
UNCLASSIFIED 

NORTH AMERICAN AVIATION 

Atom.ic Energy Resea rch Depar tment 

COVER SHEET AND ROUTE-SLIP FOR CLASSIFIED DOCUMENTS 

Do n o t ^ ^ m p v e -
thisfshe4i 

n ^^^ 

, I ' . : ^ ^ 

K . u i „ ' - ' ' 

a id m a / ic i ill 11 "• , " ' f 

^ 
^ 

XS 

' ^ 
) ^ * 1 

^ s 

A 
• .< fined 

'to t r f " 
i<5 I I 

i . 1 

REPORT NO. m ^ -

This document contains 13 pages 

This is copy Q of, 20 s e r i e s A 

Issued to_j^_^gE3^a__^^ . _ _ _ _ 

""ClassiIIcaHon 

NAA-SR-MEMOS a re avai lable to author ized p e r s o n s and 

agenc ie s . Fu r the r d isseminat ion is not pe rmi t t ed and 

dis t r ibut ion to abs t rac t ing agencies i s not author ized . 

These MEMOS a r e working papers and may be expanded, 

modified, o r withdrawn at any timie. 

Each pe r son who r ece ives this dociwnent mus t sign the cover sheet in the space below. 

Route to Noted by Date Route to Noted by Date 

UNCLASSIFIEO 

« • • • * <• 

•SA. -*-rV-.i2 |-»^ 
* « • ft * • • 3 
c « ^ » a • % « F o r m No. 91~D 



DISCLAIMER 
 

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



DISCLAIMER 
 
Portions of this document may be illegible in 
electronic image products.  Images are produced 
from the best available original document. 
 



, , ^. _ fiM-a-iEL0-lC»3 

UNCLASSIFIED 
Toi Those a s t e i 

Eras? Bo Re Howard 

aibjectj I0H3S MiM Tlffi m DBEHSIOmL CmiClS II mnill-l GBffii 01 SPmKR 19, 1951 

r r s r ' ^ i . f CM; \ — M*^ I - ' , , - . ' G Y ACT O ? 1944 

This Docuraonl ca.K-5l. oi /J pa.i,^ v,̂ ,j> Ho / cf i?f<* copies, series .ja« 

I t ia.s th© parposo of t h i s taUs t o i ^ s e a t up-to-date infannatioB 

with regards t o i i aeas iona l staMM.^- of metaHio laraidiM^ i. l»i©f i i s -

cassioa eonceraiag the M s t a ^ , present states«, p?oposei t h e ^ i e s , and recent 

regialts are giirene The fac tors a f f e c t i i ^ , asd laetliods of a i rdMaing i i s c t t -

s ioa clmages are catliaei© 

DEPARTMEMT OF ENERGY DECLASSIFICATION REVfEW 

mtmi^ 

OETCftMWAITON p R C t E NOMBER<Si 
1 

Afi^^SS^Li 

CLASSIFICAITON CAKCLLLLD 
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iisaasiffi- UNCUSSIFIEO 
Early va:k ly British persomel on noa-ciibie sa ter ia is Aowed that dii»&-

sioml changes fraa t l « i m l ^eMng occur l a eiei!»sts ©sMMtiag anisote'oplc p'oiBr-

t i e s , file folloidi^ table IMimtes tbeir resaltsf 

fABg I 

Sa 

Gi 
Pb 

^ ^ » » ^ ^ ^ » 

Body Centered He^goml 
Ifamgoml 01o0e Padced 

f&ce Geatered Cubic 

les 

les 

les 

Ho 

¥ r ^ i M i s MgMy anisotropic* M.ptm mmnititt has aa orQi^iaaMc crystal 
str»eti»©, ^ uranitm las a teteagoffll stmctiar©, aM V araBiura i s baly ceratered 
cttWe. file limse t ra»foMat ioai oeeor as fo3J.owss «#< < 660° C, / >66oo < 770« Gj* 
F > 7?0® < 1130° 0, The coefficients of e^aMioa in t l» a, b , mA e axis arei 
a « 23 X 10 « / « <^, b a «3»5 x 10 aa/ai ^ , c « 17 x 10 csVcsa ^ a t roaa 
t e a ^ r a t e e , r i« T O 1 « coefficient rf « ^ » i o B of ^ t^aaim a t »«> G - S9 x 
10" c a / ^ OQ aai a t 625® G • 55 x 10 mi/m. ^« 

Tl»«aal ojc l i i^ , as used tor©, refers to the oscHlatioa tvmi one taapera* 
ti»e to aaotlitt laader oi»rati i^ conditimw, iee»j slmtdowij reloadisjg, aM stext-np 
constitutes one tlisraal ©ytjl©^ 

Dlst«-tioB i» tlie foHoiiiBg iiicussion refers to lo^tt iadiaal growtli lis^ 
less otl»rwis© notei, i H geiBral statoieiats refer to t te raa l eycliag witMa tlie 
A region unless otliertfise noted© 

llaMfxA 

IM.©fly, the 4 inch slags a t Ilaafo^ Imire sbmm a aaafaep of types of 
diaensioDal e l a t e s s (1) ©arfae® Mis te r i i^ dm to tmssim^'&lmd.mm reactioa, aM 
surfaee rongiaeniBg du© to ^owtii of large aranima groins oa t i e slag siarfacei (2) 
therml ^cUng of *< -rollea slwjs causes loi^i ta i i iml prowtlii (3) raaiatioa 
daaag© has i a i i ca te i slug shorteMagj aM (4) saa© stegs Imve mri»d ©uaogli to 
becoiae stmek i a t l» fu©! ttitoa, 
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ilieso x*ods are fiboat 10 feet long saspsMea vert ically irem tfa© tope 'Pbe 

p r i a c i ^ distort ioa aotefl was the decrease in l e i ^ l i with a corrsspondiBg increase 

in Ma^tBT of tl'je rods» As meh as a 5 inch decrease in leagtli occtirrede S ^ 

r ^ s fatteaed sttffieiectjy to becoite stuck in tli© f-oel chan^l . 

Ttof^d qrcl i i^ i s a ^ e a t iroMem for s ^ desigBS in tMs ^^raia» &a 

Hany as 100,000 ^c l«8 are ©0ti£atei« 

TMs reaotor vMx' S&wel&^&t es^scts to ase Mglier slug tssperateres 
than are now in oi»ratii3g exitteace. I t plans to hat® one 18 ff»t slog %fitla large 
radial aM a ^ a l t h s n a l ^aM©ats» IJadw coasMeratioa i s tlie effect of tearing 
tuo ptoses p-esent %iitM.a t!i© slags Warp i s ose of t!» aost iiap«'-teBt p»oblais i a 
tMs reactoTo 

Ty|« of Uranium Ihtals 
Poller l-lmked and 

G«a|metei Cast Exfcn^ed EoHed / Qaeacti Ailoyii^, Cast 

StaMIized 

Grain S'fcmctiarej Fii» 
Grais 

Coarse 
Graia 

freSerred 
Oeieatatioa 

aa-faee O«iditioa§ aiooth 
Sayface 

Eoisgii DiHSBSiOBSl 

las taMli ty 
DiBscsioiBl 
StaMMty 

la a?efe^«i teleatation 
2e Grain Sise 
3s Temperature Level 

4.9 Tempepature Dlffereiie© 
5» Toa^ratiar© 6racii©at 
6e Rate of T h e n a l O y e l i ^ 
7e Radiatioa 

8* Assembly of Fml "^-"^ 



Iffi.8 il^&ou^i tM core imterisJ. i s aot KJiitiomd as a faevc^j, .it i s dlvmatl^ 

related to p-^ferrod orien'tetioa aM grain siae« 

mmmm 

'3i© Bost desirable graia steictBre for i^^iaiB fiiasiisioaal s tabi l i ty i s e-
fin© ^ i a e d aM raadoaly orleatei eondition* EaM«i «lei i tet ion of the grains i s 
obtained %• three teclH}iqtt©0j (l) % hot passing tffaniim ^«der to higl densitjj, 
a fins graiBsd^ rmAmdl^ aTiented sltig i s obtaiaedi (2) a cast stractiar© 1ms rasAoiRj 
oriented grainss aM (3) a caaplete t raaso tea t ioa ia to t l» / ^ s e reaofes a l l prior 
thewsal aai fabs-icatioa M s t ^ f md TaMmAzBs the graiag, a i s te^haiqae i s tetter 
tlmn K'o, 1 aM ilo« 2 as i t provides tm^ nneli aore Yer«.til© methods of fcel e l^»i i t 
fabrication and aosomlslj, i*©,, aa 18 foot l»Mei aM jadcetei slog for PaP» Grain 
peflnement i s aoccapMshed tteoiigh (1) neehaAeal tiw-Mag witli re^ystaHiaat ionj 
(2) rapid qasadiing frovi ttm / itmse, (3) % a U ^ n g aidi t ioas , aM (4) fowier 
ooip-etii^a IHoyliig gi^ros tii© most m&fomi and stable eoMitioa of graia retltrntmnt^ 
Fine-£raiB3d Baterial provides a siootli sarfae© aM coarse-gradaed imterial i r^t ices 
a pougli awcf&m as a reatAt of thercal ^ e l i i ^ . 

I t i s dosiraMe to raiAdly cool from 725® C to irodmce fine ^ grains* A 
I aBueal idtli jai's uranitim p'oduces fery te3?ee M gi' a.ins» "* ter© of fiae ^ a i a s 
praittce the m^ effect as CIMPB© gr^ns* ^endiing i s not alt«ys tm^es&xj witli 
a l l i e d tiraniim as SCBB a l l t ^ i ^ afiditioas pt'orMe a stable fli»-graine€ steictiares 
fiere are a aaaber of all<^s tifaieli refine the graias^ tat applications of interest 
need a stable straeture tiitli l&v to ta l asutroa oaptme cross ssctiOBo fhs ^ l ^ s 
appearii^ most p'oaisiog are ooe atoo. per ceat cteaiiua, up to 10 atoa per cent 
aircoiiiiattj oa© ataa ^ r eent aolyMeim, and oao a t« i per cent colimMiam, Of tliesSj 
•fcb© ciiroiaiim and zircoijiutn are a t j resest nadergoiog exteasive tests* 

The largest ^ a i n siao ip?mia froi the o( pimse i a p » e uraidim i s 0»075 Biao 

The one a t« i ^ r ceat Cr aU.oy l3s.s a ffnlu size of a1»ut 0«04D IM» 

toother tectaiqiie for grain refineiaeat i s paider eoapectii^* In ttiie 
teolmlque, tteoi^li cirefal contesl of oraiiiiM-liydrMe pre^ra t ioa a»d subsequent r e 
daction to potfd©i*eci metal, a fine«^aiaed imterial i s obtainecl* fMs paider i s feot 
iressed aad jacketed in one o^ratioii a t 600° 0 to a slue of Mgli density^ IBs? g/ce^ 
^ t h . a sJailar stmetwe (fisie crain, raMoa orioHtetioa) t o the / «^iieaciied m.ter3&l<, 
TMs tectoiqiae i s ppeseatly HMted to short sections (4-12 inches !«€)« 
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Siac© tli© f fi&ae i s a aiMc straeturoj aa alloy wMeli -jjetaias 

^mse at p o ^ temperature VGIMA te Mgiily desirable^, fiie oifly a H ^ viilcla appears 

to do th is i s a Mgh ^reeiitage Ilo-U aUcy© 

Distention can be alijiiaigei to atomt oae-lmlf of otm per ceat or less per 

100 cycles throngli the afeoro lasthMs, 

Tbe tens teiaperatia© lev©! refers to relat ively eqial te^Bratnre dlf-
fereaees a t •atfiag t ea^ra tu res , !,©«, 500®«550° C versus 300^^350° G, Generallyj, 
as the teai»ratia« l e f s l i s yaised, the (iistortion inej»asese I t I s important to 
Bot© tlmt distortion also oceme idth a large lamtor of ^ c l e s of mall tenpexatur© 
diffei?0Boe whan tke g r a i ^ h&Ye highly jret&ereA orieatatioa tat l i t t l e ^ange with 
rasAom orieatatioBe 

a© effects of therml c^^issg tliponi^i t l» ^ itmse Imire besa briefly i&« 
vestigateds SOM ^ c l i n g t e s t s Mve heen sad© betiwea 90« G aM 1093** 0* flie d i s 
tortion ^ s large tdtli p » e iiraniim asd decreased si»rply witli ai'aiAtm-faolyMemm 
alloys, the tm.$oT clmages l» i i^ f l a r i i ^ s t t to ends and aa increase i a overall lei^jtlie 
lo beat treateaeat was tovM. vi'ilch would p rMa^ diiaeBsiotally ©table pir© oraiiiiia 
under ^ e l i a g coaiitioas of low #( to r tem^atares , . Tte O-Ilo alloy of fa i r ly 
low Wo concentration ^ima p?oinise» Howeverj other irobleaa beeoae evident aMer 
tliese coMitioasi iee», (1) voMs "beti-ieen tlie case aM Jacket idtli a ccoa^ i^ rg Iwjer 
tiiennal eonduetivity, and (2) reactioBs between t to case, Jacket, and lar f ie r or tend 
BBterial* The role of the reciystal l isat ioa temperatt»e, about iOT® G, i n th©saaX 
cycling la in doubt, Tablt I Aows actaal dilatosBter tmrwes iiwolfii^ dii»nsioiKl 
cimage* Itote tlmt a larg© pereentage of t i e ^owtli occurs durii^ t i e cooling pImse 
of the tiaefsial cycle« 

Oisfcorfcio/i i s directly p r o i ^ t i o i a l to the tem^tst^e dlffereneSj i#©*g 
0*-400^ 0 versttg 0 ^ 0 C « a, Battelle Ms dimm tlmt a large tsmhsr of SBBH f lac-
tuatioas ± 4 ° aloo ixcduces growth, foxy l i t t l e infoHDation i s afailable inciiidii^^ 
tem^ratiiros o-ror 6CX3*' G, IJiUa a eoastaat teiai»ra-t«i« difference aM an increase in 
tem^raturo leirel, the distorfcioa iacreases® 
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fMs effect i s not cai#ete3y i ^ e r s t o o i . I t i s very Saportaat nhea E»r© 
tlmn OBs #»3© i s ^©eeat, i«e», «?< aM ^ ia?asjiim in both aM.al and radial gTadieiits* 
Tim ^ s i c a l | ro i»r t ies of H B ^ aad ^ ^aae ( ^ d ^ y streagfeh) differ eaough to 
Bale© tlie extension of Mg^ ^ sa te t i a l %• lo» / M.terial a i»ss ib i l i ty , TMs ims 
aot been i rwed by es^rimeatel evideaceo lrgoia» ^ t l o i a l La l^mto^ e ^ e s s e d 
the o|dM.oa that o p e r a t i c i a t l» M - ^ s e my te feasible provided tiieri»l cyeliag 
i s ©liiaimtsa* TMs would necessitate contiimotts ^ocessiBg, l*tep i s ^ofcably tlie 
largest iroblem associated Mith gmdieats, TMs lay be reduced %• pitt ing aa ©x-
t e r i a l l ^ d oa tM fael ©la»at (GhaHc liiver data iadicates tMa) • Plai» are l » i ^ 
aade to staiy the effects of large graiieats a t Mgli traiperatiiresj i»e«, in t l» 
|S*oposed PaP reaefc« apiroxiaately 75 ^ r eeafc of th© t ea^^ to r© irop betireen tlB 
core center aM the coolant ta tes place wlttiia t l » cor©, i , e , j 650® G a t ome mnter 

to 425° 0 a t core edge (core raifcs « 0»625 iach)» l l so see ^opossd theories. 

The general iaiicatimi i s tlmt a iBt» t ioa i s dlrectjy proporttoBal to tli© 
rate of t toraal eyeliug, iiltlioiigli naa^oas t e s t s Imve teen imde using different 
heatiiig aM cooling teclmiqtjes, i t i s difficmlt to interpret tb© results aM extra
polate to ^ 2 e o|»ratioa conditioas. ABL 5ata slia* t l a t Urn ^o%Mi ra te becoaes 
eoastaat as the holding time a t higher tsB^ratares ia iaOTeaseda *© results* 

Moetit work a t IsoHs Atoaie frnmr iaboratory ims Amm tlmt th,© eqtiiva-
leiwe of tliersal cyclieg to radiatioa Ims teen estisBteii oi» therml cyol© • one IWB/T 
of pdl© expoewe, ?«• instance, i a Rtf tMs oeaBS abomt 6OO tl»raial ^ c l e s « th© 
radiatioa effeets# IIIL !ms recentljr 0lio«i i a Eeport lo« 4^04 tb© reiaction of r ad i 
ation dauage tlxrmigh uraoiiM-airconiTm a l l ^ s » lew date. obserfBd on a receat t r i p 
mre&led the follm-dngo Samples of U-235 ( ( 1 ) ^ annealed, (2) | t r ea t e i , (3) 
four a t j»r ceat Sr) were subjeeted to a pile expostiro of api^wdcately 0*6 |» r eeat 
btirn iip^ Tte s^cia©ns distorted ¥©ry sIMlarly to tlisMBl c^cli^^ spciB»as haviiig 
tiie same ^etrea' teeat tiltlio'ttt radiation. Th© large ^ a i a s^c i i»as allowed surface 
distortion^ t l» A -acaealed s^ciaen shotfed tlie i^eatest longitii3ii»l grotfth, i&ile 
t l» I - t rea ted aM alloyed sfBciaeiis dioued soae distortion bat %»?© fetetitBly 
stable a Fattjre t e s t s t-iill 1» eoMacted oa spscifflens varying i a 0-235 concentratioa 
and a l lo j i i^ additions iaclii4ii^ cliraaiiaao 

ii:irii;;;;::Hj::i3u mmnm 



MmmB '7 

I t tag teen found tlmt tii© graia bouMaxy £low In |«re *ttraoima oecms a t 
atoat 30}** C* fM,s» together laitia tiie faet t l a t & l&Tgm ^rcentag© of i-fce d l s t « -
t ioa occiffs durii^ cooling, raises t l » questiom as tc tAetlier distort ioa due t© 
radiatioa aay 1» aomaled mit %• o ^ r a t i ^ atov© a sdniaiffii tea^rat t i re of 300*̂  C* 

Tlier© i s eoasideraMe data IVaa tomdiated fml ©lemeats l i i iA ia hlg^ 
coafttsi^l isB*, s a » IlanfoM f i» l slags Aow a dea^aw i s diai»ter t o ^ t ! » r ^ i th 
a decrease in leugtli vMXe ot ters sliow aa i ac r ea^ i a d i a ^ t e r idtli a deOTeae© in 
lei^ttio Eoia in t i e ^S. r e a c t s SxmMl&ted i a t i e ^Aet regioae of t i e ^ l e ^mw 
less fattonii^ t h ^ rMs r e c e i ^ . ^ eqiaifaleiit ©^©mir© in tl© M g ^ ^ flax area* 

Receat iuiicatioos a t Hanf^€ sli«i tlmt the letliois of assembly «f tml 
elei»nts ean to s < ^ de^^e affect tlie ttstorfcioa, with refertace to both ^ t « i a l s 
aM teeliniqt»s» I t i s tolievei that « a l l •wriatioas i a Jaetet t M ^ i e s a can caiiw 
weak spotss Also, tliei'e i s a t p-esent smm eontrawBT^ as to %i»a the slugs slaoaM 
be ^ treated, tef^e or <li»li^ tlie canaiiig o^ration* loa-os^form § treafeeat, 
qv^mMngf OP ireeiiaBieal worlcing durii^ assembly, « y eaase i«rp on the tml elomnt 
^ i o r to pile ea^sare© 

Aia has Amm tlmt a 30 a i l staintoss s teel Jacket 1MS sufficient strengtli 
to restrain the ^owtii of an a -asnealed stag after 5^0 t h^5» l eyeles betwea lOO®-

Cai t ia»€ M. »xfe lago 
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I , fl» foHoM.^ i top-aiat ic stetda indicates a theory p?oposei Igr J^ 
Biarto of M.FL* I t Ims a few t a c t i c a l ara»ta.eks| i»e , j grain Isoiii^a^ flow d^&nH> 

OGcm in as Amt a t ine as indicates^ 
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l i s TMs theory i s proposed ly Je loodTwi (at Clmlk ilivei ?)« Tir- c"j n:"&-
sioaal dmages are es^laiiied in terns of the aagnitMs a«i irariationc ..•"' '.-w j iylk 
poiats of uraaiiiBi i s tensioa and, eoap-ession aM tli© thenml gradieatSe By trMs 
tbeoxy th© differeace totweea Ilaaford aM Clmlk River distoxtion i s related to the 
aoa-^adfom stresses i a tli© Ilaaf«€ system mased ly ©M effects e 

¥nder i r ^ d i a t i o a the center of ttie rod i s liotter than the eMs «• stsrface 
aM i s hel i in ccsap'sssion %• these cooler areas, Tli© hot imterial will yield lAeii 
i t s yield point i s lees t l ' ^ half of "̂1© yield poiat in tension of th© cooler areas ̂  
I s tlie rod cools the oeatef "imcm&s sliorter aM pi ts the fastmrl^ cmlO' areas i a 
c^^©ssion« fhen, |r«rid©i tlie yield point i s coap^essiOTi i s less tlmn the yield 
point i s teasion, tlie outer regions are oom^eamA r e sa l t i i ^ i a an overall sliorteMis 
of tlie roio 'OM.m t l i ena l ^ c l i a g differeat tlieriBl ^a<iieiits oca»« These nay i'e« 
sult in the yield poiat in eaap-essioa a t th© center never teii^' less tlmn Imlf tlm 
yield point i a tsasioa a t tli© oater areas« Elongatioa occm's airier tlies© eoaiitions* 

If tills t l»o:^ i a correct, liow does i t es^laia tbe decrease i a distortioH 
tteoagh treateente I'JIiere does la'ain orieatatios f i t into tMs theorjr? 

^s^Lffi^s&..ma..^^ii..a^ffi-fi^3i^K 

300° C smk t o i l e t 
^ anaealM 

^ 0 © C soak rolleds 

to® G soaic roHed 
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Si-mged, M mmealoi 
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ia^»B 
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u::H.ma::i:;in « « , ^ 
300'̂  G rolled -mmAws. gives iiBBasioial ins tabi l i ty of 4 ^ r ceat i a W) ij^-elev 

60C° G rolled xwa.t±m. gi-roa dii!»i»i««l ins tabi l i ty of 2^5 ^ cent i a UX) &/€Ma 

7CX)® S roHed iirantoa gives MMmnaloml ins taMli ty of 0^ (?) i a 100 stoles 

I« Grain i*©fii»n@at fv redmciag OTrfae© roogheMng caa te aceaapUdKd lyi 
a) Water qusBoMi^ tt^ § ^ms© 
b) AHo^i® adiitiOBS sucb as Gr, 2r, Ho, CJb 
e) Poller e o a ^ c t i ^ i a t t e Mgh ^ rai^s froa |wi^er©d iH»OTi«t 

II9 Grata faM«i orieatatioa ^dmees i^oss iiiasasi<»al dmi^es ( loi^i tadi ia l 
prowth) to geoerally less thaji ane-lMlf of oi» i»r eeat* llaaiaa orientation i s a 
resul t oft 

a) ^ heat treatseat at a:wroxtaately 700«-725*> C 
b) Casting id.th ao aeeliaMcal wcrk 
e) Powder eaa^et icg 

If a Ooatimous irocessiaj; of ^ l e fael would reduce -fiieriaal ^ e U j u i i » t « ~ 
tioB. aM amy aaaeal out radiation cliaages, 

?e Dii»i»io»il diaiJges i^on t t e raa l circling are maH when o^ra t iag tempera-
tiB'es are less than 300° G« 

!« ftfeferred cxplea'te.tioas Tl» greater tlie degree of r e fe r red oriea-

tatioB tlie greater the distortioa« 

II« Grain siaej Surface rouglienljjg decreases as the graia aia© de^oasose 
Mith a constant high, degree of preferred ^ © a t a t i o a tlie finer tlie ^raia sia© tlie more 
rapM til© growtli* Oliisters of aml l ^aJjis are as d©trii»atal for sifffaee dist«^ioE 
as large i^aiM, 

I l le Tea|»ratm'9 letrels Ge2»ra2Jyj as tli© taapoM.ttff© level iaa»eases^ 
the aaoimt of d i s t ^ t i o a iatjrease*^ Th© pol© cf t i e refflystallization teia|»ratia:*e 
i a tlienaal ^ c l i a g ia i a da;tbt, Ilotjeirer, liien th© oiBijaia t aa^ i^ t a re readies 30)'= G 
the mioimt of i i i s t»t ioi i i ^ - vaiy, Tlte effect of cycliug i a aM out of the / plmse 
1ms not teen eoii^letely deterrf-iBd, Data oa blie effects of alloys aM f treatB»at 
for tlienml ^cliiag in tMa range are iaconplet©« 1 large laaaber of simll ffl.iiettt-
ations a t Mgli teni^yatiire cau«s coasMerxM© growtli in rods ImiriBg p?efer:red «£en-
tat ioa, but smU chaEges i a raMoEOy orlmted rodsa 



He Temi»patiire differenoes Distm'tion i s direetly proportional to the 

temperature difference* 

fa femperattire graaieats I t i s believed tliat large t«!ii»i»tijr© gfadientsg 
axial aBi ludia l , asy coatri tate to ^ o a t h aM affect the -mrp ^ O M M I , ^o t ided tlae 
gradieat exist a entirely witMa t t e ^ ^mse^ Ths differeaces i a pif sical ^o |»p t i e s 
between the ^ and / pimsss la^ cause ©one dli»iisi^ial cbai^es when l»tli ^ a s e s a^e 
present td.thin oa© 3p&c±^n^ Qas tlaeo^ teses gross dlseasioiml diasges irm. i i r a d i -
atioa as resiiltiag frmi. gpadieatg, 

?I» llat© of tbercal ^e l i ag t ffae date indicates that t t e dis^-cwtioa i » -

ceases as tii© rate of cycMcg ia«*eaaes» Tte ^owth rat© toe^es consteat as t l» 

holding t3j» a t teapffl^ature in«>easeso 

?II«. Ea^iatioaj Eecent work a t ICAH* Ims rem^ted i a an apptreut re ia t io»-
sMp tett-ieen radiation BM t tonml ^cHng l a tiMdi c ^ IJ-ID/f of pi le e^wsare i s 
equitaleat to o ^ tberaaal ^«1«6 Ir-sadlated s^ciaaas Imve 1»*ai e lon^ted aM 
sIirusA iiitliotit ap^ren t eorelat ion* 

¥1118 AssembJy of fi»l eleaemtj Th© t08}iiiii|a.e used in ftoel deinent 

asseiAly can contrf.tate to i t s distortion^ 

II» i tetreatoeat of fael eleuaatj '31© tost pre-fcreatoeat for o^rat ing 
in tlae a( ^mse fo" pa?© «• low aHoy urasiiia i s as foUowss a / soak at 700^ 
725° G for complete trsasfonoation to the ^ phas©^ foUowei %• a water quecelij and 
a smbseqiient 1-2 hoiir ĉ  acneal a t 575® C for stress relief» 

le Iflmt are the effects of r e l a t i o n oa U«43r, U^-Io, U-€b, U^r (aH — 99 
a t psr cent U)t 

2® l-Hiy do s ^ fuel elmienta slirinlc aM saae e l o i ^ t e ? 

3, IIo¥ can •w?»ping be ©liaiaated? Tteoagli s tress loading? 

4» Wmt are tlie physical p ' o ^ r t i e s of tli© above uraciiia aH^Bl 



» « • fe' • » 

5 s Mmt i s thfj ixfrliet of tberaal cj*'-5ling throogii phase diasgcsf Gŝ i 

two phases te ireseat uMor stable coaditiais? 

6^ Ihat effect does M.diatiai iav« oa siogle c^a ta l s f Doet; i t a ^ e 

tliem ^ l y e ^ s t a H i n s ? 

7. I f graJji boa^ta^ flow occurs a t 300° 0 and a laxge i»rceatage of 
tlie distortion oe«ars inriag cooling wider 300* a, %ia3l5 the d l s t « t i o n caused %• 
radiation iM.eli a^ea r s to l» vwy sSMlar to tlieraal ^ s U a g l» an»a lM mit a t 
0i3©ratii3g tQa^i»,t«r©s of abmit 5OT° 0? 

Batt t l le t^smial laatitrnte 

Mc iiidge IlatioMl Laboratoiy 

te-ooMmTea, Ifetioml labora to^ 
ICnolls AtcBic Poi»r Mhmntary 
GMMz a i t e r 

Irgoim© l a t i o ^ l Laborat«7 

SyitaMa Slectric ft-^ucts 

BIIi-67 

Sl-737 

11-90 

Wlo^ ¥-Gr aUoysf basic s'fcaMlitj date 
Mostly im ISA p ' o ^ a a 

As«iaWy ^oMmm, effects of i ^ » d i -
atioa 
BIL ^ l e el«ient asseaflJly 
U-Or aHoy, ra i ia t ioa «fci»g©j t h e o ^ 
^X pile |»o"bleas, tlieory, effects of 
in?adiati<m . 

Rdneipjl soiffce of data, alloys ̂  
radiatioa daaag© 

BI-18002 
ICAPI^281 

TID-65 

AHL-f!P-54 

•ilD-225 

T1D-2BB 

Kiel Eod T e s t i s 

GaiaABg of UraniiM Eods 

MriBHed Tmbe teoMoa in IIS Pile 

Diaeasioml Stabili ty of Ifeaf ord Fuel a«gs 
Eeport of f i s i t to amlk River 
Isrestigatioo of f~Al Iteaetor Slugs, Pre^xatioa of 
Gimmes in th© Forms of X Bods Mm to I i rMia t loa 
'Fuel Sleaeat P r o b l ^ 

Dimensional Chaises in BraMrai Ifcder Tkei^il Cycling (imiy good) 
Data OB Sirialage of Ura.ii£iia Eods i a l iS Reactor 
IffiZ Eods 
G ^ l ^ i s o a of Iteactws aM Obsermtioas 
Trip Iteport - Sa» Gimlk Rifer Slag Distartioa 
Jacketing of IfraiiiiBi for lEgli Teai^ratnr© Sex^ce ' 



AIIL-4604 

11L-45S0, 4399 

ilHL-4316 

ML-4.24.3 

AlEMlSS 

Bl-II-62 

Il'l-10475 

CEIL-170 

HM-Sl-48 

m - 1 4 

GE«MIC-^ 

SeiuctioE of i toi iat ion DaHag© Iteotigli Zr l l l .oys 

Progrsas Heport, Tl»i5aal C^eHi^ Data 

P r ^ r s s s R e p ^ t , fherraal ^el3s% te.ta, IfetaHia*^ Dinlsioa 

& ^ » s s l t e p « t , a e r p a l , ^-cliBg Data 

P r o c e s s leporfc, f h e n a l % « l i i ^ Data 

QraSM E©fiBefflent of I r ^ i m %• A H ^ i u g 

SectiOB A, IMafoM Tdelmieal l-kmial 

a i ^ Soptapes i n tM IMH. H J * 

1 Itefl^ii of tlM I i i » i » i o a a l S t ab i l i t y of fetaral U?aaii» 
Fuel l leisents 

I tea i im ifetol f^ I IS E©act<» aM S\iti»o SjBtmm 

Fml Sb3Q Desi^is 

DISI?EIBIITI«8 
D, 
J . 
T. 
B, 
C, 
A. 
E, 
W, 
H, 
l i . 
S, 
0, 
G. 
1 . 

GoJUns 
IteFellee 
Msraer 
Ilayiard 
Ifelmsia'ai 
l.fertlji 
l lotta 
PttkiiM 
^i t t l iMn 
Scliwrta 
Sieg@l 
Sta?r 
Steele 
Weisaer 

UNCLASSIFIED 


