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1538 CHAPTER 83

pressure-{eg, 3000 to 5000 pei) and then through thesecond
stage at a greatly reduced pressure (eg, 1000 psi). This
breaks down anyclusters formed in thefirst step.

For small-scale extemporaneous preparation of emul-
sionis, the inexpensive hond homogenizer (available from
Med Times) is particularly useful. s probably the most
efficient emulsifying apparatus available to the preseription
pharmacist.  The two phases, previously mixed in a bottle,
are hand pumped through the apparatus. Recirculation of
the erulsion through the apparatus will improve its quality.

A homogenizer doss not incorporate air into the final
product.  Alrmay ruin an emulsion because the emulsifying
agent is adsorbed preferentially at the aiv/water interface,
followed by an irreversible precipitation termed denoturize-
Hom. This ig particularly prove 1o peout with protem emul-
sifying agents.

Homopgenization may spoil an emulsion if the concentra-
tion of the emulsilying agentin the formulation is Jess'than
that required to take care of the increase in surface ares
produced by the process,

The temperature rise during homogenization is not very
large. However, temperature does play an important role in
the emulsification process. “Aninereasein temperature will
reduce the viscosity and, in gertain instances, the interfacial
tension between the oil and the water., There ave, however,
many instances, particularly in the manufacturing of cos-
metic creams and ointments, where the ingredients will fail
to emulsify properlv.if they are processed at too high a
temperature. Emulsionsof this type are processed first ai
an elevated temperature and then homogenized at a tem-
perature not exceeding 40°,

Flgure 85-6 shows the fow through the homogenizing
valve, the heart-of the high-pressure APY Gaulin homoge-
nizer, The product enters the valve seat at high pressure,
flows through the-region betwéen the valve and the seat at
high velocity with a rapid pressure drop and then is dis-
charged as a homogenized product. It is postulated that
cirenlation and turbulence are responsibile mainly for the
homogenization that takes place. Different valve assem-
blies, two stage valveassemblies and equipment with a wide
range of capacities are available,

The Macro Flow-Master Kom-bi-nafor employs anumber
of different actions, each of which takes the ingredients a
little further along in the process of subdividing droplets,
until complete homogenization résults.  The machine is
equipped with a pump which carvies the liguid through the
various stages of the proeess. In the first stage, the ingredi-
eiits arve Torced between twospecially designed rotors {gears)
which shoot the liguid in opposite divections in a small
chamber and, in this way, sre mixed thoroughly, These
rotors alse setup a swirling action in the next chamber into

Fig 83-6. Operation of the homogenizer value assembly (Courlesy
APY Gaulin),

which the Hguid is foreed and switled back and forth in
eddies and crosscurrents, The second stage is a pulsing or
vibrating action at rapid frequengy. The product then
leaves this chamber, goes through a small valve opening and
is dashed against the wall of the homogenizing chamber
Pressuré is applied, but it ignot a8 gregt a8 that used i other
types of homogenizers, Pressure is controlled accurately by
adjusting devices on the frent of the machine, and tempera-
tureis eontrolled by passing coolants through the stators.

Ultrasonie Devices—The preparation of emulsions by
the use of ulirasonic vibrations alse is pessible. An oscilla-
tor of high freguency (100 to 500 kHz) is connected {0 two
slectrodes between which is placed a piezcelectric guartz
plate. The quartz plate and slectrodesare imrersed in an
oil bath and, when the oscillator is operating, high-frequency
waves flow through the fluid, Baiulsification is accom-
plished by simply immersing 4 tube containing the emulsion
ingredisnts tobo this oil bath. Considerable research has
been done on ultrasonic emulsification, particularly with
regard 1o the méchanism of emulsion formation by this
method, Limited data indicate that these devicss will pro-
duce stable emulsions only with liguids of low viscosity.
Themethod isnotpractical, however, for large-seale produc-
tion of emidsiong.

Special technigues snd squipmient in certain instances,
will-produee superior emulsions, including rapid cooling,
reduction in particle size or ultrasonic deviees. A wide ge-
lection of eguipment for processing both emulsions and sus-
pensions has been deseribed by Fisberg:® A number of
impirovements have been'made to yiglke the various process-
es more sffective and energy-efficient.

General methods are available for testing the instability of
emulsions tncluding bulk changes, centrifugal and ultracen-
trifugal studies, dielectric measurement, surface-area mea-
surement and accelerated-motion studies. Low-shess rheo-
logiealstudies measuring viscoelasticity are suggested as the
optimal method of stability festing.

Suspensions

The physical chemist defines the word “suspension” as a
two-phase systen consigting of a finely divided solid dis-
persed-in asolid, lguid orgas. The pharmacist accepts this
definition and can show that a variety of dosage forms fall
withinthe scope of the preceding statement. Thereis, how-
ever, 4 reluctance to be all-inelusive, and 1t is for this reason
that the main emphdsis 15 placed on solids dispersed in
Hauids, In addition, and because there is g niced for more
specifie terminology, the pharmacsutical scientist differen-
tiates between such preparalions as suspensions, mixtures,
magmas,; gels and lotions. In a general senge, each of these
preparations Yepresents asuspension, but the state of subdi-
vision of thednsoluble solid varies fromn particles which settle
gradually on standing to particles which are colloidal o
nature. Thelower limit of particle size s approximately- 0.1
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pin, and it is the preparations containing dispersed solids of
this magnitude or greater that are defined pharmaceutically
as suspensions.

Cerfain authors also include liniments, snd the newer
sustained-release suspensions, in any diseussion of this par-
tieular subject. The former preparations now usually are
conigidered ag solutions although a pumber of older linis
ments were, in fact, suspensions. The sustained-release
suspensions represent a very specialized class of preparation
and; as such, are discussed in more detall in Chapter 81
Some insoluble drugs also ave administered in aerosol form;
one exaraple s dexamethasone phosphate suspended in &
propellant mixture of fluorochlorocarbons, More detail on
aerosols is available in Chapter 82,

Suspension formulation and control is based on the prin-
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