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7 and 8

REPORTS RELATED TO CIVILIAN APPLICATIONS 
ISSUED DURING DECEMBER, 1955

BMI-1052 "The E lec tr ic a l  R esis tance of Thorium  Through the Allotropic 
Transition", by H erbert W. Deem  and Robert A. Winn.

BMI-105) "Centrifugal Casting of P late-T ype Fuel E lem ents", by
Henry A. S a ile r ,  Ronald F. D ickerson , and William E. M urr.

BMI-1057 " P ro g re s s  R elating  to Civilian Applications During November, 
1955", by R usse ll  W. Dayton and Clyde R. Tipton, J r .
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A-1

A. DEVELOPMENT OF MATERIALS TOR REACTORS

J. R. Keeler

la (hit program the properties of dilute
uranium alloys are being investigated. The mechanical properties of cold* 
worked sirconivim sad Zircaloy 2 at tem peratures up to 500 C a re  being 
determined, and work on the cladding of uranium  with tirconium by hydro
static pressing has been started.

The data obtained by several methods on the solid solubility of uranium 
in thorium ars not in good agreement, and additional data a rs  being obtained.

The study o! radiation deformation in graphitss at tem peratures of 
>00 C and slightly above has besa resumed. Four types of graphite a r t  being 
prepared for irradiation a t Hanford in order to study the factors affecting 
deformation.

Uranium Alloys for Fuel Elements

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

A group of dilute uranium alloys has been examined for heat-treatm ent 
characteristics, physical, and mechanical propsrtiee. The alloys examined 
were arc-m elted uranium, induction-melted uranium, uranium-0. 35 a /o  
chromium, uranium-1. 5 a /o  silicon, and uranium -0. 5 a /o  titanium. During 
ths last month, samples of these alloys which had been quenched from 730 C 
and from 900 C were annealed for I hr at 600 C. This treatment produced a 
m arked reduction in hardness, but caused no appreciable change in grain 
s i te . Ths grains became equtaisd, and m easurem ents indicated a sm all de
c rease  in grain s ite . An water quenched from  730 C, arc-m elted uranium 
had a hardness of 240 DPH; alter annealing a t 600 C, ths same specimen 
had a hardness of 204 DPH. This decrease in hardates is interpreted to 
mean that quenching sad transformation s tra in s have been relieved and that 
ths metallurgical stability of ths alloys is improved by this treatm ent. Heat 
treatm ents above 730 C m erely increase the grain s its  and hardness of these 
alloys and do not appear to be promising. No further treatm ents a re  planned 
for these alloys.

Eight biscuit uranium -base alloys containing aluminum, silicon, and 
tirconium  havo been prepared  by arc melting. The ingots which weighed 
100 g were successfully hot rolled at 620 C to 0 .10-in. sheet. Hardness 
data obtained during the fabrication of these alloys are  shown in Tebls A-l,

• • « t « •t 'rt • • • i• • • •«»«• •• • • tl «•
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The hot-rolled microstructurse of the alloy* show evidences of much 
distortion end orientation of frsins is  s result of rolling At 620 C. The 
increase in hardness as a result of rolling also indicates that residual 
stresses have been left by the rolling operation. The effects of heat treat
ment!, upon these alloys will be examined in the near future.

The Constitution of Thorium-Uranium Alloys 

H. A. Sailer, F. A. Rough, A. A. Bauer, and J. R. Lulay

A study of the thorium-uranium system is under way for Hanford to 
determine the solubility limit of the thorium-rich solid solution.

Data have now been obtained on the solid solubility of uranium in 
thorium by hardness tests, metallography, and X*ray diffraction. In 
general, the data obtained by different methods are not in agreement, but 
indicate solution of 3 w/o uranium or more in thorium at 710 C and below. 
There is some indication that the solubility increases at higher tempera
tures.

Further studies will be designed to improve upon the data in order to 
obtain more accurate solubility values.

Mechanical Properties of Zirconium and Ztrcaloy 2 

F. R. Shober, L. L. Marsh, and J. A. VanEcbo

A comparison of the mechantfcal properties of cold-worked elrconium 
and Zircaloy 2 with those of the annealed material is beingjflrik for several

.............. f • • •
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te m p e ra f tH li  up to 500 C. A re p o rt eumm* r is in g  the (U ii obU tw d m th is  
study U  being prepared .

E lev a ted -T em p er a tu rs  T en sile  P ro p # rile i

F o u r  additional ten s ile  te e te  have been conducted on cold-worked 
a ircon ium  and Z ircaloy  2 a f te r  annealing SOO hr a t 425 C and 500 C. The 
ra te  of s tra in in g  was 0 .02  in. p e r  mtn (c ro ss  head speed). The re e u lte  a re  
su m m arised  in Table A-2,

TABl! A-S. TtMStU DATA KM ZRCUNgJM AND XBlCAU’Y t

T c m p e u tu r r  ( A i jo n  A tr tu e p h r ir ) ,  C
f t o p e f l l e t 4t* MX)

CoN-Woiled Ziicomero

0,1 N r Cent Yield Strength. p a i s ,  to o 1,500

Tnull# Strength, p« I t ,  300 to,SOO

l* tong* (MM, per te s t n M

CoM-Wtekcd Zirrsloy I

0,3 N t Cent Yield Strength. pit 54.200 13.900

Teneic Samgih. pet 40. BOO I I .  SOO

CliagetKMi. pet cent t l 44,1

It ap p ea rs  that 500 h r a t 425 C is not suffic ien t to com pletely re  • 
c ry s ta l l is e  the cold-w orked Z irca loy  2, although 500 hr at 500 C was m ore 
than su ffic ien t. The knowledge of the softening k in e tic s  already  gained at 
425 and 500 C for co ld-w orked  airconium  and Z irca lo y  2 at 500 C should 
e s ta b lish  a family of c u rv e s  a t these two te m p e ra tu re s . These iso th e rm a l 
c u rv e s , norm ally  sigm oidal in shape can be obtained  by plotting the f r a c 
tional p ro p e rty  change a s  a  function of tim e a t te m p e ra tu re , using the 
m ech an ica l-p ro p e rtie s  data fo r  the annealed m a te r ia l  as a basis . Such an 
an a ly s is  should perm it a ca lcu la tio n  of ths soften ing  ra te  at 425 C for 
Z irca lo y  2. t

C re e p  P r o p e r t i e s

S ev era l additional c re e p  and a tre sa - ru p tu re  te s ta  have been com pleted  
on tra n e v e rse  sheet sp ec im en s of both annealed and cold-w orksd Z irca lo y  2. 
T hese  re s u lts  a re  shown in Table A -3.

. .  i • * • • •  •• • • * •• • • • • t
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A comparison of these additional creep data from cold-worked material 
and previously reported data on Annealed material Indicate! the following:

(1) The increased rupture strength resulting from cold working 
persists at ISO, 230, and 34S C for times up to 1000 hr.

(2) Although short-time tensile data indicate only a slight drop 
in the strength of cold-worked Zircaioy 2 after S00 hr at 
42S C, the data oa rupture strength indicate that some 
softening occurs after 100 hr at 42S C. Similarly, at S00 C 
the short-time tensile data indicatad little softening after a 
10-hr anneal, but the rupture data indicate significant 
softening under street at S00 C in 10 hr.

Tasting will continue on these same materials on longitudinal specimens 
to compare the creep properties of longitudinal and transverse specimens.

Tube Berating

No additional burst lasts have been made during the month. Additional 
tubing was received and several tubes are being prepared to
investigate the effect of shot peening on the welded tircontum tubing.

The feasibility of cladding uranium slugs in sirconium cans by heating 
under hydrostatic pressure ie being investigated.

Small-diameter thin-walled sirconium tubing was available and is 
being used for initial testa. Swaged uranium rod was pickled and then welded 
in the sirconium tubes under vacuum. One assembly was held 24 hr at 
600 C and one et 700 C under a 2500-psi helium pressure. Peel teste on the 
sample heated at 600 C indicated alight bonding, but the bond was weak.
The sample heated at 700 C had oxidised on the surface, indicating that the 
teal was defective.

Additional teats at 700 and at BOO C are in progress.

Zirconium Cladding

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



I I CONFIDENTIAL

A-4

Radiation Damage to Graphite

L. D. Lor It, A. E. Austin, C. B. Engle, and M. J. Snyder

The study of irradiation deformation in graphites at temperatures of 
300 C and slightly above has been resumed. Physical contractions have been 
observed in present pile graphite (CSF) and in the four Battelle-prepared 
experimental graphites that have been irradiated at these elevated tempera* 
tures. Such contractions might cause serious difficulties

particularly if the effect does not saturate.
a

The following possible causes of the contraction are suggested by 
previous research (DM1* 1042) on low-temperature radiation stability:

(1) Radiation annealing of defects originally responsible for 
the presence of micropores, allowing crystals to come 
closer together

(2) Crystal growth across crystal boundaries, eliminating 
micropores and/or disordered carbon

(3) Contraction of the graphite layers.

A research program to study these mechanisms nnd to look for new 
factors that may be important has been formulated. Four graphites were 
selected which represent a wide range of crystallite sise and microporosity. 
These are graphites made from resin coke, carbon black, pitch coke, and 
skeletal graphite.

During the month, specimens of graphitited carbon black and skeletal 
graphites were shipped to Hanford for high-temperature irradiation. Prep
aration of resin-coke graphites was completed. X-ray diffraction measure
ments were made on irradiated samples available from previous work.

In future work, crystal parameters, helium density, and macropore 
structure will be measured on unirradiated specimens for comparison with 
similar measurements on specimens after irradiation at elevated tempera
tures.

...........  «!• .••• r
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B. DEVELOPMENTS FOR ALUMINUM-CLAD FU EL ELEMENTS

D. C. M artin

Work has stopped on a ll phases  of the a lum inum -clad -fue l-e lem en t 
developm ent excep t in te rna l cladding of tu b e i and ex tru sio n  cladding of flat 
p la tes . Equipm ent h as been obtained fo r  fu rth e r work on both  of these p ro j
ec ts . T h is  equipm ent is  being a ssem b led  and experim en tal w ork will s ta r t 
ea r ly  in Jan u ary .

P rep a ra tio n  of A lum inum -U ranium  A lloys 

H. A. S a ile r , R. F . D ickerson , and E. L. F o s te r , J r .

The ex p erim en ta l work on th is  p ro je c t has been fin ished . A topical 
repo rt is being p rep a red .

In ternal C ladding of Tubes 

R. J .  F iorentino , D. B. R oach, and C. J . S lunder

The w ork on th is  pro ject has been  concerned with th e  p rep ara tio n  of a 
few uranium  tu b es  and alum inum  b ille ts  fo r in ternal cladding  by the tube- 
expander m ethod. The new 5 -ro ll tube expander has ju s t been  received  from  
the m anufactu rer and the planned ex p erim en ts  to produce one clad  8-in . 
section of tube w ill be c a rr ie d  out in Jan u a ry .

E xtrusion Cladding of F la t P la tes  

R. J .  F iorentino , D. B. R oach, and C. J . S lunder

The co n stru c tio n  of the au x ilia ry  equipm ent to be u sed  with the 
ex trusion-c ladd ing  assem bly  has been com pleted . These include a device 
for pulling the c o re  during ex trusion  cladding and a  m odified  gas burner to 
provide additional heat to the h o ls te r  and die of the ex tru sio n  assem bly .

The new ex tru s io n  con tainer, m an d re l tip , and o th e r rew orked  tools 
have ju s t a r r iv e d  and a re  being checked . The en tire  ex tru s io n  assem bly will 
be set up in the  lab o ra to ry  and checked for tem p era tu re  v a ria tio n s  a t severa l

I I I * « * t
.  1 * •  • t
t  • •  •  • • s
•  • • • •
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points, d im ensional changes due to th e rm a l expansion, fit o f the various 
p a rts , and o ther s im ila r  de ta ils . When th e se  have been d e te rm in ed  and 
found to be sa tis fa c to ry , the equipm ent w ill be assem bled in  the  p re s s  for 
actual ex tru sion -c ladd ing  experim en ts.

Undercutting C o rro s io n

W. E . B erry , J . G. B each, R. J . C arlson , 
and R. S. P eo p les

E xperim en ta l work on th is p ro je c t h as been finished. A top ical report 
is being p re p a red .

• • •  
•  • 
•  • 
•  • 
•  • 
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C. PLANT ASSISTANCE TO MCW 

J .  R . K eeler

F a c to r s  affecting the production  of active UO3 and UO^ a re  being 
studied in a p rogram  of p lant a sa is tan c c  to MCW, W ork this month was 
concerned with the relation of c ry s ta l l i te  s i t e  to the s in te r  density of UO2, 
the effect of removal of re s id u a l  n i tra te  from  UO3 on the s in ter ability of 
UO^t the effect of absorbed n itrogen  o r oxygen on the X -ray  diffraction 
pattern  of UO^f and the reac tiv i ty  toward hydration of Hanford continuous- 
p rocess  UO3.

The e lec tr ica l  p ro p e rtie s  of UO^ are  a lso  being investigated, and 
severa l  m a jo r  d ifferences between the e lec tr ica l  conductivity  of "active"
UO^ and "o rd in a ry "  UO^ have been observed.

Additional co rros ion  te s t s  w ere  completed on se lec ted  s ta in less  s te e ls  
in an a tm osphere  of cracked am m onia  containing w a te r  and sulfur.

Identification of Uranium Oxides 

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

T he reactiv ity  of various  modifications of UO3 is being investigated a s  
an aid to the  production of active UO3 and UO;. P re v io u s  studies have shown 
that the chem ical and s in te ring  reac tiv i ty  of UO2 is  re la ted  to the s tru c tu re  
type of the UO3.

Studies  this month w ere  concerned  with the re la tion  of c rys ta ll i te  s tae  
to s in te r  density , the effect of rem oval of residual n i tra te  from UO3 upon the 
s in te rab i l i ty  of UO2, the effect of adsorbed n itrogen  o r  oxygen upon the UO2 
X -ray  diffraction pattern , and the reactivity  toward hydration of Hanford 
con tinuous-p rocess  UO3.

C ry s ta l l i te  S ise  -  Sinter Density  Study

As shown in Table C - l ,  various  modifications of UO3 were reduced at 
d ifferen t tem p e ra tu res  and then  s in te red .  The c ry s ta l l i te  siae of the UO2 
powder was com pared to the density  of the s in te red  pe lle t .  It was found that, 
while the s in te r  density of the UO2 is  quite dependent upon the type of UO3 
from  which it was made, the c ry s ta l l i te  siae  of the UO2 is  of very little 
s ignificance. It appears  that UO2 made from Type H+ UO3 has the highest

* The various type* * * •••• of oaide. If. C, C. and A. represent repeatedly obtained but ai yet unidentified oxide 
X -ray paitem.
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TABLE C 1 RELATION BETWEEN CRY MALUTE SIZE AND 5INTER DENSITY OF UO^

UOa

Simple UO3  Type
Reduction 

Temperature. C
Crystallite

SiZ?, A
Sinter Density!4), 

per cent of theoretical

94 MCWUO3 S4S 570 69.4
VS MCW UO3 650 1030 69.4
93 H 482 320 95.2
91 H 546 400 94.7
92 H 593 830 87.7
89 H 650 560 94.5
90 G 482 430 89.3
87 G 593 880 88.4
8 8 G 704 1970 6 6 . 8

I f Amorphous 620 180 90
2 2 Amorphous 680 250 87

(a) Pressed at 20,000 pat with camphor binder, Untered at 1650 C in hydrogen for 1 hr.

s in te r d en sity , reg a rd le ss  of the reduction te m p e ra tu re  o r  c ry s ta llite  sixe 
of the UO^.

R esidual N itra te  of UOj V e rm s  S in ter D ensity of UO2

A study w as made to d e te rm in e  the effect of any n itra te  or n itrogen , 
rem ain in g  in UO3 a fte r  decom position , upon the s in te r  density  of UO2.
MCW UO3, as  received , was heated  at various te m p e ra tu re s  before and 
a f te r  w ash ing  with w ater. The resu ltin g  m a te ria ls  w ere  reduced a t 600 C in 
hydrogen and then s in te red  at 1650 C . The re su lts  a re  shown in Table C -2 . 
All tre a tm e n ts  except fir in g  to  U jO g gave b e tte r d e n s it ie s  than the u n trea ted  
m a te r ia l, and heating a t m o d era te  tem p era tu res  (300 C) appears  to give a 
higher d en sity  than heating to a h igher tem p era tu re  (450 C).

Effect  of Oxygen  and N i t rogen  P i c k u p  by UO2

A UO3 m ate ria l was p re p a re d  to give a reac tiv e  UO2 on exposure to 
a i r .  T h ree  portions of the UO3 w ere  reduced to UO2 in hydrogen. Oxygen, 
n itrogen , o r  a ir  was adm itted  individually to each  p o rtio n  at room  te m p e ra 
tu re . The UO^ p repara tions w ith oxygen or a ir  added gave very diffuse 
X -ray  d iffrac tio n  p a tte rn s , ind icating  a chem ical re a c tio n  with the UO^. The 
sam ple to which nitrogen had been added gave a d iffrac tio n  pa ttern  with v e ry  
sh arp  lin e s  and a la ttice  p a ra m e te r  of 5.4690 A, ind icating  that the n itrogen  
was physica lly  adsorbed only. A study is being m ade of the effect of
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annealing these sam ples a t  higher tem p e ra tu re s  in their respec tive  g a te s  
a t low p re s su re s .

Reactivity  of UO3 Toward Hydration

UOj p repara t ions  f ro m  Hanford continuous p rocess  were hydra ted  to 
equilib rium  at 30 C in w a te r -sa tu ra ted  a i r .  The re su lts  as given m Table 
C -3  indicate that (or UO3 with 1000 ppm SO4 , the reactivity d e c re a se s  with 
in c reas in g  tem p e ra tu re  of denitration. F o r  sam ples  containing m ore  or 
l e s s  than 1000 ppm sulfur in the UOj, the reac tiv i ty  does not appear to 
change appreciably with d ifferent denitration te m p e ra tu re s .

During the next p e r io d  the effect of the n itrogen  content on the s in te r -  
ab ility  of UOj will be investigated.

The C orrosion  R esis tance  of Selected S tain less  Alloys 

W. J .  B raun , F .  W. Fink, and R . S. Peoples

Hot cracked am m onia  gas is used by M allinckrodt to reduce UO3 to 
UO£« Water vapor is a product of this reduc tion . Sulfur, which ca ta ly ses  
th is  reaction, is added to the UO3 feed as su lfu r ic  acid. In the p lant, the 
s c re w  conveyor for the o range  oxide is made of Inconel and H astelloy C. 
L ocal hot spots resu lt ing  f ro m  the exotherm ic  reac tion  have cau sed  attack, 
p a r t ic u la r ly  on the Inconel. Bed tem p e ra tu res  a re  estim ated to approach  
1700 F .

It is the purpose of th is  re s e a rc h  to evaluate  the effects of te m p e ra 
tu re  and sulfur addition on the co rros ion  r e s is ta n c e  of selected alloys 
exposed in wet hot c ra ck e d  ammonia gas. Sulfur was found to have l i t t le  
e ffec t  on the scaling re s is ta n c e  and physical p ro p e r t ie s  of special alloys 
which were previously exposed at 1200 F  and 1500 F #.

F o r  the p re sen t  study, ten of the m o s t  r e s is ta n t  alloys w ere  exposed 
a t  1700 F . Two te s t  ru n s  were made. One run  was sulfur free  and the other 
contained 100 gra ins of sulfur as sulfurous ac id  per 100 ft^ of c rack ed  
am m onia . The re s u l t s  of these te s ts ,  given in Table C -4 , show tha t scale 
fo rm ation  was up to ten t im es  as  grea t a f te r  exposure  at 1700 F  fo r  IO0 hr 
a s  it  was after 500 h r a t  1200 F . The data ind ica te  that the p re s e n c e  of 
su lfu r  did not re s u l t  in in c re a se d  scale fo rm ation  at 1700 F . S im ila r ly , 
su lfur did not re su l t  in d e c rea se d  ductility a f te r  exposure for 100 h r  at 
1700 F .

9 Ursula si 1200 F and si 1500 F are rrported ui BMJ 1035. Auguti. 1955. and SMI-1043. September. 1955
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T A B U  C - 2 . EFFECT OF RESIDUAL NITRATE IN UO3 UPON THE SINTER DENSITT OF UO^

Samp Jr Treatment Before Redact ton
Phase Before 

Reduction

U02
Suiter DemttyO). 

pci cent of theoretical

f t MCW UO3 *» received C ♦ A 12.6
104 MCW UO3 heated 300 C C
117 MCW UO3 heated 450 C C 13.0
116 MCW UO3 heated 150 C U3OB 10.0
101 MCW UO3, washed, heated 60 C A 82 JD
100 MCW UO3. washed, heated 300 C Amorphous •2 J2
113 MCW UO3. washed. heated 460 C C 17.6

(a) Ptesicd at 20.000 pit with camphor binder. tintcred at 1650 C in hydrogen fur 1 to.

TABU C -3 . HYDRATION OF HANFORD CONTINUOUS-PROCESS UOj

Run Drum
X-Ray
Type

Temperature, C 
Feed Discharge

SO4.
ppm

Type After 
Hydration

Initial
Reactivity

Equilibrium 
Water Content

B-17 60 C 290 300 1000 C ♦ A 0.24 10.65
BIBB 76 J 230 260 1000 C 4  A 0.23 12.83
B-10 84 C 296 336 3000 C ♦ A 0 :1 11.00
B-22 106 4 106 C 260 280 3000 G 4 A 0.31 12.16
B-24 122 C 260 280 1000 G * A 0.19 8.78
■-26 127 C 260 280 0 G 4 A 0.21 10.66
8-2'J 173 C 290 310 0 0 4  A 0,19 11.28
B-30 179 C 450 460 IOOO A ♦ C 0.09 2.63

* «• •  • i s
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TABLE C-4.  E F F E C T S  OF TEMPERATURE AHtl BULFUO ON TME PHYSICAL I 'R U M U T I I S  t l f  i f  AINU 
ALLOYS EXPOSED TO AN A T iK »»  III  RE O F  CRACKED AMMONIA PLU S 4« P M  ( (NT 
WATER VAPOR

T n n U  0>U

Allay

E ap ao are
T im a .

S i

E ap n earr 
T am pers*  

l a r a ,  F

S nllar. 
**•*«• per 
I0O 111 ad 
(rac k ed

V .l F e r  Cent 
O d e r ' 
Y ield 

Blr«a««S. 
fa*

Ultim ate
T*aaile

dnaoglfc,
P*i

E le n * * .
Item, 

p a r  ir«M

Hard****, 
K knell

0

Wetgka
L a ta . 

m« per
*e ^

T ip *  n o 0 •  • •  • IS ,so o so , soo I I 71 »•
100 1T00 None 1Z .I00 I I . / o o 11 71 z . s
100 1700 to o IS . SOS S /, 400 44 TT 0 .0
SO© l/0©lo» •0 Ml > 0 0 11,400 47 *1 0 .4

Type n o 0 . . •  • 14. 100 11,104 is 70 * •
to o 1700 None II,SOO S /,4 0 0 II 71 4 .4
100 1700 I0O 14,700 04,100 IS 70 O.Z
soo 1 /00 SO 40. SOO s i ,  soo 1/ 07 0 .4

TTP* M l 0 . . . . 40, ZOO • i ,  n o 11 M • •
100 1700 • None 14,100 04,400 14 7» 1 1
100 1700 100 14,000 •0 . 000 10 71 Z .4
soo 1/00 SO 40 ,7 0 0 IS , 700 4S •4 ' B.4

C i r p tM ir  tO 0 . . . . 11,40© 41,000 IS •r
ptttk niobium 100 1700 None 4 1, ZOO 40. 700 14 01 1 .7

100 1700 to o 44 ,4 0 0 41, 100 14 04 1 1
soo 1/00 SB 14 ,000 47,000 IS 40 B.S

H cetelioy C, 0 - - - • 44 ,000 1 /1 ,000 IS 41 . .
qneiK h 100 1700 None i t , 70S 07,400 4 .0 M l l.Z
cnne *le«t 100 1700 100 7 4 ,ZOO 111,000 0 .0 ISS i.l

soo 1/00 SO 40 ,100 104, 000 IB 4k 0. 1

Hcynea 0 . . — 41,400 ISO. 000 47 1 I t . .
Alloy Zl 100 1700 None 70 ,700 110,000 40 104 1.1

100 1700 100 • S > 0 0 110,000 4 .S 110 1 •
soo 1/00 •0 104,000 n o ,  ooo S .o If>* 0. 1

1 m onel X 0 — — 4 \ 0 0 0 114,000 14 04 » .
100 1700 N ear 100,000 i n ,  boo Z7 m 7.7
100 1700 too 100,000 n / .o o o JB 104 s . /
soo 1/00 • 0 1 1 4 .SOO 104, 000 14 1 II 0 .7

llllum  R 0 . . • • k o , 100 1 / t ,  ooo 4B 44 . .
100 1700 None kl.ZOO 111,000 10 •1 1.1
100 1700 100 4Z.Z00 117, OOO 14 04 1.4
soo 1/00 •0 40 ,000 l / l ,o o o 1Z 44 0 .4

T im ken Allay 0 . . 4H* 47 .4 0 0 1/1.000 IB 10/ . .
ISM 100 1700 Nana 41 ,1 0 0 10/ ,  ooo IS 44 1.0

100 1700 100 74 ,400 s / ,4 0 0 IS 101 / .4
N im o ac  SO* A 0 - - «• 104,000 1 Mi, 000 I f 100

100 1700 Nona IS , 000 114,000 n 10/ 0.4
100 1700 100 11, 400 144,000 IB 101 4 .7

(a) 5»* BM1>|0 |S, and B M - I 0 4 1  fa r  • c o m p l t l r  U W I i I i m  of prevtoua r m t l i  »t | 2 N  and I AO© F .
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Duplicate i t t i  of samples a i r  being exposed at 1700 F for a 500-hr 
test  period.  Result*  of these te s t s  will he tmluded in a future p ro | r ea»  
report .

The Elec tr ical  P r o p e r t i e s  of UQ^

R. K. Willardaon, J .  W. Moody, at.d H. L. Goer tng

Elec t r u  a l-conduct 1 vity m e a i u r c m r n t a  have been made on both 
• intered and nonaintered specimen* of u ran ium dioxide, which were hydro
statically p re s se d  a t  100.000 p t i  without a binder. A number of major 
difference* between the e lectrica l  conductivity of "active" o r  ball-milled 
UO^. whu h s in te r s  to high densit ies,  and that of "ord inary"  MCW UO^ have 
been observed. These  differences a r e  apparent in the absolute  magnitude of 
the conductivity, the tempera ture  dependence of the conductivity,  the thermo
electric  power,  and the amount of e x c e s s  oxygen present when other im
purit ies furnish the charge c a r r i e r s .  Some of these dif ferences  may be 
explained by assum ing  the presence of an a-type impurity,  possibly nitrogen, 
in the "ord inary"  UO^.

The e lec t r i c a l  conductivity of MCW uranium dioxide a t  L I  C increases 
with the amount of excess  oxygen in the lat t ice of both s in te red  and non- 
sintered sam ples .  The magnitude of the e lec tr ica l  conductivity,  especially 
of the nonaintered m a te r ia l s ,  is dependent on the previous h is to ry  of the 
specimen. L a rge  inc reases  in the conductivity at L 7 C a re  observed  
following a 16-hr vacuum anneal and a subsequent quench f ro m  ZOO C. No 
additional changes  a r e  noted if the sp ec im en  is then annealed at 300 C and 
quenched. Anneals a t  higher t e m p e r a t u r e s  followed by quenching did produce 
additional changes ,  some of which w e re  l a rge ,  but the magnitude of these 
changes was st rongly dependent on the amount of excess  oxygen. These 
conductivity changes  can be explained on the basis of a d iag ram  of equilib
r ium phases s im i la r  to the one recently  propoaed by Gronvald .  According 
to such a d iag ram ,  much of the exceaa oxygen could be taken up by a 
tetragonal second phase  (UOg( 33) in the tem pera tu re  region below £00 C, 
then by a U4O9 second phase st  in te rm ed ia te  tempera tures ,  and finally 
becoming single phase  at still more e leva ted  tem pera tures .  The temperature  
a t  which a given specimen becomes single phase depends on both the amount 
of excess  oxygen and the past  h is tory  of the mate ria l  with r e s p e c t  to time and 
temperature .

When u ran ium  dioxide is heated to 1000 to IZ00 C in a reducing a tmos
phere,  the density  d e c r ea se s  due to the lo s s  of oxygen and the result ing 
expansion of the la t t ice .  Under these  conditions,  specimens began sintering 
(increasing in density) at tem pera tures  above 1200 C. Sam ples  of uranium 
dioxide which s in te r  to the highest d ens i t ie s  appear to have the smal les t  
amount of excess  oxygen present a f te r  s in te r ing  under the usual  conditions
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(hydrogen Atmosphere at IbOO C o r  higher), Thr opposite observed 
when uranium dioxide xsinple a were  heated under « OA dlttM l in whu h rm  ess  
oxygen could not be loat. t . e , ,  in a sealed Vycor capsule .  Sintering began 
at much lower tempera tures  (about 800 C) and the l a rgea t  increase* in 
density were  obaerved (or aamptea  containing g rea te r  amount* o( r aces !  
oxygen.

Studies o( the e l e t t r t c a l  p ro p e r t i e s  o( UO^ afte r anneals  at high 
te m p e ra tu re s  and subsequent quenches  to room tem p era tu re  wilt be continued. 
Additional observations will be made on the changes in density which oc iu r  
during the annealing process .

.................. C f lNFjf lENXlAL.............» « • • • • j i ' l l  » » • • i• • • •  • • • •  * • • • •  • >  • •
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D. PROCESSING OF FEED MATERIALS 

D. L. Keller

Research studies (or National Lead of Ohio (NLO) are concerned with 
improving uranium production metal and production m etal-processing 
methods.

In the salt-bath development program, various mixtures of carbonates, 
sulfates, chlorides, and halides are being evaluated by measuring the hydro
gen picked up by uranium from the bath, by determining the water picked up 
by the bath from a controlled atmosphere, and by measuring the weight loss 
of uranium while submerged in the bath. Early results have shown that 
sulfates severely attack the uranium and that more hydrogen is picked up 
from the carbonates than from the halides.

The resistance of magnesia and sirconia refractories to molten- 
fluoride slags was tested at 3000 F after being screened from a group of 
seven commercial refractories in tests run at 1800 and 2700 F. At the 
higher temperature, magnesia brick continues to show some prom ise, and 
additional tests at 3000 F with both molten fluorides and uranium metal will 
be made.

Several charges of high-carbon uranium were melted with a  zirconium- 
uranium master alloy in stabilized sirconia crucibles to determine the 
scavenging effects of carbon by zirconium. A concentration of both carbon 
and zirconium was evident in each of the m elts.

The identification of uranous dibutyl phosphate by an oxidation- 
reduction titration has proven unattainable, since no method has been found 
to diseolve it without hydrolyzing the dibutyl phosphate in the diluent sys
tem s. Final experiments directed toward establishing the reproducibility 
of measuring DBP content of plant solvent by a phosphorus analysis have 
been completed.

Salts for Use in Uranium Heat-Treating Salt Baths

J. W. Droege, K. A. Sense, M. J. Snyder, 
and R. B. Filbert, Jr.

An experimental program is under way to find a salt bath more suitable 
for heat treating uranium than the one currently in use.

........ cowriDBiaih................
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As p resen tly  constituted, the exper im en ts  a re  designed to m easure  
(1) the hydrogen pickup by uranium from  the salt bath, (2) the w ater pickup 
by the salt bath f ro m  the humid a tm o sp h ere ,  and (3) the co rro s io n  of 
uranium by the bath as  indicated by the lo ss  in weight.

The experim en ta l  procedure is as  follows. C rucibles  containing fused 
•a lts  a re  maintained a t 1350 a  10 F in an  a tm osphere  of con tro lled  humidity 
for 2 days. P ieces  of uranium rod, 1/2 in. long with a d ia m e te r  of about 
1/4 in .,  prev iously  outgasscd to 0. 1 ppm hydrogen, a re  then dropped into 
the melts. After 1 h r ,  the uranium is rem oved and water quenched. The 
uranium is subsequently analysed for hydrogen, and the sa l ts  analysed for 
alkalinity and fo r  w ater . The uranium  sam p les  a re  weighed before  and 
after the s a l t 'b a th  trea tm en t to te s t  for co rro s io n  loss.

T ests  have been s ta r ted  on various  m ixtures of the following salts: 
L . j C O j j  Na2C O ,; K2C 0 3; LiCl; NaCl; KC1; CaCl2 ; t f tC I g l  LiB r; KBr; 
l.i and K^SO^. The f irs t  te s t  was made with a water vapor partia l
p ressu re  above the salt  bath of about 30 m m  m ercury. The re s u l ts  were 
not surpris ing  in tha t the sulfates reac ted  with the uranium, and the hydrogen 
pickup was higher from  the carbonates than from the halides. The results  
to date are  su m m a rised  in Table D- 1.

TABU D-l. HYDROGEN PICKUP IN URANIUM AFTER 1 HR AT 1350 f  IN 2-DAY-OLD SALT BATHS

Water vapot pretairt; 3 0 ^  nun mercury

Companion of Weight of Lott of Weight Hydrogen Content
Sab Bath, w/o Uranium. g of Uranium, g of Uranium, ppm

44 U jjCOj  - M Na2C03 o.r? 1.8

44 UgCOj - M» K^CO^
•4

1|« 0.15 9.8

1® KCI • BON^CO, 7.« o.w 4.8

R9.& NaBt - 77,® LSr

7».5 Li aSl>4

\ f i o.w

Toul i H

8.6

(a) totsbly lew.

T ests  have a lso  been made at s s ro  and 20 mm m sreu ry  w ater vapor p re s 
su re , but analy tica l re su lts  have not yet been obtained. No w ater analyses 
of the sa lts  have been made as yet.
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R efractories  for Continuous Reduction of Uranium 

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

Study of the re s is tance  of com m ercia l r e f ra c to r ie s  to attack by 
selected  m olten fluorides, and by molten uranium m eta l ,  is being done with 
the objective of selecting a su itab le  container m a te r ia l  for the continuous 
reduction of uranium  fluoride.

In previous work, Norton Company's m agnesia and s tab il ised -s ircon ia  
r e f ra c to r ie s  were selected fo r  fu r th e r  testing. These two were the most 
re s is ta n t  to fluoride alags of seven  com m ercial r e f ra c to r ie s  a sse ssed  in 
screening  experim ents.

During the past month, the two re f ra c to r ie s  w ere  subjected to r e 
peated heating in contact with the fluorides of a lum inum , calcium, m ag
nesium, and sodium. Holes, 1 -1 /2  in. in d iam e te r  and 1-3/4 In. deep, 
were d r i l le d  in brick specim ens; each hole was filled with a powdered 
fluoride; and a re frac to ry  lid was cemented over the hole to reduce loss  by 
volatilisa tion of the fluoride. The filled specim ens w ere  heated in a gas- 
fired  furnace at 3000 F for 4 h r , and then allowed to  cool overnight in the 
furnace. They were s im ila r ly  recharged  and reheated  twice more for a 
total of th ree  heats. After these  trea tm en ts ,  the specim ens were sectioned 
axially with a diamond saw, and examined visually.

After each heat, the s lag  pocketa which were charged  with NaK, MgF ,, 
o r  CaF^ w ere  empty. This was a ttribu ted  to the volatility  of the f luo rides , 
and to the perm eability  of the re f ra c to ry  specim ens. A white, powdery 
residue rem ained  in the slag pocketa which were charged  with A lFj. This 
was thought to be alumina. The actual time of exposure  of the rs f ra c to r ie a  
to the m olten  fluorides was unknown.

Visual examination indica ted  that the m agnesia  specim ens were un
affected by A lF j under the conditions of the experim ent. They were d is 
colored, but were not d is rup ted  by MgF^ o r CaF^. NaF caused considerab le  
softening of the m sgnte ia  re f ra c to ry .

The e tab tl iaed -s ircon ia  spec im ens showed evidence of severe  attack 
by all four of the fluoridea. The attacks w~re c h a ra c te r i s e d  by cracking, 
bloating, o r  softening of the r e f ra c to r ie s .

Additional slag-pocket te a t s  will be made on the magnesia re frac to ry .  
The d r i l le d  specim ens will be re filled  periodically during  the heat, to in su re  
prolonged contact of the spec im ens  with molten fluoride. Also, sm all 
specim ens will be im m ersed  in  m olten  fluorides in covered  platinum
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cru c ib les . In th is  m anner, the fluoride# can be contained in contact with 
the re f ra c to ry  fo r longer pe rio d s  of tim e . In addition, c ru c ib le s  machined 
from  N o rto n 's  m agneeia b rick  w ill be heated at 3000 F  in contact with 
molten u ran ium  to  evaluate re s is ta n c e  of the m a te ria l to  a ttack  by m olten 
uranium  a t the proposed o p era tin g  tem p e ra tu re  of the reactio n  v ce ie l.

M etal*R ecovery Studies 

H. A. S a ile r, J. R. K eeler, and L. J . Cuddy

The rem oval of carbon from  m elts  of ingot*top croppings by the ad
dition of s irco n iu m  is  being investigated .

F our ch arg es  of high*carbon uranium  w ere m elted  with sirconium - 
uranium  m a s te r  alloy in s ta b ilise d -a irc o n ia  c ru c ib les . The m elts w ere 
s t ir re d  to m ix the sircon ium  throughout the m elt, and w ere then held 30 m in 
at 2550 F . T hree  of the m elts  w ere  (roeen in the c ru c ib le s ; the fourth was 
bottom poured  into a hot-topped g raph ite  mold 1 -1 /2  in. in d iam eter by 
7- 1/2 in. long. Analyses a t the top and bottom of th e se  ingots a re  given in 
Table D-2.

TABLE D-2. IHGOT ANALYSIS

Nominal Charge Compuittlon, w/o
Typr Uranium 
Uwd in Charge

CompoStlmi, w/o Type of 
ingot

Bottom
Carbon Zirconium Carbon Zirconium Carbon Zirconium

High co h o rt41 0. II 0.87 Froarn 0.28 S.M 0.07 m
High CMtttmf*) o . l l o« ti Poured 0.08 0.2S o .o o 0.14

Very high W rh m W 0.40 3.22 Frosen l.S» 6.03 0.17 o . s o

0.12 1 Frosen 0.M 4.10 0.04 0.11

(«) Prepared at Ha nr He.
(b) Prom FMTC production ingot.

A concen tra tion  of both carb o n  and sircon ium  is  evident in the th ree  
m elts frozen  in the crucib le.

The poured  ingot contained approxim ately  the aam e amount of carbon 
and s irco n iu m  a t the bottom a s  d id the heats fro sen  in  the crucib le. The 
top contained slightly  m ore carb o n  and considerab ly  m o re  sirconium  than 
the bottom , but the average of both elem ents is  le s s  than that of the charge.
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D-5 and D-6

Metallographic exam ination of these he a te  is in p ro g ress ,  and ad d i
tional sam ples (or chem ica l analyses have been  taken.

Degradation P roducts  of T r ib u ty l  Phosphate 

A. E. B ea rsa ,  R. A. Ewing, and S. J .  Kiehl, J r .

Uranous dibutyl phosphate, which may fo rm  in TBP-diluent sy s tem s  
containing dibutyl phosphate, is  ex trem ely  inso luble . Its e a r l ie r  iden tif ica
tion  had been made on the b a s is  p r im ari ly  of the urantum :phosphorus ra tio . 
The d e s ired  confirm ation by an oxidation-reduction  titra tion  has proven un
a tta inable , since no method has been found to d isso lve  it without hydrolysing 
the dibutyl phosphate,

To conclude the experim en ta l  p rogram , sam p les  of three d ifferen t 
lo ts  of plant solvent have been stripped, in duplicate, for analysis  of the ir  
(uranyl) dibutyl phosphate content. Each of th e se  s tripped sam ples  was 
spiked to three  levels of dibutyl phosphate (1 pe r cent, 0. 1 per cent, and 
0 .01  p e r  cent of the tr ib u ty l phosphate) and again  s tripped for an a ly s is .  Re* 
su its  of these analyses, when completed, should be tte r  establish  the accuracy  
and reproducibility  of the proposed method for analysis  of dibutyl phosphate.
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E. GENERAL FUEL-ELEM ENT DEVELOPMENT

H. A. Sa i le r

A broad p r e g r a m  on general  fue l -e lement  development ie in progress .  
Individual p ro g ram s  a re  sponsored by the Reactor Development Division of 
the Atomic Energy  Commission,  Westinghouse Atomic Power Division • 
PWR, and Oak Ridge National Labora to ry .

Studies on c e r a m i c s  a s  h igh- tem pera ture  fuel-element  m a te r i a l s  were 
continued. These included investigations to determine the optimum p ro cess 
ing conditions for producing strong dense  BeO bodies and m ethods  for min i 
mising uranium lo s se s  from MoSi£ and graphite.  P repa ra t ion  of UO^ spec i
mens for the th e rm a l - f r ac tu re  studies i s  under way. Results  obtained so 
far on the charac te r i sa t ion  of sin te rable  oxide powder have depended upon 
the history of the  raw mater ia l .  Specially prepared  lots of BeO a r e  being 
made from various  types of sulfates. Studies of various addit ives  such as 
silicon, beryll ium, and silica to UO^ have continued.

Thermal-expansion  data for a num ber  of uranium-molybdenum alloys 
are  reported.  A pronounced expansion occur red  at the t rans fo rm a t ion  r e -  
gardlcss  of al loy content.  Thermal cycling of these alloys showed little 
effect m those containing from 5.0 to 12. 0 w/o molybdenum. A 3. 5 w/o 
molybdenum alloy appeared to be breaking up. The evaluation of a number 
of low-melting u ran ium  alloys is continuing. Both the rm al-eye l ing  and 
th e rm a l - s t r e s s in g  t e s t s  a r e  under way. A s tainless  steel  fuel m atr ix  con
taining UN showed considerable react ion after fabrication a t  2000 F. P r e -  
v nma teste  at 2000 and 2300 F had not shown thie reaction.  Incomplete re - 
dtl« tion of U^Nj to UN may be causing the difficulty.

Tests  of intentionally defected xirconium-clad pure uranium pins in s 
window autoclave indicated some delay before rapid attack begins.  The 
fundamental study of uranium co r ro s io n  ts  concentrating on the  initiation of 
corros ion and identification of the soluble materia l .  Studies of the ignition 
limits in the hydrogen-oxygen-water sys tem are continuing. Some of the 
equipment is  being modified to obtain m o r e  precise  re su l t s .
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CERAMICS

R efracto ry  F u e l E lem ents

L. D. Loch, C. Hyde, J . R. Gambino, and J .  F . Q uirk

R efrac to ry  fuel elem ent* based  on BeO, MoSi^, and graphite are  under 
developm ent fo r  uae at very high te m p e ra tu re s . The optim um  processing  
conditions fo r producing dense BeO c e ra m ic s  of m axim um  streng th  are being 
determ ined . M easurem ents  of u ran ium  lo sse s  from  heated  M oSi^- and 
g ra p h ite -m a trix  e lem en ts  are  being m ade.

BeO

In p rev io u s  lab o ra to ry  w ork (BM I-1020), exceptionally  s trong  BeO 
ceram ics  w ere p re p a red  from  a  re a d ily  s in terab le  BeO pow der. Indications 
w ere that the high strength  re su lted  because substan tia l densifica tion  o c cu r
re d  at te m p e ra tu re s  below those fo r d e trim en ta l c ry s ta l grow th.

A s e r ie s  of experim ents is  u n der way to see w hether higher strengths 
a re  obtainable. One of the app roaches is  to develop a m o re  s in terab le  BeO 
pow der, so th a t densification  will occu r a t lower te m p e ra tu re s . The s in te r-  
ability of the BeO  powder used had been found to depend on the  calcining con
ditions used to  p re p a re  it from  co m m erc ia lly  obtained Be(OH)£> Accordingly, 
Be(OH)£ is  being calcined at various te m p e ra tu res  fo r d iffe ren t periods. The 
resu ltan t BeO pow ders a re  then com pacted  and sin te red  un d er standard  con
ditions, and bulk density  of the s in te red  com pacts is  d e te rm in ed  as a m easure 
of powder s in te rab ility .

T his m onth , a m ore p rec ise  d e te rm ina tion  of the b e s t calcination tem 
p era tu re  was a ttem p ted . S in terab ility  was determ ined fo r BeO powder made 
by calcining B ru sh  Be(OH>2 in a ir  a t 1740 F. The bulk d e n s it ie s  of the 
s in te red  co m pacts  made from  th is  pow der are given in T able  E - l ,  together 
with data ob ta ined  previously  from  o th er calcinations. The re su lts  indicate 
that, between 1650 and 1830 F , ca lc in in g  conditions a re  not c r i t ic a l .  Ob
served  d iffe ren ces  in s in te rab ility  in th is  range a re  p robab ly  within the 
lim its  of ex p erim en ta l e r ro r .  The com pacts made from  BeO calcined at 
1740 F s in te red  to  slightly g re a te r  density  than was obtained from  m ate ria l 
calcined a t h ig h e r o r  lower te m p e ra tu re s .

On the b a s is  of these data and p ra c tic a l co n sid era tio n s  of tem pera tu re  
con tro l during  calc in a tio n s , 2 h r at 1740 F has been se le c ted  a s  the best 
calcining tre a tm e n t. Com pacts for determ in ing  the e ffec t of sin tering  con
ditions on s tren g th  will be made from  BeO powder p rep a red  by th is trea tm en t.
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TABU E-I. EFFECT OF CALCINING CONDITIONS ON BULK DENSITY OF SINTERED BeO COMP ACT S<*>

Bulk Penalty After St nit Hot I Hr at Indicated Tempet^ture, F
• •»«*
• i•  a ••

Calcining Condition* 2200 2300 2400  / 2600
Tempera tore, 

F
Time.

hr 0  p a  Cm3
Per Cent of 

Theoretical^) G per Cm3
P a  Cent of 

Theoretical^) G per Cm3
Per Cent of 

TheoretlcalC*) G pctC m 3
Per Cent of 

Theoretical^)

• ••• 1470 1 2 .50 § 2 .5 2 .8 9 95 .5 3 .0 0 9 9 .0 2 .8 9 95 .6
• • 3 3 .4 9 8 2 .3 2 .9 0 95 .8 I . M 9 8 ,5 2 .9 6 9 7 .5

•
4 2 . « 1 0 .2 2 .9 3 9 6 ,8 2 .M 9 7 .8 2 .M 9 8 .5

•
• 1650 1 2 .57 8 5 ,0 2 .9 3 9 6 .8 2 .9 9 98 ,7 2 .M 9 8 .5

• f 1 2 .5 7 8 5 .0 * .9 * 9 7 .3 3 .0 0 9 9 .0 2 .9 9 98 ,7
4 * .e o 8 5 .9 2 .9 6 9 7 .6 2 .97 9 8 .1 3 .0 0 99 .0

« *
* • E 1740 l 2 .5 0 82.7 2 .9 6 9 7 .8 2 .9 9 98 .7 2 .9 9 98.7 PI

i
p
?

t 2 .4 2  1 80 .0 2 .9 6 9 6 ,5 2 .9 9 9 8 .7 3 ,01 9 9 .4

5 1830 1 2 .6 4 18.0 2 .9 7 9 8 .2 3 .00 99.0 3.01 9 9 .4

• f 3 8 .5 0 82.5 2 .9 3 9 6 .8 3 .0 0 9 9 .0 3.01 99 .4
4 2 .5 6 84.8 2 .9 6 9 7 .4 3 .0 0 9 9 .0 3 .01 99.4

i
•

•
••

3010 l 2 .3 0 76 .0 2 .7 6 9 1 .2 2 .87 9 4 .8 2 .9 8 91.5

• • 2 2 .2 1 73 .0 2 .6 4  „ • 7 .2 2.88 9 5 ,2 2 .M 98.5

« • •
4 2 .1 7 71.7 2 .67 • 6 .3 2.15 9 4 .2 2 .9 8 91.5

• •
3190 1 M i 83.1 2 .3 2 7 6 .6 2 .1 4 79.1 2 .8 1 94.2

* • 8 I.Bft n , i 2.86 7 4 .7 2 .4 8 8 1 .3 2 .7 1 92.0
• ••• 4 l .N 6 2 ,0 2 .25 7 4 .4 2 .5 9 •M 2 .91 96.1

(•) Compact1 1/2 in. la diameter by 1/2 In. high were petard in a rigid weel die at 30,000 ptt with 3 w/o of camphor ai a temporary binder, 
(h) The theoretical denary of BeO tea* taken a i 3.03ft g per cm3.

I

I

C
O

N
FID

EN
TIA

L



14 CONFIDENTIAL

E -4

!4o$* * |p

& •(•» •«  o t its  r t n i U n u  to  o& iditiua And d« Kt{li*t»m|wrAtur« 
itr«ogtH , the m o il Uh«ly A p|diatU M  lo r M oSii as * ( w N I t m t i i t  m *trt«  
A ptw iri to M  in fttr»coot«4 r o i c t o n  opera ting  *t u m f » u t u r M  of iW ^t 
2V0Q F. Three m ajo r problem * *r«  fo reseen : ( I )  Iim I loo t to IK* too l*  *4,
U ) fu s io n  'p ro d u c t lo ts  to  th* cooIa M , u d  O ) rA dm tw i d i m i f t  to  th* fcloSij, 
Recent experim en t*  ind ic iU  that u rim iu n  lo o t u  n r  At 2SdK> F  may mot bo 
t K t i i i v t ,  «n l* i«  I o n  t i  m llo t ic td  g rea tly  by th* n t «  o( n r  flow.

Th* rat*  a! auruwu Io m  from  i  M oS i^ lO  « /«  UO, c o r n e t  » a i do- 
tirm iM d  to o T2-hr te s t At 2b00 F o » tn | slowly flowing dry  Air. Th* com* 
poet A il  p re t re s te d  in Air At 2100 F  to  prom ote H U « |U t t i | .

An averag e  t o n  rot* of l  Mg ol c r«am m  p t r  t m* p e r  hr was obiAiMd. 
Th* I o n  rot* d u r u i | t in  (ir«t IS  hr a a i  About SO p#r <«nt g rtA lo r t b n  (to  
average r*to fo r th* ?2-hr A ip o iu rt.

TM  tot a I u ranium  toot to 11 h r vao 0. I por c m I o f t i l  o rig in*  I UO | 
loading. T his Amount of I o n  i t  p robab ly  to le rab le  lo r torn# p r o f o n d  r t*  
Actor application*. H o«rv« rt m tH ti experim en t, th* Reynold* num ber of 
Air flowing Around tho bar-sh ap ed  com poct or A* About I , co rrespond ing  to  a 
very  low flow ro to . S t v t n l  m or* ex p erim en ts , using R oynold i n u m to r i of 
100 to 1000, w ill bo mod* to dAtormiAA tho effect of A tr-flo*  rot# oa 
uranium  lo t* .

A in ,  ah investigation  will b* tmtiAtod of irrad ia tio n  dAm*g# And 
fu s io n -p ro d u ct r*t«ntion in 14 oS l^ -m atrix  *l«m*nt«. Th* ob jec tiv es  will b* 
to  determ ine which typ«s of rad ia tion  dam age a re  most im port**! *t high 
t*mp*r*turA* m d  to  d rvslop  a m ethod of fuel placem ent that w ill minimi** 
fu s io n -p ro d u c t d*m*go And fiea ion-p roduct loss.

G rnphitt

M ajor p rob lem s expected in th* uso of griphltA-mAtr in elem ent*  At 
high U m pA rA tur*  * rs  th* rAtAnlion of fu*l *nd of fic tio n  product* , p r e 
suming they *r* to  b* us«d to nonoxidum g Atmo*ph*r«*.

Recent m **sur«m *nts of uranium  lo ss  during vacuum  M ating  of 
graphite e lem en ts  fueled with UOg o r  U C j showed that;

(1) R eten tion  of fuel ts im proved by placem ent of u ran iu m  c m *  
pound in re la tive ly  m a ie iv e  fo rm , well below the su rface  of 
R n  e lem en t.
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H i ;

(4J I w te c t  f«OUf« <m  « K m M  I n i  t a t t  by i  U c te i «l U  
«W HWtt t l

U) f t a l  Im m i  tr«M IK k  U l 4 m i  w « W 1* »  t*w*t groatar 
: i t a »  !«•«» IlCb i i l n i i .

WttU « ti cttlHwM a* tytgMt t n |« r m iii«i ««| oratiom
U «<« i t  f ltw itg  argot , G u M  w i  i i r t i t a  t a t a i ,  M uUy
ta*4*4 o*U UOj or UCa« otU ta t a r t t a  M 4400 ta  4*40 F wUUt W«« rato t 

ta tr« U M 4  M t a c t m i  «f t t f i n n i f  t t a  t a y i t a l i  > w b i r

T lw r» » i r n > < u r t  t l  C t t —ftU g i r w i o r t r  

A. A. fcoaUry t t a  « • M. ta c k w rtk

U i»  N m n k  ^ t t |r M i  l» M t M n t i  vitk yreUWma a n tin g  iro n  
itarawil M it tM i la ta rN  M < tr* « w  r* w iw  iM i r h i l t .  SpactluaUy, it i t  
•Mk«4 fti |» r« < rita |« t a r n  tar y r t a K t i t |  H irm il»M N M  crtaU M tt «a tar 
t a k k  c t rw W  ram fw ta tu  m U tractor#  4*4 tf  pronging uUorm*h<« m  Um
M i t t M U  ol m « ltr t« l«  l « i  i lh iy i i  *1  M N m l

I  »
V rrk  ta r « H  i ta  H t  m m i Ii * m  c ta l a m t l  m  4 m U |M a | UO rp rrt*  

m tM  fo r « v « |« « U it « l th tt  m a te r ia l.  S ioU rtag K u4w « • •  i  M y  iw m U r 
I t  Uta t A F f ) * P » l  fo tl»alam aoi U tay t ta tc a l ta  i t a i  tp o * i m m « t l  t t a  4 t*
•tr« 4  llM ta i taU ft*  c irc u la r  c y U t ta r t  format Uy hygrotfttO c y n i m i /
•  m U r«4 I t  t t a t  M  ) t t  <t«l t l  I ta  I r t t  t a t t l l y  t l  UOg t a n  iw «lt4  (or 4 Ur 
t l  1100 f  *  4 ry  Uytragao. T ta i t t  t o r t  m t t a  Irom  hiIm i  100.
m a th  MCW UO4 , U i t  p l> to t 4, 4 o rta g  Jaaoary , lo ta g  i t  a  va lu ta* *  t ta  
t t a r f t u l * l r t c t a «  r ta i tU f tc t  t l  t t a t t  c y lt ta r r*

I t  t t a i t to a  t t  U i«  worh, tav a to p m ao l v i * c t a i M t a  t o  •|MCim«M ol 
t  t a t t t r  t a l y  n u t a  (ran t 1  l i t a r n t  form  t l  UOj y m t a r ,  T t  y r« |M n  I ta  | 
p o ta o r ,  MCW U O |f t t  m t i t a ,  « t i  w «ata4 t t v t r t l  (u m i  with 4i«ttUa4 
w atar, t t a  ( t a t  4 n t4 .  T ta  4 r ta 4  U O . w t t  4 th y 4 r t l t4  by t a t l i t g  i t  t i r  for 
14 h r t l  >00 C, t t a  t t a t  r th y 4 r* it4  by ta l l  m illing for I t a  I t  4 itlt!fo4  w a ttr .  
T ta  UO} hygra ta  w t t  4 r i ta ,  u 4  I ta a  r t 4 t c t 4  I t  U O | Uy U tt l i tg  i t  1  t t r t t m  
t l  w tt U y A rtg tt for I  hr t l  400 C . TU lt p r o c a t t  y u ld td  t  rrad ily  t ia t t r tU ta  
form  t l  UO, p t w t a r . , P tU t l i ,  lo rm t4  Uy c o m y r tM lt t  m oM tag t l  40,000 pat 
t t a  I ta a  U y l r t t u i t c  p r t ta ta g  t l  100,000 pat, w t r t  t t a t a r t a  lo Uolk ta t t t i i* *  
tw c t# 4 itg  01  p a r  c n t  t l  t a t r i H o l  Uy U ttl i tg  I ta m  fo r I hr at 4400 f  i t  4 ry  
hyOrogta. Hollow, c y l i ta r ic t l  t ta r m a l- l r a c tu r r  i f t o i M A i  will ta  m a ta  
( r tm  t t a  r t ta U y  t i t l t r a h ta  UOj, a t4  ( ta i r  r t t i a l a t c t  to  I ta rm a l  (rac to r#  
will t a  com  p a r  #4 with ( ta t  t l  t t a  W APD-typr UOg tp rcU m tn i.
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T b  » b r m * U ( r id t t r «  c b r i d i r t t U t *  of i  h ^  Ai .O j spark -p lug  
(w rc tU b  « r t  b « A | t i  the f ir s t  p h t i t  ol th is evaluation , t k |» r i -
m ia l i  a n  b a |  m ad# to  I t i t r m u w  l b  tem p# ra t ur« dependence ol IK# m* * 
te r ia l  fac to r, C t r ly  * apartm ent* w  hollow  cy lind rica l i ^ K u n c a i  indicated 
that IK# g la ss  f> bM , co m y rk iitg  about •  # / •  ol tKo body, c iu M d  pyroplaatic 
floor bo loro lr« c t« N  occu rred  in specim en#  I  la . long and K ta . 10 having 
O O 'i le s s  iboa about 1.1 la . V arious *i)w4iahU may bo em ployed to  do- 
croaao  tb# specim en  tempe ra te r#  a ad  to  c ircum vent pyrop laa tic  flow la l b  
specim ens. Waoa tbo tem pe ra te  re -dependence  ex p erim en ts  oa porcelain  
tpocim oaa a ro  com pleted , tb# ro la ttvo  abap# factor*  of c ir c u la r ,  square, 
aad triangu lar spec im oaa  anil bo ev a lu a ted . tb###  data an il bo com pared 
with a tm tla r data a t band oa ruby aad SiC specim en# to  f a n b o r  o#tabli#b tbo 
validity ol tb# com:opt ol aoparablo shape aad  m a te ria l fa c to r# .

C h a ra c te r  n a tio n  o l S in te r able Quid# K>»<tcra 

J . F . Quirk, C. Hyde, aad Q. B. Eagle

F ac to rs  affecting  tb# a ia te rab ility  o l re frac to ry  oaido p o o d # ra  aro  
bolng lav#stigated , la  previous work (lib it* 1020), com pact# of BeO powder 
p repared  by calc in ing  com m orcia l BefOH)g alatorod to  e s to a lia U y  theo re tical 
den ttty  at te m p e ra tu re#  a# lo o  a# 1400 F . However, s im ila r  com pact# of 
5 * 0  powder p re p a re d  from  lab o ra to ry  -m ad# Be (OH), did not approach  
th eo re tica l d en sity , ovoa when a ia to rod  a t >100 F, Tb# p rep a ra tio n  ol tbo 
•carting  m a te r ia l ,  la th is  ca## Be{OH)g, waa studied th is  m onth to  aa  
approach to  tbo m o re  g«a#ral p rob lem  of oaido a ta te rab ittty  aad  character*- 
i  at ion.

An effort w aa m ade to  p r#paro  a  high-purity  B#(OH), th a t would de
compose to a  read ily  atn terable 5 * 0  pow der. V ariations in tbo solution con 
centration#, d igoatioa , and wa#hiag w ore investigated ta tbo p ro c e ss  of p ro 
per tag B#(OH)j, by p rec ip ita tion  from  a Be SO 4 solution w ith NaOM. None of 
tbs BoO sam ple# p rep a red  by ca lc iaa lio n  of tho hydro aides ro au lllag  front 
th is  investigation proved to be read ily  a tn te rab le .

In view of th e se  re su lts , investigation  will be made to  d e term in e  
whether d iffe ren ces  4a the s ta rtin g  su lfa te  affected the s la te r  ab ility  of th# 
p rocessed  BeO pow der.

Surface a re a #  a r e  being m easu red  by the BET m ethod oa  BeO powders 
p rep ared  by ca lc in a tio n  of com m erc ia l Be{OH)j. Th# re su lt#  of d e te rm in a 
tion mad# thus fa r  a r#  shown in Table E - l . In th is  tab le , only th# BeO 
powder re su ltin g  from  th# 1140 F c a lc ia a tio r  waa poorly s tn U rab l# .
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C ip » ru n < « i  miU bv m ade u» January to  c U n c t« r tM  this fUO ig t i t iM  
s e r ie s  by X -ray m 4  t lw r i iw |ra v u n t tr lc  ita lyM i,

M odified U O j F uel-E lem ent C o m  

O. | .  B ow ers, P . T W oodberry, and M J . Snyder

The o b jtc llv t ol U u  work in •upport o l tbo WAPD-PWR p ro g ram  i» to  
develop  UO» c o r t  • which have high res is tan ce  to  w a te r logging and I h a rm  a  I 
c rack in g . Toward th ta  end, co re  m a te ria ls  m ade o l  MCW UO* in com bina
tion  w ith op to IP volume p a r  cant ol e tk e te d  m o ta i and omde add itives a r t  
being avoiu*tad. Tht density , s treng th , and e la s tic  modulus ol a in lo rad  
com pacts  a r t  m easured  ns the in itia l evaluation.

F a s t work has included the fabrication  and tooting of com pacts contain* 
mg s ilico n , silicon n itr id e , bery llium , o r s irc o m a  add itiaaa . Moat p rom ts*  
mg ro au lta  were obtained using  airconia. B ery llium  was the loaat p rom iaing  
additive. The studies of com pacts  containing a -con ia , silicon, and silico n  
n itr id e  have bean coottnued th is  month.

In an attem pt to im prove the density over th a t obtained e a r l ie r  with 
hy d ro sta tica lly  p re ssed  and s in te re d  com pacts, m ix tu res  of U Q |-s ilic o a  con* 
tainung h, 10, o r 20 volum e p e r  cent silicon w ere hot p re ssed  in g raph ite  d ies 
a t 2600 r  and 1500 pal fo r e ith e r  10 o r 30 m in . The resu lting  com pacts had > 
a density  of about 70 per cen t of theo re tica l; a  d en sity  of ae high a s  §4 p a r  
cent w as obtained by the technique used p rev iously . Increasing  the hot p re ss*  
mg tim e  to  SO m inutes did not Increase the density  of the com pacts.
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la It*  t « M » 4  a ttey  «t UO|HMft« ** M i r « «  b» M r * *
•Uiu |MffMiii| by « m t r u t |  Mi M * « M  Compacts mi*
*k a  higher ttw fa r i i t n ,  U M  f ,  n i i j l
of UO. to eUuen t lra ig k  Ug«tg»o*ti4 c««Uci. Much a t I k  i Um m  t tv « |« 4
tra m  ft** <» f  iH t ,  hew euer, * 4  < k  o wf u t t  m w  N U ltvtfty * * a * ,

U t*w ( * f t* » i t* »  a t  ft** « » rl *Bft <emj*ci» ceat i iniag »Um« i 
f t i t n k  (uftrt4»4 in t k  k r t i c i  tram  tU uon m tte  a  M |k i  im >
pere tu rr n »  » * 4  Ml aa attempt la  promote greater teaaifty. M m * * ? , ft** 
c ompact a toere aa » * •  te a t*  fttea tteee  m age pcovtoosly, ( te a  ak a  m at 
tar t e a  tl*  UO^-eilico* t u M t e  camp at is  a te  t te  a ttrlte*  
compact# ara given Me T a te  ( 4 ,  Further m rft t e  eilicee aa a*  t e r n *  
v f tU k  | i * «  coaetterettw i aa>| after k t e r  « 4 tif ti* i tern  t e a  tawaeUgetee.

War* i*t« maaftfc alee a c M M  ft** t v a t e t a i  at eool te r k te t iu t, 
k r y l l l i .  UO| cwa y icftt ce k n a iag I, 10, a r I I  ve ium a par « « *  I t O  «*ra 
t e m a k u a U r  p raaa te  at 100,000 pat a te  f tk a  t l a l r r a l  Fhyeieal- 
preporty t e a  ok  e la te  tram  compact* a ia ia r te  aft IOO* a te  UW  9  ara 
gtuaa u  T a te  t » i

T k  compar t  a ataftarte ai 1100 f  wore appreciably m ara te a se  t t e  
a* ra I t e  a ia iarte  k  1104 F. Tensile K n a p * 1 ** Ik a a  camp at  ft a * U  k  
te te rm ia te  before t e t t e r  « a r l  villi EeO la pinnate.

T te  ta v a a tifU te  a t alrceaie aa aa t e a m  ta UOg c a ra t te 4  te a  a  aa* 
p ante I  fta k i t e  t te  see at i U k i w t  etrconia a te  a vary para a m e n ta  
t t e f  vntk tte  c te iM M i rfttey using cp aftrcoain. Dau era a*t ytft a  v a lla te .

F ia a te  m rk  te l l  in c i t e  screening avalaatiaaa at a lte r  t e u m a ,  
allien a te  eerie.

METALLURGY

U r a n i u m  A l l o y  l o r  H i | K - ? t m p « r » u r t  A y y l u s t i . m

A. F . Dteteraen a te  W. £ . H arr

T tera  la coae tte  r a t e  iaftaraaft la araaiam*aftrcaa>am a te  uranium- 
molybdenum alloy a tor aaa aa high ~tempora«ure-reactor t e l a .  T k i  p ro 
gram la cones ra te  with t te  teftarmiaaftion of physical a te  mac team al 
properties at binary alloys ol uranium coatainftng J. * through 11.0 wf o  
molybdenum a te  I. 0 through 10 w/o airconium aft elevatte ftempe return*.
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E -10

P rev io u s ly , l in e a r- th e rm a i-c  ^pension data of uranium -m olybdenum  
Alloys ol re ta in ed  and of p a r tia lly  and fully tran sfo rm ed  gam m a s tru c tu re s  
ware re p o rte d , h a  th is rep o rt s im ila r  data is given fo r u ran ium -sircon ium  
a lloys tha t have been subjected  to  best trea tm en ta  designed  to produce 
e m a il-g ra in  random  s tru c tu re s . Table E -S lis t#  hea tin g -cu rv e  inform ation 
obtained n e a r  the tran sfo rm a tio n  sons of each com position . Two heat- 
tre a ted  conditions of each com position  a re  rep re sen ted  ui the tab ls. The 
two w ere se lec ted  for d ilation s tud ies from s total o f seven  screening t r e a t 
m ents given each  com position. The selection was m ade from  a  study of 
m ic ro s tru c tu re  and grain  s u e  of th e  h ea t-trea ted  sp ec im en s.

Inspection  of the table re v e a ls  that a pronounced expansion took place 
in each  com position upon being heeled  through the tran sfo rm a tio n  sons. 
U ranium -20 w /o  sirconium  sp ec im ens changed leas  during  transfo rm ation  
than those of any other com position .

The uran ium -1 . $ through 12. 0 w /o m olybdtnum  a e r ie s  of alloys was 
th e rm al cycled  for a num ber of tim e s  between 150 and 725 C. Table E -b  
l is ts  date obtained after bO, 250, and 510 therm al c y c le s . Ai shown by the 
tab ls , the u ran ium -5 through 12 w /o  molybdenum a llo y s  changed very 
little  d im ensionally  due to cycling . However, the u ran iu m -1 . 5 w /o m olyb
denum specim en  appeared to be brealung down. At the end of 510 cycles, 
the sp e c im e n 's  surfsce had roughened and the specim en  had d istorted . 
T h e rm a l-ey e  ling inform ation is  being obtained on uranium -m olybdenum  
alloys th a t have been w ater quenched after l hr at 800 C. In addition, 
u ran iu m -sirco n iu m  specim ens a re  undergoing cycling at two tem p e ra tu res  
and in s e v e ra l  conditions of heat trea tm en t. The ob jective  in studying the 
cycling behavior of the a lloys is  fo r co rre la tion  with physical p ro p e rtie s  to 
be obtained on the alloys at a la te r  date.

P rep a ra tio n  and P ro p e r tie s  of Low -M elting Alloys 

H. A. S ailer, R. F . D ickerson, and W. E. M urr

T he purpose of th is  investigation  is to obtain p e rtin en t inform ation 
concern ing  castab le uranium  a llo y s . These a lloys a r e  of in te rest as 
possib le re a c to r  fusls. The investigation is concerned  with evaluation of 
alloys by m eans of s t r s s s  and th e rm a l cycling and determ ination  of p h y sica l 
and m echan ical p ro p e rtie s .

D uring the past sev e ra l m onths, a num ber of a llo y s  have bean th e rm a l 
cycled in the  tem peratu re  range of 300 to 1275 F. In ev ery  case , the a llo y s  
deform ed le s s  due to cycling than did the re fe ren ce  alloy , u ran ium -5  w /o  
ch rom ium . Five alloys showed very good re s is ta n c e  to  deform ation and
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Spacimta Compottttoa 
(BaUocc Uumum). «/o

Tomfrtttara at Start af 
Ttaarfermatio*, C

Alaaa Untar txpuMoa at 
Start ofpaarfortTMOoa. 

10*4 pat «•( C
Tampan ava at MO af 

TiaoArmaooa, C

Ur an Uaaar f tpatrmt at 
MO of Ttaa*»maaoa. 

II*4 par 4*| C
I.O Z l^ 000 10.40 710 •4.03

J.OXrW 0M 10.43 7M •3.11

M Z itc> 011 lt,M 7M | 33.40

1,0 ZlW 0M 11,33 71A M.00

I.OZi*1* 0M IS. Of 7M
a • . *

t**M

7,01|W OM 11*00 710 w.00

1 0 ,0  a / 5) OM IM S 7M 33, At

10,0 ||W OM 11,00 7M 34,01

u .«  n*41 OSS ts . i t 7M It, AS

U.0 Zi** 0M IS.73 7M 13.M

ao.oi*> 131 U M 710 17,40

*0.0 iiW 030 10.00 7M 11,14

(a) Oat m at SOOC, haU t4 If  at €70 C, Sim m  caol.
(I) ttw hr at IOO C, UMhatmaUy •aorferta « hr at AM C* A nto at 1MC, IM m m %  tamtam * ha at AAO Ci rapaat la« a«f, 
(c) Om  hr at SOO C, Araaca coal «o €70 C, hotO at €10 C In  M hi aaO thta h n a n  ceol,
(rf) Om  hr at SMC* Aaaaaa cool to 750C, fanact cool tmm 7S0 C to 170 C at 1/3 C pa*
(a) Om  tv at SOOC, laxhrrmaUjr vaaaferm at »A0 C fot S tv Mi vi
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T A U  K  THWX4AL-CTCUH0 DATA K *  l«AT-TMAT1D WANIUM-MOtYlDCHVM ALLOT* 
CYCUDD MTV 104 IftO AND 73* C

frocycliAAOtn AtaMCvcfc* After 360 CycIt c Aftn *40 Cycle*

(MUnc« UtAAiom), w/o
Dll—tot, 

to.
Uoglk, 
i to*

Dtoncttt,
to.

Un*th,
to.

Diameter,
to.

Un|tk,
to.

DU me tor, 
to.

Length,
to.

M MoW 0.43*0 1.0003 0.4440 1,0074 0,4317 1.09*6 UAAbto to oblAln ACCUTAIf

MM*0* 0.4350 1,000 0.4444 1,0040 0.4303 1,0041
IWAWfimMl

0,4303 1.004)

noMo^ 0.43 7 0 1.0003 0,4400 1.0040 0,4300 1.00)0 0,4340 1.0021
MMoW 0,4)40 0,0007 0.44*0 1,0013 0.4300 1.0013 0,43*1 1.0014

13,0 **•* 0.4)43 1.0003 0,4404 1,0003 0.43*1 0.09M 0.4360 O.OMt

tl
i

<•) Ckw kr at MO € ,  Ail SNi,
(ft) Om  kr at MO C, (VMM mo! to MO C, koM M to, Air cool,
(c) One to At 000 C. tattoo cool to MO C, koto 100 to, AH cool,
(0) Out to At M0 C« tattco cool to MO C, koto MO to, AH ooot,
(•) Om  hr at 300 C, tattoo cool to MO C, koto 8 w i b ,  aU cod.
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w ill be examined more carefully. The five alloys are listed below in orodr 
of their decreasing resistance to deformation.

( I)  Uranium-5.97 w/o chromium-2. 69 w/o thorium

(2) Uranium-5.0 w/o chromium-1.0 w/o molybdenum

(3) Uranium-4.82 w/o chromium-0. 72 w/o silicon

(4) Uranium-2. 56 w/o chromium-2. 26 w/o vanadium

(5) Uranium-5. 0 w/o chromium-1.0 w/o germanium.

Work on the stress cycling apparatus is continuing. A vacuum-tight 
shell has been constructed as a housing for the induction heat coil. This 
was done to prevent oxidation of the specimens during test. Tests have 
been run on cylinders of two compositions, but are inconclusive because of 
the short duration of testing. To obtain maximum information from the 
equipment, meaningful tests must be developed that w ill provide a basis for 
screening out less desirable alloys. As uranium-5 w/o chromium has been 
a baeia for comparison in earlier work, it  is planned to continue using this 
alloy for comparative purposes. After all alloys have been subjected to 
thermal stressing, an attempt w ill be made to correlate their behavior with 
physical and mechanical properties.

The development of improved cermet-type fuel elements for service 
at moderate to high temperatures is the major objective of this program.

A stainless steel element containing a UN fuel dispersion was hot 
rolled at 2000 F to a 4 to 1 reduction. Metallographic examination re 
vealed that an extensive reaction occurred between the fuel particles and 
the matrix material. Some reaction was also noted with the 18-8 stainless 
steel cladding.

Previous studies have indicated that no reaction occurs between stain
less steel and UN at temperatures between 2000 and 2300 F. However, 
since the uranium compound used in the rolling studies was prepared by the 
reduction of U^Nj to UN, the powder is being examined to determine if  the 
reduction to UN was complete. The phases present in the rolled specimen 
w ill also be determined.

Compartmentalised Fuel Elements

H. A. Sailer, D. L. Keller, and G. W. Cunningham

• • • #
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Several c o ld -p re sse d  compact* of UC d isp e rse d  in a  Z trea loy  2 
m a tr ix  have bean p re p a re d  and a re  being fab rica ted  into aaalad pack# iu .t -  
ab le for hot rolling into c lad  ahoat.

CORROSION

The R eaction o< Fuel-E lem ent C ore* With E levated- 
Temperature Water

D. R. O r le ie r  and £ .  M. Simone

A study of the reac tio n  of fue l-e lem ent c o re  a with 600 F w ater ie 
being  made aa a p a rt of the general fu e l-e lem en t developm ent p ro g ram .

Two a irco n iu m -c lad  pure  uranium  pin specim ens, with a  d r il le d  pin
hole fau lt through the unbonded cladding of e ac h , w ere eubjected euddenly 
to  600 F  w ater in the windowed autoclave. A co rro sio n  ra te  fo r the  f i r s t  of 
th e se  tea ta  was given in  BM l-1057 ae 4650 m g /(c m 2)(hr). ThU  w ee c a lc u 
la ted  from  the p re e au re  re c o rd  of evolved hydrogen before the m otion 
p ic tu re s  of the te s t  w ere  developed. A ctually , the p ic tu re ! showed tha t it 
took  longer fo r com plete  oxidation of the c o re  than  was estim ated  fro m  the 
p ra a a u ra  reco rd , U sing d a ta  from  the p ic tu rs a , a  rev ised  c o rro s io n  ra ta  
of 3350 m g/(cm ^)(hr) a t  610 F was obtained. On tha sam e baaia , th e  
second te s t, which w as a duplicate of tha f i r s t ,  y isidad a  c o rro s io n  ra ta  of 
3400 m g/(cm *)(hr) a t 605 F .

T hara  is som e evidence that tha re a c tio n  does not begin im m edia te ly  
upon contact of the  sp ec im en  with the hot w a te r . In tom e in s tan ces, th s rs  
have been no ticsab ls d e lay s  bafors ths appearance of hydrogsn bubbles. 
T h is  situation w ill ba exam ined m o rs  c lo se ly .

M echanism  of U ranium  C orrosion  

J . D. S ch ro cd cr, C. M. Schw arts, and D. A. Vaughan

C orrosion  tea ta  a re  being c a r r la d  ou t in boiled, deionized w a te r  to 
de term ine  tha m echan ism  of aqueous u ran ium  co rro s io n . P rev io u s ly  r e 
p o rte d  work has shown: (1) that tha p ro d u c ts  o f co rro s io n  a re  U 0 3* xH^O, 
U O j'g g  (cubic s tru c tu re ) , and a soluble phase which has not bean  id e n ti
fied,* (2) that u ran ium  hydride reac ts  slow ly w ith w ater, and (3) th a t ths 
c o rro s io n  ra te  is  not a lin ea r function of tim e .
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Work done this month hat been concerned with the initiation of cor* * * * •••• 
roaion end identification of the soluble material. To determine when cor
rosion starts, one sample was run in apparatus designed to collect all of 
the gaseous corrosion product. Figure E -l shows the results of this test. 
These data show that no gas (hydrogen) was evolved during the first day, 
within the limits of accuracy of the equipment (0.2 cm5). To determine 
the effect of an atr-oxldised film on the length of this initial period of very 
slow corrosion, two samples were run together. The first was electro- 
polished and heated to 8§ C in air for 1/2 hr before testing. The eir ex
posure of the second was kept to a minimum. After 5 days the weight loss 
was the same for both samples, indicating that either the atr-oxidued film 
is not Important, or that insufficient precautions were taken to avoid the 
formation of this film.

The material obtained by evaporating the clear water from the cor
rosion test has been found to give four different diffraction patterns. None 
of these compounds have been Identified. Chemical analysis has shown one 
of these compounds to contain 12 w/o water of hydration and 16 w/o 
uranium. Spectrographic analysis has not been completed.

Future work is planned to investigate the role of uranium hydride In 
corrosion and to continue the work already in progress.

Correlation of Microstructure With Corrosion
Behavior of Uranium Alloys

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

A study of the relationship between microstructure and corrosion 
behavior of uranium alloys is being made as a part of the general fuel- 
element development program.

Present studies are concerned with following the progress of corro
sion in boiling water of uranium-12 w/o molybdenum alloys. Metallo- 
graphically prepared and etched samples are being examined after periodic 
exposure to boiling water. To date, no significant changes in micro
structure have been observed. These studies are being continued and ex
panded to include other alloy compositions.
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FIGURE E - l .  HYDROGEN EVOLUTION FROM THE 
AQUEOUS CORROSION OF URANIUM 
IN GO C DEIONIZED RATER
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E -17 and E-18

Ignition Reaction Limits in the Hydrogeu»0«y|sn-
at I t U v i U d  Temperatures ""

C. F. Stephan, N. S. Hatfield, and K. S. People a

S t u d i e s  for ORNL of the reaction limit! of hydrogen -oxygen mixtures 
in saturated water vapor at elevated temperatures were continued.

Repeated testa is Mn. -diameter autoclaves at temperatures between 
425 and 600 F with both 1:1 and 2:1 hydrogentoxygen mixtures la saturated 
water vapor show that the reaction limits are below 20eS psia partial p res
sure of the mixture. It is not practical to determine mixture partial pres
sures below 20 pels at these temperatures by pressure measurement} 
therefore, it will be necessary to modify ths present equipment so the vapor 
phase in the reaction vessel can be analysed in order to determine reaction 
llmi'e.

Because there is such a great difference in the limits between a I. 5- 
in.- and a 3-ln. -diameter autoclave, future work will be concerned princi
pally with the larger vessel.
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F. STUDIES OF ZIRCONIUM-URANIUM ALLOYS 

H. A. Sailer

The Reactor Development Division of the Atomic Energy Commission 
is sponsoring a broad program  on tirconium-uranium alloya containing up 
to 70 w/o uranium.

Results on the various separate program s on constitutional diagram , 
kinetics, heat treatm ent, corrosion, and radiation stability are reported in 
the following sections. No major conclusion can be drawn at this tim e.

Constitution of Zirconium-Uranium Alloys 

F. A. Rough, A. A. Bauer, and J . R. Lulay

Although specimen preparation is continuing, no further resu lts an 
available at present. It is expected that m easurem ents will be made and 
data will be taken during the month of January.

Transformation Kinetics and Hardening Reaction of 
Stirconlum Alloys Containing up to £0 w/o Uranium

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

The tim e-tem perature-transform ation relations ars being determ ined 
In an effort to evaluate heat treatments and their effect upon mechanical 
properties in sirconium-uranlum alloys containing up to £0  w/o uranium. 
The hardening reaction of quenched alloys »s being studied as  a basis for the 
improvement of sircontum-uranium alloy properties.

Quenched Alloys

Vacuum-fusion oxygen analyses were made on three samples described 
in report BMI-1057. The effect of oxygen on the hardness can be seen by a 
comparison with quenched alloys made from iodide crystal-bar sircontum . 
Hardness data and oxygen analyses are presented in Table F- l .
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No data are  available on the oxygen content of the crystal-bar alloys. 
The oxygen content of a 10 w/o uranium alloy held at 1000 C for 30 min, and 
water quenched was 0.179 per cent. The value for a sim ilar alloy (held at 
1000 C for 60 min) was 0. 359 per cent. A 10 w/o alloy slow cooled from 
1000 C (2 -1 /2  F/m in) analysed 0.428 per cent oxygen. These data indicate 
oxygen pickup by some process other than residual gas contamination or 
diffusion through the Vycor-capsule wall. Reduction of S i02 by sirconium 
at 1000 C might be one possibility. A second source might be residual oxide 
left from improper sample preparation.

Prelim inary  runs with the quenching dllatom eter give an Ms value of 
about 360 a  10 C for the 10 w /o uranium alloy (oxygen content: 0.094 w/o).

Slow-Cooled Alloys

The oxygen content, 0.428 w/o, of the slow-cooled 10 w/o alloy ex
plains the high Knoop hardness values obtained in m icrohardness tests . The 
alpha-phase hardness was 332 Knoop. Oxygen shows a strong preference for 
sirconium over uranium or uranium -rich phases. X -ray patterns revealed 
a  lattice expansion of the alpha phase. Thus, it is reasonable to expect 
nearly a ll the oxygen to partition itself in the a  and exert a  marked harden
ing effect.

Aging Studies

Quenched crystal-bar alloys were aged at 400 C for 1 hr and 4 hr. 
Aging for 1 hr resulted in a m arked increase in hardness, but 4 hr caused a 
slight softening. Additional tim es will be selected in o rder to determine the 
tem pering and/or the transition-phase kinetics. Available data are  tabu
lated below.

X -ray results were completed for the 10 and 15 w/o uranium alloys. 
Data are  presented in the following tabulation.

Vic t a t  mrdoct. kl/roni2
Uranium, w/o Oeeochcd After 1 Hr at 400 C After 4 Hr et 400 C

7
10
Ift
20

200
229
273
290

193
292
341
342

191
297
323
327
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P h * w j  P r c i c n t t * )
Uranium, * /o  Aacd 1 Hr Aged 4 Hr 

10 a * ( » ) 4 u ( v f )  a  ’(*) ♦ cu(vf)

15 * « ♦ £ « ♦
•  (trace) a(ff)

(A) Pluie X«ray Intentlty: (i) tuong, (f) blot, 
. (vf) eery faint.

Transformation Kinetic■ of Zirconium A llo y  Containing 20 
~ to 70 w/o Uranium

F. A. Rough and A. A. Bauer

The kinetic! of the beta-sirconium -to-epsilon decomposition is being 
investigated in alloys containing 20 to 70 w/o uranium by following hardness 
and structural changes and, in the 50 w/o alloy, e lec trica l resistivity 
changes, during transformation.

Resistivity measurements have been made during transformation of a 
50 w/o uranium  alloy which had been quenched to retain  the beta-zirconium 
phase. These measurements indicate that the transform ation of retained 
beta requ ires at least 10 min a t 500 C, as evidenced by a continual re s is t
ance increase during this period after the specimen had reached the tem pera
ture of transform ation. Specimens a re  being prepared fo r additional 
m easurem ents at th is and lower tem peratures. These measurements are to 
be correlated  with hardness and structural changes.

H ardness measurements have been taken on a  se r ie s  of specimens 
containing 22 to 70 w/o uranium after isothermal transform ation at 400, 500, 
and 575 C for various periods of tim e. All these alloys show an aging peak 
after short tim es at 500 and 575 C. This hardness peak, which is believed 
to be associated with the beta-sirconium -to-epsilon decomposition, occurs 
very rapidly in the 22 to 50 w/o uranium alloys, making it doubtful that 
gamma can be fully retained in these two alloys except in very small sec
tions and then only under ideal quenching conditions.

The 22 and SO w/o alloys also  show a slight secondary hardness peak, 
while the 70 w /o uranium alloys show a pronounced secondary hardness 
peak. It appears that this peak may be related to precipitation aging. F u r
ther examination of these samples is planned to determ ine the nature of th is
aging.
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H u t Treatm ent of Zirconium-Uranium A lloy

F . A. Rough and W. Chubb

Zirconium-uranium alloys have shown considerable promise a s  fuel- 
elem ent m aterials, but because of the extrem e sensitivity of some sliconium - 
uranium alloys to heat-treatm ent variables, the alloys have proven very 
difficult to handle. It is  the purpose of this investigation to define the heat 
treatm ent behavior of these alloys. Alloys containing up to 70 w/o uranium 
and up to 3000 ppm oxygen have been melted and fabricated.

End-quench tes ts  on all the alloys prepared have now been completed. 
These tests show that oxygen contamination has a pronounced hardening 
effect on all alloys containing up to SO w/o uranium. Oxygen contamination 
showed little effect on the hardenability of alloys containing 55 and 60 w/o 
uranium. An alloy containing 70 w/o uranium showed a slight tendency 
toward lower hardness in end-quench bars containing increasing amounts of 
oxygen. This effect has been interpreted to mean that oxygen shifts the 
eutectoid composition toward uranium. Since maximum hardness occurs in 
the binary system at 80 w/o uranium, a shift of the eutectoid toward 80 w/o 
would tend to result in lower hardness.

Alloys containing 7, 10, and IS w/o uranium show no severe hardening 
effects in end-quench te s ts . Hardness levels below 300 DPH were observed 
in alloys containing sirconium  plus 7 w/o uranium and 0. 02 w/o oxygen, 
sirconium  plus 7 w/o uranium and 0.09 w/o oxygen, sirconium plus 7 w/o 
uranium and 0. 3 w/o oxygen, sirconium plus 10 w/o uranium and 0.02 w/o 
oxygen, sirconium plus 10 w/o uranium and 0.09 w/o oxygen, and sirconium 
plus IS w/o uranium and 0.02 w/o oxygen.

Alloys containing 20 to 70 w/o uranium show severe hardening effects 
in end-quench tests. Hardness levels in m ost cases ranged from 200 to 500 
DPH with higher hardnesses occurring with increasing alloy content.

The data indicate that beta sirconium cannot be fully retained at the 
highest quenching ra tes when it contains only 20 to 30 w/o uranium. It 
follows that these alloys must be held at tem perature for long periods and 
cooled slowly if the product is to be workable. Rapid cooling of these alloys 
resu lts  in hardnesses ranging from 300 to 450 DPH, and quench-cracking 
may occur.

Beta sirconium can be fully retained in alloys containing 40 to 70 w/o 
uranium. In this range of compositions and regard less of oxygen content, 
fully-retained beta sirconium  appears to have a  uniform hardness of about

*« •••• M
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240 to 250 DPH. Sections up to 1/8 In. thick can be satisfactorily quenched 
to a low hardness level by beating to 750 or 800 C for 1 hr and water quench
ing. Higher tem peraturea and thicker sections a re  to be avoided, although 
sections up to 1/4 in. thick may be satisfactorily treated  in tome cases.

When alloys containing 40 to 70 w/o uranium are  cooled at intermediate 
ra tes, hardnesses between 300 and 500 DPH resu lt. Quench cracking has 
been known to occur in alloys in this composition range when cooled at some 
c ritica l ra ts .

Low hardness has a lso  been developed in the 40 to 70 w/o uranium 
alloys by annealing for 4 to 12 hr at 550 to 600 C. A hardness of 240 to 
270 DPH is achieved in alloys of this group containing less than 0.03 w/o 
oxygen.

Two complete sets of alloys have been heat treated for corrosion te s t 
ing. One set was heated a t 650 C for 12 hr and water quenched, thereby 
producing fine-grained alpha sirconium plus retained beta or just retained- 
beta structures. The o ther set was heated at 650 C for 12 hr, cooled to 
550 C for 4 hr, and water quenched, thereby producing alpha sirconium plus 
epsilon or just epsilon structu res. Corrosion tes ts  are  expected to show if 
there  is  any fundamental difference in the corrosion behavior of retained 
beta and epsilon.

It has been found possible to produce a network of alpha sirconium  in 
beta-grain  boundaries by quenching alloys containing 20 to 40 w/o uranium 
from the beta phase and then reheating into the alpha plus beta field. 
Attempts to control the amount of alpha sirconium  in the grain boundaries 
have as  yet been unsuccessful. Experiments designed to pinpoint the 
variables are in progress.

Corrosion of Zirconium-Uranium Alloys 

W. E. B erry , E. L. White, and R. S. Peoples

The corrosion behavior of sirconium -uranium  alloys is being studied 
aa p art of the over-all program  to study the properties of sirconium - 
uranium alloys.

Corrosion tes ts  a re  being conducted in 680 F degassed water. As 
reported in BMI-1057, the m icrostructure on the surface of a number of 
variously heat-treated sirconium -22 w/o uranium specimens was different 
from  that of the bulk of the sample. Duplicate sam ples have been machined 
below this surface layer and have been corrosion tested. After 3 weeks'
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exposure, corrosion rates range from plus 0.03 to minus 0.09 mg/(cm* ••)(hr). 
Thus, the corrosion  behavior can be affected through heat treatm ent. Fur* 
ther study is necessary  to determine whether this effect is due to the reten
tion of a phase (such as  beta) or the resu lt of the dispersion of one phase in 
another, such as epsilon in alpha.

The effect of Heat treatment and sirconium melting stock on corrosion 
behavior is being studied. Alloys containing 7 through 50 w/o uranium with 
crystal bar, sponge, and high-oxy^en (up to 0. 3 w/o) sponge sirconium and 
which have been water quenched from 650 C have been exposed 2 weeks in 
680 F water. Oxygen appears to increase corrosion rate of the 50 w/o alloy. 
Corrosion rates a re  minus 0.11, minus 0.18, and minus 0. 20 m g/(cm 2)(hr), 
respectively, for those alloys prepared from crystal bar, sponge, and 
sponge sirconium with 0.15 w/o oxygen. These studies a re  being continued.

Radiation Stability of Zirconium-Uranium Alloys 

R. F. Dickerson, A. W. Hare, A. E. Austin, and A. A. Sauer

The radiation-effects program on the uranium-sirconium alloys is 
being continued. The initial work will be concerned with sirconium-22 and 
•40 w/o uranium alloys which were irradiated  by KAPL and sirconium-22 w/o 
uranium alloys which will be irradiated by Battelle under controlled condi
tions.

As this program  is essentially a  fundamental investigation, an attempt 
will be made to determine the mechanics of fission-product diffusion, rate 
of fission-gas re lease , and the amount of fission-product re lease . Post- 
irradiation heat treatm ents and therm al-eyeling treatm ents will be attempted 
to determine the ir sim ilarity with in-pile therm al conditions.

Postirradiation test equipment will be designed to perm it effective and 
efficient use of hot-lab personnel and to obtain the maximum amount of 
technical information from any given te s t specimen. Whenever practical, 
long-term test apparatus will be so designed to permit the experiment to 
operate outside of the hot cells proper, thus making more hot-cel) space 
available for other experiments.
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Q. CORROSION STUDIES OF ZIRCONIUM

R. S. Peoples

This section oI the report covers program s concerned with the cor
rosion behavior of s ir  coni um -base cladding m aterials for the AEC Reactor 
Development Division and ORNL-supported studies of electrocladding s ir-  
conium for improved corrosion resistance.

Results obtained this* * •••month continue to indicate that Z ircaloy 2 is an 
excellent cladding m aterial. Considerable amounts of hydrogen, nitrogen, 
and oxygen can be tolerated before corrosion  properties a re  impaired. In
vestigations have a lso  been continued which support the Zirconium Cor
rosion Com mittee's program to develop new airconium-base alloys.

A microbalance technique is being used to study the reaction of s ir-  
conium with water vapor at subatmospheric pressures.

As an aid to understanding the mechanism of airconium corrosion, a 
study is being made of the reaction ra te s  of several binary airconium alloys 
with hydrogen a t a  tem perature of about 750 F.

In studies for ORNL, platinum has been plated directly on airconium 
without the use of an intermediate nickel layer. The platinum coating 
appears to be adherent; however, more extensive tests a re  necessary to 
establish this observation. Data were a lso  obtained which indicate that 
airconium does not pick up hydrogen during chemical polishing, while elec
troplating adds up to 20 ppm of hydrogen.

Corrosion studies to determine the effect of impurity and alloy addi
tions on the corrosion properties of airconium alloys a re  being continued 
in 750 F steam (1500 psi) and 680 and 600 F  degassed water.

Samples of Z ircaloy 2 representing seven different m elts continue to 
show excellent resistance to 600 F degassed water. After m ore than 
2-1/2 years of exposure, no indication of breakaway in corrosion rates 
has been noted. The samples evince a  dark  tarnish film and low weight 
gains [5 mg/(dm2) (mo)].

C orrosion of Zirconium and Zirconium Alloys 

W. K. Boyd and R. S. Peoples
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The affect of hydrogen, nitrogen, and oxygen on the corrosion behav
ior of Zircaloy 2 ia also being investigated. Alloy m elts were prepared by 
gas impregnation and from m aster alloys added during melting. Corrosion 
data based on up to 238 days of exposure in 680 F water indicate the trende 
noted below.

(1) No effect of hydrogen additions in the range of from 500 
to 1500 ppm

o

(2) Oxygen additions of m ore than 6000 ppm destroy cor
rosion resistance of Zircaloy 2

(3) Nitrogen additions above 200 ppm result in an increased 
ra te  of attack, while additions above 390 ppm destroy 
corrosion resistance.

Zirconium Corrosion Committee Program

The corrosion behavior of ternary  and quaternary sponge-base alloys 
containing 0.25 to 0.50 w/o tin plus 0.04 to 0.45 w/o iron and/or nickel is 
being studied in 750 F steam (1500 psi) and 680 F degassed water. Alloys 
are  being evaluated in each of two conditions of heat treatm ent, namely,
(1) vacuum annealed 1 h r at 775 C and furnace cooled, and (2) held 1 hr at 
900 C in vacuum and water quenched.

Corrosion results a re  sum m arised in Table G -l. These data, based 
on 172 days of exposure in 750 F steam and up to 224 days of exposure in 
680 F water, indicate no significant effect of the above heat treatment on 
corrosion behavior. In general, the tin-nickel alloys exhibit somewhat 
better resistance to 750 F steam than do the tin alloys containing similar 
additions of iron. These studies a re  being continued.

Corrosion studies have a lso  been continued on the se ries  of ternary 
and quaternary alloys prepared a t the BuMines for Z ircaloy 3 evaluation. 
Each alloy was evaluated in both the vacuum-annealed and water-quenched 
conditions. A summary of the corrosion data obtained to date are presented 
in Table G -2. The quenched sam ples exposed to 680 F water continue to 
exhibit a  tarn ish  film, while-quenched samples exposed in 750 F steam and 
the vacuum-annealed samples (both 750 F steam and 680 F water) evince a 
light oxide pattern. In general, alloys containing 275 ppm aluminum are 
not so res istan t as alloys containing lesser amounts of aluminum.

, .  .........................CONFIDENTIAL...........................  . » • • ■ ■ ■ » *  1    * • «;» •• •» • iu § • • t i • • • • • •• i • • « •••• • t • i• * • • • • • • •  • • • •» » i«i •• i« i * • •••« •••



i z £ - j . . .  \LiX^.

apa-ssc*

I * 1 _ 1 !
I .  s :■ m  ; U

. 1
I 1 1

1 I

'

fl3srf$ fng

i m m

i

i

V4,-:;.\

i m 0

m

J Mt — .. .. ••' __A.

&&*

(MMKnTMIMBHnMNKMaiMMWMMMMMM

TABLE G -l . CORROSION OF ARC-MELTED (ROCKING-HEARTH METHOD) SPONGE ZIRCONIUM IN 750 P STEAM AND <80 F DEGASSED WATER

Heated 1 Hr a t 776 C In Vacuum and Furnace CooleJ Heated 1 k r at 900 C in Vacuum and Water QucncW<T

■ i

••••

• •••
• I• •

•  4• •

. Heal Alloy Content, w/o

750 P Steam 680 P Water 760 F Steam 680 F Water
Expo-
n re
Time,
d iy i

Weight
Gain,

mg/dm2
Re-

markK*)

Expo
sure

T im e.
dayi

Weight
G ilo,

mg/dm2
Re-

maiki*4)

Expo-
tu e

Tim e,
days

Weight
Gam,

mg/dm2
Re

mark «(*)

Expo-

Tim e,
days

Weight
Gain,

mg/dm2
Re-

marki(*)
••

»•
Tin and Iron

•
• 462 Unalloyed 1-1/2 768 W 210 211 W,P 10 1680 W 28 Lott weight W.P

*. 463 Unalloyed 1-1/2 839 W 210 210 W.P 10 1325 w 28 66 W.P

.*  464 0.22Sn-0.28Fe 106 108 M 210 99 G 136 109 M 224 39 G

h  4W
0.23Sn-0,30Fe 106 109 M 210 52 G 136 109 M 224 35 LM o

o  466 0,22Sa-0.98Fe 134 100 M 210 40 G 136 104 M 224 53 LM 0
2  467 0,22Sn-0.39fc 134 100 M 210 39 G 136 100 M 224 33 G 2
5  469 0.2SSn-0.27Fe 112 102 M 210 26 G 160 110 M 224 27 G •■i

5  468 0.25Sn-0.26Fc 112 105 M 210 35 G 136 100 • M 224 39 G i 0

5 470 0.25Sn-0,33Fc 134 102 M 210 34 G 146 100 M 224 36 G u*
5

H  471 0.25Sn-0.34Pt 112 107 M 210 35 G 136 105 M 224 30 M H
5  473 0.27Sn-0.26Fe 106 105 M 210 33 G 160 113 M 224 37 G p

I T  472 0.29Sn-0,25pe 106 116 M 810 28 G 142 102 M 224 31 G r

474 
• 474

•  •
• J 478

• 481
' !  479

0.27Sn-0.26Fe
0.28Sn-0.34Fe
0.47SO-0.44P*
0.51Sn-0.47Fc
0.52Sn-0.47Fe
0.50Sn-0.50Fe

148
106
112
142
194
194

109
104
112
109
106

94

M
M
M
M
M
M

210
210
210
210
210
210

39
39
40
41 
36 
43

G
G
G
G
G
G

148
136
148
136
136
136

102
100
117
119
105
no

M
M
M
M
M
M

224
224
224
224
224
224

31
46
46
35
44
60

G
G
M
G
G
LM

676 0.49$n-0.61Fe 124 100 M 210 39 G 148 100 M 224 45 M
# • • t  • 680 0.61Sn-0«53Fe 124 102 M 210 36 G 136 104 M 224 46 LM

• IM M
• *• •#41

Tin and Nickel

488 Unalloyed 1-1/2 680 W 126 136 M 26 Lost weight W.F 251 W
'V t ' i i ‘y  \ 489 Unalloyed 1-1/2 570 W 154 111 W 26 teat weight W.P 42 231 W

/;■/..v  .. • ■■ 491 0,l78a-0,03N i 172 84 M .S, P 210 49 G 170 83 M 196 61 G

J 490 0,18Sn-0,04Ni 172 86 M 210 46 G 170 70 M 196 51 O
Ml
vO



TAMJG-1, (Continued) s
Heeled l Hr at 776 C to Vacuam and 

750 p Steen _ M
Gookd Heated I Hr at 900 C In Vacnurn end Went

750 F Steam

••••• •• •
• • Heat Alloy Content, w/o

lepo-
R1IC

Tine.
dap

Weight
Gain,

tng/dm9
Re

mark/*)

la p -
w e
Time*
dairi

Weight
Gain.

mg/dm9
R e

mark*)

EXP°.
we

Time,
dayi

Weight
Gala*

mg/dra2
Re

mark*)

ta p -

Time,
day*

Weight
Gala.

n*/dm2
Re

mark*)
• • • 
• • Tin and Nickel fCoattaetdl
•

4 « 0 .13Sn*0.08Ni 173 78 II 910 39 G 168 Lott weight 8.P 188 » G
• 493 0.lBSn-0.08M 148 88 61 810 38 G 170 71 y 188 36 G

496 0.178O-0.19NI m 79 M 810 38 G 170 88 y 188 38 G
M M

b  494 0.19SO-0.19NI 178 72 II 910 33 G 170 78 y 188 39 G
• S 416 0.21Sn-0.04Ni 178 87 M 810 49 G 170 73 y 186 S3 G• •

• * |  491 0.22Sn-0.04Nl 178 81 M 810 48 G 170 73 M 188 88 G
M a  * " 0.22Sn-0.07Ni 178 79 M 910 44 G 168 Lett weight i .p 188 38 G

S  489 0.22Sn*0.0RNt 178 78 y 810 43 G 170 74 y 188 87 G
5  601 0.21Sn-0.20Nl 178 N y 810 48 a 170 98 y 138 39 G
3  600 0.33SO-0.41N1 178 78 y 810 38 0 170 98 y 188 36 0

M M £  603 0.27Sn-0.03Nt 178 78 y 910 84 G 168 Lon weight 8,F 186 32 G
• t* 603 0.27Sn-0,04Nl 178 •7 y 910 49 G 170 83 8,P 188 38 G

606 0.27Sn-0.08Nl 178 86 y 810 61 G 170 48 8.P 188 36 G
604 0.28Srt-0,08Nl 178 •7 y 210 49 G 170 81 y 188 S3 G1• : 604 0.26Sn*O.lBNl 178 19 y 910 47 G 170 81 y 188 38 G
607 0.25Sn-0.20Nl 178 109 y 210 38 0 170 98 y 188 48 G

• • : 508 0.66Sn-0.04Nl 178 87 y 810 62 G 170 90 y 186 88 G
•• • • • •  609 0.66Sn-0.04N» 178 88 y 210 42 G 170 17 y 188 33 G• M l• • 610 0.54Sn-0,07NI 178 81 y 210 39 G 170 98 y 188 44 G

0#56Srt-0,07NI 178 86 y 210 at a 170 88 y 186 M n
613 0.51Sn-0.18Ni 178 93 y 910 47 C 170 101 y 188 36 G
613 0. 648it-0. N i l 178 88 y 210 a 0 170 97 y 188 36 G

Tin, Iron, end Nickel

483 0. 61 Sn-0, l6Pe*0,090Ni 194 104 y 210 66 G 131 148 y 294 88 M
483 0.49Sn-0.23Pe-0.081Nl 148 110 M 210 48 G 136 106 y 294 39 G
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TABU G-i (Continued)

Heeted 1 Hr «t 775 C in Vecuum and Funuce Cooled Heated 1 Hr at 900 C in Vacuum and Water Qtarnched
750 F Steam flftOF Water 760 F Steam 680 F Water

Heet Alloy Content, w/o

Capo-
■tre Weight 

Time. Cain, 
dayi mg/dm?

Re
mark/*)

l*pO-

Tlme,
deyi

Weight
Cain,

mg/drn2
Be*

mark/*)

l«po-
aire

Time,
deyi

Weight
Cain.

mg/dm2
Re

mark/*)

Eipo-
•ute Weight

Time, Gain, 
day a mg/dm2

Re-
mark/*)

Tin* Bon. and Nickel (Continued)

41ft 0,47Sn-0,27Fe-0,13NI 134 103 M 210 34 G 136 107 M 234 66 IM
4M 0.48Sn-0,31Fe-0,13Nl 134 103 M 210 m G 136 104 M 234 42 G
4M 0,48Sn-0,38Fe-0,llNl lift 106 M 210 SI G 130 107 II 234 81 G
417 0.48Sn-0,44Fe*0,18NI 148 110 M 210 B4 G 130 107 II 234 56 LM

(a) Key to rc merit*

0  -  BUck tarnidt film (good metertel)
M-Milky 

LM - Light milky 
W •  White ojdde 
F •  Fla king (heavy oxide)
•  • Segregation (iru i of good end poor material).

• • • •
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G-6

T A B U  G*2. CORROSION OF ZIRCONIUM*BASE ALLOTS MELTED

Heat
Alloy Content

Exposure
Time,
day*

Vacuum Annealed 2 Hr at 
750 F Steam 
Weight 
Cain,

mg/dm2 Remark^1)8tw Wo Fa. y /o M. Wo N. ppm Al. ppm

906 0.34 0.35 44 68 141. 63 M.WP
074 0,35 0,35 48 63 141 65 M.WP
991 0,36 0.35 33 46 141 66 M.WP
984 0,26 0.36 47 68 141 93 M.WP

1001 0,96 0.37 55 63 141 103 M.WP
1003 0.46 0.41 219 43 135 120 M.WP
975 0,49 0.36 67 46 141 69 M.WP

1000 0.49 0.38 43 60 141 78 A w
963 0.60 0.39 63 70 141 69 M.WP
996 0,61 0.38 48 47 141 77 M.WP
990 0,46 0.35 0.23 47 66 141 70 M.WP
985 0,49 0.30 mm 47 64 141 66 M.WP

1007 0.50 0.31 0.10 50 61 135 110 M.WP
999 0.63 0.30 0.18 64 46 141 76 M.WP
995 0.66 0.32 0.19 38 67 141 76 M.WP

1034 0.35 0.35 63 68 141 89 M.WP
1036 0.25 0.35 63 67 141 63 M.WP
1030 0.60 0.44 68 47 141 98 M.WP
1036 0.40 0.38 11 36 141 88 M.WP
1014 0,36 0.35 60 145 141 110 M.WP
1019 0,36 0.35 60 170 141 109 M,WP
1013 0.26 0.36 54 216 135 170 M.WP.S
1010 0.51 0.39 46 88 135 105 M.WP
1009 0,48 0.38 61 148 141 114 M.WP
1011 0.50 0.39 62 276 195 123 M,WP
1036 0,50 0.31 0.19 65 62 141 73 M.WP
1033 0.53 0.39 0.30 63 60 141 87 M.WP
1011 0.49 0.31 0.19 53 135 141 97 M.WP
1016 0,61 0.81 0.18 48 164 135 107 M.WP
1010 9.50 0,31 0.19 61 366 141 142 M.WP

<«) Key to remark*

0  * Blick umidi film (good material)
M •  Milky

WP •  White oxide patten 
F -  Flaking (heavy oxide)
t  •  Slight tegtegitton (treat of good and poor material).

..£QNF19£NTJAL , M ••••# •
M l
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G-7

AT THE BUREAU OF MINES FOR £  IRC A LOT 9 EVALUATION

775 C  and Furnace Cooled Heated 2 Hr at 900 C In Vacuum and Water Ouenchcd
880 F Water 760 F Steam 680 F Water

Expoaure
Tim e,
day*

Weight
Cain,

mg/dm* Remark/*)

Expoarre
Time.

day*

Weight
Gala.

mg/dm2 Re m ark/*)

Expowre
Time,
dayt

Weight
Gain,

mg/dm2 Re m ath/*)

182 43 G.WP 129 76 M.WP 168 35 G
182 47 c , w r 129 77 M.WP 168 33 G
182 45 W .p 129 73 M.WP 168 33 G
182 44 O.WF 129 76 M.WP 168 36 G
182 56 G, WP 129 70 M.WP 168 37 G
182 74 M» WP 129 197 M.WP.S 168 46 G
182 44 O.WP 129 74 M. WP 168 31 G
182 45 C.WP 129 91 M.WP 168 38 G
182 47 G, WP 129 78 M.WP 168 32 a
182 42 C.WP 129 73 M. WP 168 33 G
182 45 O, WP 129 74 M.WP 168 35 G
182 44 O.WP 129 72 M.WP 168 41 G
182 86 M. WP 129 103 M.WP 168 43 G
112 48 G, WP 129 80 M.WP 168 37 G
182 49 C.WP 129 73 M. WP 168 35 G
182 58 M.WP 129 97 M .W P.6 168 45 G
182 47 M.WP 129 83 M.W P.8 166 35 G
182 49 M.WP 129 86 M.WP 168 39 S
182 46 M. WP 129 86 M.WP 168 34 G
182 59 C.WP 129 96 M.WP 168 37 G
182 64 G.WP 123 112 M.WP 168 34 G
182 Loft weight W.F 105 108 M.WP 168 52 G
182 81 M.WP 105 107 M.WP 168 35 G
182 63 M.WP 106 112 M.WP 168 30 G
182 77 M.WP 93 115 M.WP 169 37 G
182 47 C.WP 129 97 M.WP 169 33 G
182 47 C.WP 129 105 M.WP 168 36 G
182 57 C.WP 106 105 M.WP 168 39 G
182 61 G.WP 93 98 M.WP 168 39 G
182 79 M. WP 93 108 M.WP 168 56 G

• •

•  •
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G-8

Zirconium-Boron Alloys

Zircaloy 2 powder compacts containing 1. 35, 6. 50, and 8. 32 w/o 
boron are being evaluated in 680 F degassed water. After 3 days of expo
sure , the base and 6. 50 and 8,32 w/o boron compacts were covered with 
powdery oxide coating, while the compact containing 1.33 w/o enriched 
boron exhibited only a light oxide pattern. Addition powder compacts are 
being evaluated.

Compositional F ac to rs Affecting Corrosion Properties of Zirconium

The corrosion behavior of sponge-base sirconium -tin-iron-nickel 
alloys containing additions of from 70 to 300 ppm nitrogen or 200 ppm 
aluminum, or 100 ppm titanium is being determ ined in 750 F steam and 
680 F degassed water. Corrosion data based on 65 and 81 days of expo
sure to 750 F steam and 680 F water, respectively, are sum m arised in 
Table G-3. Although no failures (white corrosion product) have been noted 
to date, raising the nitrogen content from 70 to 300 ppm results in an 
increased rate of attack. Alloys containing 200 ppm aluminum also show 
a higher rate of attack in 750 F steam than do alloys containing no alum i
num additions.

Effect of Heat Treatm ent

Extended exposure data (170 days in 750 F st*am) continue to show 
that the sise and distribution of the in term etallic compound partic les affect 
the corrosion behavior of sirconium-iron and sirconium-nickel alloys. A 
structure containing a  fine dispersion of compound particles in an alpha 
m atrix  is more res istan t than one exhibiting large colonies of partic les 
separated by platelets of alpha sirconium.

As an aid to the understanding of the mechanism of sirconium co r
rosion, an investigation of the role of hydrogen in high-temperature water 
corrosion is being made. Previous studies have indicated that corrosion 
ra te  varies with hydrogen reaction rate for samples of the same nominal

W. K. Boyd and D. J. Maykuth

Mechanism of Zirconium Corrosion

C. M. Schwarts and D. A. Vaughan

i :• •• •••• ••• MM• • t • •
• • Mt • •••• • • • *•  • •
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G - 9

TABLE G-3. CORROSION OF SPONGE-BASE ZIRCONIUM ALLOYS IN 
750 t  STEAM AND <80 F DEGASSED WATER

160 F Steam 680 F Wster

lieu

Exposure
Time,

Alloy Cooaent, w/o days

Weltfrt
Gain,
mg/dm2 Remarks*1)

Exposer
Time,
days

Weight
Gaia.

mg/um2 Remarks**)

Vacuum Annealed I Hi at 716 C and Furnace Cooled

656 0.05Fe-0.002NI-0.007N 85 66 M •1 24 C
685 0,05Fe*0.002N1-0.007N 65 69 M •1 20 G
667 0.05Fe-0.15N1-0.007N 65 43 G 11 26 G
668 0.06Fe*0.15NI-0.015N 65 S3 G 81 30 G
669 0.05Fe*0.16NI-0.0226N 65 42 G 11 38 G
660 0,06fe*0.16NI-0.030N 65 64 G 81 41 G
663 0,06Fc*0.16K1-0.5SO-0.007N 66 36 G 81 24 G
664 0.06Fe *0,1SN1 -0 .6So -0 .016N 65 36 G 81 98 G
666 0.05Fe-0.l5Nl-0.5Sn-0.0225N 66 48 G 81 21 G
668 0.06Fe*0.15N-0.5Sn-0.030N 66 49 G 81 21 G
661 0.25fe *0.26So*0.007N 65 31 G 81 18 G
668 0.25Fe*0.26Sb*0.016N 65 33 G 81 20 G
669 0.2SFe *0.25Sn *0.225N 65 40 G 81 23 G
610 0,25Fe -0.25Sn -0 .030N 66 44 G 81 36 G
613 0,40Fe-0,503n*0.007N 65 37 G 81 20 G
614 0,40Fe *0.50Sn - 0 .015N 65 33 G 81 22 G
616 0.40Fe *0.50Sn*0.0226N 66 61 G 81 23 G
616 0.40Fe*0.60Sa*0.030N 66 66 G •1 20 0
619 0.20Fe *0.20Ni*0.50So*0.007N 65 37 G 81 22 G
680 0,20Fe *0,20Nl-0.50Sn-0.015N 66 40 A 81 20 0
681 0.20Fe-0.20Nl-0.60So-0.0216N 66 62 G •1 26 G
682 0.20fe-0.20N»-0.50Sn-0.030N 66 66 G 81 24 G
661 O.OSfe-0.15Nl-0.007N-0.02Al 66 41 G 81 36 G
611 0,2SFe -0.25Sn - 0 .007N *0.02A1 65 63 G 81 31 G
517 0.40fe-0.50So-0.007N-0.02Al 65 <1 G 81 23 G
683 0,20Fe*0.20Nl-0.50So-0.007N* 66 

0.02A1
44 G 81 19 0

662 Q.OWe-O.16NI-0.001N-0.01T1 65 33 G 81 23 0
612 0,25Fe*0.256n*0.007N*0.01Tt 65 60 G 81 21 G
618 0.40Fe-0.50Sh-0.001N*0.01Ti 65 36 G 81 21 G
684 0.20Fe-0.20m-0.60Sa*0.007N‘ 65 

0.01TI
40 G •1 18 G

(a) Key to remarks:
G • Black tarnish Aim (good mate rial) 
M* Milky

• • • • • • • » i • •
• • M l • • •  •  •  •  • • • • i • • • •
• • 1 • • • • • •  •  • • • • ♦ • •
• • • • • • •  • • • • • • • • • • •
• • • M M • • •  •  • •  • •  • • • •
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G-10
♦

composition, and that when hydrogen reac ts  with zirconium the surface of 
the metal is damaged, causing an increase  in corrosion rate.

During the past month, a number of binary alloys of zirconium were 
•elected for iu rth e r  study of their reaction rates with hydrogen at or 
•lightly above 750 F. Two of the alloys selected (2-1/2 w/o tin and Zircaloy 
2) are  available. The others (0. 1 iron, 0.02 nitrogen, 0. OS titanium, and 
sponge sirconium) will need to be fabricated into the shape desirable for I *
reaction-rate studies. The reaction-rate  studies on the two available alloys 
will be started during the next period.

Zirconlum-Gae Reactions 

M. W. Mallett and W. M. Albrecht

Zirconium-W ater Vapor

As part of a program on the water corrosion of sirconium , a study is 
being made of the reaction of sirconium with water vapor a t subatmospheric 
pressures.

A microbalance technique for the continuous m easurem ent of weight 
gain will be used to determine reaction rates. The vacuum microbalance 
for uss in this study was received during the month and is  currently being 
incorporated with necessary auxiliary equipment. As soon as the apparatus 
is complete and the operation of the microbalance proves satisfactory, 
initial rate data will be obtained for the reaction of sirconium  with water 
vapor.

Electrocladding of Zirconium With Platinum Metals 

A. B. Tripler, J r . , J. G. Beach, and C. L. Faust

In studies for ORNL, platinum has been plated directly  on sirconium 
without the use of an intermediate nickel layer. The same fluoride activa
tion treatm ent that is required for successful nickel plating on sirconium 
worked well for platinum plating. The platinum coating appears to be ad
herent, but m ore exhaustive tests, such as a thermal cycling test, will be 
made. A sirconium  specimen coated directly with approximately 0. 5 mil 
platinum showed negligible weight loss after 5 days of exposure to a fluoride 
solution at 70 F.

y .... .......
•  •  • ( «  •  I M  • I S I I  •
• • • •  • » * • MM tt t •• •*•••••• •
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s. G -11 and G -12

The platindxn-over-nickel coating! on zirconium remained adherent 
during therm al cycling between room temperature and 300 C for 100 cycles.

Zirconium specimens, treated  in various ways,' were analyzed lor 
hydrogen content. In each case, the starting m aterial was centerless- 
ground zirconium rod prepared from crystal-bar stock. Table G-4 gives 
the resu lts of the analyses.

It is  evident from the above data that there is about 30 ppm hydrogen 
in the zirconium specimens to begin with. Chemical polishing does not add 
to the amount. Plating adds up to 20 ppm, depending on the combination of 
treatm ents. It Is interesting to note that where platinum was deposited 
directly on zirconium (Specimen 60A), less hydrogen was added than where 
nickel was used as an undercoat.

Both loop and bomb specim ens are being readied for in-pile testing. 
These specim ens will all have the nickel undercoating because there has 
not been sufficient preliminary testing, as yet, on specimens coated with 
platinum alone.

T A U  G -4. RESULTS OP HYDROGEN ANALYSES ON ZIRCONIUM SPECIMENS 
WITH VARIOUS SURFACE TREATMENTS AND/OR COATINGS

Specimen Treatment

Hydiogen
Content,

ppm

60A-1 C. G.<*> 31,4

SOA-9 C . G > ) .  turface abraded to 
remove any extraneous material

90.0

60S C . chemically polished #0. e

46A C . G.<*>. chemically polished. 
S-m ln activation (100 F), 1 mil 
nickel, degased at 400 F, bonded 
at 1300 P. 0 .6  m il platinum

43.9

4BA Same ei qwclmen 44A except no 
bonding treatment

60.8

60A C. S-mln activation (90 f),
0 .5  m il platinum

39.4

(« )C . G. ■ centerless ground.

..............coneidchtial..# » • • • T  I • * '* ' * •• ••• • • • • • • •• i • • • ••• • • •• • • • * • • • • • • •
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H. REACTOR MATERIALS DEVELOPMENT 

H. A. Sailer

A num ber of i f p i r i t c  p rogram * on the developm ent of m ateria l*  (or 
general re a c to r  application a re  spo n so red  by the R eactor Development 
Division of the Atomic Energy C om m ission .

The study of tran sfo rm atio n  kinetic* and age-harden ing  c h a ra c te n s tu  s 
of sev era l a trcon lum  alloys has continued.

F u r th e r studies on en am els  for uranium  showed crack ing  to be a 
problem . A pparently, an enam el w ith an ex trem ely  high coefficient of 
expansion is  req u ired . The enam eling  of sircom um  and niobium was 
continued.

Sandwich-type diffusion sam p les  of UO$ and a irco n iu m  are  still under 
te st a t te m p e ra tu re s  from  9S0-I2O0 F . Exam ination of a sam ple heated at 
1600 F for 6R hr showed a tw o-phase  region (alpha u ran iu m , alpha i tn o m u m )  
adjacent to  the UOj. Another tw o-phase region (alpha strco n iu m , epsilon) 
occu rred  fu r th e r  into the a ircon ium .

Studies of Z ircon ium  Heat T reatm en t

H. A. Robinson, M. W. Mote, and P. D. F ro s t

The c u r re n t  investigation of a irconium -baae a lloys is  to  evaluate hsat 
trea tab ility  and tran sfo rm atio n  k in e tic s . Alloys containing enough beta- 
stabilizing e lem en ts  so that sorr** beta  can be re ta in ed  on quenching have 
been age hardened  to strength  t about 200,000 pat. However, elongation 
values of about 1 per cent at 1. s tren g th  level a re  unacceptably low. 
Although the elongation values seem ed  to be dependent upon the alloy ad
dition, o ther fa c to rs , e .g . ,  hydrogen contam ination and the  cho lic  of heat 
trea tm en t, may have prevented the alloys studied to date from  developing 
optimum p ro p e rtie s . The p re sen t re s e a rc h  studies should determ ine the 
effects of hydrogen content and of v a ria tio n s  in heat tre a tm e n t on the high- 
strength  p ro p e rtie s  of s irco n iu m -b ase  a lloys.

During the month of D ecem ber, the p re lim inary  stepe  for a ll newly 
outlined phases of the re se a rc h  w ere  continued. Aging s tud ies of the two 
large ingots of z ircon ium -2  w /o tin  plus 5 w /o m olybdenum  or niobium 
alloys have been  s tarted . H ard n ess  cu rv e s , how ever, have not been com 
pleted, so heat tre a tm en ts  for ten sile  specim ens of th ese  two alloys cannot 
yet be se lec ted . Additional m a te r ia l from  theae two a llo y s , to be used for
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I  Hml

I he i M y  of Ukr t l i r t i i  ol hydrogen, I m  been v«(«ram i u m t « 4  o r I»y4t«* 
K tM M  and subsequently  r o lM  to  i M t l . f  S tN d io i  of M *( tre a tm e n ts  lor 
th is  m ate ria l w ill itm  Ur mad* when the ft|t« i| #t«dy »* com pleted  Melting 
•ltd  ro ll in* <4 th* n p « n m v n U l alloy button* ol th* te rn a ry  a lloys ha«# been 
to m p l t U l  Tbeo# button* cover a rang* at alloy additions a s  noted b»l«*.

I g g S I l f H ^ ^ I M B a u s f e  i | | | ®  J f l
aheuwsa. •  •*§.'.' % if f '  ' 0 I: '*

g hr, m m

M ftew  t*» it

Th* age "hardening study lor th«M alloy* will b# similar to the study being 
mad* on tho alloy* from tit* large ingot*; lb* conditions will include three 
solution temperatures, three aging temperatures, and agUtg tint** up to at 
t*a*t 100 hr.

jjjffBlNtti  M*Ml *
B. W. King, J. ScbuiU, M. C. B ro ikw iy , and k; D, D it l i

ForceUm-enamel coating* lor various mrtaU of apertal interest to 
th* AtC ar* b*ing investigated, Such coating* might protect the metal* 
against corrosion, function a* boat or metal-diffusion barrier#, or **rv« 
to rataln llsaion fragment*.

In th* *na«n*ling ol uranium, the major problem encountered ha# been 
cracking of the coatiiqi during cooling, apparently due to difference* in 
thermal expansion between the metal and the glae* coating Thla month, a 
aerie* of enamel* bavin* calculated linear-expansion coefficients ranging 
from IS. 4 to If. I a I0~* per dtg C was applied to uranium plate*. All of 
the enamel* cracked on cooling. However, a* the expansion coefficient 
increased, the amount of cracking decreased. This teat indicated that an 
enamel having an extremely high expansion coefficient might solve the 
cracking problem.

Last month, It wa* noted that * thin, hard, adherent coating ol oxide 
formed on aireonium when the metal was heated for * long period in the 
pretence of a small amount of oxygen. This month, an attempt wa* made 
to form auch a coating on aireonium which had be*n polished by fine emery 
cloth. A nonuniform oxide coating formed. The oxid* appeared to form 
more rapidly at scratch mark* left by the emery than In other arras, To 
improve th* uniformity of th* coating, a higher degree of polish appears to 
be required. An attempt will be made to product such a coating by starting 
with highly polished aireonium.
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ftiem u th -u rsa tum  alley*  containing 0, *, 0, IS,  s a d  I 0(1 » / o uran ium  
t t r «  p r « p i r t4  to r ua* as c o rro d e n ts  la l* i lu i | llw c o rro s io n  rti iM M c *  ol 

i trc M iw n  M 4M  C.

A t • m iim I having Um Ability Id r t t iM  m olten  fluoride m Iu  a« e lev a ted  
U m |w r« t« r<  mi*bl be iktr*«iwl)f O rd in arily , * U m  Ha* poor ro s ts t -
I M t  tv floor id*» A «Ia»* sa tu ra te d  with ( Iw ru w , hew w ter, might Hava 
im proved re s is ta n t e to floor Ado A TW r«C*N, ah o ffo rt will be nu4*  to  
prod oca *» tM riM l costing (o r «»r con turn which »• M tur« t*4  with floor too 
THia | U a i t i l l  then bo ten ted  (o r  Its  re s is tan ce  to  a m urtur* (M*k«tM* oI 
tb» L tF -N aF -K F  t t l r c i u ,  At About 600 C.

P rep a ra to ry  to  tbo developm ent o( re fra c to ry  co stin g s  (or M obuim,
A lite ra tu re  sea rch  « • !  iaa4 «  (o r  inform ation on h«gb»temp* rotor* m m t l l ,  
p a rtic u la rly  those which boro  boo* Applied to m olybdenum  Molybdenum 
Ha* a« «op* o * ion coefficient cIoaa to  tbo I of niobium  H ence, m uiyM roim * 
«no mol co m p o ttlto M  a re  of i n t m i t  (or oaa aa a b a s ts  (o r tbo (otmtilftUo* 
of rn tm tlA  (or niobium.

Kinetic •  of tbo Z ircon ium -U ran ium  U u n id t H riilim i

M. W. M allett, J. W. O re* !* , A. ( .  G arda, aa4 A f .  U n h a m i

A Atudy of l Hr sol id* so lid  re  Act ion a irco n iu m  And uran ium  f
diooldv 1a being made In form ation  obtained can be uaa4 to re tim al*  I Ha 
com patib ility  of th e ir  m a te ria l*  in re a c to rs .

Tbo r A A c t l o n  i* being stud ied  by us# of sandw ich-type elem ents. In 
the sc e lem en t a, a plan# su rface  of airconium  m etal lo in intimate con tact 
with m assiv e  h igh-fired  UOg. t i e  me nt a cu rren tly  o r#  being heated at 
9*0, 1100, and 1200 F in au to c lav es  at a **000-pal p re s s u re . The e lem en ts  
being heated  At 9*0 F hare now been  on teel fo r A to ta l of *2 days, those ol 
1100 F for I I  days, and those  a t 1200 F for *1 daps. H tg h -p re iau re  leaks 
in the au toclave  sea ls , which have been rep a ire d , account for the le a se r  
tim es  o t tbo two higher te m p e ra tu re s . It ts  planned to  sue mine one of tbo 
1200 F elem ent#  m etallographtc ally  during Jan u ary . The elem ent a betc^ 
heated a t the  two lower te m p e ra tu re*  will be b ested  fo r At teaat 2 Additional 
m onths be fo re  aka min tag m eta tlog raph ica lly .

The c ro s s  section of on e lem en t, exam ined m eU liograph ically  a f te r  
heating under a 2400-ps! dead load at 1600 F fo r h i  hr in argon and w ater 
quenching, contained a tw o-phase  region in the A irconium  Adjacent to the 
UO*. T h is region, about 0. 007 cm  thick , co nsisted  of alpha uranium  in an 
alpha a irco n iu m  m atrix . A djacont to th is  reg ion  and deeper into the 
a irco n iu m  waa a  second tw o -phase  reg ion  about 0 .0 0 6  cm  thick, apparen tly  
consisting  of the epsilon in te r m eta llic  phase and alpha airconium . The phase
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tden tifu  a tiona f t r #  i m A  on lh» U m  of IK# * p |w » f« M r of 11m aever#I |4 iM «  
wi4»r liw m k r iM o p t  in Another p rogram , pH i««i of s im ila r i p ^ t r t n c c  
p rrv io u aty  w ere identified fo r re a c te d  apecim ena by X -ray  d Tractio* 
m ethod • .  t b r 4 n f » l  m #«» itr»m tn ta  indicated that o iy |« a i M  penetrated 
into the tirc o n tu m  from  the UOi  to  •  depth of a hoot 9. 04 to  COS «m (0 .0 1 !  
to  0 .0 1 0  in ). A U rge sandw ich-type elem ent, heo ted  u» the tom e assem b ly , 
will be ira« htned Into layer* , each  0.001 tn th'* k, beginning At the 
tlrcoeU ufffU O j tote rfaco . 0> y |«R  And uranium  an a ly se*  eU t be obtained 
oa each U y t f  to determ ine the t r  a en ter of th e te  e lem en t*  from  the UOj to  
the u r c M i o n , !

A tSerm odynam ic A M lyeii oi the resu lt*  of y re e io M  atudte* M  th io  |  
n m »  oyetem , no reported  in R M I-lO f) and t!M !-t<U*, etw ee thnt th e re  e r e  
m inor dtec re  panne*  betw een th e  phase-d iag ram  And re net ion* rate  w ork.
The calcu la tion*  indicate tha t At 1)00 F the lim iting  solubility  of o«ygen in 
alpha i t r c M io m  should be about 1). Z a /o  ra th e r  than  a t f t  * /o  a t  p red ic ted  
from  the phaao stud ies. W ork to  retoW e theae f l f f e r e a r e i  will continue.

...........;
t  n t  T » , p, p ♦t  i  < « *
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I . PHYSICAL M STAlXUAttV 

H. A. I t l l t r

f t *  R « » r« rili D i v i i i i i  • (  iK» Ai <m u * K M r |>  C ucnm uiiuM  « f
im a iW ?  ol p ro g ram *  in  Ik* field* «t m e ta llu rg y , k ta m u  i ( and g a v m r t a l  
• I wA M i

SI*4i*« ol u r iM w n  t a mpouad* l»»* « onttaued . N k  Utog «m4  U |i (  
•fp * « v  ta  Mv< U v tr a W t to r  r t i a t r  M ,  M a i i f i  H  UgTt and
UNi^ «r*  coattnotng.

f he program  o« in ternal (N tliM  la  *r«auitm ha* to rn  «t*m plrled and 
•  rep o rt w ill to  p re p a re d .

r t o  *lody y | m itn ii fg ta t*  or 4 * lu * p io M  alloy* t* no* « M a t n t o  »«tk 
t to  uranium * titanium -m olybdenum

A i « m i  of i r e —How  • im p t r i  b a o to f t k m  different g ra ta  nine* to *  
to r *  mad* op and w ill to  ta tte d  la im pact a* p a rt o! t to  lu v e tltg o ltao  ol 
tm k rm lrm tM ,

High-t*mp« ra to r*  X -ray  rtodlea on tod id* tto r io w  «««iaim n« ««*mt 
( to r  turn oa»d« ik u o rd  a  c Haag* at 144% v •-■ora IM O C , to t  A t to r io w  oatd* 
l t d  (at * -t en tered  th o rium  tod  d itap p ea red , T to  High-lamp* ra t a r t  pbate  i t  
to ta g  td rn ttltrd .

All lk« b inary  niobium  alloy a k a r t  to tn  t t a l td  lo r oaidation . None to* 
fthown a d raatlc  * tong* »a t to  oatdalioa m echan ism .

T to  o tto r  p ro g ram *  i t o  p ro g r t* a , to t  too* no m ajor rrao tlta  to 
re p o rt.

P p —e ttl* *  ol U n m u m Comt»oun4|

L . D . Loch, 0 .  8 .  Angle, *«id M. I .  Snyder

R«*car« h t* to m g  dan* aa a am* of t to  tc M -fa m itia r  u ran ium  * ©m- 
pound* that a re  p o tta tta l  aoclear lo ti* , f k i  investigation ta lim ited  to 
compound* with re la tiv e ly  high uranium  content* and m elting point*,
C o r rent v o rk  co n a ta ta  ol t to  p rtp a ra lio n  ol * om pound* and t to  p re lim inary  
evaluation ol tto k r g en era l chem ical and th e rm a l atab tllty .

: • 5IM  *•••

| | - :
i  I • • • • • •• • • • • • • • •M * • »• ••
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|*r«ttmMMf i m 4 U k ir« i)> # u M M y  t t « u  U)*t m 4  UK»#
<m r t  m 4  r i f » n « 4  f i l l  MiiMtw V lt j  v i i  f ^ U f f M
fcy « r t m *lu*t l  m 4  ^ r tU B M iir f U M i » t N  • •  M|T» **4 W ij,;!;

t* I MiMMftft*#* 4m  «%|*4*t4 •»  llM MK«rM«4iUk «»i«4
t«  4»(«. Pr«ti«Ki**tf i t * u  « • U§ m i  UK «r« k<  *«H 4  #»«»*
( 4 l f  Mi l * l r u « u a |  4t1 4 #  M i 0 ) M :

VMM I i. WIMMI m  M l*  OM MMMMM *tlftftMf4UK OMMUMM

** M>M M** •M nm. •Ml

U» INI 5 A M 5 *»• • I «AM

AW1 MM- IM

MS Ml JL AM M M gilj ::p i •ai
Ml $■»• m  *M f *NM ».

a M C i M f i M a w

All •< IM ltM«4 m T*N« l» t f < \ + 4  lu «m»« $•§«#« »U*
(4M *«lr«tM  NCI# MHO), m 4 N |K > f N«m  r t w u l  t i l l  I K N«OM, *t f] 
*lM»f4  Mkf ««i|M  cM ft|«  *tl#f I kr )• v i u t i

tlM  V«Mlt«t H  Dm  IN llM U M TI ««•(• Ife lllM t Mm  U jN  M i  1MA| M l  
m*fct | m 4 mmIh i  Im I i , AIiNm*«* USi j  U i  » U » « t kimmum «m m «  iKm* 
m m «  wl Dm  «*<Mr « iri|tM U f c«**i4 tv»4 , l i t  M» **r M
U 9  C i K—14 U «4 h Im  « M rt m iM i i m  m m h m u  i t  k m 4»4, N O  
U |T l  MMl U N t| i r t  M ill »l m « «  N u u m  4  tlw ir t«rr«M 4M  r«*iM»
Mtc« ( •  N l ! i i |  • i u r .

Iv M rt v « A  will Im (MUMiiraiti m  U |$i im I 04t|» will fc#
p r« M fii  far nwr* »«m m  urr*WM» l u l l  m cmmmni fM flM  
TW 4m i M| 4  U | t i  will M 4 tl« rM M i to |Mr«Mi («1c4 m Im  4  !U «*r*iu«m 

H r M l  W ir t  will M (M Hmm4 m  m ikiig 4ta«« 11$ *«4 !
UN iM  ir t l im iM r)  c l t n i u l  aiU iM rm d  l o l l  will Im IM  M
iN m ,

i I• M »•*
j | { • • /  : :i * » •••»*. i • • • • * a«(• •• M * I *•»



' z m . s m x m .

m

1 ********* ***»>»

0. 1. 0*n UMi k. I». 4Mi (i,

H m  p —r f  t »l ¥ 4 M | a t o r w Mo m* •« #* *o n « U » n  i*  W t» *  «4«4m4  *1 M
«l m %*«i 4 tM M t  »«»»»w *u«—» *••**«,

tlM 1# | / t  U l l i N Wi ( l i  I >H » H i » ) Mil «iW| l«> ktf* i««M In*
It it4tt««il| iw fcrmi* lit wif  fctt wig «#4 i#f«lt «t**»f|, |  wtout *«ti
•*U  H «« I t  f W l M  i f  «< I* I I ,  m l  11 i f *  | | , H ,
U L  M l  i  |  » / «  HII MMi ,  r « t f t U K 9 4 |  :

||»»«H4titiy n fiftt ftM y  «• »+*«*► ̂ »«*»Itr4, •*#.

N . W l N f t f i  f t ^ t

i
TlM |l, *1, «*4 I# */• IMUMfUi illfyl « IKIH Ml kfili fpttft fMft I 

|  m§. f if ft* trfff r«m m  IIm» Ufftt («♦» ti, (Mi »lt I «i«t II •/»
IM M IM l • !!# * •  |fc#W H 4*1* N  fOf Mf  M y t M i l f M f i u  ! •  M  I M M ,
f l m m  4 f t«  * N  l i f t #4 Hi f*M « 1 4 ,  i f l l  «IWy* U%« l * f  m H**u h  t * t t f  «f> 
I f  llw t f 4 i « k « * l« «  t t f f m i t N ,  4 M  C  I f f t H I  * /*  IU M M M  i t l f y  M l 

U m  s,‘ # €  l# f ' | »  1% * / •  t l l fM M i ttt»y«

t f  ‘H  . ' M m .  t » f  lU O Q M P t *  t l lM I M  ff jfW M M tM M  tltAOWM * * * * *  I

p |
c • A J>jJ__

»*» Ml m  ; ft Mi Mf S MM £ . Ml m I t

Ml m M» | ■ m l Ml •  'V: Ml ft. f  ft:- m I f j j g l

■m Ml Mi | n» «M ft 1 KM M* 9* «M

m  1 Mf Mi m m  1 * Ml » m « i | |

m DM m *w | M i ; -ft ft * ft Ml | * ! § j | | ! Mi

j m m f § | j t i -  Mt Ml . |  MM |  m M» 1 Mi |

i «M ft H M «M * •■■ • *  { |M  | ttc m £

. m i M : M M ■f ft; I M S ft M l; Mft i l M |

4,C. •
k c  • a** —fMi o C f t t m ,

. . . . . . . . . . W W H P U I W , , . . . . . . . . . . . . .
;  i F  i :  H ■ • : " i  p  i  ! • •  i



1%

tl» «*» mwtlH >t»WW4 * »#• «l *M**»•♦ 4*4 If4*t §
*44* itMfMtMtr* ft^M iil»M «« * f f  H I  C H f  I  f t /t

■ v -<§** HI 4 4»t It* ill/* MIWIW* «IWy. ft# It #/• «KI«t m4<«H 
m l  r*l4«tt« h H m *» H u  * * «  «#ftifelifcMO»

I i h Ii * #1 (»•«« *# *Aiwy* ( I  C •»« I f )  H m H
I  t*t* «l H tH M H  H h  •# v«l«r*VM M M I «U+y*.
V*)«*« «| H* |f*̂ *NI*f*4 4«N )H« *H# **4 HI C H f l«
l l |  M l  i t  * / •

t * « H | H t  U U f tH  m u I m m i  t i  Ih *4 i  M r* 4 t l »  H  * / t  I t  
• t f l M I  I fH H M M  lr*4U««4. Om  H  I t*  r « M I M I | t w  * * «  U H t l  l U I C  
«Mi 1*4*4 Ml It* grip* H  •  *»*«•• <1 H , m  f* l. a

ef • #, I  •  !•*  #•* l*» it*  ***4*l+$ <*«• f t*
M tM l I f H U M t » tU  H  I t t l H  *1 H I C

F w ur*  » « * i  w ill mmU 4« l*M 4U  U M l M H * v*  M l  M m
t y Ml **4*f l« iM tn M M  I w t i l l i f i  M r**|U « *«4 Ym k i * •  M * til« i.

ft*  *i (Mt H KM. r«i»ir*ci«H wilt t# m lm i l  «I*H wilt M dM Hl) 
pr«p*riy  t**U .

UM M *i*u*i <4 It*  T*«oU* TMMUHIH* l» Al#t* MfWUH

Tt# UftUl* ( tH H ilH  m itp t*  MiM M ) U H i* | *tu4i#4 M l«*r« HUM 
«HM It* t***)*H !A |M « U I |  It* Ml M M lH tC ll pr«f*
* m « i H it*  f i t  tatty  #1 *****

TM M*4| *1 m«t*4l«*|r«^tic »IUU*4 m  I tiM M  I* v iri** i
fUilM  *•*•!•* «4 M*M« t t  t « I t  F , (H i 400 f  i i  t*Ufcg ft«4l

M l t i tc M H  MUr*M*y)f U <lM |**» *r« b*tng «m pl*|rtl l« *t«*4y It* 
•**(«<• 4ft*fm *it«« (M rk i» |i, *|»f»«rt |*  Im lt«  p nm *fy m *it-
**M*m l*i yi«MU 4*(*r«»MiM *l mi*w>* 40 f »*4 It F. Al 11 ¥ ,  miay •*•**
•I It* tp+itm** ******* r«|i**« w t u t  t r t  i * | |« i l lv t  «*l y*hU>
«Urly M r«UUv«ly U tg t vil««i «f fIi m u  «ir#ft». »uw« it*  tt* k m | y«M *u 
l i  cM M H rH  M H u lly  l« in * *  (rwn i  tlip  proc***, «p«< im««i* * « rt y u .  
y * r t l  H i t Mw»»*UM w ilt it*  fU <ir«* m um lO pO * tw rto t#  ir tc m g i l iv e
H*» #t**r**4 Witt It* tlM lfM  mU MWttjM w t u t  K * V *  b*** Hi«li(i«4 •»
(im  illy , «mM v tcitU  w ilt lt|fcl*micto*c#py i*it»»Hu«*,

L. L. M«tH h 4 G. It. tU*M*g

S i -



I t t o  *1 ,*W I  ; !
«Im« I  h ik f  to r*  t*MUtt*r4|r j

ft* toft tr ip  MM«4« ft*4 t* n u 4 » » * w «  * h f  H « m tu r«  to '4 « » «  «t IIm »•*«*• J 
M |  M l i t  •* 4««4ift| * i  »* U tg f  |r« i* »  %4t
vfftMKlk «U I to  oto H ftoft ^  iM » ftl« « | l l  tM  rt|t<M  «< IW 4 I  ,
I > | | |  44Hu%UM  n « t o t o *  * i i )  i to *  to  om ptoyto |»  K t u m i M  il w u ti  
f w u i u t  * u l« ft« «  «4 fciftfctat <*» to  tot*UMNi« v

A, K. Ilftfin fftr, t .  U  M i n i ,  *«4 0 ,  It*

f  to  M * m l  I tu iiM  ol i u m m i  ift toimg **to4«ft u  t o n  «*«•* i t o i
•to filiftnm nnift tov* to m  **« n to 4  ito  » ,m i* iM i« t t4  m ourn  4
»*i» t o t o m i ,  |

f  t o  I f i t i im  ol t ) | t o >  t o  t o * . i i « » i l N  %*•« «*( *r«i>utm to *
t o »  • •  t  t o u m  ml fttM i il»»r Ito  ri|M 4 t|f(U 4 U w «  o r rrm a* * |
«I  H u t u  I t o .  U  i l l  ( • • « • (  I to  tfttftttol I t u i i t o  to t  ****** I m t i r l i
mitli I to  l i i i i r u l M  4  IU M f i «4u m i » |  ft r m u i U r  ( t l * u u o n  prw t««».

t t o  tmtfttAftl i r i d i t o  ml t o i > # M « i lN  %••«**( i n m tu n  4 * t i i |  •U » u r  
i«**U« tttoftftt*** t o t  t o *  f t t to ito  •! I t l f t r t o  | f » f * t m i t i  t o  ito  ft*Mt|»i*K 
to# t o n  Immto !•  i f t tm ic  %• ito  p o n to  4  ito  im ilU luift *r* n i M i ,  TM» 
!• iftU»|»rot*4 •*  Ito  fftftftll ml ft ftr#ft**t n m t o  ol i * i * .W t o « r y  r t l i i i l iw *  
•to* ft p*r ly t i c  •»  i to  y i i t o  ito r*ft«t» «M  y r « m  Ito i ito  4*mym«
II ftftl ft l ft t l ly «n«U »tu 4* «*«««* ,

( • M t - W t o i r y  m otto* to ft to««  « l i « r t o  t o o  i to  two »ouo|»« •»»«! 
toft toft*  pft*Mogr*pft*ft. l« y « rM M 4 * l •  ftftl ** i to  |» r»)m i toft ito*  too*
•  am y lti« 4  ftftl ft I f t f u 4  r t |w n  i» toinft pr •»»»»**! v l u h  mill ftt»« rito  ito  
fcftftlift m  fto itil.

F .  A. Aoagfc, A. / .  ttooor* 4 . A. L 4 i y ,  ft to  J , A. D«M|

T to  fty ttfin  « iriftu im *uiftiu ftjii«m 4 |to t , l^m  H  t o o  i* v m U |« iiui» to
I f t t r m iM  tto  n l iU M il t iy i  ! * ! • • • *  Ito  i * l t r m r l u u  y f t t i t i  tuft t to  *at*M 
cl I to  ftmlfttolily ot tto** pH****.

W ork t i »  imtlftlftft thlft m onth, A *iuft> ol i to  Aififtitc* ol ir iM tto rM i*  
ll Oft ol g*mm« uroimtm lo « lp to  u rm u m  pU* f t t lu  • •  « I urn turn of l i t« m om
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ionteat tu »  b f t n  K«rt«4. Sam pU s «r<r« pr»p*rtd  and t M i u l t d  t t  WO C for 
two hours , then water q«*n. bed. f u t t lM r  p repcrriion*  *?e now complete lor 
i r m » lo r m i» |  th e a t  i t  W OC lor v t n w i  period* of lim e.

X*r«y r f iu l l*  on sample • l r * « u 4  at TOO C in I b t  u ran ium , tits tuum - 
*jf*l«m i M u i t t  M ctunuv* three-ph*** region «kh(» con* 

m t l » |  ol | i m m i  v rcM o n , m w lyW rium , *n4 UgTi. Additional data m i l  be 
obtained to  t im b e r  d t l in r  th is  p K a it  region.

J .  E . Reynold*, J .  B .  M elehan, H. R. Ogden, and R. 1. Ja ile r

The sim ulated  single, a sperf ty  bonding i i u d i t i  on gold and the 
nut ( r a t io n -en d .  growth studies ol thr bonding operation tiling p i r t  s ilver 
•p tu m v f l i  p r e s s e d  in s tored  die* have been continued.

Tbe to r  atonal balance ha* now been in »t ailed tn the be ll- ja r  vac worn 
s )» tem . Magnetic coupling through the b e ll . ja r  wall i t  being used to activate  
the to ra lona l m em ber (or bonding and breaking. Thirty  needle-point bonding 
teata a re  to  be conducted during  tbe neat period to ebeeb  reproducibility.

Tbe e lec tro n  m u ro a c o p e  ia being utiliaed in an e l lo r t  to identity bonded 
and unbonded a ren a  la a a ilver  specim en I rum the nuc te at ion-and-growth 
•todies. The surface and profile*  of the gold needle* a lso  a re  being studied 
with tbe e le c t ro n  m icroscope.

A Fundamental investigation  ol Em brittlem ent m Zirconium

The objective ol th is  investigation ta to study the s lip .l ine  and twinning 
s tru c tu re  ol deform ed a lrco m u m  in o rder to de te rm ine  why hydrogen lower* 
the im pact atrength  of alow -cooled sample* aa co m p ared  with that ol quenched 
•am plea.

Tbe m a jo r  difference tn tbe deformation s t ru c tu re  between tensile  
•amplea s tra ined  at alow velocity and at impact velocity la the much g re a te r  
iiu idem * ol twinning in the sam p le s  strained at im pact velocity. During 
Ibia investigation  two aeta of sam ple*  with quite d ifferen t grain s isea  w ere  
inadvertently  p repared . The incidence of twinning in two sam ples of 
d idv ren t g ra m  s i te  s tra ined  a t Impact veloi ity was considerably  lower In 
tbe l in e r  g ra m  sam plr. It w as tnpecled  then that the hydrogen

Studj ol Hooding fundam entals

C, M. 5c h w arta  and A. F .  Young
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in the  alow *i ouled c a m p l e * ,  which i untaift  t h e  h y d r i d e , i* ev iden t  t r u m  t h i t  
d e l e .  1 hr  cam ple*  u » r d  in t h r e e  t ea t*  w e r e  Hat  »arnplr» p r # p * r « 4  !n>ti« 
r o l l e d  *heet.  I he v a m p i r e  had  l / 4 - l n .  gage l e n g t h  and 0. £ $ •  t»> o l»»u . m.
* r u t *  ar t  turn. IKr ini i d e r u r  «»l IwiniuhK v r r t y *  vli|i mey »»• t«*t t t 4  tit tfel 
(la! - a m p l e *  by a p r e l e r r e t i  or  »r Ha t  ion id l he g r a i n *  in the *****1*4 v h t r l .  
T o t  thiv r*a*on ,  and  a l t o  b r t a u c r  (he e lo n g a t io n  and r r d u ,  ti,*n »• * r e a  , an 
be  m e a t u r e d  m o r e  U  • o r  a i r l y  in round - a n p l r v ,  ' h e  v! |«i  t o |  g r a i n  »i *e Oft 
h y d r o g e n  e m b r i t t l e m e n t  wi l l  probably be i n v e v t ig a t e d  in round  * a m p i r » .

E x a m in a t io n  ol (ra« t u r r d  cample*  u n d e r  the light inn r.*». %»pe r ev e a l*  
1 r a t  ha  along h y d r id e  n e e d l e * ,  p a r t i c u l a r l y  w h e r e  l e t i a - a h ap rd  tw in*  t e r  m i .  
n a t e  on hydr ide  n e e d le * .  P h o t o g r a p h *  have  b e e n  t a b e n  to  do, t m m t  the 
e v id e n c e .  A c a r e f u l  r a a m i n a t i o n  will  br  m a d e  in  the e l r ,  tr.»i. n . | |  r,.%,iKp* 
ol t h e  d e fo r m e d  a u r f a t  c»  with p a r t i c u l a r  a t t e n t i o n  be ing  paid to  a r e a *  
a d j a t  ent to  the  t ip* o l  l r n » « a h a p r d  twin*  t o  t r y  to  d e t e r m i n e  w h e t h e r
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there i t  tome mode of a tre ia  relief which is inoperative when twins term i
nate on hydride needles.

Solid-State Studies of Thorium and Uranium Alloys 

A. E. Austin and C, M. Schwarts

The thorium -rich end of the thorium-uranium phase diagram  ts being 
studied. The effect of oxygen contamination is being sought.

High-temperature X-ray diffraction studies were started  with a sample 
of iodide thorium. The specimen had appreciable thorium oxide in addition 
to face-centered cubic thorium. Above a 1425 C apparent tcm peraturti a 
new phase started to form. Above 1500 C, both thorium oxide and face- 
centered thorium had disappeared. The new phase has not bean identified.
Its stability at lower tem peratures is being studied. It is planned to examine 
thorium-uranium alloys up to 5 w/o uranium. Emissivity measurements 
will be made to determine true specimen tem peratures.

Oxidation-Resistant Niobium Alloys

W, D. Klopp, J . E. Reynolds, C. T. Sims, and R. 1. Jaffee

A study is being conducted to determine the effectiveness of various 
alloying additions in increasing the oxidation and contamination resistance of 
niobium-base alloys.

Air-oxidation ra tes have been determined t n alloys of niobium con
taining tungsten and vanadium in addition to the rates already established for 
alloys with titanium, airconium, molybdenum, and chromium. The oxida
tion rates for the new alloys are given in Table 1-4. Tungsten additions of 
5 and 10 a/o were slightly beneficial, but the rate increased for 25 a/o 
tungsten. Additions of vanadium, particularly  5 and 10 a /o , increased the 
oxidation resistance of niobium. The degree of improvement was of the 
same order as that afforded by the addition of 5 a /o  molybdenum. Thus, of 
the eight alloying system s studied so for, four alloys (titanium, vanadium, 
molybdenum, and chromium) have been found to improve the oxidation re 
sistance of niobium, Titanium is the most beneficial of the four.

CONFIDENTIAL ,»■■■» f  1 *1 * « »• « » . . . . . .  * > • !••• I * » •* « • • • » •  f t *  * *
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TABU 1-4. ABt-OXIDATION M T I*  K *  NIOBIUM TUNG ST IN AND NUBHOM VANADIUM ALUM fc

CumpMIctoe (Bslsncr 
Niobium), »/« VltN, Sg/mm3

iHMattea fete, ing/|tm*)/(fes!, 
st T tm a i i is c .  t

C*'** ' M l  I'H

IW IH «i

MV lift i . t ia .a M

low m L t n at

BBW ate M M at

IV 114 M 4.1 « M

av ISO 1*4 4.0

iov i n a. at 0.1 *.fc

» v 1M 0.1 tw

loeNb M 84 ia ,i

As »K«mn in Table 1-4, additional daU have been obtained (or the a i r  
oatdation of p u re  niobium caponed aa control specim ens with the alloy*, Tbe 
oxidation ra te  appeara  to be Icaa at 1000 C than al 800 C, a se r ie s  of teat* 
ha % confirm ed thla reault and the  effect la being studied fu r ther , Oxidation 
tcata on spec im ens  of a different geom etry will be cundue ted to eatabliab a 
m ore a u  u ra te  control ra te ,

P rep a ra t io n  of the 4b binary alloya by a rc  m elting  haa been com pleted, 
A aerie* of te rn a ry  alloya i» now being prepared  In the tam e m anner a* Ihv 
• e n e a  of b inary  alloya. The composition* of these  alloya a re  tabulated 
below,

NKMaatt.l a/e mini—i»lf,B s/e d an N a , ageaatsm, u a d M  
N i a i w l l  i / «  i i u s l w l  i / i  a d /M iM m , iM d t a i
NtoMwn-9) S/o ilualwm-7 i f  loos, csbsfc, sk*«l 
M oM aidt «/• t III Maw I i f  sUmiftwn, dtkas

NUMsm-lt.l s /e  ctoam lm nll.l « /• iinonisn, iM Utm  
NSMmdO < /•  c la m lm * t • / •  twsgewa, m i g w i
Kiobiwftt-34 «/• cteonMum-l s /e  <tumlmim, nttcea

s /s  melyMbnmwa s /s  isagusa vsasdleac 
NbM m d s/e  welyMcaum«lt,8 */e iinulsw 
NtuMan-l s/o m«lyh4«autn*i , /*  slumlnem, itlUoa.
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In addition, three new binary alloys containing 51 a /o  titanium, s ir -  
contum, or chromium a r t  being prepared to eatend the composition range 
(or theee eyatevna, All o( these alloy* wilt be exposed to air-oxidation tea ts .

Two m ore gas-metal reactions have been conducted lor pure niobium 
in the modified Sievert* apparatus. The oxidation ra te  of niobium in pure 
dry oxygen at 1100 C was determined as 0.110 ml/(cm*)(mtn)l 71,1 mg/(cm*) 
(h r)). This rate (alia very close to the straight curve established by the 600, 
100, and 1000 C data on an Arrhenius-type plot of the oxidation rate versus 
the inverse absolute tem perature. The mode of oxidation may undergo a 
change between 1100 and 1200 C, since the 1100 C rate is much higher than 
expected from  the 600 to 1100 C data.

The oxidation of pure niobium In dry air at 000 C was also measured 
in the Sieverts apparatus. The gas-solid reaction occurred  in a parabotu 
manner according to the equation x* • 0.446t*. This is significantly 
dtf(erent behavior from the dry oxygen-niobium reaction at 100 C, which 
occurs in a linear manner. This difference will be studied and evaluated 
more completely In the future.

Alloy oxidation tests In air a re  currently being conducted on binary 
alloys of niobium with tantalum, aluminum, and iron. These studies with 
other binaries end the ternary alloys tisisd above will continue. Studies of 
the reactions between pure niobium and oxygsn and a ir will also continue.

The reactions of uranium and uranium alloys with hydrogen are being 
Investigated. The reactions a re  being made under Ibe conditions that p .pQ 
Is a constant, where p Is ths system  pressure and p0 is  the dissociation 
p rsssu rs of the uranium hydrids.

Equilibrium studies were made of a uranium -5 w /o chromium alloy 
with hydrogen in the range 240 to 450 C to dstsrm lne the dissociation p re s
sure, po, of ths hydride, Ths dais can be expressed by the equation:

This equation is being used to calculate values (or pQ at lowsr tem peratures 
where equilibrium is very slowly attainsd.

Uranlum-Hydroien Reactions

M. W. Mallett and W. M. Albrecht

( » )

S  rn ml (Ht «m‘ . i  •  mlnutci.
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Ifca data •  bowed tactilen t i|r« « iM M  with (he linear rale taw t i le r  im iiil 
deviation*. Additional rate dale a r t  being obtained.
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study uC Hydride*

M . * .  Mall t i l  and M. J. f —« » >

A fundamental Hedy »f hydride* | |  in progre** am) fa< tore alleging  
A *  thermal stability ol melal hydrides need in moderator and shielding 
application* are being evaluated, Al present, variation, m htgb-temperaiurr 
N || valuta o4 different airconium alley hydride* are being measured a t a 
fum non al the variant alloying tonstiiuents. (NM • number « | hydrogen 
atom* t>er cm* a !§ * < • , )

Determination* si Ng salute of four a in  onium alloy hydride* ha>r 
been made la the tenspureturt range I TOC 10  4100 I*.

N|| value• at 1000 to IbOO V for lhe*r
alloys had been reported earlier,

th e  NH value* from 1000 to H 00 r  for the four atriomum alloy*
a n  ItM rd  in

r this 1*0, N || valuta for pur* airconium are also listed in the lab lr lor i»mi. 
pari sou. The data ik t e  that lifeaddition of niobium to airconium r t  guild la 
unusual behavior. That is , niobium, a moaohydridr (orntrr at room tcrtw 
pcrature, when added lo airconium c suets a m a r k « d 4 |U t i i r  in N|« above 
1400 f . On thr*Mger hand, molybdenum, manganese, and chromium, which
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»r* eoohydrtOe form er* at roofn^Nfifvrftluri! have lu iir  or nu adverse 
effect on N || above 1600 I* when a d d e d  to airconium.
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The a lf<©mum- molybdenum ly it tm  H f t i n  in u re» tlii | in lin t below 
1600 r lh« Nh value I t  eubatenttelly lower than that for pure airtomum. 
From about 1650 f  to About l HO f ,  the N || value ot the alloy em eeda that 
of pure aircoatum . Above IHO t  the N»< values for the alloy a r t  e steal tally 
the tame aa those (or yore air com urn. THte interesting ay atom warrants 
further study. Consequently, another alloy o( different concent ration la 
being prepared lo r hydrtdlng •* *h« elevated tempe rata res.
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