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SUMMARY

Raulti of tk* thoriua alloy
favtUpM it work iidicalt that carbon
is ¢ poteat hardening addition.
Additions of 0.21 carkns prodaca
threefold iocroaaaa is strength sithsat
aavere laaa af dactility. Baryllias
aad eaygea kava only aisor
skas addad to tksriss is aaouats is
the rasga foaad is ssraMi! Asms satarial.
Ckroaiua additions to tksriss prodncs
askataatial iscraaaos is strosgtk and
kardasss sad offar soon proaiao af
improving corrosion rasiataaca.

Marked diffaroacso in aackanical
prsportiaa kava kaaa obsarvad ia
la tkorisa oatradad at tao diffaraat
rotas of spood. Matorial oatradad
at a loo rota (1 ft/aia) kaa strength
ahast daaklo that af aaterial oatradad

at a foot rata <000 ft/aia). Bod
oatradad at tko also rata skooa a
majar (111) tartars with a niaor [110]
tasters. A aiagls [114] tartars ia
akoarrod ia aatarial oatradad at tks
foot rata.

Tks offset of elavated-teopereture
hast troatasat aa tka iapact strength
af tkariaa at raaa taapsrataro kaa
kaaa dataraiaad. A sharp treaaitiaa
ia iapact atroagtk has kaaa noted
ketoses eaaeels at teaperaturea froa
00 to 1100*C sad tkasa at 1200 to
10M"C; tko aatoirial treated at 1200*C
aad akara skaaed vary sack lover
iapact atroagtk.

laatkeraal recryetallitotiea carves
kava keea dataraiaad far 101 cold-
oarkad iodide aad Amos tkariaa. It
appears that the start of recrvstal-
liastiea occara at akoat 520 C far
tko Aaes thoriaa aad at event 510 C
for the iodide tkeriaai.

aa a

affacta

Sons preliminary, qualitative date
have keen oktaiaad ea paasikle ckaagea
ia diaMBsieaa aad kardaaaa of tkariaa
rasvit ef radiation daaege.

The aaaaiaatiaa ef alpka*eatraded
araaiaa reds ky the spherical a-ray*
diffraction technique kaa kaaa eon*
plated. The testarea are aaaaariaed
aad correlated vitk the fakricatiag
caaditioaa ef recryatal liaatiea. It
appears that tke recrystallisatiea
testare developed ia estraded araaiaa
red is dependent apes tke aede ef
iadactioa ef tke recryetallisatiea.

Tke Division kaa contributed cea*
saltation and nervier aasistaace te
tke Hoaegeaeovn Reactor Project ea
carresiea prohleaa, veldiag specifi-

cations, aad fabrication of HBE
safety platen. Tke cooperative eork
vitk tke Y-12 Nondestructive Test

Greap and tka OBNL Solid
Division on koaegaaaeaa
prekleaa. coatinaas. Pregrass kae
keea aade ia tke initial stages ef
iavastigatioaa ef titaai as aad sircaaiaa
fakricatien for applicatiea te heae-

geaeova reactors.

State
reactor

Tke teats ceadacted on these
brasiagj alleys} iaclada floe*
akility, corrosion, aad physical
properties. It van feaad that tka
401 Pd-40t Ni alley van tke hast
kratiag notarial te aie in contact
vitk flseride aiataraa. Additional

eaperiaeats have keea conducted on
caae-arc voiding teckasques te obtain
aa aaderatanding of tke variables of
this process. Seae work has been cob*
plated ea practical application of tke
casM-erc voiding technique to actual
fakricatien ef tke tube*te*keader
joints ia hast eacheagars.
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Aa tdiit ioril aethod far tke
product too af solid laal eleoeata kn
bees otadiod that iavoltot lease*
paodor sintering of araaiaa>*boariag
aixture to a ootid backlog plato. Tko
fallowing variables have booa investl!e
gated: aiatonag teaperatore, aia*
tariag tiao, fool coaponaat particle

res in taring,
aad wintering

ai«o, cold oorkiog and
aarfaco preparation,
oador lead.

Tko crystal stractaro af NiOON kaa
booa oorked oat by x-ray diffracttoa
aotkods. Tko aait coll is rbsMbakodral,
a e 7.17 X aad a « 22.14 degrees, aad
is believed to coataia tkraa foraala

caigbta. Vark kaa started aa tko
dotoraiaatiaa of tka crystal otractaro
of NaNiO,.

Tko apparatas for toa amplified
aotkoda af atadyiag dyaaaic cortaaiaa
booa dovalapad. Tkia agaipaaat
aaad aaccoasfally ia praliaiaary
toots far atadyiag tko antal-hydroxide
aaae*trar .for pkoaooMaea.

Tka aaia affart af tka Coraaic
Laberatary dariag tko peat quarter
kaa booa tko dasiga aad iaatallatioa
f aqaipaiaat. A raaoarck pregraa oaa
laid eat aad oork coaaoacad aa tko
ceraaic caatiag, kafaia, aad radiation*
daaago pkaaoo. Aa iavoatigatiaa af a
litkiaa-glaas diffasioa barrier oaa
started.

Tar tka dataraiaatiaa af ferre*
aagaotic areas ia aeaferreaagaetic
allays, tka aagaetic-otek aetkod kaa
booa aaad. Callaidal iron ic coated
aa tka speciaea aad a aagaotic field
ia aaad ta attract tko iraa to tko
ferreaagaetic areas. Hierescopix«
saaaiaatiea tkoa reveals tko affect*
ad areas.

Reliable tockaigooa have booa
dovalapad for claddiag pare araaiaa

oitk sirceaiaa by relliag. Tko
iapertaat factors of billot props*
I*. *k%k
o 3R

a a a
see a a aa
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eotkod of
toeiper*
re*

ratios, jacket deaige,
avacaotiaa aad aoaliag, relliag
otora, aad aaaaat of rodoctaoo

qairod have booa stodied.

Ureatoo caa bo beaded aetallurgi*
colly to sirceaiaa by bet relliag at
117S*F oitk a redactiea of 10 to |I.
Skoor atroagtks os bigk as 80,000 pat
kava booa aeasured. Cle aaaploa kavo
saccaaofally oitkatood Poabardaoat ia
tko Y*12 calatroa aador a boat load
of 1 kol/io.a for a 24-hr toot ported.
Also, qgaoackiag directly free 720*C
iato rooa taaporatwre oator (beta
kaat trootaoat) kaa failed ta destroy
tko boad.

ckvaical
tkonaa
to clad

Because of its kigk
activity aad aoltiag poiat,
ia aoaeokot aore difficult
oitk aircaaiaa tkoa araaiaa. Uo*

fortaaatoly, tke foraa*ioa of a loo*
aelttag-point pkaao ia tko aircaaiaa*
iroa diagraa liaitatko ral liag toaper*
stare to 16%0*F or looor. A tockaigoa
of kot relliag atIMO*P, follooodby
aa 1800*F koat treataoat after atrippiag
tko stool caa, kaa raaaltad ia gaad
baadiog. Thun for, a loo-carboa grade
af titaniua+sdeomidiaod steal kaa
preved to bo tke boat caaaiag aatarial
foaad ta protect these active aetals
dariag kat working.

Altkaagk a staple, cyliadrical
type of billot deaiga oaa aaad oitk
coastderablo aacccas for tko iaitial
phase of tbia iavoatigatiaa, a aoo
aoafraaiag typo of jacket deoiga kaa
booa adopted for largo*acale production
of doublo*clad plate. Sack a doaiga
obviotoa tko difficult prablaa af
aaiataiaiag perfect aligoaoat dariag

relliag of oitro long plates sad
rooalta ia a aora uatforaly clad
plato. Oao diaadvaatago ia tka
espesare af tke care aaterial aleag
tke oada aad lateral edges.
Experiaeatal oeldiag oork ia ia

progroaa ta close tkeae exposed edges

DL OY -
O

L o
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by e*N itf. Prtliaicary rxalti are beiap takes ta step-op pradoctiaa
isdtcat* that tlkt arthod is drfiaittly isorate atcb the espected iacreaec
feasible. Ztrronieo filler rod kn
bees wood lacmifolly ii tba oeldisg
f ikoriaa cora platea; | | at | Developaento 1 aark aas iaitiatad

airkel alloy ia aaad auk the araaiaa

eara plates.

Daielopaestal aork an tha yraklaa

aa tba fabrication af a aodifiad IfTR
foal oait far tka CP-$ reader at
Argaaaa National Labaratary. Tkraa
doaoy eloaiaos assaablics eara aada

af cladding of tbariaa aitk ilaaiaaa ; . . .
tar producttaa af 1f*" by irradiaties ta deternine aptla_oa jig dfaaaala_aa
caatiaaas. Tact aaaplas. prepared aad develop a brasiag cycle that will
by tka direct acthod, Kara base railed yield braaad asaaabliaa call oithia
at 400, 500, aad 600*C aad evaluated. tka CP-5 specified toleraaces. la*

Alclad plates railed at 400*C are

spectioa resalts aero eaeoaragiag. All

probably suitable far service ia tba oaits, oitk tka passible eaceptiea
M aterials Testing Reactor. Us- .af tka first, aat apacificatiaas. No
fortuaately, the aetallurgical bead troeble is aaticipated ia fabricatiap

abtaiaed sail aat eithatasd tka
aloamoa-ai licon bracing treatseat,
se tkis aatkod caaaot be used for
plate assembly.

Tha possibility af asisg special
cereeic castings ta protect highly
active aatala like aircaaiua, tbariaa,

tka reaaiaiap 14 active aaaeabliaa
that ears ordered.

la caoaactiaa aitk tka proposed
paaar level iacraase af tka LITR free
appresiaately 1 ta |1.S aegaoatta,
too raplacaaeat aad five additional
sari chad*foal aaaeabliaa vara fabri-

aad araaiaa dariap hat*working oper* catad.
atiaaa ia beiap iavaatipatad. ) . .
Five foal oaita caataialap a sob-
Siaty-aix aarickad foal aaits aad <areal aaaoat af Uai ware prepared
eight cadaiaa skin-safety rads ears far the Balk Skieldiap facility. lke
fabricated far tka Materials Teatiag ©aits tare Beaded ta caaplata a
Raaatar aad skipped ta ARCO. All aateked aat af cold alaaaats far
skipaaata arrived aafaly. Ha traabla aahiap gaaaa-ray spectra eeaaoreaeats.

was esperieaced ia loadiag tka iaitial
aat af 23 fool aad 4 coatrol alaaaats
iato tka reactor for tka start-op.

Tka renaisder af tka tkird aad all
af tka faortk pile loadiag are ia

faar af tka 2R aaraal-araaiaa feel
aaaeabliaa acre coexisted far Aaariaaa
Cyaaaeid at AROO for aae ia caadactiap
tka iaitial dieaelviag aad aeparatiea
roaa at tka chaaical pracessiap plaat.

variesa states af ceapletiea. Maaaoraa
» *

iCTWRiI m h emutr mei it, ,Laae a e a e+ aa a aae a_aae aa
1 f# see a a a aa aa aa
esees a aaaaeaeeeeee
e a,a a a 4aaa aaa a pa
aa# aaa__aa aaa aa, a
a 'aaa a aaa a a aa aa a a * *aa aa
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THORIUM

E. J.

allot NimranT

J. A. Milko

Tilt alloy developoeat prograa iu
iaitiated priaarily to advaace tks
general ootallargical knowledge of
thonua and several of ita e<lloy».(I>
Tkc objective of tba prograo ia tba
developoeat of alloya of tboriao that
have high atraaftb aad aatiafactory
corroaioa raaiataaca. Aaotber aio
ia tkc dataraiaatioa of aalability of
cortaia alaoaata ia para tboriao aad

tboir affacta aa accbaaical aad
pbyaical proportiaa. It ia fait that
tba raaalta of tbia atady aill bo

aaefal, aiaea tba iaforaiatioa gaiaad
oill fill aaay papa ia tba asiatiag
kaoaledga.

A part of tba prograai baa baaa tba
iaroatigatioa of tba affacta of
eleoeata aacb aa carboa, osygea, aad
borylliaa oa tba proportiaa of para
tboriao aa tbat tbo affacta coaid bo
evalaated aatiafactori)y abaa prcaaat
ia coobiaatioa ia cooaMrcial tboriao.
Tbho affact of ebrooiaa aaa alao
investigated tacaaaa of ita praoiaa
aa aa alloyiag additioa to ioprevo
tba corroaioa raaiataaca aad atraagtb
proportiaa of tboriao. Tho raaalta
of tba partly cooplotod iaroatigatioa
aro praaaatad ia tba folloaiag tost
aador appropriate boadiaga.

Bapertoeatal Vorh. Tba aatbed of
propariag tba alloya oaa daacribad
previously.* Coaraatiooal techaigaes
aero aaad for tba bardaaaa aad toaailo
toata - a croaahead apaad af 0.05
ia./oia aaa aaad ia tbo toaailo toata.

N, <l I»rgd
eroar* [»r ftrimi

=PPL*IUT.

feertsrlj Prsgrsss

tmdimg Jmmmarj ||, f#]|f,

* o
o

o aa aa aaaa
* .

FOR PERIOD ENDING APRIL SO* ItSS

RESEARCH

Boyle

Sffact af Racacbtag Teoperatare aa
tba Bardaaaa af tba Tbariao-Carbaa
Allays. Nardaaaa ralaaa ara proaoatod
ia Tabla 1 for aiaa tbariaa-carbaa
alloys oaeacbed froo tbo iadicatad
teoperstares. Froo this tabla it aay
bo obaorrod raadily tbat aa iaersase
ia tba carboa caataat ia tboriao*carboa
alloys raaalta ia a Barked iacraaaa
ia tbo bardaaaa of tbo alloy. Thbia
tread ia apparaat ia tba aa-arc-cast
condition, aa wall as ia tba gaeacbod
state.

Aa aaaoiaatioa of tba data ia
Table 1 abacs tbat tbo bardaaaa
ebaagad definitely for tba 0.07,
0.09, 0.11, 0.20, aad 0.26% carbon
alloya beloo tba gaeaebiag teoperatare
of 1400*C. Tbosa chbeages aro sag-
gastira of a solid-solatioa type of
bardoaiag by tbaaa aooaats of carboa
is tboriao, ia tba teoperatare raaga
of 1400 to 1600*C. Beloo 1400*C, tba
bardaaaa decreases progressively,
obicb is aaoacbat iadicative of
dacraaaiag salability of carboa ia
tba tboriao citb dacraaaiag teopera-
taro. Tbhaaa obaarvatioaa aill ba
verified by x-ray-diffractioa stadias
of tbaao alloys.

For tba alloys coataiaiag carboa ia
tbo raaga of 0.5 to 2.5%, ao dafiaito
tread of tba ralatioasbip of carboa
coataat ta gaeaebiag teoperatare :aa
ba obasrvad. Tbera appears to ba a
taadaacy, bovavar, for tba bardaass
valaaa ta iacraaaa at cortaia gaeaebiag
taoparataras. Tbas, for tbo 0.SS
carboa alley; higher bardaaaa valaaa
oaro obtaiaed is tba gaoacbiag teoper-
atare raaga of 1100 to 1400*C tbaa
ia tbo raaga 1400 to 1600*C. Thie
obsorvatiaa is also tree for tbha 1.0
aad 2.5% alloys, obareas tba 1.4%
alloy does aot iadicato tbia tread.
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Tku« observed change* lay be the
revolt of precipitation of a second
phase is the teaperatare range ef
1100 to 1400 *C, er they any be ef-
fected by iahoaegeoeities ia the
test speciaoas. The cheagea wall he
chechod by aicroscopic sad x-ray-
diffraction stadias.

Bffact of Ooeaehiag Teaperatare oa
the Pardaeoa of Thorlno-tapgaa Alloys.
Hardaoao valoes sre preeeated ia
Tablo 2 for 11 thoriaa-eaygoa alleys
ooeached froa the givea teaperatores .
Since additiea of oxygen to thoriaa
increases the hardness only aoderately,
oxygea does not appear to be o potent
alloying addition to thoriaa to
iacreaao the hardness sad, perhaps,
strength. Aboat 2* oxygen is required
te doable the hvrdm.es of pare thoriaa.

The date ia Table 2 indicate a
change ia hardness below the gaoachiag
teaperatare of 1500*C, which aay show
that a definite aaoaat of oxygen ia

salable at t aperatares of 1500 to
1600*C. There appears to bo con-
siderably less salability of oxygen

below 1400*C( as indicstod by tha
below this teaperatare. Those ob-
servations will be cheched by aicro-
scepic and x-ray-diffraction stadias.

Iffoct of Carbon Additions on tbo
Proportion of Para Thoriaa. Additions
of carbon wore aade to the relatively
pure crystal-bar thoriaa, which was
produced by the decoapoi.*tios of its
tetraiodide. The strength properties
erd hardness valaes obtained on sevoa
each alloys sre presented in Table 3.

The strength properties and hardness
of tho .elatively para thoriaa natal
sre gaito lew. Aa addition of only
aboat 0.05% carbon to the pore thoriaa
aore thaa doohles its yiold strength.
This aaoaat of carbon has ovoa a wore
aarhod offset on the proportional

2+

<e.

|
]-

V.

FOR PERIOD ENDING APRIL St, 19S2

liait; it increases that property
aboat five tiaos. The hardness
valae (VWI) is increased by 20 points
by tho oddition of this saoll oaoant
of carbon. Additions of grantor
aaoaats of carbon to the pare thoriaa
appear to iacroaao tbho atrongth
propertios and hardness appreciably
oithoat dotriaental effect an tbo
dactility, as aoashred by tonsilo
elongation and redaction of orea.

Althoagh those trends were obtained
on single test speciaeaa, it ia felt
that enrboa is a potent alloying
addition to thoriaa in that it in-
creases its strength sad hardness.
Preliainary indications are that
carbon ia aaoaats ap to 0.2S aay also
iaprovo tho corrosion reaistaace ia
water oolotioas and the scaling
resistance ia air.

Bffoat af Carbon AddlItli i an tbo
Proportion of Anon Thoriaa. The
strength properties ef IS thoriaa-
carbeo alloys are presented ia Tablo 4.
All tho alloys were prepared frea
thoriaa that had auainal aaoaats of
iaparities, sach as iron, beryl liaa,
silicon, and atoaiaaa. Tho carbon
content ranged froa sbhoat 0.03 to
0. 14%.

It s,y be observed froa Table 4

that tho addition of carbon to Anas
thoriaa iacreases its strength and
hardneaa. This is the saae tread
that was observed with the addition
of carbon to pare thoriaa.

Althoagh the alloys listed in
Table 4 wore prepared in tho saae
aanner oa those in Table 3, a direct

coapariaoa ef the properties is not
possible. The alloys of Table 4 wore
aancalod (after 05% cold redaction)
at 7S0*C ia order to obtain wore
conpleta rocryotsllisotion then in
the alloys listed in Tablo 3, whbisb
were annealed at 6S0*C.

Irn
. S.
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observations, bsosvsr,
tbst tbs adiitioi of
ogoivaleat Moists of csrbos to Anas
tboriaa rssslts is higher strsagtk
sag hardness, probably bocaoss of tbs
prsssics is coobisatioa of ires,

Proa |M «r«l
it ssy bo ititsi

borylliao, silicon, and alonisso.
As oill bo sbosn latsr in tbs progran,
all tbsss slsossts, vbsa added singly,

toad to bardoa tborion.
mtreat of Bergman Additions oa

Additions of 0.02 to O.Tt beryllian
esro nada ta tha rolativaly pars
tboriaa. Thbs resaltiag atraagth
properties of sack alloy* era listed
in Table S.

Borylliaa is aoosats of 0.02 ta
0.04* doss sat appear to start say
sigaificaat affect so tboriaa. These
snail aooaats seen to prodace sane
softening, as nay be dodacod fran the
hardness valaes. Thbe snail decrease
in tbha hardness af tbe 0.02, 0.03, sad
0.04* bDberylliaa alloys nay ba as-
sociated with deoaidatioa of tbhe
tborion by the beryllion.

Additions of borylliaa in eaossts
of 0.1 to 0.7* have a teadoacy ta
iacreaaa the strength properties only
noderately. Dactility of the alloys
appears to be looorad slightly oith
tbe beryllian additions in this range.

Hooever, there is a definite, hat
snail, iacroaae ia hardness.

la seanary, the addi ion of aboat
0.7* of beryllian to pare thorian
saens to strengthen the resaltiag
alloy only aildly. Its bardaaiag
poosr, althaagh snail, is defi-
nite - prabably ceased by coapoaad
fomatiou ia tha allay stroctare.

Clsest of Chreaiao Additions an the
Proportion of Pars Thborion. Chreaiao
additions sera nada to tbe iadida

1912
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nay veil be that sack addition* oill
iapart fairly good corroaioa-reaistaace
proportiaa to tkorian. Five alloys
eare prepared, sad thair proportiaa
are listed ia Table 4.

la gaaersl, tbhe addition of chrooiaa

to tboriaa iacreasea its atraagth
and hardness oith a corraapoadiag
decrease ia dactility; however, the

too alloys of 1.4 sad 2.9* chrooiaa
do not sapport this obaervatioa
eatirely. The too alloys developed
loesr ‘'.treagtk aad hardness aad a
highs' dactility than did the 0.74,
4.2, and S.3* alloys. It oill be
Bated, booevar, that the 0.74* chreaiao
alloy bad a relatively high carboa

content; therefore additional alloys
will bo prepared aad ctadied ia order
to develop coaclaaive data. Also,
the aicrostractare of these alloys

oill bo atadiod so that say farther
diacrapaaciea of strength properties
caa be espleiaed.

K CIANICALPW mTIII OP TMtIW AM
TPPAILh ALLOYS

B. J. Fretagae

Tensile apecioeas of Asms thorian
oars prepared te deterniao the effect
of eatrasioa rata oa necbaaical
properties. Far this esperisnat too
astrasioaa of Anas tboriaa billet
A339A ears nada. Kstraaioa A339Al
oaa node at the rate of 400 ft/oia,
aad extrsaioa A339A2 eas nada at the
rata of 1 ft/nia. Three-iocb-dian*ter
sections of billot A339A ears heated
to S50*C for 2 hr prior te estrasioa,
aad both sections (A339A1 and A339A2)
ears eatraded to l-ia.-dia rod (re-
daction ratio, 9:1). Snaplea of both
eitrasioas (ia the as-eatraded con-
dition) oare essoined for orientation
taatsroi. Eatrasioa A339A1 eas
reported to have a [114] testers, aad

thorian, becaase in the past too sack eatrasioa A339A2 oaa reported to have
aIonslfiveloped high strength aad it a najor (ill) testers aad a aiaer
10
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METALLURGY DIVISION QUARTERLY

[HO] ttitari. Duplicate teaaile
epaciM U fraa each axtruaian vara
praparad. Oaa apaciaaa fraa aeek

aitraaita waa teated is tka aa-a*traded
covditiaa aad the other ia the aaaealed
caaditiea. The aaaealiag vas daaa
ia vacaaa; the apaciawaa vara kaatad
at TSOMC far SO aia aad furnace-cooled
ta roaa taaparatera. Aaaaalad x-ray
apvciaaaa fraaaack aitroaioa are betap

praparad, aad ariaatatiaa datarai-
aativaa vill ha aada aa aaaa aa tha
apvciaaaa ara available. laforaatioa
aa tha recryetallisatiaa textures of
tha tvv extraeieas vill ho vary
hvipfal ia aaalyaiag tha reaalta of
tka taaaila taato of tha aaaaalad
apaciaaaa. Table 7 liata tha aeckaai-
cal properties of tha as-extruded aad
aaaaalad apeciaeaa of tha too at*
trvaiaaa. A decided iaproveaeat ia

taaaila strength aad yield atraagth
vith a carrespondiag dacraaaa ia
aloagatiaa aad radactiaa ia araa oaa
avtad ia tha aatarial extruded at tka
vary alav rota (A339A2).

lapaat taata vara parfaroed aa 17
Ckarpy V-aotek iapact apaciaaaa of
Aaaa tkoriaa ta dataraiao tka of fact
of elevated-teaperetoro heat traataeat.

TAIL!

A 3-ia.-dia aactiaa mi Aaaa tkariaa
hillat ASSIA oaa kaatad at 9S0*C far
2 hr aad axtrvdad ta a S/l*ia.*dia rad
(radactiaa ratio, 23:1). Thia rad
oaa cold draoa ta 0.410-ia.*aaoara
bar, aad daplicata speciaeac 2 1/4 ia.
leag vara haatad ia a parifiod argaa
atvoaphara at taaparataraa hotooaa
00 aad 1400*C ia 100*C iacraaaata
far SO aia aad voter quenched. Follov-
iag heat traataaata, apaciaaaa vara
aachiaad iata Ckarpy V-aetchb iapact
apaciuMaa aad taatad at raaa taapara-
taraa by eaiag tka caahiaatiaa of
paadolaa oaigkt aad paaitiaa tkat
givva aaxiaua capacity (Ota 120 ft-lh)
of tka iapact teater. Table i liata
tka raeulta obtained aa iapact taata.
Spacivaaa quenched fraa taaparataraa
ml 000 tkraugk 1'00aC give iapact
valves tkat ara fairly coaaiataat.
Fpeciaeas quaackad fraa 1200*C aad
above, kovever, kad iapact atraagtka
raagiag fraa approaiaataly aaa kalf
ta aaa eavaatk of tkaaa exhibited by
tha aaaa aatarial quoachad fraa 100"C
aad balao. Metallographic axaniaatiaa
of tha fractured iapact apaciaaaa ia
ia pragraaa ta dataraiao vhetber thara
ia a correspondiag chaaga ia tka
aicraatructura of apaciaaaa quaackad
fraa 12008C aad kigkar.

7

machaaleal Properties at Aaaa Tkariaa

Billet ASIVA
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METALLURGY DIVISION QUARTERLY PROGRESS REPOST

PMtICIHM tr VHUH

f. J. PrittRit
BatraalH. Aaaa tkariaa billets
MXSSI At, ASSIA, ASSSB, ASStS, and
AS4SS acre eatroded to 1 by 2 io.
creaa-aactiea boro. Tbo bora core
cold rolled to S/S by S io. platea,
cot to appropriate leagtha, oad

moebiaod iota tooaila, Ckarpy V-notch
iayoct, aod toraioo epeciaeae.

Aaioa tboriaa billot MXS22Al ooa
oatrodod to S/S-ia.-dia rod by aaiag

Tatoo die iooort. After ooa an-
treoiea tbha iaaort ooa badly acarod,
oad tba aarfaaa of tba oatraaioa oaa
reagb aad oat-ef*roaad. A Sapor
Cobalt iaaort oaa placed ia tba dia
bolder, aad Aaaa tboriaa billot
MXSSSAt oaa oatrodod to S/S-ia.-dia
rod. Tbo roaeita wore bettor than
tboae ebtaiaod oitb tbo Tatao iaaort
oa billot MXS22AS, bat tboy ooro
atill poor by coapariaoa oitb provioea
ataodarda. Aaaa tboriaa billota
ASSSA, ASSSB, ASStB, oad ASSSB ooro
oatrodod to S/S-ia.-dia roda by aeiag
tba Sapar Cobalt die iaaort. All
billota ooro boated to SSO*C ia aolt
for S br prior to oatraaioa. Thbia
die aatorial appeared to |iro aatia-
faotory aervice.

Aaaa tboriaa billot MXS22B8 oaa
aoctioaod (traaaveraoly) prior to
oatraaioa, aad eraeba (or voida)
ware foaad oa both facoa of tbo
traaavoraa cat oad oa both oada of
tbo origiaal billot. Tho larger
pioeo of tho billot oaa aoctioaod
loagitadinally io tbo Reaearck Shopa,
aad a large akriakoge cavity (or
aoeoadary pipe) oaa diacovorod aoar
oaa oad (aboat oaa third of tba oay
free tba aad of tho origiaal billot).
Thia dofoet oaa eat off, aad tbo
reaaiader of tbo billot oaa aacbiaed
iota too 1 by Sia. piecea. Aa attoapt
oaa aado to cold roll tboae piacoa,
bat tboy cracked oadly after oaly

413 019

S.1SS io. total redactiea (0.01S ia.
par paaa). Tbo eracka dove loped at
right aeglea to tbo relliag diroctioa
oa tho aerfaco that oaa origiaally
aoar tbo coator of tbo billot. Farther
oorb oa tbia billot oaa diacoatiaood.

lllat tofaata. A aoaber of tbo
Aaaa tboriaa billota that ooro aoctioaod
prior to oatraaioa oabibitod aaaaa or
vpida (typical of aolidificatioa
abriabago dofacta). Whoa aacb dofoeta
ora preeoat ia a billot thoy are aot
aelf-boaliag - that ia, tboy are aot
ocldod eloaod by tbo oatraaioa procoaa,
aad if proaoat ia toot apociaoao
prepared froa each a dofoctivo oa-
traaioa tboy toad to giro orroaoooa
roaalta obaa tooted. Radiography of
S-ia.-dia tboriaa billota to detect
flora prior to oatraaioa ia iapoaaiblo
oitb tbo oaiatiag oqoipaeat of tbo
Civ-aioa, ao otkor aotboda of flaw
dotoctioa ooro iavaatigatod. Three
Aaaa tboriaa billota aad 16 oatrodod
aad cold-draoa tboriaa bara ooro
checked aitb a Sparry rofloctoscopa.
Of tbo tkroa billota toatod, oao oaa
kaeoa to bo cracked ( froa viaaal
osaaiaatioa), obaroaa tbha other too
ooro tboagbt to be aoaad. All tba
oatrodod aad cold-draoa bara aeaaod
to bo aocaad. Tha reflectoacope worked
vary oall oa tba cold-draoa aatorial,
bat the iadicatioaa obtained oa tbo
aa-caot billota ware ratbor iadafiaita.
Part of tba difficalty oitb tba aa-caat
billota coaid bo attribatad to tbo
roagb-aachiaed aatfaco oa tba aada of
the billet. Wbaa tba cryatal intended
for ai<c oitb coat aatorials oaa
aoployad, faint iadicatioaa of dafacta
ooro obtaiaod ia tbo billot that oaa
kaooa to be defective (MX32SB9).

BBCBVSTSLLIIAVISN SV TMtlIUfl
V. H Eckert

Aaaa Thboriaa. Spociaioaa 0.071 ia.
thick ooro fabricated front Aaca tboriaa

a I



billet AS49B (0.040% carbon) by cold
rolling tioriaa plot* to SO, 40, 60,
end 80% redaction. Tbo thorinn plate
eea boated to 7S0*C for X br aad
foraace*cooled before fieal cold
serkioii to precipitate aey ioperitiea
that night binder recryatell isatioa
atediea by aimiltaaeoea precipitation.
The apecioooa that eere cold worked
*0% eere tbhoo aocaealed for varying
lengths of tioe at ceoataet teopera*

terea in a lead both end quenched in
cold eater.
Figaro 1 ebeea tbe pregreaa of

recryatalliaetiea, which eaa traced

mm]
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by Vickera bardneea aeaaareaeati.
Tbe change in nicreatrectere daring
tbe iaetkeraiel annealing ia abeen in
riga. 77 and 0C far ISO and 600*f.
The effect of teaperatere an re*
cryatal liaatioa ia revaaled by tbe
aicroatrectnrea in Fig. 1IS. (See
aectioa on "Metellograpky Laboratory”
for Figa. 77, 80, end IS.)

A rapid drop ia tba hardneaa of tbe
Aaec tkerino epecinena iaotheraally
annealed for 1 br eaa noted at leaner*
aterea varying free 4S0 to S*0*C.
Microeiaoinetion ahoeed no evidence of
recryatallination in tbe tenperatnre

accacT

»-aee»
MM im M |

40

ANNEALING TIME (min)

Fig. 1.
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METALLURGY DIVISION QUARTERLY PROGRESS

riani, m it is believed that "r*co»«ry"
aad/ot possibly sssm precipitatioa is
rospoasibla for ibis isitisl ksriuss
4rap. lavestipatiea of tbs Ao0ss
satplea relied to 20, 40, sad 60%
redactiea sill bs reported st s lotsr
dote.

100100 Thorloo. lodide cryetal-ber
tborioo oss aelted is as iaert-
otBospbsro arc foroseo by osiap a
ooscosssBshlo toapataa olactrods.
Thbs rossitisR tborioo battoss oaro
flat rellad sod also*cool asaaalsd st
7S0*C for K br sod tbas cold rolled
eitb so 10% rodoctios to 0.061-ia.-

20

tbicb plats apeciBoas. Tbasa apeci>
aoaa wars tbas isotboraslly assaslad
tba sasa aa tba Aaas speciaeas, sad
Vickers ksrdaaas aaossraaaats oaro
aada to trace tba rocrystellisstioa
of tba para tburiao. Tha carbea aad
poalitative apactroRrapbic saalyaas of
tba iodide tborioo are Riven ia
Table 9.

laatbaraal rocrystellitation carves
for iodide tborioo are platted ia
Fir. 2. Mcrestroctaro cksaRcs dariap
aaaaalisR are shoes ia Pipe. 75, 76,
7S, 79, 81, sad 82. (See sactiaa oa
detail orraphy Laboratory.")

ttCSCT
owe 14*57*1

30 40 90

ANNEALING TIME (min)

Flr. t.

1.3 021

Isotfceraal Raeryatall lastlea Carves for lodide Tkeriaa.
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tuu °

IMIfila «( Mill \VVirlw far
ra-a | lastte

0.011*
Alaainaa Very weak
Ckrootan Trace
Calcium Trace
Copper Trace
Iron Trace
mSilieoo Trace
Silver Paint trace
Reran Paint trace
Beryllium Paint trace
Leathanan Paint trace
Magnesium
Nickel Paint trace
Titanium Paint trace
TKa i«fid« tkoriao lid not eskihit

a "rtc*»*ry"™ aaaa aa akotn ia tke
Ames thoriaa. Hardness aaaaaraaaata
ontke iodida tkariaa renamed coaataat
between 409 and S10*C (specimens
iaatkaraally annealed for 1 kr), kat
tkaa tka kardaaaa started ta draft off
rapidly. Micreeneminotion revealed
tkat tkaa kardaaaa drop aaa tka raaalt
af racryataliiaatioa, okirk started at

S00*C. Investigation of tka affact
of radacad cold aork on tka ra*
crystallisation of iodida thoriua ia

aaa ia progress.

iibiiiim rmun m rwaiua
R C. Adaaa

A taat program kaa bean planted
ta aaalaata tka affacta of radiation
damage aa thoriaa. Because of delaya
ancountarad ia securing apace for
irradiation and the tiae required for
cooling before testing, it will be
* o<

Aan I }
r_ oo ooo

e de a O e a a a
«aa e o
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anow tiae before reaulta fraa tka taat
program are available.

Some praliamary lafaraatiaa aa
radiatioa damage af tkariaa kaa keen
obtained froa taata aada an aia slugs
that had previoeely bean irradiated

for anotkar purpose. Tka slags ears
part of a katek of several kaadrad
that aero aackiaad fraa forged and
rolled stack aoaetiaa daring 1941.
Tka alaga ears reported ta be 4.00 t
0.010 in. in length, eitk diaaetera
ranging between |.SSSaad 1.140 inches.
No otkar infaraatiaa aa tka initial
site and condition af the individaal

alaga ia available. Thus, data on tka
affects af radiation damage on tkaaa
alaga are essentially qualitative.

Tka aluminum cans ears renovad by
diasalatioa, and diaanaiona af tka
alaga ware aeasurad by special length
and tkichaass gagas. Daplicate
aeaaareaeats could ka repeated ta
within about 0.0001 inch. Laagtk
was aeasurad at tka canter of tka

slags* and diaaetera ware aeasurad at
several places around and along tko
slags. In addition, two or tkree
profile traces were aade along tka
length af each slag. Hardness measure*
neats ears also taken by using a

conventional hardness taster
by remote control.

operated

and hardness
aluga are

Results of dieenaionsl
measurements on the sis
shown in Table 10.

The
that
within

length aessarenents indicate
only two of the slags were not
the given tolerance after
irradiation. Since one ia longer

and tke ether shorter* it appears
tkat all slags nay net have keen aada
*e jke specified tolerance. Tke data
do indicate tkat ae serious changes in
length occurred daring irradiation.

in disaster of
bat tke

So«e variation
individaal slags was found,

22
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miiiBM
eay aaa elap

tariitiw aaa 0.002 ia. it
ud cMiiiitd eely af
tip«ria tta slapa. M«utr«d diawtm

thaaa caaditiaaa caaaad vary littla,

if aay, diaMaaiaaal chaapaa.

Ilaaalta af tha hardaaaa taata aha*

at the slapa slightly less
tkaa (Im BMird ultraacf. Siaca aaa
alag aaa alseat at ilia aasiaea si aa

that tha irradiatad alapa ara aaaaahat
harder thaa aaraal thariaa; haaavar,

altar irradiatias, kavaiar, it ia hardaaaa af thariaa ia dapaadaat aa
egaia deabtfel that Ib alaaa aara parity aad rartea caaaidarably fraa
mackiaad ta eithia tha specified haat ta haat. Na hardaaaa data aa

talaraaca, aad it appears that aa
igsificaat disaster chaagas eccsrred.

tha alapa
ditiaa ia

ia tha prairradiatad caa*
available. Aa a raaph

eeapartaoa, hardaaaa ralaaa paatad

Prafila tracaa aada ea tha slags far several haata af thariaa (pradacad
ahaaad aa evideace af pita ar heaps aa slightly latar thaa thaaa free ahich
greet aa t.001 ia. ia height. Although tha aii alapa aara aiada) raapad
aaa traca aa a ala* ahaaad a alight hataaaa 54 aad SO Rachaall | aa-railed

bee, aith tha caatar al tha slag haiap
ahaat 0.001S ia. halaa tha taa aada,

aad hataaaa 42 aad 11 Rachaal 1 B ia
tha aaaaalad ceaditiea. Siaca hardaaaa

aa iadicatiaa al haaiap aaa faaad aa af tha irradiatad alapa raapad hataaaa
farthar traaaa ar tracaa aa athar ?i aad 94 Rachaall B, it appeara that
alapa. Praa thaaa raaalta. it a”paara aaaa iacraaaa ia hardaaaa aay haaa
that irradiatiaa af thariaa aadar accarrad aa a raaalt af irradiattoa.
m IM TIVT
ACTUAL MI a& r - 1S
. . . - I* + a
t e « aag o
- a a a a a a a a a
saa a aaa . a aa aa a - aaa



FOR PERIOD ENDING APRIL 39. 19S2

PREFERRED ORIENTATION OF URANIUM

L. K

EnaitittOR of Ike alpha-extruded
urantoo ."da has boon roaipleted. Seat
raa.Ua of the axaotutioR .era re-

ported previously,**e *«*' and textures
are suauBarited and correlated eith the
fabricating conditions and degree of

recryatalltaation in Table 11.

Rode 1 1/2, 9/10. and S/t in, in
diasteter ears extruded through 2S*deg
conical dies from ingots 3 1/8 in. in
dianeter at S00*C billat tenperature
(extrusion ratios, 4-3. 12.1. and 25.0.

respectively). The extruded lengths
«ere eater-spray gquenched aa they
energed from the die to retain, insofar
aa possible, the ae*extruded structure.
A sample saa taken from near the front,
eiddle, and back end of each extruded
length and examined in the ax-extruded
condition. Another sanple eas taken
from near the middle of each extruded
length, annealed 1 hr at S50*C, and
then exauined.

A spherical diffraction specimen
0.500 in. in diameter eas machined
from each aanple ao that the center
line of the specials coincided eith
that of the rod. The spherical surface
eas lapped to smoothness and electro-
poliahed to remove the aurface layers
deformed by machining and lapping.
(The specimen eas reduced approximately

0.010 in. in diameter by electro-
polishing. )
The preferred orientation eaa

determined by the «eray-diffraetion

IltutM Pearl..If pr.fr..a
*olqe fadtaf Palf If, 1»J0. OWI'Itf.
f. IS4V
(,,e»*alla fr |K|t|M ?aa t. rIf pr fr*
-apart /- prl aaee.r o ftIf)
oxxl- . 1l- ta
'1*V.ta ri.rl. Pr.fr...
Sp*M /ar Prlad fadlaf /alp || |ff|, OXUL-11M.
&h
Dbkt e

#a Add d da

Jatt«r

spectrometer technique described in
previous reports, f*eee** Examination
eaa made on a Norelco Type-12021
Goigerecounter x-ray-diffract ion
goniometer employing Cu Ja radiation.
The specimen eas rotated at 200 or

360 rpm about its longitudinal axis
(the extrusion diroction) during
oxpoaure.

Plots of the intensity of dif-

the angle 6 beteeen the
the normal to

fraction vs.
extrusion direction and
tha diffracting plane for various
planes for representative specimens
are given in Pigs. 3 through 20.

The degree of recryatallisation eas
determined from the microatructure and
x-ray-diffraction Laua photograma
shoes in Figs. 21 through 26.

In the as-extruded condition, all
samples exhibited a duplex (410)*(010)
fiber texture eith minor [031]. (431),
(001). (100) components. Increasing
the extrusion ratio resulted in an
increase in the strength of the (410)
component relative to that of the
(010) component eith an increase in
sharpness of both. (Compare specimens
31, 14. 17.) From the back to the
front end of the extruded length of
rod given the greatest reduction,
there eas an incraaao in the strength
of the (410) component relative to that
of the [010] component. (Compere
specimens 18, 17, 16.)

The degree of recrystallisation

increased eith increase in extrusion
ratio and, for tha rod given the
S.talle.fr St.i.i.a P.e.t.rlj Rr.fr...

eapart /e» R.n.l I.li.f Jaaeerp Jf, IfIS,
onm-tst. r. it-«t

* fella.fp IIMM.a Qee.f.rlr P.af..«<
eapart /a. f.rlat I.1t.f Jaae.rp f|, IflIf.
0aUI-11ST. is yraaa.
dde o add
:i« gs*a
9 T Ve
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Pikr<ealUi

X-MT-DirmwTItiN

Vr.CIMBI NO.

1

*[*

TABLE 11

GnlUImi m< ltults e!
(MAMETCR Of

EXIRUSIOI  utimdcd rod EXTRUSION
SAttnj NO. U».) RATIO
u»-«t 1 1/» 4.1

«*o*y 11/» 4-1

w u » I/t 4.1
uia-ii 11
uia-xt VM it.i
tna-xi alw it i
Ult-X1 \A u.a
au-u \V n.a
U It-11 l«a u.a

U*-*4 il 4.1
Oia-1* * [w 11.1
uu-ia Vi ii.a

* . I/t

liulM tloa of AlpBa*Kitr«4«B ijrtalu Kol

QONMTICR

Aaraatrad*4

b.MlIraM

Ax-**trag*4

A* «*trx4*4

A*-W >n4il

Ax-**ir4al

Ai-ulnM

li.nln M

A* . *str4*4

Aaaaal*4
Aaa*al*4

Aaa*al*4

LOCATION or
‘NVU*

Trait

HiM I*

Treat

«i441.

Hack

Trait

m4441a

m4441*
Ml 441a

m4441a

bet * |/4 <! tk* 4tataac* *]m |

la w

Naa*

Naaa

Naa*

Tarttal

Tartial

Tarttal

Ceaplata

or

MDanrST4U.IZAT10N

Na.rly caaplata

Tarttal

Caaalata

Caaflata

Caaalata

tW ntraM

1«M tk.

(aw)
(+M I

Uia)
(aii)

(aia)
(aia]

(Ml

(aia)

(rial
(ato]

UmJ
(ata)

Uia)

UmJ

(4M)
(aia)
(411]
(411)
UmJ

|icxiuk

(ail)

(an)

(an)

(all)
(iaal

(aia)

(aia)

MAJOR MINOR TRACK

(ail)
(M1)

(ail)

leal)

(ail)
(mi)

(ail)
(an)

(iaa)

a

(an)
(ail)
(M)

(ata)
(ait)
(iaa)
(an)
(1m)
(aia)

(M)



greatest reduction, increased from the
back to the front end of the extruded
length. Fro* this, it vould appear
that the preferred orientation s
related to the grain atructure in that
the strength of the [410] coaponent

increased relative to that of the [010]
coaponent with increasing degree of
recrvatalliaation.

Upon annealing, the aaaple
shoeing a high degree of

initially
recrystalli*

FOR PERIOD ENDING APRIL 30, 1*52

nation and a aajor [410] texture under*
«eat essentially no change, as eight
be expected. (Coapare speciaens 17
and S3.) The aaaple initially ex-
hibiting a deforaed structure, and a
aajor [410]*[010] texture developed a
single [431] texture upon annealing.
(Coapare speciaens 31 and 26>) It
appears then that the recryatalliistion
texture developed in extruded uranium
rod is dependent upon the manner in
which recrystallisation ia induced.

433



METALLURGY DIVISION QUARTERLY PROGRESS REPORT

Pig. 3. Preferred IrlHIttUa Plot (lit)
Uroaisa Rot. Speciaon nuubera shown on curves.

1tCftCT
MTU

Pig. 4. Preferred Orloutotloo Plot (lit) of Alpfeo>Batraded
I'rutM Rot. Specimen noube-rs sbo«in»on curves.



FOR PERIOD ENDING APRIL 19,

Fl*. 9. Preferred IriHtatlee Plot (119) of Alpfeo-Rotrodod

llrealmo Rod. Spec iwen nuobers shown on corvoe.

Fit. . Proforrod frloototloo Plot (HI1) of Alpfca
Uranloo Rod.  Spaeioan nuobera shown on corves.

*
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¢ iIMMini #

Pl«. 7. PrflarrH IrlialitIN PUI (MS) if AlIM«*I>trad«4
Vraaln 1*4. SpaciMa numbers ehown on curves.

Pis. 4. Prefsrrs4 erisetatles Pint (MS) sf il»la*Bilra4#4
treatus Re*  Specimen numbers skews nm caress.
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Fig. [II.
Uraalea Rad.

FOR PERIOD ENDING APRIL 39,

«ICM’

Preferred Orleatatloa Piet (191) of Al»fea>titraded
Specimen number* shown an cwrvee.
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT
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Pit. It. Prtftrrti IritXillH PI*t <e«e>
(lrulaa «od. Specimen nuabtn shown on cwrnawww.
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PI*. IS. Preferred Srteatatloa Piet (141) of Alpba-Sitraded
traalaa Sod. Spaciaoa aaobera aliooa on curvea.

PIS. 14. Preferred drleotatlea Plot (S4S) af Alpba-titreded
llraalan Sod. Spccioen auobera ahoen oa curvea.

413 32
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Pig. 1ft Preferred Orientstioa Plot (til) of Alghe*Extraded
Uranium Mod. Specimen numbers shown on curves.

»C»I»
9

Pig. 1ft. Preferred ftrieatetioa Piet (Sftft) of Alpha-Eitraded
Uraslam Rod. Specimen numbers shown on curves.
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lg. IT. Prcftrrtl IrIHIiitIM Mot (IN)
" too IN. Specimen nuobers shown on corves.

ST

40
¢ 1l

rig. iS. Proforrat rloatotloa Plot (041) of Al»bs*BitraOo*
iotoa IN. Sptciua nuobers shown on curves.

413 C3«
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT

+ <NMUII

Pl«. 1V. Prsfarret Irlulitloa Plat (MI) of Ilpkclitratcl
Uranlaa tot. Sptciat* aubtri ihmn on carves.

MCMT
=1"11

4 1IBMMIU

Pit. 2V. Prtfarrtl Vrlsatstloa Plat (MI) af Alpha-titrate*
traalaa tot. Spociaea nuabera shoes os carves.
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FOB PERIOD ENDING APRIL 30,

(6) 9/10-in.-dia extruded rod; Middle of extruded length (U10-X2)

(r) 5/8-in.-die extruded rod; Middle of extruded length (U12-X2)

Longitudinal Section* Trinercrae Section*

rig. tl. Pfcotonicrographe dheetag the Increase

nation etth Increasing
il traded Coaditlon.

P3C

n aa a a
e a A a
e a a

ee a a
a

a

413

1952

In iegree nf Recryatalll-
litrun lea Ratio far Alpha-Extraded tranlaa Rod la An-



METALLURGY DIVISION QUARTERLY PROGRESS REPORT

(a) S/8-in.-dia extruded rod; front end of oxtrudod length (1112-X1)

(6) 5/8-in.-die extruded rad; Middle of extruded length (U12-X2)

(c) 5/8-in.-dia extruded rod; beck end of extruded length (U12-X3)
Longitudinal Sectioaa Traajveroe Sectioaa

Pig. tt. Phetealcregrapha <honing the Increaae In Degree of hecryatal Il-
xntloa free Back In Prent Cad ef Alpha-Bxtraded Uranlua Bed la Aa*Bitraded
Ceadltloa.

413 p37



FOR PERIOD ENDING APRIL Jt. 19S2

(A) 9/10-in. -dia extruded rod; Middle of extruded length (U10-XS)

(c) S/I*tR. >di« extruded rod; middle of extruded length (U12-X6)
Longitudinal Sections Transverse Sections

rig. S3. Photomicrographs shoeing the Completely Becrystellixed Crete
Structure ef AleSa-tatraded Uranium led lu Annealed Condition <l hr at IM'C).



METALLURGY DIVISION QUARTERLY PROGRESS REPORT

() IH-m.-din extruded
of extruded

red;
length (U9-X5);

Biddle
specimen 6

(6) 9/10-in.-die extruded rod; Biddle
of extruded length (U10-X2); spec&aen 14

xS

(c) S/8-ia.-dia extruded
of extruded

17

aiddle
epeciewn

rod;
length (U12-X2);

Pig. 84. Lu* Phetegraaa Shaving
the Increase la Sagree af lecryetel 11-
natlee elth lacreaalag Ixtreeloa Satis
la Alpha-Bxtrnded tireataa Sad la Ae-

Bxtraded Condition.

413 P39

as

*
as

(e) 5/8-in.-die extruded rod; front
end of extruded length (Ul2-X1);
eoeciaen 16

m
(6) 5/8-in.-die extruded rod; Biddle
of extruded length (Ul12-X2); apeciaen
17
(c) 5/8-in.-die extruded rod; back
end of extruded Ilength (U12-X3);

epeciaen 18

Pig. 84. Lana Photograaa Mae |l eg
the lacreaaa la Bagree af Aecrystal 11-
aatlea fraa Sack ta Praat Bad af Alpha*

Bxtradad lirealaa Bad la Aa-Sxtraded
Coedittea.

k@ e AS ara

.2 j a3 Be 88
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FOR PERIOD ENDING APRIL

(*) iH>ii.*dii extruded rod; Middle
of extruded length (1J9-X4); specimen 26

(6) 9/10-in.-die extruded rod; middle
of extruded length (1110-XS); specimen $2

(r) S/8-m.-dis extruded rod; middle
of extruded length (U12-X6); specimen 53

tig. t*. Lems Kitetog rums thee leg
Strue tare ef Alpha-titraded

Sed la Aaaeeled Ceedltima (
S»S“C).

413 C'0

St,

19S2



KCNANICAL re STINC

R. B. Oliver D. A. Douglas

J. V. foods

Vrssija. Alpha-rolled uranium bars
sad bars that weia alpha rolled sad
Nela treated are beiag tested in vacuum
at $00“C aad at stresses from 1700 to
4500 pai. Deaiga curves will be con-
stracted from these aad earlier data
shewing the times to several elonga*
tioaa, tines to rupture, and the creep

rates aa a function of stress.

Tke effects of several atnospheres
oa the creep properties of wuraaiun
have received sone attention. Two
beta* treated bars irere loaded to 2220
pai at $00*C in vaceaa. Oae of the
I'eta naa conducted ia vncuun only,
vhereaa the other teat oaa conducted
alternately in vacuum and in a hydrogen
atmosphere (3000 p) . Figure *5 shoes
the reaelta of the too teats; the
hydrogen caused a marked increase in
the creep rate, but upon re-evacuation
the creep rate returned to the sane
rate aa for the specimen tested it
vacuum only. A similar pair of testa
eas conducted at stresses of 1720 pai
but in a nitrogen (3000 p) instead of
a hydrogen atmosphere. The data are
presented ia Fig 46; tke nitrogen did
not appear to increase the creep rate,
but upon re-evacuation the creep rate
vas reduced to considersbly less than
that observed for the specimen tested
in varuun only. When the test in
nitrogen sai discontinued, a large
anount of scale oaa observed on the
surface of the specinea; x-ray-dif-
fraction analysis indicated that eke

acale oaa principally UO#. It ia felt
that there oaa oxygen in the untreated
tan and tke resultant oxidation accounts
for tke observed behavior. The expert*
eeat mill be repeated oitk purified
nitrogen gas.

Therlen. All thoriun testing
daring the past quarter oaa ea aa
Anas billet having a nominal carbna

HM PfRIfW) EWIW APRIL St, MSS

content of 0.040V Specimens are
being tested at 16,000, 17,000, aad
18,000 psi in varuun at 300*C. One
silver*plated bar ia being tested in
an argon ataospkere at 300*C. All
extensions reported oere measered
optically. Previous reports have shoos
that for stresses up to 16,000 psi
the rupture life ia far in excess of
150<i br and that a very loo creep rate
is exhibited, but at 19,000 psi very
fast floo rates are observed aad the
rupture life is teaa than SO hours.
The speeiaeo aoo ia teat at 10,000 pai
has run for 4S0 hr oitk a total
elongation of Ill aad has mniataiaad
a creep rate of 0.006X/hr for the past
200 hours. then this test fails,
another oae eill be conducted at
18,S00 psi.

F.xperinenta oith thorium in hydrogen
and nitrogen atnospheres. sinilar to
those reported for uranium, have been
conducted. Nitrogen hod no detectable
effect on the creep properties. Hydro-

increase ohea first
however, this

gen mused a narked
admitted to the chamber;
effect diainisked oith tine and no
narked change oaa noted ohea the
chiaher oaa re-evacuated. The over-all
effect of tke hydrogen treatment oaa
to reduce the creep rate to a value
much lower than that observed (or a
teat in vacuum only. Figure 47 presents
the results for several thorium tests.
It ia interesting to note that the
silver-plated thoriun bar. which was
not evacuated and ont-gassed, exnibited
a greater creep rate than the thorium
bat fron the sane extrusion that was
tested ia vacuum

Fat 1111las for +trasa-tuptere

Testing la Ll«ald Natela aad Fused
RdiAd. The installation of facilities
for streas*rupture tenting in liquid

eetala and fused salts ia complete
md the testing machines were cali*
brated with a standard sheet teat
specimen on which SB-4 strain gages

tke specimen was cali*

eer* »muated;
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Fig. 47. Creep tala of tilraiH Tfceriaa TttUi it SM*C. Curve 1: as-extruded, deformed SI in ten-
sion prior to testing in vacaea (0.0S nicran) at 16,000 psi. Carve 2: as-extruded, tasted in vseaen
(0.0S atcron) at 16,000 pai. Carve 3: as-extruded, tested inalternate vacuea (0.0S aicraa) and kydrogea

(3000 microns) at 17,010 psi. Carve 4: as-axtraded, silver plated, and tested in argon (ataospkeric
preasare) at 16,000 pst.
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rise.

Til* t*ati*| ch«b»ri »tre orifiailly
is contain lodtan or other
lew-aeltiof-pomt notariala. A feu
niner design changes oro being aide
becooeo al tho change in prograa and
tho aaod for data fron teats with the
higher aoltiag fusee fluorides, then
tho cheehere were constructed the
notorial aader consideration for the
reactor one type-316 atainlese steal;
haaover, tho present eapheaie is on
laecoaolf so eoversl nee cheaters
incorporating the shove aodificetiona
oro being coaatrncted of laconel.
Cootaiaera to charge and oapty the
testing chaabera hove been designed
and ore being constructed; these
cootaiaera, although designed to fit
tbo original apparatus, eill also fit
the apporntoa to be need with tbo
fioorido aiitnrea. Testing eith nolton
flueridoa oill be started aeoa after
tba first lot of fluoride aiuture ia
received.

Tbho priaary purpose of these testa
oill bo to study the effe * of stress-
eorroeion on the creep rate and
stress-rapture life of these aeterials.
Bath lacaoel and type-316 staiolesa
stool arc to be tested in the Modified
apparatoo in an argon ataeephere ia
tho anas etrosa ranges as they were
previously tested in the old apparatus.
A coaperieou of the two sets of data
oill estohliah the effects of the
inherent variables of the nee testing
systeoa, and thus the results of thi
correeivo action can be studied.

Inoouol. Beth fine- and coarse-
grained apectnona of Inconel are being
teotod nt etroaaoa fren 1500 to 4548
pai in argon- Tho ospoctod teat
duration in this atroso range ia
froa 100 to 3800 hr; upon caaplotioo
of the tents ravinod design curves
will he coapiled. A short oorioo of

.
a e ee

woTT®

s e e
as owe

ral rrioo ewimc aril »o, Ifsa
testa in air are being
initiated to obtain data for a ceo-

pariaon of the effects of onidatien
and fioorido attach on the creep rate
and rupture Ufa.

Typo-Sit Stainless Stool. Speciaeas
are being tested ia argon in both the
eld end tho aodified chaabera at 5300,

5800, 6300. 6800, end 7300 pai. Those
duplicato sots of data oill nerve to
correlate tho oerh ia the too types
of testing chaabera and oill furnish

data for n designtcurve for type-316
atainlese steel tested in

fASSICATISS

Jr., J.
N laouye

E. S. Boaar, H. Caaba,

ASS Control nod Safety Soda. The
design of tho ABE control end safety
rods hoe bona caaplated, aad fabrication
of tbo coaponeats has begun. After
ceasidoriag tbo availability of atoch
for tbo cons aad the tine ecbedule
to bo not, it was decided to aahe the
cms of the typea-316 and -304 stain-
less stool tubes on hand. These ere
ednittedly not the best aeterials for
coapatthility with boron carbide nod
perhaps not the beat frea the stand-
point of nol f-veldiag; however, the
delay aeeesaary to obtain the uore
desirable type-430 atainlese steel
tubing in prohibitive. The cans are
being fabricated by the Y-12 Machine
Shops aad will be loaded with boron-
containing slugs and brased with
Vall-Colaeney Nicrebraae by the
welding group.

Fabrication oerh has begun on the
safety rod slugs, which will be bet
pressed froa an iron-boron carbide
aiuture conteiaing S6% by weight (80%
by voluae) boron carbide. The i*on-
boron carbide uiutwre a selected
bocauae of the special labricatien
problaaa associated with pure boron
carbide. The aisture will be prepared
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by mtllui boron>carbide for Ib br it
mitail till «ith itttl balls «tf
blwfiKRit far | br attb tba reewieite

aaowat af -325 ttaab iroa powder. Tbta
aiatara aill ba fabricator by bat
presstws at 1S20*C atf 2500 pai ia
graphite bias. Several clans af

iatereediate aita have baaa fabricator
aaccassfally aitb deasities af 2.10
[/cc or battar (abaat 10t af theo-
retical) ear aitb acceptable di-
awatieaal taloraacaa. Tba hot-proastap
faraaca far tba fall-site slaps is
beiaft coastracts4.

Tea af tba irea-beroa
slapa baaa baaa ctaaoi aar
Oaa ass cat apaa ta chacb far raactiaa
bataaaa tba baraa carbire aar tba
ceetaiaer, ear so raactiaa aaa fewer.
Tba aacaoT is baiair bald at 81S*C far
100 boars.

carbire
bratar.

Tha reevireaeata for tba reflation
rod (abia rad) are soawebat diffaraat.
Far tbia rad a aaall aaoaat of baraa
(3 ts 12.S ft) aaat ba aaifaraly
dispersed ta a aatarial relatively
traaapsraat ta aaatroas, sach as
AltOt. A praliaiaary slur aaa aado
by bet-pressisft a aiatara ceapoeed af
99% A1,0| (ftrsdc 30-500) plas |Ilift
B4C at 17S0*C is a ftrapbits die wader
a praaawra af 2500* pai. Metallaftrapbic
asaaiastiaa ravoalee that tba tea
aatorials are caapatibla sad that
tbaaa ceaditieaa aill probably ba
satisfactory far fabricatiaa af fall-
site alafts. A aacaad slap caataiaiaft

0 .74ft by aaiftbt (-J25 aasb) BA4C,
prepared by tba aaaa taebatpaa, bad a
daaaity af 3.45 ft/cc (lift af theo-

retical) aad pasaaasad aatiafactary
physical prapartias aad diBeasieaal
taloraacaa.

G. M. Slawftther

Tha priaary objectiva af tba biftb-
teaperatwre braaiaft allay iavestiftatiea

413 rrti

danaft tba past fee aoathe baa baaa
ta arreea eat brattan allays far high
taaipaiatara aia. Flaw >081111)1 aad italic
cer'otlea ism la todtaai kydioalde aad
flwarida bathi are balag mad. After
tbaaa preiisiaary aaeesttgatieaa baaa
baaa cowpleted, prwaieiaft allays caa
ba farther atadaad ia physical property
testa sarb as batt-teaaile teats (at
bath room aad elevated taaparstares),
alevated-teaperatara creep teats,
dyaaaic carraataa taste, aad raaa-
aad alavatad-taaperatwre dactility
teats. Sacb acraaaiaft pracadaraa
seaa appropriate beceaae af tba larpa
aaabar af allays aaa wader caaaidar-
atiaa.

Tbhs raaalta af praliaiaary ia-
vaatiftatiaaa of aiftbt biftb-taaparatara
braaiaft allays era recorded ia Table

27. Tba aeltiaft paiata Rivaa far tba

variees allays are ealy approxtaata

sad will vary seat aiaca cheaieai
aaalyaas of variows basts of the aaae
alloy differ slifthtly.

Static carra.io. fata .a jaiat.
braaad with aaaa af tbaaa allays are
beiaft aada. Tba teats of Nicrebraasd

jaiata aa lacaaal aad type-316 ataia-
leas steel ia bath sodiwa bydraxida
aad flwarida have baaa caa-
platad. Flwarida baa a rela-

tively aiaar corrosive affect oa both
types af iotats, aa caa ba aaaa la
Fifto. 52 aad 53; sodiwa hydroxide was

each aara severely corrosive, caa
ba aaaa ia Fifts. 54 aad 55.
Tha 600 Ma-400 Ni allay is ax-

sly brittle aad aaay braiad jaiata
with this allay cracked aavaraly,

as illwetreted by Fi«. 56. Siace thia
brasia« allay baa law reatateace to
carraaiaa ia flwarida aad
aadiaa hydroxide aad relatively poor
flaw pr.p.rt..., it appa.ra to b.
aaaait able far the* * applicatioaa.

Photoaicrogr apba af lacaaal jaiata
braxed with this allay aad tasted

ia flwarida aad aadtaa bydraxida are

a aaa
a aa



MAXING ALLOT

Nterofcree
(70. 7% Nt-1lLM B & 4 .M
Fa-4, m St-4.92* B)

<** |[b-M Nt

AM P4-4M Ni

«M P4-17* Nt-3* St

14.1ft Cr-M.O* St-71.» Ni

14.M 0-10.0* *t-I.»
St

I1S.-71.0S

b«s A -«* P4-J* *

7» A«-20* P4-S* Mi

PrHtrtlH of

APEWTE
|

IBM
ISSO

12*0

2150

SMS

2MO

SIM

2MO

im«Tmmril>r»

BRAZING

ra***RATU* FLOOABILITY
(T) ORSOTVATIORS
MM Earelleal
IMS Fmt (Im mi

tftckiai ta

2330 Umlleal
2300 Karel leal
2200 H N trtu
2300 IM trat*
2300 Eacallaat
2MB Ear-1llaat

eriilai

M E
BRAZED INCONE

ism niin

SIHiR I attack
(111 leackieg
«( Kara

Strtrt

% affirMt
attack

MasSarata

Severe

IR t

*11*is

"1

IN NaOB

=

aavara

Severe

Severe

Severe

STATIC CORROSION

" U

a * W
STAINLESS STEEL

“rp L 1n
Sltfkt
Mekerete
Makereta
Vvrv eliffct

BN NaOM

Severe

Severe

Sever*

Severe

()

§<
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*hoaa &< Pig*. |7 h 4 SI- It cu
k« im i that tka SraiiM allay la
attack#! ratkar aavaraly ia botk

caeca.

Tka 60% P!-40% Ni braaiap allay
kaa aacallaat flooabtlity praparttaa,
ca! froa tka ratkar liaita! caperi-
aaatal data aktaiaal! to lata, it
eegaa ta kavo better-tbaa *aver ape
raaiataaca ta carraaioa ky tka flaa-
rilaa. Tka iaaipaiftcaat attack af
tka flaarilo batk aa aa fncoaol
joint kraaa! aitk ikie allay ia aboaa
ia Fip. S9. It caa bo aaaa tkat
iatiaata baaliap aitk tka baaa aatal
ia aktaiaa! 'ariap kraaiap, aiace tka
sraia kataiariaa af tba lacoaal
pracaa! directly acrosa tka iatarfaca.

Tka STS K1- 60SP4 ayotea aitk 3%
ailicoa alia! far ita affaet open

malliop-patat laaarian aaa alaa
iaveatipate!. Tka ailicoa addition
caaaa! pkaaaaoaal flaa, aback ia
allaatratc! ky tka lacoaal flaa-
ability taat apaciaaa akaaaia Pip. 60.
It can ka aaaa tkat tka kraaiap allay
flaaa! all tka aay alaa# tka 6-ia.
joint aa! m m flowed ep tka acratckaa.
Haaarar, tka room-teoperatare taaaila
atraaptk of type-316 atamlaaa ataal
jaiata katt-kraaa! aitk tka allay aaa
laa, aa! tka kraaa! joint aaa vary
brittla. Staalar! 0. SOS-ia.<!ia
bott-bra»e! 'enaile bars aara taata!
to obtain aa ialicative valaa of tka
aaality of tka jaiata, aal! tka rosalta
akaaa! a taaaila atraaptk af 48,500
pai aitk a brittla fractaro. Tka
fractara acearro! alaaa tka caatar-
liaa af tka kraaa! joint - ita ap-
paaraaca ia illaatrato! ia Pip. 61.
Tka raaiataaca te carraaioa af lacoaal
kraaa! jaiata ia flaarilaa aaaaa to
kava kaaa laaara! aaaeakat ky tka
allitiaa af tka ailicoa to tka STS
Ni-60% P! ayataa.

Taa braa.ap al loya af tka Ni-Cr-Si-Ma
type have kaaa taaaatipata! ia pro-

liaiaary aipanaaata. Tha 16.St
Cr-10.0% Sa-71.tR Ni allay aa! tka
16.St Cr-10.0t Si-2.St Ma-71.0% Ni
allay kavo laairakla flaaakility
ckaractariatica kac ara apparaatly
attack#! to aaaa aataat ky tka flaa-
rilaa aa! ratkar aavaraly ky aaliaa
ky4raaila. A caaplatc cat af pkata-
aicraprapka akaatap tka aataat af
carraaioa aili ka praaoata! akaa
avai labia.

Taa ailver-baoe kraaiap alloya af
tkc coapaaitiaaa 64S Ap-33t P4-3S Ha
aa! 75% Ap-30k P!-5t Ha. akick aalt at
appraaiaataly 2100*F, kavo kaaa
iaveatipatal!, aa! it baa kaaa akaaa
tkat tkc flaaakility af tkaaa allaya
ia vary paa!. Tka raaalta af atatic
carrasiaa taota ara iataaplete at tka
prooaat tiaa. Vkaa ia ccatact aitk
flaaril# batb, tka braaa! joint
af 64% A«-37S P4-3S Ma aa typa-316
atatalaaa ataal aaa aaly alipktly
attack#!, akaraaa tkc lacoaal joint
braoa! aitk TSt Ap-20% Pd-5% Ma aaa
aavaraly attachel. Tkaaa braaa!
jaiata ara illaatrato! ia Fipa. 62 an!
63. Tka aitraaa attack of aalioa
kylraaila aa a kraaa! joint of 64%
Ap-33S P4-3S Ma oa type-316 atatalaaa
ataal ia abaao ia Ftp. 64.

Fartkar atleapta ara bemp aala to
lover tka aeltiap poiat af tba 40%
Ni-60S P! alloy ky tka al!litioa af a
tkir! caapaaaat. A It bcrylliaa
allitiaa aa! a 10% aaapaaaaa allitioa
ara baiap atalia!, bat aora aork baa
to ba done before tka l!eairakiltty of
aarb allitioaa can ba leteraiael.

*CIL.PINS

. Fatri area

Caaa-Arc ValMiap. It aaa tot*
aidered dealrablr aa a raaalt of
pravioaa proliaiaary aapariaiaata ta
Ictaraiaa aoaa practical aapacta af
caao-arc oalliap tackaipaaa aa applia!
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IBTALLUMY DIVISION QtARTERLY PROGRESS REPORT

Pit.

M-

fat It# tr.

Pit.
Preside
regia.

41

i1
far
200%*.

NlcrtbruH [litN tl

c«rmIM iffclan T«atd

It tadlea lylrailtt

CitrtMly Iwify attack yraacat. Uaatcbal. 2SOX

McrakraiH Tinh *IH Illaltlttt Itaal lalat Ttatal la tatlaa BF

lat tr. The brana«

LY
@
@

W ew ko
Ppw e
®

aMay aai aanraly attacked.

«3 4.

Etched atth afia



fim MM Mmiw tNnu i*. km

M«. M- 1km (1 J«lal BrtaH till « IM «MN HI Allay lax tka Bali
Illy af tka Allay far cracklag. ItckaA aitk aisaC iciit. SO*,

ric. 11. lacaacl Jalal kraxa* altk a Mt la-«M Ml Allay aa4 VaalaC la
ifiaarlAc Calk tar kr Tka hratiaf allay aaa aavaraly attacked. Uaatclied,
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT

Pig. ftt. Inconel Takft«>atai*r Ctm tin iMiiMi Inst# till « fft
Aft HI Allay m 4 Tealed la sodtaa mydreatfe far Iff hr. Heavy general attach
aa the alloy can be soon. Unetched. 100X.

fla. if. laeaaal Joint fraaaf altb a ffft Pd-Aft HI Allay ead Teated la
rlaarlfa fath far I1ff hr. Excellent aarfaca bonding ia evidenced - the grain
boundaries extend acraas the brated interface in aany places. No corrosive
attack can be aeon. Etched aith aqua regia. 100X,

413 °52
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FOR PERIOR E»IW AMU SR. IRIS

n,. 1il. IMIIN at M AS-IMtH T=H »1« »UUIHI ItN]l R MR-l«. t»»»U
fMt |ar ir«a*4 auk « MR M-JTf »»el» »i *>len. Te« b.r fraatvraR i» -
brittle nannrr at 48.500 pai, tke elongation in a 2-in. -«afa length van 7*.
ractnrn occorra«l along tke cantar of tke bratail joint. Etek#«* aitk agaa ra«ia.

00*. ua *53

LHLD e W
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fol

Pis. ft. fpp*oo«e exnexe«ess irwH tin .
All*y Ml Vm IH I* ric«rld« litb f*r IN if- Tk* kriitlJ***1 FM* *eex*?

i«ttticki4. UittekN. IN¥*.

fl<. «S  lexe™el leo(m» |icM4 *11* o tit *«<-*o» N-H N »U*9 «N T*t*«
It I fl**tt«™* N il f*r It* *r. Tk* triii«| m11*9 *m iittck N U iiw iiliritu
Muit m i* *h*w» by «fc« SFFVIv veld« i* th« fillet. UMtch<4. 1MX.

413 P54



rig. e«. frH'IIl It*laleee steal la
Alley ttilH la M Im lylrnili
alley contained anny large veida, and
UaaUbad. 100X.

la tabfta«baadar keel eackaagar
fakricatiea. Tbia atady vaa given
precedence overtka long-range approach
of deteraiaiag tka iadividaal and
combined affacta af ika variaaa case*
arc veldtag procaaa variaklaa aaek aa
arc tiaia, arc earroat, aatarial aad
aatartal aiaa, aad phyaical gaoaatry
of kaadar deaign.

ilia baaa aatal

FM PRIIOCO mine tfllL It, 191]

lit ilth i

far

iruH
IN br.

Hl Ag-SIt M-tt k
Hi* filial <( bretiag
vaa aaveraly attacked.

Tka agaipaaet aaad far cone-arc
voiding aapartaanla kaa keen daaenkad
previoaely. *** A aariaa af kaadarg
aara fabricated ta coafara la a cleanly
packed take-kale arraagaaaal ia a
clreal ad kaadar. Tka kaadar aalerial
van type-304 ateinleaa alaal akaal,
1/8 ia. ia tkiakaaaa. Nineteen taka

***refe<larar aiMHH gi«rlirl=> IrtiMIl <
part /*» tin>*/ fadief Jmmmry 91, flit, OMH- IMF.



IKTALLUKT 1VIS1IwW QUOTNI!

MU« mm drilled ta 0. 100-
ia.-OD type*IM itiialtM iim | labial
eilk * n il tkiiUm ef 9.410 iack.
Tk# knic pettara mi epailateral
U iiili* «ilk a take kale at aaak
area; aaak taka kale aaa 9.199 ia.,
or aaa kiaeeter, free ite aaaraat
aeipkker. Taka kale-te-keeker alia

9:1ataaaaa vara iaitielly ckeaaa aa
9.999 ia ., kat tkey aara leere aaak la
sekeepeeat eaperiaeeta te 9.199 lack,
talkie# eeokitieaa aara akeaaa ky
esperiaeet kafara kaia« applied ta a
19-kale kaakar aaaeekly fev a aaa-
aiataaey araleetira.

Fipere 01 Ulaatrataa a aeviea af
typiaal taka-ta-kaakar caaaiataaay
Raterveieetieaa. Keck kaakar aaa
fakritaatak ky aria* akiffareat eaikfo#
B litlea ta illaatrata tka fleei-

kility ef tka caaa-ara preeeaa. Tka
eelkia* aaakitlaaa are iiatak la
Takla 19 aak are ia refaraaaa ta
tip. 09.

aalka attkia tka lieita af
tka eatarial aak jeiat kaatpa ef tkia

iaaeetiiratiea eay ka aaka ever a raape
af eelkia# ceekitieaa. Altkaatfk tie
aalka illaatratak ia fit. 09 ate eat
repreaeetative af a ayataeatic ataky,
tkeir aaeaiaatiaa rareala treaka tkat
aill ka aerifiek ky fatare eerk.

>Y1 (994 1tV

-------- 9000 19099
000 V 09I
| «* ta
rtp. 00. tppleal
1/9-la. Type*apt tteieleee Steal
fceete aak Vypa-9If ttaleleea steal
Vekee. 0.10 la. 90. 0.019-la. tall
fkleteeee.



It appears froa a ceaparisoa of
calda a, A. ,C, aad / with nlda 4 and
* (Fig. AS) that the priaary affact
af shortening tka arc distance is ta
r«cess tka cone-are weld. Velds a, h,
aad c illastrate tka caaparakla aat
affect af increasing carraat with a
corresponding dacraaaa ia arc tiaa
(witkia liaita). It is believed,
however, that a tborevgk aatal lograpkic
aaaaiaatiaa is ra«airad ta dataraiaa
tka affects aa variables sack as weld
paaatratiaa.

Velds d aad a illastrate tka
coakiaad affect of further increasing

arc length, arc carraat, and arc tiaa.
A conditioa is reached that iadicataa
seperfleews welding, which is apparent

ky observing tka relatively
welds aad tka taadaacy ta form a
raaatta patters an tka header edges.
Tka kaat flaw pattern, tka vnifornity
af which senna ta ha aa iapartaat
variable in cone-arc welding, appears
ta have keen distorted on prolonged

large

FOR PERIOO ENDING APRIL St. 19SS

heating aa a rasalt at increasing are
tiaa or higher carraata aalese ac-
caapaaiad hy a narked dacraaaa ia are
tiaa. It aay ha sated that the water
kolas al header a da aat caataia
voided taking. Tka distaaca froa the
take periphery ta header edge ia this
case was 0.050 iack. This distaaca
apsat tka waiferaity af the kaat flaw
pattern, and aa welding caaditioaa
wore foaad that weald give satisfactory

welds. The applicatiaa of welding
coaditiaa b ta void /, which is
identical ia gaoaatry with weld a,

waa alee anaatiafactary ohaa applied
ta tka eater kales. Malting con-
centrated toward tka header edge and
gave erratic raaaits, aad i aaay
iaataacaa the taka peripharios ware
only partly welded.

Tka eaperflaesas nature of welds
aada under welding coaditiaa a is
illaatrated ia Fig. 66. This photo-
aicregrapk ia typical af cone-arc
welds with goad fit-vp. The affect of

Pig. gg. Transverse tactlon of a Typical Take-to-gander ceae-Are told of
I/*-1o. Type-S«« Stainless gtool teadsr ghosts aad Type-Slid Stataleaa gtool
Token, S. It ta. tt, f.sit-in. tall Thlskasaa. 10X.

413 r57
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT

mociatd problaa appeared apaa
ataaiaatiaa of the aallL Area that
era teraiaated instantaneously aitlwat
a carreet taper toad, to leave acrater.
Eiaaaieatiea of tbe periphery ef cone*
arc velds revealed a anajl apet
characterited by a aaall aaoaat of
acala. A crone aectiea ef each a
apet eith the Biddle af the eald
aarfaca aapoaod appeara ia Pip. 66.
The aataat ef the crater iadkatee
that the resulting pereaity ia net a

113 r5#

aorioea problaaa. Tke presence of a
single pronoaactd crater aa the
caaa*dYc »ald periphery teada to
confirm the bolief that the cona arc
any be a atomic, rotatia*-arc been,

The fabrication ef teat aaaeabltea
by cone-are veldit* will ceatiaae, and
atadiea to avalaate the feadaaoatal
effacta of the cone-are voiding
varieblea mill receive attention
ceacarreatly.



MUIUIIM

The staff fsr protest operation* af
ills aoraaft* laboratory is ctaylttr,
mA ikt groop list boos organised iata
t*S aaetiaas - a research aad develop-
msatal sssiiss aad s saciisa that
raadsra aasistaaca to sthar divisions.

A research p«ogres hat been adopted
that is ts isclado as eateasivo otady
af Carnets, caraaic costings, hofaia,
aad chasges is caraaic aatarials daa
ta radiation, Tha progreo alaa pro*
vidas far developing Ithoratary
facilitiss far ooaeariag physical
properties af caraaic aatarials.

*HIM 4NO MIILSIM 00 CgtftFWnrr

Tha fallaaiag eqoipoeat ass co0o0-
pteted ar aat ia the pracooa af tot-
otractiaa daring tha poet gearter:

1. tharaal expansion eqaipoeat, tan-
tiotiag af a vacaaa dilstaaetar
(platiaoo-vound farnace) intended
far tha dataraiastiaa af tharaal
eapaasian of talida ia tha range
200 ta 1S00*C aader vacaaa ar
caatralled ataotphera caadltisaa,
aad a high-toaparatare dilatoaeter
(aolybdanaa-oooad furnace) far
theraal onpaaoian datoraiaations
ap ta 1400*C ander caatralled
ataasphara conditions;

faratcet,

2. resistor both aalybdeaaa

rot rami anil It, ttii
I. a vacana iadactiaa furnace, which
sill ha aaad far aistariag caraaic

astariala is vacaaa ar csatrallad

ataaophorao ap ta 2S00*C aai will
ba installed spaa tho porchasa aad
delivery af a notar'toneretar aat;

4. fat'fired foresee*, hath s high
taapsratara, tircanit liaa< firiaf
cheaber. 10 hy 10 hy It ia., far
taaparstaraa ap ta 1900*C, atd s
high taaperataro, MgO ar ZrO
liaod, taageatially fired, firiaf
chaahar, 4 ia. ia dia hy 4ia. doop,

far teaperatarea ap ta 2000*C;

S hifh-taaperataro a-rty eqaipaaat
doti«med ts ahtaia fray pattarat
af notarial ia the range fraa rasa
teaparatare ta 2000*C;

4. theraal diffativity tpparataa ta
be atad far aaatariag tharaal dif*
fativity af caraaic aatarials at
teaperatarat ap ta 2000*C;

7. ice calariaoter eqgaipaaat ta ha
need far precise eeiiarraanta of
beat capacity af aateriala at
teaparatarae ap ta 1S00*C;

I. etras.-rspt.ro sppsr.tas far
aaaeariag stress-reptsre of caraaic
aateriala at tesperatares ap ts
1300-C;

9. pyroaetar tad theraacaapls eali-
bratioa eqaipaaat.

IAr«M BfsfAaBCf

Nafaia received fron tha Choaiatry

eoand, priaarily far firiag Cornett Diviaioa contained tha folloaiaf

ap ta |7S0*C, and vacaaa-atrip, principal iapariiiat, according to

for aaltinf-point deterainatioas apactroacopic analyeiat Zr, 0.SSS;

ap to 3000*C.» Ti. 1.001; To. 0.101. la. 0.04%. It
K Hk Koo Feer  g*413 '
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lias iMca 4tM M Intt4 tkat tkia

terial cat ka ckaegad frea tka aaaa-
cliaic la tka eekie crystal far* ky
tka ifallita af I *ata f *f calcia*
oxide aad firiag far | kr at IMO'C ia
air. Tkia kakaviar, aat pevieasly
aeted ia tka litaratara. ia eiaitar
ta tkat *f aircaaia* aiiia, akick ia
r «*#rcially atskilired ia tka aaaa

aaaaar ta iacraaaa keat-ekeck rt-
aaataaea.
Tka tkaraal eipaesioe kakaviar af

kafaia fra* raa* teaprrater# ta
aaa lataraiaaii a*
foead ia tkia raege.

[100*C
iavaraiaaa vara

Kaaiaatacatar aiataraa af MfO aad
?i9, aara firad far 1 kr at 1JOO't; «e
F&y aaaaiaatiaa iadtceted tkat kafaiaa
ailiaata aaa ayatkaaiaad ky tkia
praeadar>*.

(TU I K COAlIlI

flaarlda-laalalaat Ceatlaga. fork
aaa atartad aa tka develepaaat af a
pkoapkate- gl aaa coepeeittea far aaatiag
aild ataal (10-10) ta provide raaiataaca
ta araaiaa flaarida. apaciaaaa ara
kaiag taatad at M i.

tiraaaiaa Baaaaliag. A earaaic
eaatiag applied ta sircoaiaa akavad
praaiaiag kakaviar ia ratardiag
aaidatiaa af tka aatal dariag hot
ralliag.

tllag. Aearaaic eaatiag
was aaceeaefolly applied ta tkv iaaide
af a capper taka ta pravida iaaalattea

bataaaa aarcery aad tka taka wall ia a
caavacttaa aaaaaraaaat apparataa.

itaialaaa gtaal iaaaaHag. A earaaic
eaatiag applied ta tkraa ataala (typea
»4T, Sit. **d 10f| aaccaaafally retarded

rro

laedetia* af tka aatala dortag a 100-kr

taat at 000*C. A aaa, karea-free
aaatiag far ataialaaa ataal ia kaiag
developed.

MAOIATIM

Aa iavaatigatiaa af tka affaat af
rediatiaa aa variaaa caraaia aatartala
kaa kaaa atartad. Taat ayaaiaaaa af
10 «liffaraat earaaic aatariala ara

kaiag prepared ia tka far* af tkia
disks. S/4 ia dia ky Si tkiak,
tkat ail |l ka aaat t* laafari far

irradiatiaa far
aaatka.

perieda af S aad 4

Tka felleeiag raparta kaaa kaaa
caaplatad ar are kaiag prayartd:
(1) "Bibliography af kafaiaa Oaida,
Nafaiaa Carbide, aad Mafaiaet Silicate.”
<S) "Cracikle Haadkeek.” (SI "Caraaic
Material a aa delated ta doaatar dra-
ftaa," (4) "Vapor Preesares af Caraaia
Materials.”

Patragraphla liaalaallaM. la-
testigatiaas af AM facia ar* k*iag
carried aat far tka pragraa.
Patragrapkia analyses of UO, gratae
ara kaiag aada periodically far tka
HIC pragraa.

Pairlaatiaa af * Caraaia laid fat
mahlag stogie Cryetale af Alm Awm.
Aa alaaiaa aald aaa praparad far
aakiag aiagl* eryatala af alaaiaaa;
keaaver, tka aald did aat parfara
aatiafactarity awiag ta aalatiaa
kateaaa tka araeikl* aad aatal* Otkar
aelda aill ka praparad fraa aircaa

I . f 13 [
I»* -aga *a# aaa a a aa

Faiels *7 \AY Y s 100
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brick cad aagaeaiua aside. This eork

vac rcqccctcd by tbe Solid State
Diviaioa.

Plrlac Lava laaalatara. Routine
beet treetaeat wee given tv parte for
tbe calatraa (reqeeeted by Stable
leotopea Diviaioa).

FOi PERIOD ENOKNt APRIL It. 19S2

Fabrleatlea af Vbarla Cractble.

Tkie eerk for tba Stable leatepea
Dtviaion vaa completed.
Pabrleatlaa af laaalatara. It aaa

found tkat kat-preaeed beryllie in-
auletara gave cacelleat aarviee ia tbe
calutron.



HOMOGENEOUS REACTOR PROGRAM

E. C. Miller
The Metallurgy Division** partici- 1ABMTIS8N OANAC ITtIBIKI
pation ia the Homogeneous Reactor

Project continues to be lioited Some earlier work by Argonne
largely to oiscellaneoua consultation National Laboratory, in cooperation
and service eork because of the un- with the Solid State Division of CIRN,
availability of aaapover, although a on the impact atrength of carbon steels
beginning has been Bade on the ti- indicated a reduction ef the impact
tanium phases of the program. strength in the range above the
transition temperature, aa well as a
COMKIt* pronounced increase in the transition
temperature after irradiation. Further
Participation in the corrosion test study of this effect has been initiated
program has involved assistance to the by the Solid State Division in con-
dynamic corrosion group of the Reactor nection with metallurgical problems of
Experimental Engineering Division in the HRP. Impart specimena of AISI 104C
the procurement and preparation of ateel have been prepared for irradia-
teat specimens and the awta llograph ic tion in the X-10 graphite pile for
examination of corroded components periods of one te two months. Control

removed from the system.

OSLO INO OF STAINLKU ITKKL

has been aide to follow
being carried

An effort
the extensive programs
on by various technical societies and
committees, industrial groups, and
coBMaissiom contractors toward solution
of the problems of welding austenitic
stainleas steels in thick sections.

NOhOGOTtUCTIVS TKS8TINO

The nondestructive testing program
being carried out in cooperation with
the Y-12 Research Engineering section
has involved, in addition to the
routine inspection of welda and com-
ponents by x rays and dye penetrants,
the procurement and use cn an experi-

of irradiation temperatures end awtal-

lurgical history will be maintained te
determine possible effects on the HRE
pressure vessel. Similar testa are
planned to evaluate austenitic stain-
less steels and titanium.
111 conram rum
E. S. Bomar J. N. Coobs
H. Inouye

The attempt to fabricate stainless-
steel-clad Bore! laminates of inter-
amdiate sue met with sow difficulty.
Several laminates made by using
aluminum-clad Moral cores and copper-
coated stainleas ateel cladding were
rolled at 600*C to enaure gcod bonding.
At tkta temperature the Bora! was

mental basis of an ultrasonic re- reduced preferentially and built up
fine toscope and an Audigage instrument. sufficient pressure ahead of the rolls
The Audigage instruments are of par- to burst the laminates after four or
ticular interest as possible swans five passea. Moderation of the rolling
for following the progress of cor- schedule seemed me ffee 11ve when tha
rosion attack. total reduction exceeded 10*.
413 *62
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METALLURGY DIVISION QUARTERLY PROGRESS REPORT

A successful rolling schedule ess
then devised in ehich tso laminates of
intereediste site (2 by 8 in.) were
prepared by using three passes at
600*C to obteie 20% redaction and teo
additional passes at S00*C to obtain
a total redaction of 30%. Apparently
full-aiae plates nay be fabricated by
this scans. However, each laninatas
have a definite disadvantage - the
platan are rolled at teaperatures in
the cold-working range for stainless

ataala and the cladding than becones
progressiva ly harder, aero difficult
to reduce asifornly by rolling, and
nora difficult to bend to its final
configuration.

The original request for the stain-

less -atew 1-c lad boron carbide lamnatea
included the suggestion that adapta-
tion of the technique currently in
use for fuel-plate fabrication ta the
preparation of laninatas with iron or
ataialass steal as the core nutria be
investigated. In order to evaluate
thia technique, a series of conpacts
containing 37% by volune (-200 seek)

302 stainless stael, type-410stain less
steel, and chroniun powders ware
pressed and sintered at 1150CC for
30 niautes.

Analyses of the coeipacts (Table 29)
show that in all cases the boron
carbide reacted with the eiatria octal
to fora either a brittle, inter-
Metallic or low-nelting-autectic
phase. The reaction was accoapanied
by growth of the pressed compact, and
there ware detrimental affects on
physical properties.

Laminates prepared by hot rolling
gavo uniforaly poor results. The
cladding of several laminates contain-
ing iron and type-302 stainless ateel
matrix cores, rolled at 122S°C, was
attached by the core material, and
most of the center portion of the
laminate seemed to mel1 away. Several
other laminates containing iron, type-
410 stainless steel, and chromium
matrix cores, rolled at 1050 to U25*C,
blistered badly because of ruptures

boron carbide in iron, nickel, type- within the core.
TABU SB
Analysts el trorloee Compacts Containing Berea Carbide
DENSITY <*>
COMPOSITION GREEN SINTERED PROPERTIES
Ni-B4C Ni-B eutactoid formed and flowed
out of contact
Fe«B4C 76.5 70.0 Brittle, fairly strong; liquid
phase formed
Type-302 stainless 74.0 SB.5 Vary brittle; liquid phase formed
ateel-B'C
Type-410 atainlaas Vary brittle, weak
ateal-B#C
Cr-B4C
' \
413 'C3
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The hh auggeated e

of copper «ii
the Metallic in the core, and inveati-
gation revealed that it doea not react
eith or diaaolve appreciable aaiouata
of boron or carbon at tenperaturea far
above ita Melting point. A laninate
eith a copper-boron carbide core pre-

pared by aintenng a Mixture of copper

poeder and coarae boron carbide, cold
preaaing, reaintering, and cold roll-
ing, eaa hot rolled aucceaafully at
1000'C eith SOX reduction in aeven
paaaea. Examination revealed a fair
bond beteeen core and cladding, ai
ahoen in Fig. 67, and the finiahed
laomate eaa eaaily beet to a 1-in.

When bent to
laMiaete failed

radiua eithout failure.
e ahorter radiua, the

by ahear through the core and revealed
the atrength of the bond.

Thie ivethod of preparing laninatea
had to be iMMedtately adopted for
preparation of the full-aiae platea
becauaa of a reviaed Hue achedule for
coMpletton of the project. The core

Fig. 67. Interface ef Type-147 Stainless
bide Cere. 200X. Reduced Iift.
413
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Material eaa prepared aa a Mixture of
16. IX by eeight boron carbide, con-
taining 71% boron, nnd U. S. Metala
Refining Conpany, type "C" electro-
lytic-copper poeder. ehich eaa nixed
with 2ft atearic acid ae a binder and
preeaed at 2S tone per aquare inch.
The binder eaa then renoved by banting

in air at 400*C and aintering in a
hydrogen atnoaphare at 9S0*C for 2
houra. The coapncta eere then re-
preeaed at SO tone per aquare inch,
reaintered for IS nin to pronote
denaification, and repreaaed, if
neceaaary, to further reduce the

Preparation eaa coaploted
the deaired thickneae,
leading into the fraae of the Inai-
nates, evacuating, aealiag, and finally
hot rolling aa deacribed. It one
diacovercd that the large platea had
to be evacuated during preheating and
aealed to prevent availing and bliater-

thickneaa.
by rolling to

ing, which were probably caueed by
volatile conponenta renaimng free
the binder.

rm jar
STAINLESS STEEL

«w3*T % §,C
SLUS
3.7 WT %Cv

Steel Clodding sad Copper-Berea

”S |j

e aae e ee* ee
e e » ¢ . .
v sds ede
e e * LR
e a e ess ee
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The rolled laminates wvara then
sheared 1/1 in. (real the edge of the
core and sealed with the automatic
heltarc welder. In this operation
the copper-boron carbide eixtara shoos
an additional advantage over Boral in
that its higher salting point and
thermal conductivity rcdnca the chances
of waiting the edge of the core during

welding, which would produce a faulty
we Id .

All finished platan, ancapt No. I,
were i rayed and measured before de-
livery. The data on these plates, as
delivered, are given in Table 30.

The boron carbide content of the
plates runs slightly below that neces-
sary to supply the miaimua of 100 eg
of boron per square centiaeter re-
quested. Fortunately, the two large
plates, Nos, 12 and 14, contained e
large fraction of the total boron
carbide and thus quite close to the
required minimum of horon. The de-
ficiencies may, in general, be charged

plate No. 14 is being
10? ag of boron

domoaatratioa,
prepared with about
per square centimeter.

TITANIUM mSLUMS

A R. Olsen

Preliainary work on the variables
involved in welding titanium has been
started. To date, two grades of
commercially purs arterial have been
welded in a dry box in a purified
heliua atmosphere by using a heliarc
torch. The saaples were welded by
the welding group and the tensile end
bend tests were aede by the physical
testing group. Original plans for
use of a constent-aoaent bend-te-
failure test evolved into a free bend
test because of the high ductility
of the sample welds.

The scouting test gave preliainary
indications that with proper pre-
cautions against contaainatios the

to lack of familiarity with the welding of coaaercially pure titaniua
properties of the mixture of powders requires no acre care than that
used. If additional plates are re- exercised in the production of high-
quested, more accurate control of the quality stainless steel welds. There
components will be ined. As a is no significant difference between
TABLE SB
Bain an BIB Central Plates
TOTAL COVE BORON C<ni AREA BORON
PLATB NO. WEIGHT («> v <o> fie.1) (mg/cm*)
6 S6.3 8.S3 10.6 93.0
10 55.? 6.46 10.3 97.3
82.8 9.62 15.6 95.5
82.9 9.62 15.6 95.5
108.3 12.56 20.0 97.5
108.2 12.56
12 599.3 69.5 107.9 100.0
14 596.3 69.2 111.0 97.0
T3 f65 a e a MY
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butt welds in (kick only tk« but
pinto in fused nnd eidr*ni|l* V joints
in (kick filler metal is sddod with
oach pnrt. Also, current nnd voltage
changes in the range 30 nnp at IS *
to 64 nap at 20 » seen to have little
effect on the physical properties of
the eelds, provided the eelding speeds
are sloe enough to guarantee roaiplete
fusion. Sose difficulty in this
regard eaa found at the lower current
and voltage settings. Test saaplea
were found to fail outside of the
weld area under tension and in the
center of the fusion tone in bending
when T1-75A waa the base plate and in
the heat-affee ted tone under tenaion

and the fusion tone in bending when

RC-70 was the base plate.

A few sample joints oi titsaius¥*
to-tirconiurn were also attempted.
They all failed because of a brittle
fracture in the fusion tone adjacent
to the titanium.

MW PERIOft EMI I Mi

mopmm.h or titamhr an* zircrniiui

an a starting material.
(one from each end of the

Further
include saae

APRIL 11,

work on this project

corrosion testa of

V. J. Fretague

F.tperinental work to deternine

effects of various tnpurity elements
on the impact properties of

snd iircotius waa started in
March. lodide titanium is being

19S2

welds.

titantun

Three samples
rod and one

from the center) were cut from

as-deposited bar, and Tukon hardness
(Vickers 136" DPH) measurements ( 10-kg
iosd, 16 -mm objective) were made.
Table 31 liate the hardness values
obtsined. Samples of the as-deposited
bar were submitted for oxygen, nitro-
gen, end hydrogen analysis by the

vacuum-fusion method.

TABLE 31

Vlehera Hardness af As-Deposited Tltanlaa

VICKERS 134%*

LOCATION
IN BAR

Large end

Average

Center

Average

Small end

Average

Over-all Average

61

DPH HARDNESS

READINGS TAKEN AT RANDOH

(10-kg lead, 16-aa objective)

CENTER DIRE READINGS

69.
71.
77.
74.

73.
58.
62.

67.
58.

61.
55.

69.
69.

64.
66.

o O NO DM

» o M PF © o = o N

EAPNTY
NN

@
@
VO eq,

89.2

readings
of trans-

Hire not visible,
taken in center

76.62
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An unalloyed iodide*titanium molt

mii prepared from the iodide-titanium
bar by arc melting in the amall,
eater-cooled copparehearth, eater-

cooled tungaten -elictrcde, J-c arc
furnace. Aalifht eeight gait* (0.5027 ¢
in 42.0312 g) eaa observed on melting,
and aiace the cauae of thia weight
increaae eae unknown, sample? of the
aa*melted material for oxygen, nitrogen
and hydrogen vacuum* fuaion analyaia
were obtained. In addition, a metal*

legraphic eample waa submitted for
micreatructure and Vickera hardness
determination. An increaae of 12

pointa in Vickera hardnesa waa obtained
on malting (from 66.6 average for
aa*depoaited to 78.6 average for as*
awl ted).

The aa-nelted iodide"titani urn waa
awaged from approximately 0.5 in. in

diameter by 4 in. long to 0.243-in.-
dia. rod, and a length of approx tew t«*ly
10 in. waa obtained. Swaging waa
atopped at tkia point becauae the

surface atarted to roughen aligbtly.
All awaging waa done without inter-
mittent annealing. A piece waa cut
from one end of the awaged rod and
avbmitted to the Research Shop for
preparation of a spherical x*ray
apecinen of the type ueed by the x-ray
laboratory for orientation determina-
tions. Enough additional naterial waa
provided for a metallographic apeciawn,

and the turnings fron the machining
operation will be collected and sub-
mitted to the Cheniatry Division for

a determination of the tungsten contest
of the titanium melt by activation
analysis. (A similar deternination

413 "67

will be made on the firat sirconiun

melt prepared ).

The remainder of the swaged rod was
vacuum annealed at 950*C for 4 hr and
furnace cooled. A second piece for
x*ray and awta llographic aamplea was
cut from the annealed rod (adjacent
to the firat x-ray sample) and the
balance of the rod (approximately
6 1/4 in. long) was submitted to the
Research Shop for preparation of a
modified, Ixod-type, inpact test
apecinen of the type need by the
Solid State Division in work on
radiation damage.

The actual machining operations
were closely supervised; the Solid
State Division contributed techniques
developed through the preparation of
a number of specimens of thia type
but not of the asms naterial. In-
spection of the finished specimen by
shadowgraph and atereoacopic micro-
scope showed that the iodide-titaniurn
inpact specimen produced by the
Research Shop compared favorably with
the specimens produced in the Solid
State Division Shop.

impact testing machine
located in the Solid State Division
Bui lding la now being altered to permit
transition temperature studies of
irradiated materials within the hot
cell. The various component parts
that required alteration are being
prepared in the Research Shops, and
the estimated completion date for the

The amall,

job is June 16, 1952. As a result, no
impact testa are planned before thia
date.
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X-RAY LABORATORY

B. S. Boric, Jr.

CRYSTAL STRUCTURE OF NIOOR

IdeatiMention aad CRaalcal Coapo-
aitloa. The apeciaen used in the de-
termination of the crystal structure
of NIiOOH, prepared aad aubaitted by
I. D. Dyer, consisted of rather dull,
black platelets froa which flakea were
eesily removed with a needle. Cheaical
easlyaia showed the apeciaen to con-
tain 61% nickel and 3% eodiua, and the
reaaiader wea presuaebly oxygen aad
water. If the forsnils of t.:e compound
were NiOOH (or NitO,  HaO), cheaical
analysis ahould show 640 nickel.
The aaall quantity of eodiua found in
the apeciaen wight possibly by due to
the preaeace of NaOH, although there
is no diffraction evidence for this.
An x-ray-spectrometer pattern of the
materiel is consistent with the dif-
fraction data given by Cairns and Ott( 1*
for NijOj-HjO.

Cell Slue aad Nuaker af Female
meights per Unit Cell. A aeries of
precesaion photographs of a aaall,

single crystal of the saaple mounted
with greaae on a glass fiber were
taken. Both copper and aolybdenua
radiation were used. Froa these data
the unit cell was found to be rhombo-
hedral, e = 7.17 i and a * 22.84
degrees. For convenience the structure
will be referred to hexagonal axes in
the following diacuaaion. In this
system the cell dimensions are a' *
2.84 A and c* a 20.95 A

Five reflections, not part of the
diffraction pattern of NIOOH, were
observed and identified ii Ni(OH>a
(hexagonal, a * 3.114 A and c *
4.617 A). Although tha crystals of

e. »i 0. o»t, -x-n.T itiii,, ,i
lke lyilia Nickel-Oarfra-teier. Il. CeeseeaSe
CeiliiiUl Tri.elect Xickel.** J. Am. Ckee. Nee.
95. sJ4 (1+111-

413
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Steele

this component are apparently badly
distorted, they are eaaeatially
monocrystal line and coherent with the
NiOOH lattice. Tha ¢ aad  axaa ef the
two phases are parallel.

The deaaity of the sample, measured
picrosstrice 11y, is 3.8 gl/cc. Fran
this and the cell aise given above,
the number of formula weights per unit
cell is 3.6. Since the preaeace ef
either Ni(OH)( or NaOH would tend is
make the aeaeured density large aad
since the hexagonal cell is triply
prinative, it nay be seaweed that
there are three formula weights per
unit cell.

It should be noted that the preaeace
of a little Ni(OH)( does net affect
the usefulness of the chemical analysis.

Tha weight per cent ef the nickel in
this compound is essentially tka same
as that of NiOOH.

ceteralaatioe ef the Space Rreap

aad Atomic Parameters. Of tka rhombs-
hedra 1+scantored space groups only
C\t, f)J, snd D* will accommodate
stoma in seta of three or seta af
three and six. For sil three ef these
space groups the svailsble peeitioaa
sre:

(000. 1/3 2/3 1/3, 2/3 1/3 2/3) +

la: 000

36:001/2

6c:00Z. 007

The oxygen stoms oust lie in positions
6c since one of the two available aets
of threefold positions must be occupied

by nickel. The origin wee chosen as
that the nickel atosM are in positions
3a.
res
a sea aa
e 1 e a
see a e
at as
e # w e
e see ea
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observed
as ahoen

Fair i|r«ea«nt bcttuii
d calculated lateaaitlas.

in Table 32. was accoapliabed by tbhe
wee af an oxyfen parameter of Z * 0.38.
Oaly reflections of tbe type AOl, as
observed froa a sere level precession
photograph, are incladed in tbe table.
The artificially high toaperatare

of cap [-5 sin* 0/K*) used for
the calculated valaea is justified by
the fact that the crystal eas quite
(mperfect, which caused all reflections
to be bread and those of large ain b/K
to appear weakened.

factor

Table 33 is acoaparisen of observed
and calculated sin* 6 values for the

Debye-Sc herrer pattera. The expert*

aental date of this table are these of
Cairns and Ott.<'’ Since line positieas
were aesaured with a ailliaeter rule
and net a eeaparator, the agreeeent
aeeaa aatiafactery. One line (at 2b e
34 deg, intensity "very week") of the
pattern given by Cairns and Ott does
TABLK SS
ebaervedaed Calcal ated leteaaitiea
for MINI
INTENSITY

Ml CAIXSILATM omritvn)

MS NO m*

Me 1*7#

M* MS ..

M. IS ISO .

MS 47 S

MS 1JSJ S

IM SS a*

till Sl4 m

1«l SIS n

M* MS *e

M-r SM ° °

M .lo Sit n

M.T5 sse *-

fle eeJ:

not agree vitk any of the calculated
reflections end reaaiaa unexplained.

e lacuna lon ef tbhe mfracture. A

drawing illustrating the packing of
atoaa in the structure is shown in
Fig. 68. ft ia clear froa the illua¥*
tratioa that the structure eeaaista of

oxygen*nickel-oxygen "sandwiches," vi th
the noraal to the layers being the ¢
axis. The two oxygen layers within a
sandwich are essentially close-packed,

with tbe savll nickel ions lying in
interstices. Each nickel has six
oxygen nearest neighbors, and the Ni-0
separationtia about 1.95 A. Thus the
T4M.K SS
Observed sad Calculated ¢la* &
far Ninon
0 100
0. IM
e.its
o. 11
e 19%
e HI
tm
em
€ . *ee : 'ea eee ee
et i LT 4y
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MM tun

Pack lag af Atoae
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radius of the nirk, ] ion is about
0.6 A obich is approximately ahat
would br (ipicttd. The radius of
trivalent cobalt is 0.6S A and that of
iron ia 0.67 A,

Each oxygen has sin oxygen neighbors
at 2.84 A uitkia its layer and three
onygen neighbors at about 2.5 A in the
adjacent plane of onygena. There are
three nickel ions coordinated to each
onygen within a sandwich.

The abnormally large onygen-oxygen
separation between sandwiches ia about
S A The extremely weak interlayer
forces resulting from this unusual
structure should account for the
graph ite-like appearance of the
crystals.

The structure is not isooorphous
with the onyhydronidea of iron and
mluainua, both of which are orthorhoabic
with anions ia sloost perfect hexagonal
cloae packing.<*> Strangely, the
structure is similar to NaFeO, (rhombo-
bedral, with hexagonal exes a* * 3.019
A, r' * 15.934 A). Iron stems occupy
positions analogous to nickel in
NiOOH, sad the oxygen parameter ie
reported to be 0.378.***  Whether the
hydrogen of NiOON ie structorelly
eimiler to sodium ia NaFeOt is not
known, and at this point personnel
working on the problem are not willing
to haaard e guess.

Future work oa the structure should
include ea effort to prepare samples
that are free of nickel hydroxide end
sodium. A more accurate density
measurement should be made, and

carefully measured imteasity data
should be obtained to establish the

oxygen parameter. A determination of

.the ayucture of NaNiO a preliminary

account of which is included in this
report, will probably contribute te

S. g. 1ftl.l1l, Cry.t. |1 glrerter*.,
.. Be. Jefl. ISM-
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mn undondndilil of the compounj,
siaco the structures spptar to bo
related. Because of the unusual anion
eonfiguration existing in the structure,
the data should, to a greater degree
than usual, bo gathered eith care and

interpreted eith caution.

CIfITIL milCTdIll OF hah10j
eork has started on the structure
of a compound identified aa NaNiO

ehich eaa submitted by t. D. Dyer. By
cheaiieal analyaia the sample contains
S1.0S nickel, 21.2% aodiua, and 27.8%
oxygen. The formula NaNtO™ would
predict $1.6* nickel, 20.2% aodiua,
and 29.1S oxygen.

The dioenatons of its c-centered
nonoclinic unit cell, as determined by
Veiesenherg photographs and a rotation
photograph, are a * 5.3*6 4, 6 = 2.855
A ¢ * 5596 6, and 0 * 110.44 degreea.
The density of the aaaiplc eaa aeaaured

to be 4.6 f/tci if there are too

formula weights per uait coll, the

theoretical density is 4.74 glec.
Atomic positions in the bimolecular

found.

unit cell have not yet been

The compound is unstable enough to
react with carbon dioxide and eater
from the air to fora sodium carbonate
moaohydrato on the surface of the
crystals. 4 powder pattern of the
carbonate was found superimposed on

* non o

of a crystal
days.

rotation
to air

the
exposed

pattern
for several

irlensity oeaaurenents
the structure will be
await the development of
that will prevent the
formation of the earbcaato. It seems
likely that this may be accomplished
by housing a aingle crystal in a glass
capillary Juring Xx-ray exposure.

Accurate
from which
deduced oust
a technique

indications are that the
to NeF«-0 Although
rhombohedral, it

Initial
compound is similar
the iron compound is
nay be referred to nonoclinic axes,
ft is then c-centered |nd its cell

dimensions are: a * 5.23 A 6 * 3.02 A

c * S.S9 A, and 3 108.1 degrees.
The similarity between this cell site
and that given (or NaNiO( is striking.
Approximate intensity oeaaurenents
from photographs of NaNiO are also
consistent with the hypothesis that
the structures are cloaely related.

structure
aodiua
is alao
indicate

An investigation of the
ol a crystal of NaNiO™ aftar
depletion by reaction with air
planned. The data available
that hydrogen goes into the structure
and replaces aodiua and that the
valence state of nickel remains un-
changed. It is hoped that observation
of the manner in which NaNiO (or
NiOTNa) tranaforaa toNinOH will lead
to a better understanding of the
crystal chemistry of 1 th compounds.
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R. J. Grey
T. K
Tk«r« kea U m CMtidtrtkl* utirnt
i» tk* of MtilUfrtfkic
to dtttramr the location

of ferree~gaetic iron ia nonferro-
magnetic alloyo oftor taoti

A procodarc developed previously(1’
via adapted for aiaaiaattoa of the
apocioooa. Colloidal iroa ia suspended
ia « soap-eater toiotioo. A drop of
the eolation is placed oa a octal lo-
fraphac apociooa that has hoca polinked
and etched io the ceoveatieaal oeeoer.
After placing a cover glaaa ea the

1<
placed oa the oetallegraph and an
electreoagaet in peaindeed oa the
apecioea. The electreoagaet as con*
trolled hy « double-three doable-pole
seitch to reverse the polarity or to
obtain a neutral peeitioo (Fig. 69f.

The introduction of a magnetic
field to the apecioea reealte ia the
iaterraptioo of the Breeaiaa oovooeat
of the iroa colloid and an attraction
of the colloid to nay ferrooagaetic
area preaeat.

-V . B L] [ ]

A UO, fuel plate oede of type-310
stataleea steel platen and a core of
type-310 ataialeaa ateol cooponeata
(net type-310 ataialeaa rteel pooder)
and UOj eaa eaaotaed hy the oethod
deter iked. Photootcrofrapha eere made
of the aaoe fields before and after
using the nagaetic etch (Fig. 70).

ik IR v e Br»s\bnea, t t».i,

N ati." e 4ii«r* » lit iiv» i

mw Nii(« imiirk. apmi i«, l«Sa

. AMMUTOM
R. S. Crou»*
Kd< he

The ferrooagaetic petchea are evtdea.t
by the attraction of the iroa colloid.
A high cenceatrotiea of the colloid
ia aheen at the boundary of the ferro-
uegaetic patches.

An taronel
theroal
easaiaed.
graphs

apecioea tahea froo a
convection loop eaa alae
end aa before photeaicro-
eere oede before and after
using the uagaetic etch (Fig. 711.
The surface esposed to the fluoride
revealed a farreaegnetic layer
approximately threeefeurths that of

Pig. gg. Klectreoagaet Peeitloaed
oa geoated apecloeo for gagaetlc-Ktch
fcaeataatloo

41,3

Dempy®
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PI*. It. fa*l Malt*

aiRaatit etch.

tha apparent carraaion depth. A
qualitative aicraaptctrographic exami*
aatioa of thia aarfara area showed the
chroatua-to-niehel ratio to be lover
ia thia general area by a factor of
2 to 3 aa ioapared vith the interior
area unaffected by the fluoride. The
curie point for Inconel ia reported
to he approximately W chroaiua.

<13 073

t tea e
ta a

0

Vpwon
VDo
SRR
o
SIS

ae
aa
aa a

Caa»eiH of tiM'Sl1I

Car* of WV aad tM Caapaacata af Type-S16 Staialaaa Wtaal.
(fc) With magnetic etch.

oo

IUTilmi Plata* aat a

(a) Without

ltaal

A («poluha4d. 2 SOX.

A type-316 atainlaaa ateel specimen
expoaad to a fluoride ana aectinaad
at an angle to increaaa the corroaioa-
affected area. The area adjacent to the

grain boundarioa ahoved a transfer-
aation vith the cheaical etch (fig.
?2e¢). The magnetic etch ahoved thia
tranaforaation, vhich is probably alpha
iron, to be ferromagnetic (Fig. 726).

L R 69

»«— mm a
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rt«. 71. lacoatl Tfetratl
(¢) Without aagnetic etch.

loyor shown by collection of

IKMILHIiniC BXAPINATIWN W TMIIUI
AVP TPMIUP ALL*VP
R. J. Gray

The problea of preparing thoriua
and thoriaa alloys for aetal'lographic
eiaamation has been gait# difficult.
Mechanical polishing roaaltod ia
preservation of the i.cia.io.a that
vara present; but unions grain bounda-
ries ears outlined by seme precipitate,
grain-boundary delineation eas alaost
impossible eithoat the use of severe
etchants and then only for macroscopic
ciasination.

Effort has besa concentrated oa
preparation of speciaens by
methods because of the

the
electrolytic

70 :

Camcliu
<b) With aagnetic otch.
iroa colloid.

Bimm< !e riaartM.
Depth of ftrr«oi|*«tic

Lm »

Etched oith aqua regia. 250%*.
abort tiae usually involved sad tbs
resulting undisturbed aetel surface.
One papular electrolyte, tbhe 10:1

acetic acid-»fercbleric acid
uaa used far soae tiae. A
suitable surface eaa ebtaiaed eacept
for tbe poorly revealed grain bounda-
ries for recryatalliistion end grain-
growth studies. The best results have
been achieved eith as alectralyta ef

glacial
aixture,

IS parts of sbseluta atbyl slcebel
and 1 part of perchloric acid.
Spociaens are ground to about a

400-grit paper and then pelinbed with
a 4- to t-H disaoad paste an hard-
finished broadcloth. They ore then
electrolyttcally polished at 35 v,

tbe electrolyte being asinteined
teaperatara and terbulently

eith
at rooa



V € tuiuky witisiow yuatort Wwim W 0N

ri|. ft. tIH "[1] elelecese
iip ilt« stall. 1200x.
fansaties ts a farraasgaatia phase

asilsit. Ittoel eith ess* rsfis.

elitstsl. A Bahaiite asaatat apaaissa
caa ha asst ta aaha saataat with tha
spaslaaa thraagh tha hash af tha aaaat.
Via tiaa rsgairet far alaatralytia
paliahiag la ahaat It ta Il aaaaata.
Altar tha apntoa is raasast fraa tha

alaatralytia sail it is riaaat with
alsshsl, aat it is thaa rsaty far
sssaiaatiaa. A shaaiaal auk 1ia

ssaatiass asat with allays ta ahaa tha
atraatara ta batter ataaatags.

A trassversa visa af tha W attails
istita arystai-har thariaa is ahaaa ia
Fig. Tl. Tha haaa airs ia as tha left,
aat tha tapaaitat thariaa appaara as
ratially ahapat graiaa.

413 P75

ItM |
(1) Vilh M|*«tic stall.

is

IIHNIT ta Mm M *. U) VilkMt
MW. Into baaaSary trass*

tom by the collection of tlia irss

Tha atraatara af are-aaltat crystal
bar ia shava ia Fig. 74. Wars aaa
prahlas that has haaa aacatatarat ia
tha alaatralytia paliahiag af thariaa
sat alaa i1a aaahaaiasl paliahiag ta
saaa tsgraa ia tha "papperat fiaieh”
af tha spaciaaa. This psaata-pracipi*
tats is alaa prssaat ia athar aMtals,
sach as taateiaa, preparat hy alaatra*
lytic paliahiag. Tha paasihility af
this baiag aaly a paliahiag tsstars
ia aat positive, hat iaticatiasMS ara
favorable far this aaplaaatiaa. Tha
prasaaaa af asch a fiaish ia aat taa
abjactisaabls aacapt ia tilata allay
attitiaas ia ahiah a aaall aaaaat af
prasipitata ia tiffiealt ta isolate

N
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Traasaaraa Kactlaa of Battalia letfltfa crystal-Bar
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rt|. 74. Arc-Balta4 Crystal-Bar Tkarlaa.
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aaa a a + a
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Racryitilliutioa in it* early
stage* is divulged by this aethod of
polishing. For a series of recrystal-
ligation studies, the crystal bar was
arc aslted by anonconsunable elsctrods
aetbod in which a positive pressure
of pwrified argon was used. The aa-

csst button was 80% cold worhed and
recryatallited for various tins* and
teaperetures. Eaaainations were aade
on longitudinal sections.

S30*C for 5,
shown in

Recryatalliaation at
10, 30, 40, sad 80 ain s

Fig. 75. The 80% cold-worked structure
with a OPHof76 UO-kg load) is shown
at the top left of Fig. 75 for coa-
parison. On* hour at 530*C resulted
ia a DPH of 51. Recryatalli ration was
just visible at 10 aiautes. Soae
tboriua dioxide was present, as shown

by the scattered darh patches. Re-
crystallisation at 550®C for 1, 5, 10,
20, and 60 ain is ehown in Fig. 76
for coaparison with recrystali-
nation at 530*C (Fig. 75). R-cryatal-
liaation was apparent after 5 ain,
aad 60 ain at 550*C gave a DPH of SO.

For coaparison, the Aaes thoriua
waa recrystallised at 550*C after the
saae percentage of cold worh aad for

the saae periods (Fig. 77) as for the
crystal-bar thoriua (Fig. 76). The
cald-worked structure had a DPH of
110, and the speciaen annealed for
60 sin had a DPH of 91. Recryatal*
ligation was apparent et 5 ain, and

saall grama were present after 60
aiautes. Sob* grains aero visible in
the cold-uorked crystal bar after
1 ain at 580#C, as shown in Fig. 78.
Coaplste recryatallixation with a
hardness of DPH 38 was present after

60 aiautes.

The crystal bar annealed at 600*C
for the aaa* periods as shown in
Fig. 79, had grains visible after
1 ain aad a nonunifora grain aise
after 60 ain with a DPH of 39.

A coaparison was again aade between

Aaes thoriua (Fig. 80) and crystal*
her thoriua (Fig. 79). Saall grains
ware visible in the Aaes thoriua
annealed at 600#C after 1 ain; however,

aa would be expected, the grain site
was auch saaller after 60 ain. The
DPH value after 60 ain was 71.

An anneal of the <cryatal*bar
thoriua at 650*C, as shown in Fig. 81,
had only a alight difference in
uniforaity of grain aise after 5 ain
or 60 ainutea. The hardneaa waa DPH
38 after 60 ainutea. The difference
in grain site is shown in Fig. 82 after
annealing the 80% cold*worked crystal-
bar thoriua for 60 ain at various
teaperetures froa 500 to 742*C.

A coaparison was again aade with
Asms thoriua (Fig. 83). The differences

in grain aiae between the crystal-bar
and the Aaes thoriua are shown in
Fig*. 82 and 83.
* *a* ;la?i* ;**}%2*
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(4) Aaaaalad S aia

(e) Aaaaalad 10 aia (d) Aaaaalad 20 aia

(¢) Aaaaalad 40 aia (/) Aaaaalad 60 aia

rif. 70. taeryatalliaatlaa af Crjratal-Bar Tfcariaa SOt Cald tarfcad aad
Aaaaalad al itt*C.  250X.
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rT* fr-'1 it Vv
VE% o > !
- e- ‘W
t) Annealed 20 aia i )
(1) if]1—Annealed 60 ain
91f" 1« Beerental 1lantlea ef cryetal-i.r ra-n— ...
Aaaaa‘ed z(i(t »»H#*C. 250X. y W T?cerlaa Cala Borked eat
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~ __ T Mil
(c) Annealed S ain
"-L' > e r -, *- ~V T 1™
(¢) Annealed 20 aia (/) Annealed 60 aia
P<«. 77 feeryatalllsatlea of <m«m rfeorli
et S31°C. 250X tOt Cold forked aad Aaaealad
S S B
£e8 T ;4 a



MhiU. at Itt'c. 250X.
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(«) Cold eorked <6) Annealed 1 am
\/-
<
<c) Anutaled S one (d) Annealed 10 aia
(«) Annealed 20 aia (/) Annealed 60 oia

Pig. 76. kecryntalllsntlen of Cryatallar Thorinn |gt Cold forked end
Annealed at 8§td°C. 250X.
413 0*2
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(c) Annealed $ ain (d) Annealed 10 ain
(«) Annealed 20 aia (/) Annealed 60 ain
ric. «8. leeryatelllsatton of Aaea tearlea m Id larked aad Aaa

*N'C. 2SOX

413 "83
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Etc.

<e)

(c)

(+)

Aaaealed at

10

«

Cold «orkod

Annealed S ail *

Annealed 20 aua

FOR PERIOD ENDING APRIL

(A) Annealed 1 aua

(/) Aanealed 60 aia

Bacrjratal 1laatlea of Crystal-Bar Therlaa cald tai

M*C. 2SOX.
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(¢) Annealed at 500*C (6) Annealed at S30°C

HF-
V-itOO

(c) Annealed at 580°C (d) Annealed at 600°C

(/) Annealed at 742°C

Pt«. at. mecrystal Ilantloa sf Crystal-Bar Tknrina cold forked and

ionled «0 MlInstos. 2S0X.

413 *85
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(*) Annealed et 500°C (A) Annealed at SSO*C
X =V
y.east
(e) Annealed at 580°C (d) Annealed at 600*C
(e) Annealed at 6S0*C (/) Annealed at 742*C
rig. «>. tecryatal llaatien of Anna Thar Inn Cald tcrfced and Aaaanlad

d» llnaten. 250X.
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EXPERIMENTAL PLATE-CLADDING PROGRAM

J. E. Cuaaiaghan

11TV ZIBCBNIUV
T. A. Olio*

CLAM INC OF UBANIUI

R.J. Pifir

la reviewing tha proptrtiei of
protective naterials for raactor fuel*
operating at elevated tenperatures, it
becones apparent thet low-hsfniua
lircoaiao has aany advantages to offer.
Foraooat aaong the advantages are the

folloeiag: it conbiaea atrength,
ductility, and corroaioa reaiataac™*
with a loe neutroneabaorption cross
aactioa. In addition, tharo is no

avideaca of an interoetal lic conpound
praaaat that could eobrittloa uraaiun-
aircoaiua bond. Because of tha benefits
to be gained and the fact that success
appeared likely, an investigation ess
initiated to produce uraaiuo plates
bonded eith sirconiun by rol 1 cladding.

Inaaauch as no design figures ear*
stipulated, a nuober of billet designs
were available. The technique of
picture-fraoiag the uraaiuo ia sir-
coniun uas considered but elioinated
ia favor of the design skova in Fig. 84.
The reason for initially wusing circular
cylinders was that they resulted in
considerable saving ia aMcbhiaiag costs
as eall as a 250* saving in aircoaiun.
Also, the probability of cbtaiaiag
edge bonding uas inproved* The billets
ware subsequently rolled to flat
plates in the Banner depicted in
rig. 85* Aipke-eitruded wuraniuo bar
was used as the core wlesMOt and Bureau
of Mines arc-aelted sponge aircoaiun
uaa usod as the cladding naterial.

Methods of preparing and aaaliag
these billets were investigated. Of
the 21 circular billets rolled, IS had
cores that had just been freshly
oachined. The renaiaiag sin cores
were alactropolished prior to as-

413

R. B. Snail
sonbliag. There saaned to be ao
apparent difference in bonding charac-
teristics. Prior to assenbling, all
conpoaeats were degreased ia Tri-
clans "D" vapor, sad lator aa acetone
riasa was added to the cleaning
procedure.

The first procedure used ia as-
sanbliag aad sealing was to press-fit
tha araniun sad sirconiun cap care

into the sirconiun frame and seal by
heliarc weldiag the cap to the franc
in a dry box. Unfortunately, the
heliwa was «f questionable purity and
the dry box loahy. The first tea
billots were sealed ia this nsaaer.
Tha initial billet was rolled at
11S0*F with ao sheath. The results
revealed that the sirconiun oust be
protected fron the atnosphera. The
following two billets were sheathed ia
stool sad rolled at 11S0*F. Difficulty
was inmediately encountered because

tha steel sheath cracked while being
rolled. After the second rolling, the
tenp-rature was in<reased to 117S*F.
Copper was then substituted as the
sheathing astarial, and the billets
rolled nicely in such sheathing,
except that whea the reductions per

than 1SR serious edge
sirconiun
shown in
sealed in
117S*F with

pass wore lass
cracking of the underlying
occurred. This effect s
Fig. Ten billets ware
the dry box and rolled at

aurface-increase ratios ranging froo
4:1 to 1S:1. Surface-iacraaso ratios
were usod as reduction cri teria instead

of croas-soction reduction reties

because of the billot geometry.
Chisel, bead, aad ahaar tests

indicated that a fair bond had been

the flat portions of

obtained across

plates fron billets prepared ia this
oanaer, but bonding never occurred at
0*7

a0 » eeq S a« aa OS
o tl. .0 ..

as™*
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Oraalaa.
the edges. Figure 87 ie a photo-

aicrograph showing the boad between

the eraaiea and airceniua ef e plate
relied at 11S0*F with a surface in-

crease retie ef 7:1. Although a shear
teat revealed that the plate had a
strength of 35.009 psi, a aaaber of
aaboaded regions sainted at the inter-
face.
413 *98
(1]
ii ezz et o

Ualt Parts ef Billet Assently Uses ts Bell-Cladding Slrcealnn te

Results obtained vith seeling nnder
a heliu* ataoaphere indicated that a
nore efficient naans of sealing vould
be that of brasiag the cep to the
frane under vacua*. The apperatas
developed for thia aethod ia shewn in
Fig. 88. The vacsea systea ceaeists
of aWelch Duo Seal vacuea peap capable
of evacnating to 0.1m. < DPI Type



Fig. 1l. CrM B'ltdIm | flees

Clrcalar Billet

WB 7 roughing diffusion puap that caa
b« operated at a farepreaaare of SOO m.
and a DPlI Type VM220A diffoaion paap
that operetea at a forapraaaara af
100 aicroas. A cold trap bateoea the
VM220A diffaaioa paap aad the 2 1/2*
in.-dia header prevents vapors fraa
diffaaiag bach iato the ayataa. A
Heatings theraocouple gaga capable af
accarately aeasariag vacauas in the
range above 10 M *e located beteaaa
the cold trap aad the aain valve. A
DPI ian gaga for eaasaring vacaaaa
loear than 1 /i ii located behind the
aain valve and beteeen the 1/2* aad
2 1/2-in.-die vacaaa ports. The
attacheent to the vacaaa consists of a

MmIm NUraatiM al
Barlag Bolling Seqaeace.

FOR PERIOO ENDING APRIL It, 1952

(0,11¢

glrceslaa-Ursslaa

copper doae. A 10-in. long, 1/2-in.*
die copper tabs connects the copper
doae to tho vacaaa port. All joints

ora aada look tight by aoldariag with
60 at % tin-lead alloy aoldar.

The technique followed for evacaatiag
aad brasing the billet ia the apparatae
ia to aasaable the billet by slipping
the araaiaa core iato the sircoaiaa
cylinder and placing the sircoaiaa cap
iato tL* franc shove tho core. The
top endof the cap is apua tea slightly
larger diaaeter than the body «f the
cap so that the abataeat caa root on
the ring af brass aatal that ia placed
on the shoalderef the sircoaiaa frsae.

2-ia.*dia pyren glass jar, the bottoa The cap fits loosely iate the frsae
S 1/2*in. length of which was radacad aad pravidas aa interstice throngh
to 1 S/8 in. ia die to provide closer which the inside af the billet can be
liahage beteeen the iadaction ceil aad evecaated. A 1 Il/g-in.-dia quarts
the cylinder. A Kovar aatal taba tebe is placed sroand the cylinder to
sealed to the top of the jar provides protect the pyrss daring the brasing
a aeana for Dbraaiag the wait to a operation aad the wait ia placed in the
413






ZIRCONIUM

Pig. Nt*M« UrtilM
vith acetic and perchloric acids.

pyrex glaaa jar. The jar conteieing
the billet is then connected to the
vacuum ayatea and evacuated for about
1C hours. The vacuum ia maintained at

approximately 0.1 micron.

Moaaa far beating
degassing and bracing
tbe Lapel
S-tara
tnbiag

the billat for
ia provided by
spark-gap oscillator. A
coil of 3/8-in.-die copper
ia placed around the glaaa jar
near the bottom por*ion of the billet
aad conaacted to the leada of the
oacillator. The oscillator ia tbhea
snitched on and the billet ia hasted
by inductioa from room temperature to
approximately 600*F and degassed for
1 hour. After allowing the billet to
cool for a periad of IS oia while
atill under vacuum, the coil ia moved
la the top of the billet and the
oscillator is tuned to its peak output.
Vhca the brase metal is melted the cap
is aaaled to the frame. Silver, aickel,
and titanium have been naed succeaaful 1y
as the braaiag natal; however, silver
aad titaaiua cannot be used in claddiag
uraniea because of tbeir high neutron-
absorption cross sections.

FOR PERIOD ENDING APRIL
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URANIUM

lon gelled at 1188aP. Etched

Four billeta, prepared ia the
manner described above, were sheathed
in copper aad rolled at 1175*F, The
surface-increase ratios varied from
8:1 to 14:1. Chisel teats, shear
testa, aad netallographic examination
revoalad an improvement in the sir-
conium-uraaiun bond. Figure 89 shows
the bond interface between uranium aad
aircoaium on the flat portion of the
clad plats. Figure VO ia a photo-
micrograph of the same bend taken at
twice the awgnification. and it can be
seen that a slight amount of diffusion

occurred, but it is quite apparent
that this method of sealing reaulted
in imprevenent. Figure 91 shows
bondiag at oae edge of the plate;

here again there is evideace of good
bonding. Figure 92 rhowa bonding at
the other edge. An unbonded region at
the tip end leada to some uncertainty
aa te whether edge bonding can be
accomplished by aaing this preparation
and rolling technique.

A section from the middle portion
of a plate was quenched from 720*C into
room tenperature water with no ap|

091
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rt«. it. Boat geteeea Uraalaa and Xlrcaalaa aa tic Plat Portloa at the
Clad Plata. Etched aith acetic and perchloric acids. SOOX.

Pig. M. Saaa aa Pig. e+ these at Taica the Sagaiflcatiaa. Etched aith
acetic and perchloric acida. 1000X.
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URANIUM /
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rt«. 91. eem<!mm at M|« of Uraalas-Slreaalaa Plata. Etchod with aeotic
and perchloric acids. 500X.

Pig. »«. eoadlag at tiga af Uraalaa-Ztrcoalaa Plata. EteKod »ith aeotic
and perchloric acida. 500X.
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failure. Another section van boaberdei
by protons in the Y*12 calutroe for
24 hr at 1 ke/in.* oith no ill offsets.

Figure 93 illustrates the shear
taat design that eaa used to support
chiael test and aietal logrephic speci-
nens. As can be aeea, the design
calls for a slit to be nade through
the tirconiun and uraniun on one side
and a slit to be nade through the
mirconiun only on the other aide,
leasing a shear area of approaiautely

0.04S in.~*. Table 34 correlates
billet preparation and anounts of
total reduction eith shear salaea. It

can be noted that plates produced free
esacuated billets are considerably
better than those aealed in an inert
atnosphere. Also an increase ia
reduction inproses the bond strength
of the plates prepared froe esacuated
billets. Hoeeser, plates produced
fron billets prepared in the dry bon
under a heliun atnosphere ahoe no
inprosenent by increasing the total
aeount of reduction. It aeons possible
that this nay be due to heliun entrap*
nent at the interface, which causes

FOR PER100 ENDING APRIL 11, 19SS

unwelded regions thatrenaiu unaffected
by increasing total reduction.

Because of the uncertainty of the
bonding at the edges of plates produced
by the procedures described abose, it
eaa fait that rolling at 1?SO0*F would
induce sufficient diffusion to secure

Fig. e>. Schenatlc Bracing of
Bhear feat Bnnple (laud to Beteroine
merhaaieal Strength of Bead Batoaoo
Uranian and'Sireealue.

TABLS >4

Bffoct of Preparation sod Sealing Tecbaigae ea Bond Strength of
Zirconiuo-CInd Urnnino Platan

PLATE SHEAPING FORCE mourn w a BOND STRENGTH SURFACE INCREASE
NO. (Ib) (in.*) (psi) PATIO*
1595 a.Ban 55.000 ft 1
10* . 17>5 #.4495 »5.aaa 11t
14%** 2540 e m0577 4#, saa Si 1l
MOO #.#430 40,500 M il
M U of fiaal nriiu U sfifisal s*rfa«« araa.
SaalaS is 4rj baa aaSar gaaattaaafcla iaart ataaapbara.
Saalad 4? krsaisg ia aaasse.
. I .1
ga aa a e a_ "a ¢ e a -
[] [] .
as'a aaa ae gna g - ® a %a* gna
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bonding at the edges. A prtnom
eipariMit showed that roil inf coo*
pletely in iko gaaMna-uranium tempera-
ture ringa (akota 1420#F) was not
feasible. A procedure vaa initiated
in which abil lot, aoalod oador vocara,
waa rol lad through approximately half
of tha railing sequence at 117f*F,
ro-dvcad approximately another 22X at
17S0*F, and tkaa finiahad at 117S*F.
Tha bit lata war# necessarily ahaatkad
in ataal, and tha iaaida of tha ataol
can waa oaiditod to provent fervation
of tha aatactic that accvra batwooa
ataal and lirconiaa at approximately
1450*F. Fear billata wara rolled ia
thia aaaaar.

Serious difficulty waa ancoantarad
aa a roaalt of tha high-taaparatoro
traataaat. Bacaaaa of tha axtreaa
plaatieity of oraaioa ia coapariaoa
with lirconiaa daring tha rolling at
17S0*F, nraniaa taadad to boild op at
tha plate adgaa. Figaro 94 ahowa tha
croaa aaction of a plate railed com-
pletely at 1175*F. It can ha aaaa
that tha core haa a unifora thickaeae
in tha aiddla portion hot gradually

tapara toward tho adga. Tha bottom
view of Fig. 95 akooa tha croaa aaction
bf a plata in which the U75*F rolling

waa interrupted by a 22* redaction at
17$0*F. Tha dumbbell affect, cauaod
by rollittgintho ganaa-uraniaw temper-
ature range, ia quite apparent. How-
aver, thia effect ia caaaidarahly
relieved whan tha plate ia aubjected
to 20% cold working, aa ahowa in tho
upper view, Figaro 94 ahowa tha
bulging affect along tha plata length
cauaod by the high-tamperataro treat-
aunt. Thia problaa waa never aolvad
bacaaaa tha billot daaign waa changed
at tha aaaa time tha affect became
apparent. However, it ia believed that
farther inveatigatidn would ravaal a
aolution to tha problaa.

rolling re-
to obtain

Tha high*taaparotura
united in enough diffuaion

Cot*

heading at tha adgaa. Figure 97 ahowa
tho hand at tho adgaa, and Fig. 9S
ahowa tha bond at the flat portioaa nf
each a plata. Figaro 99 in a aiailar
pkotoaieragraph taken at twice tho
oognification. Tha laminar atroctara
existing in tha lirconiaa adjacent tn
the hand interface can ha aaaa. It ia
poaaiblathat thia atroctara repreaeato
tho oatactoid of tho oraaioa-sirceaiom
phone diagram. Flatee have bean pro-
duced in this manner with sirconiom-
cladding thichaaaana aa loo aa 0.004

inch. Figaro 100 ahowa aactions of
thaao plates after vorioua physical
doforaatiaaa. It is apparent from

a-»nk taata that tha platan are able to
withstand coaaidarnble stress.

Although tha circular billet daaign
served adequately for tha initial
stadias, it becaaMi quite apparent that
tha complete framing type af jacket
daaign had several limitations. First,
tha method does not land itself readily
to production of extra long platan
because of tha problem ia aaiataining
alignment during railing. Second, tho
resulting plata width is aacaaaarily

fixed. Furthermore, obtaining adga
bonding is difficult, even under tha
moat favorable conditions. For those
raasona, tha modified rectangular
billet daaign, shown in Fig. 101, was

adopted to permit production of large-
scale, double-clad plate from which
plates of any denirod length or width
could be sheared. However, thia method
would not be suitablo for production
cladding of enriched-oranion matal or
alloys.

No provision has boon made for
obtaining edge bending in tha rec-
tangular daaign. Currently attempts
are being made to close those exposed
edges by welding with an automatic,
straight-line welding machine. Tho
new design ia economical in that it
minimises tho consumption of aireonium
and results in tha miniammof machining.
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EIf. M. Creaa Ncllm ef Plate talle* Coapletaly at 11T»#P.

Pit. M. Craaa Sectleaa ef Plata tallai at IITt*P, teiaeei |1l at IT»t*P.
M| Sa*ae«aeatijr Cali ftaiaaai IN.
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andsealing
thopattora

Tkt acthod of preparing
hillota generally follows

described below:

1. Void bottoa stool cover plato

to stool fraae.

2. Place core oloaoats ia well of

stool frasM.

— «as

Pig. ti. Valglog Along the Loagth
of Plot* Caasod by tolllag at 17M*P.

<13

3. Void top cover plot# to fraae
ohils passing holiaa throafh evacuating
tabs. (Tho holiaa blanket protects
tho uraaiaa froa oxidation.)

4. Qooach ia aster.

S. Look tost oa Wostiafkooso look

detector.
thaw 1 m frr

4, Evacuate to leas

16 hoars.
T. Pargo tales with holiaa.
I. Evacasto for 1 hoar.
billot by forging evacuat*

9. Seal
iag tabs.

Tho araniaa cores are obtained froa
cost stock sad are sleetropolishod
prior to asseobliag. The lirconiaa
cover plates arc obtsiaod froa Bareau
of Miaes are-aelted spoago that has
beoa skoatbod ia steal sad hot rolled
to finished site.

Six billots oars sheathed ia 0.2SV
carbon firebox*grade stool sad rolled
at 117S*P. Evary billot cracked daring
sons stage of tho rolling aequeaee,
sad as a rosalt the plates had oithot

little or no bonding. ft becaoe
apparent that a aero detailed ia*
vaatigation aoald be aeceaaary before
farther billets could be rolled ia
this steel at this teopvratare. Rather
than delay the output of the plates,

a 0.04V carbon, titanioa-killed steel
(Tinaaelj eaa obtained as a aabatitutc

steal. Nine billets have been rolled
successfully ia this type of ateel
sheath. Inspection of the bonding has

been United to aetal lograpbic ob-
servations. The interface between the
uraaiua and circoniua does not appear
to have the optinua bonding charac-
teristics established ia previous work,
figure 102 is a photooicrograph of the
poorest bond, and fig. 103 is a photo*
aicrograph of the average bond ia such

09H
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URANIUM

Pit. ee. 1lilUTr M

Siaca the aicusption that
the vacuum ia these billets *as below
1 fi has been found to be erroneous,
a Method of accurately measuring
vacuums below 1 fi has been provided.
It appears that a vacuum ia the range
of 1 x 10'* to 5 » 10" * am Hf can be
attained, aad the effect of such a
vacuum should result ia an improvement
ia boadiaf characteriatiea.

a plate.

CLADLtINfl 8P TRORIUR «|TP XIBCSNIbM

R. J. Beaver

J. J. Lawless

A preliminary iaveati8ation has
been in procresa to devulap suitable
techniquea far boadiaf thorium to
tircoaiua by roll cladding. The
circular billet design shown in Fig.
104 mas wused initially. After 17
billeta mere rolled with little
aucceaa, the billet design shown in
Fig. 10% was resorted te aad sene
pertinent information mas obtained*
This type of billet required that the
steel can be vacuum tight because any

413

la Pic.
Etc had with acetic aad perchloric acids.

an na|: ?nnﬁ i e I 2 a aa e aM
II - = . e ! . ce : .
: .. Pt as ta T

M lion tl Tale* tbe Bagsl fleet lea.

2000X.

failure would automatically
esidiae the core elements during the
heating sad rolling operations. Can*
aiag material ia an important factor in
this problem and is worthy of con*
aiderable study.

leah or

The type of billet shown ia Fig.
10$ was prepared by first welding the
tubes and bottom cover plate te the
steel frame. After cooling the steel
to room temperature, the thorium cere
and aircoaiun cover plataa were in*
sorted. la order to minimise heating
of the core elements and prevent their
oaidation during the welding of the
top steel cover plate, the assembly
was placed in a tray of enter 1/2 in.
deep and a geatte floe of helium was
passed through the billet.

Particular emphasis waa placed on
studying the effects of reduction,
rolling temperature, surface prepa-
ration, and internal billet atmosphere.
In studying metal surface preparation,
it was found that several techniques

@
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Fig. IN.
ia Flea. 07,

gelag Taralea.

Fracture. 9.5X.

Beetlona af Flat~*
oo After Hater™
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Beat,

aat Fractare.

lIkova
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eight ha acceptable. However, the
iaportance ef this variable, although
aiaor ia coapariaoa with taaparetere,
reduction, and ataoaphere, nay becom
oore critical at aooe later data whoa
better control of the other veriablea
baa been attained.

Machining, wire breaking, electro*
poliahiag, and shot blaatiag (tircoaiwa
only) were all found to be practical
and effective procedarea far cleaning
acting aerfacea to be bonded. Electro*
polished tberiaa eeeaa to have adegroe
of paaaivity and aoaeohat raaiote
reoaidation at lower teaperatarea.

The degree of vacuaa within the
billet waa foand to affect bonding.
Soae preliainary teata ware aade by

ii i ;i i
different vacanaa. The taata indicated
that the ataoaphera within the billot
ahould be ia the range of 1 ppa of
total active gaaoa if coataaiaatioa at
the bond interface won to be avoided.

The bond ahowa ia Fig. 106 waa
obtained by rolling a billet that had
been etaewaud only. Figaro 107 ahowa
the bond in another plate that had
been rolled froe a billet aabjected to
alternate avacaation and flaaking with
helino and oatgaaaing at 1000*P before
aealing at a preaaare below $ aicroaa.
The reaalta repreaeated in Figa* 106
and 107 were confiraed in aeveral
teata. In each caaa the redactiono
and rolling tnaparataraa ware ef*
feetively the aaae.

Atteaptato prodace bonda by rolling
plates ia which the billet had been
coaled in either air or heliaa ataoa*
pherea were failarea.

Teaperatarea between 400 and 1S00*F
result in releaae of adsorbed geaee
to a degree aufficient to prooote re*
oaidation of the thoriaa if the gaaea
are not reaoved iansediately. Above a
critical teaperatnre, in the range ef
1800°F, the osidea of thoriaa apparently

413 101
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ZIRCONIUM
COVER
PLATE

Pic. 191. Billet eeel(m f
Utilising Ivamiiiai r«chal«ii,

raiinolva in ih» opposing airconium
and in time diapers* in the surrounding
metal. The effects of teaiperatnr* on
outgassing and solution of oxides aeeai
to b* aa important as tbhs effect on
plasticity.

Hot hardness or similar data for
tbe temperature range of interest were

413

SCCRCT
T-MS2

not available; however, billets were
relied at temperaturea fits 1450 to
1900°F without difficulty resulting
from difference* in plasticity of
airconium and thorium.

Meta 1lograpbic examination of
rolled bonds indicated that diffusion
layers between xirconiua and thorium
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Pit. lit. IlruiN'liraM IM laterfaee Iknl>i Peer laailai. Etched *ith
acetic tad perchloric acids. 1000X.

Pit. IN. Uraaiaa-Zlrcaaiaa Interface Sheelat Aterate Baailag. etched
vith acetic and perchloric acids. 1000X.

Na 103
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assembly

ric. 1M. CyilMcr ?yH <«( Billet ftr toll eiiMiai.

<13 104



CONE

flush tube

DIMENSIONS IN INCHES

Pig. Itl. Plat Im Mlcl Tea* of
dooo not extend around ndgos.

incroaaod with both tenperature and
tiaia at temperature. The thorium*
tireonium phaaa ayatem ahooa no com*
pounda, and it ia indicated that the
proaenee of diffvaion layera would not
aignificnntly affect the ductility of
clad platee. Saaplea of the beat
platea produced in thia investigation
were bent around a 1/2-in. mandrel and
atraightaned without apparent damage
to the bond. At higher temperaturaa,
in the range of 1700°F and higher,
wary thick diffuaion layera were

FOR PERIOD ENDING APRIL SR, 1t52

UNCCAMIFICO
OWt (SOM

STEEL COVER

7* THICK

EVAC TUBE

STEEL CAN

Blllat for loll Cladding. Clodding

obtained in comparatively abort heat-
ing tinea. The aharp increaaa ia the
rate of diffuaion waa thought to be
related to the alpha-to-beta phaaa
change in tireonium at about 1650#F.

In addition to the affect of dif-
fuaion, high temperaturaa tend to
reault in aolution of thorium oxide
in the tireonium, and with time the
nxidea diapers* to auch a degree that,
upon reprecipitating, they do not form
a plane of weakneaa at the interface.

413 103
see a a X a O see O 000 2, 101
® & . Y- R 4 t o a J
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Fig. 10*. Bicroatructore la |k« Baag Area at a Plata Ballad traa a Blllat
that Baa Blaplji Kvacaatad Balara Baal lag. Etrktd «uh aratir and parrhloric
acida. IOOOX.

Fig. 11172, Blcraatarctara la tha load Araa af a Plata Ballad fraa a it Hat
that Baa Kvacaatad. Ballaa Plaabad. aad Ac-avacaatad Bafara Baal lag. Etched
with acatic aad perchloric acida. 1000X,
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101 S
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Three ideas for utilising high temper-
ature to enhance bonding were in-
vestigated.

i. 1900°F Rolling. Figure 108
shoes tha bond produced in a plate
rolled partially at 1900°F. Tantalum
eaa used aa a barrier to prevent

a loe-melting-poiat
phase. Tantalum was

formation of
airconiurn-iron

bonded to tirtonium also; however,
the lack of bond line voids is notable.
The plate ahown in Fig. 107 vai charac-

terised by the occurrence of oxides at
the interface. The photomicrographs

ahown in Figs. 107 and 108 were ob-
tained from plates made under identical
conditions except for rolling tempera-
ture. Rolling of tirconium in steel
cans above 1650*F is not practical
because of the formation of a liquid
iron etirconium eutectic and the
attendant hasard.

Pig. lit. mtcroatrmctmre la the
Road Saae ef a Plate Railed at IM taP.

Etched with acetic and perchloric

acida. 1000X.
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2. Preheat
(10 min land Drop Temperature
for Rolling. Attempts with
technique resulted in excessive
fusion of iron into the sirconium,
aa a result the plate surfaces
badly cracked in rolling.

Ril let at 1900°! Briefly
to 1500°F
this
dif-
and
were

3. Heat Treat the Finished Plate
at 1900*F. This procedure was attempted
on plates reduced 15: 1and 30:1. Figure
109 is the macrosiructure of a series
of plates rolled with a 15:1 reduction
and heat treated in vacuum at the
times and temperatures indicated. The
occurrence of voids and irregular
diffusion is noted. Figure 110 shows
a similar series of testa made on a
plate reduced 30:1 in rolling. The
diffusion layer ia noted to be more
regular and less porous. The regularity
and poroaity of the diffusion layer
seem to be related to tiae and temper-
ature of heat treatment aa well as to
the reduction history of the plate.
The shorter time end lower temperature
give the best results.

NO MCAT TJKATMCNT
MCAT TftCATIO
Tt mm *e *OT5*C

HCAT TNEATCO
6 m.n ot K)79#C

MEAT TNfATCO
i mm o* M*S#C

HEAT
6 mm

TMCATID
cl M?S°C

Pig. lit. hacropboto Shoeing Effect
of Vacuum Meat Treateoata oa a Series
ef Platea Rolled with a Redactloa of
It: |I. Unetched. 8X.

107
103
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NO HEAT TREATMENT

HEAT TREAT10
2 min o* <0?5°C

NEAT TREATED
¢« mm «t <0?5°C

MEAT TREATED
2 mm at U?5°C

HEAT TREATED
6 mtn «t (1JS'C

Pig. lit. mncrophoto MotUi Iffict
of Vacuum toot TrntiMt on i aeries
of Mates Belled with ¢ Induction of

St: 1. Linetched. X.

The
reduced piste

structure produced in s 15:1
followed by beet treat-
ment for 2 mm at 1965“F is shown in
Fig. 111. The original structure of
the plate reduced 30:1 is shown in
Fig. 112. The structures developed by
heat treatment of this plate for 2 min
at 196S°F are shown in Fig. 113, and
the effect of heat treatment for 6 min
at 2055°F is apparent in Fig. 114. It
is felt that the results of these teats
indicate one feasible method of pro-
ducing a fairly satisfactory clad
plate.

Reduction in
of spreading interface
and breaking it into islands
not obstruct bonding, except inter-
mittently. The employment of high
reductions to counteract reoxidation
resulting fron outgaaaing in the
billet was found tc be effective in
improving bonds.

rolling has the effect
contamination

that do

4 X3 10S

2.,

The results of this preliminary
work indicated that cladding thorium
with sirconium was a much more diffi-
cult problem than cladding uranium
with sirconium. Based on the infor-
mation gained, an intensive investi-
gation is in progreaa to produce the
necessaiy bonding. The inveitigetion
hen been divided into two categories:
(1) roll cladding by straightforward
procedures and (2) cladding by alternate
procedures such aa brasing, high-
temperature rolling, and high-tempera-
ture diffusion.

It ia obvious from the preliminary

work that some sort of a barrier
appearing on the thorium interferes
with bonding. Experiments have there-
fore been designed to observe the
effect of heating on oxidation of the
cere elements at various stages of
billet preparation. The billet design
currently being used is aimilar to that
shown in Fig. 105 with the exception
that the purging tube has been elimi-
nated.

The method of assembling the billet

prior to placing under vacuum is as
foilows :

1. The rectangular thorium core
electropoliahed in an aCetic-perchloric
acid solution, rinsed in alcohol, and
dried.

2. The sirconium cover plates are
aand-blasted, macroctched in a 48*
water-50* nitric-2% hydrofluoric acid
solution, rinsed in water, and dried.

3. The steal is sand blasted.

4. The steel frame containing the
sirconium and thorium core elements
ia sandwiched between two steel plates.
The parts are held in position by two
clamps.

is

P
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%
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After Moat Treataent for ! ala at 117»*C la Vacaaa.
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111> Blcrostractare of the Flat* lolltf oltli

perchloric acida. 1000X.

Fig.
aoat.

lit. mlcreetractare of tbo Plato Bheea la Pig. |1l Bafara Meat
Etched with acetic and perchloric acida. 1000X.

1982

e |tfaciiti of 11:1
Etched with acetic and

Treat*
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fig. 11S. m!croatractnre ot tkt Piatt lolled tltk a tedactloa at 31: 1
Attar Meat Treataent far 1 ala at It7S°C Ila Vacuua. Etched with acetic and
perchloric acida. 1000X.

Pig. 114. Nlcroatraetere at the Plata tailed alth a tedaction of Si: 1
Attar Boat Traataaat for 4 ala at 11SS°C la Vaceaa. Etched with acetic and
perchloric acida. 1000X.

413 110
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5. The steel cover pistes are
eelded to the frssie while a stream oi
highly pure helium flows through the
evacuating 'ube to blanket the <core
elements urder an inert atmosphere.

6. After welding, the billet is
quenched in water while still wunder

helium presaure.

7. Upon cooling toroom temperature
the billet is checked for leaks on a
Westinghouae leak detector.

8. The billet ia placed under
vacuum immediately after leak testing.

The effect on the core elements of
welding the steel cover plates to the
steel frame was observed by welding
all but the top cover plate end cooling
in dry ice to room temperature while
permitting a flow of helium to pass
through the evscueting tube. An in*
spection of the thorium and tin omua
revealed that no appreciable oxidation
of »he core elements occurred during
the welding operation, and it is felt

this is s satisfactory procedure
enclosing thorium and nrroniua in
iheath.

that
for
a steel

being in-
that the
aemikilled, fire boa*
releaae enough gaaea
rolling oper-

ateel are
has been felt

of
It
carbon,
steel may
the heating and
to cause oxidation of the core
On the other hand, the
litaniurn*killed, enamel*
(Tinamrl) probably

Two types
vestigated.
d.25%
grade
during
ations
elements.
0.04* carbon,
i»8*Rrade steel
conlaina less gas.

A billet of each type of steel ess
prepared in ths manner described above,
evacuated to what appeared to be leas
than 1 pi as observed from a Hastings
thermocouple gage, and slowly heated
to 1000°F for removal of adsorbed
gaaea. After cooling to room tempera-
ture, the billets were purged with
helium, evacuated again to what appeared

MIH PERIOO | MilM. U'HIl Jtt, i«S2
to leak than 1 p, and aealed by hot
forging the evacuating tube. The
billets were then heated to 1SOOI for
1 1/2 hr, cooled to room 'emperature,
and the top cover plate tut away froo
the billet. A considerable degree of
oxidation of the thorium o< turret! in
both billeta, with noticeable ron -
tami nat Inn on the aide rf the iirmniua
cover plate adjacent to the thorium
core. The oxidation within the
titanium-ki 1lled ateel was womenhat leas
than that in the aemikilled ateel,
but not to an appreciable extent.
A thorough investigation of the vatuum
system revealed that the assumption
that the vacuum *aa lesa than 1 ~ was
erroneous, and provisions have been
made for more careful measurement of
the actual vacuum within the billet.

After observing the results just

413

and knowing that no oxidatl oft
the welding operation,
it was desired to determine the effect
on the core elements of heating the
billet while under vacuum. A billet
was then prepared of Tiname 1 ateel,
evacuated to 2 * 10"4 mm Hg, and
slowly hea’ed to 1001)*K. The wvacuum
was never permitted to exceed 5 w If)'4
mnm Hg. Heating to the desired temper-
ature consumed 1 hr, and the deflection
in vacuum during heating indicated
that gaaea were being released. After
cooling room temperature, the top
cover was cut away and the
results The core had
oxidised extent but the
oxidation was not nearly ao severe
as that obaerved in the previous
experiments. A alight amount of
contamination also obaerved on the
aide of the rover plate
adjacent to The route of
this effect been determined,
hut it is that the contami-
nation the thorium or that
the vacuum quite low enough and
permits enough air to
at the thoriurn-sirronium
subsequent ly oxidation

111
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described
occurred during
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the core.

has not
thought
from
not

arises
is
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investigations
the
core

meting part*." Further
re being centered on eliminating
source* of c«mtemination of
elements prior to rolling.

work has been done on
procedures for obtaining
thorium and sirconium;

little
alternate
bonding between

however, it is felt that within the
neil two months results will be
available.

Else CLORtme by veldins

J. F. Delaney

In the course of conducting experi*

eenta on the cladding of thorium and
uraniun with tirronium by rolling, it
was rather difficult to obtain edge

bonding with good heat transfer charac*
teriatica. Also, the production of a
uniformly clad plate in an extra long
length was accaapliahed more easily by
rolling large*scale billets in a non*
framing type of jacket. This resulted
in a double*elad product from which
many plates could be sheared but with
core aaterial exposed along the enda
and lateral edges* The success of such
e production method therefore depends
largely on the development of reliable
techniques for closing the exposed
edges.

to determine the
the exposed

Work wsa started
feasibility of closing
edges by welding or brasing. The main
requirements of such a weld are that
it possess a low neutron-sbsorption
cross section, adequate mechanical
properties, good heat transfer, and
good resistance to water corrosion.
From the start it was evident that the
beat edge configuration was a groove
in which a tirconiua weld would be

laid. Several methods of edge preps*
ration were tried, and the most
successful was found to be an acid
413 112
108 : g ~~.a. ao:

etch. The core material is dissolved
with 20% HCI from between the cladding
to the desired depth, which is approxi-

uately 0.010 in. deeper than the
diameter of the filler wire. The
plates are then cleaned in 50% HNO,
plus 5% HF for 1 minute. The groove
formed has a square shape, and there
is no preferential attack along the

bond line between the cladding and the
core. Filler wire of the desired site
and composition is placed in the groove
and the edges of the cladding are
crimped tightly around it at selected
points to prevent buckling during
welding.

The automatic welding apparatus
used in this investigation is shown
in Fig. 115. The essential parts are
the heliarc welding head, automatic
carriage, clamp, fume shield, welding
generator, and control equipment. The
weld is made by passing the welding
torch horitontally along the edge of
the clamped plate with no other filler
wire added. Directecurrent straight
polarity is used with a 0.040*in.
thoriated-tungsten electrode. Helium
gas flow of 10 cfh is generally used.

have demonstrated
possible to obtain a
weld on both thorium*
uranium-mirconium
such welds meat all
be determined by
now under way.

Results to date
that it is
metallurgical
sirconium and
plates. Whether
the requirements will
a testing program
Thorium*sirconium plates sre welded
by a pure-1irconium filler wire. A
heat range of 30 to 55 watt*min/in. is
acceptable for welding piates of 0.065-

in. thickness with approximately 0.010*

a aw#

in. sirconium cladding, and using
filler wire 0.032 in. in diameter.
This range of power input will be
narrowed when porosity and diffusion
era taken into consideration. A
transverse section of a representative
eeld is shown in Fig. 116.
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Uranium-1xrcon ium plates present a
different probleai. Uranium melts at a
temperature nearly 700*C lover than
the melting point of sirconium. I f
tirconiun is used aa the filler wire,
the solidification after the veld pass
vill be from the outside invard, with
the result shown in Fig. 117. The
sirconium weld-metal shell solidifies
first end leaves a volume of liquid
uranium inside, which, on solidifi-
cation, shrinks away from the weld
metal and leaves a void. In order to
achieve the ideal situation of the
metal solidifying from tbs interior
outward, a weld metal with a lower
solidification temperature than uranium
is needed. The sirconium-niche 1 system
has a eutectic point at IS wt % nickel
sad 96I*C; the solidus line reaches
the eutectic line at 1.9% nickel. An
alloy of 3% nickel was tried in weld-
ing the edges. Three per cent nickel,
which would place the alloy in a
liquid plus t?wlid phaaa area above

1 * J . ;1 H

Fig. Ilg. Transverse Section of
Thorlua-Zireon.am ?lata Seldad with
Zirconiua Filler lire. 40X.

961*C, proved to be enough to control
the direction of the solidification
and to fill any shrinkage cavity.

Longitudinal and transverse sections
of the nickel alloy velds are shown in
Figs. 118 and 119. For this type of
weld, a power input of 13 to 2S
watt-min/m. was used, or approxisMtely
half of that needed for good welds
with pure-sirconium filler wire. The
dimensions of the uranium-sirconiurn
plates are the same as those given for
thorium-iirconium plates. The welds
with the 3% nickel tirconiun filler
wire were so promising that they were
tried on thorium-sirconium plates.
These welds ver« :>soquite successful;
a section of one is shown in Fig. 120.

The welding heat in all cases
improves the bond between the cladding
and core and there has been no trouble
with heat-affected tones. The plates
must be clamped very tightly to prevent

Fig. 117. Longitudinal Section
Threagh Flate of Uraalma-Zlrcoainn
Showing Shrinkage Cavity Below Sold.
SX.

#*
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Fig. lit. Zlrcoalua-31 Nickel

° ') - *
me|t Uraataa-Strcoalaa Flat*. 40X. Fig. lit. Zlrceataa-tft Nickel

eelt *a Thor lea-Xliconlua Flat*. 40X,

buckling. One awthod of relieving the
etreeeee in the teU ia to eaplay a
relatively colt peaa of the torch e
en ennoel.

A aejor part of the fatare vork
vill he aiaed at retuciag the gae
porosity that can be aeea ia Mat of
the eelta. The )| nickel alloy aaeaa
to redaca the aaouat of gaa porosity,
but thia haa not been proved. Vork
ia in progreaa to doteraiaa the exteat
to ekirh the core aetal diffaaea into
the filler aetal end the factora that
control it.

CLAttIM «F TVOtltt VITt ILMIIIUI

V. J. Leonard T. V. Felton
Developnental vork oa the prohlea
Fig. lit. Laagltatlaal tactlaa of cladding of thoriua vith alaeinua
Through Flat* lion la Fig. lit. 40X for prodaction of Il,n by irradiatioa
413 US "
. : .a. .ae IFOaZ;lgOO _eoa
e e : e.. ° aaagaago‘ﬁ
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continues. Cladding tests were con-
ducted to evaluate several methods of
preparation prior to hot working to
obtain a tallargical bond. Tha
affect of rolling tanparatura and
aaount of total radnetion ears in-

vestigated alas.

Test saaplaa prepared by the direct
awlhod war* hot rolled at tanporaturas

of 400. S00. and 6CC*C. The direct
aathod consista of jacketing a rec-
tangular thoriun billet in an ilvainua

picture frame and covers, evacuating,
seal inf** and bot rolling. The aaount
of total Teduftioa in thickness was
varied from 12:1 to 20:1. In all
cases bonding was achieved.

Bend and chiaal teats after rolling
indicated that the 400 and S00*C
saaplaa could withstand considerable
stress with no apparent daaage to the
bond interface. The 600*C saapl™*.
however, fractured on repeated bending
and the aluaiaua cladding could be
easily stripped fron the thoriun.
Metallographic eaaaination further
supported these initial findings.

bond
400,

Photomicrographs taken at the
interfaces of saaplaa rolled at
S00, and 600*C are shown in Fig. 121.
Both the S00 and 600*C aaaplea show
the presence of an internota 11lie
conpouad. Work is in progress to
identify the wunknown coapound, At
least two coapouads are kao«n to waist
in the thoriua-aluninua phasa diagraa.

Basalts of aeaaureaents aade to da-
teraine the aaount of interaetallic
compound formed are given in Table 3S.

Aluninua-e ladding '.hicknesses in

the range 10 to IS ails have been
prodited.
Vitkin the rang* $:1 to 20:1 re-
duction, the aaount of total reduction
* %%

111

apparently ie not a critical factor in

bonding thoriua to aluaiaua.

froa various straight,
alusinua-thoriua rolled sandwiches
were heated at 600*C for 1 hr to
siaulate the aiuainua-silicon braaing
operatioa used on the MIR fuel units.
In all cases the bond completely
disintegrated because ai growth of
iataraetellic coapounds at the aetal
fscaa, which indicated that this bond
cannot withstand the eluainua-silicon
brating cycle. Another general dif-
ficulty experienced was differential
flow between the thoriua core end
aluminum jacket at all rolling temper-

Coupons cut

atures. This resulted in the thoriua
core breaking through the cladding
near the longitudinal ends. The

effect was aost pronounced at the Ilow
rolling temperature.

In an atteapt to check tha effect
of purging jacketed thoriua billets
with the inert gases hsliua and argon
to remove adsorbed gasaa, three billets
were prepar « and rollad at S00*C.
Metallurgical results indicated little,
if any, beneficial effect froa purging
with inert gasea.

TABLI 31

Thicheese ef lataraetel lie Ceapoaad
Formed at the Bead laterface ef

* Thorlaa Clad ultb Aleeiaea
TEMPAI?URF THICKNESS Or INTOMETALLIC
<*c> OOWOUID (ails)
400 Nan*
500 Average * 1
Miaiawm « tee small te receive
400 - SN

Average « 3
Minimum « tee small te reeelvs

l u
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(a) Rolled at AOO*C

Al UMINUM

v<uu
(c) Rolled at 600T.
ri 1% Bead later«*eea *1 *l«ee< Tharla* Balled it Varieca Teaparataret.
Etche?j. with elcohol and perchloric acid. 1000X.
413 117
- a e 111
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Work is on th« folio**

inf:

in projr««™*

1. using < thin magnesium or alwuiaua-

silicon alloy Inyor botooon tho
nlooinuo and thorium to act as a
diffusion barrior.

2. altaring tha working or flow
ckaractariatica of tka two oatala
by alloying - thoriua can ba

aoftanad by small additions of
titaniwn, wbaraas alwminun can ba
hardonad by addilions of borylliaa,
oagnaaiwo, silicon, otc.,

3. invastigating otkor matkods of
plats aasanbly such as oacbanical
liakags or usa of tka low-melting
(350 to 400*0 aluminum soldera.

CKBAIIC fBOTCCTIVC CMTINU

V. J. Leonard
containing ananoling
agonts wars studied to evaluate their
protaction propartioa as Coatings on
oatala. Tha esranica used wars of
typos A-417 sad A-418 developed by
tka Bureau of Standards, or wary similar
compositions. These ceramics ware
developed originally aa protective
coatings for high-teuperature-al loy
coatings and forgings that ware used
for jot turbine buckets or blades.
Thoy consist essentially of equal
parts of BaO, Crl0J, and SiO. with
a small addition of CdO or ZrO and a
small portion of a vitrifying agent
such aa P,0J or P,0, and BaO. A1,0S
or Naa0 nay be substituted or blended
in tka original compoaitions if
daairod.

Coranica

Tka coatings ware put on type 25-20
atainlasa steal by tka proper pre-
paratory techniques, and tka sanplaa
wars rolled at 1800*F. The coating
adhered excellently to the natal,
spread and flowed with the metal, and
showed ao tendency to stick to the

413 US
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rolls or flake off. Zirconium was
than successfully coated and rolled
with similar results.

Since tka preliminary teats indi-
cated tka faaaibility of hot rolling
eirconiun, several test aamplaa 9/16
in. thick, 2 in. wide, and 4 in. long
were rolled to study tka variables cf
rolling temperature, amount of total
raductioa, and thickness of coating.

In all cases, tha reduction per pass was
maintained at approximately 20*.
Mierographic exanination was aad? of
the samples after rolling to datarnina
the amount of diffusion between core
and cladding, whether oxides formed in
the airconium, and whether cracks or
other discontinuities occurred in tha
coating.

Results ahowed that the optinun
thicknesa of coating was approximately
2.5 to 3.0 nils and that tka coating

was impervious to air penetration when
rolled to a reduction of lass than
5:1. Thin reduction ratio is slightly
dependent on temperature, being leas
at the high rolling temperature and
slightly nora at tha lower temperature.
Zirconiua may be rolled at temperatures
from 1200 to 1800*F. Microacopic
studies indicate no diffusion into

tbs sirconiun by the coating elements
or leaks of air through the coating on
the flat portion of rolled plate. On
tha edges the coating flakes off after
a few passes, and nitrogen, oxygen,
and possibly other gases penetrate to
a depth of about 0.030 to 0.040 in.
into the sirconiun.

Thorium has also been successfully
coated with thaaa naterials but no
quality evaluations have been nade.

Twenty-five sanplaa ware rolled to
12:1 and 16:1 total reduction at
various tenparaturea with the usa of

the fallowing standardised procedure:
(1) coat with 2.5 to 3.0 nils of the
ceramic, (2) 'roll to total reduction



of 4:1 or
sod roll
12:1 or
appeared
Before uae the
require trimming and
flat faces would hove to be

slight!? leee (3) recoot
to final total reduction of
16:1. The rolled plates
to be entirely aatiafeetory.
edges and ends would
the coating on

removed.

microscopic studies are
the samples by tahing
into the core from

At present,
beiag node of
hardness transferees
the tirconiwm surface to detect any
possible impurity effects not brought
out by etching. Also, methods of
removing snd cleaning the rolled
sirconium plates are being investigated.

EXPtBHENTAL VELDINC OF UBfthZUM.
TOO!IHO. AMO IIBCONKJB

«. J. Leonard

In conjunction with the cladding
program, information was needed on the
weldability of certain metals in com*
bination with themselves or with other
dissimilar metals. Cursory welding
tests were performed to gather some
preliminary information, and, in
patticular, the crack sensitivity of
thoriun was investigated. Reactor™*
grads uranium, Ames thorium, and
Bureau of Mines arc*melted crystal™*
bar thoriun were used throughout the
investigation.

All welding was performed by using
a shielded, inert*arc gss*weldiag
torch withal/16-in. tungsten electrode
in a dry box under a helium (Bureau of
Mines grede AA) atmosphere purified by
a gas train. The materials to be
welded were charged into the box and
the box evacuated for a period of at

least 16 hr to tha best attainable
vacuum, which varied from 40 to 100
microns. The systen was then con-

tinuously flushed with heliww through

FOR PERIOD ENDING APRIL )e-,
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the box indicated a contanination-free
atmosphere, wolding waa begun. The
best electrical control and welding

charscteriat ica for use with each
different natarial were determined by
experinent.

Butt, fillet, end lap welds were
made on thorium plates of known compo-
sition in plate sises of 1/16, 1/8,
3/16, and 1/4 in.; tha rasults were
irregular. In general, the smaller
the plata sane, the greater the likeli-

hood of obtaining a crack-free weld in

the thorium. Larger sise thorium
welds require a greater "total heat
input" (greater number of passes for
filling and larger heat input per pass
for proper penetration), which in turn
appears to be the important factor ia
producing cracks in thoriun welds.
Multipass welds of 1/4-in. thoriun
plate, with and without filler rod,
were investigated with more coasiatent

These welds showed crack
sensitivity under certain welding
conditions, and the cracks usually
occurred between the base metal and
the heat-affected sone. The micro-
structures of the welds studied ia
detail showed the wusual node of
failure to be in the qraia boundaries
of the largest grains close to the
weld octal, but no difference ia
grain siie, amount of grain boundary
constituents, or percentage of im-

results.

purities could be noted between sound
and cracked welds. la general it may
be said that eiagle-pass welds of

thoriun present little or no problem;
multipass welds are more likely to crack
with each succaeding pass.

Uranium plates 1/8 and 1/4 in. thick
were butt welded. Multipass groove
welds on 1/4-in. plate were also made.
Argon gas atmospheres and alternating-
current combinations were tried on

a No. 8 gas cap at a flow rate of 2 uranium but results were not so good
6 liter/nin as seasured ona Linde type as withthe use of d-c straight polarity
L 14A flowmeter. After teats inside and a heliua atmosphere.

11~
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Mwltipiu groove welds using filler

rod in I/4*in. plates were wsde of all
possible coobinstions of tUrivs,
ursniuo, end lirconiuo except that no
sirconiuo base plates were welded
together nor were two ursaiea plates
welded sith thermo or tirconiwo
filler rod. Figure 122 is a photograph

of a weld of this type. Figure 123 is
a photograph of butt welds of I/4*ia.
plates of these oetsls. None of the
welds exhibited crack seaaitivity
axcept those for which high heat in-
puts were neceaso.'y to secure a noraal
penetration in the weld. This con-
dition any happen in welding thoriua-
to-thonua or thoriua-to-«irconian
plates with either a thoriua or sir-
coniua filler rod unless careful
welding control is exercised. The
welds in Fig. 122 that cracked had been
aade with high heat input to secure
aaxiaua penetration.

Vaerographic and aicrographie

studies of the uraaiua-thoriua welds
Fig, Itt. Voids of Tborlaa, Uraaiua,
<13 120
U(( . s osa*s»

+
caao 0%

show a eutecdic preaeat at locations
of salting add aixiag and also segre-
gation areas of wraniua-rich or

thoriua-rich solutions. These ob-
servations are in agreeaent with the
published binary phase diagraa.
Thoriuo-iirconiua welds show tha
eutectoid in that systaa (siailar to
pearlite ia steel). Urs.aiua-sirconiua

welds show aixtures of alpha uraaiua
in an alphaesirconiua aatrix and
vice verse.

Micrngraphic study showed coaplex
phases in welds in which uraniua,
thoriua, and tirconiua were aixed in
liguid phases. Since the ternary
diagraa ia unknown, no positive
identification was atteapted. Con-
siderable heterogeneity was present
ia the weld deposits sad adjacent
aelted areas, and atny aetastable
phases were observed. No internwtallic

or brittle coapounds were found in any
of the welds aade.
sad Zircoaiaa 1/4-ia. Tost Flates.
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FUEL AND CONTROL ELEMENT FABRICATION

J. E. CunninithM

mTB rUKL AND CON1BOL BOD KLBBCNTB

H J. Wallas* G. E. Cooley
E. R Tuinbill

Production work oa the fabrication
of earicked-uraaiwn fuel and control*
rod eleaMOts for tho Materials Testing
Reactor is so* progressing at a satis-
factory and efficient rate. Maaaares
are being taken to atep up production
coaaeaanrate eitk tbe expected in*
creaae in denand.

During tke quarter several hundred
good-quality coatings were received
froa tke Aluaunun Company of Aaenca.
These end-box castings eere delaying
coapletion of two pile loadings of
fuel units on hand. Tke 356 aluaunun
castings ware required to adapt the
fuel asneably to the upper and lower
grid sections in the reactor.

Exaaination revealed that the sand
castings were sound aad dmensional ly
correct. As rapidly as possible,
castings were attached by welding and
the units were rushed through tke
final nachiaing operation in the shop.
New jigs that were designed and con-
structed to speed up inspection were
also available. All units passed
diaMSsional inspection aad U'*'eent*nt
specifications.

A total of 66 fuel units and 6
shin-safety control rods were crated
and skipped to ARCO. The units were
packaged in cadaiea-coataiaing carriers
for skipoent - six fuel units or two
control rods per container. All
skiosMats were aade noney waybill via
Railway Express, hand-to-hand signature
required, aad in an aaount leas than
1 ug of U**',

118
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All ahipawnts arrived safely. This
is iaportant because the perniasable
out -of-atraigktneas tolerance on the
shin-safety rod is a neager 1 nil/ft
or 14 nils on a 14-ft rod. No trouble
was experienced m loading the initial
aet of 23 fuel end 4 control rods
into tke reactor for start-up.

The reneinder of the third and all
tke fourth pile loading are in various
stages of conpletton. Thirteen fuel
aad seven uraniun sections for akin-
safety rods have been brased and
forwarded for final nachinmg. The
parts for 16 nore units are in the
fern of uraniun-alum nun alloy ingots,
cores, clad plates, etc.

Minor adjustaents on the conponent
parts and braaing cycle have aade it
possible to naintaan closer tolerance
on the water-gap spacing. The nomnal
0.117-ia. spacing tolerance is now
running 10.006 in., or within, SR
rather than the specified tti.012 in.,-
or 10%*.

An over-all inventory was run on
the laat 7-kg lot of earichad-uraniua
netal processed. The account showed
a gain of 0.2SR, which ia s alight
decrease over the laat batch that ran
0.36R high. These balances are ob-
tained after recovery of all tke
uraniun contsined in the dross,
graphite crucible, stirring rods, and
saspliag tools. Although these
figures are within the analytical
accuracy of tO.SR, results consistently
run high and indicate a bias nr
constant error. Experinental testa
on nornal netal are in progress to
determne the origin of this slight
but disturbing error. Both the
analyses by the cheaical laboratory

413 122
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and the
lanplti

aethod of taking tha dip
arc being carefully checked.

A ne* drying o*en capable of drying
ataultaaeoualy aia or aort unit, of
lengths up to 6 ft has beea purchased
aad installed. An ergraving unit is
on order for pernenently narking the

identification letters and auaerals
on each aaaanbly. Starting nest
nonth, an attenpt will be node to
process units fron rae uraainn and
aluniaun natal into coapleted aa*™
leabUri ready for pile operation at

the rate of too each working day.
With additional manpower, this schedule
could be further improved.

EXPERIMENTAL CP-5 FUEL UNITS

J. N. Hex «. «. Prosps

Developmental work was initiated on
the fabrication of a modified MTfl
fuel unit for the CP-5 reactor at
Argonae National Laboratory. The
CP-5 fuel unit calls for leas active
platea of sonewbat higher uraniun
concentration, wider water-gap specing,
and thinner aluninun side plates than
nre required on the MIR unit.

Three dunny aluninun aasenblies
were nade to doternine optimum jig
dimensions and to develop a breaing
cycle that will yield brtied as-
semblies well within the CP-5 specified
tolerances. Esperinentsl asaenbly
No. 1, dosignated as P- 1-E. was run
through the conventional MIR cycle,
and inspection revealed that the
0.010 in. of freedom nornally allowed
between component parts was too nuch.
Also, the wider plate spacing and
thinner side plates required a change
in the brasiag cycle. Units P-2-E and

P-3-E were run in a sinilar nanner
but with alight adjustments nade in
jigging and brasiag tin*, or tenpers-

turn. Figure 124 s
the CP-5 fuel elcnent.

413
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Results of the inspection are

shown in Table U The figures are
based on nsairen rather than average
deviation at aay one point and tend
to present a somewhat pessimistic
picture, and yet all units, with the
possible exception of the first, meet
specifications. No trouble is antici-
pated m fabricating the renaming

16 active eleaesta ordered.

The CP-5 dunny unit, as brated,

weighs 6.53 1b, of which 0.22 1Ib is
eutectic (11.51 Si) aluninun-sllicon
alloy. Therefore the assembly contains

approximately 0.02 |Ib of silicon

metal. Since the design group was
concerned about loss in reactivity
due to aluninun, it was suggested
that the sic Itd thickness on the
active plate be lowered from 20 to
15 or 10 nils. According to J. A.
Lane, only about 2 mils is required
to stop recoil neutrons.
Fig. 114. CP -5 Fuel Eleneat.
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