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The correlation between the surface-active characteristics  
of SAFOL 23 – alcohol – water systems  

and the length of the alkyl radical of the alcohol 

The effect of isobutyl and isoamyl alcohols on the surface-active characteristics of SAFOL 23 nonionic sur-
factant was studied. The surface tension isotherms (STI) of an aqueous solution of surfactant and its water-
alcohol compositions are obtained. The structure of mixed micelles and the values of the surfactant interac-
tion factor in the micelle, based on the STIs of SAFOL 23 – alcohol – water systems, were calculated. The 
dependence of surface activity on the SAFOL 23: alcohol ratio passes through a maximum, which is associat-
ed with the transition of alcohol from co-surfactant to co-solvent due to the increase in its quantity. The wet-
ting process of high dispersed polytetrafluoroethylene (PTFE) by SAFOL 23 – alcohol – water compositions 
was studied, contact angle isotherms were constructed. The PTFE surface was hydrophilized by compositions 
at ratios which comply with surface activity maximum. SAFOL 23 is more adsorbed on the surface of the sol-
id phase than on the liquid-gas interface. The appending of alcohol into an aqueous solution of surfactant 
changes the ratio between hydrophilic and lipophilic groups of the composition, which affects cloud point. It 
significantly expands the range of application of surfactants and allows the use of SAFOL 23 as a solubilizer, 
emulsifier and wetting agent. 

Keywords: nonionic surfactant, micellization, mixed micelles, surface activity, adsorption, contact angle, wet-
ting, hydrophilic-lipophilic balance. 

 

Introduction 

Surfactants are organic compounds of diphilic structure, containing in their composition the polar and 
non-polar parts [1]. Surfactants concentrate on the phase interface due to its structure peculiarities, cause a 
decrease in surface tension and significantly change the properties of the interphase surface. In this regard, 
they play a very significant role in such practical processes as wetting, dispersion, emulsification. 

Nonionic surfactants are one of the most widely used surfactant class in industry [2]. Ethoxylated alco-
hols, alkyl acetylene glycols, condensation products of glucosides with fatty alcohols, carboxylic acids, and 
ethylene oxide are of the greatest interest among nonionic surfactants [3]. 

Most surfactant compositions are mixtures, which include various solvents. The components of such 
systems interact with each other. As a result, their physicochemical and surface-active characteristics change. 
The efficiency of use of the compositions depends on the influence of many factors: product uniformity, re-
sistance to temperature effects, viscosity, etc [4]. 

It is necessary to study the basic physicochemical dependences to understand the behavior of such sys-
tems under various conditions and their useful for solving specific problems. 

This work is devoted to the study of the isobutyl (IBA) and isoamyl (IAA) alcohols effect on the sur-
face-active characteristics of SAFOL 23 nonionic surfactant. 

Experimental 

The objects of research were aqueous and water-alcohol solutions of nonionic surfactant SAFOL 23 
manufactured by Sasol Olefins & Surfactants GmbH. Its general formula is CnH(2n+1)O(C2H4O)7 where the 
carbon chain length n = 10–13. The surfactant belongs to the class of ethoxylated alcohols, which have high-
er biodegradability and lower toxicity compared to the widely used ethoxylated nonylphenols [5]. 

The studied solutions were prepared in the concentration range of the mixture 0.02–130.00 g⋅L-1 for the 
mass ratios of the system SAFOL 23 – alcohol: 1:0, 1:4, 2:3, 3:2, 4:1, 1:0. We observed areas of foliation for 
compositions SAFOL 23 – IBA – water with a ratio of SAFOL 23:IBA = 1:4 and SAFOL 23 – IAA – water 
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with a ratio of SAFOL 23:IAA = 1:4 and 2:3 at concentrations of 40 g⋅L-1 and higher. We couldn`t include 
some results due to foliation of some compositions. 

The surface tension of SAFOL 23 – alcohol – water, SAFOL 23 – water, alcohol – water, SAFOL 23 – 
alcohol systems was determined by a handing drop method using a KRUSS DSA 25E tensiometer. 

The value of the contact angle was measured by the lying drop method using the same device. It is im-
possible to wet powdered materials by direct methods, i.e. direct observation of a liquid drop on a particle. 
Therefore, we measured the contact angle by placing a liquid drop (diameter of 2 mm) on a pressed 
polytetrafluoroethylene (PTFE) powder, achieving reproducible values. The properties of the pressed surface 
were considered similar to the properties of individual particles [6, 7]. 

The composition of mixed micelles, according to [8, 9], was calculated by the formulas (1), (2): 
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where α1 and α2 are the mole fraction of SAFOL 23 and alcohol in mixture; х1 and х2 are the mole fraction of 
SAFOL 23 and alcohol in micelle; С1 and С2 is the CMC of SAFOL 23 and alcohol; С12 is the CMC of 
SAFOL 23 – alcohol system. 

The adsorption at the liquid-gas interface of SAFOL 23 was determined according to the formula (3) 
[9]: 
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where R is the universal gas constant; T is the temperature; γ is the surface tension at the liquid-gas interface; 
C is the concentration. 

The adsorption isotherm at the solid-liquid interface in relative units, i.e. in comparison with the adsorp-
tion isotherm at the liquid-gas interface was determined by the formula (4) [9]: 
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where γLG is the surface tension at the liquid-gas interface; ГSL and ГLG are the adsorption at the solid-liquid 
and the liquid-gas interface. 

The cloud point was determined according to ISO 1065–91 [10]. The method consists in heating an 
aqueous solution of surfactant with a 5 g⋅L-1concentration to complete turbidity, cooling with continuous stir-
ring, and determining the temperature at which the turbidity disappears. 

The HLB of alcohols and a water-alcohol composition based on SAFOL 23 were calculated by using 
formulas (5)–(7) [11]: 
 0.098 4.020, сHLB t= +  (5) 
where tс is the cloud point. 
 1 1 2 2 , HLB HLB HLB = ω + ω  (6) 
where ∑HLB is the HLB of the mixture system; ω1 and ω2 are the mass fraction of the components; HLB1 and 
HLB2 are the HLB of individual components. 

 
20

, hMHLB
M

=  (7) 

where Mh is the molar mass of the OH group; М is the molar mass of the alcohol. 

Results and Discussion 

Mixed micellization processes were studied for various SAFOL 23:alcohol ratios. We used pseudo-
binary approach, which consists of considering the ternary mixture as a binary [12]. The composition 
SAFOL 23 – alcohol was considered as the first component of the mixture, and water as the second. The sur-
face tension isotherms (STI) of the examined ternary mixtures based on SAFOL 23 (Fig. 1) have the typical 
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form for colloidal surfactants [13]: the surface tension decreases sharply at low concentrations of surfactants 
in the solution, but the curve reaches a horizontal plateau (the critical micelle concentration (CMC)). 

A sharp reduce in surface tension at the low concentration range is associated with the formation of a 
monomolecular layer. The area almost parallel to the abscissa axis corresponds to the transition of surfactant 
molecules into the solution volume and the formation of micelles, initially spherical, then cylindrical. 
 

 

Figure 1. The surface tension isotherm of the water-alcohol composition SAFOL 23 (SAFOL 23:IBA = 3:2) 

The surface-active characteristics of the individual compounds and their mixtures are presented in Ta-
ble 1. The CMC were determined by the universal method for all surfactants — the concentration corre-
sponding to the kink on the surface tension isotherm in semilogarithmic coordinates. Surface activity was 
calculated as the tangent of the slope of the initial portion of the STI. 

T a b l e  1  

Surface-active characteristics of compositions 

Composition γmin, mN⋅m-1 CMC, g⋅L-1 G, mN⋅m2⋅kg-1

SAFOL 23 – water 26.45 0.27 169.05 
IBA – water 25.81 8.80 5.32 
SAFOL 23 – IBA – water 
(SAFOL 23:IBA = 3:2) 

24.91 0.17 290.51 

SAFOL 23 – IAA 27.76 – – 
IAA – water 30.12 3 14.16 
SAFOL 23 – IAA – water 
(SAFOL 23:IAA = 3:2) 

23.97 0.22 218.83 

SAFOL 23 – IAA 25.16 – – 
 

Figures 2, 3 show the STI of the SAFOL 23 – alcohol – water systems (SAFOL 23:alcohol = 3:2), 
SAFOL 23 – water, alcohol – water, SAFOL 23 – alcohol in semilogarithmic coordinates. The curves show 
us, that the studied alcohols are not surface-active, however, their appending into the SAFOL 23 solution 
promotes an increase in the surface activity of the mixture in comparison with an individual surfactant. This 
phenomenon is associated with the formation of mixed micelles and a synergistic effect [14]. 

The compositions of mixed micelles and the values of the surfactant interaction factor β in the micelle 
were calculated by formulas (1) and (2) using the Rosen and Rubin method [8, 9]. The results are presented 
in Table 2. The interaction factor β is a quantitative characteristic of molecular interactions between surfac-
tants in mixed micelles and, in the case of negative values, corresponds to the mutual attraction of the com-
ponents in the mixture. 
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Figure 2. The surface tension isotherm of water-alcohol compositions based on SAFOL 23 and IBA 

 

Figure 3. The surface tension isotherm of water-alcohol compositions based on SAFOL 23 and IAA 

It is known that synergism during micellization in surfactant mixtures can be discussed under two con-
ditions: β < 0, |ln(C1/C2)| < |β| — what is done in our case, i.e. alcohol behave itself as a co-surfactant and is 
incorporated into the micelles in this concentration range. 

In all cases the dependence of surface activity on the mole fraction of surfactants is extreme (Fig. 4), 
while with rising radical length the surface activity of the corresponding compositions falls, and the position 
of the maximum shifts toward a higher surfactant content in the mixture. The force of attraction between the 
molecules of SAFOL 23 and the alcohol also slightly decreases with increasing length of the radical. 

The similar dependence was observed by N.A. Lyapunov in the study of the surface activity of cationic 
surfactants in the presence of ethyl alcohol [15]. This dependence can be explained by starting from a certain 
concentration, the alcohol does not behave as a co-surfactant, it behaves as a co-solvent, causing the dis-
aggregation of micelles. In addition, there is no need for the aggregation of surfactant molecules into mi-
celles when dissolved in alcohol, because the solvent contains hydrophilic and hydrophobic groups. 
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Most of the studied solutions meet this condition. However, in practice, we were not able to achieve com-
plete hydrophilization of the surface in both an individual surfactant and its compositions with isopropyl al-
cohol (IPA) [18] (the cosine values of the contact angle were negative), although the contact angle decreased 
with rising concentration of the mixture. 

The negative influence of the roughness factor and the suboptimal HLB value, leading to the absence of 
wetting, can be removed with the help of compositions which contain alcohols with a longer alkyl radical 
length. 

Indeed, the problem of hydrophilization of powder PTFE was solved by replacing IPA by IBA and 
IAA. Moreover, we observed the values of contact angles wich are less than 90 degrees. We could observe it 
near the maximum of the surface activity curve. The obtained experimental dependences of the wetting iso-
therms (Fig. 6, 7) are symbatic: in the initial section of the isotherm, a sharp increase in the cosine of the 
contact angle is observed, then the character of the dependences takes on a smoother, and sometimes stepped 
shape. The cosine of the contact angle of the composition at the wetting inversion point reduces with rising 
length of the alcohol radical. So, for the composition SAFOL 23 – IBA – water, the concentration at the in-
version point was 0.51 mol⋅L-1, for the composition SAFOL 23 – IAA – water — 0.27 mol⋅L-1. This phe-
nomenon and the growth in the steepness of the wetting isotherms indicate a more intense adsorption of the 
composition with an increase in the length of the alkyl radical on the surface of highly dispersed PTFE. 
 

 

Figure 6. The contact angle isotherms of compositions at different ratios SAFOL 23:IBA 

 

Figure 7. The contact angle isotherms of compositions at different ratios SAFOL 23:IAA 
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It is possible to calculate the adsorption isotherm at the liquid-gas and the solid-liquid interfaces by 
formulas (3), (4). This calculation was carried out for the wetting compositions SAFOL 23 – IBA – water 
and SAFOL 23 – IAA – water. Figures 8, 9 show the adsorption isotherms of these compositions at the liq-
uid-gas and the solid-liquid interfaces. 
 

 

Figure 8. Liquid-gas adsorption isotherm of water-alcohol compositions based on SAFOL 23 

 

Figure 9. Solid-liquid adsorption isotherm of water-alcohol compositions based on SAFOL 23 

The isotherms obtained for the solid-liquid interface are s-shaped and correspond to the scenario of 
weak interaction of the hydrophilic parts of surfactant molecules and the substrate [19] due to the high hy-
drophobicity of PTFE. As the concentration of the composition increases, the solvent composition changes. 
Alcohol molecules that are not included in the micelles appear in the dispersion medium. This affects the 
course of the further adsorption process and the organization of surfactant layers at the phase boundary. 

At concentrations lower than 10 g⋅L-1, both compositions behave in a similar way, and the quantitative 
adsorption values practically coincide. In the region of higher concentrations both at the liquid-gas interface 
and at the solid-liquid interface, SAFOL 23 compositions with IAA exhibit a significantly higher adsorption 
capacity compared to compositions with IBA. 

From the data presented in Figures 8, 9, it follows that the studied compositions are more adsorbed at 
the surface of the solid phase than at the liquid-gas interface. 
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The appending of alcohol into an aqueous surfactant solution and the inclusion of its molecules in mi-
celles change the ratio of hydrophilic and lipophilic groups which are reflected in the HLB value [18]. This 
characteristic was calculated for the mass ratio SAFOL 23:alcohol = 3:2 (Table 3). The obtained experi-
mental results were compared with theoretical values calculated by equation (6). The HLB values of IBA and 
IAA were calculated according to equation (7), they amounted to 4.6 and 3.9, respectively. 

T a b l e  3  

HLB determination results 

Composition Cloud point, °С 
HLB 

experimental theoretical 
SAFOL 23 – water 62 10.1 10.1 
SAFOL 23 – IBA – water 40 7.9 7.9 
SAFOL 23 – IAA – water 32 7.2 7.6 

 
Unlike the composition SAFOL 23 – water, which has an HLB value of 10 and belongs to the class of 

emulsifiers, the compositions SAFOL 23 – IBA – water and SAFOL 23 – IAA – water have substantially 
lower HLB, which allows them to be classified as lipophilic in nature wetting materials with low surface en-
ergy [3, 11], which was implemented in practice. 

Thus, a growth in the length of the alcohol radical allowed us to reduce the HLB of compositions based 
on non-ionic surfactants SAFOL 23 and to increase their wetting ability in relation to a highly dispersed low-
energy surface. 

Based on the performed experiment, it can be concluded that by varying the nature of alcohol, it is pos-
sible to regulate the functional properties of surfactants, which significantly expands the scope of their appli-
cation. 

Conclusions 

Some conclusions can be drawn from the research results. The mutual attraction of surfactant-alcohol 
molecules in the mixed micelle weakens with increasing length of the alkyl radical. The composition of 
mixed micelles weakly depends on the ratio of components in the composition and the nature of the alcohol. 
The wetting ability of the compositions growths with increasing length of the alkyl radical. The use of longer 
chain alcohols in the composition with SAFOL 23 allows one to achieve an in-version of wetting and 
hydrophilize the low-energy highly dispersed PTFE surface at lower surfactant concentrations. Adsorption of 
water – alcohol compositions at the solid phase is more intense than at the liquid-gas interface. The append-
ing of alcohols changes the hydrophilic-lipophilic balance of SAFOL 23, which allows it to be used as a 
solubilizer, emulsifier or wetting agent. Varying the nature of alcohol, it is possible to regulate the functional 
properties of surfactants, which significantly expands their application. 
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SAFOL 23 – спирт – су жүйелерінің беттік-белсенді сипаттамаларының  
алкилді радикал спирттің ұзындығына тəуелділігі 

Изобутил (ИБС) жəне изоамил (ИАС) спирттерінің SAFOL 23 ионогенді емес беттік-белсенділік 
сипаттамаларының əсері зерттелді. Белсенді активті заттар (БАЗ) су ерітіндісінің жəне оның сулы-
спирттік композицияларының беттік керілу изотермалары (БКИ) алынды. Олардың негізінде SAFOL 
23 сулы-спирттік жүйелері үшін аралас мицелланың құрамы жəне мицелледегі БАЗ өзара іс-қимыл 
факторының шамасы есептелген. Су-спирттік композицияның құрамы мен беттік-белсенділігі табыл-
ды жəне зерттелді. Беттік-белсенділіктің тəуелділігі SAFOL 23 қатынасынан: спирт монотонды сипат-
та болмайды жəне оның со-БАЗ со-еріткішке ауысуына байланысты максимум өтеді. Жоғары 
дисперсті политетрафторэтилен (ПТФЭ) SAFOL 23 сулы-спирттік композицияларымен жұқтыру 
процесі зерттелді. ПТФЭ беті гидрофизденді, тек беттік-белсенділіктің құрамына тəуелділік 
графигіндегі максимумға сəйкес келетін ерітінділерді пайдалану кезінде. Əр түрлі фазааралық шека-
раларда SAFOL 23 адсорбцияланған мөлшері мен оның концентрациясы арасындағы байланыс 
графиктері есептелген. SAFOL 23 ПТФЭ бетінде жақсы адсорбцияланады жəне ерітінді-газ шекара-
сында біршама əлсіз. Спиртті БАЗ су ерітіндісіне енгізу композицияның гидрофильді жəне 
липофильді топтарының саны арасындағы арақатынасты өзгертеді, бұл оның гидрофильді-липофильді 
балансының (ГЛБ) шамасына жəне лайланған температурасына əсер етеді. Бұл БАЗ қолдану ауқымын 
едəуір кеңейтеді жəне SAFOL 23 солюбилизатор, эмульгатор жəне гидрофилизатор ретінде 
пайдалануға мүмкіндік береді. 

Кілт сөздер: ионогенді емес БАЗ, мицеллоқұрылым аралас мицеллолар, беттік белсенділік, адсорб-
ция, дымқылдандыру, гидрофильді-липофильді баланс. 

 
М.Г. Щербань, А.Д. Соловьев, А.О. Саляхова 

Зависимость поверхностно-активных характеристик систем  
SAFOL 23 – спирт – вода от длины алкильного радикала спирта 

Исследовано влияние изобутилового (ИБС) и изоамилового (ИАС) спиртов на поверхностно-активные 
характеристики неионогенного поверхностно-активного вещества (ПАВ) SAFOL 23. Получены изо-
термы поверхностного натяжения (ИПН) водного раствора ПАВ и его водно-спиртовых композиций. 
На основе серии ИПН ряда систем SAFOL 23 – спирт – вода рассчитаны составы смешанных мицелл 
и величины фактора взаимодействия ПАВ в мицелле. Найдена и изучена зависимость поверхностной 
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активности водно-спиртовой композиции от ее состава. Зависимость поверхностной активности от 
соотношения SAFOL 23: спирт носит немонотонный характер и проходит через максимум, что связа-
но с изменением функции спирта с ростом его содержания и переходу от со-ПАВа к со-растворителю. 
Авторами изучен процесс смачивания высокодисперсного политетрафторэтилена (ПТФЭ) компози-
циями SAFOL 23 – спирт – вода, построены изотермы краевого угла смачивания. Поверхность гидро-
филизировалась при соотношениях, которые находились в интервале максимума кривой зависимости 
поверхностной активности – состав композиции. Построены изотермы адсорбции на границах раздела 
фаз жидкость–газ, твердое тело–жидкость. SAFOL 23 в большей степени адсорбируется на поверхно-
сти твердой фазы, чем на границе жидкость–газ. Введение спирта в водный раствор ПАВ изменяет 
соотношение между числом гидрофильных и липофильных групп композиции, что отражается на ве-
личине ее гидрофильно-липофильного баланса (ГЛБ) и температуре помутнения. Это существенно 
расширяет диапазон применения ПАВ и позволяет использовать SAFOL 23 в качестве солюбилизато-
ра, эмульгатора и смачивателя. 

Ключевые слова: неионогенное ПАВ, мицеллообразование, смешанные мицеллы, поверхностная ак-
тивность, адсорбция, смачивание, гидрофильно-липофильный баланс. 
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