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Cunme3upoeano n06epXHOCHMHO-AKMUBHOE CPEOCHE0 HA OCHOBE CMeCU HATIbMUMUHOBOIL,
0J1eUHO60Ul U CINEAPUHOBOI KUCTION, NOJIYUAEMbIX HymeM OUCMUNLIAUUY U (PAKUUOHUPOBAHUS
Macen u Hcupos, a maxyce IMun0eozo cnupma. Cunmes npoeoounu é 4 cmaouu, sKknouaOuiue
odpazoeanue cmecu Kuciom, smepugpuxayuro, cynspuposanue u omvinenue. Ilpedsapumensro
Xpomamozpaguueckum Memooom u3yuern COCMaAé CMecu HCUPHuIX Kuciaom. Beiacneno, umo
HaubobUee KOIUUECMEO 6 CMECU NATbMUMUHOBOU Kucaombl (64,3%). Bmopoe mecmo 3anu-
Mmaem oneunogas kucaoma (29,1%). Hccneoosanvi cmpoenue u ceoiicmea nogepxHoCmHo-aKkmue-
HO20 cpeocmea ¢ NPUMEHEHUEM COBPEMEHHBIX MEMO0008 U npudopos. Onpedenen cpednuil pazmep
yacmuy cpeocmeda: OHO MO Cem Oblmb OMHECEHO K ZPYNne 8blCOKOOUCNEPCHBIX CUCHIEM C Oud-
mempom wacmuy om 10 um 0o 1 mxkm. Boiasneno, umo pazmep uacmuy no6epxHocmuo-aKmue-
HO020 cpeocmea yeenuuueaemcs nocie 00CMUNCeHUA KpUmuieckoil KOHYUeHmpayuu Muyenooo-
pazosanusn. Ouenka cmaduIbHOCIU UCCT1e0YeMOll CUCHIEMbl ROKA3aNd, Ym0 {-ROMEHUU Al HAX0-
oumcs 3a npedenamu ouanazona 30 mB < {<-30 mB. IIposedennvle ucciedosanus ¢vla8UNIU HATU-
Yyue 6 NOJyueHHOM NPOOYKHIe NOGEPXHOCHIHO-AKMUBHBIX CEOICHIE: MOIOWUX, IMYTIbZUPYIOULUX,
cmauusaroujux, nenooopasyrouux. Co2nacHo nposedeHHbIM pacuemam 2uopoPuibHo-1unopuis-
HO020 bananca CUHME3UPOBGAHHBIIL NPOOYKN OMHOCUMCA K MOIouwum cpeocmeam. Haunyuwmue pe-
3yAbmamel RO MOKOWLEl CROCOOHOCHU HO OMHOWEHUI0 K NUZMEHMHO-MACTAHOMY U OenKo8oMmy
3azpaznenusm nposensiomca npu xonuenmpauuu ITAB 4,0 2/0m° éne 3aeucumocmu om euoa
mkanu. QOHapysceHo, YUMo IMYAbZUPYIOUWAs CHOCOOHOCHb NPOAGNACHICA AKMUEHO NO OMHOULe-
HUI K UHOYCIMPUATIbHOMY MACTYy. AHAU3 noKazameineil HO8EPXHOCMHO20 HAMANCEHUA NOKA3A,
Ymo Kpumuueckas KOHUeHmMpayus Muyealoo0pa3oeanus 01 ucciedyemozo cpeocmea cocmas-
nsem 4,0 2/0m°. Jlokazano, umo ono o61adaem 6bICOKUMU CMAYUBAIOUWUMU CHOCODHOCMAMU BHE
3a8UCUMOCIU OM HPUPOObL ROBEPXHOCMU (2udpodunbhoil unu cuopoghoonoit). Illpu smom neno-
odpazyrouue ceoiicmea y0oeiemeopumensviovie N0 CPAGHEHUIO C U36ECHIHBIMU HOBEPXHOCHIHO-AK-
MUGHBIMU EU4ECHIBAMU U3 HehmexuMuiuecKo2o colpbs, 00HAKO HADII00aemcsa cmaduibHoe ne-
HooOpa3zosanue, NPAMO 3a8UcAUiee ON KOHUCHMPAUUU HOTYYeHHO20 NPOOYKmd.

KuroueBble cj10Ba: MOBEpXHOCTHO-aKTUBHBIE BELIECTBA, CTPYKTYpa, CBOICTBA, TOBEPXHOCTHOE HATS-
KEHHE, YTOJl CMaYMBaHUs, IPUMEHEHHE
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This article presents a surfactant synthesized from a mixture of palmitic, oleic, and stearic
acids obtained by the distillation and fractionation of oils and fats, as well as ethanol. The synthesis
was carried out in 4 stages, which involved the initial formation of an acid mixture, followed by
esterification, sulfonation, and ultimately saponification. The composition of the fatty acid mixture
was analyzed using chromatography, revealing that palmitic acid makes up the largest proportion
at 64.3%, followed by oleic acid at 29.1%. The structure and properties of the surfactant were in-
vestigated using modern methods and instruments. The average particle size of the surfactant in-
dicates that it can be classified as a highly dispersed system, with particle diameters ranging from
10 nm to 1 um. It was observed that the particle size of the surfactant increases once the critical
concentration of micellization is reached. The stability of the system in the substance is indicated
by a {-potential that falls outside the range of 30 mV < { <-30 mV. The resulting product exhibits
good surface-active properties such as detergency, emulsification, wetting, and foaming ability.
According to hydrophilic-lipophilic balance calculations, the synthesized surfactant is classified as
a detergent. It demonstrates a high ability to remove pigment-oil and protein contamination at a
concentration of 4.0 g/dm?®, regardless of the fabric type. Additionally, it was found that the synthe-
sized surfactant exhibits significant emulsifying ability towards industrial oils. The analysis of the sur-
face tension of the surfactant showed that its critical concentration for micelle formation is 4.0 g/dm?,
The surfactant demonstrates high wetting abilities on both hydrophilic and hydrophobic surfaces.
The foaming properties of the surfactant are satisfactory compared to known surfactants from pet-
rochemical raw materials. Moreover, stable foaming is observed, which directly depends on the
surfactant concentration.

Keywords: surfactants, structure, properties, surface tension, contact angle, application

J1si DUTHPOBAHMS
Jlyrpynmuna I'.T'., Baneera 3.0. CuHTE3 MOBEpXHOCTHO-aKTUBHOTO CPEACTBA U3 IPUPOIHOTO CHIPBS. H38. 8y306. Xumus u
xum. mexnonoeus. 2024. T. 67. Bein. 6. C. 45-54. DOI: 10.6060/ivkkt.20246706.6984.

For citation:
Lutfullina G.G., Valeeva E.E. Synthesis of surfactants from natural raw materials. ChemChemTech [lzv. Vyssh. Uchebn.
Zaved. Khim. Khim. Tekhnol.]. 2024. V. 67. N 6. P. 45-54. DOI: 10.6060/ivkkt.20246706.6984.

Raw materials of plant and animal origin were
used to produce this surfactant. Compared to common
anionic surfactants, our product is monodisperse, with
an increased detergent effect. It also exhibits high ag-

INTRODUCTION

Nowadays, surfactants are widely used in nu-
merous industrial applications [1-20]. Surfactants have

found wide industrial applications due to their ability
to intensify technological processes at low concentra-
tions and modify surfaces, improving the required
properties. Most surfactants are produced from petro-
chemical feedstock. However, current problems in the
global oil market may lead to higher prices for petro-
chemicals. Therefore, synthesizing surfactants from
plant materials has become a solution to this problem.
Additionally, surfactants synthesized from plant mate-
rials are environmentally friendly [21-32].

The research aims at synthesizing an anionic
surfactant based on three fatty acids: palmitic acid,
oleic acid, and stearic acid, along with ethanol. These
acids are the constituents of palm oil.
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gregative and sedimentation stability, as well as in-
creased resistance to water hardness.

EXPERIMENTAL PART

The anionic surfactant was synthesized as follows:
1) Transesterification reaction:
CszONa
R:COOH + R:COOH + RsCOOH « RiCOOH, (1)

where R1COOH = C16H3202, RzCOOH = C13H3402,
R3COOH = CigH3602, RiICOOH is a mixture of three
acids: palmitic acid; oleic acid; and stearic acid.
2) Esterification reaction:
H,SO4
RiCOOH + CH30H « Ri{COOCH;+ H,0 2
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3) Sulphonation in the presence of sulfuric acid:
RiCOOCH;3 + 2H,SOs —
— RiCOOSO3H + CH3;0SO3H + H.O 3)
4) Alkaline saponification:
RiCOOSO3H + CH30SO3H +2NaOH —
— RiCOOSOs3Na + CH30SOsNa + 2H:0. 4)

The content of acids in the mixture used to syn-
thesize a new anionic surfactant was determined chro-
matographically. The amount of palmitic and oleic ac-
ids in the mixture was 64.3% and 29.1%, respectively.
Oleic and stearic acids are unstable at elevated temper-

atures and may transform into unsaturated linoleic acid.

Additionally, partial degradation to palmitic acid may
also occur. The results of the chromatographic analysis
are presented in Table 1.

Table 1
Chromatographic results for the mixture of fatty acids
Taobnuya 1. Pe3ynbraTsl XxpoMaTorpaduu cMecu Kup-
HBIX KHCJIOT

Acid Content, %
C14 — myristinic acid (C14H2502) 0.5
C15 — pentadecanoic acid (Ci5H300>) 0.1
C16 — palmitic acid (C16H3205) 64.3
Cis — stearic acid (C1gH3602) 0.7
Cis:1— oleic acid (C1sH3402) 29.1
Cigo— linolic acid (C18H3202) 4.8
Coo— arachidic acid (C20H4002) 0.1
Coo1— gondoinic acid (C20H3802) 0.4

The degree of fat decomposition (acid num-
ber) for the synthesized anionic surfactant was equal
to 8.11 mg KOH/g. The saponification number was
348.8 mg KOH/qg.

IR spectroscopy was used to analyze the ani-
onic surfactant structure. The compound structure has
the following general formula:

RiCOOSOsNa, (5)

Next, the properties of the synthesized surfac-
tant were studied, and sodium alkyl sulfonate was used
as a reference surfactant.

Surfactants are classified according to frac-
tional composition of dispersed phase particles [33].
The dispersion degree of surfactant in solutions affects
their properties and determines the appearance of an
aqueous emulsion. Moreover, the shape and size of sur-
factant particles have a significant effect on diffusion
process.

A 90Plus/BI-MAS automatic particle analyzer
was used to measure the average size of surfactant par-
ticles. Fig. 1 illustrates that the surfactant can be con-
sidered as a highly dispersed system, with particle di-
ameters ranging from 10 nm to 1 pum. At a surfactant
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concentration of 2.0 g/dm?, the average particle size
ranges from 192.8 nm to 193.0 nm. In comparison, the
particle size of sodium alkyl sulfonate ranges from
97.8 nm to 148.3 nm at a surfactant concentration be-
tween 2.0-4.0 g/dm?,

Fig. 1 also demonstrates that once the critical
micelle concentration (CMC) is reached, the particle
radii start to rise. The particle size at CMC (4.0 g/dm?)
is 242.5-242.8 nm. Sodium alkyl sulfonate (as a refer-
ence compound) exhibits an average particle size of
168.0-168.3 nm at CMC (4.0 g/dm?).

0.02

0 100 200 300 400 500 600
r, nm

Fig. 1. Particle sizes of the synthesized surfactant, where 1 — sur-

factant concentration: 2.0 g/dm? (before CMC), 2 — surfactant
concentration: 4.0 g/dm® (at CMC), 3 — surfactant concentration:
5.0 g/dm? (after CMC)

Puc. 1. Pazmep gactun cuarezupoanHoro [IAB: 1 — koHLeHTpa-

nus ITAB 2,0 r/om® (o KKM); 2 — konnenTpauus ITAB 4,0 r/mv®

(8 Touke KKM); 3 — xonuentpauus I1AB 5,0 r/am® (mocne KKM)

The stability of dispersed systems and their ag-
gregation ability depend on the zeta potential ({-poten-
tial). The {-potential is a criterion for electrostatic in-
teractions (force of attraction or repulsion) between
particles [33]. In this study, the {-potential value was
measured using a 90Plus/BI-MAS analyzer, which op-
erates based on frequency and phase analysis of scat-
tered light. This means that the {-potential was meas-
ured using the electrophoretic light scattering method.

It is based on the dynamic light scattering
method in the laser Doppler anemometer configura-
tion, which is used to determine the velocities of liquid
and gas flows.

The (-potential is measured to control the pro-
cesses of dispersion, aggregation, or flocculation, with
the aim of optimizing the dispersion properties of col-
loidal solutions, suspensions, and emulsions during
their preparation and production. Fig. 2 presents the
dependence of the {-potential on the concentration of
surfactants.
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> C, g/dm3

Fig. 2. Measurement results for {-potential, where 1 — synthesized
surfactant; 2 — sodium alkyl sulfonate
Puc. 2. PesynbraTel n3mepenus (-moTeHnuana; 1 — CHHTe3Upo-
BaHHOe [1AB, 2 — ankusncynspoHaT HaTpHUA

Fig. 2 shows how the (-potential decreases as
the surfactant concentration increases. We explain it by
the fact that an increase in the counterion concentration
in the solution results in a decrease in the electrical
double layer thickness.

It is known that to ensure system stability,
the value of the {-potential must be outside the range
of 30 mV <{<-30 mV. In other words, the {-potential
should be greater than 30 mV or less than -30 mV.

Both investigated and reference surfactants
meet these requirements. However, the synthesized
surfactant is resistant to coagulation starting from a
concentration of 2.5-3.0 g/dm?®, indicating a metastable
state of the system. On the other hand, the reference
surfactant is characterized by high system stability
over the entire range of concentrations. During our
measurements, we did not observe low (-potential val-
ues (<£10 mV), which indicated that the surfactant par-
ticles were not subject to rapid flocculation.

The measurement results indicate that the syn-
thesized surfactant demonstrates high aggregative sta-
bility within the concentration range of 2.5to 4.0 g/dm?3
(CMCQ).

To characterize the detergent power of the syn-
thesized anionic surfactant, we calculated the hydro-
philic-lipophilic balance (HLB) value. HLB represents
the ratio between the hydrophilic and hydrophobic por-
tions of a surfactant [34]. Based on the chemical for-
mula of the synthesized surfactant and its IR spectros-
copy data, hydrophilic and hydrophobic groups were
identified. A method was developed to calculate HLB,
in which a group HLB value is assigned to each func-
tional group of the molecule based on the coalescence
rate of oil droplets in water and water droplets in oil
[34]. For example, the group HLB value for -SOsNa is
11.0, and for ether (free) it is 2.4. The hydrophobic
properties of -CHs- and -CH>- are characterized by a
group HLB value of 0.475.
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Using these values we can calculate the HLB
values for a surfactant:
HLB =} (values of hydrophilic groups) —

— Y (values of hydrophobic groups) + 7 6)
Structural formula of the synthesized surfactant:
CH3(CH2)14-CO0O-S0O.0ONa (7

The content of palmitic acid in the surfactant is
about 65%, while oleic acid accounts for about 30%.
The calculation of the HLB took into account the con-
tent of these two acids.

Calculation of the HLB value for the synthe-
sized surfactant:

(11+24)-(0,475x16)+7=12.8

The HLB value of the surfactant is determined
to be 12.8 [34]. This value indicates that the synthe-
sized anionic surfactant can be used as a detergent.

We analyzed the detergent power of the ani-
onic surfactant. The washing ability was evaluated on
two different types of fabric (cotton and wool) with
pigment-oil and protein contamination. At a concentra-
tion of 3.0 g/dm? of the surfactant, the washing ability
was found to be 51.5% and 60.0% for cotton fabric
with pigment-oil and protein contamination, respec-
tively. When the concentration of the surfactant was
increased to 4.0 g/dm3, the washing ability signifi-
cantly improved, reaching 65.2% for pigment-oil con-
tamination and 74.8% for protein contamination.

A similar pattern was observed when deter-
mining the washing ability of the surfactant in relation
to woolen fabric. High washing ability was achieved
with the use of the surfactant with a concentration of
4.0 g/dm®. The washing index in the case of pigment-
oil contamination was 63.1%, while for protein it was
73.4%.

One of the most important properties of surfac-
tants is their ability to form adsorptive films on treated
surfaces to prevent the re-adherence of contaminant
particles. This is achieved due to the formation of ad-
sorption films on the surface of contaminant particles,
giving them high aggregative stability. This property
of surfactants is characterized by emulsion stability
and the ability to retain fat droplets and emulsified con-
taminants [35].

In this study, the emulsion stability of surfac-
tants was defined at concentrations of 0.25-5.0 g/dm?
after a certain volume of a solution had separated. The
results are shown in Table 2.

We applied the dispersion method, which is
used to separate a coarsely dispersed system and create
immiscible liquid layers [36]. Our mixture, containing
motor, industrial oil and a surfactant, separated into
three phases: the top layer was oil, the middle layer was
a finely dispersed emulsion, and the bottom layer was
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a surfactant solution. The system containing sunflower
oil separated into two phases: the top layer was a ho-
mogeneous foam, and the bottom layer was a surfac-
tant solution.

Table 2
The influence of surfactant concentration on emulsion
stability
Tabnuya 2. Bnusinue xonuentpannu ITAB Ha craénib-
HOCTb 3My.]Il)CPll’l

C, Start of separation, min
g/dm?® Animal fat Industrial oil Motor oil
5.0 3 72 67
3.0 0.5 32 21
2.0 |Unstable emulsion 27 Unstable emulsion
1.0 |Unstable emulsion 5 Unstable emulsion
0.5 |Unstable emulsion 4 Unstable emulsion
0.25 |Unstable emulsion 2 Unstable emulsion

The experiments demonstrated that surfactant
solutions began forming stable emulsions with animal
fat at a concentration of 3.0 g/dm®. Furthermore, the
emulsion stability increased with higher concentrations
of the solutions. For motor oil, the emulsion also stabi-
lized at a concentration of 3.0 g/dm?®. The highest emul-
sion stability was observed with industrial oil, as even
at a lower concentration of 2.0 g/dm?, the emulsion did
not separate within 32 min.

In addition to emulsifying and washing ability
of surfactants, their ability to reduce surface tension is
of great importance. The high adsorption capacity of
anionic surfactants makes them effective wetting
agents that can easily penetrate into the dermis struc-
ture. We determined the surface tension using the Wil-
helmy plate method.

The plate, made of platinum, was used for the
measurements conducted at the interface between two
phases: a surfactant solution and air. These measure-
ments were carried out in a dynamic mode, allowing
for no time to reach adsorption equilibrium after the
surface had formed. Based on the results obtained, we
plotted surface tension isotherm (Fig. 3).

The resulting product is a mixture of surfac-
tants, because the surface tension of its solutions de-
creases with increasing concentration [34]. The solu-
tions of the investigated surfactant exhibit a relatively
low surface tension (¢ = 36.5 mN/m at 1.0 g/dm?).

A sharp difference in the physicochemical
properties of the system in the CMC region should be
taken into account as an important indicator for devel-
oping technological processes. Starting from a solution
concentration of 4.0 g/dm?3, the surface tension does not
change within the experimental error. The CMC of the
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tested surfactant is 4.0 g/dm3, while the CMC of so-
dium alkyl sulfonate is 2.5 g/dm?.
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C, g/dm?

Fig. 3. Surface tension isotherm
Puc. 3 I/I30TepMa TOBEPXHOCTHOI'O HATAXKCHUSA

After determining the surface tension, the wet-
ting ability of surfactants was evaluated using the same
tensiometer and a platinum plate. The ability to wet the
surface is an essential criterion for surfactants used in
the leather and fur industry, where raw materials are
often heavely oiled and contaminated. Effective deter-
gents are required for high-quality processing of these
materials. From a physicochemical perspective, the
mechanism of contaminant removal can be divided
into the following stages: adsorption (accompanied
by the wetting processes), emulsification, and solu-
bilization.

Surfactants should demonstrate good wetting,
aggregative, and sedimentation ability.

To analyze the wetting ability of surfactants,
two surfaces were studied: hydrophilic (gelatin) and
hydrophobic (paraffin). The hydrophobic surface was
obtained by applying a thin layer of molten wax onto a
glass surface.

105
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Fig. 4. Dependence of the contact angle of wetting on the surfactant
concentration for hydrophobic (1) and hydrophilic (2) surfaces
Puc. 4. 3aBucumocTs KpaeBoro yriia CMa4yuBaHus OT KOHIECHTPAlIuH
[TAB ms runpoho6Hoii (1) 1 TunpodibHOiA (2) ToBepXHOCTEH
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Fig. 4 shows that the investigated surfactant is
a highly effective wetting agent. At a concentration of
2.0 g/dm?, the contact angle on gelatin and paraffin sur-
faces is 76.3° and 80.4°, respectively. As expected, the
reference surfactant does not exhibit high wetting abil-
ity. Its contact angle on hydrophilic and hydrophobic
surfaces is 85°and 90°, respectively.

The foaming properties of surfactants are of
great importance for various industries. Excessive
foaming is known to be undesirable for the processing
of leather and fur in liquid solutions. Therefore, it is
important to evaluate and control the foaming ability
of surfactants. The foam-producing ability of surfac-
tants is characterized by the foam expansion ratio. We
evaluated the foam formation organoleptically and
then defined the foam stability and foam expansion ra-
tio (Table 3).

The obtained results confirm that the increase
in the foam expansion ratio is proportional to the con-
centration of the foaming agent in the solution. It was
observed that the foam produced by all tested anionic
surfactants exhibited dispersion heterogeneity. Unsta-
ble coarsely dispersed foam was observed in the upper
layer of a solution. Despite this, the form stability was

quite high. It was stable for 10-30 min for all tested
surfactants.

Compared to sodium alkyl sulfonate, the syn-
thesized anionic surfactant based on three fatty acids
demonstrates a weak dependence of the foam expan-
sion ratio on the solution concentration. This indicates
that its foaming process is stable. For sodium alkyl sul-
fonate, the foam expansion ratio increases from 0.6 to
2.5 with an increase in the surfactant concentration
from 0.5 g/dm? to 8.0 g/dm?.

The pH-value of the synthesized and reference
surfactant solutions was equal to 7 — 8. Table 4 presents
the properties that were studied for both the synthe-
sized and reference surfactants.

Table 3
Calculated foam expansion ratio for surfactants
Tabnuya 3. PaccunTaHHAsI KPATHOCTH MeHbI CHHTE3U-
posanHoro ITAB

Concentration, g/dm3 Foam expansion ratio
0.5 11
1.0 13
2.0 1.4
4.0 15
8.0 1.6

Table 4

Surface active properties
Tabnuya 4. IloBepXHOCTHO-aKTHBHBIE CBOCTBA

Property Sodium alkyl sulfonate | Synthesized surfactant
1 2 3
homogeneous translucent|viscous pasty substance
Appearance s .
liquid of milky-cream color
Mass fraction of the main substance, % 30 -
CMC, g/dm® 5 4
HLB 14 12.8
Foam expansion ratio at 1.0 g/dm?® 2.3 1.3
Surface tension of an aqueous solution at 1.0 g/dm3, 6, mN/m| 44 36.5
Wetting angle of an aqueous solution at 1.0 g/dm?
- 87.5 76.9
on hydrophilic surface
Wetting angle of an aqueous solution at 1.0 g/dm?
. 89.3 81.8
on hydrophobic surface
pH of aqueous solution 7-8 7-8

RESULTS AND DISCUSSIONS

The obtained anionic surfactant is a viscous pasty
substance of a milky-cream color at room temperature.

The presence of specific functional groups
(hydroxyl, carboxyl, ester, and sulfo groups) in the
synthesized compounds was confirmed.

Particle size analysis showed that the synthe-
sized surfactant occupies an intermediate position be-
tween nano- and microparticles, and its fractional com-
position closely resembles the type of monodisperse
systems.
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On the other hand, sodium alkyl sulfonate is a
polydisperse system with a wide range of mean values.
The dispersion degree of surfactants affects properties
such as detergency and surface tension.

The experiments conducted to determine the -
potential of the synthesized surfactant demonstrated
high aggregative stability within the concentration
range of 2.5 g/dm? to the CMC at 4.0 g/dm?.

The hydrophilic-lipophilic balance of the sur-
factant was measured to be 13.275, classifying it as a
detergent.
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The experiments on the study of detergent
properties revealed that the synthesized surfactant can
effectively remove the mentioned pollutants from cot-
ton and woolen fabric.

The emulsifying properties of the synthesized
surfactant practically did not differ from the emulsify-
ing ability of alkyl sulfonate. This similarity arises
from the fact that both surfactants contain the sulfo
group in their composition, which provides good re-
sistance to water hardness and ensures the dissolution
of protein fibers. However, neither surfactant is capa-
ble of preventing the re-adhesion of contaminants. The
problem can be solved by formulating compositions
containing nonionic surfactants [17, 18].

Solutions of the investigated surfactant exhib-
ited a relatively low surface tension (¢ = 36.5 mN/m at
1.0 g/dm®). The surfactant CMC was 4.0 g/dm?. Fur-
ther increasing the surfactant concentration in the solu-
tion did not result in a decrease in surface tension or an
increase in detergency.
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We defined that the synthesized surfactant is a
highly effective wetting agent at concentrations higher
than 2.0 g/dmd,

There was a slight dependence of the foam ex-
pansion ratio on the solution concentration, indicating
that surfactants provide stable foaming.

CONCLUSIONS

A new surfactant, based on three acids: pal-
mitic, oleic, and stearic acid, was synthesized. Its struc-
ture and properties were studied. The synthesized sur-
factant exhibited good surface-active properties in-
cluding detergency, emulsification, wetting, and foam-
ing ability. Moreover, the experimental results con-
firmed that the synthesized compound can be recom-
mended for use in various industries, particularly, in
the leather and fur industry.
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