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CONDITIONS FOR SPONTANEOUS FORMATION OF BHIGHLY DISPERRED,
CONCENTRATED EMULSIONE

I. DEPENDENCE OF THE DFLREE OF DISPERSION OF EMULEIONS ON THE MOLECULAR NATURR
OF THE EMULSIFIERS

E. M. Spivakova

The spentaneous emulsification effect consists of the formaticn of emulsions without any external acton casuing
dispersior: of the liquid, with a sharp decrease of surface Brtion at the separation boundary of the two iiquid phases
down to tenths and huadredths of one erg/cm’. Emulsions are spontaneously formed on c'tution, with water, of homo-
geneous mixtures (solubilized solutions) of water, a hydrocarbon, and diphilic substances, that is, polar substances
which have an affinity simultaneously both for water and the hydrocarbon-emuliifiers of the soap type and of the type
of molecularly soluble surface active compounds: alcohols, organic acids, amines, etc. {1]. Such mixtuizs are
usuaily concentratéd with respect te the hydrocarbon and the emulsifier. This method of emulsification 4 widely
ased {n technolegy for ui preparation of cooiant lubricaniy used for the weatment of metals by cutting and pressure,
by the diluticn of mixtures wiown as ernulsols [2]. Emulscls consist of mineral oil, 8 small amount of water, some-
times alcchol, and emulufiers, High grade emulscls $hould have good emulstficabllity, i.e., should give highly dis-
nersed, stabie, and concenwzated emulsions, Tue emulsificability of sn emulsol {5 closely related to the natwe o113
component ingredients, Study of this relationship {. cf yreat importance for the physico-chemical basis of formuta-
tions and properties of emulsols, and at the saie time it has an undoub..d theoretical {nterest,

The alm of the present work was 1o study the dependence between the emulsifying power of substances in the
spontaneocus emulsification mocess and thelr molecular nawure - their hydro- or oleophilic nature in the sense of an
affintty for water or hydrocarbons, With this aim, the degree of dispersion of emulsions obtained with the tame oil
b - owith different emulsifiers was examined (n relation to the surface actvity of the emulsifiers at the aqueous solu-
ton™ air boundary of sepaiation, The surfacs actvity was taken as s relative measure of the hydro- or oleophily,
on the general basis that the more hydrophoblu A substance iy, the greater is fta surface activity (r ar *queows medivm.

EXPERIMENTAL, AND DISCUSS(ON OF RESULTS

The method of microscopi il analysis was used to study the degree of dispersion of spontaneous emulsions of
solar ofl made with ammonjum oleate, soda naphthenic soap, sodium butylnaphthalene sulfonate (Nekal), and with
the mixtures: oleum. oleate + Nekal, miimonium oleate + Pet.ov fwntakt soda 20ap (sodium sulfonaphthenate),
Soaps of oiefc and naphthenic acids, and neurralized Petov kontakt an wsual components of emulsols; sodium butyl-
naphthalene rulfonate was tested by us as a possible wap subsdtux for emulsols, These substances are representative
of four different classes of emulsifiers: fanty acid soaps, naphthenic soaps, sulfonaphthenic acid soaps, snd synthetic
detergents of the sulfonate ciass. For preparation of the enulsols, the oap, msed {n the form of 2 60-80% product,
was mixed with the ofl by heating on the water bath,
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Fig. 1. Size distributlon of ernulsion ro([’»w“? Fig. 4, Size distribution of emulsion droplets: 1) 60%
1) 50% sular of} + 50% sodiwm butyinaphthalene solar oil + 40% amunoitium cleate; 2) the same + 40%
sulfonate; 2) the same + 60% ammonium oleate; naphthenic swap.

3) the tame + 50% naphthenic soap,
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Evaluation of the hydro- or oleophily by the surface activity was examined jn detall in another paper, together
with surface tensfon {sotherms, Fiom the surface sension messurements, the emulsiflenn may be amanged in the foilow-
ing swiize of Increazing hydrophily: amontur oleste < naphthenic wap < Petrov kositak! :0ap ¢ sedfum butylnaphthal-
ene s Ufonate,

The disribution curve for droplet size for emulsions formed from emulsols having the ratfe cil: soap {anhydrous)
1:1, show that both the relatvely hydroph.obic oleate ana aly - ydivphiV~ Nekai give mors coarsely disperssd
emulsions than naphthenic wouy, - aich occuples =n intermediate posttion in the hywophilic mfar “ig. 13, I he
emulscl contains 0% ofk, isats gives a relenivaiy cor W'y Cipcried smulsien, naphtheals sesp 4 fine: one, vhile
{n the ~ase of Nekal part of the oi! .s not emulsified &t all but separazes vt in & Swer smmedlatel  on dilevon of
the enulsoi (Fig. 2).

rigs. 3 and 4 compare Xe rinulsifying power of ammmonjum oleate and mi> - .« of arumonium oleate with
Nekal, The emulsifying power oi a mixturc of emulsifiers is greater than tha: of eacu .us separately, The degree
of dispersion of the emulsiom : iacresses with Increase of the reletive conient of Nekal, although Nekal itse)f is in~
ferior o ammonium oleate a3 %1 e: . isifier,

Even when the emulso, peepaisd with sleate anly contains

F2r)« da much 1ese ofl (50%ihan the emuiwl with & mixed emulsifier
6 g@ {10%), the degre» of dispersion formed by the lazrer is found to
be somewhat higher (Fig, 5). 8/. lar results werc also shtained
for » mixte.s of amsmontum oledw  fth Pewov keuiakt soap:
4r the mixture ¢ lsifles ol better than docs oleate (Fig, 5). The
degree of dispersion of the emulsion decreasct with increasing
2t concentratizn of sblar oti from 50 1 TP in the emnisol,
We pronote ¢ ¢ fellowling preddble evplanation of the re-
ot sults obtained. For s sudstance to b2 a good emulsifi~r {t should
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I wve high surfacn acitv.ly at the oll/water boundary of scparation,
ang & power of forminy an adsorprion-sslvaticial envelepe around
the oli droplets, which hinders theit cozlescence on coliision.
As was shown in a number of papers by Rebinder and his coworkers
{3} such sn eavelope should have Digh siructural viscostty or
smength, should be readily hydrated fin the case of &n ofw i il
sion) and should repair itself easily, or restore it stzuctur - it
lecal pofnte of breakage. The maxtmum stabilizing actor, #ccord-
L1g to Trapezhikov's data, cortesponds ¢ aic 2.4 »tional layer whick is close to saturation, after which the stabizing
effect decreases sharply with 'screasing satucadon, Thus, the collofdization of the emvlifier in *he swface layer
thould not be maxirumbur i, Lis « certet~ optimant vaiue at which the stabilizing film combires adequate structural
strength with the powe: of quickly repairing occasional damage. Om the bas!s of thece views subsiances with some
average degree of tydro- or oler,.il; hou .o be the best srabilizers, Strongly hydropuobis #inulsifiers have high surface
activity in an aqueous m< * ., buy the adsuepe on
tional ervelops which they form will not hvd: ste

o L] 2
readily and, as the result of exten v coiluidiza- W‘MW 3 /\
tion of the protective film, briole fractures may ) T
arise in i, Surongly hydrophilic ev . .vifiers, or 4 g/
the other hand, wiil give rise to adworptional
layers which are mobile av.j well-hydrated, ous 2
a:e not suffi_dently suucturized, and {n ..¢ ‘{tion, <l
the inftial degree of dispersion of the eriulsion Ol 1 N = RN
riay be low because of the weak surfsce activity 3 3 7 Al
of the emulsifier, The combinatio. of reyitre-
ments in stabll{zers {¢ provided by “balanc.d -
emulsifiers® in whicr the prlar and non-polar parts
of the molecules are develope~: suffic{ently and’
0 apptoximately equal cxtents. These arz emui-
sitiers of mediun hydrs- or oleophily, aud dhere -
fore of medium surface accivity,

Fig. 3. Size distribution of emult'un droplets:
1) 60% solar oil + 40% anumonium ¢ ieste; 2)
the same + 37% smmonium vicate -  fs
Nzkal; 3§ thz same + 13% ammonhun oleats +
30% Nelal,

Fig. 4. Seze dismibution of emuliton droplets: 1) T0% solar oil
+ 30% armonium oleate; 2) the same + 20% ammonium oleate
+ 10% Nekal; 3} the same + 1 0% amymaortum olzatc + 20% Nekal,

-

Evidently, in wur experirpents vhe mixtwre, with :2spact o the hydrophilic and hydrophobic emulufier ~oiea .o
and Nekal- i« equivaient © & “balanced emulaifier®, When the mirtare 1s used, & mixed adsorpton -solvational
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film is formed around the emuision droplews. The more oleaphilic component (oleate) confers adzquaie structural
strength to this film, while the mote hydrophilic compenent {Nekal) gives it the powet of self-repairing and good
capacity for being hydrated, Naphthenic soap, which occuples an intermediate position between oleate and Nekal
i surface activity, evidently has the optimum ratio of polar to nonpolar groups which s essentiaily necesary for
sond stabilizing sction, 1t is, therefore, an effective emulsiiier and is superior w oleate snd Nekal.
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Fig., I, Gize distribution of emulsion droplets: Fig, 8. Size distribution of emulsion droplets: 1) 60%
1) &% solsr oil + 56% ammonium oleate; 2) solar oil + 40% ammonium oleate; 2) the same + 30%
7% whay ofl + 10% ammonium oleate + 20% ammonium oleate + 10% Petrov kontakt scap; 3) the same
e kal, + 10% ammonium oleate + 30% Pewov kontakt soap.

411 that has been sald above coricerning the dependence h=tween the stabilizing effect and the hydro- or
oleophiiy of the zmulsifier applies both to e:nuisions obtaine | | mechanical dispersicn, and to spontareously formed
ernuisions, and in case of the latter, independently of the method of their farmation or the mechanism of the process,
because, whatever the course of this process, !t final resuit {s a system which obeys the general laws for dispesse sys-
temns, The literatise conising indications of the high emulsifying powers of emulsifier mixtures in the production of
emulsions by the usual mechanical method [4], A similar effect was also found by Rashkovan for a mixture of soap
and alcchol [5), The degree of dispersion of emulsions obtained with such combinied emulsifiers is higher than if
soap oniy it used. The author's expianati~n for this is that the alcohol, by virtue of .ts high surface acrivity, favors
an incezase of the tnjrfal degree of dispersion of the emulsion, and the highly dispered emulsion formed will be miore
stablz, becawse the alcchol, which dissolves molecularly, “diiutes® the adsorptional envelope and enswa rhat )i re-
mains intact,

At the preseny dme if {s stil} {mpossible to determine the role of emulstfiers in spontaneous ernuisification
completely and precisely, as the mechanism of this effect has not been elucidated with ce: ainty, In addidon w a
<harp lowering of the wnterphase surface tension, which s required for the sponianeous formation of a highly dis-
persed emulsion and for a stabilizing effect, the following functions of the emulsifier may also be noted: 1) it assists
the mixing of iarge amounts of oil and water, 2nd so makes possible the formation of an emulsol; 2) it determiines
the nature of the continuont phase of the emulsol; 3) 11 determines the peptizability of the system which, acccrding
o the virws givea below on the mechanism of spontaneous formation of einulsions, plays 2 significaa: part in this
process, These factors are also closely related to the molecular nature of the emulsifier,

Our explanation o1 spontancous emulsification is based primarily on the exne.mentally preved dependence
between the deg -~ of dispersion of the emulsifier {n the solution and its «olubilizing power. I3 the work of Yurzhenko
and Kucher {7}, Yoyutsky and Peregudova [6], and others [8] it {; established that the sojubtliziag power (the maximum
amount of suhytance which can be absorbed by « given emulsifier solution) increases with the colloidal nature of the
solution, {.e,, with Increase cf the relative content of the colloidally dispersed portion and of the mucelle size, In
accordance with this direct dependence between the collotdal nature of the solunon and Its solubilizing tower, in
the case of nonpolar hydrocarbons the specific solubilization (In Yurzhenko's terminoiogyls or the solubilizaton cal-
culated per 1 g emuisifter, is usually higher in concentiated, more highly collofdal solutions than in dilute solutions
e R, 3], tvidenily, the degree of colloidfzation of the emulsifier in the scls formed by dilution of e~ lsols {s not
sufficient 1o retain ip ssluton all the ofi contained (n the emulsol. Ay a result, there «s a certain excess of oij,
which separates out of solution, Because of the presence of the emulsifier, the aggreqation of the hydrocarbon mole-
cules does ner continue as iar as the formation of a continuous phase, but ceases at the forinzuonof droplets of a
definite size, the furiher coalescence of which {s prevented, as in mechanical emulsification, by the pre._ctive ad-
sorptional layer formed on them, McBain [10} tn his study of another type of spentaneous emulsification ~in two-
layer systems— noted that snap does not act as an emulsdfier, and does not {tsell cause *he farmati~n of droplets, but
serves 43 & stabilizer tos dropiets “that have been formed by some other means®,




This occurs in our systems by the association of the hydrocarbon from 2 state of molecular or coliold dispersion,
s the result of forration of a new system supersaturated with respect to o.l, on dilution of the emulsol,

We therefore consider spontaneous emuistfication as 3 condensation process caussdbya decrease of the specific
solubilization of the ofl when the emuisol is diluted with wazer,s

The greater s thé excess of oil at a given diludon, which corresponds to a higher oi! :soap retio, the more
highiy concentrated and coarsely disper==d will the emuision formed be (Fig. 7). The higher s the concentrational
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Fig. 7. Size distribution of emuision droplets: 1} 70 solsr o!! + 30% ammonium
oleate; Z) §0% solar ofl + 40% ammoniuin oleate; 3) 50% solar oil + 50% ammoniam
oleste,
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coefficient of the spzcific solubiiizaton, f.e,, the greater is the increase of the latter per unit i 3se of cencentra-
ton, the more prchablz ts the formation of an emulsion of microscopic particle size, since the greater wiil be the ex-
cess of oti on diluton,** If the value of the specific solibilization is constani, spontaneous emulsion formanuon should
not take place. In Rebinders lahoratory [9] it was enablished that sozp gels containing solubilized organic liquids
spontanecusly form emulsions on dilutton, whilé in solutions this does not occur. In the light of the views put forward,
this fact may be explained by the high concentwration coefficlent of the specific solubilizaton in the initial regions
of th gels, with 2 sharp junp at the sol-ge! transition point; for sols this coelicient s zerc in the cases studied.

in order that aii emulsion should be concenuated and that, a3 far as possible, the greater part of the added oil
should form a highly dispersed emulsified phase, the emul st should contain a large amount of oi) and at the same
time should be readily peptized by water, The solubilizing power of soap for hydrocarbons increases with {ts "hydro-
phobization®, for example, with inciease (n the length of the nonpolar chain [8. 9, 12]. We {ound (see [13]; that the
amount of ol which can be solubilized is greater as the maximum surface actvity of the soap {n aqueuas solution is
higher, 1.e., as the soap is more hydrophobic. In accordance with this experimental resuly, the first condition —a
high concentrarion of oil in the emulsol— may be fulfilied with a sufficiently hydrophobic emulstfier. The second
condition ri.quires more hydrophilic propertes (n the system. Consequently, in this respect aiso the best results may
be given by aa emulsifier of medium hydro- or oleophily, such as the naphtienic soap studied by us, or a mixture of
two emulsifiers, me of which, the more hydrophobic (oleaw) ensures the absorption of a suffictent amonat of otl,
and the other, the mcre hydrophilic (Neksl) confers better peptizabliity to the emulsol,

The abnve concepts and experimental data lead to the conclusion that fur the preparatior . a highly disperseq
and stabie concentrated emujsien, with a minimum “loss® ~f oll in a solubilized state in =  uispersion medfum, an
emulsol should be used contalning: 1) two emulsifiers, one of which {s fa{rly hydrophobic, as shown by its high sur-
face acuvity in aqueous solution, and the other is fairly hydrophilic (i.e., considerably less surface-acuve), or 2) one
emulsifier of an intermediate character, {.e., with a more clearly defined diphilic chracter and medium surface ac-
-vity, An cxplanaton of the role ot emulsifiers tn the spontaneous emulsification process and a conclv+on concem-
{ng the choice of emulsol composition was given by the picsen:  ihor in 1940 tn P, A, Rebinder's labuiatory.

¢+ Increase of the specific solubilization with concentration may be the consequence not only of collotdization of the
soap olution, but of other changes in the systern. In some papers (ihose of Vi, utsky [6, 11) and Lawrence [12}) there
ire indications that this increase may be due to change nf the mizelle shape —an increase of the relanve content of
plate-iike micelles, which are more accessible than are 3pherical ones to penetration by hydrocarbons, and to a de-
ciease in their degree of hydratdon. However, the significance of these two factors is not known with wuch certainty
13 the dependence of the solubflizing power of wap on {is degree of association. We, therefore, stress the role of
peptizaiien in the occurrence of spontaneous emulsification during the process.

*+ It may be supposed that with a very smail exces of oil, ar ulzamicroscopic (colloidsiY emulsion ‘s formed with
droplets of a size beyond the resciving power of the microscope.
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SUMMARY

1. A cudy has been made of the degree of dispersion of ontaneously furmed emulsions of solar ofi. vbtained
with ammonium oleaw, wdium naphthenic soap, sodium butylnaphthalene sulfonate {Nekal), and with mixtuzes of
ammonium ole st with sodium buryizaphth:lene sulfonate, and ammonium oleats with Petrov kontakt sod{um wap,

2. The dispersion analysis data are correwnied wigs the hydrophily (affinity for water) of the emulsiflers, & re-

lative measure o, which is taken w be the value of the surface activity at the aqueous solution ~air boundary of sepa -
ratjon,

2. From surface tension data, the emulsifiers tnvestigated g've the following hydrophily serfes: ammouium
oleate < naphthemic s0a; - Petrov “antakt soap < sodium dutyinaphthalene sulfonate,

4. Ivis established that naphthenic soap, as & substance of medium surface activiry and hydrophily, is a more

effective emulsifier than the swongly suzface active and relatively oleophilic ammonium oleate and the wealy aur-
face active hydrophilic Nekal,

5. It is established that a mixture of cleste and Nekal i superior to either one of these emulsifiers in emul-
sifying power, 8 mixture of oleate and Petrov kontakt 20ap emulsifies oil bstter tan does cleatz alone,

6. A possibie explanation of the results is that & mixuwe s equivalent to a “balanced enulsifier™ and in it the
defects of hydrophobic and hydrophilic emulsifiers as emulsion stabilizers are mutually compensated, Naphthenic
%01p i3 & "balanced smulsifier®, as {5 shown by its medinm surface acuvity,

7. The use of 8 mixwre of s hydrophobic and a hydrophilic emulsifier, or of an emuisifier with medium

Rydrophilic properties, evidently also favors maxirnum utilization of the ofl in the emulsol 1o the form of a highly
disperseed emulsified phase,

8. On the basis of the resuits obuined and of &.c views put forward conticeming the roie of emulsifiers in the
spcntaneous ermulsification peacets and it relation to the molecular nature of emulsifiers, a concluzfonis drawn a3
to die emuisifiess o be used for the producdon of & concentrated, bighly disperscd, and stable emulsion, with mint-
mim *lows” of oil in a solubiliaed forr in ihe dispersion medium,

I expreas my gradmude to Academician P, A, Rebisder for his guldance in thie work
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