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Cu(II) Recovery from Aqueous Systems
by Flotation

Ligia Stoica®™ and Gabriela Carmen Oproiu

Department of Inorganic Chemistry, University “Politechnica”
Bucharest, Bucharest

ABSTRACT

Ionmolecular and colloidal inorganic particles representing both pollutants
and sources of useful substances require the separation from aqueous
systems by modern techniques that also permit their removal and recovery.
Ion flotation and precipitate flotation are considered as separation methods
with wide application, especially for the small concentration ranges of
noxious components, indicating high environmental and economical
performances. The present paper presents the results of a research
study concerning Cu(Ill) recovery from aqueous model systems by
the precipitate flotation method, dissolved air flotation (DAF), with an
anionic-type collector C;gH330,Na—sodium oleate (NaOL). The separa-
tion mechanism by the collector—Cu(Il) interaction at optimum conditions
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was studied. A comparison of chemical analysis results with electronic and
vibration spectra and thermal analysis for isolated species was also made.
The results of the experimental data plead for the Cu(ll) recovery
separation from aqueous systems and its recovery as oxide after thermal
decomposition of the species contained in the foam.

Key Words: Copper; Separation; Recovery; Precipitate flotation;
Sodium oleate.

INTRODUCTION

Wastewater arising from various metal-processing operations have
a complex composition, being impure in various ways. Therefore, they
require the application of efficient and economic purification methods.
Concerning the impurities of metallic ion, these pollutants are dangerous
but, simultaneously, they may represent a source of useful substances. For
the improvement of environmental quality, regarding the useful substances,
several methods of recover-separation have been developed, generally,
nonconventional procedures based on interfaces mass transfer. The group
of separation methods using adsorptive bubbles, which also includes
ion-molecular and colloidal particle flotation, represents an alternative to
the classical methods.!' 3!

Precipitate flotation is an efficient and economical separation method and
comprises separation of hydrophobic species (hydroxides, sulfides, etc.)
existing or formed in aqueous systems. In the precipitate flotation process, the
aqueous hydrophilic ion species become hydrophobic, by precipitation with an
other reagent than the tensioactive agent (the collector). The precipitate’s
hydrophobicity can be increased when it is treated with a tensioactive agent
(the collector) in lower quantities than the stoichiometrical ones.'*> The
collector has a heteropolar structure with linear chain (C > 8) and a polar
group, which causes it to interact with the insoluble hydroxospecies of the
colligand M"*, generally surface inactive. In this manner the product formed
by the collector—colligand interaction, or sublate, becomes surface active,
being concentrated in foam, owing to the mobile phase.

The efficiency of the flotation process depends on chemical factors (pH,
molar ratio collector : colligand C¢: Cypi+, M"" concentration), the gas flow,
and the hydrodynamic and the mass transfer factors.!®’

The Cu®" cations are present in aqueous solution at low pH values as
stable aqueous complex [M(OH2)4]2+. In the presence of collectors, the
Cu®" —collector interactions are important and the process becomes more
complex. The polymeric hydroxospecies that result from olation and/or the
hydrolysis process [M,(OH),(OH,),]"""" are involved in the flocculation

Copyright © Marcel Dekker, Inc. All rights reserved.
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process.’ = Flotation permits the separation of these complex species in
which the collector has a double role—by apolar part it is fixed at air bubble
and by polar part it interacts with insoluble species from the system.

Metallic ion separation from diluted solution by precipitate flotation is studied
especially for those systems that contain the tensioactive species as impurity.
Collector tensioactive properties are based on structures having long alkyl chains
(Cg—Cy3). The anionic collector sodium oleate (NaOL), CH3(CH,);,—CH=CH-
(CH,);—COO Na* /CH;3(CH,);—CH=CH-(CH,),COOH, present in some
aqueous systems, belongs to this group. It is necessary to know the form of the
collector in the particular aqueous system because this could influence the collector
function as tensioactive and complexant agent.

Literature data”'” show that for RCOO ™~ /RCOOH systems at pH < 4,
the fatty acids in protonated form are present in aqueous systems; at pH = 10,
the carboxyl molecules are fully ionized. At pH =5, the proportion of
ionization is about 50%.

The knowledge of the real separation—concentration mechanism and the
understanding of the active factor’s influence is very important in the
realization of an optimum separation control of the flotation process.

The present research was conducted on “model” systems prepared from
CuSO4-5H,0 p.a. for:

1. The study of the principal influencing factors (pH, Ce, Ccyqny) in Cu(Il)
separation by precipitate flotation; this allows evaluation of optimum
separation conditions, which were also applied and verified on real
aqueous systems (wastewater from copper plating and mine wastewater).

2. The interaction mechanism between Cu(Il)-insoluble species and
collector separated at optimum conditions; this characterization
allows the valuation of the final separated product use possible.

EXPERIMENTAL

The optimal separation conditions were established using the dissolved
air flotation (DAF) methodology.

Equipment
e Laboratory apparatus DAF''! contains a flotation cell connected at a
pressure vessel made of special steel in order to resist at high values of
pressure (to 8 atm). Also, the apparatus has an air-compressed supply

Copyright © Marcel Dekker, Inc. All rights reserved.
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system, a water supply system, stirring control system, manometer,
water- and air-dissolved admission tap, and thermostat.

ORION 290 A pH meter (USA).

Electrical stirrer (4803-02, Cole Parmer, USA).

Atomic absorption spectrophotometer (AAS) PYE UNICAM SP 9.
Perkin—Elmer spectrophotometer for IR spectra.

VIS-VSU-2G spectrophotometer for reflexion electronic spectra (Carl
Zeiss, Jena, Germany).

e Paulik-Paulik Erdey derivatotograph (Hungary).

Reagents

e CuSO4-5H,0 p.a.,, Merck (stock model, solution of 2 gL_l), in
distilled water was used to prepare working solutions, according to
Cu®" concentrations in real systems (10—100mgL ™).

e Anionic collector: sodium oleate Fluka p.a. 0.2% solution.

e NaOH (COMCHIM, Romania) p.a., 6 and 2M solutions as
precipitation reagent.

Methods

The experimental studies were carried out using CuSOg,, samples
(100 mgLfl, V=03L). A 6 and 2M NaOH solution was used in
order to obtain Cu(Il) hydroxide species for optimum pH separation
value (pH ~ 7). The samples containing Cu(Il) hydroxide species were treated
with collector reagent (NaOL) under continuous stirring and then
introduced into the flotation cell where the separation process by air bubbles
was achieved. To generate airbubbles, pressurized water (p = 4- 10° Nmfz,
Viample : Vwaer = 3:1) was used. Every 10sec, 2mL of the dispersion
was sampled and the concentration of Cu’" was determined by AAS.
For determination of Cu®" as soluble species, the samples were treated with
0.05 mL concentrated H,SO,.

The efficiency of the separation R was expressed as:

R=(1—C,/Cy)100 (1)

The initial concentration of Cu2+, Co, and the concentration at the time ¢, C,,
expressed in mg L™, were determined by AAS. The colligand—collector interac-
tion study was performed using coordinative chemistry-specific methodology:
chemical analysis, electronic and vibration spectra, and thermal analysis.
The foam obtained at optimal values of the pH and different molar
ratio C.: Ceyqn Was isolated and a comparison of chemical analysis results

Copyright © Marcel Dekker, Inc. All rights reserved.
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with electronic and vibration spectra and thermal analysis for isolated species
was made.

Chemical elementary analysis of the sublate was made using the follow
methods: Cu(Il) was determinate gravimetrically, SOi_ was determined
gravimetrically as BaSO,, and sodium was determined flamephotometrically.

IR spectra were performed using a Perkin—Elmer spectrophotometer by
pelleting techniques with potassium bromide in the range 400—4000cm ™"

Thermal analysis was performed with a Paulik-Paulik—Erdey derivato-
graph, with simultaneous registration of thermogravimetric (TG) analysis
Am = f(T)], thermodifferential gravimetric (TDG) analysis, and differential
thermal analysis (DTA), AT = f(7)] curves, in the range 20—900°C. Tests
were made in air atmosphere, with a temperature increase rate of 10°C min_*,
TDG sensitivity = 500 mg, DTA sensitivity = 1/10, platinum crucibles, and
a standard Al,O3 sample calcinated at 1000°C.

The separation stages in Cu(Il) aqueous systems recovery by precipitate
flotation are presented in Fig. 1.

RESULTS AND DISCUSSIONS
Optimal Separation Conditions
Flotation pH

The concentrating tendency of hydroxide-type species depends on the
flotation pH. In order to find the optimal flotation pH value in the separation
process, the recovery efficiency dependence of pH [%R = f(pH)] in the range
(6-8.5) was studied. The preliminary tests obtained in the range pH = 1-6
showed that the NaOL could not remove Cu(II) from solution with good results.
At pH > 6, Cu (OH), was formed and Cu(Il) could be floated as hydroxide
species.

Cu(II) solution (100 mgL™") was precipitated using a 6 and 2M NaOH
solution. The precipitate was mixed with NaOL as collector reagent, stirred
continuously, then followed by flotation.

Experimental data presented in Fig. 2 show that the maximum yield
R = 99.2% was obtained at pH ~ 7 (6.8—7.2).

Collector Concentration

In precipitate flotation, the collector concentration is generally under-
stoichiometrical and has to be established in correlation with maximum %R,

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 1. Separation scheme of flotation processes (DAF).

finally, the collector concentration in aqueous solutions must be under allowed
limits. Cu(II) solution (100mgL_1) was studied at different collector—
colligand molar ratios at the optimum pH ~ 7. Table 1 shows the relationship
%R = f(Cc: Ceyary)- The optimum  collector—colligand molar ratio is
Cc: Ceuany = 107" and a %R = 99.2 is obtained.

For molar ratios collector—colligand Cc: Coyary < 10", %R > 85.3%
and could be applied in order for Cu(Il) recovery from wastewater with
low consumption of collector. No supplementary addition of collector is
required.

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 2. Recovery efficiency as function of pH in Cu(Il) separation, C¢: Ccyary =
107, Viample : Vwaer = 31 1 at different time of flotation.

Cu(II) Concentration

The concentration range of copper in aqueous solution for which the DAF
method at pH ~ 7 and molar ratio Cc¢: Coyary = 10~ ! has the maximum yield
was also studied. The necessary air volume is provided by sample dilution
with pressurized water at 4- 10° Nm_z, to a dilution ratio that depends on
colligand concentration.

Experimental results presented in Fig. 3 show that DAF allows Cu(II)
recovery from aqueous system with anionic collector (NaOL) in the range of

Table 1. Recovery efficiency as function of collector—colligand concentration in
Cu(I) separation; Ccyary = 100mg LY Viample : Vwaer = 3:1, £=35min, p =4 x
10°Nm™>.

Cc: CCu(II)

107! 1072 1073

Time (sec) C(@mgL™") %R C@mgL™ ") %R  C(mgL™h %R

10 4.75 93.6 8.36 88.74 5.71 85.3

60 1.72 97.7 1.99 96.93 3.98 94.66
120 1.54 98.2 1.78 97.6 3.12 95.89
180 1.27 98.7 1.47 98.02 227 96.95
300 0.58 99.2 0.96 98.7 1.6 97.86

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 3. Recovery efficiency as function of initial Cu concentration in Cu(Il)
separation, Cc : Ceyary = 1074, PH =7, Vimpie : Vwaer = 3: 1.

10-100 mg L~ ! with maximum R = 99.2% for an initial Cu(II) concentration
of 100mgL™".

Gas Flow

The influence of gas flow on the efficiency of the separation was studied.
The necessary gas flow in DAF separation has been obtained according to
Henry—Dalton’s law, by pressurizing the diluting water followed by releasing
the pressure in the flotation cell. The experimental results obtained for
Ccuan = 100 mg L' at pH ~ 7, indicate that the optimum dilution ratio was
3: 1 for the samples pressurized at 4- 10° N'm ™~ 2. An increase over this pressure
is not necessary.

Foam Processing

The foam processing for copper recovery represents an important stage of
the experimental research. The resulting foam volume depends on the Cu(II)
concentration, the collector type, the collector—colligand molar ratio, and the
Viample : Viwaer dilution ratio. Foam processing results in a Cu(Il)-NaOL
system at pH ~ 7, a molar ratio of C¢:Ccyany = 107!, and Ccuan = 100

Copyright © Marcel Dekker, Inc. All rights reserved.
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mg L~ is presented in Table 2. The results show that Cu(II) is recovered in the
foam with R ~ 98.4%.

Cu(I) Separation from Real Samples (Wastewaters)

The proposed processing scheme based on “model” systems was used for
a real wastewater sample provided from the copper plating industry. By
processing the sample according to the stages listed in Fig. 1, at the optimum
pH, and with the experimental conditions (Ceyqry = 100 mg L Ce: Coyan =
1071, Veample : Vwater = 3:1), a separation recovery of R>96% was
obtained. The high efficiency of the Cu(Il) separation recommends the use
of the anionic type collector, NaOL, applied in the DAF technique.

The Nature of Collector—Colligand Interaction

The knowledge of the real separation—concentration mechanism and
understanding of active factor’s influence is very important in the realization
of an optimum separation control of the flotation process.

In order to establish the nature of collector—colligand interaction, the
insoluble sublates isolated at optimal pH values and different molar ratios
Cc : Ceyany Were studied by elemental chemical analysis. The results are presented
in Table 3. They show that for molar ratio Cnaor : Ceyan < 107! the sublate is
probably an oleate-hydroxo-sulfate compound, and for a molar ratio Cy,or :
Ccuany = 1 the sublate is probably a mixture of hydroxo-sulfate and hydroxo-
oleate-sulfate species (sample 1 was analyzed in the absence of the collector).

In order to achieve a better characterization of the separated compounds,
the sublate composition was studied.

Table 2. Cu(l) recovery in foam; Ccyqr = 100 mg L', Cc: Ccuan = 1071,
Vsample : Vwater =3: 1’ pH =1.

Cu(l) Foam analysis Cu(II) residual
Sample Total (mg/ CuSO, Cu(l) R mgL™' mgL™'
volume (L) mgL™"  Viupe) (Mg  (mg) (%)  cale exp
2 25 50 82.0 49.2 984 0.41 0.25
2 25 50 80.7 484  96.2 0.82 0.70
2 25 50 81.7 49.0 98.0 0.50 0.25
2 25 50 77.2 463 926 1.85 0.50

Copyright © Marcel Dekker, Inc. All rights reserved.
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IR Spectra

The experimental data registered for collector, sublate without collector,
and sublate with collector provides information on the coordinative species
formed by collector and on the existence of the other ions inside or outside the
coordinative field.

The characteristic IR frequencies for the CuSQO, isolated at optimum
pH ~ 7 and for the three obtained sublates are presented in Table 4. The
sublates are comparable to some reference data.''*! IR spectra and data
presented in Table 4 reveal the absence of valence vibration—vcoo  (1700—
1750 cm ™ ') characteristic for unsaturated acids and the absence of the other
vibration frequencies specific for saturated carboxylic acids. This could prove
the absence of this species in the acid form (COOH).

The presence of characteristic spectra of (COO ) species slightly shifted
in comparison with literature data, involving the possibility of coordination of
the oleate by oxygen as donor atom.

The presence of characteristic vibration spectra of OH  species
represents proof of the existence of this group in all separated sublates.
Also, the OH groups show an absorption band below 1100 cm ™. For one of
the Cu(II) compounds, this band is at about 955 cm . The band from 900
to 1000cm ™' could be assigned to the stretch vibration of the M—O bond of
carboxylic group.

The interaction between Cu(Il) and collector could be deduced from the
existence of the vibration frequency of the Cu—O bond, which appears at
435-440cm™ " as a medium-intensity band.

IR spectra sustain the idea of Cu(II) hexacoordination corresponding to
the proposed formula and show that all ligand have oxygen as a donor atom.
Reflexion electronic spectra study gives additional information about the
structural characterization of the separated species.

Figure 4 presents the reflexion electronic spectra of Cu(Il) insoluble
species in the absence of collector and of the sublate at C¢ : Ceyany = 102 and
sublate at molar ratio Cc: Ccyary = 2. Basic Cu(Il) sulfate spectrum is a
characteristic hexacoordinated combination of Cu(Il) presenting an absorption
band at ~14,200cm ' (700 nm). The band from 700 nm exists in all studied
spectra sustained by presence of an octahedral surround of Cu(II).

Sublate 2 spectrum obtained at molar ratio C¢ : Ceyar = 10 is not very
different from basic sublate spectrum because of low concentration of the
collector. Sublate 6 spectrum obtained at molar ratio Cc:Ccoyary = 2 i
different from the other two, presenting a supplementary band at 26,600 cm ™'
(375 nm), which is probably a ligand band.

The slight shift of the bands from 700 nm to lower A values in sublates at
molar ratio C¢: Ceyan = 10~% and Cc: Ceyqar) = 2 spectra compared with

Copyright © Marcel Dekker, Inc. All rights reserved.
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Figure 4. Electronic reflectance spectra: 1, basic Cu(Il) sulphate; 2, sublate at molar

ratio CC : CCu(II) = 1073, 3, sublate CC: CCu(I]) =2.

those of Cu(Il) basic salt and can sustain the ligand coordination. The spectra
results sustain the idea of Cu(II) hexacoordination corresponding to the
proposed formula and show that two carboxylic groups and two hydroxyl
groups surround the Cu(Il). The probable structure of the separated compound

is as follows:

Mk

| I

— R R
OH E é OH
0 |/o/ Qo\A /0/ No |
R-C 7/ “A(C P Cuy\ )Cu
N 0/(;'\0\ o’/\ Mo o A
H Nc/ 0 0 \C H

N\ C-R| Nag.2H,0

Differential thermal analysis of insoluble separated sublates gives addi-
tional information regarding thermal decomposition. The TG curves show three
decomposition steps associated with three DTA curves endo-effects (Fig. 5).
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Figure 5. Derivatogram for: (a) basic Cu(Il) sulphate [Cu(OH),-H,0], (b) sublate at
molar ratio C¢: Ceyan = 2, (c) derivatogram for collector.
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Figure 5. Continued.

Collector derivatograms show its gradual decomposition. The three
exothermic effects (265°C, 350°C, 435°C) and the three endothermic effects
(at 310°C, 390°C, 510°C) can be assigned to the decomposition and oxidation
of the organic residue. [Fig. 5(c)]. Weight losses calculated from the TG
curves are similar to those obtained by stoichiometrical calculation and
correspond to CuO formation.

The thermodifferential analysis of sublates obtained at molar ratio
Cc: Ceyan = 2 and without collector presents a loss of weight of about 86.71%
(Cc: Cenary = 2) and 45.23% (without collector), respectively; the corresponding
theoretical losses of weight from the proposed formulae are 88.45% and 46.18%,
respectively. The absence of RES signal (the absence of paramagnetism) could be
interpreted by obtaining some dimmer groups with diamagnetic coupling spin.

The physicochemical data presented above sustained the coordinative
nature of a collector—colligand interaction in the separation process of Cu(Il)
salts by flotation with NaOL. At very small concentrations of NaOL, the role
of collector is as ten-side only, but at higher concentrations the collector is not
only a ten-side agent but a complexing agent, too.

CONCLUSIONS

Dissolved air flotation is a depollutant separation process and its main
advantages are: high efficiencies (R > 95%), rapidity, accessibility, and the
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possibility of removal and recovery of organic and inorganic species. The
present paper proposes a Cu(Il) recovery method from aqueous systems by
precipitate flotation (DAF) using as collector reagent NaOL. The efficiency of
Cu(Il) separation by precipitate flotation with anionic collector NaOL is
maximum R = 99.2%, at optimum pH (pH ~ 7), and at a molar ratio collector
colligand of C¢: Ceyan = 107"

Good results from the ecological point of view were obtained for initial
Cu(Il) concentrations in the range 10—100mgL ™" and final concentrations
after flotation are less than 1 mgL~'. The physical—chemical data presented
sustained the coordinative nature of a collector—colligand interaction in the
separation process of Cu(Il) salts by flotation with NaOL. The interaction
of insoluble species with NaOL leads to a probable sublate’s structure, and
thermal analysis shows the possibility of obtaining the oxide from the sublate
that was isolated at optimal conditions. The study of the collector—Cu(II)
interaction could explain the separation mechanism and could sustain the
industrial application of the Cu(Il) removed in the form obtained in the
process.
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