Milling

Is the mechanical process of reducing the particle size of
solids.

Various terms ( crushine —disinteoration--dispersion —
g g P
grinding— --& pulverization)

Milling equipment is classified as coarse, intermediate, or
fine according to the size of the milled product.

Size is expressed in terms of mesh (no. of openings per
linear inch of a screen).




Pharmaceutical application

(The surface area
per unit weight )

which is known as ( the specitic surtace)




benefits of milling
/

1-This increased specific surface affects the therapeutic
efficiency of medicinal compounds that possess a low
solubility in body fluids by increasing the area of
contact between the solid & the dissolving fluid.
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2-The drying of wet masses may be facilitated by
milling, which increases the surface area & reduces the
distance the moisture must travel within the particle to
reach the outer surface.
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' 3-The mixing or blending of several solid
ingredients of a pharmaceutical is easier & more
uniform if the ingredients are approximately the
same size. This provides a greater uniformity of
dose. Solid pharmaceuticals that are artificially
colored are often milled to distribute the
coloring agent to ensure that the mixture is not

\mottled & is uniform from batch to batch.




Size distribution & measurement

* Naturally occurring particulate solids & milled solids, the
shape of particles is irregular & the size of the particles varies
within the range of the largest & smallest particles.

® There is no known method of defining an irregular particle in
geometric terms ; however statistical methods have been
developed to express the size of an irregular particle in terms
of diameter.

for an irregular particle an equivalent particle with the same
surface or volume may be substituted. For convenience of
mathematical treatment, an irregular particle is considered in
terms of an equivalent sphere. So the irregular particle

expressed as diameter.




e

The main methods are used to
measure particle size are




MICroscopy

® |s the most direct method for size distribution measurement.
Its lower limit of application is determined by the resolving

power of the lens.

o A particle cannot be resolved if its size is close to the wave

length of the light source.




* an ordinary microscope is used to measure particles
from 0.4 to 150 microns.

* The lower limit may be extended to 0.1 micron

* The resolution is improved by use of a darkfeild
ultramicr illumination& the size range is from 0.01 to 0.2 micron
oscope




The diameters of the particles on the slide are measured by means of a

calibrated filar micrometer eyepiece.

the hairline of the eye piece is moved by the micrometer to one edge of a
particle & the reading on the micrometer is recorded.

The hairline is then moved to the opposite edge of the particle being
measured & the micrometer is read.

The difference between the 2 readings is the diameter of the particle.

all of the particles are measured along an arbitrary fixed line.




Eyepieces with grids of circles & squares are used to compare the
cross sectional area of each particle in the microscopic field with
one of the numbered patterns. The number of particles that best
fits one of the numbered particles is recorded. The process
repeated until the size range is covered.

Total number of fields depends on the number of particles per
field. Acc to British std at least 625 particles and thi sdepends on
the particle size distribution. If it is wide so need to read more. If it
is narrow so 200 particles are enough.

There is a considerable variation among operators using the
microscopy technique.




Sieving is the most widely used

because
/

application is to be 50

simple

The lower limit of

microns, micromish
sieves are available for

extending the lower

limit to 10 microns

Little
variation
between
operator




A sieve consist of a pan with a bottom of wire cloth with
square openings.

In the united state 2

The procedure
P standards of sieves are used

involves the
mechanical shaking
of a sample through

a series of
successively smaller

sieves & the 1- the tyler std scale
Weighing of portion

of the sample
retained on each
sieve.

2-u.s std scale




TaBLE 2-34,. Designations and Dimensions of LS. 4\
Standard and Tyler Standard Sieves
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Factors affect on sieving

1-the type of motion

influences sieving:

vibratory motion is
most efficient
followed successively
by side-tap motion,
bottom —tap motion,
rotary motion.

2- time is an
important factor in
sieving

3-the load or
thickness of powder
per unit area of sieve
:nfluences the time of
sieving .







sedimentation

* May be used over a size range from 1 to 200 microns.

® The sedimentation method is based on the dependence of the
rate of sedimentation of the particles on their size as

expressed by stokes equation
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e This applicable to free spheres that are falling at
constant rate.




If the concentration of the suspension does not
exceed 2%, there is no significant interaction

between the particles & they are settle
independent of each other.




Anderson method
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The pipet method (Andreasen) is the simplest
means of incremental particle size analvsis. A
1% suspension of the powder in a suitable liquid
medium is placed in the pipet (Fig. 2-5). At
given intervals of time, samples are withdrawn
from a specified depth without disturbing the
suspension, and they are dried so that the resi-
due may be weighed. By means of Stokes’ equa-
tion, the particle diameter corresponding to each
interval of time is calculated, with x being the
height of the liquid above the lower end of the
pipet at time t when each sample is withdrawn.
As the sizes of the particles are not uniform, the
particles settle at different rates. The size-distri-
bution and concentration of the particles vary
along the length of the suspension as sedimen-
tation occurs. The larger particles settle at a
faster rate and fall below the pipet tip sooner




Theory of comminution

® The mechanical behavior of solids which under the stress are

strained & deformed as shown below

® The initial linear portion of the curve is defined by Hooks

law ( stress is proportional to strain).

® Youngs modulus( slop of linear portion) expresses the

stiffness or softness in dynes per square centimeter.

® The stress — strain curve becomes nonlinear at the yield

point a measure of the resistance to permanent deformation.

® The area under the curve represents the energy of fructure.
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In all milling processes, it is a random matter
if and when a given particle will be fractured. If
a single particle is subjected to a sudden impact
and is fractured, it yields a few relatively large
particles and a number of fine particles, with rel-
atively few particles of intermediate size. If the
energy of the impact is increased, the larger par-
ticles are of a smaller size and more numerous,
and although the number of fine particles is in-
creased appreciably, their size is not greatly
changed. It seems that the size of the finer parti-
cles is related to the internal structure of the
material, and the size of the larger particles is
more closely related to the process by which
comminution is accomplished.




Size reduction begins with the opening of any
small cracks that were initially present. Thus,
larger particles with numerous cracks fracture
more readilvy than smaller particles with fewer
cracks. In general, fine grinding requires more
energy, not only because of the increased new
surtace, but also because more energy is needed
to initiate cracks.
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FIG. 2-6. Stress-strain diogram for a solid.




For any particle, there is a minimum energy
that will fracture it; however; conditions are so
haphazard that many particles receive impacts
that are not sufficient to fracture them and are
eventually fractured by some excessively force-
ful blow. As a result, the most efficient mills uti-




The most efficient mills utilizes less than 1% of the energy
input to fracture. The rest of the energy is dissipated in

1- elastic deformation of unfractured particles

2-transport of material within the milling chamber

3-friction between particles

4-Friction between particles & mill

5- heat

“

/
6- vibration & noise

\,

A

7—inefficiency of transmission & motor
o
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FIG. 2-6. Stress-strain dingram for a solid.

If the force of impact does not exceed the elastic limit (

region of Hookes law) ,the material is reversibly deformed

or stressed.

When the force is removed ,the particle returns to its
original condition, & the mechanical energy of stress in the
deformed particle appear as heat.

For olmeric material hysteresis is frequent occurs in the

stress strain cycle the area of the loop represents the

dissipation of stress energy( usually heat).




A force that exceeds the elastic limit fractures
the particle. Usually, the surfaces of particles
are irregular, so that the force is initially taken
on the high portion of the surface, with the re-
sult that high stresses and temperatures may be
set up locally in the material. As fracture occurs,




the points of application of the force are shifted.
The energy for the new surfaces is partially sup-
plied by the release of stress energy. Crystalline
materials fracture along crystal cleavage planes;
noncrvstalline materials fracture at random. If
an ideal crystal were pressed with an increasing
force, the force would be distributed uniformly
throughout its structure until the crystal disinte-
grated into its individual units. A real crystal
fractures under much less force into a few rela-
tively large particles and several fine particles,
with relatively few particles of intermediate size.
Crvstals of pure substances have internal weak-
nesses due to missing atoms or ions in their lat-
tice structures and to flaws arising from me-
chanical or thermal stress.?°
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A flaw in a particle is any structural weakness
that may develop into a crack under strain. It
has been proposed that any force of milling pro-
duces a small flaw in the particle. The useful
work in milling is proportional to the length of
new cracks produced. A particle absorbs strain
energy and is deformed under shear or compres-
sion urntil the energy exceeds the weakest flaw
and causes fracture or cracking of the particle.
The strain energy required for fracture is propor-

tional to the length of the crack formed, since

the additional energy required to extend the
crack to fracture is supplied by the flow of the
surrounding residual strain energy to the crack.

/
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The Griffith theory of cracks and flaws as-
sumes that all solids contain flaws and micro-
scopic cracks, which increase the applied force
according to the crack length and focus the

stress at the atomic bond of the crack apex.<"<%
The Griffith theory may be expressed as:?®3°

T = Jﬁ (13)

L

where T is tensile stress, Y is Young's modulus, e

is the surface energy of the wall of the crack, and
c is the critical crack depth required for fracture.




Energy of comminution

® The energy required to reduce the size of particles is
inversely proportional to the size raised to some power. This

may be expressed mathematically as:

dE _  C

Where dE is the amount of energy required to produce a
change in size , dD, of unit mass of material & where C &n

are constants.
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Types of mills
a mill consist of 3 basic parts




The principle of operation depends on direct pressure

,impact from a sharp blow, attrition or cutting .

In most mills the grinding effect is a combination of these

actions.

The manner in which the operator feeds a mill markedly

aftects the product.
1- if the rate is of feed is slow, the product discharged readily

& the amount of undersize or fines is minimized.

2- If the mill is choke fed at a fast rate , the material is in the

milling chamber for along time as its discharge




° Is impeded by the mass of material. This provide a greater

reduction of particle size but the capacity of the mill is

reduced & power consumption is increased.

® Choke feed is used when a small amount of material is to be

milled in one operation.

e The rate of discharge should be equal to the rate of
feed, which is such that the milling parts can
operate most effectively.




Hammer mill

The hammer mill is an impact mill using a hlgh speed rotor to
which a no. of swinging hammers are fixed.

The material is fed at the top or center, thrown out centrifugally,&
ground by impact of the hammers or against the plates around the

periphery of the casing,

The clearance between the housing and the hammers contributes
to the size reduction. The matrrial retained until it is small enough
to fall through the screen.

Particles fine enough to pass through the screen.

The hammer mill versatility makes it use to mil dry materials, wet
filter press cakes, ointments & slurries .

The size of the product size is controlled by selecting the speed of
hammers & the size & type of screen.
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most materials behave as if they were brittle.
Brittle material is best fractured h}r impact from
a blunt hammer; fibrous material is best reduced
in size by cutting edges. Some models of ham-
mer mills have a rotor that may be turned 180
degrees to allow use of either the blunt edge for
fine grinding or the knife edge for cutting or
granulating.
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A hammer mill can be used for granulation
and close control of the particle size of powders.
The size of the product is controlled by selecting
the speed of the hammers and the size and type
of the screen. Speed is crucial. Below a critical
impact speed, the rotor turns so slowly that a
blending action rather than comminution is ob-
tained. This results in overloading and a rise in
temperature. Microscopic examination of the
particles formed when the mill is operating
below the critical speed shows them to be sphe-
roidal, indicating not an impact action, but an
attrition action, which produces irregularly
shaped particles. At very high speeds, there is
possibly insufficient time between hammers for
the material to fall from the grinding zone. In
wet milling of dispersed systems with higher
speeds, the swing hammers may lay back with
an increased clearance; for such systems, fixed
hammers would be more effective.




Figure 2-12 shows the influence of speed on
thre particle sire-freqguency curves for boric acid
milled at 1000, 2450, amnd <2600 rpm in a harmon-
mer mill fitted with a screen having 6. 35-1mmn

circular holes.
The screemns that retain the material in the

miilling chamber are not wovern but perforated.
The particle size of the discharged material is

smaller than the screen hole or slot, as the parti-
cles exit through the perforation on a path ap-
proximately tangental to the rotor. For a given
screen. a smaller particle size is obtained at a
higher speed, as is shown in Figure 2-13. Efforts
to strengthen a screen by increasing its thick-
ness influence particle size. For a given rotor
speed and screen opening, a thicker screen pro-
duces a smaller particle, which is also illustrated
in Figure 2-13.
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FIG. 2-12. Influence of speed on the size-frequency distri-
bution of boric acid flakes milled by a hammer mill operat-
ing with impact edge forward and fitted with a round hole
No. 4 screen (hole diameter: 6.35 mm). Key: @, 1000 rpm;
[, 2450 rpm; and O, 4600 rpm.
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Fif=. 2-13. I a hammer mill, particle size is influenced
by speed {a) and thickness of screen (B}




narrow size distribution. Hammer mills are sim-
ple to install and operate. The speed and screen
can be rapidly changed. They are easy to clean
and may be operated as a closed system to re-
duce dust and explosion hazards.




Ball mill

® The ball mill consists of a horizontally rotating hollow vessel
of cylindrical shape with the length slightly greater than its
diameter. The mill is partially filled with balls of steel or
pebbles are used, it is known as rod or bars are used, it is

known as a rod mill.

® The rod mill is particularly useful with sticky material that
would hold the balls together ,because the greater weight of

the rods causes them to pull apart.

e Ball milling is combination of impact & attrition.




to pull apart. The tube mill is a modified ball mill
in which the length if about four times that of
the diameter and in which the balls are some-
what smaller than in a ball mill. Because the
material remains in the longer tube mill for a
greater length of time, the tube mill grinds more
finelvy than the ball mill. The ball mill may be
modified to a conical shape and tapered at the
discharge end. If balls of different size are used
in a conical ball mill, they segregate according to
size and provide progressively finer grinding as
the material flows axially through the mill. Re-
cently, small-scale vibration ball mills, which
produce particles of a few microns, have been
introduced.® These oscillate 1500 to 2500 cy-

Most ball mills utilized in pharmacy are batch-
operated; however, there are available continu-
ous ball mills, which are fed through a hollow
trunnion at one end, with the product dis-
charged through a similar trunnion at the oppo-
site end. The outlet is covered with a coarse
screen to prevent the loss of the balls.
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In a ball mill rotating at a slow speed, the balls
roll and cascade over one another, providing an
attrition action. As the speed is increased, the
balls are carried up the sides of the mill and fall
freely onto the material with an impact action,
which is responsible for most size reduction.
Ball milling is 2 combination of impact and attri-
tion. If the speed is increased sufficiently, the
balls are held against the mill casing by centrifu-
gal force and revolve with the mill. The critical
speed of a ball mill is the speed at which the
balls just begin to centrifuge with the mill. Thus,
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The charge of balls can be expressed in terms
of percentage of volume of the mill (a bulk vol-
ume of balls filling one half of a mill is 2 50% ball
charge). To operate effectively, a ball charge
from 30 to 50% of the volume of the mill is re-
quired.

The amount of material to be milled in a ball
mill may be expressed as a material-to-void ratio
(ratio of the volume of material to that of the
void in the ball charge). The efficiency of a ball
mill is increased as the amount of material is
increased until the void space in the bulk vol-
ume of ball charge is filled; then, the efficiency
of milling is decreased by further addition of
material.
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Increasing the total weight of balls of a given
size increases the fineness of the powder. The
weight of the ball charge can be increased by
increasing the number of balls or by using a ball
composed of a material with a higher density.
Since optimum milling conditions are usually
obtained when the bulk volume of the balls is
equal to 50% of the volume of the mill, variation
in weight of the balls is normally effected by the
use of materials of different densities. Thus,
steel balls grind faster than porcelain balis, as
they are three times more dense. Stainless steel
balls are also preferred in the production of oph-
thalmic and parenteral products, as there is less
attrition and less subsequent contamination
with particulate matter.




In dry milling, the moisture should be less
than 2%. With batch processing, dry ball milling
produces a very fine particle size. With wet mill-
ing, a ball mill produces 200-mesh particles
from slurries containing 30 to 60% solids. From
the viewpoint of power consumption, wet grind-
ing is more efficient than dry grinding. A slower
speed is used in wet milling than in dry milling
to prevent the mass from being carried around
with the mill. A high viscosity restricts the mo-
tion of the grinding medium, and the impact is
reduced. With 1.27-cm steel balls, a wviscosity
from 1000 to 2400 centipoises {(cp) is satisfac-
tory for wet milling.

Wetting agents may increase the efficiency of
milling and the physical stability of the product
by nullifying electrostatic forces produced dur-
ing comminution. For those products containing
wetting agents, the addition of the wetting agent
at the milling stage may aid size reduction and
reduce aggregation.




In addition to being used for either wet or dry
milling, the ball mill has the advantage of being
used for batch or continuous operation. In a
batch operation, unstable or explosive materials
may be sealed with an inert atmosphere and sat-
isfactorily ground. Ball mills may be sterilized
and sealed for sterile milling in the production of
ophthalmic and parenteral products. The instal-
lation, operation, and labor costs involved in ball
milling are low. Finally, the ball mill is unsur-
passed for fine grinding of hard, abrasive mate-
rials.




Fluid energy mill

in the fluid energy mill or (micronizer) the material is
suspended & conveyed at high velocity by air steam

The violent turbulence air& steam reduces the particle
size by interparticular attrition

Air is usually used because most pharmaceuticals have a
low melting point or are thermoliable.

As the compressed air expands at the orifice ,the cooling
effect counteracts the heat generated by milling.




FLUID-ENERGY

As shown in Figure 2-11, the material is fed
near the bottom of the mill through a venturi
injector (A). As the compressed air passes
through the nozzles (B), the material is thrown
outward against the wall of the grinding cham-
ber (C) and other particles. The air moves at
high speed in an elliptical path carrying with it
the fine particles that pass out of the discharge
outlet (D) into a cyclone separator and a bag col-
lector. The large particles are carried by centrif-
ugal force to the periphery, where they are fur-
ther exposed to the attrition acticn. The design
of the fluid-energy mill provides internal classi-
fication, which permits the finer and lighter par-
ticles to be discharged and the heavier oversized
particles, under the effect of centrifugal force, to
be retained until reduced to a small size.
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Fluid-energy mills reduce the particle to 1 to

20 microns. The feed should be premilled to
approximately a 20- to 100-mesh size to facili-
tate milling. A 2-inch laboratory model using 20
to 25 cubic feet per minute of air at 100 psi mills
5 to 10 grams per minute. In selecting fluid-en-
ergy mills for production, the cost of a fluid-en-
ergy source and dust collection equipment must
be considered in addition to the cost of the mill.




