failure to react is certain.

This work will continue and an attempt will be made to m easure the 
peak reaction pressures of reactions as the partia l pressures of the 
hydrogen-oxygen mixtures are  gradually Increased above the reaction limit.
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G. STUDIES OF ZIRCONIUM-URANIUM ALLOYS

H. A, Sailer

The widespread interest in sirconium-uranium alloys hat led to the 
sponsorship by the Reactor Development Division of the Atomic Energy 
Commission of a broad program  to study alrconlum-uranium alloys in the 
range up to 70 w/o uranium.

Based on examination of data available in the literatu re, a program 
was formulated and is well under way. The resu lts, which so far are not 
definitive, a re  given in the sections that follow.

A quantitative study to determ ine the composition lim its of the alpha* 
plus*beta*airconium region of the sirconium•uranium system is planned 
with the intention of establishing the binary system by extrapolation.

A prelim inary mathematical analysis of the experim ental requirem ents 
has been made. However, the need for actual experim ental data is indi
cated. Initial quantitative m easurem ents are planned on heat-treated 
sir»onlum-22 and 40 w/o uranium samples in order to determine the pre
cision with which the experimental m easurem ents can be made. An analysis 
of the resulting data should provide a basis for the selection of additional 
alloy compos it lone.

Tran •formation Kinetic e and Mechanical P roperties of 
fclrcooUun Alloy* Containing up to 20 w/o Uranium

The transformation kinetic• of sirconium -uranium  alloys containing 
up to 20 w/o uranium ars  being inveatigatsd in order to better Interpret the 
heat-treating behavior and m echanical properties of each alloys. Currently, 
two alloy serUis are  being studied; one contains 0. 094 w/o oxygen and the 
other 0.27 w/o oxygen* High-purity alloys are currently  being fsbricated.

Constitution o( Zirconium-Uranium Alloys 

H. A. Sailer, F. A. Rough, and A. A. Bauer

D« L. Douglass, L. L. M arsh, and G. K. Manning



The information obtained can conveniently be subdivided me outlined 
la the eectlone following.

Quenched Structure*

Wafers, 1/16 in. thick by 1/2 in. in dUmetert were heated in air for 
30 min at 900 C and water quenched. The following hardness values were 
obtained on a series of alloys containing 0.094 w/o oxygen:

M icrostructures shewed prim iry alpha phase surrounded by an acicular 
matrix for all three alloys. The amount of primary alpha ae determined by 
lineal analysis decreased with increasing uranium content.

X-ray  diffraction patterns (spectrometer-goniometer) revealed thr 
presence of alpha*airconium solid solution end epsilon phases and, possibly, 
alpha prime (martensite). The angle traversed during 'he X-ray analysis 
was not Urge enough to reveal definitely the presence of alpha prime, dus 
to the coincidence of many of the lines of alpha and alpte prim e. Further
more, a preferred orientation of the rod shifted some lines noticeably. The 
presence of the prim ary alpha indicated undue oxygen contamination with a 
resultant increase of the alpha-plus-beta to beta transformation tempera* 
lure. Consequently, the alloys were solution heat treated in the two-phase 
field, and an enriched-beta composition resulted from the partitioning of 
uranium and oxygen between the alpha and beta phases.

Subsequent heat treatments were performed on specimens which were 
solution treated in a  neutral salt hath at 1060 C. This temperature was 
above that at which the alpha plus beta transforms to beta.

A 10 w/o sample quenched from 1000 C, after 30 min at temperature! 
gave a DPH hardness of 258. The micro structure showed form er beta 
grain boundaries and a basket-weave acicular structure. An X-rsy pattern 
revealed strong alpha and epsilon rsflections,

A second 10 w/o wafer was held at 1000 C for 120 min and water 
quenched. The hardness was now 324 DPH, and the structure appeared to 
be r e t a in e d  beta with a  finely dispersed phase not clearly resolved at 1000X. 
An X-ray pattern showed strong alpha reflections and very weak epeilon r e 
flections. Once again, a email angle of scanning did not psrm it all lines to
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be recorded, and consequently, if a transition phase were present, the 
coincidence of reflections of the various phases did not permit an identifica- 
tUm to be made. Future work will include X-ray analysis of silver samples 
by transmission techniques in order to establish the presence or absence of 
a transition phase.

The hardnesses of the 7 w/o and IS w/o alloys quenched from 1000 C 
(60 min at temperature) are 274 and 433 DPH, respectively. A plot of 
hardness versus alloy content shows a sharp increase at 11. S w/o uranium 
(actual composition of nominal 10 w/o alloy). The microstructures from 
U. S w/o uranium and higher show a pseudobeta structure. The increased 
hardness of this structure may possibly be attributed to a transition phase 
similar or analogous to the omega phase in titanium-base alloys.

Iso th erm al T ransform ation

Four wafers of 10 w/o alloy were solution treated at 1000 C for 60 
min, quenched into a salt bath at 525 C, held for 50, 100, 200, and 400 min, 
respectively, and quenched into water at room temperature. X-ray patterne 
revealed the existence of alpha and epsilon In both the SO- and 400-min 
samples. M l c r o s l r u c t u r e a of theae two specimens contained small bars of 
proeutectoid alpha (more present in the 400-min alloy) dispersed throughout 
the matrix. The beta grain boundaries contained a light-etching, fanlike 
conetituent (scicular) that grew into the beta gralna, The remainder of the 
matrix was a dark-etching acicular phase. It is thought thst the grain- 
boundary phaee was the transformation product, alpha plus epsilon, and 
thst the dark, acicular matrix was msrtensite formed from the untrans
formed beta. Microautoradiographs will be made to determine the relative 
uranium contents and, poseibly, to thue identify the phases.

I M a t o n i r t n r

An improvised, quenching dllatometer was used to measure the dila
tation of a 10 w/o uranium-alloy solution heat treated at 900 C and leother* 
mally transformed at 525 C. The alloy showed a very slight expansion 
(almost negligible) for 100 min followed by a contraction of about 5. 5 per 
cent over about 420 min, and finally a rapid expansion greater than 6 per 
cent over a period of about 200 min. The sample microetructure showed 
primary alpha, an alpha grain-boundary network, and what appeared to be 
a iameUar matrix. This specimen, also, never reached the beta region 
and, consequently, underwent an enrichment of the beta phaee. The dlla- 
tometric curve seemingly indicates s secondary reaction with a rate greater 
than that of the primary reaction. This behavior suggests the possibility 
of an intermediate phaee or complications arieing from the enriched-beta
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decomposition. Electron microscopy showed that the m atrix was neither 
lamellar nor acicular but a random dispersion of rounded platee and bare. 
This structure does not represent that of a true eutectoid decomposition.

Future Work

The construction of a quenching, recording dilatom stsr is nearing 
completion. It will be used for isotherm al-transform ation studies and , 
adapted for high-speed dilation versus temperature service (or M, determ i
nations

Metallographic and automicroradiographlc techniques will be used to 
identify the phases formed and to determine the solid-state reactions. X- 
ray work will bs continued in order to clarify the transition-phase hypothesis.

Transformation Kinetics of Zirconium Alloys 
Containing 20 to 70 w/o Uranium

H. A. Sailer, F. A. Rough, and A. A. Bauer

A study of the transformation kinetics of the beta-tirconium -to-epsilon 
decomposition in alloys containing 20 to 70 w/o uranium is planned. The 
last of the alloys in this series are  now being fabricated and experimental 
work aimed at achieving a description of the decomposition will begin 
shortly.

Meanwhile, specimens of the 50 w/o uranium alloy have been prepared 
and heat treated  for study. These specimens have been annsaled i hr at 
500 C, water quenched, and then transformed at 500 C for various periods 
of time, M lcrostructural and hardness changes are to  be correlated with 
resistance changes of specimens sim ilarly treated. A set of specimens of 
this alloy has also been isothermally transformed at 500 C after 1 hr at 
800 C for s  comparative study.

Equipment is now available for the study of resistance changes during 
transformation of tha retained beta and measurements are  to begin shortly.
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Heat Treatment of Zirconium-Uranium Alloy« 

H. A. Sailer, F. A. Rough, and W. Chubb

Became zirconium-uranium alloys are potentially very promising as 
fuel-element materials for nuclear reactors, a program has been under
taken to further clarify the heat-treatment behavior of these alloys. Alloys 
of interest to the present program may contain up to 70 w/o uranium. The 
effect of contamination on heat treatment is also being investigated. For 
this purpose, zirconium containing 300 to 3000 ppm of oxygen is being used 
as the base for different alloys.

End-quench tests are being performed as a preliminary to other heat- 
treatment studies. The results to date show that aUoys containing 7, 10, 
and IS w/o uranium transform by a martensite-type reaction when water 
quenched from 900 C. At slower cooling rates, transformation starts at the 
beta grain boundaries and results in the typical "acicular alpha" structure. 
The etching characteristics of this acicular alpha structure indicate that it is 
a two-phase structure, probably alpha plus epsilon at room temperature. 
Because the formation of acicular alpha begins at grain boundaries, the 
original beta grain boundaries are quite distinct in this structure. The 
martensite structure, because of its uniform chemical composition, is much 
more difficult to etch and beta boundaries are virtually invisible.

End-quench tests on a series of alloys containing 22 w/o uranium and 
varying amounts of oxygen show that beta is retained at the fastest quenching 
rates. This retained beta is quite hard, indicating that transformation has 
begun. The alloy containing the least oxygen showed a hardness peak of 
about 500 DPH at 0.02 in. from the quenched end of the bar. Additional 
oxygen caused the hardness peak to become broader so that the hardness 
remained virtually constant in the first 0.02 in. of a bar containing about 
2500 ppm oxygen. This effect may have been caused by the presence of alpha 
zirconium in the bars at 900 C.

End-qusnch tests on sirconlum alloys containing 40 t6 60 w/o uranium 
and various amounts of oxygen produced almost identical results regardless 
of composition. In each case the retained beta on the quenched ond had a 
hardness between 200 and 270 DPH; and a hardness peak of 430 to 450 DPH 
was observed within 1 /2 in. of the quenched end. The hardness peak oc
curred at 1/8 in. from the quenched end for tho 40 w/o uranium alloys and at 
about 1/4 in. from the quenched end for the 45, 50, 55, and 60 w/o uranium 
alloy e. This indicates that the beta-decomposition process occurs at a 
slightly slower rate in the 45 to 60 w/o cranium alloys than in the 40 w/o 
uranium alloya. This observation is in agreement also with the thsory that 
beta decomposition occurs to a limited extent during water quenching of the 
22 w/o alloy.

i
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The structures of the end-quench bare containing 40 to 60 w/o uranium 
are clearly retained beta for half the distance to the hardness peak. Before 
the hardness peak is reached, subgrain boundaries begin to appear within 
the beta grains. Since subgrains are undoubtedly present in beta grains 
before transformation begins, it is not necessary to postulate a nucleation 
and gt ;wth piocess for the appearance of these subgrain boundaries; in 
fact, no very small eubgrains were observed. It would appear that the 
strains involved in the process of transformation cause the migration of 
dislocations to subgrain boundaries, thoreby increasing their angular r e 
lations. As a result, the subgrain boundaries appear more and more pro
nounced as transformation proceeds. No change in size of the subgrains 
was observed in the end-quench bars. Acicular alpha zirconium appeared 
in the eubgraiu boundaries of the 40 w/o uranium alloys at about 1-1/2 in. 
from the quenched end.

Alpha zirconium was present at 900 C in a 50 w/o uranium alloy con
taining about 1500 ppm oxygen, but no acicular alpha was observed in the 
bar after quenching. This amount of oxygen produced no change in the 
hardness in the f irs t inch of the end-quenched bar, but the second and third 
inches of the bar were noticeably harder than the corresponding regions of 
a bar containing nominally 150 ppm oxygen.

A longitudinal slice from an end-quenched bar containing 50 w/o 
uranium haa been submitted for corrosion testing. This te s t may show 
whether retained beta or transformed beta is more desirable for corrosion 
resistance.

Future work will include end-quench tests on alloys that are now in 
process of fabrication. Attempts to develop processes for surrounding 
grains of epsilon with alpha zirconium are continuing.

The corrosion behavior of zirconium-uranium alloys is being studied 
as part of the over-all AEC program to investigate the properties of 
zirconium-uranium alloys. Corrosion tests are being conducted in 680 F 
degassed water.

Testing of zirconium-22 w/o uranium alloys heat treated  to produce a 
variety of m icrostructures is continuing. A summary of resu lts obtained to 
date is presented in Table G -l. Samples from four of the six heat trea t
ments under study continue to lose weight and corrode at a constant rate, as

Corrosion of Zirconium-Uranium Alloys

W. E. Berry and R. S. Peoples
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TABU G-U CORROSION DATA OBTAINED ON ZIRCONIUM-22 w/o
URANIUM ALLOTS EXPOSED TO 680 P DEGASSED WATER

Heat Treatment

Total
Exposure,

hr

Total Wt 
Change, 

mg per cm^

Corrosion
R a tu W ,

mg/(cm2)(hr)

(1) 1680 F, 36 hr. furnace cooled 2016 188.0 -0.07

<21 Rolled at 100Q P; alternately cold swaged and 
annealed at 1000 F| 1000 F. 1 hr, furnace 
cooled

8 4 0 ^ •48.0 •0.05

(3) 1650 F. 06 hr, furnace cooled to 1200 F at 
0 .6  P per mint furnace cooled to  room 
tem m ature

1680 -89.0 •0 .04

( 4 )  1680 F, 36 hr, water quenched; reheated to 
1020 F, held 22 days, furnace cooled

1680 •134.0 •0,09

(8) 1850 P, 36 hr, furnace cooledt reheated to 
1550 F, quenched to 1020 F. held 0 ,5  hr; 
reheated to 1300 F, held 10 hr. then 
quenched to 1020 F. held 1 hr. water 
quenched

1680 -81.0 -0.01

(6) 1550 F, 36 hr, water quenched; reheated to 
1020 F. held 0,5 hr, water quenched; re
heated to 1400 F, held 10 hr, furnace cooled

1680 •165,0 -0.10

(a) Corrosion rate calculated at maximum exposure.

(b) Samples altermtely gained and lost weight with each 168-hr exposure after 840 hr.
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reported in BMl-1043. Samples given the fifth heat treatm ent developed 
an adherent film and steadily gained weight through a 1176-hr exposure. 
However, at a 1344-hr exposure, the film began to break up and the samples 
lost weight. At a 1680-hr exposure, the rate of weight loss began to de
crease and has not yet become constant. The heat treatment employed was: 
1550 F, 36 hr, furnace cooled; reheated to 1550 F, quenched to 1020 F, 
held 0. 5 hr; and reheated to 1300 F , held 10 hr, quenched to 10ZO F, held 1 
hr, and water quenched. As reported in BMI-1043, samples which were 
alternately cold swaged and annealed at 1000 F lost weight at a constant 
rate through a 840-hr exposure and then alternately began to gain and lose 
weight with each successive exposure ( l 68 hr). An attempt will be made to 
correlate microstructure with this erra tic  behavior. The following samples 
will be examined: (1) one which is  gaining weight, (2) one which is losing 
weight, and (3) an untested sample.

Radiation Stability of Zirconium-Uranium Alloys 

H. A. Sailer, R. F. Dickerson, A. W. Hare, and A. E. Austin

The study of the radiation stability of zirconium-uranium alloys is 
continuing. Zirconium-uranium alloys (22 and 40 w/o uranium) which were 
irradiated • will be investigated in the first phase of this work.

Specimens of both the 22 and 40 w/o uranium alloys which were i r 
radiated below the transformation temperatures will be thermally cycled 
through the transformation tem perature in an attempt to correlate the effects 
of inpile cycling with postirradiation cycling. Specimens of sirconium- 
40 w/o uranium which had 1.65 and 4. 5 total a/o  burnup will be thermally 
cycled in NaK-filled capsules. The rate of fission-gas release and the 
amount of fission-product release .will be measured. The details of this 
initial phase of the program are now being worked out.
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H. CORROSION STUDIES OF ZIRCONIUM 

R, S. Peoples

The research described in this section covers the AEC Reactor 
Development Division's studies on the corrosion behavior of zirconium-base 
cladding m aterials for high-temperature water-cooled reactors. Also in
cluded are ORNL-supported studies of zirconium oxide films and electro
cladding zirconium for improved corrosion resistance. Extended-exposure 
data continue to show that Zircaloy 2 is an excellent cladding m aterial 
which can tolerate considerable amounts of hydrogen, oxygen, o r nitrogen 
before corrosion resistance is destroyed. Investigations are  also in 
progress which support the Zirconium Corrosion Committee1 s program to 
develop new zirconium-base alloys. Principal effort has been directed 
toward a study of zirconium alloys containing tin, iron, and/or nickel.

Fundamental studies are  being initiated to study the reaction of z ir
conium with water vapor at subatmosphcric p ressures.

In other investigations, the role of hydrogen in breakaway in corrosion 
rates is being studied. Data indicate that the role of hydrogen is  to damage 
the surface layer rather than to cause lowered resistance due to the p res
ence of a hydride phase.

A phase-identification study also is being made of the oxide films 
formed on zirconium alloys during exposure to high-temperature water.

Corrosion of Zirconium and Zirconium Alloys 

W. K. Boyd and R. S, Peoples

Corrosion studies to determine the effect of impurity and alloy addi
tions on the corrosion behavior of sponge zirconium and sponge-base alloys 
are  being continued. Tests are being conducted in 600 and 680 F degassed 
water and 750 F steam (1500 psi).

Zircaloy 2 samples representing seven different melts continue to 
exhibit a tarnish film and low weight gains (55 to 65 mg per dm2) after 
approximately 30 months of exposure to 600 F  degassed water.

In addition, the effect of hydrogen, nitrogen, and oxygen on the corro
sion behavior of Zircaloy 2 is being studied.
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The extended-exposure data d escribed  below (to tal 182 days in 680 F 
degassed w ater) fo r  gas-im pregnated  sam ples continue to support ea rlie r  
observations.

(1) Z ircaloy  2 can to le ra te  up to 390 ppm nitrogen before 
co rro s io n  resistance  is  im paired . Sam ples containing 
m ore  than 390 ppm exhibited ea rly  failu re.

(2) Oxygen additions up through 6000 ppm do not a ffect 
co rro s io n  res is tan ce  of Z ircaloy  2. However! failu re  
o c cu rred  a t the 8000-ppm lev e l.

(3) No effect of hydrogen in  the range of 500 to 1500 ppm

Zircaloy 2 sam ples containing oxygen and n itrogen added as m aste r 
alloys during m elting  a re  showing s im ila r  corrosion  behavior a fte r up to 
196 days of exposure  to 600 and 680 F  degassed  w ater.

Zirconium  C orro sion
Com mittee P ro g ra m

In connection with the C om m ittee* 1 s program  to develop  new zirconium - 
base alloys! the co rro sio n  behavior of z ircon ium -0 .25  to 0 .50  w /o tin alloys 
containing from  0 .0 4  to 0.45 w /o  iro n  an d /o r nickel is being studied in  750 F  
steam  (1500 psi) and 680 F degassed  w a te r. Specim ens rep resen ting  each 
alloy com position w ere  evaluated in  two hea t-trea ted  conditions! namely#
(1) vacuum annealed 1 h r a t 775 C and furnace cooled, and (2) w ater quenched 
after a 1-hr soak a t  900 C in  vacuum . '

C orrosion  da ta  sum m arized in  Table H - l  indicate no significant effect 
of heat trea tm en t on the co rro sio n  behavior of e ither the  tin -iro n  o r tin - 
nickel alloys. In general, the tin -n icke l alloys a re  showing be tte r r e s is t 
ance to 750 F  s team  than a re  the t in - iro n  alloys a fte r s im ila r  exposure t im e s . 
However, both alloy  se rie s  a re  equally  re s is tan t to 680 F  degassed  w ater.

In addition, sam ples of 30 ingots p repared  a t the BuM ines for Z irca 
loy 3 evaluation a re  being exposed to 680 F degassed w a te r  and 750 F  steam  
(1500 psi). T hese  ingots rep re se n t te rn a ry  and qu a te rn ary  combinations of 
0.25 and 0 .50  w /o  tin  and 0 .2  to 0 .3  w /o  iron  plus e ith e r 0 .2  w /o  nickel o r 
100 to 150 ppm  nitrogen  or 50 through 200 ppm of alum inum . Each alloy 
was studied in both the vacuum -annealed and w ater-quenched conditions. 
C orrosion  d a ta  based  on up to 105 days of exposure in  750 F  steam  and 126 
days of exposure  in 680 F  w ater a re  p resen ted  in Table H -2 . The vacuum- 
annealed sam ples show a  light oxide p a tte rn  a fte r exposure  in both 750 F  
steam  and 680 F w a te r, as do quenched sam ples exposed to 750 F steam .

w as observed . Higher le v e ls  w ere not investigated
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TABLE H -l. CORROSION OP ARC-MELTED (ROCKING-HEARTH METHOD) SPONGE ZIRCONIUM IN 760 P STEAM AND 680 P DEGASSED WATER

750 F Steam 680 P Water 7&0P S tum 680 P Water
Weight Weight Weight Weight

Expo eire Gain, Expo Aire Gain, Expoure Gain, Expowe Gain,

Heat
Alloy Content 

v /o
Time,
days

mg mv 
dm2 Remark/*)

Time,
day*

mg mt 
dm2 Remark/*)

Time,
dayt

mg per 
dm2 Remark/*)

Time,
dayt

mg pet 
dm2 Remark/*)

Heated 1 Hr at 775 C In Vacuum and Furnace Cooled Heated 1 Hr at 900 C In Vacuum and Water Quenched

Tin and Iren
NiM 462 Unalloyed 1-1/2 768 W 154 83 M 10 1660 W 23 L ou W.F
1 1 • • weight
MMt • 463 Unalloyed 1-1/2 839 W 154 69 y 10 1325 W 28 66 W.F

mm O 464 0.22Sn-0.28Pe 106 108 M 154 31 G M 136 109 M 168 37 Q
1

s 465 0,23$n-0.30Fe 106 103 M 154 33 G 136 109 M 168 33 Q

% 466 0,22$n-0#38Fe 130 100 M 154 33 G 136 104 M 168 37 G
: . 467 0,22$n-0.39Fe 130 100 M 154 29 G 136 100 y 168 33 G
: • M 469 0,25Sn-0#27Fe 112 102 M 154 26 G 142 90 y 168 39 G

£ 468 0,25Sn-0.28Fe 112 105 M 154 26 G 136 100 y 168 31 G
H 470 0 .2 5 S n - 0 .3 3 F e 130 98 M 154 28 G 142 104 y 168 38 G•
P 471 0.25Sn-0.34Fe 112 107 M 154 32 G 136 106 y 168 40 G

H r 473 0,27Sn-0.25Fe 106 105 M 154 31 G 142 89 y 168 34 G
• l 472 0.29Sn-0.25Fe 106 116 M 154 26 G 142 102 M 168 37 G
• • •••• 475 0.27Sn-0.28Fe 130 91 M 154 33 G 142 93 y 168 40 G

474 0„28Sn-0#34Fe 106 104 M 154 28 G 136 100 M 168 39 G
477 0.47Sn-O#44Fe 112 112 M 154 32 G 142 102 M 168 42 G
478 0.51Sn-0*47Fe 130 108 M 154 34 C 136 113 y 168 32 G
481 0.52Sn-0.47Fe 130 106 M 154 32 G 136 106 y 168 42 G
479 0.50Sn-0,50Fe 130 96 M 154 . . . 34 G 1 3 5 110 M 168 48 LM
476 0.49Sn«0.51Fe 124 100 M 154 32 G 142 100 M 168 44 G
480 0.51Sn-O,53Fe 124 102 M 154 32 G 136 104 y 168 46 LM

Tin and Nickel

488 Unalloyed 1-1/2 680 W 126 136 V M 26 Los W.F 42 251 W
weight

489 Unalloyed 1-1/2 570 W 154 111 ( W 26 Los W.F 42 231 W
weight
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TABLE H -l. (Continued)

760 F Steam 880 F Water 780 P Steam 880 F Water
Weight Weight Weight Weight

Exponre Gala, Expoeare Gain, Exposure Gain. Exposure Gain,
Alloy Content, Tima, mg per Time, mg per Time, mg per Time, mg per

Heat v /o  days dm2 Remark/*) dept dm2 Remark/*) day* dm2 Remark/4) dayi dm2 Remark/*)

Heated 1 Hr at 778 C In Vacuum and Furnace Pooled

Tin and Nickel (Continued)

Heated 1 Hr at 900 C to Vacuum and Water Quenched

4)1 0,17 Sn-0.03 Hi 142 80 M.S.F 154 47 G 140 70 14 140 42 G
490 0.183n*0.04Ni 142 65 14 154 42 G 140 61 14 140 32 G
493 0.13Sn-0.08W 142 74 M 154 83 G 140 UK

weight
S,F 140 35 G

493 0.18SO-0.06H1 142 69 M 154 38 G 140 63 14 140 35 G
495 0.l7$ii-0.l9Nl 142 75 14 154 37 G 140 66 M 140 39 G
494 0»196n*0.19Nl 142 77 14 154 36 G 140 71 14 140 34 G
496 0.213n-0.04MI 142 66 U 154 48 G 140 56 M 140 36 G
497 0.22Sn-0.04Wi 142 90 II 154 48 G 140 68 14 140 34 G
498 0.228(H). 07 Ni 142 79 U 154 37 G 140 Lost

weight
8.F 140 36 G

499 0.22SO-0.08H1 142 81 u 154 48 G 140 70 M 140 32 G
801 0.21$n-0.20Ni 142 86 M 154 37 G 140 90 14 140 38 G
600 0#22Sn*0.41Nl 142 79 II 154 37 G 140 86 M 140 35 G
502 0»2?Sn *0.03)41 142 86 M 154 48 G 140 UR

weight
S.F 140 32 G

803 0#27Sa*0.04Nl 142 87 14 154 46 G 140 33 S,F 140 35 G
605 0«27Sa*0.08Nl 142 83 14 154 39 G 140 39 S,F 140 36 G
504 0.28$n-0.08Nl 142 88 II 164 37 G 140 72 14 140 36 G
506 0c26Sa*0.19Ni 142 93 U 154 38 G 140 75 M 140 34 G
607 0#25Sa«0.20Hl 142 119 14 154 38 G 140 81 M 140 40 G
508 0.66SO-0.04N1 142 72 U 154 46 G 140 87 M 140 35 G
609 0« $6Sa-0.04Ni 142 86 M 154 32 G 140 80 M 140 33 G
510 0.54SO-0.07N1 142 89 14 154 36 G 140 84 14 140 37 G
511 6.66SH-0.07NI 142 93 14 154 36 G 140 80 U 140 33 G
613 0.61Sn*0,18Ni 142 100 M 154 38 G 140 94 M 140 34 G
512 0.54SQ-0.20N1 142 100 M 154 37 G i!40 91 M 140 35 G
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TABLE H-l. (Continued)
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Heat

780 F Steam 6B0F Water 760 F Steam 680 F Water

Expowre 
Alloy Content, Time, 

w/o ’ days

Weight 
Gain, 
mg per 
dm2 Remark/*)

Expo axe 
Time, 
days

Weight
Gain,
agpei

dm2 Remark/*)

Expo airc
Time,
days

Weigjht
Gain,
m g £ t
dm2. Remark/1)

Exponee 
Time, 
dayt

W«l£lt
Gaia,

Z ? Remark^*)

Heated 1 Hr at 776 C In Vacuum and Furnace Cooled Heated 1 Hr at 900 C In Vacuum and Water Quenched

•i. Tin, Iron, and Nickei .
483 0,51Sn-0.16Fe- 124 104 M 164 87 G 136 148 14 168 64 G

0.090HI
482 0.48Sn-0.23Fe- 180 88 M 184 84 G 136 105 If 168 39 G

0.097N1
485 0.47Sn-0.27Fe- 180 108 M 164 81 G 136 107 14 168 SO G

0.13M
484 0.48Sn-0.3IFe- 180 102 14 164 81 G 136 104 11 168 42 G

O.lSNi
486 0.48So-0.38Pe- 180 88 U 164 83 G 124 107 14 168 46 G

0.18H1 .
487 0.48Sn-0.44Fe- 180 97 14 164 32 G 124 107 14 168 50 G

0, 18Hi

;i; ■ /

I v  I B I B ir / t a t
■

isv-

(a) Key to remark*
G • Black taraidi film (good mitetlal) 
M • Milky 
LM • Light milky 
W • White oxide 
F • Flaking (heavy oxide).

ft-'';-.

SB
M WMm

’m u  $, w

■

• . . .>  *

. . ■v
,. •• ;- 

• ’ •5.: ;% s ,
.

m a m
.■

■■. . . . . . . . .mmmmm,
m  _

m

- - -

I

gHRte*

..... =-■ .

i t S B B
vjfs

mmmmsm

.

■

m&m.

.

■

*  ■

ligffllflll
• - * , . . . - -

.:■:
BBw,r •'Ta

“far



m m! i  £
■

.

<

—

— ......................... ^ -• • .• • - ,_ * (..*+.*!— — • '-  * • ■” •’ •**** -

-- ----1______— ---------------------------- * ------- ----------------------

....... , " " " T " ' ; "

—I ' ' ------ " ' " "

'9®

I f ® '

M K
. .

■ -  ~r_._.

TABLE H-2. CORROSION OF ZIRCONIUM-BASE ALLOTS MELTED AT THE BUREAU OF MINES FOR ZIRCALOT 3 EVALUATION

750 F Steam________ ________ 680 F Water______  ________ 750 F Steam 680 F Water
Weight Weight Weight Weight

Exposure Gain, Exposure Gain, Exposure Gain, Expoairc Gain,

Heat
Alloy Content, 

w/o
Time,
days

mg per 
dm2 Remark/*)

Time,
days

mg per 
dm 2 Remark/*)

Time,
days

mg per 
dm2 Remark/*)

Tim e,
days

mg per 
dm 2 Remark/*)

Vacuum Annealed 2 Hr at 775 C and Furnace Cooled Heated 2 Hr a t  900 C in Vacuum and Water Quenched

974 0.25Sn-0.25Fe 105 52 M, WP 126 38 G.WP 99 65 M.WP 112 28 G
984 0,25Sn-0.25Fe . 105 52 M,WP 126 39 G.WP 99 59 M,WP 112 32 G
996 0,25Sn-0.25Fe 1J5 52 14, WP 126 38 G.WP 99 67 M.WP 112 29 G
997 0,25Sn-0.25Fe 105 51 M.WP 126 37 WP 99 54 M.WP 112 28 G

1001 0.25Sn-0.25Fe 105 76 M, WP 126 53 G,WP 99 57 M.WP 112 33 G
975 0;50Sn-0.40Fe 105 53 M.WP 126 40 G.WP 99 66 M.WP 112 37 G

> * * 983 0.60Sn-0.40Fe 105 55 M.WP 126 40 G.WP 99 62 M.WP 112 28 G
O  1000 0,50So-0.40Fe 105 63 M.WP 126 41 G.WP 99 73 . M.WP 112 30 G

J  . . . . . o 998 0.50Sn-0,40Fe 105 57 M.WP 126 40 G.WP 99 61 M,WP 112 28 G
• 1003 0,50Sn-0.40Fe 105 96 M.WP 126 56 14, WP 99 99 M.WP. 8 112 39 G

1 »•••* H 990 0,50Sn-0.20Fe- 105 55 M.WP 126 38 G.WP 90 62 M.WP 112 31 G

1
. . . . .

tt
985

0.20NI
0,50Sn-0,20Fe- 105 49 M.WP 126 9d G.WP 99 68 M.WP 112 33 G

►- 0.20NI
> 995 0.50Sn-0.20Fe- 105 59 M,WP 126 41 G.WP 99 62 M.WP 112 32 G

•:... .
f 0.20NI

i  . 999 Q,80Sn-0.20Fe- 105 62 M.WP 126 40 G.WP 99 71 M.WP 112 33 G

: . •
1007

0.20N1

0.60Sn-0.20Fe- 105 87 M.WP 126 67 M.WP 99 81 M.WP 112 34 G
: . . . • 0.20H1

■•...I
1094 0,25Sn-0„25Fe-

100N(b)
105 71 M.WP 126 43 M.WP 99 88 M.WP, S 112 39 G

1026 0.25Sn-0.25Fe-
180NM

105 64 M.WP 128 41 M.WP 99 73 M.WP. S 112 33 G

1030 0,60Sn»Q#40Fe-
ioonW

105 61 M.WP 126 43 M.WP 99 77 M.WP 112 37 S

M i  : 1028 0.50Sn-0.40Fe-
150N<b)

106 73 M.WP 126 41 M.WP 99 81 M.WP 112 32 G

1014 0,25Sn-0,25Fe- 105 79 M.WP 126 48 G,WP 99 81 M.WP 112 32 G
5OA10*)

- - ■ -
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TABLE H-2. (Continued)

•  *
Mi l

i 1 i
•  Ml

* ••  •

: • :

760 F Steam 680 F Water 750 F Steam 680 F Water

Heat
Alloy Content, 

v/o

Exposure
Time,

days

Weight 
Gain, 

mg per 
dm^ Remark/11)

Expoaure
Time,

days

Weight 
Gain, 

mg per 
dm2 Remark/4)

Exposure
Time,

days

Weight 
Gain, 

mg per 
dm2 Remark/1)

Expoaire
Time.

days

Weight 
Gain, 

mg per 
dm2 Remark/*)

Vacuum Annealed 2 Hr at 775 C and Furnace Cooled Heated 2 Hr at 900 C in Vacuum and Water Quenched

1012 0.25Sn-0.25Fe-
lOOAlC*)

105 78 M.WP 126 51 G.WP 99 86 M.WP 112 31 G

1013 0,25Sn-0.25Fe-
BOOA1W

105 130 M.WP.S 126 Lott
weight

W.F 99 105 M.WP 112 36 G

1009 0.50Sn-0.40Fe-
50Al(b)

105 83 M.WP 126 51 M.WP 99 99 M.WP 112 30 G

1010 0.50Sn-0,40Fe-
lOOAlW

105 82 M.WP 126 61 M.WP 99 102 M.WP 112 34 G

1011 0.50Sn-0,40Fe-
200AlO*)

105 100 Mi WP 126 60 M.WP 93 . 115 M.WP 112 34 G

1026 0.50Sn-0.20Fe-
0.20Nl-100N<b)

105 58 M.WP 126 42 G, WP 99 92 M,WP 112 33 G

1023 0,50Sn-0.20Fe-
0.20Nl-150N(b)

105 71 M.WP 126 41 G.WP 99 91 M.WP 112 35 G

1017 0.50$n-0.20Pe-
0.20Ni-50Al(b)

105 74 M.WP 126 42 G.WP 99 102 M.WP 112 33 G

1018 0.60Sn-0.20Fe- 
0.20NI-100 AlW

105 83 M.WP 126 46 G.WP 93 98 M.WP 112 36 G

1015 0.50Sn-0.20Fe-
0.20Hl-2U0Al(t>)

105 104 M.WP 126 60 M.WP 93 108 M.WP 112 37 G

(a) Key to remarku
G * Black tarnifc film (good material)
WP • Light to moderate white oxide pattern 
M -Milky
S - Slight segregation.

(b) In ppm.
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Duplicate quenched samples are still exhibiting a tarnish film after 112 days 
of exposure to 680 F w ater. Alloys containing 100 to 150 ppm aluminum are 
not so resistant as alloys containing le sse r amounts of aluminum. In generali 
these alloys have a milky appearance and/or high weight gains. These 
studies are being continued.

Zirconium-Boron Alloys

Results of corrosion tests conducted in 600 and 680 F degassed water 
indicate that boron additions in the range of 0, 45 to 0.50 w/o destroys 
corrosion resistance of both sponge zirconium and Zircaloy 2, The alloys 
evince a moderate to heavy powdery oxide pattern similar to that noted for 
the zirconium-carbon alloys.

This program is concerned with investigating variations in composition 
which affect corrosion behavior of zirconium alloys. Alloys prepared in the 
rocking-hearth furnace represented both sponge and crystal-bar melts con
taining additions of carbon, chromium, germanium, gold, iridium , iron, 
nickel, niobium, nitrogen, oxygen, palladium, platinum, silver, or ruthe
nium, After from 2-1/2  to 17 months of exposure to 600 and 680 F degassed 
w ater and 750 F steam (1500 psi), only iron and nickel additions proved to 
be effective in improving corrosion behavior.

I

In other investigations, zirconium-tin-iron-nickel alloys containing 
additions of from 70 to 300 ppm nitrogen or 200 ppm aluminum or 100 
titanium are being evaluated in 680 F degassed water and 750 F steam (1500 
psi). No failures have been noted after 28 days of exposure. These tests 
are  being continued.

Effect of Heat Treatment

Extended-exposure data (total 131 days in 750 F steam) continue to 
indicate that the size and distribution of the intermetallic compound particles 
affect the corrosion resistance of zirconium-iron and zirconium-nickel 
alloy*. Structures containing large colonies of particles separated by 
platelets of alpha zirconium have less resistance than those containing a 
fine dispei cion of compound particles in the alpha matrix. The heat treat
ments employed are described in detail in BM1-1012,

Compositional Factors Affecting Corrosion 
Properties of Zirconium

W. K. Boyd and D, J . Maykuth
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Zirconium-Gas Reactions 

M. W. Malictt and W. M. Albrecht

Zirconium Water Vapor

In conjunction with a program on the water corrosion of zirconium, a 
study is being initiated on the reaction of zirconium with water vapor at sub- 
atmospheric pressures. A microbalance technique will be employed to ob
tain continuous rate data. Receipt of a microbalance for use in the study is 
expected during the month of November.

Mechanism of Zirconium Corrosion 

C. M. Schwarts and D. A. Vaughan

The role of hydrogen in the mechanism of high-temperature-water 
corrosion of zirconium is being investigated. Previous studies have shown 
that the corrosion resistance of the surface of hydrogen-impregnated zir- 
conium or Zircaloy 2 is less than that of machined and pickled surfaces of 
these samples, with either low or high hydrogen contents.

During the past month additional corrosion tests were carried out on 
hydrogen-impregnated and impregnated and degassed specimens of Zircaloy 
2. The results confirmed the previous observation that hydrogen impreg
nation destroys the corrosion resistance of Zircaloy 2. Also, it was found 
that removal of the hydrogen by vacuum degassing does not restore the 
corrosion resistance of this surface layer. Thus, it appears that the role 
of hydrogen is to damage the surface layer rather than to cause lowered 
corrosion resistance due to the hydride phase produced at the metal sur
face. Hydrogen analyses of the impregnated and the degassed samples4 will 
be completed during the next month.

Identification of Corrosion Products on Various 
Zirconium Alloys

C. M. Schwartz and D. A. Vaughan

As assistance to ORNL, a phase-identification study is being made of 
oxide films produced on a series of zirconium-base alloys during exposure 
to high-temperature water. The purpose of this work is to survey a number 
of alloys to determine which alloy additions tend to form and stabilize the 
tetragonal modification of Zr02. Previous results on corrosion films

5‘i .••TPWgggfcHi" r,
• t  • 2 a 2 J *J  J t e a  2 {
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produced in uranyl sulfate solution indicated that a 15 w /o niobium alloy did 
form and retain some tetragonal Z x O i  in a 50-hr test at 250 C, However, 
a 3 w/o cerium alloy produced the monoclinic Zr0 2  and Ce0 2  in a similar 
test.

During the past month, the sam ples described in Table H-3 were 
examined by X -ray and electron diffraction. Of particular interest in this 
series of alloys are  the 10 w/o molybdenum and the 6, 8, and 10 w/o 
niobium alloys, which show a definite tendency to form and stabilise the 
tetragonal modification of Zr02* It would be of in terest to resurface these 
alloys and corrode them in uranyl sulfate solution to determine which oxide 
phase will be produced.

During the next period, the remaining alloys corroded in high- 
temperature w ater will be examined.

Zirconium and Zircaloy 2 are m aterials being studied for construction 
of spherical shells in a homogeneous reactor at ORNL. In uranyl sulfate solu
tions at a pH of 1.7 to 2.5 and at tem peratures of 250 to 350 C, these metals 
corroded rather slowly, generally at a rate less than 2 m ils per year. How
ever, under radiation, the corrosion rate increased to about 9 mils per

Zirconium or Zircaloy 2 clad with a protective layer of one or more of 
the platinum-group metals was proposed because platinum, in comparable 
out-of-pile te s ts , showed corrosion ra tes  between 0.03 and 0.81 mil per 
year. Since electrocladding of zirconium with a platinum-group metal 
appears to offer a better chance of success than does mechanical cladding, 
a study of electrocladding was initiated for ORNL.

A satisfactory platinum-group metal electrocladding must be adequately 
bonded to the zirconium, must be continuous and impervious, must resist 
corrosion in uranyl sulfate solutions under irradiation, and should not 
exceed the thermal-neutron-absorption cross section equivalent to 250 mils 
of zirconium. The equivalent thicknesses of various m etals being con
sidered are tabulated on page H- 12.

Electrocladding of Zirconium With 
Platinum Metals

A. B. Tripler, J r . ,  J. G. Beach, andC . L . Faust

year.

«• i s t  s
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TABLE H -l. DESCRIPTION OF ZIRCONIUM ALLOTS AND RESULTS OF X-RAT AND ELECTRON 
DIFFRACTION EXAMINATION OF WATER-CORROSION PRODUCTS

Sample
Alloy Content, 

w/o
Appear* *ice of 
Coreodon Film

Corrosion Test 
Time, Temperature,

hr F

Phases Identified^4)
By X-Ray By Electron

Diffraction Diffraction

6 2 Mo Thick gray 500 650 Zr02 ZrOg
6 3 Mo Thick gray 500 650 ZrOg ZrOg
7 4 Mo Thick gray 500 650 Zr02 ZrOg
• 5.5  Mo Thin black$) 350 650 ZiOgC* Unidentified
9 10 Mo Thin black 700 650 Zr02 plus 

te tZ r0 2
ZrOg

10 0.25 Nb Silver gray 9408 .680 ZrOg ZrOg(c>
11 0,5  Nb Silver gray 9408 680 ZrOg ZrOg(c)
12 1 Nb Silver gray 3696 680 Zr02 ZrOg
13 3 Nb Thin black 8032 650 Zr02 ZrOg(c)
14 4 Nb Thick gray 400 650 Zr02 m
15 6  Nb Thin gray 350 650 ZrOg plus 

tet.ZrOg(c)
TeLZrOg 
plus ZrOg

16 8 Nb BlackC*) 150 650 Zr0 2  pins
tet.Zr02
phiiNbO

ZrOg

17 10 NB Thin black 2352 680 Zr02 plus 
tet.ZrOg(c)

TetZrOg 
plot ZrOg 
phai NbO

IB 0.5  Ni Thin gray 7596 750 ZrOg<c> ZrOg(c>
19 2 Ni Gray-black 5032 680 Zr02 ZrOg
20 2 V Thick green-white 150 650 ZrOg ZrOg
21 4  V Thick green-white 150 650 ZrOg ZrOg
22 0.2  T Thick white 50 650 . Z1O2 ZrOg
23 I T Thick white 18 650 Zr0 2  plus 

cubic 1 ^ ) 3
ZrOg

24 0,5 Nb plus 2  Mo Thick gray 350 650 ZrOg ZrOg
25 1 Nb pirn 1 Mo Thick gray-white 400 650 Z1O2 ZrOg
26 1 Nb plus 2 Mo Thick gray 400 650 Zr02 ZtOg
27 2 Nb plus 2  Mo Thin gray 400 650 ZrOg z.-0 g
28 1 Nb plus 3 Mo Thick gray 400 650 Zr02 Zl02
29 2 Nb plus 3 Mo Thick gray 400 650 ZrOg phis 

tetZrOg
ZrOg

30 2 Nb plus 4 Mo Gray-black 350 650 ZrOg plus 
teuZtOg

Zr0 2

31 2 Nb plus3 Sn Thin gray-brown 5368 650 ZrOgfc) Zf0 2
32 3 Nb plus 3 Sn Gray-black 4024 650 u o f i ) ZrOg
33 3 Nb plus4Sn G rs y -b la c ^ 4024 650 ZrOg(c) ZrOg

(>) All ZrOg monoclinic unless identified as tetragonal (let,),
(b) Segregated with guy-white meaks,
(c) These ZrOg films «R very bstd and appear to hive a preferred orientation, bat msy be two phase.

: :• •
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Metal
Thickness.

rails

Zirconium 250
Platinum 3.5
Palladium 3.5
Rhodium 0.2
Nickel 5.0
Iron *.5

Zirconium rods 0. 150 in. in diameter and about 4 in. long are being 
processed for test samples. Arc-m elted crystal-bar zirconium was rolled 
and swaged to about 1/4 in. in diam eter. Centerless grinding to 0.150 in. 
removed the seams and stringers in the as-fabricated rod. Chemical 
polishing to remove 34 mils of the as-ground surface.metal apparently pro
vides a sound airconium surface for subsequent electroplating studies.

Methods are known from past work for electrodepositing nickel and 
iron on airconium with good bonding. Accordingly, nickel will be studied as 
a bonding layer between the platinum-meta1 electrocladding and the zirconium. 
However, for the preliminary te s ts , 0 .150-in. -diam eter nickel rod has been 
used. .

Of the known platinum-plating baths, the diammino nitrite bath is  per
haps the m ost widely used, and for this reason is obtainable in ready-to- 
plate form from numerous suppliers. Its chief disadvantages are its low 
cathode-cur rent efficiency (10 per cent) and the fact that if thick deposits 
(1 mil or more) are desired, plating must be done at a  current density of 
about 5 amp per ft2. Even under these conditions the deposits are somewhat 
rough.

Tests here have revealed that if the plating current is periodically 
reversed with the proper cycling, relatively heavy deposits are feasible at*
50 to 60 amp per ft2. At the present time, the periodic reverse (PR) 
operates cathodically for 5 sec and anodic ally for 2 sec. There is no 
difference in appearance between a 0.2-m il-thick coating and a 0 .8-m il- 
thick coating; both have a smooth, mat surface. This indicates that any 
desired thickness of sound plate can now be built up. The latter conclusion 
was substantiated with the production of a 1 .6-m il-thick deposit.

When the current was not reversed but m erely interrupted (e. g ., 
current for 5 sec, no current for 2 sec, etc.), an acceptable deposit was 
not produced. The anodic cycle appears to be necessary.

Thus fa r, no difficulty has been experienced with adhesion of the 
electroplates on nickel. Some corrosion testing has been done. The 0 .8 - 
mil platinum coating on nickel is  impervious to 70 F 1:1 hydrochloric acid 
after .4 days. More severe corrosion tests are planned.
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H-13 and H -14

A literature survey has disclosed details for an alkaline platinum
plating bath tar which 100 per cent cathode efficiency is claimed. The 
platinum compound used in the bath, Na2Pt(OH)fc* ZĤ O is not available 
commercially. It is being prepared. For heavy depositS| the recommended 
current density is 2 to 3 amp per ft^# It is quite possible that a high current 
density with a periodic reverse will give satisfactory heavy platinum coat
ings in a shorter time than that required with the dismmino nitrite bath.
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I. REACTOR MATERIALS DEVELOPMENT 

H. A. Sailer'

The Reactor Development Division of the Atomic Energy Commission 
supports several programs which are designed to develop materials for 
general reactor application.

It is now believed that hydrogen contamination has been an important 
factor in the relatively low ductility obtained in zirconium alloys. This is 
being investigated.

Efforts on the enameling of zirconium were suspended to produce 
samples of enameled uranium for testing by Argonne. The zirconium pro
gram will be reactivated.

Studies of the kinetics of the reaction between zirconium and UÔ  
are in progress.

Studies of Zirconium Heat Treatment 

H. A, Robinson, M. W. Mote, and P. D. Frost

The present objective of this research program is to study the re
sponse to heat treatment and transformation kinetics of zirconium-base 
alloys. Strengths up to 200,000 psi have now been obtained in certain alloys 
by solution treating, quenching, and aging. The ductility of the alloys at 
this strength level is not yet satisfactory. Elongation values have varied 
with the alloy composition; thus, a niobium-tin alloy hajjf shown better duc
tility than a molybdenum-tin alloy at a comparable strength level. However, 
it is believed that other factors, e. g ., hydrogen contamination, have pre
vented the alloys studied to date from developing their best properties. 
Additional work to determine the cause of these variations in ductility is in 
progress. Some delay was experienced in October in the second melting 
operation of a 20-lb heat of a zirconium-5 w/o molybdenum alloy. This 
material is to be used in the ductility study and in a more extensive investi
gation of aging kinetics and heat treatments.

While awaiting the new alloy stock, the age-hardening characteristics 
of the zirconium-5. 5 w/o molybdenum alloy studied earlier were correlated 
with X-ray diffraction data. Vickers hardness data and X-ray diffraction- 
pattern intensities are shown in Figure I-i as a function of aging time at 
480 C, The specimens were ice-brine quenched from the beta field (830 C) 
and aged for times up to 200 hr at 480 C.



T l CONFIDENTIAL

1-2

The transformation kinetics of thii alloy closely duplicated the 
•equence observed in certain titanium alloys. In the quenched condition, 
the alloy consisted largely of retained beta, having a composition of about 
5. S e /o  molybdenum, which formed at the solution temperature, 110 G.
The hardness, ss  expected, was low. During the quench, part of the beta 
transform ed to omega, the presence of which was detected in the as* 
quenched sample. After 1$ min at 480 C, the hardness reached a maximum 
gMS VHN) as the quantity of omega phase increased. As omega formed, 
the molybdenum content of some of the beta was increased, which suggests 
that the omega, like that in titanium, has a relatively low solubility limit 
for beta*stabilising elements. The enriched beta is  distinguishable by 
X-ray diffraction from the beta of original molybdenum content. With in
creasing time (2 hr), the omega pattern became m ors intense, while beta 
of original composition, enriched beta, and a more highly enriched beta 
existed at the same time.

Hardness regained high (over 400 VHN) for about 30 hr. After SO hr, 
the omega pattern was still intense although the alloy had overaged to a 
hardness level of 3?S VHN. At this stage in the transformation process, 
alpha had begun to form. After a 100-hr aging tim e, a strong alpha pattern 
was obtained, the omega had almost disappeared, and the only beta re - 
meirung was highly enriched. The hardnese had decreased to about 300 VHN. 
After 200 hr, the hardness remained at about the same level; however, the 
compound ZrMo, had begun to appear, the omega had completely disap
peared, and alpha was present. It is expected that, with furtbnr aging, only 
compound and alpha would remain as equilibrium products.

It la believed that omega is responsible for the extreme hardening 
and embrittlement that occurs in Seta-stabilised sirconium and titanium 
alloys. ‘The aging behavior shown in Figure t* 1 is very sim ilsr to that of 
beta-stabilised titanium alloys. It will bt noted from the figure that the 
peak hardnese does not coincide exactly with the time at which the omega 
pattern was the strongest. This is believed to result from the fact that 
those omega particles which effect maximum hardness are not necessarily 
detectable by X-ray diffraction. Extreme overaging or softening after about 
100 hr of aging appaars to correlate with the decreasing intensity of omega. 
At intermediate aging times, e .g . , 24 to SO hr, the omega reflections are  
strong but hardness is decreasing. This may be attributable to lo ts of 
coherency between the well-developed omega phase and the beta matrix.

These studies will be continued as soon aa m aterial from the 20-lb 
ingots of the sirconium-S w/o molybdenum-2 w/o tin and sirconium-S w/o 
niobium-2 w/o tin alloys is availabls.
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FIGURE I - l . EFFECT OF AGING AT AGO C ON THE HARDNESS AND X-RAY DETRACTION-PATTERN 
INTENSITIES OF A DRCONIUM-5.5 «/» MOLYGOCNUM ALLOY QUENCHED FROM S50 C -
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Mm m *» lo f U M  W |  Mrtet ^ i ta |4 t» H r 4 t« r«  *«4 M lM |« riM  cM M tl 
tor food r « M i ,  TM t o t i r i  M A i i m , ootnog, l O i m t i ,  M  t o r r n l  
i f n i i t a  MM to M Mato Mi * A m  M m m ( M l H i m  i l l  n r i* 4  wt*M Ito 
fe f f to  a l l oito t ioo of tto m i i imn, ftam  m Mi i Mi  m i  M€9iM»y, Mat too 
t o l l  M l  dltOOtroo*

ft M «  l i t o n i t l  to yrM oc o * n u t  ^ t i c t i o l  My minor c k u f t i
to t o  to -p o H f iM  U m i  tooM  t t o  t o  0 * 0  c to i M  c m U  Mi  rttocM l from  
I  w/o to  I  » / •  i t o n t  M M i| i t o r t M #  «MM n n t o i » M |  t o  toMoocy of 
t o  | U u  to  dovttrify. AMimr T w fo  f # | 0 4 y n u l  m M m  i f t t c t m  ( t o  
f t m f t m  t i t o a l c  *** t i f t  to  r i t i l t o j  Omi to i to i c y  of t o  |U i«  to 
« m k  oo ( M t o f  tocooio  of t o  to t to r m t l  « K f« u i« i to tM « »
tto  |U « «  i t o  t to  h m u I  Hot m n  tto o  * M t  I  « / •  of t o i  ro fro rto ry  o x to  
c m U  to  m m Itoft I t o  t to  ^ m 4 U o t v i r ,  iM  t v i»  (Mil m m m  | m t i y  
t o m M  t to  t o t MUty of t o  m m m I

Hot* qooocI ioq t to  i r t o i m  plot* oU auoitM  l i n c t i i u l  c roc ling . 
OrKt-MUtUft* t o y n M  mBm m o c« , t o  goto id to ro u * #  m i  M U to f  vitMoot 

^ u n to *  Mto  h im  iM B ulit

liy M  drum  of tto ooomol m i  M e m o ry  for food Mttuiy w toi fino*  « 
to l i t .  It i Im  olimtootto tto  m o 4 for ptoiptot* t motto* tto m «ut. JUpid 
fir Mm m i  ftccompiittod My todocuoo to* tto | or My lotting tto  unntum 
dtroctly on « y t o i  of proton** gnpMiu oMUi fir my. No too l fill worn 
torivo4 from firing to t  cootroXU* itm oiptoro M oo I  l /ft*to orioium pUto 
M l  to  tog loomiUd.
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Improve d m t lu  »trt obu lined by form ing u  enamel f ro m  two frits  *  
« m  •  oeft, fusible $U «i m i  iImi other i  l i | l h  U O j* U 4 ri« | (HU F u rther 
m i i  wOl W 4mm H iu Um  aad «i Ui UO$ p o U i r  admixed with a soft
M b  |

A M 4A pU  m n  im A  at M M M ii*g niobium With enam els on band. 
A 1— 4" l i i i t i l i  |l*4«  m m  d««ud  »  ip tn iM M  and & rtd  a t ISM F la  a ir , 
t f | H  tw argon-2 p a r  cmM o i y p a  In a il  c u t « ,  adherence waa poor. 
F V U | la  a ir  a t H at t o a p « n t « r t  caused t s c t t o i v t  otidattoo o f the  n o t t l

An a l i N M * p h o s p h a t e  enam el m m  applied to aiobium  and fir#4 
at U M  f  la a ir . C a tt l io a l  t A a r t o t i  t u  obtained. H m v t r ,  c r a u n |  
K i w r o d  because of H a  high therenal expansion o fth e  |U ««  com p*red  with 
thM of niobium. Tkw ««m m I fused r«|>ut£y enough a t tha fir in g  tem pera tu re

(pacific « M m lfl (or application to niobium  Mill bo developed in tha 
M a r t  Mora ra lra c to r?  enam els, to p a r t ic u la r , will be sought.

Tba work oa enam eled sir-cooium w ill continue with fu rth er study of 
tha affect of b ism uth-uranium  alloy on the coating a t a la ra ted  tem p era tu re .

A Italy ia being made of the solid-solid reaction between aircoolum 
and U0|. The data obtained will I t  useful in estimating the eitoni of re
action that may occur whoa sircoaium or its alloy# are need in contact with 
M p

A portion of a sircoaium* U0> sandwich-type element, previously 
heated at 1100 f  for 37 days and cooled to room temperature ia about 20 hr, 
m i  reheated U aa evacuated Vycor capsule at 1325 F for 2(5 hr aad water 
quenched. The phase• noted in the reaction none of the slow-cooled speci
men apparently were unchanged by further heating and quenching. This 
eeetne to indicate that the observed phases are the equilibrium phases 
formed at the reaction temperature.

Tests using several inert materials to mark the original metal-oxide 
interface were inconclusive because the contact between the airconium and

Kinetic# of the Zirconium-Uranium Dioxide Rescuer.

ht V. MeUett, 2, V. Droege, A. F. Gerdt
aad A. V, Lemmon, Jr.
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the UOj, t t  11m specim en was not sufficiently good. F u rth e r
m a rk e r  experim ents will U  m ads.

Eircoaiu'Yi-UOji sandwich-type elem ents Lava been placed on te s t  
at 950, 1 !00, and U00 F in autoclaves at 5000-pat inert-gas p r es sure .  
Specim ens will he rem oved from  lest sad  analysed  lor Irsn s le i of uranium  
and oxygen into tbs slrcom um  a lte r  tbs reaction  has proceeded for a  sui t
able tim e . Another type e l  equipment is  being assem bled to p e rfo rm  ox* 
p e rim ea ts  s i  1450 and 1400 F.

::  st : s: : r: t • t ::•• • • • •«•»** •
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Tim Re M arch Division of the Atomic Energy Commission is sponsor
ing s  variety of research programs in the broad fields of ceramics, metal
lurgy, and gas-m etal studies.

Actual determination of properties of uranium compounds was started. 
Some tests have been made on UySI and UNi». Samples of UN, U >Ti, and 
UfcNi are ready for evaluation.

Determination of Internal friction on a quenched sample of uranium 
after various aging times at room tem perature showed a deeraase in 
internal friction with time. This probably indicates a relaxation of Internal 
stresses.

Prelim inary metallographic studies on ternary alloys ranging from 
uranium-31. 5 a /o  molybdenum to uranium-34 a /o  titanium indicate that two 
delta phaass exist in equilibrium at tem peratures balow 575 C. Additions 
of titanium to the uranium-molybdenum alloy tend to destabilise the sluggish 
gamma-uranium phase.

A torsi anal-balance device for bonding needle points to flat pieces has 
been set »tp and tested. Approximately 100 eamplae of gold have been 
bonded and are being evaluated.

In the development of oxidation-resistant niobium alloys, testing of e 
series of niobium-airconium alloys urns completed. In general, zirconium 
was much less effective than titanium in reducing the ra te  of oxidation. 
Neither alloying element brought about the formation of an adherent oxide

Studies of hydrides of aircoaium and airconium alloys containing 
2.3 a/o  of molybdenum, magnesium, nickel, or titanium a re  in progress. 
N}| values are being determined at temperatures from 1000 to 2000 F.

A study ie being made of some of the lesser known uranium compounds 
to aid in evaluating these compounds as  potential nuclear fuels. The field of

layer.

Properties of Uranium Compounds 

L. D. Loch, J. R. Gamblno, and G. B. Engle

CONFIDENTIAL
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im erest has been narrowed *«o about 11 compounds which have high uranium 
contents and high melting points.

UjSi and UNig samples were prepared by arc melting in helium. The 
X-ray diffraction patterns of these compounds corresponded to those found 
in the literature.

Both compounds reacted with concentrated HQ, HNOj, and H2SO4, 
bud not with a 0 .1 N solution of NsOH. Both reacted with s i r  a t 100 C, 
gaining about 1$ per cant in weight alter I hr. H attie*  sam ples of sach 
appeared unchanged and had no weight loss s lu r  1 hr in boiling water. How
ever, some darkening of the surface was observed with granular sample• 
after 1 hr.

Preliminary tests  oct U3S4 and UNig will be completed next month. The 
UN that wae made last month w tt contaminated with oxygen sod will be re* 
prepared along with UgTi sod U^Ni. After the exset composition of these 
compounds is determined, preliminary thermal and chemical teate will be 
begug|'. *

Development of Uranium-Titanium Alloys 

L. L. Marsh and C. K. Maiming

The objective of this program is the determination of selected mechan
ical and physical properties la so alloy system to provide background data 
for designers and engineers on the potential utility of the system , la the 
present etudy uranium -rich binary alloy# with titanium a re  being evaluated.

The compositions being studied a re  S, IS, 25, and SO a /o titanium. 
The 25 and SO a /o  titanium alloys have been cast and rolled to sheet at 
1800 F. Some difficulty was experienced in casting and fabricating these 
alloys. On cooling from  tbs casting temperature, both ingots shattered.
In an effort to salvage a portion of the 25 a /o  titanium alloy, part of the 
ingot was placed in a furnace at 1800 F for forging. During re  hasting, the 
a lio / again shattered with considerable force. It wae subsequently ob
served that slow heating the 2S a /o  titanium  alloy to the forging temperature 
(1800 F) yielded satisfactory m aterial which could be rolled to sheet with 
little edge cricking. Using this technique, the SO s /o  titanium alloy was 
fabricated to sheet a t 1800 F. The surface finish was very good and the 
amount of surface oxidation after hot rolling appeared less than a uranium- 
sir contain alloy of sim ilar composition. Tonsils and heat-treating speci
mens are being prepared from these alloys.

if
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inveefa gallon of the Tensile Transition in Alpha Uranium 

L. L. U tril) and G. K- Manning

A research program concerned with the tensile transition in uranium 
ia in progress. Biscuit uranium having two types of fabrication history, 
i. s . , roiled at 300 C and at 600 C, is being used as the base material.

At present, the temperature range of the tensile transition is being 
located for both materials in the as* rolled condition Similar tests are in 
progress to locate the transition in material with both fabrication histories 
and alpha annealed 10 hours at 600 C in vacuum. Preliminary evaluation 
indicates that the tensile transition occurs at a lowsr tsmperaturs for 300 C 
rolled material than for 600 C rolled materia*. Annealing for 10 hr at 600 C 
does not appear to eliminate the difference in behavior.

Internal Friction of Uranium 

R. £. Ma ringer, I* 1* Marsh, and G. K. Manning

The internal friction of uranium is being studied in an effort to learn 
more about the deformation process in uranium; particularly the behavior 
of twine during deformation and daring thermal changes. U has been ob
served that the internal friction increases ss the rate of temperature change 
increases and that the internal friction at a particular temperature decays 
with time st a rats influenced by the besting rats to that temperature.

Tbs internal friction of a specimen of uranium heat treated for 16 hr 
at 600 C and water quenched has been observed during room-temperature 
aging after quenching. Damping measurements commenced from shout 
20 min after quenching. The internal friction was observed to decrease 
linearly with the logarithm of time, and is still decreasing after about 
25 day* of aging. This is interpreted as a relaxation of internal stresses 
set up by quenching. This relaxation may be occurring by twin boundary 
motion as previously proposed. This type of time*dependent internal 
friction draws attention to the difficulties which would he encountered in 
using single internal*friction values to compart specimens with unknown 
histories.

CONFIDENTIAL
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Intermediate or Delta-Pha»c A lloy

H. A. Sailer, F. A. Rough, and A. A. Bluer

The phase relationships between the delta phases of the uranium- 
molybdenum and uranium-titanium systems are being studied in a se ries of 
alloys ranging in composition from uranium-31, 5 a/o molybdenum to 
uranium -34 a /o  titanium.

Prelim inary metallographic studies made on ueat-tre*ted samples of 
these alloys indicate that the two delta phases exist in equilibrium below 
about 57S C. It is also indicated that the addition of titanium to the uranium- 
molybdenum alloy destabilised the sluggish gamma-uranium phase.

X-ray studies of the heat-treated specimens are planned with the aim 
of confirming metallographic interpretation of the phase present and de
termining the solubility lim its of the ternary addition to the delta phases.

One objective of this study is to examine the bonding variables, such 
as tim e, temperature, and contamination, in the absence of the usual macro
scopic mating variable. To do this, it is necussary to develop a device for 
bonding needle points to flat surfaces. The second main objective in this 
work concerns the nucleation and growth occurring at the bond interface.

The torsional-balance device for bonding needle points to fiat surfaces 
has been tested, using gold specimens. The resu lts are encouraging. 
Approximately 100 gold-to-gold bonding tests have now been made in air, 
using 14 gold needles and test temperatures of 200 to 500 C. Measurable 
bonds were obtained in about 98 per cent of the specimens. The scatter in 
the results is less than in tests using the parallel sheet-rnetal spring device. 
Work is now being directed toward control and standardisation of tost speci
mens and test conditions in order to obtain reproducibility.

Specimens are being prepared for electron-microscope studies to 
attempt differentiation between bonded and unbonded areas at the bond inter
face.

No progress was made this month on the nucleation-and-growth ex
periments in silver.

Study of Bonding Fundamentals

J. E. Reynolds, H. R. Ogden, and R. L Jaffee
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A Fundamental Investigation of Embrittlement in Zirconium

C. M. Schwarts and A. P. Young

The objective of this investigation is to study the slip-line and twinning 
structure of deformed sirconium, in order to determine why hydrogen 
lowers the impact strength of slow-cooled samples, as compared with 
quenched samples. Last month some evidence was found that the embrittle
ment is related to the initiation of cracks at the intersection of twins and 
hydride platelets. To test this theory further, samples with higher hydrogen 
content are being prepared. To facilitate the measurement of elongation 
and reduction in area  in tensile-impact tests, the new samples have a lor je r  
gage length than those previously used.

Some work has been done the last month in developing an electropolish 
suitable for electron-microscope examination of slip in sirconium. The 
slip and twinning structure in deformed samples with higher hydrogen 
content will be investigated by both light and electron microscopy.

The influence of oxygen upon the thorium transformation is being 
studied. Specimens of iodide thorium with varying oxygen contents have 
been prepared. They will be studied at temperature by means of X-ray 
diffraction when the high-temperature cam era becomes available from 
other work in progress.

Analyses of the thorium-uranium alloys ara being obtained. Compo
sitions of nominal 1, 2, and 5 w/o uranium have been prepared and will be 
machined into specimens for X-ray diffraction.

Although pure niobium is free scaling at elevated tem peratures, the 
oxide is not volatile. The present investigation is being conducted to 
evaluate the effect of alloying on the contamination and oxidation (scaling) 
rate of niobium at elevated temperaturea, witi an objective of developing 
protective heterogeneous oxidss.

Solid State Studies of Thorium and Uranium Alloys

A. E. Austin and C. M. Schwarts

Oxidation-Resistant Niobium Alloys 

W. D. Klopp, C. T. Sims, and R, L Jaffee
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Air-oxidation rate* have been measured on sample* of niobium- 
sirconium alloys exposed for 1 and & hr at 600, 800, and 1000 C. Like the 
niobium-titanium alloy reported previously, these alloys were all free 
scaling, and oxidised linearly with exposure time. However, the rates of 
oxidation, as given below, are much higher than for the corresponding 
niobium-titanium alloys. Small sirconium additions caused an increase in 
the oxidation rate, as compared with the pure niobium controls. A maxi
mum oxidation rate appears to occur at about 1 to 5 per cent sirconium; 
further additions of sirconium decrease the rate slightly. Oxidation rates 
are  tabulated below;

0*144 don Sett, mgy(cm2)0uX 
et Indicated Ttm;wi j u .u  t| C

Alloy Corapoditon. * /o VjHN 600 000 1000

100 niobium 147 1*0 M.» * » .* >
Nlohlum-1 Ktrcoaiua i t s 1,1 64.8 941
NtoMum-5 xbcoolua 167 M 41.1 t ie
Niobium* 10 strccUum SOS M 16.1 101
Niobium-26 tlrooelura tn 4.1 1M 41.1

(i) This value U In doubtt forthet ttttt «i« pUmwd.

Hardness traverses are being obtained on cross sections of the oxi
dised niobium, niobium-titanium, and niobium-sirconium samples to de
termine the depths of contamination. These data will be used to calculate 
the diffusion coefficients for a ir for each of the experimental' alloya.

Binary alloys of niobium containing chromium, molybdenum, and 
tungsten have been prepared by arc melting. Air-oxidation specimens are 
being prepared from theae ingots.

Oxidation-rate studies in a modified Sieverts apparatus have been 
completed on pure niobium in a pure oxygen atmosphere at 600, 600, 1000, 
and 1200 C. Oxidation rates are being calculated from the teat data, and 
hardness traverses also will be obtainsd on these samples. Similar air- 
oxidation studies will commsnce shortly. If the data for air and pure oxygtn 
do not agree, the effect of nitrogen will be investigated.

Uranium-Hydrogen Reactions 

M. W. Mallett and W. hi. Albrecht

The reactions of uranium and uranium alloys with hydrogen are being 
investigated. These studiee are being made under the conditions that p-p0 
is a constant, where p 1* the system pressure and p0 is the dieeociation 
pressure of uranium hydride.

CONFIDENTIAL
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Equilibrium studies were made of s ursnium-5 w/o circorvium alloy 
with hydrogen in the range 330 to 4Z0 C to determine the dissociation pros* 
sure, p0, of the hydride of this alloy. These d au  can be expressed by the 
equation*

log pQ mm •  - 5280
T

♦ 10. 37.

This equation will be used to extrapolate values of p0 for lower tem peratures 
where equilibrium is reached very slowly, as well as to calculate p0 values 
at higher temperatures.

Reaction-rate runs were made with the alloy and hydrogen at 100 and 
248 C at p-p0 of 430 mm of m ercury, at 335 C at p-p0 of 150 mm, and at 
100 and 155 C at p-p0 of 70 mm. As reported previously, the reactions 
followed a  linear rate after initial deviations. From  the data obtained thus 
far, the linear reaction rates a re  about one-half of thoer obtained for the 
reaction of hydrogen with unalloyed uranium at the eame condition of tem per
ature and pressure.

Further rats data will be obtained.

M. W. Mallett and M. J. Traeciak

A fundamental study is being made of factors affecting the thermal 
stability of hydrides which find applications as m oderators end shielding 
materials. High temperature N || (Njj •  number of atoms of hydrogen per 
cm* x 10s**) valuta are being determined for hydrides of various sirconium 
alloys, Table J - l  gives N}{ values of four aircoalum-alloy hydrldet at 
saveral tem perature! in the range 1000 to 1700 T  where resistance heating 
is used. Measurements in the range 1700 to 2200 F using induction heating 
will be made subsequently.

For purposes of comparison, Ngg values for pure sirconium hydride 
determined previously are included in Tshle J - l. The data of Table J-1 
•how that tne alloy hydrides behavs similarly to pure sirconium hydride, 
with the exception of the sirconium -2. 3 a/o molybdenum alloy hydride.
This hydride exhibits comparatively low N}{ values at the lower tem per
atures. However, at 1650 F ite N || le 4. 3, compared with 3.8 for pure 
sirconium hydride. The nature of this trend will be made evident when the 
1700 to 2200 F experiments a re  conducted.

CONFIDENTIAL
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TABU H .  OtVATU>*mr<MrU«l Hh V ALU IS km  IOCOWUM AND Z4KOMVM AlLUYt

*
M ia

t i gfM aAM t Xi*M«/oUs l t * U 3  a /o  Me Zi-f.S «A> Tt

toes M t . 4 U h i %•
1000 M M 4 .1 4 .1 4 .4
I40S M 0*4 V M 4 .1
uao M M M 4*1 4.4

i t 4 ,1 M 4 .4 4 .4
lO* M • • 4 .# 4 .4 4 .1
i m A t •  * •» M 4 .4

It #ae ob icrv td  ix p irim m u lly , Although it is not evident from the 
(Uu in Table J- I, that tb« aircotuum-Z. 3 i /o  manganeee bydr id# trans
formed tt 1410 V. The presence ol manganese tends to Increase the trans
formation temperature, which if 1SS0 t  for par* sirconium hydride. Tb# 
nature «»l tb it transformation t» * structural change from tat agonal hydride 
below 1150 F, to a solid solution of hydrogen in the body*centered*coble 
structure (beta-airconium phase) above tbia temperature. The beta-solld- 
aolution atructure repreaanta « lattice contraction ol IS per cent from that 
ol the tetragonal hydride phase.

The measurement of htgh-temperature NM value a will continue* A 
second apparatus ia being constructed to facilitate production of data.

RWD/CRT:atl
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