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t ' . i ' " ; . u l~ fo r " l n  t t i u .  ~ I - i i q h  l e v e l  w a < . , t e  c < ~ l c i r l e  a t  I C P P  J r i r e  a c t u r a b l L -
b o d y  o r  ~-~ri i ric~rgj~_~f-li c m a t e r  i a l  , 

I ' ly  C:O'..,L. i L : r L L i s t s  o r l  t h i s  t a s k  a r e  I . : . r i s h n a  V i r l j a m u r i  a r i d  B ru r_L -
! . : i t a [ . l l ~ ' i i ,  T h e  p r o j e c t  i s  s u p e i ' - v i s t i T d  b y  D r ,  D i e t e r  K n e c h [ ,  

Wa::.~tl;, 7-Ol'-lli is a solid body corltairling time waste, anrl irl high 
lew:~l waste t'echriolrJgy we rec:ognize three such solids called 
glass, glass-ceramic arid synt:hetic rock. Typically we will 
call L l i e  waste . f o r m  as glass w h e n  it is devoid of abundant 
crystal 1 i rle matter, a gl aSS--E er ami c wherl i t cent ai r~s both 
anlorpl"iOLU.-~ and cr-ystalline matter, arid synthetic rock, when the 
compo::~i Lio~,s o+ the amorphous and crystal I ine matter ar~-
anal OgOLiS to natural r'oi"ks. At ICF'P our efforts m~i iil y 
corlcel-lt.ra,t~-.$ olh tlme development: o.i. glass-ceramic, with supportir-~g 
ei.'Fier'i,ients on glass as well as syrmthetic rock. 

We will look at calcine characteristics, in the for'nl of its 

cl'le,listry arid micr'ostructure- the (-alcines that we are currently 

working with are simulated analog,~ oi: the actual hot calciri~.. 


T(;t t r" <~ri:.~>.t. o r  ii/ t h e  c a l  c i r l e  i r l L o  a s o l i d  i n o r ' g a r ' ~ i  c m a t e r - i  ~,1 , 

c h L . m i  c:al C O m F ) o r l e n t s  are added, and trli s i s what we Eel I 
"~o r  mL l l  a t  i o r i .  

The ch~-:mical mixture is then mL, Itud irl a crucible arid quenched to 

form g.lass, or is subje~-ted to high temperature under pressure to 
f o r - m  (~lass-cer'.~unic. 

We have beun u~irlg X-ray powd~.r diffraction, F'olarized licjt~t 

micr'o:~copy, =I ectron micr'oscopy and el ectrorl microprobe to 

deLer"mirie th~ interrelatioris among glass and crystals, arid their 

ch~.mic-al c:ornl~osition. The waste .For'ms are tested for durability 

in deionized water at 90oC- the test is called MCC-I test. 

The mechrlic~l strength is also o-F interest here, we hope to 

address this issue in the near future. Currently, we carry oult 

crec.p e~.~per i rnerlt s, because c-r'eep is often an indicator o÷ 

diffusion mechanism. 




lh~ c(:.m4,u-~itioi~ o- f  the calcinu i ~  quite diverse. B203 and AI2b~ 
may [:)lay d u a l  role as glass f o r m e r s  and modifiers, there are 
several typical glass modifiers- like CaO, CdO, K20 and N~,2U. 
But irl addltio~i there are large concentrations of refractory 
com[]onL:nl-s I i ke CaF2, Zr02 and Cr203 that have a very i c~w 

s o l u b i ,  l i k y  i n  a c o m m o n  b o r o s i l i c a t ~  g l a s s .  
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T h e  c a l c i r ,  L, ~:rax~jm~i.nts are in t h a ,  order of 200 microns., havL, 
high porosi~:.y and have c.'or~centric nodular pattern. 
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The chemic~l ~pecies are also concerrLrically distributed. "Thi~ 
d i s ~ r : i b L ~ t i o n  is particularly evider~t in the major elements o.~ the 
ralcinu namely, AI, No, Ca, Zr, B, Cr and Cd, while the minor 
elements like ~ and Ce occur ~caL-.tered, suggesting that th~re is 
no pr~ferred c h e m i c a l  segreg~<~ion. 
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in ordL~r 'Lo Lr~,r~b.form the calc:in~, ii~Lo Glass or glass-c~ramic it 

is r~.~(:~?ssary to add silica, li~ addition other component~ Lo 

tai for Lhe formation of spc, ci ÷ i c phases. Here at'L, two 

for'mul~tions that are currently being investigated for forming 

glass-.ceramic bodies. In formulation -I the calcine loading is 

maintained at. 70%, silica at 25% and the components of B203, Ti 

arid AI metals are varied as slTown in this diagram to form calciu.n 

tit,,nium silicate called sphene, t-itanates and boron containing 
al UJ-Ili n o s i  1 i c , - ' cLe  gl asses. 

In .l.r,"mul.-c[:iori-II the calcine. Ioa~ding is maintained aL BO%, 

silica at i(')%, and the component~.~ of P205, metallic Si and A1 ara. 

varied as shown in the diagram to form phosphate bearing phabes. 


SpI",~n L, is a principal co,~pon er~t in tlne glass-ceramic b~.~ing 

develOlJL:d by the Canadian Nuclear Fuel Waste Management F:'rogra,n 

as an alternat:ive to nuclear waste from borosilicate glass. Here 

sphenL, and titanates are actinide bearing phases in nuclear waste 

• f or ms. 

I r~ ~: oi mu I a L i oi-~ -If apatit~ and phosphate~ are th~ actir~id~ 

bearing phases. 
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' [ l ~e  ' f r i l .  s~,  .t:or m u l a l . . ~ d  i s  m u ~ l ; ~ , r s i c a l l y  m i ; . ' e d  w i t h  c a l c i n e  , c : o l d  
p r e = s e d  i n  a s t ~ i n l e s s  s t e e l  c o n t a i n e r  a n d  v a c u u m  s e a l e d .  

T h e  w a s t e  f o r m  is developed in tile hot isostatic press. "llae 

pressure is initially raised to about 1500C) F ' S I .  lhis is 

followed by a rise in temperature and pressure to 1000 C and 

20,000 PSI. At maximum F'- ' I"  the waste form is maintained for two 

hours o r  SO a n d  then cool ed. Si n e e  the waste forms c c ) n t . a i  r, 

glass, the microstructure is f u r t h e r  stabilized by annealing in 

the neigt~borhood of glass transition region. 


We are also carr'ying o u t  a par'all~:l basic study to determine the, 

pressure-temperature stability o.F waste forms as a function o-~ 

composition. S u c : h  a study would eventual I y be used ' Fo r  

optimizing the process parameters, l'he diagram is largely based 

on concel~t o.F thermodynamics. We have at present two 

experimental data points, and additional experiments ,".~r ~. 

currervtly in progress. 


blid~-/ 


"l"he waste . t : o rms  vary i n  their ,,icr-ostructure as a function o f  
composition. T h i ~  cross-polarized light micrograph of one of t h e  
w a s t e  f o r m s  m a d e  u s i n g  f o r m u l a t i o n - 1 .  T h e  m i c r o s t r ' u c t u r e  l o o k s  
simi l,~r to a volcanic rock, where crystalline grains occur 
interlocked, with intergranular glass. This particular waste 
form is abundartt in zircon. Zircon in nature is a resistant 
m i r l e r a l  , and often contains, T h  in the Zr" site of cry.st~,l 

s t r u c t u r u .  
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FilJe CaF- "  g r " ~ , i n s  o~: calcine grow into large sizes during Hipping, 
and are here observed embedded in the glass matrix. At a high 
magnification like 1500X dendrites of sphene are noted in th~ 
glass., sphene seems to be a host n o t  only for actinides, as has 
been noted by Canadian Mines, butt in outr work it also seems to 
contain 5% Cd in the Ca site. 

slide-9 


We have al~o atLumpted to cry~taLllize feldspars in the waste= 
forms. "f ine feldspars could b~ a possible host f o r - Sr, where Sr 
would oc:cupy the Ca ~ite. In fact some of the feldspar rocks in 

n a t u r ~ , .  ~ are a~ old as 1.0 B.Y. T lne  adirondack mountain is ,.~ 
cl assi c e x  ampl e, whose age was determi ned because o{ tlbe 
occurreric:e o.F radioactive Sr isotopes in them. Feldspar" 
compositions in the optical r, icroscope are determined by thc~ 
c o n o s c o l : - , i c  o p t i c a l  i m a g e  s l l o w n  hc_~re .  

http:cc)nt.ai
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l l J ~ ' ~  .~r-c.~ sc::~:,rJr~ir,g e l e c t r o n  m i c r o g r a ~ p h s  t h a t  r e v e a l  t h e  e.F~t~c: t  o f  
a d d i  t i  ve compo:~i t i o n  on c r y s t ; ~ 1  1 i z a t i o n .  I he a d d i  t i , v ~  

.-.Lre, like 5% B2U3 vs. 3% - "~ " "~" ;3% 'Ti vs. 6% Ti, r ' l  d c:ompositoils B~Oo, &~ 
i% A1 vs. 3% AI. Although the additives are o{ different types, 
the. a b s e n c e  and presence of zircon grains in glass islands is 
s h a r ' e d  by all o~ them. The r.icrostructures o n  either side are 
nearly similar. Possibly, the growth of these crystals is 
r-elated to the vsicosity of the liquid, and hence the glass 
s't r'uc t ur'e. 
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the gla~ss comF, ositions of t l - ~  two sets of micrographs, r l e ~ r " l y  
hawe the same Al/Si ratio a r i d  are silica enriched, perhaps 

sugge~:~ting that tetrahedral substitution of Al for Si. lhe 
c o m p o s i t i o n s  h o w e v e r ,  d i f ~ : e r  i n  t h e  Ca  c o n t e r v t .  T h e  h i g h e r  Ca 
cor~tent m~Ly promote crystallization, by unbridging the network 
which may le~,d to decrease in viscosity. Possibly, Ca variations 
in the glass result {tom the fractionation of Ca in titanate and 
aluminosilic-ate phases in the so].id state prior to formation o-f 
the liquid. For e'.,'ample, increases in Ti, and AI contents would 

lead to incr"eased ei.:traction of Ca prior to melting. 

The glass an~lysis also shows thaLt in pure glass, only about .".'. Lo 
5% CaF2 a n d  Zr02 are dissolved. " f h i s  low solubility places a 
similar limitation on the solubility of calcine in glass. 
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This wast~ forn, was made using formulation --2. Additiof of 

plqospl'lorous and water' seems to promote a greater growth of CaF2, 

a mor'e even distribution of grain boundary phases, and 

cr'yst~.~llization of apatite. 
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w~, =~rL: a l  :~c., F , ,= , rsu i  f i g  C)Ul~ ~ tL . Id i  L:~ 1 n t h e  13r-ep£~r~.l[ i o n  o f  g l  ~ L ~ .  
M a r l y  g ] . a : ~ s  t : u l r m l . t l a t i O l ' l S  e ; : i s t  i r l  t l - I ~  l i t e r ; ~ t u r e  f o r "  a c ( : c ~ m l n o d a t i l ~ g  
h i g h  : l e v e l  r l L i c l e a r  w a s t e .  T h e  g e l l e r a l  s t r u c t u r e  o f  g l a 5 ~  i s  

nearly similar-, as a result despite var'i ations in thulr 
chemistry, the mechanism c)f ac:commodation of nuclear waste is 
nearly the same. ]he e;'er'cise here was carried out to study wl,~,t 
char~ges the ICF 'P  calcine ir, tr-oduces to a typical glass. Batch 
composit:ion .B was chosen iri the soda-slica--b2o:3 ~.iystem. -lhe 
c o n , p o s t i o n  i s  f a r  r e m o v e d  f r " o n l  N~.,20. T h e  c o m p o s i t i o n  f , . ' . ~ l l s  i n  
t h e  ir,,misciblL-, field. Possibly, the e x c e s s  f r e e  e n e r g y  leads to 
p l , a ~  separati o n  o. f  the composi ti o n  into pure si 1 i ca and 
c(:m~p(b~.~:itiorl G. This is c:lear-ly L~vident in the micr-ostructure of 
this glass. 

~;. ]. :i. d u - - - 1 "1 

The bright p;.-~tc:h here is o4 F,ur~, ~ilica. F'ossibly, cii]e can ai=o 
mak(~ u ~ e  c)f this excess . i : r e e  erler-gy to p r o m o t e  solubility o f  
/alcir, e. Wh~.~r~ 30% calcine is irltr-oduced, the glass appears very 
l'leterc~gerleou:~, although, 'there are no relics of unnlelted calcine 
iri tills glass. Cornple," phrase separation is introduced, it-, the 
for'm (.~ mottled structure and B203 containing bubbles in the soda 
aluminosilicate matrix. 
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W~' L~I'"¢~ CEd'iiii=E'FiC i r,~;] t o  p r o b ~ ,  i r= Lo  t | i ~  s t r u c t L t r e  £)f g l  a~_~b ~ vJi t h  
calcine addi't:LcJr-~. ]'he clear glass and the mottled s'hrLtcturlg.'i~ 

were probed using laser Ramall. I tlis preliminary data irldic~t~ 

str-uctLu'-al change~.i perhaps irl the {cirm bridgirlg and non-bl'-idging 

o:.;ygens in the three dimensional vs. the two din, en~ional network. 

we plan to persue detailed studies to establish relations among 

glass structur'e, calcine loading and durabilility. 




:~1 I ( l L :  1 6  

r l ,~, [...,1.)1 ~: I,L:r,_. ~;>l,ows the-, ] ~,<:,~.;ll r . ,L,  uu  o f  waste, # : c i r l l l ~ ,  'f:or" so,.~,, o {  
t ; .he J iii l:)(:lr I . ~ r l t  £.:.'1 ~.~mer l ts .  M o s t :  ~ f  t h e  1 e a c h  ra te : .= i  are.: w ~ l  1 b ~ l  uw 
L | i e  ] o l ~ r  I t , i l l .  o~: 1 g r a , n / m 2 - d ~ y  ~ t  b y  MCC L e s t . .  B u L  g r e a ' l : ~ . r  
de(::r~..~,::~;-.:es ir~ 1 u . , ,ch r ~ t e s  ~ e e m  t-o o c ~ : u r  w i t h  t h e  .~(:~rm4Li o r l  o f  
c ry : :~ l ' a . t l i r~ , -~ ,  p h a s ~ . s ~  a r i d  p e r h a p s  S L . I g g e s t S  t h a t  c r ' y s L a l l i r l e  p l , ~ . =  
are ,-~or'e (Jut-able than gla~.~s. For e'.~ample, w h e n  the crystallirl~ 
please l,.laAISi308 is present i r l  the waste form the, leach rate oT l,L, 
i s  t l " i b  low-key.it : .  l h e  l e a c h  r a t e s  a r e  a l s o  l i k e l y  t o  b e  a f i : e c L L . d  
by tlie.~ glass ~ L r - u c t u r e .  Glas~-~s w i L h  lower viscosity a n d  , . o r e  
op~,r i  s' l :rLqCtl_lr~:.~ s e e m  t o  i i ~ c r e a s e  t h e  l e a c h  I " a t e v  t h u s  l L h i s  
pz-iri:icular wasLe form shows a v~r"y laerge leach rate o f  9.Ul 
g/m2.-'d~.~y ~of Na. 

s l  l d L : ' - ' l  / 

Ih¢:, c:(.:),l~p(.diullL~ o f  c a l c i r l £ .  ~ ar"L. p~,r t.itiorled i~ito b o t h  glass ~,l,d 
cr-ysL:,.~lline pl-i~,,~es. T h e  irico,-~Ip..,LiLil~..~ elements are pre-Ferenti.~lly 
ac:co , ,mc,  d a t ~ . d  i n  t h e  g l a s s ,  a r i d  t h e :  r e f r a c t o r y  L - o m p o r l e n t s  a r e  
corli:~inud iii cr-yst~,l line +(.:irms. Hence, it is possibl~-. £o 

increa~,e kl~. calcirle loading to 7(.) to 80 % by forming a glass-
cer,:,mic body. i n  contr'a:~t "t(:J 'd% loading in homogeneous gl~:ss or" 
.'.'!;0% 1 (::)~:~di ng  i~~ h , = , t e r o g e r l e o u s  g l a s s .  

t i l l - .  I ~ . ~ t L ( r ~ l  p l , , : , ' - e s  l i k e  s p h e r l e ,  z i r c o i q ,  a p a t i t ~ , ,  . # : e l d s p a r s  
a r o  I i o s t . s  . f o r  acLinides ar,  d larith~nides, and a r e  also f.-.~r m o r ~  
r-~c, s i s L ~ : : l ~ t  t h a n  glass. It In~,s b~..,el-I possible to synthesize I~tlL.~de 
c : r y = , t , ~ ] l i r ~ e  p t t a s ~ . 5  i n  t h e  wasC~,  f o r , . s  a n d  e n l l a n c ~ . ,  i t s  d u r a b i l i L y .  

I\J(:l ,:~dd.i. L i  ( J l -~ l  wa ' .~Les a r - e  p r ' o d u ( : e d  i n t h e  g l  a s s - - c e r ' a m J ,  c 13r(~c-L.=,=. 
] - h i s  i =  becau~ ,L '  b o t h  g l a s s  s o l u b l e  a r i d  i n s o l u b l e  c o m p o n e r l t s  .,.~r~.. 
ac:commod,~,ted by glass-ceramic. However'~ in pure glass melting 

additic-irlal waste in the form o.F glass-~t~elter waste is produced. 


In h o t  isosLatic pressing, the volt, tile phase is contairled iJl I l , u  
wast:~.~ # :o rm,  ~nd dissolved in b o L h  crystalline phases. A~ a 
result high Ler~il:)er'ature glasses as well as crystalline pha..~es ar'~- 
f o r m e d  ,,t: relaLively lower kemperaLruLres. ] h i s  may le,:,d ~ - u ~ , r g y  
s a v i  n g  ~:~. 

F'L~L. LIr"~ dL, v~lo l .Jm~:hL:  e f : f o r - L s  wJ l I cLJr l t .~ ' r l t r iALt i7 Orl E'rl(;:}lrlc.'~-:r i l l g  (~jr '~;i l l  
bour"~d,~tr- i e 5  ~ "f o r m u l  a t  i orJ-s,  p r o c e s s i n g  p a r  a m e ' L e r  s ~ b y  
c o i J ( : : e r J t . r a r t i l l g  or i  i s s u e s  o#: bas ] ( : . :  . % c i e n c e  a s  w e l l  a s  d e v e l o p m ~ . f ~ t .  
B e c a u s ( ?  t l l e  pr~ . ,~_- r l t  w a s t e  f o r m s  I-l~.~v~ s e v e r a l  d e t e c t s .  
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TABLE i 


CHEMICAL COMPOSITION OF SIMULATED 
 CALCINE 


Component S i mul ated 

Calc ine 

(wt%)" 


AI~O~ 8.3 

~=03 4.~ 

CoO I I  .5 


CaF~ 35.1 
L 

CdO 3 9 


CeO~ I I 


Cl ~" 0 2 


Cr203 1 2 


Cs~O 0 1 


i Fe~O~ 03 


,,,K~O 1 7 


SrO O 6  


Na20 53 


SeO 0.2 

ZrO~ ! 6 . 9  

pO~~ 0.2 

Misc. 9.0 

Total I00.00 
- base~ on elemental ana iys is  and oxide c a l c u l a t i o n  

f mixed ground ca lc ine  
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FORMULATION - I 


CALCINE 70 WT% (LOADING) 

SILICA 25 WT% 

(B203-TI-AL) 5 WT% 


SPHENE CATISIO5 

TITANATES 

ALUMINOSILICATES 


FORMULATION - I! 


CALCINE 80 WT% (LOADING) 

SILICA i0 WT% 

(P2OS-AL-SI) !0 WT% 


APATITE CA5(PO4) 3(OH) 

PHOS PH_%T ES 

ALUMINOSILICATES 
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ELECTRG~( MICROPROBE A~;ALYSiS OF GL%SS COMPOSZT'-~,'fS (;;-f% 


~.S.~ 5.37 7.21 5.~6 ~.7~ ".5! i .£7 

:aC "& .~5  ~ . ] g  "5 .  !2 ' g , 3 7  ' 3 . 5 5  "0 .3C 

¢aF.. 3, "3 3. ~.0 '.. T~ 3.27 3.33 2. -% 

c~c '3. Z$ 3. ca '.,. :.6 3 .3  ! 3..7, 5 ?. -6  

C%O, I .Z~ I .36 3.~8 g.51 0.9<) 3.77 

C r : ~  O. 1~ ~.CO o.  17 3 .26  3 . 3 0  ,3,26 

Cs.3 2 .30  3.ZB ~. ' 3  .1.29 O, IS ~.31 

:.-3 I ,Z!  1 .20  3 , ' i  C,.31 9.77 '  ~ .55  

( .3  I .55 ' .~7 " .55 I .92 ! ,25 I .73~ 

~a.~ 2.19 ~, ,39 ' .01 ! .30 ".$g ~,.26 

S ~n , ~  &7.93 5'3,T2 && 11• 55 ~n• ~ &8.31 56.~9 

s ro  ; . 7 g  ,..72 ? . s a  : .5~ o.S3 o.52 

T;o~ 2.T6 3.:'9 .23 0.C0 0.0(~ 0.~O 
I 

.,'-'~.. ~.CZ ;.~ 5.11 .~, I~, 3.~5 3.33 ]/ 

" o ' . ~ l  IC0. . I0  ;CO..~'n ~,~..~'~ 120..10 'OO.O0 !CO.2O :I 

.1 

\ 


, 5~" 02_  -03 



.~ ~::--, . ~ ~ .' ,-"<, /i / 


o 

4 

r r.. C,~ ~ 

'/ ,5' / " \ \ ~ "°°7 \ / 
/

/ \~' ~',\,k\ •,',\\/ 

/ ~k,K Z 

LJ 

600,- .... 

400 //i~"-- -- -- "t----o ~.~j -/ h 

:- --['~0 LI~IJIQS.-- h/ 

I 1 I ~ 
0 2 4 ~ ~ 'rO

I 
X~ IMOL£ F~,~CTICN ~Z03) 




j ~  - :'.,4T"' ~ ' . ~  ~ , , - . . . . . .  : ~ - ~ ~ . " ~ - ~  .-s~,- ~ ' : ' : ' : r  , 

-. ? 

_ _ 1  

I @@01 15.0KU X300 100~m :::-41. 0814 15.eKU ×4B IBBPm 
: i 

oos5 ~s ~KU Xt,BOe ~ ooi5 15,OKU x1,oeo topm 

• ,all 



r L m  q =' :  , ' : , ' - '  

8 . "..; O O 

6.OOC 

\ 

\ 

,,P',,, 
• , 4  ~ ' ,d 

\ 
2 .000 \ x,,.,......__,,__ 
14 ,~r'm 

400.00 ~O0 . "  BOO ,00 '~OO.O0 

C ts ,Sec  :,,:E' 

7 .200  

5. 400 

3 .600  • J 

' 8 0 G  

i i 

400.00  ~00. O0 BOO .00 iO00.0C 
~ C,',t- t 



X-RAY POWDER DIFFRACTION ANALYSIS OF CRYSTALLINE PHASES (~4T%) 


Gtass-
Cermmic 

3Ti 

6Ti 

IAI 

3AI 


58.0, 


38,0~ 


ZrSiO~ Cai" iSiO~ Cd C r j ' i # , ,  Ca3(Fe,Ti )~(Si, Wa.ALSI ~0. CaAI~SI O: 
TI )~0, z 

26.10 22.70 29.90 11.90 6 70 2.70 

31,30 27.20 3.20 12.00 3.50 8.50 

38.00 23.00 32.00 14.00 

36.00 37.00 12.00 

35.50 20.70 23.90 T.20 

11.40 I0. I0 

14- DAY MCC-I LEACH RATES (GRAMS/SQUARE METER-DAY) 

Normalized Elemental Leach Rates g/m2-d) 

Total A1 B Ca Ccl Cs Cr K Na Si Sr 
Mass 
Rate 

(g/m 2-d ) 

3Ti 0.29 0 92 0.35 0.21 0.06 1.32 0.00 0.84 1.39 0.73 0.3[ 

6Ti 0.17 0.38 0.10 0.27 0.62 0.27 0.00 0.38 0.52 0.30 0.29 

IAI 1.45 O. 68 0.92 0.81 0.00 2.24 0.00 2.29 9.81 0.74 2.87 

3AI 0.40 0.69 0.63 0.37 0.20 0.69 0.00 .53 0.79 .82 0.56 

5B:O~ O. 32 0.61 0.47 0.26 0.12 0 . ]3  0.00 .31 0.54 .66 0.51 

3B;03 0.27 0.44 0.09 0.25 0.33 0.00 0.00 .23 0.40 .54 0.29 



SUq-~cA.RY AND CONCLUS iON 


CALCINE ACCO~{ODATED BOTH IN GLASS AND CERIuMIC PHASES, HENCE 

HIGH CALCINE LOADING IN GLASS-CE~{IC WASTE FORMS 


GLASS-CEP_~M!C WASTE FOP~S CONTAIN NATU~.A_LLY COMPATIBLE 

CRYSTALLINE PHASES ~D GLASS, HENCE POTENTIAL FOR HIGH D~ILiTY 


BOTH GLASS SOLUBLE ~D GLASS INSOLUBLE COMPONENTS ACCOMMODATED 

THE GLASS-CER~:MIC, HENCE NO ADDITIONAL WASTE GENERATED 


DURABLE GLASS A~;D CRYSTALLINE P'.-L~SES FORMED AT LOWER TEMPERATURES 

UNDER THE INFLUENCE OF VOLATILE PRESSURE 


GRAIN BOL~DARIES AND PY~SE COMPOSITIONS MTJST BE ENGINEERED 

AS A FL~CTION OF PROCESS V~qIABLES TO ELIMINATE MICROSTRUCTLFR.~L 

DEFECTS 


http:SUq-~cA.RY

