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An unsatisfactory feature of this method of loading is the existence of a

shear stress parallel to the surface of the sample. At the surface of the sam

ple this stress cannot be supported,and there must consequently be complicated

deformatjons present 1n a layer near the surface The existence of such

strains was verified by X~ray techniques Back~reflection photographs of the

deformed crystal showed Laue spots which were considerably broadened and very

weak. The removal of a surface layer 0.009 in. thick by electropolishing

improved the appearance of the spots, and the removal of an additional 0.005

1D. restored the spots to their original sharpness and relative intensities.

The results of this preliminary investigation have indicated' that this

method of applying the load is not entirely satisfactory. Samples are now

being prepared which will be deformed by applying an axial load, with the

lower (movable) crystal grip constrained to mO"e parallel to the most favor~

able slip system. The use of a vertical load will eliminate the shearing

stresses parallel to the surface. The bending moment will be zero at the

beginning of the deformation and will gradually increase during the test, but

will be much smaller than in the pre.ious method of loading. Constraint of

motion of the movable crystal grip should lead to homogeneous slip throughout

most of the gage length

ANNEALING OF RADIATION HARDENING OF COPPER AND COPPER ALLOYS

W. E. Taylor G. T. Murray
F. M. Blacksher

Isothermal annealing of radiation hardening of copper and 2 and 4 atom

% alloys of zinc. gallium. german1um and arsenic 1n copper has been started

The samples we~e exposed in the X-10 reactor to an integrated fast-neutron

flux of 1.5 x 10 18 • All the alloys suffered an increase of hardness of about

20 DPH numbers.(3J

One sample of each alloy was annealed 1n a ni.rate salt bath at 300 C.

Samples were quenched on remdval from the bath during the early stages of

annealing, which introduced some spurious effects. The annealing has not been

completed for all samples, but sifficient data are available to indicate that

radiation hardening anneals more re~dily in the alloys than 1n pure copper.
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This effect increases as alloy content increases and also ~ncreases with in

creasing atomic number of the alloying element. Annealing at this temperature

has not completely returned the samples to their original hardness, but to

what extent this is due to quenching of the samples is uncertain. The rela

tiye ease of annealing the alloys ~s attributed to the effect of alloying on

the self-diffusion coefficient of copper. The time required for cessation of

recovery at 300°C is given in Table 4.1.

TABLE 4.1

Ti.e Required for Cessation of Recoyery of Hardness in
Copper Alloys After IrradiatioB

AMOU'IT OF ELEMENT ALLOYED WIlD C<PPER TillE TO CESSATI(JII OF RECOVERY
ALLOY (atom %) (sec)

Copper Still recoyering at 10,000 sec

Copper-zinc 2 Still recoyering at 10.000 sec.

Copper·· zinc 4, 1000
•

Copper gall iUI!l 2 1000

Copper-gall iUIII 4, 2000
i

Copper-gerlllanium 2 3500

Copper-germanium 4, 1000

Copper- ar.seni (. 2 100

Copper-arsenic 4, Less than 30

CREEP UNDER IRRADIATION

J. C Wilson J. C. Zukas
W. W Davis

Several successful in-pile cantilever creep tests have been run ~n the

ORNL reactor using the apparatus described in ORNL-919, p 227. Type 341

stainless steel specimens stressed to a maximum fiber stress of ~pproximately
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1700 pSI at 1500°F were employed in all experiments. For a specimen with an

out~of"'pile creep his::.ory of about 40 hr data taken over a period of about 200

hr in the X reactor indicate that the amount of creep strain is reduced by

bombardment. Creep of a virgin specimen under irradiation is characterized by

an apparent dimunition of so called "primary c eep.'

Figure 4.3 is the plo~ of the data from a test of a specimen with no

previous creep history. The speCImen was brought to test conditions upon

insertion in the pile during a normal shutdown. A small discontinuity ap

pearing in the curve a few hours from the origin corresponds to the time of

pile start··up. This is disucssed elsewhere in this report. After some 24

hr of operation the curve becomes a ~traight line well within. the accuracy of

the strain measurements except for some slight departures occurring during

short pile shutdowns when the temperature of the measurIng apparatus (but not

of the test specimen) departed from the control value. This in itself is

rather exceptional since bench runs under similar conditions show that the

creep rate is sti I diminishing after some 300 h~ of testing. Th~ arrow at

the upper portion of the curve indicates the start-up of ."the pile after a

12hr shutdown. During the shutdown the creep rate was observed to be about

3% higher than during the pre7ious 100 hr under neutron bombardment. A few

hours after th~ pile start· up. indicated by the arrow, the creep rate, which

had started upward le7eled out at the rate for the previous 100 hr 'under.
bombardment. Thus the transient portion of the creep appears to diminish

under irradiation and £0 lowing an extended shutdown during which a slight

increase in rate is ob erved a~ up ard 'nflection is noted followed by a

resumption of the earlier rate under irradiation. Because of the difficulty

of obtaining reproducib e results from different spe imens the 'constant rate

established cannot be compa ed quantitati?e y with bench data.

Figure 4 4 shows the results of a test conducted on,the bench for 40 hr

prior to bombardment. The in-pile curve tof which only t~e first 40-hr

portion is shown} is displaced slightly on the time aXIS to prevent o.e~~

lapping. The starting time of he pile is indicated by the lower arrow.

More correctly, the break iw the curve at this point should be shown as an

abrupt Increase in stra'n rather than being moo hed. After some 12 hr of

creep 8 of them under irradiation the creep ra~e is about 10% less than the
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terminal rate in the bench test. The effect of such an interruption of the

test as occurred above was studied in a similar specimen on the bench by

following the same cycle of creeping. cooling. and reheating; here the creep

rate 12 hr after the interruption had decreased just to the value before

interruption. Qualitatively the reduction in creep rate with respect to time

appeareo greater under irradiation than on the bench.

The abrupt increases in strain obser7ed upon inception of bombardment in

the accompanying plots have occurred on many occasions. Frequelltly a lIegative

oiscontilluity has also been noted when the pile was shut dOWll. In an effort

to ascertaill whether instrumental disturbances were responsible for part or

all of these transients a microformer with a locked core was placed 1n a

temperature controlled oven in the pile. The reactor was then operated at a

series of power levels up to 3500 kw (corresponding to a fast flux of about

4 x 10 10 ) in 500·kw steps, between which the power was reduced to zero. The

output voltage of the microformer was obser7ed to be flux dependent 1n a

nonlinear manner; at somewhat less than maximum flux the voltage change

appeared to reach a saturation value corresponding to that which woula result

from a core movement of about 0.0002 1n. Although the leakage resistance of

the in·pile leads is dependent on pile power and cooling air conditions, the

change 1S not great enough to account for the phenomena observed. The possi~

bility of intrawinding leakage is now being investigated, as are the leakage

characteristics of several types of wires for in~pile service.

An experiment is being undertaken to determine if neutron bombardment

affects either length or magnetic permeab' it! sufficiently to account for the

anomalous microformer noted abo' e. Dead-weight-loaded creep tests at approxi

mately the temperature of the LITR will also be undertaken. Type SR~4 bonded

strain gages will be used for extension measurements. These appear to be

fairly stable for short exposures in the ORNL reactor (see ORNL .. 86S, p. 98).

Stress~corrosion appara~us for observing creep while the specimen is in

contact with static liquid metals or salts under irradiation is being built.

In view of the rather alarming effects of sodium on the creep behavior of 347

stainless steel. reported 1n NEPA-1720 a number of tests will be run on

hollow cantilever speC1mens containing the corroding fluid. This will permit
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metallographic comparison of the effect of the fluid on regions of different

stress (both tensile and compressive) which will be present in such a speci

men, and thus should lead to early establishment of a relation between stress

and attack.

Metallographic examination of a specImen after JOO hr ot cantiJevet creep

on the bench at 150'OcF and a maximum stress of 1600 psi revealed a'small

amount' of an int'eJ;granular precipitate as yet, unidentified. Attempts are..
being made to determine whether its formation is stress-dependent. and speci~

mens are bein~ subject~d to prolonged heating to produce enough of the phase

for iderrti:filC3tion"

Possible means of in~?rporating a creep test In the circulating~sodium

loop in the LITR and the MTR are being studied. Two types of high.,speed

propo~tioning controller with rate action have been received for use in the

tempeTature~control circuits of such an apparatus. An investigation is being

made, of types of strain~measu~ing devices whose characteristics are such as to

permit t!l-eir use In high gamma and neutron ,£luxes, where nuclear' heating IS of
J .)

great impo['tance,,~ A minia,ture microfo'Tm~r weighing less than 5 g is being

tested, and unbonded. type wire~resistance strain gages have been ordere,d for

tria •

RADIATION ,EFFECTS IN SUPERSATURATED SO~ID SOLUTIONS

W E. Taylor G. T. Murray
F. -M. ,Blacksher

XoRay tnvestigations. Previous inve~tigations(4.5) ~f the effect of

radiation on supersaturated solid solutions suggest two explanations, (1) lo

calized distortion due to atom di~placements and ,(2) pre-precipitation due to

thermal spikes. Data are presented in t'his report to support the pre-precipi

tation hypothesis; The work has been concerned primarily with the copper

beryllium system. 'In an effort to check the hypothesis that radia'tion induces

a nucleated condition In a solution-annealed alloy, X-ray line-broadening

measurements have been made employing the Geiger counter ~pectrometer method

of recording the diffracted beam. It was found that the line broadened

( 4)

( 5)

D. S. Billington ,and S, Siegel, Effect of Nuclear Reactor Radiation on Metals, AECD-2810 (decl,
Mar. 22, 1950),

W. E. Taylor, G. T. Murray, and F. M. BI acksher, "Effect of Radiation on Pure Metals and Simple
Solid-So ution Alloys," ORNL-1025, op, cit., p. 41.
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considerably with a sh"ft of he peak to ar

This indicates a ontr ction of the attice.

arger va ue3 ?f Bragg angle, e.
I.e •. a sma leralj' which would

• Dec r if the amount of beryllium in solution were increased Th~ sh~pe of t.he

(331) line before and aIte::: an ex osure 0 6.31 X 10,·8 rnt is shown in Fig.

~"5" In Fia. 4.6 the rhange n the ~i£fraetion ang"e is plotted as a function

of the -.ntegrat d f ilX. S~ ,ce these specimens contai ed beryllium ::'n excess

of th· 'c for com lete .0 id olution. a sm amoun _ qf be.a phase was detected

In the solution- nnealed a loys. T eae ex e iments are being repeated using

compi te solid-solution specimens in orde- to exclude the excess bery liurn as

a var'able.

Gunier' Pres on zones due "0 the~mal agIng have been identified in c per-

bery "~m alloys. Single crystal speci DS f 0_005 in. thickness were

as qo e7iden~e of streaks on the Laue

irradiated to dete~mine whethe

There

after an exp sure of 2 44 x 10'

neutron expo ure times

n-,t Thi ~ "

we e induce by Irradiation

~hotographs of such specimena

be'ng _epeated using longer

. Metallograpbic IDvestigatio. Single··c~ystal speCIme s are being aged

after 'rr diation to d termlne the effect of adiation on the subsequent rate of

precipitation. Comparison of me~allographic samples wit resistance c ailg

indicated that the rate IS affe_ted only i the subm;croscopic stage o' ~he

~ubsequent aging proc~ss

Co parison of Ther al AgIng itb ~IIrradiation Aging. ,. Pre-liou51y re

ported data ) on the change of. resistance " Ing i rradiat" on indicates the

gOSJ iIi:y of a 10 tempera u e aging effect. This experime t has been

repeated, gi ing attention to ,~he 'early stages of the process as shown in

c· f thermal aging

Ie, 0
~b 4 7. The cOr.Jpari on of the change in resistance during irradiation with

15 sho n In 'Ig. 4. TI _ "ariaticn of t e therm,L

agl. g ere

Slm~_ r tc therm I aging

ratur

t

tl e I

cxin.ately 75"C

ib'lity t

Th s ccul

at

De

t.he effect 1.

con;;~d~red 5

an in~rease of p'ecipitat'on r te d e t irradiat"on. since the ~emperature

(turing irradiatio IS pproximat ly 2S:)C. Apparatus is no" he~;,g bench-tested

which -.vi' per .it me<lb rem nts to be ".1<: 0 the recipitation rate at higher

ten,peratures during irradiation. In ad tion a nonirradiated specimen is

bein~ aged at 5 C.•

6) A. G. Gu , C. S. Ba""et, and R. F. Meh!,"~~'hanism of Precipi a,!3n in Alloys of Be=ylliun ~n
Coppe!!" , "Aa. In.~ • M"nJn.g. Me1. Eng,.••• 175, 216 : 948}.

"Effec:; of Neu',;rcn hradiation OIl Coppe. Al ovs," M" a urgy Di,rli.ion. QUQ1'"ter y P·og:"'eBS" Repc :
fo P.- cd E.d;ng J ly 1, 1950. ORNL-B27 , p. 72 Dew. 4, 9 0).
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Billington and Siegel report(4) that e::,sent a y al' the o::hanges in re··

sistance and hardness induced by irradiati \n in copper-heryllium alloys are

removed a.fter 50 sec in a 660°F (349 G C) salt odth. Til' ~ support.ed the hypoth.·

esis of localized distortion rather than a precipitation induced by neutron

bombardment. However, aging of a solution-annealed reqistan e specimen for

122 hI' in a 125°C bath produced a resistance increase of 10.2%. This is t~e

><,;;,1- order of magnitude as that produced during exposures of 2 x 10 18 nvt. f\

20-sec immersion at 325°C of the 12S 3 C ther a]iy aged specimen and the irrsai

ation-aged specimen changea the resistance of both to wit~in 1% of their solu

tion-annealed value. On further aging at 32S DC the irradiat~d bpeClmen ar-
•

peared to age at a more rapid rate than the one pre"'aged at 125°C. This will

be checkeil using single··crystal specimens since t.e gra:i I boun ary effect

hampers comparison of thermal- and irradiation·'aging pile omena. The pOSSI"

bility of redisso ving 0 nue ei also must be considered "e:-c.

Billington and Siegel reported(4) that' rr8diatio of cOPl,e~··beryl1i m

specimens which were cold-workea from tl e snl tion"annealed state led to '

smaller Increase in resistance than in spe<:ir'lens tr, t 'Nere on y soiution-a~\·

neale'·. I t has bee n 5 e Ii era .i. 1. y ace -= pte d t h ::;,~. C r ~ I .•" 0 ~',' i . g .~ c c e i e I' ate s the

subsequent aging pI' cess. The use of resistance measurements as, a measure of

aging may lead to confusion. It was found that on aging at low temperatures

the resistance of ~he solution .. annealed specimen increased considerably faster

than the cold-worked solution-annealed speCimen, as shown in Fig. 4.9. This

can be explained on the basis that recovery of the work hardening acts in

opposition to the resistance increase due to aging to gl7e a net effect much

smaller than if no work hardening were introduced. It is supposed that

similar behavior would be found ·if hardness were used as a me~sure of the

aging process, although this has not been verified.

The results of these experiments support the hypothesis that the effect

of radiation on copper~beryllium is similar to that of low-temperature thermal

aging. The increase in hardness of pure copper under irradiation indicates

that other mechanisms will be present, but will not be detected in resistance

measurements. When thermally aged samples are compared ~ith irradiat~on-aged

samples the grain boundary effect must be considered. During thermal aging

the effect of the precipitation at the grain boundary is predominant in the

early stages whereas the irradiation effects are concerned with the interior

57



• -

10
DWG. 11459

400

~ -SOLUTION ANNEALED -AGED AT 125°C.

e -SOLUTION ANNEALED + 50% RA-AGED AT 125°C.

o -SOLUTION ANNEALED -AGED AT 75°C.

• -SOLUTION ANNEALED +50 % RA -AGED AT 75° C.

100 200 300
TIME IN HOURS

EFFECT OF PRIOR COLD WORK ON THE CHANGE
OF RESISTANCE DURING AGING

Fig. ~.9

--~

O~ I , , I

o

9

2

~8z
~
(/)7
(/)
~

a::
z6

~
<t
~
a::
°4z

U1 -

CX) °
~

NOT CLASSJFH::f)

IPSI-A-1I9 I



of the gra1ns 1n addition to the grain-boundary effect. Single-crystal re

sistance specimens will be grown to exclude the effect of the grain"boundary

precipitate on subsequent aging and irradiation aging.

Effects of Dissolved Beryllium. Billington and Siegel concluded 4) that

the more beryllium there 1S 1n solution, the greater will be the effect of

irradiation. This was verified by holding specimens at various temperatures

until they reached equilibrium, as indicated by resistance measurements.

Specimens quenched from higher temperatures. contained more beryllium in solid

solution than those quenched from lower temperatures. The speC1mens were then

exposed to an integrated flux of 2.29 x 10 18 nvt in the ORNL reactor. The

results are summarized in Table 4.2.

TABLE 4.2

Effect of Overaging at Various Temperatur~on Radiation-Induced
Resistance Changes in Copper-Beryllium

INCREASE IN RESISTANCE DUE TO

TEMPERATURE 0t SOLUTION-ANNEAL EXPOSURE OF 2 29 x 10 18 nvt

( ,C) ( %)

300 1.5,

400 1.3

550 9.8

650 12.2

800 11.0

Although the higher 1ncrease for the 300"C anneal over the 400"C anneal was

reproducible, it is difficult to explain. The greater increase of the 650 u C

specimen over the 800 a C also was reproducible and may be due to the presence

of the beta phase. Quenching from above the beta-alpha transformation tempera

ture (600°C) results In all the beryllium being in a metastable phase. The

effect of irradiation on the metastable beta phase may be greater than that on

the metastable alpha phase since the 650°C quenched specimen contained ap

proximately 20% beta whereas the 800 a C quenched specimen contained less than

5% beta.
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Investigations of Other Age~Hardenable Alloys" These investigations have

been extended to other age-hardenable alloys. No significant changes in

hardness or resistance of aluminum-silicon alloy specimens containing approxi

mately 2% silicon were noted after exposures of 2,47 X 10 18 and 4.84 X 10 18

nvt. These alloys were irradiated in the solution-quenched condition. A

possible explanation of these results can be based on the fact that the energy

of a knocked-on atom in aluminum is dissipated primarily by the process of

ionization rather than by interaction with the lattice ions.

A copper-titanium alloy containing 2.50 wt % titanium has been exposed in

the solution-quenched condition to an integrated flux of 2.28 X 10,8 n7t. The

resistance increased 0;55%. which is comparable to that of simple solid-solu··

tion alloys of bopper which have been irradiated. The hardness increase ~f

17.7 DPH is also of the same order of magni ude as that experienced in pure

copper and simple solid"~ollution copper alloys. This has raised the possi

bi.lity that the i~radiation' e·ffect may be characteristic of .the solute ele"

ment, i.e., beryllium Howe7er. we ha7e been unable to obtain a low-tempera

ture agIng effect thermally in copper-titanium similar to that in copper

beryllium. A silver-copper age-hardening alloy has l been fabricated. and a

nickel-beryllium a loy will bemade to investigate both of these possibilities.

Samples of mic oscope-slide glass ~ere irradiated toian integrated flux

of 1 X 10 19 n7t In order to determine whether the unstab_e amorphous structure

would crystallize. No evidence of crystallization was found using the Philip's

recording X-ray spectrometer.
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'5, ENGINEERING PROPERTIES

LITHIUMoIRON CYCLOTRON BOMBARDMENT

North American Avia ion, Inc., W. W. Parkinson

In connection with the design of compact mobile nuclear rea~tors, infor~

mation is needed about the behavior of structural materials in contact w·th

the liquid-metal coolants which might be used. Owing to 1tS low den5iJy and

its favorab e the mal properties lithium i' Interesting as a pos3ible coolant.

and the esistance of iro co at~a~k by lithium and it~ ea e of fab i ation

make i on important as a structu al mate ial. To study the ·ron~lithium

sy tern under conditions imila to those pre' ailing in a reactor, an experiment

1S being conducted in which i on in contact with mol' en lithium 15 ier dlated

In the direc alpha beam of ~he Berkeley 60-in. cyclotron.

Cap ule3 hawn in Fig. 5 I and 5 were machi ed out of Iro stoJk, Globe

Ion, supplied by the Globe Steel Tubes Co The circul r face of the capsules

we.e used a~ he r n speCImen and we e made to a Lhicknes- equal t or just

malle than the range of the alpha parti Ie3 from the eyclo ron The e disk~

were ann aled, p lished, and gIven a "nital' etch, Ha~dness me surements we e

made with a Tuko rna hi end Knoop indente ove a pattern covering bo h the

area to be irradiated and an uni' radiated area, and phot; mic og aph. were made

of both these a ea-. The caps les were assembled by heJia c-weldi g the di ks

to the flange at the end of he capsule, with the p lished a d tested ~urface

of the di k inwa d, so ~hat the disk wou d be in conJact w1~h the lithi m

charge. The capsules we~e filled in an a g n tmnsphere glove hox·w·th s ug
I

bo ed from 1 mps f lithi m of he low-sodium g' de supplIed by he Metalloy

Co p.

Continued diffic lties we e encounte ed in the developmen~ of a heater

du able enough to heat the capsule above 900 C and w thstand ~he force of

inter etian with the eyel tr n magnetic fie d. To red ce the prohab'lity of

heate failure a bombardment was carried out at a tempe at re f 6 5 C at the

i radiated zone. The capsule was mounted on the eyelot 0 as shown 1n Fig" 53

1n the 1;a ge t box de cribed 1n the pre 1 DUS quar erly ~eport ORNL"1025,

p. 21 ) t provide empe ature cont 01 and inert atmosphere. A th,e mocouple of

0.005 1n, Chromel-Alumel was spotnwelded ·on the face of the cap ule In Lhe

61



UNCLASSIFIED
Photo

Y
-ij126

•

CL&J
C0....I
Q

.

><L&J

-=-L&J>~z00
:

LL.

-
1

0
>-

.
....I

O
l

a::l
LL.

~L&J
(/)
(/)
oct

L&J
....I
:::l
(
/)

Q
.

•
oct
UC....I
0

62



•,

63

UNCLASSIFIED
Photo

Y
-
~
1
2
0

0loU
00.....Q

..
><loU

-:.loU

>a::
C

(

loU
C\J

a::
lci.

~

0
>

.....
...

co~loU
enenC

(

loU
.....~enQ

..
C

(

U0.....0



0\
~

.0014 DURAL SAFETY FOIL

o
,

o
COLLIMATING SLOT

CYCLOTRON BEAM

..

.00025 To MONITOR FOI L

HEATER WINDINGS

LITHIUM FILLED

THERMOCOUPLE- 2

THERMOCOUPLE - I

Fig. 5.3 NOT CLASSIFIED

OAK RIDGE NATIONAL LABORATORY - PhYsics of Solids Institute
ARRANGEMENT OF CAPSULE AND ASSOCIATED IPSI- A-II 6
EQUIPMENT

DRAWN BY: w. E.a.l FOR: DATE: 5-10-11 I SCALE: DWG.1I218



,
•

irradiated area to record temperature during irradiation and to control the

power to th~ target-box heater in conjunction with an electronic power regula

tor. A second thermocouple was clamped in a well at the rear of the bombarded

chamber on the end of the capsule. This thermocouple recorded the Lemperature

of this massive chamber.

The capsule was bombarded with 36,6 ± 0.6 Mev alphas for 9 hr for a total

exposure of 25,5 fLa.·hr over an area 0,608 by 0 .. 250 in. or 0 98 sq em, During

the irradiation the temperature at the irradiated zone was 625°C, dropping

occasionally for short periods (up to 3 min) to 25 C below this and rising

10~C abo~e this for shorter periods., At the rear of the chamber ~hetempera'

ture was 650 C, varying ±25°C for short pe iods" At the cool end of the stem

of the capsule which was partially filled with lithium the tempera-ure was 400

~o 430·C, as shown by a previous trial heating" The activity of the face of

the capsule 1~ hr after completion of irradiation was 0.6 r/hr as shown by a

survey type inst ument. A comparison of the exposu-e ~o i radiation with

neuuons may be made by the es imate ~ i that 1 fLa-hr of 33,·Me':r alpha particles

E 6 x 10 18 neutrons ~ 160 hr in the Hanford reactor" The da' a from the ex

periment in which the capsule was irradia~ed B~ 625°C are g'ven in the follow-
i

lng outline.

1. Ana ysis of ':ron before i radiation, All the elemen<;s were
determined spectrographically except carbon, manganese. sulfur,
and phosphorus, which were determined chemica_ly. The fo owing
amounts were found:

Cu Low Cr Trace C 0.03%

Co 0 Ni Trace Mn 0 .. 23%

Nb 0 Mo T ace S 0.02%

Ti 0 V 0 P 0001%

Be 0

2. Chemical analysis of li+hium. The charge was dissolved in
absolute ethyl alcohol, and .the Li

2
0 was filtered off; Li

3
N was

determined by Kjeldahl analysis, and iron and manganese were
determined calorimetricallY, Analysis of a slug, cut in the
glove box to simulate conditions of filling a capsule, gave the

'following values:

..
0.3% <0,1%

1) A. B, Martin M Tarpinian and R R Eggleston, The Effect of Cyclotron I radiation on the Physi
cal Prope ties of Metals, North Amerill:an A,.iation report NM-!X\·'15 Jan. 8. 1951)
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Analysis of the lithium from a capsule irradiated at 625°C gave
the following values:

5 3%

3 2%

Fe

Mn
0.008%

None

I t should be rioted tha t solution of the li thium charge in the
capsule was carried ou~ by immersing the entire capsule in hot
alcohol and required ~ period of three days. Although this
treatment was carried out in an argon~filled glove box, the
atmosphere was not completely inert, and the nitrogen and oxygen
might have been introduced during this process rather than be
fore or during irradiation. The significance of the iro~ found
is also uncertain since it represents only 0.0001 g in the
lithium charge and might have flaked off the outside of the
capsule during immersion in the alcohol, or this ~uch :iron may
have been present in the lithium ch~rge before it was inserted
in the capsule. This possibility will be investigated by anal
ysis of the batch of lithium from which the charge came.

3. Radioactivi y of capsu e face and of alcohol-insoluble residue
from lithium charge. A Tracerlab model SU-1A instrument was
used to determine the radioactivity of the capsule face, and
90 mr/hr of ~-y activity was found 29 days after ir~~diation;

the activity of the alcohol· insoluble residue was not appreci
ably more than background after the same period.

4.. X-ray-diffraction measurement. The following values of the
lattice parameter were found;

Before irradiation

After irradiation

2,8605 K~X units

2,8605 K~X units

Line width of the (211) line with Cr Kat radiation~

Before irradiation, half-width

After irradiation, irradiated zone

After irradiation, unirradiated zone
I

The specimen disk was seen to be bent slightly when it was re
moved from the capsule. The curvature required to broaden the
half-width of the line from 0.3 to 0.5 0 was calculated to be
0,0016 in. in 1 in. It was felt that the specimen was deformed
to this extent and that this was responsible for the line
broadening. The even greater broadening in the unirradiated
zone where deformation was more severe supports this conclusion.

66



•

5•. Photomicrographs of the inner surfade of the specimen disk. The
following illustrations show the results of the irradiation:
Fig. 5.4, unirradiated zone, before irradiation, after being an
nealed and nital-etched for 2 sec; Fig. 5.5, zone to be irradi
ated, before irradiation, after being annealed and nital-etched
for 2 sec; Fig. 5.6, unirradiated zone, after irradiation, no
additional etching or hardness denting done after bombardment;
Fig. s...~, irra'diat·ed ,zone after irradiation, no additional etch
ing or harness denting. done after bombardment.

The only result of the bombardment of iron and lithium at 625°C observed

so far is an increase in grain size of the iron in the irradiated areao There

cannot have been much iron dissolved by the lithium, as indicated by chemical

analysis, by the lack of radioactivity in the residue aft~r solution of the

lithium and by the sharpness of the original hardness dents in the post

irradiation photomicrographs.

An attempt was made to irradiate a capsule at 910°C after the substitution
J

In the heater of a winding of tantalum wIre of larger diameter and closer,
spacing to improve the performance of the heaters. For the fir&t 2 hr of this

irradiation the' temperature at the irradiated zone of the face was 906°C,

varying +6 and -36°~ momentarily but diopping to about 840°C when the beam w~s

off for an extended period. The rear of the bombarded chamber ran at 950 0 C

varying +6 and -40°C during this time. At the end of 2 hr the thermocouple on

the face of the capsule pulled lo~s.e, and the power to the :heater was controlled

by the temperature at the rear of the chamber. The controller was adjusted to

make this temperature 910°C to prevent melting .of the thin capsule face in the

event of a sudden large increase. in ~yclotron beam. Under these conditions

the temperature of the 'irradiated zone was 850 to 900°C. At the end of 7 hr

of bombardment, when the capsule had received 13.6 ~a-hr of alpha particles.

,the heater failed, rupturing the safety window in the front plate of the target

box to stop the run. When the target box was disassembled the face of th~

capsule was found to have a small leak, probably where the thermocouple was

spot-.welded, and it is uncertain whether this capsule can provide useful data,

A third irradiation was carried out at 700°C, but the beam intensity of

the cyclotron was abnormally low. After 20 hr of bombardment the specimen had

received only 3.8 ~a-hr, too small an exposure to compare with a reasonable

period in a reactor.
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ZONE TO BE IRRADIATED:
BEFORE IRRADIATION, IDENTICAL TREATMENT
AS UNIRRADIATED ZONE AT LEFT.

GLOBEI RON MAG. 250 X

UNIRRADIATED ZONE: BEFORE I RRADIATION, ANNEALED
20 MINUTES AT 870·C NITAL
ETCH BEFORE DENTING FOR
HARDNESS

GLOBEIRON

UNCLASSIAED
Y-4118

MAG.250 X

r'0. 5. ~ NOTE: MAGNrHCATIONS GIVEN ARE TNOSE
AT WHICH PHOTOGRAPHS WERE TAlEN.
REDUCED APPROXIMATELY ONE-HAlF
IN REPRODUCTION.

F, O. 5.5

GLOBEIRON MAG.150 X

UNIRRADIATED ZONE: AFTER IRRADIATION, ORIGINAL
HARDNESS DENT, NO ETCH.

r, O. 5.6
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GLOBEIRON MAG. 150 X

IRRADIATED ZONE: AFTER IRRADIATION, ORIGINAL DENTS,
NO ETCH.
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In order to conduct a bombardment at the conditions of interest for re~

actor de~ign, both the heater and capsule are being redesigned to permit

operation 1n a target box dev~loped by the North American Aviation group at

Berk~ley. This box has given satisfactory operation with both metal and

graphite samples at temperatures above 900 DC. Figures 5.8 and 5.9 show these

new ~apsules, exploded and assembled"

LIQUIDolETAL LOOPS

C. D. Baum~nn R. M. Carroll
. O. Sisman

Liq~id metals are being considered as coolant and heat~transfer media for

power reactors. Because little is known concerning the behavior of liquid

metals at high temperatures under radiation,. several problems of practical.
interest arise. Among these are the activity of the liquid~metal stream when

outside the reactor, the radiation and corrosion damage to the container wall

material, and the radiation effects ~n the liquid metal itself" In order to

find ~nswers t~ so,e of these proble~s, a loop for circulating liquid metals

at ele"vated temperatures through the X-·IO pile has been designed,. built, and

bench-tested an~ is currenLly being made ready for installation in the pile

early in July.

The first loop will be run with lithium at 1000°F. It was designed

primarily for the study pf Bremsstr~hlung actiyity and activity introduced

into the liquid metal by corrosion and recoil atoms from the container tube.

The loop was designed so that it could be used as the basis for development of

other high-temperature liquid~metal in-pile experiments, such as creep and
I

stress~corrosion studies.

In the development of the loop it was decided to use electromagnetic

pumps and flowmeters since, having no moving parts, they eliminate packing,

seal, and bearing problems. However, it was questionable whether an electro~

magnetic pump would pump liquid lithium (the first coolant to be tested) at

high temperatures. The output o~ an electromagnetic pump depends upon the

resistivity of the fluid being pumped. The meager data available on the

resistivity of lithium at high t~mperatuT.es indicate that the resistivity 1n~

creases markedly with temperature and, in fact, could be so high that the pump

would be inoperative or would lack the desired capacity.
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A P otot pe te t 1000 (FIg. 5 10) for the c lib tion of an elect o

m gnetic flowmeter nd e a uation of electromagnetic pump pe f mance .ith

Ilthium at 000 F wa built; It consl3~ed of a metal load tank 1 whi~h

deg ea3ed lithi m w s melted and fOl~ered before be"ng Introd ~ed t the

sy tern, a catch tank a c mblnati n s ge and rneas Ing tank 3e~e a1 flow

meterng sta ions f diffe ent SIZe" and COnflg atlo s th p mp ce a d p

tank and S OCI ted tubing. all made of 316 stainles:? eel The t' _em a'

operated ~ tarying per od ft f t'me at elevated es a.d f l' one

contin 0 - peri d 0 170 hr a~ 1000 F Both p rnp an er w pe fou d

·ery.s~~ sfacJ y f he d Ired ppl'~ t1 n The v=lociJi -ied appr x

m tely linea ly w1~h the aPP'1ed pump oltage The emf genera d by he

flowme e Oed dl tlya" e Jeloci_y w elatl' e ndepende f

tempe atu e was g eate for small tube th n f r la't'ge be at -on" a ~

m 35 flow, nd as ve y en it1ve 'LO fa 1st10n n flow AfA'r. J e 0 p was

di mantI d the e we e o.i ible sign of co 0310n A Slm la sy-tern w

b' •• for te~ting W1 h sodl m.

U 1ng Lhe re ult of the test 10 p th de 19n of he in pI ~ P a

c mpleted nd the loop as nstr ted. 1 aded, and ~es:ed WIth l:h m

~OOO F. The ppara~u F g. 5.II} onsiftts of an exte nail op f

ft long, an intern lip app oxima~el 8% f long and a-~emb I

pprox1ma~ely 20 f loog The external loop ~ SIS 3 0 melt ~ 10 d t k

rem ved £ om the sys em afte loading was ac~omp11 hed), s ge tank a d p

ta k f colle ting -he 1Iq ld metal at the end f he n, a e~e t om gnetl

flowmete, n ele~t om gne 1_ pump, nd ass9cia'ed ub) g /16 In ~ d, and

3/16' n, ".d., 3 3 n_e"3 eel). All p rt- t'e hea",ed W1 h '::8 rod ;ub "a

heater and 1ns lated with 2 I. f magne a,

The i ternalloop (3/8 In. o.d. and 1/4, ;J.n. 1 d • 316 ~~a.lnle s :ee~

Yubing. 18% ft I ng) 1 heated with cal od t bula hea- a.d ~ 1"0 oded hi
sta1nle3~ steel rad1~ i n hields and mica insulatl~n The i~~e aa 0 p

P ~1 ioned inside a 2-in. pipe mounted in the ja ket.a emb.{ The ~ eke.

a~3emb~y 1 water-c ~led 3~- n,-square alum"Duro b ~ en _0. fig e 2~ ~

p'pe which co alns the Inner loop. Diatomaceou ear~h 3 packed n he 3pa e

between ~he pIpe a d t e jacket wall as a h at i sulaeor

'.
Durin~ e t op ration f the loop it wa found t

the system i- s ch t t once the y tern was u t

~he heat inpu~ ~o he ex erna loop could be dl~c
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of the internal loop still m 1n~ained at lOOO°F with very little additional

heat input" The reverse situation also exi.st~, i"e , the internal loop e

maln;;; at approximately.. 750 F with no heat 1nput while the exte>:nal loop 13

mainta"ned a~ OOO°F. Although the conditions of the te t wee no the arne

aJ w: be me~ in the pile, re~ult indicate ha_ it should be pos~ible .

,-on1tlnue operatio.ns in the pile 1n the event of failur.e of either the ex:terna_

'0 ,he In ernal loop heaters, In fact, ambient eondltions with the pdf: a e

m e fa 0 abo e than the test condition because the g aphi e tempe stu e is

h~gher than n rm 1 air temperat es.

The des ·.red liquid .. li hium velocity :Jf 3 ft/sec through Lhe exte n 1 loop

a 'btain d at appro im tely one, ixteen'h maXImum pump powe'

PHYSICAL PROPERTIES OF PLASTICS

O. Si3man
R, L, T ns

C D. B pp
W K. Ki1l"kl nd

•

Plastics. The physical p oper lea f pile-i radiated p stic a e de

s(. ibed 1 ORNL·· 28~ 2) Equl.prnen· i he1ng built for simi a tud1e~ with

l~ght p rticle (bet nd gamma). Studie n a.e being ini iated to dete m:ne

~he ef eet of the presence of oxygen on the r diation damage to plast1c3 and

to dete rni e the ef ect f g g subsequent ir adiati n. It is planned

a s ~o 1r di te me m te 1al :0 ~admium,_hielded c nt lners t determ"n

e damage c ntrib ted by the mal neut ons and to determ'ne he effect f 1r·

a iat 0 r te by subje~ti g s me m te i Is to hig e fl x LITR, r Han 0

rena k River re ct ).

Elastomers. W rk n di i n damage to el ·t me s ha' j t been beg n.

Ve y p eli ina y res Its are give in Table~ 5.2 t 5.11. Th d t P es ted

e fo pil.-irr diat e. t mer of 'the compositi n shown in Table 5.1

Meas rements . the ph ~c 1 p pert'es were made by ta dard ASTM meth d

A mod: ado of the ASTM te sil t.est 0 412 49 T(3) was empoyed.. Ie

t n Ie tr ng'th is che breaking .10 d d vided by he or"ginal er ss .. sectio a1

area. The percent .et t break i the percentage increase in the di ·.ance

between gage mark measu ed by piecing together the halves of the b okeD

specimen. The percent elongation is the percentage i crease in the dlstance

between gage marks that oecu s before the specimen breaks .

(2) O. Sisman and C D. Bopp. Physical Prope ties of I .adiated P asti~s, ORNL 928 (June 29 1951)

'3) 1949 Book of A,S.T.M. Standards Part 6, Electr'cal Insu!atlon Plasti s Rubbe, p. 881, Americ~,

Society for Test1ng Materia~s. Philadelphia 1950.
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TABLE 3,1

Composition of Elastomers

CCMPQSITIQIl \?a~e~ hi we_Lghl;)

NA1WAL HYC\R SILASTIC HYCAR
MATERIAL RUBBER ORalS GRalSO TriIOKOL Sf 71170· GR·SSO NEOPRENE W PA-21

_. . .-

Base rubber 100 0 100 0 100 0 100 0 :it 100-0 100 0 100 0

Zl.nc oxide 5 0 5 0 5,0 0,5 x 5 0 5 0

SRF black 70 0 55 0 75 0 60 0 x '10 0 45 0

Stearl.C acid 1 0 2 0 3 0 x o 5 1 0

SuI fur 3 0 1 5 1 5 1. 75 o 5

Captax o 6 o 5

Altax 1 0

Tetramethxl thiuram
disul fi e 1 0

Phenyl-~-napthy]amine 1.0 2 0

p-Qul.none dioxime 1 5 x

Ca-10 2.0 x

Magnesium oxide 20

HMF (Phil black 0) 40.0

Trimene base 3.0

Permalux 0,,5

Santocure 1.5

$Exact composition not yet known.



TABLE 5.2

Tensile strength of Elastomers After Radiation Exposure

900

1200

600

400

200

iOO

1300

TENSILE STRENG'rn (pai)

0 4 o a n'!'~ 0.59 )( 10
MA: AL NO EXPOSURE EXPOSURE EXPOSURE

N - - ' Jl' bber 270 2000 300" "

H"I ~a;r OR~ 5 20 0 2 00 2'{OO

GR~ 50 00 e Ir. y

70 100 800

Neo';) e 'W 2800 00 140

H' 1800 1200 700

00 600 30

.:.~, .. (~ 7 400 300 2 0

•

TABtE 503

set ,at Break of Elastomers After Radiation Exposure

o
o
o
o
o

o
o

1. OS )I 10' 8 n t

EXPOSURE

SET AT BREAK

0.24 '8_0 ... ~
NO EXPOSURE EXP ,'E

N.'c' 3, .,2

He , flo 5 " 0

GR~S 0 5 Beca.Jll<!l mill'

~ SO 5 I, 0

N 6 0 2

10 0 ()

T ST 2 .5

S "
~ll '/011 0 0 0--<

7'7
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TABLE 3,4

Elongation of Elastomers After Radiation Exposure

, ELQNGATIOO (%)

0,24 x 10 18 n'(t 0 59 x 10 18 n .. t L05 x 10 18 nvt

MATERIAL NO EXPOSURE EXPOSURE EXPOSURE EXPOSURE

N.,;::...··.l ubber 450 240 20 30

HY"'Air OR. 5 250 100 40 3

850 30 Became g'mmj

GR 550 270, 90 30 20

~~ pV'12 Ii"" • W 450 55 20 3

ft-!::: P 21 3150 100 40 30

T A k~, ST 160 115 70 65

lL~ , '{,170 00 12 9 '(

TABLE 5.5

Compression Set of Elastomers After Radiation Exposure

-
COMPRESSIa~ SET (%)

0.24 x 10 18 vt 0,59 x 0 18 nvt ::',05 ¥ 10',8 n''f''.

MATERIAL NO EXPOSURE EXPOSURE EXPOSURE EXPOSURE _.

N . . !mbbe 1.6 1,5 5.0 2.1.
H', _lZlt R-15 9. .6 1.0 2.5

GR 5')0 6.5 Became lIIDIy

GR~S50 .0 1.6 1,2 0.8

N '~plt'"' \!'. W 8.9
r

2.4 2.4 1.7

H - ",.'~ p ~ 1 4.9 I 2.9 2.0 L

Tlnoko! ST I 9.0 50.0 68.0 76.0

: .a; - 'l~nO

I
1.4 I 0.02 0.2 1.2

I
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TABLE 5.6

Specific·Gravity of Elastomers After Radiation Exposure

SPECIFIC GRAVITI, 2So /4"C

0.24 x 10 i8 nvt I 0.59 )( 10' 8 nvt 1.05 0\8 nvt.
MATERIAL NO EXPOSURE EXPOSURE EXPOSURE EXP<EURE

Nat rra' ubbe!!' 1.186 l. 187 1 192 1 94

Hyear OR 15 1. 229 1 239 1 258 1.278

GR·g'·O 195 Beo::ame gummJ

GRS50 0 1 215 122 1 230

N_cp'!'ene W 1 418 1. 424 1,444 1 .456

Hyc 't' PA·2 .268. 1 270 1 271 1 2H

Thiokc" ST .451 1.451 446 1 340

S1 .. a tllC 7- 170 1 43 1 387 1 399 .. 422

TABLE 5;7

Change in Weight of Elastomers After Radiation Exposure

CHANGE IN WEIGHT (%)

0 24 x 10 18 nvt 0 ') v 10' 8 n7 .05 v 10: 8 nyt

MAn:m:Al NO EXPOSURE EXPOSURE EXPOSURE EXPOSURE

Nat Jra1 !i" bbe'f' ~0.03 ·,0 05

Hi~ It OR,lS ~O.Ol o. 5

GR~SSO Be:::.ame g'.JJllll"

GRoSSO +0.01 +0.01

Ne p ene W +0.23 +0.16

Hyc ll" PA e 2 ~0.1'7 . ~0.40

Thioko ST ~O.O8 .. 0.14

SJi. ashe 7~ 170 ·~0.06 ~0,19

7 9



TABLE 5,8

Shore Durometer Hardness of·Elastomers After·Radiation Exposure
,

SHORE DUR<J.1ETER HARIX'iESS

0.24 x 10 18 nvt O. S9 x 10 i8 n'lt 1 05 x 0'8 n'vt

MATERIAL NO EXPOSURE EXPOSURE EXPOSURE EXPOSURE

Natura ;r;:;;h be K' 61 72 7 86

Hycn OR. 5 "l4 88 100 00

GR-·S50 67 Became gummy

GR~S50 69 86 91 95

Noeo I!'ene W 79 89 9 00

Ryear PA-21 62 72 81 85

Th:i.ok 1 ST '74 '(6 70 70

S.: as i~ 7 10 59 91 9. 99

TABLE 5.9

Shore Elasticity of Elastomers After Radiation Exposure

SHORE EL4ST C!TY

0.24 x 0 18 n'.yt 0.5 10 '8 ll ... t 1.05 't 10 18 nvt

MATERJrAL NO EXP SJRE EXPOSURE EXPOSURE EXPOSURE

Natur ~. "1 bek 10 0 50 2S

Hr{:~I' OR-l 75 70 T l') n.8:;-d i'il)JI' '~est.

GR·-S 0 8 Became gummy

GR~S50 100 65 37 25

Neopre e W 82 45 Too hall"d f r:' tes"

Ryca .> PA·,21 .0 70 3 25

Thio " ST 30 30 30 30

20 10 0 0
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TABLE 5.10

,Volume Resistivity of Elastomers After Radiation Exposure

NO EXPOSUREMATERIAL

1------,..----'V_O;...L_UME RES:[STIVrIY· ( hm·.cm)

0.24 x 0 18 n t 0.59 x lOiS
EXPOSURE EXPOSURE EXPOSURE

1 1( 10 9

2 " 0
8

'3 )( 10 9

0 6

> 0 ',4

3 't 10"

6 x 10 9

13x

Became gu y

6 :~ 10' 3

3 'i 10 8

6 '( 0 10

2 x 0 1

2

3 x 03

6 0,3

"x 0 '

y. 10'0

10 i

'4>.,0

Hyu PA."

11110 0 .. ST

Natulra bb"'lt"

TABLE 5.11

·Dielectric Strength of Elastomers After Radiation Ex~sure

or ELEClRliC STIlENG'nI (7oh /md)

0.24 0'·8 nTt .59 ol8 a'i .05 y 0'8 ayt

M-4.TERIIAJL NO EXPOSURE EXPOSURE EXPOSURE EXPOSURE
~

NUll;. 1l'8. 'l1bb;()~' 70 190 10 120

Hyea OR 5 190 200 24 300

GR~S50 80 Became gummy

GR-S.O 160 300 330 320

Neoprene W 290 320 2 0 ...60

HycO! PA·21 90 90 9 90

TIl1oko ST 10 105 O~ 105

SlJastic 7,·170 ' 380 >380 >380 380
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The compression set test used is described 1n reference 30 It was

designed to measu e the abil1ty of rubber compounds to retain elastic proper

ties during prolonged action of compressive stress. The percent compression

set is the percenLage de~rea e in thickness of a test specimen measured after

removal from a loading device in which he speC1men has been subjected for 22

hr to compressive deformat10n under 400 psi at 70 u C.

The elastome~s ested are ~ompounded for gasketing material rather than

fo.- ele~: 1'.:-a1· ulation. The dielectric strength (ASTM D 149--44(4») and

volume resistivi (ASTM D 251-49 T(S~were measured, however, S1nce materials

compounded fo elect i.al in-ulation will probably change under irradia:ion in

the same way as g keting mate ials.

Durome'Ler hardness ASTM D 6'76~49 T 6»)was determined with a Shore durom

ete,". A spring ~n he d meter forces a pressure foot to indent the rubber,

and the amourrt f inden~dt~o 1S indicated by a pointer. The Shore elasti~i:y

is obtained w th 3D her in t ument which pushes a needle into the rubber.

The needle isele ed a d the amount it is forced back by che spring of the

r.ubber is :lndi ated n che "cale of the ins trumen t 0

PILEoINDUCED RADIATION

Co D. Bopp
O. 5i -man

W. K. Kirkland
R. L. Town

The de~ £ Ge °er I cone etes and of several teels and other metals

af:er ..,ix month of i r di tion 1n the ORNL reactor has been re.;orded for 180

to 360 hr. The e m9te ials a e pa t ofa list of ma·erials of construction on

which 1ndu ed aetiv1t 1~ being determined so ~hat the radiat~on 1ntensity to

be en_ unte ed hen eq Ipment·i removed from the p11e for ~epairs 0: for

other ~ea n may be predicted more accurately, The dar-a ha'le no yet been

analyzed, bu'!:. the gamma decay eu yes are presented in Figs. 5012 to 5019.

These eu ve~ were ~aken on ~ery thin specimens with an ionization chamber

which was -calibrated w·th Co 60 . standards (1.2-·Mev gamma r.ays).

Absorption curves re being determined for ~he arne materIals, but the

data are not complete and are nQt presented at this time.

Long-time decay data will be presented as soon as they are accumulated.

(4) Ibid., p. 411.

(5) Ibtd., p. 390.

(6) Ibid., p. 1039
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RADIATION·EFFECTS ON KOVAR

·L Co Templeton

Six specimens, 0.15 by 0.15 by 3 in., were cut from each of two p1e es of

Kovar stock, Nos. 6166 and 6167. An analysis of the stock is found in Table

5.10. The 12 specimens were annealed in vacuum for I hI' at BOODC and furnace

cooled. Three specimens from each stock were then quenched from room tempera··

ture for 10 min in liquid ni~rogen.

Examination by X··ray diffraction showed that the crystal structure of the

annealed-only specimens was largely face~centered-cubic, and that the structure

of the quenched specimens was chiefly body-centered-cubic. The quenched

·specimens from stock 616l contained more of the body~centered-cubic phase than

the quenched specimens from sto~k 6166 The annealed-only speC1mens were

annealed in vacuum ·for 1 hr at a higher temperature (900 C) and,furnace

cooled. It was then found that the structure of the annealed--only speC1mena

was completely face-cenwered-cubic The quenched s~ecimens received no fur~her

hea t trea tmen to

Length,specific volume, hardness, and electrical conductivity were

measured before the second anneal and after irradiation. The aYerage~epro

ducibility (average range of r.epeated measurements) of the measurements waB as

follows: length, ·0. 02%~ .specific volume, 0.05%; hardnes3, 1 Roekwell B

number; electrical ndu'Utivi y, 0 .. 2%.

·The postirradiation measurements for both exposure groups were made at

about the same time.. Conductivity of three of the four control specimens had

increased appreciably sine the original measurements were made, and hardness

had increased a small amount. Ha dness and conductivity data were eorrected

to elimin~te the effec of simil~ changes in the irradiated specimens. The

curves were plotted from co ected data. Points were connected with s~raigh~

lines because there were not enough to establish a smooth curve.

Length was measured with an apparatus equipped with a dial gage marked

with O.OOOl-in .. graduations, The increase in length, if any, was of the order

of magnitude of the accuracy of measurement, ,·0.3 mil or better.. The data are

given in Table 5.12.

'Thechanges 1n density reported in ORNL-I025, p. 50, were based on

measurements made before the specimens were etched to remove corrOS10n prod

ucts. After a 2-min etching with a solution of 5 g of ferric chloride, 50 ml
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TABLE 5.12

Analysis of Kovar stock·

AMOUNT OF ELEMENT PRESENT (%)

STOCK NO. F,,,, Ni. Co Mn Si C

.
6166. 53.60 26.70 19.06 0.36 0.10 0.02

5 6'( 54.37 26.21 18;80 0.32 0.06 0.03

('K"v ~ I)ck d. 6i~ Y .. 3 9U ppHed by West:l.nghouse Co.

TABLE 5.13

Classification of Kovar 'Specimens

SPECIMEN NO. ST{)(]{ NO. CONTROL SPECIMEN HEAT lREATMENT

6,,2, 603 6 66 6-1 Annealed only

6~5, 6.,6 6 66 6-4 Annea: ed, quen ... hed

'{02, '103- 6167 7 0 1 Annealed on y..
7 . , 7·6 6161 '{- 4 Annealed, que!lt:hed
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of concentrated hydrochloric acid. and 100 ml of distilled water, density was

agaIn measured~ The densities, converted to specific volume, are given In

Table 5.13 and Fig" 5"20. Specimens which had the longer exposure seemed to

have corroded more"

Specific volume was calculated from speCImen weights In aIr and in carbon

tetrachloride. An 'analytical balance which had been adapted for remote

operation was used for weighing. The change gIven for specimen 7-2 is partie·.

ularly inconsistent with values obtained for other speCImens. However, both

~he initial and final (after irradiation) meas~rements were 'erified. The

values of percent change in specific volume are of doubtful significance for

the following reasons: (1) length measuremen ,s, which were more accuFate,

showed tha~ there were no s'gnificant changes In that direction, (2) scatter

in Ehe data was large compared to the magni~ude of the changes, and (3) an

increa3e of 1°C in the temperature of the carbon tetrachloride, caused by

heat p odu~ed by the radioactivity of the specimen while immersed, would cause

an apparent increase of approximately 0.1% in the spe ifie volume of the

specimen.

Hardness was measured on a Rockwell te ter. The B scale, 1/16~ino ball

and 100~kg load, was used" Tests were made at three points along the length

of the specimens Annealed·,only specimens slowly increased in hardness

approximately 5 numbers during an integrated flux of 3,04 x 10 20 nvto The

quenched speCImens initially increased in hardness,much faster, 8 numbers

during an integrated f ux of 7.65 x 0 19 nvt, than the annedled~only speCImens.
~

However, the quenched apecimens reached a maX1mum hardness, after whi~h

continued irradiation resulted in a decrease. Since there were only two Ir,·

~adiaLion periods, it is not possible t determine the Integrated flux at

,which maximum hardne~s o~curred" The data are p esented in Table 5.14 and In

Fig~. 5.21 and 5.22.

Electrical conductivity was calculated from potential measurements made

across the specimens and across a O.I~ohm standard resistor, through which 2

amp of current was passed. A potentiometer and galvanometer were used for

measuring potential by the null-current method, During the shorter irradiation

period the conductivity of the quenched specimens increased approximately 11%,

more than twice as much as that of the annealed-only specimenso In the

quenched specimens conductivity also reached a maximum, followed by a decrease.
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TABLE 5,14

Length of Kovar Specimens

LENGTH

SPECIMEN HEAT lREA'IMENT
RIDIATION DOSAGE

I" .,., ,

BEFORE'RRADIATION AFTER IRRADIATICN
'8.) 1n.)

INCREASE
(%)

",:1; o. 0005 3,0008 0.01

'1 6" v O"g 2.998 2.9988 0.02

3 4 ~a2 2 .95 2 9953 ..0.01

'!l . 2 99 5 2 998'( 0.01

{ 6 'l( 0'9 9 8 3.0004 0.06

2 9 14 2 9984 003

. "o~ 3 0~39 3 0:'42 0.01

( 65 o 9 '1.0.3 3 0180 0 .. 16

3 0 36 0.0

04 OlO 3 0 OJ. 30' 14 o 04

C 0..1. '[ '3 0. 9 o 0

1 0 20 OZ'f .0.02

J 3 15 3 0 8 0,,01

6.. 1 Annea~ ed <l.. y

6~2 Annea3ed an y

6-3 A-:mea:"d J:l y

6~4 A..mea)ed and

6,,5
I Al:.,e!L e -d

6.. 6 [ An::1e jed d

'7·1 Arme:l.ed -1/

7-,2

7"3 Anne ed _ j

'[- 4 AnI:e'L ed .. d

7-5

7,,6

·Afte~ r ovi.g £ ~ek~ e
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·The symmetry between the curves for hardness and conductivity suggests the

possibility of a relation between the mechanisms which caus~d the observed

changes, The data are given in Tables5.15, 5.16, 5.17 and Figs. 5.22

and 5.23 ..

TABLE ~.15

Specific Volume of Kovar

-- SPECIFIC VCLUME

RADIATION DOSAGE BEFOOE IRRADIATION AFTER IRRADIATION INCREASE
SPECIMm HEAT 'IllEATMENT (nvt) (eel g) (cc/g) ( ,,)

6~1 Anneale d only Control 122.77 x 10. 3

6-2 Annealed only 7.65 x 10 19 122.56 122.62 x 10. 3 0.05

6.. 3 Annealed anI y 3.04 x 10 20 122.60 122.80 0.16

6·4 Annealed and quenched Control 122.69 122.72 Q.03

6~5 Anneal ed and quenched 7.65 x 10 19 122.84 122.87 0,'02

6,,6 Anneal ed an d quenched 3.04 x 10 20 122.72 122 81 0.. 07

7 1 Annealed onJ y Control 122.65 122.70 0.04

7.. 2 Annealed onJy ".65 x 10 19 122.62 122.97 0.28

7~3 Annealed only 3.04 x 10 20 122.69 122.84 .0.12

7~4 Annealed and quenched Control 122.94 122.95 0.00

'1·5 Anneal ed and quenched 7.65 x 10 19 122.95 123.04 0.07

7,,6 Anneal ed and quenched 3 04 x 10 20 122.89 . 123.21 o 26
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TABLE ~.16

Hardness of Kovar

HARIX'iESS lRoch-el J B)
RADIATION DOSAGE BEFOOE . AITER IRRADIATIOO" INCREASE

SPECIMEN HEAT TREATMENT (u,;,t) . IRRADIATION MEASURED CORRECTED<' MEASURED CORRECTED

6~ 1 Annealed' only Contlro] 84,2 84.9 84,2 0.7 0.0

6-2 Anneaitld only 7.65 x 10'9 84. "7 85,9 85.2 1.2 0.5

6-3 Annealed oaly 3.04 x 10 20 83.3 90,1 89.4 6,8 6,1

6-4 Annealed and quen~hed Control 92,8 93.9 92.8: 1.1 ,0..0
..... I

6-5 Annealed and quenched 7.65 x 10'9 91,9 100.8 99. '1 8.9 7.8

6~6 Annealed and quenched 3.04 x 10 20 92.4 100.4 99.3 8.0 6.9

7-1.. Annealed only Cont.rol 87.0 8'1.9 87.0 0.9 0.0..

7-2 Annealed only . 7.65 x 10 i9 8'7.3 89.2 88.3 1.9 1.0

7-3 Annealed only 3:04 x 10 20 84. ? 89.1 88.2 4.4 3.5

7-4 Annealed and quenched Can trol 99.0 100.1 99.0 1.1 0.0

7- 5 Annealed and quenched 7.65 x 10!9 99.4 109.4 107.7 10.0 8.3

7-6 Annealed and quen~hed 3,04 x 10 20 99.4 104.1 102.4 4.7 3.0,
*MeasUred hardness minus the change in hardness of the control specimen.
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TABLE lL 17

Electrical Conductivity of Kovar at 20"C

I-'
o
I-'

- .

CONDUCTIVITY (ohm' 1 cm' 1) ~ ..,

BEFORE AFTER IRRADIATION CONDUCTI VITY
RADIATION DOSAGE IRRADIATION, MEASURED, CORRECTEq" INCREASE (%)

SPECIMm ' HEAT TREAntENT {n 'Yi;; J (uB ; (Uo4) tUC) MEASURED '&lRRECTED

6~ 1 Annealed only Control 21 'll l( 10 3 21 n y 10 3 21 71 x 10 3 o 0 o 0

6"2 Annealed only '7 65 l( 10 19 21.66 22 '70 22. '70 3 8 3,8

6~ 3 Annealed only 3,04 )( 10 20 21. '(9 23 60 23 60 8"3 8 3

6-4 ~nnealed and quenched Control 31.46 31 88 31 46 13 0.0

6- 5 Annealed and quenched 7.65 x 10 19 31 09 34 58 34 08 11. 2 9 9

6-6 Annealed and quenched 3.04 x 10 20 31-65 35,03 34.52 10 7 9.3

7-1 Annealed only Control 23 46 24.37 23.46 39 0.0

7 .. 2 Annealed only 7.65 x 10 19 23.03 25. 14 24.1'l 9.2 5.3

7-3 Annealed only 3.04 x 10 20 22 21 24 39 23.44 9.8 5.9

7··4 Annealed and quenched Control 39.29 40.13 39.29 2.1 o 0

7-5 Annea}e~ and quenched 7.65 x 10 19
39·11 44.62 43.59 14.1 12.0

7-6 Annealed and quenched 3.04 x 10 20 39.05 42.88 41.93 9.8 7,7

UB x P

'Uc =uA - 100'
where P is the percent change of the control specimen.
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.THERMAL CONDUCTIVITY ,OF URANIUM~BEARING·MATERIALS·

R. G. Berggren R. M. Carroll
W. ·Primak, Consultant, Argonne National Laboratory

I I' I' a d i a t i on S 0 f Be U and Z I'U a 11 0 y s I'e port e d pre v i 0 us 1y 7) h a v e ' be e n

continued through.the'pre;~nt quarter. No significant changes in thermal

conductivity were observed. A Zr--6 wt % U alloy. sample of the dimensions

shown in Fig, 5,24 has been received and is being mounted in the longitudinal

thermal-conductivity apparatus previously illustrated'8) for irradiation in an

X reacto fuel channel.

The second device suggested previously(9) for determining the rate of

fission heating in the X reactor was developed and inserted into the reactDr.

The difference ,in temperature between a fission heater suspended in air and

the walls of the chamber is measured. An electrical heater incorporated with

the fission heater. permits calibration. The device is found to be very stable"

It responds fai ly ~apidly, having a relaxation time of 2 to 3 min, which is a

sufficiently rap1d response for detection of slight movements in the control

rods. The general features of construction are shown in Fig. ,5.,25. ·The

,device has shown that,the fission heating is not proportional ·to the pile

power. as ~ecorded by the pile operator. It,now seems that this is fundamental,

S1nce the pile operator measures a ~omewhat ·different quantity, makes the.
measurement in a different part of the reactor, and then controls this quantity

by alte Ing the flux pattern as well as the flux. Hence any data depending on

fission heating when reduced to standard pile power are irregular. These

devices for measuring the fission heating rate have been inserted with a

number of thermal conductivity samples. Even when the thermal conductivity

data are reduced to the readings of the device there still remain irregulari

ties in the data which may be due in part to the flux pa~tern shifting across

the space separating·the device and the thermal conductivity torpedo, the

limits of precision of the instruments, and spurious emf's" It is believed,

however, that long··term data given in terms of the calibrated fission-heating

rate meter are much more reliable than the data reported heretofore"

(7) Physics of Soli.ds Insti.tute Qua:terl~ ~r?gress Report for Period Ending Janua.ry 3t, .t951., p, 49,
~1025 (July 17, 1951); Phystcs D vtston Quarterly Progress Report for Pe lod End.ng Septe.ber
20, 1950, ORNL~864. pp. 11 and 14 (Jan 8, 1951).

(8) ORNL-864, op. cit., p. 11.

(9) Ibid, p" 14.
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A uranyl nitrate hexahydrate--impregnated carbon(10) sample and a

similarly impregnated graphite sample have been irradiated during this quarter,

The carbon sample showed, as expected, ,a lower rate of change of thermal

conductivity than the graphite previously irradiated, The results are shown

in Fig, 5,26, The impregnated graphite sample was irradiated in the low

temperature radial-conductivity apparatus, It did not reproduce the results

reported for a pre~ious sample,(11) In two and a half months the conductivity

has decreased by a factor of only 3-1/3, and the center temperature, originally

2 15 0 C, rea c he d 31 SoC" Th erea son for t his mar ked differe n c e i n be ha vi 0 r i s

unexplained,

Two Zr--3 wt % U alloy samples have been mounted 1n a slug for insertion

into a fuel channel and an HEW reactor,

DEAD·WEIGHTCREEp·

W, E" Brundage A" S, Olson
W, Primak, Consultant, Argonne National Laboratory

Following news of excessive heating in a NEPA creep apparatus inserted in

the HEW reactor, calculations were made of gamma heating to be expected in the

apparatus developed here(12) for measur1ng creep of zirconium using a dead

weight load, It became clear that the gamma heating would not upset tempera

ture control 1n the torpedo shown in Fig" 5~27, but it would seriously affect

the temperature distribution, making the temperature different in the operat

ing and shutdown re~ctor and thus invalidating the experiment, For the HEW

experiment it would be necessary to redesign the torpedo, placing the LVDT and

the yoke outside the furnace holding the specimen. However, since several

torpedoes were available, it was decided to use them for bench tests,

The LVDT instrumentation previously developed(13) was found to be 1n

adequate and was rebuilt.··

During this period five bench tests were set up using compo~ents de

scribed previously, The performance of the various components was as follows:

(10) An extensive progress report covering the past two and one··half years of work will be issued
shortl y.

(11) This work was previously reported in Progress Reports of the ORNL Physics Division.
(12) Argonne National Laboratory report ANL-4613.

*Sponsored by Argonne National Laboratory.
(13) ORNL»864, p. 16.

**We are indebted to W. E. Johnson (WAPD) and J. C. Wilson (ORNL) for several suggestions which
were incorp~rated in the instrumentation,
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3. Ex

p ope I y ,

a tel' thi

1. Tempera u-e on~ o. Although mu h better results had been achieved

during short runs, it was not found possible to control the temperature at the

surface of the speCImen In the creep torpedo to bette than % C over long

periods of time Thio is no be~ter than auld presumably be done with commer~

cial control instrument. Occasional failures from varIOUS causes indicated

the desirabIlity of omparing the performance of a commercial controller on

the torpedo.

2. Sample One sample "lipped In the s tee 1 chucks. ,.2 J Since this was

the on y one :.ha did, l.t as~umed t.hat the ample was defective in s orne way

and that the method u3ed fot' p:reparl g uhe end~ of he speCImen IS In genera 1

satisfactory,

.some,er. None of th LVDT unlt3 placed in the torpedoes read

Some dl.fLc ty.was exp_rlenced a f1 't with mounting them, and"

w s ·cor ected a numbe 0 electrical p~oblems were also en-

N ne of th~ LVDT u 1.,>; Indicated the 3ame motionc oun tered '

as they dld utside It .11

1D Lhe to pedoes

to :;allbrate an

LVDT In place,

o 05 m'l, but i

ment,

It was iglnally hoped to read these ins'ruments to 0.02 to

now seem" that 0.05 -0 O. mil would be a fortunate achiev~-

The circuit used for the extensome er 13 shown 111 Fig. 5.28. An electri

cal equ talen (neg e;tIng "iom~ f the c.apaci:'Y) fa one of the LVDT's is

given in FIg 529, and n appr ximate ve to diag, am 13 shown In Fig. 5.30.

P eei g the exten ometer 1. a metal jacket (l.e", furnace) inc eases ie' hence

i ,and the efa e decres3es i~ and aite a Its phase. This decrease~ the senSl-
7)

tivity by decre.- .tng E" and E~ and al~ shift he phase of E~ anl.E~, Thus,

in genera, 'the ou p , e, of wo LVDT's not in 'the same envl~onment will

differ in phase by a ,al e e" When the '0 e i mo'-ved" x n and X:z are altered,

causing the pha3e 0 E~ and E:z to alter. Since the extensometer and efe ence

LVDT d n t ~ ge e 8 h~~e the arne "en itlvlty, e WIll vary wi'th core

position. Varying the p tenti meter contact will alter the phase, as can be

seen f om Fig. 5.30, but will In general al'o alter the amplitude.

If the potentiometer is not adjusted the condition for a null, EO' 1S

obtained by moving theefe ence co e, changing E.I' until the vacuum«tube
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voltmeter reads a mInImum. The extensometer output IS 2 e and the resultant
0+0 =C r c'e E. Then obviously,

•

which IS ,a mInImum at

as shown in Fig .. 5.31> The reference core then moves by the fraction cos e of

the relative sensitivities. EO is obviously a mInImum, i,e.} equal to zero,

when e::: o~ The more complicated behavior obtained when the potentiometer

is varied to make e = 0 has not yet been analyzed because the necessary elec

trical constants ha7e not yet all been ~etermined.

The record on the micromax is more, complex. Here 2~ is kept constant and

2., varIes as the core of the extensometer moves. Since the range of the

mlcromax IS small. it ·can be assumed that e has changed only by a small

amoun t. Then the micromax record E + DE IS

E + DE -=. J2 ',.. + 02 2e

which can be recogniied as

'Here E is E~ and 2 and 2'e are the respective voltages at this point as shown

in Fig. 5.32, In practice it is not possible to reduce E to zero by adjusting

the potentiometers since there ~are always harmonics and pickup in the circuit.

Hence the record is always a rectangular hyperbola.
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Fig. 5.32
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I
Results. A loqd of 175 to 90 Ib a~ 265~C on a 3·in.-long apeC1men

of extruded c ysta. bar swaged co 1/8 n. diameter and annealed at 150 C in

vacuum gave a satisfac 0 y reep ate" After the 1nit1al aet the estimated

creep rate wa~ about 6 mils/dayo (Thp bso te v lue is uncertain becau3e the

behavior of ~he LVD~ was nOL unde st od at the time This e3t1mate was made

by co recting t.he referen e LVDT .eadings by the iove e of the ratio of the

refe ence LVDT total .exten ion :'0 the t; t 1 extension found 10 the specimen on

removal) After about a week the creep ate decre sed t; about 00004 mil/day,

After 19 day the .pe -men had :rept abou~ 0 25 10 Increasing the 3peC1men

tempe~ature SoC prod ed no notlceable c ange 1n creep rate Ie s than 10%).

IRRADIATION OF GRAPHITE CARBON RODS

R H Ke 01) an

Expl atory 1n estlgatlOD on adi tion damage t;O g aphite-carbon bars

manufa t red by Batt lIe Memo 1al Instltu_e were b g n U~lng orne of the new

remote-_ontr I apparat ecen-Iy deve. ped £ _ the hot cells weight, dimen

sl os, elect ieal e st17ity, relative the m 1 eo ducti.ity, and modulus of

elast'c'ty were dete mined f x 12 bars f rmed b Rix differen~ fabr.ication

techniques. These bars w~re then i adiated for ~wo week3 in the fa3t-flux

e-et.1on £ the X Meas re en1;·· ill be x:epeated after i radiatlon"

Batt lIe p a make gr phite.· a b n bars c t 1 1. g en 1. hed ur.anlum

1n the 0 m f UO~ n H.e raryJ.ng from ab t 20 t 500 f-L. These rods

will be i :adl ed in the X rea~tor, and physi~al pr perties before and af~er

ir adiati n w'l be comp red. I. is hoped Ihat fr m the3e experiments Gome

idea may be btained f the optim m 3~ze f U0
2

nod Ie fo minimum fis3ion

f agmen damage to a y·materl 1.

¥We are indebted to S. H. Paine, Jr., Arg nne National Laboratory for the speCImens.

114



~D LIQUID FUELS

RADIATION DAMAGE TO LIQUID FUELS

W. G. Keilholtz
J. G. Morgan

H. E. Robertson
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•

Radiation damage to liquid fuels and their containers IS LO be studied

In the X··IO reactor, the LITR, the Y·,l2 cyclotron, and the Berkeley 60 .. in.

cyclot.ron .

T"Hlp'll1tllre and pressure measur CJTlcnu, of j iq:uid fuel" under radiation

Cnn(lt~on5 will be started ill the X-IO reactor during Jun6. The equipment is

now mdergoing a period of bench testing without radiat.ion. The ORNL radia··

ti n-, 'mage program IS expected to become active in the LITR in the near..
f·ture. The NAA group will undertake aprogram on fuel stability in July using

che Be.keley 60 in. cyclotron.

Liquid fuels in ineoncl containers are being bombarded 1n the Y-12

cyclotron. A discussion of the detailed experiment is gi~en under the heading

"Y-12 Cyclotron Studies" III Sec. 2. It is anticipated that sampies from

cyclotron bombardments will be exa~ined by standard metallog.aphic and

8hblytlcal procedures.

Tile Mass Spectrographic Group under Dr. C. H. Baldock at Y-12 IS making

s.,:yj., 'undamenLl.l studie' :.-hl; materials evolved from liquid fUfOls at high

tern/','· '>.turf' "In all ill"empt. to work out a sensitive method for detecting

1 n s r. a b:' 1 it Y 0 t the I u e i \Ill ,\ C 1: r il d i a t i. 0 n •

Analy ,d lJ,eth",' f,HtJle f>xannnatlon of radiation damage and co.ro",10n

sampl.'5 {rom :),<" cy.~10 rOil CI.'· I\(~ing developed by chp Alli!l, 1\:f\1 Chem.lstry

Division L r.. X.. J.O and t.he L,o 01 e Physics Specu'og~uiJhi.,. G.OUV dt Y.. 12. Ana ..

lytical me~hDd& for ho~ samples from the X-IO reactor a~e being developed by

the Analytical Chemls~ry Divi ion aL X-lO .
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