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Abstract

Behavior of silver sulfide in the system Ag,S Fe(NO;); HNO; H,O was studied at 25 55

and 80°C using the method of the simplex lattice experiment design The quantitative dependences of
Ag,S oxidation on the concentrations of the acid and Fe®* were determined The isoconcentration

diagrams were obtained
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The main amount of silver is extracted from
complex ores and concentrates in which silver is in
the form of silver sulfide argentite one of the most
widespread minerals Argentite is contained in grav
itational and flotation concentrates produced in
processing of gold and silver containing ores and
in particular lead zinc ores and in secondary raw
materials

Hydrometallurgical procedures for recovery of
silver including that in the form of silver sulfide
employ cyanide [1 2] thiocyanate [3] thiourea [4]
and thiosulfate [5] solutions However it is neces
sary to use in such cases oxidizing agents eg O,
or Fe** which involves additional expenditure

A technology for processing of sulfide lead zinc
ores and concentrates and in particular those from
the Gorevo deposit with the use of nitric acid and
iron(Ill) nitrate solutions has been developed
The behavior of silver sulfide in systems of this
kind has not been studied

Nitric acid is a strong oxidant (E%OZ/HN% =
080 V) and therefore it oxidizes silver sulfide
without introduction of any additional oxidizing
agent into a system However it is of interest to
study the effect of Fe** additives on the process of
argentite oxidation This is due to the composition
of technological solutions because in most cases
the concentration of Fe®™ ions is appreciable when

nitrate acid salt solvents are used for processing of
silver containing ores and concentrates

EXPERIMENTAL

To obtain information about the oxidation of
silver sulfide in complex systems with various min
eral forms in industrial processing of silver con
taining ores and concentrates we studied Ag,S
Fe(NO;); HNO; H,O systems with a high content
of silver The silver sulfide synthesized was identi
fied by X ray phase analysis The behavior of Ag,S
in the systems under study was judged from the var
iation of the total silver concentration in solution
and from the composition of insoluble precipitates
The concentration of silver in solution was deter
mined by titration analysis and atomic absorption
spectrophotometry [6 7] and that of HNO; by
titration analysis [7] The mathematical data pro
cessing was carried out by the method of simplex
lattice experiment design [§]

The experiments were performed in thermo
stated cells at 25+01 55+£01 and 80+0 1°C in
the course of 2 h with mechanical stirring at s : 1 =
1:5 Preliminary experiments demonstrated that
making longer the time of contact of phases does
not change the silver concentration in solution
After the completion of the experiments the solu
tion was analyzed for the content of silver and ni
tric acid The solid phase was filtered and washed
with water and ethanol to remove the solution
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Design matrix for the incomplete cubic model”

. Amounts of oxidized silver sulfide %
e B S
IILI(G)III Yexp Ycalc Yexp Ycalc Yexp Ycalc
X, X, X, 25°C 55°C 80°C
1 1 0 0 ND 0 ND 0 0922 0922
2 0 1 0 0618 0618 11538 11538 36 896 36 896
3 0 0 1 26 815 26 815 100 000 100 000 100 000 100 000
4 05 05 0 0249 0249 2769 2769 14 989 14 989
5 0 05 05 11885 11885 64 846 64 846 100 000 100 000
6 05 0 05 5192 5192 43 154 43 154 86 474 86 474
7 033 033 033 4 455 4 458 35963 35960 66 938 66 938
8 015 015 07 2 538 2 539 72 040 72 041 100 000 100 951
9 015 07 015 11238 11238 24 655 24 657 52 999 53 066
10 07 015 015 1 568 1 569 12 882 12 883 34755 34753

' X stands for H,O (5556 M); X, Fe(NO3); solution (1 8 M); X3 HNO; solution (3 2 M); Yexp and Y, experimental
and calculated amounts of oxidized silver sulfide; ND not determined

dried and subjected to an X ray phase analysis Using the data obtained we calculated the coef
The data obtained were processed by the method of  ficients of polynomials of incomplete third order
simplex lattices whose application to systems of  which describe the dependence of the degree of sil
this kind yielded good results in [9 10] The sim  ver sulfide oxidation on the reactant concentrations
plex lattice design for an incomplete cubic model  The equations were used to construct composition
employed in the study is presented in the table property diagrams (see Figs la Ic¢)

(a) Xy, %

X1, % X3, % X1, % X3, %

Fig 1 Diagram of the Ag,S oxidation (%) in the Ag,S Fe(NOj3); HNO; H,O system at different temperatures Tem
perature (°C) (a) 25 (b) 55 (c) 80
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The oxidation of silver sulfide in the system
Ag,S Fe(NO;); HNO; H,O can be described by
the following reaction equations:

Ag,S + 4HNO; — 2AgNO; + 2NO, + S’ + 2H,0 (1)

Ag,S + Fe(NO;j); + H,0
— 2AgNO; + Fe(OH), + NO, + s’ 2

Ag,S + Fe(NOj); + 2HNO;
— 2AgNO; + Fe(NO,), + NO, + S’ + H,0 (3)

Ag,S + 2Fe(NOj3); + 2HNO;
— Ag,S0, + 2F¢(NO3), + 3NO, + NO + H,0 (4)

The experiments we performed demonstrated
that the maximum transfer of silver into solution at
25°C (see Fig 1la) reaches 26 8% at a HNOj; con
centration in solution of 30 M Addition of iron(III)
nitrate to the solution hardly affects the oxidation
of silver sulfide

The X ray data show the presence of a signifi
cant amount of unoxidized sulfide As the content
of nitric acid in solution increases the amount of
clementary sulfur in the precipitate grows

Based on the experimental data we derived
the regression equation relating the degree of Ag,S
oxidation to the concentrations of nitric acid and
iron(IIl) nitrate at a temperature under considera
tion A verification against the data of control run
nos 8 10 demonstrated that the equation ade
quately describes the process with a confidence
probability of 97% The root mean square error in
the determination of Y values was 3%

Raising the temperature to 55°C (see Fig 1b)
does not change the general pattern of silver sul
fide oxidation in the acid salt system under study
but only favors an increase in its transfer to so
lution The maximal value (~100%) is reached at
the point with the highest concentration of nitric
acid The X ray data show the same trend toward
formation of elementary sulfur in precipitates as
that at 25°C This suggests that reaction (3) pre
dominates as the nitric acid concentration increases
to 32 M

For this temperature we also derived a regres
sion equation To verify its adequacy a series of
control experiments were carried out The root
mean square deviation was 3% at a confidence
probability of 97%
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At 80°C the same behavior as that at 25 and
55°C is observed (see Fig 1c¢) Only the quantita
tive characteristics of the process change: the whole
amount of silver passes into solution even at an
HNO; concentration of about 23 M

The regression equation describing the behavior
of silver sulfide in the system under consideration
at 80°C was obtained The results of control ex
periments show that this equation adequately de
scribes the process with a confidence probability
of 97% The root mean square error in the deter
mination of Y values was 3%

It is necessary to note that temperature affects
the possibility of occurrence of reactions (1) (4)
Reactions (1) (3) and (4) proceed in the whole
temperature range under study whereas reaction
(2) only upon heating For example reaction (2)
does not proceed at 25°C even at a Fe>* concentra
tion of 18 M; at 55°C changes occur in solution
beginning at a Fe** concentration of 0 744 M; and
at 80°C reaction (2) proceeds at even lower Fe®*
concentrations

It was found that in a mixture of silver and lead
sulfides produced by their coprecipitation from
nitrate solutions with hydrogen sulfide and also
in mechanical mixtures of silver sulfide with ele
mentary sulfur and lead sulfide Ag,S is oxidized
in the same way as pure silver sulfide An increase
in HNO; and Fe(NO,); concentrations results in
that the degree of silver recovery into solution be
comes higher Temperature strongly affects the pro
cess For example the fraction of oxidized silver
sulfide was 20 30% at 25°C and 100% at 80°C
The nature of the starting solid mixtures has no
effect on the degree of silver sulfide oxidation

CONCLUSIONS

(1) A study of the effect of the concentration of
nitric acid and iron(IIl) nitrate on the oxidation
of silver sulfide in the systems Ag,S Fe(NO,),
HNO; H,O at various temperatures revealed that
nitric acid strongly affects the oxidation of Ag,S
which reaches the maximal value (100 %) at an
HNO; concentration of 32 M

(2) The chemical mechanism of the oxidation of
Ag,S in nitrate media to give elementary sulfur
at 25 and 55°C and sulfate sulfur at 80°C was elu
cidated

(3) Diagrams describing the dependence of
the degree of silver sulfide oxidation on the HNO,
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and Fe(NO,); concentrations were constructed on
the basis of the experimental data
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