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C. W. Tucker, Ira ard P. Senis

Intro&uctm

Xoray diffrac'tien studiss of re.diation da.mge in borea earbida have
pravicusily besn rads on singls crysial and mmm specinens ire
radiated in the Brockhaven reactor at approximtely 175 for integrated
therral neutron fluxes of 5.4 x 10+° ard 1.4 x 10-7 neutroms/esf, The re=
sults of thase studiss mve been reperted In FAPL-T10, pp. 42«47, KAPL-
750., PPo 5‘7—%, KAPL-T749, ""PI»-SG’?, PP« 72~83, and TAPL-345, p. 60, This
work hes now been extendsd by irradiation of similar gpecimens for an in-
tegratad thermal nentron #lux of 3 x 10°U noutrons/ex® in the MIR reeciar,
The tomperature of ths speeimens dirdng this irradiaticn is not accurately
¥nown but rrobably is not serdously different from that of the rrevious -
4rradlations, To give an crder of magnitvde ddez of the burmop during ths
¥IR jrradiation, nsglseting abscrptien effeets, the irradiation was somo-
what longsr tham neceseaTy to bm ous ths na’z.,. o ::-'?i} isoicpe commm-
%icn of 18,8%, : . : : : .

Dizansional Chaages

Dus to difficultias iz: ra*minb the- speci::sens Prem i‘ms irmdiati:m )
sapsule only rart of ’2.28 groas’ dimensional shangs measurenenic originally
plarmed could be complatad . Enough work could be df'"nag boweTer, ta B
$ablish thae order aof ..\é,_ittzéa of the dimensiomal changes to be expasi;e&
in ho¥ pmssad boron carbide a3 'm..s rather Iar:;s a;.;';o For example,

a thin disk of thé hot. ﬁ-asscd matarial about C.02 inshes thick and 0.5
incces in diameter was foumd Lo kave Increased ils dismefer 1,07 due to
the Irradiation, Similsrly, a o7lirdsr aporoximately 0.2;’5 inches long
and 0,25 inshes in dismeder increased its dismetsr 0,7% om irradiation,
Tnfortunately no measurements couid be made in the diresticn of the'axis
of ths cylimar after frradiatisn, In view of the I-ray latiiece paramater

% & F P Eh e T ¥ Bt et Fond o
changes +o bs discussed presently, i1t may be thal doe vould have

shown little or no expension {or even a “sontractica) in this direction,
Pne axpecte ® contraction of asbout 0.3% because the irradisted hob pressed
eylinder showed & 1.1% density decrease n’*e_.av:;'ive %o 8 similar {ond presure
ably-identical) bul imirradiated snscimen, In cemzegi;,.aa,vltn ths dimen
gicnal chenges, it may be imporiant to note that the sivels arystals of |
boron carbide fragmented considerably during ihis irradfation, Ihis my
have been due to thermal stresses, inhoncgeuneity of the Irradistion, e
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the vm-y large an.sotz-npv in the latiice mansion ta 'ca diccussed presenily,
The 1ast mamed scems the most protable sanse. The hot rressed samvles did
aot fragment dwring the frrediation but seemed mechanically much wesker,

I3 i3 also of intersst to note thai ths kot rressed disk showsd no
'.:aight ehange dus to the irradistion, Apmarently ths weight inerease dua
£o the absorption of neutroms (absout 3 milligrams) i3 offset by the loss of
about one fourth of tha helium formsd {about 12 millizrams) by the rcact‘?
of tha B-10 mueleus with the slow neutrons’'absorbed,; The retention of the
heliwm by the hot pressed miterial my even have been belier since soma
woighd losa may bawve resulted fiom chemical attack on the spesimen whem it
was being removed from the irradiztion capsule,  The probability of this
oceurring is difficult to assess bub leaves ths figwre or 25% as aa upper
1imi% $o the he}.ml lnes dm-ing mad.atinn,, :

- Inspectinn of the I-ray diffraction pm-xiar ps'.terns fronm the M&diatad
ard unirradiated hot pressed samples immediately showed eonsidsrabls changes
in tha lattice rarameters of the irradisted material, Meadurement of the
lattice paremsters showed an sgranszisn of 0.63% in the ag~directicn angd a

sontrastion of 0,83% in the gp-dirae ;an"" Thess vnusmal resulis wers cone
firmed semi-gmmntitatively usisg irradisted arnd ummirradizted single erystals,
The single erystal work not only confirmed ths ag-dzracu.cn expanaicn end ths
6g-dirasction contraction, tub 2lsc showed that the. chrnge going from ths ore
direction to ths other was contisuzous, pa)a;_ng throush gere. at aperoximatsly
the exprcted direction. Thess resulis show that the lattise dimensioml
changes in bogon carbdide are more 3 iootmpia than in any other mterial thus
far smiud GCraphite is the next most anisotrepic muar_a.i in thet it ex=
mnda jn tha eg-dmec?.icn e._.l crmnrﬂ"ta very s..zg;nm; in the a,g—dmacficn,

m reason for the l&rge an{ ntm’y of chs latsls a.....ma ozx&l mmas
in boren carbids-is not yei t*::.:::smadJ It is-q :1 a ,cds d7idus $2.

nisotropic bonding of th ‘"+e:¢s 5itisl atom=, Ba..aa on the gs:m“"“? of ":.“e
1.. ttice this comciusion ssens qm.a ;‘::zsc“'ﬂa(, d:e not seem dlikaly
thad deplstion of tha beren conbent would ::ﬁ.,.se bearvsd porsmetar changes,

as the. work of Glaser, Moskowits, uni Past\~/ s:mrs ﬁ’z:at the latilee under= ,

goes a nearly isotropis contrastica en decrecging the beron content, The wrk
of ihs Herton Ccmma‘y"?'} on the sifest of baron on the latiiss parametars

does not .cover the boron deflciont regiom, bub they bave found that excess

boren expands the latitice almest isotropically, It seems rether sertain that
tha nuite differend lattise chanzes (wz:mad %o varistion of boron content)

oRaes w& on Uiyadia :.1.3:; 208 Gus Lo Lo ..nm.z 3»:‘.:‘.4&; ahgms and W&yﬂ awo dus
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* Boron earbide ms a rhﬂm. hedral cryatal smewe uhich my be mmd in
the hexagonal system, Thse agy 804 ¢ refer to the hexagonal ax
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to Vacanciea. Wark is p..az:“ed, o be discussed lata', wiich may well reveal
the cause of the anisc*v‘opy in the lntiice paramster cisnga on Irradiatior,

"”heml” Effects

Cze of the very strikingd ehanges occmmg in ths X-ray diffractica
patierns of single crystals of beron sarbide in the two Irradiations in the
Brookhaven reactor was the large increase in the intensity of the thermal
diffuse scattering by the Iatiiss due to the irradiations, Tha HIR frradis-
tion shows this effect in a very exirems f2shien, Thas thermal diffuse re-
flections vhich nsually have an intsraity of enly 10-3 tho intensity of ths
Bragg reflections in an orgenic crystal, ard probebly mush less than this
in wnirradiated boron earbide, wers found in the MR Irradiated boron carbide
to be at lcast as intemse &s ths Bragg rsflections, Previously these changes
in the thermel diffuss roflsctions bad been interpreted, dus %o their arparend -
decrsase in intensity on cocling 1o 1iguid nitrogen t.mt"-es, ag being
due to a lcosening of the latiice thus degrading the latiiss vilration spectrim
to lower frequancias, ILiguid nirogen measurements om the MIR irradiated
crystals, however, does nob reveal & pronounced témperaturs semitivity of
the thermal diffuse reflecticnz ard the aliermative erplaration for the changes,
realized at the cutsset, nov is favored, This alternative explanation is that
smrounding interstitial or substifuticeal foreizn ators and lattizs vecanclea
there are permnaa;t lattice distortions which lead 4o .a thermal diffuse type of -
X-ray scattering (334); i’h,s seattering of ecurse does not orise from the
thermal motion of the atoz-.s the ;at.nies and so is essan‘&.all:r temparature
inﬂanai’civa, . : Taat,

‘1":.3 sinzls crystal diﬁ*mst.w c’..»ta of ﬂ:a 1 irradiztsed material alse
showed pronouncad changsa in the intansity of th ..(;g re..;ectiens relative
to wnirradiated c*:yﬂ*:a?' Many of the ~’1ancres i’ cwsd the pattern to bs
expactad from an aniscotreopic temperatuore w’ax,«'r:,t‘ Ind3 *a*"i:; a lar’*'s tenpmre-
turs affeet for reflections of the typs C0.F ard a rmush smllsr effest for
reflactions of the type hl.0. Iatermediate reflestions showed affects vary-
ing continuously bebtween the two exiremes, .

Thus the frradiated single erysisls of boren carbide show very s'?rmg
"thermal" effects, mamsly, intense thorml diffuse scatterinc and a large but
anisotropic temperatirs factar, which apparently do po% have a therml crigin,
Tt now seems quite cactain thog the effecsts are dus %o loezl latiise diastore
tions due o radiation rroduced irperfections. “Indeed, tha toecwat*lca‘i ..mlveis

g e,

Og .sa-.l‘g \"'/ E::».ﬁ.{. cs e..a.vﬁv.) b- .—:.‘u-..: :’"3: as:? “.’aﬁ’.‘i iwl.la.s—u .&...3 %) of -lu»«é ‘&U\L ol
by the solutes atoms 3:1 a substitufional ::o.,a golution, Zzperimental and
thecretical work is in progress to study these effests,
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ad"ition ‘l:o the syst::a bic *_:.ntcns ity chanmes of the Dwvacg re-
ﬂeet%na tracsabls to an arporant anisoiropic ta'*er'wa effect in the
MTR drradiated material, there were other very proncimesd shanges in ths
Bragg intensities, Prelimirary caleulation of the strusture factors of
some of the aff{scted reflections reveals that these ehanges are not simply
due to depletion of ths borenm contendt of the erystals, Rather it sesns
posaibls that there are certain preferred positions for interstilials and
the intensity changes are dus to the displacement of the laitise atoms in
particular directions bacause of this prefe‘rem:e,, Data are being collscted
for 8 Fourier "difference® syathesis using irrzdiated and unirradiated
singla crystals., This apprcach should reveal the megnitcds and dirsstion
of the averags atomic displacemenis of the Iattice aqam due to thes
ﬁ'rsdiation—prodaced mta'stitials and vacencies,
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