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The adsorption of cationic hexadecylpyridinium bromide and non-ionic oxyethylated octylphenols (TX-45,
TX-100, TX-305) surfactants from their mixed solutions at non-porous hydrophobic carbon sorbent such as thermal
graphitized carbon black has been studied. The molar fraction of oxyethylated octylphenols in the mixtures was 0.2,
0.4, 0.6, and 0.8. The results have shown that the adsorption values of hexadecylpyridinium bromide depend on the
total concentration of the surfactant and the composition of mixtures.

1t has been found that the molar fraction of nonionic surfactants in the mixed adsorption layers at carbon black
surface decreases in the series: TX-45 > TX-100 > TX-305. The regularities of the change in the surface activity of
the surfactant mixtures at the solution-solid sorbent interface with an increase in the total surfactant concentration
in the solution correlate with those for the solution-air system, but are more pronounced. The areas per
hexadecylpyridinium bromide and the oxyethylated octylphenols molecules in the adsorption layer while adsorbing
from their binary solutions are lesser than ones for the surfactants adsorption from their individual solutions, and
smaller than the corresponding areas at the solution-air interface. These findings indicate the consolidation of the
adsorption layer at the solid surface and confirm that the surfactants adsorb at carbon black surface as
associates.
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INTRODUCTION solution interface attract great research attention
[7-9]. As for a solid sorbent-solution interface,
Adsorption of surfactants at a solid-liquid the studies were conducted mainly with
interface has an important role in many prosesses hydrophilic sorbents [10-12].
such as ore flotation, oil extraction, household With regards to non-polar hydrophobic
and personal care applications, in textile, sorbents, the adsorption of a mixture of non-
cosmetic, food industries, biotechnology and ionic and cationic surfactants on the surface of
water treatment [1,2]. In many cases, the hydrophobic glass was investigated [13, 14]. The
employing of the surfactants mixtures is more authors of paper [13] studied the mutual
beneficial than using of individual surfactants influence of Triton X-305 and
[2,3]. Therefore, understanding the main tetradecyltrimethylammonium bromide
features of mixed adsorption of surfactants at surfactants on their adsorption on the
solid surfaces is of vital importance for hydrophobic glass and the interfacial tension
prediction the properties of the surfactant values at the solid-liquid interface. In the
mixtures and their applications. concentration region of 10*-107° M it has been
Nowadays, adsorption of the surfactants at found a synergistic effect when the adsorption
carbon sorbents is a subject of numerous studies, value from the surfactants mixtures exceeds the
but majority of the works in this area is devoted adsorption values from the individual surfactants
to investigation of the surfactant adsorption from solutions. The authors of study [14] investigated
single component solutions [4—6]. Currently the the effect of dodecylpyridinium bromide and
main research topics related to the surfactants Triton X-100 concentrations on the interaction
mixtures are the development of theoretical energy of SiO; particles. The synergetic effect is
approaches to describe the colloid-chemical found in a wide range of concentrations at both
interactions between the surfactants in the binary the surfactant solution-air and the surfactant
solutions. The processes of micelle formation in solution-hybrophobic solid interfaces. As for
the bulk solution as well as adsorption at an air- activated carbon, it was shown synergetic
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adsorption of surfactants due to electrostatic
interaction of oppositely charged ions of anionic
and cationic surfactants [15].

Ridaoui et al. [16] investigated the change in
the charge of carbon black (CB) particles in
mixed aqueous dispersions of polystyrene-
polyethylene oxide copolymers and
cetyltrimethylammonium chloride. It has been
shown that the adsorption value depends on the
surfactant type. Adsorption of the surfactant or
polystyrene copolymer on CB surface leads to
electrostatic or steretic repulsion of CB particles
[16].

Ma and Xia [17] evaluated the stability of
CB dispersions in mixed solutions of sodium
dodecyl sulfate and ethoxylated nonylphenols.
The authors showed the adsorption of the ionic
surfactant to decrease in the presence of the
nonionic surfactant.

Bossolelti et al. [18] studied adsorption of
sodium polystyrene sulfonates and ethoxylated
nonionic surfactants (NP-12, NP-40, NP-100) on
the CB surface. For all surfactants used,
adsorption isotherms of the Langmuir type and
the negative values of adsorption energy were
obtained. It was assumed that the polyethylene
oxide chains of adsorbed non-ionic compounds
had coil conformation on CB surface [18].

The purpose of this work is to study the
features of adsorption of binary mixtures of
cationic and non-ionic surfactants on a non-
porous hydrophobic carbon sorbent such as
graphitized CB.

MATERIALS AND METHODS

Cationic and non-ionic surfactants were used
in the study. Non-ionic surfactants such as
oxyethylated octylphenols of the molecular
formula C8H17C6H4O(CH2CH20)HH with the
degree of oxyethylation »=5,9,10 and 30
(Triton X-45, X-100 and X-305 (TX-45,
TX-100, TX-305), and a cationic surfactant such
as hexadecylpyridinium bromide
(C16H33NC5H5BI‘) (HDPB) WeEre obtained from
Sigma-Aldrich (USA) and used as received.

Thermally graphitized CB with the specific
surface area of 105 m%/g, as was evaluated by
BET method with argon adsorption, was used as
a non-porous carbon sorbent. For removal of
inorganic ash components, CB was treated with
2M solutions of HNO; and with concentrated HF
by the method, described previously [19]. The
samples were washed out with distilled water
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until no traces of NO;™ and F ions in washing
waters were detected, and dried at 105 °C.

Determination of the critical micelle
concentration (CMC) values in the surfactants
solutions was carried out by using a tenziometric
method, which is based on plotting of the
dependence of the surface tension (o) versus the
equilibrium surfactant concentration (C). The
CMC value of the surfactant is defined as the
concentration which corresponds to the break
point on the o( [nC) plot.

Measurement of the surface tension was
carried out by Wilhelmy method by balancing
the platinum plate. The cleanliness of the plate
was controlled by the surface tension of the
bidistilled water (¢ = 72.5 mJ/m?). The accuracy
of the evaluation, which was based on the
average data for 3-5 measurements, was
£ 0.5 mJ/m?.

To obtain adsorption isotherms, the solutions
with different initial concentrations of the
surfactants but at a constant sorbent loading were
shaken at 6000 rpm. The solution volume was
0.025 dm®. After reaching the adsorption
equilibrium, the solutions were separated from
the adsorbent by centrifugation. The equilibrium
concentrations of Triton X surfactants in the
solutions were determined by spectrophotometric
method at A =274 nm, while the concentrations
of HDPB in the solutions were evaluated by two-
phase titration method [20]. The measurement
errors did not exceed 1 and 3 %, respectively.
Investigations of the adsorption kinetics have
shown that the adsorption equilibrium in the
aqueous solution of surfactant is achieved in 8 h.

The specific adsorption value was calculated
from the ratio:

_c,-C,
m

A

v )

where A4 is adsorption value (mol/g), V is the
volume of the solution (dm?), m is CB loading in
the solution (g), Cyp and C. are the initial and
equilibrium surfactant concentrations (mol/dm?).
The colloidal-chemical characteristics of the
used surfactants were determined as described
previously [21], and are presented in Table 1.

RESULTS AND DISCUSSION

Fig. 1 shows the adsorption isotherms of
HDPB, TX-45, TX-100 and TX-305 surfactants
from individual aqueous solutions on CB
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surface. Adsorption of HDPB and Triton X
surfactants is due to hydrophobic interactions
between alkyl radicals in the surfactant
molecules and CB surface. These interactions are
recognized as the main driving force that cause
the surfactant adsorption at hydrophobic surfaces
[1, 10, 22-24].

As seen in Fig. 1, the adsorption isotherms
of the surfactants in the studied concentration
range are of the Langmuir type with a clearly
defined plateau. Adsorption saturation for HDPB
was achieved at a higher equilibrium surfactant
concentration (6.5 mmol/l) than for Triton X
(about 0.4 mmol/l). The maximum adsorption

0.5 r

A, mmol/g

value for Triton X surfactants increases with a
decrease in the length of the polyoxyethyl chain
of the surfactant molecules: Atx.as > Arx-100 >
Artx-305, which corresponds to the previously
published data [25, 26]. Earlier it was reported
that the main parameter, which restricts the
Triton X adsorption, is the polyoxyethylene
chain protruded in the bulk solution [17]. The
long polyoxyethylene chains could take a coil
conformation in the solution [25,27] and
therefore restrict the packing density of the
molecules in the adsorption layer, thus reducing
the adsorption value.

Fig. 1.
surfactant solutions

Fig. 2 depicts the adsorption isotherms of
HDPB at CB surface from binary mixtures with
TX-45 (a), TX-100 (b) and TX-305 (c¢)
surfactants at different mole fractions of Triton
X in the mixtures: arx=0.2, 0.4, 0.6 and 0.8.
The results have shown that the adsorption
values of HDPB from these mixtures depend on
the total concentration of the surfactant and the
molar fraction of Triton X in the mixture.

As seen in Fig.2a, b, at a low HDPB
content in the mixture (ary = 0.8), adsorption of
HDPB from the binary solutions on CB surface
is low. With increasing of ampps, the maximum
adsorption value of HDPB from the mixture is
higher compared to the adsorption from the
individual HDPB solution. This means that
adsorption of cationic surfactant is increased in
the presence of the molecules of the non-ionic
surfactant. A similar effect was observed for the
cetyltrimethylammonium bromide-Triton X-100
system at the mixture concentration, which
corresponds to an unsaturated monolayer [28].
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Adsorption isotherms of HDPB (7), TX-45 (2), TX-100 (3) and TX-305 (4) on CB surface from individual

This effect is enhanced with increasing of the
mole fraction of HDBP in the mixture from 0.2
to 0.6. The largest increase in the surfactant
adsorption is observed at ampps = 0.6, when its
value reaches 0.50-0.63 mol/kg in the studied
concentration range and there is a tendency for
its further increase.

Such results can be explained by the fact that
the embedding of the molecules of the non-ionic
surfactant in the mixed adsorption layer reduces
the electrochemical repulsion between positively
charged ions of HBPB. This leads to higher
adsorption of the cationic surfactant from its
mixture with the non-ionic surfactants than the
one from the individual HDPB solution. The
maximal effective balance of the acting driving
forces of adsorption is realized at arx=0.4,
probably due to adsorption of both individual
HDPB ions and mixed TX-HDPB aggregates.

To calculate the composition of mixed
adsorption layers of the surfactants and
parameters of intermolecular interaction between
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the surfactants, a phase separation model (the
Rubin-Rosen approach) was wused [2,29].
According to this model, the coefficient of
intermolecular interaction in the adsorption layer
S was estimated by using the equation:

s _ In(¢,C,, /CIOZI )
(I_Zl )2

where a; 1s the molar fraction of surfactant 1 in
the solution, y; is the molar fraction of surfactant

2)

A, mmol/g

0.4
C, mmol/1
0.6

A, mmol/g

1 in the mixed adsorption layer, C,’ and C;, are
the molar concentrations of the surfactant 1
solution and the binary mixture at the same
adsorption value.

The composition of the adsorption layer was
calculated by the ratio [2, 29]:

2 aiclz _1_ 2 %
() ln(—co )=(-x) 1H(C§(1_Z]))

)
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Fig. 2. Adsorption isotherms of HDPB at CB from single solution (5) and mixed solutions with TX-45 (a), TX-100
(b) and TX-305 (c¢) at different mole fraction of Triton X (arzx) in the mixtures: azx= 0.2 (1), arx=0.4 (2),

arx = 06 (3), orx = 08 (4)

Thus, having determined from the
experimental data the concentrations of the
surfactant mixtures and the individual solutions,
at which a given adsorption value is reached, the
composition of the mixed adsorption layer at the
specific adsorption value was calculated. The
calculation results show (Table 1) that the
composition of the adsorption layer on the CB
surface is notably different from the surfactants
ratio in the initial solution.

The x wvalues indicate that the mixed
adsorption layers on CB surface are enriched
with molecules of the non-ionic surfactants, even

392

at their low content in the solution (arx=0.2).
With increasing of the Triton X molar fraction in
the binary solution from 0.2 to 0.8 its share in the
adsorption layer increases by approximately 2.5
times.

Fig. 3 shows the ratio of the molar fraction
of HDBP in the bulk solution and in the mixed
adsorption layer on the CB surface. If the HDPB
content at CB surface were the same as in the
solution, the experimental data would fall in the
dashed line in Fig. 3. However, as seen in Fig. 3,
the non-ionic surfactants are present in excess on
CB surface, and their mole fraction in the
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adsorption layer decreases in the following
order: TX-45>TX-100>TX-305. These data
indicate that more hydrophobic non-ionic
surfactants are predominantly adsorbed on CB
surface from mixed solutions with HBPB.
Negative values of f° interaction parameter
(Table 1) indicate notable attraction of the
surfactant molecules and ions in the mixed
adsorption layers. An increase in the absolute
value of f° parameters with increasing arx in the
solution characterize the strengthening of the
interactions between the components in the
adsorption layer. Fig. 4 shows the dependence of

the coefficients of intermolecular interaction f°
versus the mole fraction of TX-45, TX-100, and
TX-305 surfactants in the mixtures. As seen in
Fig. 4, an increase of ary value in the initial
solution to 0.6 is accompanied by an increase in
the absolute value of the coefficients 4° at a fixed
adsorption value. The strengthening of
intermolecular interactions in the surface layer
can be due to the formation of hydrogen bonds,
as well as due to dispersion interactions between
n-electrons of phenyl rings of the surfactant
molecules and w-electrons of the graphite lattice
of CB.

Table 1. Parameters /° and molar fractions of Triton X in the mixed adsorption layers on the CB surface (yry);

A=1.8x10"*mol/g

arx 0.2 0.4 0.6 0.8
HDPB/TX-45
p -6.47 -6.75 -8.28 -5.43
XTX-45 0.40 0.73 0.85 0.90
HDPB/TX-100
p -5.61 -5.22 -7.53 -4.80
XTX-100 0.30 0.55 0.73 0.76
HDPB/TX-305
P -4.87 -5.02 -5.66 -3.58
XTX-305 0.52 0.24 0.68 0.70
1
0,8 K
0.6 | fx'r
3: 04 ’xll 2
/,’ 1
02 %
0

0,2 0.4 0,6 0.8

OHDPB

Fig. 3. Molar fraction of HDBP in the bulk solution (azpps) and in the mixed adsorption layer on the CB surface

(OCCBHDPB)

Additional information related to the
surfactant adsorption from binary solutions on
the sorbent can be obtained by comparison with
adsorption at an interface between a binary
solution of the surfactant and air. Using the
isotherms of the surface tension of the HDBB,
TX-45, TX-100, TX-305 surfactants and their
mixtures, which were previously obtained [20],
the maximum adsorption values (/) at the
interface surfactant solution-air and the values of
the area per the adsorbed surfactant molecule in
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mixed adsorption layer (S,,) were evaluated
(Table 2).

By using the adsorption isotherms of the
surfactants on CB (Figs. 1, 2), the values of the
maximal surfactants adsorption in the plateau
region (Amqx) were found. The area per molecule
in the mixed adsorption layer at the CB surface
was calculated by using the equation [30]:

: “4)
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where S is the surface area of CB, o is a minimal
area per molecule in the adsorption layer at CB
surface, N, is the Avogadro number and A,y is
the adsorption value at a concentration, which is
close to saturation.

It is seen from the data presented in Table 2
that the surfactants adsorption values from their
binary mixtures at the solution-CB interface
significantly exceed the adsorption values at the
solution-air interface. This is due to the
formation of mixed HPDP-TX aggregates at CB
surface, as well as due to hydrophobic

interactions of the alkyl chains of the surfactant
molecules with the nonpolar CB surface.

The areas per HDPB and the Triton X
molecules in the adsorption layer while
adsorbing from their binary solutions are lesser
than those for the surfactants adsorption from
their individual solutions, and smaller than the
corresponding areas at the solution-air interface
(Table 2). These findings indicate the
consolidation of the adsorption layer at the solid
surface and confirm that the surfactants adsorb
on CB surface as associates.

Table 2. Comparison of the main adsorption parameters of the surfactants mixtures at the solution-air and the

solution-CB interfaces

HDPB/TX45
P 0 02 04 0.6 08 1.0
6
e 2.76 3.64 5.01 6.72 413 2.66
Swin, M2 0.60 0.46 0.33 0.22 0.40 0.62
Amaxx105
e 381 6.35 8.26 9.74 7.18 429
@, nm? 0.43 0.26 0.20 0.17 0.23 0.39
HDPB/TX-100
ATX-100 0 0.2 04 0.6 0.8 1.0
6
’l;:":l}l‘:l; 2.76 3.38 4.80 5.71 3.90 251
Suiny 0.60 0.50 0.35 0.29 0.42 0.66
e 107 381 5.49 7.30 8.56 6.95 2,67
@, nm’ 0.43 0.30 0.23 0.19 0.24 0.62
HDPB/TX-305
arcs 0 02 04 0.6 08 10
6
e 2.76 2.63 3.05 427 2.78 1.47
Swin, N2 0.60 0.63 0.54 0.39 0.60 113
Amaex105
sk 10% 381 432 491 5.50 3.96 1.55
@, nm? 0.43 0.39 0.34 0.30 0.42 1.07
0
-2
o4 3
2
-6 1
-8
c0 Lo : : .
0 0,2 0.4 0,6 0,8 1
Grx

Fig. 4. Dependence of the coefficients of intermolecular interaction /* versus the mole fraction of TX-45 (1),
TX-100 (2) and TX-305 (3) surfactants in the mixtures (arx); 4=1.8x10*mol/g
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CONCLUSIONS the non-ionic surfactant. The molar fraction of
the non-ionic surfactants in the adsorption layer
decreases in the series: TX-45>TX-100>TX-305.
The results obtained show that the more
hydrophobic non-ionic surfactant is better
adsorbed at CB surface from mixed solutions
with cationic surfactant. The regularities of the
change in the surface activity of the surfactants
mixtures at the solution-CB interface with an
increase in the total surfactant concentration in
the solution correlate with ones at the solution-
air interface, but are more pronounced. These
findings indicates the consolidation of the
adsorption layer at the solid surface and confirm
the fact of the surfactants adsorb at CB surface
as associates.

Adsorption of HBPB from its binary
mixtures of different composition with TX-45,
TX-100 and TX-305 surfactants at graphitized
CB was studied. It has been found that at low
surfactants concentrations, adsorption of HDPB
from the surfactants mixtures is higher in the
presence of the non-ionic surfactant than HDPB
adsorption from its individual solutions. This can
be explained by the fact that the inclusion of the
molecules of the non-ionic surfactant in the
mixed adsorption layer reduces -electrostatic
repulsion between charged hydrophilic groups of
the cationic surfactants and thus promotes HDPB
adsorption. It has been found that the mixed
adsorption layers are enriched with molecules of

Oco0auBocTi agcopOuii OiHAPHUX cyMilleld KATIOHHUX | HEHOHHUX MOBEPXHEBO-AKTUBHUX
PE€4YOBHH HEMOPUCTHM BYIJlelleBUM COpPOEHTOM

O./1. Koukoaan, B.I. Makcin, P.C. Boiiko

Hayionanvuuii ynieepcumem biopecypcis i npupoodoxkopucmysants Yxpainu
syn. I'epois Oboponu, 15, Kuis, 03041, Yxpaina, okochkodan@hotmail.com

Jlocniooceno  adcopbyito  KamioHHO20 2eKCaOeyunnipuouHiti. 6pomioy ma HelUOHHUX OKCUeMUTbOBAHUX
oxmungpenonie (TX-45, TX-100, TX-305) i3 3miwanux po3uunie Ha Henopucmomy 2iopo@odHOMY 8yereyedomy
copbenmi — mepmiynil epaghimoganii casci. Monvna vacmra 2excadeyunnipuouniv 6pomioy 6 cymiuax cmanosuia
0.2, 0.4, 0.6 i 0.8. Pezynemamu noxasanu, wo 8eIuyuHu aocopoyii 2excadeyurnipuounii 6pomioy 3anexcams 8io
3a2anbHOi KOHYenmpayii nogepxuego-axmusHux pevosun (I1AP) i ckrady cymiwetl.

Bcemanosneno, wo monvna wacmka nevionnux IAP 6 smiwanux adcopoyilinux wapax na nosepxui epagimosanoi
caoici smenutyemocsi 6 psioy: TX-45 > TX-100 > TX-305. 3axonomiprocmi 3miHU n08epxHe8ol akmusHocmi cymiutetl
IIAP na meodici nodiny piouna-meepouii copbewm 30 3pocmanHsm 3azaivhoi kouyewmpayii I[IAP 6 posuumi
KOpenioms 3 makumu Ol cucmemu piouHa-nosimps, ane supadiceri cunvuiwe. Ilpu adcopoyii ITAP na nosepxwi
epagimosanoi caici 3 OIHaPHUX POZUUHIE 3HAYEHHS NIOWI, WO 3AUMAIOMb MOLEKYIU 2eKCAOeYUINipuOuHit Opomioy i
OKCUEMUTbOBAHUX OKMULDEHONI8 8 a0CopOitiHOMY wapi, MeHull, HIdDC nPpU adcopoyii 3 IHOUBIOYANLHUX PO3UUHIS, |
MeHwi 8i0N0GIOHUX NIoW HaA medxci po3diny ¢az pozuun — nogimps. Lle ciouums npo ywjintbHeHHs adcopOyiliHo20
wapy Ha meepoill nogepxHi i niomeepocye axm aocopoyii [IAP na nosepxui epagimosanoi cadxci y 6uenaodi
acoyiamia.

Knrwowuosi cnosa: adcopbdyis, nogepxneso-akmueHi pevosunu, OiHapui cymiwi, aocopoyitinutl wap, epagimosana
casxca
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OcobenHocTH aacopOuMy OMHAPHBIX CMeceil KATHOHHBIX U HEMOHHBIX IIOBEPXHOCTHO-
AKTHBHBIX BellleCTB HEMOPUCTHIM YIJIEPOAHBIM COPOEHTOM

0.1. Koukonan, B.A. Makcun, P.C. Boiiko

Hayuonanvnvlil ynugepcumem 6uopecypcos u npupooonoiiv3068anus Yrkpaumvl
ya. 'epoes Oboponwl, 15, Kues, 03041, Ykpauna, okochkodan@hotmail.com

Hccneoosana adcopbyus eexcadeyunnupudunuti 6pomMuda u OKCUIMUAUPOBAHHbIX oxkmungenonos (TX-45,
TX-100, TX-305) u3z cmewanuvlx pacmeopos Ha HENOPUCIIOM 2UOPOPOOHOM YelepOOHOM COpOeHme - MEPMULECKOU
epagumuposanuoil casce. Monvnas dons cexcadeyurnupuounuii opomuda 6 cmecsix cocmaeuna 0.2, 0.4, 0.6 u 0.8.
Pezynemamer  noxasanu, umo eenuuuHvl aO0COpoOYUU 2eKCAOEYUTNUPUOUHULL Opomuda 3asuciam om obwel
KOHYEeHmMPAayuu no8epxXHOCmHo-axmuenvlx seuecms (I1AB) u cocmasa cmecei.

Yemanoeneno, umo monvnas donsi neuonnvix IAB 6 cmewiannvix a0COpOYUOHHBIX CNOSIX HA NOBEPXHOCMU
epagumuposannoll cadxcu ymeHvuiaemca 6 paody. TX-45>TX-100> TX-305. 3axonomepnocmu usmeHeHUs
nogepxnocmuou akmusnocmu cmeceti [I1AB na epanuye pazoena sHcuokocmov-maepowvlii copbenm ¢ pocmom odoweil
konyenmpayuu IIAB 6 pacmeope roppenupyiom ¢ maxogviMu OJisi CUCHEMbL HCUOKOCHb-6030YX, HO 6bIPAIICEHDL
cunvree. Ilpu adcopbyuu [IAB na noeepxnocmu epagpumuposanHoll cadxicu u3 OUHAPHBIX PACMBOPO8 GelUYUHA
nIOWaAoU, 3aHUMAEMOU MOJEKYIaMU 2eKCAOSYUTNUPUOUHUL OpOMUOA U OKCUIMUIUPOBAHHBIX OKMULPEHON08 6
adcopoyuoHHOM Clloe, Menblle, YeM npu adcopoyuu u3 UHOUBUOYANLHBIX PACHIBOPOS, U MEHbUE COOMBEMCMBYIOUUX
nrowadeu Ha epanuye pazoena (az pacmeop - 6030yx. Imo ceudemenbcmeyem 06 YHiIoOmMHeHuU a0copOYUOHHO2O
Cl0sl Ha mMEepooll nogepxHocmu u noomeepoicoaem gaxm aocopoyuu IAB na nosepxnocmu epagumuposantoi
caxfcu 8 8uUde ACCOYUamos.

Knrwouegvie cnosa: adcopbyus, nosepxnocmuo-akmughvle 6ewecmaa, OuHapHole cmecu, aocopoyUoHHbII COl,
2pagpumuposanHas caxca
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