DOI 10.31489/2020Ch4/85-95

UDC 544.722.22

M.G. Shcherban’”, A.D. Solovyev, A.O. Saliakhova

Perm State National Research University, Perm, Russia
(Corresponding author’s e-mail: ma-sher74@mail.ru)

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 C,H4:1)O(C,H40O); 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™' 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"' 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 o, and a, are the mole fraction of SAFOL 23 and alcohol in mixture;x; andx; are the mole fraction of
SAFOL 23 and alcohol in micelle; C; and C, is the CMC of SAFOL 23 and alcohol; C;, 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]:
_ L dy , (3)

RT dInC

where R is the universal gas constant; 7T is the temperature; y 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 y;¢ is the surface tension at the liquid-gas interface; /s, and /¢ 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"'concentration 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]:

HLB =0.098¢, +4.020, %)
where ¢. is the cloud point.
> HLB = o HLB, + w,HLB,, (6)
where Y HLB is the HLB of the mixture system; ®; and ®, are the mass fraction of the components; HLB; and
HLB; are the HLB of individual components.
HLB = 20M, , @)
M
where M, is the molar mass of the OH group; M 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.
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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.

Table 1
Surface-active characteristics of compositions
Composition Vit mN-m’ CMC, g-L'1 G, mN-mz-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) 2491 0.17 290.51
SAFOL 23 —TAA 27.76 — —
TIAA — water 30.12 3 14.16
SAFOL 23 — TAA — water
(SAFOL 23:IAA =3:2) 23.97 0.22 218.83
SAFOL 23 — TAA 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 f 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 f 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.

CHEMISTRY Series. No. 4(100)/2020 87



M.G. Shcherban, A.D. Solovyev, A.O. Saliakhova

80 1 -4 - SAFOL 23 — water
—8— IBA — water
—@— SAFOL 23 — IBA — water
65 4 -<--SAFOL 23 - IBA
z
g
=
2 50 1
=
s
D L
9
&
=]
©n
20
-5

InC [C, g- L]

Figure 2. The surface tension isotherm of water-alcohol compositions based on SAFOL 23 and IBA
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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: B <0;In(Cy/C,)| < |B| — 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),
whilewith 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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Table 2
The results of the study of the composition of mixed micelles SAFOL 23 — alcohol
Mass ratio Molar fraction of surfactant | Molar fraction of surfactant Interaction factor B | G mN-mz-kg‘ 1
SAFOL 23:alcohol in the mixture a; in the micelle x;, ’

IBA

2:3 0.082 0.974 —-151.61 69.88

3:2 0.168 0.890 -74.19 290.51

4:1 0.349 0.935 —-108.19 235.15
TIAA

3:2 0.600 0.813 —41.33 218.05

4:1 0.800 0.935 -59.64 184.83

300 + [ BN -8 SAFOL 23 — IAA — water
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Figure 4. The influence of alkyl radical length of the alcohol
on the surface activity of the.composition based on SAFOL 23

The wetting characteristics of powder materials play an important role and are used to evaluate the ef-
fectiveness of processes such as wet dust collection, dust suppression, flotation, filtering, clumping of pow-

der materials, molding of ceramic compositions, impregnation, road construction, production of gunpowder,
printing [16].

a — absence of wetting; b — wetting
Figure 5. Studying the wetting process of highly dispersed PTFE

We were interested into studying the way surfactant molecules affect the wetting ability of powdered
(PTFE). We calculated the free energy (FSE) of powdered PTFE by Zisman plot, it is 35 mN-m™" [17]
(Fig. 5). Therefore, PTFE must be wetted by liquids which surface tension is lower than the specified value.
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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", for the composition SAFOL 23 — IAA — water — 0.27 mol-L™. 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.
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Figure 6. The contact angle isotherms of compositions at different ratios SAFOL 23:IBA
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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.
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Figure 8. Liquid-gas adsorption isotherm of water-alcohol compositions based on SAFOL 23
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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™', 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.

CHEMISTRY Series. No. 4(100)/2020 91



M.G. Shcherban, A.D. Solovyev, A.O. Saliakhova

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.

Table 3
HLB determination results

.. o HLB
Composition Cloud point, °C experimental theoretical
SAFOL 23 — water 62 10.1 10.1
SAFOL 23 — IBA — water 40 7.9 7.9
SAFOL 23 — TAA — 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 — JAA — 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 — cnupTt — ¢y xkyiesepiHiH 0eTTiK-0e1ceH1i cMaTTaMaJlapbIHbIH
AJKWIII paAuKaJ CHUPTTIH Y3bIHABIFbIHA TIYeJALTIr]

N306ytun (UBC) xone uzoamun (MAC) cmmprrepidia-SAFOL 23 wuonorenai emec OeTTiK-OelCeHAITIK
cHIIaTTaMaNapbIHbIH ocepi 3epTrenai. bencenni aktusTi 3artap (BA3) cy epiTiHIiCIHIH JXoHE OHBIH CYJIIbI-
CIHPTTIK KOMIO3ULMSIIAPBIHBIH OeTTiK Kepiny usotepmanapsl (BKU) anbiaapl. Onapapi Herizinge SAFOL
23 cynbl-cOUPTTIK JKydenepi yIIiH apaiac MULEIIaHbIH KypaMbl jkoHe Mmuieiuieneri BA3 e3apa ic-KUMBLT
(haxTOpHIHEIH mamack! ecentenreH. Cy-CHUPTTIK KOMIO3UIUSHBIH KypaMbl MeH OeTTiK-OeICeHIiIiri TabbuI-
IIBI KoHE 3epTTeimi. berrik-Oencerminiktiy Toyenniniri SAFOL 23 kaTelHaCBIHAH: CIIUPT MOHOTOH/BI CHTIAT-
Ta OonMmalabl koHe OHBIH. co-BA3  co-epiTkimke aybICyblHa OaifaHBICTEI MakcUMyM eoTeni. JKoraps
mucnepeti nommurerpadropaTrieH (IITOD) SAFOL 23 cynbl-cUPTTIK KOMITO3HIMSUIAPBIMEH KYKTBIPY
npoueci 3eprrenai. IT®D Oeri ruapodusaenai, Tek OETTIK-OSNCEHAUTIKTIH KypaMblHa TOYEIAITIK
rpaduringeri MaKCUMyMFa Colkec KeJIeTiH epiTiHAiIep i maiijanany kesinge. Op Typii ¢a3aapaibik Hieka-
panapaa SAFOL 23, ancopOnusianraH Meuiepi MEH OHBIH KOHLCHTPALMCHI apachIHIAFbl OalinaHbIC
rpaduktepi ecenrenred. SAFOL 23 TIT®D Gerinze kakchl aacopOUMsIaHabl )KOHE epiTiHAi-ra3 mekapa-
ceiHga Oipmama. onci3. Crmprri BA3 cy epitiHzmiciHe eHTi3y KOMIIO3MIMSHBIH THAPOQUIBIlI JKOHE
O IUIB I TONTAPEIHBIH CaHBI apachIHaFb! apaKaTHIHACTEI ©3repTe i, OYJI OHBIH TUAPOQIITEII-ITNITO(GIITBAL
6amanceibiy (IJIB) mamacsiHa xoHe JailaHFaH TeMIieparypachiHa acep eteni. by BA3 konnany ayKbIMBIH
emoyip keHeWteni skoHe SAFOL 23 comoOunmsaTop, SMynbsratop oHe TIHAPOQMIM3ATOp peTiHe
naaanaHyra MyMKIiHIIK Geperi.

Kinm cesoep: nonorenni emec bA3, MULIENIOKYpBIIBIM apajlac MULEIIONAp, OeTTiK OerceHainiK, ancopo-
LU, ABIMKBUIIAHABIPY, THAPOGIIbII-TUIo(uiIbai Oananc.

M.T'. lllep6anb, A.Jl. ConoBbeB, A.O. CamsixoBa

3aBHCHMOCTH MOBEPXHOCTHO-AKTHBHBIX XaPAKTEPUCTUK CHCTEM
SAFOL 23 — cnupT — BO/Ia OT AJIMHBI AJIKWJIBHOT0 PAINKAJIA CIIAPTA

HUccnenosano Brusaue m3o00yrunosoro (MBC) u m3oamunosoro (MAC) cimpToB Ha MOBEPXHOCTHO-aKTUBHBIE
XapaKTePUCTHKN HEMOHOTEHHOTO MOBepXHOCTHO-akTHBHOTO BemmectBa (ITAB) SAFOL 23. ITomyuensr n3o-
TepMsbl oBepxHocTHOTO Harshxenus (MIIH) Boguoro pactBopa IIAB 1 ero BogHO-CIIMPTOBBIX KOMIO3HIIHHA.
Ha ocnoBe cepun UIIH psna cucrem SAFOL 23 — cniupT — Boga paccUUTaHbl COCTABBI CMEIIAHHBIX MHIIEIT
U BennuuHbI (akropa B3anmosneiicteus [IAB B munense. Haiinena n u3ydeHa 3aBUCHMOCTh HOBEPXHOCTHOM
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AKTUBHOCTH BOJHO-CIIUPTOBOM KOMIIO3MIIMH OT €€ COCTaBa. 3aBHCHMOCTh MOBEPXHOCTHOH aKTUBHOCTH OT
cootHomeHuss SAFOL 23: cnupT HOCUT HEMOHOTOHHBIN XapaKTep W MPOXOAUT Yepe3 MaKCUMYyM, YTO CBsI3a-
HO C U3MEHEHHEeM (YHKIMHU CIUPTA C POCTOM €ro CoAep)kaHus U nepexony ot co-ITABa k co-pacTBopuTeio.
ABTOpaMHy M3y4eH MpoIecC CMAaYMBaHUS BBICOKOAHCIEpcHOro nosmrerpadropatmieHa (IITOD) xommosu-
nusmu SAFOL 23 — cnupt — BoJa, HOCTPOEHBI U30TEPMBI KPAa€BOI0 yriaa cMauuBaHus. IloBepXHOCTH THapo-
(umM3MpoBaNTach MPHU COOTHOIICHUSIX, KOTOPIE HAXOIMINCH B HHTEpBaJIe MaKCHMyMa KPHBOH 3aBUCHMOCTH
MOBEPXHOCTHOI aKTHBHOCTH — COCTaB KOMIO3UIUH. [TocTpoeHBI H30TepMbI aacopOIMy Ha TPaHUNAX paszenna
(a3 xuakocTb—Ta3, TBepaoe Teno—xuakoctb. SAFOL 23 B Gounblieii cTeneH: aacopOupyeTcsi Ha MOBEPXHO-
CTH TBepIOH (a3bl, UeM Ha TPaHMIIC KUAKOCTb—Ta3. BBenenue cnupTa B BoaHBIN pactBop I[IAB usmenser
COOTHOILICHHE MEXIY YUCJIOM THAPOQHIBHBIX U JUNOGHIBHBIX IPYII KOMIIO3HIINH, YTO OTPaXKaeTcs Ha Be-
nudrHe ee ruapoduisHO-munodmisHoro 6ananca (I'JIB) u TemmepaType mOMyTHEHHs. DTO CYIIECTBEHHO
pacmupsier auana3oH npuMenenns [IAB u mo3Bosier ncrons3oBats SAFOL 23 B kadecTBe comobumm3aro-
pa, SMyJIbraTopa ¥ CMa4nBaTesl.

Kniouesvie crosa: nenonorenHoe ITAB, munemioodpazoBaHue, cMeNIaHHbIE MHIEIUIBI, TOBEPXHOCTHAS aK-
THUBHOCTB, aJICOPOIHsI, CMaYMBaHUE, TUAPOGUIEHO-THIOGHIBHBIN OanaHc.
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