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Abstract. The present study is focused on the use of
activated carbon derived from water hyacinth (WH-AC) as
adsorbent for the removal of Cr(VI) from aqueous solution.
The optimized WH-AC was found to be mesoporous and
considered as granular. The surface area of 11.564 m%/g
was found to have a good adsorption capacity. The
adsorption data of the optimized WH-AC followed a
pseudo-second order kinetics and the Freundlich isotherm
model. Based on the correlation coefficient obtained from
pseudo-second-order kinetic model, the R* values were all
above 0.99, which is closer to unity of one (1) indicating
that it followed a chemisorption process. The adsorption
capacity of WH-AC increased from 1.98 to 4.68 mg/g when
adsorbate concentration increased from 20 to 50 mg/l. The
overall study proved that the adsorption by activated carbon
derived from water hyacinth can be an alternative and
efficient technique in hexavalent chromium removal.

Keywords: adsorption, hexavalent chromium, Kkinetics,
isotherm, water hyacinth.

1. Introduction

On May 2013, the Environment Health
Perspectives reported that hexavalent chromium or Cr(VI)
was one of the most toxic chemicals identified in India,
Indonesia, and the Philippines [1]. Because of its high
toxicity and carcinogenic nature, the U.S. Environmental
Protection Agency (US-EPA) had set the maximum
allowable limit of Cr(VI) in surface water to 0.1 ppm,
while the maximum permissible level of Cr(VI) in
drinking water set by the World Health Organization
(WHO) is 0.05 ppm [2]. In view of this, the chromium
concentration in aquatic environment has been one of the
main concerns in environmental management due to its
detrimental effect on humans.
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Chromium and its compounds are widely and
primarily used in metallurgy, leather tanning, chrome
plating, wood treatment, and paint pigment [3]. It exists in
two forms: Cr(Ill) and Cr(VI), considering the hexavalent
form as generally more toxic due to its solubility and can be
easily absorbed and accumulated in the body. The extensive
use of chromium leads to detrimental impact on the
environment and has become a serious health problem.

Taking into account the different hazards of Cr(VI),
it is essential to apply treatment before discharging the
wastewater into the aquatic environment. The common
methods for Cr(VI) removal include ion exchange,
reduction, reverse osmosis, electrodialysis, and adsorption.
Drawbacks were encountered in most of these techniques,
for example incomplete removal of the residual metal
sludge and high operational costs. Among the methods,
adsorption using activated carbon (AC) is highly effective
and economical because the adsorbent can be regenerated
by suitable desorption process and has excellent adsorption
properties. More so, AC can be prepared from a variety of
agricultural wastes.

The objective of the study was to characterize and
determine the physical and chemical properties of activated
carbon from water hyacinth for the removal of Cr(VI) in
simulated wastewater. The adsorption capacity of the WH-
AC in simulated wastewater was also investigated upon
varying initial concentration and contact time. The
adsorption data of the activated carbon were fitted against
adsorption isotherm and kinetic models.

2. Experimental

2.1. Preparation of Water Hyacinth-
Activated Carbon (WH-AC)

The water hyacinth samples were collected from
Agoncillo, Batangas, Philippines. Activated carbon was
prepared from the stems of water hyacinth using the
researchers’ previously optimized protocol, determined
using response surface methodology (RSM).
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The stems of the water hyacinth were washed with
distilled water, then sun-dried for three days and then
dried in the oven at 378 K for 24 h. The dried water
hyacinth stems were carbonized, ground and sieved. The
chemical activation was done by treating the carbonized
sample with 40% H3;PO, in an impregnation ratio of 1:5
for 2 h at 353 K. Afterwards, the thermal treatment was
carried out using a muffle furnace at 873 K for 90 min.
For pH adjustment, 1M HCI and 1M NaOH were used
upon washing with hot distilled water. The WH-AC was
oven dried, cooled and stored in air-tight containers for
further use.

2.2. Preparation of Aqueous Solutions

A stock chromium solution with the concentration
of 500 mg/l was prepared by dissolving a sufficient
amount of potassium dichromate in distilled water. The
standards and solutions for the adsorption experiments
were obtained by diluting the stock solution to the desired
concentrations. All chemicals utilized in this work were of
analytical reagent (AR) grade.

2.3. Characterization of WH-AC

The surface functional groups of WH-AC were
determined using a Nicolet 6700 (Thermo Nicolet Co.,
Madison, WI, USA) Fourier-Transform infrared (FTIR)
spectrophotometer. The surface morphology was
investigated using a JSM-5310 (JEOL Ltd., Tokyo, Japan)
scanning electron microscopy (SEM). The surface area,
pore volume, and pore radius were measured using a
volumetric adsorption analyzer (Quantachorome, Bayton
Beach, FL, USA). The BET surface area was computed
using the Brunauer-Emmet-Teller (BET) equation.

2.4. Batch Adsorption Studies

The batch adsorption process was performed for
the hexavalent chromium adsorption onto the produced
WH-AC. Each flask contained 100 ml of Cr(VI) aqueous
solution of desired concentration. The produced WH-AC
samples (0.1 g) were added to the individual flasks, which
were then agitated with an isothermal shaker set at 303 K
and 200 rpm until the equilibrium time of 60 min was
reached. After agitation, the samples were filtered
immediately using Whatman #1 filter paper to segregate
the adsorbent from the solution. During the filtration, the
samples were divided into two parts. The first part was
used to saturate the filter paper to avoid the effects of
adsorption onto the filter paper and the filtrate was
disregarded. The residual Cr(VI) concentrations in the
filtrate from the second portions were measured using UV-
Visible spectrophotometer at 540 nm upon compleximetric
reaction with 1,5-diphenylcarbazide at pH2.0. The
adsorbed Cr(VI) concentrations were obtained from the

difference between the initial and final concentrations in
the solution, while the percentage removal at equilibrium
was calculated based on Eq. (1):

%Cr®" Removal = % 100 % (1)

0

where Cy and C, are the liquid-phase concentrations of the
initial state and at equilibrium, respectively, mg/L.

The amount of Cr(VI) adsorbed per unit mass of
the produced activated carbon at equilibrium time (g,
mg/g) was calculated using Eq. (2):

g, =Co=C)V )
m

where ¢, is the amount of Cr(VI) adsorbed per unit weight
of adsorbent, mg/g; Cy and C, are the liquid-phase
concentrations of adsorbate at the initial and equilibrium
conditions, respectively, mg/l; ¥ is the volume of the
solution, I; and m is the mass of the produced activated
carbon used, g [4].

2.5. Adsorption Isotherm

In this study, the Langmuir and Freundlich models
were employed to describe the adsorption mechanism of
Cr(VI) onto the surface of WH-AC.

Langmuir model. The Langmuir model is centered
on the assumption that adsorption energy is constant and
independent of surface coverage. Maximum adsorption
happens once the surface is masked by a monolayer of
adsorbate [5]. The linear form of the Langmuir isotherm
equation is expressed based on Eq. (3):

1 1 1

4, ~0C, "0 ®
where C, is the equilibrium liquid-phase concentration of
metals, mg/l; g, is the equilibrium uptake capacity, mg/g;
Q is the Langmuir constant related to adsorption capacity,
mg/g; and b is the Langmuir constant related to the energy
of the sorption, which quantitatively reflects the affinity
between the sorbent and the sorbate, I/mg.

Freundlich model. The Freundlich model is based
on sorption on a heterogeneous surface of varied affinities.
The linear form of Freundlich model is given as Eq. (4):

logg, :logKer%logCe 4)

where ¢, is the amount of metals adsorbed at equilibrium,
mg/g; C. is the adsorbate concentration, mg/l; K is the
Freundlich constant related to adsorption capacity,
(m/g)~(1/mg)1/ ", and 1/n is the Freundlich constant related
to sorption intensity of the sorbent [6].

2.6. Adsorption Kinetics

The adsorption kinetics studies were done in order
to describe the rate of Cr(VI) uptake on to the WH-AC
and provided major insight into the adsorption mechanism
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and the possible rate-controlling processes example
chemical reaction and mass transfer [7]. The governing
mechanism of the adsorption process was observed by
fitting the experimental results with pseudo-first order and
pseudo-second order kinetics models.

Pseudo-first order model. The adsorption of liquid-
solid systems based on the solid capacity follows a
pseudo-first order model [8]. Generally, the pseudo-first
order kinetic model is only applicable for the initial stage
of the adsorption process. The linear form of the pseudo-
first order rate equation is illustrated by the following
equation:

ky

2.303 ! )
where k; is the pseudo-first order adsorption rate constant,
1/min; ¢, and ¢, are the amounts of the adsorbed Cr(VI) at
the equilibrium time and at time # (min), respectively, mg/g.

Pseudo-second order model. The pseudo-second
order model predicts the adsorption mechanism over a
range of different points in time during the adsorption pro-
cess. The pseudo-second order model equation is given as:

t 1 1
4 kyq? ’ qe t ©)

where k, is the equilibrium rate constant of the pseudo-
second order model, g/mg-min.

log(g, —¢q,)=logq, —

3. Results and Discussion

3.1. Physical and Chemical Properties
of WH-AC

3.1.1. Functional groups

Fig. 1 shows the FTIR spectrum of the WH-AC
surface which possibly contains alkanes and alkenes,

C—O-C stretching vibrations, C—N stretching vibrations,
C=C bonding aromatic skeletal, C=O stretching in ester,
and O—H stretching vibrations.
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Fig. 1. FTIR spectrum of WH-AC produced under optimum
activation conditions

Table 1 shows the absorbance bands obtained from
FTIR spectrum of WH-AC under the optimum activation
conditions and its possible functional groups assignment.
Based on Fig. 1, a broad peak between 3600 and 3200 cm™,
with the maximum peak at about 3386.90 cm™ is
attributed to O—H stretching vibrations, since absorption
peaks around 3030.6 and 3423.0cm” indicate the
presence of free and intermolecular bonded hydroxyl
groups [9]. Peaks ranging from 3000 to 2850 cm™ can be
assigned to strong stretching vibrations of alkane C—H
bonds and the peak around 2927.61 cm’ can be assigned
to the presence of aldehydes, carbonyls, carboxylic acid,
and esters on the surface. Peak at 1740.89 cm can be
assigned to ester C=0 stretch [10].

Table 1
Peak assignments of surface functional groups in WH-AC produced under optimum activation conditions
Sample Range, cm” Peak, cm™' Possible assignments
1079.97
1021.15
769.36
1100-600 712.32 Alkanes and alkenes
654.24
607.10
578.31
WH-AC 1200-1000 1231.81 Cc-0-C stret(.:hing. Vibmﬁons in gromgtic esters
1152.31 C—N stretching vibrations of aliphatic amines
1600—1400 1401.03 Aromatic ring or C=C bonding
16801580 1621.58 Aromatic skeletal stretching
1740 1740.89 C=0 stretching in ester
30002850 2927.61 Strong stretching vibrations of saturated systems (alkanes, sp’)
3600-3100 3386.90 O—H stretching vibrations
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Peaks ranging from 1680 to 1580 cm”, with the
maximum at 1621.58 cm” are attributed to aromatic
skeletal stretching. Stretching vibration at 1600—1400 cm™
corresponds to the aromatic ring or C=C bonding with the
maximum peak of 1401.03 cm™. Peaks at 1200-1000 cm™
with the maxima at 1231.81 and 1152.31 cm™ are for C—
O-C stretching and C-N stretching vibrations. Peaks
ranging from 1100 to 600 cm™ may suggest alkanes and
alkenes with peaks at 1079.97, 1021.15, 769.36 cm’ and
712.32, 65424, 607.10, 578.31 cm’, respectively [9].
These functional groups have a high affinity towards
hexavalent chromium.

In the FTIR spectrum illustrated in Fig. 1, there is a
broad peak between 3600 and 3100 cm™ and a maximum
peak at about 3413.47 cm’'. The peak represents the O—H
stretching vibrations band. The band may be due to the
surface hydroxyl groups from carboxyls, phenols, or
alcohols and chemisorbed water due to hydrogen bonding
[11]. Peaks ranging from 3000 to 2850 cm™ may be due to
the strong stretching vibrations of saturated systems such
as alkanes (sp’) [12]. The C—N stretching vibrations of
aliphatic amines can also be incorporated in this region,
which is consistent with the presence of primary amines
with the peaks ranging from 1680 to 1580 cm™ and a
maximum at 1621.52 cm™ [11].

Stretching vibration at 1600-1400 cm™ corre-
sponds to the aromatic ring or C=C bonding. Presence of
this functional group indicates the formation of carbonyl
containing group and aromatization of the precursor [13].
A peak can also be seen at 12001000 cm’, which can be
due to the C—O stretching vibrations band in alcohol,
phenols, esters, or ethers. The maximum peak at
1089.13 cm can be assigned to C—O—C stretching vibra-
tions in aromatic esters. Peaks ranging from 600 to
1100 cm™ are also noticed, which may suggest alkanes

Sthm BB8VE1

and alkenes [11]. The presence of hydroxyl groups and
carbonyl groups evidences that the structure of WH-AC
produced under optimum activation conditions contains
lignocellulose.

This surface chemistry of WH-AC determines the
surface properties of the carbon and significance of their
behavior if used as ion exchangers, adsorbent catalyst or
catalyst support [14].

3.1.2. Surface morphology

The surface morphology of the stem sample (SS),
stem biochar (SB), optimized activated carbon (stem), are
examined using the scanning electron micrograph with the
magnification of 3500x% as depicted in Fig. 2.

Fig. 2 shows the morphological changes with
respect to shape and size. It is evident that the carbon
particles are in the form of spheres with a wider angle of
sizes. This observation implies that modification
treatments of the samples make obvious changes in the
surface morphology of the adsorbents [15].

The surface of the raw material (SS) is fairly
smooth, with very little pores. The stem biochar (SB) has
some irregular cavities formed during the carbonization
process. The surface topology between the raw samples
and the optimized activated carbon is evidently different.
A high porosity and homogenous structure with deep
pores are observed on the surface of WH-AC after
chemical and thermal activation. The pores result from the
evaporation of the chemical reagent (Hs;PO,) during
thermal activation, leaving empty spaces [9]. The surfaces
of the optimized WH-AC show mesoporous surfaces with
few micropores and macropores, which is desirable for the
adsorption of pollutants such as heavy metals [14].
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Fig. 2. SEM micrographs of the stem sample (a); stem biochar (b)
and optimized activated carbon (Stem) (c)
with magnification of 3500
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3.1.3. Surface area, pore volume, pore diameter
and particles size

Table 2 presents the properties of the WH-AC in
terms of surface area, pore radius, pore volume, and
particles size.

Table 2

Surface characteristics of the WH-AC produced
under optimum activation conditions

Surface area, m’/g 11.564

Pore volume, cc/g 0.024

Pore diameter, A 38.090
Particles size (mesh) 100

Even though the WH-AC has a small surface area
of 11.564 m’/g it was found to have good adsorption
capacity [16]. This can be explained by the fact that a
large number of vacant surface sites are available for
adsorption of metal ions but with passage of time the
surface sites become exhausted [17]. It is also accessible
to the passage of a fluid or vapour if adsorption is to exist
and the activated carbon is accessible to the surface via a
network of pores of differing diameters. Thus, the WH-
AC was also capable of adsorbing hexavalent chromium
in relation to its surface area. The volume of the activated
carbon is relatively small and lies between 0.02 and
0.10 cc/g, corresponding to a specific surface area of 10—
70 m*/g. The pore volume of the activated carbon from
water hyacinth is found to be of 0.024 cc/g.

The presence of mesopores in WH-AC is very
important from the water treatment point of view, because
mesoporous structure allows water or wastewater to
penetrate into activated carbon and to get in contact with
the micropores in order to permit the adsorption of heavy
metals and pollutants of high molecular weight such as
organic compounds [18]. The presence of mesopores and
macropores serves as the passage to the adsorption sites.

The developed pore structure provides a higher
probability for Cr(VI) entrapment and adsorption onto the
surface of the WH-AC produced under optimum
activation conditions.

Based on Table 2, the pore radius of WH-AC is
found to be 19.045 A. The importance of measuring the
characteristics, such as pore radius of an adsorbent, is the
relative dependence of its adsorption capacity to these
properties [11]. Mesopores are those in which capillary
condensation with the formation of a meniscus of the
liquefied adsorbate take place. The curvature radii of the
surface of mesopores lie between 16 and 1000 A [19].

The WH-AC has a mesh size of 100 which is
equivalent to 0.297 mm. Thus, the optimized activated
carbon is a granular activated carbon (GAC). GAC is
employed in water treatment plant after the preliminary

disinfection process [20]. The carbon particle size
influences the adsorption rate providing quicker rates of
adsorption but not the adsorptive capacity that contributes
mainly to a system’s hydraulics, filterability and handling
characteristics. Granular activated carbons have advan-
tages of being harder and longer lasting than powdered
activated carbons, clean to handle, purify larger volumes
of liquids, and can be reactivated and reused many times.
The granular activated carbon holds a particular promise
in the removal of metal ions from aqueous solutions [21].

3.2. Adsorption Capacity at Varying
Initial Adsorbate Concentration
and Varying Contact Time

The adsorption capacity with respect to contact
time (10—60 min) is shown in Fig. 3.
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Fig. 3. Adsorption capacity at varying initial adsorbate
concentration and varying contact time

Adsorption is rapid at the start because of the
accessibility of active sites and the high concentration
amount of WH-AC between the active sites and the
aqueous solution. Once the surface begins to saturate, the
rate of adsorption is restricted by the internal mass transfer
of the adsorbate from the surface to the interior of the
WH-AC particles [22]. The remaining low concentration
has decreased mass transfer driving force, hence gradually
occupying active sites with lower affinity until
equilibrium condition was reached and the rate of
desorption increased, causing the overall adsorption rate
to decrease [23]. Equilibrium is achieved in 40 min for
20 mg/l and in 50 min for 30, 40 and 50 mg/l. Higher
concentration requires longer contact time to attain
equilibrium because of the higher amount of Cr(VI)
molecules. The adsorption capacity with increasing
contact time remains constant when equilibrium condition
is established.
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The effect of contact time on the removal of Cr(VI)
ions from aqueous solution of initial concentration 20, 30,
40 and 50 mg/l by adsorption on the prepared activated
carbon sample is shown above. It also presents the
adsorption capacity of the WH-AC at varying initial
adsorbate concentration (20, 30, 40 and 50 mg/l) and
varying contact times (10, 20, 30, 40, 50 and 60 min). The
adsorption capacity goes up with increasing initial
concentration. The experimental equilibrium adsorption
capacity increased from 1.98 to 4.68 mg/g when the
concentration increased from 20 to 50 mg/l. A similar
trend was observed in the study of Dula and coworkers
[24], wherein the adsorption capacity for Cr(VI) increased
from 9.87 to 59.23 mg/g as the initial concentration were
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Fig. 4. Pseudo-first order kinetics (conditions: pH 2; temperature

303 K; WH-AC dosage 0.1g/100ml)

increased from 25 to 150 mg/l. The rise in adsorption
capacity is due to the larger mass transfer driving force
between the aqueous and solid phases, resulting to better
adsorption of Cr(VI) onto WH-AC at a higher
concentration.

3.3. Adsorption Kinetics and Adsorption
Isotherm Exhibited by the WH-AC

To determine the adsorption kinetics of Cr(VI), two
models are used: the pseudo-fist order and pseudo-second
order models. The coefficients k; and k&, are calculated
using data from Figs. 4 and 5. The detailed parameters of
the kinetic models are tabulated in Table 3.

40
®20ppm @ 30ppm @ 40ppm © 50ppm
30 P
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Fig. 5. Pseudo-second order kinetics (conditions: pH 2;
temperature 303 K; WH-AC dosage 0.1g/100ml

Table 3
Kinetic parameters for chromium adsorption onto WH-AC
Initial concentrations, ppm
Parameters 20 30 20 50
e, exp, ME/E 1.98 2.81 3.78 4.68
Pseudo-first order
k1, /min 0.0152 0.0303 0.0471 0.0051
Ge.cal, MG/ 0.2870 0.2217 0.4205 0.0323
R 0.6450 0.8585 0.6551 0.0206
Pseudo- second order
k,, I/min 0.5088 04578 24235 -0.0172
Ge.cal, MG/ 1.8794 2.8026 3.7889 4.6368
R 0.9990 0.9998 0.9995 0.9999

Note: pH 2; temperature 303 K; WH-AC dosage 0.1000 g/100 ml

The correlation coefficients R* for the }z)seudo—ﬁrst
order kinetic model are 0.0206-0.6450; the R* values for
the pseudo-second order kinetic model are all above 0.99,
which is closer to unity of 1. Hence, the adsorption

kinetics of chromium onto WH-AC is better described by
the pseudo-second order kinetic model.

The results indicate that the first-order kinetic
model is not applicable, since the correlation coefficient
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R? obtained with this approximation is relatively low. This
is due to the fact that near equilibrium the experimental
data deviate notably from the previous data obtained
during the first stage of the experiment. The correlation
coefficient obtained with the second-order approximation
is, however, much higher (~1), which shows the
suitability of the model.

However, for the pseudo-second order model, the
experimental and the calculated ¢ values show
compatibility. The higher R’ and the smaller deviation
values between the experimental and calculated g establish
that the pseudo-second order model is more suitable to
describe the adsorption kinetics of Cr'® on the WH-AC
based activated carbon. Hence, the overall rate of
adsorption process is governed by chemisorption, which

involved valency forces through sharing or exchange of
electrons between sorbent and sorbate [25].

As shown in Table 4, the low value of the relative
error (0.23-5.35 %) between both adsorption capacities
verifies the applicability of the pseudo-second order kinetic
model.

The adsorption data were analyzed using the
Langmuir and Freundlich models. In order to compare the
isotherms, two graphs were plotted over the concentration
range. The results are illustrated in Figs. 6 and 7.

Based on Fig. 7, it can be concluded that the
adsorption equilibrium is best fitted for the Freundlich
adsorption isotherm because of its highest value of corre-
lation coefficient 0.978 compared to Fig. 6, Langmuir
linear isotherm.

Table 4

Kinetic model constants and correlation coefficients for adsorption of Cr*%ions onto activated carbon
with varying initial concentration of chromium and varying contact time

» - e, mg/g e, Mg/g ~ 0
Initial concentration, mgfl (from experimental data) (from second order model) Relative error, %
20 1.98 1.88 535
30 2.81 2.80 0.26
40 3.78 3.79 0.23
50 4.68 4.64 0.93
50 1.7
[ |
45 m
1.6
40
< 35 < 1.5
% R2=0.9666 & R2=0.9780
30 - 1.4
25
1.3
20
15 12
0.8 1.0 1.2 1.4 1.6 1.8 2.0 -0.1 0 0.1 0.2 0.3

C. (mg/L)

Fig. 6. Langmuir linear isotherm for Cr(VI) adsorption
on WH-AC (particles size 100 mesh; temperature 303 K;
AC dose 0.1 g/100 ml; pH 2)

log C,

Fig. 7. Freundlich linear isotherm for Cr(VI) adsorption on WH-
AC (particles size 100 mesh; temperature 303 K
AC dose 0.1 g/100 ml; pH 2)

Table 5
Adsorption isotherm model constants and correlation coefficients for adsorption of Cr*®ions
onto activated carbon
Langmuir Freundlich
kl Gmax Rz I<j n Rz
16.2748 0.0447 0.9666 23.7 1.0366 0.9780
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The fact that the Freundlich model good fits to the
experimental adsorption data suggests physical adsorp-
tion, as well as a heterogeneous distribution of active sites
on the WH-AC surface. If the value of 7 is equal to unity,
the adsorption is linear. If the value of constant n is below
unity, it implies that the adsorption process is unfavorable,
and if the value of »n is above unity, adsorption is
favorable. Based on Table 7, the value of n at equilibrium
was above unity, suggesting favorable adsorption.
Furthermore, the Ky value is an indication of the WH-AC
multilayer adsorption capacity.

4. Conclusions

The functional groups possibly present in the
surface of WH-AC are alcohol, alkanes, alkenes, ester,
carboxylic acid, aldehydes, carbonyls, amines, and alkyl
halides. These functional groups have a high affinity
towards hexavalent chromium. The WH-AC is meso-
porous with few macropores and micropores suggesting a
well-developed pore structure. The WH-AC produced
under optimum activation conditions obtained low surface
area, wide pore diameter, low pore volume, and small
particle size.

The adsorption capacity increases along with
increasing contact time and plateaus when equilibrium is
established. At higher adsorbate concentrations, a longer
contact time is required to adsorb the higher amount of
Cr(VI) molecules in solution and to reach equilibrium.

The adsorption of Cr(VI) onto WH-AC best
follows the Freundlich isotherm model and the pseudo-
second order kinetics.
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KIHETHUKA TA I3OTEPMIYHI JOCJIIAKEHHSA
AJICOPBIII IIECTUBAJIEHTHOI'O XPOMY
3 BUKOPUCTAHHSM AKTUBOBAHOI'O BYT'ULJIA
3 BOJHOI'O I'TAIIMHTY

Anomauyin. J[ns euoanenns Cr(VI) 3 600Ho20 posuumny six
aocopbenm GUKOPUCMAHO AKMUBOBAHE BY2INIA, OMPUMAHE 3 600-
noeo eiayunmy (WH-AC). Busnaueno, wo onmumizosanuti WH-AC
€ Me3onopucmum ma 3epHucmum. Bcmarnoeneno, wo niowa
nosepxni 11,564 /2 mae ucoxy adcopbyiiiny 30ammuicmy. Adcop6-
yisi onmumizosaroeo WH-AC eionogioae xinemuyi nceg0oopy2oeo
nopsaoky ma izomepmiunii mooeni @peiinonixa. basyouuce na
Koeghiyienmi Kopensyii, 00epiucanum 3 KiHemui4Hoi Mooeni ncegoo-
Opyeozo0 nopsadky, ompumani snavenns R mamu snavenns suwe 0,99,
wo 6Kazye Ha xemocopbyitinicme npoyecy. Bcmanoeneno, wo ao-
copbyiina 30amuicme WH-AC 36inouyemvcs 3 1,98 0o 4,68 me/2, 3
niosuwentsm Konyenmpayii aocopbamy 3 20 0o 50 me/n. Ilokazano,
wo aocopoyisi aKMUBOBAHUM GY2iIISIM, O00EPAHCYBAHUM 3 B00HO20
clayunma, Moxce Oymu  QILMEPHAMUBHUM MA  eeKmUBHUM
MeMOOOM 01 BUOAIEHHSL ULECTNUBANIEHIMHO20 XPOMY.

Knrouoei cnosa: aocopbuyis,
KiHemuka, i30mepma, 600HULL 2IaYUHM.

wecmusaieHmHUIL XpOoM,



