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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency Thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal
liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein
do not necessarily state or reflect those of the United States
Government or any agency thereof.
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' 1 ‘ k , 3 :
I 3ok = HMotelluegy of Tuballoy snd its Alleyae. , o ‘

Purs Uetels - Heterial doposited on Wis inwer wall of an svacuated quards tube during
the eunealing of purs tudnlloy metal et 2000°C was identified ae Tuly and TuSiys

Paballoy-Columbiun Alloyss During this waek, the 2" dlamsier water-sooled coppsr mold
B vsed TOF CHSTANg of tubslloy-columbium alloyse - 4 4% eolumbium billet was succca=
fully cast at 1400°C, btut on attompt to cast a 8% columbivm billet f£niled bosause of ine
ebilivy Yo powr the melt due Yo stopper rod failuwre, in attempt to cast a 200 1bo
reiling billet of 2% columbiuvne~tuvballey failed becaumse tho chearge could not bo heated
sufficiontly by direct inductione Hersafter, refractory oride orucibles used in the
threo-hundred pound mienrie furmecs will be placed inside graphite inductor shellss

The ret3s of traasformetion of single (¥ ) phass low (2, 2, 4, oend 6.5) porsont Cole
umbiug alioys atl &00°C wore studied. Samples ussd had provicusly begn homogenized; ree .
erystalilsed, and quonched from 1000"Ce Afbor tho troeatiuenit at 600°C the samplos wereo
polished, elzciro=etched in HgF0,- solution and cxamived under polarized light to obe
2erys the cxtent of tramsformatiore In goneral the rates of twansformstion were faster -
'dj’m&n onpseteds I ell the alloys transforcation was well beguwm after 15 minutes
wepperencly eonplote. in tho 1% alloy), ond slmost, if not, compléete after ome houro The
2y 4, and . 6.5% alloys tromsformsd at approximately the sems rates, ylelding graive of

-

alpha tubailoy and very fine two~phase rogiors as. wensformation productsa-

Exporiments havs been conducted in en effort to arrive at a satisfactory toohnique for
high tomperatnire hoat treatments of columbiuz elloys for X-rey diffraction snalyeise
Rods filed out of the ingut soctiocns, ernd povders of the 8% alloy were wscde The fellowe
ing observationu hove bren wmede afisr hoet treating at 100;0003- :

\

Lo Adthough high vacuum (bleck diccharge) was used, Tulp was deposited on all quarts
tubes end was also fowd on the spaeimmse ‘ : ' :

2s Rods heat ireated unprotected. de quarits tubes, end also those run im Columbium foil
end Bel protecting orucibles seemed 4o lose tudalloy, the high anglo lines being
diffuse and noticeably shiftod toward the purs columbium positions with Inegreasing
tire of heat treatmenie ’ o ‘ ) ~ e :

8s Rods host treated in prosective tuballoy eylinders gave sharp high angle ‘lines ‘
whlch remin constant ia position with inerensing time of hoat treatment. These , '
rods efter treatment, olthough brightest, nave & meitallio appoaring ‘Tuﬁz' 862lse

4o Pomder treated inm protective Ta cylinders show diffuse linese

qix@m:h@d in

Qe ey e A
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A rod filed from s 1F dugot was heat tweeted at 6906°C for 16 hours and
wevere Oaly the alpha tuballoy patiern appoars
j o ;y"lih z’ﬂ"u alloy patt E}})
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 ‘popsile and hot compression i£5%ts were Fum oo apocimens cut frow the fmoes cast thoriwn
. billet Noo A=39¢ The picce of meted Irom whish ths speciznenc were cut appeared Vo bo

The tensile strengths of two standard 5/?.6“ gonailo spocinvns wore 37,000 end 34,000

1bs/6geine The spooimen which exhibiied the ewer strength hnd & porvous sipdciure and
soempd to contalm ap wusvelly lrge qusnitity of inmclusionss Tho -37,000 lb/sqqi.n fige=
ure corresponds to the resulic obiained on o. mugber of oither tensilo toste which have

boen rupr on Axes cast fhoriume

. morium-Beryllium Alloyas Corrosion rssults of clloys s &5 cash, in boiling wator ezt

Co { 50

ares ~ , f )
o : ¥ominal Composition ‘Hourg in Tes¢ - Weight "Ch%zwa Hote .
t Wto % Be 4 o - ‘ e (rxgg&m“ﬁmm'}
0.4 ‘ 112 0,008
0,9 ' 132 0,008
1.6 (melt propared im Be0 1312, - 00002
xible) - :
1.6 (i2lt prepered in N T 0,002
graphite xible) = o
26 R I 04002
Thorivm~Coriun Alloyss Thorium~eerivm alloys. containing &0.1; 37.0, 67.8, and 8441

. 80, 50, 70, and 90 aty 5 ecérium) bave been propared and ﬁemi.n.oda' The alloys
_ were easily made under argon and lhere appoars to he complete solubility ia both liquid

and solid statese Tho microsiru otures consist of exiremely cored dendrives with lcw
molting impurities botween the dendritesy The olleys cre soft buy inbergremular orack-

ing causes low ductilitys Hot working e limited by suseep:ibiiity to exidatione “he

alloys will be homogenized %o eliminsato coring exd furither sold woriing tosto will be

- wadee

Thoriuwm-Iron Allo ' ss Filings of tne 5.5% Fe alloy were andazled fer

jum, Iines supposedly of o thorlumeircn compound are also prefcnte

water tost arss

Nominal Composition  Hours in Test Wss Chasge Rate .
Wee % Si - e : : (zgg/c:ﬁ'?/ﬁou?} -
150 R T -
2.0 . S ne 0,002
4.3 112 . 00002

!

MM S.1 = Metallurpy of Boryllium sad its alloys

: one week at 7239¢C
and water quenchede IThe diffracstien patismn ipdicetos some solubilily of iron in thore

' Corrosion results of alloys, os cact, im bolllng diotllles

Thor ium-Berylliu~Silicon Allo,xsc Lpprozimate corrgsion rato loss of tho 1% Be, 0.6%
§1 ailoy in boiling distiiled water wms 04003} mg/em‘/ﬁmar efior 112 hours in toste

Pure Motols Two beryllium extruelops of 4 4o 3 rediction woro éxamiped for reorysinle
1igacione One vas oxteudod el a ram spzed of o026 .i.fa/se.(:o end the cthior et Z2:76€ indsece

Feithor camplo chiowod recrystalliszetions both sumplos wers badly erackds
. = 7 o ) . ‘ :
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.- Teballoy-Zireonium Al@_g;mé Thermrl analyscs merec wude on twe spseimens of 30 ate ¥

.. ‘Ghreonivme Ho eomclusionn could b3 made {rom e rosultsg oither incomplete mixing or
. acnceatratios gradienlts ere suepectode This work ic continvings i .

" Tuba Yoy -CodumbivemZirconiwa LKiloyss In order Yo chetk the degres of gemma stability
TRae 6 Tro8 b eonpoaiticn, whon originally showed a feather-like stwustuwre in the
graip bomdiriss when homogenized apd water quonch from 1000°C, o emall 6 Ze=2 Cb

sempic was réwguenched from 1000%, The Qifference i ceotion inorcagsed the quenching

¢ rate such that the gowma phose was retninods
.o Alsp, a vecheck on the 8 hour-850°¢ heat treatod aampies was earricd out (these had
- boun previocusly quenched from 1000°C end weve gomme phases) Previously the samples wero
water qusnched fron ihe \350" Legperaimz o howover; alr quenching allowed the gemma phase
. 0 sroncform, prvducing an impwvcass of 20-23 RC points for =1l compositiomse A somplete /
‘ - cowparative microe=strusture crsmination on samples quonched by alr end water will be '
” " ecomploted im the next weeko ‘ '
Hetollographic cxaminaiion of the semples trected for 266 hours ot 600 C showsd complete
traneformetlon for all compositicns, evidenced by a lsmollar type of precipitation
gherecueristic of am gutectoide . : :
Corrosion rezults of the alloys in beillng dlatilled water test ares \
Woniral Compogition - . Wto Chaggg Rato {mg/ont/hr)
R i . TTTER o8
2 2 : 000004 000008~
4 2 060008 060002
- -8 2 00000 00,0006
2 & 0.0006 - : " 00007
' & 4 00,0008 . 0,0006
P ‘ 2 6 0.0003 . 000001

sh-Hent tremtments 256 hours at 850°C end slow water quenchs 446 hours iz tosto
sBeHent trecimeats 256 howrs ot 725°C and slow watsr quenchs 446 hours im testo

/

EM 20} ~ Motrnllurgy of 'Therigm epd ite Allovys

e
. i ~
Pure Yetals Static Hod Wire=lstal prodaced from Westinghouss crude thorium, samples
Lelare and afver working and eamseling, was sbnltted for chemical analyeiso The tote
al production for the woek was Ho516 grems, all fron Vestinghouse erude meterialo
Carbnn enalyses of hot wire motal produced from Awes thorium was: 2«4 and 2,5 ppRo

|

|

‘. “Plow Hot ‘iirerTwo sucecssful runs produced (o8 grama aud 0.5 grams of therium cache

| K The formsr was with the stopeock between the mereury diffusion pump and the syetem
‘ ‘ barely open and the latter wiih the stopeock. wide opene The flow systen is now being
‘ somplately revawpedo ' '

Flow Hot Tube - Using &n alumdim insert two esporironts produced 1035 grams and 1048
 grezes of a britile metallic appoaring mesoriale Xerey analyses gave a good ThO, pat=
- torn with one oxiva lne. Purther experimente will bs conducted using e beryllia lined
alundum tubes Tarsd thoriwn ozbrusiocrs, cne 16 to 1 reduction end two 4 Yo 1 reduetion,
all extruded at Terying veuperatures, were cwamineds The metal ecntaimaed a large
awmount of imclucion and foreign siruclurse AS yot no satisfactory polieh has beop
: ebsained %o detornine roorystelliigatione | : ' . L

C oW,

A light-brova product formed by the acticn of amyydrous HCL im sbsoluto alcohol om
thoriuh vas found to give the sdme dlffrastion patieran as white ThOy snd the warious’
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MY 40} « Metdllurgy of Oiher Metals and Alloys : .

Statie vests on low esrbon stosl, modiuam oarbon gteel, 18-8 steinless stesl, and 6%

golumb ivn-tvballoy alloy ia liquid sodiuvm a% 500°C were started on Mareh 10th. Tho

semplies will be removed from the test and sxemined on Mareoh 16the A similar tect on
aluminum in molten sodiwm ab 300°C was started on March 13the S

Fature work on this problem will be dirceved toward mors quentitative tosts at higher
touting temperatures in 1ligquid sodimm g¢sseantially free from sodium oxidse

B 6,1 = Elgotroplating and Other Coatings

. Prevreniment of Theriums Wo work was dore on this probklem during the past weeko

Columbiwa Platings  An atlempt was made to produce a columbiwm compound of iatere
meaints valeaco by the reduction of penbovalent columblium with metallic megresiwm ia
dilute ecid solutions Scme reduction probably oscurred as indicated by the change im
color of the solutione Isolation of the reduced compoumd was not sussessfule :

A Pused melt conslsting of equal parts by weight of 1iCl and KC1 (meltimg polat 2400°C)
was prepareds Tho eleotrolyiic conductivity of this melt is very gocde A columbium
anodo correded very roadily with the fomation of & light colored imsoluble maberial
which permeated the melte A low meliing substanse, possibly em alloy of L3 and Cu,
formed at the copper cathode and dropped off into the bathe After electrolyning for

o shorts *iwme & piece of irom was substituted for the coppero Continuing the cleetroly-
sis leod to the depositica of copper on the irom cathodee Fo columbium was depoaiteds

Boryliium Platings A rolled stoold handle was tried as & support for slugse The slug
Tod nos Foll off durivg plating (745°C) but ovidence of detorioration of the stzele
tuballoy juncticn wos notsde A coppsr hendle failed after e fow minutes at.916°C. The
uge of 3120 m31 tungsten wire is belang investigateds ‘ ..

Cursory experiments on the corrosicn of extruded - bers*ynﬁ.im rod in the beryllivam
plebing bath, the latter being mainiained et a dull red heat, produced the following
rosultssg . . : .

1o An aren of roughly 2/3 sGs ir of Be lost 13,2 mgs. im 30 mintues. CGassing was
observed at the Be surfzce and a loose, black powder formed on the surface of
the metale '

20 Anodic corrosica of Bs {copper coihode) shewed an apparent snode officiency of
155%. Goscing was observed st bhoih cleotrodes and & biack powder formed on the
Bs gurfeceq R
§ , ' .
Beryllium oxyfiucride softvens but does not.mélt. as the temperature is reis¢d; thus the
use of this selt alone is not satisfactory for pleting purposess The furnaece being
used for the beryllium plating work wes demaged vhen some of the melt spilled out of
the grarhite erucible end camo im ccntact with the alundum furnace sgres This ace-
i1dent held up work on this problem during the past woeko :

A % Weslug was Beeplated in the gemme rangeo The plate was disgontinuous but in pleces
whero there was plate the thickness vee consistontly 0.3 milse There wae a derk line
at the interfacee The borylliwa iteelf was fairly cleane Ho diffusion of berylliwm
into tuballoy sould be doltecteds }'\\t

A cecond  W-slug was plated in the elpha repge. Thers was very little plate founds
Vhere there was plate the thlckesss renged from 0005 %o 0ol mils end there was & very
heavy dark line at the interfaess -, ‘
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MM 7 ~ Servieo

1o

2o

3o

4o

Sa

Two ilver soatod glass tubes were platad with copper for Dre Shey in K orsoies

Pwo 2" rods of thorium WBro plated wits 0.008" of copper for He Botake of Wha

. Pabrieation Seationo

..

Two coppsr eloetrical connoCcuOTs wore silver plated for no Qloctriciings

A brass counter chawber was plaied with copper cnd anowhor wGo platinve plated
for Miss Burln of ths Imstrumenic Se hione

A piecs of titanium wa3 COPPOY plated for Joe lane of the X-vny §rOvDe

. -
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E.W,.Brugmang, Section Chief

: Corrosion Section Report for Week Ending March 14,1945
Active Persomnel as of Nareh 14, 1945 b3
' Acadenic 18
. Non~acadenic : 12
o Transfers in ’ 0
" Ppansfers out (Wilma Potts, Tobbie Zion) 2
¢ MM 1.2 = Tuballoy and Alloys

) The following tests on tuballoy elloys were xun in boiling disbtilled

) water. All samples had been hot rolled and then heat tresbed Hwo hours at
850°C, followed by a water quench (beat treatment No,1). Dsba tn tke 4% Cb
alloy, especially et the shory exposure times, are considered o be less
reliable than the others. '

‘ Uneertainty in - Average raue
Mominal Teight loss due %o Time of metal Loss
Composi- .Jeight of Cleaning Frocedure ou Trom stgry of
Alloy tion by letal Los% Eatimated from clean- Test west
No. Teight (erams)  (mg/em”) ing curve (mg) hrs  mg/en” /ur
1,1 6% Cb 7.3 0,58 24.(3) 193 0.008=£0.00%
1,2 4% Cb 4.6 0.48  not determined(2) 24  0.02
' 9.5 0.96 not determined(2) . 48 0,98
7.3 0,72 ot deﬁer'-;’%led.(z) 102,5 0,007
1,3 2% Cb 1.4 0,17 . 0.1l 24 0,007
2,1 0 24 0,143) 48 0.003
11.5 1,54 0.4!3 161 04007

1) Cleaned with 40% 03z ai 26YC

{2) Cleaned with 30% H0g at room tomperature, criterion of clean gample is
loss of colored film. )

(3) Cleaned with 25% M0z at room bemperaturd.

A speeimen of slloy 1,1 (6% Cb, heat treated Hwo hours at 850°C, Q)
was tested in a 1% solution of sodium chloride, hesbed in the stean autoclave
at 125 1ba/sq in. stean pressuye., The weight loss in one day wes 0.06 mg/em?
and in two days was 0,17 mg/cm? as dojermined on a specimes from which the
corrosion product was not removed., The weight loss measured in the Same way
on alloy 1,1 in distilled water in the autcclave under the same conditions
has been reported as 0,03 mpfem? (afier two dsys) and 0,00 ng/en® {afier
four days)o :

At 39C, 40% nitric acid gave a cicaning cuxve on a corroded speeimdn
of alley 1,1 in which, after a small but rapid initial loss, the rate of
weight loss continued to inerease with $ime for the five hours tested,

Alloy 1,2 under the same conditions showed a point of inflechion between
the slower axide removal (following rapid initial regebion) and the somee
. . what higher rate a which the very nearly clean metol went inte sclution.
In general the raie thought 1o be characterissic of the nearly elean meval
for the 6% and 4% columbium elloys scnotimes incresses with time and sometines
Rl
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does not. Alloy 1,1 c¢leaned in 10% nitric acid et a tvempersture of

84 = 2°C, also gave a cleaning curve with such a point of inflectich.
Neither type of cleaning curve is as valusble as the simple curve in waich
the rapid initial rate of weight loss decreases quite shayply to o distlcei-
ly smaller constant valueo

limits of unceriainty in the metal weight loss can ve deltermined
cbjectively in the case where a point of inflection i1a found {thouzh they
are wide in this case). In vhe ease where tlhe wate of weight ioss
continually increases, the decision gs 0 when the sample is c¢lzoan dopons

more upon the appearance of the sampie than on the actual cleaning curva.
More suitable c¢leaning ageuts are SCusb,.

MM 2.2 « Thorium and Alloys

o

An 813 hour test has been completcd on Thoriwm alleoy conteining 0.6%
tubslloy in aersted weter flowing et 20 fi¢fsec containing 80 ppn Gaft,
6 ppm Mpr™, 85 ppm SOF, 1 ppm CL~, - 5x10~5 ¥ ¥oOs af 70%C, pf 6.3, As we-
ported last wegk, the everage weighi change of the tivee tpelesncd speeimens
) was 17.5 mg/cmz/hr loss. Afterclemning, the sanples showed an aveli3e 2avo

of metel loss from the stary of 23.8 mg/en/br.

MM 3.2 - Bervilium and Alloys

. Beryllium exposed seven days in KaCl scluvicn asb 70PC and einospheric
pressure undergoes weight change (samplcs cleaned with 25% 03 at rLon
temperatures) as follows: .

ppn C1= In Oxygen Frae Solugion In Czyeen Saturaged Solusion
1 0,05 - 0,10 gaia 0,05 = Q055 goin
o 5 005 -~ 0,10 loss 5,03 = 0,04 loss
- 10 0,08 = 0,10 loas 0.05 = 0,07 loss
: ]_9000 . Oe08 L) 0.,09 1068 R 354:6 L ‘.1.:3"1'4.' lOSS
10,000 0oll «~ 0,13 loss 6.2 = 6.1 loze
20,000 & 9.0 =~ 9.5 loss -

I-.m 4}2 = Other lietals and Alloys

The upper temperature at whkich 25 gluminum cen be vsed in contzet with
-distilled wator is sesr 27C%C., Semples of bar stock viere exposed in cdeasrabed
distilled water in pyrex lired bomba, as indicatcd belouw:

. A ’E 3{- . 3 A-‘ ‘ * g
O Yoo oy e v LB
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Corresponding Saturated . o

Tempexature ‘seam Pressure Tino

(°c) (ibs/sg in) __(mcurs) . Remult
211 ‘ 281 18 Slight avtac:i:
215 306 16 Stight wiiack
219 330 , 14 Siigut cutacsk
27 813 ‘ 20  { Comploto )
302 1277 — 121 gisiwberzabion)
Aluminum in condaet with iven in dsiilied watcw for 'i‘.h...? rouw v
200%°C was only slipghily attocked. 'The Q:«':':.;Cv‘hu %0 which sillea rcarhed
from the pyrex bomb lirers has not beocn dotermined.

The amount of silicon in water boiled av 1009C inm & quaviz (vivescl)
flask is reduced when cluminum is preseni:

Time Quartz+llater Quartz +latord AL Alumirep
(hours) pH S0, ' (pue) pH SiGo {pom)  Ameryal
B ¢ 646 0.9 6.6 D5 4, 5580

24 T 6,9 l.4 6.8 . Qb C A4 LL003

41 .5 6.9 2.8 5.8 Q.7 & 081

59 . 6.9 5.6 Ge7 1.4 4, 4085

™ 6.7 10.5 6.6 2ed & 4055
110,5 70 12.4 €,9 3,0 4,6038

1275 7.1 14,3 2.0 R 4,4035

MM 9,2 = Survey Voltms

Fipst drafts of the tables on tuballoy zlloys Inve been prepored.

Analytical

The number ¢f soluvtion eonstitusnt determinaiticas pestoriild
analytical laboratory during the pash weel follows:

Tubaliloy and Alloys} Mii 1.2 7
Other Mefals and Alloys 131 4,2 200
Cthers . A

"Lm;al 244
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Fabricution Section
Aetive Persomnel as of 3/16/45
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MU 1.3 ~ Fabrication of Tuballoy ond its A1icve

Production of good epsilon rod by emrucn.on has not been cuccessful. ALttempis
at extrusion of epsilon on Wolverine's pross wers made on B 15, but inleornation
froa the trial is not available as yet. :

on the Medert ot Jocigm,

then 10 rmilc sms found.
rease in slug diamzter o
¥ five slugs sre bﬁing
mapped '

‘I‘he cast sluxs from N.B.S., after baing siralghtened
have beoen measured for warp; an average warp of less
The straightening operation also gave an average dee
5 1mils. Two slugs are being sec tioned longitudinall
machined in steps of twelve mils, each slug being &
eucl: cute . '

for defoots afber

lili 2.3 — Fabrication of Thorium and its A1loys

A section of = Th-Ce-Be alloy {22% Ce, 1.6% Be, 78.4% Tha) wag forged at rocn
teaperature, breuking aiter 1-2 light blows. .mLs alloy he&ted appreciably
during the hammering. A second section of this elloy wes forged at 80405

this piece broke after one hamuer bLlow. Turther forging on the brcken scctlonsg -
produced a shower -of upurkss and deep edge cracks in the muterial.

A comperative study of liestinghouse and fmes material is underway
ness, hot and cold rollinj, amealing, forging, sweging, and .co t
tolens B
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Extrusion of thoriuu billets into 5/4" and 1/29 rods wes acconplished ca the

liolverine press, but further ifafcrmation is not yet at hond.

M 3.3 = Fubrication of Beryllium snd its Allovs'

Attempts were made to swage extruded 1/27 wod at 1/0()0? through a 3/389 die.
Rods cracked badlyn :

A Be extrusion billet was eoppe1° plated with 2-5 mils of copge cated Lo
800°C, and extruded through.a €3G0 _./4“ die. Approxigatzly 5/4 of the billet
extruded before freczing in tho disg tie exr,md»d rod wus, smooth. Plating will
be investigated further, aos vopver cans uSl d to elley with Be at el%c;;ﬁ
temperatures, P
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Extrusion of varicus diometers of d at Wolverins,

btut data are not available.

Il 8,3 ~ Equipment

Continental Forge & Machinery Corpsay, Easc Chiccgn, illinols, hos agrsed o
machine the rcll blanks obtained from Joslyn to ocur drawings and gpecilicallons.
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