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ABSTRACT

The purpose of this work was to obtain the thermodynamic stability diagram that characterizes the cop-
per/water/amylxanthate flotation system, as part of the theoretical foundation necessary for the analysis of the copper
ion flotation process with the flotation collector reagent potassium amylxanthate. From the system of fundamental
chemical reactions and with the help of the Medusa software, the Eh-pH diagram was obtained, in which the stability
zones of the different chemical species are defined and it is established that in the pH range from 4 to 13, the xantho-

genic species of copper(l) and (1) coexist, whose ratio decreases with the increase of pH.
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1. Introduction

O-alkyldithiocarbonate reagents, known as xanthates, are com-
pounds of heteropolar molecular structure, with a non-polar carbon
chain and a polar sulfhydryl (-SH) group!®?. They are used as collectors
in the flotation of sulfide minerals®*, mainly ethylxanthate® ", but their
high chemical reactivity with heavy metals®®® stimulates their use in the
treatment of waste solutions.

The results achieved with the application of this technique depend
primarily on the pH of the medium. For example, in ionic dissolved air
flotation of copper(ll), zinc and arsenic(V) ions from synthetic solu-
tions of individual ions and mixtures, sodium ethylxanthate and dieth-
ylxanthate are used as collectors’®®. Copper removal in the pH
range between 2.5 and 5.5 is not affected but requires a 10 % excess of
collector reagent. These works show satisfactory results. However, for
pH below 4.7, partial decomposition of ethylxanthate is verified®1%,
and the effect on process efficiency is not mentioned. The use of sodi-
um diethylxanthate as a collector, in spite of exhibiting similar proper-
ties and showing good results in the collection of copper and zinc, is
limited by the cost of obtaining it!**],

Lazaridis et al.™® report the application of the same ethylxanthate
flotation technique on copper, iron and nickel systems independently
and in their mixtures. The results showed that nickel remains in solution
for acidic conditions, while copper and iron species float together and
gradually increase their recovery until reaching maximum values from
pH 6. If the pH of the system is equal to 2, the recovery values are as-
sociated with the initial copper and iron species float together and
gradually increase their recovery until reaching maximum values from
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pH 6. If the pH of the system is equal to 2, the re-
covery values are associated with the initial copper
concentration; if its magnitude is low, copper re-
covery is reduced to 50% and iron to 25%, other-
wise, about 80% is removed. It is possible that the
result is associated with the decomposition of
ethylxanthate; its half-life at pH 2.5 is 120 s!*®,
which coincides with the results achieved during
ionic flotation of copper from mine wastewater”’,
according to the conditions established by Stalidis
et al.®! involving high acidity. Favorable results are
obtained only when twice the stoichiometric
amount of ethylxanthate is used.

The works®*! on the separation of copper ions
with ethylxanthate by flotation show a contradiction
regarding the pH value at which optimum recovery
values are reached. Stalidis et al.”! stated that this
result is achieved under acidic conditions, where the
process is efficient and independent of pH, while
Lazaridis et al.l*® state that it is only possible to
achieve similar results for pH above 6. This indi-
cates that it is necessary to accurately determine the
stable zone according to the pH value of copper
ions captured by xanthomonas in the flotation pro-
Cess.

The thermodynamic stability diagrams, as a
function of pH, are an essential tool in the theoreti-
cal analysis of the interactions of a given system. In
the case of the copper/sulfur/water/ethylxanthate
system in the construction of the Eh-Ph dia-
gram*®*°1 copper(l) ethylxanthate was considered
to be the initial product of the oxidation of
ethylxanthate with calcocite. However, it has been
reported®” that such a diagram does not adequately
predict the observed flotation behavior, because the
limiting value of flotation potential is lower than the
expected value in the diagram.

According to Woods et al.”?°, this discrepancy
can be explained by the fact that under these condi-
tions, the formation of chemisorption species re-
quires a lower potential than that required for the
formation of copper(l) ethylxanthate. Such species
were included by these authors in the construction
of new diagrams in the copper/water/ethylxanthate
and chalcocite/water/ethylxanthate systems. The
predictions made in these diagrams are in corre-

spondence with the critical potential and the upper
limit of pH value for the flotation of pyrrhotite,
which is related to the upper limit of stability of
copper(l) ethylxanthate, determined in both sys-
tems by the oxidation of the copper(l) complex to
copper(ll) oxide and dixanthate.

Although these diagrams are applicable to
copper ore flotation, the copper(ll) ethylxanthate
phase is not considered. It is suggested that there is
no evidence that it is a stable phase. However, the
half-life of the xanthogenated copper(ll) species is
known to be 6 h?Y if obtained from amyloxanthate.

Although some works report that the decom-
position of the ethylxanthate species in aqueous
media occurs in several stages®*?224 this mecha-
nism is not well known. Proof of this is that the pH
ranges of the stability zones for the reported species
do not coincide®. Evidence also shows that the
length of the carbon chain of the collectors causes
changes in this zone and in the Kinetics of their de-
composition?®!,

With the elements provided it is not possible to
predict the reproducibility of the reported diagrams
for xanthates that differ in carbon chain length. The
reported Eh-pH diagrams do not accurately describe
the copper/water/amylxanthate system under study
in the present investigation. Therefore, it is neces-
sary to establish the diagram for this system, which
should give a more accurate answer to the behavior
of copper species during flotation treatment with
potassium amyloxanthate of solutions carrying this
species, with respect to the system reported by He-
pel and Pomianowskil?” for ethylxanthate.

The definition of the stability zone, both of the
amyloxanthate ion and of the complexes formed as
a function of pH, as well as the reaction system de-
fined to obtain the diagram is of vital importance.

2. Materials and methods

2.1 Experimental procedure

2.1.1 Definition of the system of chemical
reactions for the construction of the Eh-pH
diagram

The system of equilibrium chemical reactions
and reduction potential equations used in the con-
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struction of the thermodynamic stability diagram of
the copper/water/amylxanthate system is shown in

Table 1.

Table 1. Chemical reactions and equations of the reduction potential

NO. System reactions Cu/H,0/CsH;;0CS;

Equations of reduction potential and pH

AmX™
1 HAmX(ac) = AmX~(ac) + H* (ac =1. ( )
(ac) (ac) (ac) PH =172 + log (7
2 (Am)X,(ac) + 2e~ = 2AmX™ (ac) E = —0.077 — 0.059 log(AmX™)
3 1/2(AmX),(ac) + e~ + H* (ac) = HAmX(ac) E =0.179 — 0,059pH
4 Cu*?(ac) + H,0 = CuO(s) + 2H* (ac) pH = 3.83 — log(Cu?*)
5 C +2 - =Cut CU+
ut“(ac) + e~ = Cu™(ac) E =0.168 — 0.059 log cu?
6 CuO(s) + 2H* (ac) + 2e~ = Cu(s) + H,0 E = 0.564 — 0.059pH
7 CuAmX(s) + e~ = Cu(s) + AmX(ac) E = —0.538 — 0.059 log(AmX™)
8 CuAmX(s) + e~ + H*(ac) = Cu(s) + HAmX(ac) E =-0.189 — 0.059pH
9 1/,Cu,0(s) + H*(ac) + e~ = Cu(s) + 1/,H,0 E = 0.46 — 0.059pH
10 1/,Cu,0(s) + AmX~ (ac) + H*(ac) = CuAmX(s) + 1/,H,0 pH = 16.88 + log(AmX™)
11 1/,Cu,0(s) + 1/,H,0 = CuO(s) + H*(ac) + e~ E = 0.66 — 0.059pH
12 Cu, (AmX),(ac) + e~ & CuAmX(s) + AmX™ (ac) E =—0.027 — 0.059 log(AmX™)
13 AmX + Cut? +2e” = Cu(AmX E =0.543 0'0591 ( Cu(Am>); )
(AMX),(ac) + Cu*?(ac) + 2¢~ = Cu(AMX),(ac) = 0. 7109 (e ams;
HAmMX
14 Cu(AmX),(ac) + e~ + H*(ac) = CuAmX(ac) + HAmX(ac) E =0.075 - 0.059 log (—) — 0.059pH
Cu(AmX),

15 CuO(s) + AmX~(ac) + e~ + 2H"* (ac) = CuAmX(s) + H,0 E =1.66 — 0.059 log(AmX™) — 0.059pH
.059
16 CuO(s) + 1/,(AmX),(ac) + 2e~ + 2H* (ac) = CuAmX(s) + H,0 E =0.795 + log( AmX), — 0.059pH
_ 0.059 Cu(AmX),
17 CuO(s) + (AmX),(ac) + 2H* (ac) + 2e~ = Cu(AmX),(ac) + H,0 E =0.77 — > l ( AKX ) — 0.059pH
2
18 Cu(ac) + H,0 = CuO(s) + 2H* (ac) + e~ E =0.88 - 0.118pH

Amx-amyloxanthate(CsH,,0CS,)

The construction of the diagram was carried
out with the help of the Medusa software?®! of the
Department of Inorganic Chemistry of the Royal
Institute of Technology, Great Britain, which con-
tains a database from log K to 298 K; the software
allows the modification and creation of diagrams
from supplied data.

The potential value 1.59-102 eVE! for the
(Amx)./Amx (Am-amil; X-xantato) pair was used
in the construction of the diagram. The equilibrium
constant value for the copper(ll) amyloxanthate

(Amx)2-amyldiaxanthate(CsH110OCSz)2

complex formation reaction is 3.7-10°: for the
copper(l) amyloxanthate complex formation reac-
tion the experimental value 0.3467 was used?%),

3. Results and discussion

In the analysis of xanthogenic systems, the
decomposition of ethylxanthate in aqueous media
must be considered; for this purpose, six stages
have been proposed!®2,

Stage 1: Hydrolysis of xanthate ion and
formation of xanthic acid
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k,

K™(ac) + ROCS; (ac) + H,O

K- (ac) + OH (ac) + ROCS, Hac)
1)
Where R represents the carbon chain.
Stage 2: Decomposition of xanthic acid to
alcohol and carbon disulfide
k-
ROCS,Hac) —"‘_.1_ ROH(ac) + CS(ac)
)
Where k1, ko and ks are the velocity constants.
Both reaction equations are verified in acid
medium. lwasaki and Cooke!™! reported that the
ethylxanthate ion and ethylxanthic acid are in equi-
librium in a pH range from 0.10 to 4.71, corre-
sponding to the value of the dissociation constant of
ethylxanthic acid, which is considered a moderately
weak acid (pKa = 1.6)5,
Stage 3: Hydrolytic decomposition of xan-
thate ion
6ROCS, (ac) + 3H, 0 —
C‘O_«,'E(ac) +3CSs(ac) + ECS;':(M_) + 6ROHac)
(©)
This stage can occur in neutral and alkaline
media, however, some authors consider that the re-
action occurs only when pH > 131151221 According
to Pomianowsky and Leja®!, the decomposition of
trithiocarbonate into carbon disulfide and sulfur,
CS; and S*, can occur in parallel.
Stage 4: Oxidation to dixanthate
2ROCS,; (ac) —— (ROCS,),(ac) + 2¢
(4)
Zohir et al.*% propose that the above reaction
equation is independent of the reduction potential,
unlike the mechanism that takes place in the pres-
ence of dissolved oxygen in the aqueous medium:
4.a)
2ROCS, (ac) + 1/,05(ac) + H,O
(ROCS;)s(ac) + 20 (ac)
(%)
The magnitude of the reaction corresponding
to stage 4.a is very small and reaches equilibrium in
neutral medium after oxidation of 5%-10%; its ex-
tent depends on the pH of the medium. Its devel-
opment is more significant with increasing hydro-
carbon chain lengthl®. Correspondingly, the value

of the oxidation potential also increases; it is 0.04
eV and -0.159 eV for methyldixanthate and
n-amyldixanthate respectively®. The above infor-
mation indicates that the behavior of xanthates in
aqueous media, according to the number of carbon
atoms in the chain, may differ as a function of the
pH conditions of the medium. Similarly, the values
of the molar absorptivity coefficient are modi-
fied®!,

The oxidation reactions to dixanthate
have been considered irreversible and dixanthate
unreactive, but studies by Pomianowsky and Leja®!
showed that this species reacts under alkaline con-
ditions and gives rise to the ethylxanthate ion and
carbon disulfide®? according to the following reac-
tion equation.
2(EtX)s(ac) + 20H (ae) + 2K (ae) ——

EtX(ac) + EtOH(ac) + CS5(ac) + 2K (ac) + O4(g)
(6)

The development of the last two stages needs
specific conditions to be verified*!,

Stage 5: Oxidation to monothiocarbonate

ROCS; (ac) +1/,05(g) ROCOS(ac) + S(s)
(7)

According to Harris and Filkenstein®, the
formation of monothiocarbonate requires the par-
ticipation of sulfide where the reactants are previ-
ously adsorbed; the sulfide acts as a catalyst.

Stage 6: Oxidation to perxanthate

ROCS,(ac) + H,05(ac) ROCS,0(ac) + H,0O
(8)

In the case of perxanthate, its presence
has been recorded under specific conditions of alka-
linity and high degree of oxidation!*?14,

Although the steps have been generalized,
there is a contradiction between the pH range of
ethylxanthate decomposition in acidic medial* and
its application results in flotation at similar pH val-
uest®). Moreover, the effect caused by increasing
the number of carbon atoms on the pH range in
which such transformations manifest themselves
has not been tested. Although it is well known that
the stability of xanthate has been improved, and the
decomposition kinetics has slowed down with the
increase of carbon chain, these aspects have a sig-
nificant impact during the interaction between xan-
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thate species and metal ions present in a solution.
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Figure 1. Thermodynamic stability diagram of the copper/water/amylxanthate system.

3.1 Potential-pH diagram of the cop-
per/water/amyloxanthate system

Figure 1 shows the thermodynamic stability
diagram for the copper/water/amylxanthate system.

It is observed that the stability zones of the
xanthogenic copper species coexist practically up to
pH equal to 13 units. As can be seen, the conditions
of the potential of the medium play a decisive role
in the predominance of one of the species during
the flotation process. In a comparative analysis of
this diagram and the one reported by Hepel and
Pomianowski! for potassium ethylxanthate under
the same conditions, the variation in the stability
zones of the compounds with amyloxanthate, with
respect to the one formed with ethylxanthate, was
verified, mainly due to the reduction of the potential
value at which they are stable.

As for the pH value, no significant changes are
shown in the stability zones of the different species.
Compared with short chain xanthates, The differ-
ence in stability of amyloxanthate is based on the

speed of decomposition, and its kinetics is slow!?®,
This characteristic favors the use of amyloxanthate
with respect to ethylxanthate in processes where
greater stability of its complexes is required for
their separation by flotation.

4. Conclusions

The thermodynamic stability diagram for the
copper/water/amylxanthate system is established.
The analysis showed that the xanthogenic species of
copper(l) and (1) coexist in the pH range of 4 to 13,
and their ratio decreases with the increase of pH.
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