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A. DEVELOPMENT OF MATERIALS FOR HANFORD REACTORS

r .  R. Shober

The mechanical properties of annealed and IS per cent cold-worked Zircaloy JA 
have been determined at tem peratures up to 2S0 C. The short-time tensile properties 
of the cold-worked m aterial are luperior to the annealed at tem perature• included in 
this Investigation. Creep tes ts  on Zircaloys 2 and 3A in the 149 to 143 C range have 
been continued. Preparations are being made to determine the burst strength of 0. SO- 
and 0. 625-in. -diameter Zircaloy 2 tubes at 212 and 14} C.

The optimum conditions for producing a strong bond between airconium and nickel- 
plated uranium appear to be less than 2 hr at 730 C and more than 6 hr at 650 C under a 
10, 000-psi pressure. Single crystals of aluminum are being prepared and equipment 
necessary for single-crystal growth of molybdenum and airconium is  being designed.

Thermal Conductivity of Uranium 

H. W. Deem and C. F . Lucks

The effect of irradiation on the thermal conductivity of uranium is being studied. 
Exploratory work will determine the feasibility of making thermal-conductivity and 
electrical-resistiv ity  measurements on uranium rods that are clad in Zircaloy 2. NaK 
will be the heat-transfer medium. The test specimens are being fabricated by Hanford.

Thermal-conductivity measurements will be made by the steady-heat-flow method. 
The apparatus has been designed and is being assembled. Some related equipment, 
including the thermocouple welding jig, jig holder, and constant-temperature water 
bath, has been assembled. All of the remaining drawings should be in the shop by 
April 22.

Mechanical Properties of Zirconium and Zircaloy 2 

F. R. Shober, L. L. Marsh, and J. A. Van Echo

The tensile properties of Zircaloy 3A, the creep properties of Zircaloys 2 and 3A, 
and the burst strength of seamless airconium and Zircaloy 2 tubes a re  being determined 
a t room and elevated tem peratures.

The determination of the mechanical properties at tem peratures up to 482 F in ait 
of annealed and 35 per cent cold-reduced Zircaloy 3A has been completed. The tests 
were performed on specimens which were taken transverse to the rolling direction, 
except for a few supplementary teste on specimens cut from the sheet parallel to the 
rolling direction. The resu lts a re  shown in Table A -i. These resu lts indicate that the 
mechanical properties of Zircaloy 3A are not greatly orientation dependent at the lower
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UmpcrAturtt, At 442 F, lomt l ad kalian  of preferred oriental*on «m observed on * 
>5 per rent cold-worked tpeclmea taken traneverte  to the rolling direction. A chevron 
type of fracture wee obeerved, with the included angle equating approximately 90 deg. 
Additional teste will be conducted to determine Ike general validity of thu  fracture aa 
peculiar to t old-worked m aterial.

TAMJ A-l. MfCHAMICAt ffatttCITIk Of ANHIAUD AMO I I  ft* CtKT OOtD-ertXKZD 2KAU1V 3A
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Annealed u i n m n i f I M •4 .1 44,4 w .t 44.4
i f I4 ,g 9 M 44.1 •4 ,• * . i

t i t I M 41.1 •o .t 43.# 41.1
to t I M » . i ♦ i . l 44.4 44.4
m 19,4 94.1 M .l 44.0 44,4
m U .9 IM tf .» M .4 14.4

UlgltudlMl t t 14.9 •4.1 4f,4 M .4 41.4
m lf .« 94.1 45.0 45.1

Creep letting ol Lot l  of Zircaloy l  kae continued to ehow that the creep etrength 
of thle material ia leae than that of Lot 1. Thu it thown by the total-deformation values 
for similar tim et and by tht minimum creep rate. However, at the low ttre a te t for 
long times (greater than 2000 hr), the creep reeultt fur the two different lot* of data are 
eim ilar. Data from duplicate le ttt  of the second lot have been comparable. The reeultt 
of completed teste and teett in prograta a re  given In Table A*2.

Buret testing to determine the burst atrengtht of seam less atrconium and Zircaloy 
2 tubes I. 5 In. in diam eter hae been completed. Preparations are  being made to test 
several Zircaloy l  tubes 0.50 and 0.625 in. ih diameter at 450 and 650 I*.

. I
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TABU A-2, CREEP PROPERTIES Of ANNEALED ZRCAbOY 2 AND ZIRCALOY 3A

Lot Specimen
Temperature,

r
Stiean,

ptl
Time at 
Test, hr

U>ad
On

Deformation at h d n  ated Time, per cent 

50 Hr 100 lb  600 Hr 1000 lb  1600 1b 2000 Hr

Minimum 
Q ccp Rite'*), 

per cent 
per hr

ZJrcaloy 2

1 300 23,000 1000 0,39 0.90 0,97 1.09 1.16 0.00012
2 40-3 300 23,000 1000 0,20 2.00 2.20 2.62 2.63 m m — 0.00023
2 31-1 300 23,000 1000 0.176 1.60 1,96 2 .29 2.39 — — 0.00020
1 450 21,000 1000 0,48 0.916 0.93 0.96 0.98 — — 0.00040
2 34-3 460 21.000 IM oW 0.69 . 2 .45 2.466 2.49 2.49 2.495 — <0.00001
1 460 23,000 1000 0,30 1.98 2.05 2.13 2.18 •4» — 0,00003
t 40-1 460 23,000 1002.8 1,85 3.86 3.90 3.93 3.95 — -- 0,00005
I 460 24,600 52.3<c > 0.90 •• — — — — - •  •

2 40-4 460 24,600 1000.9 2.40 9.00 9.90 10.26 10.25 — — <0.00001
2 31-6 560 24,600 1002 9 7.50 16.75 16.00 16.10 16.10 — — <0.00001
2 31-7 550 22,600 n o o f a 2.65 4.60 4.62 4.64 4.65 — 0.00001
1 660 9,000 340°_. 0.032 0.06 0.072 0.072 0.081 0.090 0.091 O .O O O O lg )

2 3-2 660 9,000 2 3 2 5 ^ 0.06 0,09 0.1 0.117 0.117 0.117 0.117 <0.000011W
1 650 12,600 1000 0.17 0,42 0.428 0.448 0.46 — — 0.000024
2 3-1 660 12.600 j o o o W 0.15 0.23 0.246 0.282 0.335 0.342 0.360 0,000015* '
1 660 17,600 1000 0.54 0,655 0.675 0.711 0.742 — — 0,00006
2 34-2 660 17,500 1500^) 1.385 1.64 1.65 1.694 1.63 1.65 • m 0.000036
2 34-4 660 17,600 8 5 0 ^ 1.37 1,575 1.615 1,66 — m m — m m

1 660 21,000 1000 1.50 3.87 3.89 4.06 4,36 m m m m 0,0003
2 34-6 660 21, 000 650^) 4.10 4.87 4.92 5.16 M l — — —

• Zbcaloy 3A

3-1 475 20,000 1000.9 0.50 2.605 2.607 ( 0
3-2 475 22. 500 1072.8 2.3 14.4 17.0 23,4 25.75 m m 0,003

(a) Baaed on creep deformation between 500 and 1000 hr.
(b) Tests in  progress.
(c) Ruptured.
(d) Baaed on creep deformation between 1000 and 2000 hr.
(e) Extenaometcr became loose, test diaconiinued.
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A-4

Zirconium  Cladding 

F . R. Shobcr and R. F . Dicker»ori

The affect of tim e and tem p era tu re  under constant p ressu re  on the quality  of the 
bond fo rm ed  between zirconium  and nickel-plated u ranium  is being investigated . The 
bonds obtained under constant p re s su re  a t two te m p e ra tu re s  and th ree  tim e  periods 
have been fu rther evaluated by w ater quenching from  1350 F.

A section  from each te s t  sam ple was p rep ared  for heat trea tm en t. Sam ples were 
cut with c a re  to prevent any unnecessary  cracking of the bond a re a . Each sam ple was 
ground and polished and inspected  in the bond a rea  for c rack s . The sam ples w ere then 
heated in a  lith ium -potassium  carbonate salt bath to  1350 F for 20 min and w ater 
quenched. The following tabulation nhows the re su lts  of the heat trea tm en t.

Time,
hr

Boodlax OmJlUoM
Temperature,

F
ftessure,

pii
Appearance of Bond Before 

Heat Treatment
Appearance of Bond After Heat 

Treatment

m s 10,000 No cracka Several small cracks

m s . 10,000 Small cracks In 60 per cent 
bond area

Separated area above 80 per cent 
bond area

m s 10,000 Two large cracks Entire area claddlig was separated

1200 10,000 No cracks One small crack

1200 10,000 Cracked In three areas Cracked areas opened up

1200 10,000 No cracks No cracks

Additional heat tre a tm en ts  and w ater quenches w ill be made to fu r th e r evaluate 
the s treng th  of the bond under these  conditions.

Knoop hardness m easu rem en ts  were m ade on the specim ens before heat trea tm en t ! 
a c ro ss  the bond a re a . The hardness values indicated  that adjacent to the bond area, 
where extensive diffusion had o ccu rred , there  w ere zones of extrem e h a rd n e ss . The 
h a rd e r a re a  probably a sso c ia ted  with compound com position of n ick el-u ran ium  and 
n ickel-zircon ium  were the s ite s  where separa tion  was initiated and propagated . The 
sum m ary  of resu lts  to date ind icates the following:

(1) Two and 4 h r a t 1200 F  a re  insufficient tim es  to bond the zirconium  
com pletely to the uran ium .

(2) Four and 6 h r a t 1350 F  allow tim e for extensive diffusion and the 
form ation of a b r it tle  in ter m etallic compound.

CONFIDENTIAL



CONFIDENTIAL 11 and 12

A -5 a n d A -6

(3) Six and 2 h r a t 1200 and 1350 F , respective ly , appear to be the 
b e tte r  conditions, of those investigated , for p roducing  a strong 
bond.

Four additional nickel-plated  c o re s  have been sea led  in zirconium  can s . The 
surfaces of two w ere specially p rep a red  to  obtain a sm oother surface on the nickel 
plate. These w ill be p re ssu rise d  a t 10, 000 psi a t 1200 F  fo r 2 and 4 h r, re sp ec tiv e ly . 
The other two w ill be p re ssu rised  a t 1350 F for 1/2 and 1 h r .  Several bare u ran ium  
cores have been p rep ared  and sea led  in tircon ium  cans. T im es and tem p e ra tu res  a t 
a 10,000-psi p re s su re  will be investigated  to determ ine the optimum time and te m p e r 
ature condition fo r a  good bond.

P rep a ra tio n  of A lum inum , Molybdenum, and Zirconium
Single C rystals

E . Jablonowski, F . R. Shober, and R. F . D ickerson

Single c ry s ta ls  of high-purity  alum inum , molybdenum, and zirconium  a re  being 
p repared  fo r irrad ia tio n  studies. The single c ry s ta ls  a re  to  be grown by the s t r a in -  
anneal p ro c e ss . H igh-purity  alum inum  and molybdenum have been procured  and a 
survey of l i te ra tu re  on stra in -an n ea l m ethods of s in g le -c ry sta l growth is in p ro g re s s .

An alum inum  ingot (99.99 w /o alum inum ) was forged and rolled  to 0 .0 5 0 -in . sheet 
a t room tem p e ra tu re . Two types of ten s ile  specim ens having a  0. 25-in. -wide and a 
0 .040-in ,-w id e  gage section, re sp ec tiv e ly , w ere m achined from  the sheet m a te r ia l.
The la tte r w ill yield a single c ry s ta l  of approxim ately the size  d esired  for irrad ia tio n  
studies. Irrad ia tio n  specim ens can be p repared  from  the gage section of the la rge  
tensile  specim en a fte r a single c ry s ta l  has been grown. All specim ens were annealed 
a t 550 C for 6 h r and a uniform  gra in  size  was obtained. Single c ry s ta ls  will be grown 
in these specim ens a fte r p lastica lly  deform ing them a  c r i t ic a l  amount.

Molybdenum bar stock has been  obtained and is C urrently  being analyzed for 
im purity  content. F or the growth of molybdenum and zircon ium  single c ry s ta ls , m o d i
fication of the s tra in -an n ea l p ro cess  and annealing equipm ent w ill be n ecessa ry . An 
A ndrade-type fu rnace will be designed , constructed , and used for the growth of single 
c ry s ta ls  of molybdenum and z ircon ium .

CONFIDENTIAL
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B-l and B-2

B. DEVELOPMENTS FOR ALUMINUM-CLAD FUEL ELEMENTS

R. J. C arlton

All of the programs aimed at developments for aluminum-clad fuel elements have 
been completed with the exception of work on extruaion cladding of flat plates, and 
topical reports will be prepared on all phases of the current work. Next month several 
new programs will be initiated and the progress on these programs will be included here.

Extrusion Cladding of Flat Plates 

R. J. Fiorentino, C. J. Slunder, and A. M. Hall

Two new mandrels and a new die were tested during the past month.

One mandrel was designed with a 1/16-in. radius at the corners of the core slot to 
minimise the possibility of the slot cracking. No cracks were observed after six tests. 
Both radiused and sharp-cornered cores were clad satisfactorily using this mandrel. 
However, excessive extrusion pressures were s till encountered although an additional 
core guide was used to minimize cocking of the core.

The second mandrel was designed with a heavy center web that supports the tip up 
to the very edge of the core slot. This was done to reduce the amount of slot compres
sion when under pressure. However, it was recognised that the heavy web would prob
ably res tric t the metal flow in the welding chamber. At a m andrel-to-die distance of 
40 m ils, the stream s of m etal issuing from the ports adjacent to the center web did not 
make a  satisfactory seam when forming the cladding. However, with a mandrel-to-die 
spacing of 80 mils, a continuous cladding was produced with apparently good seams.

The new die has a  shear-type orifice, but the normally flat welding chamber was 
tapered at a slight angle to determine if the extrusion pressure would be reduced. The 
resu lts of the first test indicated that the pressure was somewhat higher than a flat
faced shear-type die.

It is planned to perform  additional tests with these tools to determine their effect 
on metal flow under various conditions of extrusion.

CONFIDENTIAL
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C. PLANT ASSISTANCE TO MCW 

A. A. Bauer

Studies of the re la tionship  betw een residual n itrogen content of UO) and the oxygen 
reactiv ity  of UO2 have continued and data have been re -ev a lu a ted  on the b a s is  of new 
nitrogen an a ly se s . Residual n itrogen  content was found to  decrease  with increasing  
tem p era tu re  of denitration. The reac tiv ity  of UO2  p roduced from  vacuum -am orphous 
UOj varied  in v erse ly  with n itrogen  content; no definite re la tionsh ip  for UO2  p rep a red  by 
belt d en itra tion  was observed. The effect of washing on the nitrogen content of UO) is 
now being investigated .

R esu lts  of ignition analyses show that the oxygen pickup by active UO2 o ccu rs  
more rap id ly  and to a higher value than for inactive UO2 .

The study of the effect of n itro g en , added in the fo rm  of powder of approx im ately  
UNi' 5  com position, on the e le c tr ic a l  p ro p ertie s  of u ranium  oxides has continued. 
Lowered e le c tr ic a l  conductivity accom panies the in troduction  of nitrogen; how ever, the 
minimum in conductivity with in c reas in g  nitrogen content previously  rep o rted  was not 
observed in a  second set of sam ples p repared . No sign ifican t effect of n itrogen  on the 
tem peratu re  dependence of conductivity has been observed . Additional m easu rem en ts  
a re  being m ade.

The co rro s io n  re s is tan ce  of Type 304 ELC s ta in le s s  s te e l in ch lo rid e - and 
fluoride-con tam inated  n itric  ac id  solutions is being investigated . C orrosion  r a te s  in 
ch loride-contam inated  solutions of 18 and 30 w /o n itr ic  ac id  fo r  exposures up to  3000 hr, 
and in 5 w /o  n itr ic  acid solutions fo r  exposures up to 1500 h r , have rem ained  essen tia lly  
constant. A single specim en exhibited  a  sudden acc e le ra tio n  in co rro sion  ra te  a f te r  
1906 h r of exposu re ; this specim en w as exposed a t the in te rface  position of a  30 w /o  
n itric  acid  solution containing 0. 500 w /o  chloride.

Specim ens from  Weldon S prings stock w ere te s te d  in  both the welded and unwelded 
conditions in 18 w /o  n itric  acid  containing additions of 0 .05  w /o  chloride and fluoride. 
G enerally , b e tte r  res istan ce  w as exhibited by th is  m a te r ia l than s im ila r  B attelle  stock; 
a lso , the w eldm ent seem ed m ore  re s is ta n t to co rro sio n  than the base m eta l.

A lum inum  additions to c h lo r id e -  and fluoride-con tam inated  n itric  acid  solutions 
have been found to produce notable d e c rea se s  in c o rro s io n  ra te .

D ifficulties have been encoun tered  in the m easu rem en ts  of hydrogen perm eab ility  
through m olten  m agnesium  fluoride slag . The zirconium  employed to act a s  a  sink for 
hydrogen h as been found to re a c t to an appreciable ex ten t with one of the slag  com 
ponents, probably  oxygen. Thus, the previously de term in ed  value for the perm eab ility  
of hydrogen through the slag is in  doubt. An analysis  of the su rface  film  fo rm ed  on the 
zirconium  is  being perform ed.
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C-2

Investigation of Uranium Oxides 

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

The invealigation of the methods of preparation of UO3 and UO2 i t  being continued. 
The relation between retidual nitrogen content of UO3 and oxygen reactivity of UOg has 
been re-evaluated, and new nitrogen assays have been obtained. Further studies have 
been made on (1) the effect of washing on the nitrogen content of UO3, (2) various 
methods of reducing UO3, and (1) oxygen pickup by active UX>2 at 100 C.

The nitrogen analyses reported in the last several reports had been obtained by the 
Devarda method and were considered to be accurate results. However, a careful study 
during the past month has shown that the method, as used here, is not satisfactory for 
UO3 samples containing very low amounts of nitrogen. Despite recommended trapping 
procedures, some KOH is carried over with the ammonia and water-vapor stream. A 
modified Kjelkahl method has been employed, which gives good reproducibility on low- 
nitrogen analyses. The results of this method ©4 nitrogen determination are shown in 
Table C -l, For the three methods of denitration (belt, vacuum, and pot) an increase 
in temperature reduces the residual nitrogen. The nitrogen contents of other prepara
tions of Type III UO3 will be studied next month.

TABU  C - l .  THE EFFECT OF DENITRATION TEMPBtATURE ON NITROGEN CONTENT OP 
U O 3 AND ACTIVITY OF U O j TOWARD OXIDATION

Sam ple
X-Ray
T ype M ethod

Preparation  o f  U Qs 
T em p era tu re ,

C
T im e ,

hr

N itrogen 

In D O ), 
v / o

O xygen-Uranium  R atio  o f 
UO2 Exposed to Air

35 8 Amorphous Belt 350 2 0 .2 4 2 .3 4 1
357 Amorphous Belt 400 2 0 .0 6 4 2 ,137

348 Amorphous Belt 425 2 0 .0 3 2 2 ,2 5 4

362 Amorphous Belt 450 2 . 0 ,0 2 2 ,1 8 5

391 in Vacuum 2 50 8 0 ,7 9 2 .1 5 6
340 Amorphous Vacuum 300 2 0 ,5 7 2 .1 7 5
363 Amorphous Vacuum 300 4 0 ,1 3 2 ,2 6 3
365 Amorphous V acuum 400 4 0 .0 1 2 ,3 3 5
314C Amorphous Vacuum 45 0 2 0 .0 0 2 2 ,3 5 7

949 m Pot 425 2 0 ,0 7 5 * • •

181 m Pot MCW — 0 ,0 4 3 2 .0 5 2
251 U3O8 Pot 550 2 0 .0 0 4 m m

The UO3 samples of varying nitrogen contents were hydrogen reduced to UO2 at 
600 C and then exposed to a ir at room tem perature. The relation between the nitrogen 
content of the UO3 and the activity of the UO2 is shown in Table C -l. The oxygen- 
uranium ratio is indicative of the activity of the UO2. For UO2 made from vacuum- 
amorphous UO3, the oxygen-uranium ratio appears to vary inversely with nitrogen. For 
UO2 made from belt-amorphous UO3, no definite relation has been seen.
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Several samples of amorphous and Type III UO3, including tome regular MCW 
production oxide*, were washed in water to decrease the nitrogen content, and the effect 
of this treatment on the reactivity of subsequent UO2 is being studied. The results are 
not complete and will be reported next month.

An active oxide with an oxygen-uranium ratio  of 2.248 was made from amorphous 
UO3. It was desired to compare the oxygen-sorption rate of this m aterial with that 
previously reported for MCW UO2. The active oxide was heated in flowing oxygen at 
IOO C for varying lengths of time. Results of ignition analyses are shown in Table C-2, 
The oxygen pickup by active UOg was found to reach a higher value, and in a shorter 
time, than did the inactive UO£. The X-ray patterns of samples having high oxygen- 
uranium ratios were diffuse, and until the powders have been annealed, the structures 
cannot be determined.

TABLE C-2. COMPARISON OF OXYGfcN PICKUP Of ACTtVE AND INACTIVE UOj HEATED IN OXYGLN

. Active UO2 Inactive UOa
Time at 100 C, hi Oxygen/Uranium Ratio Time a t 180 C, hr Oxygen/Uranium Ratio

0 2.248 0 2,032

1 2.284 . 1 2.132

2 2.318 2 2.160

4 2.335 4 2.124

8 2.341 8 2.225

16 2.360 18 2.264

The E lectrical Properties of Uranium Dioxide 

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

The study of the effects of nitrogen on the electrical properties of uranium oxides 
has been continued. Previous work has indicated that a lowered conductivity results 
when nitrogen is incorporated in the lattice of uranium dioxide. This finding has been 
verified by the preparation of additional samples of uranium oxides containing nitrogen.

"Doping" was accomplished by intimately mixing powders of UOj*. 03 and UN|f 5 in 
predetermined ratios up to 5 mole per cent UN| 5. The powders were hydrostatically 
pressed; without a binder, at 100,000 psi. The samples were then annealed at 200 C for 
about 120 hr to insure homogeneity.

The room-temperature conductivity of these specimens decreased, in a more or 
less orderly fashion, with increasing nitrogen content. However, the minimum of
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conductivity vereue nitrogen content apparent in the fira t group of specimens (see 
BMI-1173) was not obtained in the second group. With this exception, the magnitude and 
dependence of conductivity on nitrogen content of the two groups of specimens were 
comparable. All specimens were r-type.

At present the dependence of conductivity on tem perature of these specimens is 
being m easured. No significant differences between doped and undoped specimene have 
been noted as yet. In general, the curves consist of a straight line which changes slope 
between 100 and 200 C. This change of slope probably corresponds to the transition:

(A) U02fjc 4 (B) U jO ? -  (C) U02fx  4 (D) U40 9, |C>A|.

From room temperature to the transition temperature the slope of the curve co rre 
sponds to an activation energy of about 0.44 ev. Above the transition tem perature the 
slope increases to about 0. SO ev. No further changes are apparent up to 500 C, the 
limit of the measurements. The anomalous dscrease of conductivity between 400 and 
500 C obtained with inactive sintered specimens is lacking in these specimens. How
ever, measurements on only four of the eighteen specimene prepared have been com
pleted and a thorough understanding of the effects on nitrogen on the electrical prop
erties of uranium dioxide must await further meaeuremente.

It is planned to complete the electrical measurements on these specimens in the 
near future. When the electrical measurements are completed the effect of nitrogen on 
the structure of the oxide will be determined by X -ray analysis. The electrical prop
erties and structural changes will be correlated. Additional specimens containing 
nitrogen will be prepared for sintering studies.

The Corrosion Resistance of Selected Stainless Steels 

C. L. Peterson, W. C. Baytos, F. W. Fink, and R. S. Peoples

Studies of the corrosion of Type 304 ELC stainless steel specimens by nitric acid 
solutions contaminated with chlorides and fluorides were continued during March.

A total exposure time of 3000 hr has now been reached in the prolonged-exposure 
tests in chloride-contaminated solutions of 18.0 and 30.0 w/o nitric acid; an exposure of 
1500 hr has been reached in the case of 5. 0 w/o nitric acid solutions. Table C-3 con
tains the data recorded during March. These data are a continuation of those given in 
Table C-4 of BMI-1173. All corrosion rates are remaining essentially constant or 
diminishing slightly with continued exposure time, with the exception of the specimen 
exposed a t the interface position in 30.0 w/o nitric acid containing 0. 500 w/o chloride. 
In this case, a  sudden upswing in the corrosion rate has occurred after a  1906-hr 
exposure, as shown on page C-7.
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TABLE C-3. CORROSION Of TYPE 304 ELC STAINLESS STILL IN CHL0R1DI •CONTAKUNA f it)  NITRIC ACID

(Bolling solutions, reduced pressure)

Chloride,
w/o

Specimen
Position

Corrosion Rate In Exposure Time In IINOj Solution Indicated, mth pet month
1100 lb 2000 Hi, 

30 w 0
2500 Hr. 
30 w /o

1600 Hi
& w/o 18 w /o 18 w/.i no w/o

0.000 Vapor 0,000 0.006 0,002 0.007
Interface 0.002 0.012 0,003 0.013
Liquid 0,001 0.011 0,002 0.011

0. 02s Vapor • • 0.009 .. 0.0O9
Interface • • 0.014 • • U.016
Liquid • • 0.  011 • • 0.011

0,050 Vapor 0.002 0,004 0.001 0. 006
Interface 0,002 0.013 0.004 0.013
Liquid 0.001 0,013 0.002 0.013

0,100 Vapor 0,002 0.009 0,002 0. 010
Interface 0.071 0.014 0.002 0,014
Liquid 0,002 0.014 0,002 0.014

0,300 Vapor . . 0.017 . 0.017 . . • •
lt.terface — 0,024 0.023 • • - -
Liquid -• 0.016 0.016 •• -  •

0,500 Vapor 0.000 0, 001*** 0.016 • • 0,  015
Interface 1.606 0, 00d(*) 0.820(b) • • 1 .38 l(c )
Liquid 0.002 0. 003'* ) 0,022 •• 0.023

(a) These specimens were cut from Type 304 ELC used in the Weldon Springs reconcentrator,
(b) Exposure time for this specimen was 2406 hr,
(c) Exposure time for this specimen was 2906 hr.
Note: Solutions of 6 and 18 w /o HNO3 are boiling at 200 mm mercury, 30 w/o HNO3 a t 250 mm mercury absolute pressure.
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TAIL! C*4. CORROSION OP TTPf 904 tbC STAINLESS STHL IN CONTAMINAT© MTttC ACID

(VoUlag aoUtUaw, 110 v /o  HNOj, attmupbertc pteuuvc)

Specim en

Typ«

Specim en
p e titio n

C hloride,
w /o

Fluoride,

W /O

Aluminum.
w /o

C nm nkxi Rate la Each 48-lkr Period, mlla per m onth

l i t t a d 3rd 4tfc 5th 5 tb 1 t h Average

Weldon Spring. Vapor .050 .0 5 0 •  • m s 1 .0 0 0 .0 5 0 .9 0 0 .1 0 0 .9 2 0 .8 8 0 .83
Type 304 H C In te rla c e 6.59 5 .7 1 5.33 5 .1 3 3 .0 2 4 .8 4 5 .2 2 5.13
(unwelded) m a i d 1 1 . 4 1 9 .03 M 1.11 1 .5 6 9 .0 9 1 .9 0 1 .7 2 9.11

We Woo Spring* Vapor .080 . 0 5 0 • • U 2 1.05 0 .6 9 0 .9 3 0 .8 5 0 .6 0 0 .7 9 0.93
Tjrp« 304 H C In te rface 3 .6 9 3 .41 2.62 2 .8 1 3 .1 0 2 .2 9 2 .0 2 2 .86
(welded) Liquid 4 .1 1 4 .4 1 4 .60 5 .8 1 6 . 0 0 5 .6 4 6 .4 5 5.04

•e u e U e  Mock Vepoc .050 .0 5 0 • • 1 .6 3 1.24 1.05 1 .1 0 L 0 6 0 .9 6 0 .9 5 1 .1 0
Type 304 E C In te rfa c e 11 .50 12.04 8 .44 9 .4 9 6 .5 0 10.55 8 .6 0 9.97

Liquid 13 .63 12.50 13.98 1 4 .1 6 13.16 12.35 12 .99 13.25

B itte lle  Mock V apor .050 .0 5 0 .300 0 .0 9 0.0s 0 .0 9 0 .0 8 0 .0 8 0 .0 8 0 .0 6 0 .0 8
Type 304 ILC In te rfa c e 0 .1 0 0 .1 0 0.12 0 .1 0 0 ,0 9 0 .0 7 0 .0 6 0 .0 9

Liquid 0 .1 0 0 .0 9 0 .10 0 .0 9 0 ,0 9 0 .0 8 0 .0 9 0 .0 9
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Exposure T im e, 

hr
Corrotion Rate, 
mils per month

406
906

1406
1906
2406
2906

0.032 
0.024 
0.022 
0.022 
0.820 
1.381

A s im ila r  specimen at this position exhibited sev e re  attack during the second 48-hr 
exposure  period of the sh o r t-p e r io d  exposures preceding the prolonged te s t s .

Attention is called to a  co rros ion  ra te  e rroneously  reported  in Table C-4 of 
BMI-1173. The rate for the specimen exposed to the liquid phase of 18. 0 w /o nitric acid 
with no chloride, after a 1000-hr exposure, should read  0. 002 mil per  month, ra ther 
than 0.011 as printed.

Many of the test solutions have been analyzed for chlorides following the exposure 
periods . So fa r ,  there has been no indication tha t chlorides are  lost during prolonged 
boiling. This is true  even in the case of the 30. 0 w /o  nitric acid solutions containing 
0. 500 w /o  chloride which have boiled for 500 h r at 250 mm m ercury  absolute p ressu re .

Specimens cut from the m ateria l which is  being used in the fabrica tion  of the 
Weldon Springs reconcen tra to r  were exposed in both the welded and unwelded condition 
to 18. 0 w /o  nitric acid solutions containing 0. 050 w /o  chloride and 0. 050 w /o fluoride. 
The re su lts  with this s teel a r e  generally be tte r  than those obtained with Battelle stock 
Type 304 ELC. From  the r a te s  recorded  in Table C -4 , it would appear that the weided 
specim ens were somewhat m o re  res is tan t than the unwelded. The weldment does seem 
m ore re s is tan t  than the base  m eta l;  however, this lower corrosion  rs te  may be due 
p a rtly  to the uncertainty in m easuring  the surface a re a  of these specim ens.

The weldments were produced by the shielded m eta l-a rc  p rocess ,  using electrodes 
of Type 308 ELC sta in less  s tee l. In cutting up into samples, the weldments were so 
positioned as to leave an a re a  of the specimen which was not heat affected. Microscopic 
exam ination of the weldments showed no severe co rros ion  resulting from  the welding 
p ro c e ss .  There was no evidence of the so-called  knife-line attack in the heat-affected 
a re a s .

During this same s e r i e s  of tests , a study was made of the effect of aluminum addi
tions on the corrosivity  of ch lo ride- and fluoride-contam inated nitric  acid  solutions. 
Specimens cut from Battelle stock Type 304 ELC sta in less  steel were exposed to 
18. 0 w /o  nitric acid solutions containing 0. 050 w /o  chloride, 0. 050 w /o  fluoride, and 
0. 300 w /o  aluminum additions, boiling at a tm ospheric  p ressu re . Table C -4  gives the 
co rro s io n  ra tes  m easured  during seven 48-hr exposure periods. The effect of the 
aluminum additions on the co rro s io n  ra te s  is v e ry  pronounced. The ra te  for the speci
men exposed in the liquid phase has been d ecreased  over hundredfold by the addition of 
aluminum. The reduction in corrosion  ra te s  fo r  the other two specim en positions is not 
quite so high, but, in all c a s e s ,  a  satisfactory  re s is tan ce  to attack has been imparted by 
the aluminum additions.
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The survey of chloride reten tion  by n itr ic  acid  concentrations of g re a te r  than 
30. 0 w /o  w as delayed by o th er stud ies, which include finding a  suitable m ethod for 
following the fluoride concen tration  during the exposure  te s t periods. P re s e n t plans 
ca ll fo r  com pleting both of these  studies during A pril, in addition to  continuing with the 
prolonged-exposure te sts  a lread y  under way.

Gaa-M etal Studies 

M. J . T rzeciak and M. W. M allett

As p a rt of M allinckrodt C hem ical W orks' investigation  of the ir th e rm ite  reaction 
to produce uranium  m etal, a  study of re la tionsh ips between hydrogen and the m ateria ls  
of reac tio n  is being m ade. The objective is  to de term ine  the movement of hydrogen 
within the reac to r during reac tio n . In turn , th is w ill lead to an understanding of the 
m echanism  by which hydrogen en ters  the uranium  m etal produced. P re se n tly , the 
perm eation  of hydrogen through m olten m agnesium  fluoride slag is being m easured.

A tentative value fo r the perm eation of hydrogen through m agnesium  fluoride slag 
was repo rted  in BMl-1173. A close exam ination of the experim ental sy stem  was made 
to evaluate the c o rrec tn ess  of the reported  value. It was found m etallograph ically  that 
the z ircon ium  being used a s  a sink for hydrogen was reacting to an appreciab le  extent 
with som e component of the slag , possibly oxygen. As a resu lt of th is reac tion , a  hard 
film  w as form ed on the su rface  of the zirconium . This film presum ably  could inhibit 
reac tio n  of hydrogen with zirconium . This would influence the magnitude of the value 
obtained fo r perm eability  of hydrogen through slag . An analysis of the film  is  being 
m ade. In addition, a com patib ility  study involving zirconium  with slag and cp m agne
sium  fluoride is  being conducted.
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PROCESSING OF FEED MATERIALS

E. L. Fos te r , J r .

Two studies  now in p rog ress  a r e  of d irec t in te res t  in the processing of feed mate* 
r ia ls .  One, concerned  with the development of salt baths for the heat trea tm ent of 
uranium, has been in effect for som e tim e. A new study, whose objective is the e lim i
nation of galling in dies used for the compacting of u ranium  te tra fluoride-m agnesium  
m ixtures, has just been initiated.

The pickup of hydrogen by uranium  has been noted in the salt baths used for its  
heat treatment, at the Feed Metals P ro cess in g  Center (FMPC). In laboratory studies 
conducted previously , it was d e te rm ined  that uranium heat t rea ted  in two different salt 
system s contained less  than the expected quantities of hydrogen. It is the purpose of a 
program  now in p ro g ress  to continue and confirm on a p ilo t-p lan t scale these labora to ry - 
scale re su lts .  The two salt baths s e lec ted  for further s tudies  were 50 w /o sodium 
ch lo ride -50 w /o  potassium  chloride and 50 w/o potassium c h lo r id e -50 w/o sodium 
carbonate.

These sy s tem s  plus additions to the  expected contamination level from  baths now 
in use have been tes ted  for periods up to 3 weeks. Samples of uranium heat t r e a te d  in 
them have been analyzed for hydrogen, and the weight loss  during heat trea tm en t noted. 
In addition, qualitative data on the re la t iv e  attack by the sa lt  baths on the e lec trodes  and 
containers used have been gathered.

Data f ro m  the incomplete s tudies  indicate that u ran ium  specimens heat t re a te d  in 
all the baths picked up on an average  le ss  than 1 ppm of hydrogen. Further ,  within this 
range of contamination, the a l l-ch lo rid e  baths were m ore  effective in keeping the hydro
gen pickup low er than were the ch lo ride-carbonate  baths. Uranium-slug weight lo s se s  
continue low, on the order of 0. 2 w /o  fo r  specimens im m e rse d  for 13.5 miti.

The compacting of uranium te tra fluoride  (UF4)-m agnesium  mixtures has been 
envisioned a s  a means of increasing the  efficiency of the bomb reduction c h a rg es .  In 
doing th is , the charges  a r e  mixed and then briquetted in a c losed  die. In briquetting, 
a fter repeated  operation, galling occu rs  between the ra m  and die wall. If no cleanup 
step is incorpora ted  in the compacting operation, the ram  s ticks  and further compacting 
'is made im possible.

A p rog ram  has been initiated to study methods of alleviating th is  galling. It is 
felt that the m agnesium  in the com pacts  is responsible for the present difficulties; the 
planned program  not only includes the  use of die lubrican ts  found successful for mag
nesium but a lso  a scrutiny of d ie - to le ran ce  and -design considerations.

c
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Salt-B ath  Development

L . L . L o rtsch er, K. A. Sense, and R. B. F ilb e r t, J r .

Hydrogen pickup by uranium  rods heat tre a ted  in p ilo t-p lan t sca le  aalt baths is 
being studied. Two sa lt  m ixes which re su lte d  in low hydrogen pickup in previous lab o 
ra to ry  work (50 w /o  sodium  c h lo rid e -50 w /o  potassium  ch lo rid e , and 50 w /o po tassium  
ch lo rid e -50 w /o sodium  carbonate) a re  being used in the p re sen t program . The planned 
experim ental p ro g ram , consisting of th re e  3 -week runs with th e  NaCl-KCl mix and two 
3-week runs with the KCl-Na2C03 m ix, is  n ea rly  com plete. Hydrogen analyses (con
ducted by NLO a t F ernald ) have been  obtained  for the u ranium  specim ens trea ted  in  the 
f irs t three runs (one w ith the NaCl-KCl m ix  and two with the K Cl-N a^CO j mix). T h ese  
re su lts  show that av e rag e  hydrogen pickup was le ss  than 1 ppm , and, a s  indicated by 
the previous work, the hydrogen pickup in the  a ll-ch lo rid e  s a lt  bath  was lower than tha t
in the ch lo rid e -carb o n ate  sa lt baths.

. ." . '■ if ''

Testing of Salt Bath 4, consisting of S3. 5 w /o Nu-Sal (50 w /o  NaCl-50 w /o KC1) 
plus 2. 9 w /o L i2C O j and 3 .6  w /o K2CC>3 has been com pleted. The mild steel pot used 
for the previous N u-Sal te s t (Salt Bath 1) was used for th is  s a lt-b a th  te st. New mild 
s tee l e lec trodes w ere  used, s im ila r to those used for te s ts  of Salt Baths 2 and 3. These 
e lectrodes w ere m ade from  2. 5 in. c o ld -ro lled  b a r stock planed down to 2 -in. b a r s  to 
rem ove rolling c ra c k s . Four groups of tw o specim ens each w ere  tre a ted  in th is s a lt 
bath: one group when the bath had aged 1 week, one group when the  bath had aged 2 
weeks, and two groups when the bath had aged 3 weeks. The f i r s t  two groups were 
tre a ted  by the m odified procedure, which co n sists  of im m ersing  a pair of uranium  
specim ens in the sa lt bath a t 1350 F fo r 13.5 min, quenching in w ater for 2 min, rin sing  
for 10 sec in a second tank of w ater, and finally rinsing in a  140-ml sample of de ion ised  
w ater to be used for ch loride analysis . The rin se  sam ple fo r ch lo ride  determ ination 
was om itted for th e  two groups tre a ted  when the bath had aged 3 w eeks. One of the 
groups trea ted  in the 3 -week-old bath was trea ted  for 6 .75 min instead  of 13. 5 min.

Work was begun with Salt Bath 5, consisting  of 93. 5 w /o  Nu-Sal, and 1. 6 w /o  
L i2C03, and 4. 9 w /o  K2CC>3. The sam e m ild steel pot and m ild  s tee l e lectrodes used 
for the previous N u-Sal te st (Salt Bath 4) w ere retained for th is  sa lt-b a th  te s t. When 
the  bath had aged 1 week, one group of 2 specim ens was tre a te d  by the original p ro 
cedure, which om its separa te  rin se  sam p les  for chloride determ ination .

H ydrogen-analyses re su lts  were received  for two spec im ens trea ted  in Salt Bath 
1, six specim ens tre a te d  in Salt Bath 2, eight specim ens tre a te d  in Salt Bath 3, and two 
specim ens tre a te d  in Salt Bath 4. T hese  re su lts  and the four hydrogen analyses r e 
ported  la s t month a r e  recorded in Table D - l. The hydrogen contained in individual 
specim ens tre a te d  for 13. 5 min ranged from  0.21 to 1. 10 ppm . Average hydrogen con
ten ts for a ll spec im ens trea ted  for 13. 5 m in in each sa lt bath  w ere  0.41, 0.87, and 0. 68 
ppm for Salt B aths 1, 2, and 3. The low  average hydrogen con ten t was obtained with an 
a ll-ch lo ride  bath (Salt Bath 1). The g re a te r  Li2C03 content of Salt Bath 2 com pared  
with that of Salt B ath 3 (3. 1 w /o v e rsu s  1. 6 w/o) may explain the  g re a te r  average hydro
gen content of sp ec im ens trea ted  in Salt Bath 2 (0.87 com pared  with 0.68 ppm). How
ever, humidity data which have not been com puted and c o rre la te d  at this point may ex
plain some of th e  d ifference in hydrogen pickup between Salt B aths 2 and 3. The two 
specim ens tre a te d  for 1.35 min in Salt B ath  3 had ap average hydrogen content of
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TABLE D - l ,  HYDROGEN CONTENT OF URANIUM SPECIMENS TREATED IN SALT B A T H ^  
1 , 2 . 3 , AND THE FIRST WEEK IN SALT BATH 4

Specimen
Hydrogen Content, pnm

Individual Results Average for Each Group Average for Each Sait-Bath lest

1-1-a 0.61 0.36
1-i-b 0.21
1*2-a 0.40 0.89 0.41
l-2-b 0,87
1-3-a 0.40 0.49
1-3-b 0,57

2-1-a 0.71 0.91
2-1-b M 9
2 -2-a 0.95 L03 0.87
2-2-b n o
2-S-a 0,83 0,66
2-3-b 0,49

3-1-a 0,97 0.80
3-1-b 0.62
S-2-a 0,61 0.74 0.6H
3-2-b 0.87
3-3-a 0.51 0.50
3-3-b 0.48

3-3- c ^ 1.15 1* 13
S-S-dO ’J U 1

4-1-a 0.52 0.50
4-1-b • 0.47

(a) Sail B a t h ________________________________ Composition

1 93, & w/o Nu Sal (50 w/o NaG *50 w/o KG) and 6,5 w/o K -2 (50 w/o KCI-SO w/<» NagCOg)
2 93.0 w/o K-2, 3.1 w/o LigCOj, and 3,9 w/o K2CO3
3 93,5 w/o K 2, 1.8 w/o LljCOg, and 4,9 w/o K2COg
4 93.5 w/o Nu-Sal. 2.9 w/o LijCO,, and 3.6 w/o K2CQ9

(h) Thetc specimens were treated for 135 min instead of 13.5 min.
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1.13 ppm compared with an average hydrogen content of 0. 50 ppm for the two specimens 
treated at the same time for 13. 5 min. The large differences obtained with some dupli
cate samples are greater than would be expected from the hydrogen-content test. NLO 
at Fernald will analyse ten untreated uranium specimens to determine the hydrogen- 
content variation that exists before heat treating in the experimental salt baths.

All of the uranium specimens treated in Salt Bath 4 and the two specimens treated 
so far in Salt Bath 5 showed no visible salt coating after quenching. Analysis of rinse 
samples obtained from the uranium specimens treated when Salt Bath 4 was 1 and 2 
weeks old showed from 8.35 x 10”6 to less than 5.95 x 10~6 g per cm2 of specimen sur
face. In view of such low levels of chloride pickup on the surface of the uranium speci- [ 

these analyses have been discontinued. However, it has been suggested that NLOmens,
at Fernald determine the chloride content of the cuttings they obtain from the surface of;
the uranium specimens for a more positive test of chloride adherence to uranium. 
Visible surface corrosion of the uranium specimens was negligible in all cases.. Weight 
losses were between 0.2 and 0. 3 per cent for the specimens treated the standard 13. 5 
min. Weight looses of the two specimens treated for 6.75 min were slightly lower,
0.18 per cent. The actual weight looses are recorded in Tables D-2 and D-3. Metal- 
lographic examinations of the corrosion specimens suspended in the salt baths are in 
progress.

The planned work consists of completing the treatment now in progress of uraniuni 
specimens in Salt Bath 5. Work will be begun on correlation of the data obtained from 
the five salt-bath tests.

TABLE D-2. WEIGHT LOSS Of URANIUM SPECIMENS TREATED THE FIRST, 
SECOND, AND THIRD WEEKS IN BALT BATH 4

•a. 6 w/o Nu-Sal, a. 9 w/o UqCOj , end 1 .6  w/o KjCOg.

Specimen
Wtiflht L o k < a >

G Per Gent

4-1-1 2.1 0.22
4*1-b lit 0.20
4-fl-a 2.1 0.22
4 -l-ti 2.5 0.26
4-3-a 2.2 0.23
444 2.0 0.21
4 -3 -d b> U 0.W
4-3-<Kb) U 0.1R

(a) Incurred during the operations of heating, quenching, riming, end 
drying the tpecimem,

(b) Then ipectmen* were treated for 8.75 rain instead of 13.5 min.
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TABLE D -3 . WEIGHT LOSS OF URANIUM SPECIMENS TREATED 
THE FIRST WEEK IN SALT BATH i

03.5 w/o Nu-Sal, L.6 w/o UjCO,. and 4.9 w/o 
KaCOg.

Wetlht Lok(*I
Specimen G Per Gem

5*1 *a 2.1 0.23

»*A-b 2.2 0w 21

(a) Incurred during the operations of heating, quenching, riming, and 
drying the ipecimeru.

Galling P ro b lem s  in Compacting of M agnesium-Green Salt Blends 

S. J .  Paprocki, R. J. C ar lson , and E. G. Smith, J r .

At the request of NLO, a program han been  initiated designed lo eliminate g a l l i n g  
of die  walls while b riquetting  uranium te tra f lu o rid e  (UF4) and m agnesium  blends p re 
p a ra to ry  to bomb reduction . It is believed that th is  galling is caused  when magnesium 
p a rtic le s  become wedged between the ram  and die  wall and a re  ex truded  along the length 
of the  wall as the ra m  is  operated. After s e v e ra l  operational cycles  the amount of 
m agnesium that builds up on the die wall b ecom es sufficient to cause  the ram  to stick. 
T h ree  factors a re  being considered  in efforts to eliminate this galling problem. These 
a r e  the design of the die, die lubrication, and the die m aterial.

With regard  to die  design, several in s e r t s  with various die c lea rances  will be 
made and used between the ram  and compact to determine the effect of d ie -ram  c le a r 
ance on the galling p rob lem , A die is being made with a bore d ia m e te r  of 2-3/4 in. and 
having a slight taper (10 min) in the section w here the final compacting of the biscuit is 
done.

In addition to the  new die design, sev e ra l  lubricants will be used on the die and 
ram  surfaces to fac il i ta te  ram  movement during compacting. The lubrican ts  will be 
chosen for the most p a rt  from those used in the  fabrication of m agnesium . In using 
th ese  lubricants, no r e g a r d  will be paid as to th e ir  effect in contaminating the pressed  
com pacts until some a r e  found to be suitable. Then the c h a ra c te r ia t ic s  of the lubricants 
such as composition and volatility will be considered .

The possibility of using a different die m a te r ia l  will not be considered  until after 
the die-design and lubrica tion  studies have been completed.

The die has been designed and is being constructed. Compacting will begin when 
it is  completed. A l i t e r a tu re  survey has been conducted on the lu b rican ts  used in the 
forming of magnesium shapes. It has been found that d ispersiona of graphite, such as 
Aquadag suspended in various  c a r r ie r  media, have been used for the most part in the
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D-6

extrusion of magnesium shapes. Graphite dispersions have also been used to prevent 
galling in hot pressing uranium and magnesium blends. In addition, several of the 
stearates have also been used with success in fabricating magnesium.

i
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E . GENERAL FU EL-ELEM EN T DEVELOPMENT

F . A. Rough

In the developm ent of re frac to ry  fuel elem ents, em phasis  is  continuing on f is s io n -  
product lo sses  and uranium  lo sses fro m  graphite-U 02 spec im ens.

The s in te rab ility  of BeO is im proved considerably by th e  com bined addition of MgO 
and CaO, but is unaffected by the se p a ra te  additions of e ith e r MgO o r CaO.

Studies intended to evaluate the rad ia tio n  perform ance of various uranium  a lloys 
and com partm entalised  specim ens a re  in varying stages of p ro g re s s . Being studied a re  
alloys of uranium -niobium , u ran iu m -a ir conium, and uranium -chrom ium -m olybdenum , 
and specim ens of s ta in le ss  steel with d isp e rse d  p a rtic le s  of UC or UN.

W ate r-co rro sio n  studies of u ran iu m  give resu lts  which a re  readily explained, if 
m ore trivalen t u ran ium  is  produced in the  e a r ly  stages of c o rro s io n .

CERAMICS

R efrac to ry  Fuel E lem ents

G. B. Engle, M. J .  Snyder, J . F . Q u irk ,
D. N. Sunder m an, and M. P oberesk in

R esearch is  being perform ed on p rob lem s associated  with fuel elem ents fo r h igh - 
tem peratu re  gas-co o led  re a c to rs . C u rre n t studies a re  on fab rica tion  and design of 
graphite fuel e lem en ts  and the diffusion of uranium  in dense BeO.

BeO

Studies to de term ine  the pen etra tio n  of uranium into a  dense BeO body w ere con
tinued. P rev io u sly , uranium  was de tec ted  at a depth of 0 .001 in . below the tre a te d  s u r 
face of a U O j-BeO  diffusion couple w hich had been heated a t 2300 F  for 20 h r in v acuo . 
This month, no u ran ium  was detected  a f te r  an additional cut of 0.001 in .,  or a to ta l of 
0,002 in. below the trea ted  surface of th e  couple, indicating re la tive ly  slow diffusion of 
uranium  into the  BeO under these conditions.

Additional UOg-BeO diffusion couples a re  being p rep a red , using dense BeO tubes 
and w edge-shaped slabs to obtain m ore p re c ise  inform ation on the diffusion. S evera l 
slabs w ere p re s s e d  from  readily  s in te rab le  BeO powder and a re  being sin tered  in h y d ro 
gen. Extruded tubes of essen tia lly  th e o re tic a l density w ere  b isec ted  and a re  being e x 
amined with a  m ic ro sco p e . E fforts w ill be made to make UOj adhere to the su rfa ce s  of 
these specim ens, and the couples, so  p rep a red , will be h ea ted  for various p e rio d s  in  the 
tem peratu re  range 2000 to 3000 F .
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C raphite

In developing UOj>-graphite fuel e lem en ts  for possible use in  a  n itrogen-cooled 
pow er reacto r, ex p erim en ts  w ere continued on f  is  lion-product lo s s e s  and uranium  
lo s se s .

Previously, s e v e ra l lo ts of rod-shaped  graphite  e lem ents, containing UO2 rods a t 
th e ir  axes and differing  in the fabrication  m ethods used in th e ir  p rep ara tio n , w ere i r r a 
d iated  at room  te m p e ra tu re . The frac tio n s  of the total fission  g a se s  produced during 
irrad ia tio n  which diffused from  the specim en  during subsequent h ea t trea tm en ts  in the 
range 1650 to 2200 F  a r e  being m easured  and the products identified . Initial data have 
been  obtained and a re  being evaluated.

I
In studies to d e term in e  uranium  lo s se s  from  a UO^-graphite e lem ent, a run w as I 

made at 2000 F fo r 28 h r  using h igh-purity  n itrogen  (dew point, -100 F ). No significant 
dam age occurred  to the UO^-graphite e lem ent (0 .45 p er cent w eight lo ss). Uranium 
vapor was collected in  a  w ater-cooled  t ra p  im m ediately  below the furnace tube. The 
tra p  was acid w ashed and the wash solution subm itted for u ran ium  an a ly sis .

After a new supply of high-purity n itro g en  h is  been p ro cu red , the sam e sam ple 
w ill be reheated for a longer period. U ranium  will be collected and analyses made at 
in term ediate  tim es.

In planned w ork , studies of uranium  diffusion in BeO w ill be  continued. F a b r ic a 
ting techniques of U O ^-graphite elem ents w ill be evaluated with re sp e c t to the ir ability  
to hold fission gases. A large num ber of specim ens will be fa b rica ted , using the b e s t 
techniques, and ir ra d ia te d  for further evaluation of fission-gas re ten tio n . U ran ium -loss 
te s ts  on U O ^-graphite elem ents will be extended to a longer tim e at 2000 F.

C harac te risa tion  of S in terab le  Oxide Pow ders 

J . F. Q uirk  and N. Mosley

Relations betw een sin terability  and the  basic  p ro p ertie s  of oxide powders a re  being 
investigated. F ro m  prev ious work on BeO p rep a red  by th e rm a l decom position of 
Be(OH)2, im purity  content of the hydroxide appeared  to be an im portan t factor affecting 
sin te rab ility  of the oxide powder.

C urrent work is  aim ed at finding the  effect on s in te rab ility  o f specific im p u ritie s .

Experim ents la s t  month showed tha t c e r ta in  sin terab le  BeO pow ders had a p p re c ia -  \ 
b it  amounts of su rface -co n cen tra ted  im p u ritie s , principally MgO and CaO, w hereas a 
pure  nonsinterable pow der did not.

During M arch, experim ents w ere m ade to determ ine the e ffec t of specific con tam 
inants, MgO, CaO, and AI2O3, on the s in te rab ility  of pure BeO p re p a red  from  am m onia- 
p rec ip ita ted  Be(OH)£. Gaseous NH3 w as used  to precip ita te  Be(OH)2 from  BeS04 so lu 
tions that w ere d e lib e ra te ly  adulterated  w ith alum inum , calcium , o r  m agnesium  ions in 
am ounts equivalent to  about 1 of w /o ox ide . The hydroxides w e re  separa ted  and d ried

j
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without w ashing, and w ere calcined  2 hr at 1470 F  to fo rm  BeO. The BeO pow ders were 
com pacted hydrostatically  at 50, 000 psi and s in te red  fo r 1 h r at 2600 F  in argon-dilu ted  
hydrogen. S inter ability of the contam inated pow ders i s  indicated by the bulk-density  
values given in Table E - l .  R esu lts  for a sam ple of uncontam inated oxide and for a read 
ily s in te rab le  im pure BeO designated Sample C-5659 a re  shown for com parison .

TABLE E-l. EFFECT OF CONTAMINANTS ON SINTERABILITY 
OF BeO POWDERS

Bulk Deniity of Sintered
_________ BeO Compacn_________

BeO(») Per Cent of
Sample______________Contaminant)____________ G per Cm3_____  Theoretical

LP-30 None 2.77 91.6
LP-31 MgO 2.76 v 91.3
LP-32 CaO 2.09 69.1
Li5-33 AI2P3 2.79 92.2
LP-34 2/3 MgO, 1/3 CaO 2.93 . 96.9
C-5659 impure 2,94 97.2

(a) All BeO urn pics except C-505B were made from NH3 ~predpluted hydroxides.
(b) Added to the ttarUng Be SO 4 solutions in smounu equivalent to 1 w/o total oxide 

contaminant.

The re su lts  indicate that contam ination with MgO or CaO alone did  not im prove the 
s in te rab ility  of the pure BeO, but sin terab ility  w as im proved considerably by addition of 
these oxides together in the ra tio  of two p a rts  MgO to one part CeO. Contam ination with 
Al^O^ did not improve s in te rab ility , and the CaO addition appeared to inhibit sintering. 
Spectrograph ic  examination of the  powders w ill be m ade in order to c o rre la te  these r e 
su lts  w ith previous ex perim en ts.

F o r the production of re ac to r-g rad e  BeO, the am m onia p rec ip ita tion  of Be(OH)j> 
has a considerable advantage over the com m ercial p ro c e ss  employing NaOH a s  the p re 
c ip itan t. Undesirable im p u ritie s , such as sodium  and the contam inants usually  present 
in NaOH, a r e  avoided by use of gaseous amm onia and, in addition, the p ro c e ss  is s im 
p le r , requ iring  no heating, d isso lv ing , or washing of the prec ip ita te . In view of these 
advan tages, some of th is  m onth1 s experim ents on the  effect of MgO ana CaO contam i
nants w ill be repeated to a s s e s s  the reproducib ility  of the p rocess.

METALLURGY

U ranium  A lloys for H igh-T em perature  Application 

W. E. M u rr, A. A. B auer, and R . F . D ickerson

The e lev a ted -tem pera tu re  p roperties of b in a ry  uranium  alloys a re  being obtained 
as  p a r t of an  evaluation of th e se  alloys for re a c to r -fu e l application. At p re se n t, alloys 
of u ran iu m -7 , 10, 15, and 20 w /o  niobium a re  being studied.
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T ables E - i  end C - l  l is t  lU M ir>U k«rm tl*opiaiU M  dAU from  room  tem p era tu re  to 
WO C obtained upon ip tc k im tt  of u ran ium -7  and 10 w / o niobium  alloys w ater quenched 
from  TOO C. The rm «iur«m (M » w er«  mad* la  a record ing  quart*-tube d ila te m e te r , and 
include d * u  fro m  taro boating and tom cooling en roo t- A portion  of the varia tion  in on* 
pension cooffic lout* between data fro m  tbo two boating and cooling curve a is  a re su lt of 
tbe s lugg ishness of transform ation  in thee* alloys and tbo confinesd p rocess of tro ae fo r * 
m ation during Keating and cooling. Tbe firs t beating cu rv e , In p a rticu la r, w as obtained 
on m ateria l wbicb was gamma quenches, while, subsequently , the alloys all had tra a e -  
form ed to som e degree during tbe slow tem peratu re  cycling.

Aa additional phase of th is  p ro g ram  is  concerned with irrad ia tio n  and subsequent 
inspection of a lloys of u ran iu m -10 and 10 w /o niobium and uranium -IS  w /o  aircon ium . 
The f irs t of th ree  tem p era tu re-co n tro lled  (7IS Cl capsu les h as been leaded w ith one 
specim en e l each  of these a lloys, and baa been shipped to  tbe KITH Tbe cap su les  will 
be irrad ia ted  to  produce spproaim atety  I e /o  bur nop of tbe fuel and will be re tu rn e d  to 
AatteUe for enam inatien.

P reparation  and P ro p e rtie s  of

C. K rra n k lm , A. W. H are, W . S .  M ere,
A. A. H auer, and I ,  F  D icker eon

Tbe experim ental developm ent of low-melting castab le  uranium  alloys fo r possible 
use as  a pow er • re a c to r  feel la  la  p ro g re s s . A u rsa tu m -b  w /e  chrom ium -1 w /o  m olyb
denum alley  is  undergoing investigation at th is tim e- Sm all pin-type specim ens of the 
as  -cast alloy will be irrad ia ted  at tem p era tu res  of b06 C and lower to a bursuap of a p 
proxim ately I a /o .

Sm all p in-type epoclmona of tbe a s -c a s t alloy have been prepared . Tbe p ins a re  
to be evaluated by conduct lag p o s tir radiation m easurem ents of dim ensions, density , lin
e a r therm al expansion, e lec trica l re s is tiv ity , and th e rm a l conductivity and by com paring 
these re s u lts  with those obtained from  tbe puis p r io r  to  irrad ia tio n . Tbe sam e m easu re 
ment will he made following Irrad ia tio n . Tbe resu lts  w ill bo com pared with inform ation 
available from  previous studies m ade on tbe binary u ran ium -chrom ium  eu tec tic  alloy.

C om partm entalised  fu e l E l e n m t t  

S. 1. Paprocbi. D l  K eller, and G. W. Cunningham

The phase of th is  program  concerned with the p rep a ra tio n  of irrad ia tio n  specim ens 
is  now In p ro g re s s . Tbe two types of specim ens to be irrad ia te d  a re  14 ,1  w /o  UN sad  
Id . I w /o  UC d isp ersed  ia Type 147 s ta te le ss  stee l. All irrad la tio a  specim ens will be 
clad with Type 147 s ta te le ts  and w ill centals fully ea rich o d  uranium  compounds.

A s e r ie s  of dummy specim ens containing 14 .1  w /o  n a tu ra l UC d isp e rsed  in s ta in -  | 
loss Was boon ro ll clad. A 4 - to - l  reduction at 1*00 W wna used to give a final core
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Dummy ip tc im iM  containing UN dispersed in stainless am  being prepared and 
will be used to establish enact fabrication techniques foe preparation t>< UN-bear In* I r ra -
diet ion specimens

CORROSION

Mechanism of Uranium Corrosion

i .  * . Schroedtr, C. M. Schwarts, H. D. Hannan,
P . D. M iller, R. S. Peoples, J . f ,  Moody, and H. Coe ring

The mechanism of aqueous uranium corrosion Is being studied to develop corro
sion* resistant reactor fool els mast s  >

The IsvesUgation of the oaldo produced by corrosion in wster at lOS C has been 
cuntines d. The oxygen-to-uranium ratios of additional samples have boon dots r  mined in 
a micrebalance ns dsacribed in BM -IITS. The ratios resulting from corrosion- 
produced oaldo ere: 1 . I P ,  M P ,  and I .  I t .  Commercial UOg which eras placed la boil
ing ureter for 14 hr before ignition in the microhnlancs gave a ra ils  of 1.07. A simple of 
corrosion product which urns boiled an additional Id hr after the metal had been removed 
from the tost also gave an oxygon-to-uranium ratio  of 1.0T.

These results, and the hydtoges deficit reported earlier, can be readily explained, 
If eocne t rivals as uranium is  produced la the early  states of corrosion. An analytical 
technique Is being developed to lent this bypaths ala.

Further corrosion tests  on dingot m aterial at IOC C la a wot flowing-argon atmos
phere have been made. The inconsistency of the results f  a im  be expftatogd and a modi
fication of ihs test apparatus is is progress. This consists tnsialy of n thermostatically 
controlled oil hath in which the reaction vessel can he Immersed and maintained at any 
desired temperature.

Work was continued oe procedures for purifying uranium by Qonttag-sees tech
niques. Spectrographtc analyses on specimens from  Ingots 11119-11 and 11169-11 have 
been obtained and a re  given la Table E-4.
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J5 uut I t

AKUTVIJ OP r u u r t t o  1DNB MlLTtD USAMUM ■•' "  .

1 IS M u » Si - IS 1 4 4 BS

|JIS*-IU IS 1 u ie Si t 1 4 4 as
-lit I# IS u ie IS 1 • 1 1 ss

ins*-isa IS 1 IS a SI . I s » 1 IS
IS 1 ss S» 4 • • • IS

It w ill b« r « c t l l« l  tKftt b |o t  U l M - l l  w as | t n «  five p t m i  til I la. per h r u d  h | «  
l l l i M I  wm *Jio given live p i m i  It I in. per h r w ith l  d irect cu rren t of about 1 amp 
being applied  to  the ingot during i o m  m elting. Specim en I in Table E -4 re fe re  lo the 
orig inal m a te r ia l before none m elting . Specimen# U 1 6 9 -U A  end U 16S -U A  w ere from 
the U ral p a rte  of the ingot# to fre e e e  and Specimen# U 169-1 IB and I1 I49*U B  w ere from 
th# re a r .

The ep reed  of value# #houm in Table E-4 a re  of the  o rd er of the accu racy  of the 
an aly ses. T herefo re , conclusions about the effect of the  e lec tric  cu rren t cannot he 
drawn. In e ith e r case, p u rifica tion  o f the ingot# w ee a ligh t.

At p ro eea t a a  ingot ie being given five pa##ee nt I / l  in. per h r . When th le  e x p e ri
ment ie fin ished it ie p iineed  to  give aa ingot a la rge  num ber of “heat paeeee". i . « . , a 
hot sene somewhat below th t m elting  point will ho pa  te e d  along the ingot.

CONFIDENTIAL



CONFIDENTIAL

r - i

. •: .. • . .

„
mm

I
fc ' . . ^

r. STUDIES or e ir c o k iv m - u r a n iu m  a llo y s  

r. A. Rough

Studio# of lirconium-uranium alloy* have been la p r« |r t i«  fpr eome tiro*. Som« 
ot Ik* program* have br«n completed, but research In com I nil lag la order to giro |  
further understanding of mechanical properties, corrosion behavior, and irradiation 
performance.

Prelim inary results on high-temperature water corroaioo at additional tempera* 
turn* Kart boon obtained. Activation energies a r t  given lor corro*ion oI alloyt contain* 
lag 30 to 60 and 7 to IS w/o uranium .

PttU m inary radiation* of the 11 w/o uranium alloy confirm it* tscoU tat aubility 
and indicate that it I* not ••aaltiv t to widt variation* In m icroft rue tore at bumupa near 
I a/o. Greater bumupe will bo required to eetnbllek the significant effect* attributable 
to m lcroetructure.

Heat Treatment end Mechanical Proper tie* 
of Z.ircomum-Ursnlum Alloy*

D. L. Dougla**, L. L. Mar*h, J r . , and G. K. Maiming

The effect of oxygen on the decomposition of the high-temperature solid aolution 
of uranium ta atreonium i* being studied. The kinetics of the transformation and tke 
resultant type of structure obtained are  being determined by interrupted quenching of 
•ample* and subsequent metaUographic examination. Mechanical properties a re  being 
evaluated aa a  function of heat treatm ent and structure.

It appear* Ant IS w/o uranium alloys containing 0.19 w/o oxygen precipitate alpha 
aircoalusn much more rapidly than alloy* containing only 0. 094 w/o oxygen, The alpha 
precipitation at 400 and 450 C la the 0.19 w/o oxygen alloy* resulted in beta enrichment 
and formation of epelloa prime (supersaturated epsilon) within 10 min at 450 C and 
within I min at 400 C. Alpha appeared an discrete particles ns wslt as the "banket- 
weavt" Widmanstatten structure. Epelloa prime was observed as small grains within 
the prior beta grain*. Proeutectold alpha formed at temperature* between 500 and 
MO C within the period of 10 to 100 min for the 0.19 w/o alloy. No epeDnn prim e wae 
observed, although tb* presence of the phase might poeelhly be detected by X-ray dif
fraction. Other temperature* for the 0.094 w/o oxygen alloy* have not been analysed
*• r*. .1

v,§ i Jgjg|
Proeutectoid alpha alrconlum precipitated in the 10 w/o uranium -0,19 w /o oxygon 

alloy within 1 min nt 400 C, within 10 min at 4S0 C, and within 100 min nt 900 C. The 
10 w/o uranium -0. 094 w/o oxygen alloy showed on alpha within 10 min at e ither 450 or 
500 C. h appear* that a "knee" exist* below the eutectold temperature for these alloys, 
h  is not possible to tell from the m icrottructure* If epelloa prime formed In those 
alloy*. A phase which may be epsilon prime was masked by largt amounts of actcuiar 
alpha which formed during the final quench.
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Additional alloy* 4UMI t m y t r t t v m  will be analysed ta  the photom icrograph* be
come available. Meanwhile, ip«cun«fta for leastls*  p roperty  M U  a t*  being p rep a red .

^ C orro .too  .< U r c M t w U t H l a m  AU«r*i
V . Q u f o ,  It. F . D icker***, a .  5. People a , and  W. E. B erry

. r  . . .  ?■ ■■•;■ . . . .

Evaluation *1 C lad Sample*
I  I * ................

.

Seen* m ircootum -uranium  alloy* a** being clad  wick S irca loy  l  for i »  « a m U * ti4 »  
*1 tk* c o rro s io n  behavior of tu ck  wait*. The car** will b# sponge sircoeium  containing 
11, §0, end 70 « / o  uranium . Tk* cl*4 sample* will ha b u t  tre a te d  la * v a rie ty  mi way*, 
defected, and c a rra* i* a  tested  i» MO P w ater.

Tk* cam p** tat* a*c***ary fo r ro ll cladding kav* been  collected, m achined, and 
**t*tnkl*4. Tit* ro ll-c ladding a p a ra tio a  will b* perfo rm ed  a* too* a* the r a i l  lag equip* 
m eat h#c*m«* available, h  u  bop*d chat specimen* w ill b* available fo r c a r ra a ia a  teet- 
la§ ia about > week*.

evaluation of P a r t  Samples

T b t c a r ra a ia a  behavior of n lrconium -nranium  a llay • i* being evaluated in high* 
tem pera tu re  w ater a* part *1 the o v e r-a ll  program  oa tk* study af Ike p ro p ertie s  af 
si rcoa tum -uran ium  a lloys. Alloys baiag studied contain 7 through 70 w /a  u ran ium  ad* 
dltlaaa to c ry s ta l  b a r , Ip o n g t, and high arygaa tpoag* ttreo a iu m .

C a rra a ia a  rata* have baaa estab lished  in bOO and MO r  bigh-purity w a te r . Long* 
tim e te s te  n r*  bring continued in $00 T  w ater ia  *a a ttem p t to  e tu b lls h  c a r ra a te n  rate* 
for allay* can te ln iag  I t  a t tkaa 10 w /a  uraaium . C a rra a ia a  t**t* a r t  now under way ia 
$$0 and b40 T  w ater and co rro * io a  ra te*  have been calcu lated  after 1000 hr of eaponure. 
Date from  Cbe $00 T w ater teat* do not Lall oa tk t tem perature-dependency plot of the 
linear c o rro s io n  rate#  at the achor (our tem peratu re* , ind ica t‘d  a poetib ia  d ifference  
in r  sec t inn binotic* a t this te m p e ra tu re . At a  given a lloy  level, corrosion  ra te*  increase  
with In c reasing  oxygen content in th e  aircoaium  m elting stock, although ike slope of tk t 
tem pera tu re*dependency curve ia generally  tk t tarn* fo r tk* tk re*  different m olting 
stocks. B aaed  on prelim inary  re su lt* , an activation energy  of approxim ately m tano 
11,000 cal p a r  m ol was determ ined  fo r 7 through 1$ w /a  u raaium  alloy* and t y p e d *  
■lately minis* I t ,  $00 cal par m ol was determ ined for 10 through $0 w /o u ran ium  alloy*.

Dep lo y m en t of C o rro sio n -B e  t i t ta n t  70 w /o  Uranium Alloys 

A. A. B au er, V . B. B arry , and I t. f .  People*

An investigation  aim ed a t im proving the co rro s io n  re s is tan ce  of tk* * lrcontum -70 
w /a u ran ium  alloy e ither by boat trn a tm aa t or by te rn a ry  additioae to the baa#  alloy  ia 
be lag conducted . T ernary  addition# a r e  being made a itk a r to tie up tk* free  alpha
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ur anlum (otto* In the 70 « / «  alloy ip the fo rm  of i  
f fu « « . Addition* of molybdenum, niobium , lU k o t ,  
th u  y«rfM«.

■ ■ ■ - . .  ■ ■

or to  otaAllUe the |> n tn «

C orrosion u n to  of Won 70 w /o alloy specim en# end of te rn a ry  alley i p K _____
t e r t ,  la  000 7  v a la r .  k a v i W oo com pleted. TW  results of A m o  lo tto  indicated tW t
aAd ttlca t  of molybdenum, o U k ta , nod titan ium  414 aM Improve tW  co rrto lo n  W tv io r  
of A t  alloy (not U f M I U ) .  Alloyo containing n iobium a r t  W ing p rep a red  In o rd er tW i 
the offtct of A l l  a44tt Ion  can W determ ined.

In nddiiioo, alloy* alm U ar to A m o  a lread y  tested have Won p repared  Ay 4«fU a 
ling and Woo W on fabricated  to f la t p la in t . Specimens a r t  On W  eA 4  v tA  l l ta g ln y  I  

nod c o r  ro t  Ion te s te d  em ploying a  pfehsle B a lN R  T rtjn ro ilo M  fo r  cladding a r t  non 
rr way.

R ad ian  or. S t ability of Z ircon ium -Uranium  A llay*

A, V . H aro , A, E. Austin, A. A. B a to r, t .  U 
and B. F .  D icker so#

; 5 • v i A V .  ••

TW  investigation of A t  offocto of l r  r ad ia l loo on at rceaim n  •u ran ium  alloy* In

o

stability  of tW  » lrc ta ln w » l l  w /n uranium  alloy Woo Won com plotod TAo r sou Its and 
A *  various Anal tre a tm e n ts  omploynd a ro  aAnwn la TaAlo 7*1, TAo Aoat treatm ent*
—ipluyif aro Identified Ay lattnrt and coM U tnd  of A t fallowing*

Nnat T rea tm en t C.

3a hr at I  At# 7 ,  ftarnaco cnnlnd I / d  T  per m in fro n t l i f t  lo  l i f t  7 , 
and A m t i  cnnlnd to room  tem p era tu re

Hnal T roatm ont S.

>1 Ar ad 1*50 7 , w ater quenched* a a n* a ltd  I / I  Ar a t  I AM 7 , wo too 
quenched; annoalod 10 Ar a t 1400 F  and furnace cooled

Boat T r ta tm o a t F .

H  Ar a t I I M  F, w ater quenched, annoalod Coo I I  day# a t 1010 F 
aad fa r a a c t  cooled.

Boat Troatm ont C produced mlc re s tru c tu re s  leaving a  dl a p o r t  inn of c o a ra t alpha - 
alrconlum  p la in t In an  opollon m atrA i Boat T rta tm o at S  re su lted  in tAo precipitation of 
alpAa atreonium  in tAo p rio r  beta ( r a in  boundarie s  surround lag g  fine d itporaioo  of alpha 
tirconium  In epellen* aad Boat T reatm ent F produced a fine d ie  p o rtio n  of alpha lire # *

- alum and epoUon.

CONK IDE! NT 1A1.
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T i m  H U  ad e( • « ( !  heal treatm ent w are lr r* d U u 4  without tem pera*

Uir» con tro l te  «« intended k r a u p  oI 4 a /o  (baaed on to u t  atom *). fttirnup* i« lt(v « 4  
*r« given in T i l l i  F - l .  Th« calcu la ted  maximum tem p era tu re  w m  about 400 C. Sped- 
moan u» 4 tem p era tu re-co n tro lled  capsule were irrad ia ted  at ISO C to a calculated 
beroup of about 0, I I  a /o  to tal. Theae particu lar specim en* received aucb a  low burnup 
because a l ta r  only oar eye la la tba 14 TR thr capaula laada w ar# inadvertently cut and 
the capaula bad to  ba r tm a v t l  from  tba  reactor

Tba specim ens irrad ia te d  a t about 400 C bad an average  of 4,01 par c ta t  volume 
aapaaataN p ar |  a /a  buraup. Although th a r t  la ao a tgm fi' ant affact of the various M at 
trea tm en ts  upon the volume enpaaetoa a r upon the amount of f la t ton-gat re leeee , the 
specim ens receiving Heat T reatm ent K appear to abow a slightly g ree ter rem ittance to 
g r ta d t  and warpage Higher burnupa will ba requ ired  to  evaluate the all acta of heat 
trea tm en t In  tba 44 « / •  uranium  alloy,

The specim ens irrad ia ted  a t 140 C were in the alpha a!rcentum *plua-beta field 
during irrad ia tio n . Them  specim ens experienced about four ttm aa a» much volume 
anpanatan par a /o  burnup aa did the specim ens Irrad ia ted  a t epo lion-phase tem peratu re#  
<400 C | This may be the atfoet af th» d«t s treng th  of the beta phase, However,
•bare area ao  significant d ifference In the percentage of ftealon gaa ralaaaad.

Chem ical burnup aaalyeee w ill be made on selec ted  specim en* ta  verify  the  
decim eter buraupe.

tircen io m » $ 0  w /o uranium  apaclm ana a re  now being ancapaulatad for irrad ia tio n  
to 4 a / a  burnup in tba MTR,
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O.l
Q. CORROSION STUDIES OF EIRCONIUM 

R. 9. Ptopl««

Research d«n  rilM«l i»t (hit Mellon pertain* to A study of the long-term corrosion 
pro)Mrtlti ol tire  onium-base cladding m itc rts li  la ki|h>l>mp«r«Mr« w tttr  and « l« m ,

Long-Ur m corrosion tests have born continued for u m p U i ol Z lra lo y  1 and 
modified Eircaloy l  composition* (lower tin with iron and/or nickel) exposed to 400 and 
410 r  detained water and 750 F (1500 pal) atoam.

Corrosion Studise of tireonium  sod Eire onium Alloy# 

W. K. No yd and R . S, Ptopt**

Sample# from a t van different malt# of E irtsloy 1 continue to evince oacatlent 
resistance to 400 F deceased water. No Indication of breakaway or transition In cor
rosion rale baa boon observed after exposure periods approaching I* l / l  years, Total 
weight gain* are slightly In encase of 50 mg per dm*,

In other studies, intentionally contaminated samples of Etrcaloy I are being 
evaluated in 490 F degassed water, Results based on up to II  months of eapoeure may 
he summarised as follows*

(I) Nitrogen contents in excess of 100 ppm destroy corrosion properties 
of Ilrea toy  1.

(I) In the range 100 to 1500 ppm, hydrogen has no significant offset on 
rorrostoo behavior of samples enposed to 490 F water.

(9) A substantial reduction in corroeioo resistance occars with oatygen 
levele in eaceas of 4000 ppm.

Zirconium Corr«>»ion Committee p rogram

As a part of the Eirconium Corrosion Committee program to develop n r  cool um
bo ee alloy# superior to Elrctloy I, estended.exposure data are  being obtained In 490 F 
degassed water and TSO F steam, Alloys under study contain 0, IS to 0.50 w/o tin plus 
0,01 to 0,10 w/o iron and/or niche! with and without additions of nitrogen and alumi
num, Weight-gain data based on up to 544 days of exposure are eummarlaed In 
Tables 0-1 through O - l , Results continue to indicate that:

(I) Heat treatm ents consisting of either a alow coo! from TTS C or a water 
quench from 000 C do not significantly a lter the corrosion behavior of 
tin-iron or lin-aichel alloys.
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W .f IM I I I M, Wf 441 I I I 14 Wf

M .W f m IM M, Wf an i n 14 Wf

Mi Wf m 111 M  Wf 444 I I I 14 Wf

Mi Wf i n l i t M. Wf ' 441 to* 14 Wf
M»Wf M i l l • 4  W f * 4 I t t 14  Wf

Mi Wf IM U t M. Wf IM IM 14 Wf
M. Wf IM IM Mi Wf 441 IM 14 Wf
M, Wf IM IM Mi Wf 444 IM - »4W f
Mi Wf M M M. W f 4M 111 14  Wf
M .W f M IM M* Wf H 4 M t M* Wf
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O~0 ta d  0 .1 0

(I)  CM ttiftiA | 0 .2  to 0 .S  w /o  U» p tttl 0. 01 to 0. 5 w /o
nickol t r t  m o rt r t tU to n t  to T$0 r  lU im  tl* o  o re  t l io y t  <M U lnln |
• tn u U r combinttloo* ot  tin  **4 Iron. TO* ro v o rto , howtvor, i t  iru* 
lo r 400 F  v t u r  u p o i u n .

»

(SI A t th# nitrogen conlont i t  i n c r t t t t d  from  TO to 100 pytm, tho rt i t  t  
p ro g ro ttiv o  toe ro t  to  in ih« co r ro t  too r t l t  of 9 .2 0  to  0 . 1 w /o tin -0 .2$  
t t  0 .0 0  w / o  iron tU oy# .

(4) T in  m odified tirc o lo y  2 t l lo y t  thow t  d t c r o t t t  in  c o r r o t  loo r e t t tu n c e  
w ith tlum inum  co o ttn lt o f 200 ppm .
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H. WCAC TO *. MATERIALS DEVELOPMENT 

> . A. >iWj»

Vartou# ro*« tor-m aterial* aw#4ie« i»# reyorief m k i i  M iU o * , Include 4 ato** 
trllb program* « « ff« rU 4  by lM  O u u iM  i t  «m  |»ro|r*m o|
i i i U U m i  l« Av| m m  H«Uim U  U te r « l« v f ,

Km i m Iu i  of te 1*1*4 < o *ii*u «4 lo eliminate ( M  < r««M | | t M  rally
u i* e 4 Umm  I f f *

N tm irtw  4*4* i f f  n jw ru 4  99 itr*M i4 iU ««  m u  ol uilMttfn 19 4ry * ir  m 4 •)•»  
reported U lilt |» rt|M « i to preparation #1 *44*1109*1 aioMum alloy* for evaluation I*  
oaldloltg condition*.

V n U m iM ry  4*io i*4u at* ibai tbo 49mm* ««Mk Im 4 la tr« M a m *ri() i m i i y a >  
OUnitun alloy# la M i r  I  9 /9  titanium,

la tlodieo of vapor 4«|iMlMoa 4  molybdenum, •  m «  apparau* lor Ibt 4<yt«IU t«  
of molybdenum 0 9  ibt t*«i4t ol •matt*boro olotnltet alotl tube* It  bom* coottroctod.

P*amoti99 ol 4pt»t*| M tU lt  

» . W, King, 14, C . ftrocbwty, *»4 I ,  D , O lou

Tbo pooibiltty ol enameling lo t*< root# tbo uttfulntot ol moult of iMoroot 10 
Ibt ACC it  being inve*ti|*t*4. la (bo development ol i m i m I ct»ll««i lor tbo
major problem lo 4oio bto bto* tbo elimination ol enamel craning durino IM  cool lot 
period #1 Ibt (IVM | cyclt, Prevlnne o t r l  bat reduced Ibt 4o|roo of ernMag, b t  tbit 
doled bat M v«r bto* toll roly eliminated,

lit •  conunentton ol latl month't t#orb« Ibo elimination of creamy wot #00491 by 
compel itlaaal variation of o pbetpbate enamel coataiaiag 1**4 e *id t# iroo enido, and 
i t f l t o  oatde, Tbtot competition# maintained Ibo calculated P |0 )  ceMenl t l  I I  molt 
yor com wbllt vary4*4 tbo olbtr oomponom*. Hoot of Ibo enamel* * n  loully Iroo ol 
(voting,

N**l motklbf o m o  tecbftlgue of onaenol *pplt< alio* u ill bo lrlo4 t* 00 ailempt to 
achieve era**-fro * coaii*|o 00104 oiaomol competition* olroo4y developed, fu e l ,  a 
IbU tnamtl coatm* trill bo ltro4 on tbo uranium, Then, t  Ibt* metallic layer trill bo 
deposited 00 ibo enamel by vacuum metaUlaiai meibode, fin a lly , 0 cover cool ol 
•n*m«t trill bo tiro4  00 Ibo metallic loyor, l i l t  anticipated ibottb* due III*  inter mediate » 
mrialllc layer might decidedly r t f t M  or eliminate craaiag by rotlevUg loctUoo4 
t lr t t to t  i t  Ibo cootlnf, w

CONrtOCHTtAl.



44 CONFIDENTIAL

O xidation-R es istan t Niobium Alloy»

W. D. Klopp, C . T. S im s, and K. 1. Jaffc*

This program  la an  Investigation of the oxidation and contam ination behavior of 
niobium and niobium alloys. P re se n t work Is concerned  with continuous-weighing a ir- 
oxidation te s ts  on pure niobium; niobium alloys a re  being fabricated Into s tr ip  for 
■ in n U r tests .

Continuous-weighing oxidation te s ts  In dry  a ir  have been conducted on eight 
sam ples of pure niobium. The weight-gain data , which do not follow a parabolic  or 
lin ea r law, were reported  for previous te s ts  as constants for the general oxidation 
equation

W ■ Ktn .

H ow ever, additional te s ts  indicate that oxidation proceeds alm ost lin ea rly  a fte r various 
incubation periods. T h e re fo re , the data obtained fo r the la test te s ts  a r e  reported  as 
lin ea r ra te s  (given in Table H - l) .

Two duplicate sam ples of 20-m il annealed niobium sheet, 0-25 and 0-26, were 
oxidised at 800 C under identical conditions. A ppreciable differences in both weight 
gains and linear ra tes  w ere observed between the two sam ples, suggesting that con
s id erab le  sca tte r ex ists  in  oxidation data a t 800 C , One oxidised sam p le , 0-26, was 
vacuum  heated 10 h r a t 1000 C to investigate the s tab ility  of the oxide. This treatm ent 
blackened the scale and caused  severe em brittlem en t of the m etal core by in terg ranu lar 
oxide. The scale is being exam ined by X -ray  d iffraction .

S ix  sam ples of 95-m il niobium sheet, 0-27 through 0-32, w ere oxidised in dry a ir  
to de term ine  if difference in oxidation behavior could be detected betw een wrought and 
annealed niobium. At 600 C , the wrought sam ple oxidised fa s te r than th e  annealed 
sam ple a fte r  160 m in . At 800 C , the wrought sam ple consistently  oxid ised  about 15 
p e r  cent fa s te r than the annealed sam ples, while a t 1000 C, the wrought sam ple oxi
d ised  about 15 p e r cent s lo w er than the annealed sam ple. With the exception of that 
at 600 C , the d ifferences in behavior between wrought and annealed sam ples can be 
explained by data s c a tte r . F o r  exam ple, the i - h r  weight gains for annealed sam ples 
in d ry  a ir  range from  2. 35 to  2. 80 at 600 C (six  sam ples), 18.3 to 37, 0 a t 800 C (eight 
sam p les), and 30.3 to 45 ,5  mg per cm ^ at 1000 C (four sam ples).

Depth of contam ination has been m easured  on a sam ple of pure niobium previously 
reac ted  with pure d ry  oxygen at 500 C for 150 m in . The depth for a hardness increase 
of 50 Knoop points was 0 ,0049  cm . The diffusivity  of oxygen in niobium at 500 C was 
calcu la ted  from  the ha rd n ess  tra v e rse  to be 10.13 ±  3,07 x 10 '10 cm ^ p e r  sec , slightly 
h ig h er than the value of 3 .68  x 10" 1° cm^ p er sec obtained by extrapolation  of higher 
tem p era tu re  d iffusiv ities (BMi-1170).

Melting and fab rica tion  of niobium alloys into s trip  for oxidation testing  is con
tinuing on niobium -5 and 25 d /o  vanadium and niobium -2. 5, S, 7 .5 , 10, and 25 a /o  
molybdenum alloys. A s shown in Table H -2, n iobium -2,5  a /o  molybdenum and 
n iob ium -5 a /o  vanadium w ere easily  cold fab ricab le  into 50-m il s tr ip ; but niobium -5,
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H-J

TAIL! H -t. AIR‘OXIDATION RATCS FOR PURE KWilUM IN DRY AH

Sample

Oxidation 
Temperature* 

Condition C

Duration 
of Teat, 

min

Time to 
6coome 
Linear, 

min
linear Rata. Wetiht Cain. 
mg/ifcm2) ^ )  1 Hr 2 Hr

m* per cm2, for Indicated Expcmre 
3 Hr 4 Hr 5 Hr 6 Hr

0-25 Anncaled(’ > 800 120 6 28.3 36.9 61.0 • • •  • m m -

0-26 Annealed 800 120 65 18.3 30,9 49.1 Ml • • m m -

0-31 Annealed 600 360 130 1.74 L 8 4.4 6.0 7.8 9.6 11.8

0-32 Wrought^*) 600 295 20 1.71(c) 2.8 4 .8 6.6 9.1 lM **) —

0-29 Annealed 800 360 45 12,l(e> 17.4 30.2 43.9 60.0 77.0 •4 .2

0-28 Wrought 800 264 110 i5 .£ 24.7 39,3 54.6 70.1 m m -

0-27 Annealed 1000 117 45 30,8 40.1 71. oW)  ~ - • m m -

0-30 Wrought 1000 360 5 30. o f l 30.0 61.3 89.8 114.2 136.9 158.6

(a) Annealed 1 hr a t 1500 C.
(b) Cold rolled from 0,615 In. In diameter to 0.099*in. strip* 84 per cent reduction.
(c) Rate began increasing after 160 tnin: during final 20 min of test, rate was 3,66 mg/(cm3)(hr).
(d) Extrapolated value*
(e) Rate was 12.1 mg/(cm2)(hr) from 45 to 150 min, and 17.0 tng/(cm2)(tu) from 210 to 360 min,
(f) Rate was 30.0 mg/fcm^Xhr) from 5 to 160 min. and 22.1 mg/(cm2)(hr) from 210 to 360 min.
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H-4

T A IU H -2. COU) PABUCAT10N OP WOSIUM-RAil ALLOTS

Alloy
C om position .

i / o

C elt
Herdneet,

VHN

l i t ' l e l  
Reduction, 

per cent Results

A naeelinf 
Tem per e w e .  

C

r ta e l  
Reduction, 

per coat Remits

H b-6V i i i 7 1 .9 Good 1600 6 0 .0 Good
N b-2 .5M o its 7 5 .2 Good 1600 6 0 ,0 Good
Nb-SW o 154 * 4 .1 C recked
N b-T .SM o 175 2 4 .2 C rick ed
Nb-lOM o 199 7 .2 C recked

N b-lOV 196 2 2 .8 Good 1600 Good
K b -H .5 V 209 * 3 .3 Good 1600 See Petr
Nb-fiMo 154 2 8 .7 Good 1600 te x t Good
N b -7 .5 M o 176 2 3 .0 Good 1500 Pels
Nb-lOM o 199 14 .0 C recked

K b - U r 176 6 6 .4 Good. VHH 227
H b - t t r 167 13.3 C recked
M b-lOZt 209 12.5 C recked
N b-*6Z r 272 11.0 C recked
H b-3SZr 289 39 .4 C recked
N b-lW 127 83.3 Good. VHH 164
Nb-SW 166 79 .4 G ood. VHH 229
Nb- 10W 196 3 4 .5 C recked
N b-25W 299 18.9 C recked
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Mil

7.5, and 10 a/o molybdenum w art unfabrlcable. Alter remeltlng, these three ingots 
plus niobium-10 and 12.5 a/o  vanadium were cold rolled In partially opened, grooved 
rolls which provided side restrain t, annealed, and flat rolled into 100-mil strips with 
several intermediate anneals. However, niobium-10 a /o  molybdenum was still un
fabrlcable, and will be encapsulated and hot rolled with niobium-25 a/o  vanadium and 
niobium-25 a/o  molybdenum.

Exploratory fabrication tests were performed on small pieces of nioblum- 
airconium and niobium-tungsten alloys prepared previously. As seen in Table H-2, 
niobium-1 a /o  airconium and niobium-1 and 5 a/o  tungsten were fabricabl*. The hard
ness data indicate that neither element increases the rate  of work hardening up to the 
limit of cold f a b r i c  ability.

Plans for future work include:

(1) Six-hr continuous-weighing tests on wrought and annealed niobium 
at 1200 C and on annealed niobium alloys at 1000 C in wet and 
dry a ir

(2) Fabrication of niobium alloys containing chromium, molybdenum, 
tungsten, vanadium, and airconium for oxidation testing

(3) Investigation of the niobium-oxygen reaction at 400 and 550 C.

Uranium-Titanium Alloy Studies 

D. L. Douglass, L. L. Marsh, J r . ,  and G, K. Manning

The determination of the phase equilibria of the uranium-rich end of the uranium- 
titanium system is being conducted. The martensitic transformation in this end of the 
system is being studied in conjunction with its effect on the mechanical properties of 
uranium-titanium alloys.

The hot hardness and the length change of samples as a function of tem perature 
are being used to determine the phase boundaries. These methods are being supple
mented by metallogrsphic examination of alloys equilibrated at various tem peratures 
and quenched to room tem perature. Equilibrations have been performed at 680, 700, 
730, 750, said 770 C. Alloys which were either wholly or partially gamma at tempera
ture show a martensitic structure in the quenched sam ples. No martensite has been 
observed in 0 .6  or 1. i  a /o  titanium alloys quenched from temperatures up to 750 C.
The beta/beta plus gamma transus, as determined by inflections in the hardness- 
tem perature curves is slightly above 750 C for the 1. 1 a /o  alloy. A 2.1 a /o  alloy 
quenched from 730 C consisted of some martensite and transformed beta. On the basis 
of work to date, it appears that the eutectoid composition is close to 3 a /o  and not 4 a/o 
as reported by Knapton. Dilatometric work is still in progress for alloys containing 
from 3 to 6 a /o  titanium.

Alloys containing up to 6 a/o  titanium have been solution treated 1 h r at 800 C and 
water quenched. Two samples of each alloy will be tested in tension to determine the
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mechanical properties. Additional sam ples have been tempo red tor l hr At 300, 400, 
and S00C (row which mechanical properties will he determined.

Vapor Pepoaition of Molybdenum Coatings 
on Stainless Steel Tubing

C. F. Powell and 1, E. Campbell

Current research  includes the development of processes for vapor depositing 
molybdenum on the inside and outside of small-bore Type 304 stainless steel tubes.

In prior work, adherent molybdenum coatings were applied to the inside and out
side of 20-in. lengths of the small tubing by hydrogen reduction of M0CI5 vapor at re
duced pressure. Uniform coatings were obtained over the outside of these lengths of 
tubing, but only nonuniform coatings, covering only 2 to 3 in. of tubing, were obtained 
on the inside, in spite of using several different techniques for applying the internal 
coatings.

Work for the past month was concerned with the study of a new coating technique 
and the construction of a coating apparatus using this principle.

This technique is expected to be particularly suited to the application of coatings 
to the inside of long lengths of sm all-diam eter tubing. It consists of passing one of the 
constituents of the coating atmosphere, such as a mixture of argon and M0CI5 vapor, 
through the uniformly heated tube for a brief interval. The other constituent of the 
coating atm osphere, the hydrogen, is then passed through the tube in the reverse 
direction for a  sim ilar brief interval. These cycles are  repeated several times per 
second. Metal deposition will occur only where the two bodies of gas mix. For gas 
flows within the laminar region, mixing should occur only by diffusion in a narrow none 
between the two bodies of gas. Metal should be deposited uniformly throughout the tube 
as this diffusion zone oscillates from one end of the tube to the other. The study of the 
operation of this principle was made with liquid flow in sm all-diam eter glass tubes at 
Reynolds numbers of 1 to 10 (the range generally used in previous deposition work), it 
showed that little  or no mixing of the two separate fluid bodies occurred so long as the 
sons of separation was kept within the small-bore tubing, and that this zone of separa
tion developed the theoretical shape as it moved through the tube. Estimates of the 
diffusion rates existing in the gaseous systems involved, made from the results of past 
deposition work, showed that high deposition rates should be obtainable by this tech
nique for gas flows within the lam inar region (Reynolds numbers below 2000).

A coating apparatus using this principle of operation has been constructed but has 
not been tested because of breakage of part of the vacuum-pumping system. Tests of 
the moving-temperature-gradient coater, mentioned in BM1-1173, were held up for the 
same reason.

Tests of the two pieces of coating equipment mentioned above will be made during 
the coming month.
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L PHY5ICAL METALLURGY 

F. A. Rough

Various research programs sponsored by tbs AEC Restarch Division are re
ported in this section.

In the study of uranium compounds, the fabrication studies of uranium silicidss 
and of UAI2  are completed. Thsrmal-expansion coefficients are reported for USi,
USi^, USi), and UAI2  specimens up to 950 C.

Further data on the effects of varying grain siae and strain ra te  on the tensile 
transition in alpha uranium are  discussed.

Interpretation of a  portion of the ternary system uranium-molybdenum-sirconium 
has been made. Further data are  being obtained. Studies this month of the uranium- 
carbon system are confined largely to the alteration of the high-temperature X-ray 
diffraction camera.

At present, equipment is being set up to m easure contact a reas continuously in 
bonding tests involving single-asperity bonds.

Additional data are  reported for the niobium-hydrogen equilibrium. Solubilities 
of hydrogen in niobium appear to be a maximum of 0.1 to 0. 15 (hydrogen-to-niobium 
atomic ratio).

PROPERTIES OF URANIUM COMPOUNDS

The fundamental properties of some refractory  binary compounds of uranium, 
other than oxides, are being investigated to provide bases for their consideration as 
nuclear fuels.

Preparation, Fabrication, and Physical Properties 

W. D. McKee and M. J. Snyder

In nonextensive fabrication experiments, sintered-powder compacts as noted 
next have been prepared.

CONFIDENTIAL



60 CONFIDENTIAL

14

Com pqtwJ

SiM SftA g

T em peras***

■  f

Sulk r

Q N r  Qm»

W SSm
e f

T b a o ra tk a l

" j « 4 t w o  (1  w o p W .0 9 1 . 0

U S ! t s s s ( i s a o c ) M • * .0
U S i , :§ 4 0  ( I 6 6 0 Q •.0 9 7 .6
U S ! , m o  ( i w o q M « . 0

U A t | 244© (1360 C) 7 .1 6 • 1 . 0

Ceramic-fabrication invcatlgationa on these compounds are now believed sufficiently 
thorough for the purposes of this program, and future effort on these ceramics will be 
restricted to property investigations.

Thermal-expansion coefficients, measured in a vertical quart*-tube dilatomster 
under a pressure of 5 x 10*5 mm of mercury are given in Table 1-1.

TASU l - i .  MIAN UNEAI EXPANSION 00EFPIC1IMT

Oora posed  
T am petatur*

C

U ncax T herm al E ip rn iio n  C o e ffic ie n t. 10*4 o m  d a s  C

US! U flg u s i a u a i 2

H eating Cooling H eating Cooling H eating Cooling H ea tin g OooUog

*0*100 2 0 .0 1 8 .8 1 8 .9 18.1 1 8 .5 16.8 1 4 .9 16.2
t o - t o o 11.8 18.1 1 5 .6 1 4 .9 1 5 .3 16.4 1 4 .8 16.8
20*300 17.8 18 .2 16 .5 15. e 1 6 .4 14.3 1 4 .7 14.0
20-400 17.4 1 7 .» 1 8 .6 16 .4 16 .7 16.7 1 8 .0 16.1
20-600 18.9 17.7 1 6 .8 16 .9 1 6 .6 17.1 1 6 .1 16.4
20-400 18.4 1 7 .1 1 5 .6 1 6 .3 1 6 .4 17.8 1 M 16.7
20-700 18.1 1 7 .6 1 8 .7 18 .4 1 6 .3 18.4 1 5 .4 17.0
20-100 18.9 1 7 .6 1 4 .2 18 .7 1 6 .1  . 18.8 1 6 .4 17.3
20-900 16.8 1 7 .4 1 4 .8 18 .7 16 .0 18.9 14 .1 17.1
20-960 18.7 1 7 .3 1 8 .9 18 .8 1 4 .9 19.1 1 6 .2 17.1

Thermal-diffusivlty and electrical-conductivity measurements on these ceramics 
are in progrese. Also, progress was made in preparing ceramics of UB^, UBg, and 
UAI3. An intensive effort is being made to obtain outside sources of the uranium com
pounds of interest to expedite the collection of data on these compounds.

Reaction With Gases 

W. M. Albrecht and M. W. Maliett

A study is being made of the reactions of certain uranium compounds with several 
of the common gases. Oxygen was reacted with irregular polyhedral specimens of 
U3SI2 , about 3/16 in, across and roughly equiaxed. UjSi^ at 400 C and 1 atm of
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1-5

pressure burned nonisotherm-Mly. At 100 C, the reaction followed an approximately 
parabolic law. Additional rata data are being obtainad batwaon ICO and 400 C to deter- 
mina whera noniaotharmak burning of tha m aterial begins. Data also will be obtainad 
on tha reaction of oxygan and nitrogen with USi, USlj, and USij,

H eat-of-Form ation  Meaaurcmonta 

J . W. Droege, A. W. Lem m on, J r . ,  and R. B. F i lb e r t ,  J r .

As previously described, tha heata of formation of various refractory uranium 
compounds are to be determined. Thua far in tha program, emphasis has been placed 
on determining this quantity for USi2 by comparing its heat of combustion with the heat 
of combustion of uranium and silicon. The oxygan-bomb and the sodium peroxide fu
sion techniques are  both being investigated with the hope that at least one will prove 
successful. The effort during the past month has been concentrated on the peroxide 
fusion method.

The fusion bomb was modified so that the fusion cup now is surrounded by a ir 
during the fusion. During fusion, the tem perature in the cup rise s  to above 350 C.
After about 2 min, the temperature falls, drawing water into contact with the outside 
of the fusion cup, thus hastening tem perature equilibrium. Pulverised samples of USi^ 
and silicon reacted well with the peroxide fusion mixture in the presence of a  combus
tion aid such as sulfur or carbon. The oxidation was not complete, however, probably 
because a small amount of sample was thrown against the cold wall and top of the fu
sion cup. Methods of recovering the unreacted sample are being Investigated.

Uranium chips did not react satisfactorily with the peroxide fusion mixture in the 
experiments made to date. However, it seems likely that an adequate technique can be 
established using UO2 powder as the reacting material. This approach will be investi
gated in the future.

A platinum sample holder, electrodes and fuse wire have been obtained and in
stalled in the oxygen bomb. Emphasis during the coming month will be on finding a  
suitable combustion aid for the oxygen-bomb combustions and toward charade rising 
the products of the reactions.

INVESTIGATION OF THE TENSILE TRANSITION 
IN ALPHA URANIUM

L. L. Marsh and G. K. Manning

A study of the mechanical properties and the metallography of plastic deformation 
in uranium is being conducted over the range of tem peratures defining the tensile tran 
sition. Other variables being studied include grain sixe and strain  rate; the objective 
is to determine the effect of grain size* and strain rate on deformation behavior.

CONFIDENTIAL



62 CONFIDENTIAL

M

Evidence b t i id  on nn incomplete evaluation of data euggeets that ths tonsils* 
transition curve Is displaced in tem perature approximately 100 F by cn Increase In 
grain siao from ASTM No, (3) to ASTM No. (-2). Similarly, increasing the strain  rate 
from approximately 0.0! to 1,0 per sec displaces the transition phenomenon up in tem 
perature by approximately SO F. However, the elongation a t fracture-veraus- 
temperature curves for the two quoted stra in  rates are not homologous; marked devia
tion occurs in the fast strain-rate series at higher tem peratures. Thus, there seems 
to be some relaxation process associated with deformation which is being affected by 
the strain-rate Increase. The nature of this changs in relaxation behavior is not known 
at present. Perhaps as more evidence is obtained on the metallography of plastic de
formation in the temperature range above ISO F, the reason will become clear.

CONSTITUTION OF URANIUM ALLOYS

Uranium-Base Ternary A lloy 

M. S. Farkas, A. A, Bauer, and R. F. Dickerson

An investigation of delta-phase relationships in the uranium -air coaium- 
molybdenum system  is proceeding. The studies are being carried  out on spedm ene 
with compositions that lie on a line joining ths delta phases of the uranium-sir coni um 
and the uranium-molybdenum system s (uranlum-31, 5 a/o  molybdenum and uranium- 
74 a/o airconium). Additional specimens with compositions near the ends of the line 
joining the delta phases were prepared to study the extent of the terminal solid 
solutions.

The specimens were arc-cast of biscuit uranium, high-purity molybdenum sheet, 
and crystal-bar airconium. Thermal-analysis specimens and metallographic speci
men e were prepared and heat treated at appropriate tem peratures. Phase relationships 
are being established on the basis of differential thermal analysis, metallography, and 
X-ray diffraction.

A tentative ternary eection in Figure 1-1 is presented on the basis of data thus 
far obtained. Information on the molybdenum-rich end of the diagram is incomplete, 
as is shown by the dashed lines. High-temperature X-ray-diffraction data are being 
obtained to further establish these phase relationships.

The tem perature of the gamma-to-delta transformation of the uranium-airconium 
system is lowered by the addition of molybdenum to a tem perature of 4S4 C, this tem 
perature being well established by therm al-analysis resu lts . The gamma-to-delta 
transformation of the uranium-molybdenum system appears to be lowered by the addi
tion of airconium on the basia of X-ray diffraction data; however, this reduction ia not 
supported by therm al data and additional studies on this region are planned. The iso
thermal reaction occurring between gam m a|, gamma^, and ZrMo£ and gamma^,alpha 
uranium, and ZrMo2 is established a t 604 C, by therm al-analysis data. It la evident 
that ZrMo2  is  stable throughout m ost of the system. The ZrMo£ is in equilibrium with 
alpha uranium below 604 C, thus preventing equilibrium between the delta phasesa

..........i..........
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FIGURE 1-U  TENTATIVE DIAGRAM SHOWING PHASE RELATIONSHIPS BETWEEN 
INTERMEDIATE DELTA PHASES OF TH E URANIUM-ZIRCONIUM 
AND URANIUM-MOLYBDENUM SYSTEMS
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Investigation of te rm in a l-so lid -so lu b ility  specim ens is p ro g ressin g  by X -ray 
d iffraction studies.

Investigation of the u ran ium -z ircon ium -silicon  system  is proceeding with a m e- 
tallographir. exam ination of specim ens whose com positions lie in the u ran ium -rich  co r
ner of the te rn ary  system .

H igh-T em perature X-Ray D iffraction Examination of the 
U ranium -Carbon System

W. B. Wilson, A. E. A ustin, and C. M. Schwartz

Experim ental work on the u ranium -carbon system  was som ewhat curtailed during 
M arch to pe rm it m inor a lte ra tions of the h igh -tem pera tu re  d iffraction  cam era . Tung
sten  heating elem ents w ere substituted for tan ta lum , and work was s ta r ted  to achieve 
the h ighest possible tem p era tu res  from  the in s tru m en t. Several m odifications were 
found necessa ry . At a 1200-w input, tem p era tu res  near 2100 C w ere achieved when a 
vacuum  failure o ccu rred . This failure was due to radiation m elting of the seals around ' 
the beryllium  windows. Additional baffling w as obviously needed; th e re fo re , 0 ,5 -m il 
alum inum  foil was p laced  in front of the b ery llium  windows, A successfu l exposure was 
obtained on UC^ at 2000 C with a 750-w input a t a vacuum of 4 x 1 0 “^ m m  of m ercury . 
However, vaporization of the aluminum baffle made it necessary  to substitute a m etal 
of low er vapor p re s su re . Nickel foil, 0. 5 m il th ick , is being tr ied .

The beryllium  windows them selves w ere re  sealed  with intim ate contact to the 
w ater-coo led  b rass  su pport, in o rder to keep the windows cool. While in itia l difficul
t ie s  were experienced in obtaining a suitable vacuum, it now appears  that the in stru 
m ent may be modified sa tisfac to rily  to opera te  in  excess of 2200 C in the 10~5 mm of 
m ercu ry  range.

The im provem ent offered by the use of tungsten as a heating e lem ent will perm it 
d ire c t examination of the uranium -carbon sy stem  a t higher tem p e ra tu res  than p rev i
ously attained,. Work w ill continue to define the im m iscibility  reg ion  of UC 4- UC^ and 
to study phase re la tionsh ips a t elevated tem p e ra tu res .

STUDY OF BONDING FUNDAMENTALS 

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

This re se a rc h  p ro g ram  is  being conducted to study the so lid -s ta te  bonding proc
e s s  and to determ ine the effects of experim ental conditions and m a te ria l p roperties  on 
the form ation and growth of bonded a re a s .

The experim ental problem  involves the study of m ic ro sco p ic-sca le  bond fo rm a
tion at the s in g le -asp e rity  junction between a needle point and a plane surface. To
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date, the breaking strength of the junction has been the only c rite rio n  available fo r 
study of bond form ation and grow th under various conditions. F rom  streng th  values, 
bond-growth ra te s  and such ra te -co n tro llin g  fac to rs  as  tim e , tem peratu re , and p r e s 
sure were studied. Each individual te s t  could, how ever, supply only a single item  of 
inform ation -  the breaking streng th  of a junction under a  single combination of ex p eri
m ental conditions. Recently, e ffo rts  have been made to devise a d irec t method for 
m easurem ent of the contact a re a . Several techniques w ere considered, but the m ost 
prom ising one involves m easurem ent of e lec trica l p ro p e rtie s  of the bond a re a . Holm*, 
in a tre a tm e n t of e lec trica l-co n tac t theory , re la tes  con tact a rea  to m easurab le  p ro p e r
ties  by the expression

/  PIContact a rea  = 7T (  — -  
\  2E

in which P » e lec trica l re s is tiv ity  of the contact m ate ria l 

I a cu rren t through the contact 

E s potential drop  ac ro ss  the contact.

This ex p ress io n  may requ ire  m odification for this p a rtic u la r  application.

The n ecessa ry  e lec trica l c irc u it and m easuring in strum en ts  have been se t up to 
provide a continuous record  of con tact potential and c u rre n t from  which a s im ila r  re c 
ord of con tact a rea  can be derived . H eretofore, it  was Im possible to follow the change 
in contact a re a  for any individual te s t.

Severa l p re lim inary  experim ents have been conducted utilizing the p o ten tia l
recording equipm ent. The g raph ical data reveal an in c re a se  ol contact a re a  with tim e. 
No definite conclusions can be m ade at this point. F u tu re  work will include m o re  ex
tensive use of the po ten tia l-m easuring  technique to follow bond form ation and growth.

NIOBIUM-GAS REACTIONS 

M. W. M allett, W. M. A lbrecht, and A. Levy

The k inetics and m echanism s of the reactions of niobium with hydrogen and n itro 
gen a re  being investigated. C urren tly  work is being done on the niobium -hydrogen sy s
tem. Investigation of the tem p era tu re -p ressu re -co m p o sitio n  equilibrium  d iag ram  of 
the niobium -hydrogen system  is  being continued.

The work at 10 to 1000 m m  of m ercury  has been extended to Include tem p era tu res  
from  100 to 900 C and com positions up to atomic ra tio s  of hydrogen to niobium  of 0, 85. 
Based on the data obtained thus fa r , tentative phase boundaries have been defined. In 
these ran g es  the maximum solubility  of hydrogen in the niobium phase is of the o rd e r of 
atom ic ra tio s  of 0. 1 to 0 .15. A hydride phase was found to ex ist a t te m p e ra tu res  below

Holm, R., Electric Contscii, Stockholm, H. Gtbw(1948).
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SOO C and high atomic ratios; for example, a hydride phase with an atomic ratio of 
about 0.5 formed at 400 C and a hydrogen pressure of about 120 mm of mercury. Ad
ditional equilibrium data are being obtained.

Work is being initiated to determine the rates of diffusion of hydrogen in niobium. 
Hydrogen concentration gradients have been prepared in niobium cylinders at 600 C. 
Chemical analyses of the gradients are incomplete.
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J .  CORROSION PROBLEMS ASSOCIATED WITH THE RECOVERY 
OF SPENT REACTOR FU EL ELEMENTS

C. L . P e te rso n , P .  D. M iller, R . S. P e o p le s , F , W. Fink,
E . L . W hite, E . B. F ried l, and O . M. Stew art

Investigations of the co rro s io n  problem s a sso c ia ted  with the recovery  of spent re 
ac to r fuel elem ents have been  continued during the  m onth of M arch as p a r t  of a program  
of a ss is tan c e  to ORNL.

The Z ircex  process u tilis e s  the d ifferen tia l vo la tility  of the ch lorides to separate  
z irconium  from  uranium . C u rre n t re sea rch  is  concerned  with evaluation of m ateria ls 
to be used in construction of v esse ls  in which Z ircex  processing may be perfo rm ed . 
During M arch, elim ination te s ts  have continued; H aynes 21 and V itallium  exhibit com
parab le  co rro sion  ra te s ; H aynes 23 and 36 a re  not co rro s io n  re s is tan t.

The Darex process uses a dilute m ixture of HCl and HNO3 to d isso lve  stain less 
s tee l and uranium  p rio r  to sep ara tio n . M ateria ls  fo r  the construction of processing 
v e sse ls  a re  being studied. Z irconium  has been found unacceptable aa a  d is so lv e r-  
v esse l m a te ria l. Type 347 s ta in le ss  stee l shows good corrosion  re s is tan ce  to ex trac
tion so lu tions.

The Z ircex  P ro c e s s

H ydrochlorinator -  D isso lver Studies

E lim ination T e s ts , E leven  m ateria ls  have been  exposed to  boiling solutions of 
5. 0 M HNO3, 0 .4  M U02(N03)2 containing 500 ppm chloride. Ten of th ese  m a te ria ls , 
tan ta lum , titanium , V itallium , Haynes 25, Type S -816, Type 5-590, C a rp en te r 20, 
C a rp en te r  20 stabilized, Type 304 ELC sta in less  s te e l, and Type 347 s ta in le ss  steel, 
a ll ap p ea r to be sa tisfac to rily  re s is ta n t with co rro s io n  ra tes  of le ss  than 1 mil per 
m onth a f te r  6 weeks of ex p o su re . The highest co rro s io n  ra tes w ere exhib ited  by 
Haynes 25, with Type S-590 and Type S-816 showing ra tes  nearly  as  h igh . It was nec
e s s a ry  to elim inate H astelloy  C from  this s e r ie s  of te s ts  after a 329-hr exposure 
because of the high c o rro s io n  ra te s  encountered with this m etal. The exposure  of the 
o ther m a te ria ls  will be continued for at le a s t 8 w eeks.

Specim ens cut from  c as t Haynes 21, 23, and 36 w ere com pared w ith wrought 
specim ens of V itallium , exposing both types of specim ens to the 15.0 M HNO3, 0 ,4  M 
U02(N03)2 solutions through which HCl gas was bubbled. Haynes 23 and 36 specim ens 
w ere sllm inated after 1 w eek because of high co rro s io n  ra te s , Both V itallium  and 
H aynes 21 specim ens surv ived  the f irs t week without too severe  an a ttack  but had to be 
discontinued from  te s t  a t the end of the second week because of the high corrosion  
ra te s  which were occu rrin g . In general, the ra te s  m easured for H aynes 21 specim ens 
w ere  somewhat higher than  those fo r V itallium . These same te s ts  w ill be repeated 
using wrought specim ens of the Haynes alloys.
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A titanium specimen failed due to severe attack during one of the firs t se ries  of 
elimination tests made in 15.0 M HNO3, 0,4 M U02(N0})2» with HCl gas bubbled 
through. This specimen was exposed in the vapors of this solution and was not attacked 
until some time during the fourth week of exposure. In an attempt to repeat this phe
nomenon! three similar tests are under way. In addition! a fourth test is being made 
under sim ilar conditions, except that a  weaker acid solution (11.0 M HNO3) is being 
used. Four weeks of exposure have already been completed with no evidence of the 
catastrophic type of attack. It has been observed that titanium specimens exposed to 
the return drip of the condensate are  attacked to a greater extent than are specimens 
which are so positioned in the vapor that condensate return  seldom contacts them.
These tests will be continued until the failure occurs or until it is reasonably certain 
that continued exposure will not lead to failure.

A new set of elimination tests has been started prelim inary to the cyclic experi
ment. In this set, specimens of Type S-816, Haynes 21, Carpenter 20, Type 304 ELC, 
and Type 316 are  being exposed to aqueous solutions containing 0.4 M UCI3. These 
studies have just started and the results will be reported next month,.

Cyclic T ests . Equipment is ready for exposing specimens of Type S-816,
Haynes 21, Carpenter 20, Type 304 ELC, and Type 316 to cyclic conditions consisting 
of a hot cycle of about 14 hr at 600 C in HCl, hydrogen, and ZrCl4, followed by a short 
(2 hr) cycle in boiling solutions of from 0,0 to 15. 0 M HNO3 containing uranium and 
chloride additions. In addition to the specimens which will be made to undergo the ex
posure to the cyclic conditions, tensile specimens of the m aterials will be left in the 
furnace and evaluated at various tim e intervals after exposure to the hot cycle only.

Chloride-Stripper Studies

Both tantalum and titanium specimens are being exposed to boiling solutions 
which are considered to be somewhat representative of those which might occur during 
the stripping of chloride from the dissolver solution. The solutions are 9 .0 , 11.0, and 
14. 0 M HNO3 containing 0.4 M UO^NC^)^ with HCl gas being bubbled through each one. 
After 5 weeks of exposure, there has been no attack on any of the tantalum specimens. 
There has been a slight amount of corrosion of the titanium specimens exposed in the 
9.0 M HNO3 solution. The corrosion rate for the specimen exposed to the vapor phase 
of this solution has risen from no measurable rate to 0. 10 mil per month over a  4-week 
period, while the specimen exposed in the liquid phase shows a corrosion rate which 
started at 0,44 mil per month after a 1-week exposure and has dropped to 0.11 mil per 
month after 4 weeks.

The Darex Process

Dissolver Studies

Eight weeks of exposure have been completed for specimens of tantalum, titanium, 
and Type S-B16 in both the beginning and midpoint dissolver concentrations of the Darex 
process. The data for the firs t 4 weeks of exposure in these solutions have already

I
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been reported  in Table N -3, BMI-1173 (page 60), and Table N -4 , BM l-1161. The 
co rro s io n  ra te s  have e ith e r rem ained e ssen tia lly  constant o r d ecrea sed  very slightly 
during  the additional 4 weeks.

Four weeks of exposure have been com pleted  with specim ens of tantalum , 
titan ium , titanium  a llo y , zirconium , Z irca loy  2, and Type S-816 in  the final d isso lv er 
concentration of the D arex  p ro cess . The d a ta  fo r these te s ts  a re  included in Table J - i ,  
None of these m a te ria ls  is  seriously  a ttacked  by these solutions.

Specimens of zircon ium  a re  being exposed to the beginning and midpoint solution 
concen trations, and wrought specim ens of H aynes 21 are  being exposed in all th ree  of 
the D arex d isso lver solutions.

D issolution Studies

A d isso lv er has been assem bled in which a Type 304 s ta in le s s  s te e l rod is being 
d issolved in contact with titanium  in a continuous flow of 2 M H C l-5  M HNO3. C o rro 
sion  specim ens of s e v e ra l  m ateria ls  a re  being exposed to the off gases from  this 
dissolution both a t th e  liquid line and high in the condenser. It has already been shown 
th a t zirconium  is  sev e re ly  attacked by the off gases.

Another experim en t i i  under way in  which a d isso lver is o p e ra ted  on a batchwise 
b a s is . The beginning acid concentration of 2 M HCl-5 M HNO3 is  used to dissolve 
Type 304 sta in less  s tee l rod until no m ore  w ill dissolve in the 3, 5 li te rs  of boiling ac id . 
C o rro sio n  specim ens of severa l m a te ria ls  a re  also being exposed in this experim ent. 
No resu lts  a re  availab le  a t the p resen t tim e .

Galvanic Effects

H alf-cell and open-cell potentials have been m easured in  2 M HCl-5 M HNOj 
solutions at boiling fo r uranium , s ta in less  s te e l, and titanium  e lec tro d es . The half
ce ll potentials of the uncoupled e lec trodes with respect to the sa tu ra ted  calom el e le c 
trode  were: titan ium , +0, 50 v (noble); Type 304 sta in less  s te e l, -0 .2 8  v (active); and 
uranium , -0 . 71 v (ac tiv e). When coupled to  Type 304 s ta in le ss  s te e l, the titanium  
electrode po larized  to +0, 03 v; coupled to uranium , it po larized  to  -0 .0 7  v. In e ither 
c ase , a gas, which was thought to be hydrogen, could be seen evolving from  the 
titanium  e lec trode . About one hundred tim es  the amount of c u r re n t flows when titan ium  
and uranium e lec tro d es  a re  connected than  flows when the connection is made between 
tantalum  and uran ium .

Two experim ents have been a ssem b led  in which e ith e r a titanium  or a  tantalum  
electrode is brought by an ex ternal emf to  the potential in boiling 2 M HCl-5 HNO3 
that they would have if uranium  were d isso lv ing  in contact with them . The tantalum  
electrode has been exposed a little  m ore  than  5 weeks, the titan ium  m ore than 2. Sm all 
sections have been rem oved from  the tan talum  and titanium  w eekly . The tantalum  is 
slowly increasing  in  hydrogen content, a s  shown by vacuum -fusion analysis. No ev i- 

(  ̂ dence of hydride fo rm ation  has been obtained as yet by m etallograph ic  exam ination.
The titanium  is co v ered  with a b lu ish -g ray  sca le . X -ray  an a ly sis  of this has shown it
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TABLE M .  DARZX BOILING FINAL-DISSOLVER-SOLUTION<*> TESTS

S pecim en ________________________C orrosion  Rate**1), m ill per m onth

Specimen Position A B A B A 8 A B

166 Hr 327 Hr 500 Hr 661 Hr

Tantalum Vapor g(c> 8 0.00 8 8 8 8 8
Interface 8 8 0.00 8 8 8 0.00 8
Liquid 8 8 0.00 8 8 8 0.00 8

Titanium Vapor 0.00 8 0.01 8 0.00 0.00 0.01 0.01
Interface 8 8 0.00 0.00 8 8 0.00 0.00
Liquid 0.02 8 0.01 8 0.01 8 0.01 8

Titanium alloy Vapor 0.01 0.04 0.01 0.08 0.02 0.06 0.04 0.08
(6 w/o Al, 4 w/o V) Interface 8 8 8 8 8 8 • 0.00 0.00

liquid 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Zirconium Vapor 8 8 8 8 0.00 8 8 8
interface 8 0.01 0.00 0.00 0.00 0.00 0.00 0.00
liquid 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00

Zlacaloy 2 Vapor 8 0.00 8 8 0.00 0.01 0.00 0.00
Interface 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00
liquid 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0,00

Type 5*616 Vapor 0.08 0.21 0.07 0.15 0.06 0.12 0.06 0.09
Interface 0.89 1.11 0.88 0.99 0.77 0.89 0.79 0.86
liquid 0.23 1.08 0.90 0.97 0.90 0.94 0.90 0.94

(B) Them aoludoaa ere: 1.00M H4. 1.78 MCI*. 4.46MNOg\ 1.10M Fe34, O .IO M C ^, 0.12 M Ni4*, 0.40M U®4. 
The specific gravity U about 1.38 et 25 C.

(b) Specimens A end I  are duplicate specimens.
(c) g Indicates a anal! weight gain of not more than 0.8 mg for tantalum. 0.6 mg for titanium. 15.6 mg for titanium alloy, 

1.8 mg for tliooaium. end 1.6 mg fot Zltcaloy 2.
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to be titanium dioxide. No hydrides have been found in the titanium either, although no 
vacuum-fusion analyses have been made with the titanium specimens.

Chloride-Stripper Studies

As in the Z ircex process, specimens of tantalum and titanium are being exposed 
to solutions which are considered somewhat representative of some which might occur 
during the operation of stripping chloride from the dissolver product. In this case, the 
solutions are 7 .0 , 9.0, and 10.6 M HNO3 containing uranium and the various ions, 
which would arise  from the dissolution of stainless steel, in the form of nitrates. In 
addition, HCl gas is bubbled through these solutions while they are boiling. The tanta
lum specimens have been exposed for 5 weeks and the titanium specimens for 4 weeks. 
So far, there has been no evidence of corrosive attack of either material in any of the 
solutions.

Purcx Acid Extraction Studies

Unstressed specimens of Type 347 stainless steel have been exposed to Purex  
acid solutions, both high and low in uranium and ions from the stainless steel content, 
as might a rise  from  the Darex p rocess. These solutions have been contaminated with 
up to 1.00 w/o chloride. After over 9 weeks of exposure, there has been only a slight 
weight loss, with no tendency toward s tress  corrosion as yet.

Specimens of Type 347 stainless steel, stressed to 90 per cent of their yield 
strength, and other specimens, bent around a mandrel until stressed beyond their 
yield strength, have been exposed to sim ilar solutions for over 3 weeks. No evidence 
of stress corrosion has been observed to date.
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K. EVALUATION OF A REFLECTOR-CONTROLLED 
HETEROGENEOUS BOILING REACTOR

J . W. Chastain

This work is directed toward developing a system of control for an unmanned 
heterogeneous boiling reactor. This system of control is operated by power demand. 
A greater power demand causes a decrease in steam pressure  above the reactor core. 
The lowered p ressu re  permits water to flow from a surge tank into the annular re 
flector tank surrounding the reactor co re . This reduces the neutron leakage and 
causes the reactor to operate at a higher stable power level.

The hydraulic mock-up was shut down during most of the month awaiting new 
inserts for the control valve.

The critical-assem bly experiments for the cold-water case are complete and 
work has started on the hot-non-boiling condition.

C ritical Experiment

W. C. Ballowe, D. A. McPherson, R. G. Wilson, 
F. J. Jankowski, and J . W. Chastain

The purpose of this experiment is the evaluation of the effectiveness of a reflec
tor system of control and an assessm ent of the feasibility of this system. An evaluation 
of the long- and short-term  transient behavior of the reactor system will be obtained by 
using the results from the critical assembly as input data in the reactor simulator.

The "cold" case, that is the case where the reflector and moderator were un
voided and the core had an aluminum-to-hydrogen atomic ratio  of 0.358, was completed 
during March.

Expanded polyethylene having a density of 0*65 g per cm* has been ordered for the 
radial reflector to simulate water at 417 F and 300 psi. This plastic is expected to 
arrive early in April. Meanwhile, experiments are being conducted with the radial 
reflector unvoided and the moderator and axial reflector voided to have nuclear prop
erties equivalent to water at 417 F and 300 psi. No results for this case are available 
at the present time.

The results given in Tables K -l and K-2 below are  the final results of the cold
case.

It should be noted in Tables K-l and K-2 that the e rro rs  given for the critical 
mass are not probable erro rs but an estimated error. This e rro r  is due to the diffi
culty in maintaining a geometrically homogeneous loading while adjusting the final 
critical m ass. Experience has shown this error to be of the magnitude of plus or minus 
1 per cent.
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TABU K -l. REACTIVITY AND CRITICAL MASS FOR fOlSONED^CASE

Reflects! Position 
From the Bottom 
cf the Cote, In. Critical M ia , g

Reflector Worth, 
reactivity per in.

94 4060 a  61 6.63 * 0.34 x 10"*

18 6179 a  69 96.46* 9.95 x 10"4

14 5979 a 63 40.67 * 1.51 x 10-4

19 5383 a 64 39.31 * 1.49 x 10"4

10 5468 a 58 39 .81a 0.96 x 10-4

6 5671 a 67 28.97 * 0.83 x 10*4

0 6964 * 60 6.63 a  0.44 x 10"4

(s) Tbs poison consists of s 1/8-In. -thick fceet of polyethylene impregnated with 0.119 g  pec cm* of boron (bated on B4C 
content), fotmlng aa annular ling between the innei and outer refleem .

TABU K-2. REACTIVITY AND CRITICAL MASS FOR UNPOISONED CASS

Reflector Position 
From the Bottom 
of the Core, In. Critical M as, g

Reflector Worth, 
reactivity per in.

94 6069* 81 6 .6 1 a  0.14 x 10-4

0 6584 * 66 8.98 a  0 .65 x 10*4

F ig u res  K - l ,  K-2, and K-3 a r e  graphical rep resen ta tio n s  of the data given in 
Table K-2. F ig u re  K -l is  a plot of the d ifferential re fle c to r w orth versus re fle c to r 
height. By perform ing  a num erical in tegra tion  on the a re a  beneath this curve d a ta  were 
obtained which yielded the curve shown in  Figure K-2 (in teg ra l reflecto r w orth v e rsu s  
reflecto r height). The total w orth of the  re flec to r in the cold case  was found to  be 
6. 14 ± 0. 29 p e r cent reactivity .

F igure  K -3 is  a graph of the c r i t ic a l  m ass v e rsu s  re f le c to r  position.

S im ulator Studies 

B. B. Gordon and J, J .  Stone

No w ork w as done on the s im u la to r studies during the month. The in s e r ts  fo r  the 
control va lves should a rrive  shortly  and work will re su m e.
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FIGURE K -i. DIFFERENTIAL REFLECTOR WORTH VERSUS REFLECTOR HEIGHT
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FIGURE K -2. INTEGRAL REFLECTOR WORTH VERSUS REFLECTOR HEIGHT
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FIGURE K -3. CRITICAL MASS VERSUS REFLECTOR HEIGHT
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U  STUDIES OF SODIUM-TANTALUM COMPATIBILITY AT 
ELEVATED TEMPERATURES

J. H. $ tan(

R esearch is being conducted on i m r i i  problem# posed by the containment of 
h igh-tem perature sodium  by tantalum . This o v e r-a il program  is complementing the 
effort voder way at Loe Alamo* Scientific Laboratory to develop LAMPRE I, o ( a d  r e 
ac to r system , $

During M arch, sev era l m odifications w ere incorporated into the fira t poly therm al 
(low-loop eyatem of the type in which tan talum  specimen# will he exposed to IVOO F 
peak-tem perature »odium . U is expected that these changes will provide the re liab ility  
in  the system  n ecessa ry  for long-duration runs. This system , along with three o th e rs , 
in scheduled to be placed ia (ull operation during April.

C reep -ru p tu re  testing  of tantalum has been delayed because of the necessity  to 
rep a ir teaks in the  newly constructed spec ia l-fu rnace  test rig . In the most inform ative 
experim ent to da te, a specim en of degassed  sin te red  tantalum failed  on loading with 
20.000 pti at I f 00 F . Several im provem ents in the vacuum -degassing apparatus w ere 
made and a  %-hr-long degassing exposure of severa l tantalum  sam ples at a tem peratu re  
level in the neighborhood of 4400 F was successful.

Welding stud ies made on reclaim ed a rc -c a s t tantalum sheet have shown the e x is t
ence of weld porosity  s im ila r to that found in a m ajority of the weld* made in s in tered  
tantalum . However, som e very recent work on virgin a rc -c a a t m ateria l hat been so m e
what more encouraging. Investigations to  determ ine the beat d istance of separation of 
sm all tantalum tubes welded to n thin tantalum  header Have shown that a separation of 
1 /lh - in , gave good fillets in the weld jo in ts .

The getterlng  crucib le assem bly, to be employed tn the experim ents to develop an 
analytical method fo r oxygen In sodium in the A.0001 w /o range, was a ltered  somewhat 
during March to pe rm it the addition of an  auxiliary  flu id-charging system . The am al
gamation apparatus was readied fo r se rv ic e  analyses of oxygen in sodium} recent runs 
with this apparatus have yielded reproducib le  resu lts  in the 100-ppm range. 1

1‘afttalum-Sodlum Compatibility S tu d io  

G . E. R aines, C. V. W eaver, and W. H. Goldthwaite

An ap p ra isa l of the behavior of tantalum  in IS00 F peak-tem pera tu re  sodium en 
vironm ents is the main objective of th is  study. This is to he nccom pltshed by operating 
Type )M  sta in less  s te e l forced-convection flow loops with tantalum  inserts  in the hot 
lehs. Each loop will be provided with special trapping fea tu res which will perm it close 
control of the amount of oxygen in the sodium a t a p rim ary  v a riab le . Contemplated 
oxygen lim its range f rom less than 10 ppm to 100 ppm.
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During M i r d .  various experim ents to obtain operational experience with the f ir s t  
loop system  continued. The need for s ev e ra l rev isions, in addition to those found d u r
ing February  and d iscussed  in becam e apparent. The principal difficulty
encountered recen tly  was failure of the m ain  heat-input fu rnace. This unit has been r e 
designed to incorpora te  quarts in fra red  lam ps which should provide both re liab ility  and 
ease of m aintenance. F inal m odifications were completed a t the end of the month and 
it is  now expected that form al experim ental worh with the rev ised  rig  can s ta r t in early  
April. Five m ore loops w ere assem bled  during  M srch] a t leas t three of these a rc  
scheduled to be ia  operation by A pril JO.

Although com pletely reliable operation  of the f irs t loop sy stem  baa not been 
achieved as yet. Us general perform ance thus fa r ia encouraging. F o r exam ple, iu one 
run the charge of sodium was purified by cold trapping to leas  than SO ppm oxygen, ns 
indicated by plugging-indicator m easu rem en ts. Following tb ia . the charge was eu c- 
cessfuliv c ircu la ted  through the si r  coni u rn-fo il-filled  fe tte r in g  tra p  for 22 h r  a t 1000 F 
•nd for 9 h r  a t 1200 F. This additional purification step  la provided ia  the system  to 
remove oxygea in the 0-10 ppm range. The actual efficiency of this operation cannot be 
determ ined at p re sen t. However, when the analytical technique for determ ining oxygen 
ia sodium below 10 ppm is established (discussion of th is  phase of the work is included 
in the subsequent subsection entitled "D eterm ination of Oxygen in  Sodium"), it w ill he 
used to advantage ia  obtaining inform ation such as th is.

The H lgb*Tem perxture Mechanical P ro p e rtie s  
~ of Tantalum

J. C. S tew art, C. J . Slander, J. G. Dunlenvy, 
and A. M. Hall

The effect of oxygen content, up to about 2000 ppm, on the creep  and s t r e s s -  
rupture p ro p e rtie s  of tantalum in the tem peratu re  range 1000 to 2000 F  Is being studied. 
True evaluation of the data obtained w ill depend *m the con tro l of factors such as g rain  
sine and carbon sod nitrogen content.

In M arch, em phasis was placed on the initial operation of the f ir s t  in e r t-g a s -  
blanketed s tre s s - ru p tu re  furnace. D elays were experienced while system  leaks were 
traced and rep a ire d . In a p re lim inary  teat a degassed tantalum  specim en (fabricated  of 
sin tered stock) failed quickly upon loading to 20,000 psi nt 1200 F . The te s t will be r e 
peated using annealed specim ens.

Recent im provem ents in the induction degassing apparatus have made U possib le  
to degas tantalum  te s t b a rs  at tem p era tu res  of 4900 to 4800 F . Eight bars have been 
degassed ia  tbia apparatus thus fa rt th e ir hardness, a fte r an exposure lasting 9 h r ,  was 
reduced from  149 to 90-100 VHN (10-kg load).

In the im m ediate future the rem ain ing  (total of four) c re ep -tee t units will be leak 
tested , and put into operating condition. Creep testa  will be s ta rted  at 1200 F u t.ng  the 
annealed s in te red  tantalum  now on hand. However, a batch of a rc -c a s t m a te ria l f rom 
a  single lot of reclaim ed  powder baa been  ordered and ia expected to be delivered  to
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B attrllc  in early A pril. This batch in to provide * standard m ateria l for the bulk of the 
s tre s s - ru p tu re  experim ents now planned.

Weldabil i ty  of Tantalum for  H i g h - T e m p e r a t u r e  S y s t e m s  

S, M. S i i v t n l t m ,  K. P ,  S o p h e r ,  u d  P .  J .  Rieppel

Thin program  ia d irec tly  concerned with the weldability of the am al! all-tantalum  
tube-to -header assem bly which will be used aa the co re  of LAMPRE l  P a s t welding 
atudiea have indicated the welds (made by the tungstea-e lectrode  a rc  p rocess) in 10-mil 
s in te red  tantalum sheet taken from  one batch of stock have consistently  been sound while 
welds in 40-m il sin tered  sheet from  another batch have been porous. At p resen t, fu r
th e r chem ical analyses of these  m ateria ls are  being made to fe rre t out elem ents which 
m ight account for the m arked  differences in  behav io r, Aa d iscussed in BMI-I 171, car* 
boa, hydrogen, nitrogen, and oaygen analyses failed  to shed light on the is su e . During 
M arch , welding studies using the 10-mil sheet continued. Specimens taken from  it were 
joined to  thin-wall s in te red  tantalum  tubes ( 1 /14-in, ID by 0 .015-in , wall) from a new 
batch of stock. Although, aa before , welds in the sheet were sound, g ro ss  porosity was 
d e tec ted  In the weld deposit joining this sheet to the tubing. This porosity  was s im ila r 
to that found in the tube-to  header joints made with thin-walled s in te red  tubes from the 
batch  of tubing f ir s t  em ployed in this work.

Weldability stud ies w ere a lso  made during M arch on two th ick n esses  of reclaim ed 
a rc -c a s t  tantalum. M etallographic exam inations of sections made through welds in this 
m a te r ia l indicated porosity  s im ila r to that encountered in the case of welds in 40-mil 
s in te red  sheet reported  previously . In addition to th is work with rec laim ed  a rc -cas t 
m a te r ia l, Initial work s ta r ted  late in the month to investigate the w eldability of 20- and 
10-m il sheet from a recen tly  procured supply of virg in  a rc -ca s t m a te r ia l. Studies thus 
fa r  made with this sheet have indicated that sound porosity -free  welds can be produced 
with it. Additional work is scheduled during A pril to check out these c u rre n t findings.

A number of sim ulated  tube-to-header a ssem b lies  w ere made w»tb a  welding fix
tu re  which was designed to  aid  in the welding of tantalum  tubes to a tan talum  header. 
T hese assem blies w ere made to determ ine the m ost desirab le  spacing of the tantalum 
tubes in the header to achieve complete weld penetration  of the back side of the tube-to- 
header joints. Complete weld penetration would e lim inate  the sh arp  notch formed by the 
tube-and-header plate. The re su lts  of this study made on two th ick n esses  of header 
sheet (10-m il-thick tantalum  and 19-m il-thick tantalum ) and using th ree different tube 
separa tions (1/12 in . ,  1/44 in. , and 1/16 in .)  indicated that a 1 /1 6 -tn . separation gave 
the b e s t fillet welds with the leas t chance of weld burn-through.

Determ ination of Oxygen in Sodium 

P. H. Goble, W. M. A lbrecht, and M. W, M ailed

A method baaed on the extraction of oxygen from  sodium by a "getter'*  m etal which 
in tu rn  is analysed by a vacuum -fusion procedure ia being ap p ra ised  as a technique for
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determ ining oxygen levels la  •odium lo •  sen sitiv ity  of 0.0001 w /o. During March, the 
construction  of a s ta in le ss  s tee l apparatus which can deliver a m ete red  amount of fil
te re d  sodium d irec tly  into the main crucib le of the le tte rin g  assem bly  was completed.
In th is  apparatus liquid sodium  Is forced Into a  calib rated  volume (about 100 cm3) by gaa 
p re s su re  (prepurified n itrogen) and then fo rced  into the le tte rin g  bomb. C om pression- 
type tube fittings hove been used in  the construction  to facilita te  changing the m etering 
volume should this becom e necessa ry . N ecessary  alterations w ere  m ads to the bomb 
fo r the addition of the m etering  attachm ent. The leak tightness of the assem bled system  
has now been estab lished  and le tte rin g  experim ents will s ta r t  sh o rtly .

Several experim ents w ere completed during  the past month to  determ ine  opera
tional techniques with the am algam ation ap p ara tu s . Oxygen contents of about 100 ppm 
w ere reproduced to a  10 ppm. This apparatus appears to be ready for se rv ice  analyses.

RW D:CRT/sll
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