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SOLID STATI MVISIOM OUASTISLT nO NI1IS SIDOST

INTRODUCTION

This report covers eork porforaod is Use Solid State Diviaioa for the
gesrter sadinf Key 10, 1952. Dm felleeiap papers sere prosested by Makers
of the divieiee at eaeetiaf of tbs Aoericee Physical Society held ia Coluabus,
Ohio, March M to March ISt

N. H. Keroohea sad 6. M. McCaoaon. "Fodiaf Characteristics of Geama-ladeced

Coleretieo ia High Deaaity Glees," Sell. 4a. Pkyt. Set. Il, No. 2, ¢« (1952).
J. |I. Creeferd, Jr. ead J. f. Clelaed, "Eaergy Levels ia Go Prodeced by
i," ibid.

R. E. Jaaisea ead T. N. Bleeitt, "Slip Liaeo ia Pile Irradiated Copper
* Siafla Crystals, " (bid.

|| R. R. Celtoaa aad T. M. Bleeitt, "The Effect of Neatroa Irrsdiatiaa oa
M etallic Diffaaiea," Pbye. Bee. M. 041 (1952).

V. E. Taylor, "Coepariaoa of Theraally ladaced Lattice Oafecta ia Geroaaiaa
Silieoa with Oafecta Prodaced by Nodosa Booberdoeat,Mibid., p. 642.

6. T/Marray aad », E. Taylor, "Naatroa Boobardoeat of a Copper-Berylliaa
Alloy, " (bid., p. 64S.

T. |. Bleeitt, "Bodiatioo Effects ia Copper Siafle Crystals."
<APIATITN KT Three ia-pila teats of lacoael
have boea coaplated, aad as it is see
eroot todor Irradlet bast treated (1650 or 170f*P aaaeal),
deriag this gasrter boo lacoael, with respect to ite creep
irrediatioa sea caaae soO properties, ia eaatablo coder irradi-
0 decrease of eroop io tiea. the ebaracteriatica are typical
oatorial, depoadiaf oa tho toot eaadi- o0f a aetal eadergeiaf astallorfical

tieoa. To detaroiae the o«so of the changes aoeb as rOeryataliiaatios
aide dioerepaaey ia eroop ioforoatioo
helap reported by varioaa lahoratoriea, _
easti lever teats aero raa oa typo J4t latooooootoro. ia eateaaaoeter
staialaas stool atteoporataros hoteeea € tilisia f a Boerdea tabs aad as
ISM aad 1400*r aad at a oeaieao fiber €elactrical ceataet baa boea boaeb
atroaa of IMS pri. It appears that' tested. The preasere-disteatioa
for a gives aetal at e coastaat stress carve eoa lioear to eithia +0.0001 ia.
lithe offset of irrediatioa ia to over 9051 of the easiaaa trevel.
0 decrease the soeoadory eroop rate at Farther developaeat aad cbeckiaf will
loa teaperaterea aad to iaeraase tbs be doao eith this type ef ga«e before
creep rote at bifber teaperaterea. adaptlof it for ase ia the reactor.

m

fcAUIT m
3

1. N

*e eo®" * ..
‘e » 'r' »' <



SOLID STATE DIVISION QUARTERLY SDOMESS DEPORT

VIirHimUa. Stability Uata
lira laaa raa aa ekraa«l*alaM I
tkaraaaaa”™laa is air at 14SA aad
1S00*F. A platiBaB-platiaaa-rhadias
coapis, calibrated agsiast a Natiaaal
Bavaaa al Staadards calibrated csapls,
eaa eaed aa raltr«aca> Farther
stability testa will be csadactsd ia
baliaa aad ia aacaaa.

labile tbaraacoapla calibratiaaa
utilisiaf tbs aaltiag poiat af sadiaa
cblarids tare aat raa after it aaa
foaad that tbs daratiea af the opsratlag
life af tbs qgaarta rassals that coa-
taiasd ths salt see aacartaia. Platiaaa
tabiag ia beiag aabstitatad far tba
gaarta. Tss-graa gaaatitisa af tba
copper*eilicoa aatsctics spa rsqairad
ta abtaia goad arrests > e« tha cssliag
cares.

OMIMKSIftg PMPCBTIBS

erapblta taeater Llgatd-Batala

leap. Aa iaraatigstisa iats tha cases
f tbha flea steppage tbst bolted
operatiea af tba lacsael leap abiab

circulated sadiaa tbraagb ths graphite
raactar abased that caastrictieaa
rssalted free psaatrstiaa at ths eslda.
A grey, psedsry astarial ess fasad ta
bars alasst caaplatsly clasad aaa
jeiat ia tbs caldar part af tbs leap;
s-rsy sxaaiaatisa iadicatss that tba
aatsrial ia largely aicbsl.

A aas loop eu bailt withaaadifisd
serge teak ta aliaiasto plaggiag at
this paiat. Oartag tba beach taatiag
parted, a saall leak dasalapad ia tha
elaatraaagaatic paap call, bat it aaa
claaad by aaldiag, aad the leap aaa
sparetad ia tba graphite raactar, bale
SON, far d br at 1006*F aad 9f br at

1500 *F befere operatise aas halted by
aaetber leak ia tha paap call. Spaai-
aaaa far aaaaiaatiaa hero baaa cat
fraa tba cataract pertiee aad will
be cat frea tba partita that aaa ia
tbs raactar abaa tba activity

a safficisatly laa laral.

Aaatbar leap aitb farther iaprace*
easts ia acid joists aad abiab ia-
carparataa a aiaraaatallia filter

bypass is beiag bailt.
cars fally iaapected, aad additieael
ettaatiaa ia beiag givaa ta tba
eliaiaatiaa af aaygaa fraa tba aadiaa
ia tbs systaa. laprersaaata base alaa

Tabiag ia baiag

bssa aada ia tba fabricatiaa af
slcatraaagaatic fleeaeter calls aa
tbst tba fiaal calibrated calla era
acre dspaadabla ia tbair aparatiaa
tbsa they sera feraerly.

IIN Sadiaa St
ia a preeieee quarterly rapart m

foaad ta be aasattsfeatery shea tcaper*
etares sera raised ta 1SOS*F baccara
of sslidificatiaa af aadiaa ia the gas
liaos ceaaactiag tba diapbraga ehsabers
ead the sadiaa*paap tasks. It aaa
therefore decided ta rasart ta the aaa
of the asra depeadable alactraaagaatic
typo of paap, area thsagb the sdvaatagaa
of iacarparatiag tbs paap aitbia tba
shield flag are last. Approval far
tbsas asdificatiaaa baa baaa ebtaiatu
fraa the Raactar Espsriaeat Darias
Caaaittaa, aad caaatractiaa ia
prsgrcas.

The paaaaatic aataaaaactar faile
dariag beach taatiag at ISAS®l
Farther taatiag sill be perfaraad aa
elightly aadifiad rarsiaas, bat far
tbs prassat sspariaaats a
satsasaactsr sill be adapted.

Af»7
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meaoereaeat af Neatrea Baers?
iaaalra. UtManwtii of the eemiron
energy-spectre trm nt af bit HB2
af the LITR ara aleost coaplete. Thit
aaaaaraaaat* will be correlated with
fatere radiatiaa*doaega aaaswreaeata.
la order to obtain a broader coverage
af energy aad ta ekack aa previous
lata, three additional reactions ara
being investigated: N14(a, p)C*4;
Cl4d,(n,«)?e*; and U*M fiaaiaa.

Maclaar Renting af Raterlinle.
Naclaar beating af aaterials will ba
oceanred ia kala MRS aa a faactiaa of
tka position along tka axis af tka
kala. A avail aaloriaatar kaa kaaa
canstrvcted tkat caa ka inserted ia
tka 7/1-ia. spiral taka tkat extends
tkraagk tka pleg. Calibration aay ka
eeeenplished ky awbstitntiea af aa
alaatria kaatar far tka epe'sinea.

ltcii mu

Radiation Baaaga ta U«il« faala.
Reactor faala (Naa. 3, i, and 17) la

lacoaal caponlaa kava kaaa exposed ta
ifrtdietiaa at ISOf'F, and ckaaical
aad a%*ullorgical exaninations kava
kaaa aada af tka faala aad caataiaara.
Taata ta data iodicatt tkat tka
karylliaw aalta (faala Nos. 3 aad 17)
ara aat tvnpletely aaifara aftar
irradiatiaa. If a karylliiaa aalt ia
ta ka aaad aa tka raactar feel,
fartkar iavaatigatioa akaald ba aada.

Ugald-Paela Irradiatiaa la tka Ifl.
Itaactar faal Ra. 21 ia laceaal capaalaa
will ka taatad ia a 1 I/l-ia.-dia
kola ia karylliaa piaca A-SI af

tka MIR ta dataraiaa tka affacta af
tk* kigkar flaa aa tka faal atakility

FM PERIOD ENDING DAY II, 1**2

aad cerreaiaa prapartiaa at tka
operating taaparatara of 1500*F. Tka
aalt, akick will ba taatad ia a
kaliaa ataospkere, will goaarata
appraaiaataly 3000 w/cc a* a tkaraal
flaa af 4 * If*4/ 1t will tkarafara
ka nccaaoary ta diaaipata heat froa
tka capaala ia ardar ta aaiataia tka
aparatiag taaporatwra. Haat raaavol
will ka attained ky air flow avar the
capaala aad by prwcaaa water flaw aver
tka oatar aaaeably taka.

Tka capaala proposed far tkia taat
kaa been bench taatad ky aaiag electric
kaatara ta siaalate a aaciear kaatiag
af SS00 a per cakic coaliaeter af capaala
aad aa air flaa af akaat 10 cfa at
30»pai inlet praaaara ta aaiataia the
operating teaperatare af 1$00#F. Tka
aaaeakly ta* tkaa charged in karylliaa
piece C*4t of tka LITR. Ta siaalate
tke aaciear kaatiag expected ia tka
MIR a apocial UF4-NaF aalt waa aaad
tkat generated 1tiO w/cc at a LITR
paver af 1001 kw. Another 140-hr
irradiation vaa aada at a paver level
af 1500 kv witk a kaat gaaeratiaa of
24S0 w/cc. No difficaitiaa ware
eacoaatered ia either rea. «

CRYSTAL ratalCB
T*It Cpeletrea ladlatiaa-Pnaage
gtadlaa. Ckaaical aad aetellargical
aaalyaaa are givea far prapoaod raactar
faala Naa. 3 aad 14 aftar axpaaara
at 11S*C ta prataa kaakardaeat ia tka
M *ia. cyclotron. Several aav typea
af targata vara eapieyed ia aa aHart
ta iacraaaa tka apacific prataa eaergy
diaaipatad ia tka faal. Na radiation*
indacod carraaiaa waa noted aa tka
larger af tka new style targata.
Vitk a "aicrecapsale™ type af target,
aa indication af radiatiea-iodaced
carraaiaa was fewad an raaa af laaa

Ham «ai
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than 6 hom. After « t*kr eapoeere
t 81S°C, a«ta llogrnpbic tiaauattoa
»kwa4 ¢ paaatratioa of cheat 0.0025
ia. iraattr than that of the ceatral
apeeiaea. Energy diaaipatioa baaed
ae the ontiacted irrodiatiea tehae
rather thee tetel »oluan of eateetic
oithia the cepeele wee 4500 e/cc.
Another irradiation, a duplicate
na - eaeept that the tatiaataf
energy van oaly T50 a/ce - ahoeed ae
orideace af corroaiea.

Theraal Caadaetlvity af Strectaret
materiala. Dariag e 17-day irradiation
period in the LIIN, hale HB3, ahaolete
theraei-conductivity aeaaareaaate aero
aede aa a high-parity aickal apeciaea
at taetperataree of approximately 220,

300. 350, 430, 580. 700, aad 800*C.
No chaagea ia coadactifity ae a
feactiaa of irradiatiaa tiae vara

fouad. Theoe resalta are ia agreaaaat
eith relative conductivity aeaaare-
aeata aede ia the GPNL graphite reactor.

laceael apeciaeaa have heaa aede
far relative theraal-ceadactivity

aeaaareaeata ia the OHNL graphite
reactor aad ahaelate caadactivity
aeaaareaeata ia the L17Il. Altheagh
thaae axpariaeata are aat yet eea-
plete, aeaaareaeata to data da aat
iadieata a radiatiea-iadaced ehaage
ia caadactivity.

Taata an fraptltc-Braatea Oaida
sara. Graphite hare caataiaiag
araniaa aaida aadalaa ia varyiag aiaea
aad gaaatitiea »ere espeeed ia halo R
of the OHNL graphite reaetar far a
period af aaa aaath. Era* aad peat*
irradiatiaa aaaaaraaaata ware aede af

weight, dyaaaic aadalaa af alaatiaity,
electrical raaiativity, aad relative
theraal caadactivity. The theraal*

caadactivity aaaaaraaaato, ahiah
aeceaaitated iaaeraiag aae aad af the
npeciaoa ia a aaltaa hath at 140*C,
have apparently caaaed aaaealiag ia
the ceatral apeciaeaa hat have aat
affected thearaaiaa-heariag apeciaeaa.
Farther aaaealiag aaperiaaata will
he ceedacted.

Bedlatlee oaaaga to Tharlaa aad
Beryl Ilea. Diaeasiaaal aad hardaeaa
aeaaareaeata aada aa aia tharlaa
alaga irradiated far aia aaatha at
Hanford iadicated aa aigaificaat
chaagea ia diaeaaieaa aad oaly a alight
hardaeaa iacreaac.

Diaeaaioaal eeneareaeata aada aa
14 harylliaa hara irradiated far tea
aaatha at Reaferd indicated aa large
change ia diaeaaieaa, altheagh lach
af accuracy ia preirradiatiea aaenure-
aoatn aade coapnrinoa difficult.
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Frva tkt vtrk 4tat tkti qurtti it
lit tkava that atitr irraiiattaa
ea dacrttttl or e« dtcrtntd erttp
rata is pataikla is the amm aittrul,
dtpaadiai apaa tht taat eaaditiaaa.
la tdditiaa, isitlal creep aark aa
lacaaal hat iaiieatad tkat aadar
eeslraa kaakardsaat tbia aataml|l is
aaaltbla aatallarpleal 1y, to tka
datriaaat of its eraap streaptk.

VMts ss Vita M1 stalalsas atari.
It aaa provisaslp reported*n that tka
araap atraaftk of aatala datraatad
tadar irradiatiea; tkia aaa contrary
to tka fiadiapa of at laaat tkraa otkar
lakaratariaa, iastiafknasa Atonic
Favor Oiviaiaa,(,> North Aaaricaa
Aviation,( and tbs NEPA Project.<e>
Recently, koatvar, Kaolin Atoaic
Favor Lokaratary reported*1l raaalta
ia afroaaaat with tka data of tka
OFPL 8raap eaacaraad with creep
atadiaa. Altkoapk savaral possible
raaaaas far tka diaparity ia tka
raaalta af tka varioaa aorkara wars
diacaaaad pravisaaly,<1* it aaa
daaidad ta raa craap taata ovar a
raspe af tavporataraa ia aa attavpt
ta racaaaila tka appoaitaly kald
viaaa. Iks taata aara ran aa typa J47

lialaaa stoat, sad saperiaaatal
aaaditiaaa aara ckasaa iatarvadiata

C. VAtaaa, A. A taafen, J. C. takna,
pa*ia. Phpvivn </ fvlidi funiot,
P.,Mf,, I,,>M fvr Ft»ted InSiag
NI. mA*IIN. ». IS.

) O Atiol,, I P»*rr«, Ib|K'™™ Am »*,
till tv Jeljr 11, 111l, HiUi»Amm M ali Paanr
Btatntaa invni Anew*** Pn|iw, MPPN IS. p. tV.

**0. |. Tnehev. V. Jappane, nal S. A laaa.
*[lee» o/ Craletrne Iwadiaftaa h Cn,y </
Slaatnaa. M*>9P>Itl lJaaa . INI).

t. S»l>a«a. fo«pil*fM,,» , . m«*
fttu | BDIw* t. 1SU).
PSpvtaaj Pvn*ri»f Any. Am,
laly 1I1l1. lanlia ‘Steel* Snvor liiirtuif,
Irt-utl. p. n.

POP pen 100 ENDING MAY It, 1*52

METALLURGY

kataaaa tkoaa karatafora aaployad at
KAPL( I > aad OWfl..**> Tka taat teaper-
ataraa aara bs'aaea 1200 aad 1400*F
at a aaxiaaa fikar strasa af 1000 pai
ia a caatilavar apparataa.

Tka knack aad ia>pila taata aara
started at 1200*F aad aara aaksaqaaatly
raised ta kipkar taaparataraa, as
akoaa ia Ftp. 1 aad ia tka takalatiea
af Fip. 2. Tka tiaa«straia plat ia
Ftp. 1 akaaa tka fara of tka craap
carvoa. Tka kaack taata aara raa ia
daplicata, bat tka diffaraaca kataaaa
tka tarvaa is aa avail tkat tkay ara
iadiatiapaiakablo on a drawing af tkis

scale. Vken platted spaiaat tka
reciprocal af abaalata teapsratara
(Fip. 2), tka viaivaa craap rates piva

a fairly atraipkt-line relationship,
except for tka too hipkest taaparatsra
rates, for which tka tioe of okaar*
vation was vary abort. It say ka aaea
tkat at 1200°F tka ratio af tka kaack

rata to tka ia>pila rato ia 2.8, aad
it bacovaa aaity at akoat 1400*F.
MHV
ara

Paflartlaa va. Viva.

a# a saa a ass sa
gasas #2 s s s s o r9
avs S
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Fig. t. tiflillt-fii irXiw Crtti
n Tilt >47 lUUItM ttael; L*s
Cr»«» lit* ft. Baclsraeal Aliilalt

T«a»»rit«r».

Ay performing crude extrapolation*
of tkt data ia Fig. 2 and Ay aaglactiag
the affact af stress aad (lax, the
folloaiag eoapariaoaa ava aada.
Vkaraas KAPL(** reports a sack Aigher
ia.pila creep rata, Ay a factor af at
laoat 7, tAaao axtrapolatioaa indicate
tAat tAe ia-pila craap lata sAeald Ao
aaly oae-fosrth af tAa AeacA rata. |If
tAa earlier OANL date af 1S00*F aad
1500 pai*1* are coopered, it nay Aa
aatad that tAa ia-pila rata ia greater
tbaa tAa AaacA rata Ay a factor of 2,
ia fair agreeaeat eitAthe extrapolated
vein* af I.S. AltAaagA tAa experi-
ment*! roaalta ware aat tAa aaaa aa
thmae af KAPL,ia spite of siailar
axpariaantal caaditioaa, a basis for

osplaining tAa difference ia tAa
affects of Aoabordaaat reported Ay
varioas oAsorrors aaa fowad. Appar-

ently, far a givan aatal at a constant
atraaa tAa affect af irradiation ia
to dacraaaa tAa craap rata at la*

tea™erstares aadto iacraaaa tAa craap
rat* at higher teapar atiaras. TAa
single tost aa aicAal, reported last
gaartar.*’ * aabatantiataa thin via*.
The temperatures at vAicb irradiation
Aaa aa offset aa tA* craap rata (tAa
paiat at *Aick tAa c«rvaa af Fig. 2
craaa) will probably Aa shifted Ay
changes ia stress ar fins, and it is
ospactad that this taaparatara *ill
shift to Aigkar valaaa aa tAa stress
(aad thas tAa strain rata) is in-
creased. Sheald this shift oaear
as ospactad, it aaald accevat far (Ao
fact that tAa raaelts aa slaaiana
reported Ay bath NM<*> aad NCPA<*’
indicate decreased craap, slthaagA
tA* taaparatara* aepleyad oar* rela-
tively high far alaaiaam.

Teats af laaaool. Upon caaplatiea
af thraa ia-pila testa af laeoasl, it
has Aaaa caacladad that ait Araspsat
to ita craap properties lacaaal as it
ia aa* hast treated (1650 ar 1700*F
aaaaal) is aa oastahl* aatarial sadar
irradiation. If the coacarraat AaacA
aad ia-pila tests at 1100 pai aad

1500*F shava ia Fig. 3 ar* considered,
the affact of aaatraa AaaAardaaat can
be easily observed. TA* ia-pil* carves
appear aoraal ap to SO to 100 Ar af
irradiation, at which tia* the craap
ratoa iacraaaa rather sharply far a
short period sad then decrease sleoly

again. la the case af the appar carve
(A), for th* last ISO Ar af tA* t*-»t the
carve is linear, eithia the lisits af
aspariaaatal error. A sacaad ran
(carve 8) *as asd* aadar the aaa*
canditiaas, except for a shorter tiiM,
to verify the fora of carve A. TAo
<*** *  GSett*, . C. SUM?, *e4 J. C. M s*.
* o000 V«*rt*r . Mtputt
r<Sart ri.’ fin, aaal.mi.
pe 10
467 no
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Fig. 9. Caatilever Creep Toata el laeoael at 1MO"P.

creep r*tt f«r tk« second run decreased in>pilo taste. At stresses bales
narkedly during (Im f#««*r shutdown* 3000 psi, creep tests sf Inconel run
b«t*«H about 10 end 400 hr, but no in tbs Metallurgy Division have shown
such decrease «u observed dorinf the an upward inflcctiaa after periods sf
shutdeun on tbo first run (4) at about fron SO to >00 bears. At hifher

490 boots. Tbs sbsps of tboss curves stresses and for prisr anneals at
is typical sf s natal undsrfoinf tsnpsratarea af tbs srdsr of 1009*F

sstal lurgical ebsn«ss such as re- this pbenoosnon is sbssat. At first
crystallisation during creep.t-> Tbs it eas thought that tbs natallnrgiesl
bsaeb tsata (curvss 9 and f, Fig. 3) ebaags canaiag tbs large deferwatiea
oars not particularly infornativs, €ss tbs carbide precipitation, but

aacspt that she strain aitor 1SO hr Skinner*** of Internetioaal Nickel

uaa loss than tbs strain in tbs (*)prieete eesseatcMies, *. H. ittsaet,

w']. V. mi a. . fCWp, J. red. lium it.l\/l d Rtebel CtR»«M, »« O. |. Im It,
as. US <»*»*>, oat nuiUfiT Mtuin.
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SOLI*

Ctipny suggested that aa ardor*
disorder raactiaa takes placf ia
lacaaal. There ia aaaa isdicatioa
tkat this ia irua ia IN aickel-20*

ckraaiaa alleys, *'«* altkoagb aa a*ray
evideace of a aaperlattiee kaa kaaa

The acatiaii*** «iom accuses
af aickal aad ckraaiaa for seetree a
ara sefficieatly difforest for aeatrea
diffraction ta ka akla to offer coe-
fimatery ovidaaco af a saporlattice,
aad aack aa esperiaeat ia plaaaed.

Figaro S aloe gives ika roaalto
(carve C) af a taat ia tko reactor at
a atraaa af 2000 pai. Tko aaaaaliag
teaperatare <1700*F) aaa diffaraat
fraa tka foragaiag taata (16SO0*F)
kocaaae a ckaaga ia tko projected
aaaaaliag toaporatara far Materials
aaa aada dariag tka iaterval kataaaa
tka aaporiaoata. Vitkia tko period
koteoea 90 aad ISO kr af irradiatiaa.
tkia toat eshihited akaoraal behavior
ia ragiatariag "negative creep"; if
these dote are aat valid, aack aa
affect caa bo accaaatod far ky pasta*
latiag tkat tka aiga af tka atraaa
affocta tko aver*all kiaatiaa af
ekatavor aatallargical ckaaga takea
place. Aa actaal koaegeaoaai isotropic
iaoroaao ta tko density af tko speciaea
caold give a csrti aack as C far a
toasilo creep teat, kat sock a daaaity
ckaaga ia tko caatilever toat oeald
aot bo detected kecaaee af tko goaaatry
of tko apparatao. No koark data at

2000 psi are yat available, aad data
at 1S00 psi for tiaas laager tkaa those
skooa ia Fig. 3 are aat reliable
kocaasa of a paaar aataga aad tka
failaro of tea aicrafaraora. Tost
C is still ia tko reactor aad ia

eperatieg at 1*00*F.

A 1000-psi speciaea ia to ka charged
iata tko OPNL grapkito reactor, aad
mem i oill be provided far SMaoariag
tko electrical resistaaca of tka
i«m lirtitl,,, f, |T (ioo.

A AAA Th «,

*

STATE DIVISION QUARTERLY PROGRESS REPORT

$

speciaea dariag the taat.
fear laceaal creep apociaaoa
aged at 1SO00*F far 1000 kr ia tka
eastresaed caaditiaa, after ekick
tkoy aill ka taatad ta deteraiae
bother tko aaocssaloan is-pile behavior
to caasad by aaaa aatal largical ckaaga
that caa ka iadaaad ta occar befere
tko start af tka actaal creep taata.
Aaotkcr apparataa operatiag at 1$90*F
aad 1S00 psi kaa baaa kailt aad will
ka charged iato tka 1119 ta detersiae
tko effect of a higher flaa.

A mi af
is keiag

Tka first sodel af a helloes*
loaded taaailo creep rig far tka VTR
kaa kaaa doaigaad, aad shop ceestroctiee

kaa kagaa. Tko speciaea is [/2«»s.*0D
(0.03S*ia. oall) lacaaal takiag fraa
tka asao let aa is kaiag aaed far
oerresiea taatiag ia tko Metallargy
Diviaiaa. Several aadala af tka
foresee, stick ia placed iasida tka
speciaea, kavo kaaa kaack taatad ia
aa atteapt ta aiaiaisa leaperetere
gradiaata.
tiTnam m i

J. C. «ilsea R. A leeka

It is believed tkat aa astaaaaaetar
tilisiag a Baardaa take aad aa
electrical caatact aill ke aparaklo
ia tko MIR kacaaaa af its las aaaa

(0.2 g), aad tkat ita staple goaaatry
ekoald siaplify the praklaaa af
abstractiag tko beat geaeratad ia it
ky gaaaa*ray keatiag. Beach taatiag
af this type af esteaseaeter kaa
kagaa, aad Fig. 4 sheas the beach*
tost setap. Tka taka css fabricated
ky filliag a 0.060-»a.-O0 (0.00S*ia.
call) staialaaa steal take «itk
polveriaed aediaa chloride, rail
flatteaiag, beedisg, aad tkaa die*
aalviag tko salt ia water. The taka
*e claaot s reap lata circle, aa ita
affective leagtk with respect ta
tkeraal eapaaaiaa ia aoly okaat
1/0 lack. Sectteas af racer blades

wmmmmmmmmmim-



fig. 4. INrdM>fik« titui
M N «m 4 ¢ cMticti. The distention
*M oeaaered at tarioas sir pressures
eitk an iiaiptM ita 0* to 100-psi
gage . Tlia presaara-distention cares
H i linear to within to.0001 in. osar
9M of the oaniaaw travel (0.007 ia.
at Iti paig). Soho hysteresis waa
noted, hot this waa attribwted to the

preooote gaga, aiaco the data warn
reproducible ot the hifhoat and lawaat
pressure peinta. Fimtwraa hare baaa
hoiit to ottaoh the oait to a recently
received Teaplta calibrator that will
pevait aoaaoroaoat of distentions to
approaiaatoly 4.00001 inch. A Baldwin
proaaaro call will parait praaaara
aeooeroaeata to bettor than 1/4*, or
0.00003 io. ia toraa of aevaeaat of
the tebe. It ia aapactad that wore
verb o ill boro to bo doaa oa the
cboico of aootact elcacata; tba
teaperetore coefficient of tba whole
aoit oill alto bo dotorriaad by
oporotioo io oa evea at teapwratarea
ap to ioo*r.

A atady oill bo node of tba affacta
of aaatroa
oaiaaioa characteristics of an RCA
typo ST34 transdocer tabs, which ia ia
the can with tba cantilover creep rig
acbodalcd for charge in the LITR.
Approaiaatoly 0.00)«ia. aovaaaat af

at Mi

radiation on the static and.
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the sensitive alaoent af the tabs
gives a change ia oatpat voltage of
about 40, sad its loo aass (1.7 9)
sboald paroit it ta ba asad ia high,
flu reactors etthoat excessive gaaaae
ray basting.

A piece af ao<aral quarts 0.11 in.
square and 1.3 ia. long was irradiated
ia the LITR far a one-week period
(7 * 10s* avt) ta detaraiaa whether
irindiatiaa prodacad diaeasieaal
changes, since the theraal espeasioa
af gaarts (along the 1 axis) appears
enable far calibrating extehseaeters
ia a reactor. A slight discoleratiea
af tba crystal was noted after irradi-
ation, bat, within tba precision af
aaaiarcaaa; (0.05*), ao diaaasiaaal
ebaagaa oara found. The apaciaaa will
ba irradiated again.

J. C. tilaaa J. C. Zukaa
Chroael-alanel theroecewples (30-
gage) have baaa cbeched for stability
io air at 1400 and 1500°F after two
waaha and again after foar woehs.
Tbha calibratiaa shift was shout 3 dag
at the and af two waaha sad S deg at
the aad of fear waaha. Tha oatpat
voltage at constant toaparatora,
referred ta aplatiaeat-pietiaua-rhediaa
tbaraacaapla calibrated at tba National
Boraaa of Standards, docraaaad with
tiaa; this is contrary ta a report by
Dohl<tl> that tha voltage should
iaeroaaa with tiae. Tbha disparity
was attributed ta tba diffaraaca ia
tba depth af iaaertioa of tba couples
ia tba aging aad cslibrotiag furnaces,
aad a now tost baa baaa started ia
which tba theraecenplea wore aged and
calibrated ia tha wane furnace. At
the oad af 300 hr af a projected

<**'x |, Putt, -Tts Ssshllisv sf eeca-set»l

Theresets*Is, ia Mr free MS ts IIM V ." f*p«r.
stare. Its Osssertesst sad Central is lifts,, sad
facesret, aasrisse lastitets ef Whysiss. p. ttte.
Ssiah#id. ass lest. IN I.

Arcur nrmwi«? rf !
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2000-kr to t, ill* tfcraa eisaa *f
tkaraocooploa (20** 24-, aad 10 *|«]|«)
or* *Kk**&*( iicrtiiti I* ootput

voltage preportionsl to ti*e mml wire

gaga, i* goalitativa agraaacat eitk
Dekl. A* apparataa ta parfora ik*
aaaa taat ia keliaa aad ia vara** kaa

keaa daaigead.

la-pile tkeraeceapl* calikratiaaa
atiliaiag ike ealtiag paiat of aodiwa
cklarid* kad keaa plaaaad, eitk fated
gaartt at ik* caataiaer aai*ri*|.
Hoeavar, ik* daratiaa of ik* *p*raiiag
lift al aack coaiaiaara kaa k*a*
erratic, aad a** coaiaiaara af 1/S-ia.
platiaua takiaf kaa* kaa* fakricatad
by tk* fteaaarck Shop*. Taatiag af
tkaaa aaiia kaa aiariad, Aa aa
altaraat* for aadiaa cklarid*, capper-
tilicoR alloya kaaa kaaa taatad ia
farad gaartt, bat aaaplaa aaigkiag 2 g
war* ragairad far goad arraaia ia ik*
coaliag carve. Cappar-ai licaa aataciica
aad ik* aiaiaea-aoltiag-poiat allay
af cappar aad aaagaaaaa ar* kaiag aad*

ia ike Matallorgy Diviaiaa far farikar
aaliiag-paiai atadiaa. la davalapiag
tk* apparaiaa, oaigkta aad kaai laaaaa

ar* kelaocad aa ikai tk* gaaaa koaiiag

ia ik* VI'S will aot affect ik* apar-
aiiaa.
imiTIM MAM It KLtCTWMMC
tftVIFIMMT
N. A. toaka

Aa iavaatigaiiaa af tka affacia af
radiaiiaa ea coaplaia aaiia af alec*
traatc agaipaaat kaa kaaa iaitiatad.
Earlier eark<,,) kaa akevn ckai tk*
d-c aad laa-fragqaaacy ckaracioriaiica
of aaajarity of caavaatiaaal alactreaic
caapaaaaia ar* affected ealy aligktly,
if at all, ky aa aapoaar* af 10*e (ar
greater) avt.

M_1*4 al* [oo(* *[

Cl,laa I?ér%4a«{l Caz%««%l*a aaa\llelctraz(a:cll . <I<\a7II*T
flad(ér teaaaazé rra<z# VFaEs ritaMi
rk * -

i

la ardar i* apaad ap taetiag af
atkar caapaaaaia aad i* taat farikar
ik* praviaaaly irradiated caapaaaaia
eeder a greater variety ef ceaditiaae,

irvadiatiaa af caaplai* aata af tfiif

eaat ia tkaagkt i* affar aaay ad-
vaatagae. Taatiag af ikt aperating
aaii eakjocta ail caapaaaaia ia

aidaly varyiag caadtiaaeof fragaaacy.

valiaga, carraai, aad iaaparaiara,

Tk* taatiag af tka iadividaal aaa-

peaaata aader aack a aid* raaga af

caadiiiaaa vaald k* diffieali aad
tical.

JL ml gr if RBI NS

Tkaaa iaaia oill ka aada aador ik*
aagia of ik* Solid State Diviaiaa,
akick ia iaiaraatod ia akiaiaiag
iafaraatiaa a* ik* kakavior af kigk-
fragaaacy caapaaaaia kaiag caaaidarod
far aa* ia traaadacor circaiia far
ia-pile iaaia.

Tk* Balk Skialdiag Facility ia kaiag
*a*d far tkaaa iaaia. la ardor ia aaa
tkia reactor, a taak aa* kailt largo
saoMfk ia accaaaadaia tka largaat
aaii t* k* taatad. Tk* taak aay ka
dapraaaoriiad to ainalat* kigk alii*
tad*, aad 100 taat or pooar load* aad
to* coacial lead* kava kaaa provided
to faraiak pooar ta ik* aaii aador
taat aad ta provide teat peiata far
dyaaaic electrical taatiag *f cea-
poaaata of tk* aaii. Tka taak kaa
to* Pleaiglaa eiadeea ia tk* top.

laaaraioa taatiag af ik* taak kaa
kaaa caoplaiod, aad ik* irradiaiioa
af tka firai *aitv a Too- aad aadiaa-
fragaaacf radio coapaaa kcakagaa. Tk*
radio coaipaaa receiver aad it* loop
aataraa arc kaiag irradiated. Tk*
loop aateaaa ia placed ia a akialdad
kaa ikai caaiaiaa * eigaal aateaaa
aiciiad ky aa aaiaraal aigoal gaaerater.

<67
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The tack ha* beaa placad ia tka Balk
Shielding Facility to tkat tka tkaraal
fla* at tka poiat ia tka taak aaarast
tka keactor ia approxiaately 8 * 10s
aaatreas/ca* eaac, tka laat flax ia
apprexiaataly 10* ncutrons/ca’ *sac,
*ad tka gaaaa flax ia approxiaately
1011 1-Mev gaaaa pkotoaa/ea** sec. <**'

Oparatiaaa aill be far a aiaiaaa of
E. hatrU rl, Salt M I1iU tu fa*titty
feter Pete far* Sbttt, (NSIL Cf-1I-t-1? (fab. 1.
1**1).
ENGINEERING
MNL 88APIITK ICACTM
LIHII-IITAU LOtP
C. D. Baaaann D. T. Jaaaa
II. M Carrall M. T. Morgan
C. Ellia 0. Siaaaa

V. V. Parkiaaon

Tka ia-pila portioa of tka lacoaal
loop contaiaiag aodiaa, akick kad
oparatad for two aaaka ia tka ORNL
grapbita raactor,(() was rsaoved froa
tka raactor akiald aad takaa to tka
karial gronad. Aftar tka activity af
tka loop kad dropped oafficioatly for
aafa kaadliag, epeciaaaa were cat froa
botk tka ia-pile aad tka aataraal
pertioaa for aatal lograpkic oxaai-
aatioa. la aa investigation of tka
cause of tko flea stoppage tkat kad
kaltad oporatioa, cobstrietiona tkat
rasalted froa poaotratioa at tka aolda
vara foaad ia tka takaa. Oae of tkaao
constrictions, ia tko coldar part of
tka loop (tko jaactiaa of oaa tabo

oitk tka aarga taak), aaa alaoat
coaplataly cloaad by gray, powdery
aatarial. X-ray exeaiaation indicated
tkat tka powder oaa largely nickel.
Tka poeder ia aaa kaiag analysed
spectrograpkicel ly.

* >C. |. B*e*eee B. |. Carrall, C. Ellia. B
T. Jaaaa, |. T. Bargaa, 0. Siaaaa, as* V. f.

Parbiaaaa, Salid Start Biaiai®a Qeerterif Prajrata
eaaart /ar Partad ladiag Jaaaary J|, IlIf,
OWL-11*1. p. >1.

407

FOR PER100 ENDING MAT It, 1tS2

ICO kr at tkaaa lovala. At aoaa
fatara data aeasureaeats will ke node
oa tka flax diatribatioa ia tka taak.

No progresa baa koaa aada oa tka
aeaaureaeat of radiation effects os
cakias and dielectrics, <14’ bacaasa
tka dialactroaatar kaa aot yet baaa
received froa tka Baroaa of Skips.
Delivery of tkis squipaoat is expected
ia Jana.

(>4Hu A. Saaka. ep. alt.. OMH.-IMI. p. 1*

PROPERTIES

Aaetkar sodiaa-loop syataa aaa
coaatractad tkat aaad 19-ft one-piece
tabular kaatars tkat vara aada to
order aad a aodifiad aarga taak da-
aigaad tc avoid plaggiag. Tka arrange-
seat of taking, aarga tank, electro-
aagaatic flowaeter, aad paap ia akovn
ia Fig. S. At tka ceaelaaioa of tka
boack teat oa tko loop, a vary aaall
leak aaa foaad ia tka paap call;
kovavar, tka leak oaa sacceeafally
cloned by voiding, aad after fartkar
knack taatiag, tka loop oaa inatalled
ia tka reactor. Figaro 6 shove tka
loop aad aasociatad aquipasnt ia place
ia tka reactor. Tka apparataa aa
skova is typical af all liquid-aotal
loops boilt to data. Tka loop oparatad
for 6 kr at 1000*F aad 9S kr at 1SOO0*F.
aftar ohick tka operation oaa kaltad
kecaaae afa aaall leak, okick occurred
again ia tka paap call. Tka presence
of tka aodiaa leak oaa indicated by
aa activity aaaitar located oa tka air
suction lia* froa the akiold coaparte
aaat around tka axtaraal portioa of
tko loop. Aftar toe vaeka of decay
of tka aodiaa activity, tka external
portioa of tka leap oaa cat off aad
tko reaaiader of tka loop oaa palled
into tka skialdiag. Specinane kava bean
cat froa tko axtaraal portioa aad will
be takaa froa tka part of tka loop
tkat van ia tka raactor as soon as it
decays to a aafa level.
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To ilbiut* tba constrictions at
joists, a aatliod af batt voiding

tba taboo by aaaaa af fsrrals con-
aoetioaa baa baaa davolopad. Aaatbar
loop utilising tbia aotbod af fnbri-
eotiaa aad iacarporatlag a aicra-
aatallic filtar bypusa ia boiag baalt.

Tha filtar aad a caaliag taab ->ra
boiag addad ia a partial bypaaa af
tba in-pila part af tba leap ta raaaaa

aadiaa aiida aad iaaalabla aatarial
ia tba circalatiag aodiaa.

Ta avoid tba racarraaca af looks,
aa oatsaaivs taatiag pragma aa
matariala aad fabricatad parta baa

baaa iaitiatad. Tabiag ia baiag
ssaaiasd by aaaaa af a raya aad
flaaraacaat paaatraat ail, aad aa-

aaablad parta ara boiag aaaaiaad by
tboao aatbada vbaa applicablo, aa vail
aa baiag laab-taatad aadar both
praaaara aad vacaaa.

Siaca aaygaa eaataaiaatiaa af tba
aadiaa aay ba raapaaaibla far carraaioa,
aaaa traaafar, aad obatraetiaa of tba

tabiag, cbaagaa baaa baaa aada ia
aaailiary aqaipaaat ta aliaiaata all
tracaa of aaygaa fraa tba aadiaa ia

tba laapa. A now filliag ayataa baa
baaa aasaablad with additional filtara
ia tba liaoa. Aaatbar aaafal foatara

af tbia ayataa ia a aatariag taab
baaiag a scrso-drivaa alactric proba
aparatiag tbraagb a rabbar atappar ta

iadicata aadiaa laval. Tba filliag
apparatao ia abaaa ia Pig. 7. Aaatbar
raaadial aaaaara *aa tba iaatallatiaa

af a parifiar ia tba baliaa apparataa
that aappliaa tba otaaapbara o*ar tba

laap aarga taab. Thia parifiar ia a
aadiaa-pataaaiaa babblar (cf. *LITTk
Sadiaa Strasa-Corrotion Laap" aad

Pig. 9, tbia rapart).

Tha alaetraaMgaatic flaoaatar calla
aa praaiaaa lignid-aatal laapa baaa
giaaa aariaaa difficaltins, aaat af
abicb vara tracaabla ta tba attacbaaat
af tba load airaa. Thbaaa difficaltiaa
baaa baaa aliaiaatad ia tba doaalap-
aaat af a ataadardI t>ypo af flaaaatar

14
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Pig. 7. galtaa-Aadiaa aatariag Taab.
call, aad too aiaaa af thia typo ia
batb lacaaal aad typa 916 ataialoaa
staal ara baiag calibratad. Tbaaa
calls coasist af a I|-ia. laagth of

tabiag tbraagb abicb a bala baa baaa
praciaiaa-drillad along tba diaaatar
at right aaglaa ta tba alia af tba
taba. A aira af tba aaaa aatarial
aa tba taba ia iaaartad tbraagb tba
bala aad braaad ia aitb aickal-
palladiaa fillor. Tha portion af tba
aira tbraagb tba Lara af tba taba ia
tbaa drillad oat flash aitb tba ianar
aall af tba taba.

Tha flaaaatar calls in tha call-
bratiaa apparataa aara coaaactsd aad
ta aad, aitb thba land airaa ia tbha
aaaa plana, bataasn taa tanka of
bnaan volnaa aitb laaal-iadicatiag
alactrical probas. Sodina could ba



forced through the flowmeter culls
t a controlled rate by pressurising
or evacuating these tanks. A high*

flux Magnet of Measured field strength
one fixed around each cell in turn
and the output voltage *aa recorded
on a Brown recorder. These inproved
calibrated cells should renove the
uncertainties Iron flowmeter operation.

Lin IMIVI STRESS-CORROSION LOOP
C. Ellis
A. S. Olson

Parkinson

«. E. Brundage
R. M Carroll
«, «.
fabrication of parta,
and operating testa of an apparatus
for circulating nolten sodiua through
a stress-corrosion speciaen in the L1TB
have been described in the two previous

The design,

quarterly reports. **e** To sinplify
the problen of shielding, the apparatus
was designed so thatall parta con-

taining aodiun could be placed in a
bean hole of the reactor to utilise
the reactor shield. Space linitations
required the developoent of a special
puap, and a bench erodel of a gaseous-
displacenent puap designed for this
purpose has keen under teat for sone

tine.<*>

tenperature of the
puap was in-
1500°F to check

The operating
gaseous-displacenent
creased froa 1000 to
its operation with aodiun at high
teag>eraturea. It was inpossible to
operate longer than 4 to 6 hr at this
tenperature because of condensation
and freesiag of aodiun in the gas
lines connecting the diaphraga chanbera

and the aodiua-puap tanka. The aodiun

vapor was carried through the vapor

trapa and into the lines by the punping

> Olsas, V. |. Br«aS«t«, t. |. Psrfclssoa,

esS 0. Slants, M |ri,i a/ Jillii faitltslv

Qmmrltrif Pr*gr««« JUparl /ar hrt»4 faStSf
®«wa*.r ||, |t|], OWt-ItlS. p. IS.

{,>t. |I. RrssSae*. R I. Cirtall, C. Bills,

A t. Pitas, 0. tsS 1. t, ftrklstas,

. Sltats,
op. tit., OKNt-IISI, p. SI.
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gas aa it was being displaced into a
diaphragn chanber. The use of larger
connecting tubes extended the operatmg
tine, but eventually these, too, were
blocked to the point of uscleasneaa.
After these periods of internittent
operation it becane apparent that one
of the check valves was not operating
satisfactorily. This allowed all
the aodiun to be forced into one tank,
and the aurge of displacing gas blew
liguid aodiun into one of the con-
necting lines, where it was quickly
froten. To find the cause of check-
valve failure the punp was diaaa-
senbled, and the check valves were
cut open. One of the wvalve seats
proved to be badly scored, Since
all the velves had operated satis-
factorily earlier, the scoring was
probably not an effect of operation,
but rather due to faulty construction.

A new punp-and-loop systen was
constructed of Inconel with two check
valvea in series substituted for each
of the single valvea of the earlier
arrangeswnt. An additional change in
the syaten was to alter the diaphragn
chanbera to give the diephragns a
stroke displacing a fixed volume of
gas. This fixed-voluaM> displacenent
for each half of a pumping cycle would
allow the aodiun level in the punp
tanks to re-ch an equilibrium position
in case of unequal flow resistancea
on the two halves of a cycle. This
attainswnt of an equilibrium condition
should prevent collection of all the
aodiun in one tank with subsequent
"blowing over” of the displacing gas.
The punping cycle wes also changed
fron 30 to 10 sec to transfer less
aodiun fron one tank to the other
during a cycle, thereby reducing the
probability that a tank would be
coagq»letely emptied in one cycle. The
systen operated satisfactorily wi*.h
alcohol for a 3-hr period and was
then filled with a measured quantity
of filtered aodiun. Vapor condensation

continued to obstruct the connecting
[«i»; f
IS
OOy 2 o

*a « 0
44 4 4 4 44s 44
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tbs sss sf sn
Ths esperiawnt

tubes s
isprovsd vapor

t|»it« of
trap.

use tsrsinstsd when s split developed
in the Inconel tubing (see Fig. 8)
end censed s seel 1 sodiua leeh end
fire.

Fig. 8. Ruptured lacaae* Tubing In
Hod lua-l.eop Rystes.

The difficulties arisinc froa vapor
condensation in the ges 1 iss of the

geseoua-displacsaent puap asks it
advisable to replace this typo of puap
with the aore conventional a-c electro*
aagnetic type. The site of an electro*
aagnetic puap prevents its being placed
inside the basa hole in the reactor
shield as had been planned for tbs
systea using the gaseous*displaceasnt
puap. Alteratiens of the design of
the equipaent, which were required by
this change in location of the puap,
have bean aads. The sodiua tanks of the
displeceaent puap can be utilised as
surge tanks for the electroaagnetic
puap, the aajor charge required being
the addition of connecting tubing
through the shield plug to circulate
sodiua froa the puap through the
apecisMn section of the systea. These
connecting tubes auat be traced by
electric heaters for aelting the
sodiua prior to startup, nad aeasure*
awnt of tsapsraturea by use of thereo*
couples at various points along thaaa
tubes is desirable. The controls for
the heaters and a teaperature recorder

16

can be added to the present control
panel, since the replaceaent ef the
gaseous-displaceaent puap peraits
oaiasiea of its pressurising controls.
Minor changes aust also be asde in the
alara and safety circuits of tbs
reactor iaatrvaentatioa.

Portioas of the systea that will

contain radieactive sodiua outside the
reactor shield will require the con*
structioa of a suitable shield and
support. Calculations indicate that
a lead shield appro*iaetely 8 in.
thick will ba needed, and if the
dimensions of the euterier systea are
kept to a aiaiaua, this will amount to

about 9000 pounds. The asternal parts
of the aodiua systea, including the
electroaagnetic puap sad flowaeter,

will be enclosed far reasons of
safety in a natal bos filled with
haliua. These aodifications and
additions to the apparatus have bees

approved by the Reactor
Review Coaaittee.

Esperiaent

Niche 1-palladiua brasing has been

used to esseadile parts of the sediua
systea attached te the stressed
apeciaeu, and fabriention ef the

unaltered parts of the apparatus is
about 901 coaplste. Alterations and
fabrication of aqgsipaent involved is
the changes incident te the use of an
esternal puap are about 2SX coaplste.

The latsat aodel of the pnesaatic
asteneeaeter,<1> which is te be
attached to the stressed apeciaen te
provide creep data, failed during
testing at 1500*F owing to galling.
A slightly aodified version that was
held to ouch closer aachining toler-
ances has been received froa the shops
and is being set up for testing at the
operating teapsrature. If galling er
seising of the estenaoaeter were to
occur during a stress-corrosion esperi-
sent, the estenaoaeter would absorb
aoae of the load froa the apeciaen
and invalidate the (trees-corrosion



aa(tirtatR te. To eliaiaata thia
possibility, a Ro«rdea*tabe silaa*
asastsr, described by Vilsaa sad
Vaaks (cl. " Fataaseastars,” ibis
report), is baiag cssstrsctad af
laraaal ta eitbataed high taaparstaraa
sad ta sliaiaata tharaat sspaaaiaa

correctiaaa abaa asad aitb lacaaal
spaciaaaa.

Ths bailee pacifiers*** that
provide aa iaort ataaspkara for tba

spsca araaad tba lacaaal speesMa aad
>tabsag bava baaa caaplatad. Tha
lacrabbar taaars baaa baaa filled aiib

pyras balical calsas packsag aad
ssdiaa-patasaiaa aatactic, aad aaa
aait baa baaa placad ia operation aa

tba (ML grspbita reactor aediue laap
(Fig. 9).
| =\ V4
m Mlnt T f mum -» « KA I I KAK
*khkkhkkkkkk "VOW
rig. 1. gallaa rariMratlee byetaa.

FUR PERIOD FADING RAY It. Iffl

BEMmnnT m miitmi twin artevi«

J. B. Trica D. T. Jeaea

A sariaa af aMiaaaraaaata ta deter*
aiaa tba aaatraa eaergy apactraa aa a
faactiaa af paaitiaa ia tba LITE, bale
HBJ, is alsmst caaplatad. Thba ratal ta
of tbaaa eaeaaraaaati will ba asad far
fatara carrel attaa aitb tba raaalta af
radiatiaa*daaaga taata ta ba aada ia
tbia bale aad will also ba aalaabla
ia dataraiaiag tba flea aad flaa
apactraa as a faactiaa af diataaca
froe tba setisa lattice.

Tha aatbod far dataraiaiag tba
ecatrsa aaargy apactraa ia that
rapartad ia tba last quarterly re*
pert.*f* Far tba prassat taata,
beeevar, eara aaaasraaasts arc baiag
aada ia ardar ta aap tbs aaatraa
aaargy spectra aa a faactiaa af
paaitiaa alaag tba laagitadiaal aaia
of tba MI} bale. A diataaca af abaat
aaa liaaar feat alaag tba aaia aad

adjacaat ta tba reactor plats ia
baiag aappad. la additiaa la tba taa
aaclaar raactiaaa aaad ia tha praviaaa

tact, at laaat tbraa additiaaal oaea
ara baiag taveatigated. Thbaaa iaclade
NM(a.p)CM, Cl**(a,a )F** sad U***
fiaaiaa.

Tha croaa aoctiaa far tba raactian
RM(a,r)C* baa atraag rasaaaaaaa at
0.1S aad 1.42 is*, abicb ia tba
aaargy ragiaa abora praviaaa raactiaaa

have yielded little iafaraatiaa. Thia,
tagatbar aitb tba laag life af CM,
aay parait tha raactiaa ta ba vary
aaafal far aaaaariag tba tatal iata*
grated faat flea ia a critical aaargy
ragiaa.

<) 3. 1 liiM, »p etc™> -»»«d. ». S,
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reaction, sitli sa
of aim | Ms»,
cheek sa spectra
This «ill bt

the quantity

The U444 fission
effective threshold
*ill ka used os
data already tiistiaf.

4ana by first eslcslttiii

/.
u
ky using tk* Manured asatrsa spmrss
¢(f) integrated atar tka fission
crass aactioa, sad tksa ky aaaauriaf
tkia integrated quantity ky aka
fiaaiaa af Ul,#. AgreeMnt af tkaaa

taa quantities scald indicate tkat
tka spectre* aa aaasarad aaa prakskly

tin °fit) M

asrract aitkta tka Halts af kaava
eapsriaaatal arrora. Tks Uni fiaaiaa
raactiaa ail! ka assd in a siailsr aay
ta tka I,,(a,p)CM raactiaa ta aarva

aa a akack aa nmm already aaasarad
epaatrea, siaaa tka fiaaiaa craaa
aactiaa is kaava accurately.

Tka raaatiaa Cltf(a,a)P*"is possible
frsa tka ataadpeiat af aaarfy far
aaatraas having a aiaiaaa aaarfy af
C.H Mss. Tka affactisa craas aactiaa
(ar tkia raaatiaa far kigk«aaargy
raactar aaatraas is kaiag dataraiaad
frsa irradiatiaa af ftaCl daring tka
praaaat teats. Aa car# infaraatiaa
is aktaiasd akaat tkia raactiaa, it
aaa prskakly ka iacladad aitk tka
atkara tkat kava already kaaa prated
reliable far aanaurtag asstroa spactra.

Mast af tka raactiaas asad for
tkaaa aaasaravaata yield radioactive
estands tkat are easily aaasarad
ky oitksr a kigfc-praaaure iaaisatiaa
ckaaksr tkat ia aaasitiva ta gaaaiss
ealy ar ky a ataadard kata caaater.
Tks «,4(n,p)C'4 sad U444(n,/)FI*
rssetiaas, kaoavar, rsqgaira special
tacknigaaa. far tka Nl4(a,p)C 14
n< i
caaater ta w»kick 00, gas
tka C44 is adaittad.

can>
Tka

kata
taiaiag

{5 x>

R I
da’ Sata

i
age t o

REPORT

katas, ukick era vary soft, iaaisa
tka CO, gas sad are tkaa easily
aaasarsd. Sack a counter is cali*
krated dth a ataadard seaale af CO,
leke lad aitk C14. Far tke (1*44 fiaaiaa
raactiaa, special cars dll kava ta
ka aaaretasd ia fiaiag tka irradiation

list because of tka presence af fission

products eitk different activities
cad kalf livaa. Tke esa of a staple
expanaatial ralatiaaakip far decay
rataa is therefore iapassikla, and it
*ill ka accessary to ceapars tka
activity fro* tke teat saaple of I'**4
eitk tka fiaaiaa activity frsa a
caapla af U444 irradiated in a knoen
flea af tkaranl neutrons. Beth
eeeplea eill be irradiated far the
eeas period of tin* and eill also ke

counted at tka sosm tiara.

During tka period ml collecting tke
data free fast-neutror raactiaas, it
eaa necessary ta «oaitor tka tkaraal-
neutron flea caastantly. Takls 1
shoes a cospilation of all theraal*
eeetree fins saaaurasants taken ia
kola HB2 of tka LITR. Tka data sad
reactor paear are included as reported
ky tke Raactar Operations Dapartawat.
Figaro 10 akaea tea curves giving

ea a function af pasitiaa
eloaf tka longitudinal avis of tka
kola far tea diffarnnt reactor poeer
levels, 1SO and 10id ke. Tke sera
paaitian along tka harisontal ads
coincides eitk tka and of kola HB2
adjacent ta tka active lattice and

separated fran it by a I/4*in.-thick
alent nun plats.

MICUM R<ATINC i f IATKHALI

J. B. Trice D. T. Jeans
eeceering tka

ia various

A cslorineter for
nuclear kaating produced

407 022

ol 1% ¥ K

»» a* ?a '.'5" *o *



aetarials eaa designed and eoniiricttd.
It it tatlltr than tkota prtvittily
ntd m4 it thus adapted far aaaaara*™
acctaaiklt e« For tiaaplt, it ia
pleased to aaaaara the aaclaar heatinf
produced ia various aatariala placed
ia kola HB2 af the I.ITR by iaaarttaf

the caiariaatar iate a 7/8*in.*ID
spiral taba that aataada tbraafb a
aariaa af three shield plafs ta the
alaaiaaa plate adjacaat ta tba active
lattice™* The heatiaf rata as a
faactiaa af pasitiaa aleaf tba asia af
HB2 aill be dataraiaad fraa the oaf's
of tee cepper»coaataataa tbereecoaplea
faataaad iaaida tha caiariaatar.
Calibratiaa of tba caiariaatar ia
accaapliabad by aabatitatiaf as
electric heater far tha apaciaaa to
be irradiated. Thoraeceepie raapaaaa
aa a faactiaa af haatar paaar is thea
racardad aad eapreaaed graphically
far use ia actual aaaauraaaata durtag
raactar irradiation of spaciaaaa.

«r>7
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a a ahd a
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mu 1

immal-hwimr Frun Atapvrctim op iiitwci pin iIKACTM EM Of MCE M |
4

DISTANCE PROS 1MRRAL PLIfl, |ee|(, a 10",a

M ACTOR END Of Rtft 1.fO .aafaaatt 4. 0f*aegaeeta
(in.) Rasstat Peeve*e
f 01 1.103 0.900
1.00 1.103 0.904
S.00 1.100 0.926
o.ot 0.973 0.794
0.00 0.179 0.700
0.00 0.740 0.605
10.00 0.020
12.00 0.450
10.00 0.1757
20.00 0.000

cA*»t 1. Yo,
Oow»» U. II*

SPECIAL PROJECTS

VBITB Oft IHPaiTK-UUNIIII BUM MSB mada tkat cantainad HO, aitk 92% Uaaa
R N IffMIx* earickneat. Anatkar faar katckaa aara

aiada tkat cantainad UO, aitk aareal

Pestirradiation ataairtMRla halt uraaiaa (0,7% anrichaant). Several
itn aad* mi the |[rapMtf>«raai«* oside central taat kara ceateiniag naaraniaa
Ufa diataartd in tka previoas goarterly aara ataa fabricated. Satck deaig-
report. (1> natiena and daacriptiona are eaplaiaed

. in Table 7.
Alt taat apaciaiaaa tar* aeld«<lI
raainsheaded bodiaa nadt with a St Each apan nan, appraaiaataly 0. 230 by
ertaiaa aiatal conpositioa laddad aa 0,290 by 2.SO in. in aiaa and eeigkiag
110,) by eeigkt; the 110, particles abant 5.5 f, aaa neighed accarataly
occupied aboat IS af tka valaaia. In kafara and after irradiatian. Tka
preparation tka spccineas aara bakad aarirkad IK), kara (S. T, U, V) averaged
at 2S00"f (1370*0 and aara nat 1.75 in apacifir gravity, and tka

frapkitiaad. naraal 00, bar. (X, 2X. 3X. 4X)
averaged 1.71. Tka central bare (R)
Four battkta af kara, aack aitk averaged 1.00 in specific gravity. In

diffarant Iff), particle aiaaa, aara addition ta tka datarainatian of
slight, testa aara aada an tka dyneaic

**e |, Karaabaa, I*lii frata Itm iM Fa ;
naaMarlr Prii'in lim M far Parlatf aOdnlna} _Of eIaSt'C'ty’_eIeCtr'Cal
Vaaa«>f VI. IIM, oat-IMI, (. 41. resistivity, and relntive tkaranl

/
to
ga, oo ae? Sa_ .ﬁa \aaj‘qaaggaa %a: 7 r ?2<
T L S
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FOR PERIOD ENOINC MAY It, 1*52

Table 1

iNn mm

description OI uranium addition

-35 ¢ 48 each U.8. etendard; average partial#

18 M (eteroecopieallp dataraiaad)

-10 ¢ T8 aaaki average particle aiaa, »4 » 7 M

-140 a 335 aaak; average particle aiia,

-315 aaelt; particle aiaa <44 p (aatiaatad)
35 ¢ 40 aaak (aaaa aa katek 8)
10 ¢ TO aaak (aaaa aa katak T)

140 a 315 aaak (aaaa aa katek U)

-335 aaak (aaaa aa katrk V)

| ta aatraaiaa diractiaa

ta aatraaiaa diractiae

BATCH
Imteh
No araaiaa
8 Urie M araaiaa aadalaa,
aiaa, 584 *
T Kartellad araaiaa aadalaa,
(aicraecopica) ly dataraiaad)
U Kariclied araaiaa aadalaa,
H i 0.1 m (aicraacapicallp dataraiaad)
\Y Earieked araaiaa aadalaa,
X Korea | araaiaa aadalaa, -
IX Koreal araaiaa aadalaa, -
IX Karaal araaiaa aadalaa, -
4X Korea) araaiaa aadalaa,
3 AQfTT graphite rat paralle
32 AGOT graphite cat parpaadicalar

Table -
M8I8TIM 8I8TOBT 8T MAMI1ITCHJBAKIII8 OXIBK M M
INCREVENT COF HICICST
HEATTURON INTEORAW :
OWTAINER dates Or nounation ALUX (av) TINE (hr) FLX (art)) WATTON rani  TTNPERATIMF
(kekr) ATTANED -,
A 13/13/51 ta U/T/S3 8.3 « 10 SAT.8 180 mI0# 3 ItA, 534 14
8 UT/S3 ta 3/4/33 8.5 «10u 583 A 180 i Ig#  3.188. SAT 8
C I/VS2 ta 3/3/31 81 * e A13.8 113 - I0,#  3,348.331 0
condectivity. All taate aare eade mn« reactor. The contaiaera acre daaig-
rcaotely controlled epparetua in the aatad aa A, R, and C and aere irradiated
Solid State Diviaion hot cal la. for aucceaaire anatha. The naatron
flu* aas eonitored bp aaing aaall
ccbhalt foila, and tewperaturea attained
Three ataal containers, eacheapab’c inaide the containers aare recorded bp
of holding eight apeeiaen bare in a mease of thcraorouplas. Data on the
helium ataoaphere, ware fabricated for irradiation of each container are
irradiationa in the ORNI graphite given in Table 8.
o8 8 8 . . * r r tl
Sen geg 0 g8e 8k 88" &
8 8 8 8 8 *88 a a a a a a
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Annary of the results of Masure-
aoats on islsettd speciaens is fifts
ia Table 9. Percentage chsagee sad
averages for each type of epeciaea are
given in Table 10. Considerable
variation will be noted, but this
seeas to be rbaracteriatie of graphite
aateriala. Evidence is sufficient to
indicate that auch greater daaage is
to be eapeeted from fission fragaeats

if the particle aise of araaiua in
less than 40 fi. This reealt is net
unexpected, since the average fiaaioa-
fragaent range in graphite is about
IS m* Larger UOa particles aould,
therefore, trap a larger share of the

eaitted fiaeioa fragaeats.

The accuracy of aeasureaeat is

probably as felloes: +0.05* for
eeight, +0.3* for electrical re*
sistivity, x1* for aodulus ofelastics*

ty, sad iS* for theraal conductivity

(average deviations).

data calculated for
these experiaeata are the burnup of
araaiua ia the enriched UQO, bars, vhich
aaounted to 0.1* (0.26 ag), sad the
fission heat developed per epeciaea,
ehich eas calculated to be about 10 a
per speciaen (3.1 e/cc). The aost
unusual result obtained see the large
lose of eeight ia the enriched UOa
speciaens. This loss has not been
satisfactorily explained.

Other pertinent

aeasure theraal™*
conductivity changes, it ess necessary
to heap one end of each speciaen ia a
aolten aetal bath at about 160*C end
aeasure the teaperature drop at the
other end. There has been soae iadi*
cation of an annealing effect as
indicated by electrical resistance
changes on the control speciaens but
not on the uraniue*bearing speciaens

Ir. order to

after these theraal treetaeati,
Further annealing experiaents on all
speciaeas are not being planned, at
the coaclasion of ehich a topical
report will be published.

mABIATION BAMAfIE TO TOMIIV
ANB BEBTLLIUB

R. H. Kernohen

Diaensioaal and hardness Messrs*
aents vers node oa six thoriua slugs
that had been irradiated six aonths at
Hanford. No significant changes ears
noted ia physical diaeasioae, sad
there eas only a slight increase ia
hardness. This eorh ess done in co-
operation eith R. E. Adaas of the
Metallurgy Division. A Mrs coaplete
progrea of rsdiatioa-daaege tests on
thoriua is being planned.

DiMnsionsl ssaaureaents ears aade
on 14 bare of berylliua aeassring
opproxiastely 0.187 by 0.7S0 by 2.500
inches. These bare had been irradiated
at Hanford for tea aonths. It eas
difficult to cone to a significant
conclusion beceuso preirrad istion
aeasureaents had not been perferaed as
accurately as poetirradiation aeasure*
aents. However, it eoald appear that
there ears ae large changes in the
bars caused by irradiations. This
eorh eas done in cooperation eith
J. L. Gregg of the Metallurgy Division.

Repeated teste ears aade on the
reaotely controlled diaensional*
aessuring apparatus in order to
estiaate reliability of results. The
average deviation appears to be
+0.0002 in. for the length apparatus
and +0.0005 in. for the thickness end

width apparatus.
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SUMMARY

eelLit IfATI REACTIMS

Milllm ef ReabarA w=mtepreduced
Energy Levels is eeranlu. Tha
Jaaei'Lehitn phenomenological nodal of
defect-produced energy levels vaa vied
to obtain values of initial alopas of
conductivity vs. bombardment curves as
a function of initial bole concentration
at -78*C. Energy values wars salactad
to produce a curve giving the bast fit

*itb aapariuantal points. Tba saaia
energy values ears used to calculate
points for a conductivity va. bombard-

ment curve and a large discrepancy aas
found to exist. It vaa concluded that
tha saturation hole concentration nast
increase eith bombardment and that the
eiag>le nodal ia incapable of explaining
experimental observations quanti-
tatively.

Another nodal that appears to be
more nearly ia agreeaMSt eith present
experimental data ia proposed. This
model requires values of a' (ratio of
number of atatea to number of holea ia
impurity band) greater than 2 for

proper agreement on positive slopes.
A value of a* greater than 2 is not
unreasonable in the 1light of the
Jaaws-Lark-Horovits nultilevsl nodal.

On the basis of initial
ments. it ia is”™ossible

slope measure-
to teat either

model sufficiently to determine ita
validity. Equipment ia aov available
for cereful Hall coefficient measure-

ments on bombarded germanium at loe
temperatures, and it ia hoped that the

necessery data mill be forthcoming.

Romanian Rembardmemt at -111'C.
Conductivity neasureamats on bombarded

germanium have been extended to the
temperature of liquid nitrogen ia a
vertical eater-cooled hole in the
ORNI. graphite reactor. Germanium'
samples eith a eide range of initial
carrier concentrations will be studied
at this and intermediate temperatures

a a e ea

ae an aid ia locating the defect-
produced energy levels in the bead
scheme of germanium and as a help ia
deciding on a model.

Radiatlea Renege la lamia Crystals.
Potassium chloride crystals nave been
chosen far us- ia investigating the
changes produced in ionic crystals by
neutrons and ia evaluating the use-
fulness of ieaic-conduct!vity measure-
ments in solids as a means ef studying
radiation damage. An 'ienicecon-
ductivity apparatus and a parallel-
balance elactroneter tube, e current-
measuring device, have been designed
and constructed.

Several potassium chloride crystals
have been irradiated ia hole SI of the
OftNl. graphite reactor. Soav trouble

has been experienced because ef the
170-kv betas from the S*a produced by
a thermal (a,p) reaction. The betas
produce ionisation ia the air ef the
ionic-conductivity apparatus; this
iaterferea eith measurements at the
lowest temperatures* A sigaificaat
emhancement of conductivity haa been
noted in the lew-temperature regies.

Radiatlea Iffecta en Tber*occupies.
Thermocouples of copper-coaataataa,
iron-conatantan, and copper-iron were
espoaed ia the OfttL graphite reactor;
hole D, at reactor ambient temperature
for a period of one mouth. Deviations
from aorawl under these conditions were
negligible. Insulation resistance ef
open thermocouple duplea wires irradi-
ated ia the same hole at the same time
wee of the order of 10* ohms.

Reteraiaatlea af tba Rail Life af
Rer> by Electrical Reaaareneata. A
high-resistivity, P-type, germanium
plate was exposed far 2 hr ia the
pneumatic tube. Immediately after
exposure the sample was heat treated

far 40 hr at 4S0*C to remove the
467 030
aa a aea a aee ae IT
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efficia of fMt*Rtitr«fiiifacad
dtaift. Tli* conductivity van thon
rocordad aa o function of tint, with

tko tovporoturo being aaintaiaed at
-T8*C. Tko curve obtained corraaponda
to o calculotod half Ufa of 7.SS days
for Govl. Boesuao of tko discrepancy
between tkio uoluo nod tko 1l1-day
balf lifo reported in tko litereters,
an iaroatifotion ooa node of tko
nobility, okick, for tko colcnlations,
bad boon oaaunod constant during decay.
It oao fonnd that tko nobility in-
creased ky 43% during a period of
ISO boars. Tko notorial vae aloe
found to bo quite inkonogoneono snd to
contain multiple P-N junctiona.

Equipoeat ia non available vitk
okick it akould be pooaiblo to do-
tomino tko Goft kolf lifo vitk a kigk

degree of accuracy okon homogeneous
sanpleo ore available.

magootie Susceptibility of Bermanlea
eonloendnotorn. Tko bolanco that vill

bo uoed ia nagnotic auacsptibility
taste ban wundergone conoidorablo
development. Effort is nnv being

ceacaatrotod on vibration-free bolanco
nonnts end vocuun and cryootatic
equipment in tko nognat.

Crpnatnt for Booster Irradiations.
The cryootat boo boon oporatod con-
tinuously in tko GRRL graphite reactor;
halo S3, at tonporaturos of -100 to
140*C ond koa boon roloosod for os-
perineatal verb. It ia believed tkat
inprovomoats in efficiency can bo
accomplished to reduce liquid nitrogen
conaunption and that nest of tko
alterations can he ockodulod vitkout
disturbing osporinents within tko
aanplo chamber.

UIUTIM BTALUIT

Beaelutiea of Prooipitnto Nuclei
Bison bp Botrogrooaloa Phenomena.
Copper-beryllium ognploogofo nucleated

by irradiotioo and by aging at 100 and
12S*C. Retrogression was noted ia
kardnoaa and roaistaaca neaauromobta,
and a definite roaolutioa was opporoat
botwooa them. It is concluded that
particlon rospoasiblo for rooistonco
increase are anal lor then thooo which
occeuat for bordaoaa iacroaoo and thot
rosiatoaco incroaao cauaod by aocleatioa
ia aot related to lattice strain.

Rotrogroooioa stadias applied to
s-ray lino shift and broadening re-
sulting from irradiation indicate tkat
tko lino shift and broadening ore
ooaocistod with nuclei aisee that
effect on increase ia kardnoaa ond ore
tborofore probably caused by coborent
lattice atraias.

Copper-Bnrpllinn Alley. A density

iacreooo of 0.18% has boon noted in a
copper-beryl liun rod ospoood to
3.b X 101* avt (fast). Tkio is ia

agroonont vitk tko value calculated
from s-roy lino-ski ft noaeuremonto for
a apeciaea of sinilar osposuro.

Irradiation-Induced Besiattvlty
Changes In Cnppor-Boryllinn Alloy. A
aunbor of ia-pilo noaauronoato of
rooiotivity vara node to verify tko

oaiatonco of a delay tine ia tko
resistivity increase. Inconoiatoacy
of results io believed to hove boon

caused by variations in hooting during
attachment of loads. It ia ostimotod
that a delay tine of about 4 kr oould
occur in oamploo unoffoctod by prior
hooting.

BRBINRBBINB PBOKITIBS

Physical
Blsotonoro.
largo amounts

Proportion of Irradiated
Coanesads containing
of aatiosidonta and

aioeral filler vers tested to determine
tko offocto of those additives on
radiation stability. In as cose van

the change ia raliatioa stability
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aid ia «»*ry cat* ia akick ika
parcaalaft af cliaaft na Itaa f*r tke
ca®awMI eitk tke edditive, tkeerigiaal
rtreagtk aaa iaaa tkaa tkat ei tka
aaraal caafawi.
fiaca ifradialaaa appaara ta kardaa

aad ta increase tka specific gravity af
aaay elaateaere aitkaat avalvtiaa af

gas, it ia reapertad tkat tka aatariala
kacaae aara cryatailiaa. X-ray dif-
fractiaa pattara atadiaa aill ka aada

ta aktaia additiaaal
aakjact.

data aa tkia

cadlatlaa-ladaaad Activity ia
matarlala af Ceaatraetlee. Meaaare-
meata kava kaaa caaplatad aa tka gaaaa
decay af aaaaral ataialaaa ataala aad
atkar allaya aad aiatala tkat aara
irradiatad ia tka OMVL grapkita
raactar. A repart caataiaiag tka
dacay earvaa aili ka iaaaad ia tka
aaar fatara.

CSTSTAL PM11N

l-tap dark. A Nartk Aaaricaa
Pkilipa a-ray aait aaa iaatallad. Tka
paaar aapply af tkia aait aay ka aaad
ta aapply tka ataadard Pkilipa taka ar
aay ka saitekad ta tka Pkilipa kigk-
aagla apaetraaatar ar tka Gaaaral
Electric kat-cell apaetraaatar.

M mv MaMMNUflawBWr

poa m m iwiiw mat m. m i

Ike aaaiaaacarraat aatpat avaiiakla
fraa tka C-C taka aaiag tka Pkilipa
paaar aaarca ia T aa, akirk ia aat aa
graat aa daairad kat akick, arvertke*
laaa, paraita tka apaetraaatar ta Kka
atiliaad far aaaa typaa af eaperiaaata.
Tka apaetraaatar ia atill ia ita
kaack-taat pasitiaa aataida tka kat
ealla aad ia kaiag aaad ta aktaia
reckieg-corec data fraa capper aiagla
cryatala.

A atady kaa kaaa
dataraiae cketker radiation pradacaa
ckaagaa ia tka cryatal atractaraa af
plaatica aad alasteaers.

iaitiatad ta

anciu raalters

madlatlaa keeage ta llecellaaaaaa
matarlala. llaaiatiaity aaaaaraaaata
vara aada aa cepper-geld aaaplaa af
katk arderad aad dieerdered lattice
atractara. lIrradiatiaa predated little
ckaaga ia tka diaardarad apaciaaa
kat cavved tka resistivity af tka
ardarad apaciaaa ta iacraaaa ky a
faster af appraaiaataly S.

SOLID STATE REACTIONS

J. I. Craafard. Jr. J. t. Clalaad

Tka akaaraad kekaviar af tka
electrical caadactirity af P-typa
garaaaiaa aadar faat-aaatraa keakard-.
aaat caa ka gaalitativaly ciplaised ky
tka pkaaaaaaalagical aodal af defect*

pradacad aaargy levels prepeaed ky

UMLft

*»«i

Jaaaa aad Lekaaa.(>> Tka raaalts af
tkia aedel aara aapraaaad iaapraviaaa
repeat*1* ia a caaaaaiaat fara far
geaatitative eaapariaaa vitk eaperi-

aaat. Uader tka aaaaaptiaaa tkat

«. Clvtaad |. Carafe»d. I>., t.

L**k M I rlce oo k.,
ratik. a ttt «

°Hj . Ctevfevd aad «. I. Clalaad, gelid

grate gialaiee gearrarly geegrrrr dryerr /ar

geried ftdM| /aeaery If. [1S**, p. L
467 P32 «0
aa cen



StLIB STATE BIVISION QUASIEBLT

(1) freakcl dafacte ara ia-
Ir*4«««4, (S) all cknicil accaptara
ra tMpltuly iaaisad, aad (1) both
dafset-pradacad accepters aad hala
traps art ceapletely iaaisad, tho
eedal predicts that tha iaitial alapa
al tha hala caacaatratiaa va. dofact
aaacaatratiaa saraa far f*typa paraaaiaa
eheya tha talatiaa

A, o <*E>5%,

sad f, ara tha apailihriaa
COM*tant. far acceptor imitation and
hala trappiap, reapectitely,, sad a{ la

laitial hala aaaaaatratiaa dec ta
chaaical aacaptara. la additiea. tha
aataratiaa ar liaitiap hala aaacaa-
tratiaa at ahich tha alapa ia aara ia

«i«aa hy
ma* * (r') o

Tha spailihriaa caaataata ara

al,

k$ Ac«#tl*r

ahara At, ia the iaaiaatiaa aaarpy a'
tha defect accaptar, Ac, ia tha depth
o* *»tp, aad a4 ia tha

offeetiro aaaa af a hala (presaead ta
ha aaaal ta tha raat aaaa af aa

rvAi m fc

alactraa ia all calcalatioaa). Thaa

a'(Ar.tAriy/aar
' t N\ j
(4|S a Il # r*/#) q-1*'**

ahara C* ia tha liaitiap valaa af tha
Feral local.

At -78#C tha liaitiap hc*r caacea-

tratiaa aa datarataad fraa tha iaitial
alapaa af eeadectirity ra. haahardaaat
aarraa is (I.S t i.S) * I11*. ahich

eerrespeeds taa(* af 1.114ft1.MS ar.,
Tha ralaa af <daf/dS). ia ahtaiaad

fraa tha iaitial alapa af tha caa-
dactirity ra. haahardaaat carta hy tha
relatise

1 r dr 1
WA ¢ :

a la thaalactraaic aharpa, p. ia
tha hala aahility. aad C ia tha aaaber
af accaptara ar traps iatradaaad par
iacideat aaatraa. Tha ralaa af C is
aahaaaa aad caaaat ha dataraiaad
directly. Haaarar. it is assaeed that
it ia ideatical with tha rata af re-
earal af alactraaa fraa laa-raaistirity
W-type paraaaiaa at raaa taaparatara.
Accardiap ta a aadal preposed hy
Jaaas aad Lerk-Hererits,<’’ ahich
asaipas aaltipls aaarpy lerals ta
lataratitiala aad raaaaciaa. this
aasaaptiaa ia saaaahat ia paestiea,
aad tha ralaa af C aa chasaa any ha
hiph hy a factar af S. Harcvor. tha

af this aaalysis ara aat
iaralidatcd hy tha chaica af tha
ralaa of C, aiaca a aaaber af talaas

aara aaad ia tha aaalyaia with aat
each hatter apraaaaat.
\VARS ko Khkogke
aa aa ] w - a
|\ \ "! Em -
............... I <. for nasi



Pigore 14 akooa < plot of tka
iaitial slop* at. itiiial kola cob-
caatratioa at -TI*C. The poiata were

dateraiaed fraa axpariaaata 1l data.
Tha carat that fita tha data boat oaa
deteraiaod froa If. 1 by aaiag Al, -
0.21S oa aad Ac, * 0.093 aa. Thaaa
eaergy aalaaa aara aaad ia aa attaapt

to fit a auobar of boobardamat carves
far aaaploa aboaa iaitial bola coa*
aaraod aataratioa aalao. Pigore IS

aboaa tko raaalta of tkia attaapt for
a typical caret. The calcalatad poiata
arc aboaa ky data, aad it ia eheiooa
tkat a large diacrapaacy aaiata if
tkoao eaargy aalaaa arc aaad. The
aacoad act of poiata, iadicated aa

100 ENDING MAY 1t, 1952

Ac, « 0.100 aa, Ac, m 0.003 o0a, aad
C m 0.59. Aa ascalleat fit ia oh-
taiaod, kat tkaaa eaergy aalaaa
corraapoad to a. 1 10 ca'®
kick ia higher that tko okaoraod
aalaa ky a factor of 7, aad tko aalao
of C ia oaly oae-foarth tko oapoctad

aalao.

»

aa aaad kora aaaaooi that
tka coacaatratioa of accaptora ia egaal
to tko coacaatratioa of kola trapa.
Aa attract oaa aada to iapraoa tka fit
ky aaiag a ratio of kola-trap coacaa-
tratioa to acceptor coacaatratioa, a,
creator tkaa oaity. Kacopt far aa-
raaaoaakly largo ealaoe of a, tka
aaargy aalaaa repaired ta fit tka
koakardaoat caret acre iacaapetikla

Tko Modal

circloa. acre calcalatad ky aaiag
ana. holc ooncofraaraw,
Pig. 14. laitial gala Caocaaftratlaa ta. laitial Sleaa far P-Typa daraaalaa
at -Tt*C.
" : 03'*
at aaa a a « aa aa a aaa a aoa aa 467
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e ilk tii« saturation kola concentration
values obtained froa initinl slop*
data. Tk* raanlta af these analyses
aeaa ta indicate that tk* aatnratina
kola cancantrattan increases aith
boabardaaut. In tkia connactiaa
Forat*r(<) kaa observed a conductivity
aints.ua in dantaran koabardaant carves
an aatarinl oitk 10ia « s s« ! m [0IV
at -72*C. Miniaaaa occur at intofratad
flaaas of tk* ardor of 191,/en*» okick
arc valaes greater than ksva keen ob-
tainabla oitk tk* present agaipaant in
tka OWL graphite reactor. In addition,
Forster finds that s.* at -72*C s
I.5 a 10*e ts**,  okick is a vain*
higher than that reported kora ky a
factor af 20 and aack ta* large to k*
emplained ky tk* diffaranc* ia tsapor*
atara.

Tk* siapla aadal is iaadogaat* ia
tka fallaoiag raapacts: U) tka lack
f agraaaaat katoaaa aaargy vslaaa
dataraiaod froa initial slap* data and
tkaa* aktaiaod fraa baabardaaat carva

fitting, (21 tka apparent discrepancy
katoaaa dataraiaod fraa initial
elap** and carva fitting, sad (S) tka

ejaiaaa ia tka conductivity va. kaa*
bardaaat carva akaarvad ky Faratar
apaa aaiag daataroaa an F-typs gar*
aaaiaa. Tkaa it ia avidoat that tk*
aiapla aadal aa aaad bar* ia iacapakla
af aaplaiaiag aapariaaatal akaarvatiea
qoaatitativaly,

Thors ar* tea factors that kav* aat
baaa coasidarad ia tka aiapla aadal:
a diatrikatioa ia aaargy af tka
da fact*produced states and tk* possi-
bility af aaaaaliag oat tka dafacts.
Tka latter nay k* a differential
aaaaaliag ia okick ana type of atata
(accepter or kola trap) aay aaaasl oat
aara rapidly tkaa tk* other* Tkia
caald ka caused ky a claatariag of

ejtkar vacancies ar iataratitials.
Tkia latter affect oaold aaplaia tka
hiiitr, private
M eea . o pa
frpeop o a}##f a
. S

a .
aa* a a aa

a
canp

aa a °-°

it

.
a a

FOR PERIOD ENDING MAY 19, 1911

apparaat ckaaga ia aft* oitk baakard*
Mat. On tka ether hand, if aa aaargy
distribution ia present, it ia possible
that conduction caald taka place ta
san* extant ia aack a band af lavals
and that this kacesaa aufficiaatly
iaportaat far high defect caaeaatratiaa
ta produce a aiaiaaa ia tk* con-
ductivity vs. kaakardMat carva. Suck
aa affect kaa kaaa akaarvad ky Haag

and ca-oarkars* ** ja tk* cas* af
ckaaical iapuritiaa at vary loo taapar*
aturaa.

Tka offset af a diatrikatioa af
aaargy lavala nay ka asaaiaad ky aaiag
tka fallaoiag aadal. laataad af
disrrata lavals of accaptars sad kola
traps, a aaifara diatrikatioa of
lava la My k* considered that coataiaa

*'Hi states sad adds only kolas ta
tka total ta ka caaaidarad (akara a'
ia greater tkaa 1). Tkaa,

d* « a* ¢« M U)
Tka paaitiaa and daaaity af tka lavol
diatrikatioa is

g(c) oA fari(i «5
sad (7)
«<«) o 1, far s < «t# o >«, |

is tka daaaity af tka states
interval, «, and c,
ara tka laoar sad upper liaits af tka
diatrikatiaa, raapactivaly, and ara
maaaarad fraa tka tap af tka filled
band, sad A ia a caaataat far a given
pariad *f irradiation. ff aaaaaliag
ia appreciable, A oill ka hath taapar*

okara g<«)
par aait aaargy

etara aad tins dapaadaat. Tkaa,
H#.C. S », 3. aitsssoM [f*.
m Tts MVtS): C. S. gas™. «p. s»#..

e aao aa 4pb?
PA ek
a aa# *e



Tk* liUgril af Eg. | My be itpinttd
*»*e tee parti: oae trmm 0 to -, and
tka etker trmm O tm tkaa Farsi'

Wrae statistics arc saod,

Cl»r  (9)

% r

X X #u-i»/»ft J

e 4Kkr
L *r

(10)

,<«oen>fene ij

Casfclaisf Eqa. # aad 10 aad asinf tka
ralaa af 4 fraa Eg. 0. fits, far Eg. O,

R L AVAN dactiloSd
#[on)

Egaatiaa IS nay aav ka expressed ia
terns af kala caacaatratiaa by aaaaa
«f tka relatiea.
4 o -1
ean us)
Tkaa,
a. * a* - KkW - 1)
CE)t 1 o=
(13)
Lt em 4

Tka liaitiag kala coacaatration aad
tka iaitia) varieties af a. and Mk ara
readily obtaiaad fraa Eg. 13.
cm (o m"™*my .
a. -
* <e*-l/e* Hij./art u#ila#Mt./in
. * -a 1
(14)
0).
a'feT C(T) a 1 4 a*
e l1-a" ¢ —-— <
€« c(T) 0.
(1S)
If tka dafact kaad is kalf filled.
«* * 3, Eg. IS redaces ta
-i*,. i vter
\Y, « C(n t * * , (1d)

aad (¢ lias ia tka aiddla af tka dafact
bead.

Calcalatioaa af {dmk/dHk). aa
a faactiaa af a* far tkraa dif-
faraat bead oidtks (Ac + 8.07 art
Aa ¢« 0.10 ev; Ac * 0.1S aa) aad far
*' ¢ S ara akewa ia Fi*. 16. The
**F«riaaatal paints, calcalatad akaa
C e+« |I.S, ara akaaa as X*e. Far
negative slopes, aipsriaaatal aad
calcalatad aalaaa saea ta eoapare

ratkar faverakly. Far poaitive alopes,
however, observed aalaaa appear ta be
aboat a factar af 2 loaer tkaa tka

calcalatad aalaaa. Tkis eeald aaaa ta
indicate tkat a larger valaa af a* ia
aacaaaory ta five a fit ta tka ex-
pariaaatal data. la tka light af tka
Jaa«s-l.ark-Norevits aaltilevel nodal,(*>
a valaa of a* greater tkaa 2 (tka
dafact bead lass tkaa kalf filled) ia
not aaraaaoaabla.



rot PERIOD ENDING MAY It, [tSt

mtml hole cONCfwnuTo*, *;

fig. l«. lalttal Nil CMcMtraliM vs. Isltlsl ll«H fsr Taras «aad llitha
sf Mm Nismlin.

Os tlis basis sf iaitial slaps bsls coacantration. Egaipaant is asar
assssraaaata it is iapussibls is tsat availabla fsr carsfal Hall casfficiaat
aitbar asdal ssfficisntly ts dataraiaa asssarsasats aa baabsrdad gsraaaiaa at
its validity. Nat aaly asst tbs nodal lav tsapsrstaraa sad far

fit astaasiva boabardaant carvss,
is addition

bat
it aast bs cspshla af pra-

laagar las*
taapsratara baabardaast psriods. It

is bapsd that tbs ascsssary data will

dictisg ths taaparatsrs>dapssdsBca af bs availabla ia tbs asar fatara.
asa _,a_ a a}’(la a'ﬁ a aaa f:} aaa aa 467
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*MBANiva M M ININf AT -1H *C

J. V. Clelaad J. H. Crawford, Jr.
J. C. Tiff

Conductivity maaswraaeata aa

garaaaiaa Nava baoa amended ia tha

teeperatwre of liquid aitrogea (-190*0
by tba aaa af quarts Dawar vessels.
e ith tbaaa it ia passible to aaiataia
liquid aitrogen for pariada op to S br
ia a vortical aator-coalad bala ia tha
GRNL graphite raactar (bala 1IS).

Twa P-type geraeaiua aaaploa wara
aapaaad at tba taaiparatora af liquid
aitrapaa, aad tbair ceadwctivities
eara followed during tba eapesare.
Tha iaitial rataa af bala reoeval at
tbia toaparatoro aara 0.57 par iacidaat
aaotraa far tba aaapla wbaaa iaitial
bala coacaatratiaa aaa 1.2 m 10** et*1
aad 0.79 par iacidaat aaotraa far tba
aaapla wbaaa iaitial bala caacaatratiaa
aaa 1.9 * 10*' aa'4.

It ia plaaaad ta atody geraaaiua
aaaplaa with a aida raaga af iaitial
carriar caacaatrotiaaa at thia aad
iataraadiata teoperaturns. Socb aa*
pariaaatal data ail |l aid greatly ia
locatiea af defect-preduced energy
levels ia tha baad scbane af geroaaiua

aad aill balp ia deciding aa a aadal
far tbaaa levels.
BAOIATION IABAM IN IONIC CBTBTALB
R. L. Spraall

A atody af raactar irradiatiaa af
pataaaioa cblarida cryatala baa baaa
oadartahaa. Tha twa aaia porpaaaa af
tbia atody ara taaaplaro tba pbaaaaaaa
af ckaagea ia iaaic cryatala prodocad
by aaotraaa aad ta avaloata tba uae-
folaaaa af ieaic-coaductivity aeasure-
aaata aa a taal ta atody diaplacaaaata
prodocad by aaotraaa ia aalida. Siaea
iaaic cenductivity at tcaparatoraa
laaa tbaa S00*C ia pataaaioa chlarida
ia prapartiaaal ta tba aoabar af
potaaaioa*ion vacnaciao, infaraation

\rn 8
0

ia aipactad about tba craatioa of aach
vacancies by fact aautrooa.

Potasaieo chloride was ebasaa for
tbia study priaarily bacaasa ayataoatic
atodiaa af ionic coadactivity as a
foactiao af addad divalent catiaaa
bava been wade on this aalt. Aaatbar

faatore of pataaaioa cblarida that
aay ba aa advantage ia the iaterpre*
tatiaa of oiperiaaata is the near*

equality of anas af tha aaiaa aad
catiea. The noclaar properties af
pataaaioa chloride ara not oaaoitabla
far tba aaperiaoata plaaaad. although
saaa other alkali balidas would ba
prafarable (e.g., pataaaioa floarida,
bat few salid-atate aapariaaots bava
baaa aade on tbia coapooad).

An iaaic*conductivity apparatus aad
a corrant*aeaaoriag davice with a
parallei-balaace elactronetcr tuba
bava baaa daaigaad and coaatroctad.
Tha iaaic coadactivity of Harabaw
pataaaioa cblarida cryatala baa baaa
studied before irradiatiaa. Tha data
obtained agree with what appaara ta ba
tba boat pobliabad <Otaris!,*** aad
appreciably eataad tba teaporature
raaga af ieaic*coad«ctivity infer*
aatiaa. Thaaa eaperiaeata show that
tba Harabaw crystals ara adequately
para far tha aaotraa irradiatiaa
atodiaa ceateoplated. The suitability
af bath spottarad*platiaocoaaad painted*
graphite electrodes baa also baaa
established.

Several cryatala bava been irradiated
in bale 51 af tba GRNL graphite reactor
far aaastiaatad 1.2 n 101* avt (fast).
Tha only trovblesoae activity coaaa

fraa a tkaraal (n.p) reaction that
pradocaa 87-day S**. Tha 170-kv betas
fraa tbaaa aoclai produce ionisation
ia tba air af the ionic-coadactivity
apparatus; socbhb ioaiaatiaa gives a
background that interfere with ionic-
condeclivity aoasureaeata at the lowest
.. L. lvitiaf and I. Visa, g.

IHoael.

.SOO?: oogo %. 0:?1)08:_



tempenturee. A helium atmosphere is
being used to aiaimise this effect,
but redesign to permit evacuation of
the apparatus eould be desirable.

As mas espected, irradiation of
thia order of magnitude produced no
change ia ionic conductivity in the
intrinsic (high-temperature) region.
A significant eahaaceneat of con-
ductivity seems to have occurred ia

the structure-sensitive (lo«-tempera-
ture) region. Esperinents are in
progress to study tha kinetics .of the
annealiag-out of thia enhanceawnt, to
find the dependence on nvt (fast), and
to make aura that this ia a neutron
effect (rather than an effect produced
by large gnaws esposure).

RAPIATIMI EFFECTS ON TMINCNPUS
J. C. Pigg

have been made to detect and
study changes in thermocouple output
enf oming to reactor irradiation. The
thermocouples vere made from copper-
constaatan and iron-constants!) duplex
thermocouple wires with the two
junctions soldered together. The
copper-cons tantan, iron-constantan,
and copper-iron potentials more re-
corded. TYtese voltages wars converted
to temperature, and tha temperatures

Tests

messured by the three thermocouples
were compared. For an exposure
period of 31 days ia hole D in the

ORNL graphite reactor no deviation was
observed in the relative output of the

various couples greater than 0.1*C
(approximately tka limit of accuracy
of the measurement). Thus it can be
concluded that, at reactor ombient
temperature, effects of fast-neutron-
induced radiation damage in thermo-
couples composed of these materials

are negligible for general mas for

a period of one month.

The insulation
thermocouple duplex wires

rasistance of open
irradiated

FOR PERIOD ENDING NAY !e,  1*52

at the same time in the same hole was
of the order of 10* ohms.

OETFMM(NATION H TIE BALE LIFE Of
GERMANIUM 71 IT ELECTRICAL MEASUREMENTS

J. W Cleland J. H Crawford, Jr.
J. C. Pigg

The effect of nuclear transfor-
mations resulting from therms l-neutron
activation of the various germanium
isotopes on the electrical properties
of hulk germanium has been extensively

studied.(?) The various nuclear
reactions involved are listed in
Table 11, together with their thermal-
activation cross sections. Since
gallium is an acceptor impurity and
arsenic is a donor impurity, the net
result after decay is an increase in

the P-type character of bulk germanium.
However, because of the largedi fference
between the half lives of the gallium-
producing activity and the arsenic-
producing activities, the material
should become more N-type initially.

Except for the effect of the decaying
As’*, which ia relatively small (1W
of the total introduced arsenic con-

centration), the neutroneproduced

I. Cliliil, g. lirl'ltr.tili, aas J. C
Else. P*f». See. 7«. 114 <I**ey,
Table 11
NUCLEAR MRACTIMNS OF GERMANIUM ISOTOPES

ATOMIC CBO0S9

I 4
»e a 4S k
IS k «S k

I. Paeeraaae, Phyiin Sial.iea Quarterly Prag-
rtf Safer! far Ptrtad tagtag Ptttaktr IS, f#4f,
OSRL-STT. p. SS.

467  p4Q ST



SOLID STATE DIVISION QUARTERLY PROGRESS REPORT

arsenic concentration is essentially
constant after the first fee hoars.
If the conductivity as a fanction of
tine after irradiation is followed,
the rate of production of Go7l can be
observed directly.

A high-reaistivity P-type gernaniun

plate was exposed for 2 hr in the
paeuaatic tube. Innediately after
exposure, the sanple vas heat treated

for 40 hr nt 450*C to reneve the
effects of fast-neutron «induced dnnage.
The conductivity of the plate van then
recorded an a function of tine, the
tenperatnre being naintained constant
at -7t*C. A plot of the conductance
vs. tine at this tenperatnre is shown
in Pig. 17.

The half life can be readily calcu-
lated fron the conductance ve. tine
curve if the effect ef the decoy of
Ce77 is neglected. If it is assuned
that the nobility ronaias constant
during radioactive decay, the change

Pig. 17. Conductance vs. Vine for
P-Typo eoraocaluu at >7t*C Aftor
Thbernal -Rentrun Expoonre.

in conductance fora given tine interval
is proportional to the change in the

Ga7l concentration. The latter in
given by

& A* |, <l - #*F*'e) | 1

Gel Gell ) (1)

where Ne ,, is the concentration of

GeT* at the beginning of the aeasure-
neat at which t is arbitrarily taken

as sero. sad k' is the rate constant.
The half life is obtained fron the
re 1stion

H*p 1" 2 » L>
For location of the calculated points
of Fig. 17. *' « 3.8S n 10**. which
corresponds to a half life of 7.SS
days, vas used. The value reported for
the GeTl half life is 11 days.***
Because of this discrepancy, the Hall
coefficient neasurenenta thst were
taken periodically during the decay

period were used to check the assunption
of constant nobility. It was found

that the nobility increaaed con-
siderably during tha period of ob-
servation (43% during SSO hr). Further

esanination of the sanple showed that
the naterial was quite inhonogeneous
snd that it contained nultiple P-N
junctions. The conbined effect of
varying nobility and potential barriers
associated with the P-N junctions
introduces ionaiderable uncertainty
into the half-life deterninatioa.

This sxperinent will be repeated
when naterial of better honegeaeity is
available. Tbs relative precision of
measurenent is sufficiently great
(approxinately 0.05%), with the equip-
nent saployed, that with honogeneous
sanples it should be possible to
deternine the Go71 half life with a
high degree of accuracy.

tartnm ¢/ Stmrndmrtt Mmtltmr gate.
XBS-4M (Sept. I. 1Stf).



mAGNETIC SUSCEPTIIILITY 1F SEIRANIDR
uncMivcmi

D. K Stevens

Tlie balance, previously described,**
that eill be used in aagaetic sus-
ceptibility tests has underdone con-
siderable developnent. Elgiloy has
been substituted for beryl linn-copper
alloy as the eain suspension, end
supports oath adjustable net co-
efficients of theraal expansion have
been added for the speaker aagrnet and
nicroforner. Considerable effort has
been expended in inproving the cir-
cuitry associated with the nicroforner
detector. At tbs present tine, e
circuit that ess designed by R. L.
Sproull and ehick eeploys a parallel-
balanced anplifier followed by a
phase-sensitive detector appears te
nshe force neasurenents in the nicrogran
region feasible.

Present efforts are being directed
toward the design and construction of
balance nounts and vacuun and cryostatic

equipnent in the nagnet. A najor
problen eill be the isolation of the
balance fron sources of nechaaical
vibration.

CRVMTAT PS* REACTI!! 1ITAITATIRNS

R. P. Metcslf<,#> J. T. Hoee

The vacuun difficulties encountered
in the cryostat, ehick is located in
OW L-llit, t.

tttk ikl IIM tilll
baa eaSa aiallabla

(**1. 1.

»eneee as. til.,

it |t oyoonn*
CWai.try Oimi.i, lit ki
4aaiaa asd kaaaladfa falead
ei«b tba crr.itit,

IS ,»*» aarb

110,

;oc ’.\'o* ..co * 7 SS*-' ee

FDR PERIOD ENDING NAY 1t, [ItSS
hole S2 of the GRNI graphite reactor,
eere cleared up during this quarter.

The cryostat eaa test-operated for one
eeeh at tenperatures of -100 to -160*C
that eere controlled fron a theme-
couple located on a duney specinen
eithin the aanple chanber.

nitrogen consunption eaa
excessive in canparisen
in preinstallation
bench teats. Rench-test consunption
eaa i.t liters/hr at -100*C, 2.2
litera/hr at -130*C, and 2.6 liters/hr
at -1S0*C; in-pile consunption eaa
S liters/hr at -100*C and 7 liters/hr
at -150*C. Sost of the heat loos nay
be attributed to the fact that tee
elboea on the vacuun jacket of the
heliun line to the cryostat build up
considerable frost during operation,
ehich indicates that the inside lines
are probably touching the jacket.
Another reaaon for higher consunption
ia that the reactor anbient tenperature
is considerably higher than roen
tenperature; the tenperatnre within
the aanple chanber was neaaured at
¢U5*C with allcoeling facilities shut

liquid
considered
eith consunption

off. The design provides far a cooling
jacket to aurround the cryoatat, how-
ever, so that the effective reactor
tenperature nay be reduced by sir or
water flow. A tenperature rise of
about 10*C in the air floe through
this cooling jacket has net been
sufficient to produce a neaaurable
decrease in nitrogen consunption.

Ditlet-water cooling fron hole 51 will

be substituted for the air in an
effort to lower the nitrogen con-
suaption in the future.
4 2
r/*2
N
e - r -
S 0j o ol
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RADIATION METALLURGY

IIMIVTIM 99 F8CCIFITATC NI/CLBI tills
IION PMNHOU

G. T. Murray I. E. Taylor

Ik ha* baaa shown ia a previous
report*'* that if precipitate parfciclaa
of different sites ara raapoaaibla for
observed changes indifferent propartiaa
(i.a.t raaiataaca and hardness), fchaa
kbit fack eaa bo dataraiaod 1/ weans
of retrogression atadioa. A auaber of
bardaoaa aad roaitkaaco aaaploa of
copper-berylliao alloy ooro aocloakad
by irradiation aad by aging ak 100 aad
12S*C ko produce approiiaokoly 10%
iacroaao ia resistivity. Tbo aaaploa
eora kboa bald ak toaparakoroa bokooaa
12S aad 375*C for briof porioda of
kik»» a*d kbo aaounk of rokrogroaaioa
oaa dokoraiaod. Tho rokrogroaaioa,
aoaaarod aa &P'/6P, oboro A/> ia kbo
aaoaak of rocotary aad A/* ia tho
origiaol cbaago of kba proporky P
noiag ko aacloakioa, ia abooa ia
Fig. 18 aa a faackioa oY toaporakaro.
Thoro ia caaaidorablo var «kioa of kbo
daka even within eao not of aaaploa,

kba daka for all koaka fall wikbia
well-defined acakkor baada that claarly
abo* a roaolatioa bokooaa kbo retro-
groaaioa of raaiakaaca aad bardaaaa.
Tho fack kbak kbo raaiataaca rokro*
groaaioa occara ak a lower teoperature
kbaa kbak for bardaaaa iadicakoa kbak
kbo parkicloa raapoaaibla for ro*
aiakaace iacroaao aro aoallor kbaa
kboao obicb accoaak for kbo bardaoaa
ia alooak

iacroaao. Ak 300*C kboro

ao rokrogroaaioa of bardaooa, obich
iadicakoa kbak ooak of kbo lattice
akraia ia akiil proaoak. Siaco ak

kbia kooporakara kba rokrogroaaioa of
raaiakaaca ia aoarly cooploke, ik
appaara kbak kbo raaiakaaca iacroaao
caoaed by aacloakioa ia aok rolakod
ko lattice akraia.

D VI R T

tm4iH Jmm«t, 1. 1ML,
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Fig. 18. locrograaaioa la Copper*
boryllloa Alloya aa a Faackioa of
Toaporakaro. Moaaarod by Beaiakaaco
aad NarOoeaa.

The poaaibiliky kbak kbo recovery
ia rolakod ko grookb of kbo aocloi
ia diacooatod by kba rapidity of kbo
rokrogroaaioa aa coapared ko proporky
ebaagoa known ko bo aaaociakod with
procipikako growth (Fig. 19).

Tho a*ray liao shift aad broadoaiag
kbak roaalk froo irradiation have aloe
booa aabjockod ko rokrogroaaioa ia*
voatigatioaa . Solation-aaaoalod
filiaga ooro irradiated aad kboo aged
*ikb aoairradi akod coapari sea akaadarda
ak 300 aad 3S0*C. Ak kbo lower tsopor -
atare ao chaago ia kbo liao abapo or
poaikioa was observed ia either kbo
irradiated or ataadard speciaeao after
30 aoc of oaaoaliag. At 3S0*C ao
cbaago woa obaorvod ia kbo ataadard
spociaca after 30 sac, bet aboat 75%
recovery oaa observed for kbo irradiakod
filiafa* Tbo reoolko aro ohooa ia

? U * #?
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Pig. 19. Effect tf Ntatm
larylllaa Alley at SSS*C.

These date indicate that the
«*ray iiae shift sad hreadeaiag are
aaaeciated with aaclei siaes thet
effect aa iacreaee ia hardaesa aad
are therefore probably caaaed by
cehereat lattice atraiaa.

Fig. 20.

KIMINCIIMtt IN IBNANIATKN
c«<ra=>nvuiw uul

G. T. Marray V. B. Taylor
Oeaaity aecaaereeeata eere eede by
the iaeersiea aaethed ea tee copper*
beryl liaa reds epprexiaately 1/4 ia.
ia diaaeter aad 2 ia. leaf. Oae
apeciaea eas eapeaed to S.8 * 101*
avt (fast) aad the ether apeciaea tea
retaiaed aa a staadard. Aa iacreaee
ia deaaity ef O.ltft eas ebserred for

fizr! il

POt PEIIOO ENDING NAY 11, IMS
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IrraltaM N m

Pig. SO. Oetregresalee Effect ee (SSI)
Llae la Irradiated Co-he Alley at SM*C.
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Ik* irrdiitd ipteiMi. Tkii roilt
is ia food qrtMHit sitk tke iacrasaa
ia density af 0.1M far 3.9 * 10" art
calculated fraa tke a*ray lias ski ft.

LIITTINHLI KESISTIVITY CIAM I
IN 'BUYLLIIfI ILUF

V. E. Tsylar P. M Blacksksr

A aaabar af chert in-pile aeasnre-
eaats af resistivity has Kkeen aada
ta verify tka aaistaaea af a daisy
tiaa ia tka resistivity iacraaas.
Rasistivity dsteraiaatioas aara aada
ky applying ike valtaga drop acraaa a
standard raaistaaca and tkat acraaa
tka speciaea ta a Brawn aaltipaiat
recording patentioaatsr kaviag a
acala fraa 30 ta IS av. Tka teapera-
taraaf tka apaciaaa was siaaltsasaasly
dataraiaad ky recording tka aatpat of
aa iran‘Constantsa tkaraacaapla aa a
Braaa racardar.

Tka rasalts sksaa ia Fig. 21 ara aat
caaaistant vitk raapact ta delay
tiaa ar initial alapa. Tka variatiaaa
ara kaliavad ta ka daa ta kaatiag of
tka eaapls vkila laada vara kaiag
aaldarad. Taste ara now kaiag aada ta

ENGINEERING
MVSICAL MSPUTIBS «V
C. D. Bepf R. L. Tawas
O. Siaaaa «. K. Kirkland

Ceapeaada caataiaiag large aaaaats
af aatiesidaats aad aiaaral filler
ware tested** ta dataraiaa tka affect
af tkasa additives aa radiation
stability. Tka raaipaa need are
listed ia Takla 12 along with tka

m 0. Sttats. c. a S E IttiiMI, n4
. L. Tmm, fkfttt of Ui lQnaritrly
acytrt /#r PtMtS farftag ialy =1, IfSt,

y. «l.

r? >i i

US

Pig. tl. Sealativtty Cnhaage earlag
Early Stages af Irradlatlea-Agtag af
Salatlea-naeacned Capper-lerylliaa
Allay.

dataraiaa tka affect af keatiag tka
eaa™le far S aia at 7S*C aa tka aaaaat
of raaistaaca iacraasa daring a one-
oeek irradiatiaa. All tka taata
skated a delay tiaa ketoses tka
initiatiea af irradiatiaa and tka
aaaat af tka raaistaaca ckaaga. Tka
delay tiaa variad between 1 and 3 hr,
and it ia aatiaatad tkat a delay tiaa
af akeat A kr weald occur ia aaaplas
aaaffactad by prier boat.

PROPERTIES

aaraal ceapesad. Tka raaalta far
too irradiatiaa periods ara akowa ia
Takla 13. Tka aatieaidaata aad tka
aiaaral fillervere added ia aa attaapt
ta iaprava tka stability af tka
alaataaara. la both cases tka ckaaga
ia radiatiaa stability was aat great,
bat tka parcaataga af ckaaga ia aaaa
properties is lass far tka recipaa
witk tka additives tkaa far tka aaraal
recipe. la every case, kooavar,
ohara the parcaataga af ckaaga was
laaa far tka caapawad witk tka addi*
tiva, tka original straagtk was also
aack lass tkaa far tka aaraal can-
paaad, with tka aat rasait tkat aa

|t i o> o
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CMPMITIMS CP CUSTMBM

— o (IR Rnan
sapraae till tadaer ;
feraapsae RikWr
Mssprees 1 100.0 144 .4
Meters 1 rahhsr 144.4
Xiac aside 1.4 4.4 4.4
hill 1mm 1.0 S.4 1.4
wT black 44 .4 44 .4 70.4
Stearic acid 4.1 4.4 1.4
Hapweies aside t.4 t.4
feraelas 4.1
Accelerator 4.4
Dadacyl 14 .4
aercaptaa
Capias 4.4
Salfar 4.4
lead aside
Cklereail
DdiTU»eie*
Asbeatee filler
— ) 144.4 144.4 144.4
iaprovnnt was affected for tba ir-
radiation periods skoea. A definite
iaprevtaeat in resistivity eaa foned
for all the special recipes, especially

tkat with the nineral filler additive.

Natnral robber ia hardened by ir-
radiation, eheraaa batyl robber ia
aaftanad. It vas tbowgbt that perhaps
by caapanndiag the tan ia the right
prapartiaas n notarial oaald raaalt
that was nara radiatiea.resistant than
either of the original aatariala.

Poor such ointorea (Table 14) ears
triad. Resolts far toe irradiation
periods are shewn ia Table IS. Nana
of the nistores ohawad any rani in-
provanaat aver natnral robber, ahich
ia the nara radiation-resistant of
the toe. The change ia dnranatar

MM (parts bp me*fbt»

Sattral SabSar Mataral Sabbar Sataral Sabbar

etii SaSarfl ettk Mbelvt attbh Aebaataa
Barraptaa Tie Salterate felloe
144.4 144.4 144.4
4.4 4.4 4.4
1.4 1.4
74.4 74.4
1.4 1.4 1.4
14.4
4.4 4.4
1.4 4.4
14.4
4.4
14.4
S44.4
141.4 144.4 144.4
hardness ia leas for bath the SO:SO

and 25:7S nintnroa than far natnral
robber; however, the dacraoea ia
teaaila strength and oleagatiee ia
nara pranannead far the aistare than
far natnral robber.

A saaplo of Volcellaa was recently

obtained fran the B. F. Goodrich
Ceopaay. Thin elaeteoer ia net yat
pradocad connsrcietly, since it is
atill in the devolepseatal stage. It

has the fallowing stroctore:
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RAIIATIM'l
vr sfimiLv
OLASTOVM
Maafraaa Halar ataral
[ Raapraaa . aI«S féatbrbral Babba?il gllt* B Eaar aitfc Ba%ar altb
. OaAaa¥I ebbar OaOaarf atyl Tia  Aabaataa
Oaraaptaa Baraaptaa Bllaarata Pillar
IrrWitiita ifiiifi e 0 0 0 0 t
no'* mi) . *» 0.8* 0.5* 0.5* 0.s* 0.5*
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4* 40 70 40 40 sS
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Table 14
CMPMITIAM m NATURAL ANN BUTYL BURMA CNBBINATINNS

BABTOOM (parts by ueighbt)

Natural hbkar te

= Naélfjrtizll.hk*k*&:l;ste Na-tlljJrle.hklkf:ArAte B“ty'“'él":gg'ai”'

Natural rubber sa.N *1.4 14.4 144.9
Butyl rubber st.t 75.4 99.4

line aside I.c 1.4 1.4 5.4
MV black 76.9 74.4 79.4 74.4
Stearic said t.t t.4 S.4 t.4
fhaoyl beta eapbthylauiae 1.4 1.4 1.4 1.9
Captea 4.71 4.75 9.75 4.79
Diphenyl gueaidiae 4.14 4.54 9.54 4.19
Sulfur t.s 1.4 1.14 t.M
mUtyl raclaia 94.9
Calciaa silicate 14.4 14.4 14.4

Total parts ' 141, «f 191.45 194.75 ta1.44

Irradiation produces qualitative
ckaifii ia Valcollan of tk« sane
aatnro aa tkoit prodaetd ia Hycar
PA-21. The physical propartiaa of
Valcollaa aro listed in Table 16 along
with these of.Hycar PA-21. A aero
cooplote descriptiea of Hycar PA-21
ia given iaa recentquarterly report.***
Valcollaa appears to keaore radiation-
reeiataat thaa Hycar ia all reapecte.
Althoagh the teaeile etreagth of
Valcollaa dacraasaa faatar at the
beginning, it retains sera strength
thaa the Hycar after loag periods of
irradiation. The fact that the
tensile strength of Hycar haa ia-
craaead narhedly far the loageat ir-
radiation period doea ant aeaa that
it ia racovariag, hat that it ia oa
tha verge of deteriorating coapletely.
Daring thin final stage of daaaga
nany aateriala hecono vary hard and
brittle, with a rasaltaat iacreaao ia
taaaila strength. Tha hardaasa and

(LW . r&>»»M

n+rj |4\

eleagatioa valaes far Vwlcellaa are
considerably batter thaa those far tha
Hycar after tha laagaat irradiation
period, and the electrical propartiaa
of Valcollaa have aadergoae alnoat ae
change, whereas the raaistivity of the
Hycar has decreased bye factor of 10*.

There are sinilerities between the
radiatiaa-iadacad hardening of slants-
nara and the hardaaiag pracaeo by
which aavolcaaited raw rnbher crystal-
liana apoa aging. la naay of these
aatorials it is feaad that irradiation
hardens tha notarial and iacraaaaa tha
specific gravity. Since these changes
aftaa occur with aa gas evelatioa,**
it is supposed that tha hardaaiag and
the iacraaaa ia specific gravity nay
eat ha caused by cbenieal reaction.
This nay thaa ha tahaa as evidence

467 048 "

it If T,



!’ﬁ...

Irnliitia m hmn
«»e*e aat)

Taaaila itrM |tk (pai)
Elaagatiaa (*)

»*e Ar«ur UHmm

N*m alaatieity

C«afr«iiict mi (N

m U jftjn a w a '-'

Hm | 4t(wM tica
>|Mi(U (rarity CtS*/«*C)

ckaaca FMVigkt (1)
ItIMN m U U titf <aka-ca)

Dialaatria nrM |tl (v/ail)

N tltri) Rikkar ta
Batyl, SO SO

u
ar
400

g *
40

ft

T4

[.iti
1:9
-0.14

1*2
141

Rataral hkkar u
Batyl, tSiTS

4
1.3
Sir
T4

T

A
\Y,
«

IS

14

Taa tarry ta taat

o
14

140

M
114

Natara) Rakkar ta

Butyl, 14:94

4
[
Iitr
Tarry

13
S

IS

Taa tarry ta taat

S

ki
9.94

10*?
10**

144
110

COBS(NATIONS

Nataral Rakkar ta Bbtyl
Naclaia, 104:40

0
far

=g

SO0

H

10

M
T9

38

IS
14

1*0
®1T
>l
4.01

14*
14+
14*

14

144
M



dvVMIMM P BAOIATHM M UM TI

nca M-Il

Irrediatiea

exposure
CIO19 ova)

Tee.ile
strength

(pai)

Cleagstiea
9

Shore
dureoator
hardness

Share
elasticity

Specific
gravity
(85"/«*C)

Change ia
veigkt <«)

Velnoe
teais-
tivity
(eho-co)

Dielectric

strength
(vioil)

Table l«

1IT* TUT T# TVICUUN
SiASToattia
myear PA-11 Veteellm
9 0
9.ft 0.*s
1.4 1.0
S4 S.4
*000 S490
1*00 1090
400 so#
1S09 *40
*30 400
0 ISO
>0 SO
<* 10
It 74
IS *
00 74
99 90
70 10#
4* 00
SS *0
. ts
1.%49 1.1*7
1.S79 1.14S
1.ST4 1.*43
1.190 1.154
«0.17 0.0S
1.7 -#.19
*7.0 -5.0
ID19 t a 10*
. I a 10*
. * a 10*
10* * x 10*
111 >n#
111 >*10
111 >S10
111 *00

rot PEI100 ENDING MAY I, 19S2

that tke aiatariala are becoming aort
crystalline. A profraa haa been
iaitiatel to study the x-ray dif-
fraction patterns (cf., "X-Ray Work,"
thia report) of irradiated and eon-
irradiated alastoaers to obtaia ad-
ditiaaal data aa tka change in stractara
of tkesa Materials.

BADIATIM-INDUCED ACTIVITY IN
BAmials ar cdnstductidn

C. D. Bopp R. L. Toons
V. K. Kirkland

Tke gaaaa decay of several stain-
lea. atoala and otker alloya and
eetala that sera activated ia tke
isotope stringer of tke ORNL graphite
reactor kas been observed loag enough
so that the aajor portion of tke
reaainiag activity ia aou Co*9. Tke
quantity of cobalt is greatest for
aickel-coataiaiag alloys, bat an
aaount of the order of 0.01% ia present
ia all the iroa alloya. A report
containing decay curves for all tke
eeterials irradiated is nearly complete
and will probably be issued during
tke ceaiag quarterly period.

A carve preaeated ia ORNL-1095*4*
as tke decay of reactor-irradiated
tuagatea has been found to bo ia
error. The aaterial was tuagatea
steal, analysed as SS.27% toagsten,
(3.97% iron, 0.047% aaagaaese, and
less tkaa 0.001% cobalt. la tke
future, spectrograpkic eaalysea oill
be aade af all tke Materials for
vkicb decay curves are given.

o/ A.ltd* fa.Mt.t. 9a.rt.rlr
Pr.gr... S.p.rt far far tad tadia| AprflJS,
19Sla OWL* p*
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CRYSTAL PHYSICS

I-BAT MBB

G. I. Xleia r. A Shsrrill

The North Aacricoa Philips x-ray
*0it woo iastallsd aad sqoippad with
0o high-voltage switch thot SBohloo
tho power frww tho Philips power
supply to ho switched isstsstsaooosly
to tho Gowers! Electric hot-cell
sped rowstar, to a secaad «-rsy tahlo
coatoinisg s Philips high-aagle
spoctroaster, or to tho toho ia tho
Philips nit itaolf. Tho high-voltage
switch is agaipped with iatorlwcho
sad safogasrdo so that as doasgo to
say eqeipaoat will rast’t if the
caolisg water ia act toraod aa or if
accidoatsl switchiag tahos placo wa
aay of tho aaita.

Bacons* the high voltage aast ha
treaaaitted to tho G-E hat-cell
spoctraaotor throogh approxiaately
70 ft of high-teaaioa cabls, aad
also siaco tho G*I typo CA-7 dif-
frsctioa toho filanoat coatsia* higher
rosistaaco thaa tha filaaeat ia a
Philips taha, tha aaaiaaa carraat
eatpat ahtaiaahla fraa tho G-E x-ray
toho is approainataly 7 aa, as cowparod
with 20 aa fraa a Philips taha. This
does aat, however, provoat tho radi-
atiea fraa tha G-E toho fraa haiag
aoahlo far savaral typosof axperiaaata.

Tho hot-call
located

spoctraaotor is still
ia tha hooch-test paaitiaa

aatsido of hot call No. I. It ia
haiag oaed to dotaraiac rochiag-cwrva
data froa stogie crystals of copper.
la this satap tha a-ray heea iapiagoa
aa a siaglo crystal af aics, sad tha
aaaochroastisad boss is allowed to
fall so s particular crystallographic
plaao of tho copper crystal that ia
Boasted oa a goaioaeter head. Tha
iatoasity of tha diffracted haoa ia

recorded ia a prapartioaal caaator
circait. Tha plaaa of tho capper
crystal is aoat aavad thraagh acca-

ratoly deteraiasd aagloo, aad tha
carraopoadiag iataaaity distrihetiea

is recorded for each peiat.

Verb with tho anall-oaglo scattoriag
equipaoat has iavalvcd aiaor aodifi-
catioas ia this apparatas. Tho copper
a-ray radiatioa ia aaaochroaatisod by
a calcito crystal to give o sharply
dofiacd hcaa af Caf#]i radiatioa
that asters oa evacaated chsaher aad
passes throogh a vertical-slit systoa
dasigaod to cat aat tha Chgm coapoaoat.

Pottovas af aloataaors aad plastics
before aad after irradiatioa arc haiag
recorded to dotaraiaa whether chaagwe
are predeced ia tha atractara af tha
variocs aatariala by hoahardaoat. The
rasolts of tho a-ray oaaaiaatiao will
ho correlated with chaagos ia eagi-
aoonag praportiaa af tha aatariala
that have haoa ahoarved. A library
of a-ray patteras af aaay olastaaors
aad plastics ia haiag hailt ap far
fatara roforoaco.
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sATM ALB
R. H. Keraobaa

Electrical resistivity Btaiarnwati
war* aadt ai two irradiated speciaeas
af copper-gold allay, aaa ordarad aad

tka other diaardarad. Tka apeciaeaa
had bean aabjactad to aa set af
1.7 *10**. TVe resistivity, corrected
ta 0*C. of tka diaardarad apaciaaa bad

iacraaaed fraa 11.21 to 11.72 p«ka*«a,

akareae tba raaiativity of tbe ordered
apaciaaa bad iacraaaed fraa 4.44 ta
10.7) iiaka*ca. Thia work aay be

correlated aitb aarh previsesly

pabliobad aa erder*disorder pheaooeaa
ia capper*fold maaploa.<>)
table
ACTIVITT Ma i

FOB PERIOD ENDING MAT it, 1912

PROJECTS

Rovfk aaaaaraaaata aero Bade of tbha
iadaced acti vitx-rvi a aaabar
Pltcritl*..  ~Km aobataaceu aora
aaifbad aad placed ia tbe caatar af
kola B af tba OBNL graphite raactar
far appreaiaately aaa aaab. Tha total
irradiatiaa tiaa aaa 1)3 baara. Tka
beta aad gaaae activitiaa aora aaaaarad
by aeaaa af a catia pie bald ia
coatact aitb aacb apaciaaa. Raaalta
are taba lated ia Tabla 17.
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MATCRIAL As\ftberr
Reeeval
Alaaiaao, 00.90* us
Alaaiaaa, 99.7S* 320
Iroa (Saadiab) 12S
Nagaesiea
(Daaaatal No. Sil35) 170
Mor 103
Babelite 100
Neopreae S 5500
Noopraaa O 2100
Neopreae V 2500
Naopraaa CN 2110
Neopreae DN 2250
Naopraaa GNA 26S0
Naopraaa R+ 2310
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Reaevat Neoeval Beoevat maaaval
100 05 44 23
210 oS 22 2
75 4S 39 24
12S SS 24 7
oS 45 22 11
140 oS 27 9
4200 2100 too 220
132S 77S 500 27S
1S00 92Ss S7S 305
2200 122S 725 44S
102S 92S 000 375
1775 1200 6S0 400
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