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An experimental investigation is presented on competitive flotation of zinc(I1) and cadmium(ll)
ions from dilute agueous solutions with sodium dodecylbenzenesulfonate (DBSNa) as the anionic
surfactant and hexadecylpyridinium chloride (CPCI) as the cationic surfactant. The effect of inorganic
ligands, i.e. cyanides, thiocyanides, sulfates, thiosulfates, nitrates, and perchlorates on the selectivity
of cadmium(ll) over zinc(ll) is established. Separation of Cd(ll) and Zn(Il) ions by DBSNa is not
occurred. The separation of Cd(I1)/Zn(11) by CPCI in presence of inorganic ligands at concentration
range from 0.01 M to 1.0 M increases in the sequence: CN™ < SCN™ < SO,% < S,04%.
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INTRODUCTION

Zinc(I1) and cadmium(l1) ions are removed from dilute aqueous sol utions applying
physicochemical methods such as solvent extraction, ion flotation, sorption, liquid
membranes and ionic exchange. lon flotation is an effective and simple process of
metal ions concentration and separation from dilute agueous solutions
(cme< 1.0- 10*M), which involves the use of the ionic surfactant (collector) and the
subsequent passage of gas bubbles through the aqueous sol ution.

The ion flotation selectivity for metal ions has been presented in several papers.
Foam separation of Cd(Il) ions by sodium dodecylsulfate and sodium dodecanoate
from agueous solutions was investigated by Jurkiewicz (1984-85). The presence of
electrolytes in the solutions have a negative influence on cadmium(ll) foam removal.
Jurkiewicz (1985) also investigated separation of thiocyanate and iodide complexes of
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cadmium(ll) from acidic agueous solutions using hexadecyltrimethylamonium
bromide (CTMABTY). In the presence of acids, the zinc thiocyanate complex removal
increases in the presence of following acids: perchloric < iodidc < nitric < sulfuric <
phosphoric < acetic. Jurkiewicz (1990) conducted the separation of zinc(ll) and
cadmium(Il) ions with CTMABT in the presence of chloride, bromide, iodide and
thiocyanate ions. For anionic surfactants (sodium dodecylbenzenesulfonate and
sodium dodecylsulfonate) Walkowiak (1991) found the following foam separation
selectivity sequences toward cations: Mn* < Zn*" < Co* < Fe* < Cr*", and Ag’ <
Cd* < In*. The good correlation between selectivity sequences of studied metal ions
with anionic surfactant and the ionic potentials of those cations was discovered. The
flotation selective of zinc(ll), cadmium(ll), mercury(ll), and gold(Ill) ions using
hexadecyltrimethylamonium chloride in the presence of chlorides and cyanides was
also investigated by Walkowiak et a. (1976, 1979, 1992). Selectivity order of foam
fractionation was as follows: Au(CN); > Hg(CN),/> > Cd(CN),> > Zn(CN),*
(Walkowiak and Grieves 1976). The effect of inorganic ligands, i.e. thiosulfates,
thiocyanates, and cyanides on the selectivity of ion flotation of Zn(Il) and Ag(l) was
investigated by Charewicz et al. (1999). The influence of zinc(ll) and cadmium(Il)
ions concentrations on the effectiveness of flotation removal with potassium oleate
was studied by Sinkova (1998). Zinc(l1) and cadmium(ll) ions are removed effectively
from aqueous solution using this surfactant. Also, Scorcelli et a. (1999) was studied
the removal of cadmium(ll) using sodium dodecylsulfate as a collector. The best
removal (99 %) was achieved for the concentration ratio of ametal cations to collector
equal to 1:3. Preliminary research of cadmium(ll) over zinc(ll) ions separation by
hexadecyltrimethylamonium chloride was conducted by Koztowski et al. (2000).
Recently Ulewicz et al. (2001) investigated separation of cadmium(ll) over zinc(ll)
ions by hexadecyltrimethylamonium chloride in the presence of halides in the agueous
solutions. In the presence of halides in the agueous solutions the separation of Cd(1l)
over Zn(ll) ions by DBSNa was not occurred, whereas selective separation of
Cd(11)/Zn(l1) by CPCI in presence of halides at concentration range of 0.001 M to
1.0 M increasesin the sequence: F <CI" <Br <I.

This paper concerns the selective removal of zinc(ll) and cadmium(ll) ions from
dilute agueous solutions (Cye = 1.0- 10°M) in competitiveion flotation in the presence
of inorganic ligands such as cyanides, thiocyanides, sulfates, thiosulfates, nitrates, and
perchlorates. The Zn(ll) and Cd(I1) flotation for anionic complexes from agueous
solutions by hexadecylpyridinium chloride as a cationic surfactant was applied. The
competitive ion flotation of Zn* and Cd** by sodium dodecylbenzenesulfonate was
also studied.

EXPERIMENTAL

The apparatus and procedure were as described in recently published paper
(Ulewicz et al., 2001). Experiments were performed at an ambient temperature (20 £
2°C) and at a constant gas (nitrogen) flow rate of 12 ml/minute through a sintered
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glass sparger of 20-30 um, nominal porosity. The concentration of zinc(ll) and
cadmium(ll) was 1.0- 10°M. All ligands, i.e. CN", SCN’, SO, S,05%, NO3', and ClO,,
were investigated in range of the concentrations of 5.0- 10° + 1.0 M. Reagent grade
inorganic chemicals, i.e. NaCN, NaSCN, NaNOs;, NaClO,, N&SO,4, NaS,03, ZNSO,,
CdS0O,, NaOH and H,SO, were obtained from POCh (Gliwice, Poland). Typical ionic
surfactants were applied, i.e. sodium dodecylbenzenesulfonate (DBSNa, BHD
reagent) as an anionic surfactant, and hexadecylpyridinium chloride (CPCI, Loba
Chemie reagent) as a cationic surfactant. Both surfactants were purified by
recrystalization from ethanol. The concentration of surfactants in the agueous
solutions was 2.0- 10 M. The gamma radioactive isotopes used, i.e., Zn-65 and Cd-
115m, were from the Atomic Energy Institute ,,POLATOM” (Swierk, Poland). They
were of sufficiently high specific activity to neglect the effect of carrier concentration
(9.2 MBg/mg for Zn-65 and 2.26 MBg/mg for Cd-115m).

The efficiency and rate of flotation, i.e. the flotation degree (M = 1-¢/¢) and the
first order rate constant (k, mi n'l) were calculated from experimental curves of c/c; vs.
time (where ¢;, ¢, and ¢, are the initial, actual, and final concentration of floated ion).
The selectivity coefficient (S) was also used such asin previous paper (Ulewicz et a.,
2001).

Table 1. Stability constants of zinc(I1) and cadmium(I1) for complexes with inorganic ligands
(Stability constants, 1982). lonic strength| = 0.1 M

System logBs logB2 logBs logBs4
S,02 Zn(ll) 0.96 194 3.30 -
Cd(In) 2.74 4.65 6.95 7.12
S02 Zn(Il) 0.89 1.23 1.66 167
Cd(In) 0.95 1.55 1.76 2.30
SCN- Zn(ll) 0.71 1.00 1.20 150
cda 1.16 1.49 163 165
CN° Zn(11) - 10.64 15.74 19.98
pK,=9.21 Cd(In) 5.62 10.80 15.70 19.20
NOs Zn(ll) 020 064
cd(in) -0.05 -0.80
clo, Zn(Il) 1.70
cd(n -

The total concentration of metal in agueous solutions can be described by an
equation (1), whereas the ratio of formed metal complexes was caculated by an
equation (2). In Table 1 are given values of the stability constants of inorganic
complexes for Zn(I1) and Cd(I1).

ear = [M]+[MI] +[MLy ] + ...+ ML, 1)
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where[L] - concentration of ligand which is not complexed by a metal,
B - overal stability constants of metal complex.
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RESULTS AND DISCUSSION

The flotations of zinc(ll) and cadmium(ll) ions with  sodium
dodecylbenzenesulfonate from agueous solutions containing single metal ions at the
concentrations of metals equal to 1.0- 10° and 2.0- 10°M were described in previous
papers (Ulewicz et. al 2001). The flotation removal and rate of Zn?* and Cd** cations
with DBSNa as the anionic surfactant was comparable. Also the removal of Zn?* and
Cd** cations with DBSNa in the presence of halides was comparable. The differences
in the removal of Zn(I1) and Cd(Il) ions from solutions containing halides with CPCl
were observed. In the this paper the influence of inorganic ligands, i.e. CN, SCN’,
S0, $,05%, NO3, and CIO, on the separation of zinc(Il) and cadmium(l1) ions was
examined.

It was found that the removal of zinc(ll) and cadmium(ll) ions decreases with
increasing of ligands concentration in agueous solutions using anionic collector, i.e.
DBSNa(Fig.1).
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The separation of Zn(ll) and Cd(Il) in thiocyanides, sulfates, nitrates, and
perchlorates media agueous solution with DBSNa does not occurred, since the
removal of both metals was comfarabl e. Only in the presence of thiosulfates at higher
concentration (0.01 M) of S,05” ions, the removal of Zn(ll) was observed as much
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higher than Cd(I1) ions. The selectivity coefficients of Zn(I1)/Cd(I1) for concentration
of $;,05° equal to 0.001, 0.01, and 0.1 M were: 2.5; 3.8 and 9.7, respectively. In the
presence of CN’ removal of Zn(l1) and Cd(ll) ionsis not occurred.

The partial separation of studied metals occurs when a cationic collector, i.e. CPCl,
was applied. Flotation kinetics curves of Zn(ll) and Cd(ll) for competitive ion
flotation of those metals from 0.1 M (a) and 1.0 M (b) S;04” agueous solutions with
CPCl is presented in Fig. 2. As can be seen from this figure cadmium(ll) is floated
much higher than zinc(ll) ions. The remova of Zn(ll) and Cd(Il) ions increases with
increase of thiosulfates ions concentration. The selectivity coefficients of
Cd(11)/Zn(11) for concentration of S,05” equal to 0.10 and 1.0 M were 1.4 and 4.2,
respectively.

Fig. 2. Kinetic curves of the Zn(ll)
and Cd(Il) ionsfrom agueous
solutions containing 0.10 M (&) and
1.0 M (b) S,0:% by CPCI, [Zn*"] =
[Cd*]=1.0- 10°M,[CPCl]=2.0- 10*
M, pH =4.0

0 10 20 30 40 50 0 10 20 30 40 50 60

time (min.)

Floatation of Zn(ll) and Cd(ll) ions from agqueous solutions containing NOs', or
ClO, with cationic collector does not occur. The maximal percent removal of Zn(I1)
and Cd(I1) ionsin presence of cyanides, thiocyanides, sulfate, and thiosulfatesions are
shown in Fig. 3. In this figure, the calculated formation percent of metal complexes
for cyanides, thiocyanides, sulfate, thiosulfates, is also shown. Using this collector it is
possible to remove Zn(1l) and Cd(ll), which are existing as anionic forms in agueous
solutions. The differences of predomination range for anionic forms of Zn(Il) and
Cd(ll) adlow to separate cadmium(ll) over zinc(ll). With the increase of ligand
concentration, the removal of Cd(ll) and Zn(ll) ions increase. The flotation degree of
Cd(11) and Zn(I1) is comparable for the inorganic complex anions of the investigated
metals.

The selectivity coefficients of cadmium(ll) over zinc(ll) in presence of investigated
ligands are shown in Fig. 4. The selectivity coefficients for Cd/zn by CPCI in
inorganic media aqueous solutions at the concentration range from 0.01 to 1.0 M
increase in the following sequence: CN" < SCN’ < SO,* < S,057, respectively.
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Fig. 3. Influence of analytical concentration of sulfates (a), thiosulfates (b), thiocyanates (c), and
cyanides (d) on removal of Zn(I1) and Cd(I1) ionswith CPCI , and molar fractions of anionic metal
complexes, pH = 4.0 (for CN" pH=11.0)

Separation of Cd(ll) and Zn(Il) ions with CPCI is the best in the presence of
thiosulfates (Table 2). As can be seen from this table the kinetic rate constants for
cadmium(l1) are higher than for zinc(Il). The rate constant ratios of Cd(l1)/Zn(I1) for
S0,%, SCN', and S,05” areequal: 1.2; 1.1 and 5.3, respectively.

Table 2. Rate constant of Zn(I1) and Cd(I1) by CPCI in presence of inorganic ligands
at concentration of 0.5M

k[min?] r’ k[min?] r*
Lignads Zn(1l) determination Cd(lr) determination
coefficients coefficients
S02 0.137 0.9916 0.168 0.9909
S0 0.069 0.9941 0.369 0.9875
SCN- 0.172 0.9829 0.184 0.9934
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CONCLUSIONS

or

23

Separation of Cd(ll) and Zn(Il) ions using anionic collector, i.e. DBSNa from
agueous solutions in the presence of inorganic ligands at the concentrations range of
5.0- 10° + 1.0 M with the exception of S,05%, was not observed since the removal of
both metals is comparable. This is caused by the fact, that zinc(ll) and cadmium(ll)
form cation complexes which possess comparable values of stability constants. In the
presence of thiosulfates the removal of Zn(Il) is much higher than Cd(ll) ions by
DBSNa. The high selectivity coefficient of Zn(11)/Cd(ll), i.e. 9.7, was aobtained for
concentration of S,05° equal 0.1 M.

The cadmium(ll) over zinc(ll) selectivity was observed in the presence of
thiosulfates ligands when cationic surfactant, i.e. hexadecylpyridinium chloride, was
applied. The selectivity coefficients for Cd(11)/Zn(11) increase in the following order of
ligands: CN < SCN™ < SO, < S,05%. The values of Cd(I1)/Zn(Il) selectivity
coefficients at S,05> concentration equal to 0.10, 0.05, and 1.0 M were 1.4, 11.2, and
4.2, respectively.
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Przy uzyciu kolektora kationowego — chlorku heksylopirydyniowego (CPCl) oraz kolektora
anionowego - dodecylobenzenosulfonianu sodu (DBSNa) wydzielano oraz rozdzielano jony cynku(ll) i
kadmu(ll) odpowiednio w postaci kationowych i anionowych form kompleksowych z wybranymi
ligandami nieorganicznymi z roztworéw wodnych zawierajacych rbwnomolowa mieszaning obu metali.
Rozdzielenie jonéw Zn(II) i Cd(II) przy uzyciu kolektora anionowego w obecnosci jonow SCN’, SO,%,
NOs i ClO4 nie jest mozliwe poniewaz cynk(IT) i kadm(IT) tworza kationowe formy kompleksowe o
podobnych wartosciach stalych trwalosci. Przy uzyciu tego kolektora jedynie w obecnosci S,05>
obserwowano separacj¢ jonow Zn(II)/Cd(II). Wspolczynniki selektywnosci Zn(II)/Cd(Il) przy st¢zeniu
82032' réwnym 0,001; 0,01 i 0,1M wynosza odpowiednio: 2,5; 3,8 i 9,7. Natomiast przy uzyciu
kolektora kationowego, tj. chlorku heksylopirydyniowego, obserwowano separacjg¢ jonow kadmu(Il) od
cynku(II). Separacja badanych jondw metali przy uzyciu CPCl w obecnosci ligandéw nieorganicznych w
zakresie ich stezeh 0,1 + 1,0 M wzrasta w szeregu: CN™ < SCN™ < SO,% < S,05%. Wspblezynniki
selektywnosci Cd(I1)/Zn(Il) przy stezeniu S,0z> réwnym 0,1; 0,5 i 1,0 M wynosza odpowiednio: 1,4;
11,2i 4,2.



