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Particle Size Reduction

• Other terms used to describe the operation: milling,
grinding, crushing, chopping, comminution,
micronizing.

• Most materials used in pharmaceuticals must be milled
at some stage during the production of raw material or
dosage form
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pهذه ا3صطلحات بنستخدمها 3ا بنحكي عن تقليل حجم ال

 particals اختصر كلمة : pال)  pهذه ا:صطلحات نستخدمها :ا بنحكي عن تقليل حجم ال
رح اعبر عنها بهذا اJختصار بالسHيدات الجاية )
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Particle Size Reduction

• Objectives of particle size reduction:
1. Facilitating drug release (dissolution rate)
2. Exposing cells prior to extraction
3. Reducing the bulk volume of material
4. Facilitating drying
5. Helping good mixing
6. Increasing adsorption capacity
7. Some excipients need to be in very fine powder to
do well their function (lubricants, colors)
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Theory of Size Reduction
Fracture mechanics
• Reduction of the particle size requires
application of mechanical stress to the
material.

• Materials respond to stress by yielding,
with consequent generation of strain.

• Hooke’s law.

• Stress: force
• Strain: deformation or elongation of a
solid body due to applying a strs/force

• Elastic: reversible
• Plastic: permanent , irreversible 4

شو فوائد تقليل حجم الp للمواد بالتصنيع ؟ 

 :عم stress اهيلع قبطا ينا pلا مجح ريغصت بلطتيب
ةقاط مدختسا ام نودب ةدا@ا هذه بيجتست ىتح
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the yield point is the point on a stress-strain curve 
that indicates the limit of elastic behavior and the 
beginning of plastic behavior

Theory of Size Reduction
Fracture mechanics
• The initial portion of the stress-strain diagram is linear and
is defined by Hooke’s law.

• In this portion the deformation is reversible (elastic
deformation), i.e. the particle retains its shape if the stress is
removed.

• After a certain point (yield point) the relation becomes
nonlinear and the deformation becomes irreversible (plastic
deformation).
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 plasticوبداية ال elasticعند هذه النقطة تكون نهاية ال
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Theory of Size Reduction
Fracture mechanics

Crack propagation
• Size reduction begins with the opening of any small

cracks that were initially present.
• Flaws (defect)
• Larger particles fracture more readily than small

particles as they contain more cracks.
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Figure 1
Particle cleavage. 8

البارتكل الكبيرة بتنطحن بشكل اسرع من الصغيرة *ن فيها crack  ابعد 
عن اCنطقة الصلبة بالوسط 

 قوقشلا حتفب رغصي مجحلا شلبب
crack ةدوجوملا

الp الكبيرة بتتكسر اسهل من الp الصغيرة *نها مليئة بالشقوق
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Influence of material properties on size reduction

Surface hardness (Mohs’ scale)
• The hardness of material can be

described qualitatively by its
position in Mohs’ scale.
– Materials from 1-3 are

described as soft
– Materials from 8-10 are 

described as hard
• Hardness is related to 

abrasiveness.
• Hard materials may cause 

abrasion to the mill. 9

Influence of material properties on size reduction

Material structure
• Crystalline materials fracture along crystal

cleavage planes; noncrystalline materials
fracture at random.

• Fibrous materials (e.g. crude drugs) need
cutting or chopping action and can not be
milled effectively by compression or impact.
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 للقا يدب يلا ةدا7ا ةب4ص ةركف ىلع هبتنن اندب ينعي
 ردقب امف يدنع ةلAا ىلع رثات حر اهتب4ص هنA اهمجح
  ! 4ثم ةيداع ةلآب سا7آ عطقا لواحا
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Influence of material properties on size reduction

Moisture content
• The presence of more than 5% water hinders

comminution and often produces a sticky mass
upon milling.

Stickiness
• Sticky materials may adhere to the surface of

milling machine or the screen
• This is a problem of gummy and resinous materials.

Toxicity and harm
Potential of explosion (fine)
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Effect of size reduction on material properties

Milling of material may lead to:

1. Change of the polymorphic form
2. Dehydration of hydrates
3. Development of amorphous structure
4. Damage of thermolabile drugs due to heat 

involved.
5. Development of free static charge

12
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Energy requirements
The most efficient mills utilize as little as 2% of the

energy input to fracture particles.
• The rest of energy is lost in:

1. elastic deformation of unfractured particles
2. transport of materials within the milling chamber
3. friction between particles
4. friction between particles and mill
5. heat
6. vibration and noise
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Rittinger’s theory
E = KR(Sn- Si)

Si : the initial surface area,
Sn : new surface area
KR = Rittinger’s constant of energy per unit area

Energy requirements

14
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Kick’s theory

di : the initial particle diameter,
dn : new particle diameter
KK = Kick’s constant of energy per unit mass
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Energy requirements
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Bond’s theory

KB : Bond’s work index, 
di : the initial particle diameter, 
dn : new particle diameter











in
B dd

kE 112

Energy requirements
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Influence of milling on size distribution
• As milling progresses, the mean particle size
decreases, and a material with initially a monomodal
size distribution develops a bimodal size distribution.

• The primary component gradually decreases in
weight and the secondary component increases in
weight.

• Continued milling tends to eliminate the primary
component to give a positively skewed (log normal)
distribution with narrow size range.

• Milling rate follows first order kinetics

17

18

 P.size distributionلا فلتخي حر فيك ةمسرلا يلحضوتب (
) يهتنت ام دحل شلبت ام لوا نم نحطلا ةيلمع ل7خ
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Mechanisms 
of size 
reduction

Mechanisms of size reduction
• There are four different mechanisms of size 

reduction:

a) Cutting
The material (particle) is cut by means of sharp 

blades or knives.

b) Compression
The particle is crushed by application of pressure.
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هذه انواع الforces الي بنستخدمها لتصغير حجم الp كل force الها الية عمل معينة ممكن 
بعض اKKت تستخدم force وحدة لتصغير حجم الp وممكن تستخدم اكثر من force مع بعض .

لفافات سحق
بشتغل على مبدا كسارة

 الجوز

مطرقة

 pجزء ثابت والثاني متحرك بتحرك واحد وبحت ال
بينما الثاني ثابت وممكن يكونوا متحرك_ اKثن_ 

ويعملوا حت من الجهت_

بكون في زي سكاك_ ع الطرف_ بتقطع 

هذه K تعني اKجهزة نفسها فقط العملية

شفرات
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Mechanisms of size reduction
c) Impact
The particle is hit by an object moving at high speed, 

or a moving object strikes a stationary surface.

D) Attrition
This involves breaking down of the material by 

rubbing between two surfaces that are moving 
relative (parallel) to each other. 
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Size reduction methods
A mill consists of three basic parts:
1) Feed chute
2) Grinding part
3) Discharge chute

• The manner (way and rate) in which an operator
feeds a mill affects the product.

• In most cases the grinding effect is a combination
of different mechanisms.

22
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Size reduction methods
• There are two ways of feeding: choke feeding and
free feeding.

• In open-circuit milling, the operation is carried out
so that the material is reduced to a certain size by
passing it once through the mill.

• In closed-circuit milling, the discharge from the
milling is passed through a classifier and the over-
size particles are returned to the grinding chamber.

• closed-circuit milling is most valuable in reduction
to fine and ultrafine size.
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• Cutter mill
– Principle of operation: It consists of a feed, a series
of knives attached to a rotor which act against a
series of knives attached to the mill casing, and a
screen fitted in the base which control the particle
size.

– Uses:
• Coarse degree of size reduction of dried
granulations

• Grinding of crude drugs such as roots and barks
before extraction

Cutting methods

24
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• Size reduction by compression can be carried out
on a small scale by pestle and mortar.

• End runner and edge runner mills are mechanized
forms of mortar and pestle-type compression.

Compression methods

26
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Roller mills
– Roller mills use two
cylindrical rolls, mounted
horizontally, and rotating
about their longitudinal axis

– One of the rolls is driven
directly while the second is
rotated by friction as
material is drawn through
the gap between the rolls.

– Compression and attrition

Compression methods
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