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ANAL Y S IS  OF DIFFF.RENT VITREOIJS MATRICES OF THE BOROSILICATE TVPE 
FOR SOLIDIFICATION OF HIGH-LEVEL ttAOIOACTIVE WASTES

J .L .VARAN1, R.C.PASQUALI, E.PETRAITIS, and C.E. NOLLMANN

1 .  I N T R O D I J C T I O N

Presentl.y, the Arqentine Nuclear Plan (1) contemplates the i n s t a l l a t i o n  of 
four nuclear power p lants ,  in addit ion to Atucha I and Embalse, which are 
already in operation, before the end of the present century.

These s i x  NPPs wi 11 invo lve  an in s t a l l e d  capacity  of 3.5 GWe . The proqram- 
me in based on natural uranium reactors  and includes an i nd u s t r ia l  plant 
for  the production of heav.y water, whose construct ion  i s  already wel 1 - 
advanced, as well as al 1 the necessary i n s t a ! 1at ions  aimed at completinq 
the fuel cycle, inc ludinq plutonium recyc l inq.

Advanced stud ies  are al so beinq performed concerninq the construct ion of a 
repo s i to ry  for the disposa l  of h iqh-act iv it .y  rad ioact ive  wast.es in a qra- 
n i t c  rock formation, with the objective  of avoid inq the occurrence of non- 
s to cha s t i c  e f fec t s  and of l im i t in q  the p ro b ab i l i t y  of occurrence of 
s to cha s t ic  e f fe c t s ,  while c o l l e c t i v e  detriment in reduced as far as i t  i s  
reasonable (2 ).

In order to reach these qoals ,  the eliminated wastes must be kept iso lated 
from mankind for  as lonq as i t  i s  necessary for  the or iq ina l  radioactiv it.y  
to decay s u f f i c i e n t l y .

Cons iderinq tha t , in  order to l im i t  the ind iv idua l  r i s k ,  the conta iner  of 
these v i t r i f i e d  wastes must allow for  an i s o l a t i o n  of an order of 1,000 
years ,  while d isreqard ing other enqineerinq b a r r i e r s ,  several stud ies  were 
performed concerninq the capac ity  of some v i t reous  matrices to reta in a 
simulated composition of hiqh level wastes. A d d i t i o n a l l y , an ana ly s i s  was 
made of the q la ss  propert ie s  by means of eva luat ion techniques.

2. EXPERIMENTAL WORK PERFORMED

2.1. PREPARATION OF GLASS CONTAINING SIMULATEO WASTES

In a f i r s t  step, the parent q la sses  were made; for the i r  employment as 
f r i t  in the f ina l  formulae. They were desiqned on the bas i s  of t'nree pro- 
totype compositions and the f ina l  fromula was then analyzed after  f r i t -



t in g .  The var ious  compositions are shown in Table 1. These v it reous  
matr ices, after  the i r  g r ind ing  and s ie v ing  through a 120-mesh screen, were 
added 10% in weight of simulated wastes. The composition of the l a t t e r  i s  
shown in Table 2. This i s  a mixture of oxides that was obtained by deni- 
t r a t io n  with formaldehyde and la te r  drying and ca lc ina t ion  at 700°C of a 
6N n i t r i c  so lu t ion  of the var ious  elements. The simulaed waste q lasses  
( fu r the r  on "waste g l a s s e s " )  were e l laborated in a muffle furnace at 
1100°C for 8 hours ins ide  ceramic c ruc ib le s .

Table I

Composition of 
( in  weight

the parent g la s se s  
percentages)

Type Si 02 B2O3 Al 2O3 CaO Na20 Ti O2 Fe203

A 42.2 20.0 14.43 0.73 14.49 0.10 1.20

B 39.4 22.0 14.90 8.67 8.58 0.10 0.22

C 49.7 12.4 2.23 3.62 25.72 4.70 0.30

Table I I

Compos i t ion 
(in

of the simulated waste 
weight percentages)

oxides

R11O2 6.89 L^2^3 22.68 SrO 2.45 Cr2Ü3 0.71

BaO 4.42 MnÜ2 2.00 Te02 1.82 NiO 0.71

CeO^ 7.95 M0O3 13.39 ZrÜ2 13.18 P2O5 6.46

CS2O 6.39 Rb20 0.99 Fe203 1.68 UO? 8.28

2.2. I.EACHING RESISTANCE TEST

The method applied cons is ted  in t reat ing  a 2 gr sample of ground g l a s s j  
i t s  granulometry being between 0.297 and 0.595 screen meshs, with 50 cm 
d i s t i l  led water at 98°C during one hour. The assessment of a l c a l i n i t y  was



performed by means of a potent iometr ic t i t r a t i o n  with HC1 0.01 N. 
Addi t i o n a l 1 y , a quant i ta t ive  ana ly s i s  was made of the "leachates re su l t inq  
from te st s  performed on the parent q la s se s .  Table 3 shows the re su l t s  ob- 
tained in the leachinq te s t s .

Table I I I  

Resu lt s  of the leachinq te s t s

Table 4 shows the concentrations  of the var ious  parent q lass  components 
found in the leachates.

Table IV

Chemical ana ly s i s  of the leachates
( pq/cm^)

2 . 'i. HIFFIiRENTIAL THERMARL ANALYSIS

By means of th i s  technique and during the qradual heatinq of the q la s se s ,  
the endothermal and exothermal peaks were assessed, correspondinq with the 
t r a n s i t i o n  and maximun crys ta l  growth temperatures (Tg and Tk) (3,4).  Each 
sample weighed 30 mg and a temperature of 900°C was reached at a speed of 
10°C/min. The re su l t s  obtained are shown in Table 5.



Z A  X-ra.y d i f f r a c t i o n

The d i f f rac tom etr ic  technique was applied on 400-mesh g la s s  powder, with 
K«Cu rad ia t ion .  The s tud ies  were performed on parent and waste g la s se s  
and the c r y s t a l i z a t i o n  degree of the var ious  samples was ve r i f ie d .

The parent g la s se s  were annealed, t h e i r  temperature was rap id ly  lowered to 
500° and then slowly lowered to room temperature, thus sumulating the ac­
tual coo l ing  of a conta iner f i l l e d  with waste g la s s .

The simulated waste g la s se s  were annealed at 700°C for 120 hours in order 
to a t ta in  the i r  d e v i t r i f i c a t i o n .

The d i f f r a c t i o n  r e su l t s  obtained from parent g la s se s  show a v i tua l  amorp- 
hous cond it ion,  which i s  an ind icat ion  of the actual v i t reous  qua l i ty  of 
the analyzed material fefore  simulated waste add it ion.  The te s t s  performed 
on the annealed waste g la s se s  showed marked d e v i t r i f i c a t i o n ,  while i t  was 
detected that the magnitude of t h i s  phenomenon i s  d i r e c t l y  proport ionate 
to the g la s s  sodium content.

3. EVALUATION OF THE RESULTS AND C0NCLUSI0NS

As idt had already been assumed, the stud ies  on the leaching rate served 
to ve r i f y  that there i s  a d i rect  re la t ion  between t h i s  parameter and the 
g l a s s  a l k a l i  content. The samples that showed the lowest leaching rate are 
those jof  the B type, whose Na20 content i s  al so the lowest. There i s  al so 
a d i rect  re la t ion  between most of the component concentrat ions  in the pa­
rent g la s ses  and those in the leachates. The exception i s  boron, for  which 
an inverse re la t ion  was observed.

I t  was a lso noticed that the addit ion of simulated wastes to the parent 
g la s se s  does not modify sub stant ia l  ly  th e i r  s o l u b i l i t y .  The X-ray d i f f r a c ­
t ion  te s t s  showed that the samples with the lowest c r y s t a l l i z a t i o n  ten-  
dency are the ones with the lowest a l k a l i  content and, in turn, those 
le s s  l i a b le  to be leached. This i s  the case of samples ot the B type.

An inverse and almost l inea r  re la t ion  was v e r i f i e d  between the t r a n s i t i o n  
temperatures, Tg, and the g la s s  sodium content, as well as between the 
former and v i s c o s i t y .

An ana ly s i s  of the re su l t s  al lows for  detecting c lear  advantages of sample 
B, as compared with samples A and C and, therefore,  future stud ies  wil l  be 
aimed at the q u a l i f i c a t i o n  of v i t reous  compounds s im i la r  to the B type.
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