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INFLUENCE THE TEMPERATURE AND CONCENTRATION
OF LEAD (I1) ON ITS SORPTION BY ACIDOMODIFICATED ZEOLITE
FROM CONCENTRATED PHOSPHORIC ACID

Abstract. The sorption of lead (Il) cations from concentrated phosphoric acid
(85.2 %) was studied by the acid-modified zeolite of the Shankanay deposit. The mutual
influence of temperature and concentration of Pb®* cations on the process of their sorption
is revealed, the time has no significant effect.

The sorption curves of the dependence of the residual content of lead (II) on the
temperature in phosphoric acid with a content of 10 and 55 mg/Pb have a minimum at
43 °C, corresponding to its maximum absorption. in phosphoric acid with Cp, equal to
28 mg/l with increasing temperature, the sorption curves increase, and with Cpy, equal to
100 mg/l - decrease, respectively, the degree of sorption decreases and increases. The
curves for the residual content of lead (I1), depending on its concentration up to 30 °C,
have a minimum at Cp, of 28 mg/l, corresponding to a high degree of lead sorption (99.0-
99.6 %), and in the range from 45 to 70 °C - a maximum characterizing the lower degree
of Pb absorption. Moreover, the maximum on the sorption curves with increasing tempe-
rature shifts to a region of solutions less concentrated in lead content. The appearance of a
maximum or minimum on the sorption curves of Pb*" cations is due to the desorption
process, when under the conditions under study the sorbed cations from the zeolite exit to
the solution.

Keywords: heavy metals, lead cations, acid-modified zeolite, sorption, phosphoric
acid.

Introduction. Studies of the adsorption properties of natural zeolites to a
number of heavy metals in aqueous media have been widely performed in [1-4].
Structural features of natural zeolites determine the penetration of not only metal
cations with large radii, but also molecules into the crystalline structure of natural
zeolite [1, 5]. During sorption, the ions (molecules) of the sorbate migrate from
the volume of the medium to the surface of each body and pass into its adsorption
layer. Adsorbed ions migrate in this layer, diffuse into the body volume or are
desorbed. If the interaction of sorbate molecules with each other is sufficiently
strong, they are assembled into two-dimensional clusters that can expand along
the surface until they come into contact with neighboring clusters [6]. Migrating
along the surface, the molecules for some time are in some adsorption center, and
then jump to the next center. In this case, the residence time of a molecule on the
vertices, edges or steps on the faces of a single crystal can differ by a factor of
tens. The difference in the residence of molecules in adsorption centers located on
crystalline faces with different atomic relief is equally great. Therefore, faces with
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an unequal number of steps have different sorption capacity: each face is cha-
racterized by its own local adsorption coefficient and sorption capacity.

In recent years, sorption purification methods using activated zeolites have
become widespread [7, 8]. The acid activation of natural zeolites is accompanied
by a process of dealumination, which is caused by the unblocking of the channels
of the zeolite framework, which leads to an increase in the Si/Al ratio and the
formation of silanol groups, an increase in the effective size of micropores, and an
increase in the capacity of zeolite exchange [9-13]. Along with the appearance of
active in the sorption of H" exchange acid sites and the displacement of aluminum
(AI*") in the exchange positions, as a result of acid activation, the arrangement of
active sites is more favorable for the interaction of reacting substances. In ad-
dition, when acidizing zeolite, the liberated silica increases the specific surface
area and porosity of the activated samples and removes impurities blocking the
channels. The stability of the silica-alumina skeleton of high-silica zeolites to the
action of acids has increased the possibilities of regulating their properties by
decationizing and dealumination under various conditions of acid treatment.

A significant number of works are devoted to IR spectroscopic investigation
of clinoptilolite after hydrochloric acid activation [14-19]. According to the
obtained data, silanol groups Si-OH, bound by hydrogen bonds, removal of alu-
minum from the sorbent framework, and formation of "hydroxyl nests" associated
with the formation of Al-O vacancies occur in the structure of the natural zeolite
after acid treatment. In this case, an increase in the amount of loosely bound water
and a decrease in water molecules involved in the formation of hydrogen bonds
with silanol groups and the hydration of out-of-frame cations occur.

It has been found that acid-activated clinoptilolite tuffs exhibit high sorption
properties, for example with respect to phenylalanine [20], formaldehyde [21],
NH," ions [22], and SO, molecules [23]. Acid modification of natural zeolite
allows to obtain efficient sorbents with respect to cations of heavy metals in
aqueous media [24, 25]. It can be seen from the review that the applications of
zeolites in various industries can be significantly expanded by modifying them.
The aim of this work was to study the sorption of Pb (Il) cations by the acid-
modified zeolite from the Shankanay deposit from concentrated phosphoric
acid.

Experimental part

Lead-containing phosphoric acid with a predetermined concentration of Pb**
cations was prepared by introducing in the H3PO, (85.2 %) the calculated amount
of lead acetate Pb(CH3;COO),-3H,0 of the grade "chemical pure”. As a sorbent,
the zincite of the Shankanay deposit, modified with 15 % hydrochloric acid, was
used. The sorption of lead (Il) cations was carried out in a thermostated reactor
under the conditions of mixing the sorbent (Solid) with lead-containing phos-
phoric acid (Liquid), taken in a ratio of S:L equal to 10:100. The initial and final
concentrations of lead ions in solutions were determined on an atomic absorption
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spectrophotometer type AA-7000, the company "Shimadzu Corporation”, Japan,
No. A30664901456. The relative standard deviation of the output signal is 2 %.

Sorption was assessed by the change in the content of Pb?* cations in solu-
tion, i.e. by the difference between the initial concentration and its residual con-
centration. The degree of sorption (extraction) is the ratio of the difference bet-
ween the initial and reached the concentration of the cation Pb (1) to its original
content reached at a fixed time.

The degree of purification of various media, including phosphoric acid,
depends significantly on the main parameters of the sorption process (tempera-
ture, cation concentration Pb®*, time). A study of the mutual influence of these
technological factors on the process of purification of phosphoric acid from lead
ions ((I1)) with the acid-modified zeolite of the Shankanay deposit was carried out
using the method of mathematical planning of the orthogonal rototable 3 factor
experiment of the 2nd order [26].

Variable (input) factors of the process were: Z,- temperature (20 -70°C); Z; -
C concentration of cations Pb®* (10-100 mg / 1); Z; - time (5 - 60 minutes). These
changes in the concentration of Pb (Il) cations correspond to a possible range of
their presence in acidic effluents and other contaminated solutions, as well as in
thermal and extraction phosphoric acid.

The determined (output) parameter Y1 (response) was the residual content of

Pb?* ions in the liquid phase of the "Pb ?* acid acid-acid-modified zeolite"
system under investigation after its purification by the sorbent.

The coordinates of the center of the plan, the variation intervals and the study
levels are represented by the natural values Z;, Z,, Z3 in table 1.

Table 1 — Coordinates of the center of the plan, levels of variation

Value of variables
Natural
Coded
Z,, time, min Z,, T°C Zs, mg/ 1 Pb*
The upper level (+1) 48,9 59,9 81,8
The center of the plan is the zero level (Zi%) 32,5 45 55
The lower level (-1) 16,1 30,1 28,2
Interval of variation along the axis (AZi) 16,4 14,9 26,8
Star shoulder (+1,682) 60 70 100
Star shoulder (-1.682) 5 20 10

The experimental conditions and the results obtained in table 2.

With the use of computer processing of experimental data, a regression
analysis of the results was carried out. A regression equation describing the
dependence of the residual lead content in an acid medium after its removal by an
acid-modified zeolite on the process parameters under study was obtained by
correlation analysis after elimination of insignificant coefficients.
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Table 2 — Process conditions, content of Pb?* sorption cations and the degree of their sorption
by acid-modified zeolites in acid medium

No. The intrinsic value of experiments Content of Pb%* The degree of
of experience X4, min X,, °C X3, mg/l after sorption, mg/l | sorption (R), %
1 16,1 30,1 28,2 4,03 85,71
2 48,9 30,1 28,2 4,13 85,35
3 16,1 59,9 28,2 4,42 84,32
4 48,9 59,9 28,2 5,21 81,52
5 16,1 30,1 83,7 9,36 88,81
6 48,9 30,1 83,7 9,42 88,74
7 16,1 59,1 83,7 9,46 88,69
8 48,9 59,1 83,7 1,05 98,74
9 5 45 55 5,78 89,49
10 60 45 55 5,94 89,20
11 325 20 55 6,41 88,34
12 325 70 55 7,74 85,92
13 32,5 45 10 1,16 88,40
14 32,5 45 100 1,04 98,96
15 325 45 55 5,44 90,11
16 325 45 55 5,69 89,65
17 32,5 45 55 3,20 94,18
18 32,5 45 55 5,82 89,41
19 325 45 55 7,14 87,01
20 325 45 55 6,51 88,16

Results and discussion
After processing the obtained data and excluding the insignificant factors, the
regression equation is given below, in which six coefficients are significant:
V=5,793-0,527X;+0,493X,+1,805X5-1,326X5°-2,238X, X5 (1)

The adequacy of the regression equation was verified by the Fisher criterion.
As a result of optimization of the calculations, it was found that the calculated
value of the Fisher test is less than the tabulated value:

F<Fi, (2

namely 4.2728734016 <4,69999998, therefore, the equation adequately describes
the experiment.

An analysis of the regression equation obtained showed that the tempera-
ture and concentration of Pb®* ions have the greatest influence on the sorption of
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Pb (I1) cations. Comparison of the coefficient values showed that the time has no
significant effect on the output parameter.

As already noted, temperature has a significant effect on sorption purification
processes, using both natural aluminosilicate sorbents and their modified forms as
sorbents. According to the regression equation 1 describing the sorption of Pb*
cations by an acid-modified zeolite in phosphoric acid, the effect of temperature
on the output parameter is complex and is represented by positive linear (X;) and
double interaction of process temperature and lead cation (X;X3) concentration
with a minus sign. In the regression equation, before the variable temperature
coefficient (X;) there is a plus sign. That is, the temperature factor affects the
output parameter not only as a double interaction with the third factor (X,X3), but
also independently, and directly proportional. A comparison of the values of the
coefficients showed that the greatest influence on the output parameter is exerted
by a double interaction of the process temperature and the concentration of Pb?*
cations. It follows from the regression equation 1 that the double interaction
(X2X3) has a minus sign at a coefficient. That is, a decrease in the value of only
one factor (either temperature or Pb concentration) can increase the purity of
phosphoric acid. The simultaneous decrease or increase in the values of both
factors in the regression equation when they multiply gives a plus sign and, as a
result, a decrease in the degree of purification. Simultaneous decrease in the
values of temperature and concentration leads to poor purification of the acid
medium, and a simultaneous increase in their values may contribute to the
desorption (exit) of lead ions from the sorbent solution.

The graphical dependence of the obtained dependences of the residual
content of Pb?* ions in the liquid phase of the "Pb?" -H;PO,-acid-modified zeolite"
system on temperature is shown in Fig. 1. It can be seen that in low- and medium-
concentrated lead-containing solutions (10 and 55 mg / | Pb) cations of Pb?* are
extreme with a minimum at 45°C, which is most pronounced in solutions obtained
with Cpy equal to 10 mg/l, and corresponds to the highest degree of sorption of
Pb? * cations (figure 1a, c). For example, 47.5 % Pb is sorbed from an acidic
solution with Cpy equal to 10 mg / 1 at 20 ° C for 16 minutes, 99.5 % Pb at 45 ° C,
63 % Pb at 60 ° C, and Pb at 60°C, 28 % Pb. Moreover, in low-concentration
solutions of lead, an increase in the duration of the process has a slight negative
effect on the sorption capacity of the sorbent. That is, with decreasing phase con-
tact time, the degree of sorption somewhat increases as the temperature decrea-
ses. Thus, 99.5 % Pb sorbed in 5 min at 45 ° C, 95 % Pb in 16 min, 91 % Pb in
32 min, 84 % Pb in 50 min and 81 % in 60 min, 3 % Pb.

In solutions with a lead content of 28 mg/l, the extreme dependence of the
sorption curves on temperature is smoothed (figure 1b), i.e. As the temperature
rises, the residual content of Pb (1) cations constantly increases, so the degree of
sorEtion decreases. Thus, 95.7 % Pb is sorbed in this solution for 5-16 min at
20 °C, 94.04 % Pb at 30 °C, and 69.85 % Pb for 60 min.

In solutions with a lead concentration of 82-100 mg/l, an increase in the
process temperature has a positive effect. Under the investigated conditions, the
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Figure 1 — Effect of temperature on the residual content of Pb (I1) cations
in the system «Pb?* - H3PO, - acid-modified zeolite»:
a—10 mg/l Pb?*; b — 28 mg/l Pb?*; ¢ — 55 mg/l Pb?*; d — 100 mg/I Ph?*

residual content of Pb?* cations in the liquid phase of the system decreases with
increasing temperature, and the degree of their sorption increases accordingly
(figure 1d). For example, in a solution with Cp, equal to 100 mg/I at 20°C and 16
min, the sorption degree of Pb®* ions reaches 86.9%, at 40 °C - 94.2%, at 70 °C -
99.1 %.

The effect of the concentration of Pb® * cations on its residual content in the
system under study is complex and is represented in the regression equation 1 by
a positive linear concentration factor of lead (X3) and its negative quadratic term
(X3%). In this case, the values of the coefficients of the factor under consideration
are Cpp (X3) higher than in X; (time), which indicates a significant influence of
lead concentration on the process of its sorption compared with time.

It should be taken into account that in the regression equation 1 the influence
of Cpy is also represented by a negative double factor of its interaction with the
process temperature (X,Xz). A comparison of the values of the X,X; coefficients
showed that a double interaction of the Pb?* cation concentration and the process
temperature has a significant effect on the output parameter. The minus sign at the
coefficient of variables X,X; in the regression equation shows that the simul-
taneous increase or decrease of the values of these factors will not lead to the
purification of the acidic environment. On the contrary, a decrease in the value of
one of the factors with an increase in the value of the other leads to an increase in
the degree of sorption of lead. The considered interference of factors and their
effect on the response is well demonstrated by the graphs below (figure 2). In the
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Figure 2 — Influence of the concentration of cations of Pb (I1) on its residual content

in the system «Ph?* - acidic medium - acid-modified zeolite»:

a-30°C;b-45°C;c-60°C;d-70°C
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regression equation 1, the plus sign is used before the coefficient of variable lead
concentration (Xz). That is, the concentration factor of lead (I1) affects the output
parameter not only in the form of negative quadratic and double interaction with
the second factor (temperature), but also independently, and directly proportional.
The higher the concentration of lead in solution, the more it remains after the end
of the sorption process. At the same time, the value of the coefficient X; shows a
greater effect than the influence of its quadratic factor Xs?, but a slightly smaller
effect compared to the double factor X,X;. That is, even in lead-concentrated
solutions, the acid-modified zeolite will exhibit rather high sorption properties.

The curves of the residual content of Pb?* ions as a function of their con-
centration over the whole time interval studied at 20-30°C have a minimum in
phosphoric acid with Cp, equal to 28 mg/l, which corresponds to the maximum
absorption of Pb?* cations by acid-modified zeolite 99.0-99.9 % (figure 2 a).

The sorption curves of lead depending on its concentration at elevated tem-
peratures from 45 to 70°C are characterized by a clearly pronounced maximum,
which is due to the influence of the double factor X,X; (figure 2b, c, d). The
sorption capacity of the acid-modified zeolite under these conditions increases
slightly with the increase in the concentration of Pb®* cations, and then increases.
For example, the degree of sorption in a system with Cp, equal to 10 mg/l reaches
90 %, with Cpy, equal to 40 mg/l — 86 %, Cp, equal to 73.5 mg/l - 91.4 %, and with
Crp equal to 100 mg/l -94.8 % at 45 OC for 16 minutes. Moreover, the maximum
on the sorption curves shifts to the region of lower concentrations with increasing
temperature. So the maximum is prescribed in H3PO, with a concentration of
73.5 mg/l Pb?* at 45 °C, with Cp, equal to 52.6 mg/l Pb?* at 60 °C, and with Cp,
equal to 31.6 mg /I Pb?* at 70°C. At the same time, a high degree of sorption of
99.0-99.8 % is already achieved in phosphoric acid with Cpy, equal to 100 mg/I. It
is possible that at an elevated temperature in concentrated phosphoric acid the
process of dealumination continues, which causes an increase in the sorption
capacity of the acid-modified zeolite with phosphoric acid with a high content of
Pb?* cations. That is, in the purification of lead-containing phosphoric acid by
acid-modified zeolite, the concentration of lead must be taken into account. A
high degree of purification can be achieved practically in the entire investigated
range of Pb (1) ion concentrations, selecting the process temperature.

It should be noted that the presence of a maximum or minimum on the sorp-
tion curves appears to be due to the saturation of the zeolite and, as a conse-
guence, the deterioration of its sorption properties. This process, in turn, may be
caused by the system's striving for equilibrium, in which the concentration of lead
in both phases is equalized. That is, the appearance of a maximum on the sorption
curves is due to the desorption process, when under these conditions the sorbed
cations from the zeolite exit to the solution.

Thus, when choosing the optimal conditions for the purification of concen-
trated phosphoric acid from cations of Pb?* with an acid-modified zeolite, the
temperature of the process and the concentration of lead (II) cations should be
taken into account first. On the basis of the studies, optimum conditions for the
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maximum hollow purity of a low-concentration lead (10 mg/l Pb) of phosphoric
acid were found: time - 16 min, temperature — 45 °C: more concentrated in lead
(28-100 mg/l Pb) of H3PQy,, the time is 50 minutes, and the temperature is 40 °c,
angj in high-concentrated for lead HsPO, the temperature needs to be raised to
70°C.

The research was carried out according to the scientific and technical
program No. BR05234667 within the framework of program-targeted financing
CS MES RK.
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P. A. Kaiieiybaesa, A. A. Azamaesa, H. H. Koscabexosa, K. E. Epmexosa,
P. M. Yepnaxosa, 0. )K. JKycinbexos, A. K. Mycaesa

KBIIIKBIMEH MOJIUOUKALTMSUIAHFAH [TEOJIUT APKBLJIBI
KOHLIEHTPJI ®OC®OP KbIIIKbUIBIHAH KOPFACBHIHHBIH
COPBLISIJIAHYBIHA TEMITEPATYPA MEH KOPFACKIH (II)

KOHIIEHTPALIMSICBIHBIH OCEPI

[IlaHkaHail KeH OPHBIHBIH KBIIIKBUIMEH MOIMGHUKALMSANIAHFAH [ICONUTI APKBLUIBI
kouueHTpii dochop kpimkpuibiHaH (85,2 %) xopraceir (II) kaTnoHHapbIH copOLUsIIAY
npoueci 3eprreni. Temneparypa Men Pb®" kaTHOHIAapbl KOHIEHTPAIMACHIHBIH OJapIbiH
copOumsiTaHy MpoIeciHe e3apa dcep ETETiHI aHBIKTAIAbI, aJl yaKbIT OHINA dcep STHEHI.

Kypambiaga 10 sxone 55 mr/Pb 6ap docdop kpimksuisigarsr kopraceiHabH (1)
KaJIFaH MOJILIEPiHiH TEMIIEpaTypara TOyedi COPOLUSIBIK KUCHIKTaphIHbIH 43°C-Ta MUHU-
MyMBbI 0ap, SIFHH OYJT OHBIH €H KOIl MeJIIIepae coponusIanranbiH kepcerei. Kypambinma
28 mr/n Cpy, 6ap bocdop KBIMKBUIBIHIA TEMISPATYPa apTKaH CallbIH COPOLNS KUCHIKTAPBI
xorapeutaiiel, an Kypambigga 100 mr/n Cp, 6ap dochop KBINIKBUIBIHIA TOMEHACHTI,
SIFHU COlKeciHIe copOIus Aopexeci asaspl xoHe apraasl. Kopraceiausiy (II) koHueH-
Tpauusra Toyenai Karan memmepi 30 °C Cpy, KoHIeHTparuscel 28 Mr/in TeH OoJFaHza
MHHUMYMBI 0ap, 0J1 KOPFaCBIHHBIH XKOFapFbl copOmsiiany aapexecine (99,0-99,6 %) coii-
Kec kenei, an 45-ren 70 °C-ka zeifiHri Temreparypa apajbFblHIa KOPFACHIHHBIH TOMEHT
copOumsTaHy AopekeciH kepceTeTiH MakcuMyM Oap. CopOUMSUIBIK KHCHIKTapAa TeMIle-
paTypa apTKaH CaWblH maliga OOJaTBIH MaKCUMyM KOpPFachIH MeJjmepi OoWbIHINA a3
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KOHIIGHTpIT epiTiHminep >kakka Kapail biFbicambl. Pb?* kaTHOHZAPBIHBIH copoLMsIaHy
KHUCBIKTapbhIH/Ia MaKCUMYMHBIH HeEMece MHHHMYMHBIH TIaiia OoJybl aecopOLMsIIaHy
MIpoIleCiMEH TYCIHZIpiieai, SIFHU 3€PTTeNil OTHIPFaH >Kardaiiapiaa copOLMsUIaHFaH Ka-
THOHJIAPIBIH [ICOIUTTEH KalTaaaH epiTiHAire oTyi OpbIH aJIa/ibl.

Tyiiin ce3mep: ayblp Meraniap, KOpFachlH KaTHOHJIAPHI, KBIIKbIIMEH Moauduka-
OUSUTaHFaH IE0NUT, copOmmst, Pochop KBIIIKBLTEL.

Pe3zrome

P. A. Kaiivinbaesa, A. A. Aeamaesa, H. H. Koocabexosa, K. E. Epmexosa,
P. M. Yepnsxosa, V. )K. Iicycunberos, A. K. Mycaesa

BJIMAHUE TEMITEPATYPHI 1 KOHLIEHTPALIMM CBUHLIA (11)
HA ET'O COPBLIMIO KHUCJIOTOMOAN®UITIMPOBAHHBIM ITEOJINTOM
N3 KOHOUEHTPUPOBAHHOU ®OCOOPHOU KHUCJIOTHI

HccnenoBan mporiecc copbumu katronoB cBurna (l1) W3 KOHIEHTpHpOBaHHOM
docdopuoit kucaoThl (85,2%) KHCIOTOMOAN(PHUIIMPOBAHHBIM IICOJUTOM MECTOPOKICHHS
[[Tankanaii. BeisiBieHO B3aUMOBJIUSIHUE TEMIIEPATyphl U KOHILIEHTPALIUM KaTHOHOB Pb? na
MIPOLIECC UX COPOIIMH, BpeMs HE OKa3bIBAeT CYIECTBEHHOTO BIUSHHSI.

CopOIHOHHBIE KPUBBIE 3aBUCHMOCTH OCTaTOYHOro cojepxanus ceunia (I1) ot
TemrepaTypsl B ochopHoii kuciote ¢ comepxanuem 10 u 55 mr/ Pb umeror MuHuMYyM
npu 43°C, COOTBETCTBYIONIMI €r0 MaKCUMAIILHOMY MOTJIOIIEHUIO. B (OCHOPHOI KUCIOTE
¢ Cpp paBHO#H 28 Mr/1 ¢ MOBBIIICHAEM TEMIICPATYPhl KPUBBIC COPOLIUK BO3PACTAIOT, a C
Cpp paBuoii 100 mMr/im — CHUXKAIOTCS, COOTBETCTBEHHO CTEIIEHb COPOLMH YMEHBIIACTCS U
yBenuuuBaeTcs. Kpusbie octarounoro copepkanusi cBunna (1) B 3aBucuMoOcTH OT ero
koutentpanun 10 30°C umeror MuruMyM Tipu Cpp, paBHOM 28 Mr/i, COOTBETCTBYIOIIHI
BBICOKOM cTenenn copouuu ceuana (99,0-99,6 %), a B o6aactu ot 45 go 70°C - makcu-
MYM, XapakTepu3yIoIuii 6ojiee HU3KYIO CTeNeHpb noriomenus Ph. [Ipuuem MakcumyMm Ha
COPOIIMOHHBIX KPUBBIX C POCTOM TEMIIEPATYPhI CMEIIASTCS B 001aCTh MEHEE KOHIICHTPH-
POBaHHBIX TIO COJICPIKaHUIO CBUHIIA pacTBOPOB. [TosiBieHHe MakcCMMyMa JIMOO MHHUMYMa
Ha KPHUBBIX copOImi KatnoHOB Ph?* 06YCII0BICHO MPOLIECCOM AeCOPOLIHH, KOr/a B HCCe-
JIYEMBIX YCIOBHSX MPOUCXOAUT BBIXOJI COPOMPOBABILIUXCS KATHOHOB U3 IIE0JIUTa 0OPATHO
B PacTBop.

KnioueBbie ciioBa: TshKeble METaJUIbl, KAaTHOHBI CBHHIIA, KHUCIOTOMOIU(UIHPO-
BaHHbIH 11E0JIUT, copOLus, pochopHas KUCIOTA.
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