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.

* Ball milling is combination of impact & attrition.



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
finely 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.®

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.



In a ball mill rotating at a slow speed, the balls
rolt 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.




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 a 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.



Increasing the total weight of balls of a given
size increases the ﬁnenesa 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 balls, 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.
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mRNI3eR2Q5M



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 viewpgint 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 viscosity
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 uf the wetting agent
at the milling stage may aid size reduction and
reduce aggregation.
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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
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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.



Fluid-energy mills reduce the particle to 1 to
20 microns. The feed should be premﬂled 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.
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A disc mill consists of two vertical discs; each
may rotate in opposite directions (double-runner
disc mill}), or only one may rotate (single-runner
disc mill), with an adjustable c¢learance. The
disc may be provided with cutting faces, teeth,
or convolutions. The material is premilled to
approximately 40-mesh size and is usually sus-
pended in a stream of air or liquid when fed to
the mill.



Roller mill

* Roller mills consist of 2 to 5 smooth rollers
operating at different rate.

https://www.google.com/search?g=roller+mill&tbm=isch&ved=2ahUKEwiuh4fcjevwAhUC-
BoKHeAgBvoQ2-
cCegQIABAAR&oq=roller+&gs_lcp=CgNpbWcQARgAMgQIABBDMgQIABBDMgIIADICCAAYAggAMgIIADICCA
AyAggAMgIIADICCAA6BAgIECc6BQEAELEDOggEIABCXxAXCDAVCN2Q1YjOKNYI3-
DWgAcAB4AIABWAKIAeOlkgEHMC42LjAuMZgBAKABAaoBC2d3cyl3aXotaW1nwAEB&sclient=img&ei=tKuO
YK7dGYLwa-DBmNAP#imgrc=rS99om-tsBwOPM
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In pharmacy, the colloid mill is used to proc-
ess suspensions and emulsions; it is not used to
process dry materials. The premilled solids are
mixed with the liguid vehicle before being intro-
duced into the cclloid mill. Interfacial tension
causes part of the material to adhere to, and to
rotate with, the rotor. Centrifugal force throws
part of the material across the rotor onto the sta-

tor. At a point between the rotor and stator, the
motion imparted by the rotor ceases, and hvy-
draulic shearing force exceeds the particle-parti-
cle attractive forces holding the individual parti-
cles in an aggregate. The particle size of milled
particles mav be smaller than the clearance, be-
cause the high shear is the dispersing force. In
emulsification, a clearance of 75 microms may
[:I-I"EJ-CIL!CE a dispersion with an average particle-
size of 3 microms. The milled liquid is dis-

charged through an outlet in the PEﬂphEI"jT c:-f
the housing and may be recvcled.



Rotor & stator may be smooth
surfaced or rough surfaced







Techniques of milling
1-special atmosphere




2- temperature control

As only a small % of the energy of milling is used to form new
surface. The bulk of energy is converted to heat. This heat may
raise the temp. of the material many degrees & unless the heat is
removed, the solid will melt , decompose or explode. To avoid
these things the milling chamber should be cooled by means of a
cooling jacket or a heat exchanger.




Pretreatment. For a mill to operate satisfac-
torily, the feed should be of the proper size and
enter at a fairly uniform rate. If granules or in-
termediate-sized particles are desired with a
minimum of fines, presizing is vital. Pretreat-
ment of fibrous materials with high-pressure
rolls or cutters facilitates comminution.



Subsequent Treatment. If extreme control
of size is required, it may be necessary to recycle
the larger particles, either by simply screening
the discharge and returning the oversize parti-
cles for a second milling, or by using air-separa-
tion equipment in a closed circuit to return the
oversized particles automatically to the milling
chamber. With materials to be reduced to mi-
cron size, an integrated air-separation, conveyor,
and collection element usually are required.



Dual Process. The milling process may
serve simultaneously as a mixing process if the
feed materials are heterogeneous. If hot gas is
circulated through a mill, the mill can be used to
comminute and dry moist solids simultaneously.
The fluid-energy mill has been suggested as a
means of simultaneous size reduction and dis-

persion. It has been suggested that the particles
in a tluid-energy mill can be coated with almost
a monomolecular film by premixing with as little
as 0.25% of the coating agent.



3- wet & dry milling

If the product undergoes physical & chemical change
in water , dry milling is recommended .

The addition of a small amount of grinding aid may
facilitate size reduction.




Wet grinding

1-eliminates dust hazards &
is usually 2- done in low
speed mills,3- which
consume less power .



