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A COMPARISON OF THT SOLVENTS USED IN THi. HYDRO=-
METAT,LURGY OF SIIVTRe

000 &

Potagsium cyanide solutlons,hyposulphlte of soda
solutions and a mlixture called the Russell solution,are
the solvents most used to win silver from its ores.

We are not tho first to attempt comparlsons of the
solvent powers of the different solutions named. It ie
difficult,at leest we have found it difficult,to find
tabulated,a comparison of the varlous solvents from the
points of view of speed of actlionfof oonsumption of re-
agents,of sultability of one or another to a given type
of ora.

8uch works as O.Hoffmann's most excellent book,"The
Hydrometallurgy of SilverjCarl A.Stetefeldt,Lixiviation
of Silver Ores; H.F.Collins,letallurgy of Silver; PF.L.

Bosqui,Notes on Cyanide Process; H.F.Julian & Smart,

Cyaniding s0ld and Silver Ores,together with articles ap=-

pearing in the current journalg/have been freely consult=-
ed. Wherovver possible we have compared our results wlth
those of otriur workers, and the assistance of Prof.D.

Copeland huas been a great help to us in all casecs.



Outline of tho Process.

Before golng Into the experiments in detaill,we glve
an outline of the processes to which our work refoers.

Hyposulpnlte lMethod.

Thle process 1s based on the solublllty of silver
and 1its compounds in dilute sodium hyposulphite solutions.
The ore in vats,barrels or troughs is attacked by dilute
hypoff aolutions. The silver after solution is treated with
some so0luble sulphlide,llke sodium sulphidg)which preciplta-
tes sllver sulphide. The precipitate gives up its silver
when roasted and smelted. The solution from the preclpl-
tation 1s uased again as solvent on more ore.

Hypo supposedly acta bsst on those ores which naturally
carry the sllver as chloride or on ores which have been
glven a ohloridizing roast. The following equation ex-
presses the reaction:

3
Ageszns. Nagsgos-rﬂazs =Ago5 -0-23325203

Russell Frocegss
This method usecs in addition to the ordinary

hypo solution,a solution of copper sulphlite with hypo.

# Throughout this werk "hypo" 1s used as an abrevietionm
of sodium hyposulphite.



The copper sulphale plus the hypo form a so-called double
hyposulphite of copper and sodium which ie known as "extra-
solution", In ex{qu oolution sillver sulphide 1s supposed-
ly mere soluble than ;n hypo solulion along. Selution and
precipitation details are in general the same in this
processg as In the ordinary hypo method.
The chemical reaction is as followes

13 NapSgobgt6 CusSOg ™ 4 NagSglz . 3 CugSgobz +

& HI2504+3 N325405

Potasslum Cyanide Proceéa.

Potassium cyanide f'or the last twenty yeare hes played
an lmportant part in the metallurgy of gold. Of late,lt
is mrlso being used as a solvent for silver. The process
in general has the followlng steps: The ore,suitebly pre-
pared,le attaocked with dllute potassium cyanide solutions,
the resulting solution of eilver filtered from the ores,and
the sillver precipitated from the solution by means of
metallic zinc. _

In this case. also the solution from the precipitatgﬂia
used as solvent on more ore.

The reactions aret

4 KON +2 Ag+ 0+H,0 = ms(ml)z-'- 2K0H

2 KAg(ON)gZn = EpZn (0N )+ Agy
Ores.

Silver exists in ores in many conditions. Among the most
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ordinary occurring silver minerals sre argentite, (Cllver
sulphide,AgoC), Cerargyrite (Gilver chloride,Agfl) ard
Pyrargyrito (0ilver Sulphoantimonete, 3 AgeS.Sbofs)
Problom.

1. If the silver exists in argentite,which of the thrce
solutions,potassium cyanide,hypo or Russell is the best
gulted to dissolve the Silver?

2. If the sllver exists as cerargyrite,which solution is
test for diassolving the silver ¢

Z. Suppose sllver exlsts as pyrargyrite,which solution

will ect tre best ?
4. With each mineral and wlith each solution what is the

loss of solvent in the process,what 1s the tlme required,
and what is the best strength of solution?

These questions it was our purpose to solve.

Orc'Ust.

Tho silver in the ore ueed oxisted,pure as could be
obtalned,as argentite,cerargyrite and pyrargyrite. Enough
of each was mixed with quartz (sand) to make the average
0.3% of oillver (nearly 100 ounces per ton).

Thesc¢ mixtures served as our "ores". The ore contained
in each mineral was trcated under 1ike conditions with
each of the solvents.

1. Treatment of Argentite with hypo solutions.

Argentlte is a silver sulphide. It contains,when
pure,87.1 percent of sllver. Is 1nsoluble in water,but
soluble in potassium cyanide solutions. Its solubllity

in hype solutlons 1s somewhalt doubtful.
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Our ore wes & mlxture of argentite and quartz,contain-

ing 0% of onc percent of silver,all crushed to 30 mesh,.

Twe A 3’} Al

&drgfdmaﬂbontaining 75 miligrams of rilver was taken for
each experiment. The ore wae placed In a beasker agd troot-
ad for 24 hours with the proper amount of sclution. In
practice the solution varies from feur to five times the
welght of ore treated,so 150 cublc centimeters of solution
were used with the 28 grams of ore. During solution the
Ore was ngﬁgﬁer egltated nor tho solvent heated. The room
temperature waa 186 degrees C.

The cerargyrite and pyrargyrite were treated the same
ac was the argentite.

Solutione Used.

The hypo solutions used were of strength varying from
0u1% to 156 %e (041,045,1.1.5, £,3,5,10,15%) Thus covering
e much larger range than is found In praoticé.

After the ore was in contact with the sofution for the
time mentioned above,lt was filtered and the residus after
washiﬁg was dryed and assayed for silver.

To the filtrate the precipitant,sodium sukphide was
added. The sodium sulphide wes prepared by dissolving
caustic soda in hot water,and d@dding gwo=-thirds of 1ta

weight of sulphur. After boiling,all the sulphur disappears,
leaving a reddish yellow liquid,which was flltered. The
Sodium sulphide prepared in this way (the two=thirde rule)
has,according to Ruaaell)the formule Nag S+ NaoSo
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A quantity of 1t was placed in a burette and addned drop
by drop to the hypo solution containing the silver. Pre~
clpitation feollows almost immediately, iving a dark color-
od slow settlling preclpltats.
The addition of sodium sulphide was continued until no
furthor precipitation took place.

The amount of urilum sulphlds used was measured. The
solution wes filltered. The precipitate was assayed for
gllver by fusion,escorification and cupellation. The filtrate
contalned the remaining hypo =and a slight sxcose of sodhum
sulphide. To determine thes percent of free hypo still left
In the filtrate,the followlng method was employed:

The quantity of solution was measured and analyzed for
hypo. The total hypo in the solutlon added to the ore less
that in the solutlon after precipitation gave the hypo
consumptlion.

iltrate

Then ten c.0. of selwemt were titrated wlth iodine
golution in presence of starch. The iodine solutionm
was prepared,diassolving .11 grams of pure lodine per liter.
Eachi cublo centimeter of the 1odine solution 1is in these
conditions equivalent to 041% of sodium hyposulphite,when
10 oc.c. of the hypo solution are analyzaed.

The atarch solution was prepared bolling 10 grama of
starch with 800 C,@. of weter and then a strong solution
of salt was Bdded to prevent sourlng..

The sodium sulphlde excess whlich had been used in pre-

cipitation,gave trouble during titration with the iodine.



Sodlum svlphide with i1odine reacts as follows?
NanS +2I = 2 NaI*S

There 1s thrown down the sulphur precipitete,wlth its
characterlstic yellowish-white color. The amount of lodine
aolutionJthercforejindicatod not only the hypo but alsc the
sodium sulphlde present. To obtain & correct estimation,
the dodlum eulphide had to be considered. Tt waes=titrated
separately egeinst ftodine.

The sulphur elther remained os sodium sulphide or was
precipitated ag sllver sulphids. The amount of sllver was

4 A
knowng The amount of sulphur with 1t ,calculated amd The

sodlum sulphide #sed ;;;zh:;;;;;df The sodium sulphide
remeining in aclution,reacting with the iodine,ws=z caloula-
ted and correction was made for this sedduvm—eudphide In
reporting the hypo results,

The analysis of the sodlum sulphide was made by two ways,
that gave close checks.

1. By adding an excess of copper anlphate/obtaining
oupric sulphide and sodium sulphate.

NaoS+ CuSlOy = CusS + Naotly
The cupric sulphlde was filtored,dryed and weighed,end
Mu\d’g

1ts contents in sulphur calculated,oorrespondinﬁﬂto the

amount of sodium sulphide taken, Thie method 1z not exBot
ag the sodium sulphlide oontainc scome poligulphides that

wlll give the samg reaction,wlith a liberation of free sulphur.

Ne,5,+*0us0, = NagS0,+#0us + S



2 . By oxidatlon with nitric acid. All tlie sulphur was
c¢hanged to sulphtric acid,and then welgred as barium
sulphitee

Bosults.

The resultis obtaoined from the treatment of Argentilte
by hypo solutions are shown in Table MNo.I and graphically
in Plate Yo.I.

We note that there is a8 ranld increase 1rn solubllity
of silver as the solutions grow stronger. Solutions vary-
ing f'rom orne to thrs. vercent of hypo have orproximately
the sare solvent power. Thls sugpests tlat no advantage
is to be gained by increasing the hypo solution from one
to three percent strongth.

As to tho hypo consumption,we note that with solutions
containing from E% hypo up.there ig*ﬁﬁggﬁfnger solution
loft after precipitation,the other:Afo%aining unchanged,
this being the most desirable case. A solutior that gets
stronger all the Lime is hard to keep at the required
strength,and in this process becomes a solventi not only
for the mlnerals we are after but also for othors we do
not desire iIn eolution,bringing impurities and worthless
material with all its consequences.

The platee are designed as follows:
The full lines show tiie silver extraction with different
strengths of hypo. The dotted lines indicate the percent

of hypo remeining in solution af'ter using. The differ=-

cnce between the two curves 1s in each case the hypo

consumptlon, It will be observed that the two curves arc



somewhat gimilar.

TREATHENT OF ARGENTITE WITH RUSSELL SOLUTIONS.
The experiments described for argentite wlth hypo solutions
were repeated with Russell eolutions. The same strength
of the solution was used in hypo (0.1% 0.5,1, 1.5, 2, 3.
S5, 10 15%) #dding to them copper sulphate in from one half
to one third the welght of hypo. The solutlons used had

then the followilng percentage.

Sodium Hypo. Copper Sulphate.

4 %
0.1 0.06
OB 0.2
1.0 0.4
1.5 0.6
2. 0.8
B 1.0
B 240
10. 2.0
186 6.0

The ore was attacked in the same way as with hypeo
(160 0.c. 2t the room tempsrature,wlth 25 grams of ore,
for 24 houras). The precipitation required a larys-r amount
of eodium sulphilde,owing to the necessity of precipitating
the copper from the solution at the same timg ;;en the

8llver. When assaylng,careful ascorification had to be

doneg,on account of the presence of covper.
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All tric otrier details were the same ag for hypo. The

2

regnlts cbiningd are stown In Table TI and Plate I. In
Plate 1 wo note that in contrast with the hypo solution.
thoe Russell solution gilves o greatly increcsced extraction
for very srall increase in sclution strergth. Thie 1o
true of' Russell solutions only up to 5% hypo. After pascing
g9, furthor increascs of strength of Russcll solutions gave
no added silver extraction.(We clessify the Russell sol-
utions according to the percentage of hypo they oontain§
The recovery of hype from Russell seclutions is small. With
, sediuwm hypo
a solution containing before vsing 1% pebessivr oyerddc,
the consumption of hypo during the process wos complotc.
A table showing the percentage of extraction ol silver

gained by using Russcll colutiorns drgtead ol hyro selutions

1g plven the nmumbor ¥,

Treatment of Argentite with Potasgium Cyarnids Solutlons,

— - sttt

The golutiong uscd were ot gt Jif{erent strencths, Geve
O.l,”b,‘s.do.l.l,o.ﬁ,o.e, and 177, 150 cec. were uloo vsed dn 0F
grana of orece. The teilings were avsaved for cilver,and
the solutlon left titrated for free potocsivm cyanide with
silver nitrate. The silver nitrote solutior wogs mhdcf%is-
solving 13.07 grams of that g21t in cne 1iter of water,in
whichconditﬁon’ 1 coce of it F¢ coulvalerni Lo 0,17
potassium cyanide when 10 c,ce. of th: ¢yonidc polution saro
taken fcr titration.

Tra results obteined in thaone exnerimeric rpr~ chovn in

Table TTI arad in Plote TI.
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Increasing the solution strength from 0.17% to 0.2% potassium
cyanide,causes & rapid increase in silver extractioq.'bUt
beyond 0.2% potassium cyanide & farther incresse in solution
strength glves no corresponding increase in extraction. With
golutions up to 0,24 the consumption of KCN is complete.Thls
showe us thoe reason why solutlons weaker than 0.2% pdve &
lower extraction of silver,end slso points to the statement
that provided there be unconsumed potassium cyenide present,
added strength of solution is of no benefit when treating
argentite ores. All the potassium cyanide in a solutlon
a8 strong as 0.2% sesms to have been used up in £4 hours,

In treating an ore under our conditions it would be necess-
ary to provide KON in sufficlent amount to satisfy this

rate of consumptlon. The rate of silver solution,end there=-
fore the rate of potassium cyanide consumption should vary
with the amount of surface of ellver mineral exposed and
hence with the flneness of crushing,

Comparison of Hypo,Russell and Cyenlde Sclukions as solvents

for Argentite.

The greatest extraction of ilver is given by potassium
\mhan*Evul?Q‘h4qh

oyanide solutiona,%haé—gﬂ‘hu-ear as 46% (for our expeoriments)
whereas the Russell sclution gave a maxlmum of 29,353 and
the hypo only 21.28,

In oase an ore ocontaining large amounts of argentite
hed to be leached raw,potassium oyanide would be the best
solvent.When leaching with this solution,the strength 1s
unimportant,always provided there be present somes free KCN

after precipltation.
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If for aome reeoon,Russell sclutlon had to be uscd,the
best strength would be between three and five percent,but
never groater than that. Hypo sclutions arg not suited to
raw argentite ores,

The above stalements are our snswers to the flrst question
of the problem:if the sllver exists as argentlte,which of
the three solutlons,potassium cyanide,hypo or Russell is
best sulted to dissolve the silver ?.

Treatment of Cerargyrite with Hypo Solution.

Cerargyrite contains 76.3% silver. Is an importent silver
Or'g.

The method used wae the same &8 explalned 1n the precced-
Ing experiments.
The results are shown in Table IV. and Plate III.

In epiteof the well krnown solubllity of silver chlorlde
(cerargyrite) in hypo solutions,our axperiments do not show
1t in the beat shape. The increase in solubllity is almost
uniform as solutlons grow stronger,excepting between three
and five percent,where remains the samp. The hypo recovery
ia good up to 10%,from which point the recovery decreasos.

Treatment of Cerargyrite with Rusegll Solutions.
Shows

Teble ¥. end Plate IIT give—e—good TdsE0f the results ob-

tained,

A solution of 3% seoms to be the most desirable,szs the
extraction of slilver decreazses ae the solutlons lnorease
to &%. From 5% on to 10%,increasing the strength gives added

silver oxtraction. Beyond 10% hypo,the extraction agein falls

dOown.
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The hypo cénsumption is small for solutlions bstween 1 and
3%. In general the hypo left in solution increases and de=
creasos in the same way as the sllver extraction. 4 good
sllver extraction therefore 1s accompanied by smsll con-
sumption of hypo,while poor silver extraction is accompanled
by blg consumption.

Treatmen* of Cerargyrite with Potassium Cyanlde Solutions.

The work is better shown in Table VI. and Plate IV.
The silver extraction increasdas with an increased strength
of potassium cyanide solution, At least,thls is true for
::orange of solution strengths.

Solutions up to 0.1% show a complete consumption of
KON. The actual potacssium cyanide consumed 1s greater theo
stronger the solution used. Under our conditions we can
point to no best strength of solution., All that wec can
say 1s that the stronger the solution,the better the silver
extraction,giving also a greater KCN consumption.

These conditions might be changed with finer crushing.

Comparison between hypo,Russell and Cyanide for Treatment
of Cerargyrite.

In case an ore containing silver as cerargyrite had

to be leached,potassium ocyanide would be the most effective
golvent.

Of our minerals,the cerargyrite was the one of whiche
we had doubts as to 1ts purity.

The ebove statements answer only imperfectly the second

part of our problem.



Treatmert of Pyrargyrite with Hypo Solution.

Refer to Table VII and Plate V.

We note:that the hypo must be stronger than 2% i1f it 1s
to rapldly attack pyrargyrlte,solutions weaksr thon that
are slow acting. With solutions at the start below 3%,therec
is8 1n the process a hypo consumption,with solutions above
3% there ig;hypo increase during the process.

Treatment of Pyrargyrite with Russell Sclution,.

See Table VIII and Plate V.

Pyrargyrite 1u oncof the few common silver minerals that 1is
less soluble in Russell solutions than in hypo solutions.
This only applies for solutions that contain less than
2.2% of hypo,as for woaker solutions the extraction of
Silver is greater with the Russell solution. The recovery
of hypo 1s,as for most of the Russell cases,small.

Treatment of Pyrargyrite with Potassium Cyanide Solutions.

In plate IT and Table IX,our results are showne. The
solubility of pyrargyrite Iin thls solvent,much resembles
that of argentite,that is,a rapid increasec for solutions
varying from O.1 to 0.2% KCN im strength. From there up,

a farther increase in solution strength does not give a
corresponding increase in silver extraotion. With a solvent
at the start as strong as about 0.27,the consumption of
potassium cyanide is complete. We wish to refer to the
reasoning on the rate of consumption of KCR on argentite.

The same reasoning applices here.
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Comparlscen between hypo,Ruasell,and Cy nide Solution

as Solvent of Pyrargyvritie.

In case an ore containing stlver ae pyrargyrite lind teo
Ln leached raw,pota cium cyanide is the Lest solvent.
The strength cf KCN solution used im unimportant,pro-
vided 1t be at least 0.2 ard that there beo always free
KCN in solutior.

The preceeding statementa answor the third part of our
probleme

As to the "ourth part,we have answered it (o each case.



Table I.

Showing the solubllity In hypo of the sllver existing

as Argentitej;and hypo consumntion

Strength of Pgrcent of Strength in hypo of
gllver golutlion after
Hypo solution extractlon precipitation
% % %

Hly po Hyloo

0.1 0.133 0.10

0.5 0,173 OfEO

1.0 0427 1,00

1.5 0.B607 1.50

240 04540 2.00

340 0.933 300

540 2.172 5.00
10.0 9.773 10.80

16.0 21.280 15.87



'*ﬂ\; 8 luer
Showing the Solubllity in RusseljSolutionsamxisting
™
as Argentite anquypo consumption.
Strength of Perecent of Percent of Frese
solution % Extraoction hypo after preeip.
wiloty
Hypo  Ous0g 4 ‘
0.1 0.08 04187 0.00
0.5 0.20 10,973 0.00
1.0 0«40 13.293 0.00
1.5 0.80 14.680 0450
2.0 0.80 18.853 0.70
3e0 1.00 23546 0.96
Be0 2.00 29 «200 2.70

10.0 %.00 29.333 3.98



TABLE III.

Sclublility of the S1lvsr Oontained in Argentite in

Potassium Oyanide Solutione and Consumption of Solvent.

Strength of GYlver Strength of Solutlons
eclutions extracticn after precipltation.
4 % %

0.1 7 .86 0,005

0.2 40,27 0.010

0.4 40.80 0.190

0.6 41.47 0.22

0.8 42.00 0.32

1.0 45.00 0.87



TABLE IV.

Showing the Solubllity of the S1lver Oonfained in

Qarergyrite in Qypo golutlong and hypo consumption.

Strength of Extraoction Strength of

aolution of Ag. B solution after preclp
% %

Ol.1 0.426 0.1

045 0.3838 0.6

1.0 1.486 1.0

1.5 1.800 1.5

2.0 2.013 2.0

340 34080 3.0

G0 34333 540
10.0 6.453 10.0

15.0 94000 12.4



TABLE V.

Solubility of Silver Contained in Qerargyrite in Ruasgl)

Solutions,and Rypo @onsumption,

Strength of Solution Extraction Porcent of
of Silver free hypo
A A 4 after preobip.
Hypo Coppar Sulphats
Del 0.06 0.106 0.00
0.8 0.20 0.696 0.00
1.0 0,40 2.840 0.00
1.5 0.60 4.080 1.02
2.0 0.80 13,086 0.84
340 1.00 20,400 1.84
5.0 2.00 15333 1.92
10.0 3.00 22,145 5.20

15.0 £5.00 16.933 9.31



TABLE VI.

Solublltty in Potassium Qyanide Solution of the Silver

Oontained in Qerargyrite and fonsumption of Eolvent.

Strength of Peroent Strength of
solution of extractlon solution after
% of silver precip. %
KON KN
O.1 19.886 0.01
0.2 32,000 0.038
0.4 44,00 0.072
0.6 49,01 0.12
0.8 7336 0.18

1.0 78.94 0.25



Table VII.

Solubllity of the Sillver Uontalned In Pyrargyrite in

hypo solutlon,and Hypo Gonsumption

Strength of Extractlon Strength of
solution of silver solution after
. rrecip,
% % %
Hy bo - Hybo
0.1 0.000 0.10
0.5 0,000 0.50
1.0 0,000 1,48
1.5 0.0686 1.47
2,0 0.372 1.74
340 5.6828 2495
B.0 7 « 220 54566
10.0 21.133 12,00

16.0 27 640 17 .03



TABLE WIIY.

Solublility of the Silver contalned in Dxrargzrite

with Ruasel| Solutions.

Strength of

Solution
Hypo CuB0,
% %

0.1 0,08
0.6 0.20
1.0 D.40
1.5 0.60
2.0 O,BO
340 1,00
5.0 2,00

10.0 3400

15.0 5.00

Pgrcent of

Extractlion

0.000
0.600
0.586
0.693
0.880
04733
%4486
B.733

8.7406

Percent of
free hypo

aftor precilp.

0.00
0400
0456
0.84
0.57
0451
1.28
2410

558



TABLE IX.

Solubility of the Silver contalned in Pyrargyrite

in Potassium Ovanide solutions,and Qonsumption of Solvent.,

Strongth of Percent of Strength of Solutlon
solution 8ilver extraction after Prééip.
% % %

HCwn K LW

0.1 7o.68 0,02

Ds2 Rb«10G 0.03

Ced 26.76 0,11

0.6 27 .08 0,28

0.8 28,82 0.43

1,0 30,12 075



TABLE X.

Table showing the differonce In sxtractlion of Silver

from Argentlte and Cerargyrite with hypo and Russel Solutlons,

Strength of Percent of Extraction

Solution in hypo Inoreased with Russel}, Solution,
% Argentite Qerargyrite
0.1 0.054 0.320
0.5 20.300 04200
1.0 123800 1.174
1.6 14,175 2.480
240 18.113 11,053
340 22.6153 17.320
5.0 27,028 10,000
10.0 19.680 15.693

15.0 7.933



TABLT XI.

Table Showing the Difference in Cxtraction of Silver

from Pyrargyrite with hypo and Russel Solutlons.

Strength of Difference in Percent Diff. in %.
solution in hypo of extraction of remaining
A Hypo (increased) Russell hyggssell
(decrensed) (decreased
0.1 0.000 ———— OélO
0.5 OfOOO ——— 0,50
1.0 0.588 - 0.90
1.5 09627 - 0963
2.0 0.508 ———— 1,17
5,0 - 4,853 2944
5.0 ———— 3?754 4439
10.0 e 15,400, 9.90

15.0 - 18.894 11.45



PLATE I

showing comparative eoxtraction of Silver from

Argentite with Hypo and Russol Solutions,and Hypo @onsumption.
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PLATE II,

Showing the Solubility €M Potassium Gy

anide solutions,and

Cyanide €onsunption,of the §ilver from

Pyrarpgyrite.
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PLATE IIXI.

snowing Solubility of the Silver from Cerargyrite in

Hypo and Russel solutions,and Hypo &onsumption.
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PLATE IV.

rritoe

ar

Showing the solubllity of the Silver from C

anide solutions,and $olvent Qonsimption
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PLATE V.

Showing Rolubility in Hypo solutions of the $§ilver con-

tained in Pyrargyrite and Hypo Eonsumption.
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