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Characteristics of cadmium ion sorption from aqueous solutions on copper(Il) sulfide at
different temperatures and pH were investigated. The sorption process obeys to the
Langmuir equation, which is used to calculate the sorption capacities of copper(Il) sulfide.
It is shown that the sorption capacity increases with increase of pH and decrease of
temperature. The sorption capacity changes from 5.6 mg/g at pH 5 and 308 K to
15.2 mg/g at pH 7 and 288 K. Optimization of the conditions permits to improve the
copper(Il) sulfide sorption capacity. The pH changes during the sorption obey to the
Kurbatov equation with the sorption process being the ion exchange reaction.

Keywords: cadmium ion, sorption, sorption capacity.

Wccnemosannl ocobenHocTu copbuuu moHOB Kammusa cyiabbumom menu(Il) ms BogHBIX
PACTBOPOB IPM PASIMYHBIX TeMIieparypax W sHauenuax pH. CopOuumoHHBII IpoIecc HMOIUU-
HAeTcs ypaBHeHHoo JIeHrMmiopa, o mapamMerpaM KOTOPOTO PACCUUTAHBLI COPOIIMOHHBIE €MKOC-
tu cyabduga megu(Il). Ilokasano, uTo copOMOHHAsA €MKOCTbL BO3pacraer ¢ yBeaumdenuem pH
U CHIDKEHHEM TeMIIepaTypbl u Bappupyercsa or 5.6 mr/r nmpu pH 5 u 308 K mo 15.2 mr/r
npu pH 7 u 288 K. IlogGopoM ONTHUMAJBHBIX YCJIOBUII COPOIMM BO3MOMHO 3HAUNTEILHO
IIOBBICUTH COPOIIMOHHYIO eMKOCTh cyiabdhuga menu(Il). Usmenenme pH B mpormecce copOuuu
mogunHsieTcs ypaBHeHU0 KypbaToBa, UTO yKasblBAeT HA MEXaHH3M MOHHOTO O0MeHA MOHOB
KaIMUd Ha IPOTOH HOBEPXHOCTU COPOEHTA.

Oco6aunBoceri cop6uii ionie kaamio kynpym(II) cynbdimom 3 BOgHMX pos3umHiB 3a
pizaux temunepartyp ta pH. A.B.Bynzarosa, [[.C.Cogponos, K.JO.Bpunvosa, B.A.Hebanos.

Hocaimxeno ocobamusBocti copbiii itomis xaamiro kKynpym(Il) cyabpdizom 3 BOZHHX PO3-
unHiE 3a pisHmx TemiepaTtyp Ta pH. CopOuiiinuii mporec OigHOPAIKOBYETHCH PIBHAHHIO
Jleurmiopa, sa mapaMerpaMu SKOro pospaxoBaHo copOmiiiui emmocti rympym(II) cyandiny.
IToxkazano, mio copdbiilina emHicTs 3pocrae 3i 36inpmiennsm pH Ta sHIKEeHHSM TeMmMIlepaTypu
posumHy Ta Bapirmersesa Big 5.6 mr/r mpu pH 5 1 308 K go 15.2 mr/r upu pH 7 i 288 K.
Bubip onrumansHUX yMOB copOiii gae MOMKIMBiCTD migBMINUTU COpPOIliiny €MHicTh cyapdiny
kynpymy(Il). 3mima pH uig uac copbuii migmopsaxoByerbca piBaanui KypbartoBa, 1o
BKasye Ha MeXaHisM o0MiHy lioHIB KaaMii Ha HPOTOH IIOBEPXHi copbeHTY.

1. Introduction wastewater and natural water [1-12]. As

sorbents for cadmium ion removal different

Sorption is a widely used purification natural and synthetic materials are used
method for removal of cadmium ion from such as natural ferric hydroxide [7-9],
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pearlite [18], clinoptiolite [14], goethite and
aluminium oxide [15], montmorillonite and
kaolin [16], silicon dioxide [1], iron
nanoparticles [12], modified activated carb-
on [4, 5], red mud [6], ion-exchange resin
[10] et al.

The sorption capacity towards cadmium
ions for synthetic silicon dioxide is
0.64 mg/g, for synthetic ferric hydroxide is
7.41 mg/g, for modified activated carbon is
4.05 mg/g, for natural ferric hydroxide
10.00 mg/g, for iron nanoparticles is
11.57 mg/g, for pearlite is 3.05 mg/g, for
clinoptiolite is 2.08 mg/g, for goethite is
4.82 mg/g, for aluminium oxide is
0.0085 mg/g.

Metal sulfides are promising compounds
for production of the sorption materials [2,
17]. Such materials are available and their
synthesis does not demand the complicated
equipment. The sorption capacity towards
cadmium ions for iron(Il) sulfide is 7.37 to
22.94 mg/g at pH from 5 to 7 and tempera-
ture from 303 to 323 K [2]. The copper(Il)
sulfide sorption properties for cadmium ion
removal have not been investigated.

The authors of some recent studies [3,
18, 19] assumed that possible mechanism of
metal ion incorporation in the metal sul-
phides corresponds with reactions:

CuS + M2+ = MS + Cu?*, €Y

2CuSH + M2+ = (CuS),M + 2H*, (2)

CuSH + MOH* = (CUS)MOH + H*,  (3)

where CuS and CuSH are sulphide surface
groups and M?* is a metal cation.

Initial sorbate concentrations, pH values
and temperature of the solutions have an
influence on the sorption values of the
metal ions. Investigation of the temperature
dependence of the sorption properties is
very important because solubility of the sor-
bents increases with an increase of the tem-
perature and stability of the surface com-
plexes varies with the temperature [1-4,
10, 12]. In the works [2, 4, 5, 10, 12] it is
shown that the sorption of cadmium ions
decreases with increase of the temperature.
The temperature value also has an effect on
electric surface properties of the sorbents
and on the composition of the surface com-
plexes. The sorption from solutions at the
phase boundary “solid surface — electro-
lytic solution™ depends on the boundary
electric characteristics of the surface. Thus,
the value of negative charge can make a
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positive electrostatic contribution to the
sorption interaction between the surface
and cations, and positive charge promotes
the sorption of anions. The electric surface
properties can be estimated from change in
charge density with change in pH and the
temperature [20].

The aim of this work was to investigate
the effect of initial sorbate concentrations,
pH values and temperature of the solutions
on the value of cadmium ion sorption on
copper(Il) sulfide as well as to study the
influence of the temperature and pH on the
surface charge at the phase boundary "solid
surface — electrolytic solution”.

2. Experimental

For precipitation of copper(II) sulfide,
Cu(NOg3), - 8H,0, thiourea and potassium
hydroxide from "Reachim"” were used. All
reagent used were analytical grade. All so-
lutions were prepared with the distilled
water.

Copper(II) sulfide precipitation was car-
ried out as follows: 0.1 M solution of potas-
sium hydroxide was added to 100 ml of 1 M
Cu(NO3), solution until pH reached 12.
Then thiourea solution in a molar ratio
c(Cu2+):c((NH2)ZCS) 1:4 was added. The re-
sulting mixture was heated and boiled dur-
ing one hour. At the end of synthesis the
precipitate was filtered out, washed several
times with distilled water and dried at the
room temperature for 24 h.

Sorption experiment was carried out at
288, 298, 308 K in thermostat during 24 h.
The mass of the sorbent was 0.1 g, the vol-
ume and the concentration of the solution
were 50 ml and 10 to 100 mg/g, respec-
tively. pH values of 5, 6, and 7 were adjusted
by solutions of HNO3; and NaOH. After sorp-
tion the suspension was filtered. Equilibrium
concentrations of cadmium ions were quanti-
fied by inductively coupled plasma atomic
emission spectrometry (TRACE SCAN Advan-
tage, Thermo Jarrell Ash).

The zero point of charge (ZPC) was de-
termined by potentiometric titration of
aqueous suspension of copper(Il) sulfide
[20]. Titration procedure consisted of add-
ing about 50 ml of the stock suspension of
CuS (about 1 g of CuS) to the cell. The
suspension of CuS was titrated by solutions
of NaOH and HCI. The pH range from 5 to
10 was covered. Equilibration was fast (less
than 10 min) in the high alkaline and in the
acidic pH range but in the vicinity of the
ZPC and near the equivalence point equili-
bration times as high as 2 h were observed.
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Fig. 1. X-ray diffraction patterns of cop-

per(Il) sulfide powder.

Fig. 2. SEM images of CuS particles.
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Fig. 8. Plots of the adsorption density (I) of OH™ and H* versus pH for CuS at 288 (a), 298 (b), 308 (c) K.

Sodium chloride was chosen as supporting
electrolyte and its concentrations were
0.001, 0.01, and 0.1 M. The intersection
point of three potentiometric titration
curves at ionic strengths of the supporting
electrolyte (i.e. 0.001, 0.01, and 0.1 M) cor-
responds to the zero point of charge.

To obtain the FTIR spectra, SPECTRUM
ONE (PerkinElmer) infrared spectrometer
operating with spectral resolution of 1 em™!
was used. Powder X-ray analysis was per-
formed on powder diffractometer Siemens
D500 (Cu-K, with a graphite monochroma-
tor in the secondary beam). Full X-ray dif-
fraction patters were measured within the
range of 10 < 20 < 90° with a step of 0.02
and accumulation time of 10 sec for each
point. Study of the surface morphology of
the powder obtained was carried out using a
scanning microscope (SEM) JSM-6390LV.
The pH values were measured by a pH
meter pH-150 with a glass electrode and an
auxiliary silver chloride electrode.

3. Results and discussion

CuS precipitation. Addition of thiourea
to Cu(NOj), solution leads to formation of
the black precipitate of copper(Il) sulfide.
Fig. 1 shows X-ray diffraction patterns of
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the obtained powder. According to the re-
sults of X-ray diffraction analysis, synthe-
sized sample is CuS as covellite with impu-
rity phase of Cuy g,S.

CuS powder consists of spherical parti-
cles with a mean diameter of 0.35 um
(Fig. 2). Specific surface area of the powder
was measured by the Brunauer-Emmett-
Teller method. The powder has specific sur-
face area of 8.5 m?2/g.

The obtained powder was used for inves-
tigation of cadmium ion sorption from
water solutions.

Plots of the adsorption density (I') of
OH- and H* (i.e. an excess of one species
over the other) against pH determined by
the Parks titration show that surface prop-
erties of copper(Il) sulfide depend on tem-
perature. pHypc values decrease with tem-
perature increase and are 6.9, 6.5, and 5.7
at 288, 298, and 308 K, respectively
(Fig. 3). Such decrease of pHypc values
with temperature increase was observed in
the system Al,03—-H,O [21-28]. The authors
concluded that this effect was due to proton
desorption with the temperature increase.

It is known that solubility of the metal
sulfides increases with increase in the tem-
perature and decrease in pH. Therefore,
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Fig. 4. PlotS of the removal degree of Cd?* versus pH for CuS at 298 K (a) and isotherms of cadmium

ion sorption on CuS at pH 5 (b), 6 (c), 7(d).

when interpreting the pHyp shift data it is
necessary to take into account that increase
of the temperature causes the increase of

Table 1. Amount of copper(Il) ions released
during the sorption of cadmium ions on
copper(1I) sulfide at pH 5.

the solubility of the studied sorbent with

formation of hydrated compounds on its 288 K 298 K 308 K

surface. A, [eCu(ll),| A, |eCu(ll),| 4, [eCudy,
Sorption of Cd?*. Cadmium is primary in mg/g| mg/g |mg/g| mg/g |mg/g| mg/g

form of Cd?* in the pH raénge of 57 [24]. 3.6 0 2.9 0.2 9.7 0.5

The removal degree of Cd4* increases with

pH increase and exceeds 50 % at pH more 6.1 0 4.4 0.2 4.0 0.6

than 5 (Fig. 4a). 9.1 0 4.7 0.2 4.2 0.6
Cadmium ion sorption was studied as a 10.0 0 4.8 0.8 4.4 0.6

function of pH, temperature and sorbate 10.9 0 5.3 0.3 4.6 0.7

concentration. The obtained sorption iso-

therms show that the sorption of cadmium 10.7 0 5.8 0.2 4.9 0.6

ions decreases with increase of the tempera- 10.9 0 6.0 0.2 5.3 0.6

ture. pHypc shift in more acidic range with
increase of the temperature induces the sur-
face charge density changes. It leads to
change in the electrostatic component of the
free energy for cadmium ion sorption and
thereby in the sorption value. In addition,
the sorption of cadmium ions increases with

ous solution.
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increase in the initial pH value of the aque-

The amount of copper(II) ions released
during the sorption of cadmium ions in-
creases with an increase in the temperature
and does not depend on the amount of cad-
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Fig. 5. Plots of 1gK; versus pH for cadmium

Table 2. pH values after sorption (pHeq)

pH 5 pH 6 pH 7
pHeOl A, pHeol A, pHeq A,
mg/g mg/g mg/g
6.02 3.3 6.75 3.8 8.79 3.8
5.78 5.0 6.56 6.3 8.73 6.5
5.65 5.3 6.53 10.3 8.71 10.4
5.55 5.5 6.45 11.0 8.67 12.0
5.47 6.0 6.31 11.5 8.45 13.0
5.32 6.5 6.12 | 11.8 | 8.32 18.5
5.29 6.8 - - 8.27 13.8

ion sorption at 298 K.

mium ions sorbed (Table 1). Therefore, the
sorption mechanism does not follow the re-
action (1). The amount of sulfur released
during the sorption (0.6 mol/g at pH 5 and
308 K) confirms the same, because it coin-
cides with the amount of copper(II) ions.
Thus, copper(Il) ions and sulfide ions re-
leased during the sorption of cadmium ions
are the results of copper(Il) sulfide dissolu-
tion.

The pH changes accompany the cadmium
ion sorption. The pH values after sorption
(pHeq) decrease with increase of the cad-
mium ions sorption (Table 2). It shows that
the protons previously sorbed on CuS ex-
change with cadmium ions from aqueous so-
lution. Similar changes in pH with cadmium
ions sorption was observed in the works [18,
19]. Therefore, the reactions of the ion ex-
change (2) and (3) are possible.

After calculating the ratio between the
numbers of released protons and sorbed cad-
mium ions, it is possible to determine
whether the reaction of the ion exchange (2)
or (3) takes place. Such information can be
obtained from linear plots of 1gK, versus
pH according to the equation proposed by
Kurbatov et al. [15]:

lgKk,;=npH+C, 4)
where K,; is the distribution coefficient
(Kg =A/C,), A is the amount of cadmium
ions sorbed per 1 g of the sorbent, C, is the
equilibrium concentration and n is the slope
of the line which shows the stoichiometry of
the ion exchange reaction between H* and
cadmium ions. Plots of 1gK; versus pH for
the cadmium ion sorption at 298 K are
shown in Fig. 5.

The values of n given in Table 8 are in
the range between 1.2 and 1.9 that is at
this conditions 1.2 to 1.9 mol of protons are
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Table 3. Values of n obtained from the
Kurbatov equation for cadmium ion sorp-
tion on copper(Il) sulfide at different val-
ues of temperature and pH

T, K pH 5 pH 6 pH 7
288 K 1.2 1.3 1.3
298 K 1.7 1.8 1.8
308 K 1.9 1.9 1.9

Table 4. Sorption capacities (4,) and the
Langmuir coefficients (K,) for cadmium
ion sorption on copper(Il) sulfide

T, K pH=56 pH=6 pH=7
A, | Ky | Ay | Ky | Ay | Ky
mg/g| l/g |mg/g| l/g |mg/g| l/g
288 K| 13.3 | 152 | 14.3 | 188 | 15.2 | 257
298 K| 9.0 184 | 11.4 | 221 | 138.7 | 335
308 K| 5.6 236 7.3 261 | 13.0 | 342
Table 5. The Gibbs energy changes

(kd /mol) for cadmium ion sorption on cop-
per(Il) sulfide

T, K pH 5 pH 6 pH 7
288 -12.0 -13.0 -14.2
298 -12.5 -13.4 -14.9
308 -13.1 -13.8 -14.9

released from copper(Il) sulfide surface
when 1 mol of cadmium ion is sorbed. Thus
both reactions (2) and (8) are possible.

The Langmuir isotherms were used for
the interpretation of the ion exchange reac-
tions. The values of sorption capacity (4,,)
and Langmuir coefficient (K;,) for the sorp-
tion of cadmium ions on copper(Il) sulfide
are given in Table 4. The values of the sorp-
tion capacity decrease with an increase in
the temperature but increase with increase
of pH from 5 to 7. The K, values increase
with increase of the temperature at pH
from 5 to 7.

Functional materials, 23, 1, 2016
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In order to ascertain the nature of cadmium
ion sorption on copper(Il) sulphide, changes in
the Gibbs free energy (AG) were calculated ac-
cording to the following equation:

AG = -RTInkK,. (5)

Only negative values of the Gibbs free
energy were obtained. It is evidence of the
spontaneous nature of the sorption
(Table 5). Similar values of the Gibbs free
energy were found for cadmium ion sorp-
tion on ion exchange resin [3, 10] and rice
husk ash [26].

4. Conclusions

The process of cadmium ion sorption on
copper(Il) sulfide from aqueous solutions
was investigated. The sorption increases
with increase of pH and decrease of tem-
perature. The sorption capacity of cadmium
ions on copper(Il) sulfide changes from
5.6 mg/g (at pH 5 and 308 K) to 15.2 mg/g
(at pH 7 and 288 K). The Kurbatov equa-
tion is applicable to fit the experimental
data indicating the ion exchange mecha-
nism.
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