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ABSTRACT OF THE DISCLOSURE

This invention is in a process for making a stable oil-
in-water emulsion by heating an unsaturated fatty oil un-
der vacuum in the presence of water vapor to yield a su-
perbodied oil having a viscosity greater than about 20
minutes, introducing a polyoxyethylene monoaliphatic
ether, and then adding an amount of water to form, by
inversion, an oil-in-water emulsion of the superbodied oil.

B —— e

This invention relates, as indicated, to emulsified high
viscosity oils, which oils are derived from unsaturated
fatty oils, and more particularly to stable oil-in-water
emulsions of such high viscosity oils. More especially the
present invention relates to a method for producing oil-
in-water emulsions of superbodied oils which oils have vis-
cosities in the range of from about 20 minutes to about
75 minutes, Gardner-Holdt, herein characterized as “su-
perbodied oils.” It is to be understood that the viscosity
value referred to herein is based upon the time required
for an air bubble to travel the length of a standard Gard-
ner varnish viscosity tube under standard temperature
conditions (77° F.).

Linseed oil in particular, and drying oils, mixtures of
drying oils, and drying oil modified resinous materials, in
general, still provide a major portion of the vehicles for
present day coating compositions because of their ready
availability and relatively low cost. Recent developments
in the field of coating compositions, both interior and ex-
terior, have shown a decided shift toward synthetic elas-
tomeric latices as the vehicle for both interior and ex-
terior application. These emulsified materials have nu-
merous advantages such as freedom from hazardous sol-
vents, low odor on drying, and, in particular, ready re-
movability from application tools by washing in water.
These materials do, however, have durability drawbacks,
and considerable efforts have been expended in develop-
ing resins and compositions of the latex type particularly
for exterior application which will have the durability of
more conventional materials such as linseed oil, and early
resistance to washing off for example by rain.

This invention is an improvement on the invention de-
scribed in my Patent No. 2,978,346 dated Apr. 4, 1961.

It has now been found that stable emulsions of super-
bodied oils may be produced which emulsions are espe-
cially useful as vehicles in coating compositions for both
interior and exterior application, which emulsified super-
bodied oils are particularly advantageous in respect of
durability, and early resistance to water without demand-
ing special formulation techniques, as well as possessing
the advantages of latices in respect of freedom from haz-
ardous solvents, low odor, easy application, rapid drying,
good adhesion, and easy removal from application tools.
The present invention provides, therefore, novel oil-in-
water emulsions of superbodied oils which emulsions are
characterized by heretofore unattainable practical solids
contents as a stable emulsion. Solids contents on the order
of 10:1, oil-to-water ratios are obtainable in accordance
herewith, although for use as a paint vehicle ratios of the
order of 1.5:1 (i.e. 60% solids) are most desirable. The
particle size of the internal phase is extremely fine, in most
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instances on the order of from about .05 micron to about
2 microns. These emulsions also show greatly improved
stability to zinc oxide pigments. The novel emulsions are
easily produced in simple equipment by the inversion
of a water-in-oil emulsion to an oil-in-water emulsion.

In producing the novel emulsions of the present inven-
tion, it has been found that the character of the surfactants
is of critical importance, not only to the emulsification
procedure, but also to the later stability of the emulsions,
and to the stability of paints made from the emulsions.
The HLB (hydrophile-lipophile balance) or HN values
(hydrophilic number) which are numerical expressions of
the relative simultaneous attraction of the emulsifier for
water and for oil, or for the two phases of a system to
be emulsified, are useful as a guide in selecting useful
surfactants for the emulsification procedure hereof. The
emulsifying agents used alone or in blends for the purpose
of readily forming the extraordinary emulsion of this in-
vention usually have an HLB value between 12 and 50
for the best results.

It has been found that an especially favorable surfac-
tant composition is one containing a polyoxyethylene alkyl
monoether in which the alkyl group contains on the aver-
age from 10-16 carbon atoms, and the number of oxy-
ethylene units averages between 13 and 17. This material
is a non-ionic material.

The preferred combination of surfactants also contains
an oil soluble material which is characterized by the pres-
ence therein of free hydroxyl groups. A preferred class
of materials are the partial esters of high molecular weight
fatty acids and polyhydric alcohols such as, for example,
glyceryl monooleate. A material such as glyceryl mono-
oleate has an HLB number of 4.5. Equivalent materials
may be formed in situ in the oil in the course of bodying,
such partial esters being the products of thermal decom-
position. A partial ester may be added to the oil as such
before or after bodying, or formed in situ in the oil during
thermal bodying, or created in the oil by the addition of
a polyhydric alcohol such as glycerol, pentaerythritol, or
the like in the course of bodying which promotes the for-
mation of the desired partial esters.

The foregoing combination of surfactants is particularly
satisfactory for the emulsification of superbodied oils.
In the formulation of coating compositions using the
emulsions as paint vehicles, it has been found desirable
to add a further substance which will serve as both a
surfactant and a protective colloid. The most favored ma-
terial of the latter type, particularly when the emulsion
is to be used as a vehicle in paints containing zinc pig-
ments, and/or other reactive pigments or inerts, {s the
alkali metal or ammonium or amine salt of fatty acids,
such as unsaturated fatty acids, for example the com-
mercial grade of linseed oil fatty acids, coconut oil fatty
acids, etc. The potassium soap of an unsaturated Cyg fatty
acid, e.g., potassium linoleate, is a specific example.

Briefly stated, the present invention is in a process for
the production of an emulsified superbodied oil which
comprises treating a superbodied unsaturated fatty oil
free from gel particles and false body and having a vis-
cosity in the range of from about 20 minutes to about
75 minutes, Gardner-Holdt, and having a monoglyceride
equivalent (defined below) of from about 9.25% to about
20% based on the oil, with from about 5.0% to about
18.7% by weight of the unreduced superbodied oil of
a member of the aforesaid specific class of polyethoxy
alkyl monoethers. Thereafter from about 5% to about
10% by weight of the oil of water is added to the oil-
ether mixture to produce, by inversion, an oil-in-water
emulsion. The emulsion so formed may be further diluted
with water to any desired solids content, and accordingly
a broad range of solids contents of emulsions produced
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in accordance herewith may be prepared; namely, in the
range of from about 10% solids to about 95% solids.

The annexed drawings show in diagrammatic form
apparatus which may be used in producing superbodied
oils and in emulsifying such oils to produce the novel
emulsions hereof. In the annexed drawings:

FIG. 1 is a diagrammatic, phantom illustration in per-
spective showing apparatus useful in the production of
superbodied oils.

FIG. 2 is a diagrammatic and schematic illustration of
apparatus useful in thinning the superbodied oil prior to
emulsification, and apparatus useful in forming the emul-
sions hereof by inversion of a water-in-oil emulsion.

FIG. 3 is an infrared scan of an emulsifiable super-
bodied linseed oil having a viscosity of about 54 minutes,
Gardner-Holdt.

FIG. 4 is an infrared scan of a superbodied oil emulsi-
fiable with special treatment and formed from linseed oil,
but in the course of bodying such oil, no effort was made
to increase the hydroxyl content thereof.

FIG. 5 is an infrared scan of an emulsifiable super-
bodied oil formed from a mixture of linseed, soyabean,
and dehydrated castor oils in a weight ratio of 2:2:1.

FIG. 6 is an infrared scan of a superbodied linseed oil
emulsifiable on special treatment and in which no effort
to increase the hydroxyl content thereof was made.

The term “monoglyceride equivalent” as used herein
is a measure of the hydroxyl content of the superbodied
oil and is calculated as percent by weight of glyceryl
monooleate. The glyceryl monooleate content of the un-
reduced oil, that is prior to reduction with a thinner, or
on the basis of the reduced oil, i.e., the superbodied oil
plus the thinner which reduced oil is converted to the
emulsions hereof; or on the basis of the final emulsion.
In general, the monoglyceride equivalent, or percentage
of glyceryl monooleate in the oil, should be in the range
of from 9.25 to about 20, with an optimum value being
in the range of from about 9.4 to 12.4, calculated on the
unreduced oil. Occasionally, a value as high as 20.0 is
needed with certain oils in order to effect satisfactory
emulsification. When the oil has a monoglyceride equiva-
Jent less than 9.25 calculated as 100% superbodied oil,
stable emulsions cannot be formed by the inversion proc-
ess of the present invention.

Essentially, it has been found that superbodied oils
having a monoglyceride equivalent in excess of 9.25 and
to as high as 20 may be converted in stable oil-in-water
emulsions by adding to a solvent reduced superbodied
oil from 5.0% to 18.7%, and preferably from 13% to
15.5%, by weight of the unreduced oil, of a polyoxy-
ethylene monoether having a general formula:

H(O—CH;—CH;)y—X—R

wherein R is an aliphatic radical containing from 12 to
18 carbon atoms, X is selected from the group consisting
of —O0—,

=(lj=o
and —O— C=O0, and x is an integer averaging from 12
to 50.

As has been indicated above, a particular surfactant
effect is preferably provided within the body of the super-
bodied oil in order to permit the unusual emulsification
procedure of this invention to be effective. A surfactant
is most satisfactorily imparted through the development
within the oil during the heat polymerizing operation of
partial esters arising from the thermal decomposition of
the oil. Where the monoglyceride equivalent of the oil is
too low, glyceryl monooleate or other suitable C;p—Cag
fatty acid partial ester of a polyol containing from 3 to
10 carbon atoms and at least 3 hydroxyl groups, may be
added to the oil prior to emulsification. It should be
pointed out also, that the acid radical of the partial ester
need not be limited to olejc acid, but may be any ali-
phatic fatty acid, saturated or unsaturated, and containing
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from 10 to 24 carbon atoms. For example, glyceryl par-
tial esters of more highly unsaturated fatty acids such as
those derived from tung oil, dehydrated castor oil, and lin-
seed oil may be substituted for the oleic acid. The partial
ester surfactants may also be formed in situ in the course
of the bodying operation by adding to the oil a polyol,
such as, glycerol, pentaerythritol, dipentaerythritol, tri-
methylolethane, trimethylolpropane, triethylolethane, sor-
bitol, mannitol, and the like, This latter method is not as
satisfactory as the direct addition of partial esters, or the
creation within the oil of conditions which favor the pro-
duction of partial esters in the course of the bodying re-
action from the products of the thermal decomposition of
the oil.

The amount of partial ester which ordinarily confers
upon the bodied oil a “monoglyceride equivalent” of
from about 9.25 to about 20.0, and preferably between
about 9.4 and 12.4 is that weight of partial ester which
is equivalent to from about 9.25% to about 20% and
preferably between about 9.4% and 12.4% by weight
of glyceryl monooleate. As a specific example, I may
add, therefore, to the alkali refined linseed oil before
the bodying or thermopolymerization thereof has com-
menced, about 4.3% by weight of a partial ester of
pantaerythritol formed from pentaerythritol and lin-
seed oil fatty acids. In forming the partial esters of
the polyhydric alcohols, there may be used any aliphatic
carboxylic acids which is capable of forming with the
polyhydric alcohol, a partial ester containing at least
one, and preferably two, free hydroxyl groups, which
partial ester is soluble in the oil, and which partial ester
will not be volatilized from the oil during the bodying
reaction. The acid radical is not critical other than that
which is essential to confer oil solubility and non-
volatility on the partial ester. The presence of one or
two free hydroxyl groups in the partial ester is, however,
critical. Thus, the partial esters may be formed from
aliphatic monocarboxylic acids containing from 10 to
24 carbon atoms, either saturated or unsaturated. A
most convenient source of the monocarboxylic acid is
a drying oil, such as linseed oil, dehydrated castor oil,
etc. The partial esters are formed by a process of alco-
holysis and esterification which is well known to those
skilled in the art. A typical example of the preparation
of a partial pentaerythritol ester is given in my Patent
2,278,346, and such partial esters as are there described
are equally useful in the present process.

It becomes convenient at this point to disclose the
production of superbodied oils useful in accordance here-
with, and thereafter, the procedure for emulsifying such
oils.

In my concurrently filed copending application Serial
No. 329,197 filed Dec. 9, 1963, I have described com-
pletely a process for the production of superbodied oils
under vacuum. Briefly, this process contemplates the
production of a superbodied unsaturated fatty oil free
from gel particles and false body and having a viscosity
in the range of from 20 minutes to about 75 minutes,
Gardner-Holdt, which comprises the steps of heating
a body of the oil under substantially sub-atmospheric
pressure (i.e., a vacuum in the range of from 24” to
30" of mercury) to the temperature of incipient po-
lymerization, i.e. the temperature at which any increase
in temperature causes a significant increase in the body,
or viscosity, of the oil. Generally, this threshold tem-
perature is in the neighborhood of about 475° F. to about
525°F., and may be specifically predetermined in the
laboratory for any oil. At or just below this point, e.g.
about 450° F. in the case of linseed oil, the bulk of
the oil is brought into contact with water vapor, for
example, by the introduction of water, or dry live steam,
into the hot body of oil. A 24" steam pipe in the bottom
of the tank is sufficient, and the steam need not be
pressurized more than sufficient to blow it through
the body of the oil at a rate which is determined by the
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necessity for holding the body of the oil in the tank.
Under the vacuum of the system there is a huge volume
increase in the steam, or water vapor, and an accom-
panying tendency for the oil to be lifted out of the
tank. The rate is regulated to avoid this. Line pressure
of the steam need not be more than slightly greater
than the pressure in the tank. The expansion of the
steam and the agitator will provide a violent agitation
in the body of the oil. Thereafter, the temperature of
the oil is increased to initiate and sustain polymerization
of the oil, ie., bodying of the oil, while continuocusly
contacting the oil with water vapor. Heat induced po-
lymerization of the oil is continued to a maximum tem-
perature of about 585° F. for a period of time sufficient
to increase the viscosity of the oil to from 20 minutes
to about 75 minutes, Gardner-Holdt, while continuously
contacting the body of the oil with water vapor. When
the viscosity has been determined to be at the desired
point by periodic sampling or by prior determination
of the required amount of time to reach a desired
body at a given temperature, the contacting of the body
of oil with moisture is discontinued. Thereupon, the oil
is “checked” by suddenly dropping the temperature to
below the temperature of further polymerization for the
oil. “Checking” is a term of art for arresting polymeriza-
tion and is achieved by the rapid reduction in the tem-
perature of the batch to a temperature below which
further polymerization does not occur. This is usually
below about 475°F.

FIG. 1 diagrammatically illustrates commercial size
apparatus for making superbodied oils in accordance with
the aforesaid application.

In order to produce superbodied oils which are useful
in forming the oil-in-water emulsions of the present in-
vention, an oil-soluble alkali metal salt, or alkaline earth
metal salt of a high molecular weight aliphatic acid or
cycloaliphatic acid, either saturated or unsaturated is in-
cluded in the oil in the course of bodying. The presence
of a catalytic amount, i.e. 0.1 percent to about 2 percent
by weight of the oil of such a material has been found
to confer upon the final product a desirable increase in
the amount of hydroxyl content or “monoglyceride
equivalent.” These metallic salts may be used alone or
in combination with a lead salt of a similar acid mate-
rial which is also soluble or dispersible in the oil or the
lead salt may be used independently of the above de-
scribed alkali metal or alkaline earth metal salts. In-
creased hydroxyl content renders these oils capable of
being emulsified in accordance with the procedure sub-
sequently described herein. Thus, there may be used the
sodium, potassium, lithium, calcium, magnesium, barium,
lead and strontium salts (or mixtures of such salts) of
high molecular weight aliphatic, saturated or unsaturated,
fatty acids containing from 10 to 22 carbon atoms or
more, and including cycloaliphatic acidic materials, such
as isodecanoic, dodecanoic, ricinoleic, stearic, oleic, lino-
leic, linolenic, naphthenic acid, rosin acids, dimer fatty
acids, e.g. dimerized linseed oil fatty acids, etc. When a
lead soap is used alone or in conjunction with the alkali
metal or alkaline earth metal soap, it is present in an
amount generally in the range of from about 0.05% to
about 2% by weight of the oil. The lead soap may be
added along with the cooperating soap or at a different
time in the bodying cycle. It has also been found that
suitable salt materials of this character soluble or dis-
persible in the oil may be formed in situ by adding to
the polymerization batch an oxide of the metal, for ex-
ample, calcium oxide, magnesium oxide, barium oxide,
lead oxide or a carbonate, e.g. calcium carbonate. In-
crease in the organic hydroxyl content or “monoglyc-
eride equivalent” of the final oil is readily ascertained
from infrared analysis of the final product. Reference may
be had to FIGS. 3 to 6 which are infrared scans of super-
bodied oils each of which demonstrates a pronounced
depression in the curve between wavelengths of 2.5
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microns and 3 microns. This has been determined to be
a measure of the amount of the organic hydroxyl con-
tent in the final oil. Those oils which possess a depres-
sion in this region of the curve which is of the order
shown in attached FIGS. 3 and 5, will possess a sufficient
hydroxyl content or monoglyceride equivalent for the
formation of a stable oil-in-water emulsion of the type
hereinafter more particularly described. As shown in
FIG. 4, the superbodied oil which this curve represents,
shows only a slight depression in the region of response
to hydroxyl. This material did not form a stable oil-in-
water emulsion. At the same time, this oil was bodied
without the addition of a lead, an alkali metal or alkaline
earth metal salt. With respect to the salt additions, it is
the presence of the metallic moiety in a form soluble in
the oil rather than the specific nature of the organic acid
moiety which is important. Although I prefer to provide
the necessary increased hydroxyl content by the steps de-
scribed above, any suitable means of conferring a suitable
hydroxyl content in the oil in the desired range may be
used.

A specific example of the production of a superbodied
oil having a viscosity of about 54 minutes, Gardner-Holdt,
is as follows: .

The cooking kettle, such as the kettle shown in FIG. 1
in diagrammatic form, is charged with 3700 pounds of an
alkali refined, refrigerated (break free) linseed oil. The
batch is agitated with carbon dioxide, and vacuum ap-
plied to the extent of about 28" of mercury. Heat is ap-
plied for a period of about 2.75 hours until the tem-
perature reaches about 450° F. At this point, steam is
introduced into the body of oil through a plural vent
pipe located at the bottom of the tank, the rate of steam
flow through the body of oil being determined by the
tendency for loss of oil through the vent. The rate of
flow is regulated so as to prevent any such loss. Carbon
dioxide is blown through the body of the oil simultane-
ously with the steam. The vacuum is held at 28" of mer-
cury and the temperature then elevated to about 575° F.
The heat js held at this point with a minimum rate of
heat input into the apparatus. The temperature reaches
about 575° F. in about 65 minutes time and is held at
this temperature until the viscosity of from 40 to 50 sec-
onds is obtained. This takes a period of time of about 7
hours and 10 minutes.

At the 40 second viscosity all heat input is terminated,
and the vacuum released. The vacuum pump is kept op-
erating, and the steam blow is reduced, if necessary to
maintain proper level of the oil in the kettle. At this
point, 10.75 pounds of a mineral spirits solution of 24%
lead isodecanoate is added very slowly and carefully, Im-
mediately thereafter, 16.25 pounds of a lithium naph-
thenate dispersion in water having a lithium metal con-
tent of from 1.2%-1.6% lithium is added. This solution
contains some water and will tend to crackle slightly on
mixing with the hot oil. After the addition has been com-
pleted, the tank is again sealed, and the vacuum slowly
and carefully reapplied to 28" of vacuum. Maximum al-
lowable steam blow is again obtained, and the batch held
under these conditions for a viscosity of from 7 minutes
to 8 minutes, Gardner-Holdt. It has been predetermined
for this particular oil that viscosities in this Tange are
critical beyond which the thermal homopolymerization
of the linseed oil will become uncontrollable within the
temperature range of 575° F. to 580° F. The heat is now
allowed to fade to about 550° F, by cutting off one of the
heat input burners. Cooling water may be introduced
through the cooling coil intermittently, if necessary.
About 30 minutes later, the temperature has achieved
550° F., and the viscosity is determined to be about 9
minutes, Gardner-Holdt. All heat input is terminated and
the vacuum is released. The vacuum pump is maintained
operative in order to provide a slight negative pressure
so fumes from the kettle go through the pump. Foaming
caused by the steam should have subsided at this vis-
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cosity. At this point, there are slowly added 36 pounds of
glycerin, or an equivalent quantity of another polyhydric
alcoho! containing from 3 to 10 carbon atoms and at
least 3 hydroxyl groups such as, pentaerythritol], dipenta-
erythritol, trimethylolethane, trimethylolpropane, tri-
ethylolethane, sorbitol, mannitol, etc. The addition of the
polyhydric alcohol should be done over a period of about
30 minutes. When the addition has been completed, the
kettle is again closed, and the 28" vacuum slowly and
carefully reapplied.

After the body of the oil has reached about 14 minutes,
Gardner-Holdt, samples are again taken every 15 minutes.
About 60 minutes after the attainment of the 9 minute
viscosity, the viscosity is found to have increased to about
24 minutes. At this point, the front burner is shut off
and heat allowed to fade to about 500° F. while maxi-
mum steam blow and 28" mercury vacuum are main-
tained. These conditions are maintained until the body
of the oil has reached about 51 minutes, Gardner-Holdt,
occupying a cooking time period of an additional 6 hours.

At this stage, the batch is “checked” by putting cold
water through the kettle cooling oil and dropping the
temperature sharply to 450° F. After an additional 40
minutes, the viscosity of the oil is 54 minutes, Gardner-
Holdt, and the temperature of the batch is 450° F.

Preparation is then made to drop the oil into a thin-
down tank, the transfer line from the varnish kettle to
to the thin-down tank being preheated with steam, and
the condenser above the thin-down tank being cooled
with water. The thinner into which the oil is dropped may
consist of 100 pounds of mineral spirits in the tank. The
thin-down tank contains a suitable volatile solvent con-
sisting essentially of a minor amount of a monoalkyl
ether of an alkylene glycol in which the alkyl group con-
tains from 1 to 3 carbon atoms and the alkylene glycol
contains from 2 to 6 carbon atoms, and a major amount of
a volatile hydrocarbon such as specifically exemplified
below,

In transferring the bodied oil to the thin-down tank
(FIG, 2) the steam being blown through the bodied oil
is turned off, the vacuum released and the carbon dioxide
blow maintained in the varnish kettle, Then the contents
of the varnish kettle are pumped at a temperature of
450° F. to the thin-down tank.

The thin-down tank is provided with an agitator, and
is desirably equipped so that the tank and contents can
be weighed. A tare weight of the thin-down tank with
100 pounds of mineral spirits in it is taken before pump-
ing the oil into the tank, and this is subtracted from the
total weight of the tank and contents after the oil has
been pumped into it. This gives the total weight of the
oil in the thin-down tank. An additional quantity of min-
eral spirits is pumped into the tank on top of the oil
amounting to 7% by weight of the oil minus the 100
pounds of mineral spirits that are already present in the
tank. An additional solvent, ethyl ether of ethylene gly-
col, in the amount of 3% by weight of the oil is then
pumped into the thin-down tank, and the entire mass
agitated and circulated for a period of an hour. The con-
tents are then pumped to a storage tank.

The superbodied linseed oil produced in accordance
with the foregoing procedure has an acid value of 7.8.
The viscosity of the reduced product at 77° F., Gardner-
Holdt, is 2 minutes to 4 minutes. The color of the re-
duced product is in the range of 4.5 to 7.5, Gardner, and
the weight of the material per gallon at 75° F, is in the
range of 8.0 to 8.1 pounds per gallon. The specific grav-
ity of the reduced product is 0.959 to 0.972 at 75° F.
The non-volatile material content of the reduced product
is in the range of from 90.5% to 91.5%. The unreduced
oil has an infrared scan as shown in FIG. 3.

Instead of ethylene glycol monoethyl ether, there may
also be used the methyl ether of ethylene glycol, or the
monoisopropyl ether of ethylene glycol.
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Instead of linseed oil which is above exemplified, and
which is a widely used coating composition vehicle, there
may be used any other drying oil, whether natural or
synthetic, and long oil modified synthetic resins. These
cils are preferably “break free,” or rendered so by suit-
able conventional pre-treatment, Thus, there may be used
in this process, dehydrated castor oil, soyabean oil, saf-
flower oil, perilla oil, tung oil, oiticica oil, tall oil drying
oils, styrenated linseed oil, styrenated tall oil, long oil
modified alkyds, such as linseed/glyceryl/phthalic anhy-
dride etc., and oleoresinous varnishes such as linseed/
maleic/rosin varnishes, These are specific examples of
materials contemplated by the term “unsaturated fatty
oils” as used herein. These oils may be used alone or in
admixture with other oils. For example, a superbodied
linseed oil/soybean oil/dehydrated castor oil material
(2:2:1) having a viscosity of 50-60 minutes, Gardner-
Holdt, has been prepared by this process and may be emul-
sified in accordance with the description given below.

FIG. 5 is an infrared scan of a 50-60 minute super-
bodied oil formed from a blend of 40% by weight of
alkali refined, break-free, linseed oil, 40% alkali refined
soyabean oil, and 20% dehydrated castor oil. This oil has
a monoglyceride equivalent of 9.8% of the emulsion cal-
culated as glyceryl monooleate and equivalent to 18.4%
glyceryl monooleate by weight on the unreduced oil.

FIG. 6 is an infrared scan of another superbodied oil
of the same body and chemical constitution as that shown
in FIG. 5. However, this oil was bodied without the addi-
tion of the alkali metal soap which promotes the forma-
tion of hydroxyl-containing materials within the body of
the oil. This material did not form a stable emulsion until
glyceryl monooleate was added to the emulsion sufficient
to bring the glyceryl monooleate, or equivalent hydroxyl
content, to form 7% to 9.5% calculated as glyceryl mono-
oleate, based on the weight of the oil.

The emulsion of the infrared scan of FIG. 3 has a 5.6
monoglyceride equivalent, or percentage of the emulsion
calculated as glyceryl monooleate. This is also equivalent
to 10.5% of the weight of the oil of glyceryl monooleate.
As above indicated, it emulsified very easily under the
conditions described.

FIG. 4 is an infrared scan of a superbodied linseed oil
made without an alkali metal soap and it did not form
a stable emulsion. Its monoglyceride equivalent was 1.7%
by weight calculated as glyceryl monooleate on the emul-
sion, or 3.2% on the weight of the oil. By adding glyc-
eryl monooleate to bring the value up to about 9.25%
on the weight of the oil, a stable emulsion may be pro-
duced in accordance with this invention.

The emulsifier apparatus shown in FIG. 2 is similar
to a conventional pony mixer and is provided with a
series of stationary baffles and rotating baffles. The emul-
sifier is charged through the oil inlet with 407 pounds
of the reduced, 54 minutes. viscosity linseed oil as it is
pumped from the thin-down tank. Two pounds of di
(phenyl mercury) dodecenyl succinate is added to the
charge, and agitated at the rate of 46 r.p.m. for a period
of 2 minutes to thoroughly distribute the mildewcide.

15.5% by weight of the unreduced oil of a poly/
ethoxylated aliphatic monoether, known as polyoxyethyl-
ene tridecyl ether and having 15 oxyethylene groups on
the average per molecule and an HLB number of 15.4,
is added. The alkoxy radical desirably contains 12 to 18
carbon atoms, on the average. A commercial product
having this chemical constitution is sold under the trade
name “Renex 31.” This material is a nonionic surface-
active agent. Materials of this nature are quite critical to
the production of stable oil-in-water emulsions through
the inversion technique with superbodied oils produced in
accordance with the above-described procedure. In gen-
eral, the amount of the surface active agent should be in
the range of about 5.0% to about 18.7% by weight of
the unreduced oil.



3,333,975

9

Agitation is continued at about 46 r.p.m. for a period
of 30 minutes, and in the meantime the bodied oil-emul-
sifier charge is cooled by any suitable means to from
60° F. to 70° F. such as with cold water flowing through
an external jacket.

After 30 minutes the speed of the agitator is increased
t0 66 r.p.m. and 30 to 40 pounds of water are added over
a period of 5 minutes. This amount of water is employed
for the purpose of effecting an inversion of a water-in-oil
to an oil-in-water emulsion, and the amount will vary
somewhat with different oils and with different lots of oil.
When the inversion has been completed as evidenced by
an extreme shortness of the viscosity of the mass as well
as a complete dispersability in water, the charge is fur-
ther agitated for a period of 30 minutes at the speed
of 66 r.p.m. No water is added during this period, and,
the temperature is maintained at about 60° F. by cooling
the mass with refrigerated water flowing through the
jacket on the emulsifier vessel.

After 30 minutes of agitation, the inverted emulsion
is reduced with 36 to 46 pounds of water over a period
of 15 minutes. This amount of water varies with the
amount of water employed for the inversion, and the
total of the two additions should be 76 pounds of water
for a 692 pound batch of emulsion.

The emulsifier vessel is sealed, and 15" of mercury
vaccum is applied. The speed of the agitator is reduced
to about 46 r.p.m. and cooling by refrigerated water in
the jacket is continued. The temperature should be main-
tained at about 60° F. At this point, 146.4 pounds of
water are added over a minimum period of 15 minutes
while continuing to agitate the batch and apply the 15
inches of mercury vacuum. Eighty pounds of ethylene
glycol are added to the final 24 pounds of water with
which they are thoroughly mixed. When all of the ethyl-
ene glycol solution has been added, a small amount of a
bubble breaking composition is added to the emulsion,
and the emulsion submitted to deaeration. Deaeration
is effected by means of vacuum in the presence of such
foam reducing materials. Silicone materials may be used
for reducing the air content of the emulsion, but best re-
sults have been secured with 325 ml. of a mineral oil
solution of magnesium stearate and a high molecular
weight polyoxy alkylene glycol in which the alkylene
group is either ethylene or propylene, or a mixture of
the two. Such composition comprises 83% of mineral oil
of the paraffinic hydrocarbon type, 2% magnesium stear-
ate and 15% of the polyoxy ethylene glycol material
having a molecular weight of about 1800. The bubble
breaking composition is thoroughly mixed together with
1 gallon of water, and this admixture added to the batch
through a suction inlet hose. The vacuum is increased to
a maximum, e.g. 26" of mercury and maintained for a
period of 15 or 20 minutes until the emulsion has become
deaerated.

When the batch has been satisfactorily deacrated, the
vacuum is released and the contents of the emulsifier
are pumped to intermediate storage tanks from which
the product is filtered through flannel cloth with sufficient
density that all particles of skin and gel, and any large
oil droplets are removed. The filtered product is ready
for shipment to the point of use. Where the usage is to
be in coating compositions, the internal phase of the
emulsion is provided with colloidal protection by the
addition to the emulsion of an alkali metal salt of a fatty
acid containing from 16 to 24 carbon atoms as above
described. For example, 3.88 parts by weight of the an-
hydrous potassium salt of linseed oil fatty acids are em-
ployed with 99.97 parts of the finished emulsion, such
as the alkali refined superbodied linseed oil emulsion
made in accordance with the above described procedure.
Alternatively, 16.9 parts of a 23% water solution of this
salt may be added. Sodium or lithium salts of such fatty
acids may be also employed. Such materials are com-
.mercially available and well known.
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The formulation for the foregoing emulsion before
addition of the salt of the fatty acids, is as follows: re-
duced superbodied linseed oils (54 minutes, Garner-Holdt,
407.0 pounds); mildewcide (di[phenyl mercury] dode-
cenyl succinate, 2 pounds); “Renex 31,” 60 pounds; ethyl-
ene glycol, 8 pounds; bubble breaking composition, 0.8
pound; water, 230.4 pounds; total 692.2 pounds.

This emulsion had a viscosity at 77° F. of 125 Krebs
units to in excess of 145 Krebs units. The product appears
clear on glass but for some opalescence, and contains
no foreign particles. This emulsion shows no coalescence
after 7 cycles of being held at 4° F. for 16 hours and
then allowed to return to room temperature and remain
there for 7 hours. The product remains stable in an oven
at 120° F, for at least 30 days. It is completely dispersible
in water and contains 60% solids. These products have
a pH in the range of 7.5 to 8.5 with the normal being 8.
The material weighs 8.1 to 8.2 pounds per gallon.

Similar emulsions have been made from other oils
and mixtures of oils following the same technique and
using the same surface active agents. Superbodied oils
which may be used in place of the illustrative super-
bodied alkali refined linseed oil include superbodied soya-~
bean oil, superbodied perilla oil, superbodied tung oil,
superbodied dehydrated castor oil, superbodied mixtures
of the foregoing oils such as a superbodied mixture of
linseed, dehydrated castor oil, and soyabean oil in a ratio
2:1:2, superbodied styrenated linseed oil, superbodied
linseed oil modified glyceryl phthalate alkyl resins (long
oil modified), etc. These oils can all be converted to high
solids content stable oil-in-water emulsions by the inver-
sion procedure using the specific class of tertiary amines
above described as the surface acting agent for effecting
an inversion from a water-in-oil emuision.

In the foregoing description, particular emphasis has
been placed upon the polyoxyethylene monoaliphatic
ethers in which the aliphatic group preferably contains
from 12 to 18 carbon atoms, and is preferably a tridecyl
radical, that is, one containing 13 carbon atoms. Other
ethers have been used successfully to produce stable oil-
in-water emulsions by the inversion process hereof. Specific
examples include the lauryl ether wherein the number of
oxyethylene groups is 23. There has also been used a tri-
decyl ether wherein the number of oxyethylene groups is
12. As an example of an unsaturated aliphatic hydrocar-
bon radical, R, has been used the oleyl ether wherein the
number of oxyethylene groups is 20.

In the environment of this invention, the other rela-
tively non-polar linking radicals, X, are also useful. As
above indicated, X may be a carbonyl, C=0, or a car-
boxyl group —O— C=0. Materials of this character on
which the number of oxyethylene groups is from 12 to 50,
and in which the HLB number is in the range of from
12-50 may also be used. Specific examples of the carbonyl
type materials include polyoxyethylene monoaliphatic
carbonyls which the aliphatic hydrocarbon group is tri-
decyl, lauryl, oleyl, and the number of polyoxyethylene
groups is an average of from 12 to 20; specific examples
of polyoxyethylene monoaliphatic carbonyls include those
in which the aliphatic group is lauryl, tridecyl, oleyl,
stearyl, etc., and the number of oxyethylene groups is
from 5 to 50, on the average.

Materials in the above classes which have HLB num-
bers in the range of from about 12 to 20, with a decided
preference for those materials have HLB numbers be-
tween 14 and 16, may be used. These materials may dem-
onstrate this HLB number in and of themselves, or the
desired HLB number may be arrived at by admixing suit-
able proportions of materials having HLB numbers the
sum of which is within the desired range.

The emulsions produced in accordance with this iriven-
tion are particularly useful in the formulation of coating
compositions especially adapted for exterior application.

Other modes of applying the principle of this invention
may be employed instead of those specifically set forth
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above, changes being made as regards the details herein
disclosed, provided the elements set forth in any of the
following claims, or the equivalent of such be employed.

It is, therefore, particularly pointed out and distinctly

claimed as the invention:

1. A process for the manufacture of a stable oil-in-

water emulsion comprising the steps of:

(a) heating a body of a thermally polymerizable un-
saturated fatty oil under a vacuum in the range of
from 24” to 30” of mercury to the temperature of
incipient polymerization for said oil,

(b) contacting said body of oil with water vapor at
said temperature,

(c) increasing the temperature of said body of oil to a
maximum temperature not in excess of 615° F. to
initiate and sustain thermal polymerization of the oil
while continuously contacting the body of oil with
water vapor,

(d) adding to said body of oil during polymerization
from about 0.1% to about 2% by weight of the oil
of an alkali metal soap of an organic acid, which
soap is soluble in the oil to increase the hydroxyl
content of the final bodied oil, )

“(e) maintaining the body of oil under thermal polym-
erization conditions until the viscosity of the oil
reaches a maximum viscosity in the range of from
about 20 minutes to about 75 minutes, Gardner-
Holdt, while continuously contacting the body of oil
with water vapor,

(f) checking the polymerization of the oil by rapidly
dropping the temperature thereof to below that re-
quired to sustain thermal polymerization,

(g) dropping said body of oil into a volatile solvent
consisting essentially of a mixture of:

(1) 3 parts by weight of the oil of a monoalkyl
ether of an alkylene glycol in which the alkyl
group contains from 1 to 3 carbon atoms and
the alkylene glycol contains from 2 to 6 carbon
atoms, and

(2) 7 parts by weight of the oil of a volatile hydro-
carbon,

(h) cooling said body of oil in said solvent to a tem-
perature below about 100° F.,

(i) admixing with the resultant oil-solvent mixture
from about 5.0% to about 18.7% by weight of the
unreduced oil of a polyoxyethylene monoaliphatic
ether having the general formula:

H—(0—CH;—CH,)y—X—R

wherein R is an aliphatic hydrocarbon radical containing
from 12 to 18 carbon atoms, x ranges from 12 to 50, and
X is selected from the group consisting of

It
—0—, —(”}—-, and —O0—C—; and

(j) adding to the resultant oil-solvent surfactant mix-
ture an amount of water sufficient to form, by inver-
sion, an oil-in-water emulsion.

2. A stable emulsion produced in accordance with the

process of claim 1.

3. A coating composition including as a vehicle there-
for, the water reduced product of claim 2 containing
about 60% solids.

4. The process of claim 1 in which the unsaturated
fatty oil is linseed oil.

5. The process of claim 1 in which the unsaturated
fatty oil is alkali refined, break free linseed oil,

6. The process of claim 1 in which the unsaturated
fatty oil is a mixture of alkali refined break free linseed
oil, soyabean oil, and dehydrated castor oil in a weight
ratio of 2:2:1, respectively.

7. The process of claim 1 in which the sub-atmospheric
pressure is at least about 26’ of mercury.

8. The process of claim 1 in which the body of oil
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is contacted with water vapor by blowing the body of
oil with steam.

9. The process of claim 1 in which the alkali metal
soap is a lithium soap.

10. The process of claim 1 in which the alkali metal
soap is added along with a lead soap soluble in the
oil, said lead soap being present in an amount ranging
from about 0.05% to about 2% by weight of the oil.

11. The process of ctaim 1 in which the alkylene glycol
ether is the monoethyl ether of ethylene glycol.

12. The process of claim 1 in which the volatile hydro-
carbon is mineral spirits.

13. The process of claim 1 in which the surface active
agent is one in which the R group contains 13 carbon
atoms and x is 15.

14. A process for the manufacture of a stable oil-in-
water emulsion comprising the steps of:

(a) heating a body of alkali refined, break free, lin-
seed oil under a vacuum of at least about 26" of
mercury to about 450° F.,

(b) initiating blowing steam through the body of oil at
said temperature,

(c) increasing the temperature of said oil to a maxi-
mum temperature not in excess of about 585° F. to
initiate and sustain thermal polymerization of the
oil while maintaining the passage of steam through
the oil,

(d) adding to said body of oil during polymerization
from about 0.1% to about 2% by weight of the oil of
lithium naphthenate,

(e) adding to said body of oil during polymerization
from about 0.1% to about 2% by weight of the oil
of lead isodecanoate, said soaps adapted to increase
the hydroxyl content of the final bodied oil,

(f) maintaining the body of oil under thermal polymeri-
zation conditions until the viscosity of the oil reaches
a maximum of from 50 to 60 minutes, Gardner-
Holdt, while continuously contacting the body of oil
with steam,

(g) checking the polymerization of the oil by rapidly
dropping the temperature thereof to about 450° F.,

(h) dropping said body of oil into an amount of
volatile solvent equivalent to about 10% of the
weight of the oil to form a reduced bodied oil solu-
tion, said solvent consisting of:

(1) 7 parts by weight of mineral spirits, and
(2) 3 parts by weight of monoethyl ether of ethyl-
ene glycol,

(i) intimately blending with said reduced oil from
about 13% to 15.5% by weight of the unreduced oil
of a polyoxyethylene tridecyl monoether having an
average of 15 oxyethylene groups,

(j) adding to the resultant oil-solvent surfactant mix-
ture an amount of water sufficient to form, by in-
water emulsion, and

(k) deaerating the resultant emulsion.

15. A process for the manufacture of a stable oil-in-
water emulsion comprising the steps of:

(a) heating a body of a thermally polymerizable un-
saturated fatty oil under a vacuum in the range of
from 24"’ to 30" of mercury to the temperature of
incipient polymerization for said oil,

(b) contacting said body of oil with water vapor at
said temperature,

(c) increasing the temperature of said body of oil
to a maximum temperature not in excess of 615°
F. to initiate and sustain thermal polymerization of
the oil while continuously contacting the body of
oil with water vapor,

(d) adding to said body of woil during polymerization
from about 0.1% to about 2% by weight of the oil
of an alkali metal soap of an organic acid, which
soap is soluble in the oil to increase the hydroxyl
content of the final bodied oil,

(e) maintaining the body of oil under thermal polymer-
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ization conditions until the viscosity of the oil reaches
a maximum viscosity in the range of from about 20
minutes to about 75 minutes, Gardner-Holdt, while
continuously contacting the body of oil with water
vapor,

(f) checking the polymerization of the oil by rapidly
dropping the temperature thereof to below that re-
quired to sustain thermal polymerization,

(g) raising the momnoglyceride equivalent of the oil to
from 9.25% to 20% by weight of the unreduced oil,
calculated as glyceryl monooleate by adding to the
body of the oil a Cyy to Cyy fatty acid partial ester
of a polyol containing from 3 to 10 carbon atoms and
at least 3 hydroxyl groups,

(h) dropping said body of oil into a volatile solvent
consisting essentially of a mixture of:

(1) 3 parts by weight of the oil of a monoalkyl
ether of an alkylene glycol in which the alkyl
group contains from 1 to 3 carbon atoms and
the alkylene glycol contains from 2 to 6 carbon
atoms, and

(2) 7 parts by weight of the oil of a volatile hy-
drocarbons,

(i) cooling said body of oil in said solvent to a tem-
perature below about 100° F.,

(i) admixing with the resultant oil-solvent mixture
from about 5% to about 10% by weight of the
unreduced oil of a surface active agent having the
general formula:

H(0—CH,—CH;),—X—R

wherein R is an aliphatic hydrocarben radical con-
taining from 12 to 18 carbon atoms, x ranges from
12 to 50, and X is selected from
0
I [
~0—, —C~—, and —0—C—

(k) adding to the resultant oil-solvent surfactant mix-
ture an amount of water sufficient to form, by in-
version, an oil-in-water emulsion.

16. A process for the manufacture of a stable oil-in-

water emulsion comprising the steps of:

(a) heating a body of a thermally polymerizable un-
saturated fatty oil under a vacuum in the range of
from 24" to 30" of mercury to the temperature of
incipient polymerization for said oil,

(b) contacting said body of oil with water vapor at
said temperature,

(c) increasing the temperature of said body of oil to
a maximum temperature not in excess of 615° F. to
initiate and sustain thermal polymerization of the oil
while continuously contacting the body of oil with
water vapor,

(d) adding to said body of oil during polymerization
from about 0.1% to about 2% by weight of the oil
of an alkali metal soap of an organic acid, which soap
is soluble in the oil to increase the hydroxyl content
of the final bodied oil,

(e) maintaining the body of oil under thermal polym-
erization conditions until the viscosity of the oil
reaches a maximum viscosity in the range of from
about 20 minutes to about 75 minutes, Gardner-
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Holdt, while continuously contacting the body of oil
with water vapor,

(f) checking the polymerization of the oil by rapidly
dropping the temperature thereof to below that re-
quired to sustain thermal polymerization,

(g) adding to the body of the oil an amount of a par-
tial ester of a polyhydric alcohol containing from 3
to 10 carbon atoms and at least 3 hydroxyl groups,
and an aliphatic carboxylic acid containing from 10
to 24 carbon atoms, sufficient to adjust the mono-
glyceride equivalent of the oil to within the range
of 9.25 to 20.0,

(h) dropping said body of oil into a volatile solvent
consisting essentially of a mixture of:

(1) 3 parts by weight of the oil of a monoalkyl
ether of an alkylene glycol in which the alkyl
group contains from 1 to 3 carbon atoms and the
alkylene glycol contains from 2 to 6 carbon
atoms, and

(2) 7 parts by weight of the oil of a volatile hy-
drocarbon,

(i) cooling said body of oil in said solvent to a tem-
perature below about 100° F.,

(j) admixing with the resultant oil-solvent mixture from
about 5% to about 10% by weight of the unreduced
oil of a surface active agent having the general
formula:

H(0—CH,—CH,;),—X—R

wherein R is an aliphatic hydrocarbon radical con-
taining from 12 to 18 carbon atoms, x ranges from
12 to 50, and X is selected from

i i
—0-~, —C—, and —0—~C—

(k) adding to the resultant oil-solvent surfactant mix-
ture an amount of water sufficient to form, by inver-
sion, an oil-in-water emulsion.

17. A process in acocrdance with claim 16 in which

the partial ester is glyceryl monooleate.

18. A process in accordance with claim 16 in which
the partial ester is a drying oil fatty acid partial ester
of a polyhydric alcohol containing from 3 to 10 carbon
atoms and at least 3 hydroxyl groups.

19. A process in accordance with claim 18 in which the
polyhydric alcohol is pentaerythritol.
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