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INTRODUCTION

Nowadays, the human activity generates sig-
nificant amounts of waste, including wastewater, 
which pose a significant threat to living organ-
isms. Among the substances emitted into the nat-
ural environment, there are also cobalt and copper 
compounds. Cobalt is an element that occurs in 
the natural environment mainly in mineral forms 
such as: arsenics, sulfides, arsenosols, hydrates 
and oxides (Bielański, 2020). Its presence in the 
Earth’s crust is mainly associated with copper and 
nickel ores, as well as lead, iron and zinc ores. In 
trace amounts, cobalt is not harmful to humans. It 
is a component of vitamin B12 and can be found 
in most tissues. The toxic effect of this element 
in relation to living organisms is revealed only at 
high concentrations. Cobalt is one of the contact 
allergens. Radioactive cobalt is very dangerous to 
living organisms. Metallic cobalt dust is classified 
as a carcinogen. The people working in metallur-
gy, metalworking, printing houses, ceramic indus-
try (cobalt dyes), at paints production and agricul-
ture are mainly exposed to the influence of cobalt 

and its compounds. There is also a risk of poison-
ing for the people living in the vicinity of landfills 
with waste containing cobalt and industrial emit-
ters (Bożęcka and Sanak‑Rydlewska, 2018).

Copper, like cobalt, is also a micronutrient 
essential for the proper functioning of living or-
ganisms, but simultaneously, after exceeding a 
certain level, it can cause a toxic effect. Its most 
important task in a body is to participate in oxi-
dation‑reduction processes as well as to normal-
ize metabolism and iron transfer. Its deficiency 
causes a significant reduction in the copper‑de-
pendent enzymes and this leads to the inhibition 
of cell life processes (Ogórek et al., 2017). High 
concentrations of copper can cause serious toxi-
cological symptoms, as it affects the brain, skin, 
liver and pancreas (Al‑Saydeh et al., 2017).

Copper is a valuable element widely used in 
many industries. Due to its very good electrical 
conductivity, it is mainly used in the electrical 
industry. It is also used in the production of al-
loys, such as: brass, bronze, alloys with alumi-
num, manganese and beryllium. The copper com-
pounds are also used in the dyeing industry, for 
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ABSTRACT
In this paper, the sorption capacity of Norit SX2 activated carbon, ground rice husks and C‑160 ion exchange 
resin in relation to the Cu2+ and Co2+ ions was compared. The studied sorption processes were described using the 
Langmuir adsorption model. The C‑160 ion exchange resin was characterized by the highest affinity for both Cu2+ 
and Co2+ ions. It was shown that rice husk and active carbon are efficient sorbents in diluted solutions. The copper 
recovery for activated carbon, ion exchanger and rice husk was high. The efficiency of this process was 98.1%; 
92.3% and 88.9%, respectively. Reducing the volume of acid used for regeneration allowed the solution to be con-
centrated and facilitated element recovery. Regeneration for cobalt occurred to a lesser extent.
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production of wood preservatives, bactericides 
and algicides (Al‑Saydeh et al., 2017). For this 
reason, the concentration of copper compounds 
in untreated industrial wastewater is usually high. 
Significant contamination of the environment 
with copper also occurs near mines and smelters 
of this metal (Seńczuk, 2017). 

The removal of metals including cobalt and 
copper ions from aqueous solutions, is performed 
using such methods as: precipitation (Lundström 
et al., 2016), electrochemical processes (Jack et 
al., 2014; Li et al., 2017) and membrane pro-
cesses (Ahmad and Ooi, 2010; Tran et al., 2012), 
adsorption and ion exchange (Edebali and Pehli-
van, 2016; Prakash and Arungalai Vendan, 2016; 
Shahamirifard et al., 2016; Bożęcka and Sanak‑
Rydlewska, 2018; Kołodyńska et al., 2017; 
Al‑Saydeh et al., 2017) are commonly used. In 
recent years, the methods based on sorption with 
use of biological materials were also proposed. 
In their case, both: dead organic matter (organic 
waste) and microorganisms can act as sorbents. 
Both types of materials are characterized by sig-
nificant sorption capacity, which is confirmed by 
numerous scientific studies (Singh and Shukla 
2016; Dil et al., 2017; Nischitha et al., 2017; Duru 
et al., 2019; Kovacova et al., 2019; Al Moharbi 
et al., 2020).

The choice of a water and wastewater treat-
ment methods always depends on a number of 
parameters, including: the type and composition 
of wastewater, as well as the form and concentra-
tion of removed pollutants. The effectiveness of 
the selected method and economic considerations 
are also important. The interest of the studied ele-
ments is constantly increasing, because they be-
long to the group of valuable metals, which makes 
the search for additional sources and methods of 
their recovery extremely important.

In this paper, the sorption capacity of com-
mercial activated carbon, ground rice husks 
and cation exchanger resin with sulfonic 
groups was compared. A sorption analysis was 
performed in a wide range of concentrations, 
from 10 to 10 000 mg/L. The sorption pro-
cesses were interpreted based on the Langmuir 
adsorption model. The possibility of regenera-
tion of used materials and copper recovery was 
also investigated. The results obtained for cop-
per were compared with the results of studies 
on the sorption and regeneration of cobalt ions 
(Bożęcka et al., 2018).

MATERIALS AND METHODS

Activated carbon Norit SX2 (Brenntag 
AG), rice husks (Oryza sativa L.) and C‑160 
ion exchange resin (Purolite) were used for the 
research. 

The rice husks were derived from the Ital-
ian varieties of brown rice. The preparation of 
this material consisted of grinding and sieving 
through a sieve with a diameter of 0.5 mm. The 
synthetic ion exchange resin was a strongly acidic 
C‑160 cation exchanger with sulfonic groups. Be-
fore use, this material was swelled in deionized 
water for at least 24 hours. Ion exchanger worked 
in the sodium form.

Sorption was performed in 250 ml Erlenmey-
er flasks 2 g of sorbents and 200 ml of copper so-
lutions with the initial concentrations in the range 
of 10 – 10 000 mg/L were used for research. The 
solutions were prepared from hydrated copper(II) 
nitrate(V), [Cu(NO3)2·3H2O], (made by ACROS 
ORGANICS). 

The flasks prepared in this way were shaken 
for 60 minutes using a laboratory shaker with 
constant speed equal to 200 rpm. The length of 
process was determined based on the previous 
research. It was assumed that 60 minutes is the 
time to achieve sorption equilibrium. The ini-
tial pH of the tested solutions was 4.0. Its value 
was adjusted with nitric (V) acid. The condi-
tions of the sorption processes for the Cu2+ 
ions were identical to those for the Co2+ ions 
(Bożęcka et al., 2018). 

The regeneration of materials was carried 
out with 50 ml of a 10% hydrochloric acid so-
lution. For this purpose, the sorbents used in the 
process of removing the Cu2+ ions from the solu-
tions with the highest tested concentration equal 
to 10 000 mg/L, were implemented. The reagent 
selection and regeneration conditions were dictat-
ed by the recommendations of the ion exchanger 
manufacturer (Purolite, 2020). Regeneration time 
was 60 minutes.

The content of the Cu2+ ions in the tested solu-
tions was determined using two methods: cupri-
zone and ammonia with use of a UV‑VIS spec-
trophotometer Cadas 200 Dr. Lange. The analysis 
with cuprizone were carried out in an ammonia‑
citrate medium at pH in range 8.0–9.5. The ab-
sorbance of copper solutions was measured at a 
wavelength of 600 nm (cuprizone method) and 
608 nm (ammonia method). 
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The sorption capacity was calculated using 
Eq. (1): 

𝑞𝑞𝑒𝑒 = 𝑉𝑉(𝑐𝑐0 −  𝑐𝑐𝑒𝑒)
𝑚𝑚  (1)

where: qe is the amount of the adsorbed Cu2+ ions 
per gram of ion exchanger in equilibrium, 
mg/g, 

 V – is the volume of the solution, L,
 co and ce are the initial and equilibrium 

concentrations of the Cu2+ ions in the 
studied solution, mg/L,

 m is the quantity of dry mass of the ion 
exchanger, g.

The Langmuir adsorption model was used to 
describe studied sorption processes. This theory 
assumes that the surface of adsorbent is homo-
geneous and has a fixed number of active sites. 
Localized adsorption takes place. A molecule ad-
sorbed on the surface cannot move freely. Lateral 
interactions are irrelevant. Monolayer adsorp-
tion takes place, meaning that each active site 
is occupied by only one molecule (Bansal and 
Goyal, 2009). The Langmuir model is described 
by Eq. (2): 

𝑞𝑞𝑒𝑒 = 𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚  ∙ 𝑏𝑏 ∙ 𝑐𝑐𝑒𝑒
(1 + 𝑏𝑏 ∙ 𝑐𝑐𝑒𝑒)  (2)

where: qe is the amount of adsorbed Cu2+ ions 
per gram of ion exchanger in equilibrium, 
mg/g, 

 ce – the equilibrium concentrations of the 
adsorbate in the solution, mg/L,

 qmax – maximum adsorbent capacity, 
mg/g, b – affinity between the adsorbent 
and removed ions, L/mg.

The Langmuir b and qmax coefficients were de-
termined using the linear form of the Langmuir 
isotherm equation Eq. (3):

1
𝑞𝑞𝑒𝑒

= 1
𝑞𝑞𝑚𝑚𝑚𝑚𝑚𝑚 ∙ 𝑏𝑏

∙ ( 1𝑐𝑐𝑒𝑒
+ 𝑏𝑏) (3)

RESULTS AND DISCUSSION 

The results of the sorption studies in the solu-
tions with an initial pH equal 4.0 are shown in 
Figure 1 and Table 1.

Activated carbon was characterized by the 
best sorption capacity in 10 mg/L and 25 mg/L 
solutions (Fig. 1a). The degree of the Cu2+ ion 
separation for these systems was 100%. It was 
observed that with increasing concentration, 
sorption decreased gradually, reaching the value 
of about 8% at 750 mg/L. The sorption efficiency 
for next concentrations also showed a downward 
trend, but with a gentler course. On this basis, it 
was concluded that Norit SX2 activated carbon 
was an effective sorbent only in diluted systems.

Rice husk, like activated carbon, had good 
sorption results for diluted solutions (Fig. 1b). 
However, the sorption efficiency was lower than 
for activated carbon practically for the entire con-
centration range. The effectiveness of rice husk 
as a sorbent could be limited by the presence of 
numerous areas on its surface covered with “sil-
ica shell” (Bożęcka et al., 2018). The performed 
surface studies did not show the removed ions in 
these areas, which confirms the lack of sorption.

The C‑160 ion exchanger was an effective 
sorbent. This resin in the solutions with concen-
trations up to 250 mg/L was characterized by 
over 98% Cu2+ ion removal. For higher concen-
trations, satisfactory results were obtained up to 
1000 mg/L, for which the degree of purification 
was over 70%. Over 1000 mg/L, the ion exchang-
er efficiency decreased, reaching the lowest value 
of about 9% for a solution with a concentration of 
10 000 mg/L (Fig. 1c). 

Comparing the results obtained for the cop-
per ions with the results of the cobalt ion sorp-
tion studies (Fig. 1, Table 1), it was found that 
for the ion exchanger the efficiency of process 
was similar in the entire concentration range. In 
diluted systems, activated carbon and rice husk 
removed the Cu2+ ions more effectively. Sorption 
was much higher than for the Co2+ ions. In more 
concentrated solutions, a slightly higher efficien-
cy of the Co2+ removal was observed. The course 
of sorption processes for the range of higher con-
centrations was practically constant. However, 
for the Cu2+ ions, a slight downward trend was 
visible with increasing concentration (Fig. 1).

The obtained study results were interpreted 
in accordance to the Langmuir equation and are 
shown in Figure 2. The values of qmax and b coef-
ficients were shown in Table 1.

It was found that the sorption capacity of the 
studied materials gradually increased. This in-
crease was the fastest in the case of the C‑160 ion 
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exchanger. The calculated values of maximum 
sorption capacity for the Cu2+ ions characterized by 
the qmax coefficient of the Langmuir isotherm were 
different. The highest value of this parameter was 
obtained for ion exchanger (104.3 mg/g). In the 
case of activated carbon and rice husk, it amounted 
to 41.1 mg/g and 35.1 mg/g, respectively (Table 2). 

Next, the parameter b of the Langmuir iso-
therm, which allows determining the affinity of a 
sorbent for the removed ions, was also the highest 
for ion exchanger (0.0013 L/mg). The other mate-
rials showed a much lower affinity (0.00032 L/mg 
for activated carbon and 0.00014 L/mg for rice 
husk). In the case of these sorbents, it was concluded 

Table 1. Removal of the Cu2+ and Co2+ ions from water solutions with an initial pH equal 4.0 by using Norit SX2 
activated carbon, milled rice husk and C‑160 ion exchange resin

Initial concentrations, 
mg/L

Sorption of Cu2+ ions, %
(Present study)

Sorption of Co2+ ions, %
(Bożęcka et al., 2018)

Norit SX2 Rice husk C-160 Norit SX2 Rice husk C-160
10 100.0 66.7 100.0 75.8 73.1 100.0
25 100.0 63.2 99.2 38.9 36.6 100.0
50 80.6 43.0 98.4 23.2 20.5 100.0
75 65.6 39.4 98.1 17.0 15.6 100.0

100 52.2 35.1 98.4 16.2 11.9 100.0
250 22.7 15.1 98.3 9.3 9.3 99.4
500 17.5 7.6 92.2 7.4 5.1 95.4
750 8.1 4.7 92.3 6.4 6.4 80.1

1000 8.4 4.7 72.3 7.1 6.0 65.1
2500 4.5 4.5 28.9 6.0 6.0 33.7
5000 4.7 2.5 17.3 6.2 6.2 20.5
7500 3.8 3.3 12.9 6.8 6.1 17.4

10000 3.1 2.6 9.4 6.5 6.4 14.1

Figure 1. Comparison of the Cu2+ and Co2+ ions sorption from water solutions with an initial pH equal 4.0 by 
using Norit SX2 activated carbon (a), milled rice husk (b) and C‑160 ion exchange resin (c)
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that their surface should be activated in order to 
create the active centres capable of binding the 
Cu2+ ions.

The maximum sorption capacities determined 
for the studied materials in the Co2+ ions sorp-
tion process were higher than for the Cu2+ ions 
(Table 2). However, their affinity for cobalt was 
lower than for copper. In the case of ion exchang-
er, the differences were small, but for rice husk 
and activated carbon, they were significant.

The regeneration results were shown in 
Figure 3 and Table 3.

Among all studied sorbents, the highest ef-
ficiency of the Cu2+ ion desorption process 
by using 50 mL of a 10% HCl solution, equal 
to 98.1%, was obtained for activated carbon. 

Copper recovery after regeneration for the C‑160 
ion exchanger and rice husk was also high. The 
regeneration efficiency for these materials was 
92.3% and 88.9%, respectively. This high ability 
to regenerate is undoubtedly an advantage of the 
materials used. Additionally, reducing volume of 
10% HCl to 50 mL compared to the volume of the 
solution used in the sorption process (200 mL), 
allowed the concentration of the solution and fa-
cilitated the recovery of copper.

In the case of cobalt, the used ion exchang-
er regenerated more effectively than activated 
carbon and rice husk. The desorption efficiency 
process was 58.1%. The cobalt recovery for ac-
tivated carbon and rice husk was much lower 
and amounted to 36.1% and 28.1%, respectively. 

Figure 2. Comparison of the Langmuir isotherms for the Cu2+ and Co2+ ions sorption on Norit SX2 activated 
carbon (a), milled rice husk (b) and C‑160 ion exchange resin (c) in solutions with an initial pH equal 4.0

Table 2. Langmuir isotherm coefficients for the Cu2+ and Co2+ ions sorption on Norit SX2 activated carbon, 
milled rice husk and C‑160 ion exchange resin in solutions with an initial pH equal 4.0

Studied material

Cu2+

(Present study)
Co2+

(Bożęcka et al., 2018)
qmax,
mg/g

b,
L/mg

R
qmax,

mg/ g
b,

L/mg
R

Norit SX2 35.1 0.00032 0.9432 765.3 0.000009 0.9967
Rice husk 41.1 0.00014 0.9848 494.2 0.000014 0.9982

C-160 104.3 0.0013 0.9842 155.6 0.00068 0.9541
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From the comparison of results, it can be con-
cluded that the regeneration process of studied 
materials was much more effective for copper.

CONCLUSION 

On the basis of the conducted studies, the fol-
lowing conclusions can be made:

1. The C‑160 ion exchanger was the most effec-
tive sorbent for the Cu2+ and Co2+ ions in the 
entire concentration range. For rice husk and 
activated carbon, satisfactory results were ob-
tained in diluted systems, for which the sorp-
tion efficiency of the Cu2+ ions was much 
higher than in the case of the Co2+ ions. Higher 
efficiency in removing the Co2+ ions was ob-
served in more concentrated solutions.

2. For copper ions, the highest value of the maxi-
mum sorption capacity was obtained for the 
C‑160 ion exchanger (104.3 mg/g). This sorbent 
also showed the highest affinity (0.0013 L/mg), 
which confirms its efficiency in removing the 
studied ions from aqueous solutions. The max-
imum sorption capacities determined for the 
Co2+ ions were higher. However, the affinity of 
used materials for these ions was lower.

3. The highest efficiency of the Cu2+ ions desorp-
tion process, equal to 98.1%, was obtained 
for activated carbon. The copper recovery for 
C‑160 ion exchanger and rice husk was also 
high. The process efficiencies were 92.3% and 
88.9%, respectively. Reducing the volume of 
acid used for regeneration, allowed concentrat-
ing the solution and facilitated metal recovery. 
For cobalt, the studied materials regeneration 
occurred to a much lesser extent, equal to 
58.1% (C‑160 ion exchanger), 36.1% (activat-
ed carbon) and 28.1% (rice husk).

4. Natural sorbents, such as rice husk, can ef-
fectively replace synthetic materials in the re-
moval of inorganic contaminants from water. 
They are cheap and widely available, and their 
natural sorption capacity can be additionally 
increased by surface modification with chemi-
cal or physical methods.
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