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The adsorption of the surfactants mixtures of different chemical | nature such as Triton
X-100 and sodium hexadecyl sulfate at the surface of graphitized carbon black was
studied. Using the model of phase separation (the Rubi-Rosen approach), the composition

of the mixed adsorption

layers and parameters of interaction between the surfactant

molecules in the adsorption layers were calculated. It was found that mixed adsorption
layers are enriched with molecules of the non-ionic surfactant Triton X-100.
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INTRODUCTION. Adsorption of sur-
factants (SAS) at the phase boundary solution —
solid is the subject of many studies, but most of
the work in this area is devoted to the study of
adsorption from single-component solutions [1-
4]. The study of the behavior of mixed systems
of surfactant is relevant from both scientific and
applicative points of view. In many cases, the
use of mixtures is more advantageous than the
use of separate surfactants [5,6]. The use of
mixtures of surfactants allows regulating of the
disperse systems properties more effectively
compared with the individual components that
are part of the mixture. This is due to the change
in the properties of the components in the
mixture, for example, by increasing or decreas-
ing adsorption at the interface of the phases.
Thus, the wetting and modifying effect of so-
lutions of binary mixtures on solids of different
nature is significantly different from the effect
of solutions of individual surfactants [7]. At the
same time, there is a very limited number of
studies related to the adsorption of surfactant
mixtures, and these works were performed
mainly on hydrophilic surfaces [8-10]. The
analysis of literature data shows that there is

virtually no data on the adsorption of surfactant
adsorption on carbonaceous sorbents, which are
often used in practice, in particular in water
treatment.

The purpose of the work was to study the
adsorption of binary mixtures of surfactants of
various chemical nature on the surface of non-
porous hydrophobic carbon sorbent at different
SAS ratio in mixtures.

EXPERIMENT AND  DISCUSSION.
Surfactants of anionic and neonic type were
used for studies. Non-ionic surfactant -
oxyethylated octylphenol with the degree of
oxyethylation n=9-10 Triton X-100 (TX-100) of
the general formula CgHi7CsHa(OCH2CHa)y,
qualification "p.a.”. Anionic surfactant — sodium
hexadecyl sulfate (n-Ci1sH25SO4Na), quailfica-
tion "p.a.". Substances were wused without
additional purification.

As a non-porous carbon sorbent, gra-
phitized carbon black was used, the specific
surface area of which, calculated by adsorption
of argon by the BET method, was 105 m’/g.

Determination of the critical concen-
tration of micelle formation (CCM) in the
solutions of surfactant was carried out using a
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tenenziometric method based on the dependence
of the surface tension (o) on the equilibrium
concentration of surfactant (C). The CCM of the
surfactant is defined as the concentration
corresponding to the point of the break in the
dependence o(InC).

Measurement of the surface tension was
carried out by Wilhelm's method by balancing
the platinum plate. The cleanliness of the plate
was controlled by the surface tension of the
bidistilled water (¢=72.5 mJ/nm?). The accuracy
of measurements at the results of 3-5 points was
+ 0.5 mi/n?,

To obtain adsorption isotherms of
solutions containing different initial concen-
trations of surfactants, they were shaken with
constant sorbent sample weights on a special
apparatus, which carries 6000 oscillations per
hour. The volume of the solution was 0.025 dm”.
After reaching the adsorption equilibrium, the
solution and sorbents were separated by
centrifugation. The equilibrium concentrations
of TX-100 were determined by spectro-
photometric method, sodium hexadecyl sulfate -
by the two-phase titration method [11].
Measurement error did not exceed 1% and 4%
respectively. Investigations of the adsorption
kinetics have shown that the adsorption
equilibrium in the aqueous solution of surfactant
- sorbent is reached in 8 hours.

The value of specific adsorption was
calculated by the ratio

_Co_Ce
m

where a is the adsorption value, mol/g; V -
volume of solution, dm®; m — weight of sorbent,

a vV, 1)

g Co and Ce— initial and equilibrium
concentrations of the surfactant solution,
mol/dm?.

Fig. 1 shows adsorption isotherms for
solutions of individual surfactants and their
mixtures with different molar ratios of com-
ponents in the initial solution. The molar
fraction of non-ionic surfactant TX-100 in the
mixture (a,x-100) Was 0.2, 0.4, 0.6 and 0.8.
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Fig. 1. Adsorption isotherms of TX100 and SHDS
on the GC from solutions of individual SAS and
mixed solutions with different molar fraction of T X-
100 ()

Fig. 1 shows adsorption isotherms for solutions
of individual surfactants and their mixtures with
different molar ratios of components in the
initial solution. The molar fraction of non-ionic
surfactant TX-100 in the mixture (o,x-100) Was
0.2,0.4,0.6 and 0.8.

The adsorption isotherms of TX-100 and
SHDS on the surface of the GC have a
Langmuir form. As can be seen from Fig. 1,
with a small content of TX-100 in the mixture
(arx-100 = 0,2), the adsorption from binary
solutions on the surface of the GC is small (0.35
mol/kg). With the growth of azx.100, the
adsorption increases, probably due to the
formation of mixed aggregates TX-100-SHDS.
The greatest increase in adsorption of surfactant
Is observed at arx-i0 = 0.8, when its value
reaches 0.56 molkg. Previous studies have
shown that the adsorption of surfactant on a
hydrophobic surface occurs due to the
nonspecific dispersion interaction between
hydrocarbon radicals of surfactant molecules
and the nonpolar surface of graphitized carbon

[6].

For comparison with the experimental
data, the values of the total surfactants ad-
sorption on the GC were calculated with the
assumption of additivity:

Acaic=arx-100 AT x-100+(1—0tT X-100) - AsHD s, 2)
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where arx-.100 is the molar fraction of TX-100 in
the mixture, Arx.00 and Asyps - adsorption
values TX-100 and SHDS from individual
solutions on GC.

Table 1 shows the experimental values of
the total adsorption of surfactants on the GC and
calculated by the formula (2). The results show
that for all molar ratios of components in the
mixture, except for arx.100 = 0.2, the values of
total adsorption in systems TX-100-SHDS,
obtained experimentally, are greater than the
calculated values (Aexp™> Acalc)-

Thus, in mixed systems of surfactant
with a high content of TX-100 (arx-100 = 0.4, 0.6
and 0.8) there is a synergistic effect, which
manifests itself in increasing of the surfactant
adsorption from the mixture in comparison with
surfactant adsorption from individual solutions.
The maximum deviation from the ideal was
found in the binary solution of surfactants with
the highest content of TX-100, when arx-10 =
0.8. Probably, in this case, surfactants are
adsorbed on the GC both in the form of
molecules and ions, and in the form of mixed
aggregates.

Table 1.

Total adsorption of TX-100 and SHDS on the
surface of GC from binary mixtures of different
composition

Aep 10, M/g | Acac.10%, M/g

A7x-100
0 4.3 4.3
0.2 3.5 4.1
0.4 4.5 3.9
0.6 5.2 3.6
0.8 5.6 3.4
1.0 3.2 3.2

Experimentally from the data of
adsorption isotherms, the concentrations that are
necessary to achieve maximum adsorption of
surfactants on the surface of the GC were found.
The theoretical value of these values for the

ideal state of the system was calculated by the
formula [5,12]:

1/ Ciy = 01x-100/ Crx-100 + (1'0!Tx-100) / Cshpss (3)

where Crxa00, Csips ¢ Ci2 — concentrations
necessary to obtain maximum adsorption on the
surface of the GC, determined by the adsorption
isotherms of surfactants from individual and
binary solutions, respectively; arx.100 - molar

fraction of TX-100 in volume of solution.
10 -

2 —a—C12 (powp)

4]
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Fig. 2 Dependencies of concentration required to
obtain maximum adsorption on the GC surface in the
individual and mixed SAS solutions, on the molar
fraction of TX-100 (a); calculated and experimental
data.

From Fig. 2 it is evident that
experimentally  determined  concentra-tions
required to achieve maximum adsorption of
surfactants from mixtures on the surface of the
GC (C12) are lower than those calculated for the
ideal state of the system. The most negative
deviation of these values is observed with arx-100
= 0,8. These data confirm the synergistic effect
of TX-100 and SHDS mixtures during ad-
sorption on GC. In order to calculate the
composition of mixed adsorption layers of
surfactant and parameters of intermolecular
interaction, a phase separation model (Rubin-
Rosen approach) was used [5, 12]. According to
this model, the coefficient of intermolecular
interaction in the adsorption layer S° was
estimated by the formula:

_Ine,C,, /Clo;(1

(1_)(1 )2
where a; — molar part of SAS; in solution, y, -

s )
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molar part of SAS; in adsorption layer, C;° and
C12 — molar concentration of SAS; solution and
binary mixture with equal adsorption amount.

The composition of adsorption layer was
calculated according to [5, 12]:

() ) = 0= ) (A 4 5)
1)( (1_ X1)

Thus, having determlned experimentally
the concentrations of the mixture and individual
surfactants, at which a given adsorption value is
reached, the composition of the mixed
adsorption layer was calculated for a given
adsorption value.

Table 2

Composition of mixed adsorption layers and
iteraction parameters between SAS molecules on
the surface of GC (A = 1.5-10™ mol/g)

OTx-100 | X | 'ﬂb
0 - -
0.2 0.55 3.1
0.4 0.67 5.3
0.6 0.75 8.4
0.8 0.80 9.5
1.0 - -

The results of calculations show (Table 2)
that the composition of the adsorption layer on
the surface of the GC is significantly different
from the ratio of surfactants in the solution. The
value of the parameter y indicates that the mixed
adsorption layer on the surface of the GC is
enriched with non-ionic surfactant molecules,
even with a small its content in the solution
(arx100 = 0,2). With an increase in the TX-100
molar fraction in the binary solution from 0,2 to
0,8 its share in the adsorption layer increases in
approximately 1.5 times. Negative values of the
interaction parameters f° indicate excessive
attraction of the molecules and ions of the
mixture components in the mixed adsorption
layers. An increase in the absolute value of the
parameter Bs with an increase in arx-o0 Iin the
solution characterizes the enhancement of the
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interactions between the components in the
adsorption layer.

CONCLUSIONS. Thus, in the course of
experiments carried out for mixed systems of
SHDS-TX-100, the existence of a synergistic
effect in relation to an increase in the adsorption
of surfactants on the GC surface was
established. It is found that mixed adsorption
layers are enriched with molecules of the non-
jonic surface active substance of the triton
X-100.

AHAJII3  MDKMOJIEKY JIIPHUX B3AEMO/IH
B 3MIIIAHUX AJCOPBLIMHUX IIAPAX
I[NOBEPXHEBO - AKTUBHUX PEHOBUH
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biopecypcie i
eyn.  I'epois

JocnimkeHo ancopOuiro OiHApHUX CyMillleH
I[TAP piBHOI XiIMIUHOI mNPHUPOAM HA TIOBEPXHI
HEMOPHCTOro TiIpodoOHOro BYTJIEIIEBOTO COPOCHTY
npu pi3HOMY cmiBBimHomenHi [IAP B cymimax.
Buxopucrano [TAP anioHHOrO Ta HeHOHHOTO THIY.
Hevionna ITAP — okcreTWIbOBaHWHN OKTWI(EHON 31
ctyneHeM okcuetwtoBanus N=9-10 tpuron X-100,
anionHa [IAP - maTpiii rexcagemicyibgdat. Sk
HETIOPUCTHI BYIJICLIGBUH COPOSHT BHMKOpPHUCTaHA
rpadiroBaHa caxa.

BumipsiHo i3oTepMu ancopOLiil 1is PO3UMHIB
lH,Z[I/IB]I[yaJIbHI/IX I[TAP Ta ix cymimei npH pBHUX
MOJIbHUX CHIBBIIHONICHHAX KOMIIOHEHTIB Yy BU-
XimHOMY po3unHi. MonbHa foms veiionorennoi [IAP
tpurony X-100 B cymimax (Oirx.100) ckiana 0.2, 0.4,
0.6 1 0.8. Izorepmu ancopbuii Tpurony X-100 i
reKcagemwicyibQaTy HATPil0 Ha TOBEpXHI Tpa-
¢iroBaHoi caxxi MatoTh JlenrmiopiBcrky (opmy. B
3Mmimanux cucteMax [IAP mpu minBuieHoMy BMICTi
tpurony X-100 (arx100=0.4, 0.6 i 0.8) BusBICHO
CHUHEPreTHIHHH e(eKT, SKUH TIPOSBISIETHCS B
30UbIeHHi Benmmaunu ajacopouii ITAP B3 cymimni
nopiBEsiHO 3 ajcopOmiero [TAP B3 iHauBinya bHAX
po3umHIB. MaxkcuMasbHe BIIXWICHHI BIiT imea-
JBHOCTI BCTAHOBJIEHO B OiHapHOMYy po3uuHi [TAP 3
Haiio ibrim BMicToM TpuToHY X-100 (arx.100 = 0.8).
BmsHaueHI eKcIepUMEHTalIbHO KOHIICHTpAllii, He-
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00XimH1 Ayl JOCATHEHHI MAaKCHUMAJbHOI aacopOuii
I[TAP B cymimei, MalOTh MEHIIl 3HAYEHHS, HDK
PO3paxyHKOBI BEJIMYMHM I i1€aJbHOro CTaHy
CUCTEMH.

Jlns po3paxyHKy CKIaay 3MillaHuX ajicopo-
uiitnnx mapie [TAP i mapamerpiB B3aemomii B HUX
BHUKODHCTall® Mojeib (azoBoro mofiry (mimxin
Py6ina—Po3ena). PesynpraTé mokasyrooTh, 1o 3Mmi-
mIaHWH  aJCcOopOIfHMN ImIap HAa TOBEpXHI Tpa-
(biroBaHOi caxi 30araueHuii MOJEKYIaMH HEHOHHOT
[TAP HaBiTh mpW HEBEJIMKOMY iX BMICTI B PO3UHMHI
(0rx.100 = 0.2). Ilpu 30UIbIIEHHI MOIBHOT YACTKU
Tpurony X-100 B GiHapromy po3uuHi Bix 0,2 10 0,8
Horo wacrka B ajcopOIiiiHOMy 1mapi 3pocTae
npubamHO B 1,5 pa3zm. HerarwBHi 3Ha4eHHsS ma-
paMerpie  B3aemonii /£ BKasylOThb Ha HaJMIpHE
TPUTATYBAHHI MOJEKYJd Ta HOHIB KOMIIOHEHT iB
cyMimleld y 3MIiIaHHX aJCOpOIHAX Imapax.
36UIbIIEHHsS a0COMIOTHOT BEJMUMHY Mapamerpa £ 3i
3pOCTAaHHAM  Orx.100 B PO3UMHI  XapaKTepusye
MOCWICHHI B3a€EMOJIA MDK KOMIIOHGHTaMH B
aJicopOIIiitHOMY Tapi.

KnouyoBi ¢ o0 B a: NOBEPXHCBO-aKTHBHA
pedoBHMHA,  anacopOIlsd,  ajAcopOINMHWMK  mIap,
rpadiroBaHa caxa.

AHAJIM3 MEXMOIJIEKYJISIPHBIX B3AUMO-
JIEMNCTBUIA B CMEIIAHHBIX AJICOPBLIMIOH-
HBIX CJIOSIX ITOBEPXHOCTHO-AKTUBHBIX
BEII[ECTB
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HccnenoBana amcoporms cMmecei
MOBEPXHOCTHO-aKTUBHBIX ~ BEIIECTB  Pa3IMIHON
XuMHUdeckol mpuponsl — TpuroHa X-100 wu
rekcanemwicyabpara HATpWsl — Ha TOBEPXHOCTH
rpa¢urupoBaHHOol  caxkn. C  HCMONB30BaHHEM
Monenn (azoBoro pasznenenms (monxon PyOwma—
Pozena) paccyHTaHbl COCTaB CMEIIAaHHBIX
aJICOpOIMOHHBIX CJIOEB u rmapaMeTpbl

B3aPIMOI[eI71CTBHﬂ B HHMX MCKIY MOJICKYJIaMHU
TIOBCPXHOCTHO-aKTHUBHBIX BCHICCTB. YCTaHOBJ'ICHO,
YTO CMCHIAHHBIC a,Z[COp6III/IOHHBIe CJIoOn OGOFaHICHI)I

MOJICKYJIaMH HEHOHHOT'O TOBEPXHOCTHO-aKTHBHOT O
BeecTBa TpuroHa X-100.

KnmoueBBIe CI10OBa: TMOBEPXHOCTHO-aKTHB HOC

BEIIECTBO, aJCOpOIMs, aIcOpOIMOHHBIA  CJIOM,
rpadurupoBaHHAs CaXKa.
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