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AAS ANALYSES FOR GOLD AND SILVER I N  HIGH 
ANT IiviONY SA1.IPLES 

I N T R O D U C T I O N  

Samples t h a t  a r e  high i n  antimony p resen t  s p e c i a l  problems of 
AAS a n a l y s i s  because the  a d d i t i o n  of water t o  t h e  aqua r e g i a  
d iges t ion  l i q u o r  causes t h e  antimony t o  hydrolyze and form a 
dense, milky j e l l  p r e c i p i t a t e  of antimony hydroxide (? ) .  The 
j e l l  makes cen t r i fug ing  o r  f i l t e r i n g  more d i f f i c u l t  and t h e  
e x t r a c t i o n  of gold i n t o  MIBK extremely d i f f i c u l t .  Tes t s  w e r e  
conducted t o  see  whether water must be avoided by br inging  t h e  
l iquor  t o  volume wi th  ac id  o r  whether it i s  permiss ib le  t o  add 
water and l e t  the  j e l l  form and f i l t e r  o r  c e n t r i f u g e  t o  remove 
t h e  j e l l  wi th  the  o the r  undigested s o l i d s .  

E X P E R I M E N T A L  

A sample of o r e  conta in ing  b e t t e r  than 85 pe rcen t  s t i b n i t e  
was crushed, ground t o  -100 mesh and thoroughly mixed by r o l l -  
ing. Three, 10-gram samples were d iges ted  by t h e  "high s u l f i d e "  
method which uses n i t r i c  ac id  t o  oxid ize  t h e  s u l f i d e .  One 
sample used only HC1 t o  b r i n g  t o  100 m l  volume, one sample 
used about 25 m l  of water,  and t h e  t h i r d  sample used about 
50 m l  (50:50::acid:water) of water  t o  b r ing  t o  100 m l  volume. 
The th ree  saroples were then cent r i fuged and the  a l i q u o t s  taken, 
followed by f i l t e r i n g  and a l i q u o t s  taken. The above two a l i -  
quots  allows a t e s t  of t h e  cent r i fuged versus f i l t e r e d  l iquor .  
F i l t e r i n g  r e s u l t s  i n  an e s s e n t i a l l y  c l e a r  l i q u o r  while wi th  
cen t r i fug ing  considerable  hydrolyzed antimony does no t  go t o  
t h e  bottom and remains i n  suspension i n  t h e  l iquor .  F i f t y  
m l  of each of the  above a l i q u o t s  was ex t rac ted  of i t s  gold 
i n t o  I-LIBK f o r  the  gold a n a l y s i s .  F ina l ly ,  tile p r e c i p i t a t e  
on t h e  f i l t e r  paper from t h e  50 pe rcen t  water sample was d i s -  
solved i n  HC1 and t h e  gold and s i l v e r  determined t o  see  i f  the  
jel l  adsorbs s i l v e r  o r  gold ions  from the  so lu t ion .  A diagram 
of t h e  experimental  design is shown on t h e  f o l l o v ~ i n g  page. 



R E S U L T S  

The samples on the  preceding page were analyzed by AAS i n  
the  normal procedure by comparing aga ins t  s tandards.  The 
fo l lov~ing values were obtained : 

SILVER GOLD 
PPLi SAPIPLE PP13 SAlaIPLE 

0% H20 centr i fuged b. 50 ---- 
0% Hz0 f i l t e r e d  1.65 1.06 

25% H20 cent r i fuged 1.55 ---- 
25% H20 f i l t e r e d  1.65 1.04 

50% H20 centr i fuged 1.30 ---- 
50% El20 f i l t e r e d  1.85 1.40 

Hydrolyzed antimony 
dissolved i n  HC1 

D I S C U S S I O N  

Looking f i r s t  a t  the  p r e c i p i t a t e ,  the  s i l v e r  showed 0.2 ppm 
Ag and 0.08 ppm Au. The araount of s o l i d s  t h i s  r ep resen t s  i s  
estimated t o  be no more than about 1 gram and s o  t h e  amount 
of metals r e l a t i v e  t o  t h e  o r i g i n a l  sample is  about 1/10 of 
t h e  amount shown, o r  an e s s e n t i a l l y  i n s i g n i f i c a n t  amount, 
This  i n d i c a t e s  t h a t  t h e  je l l  does no t  adsorb t h e  Ag and Au 
ions,  and, therefore ,  adding water and allowing t h e  je l l  t o  
form is n o t  d e l a t e r i o u s  t o  the  ana lys i s .  Also, allowing t h e  
jel l  t o  form and then g e t t i n g  r i d  of it by f i l t e r i n g  o r  c e n t r i -  
fuging l e a d s  t o  a  much e a s i e r  1XBK e x t r a c t i o n  of t h e  gold be- 
cause then t h e  j e l l  has already been removed and does n o t  form 
upon adding d i l u t e  1x1  t o  wash t h e  i.iIBK of i ron .  It i s  sur-  
p r i s i n g  t h a t  t h e  higher ,  and n o t  t h e  lower, values were ob- 
ta ined from tile 50 percent  water sar,~ples. The d i f f e r e n c e s  
observed are l a r g e  enough t o  be s i g n i f i c a n t  a n a l y t i c a l l y  and 
probably i n d i c a t e s  more s i l v e r  and gold i n  s o l u t i o n  from t h e  
50 percent  H20 samples, though I d o n ' t  understand v11ly. 

There was n o t  a s i g n i f i c a n t  d i f f e r e n c e  i n  ku-Ag values between 
the  f i l t e r e d  and cent r i fuged methods of p repara t ion  and so 
e i t h e r  could be used. 
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Based on these  experiments, I nalce the  fo l lov~ ing  recor.uaenda- 
t i o n s  f o r  high antimony sar.~ples: 

1. Bring t& d i g e s t i o n  l iquor  volume t o  about 50 m l ,  by 
evaporation o r  by t h e  a d d i t i o n  of HC1, j u s t  p r i o r  t o  
br inging t o  volume. 

2 .  Bring t h e  l iquor  t o  100 m l  volume by t h e  add i t ion  of 
HZO. 

3 .  Ei the r  f i l t e r i n g  o r  cen t r i fug ing  nay be used t o  remove 
the  s o l i d s .  

4. During t h e  e x t r a c t i o n  of gold i n t o  I.iIBIC, add about 
50 m l  of 0.1N HC1 .to wash Lhe I,iIBK, b u t  shake t h i s  
f i r s t  wash very l i t k l e  o r  none. 1-iost of t h e  i r o n  
w i l l  come ou t  of t h e  1.iIBi; viithout shaking, unhydro- 
lyzed antinony w i l l  hydrolyze i n  t h i s  d i l u t e  ac id  
and is  e a s i l y  removed f ron  the 1-IIBK i f  it is  no t  sha- 
ken.. If t h e  funnel  i s  silalcen it w i l l  be d i f f i c u l t  
o r  impossible t o  recover t h e  1.iIBK. \lash t h e  MIBK a  
second t i n e  with mild shaking, say four  o r  f i v e  s t rokes ,  
d r a i n  of f  t h e  aqueous por t ion  and wash again i f  neces- 
sary.  Usually t h e  1,iIBK does no t  form a continuous 
organic  l aye r ,  b u t  a  l a r g e  number of s p h e r c i a l  drop- 
l e t s  of IiIBX surrounded by an aqueous f r a c t i o n .  Th i s  
is no t  a- problem i f  a  h a l f  hour or  an hour ' s  t i n e  i s  
allowed before  t h e  ana lys i s .  Slowly the  IiIBI; w i l l  
coalesce and t h e  water w i l l  s e t t l e  away from the  iiIBI<. 

- J u s t  t ake  c a r e  t h a t  during t h e  a n a l y s i s  only t h e  1.iIBK 
and no t  any of t h e  aqueous bottom p o r t i o n  is asperated 
i n t o  t h e  a n a l y t i c a l  f  lane.  


