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1 ABSTRACT 
! 

< 

The use of organic e x t r a c t i o n  agents MIBK and D I B K - A ~ ~ ~ U ~ ~  336 a r e  
.. inves t iga ted  i n  t h e  determination of gold by AA spectrophotometry. The 

f , -  problems of so lven t  s o l u b i l i t y  and elemental  in te r fe rences  are considered. 
' It is concluded t h a t  t h e  DIBK-AQ 336 method is  a good, perhaps outstanding,  

1 1 '  technique f o r  gold determination. 
1 
I 
: INTRODUCTION 
1 
6 I n  t h e  mineral prepara t ion research work a t  t h e  Universi ty and i n  t h e  regu la r  

, assay work a t  t h e  Alaska Geological Survey, t h e  two s tandard  methods of gold assay- 
/ . i n g  a r e  aqua r e g i a  d iges t ion  followed by e x t r a c t i o n  i n t o  methyl i s o b u t y l  ketone 
1 
i - , p r i o r  t o  a n a l y s i s  by atomic absorpt ion,  and t h e  f i r e  assay technique. The f i r s t  

f method i s  somewhat simpler  and more r e a d i l y  accomplished, and is capable of lower 
q u a n t i t a t i v e  de tec t ion  l i m i t s ,  whi le  t h e  l a t t e r  is t h e  accepted umpire a n a l y t i c a l  - 
method and is considered more accura te ,  e s p e c i a l l y  i n  high concentrat ions.  The AA 
method a l s o  has advantages i n  t h e  a n a l y s i s  of l i q u i d s  such a s  cyanide s o l u t i o n s  and 
amalgams. 

I n  t h e  MIBK-AA method two problems a r e  evident: The s o l u b i l i t y  of t h e  MIBK i n  

i t h e  aqueous phase, and t h e  e f f e c t  of i n t e r f e r e n c e s ,  most notably i ron.  The accepted 
s o l u t i o n  t o  t h e  i r o n  i n t e r f e r e n c e  is t o  back e x t r a c t  from t h e  organic  phase wi th  

I - -  - 

d i l u t e  HCL, which i n  t u r n  aggrevates t h e  s o l u b i l i t y  l o s s  of MIBK i n t o  water  and :.: 
changes t h e  r e s u l t a n t  gold concentra t ion i n  t h e  remaining MIBK.' 

' * :  

This MIBK-AA method, wi th  i ts  washings, r equ i res  consideradle labora tory  :I1 manipulation. . It may be  of l i t t l e  consequence i f  t h e  amount of gold present  is not  
i n  t h e  range of the  s tandards  simultaneous prepared. Importantly, it has  been 1 -1 - 
est imated t h a t  only about 7% of t h e  determinations of the  S t a t e  f r e e  assay program 
f a l l  i n  t h e  measurable range r e s u l t i n g  i n  a considerable wasted expense. 

1 1 .  It i s  t h e  purpose of t h i s  s tudy t o  i n v e s t i g a t e  t h e  MIBK-AA procedure, and i f  
it is considered too labor ious  o r  inaccura te  t o  f u r t h e r  explore  another method 
using a l e s s  so lub le  ketone wi th  a complexing agent (Diisobut 1 Ketone wi th  Aliquat  

I 336) which has  been repor ted  f o r  use  i n  gold analys is .  (1) (2 3 ' 
I i a 

I I. PROCEDURE r Ji 

I 'i A. MIBK-AA I n v e s t i g a t i o n  

Prel iminary d iscuss ion.  I n  add i t ion  t o  t h e  problems discussed i n  
t h e  in t roduc t ion ,  t h a t  of t h e  s o l u b i l i t y  of t h e  MIBK i n  t h e  
aqueous phase r e s u l t i n g  i n  a concentrat ion of gold,  and t h e  i r o n  
i n t e r f e r e n c e ,  i t  was a l s o  suspected t h a t  t h e  MIBK d i s so lv ing  might 
ca r ry  some gold wi th  i t  decreasing the  gold concentrat ion.  And 
whi le  t h e  accepted s o l u t i o n  t o  these  problems has been t o  run t h e  
s tandards  a t  t h e  same t i m e  and under the  same condi t ions  as t h e  
unknowns, the  exac t  condit ions could not  be dupl ica ted  because t h e  
composition of t h e  m a t e r i a l  t o  be analyzed is  unknown. F a i l u r e  t o  
match t h e  s tandard  and t h e  unknown could e f f e c t  t h e  e x t r a c t i o n  
e f f i c i e n c y  and t h e  s o l u b i l i t y  of t h e  MIBK due t o  t h e  common ion  
e f f e c t  and t h e  Setchenow s a l t  e f f e c t  (3) .  



2. Experimental procedure. 

a. It was decided t o  accept  the  a v a i l a b l e  aqua- reg ia  d iges t ion  
L 

r e s u l t s ,  t h a t  procedure being t h e  e a s i e s t  t o  perform, the  most 
amenable t o  o the r  analyses ,  and considered of s u f f i c i e n t  accuracy 
f o r  t h e  purpose, r epor ted ly  i n  the  range of 99.5%. 

b 

1 

% b. The fol lowing prel iminary experiments w e r e  conducted: 

1. A known amount of gold was d iges ted  i n  aqua r e g i a  d i l u t e d  
t o  35 m l  and ex t rac ted  i n t o  10 m l  of MIBK and analyzed a g a i n s t  
s tandards  prepared from MIBK ex t rac t ions  of equal  volumes of 
aqueous and MIBK phases. The MIBK previously having been 
s a t u r a t e d  wi th  t h e  aqueous s o l u t i o n  i n  each case. The MIBK 
was washed t h r e e  t i m e s  wi th  10% V/V HC1. 

2. A known amount of gold was d iges ted  i n  aqua r e g i a  made up t o  
35 m l  and ex t rac ted  i n t o  10 m l  of MIBK and analyzed a s  before,  
except  t h a t  a f t e r  evaporat ing t h e  o r i g i n a l  d i g e s t a t e  t o  moist- 
ness ,  t h e  aqua r e g i a  used i n  red i s so lv ing  i t  up was f i r s t  
s a t u r a t e d  wi th  MIBK. The MIBK w a s  washed t w i c e  i n  10% HC1, a l s o  
s a t u r a t e d  wi th  MIBK. 

3. See Tab 1 f o r  the  approximate r e s u l t s ,  t h e  procedure being too . 
I 

rough t o  be d iagnos t i c ,  bu t  g iv ing rise t o  t h e  fol lowing hypothesis.  

a. The uncorrected s tandard ,  the  f o u r t h  column of Tab 1 was 
made a 1:l volume r a t i o  of aqueous and MIBK, whereas t h e  -_ psuedo unknown was ex t rac ted  wi th  a r a t i o  of 3.5:l aqueous -- t o  MIBK. Although the  volume r a t i o s  were d i f f e r e n t ,  t h e  
r e s u l t i n g  apparent  gold concentra t ions  w e r e  s i m i l a r ,  ind ica t -  

? i n g  unknown compensating e f f e c t s  are occuring. 

b. I n  t h e  case  of t h e  aqueous s o l u t i o n  which had previously 
been s a t u r a t e d  wi th  MIBK, i t  appears t h a t  t h i s  MIBK is 
carrying some of the  gold wi th  i t ,  and although the  con- 
c e n t r a t i n g  e f f e c t  of the  l o s s  of MIBK through s o l u b i l i t y  
is removed, a l o s s  of gold simultaneously occurs. 

c. No simple way t o  improve accuracy by c a l c u l a t i o n  is  apparent.  

d. I n v e s t i g a t i o n  i n t o  t h e  e f f e c t  of i r o n  and s o l u b i l i t y .  

I. Four samples of measured amounts of gold t o  g ive  1, 3, 
7, and 10 ppm concentra t ions  i n  t h e  MIBK phase i f  
e n t i r e l y  ex t rac ted  were prepared i n  50 m l  of 33% AR. Three .  
of these  a l s o  contained 5,000 ppm i r o n  i n  t h e  aqueous phase, 
t h e  f o u r t h  no i ron.  

- And a f i f t h  set of s tandards  was made up by adding d i r e c t l y  
t o  MIBK (not s a t u r a t e d  wi th  an aqueous phase) appropr ia te  
por t ions  of 100 ppm gold  standard.  

. 
/+ 

L. 



A. Aqueous phase not saturated with MIBK. 

Sample I n i t i a l  D i l  Vol. PPM Corr ' d Uncorr. 
or (ml) Aq:Or After Conc. Meas. Apparent Apparent 
Process 35/10 Extract Against Un- Microgram Microgram 

Corr. Stand (PPMXVOL) (PPM X10) 

No Wash 35/10 9.5 10.0 95.0 100 

One Wash 
10% HC1 35/9.5 8.8 10.8 95.0 108 

Two Wash ' 3518.8 8.1 11.8 95.0 118 

Three Wash 3518.1 7.4 12.8 95.0 128 

B. Aqueous phase saturated with MIBK 
: I 

No Wash 35/10 10 9.5 95 95 I 
\ 

One Wash 35/10 10 9.3 93 :93 

Two Wash 35/10 

I 

1 

TAB I 
1 .-- 





See the  enclosed graph, Tab I1 f o r  r e s u l t s .  It is 
evident  t h a t  the  i r o n  inc reases  the  apparent  gold 
concentra t ion  and t h a t  i t  can be removed b u t  the  
r e s u l t i n g  concentra t ions  a r e  e f fec ted .  No account is 
taken of t h e  e f f e c t  of t h e  concentra t ion  of s a l t s  and 
gold on the  apparent  concentra t ion  of the  gold o t  of 
the  e x t r a c t i v e  e f f i c i ency .  The d i f f e r e n c e  between 
curve A and B,  though not  d iagnos t i c ,  would i n d i c a t e  
t h a t  no t  a l l  t he  gold is  ex t rac ted  from t h e  aqueous 
phase a t  l e a s t  i n  t h i s  case. 

. I n v e s t i g a t i o n  i n t o  the  e f f e c t  of s o l u b i l i t y .  

1. Two e x t r a c t i o n s  were made i n  a l a r g e  separa to ry  funnel ,  
both  e x t r a c t i n g  500 micrograms of gold from 500 m l  of 
33% aqua r e g i a  i n t o  100 m l  of a c i d  s a t u r a t e d  MIBK. These 
e x t r a c t i o n s  w e r e  washed t h r e e  times, f i r s t  wi th  a 10% 
HC1 s o l u t i o n ,  then twice wi th  a 5% H C 1  so lu t ion .  Al iquots  
of MIBK and of t h e  aqueous s o l u t i o n  were taken from each 
s t e p ,  the  MIBK, and MIBK e x t r a c t i o n s  from t h e  aqueous 
phases were analyzed i n  t h e  same run and under t h e  same 
condi t ions  a s  the  f i v e  curves i n  Tab 11. 

2. Tabs I11 and I V  show the  e f f e c t  of concentra t ion  of s a l t s ,  
i n  t h i s  case  of HN03 and H C 1  on s o l u b i l i t y .  Tes t  t h r e e  
w a s  run under t h e  same condi t ions  a s  tests 1 & 2 ,  with- 
ou t  analyzing f o r  gold, and t h e  purpose of t e s t i n g  a 
v a r i a t i o n  of wash concentra t ions ,  being washed f i r s t  
wi th  5% H C 1  and subsequently wi th  10% washes. - 

3. The graph i n  Tab V shows the  a c t u a l  concentra t ion  of 
gold i n  both t h e  MIBK p o r t i o n  and the  aqueous phase a t  

. each s t a g e  of t h e  procedure. These were measured 
a g a i n s t  the  unwashed e x t r a c t i o n  curve,  curve B of 
Tab 11. The graph i n  Tab V I  shows the  gold measured 
a g a i n s t  s tandard  nea r ly  matched i n  s a l t  concent ra t ion  
and washing. 

4. From Tab I11 and I V  i t  is apparent  t h a t  the  concentra t ion  
of d i s so lved  s a l t s  has a  g r e a t  e f f e c t  both i n  t h e  
s o l u t i o n  under cons idera t ion  and i n  a t  l e a s t  t h e  f i r s t  
subsequent washing, some s o r t  of supeqsatura t ion  e f f e c t  
being hypothesized. While these  could lperhaps be  work- 
ed o u t ,  i t  is enough t o  recognize t h a t  sone system of 
matching s a l t  i n  both the  unknown and lstandard must be 
done, o r  some compensation a r r i v e d  a t .  There is no 
c o n s i s t e n t  compensating c o r r e c t i o n  r e a d i l y  apparent.  

Conclusion. The change i n  concentra t ion  of gold due t o  
s o l u t i o n  of p a r t  of t h e  MIBK,  a s  w e l l  a s  t h e  l o s s  of p a r t  
of t h e  gold i n  the  d issolved MIBK, a r e  both  e f f e c t e d  by 
numerous f a c t o r s ,  e s p e c i a l l y  s a l t  concentra t ion  i n  the  
aqueous phase. This  concentra t ion  cannot be matched be- 
tween a s tandard  and an unknown, thus i t  i s  d e s i r e a b l e  t o  
f i n d  a method l e s s  e f f e c t e d ,  pr imar i ly- through use of an 
e x t r a c t a n t  of lower s o l u b i l i t y .  



111 

Solubi l i ty  of MIBK given i n  volume, % of Aqueous phase, f o r  various 
concentrations of wash solut ions  and sequence of washes. (The MIBK 
was f i r s t  saturated i n  d i l u t e  aqua regia  i n  a l l  cases ) .  

Wash Comp. Test #1 Test #2 

33% aqua reg ia  
. . 

Test #3 
. . 

33% Boiled aqua reg ia  2.6 

TAB 111 









B. I n v e s t i g a t i o n  i n t o  DIBK-Aliquat 336 e x t r a c t i o n  procedure. 

1. Preliminary. Various papers discussed the determination of 
gold i n  cyanide so lu t ions  and one (Groenwald, Analyt ica l  
Chemistry, Vol. 40, No. 6 ,  May 1968, reference  (1) d iscusses  
t h e  use of d i i s o b u t y l  ketone with Aliquat  336 of General M i l l s  . - C 

(a  Quarternary amine, t r i  octyl-methyl ammonium c h l o r i d e ) ,  t h e  
gold being i n  t h e  +1 oxidat ion s t a t e  and i n  the  b a s i c  range. 

. 

A subsequent paper by t h e  same author (2 ) ,  i n v e s t i g a t e s  the  use  
of t h e  t e r t i a r y  amine, Alamine 336, General M i l l s  ( t r i  o c t y l  
amine) and Aliquat  336 f o r  gold i n  +3 oxidat ion s t a t e  and i n  e i t h e r  
an aqua r e g i a  o r  a  cyanide media. Groenwald recommend t h a t  
i n  t h e  pH range 0-4 t h e  s o l u t i o n  should be made 0.5 M sodium 
ch lo r ide ,  and i n  t h e  pH range 4-10, t h e  s o l u t i o n  should be made 
10-2 M cyanide and 0.1M i n  sodium ch lo r ide ,  and ex t rac ted  i n t o  D I B K  
contaxn i n  1% W/V ~ l i ~ i a t  336. The. use of sodium ch lo r ide  i n  the  
f i r s t  ins tance  appears t o  have been needed t o  i n s u r e  t h e  complete 
e x t r a c t i o n  of gold and t o  reduce the  quanity of Al iquat  336 needed. 
I n  t h e  second ins tance  t h e  sodium ch lo r ide  was used t o  f a c i l i t a t e  
c l a r i f i c a t i o n  of t h e  phases. I n  t h e  above papers t h e  a c t u a l  pro- 
cedure f o r  t h e  e x t r a c t i o n  from aqua r e g i a  was not  given,  t h e  
a n a l y t i c a l  d a t a  given being f o r  a  cyanide media. Accordingly i t  
was determined t o  i n v e s t i g a t e  t h i s  procedure. 

2. Discussion of t h e  e f f e c t  of s a l t  concentrat ion i n  t h e  aqueous 
phase. From t h e  e a r l i e r  experiments discussed i n  P a r t  A.  and t h e  

. genera l  l i t e r a t u r e ,  i t  was apparent  t h a t  the  s a l t  concentra t ion 
has  a s i g n i f i c a n t  and complex e f f e e t  on t h e  a n a l y s i s  a l t e r i n g  

. t h e  d i s t r i b u t i o n  of t h e  gold between t h e  organic and t h e  aqueous 
phases, and thus concentrat ion.  Two of t h e  known p r i n c i p a l s  in- 
volved a r e  the  common ion  e f f e c t ,  and t h e  Setchenow s a l t  e f f e c t ,  
discussed by Groenwald, Analyt ica l  Chemistry, Vol. 43, No. 12,  
October, 1971, reference  (3).. 

The f i r s t  has p r imar i ly  a tendency t o  a l t e r  t h e  d i s t r i b u t i o n  be- 
tween t h e  organic  and the  aqueous phase, and both  t h e  f i r s t  and 
t h e  second have an e f f e c t  on the  s o l u b i l i t y  of t h e  organic  phase. 

From (3) ,  t h e  equation f o r  t h e  mutual s o l u b i l i t y  between organic  
phase and aqueous phase is  developed i n  terms of t h e  concentra t ion 
of a  m a t e r i a l  i n  comparison wi th  what t h e  concentra t ion would 
have been i f  t h e r e  had been no s o l u b i l i t y ,  - a s  follows: 

Cola - Co =[- Do Sac)/k - Da Soa Rao 
Co 100 D 100 Do 

Where : 

Cola = Concentration of m a t e r i a l  i n  organic phase. 
co = Concentration of m a t e r i a l  i n  organicsphase i f  t h e r e  had 

o s o l  b i l ' t  Da ' = B ~ ~ i ~ i € l e s ,  gram?rnX* of t h e  aqueous and organic phases. 
sao  = S o l u b i l i t y  (%W/W) of aqueous i n  organic. 
Soa = S o l u b i l i t y  (%W/W) of organic  i n  aqueous. 
'add Va/Vo 

The equat ion f o r  t h e  Setchenow sal t  e f f e c t  which is: 

l o g  ;;: ' l o g  f = K s  Cs 



Where Sao i s  t h e  s o l u b i l i t y  of the  non-electrolyte i n  pure water ,  
So, is  the  s o l u b i l i t y  of the  non-electrolyte i n  the  aqueous 
s a l t  s o l u t i o n ,  f i s  the  a c t i v i t y  c o e f f i c i e n t ,  Cs is the  molar 

, concentrat ion of the  s a l t  i n  the  aqueous phase, and Ks is the  
Setchenow s a l t  c o e f f i c i e n t .  

Tables of s o l u b i l i t y  and Setchenow constants  a r e  given from which 
t h e  ca lcu la t ions  can be made. 

An equation is developed f o r  the  r e l a t i o n s h i p  of t h e  e f f e c t  of a  
s a l t  concentra t ion (o ther  than t h e  ana ly te  mate r i a l )  i n  terms of 
concentrat ion of t h e  ana ly te  m a t e r i a l  i n  comparison wi th  a standard. 

i 

i 
This  l a s t  equation would of course, permit c a l c u l a t i o n  of the  
v a r i a t i o n  between the  ana ly te  mate r i a l  and a standard b u t  f o r  the  

I -. f a c t  t h a t  t h i s  is  what is  unknown. 
i 

A S  i t  is, i t  shows t h e  poss ib le  v a r i a t i o n ,  o r  r e l a t i v e  e r r o r ,  due 
t o  assumed d i f fe rences  ca lcu la ted  from t h e  s o l u b i l i t y  data provided. 
It is a s  follows: 

Rela t ive  e r r o r  = C0/, - C t 0 / ,  = R,, so, ( D ~ ~ o - K s C S - D ~ ~ ~ ~ - K ~ C ~ )  

c' 01s 100 Do-DsRoa So, 10  -KsCs  

1 ,  
i * -  

Where CoIs = Concentration of a mate r i a l  i n  an organic  phase i n  
con tac t  with a charged s a l t  phase ( t h a t  is ,  the  con- 

? c e n t r a t i o n  of the  ana ly te ) .  
.. 

i Cto/ ,  = Concentration of t h e  mate r i a l  i n  an organic  phase in.- 
con tac t  wi th  t h e  aqueous phase ( t h a t  is  concentra t ion 
of t h e  s tandard) . 

C s  6 Ds = Concentration and d e n s i t i e s  of charged s a l t  phase 
(unknown). 

C t s &  D l s  = Concentration and d e n s i t i e s  .of s a l t  concentra t ion 
. . i n  standard.  

A l l  of t h e  above equations a r e  developed by simple mathematics, 
given some b a s i c  equations and assumptions . 
From study and t e s t i n g  of these  equations i t  i s  apparent  t h a t  t h e  
g r e a t e r  t h e  d i f fe rence  between t h e  concentra t ion of t h e  s a l t  i n  
t h e  unknown and t h e  s tandard ,  t h e  g r e a t e r  w i l l  be t h e  e r r o r  i n  
determination.  When t h e r e  is  a match t h e . e r r o r  should be zero ,  
and a s  t h e  r a t i o  of volumes ( b o =  Va/Vo) inc reases ,  the  e r r o r  
changes rapidly .  The c a l c u l a t i o n  a l s o  shows t h a t  t h e  h igher  t h e  
sal t  concentra t ion,  t h e  less e f f e c t  a  d i f f e r e n c e  makes. The 
graph, Tab V I I ,  taken from reference  (3) shows these  r e l a t i o n s h i p s  
f o r  one so lven t ,  e t h y l  e the r .  Also given is  the  s o l u b i l i t y  d a t a  
f o r  MIBK & DIBK. 

< 
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I f  w e  consider the  r e l a t i v e  e r r o r  (C0/, - C'o/s / c',/,) i n  terms 
of i ts  congruent r a t i o ,  t h a t  is  t h e  t o t a l  s a l t  u a l a r i t y ,  
Cs - C I S  / C's  and add enough s a l t  t o  i n c t e a s e  both the  unknown 
and t h e  s tandard  by "X" molari ty.  

And Cs - C', / C I S  + X (o r  t h e  r e l a t i v e  e r r o r )  is  always smal ler  
i n  abso lu te  value  than Cs - C', / C',, 

The graph a l s o  shows the  l a r g e  inf luence  of volume r a t i o s ,  t h i s  
f a c t o r ,  however, can e a s i l y  be matched between unknown and standard. 

3. Other f a c t o r s  o r  probable e f f e c t s .  From t h e  papers r e f e r r e d  t o  
t h e r e  seems t o  have been no in te r fe rences  noted from o ther  elements 
though many a r e  ext rac ted .  The observations i n  t h e  papers a r e  , 
of CN' complexes. From prel iminary experiments wi th  MIBK, i t  was 
expected some i n t e r f e r e n c e  from i r o n  might be found, and should be 
inves t iga ted .  

Groenwald concluded t h a t  the  amount of Aliquat 336 needed t o  b r ing  
about complete e x t r a c t i o n  decreases with inc reas ing  s a l t  concentra- 
t i o n  and a decrease i n  pH, t h a t  is  i f  t h e  s a l t  content  was kept  up 
t o  2 molar, the  AQ 336 needed could be decreased t o  .01% (W/V) with- 
ou t  s i g n i f i c a n t  e f f e c t .  It was a l s o  determined t h a t  t h e  a d d i t i o n  
of NaCl a l s o  has t h e  e f f e c t  of a s s i s t i n g  i n  c l a r i f y i n g  emulsions. 

Conclusions. 

The experimental and t h e o r e t i c a l  d a t a  would i n d i c a t e  t h a t  t h e  b e s t  
method would choose t h e  so lven t  with t h e  lowest s o l u b i l i t y ,  dup l i ca te  
t h e  s a l t  contents  between s tandard  and unknown a s  much a s  poss ib le ,  
and match the  volume r a t i o .  Since i t  is  probably impossible t o  
match s a l t  concentra t ions ,  the  l a r g e r  the  known s a l t  concentra t ion 
which can be added t o  each w i l l  minimize t h i s  d i f ference .  

Accordingly, f i r s t ,  s i n c e  D I B K  has t h e  lowest aqueous s o l u b i l i t y  
i t  should be t h e  b e s t  so lven t ,  and 1% W/V Aliquat  336 should be 
s u f f i c i e n t  i f  s a l t  molar i ty  i s  kept  high. Second, an equal  
amount of high molar i ty  NaCl should be added t o  both unknown and 
s tandard ,  whether i n  s o l i d  o r  l i q u i d .  The amount being a com- 
promise of ease  of handling and volumes desired.  

D. Experimental Ana ly t i ca l  Procedure. 

1. Technique. 

a. Digest  10  grams of sample i n  aqua r e g i a  by any s tandard  method, 
make up t o  a known volume, cen t r i fuge  and take  an appropr ia te  
a l i q u o t  . 



be For every 50 m l  of d i g e s t a t e  add 1 0  m l  of s a t u r a t e d  s a l t  s o l u t i o n  
(about 6 MI. 

c. Ex t rac t  i n  10 m l  D I B K  with 1% (W/V) Aliquat  336. 
I 

d. Est imate by AA a n a l y s i s  a g a i n s t  s tandards  ex t rac ted  i n  a 
s i m i l a r  fashion.  

2. Tests .  - 
a. To test s o l u b i l i t y  of DIBK i n  aqua r e g i a  s o l u t i o n ,  100 m l  of a c i d  

s a t u r a t e d  D I B K  was placed i n  a separa t ing  funnel  with 500 m l  of 
33% aqua r e g i a  and 100 m l  of 6 M NaC1, a g i t a t e d  f o r  10 minutes and 
phases measured a f t e r  separa t ion.  There was no measurable change 
i n  volume of DIBK o r  aqueous so lu t ion .  

b. To test f o r  t h e  i n t e r f e r e n c e  of i r o n  many tests w e r e  run. Ref. 
(1) & (2) i n d i c a t e  no i n t e r f e r e n c e  wi th  i r o n  a s  a CN ion. . 
Others r e p o r t  the  use of 25 m l  of 40% t a r t a r i c  a c i d  t o  complex t h e  
i r o n  p r i o r  t o  a d j u s t i n g  the pH t o  4-5 and cyaniding and then ex- 
t r a c t i n g  wi th  DIBK-AQ 336. /. 

Accordingly a l a r g e  number of tests were run us ing var ious  com- 
b ina t ions  of i r o n ,  gold and complexing agents ,  t a r t a r i c  ac id ,  
a scorb ic  ac id ,  c i t r i c  a c i d ,  and var ious  combinations of washings. 
The prel iminary conclusions were t h a t  i r o n  d id  inc rease  t h e  apparent .. 
absorpt ion due t o  gold,  and t h a t  t a r t a r i c  a c i d  d id  tend t o  compensate" 
f o r  t h e  increased absorption.  These r e s u l t s  were subsequently 
determined t o  be misleading and poss ib ly  erroneous, and t h e  d a t a  % 

w i l l  no t  be included he re ,  bu t  i n  order t o  poss ib ly  prevent  o t h e r s  
from dup l ica t ing  the  same e r r o r ,  the  fol lowing r e s u l t s  were found. 

1. When t h e r e  was i r o n  p resen t  bu t  no gold,  t h e r e  was an 
apparent  absorpt ion of about 1.5 percent ,  t h a t  was not  
a l t e r e d  s i g n i f i c a n t l y  by a d d i t i o n  of t a r t a r i c  a c i d  before  
ex t rac t ion .  

2. When t h e r e  was i r o n  p resen t  b u t  a l s o  gold,  t h e  absorbance 
was .increased by about 1.5 percent ,  b u t  t h e  p r i o r  a d d i t i o n  
of 30 m l  of 40 percent  (W/V) t a r t a r i c  a c i d  appeared t o  re- 
duce t h i s  t o  approximately t h e  c o r r e c t  absorption.  

3. I n  a l l  cases t h e  i r o n  could be removed by one washing wi th  
20 m l  of 40 percent  t a r t a r i c  acid.  

' 1. 

4. The use  of a scorb ic  o r  c i t r i c  ac id ' roughly  dupl ica ted  t h e  
r e s u l t s  of t a r t a r i c  acid.  

c. To test f u r t h e r  t h e  e f f e c t s  of i r o n  and the  p o s s i b l e  e f f e c t  of a  
Deuterium a r c  background c o r r e c t o r ,  two sets of tests were con- 
ducted a t  d i f f e r e n t  l e v e l s  of gold, wi th  and without  i r o n  and wi th  
and without  t a r t a r i c  acid: % @ 



* * Uncorrected 
' I 

D2 Arc Corr. 

Uncorrected 

D2 A r c  Corr. 

PERCENT ABSORPTION 

Au No Fe Fe, No No Fe Fe + Two Wash 
PPM No Tar. Tar. + Tar. Tar 15 m l  Tar. 

("1 
- 5  5.15 (9) 5.83(9) 4.67(9) 5.48(9) 5.20(4) 

d 3.8 
(*) I n d i c a t e s  number of r e p l i c a t e  samples, the  maximum d e v i a t i o n  
from t h e  mean i n  any reading i n  a l l  above d a t a  was .7% absorption.  

From t h e  above i t  appears t h a t  t h e r e  is a flame absorpt ion  enhance- 
ment (background absorpt ion)  caused by i r o n  and t h a t  i t  can be  
compensated f o r  by use of a Deuterium background cor rec to r .  Also, 
t h e  use  of t a r t a r i c  ac id  be fo re  the  e x t r a c t i o n  merely depresses  t h e  
absorpt ion  due t o  gold s o  t h a t  any r e s u l t a n t  compensation f o r  the  
enhanced flame absorpt ion  e f f e c t  is  purely coincidenta l .  The use of 
t a r t a r i c  a c i d  a s  a wash was is  e f f e c t i v e  i n  removing the  i r o n ,  b u t  
whether i t  a c t u a l l y  r e s u l t s  i n  c o r r e c t  readings i n  t h i s  case  is 
problematical .  For h igh accuracy i n  low concentra t ion  a n a l y s i s  i t  
would appear t o  be acceptable  t o  wash both the  unknown and t h e  
s tandard  i n  t h e  same way i n  order  t o  e l imina te  any e f f e c t  of i ron .  
It i s  noted t h a t  a s  such washings a r e  performed, t h e  emulsion problem 
inc reases  a s  t h e  NaCL is washed ou t ,  but  t h a t  t h e  washings are no t  
e f f e c t i v e  i f  t h e  t a r t a r i c  a c i d  a l s o  conta ins  NaCL. 

d. Comparison of a n a l y s i s  wi th  F i r e  Assay. It i s  noted t h a t  t h e  sampling 
e r r o r  i n  t h e  case  of gold samples of t h i s  cha rac te r  is  s o  g r e a t  a s  t o  
make i n d i v i d u a l  comparisons very  e r r a t i c .  I n  t h i s  comparison two t o t a l  
samples of over 1,000 grams were s i z e d  and separa ted  by heavy l i q u i d  
and the  f r a c t i o n s  were analyzed by the  DIBK-AQ 336 method, then con- 
ve r t ed  t o  ca lcu la ted  f r a c t i o n s  and heads. The f i r e  assays  were 
n e c e s s a r i l y  run on the  a c t u a l  f r a c t i o n s  and thus a r e  an average of 
about 70 grams i n  t h e  b e s t  cases ,  thus g iv ing rise t o  a l a c k  of com- 
p l e t e  assurance.  Nevertheless,  t h e  genera l  agreement seems remarkable. 



COMPARISON FIRE ASSAY & DIBK-AQ 336 AA 
Ounces pe r  ton. (Figures i n  pa ren thes i s  i n d i c a t e  number of analyses)  

FRACTION SAMPLE 1 SAMPLE 2 
Measured Measured Measured Measured 
F i r e  Assay DIBK-AA F i r e  Assay DIBK-AA 

- 10 mesh 
Heads 1.57 (6) 1.93(8) 85 (5) 1.17 (8) 

I Calculated 1.79 87 

-10 +20 
Whole 

-20 +35 
FloaF .37 (2) .38 (2) .08 (2) .08 (2) 
Sink - - - 12.08 (3) - - .  , 19.26(3) 

'4 .. 
-35 +65 
F l o a t  
Sink 

-65 +200 
F l o a t  .05 (2) .05 (2) .01(2) .01 (2) 
Sink - - - 37.42 (3) - - - 14.60 (3) 

- * 
b 

-200 
F loa t  . l o  (2) .15 (2) .03 (2) .05 (2) 
Sink - - 0 13.99 (2) - - -  - 5.86(2) !. 

c ;  
11. CONCLUSIONS AND RECOMMENDATIONS . C 

A. Conclusions. It i s  bel ieved t h a t  t h i s  is  a highly acdukate, p r e c i s e  
method of a n a l y s i s  f o r  gold ,  s u i t a b l e  f o r  any purpose except  very  high 
o r e s ,  concentra tes  o r  bul l ion .  It has t h e  fol lowing advantages. 

1. It can be used very  e a s i l y  a s  p a r t  of an  o v e r a l l  assay f o r  Cu, Pb, 
Zn, N i ,  etc. 

2. It  is highly  s u i t a b l e  f o r  assay of l i q u i d s  o r  m a t e r i a l s  which d i g e s t  
e a s i l y ,  such a s  amalgams. 

3. It a f fo rds  accuracy i n  determining amounts of gold i n  very smal l  
q u a n i t i e s ,  those  t h a t  would be too smal l  t o  weigh accura te ly  on a 
bead balance. 

4. By c a r e f u l  matching of s a l t  concentra t ion and volume r a t i o s  between 
unknown and s t andards ,  a very l a r g e  sample s i z e  can be used, thus 
a f fo rd ing  l a r g e  concentra t ions  and a b i l i t y  t o  analyze f o r  gold i n t o  
t h e  p a r t s  pe r  b i l l i o n  range. 

5 It can be used i n  conjunction wi th  f i r e  assaying i n  e l iminat ing t h e  'l 

p a r t i n g  s t e p  i n  t h e  determination of gold, i n  t h a t  t h e  dore  bead can 
be dissolved i n  aqua r e g i a  and run d i r e c t l y .  B 



It has t h e  fol lowing p o s s i b l e  disadvantages: 

a. There has been no thorough t e s t ,  of in te r fe rences .  Other 
elements may poss ib ly  i n t e r f e r e ,  and even the  i n t e r f e r e n c e  
of i r o n  has only been t e n a t i v e l y  inves t iga ted .  

b. The technique has not  been t r i e d  on a wide v a r i e t y  of m a t e r i a l ,  
and i n s u f f i c i e n t  c o n t r o l  tests have been made. 

c. I f  t h e  f i r s t  run of t h e  ex t rac ted  DIBK exceeds t h e  range of 
t h e  s t andards ,  i t  may be  necessary t o  re-run wi th  a smaller 
amount of aqueous phase, Attempts t o  make DIBK d i l u t i o n s  
gave e r r a t i c  r e s u l t s ,  poss ib ly  through poor mixing. 

B. Recommendations 

1. It is recommended t h a t  a  l a r g e  number of samples of d i f f e r e n t  
v a r i e t i e s  o r  o r e  be run  a g a i n s t  f i r e  assays.  

1 - 
2. That f u r t h e r  s tudy of i n t e r f e r e n c e s  be made, inc luding f u r t h e r  

confirmation of t h e  c o r r e c t i v e  e f f e c t  of t h e  D2 cor rec to r .  t. 

C. Recommended Ana ly t i ca l  Procedure 

1. Digest  10 grams of sample i n  aqua r e g i a ,  evaporate t o  approximately 
35 m l ,  and make up t o  100 m l  l i q u i d  wi th  deionized water  (allow f o r  
es t imated  volume of undigested pulp,  f o r  example i n  a  s i l i c a  o r e  make 
up t o  about 103.3 ml) . 

2, Centrifuge.  Take an  appropr ia t e  a l i q u o t ,  (according t o  convenience and 
es t imated  tenor of the  ma te r i a l )  and p lace  i n  a  conta iner  wi th  a screw 
cap. For example, take  35 m l  of d iges ta te  and p lace  i n  a 25 x 200 rmn 
c u l t u r e  tube wi th  a screw cap and t e f l o n  l i n e r .  

3. Add 7 m l  s a t u r a t e d  NaCL s o l u t i o n  and 7 m l  of DIBK with  1% (w/V) Aliquat  
336. (Vary a s  des i red  t o  s u i t  tenor  of o r e  and capaci ty  of conta iner) .  
Shake one minute, al low phases t o  s e p a r a t e  and run on AA a g a i n s t  
s t andards  prepared t h e  same way. 

4. I f  i r o n  p resen t  and r e s u l t a n t  e r r o r  can not  be es t imated ,  o r  c o r r e c t i o n  
i s  des i red  and i t  is a v a i l a b l e ,  use D2 cor rec to r .  If n o t  a v a i l a b l e ,  i t  
is p o s s i b l e  t h e  same c o r r e c t i o n  can be  obtained through c o r r e c t i o n  
a g a i n s t  a nearby non-absorbing l i n e ,  2477. 
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