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Mixer selection
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* Factors that must be taken into consideration when selecting a mixer:

— Physical properties of material to be mixed e.g. density, viscosity and miscibility
— Economic consideration regarding processing e.g. time for mixing and power expenditure necessary.

— Cost of the equipment and its maintenance.
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Laminar mixing
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Monophase system

— The viscous character and density of the fluid(s) to be mixed determine to a large extent the type of flow
that can be produced and also, therefore, the nature of the mixing mechanisms involved.

— Fluids of relatively low viscosity are best mixed by methods that generate a high degree of turbulence and
at the same time circulate the entire mass of material

* (Air jets, fluid jets and high speed impellers)
* A viscosity of approximately 10 poise is considered as a practical upper limit
— High viscosity substance e.g. thick creams, ointments and pastes

« Difficult if not impossible to generate turbulence
* Use methods that rely on laminar mixing and molecular diffusion (turbine of flat blades)
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Polyphase system

— Involve several liquids or solid phases

— Mixing involve subdivision or deaggregation of one of the phases present with subsequent dispersal
throughout the mass of material to be mixed (homogenization, suspension formation, emulsification).

— The mixing of two immiscible liquids




* Requires the subdivision of one of the phases into globules, which are then redistributed throughout the
bulk of the fluid. The process usually occurs by stages: large globules are successively broken down into
smaller ones.

» Forces involved:

— The interfacial tension of the globules in the surrounding liquid
— Force of shearing within the fluid mass

* The relationship between the forces determines the final size distribution in the mixture.

* Equipment selection depends on viscosity and determined shearing.
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Paddle mixers e

Two immiscible liquids
— Low viscosity systems

* High shear rates are required and achieved by passing the fluid through a small orifice (under pressure) or
bringing it into contact with rapidly moving surfaces.

— Highly viscous fluids (ointments)

» Mixing is achieved by shearing action of two surfaces in close proximity and moving at different velocity
with respect to each other.

* Paddle mixers (close to wall)
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The mixing of finely divided solids with a liquid of low viscosity (suspension)

— Involve separation of aggregates and distribution of the particles throughout the fluid.

— High shear forces are needed

— High speed turbines

— If aggregation is not a problem, the equipment used in mixing of suspensions is essentially the same as that

previously discussed for liquids of comparable viscosity (generate shear in monophasic system e.g.
impellers).

High concentration of solids or highly viscous liquids

— The forces required to induce shear are considerable, and equipment used is of heavy duty design
— The choice of a mixer is limited to those that either knead or mull the material.

Kneading

* pushing masses past each other and squeezing and deforming them at the same time.

* (mixer of counter rotating blades or heavy arms) e.g. sigma blade mixer.

Mulling

* to disrupt aggregates but not efficient to distribute particles within the mass.

* Good for previously mixed material containing aggregates.

* e.g. roller mills (3 rolls)
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FIG. -8, Schermatic drawirng of a top-loading sigrrra-blade
rreixer with overlapping blades. The top wview shows the
relationship of the cowunter rotating blades to the overall
georrnetry of tlhe rrrixer.

NMixer selection

FYIG. 1-9. Cross section of a three-roll mill showing hopper
(A), rolls (B,C,D), and scraper (E). Directions of roller ro-
tation are indicated. Speed of rotation of the rollers irn-
creases from B to D. Material placed in the hopper passes
between rolls B and C and then C and D in succession ard
is finally collected on the scraper.

System containing very small amount of liquids
— Liquid is added slowly to prevent lumping

— If mixture is sticky paste equipment can be used as turbine of flat blades.

— If the mixture is free flowing use solid mixing equipment.
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Continuous mixing

« It produces an uninterrupted supply of freshly mixed material.

» It is often desirable when large volumes of material are to be handled.
» It can be accomplished essentially in two ways:

1. In a tube or pipe

In a tube or pipe through which the material flows and in which there is a very little back flow or
recirculation.

o To ensure good mixing efficiency, baffles are placed in the mixing tube.
o The feed rate of raw materials is important and should be carefully controlled.

2. In a chamber
In a chamber in which a considerable amount of holdup and recirculation occur.

e When input rate is difficult to control and fluctuations in the ratio of added ingredients are
unavoidable, continuous equipment of the tank type is preferred.

* Sometimes the flow rate is low, some kind of mixing equipment may be needed.




Continuous mixing
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FIG. 1-5. Continuous fluids mixing devices. A, Baffled :

pipe mixer; B, mixing chamber with flow induced recircu-
latior. Both types induce turbulence in the fluid; however,
recirculation is desirable when overall fluctuations occur

.?

in the material fed to the mixer, since these fluctuations FIG. 1-6. Diagram of a perfectly mixed tank in a flow
will not be eliminated by simple transverse mixing in a stream with flow rate dv/de. C, and C, represent the corn-
pipe. cenirations entering and leaving the tank at any given in-

stant. Material balance requires that the total amount of
fluid leaving the tank in a given time is egual to the total
amount entering in the same period of tinte.
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Solid mixing

Fundamentals

* The theory of solid mixing is still far behind that which has been developed for fluids.

» Mixing of solids presents problems that are quite different from those associated with miscible fluids.

» Well mixed powders are often observed to undergo substantial segregation during routine handling
following the mixing operation.

Particulate solid variables
» Particle size and Particle Size distribution
— Determine amount of force necessary for particles to move. (flow properties).

— As a consequence of high inter-particulate forces as compared with gravitational forces, few powders of
less than 100 microns mean particle size are free flowing.

» Particle density, elasticity, surface roughness and shape also affect bulk properties of powders. Of these,
particle shape is perhaps the most difficult variable to describe.

» Particle shape is commonly expressed by scalar quantities known as shape factors.

» When applied to solids mixing, shape factors provide a number index to which mixing rate, flow rate,
segregation rate, angle of repose and other static or dynamic characteristics can be related.
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sphere < cube < irregular particle
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— Shape factors serve as proportionality constants between mean particle diameters and particle surface area
and volume.

— Shape factors do no describe the shape of the particles they characterize.

— A single factor can in no way be considered a unique indication of shape.

— A large number of shape factors have been defined and used in studies of multiparticulate solid systems.
A typical example is that of a surface shape factor, as, defined by the expression:

as =s/ Y nd?

The total surface area of the powder s, having ni particles of projected diameter di.

— Irregular particles have large as values: sphere < cube < more angular.
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Forces acting in multiparticulate Solid Systems

* Forces that operate during mixing are of two types
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1. Those that tend to result in movement of two adjacent particles or group of particles relative to

each other

* Forces of acceleration produced by the translational and rotational movements of single particles or group
of particles. Such motion can result either from contact with the mixer surfaces or from contact with other

surfaces.

* The efficiency of momentum transfer depends on the elasticity of the collisions.

« Shape and surface roughness determine whether translational or rotational (more rough).

* Momentum exchange depends more on the available surface area than on the density or the mass of the

particle.




» Gravitational forces act on particles at all times in proportion to their masses.

2. Those that tend to hold neighboring particles together in a fixed relative position
— Interparticulate interactions are associated with the size, shape, and surface characteristics of the particles.

— Powders that have high “cohesive” forces due to interaction of their surfaces can be expected to be more
resistant to intimate mixing than those whose surfaces do not interact strongly.

— Factors that influence this type of interaction are surface polarity, surface charge, and adsorbed substances
such as moisture.

— In moving from one location to another, relative to its neighbors, a particle must surmount certain potential
energy barriers. These arise from forces resisting movement insofar as neighboring particles must be

displaced. This effect is a function of both particle size and shape and is most pronounced when high
packing densities occur.
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3. Diffusion mixing
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Mechanisms of Solid Mixing

1. Convection mixing




— May be regarded as analogous to bulk transport in fluids.
— Movement of large mass of material from one part of the powder bed to another.

e.g. inversion of powder bed (by blades or paddles or revolving screw).

2. Shear mixing
— As aresult of forces within the particulate mass, slip planes are setup.
— Slip planes can occur in singly or in such a way as to give rise to laminar flow.

— When shear occur between regions of different composition and parallel to the interface, it reduces the
scale of segregation by thinning the dissimilar layers.

— Shear occurring in direction perpendicular to the interface of such layers is also effective since it reduces
the scale of segregation.

3. Diffusion mixing
— Random motion of particles within a powder bed causes them to change position relative to one another.
— Such an exchange of positions by single particles results in a reduction of the intensity of segregation.

— Diffusive mixing occurs at interfaces of dissimilar regions that are undergoing shear and therefore results
from shear mixing.

— Diffusive mixing may also be produced by any form of agitation that results in interparticulate motion.
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Issues in solid mixing

* The general flow characteristics of powders determine the ease with which the primary particles can be
mixed.

* The mixing of particles whose surfaces are non-conducting (electrically) often results in the generation of
surface charges, as evidenced by a tendency of the powder to clump following a period of agitation.

» Surface charging of particles during mixing is undesirable, for it tends to decrease the process of
interparticulate diffusion.

* Charging of powder beds can be prevented or reduced by surface treatment by adding small amounts of
surfactants to the powder, thereby increasing the conductivity or by mixing under conditions of increased
humidity (above 40%).

* Powder segregation

Segregation Mechanism

» Particulate solids tend to segregate by virtue of differences in the size, density, shape and other properties
of the particles of which they are composed.

* The process of segregation occurs during mixing as well as during subsequent handling of the completed
mix and it is more pronounced with free-flowing powders.

* Powders that are not free-flowing or that exhibit high forces of cohesion or adhesion between particles of
similar or dissimilar composition are often difficult to mix owing to agglomeration.

* The clumps of particles can be broken down in such cases by the use of mixers that generate high shear

forces or that subject the powder to impact. When these powders have been mixed, however, they are less
susceptible to segregation.

In order to avoid segregation
— Use excipients that have selective affinity for an active mixture component.

— The particle to particle binding between drug and inert carrier can greatly improve homogeneity and
stability toward separation of components.

— When the drug is added as a fine powder, it can be made to coat carrier particles uniformly, and as a
consequence, to be mixed uniformly throughout the batch.

— Usually, this is best accomplished by selecting an excipient that has polarity similar to that of the drug.




* Segregation has been attributed to various types of mixers:
— Those that generate principally convective motion have been classified as “non segregating”.

— Those that produce shear or diffusive mixing are termed “segregating”.

Kind of particle movement during mixing or handling can determine whether mixing occurs or segregation

— Mixing occurs when particle motion is random and leads to a nonselective reordering of individual
particles.

— When particle motion is selective, a sorting effect occurs (segregation).

— In reality, the various mechanisms that lead to mixing provide the conditions but not the mechanisms that
can lead to segregation.

— Requirements for segregation:
1. Differences in mixture component mobilities can result from differences in particle size, shape,
density and surface characteristics.

2. Earth’s gravitational field, centrifugal, electrical, magnetic field generated in the course of
processing.

v Segregation can be prevented by eliminating either one of the necessary conditions for its existence.

v/ With free flowing materials, the goal is to make all components as alike as possible in size, shape, and
density (in that order).
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2.Mixer Employing a Stationary Container and Bring mixing by Moving Screws, Paddles or Blades

Ribbon blender

Helical flight mixer

Hammer mill

Solid mixing equipment
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Batch mixer

1. Tumbling Mixer

* Container of certain shape mounted so that it can rotate about an axis.
* Tumbling motion is helped by baffles or shape of the container.
Twin shell blender (V-shaped blender)

— V-shape blender is rotated so that the material is alternately collected in the bottom of the V and then split
into two portions when the V is inverted. (bulk transport and shear mixing)

— A bar containing blades that rotate in a direction opposite to that of the twin shell often is used to improve
agitation of the powder bed.

— Other mixers, include cylindrical, cubes, hexagonal and may be rotated about almost any axes.
— The efficiency of tumbling mixers is highly dependent on the speed of rotation.
1. Too slow: does not produce rapid shear rates or desired tumbling or cascading motion.
2. Too rapid: tends to produce centrifugal force that holds the powder to the sides of the mixer and
reduce efficiency.
3. The optimum rate of rotation is commonly in the range of 30-100 rpm. (Depends on the size and
shape of tumbler)

— Free flowing powders are needed.

Solid mixing equipment
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FIG. 1-11. Three types of tumbling mixers shown
mounted on a common shaft: A, twin-shell; B, cubic; C,
cylindric. In operation, the asymmetric geometry results
in a sideways movement of material in addition to the
tumbling action of the mixers. Of the three types, the twir-
shell is the most popular.

2. Mixer Employing a Stationary Container and Bring mixing by Moving Screws, Paddles or Blades
— useful for wetted, sticky or plastic materials.

— High shear forces break up lumps or aggregates.

Ribbon blender

* Consists of horizental cylindric tank fitted with helical blade.

* The blades are mounted on the shaft through the long axes of the tank and are often of both right and left
hand twist.

Helical flight mixer




« Powders are lifted-by centrally located vertical screw and allowed to cascade to the bottom of the tank.

» Use to reduce scale of segregation for sticky powders.

— Hammer mill can be used as a mixer for rough material to break aggregates (diffusive mixing).

Solid mixing equipment
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FIG. 1-12. Side view of a top-loading ribbon blender. The
blades are mounted on the horizontal axle by struts (not
shown) and are rotated to circulate the material to be
mixed. The spiral blades are wound (in most cases) in op-
posite directions to provide for movement of material in
both directions along the axis of the tank. These mixers
may be emptied either through ports in the bottorm or by
inverting them




