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ABSTRACT

A r ot 2 methad Y3 moan oryatallite size detenminatian by X Aay diffraction bne broademng was estabhihed
Both step ecanning 2nd CconMNUOUS $cantag mathods werd Extanzively testsd and The pracision of the dew obtaned as a
functron of the cryswlhits pze i dicussad

Emphrasis i givan o our contribution in order ta ahminate instrumantal affecs as well s Ky /Ky, doubiet affect
upers [ine broaden g

fnstrumental correction wes parformed with @ monocrystalimes S sample having mean crystallite s2e wall ebave
13000 A |checked at our Lebovatoryl 1mproving the sccuracy of eapenmantel data

K .'Km deublet correction was handled with the aid of the mod had Aachinger correcuen The axact [MieRgity
rilatitn abwean Km and Kﬂ’l peaks was delenmined 1nstmad of taking 1t for granted as 5

The rmean crystaibie dimenstan of USDB wir calgulaed wnd the resulis shiow the depandence of thd perpmeter on
the gualy of the microspidres

INTRODUCTION

Fismon materals usad in the fom of coated particles have experienced great advances 1n the Gas
Reactor Technology serving ae basis far the development and progress of the HTGR eoneppt!d]

Qne of the main advantages the use of fuels wn the form of particles has brought ix the possimbity
of achieving the hwghest burs ups reached so far by incomporating moderators (as graphitel to the fuel
Howewer emphasis should be giver to the fact that high efficency of these fuals is primanly dug to their
structural proparties

&z port of |IEA 5 program the CEQ {Chermcal Engineering Duwision) M5 been developing a proces
for micromheres production and several batches of U Og and alurmna mcrosphares fav bean prepared
already

Az the mierospheres production depends on several physicochernical parameters we fooused our
attertion on one of thern namely the megn dimension of the crystallites regions insige the <ol id whare the
umit call repeats (tslt 10 an almost perfect fashion 8 ouantity directy related to the feasibd ity of obtarng
mMICraspheres

The mean crystallite 5120 13 an mpoctant structural parameter not only where microgahares'
production 15 concerned but 15 also a8 meaningful structural parameter of any fuel matenal and it was the



purposa of our research 1o establish 1 fast and efficiant mathod to detarming it

FUNDAMENTALS

Scherrer' 19! first avtempted to determine tha influence of the crystallite size an X Ray diffraction
paaks broadering and derned a mathematical expression  assuming a cubic crystal struciure -known today
as the Scharmar aquation

K &

~ By cosf M

Assurung Scherrer s dervation was not general, Stokes anc Wilson®1 1! derived an expression valid
for any crystal structure Empioying a refined mathemetical formaeiem as wall a6 integreted intensitios,
these suthors have nevertheless obtained an expression similar 1o Schermer 5, exéapt for the value of K &
sheps constant Scherrer squation halds for K = B8 wherses Stokes proposed K =1 0 In practica K 1t used
as 90 because both works wera carmed on sssurring tha axistence of only one crystallite actuilly obe his
an sggragats of them and therafore D s said to be mean crystailite size

In 2xpression {11 X 15 the wevalangth of the X Ray radistion & 15 the angle where maxwmum
diffraction occur: and £1/2 15 the halfrmaximum peak braadth due only to the crystallite size of the
matenal under mmtugatmn{a}

EXPERIMENTAL PROCEDURE

Thea experimentel procedure may be doaged i four main parts

— hgrimant of the diffrectometer
— uniform sample pregaraticn

— obitarprartt of diffraction profiles
— data cormection

The alignmant of the Rigaku 5G 8 diffractometer 15 doma socarding 10 11 camespondent Rigaku
menuait®’! and deserves hare no furthar comments

Samples are prepared by pressing {27 5 tonfem? during 3 munutes) in aluminum sampte halders
As for the sake of compectress 5% callulose may be added All pvmples are praviously gringed 1 an agets
rarter, thus becoming homoganeous and pragicidly strain froe

Chmintwnt of a diffraction profile correspondent to a particular crystallographic {hkll plara can be
achievad by two alternahve procetzmes

— ponwentional sanning where the sampls 13 continually rotated around an apgropriate Bragg
angle while the Intemaity 1a registered by a plotter on 8 chart Profilas obtaned this way are
simiiar ta the one shown n figure 1

— step by step using a step seanning device where the nigrmity 15 memured at smyeral anguiar
positions egqually spaced by small angle values duning » fixed time intarval, say 20 seconds
The profries are sirnlac t0 the one given in figure 2

in any case the peak obtained has a certain half-maxnum hr‘ﬂdthEi 2 which 1 & result of throe
ma) or contributions

— crystallita maan dienengion
— instrumental sffact due to apperatus used



— Kp1 /K yr doublet overlapi™)

We are |nterested only in the effact due to crystallites and therefore we reed the other two upon
8102

Efect (g} 15 easily eliminated using the Rachinger correctton {appendizl yweiding 84,2 the
hatt maximum peak breadth without the influsnce of K.

We are laft with the problem ef elminating the instrumental effect to be able to caiculate &4 2
Theoretically this can be sccompished by applying expression {11 1o 8 diffraction peak from any matanal

possessng mfurwtely large crystallites ac a consequenca wa would have B -— 0 Linder these condittons the
peak breadth would be due solely to instrumental effect

However an igaeal crystal (D — ==} 15 50 far impossibke to obtain Many resdarchers have used as

standard-crystals policrystalling materials having crystallites as large a5 posibla Anyhaw they are ssidom
larger than 1 QDO ALB)

In the present work we adopted an onginal solution using @ monocrystaliing S samnple whose
maan crystalite dimension 15 over 13 000A1°" ) we were able to get diffraction peaks whose
half masimum breadth by ;- may well be considered as berny due antirely to the particular apparatus used

it 15 known that the instrumental effect 1s a function of the Brapg angle 18 by,p = {2 #1 This
depandence 1= deterrined by obtaming diffraction peaks for several angular positions and plotting it thus
constructing characteristic curves for each instrument (g 3} When inwestigeting a given matenal {°*°) the
instrumantal effect at the angular posttons where the peaks exiat may be ¥nown by interpolabon m the
correspondent (nstrumant curye

The correction principle is as follows ' 12!

Frgures 4a 4B and 4c represent raspectively the sample diffracton pesk {Kgi/K,: doublet
effect already aliminated) the same diffraction peak |f the diffractometar were ideal only crystaliine size
effect present and peak brexdith due enly to nstrurmental effect

The origing for g{z} and hix} are chosen for convenience but at the same valye of 2 @ The relation
betwaen the three curves 1z chtamned fy consdenng the area glzldz on the curve for imstrumental
broadening the area giz}dz 1= spread out by the fyncuen fly) and at adisplacament y the ordinate 15 the

canttibution dhix) at the postron x =z +y on tha hix]Curve Sipce the ordinates 10 the two curves are
proportional to the paak areas

_dhix}__ gizluz

fiw) L
where A 15 the area of the fly) curve

With the rap/acemunt y = x -z the ordinate of the hix} curv 1= given by

hix) = Soleifix ride 2)

t ) We ere conadering the mataral az strein free alethough the actusl profis s somewhat influenced ry the sxsstence of
intarnal atresag In our case gtrasn o regligible f nol sbeolutely nan pxistant

{1 &g experimentaly werified by using o diftractin sppareiun having & hghty collimarad monochiomator desgned by
and bulltby | E A 3 X Pay group (gee ral 2§

1***] For sach substanoe dil fraction peaks occor at charactanytic angular pos tons



Figure 1 — Stripchart record af the (001} peak of a UyOy sample [Cu Ky raduation scanning speed
1/16° fmin)
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Figurs 2 — Stripchart record of the (001} peak of a LUy0p sample [Cu Ky tudiation TR sanmng with
stop width 02 fuad time count 20 seconds)
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Figurs 3 — Instrumantal corraction curves for diffractamaeters (L} and (11}
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Equation {21 indicates thet the profde for the sarple 5 2 convolution of the functons
reprasenting particle size broadening and instrumental bhroadening We measure the curves hix] and gz
and wish to obtain the particle-size broadening curve fly} This 15 not comvement since fiy! 15 buried inside
the convolution integral By assuming shapes for the thees curves, (1§ posaible 1o use eq (2] to obtain
ralations batween the half maximum breadths of the curves

Aszuming the three curves are Gaussian that 15w = Wexp [k v} 1t | possibie to show that
Z
ﬂi a Bﬁ — by 13

4 — APPLICATION OF THE METHOD

1 The mathod prewviously deseribed was applied to finely gnnded powder from U Og micraspheres
Figure & shows the diffraction profile of U308 for 20 betwoen 107 and 110°

Sever samgled were prepared and for each diffrection peaks were obtaned using both
diffragtometers avalable at our Laboratory denoted by {1 and (1) (*]

Tha microspheres raceived for analyos have baan previously sire selacted with B different standard
sigves, with mesh dimansions varying betwaen 20 ang 0083 cm

Samples numbered 1 to 5 belong 1o the same lot and samples numbered 8 and 7 to another one obtaimed
under diffarent conditions

Sampla Diff ractomanmr | Dffractometer || Bowerage
{A} tA} FN]
1 560 + 28 575 1 20 Bg7 +£28
2 5 W B " 71 28 A1 £ 30
a o TR A 3 BE2 £ 31
4 Bg1 < 31 580+ 30 A7+ A
5 &1+ 31 500 + 31 g6 £ I
G 377+ 17 3|E 17 3BZ + 17
7 387+ 16 375 17 117
L

CONMCLUSIONS

We hawve succesded (n establishing & fast and routinaly spplicible method for nuoclesr matanad
control whenavar structurasl parsmeters play an important rols The determmetian of the mean crystallite
siz& by mpasuning Bragg s diffraction peak bresdth was computed using Scharver aquaton whose validity
has been confirmed by saveral rasearchars {references 1 3 §,6 7} besides Scharrer himselt!10!

{*! Tha angular position for the UqDg 1001) diffraction peak m epproximately 20 = 21 41" and under th promainicat
conditian the Inctrumvantal sfface tor diffractormstam (1) and {I1) arn  Bfy = 106° blly - QBE°
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Figure 6§ — Percent error vx crystallite size

{s) Step scanming Tixed time count
{b) Conventional scanning scanring spred 1/16° tman
te) Corventional scanning scanning spaed 1/B° min
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Figure 7 — Curve liustrating the principte of Rechinger corraction Contributions by Ky, and K
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Figurz 8 — (333) Si reflexion Cu Kg, and Cu Kg, peaks separated scanning speed 1/8 °/min
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Our results were gbtained with a precision net inferior to gnes presented on the mest outitanding
previous works (0 this fleld like 11} thanks to the extremely satistactory perfomnance of the apparatus
amployad and the pioneer ublization of a standard crystal whase mean crystallite dimension was well owet
the ares used by other researchers

As our main objective was 1o apply the method 1 8 rather routng fashion we worked out curves
in order to optimise the experimental procedure towards obtaining the hiphest precision withun the time
available [whieh 1 our Laboratary & invanably vary scarcel In fig & curves show the percent error as &
furction of the crystallite size waing three ways of obtaiming the diffrection profile Curve a corresponds to
a step scanming fixed tme count curve b to a conventional scanming sample rotation speed 1718 /min
turve ¢ to a conventional scanming sample rotation speed 1/8° /min

As the above method we developed usingU30g microsphares fragmanted a5 well
nenfragmentsd a few conclusions can be drawn CONCETNING SITUCIUTE| properties

— onee we had samples of nen fragmented micraspheres the mean crystaliite size was found 1o
be 5B4 A i average independent of the size of the microspheares snalysed

—within the same |ot there 15 no evidence of drastic vanahions among crystallite sizes for any
SAMpes

Ths suggests that crystallite sizes are strongly depandent upon conditions under which
microgxherss are produced

In the future we plan to apply the method for microapheres formed urnder diferant
physiec chemical process parameters such ss temperagure column helding tme concentration of the
chemicals employved ete Thix wall perrmt us to determire cptivum production conditions in crdar 10
obtain UG, and U0, microsgheras with the hughest dagrse of structural parfection

APFENDIX — The Rachinper Correciion

Aachinger s correction is aimed at the separation of the K, <, doublet on diffraction peaks end
1= baged on two assumptions

1 = the pesks due to Kg, and K, ; are gaometrically identical
2 — the sntemsity of the paak due ta K,; 1= ona half of that dua to K,

Figure 7 illustrstes one application of the method using a S monocrystaline sample
(111) reflexton considered The dashed cuter hne 15 the peak obtaned expenmentally wang
unrasclved Cu K, raiatios The two internal curves were obtained using Aechinger s comrechon and
répresant the peaks due o Ky and K, separately Aoz the angular saparation betwean the peaks masima
m 15 8 suitable rumber of intervals Thus

o) =1, — by (s} {A)

In expression (A) the numencal gosfficient 5 15 a consequence of assumption®2! which does not
prove being absclutely cormect mainky because of the alignment of the diffractometer

In order to obtain a more pracise value for the quotient | {™ } we obtewned the 51 (333) refisxion

1 1)
where a complete separation of the peaks due to K, and Kg; 15 possible their maximum heights occurming

at 28, =84 96" and 28, =95 27° {fig 8) Under these conditions wa faund

Hlogl 45
[ oy}
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When inserted 1n equatton [A) we have

e =1,— 461, o {0y} A}

Exprésmion (B rs a result of & careful use of the Aachinger sormection taking into aceount the type
of apparatus empioyed and allowed us 1o resolve the K, /K, doublet mare precisely

In the case of fig 7 A = 08" and we chose m =& for convenienca  Thurafora

gty ) =g 1yl d=1, Iyl i =1
I. {ﬂ]i-lg — 45',,:.'&[}
lg (o) =1g — 451, {&ry } and so an

Tha orgin 15 akso chosen far convenience ot the keft hand side and the sccurecy 13 satisfactory
from this point ta sbout half way down on the nght hand side when fluctuations may occur, the right tail
of the curve 15 graphiwcally completed having in mind the fact 1t s symmetrical to the left tal
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RESUME

{hra reithode da routine a 6w dtabihe pour |a detmrrmnation de 2 il moyenne des critellites par dlergasamant
da la gid oe ciffrection des myons X Les méthodes de hefaysge par §kages duk Bidn que celien de belayaga contiful ont
4tk plusirury foug testdes ot lp précision dag donnés ohianus en fonction ge la il gas cristaliitee & dul wra) e

Orn mat &0 talaf otk contribUutron gans 16 But 4 dhmense | @ffer instrumantal auss bAan gque | sffit du su doublat
Kt /Ky cam | Slargesament de |a igre

Li COMMECUOn (REtrumanislie o &t eftgciud en employent un manncrsts! de Sioovac une tallle movanng de
cnstallites su-desy o 13000 A {donnée confirmee a notre Laboratoorel  améliorsnt I préckon des denndes
axpdrimantales

Le comecuon das doublers Ky /K.ya o 6 effdcrsd par cormscyon da Mechinger modifika G0 a tenu comate da ia
relation axacte entre Mu ntandbie a K /Mg s eude diraque cest ogal a B

La dimension moyenne 9es crestallioes & ook calculbe ot les rdoultats montrent [a dépandance g oo g T par
CEPPOFt & |b quii it des rircrosyhénes

RESUMO

Lim método de rotine para a determnagcSe 39 tamanho média 4o cristed iws por wlargamento da hinna ce dif ragSo
dot racd X for stabalseonde Tanto o1 Mécdos por varmdurs pams B PERC Yuenta por yerredura cantinua foram
exaustvamente taptados 8 @ precisio dos dedos obidos em fungdo do tarpanho dos cristalitee § discutids

Doastacm @ Adiss exdertn buigao anginal o wntidd da alumonar o aFato instrumental bam coma o afaite devido ag
subleto Ky f g no dlergamenta da lenhe

A corragdo inatrumental for efenuada com o ugd de um mongonsal de S ogue e um tamanho médie des
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crigtaliigs aceme de 13000 A (dado esta confirmado em nosto laboraténg  melhorando a precisdo dos dados
EKDEI'JI‘I'}EI'IT&I!

A correcan dos dubletas Ky (Kge for atet vadn ~n- e da corracio 96 Rachinger modi ficeda A ralecEo exath

=nire a6 Intenstdades 409 piCos dewidas 8 ¥,y Ryg To1 levado em e0 s ac ves o s adotd laguela &

A dimensa medie dos oose ies for calculeds B o8 resulfados mosiam a dependencia deste paraméted Corm &

ualdade das microesteras
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