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Neu tron scat ter ing would be more use ful than x-ray scat -
ter ing for the study of bulk prop er ties of ma te ri als be cause
it has very high pen e tra tion prop erty. It means that the in -
ter ac tion strength be tween the neu tron and a mat ter is very
weak and thus a lot of sam ple amount and mea sure ment
time are nec es sary in gen eral. But if the amount of sam ple
is much enough, one can use this prop erty as an ad van tage
be cause one does not have to be thought ful of sam ple ge -
om e try and align ment. Neu tron scat ter ing has strong ad -
van tage for the struc tural study of ma te ri als containg light
and heavy el e ments, adjascent el e ments or iso topes since
the neu tron scat ter ing length of an el e ment which rep re -
sents the in ter ac tion strength does not de pend on the atomic 
num ber. How ever some el e ments such as Gd, Sm, Eu, Cd
and B have very high neu tron ab sorp tion crossection which 
gives us se ri ous lim i ta tion on mea sure ment.

In the neu tron pow der dif frac tion ex per i ment, sam ples
are usu ally pre pared in a thin cy lin dri cal va na dium con -
tainer. The typ i cal di am e ter of the cyl in der ranges from a
few mm upto about 15 mm. If the amount of the sam ple is
much enough and the neu tron ab sorp tion by the sam ple is
small enough, the sig nal in ten sity is gen er ally pro por tional
to the vol ume of the sam ple or to the sqare of the cyl in der
di am e ter. How ever, if the ab sorp tion is not neg li gi ble, the
scat ter ing in ten sity does not monotonically de pend on the
amount of sam ple. The scat ter ing in ten sity from a neu tron

ab sorb ing ma te rial is pro por tional to (sam ple amount) ´

exp(-mx), where m is the lin ear at ten u a tion fac tor of the ma -
te rial and x is the path length and thus there ex ist the op ti -
mum con di tion of sam ple prep a ra tion which gives us
max i mum sig nal in ten sity.

There are three meth ods of sam ple prep a ra tion to over -
come the high at ten u a tion prob lem. One of them is the di lu -
tion method which re duce the ef fec tive den sity of the
sam ple and hence re duce the value of the lin ear at ten u a tion

fac tor (m) by mix ing with well known pow ders such as alu -
mi num or va na dium. An other one is the con trac tion
method which de crease the path length (x) by us ing a shell
type sam ple con tainer. The last one is the si mul ta neous us -
age of the two meth ods, di lu tion+con trac tion.

An a lytic cal cu la tion of the gen eral form of the neu tron
trans mis sion (I/Io ) as a func tion of con trol pa ram e ters (the
di lu tion ra tio and the di men sion of sam ple con tainer) and

scat ter ing an gle (q) is im pos si ble but we could cal cu late for 
some spe cial cases. We have tried to mea sure for very
highly ab sorb ing spec i mens by con sid er ing the cal cu lated
re sults and obtaind quite rea son able in ten si ties. De tails of
the cal cu la tion and ex per i men tal re sults will be pre sented.
And a se lec tion cri te ria ac cord ing to the de gree of neu tron
at ten u a tion or ab sorp tion by sam ple will also be sug gested.
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Dif frac tion mea sure ments of in dus trial and sci en tif i -
cally rel e vant ma te ri als un der room tem per a ture con di tions 
can miss im por tant in for ma tion ob tain able by mea sur ing at
non-am bi ent con di tions of tem per a ture, pres sure and at mo -
sphere. How ever, the poor pen e trat ing power of stan dard
lab o ra tory X-rays can make many types of in-situ ex per i -
ment im prac ti cal. Due to their pen e trat ing power, both neu -
tron dif frac tion and syn chro tron based en ergy dispersive
dif frac tion of fer op por tu ni ties to un der stand sci en tific and
in dus trial pro cesses by per form ing in-situ equipments in
spe cially made an cil lary equip ment. The main lim i ta tion is

the de sign and con struc tion of ap pro pri ate an cil lary equip -
ment to make goodly use of the neu trons or X-rays. In a
neu tron ex am ple, this poster will elab o rate on a new com -
puter con trolled gas cy cling cell, of 3 gases (deu te rium, hy -
dro gen and he lium purge gas) into a sam ple cell us ing mass 
flow con trol lers, be ing con structed at the neu tron scat ter -
ing fa cil i ties in Chalk River, On tario, Can ada. Ini tially de -
signed to go up to 10 bar gas pres sure, a 50 bar gas pres sure
se quel is planned us ing the ex pe ri ence gained con struct ing
the 10 bar ver sion.
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Di luted mag netic semi con duc tors (DMSs) com bine two ar -
eas of re search: semi con duc tors and di luted mag ne tism. 
Thus DMSs in clude charge and spin vari ables in a sin gle
ma te rial.  The sci ence based on their in ter ac tion and re sult -
ing multifunctionality has at tracted sig nif i cant at ten tion
[1].  ZnGa2Se4 and MnGa2Se4 are semi con duc tors show ing 
di rect gaps at around 2.3 and 2.5 eV, re spec tively [2].  Mn2+

is a mag netic ion with spin S= 5/2.  The con trolled sub sti tu -
tion of Zn ions by Mn in the ZnGa2Se4 ma trix gives the se -
ries of DMSs Zn1-xMnxGa2Se4.  

Or ange sin gle crys tals of Zn1-xMnxGa2Se4 with x= 0.00, 
0.104(4), 0.240(4), 0.343(4) and 0.482(4) were syn the -
sized us ing the chem i cal vapour trans port method.  The Mn 
con cen tra tion x was ob tained from pow der dif frac tion and
mag netic ex per i ments.  Room tem per a ture time-of-flight
neu tron dif frac tion data were col lected in the range 0.8 < C
< 3.2 on the pow der diffractometer Po laris at the ISIS
source, UK.   

ZnGa2Se4 crys tal lizes in the tetragonal space group
I-42m ex hib it ing a de fec tive stannite struc ture with a=
5.5117(3) C and c= 10.9643(6) C [3].  The cat ions are sur -
rounded by a tet ra he dral en vi ron ment of four Se at oms.
The crys tal struc ture ex hib its a ran dom dis or der af fect ing
the Zn and half of the Ga at oms.  The other end mem ber of
the Zn1-xMnxGa2Se4 se ries is MnGa2Se4.  The crys tal struc -
ture of this semi con duct ing mag netic ma te rial is rather sim -
i lar to that re ported for the Zn de riv a tive.  The struc tural
ar range ment of the at oms cor re sponds to a de fec tive chal -
co py rite struc ture, tetragonal space group I-4, with a=
5.677(1) C and c= 10.761(2) C [4].  A sig nif i cant dif fer -
ence be tween the crys tal struc ture of both end mem bers of
the se ries is that there is no cat ion dis or der in MnGa2Se4. 

The crys tal struc ture of Zn1-xMnxGa2Se4 with x= 0.00,
0.104(4), 0.240(4), 0.343(4) and 0.482(4) has been re fined
by us ing the Rietveld method.  The struc tural ar range ment
of at oms in ZnGa2Se4 has been used as the start ing model. 
Crys tal sym me try, space group, unit cell pa ram e ters,

atomic po si tions, dis tri bu tion of mag netic ions and iso tro -
pic tem per a ture fac tors have been cal cu lated to gether with
main bond dis tances and an gles. The neu tron pow der dif -
frac tion data show that all the ma te ri als un der study keep
the sym me try of the Zn de riv a tive.  All of them crys tal lize
in the space group I-42m.  

The evo lu tion of the tetragonal pa ram e ters a and c with
x is dis sim i lar in Zn1-xMnxGa2Se4 0 < x < 0.5.  While a in -
creases with the Mn con tent, c re mains es sen tially con stant.  
There is a de crease of c/a with x, which would sug gest a
ten dency to an aug men ta tion of cat ion or der ing as the Mn
con tent in creases [5].    One in ter est ing point is the ar range -
ment of the mag netic cat ions since they could be ran domly
dis trib uted as for the Zn ions in ZnGa2Se4 or or dered as in
MnGa2Se4.  Man ga nese is clearly dif fer en ti ated by the neu -
tron dif frac tion tech nique due to its neg a tive co her ent neu -
tron scat ter ing length.  The Rietveld re fine ments show that
the Mn at oms are dis or dered, shar ing crys tal lo graphic po -
si tion (4d) with the Zn ions and half of the Ga at oms. 
There fore the lat tice site avail able to the mag netic cat ions
is not the same in MnGa2Se4 (2d) as in Zn1-xMnxGa2Se4 0 <
x < 0.5 (4d).  This fact no ta bly in flu ences the mag netic
prop er ties of the sys tem.  They dif fer sig nif i cantly from
those ex pected for the clas si cal di lu tion of a mag netic semi -
con duc tor.
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Con tin u ous in ter est in the struc ture in ves ti ga tion of
zeolites is stim u lated by their po ten tial prac ti cal use in the
chem i cal tech nol ogy. Zeolites ex hib it ing reg u lar struc ture
which can be eas ily mod i fied are im por tant can di dates for
this type cat a lyst and many lab o ra to ries try there fore to
„tai lor“ zeolitic cat a lysts of the re quested prop er ties in ox y -
gen at oms of the faujasite framerwork. Na ture of acid or
ba sic sites and the dis tri bu tion of so dium cat ions and
chemisorbed methyl groups in the zeolitic lat tice be long to
the most im por tant prob lems of sur face chem is try. The o -
ret i cal in ves ti ga tions [1] dem on strated that chem i cal prop -
er ties of pro tons are con trolled by ac tual ba sic ity of the
lat tice ox y gen at oms and by the char ac ter of bonds where
pro tons are at tached. Ex per i men tal sup port was ob tained
also from the re sults of dif frac tion meth ods, where namely
neu tron dif frac tion pro vided di rect ev i dence on the lo ca -
tion of pro tons in faujasites with var i ous H+/Na+ ra tio [2]. 
The aim of our study was to es ti mate the lo ca tion of
chemisorbed spe cies in the lat tice and to elu ci date the role

and par tic i pa tion of var i ous lat tice ox y gen types in
chemisorption of methyl cat ions. We have made an at tempt 
to es ti mate reg u lar dis tri bu tion of cat ions and chemisorbed
spe cies over the lat tice and to lo cate chemisorbed CH3

+

ions at dif fer ent ox y gen at oms.
Well-de vel oped crys tals of NaY, NaX and NaLSX with 

high con tent of so dium cat ions and with low con tent of de -
fects and decationation were used in this study. The re ac -
tion of methyl io dide with so dium cat ions was used for the
prep a ra tion of an chored methyl groups in the struc ture of
zeolites (and con trolled by 13C MAS NMR spec tra were
mea sured). Neu tron pow der dif frac tion pat terns were col -
lected at tem per a ture of 298 and 7 K on the KSN-2
diffractometer, which is placed at the LVR-15 re search re -
ac tor in Øež near Prague. The com plete struc tural pa ram e -
ters were de ter mined by Rietveld anal y sis of pow der
neu tron dif frac tion data us ing the GSAS soft ware pack age.

Our struc tural pa ram e ters for the ini tial de hy drated bare 
sam ples and pa ram e ters for char ac ter is tic chemisorbed
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Ze o lite Cat ion Site Type Hun ger
1
)

et al. *)

Grey2)
et al. *)

Olson3) **) Plevert4)         
et al. **)    

Vratislav et al. ***)

NaX SI 16c 4 2 3 3

SI’ 32e 16 28 29 29

SII 32e 32 32 31 31

SIII’(1,2) 96g 25 13 21 21

SIII’(3) 96g 6 10 8 9

NaL SX SI 16c 4 0 0

SI’ 32e 18 32 25

SII 32e 32 32 32

SIII’(1,2) 96g 26 16 34

SIII’(3) 96g 13 15 8

Ta ble 1. Cationic Sites in De hy drated Faujasites NaX and NaLSX

Re marks: *) NMR re sults, **) X-ray dif frac tion, ***) neu tron dif frac tion, our study
1)  Solid State Nucl. Magn. Reson. 6 (1996) 1-6, 2)  J. Am. Chem. Soc. 119 (1997) 1981-89 3) Zeolites 15 (1995) 439-443, 4) J. Phys.
Chem. B 101(1997) 10340-46



NaX and NaLSX sam ples are given in [3,4]. The oc cu pa -
tion num bers of cat ions (Tab. 1) and the lo ca tion of CD3

groups were de ter mined by means of dif fer ence Fou rier
maps. Ze o lite LSX (low sil ica X) has a Si/Al ra tio of 1 and
rep re sents the high est num ber of charge-com pen sat ing cat -
ions among all faujasites. Pa ram e ters of NaLSX given in
[4] were re fined in both re cently dis cussed space groups, as 
in Fd-3 space group as in Fddd (orthorhombic) group but
with out any sig nif i cant dif fer ence. 

Cat ions are dis trib uted over six pos si ble sites in the
frame of Fd3 space group. Our ex per i men tal data al low to
com pare the changes in the oc cu pa tion of po si tions of the
Na cat ions in orig i nal evac u ated NaX and in the same sam -
ple af ter chemisorption of methyl io dide. The oc cu pa tion
num bers of Na cat ions in chemisorbed NaX has been de -
creased for SI´ and SI´´ in con trary to the in crease for SIII in
com par i son with the ini tial NaX. SII is prac ti cally fully oc -
cu pied in both of the lat tice at oms in orig i nal evac u ated
NaX and in the same sam ple af ter chemisorption of methyl
io dide. We ob served se ri ous changes in the dis tri bu tion of
the lat tice el e ments  af ter  chemisorption  of  methylium
ions.  These  changes  were  de tected not only in oc cu pa tion 

fac tors but some times also in co or di nates of Na+ cat ions.
Our re sults (in Ta ble 2) are well in line with these find ings
of the other au thors 1,2,3,4). For NaLSX we ob served in ad di -
tion an other ef fect re sult ing from the in flu ence of
chemisorbed spe cies on the ge om e try. This ef fect was as -
so ci ated with some dis tor tion of cubooctahedra caused
prob a bly by chemisorbed spe cies to gether with as so ci ated
cat ion dis place ment.

This re search has been sup ported by GA ÈR grant No. GA
202/03/0981 and by MŠMT grant No. MSM210000021.
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Lat tice pa ram e ter re fine ments from neu tron dif frac tion
(ND) data may be pre ferred to those from dif frac tion data
col lected with con ven tional X-rays or syn chro tron ra di a -
tion, for ex am ple if in ves ti ga tions on coarse-grained pow -
ders or bulk sam ples, with vol umes of up to sev eral cu bic
centi metres, are meant to be rep re sen ta tive for the whole
spec i men. For these  kind of anal y ses ND takes ad van tage
of the high pen e tra tion of neu trons for most el e ments (iso -
topes), al low ing them to si mul ta neously probe the whole
vol ume of a thick spec i men with nearly no at ten u a tion.
Fur ther more, with ND the ob served in ten si ties of Bragg re -
flec tions are av er aged over a larger num ber of crys tal lite
ori en ta tions than the high-res o lu tion modes of the con ven -
tional X-ray or syn chro tron ra di a tion tech niques usu ally al -
low. This is a con se quence of the large equa to rial and ax ial
di ver gence nor mally em ployed in con stant wave length ND 
beam op tics and of the wide wave length spec trum and the
large ac cep tance an gles of the de tec tor banks used in
time-of-flight (ToF) ND. From the metrological point of
view the fol low ing three as pects of the un cer tainty of mea -
sure ment are es pe cially rel e vant:

1. If the lat tice pa ram e ter re fine ment is car ried out by
the Rietveld method or by any other whole pat tern tech -
nique, then the only avail able mea sures of the un cer tainty
of the re fined lat tice pa ram e ters are the es ti mated stan dard

de vi a tions (e.s.d.s) cal cu lated by the full pat tern fit ting pro -
gram. How ever, e.s.d.s are mea sures of pre ci sion rather
than of ac cu racy and these two terms must not be con fused.

2. e.s.d.s cal cu lated by many Rietveld pro grams are not
re li able mea sures of the ‘prob a ble er rors’, be cause, in
many cases, they are sys tem at i cally too small, due to ‘se rial 
cor re la tion’. There fore, un cor rected e.s.d.s are not only no
mea sure of ac cu racy, but even no re li able mea sure of  the
pre ci sion of re fined lat tice pa ram e ters. The e.s.d.s are cal -
cu lated un der the assumption that the val ues in the dif fer -
ence curve are in de pend ent ob ser va tions. How ever,
ad ja cent in di vid ual points in the dif fer ence curve are not
in de pend ent but cor re lated by the used pro file func tion.

This cor re la tion de pends on the size of the 2q steps used for 
data col lec tion and eval u a tion. A for mula for es ti mat ing
the cor rec tions that should be ap plied to the e.s.d.s has been 
given by Berar and Lennan [1] who es tab lished that e.s.d.s
cal cu lated by Rietveld pro grams with out con sid er ation of
se rial cor re la tions are of ten too small by a fac tor of ap prox -
i mately two. There fore, at the 65% con fi dence level, the
prob a ble er rors are cal cu lated from the un cor rected e.s.d.s
by mul ti ply ing the lat ter by a fac tor of about two. Con se -
quently, the U95% un cer tain ties of mea sure ment at the 95%
con fi dence level are cal cu lated by mul ti ply ing the un cor -
rected e.s.d.-val ues by a fac tor of about four.
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3. Bragg’s law in volves a 100% cor re la tion be tween the 
d-val ues (and there fore the lat tice pa ram e ters) of a crys tal -
lo graphic phase and the wave length of the dif fracted ra di a -
tion.

Thus for any as sumed value of the wave length an other
set of lat tice pa ram e ters re sults, whereas the agree ment in -
di ces and the e.s.d.s re main the same.  Since for all neu tron
diffractometers the wave length is not known per se, as
would be the case with char ac ter is tic X-ray ra di a tion, even
un der the ideal is ing as sump tion of the com plete ab sence of
any sys tem atic er rors from the model and from the ob -
served data the lat tice pa ram e ters are com pletely in de ter -
mi nate. There fore, a de ter mi na tion of ac cu rate lat tice
pa ram e ters by con stant wave length ND or ToF ND nec es -
sar ily in cludes cal i bra tion pro ce dures with ref er ence ma te -
ri als that have lat tice pa ram e ters cer ti fied for a given
tem per a ture by in de pend ent an a lyt i cal tech niques. The
prop a ga tion of the er ror re sult ing from the cal i bra tion pro -
ce dure should be con sid ered in the es ti ma tion of the to tal
un cer tainty of the lat tice pa ram e ters of the ac tual sam ple
un der in ves ti ga tion! Con se quently, in the case that the cal i -
bra tion pro ce dure as well as the anal y sis of the ac tual sam -
ple are car ried out by the Rietveld method or any other
whole pat tern tech nique the U95% un cer tain ties of the fi nal
anal y sis re sults can be as large as the eight-fold of the un -
cor rected e.s.d.s from a sin gle re fine ment!

Fur ther as pects of the un cer tainty of mea sure ment (e.g.
line shifts due to ab sorp tion or the ques tion about pref er -
ences for the meth ods of in ter nal or ex ter nal stan dard) have 
to be ana lysed sep a rately for each of the fol low ing three
types of ND in stru ments:

a. High-res o lu tion pow der ToF-ND in stru ments, see
e.g. [2] .

b. High-res o lu tion pow der  diffractometers for mono -
chro matic neu trons, equipped with  
par al lel collimators placed in front of the de tec tors and re -
strict ing the equa to rial di ver gence of the dif fracted beam
(pro to type: D1A and D2B at the ILL, see e.g. [3]).

c. Pow der  diffractometers for mono chro matic neu trons 
in Debye-Scherrer-ge om e try with one (or sev eral) po si -
tion-sen si tive de tec tor(s) pro vid ing res o lu tion in the equa -
to rial plane.

The de ter mi na tion of ac cu rate lat tice pa ram e ters
through the re fine ment of dif frac tion data col lected with
any type of these in stru ments re quires highly ac cu rate
math e mat i cal mod el ling of the ob served dif frac tion line
pro files. For a con stant wave length ND in stru ment of type

b this can be achieved by the ‘fun da men tal pa ram e ter ap -
proach’ which com bines the in di vid ual con tri bu tions to the 
re flec tion pro file by con vo lu tion integrals. This leads to the 
fol low ing writ ing of Bragg’s law:

d EPS

f R

hkl eff obs eff

ax div approx

= ¸ + +

-

05 1. sin{

( ,

,

. .

l q

D , , , ,cot )}h h FWHMd s 2q
       (1)    

 

with leff. = ef fec tive value of the wave length; qobs. = ob -
served halved dif frac tion an gle; EPS1,eff = ef fec tive value

of the zero cor rec tion for the de tec tor bank; D = ax ial di ver -
gence; R = diffractometer ra dius; hd = ef fec tive height of
the de tec tor; hs = ef fec tive height of the spec i men; FWHM
= con tri bu tion to the re flec tion pro file caused by the real
struc ture of the spec i men;  is the ‘ax ial di ver gence cor rec -
tion func tion’ which can be de ter mined only ap prox i mately 
due to strong cor re la tions be tween some of the pa ram e ters. 

By dif fer en ti at ing equa tion (1) a for mula for the un cer -
tainty of re fined lat tice pa ram e ters can be de rived that con -
tains a num ber of in di vid ual con tri bu tions, not all of which
are ad di tive. An anal o gous for mula can be de rived for
ToF-ND. By the anal y sis of the in di vid ual con tri bu tions
and by tak ing into ac count the re sults of the pro fi ciency
test ing car ried out at sev eral ND in stru ments (see e.g.
[4-5]) it can be shown that the lat tice pa ram e ters of cu bic,
tetragonal, hex ag o nal and orthorhombic ma te ri als can be
re fined in the met ric sys tem and at the 95% con fi dence

level with a rel a tive ac cu racy of Dai/ai » 2-310-5 us ing  a
high-res o lu tion multi-collimator/multi-de tec tor pow der
diffractometer for mono chro matic neu trons or a ded i cated
high-res o lu tion ToF-ND in stru ment.  

The pres ent study is based on the anal y sis of data pub -
lished by a num ber of lab o ra to ries as well as on ex per i men -
tal re sults of the au thors. It fa cil i tates the sta tis ti cally sound
inter-pretation of dif fer ences be tween lat tice pa ram e ters
re fined on the same sam ple us ing dif fer ent ND in stru -
ments.
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NEUTRON DIFFRACTION STRUCTURE STUDY OF BOROSILICATE BASED MATRIX
GLASSES 

M. Fábián1, E. Sváb1, Gy. Mészáros1, L. Kõszegi1, L. Temleitner1, E. Veress 2

1 Research Institute for Solid State Physics and Optics, H-1525, Budapest POB 49. Hungary
2 Babeº-Bolyai Uni ver sity, Fac ulty of Chem is try, 11 Arany János St., RO-3400 Cluj, Ro ma nia   

Boro sili cate glasses as sure the safe im mo bi li za tion of most
radionuclides even in large quan ti ties, their prop er ties be -
ing highly adap tive as con cerns the na ture, quan tity and ac -
tiv ity level of the ra dio ac tive spe cies pres ent in the waste
[1-5]. There fore the study of boro sili cate glasses is of sig -
nif i cant cur rent in ter est as suit able ma te ri als for iso lat ing
host me dia for ra dio ac tive waste ma te ri als.  

We have per formed struc ture in ves ti ga tion by means of 
neu tron dif frac tion on a newly syn the sized boro sili cate
glass sys tem. The ma trix glass with gen eral com po si tion of
65SiO2*25Na2O*5BaO*5B2O3 was doped with ZrO2 to in -
crease the sta bil ity, and with CeO2 to sim u late  ra dio ac tive
PuO2. As Ce and Pu co or di na tion is sim i lar in com plex ox -
ide en vi ron ments, it can be ex pected that Pu co or di na tion
will be prop erly sim u lated by Ce ad di tion in the host
glasses. The sam ples were pre pared by melt ing in plat i num

crucible at 1300-1450 °C, work ing in at mo spheric con di -
tions. The melt was quenched by pour ing on an inox plate. 
We have in ves ti gated two se ries of sam ples with the gen -
eral com po si tion of
(65-x)SiO2.25Na2O.5BaO.5B2O3.xZrO2 and 

{(65-x)SiO2.25Na2O.5BaO. 5B2O3.xZrO2 + 10CeO2}  0 £ x 

£5 (in mole%). 
Neu tron dif frac tion mea sure ments were car ried out at

the 10 MW Bu da pest re search re ac tor us ing the ‘PSD’ [6]
and ‘MTEST’ [7] neu tron diffractometers. Pow der sam -
ples were pre pared by mill ing in an ag ate mill of the poured 
and quenched glasses. De spite of the great hydrolytic sta -
bil ity of the sam ples, the first few ex per i ments re vealed
their ten dency to su per fi cially ad sorb H2O. At mo spheric
hu mid ity caused a sur face swell ing (hy dro ly sis) of the
air-kept sam ples, and the hy dro gen con tained by the hy dro -
lysed layer pro duced great in co her ent scat ter ing, caus ing
dif fi cul ties in the data treat ment. The sam ples were dried at

120 °C for 4 hours un der vac uum con di tions, which proved 
to be com pletely suf fi cient to ob tain neu tron diffraction
pat tern ad e quate for data treat ment.

All sam ples from the
 (65-x)SiO2.25Na2O.5BaO.5B2O3.xZrO2 se ries were found
to be amor phous, while  ad di tion of Ce to the ma trix com -
po si tion lead to par tial crys tal li za tion of the glass. Amor -
phous phase could be sta bi lized by in creas ing the
Zr-con tent.  Spec i mens of the (65-x)SiO2. 25Na2 O.5Ba
O.5B2O3.xZrO2 + 10CeO2 se ries were found to be partly

crys tal line for x £  3, while they were amor phous for x ³ 4.
The struc ture fac tor, S(Q) of the amor phous spec i mens

was de ter mined from the mea sured pat tern us ing cor rec tion 
and nor mal iza tion pro ce dure. For data treat ment both the
tra di tional di rect Fou rier-trans for ma tion, and the re verse
Monte Carlo (RMC) sim u la tion [8] method were ap plied.
For the RMC start ing model a dis or dered atomic con fig u ra -

tion was build up. The con ver gence of the RMC cal cu la tion
was good inspite of the ex tremely high num ber of sim u lated
pa ram e ters (about 600), and the fi nal fit matched very well the 
ex per i men tal struc ture fac tors as it shown in Figs. 1/a and 2/a,
as rep re sen ta tives for a Zr con tain ing sam ple and for a Zr and
Ce con tain ing spec i men, re spec tively. The fit con sists of min -
i miz ing the squared dif fer ence be tween the experimental and
calculated structural factors by moving atoms randomly. 

We could suc cess fully cal cu late the most im por tant
par tial atomic pair cor re la tion func tions, g(r) for all spec i -
mens. The dif fer ent atomic dis tances of the glass net work
were cal cu lated, i.e. the first neigh bour Si-O and B-O dis -

tances at 1.4 and 1.7 °C, re spec tively The Si-O and B-O
pair cor re la tion func tions con trib ut ing to the 1st co or di na -
tion shell are shown in Fig. 1/b,c and the O-O, O-Na and
O-Zr g(r)’s con trib ut ing to the 2nd co or di na tion sphere are
col lected in Fig. 1/d-f for the
62SiO2*25Na2O*5BaO*5B2O3*3ZrO2 glass. For the
60SiO2*25Na2O*5BaO*5B2O3*5ZrO2+10CeO2  (mol%)
sam ple the re sults of the RMC sim u la tion are col lected in
Fig. 2 show ing the con trib ut ing g(r)’s to the 2nd atomic
sphere.

From the RMC sim u la tion of the neu tron dif frac tion
data we have ob tained the par tial atomic pair cor re la tion
func tions for these multi-com po nent glasses, mak ing pos -
si ble to de ter mine first neigh bour atomic dis tances and co -
or di na tion num bers. A slight de pend ence of the pa ram e ters 
on the Zr and Ce con cen tra tion was ana lysed and will be
pre sented. Ad di tion of Zr proved to sta bi lize the amor -
phous struc ture, even Zr can com pen sate the crystalizing
ef fect of Ce.

It was es tab lished that the ba sic net work con fig u ra tion
is the same of the in ves ti gated sam ples, mak ing them suit -
able for ra dio ac tive waste ma te rial storage. 
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Fig ure 1. Neu tron dif frac tion spec trum and RMC sim u la tion of 62SiO2*25Na2O*5BaO*5B2O3*3ZrO2 glass: 
a/ mea sured pat tern and RMC sim u la tion b/ Si-O c/ B-O d/ O-O e/ O-Na and  f/ O-Zr par tial pair cor re la tion func tions
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Fig ure 2. Neu tron dif frac tion spec trum and par tial spoleènost pair cor re la tion func tions from RMC sim u la tion of

60SiO2*25Na2O*5BaO*5B2O3*5ZrO2+10CeO2  (mol%) glass: a/ mea sured S(Q) and RMC sim u la tion b/ O-O c/
O-Na d/ O-Zr e/O-Ce f/Zr-Na and  g/ Zr-Ba
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