Journal of
the Serbian
Chemical Society

JSCS-info@shd.org.rs « www.shd.org.rs/JSCS

J. Serb. Chem. Soc. 86 (7-8) 725-738 (2021) Original scientific paper
JSCS-5457

Response surface methodology for the study of interactions
between components in a micellar system formulation

SOUHILA OMARI!, MOHAMED NEDJHIOUI!, NADJIA HAMIDI!,
OTHMANE BENKORTBI?* and NABIL BOUARRA?

!Materials and Environment Laboratory (LME), Department of Chemical Engineering and
Environment,Faculty of Technology, Yahia Feres University, 26000 Medea, Algeria,
2Biomaterials and Transport Phenomena Laboratory (LBMPT), Department of Chemical
Engineering and Environment, Faculty of Technology, Yahia Feres University, 26000 Medea,
Algeria and 3Centre de Recherche Scientifique et Technique en Analyses Physico—Chimiques,
BP 384, Zone Industrielle Bou-Ismail, 42004 Tipaza, Algeria

(Received 16 February, revised 28 April, accepted 29 April 2021)

Abstract: This work was aimed at the examination of the interaction of certain
physicochemical properties on micellar systems constituting of a polymer
(sodium alginate), two surfactants (CTAB and tween 80), and Algerian olive
oil. Response surface modelling (RSM) was applied to study the combined
effects of systems containing each type of surfactant. The monitoring of four
independent parameters, i.e., the interfacial tension (Y;), the conductivity (1),
the viscosity (Y3) and the turbidity (Y4) as responses for the experimental
design model, allowed the determination of the performance of the established
models. Based on statistical analyzes, the coefficients R? and Q? for the inter-
facial tension, the conductivity, the viscosity and the turbidity are: 0.998 and
0.805; 0.982 and 0.742; 0.976 and 0.734, and 0.985 and 0.723, respectively.
The obtained results indicate that these models showed a good predictive
power for an optimal system composed of CTAB, Tween 80, AlgNa, and olive
oil. For the CTAB/AlgNa and CTAB/olive oil systems, interfacial tension
values of 33.85 and 34.39 mN m!, respectively, and maximum conductivity
values of 4.126 and 4.064 mScm!, respectively, were obtained. For viscous
compounds consisting of AlgNa/Olive Oil and AlgNa/Tween 80, maximum
viscosity values of 202.5 and 196.6 mPa s, respectively, were obtained. For the
same systems as those for viscosity, turbidity values of 300 and 304 NTU, res-
pectively, were obtained.
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726 OMARI et al.

INTRODUCTION

In recent years, the combined effects between a polymer and a surfactant
have aroused great interest due to their multiple applications. In the petroleum
industry, and more particularly, in improving the recovery of petroleum, the
droplets of oils trapped in porous media could be displaced under the combined
effect of viscous and interfacial forces. It is therefore important to have a system
allowing very low interfacial tensions to be reached and to maintain high visco-
sities to be able to transport the oil present in the pores.!-2 Solutions containing
polymers and surfactants can give rise to molecular interactions liable to affect
their rheological and physicochemical properties.3 In addition, these interactions
have characteristics that depend on the electrical charges of the polymer, the
surfactant, the hydrophobicity, the conformation, the flexibility of the polymer,
and the presence of additives.#-> Most studies in this area have focused on com-
plexes of anionic surfactants with polymers.6-8

The interactions between the polymer and the surfactant could be inves-
tigated in two ways: first, the polymer is considered to be the substance influ-
enced by the surfactant adsorbed on the sites of the polymer that disrupt the
formation of the micelles. Second, the surfactant is considered to be the sub-
stance influenced by the polymer. In this case, the association of surfactant mole-
cules with macromolecules facilitates the phenomenon of micellization.%10 The
evolution of the physicochemical and rheological properties as a function of the
chemical nature and the concentrations of components allows the establishment
of relations between these factors and the responses of the system, such as
conductivity, turbidity, and critical micellar concentration.

The use of the experiment plan method allows predictive models of the
studied responses to be obtained as well as the optimal conditions with the mini-
mum number of tests and a maximum of credibility. Given the assigned objective
(determination of the effects of three constituents), the most adequate experi-
mental planning strategy is based on a response surface modelling (RSM) by a
two-order model taking into account all the interactions between the factors. In
the industrial field, the use of the experimental design is constantly evolving and
can be used to support the optimization of manufacturing and control processes,
as well as the formulation of products. The method consists in gathering a set of
statistical techniques intended to analyze the behaviour of an experimental sys-
tem to understand and improve its functioning.!!

The experimental plans allow the organization of the tests to be optimized,
which makes it possible to obtain both a maximum of information with the mini-
mum of number of experiments and with the best possible precision on the
modelling of the results. This method is based on strict mathematical rules and
requires a rigorous approach on the part of the experimenter. 12
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Several authors have used one factor at a time, which not only consumes
time and increases costs, but also neglects the effect of the interaction between
the factors. Although the traditional orthogonal method is able to consider several
factors at once, it cannot give a function expression between the factors and the
response values.

Response surface modeling (RSM) is a statistical method that uses quan-
titative data from appropriate experiments to determine several regression equat-
ions between factors and experimental results. The main advantage of this
method compared to other methods of experimental statistical design is the red-
uced number of experimental tests necessary to evaluate several parameters and
their interactions.!3

This study aims to assess the effects of four factors, i.e., a cationic surf-
actant, CTAB, non-ionic surfactant, Tween 80, Algerian olive oil and sodium
alginate as a polymer on the physicochemical properties. Properties of aqueous
solutions, such as turbidity, conductivity, viscosity, and turbidity, were used as
responses for the experimental design model through a response surface method-
ology, namely D-optimal design.

EXPERIMENTAL
Experimental design

A D-optimal design was used to study the main effects of four independent factors such
as the concentration of CTAB (X)), the concentration of Tween 80 (X3), olive oil (X3) and the
concentration of alginate sodium (X;). The D-optimal criterion was developed to select the
design points to minimize the variance associated with the estimates of the specified model
coefficients.!* This method is useful more than the central composite design method, which
requires fewer experiments to be carried out, and it can also address the categorical factors
included in the design of the experiments.!5:1¢ The high D value plans were constructed from
the data by a computer algorithm. The variables were subsequently coded according to Eq. (1):

X _Ui-Uy°

i AT, (D

where X; is the independent variable coded value; U, independent variable: real value; U;°
independent variable: real value on the centre point; and AUj is the step change value (Table
S-1 of the Supplementary material to this paper).

Materials and methods

The cationic surfactant (CTAB) was purchased from Fluka (Switzerland), the non-
anionic surfactant (Tween 80), and the sodium alginate polymer (AlgNa) were supplied from
Panreac Chimica (Spain). The sodium alginate used in this study was in the form of a white to
creamy white powder; it is odorless, tasteless, and very soluble in water. The density of Alg-
erian olive oil was 0.92 g cm3, it was mainly composed of 99 % fat divided into a fat-soluble
fraction (triglycerides and 1 % fatty acids) and non-fat-soluble (secondary components).!7-19
The interfacial tensions and the critical micellar concentrations of the mixtures were measured
at a room temperature of 22 °C with a Du Noiiy tensiometer (model 70545). The turbidimetry
was measured using a turbidimeter (turbo 550 IR, reference 600110) to determine the degree
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72 8 OMARI et al.

of turbidity of a suspension in solution. The conductivity of the solutions was determined
using a Hanna EC 214 type conductivity meter with a cell constant of 0.475 cm'!. The Haak
RVTS type viscometer with a rotating mobile was used to determine the viscosity of New-
tonian liquids. This device is equipped with six mobiles of different shapes and geometries,
where each mobile is used within a well-defined range of viscosity and sheer speed. Polymer
dispersions were prepared by dissolving the polymer in water with moderate stirring at room
temperature. After 24 h, different amounts of surfactant and oil were added to the polymer
solutions. The surfactant was dissolved under slow mixing of 30 rpm in a propeller mixer
(Heidolph RZR 2020, Germany). Depending on the case, the surfactant concentrations were
chosen to be equal to, greater than or less than the critical micellar concentration (CMC) of the
surfactant. However, the polymer concentrations were chosen to give variations in the visco-
simetric and turbidimetric properties of the solution.20-22
Establishment of the experimental matrix

The D-optimal matrix type experience was used. It responds to the error minimization
strategy in the estimation of the coefficients and the overall error. The matrix contains 16 tests
in different zones, to minimize the error and to estimate the standard deviation of the natural
values. Table I shows the matrix of experiments based on this strategy, in which the factors
(X;) and the responses (Y;) are defined as follows. X;: mass concentration of CTAB, which
varied between 0.0land 0.2 %; X,: mass concentration of Tween 80, which varied between
0.01 and 0.04 %; X3: mass concentration of sodium alginate, which varied between 0.3 and
0.8 %; X,4: mass concentration of the olive oil range of 0.1 and 0.3 %; Y;: interfacial tension,
mN m!; ¥,: conductivity, mS cml; Y3: viscosity, mPa s; ¥,: turbidity, NTU.

RESULTS AND DISCUSSION
Statistical analysis

First, a first-order experimental plan was created:

3
Yi=by+ ) b X; )

i=1
The results obtained were analyzed using first-order linear models. This
design was rejected due to a mismatch between predicted and experimental
values. The lack of fit is significant and the model error was significantly larger
than the pure error (reproducibility). Using multiple regression analysis, the res-
ponses were correlated with the three design factors via a second-order poly-

nomial:

3 3 3 3
2
i=1 i=1 i=1j=2

where by, b;, b;; and b;; are constant regression coefficients of the model, while
Xj, X; are the independent variables. The statistical significance of the regression
coefficients was determined by Fisher’s analysis of variance, F-test and the pro-
portion of variance explained by the model obtained was given by the multiple
coefficients of determination, R2.
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Establishment of responses according to formulation factors

The values obtained from Q? and R? show that the established model could
be predictive (Table S-II of the Supplementary material). The coefficients of the
polynomial model were determined by the multilinear regression method (MLR).

Table S-II shows the values of R? and Q2, the stress, the interfacial tension,
and the conductivity. The quality of the results obtained after adjustments was
determined by the coefficient of determination R? and the coefficient of pre-
diction Q2.

A value close to 1 means that the predicted values are in very good agree-
ment with the observed values and a 02 value greater than 0.7 indicates that the
model has good predictive power. The arrangements for D-optimal experiments
are listed in Table S-III, which includes 16 sets of experiments.

The quadratic regression model for interfacial tension (Y7), conductivity
(Y>), viscosity (Y3) and turbidity (Y4) in terms of coded factors are given as fol-
lows:

Y] =35.56 +0.57X +0.15X, — 1.125X3 — 1.55X4 — 0.16X1.X2 +

+0.18X1.X3 — 0.012X1.Xs + 0.88X5X5 + 0.71.X2X4 — 0.78X3.X4 (4)
Yy = 386.87 + 13.12X] + 13.75X, + 18.75X3 + 15.62X4 — 74X 1 X —
—6.24X1X; + 3.12X1.X4 + 6.87X0 X5 — 1.41.X2X4 — 2.50X3X4 (5)
Y3 = 162.43 +9.68X] + 15.31X, + 24.93X; + 24.93X, — 44X, X, +
+0.93X1X; + 1.56X1 X + 2.81X5X3 — 0.06X3X4 (6)
Ya=271+15.25X] + 18.25X, + 26.87X3 + 0.75X4 — 3.12X1.X;5 —
—0.62X1 X3 + 2.3X1X1 — 2.87X0X5 + 14.75X3X4 (7)

ANOVA analysis of the models used to estimate the interfacial tension, the
conductivity, the viscosity, and the turbidity versus the concentrations of CTAB,
Tween 80, olive oil and sodium alginate are represented in Table S-IV of the
Supplementary material.

The statistical significance of the second-order model was assessed by the
analysis of variance of the Fisher test (F-test), which revealed that this regression
was statistically significant (P < 0.001) at the 95 % confidence level. For inter-
facial tension, the model presented the highest coefficient of determination (R2 =
=0.998) showing 99.8 % validity in the response.

For conductivity, the regression was less significant, it has a good coefficient
of determination (R? = 0.982) showing 98.2 % of the validity of the response.
The model used for the estimation of the viscosity showed the very strong signi-
ficance of the model (P = 0.001) and presents a good coefficient of determination
(R2 =0.976), indicating that only 2.4 % of the total variations were not explained
by the model. For turbidity, the value of the adjusted coefficient of determination
Rz(adj) = 0.976 was also very high and indicates the great importance of the
model. The values of Q2 obtained were of the order of 0.723 for the turbidity and
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0.805 for the interfacial tension, which makes it possible to conclude that the
model has an acceptable predictive power.!1-16 The results obtained are given in
Table S-1V.

Influence of factors on interfacial tension: IFT

The interaction of water-soluble polymers with anionic surfactants is
generally controlled by surface tension and specific or equivalent conductivity
measurements depending on the concentration of surfactant.23 The IFT method is
also used to explain the process of micellization of surfactant solutions, as well as
the distribution of molecules in the presence of an additive, the surface activity,
and the micelle formation of ionic surfactants in combination with a charged
polymer and salt. The behavior in surface tension of a multi-component system
can be obtained from classical thermodynamic relationships for interfacial pro-

perties. The formulation adopted is that due to Gibbs equation and is represented
by:2425

dy=-) Iidy ®)
where yis the surface tension or the interfacial tension; /7, is the surface excess
component, y; is the chemical potential of the component defined as follows:

4 =44 + RTn a; ©)
where 1;© is the standard chemical potential and a; is the activity of the com-
ponent i.

Eq. (10) was obtained assuming for dilute solution a; = C; and the sub-
stitution of Eq. (9) in Eq. (8):

dy=-RT) . I';dInC; (10)

In a mixed multicomponent system of constant composition, C can be
written as:

CI=KC=KC3=... (11)
Differentiation of the logarithm of C leads to:
dinCy =dInCy =dInC3 =... (12)

The Gibbs adsorption equation for a system containing three components
becomes:

dy=-RT (I'cTAB * I Tweens0 + I'AlgNa t L olive oildIn Cy (13)

For ionic compounds, complete dissociation of CTAB (CTAB = CTA" + Br,
AlgNa =Alg~ + Na" ) was assumed, and the dissociation of Tween 80 and olive
oil were negligited, hence:

TI'ctaB=1TcTA® + I'Br and I'algNa = FAlgNa T T Alg™ (14)
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MICELLAR SYSTEM FORMULATION INTERACTIONS STUDY 73 1

This hypothesis allows the adsorption process to be consider as being posi-
tive in nature. Thus, only the solute occupies the surface (the superficial excess
of pure solvent (water)). The variation of /" due to the variation in concentration
of one of the components leads to the evaluation of the total excess:

Ttot = I'cTAB + I'Tween 80 + I AlgNa + L olive oil (15)

A sample of iso-response plots for IFT at different coded values of CTAB

and AlgNa is shown in Fig. 1. Tween 80 and olive oil are kept at their zero

levels: 0.25 % for the Tween 80 and 0.20 % for the olive oil. It could be observed

that the IFT values decrease with increasing concentration of CTAB and increase
with increasing concentration of sodium alginate.

(b)
1.0

(a) Interfacial tension, mN m!

0 Interfacial tension, mN m™

0.5

f=4
o
o
o

Coded values of AlgNa

o
o

C(‘deed values of Olive Oil
[

T T -1.0
-1.0 -0.5 0.0 05 1.0 -1.0 -0.5 0.0
Coded values of CTAB Coded values of CTAB

0.5 1.0

Fig. 1. Contour plots of independent variables: coded values of CTAB, AlgNa and olive oil on
the interfacial tension.

Furthermore, the minimum of the IFT 33.85 mN m~!, was obtained near the
concentration of CTAB 0.8 g L1 and for the concentration of AlgNa close to
0.125 in the coded values. The critical micellar concentration of CTAB decreased
in the presence of AlgNa, and the number of aggregations of individual micelles
increased with the polymer concentrations. Likewise, the addition of polymer to
the CTAB solution allowed to decrease the concentration of critical aggregation
(CAC) and to increase the number of sizes of the micellar aggregates which
attach to the polymer coil. This indicates that the significant effect of the pre-
sence of a surfactant is to be expected in the solution with the polymer. On the
other hand, an excess of sodium ions in solution should filter the electrostatic
repulsions between the micellar aggregates attached to the polymer chain, thus
reducing the degree of expansion of the latter.

Despite the electrolytic affinity of the dissolved AlgNa molecule, the pre-
sence of Na' does not affect an extension of the thickening behaviour of the
solution.
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732 OMARI et al.

Moreover, Fig. 1b shows the iso-responses of the surface tension at different
coded values of CTAB and olive oil. The AlgNa and the Tween 80 were main-
tained at their zero levels: 0.55 and 0.025 %, respectively. The IFT values dec-
reased with increasing concentrations of CTAB and olive oil (minimum IFT
34.39 mN m~! was obtained for CTAB (0.5) and concentration of olive oil close
to 0.75 in the coded values). The decrease of IFT could be explained in the same
way as in Fig. 1a, at constant concentrations of AlgNa 0.55 % and Tween 0.025 %.

Influence of factors on conductivity

Conductivity measurements have been widely used to study the interactions
between polymers and surfactants in an aqueous solution that are very important
for the evaluation of electrostatic interactions in solutions when charged sub-
stances such as ionic surfactants, charged polymers, and electrolytes are used.
This method was used by Goddard?26 to study the effect of salt on the interaction
between the polymer (polyethylene oxide and SDS) and by Sovilj et al27 to
study the influence of hydroxypropyl methylcellulose-SDS interactions.

The specific conductivity curves obtained from Eq. (5) are given in Fig. 2a
and b. They represent the plots of isoresponses at different coded values of
CTAB, Tween 80, AlgNa and olive oil. The obtained graphs show the effects of
two factors while the other two factors are kept constant at their zero levels.
Assuming that the total conductivity of the free ions is independent of any elec-
trolyte present in the solution, the specific conductivity of each species at any
calculated concentration is the sum of the conductivity of each ion present.Given
this assumption, the specific conductivity of the solution containing total sodium
oNa' is the sum of the conductivity of the charged polymer AlgNa, CTAB,
Tween 80 and olive oil:

_ _ +
0=0CTA" + OB+ OTween 80 T OAlg” T ONa' + O0liveoil (16)

Conductivity, mS em’!

Conductivity, mS cm™!

3.00

3.10
3.20 ~
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400

. w
0.0 0.5 1.0 0.0

Coded values of CTAB Coded values of CTAB

[
o

Coded values of AlgNa
o
°

Coded values of Olive oil

0.5

Fig. 2. Contour plots of independent variables: coded values of CTAB, AlgNa and olive oil on
the conductivity.

Available on line at www.shd.org.rs/JSCS/

(CC) 2021 SCS.



MICELLAR SYSTEM FORMULATION INTERACTIONS STUDY 73 3

In this context, only the total conductivity of the solution, o, was obtained
from the conductivity measurements. The effect of the factors on the conductivity
is illustrated in Fig. 2. The curves obtained show the effects of the concentrations
in coded values of CTAB and AlgNa on the conductivity when the concentrat-
ions of Tween 80 and olive oil are kept constant at their level zero. As expected,
the presence of AlgNa (charged polymer) slightly increases the conductivity
values with increasing CTAB at a constant concentration of Tween 80 (0.025 %)
and olive oil (0.2 %).

By adding AlgNa to CTAB solutions at constant concentrations of Tween 80
and olive oil, the total conductivity of the solution strongly depends on the con-
centration of CTAB, as indicated by the model presented in Eq. (15). In this case,
it could be supposed that complete dissociation of all the ionic species in solution
occurred because Tween 80 and olive oil were at their constant concentrations.

The effects of the concentrations CTAB and olive oil, as coded values, on
the conductivity when the concentrations of Tween 80 of (0.025 %) and AlgNa
(0.55 %) were kept constant at their zero levels are shown in Fig. 2a and b. From
these figures, it could be noted that the presence of olive oil with CTAB inc-
reased the conductivity in a less pronounced manner compared to the previous
case. The conductivity varies from 3552 mS cm~! for low concentrations to 4064
mS cm! for values close to the maximum concentrations of CTAB and olive oil.
By adding olive oil to CTAB solutions at constant concentrations of Tween 80
and AlgNa, the total conductivity of the solution strongly depended on the
charged surfactant (CTAB) and the charged polymer (AlgNa). As in the previous
case, complete dissociation of all the ionic species in the solution was assumed
because Tween 80 and the polymer were at their constant concentrations.

Effect of factors on viscosity

The behavior of the viscosity was mainly due to the presence of polymers
and viscosimetric compounds, such as olive oil. Viscosity measurements are a
practical way to study the hydrodynamic volume in the solution. The viscosity
values of the solutions lower and higher than the concentrations of critical aggre-
gations were determined and presented in the form of values of apparent visco-
sity. The surface response curves obtained from Eq. (6) for the viscosity at dif-
ferent coded values of CTAB, Tween 80, AlgNa, and olive oil are presented in
Fig. 3aand b.

The viscosity values increased with increasing concentrations of AlgNa and
Tween 80, as seen in Fig. 3a. The maximum viscosity value of 196.6 mPa s was
obtained at concentrations of AlgNa and Tween 80 close to 0.8 and 0.4 in olive
oil in incoded values corresponding to coded values of 0.2 % and CTAB of 0.105
%. Furthermore, this figure showes that the maximum value obtained of viscosity
is less than the maximum value for the viscosity of 202.5 mPa s obtained in the
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previous case. This could be explained by the high viscosity of olive oil com-
pared to that of Tween 80.

(a)

Viscosty, mPa s (b) Viscosity, mPa s
1.0 &

o
o

o
=3
1

Coded values of Tween 80
Coded values of Olive oil

-1.0 -05 0.0 0.5 1.0
Coded values of AlgNa Coded values of AlgNa

0.0

Fig. 3. Contour plots of independent variables: coded values of AlgNa, Tween 80 and olive
oil, on the viscosity.

As shown in Fig. 3b, the apparent viscosity values increase with increasing
concentrations of AlgNa and olive oil. The maximum viscosity value of 202.5
mPa s was obtained for olive oil concentration close to 0.75 in coded values at
constant concentrations of CTAB of 0.105 % and of Tween 80 of 0.025 %.This
behavior could be explained by the dispersion of the molecules of the charged
polymer in the presence of the viscous oil, which shows significant changes in
viscosity values with increasing concentrations of AlgNa and olive oil. In this
region (maximum viscosity), the behavior could be attributed to the interactions
of surfactant micelles with the polymer chains?8:29 and the associative interaction
between the CTAB micelles and the polymer chains may be responsible for lead-
ing to the formation of another type of molecules called composite micelles.

Influence of factors on turbidity

Turbidity designates the content of the fluid in the materials that disturb it. In
rivers, it is usually caused by suspended matter and colloidal particles that abs-
orb, scatter, or reflect light. In eutrophic waters, it could also be bacteria and mic-
ro-algae. The transmittances of solutions containing various amounts of charged
polymer, cationic, and nonionic surfactant in the presence of oil could be deter-
mined by the turbidimetric method.

The turbidity curves obtained from Eq. (7) are shown in Fig. 4a, which rep-
resents plots of iso-response at different coded values of AlgNa and olive oil,
with the constants amounts of Tween 80 (0.025 %) and CTAB (0.105 %). The
iso-response curves show the effects of these concentrations while the two others
were kept constant. The curves show that the minimum turbidity of 200 NTU
was obtained for the lowest concentrations of 0.3 % of AlgNa and of 0.1 of olive
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MICELLAR SYSTEM FORMULATION INTERACTIONS STUDY 73 5

oil. The turbidity increases with increase in the cloudiness of the solution, with
the increase in the concentration indicated by the curves in Fig. 4a and the maxi-
mum turbidity of 300 NTU was obtained for the maximum concentrations of
AlgNa and olive oil.

(a)1 N Turbidity, NTU (b)

Turbidity, NTU

(=4
o

Coded values of Olive oil

Coded values of Tween 80
S
o

5 1.0 "0 0

10 )

05 1.0

.5 0.0
Coded values of AlgNa

.5 0.0 [
Coded values of AlgNa

Fig. 4. Contour plots of independent variables: coded values of AlgNa, olive oil and Tween 80
on the turbidity.

The turbidity curves obtained from Eq (7) are illustrated in Fig. 4b, which
represents the plots of isoresponse at different coded values of AlgNa and Tween
80 at constants olive oil of 0.2 % and CTAB of 0.105 %. The iso-response curves
show the effect of these variable concentrations while the two others were kept
constant. The curves show that the minimum turbidity of 200 NTU was obtained
as expected at the lowest concentrations of 0.3 % of AlgNa and of 0.4 % of
Tween 80. This is expected since the turbidity increases with increasing cloud-
iness of the solution. This is verified by the curves of Fig. 4b and by the obtained
maximum value of the turbidity of 300 NTU.

CONCLUSIONS

The combined effects of the concentrations of CTAB, Tween 80, sodium
alginate and olive oil on the physicochemical and viscosimetric properties (inter-
facial tension, conductivity, viscosity and turbidity) of aqueous solutions were
studied using an RSM statistical experimental model to determine if interaction
could occur. The study of polymer/surfactants/oil interactions allowed the fol-
lowing conclusions to be drawn:

The conductivity results showed that the tested factors strongly influence
this property due to a loading of these factors whenever an increase in conduct-
ivity is observed. For the interfacial tension, the obtained values of RZ and Q2
were 0.998 and 0.805, respectively. However, the analysis of variance for the
model used to estimate the conductivity gave an R? value of 0.982 (explaining
98.2 % of the validity of the response) and a Q2 value of 0.742.
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Analysis of the variance for the model obtained for viscosity presented a
good R? value of 0.976, indicating that only 2.4 % of the total variations were not
explained by the model and a Q2 value of 0.734. For turbidity, the values of the
adjusted coefficients of determination R? and Q2 were 0.985 and 0.723, respect-
ively. These values indicate that the model exhibits a good predictive power. For
IFT, systems composed of CTAB/AlgNa and CTAB/olive oil, minimum values
of 33.85 and 34.39 mN m~! were obtained, respectively. For the same samples,
the maximum conductivity values were of 4.126 and 4.064 mS cm™!, respect-
ively. In the case of systems composed of AlgNa/olive oil and AlgNa/Tween80,
the maximum viscosity values were 202.5 and 196.6 mPa s, respectively. For the
same systems, the maximum turbidity values were 300 and 304 NTU, respect-
ively.

U3BOJ
METOZOJIOTHUJA OJ3VBA ITOBPIIIMHE 3A ITPOYYABAIGE MHTEPAKIIUJA Y
OOPMYJIALINJY MULTEJTAPHOT CUCTEMA

KATAPHMHA PSOUHILA OMARI', MOHAMED NEDJHIOUI', NADJIA HAMIDI', OTHMANE BENKORTBI?
1 NABIL BOUARRA®
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Phenomena Laboratory (LBMPT), Department of Chemical Engineering and Environment, Faculty of
Technology, Yahia Feres University, 26000 Medea, Algeria u *Centre de Recherche Scientifique et Technique
en Analyses Physico—Chimiques, BP 384, Zone Industrielle Bou-Ismail, 42004 Tipaza, Algeria

Llwm oBoOr je y uCIUTHBake UHTepakuuje onpeheHnx GUsHUKO—XeMHjCKUX CBOjCTaBa Ha
MMUIIeTapHUM CUCTEMHMMa KOjU Ce CacToje Of MoiuMepa (HaTpujym-airvHar), gBa TeH3una
(CTAB u Tween 80) u a/DKUPCKOT MacCJIMHOBOT yiba. Mogmenupame on3uBa nospiunHe (RSM)
NPUMEBEHO j€ 3a Ipoy4yaBame KOMOMHOBAHUX eeKkaTa CUCTEMA KOjU Canp ke Ce BPCTy TOBP-
IIMHCKY aKTUBHUX cpencraBa. [Ipaheme yeTupu HesaBUCHA ITapaMeTpa Kao LITO Cy MOBPLIMH-
cku HamoH (Y7), mpoBoaseuBocTt (Y3), BuckosHocT (Y3) u Typdunurter (Y,), u ynopehusame ca
€KCIIEPUMEHTAIHUM MOME/IOM Ju3ajHa OMOTyhUIM cy Oa ce yTBpAe nepdopmMaHce yCIOoCTaB-
JbeHHX Mozena. Ha OCHOBY CTaTHCTHUKMX aHanu3a, koedwurujenty R2 u K2 3a MOBPIIMHCKHA
HaIlOH, IPOBOIJ/BUBOCT, BUCKO3HOCT U Typdunutet cy: 0,998 u 0,805; 0,982 u 0,742; 0,976 n
0,734 u 0,985 u 0,723, penom. JlobujeHu pesynTaTd ykasyjy a Cy OBM MOJENIH IOKasaliu
nobpo mpensuhame 3a ONTHMaaaH cucteM cacrasibeH o CTAB, Tween 80, AlgNa u maciu-
HoBor yma. 3a cucreme CTAB/AlgNa u CTAB/MacnuHOBO ysbe, BPEJHOCTH IMOBPIIHHCKOT
HamoHa on 33,85 u 34,39 mN ml. Taxohe cy mobujeHe MaKkcHMasHe BPEJHOCTH MPOBOI-
muBoCTH off 4,126 1 4,064 mS cm™!. 3a Bucko3He cucTeMe koju ce cactoje of AlgNa/macmu-
Hosor yiba 1 AlgNa/Tween 80, nobujene cy makcumasnHe BpeJHOCTH BUCKO3HOCTH of 202,5 u
196,6 mPa s. 3a ucre cucreme, fodujeHe cy BpegHocTy Typounureta of 300 u 304 NTU.

(ITpummeno 16. mapra, pesuaupano 28. anpuna, npuxsaheno 29. anpuna 2021)
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