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EFFECTS OF RADIAT! q~S ON fl.Al'ERIAIS 

I. General Description of the Irradiation-.lnduced Effect. in Materials 

1. Solids(1) Neutrons knock atoms out of crystal lattice points 
, () 

, CJ 

driving them into crystal interstices. whence many of them move ulti-

mately ~ut to the edge of the lattice. Properties chance, and energy is 
o 

stored. Some effects Bre due to the hcles. sane due to the displaced 

atcma. 
, \ 

New elements may be created which do not fit into the crystal 

lattice. Theee effects are lIeen in non-metall1c crystele I but have not 
, 

been seen in metals, p08sibly because the .treslss and disturbancee due 

to the interatitially trapped atoms can more readily be relieved 1n 

, metal8~ by recrystallization 01' the stray atoms' or by yielding 01' the 

metal in a gradual low temperature ,nneal1ng (1. e. /I a plastic flow). 

Neutrons, cause chemical changes in compounds in SQne casea by actually 

breaking the chemical bond a (direct neutron impact); however. ~n the case 

of organic compounds and ~ovelent inorganic canpounde (where ionization 

ensr,y is greater than bond energy) we have thousandt'old greater chemical' 

chear.es due t? ionising etfects of the recoiling ion on its passage 

throu&h the material. New 8ubstances are then tormed, with attel'ldant 

property chances in the oriclnei material. nnd frequently with gas evolu-

t1on. 
(2) . . 

Ionising irradiatloaa (£i88ion fragments, alpha end beta part1cl~a • . ~ 

aDd gamma radiation) also etfact changes in materials. Vetale are not 

affected -significantly. Chemical c.ompcunds are deoomposed with similar 

property changee to those mentioned above as induced by neutrons: extent 

J.fC-, 
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of decomposition is dependent upon number of ion pairs produced end e180·· 

upon the suscepti.bility of the sUbstance to ion-induced ohange8. 'nIia 

susceptibility i8 expres8ed by the "ion-pair yield".p defiDed as the num­

ber of new moleculea tOrD8d per iOD pair. Orgenic aDd oovalent inorganio 

.oompounds are partioularly susoeptible to the lomzation-induced .effects 
. ~ 

. aDd organic oompounds ahOir polymerization. AromatiC8 are thought to be 

""ore atable -than theeliphatioa. yet may heveother disadvantaget in 

practioe. 

Fis8ion fragments releaaed in the b.od)" of a solid result in quantities 

of foreign substances. same gaseous. being trapped ~thiD the solid. 

Theae trapped 8ubstances are pos8ibly the caU8e for observed changes in 

the fuel or fuel alloy material. duch as embrittlement end surface 

bli8tering. Cohesion of the ruel material deteriorates after extensive 

tlsa1oning; e~g .. I a uranium foil (SO% U235 ) vms cOJ:ipletely powdered after 

7% ti88ioning. Fi8sion fragments cause severe changes auch as the feat 

neutrons cause ,by the same mechanism of knooking atans out of their 

positions. 

Super .. oool •. d liquid8 8uoh as gla8s andfu8ed quartz' have their elec­

trOlcal r.es~8tivity reduced and a180 show a coloration affeot (whioh limits 

their usefulne8s in optical equipment). Electrical resi8tivity is- reduoed 

.'.aa result of releQse of metallio (e.g., Ba) ionawhich migrate through 

the 8ubstance aDd csrry electric current.~Colorstion iadue to "F-Oenter8"(4~ . . 

i.e., electron8. freed by the irradiation, end trapped in chance-empty or 

bombardment-emptied lattice positions. These electrons absorb in the 
I 

viaibleregion or light aDd give color to th~ 8u~8tance by subtraction, of 

portions of the incident" light. One instance of the coloration of glae8 

UJ1cier ultra-v101et ir~adlatlon has been attributed(S) to a photo-induced . 

~c. 
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oxidation end reduction prooess whioh produ08s visible oompounds within 
, 

. the material. 

2. Liiuids .. Lijuids are subjeot to the ionization-induoed effeota 

mentioned above for 8011de. Dao~po8ition of the irradiated liquid, for­

matieD of new, oompounds. and release of ga., are all observed to ·result. 

Ventrona can cause these changes too, largely by iOnizing. action of the 

iOD reooils fram the atems of the liquida. Regarding the mechanism in­

volved .in the ohemical obanges there are (6) ooDf'Uotill6 theories c the 

ion oluster theory ve. the theory of free or ex.oited atoma "'and free 

radicals. '!'he latter theory(?) ia r;lven more orsdenoe now. 

, 

.3. G8ses • Compound gaeeB are aubjeot to the same ohemical change8 

. 8S those ncted above for oompound liquids and solids. Theories and oon-
(S' . ' 

fliota ere I the same as· for liquids. 

(8) 
Ncte t In 80lids. liquid •• I1nd gasee the oomponent elements are always 

8ubject to the induoed radioactivity th~t is possible under neutron irra­

dlaticDeo 

L-.-------.... _w __ . 
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11. Surve, of' Irradiation-Induoed EffeCts in Speoitio ,Mater'!al. 
Claa8 tied AooordinG to their Applioation ' 

1. Fue 1 l'ateri ala 
fi 

A. Uran1 tal.' BatUre 1 urani urn ; lugs at Hanford (9 ) have'8h~ 
. . " ~- " . 

,erteeta (poa~ibly of embrittlement(lO) by tisSion gases) after about 7tf, 
, ' , 

, -235, - , . , ) 
ti8Sioning Of', the u:- atan.; am~ll 8urface blistera have been obse"e(r~l1 

after ,only, 'about " 3~ f'1eaioning. A toil oanposed of, equal parts of 0235 

, (12)' .• 235 
waa ~cUlld' .to be ~o:npletely powdered afte!:, about 7i~ or the U had 

",' 

f'iasloned.,· It is expected that the ~ffect 01' internal fissions cau be re­

~ duced by operating the active material in. a fluid, or semi-fluid form. 
, . 

, ' (13) , 
The Hanford slugs, have shown marked hardening and decreese in crOS8-

breaking strength. ~lso the ltinoh O.D. slugs have been round to be 0.1 

inch~out of round~ft~r expoeureao 

P. Uranium Alloya .. CCIDpoundS. ~ Mixturea. Samples of U02 

BeO mixtures. of' high and low densities and also cf high (10%) and low 

'(2~) U02 content were 'exposed tc,W pile radiation,'for 24, ana~~. 
, ' . 

The U was '30~ U235. 'The peroent of all the U236 atoma whioh underwent 

tission was of the order of O.l%. Thermal conductivity was reduced(14) to 

approxim'etely 25% in 24 days end 20% in 63 days. I,nnealing in vacuo at 

9000 C removed only about 15% of the induced oonduotivity chan"e. No 

annealing is thcught worthwhile below 6000 C. Elastic modulus (Young's' 

. was reduced about 1 to ~ during the 24 and 63 day exposures.' Crushing 

streD6th is approximately doubled(16) in 63 dayso 80 to 90% of the change 

taking place 'in the first 24 days. An expansion of 0.5 to 100% was also 

observed. again with most of the change occurring in the first 24 dayso 

Uranium-aluminum alloy 0 e. nothing to reporto 

7C. 
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2. "oderEtor and Ret'leotor Materials 

A. Graphite. Und~r intense pile radiation graphite has shown 

notable increases in tho fcllowing f1ve properties: Yeung's elastic modulus 

(8), therms.l resistivity (i/IO .. electrical resistivity (R). stored energy 

(s). e'nd breaking strength (B). '!'hese properties are changed at rates 

which deorease; i.e., the nroperty chances .saturate or approach satura-
I ~ "" . . 

tio~ invaricus ~e~ee8(16). See Flr.ure 1. Theae changes are all healed 

to lome extent by heating either conourr.ently or subsequent tc the irradi­

ati on.. Chanr.es itl R' and S are recoverable (by beat1~) more oompletely 

than changes in B and It. 

E increases unde! neutron irradiation, leveling off(17) at ap­

proximately three to four times its initial value after lon~ exposure 
, . 

under pile conditloll8 of temperature end irradiation.. Bea~ing, sub8equent 

to the irradiation(l8). reduce8 the induced excess in EJ the higher the 

heating'temperature, the le8s, the ,reaidual e~ce8a Et reslc!ual of t after 

I '0 
one hour at 3000 C and aerc (canplete recovery) after one hour at 800 O. 

Reating, ooncurrentwi th lrradlati on (19 ), leaves Vaphi te with Indu"ed 

eXoe •• E of approximately the 88mIJ magDi;tude aa if the heating had been 

subsequent to the irradiation. ThUS the hotter the graphite in the pile 

the less the net induced excess E. !he init,ial rat,e of ohanr;e of the 

property,i. given by OB/Eo • O.26/t,.:.UrJit- at 360 0 at the start or irradi-
(20) , 

etioD, by definition " of unit L. 
. (21) 

Bre~ing streDgtb, B, inoreases for both compressionaad, ' 
, 

tension at gradually deore .. iDC rate, with po88ibleultlmllta embrlttlement 
, (22 ) , ' (23 ) , 
"and crumbltD& of the gr~phlteo B seeu to level off , at 2 tc :5 

- For Units aDd Standards see Appendix A. 
, 

'Ie.' 
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From CS~2745. p.13. 

.6P 
P 

. GRAPHITE 

'~B Breaking Strength 
E Eltstio Nodulus (Young's) 

rr-----,.- R Eleotrical Resistivity 
K Thermal Conduotivity 
S Stored Energy } ... 

1,1 1,0 

10 100 

!f 
0
50 

C<l1/9m 

r'C ~ o I . Co,.rec. "tlcn dv(t 

IrradiaTion 0 "1"0 1tt.f. ~'3 
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(24 ) 
time. its initial value. At start of irradiation • A B/B : O.OS/L. o 

The energy (S) stored in graphite. 8S a. result of neutron 001-

~ n . 
1181on8 oau8i~ dislooation of oarlton atoms fran their orystal lattice 

poaitione. bas been meaa~ed both by the inoreased heat of oombustion and 

by the reduced apparent speoifio h~at (Sykes method). The apparent 

speoifio heat. i8 reduced by the releasing of stored energy 1n the sample 

a8 it is heated. The heat of oombustion method gives the upper limit of 

eDergy releasable. and the speoitio heat method gives for various tempera­

tures the amounts or heat whioh can be released duripg temperature rises 

in a graphite pile. As with other properties. heating e1ao reduoes the 

eDergy stored:. e.g ... 10000 C heating leaves 15:" residual (25). yet minimum 

residual. attainable·beoame greater(7) with longer exposures. Therefore 

it is teared that a sudden rise 1n pile graphite temperature might release 

le:rge quantities of heat with a thermal explosion. The relative a'peoifio 

heat and the combustion methods show that samples irradiated at Hanford 

.have had stored energies respectively &1.8 high as 400 cal/gm.(26) and 150 

cal/gm.(27) (excess over the normal 7900 ce~gm heat of combustion for 

graphi te); it the 400 oal/gan ware released completely and adiabatically 

there could result a 12000 C temperature rise. Seitz end -'beeler have 

'. (28) 
considered this problem ot instability theoretfcalq and conclude that 

(29.30 .. :n) 
such a thermal! explosion Is highly improbabh\.. .Attempts to initiate 

e selt-propagating thermal wave in high S graphite have not been succeS8~ 

tul. 

Up to irradiations of 400 ~ot. at Banford empirical formulae 

tor S show(26) a saturating rise up to 300-400 oal/gm (by the relative 

.. For Uni ts and Standards see Appendix A. 

loC!. 
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iO; "peoifio heat method) with a "time constant" in the exponential term. of 

·100 MWd/ot. For irradiation8 over 400 Mwd/ct there is evidence of a 
. , 

slight decrease in the Sykes stored energy. and X-ray evidenoe of the 

'gra~hlte becomin& more amorphous. Despite this behavior the total stored 

energy (by heat of combustion) oontinuss to inorease. Continued pressure 

on high S grflphi te 'ftS not observed (~2) to reles"tIt stored energy" 

Eleotrioal resistivity, R, behsves very like E on neutro~ irradi~ 

. (20,23) . 
atlon, starting off with AR/Ro=0.25/t. It levels off at approx ... 

imetely 5 to 6 times its originalvslue(l7..,U.M). It differs from E, 

however. in that the longer the exposure th~ less reoovery is possible b.Y 

hestine; to 10000 C, even thOUGh the un-heat-treated gr a phi t'e levels 01'1'(35) 

. to constant R in continued exposure. Its temperature rate of r.eoovery 1& 

faster than that of E at the lower temperatures of annealing, yet it 
. (7.29 L 

doe!ln't recover . nearly 80 completely as E. Like S, heatingduri~ 

irradiation is equally as eff~ctive (19.l36.) as subsequent heating in re­

d~cing theinducec exoess Ro An irradiat.ed sample heated to 2000" C sholfs 

the usual reduction in excesl R. levels off at about 1.5 timp.8 its normal 

value from 500 to 12000 C. rises (37) to 2 times normal at 1400° C and drop" 

to about 1.01 times normal at 18000 C. Thi~ i8 interpreted a8 due to the 

migratin& of lattice "holes" to form extensive networks of holes or "micro­

cracks" (causing the high resistivity at 14000 C) followed by 'elimination 

of these "~4cro-creck8" at higher temperatures. This effect was observed 
'. . (7) 

in a sli6ht1y irradiated s&~ple. but net in highly irrediated samples • 

Thermal resistivity. 11K, s~nrts rising llDder irradiation ap­

proxil:lately twice as fas't as R(20.33). Hence Ill/K//l/Ko =O.50/L. It 

chan~s more than R under irradiation, end yet it recovers more complete' 

(37,,29.38 ) 
1y under heating up to 10000 C. Heating <'onc;tU'l"ont with irr&diation 

1/ c.. 

>I 
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makes(36) the induced ohange smaller. No test is re~orted of restoring 

thermal resistivity by beating up to 20.000 C as with R. yet.a similar 

hump in the curVe mey be expected. Unlike R. 11K continues to rise with 

exposure" with only slight tendency to level off. Its rise is represented 

by an empir10al formula showing the superposition of a lineer component. 

increasing by the original resistivity every 50 NWd/ot, and a saturating 

oomponeut leve1inr. off at about 13 times the Original resistivity with a 

-time constant" of about 100 Mwd/ct. 'Highest incrense in thermal resiet~ 

i vi ty reported (11 .. 34 .39) is 30 to' 35. 

It is seen from the above that some of the eftects are considered 

relatively "curable" by heet (suCh ~s E or K); perhaps these effect. are 

due' to the' trapped a.toms.. which oan be removed by heating. Some effects 

are oonsider8~ relatively "incurable" (such as S or R. when the heat­

treating is limited to 10000 C or las8) .. aDd perhaps these are due to the 

holes themselves', which are not removed by heating.' It is interesting in 

this comeetion that intense (J>... - radiation was found (40 ) to cause internal 

"carbon spots" in diamonds Whlob are visible to the naked eye end located 

deeper in the diemcnd than the range of the alphas.. They are . removable 

by heating and cooling cycles. Perhaps the C"'atoms in diamonds are knocked 

out of position by fast alphas and migrate in'to form such "spots", leter 

to be removed by mtgreting to the 8urface under heating. 

X-ray studies of the expoeedgrophite heve revealed that 12500 C 

1s required to remove a'll trapped C,,:,atcme from between the layers of the 

highest-exposed graphite. "available" (4l); 10000 C is not sufficient. 

Also it is found that lattice distortion has resulted frOm exp08ure, and 

remoina(42) even·e1'ter 10000 c. 'lb. number of trapped C-atoma was observed 

to be 2.8% in suoh a sample. A crystal (hase ohange upon irradiation haa 

I 'J., c.. 

tv 
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been looked for and thought not to teke pIece, and no detectable change 

took plaoe(43) in the crystal periodicity. or leck of it. However~ the 

following were obsEH"Ved: flsubstantial ir-creEse in cne period, .Az. e. 

smaller decreose in another, end bllsterinc of the C-layers, yet there 

~8 no rupture ncr lerge scale dislocation(44) in the crystallites. In 

oonnection with the increase in the A3 period(46) it is significant that 

expansion(11,30,31,S2.SS.40,47) of the graphite under irradiation has 

been found 8S leree as 2.5%(31) perpendicular to the axis of extrumion • 

.and less than 0.025%(40) parallel the' axis; furthermore. tt'.is expandoD 

is linear with exposure ~8 far a8 it has been observedo The roof of a 

Ranford pile rises spprbximately 0.1 inch per month, end the expansion 

is greatest 'in the vertical central plane, thus causing bulging of the 

graphit~ cube. Heating the graphite at 10000 C leaves a residual of only 

6~ of the change. Prolonc;ed high temperature annealing of 1rradiateq" ,,' 

graphite .produced(36) a crumbling specimen, whereas unirradiated ~ap~~~:4 
I!!~ ','. 

remained steble. .." ;~;;'>' 

Other prcperties which have been observed after oxposure are: the 

energy decrement (measure of internal friction)' which was found(18) to 
. (43) 

haVe decreased. thO'-l:;h it is recoverable by heatine;; the specific hea.t , 

whi.ch was practically unchanged (less than 3%), except around 200 It where 

it may increase slightly (in the direction of amorphous carbon); the Hell 
.-I.. (49) 

effect. coefficient, ~1ich 18 found to be more positive. though it too 

is reooverable by heat1ngo Graphite herdens(60) under irradiotiong but 

there 18 no change in the coefficient of fricticn on aluminumo 

n 

I~~ 
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.;. B. "1eryll1um. No significant ohange in oleotrical ccnd'J.ct-

(51)' . . 
ivity hu been observed under fast neutron bombardment. 

. 0 .. 
C. Beryllium Oxide~ Beryllium oxide 8a~p19s have been ex-

posed to \'.- pile radiation for 24 day and 63 day periods. Crackin;:; W08 

apparent in the Bt'llipies and thermal oonduotivity was reduood(l4) to 00% 

crter 24 de.ys &nd 70% after 63 deys. Annealing in vaouo et 9000 C restored 

the original conductivity. Cruehing strength was doubled(15) after 24 

A considerable amount of work was done cn the subject of radia­

tion effects upon ~~romate ion added(54) to Henford cooling water. The 

aluminum tubes end slug jackets at Henfcrd needed protection from eXCes-

siva film formation under the aotion of the cooling water. Sodium silicate 

and sodium dichromate -Nare added to the water a6 inhibitors; yet it was 

(55) VI • .. TIl knovm that Cr 1.8 reduced to the fllm-fonn~ng Cr under 1:oniziog 

radiation. and therefore the exact behevior of the treated water under 

simuleted pile conditions was investif,ated. The .chromute reduction is re­

tarded by hibh pH. high temperature, and high radiation intensity (perhaps(56) 

. , . l' h :1 • f III ~~oau8e of the hi~er lnteneity aCC6 eratlng t e ox detlQn 0 Cr back 
., , 

~ VI (57 ) 
to Cr ). The effect was finally not serious in the Hanf'ord piles" 

and it was permissible to centrol the pH at as Iowa level a8 6.5 I wtiich . 

level is the best from the pOint of view of retarding ~l oorrosionQ 

Peroxide was thought at one time to accelerate corroaion of metals. 
. (1 0 58) 

but this has not been olearly established • The rote of production 

of peroxide haa been studied(59) in & low power pile (100 to 1500 KW) and 

14 C-
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found to be lineer wi thin that range. t:;xtrapoletion of the result. to 0. 

W pile (250,,000 KW) e;lves 1.2 x 10"'5 mola/liter. and if th~ water is de-

aerated 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 ccncentration is that which would be measured in the exit 

flow. 

D2 gas evolation(60) from P-9 hss been msesured at ~rr.onne at 

300 KW. It wes 16.8 ~td cm3/sec at 200 C. The total amount of P-9is ap= 

proximntely 4~ tcns. Water sealed in ampoules and irradiated in the X pile 

'has shewn (61) a gassing End peroxide forming che.racteristic that a.pproaches' 

equilibrium at a few mm Hg pressure. This equilibrium pressure increases 

rapidly with impurities and dissrlved saltso 

. 1 ' , b (S:n Palladl.UIU end pal adium coated car on heve been tried with 

scme suocess a8 oatalystsfor the back reaction which would limit gnssiug 

and peroxide formation. This was done with Pu and U selts in solution in 

the X-pile at intensities of "- 0.2- watt/om3
o Loss of effectiveness of 

the catalyst by coagulation and sedimentation are notableobstaoles to 

success. 

P-9 taken frcm shipping drums and deaerated showed less decomposi~ 

tion(61) than the b~st purified Wstera 

Nitrogen fixation is believed to take plece(63) with a resulting 

slight acidity of the water which could be troublesome in corrosibla pipeso 

'Ihe pH of the P~9 moderstor at Argonne was measured(64) as low 

. . (65) 
8S 4052 after several months of operation. Acidity ~s reported ,to 

be due to nitric acid. 

Activity induced in water for c. homogeneous pile has been studied (8). 

IS C-
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3. Coolants 

A. Gases. Under intense ionization gases have shown (~6) 

chemical combination end decomposition. end in the case of the hydrocorbona 

there has be~n marked polymerization. Irradiation-induced chemical cha~ges 

have been c8talY2~d by inert l,';a&e80 The effects are ~nerel1y proportional 

to the total amount of ionizatioD" 

B. Water. See 2. D. aboveo 

c. I.iquid Metals. Nothinf, to report. Perhaps ncthing hee 

been done. Little troub Ie is expected. 

4 .. "Breedinr.;" Materials. 

• 

A. Thorium. Nothing to report. Perhaps nothing h"s been done. 

Probably simi ler to uranium. met&l. 

50 Shielding Materiala. .. 

A. Concrete. Not 8 great deal has been re?orted on con-

crete. Sli~ht effects heve been coserved(67) after intense X-rey. electron, 

or neutron o(mbnrdmerit; water vopor is evolved. end the modulus of rupture 

is decreased approximately 20% (thou;~t not serious in pile applications) 

H 2 8 by 10 neutrons/em (maximum enerr;y 18 Mev). ThiS would be 10 nv for 

108 sec or 3 years. 
(68) 

B. Cellulose-Base Materials ~ Vic·od and wood products 

(e.go masonite) hnve rf;latively low 10n pair yield -..... 0 .. 2 gas molecules 

formed per ion pairo 

Masor.ite (HD 129) sarr.ples exposed to pile radiation aq'.lival~nt 
(70) 

to normal intensity in the fh:nford shield for 20 years suf'fered the 

followinG chancess 

(a) Gas liberated at the rate of 2056 std cm3/gm-day for 
3 days. lsrgely B2 • CO2 - and CO. 

J~ c.. 

(69) 

.. 
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(b) ~eieht changed - (minus) 5%. 

(0) Length cbaneed - 1.7%. 

(d) -Rupture mOdulus (parallel tbe laminations) chan6ed 
91.~. 

(e) Tensile strength (parallel the laminations) chenged -
88.%. 

C. Heavy Elements. Pure elements are not affeoted in any 

way to cause gross property changes. Cc:mpounOs will suffer the decomposi-

tion Which strong ionization causes. There ia no evidence that iron. lead* 

bismuth,. or barium (to name a few) are susceptible to neutron, beta. end 

gamma induced 111s. 

D. Water. See 2. D. above. 

6.. AuxUla.ry Materials 

A. structural Materials. 

(8) .Aluminum (71 ) 
2S Aluminum has been tested for change 

in tensile and crushing strengths, hardness, elastic modulus (Young's), 

ductility. and electrical resistivity upon expoeures to pile radiation. 

and there were nc detectable chan~s. 

(b) Iron end Steel 
(72) 

Iron is reported 08 being "one 

of the few meter!a1s which corrode (in oC'ntact with water) mere under 

radiation conditione than under ordinary corrcfsive conditions". There is 

no report of any thorouGhgoing test of iron and the steele. yet. as with 

other metals. there is little reason to expect serious effeotso 

(c) Concrete' See 5. A. above • . 
(d) Wood See 5.B. above. 

B. Lubricant. ~ Hydraulic Fluids. 

(a) Petroleum Products Deuteron. beta. end gamma 
- (13) 

radiation effeots on lube oils have been observed 0 All have the same 

general effect of inoreasingc 

11C 
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Visoosity 
Iodine Number 
Acid Content 
Refractive Index 
Density 

For instance, deuterons cn Phillips SAE20» lube oil (~t 8.8 watt hrs/cm3 , 

the equiveient of approximately 55. years in the applioation of this oil 

at w) changed the viscosity from 1.380 tc 4.253 poise and the iodine num­

ber from 0.0 to 17.46 (gma 12 required to reaot oompletely with unsaturated 

compounds in 100 gm cillo Density and viscosity increases under gamma 

radiation have "been observed(74) in hydraulic fluids also. 

O. Electrical Insulators. 
(15) . 7 

(a) Plastios Under 8?proxlmately 10 roentgens 

of' x-rays or 
(76) 

electrons resistivity may be deor9ased by several orders 

"of magnitude. The effeot is only temporary, however, end theoriglnal 

resistivity i8 restored almcst oompletely upon standing clear of radiation. 

The temporary 10s8 of resistivity. however, cendemnameny plastics for use 

~8 insulators. The followin~ table shews the speoific materials Which 

have been tested under intense x-radietion end alscindicates the relatively 

good materials. 

The rete as ~ll es the total amount of radiation deter· 

mines the resultant changes in the proper"..;iea. In general" those plestlc8 

which oan be used over a wide thermal range are more stable under irradiaQ 

tiono The more the impurities added (filler, plasticizer. etc.) 1n 

making e plestio the greeter the 1068 in resistivity under radiation. 

Iff!... ---------====--_._""_ .. 
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TABLE I. 

TABIB ('IF COJlJK'N PlASTICS TESTTro lnJOER RADIATlClN. 

A-3201 (polyethylene) . 
BF-4l . (pclyethylene) 
.Amphenol (polY8tyrene ) 

0-29 (poly TFE) 
Various Xoroseale (pol:v1ny.l chloride) 
Luoite (polymethylmethacrylate) 

Balowax V5901 (polychlorinated naphthalenes) 
Roopre~ 
Natural Rubber 

Saran (oopolymer of vinyl ohloride 
and vinylidene ohloride) 

Vinyl1 te Red 

ViD¥lite V5900 . 
and other vinyl1 tee (oopolymers of vinll chloride 

end vinyl aoetate) 

.ans re8istivity ohanced very little u·nder intense radiation by 
x-r8¥s. 
Meana tensile strength changed very little under illtense radia­
tion by x~raye. 

~ Silicone impregnated glass fibre. cloth. and tape. elso Sprague's 
lDOr~anio Cnoc have been tested at Argonne. and inoanplete re,ulte 
_re thet they were good inaulati.;,n under oontinued radiation. ,48} 

I'e. 

, 

\.. 
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(b) G1888 end Quartz - UDder lntenaely ioDidng rad1a­

tiona thea. usually exoellent insulators 108.(78) reailtlvity. Heatlog 

reatores the 10s8. This Ics8 1s wel1 ... kn~ to x-ray workera. Gla8. 
(79) , 

etrength changes s1ir;htly under radiation. GlaS8 or quartz in a 

'hi~ electric field will ~ctually break dOwn internally and make a direct 

abort a1'ter exteDded irradiation. Bonver, this deteriorat10D 1s slow. 

aDd glass and tused quart. still .remain &:Bong the beet practical insul .... 

tora for use in 1ntena. radiations. Under intense ionidag irradiation 

(80) 
f'ue.d quartz was found to become brittle and craok, glas8 deviti-lflet:!, 

and becUlil.t brittle and difficult to work. 

properti.s. 

'rt' d(81) po e' .. 

1'\18ed quarts. 

(0) Porcelain ... Hothinr. reported as to 1ts electrioal 

eclor8tion. aa in g188 •• under ionic!ag radiations is re'" 

See~ likely to be good. perhaps not a8 good as glass or 

(d) '!ioa lliaa aheeta under 8trong tomling radiationa 

(80) . 
were found bent. end similer effecta ware observed in the crystal. 

Bote: Sulfur has been suggested 8S a l1kely-to-be-atable end good insulator. 

D.. nlscellanecue Jlatoriala • 

. . ,. Ca) ~aatClllers and Plaatio. (82) - Und.r intense and 

, '1 . ( 1 ) , ,(83) 
pro ODged x-radiation 10 relaatc:mera and plastioa .uffer chan~. r 

i Tensile atreagth 1. dearea.ed 8QDewhat. but in 
mo.t c .... not .no\l&h to limit t.he use 01' the 
material. See the table above in Sectlon.6.C. 
tor 11 stlng ...... aee if 

11' Hardness hincre.sed and elaaticity of elaatClllera 
la decreased noticeably_ The mesa1tudea of tbe.e 
changes are large enough to ~ .ericua~ 

'111 !be traneparent reaina autfer ooloration, thus 
th.lr use ln optioal equlpaeDt 1. limited. 
LuGi te CR ... 39 (aD allyl reeiD) end 3830 (a lIletha­
cr71ate reain) were almost oompletely opaque . 
attar 107 r .. x- or eleotroa.-radlat1on. 

~{. 
¥- ...... 
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(b) Optloal Meter!el. .. See 6. D. (8) 111. &bwe. Glu. 

" (18.80) 
an4 q~. sutter coloratior. gredualq under Y eDd x-lrrad1 .. tlO11 • 

tund. a 4erk redd.1ab brOlrD., yellow ... violet. or 'black. 4epeDdtag on 

ooapo.ltloD eDd impuritle •• 

(o) 'Per ___ Magnetos - lute._ (108 r). «_ nc11atlO1l 

did not; appreci.bly af~.ot(H) aD. Almeo V pel'JD8De1lt· Jl8lDet. Btteot 

... 1... tbaa 1~ 1n the ti.14 str_acth. 

(d) textile. - A ouvae tarpauUn relllOw4 fl"CID the x­

pile •• re it had 'been expo •• d for severe1 mouth. te 8 flus of approx1a­

atel,. 108 
DV (thermal) we. tound to heve sutt.red mark.d. cleteriontlnn 

ot tlbre etre.th 

(e) iA - DetonatiOD of RzSala - YSIS .... xpl.d.(80) 

when .. .tro;~~ scure. of ~ra1 ..... brougbt near 110. "be .tt.ct wa •• CQSht 

'but not toUDd. with eew .. al oOJllllon explosives. 

• • • • • • • • • • • • • • • • 

AckllOWleclpent .~ 
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APPENDIX 

unITS AND STANDARDS OF IBBADIATION 

Ii • 
Units and standards of ,irradiation are in an unsatisfactory state. 

The iOnising, radiations cen perhaps be satiefectori 1y moasured in terms 

of' r ... un1ts" but a really signif'icant uni,t of neutron radiation (or more 

generally "pile radiation") haa not been established in tho field of 

radiation-induced' effects in materiels. In the literature two· units are 

encountered. One i8 the·L (or "Loki", pre8umably for the Norse god of' 

) 
. . (20) " / . 

discord and mischief. One L is deflned ts the amount of exposure 

required to produce at 35 0 C a 25% inoreaee in the elastic '!'!'lodulue 

(generally understOOd to be the Young's modulus) of previously unexposed 

average AGOT-Y graph! te. ft ,One L corresponds to approximately 1.2 Mrro in 

tho maximum position in tho thimble at Argonne, 6 Mwd in the X-pile 

doughnuts. hele 1867, or 40 71Nd in the W-pile, at the centor of the pile 

adjacent to the tube. 'D::.is un1 t is not genara ily acceptable einoe it 

has not been shewn nor is it necessarily true thet the amounts of "pile 

radiation" in two different pilea~tor instanoe. wo~ld cause equal chonr,es 

in another property; i.e." there is likely to be an energy-speotrum de-

pendenoo, and ell piles have 41fferent spectra. This unit does have the 

attractive feature of relatively e88Y standardization by a simple test at 

any pi~e-8ite. 

The other unit is tho. Banford .d/et (megawatt-day per central ton). 

Since we knCWI that for any thermal pilo the power per unit mass of' fission­

able material per unit thermal flux is a constant. (approximately 

5 x 10 .. 11 watts/gm(25) /nvth)' the unit Mwd/ot 18 seen to be proportional 

to the time integral of the flux. or the total number of therme.l neutrons 

"':J. e.. 
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Ar'PENDIX 

which passed through unit area during the exposure. 'l'he unit is· signi-

ticant at Hanford exclu8ively~ and therefore it is of practically no 

Wle gel18re.lly. One Mwd/ct at Banford is effectively somewhere between 0 

and 10 L-units: perhaps 3 L-wdts.; yet the correlation of these unite is 

not found in the' literature. 

A good unit can best be established by an 8xperiment61 study of the 

physical factors involved in producing the property changes. The depend­

ence of aqy property ch&D&e upon the physioal factors responsible could 

then be formul~ted in an empirical equation. ~rhaps.t for exa:'l1ple~ the 

tractional change in any property could be expressed as a functIon of a 

characteristio oonstant f'or that property and the temperature .. exposure 

time. end neutron .f'lux 8S measured at a few measurable neutron energies. 

1'ben the unit to chocse would be the 'neutron flux itself. If this should 

prove possl ble. the neceae1 ty of inventing a new un! t wou 1d be obviated 

by acquiring a more complete knoale~ge of the phenomenon • 

• Bote: 

l(~l .l(~)w X' 250 tons total 
2.2 tons tota17(ot). 

250 Cmwd). 
• 2:2 

6.2 ( ) • 'f:'f 40 mwd v ~ S L. 

:;L,e.. 
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