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Topological transformation of phase diagrams
water — ethoxylated nonylphenols — sodium chloride systems

In this work phase equilibria in water — ethoxylated nonylphenol (Neonol) — sodium chloride systems was in-
vestigated, and temperature ranges of two-phase liquid and monotectic equilibrium region existence were es-
tablished. These regions exist at temperature of more than 23 °C in system with Neonol AF-9-12 and more
than 42 °C in system with Neonol AF-9-25. A feature of water — Neonol AF-9-12 — sodium chloride system is
the salting-out of double water — Neonol AF-9-12 subsystem at the temperature of more than 84 °C.
A scheme of phase diagrams of topological transformation of water — ethoxylated surfactant — inorganic salt
systems for cases, when salt has only salting-out effect and water — surfactant subsystem is characterized by a
lower critical solubility temperature (Neonol AF-9-12) or homogeneous throughout liquid state interval was
developed. The correspondence of developed schemes to generalized scheme for the salt — binary solvent
systems was shown. The data obtained allow evaluating surfactant ethoxylation degree effect to sodium chlo-
ride salting-out ability. It was found that ethoxylation degree increase is accompanied by increase in surfac-
tant micelles hydration, which leads to decrease in the salting-out ability of sodium chloride. The obtained da-
ta can be used to optimize the temperature and concentration extraction parameters.

Keywords: surfactants, ethoxylated nonylphenol, sodium chloride, stratifying systems, salting-out, phase dia-
grams, solubility, topological transformation.

Introduction

Surfactant based optimization of temperature-concentration parameters for extraction in the systems can
be done with the methods of physical chemical analysis. Typically, the first stage is aimed to decide on a
salting-out agent and temperature of the process for a particular surfactant or to choose a surfactant for ex-
traction with a particular salting-out agent. Many published works consider the impact of surfactant structure
on stratifying temperature for its water solutions [1-3], as well as the impact of non-organic salt nature on a
salting-out capacity of ethoxylated surfactant [4—6], with surfactant structure during its formation and tem-
perature transformation in the stratifying area in water — ethoxylated surfactant — inorganic salt systems be-
ing hardly examined.

Earlier, a scheme of topological transformation for phase diagrams of water — ethoxylated surfactant —
inorganic salt systems has been proposed in cases when a water — surfactant subsystem remains homogene-
ous in all temperature intervals, while salt salts out, and in case of a water — surfactant system with the lower
critical solubility point (LCSP) and salting-in — salting-out effect of salt [7]. The present paper is aimed to
identify the schemes of topological transformation for phase diagrams of water — ethoxylated surfactant —
inorganic salt for the salt with salting-out effect only with regard to ethoxylated nonylphenols with differ-
ent — ethoxylation degree.

Sodium chloride which was extensively used in surfactant-based extraction systems was chosen to be a
salting-out agent [8, 9]. Some papers give the information about the impact of sodium chloride on the strati-
fying temperature of water solutions of ethoxylated octylphenols [4, 10], ethoxylated dodecanols [11], and
polyethyleneglycols [12]; although no regularities in transformations of phase areas are looked at.

Experimental

The paper uses ethoxylated nonylphenols (CoH;9CsH4(OCH,CH,),OH, n = 12 for neonol AF-9-12,
n=25 for neonol AF-9-25, TU 2483-077-05766801-98), analytic grade sodium chloride, distilled water
(np” = 1.3325).

Visual-polythermal method identified the stratifying area boundaries. Sections method was used to ob-
tain solubility isotherms at temperatures below 75 °C. The paper [7] examines the methodology of the exper-
iment in detail.
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Results and discussion

Sodium chloride crystallizes into waterless salt in the specified temperature range and has positive sol-
ubility temperature index. Water — neonol AF-9-12 system is characterized by the lower critical solubility
point (LCSP), namely, 84 °C (3.0 mas. % neonol AF-9-12). Stratifying area in the system is within the tem-
perature interval — from 84 °C to the boiling temperature. Water — neonol AF-9-25 double system is homo-
geneous within the whole interval of liquid state. Experiments showed that sodium chloride was practically
insoluble in surfactant under question.
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Figure 1. Phase equilibriun in the water — Neonol AF-9-12 — NaCl system
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Solubility in a water — neonol AF-9-12 — NaCl system, which fits the case when water — surfactant bina-
ry subsystem is characterized by LCSP, while the salt is a salting-out agent, has been analyzed in five sec-
tions.

Four sections connect the solutions of neonol AF-9-12 with different concentration and the sodium
chloride peak; the fifth section connecting the peak of neonol AF-9-12 and a heterogeneous mixture of water
and sodium chloride with the mass content of 40.0 % were used to identify the critical point (KS).

The temperature range of 10-23 °C in the system (Fig. 1a) is known to have two areas: unsaturated so-
lutions (L) and crystallization of sodium chloride (L+S). Salt solubility slightly increases with temperature in
the solutions of neonol AF-9-12.

At 23 °C, NaCl solubility line is characterized by a critical point KS and a critical node of monotectonic
equilibrium KS-NaCl (Fig. 1b). Composition of a critical point is as follows: 24.0 % NaCl, 3.0 % neonol
AF-9-12, 73.0 % water. Further temperature increase results in the formation of stratifying area (L,+L,) to-
gether with its neighboring monotectonic equilibrium area (L;+L,+NaCl). Phase diagram is characterized by
five areas, namely, unsaturated solutions, stratification, monotectonic equilibrium and sodium chloride crys-
tallization (Fig. 1¢).

At 84 °C, the area of critical point stratification is connected with the lower critical solubility point
(LCSP) of water — neonol AF-9-12 binary subsystem with the homogenious area being divided into two
fields (Fig. 1d). Further temperature increase expands stratifying area and salts out the heterogeneous system
of water — surfactant (Fig. 1e). Further temperature increase does not change significantly the solubility di-
agram; one can only observe the expansion of stratifying area and the decrease of the unsaturated solution
area.
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Figure 2. Phase equilibriun in the water — Neonol AF-9-25 — NaCl system
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Solubility in water — neonol AF-9-25 — NaCl system, which fits the case when water — surfactant binary
subsystem is homogeneous in the whole interval of liquid state and the salt serves as a salting-out agent, has
been analyzed in the same sections described for neonol AF-9-12. The temperature range of 2542 °C in the
system is known to have two areas: unsaturated solutions (L) and crystallization of sodium chloride (L+S).
Temperature growth leads to a slight increase in sodium chloride solubility in surfactant solutions, with the
salting-out effect of neonol AF-9-25 in relation to sodium chloride being minimal (Fig. 2a).

At 42 °C, NaCl solubility line is characterized by a critical point KS and a critical node of monotectonic
equilibrium KS-NaCl (Fig. 2b). Composition of a critical point is 26.0 % NaCl, 3.0 % neonol AF-9-12,
71.0 % water. Further temperature increase results in the formation of stratifying area (L,+L,) together with
its neighboring monotectonic equilibrium area (L;+L,+NaCl). Phase diagram is characterized by five areas,
namely, unsaturated solutions, stratification, monotectonic equilibrium and sodium chloride crystallization
(Fig. 2¢). Further temperature increase does not change the phase diagram significantly; one can only ob-
serve the expansion of stratifying and monotectonic equilibrium areas. Data obtained supports previously
published scheme for water — synthanol DS-10 — KBr system [7].

It is relevant to see the impact of surfactant ethoxylation on temperature dependent changes in salting-
out capacity of sodium chloride. Ethoxylation degree increase raises the temperature to form both stratifying
and monotectonic equilibrium areas. Observed regularities are determined by greater salting-out capacity of
salt and a drop in micelle hydration degree with temperature growth. Temperature dehydration of micelles
with their further aggregation depends on surfactant molecule hydrophility which can be expressed in hydro-
philic-lipophilic balance (HLB) or water — surfactant system LCSP. The Table gives the calculated values for
HLB by Davis [13] and LCSPs for water — surfactant binary systems. Neonol AF-9-25 is even more hydrated
at 60 °C and higher than neonol AF-9-12, therefore its salting-out capacity is significantly lower than the one
for neonol AF-9-12.

Table
Main characteristics determining the salting-out ability NaCl to neonols

Surfactant HLB LCSP, °C
Neonol AF-9-12 6.93 84
Neonol AF-9-25 11.22 > 100

Conclusion

Thus, the obtained data from the experiments proved the possibility for two summarized schemes of
topological transformation of phase diagrams for water — ethoxylated surfactant — inorganic salt systems,
when salt serves as a salting-out agent only, while water — surfactant binary system is characterized by
LCSP (water — neonol AF-9-12 — NaCl system) or is homogeneous in the whole interval of liquid state (wa-
ter — neonol AF-9-25 — NaCl system). These schemes perfectly fit the summarized scheme of topological
transformation of phase diagrams for triple stratifying systems of salt — binary solvent [14].

The research was financed by the Ministry of Education and Science of the Russian Federation (pro-
Jects 4.5947.2017/6.7 and 5.6881.2017/8.9).
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Cy - oxkcmaTnigenred Houuiagenona — NaCl xyiienepi
(azanbIK IHATPAMMAJIAPBIHBIH TONOJIOTHSIVIBIK TPAHC(OPMANMATIAHYbI

Makanana cy — OKCHSTHIICHIeH HOHWI(EHONI (HeOHON) — HAaTpUi XJIOpuai KyHenepingeri ¢azansik Temne-
TCHIIKTEp 3CepTTENreH, eKiasamblK CYHWBIK >KOHE MOHOTEKTHKAIBIK TEHe-TeHIIKTepAIH MYMKIiH 0oy
ayMaKTapbIHBIH TeMIIepaTypajblK HHTepBaIgapsl anbikrairad. Kepcerinren aymakrap AD-9-12 HeoHOMMeEH
xyitecinge 23 °C actam, ain AD-9-25 neononmed xyiecinae 42 °C acram temmneparypazna 6ona anagsl. Cy —
Heonon A®D-9-12 — Hatpuii xJopHai xKyieciHin epekieniri 6osbin 84 °C ackan Temreparypaja eki Kkabarka
Geninerin cy-Heonon A®D-9-12 sxyiemeciHiH Ty3cei3aHysl Tabbutaael. Cy — okcudTmiaeHreH BB3 —
GeifopraHuKanbIK TY3 XKyiienepi )Karaaiiapsl YIIiH, Ty3 TeK TY3ChI3[aHy opekeTine ue 6onarsi, an cy — bb3
(meoHon A®D-9-12) xyifemeci TOMEHII IIEKTI epy TeMIlepaTypachIMEH CHIIATTANATHIH HeMece CYHBIK
JKaraaiiIbIH OapIiblK HHTEPBAJIapbIHIa FOMOTCH I OO0JaThIH JKafJailaps! YIUiH (a3aiblk JuarpaMmaliapIbH
TOIOJOTUSIIBIK TpaHC(HOPMAIMSUIAaHYBIHBIH CbI30ackl enHzenreH. On chi30aHBIH TY3 — OMHApIBI epiTKiln
Kylenepi ymrH OipikTipinreH cb30a’gapblHa COHKeCTIri KepceTinreH. ANbIHFAaH MariryMarrap bB3
OKCHITHJIICHY JCHreii HaTpuil XJIOPUAIHIH TY3ChI3JaHIbIpy KabineTiHe Kanmail acep eTeTiHiH Oaranmayra
MYMKiHZiK 6epai. OxcudThieH AeHreitinil ocyi b3 MunemanapslHbIH THApaTalHsIaHybl apTYbIMEH KaTap
JKYPETiHI aHBIKTAJbl, OYJI EHri3iNeTiH HATpUil XJIOPHIIHIH TY3ChI3OaHABIPY KaOlIeTiHIH TeMeHIeyiHe
oKeneni. AJBIHFAH MOIIMETTepi TY3ChI3IaHIbIPAThIH 3aTTap KaThIChIHAA OKcHATWiAeHreH BbB3 Herizinme
SKCTPAKIUSHBIH TEMIIEPaTypalbIK-KOHICHTPAIMSUIBIK ITapaMeTpIIepiH OHTalIaHBIpyFa KOIIaHyFa O0Iambl.

Kinm ce3dep: Gertik-OenceHi 3aTTap, OKCHITIIICHT€H HOHII(EHOIap, HaTpuil xiopuai, Kabarrapra Geiri-
HETiH Xyifenep, TY3ChI3IaHAbIpY, (pa3aiblk AUarpaMMaap, epirimTik, TOMOJOTHSUIBIK TpaHC(HOpMaLHsUIaHy.

A.M. Enoxos, A.B. Crankosa, O.C. Kyapsimosa, A.E. JlecHoB

Tonmosoruyeckast rpancpopmanus Gpa3oBbIX JMATPAMM CHCTEM
B0 — OKCHATWINPOBaHHbI HOHMI(PeHoa — NaCl

B crarbe uccienoBansl (pa3oBble PABHOBECHS B CHCTEMax BOJA — OKCHATHIMPOBaHHbIH HOHWIpEHON (HEo-
HOJI) — XJIOPUJ HaTpHs, YCTaHOBJIEHBI TeMIIEpaTypHbIe MHTEpPBAlbl CYIIECTBOBAHUS OOJACTH ABYX(]a3zHOro
JKUJKOTO M MOHOTEKTHYECKOIO PAaBHOBECHH. YKa3aHHBIE OOJIaCTH CYHIECTBYIOT IpH Temieparype Ooiee
23 °C B cucreme ¢ HeoHonoM AD-9-12 u 6onee 42 °C B cucreme ¢ HeoHONOM AD-9-25. OcoOEHHOCTBIO CHC-
TeMbl Boia — HeOHONI AD-9-12 — xy0puj HaTpuUs SBIAETCA BbICAIUBAHUE JBOMHOH pacciiauBaroLieiics moa-
cucteMbl Boja — HeoHol A®d-9-12 mpu Temmepatype Gonee 84 °C. PaspaboraHa cxema TOMOJIOTHYECKOMH
TpaHchopManuu (Gpa3oBbIX AHarpaMM CHCTEM BOjA — OKCHATHIHpoBaHHOe ITAB — Heopranudeckas coib Uit
Clly4aeB, KOTa cojb 00afaeT TOIbKO BBICAIMBAIOIINM JIeHCTBHEM, a oAcucTeMa Boaa — ITAB xapakTtepu-
3yeTcsl HIDKHEH KPUTHYECKOH TeMrepaTypoil pactBopeHus (HeoHoT AD-9-12) unn sBiseTcs rOMOI€HHON BO
BCEM HHTEpBaJie JKUIKOTO COCTOsIHUS. IlokazaHO cOOTBETCTBHE pa3pabOTaHHBIX cXeM OOOOIIEHHOH cxeme
JUISL CHCTEM COJIb — OMHAPHBIN pacTBOpUTENb. [loydeHHbIe JaHHBIC TO3BOJIMIN OLEHHUTH BIHMSHHUE CTEIICHU
oxcyaTHMpoBaHus IIAB Ha BeICaIMBaIONIyI0 CIOCOOHOCTD XJIOpHIa HATPUSL. Y CTAHOBJIEHO, YTO POCT CTeIIe-
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HH OKCHITHJIMPOBAHMS CONPOBOXKAAECTCS yBENUUEHUEM ruapaTanuu Munein ITAB, 4To mpuBOaUT K CHMXe-
HHIO BBICAIMBAIOMIEH CIOCOOHOCTH BBOJMMOTO XJopuia Hatpus. IlomyueHHBIE JaHHBIE MOTYT HCIOJB30-
BaThCs [UIsl ONTHMHU3ALUH TEMIIEPATYPHO-KOHLEHTPAIMOHHBIX TApaMETPOB SKCTPAKIHY B CUCTEMaX Ha OCHO-
BE OKCHATHINPOBaHHBIX [IAB B mpucyTcTBHN BBICAIMBATEIS.

Kniouesvie crosa: TOBEpXHOCTHO-aKTHBHBIC BEIECTBA, OKCHITHINPOBAHHBIE HOHWI(EHOIIBI, XJIOPUI HATPHS,
paccianBaroIIuecs CUCTEMEI, BEICAINBAHKE, (ha30BbIe AUArpaMMBbl, PACTBOPHMOCTb, TOMOJIOTHIECKas TPaHC-
¢dopmanus.
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