EMULSIFICATION

HE general importance of the

emulsions as dispersed sys-
tems in which one kind of liquid
is subdivided within a second liquid
needs no emphasis before this au-
dience. Such are all your milks
and butters; your soaps and native
fats; all your greases. The prob-
lem again comes up when you salt
your soap kettles or dye vats and
they “gum,” “go stringy” or the
whole mess “blows up.” And why
will lanolin and some of those other
“peculiar” fats absorb water and
go white?

I

Discussion of the emulsions is
best begun by looking at their ex-
treme examples—those systems in
which the two phases are most
clearly immiscible and in which
more than a {fractional per cent
merely of the one is emulsified in
the other. Why, for example, may
50 per cent (even 90 per cent) of
some fatty or hydrocarbon oil be
emulsified in the remaining per cent
of water?

While obvious, it is a fact es-
tablished but thirty years ago, that
from the mixture of any two
liquids, +fwo types of emul-
sion may be obtained, one of
e in b (as of oil in water) and
another of b in @ (as of water in
oil). (See Fig. 1.) The two have
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FIGURE 1.

totally different properties. Thus,
it we regard milk (a 4 per cent
emulsion of fat in 96 per cent wa-
ter) it is found to feel “wet,” to
wet a piece of filter paper when
dipped - into it and to be miscible
only with more water. On the
other hand, butter (a 12 per cent
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emulsion of water in 88 per cent
fat) feels greasy, “oils” the paper
and will mix only with more oil.

If, in illustration, an oil (like
cottonseed oil) and water are
chosen as the basic components
of an emulsion, the first truth to
appear is that the placing of the
two materials in contact with each
other leads to no emulsion produc-
tion. As generally put, it is neces-
sary to add a third substance, a so-
called emulsifying agent, to the
mixture. But even this does not
“spontaneously” yield an emulsion.
We have to shake or stir or pestle
or beat the mixture. Or, we can
dissolve one of the components
(say, the oil) in a solvent (like
alcohol or a phenol) and pour this
into the water phase. The pre-
viously “dissolved” oil particles
will then run together and we will
again have our oil droplets dis-
persed in the aqueous phase. These
facts prove that there are no emul-
sifying agents unless we call a flail
or the solvent properties of a liquid
such.

What then is an emulsifying
agent? To put it tersely, it is a
stabilizing agent for an emulsion
formed by mechanical or chemical
means. And why or how it stabi-
lizes is the real question to be an-
swered by the emulsion theorist.

There are hundreds of methods
published which will instruct the
worker as to how he may proceed
to get an emulsion. Any kind of
temporary emulsion can be pro-
duced by mechanical or chemical
means; but what the emulsion
chemist wants is a permanent one.
To accomplish this some third sub-
stance must be introduced into his
liquid/liquid mixture. Inwariably
this substance proves to be a hydro-
philic colloid when water and oil
emulsions are concerned (e lyophi-
lic colloid of some sort when other
than aqueous mixtures are under
consideration).t

Put another way, oil cannot per-
manently be beaten into water, but
only into a colloid hydrate. The
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chemical constitution of the colloid
is of no importance, only its ability
to suck up water, to swell, in other
words, its hydration capacity.
Wherefore it comes to pass that
the most varied types of carbohy-
drate have proved themselves good
emulsifiers (the gums like acacia,
the dextrins and starches); simi-
larly the soaps (particularly the
“soft” soaps like potassium oleate.
or potassium stearate); and the
“native” proteins (like egg yolk,
the caseinates, or egg white). What
all these compounds have in com-
mon is the quality of high hydra-
tion.

That it is specifically this qual-
ity which makes the emulsifying
agent “work” is nicely illustrated
by casein. “Neutral” casein is, as
you know, a dry white powder
which when thrown into water
takes up but little. Technically put,
its hydration capacity is low, where-
fore, added to an oil-water mixture
it may be beaten until the cows
come home without yielding a per-
manent emulsion. But if a little
alkali is added, an alkali-caseinate
is formed which compound is high-
ly hydratable. And now the oil-
water mixture yields the finest of
stabile emulsions. Perhaps it is be-
cause the alkali has affected the
(fatty) oil and produced a soap,
some men have said. Not at all!
I.et us substitute an acid for the
alkali. This has no action upon
the oil, but just as good an emul-
sion is made because acid-casein is
produced, which like alkali-casein,
1s again a hydrophilic colloid of
high water-holding capacity.

The ease with which any emul-
sion of the oil in water type is sta-
bilized by any hydrophilic colloid
is measured primarily by this wa-
ter-holding capacity. Wherefore
the ammonium and potassium soaps
stand above the sodium soaps and
all of these very much above mag-
nesium, calcium or still heavier
metal soaps.

It is commonly forgotten, too
(in spite of the definition of emul-
sions as liquid/liquid systems) that
the stabilizing agent with its “sol-
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vent” must yield a liguid in order
to work best. On this account, at
definite concentration, sodium stear-
ate (because solid) may mnot lead
to emulsification; but at once if
warmed (to above 90° C. when the
hydrated stearate liquefies). The
substitution of potassium stearate
for the sodium stearate works
equally well because, at ordinary
temperatures, the former is semi-
liquid.

Additional proof that only a
liquid hydrate (and not any “so-
lution” of the colloid in water) acts
as the emulsifier is found by com-
paring the effects of different soaps,
or one and the same soap at differ-
ent temperatures. Thus the lower-
most members of the sodium soaps
of the acetic series (the formate,
acetate, propionate, butyrate, etc.)
never emulsify because they appear
only as solutions of these materials
in water. Sodium caproate shows
some activity (because the first to
evidence hydrophilic properties in
liquid form) but the higher mem-
bers (like sodium stearate, arachi-
date, behenate, etc.) again prove
largely useless because solid. By
raising the temperature at which
these emulsions are prepared, all
move toward the right, the once ef-
fective members now failing to act
as emulsifiers because they go into
true solution in the water and the
higher coming to exhibit such ac-
tion because liquefied.

If now it is asked why an ammo-
nium or potassium soap (or a gum
or a protein glue) acts to produce
an emulsion of the oil in soap type,
while a calcium or barium soap acts
10 produce one of opposite type, we
hold that the explanation is simpler
than that ordinarily given. Ignor-
ing the fact that when either phase
is present in but small fraction it
can constitute only an internal phase
(like a small percentage of oil
beaten into much water or a small
percentage of water beaten into
much oil)! that material is dispersed
within any second which n ve-
sponse to mechanical deformation
shows the shorter breaking length.?
Suppose that we drag a film of oil
(B of Fig 2) over a film of hy-
drated potassium oleate (C of Fig.
2). The former breaks before the
latter wherefore oil droplets come
to rest within the hydrated soap.
But if we repeat the experiment

IMathematically the crossing line (as-
suming both phases to be of spherical
construction) is reached when thirty-
three percent of an external phase en-
velopes sixty-seven percent as an inter—
nal one.
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FIGURE 2.

with hydrated calcium oleate (A of
Fig. 2), the soap film breaks before
the oil; and the soap is dispersed
within the oil.

The factors that have been here
described as underlying the forma-
tion, stabilization and type of emul-
sion produced have been the object
of much criticism. Modern pro-
tagonists of the view of the first
and the oldest students of the prob-
lem (S. Plateau and G. Quincke)
that emulsifving agents (or foam-
ing agents which present the identi-
cal problem) act by lowering the
surface tension or by increasing the
viscosity have frequently held the
ideas here proposed nonsensical;
and more recent students (S. U.
Pickering) have defended the idea
that a third phase (a film) is formed
between the essential components
of the emulsion, to which thought
has been added the effects of “ad-
sorption,” of “surface activity” and
the “wetting” qualities of the phases
in apposition. As admitted by the
first authors themselves (though not
by their disciples) none of these no-
tions explains all emulsions. The
colloid notion does. Its antagonists
probably want no peace, though it
is offered freely. There happens
to be nothing mutually exclusive in
the ideas of solvation as here pre-
sented and changes in surface ten-
sion of a liquid, for example. When
water changes to a colloid hydrate,
it is still a liquid but its physical
constants have changed and these
include, among others, surface ten-
sion, viscosity and “adsorption.”
Dut no one of these properties par-
allels qualitatively or quantitatively

" the efficacy of any material to act as

an emulsifier,
I1.

A test of the truth or falsity of
the ideas here advanced is offered
when study is made of the condi-
tions necessary to break an existent
emulsion. If an emulsion of oil
stabilized in a hydrated soap, a pro-
tein or a carbohydrate is taken in
hand, it is found that these are
broken invariably by any circum-
stance which increases sufficiently
the water content of the system or
reduces sufficiently the water-hold-
ing capacity of its contained colloid.
Emulsions stabilized by any of the
lower soaps break, therefore, on

mere dilution (because the soap is
converted from a hydrate into a
true solution). Merely warming a
mixture may similarly break it (be-
cause the aqueous phase is again
pushed from the state of hydrated
soap into that of soap-water).
Finally, addition of any substance
which will reduce the hydration ca-
pacity of the soap “cracks” the
mixture. On this account dehydra-
tion of the soap through addition of
any chemically non-reacting salt will
accomplish this end.  And so will
the addition of a reactive salt (as
one of calcium or iron) which after
double decomposition leads to the
formation of a soap less hydratable.
Any acid will crack the emulsion
(because it decomposes the soap to
yield the fragments fatty acid and
salt, neither of which has any hy-
dration value). Similar rules hold
for the decomposition of an emul-
sion stabilized, say, by an alkali
proteinate. But all such attempts
fail when a carbohydrate is con-
cerned because these chemical in-
sults are without effect upon hy-
drated carbohydrates.

111

Where are we when we have
said that an emulsifying agent is a
lyophilic colloid? It calls for in-
quiry into the nature of the latter.
The several theories that have been
proposed have been reviewed criti-
cally by Woligang Ostwald.! In
consequence I repeat here only my
own,? related to this general discus-
sion of the emulsions by the fact
that the liguid lyophilic colloid sys-
tems prove also to be emulsions,
their two phases being represented
by the colloid “dissolved” in the
solvent and the solvent “dissolved”
in the colloid. The behavior of the
system light metal soap/water is
described but the general notions
that cover it are applicable to all
Iyophilic colloid systems and this
without regard to their chemical
make-up. Thus we may have elec-
trolytes mixed with water or with
non-dissociating “solvents” (as a
light metal soap with water or an
anhydrous alcohol, a heavy metal

IWOLFGANG OSTWALD: Kolloid-
Zeitschr, 46, 248 (1928).
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Thomas, Springfield, III. (1933).
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soap with a hydrocarbon); or we
may have a nonconductor (as one
of the carbohydrate gums) mixed
with water ; or another nonconduc-
tor (nitrocellulose) with alcohol-
ether; finally, both phases may be
nonconductors (caoutchouc mixed
with benzene).

A twenty-five per cent mixture
of potassium oleate with water when
hot is limpid. With lowering of
temperature the mixture increases
in viscosity, loses in transparency
and ends by becoming a thick-flow-
ing, semigelatinous mass. What
happens is illustrated in Fig. 3. At
higher temperatures, the soap “dis-
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FIGURE 3.

solves” in the water and there results
a true solution. This matter is rep-
resented by the region marked A
in the diagram (the soap is dis-
persed molecularly or ionically in
the solvent). As the temperature
falls, the solubility of the soap in
the water-is decreased and as the
saturation point for any lower tem-
perature is attained, the soap par-
ticles must obviously assume more
than molecular size. Py definition,

32

therefore, we are in the realm of
the colloids, or that of dispersions
of one material in a second with the
degree of dispersion showing di-
mensions greater than the molecu-
lar. This gradual increase in the
size of the soap particles (or in-
crease in their number) with low-
ering of the temperature is repre-
sented by the regions B, C, D, E,
and F.

This agglomeration of particles,
while yielding us a colloid system,
does not yet tell us however wheth-
er it will be lyophobic or lyophilic.
The lyophobic colloid results when
the solvent is not soluble, the lyophi-
lic when the solvent is soluble in the
precipitating phase.  When soap
falls out of solution from such a
solvent as allyl alcohol, the former
of these possibilities is satisfied
(and we get a lyophobic colloid) ;
when it falls out from most other
alcohols or, as in our illustration,
from water, the latter is satisfied
(and we get a Iyophilic “sol” or
“gel’”). The black circles in Fig.
3 represent more, therefore, in the
latter instance than mere precipi-
tates of soap; they are this, plus a
certain amount of the water (or
other “solvent”) dissolved in them.

At a sufficiently low temperature
the soap aggregates will have be-
come so large or so numerous as
to touch and coalesce. This process
continued sufficiently must yield ul-
timately a single system in which
the soap has now become the
solvent for the water. Diagram-
matically this situation is represent-
ed by the zone Z of Fig. 3.

Between the upper extreme A of
a solution of the soap in the solvent
and the lower extreme Z of the
solvent in the soap, there exist two
main zones of mixed systems—one
below the upper (B, C, D and E)
consisting of a dispersion of solvat-
ed-soap in the soaped-solvent, and a
second above the lower (Y, X, W,
and V) consisting of soaped-solvent
in the solvated-soap. These two
mixed systems (if the socap is
iquid) are in essence emulsions,
but of opposite type and as such
(even when of the same quantita-
tive chemical constitution) possessed
of totally different physical proper-
ties. The former corresponds, for
example, to an emulsion of oil-in-
water, the second to one of water-
in-oil, and as the former (as illus-
trated by milk) will mix with water,
wet paper and show a certain vis-
cosity value, the latter (as illustrat-
ed by butter) will mix only with oil,
will grease paper and show an en-
tirely different viscosity.

Returning to the lyophilic soap
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and the diagrams, it is obvious that
as we descend, with lowering of
temperature, from the region A, we
pass in the regions B, C and D
through increasingly viscid liguid
colloid “solutions” (so-called sols)
but all of them emulsions of the
type solvated-soap in soap-water.
In the region E, the particles of
solvated soap almost touch and here
the highest (liquid) viscosity is ob-
tained. In F they do touch and
now form a continuous external
phase. At this point we change to
the opposite type of emulsion (to
one of soap-water in solvated-soap)
and the previously liquid colloid
further solidifies. As ordinarily
put, the mixture gels.

IV.

May I illustrate to you the value
of the notion of emulsification as I
have tried to present it for an un-
derstanding of what happens in two
large industrial processes in which
most of you have an interest. I
refer to the manufacture of the
modern ‘“greases” and the problem
presented by the “livering” of
paints.

Latter day greases are mixtures
of various paraffin oil fractions with
soap. Every kind of soap has been
mixed into every kind of mineral
oil to yield the cosmetic creams,
the shampoos, insecticides, cleans-
ing creams, polishes of various
sorts, various varnishes and the cut-
ting oils. These greases have any
consistency from that of water up
to waxlike cakes. They may be
emulsions of the oil-in-water type
or of the water-in-oil type. Their
nature and the behavior of the
emulsifying agent in such systems
have already been discussed. We
pick for special consideration the
greases produced when one of the
heavier metal soaps is mixed with
just ome liquid, like a paraffin oil.
In this instance, too, emulsification
is responsible for the characteristic
increase in viscosity, the gelation
and the “setting” of the whole mix-
ture into more solid form. What
underlies this? The answer is found
in the fact that all methods of
grease manufacture begin (a) by
producing a heavier metal soap
(like calcium stearate or barium
rosinate) in the oil pot or (b) by
adding such directly to the oil. The
mixture is warmed to dissolve the
soap i the oil. On cooling, this thin
and liquid mixture becomes thick
or actually sets. What has hap-
pened is that, on cooling, the soap
has fallen out of solution, has be-
come a solvent for the solvent, and
this new solvate has either remained
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emulsified within whatever oil was
unabsorbed, or, becoming the ex-
ternal phase, is now the dispersing
phase for this uncombined oil. The
grease-producing activity of any
soap is measured by its solvation ca-
pacity' wherein lies the explanation
of the fact that science has discov-
ered a whole series of metallic soaps
superior to the older magnesium,
calcium and barium compounds ; and
aluminium stearate being the cheap-
est of these, it today is the common-
est of the soaps used in grease man-
ufacture.

IMARTIN H. FISCHER: Lyophilic Col-
loids, 164 and 177, Charles C Thomas,
Springfield, T1I. (1933).

HYDROEGEN

“Livering” in ready-to-use paints
(especially the oil paints) represents
a process analogous to grease for-
mation.? Livering occurs whenever
conditions are such as to allow of
the formation of a solvatable colloid
in the mixture which, becoming the
solvent for the paint vehicle in-
creases its viscosity, makes it semi-
plastic or actually leads to its
hardening.

Thus it comes about that certain
paint mixtures (like the sulphides
with linseed oil) never liver; others

2MARTIN H. FISCHER and WERNER
J. SUER: Kolloid-Zeitschr. 60, 71 (1932);
Lyophilic Colloids, 179, Charles C Thomas,
Springfield, I1l. (1933).

thicken an agreeable amount (as
lead white with linseed oil on stand-
ing) ; still others liver to the point
of spoilage. The latter is invariably
the case where, with time, produc-
tion of the heavier metal soaps
comes about, which then, “dissolv-
ing” or “combining” with the paint
vehicle, leads to solidification of the
whole system. High content of free
fatty acid, a definitely alkaline base
and this of a nature to yield a soap
highly solvatable—and intense liv-
ering is to be expected. For which
reason the “lake colors” (especially
those made by precipitating dyes
upon aluminium hydroxide carry
off the banner in this field.

Fon THE O INDUSTRY

was almost exclusively used
for the inflation of balloons
and for high temperature work in
the fabrication of metals. Only
comparatively little was employed
for strictly chemical work. Since
then ever Increasing amounts of
Hydrogen have been needed for the
Chemical Industries. First, for the
hydrogenation of oils; since the be-
ginning of the World War, for the
technic in combining it with the ni-
trogen of ‘the air to make ammonia,
and also for the manufacturing of
wetting agents for the Textile In-
dustry through hydrogenation of
coal tar compounds. During the
last ten years, also the hydrogena-
tion of coal and crude oil has heen
perfected.
In view of these developments it
is interesting to compare the

U NTIL 25 years ago Hydrogen
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problems of manufacturing hydro-
gen for the different industries must
of necessity be manifold. We re-
alize this even more fully on check-
ing the total amounts of Hydrogen
needed for some of these indus-
tries.

Tn 1932 the American Industries
made daily about

1070 tons of 2synthetic ammonia,
requiring theoretically 74 million cu.
ft. of H,.

1000 tons of *hydrogenated oils*
requiring theoretically 1.5 million
cu. ft. of H,.

Low cost and not the purity of
the Hydrogen is of first importance
for the synthetic ammonia industry,
especially since nitrogen is needed
for this reaction, and we find* that
60% of the Hydrogen needed in
this process is supplied by means of
the water gas process; only 13%

Hydrogen required:

To inflate an airship (size of “Akron’)....

To produce 1 ton of:
Ammonia, by catalytic process
Decalin, from naphthalene
Cyclohexanol, from phenol

To fuily hydrogenate 1 ton of:
Oleic acid
Linoleic acid ..
Linolenic acid
Coconut ofl ...
Cottonseed oil

Soybean ofl ......... il
To hydrogenate to consistency of lard (M. P.
Cottonseed oil ........... ...l

Cu. ft. (theoretically)
6,500,000

............................... X

amounts of Hydrogen required for
some of these processes.

When comparing the widely dif-
fering amounts necessary per ton
of material, we realize that the

is generated by electrolysis, f.i. in
Ttaly, a country deficient in coal,

*Incidentally, the total amount of oils
hydrogenated per year in the U. S. A. has
not varied to any extent during the past
year.

and Canada, Sweden and Norway,
where low hydro-electric power is
abundant.

For the hardening of oils a Hy-
drogen of high purity is of great
importance; in our country most of
it is made according to the steam
iron process. Steam passing at a
high temperature over iron of a
spongy character is decomposed
into Hydrogen and at the same time
the iron is oxidized. The oxide
is regenerated and then used over
again. The gas made by this proc~
ess has a purity of over 99% ; its
only drawback is the fact that it
contains a very small amount of
carbon monoxide which is detrimen-
tal to the catalyst. In this respect
we have to compare the amount of
carbon monoxide with the amount
of catalyst used in the reaction® and
not with the oil or gas in order to
clearly understand the significance
of this impurity,

It is therefore not surprising that
the general trend turned toward
electrolytic gas which theoretically
is 100% pure. This is noticeable
especially in countries where large
hydro-electric power plants supply
cheap current or where coal and
other fuel supplies are low priced.

To decompose water containing
an electrolyte by electric current® a
minimum voltage of 1.69 is needed
with caustic soda or 1.67 with caus-
tic potash. On practical operation
voltages of from 1.9 to 2.5 are used
to overcome the inner resistance of
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