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lntrcxluc lion 

The rma l nc u t.r on J iff r"~t i r"l i ", ~"l1 to IJ.2 ;) p.::r......rfu 1 t oo l cspcc.i.. lly for 1.''' ­

1~ t exture enatysf,s L·xal~:; c o f tlle bnornt.Ion of neut.rons by tb~ majQl"i ­

t y o f stilis:.:anccs. ,\ t s t..'l l ~ d isFCr.; i ve di f f r uc ti o n roch­

n Ique i£; <lP!Jlicd to pr,-,f~rn:d orit!ntaLl<.lll "tuUle, f o r no rc tlla.' two c.k.~"u·:s II ) . 

Mcdcm h igh f l ux pUlb'.J S::Ul"CeS such as L1ll. [Julsc:d r eac l o r IDR- 2 (J INR, lJUi..lJ u J 

a nd d ie' s jo l Ia t.Ion llUUUO/1 source SNS O<!IL,lIi1l",;d l , U.K . ) provide an eliIci' nt 

appl Ica t.Ion at t:hu nout.ron t ir ..o-,JJ - j L<)1"I1. l 'I U i) UI tf ract.Jon far t:c>:t·.m:: J; J i" ­

s i s . 'j lLi " enargy dL;p,",r~LV" n'·t.), ....l ,Il l C>" , 0/1 

t i on ~ll,-nl ~ iJ i :u I L lI~ OUlJly ,11 Ie 'lb' ,I. c I. 'rill 

no t I,/1 a l arge nlT.',­

b ::r o f a l so e in-

f or-nau on all ovc r I ,l lp l r } n' 

is equiv..tH·1l1: to UIC 1nw'l ~ II 1 iyu 'c 01 ill<.: qiv<.:n ~1pl", pos .i t i.o n , a s st.l:'ning 

an i dea l J',",~._' lul1l.Jll 0 1 U. -xl', rin , (l U I 

"L Ai terna t i".-1y to till c. .;l\' rloJI tUsP'1' r:;ivc t t.·c hni ClU'_' U.-... t ext ure i;.)­

c:.'OC ,vul1uml tor th _ solution of p r obr crcs r cqui r~ ng a 

i<JUres I k e o r i e n tat.i c n s t u cir c s s ymre c -I prur e r red i ll 1CM 

r i c subst.ances h s~ tric marerLat s containing rrore t han one phase. Fur­

thernore , the 'IUF techn i que can applied t o obs erve texture f o rrrzr c t ons c a use 

by excerna r .i.n f Iuencee ;:e r f i n- s i t u L':-:p:: r~ts d ue to i ts cons tant; s c a t ­

ter ing geat~ t r"J. 

Ti me-of-Fl i qht Di f f=acCIon 

T/)c, W I' diffraction i s a typrca l Ire tlJod f o r experincnts using a pulsed r.o1ychro­

matic neu tron be am emi ltC<J by 1I pUlsed nc u t.ron source like a nuc lear pulsed rblL~ 

t o r or a ~pa l lu tlOn sour~~ . of u~ '101' d iffrac tat'Cter i ,; :;)1CMll in 

f i g. 1. If the source ul\J.u, l t.o a IO lyc:hrallilti 

feren t waveo lengu ul.l~ pul60 .lrd'" at tho. ,i(A;Cir '- iI ~, d I l 

ent; tim:.os f lyJ.Il'] 1[Ill I )lI\ tn tJ~ " unph alOl1"i oJ loll'] lllght 1",Ul Ill'. 

the grnln orte 'nl Il.!O", ," I 'l"I ' J•.,. lh ref I, I I, j III tJt ,\I I II ,/, 

dL-d by tl~ (k'L, ~ t II" I I I'll, l J • Till L )fUl ·L'l 11,)11 L 

I 

QFig . 1. Scl are of !:.he 'lUI' 

d i ff rac t i on expc r Irrent., Q - ­ -V.~ e..
 
pu r sed neutron 5Ot1I'Ce , P - ­


satll)IG, [) -- de tec tor , A - ­


nUl l tichannel t ine-anal yser .
 
• A :-s:' 

l e ng th A and the tot al t:ilne o f fl ight t - t o f r an t he source to the dc­

tector OPO i s given by t.he fo ll o.~ing r e l a tion 

m· '>' - ­
t > t o : - h- QPD: f3 , QPD ·f,. f3 : 2,52 g , 10 65 , m - 2 . ( 1 ) 

'lhe detect o r s i gna l s arc stor ed in a multichanne l t..inc ana lyse r. Becaus e o f the 

wave l ength spectrum o f ~ primary beam a great number of diff erent r e flections 

arc r ecorded sinultimeous ly by the TOF diffrac t i on. Fig . 2 s ho....s the 'roC' diffr ac ­

tion pattern o f coppe r r:o.-.der . For rror c details on the 'lOP ll'ethod see fo r exam­

p le (2) . 

Crnpari s on o f 'lUF' iIl1U conventiona l tex ture s t udies 

I n UK' convun t.I ona t neutronogra phic texture analys is (1) the cxperfrrenta i tcch ­

ru que a llCMS one to d<': tcnnina OIl<? po l e figure a fter another by tile vari a tion of 

the Bragg illl'l le. The detector aper t ure i s so poor that a ll the integrated b ­

tensity of the chos en Bragg reflec t ion is recorded in one rreasuring po i nt. '1'0 

cove r tho po l e f i gures ·....ith experilTcnta l va l ue s , the spectrren ha s to be rotated 

i n the t = f:urc gonianeter u~; ing equal angU lar . equa l area , he lical or o ther 

s cans. I n this way the exper :iJren ta l expense in the conven t.Lona l rm thod depends on 

the number of requir ed po re figures. On the other hand the number of po le figu r e s 

which can be det.crmi.nod i s l imi ted t o the nurr.bcr of nonoverl appaJ r of Ioc t.I ons , If 

ther e is any ove r l app i ng , the rmas ure..'<l i ntens i t y of ( h , k , l, ) reflection 

doc s no t conta i n any i n fornution on tho contribution of the (11. k z.l. ) peak . 

Fig . 3 i llustrates the s i tuat.i on , 
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Fi g . 2 . 'lOF di f f r action spec trum of coppe r (XlWde r . 
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In tl l<: 'roF dif f r ac tion a qreat, number of Br agg ref l ections is recorded s i ­

multaneous l y. The refore, cont rary to the ang l e d ispe r s i ve mcU10d each spe:::i ­

I1Cll posi tion eorrespords to one po i n t i n a ll cons i dered pore figur es. In 

thi s way the> cxpcr immta l expense is independent o f the required nurrd.e.r o f 

po re figures, i. u .• th(' 1QF ~e thcd becaTes nore cfLic i ent if the nLJU!:er o f ne ­

ces sary po le figures increases. separ ating the ove r l apped reflec t i ons by 

means of a canputer fi t progr am (3 ) UIC Inf orma t.Ion on peaks l i ke those s hawn 

i ll I ig . 3 can be used a lso. Furthcrrm r e , thi s l ine pr o fi l ana l ys i s eve r ases 

the stntis U cal errors o f indivi dua l uxper~enLa l po t nt,s and a lla..rs one to 

take into account tiJC background in a very accurate way , c5JX.'Ci a lly i n the 

r ange o f nonover Iapped reflecti ons . 

On t he o the r hand the l.iJrc requi.rcd t.o record one IDF s pec trum i s no t; l ess 

than 10 minu tes . Thus i t i s rrore conven i ent; to inve s tigate the texture of cu ­

u ic or hexagona l materia l S by the ang l e d i spersive rre UXXl . 

Of spec.in l interest i s the fac t U la l. the Lnformat.Ion a1.>:>ct one ID"' s pec trum 

is equi.va l un t; to the uwe r se po r e figu r e of the chosen sarIlll e pos i.t.i on , Unfortu­

nately, naither the avat rabro number o f r eflections nor theLr dis tribu tion ove r 

the inve rse po l e figure runqo a llONS one t o appl y t he mathemat ical textur e and­

l ys is. Neverthel e s s , t he constant scatter i ng gcarc trY makes the '!'Ol' d iffrclc tion 

\,,,,Il - s ui t.ed for UlC observa tion o f t e x t ure ca rfJoncn t formauion i n the in- s i tu 

expcrincnts . 
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Fi g . 3 . I ntensi ty rela t i ons of two ovc rl a~~ Bra~ ~ ref­

lections fo r dl fferen L po s i tions of a textur t zed spec.i-­

rren t ...zi th respect; t.o tbe scatter i ng vec to r . The anq Ie 

dispersive rmtbod reco rds the s haded arce , 

l 

J::xper :iJrental cqui [IlCnt 

!Is a r e s u l t: of t he preceding cOlls i Jerations the IDF diffractareter was scar ted 

i nto opera t ion a t the high n IL" pu l.sed r eact or 100-2 of the JllIlH (4) . Schemat' ­

c a t i y i t i s shaNn i n fig . 4 . tv: present the firs t f U ght IXIth det.cm li ning the 

w e resolu tion of the s pxt.rmeter is 32 . 5 m. 1'he ncces s ury rotation o f the 

specinen i s carr ied out by an au tanatical t e xture gonicxre ter having three pe r ­

pond.i.cu l.ar i ndependent axes . 'l1Ja qorucrm t er can be hand led by hand o r by 

a p rog ram tape . 
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i g • .1. Scheroe of the 'IQF te."t ure d iff r ac tareter: 1 - - r eac tor shie lding , 2- ­

acuated neu tron gu i de t ube, 3,6 -- nu.rror guide t ubes , 4 .5 - - equi(.lrent on 

the ne ighbour ing beam, 7 - - d i aphragma , B -- nonitor , 9 -- basi c pratform, 

o - noveable p l a tfonn , 11 -- detector , 12 - - slit co ll.unator , 13 -- de u.'Ctor 

s hie l di ng , 14 - - tc."ture gonicmeter , 15 - other equiprcn t • 

In the fut ure t he s p:xtrcmeter wi ll be i nstalled at a distance o f 100 m fran 

the r eac tor . 'l 'he neu t r on mi r ror guide t ube i s necessary to nurundzc the l os s 

of i ntensi ty . A f ully aut:.anatical miruccnpu tcr controlled r egine o f meas ure­

rrent is in tllC s Lage of preparation . The para llel JreaSurentmt with sev e ra l de­

toctors ", 1 10.15 one t o detennine the corresponding nurrOOr of points in each 

l e fi gure s im..ll tan<.-'Ous l y. The gearetric a l conditions and corrections f o r 

diffe r ent Bra gg ang les are descr ibed in (4 ). 

J::x~r ilren t 

At the f orrmr pu l sed reactor IBR- 30 a number of texture i nvestigations has been 

carried out . 1rey are representative f o r differ en t applica t i ons using a toLa l 

f light path of dbout 32 m, All nathcmatica l texture ana rysis procedures have 

been done us ing the serics expansion me thod ( 5) . '['he." l:.'Ul e r ang l e s are chosen 

by tllC no tation o f Mat thie s (6). 
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Fi r s tly , the texture of a rolled sheet of mi c rodup lcx s tee l consisting of 

bee (0( l and f cc ( t ) i ron phases has bee n rroas ured ("I). Fig . 5 s ho",s th 

parus o f the 'TOF spec t ra corres ponding to norrm l , transve rse an d rolling di ­

rections . The tex ture effec ts CUll I.Jc s een frun catqX1ring the rela tive peak 

i ntens i ties o f one spoct.rum , By rrcans of the fi t p rogr am OOI ctI (2) s eve n 

reflec tions cou ld be sepa r a t ed fn."t1l e ach phas e in a ll di f f r ac tion pa tterns . 
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Fi g . 5 . 'lOr spectr a of mic rodup lex200,g 
. WR 

st.<.-cl (counter p u ls os ve r s us t :!Jre 

channe l s ) ND=NR , RIFh'R. ~.
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In anothe r cxpor irmnt; ili~ Io rmat Ion of r'~ : rys lid J i "" U o n Lc':-: LU C<.: i n co pper ha s 

bee n s tudi ed (8) . The san,' lu Was cu~ .()sc<.l l rull ~l> l.er c en t, defomed ax i syrrmrt r ic 

coppe r bars 5 nrn Lhick , Beca us. , of U.., rc Ia t.Iv c l y l<::hl co un t i nq r a t.e , t he r eco r ­

d i Il<j t ine for one 'IOF sp.:c l r uin ""lIS 2 hour s . 'l1lCl·c f on , . thc' rocrys ta Lj I za t.Lon 

t.erTf>Cr a t ur e .....as chose n t o u.' 2 2~°C; onl y . h:co n linSl to nucronardneas noasur c ­

rrents the r ec rys tall i zaLion process was OVer after 35 hou rs . The inverse po Ie 

f igur es rec orded a f t e r various annea l ing t~s a t the steady s ta t e reac tor o t 

the CINR Rosscndo r f a re repre sented i n f i g . 6 . The initia l t exture consis ts o r 

a s trong '" I ll ) and ( 100) caTqX.lnc nl. Dur ing rccrys tn l Li aa t .Lon the <111 > 
a:xnp:;nen t decreases i n favou r of tile <100 > one . 

The text ure ana l ysts on the tet r agona l 'c -phasc of /'lnAl ba rs ha s been car ried 

ou t (9) . The mater i a l i s of interest be ca us e 0 1 its hard-rnaqnct.Ic prope r ties 

( 10 ) . By the 'TOI' t ec hni que 13 po le figures cou l d be dc t.crmtned . They are sbown 

in f i g. 7 . The mai n text ur e conponents in t he i nve r se po le f i gu re (fig . 'I ) ,10 

not coincide wi th tlx: eas y rna<jne tization d i rection ( 00 ] ) , The po le dens i ty 

var.ta t .ions are weak . This r e s ult ex p ra ms the nono pt inal magne tic proper ties 

of the investiga ted mater i a l . 
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Fig . 6 , I nve rse po le figures of Cu for d.if fe r e nt, ann ealing t .irm s (l e ft ) . Ref ­

r ec t.i on i n tons l t. Ies in depende nce on annoa i I nq t .irm , 
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1010 !I. r e la t ive ly l a rge be"," c ross-section (diilllc ter 5 an) and a good t r ansmis s i on 

ab il i ty o f ne ut rons f or a ~..j or i t y of substances a llc,., one to i nvestiga te no t 

on ly fine -graincd mater ial s by means o f the 'f(F d i ffraction. 'nJe reforc , the 

proposed ITCt hod i s woll. sui ted for the tex t ur e ana lys i.a of r oc ks and mino r a l s , 

Pre fe r m d or i en tat ions of qua r t z c rys tall i tes in gr anu li te have been s tudied ( lJ.l . 

The fu ll texture ana tys Ls up to oot' ha s been pe r f orncd wi th the seri e s 

ex pansion cut -of f a t 1 = 14. 'l'he s p ..ec arren syrrmet ry was essured to be nonoci r ­

n rc, For texture ana lys i s 6 po le figures were t aken i nto acco unt, (s ec fig. B). 

OUer po le f igures wer e uncerta i n because o f the high content, ( ~ 50 t l of 

other phases , especi a lly feldspa r s , i n the spec uren, The sel ection c r ite rion was 

the = i nc idencc of C ~l coeff i c i ents f o r s ingle pol e f i gure s . 

(000 3) po l e figure of quartz i s not measu rab le (11) , bu t of s peci al inte ­


res t f or the interpretati on . In Fig . 'J thi:; po l e figure has been ca lcula ted as
 

well as the i nverse pol e f igure fo r the three coord i na te ax es NO, direc tion
 

o f linea tion ED and 'ill . Fi na l l y I n fig . 10 the 001'" of the quar t z par t of gra ­

110121
 
TO 101121
 TO 1 20~ 1 

I12 ~JI 
10 I ll~OI10 12T:lJI 

112 511 
TO 111721 TO 121~ 1I 

F'i g . 8 . E>cperimmtal pole figures of quartz c rys tallytes in 

granuli te , 
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Fig. 9. Cal cu lated (0003) po l e f i gure (Le f t ) it·~ 
Oli O and inverse pore figures for ND, DO and 'm , respective l y . 000 ' 

Fig . 10 . roF of t1>c quartz pa r t 

of granulite. 
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nul t te i s r ·pr,·r.I·nl. oc:l. I n 1.1,., ( ".... III'JI1 i ll W IIl; i l y l anlJ" i ll the nei ghlxJud o :x l 

of ;'J = 0 Co '" I> ,., ·n wh ic h IIIIJIlt 1I 1' ~" I ', · I ..lo.llll u J 0( and ~ • I II can­

p liencc wiU, (l'l-' " " Iii I ,d , I II" i I Y I " t," 'k :'<: llllr.llLocl In U'lt! cen t.re o f (0003) pol e 

f igure ill UllJ IJUUI 1,, 1,,1 "I ,,, lnvn lw I ' ,I,· l ifJu n:. Up to UlC PI\ 'sP-l1t s tage 

o f tho w,:,rk. UJ {JlJu ;, 1 l."\J l l lcl Ion:': L"" lh1 t.»'l'n in to tlCC'OUll c , 
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Surrrnar'Lz i.nq , the proposed tror tex t ure ana lysis a llCMS one to solve a wade r ange 

o f vo l urro texture problems . lJccause o f the simul taneous nea s ureae nt o f all 

po l e figur e s , t he rrethod i s especi a lly suited for inve s t i ga t i on o f 10.'1 s ymret­

r ic or mul t iphas cd s ubs tances. I'W:thenrore , tho constant scattering gearetry 

o f the 'LUI-' nethod enabl e s to observe the texture f orma t.I ons c aused by ext.er na l 

influences , immediately. 
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Fe l dmann K. E I4 -85-284 
Appli c ation o f Ne u t ron Time-of- Fli gh t Dif fr a ction 
t o Te xture St udi es 

[n t h i s paper the applica t i on of neu t r on t i me - o F- fl i ght 
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