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. . ABSTRACT 

.Glasses with high water content  were prepared .by a hydrothermal process 

and va r ious  p roper t i e s  were measured. The following unique f e a t u r e s  have 

been revealed. 

1.) E l e c t r i c a l  conduct iv i ty  decreases s u b s t a n t i a l l y  a t  first with t h e  

add i t ion  o f  water and then increases  with t h e  f u r t h e r  add i t ion  of water. The 

phenomenon i s  somewhat s i m i l a r  t o  t h e  mixed a l k a l i  e f f e c t .  

2 . )  The g lass  with high water content  i s  r a d i a t i o n  co lo ra t ion  r e s i s t a n t .  

3 . )  With t h e  addi t ion  o f  water,  g l a s ses  became tougher a t  room tempera- 

t u r e ,  suggest ing t h e  occurence o f  p l a s t i c  deformation. 



I INTRODUCTION 

This  research  program was s t a e e d  on June 15, 1979 and t h e  f irst  pro- 

g ress  r epor t  covering t h e  a c t i v i t y  up t o  t h e  end of February 1980 was sub- 

mi t ted  l a s t  year.. In t h e  present  r epor t ,  the  subsequent research  a c t i v i t y  

on ' g l a s ses  containing a l a rge  amount o f  water i s  described. 

11. Sample Preparat ion 

Sodium s i l i c a t e  g lasses  with t h e  composition Na2O03Si0 were chosen a t  . 
2 

first because f a i r l y  extens ive  measurements.have previously been made on t h i s  

g l a s s .  The lldryll g l a s s  was prepared a t  1 4 5 0 ' ~  i n  a i r  by melt ing a .-.Na2C03+Si02 

mixture i n  a Pt c ruc ib le .  A powder of  t h i s  g las s  was sea led  with var ious  

amounts o f  'water i n  P t  tubes  o f  .5mm O.D. and heated  and pressur ized  i n  t h e  

hydrothermal equipment t o  ob ta in  homogeneous g lasses  containing up to12 w t %  

water. 

Other co ipos i t ions  i n  t h e  Na20-A1203-Si0 and Na20-B203 systems were a l s o  2 

prepared t o  see  t h e  e f f e c t  of  t h e  composition modificat ion on p roper t i e s .  

In t h e  hydrothermal method, t h e  s i z e  o f  the  specimen is  l imi ted .  In 

fu tu re  p r a c t i c a l  appl ica t ions ,  a l a r g e r  specimen would be des i red .  Thus a 

prel iminary inveseigar ion  was ~uaclt: Lo prepare a l a rge  spccimcn with high 

water content  by h e a t - t r e a t i n g  a commercial soda-lime g lass  i n  wet atn~osphere 

above t h e  g l a s s  t r a n s i t i o n  temperature. 

111. Results  and Discussion 

Several  p roper t i e s  o f  Na 0°3Si0  g lasses  conta in ing a l a r g e  amount o f  2 2 
water 'were measured'. The p r o p e r t i e s  inves t iga ted  include thermal s t a b i l i t y ,  ' 

densi ty ,  I .R .  t ransmission c h a r a c t e r i s t i c s ,  e l e c t r i c a l  conductivi ty,  d i e l e c t r i c  

constant ,  Na d i f fus ion ,  r a d i a t i o n  colora t ion ,  hardness, f r a c t u r e  toughness and 



chemical d m a b i l  it y ,  . Among them, t h e  foll.owing c h a r a c t e r i s t i c s  are .parti- 

c u l a r l y  unique and deserve careful  evaluation.  

1. E l e c t r i c a l  Conductivity 

D i f f i c u l t i e s  associa ted  with t h e  small s i z e  o f  t h e  specimen was over- 

come by reducing t h e  thickness o f  t h e  specimeG and devising a new method of  

e lec t rode  appl ica t ion.  An evaporated e lec t rodes  were applied on t h e  specimen 

p a r t l y  covered by a t h i n  s p e c i a l l y  prepared washer which is  secured by a 

magnet placed under t h e  specimen. The v a l i d i t y  o f  t h e  method was confirmed 

using a small specimen of dry g lass  with known c h a r a c t e r i s t i c s .  

Both a.c. and d.c. e l e c t r i c a l  c h a r a c t e r i s i t i c s  were determined a s  a func- 

t i o n  of  water content.  A preliminary r e s u l t  showing t h e  l a rge  decrease i n  . 
d. c. conductivi ty with addi t ion  o f  water was , reported i n  J. Am. ~ e r a m .  Soc. 

and is  a t tached as  Appendix I. Subsequently, a complete composition range 

was inves t igated  and t h e  r e s u l t s  shown i n  Figs. 1-4 were obta ined. .  The i n i -  

t i a l  sharp decrease i n  d.c. conductivi ty with increas ing water is  accompanied 

.by t h e  increase  i n  a c t i v a t i o n  energy and pre-exponential f ac to r ,  i n  t h e  same 

way as i n  mixed a l k a l i  g lasses .  With t h e  f u r t h e r  increase  of water,  however, 

t h e  conductivi ty s t a r t s  t o  increase  while t h e  a c t i v a t i o n  energy remains 

nea r ly  constant.  Thus t h e  conductivi ty increase  is a t t r i b u t e d  t o  t h e  increase  

o f  t h e  prexponential fac tor .  lhis is q u i t e  d i f f e r e n t  from the  phenomenon 

commonly observed i n  mixed a l k a l i  g lasses  and t h e  l a rge  amount of 'molecular  

water present  In t h e  g lass  appears responsible.  Currently t h e  c o r r e l a t i o n  
. , 

between t h e  e l e c t r i c a l  ' cha rac te r i s t i c  and t h e  amount of various types o f  

water (molecular water, f r e e  hydroxyl and hydrogen-bonded hydroxyl) i s  being 

sought. The d i e l e c t r i c  constant  a l s o  seems t o  c o r r e l a t e  with t h e  d.c. 



conductivity (cf, Fig, 4[A), (3))- 

2 Radiation Coloration 

Glasses ..with var ious  amounts o f  water were subjected  t o  y-ray r a d i a t i o n  

6 cf 10 rad and t h e  r e s u l t a n t  co lo ra t ion  was inves t igated .  Glasses containing 

high water (> -1 .wt%) remained t ransparent  while the  dry g lass  counterpart 

became dark. The r e s u l t s  a re  summarized i n  a note,  at tached t o  t h i s  repor t  

a s  Appendix 11, which w i l l  be published i n  J. Am. Ceram. Soc. This observa- 

t i o n  suggests,  t h a t  g lasses  containing a large  amount o f  water may be useful  

a s  r a d i a t i o n  s h i e l d  windows. Currently t h e  mechanisms of  t h i s  r a d i a t i o n  

co lo ra t ion  res i s t ance  i s  being inves t igated .  

3. Mechanical .Strength 

Since specimen s i z e  i s  l imi ted ,  t h e  f r a c t u r e  toughness was measured 

using t h e  Vickers indenta t ion method. This involves t h e  measurement of t h e  

crack which i n i t i a t e d  from t h e  corner of t h e  indent. The r e s u l t s  

ind ica te  t h a t  a s  t h e  water content increases ,  t h e  crack i n i t i a t i o n  becomes 

d i f f i c u l t ,  while hardness decreases. lhis phenomenon was probably caused by 

t h e  p l a s t i c  deformation. .This i s  l i k e l y  s ince ,  i n  c r y s t a l l i n e  SiO a s  water 
2 ' 

content increases ,  t h e  m i m i m u m  temperature a t  which p l a s t i c  deformation t akes  

place Lsco~lles lower. 
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Water Content ( wt0/0 

Figure 1: d.c. conductivi ty o f  N ~ ~ O . J S ~ O ~ . ~ H  0 g lasses  a t  60'~ a s  a 
funct ion  o f  water content .  2 



Water Content ( wt '10  ) 

Figure 2 :  .P;ctivation energy of d.c.  conduction f o r  Na20-3SiO -nH20 glasses  a s  
a function of  water content. 

2 



Water Content ( wt O/o ) 

Figure 3: Pre-exponential.factor of d.c. conductivity-of Na20.3Si0 -nH20 glasses 2 
as a function'of water content. 



Water . . .  Content ( w t 'lo ) 

Figure 4(A):  D i e l e c t r i c  cons tants  o f  Na 0.3Si0 .nH 0 g lasses  a s  a funct ion  2 2 2 .  
o f  water .cu~~stmil : .  

, c:S: ' s t a t i c  d i e l e c t r i c  cons tant .  E,: High frequency d i e l e c t r i c  
. constant .  

. . 



Water Content ( wt  'lo ) 

Figwe 4.(8) : Dielectric strength AE of Na20*3Si0 :nH 0 as a function' of water 
c0ntent.A~ = E ~ - E -  

2 2 
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I 

Abs t r ac t  

Radia t ion  c o l o r a t i o n  r e s i s t a n t  g l a s s e s  were prepared  by inco rpora t ing  

a  l a rge  amount of water  i n t o  dry g l a s s e s  under hydrothermal cond i t i ons .  Af te r  

6 
y - ray  i r r a d i a t i o n . o f  10 r a d ,  t h e  g l a s s e s  remained t r a n s p a r e n t .  

. . 



. Most g l a s s e s  . . t u rn  brown o r  b lack  when sub jec t ed  - t o  X-rays .or y-rays.. There 

are, s e v e r a l  - t h a t  d i s so lved  w'ater i n  g l a s s  may i n f l u e n c e  ~ a d i a -  
. 2 

t i o n  co la r ing .  In  t h e s e  previous  i n v e s t i g a t i o n s ,  however, t h e  water  conten t  o f  

t h e  g l a s s  was comparat ively low, u s u a l l y  i n  t h e  range o f  a  few ppm t o  a  few bun. 

dred  ppm. Therefore ,  t h e  a c t u a l  e f f e c t  'of water  can be obscured by s l i g h t  changes 

i n  o t h e r  components; 

In o r d e r  t o  unequivocal ly eva lua t e  t h e  e f f e c t s  o f  d i s so lved  H ~ ' O  i n  t h e  pre-  

s e n t  r e sea rch ,  a  l a r g e  q u a n t i t y  o f  water  (2-10 wt%) was incorpora ted  i n t o  Na2OS 

3Si0 and Na 0-A1203-Si0 g l a s ses  by a  hydrothermal p re s su re  method, and t h e i r  
2  2 2 

c o l o r a t i o n  by Y-ray r a d i a t i o n  was compared with t h a t  o f  t h e  corresponding dry 
. . 

g l a s s e s .  

The d e t a i l s  o f  t h e  sample p r e p a r a t i o n  arid t h e  de te rmina t ion  o f  high water  

concen t r a t ions  were descr ibed  p rev ious ly  by Takata e t  a19) .  However, i n  t h e  

p re sen t  &xperiment t h e  mel t ing  time a t  8 0 0 ' ~  and 200 MPa (2kbar) was extended, 

t o  .24 h i n  o r d e r  t o  ensure h i f o r m  d i s t r i b u t i o n  o f  'water i n  t h e  g l a s s .  

Samples with.dimensions o f  3mmXSmmX.Smm were i r r a d i a t e d  a t  room temperature 

6 w i t h a  6 0 ~ 0  y-source t o  a  t o t a l  dose o f  1x10 r ad .  I n  c o n t r a s t  t o  t h e  severe  

darkening o f  dry  g l a s ses  i n  t h i s  y  f l u x ,  t h e  g l a s s e s  c o n t a i n i n g  water  remained 

t r a n s p a r e n t .  One example i s  shown i n  f i g .  1 , i n  which a  N a 2 0 - 3 S i 0 2 g l a s s  spec i -  

men con ta in ing  2.2 w t %  water  i s  compared,with dry g l a s s  which was found t o  con- 

t a i n  -0.05 w t %  H20. The t ransmiss ion  s p e c t r a . o f  t h e s e  g l a s s e s  i n  t h e  v i s i b l e  and 

U . V .  range were obta ined  before  and l 0 , d a y s  a f t e r  i r r a d i a t i o n  us ing  an American 

Inst-r~unent Co. .DW-2 UV-VIS Spectrophotometer and a r e  shown i n  f i g .  2  and f i g .  3. 

I t  i s  c l e a r  from f i g u r e s  2 and 3 . t ha t  t h e  t ransmiss ion  o f  t h e  dry g l a s s  decreases  



cons iderably  by y-ray . i r r a d k a t  ion ,while- t h a t  o f  the g l a s s  con ta in ing  a .  l a r g e  

amount o f  water remains p r a c t i c a l l y  unchanged. The. d i f f e r e n c e  is  most l i k e l y  

due t o  water  i n  t h e  g l a s s .  The high'  employed i n  t h e  p r e p a r a t i o n  o f  

g l a s s e s  with h igh  water  conten ts  cannot be respons ib le .  s i n c e  t h e  high pressures .  

a r e  known t o  i n c r e a s e  t h e  abso rp t ion ( l0 )  r a t h e r  than decrease i t .  I t  i s  known 

t h a t  t h e  t r an imis s ion  c h a r a c t e r i s t i c s  change with t h e  t ime dur ing  and imrned- 

i a t e l y  a f t e r  i r r a d i a t i o n .  In  t h e  p re sen t  experiment,  t he  t ransmiss ion  charae-  

. t e ' r i s t i c s ,  which appear  t o  be s t eady  s t a t e ,  were measured approximately 10 days 
. . 

. . 

a f t e r  i r r a d i a t i o n  dur ing  which t ime t h e  specimens were kep t  i n  a d e s i c c a t o r  a t  

room temperature and i n  t h e  dark.  

A t  p r e sen t ,  t he  exac t  mechanism by which water  suppresses  t h e  r a d i a t i o n  

c o l o r a t i n g  i s  not  c l e a r .  I t  i s  t h a t  a mechanism s i m i l a r  t o  t h a t  proposed 

by . Fai  1 e and Ro'y (11) f o r  SiO g l a s s  impregnated with H2  i s  a p p l i c a b l e  h e r e .  2 

Namely, water  i n ' g l a s s  may be combining wi th  c o l o r  c e n t e r s ,  producing c o l o r l e s s  

Si-OH. The d e t a i l s  o f  t h e  phenomenon a r e  under i n v e s t i g a t i o n .  
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Figure Captions 

Figure  1 :  Dry Na20* 3SiO and Na20-3Si02 + 2.2 wt% H20 10 days a f t e r  i r r a d i a -  
2 
6 t i o n  with 1x10 r a d  y-ray a% room temperature. .  Thickness of specimens 

i s  approximately 0.5 mm. 

Figure 2 : % Transmission vs .  Wavelength : Dry Na20-3Si02 before  and 10 days a f t e r  

. i r r a d i a t i o n .  Thickness o f  t h e  specimens i s  approximately 0.5 mm. 

Figure 3: % Transmission vs . Wavelength : Na Oa3Si02 + 2.2 w t \  H20 before  and 
2 

; 10 days a f t e r  i r r a d i a t i o n .  ~ h i c k n e s s  o f  t h e s p e c i m e n s  i s  approximately 



Figure 1 



(a) Not i r radiated 

(b) I rradiated 

; Wavekngth (nm) 

figure 2 



(a') N o t  irradiated 

(b) I r rad ia ted 

figure 3 




