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A modified Duwez method of splat cooling in which a small quantity of 

molten alloy is accelerated and made t o  strike a cold substrate havlng a 

high thermal conductivity was investigated as a means for preparing several 

cubic centimeters of standard materials suitable for quantitative electron 

probe microanalysis. The major requirements for such standards are that 

the material be homogeneous at micron levels of spatial resolution and 

that its composition be known. As examples, the Au-Si and Al-Mg binary 

alloy systems were prepared and characterized by means of electron probe 

microanalysis, x-ray diffraction, electron microscopy and analytical 

chemistry. It is concluded that these alloys satisfy ail of the require- 

ments for a suitable microprobe standard. The relatively simple and 

inexpensive splat cooling device employed is described in detail. A 
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suggested analysis procedure when using splat cooled standards is also 

outlined. The electron probe microanalyzer results for the Au-Si and 

Al-big systems are evaluated. 

KEY WORDS: 

Microprobe standards, splat cooling, instrument design, specimen 

preparation, Au-Si, Al-Mg,quantitative microanalysis. 
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I n t r o d u c t i o n  

More than f i f t e e n  years ago, Castaing s t a t e d  t h a t  u n l i k e  x- ray 

spectrochemical analysis,  q u a n t i t a t i v e  e l e c t r o n  probe microanalys is  cou ld  

be accu ra te l y  performed w i thou t  in termediate standards. Rather than these, 

o n l y  elemental standards were deemed necessary; a s e t  o f  c o r r e c t i o n  procedures 

f o r  t h e  observed r e l a t i v e  x-ray f l u x  data f rom unknown and elemental standard 

was then presented. 

-. 
\ 

[ l ]  I n  t h e  ensuing years t h e  Cor rec t i on  models and 

procedures have been the subject  of much research and controversy.  The 

research and controversy cont inue today--uncer ta in t ies i n  the  c o r r e c t i o n  

models and i n  t h e i r  i npu t  parameters have l e d  many workers i n  the  f i e l d  o f  

e l e c t r o n  probe mtcroanalys is  t o  the b e l i e f  t h a t  q u a n t i t a t l v e  a n a l y s i s  can be 

performed o n l y  t o  one t o  ten percent o f  the amount present. 

i s  app rop r ia te  t o  low concentrat ions and the  former t o  h i g h  concentrat ions.  f 5) 

The l a t t e r  f i g u r e  

Therefore, when ana lys i s  having a maximum e r r o r  o f  one percent 

r e l a t i v e  Is required, appropr ia te multicomponent standards a re  requ i red  

as w e l l .  The requirements f o r  multicomponent standards a re  twofold, 

D 



Ramely, t h a t  they must be homogeneous on t h e  micron scale and t h a t  t h e  
composition must be known accura t e ly .  
vary  w i t h  t h e  o b j e c t i v e s  of t h e  a n a i y s t .  
example, multicomponent s t anda rds  a r e  needed f o r  a s  many a s  12 or more 
elements.  Fortunately,  many n a t u r a l  minera ls  cam be used. [3] 

However, many sbandards a r e  needed i n  c a s e s  where a c c u r a t e  a n a l y s i s  

(2 1% r e l . )  
i n  d i f f u s i o n  ana lys i s .  Also, i n  t e s t i n g  t h e  c o r r e c t i o n  procedures  
themselves, it is very important  t o  be able t o  select s t anda rds  which 
can be used t o  e v a l u a t e  only one of t h e  c o r r e c t i o n  procedures  a t  a 
time. 
h i s  own standards.  

The types  of s t anda rds  r equ i r ed  
I n  t h e  e a r t h  sc iences ,  f o r  

are requ i r ed  f o r  a whole range of compositions,  f o r  example, 

I n  t h i s  case t h e  a n a l y s t  must be a b l e  t o  prepare  and c h a r a c t e r i z e  

Unfortunately,  very few well cha rac t e r i zed  s t anda rds  a r e  a v a i l a b l e .  

This  mainly stems from t h e  f a c t  t h a t  they  a r e  d i f f i c u l t  and expensive t o  
prepare.  Severa l  methods f o r  making s t anda rds  have been suggested.  One 
method is t o  melt and c h i l l  c a s t  t h e  s tandards .  A d i f f i c u l t y  found w i t h  
t h i s  procedure is t h a t  most such c a s t i n g s  produced e x h i b i t  s eg rega t ion  of 
one or more components. 
c a s t i n g s  of d i f f e r e n t  compositions can be h e a t  t r e a t e d  i n  a s o l i d  s o l u t i o n  
range and a t a  high enough temperature  t o  produce a homogeneous standard.  

[4]  

There a r e  only a few a l l o y  syste-s i n  which t h e  

A few binary systems success fu l ly  produced as  s t anda rds  by t h i s  

technique  include CU-ZR, Fe-Ni and Cu-Au. 151 [6] [7] 

Corol la ry  t o  t h i s  technique and c u r r e n t l y  under s tudy  is  a means t o  
prepare  s tandards  by powder m e t a l l u r g i c a l  techniques.  
a r e  blended and s i n t e r e d  i n t o  bi l le ts .  
worked by swaging and/or r o l l i n g  followed by an anneal .  
by a long anneal  a t  t h e  h ighes t  p r a c t i c a l  temperature  is the  f i n a l  s tep .  [ 8 ]  

This  method shows promise but  i s  complex, expensive,  and t h e  time requi red  
t o  prepare  a s tandard  i s  g r e a t .  

Micron s i zed  powders 
These b i l l e t s  a r e  then  heav i ly  

Extrusion followed 

~ ~~ 
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A second method which has  been suggested is t o  use s i n g l e  c r y s t a l s  
of i n t e r m e t a l l i c  or inorganic  compounds having no r e p o r t e d  range of 
s o l u b i l i t y .  However, i n  r e a l i t y  it has been discovered t h a t  such com- 
pounds do indeed have too  l a r g e  a s o l u b i l i t y  range t o  s a t i s f y  t h e  

s t r i n g e n t  homogeneity requirements.  

Only is c e r t a i n  c a s e s  have segregated s t anda rds  been employed w i t h  

any  degree cf success. I n  such instances,  it was necessary t o  e n l a r g e  
t h e  e l e c t r o n  beam 
t o  t h e  beam. [9] 

An extremely 

size and t o  mechanically drive t h e  specimen w i t h  respect 

[lo3 

promising method which can  be u t i l i z e d  t o  prepare 
s t anda rds  of t h e  r equ i r ed  homogeneity i s  t o  melt and quench a l l o y s  50 

r a p i d l y  t h a t  i n s u f f i c i e n t  time is a v a i l a b l e  f o r  s eg rega t ion  t o  occur  
du r ing  s o l i d i f i c a t i o n .  
i s  known a s  s p l a t  cool ing.  
conduct ive coo l ing  was t h e  only way t o  o b t a i n  t h e  d e s i r e d  r e s u l t .  
o t h e r  coo l ing  mechanisms were c o r r e c t l y  deemed t o  be t o o  slow. 
o r i g i n a l  technique c o n s i s t e d  of t r a n s f e r r i n g  a few hundred mil l igrams 
of molten metal  t o  a high v e l o c i t y ;  t h e  molten d r o p l e t  was then  allowed 
t o  s t r i k e  a s u i t a b l y  placed massive c o l d  p l a t e  of copper or silver. 
Upon impact t h e  metal  spread i n t o  a t h i n  nonuniform f i l m  abou t  one 
micron t h i c k  c a l l e d  a s p l a t .  
microscopy and x-ray d i f f r a c t i o n  h a s  shown t h a t  t h e  following may occur  
i n  s p l a t  cooled mater ia l :  
(2) Metastable phases may form, (3) Amorphous s o l i d  may be obtainea,  
(4 )  

( 5 )  

Such a method was desc r ibed  by Dwez e t  a 1  and 

[ 111 The reasoning used was t h a t  
A l l  

The 

I n v e s t i g a t i o n  by t r ansmiss ion  e l e c t r o n  

( 1 )  S o l u b i l i t y  of phases may i n c r e a s e  markedly, 

High temperature  phases can be r e t a i n e d  down t o  room temperature,  
Unusua 1, h igh ly  a ltered mic ros t ruc tu res  can form. [ 111 
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It is the purpose of t h i s  paper  t o  r e p o r t  upon t h e  development 
of a modified Duuez method of s p l a t  c o o l i n g  which can be a p p l i e d  d i r e c t l y  
t o  t h e  important p r a c t i c a l  problem of p repa r ing  multicomponent e l e c t r o n  
probe microanalysis  s tandards.  The t echc ique  allows m a t e r i a l  which is  
miscible i n  tt,e l i q u i d  phase t o  be prepared r a p i d l y  and wi th  a s a t i s f d c t o r y  
degree of homogeneity . 

Methnd and Apparatus 

The requirements for a s u c c e s s f u l  adap t ion  of t h e  method of Dmez 
t o  t h e  p repa ra t ion  of microprobe s t anda rds  were t h a t  t h e  appa ra tus  be 
r e l a t i v e l y  simple and inexpensive so t h a t  it could be e a s i l y  dup l i ca t ed .  
Furthermore, enough m a t e r i a l  had t o  be produced so t h a t  complete 
c h a r b c t e r i z a t i o n  both by t h e  microprobe and by conven t iona l  a n a l y t i c a l  
t echn iques  could be c a r r i e d  out .  
c e n t i m e t e r s  of m a t e r i a l  would be a s a t i s f a c t o r y  y i e l d .  

It was decided t h a t  s e v e r a l  cubic 

While homogeneity of t h e  a l l o y s  produced was a prime r e q u i s i t e ,  a 
metal  f i l m  or,e micron i n  t h i c k n e s s  was not  desired. 

would be d i f f i c u l t  t o  prepare p rope r ly  for microprobe i n v e s t i g a t i o n .  
Furthermore, t h e  e l e c t r o n  beam would i n  a l l  p r o b a b i l i t y  pass  completely 
through t h e  f i l m  t h u s  rendering t h e  s t anda rd  u s e l e s s .  

Such a t h i n  sample 

[4] 

Therefore, t h e  d e s i g n  requirements  f o r  t h e  coo l ing  device were no t  
a s  s t r i n g e n t  a s  those which Dwez used. 

charge used by Duwez t o  a c c e l e r a t e  t h e  molten metal  was unnecessary. [ll] 
For e f f e c t i v e  coo l ing  of s e v e r a l  c u b i c  cen t ime te r s  of a l l o y ,  a much l a r g e r  
copper hea r th  t h a n  t h a t  used by Duuez was decided upon. 
h e a r t h  was to  be pre-cooled w i t h  l i q u i d  ni t rogen.  F i n a l l y ,  p rov i s ion  
was made t o  r o t a t e  t h e  h e a r t h  r a p i d l y  du r ing  t h e  a c t u a l  quenching ope ra t ion .  
The r a p i d  r o t a t i o n  causes  t h e  molten metal  t o  s p i n  o u t  i n t o  a number of 
long r e l a t i v e l y  f l a t  sha rds  of s o l l d .  

I n  p a r t i c u l a r ,  t h e  exp los ive  

In a d d i t i o n ,  the 

. 
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The requirement  t h a t  t h e  appara tus  be r e l a t i v e l y  simple and y e t  of 
wide a p p l i c a b i l i t y  was met by cons t ruc t ing  t h e  bas i c  device  of g l a s s .  
The c r u c i b l e  i s  made of  boron n i t r i d e  (BN), shaped a s  a c y l i n d r i c a l  
bucket  having a 20 mils d iameter  hole ir, t h e  base. 
were found t o  be unsa t i s f ac to ry .  
of t h e  molten a l l o y s .  

Quartz c r u c i b l e s  
The q u a r t z  r eac t ed  r a p i d l y  wi th  many 

The modified s p l a t  cool ing  appara tus  i s  show as Fig. 1. High p u r i t y  
argon is admit ted t o  both t h e  g l a s s  column and the p l e x i g l a s s  c r t lc ib le  
chamber a t  t h e  p l aces  ind ica ted .  Each of t he  argon in ie t s  i s  s s rv i ced  
by a sepa ra t e  gas  supply and vent .  

The p l e x i g l a s s  chamber has in s ide  dimensions of 11 in .  X 11 i n .  X 11 i n .  

This  r e l a t i v e l y  i a r g e  s i te  permi ts  t h e  sopa ra t e  star,d conta in ing  t h e  motor 
d r i v e n  hea r th  t o  be place6 i n  any des i red  l o c a t i o n  vrith r e s p e c t  tc th? 
c ruc i51e bd s e  . 

The hea r th  i t s e l f  has d n  i n s ide  c o n f i g u r a t i o n  which is a hamisphere 
kaving a r a d i u s  c f  2.5 In. 
d iameter  by 3.5 in .  I-igh r i g h t  cy l inde r .  This  des ign  Is the l a t e s t  cf 

s e v e r a l  and i s  not  t he  u l t imate ;  f u r t h e r  modific3tior.s  may be requi red  
f o r  s p e c i f i c  a l l o y  systems. Hearth conf igu ra t ion  should be quest icned 

when t h e  molten a l l o y  doss n o t  s p i n  out i n t o  lorig shards  but  only forms 
a bead or when t!.e 3 l l o y  s p i n s  completely ou t  o f  t h e  hear th .  Thus, t h e  

hea r th  conf igu ra t ion  and its r c t a t i o n a l  v e l o c i t y  a r e  t h e  most c r i t i c a l  
f a c t c r s  i n  obta in ing  t h e  requi red  splat-ccoled a l loys .  

The outs ide  dimensions a r e  t h c s e  c;f a 6 in .  

Power f o r  t h e  furnace  is supplied by s tandard  ir .duction m e l t k g  
devices .  
t h e  5kW u n i t  proved tc. be s u f f i c i e n t .  

Uni ts  r a t e d  a t  both 5 and 7.5 kW r e s p e c t i v a l y  were t r i e d ;  
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During t h e  hea t ing  phase, t h e  argon atmosphere i n  t h e  e n t i r e  appa ra tus  
is common. 
t h e  small  hole i n  t h e  base of t h e  EN c r u c i b l e .  
s t e p ,  t h e  upper argon ven t  
p re s su re  of t h e  incoming argon increased r a p i d l y .  
p r e s s u r e  d i f f e r e n t i a l  f o r c e s  t h e  molten metal  through t h e  hole  and i c t o  
t h e  h e a r t h  which i s  a t  a temperature c f  about  77'K. 

i n  t h e  p l e x i g l a s s  p o r t i o n  is allowed t o  remain a t  t h e  same p res su re  
throughout.  
f r e e z i n g  of t h e  melt has been completed. 

A f t e r  mel t ing occurs,  t h e  s u r f a c e  t e n s i o n  of t h e  l i q u i d  s e a l s  
A f t e r  t h e  homogenization 

This  sudden l a r g e  
is sea l ed  by means of t he  stopcock and t h e  

The argon atmosphere 

The argon p res su re  i n  t h e  g l a s s  column is reduced a s  soon as 

As was previously ind ica t ed ,  t h e  speed of r o t a t i o n  of t h e  h e a r t h  
was found t o  be a c r i t i c a l  f a c t o r  i n  t h e  qua3,ity of t h e  r e s u l t s  obtained. 
I f  t h e  speed o f  r o t a t i o n  was too slow, t h e  molten a l l o y  d i d  n o t  spread cut 
i n  a t h i n  l a y e r ,  and t h e  h e a t  t r a n s f e r  r a t e  was n o t  g r e a t  enough t o  o b t a i n  

i ~~ -~ 

An a c t u a l  melting experiment using t h e  a p p a r a t u s  is s t r a i g h t f o r w a r d  . 
The weighed components of t h e  d e s i r e d  a l l o y  a r e  placed i n t o  t h e  BN 
c r u c i b l e .  
t h e  molter. stream t o  str ike t h e  i n s i d e  hemispherical  opening nea r  t h e  top.  
Thus t h e  c e n t r i f u g a l  fo rce  a c t i n g  on t h e  molten material is maximized 
sp read ing  the l i q u i d  over  a l a r g e r  a r e a .  This spreading l e a d s  t o  a 
l a r g e r  o v e r a l l  h e a t  t r a n s f e r  r a t e  t h a n  would o the rwise  be poss ib l e .  

The h e a r t h  is pos i t i oned  beneath t h e  c r u c i b l e  so as t o  a l low 

The hea r th  i s  f i l l e d  w i t h  l i q u i d  n i t r o g e n  and t h e  system closed.  
Argon is allowed t o  purge t h e  system whi l e  t h e  l i q u i d  n i t r o g e n  i n  t h e  
crucible b o i l s  o f f .  
o f f ,  h e a r t h  r o t a t i o n  i s  begun. 
t h e  molten s t a t e  by induc t ion  heat ing.  
a r e  allowed f o r  homogenization of t h e  l i q u i d .  

When almost  a l l  of t h e  l i q u i d  n i t r o g e n  has bo i l ed  
Simultaneously,  t h e  a l l o y  is brought t o  

A f t e r  melting, about  two minutes 
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homogeniety. 

spun completely o u t  of t h e  hear th .  For example, w i th  A1-Mg a l l o y s  
con ta in ing  5% A 1  and less, a r a t a t i o n  speed of 125n rpm,was used. 
t hose  con ta in ing  more than  5% A 1  a r o t a t i o n  speed of 2nnn rpm was 
r equ i r ed .  
w i t h  inc reas iny  A 1  conten t ;  t he re fo re  a h ighe r  r o t a t i o n  speed was 
r equ i r ed  t o  o b t a i n  proper  spreading of t h e s e  a l l o y s  upon s t r i k i n g  t h e  hea r th .  

If t h e  r o t a t i o n a l  v e l o c i t y  was t o o  g r e a t ,  t h e  molten a l l o y  

For 

The s u r f a c e  t ens ion  of the  molten a l l o y s  seemed t o  inc rease  

Resul t s  

Several systems of b l y r y  a l l o y s  were prepared and examined, 

i nc lud ing  Fe-Nl, Al-Cu, Au-SI ,  and Al-Mg. The l a t t e r  two w i l l  serve 

t o  i l l u s t r a t e  the  r e s u l t s  obta inable and the  advantages and the  few 

disadvantages of standards prepared by means o f  s p l a t  coo l ing .  

A. Gold-Si1 icon 

The g o l d - s i l i c o n  b ina ry  system is i nd ica ted  t o  have v i r t u a l l y  no 

mutual s o l i d  s o l u b i l i t y  o f  e i t h e r  element i n  the  other .  F igure  (2) 

shows the  c o n s t i t u t i o n  diagram as reproduced from Hansen. [131 Under 

these cond i t ions ,  p repara t ion  o f  homogeneous in te rmed ia te  Au-Si standards 

by t h e  convent ional  process o f  c h i l l  c a s t i n g  fo l l owed  by a homogenization 

anneal i s  no t  poss ib le ,  Such a system represents  a s t r i n g e n t  t e s t  of t he  

s p l a t  c o o l i n g  technique. Accordingly, a l l o y s  nomina l l y  con ta in ing  th ree  

and s i x  weight percent  o f  s i l i c o n  In  go ld  were weighed out  us ing  U. S. m in t  

go ld  and h igh  p u r i t y  s i l i c o n .  The l a t t e r  a l l o y  1s a t  the  e lu tect ic  composition. 

On s t r i k i n g  the  hearth,  these a l l o y s  spun ou t  i n t o  a number o f  shards 

of va ry ing  l eng th  and cross-sect ion.  Several o f  t h e  shards con ta in ing  

6% Si were se lec ted  f o r  i nves t i ga t i on  by x-ray d i f f r a c t i o n .  Examination 

of a t y p i c a l  shard I n  a precession camera usfng Mo r a d i a t i o n  y i e l d e d  the  

p a t t e r n  shown i n  Fig. ( 3 ) .  The h igh l y  broadened 1 ines i n d i c a t e  a very 

small c r y s t a l l i t e  s ize ;  no at tempt t o  deduce t h e  ac tua l  s i z e  was made. 

S h a r d s  e x a m i n e d  i n  a D e b y e  S c h e r r e r  c a m e r a  u s i n g  mono- 
c h r o m a t e d  Cu-ICa r a d i a t i o n  s h o w e d  s t r u c t u r a l  v a p i a t i o n .  A few 

s h o w e d  o n l y  a few v e r y  b r o a d  h a l o s  i n d i c a t i n g  t h e m  t o  b e  n e a r l y  

a m o r p h o u s  w h i l e  o t h e r s  c o n t a i n e d  some v e r y  b r o a d  l i n e s  a n d  a 

f ew c o n t a i n e d  a g r e a t  many r e l a t i v e l y  n a r r o w  l i n e s .  
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Pat te rns  from fou r  t y p i c a l  shards are shown i n  F i g  (4). No at tempt was 

made t o  index the p a t t e r n s  bu t  t h e  number of l i n e s  present i n  F i g  (4a) 

i n d i c a t e s  the  probab!e presence o f  metastable phases produced by the  

r a p i d  cool  ing  

Shards f o r  which d i f f r a c t i o n  p a t t e r n s  were a v a i l a b l e  were chosen 

f o r  e l e c t r o n  probe microanalys is .  

r e s i n  which was al lowed t o  harden ove rn igh t .  Mechanical p o l i s h i n g  

was c a r r i e d  out on w e l l  l u b r i c a t e d  papers and wheels i n  order  t o  min imize 

sample heat ing.  F ina l  po l  i s h i n g  was accompl ished us ing  0.25 micron 

diamond on se l vy t .  

They were mounted i n  a c o l d  s e t t i n g  

The shards were introduced i n t o  the microprobe instrument a f t e r  

a b r i d g e  o f  s i l v e r  based p a i n t  was used t o  assure each a pa th  t o  ground 

f o r  t h e  i nc iden t  e l e c t r o n  beam. Coating w i t h  carbon f a i l e d  t o  accomplish 

t h i s  purpose. The l i n e s  chosen were Au-MB us ing  an ADP c r y s t a l  and S i - K ,  

us ing  an EDDT c r y s t a l .  The probe vo l tage  was l O k V  w i t h  a mon i to r  c u r r e n t  

o f  one microamphere. The x-ray emergence angle was 52.5". 

Samples whose s t r u c t u r e  corresponded t o  t h a t  o f  Fig.  4a showed a 

g r e a t  amount o f  random Inhomogeneity; S i  count r a t e s  v a r i e d  by as much as 

50 percent on randomly chosen po in ts .  

t o  t h a t  o f  Fig.  4d, t he  r e s u l t s  were somewhat b e t t e r .  Table I presents 

r e s u l t s  f o r  such a shard. While the  r e s u l t s  do no t  i n d i c a t e  t h a t  complete 

homogeneity was achieved, t he  c a e f f i c i e n t  o f  v a r i a t i o n  f o r  bo th  go ld  

and s i l i c o n  i s  s u f f i c i e n t l y  low t h a t  the shard I n  ques t i on  cou ld  be used 

as a standard. In f a c t ,  f o r  s i l i c o n  a t  t he  s i x  percent l e v e l ,  t he  v a r i a -  

b i l i t y  approximates c l o s e l y  t h a t  repor ted by the Washington E lec t ron  

Probe Users Group f o r  ana lys l s  o f  r e l a t i v e l y  low concentrat ions i n  

systems where homogeneity had been achieved [2]. Furthermore, i t  i s  

asser ted t h a t  c e r t a i n l y  no g rea te r  conf idence than s i x  percent of t h e  

amount present f o r  S i  i n  Au a t  t h e  s i x  percent  l e v e l  can be expected 

w i t h  present day e l e c t r o n  probe c o r r e c t i o n  procedures. 

When the  s t r u c t u r e  corresponded 

A t  the three percent S i  l e v e l ,  ins t rumenta l  cond i t i ons  were s l i g h t l y  

d i f f e r e n t  i n  that  Au-Lh was the l i n e  used f o r  a n a l y s i s  w i t h  L i F  as the 
monochromator. The probe vo l tage  was 20kV; a l l  o the r  c o n d i t i o n s  were 

t h e  same. Three shards were examined; t h e  r e s u l t s  are shown i n  Table I I .  
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Again, complete homogene 

v a r i a t i o n  i s  d e f i n i t e l y  

be a u s e f u l  standard. 

i t  i s  known t h a t  sp 

t y  was no t  achieved but  the c o e f f i c i e n t  o f  

ow enough tha t  any o f  t he  th ree  shards wou d 

at-cooled ma te r ia l  may undergo aging; 1.e. post  

Splat cooled a l l o y s  have been repor ted t o  c o o l i n g  segregat ion may occur. 

s u f f e r  such aging. 

dest roys t h e  usefulness of the sample f o r  an e l e c t r o n  probe microanalyzer 

standard. Aging occurred i n  t h e  a l l o y s  descr ibed i n  about a week. 

F igu re  (5) shows an e l e c t r o n  micrograph of month-old 6w/o Si-Au i l l u s t r a t i n g  

the  r e j e c t  ion products.  

[I31 C e l l s  e f  re jec ted  Au and S I  r e s u l t ;  t h i s  

The p o s s i b i l i t y  o f  aging suggests t h a t  the f o l l o w i n g  procedure 

should be adopted when us ing  sp lat -cooled standards: 

( 1 )  Obtain x-ray d i f f r a c t i o n  pa t te rns  of t he  shards immediately a f t e r  

sp l  at-cool  ing. 

(2) Mount the  shards g i v i n g  the  broadest d i f f r a c t i o n  l i n e s  i n  the c o l d  

mount having the f a s t e s t  c u r i n g  t i m e  and lowest c u r i n g  temperature. 

(3) P o l i s h  - the  technique leading t o  t h e  l e a s t  amount of hea t ing  o f  t he  

sample i s  prefer red.  

Check f o r  homogeneity i n  t h e  microprobe. (4) 

( 5 )  If  s a t i s f a c t o r y ,  o b t a i n  t h e  des l red ana lys i s  r e l a t i v e  i n t e n s i t y  data 

i mmed i a t e  1 y 

Then have t h e  a c t u a l  sample used analyzed by convent ional  a n a l y t i c a l  (6) 

techniques. 

B . A1 umi num-Magnes 1 um 

The Al-Mg system i s  i n t e r e s t i n g  f o r  severa l  reasonso F i r s t ,  t h e r e  

a r e  a grea t  many Al-Mg based commerclal a l l o y s .  Next, t h i s  system perml ts  

t h e  most Important s l n g l e  microprobe c o r r e c t i o n  procedure, t h e  abso rp t i on  

correct ion,  t o  be i s o l a t e d  and s tud ied d i r e c t l y .  F i n a l l y ,  t h e  c o n s t i t u t i o n  

diagram presented by Hansen (Fig.  6) shows t h e  system t o  be moderately 
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complex with at least one maJor area of disagreement: 

probe standards would offer investigators the possibility of a more 

accurate redetermination of the range 35 to 68 weight percent Mg In A1 . 

Suitable micro- 

Accordingly, seven alloy compositions were prepared ranging from 

five to ninety welght percent of Hg. 

substantially the same type of structurefor all shards chosen, 

patterns are shown in Fig. (7). 

crystallltes some of which may extend through the very thin shard. 

Since the diffractlon patterns in this case showed only small differences, 

Diffraction patterns showed 

Two such 

The broad, spotty lines indicate small 

shards were randomly chosen for microprobe analysis. 

alloy were checked for homogeneity for both AI and Mg using an ADP crystal 

at probe voltages of 10, 15, and 20 kV respectively, At least five random 

points were examined on each shard, 

2 millimeters while shard widths were 100 microns or less. 

Four shards of each 

Shard lengths were typically 0.5 to 

Vlrtually all counts for all points in every shard were within 3Lm 

of the average count, N,for the shard. 

from 100,000 to 200,000 dependlng on the sample. 

different shards of the same nominal composition was well within one 

The value of N was set to range 

The agreement of N for 

percent relatlve. 

to a one-micron probe and each shard was found to be of the same composition 

as other shards from the same melt. 

geneity characteristics for standards for electron probe microanalysis 

was fully satisfied. 

Thus, each alloy prepared was found to be homogeneous 

Therefore, each of the required homo- 

Some time (approximately one week) after checking for homogenel ty, 

the intensity data from the shards was taken relatlve to that of pure Mg 

and pure A1 as well as background intensities. Background for A1 was 
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measured on peak with a Mg sample while background for Mg was measured 

on peak with an A1 sample. 

greater tbn 250 to 1. Instrumental stability was monitored by counting on 

the pure elements after each shard was Investigated; all such counts were 

within 3 0  counting error- 

Line to background ratios for Mg and A1 were 

Since all shards from the same melt gave the same count rate within 

the counting error, a single i / i  =, k value could be obtained for each 

composition. In considering the corrections to be applied, atomic number 

effects could be ruled out since A1 and Mg are adJacent in the periodic table, 

The Mg-% lines will be excited by the Al-b since the Mg-K absorption 
edge lies at a lower energy than the Al-k energy, Therefore, a fluorescence 

correction is required for Mg as well as an absorption correction, The 

magnitude of the correction to be applied is small since the absorption 

coefficients of both A1 and Mg for Mg-Kcl are nearly equal and since the 

absolute K-f luorescence yield from A1 is very small e 

Duncumb relation was used to correct for absorption effects while Castaing's 

relation was used to corrzct for fluorescence. Ll] [15] The total correction 

calculated at all Mg compositions is one percent relative or less. Therefore, 

Mg In Al-Mg represents very nearly the ideal case in which the measured relative 

x-ray fluxes correspond to the actual concentrations across tne entire range 

of compositions. 

0 

[14] The Phi 1 I bert- 

For Al, there will be no extraneous x-ray excitation. However, a large 

absorption correction is to be expected because the mass attenuation coefficient, 

(dp),of Mg for Al-k is more than an order of magni tude greater than the (NP) 

of A1 f o r  Al-K , 

A1 in Al-Mg can be isolated for experimental Investigation, 

1163 in this case, the large absorption correction for 
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In an evaluation of absorption correction procedures, it was found that 

the Phi llbert-Duncumb method gave satisfactory results in most cases. 

Therefore, this method was adopted for the A1 in Al-Mg data. 

[l7] 

As a final check, quantitative chem cal analysis was performed on 

four of the seven alloys. 

in two cases and in the remaining instance contamlnatlon of the specimen sub- 

mitted caused poor results. 

traced. 

0.5s relative, 

An insufficient quantity of material was available 

The source of this contamination could not be 

The analyses are claimed to be accurate to within an error of 

In order to arrive at the true compositions for the three remaining 

alloys, the Ziebold-Ogilvie method was used. The four ana 

used to obtain the llafl value for the system at each operat 

means of the relation; [18] 

yzed alloys were 

ng voltage bY 

- 
From the four values so computed, an average value, a, was calculated for 

a given operatlng voltage. Then using this empirical a, the compositions 

were obtained for the remaining alloys by means o 
- 

The values for C computed at the three operat 

equal. As a check of the validity of the average 

Eqn. (2): 

ng voltages were nearly 

a value, the known 

compositions were recomputed, 

error for the determination of k, 

this means are considered to be entirely valid. 

"k" curves are shown plotted in Fig. 8. 

Deviations were less than the experimental 

Therefore, the cornpositions calculated by 

The true composition versus 

Final analytical data for both A1 and Mg are s h w n  in Table 1 1 1 .  In the 

cases indicated, lt was not possible to obtain microprobe data due to specimen 



-13- 

instability, e.g., aging prior to measurement of relative intens 

This again points out that splat cooled standards should be used 

after preparation as possible. 

Table 1 1 1  shows for Mg analysis, that the accuracy errors ra 

ty data. 
/ 

as soon // 

ge from 

zero to 4*4 percent of the amount present and that for fourteen results, 

s i x  errors are negative, seven positive, while one is zero. The root mean 

square deviation from the true composition Is less than lo *  over the composi- 

tion range 10 to 75 percent Mg. This variatlon is representative of how accurately 

the relative intensity data, k, were taken in each case since the correction 

curve for Mg In Ai-Mg is essentially linear. The fact that no Systematic 

deviation was noted reenforces this viewpoint. 

However, as expected [171, in the case of A1 in Al-Mg, systematic errors 

are clearly indicated by the results in Table 1 1 1 .  Some ninteen of twenty 

errors are positive and the remaining error is nearly zero. Furthermore, at 

lower A1 concentrations, the deviation from the true value Is greater than ten 

percent. In the middle of the range, the deviation Is about three percent i, 

while at high A1 concentrations, the deviation is one percent or less. The 

magnitude of the absorption correction increases markedly with increasing Mg 

content. Thus, the systematic error increase as a function of the amount of 

Mg present signifies an increasing error in the applied absorption correction. 

However, it is worth noting that the Philibert-Duncumb model yields calculated 

A1 compositions which are nearly equal for the three operating voltages used. 

The data seem to indicate that the errors observed were caused by an uncertainty 

in the x-ray mass attenuation coefficient o f  Mg for AI-% radiation; the published 

value appears to be too great. 



The Mg results clearly show that the Al-Mg alloys prepared by the splat 

coollng technique staisfy all of the requirements for a standard suitable for 

electron probe microanalysis. 

standards In the numerous cases where vital correction model input parameters 

such as (MP)  data are in doubt. 

The A1 results clearly show tha need for 

Summary and Conclusions 

The splat cooling device described is capable of preparing satisfactory 

standards for electron probe microanalysis. 

with the molten alloy is required. 

as well. Flnally, some experimentation with hearth design and rotatlonal 

velocity Is usually required. The apparatus is relatively simple and inexpensive. 

Therefore, It may be duplicated In most laboratories without excessive diffi'culty. 

The value of the capability for preparing specifically required standards 

virtually at will is readily appreciated. 

A crucible which does not react 

The liquid alloy must be miscible 

The yield Is several cubic centimeters of solid which is usually 

sufficient for both electron probe microanalysis and conventional chemical 

analysis. I t  Is imperative that the standards be carefully characterized 

with regard to homogeneity within shards and from shard to shard t y  means of 

the microprobe. The required analysis data should be obtained as soon after 

preparation of the standards as possible in order to mlnlmlze possible 

difficulties due to aging. 

The results for AI-Mg alloys show that chemical analysis is definitely 

required. The actual compositions obtained often differ greatly from the 

compositions predicted by weighing alone. This is not considered to be a 

serious drawback since it is only necessary to establish a "k" versus true 

concentration curve. 
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It Is concluded that the splat cooling technique when properly carried 

out will permit the Investigator to prepare standards homogeneous to the 

extent that the maximum analysls error will be equivalent to the error in 

measuring relative x-ray intensities, (F3vT) it can be foreseen that 

ysis with standards available, results from quantitative electron probe ana 

will be comparable to those obtained by x-ray spectrochemical analysis 
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Figure Captions 

F i g u r e  Number 
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4 

4a 

4b 

4c 

4d 

5 

Capt ion 

M o d i f i e d  s p l a t  coo l i ng  apparatus 

Consti  t u t i o n  diagram f o r  Au-Si ( a f t e r  Hansen) 

Precession camera d i f f r a c t i o n  p a t t e r n  o f  Au-6 w/o S i  us ing  

Mo r a d i a t i o n  

Debye-Scherrer photographs o f  Au-6 w/o shards 

Shard showing probable presence o f  metastable phases 

Shard (2) showing probable presence o f  metastable phases 

Shard (3) showing only  a few broad l i n e s  

Shard (4) showing near l y  amorphous (glass-1 i ke) p a t t e r n  

E l e c t i o n  micrograph of month-old Au-6 w/o S i  showing d e n d r i t i c  

format ions amid former fea tu re less  s t r u c t u r e  X 13500 

C o n s t i t u t i o n  diagram for Al-Mg ( a f t e r  Hansen) 

Debye-Scherrer pat terns f rom t y p i c a l  Al-Mg shards 

True weight percent versus measured r e l a t i v e  x-ray i n t e n s i t i e s  

f o r  A1 i n  Al-Mg a t  10, 15, and 20 kV opera t i ng  vol tages. 

(Sample M-32) 
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