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SUMMARY

The object of this thesls was to uncover new possi-
bilities of attack by applyling new colloildal concepts to
the problem of breaking crude oll emulsions rather than
to attemnpt to solve the difficulty coppletely. Basi-
celly it was an attempt to solve the problem of sepa-
rating the water and oil into two bulk phases.

It was found that the use of ultragonics rendered
effective results where heating had failed, This method
proved especlally useful in attackling higher viscosity
olls. It was falrly effective using non-treated emulslons
but very effective in attacking a treated emulsion, Be-
gides effecting a more complete dehydration of the oil,
the time consumed by thls process was conslderably less,

The use of wetting agents, namely, Ultravet, Aerosol OT,
Nekal A, and Nekel BX, was effective as treating agents in
the lighter viscosity oills, In the heavier viscosity oils
these agents were not quite as effective due to the vis-
cosity of the emulsion, Aerosol OT seemed to give the
best results.

It was found by rough experiment that there is an op-
timum rate of shaking to give best results,

In the bellef that excess water might help at least
the heavier viscoslitles to glve up their water, work was

done on thig possible golution, A ratio of 2-1 was found



effective in the heavier olls but it was found that the
use of excess water was undesirable in the case of the
lighter viscosity oils. This 1limit was in the neighbor-
hood of 100 centipolses at room temperature.

The use of "weighting" salts to lncrease the relative
difference in specific gravity between the oll and the
water was tried with NaCl, Good results were achileved
from oils of 100 centlpoises on up to the heavier viscosl-
ties.

The problems relative to any emulsion are individual
as far as that emulsion is concerned, and its behavior
under different types of agents cannot be predicted offw-
hand. However, 1t 1s belleved that & further study along
lines typlcal to these might be the solution to some of the
more dilfficult problems, Further work may uncover cor-
relative details but the following fact must be borne in
mind, When dealing with the heavier viscosity olls, even
though the viscosity is not the cause of the emulsion, it
is a contributing factor to its stability, Therefore,
gome propertles of the oll must be accepted as unavoidable,
The previous statement should give a hint to immediate
treatment if it 1s planned to allow a reservoir of oil to
stand., This would prevent the separation of the oils into
- layers in which the heavier viscosity would be separated
from the light viscosity instead of working at a happy

medium between the two,
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INTRODUCTION

It seems appropriate to review first the literature
on the subject and then to diecuss briefly the theories
advenced thus far, Therefore a brief discussion follows
and emphasis 1ls placed on those theories which seem tc show
the most logic and promise.

The Viscosity Theory supports the idea that the vig-

cosity of the disperse and aqueous phase relative to one
another at the interface plays an lmportant part in the
"gtability" of the emulsion, High viscoslty tends to re-
sist thinning of the liquid films to the rupture point,
while the surface tension must be low in order to decrease
the pull between the molecules, which tends to promote the
thinning, In working on experiments to prove that vis-
coslty does not promote thinning, Hillyer concludes that
"emulsification 1s due largely to the small interfaciel ten-
sion between the o0il and the emulsifying agent, which allows
the emulsifying agent to spread out into thin films sepa~
rating the oll droplets. The surface tenslon is not strong
enough to withdraw the agent from between the droplets ex-
cept slowly. If the emulsifying agent has great internal
viscogity, or if great superficial viscosity is shown between
liquids, the thinning of the films is so slow that the enul-
gion 1s permanent." He explains that the viscosity is the

determining factor in many cases.



Pickering and lMarshall conclude that the viscosity
factor 1s over-emphasized. In some cases 1t was shown
that increasing the vliscosity of the soap solutions de-
stroyed the emulsions.

The majJority of investlgators have accepted the con-
clusion that viscoslty alds emulsificatlion solely by virtue
of the hindrance offered to coalescence of the dispersed
globules and that it is not the cause of emulsification,

The Hydration Theory wes proposed by Fisher, who posg-

tulated that emulsions can only be formed when the liquid
which is to become the continuous phase i1s all used up in
the formation of a hydrated compound of the emulsifying
agent employed. According to this theory one must con-
slder the o0il in the aqueous soap soclution as a colloidal
hydrate. The theory postulates a minimum and maximum
amount of Hgo present sufficient to form the hydrated col-
loid, otherwise no emulsion will be formed. If this were
absolutely true then one could form water-in-oil types by
using oil soluble collolds, No evidence exlsts to prove
that this is true, This theory completely ignores Plcker-
ing's concentrated emulsions, It postulates an even dis-
tribution of collold throughout the aqueous phase. The
theory appears to be a little one-gided ag far as the treat-
ment of emulsions as a whole is concerned.

In the Surface Tension Theory Quincke showed that in-




terfacial tensions between olls and solutions of NaOH are
lower than between oils and pure HQO in oil-in-HgO enul-
sions, For solutlons of Na~sgalts which are not capable of
forming colloldal solutlons enulsion formation 1s impos-
gible, For each gsalt there appeared to be a maximum cone
centration where the emulgifying power was at a maximum,
There appears to be a salting-cut effect due possibly to
excess Na+ -iong which coagulate negatively charged drops.
Up to Na~ Laureate, ineffective emulsifying properties are
exhibited because the coagulasting action of the Na+~icns eX=
ceeds the effect of the emulsifying tendencies due to inter-
facial tenslion lowering. Quincke showed a maximum sur-
face "activity" with Ne-myristate.

Donnan and Potts concluded that '"changes in interfacial
tension at the boundary of the oil-HQO are connected with
changes 1n the electric potential, in which the selective
adsorption of ions probably plays a part." He also cone-
cluded that "the existence of a gelatinous film, which was
consequent upon lowering of the interfacial tension at the
011-H,0 boundary.,"

The Wedge Theory, which has to do with the relative

differences in diameter of the molecule on its opposing ends,
postulates that the end with the small diameter was adsorbed
on the disperse globule and that the larger end exercises
the repulsing effect on the other globules, similarly ar-

ranged, and consequently emulsions must be formed, However,



thls theory has been dlsproved in many cases by experi-
mente designed to attempt to prove its validity. At preg-
ent it has been generally digcarded.

The Adsorbed Film Theory is the ocne which has proved

most favorable by investigation, and it has been proved re-
peatedly by photographs., Therefore the following discus-—
sion will deal with it more in detall than has been cone
gidered necessary in the previously mentioned theories,

In studying the coagulation of these emulsions it has
been found that large quantities of electrolyte at high
concentration were required to destabilize the system,

Upon studying the zeta potential it was found that the elec-
trolyte used was greatly in excess of that needed to disg-
charge the globule, As a result, the theory of the ad-
sorbed film was advanced which stated that the globules
preferentially adsork on thelr outer faces certain soluble
constituents, soluble in the dispersion medium. Thig film
was strong enough to resist the shear resulting from Brownian
motion if the globules were small enough, or thermal motion
if the globules were large, Consequently, even though the
globules were completely discharged still there would be no
coaslescence of the minute dropletsg, The theory further
states that "Emulsions are formed by adsorption of the emul-
gifying agent in the interface with subsequent orientation

of the agent into a tough elastic film." In the study of



scaps it was found that stabllity of emulsions 1s due to
adsorption of highly colloidal soap micelles. The more
soap adsorbed, the more stable the emulsion, The agent
is adsorbed at the interface and forms an oriented film,
Both the oll and the water wet the film and set up differ-
ences in surface tension on both sldes of the film, The
side with the higher surface tension becomes concave and

tends to envelop the liquid on that side. (Figure 1)
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Figure 1
Agents preferentially wetted by one liquid tend to
make that ligquild the continuous phase. Therefore, hydro-
rhilic colloids tend to form O/W emulsions; organophilic
but hydrophobic colloids, W/O emulsions. llonovalent soaps
easlly wetted by water make the surface tension lower on
the water side and yield O/W emulsions; polyvalent soaps
more readily wetted by o0il do the reverse. The mixing of
mono- and poly-valent soaps in the right proportion will

prevent formation of a stable emulsion, In W/0 emulsions



stabllized by polyvalent soaps, the configuratlon 1is as

‘shown in Figure 2a, In O/W emulsions stabilized by monoe

N " WATER )

Figure 2
valent soaps, as in Figure 2b.

The configuration is such that there will be a minimum
abruptness of change between the phases (Hardy-Haskins rule).
The theory supports the claim that after a close-packed
monomolecular layer of soap 1s formed there will be no more
adsorption desplte increased concentration of the soap in
the interface. This 1s contrary to experiment -- licBaints
work on surface tension of soap solutions indicates that ad-
sorption forces do not occur in a monomolecular film,

In the Adsorption Theory one must not lose sight of

the effect of ilon adsorption, Colloids which preferen-
tially adsorb negative lons favor O/W emulsion, and vice
versa. The most stable emulsions result when the inter-

fecial tension 1s zero, when the potential drop is a maxi-



mum, Anything tending to decrease the potential difference
decreases the emulsion stability. At the same time ad-
sorption 1s decreased due to an increase in the interfacial
tension,

Once having accepted the adsorbed film theory it is
seen that the proper way to de-emulsify a system is to ne-
gate the effect of the solvated hull resulting from adsorp-
tion, as well as the charge carried by the water particle,
Theoretlcally, it is possible to visualize a system sta-
bilized by elther the solvated hull or the electric charge,
but practically the stability is usually a result of a com-
bination of both, The thick lyospheres provide sufficient
protection to keep the gol stable even at the iso-electric
point, A suitable "de-colvation" of the particles is necesg-
sary for the coagulation of these "isostable sols." Hence
considerably greater concentrations wculd be required to
coagulate lyophilic than lyophobic sols.

It may be sald, therefore, that a change in the electric
properties and the lyophilic properties must be taken into
consideration to determine the deciding part in the coaguleam~
tion, The coagulating process may be controllied more by
one than by the other of these factors, according to the
nature of the system. The Hardy-Schulze Law applies in
general for the electric properties, and Hofmeister's lyo=

tropic ion series for the process of desclvation,
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SOME PREVIOUS INVESTIGATIONS ON ENMULSIONS

(1)
Emulsions formed by élssolving oll in alcohol and

then mixing with H20 gave particles of 0,4 microns which
were negatively charged, with a Helmholtz potential of
-C,05 veclt., According to Profesgsor Thomas they owe their
stability to electric charge and Brownlan movement: the
cause of the charge is obscure and Cohen says that a sube
stance of high dielectric constant which is positive to

one of low dielectric constant when mixed or rather disg-
persed one in the other 1is responsible, Ellis described
this difference of potential as responsible for the charge.
However, this explanation does not seem acceptable.

Powis found that anions had the power to increase
negative potential while cations had the power to decrease
it, Very small amounts of KC1l or KéFe(CN)6 up to 0,001
molar increased 1t, while larger amounts decreased it.
Salts with polyvalent 1lons always decreased it, due to
the predominating positive charge of the catlons over the
anions, Powis noted later that an immedliate sharp change
in the contact potentlial occurred upon addition of the
salt, but that a secondary change always ensued. Salts
like BaCl, are continuous, but in the case of Alcl5 it re-
verts back a little due to loss of A1ttt on account of

hydrolysis,
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In the case of the water soluble colloid as emulsi-
fying agent, the emulsifying powers of the NaCh were due
to the soap formed from the free fatty aclds in fatty
olils, Fatty acld salts which greatly reduce the surface
tension are good emulsifiers. Since they lower the sur-
face tension, they must concentrate in the surface about
the droplets of oll, and since the soap layer is still
nore concentrated at points of contact where the bubbles
might happen to come together, capillary forces tend to
separate themn,

Donnan and Potts noted that Na salts of fatty acids
lowered surface tension, Lowering increases with the
molecular weight beginning with Na laureate. Increasing
in emulsifylng power lncreases with concentration up to
N/300, after which decrease due to coagulating effect of
the Nat ions takes place, These investigators protested
Pickerling's statements by saying that stability 1is due
partly to electrical charge and partly to surface tension
lowering substances in the surface layer. Decreasing
the soap percentage increases the size of the globules to
the polnt where permanence is no longer possible.

Plckering postulates the presence of small particles
insoluble 1in the dispersion medium which coat over the par-
tlicles and prevent them from coalescing, The particles
must not be crystallline and must be easily wetted by the

dispersed phase.
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Newman testifled that Na Oleate emulsifies certain
oils in water and that magnesium oleate emulsifiesg the HQO
in the oil, A hydrophile colloid will form HQO as the ex-
ternal phase, while a hydrophobe colloid will form the Hgo
as the internal phase. The collold must be able to make
a sultable ccherent film around the globules to be a good
emulsifying agent;

Clowes made the following observations. On adding
CaCly to an emulsion of oll-ln-water having Na oleate as
the emulsifying agent, when the "Ca" concentration exceeds
the chemical equi-valence of "Na", the emulsion phase
passes through a critical point and changes to Ho0 dis-
persed in oil, The alkali soaps are wetted more easily
by HQO than by oill, and since it is thought that the sur-
face tension is lower on the HQO side than on the oil
side of the globules, the film will bend convex to the H20
and conceve to the oll enveloping the oil particles be-
cause the outer area of the inner surface 1s less than the
area of the outer surface,

The breaking of an emulsion can be accomplished by
the following:
lg Addition of excess dispersed phase
2) Addition of a liquid in which the two phases

are soluble
3) Destruction of the emulsifying agent
4) Filtration
i Heating

Freezing
7) Electrolyzing
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Hatschek, in 1911, used HCl and Na2504 as coagulators,
At or near the isoelectric point the particles did coalesce
to form larger ones, but the oill particles of this size
(3 microns) rise very slowly,

Ellis showed that these emulsions are most stable in
the preseance of N/1000 NaOH and least stable in the pres-
ence of ALCl, (0,00022 gm,mol,); uu012(0.004 gm,mol,);

NaCl (0.16 gm,mol,).

Powls showed that the greatest instability was present

when the contact potential reached +0.03 volt, This po-

tential was found in the presence of

KCL 51 millimolar AlCl 0,02 millimolar

3
BaG12 1.9 t ThGl4 0.007 "

A slight increase in this concentration charges the par-
ticles positively and they become stable again,

Ellis found that colloidal Fe(OH)2 (0.0017=-0,0039%)
final concentration coagulates this type of emulsion,
Higher concentrations result in reversal of charge of the
dispersed phase and stability ensues.

Newman points out that emulsions of oil~in-H20 with
goaps as the emulsifying agent are irreversibly broken by
freezing.

(2)
Anything which tends to prevent concentration at the

interface also tends to prevent a stable emulsion. Ad-

dition of flocculating agent gives the opposite effect.
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If a powerful flocculating agent is used, agglomeration
into large particles may prevent the formation of emule
sions, Addition of NaCl to a suspension of Ferric Oxide
drives the Ferric Oxide out of suspension and, as shaking
with benzene proceeds, forces oxide into the interface
and acts as the emulsifying agent. BaCl will give the
same effect, but Na2804 is too strong a ffocculating
agent.,

Shaking arsenious trisulfide with benzene gave an
emulsion on addition of NaCl. When large amounts of the
salt were used, emulsions became less complete and coarser.
Evidently weak flocculation went too far and a fine film
was no longer attainable,

The general conclusions of Briggs follow.

1) Emulsions with finely divided solids are gimilar
to emulslons in which the so-called soluble emulsifiers
are used,

2) It is absolutely necessary that the finely di-
vided solids form a suitable film at the interface between
the two liquids which are to be emulsified,

3) If a finely divided solid forms a stable suspen-
slon in one of the liquids it may be necessary to add s
weak flocculating agent before a satisfactory emulsion can
be produced, but a powerful flocculating agent will usually

prevent emulsificsation,
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4) Certain finely divided solids, such as carbon
black and silica, are mutually antagonistic as far as
the formation of emulsions 1s concerned and in this re-
spect are analogous to sodium and calcium oleates,

Generally speaking, Sherrick has found that HQO par-
ticles charged negative electrically and that both direct
and alternating current could be used to discharge themn,
Though this phenomenon night be due to preferential ade
sorption of ions, it can hardly be blamed for 10% to 60%
dispersion, Sodium oleate and sodium galts render these
types of emulsions unstable 1f added in the proper pro-
portion, The correct proportion must be added before
reaching the unstable point in order to prevent reversing,
The following materials present in these emulsions are:

1) -Electrolytes in solution in the water phase

2 Hydrated earthy material

3 Heavy hydrocarbons such as asphalt, asphaltenes,

etc., and are probably present in all oil emul-
slons.

It seems probable, then, that the hydrated earthy material
adsorbling the heavy asphalt-like bodies of the crude oil
in a manner similar to hydrous ferric oxlde, becomes an
oll-soluble, and as such forms a tough elastic film about
the drops of HQO.

If the particles are too small, subsidence of the

particles is impossible, If the viscosgity of the contine

uous phase 1s too high, subsidence may be slow, In crude



emulsions, the particles are as a rule never too small
for subsidence, Heating alds subsidence by decreasing
the viscosity. The use of materials more easily wetted
by o0il than by H20 is good for the diffusion of the oil
by filtration. Using cellulosic material more easily
wetted by the HQO, the medium is more easily wetted by
HQO, and the continuous oil passes through. Dispersed
water passes through but contact with the cellulosic ma-
terlal causes some coalescence,

The wrong way to conduct de-emulsification is to
agltate with the aqueous solution., The proper way to use
the soap 1s to put it in such a form that it will be col-
loidally soluble in the oil, For instance, one may pre-
pare Na oleate with olealc acid, or Na resinate with free
resin that will go readily into apparent solution in the
continuous phase, In this way contact with every water
particle 1s assured and coalescence is always immediate.

A very small percentage of the hydrophile is enough to in-
sure complete coalescence by contact, if the emulsion 1is
given time to come to equilibrium, Thus it appears that
whatever the stabllizing hydrophobe may be it is of low
power and present in all crudes in approximately the same
amount,

If the hydrophobe 1s earthy material, colloid par-
ticles are smaller than 1 micron, Those having particles

larger than 1 micron usually result in old oil accumula~

17
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tions. In Treto-Lite the claim is that the compound
acted as a water softened and allowed the silt to sedl-
ment along with the insoluble soaps formed, 0il soluble
portions of the compound decréased the surface tensions
of the oll films and allowed the tiny droplets of water
to collect and finally separate from the oil,

(4)The conclusions of Parsons and Wilson follow,

1) Di~valent and tri-valent salts dissolved in water
could completely invert oil-in-HgO emulsions,

2) In the limited range studied (MgSO4 and MgClg)
there is apparently very little effect due to the varia-
tionsiin the anions of the added salt,

3) In the inversion of metathesis, ratio of equiva-
lents of inverting agent to emulsifying agent was the de-
termiﬁing factor rather than the absolute concentration
of the inverting agent.

4) VWhen the equivalent concentration of the poly-
valent salt exceeded the monovalent complete inversion
took place., When it was less than the monovelent cone
centration a pseudo-equilibrium was established whereby
gome bf both.types of emulsion was produced,

5) The mechenism of the above inversion indicated
first a chemical reacticn destroying the film, then a
breaking of the emulsion and the forming of a polyvalent
soap; finally, resulting in the solution of the polyvalent
soap in the oll and emulsification with the phases wags in-

verted,
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In general sodium oleate, a moncvalent, produced more
sﬁable emulsions than the polyvalent soaps in the cage of
the Nujol systemns. Of the polyvalent soaps studied, mag-
negium oleate apparently gave the greatest stability,

Nacl was used to break down a Na oleate emulsion,

It should be expected that an aqueous solution of a gsalt
would not give a well defined reaction with Hgo-in-oil
emulsicns on account of the inability of the salt in the
aqueous phase to get at the emulsifying film, since in the
case of H O-in-cil, the external phase is oil,

Generilly speaking, to influence the properties of a
particuler film of emulsifying agent any substance added
should be soluble in, or wetted by, the external phase
of the emulgion in question.

In general 1t was found that the neutral monovalent
salts, such as sodium chloride, iodide, and sulfate, give
no noticeable inverting action of oil-in-water emulsions
of Nujol, but broke the emulsions by salting then out when
the salt ccncentrations were sufficiently high. The
salting-cut effect was a function of the concentration of
the salt added and not of the ratio of the concentration
of the salt added to the emulsifying agent. In contrast
to inversion by metathesis aniong here appeared to have an
appreciable effect,

A check was made on the effect on the properties of
oil-in-water emulsions produced by adding sodium oleate,

and adding to these emulsions various substances known
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to be present in, or to exert an influence upon these emul=
sions., Substance of the clags of sulfonates and alco-
holic extracts from acid-treated oil were used as additlon
agents. These showed little emulsifying tendencies, The
effect of amylene showed a much higher concentration of
NaCl was required, Water and amylene together give un-
stable emulsions, but amylene alone tends to stabllize
water-in-cil emulsions,

Several crude oills and a commercial lubricant were
emuleified with Na Oleate, The crude oils were obtained
from the wells. In Pennsylvania crudes it appeared that
the substance present alded the Na oleate to form weak
water-in-cll types or else the salting-cut effect counter-
acted the Na Cleate, In the lMid-Continent crude, whether
Na Oleate was added or not, water-in-ocil emulsions were
formed, The 01l probatly contains some emulsifying agent
ternding to produce fairly stable water-in-cil types and
requliring falrly high concentrations of NaCl to break.

Neutral monovalent salts, such as Na2804, NaCl, and
Na I, had no Inverting actlon on the oil-in-water emul-
sions but when present in sufficlent concentration broke
the emulsion presumably by "salting-ocut" the soap film,
The "salting-out" effect was a function of the salt con-
centration and not of the ratio of the concentrations of
the soap to the salt. Variation in the anion appeared

to have some effect in inverslon by salting-out, the mini-
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num effects beilng as follows:

NaBSO
(5)

There is the importance of the presence of the soap

4." 0024; IJaClO.. 0022; NaI L N ] 0018

gel in the non-aqueous phase in systems which yielded

only water-in-cil emulsions, Removing the gel and shaking
the two phases resulted in no emulsification, Larger
amounts of colloidal soap appeared in the non-azgueous

phase of unshaken systems at equilibrium when sufficien£
NaCl was added to salt out the socap, or when sufficient
bi-velent salt had been asdded to react with all the water-
gsoluble soap present, Systens in which so0lid or col-
loidal material were shown to be present in the non-aqueous
phase yleld water-in-cil emulsions,

The addition of electrolytes precduces profound change
in the character of the interface of unshaken systsms. The
height of the interfacial meniscus was greatly reduced and
the boundary itself took on an appearance of wrinkleé tin-
foil. Later tests showed this to be a highly benzenated
gel. Qualltative tests proved that NaOH (1n) in aqueous
phase induced rapid transfer of the soap from 0,002 N Na
stearate sclution to benzene, Qualitative indications
of the amount of socap transferred from the agueous solutions
of various concentrations showed that the amount of soap
remaining in the aqueous solutions 1s constaat and perhaps

roughly corresponds to the solubility of the Na soaps in
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water saturated with benzene. Weicherez, Harkins, Beeman,
Mead and licCoy have done work which more less substantlates
this.

Experiments on the distribution of soap between the
two phases suggested that the transfer of the scap from one
phase to the other might be governed by the solubility of
the scaps or their tendency to form solvates. Conditions
which might be expected to influence these factors are tem=
perature, ratio of volumes between the two phases within
certain limits, presence of electrolytes, specific nature
of the organic liquid, and the state of aggregation of the
soap in the aqueous phase.

Many investigators have inverted stable oll-in-water
emulsions stabilized by water soluble alkall soaps to the
more unstable water-in-cil gystems by the addition of salts
of the bil- and trivalent metals, Similar inversion tekes
place in the case of certaln sodlum soaps when NaCl 1s pres-
ent in sufficlent concentration, About all that may be
sald with certainty regarding the phenomenon 1s that it is
accompanied in each instance by the appearance in emulsion
systems of goap when the solubility in the water is very
low,

The suggestion is that 1t 1s not a result of antagonism
between the catlons involved but a balance between cations
on the one hand and anlons on the other, These are sup-

posedly adsorbed on or reacted with the scaps or other col-
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loidal constituente of the surface films or membranes.

A recent patent fixes attention on the conception
of "balance!" regarding polar and non-polar groups in the
molecules of the emulsifying agents, An outstanding
characteristic of the agents 1s stated to be the balance
of hydrophile and lipophile groups. Agents concentrate
at and orient in the O/W interface, Excess of either

greatly reduces efficiency,

¢ H 0-8=0 C. .H OH
1633 16733

Lipophile Hydrophile Lipophile Hydrophile

The excess OH group in alcochol is entirely swamped by
the strong C16H33 radical, The Hsoé group, on the cone
trary, confers a more pronounced hydrophilic character.
It appears that in a given homologous series there 1s a
point or range at or within which the hydrophile and lipo-
phile characteristics are so balanced that an optimﬁm power
for the prevention of "spatteringh is imparted tc the mole-
cules, On either sicCe of this point one or the other of
the opposite characteristics predominates,

The reason for marked stability of tke bubbles from
some colloldal solutions has been shown to lie in the fact
that the surface films are gel-like plastic solids rather

than viscous liquids,
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Failure of other sclutions with low surface tension
to glve stable emulsions 1s due to the fact that they give
only fluid films,

Plastlc films are colloidal rather than of molecular
dimensions and require matters of hours to build up to
maximum strength.

Solutions which form plastic solid films have er-
roneously high surface tension results by the Du Nuoy and
presumably by other methods because the yield value of
the plastic sclid film is added to the true reversible
surface tension.

There i1s evidence of similar behavior in the case of
some liquid-liquid interfeciel films in emulsifying agents,
but the production of such films appears to require much
higher concentrations than in the case of surface films.

Plastic solid films of similar properties were shown
to play an extremely important part in lubrication as the
determining factors in the oiliness of a lubricant which

reduces friction at low speeds and high loads,
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PRESENT DAY TREATMENT OF OIL EMULSIONS

The chemistry of oilfleld emulsions has in reality a
threefold clailm to a place 1in colloldsl chemistry. First,
the dispersed phase consists of droplets of varying sizes,
gometimes conslsting of droplets sc small that they ac-~
tually become wlthln the particle size range often re-
ferred to as the colloidal range, Secondly, practically
all oilfield emulsions are stabilized by the presence of
colloidg, in the broadest sense of this term, Finally,
the modern commercial demulsifying agents, or their sub-
sequent reactlon products which are used to break oile
field emulslons, have certain colloidal properties. Varl-
ocus phenomena acconpanying the colloidal state may be
looked for when investlgating oilfield emulsions and their
chemical demulsificatlon, These phenomnena lead in three
directions - flrst, the particle size of the dispersed phase,
secondly, the inherent characteristics of the emulsifying
colloids themselves, and last, certaln colloidal aspects
of the chemical demulsgifying agent.

Petroleum enulgions represent the water-in-oil type in
which the emulsifying agent is oil-soluble, or wettable,

The "solutiong" of such emulsifiers may be termed as "organo-
golsh, There is much less information regarding crgancsols

than aquasols. As a result, much information must be ob-



26

tained by analogy tc a corresponding situation wherein an
aquasol 1s concerned.

Stated briefly, if a water-in-cil emulgion of the type
found in oilfields is subjected to certaln agencies which
would bring about an inversion of the emulsion and which
would convert 1t into the oll-in-water type, it would, at
least theoretically, have to pass through an intermediate
point at which there is either no emulsion at all or else
there 1s a balanced tendency to produce both types of
emulsion, It so happens that only by the most careful
regulation can both types of emulgicn be produced, This
is equivalent to saying that if gravity, coalescence, and
time be permitted to act on the emulslon at this stage,
the emulsion will be resolved or separated into its com-
ponent parts. One of the most interesting ways in which
to bring about coalegcence 1s to pit against each other
protective colloids of opposite types - the hydrophile
against the hydrophobe,

Finely divided materials which are water-wettable,
such as finely pulverized sand, may produce an oil-in-water
emulslon. If certaln forces are made to act upon a water-
ir-oil emulsion which 1is sgtabilized by the presence of oile
wettable carbon black, so that the nature of the suwface of
tne carbon black 1s changed, and its suwrface becomes water-
wettable, then the emulsion should break. It may be

stated that it is really lmmaterial as to whether the de-
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emulsifying colloid (hydrophile) passes into the water,
because at the lnterface there may be produced water-
wettable materials which may adsorb on the particles of
oll-wettable carbon black and convert them into particles
which are water-wettable, IT the particles become water-
wettable then the emulsion would be expected to break, if
coalescence and gravity are permlitted to act. It is
true that some petroleum emulsions may be stablilized by
finely divided sand or paraffin particles on which there
is adsorbed asphaltic material, so that for the practical
effect the action 1ls the same as though there were pres-
ent finely divided asphalt or finely divided carbon black,
On the other hand, it 1s more likely that these emulsify-
ing agents, the asphaltlc materials, may be dissolved col-
loidally in the oil and might be referred to as oleophile
collolds - that in them the equivalent in o0il of the hydro-
phile colloid in water has been produced, The problenm
remains fundamentally the saune. What can be done to
this oleophile colloid to change it into an "oleophobe"?
An oleophobe colloid is one which is unwetted by oil, or
1s wetted at least preferentially by water, and is thus
hydrophile to that extent, at least,

Colloids, or more properly, colloidal sols, are di-
vided into two classes; one is known as hydrophile, or none-
electrocratic, the other is known as the hydrophobe, or

electrocratic type. It 1s indeed true that many cole
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loidal solg partake of the properties of poth of these
types - or, more correctly stated, every electrocratic

sol has to a certain degree the property of the non-
electrocratic sols, and every non-electrocratic sol has

to a certain extent the properties of the electrocratic
sols, There 1s no absolute line of demarcatlon, If

the colloid which is responsible for the formation of the
water-in-oll smulsion, that is, the o0il soluble, o0il 4is-
persable, or prefentially oll-wettable collold, happens

to be electrocratic in nature, the emulsion would be ex-
pected to break by adding to the oil certain materials
which would directly affect the stabilizing electric charge
and which would breask the emulsion in the same manner in
which an electrocratic suspension can be coagulated.
Stated briefly, the collolds present in crude oil are
rarely affected in this particular manner without at least
certain other forces coming into play. The oleophile
colleid has to a large degree the same properties as the
hydrophile colloid in water,

The asphaltic materials present in crude oll are sub-
stantially chemically inert, They cannot be expected to
combine with something else, a demuleifying agent, to form
a new product which, instead of being olephile, 1s oleo=~
nhobe 1in character, The most that could be done is to
add to such crude oil emulsion a material which, like the

agsphaltic material, 1s drawn to the interface and ad-
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sorbed on the asphaltic material so as to render it oleo-
phobe instead of oleophile, This 1s one reason why
Barnickel considered water softening agents as effective
demulsifiers (due to the physical adsorption of certain
precipitated water-insoluble hydrated water-wettable al-
kglline earth salts, which are present in amounts exceedw
ing their saturation points).

This being true, 1t can be readily seen why the emul-
sion chemigt interested in breaking oilfield emulgions of
the water-in-oil type is concerned primarily with adsorp=-
tlon., The problem confronting this chemist is essen-
tially one of introducing into the emulsion in relatively
minute quantities a reagent which is attracted to the
interface, and which 1s adsorbed on certain oleophile emul-
sifying maﬂerials by a force akin to chemical attraction
to render them oleophobe, or water-wettable. As a re-
sult of this action there is a tendency for the emulsion
to invert and, under properly controlled conditions, break
or resolve,

Even though a discussion of the phenomena of adsorp-
tion is beyond the scope of this paper the following re-
marks may be made. In water-in-oil emulsions of the type
which ordinarily occurs in oilfields the emulsifying ma~-
terial present in the substantially non-polar oil ig of
the non-polar oleophile type. As far as unsaturated or

off-setting outside residual valencies manifested by the
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interfacial tension is concerned, the effect produced by

the naturally occurring non=polar emulsifying material

in nonepolar o©il is analogous to the effect of finely
divided insoluble solids in water and, therefore, not-
withstanding the exlstence of a persistent emulsion, the
residual unsaturated valencies (as manifested by the

static interfaclal tension) still exist at approximately
optimum value at the interface. Thus there is at-
tracted to the interface the added chemical de-emulsify-

ing agent. This is especlally true if the chemical de-~

mulsifying agent is colloidal Gisperse in the oil,  Then,
if the chemical demulsifying agent 1s further characterized
by the presence of a hydrophile and hydrophobe radical or
atom which orientates as such, or in the form of an alka-
line earth salt under proper conditions, the outer surface
of the hydrophobe emulsifying material, or at least that
part of it 1in contact with the water of the emulsion, is
converted into an adsorption compound which is oleophobe,
or at least water-wettable, The tendency toward in-
version sets in permitting the emulsion to break under the
action of coalescence and gravity, assuming that sufficient
time is allowed for it to act,

The modern emulsifying agents are based primarily on
thege principles. Briefly, the following examples may be

taken as illustrative of these various types used for cheme
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ical demulsification of oilfield emulsions:
H
1
(CHs)(cHa)vg(CHz)(Cﬂz)chOH
0]
1l

CHa(CHa)vyCH = CH(GH;)-,G = 0
Oleilhydroxystearic aclél —-—- cor its salt.

H HS04
1 1
CHg (CH, ) »CH. CH(CH ) » COOH

Oleic acié hydrogen hydrogen-sulfate; used in form of
mono- or di-csalt. HS03

1
CH3 (CH, ) »CH. CH(CH, )  COOH

Hydroxy-clel-sulphonic acid: uged as such or mono - cr

HB803

CHa(CHa)ycHéH(CHg)vCOOH

Renzene sulphostearic acid: used as such or as mono- cr
¢l-galt, CaoHa780sH and Cp4HsaSOsH
Petroleum sulphonic acids: wused as such or as mono- cor
di-galt, (Formulae are intended to be 1illustrative only.)
Although these examples shew variety as to chemical come
rosition it 1s to e noted that they almost invariably
present five features, namely:

(a) They give colloidal dispersions in oll, at least
When very dilute, thus tending to adsorbt at oil-water

interfesces,
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(b) They contein hydrophlle and hydrophobe groups,
radicals or residues, so that they not only adsorb at
interfaces but, either as such or in the form of the cor-
responding alkaline earth salts, they orientate at the
interface between the oll and the water,

(c) There 1s present a radical (or radicals) which,
when combined with a calcium or magnesium atom, will pro-
duce an inscluble salt if the concentration is great
enough (water softening effect); and the hydrated calclum
or magnesium salts of these materials, as exemplified by
the forms produced by precipitation in dilute soclutions,
are water-wettable even though water-insoluble,

(a) 1Into a hydrophobe group or radical there is in-
troduced another group, radical or residue, which may be
hydrophile or hydrcphobe, but in any event it 1ie lonogenic
in the broad sense mentioned,

(e) 1In regard to those of the above-mentioned com-
pounds which happen to be modified by fatty acids in the
gense that the term was used by Barnickel, in comparlison
with sodium oleate or oleilc aclid the following distincticn
is very marked: In olelc acid, or sodium oleate, there
is a polar compound in which there are several nuclel or
foci of polarity, as exemplified by "secondary" valencles,
and which are arranged terminally to each other, whereas

in the modified featty acids, or salts or esters thereof,
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there are at least three nuclei or foci of polarity and
they are not arranged terminally, at least one focusg or
nucleus being in a non-terminal position, and charac-
terized moreover by belng located in the hydrophobe resgicdue.
Our knowledge of vearious factors, such as orientation of
complex multipolar molecules at interfaces, the relation-
ship of polarlty and valence, is still too meagre to eval-
uate the exact mechanism by which this offset "secondery!
valency or nucleus of polarity operates, Possibly the
modern demulsifying agent acts by virtue of a peculiar
orientation of multipolar molecules, so as to break oile
field emulsions so much more effectively than the older,
simpler types of reagents, such as oleic acid or sodium
cleate,

In the use of modified fatty acids, even though the
amount of calcium or magnesium salt formed is within the
limits of water solubility of such calcium or magnesium
salts, 1t is possible that adsorption of these still
soluble magnesium and calcium salts takes place from solu-
tion due to the peculiar ferces above indicated, In
other words, instead of possibly mere physical adsorption
of certaln magneslum and calcium galts, there may result
a selective adsorption which renders dissolved magnesiunm
and calciunm salt (present in amounts smaller than their
saturation limits) insoluble by combinations having at

least some characteristlcs of true chemical combination.



34

Generally in emulsions the liquid with the greater
swfiface tension, against the other 1liquidé constituting the
other emulsion phase, especially after allowing for nu-
tual saturation and solution of the emulsifier (usually
a soluple cclleid in the other liquid), is almost in-
variably the dispersed phase. Sometimes the situation
is confused by the presence of a polar or multipolar
eniulsifier which orientates in one manner against alr,
for example, and in another manner against water or oll,
Thus to reverse or invert an emulsion these "surface"
tenslens nmust be reversed, In an 0ilfield emulsion,
even the removal of the relatively none-pclar oleophile
colloid from the oil (unlike the removal of soap from an -
aqueous solution) wculd not markedly raise the surface
tension of the oil, The removal of scap from water re-
stores the original high surface tension thereof, For
this reason one cannot, under conditions of commercial
use, reverge or invert an cilfield enulsion by the conven-
tional use of modern chemical demulsifiers.

However, by making the surface of contact between two
adjacent or touching water droplets permeable or wettable
by some agent, cocalescence 1s permitted to take place and
it continues until the droplets grow by repeating th
process to the point where the droplets got to the bottém
of the vessel, At this point emulsifying films are rup-

tures by the great lncrease in size of the water droplets.
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Hence, the demulsifying actlion of the modern chemi-
cal agent lles 1n the direction of reversion or inversgion
of emulsions, but only so far as to bresk the emulsion
and not to actually reverse or invert the emulsion under
ordinary conditions of use.,

The former discussion has dealt wholly with the ap-
plication of chemical methods to the breaking of these
emulsions, In spite of this it is only fair to state
the other means used, which deserve considerable credit;
they are probably not as effective but in some respects,
at least, prove to be more economical,

The use of steam to heat above & certain minimum teme
perature has the effect of reducing the viscosity of the
phases; 1t 1lncreases the differsnce in relative density of
the oll and the water, and the thermal motlon resulting
increases the velocity of impact. If the film 1s not too
rigid it may be ruptured and coagulation takes place,

Excess phase has been used, but not effectively.

If an excess amount of free HQO is added and slow agita~
tion takes place the small particles of water in the oil
will have a much greater possibility of being removed, not
by agglomeration among themselves, but they would pass
into the bulk of the water,

By far the greater number of patents relating to the
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breaking of crude ollfield emulslons are concerned with
electrical treatment, (a) The emulsion is subjected to
mechanlcal vibratlon, both while in the pre-treatment zone
and while passing between high tension electrodes. (b) The
emulsion is introduced within an inner perforated rotatable
electrode and passed through the perforations of this elesc-
trode. A surrounding drum constitutes the other elec-
trode, (c) Passing the emulsion in a flowing stream be-
tween a pair of electrodes between which a potential of
250~600 volts i1s maintained, The electrodes are spaced
sufficiently far apart to prevent passage of any substantial
amount of current. (d) The emulsion is subjected to the
action of an electrical field of an alternating high poten-
tial character produced by the use of a non-oscillatory al-
ternating potential of a frequency between 60 and 10,0C0
cycles per second,

Other patents along these lines have been developed
but are too numerous to mention, The theory behind all of
them is that elther the particles are subjected to a cone
stant reversal in direction, which results in coalescence
from bombardment, or also by the forming of chain-like ag-
gregates which eventually settle out.

It is to be pointed out that the foregeing methods of
steam heating and agitation and the method of electric PO~
tential depend for results upon the coalescence of the

water particles through rapid bombardment of each other
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by some means or other, and not by chemical phenomena.
However, the application of chemlical principles before thls

agltation helps materially in destabilizing these emulsions.
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Recognizing the fact that a system tends to arrange it-
self in such a manner as to have the least free energy, an
analysls of what happens to form an emulsion is in order,

It is impossible to say whether or not the emulsifying agent
is in solution in the oil when down in the gediments or ad-
sorbed on the sand grains at the interface between the oil
and the sand, Be that as it may, it is a fact that the
emulsifying agent comes up mixed in the two flulds in some
way, either in solution or in mechanical suspension. Based
upon the theory of the hydrophile collcid being responsible
for the formation of an oil-in—Hgo emulsion, it 1s fair to
assunme that in the case of the average crude o0ll emulsion
(w/0) the emulslfying agent is preferentially soluble in
the o1l and probably exists in that state in the sediments.

However, on productlon of the fluids, it has been found
that the less the restrictions are in the flow line, the
smaller will be the degree of emulsification if the particular
formation is subject to emulsification of its fluids. This
correlates with the idea that the necesgsary factor of com-
minution which takes place, either by shear or high velocity,
is the primary cause of emulsion formation in the oilfields,
What probably happens 1s that the particles, so finely com-
minuted, become dispersed and the whole system seeks a minie

mum of surface energy, allowing the emulsifying agent to
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orient itself in the interface, If emulsification could
be attacked immediately upon flowlng into the tanks, the
fluid would be caught at its least stable "age.! Any de-
lay in treatment allows further chance of orientation and
the droplets become more tightly held in suspension,

It is unfortunate that the resulting emulsicn is not
directly reversible along the same path by which it was
formed, If it were this would probably be the most eco-
nomical path, Therefore, one must seek a different way
in which to arrive at the original conditions, Theoreti-
cally, at least the same amount of energy must be used to
break 1t as was used to form 1t, and, practically speaking,
more than that amount would be required .

As a means of achleving this result the following pro-
cedure was adopted. Since we are dealing with particles
of 0.5-1.5 mlcrons, we are confronted with surface phenomena
rather than with bulk phemonena, Therefore we will attack
this from a colloidal standpoint and apoly theories de-
veloped in analogous cases. In shipping these emulsions
by rail over greater distances it was noted that some of
them were broken completely, or at least partially. This
fact gave a lead towards determining the optimum rate and
type of shaking, or the use of ultrasonics.

The type of emulsion, whether oil-in-water or water-ine
oil, was determined by the use of the fluorescent light micro-

scope or by the method of dilution, In all cases the emule
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sions were found to be of the water-in-cil type. After

this was determined the followlng effects were investigated:

Effect of electrolytes on these emulsions.
fatty aclds and alcchols on emuisions.

" " modern wetting agentc on emulsicns.

" " ultrasonic waves on emulsions

" " the rate of shaking on these emulsions.

" "  excess volume on emulsions.
added "weighting' salts to water added in #6.
heat on these emulsions.
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A series of seventeen emulsicns was cobtained from the
Gulf coast fields of Loulslana, the field of northern Louigi-
ana, the fields of central Texas, and the fields of the western
coast of California,. As before mentiocned, these emulsicns
were tested as to thelr type and also as to the charge carried
on the wmter particles. The water particles, as a rule, were
found to be negatively cherged - as i1s the usual case in
retrcleum emulsions, However, there were scme enulsicns
which contalned positively cherged particles,

The apparatus consisted of a shaker set on a gclid base
12" by 30, The bottles were fixed firmly on the shaker
and osclllation was cbtained by a series motor, the speed of
which coulé te controlled. The osclllatiocn obtained was
horizontelly backward and forward with a movement of about
ten inches, The speed of the motor was controlled through
a resistance coil, and the oscillations could be varied from
28 to 9C per minute,

The first tests made on these emulsions were performed

when using electrolytes. NH4OH and NaSPOA were used on the
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positively charged particles.  HC1, AlCls, and. Fe(N05)5
were uced on the negatively charged particles.

In a2 further search for de-emulsifiers the effect of
fatty acids and alcohols was studled, The following re-

agents were used:

n-Butyrlc Acid
Salycylic Acid
Acetic Acid

1 Butyl Alcohol

2 Ethyl Alcohol

3 Glycerol

4 Ethylene Glycol
5 Phenol

6 Cleic Acid

7

8

9

Working on the assumption that if the emulsifying agent
could be rendered more wettable by the water an unstable
polnt could be reached whereby the particles could be vibrated
together, Therelcre the use of wetting agents was investi-
gated; the four obtalnable were Ultrawet, Aerosol OT, Nekal A,
and Neksl BX. Of these wetting agents, 0.3% by weight soclu-
tions were made up and their effect observed,

The effect of increasing the volume of the disperse phase
was studied as well, The addition of "weighting" salts to
thie disperse phase (water) to increase the difference in
density between the two phases was attempted.,

Since the ultimate aim was the agglomerstion of the dig-
rerse water particles, a new means of energy input was apprlied,

We tried using ultrasonlc waves generated by a plezc-eclectric
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quartz plate crystal between two electrodes, obteining a
frequency of 500,000 oscillations per second. The quartz
and the electrodes were immersed in an o2il bath and the
energy transmitted through a test tube suspended with its
tip in the oil fountain,

Still working on the idea of "slamming" these particles
together, the effect of the rate of shaking was determined
in a roughly quantitative manner by varying the rate of

shaking,



43
RESULTS

It was noted that the concentration of electrolytes
required for satisfactory breaking of the emulslons was
excessive at times approaching saturated solutions.

In using fatty aclds and alcohols it was found that
they materislly decreased the amount of de-emulsifying
agent required as compared to the electrolytes, and that
less ccncentration of acid than alcohicl was required to ob-
tain the same effect. The difficulty with these was the
appearance of a "lace" at the interface between the clear
0il and water,

Modern wetting agents seemed to give good results at
exceelingly low concentrations, One needs a certeain
amount of wetting agent to destabilize the emulsion, and in
tne case of highly viscous o0ils an excess amount of HQO
should be added. The polnt at which thils amount of excess
HQO comes intc effect when added to these heavier oilsg is
sbout 2-1 by volune, In using the lighter viscosity crudes
and also the lower density crudes, the addition of excess
HQO appeared to be detrimental. This detrimental effect
shows up at about 1CO centipoises at room temperature. It
was found that Ultrawet, Nekal A, Nekal BX, and Aerosol OT
were all effective on olls below 75 centipoises at room tenw
rerature, while the best effect above that viscosity was

shown by Aercsol OT,
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In the use of Ultrasonics fair results were achieved
without treating the emulslons. However, on treatment with
the de-emulsifier agent much better results were obtained
on application of ultrasonic, It might be well to point
out that wetting agents alone were used to treat before ap-
plication of these ultrasonics., The solution was ncticed
to heat up on the application of these high energy waves.

With reference to the rate of shaking, it was found in
the comparatively crude set—-up that a rate of 80 shakes per
minute gave the meximum breaking with the least amount of
reagent,

The excess voliume of water was most effective when using
a high viscosity high density emulsion., In the low vie-
cosity suspenslons there was no ald and at times it showed up
to be detrimental,

In the heavlier density emulsiocns we found difficulty in
settling out the destabilized emulsion, due to the viscosity
effect. Application of heat required too high a tempera-
ture. Therefore we added saturated NaCl, which brought th
density of the water up to 1.2, that of water without the salt,
This effect was transmitted to the droplets after the film was
ruptured and the dropléts shaken out more feacibly. It was
found that in the intermediate viscosity emulsions of around
300 centipolses at room temperature that this density differ-

ence alded remarkably,



DISCUSSION OF RESULTS

It may be quite definitely concluded that any oillfield
emulsion which remains stable for any period of time is not
solely dependent upon its charge for stabillty, In fact,
the effect of the swface film in these emulsions must be
considered to a great extent. Since it wae observed that
once having brocken the ermulsions, particles of carbon showed
up in the o1l as well as smell accumulations of Jelly, which
were not previously visible, it can be safely sald that these
particles have gone through a change in state, Pogssibly
the Jelly which appears is the organic matter which mgkes
the particles of carbcn more water-wettable and aids to
stablilize the system.

That there 1s some effect of these fatty acids cannot
be deniled., From the effect of these comparatively simple
organic compounds it can be fairly well understood that the
higher ones actually used are effectlive in destabllizing oil-
field emulgions, The crude oil itself probebly acts as the
sclution medium for the de-emulcifying agent, allowing tlis
agent to orient 1itself in the interface between the o0il and
water and exerting lts opposing effect to the emulsifying
agent. The emulsifying agent 1s probably a cecllcidal ma-
teriasl readily peptlzed by oil, The carbon particles men-
tioned gbove were probably asphalt, An emulsifying agent
could best be nullified therefore by a de-emulsifier which

would have by its own organic propertles good sclvent proper-
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ties as well as preferential radicals of orientation, These
acids and alcohols always left a scum or lace effect at the
interface. This would require further treatment,

"etting agents" have recently been developed and have
served materially in industry. Here, too, they may find
their application,

It was found that using unusually low concentrations
of wetting agent it was possible to breask enulsiong which re-
guired a much higher concentration of other types of de-
emulsifying agent. The de-emulsifying agents refer to thke
electrolytes and acides used in this work. These wetting
agents are used to make the emuleifying agent either more
wettable by water or less effectively wettable by the oil,

In either case a pcint of maximum instability would be
reached on increasing the wetting agent to a certain point.
After that point breaking still occurs, but at a faster rate.
There was no reversal observed, as might be expected in other
types of emulsions,

If the agent 1s added to a light density, light viscosity
0i1l, the enmulsion will be brokern, However, 1f an excess
prhase of water were added, keeping the total amount of wetting
agent equal to the sample without excess water, the same re-
sults will not appear, There will be a strong tendency to
form a very foamy upper layer, which remains quite stable for

some time, Upon standing four or five hours, the foam dig-
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appears leaving the emulsion broken, Heating tends to de-
crease the fcam effect. The foam will not appear when no
excess water is added. The foam effect 1g not observed in
the higher viscosity crudes.

The three wetting agents, Nekal A, Nekal BX, and Ultrawet,
seemed to do thelr best work with the oils of less viscosity
than 78 centipolses at room temperature; they dc good work
with those above that viscosity but the viscosity effect nmust
be removed by heating, Aerogol OT was found to do good work
with theee higher viscosity emulslons, and worked very satis-
factorily with the lighter visccsity enmulsions. It may be
well to point out that one must be resigned to tiae use of heat
when attacklng these high viscosity, high deneity, crudes of
the West Coast and Texas. Vaen a drop of water {which is
in the vicinity of one hundred times those found in emulsilons)
1s dropped on the surface of these high viscosity crudes it
does not even depress the surface of the crudes. There-
fore it is unreascnable to expect that one of these minute
droplets with which we are dealling will settle against these
high resistance forces of viscosity of its own accord. It
must be remembered, too, that the ratic of mass to surface is
many times smaller, and the viscosity naturally can be more
effective to these surfaces. On the other hand, it is
rather fortunate that these heavy olls have a high viscosity
index as a general rule. This allows enough decrease in vige

cosity with rise in temperature to show considerable effect on
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sedimentation rate, The temperatures required for high
viscosity emulsions would be between 110°F and 160°F, The
reason for feeling this way on this point 1s that in every
case when the reagent was shaken into the 0il 1t did not

have too much trouble reaching the surface of the water
bubbles when the excess water was in the ratio of two-to=one,
Therefore, it was necessary to heat these emulsions to a tem
nerature of 160°F pefore complete breaking could be secured
in four nours! time,

If there were a greater difference in specific gravity
between the oll and water, possibly lower teaperatures could
be used to breax these emulsions, Therefore, the use of
"weighting" salts in an attempt to increase the specific
gravity of the water was attempted, The results were
satisfying in that the temperature of breaking for the came
length of time was 1l35°F, Previous breaking of these un-
treated emulsions reguired 190°F,

The use of ultrasonic waves gave much better results
than were expected, Every emulsion tried resulted in some
breaking; some were completely broken, The lighter density
emulslions gave littile trouble, The heavier dengity, higher
viscoglty non-treated emulsions were sufficiently well broken
although a much longer time was required to do the work., It
was necessary to work at ten-minute intervals for sixty mine
utes in order to get almost complete breaking, The reason

for worklng at intervals 1s due to the limiss of the coolling
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bath for the quartz crystal. It is presumed that stopping
at these intervals resulted 1n some agglomeration of these
droplets. This agglomeration was not too much affected by
the viscosity effect as the temperature of the oll was
ralsed to the temperature of 120°F, which materially af-
fected the viscogity.

It was found on treating these heavier emulgions with
Aerogecl OT by shaking in the shaker that the ten-mlnute
intervals required in the ultrasonic apparatus were re-
duced to between three and four. In other words, the
Aerosol OT cut the ultrasonic time in half, No work was
done in adding the treating agent to the emulsion and
using only the ultrasonic waves to give the required mixing,
When about five cc, of water were added to a test tube over
which was poured about 20 cc, of Aerosol OT treated emul-
sion the following took place, The initial rate of breaking
increased, This can probably be explaincsd by the fact
that the destablilized particles were knocked out of the
emulsion through the interface of the excess water and the
emulsion, The interface probably acted as a type membrane
through which the bubbles migrated to the main body of
water, The addition of the excess water elimlnated the
necessity of buillding an excess out of the small bubbles
in the emulsion,

An optimum rate of shaking might be found for the
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proper mixing between the de-emulsifier and the emulslon,
Not enough work was done on this, but rough indications
point to the possibility of such a rate being present.

Not too much can be saild relative to the results that
could be achieved by adding salts to the excess water in
rder that in shaking the particles of water in the emul-
sion would have their specific gravity increased. Using
NaCl, as previously mentioned, the temperature of heating
was lowered some twenty degrees, Tue reason for this
was obvicus, Tests of these emulsions with their par-
ticle specific gravity changed gave good results in the
ultrasonic machine, However, the data obtailned were too
neagre to be included in this treatise.

Although there 1s much that has not been mentioned
regarding the use of solids, Silica Gel, Basoé, and Fuller's
earth were used, Some success was achieved in the lighter

viscosity enulsions,



51
CONCLUSIONS

The work done on thlg thesis has lead us to conclude

that there 1s need of further investigation on the follow-

4)

The use of present day wetting agents as a means

of ceocmbating these emulsion troubles.

The effective use of ultrasonics as a substitute

for heating and electrical methods.

The further study of iacreasing the density of

the bubbles when dealing with highly viscous
emulsions.

The uss of excess volumeg of water to allow the

particles to have more chance to be "slammed!
into a like phase.

Though not much was done on the rate ¢f sghaking

of the system, gtill evidence points to possi-

tilities .

It 1s believed that 1f the idea of ultrasonics can be

worked out to a greater extent, the use of the steel bot-

toms of treatlng tanks can be approved as the transmission

medium of the energy. Although high frequencies were

used, it is polnted out that lower frequency sei-ups may

be used over a longer period of time with the same results,

It might be that increasing the power of a lower frequency

set=up will give the same effect as a higher frequency low
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power apparetus as used.

Lower concentrations of wetting agent might be used
1f longer periods were allowed for orientation after shaking.
The combination of wetting agents and ultrasonics seems to
offer a formidable means of attack,

Speclal theses on each of these particular problems

may result in very interesting correlations.
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DATA
(summarized)
Using electrolytes Shaker: 20 minutes
1) 2.5 cc EC1 Little or no change
2) 5,0 ec HC1 Grouping somewhat better
3) 10,0 cc HCl Large bubbles formed vhich settled

out completely in 24 hours

4) 15 cc HC1 Emulsion broken on 60 secs. shaking
with blue layer formed at interface

Note: All acid in this test was saturated (33%) HC
and was added to & c¢c nedlum viscosity oil,
approximately 80 centipoises.

1l 5.0 cc AlCla Wo effect noticcable
2) 10 ce AlCl‘3 No effect ncticesble
3) 20 cc AlClg No effect noticeable
4) 30 cc AlCL; NQ effect except slight discoloration

Note: All solution used in this test was saturated
AlClz, and was added to 5 cc of medium vige
cosity oil, approximstely 50 centipoilses.

In the use of these electrolytes, even on heating to

800, or 176°F., no real satisfactory results were obtained.

Uslng alcohols Shaker; 20 minutes

20 cc o1l plus Butyl Alcohol

1) 5 cc alcohol Emulsion broken but blue ccmpound
formed with slight jelly at inter*ace

2) 10 cc alcohol Ditto
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4)

1)

2)

15 cc alcohol Emulsion broken but blue compound
formed with slight jelly at interface

20 cc alcohol Ditto

25 cc alcohol Ditto

20 cc ¢l1l plus Ethyl Alcohol

3 cc alcohol No effect after shaking and heating
to 170°F,

9 cc alcohol No effect after shaking. Heating
to 170°F, broken,

15 cc alcohol Emulsion broze up intoc two layers,
clear oil and very darkliy unstable
emulsion

18 cc aleohol Broken

21 cc alcohol Broken

24 cc alcohol Broken -

Olls used were light and medium viscosity.
Other alcohels used with effective regults.

Glycercl
OmCresol

54
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Diethylene Glycol
Prylene Glycol
Ethylene Giycel

Phenol (very effective)
-Cresol

Acids used which gave about the same effect as alcohols

Oleic Aclid

Acetic Acid (2m)
Solyeylic Acid (sat,)
n-Butyric Acid

S0lids used

Bago
Fullér's Earth
Silica Gel
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Using ultrawet Shaker: 20 minutes

20 cc heavy viscosity oil plus 100 cc HgO plus Ultrawet

solution
1) 3 cc Ultrawet Unstable and broken by heating for
2 hoursg 120°F,
2) 6 cc Ultrawet Broken, with small bits of black s0lid seen

3) 9 cc Ultrawet "
4) 12 cc Ultrawet "

5) 15 cc Ultrawet "

-

20 cc heavy viscosity oll with no excess H,0 plus Ultrawet
solution =

1) 5 cec solution No cffcet except slight increase in
size of few bubblesg

2) 10 cc solution i
3) 20 cc solution "
4) 30 cc solution ~ "

Yeating for four hours had no effect at 170°F,

40 cc heavy viscosity oil plus ultrawet Shaker: 20 minutes
1) 5 cc Ultrawet plus 20 cc H,O  No effect - even on
heating to 170°F, for
12 hours
2) 5 cc Ultrawet t 40 " Same as above
5) 5 ce Ultl:a!yvg‘ret I 60 it ] il il but Slig}-’lt

increase in size of bubbles

4) 5 cc Ultrawet " 8o M
5) 5 cc Ultrawet " 100 "
, From 80 cc excess HoO on
6) 5 cc Ultrawet " 120 " gp ;hrough 140 cc, emulsion
roke on heating to 140¢
7) 5 cc Ultrawet " 140 H for 12 hours ng to 140 7,
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[
Using 40 cc Heavy viscosity oil plus Ultrawet. Sna¥er: 20 mine
utes

As above, but using only 2 cc ultrawet 1t was
found that effective breaking started at 80 cc.
excess HoO when neated up toc 140°F,

40 cc low visceosity oll plus ultrawet Shaker: 20 minutes
1) 1 cc Ultrawet Ko effect
2) 2 cc Ultrawet "
3) 4 cc Ultrawet Bubbles closely adhere
4) 8 cc Ultrawet Yslf broken

5) 8 cc Ultraweb Broken

On heating to 120°F, &ll of the zbove were broken except

't-
Q
L d

]

Aercsol CT, Hekal A, and lekal BX

These wetting agentes were used as Ultrawet above,
and found to give as saticfactory results. In some cases,
if any outstanding effect were noticed it wass in the case of
Aerocsol 0T, All of the emulsions obtained were broien,
with Aerosol OT being used in lesser conceatration than any

cther,
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SYSTEMS CALLED EMULSIONS

Mechanical Emulsions True Enmulsions

Factors Involving  lMethod of Factors Involving

Stability Breaking - Stabillity

Size; Electron Settling Nature of Emulgifying Agent.

Change. Volume Centrifuge Viscosity of oil, Density

Ratio., Relatilve Heat of oil. Volume ratio,

Density Electrical

Emulsifylng Agents Emulsifying Agents

Polyvalent soaps. 0il Monovalent soaps.

Soluble colloids. Finely di- soluble colloid., Finfly

Solids wet by oil vided divided egolids wetted by Hg0

H20-1n~oil types Oil-in—HQO types

Methods of Breaking Methods of Breaking
SPECIFIC CHEMIOCAL METHODS

Carry to inversion Carry to inversion pt.

point by Alkali Metal by Metathesis (salts of

Soaps polyvalent metals)

Organic aclds soluble Salting out agts., for

in oil Alkali Soaps

Frequent use of Destruction of film by

Centrifuge Mineral acid or other

chemical means

General Physical llethods:

l, Film broken by physical actlon

2. Electrical

3. Temperature change

4, Excess phase

5, Slow agitation alcne or with emulgifier

6., Distillation of one or both under pressure to prevent
foaning

Note; The difference of emulgion types ls by use of:

1. Inspection of size
2. Stability
3 Briggzs drop test



