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Quantitative analysis of a multicomponent silicate 
glass by electron microprobe 

A b s t r a c t  - A s t a n d a r d  g l a s s  sample deno ted  by t h e  N a t i o n a l  
I n s t i t u t e  of S t a n d a r d s  and Technology as K-412 was ana- 
l y z e d  u s i n g  e l e c t r o n  microprobe  by a n  i n t e r n a t i o n a l  c o l l a -  
b o r a t i v e  team. The r e s u l t s  of q u a n t i t a t i v e  d e t e r m i n a t i o n  
of t h e  ox ide  glass  components a r e  compared and t h e  dev ia -  
t i o n s  from t h e  s t a n d a r d  v a l u e s  a r e  c a l c u l a t e d .  Also 
methods of glass s u r f a c e  t r e a t m e n t ,  c o n d i t i o n s  of q u a n t i -  
t a t i v e  d e t e r m i n a t i o n  and p r o c e d u r e s  used  f o r  e v a l u a t i o n  of 
r e s u l t s  a r e  summarized. 

INTRODUCTION 

D e t e r m i n a t i o n  o f  t h e  c o m p o s i t i o n  o f  g l a s s e s  u s i n g  e l e c t r o n  m i c r o -  
probe  a p p e a r s  t o  be one o f  t h e  methods most used  i n  b o t h  r e s e a r c h  and i n  t h e  
g l a s s  i n d u s t r y .  D e s p i t e  t h e  common u s e  of t h i s  method t h e r e  a r e  s t i l l  some 
u n c e r t a i n t i e s  i n  t h e  r e p r o d u c i b i l i t y  and a c c u r a c y  o f  t h e  measurements.  Those 
a r e  c a u s e d  by : 
i )  r e l a t i v e  c o m p l e x i t y  o f  g l a s s  s u r f a c e  p r e p a r a t i o n ,  
i i )  i n f l u e n c e  o f  v o l t a g e ,  e l e c t r o n  beam d i a m e t e r ,  t ime  o f  c o u n t i n g  and o t h e r  

i ii) s t a n d a r d s  and methods used  t o  c o n v e r t  X-ray i n t e n s i t i e s  i n t o  concen- 
p a r a m e t e r s  o f  t h e  a n a l y s i s ,  

t r a t i o n  v a l u e s .  

T h e r e f o r e ,  it i s  of g r e a t  i n t e r e s t  t o  compare c o n d i t i o n s  of measurement,  
r e p r o d u c i b i l i t y  and a c c u r a c y  of measurements i n  some l a b o r a t o r i e s  d e a l i n g  
w i t h  g l a s s  a n a l y s i s  ( r e f .  1 , 2 ) .  

GLASS SAMPLE CHARACTERIZATION 

A s t a n d a r d  probe K-412 s u p p l i e d  by t h e  N a t i o n a l  I n s t i t u t e  of S t a n d a r d s  and 
Technology,  Washington D . C .  ( U S A )  was u s e d  ( r e f .  3 ) .  The c e r t i f i e d  c o m p o s i t i o n  
o f  t h e  g l a s s  was as f o l l o w s  ( i n  w t  % ) :  

45.35 * 0.2  SiO2 
19.33 * 0.2  MgO 
15 .25  * 0 . 2  C a O  

9 .27  * 0 . 2  A 1  O 3  
9.96 * 0 . 2  Fez 

The u n c e r t a i n t y  o f  T 0 . 2  w t  % a s s i g n e d  t o  t h e  c e r t i f i e d  v a l u e s  i s  t h e  2-sigma 
v a l u e .  T h i s  c o m p o s i t i o n  made i t  p o s s i b l e  t o  compare t h e  r e s u l t s  o f  a n a l y t i c a l  
measurements o n  t h e  r e l a t i v e l y  s t a b l e  g l a s s  c o n t a i n i n g  v e r y  common o x i d e s ,  

The samples  were s e n t  t o  t h e  p a r t i c i p a n t s  on t h e  p r o j e c t  ( s e e  Appendix) i n  
t h e  form of a small s t i c k .  The p a r t i c i p a n t s  were a sked  t o  make q u a n t i t a t i v e  
a n a l y s i s  o f  t h e  glass sample u s i n g  an  e l e c t r o n  microprobe  and p r o c e d u r e s  and 
c o n d i t i o n s  chosen  by t h e m s e l v e s .  

SURFACE TREATMENT OF GLASS SAMPLES 
Procedures  used  by t h e  p a r t i c i p a n t s  t o  p r e p a r e  t h e  glass s u r f a c e  f o r  a n a l y s i s  
a r e  b r i e f l y  summarized i n  t h e  Table  1 .  Most o f  t h e  a u t h o r s  f i x e d  t h e  g l a s s  
sample by embedding i n  epoxy r e s i n .  Only i n  one c a s e  was t h e  sample s t u c k  
u s i n g  a c a r b o n  p a s t e  on a c a r b o n  b l o c k .  Var ious  p r o c e d u r e s  were used  f o r  
g r i n d i n g .  G r i n d i n g  powders,  p a p e r s  and d i s c s  made it p o s s i b l e  t o  p r e p a r e  
glass s u r f a c e s  w i t h  a roughness  5 p m .  Not a l l  a u t h o r s  s t a t e d  how t h e  g r i n -  
d i n g  p rocedure  w a s  per formed and  which  roughness  o f  t h e  s u r f a c e  w a s  o b t a i n e d .  

I n  one c a s e  t h e  f r a c t u r e  s u r f a c e  o f  t h e  glass sample was used  w i t h o u t  any 
g r i n d i n g  and p o l i s h i n g .  Cerium ox ide  i n  t h e  form o f  a d i s k  o r  a p a s t e  was 
u s e d  p r e f e r a b l y  t o  p o l i s h  g l a s s  s u r f a c e .  Also a lumina  powder and diamond 
p a s t e s  were u s e d  i n  some c a s e s .  A f t e r  c l e a n i n g  o f  t h e  g l a s s  s u r f a c e  w i t h  
a l c o h o l  o r  wa te r  a t h i n  c a r b o n  l a y e r  was s p u t t e r e d  on  t h e  sample .  The t h i c k -  
n e s s  o f  t h e  l a y e r  was 20-50 nm. 

1188 
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TABLE 1 .  Glass sample  p r e p a r a t i o n  

2 .  s t i c k i n g  by - 
a c a r b o n  
p a s t e  on  a 
c a r b o n  b lock  

- C 40 nm 

3. h o t  p r e s s i n g  g r i n d i n g  diamond p o l i s h i n g  d i s c  a l c o h o l  C 25-30 nm 
u s i n g  f e n o l  d i s c s  (30-5 urn) (Ce02)  
r e s i n  

4 .  epoxy r e s i n  g r i n d i n g  d i s c s  p o l i s h i n g  d i s c  a l c o h o l  C 30-50 nm 

5. epoxy S i c  on g l a s s  p o l i s h i n g  diamond w a r m  C 2 5  nrn 

(30-5 p m )  (Ce02)  a c e t o n e  

water , 
s o a p  

p a s t e s  

6. r e s i n  and corundum powder C e02-pas t e  w a t e r ,  C 30  nm 

7 .  epoxy  r e s i n  S ic-papers -800  0 . 3  um a lumina  C 2 5  nm 

8. epoxy r e s i n  g r i n d i n g  p a p e r  a l u m i n a  powder d i s t i l -  C 20 nm 

9 .  b r a s s  b l o c k ,  S i c - I000  C eO 2- po wder ? C 30 nm 

wax (20-7 a m )  a l c o h o l  

- 
+ MgO 

200-600 1 um-0.3 urn l e d  w a t e r  
f r e o n  

c a r b o n  p a s t e  

1 0 .  s t i c k i n g  by - 
a Ag p a s t e  o n  
a c a r b o n  b l o c k  

- C 30 nm 

EQUIPMENT A N D  EXPERIMENTAL CONDITIONS OF ANALYSIS 
D i f f e r e n t  t y p e s  of e l e c t r o n  microprobe  equipment  were used  f o r  q u a n t i t a t i v e  
a n a l y s i s  of t h e  K-412 glass samples  ( s e e  Tab le  2 ) .  A l l  equipment  used  was 
e s s e n t i a l l y  based on  t h e  wave leng th  d i s p e r s i v e  sys t em (IJDS) a l t h o u g h  an 
e n e r g y  d i s p e r s i v e  sys t em (EDS) was a l t e r n a t i v e l y  u s e d  i n  some c a s e s .  

1 .  JCXA-733 WDS-aut. 1 5  20 I 0  

2.  JXA-50A EDS, Kevex 1 5  0 . 3  a r e a  o f  1 3  x 1 3  
7000 

3 .  J X A - 5  WD S 1 0 , 1 5 , 2 0  13-18 5 

4 .  JXA-733 WDS 1 0 , 2 0  7-70 1 0  

5 .  Camebac Micro  WDS-aut . 1 5  1 8  5 

G . J CXA-733 WDS-aut . 1 5  50 

7. JCXA-733 WDS-aut . 15 ,20  30 

20 

20 

8 .  J CXA-733 WDS-aut . 1 5  17 .1  1 0  

9.  SHINADZU SM-7 WDS 1 5  1 0  50 

1 0 .  A R L  SEMQ WDS-aut . 20 
EDS-Kevex 
7000 

9-WDS 
3-EDS 

0 . 5  

............................................................................. 
WDS.... wawelength  d i s p e r s i v e  sys t em 
EDS.. . . e n e r g y  d i s p e r s i v e  sys t em 
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3 .  10 10 

4. 100 5 

5 .  1 0  15 

6. 5 3 

Z A F  m o d i f i c a t i o n  o f  

Z A F  m o d i f i c a t i o n  o f  
COR-SONDAX 

COR-SONDAX 
Z A F  C O R R E X  from 

B A ,  Z A F  A L B E E -  J CXA-7 33 
CAMEBAX 

7 .  10 5 B A ,  Z A F  J E O L - Z A F  
Duncumb and J o n e s  

8.  38 ( S i )  200 Z A F  v e r s i o n  1 2 F  from 

9 .  20 5 BA i n d i v i d u a l  
30 ( o t h e r s )  T R A C O R  

10. 40 (A1,Fe) 1 0  
W DS 

ZA F C O L B Y  M A G I C  I V , V  

48 (Mg, S i  ,Ca) 
1 0 0 ,  200 EDS 

The a c c e l e r a t i n g  v o l t a g e  a p p l i e d  v a r i e d  be tween 1 0  and 20 kV b u t  t h e  v a l u e  o f  
1 5  kV was u s e d  p r e f e r a b l y .  The c o r r e s p o n d i n g  a b s o r b e d  c u r r e n t  v a l u e s  d i f f e r e d  
s i g n i f i c a n t l y  f rom a b o u t  1 0  t o  70 nA. E x t r e m e l y  low v a l u e s  ( 0 . 3  and 3 nA 
r e s p e c t i v e l y )  were u s e d  w i t h  EDS m e t h o d .  

The e l e c t r o n  beam d i a m e t e r  v a r i e d  from 0 . 5  um t o  50 um. I n  o n e  c a s e  a s c a n -  
n i n g  p r o c e d u r e  w a s  u s e d  a n d  t h e  s c a n n e d  a rea  w a s  13 x 1 5  f l m  . 
I n  a d d i t i o n  t o  t h e  p a r a m e t e r s  summar ized  i n  t h e  p r e v i o u s  t a b l e  t h e  t i m e  and  
number o f  m e a s u r e m e n t s  t o g e t h e r  w i t h  c o r r e c t i o n  m e t h o d s  a n d  t y p e s  o f  c o r r e c -  
t i o n  programmes were a l s o  compared  ( s e e  T a b l e  3 ) .  

C o u n t i n g  t imes  v a r i e d  b e t w e e n  5 a n d  300 s e c o n d s  w i t h  t h e  h i g h e s t  v a l u e s  p e r -  
t a i n i n g  t o  t h e  EDS m e a s u r e m e n t s .  The maximum v a l u e  o b s e r v e d  i n  WDS measure-  
m e n t s  amounted  t o  100 s .  
The number o f  t h e  m e a s u r e m e n t s  r e p o r t e d  by p a r t i c i p n t s  d i f f e r e d  s i g n i f i -  
c a n t l y  f r o m  3 t o  200 .  The v a l u e  o f  t h i s  p a r a m e t e r  c l e a r l y  d e p e n d s  o n  t h e  
a v a i l a b i l i t y  o f  a n  a u t o m a t i o n  s y s t e m .  

All r e s u l t s  o f  t h e  m e a s u r e m e n t s  were  e v a l u a t e d  by a c o r r e c t i o n  programme.  
D i f f e r e n t  t y p e s  o f  c o r r e c t i o n  programmes were u s e d  b u t  t h e  ZAF c o r r e c t i o n  
method c l e a r l y  p r e d o m i n a t e d .  

STANDARDS AND MONOCHROMATORS 

S i m p l e  o x i d e s  were u s e d  as s t a n d a r d  m a t e r i a l s  f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  
o f  I4gO , S i 0 2 ,  A l s o  some m u l t i c o m p o n e n t  s t a n d a r d s  were 
a p p l i e d  (chromite) '~~~rs"u"t"lt"e",2",~ope, a l b i t e ,  j a d e i t e ,  o l i v i n e ,  w o l l a s t o n i t e  
and  s i l i c a t e  g lass)  i n  some c a s e s .  

T h r e e  m a i n  c r y s t a l s  were u s e d  i n  t h e  m e a s u r e m e n t s :  TAP ( t h a l l i u m  a c i d  phtha-  
l a t e )  f o r  Mg, S i ,  A l ,  PET ( p e n t a e r y t h r i t e )  f o r  Ca a n d  Fe a n d  L i F  f o r  Fe 
p r e d o m i n a n t l y .  The K l i n e s  were employed  f o r  Mg, A l ,  S i ,  Ca a n d  Fe 
d e t e r m i n a t i o n .  

RESULTS 

The r e s u l t s  o f  t h e  K-412 g l a s s  sample  a n a l y s e s  are summar ized  i n  T a b l e  4 
w h i c h  i n c l u d e s  v a l u e s  o f  t h e  o x i d e  c o n t e n t  i n  w t . %  t o g e t h e r  w i t h  s t a n d a r d  
d e v i a t i o n s  as t h e y  were  m e a s u r e d  a n d  c a l c u l a t e d  by t h e  p a r t i c i p a n t s .  A l s o  t h e  
c e r t i f i e d  c o m p o s i t i o n  a c c o r d i n g  t o  t h e  NIST c e r t i f i c a t e  i s  shown i n  t h a t  
t a b l e .  The d e v i a t i o n s  b e t w e e n  v a l u e s  d e t e r m i n e d  by t h e  p a r t i c i p a n t s  a n d  
c o r r e s p o n d i n g  NIST v a l u e s  a r e  shown i n  T a b l e  5. 
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1 .  19.44 0.8 9.42 

2.  17.7 5.0 8 .8  

1 0  kV 19.47 9.10 
3. 1 5  kV 1 9 . 4 4  2.8 8.94 

20 k V  19.29 8.77 

4. 1 0  k V  19.83 0.8 9.38 
20 k V  19.66 0.9 9.26 

5 .  19.8 1 . 0  9.70 

6. ZAF 20.10 1 .2  9.22 
BA 20.32 0.7 9.24 

7. ZAF 19.11 0.3 9.87 
BA 19.23 0 .3  9.41 

8 .  19.11 0.7 8.7 

9.  19.97 0.1 9.2 

10.WDS 20.1 0.7 8 .9  
EDS 19.54 1.2 9.67 

K-412 (NIST c e r t i f i c a t e  
v a l u e )  19.33 0 . 5  9.27 

1.5 45.54 0.7 15.26 

3.4 46.1 1.3 17.00 

45.87 14.96 
2.1 44.84 0 .4  14.90 

44.38 15.85 

1 .0  46.76 0.9 14.87 
1.2 46.30 0.7 15.00 

0.8 45.20 0 .4  14.90 

1.4 45.84 1.0 14.74 
0.7 45.85 0.4 14 .48  

0.7 45.92 0 . 6  14 .94  
0.7 45.80 0.6 14.90 

0 .6  45.52 0.3 15.08 

0 .2  45.19 0.1 15.40 

2.8 46.4 1.0 14.8 
2.0 46.3 0.5 14 .92  

1 . 0  45.35 0.2 15.25 

1 .o  

4.0 

0.4 

0.2 
0.5 

0.9 

1.7 
0 . 4  

0.5 
0.5 

0 .5  

0 .I 

1 .o 
1 .0  

0.6 

10.39 1.1 99.92 

10.4 4.8 100.00 

9.74 99.14 
9.47 9.60 1 .0  97.76 97.72 

9.50 0.9 100.34 
9.80 0.5 99.62 

10.5 1 .2  100.1 

10.42 3 .0  100.34 
10.37 1 .4  100.27 

10.17 1.0 100.01 
9.84 1 .0  99.19 

10.78 1.4 99.19 

9.25 3.3 99.01 

9.8 1.0 100.00 
9.45 2.3 99.88 

9.96 1 . 0  99.16 

I. 

2. 

+ 0.11 + 0.15 + 0.16 + 0.01 + 0.33 

- 1.63 - 0.47 + 0.75 + 1.75 + 0.44 

3.  1 0  kV + 0.14 - 0.17 + 0.52 - 0.39 - 0.32 
15 kV + 0.11 - 0.33 - 0.51 - 0.35 - 0.36 
20 k V  - 0.04 - 0.50 + 0.03 + 0.60 - 0.49 

4.  10 k V  + 0.5 + 0.11 + 1.41 - 0.38 - 0.46 
20 k V  + 0.33 + 0.01 + 0.85 - 0.35 - 0.46 

5 .  + 0.47 + 0.43 - 0.15 - 0.35 + 0.54 

6. ZAF + 0.77 - 0.05  + 0.49 - 0.5 + 0.46 
BA + 0.97 - 0.03 + 0 . 5  - 0.77 + 0.41 

7.  ZAF - 0.22 + 0.6 + 0.57 - 0.31 + 0.31 
BA - 0.1 + 0.14 + 0.45 - 0.35 - 0.12 

8. - 0.32 - 0.57 + 0.17 + 0.17 - 0.82 

9. + 0.64 - 0.07 - 0:16 + 0.15 - 0.71 

10.  WDS + 0.77 - 0.37 + 1.05 - 0.45 - 0.1'6 
EDS + 0.31 + 0.40 + 0.95 - 0.33 - 0.51 

The r e s u l t s  c a n  be summarized as f o l l o w s  : 

MgO determination 
Most o f  t h e  r e s u l t s  a r e  w i t h i n  t h e  l i m i t s  d e f i n e d  by NIST va lue  and c o r r e s -  
ponding s t a n d a r d  d e v i a t i o n  ( s e e  Tab le  4 ) .  The h i g h e s t  d e v i a t i o n  from t h e  
s t a n d a r d  v a l u e  amounts t o  1 .63  r e l . % .  D e v i a t i o n s  from t h e  s t a n d a r d  v a l u e  
d e c r e a s e d  i f  t h e  v o l t a g e  was r a i s e d  from 1 0  t o  20 kV. The a c c u r a c y  o f  t h e  
d e t e r m i n a t i o n  does  n o t  depend s i g n i f i c a n t l y  on t h e  p r i n c i p l e  of t h e  measure- 
ments (WDS, EDS) o r  on t h e  t y p e  o f  c o r r e c t i o n  programme (ZAF, B A ) .  A more 
s y s t e m a t i c  s t u d y  h a s  t o  be done t o  v e r i f y  t h i s  c o n c l u s i o n .  
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Al2O3 and SiOz determination 
D e v i a t i o n s  from t h e  c e r t i f i e d  s t a n d a r d  v a l u e  a r e  i n  a l l  c a s e s  comparable  w i t h  
t h e  s t a n d a r d  NIST d e v i a t i o n  v a l u e .  The a n a l y t i c a l  r e s u l t s  show t h a t  t h e  accu- 
r a c y  o f  t h e  measurements i s  comparable w i t h  t h e  r e s u l t s  o f  o t h e r  o x i d e s .  The 
d e v i a t i o n s  from t h e  c e r t i f i e d  v a l u e  a r e  p r o b a b l y  a l s o  caused  by t h e  d r i f t  o f  
monochrorujtor caused  by i t s  mechan ica l  and t h e r m a l  i n s t a b i l i t y .  Cha rg ing  
e f f e c t s  c a n  also c o n t r i b u t e  t o  a c e r t a i n  l a t e r a l  d e f o c u s a t i o n  o f  t h e  s p e c t r o -  
me te r  . 
CaO determination 
The r e s u l t s  a r e  i n  s a t i s f a c z o r y  agreement  wi th  t h e  s t a n d a r d  NIST va lue  ( s e e  
Tab le  4 )  a l t h o u g h  i n  some c a s e s  t h e  d i f f e r e n c e  between d e t e r m i n e d  v a l u e  and 
NIST s t a n d a r d  exceeds  t h e  c e r t i f i e d  s t a n d a r d  d e v i a t i o n .  

FeO determination 
The a n a l y t i c a l  r e s u l t s  a r e  i n  a good agreement  wi th  t h e  s t a n d a r d  v a l u e  ( s e e  
Table  4). D e v i a t i o n s  exceed i n  some c a s e s  s l i g h t l y  t h e  c e r t i f i e d  NIST s t a n -  
d a r d  d e v i a t i o n .  Q u a n t i t a t i v e  d e t e r m i n a t i o n  of FeO i n  t h e  mul t icomponent  s i -  
l i c a t e  g l a s s  t h u s  seems t o  be q u i t e  r e l i a b l e .  

The r e a s o n a b l e  agreement  of t h e  a n a l y t i c a l  r e s u l t s  of a l l  g l a s s  components 
i n d i c a t e s  t h a t  t h e  d i f f e r e n t  p r o c e d u r e s  and c o n d i t i o n s  used  by t h e  p a r t i -  
c i p a n t s  do n o t  have a pronounced e f f e c t  on t h e  a c c u r a c y  and r e p r o d u c i b i l i t y  
of t h e  measurements .  A s  had t o  be e x p e c t e d  t h e  e r r o r  o f  t h e  measurements on a 
f r a c t u r e  s u r f a c e  a r e  much l a r g e r  t h a n  on p o l i s h e d  s u r f a c e s .  

CONCLUSION 
Q u a n t i t a t i v e  a n a l y s i s  of t h e  K-412 g l a s s  s t a n d a r d  g l a s s  u s i n g  t h e  e l e c t r o n  
microprobe  was c a r r i e d  o u t  by a n  i n t e r n a t i o n a l  c o l l a b o r a t i v e  team. The ana ly -  
t i c a l  r e s u l t s  a r e  i n  good ag reemen t  w i t h  t h e  c e r t i f i e d  v a l u e s  c o n f i r m i n g  t h e  
r e l i a b i l i t y  and a c c u r a c y  of t h e  work i n  l a b o r a t o r i e s  p a r t i c i p a t i n g  on t h e  
p r o j e c t .  

The r e s u l t s  show t h a t  comparable r e s u l t s  can  be a c h i e v e d  u s i n g  d i f f e r e n t  
t y p e s  of equipment w i t h  good s t a n d a r d s  even when p r o c e d u r e s  and c o n d i t i o n s  
a p p l i e d  a r e  n o t  q u i t e  i d e n t i c a l .  

Values  o f  o x i d e  c o n t e n t  o b t a i n e d  i n  d i f f e r e n t  l a b o r a t o r i e s  were u s u a l l y  
w i t h i n  t h e  r e l a t i v e  s t a n d a r d  d e v i a t i o n s  c e r t i f i e d  f o r  t h e  s t a n d a r d  K-412 
g l a s s .  The a c c u r a c y  of t h e  measurements i s  a f f e c t e d  by t h e  q u a l i t y  o f  t h e  
g l a s s  s u r f a c e ,  a good p o l i s h i n g  p rocedure  i s  e s s e n t i a l .  
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