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H CONDITIONS FOR SPONTANEOUS FORMATION OF HIGHLY DISPERRED,

CONCENTRATED EMULSTONS

1. DEPENDENCI OF THE DF ;N CIF Dl5PSKIQN CF IMJ1,S.40N ON~ THI M4O=AULAR NATURS

OF THE EMULSiTIERS

E. M. Spivakova

The spontaneous emulsification effect consists of tile formation of emulsions without any external action casuing
di ~persion of the liquid, with a sharp decrease of surface rention at the separation boundary of th~e two liqtuid phases

down to tenths and hidredths of one erg/cm .Emulsionis are spontaneously farmed on r, 1ution, with water, of homo-
gC1eeous MiXtteS (solubilized solutions) of water, a hydrocarbon, and diphilic substancest, that is, polar substances

3, which have an affitty simultAineously both for water and the hydrocarbon-emultlfiers of the soap type and of the type
of molecularly soluble surface active compouinds: Alcohols, organic acids, amines, etc. [1]. Such mixtucos are
usually concentratied with respect to the hydrocarbon and the ernulsifier. This method of emulsification is widely

A. ased In technology for t]- preparation of coolant lubricant* uised for the treatment of metals by cutting arid pressure,
* by the dilution of midxtures tiowfl as emulsols [2]. Emulsols consist of mineral oil, a smAll amount of water, same-

times alcohol. and emulsifiers. High grade ernulsols khould have good emulsificabiiy, i.e., should give highly dis-

j" perse 4, srablt, and concentzatcd emulsions. -17 e emulslificabilry (%f an emulsol is closey related to the racure os is
component ingredienti. Study of dts relationshp 11. c.1 great importance for the p'nysioo-chemnical basis of formula-

~~ tions and properties of ernuliols, and at the saie time it has an undoub-d theoretica' interest.

The aim of the present work was to study the dependence between the emulsifying power of substances in the
spontaneous emulsification process anid their molecular nature -their hydra- or oleophilic nature in the sense of an

0 affnrty for water or hydrocaxbons. With this Aim, the degree of dispersion of emulsions obtained with the same oil
b -With zdifferent emulsifiers was exmlied in relation to the surface activity of the emulsifiers at te aqueous solu-

0 tion- air boundary of :rpaiarion. The suxfac activity was taksen As a relative measure of the hydra- or oleophily,

on the general basis that the mome hydrophobic A stibstance is, the greater is its surface activity in am mqueous mediu~m,

EXPERIMENTAL, AND DISCUSSiON OF RESULTS

The method of microscopi si analysis was used to study the degree of dispersion of spontaneous emulsions of
sonlar oil made with ammonlurn oleate, soda naphthentic sonip, sodium butylnaphthalene sulfonate (Nekal), and with
the nuixtures oleumn oleate + NekaL, ajsxsuni oleate + Pet.ov ikrntakt soda soap (sodiumn sulfossaphithenate).
Soaps of oieic and nAphthenic acids, and neutralized Petov kontakt tit usual components of emulsols; sod~u.n butyl-
naphhrlene rulfoilate. was6 tested by to as a possible joap subatltuw. for entulools. T'hese substances are representative
of four different clawss of emulsifet fatty acid soApt, snaphthenle soaps. sulfonaphthenlc acid soap^ and synthetic
detfrg tIts of the salfonate class, For prerratzion of t ernuisois. the ooap. used in the form of a 60-60% product.
was mnixed with the oil by heating on the water bath.
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)Fig 1c iFig. 2 ise ttstr a,'oof emulin doplets:. )G0
g.1 Aedistibutions of zrnulsion P i dtrbt s l 1oO

1) 50" solat oil 4 5fA ssodlit butykntaphthaet *Waur oil + 40% armnsulm olcare; 2) the same +.4
sulfoniare 2) the same + 50j% Amsuosium oleaves u~phtlsenic soap,

4the spine + 50% naphtheiric soap. 4



Evaluation of thie hydro- or oleophi-1- by the surface activity was examined In detail in another paiper, together
with surface tension isotherms. F:-. the surfare tension mesaurements, the emuuriflern may be arranged in the. fT Ilow-
ing s,!e- of increas-ing hydrophily: amoniuri oleste < napbtheiuc ioap < Petrov kontakt soap 4e sodium !Ks ylaphthai-
ene 5 1dfonrae.

The distribution curve for droplet size for emulsior: formed from esnulsolt having the milo oij: soAp (anhydroui)
I.:1. show that both the relatively hydroph~obic oltatc a siv , Neks.a gtve niort cvrsely dispersed
emulsions than naphthenic so.,p, 'ach occupies -n intermediate position in the: eq y , &. It 1)., If Je
smulsi4 contains 10% oil, ss &tgVC a rltlUVay r '4'Y da4rsd O@ Udtit4, nkkh 41 WUiftI AM IA . ie i,
in the -ase of Nekal part of the oil As not emulsified at all but separates )rt In a vt'r i~mceiahtel. on dlon of
the eiinulsoi (Fig. 2).

rigs. 3 auid 4 compare trin 'auisifyixsg power of Amnmonium oleate and mi 7 ' of Arranoriturn oleaze with
ekal. The emulsifying power 01 a rnixtutz. of emulsifiers is greater than thtt of ea~i T.it zepan~eiy. The 4egree

of dispersion of the emulsibm iscreases with Increase of the reltive cznterz of Nelial. aldithjg~ Nekal itseOf ii in,-
ferior to Ammironiumn oleate as m. e isifter.

Even when the emulso, t2~epA,:iji ih oleaere only contin

Far).Q much tes- oil (5O%)Lh&P the emuL-ol with 4t rnLxed e~n!~lsifier
6 (70%). the degze- of disperilo formied by the. iat~er is foui-d to

6 ~ /be somewhat higher (Fig. 5), S1. ar results wert also obtained

±for --mixtu.,- if arnmoirr oleauL Ith PeLiov koi~zakt soap:'K 4 the mixture z rmAifie all better than dom s oieae (Fig, 6). The
degree of dispersion of the erriulsion decreau-t with icreasing

2 k concentrati-an of sbiar ot from 60 t.- !00 Li th : emalsol.

- ~ ~ - We rmpoe t; ~r following rmdble e'tplanatiofl Ji the re-

t uirs obtained. For ki wostce to he- a good zmlsi'r it sOsouid
t ve high surfac"- acu ..y at the olilwater' boun~dary of szpAration.

Fig.3, ize disribtio of rrilt~rt doplts. and a power of forminc,, wi 4dsorp~on-&Ajlvitio;,al envelope aro'.i
1)g 3.% slae dituion+40 amo~ m. e i rolets2) the oil droplets, which hinders theft coalesceice on cllision,

thek same shw in'I am n numberto parpers by Rebinder and his coworke r_
thekl sa e sa SA i .inr ammonlnuiri o[a~ 31, gct . n eqivciope should have O'lgh &;-rictmal Yiscosity or
0Nel'Ai 3)t2sm £ %amoltnoa~ trerlgtls, should b- readily hyd .rated (in them cawe of an 0/w e

slon) and -thould repair Itself eattly, or re Tare its structur J
local in'of breakage. The maximm stabilizing actior. accord-

Lig to Trapezhikov's Qua, c~rresponAi' . ai -t~nional layer whichi is close to saturation, after which %he stab lizixtg
effect decreases sharply witi 'icreasing satuyidr Thus, the collolization of die emus'fier in 'he surface layer
should riot he maxirnuirnbut &. X. r .rl- optim,=u value :at which the stabilizingt filinr combtw-s Adequate structural
ttrength wirh the pCwt!: of quickly repairing occasioal dIamage. Onu the bau1i of there viewk 5uhr 5~1c.s withi some
average degree of qydro- or ole#e iA, ho. .. be the bear rsablltzeii, Strongly hydropuublc einulter. have high surface
activity in an aqueous mev a.4 bui the inm~
tional ern elops which thry !orrm will riot h d: te
readily and, as the result of etr. roi. .drza- o Xr 3
tion of the pnrective ftlm, brittle fractures mayi4
arise in i.- &rongly tkydrophilic e . rlfiats. or
the oth -r hand, will give rlse to 4dorptionil
layer! whiUch are mobile Iwell-hydrated, lut
are not suffiAently structurized. And in .,4 1ttlon,
the iitial degree -I dispersion of the entilslon 0L
may be low because of the weak stir' tce Activity 5 7 94

of the emulsifier. The combinsatloi of reqv'fre-
menu in stablizers Is provided by *baianc..d
errnalsifleri" in whicl, the and wnpla m &A lume disuibution of emulsion droplets:- 1) 70-4 solai oil

+ $ arrjnoniturs oleate; 2) thse samte + 20% ammonium olesteof thi iolecules are deve lope (sufflcientiy and' * ~ ~ esm 41%a on~ l~r -2$Nkl

to .appioximately equal rtenrz. These are emwi- +1 eal3 1 ae+1%amnu laz+2 e~. ARslizers of medium hydro- ar oleophily. arid there- 01
fore of medium surface activity.

Evidently, ir .1tt expertrenbs 4e mixut, with espect to the hydropihllc and Is diriphobic emstfiiers -o'e..,
and Neta.- 0 equlwAient to a 'balinced emulsifier, When the mixtue is turd. a mixed amtio-sovation2.t



film is formed around the emulsion droplets, The more oleophilic component (oleate) confers ad-!quate structurl
strength to this film. while the more hydrophilic component (Nekal) gives it the power of self-repairing and good
capacity for befig hydrated. Naphthenic soap, which occupies an intermediate position between oleate and Nekal

[;-.surface activity, evidently has the optimum ratio of polar to nonpolar groups which is essentially necessary for
Lrod stabilizing action. It is, therefore, ant effective emalsifier and is superior to oleaite and Nekal.

do 3

4-

0' I 0

Fig. 51miz distribution of emulsion droplets: Fig. 6. Size distribution of emulsion droplets: 1) 60%
1 ) 5'j so;ar oil + 5A~ ammonium oleate; 1) solar oil + 40% amrmonium oleate, 2) thie same + 3
7 wcla-, oil + I A ammonium oleate + 20* ammonilim oleate + IA~ Petrov k0fltdlkt SCap; 3) the same

IN f4 a 1 + 10% ammonium oleate + 30% Petrov, kontzkt soap.

All that has been said above concerning the dependence ?1-tween the stabiizing effect and the hydro- or

oieopiy of tho- emulsifier applies both to emnulsions obtaine:' mechanical dispersicn, and to spontaneously formed
ernilions. ;,Pd In case of the latter. independently of the mnethod of thp-ir f.' rrmatlin or the mechanism of the process,
beca.)se, wh,-,tever the cmurse of this process, its final result is a system which obeys the general laws for disperse sys-

temrs. vo iiera~ze conkains 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 alcc-hol [51. I'he degree of dispersion of emulsions obtained with such comb'Iied emulsifiers Is higher than if

soap oily is used. The author's explanati'-n for this is that the alcohol, by virtue of ts high surface activity, favors
an inctease of the initial degree of dispersion of the emulsion, and the highly dispnred emulsion formed will be more

AM stab4% Ltcav.e the .s!cchol, which dissolves molecularly, 'dilutes" the adsorptional envelope snd ensuris that it re-

mains intact,

At the presv.n t ime it is still Impoisible to determine the role of emulsifiers in spontaneous ernuisification

comipletely and prciserly. as the mechanism of thi effect has not been elucidated with ce- zinty. In addition tn a

sharp lowering of thie interphase surface trnsion,. which Is required for the snta;neous formation of a highly dis-
rterscd ernilsion and lot a stabilizing effect, the following functions of the emulsifier may also be ioted: 1) it assists

the l-raxin", of iarge amounts of oil and water. and so makes possible the formation of an emulsol. 2) it determines

the natitir of the continuolit phasc of the entulsol; 3) it deternines the peptizabiLity of the system wh'irh. accc'ding

to'hi vit'wi gsvie .elow on the mechanism of spontaneous formation of eciulsions, plaYs A !fgnifia,:.. part in this

pro(:ess, Vrse, farcor,, are also closely related to the molecular nature of the emulsifier.

our eplA;iaJon oi spontanecous emulsificaion is based primarily on the exrw.,ientally preved dependence
between the degi of dispersion of th-, emulsifier in the solution and its -rilubilizing power. I,- the work of Yturzhenko

arid Kucher (1)~, Voyutsky and Peregudova [6], and others r8] 1: is established that the soluhiliziag powcr (the maximrum

aioLunt of substance which can be absorbed by & given emuilsifier solution) increases w ith the colloidal natur of the
solutlon, ihe., with increase of the relative content of the coiloidally dispersed portion arid 01 the titct'lle size. In

accordancc widz& this hrect dependence between the colloidal nature of the solution and its solubilizing -,Jw--r, it

thc case cl nkonpolar hydrocarbons the specific solubilization (In Yurrkienkois terrnfir..Aogys. or the solithilatiun ral-

Cltlated per I A em Tuisifler. is usually higher in concentiated. mote highly colloidal solutions than in dilute solutions

'p. '4. '31 Evid enrl, the dergree of cotloidlzation of the emulsifier In the sols formied b, dilution of e- lIsols is not
sufficient to fetAin irl solution all the oil contained In the emuiliol. As a result, there AS A certain excess of 014

whICh separate 011t Of 301lution. Dt#Cause of the presence of the emulsifier, the aggpegatioii of the hydrocarbon' mole-
cults joes ne, ondritic as iar as the formation of a continuous phase, but ceases at ,he fornztionof droplets of a
definite siz~e, the fumher coalescence of which is py-vented. sa in mechanical emvlification, by the prL,._jdvc ad-
iorptiuWrial layer formed on them. McB&L-i [103, in his study of another type of spontaneous cmuis~fication -in two-
layer systems- noted tit sOAp does not act as an emulsifier. and does not itself cause the format-i' of droplets. hut

serves as a stabilinrr tor droplets 'that have been formed by some other means.
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T his occurs in our systems by the association of the hydrocarbon from g. state of molecular or colloid dispersion,as the rtsult of formation of a new system supersaturated with respect to o.l. on dilution of the emulsol.

We therefore consider spontaneous emulsification as a condensation process cause-rd bya, decrease of the specific
solubilzistion of the oil when the emalsol is diluted with wawteQ

The greater is flit eitc.s of oil at a given di lution, which corresponds to a higher oil. :soap retdo, &.e more
highly concentrated and coarsely l1sperted will the emulsion formed be (Fig. 1), The higher is the concentrationai

4/
I3

Fig. 7. Size distribution of emulsion droplets. 1) 7f01 solar o!! + 30% Ammonium
oleate; 2) 6 Al solar oil + 40% ammontugn oleate; 3) 60% solar oil + 50^ ammonism
oleate.

coefficient of the spscific solut-iiizatiort, i.e., the greater is tht~ increase of the latter per unit ii. ie of concentra
tion. the more prcbah!e is the formation of an emulsion of microscopic particle size, since the greater w ,1 be the ex-
cess of oil on dilution~so If the value of the specific solbbilizatlon is constant, spontaneou% emulsion formation should
not take place. In Rebinder's lahoratosry [91 it was established that soap ge's containing solubilized organic liquids

spontaneously form emulsions on dilution, whili in solutions tWs does not occur. In the light of the views put forward,
this fact may be explained by the high concentration coefficient of the specific solubilization in the initial regions

In order that an emulsion should be concentrated and that, As far as possible, the greate:. part of the added oil
should form a highly dispersed emulsified phase, the emu' 4I should contain a lar~e amount of oil and at the same0
time should be readily peptized by water, The solubiliziTng power of soap for hydrocarbons increases with its *hydro-
phobization', for example, with incitase fin the length of the nonpolar chain [8. 9, 12]. We found (see [13],, that the
amount of oil which can ,e solubilized is greater as the maximum surface activity of the soap in aqueous solution is
higher, ime., as the soap is more hydrophobic. In accordance with this experimenial result. the first condition -a
high concentration oi oil in the emulsol- may be fulfied with a sufficiently hydrophobic emulsifier. The second
condition rilulres mor, hydrophilic properties in the system,. Consequently, in this respect &!so the best results may
be given by j.a emulsifier of nedlum h~ydro- or oleophily, such as the napht icnic soap studied by us, or a mmxture of
two emulsifiers, ime of wh ch, the more hydrophobic (oleau-') ensures the absorption of a sufficient amount of oil.
and the other, the mcre hydrophilic (Nekal) confers better peptizability to the emuliol.

The abive concepts and experimental data lead to the conclusion that U~ the prrparatio- a highly dispersea
and stable concentrated emulsion, with a minimum 'loss' -f ol I n a %olubilized state in &~ jispersion miedium,. an
emulsol should be used containing; !) two emulsifiers, one of which is fairly hydrophobic, as shown by its high sur-
face activity In aqueous solution. and the other is fairly hydcophilic (i.e., considerably less suriace-acuve), or 2) one
emuisificr of an intermediate character. i.e.. with a more clearly defined diphilic clv'racter and medium surface ac-
.uvimy. An -'xpianation of the role of ermulslfiers in the spontaneous emulsification process and a conclo-on concern-
inF )he Choice Of eMuLsol composition was given by the p~csen: Lhor in 1940 In P. A. Rebmnder's lab~s~tory.

Increase of the spe.-mfic solubilization with concentra[i may he the consequence nor only of colloidization of the
so)ap olutinn, hut of other changes in the systemn. in some papers ( hose of V.,usky [6, 11) and Lawrence [121) there

ire indications thaitlull increase may be due to change of the miz:elle shape -An increase of the relative content of
plate -like micelles, which are more accessible than are iphertcal ones to penetration by hydrocarbons, and to a de -

cirase in their degree of hydration. However, the significance of these two factors is not known with such certainty
is the dependence of the solubiltiJg power of soap on its degree of association. We, therefore, stress the role of
peptizazlcn in the occurrence of sponltaneous emulsification during the process.

-It may be supposed that with a very smua.A excess of oil, azr ultranriioscopic (colloidr.P' emulsion li formed with
droplets of a size beyond the resolvin powr of tie microscope.
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SUMMARY
. study hai been made of the degree ot dlspersron of snontaneousy formed emulsions of solar oL obtainedwith ammounum oieizi , sodium nhphtheanc soap. sodium butylnaphthalene sulfonate (Nekil), a-d with rJxtures ofarnmonium oleite with sodiutm butyiaplhtLtene sulfonate, and amrnmolum oleate with Pttrov kontakt sodlum soap.

0' The dispersion analysis data are ce~re,,te4 with the hydraphily (affinity for water) of the emulsifiers, a re-
iative measure o, wkich Is taken to be the value of the surface activity at the a&ueous solation -air boundary of Sepa -
ration.

.Fm surface tension Jat, the emuifiers inveqtukated &!.ve the following hydrophily series: ammo, itu
aleate < naphthenic soaij - Petrov 1-" ntakt soap < ,odhurn butyinaphtl~lene sulfonate.

4. It Ls established that naphthenic soap. as a substance of medium surface activity and hydrophily. it a momeffective emulsifier than the strongly sauface active and relatively oleophilic amrnrirsum oleate and the weahly sw-
face active hydrophilic Nekal.

5. It is established that a mixture of oleste and Nekal is juperior to either one of these emulsifiers in emul-tifying pwer. .4 mixture of oleate and Petrov kontakt soap emulsifies oil b tter tlan &es 7eata alone.
6. A possible explanation of the results is that a mixture is equivalent to a 'balanced ei, siofier" and in It the

def.cts of hydrophobic and hydrophilic emulsifiers as emulsion stabf xzeas am mutually compensated. Naphthenlc
soap is a *balanced emulsifier', as Is shown by its meditim surface acuvity.

7. The use of a mixture of & hydrophobic and a hydrophillc emulsifier, or of an emulsifier with medium
hydrophlic properties. evidently also favors maximum utilization of the ol in t' emulsol in tLe form of a highly
dispersed emulsified phase.

8. On the bai.s of the results obtained an4 of t.L vievi put forward conceming the roie of emulsizier Ln the
sp.c-7 eous erntsificateon pmess ana Its relation to the molecular nature of emulsifiers, a concluslonis drawn as
to dw emulsifiers to be used for tht moduction of a concentrated, highly diapemrd and stable emulsion. with mini-
mim 'lots' of oil in a solubiliaed form In uhe dispersion medlur.

~~I express my gratitude to Acatdernil P. A. lRebin~der for his guidance in this worNt
Moscow Received September 28, 1953
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