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A COMPARISON OF VARIOUS RFIUHODS OF ASSAYING
CYAIDK SOLUTTOHS “0K COLD.

Alt10ough there has heen a great deal written on the
different methods of assayving cyanide solutions and new
metnods are being devissd constantly there has heen very
little said as to the relative merits of the methods in
use, An attempt has therefore been made in this paper to
compare several of the methods now used,

The method of procedure was as follows:-

Four cyanide solutions wers prepared of the followjng

strengths and richness:

Solution #I 0.5 % KCN, I.oz. Au. per ton.
Solution #2 0.5 % KCN, .05 0z. Au. per ton.
Solution #3 0.05 %, KCN. I.oz. Au. per ton,
Solution #4 0.05 9% KCN. .05 0z. Au. per ton.

The fold was weighied out and then put into the form

of gold chloride and then into the cyanide solutions,



The solutions were assayed by taking five samples

of each solution and then carrying the twenty assays thus
taken through all the processes, comparing each method
as to accuracy, speed and simpleness., Fach process was run
through several times to gain familiarity and speed be=
fore the time was taken,
The following methods wers used in the work:-

Msthod I - Evaporating in a lead dish,

Method 2 - Chiddey's Method.

Method 3 - Evaporating to small bulk in an evap-
orating dish and absorbing the remainder with lithapge.

Method 4 - Evaporating to small bulk in an evap~
orating dish and absorbing the remainder with litharge
and silica.

Method 5 - Miller's method of pracipitating with
powdered copper sulphats.

Method 6 - Lindeman's Methdéd of precipitating
with ammoniacal copper nitrate.

Method 7 - Arent's method of precipitating with
cement copper.

Method 8 - Del Mar's method of precipitating with
aluminufm sulphide.

Method 9 - Precipitation with silver nitrate.

Method IO - Mohr's Colomimetric Met~od.



Method Il - Seamon's method of precipitating with alum-
inum foil.

O0f the rich solutions ore ascay ton was teken arnd
of the poor soluticns t-11 assay tons,

The results obtained were es follows:-

Method I-
Evaporatiovr to drymess in lead dish., The dish was
was folded up and cupelled,
Solution I,
0,5 % ¥CN. I oz. Au. per ton,

Sanple-Assay 0z per ton-Actual loss in oz per ton<c loss

I 099 .01 I%
2 Y 01 I%
3 0995 .005 54
4 0995 .005 5/
5 995 005 ] N
Average .993 ,007 ST

Time - Fifty minutes.



Sclution 2.
.5 % KCN, .05 oz, Au, per ton

Sarrple-Assay o0z per ton-Actual loss oz per Lo loss.

048 002 4

2 0485 .0015 3%

3 . 049 .001 2%

4 049 001 2%

5 .049 001 2 %
Average .0487 .0013 2.6

Time - One hour, thirty minutes,

Sclution 3.

.05 9% KCN, I oz, Au. per ton
Sample-Assay oz per ton-Actual loes oz per tun-/- loss.
I o599 01 I%
2 995 005 N4
3 9 .01 1%
4 99 01 I %
5 .99 .01 1%
Average 991 .009 97

Time - Fifty minutes,



Sclution 4.

.05 % KCN. .05 0z, Au. per ton

Sample- Assay 0z per ton- Actual loss 0z per ton- % loss

I <049 . 001 2 9

2 049 001 27

3 0485 .0015 3%

4 40455 .0015 5%

8 0 ,001 2%
Average 0436 0012 2.4 %

Time - One hour, thirty minutes.

Buttons all cugelled well and rapidly but in the
case of a poor solution the time of evaporation was
greatly lengthened and so caused the time of operation
to become somewhat long.

Method 2.
Chiddey's Method.
Solution I.
.5 S KUl I oz. Au. per ton

Sample- Assey 0z per ton- Actual loss oz per ton- % loss

I .985 0I5 159

2 .99 .01 I%

) .985 0I5 1.5 %

4 .99 .01 I%

5 :985 0I5 1.5 %
Average .987 013 1.3 %

Time - Fifty-five minutes,
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Sclution 2.

.5 % KCN, .05 oz, Au, per ton

Sample- Assay oz per ton- Actual loss-in oz rer ton- % loss

I .049 001 2%

2 047 .003 6 %

3 .048 .002 4 %

4 .048 .002 49

5 .048 .002 4 %
Average .048 .002 4 %

Time - One hour, ten minutes,

Solution 3.

.05 % KCN. I oz. Au, per ton.

Sample- Assay oz per ton- Actual loss ir oz per tone 9 loss

I .86 J4 14

2 .87 I3 1%

3 .88 J2 12%

4 .85 15 157

5 .86 14 147
Average .864 13.6 13,6 %

Time Fifty~-five minutes.
These results were obtained with a weak solutiop
which was not brought up to strength as rscommended.

When the solution was brougsht up to about .5 % KCN, by



| PYR . al " M 1 . .
gad 1ng sone fresh KCL. the results obtained were much hetter
and were as follows:)

Semple- Assay oz per ton- Actual loss ir oz per ton- % loss

I .98 .02 27
2 .99 .01 1%
3 .99 01 1%
4 .98 .02 29
5 99 01 19
Avicags 93,6 1.4 I.4 9.

Time - Fifty~five wirutes,
Thus showing that 1t ig necessary in usirge this
nethod to bring up the strength of & weak solution.

Solution 4,

.05 % KCN, .05 oez. Au. per ‘on
Sample- Assay oz per tun- Actual loss ir oz per ton- % loss
.048 .002 4 %
2 .049 001 2%
3 .048 .002 49
4 .048 002 4 9
5 049 .001 29
Average .0484 L0016 3.2 9%

Time - One hour, ten minutes,
The resulte were as a whole good but soae showed

zine when beinc cupelleds Thisg wis undcuhtedly due to too
(4 7 o



mich haste in removiry the samples from the hot plate,

Method 5.

Fvaporate to small bulk, absorb with litharge, fuss

and cupel.

Solution I,

.5 9 KON, I.oz. Au, per ton

mn

Semple- Assay oz per ton- Actual loss, oz perton- % loss

-

I 995 005 A

2 .995 .005 oD G

) 2995 005 /A

4 .995 .005 7%

5 99 01 I
Average 994 006 6%

Time=-Two hours.
Solvtiun 2,
5 KU, .05 oz, Au, per ton,

Sample~ Assay

I .049

2 045

3 049

4 048

0 e
Avcrage 0488

Time - Two hours,

0z per ton- Actuzl loss ir oz psr ton- % lose

001 29
001 27
001 2%
.002 49
001 2 %
L0012 2.4 9%

thirty winutes.,



Solvtion 3.
.05 % KON, T oz. Au. per ton

Sample- Assay oz per ton- Actual loss in oz per torn- % lose

I .99 .01 %
2 .99 01 I
3 .99 .01 I %
4 .99 .01 I
5 ,995 005 5 %
Averags (991 .09 9 %

Time <« Two hours.
Solution 4.

.05 % KCN., .05 oz. Au. per ton.

Sample- Assay 03z, ver ton- Actual loss in oz per ton~- % loss

I .049 001 2 %
2 048 002 4%
3 048 .002 4 %
4 +048 .002 4%
5 .048 .002 4%
Average 0482 L0018 3.6 %

Time - Two hours, thirty minutes,
The results obtained by this method were excellent
but the method is very long., The time necessary to mix

charges and to fuse causing a big incrsase in the time

necessary.
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Msthod 4,

Evaporate to small bulk, absorb with litharge
and silica, fuse and cupel,

Solution I,

.5 % KON, I ox. Au. per ton,
Sample- Assay 0z per ton- Actual loss in oz per ton- % loss
1 .99 .01 1%
2 ,995 ,005 5 %
3 995 005 5 %
4 99 01 1%
5 .99 01 1%,
Average 992 .008 8%

Time - Two hours.

Solution 2,
.5 % KON, .05 o0z, Au. per ton,
Sample- Assay 0z per ton- Actual loss in oz per ton- % loss

I .048 ,002 4%
2 .048 ,002 4%
3 049 .00I 2 %
4 ,049 .001 2%
5 ,048 ,002 4%
Average .0484 0016 3.2 %

Time - Two hours, thirty minutes.



-]~

Solution 3,

.05 % KON, I oz. Au. per tonm,
Sample- Assay oz, per ton-Actunl loss in o vor ton- Ydoss.
I 995 .005 5D Y
2 .995 005 N3
3 RO .01 1%
4 .99 01 1%
5 .99 01 I
Avsrage 0992 008 N
Times Two hours.
Solution 4.
.05 % KON, .05 oz, Au. per ton.
Sample- Assay 0z por ton- Actual loss in oz per ton- %loss
I .048 002 4 %
2 048 002 4 %
3 048 002 4 %
4 .048 002 y;
5 049 001 2 %
Averase 0482 L0018 3.6 9

Time - Two hours, thirty minutes.
No difference could be noted hatws-n bthis metnod
and Method 3. The rssults wers equally as :rood and ars

open to the same objection -~ tou long to run.,



Method 5 - Miller's Method.
Solution I.
0.5 9 KCN, I oz.Au, per ton.

Sample-Assay oz.per ton-Actual loss in oz. per ton- % loss.

I .92 008 8
2 0992 .008 8 %
3 .99 0T 1%
4 .992 .008 8 %
5 992 ,008 .8

Average 9912 .0084 84 %

Time - Two hours, thirty minutes.

Solution 2,

0.5 % KCN, .05 @z. Au, per ton.
Sample-Assay 0z. per ton-Actual loss in oz,per ton- 5. loss.
I .049 001 29
2 045 001 25
3 .048 002 4%

4 .048 .002 49
5 .Qas 002 4
Average 0484 0016 3,2

Tdme - Two hours, fifty minutes.



Solution 3,

.05 9% KON, I oz. Au. per ton
Sample-Assay oz.per ton-Actual lossin oz,per ton- ¢ loss.
I .99 01 1%

2 .99 01 I%

3 .992 .008 8 %

4 .99 NI 1%
5 0992 .008 8 %
Averags 9908 .0092 92 %

Time - Two hours, thirty minutes.

Solution 4.

0,05 ¥ KCN, 0.05 oz, Au. per ton.
Sample-Assay oz.per ton-Actual loss in oz.per ton- Y. loss.
I .048 .002 4%

2 ,049 .001 2%

3 .048 .002 47
4 .048 .002 <
5 .048 .002 47
Average .0482 0018 3.6

Time - Two hours, fifty minutes,
s

The results obtained from this method were fairly
accurate but the .05 ¢ KN, solution had to be brought



up to at least .025 % KON, before the lusox would precipi-
tate the values from it. Also the time for assaying was quite
long.
Method 6 - Lindeman's Method.
Solution I,
0.5 % XCN, I oz. Au. per ton.

Sariple-Assay oz.per ton-Actual loss in oz,per ton- 7. loss,

I .98 .02 2
2 982 018 1.87%
3 9828 .0I8 1.89%
4 984 016 I1.6%
5 .982 088 1.8%
Average 982 018 I.8%

Time - Two hours, fifty-five mirutes,

Solution 2.

0,5 % KON, 0.05 oz. Au. per ton,

Sanple-Assay oz.per ton-Actual loss ir oz.per ten<h loss

I .048 .002 4%

2 .047 .003 6

3 .047 003 6 %

4 .047 ,003 6 %

5 047 .003 6 %
Average 0472 .0028 5,69

Time - Thre« hours, fifteen mirutes.



Sclution 3,

0,05 o~ KON, I oz. Au. per ton.
Semple-Assay oz.per ton-Actual loss ir oz.per ton-" loss.
.98 .02 29
2 .98 .02 2 %
3 .978 .022 2. %
4 .978 22 2, %%
5 .98 .02 4
Average 9792 .0208 2,08 97
Time - Two hours, fifty-five minutes,
Solution 4,

0.05 9% KON, 0.05 oz, Au. per ton.
Rample=-Assay oz.per ton-Actual loss in oz:per ton- % loss
I . 044 .006 127
2 .045 .005 107
3 046 .004 8 %
4 .047 . 003 6 %

5 .046 .004 8%
Average 0456 L0044 8.8

Time - Three hours, fifteen mirnutes.
The atbrage results from this method were lower than
the average from other methods and the time necessary

was very long. The buttouns all cupelled well and there
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was no trouble from copper but for some reason all re-
sults obtained were low.
Method 7 - Arent's Method,
Solution I,

0.5 9% KON, I oz, Au. per ton,
Sample-Assay o0z.per ton-Actual loss in oz, per ton-% loss.,
I .984 ,016 1.6
2 984 016 1.6
3 .986 .014 1.4 %
4 .982 .018 1.8
5 .984 .016 1.6%
Average .984 016 1.6%
Time - Two hours, fifty minutes,
Solution 2.

0.5 ¢ KCN, 0.05 oz, Au. per ton.
Sample-Assay oz per tonsActusl loss in oz.per ton-7% loss.
1 .048 .002 4
2 .049 001 29
3 048 ,002 49
4 .Qa8 ,002 45
5 .048 .002 4y
Average 0482 .0018 3.6 %

Time - Three hours, ten minutes,



0,05 % KON,

Solution 3.

I oz, Au. per ton.

Sample-Assay oz.per ton-Actual loss ir oz per ton<% loss

I

(I~ ¢ U N

984
.98

982
.982
982

Average 982

- o .

016
02
018

018
.018

018

Time - Two hours, fifty minutes.
Solution 4.

0.05 % KCN

. .05 0z, Au. per ton.

1.6 %
2 g

1.8%
I.B %

1.8 'O/:;\

1.8%

Sample-Assay oz,.per ton-Actual loss in oz.per ton- % loss.

I

o b D

.48
.48
.48
.48

Average 482

.002
002
.002
002
001

0018

Tims - Three hours, ten minutes.

47
4%
4 %
4%
2 %

LY I A N S

The ressulte cbtained hy this method were low and the

methods wer: very long. The cupellation was good and no

trouble of ery kind exgperienced,



-]8~

Method 8 - Del Mar's Method.

Solution I,

0.5 % XCN, I oz. Au. per ton,
Sample-Assay oz.per ton-Actual loss ir oz.per ton-% loss
I 996 004 0.4 %
2 998 .002 0,2 %
) 996 .004 0.4 %
4 996 .004 0.4 %
5 996 .004 0,4 %
Average 9964 0036 0.36 %

Time - Two hours, ten minutes.

Solution 2.

0.5 % KCN. 0,05 oz, Au. per ton,
Sample~Assay 0z.per ton-Actual Joss in oz.per ton< ton.
I .048 .002 4 %
2 ,048 .002 @
3 .048 .002 4%
4 .049 ,001 2%
5 .048 .002 4 %
Average .0482 .0018 3.6 %X

Time - Two hours, ten minutes.
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Soluticn 3,

0.05 9 vou, I oz. Au, per ton.
Qample-Assay oz, per ton-Actual loss in oz, per ton- ¢ loss
I 996 .004 0.4 9
2 996 004 0.4 %

3 996 004 0.4 %

4 996 004 0.4 %

5 L :??8 .002 0,2 %
Average 9964 0936 0.3 %
Time - Two hours, ten minut;s.
Solution 4,

0,05 % Xor, 0.05 oz, Au. per ton.
Cample-Assay oz.per ton-Actual loss ir oz.per ton-. loss
I .048 .002 ;4
2 .048 .002 4 %

3 .048 002 4 %

4 .049 .001 2 %

5 .049 001 2 %
Average .0484 .00I6 5,275

Time - Two hours, ten minutes.
The results of this method were accurate and no trouble
was experienced during the manipulation. The time necessary

to filter and fuse added materielly to the length of the
assay.,



The alumirnum sulphide was prepared by fusing PSS with alum-
inum foil in the muffle of the assay furnace and took but
a short time,

Method 9' = Precipitation with silver nitrate,

Solution I.

0.5 % KCv, I oz, Au, per ton,
Sample-Assay oz.per ton-Actusl loss in oz.per ton- % loes
I 996 ,004 0.6 %
2 .994 ,006 0.4
3 994 .006 0.4 %
4 .994 006 0.4 %
5 994 006 0.4
Average 9944 0056 0.56 %

Time - Two hrs, fifty minutes.
Solution 2.

0.5 S KCN, 0.05 oz, Au. per ton,
Sample- Assay oz.per ton-Actual loss in oz.per ton- J loes,
.048 ,002 4
2 .048 ,002 4%
3 .048 .002 4%
4 .048 .002 49
5 .049 ) :OOI . %O/f o
Average .0482 .0018 3.6¥F

Time - Two hours, thirty minutes,



Solution 3,

. 0.05 % - KCW, I oz, Au, per ton.
Sample-Assay 0z, per ton-Actual loss in oz,per ton-% loss
I .99 .01 |
2 0992 .008 .8
3 «992 .008 .8 %

4 99 ,01 o
5 .99 .01 1
Average 9908 .0092 0,92 ¢
Time - Two hours, fifty minutes,
Solution 4,

0.05 % KON, 0,05 oz, Au. per ton.
Sample-Assay oz,per ton-Actual loss ir oz,per ton- % loss,
I .048 .002 4 %

2 .048 .002 49

3 .048 .002 4 %

4 047 .003 6 %

5 L .048 002 4 %
Average .0478 .0022 4.4 %

Time - Two hours, thirty minutes,

The results from this method were good but the method
is entirely too long. The time necessary to filter being
exceptionly long, especially in the case of rich solutions.



Method I0 - Mohr's Colorometric Method.
The results obtained from this method were 80 unreliable
that after repeated trials it was evident that ir the hands
of an unexperianced operator the msthod was useless,

Method II - Seamon's Method,
With Seamon's method no satisfactory results could be obtsin-
ed. The precipitate formed rapidly but could not be washed
from the aluminum foil and after repeated attempte with

no different results the method was abandoned,
Conclusions:=
In choosing a method of assaying two vital qual-

ities must necessarily be taken into consideration, those

of accuracy and speed. These two qualities would of course
be affected by the person using the method, though if correct-

ly performed the accuracy of the assay would be less affected
than the speed, which would vary according to the person

making the assay and the conveniences for rapid work he

had at his deposal. But in all assays accuracy is the im-
portant thing, so the results of my work will first be

compared a8 to accuracy and then as to speed of perform-

ance,



The average results of the assays run by each method
are: -

Method- Sol,I-% loss-So0l.2-% loss=~S0l.3-% loss-Sol.4<% loss.
I 993 0,7% .0487 2.6 % .91 0,9 % .,0488 2,47
2 .,987 1.3% .048 4% .98 1.,4% ,0480 3,2 %
3 .994 0.,6% .,0488 2,4% .91 0,9 ,0482 3.6 %
4 .992 0,8% .,0484¢ 3.2% .,992 0.8% .0482 3.6 %
5 ,9912 0.84 % .0484 3.2 % ,9908 0.92 % ,0482 3.6 7
6 .982 1.8% .0472 5.6 % .9792 2,08 % ,0456 8,8 %
7 984 I.6% .0482 3.6% .982 I1.8% .0482 3.6 %
8 .9964 0,36 % ,0482 3.6 % .996& 0.36% .0484 3.2 %

9 9944 0.56 % .,0482 3.6 % ,9908 0,92 % .0478 4.4 %

0 - - = === e -



With the exception of one or two these results check
fairly closely and the variation is probably due to the
manipulation by the assayer and those giving the higher
percentage of loss would probably give better results in
the hands of a more experienced person.

In the matter of time necessary for the pperation
the methods varied widely, some of them taking so long
as to be impracticable when many assays are to be made

or quick results sre required, as will be seen by the
following table:-

Solutionl - Solution 2 - Solution 3 - Solution 4.
Method. Hrs., Min., Hrs, Min, Hrs, Min. Hrs. Min.

I 0 5 I 30 0 50 I 20
2 0 65 I 10 0 56 1 10
3 2 00 2 30 2 00 2 30
4 2 00 2 20 2 00 2 30
5 2 3 2 60 2 30 2 80
6 2 8 3 I5 2 55 3 I5
7 2 5 3 10 2 50 3 10
8 2 10 2 IO 2 10 2 10
9 2 8 2 30 2 50 2 30
10 - em e e - .- - -

4
-l
'



Dy this table it will be seen that in a case where
the time factor must always be taken into consideration
only two methods give the requisite speed,Chiddey's and
that of evaporating in a lead dish,and in the case of a
poor solution Chiddey's is the more rapid, although it
did not give quite so good results for me as did the
evaporation in the lead dish.

When taking into account both speed and accurdby
these two methods secm far ahead of the others, but it
is altogether likely that in the case of nmaking a number
of assays each day a person using one of the others meth-
ods would as he became more and more proficient in the
method cut down the time required to quite an extent.

So, judging from the results obtained during the
work I would say that it is largely a matter of individ-
ual taste and the amount of time available as to which metk-

od would be used.
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