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Abstract

Sorption of Cu2+ and Zn2+ cations from model solutions by humic acids that were extracted from oxidized
brown coals of Gusinoozyerskoye deposit has been investigated. An effect of pH value on the extraction of
Cu2+ ions has been considered; sorption isotherms of Cu2+ and Zn2+ ions have been plotted. Maximum
sorption exchange capacities of humic acids have been calculated on the basis of the Langmuir isotherm
equation.
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INTRODUCTION

Humic acids (HA) are multifunctional high-
molecular compounds of high reactivity that is
determined by carboxylic, hydroxyl, amine,
carbonyl groups present in their structure. These
compounds are capable to form stable complex-
es with ions of heavy metals (HM) and conse-
quently they can be used to extract HM from
sewage of galvanic and metallurgical manufac-
tures. Great attention is given in recent years to
the problem of complex formation of HA with
ions of metals, since many biological, biochem-
ical, and geochemical processes involve HAs due
to their interaction with mineral elements [1].

The purpose of this paper is to study interac-
tion of HA with HM ions under various conditions
using ions of copper and zinc as an example.

EXPERIMENTAL

Medical absorbent carbon (AC) (MEDISORB
Co., Perm) and HAs that were extracted from
oxidized brown coals of Gusinoozyersk deposit
(Buryatia) by water solutions of sodium hy-
droxide have been used as subjects of the re-

search. The yield of HAs from oxidized brown
coals comprises 80 % (in terms of coal organic
matter, COM), ash content 3.0 %; the combined
quantity of phenolic hydroxyls and carboxylic
groups does not exceed 7.7 meq/g, that of car-
boxylic groups does not exceed 2.8 meq/g. Ac-
cording to data of work [2], HA are charac-
terized by the following elemental composition,
% in terms of COM: Ñ 50.5, Í 3.5, N 1.9,
O 43.1, S 1.0. Table 1 gives some basic charac-
teristics of HA and AC.

Solutions that were prepared around salts
of associated metals (CuSO4 ⋅ 5H2O and
Zn(CH3COO)2 ⋅ 2H2O) with the concentration of
100 mg/L (recalculated in terms of metal) as
well as solid preparations of HA and AC with
the particle size of <0.2 mm were used to re-
search the interaction of copper and zinc ions
with HA and AC. Concentration of Cu2+ ions
in equilibrium solution after shaking with a sor-
bent and after filtration was determined by
photocolorimetry of copper complexes with so-
dium diethyldithiocarbamate at the wavelength
of 430–440 nm, and concentration of zinc ions
was determined by photocolorimetry of zinc
complexes with rhodamine C at the wavelength
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TABLE 1

Characteristics of humic acids (HA) and absorbent carbon (AC)

Sorbent Ash content, % Adsorption activity

Benzene, cm3/g Methylene blue, mg/g

HA 3.0 0.01       37

AC 1.3 0.33 >100

Fig. 1. Kinetic curves of sorptions of Cu2+ ions by humic
acids (HA) (1–3) and by absorbent carbon (AC) (4–6). Ion
concentration of Cu2+ is 100 mg/L, ðÍ 4.0 for HA and 5.0
for AC, temperature of 20 oC; consumption of sorbent,
g/L:  1 (1, 4), 3 (2, 5), 5 (3, 6); S is extraction degree of ions
from solution.

Fig. 2. Extraction degree of Cu2+ ions by HA (1–4) and
AC (5–8) vs. ðÍ of the solution. Duration of sorption is 24
h, initial concentration of Cu2+ 100 mg/L; consumption
of sorbent (Ð), g/L: 1 (1, 5), 2 (2, 6), 3 (3, 7), 5 (4, 8).

of 610–650 nm [3]. The acidity of solutions was
adjusted by adding a certain quantity of H2SO4

acid (0.05 and 0.5 mol/L) or NaOH alkali
(0.01 mol/L) into the solution of the metal salt.
The quantity of trapped ions of metals match-
es the difference between their initial concen-
tration and the concentration upon the separa-
tion of the sorbent. Sorption was conducted un-
der static conditions by shaking the solutions of
metal salts with the being investigated sorbents
over the course of a certain time at the temper-
ature 20 oC.

RESULTS AND DISCUSSION

Efficiency of sorption is governed by kinetics
of the process. A kinetic curve i.e. the variation
of the extraction degree of ions from the
solution with time was generated as the main
kinetic dependence. Figure 1 gives kinetic curves
of sorption of copper (II) ions. It is evident that
the steady-state equilibrium in the distribution
of Cu2+ ions between the sorbents and the
solution is reached upon 2–3 h.

Sewage differs not only in composition, but
also in acidity; therefore, it is necessary to rec-
ognize the influence of pH value upon sorp-
tion of HM ions. Studying the reaction of the
medium on sorption of Cu2+ ions was conduct-
ed in the pH interval 1.0–5.0 with varying
weighted samples of sorbent (1, 2, 3, and 5 g
per 1 L of  solution for purification). The anal-
ysis of curves of the dependence S = f(pH)
(Fig. 2) suggests that the greatest efficiency of
sorption of copper ions under conditions of the
investigation is observed in the ðÍ interval of
3.0–5.0 for HA and 4.0–5.0 for AC. With increas-
ing acidity of the solution to reach the ðÍ of
1.0–2.0, extraction degree of copper ions by
HA tapers off from 46 to 2–11 % with the
consumption of sorbent Ð = 1 g/L, and sorp-
tive capacity (Γ) decreases 4–23 times; when Ð
= 2 g/L, the extraction degree decreases from
61 to 10–34 %, the Ã magnitude decreases 1.8–5
times; when Ð = 3 g/L, these indices decrease
from 73 to 14–45 % and 1.6–5 times, respec-
tively; when Ð = 5 g/L, the extraction degree
of copper ions by HA tapers off from 86 to
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TABLE 2

Influence of ðÍ on sorptive capacity of HA and AC (initial concentration of Cu2+  is 100 mg/L,

duration of sorption is 24 h)

ðÍ Sorptive capacity, mg/g

HA AC

Ð, g/L

1 2 3 5 1 2 3 5

1.0   1.9   4.9   4.7   3.9   0   0   0   0

1.5   6.8   8.9   8.6   7.3   0   0   0   0

2.0 11.6 17.4 15.3 12.1   0   0   0   0

2.5 34.1 24.1 22.0 15.4   1.2   1.8   2.3   2.7

3.0 40.4 28.1 23.1 16.7   5.5   6.1   8.8   9.5

3.5 44.7 31.0 24.8 17.4 20.9 18.7 16.3 12.7

4.0 46.5 31.0 24.8 17.4 25.8 22.0 18.0 13.5

5.0 46.5 31.0 24.8 17.4 28.5 23.7 20.7 14.8

Fig. 3. Sorption isotherms of Cu2+ (a) and Zn2+ (b) by humic
acids and absorbent carbon. Conditions of sorption: initial
concentration of metal is 100 mg/L; ðÍ 4.0 for HA and
5.0 for AC (a), pH 5.0 (b); duration of sorption is 24 h,
temperature is 20 oC; Ã is sorptive capacity, C is
equilibrium concentration.

19–60 %, and sorptive capacity decreases by the
factor of 1.5–4.5.

No absorption of Cu2+ ions by absorbent
carbon occurs in highly acid solutions (ðÍ 1.0–
2.0). Extraction degree of Cu2+ by absorbent
carbon decreases from 28 to 1–5 % as ðÍ in-
creases to 2.5–3.0 at Ð = 1 g/L, sorptive capac-
ity Ã declines 5–24 times; when Ð = 2 g/L, the
extraction degree drops down from 47 to 3.5–
12 %, and the Ã magnitude drops down 4–13
times; when Ð = 3 g/L, these parameters de-
crease from 61 to 7–26 % and 2–9 times, re-
spectively; when Ð = 5 g/L, the extraction de-
gree drops down from 73 to 13–47 %, and the
Ã magnitude decreases 1.5–5.5 times. Extraction
degree of Cu2+ ions regularly increases with
the increasing quantity of sorbent. A decrease
of the extraction degree in acidic region
(pH < 3.0–3.5) is caused by slight dissociation of
carboxylic groups of sorbents.

Maximum sorptive capacities can be attained
at the ðÍ 3.5 for HA (46.5 mg/g) and at the
pH 5.0 for AC (28.5 mg/g). In the range of ðÍ
values 1.0–2.0, the minimal sorptive capacity
of HA is evidenced at Ð = 1 g/L, the maximum
one – at Ð = 2 g/L; a decrease of Ã magnitude
occurs with further increase in the quantity of
sorbent. When ðÍ is 2.5–5.0, sorptive capacity
of HA for Cu2+ ions tends to decrease with an
increased quantity of sorbent (Table 2).

Sorptive capacity of AC for Cu2+ increases
with the increased quantity of sorbent over the
ðÍ region of 2.5–3.0, and it decreases at ðÍ 3.5–5.0.

It is found that the competitive effect of Í+ ions
on sorptive capacity in acidic region (ðÍ 1.0–2.0
for HA and pH 2.5–3.0 for AC) shows a rise with
a decrease in the consumption of sorbent.
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From sorption isotherms of Cu2+ and Zn2+

ions from water solutions of HA and AC that
are given in Fig. 3, it will be obvious that HAs
are more effective by comparison to AC. Maxi-
mum sorptive capacities of HA for Cu2+ and
Zn2+ ions are rather close and they comprise 52
and 56 mg/g, respectively. These parameters of
AC comprise 30.6 and 32 mg/g, respectively.

Experimental results of sorption of Cu2+ and
Zn2+ ions versus equilibrium concentration of
cations have been processed in terms of coor-
dinates of  Langmuir equation [4]:

Ã = Ã*kC/(1 + kC)

where Ã* is the maximum sorptive capacity of
sorbent, mmol/g; k is the constant of adsorp-
tion equilibrium; C is equilibrium concentration
of adsorbate, the mmol/dm3. Magnitude Ã* can
be determined upon representing the expres-
sion in a linear form:

* *

1 1 1

Ã Ã Ã kC
= +

Dependences of  a reciprocal sorption of  Cu2+

ions on 1/ÑÑu argument are described by the
equations y = 0.58x + 1.13 with the approxi-
mation plausibility R2 = 0.98 (HA); y = 0.48x +
2.24 with R2 = 0.89 (AC); and for sorption of
Zn2+ ions, y = 0.10x + 1.11 (R2 = 0.98) (HA);
y = 0.76x + 2.07 (R2 = 0.96) (AC). The values of
maximum exchange capacity that have been
calculated from the approximation of linear
Langmuir equation were equal to 56.2 and
28.4 mg/g for Cu2+ (HA and AC, respective-
ly), and 58.9 and 31.6 mg/g for Zn2+ (HA and
AC, respectively). The calculated values of
maximum sorptive capacity agree well with the
experimentally received values: Ã (Cu2+) = 52.0
and 30.6 mg/g for HA and AC, respectively,
Ã (Zn2+) = 56.0 and 32.0 mg/g for HA and AC,
respectively. Comparative analysis of  experi-
mental and calculated values of sorptive ca-
pacity testifies that a reliable determination of
maximum sorptive capacity of HA for Cu2+ and
Zn2+ ions is possible using Langmuir equation.

CONCLUSIONS

1. The influence of pH value on the extrac-
tion degree of Cu2+ ions and sorptive capacity

of humic acids and medical absorbent carbon
with various quantities of sorbent has been
considered. It was found that the greatest effi-
ciency of sorption of Cu2+ ions was observed
in the ðÍ interval of 3.0–5.0 for HA and the
ðÍ interval of 4.0–5.0 for AC. A decreased ex-
traction degree of Cu2+ ions in acidic region
(pH < 3.0–3.5) is caused by a slight dissocia-
tion of carboxylic groups of sorbents. In acidic
region (ðÍ 1.0–2.0), the minimal sorptive ca-
pacity of HA is evidenced at Ð = 1 g/L, and
the maximum one – at Ð = 2 g/L. A decrease
of Ã magnitude occurs during the further in-
crease in the quantity of sorbent. In the region
of ðÍ values 2.5–5.0, sorptive capacity of HA
for Cu2+ ions tends to decrease and the quanti-
ty of sorbent tends to increase. Sorptive ca-
pacity of AC for Cu2+ increases in the ðÍ re-
gion of 2.5–3.0 with an increase in the quanti-
ty of sorbent, and it decreases at ðÍ 3.5–5.0.
The less is the consumption of sorbent, the
stronger is the influence of the competition of
Í+ ions on the sorptive capacity (ðÍ 1.0–2.0 for
HA and pH 2.5–3.0 for AC).

2. Analysis of  sorption isotherms for Cu2+

and Zn2+ has demonstrated that HA are more
effective by comparison to AC in the processes
of extraction of divalent cations from model
solutions. Sorptive capacities of HA for Cu2+

and Zn2+ ions are close and they comprise 52
and 56 mg/g; those of AC are 30.6 and
32 mg/g, respectively.

3. Maximum sorptive capacities of HA and
AC have been calculated from approximation of
a linear Langmuir equation: these values for Cu2+

were equal to 56.2 and 28.4 mg/g for HA and
AC, respectively; the values for Zn2+ were 58.9
and 31.6 mg/g for HA and AC, respectively.
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