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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 meore
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 systemshas 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 (LESP) 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. 15). Composition of a critical point is as follows: 24.0 % NaCl,3.0 % meonol
AF-9-12, 73.0 % water. Further temperature increase results in the formation of stratifyingarea (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. 1c¢).

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 aréa 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; ene 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 xyiesepi
(azabIK IHArPAMMAJIAPBIHBIH TONOJIOTHSIVIBIK TPAHC()OPMANMATAHYbI

Makanana cy — OKCHUSTHJIICHIeH HOHMI(EHON (HEOHON) — HaTpUH XJIOpUIL »kyHenepingeri ¢azanslk Temne-
TEHJIIKTEp 3EpTTENreH, eKiazalnblk CYHBIK JKOHC MOHOTEKTHKAIBIK TeIe-TCHIIKTEPIiH MYyMKIiH 0oy
ayMaKTapBIHBIH TeMIIepaTypajblK HHTepBaIgaps! anbikrajrad. Kepcerinren aymakrap AD-9-12 HeoHoMeH
xyitecinge 23 °C actam, ain AD-9-25 neononmen xyiecinae 42 °C acram temmeparypazna 6ona anagst. Cy —
Heonon A®D-9-12 — Hatpuii XJI0opHi XKyleciHiH epekmreniri 6osbin 84 °C ackaH Temreparypaja eki Kkabarka
Geninerin cy-Heonon A®d-9-12 sxyiiemeciHiH TY3ce3aaHysl Tabbutagel. Cy — okcwdTmiaeHren BB3 —
OeifopraHuKansIK TY3 XKyiienepi )Karaaiapsl YILIiH, T¥3 TeK TY3ChI3[aHy opeKeTiHe ue 6onarsi, an cy — bb3
(meoHonm A®-9-12) xyifemeci TOMEHI! IIEKTI €py TEMIlepaTypachbIMEH CHIIATTANATHIH HeMece CYHBIK
JKaFTalabIH OapiIbIK MHTEepBaIJapbIH/a TOMOTEH i 00JIaTHIH JKaFAaiIaphl YIIiH (a3aiblk IuarpaMMaapablH
TOIOJOTUSIIBIK TpaHC(HOPMAIMSUIAaHYBIHBIH ChI30ackl eHaenreH. On chI30aHBIH Ty3 — OMHApIBI epiTKiln
Kylenepi ymrH OipikTipinreH ce30amapbiHa CoHKecTIri KepceTinreH. AJNBIHFAaH MariryMarrap bB3
OKCHITHJIJICHY JCHredi HaTpHil XJIOPUAIHIH TY3ChI3JaHIbIpy KabineTiHe Kanmail ocep eTeTiHiH Oaranayra
MYMKiHZAiK 6epai. OxcudThiAeH AeHreitiHiH ocyi BB3 MuleuanapsiHbIH THApaTalHsIaHybl apTYbIMEH KaTap
JKYPETiHI aHBIKTAJAbl, OyJT EHTi3iNeTiH HATpUil XJIOPHIIHIH TY3ChI3AAaHABIPY KaOiNeTiHIH TeMeHIeyiHe
oKesesli. AJIBIHFaH MOJHMETTEepAi TY3CHI3ZaHABIPAThIH 3aTTap KaTbIChIHIA OKCHATHiAAeHTeH bb3 Herisinne
SKCTPAKIMSHBIH TEMIIEPaTypasbIK-KOHIICHTPALMSIIBIK TapaMeTpIIepiH OHTAMIaHABIPYFa KOJIIaHyFa O0Ia bl

Kinm ce3dep: GerTik-6enceHzi 3aTTap, OKCUITHIICHT€H HOHII(QEHOIap, HaTpuil xiopuxai, Kabarrapra 6eiri-
HETIH Xyifenep, TY3ChI3AaHAbIpy, (Ga3aiblk AUarpaMManap, epirimTik, TOMOJOTHSUIBIK TpaHC(OpMaLHsUIaHy.

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

Tonosoruyeckast rpancpopmanus Gpa3oBbIX JMATPAMM CHCTEM
B0/Ja — OKCHATWINPOBaHHbI HOHMI(peHoa — NaCl

B craTpe uccnenoBansl (a3oBble paBHOBECHS B CHCTEMax BOJAa — OKCHATHWIIMPOBAHHBIN HOHHI(eHON (Heo-
HOJ) — XJIOPUJI HaTpHsl, YCTAaHOBJICHBl TeMIEpaTypHbIC MHTEPBaJbl CYLIECTBOBAHHA O0JACTU ABYX(a3HOTO
JKUJIKOTO ¥ MOHOTEKTHYECKOTO paBHOBECHH. YKa3aHHBIC OOJIACTH CYIIECTBYIOT IPH TeMmIeparype Ooee
23 °C B cucteme ¢ HeoHosioM A®D-9-12 u 6onee 42 °C B cucteme ¢ HeoHOIoM AD-9-25. Oco0EHHOCTBIO CHC-
TeMbl Bojia — HeoHONT AD-9-12 — xyopua HaTpus sIBISETCS BbICAIMBAHUE JBOMHOM pacciauBaroliencs noj-
cucteMbl Boja — HeoHol A®d-9-12 mpu Temmeparype Gonee 84 °C. PaspaboraHa cxema TOMOJIOTHYECKOMH
TpaHcopmaru (pa3oBbIX JUArpaMM CUCTEM Boja — okcudTmiupoBanHoe [IAB — Heopranmueckas coyb st
Clly4yaeB, KOTJia cojb 00J1alaeT TOJIbKO BBICATTMBAIOLINM JIeicTBHEM, a moacucteMa Bojaa — IIAB xapakrepu-
3yeTcsl HIDKHEH KPUTHYECKOW TeMmepaTypoit pacTBopeHus (HeoHoT AD-9-12) unn sBiseTcs TOMOT€HHON BO
BCEM HHTEpBaJe XUAKOTo cocTosHMA. [loka3zaHo cooTBeTCTBHE pa3pabOTaHHBIX cxeM 000OIIeHHOH cxeme
JUISL CHCTEM COJIb — OMHAPHBIA pacTBOPUTENb. [10TydeHHBIC NaHHbBIC MTO3BOJIIA OLCHHUThH BIUSHHE CTCICHU
okcITIIHPOoBaHus [IAB Ha BeICATMBAIOIIYIO CIOCOOHOCTD XJIOPH/IA HATPHsL. Y CTAHOBJIEHO, YTO POCT CTerle-
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HH OKCHITMJIMPOBAHMS CONPOBOXKAACTCS yBENUUEHUEM rujapaTaiuu Munein ITAB, 4To mpuBOAUT K CHMXe-
HHIO BBICAIMBAIOMIEH CIOCOOHOCTH BBOJMMOIO XJIopHa HaTpus. IlomyueHHBIE HaHHBIE MOTYT MCIOJIB30-
BaThCS ISl ONITUMHU3ALUH TEMIIEPATYPHO-KOHIIEHTPAIIMOHHBIX TApaMETPOB SKCTPAKIMY B CUCTEMAaX Ha OCHO-
BE OKCHATHINPOBaHHBIX [IAB B mpucyTcTBHN BBICAIMBATEIS.

Kniouesvie crosa: TOBEpXHOCTHO-AaKTHBHBIC BEIECTBA, OKCHUITHINPOBAHHBIE HOHWI(EHOIIBI, XJIOPUI HATPHS,
paccianBaroIIuecs CUCTEMEI, BEICAUINBAHKE, (ha30BbIe AUArpaMMBbl, PACTBOPHMOCTb, TOMOJIOTHIECKas TPaHC-
(dopmanus.
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