
THESES OF THE DISSERTATION:

1.  We have  synthesized  0.7SiO2–0.3Na2O glass  composition,  and  performed  combined  neutron 

(Qmax=35 Å-1) and high-energy x-ray diffraction (Qmax=25 Å-1) measurements. By using the reverse 

Monte  Carlo  simulation  of  the  experimental  data,  the  partial  correlation  functions  have  been 

revealed,  i.e.  gSi-O(r),  gO-O(r),  gSi-Si(r),  gNa-O(r),  gSi-Na(r)  and  gNa-Na(r).  The  first  neighbour  atomic 

distances,  the coordination numbers,  the three-particle bond angle distributions and the ring size 

distributions for the Si-O network have been revealed. It has been found that 63% of the O atoms 

are in the bridging position and 37% of the O atoms are in terminal positions, meaning that the Si-O 

chain is broken, and the oxygen is bonded to sodium (as well). The surrounding of Na atoms is not 

yet well known from the literature, and we succeeded to obtain more precise structural parameters 

than  before,  i.e.  for  the  Na–O  distance  2.29 Å and  for  the  coordination  number  is  2.5 atoms 

calculated in the 2.05-2.6 Å interval. Our RMC calculations have shown that the Na–Na nearest 

neighbour  distance  is  2.6 Å;  this  value  is  significantly  smaller  than  previously  reported  from 

Molecular  Dynamics  modelling  calculations.  From  the  Na–O–Na  bond-angle  distribution  we 

concluded that neighbouring sodium ions tend to be located at the same oxygen atom. 

2. We have synthesized multi-component (65-x)SiO2·xB2O3·25Na2O·5BaO·5ZrO2  (x=5, 10, 15 mol

%) glassy matrix samples. From our high Q-range neutron diffraction (Qmax=30 Å-1) measurements 

we have determined –first time in the literature- the most important partial distribution functions, the 

first neighbour atomic distances and coordination numbers.  We concluded that the Si-O network 

consisting of tetrahedral (SiO4)4- units is highly stable even in the multi-component glasses, and the 

B atoms have 3- and 4-fold oxygen coordinated positions. One of our main results is that the B-O 

correlations  show two distinct  distances  at  1.40 and 1.60 Å. Our findings are  consistent  with a 

structure  model  where  a  part  of  boron  atoms  form a  mixed  continuous  network  with  several 

different [4]B-O-Si[4] and [3]B-O-Si[4] linkages.

3.  We  have  synthesized  multi-component 70wt%[(65-x)SiO2.·xB2O3·25Na2O·5BaO·5ZrO2]+30wt%UO3 

(x=5,  10,  15mol%) glass  samples,  and  neutron  diffraction  measurements  were  performed  up  to 

Qmax=10 Å-1. It was found, that the U-loaded glasses posses good glass and hydrolytic stability. The 

RMC simulation of the neutron diffraction data is consistent with a model where the uranium ions 



are incorporated into interstitial voids in the essentially unmodified network structure of the starting 

host  glass.  The  U-O atomic pair  correlation  functions  show a sharp peak at  around 1.7 Å,  and 

several  farther distinct  peaks are  at  2.8,  3.6 and 4.1 Å. The uranium ions are coordinated by 6 

oxygen atoms in the 1.6-3.4 Å interval. In order to clear up in more details the short-range structure, 

and to obtain more accurate results, the extension of the momentum transfer range of the present 

neutron diffraction experiment is planned. 

4.  We  have  synthesized  multi-component  90wt%[(65-x)SiO2·5B2O3·25Na2O·5BaO·xZrO2)]  +  10wt

%CeO2  (x=2, 3, 5 mol%) borosilicate glasses, where the PuO2 was modelled by addition of CeO2 to 

the host glass.  Addition of  cerium  did lead to  formation  of crystallites  embedded in  the glassy 

network, but with addition of ZrO2 the glassy network could be stabilized. We measured one of the 

samples,  with x=5 mol%, up to high Q-range  (Qmax=30 Å-1) and using RMC simulation of the 

neutron diffraction data we have successfully obtained the structural parameters. It was established 

that the short-range structure of the cerium-doped sample preserves the basic network configuration 

of the matrix  glass, providing the expectation that Pu will  be able  to incorporate into a similar 

composition. 

5. We have established that the Zr-O atomic pair-correlation function shows a sharp first peak at 

2.05 Å with an average coordination number of 1.2 atoms, and a second one with smaller intensity 

but characteristic peak at 2.6 Å with an average coordination number of about two oxygen atoms. In 

this way Zr acts as a network former besides its charge-compensating role (the modification and/or 

glass forming ability of Zr is a debate in the literature). 


