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EFFECTS OF RADIATI’NS ON MATERIAIS

I. General Description of the Irradistion-Induced Effects in Materiais

1. _SLlh_d_s.(l) Neutrons knock atoms out of 'cgstal lattice points
driving them into crystel interstice‘s.. wlfence many of them mbve ulti-
matelyaquf to the edge of thé lattice. Propertiés ‘change, and snergy is

"stored. Some effects &e dus to the holes, same due to the displaced
etams. New elements mey be created which do not fit into the orystal
lattice. These effects are seen in noﬁ-metaliic cryafals, but heve not
‘been seexi: iﬁ metalg, possibly because the stresses and disturbances dus
to the interstitially trapped atoms can more readily be relieved in

- metals, by recrystallization of the stray etome or by ylelding of the

metal in a grad\iai low temperature .annea'nng‘ (1.0.; & plastic flow).

Neutrons cause chemical changes in coméounqa i;n scme cases by éctuﬁlly

~ breaking the chemical bond‘s- (direct neutron impact); however, in the case
of organic co'mpbundn and (;évalent inorganic eompéunda (where ionization

:energy is greatei' thé.n bond energy) we have thousandfold greater ohemicai‘
chenges due t_o ‘ionizing effécts of the reooiling ion on its passage
through the materisl. New substances are then formed, with attendent
property changes in the originel material. and ffeqixently with gas evolu-

tiono

2) . '
lonizing irradiationa( (fission fregments, alpha_ end beta particlas,

and gemma radistion) also offect changes in mater;als. Metals are not

affected -signifioently. Chemical éompounda drg decompoged with similar

property changes to those mentioned above as induced by neutrons; extent
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of-decampOBition is dependent upon number of ion pairs produced end slso
uﬁbn fhe'susceptibility of the_substance to ion-induced changes. This
susceptibility is expressed by the "ion-pair yleld", dofinsd_as_the -

ber of new molecules formed per ion pair. Orgenic and covelent inorganic -

' .compounds are perticularly gusceptible to the ionigation-induced effects

@)

" and organic compounds ehow poiymerization. Aromatics are thought to be

more stable.than the»aiiphatics. yet may heve other disadventages in

practice;

Fission fragmdnts released in the body of g‘solid-result in quantities
of forelgn substences, some gasecus, boingvtrapped within the qoiid.

These‘trapped substances ere possibly the cause for cbserved changes in

the fuel cr fuel alloy material, duch es embrittlement end surface

‘ﬁlistefing._ Cohesion of the fuel materiel deferioratee after extensive
fissioning; e.5.. a uranium foil (SO%AUZSS) wes completely powdered.;fter
7% fiseioning. Fiﬁsion fregments céuse severe changes éuch as thelfaat
neutrons cause by the seme mecheniem of knocking atoms out of their

positions.

Super-cooled liquids such as glass and fused quartz‘have their elec;

" tricel resistivity reduced end also show a coloration effect (which limits

their usefulness in opticel equipment). Electrical réaiativity is-réduced'

. 8s.a result of relesse of metellic (e.g., Na) ions which migrate through

the substence and cérry electric current. ~Coloration is due to "F-Centera"(4z

i.e., electrons,'froed by the irradiation, and trapped in chance-empty or
bombafdment—emptied lattice positions. Thege electrous asbsorb in the

1
visible region of light end give color tc the substance by subtrection- of

portions of the incident light. One instance of the coloration of glass

under ultra-violet irrediation has been dttributed(s) to a_photo-induqéd ‘

- 5c




o;idation end reduction process whiich produces visible compounds within

' the meterial.

2. liquids.  Liquids are subject to the ionirzation-induced effects

mentioned above for so;ida. Dacghpositiou of:the irradiated liquid. for-
maticn of new compounds, and release of gas, Are ail oﬁservod §0'resﬁ1t.
Noutrons cen cause these ohanges too, largely by ionizing,acti&ﬁ of the
ion recoils from the atams of the liquids. Regarding the mechanism in-
volveﬂAin the chemical chenges there are(s) conflicting theories: the
i#n cluster theory vs. the theory of free or excited atoms end free

fadicais. The latter fheory(7) is given more credence now.

3. Goses. Compound geses sre subject to the seme chemical changes
- @8 those ncted sbove for compound liquids and solids. Theories and con-

\ .
fliot;a are(s’ the same as for liquide.

(8)

Kote: In eolids, liquids, end gases the component elements are always '

subject to the induced radioactivity thet is possible under neutron irra-

dietions. . ) \

6C
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was g‘cund(u) to be co:npletely powdered after about 7.5 of the U had

1I. Survey of Irradistion-Induced Effects in § eoifio Materiale
Efeesh‘ied Iccording tc their Ippheation _

1. Fuel Materiale

- fi

-

A, Urenium. Neturel uranium slugs at Hanford(g) heve shown
offects (Poeeibly of embrittlement(lo) by fissicn gasee) after about 7%

fi.seionin° of the 0?35 etans; emall surface blisters have been observed*nl

| a.fter only about & 3% fiseioning. A foil oanpoeed of equal parts of 0235

235

S

vfiesioned. It 1s expected that tbe effact cof internal fissions ‘can be re-

duced by operating the active material in a fluid or semi- i‘luid ferm.

13
The Hanford elugs. heve ehovm( ) marked he.rdening and decreese in cross-

.breeking strehgth.‘ Algo the 1% inch 0.D. elugs heve been found to be 0.1

inch" out of round ,et‘ter exposures.

P. Uranium Alloys, Compounds, end Mixturee. .  Semples of U0, -

BeO udxturee; of high and low densities end elsc cf high (10%) end low

. (2%) an content were'exposed t:c W pile radiation for 24 end 63 dey periods.

The U was | 30" U235, ' The percent of all the U23% atoms which underwent
fission was of the order of 0.1%. Thermal conductivity was reduced(14)
approxim'ately 257 in é4 'days.end 20% in 63 deys. l“nneell.in.g in vecub et
960° C removed onlyA about 15% of the induced conductivity change. No

annealing is thcught worthwhile below 600° C. Elastic medulus (Young )

. was reduced e'bout 1 to 27 during the 24 end 63 day exposures. Crushing

strength is approximately doubled(w) in 63 deys. 80 to 907 of the chenge
taking place in the first 24 days. An expeneion of 0.5 to 1.0% was also
cbserved, again with most of the change occurring in the firat 24 days.

Urenium-eluminum alloy ... nothing to report.

7C




2.-”oderetor and Reflector Meterials

- A. Graphite. Under intense pile radiation graphité has shown
notable inéreases in thé'fcllowing five properties: Ycung's elaqtic modulus
(E), thermel resistivity (1/K), electrical resistivity (R), stored emergy
(S);_ehﬁ breaking strength (B). These properties ere changed at rates
which decrease; i.e., the propérty'changes seturate or spproech setura-
tion in'varicus degréés(le); See Figure 1. These changes sre all healed
to tome extent by heeting either copcurtentl& or subsequent tc the irradi-
ation. Chgngéa in R end S are recoverable (by begtiég) more completely
~ then chenges in E end K. |
| | E increases under neutron irrediation, leveling ore(17) g ap-
proximately three to four timss its 1n1t1a1 value after lonv exposure
under plle conditicns of tempersature and 1rradiation. Heating, subeequsnt

(18) .

to the irradiation s reduces ths 1nduced excess in E; the higher the.

heating temperature, the 1esa-the,reeidua1 excess E: residuel of % after
oﬁe hour at 300° c‘aﬁd gero (camplete recovery) efter one hour at 890° C.
Heating.-concurront-with irradiation(lg); leaves gréphito withlinduced
excess E of approzimately the same magnitude as if the - heating hed been
aubaequent to the irradiation. Thus the hotter the graphite in the pile
the less the net induced excess E. The initial rate of change of the

property 18 given by AE/E = o.zs/L-unit- at 35° C at the start of irradi-
(20)

Y

ation, by definition of unit L.

Breaking atrengtﬁ. B, 1ncroaaes(21) for both compression and

tension at graduslly deoreeaing rate, with possible. ultimeto embrittlement

| (22) '
_.and crumbling of the graphite. B geems to level ofr( 28) at 2 to 3

* For Units end Standards see Appendix A. ’

e | _
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From CS=2745, p.13.
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| - (2¢)
times its initial velue. At gtart of irradiation

» AB/B = 0.05/L.

The energy (S) stored in grarhite, ss e result of neutrom col-
n;ibna ceusing dislocstion of carbon atoms frem their cryatal lattice
positions, hes been mea-xsuxjed' bc‘ath by the increesed heat of cambustion end
by the reduced apparent specific heat (Sykes method). '1'1'19 apparent
spscific heat is reduced by the releasing of sfored energy in the samplé

‘a8 it 1s hested. The heat of combustion method gives the upper limit of
ensrgy releasable, and the specific heet method gives for verious tempera-
tures the amounts of heat which cen be releaged during temﬁerature rises»-
in a graphite pile. As with other properties, heeting elso reduces the
energy stored; e.g., 1000° C héating leaves 157% residual(zs), yot minimum‘ :
. residuﬁla attainable became greater(” with longer exposures. Therefore )
it is feared that a éuddon.rise in pile graphite temperature might release
rlgrge quantities of heat with e thermal explosion. The relative‘qbeoifio |
heaet and the combustion ’method.s show that samples irradiated at Hanford

(26)

heve had stored energies respectively es high as 400 cal/gn and 150

031/911(27) (excess over the normal 7900 cel/gm heat of combustion for
) graphite); if the 400 cal/gn were released campletely and adiebatically ‘

there could result e 1200° ¢ temperature rise. Seitz end “heeler have

(28)

considered this problem of instability theoreticelly aend conclude that

, : . (29,30,31
such & thennal_;‘explosion is highly improbabl:.. Attempts to initiate )

@ self-propagating thermal wave in high S graphite have not been success-
ful.
Up to irrediations of 400 Mwd/ct* at Hanford empirical formulas -

for S thw(zs) a saturating rise up to 300-400 cel/gm (by the relative

» For Units and Standards see Appendix A.

we IR



Qpeoifio hoéﬁ method) with a "time constant” in the expcnential term. of
'109 Mwd/ct. For irrediations over 400 Mwd/ct there is evidence of a
slighfxdecrease in the‘Sykes stored energys and X-rey evidence of the
'gfaphite becoming more amorphous. Despite this behavior the total stored
énergy.(by heat of combustion) continuss to inoresse. Continged pressure
on high S grephite was hot.observad(3é) to raelease stored ensrgy.
Electrical resistivity, R, behaves very like E on neutron irradi-

(20,23)

ation, sterting off with AR/R;==0.26/L. It levels off at approx-

imately 5 to 6 times its original'value(17’11’34). It differs from E,
howaver, in that the longer the exposure thg less recovery is possible by

heating to 1000° C, oven theugh the un-heat-treated graphite levels off(ss)

.to constant R in continued exposure. Its témperatnré rate of recovery is

- fasﬁér then that of E at the lower temperatures of annesling, yet it

(7.29)

doesn't recover . ‘nearly so completely es E. ILike E, heeting during

(19.36) subsequent heating in re-

irrediation is Qquallﬁ as effgctiva
» dueing tﬁe’indﬁceﬂ excess R. An irrediated semple heated to 2000° C shows
the usual reduction in excess R, levels éff at aﬁout 1.5 times its nérmal
‘valus from 500 to 1200° ¢, rieea(37) to:2 times-nﬁrmal at.14006 C and drops
to about 1.01 times nbrmal-at 1800° C.M Thi; is interpreted as due to the
migraeting of lattice "holes" to form extensive networks of holes or "micro~
~ eracks” (causiﬁc the high resistivity at 1400° C) followed by eliminetion
of these "micro-cracks” at higher temperetures. This effect was observed
in a’slightly irradiated sample, but nct in highly irrediatad samples(7).
Thermal reaietivity, 1/K, starts rising under irradirtion ap-

proxinately twice as fast as R(zo,ss). Hence Al/K//1/K,==0.50/L. 1t

changes more thsn E under irradietion, snd yet it recovers more complete:

y under heating up to 1000Y C. Heetimg concurrcnt with irrediastion

e I
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makpa(se) the induced change smaller. No test is re-orted of restoring
thermal resistivity b: heating up to 2000° C a8 with R, yet & similar
hump in the curve mey be expected. Unlike R, 1/K continues to rise with
exposure, with only slight tendenéy to level off. Its rise is represented
by'an empirical fcrmula showing the superposition of a lineer component.
increasing by»the original resistivity every 50 Mwd/ct, end a sﬁturating
éomponent leveling off at about lsitimes the original resistivitvaith a
"time co@stant" of about 100 Mwd/ct. ‘Highest increase in thermal resist-
ivity reported(11:34:39) 34 30 to 36. |

It is seen from the above that some of the effects are considered
relatively "curable” by heet (such s E or K); perhapa these effects are
‘due’ to thé"frapped atoms, wﬁich can be removed by heating. Some effacts
ere oonsidered relatively "incurable” (such as S or R, wﬁen tﬁe heet-
treating is limited to 1000° C or less), and pérhapq these esre due to the
holes themselvee).which ere not removed by heating. It is interesting‘in
thié connection that intense O\ - radiation was found(4°) to cause internal
"carbon spots” in diemonds which are viaibie to fhe nsked eye eand located
deeper in the diemcnd than the range of the alprhas. They are removable
Sy heating and cooling cycles. Pbrhaps‘the C-atoms in diamonds.are knocked
out of position by faét-alphaa end migrate in to form such "spots”, 1a£er
to be removed by migreting to the surface under heating.

X-rey studies of the expoagd.grapﬁite heve reveeled that 1250° C

is required to remove all trapped C-gtoms from between the layers of the

' highest-exposed grephite "available”(41); 1000° C is not sufficient.

Algo it 1s found thet lattice disﬁbrtion heg raesulted frim exposure, and
remnins(42) even. after 1000° C. The number of trapped C-atoms wes obgerved

to be 2.8% in such e sample. A crystal phase change upon irradiation hes

12 I
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been looked for and thoughf not to teke place, and no detectable change

took place(43) in the crystel periodieity, or leck of it. However, the

. fellowing were observed: a_éubatantial increese in cne period, Azs &

smaller decresse in another, end blistering of the C-layers, yet there

(44) in the crystallites. 1In
(45)

wes no rupture ncr lerge scale dislocation

connection with the increese in the Ag period
(11,30,31,32,38,46,47)

7(31)

it is significent that
expansion of the graphite under irradiation has
ﬁeen found es lerge as 2.5 perpendicular to the aﬁis of extrusion,
and less thean 0.025%(46) parallel the axis; furthermore, tkis expansion
ié linear with exposure es fer as it has been observed. . The roof of a
Hanford pile rises approximately 0.1 inch per month, end the sxpansion
is greatest in the vertical central plane, thus causing bulging of the
graphiig cube. Heating the grephite et 1000° C leaves a residual of only

6% of the changze. Prolonged high temperature amnealing of irradiated. .

. FUNE--
. L N
graphlta-produced(ss) a crumbling specimen, whereas unirradisted srephites ...

2

remained steble. : ) “ﬁé)
Other prcpefties which heve been observed after oxposure ere: the

ensrgy decrement (measpre of internal friction), which was found(le) to

haié decressed, thoush it is recoverable by heating; the specific heat(432
which was practically unéhanged (less than 3%), except around 20° K where
it mey increass slightly (in the direction of emorphous carbon); the Hall

(49)

effectlcoefficiant; wiich 1s found to be more positive, though 1t too

ig reocovereble by heating. Graphite hordens(so) under irradistion, but

there is no change in the coefficignt of fricticn on eluminum.

/13C
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B. Neryllium. No significent chenge in electrical ccnduct-
ivity(SI) hes been obgerved under fest neutren bomberdment.
C. Beryllium Oxide. Beryllium oxide samples heve been ex-

pdsed to % pile radistion for 24 dey and 63 day periods. Crackingz was

(24) to 8037

apperent in‘the semples end thermal conductivity wes reduced
efter 24 deys end 707 after 63 days. Amnealing in vacuo et 900° C restored
the original conductivity. Crushing strength was doﬁbled(ls) after 24

days end no further chenge wes found up to 63 days-

D. Water and Heevy Water(sa).
(53)

Hydrogen gas (or deuterium

gas), end reroxide are;prqduced in water under intensely ionlzing
radiations. | |

A éonsiderable amount of work was done cn the subject of radia-
tion effects upcn caromate ion added(54) to Henford cooling water. The
aluminum tubes end slug jackets at Henfcrd needed protection from e#cesw '
sive film formetion under tﬁe action of the ccoling water. Sodium silicate
and sodium dichromate were added to the water as inhibitors; yet it wes
known(SS) thet Crvl is reduced to the film-forming cr' 1T under ionizing
radiation, and therefofe the exact behevior of the trested water under
simuleted pile conditions was investigated. The shromate.reduction is re-
terded by high pH, high tempereture, and high redietion intensity (perhaps(
. pgéause of ‘the higher intemsity accelerating the oxidetion of CrIII back

VI (57) )

to Cr ). The effect wes finally not serious in the Henford piles.

end it wes permissible to ccntrol.the pH at as low a level as 6.5, which
lovel is the best from the boint of view of retarding Al corrosion.

Peroxide wes thought at one time to accelerate corrosion of metals.

(7,58)

but this has not been clearly established The rate of productioa

of peroxide has been studied(sg) in a low power pile (100 to 1500 KW) and

:

14 ¢ I

56)



found to bé lineer within that range. Txtrapolation of the results to a
W pile (250,00C KW) gives 1.2 x 1005 @qls/liter, end if the water is de-
aérated first, the figure is half as large. The W pile water in question
is the cooling water which flows continuously through the cooling tubes.,
and the peroxide c&ncentration is that which would be meesured in the exit
flow. - - |
Dy ges evolution(so) from P-9 hes bsen mesesured st Argonne at

300 KW. ‘It wee 16.8 std cm®/sec at 20° C. The totel amount of P-9 is ap-

‘proximately 4% tons. Weter sesled in ampoules and irraedieted in the X pile

has shcwn( ) e gessing end peroxide forming cheracteristic that approeches:
equilibrium at a fow mm Hg pressure. This eqﬁilibrium pressure incressss
;apidly with impurities and dissclved selts.
| | Pelladium end palladium costed carbon have been tried(sg) with

scme success as catalysts for the back reaction which would limit gessiug
and peroxide formetion. This was done with Pu and U gelts in solution in
the X-pile et intensities of ~ 0.2 watt/cm®. Loss of effectivensss of
the catalyst by coegulation and sedimentation are notable obstacles to
success.

P-9 teken froﬁ shipping drums and deserated shcwed less decomposi-
tion(sl) then the best purified water.

(e3)

Nitrogen fixation is believed to teke plece with a resulting

slight acidity of the water which could be trcublesome in corrosible pipes.

The pH of the P-9 moderstor at Argomme was measured(64) es low

(65) ,

es 4.52 after several months of operation. Acidity is raeported co

be due to nitric acid.

8)
Activity induced in water for & homogeneocus pile hes been studied(

/s5¢C
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3. Coolants

A. Gases. 'Under }ntense ionlzation gases have shown(GG)
~chemical combinetion end decomposition, end in the case of the hydrocarbons
there hes been merked polymerization. Irredietion-induced chemicsl charges

heve been cstalyzs=d by inert geses. The effects ere generelly proportionel

. to the total emount of ionization.

B. Water. Ses 2. D. above.
C. liquid Metels. Nothing to report. Perhaps ncthing-has'

been done. Little trouble is expected.

4. "Breeding” Materials.

A, Thorium. Nothing to repcrt. Perhaps nothing hes been done.

Probebly similar to uranium metsl.

5. Shielding Materials.

A. Concrete. Not @ great deal has been revorted on con-

(67)

crete. Slight effects have been cbserved after intense X-rey;'electron.
or neutron bcmbardment; water vepor is evolved, end.the modulus of rupture
is decressed approximatelyVZO% (thought not eerious in pilg applications)
by 1016 neutrons/em® (maximum energy 18 Yev). This would be 108 nv for
108 gec ér 3 years. '

(68) ' (69)

B. Cellulose-Base Materials ‘ Vicod end wood products

(q-go megonite ) have relatively low ion pair yield ~0.2 gas mblecules
formed der ion pair.

~ Magorite (HD 125) sarples exposed to pile redietion equivalent
to normal intensity’in the Henford shield for 20 yeers suffered(7o) the

. following changes:

(a) Ges liberated at the rete of 2.56 std cm;/km-day for
3 days, lergely Hy, CO,, and CO.

e —



¥onP-208 =16- _
(b) Weight changed - (minus) 5%

(c) Length changed - 1.7%.

. _ (d) - Rupture modulus {parallel the laminations) chengzed -
97.'%.

(6) Tensile strength (parallel the laminetions) chenged -
: o 88.%.

C. Heavy Elements. Pure elements ere not affected in eny

way to cause gross property éhanges. Ccempounds will'suffer the decomposi;
tion which strong ionigzation ceuseg. There is no evidence that iron; lead.
bismuth, or barium (to neme a few) sre susceptible to neutron, beta, end
gamma induced 111s.

D. Water. See 2.D. above.

‘ 6. Auxiiiary Materisals

A. Structural Materials.

. N
(a) Aluminum - 2S Aluminum has been tested(71) for change

in tensile end crushing strengths, hardness, elastic modulus {Young's),

f ductility, end electrical resistivity upon exposures to'pile radigtion,

and there were nc detectable changes.

(v) 1Iron end Steel - TIron is reported(72) 88 being "one
of.the few meterials which corrode (in ccntact with wate;) mcre under
rediation conditions than under ordinery corrosive conditions”. There is
vno report of any thorﬁughgoing test of iron and the steelg. yet, as with
other metalg, there is little reasson to expect gerious effects.

(c) Ccncrete - See 5.4, above.

(d) Wood ~ See 5.B. above.

B. Lubricants end Hydreulic Fluids.

‘e) Petroleum Products - Dsuteron, beta, end gamma

(73)

radietion effecfe on lube oils have been observed o All have the sems

gonereal effect of inoreasing:
/7C




i Viscosity

ii Iodine Number
" 411 .. Acid Content

iv Refractive Index
v Density

°

For instence, deuterons cn Phillips SAE. 20W lubs oil (et 8.8 watt hrs/cm®,

the equiveient of approximately 55. years in the application of this oil
at w} changed the viscosity from 1.380 to 4.253 poise and the iodine num-
ber from 0.0 to 17.46 (gms Ip requirad to react completely with unsaturated
compounds in 100 gm o?l). Density and viscosity increases under gemme
radiastion havs'been observed(74) in hydraulic fluids also.

C. Electrical Insulators.

(75)

(a) Plastiocs - Under soproximately 107 roentgens

of x-rays orbeleotrons resistivity mey be decraased(76) by several orders
_of magnitude. The effact is only temporary, however, end the original
resistivity is restored slmcst completely upcn standing clear of radiation.
The temporsry loss of resistivity, however, ccndemns meny plastics fcr use
#8 insulstors. Ths followin: table shows the gpecific materiels which
heve bean tested under intense x~radiation end alsc indicetes the reletively
good materials.

| The rate as well es the totel aﬁount of rediation deter-
minés the resultant changes in the properties. In general, those plestics
which can be used over a wide thefmal renge ere more stable under irradia-
tion. The more the 1mpuritieavadded (filler, plasticirzer, etc.) in

making e plestic the greater the loss in resistivity under radiation.
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TABLE 1I.

TABLE CF COMMON PLASTICS TESTED UNDER RADIATION.

A-3201 (polyethylens )
HF-41 “(pclyethylense )
* ~ Amphenol (polystyrens)
D-29 (poly TFE)
Various Koroseals (polgvinyl chloride)
Lucite : (polymethylmathacrylate )
. Halowax V5901 (polychlorinsted nephthelenes)
. # Rooprens
. # Natural Rubber
Saran | (copolymer of wvinyl chloride

: and vinylxdene chloride)
* # Vinylite Red

Vinylite V5900
end other vinylites {copolymers of vinyl chloride
end vinyl aoetatox

hd Veans resiativity ohanged very little under intense radiation by
X-rays.
#  Means tensile strength chenged very little under intense radia-
: tion by xoraya.

RNote:

: s:llicono impregnatod glese fibre, cloth, and tape, elsc Sprague's
inorganic CEROC heve been tested at Argonne. end inocmplete reg ul*se
were thet they were good insuletison under continued radistion. 4

'
LI . ' _
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{b) Glass and Quartz - Under intensely ionizing radia-

(78) resistivity. Heating

.- tions these ususlly excellent insuletors lose
restores the loss. This lcss is well-kno?gn to x-ray workers. Gless
.tref)gth ohenges(79) slightly under rediation. Glass or quartsz in a

" high electric field will sctually bresk down 'internally and make a direct
short aftor extendedN irradietion. Ht:;waver. this deterioration is slow,
and gless and fusged qﬁarts still _rdnain among the best practicel insula-~
tors for use in intense rediations. Under intense ionieing irradia.tionw

0 A
(80) to become dbrittle end crack; glasgs devitrified,

fused quax;tz was found
ana b;om brittle and diffiocult to work. _ ' ‘

‘I (o) f’crcelain - Nothing reported as to its electriocal
properties. Ccloretion. as in glass, under ionlzing radlations is re-
pbrﬁed(‘el). Seems likely to' be good, perhaps not as good es glaass or

L fused Quﬁrt:. |
| (d) *dca - Mica sheets under strong iomsing rediations

ware found (80)

bent, end similsr effects were observed in the crystal.
Note: Sulfur hss been suggested es a likely-to-bs-gtable end good insulator.

D. Miscellanecus Matoriels.

-

(82) « Under 1n§onse' and

(a) Elastamers end Plastics
(83),

prolonged x-redistion (107 r) elestomers and plastice suffer chanves

1 Tensile strength is deocressed samewhat, but in
most cases not enough to limit the use of the
meterial. Ses the table ebove 1in Section 6.C.
for listing -- see # Co

\ ii Herdness is incressed and elesticity of elastamers
- is decreased noticesbly. The megnitudes of these
' changes ere large enough to be sericus. :

- ’ "ii1 The transperent resins suffer coloration; thus
their use in optical equipment is limited.
lucite CR-39 (an allyl resin) end 3830 (a metha-
crylate resin) were almost completely opaque -
after 107 r, x- or electron-radiation.

do L




. o
(b) Optical Materiels - See 6. D. (2) 1ii above. Glass
end quarts cnf‘f‘er(n 80) colorationr graduqlly under ? ond x-irradiation,
turning e derk reddish brown, yellow, violet, or blaok, depending on
composition end impurities. _
(c) Permanent Magnets - Imtense (108 r) gamma rediation

41 not apprecisbly affect (84’

an Alnico V permenent msgnst. Effect
wes less than 1% in the field strenmgth. |

(d) Textiles - A canvas tarpaulin removed fram the X-
pile where it had been exposed for several momths tc a f_’lux of approxim-

ately 108

nv (thermal) wes found to have suffered merked deterioretion
of fidbre strength | |

(e) O - Dotemstion of BHigly - Rfizly was exploase(®)
when & stro-g scurce of Jrays was brought mear it. The effect wes scught
but not found with several ccommon explosives.

4 % & & % 8 & 588 2 P 0 et
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APPENDIX

UNITS AND STANDARDS OF IRRADIATION

7
“

Units end standerds of irrediation are in an unaatiat’actbry state.
Th§ ionizing rediatione can'perhaps be satisfactorily moagured in terms
of r-units, but a really significant unit of neutron radiation (or more
generally "pile radietion”) hes not been established in the field of
radietion-induced effects inkmaferials. In the litersture two units are
encountered. One is the L (or "loki”, presumably for the Norse god of

(20) ¢s the "emount of exposure

discord and mischief). One L is defined
required to produce at 35° ¢ a 25% increase in the elastic modulus
(generally understood to be the Young's modulus) of previcusly unexposed

average AGOT-7 graphite.” One L corresponds to epproximately 1.2 MWd in

' the meximum position in the thimble et Argonne, 6 Mwd in the X-pile

-~ doughnuts. hcle 1867, or 40 M¥d in the Yi-pile, at the center of the pile

adjecent to the tubo. This unit is not gencraily accevtable since it

has not been slicwn nor is it nscessarily true thet the amounts of "pile

radiation” in two different piles,for instance, would cause equal changes

in another property; i.e., there is likely to be an ensrgy-spectrum de-
pendence, and ell piles have different spectra. This unit dges have the
attractive feature of reletively eesy standerdization by a simple test at
eny pile-site.

The other unit is the Hanford de/ht (msgauatteday pér central ton).
Since we know that for any.thermal pile the power per unit mass of flssion-
able meterisl per unit thermel flux is a constent (approximately

11

6 x 107" watts/gm(25) /uvyy, ), the unit Mwd/ct is seen to be proportionsl

to the time integral of the flux, or the totel rumber of thermel neutrons

22 C



which passed through unit area during the expcsure. The unit is signi-
ficant at Hanf'ord exclusively, and therefore it ie of practically mno
use gensrally. One Mwd/ct at Hanford is effectively scmewhere betwsen O
and 10 L-units; perhaps 3 L-umits*; yet the correlation of these units is
not found in the literature. ‘ | 4

A good unit can best be established by en experimentel atudy‘ of tﬂe
physical factors involved in producing the property changes. The depend-
ence of eny property change upon the physical factors fesponsible could
then be fdrniulgted in an empiricel equation. Ferhaps, for example, the
frectional chenge in any property could be expresaed a§ a functlion of a
characteristio constent for that property 'and the temperature, exposure
time, end neutron flux as measured et a few measurable mutrén enargigs.
~ Then the unit to chocse would be the noutron flux itself. If this should
prove possible, the nécesaity‘of inventing & new unit would be obviated

by acquiring a mocre complete knowledge of the phendmenon.

® Note: ‘ \ ‘ .
1{md ) . (o . ___250 tons total 250
("t )' ct x 2.2 tons total/(ct), " 2.2 (mwd)'

- 3% (40 mwd); =5 L.

I
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