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mulsions in wastewater pose a
vexing problem for facilities at-
tempting to recycle water and stay

in compliance with permissible die-
chargelimits. But the challenges are no
less formidable for routine mainte-
nance. The removal of emulsions, a
major constituent of which are fats, oils
and greases (FOGS), is necessary to
prevent them from depositing on pipes
and fouling filtration media.
Not even facilities that use crossflow

membranes are exempt from the prob-
lems caused by emulsions. While foul-
ing may be eluninated, the concentrate
that accumulates during processing re-
maina to be dealt with.'I'he concentrate
coats evaporator heating elements, re-
quiring frequent cleanup and disposal.
Cost factors weigh in, with charges for
hauling water ranging from 15¢ to
more than $2 per gallon.
As permissible discharge limits are

lowered, facilities may find it increas-
ingly difTicult to stay in compliance. In-
deed, afacility that is permitted to dis-
charge b0 ppm of organic waste may
believe it is in a safe range if the con-
tent ofits water is only 30 ppm of oil. To
the contrary, that oil may be putting a
severe strain on the facilit}~s discharge
permit for total chemical oxygen de-
mand (COD), which includes any com-
poundthat can be oxidized, but may be
more difTicult to remove. And for facili-
ties attempting to recycle water in a
closed-loop process, FOGS simply can-
not be ignored.
Some of the havoc caused by emul-

sions can be avoided if emulsions are
broken and removed from wastewater
streams. Successful emulsion breaking
requires n basic understanding of
emulsions, their chemical composition,
and the technologies required to re-
move them from water. Chemical engi-
neers must ask what types of emul-
sions are involved and then decide how

to get rid of them. Those who choose not
to take this methodical approach, may
be lucky and select the proper removal
method. Otherwise, they will be
stumped from the beginning.

TABLE 1. HOW PARTICLE SIZE
COLORS EMULSIONS

Particle size (pm) Emulsion
appearance

Macro globules Two phases may
be distinguished

>1 Nm Milky white
emulsion

i.a o.~ si~e•wnite
emulsion

0. t -0.05 Gray,
semihansparent

X0.05 Transparent
microemulslon,
wBh three or
morn phases

EMULSION BASICS
Whenever two immiscible liquids, such
as oil and water, contact each other,
one liquid tends to disperse, but not
dissolve, in the other. This dispersion of
liquid, typically in an aqueous medium,
is an emulsion. Few emulsion droplets
are smaller than 025 pm in diameter,
but larger ones can be more than 100
times greater in size (Table 1).
The two main categories of emul-

sions are oil in water (OVA and water
in oil (WO), with water including the
most highly polar, hydrophilic (water-
loving) liquids. Hydrophobic (water-
hating) nonpolar liquids are considered
"oils." Of concern for wastewater engi-
neers is the OW phase, which is divided
into three subgroups: less than 30%o oil,
30--74% oil and 74% or more oil [1].
Emulsions consist of three phases:

The internal, or discontinuous, phase
consists of finely divided droplets. The
eternal, or continuous, phase is the
matrix that keeps droplets in suspen-
sion. The interphase consists of an

emulsifier, or stabiliser, that keeps the
emulsion stable, binding the internal
and external phases together, and pre-
venting droplets from approaching
each other and coalescing [2].

Usually emulsifiers are surfactants
and soaps, present either by them-
selves or as part of the makeup of a de-
tergent formulation. An emulsifier con-
sists of a molecule with hydrophilic and
hydrophobic ends. In the presence of
immiscible liquids, the emulsifier mi-
grates to the interface of the internal
and external phases, forming a protec-
tive sheath around droplets of the dis-
persed phase, as shown in Figure 1.
While the hydrophobic end of the mole-
cule migrates, or partitions, intn
droplets, the hydrophilic end stays in
the water [l, 2].

In efi'ect, the emulsifier acts as a cou-
pling agent, lowering the interfacial
tension of the internal and external
phases. When the interfacial tension is
reduced to zero, an emulsion forms
spontaneously. This means the surface
area of the internal phase has reached
its maximum. The dispersion of fine
droplets, generally less than 1 pm dia•,
gives the emulsion a milky appearance.
This effect can be achieved mechani-
cally with colloid mills, centrifugal
pumps and Waring-type blenders [1].
At equilibrium, the particle size of an

emulsion's internal phase depends on
the amount of emulsifier available to
maintain that equilibrium. Hence, the
concentration of an emulsifier must be
balanced by its droplet size to keep p~'-
ticles from coalescing. The smaller the
droplets, the more emulsifier required
to cover the larger surface area. In
other words, the concentration of emul-

sifier determines the amount of stabi-

lizer absorbed at the interface [2l.
An important factor in emulsion sta-

bility is the diameter of the dispersed

droplets, which correlates to the vol-

ume of the dispersed phase and the in-
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terfacial area available. For example, if
an oil is added to a container partially
filled with water, the oil, upon impact,
will coalesce acid float as sheen on the
a~ater's surface. The oil forms a second
layer or phase because its specific grav-
ity is lower than that of water.
If water is then blasted into the con-

tainer, the physical impact of the water
on the oil will cause some droplets to
emulsify, or disperse, in the water.
When the blast ceases, oil droplets will
coalesce quickly.
A surfactant or emulsifier added to

the container will disperse the oil into
the water. The system can be imagined
as a collection of small spheres dis-
persed in the continuous water please.
Unless the droplets are small enough to
be kept in suspension by thermal
forces, they will eventually settle out or
rise to the surface and form a layer of
droplets in a process called creaming.
Left idle, oil droplets will collide and co-
alesce, unless enough emulsifier is
added to cover the entire interfacial
area. Over a period of time, larger par-
ticles will rise to the surface and coa-
lesceinto asingle layer f 1].
The creaming of an emulsion, or how

fast an oil droplet will rise to the
water's surface, is governed by Stoke's
Law, which states:

where:
u =the rate of sedimentation of a

spherical particle
G = acceleration of gravity
~ =radius of the particle
dl = density of liquid in the internal

Phase
~2 = density of liquid in the external

Phase
~ = viscosity of the emulsion
Large droplets rise, or fall, faster

than small ones, and drops move faster
in a low_viscosity liquid. Therefore, if dl
is less than d2, the particle will rise, but
~ d2 is larger than dl, it will fall. The

THE RIGHT BALANCE
/~ key consideration in the formulaFion
/`'1 of emulsions and, therefore, a factor
in determining how they can be broken —
is the hydrophile vs. lipophile balance
(HLB) of emulsifiers. This measure of the rel-
ative simultaneous attraction of an emulsi-
~ier for oil and water is determined by the
chemiml mmposifion and the extent of ion-
• ization of fhe surfactant. For example, the
HLB of propylene glycol mono stearate is
strongly hydrophilic, while sodium stearate
is strop ly hydrophobic. Here are recom-
mend HlB numbers of emulsifiers oc-
cording fo applicafion:

APPl1GAT10N HLBNUMBER

Emulsifier for waterin-oil 4-6
(WO) systems
Wetting agents 7-9
Emulsiers for oil-in-water 8-18
(OMB systems
Detergents 13-15
Solubilizen 15-18

For an oil contaminant ro be solu6ized in .
water, the presence of a surfactant with a
high HLB number is required. The following
shows the acfivity of emulsified oil based on
.the HL8 number of the surfactant presenh
ACTION IN WATER HLB RANGE

Not dispersible 1-,4
Poor dispersibiliiy 3-b
Milky dispersion 6-8
,. oFte~vigorousagitation
Stable milky dispersion 10-13

Clear hansparenry 13+
(micrcemulsion)

,. Water temperature can influence the effi-
ciencyof anemulsifier. Nonionic surfactants
in aqueous solutions tend to be more soluble
when the water is cold. As the temperature
increases, turbidly increases fo a maximum
`cbud point. By determining the cloud point,,:
the HlB value can be estimated.
Astable emulsion shows no indication of

coalescence or creaming during its normal-
e~cpectcd shelf life, even if it is frozen and
thawed repeatedly, or exposed to elevated
temperatures (40-50° C).
To counter the effects of emulsifiers that

'enhance dispersion, suspension and wet- ,
ting of particles, emulsifiers of the oppo-
site type , ~~~~~~~<an disrupt the HIB, can
be applied. Depending on the emulsion, a
strongly hydrophilic surfactant, such as
pclysork~ate 80, or a strongly lipophilic sur
Factant, such as monoglyceryl or diglyceryl
oleate, can break the emulsion (8]. O

settling velocity varies as the square of
the particle diameter. Since oil's den-
sity is usually less than that of water,
upward sedimentation, or creaming,
will occur [1].

Flocculation, or aggregation, is a sec-
ond process that takes place in emul-
sions with low-internal-phase ratios, as
typically found in wastewater. Parti-
cles slide together without coalescing to
form clumps, or chains of clumps, of
larger effective size. The settling rate
then increases, even though the parti-
cles do not behave like spheres, as
Stoke's Law demands [2],

Emulsifier solubility can be en-
hanced, if necessary, by adding a co-sol-
vent or co-emulsifier, such as propylene
glycol, that will act as a coupler to as-
sure stability at all temperatures. A
blend of several surfactants can be
added to form a tightly packed film
around the oil droplets. The presence of
finely divided solids, such as clays, can
also act as emulsifiers. The oil droplets
then coat these solids, resulting in an
emulsion or settling.

Electrical charge
Across the interface of all solids and liq-
uids is an electrokinetic gradient,
called the Zeta potential, that is largely
responsible for colloidal stability. Dis-
charge of the Zeta potential, accompa-
nied by precipitation of colloid, occurs
by addition of polyvalent ions of a sign
opposite that of colloidal particles.
Adding an ionized emulsifier that is

attracted to the oil-water interface will
impart a positive or negative charge to
each droplet. The coalescence rate will
slow down as electrically repulsive
forces build up between droplets.

Oil droplets in an oil-in-water emul-
sion are likely to have a negative
charge, as described by the Helmholtz
theory of the electrical double layer,
wtuch states that if the negative
charges are aligned or closely bound to
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