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INTRODUCTION

The work desoribed in this report is the Metallurgy Division
contribution to the solld state program of the Physice Division. The ob-
Jjectivea of this part of the program are as follows:

(1) To study the effect of roacto:; radiation om the mschanical and related
properties of & wide variety of metals and alloys.

(2) To study tho effect of reactor radiation on specific materials which
are of considerable interest ta such groups as the Power Pile bivtsiony
such as stainless steels.

(3) To study the effect of reactor radiation on specifioc metallurgical
processes such as precipitation hardening. diffusion, grain growth, stress
strain relationships, under variable conditiona of grain size, prior cold
work and ha;t treatment and mic rostructure.

(4) To study the effect of isolated nuclear particles on the behavior of
metals and alloys, e.g., cK-particles, x-rays, fast neutrons, slow neutrons.
(5) Devise suitable treatments for comnteracting radiation effects if they
appear to be harmful; 8.5 .s determination of time and temperature relation-
ship for enunealing out observed effects.

(6) Develop suitable metallographic tachniques for the remote preparation
of samples for micrescopic examination. and suitable means for observation
of the microstrusture, either direotly or by replica techniques.

(7) Develop apparatus for the performence of mechanical tests remotely.

The work recorded bslow describes some progress toward the accomplish--
ment of objectives 1, 2, 3, 6 and 7.

The principal reason for making a roport at this time is to make &

matter of record such data as have bsen accumulated up to the prosent time



Tt is not felt that n detailed analysis of the offect of resctor
radiation on the mechaniceal propertlas of metals and alloys can be made &
this stage. consequently the data presented below will in goneral be aug:
mented only by a few psrtinent remarks on the cbaervations, with no etteny
being mede to discuss mechanisms. otao Howsverg-the agcumulation of furi:
data in the near future on stainless steels and copper beryllium should
werrunt a more detalled discussion of these two interesting alloys .

The work reported below was done with the active collaboration cf I

following peraons:

Dr. S. Siegel General guidance on all phases of the work
B. J. Johnson Hardness measurements
M. J., Valentine Klectrical Resistivity measurements

Dimensional changes
Modulus and demping moasurements

M. A, Bredig Xoray diffraction studies

br Te A Read g Roplioca techniques

Lt. Comdr. Roth

R. B. Goodrich Electropolishing

Acknowledgement is also due to the following persons for the preps::.
tion, fabricating and motallography of certain allcys studied:
C. D. Smith
@, Adamson
Geo. Carlton
Acknowledgement is made to all the members of the Metallurgical

Division for their active support.



11 MATERIALS STUDIED

The following list comprises the

oy

irradiated preparatory to cbservation.

materials studied, or thet ere being

The metals or alleys marked with a

double asterisk have had measurements made on them.

and are recorded in thia

report. The single asterisk denotes samples being irradiated, while those

with no marking are

MATERIAL

Stainless Steei-=Type 304 »#

] " n 309 P
" n T 316 »»
[ ] " ] 347 T
Mone ) ne

Med .Carbon Hot Die Steel 2#

High Carbon Hot Die Steel=»

Nickel s
Nickel High Purity s
Iron High Purity tn
Grey Cast Iron L
Austenitic Cast Iron .

Nitrided Nitralloy(N-125)+
Drill rod

Heat Resisting Steel
Casting »

in the process of preparation for irradiation.

~40

1.6

3.0

1.0

15

TABLE 1

NOMINAL ANALYSIS (Weight percent)

Cr
18
25
17

18

5

2.6

116

36

Ni
9
13
i2
10

67

99.4

99.99

16.0

Mo

2.9

1.4

.28

Cu

30

V=0.4

6.5

Cb

1,00

Mn

1.0

81

1.0

J.6

25

Fa

99.9¢




NOMINAL ANALYSIS

TABLE 1 (Cont'd)

NON-FERRQUS Cu Zn 51 Al ¥n Fo Sn Be Mg
Yollow Brass ¢ 66 35

Silicon Bronze *» 96 3 1

Beryllium Copper ** 97.7 05 ~08 .06 2:16

Al Bronze *

Tin Bronze * 90 10

Copper L CFHC

Aluminun s 98

Beryllium - 99.8%
Megnesium hid 99.9¢
Zinc ke 99+

Brass 93.57F 6.43

Brass 90. 10.

Brass 84 .13] 15.87

Brass 79.18} 20.82

Braas 74.18f 25.82

Brass 70.131 29.8M

Mg-Li Alloy 14 10 80.
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III METHODS OF EXPOSURE TU REACTOR RADIATION

There are a number of different methods of exposure to reactor ra-
diation possible. However, the results reported below were obtained under
only two different conditiona:

(1) Exposure in regular process ohannels at lanford.
.(2) Exposure in doughnut holea in URNL reactor.

In the first case the temperature rise induced in the samples is not
over 25°C. above cooling water température ¢, while in the lutter case the
temperature rise above inlet air temperature is not more than 20°C,

The above two methods of exposurs give the best compromisc cf lew
temperuture rise in specimen, plus fast flux.

Other mathoda of exposure. such ag in a hollow uranium slug at Hanford.
would give higher fast flux, but the temperature rise is estimated to be
100-150°C. This temperature rise is sufficient to preslude the study of
many alloy s&stemn which will undergo metallurgical transformations at
this temporature.

Iﬁ this preliminary part of the program it has besn thought best to
make all irrndiations at low temperatures and then study the effest of sub-
soguent annealing. dAnother approach is atudy effects when exposure is made
at slevated temperatures. This part of the program is just being started.

Other methods of exposure such as Hanford Side Hole tubes, with and

without water-coocling, are also contomplated for future work.

Yrovided good thermal contact is provided between the samples and the
wall of the container. In the URNL reactor good thermal contact is not
required.



IV OBSERVATIONS MADE

(a) Hardness
The hardness test has been used exclusively as a measure of the ef-
foot of Resotur radiation on mechanical properties. There are a number of
reasons for this choices
(1) The hardrsss toster used; the motor driven Rockwell machine, is easily
adapted to remote operation,
(2) The siio of sample necessary is small and thus is easier to handle,
&8s the induzed activity is lower,
(2) ‘he space available for irradiation is small and it is impor-
tant that as many samples as possible be exposed at one time.
(3) Lec: machining time and precision is required for sample preparation.
(4) Tersile tests are difficult to make remotsly.
(6) Iv many materials the relation between hardness and tensile proper-
ties i1 well sstablished.
(6) space for tensile test equipment is limited at the present time.
This does not moan that stress strain curves will not be obtained. On the
contary, when the behavior justifies it the stress atrain relationships
wil’ be studied in great detail. A number of sub-size tensile bars are
being irradiated at the present time.
(7, The hardness appears to be very sensitive to rsactor radiation, at
lewst under certain conditions to be described below,
A word of caution is necessary in regard to the hardness measurements.
Because of the different Rockwell scales employsd, it is not possible to
oonpare acocurately the results obtained using one scale with results on a

d: fferent metal using a different scale. It should be noted also that the



scales are more sensitive on the low end of the scale than on the high
end. The hardness valuas reported represent the average of a minimum of
four readings on each of at least two samples. All hardness samples were

disce 3/8" diameter x 1/8" thick.
It is hoped in the near future to be able to use more appropriate

hardness testers, such as the Vickers or Tukon machines. wherein the
hardneas measure in (Kg/m?) is independent of load and the rangs is

undimited.

(b) Electrical Resistivity

This test is easy to perform remotely, is sensitive to radiation ef-
focte and provides a means of givinr an indication of the thermal conduc~
tivity, a property of much practical :I.nforoat. but diffieult to measure re-~
motely. BSample dimensions for most specimens are 5/16" diameter x 23" long.

(o) Modulus of Elasticity and Internal Damping

The measurements are easily performed ‘on the resistivity samples, and
the internal demping measurements are very semsitive to slight changes in
internal structure.

(d) Dimensional Stability

This measurement is important from a reactor design standpoint, and
in many cases is indicative of phase changes.

{e) X-ray Diffraction

These measurements have only been made on samples with short half life,
but the observations should be valuable as & means of throwing light on the
mechanism of changes induced by radiationm. Changes in line width and inten-

sity have heen observed.
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DATA

(a) Stainless Steel

Stainless steel was ohosen for experimentation, as it represents a
class of materisl that is of interest in certain sspscots of power reactor con-
struotion, as well as being a popular material useful because of strength, cor-
rosion resistance and high temperature strength. It has a large capacity for
work hafdeningo and will often show some phase transformation by ocold work.
Stainleas ateel samples have been exposed in the ORNL and Hanford Resctors.

Some of the observations made on hardness changes are tabulated below:

TABLE II

;:?103 exposed for 3 weeks in Hollow Sl\gﬁ in
ole 1867, NL Reactor

Rockwsll "B" Hardness Number (100 Kg load = 1/16" Ball)

Material Condition Before Irradiation After Irradiation Chans_o_

Type 318 hot rolled 81 84 +3
Type 3509 " 84 a5 + ]
Type 347 slightly

cold worked 80 83 +3

Semples similar to the above were heat treated by quensching in water
from 1900°F, (Beat treatment for corrosion resistance) followed by & three
wooks irradiation in the ORNL Reactor. The following results were obtained:

Control Samples Irradiated Samples
Type 316 - Quenched from 1900 F, 82,6 ] *2.5

Type 309 " 84 86 + 2

Type 347 " 83,5 86.5 +2
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The following samples were irradiated at Hanford in papoose slugs (sample
slugs attached to one end of regular slugs in process channels). The estimated

fast flux is of the order of 1 x 1018.

ZBs 111

Rookwell "B" Hardness Mumber
(100 kg load - 1/16" ball)

Semple ¢ Condition Days ixposed Before Irradiation After Irradiation Change

Type 316)] hot rolled 76 81.6 93.5 + 12
Type 516 it 128 80.56 94.0 + 13.5
Type 309} hot rolled 76 83.0 97.6 + 14.5
"o " 128 83.0 99.0 + 16,0
Type 347 alightly;
cold worked 7% 91.0 100 + 9,
"oon " 128 90,5 101 + 10.5

Discussiont The above stainless steel samples have shown an inorease in hard-
ness in both resctors. Ihile only a slight increase is observed for the short
exposures of ORNL, it is nevertheless real. The hardness changes induced by the
Hanford irradiations are much more pronounced, as the samples show an appreciable
increase in hardness. It appears that if stainless steel were left in & Reactor
for an indefinite period, it might become brittle enough to rupture. (Stainless
steel, if severely cold worked without immediate subsequent annealing, will of'ten
rupture.) This possibility should depend upon the following factors:

(1) The incresse in hardness must be similar in nature to conventional cold
working .

(2) The hardness must increase continually with exposure time.

(3) The temperature during exposures must be low.
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It should bs emphasised at this point that the stainlees steels are capaﬁle
of absorbing much more cold work than has been put into them by a six months
oxposure at Hanford, The inorsase in hardness would indioate the equivalent of
6% cold work, and the material oould absord probably 5, maybe 10 times this
amount hefore the internal stresses set up would be serious. It should be noted
also that conventional cold ;ork practice develops direotional properties in the
motal and thus develops inhomogensous intermal stresses which lsad to the rup-
ture noted above. In the case of cold work induced by neutron bomberdment it is
felt that stresses are developed in 4 more uniform fashion, thus permitting o
higher conoontratioﬁ of internal stress with less likelihood of rupture.

It is entirely posaible, as noted under the copper baryllium section, that
an oquilibrium state is rea'éhgdo at which the hardneass change ceases. ‘Thare is
some indicatlon of this in the observation that hardness obtained in the 128 day

exposure was not much higher than the 78 day.

(b) Momel
Hardness samples of monel were exposed under the same conditions as the

atainless steel. The observations are tabulated on ths page following.
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TABLE IV
R

Bockwell "B" Hardness Number (100 Kg load = 1/16" ball)

Sample
Material Treatnent Before Irradiation After Irrsdiation Change

(A) & woeks in (RBHL Hole 1867

Mone ) Annealed 67 87 + 10

(B) 3 weeks in ORNL Hole 1867

Rockwell "G" Hardness Number (150 Kg load - 1/16" ball)

Monel cold rolled 7 80 + 1.0
" " 79 80 + 1.0

" 35 min. at
780-795°¢C 16 41 + 26.0

(C) 3 months in HEW papoose slug in regular process channels, near pile center.

Rockwell “B" Hardness
Konel cold rolled 98 , 16 + 4
" " 98 101 +3

(D) 6 months in HEW

Monel cold rolled 98 102 + 4
" " | 99 103 + 4

As can be seen from the tabulation, the monel samples showed a hardness in-
creage regardless of heat treatment. The Hanford exposures are particularly in-
tereating as these samples show a hardness increase, even though they possess
considerable previous cold work. However. as in the stainless steel samples, the

€ months exposure samplos are not & great deel harder than the 3 months samples.






{d) Steel
A series of steel apecimans were irradiated in the ORNL Reactor for three
woeks. The samples were heat treated to be relatively soft. Hardened samplss

are oeing irradiated at the presant time.

TABLE VI

Backwsll "C" Hardness fumber (150 Kg load-diamond penetratar )

Material Condition Before Irrad. After Irrad. Chaggy
Med. carbon hot . e -
" 2 ©o
die steel as received 31 31.2 0
" 30 min at 950°C;
furnace coocled 46.3 . 46.8 + 0.5
High carbon hot
die stesl a8 received 28.1 29.4 + 1.3
30 min at 960°C;
furnace cooled 3.7 33.8 + 2.1
SAE 4340 as received 37,1 38,2 + 1.1
" 30 min at 950°C;

furnace cooled | 34.5 36.5 + 2.0

These regults are interesting because this material, though in the softened con-
dition, is still much harder than most cther metals studied; yet there ie an in-
crease in hardness. The amall change in hardness should not lsad one to beliave
that the change is less. It is difficult to convert from one scele to another
without a groat deal of duplic;£e measurementis, and where the ranpe in hardness
is too greut, it is virtually impossible. Much of the confusion about hardness

moasurenents will be removed when the space and fucilities permit the use of s

Vickers or Tukon hardrness tester.



(3} Cepper Beryllium Alloys

This alley was chosen for study because it furnishes an excellent example of
8 precipitation-hardening alley. and much informution obtuined on this systoem
would be applicable to othur elloys sxhibiting this reaction.

The besis of most precipltevicn or age=hardening alloys is the fact that the
solute metul shows incressing sclubility ia the solvent metal with increasing
temperature. The solubility of beryllium in copper increases from upproximately
0.5% at room temperature to more than 2.5Z by weight at 875°C. This excess
beryllium may be retsined in solution at room temperature by rapid guenching
in cold water. HNo hardening will take place bslow 100°C. This non-equilibrium
condition is designated as the solution annealed state:. The alloy is readily
febricated or wrought in this form: 7o obtein meximum mechanical properties
in this alloy; it ie heaf %reated by rsheating the alloy in the temperature range
of 250-350°C, for & few minutss to several hours, depending on the temperaturse.
It the solution annealed condition is followsd by cold work, such as forging,
rolling, drawing or gwaging, the rate of nardening during heat treatment is in-
creased; the raquisita hardening temperature is lower, and the final mechanical
properties obtained better than without cold work, This state of being reheated
is denoted ams the heat treated condition. If the temperature of heat treatment
ig too high, in the ran;e QOOcSOOOU, the strength rapidly goes through & maximvnm;
fcllowsd by s subsequent decrease; the slectrical conductivity incresses.  With
long continued treatment. the mechanicsal propertisa approach ﬁhose of the sclution

annealed condition.
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The effect of reactor radiation on this system was studied as a funchion of

the atate of heat treatment, that is, alloys were exposed im the solution an-

nenled stats, the heat treated state, the over aged state and the solution an-

nealed, plus cold worked stutle.

Samples in various states of heat treatment wero exposed for 3 woeks in

doughnut hole 1867 in the UItNL Keuctor and haréness measurements made on the

irradiated samples, with the following results:

TABLE VI

Rockwell Hardness Mumber (3150 Kg Joad = 1/16" ball)

Sample

Humbey: Condition

Xala2 Sclution annealod (% thBOODC)
Ylus 50% r 2d: in area by rolling

X=T-8 Selution anneal {F hr. at 760°C)

Haat treated

X185 Treatment of X=1=2 plue 16 mins
at 290-303°C

X=11 Treatment of X=1-2 plus 30 mins
at 303-=310°C

A=13 Treatment gf K=1=2 plus 6C mins
at 304.311°C

X-8 Treatment of X-1-2 plus 180 mine
at 298-303°C

Over-aged

A=1B ireatment of i<l plue 65 mine
at 496°C

X=B Treatment of X-1-2 plus § hr at
750, Wou, plus 10 hra at 4989

&—19 Treatment of X-3-2 plus 10 hrs
et 4987

Initial

87.0

14 1’.\0

101.8

102.4

86,0

93,9

65,

87.

o4
Lws]

Finui

BE.7

44.0

10l.2
100.4
95,3

93.3

675
71.

71.
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An examination of Teble VI reveals that the solution anncaled and over-aged
condition appour to be most suscoptible to reactor radiationa'as these samplesr
show appreciable increase in he.rdnas:% numbar,

It should be noted alsc that despite the fact that the hurdness increase is
large, the hardness nwsber resched is not high compared to the hardness obtainable
by heat treatmont, uhen samples being exposed at Hanford for long periods are
available for examinatiocn, they should shed furthor light on the total increase
puasible.

The other interssting fact seen in Table VI is that samples possessing consider--
able original hardneas do not show any increase in hardness, but on the contrary
give some evidence that a softening process may be taking place. the change in
sample X-1-2 i3 not significant in itself as the values are within experimental
error, but the fact that not only this sample, but all of the heat treated samples ,
show a similar slight decrsase may be indicative of a real softening. Here apamin
long exposures at Hanford mey indicate the true trend. Data on the Hanford ©Xposed
samples will be cbtained within the next three montha.

In addition to the above hardness mezsurements, elsctrical resistance measure.
nmonts were made on samples of similar heat treatment, though the sample size and
shape were necessarily different. Table VII shows the results obtained on sam-

ples exposed for threo weeks in hole 1867 ORNL Reactor.
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TABLE VIX
Criginal Rosistance aftor
Resistante Irradiation

Sample Treoatment Corrected to Corracted %
Number 20°¢ x 10 ohm 20 X=10 Change
X=4 Solution anneal + 5074 cold work 229.4 233.2 + 1.7

) B Same as X-4 plus 1 hr at 300°C 179.6 181.7 1.2
K=7 Sclution anneal only 213.8 240.1 +12.3
X316 | over-aged 1 hr at 500°C 130.0 139.3 + 7.2
X=14 | Uver=aged 10 hr at 600°C 123,1 150,0 + 5.6

A comparison of the data in Tables VI and VII show that the ssmples trat
had a large increase in hardness are also the ones that hed a larze increoase in
slectrical resistivity. However, the samples that showed a slipght decreass in
hardness do not show a decrease in electrical resistance, but show a substantial
incresse. The increuse in resistence of the hardened samples should indicate an
increase in hardness.

S. Siezel hss mensursd the resistence of several copper beryllium samples
irradiated at Uanford, and has found & nearly uniform increase in resistence of
approximately 104. repardless of hoat treatment. Inasmuch as sample X-7 shows
roughly & 104 increase aftor a short exposure aut OKNL, it is suggested that an
equilibrium value of resistence is soon sstablished in the more susceptible
samples. Whether this will be seen for hardness numbers remains to be ssen.

The resistance measuremsnts on sampleé X=4, X5 and X=7 have been rapeated
twine after waiting period of geveral weeks, in order to learn if there is eany
chenge in reeistance as a function cf timeo bo significant change was vbssrved.

Joa Table VITIL,
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TABLE VIII

Resistivity at 20%¢C

Semple No. 3 wks. after Radiation 6 wkas 9 wks
X4 10,9 10,8 10.9
X=5 8.5 8.5 8.4
X=7 11.2 11.2 11.3
X-8 (Control 10,0 10,1

The maximum temperature noted in hole 1867 has been 52°C. In order to be
certain that long times at low temperatures had no effect on the hardness, con-
trol samples in the solution annealed state were heat treated for 3 weeks at
65000 HQ inocrease in hardness was observed.

Dynamic modulus and internal damping measurements were also made on the

above irradiated samples X-4, X=6 and X=7. The results are as follows:

TABLE IX
Modulus Internal Friction
Sample No. Before After
Irradiation Irradiation % Change Before After % Change
X4 15.4 15.8 + 2.6 22.9 7.3 -~ 68.1
st 1705 1704 + 006 4rl 309 = 4c9
X=7 18.1 18.4 + 1.7 1605 17.2 + 4.2

While the moduli of all three samples show an increase due to irradiation,
the intafnal damping shows e decrease in two of the three samples. The tremen-
dous deorease in sample X-4 is very surprising, as it suggests a heating mechanism
rather than a distortion of the internal strueturs of the metal. It is possible

thet the small temporature rise during exposure is responsible for this change.



X-ray diffraction studies were made on several of the hardness samples that had
been irradiated. No evidence of precipitation was noted in the irradiated solu=
tion snnealed samples or the solution annealed plus 504 cold work samples, elther
before or after irradiation, but was readily observable in the heat treated and over=
aged sumples before and after irradiation. In the course of the above observatiuns
it was noted that there was additional broadening of the diffraction lines in the
samples, orizinally either cold worked or heat treated after being irradiated, but
not in the samples that had been solution annealed or overajzed. That is, the
samples that showed least change in hardnoss and electrical resistivity showed the
greatest degree of line broadening. It is not certain at the moment whether this
is a real effect or not, as it is felt that the aurfa§e condition of the samples
may be giving misleading results. Another series of samples, especially prepared
for diffraction studies, is being irradiated so that the above observations may be
checked.
CONCLUSIUNS
The data obtained above show thats

(1) Reactor radiation has a definite effect on the mechanical and physical
properties of copper beryllium alloys, even though the exposure is short. The
vt for most of the above sample exposurcs was of the order of 1 x 10170

(2) The datu also indicate that the softer the original material, the more
pronounced the effect.

It might be mentioned here that the conclusion under (2) is not inconsistant
with Andrado"s(l) observations on the effect of prior cold work on the resulting
elfect of cL-particle bombardment on the creep rate of certain metals; that is,

(1)
Andrade, Nature, Vol. 156, p. 113, (1945)







The above date bear vut regults obtained on other materials, that the soft.
e the condition before irradimtion the more proncunced the increase in hardness
due to radiation.

The electrical resistivity of an oxygen free high conductivity sample of
copper showed a 1.7% increase. Note that copper saowed a change in hardness and

elactrical resistivity, vhils nickel showed only a change in hardness.

1. DIMENSIONAL CHANGuS I1.UUCED BY REACTOR RADIATION

All samples were expcied threoe wseke in hole 1867 ORNL. The samples used
wsre 2% inches long by 3/16 inch diameter. The method is not good to better than

2 parts in 25,000 or 0,01%.

TABLE X1
Matoriel Condition Uriginal length Final Length Difference /£ Change
' X 10% i
‘Hickel Cold Rolled 2._5020 2 .,8020 0 ]
" Anneslod F 2.4648 f 2.4655 + 7, + 0.0
|
Copper t
Beryllium| Cold Worksd 2.5137 2.5139 + 2 + 0.0
& Heat Treated 2.4978 2.4977 =1 = 0.0085
" Solution 2:5104 2.5086 = 19 - 0.08
Anneeloed {
S8.8.Type| fLnnealad or 2.5090 2.5091 +1 + 0.005,
247 Hot Rolled
5SS Type
304 " BHSLZO. £:.5123 +3 + 0.01

AR
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It is felt that the results on only two of the ebove samples ars aignificant,
the snnealed nickel and the solution enneeled copper beryllium specimens. The con-
traction noted in the case of the copper beryllium is consistent with the thought
that precipitation is teking place. {This was not detectable by Xeray diffraction).

The expansion in the case of the annoaled nickel may indicate intérnal distortion.

2. THE BLECTRIGAL RESISTIVITY OF SOMa HiGH PURITY MBTALS

Semples of high purity copper, nickel, iron and zinc were examined for change
of resistance upon short time irradiation in ORNL Resctor (3 weeks in hole 1867).

The results obtained ars tabulated below?

TABLS XII

Resistance {20°C) {c¢+b. unitas)

Moteriel Condition Before irrediation After Irradiation ZLEEEE&&
Copper OFHC oaled 2 hra 500°C 36,66 35.26 * 1.7
Kickel (co.free) " 1 hr 700°C 1977 197.8 .+ 0.05
Iren (co.free) " " " 201.8 202 .4 + 0.5
4ims (High Purity) " 1 hr 100°C 125.9 128.6 - 0.2

Yhe method of measuremenﬁ is good to only 0.3%, thus only the change noted in the

copper is significant.
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Sumples of project beryllium, high purity magnesium and 2 S aluminum were ex-
posed in the ORNL reactor for three weeke, with little or no change as a result
of irradiation, es an sxemination of ths tabulation below will show on the bterylliuam
and magnesium, Whers a positive incresse is shown it is of such small magnitude es
to be ineignificant compured with other ferrcus and noa-ferrous netuls and alloys.
This observation is consistont with the lack of chanpge noted in othor properties by
other workers.

Rookwell "E" Hardness Number
(100 Kg load 1/8" ball)

Material Condition Before Irradiation After Irradiation Change
Megnogium H.P: &8s received 42,0 42 .0 0
" 30 min at 310°C 59.0 39.0 0
Beryllium As roceived 89.9 90.7 + 0.8
. 1 hr at 960°C 87.6 88,7 ¥ 1.2
Aluwninum As received 48.0 48,9 3 0.9
" 30 min st 310°C 29,0 2907 & 0,7
CONCIUSTIONS ¢

Jt is ovident frem ths above dete that reactor radiation doss have a definite
effect on the hardness of & great meny metalas. Yhysical properties, such as olec-
trical conductivity, are slso effected but not alweys coneistont with hardness
changes -

The changes noted in goneral mre of small msgnitude und certainly ars not tG
be considered harmful effects. It is noteworthy that the sxposures in many cales

. 17 .
were vary short and the nvt of the ordar of 1 = 107 . The Hanford sxposuwraes ®Rere
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ef the order of ) x 10200 end as i3 to be expected, theee gpecimens showed &
greater amount of change in properties. 1% 48 not knmown at the present time
whother the change 1s continuous with exposure. There seems to bs & slight amount
of evidence that the effect may reach a saturation value, It appears worthwhile
for the benefit of high flux resctor design to obtain long exposures at the highest®
possible flux; alsc sxposures should bs made at elevated temperature:=.

Tho degroe of change induced appears to vary from metal to metel, with little
or no change beiny noted in the light metals, such as beryllium, wmagnesium and
aluminum. ‘The effest in purs netals appears to be leas than in alloys.

The heat treatment prior to irradiation eppears to have an effoct on the
change accompanying irradistion. This is particularly true in the oase of the cop-
psr bsryllium alloy.

It is also noted that suwh metrls se aluminum, baryllium, magnesium and zinc
which generslly showed little or no irradiation effects all have thermal absorption
crosa sections less than 1 x 10124cm29 whils such metals or alloys as Fe, Hi and
Cu that do show radiation effects &ll haove thermel shsorption crosa sections epproni
mately ten times as great. This suggesia the need for study of radiation effecte
in the absence of fast neutrons, including metels with very larpge absorption cross
sectiona, If abscrption oross section {thermal) is importent, then a metal like
silver should show a bilg affect compared to copper: A superficial examination of
fust absorption and scattering cross acctlons showed no such obvious correlstion

es noted ahove.
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Motallographic Techniques

&, ileetrolytic lFolish and Ltch

The problem of examining the microstructures of irradiated samples that have
such a high activity that conventional methods are impossible, has been studied.

A certain amount of experimental work hes besn done with the object in mind
of accomplishing the following: .

(1) Prepare for metallographic examination by remote methods, samples of
radioactive mstals or alloys. This may be of importance where portions of & reactor
assembly or similar object are to be examined microscopically but no preparation
for examination has been nade prior to exposure of the material to reactor radiation.

The thought that has been pursued here is to develop suitable slactro=polishing
baths that will produce an etched surface suitable for microscopic examination or s
bath that will produce a well-polished surface that subsequently may be etched
sither electrolytically or chemically.

This problem is partisularly acute at present for samples of aluminum-uranium
alloys that have boon irradiated at Hanford and thus most attention has been focused
on baths suituble for the polishing and etching of these alloys.

A number of baths were investigateds The most promising one found by R. B.

Goodrich had the following composition:

KOH 1%
K,C0x 2.5%
NazP0, 212 Hp0 2.5%

Water balance
Temperature 80 = 100°C
Time 10 = 30 min
Voltage S = 15 volts
Current densaity approx. 0.2 amp/bm?

¥ild mechanical stirring
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The bath works very well if a preliminary finish with S/b emery papoer is

placed on the sample. Polishing is fair without any prior polish or grinding.

A photomicrograph 1s shown below., It is believed that conventional baths in use for

such motals as copper will be perfectly satisfactory for polishing and etching of

non={issionable metals.
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B. Metallographic Replica Technique

The discoloration of glass and the deterioration of lens cements by high
level radiation makes undesirable the direct viewing by periscopic microscope of
radioactive metallographic samples. Therefore, it is desirable to develop a tech=
nique of making a replica of such surfaces.

There are now in common use several methods of making metallographic replicas.
They involvs using plastics which must be softened before applyiny to the metal
surface. There are two strong objections to use of such a metnod for radioactive
semples, The radioactivity is knuwn to discolor and decompose plastics, and handl-
ing of liquid solvents and wet surfaces behind the hot laboratory screen is a time
consuming and difficult operation.

It was decided to try a replioa technique using indium as the replica material
because of its great plasticity. The process in its present stage of development
involves preparation of a replica blank by pressing an indium sample to a block of
polystyrene softened with benzol. A polished steel block is used to apply the
pressure und smooth the surface. After drying, this blank is pressed apainat the
polished and etched metallographic sample. This is the only operation done behind
the radiation shielda. The reproductions of surfaces have been exemined to 500
diameters with excellent results in some cases. The etching depth and type of
etchant used seems to be important since Be=Cu and Al-U samples showed excellent

rosults while a sample of stainless ateel did not give good results.
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The photomicrographs bslow show the original sample and the rsplice re-
produced on indium metel. The ropliéa is, of course, a mirror imegs of the

criginalo
Further development of this method is required in the direction of improving

the initial indium surfeces, improving the band between the indium and ths poiys-

tyrene, and in s‘udying the etchings best suited for each metal under sxaminati on

-
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