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fntroductlon

It ls naU ¡srostr thrt, for a gl'een sfgürt losa,
thcrü¡f oxldatlon cau!€! a g¡rat.r rcductlon 1n
nchan1c¡l ProInrtl. tha¡¡ rldlol:tt1c od.dat'.on.
For ennl¡le, Plc¡(uP' ot al thorÉd for a
pttch-cokc nuclat graEhit that th'€ decleGnt tn
dynaDlc rcdulus, E, due to thorDrl orldatlon bv
co_r/stcro ga.g fltt€d an €¡qtonontlal
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eñer. E' anat x r¡a th. rcdulur of tho unorldls€d
gtaDhlt a¡*l th€ fractional n€1qht loss
r€rpactly.ly. sLu1l.arly, Xelly' ct a¡
!.¡¡ort€d that tho €ffcctr on thc Ddulus of
radlol!Élc orddatlon of nucl€ar g¡aPhltcs ln
co -cooLd ¡aactorr could ba d3.crl¡.d b!t,
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Ítru¡ for a 5t ¡r.lght lola ths nodulus suld ba
reduced bV aEproxl.Dately 3ot for thcEüal oxldatlon
but only bry f6t for radlolytic oxldation. Tho
lnflucnoe of ttr€lual rnd radlo¡.ytic oxüation on
tho strength of nuclsa¡ graEhlt€a can b. flttad to
rlnlla! eguattonr ürlch lhos that strangth
r€ductlonr are al,8o !prl! tct¡a¡a! for th€¡[¡l
oxldatlon.

It¡l. P¡¡Er ¡r!.3.nt¡, (1) evldcna. for tho
diff€r€nt nlclortructural cff.ctr of tha¡ila¡' anil
r|dlol]rtlc ox!.dation, arld (11) an lntorpr.tatlon
of thc lnfluanca of thctc ül'c¡oatructural. cff€ct!
on clr¡ttc Ddulur u¡lng thc üalyl*cal, d.rlvatlon
of tho Knudxn cquatlon duo to Buch".

Egrrj:lrntar

Sh3ln,l oxtdattonr of a n €dle
co¡(g ba¡.d nuclear gra¡ñLte rar carrt€d out at
9oo-c l.n @ -/51 co gaa at atus¡ihcrlc
pro!8ur!a.'R¡dlotytlc¿uy oxldls€d ne€dl€ co¡(c
graphlt€3 rrarc reDved froü co@rclal Mvanc'ed
c.r Coolod l¡eactors ln th€ O.X. a¡rd €nlincd at
C. E.c. 8., Bérk€lcy lfucle.r l¡boratorlea, g.X.

Nictrortructural rtudlcr ue¡e Eade ualng
i,nverted ataq6 u¡croacoEes und€r polarised llght
or U.v. llght. Good contra¡t b€trreén tb¡¡es and
gra[ñlte at high nagnlflcatlon va8 achlet'cd by
LDlrregnatlng tho gra9hlt€ w1th fluotielc€nt ¡.sin.

ft lulta

l1g.l. rhoes an urprddls€d ne€dl€ col(e
gratñ1t€ anil tl¡€ taÉ gratñit€ oxldls€d the¡m¡lly
to 2.{t might loaa. fhe only significant changos
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P1g. 1. ñe.dL c€ko grafthlte (a) unoxldlaed

(b) th,emrUy oxl.dla€d to 2.4t rrt.loss.

ln the ntcroatructuae a¡e th€ d€eeloFÉnt of ?tne

fil.Entary !ror€8, typical.ly 1 to 5 ,¿D in
vtdth, tn th€ blnd€r Fhas€. Polarl¡tod llght
dcroacolry shous that thsa€ are Hrozo$¡¡<l .crac¡(8,
t.e. cracks ptoduced by dlff€n€ntlal contractlon
on c€ollng froú gra¡thlttzatlon t€nP€ratub€t.

tt|c Gffoctc of radlolytlc oxldatlon on
¡l'croatn¡ctu¡3e aae lllultrated 1n Flg.2, Ithtch
rhor| an unoxldlsad na€dL co¡(e graFhlt€ atrd the
aar gr¿Erhlta aftor oxldatlon to 4.2t tdaight 1o3r.
n¡dlolyEic oxld.tlon 18 üuch I€s¡ 3€lcctlYe than
th€¡Dl oxldatlon produclng Po¡¡€3, tylrtcaUy
o.l. n 1n wldth, vtrtch ha\¡€ Dr¡ch locr atp€ct
ratloa than thor. <levcloPed brlt th€tn¡l oxidatlon.

Dlscutalon

tlr te¡€ctinc deeolotmnt of u¡osor.3kl
crac¡(r on thcna]' oxldatlon (flg.]'. ), naY b6
aÚoct'at€d wlth th€ th€rilal. ¡eactl'on anlrotro¡ry of
graphl.tes. Po!¡atÍon of, xrozowg¡d c!ac.k! durlng
anisotroplc contractlon fron grat}t¡l'tl.tatlon
t€ntrratu¡os €4ros€! grafthitlc basal Planor. rn
thclü1.Iy actlvated ¡c¿ctions rlth co- and
othcr o¡cldlgLñg gate. basal Plan€! ar3 z to g

o¡1.l€r¡ of nagnl.tuds l€ss reactlee than prtanatlc
gfrne., ¡ñich, 1t nay be auppoaed, a¡€ €xttoaed at
th€ endg of tlrozor.aki cracta. 'fhus th€ !€I€ctltte
natu¡e of therúa]. orl.datlon v111 prefolentl.a]'y

elongate thl¡ c1ags of porer.

Ionlll'ng tad,'atlon Ln nucl€ar ¡aactora
gaeatly €nlranc.8 thé chénl.cd actl'vl'ty of ca¡bon
dl.orlde, a¡rd conscqu€ntly, 1t nay be proPotad

that thé od.dlzlng tpecl€a 18 d¡ch l€ss selcctl'ee
ln lts attact upon thc nlcrolt¡ucture of gra¡,hite
than th€rilally activat€d CO2, ard hcn¿'c,



1¡o d€rlee ¡rn ¡rnalogoua equatlon for r.dr.ol,ytic
oxldation lt la nccellarl¡ to transfolD €quatlon
{ 2 ). ttrta can be done if 1t ls assl@d that
r.dloutlc oxldatton ts enti¡oly norFsc¡.ectteo,
a¡rat tho €¡rt€rnal vo\& of th€ gra¡rhlt€ ¡eDalns
unalt€rrd on oxldatlon. Th€s€ arsluEtlona a¡ply
to a ed€l for r¡dlollÉlc oxl.datlon 
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ll"¡oSg"" to itrlltlnó suall ho1€r 1n tho graphlt€.
Ttgre,ls s@ Juatt_flcatlon for thlg rcaei, sfncs
xeuy- €t al. hae. rho¡rn €¡qr€ri-mntalLy
that property dec¡eGnt8, si¡iL¡ to tholG fourÉ
for r.dlol:¡tlc oxidatlon, can be obtal.ned by
dlrlltlng suall hol€! 1n gra¡rlrl.t€.

ff pr a¡d p. a¡e th. initl'r.l
poroalty anal-th€ poto¡tty aftor oxldatlon to
fractlonal rr€lght lors r, thcn tt can ealtly be
¡troy¡¡ that

thc¡a lt vary llttlc p¡¡afo¡i€ntlal tb¡. d€eclotrent
etth r.dlolytlc o¡ddatlon.

ltc .D¡rtrlo¿l Xnud!.n rolatlon hl¡r,
bctulsn cla.8tlc Edu1u! ! and fractionaf poroalty,
P,  Lst
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Ptg. 2. Ne€dl,€ crok€ gra¡thlt€ (a) unoxldlsed
(b) radbfytlcally oxtdls€d to {.2t
ut . lo!!.

l  -  lo . rp  ( -bp) ( 3 )

b - l + O . 5 9 ¿ r ( V c ) ( 4 )

P f - p t + r ( I - p r )

for th€ abo\¡e rcd€l for radtol!Élc oxldatlon.

U.lng thls tranaforil eguatton ( 2 ) l)€come

E - Eo €¡q, (-4.tp) ( 6 )

Substltutlng ths eq¡on€ntlal factora froo
eguatl,on (5), (th€¡ru¿1 oxldatlon) a¡rd equatlon
(6), (radiol.ytic oxldatÍon) tnto cquatton (+)
glrrra po¡c alp€c* tatl.or ot 4c - 1:, for tharDAl
orl'datlon andl Vc - 6 for radiol¡rtic oxidatlon.
ttrl. 1! ln quau,tatlve aglecmnt vlth th.
úl.cro¡tructural evidenc.e (p1q.1) for th¡ devol.oF
Ent of hlgher alp€ct ratlo pore¡ on thc¡.!al.
oxidatlon. t}¡e r¡¡c r€e.Be offactr of th€¡:üaf
oxldatl'on on ttre atrengüh of gra¡rhlt€! lay ba
.lcrt¡ed ual,nl.y to thc €ffects upon nodutür, tlncr!
thc rtrraln to fallure of gra¡rhltéa
(- 10 - 

) la roughly conrtant.

Conclurion

prlnclpal ñ{croatructural chang€ on
th€!ila} oxld¿tlon of nucl€a¡ gra¡thlt€s 13 th€
dov€¡otmnt of fl¡re po¡i.! of h19ñ arpcct rat!.o
vhl'ct¡ a¡a ldentlfi€d as trlroroeski criclr¡. Trri!
,.Lct1\¡c attac¡( l's ascrlb€d to th. th€rrnaJ.
roaction a¡laotropy of the graphlto. Tlr€ rcre
!n :gEtlc gareous apecl'€! ¡ru.tl'c1¡¡atlng ln !.dlo_
l!¡t1c od.datlon a¡3 nuch La!! sc¡cctfrrc t¡a¡t
thénal,Iy-actlvated c.o-, tlrur tb¡ar of
loEr aapoct ratlo a¡c¿devefopca. Urlng a th.or
atlcal. dcrivatlon of tho tqudren cquatlón, tho
D¡¡ savr¡ñ¡ cff€cts of, th€¡.üal orldatlon .on
.l¡rtlc rcdulur a!. relat.d to thc ,el€ctive
dcrÉlofDnt of ¡br€r of hlgü¡ arpGct ratto.

tcknoelcdE€nnts

ne th¡¡* tha S.E.R.C. rnat the C.E.G.B. for
fl.n.ncla¡ supFrt and ur T. it. !f.!¡r for ua€fi¡L
diacusaions.

rñor. E^ a¡d b a¡€ constantr, (! l!
€ffectl'ü.Iy th€ ya¡ue of E at zego porority¡.
:It¡l'! cquAtion ha! !.c€nt]'y been derived theor_
€tically by Bucho. By comidoring far
fi€ld dispbceDnt €ffect3, Buch rtrored that th€
Edul,ua dac¡€Ent ya.o a functlon of pore arpcc.t
r¡tio, Vc, utrlch 1! rI¡t€d to tho constant b by,

t .

eickupr ct ¿l ur€d thc Knud!€n
€quatl'on to reLt€ .¡q¡ertDntally obr€¡:ved Edulu!
cha¡g€a on thótr¡L oxldatlon to pororlty. For a
n edlo co¡(€ gratñlt€r-
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