b . ) DU &ﬂiaﬂ
& 4R A _.
oyl o MO alrimacy

- '~
odef dawwas y < 4



Particle Size Reduction

Dr. Isra Dmour

Credit: Prof. Nizar Al-Zoubi 2021

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



Particle Size Reduction

» Objectives of particle size reduction:
1. Facilitating drug release (dissolution rate), 151cm o gl b o) 0 5458
2 Exposmg cells prior to extraction — Jewss L (SLasHls soil/ dlseo L35)
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Theory of Size Reduction ™ —
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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. - | N =
| [ ¥
» Stress: force (| N i |’j [:I

iy Soal &M N s i .
o) Strain: deformation or elongation ot a

J’” ’J ILA m*:d | JI“MU solid body due to applying a strs/force
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»51 s dslbe | Plastic: permanent , irreversible ¢
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Fig. 19.1 Stress—strain diagram for a solid.

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.

wyall plus Yl

e 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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Theory of Size Reduction

Fracture mechanics
dyheo Bohd o Sile oosw egindl 6 wanall bla
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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. ‘o J5 sbian ahadl g 8o o
Bl ey 551 §5n lgsd 1S
4 gl

FLAWS IN

SMALLER FARTICLES
FARTICLE

/ AMD ADDITIONAL SURAFACE

IMPACT CAUSED CRMACES ADDITIONAL APPLIED FORCE
TO FORM AT FLAWS CAUSES CLEAVAGE
i PAATICLE MASS

SMALLER PARTICLES

o, ’7 FROM ATTRITION

UNKMILLED PARTICLE ATTRITION BREAKS EDGES


http://discovermagazine.com/2008/the-body/11-turn-your-fist-into-a-blocking-breaking-machine

Influence of material properties on size reduction
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— Materials from 8-10 are

Surface hardness (Mohs’ scale) wows onss scn ()
» The hardness of material can be = 4 —2 '™
described qualitatively by its | & o ] L
position in Mohs’ scale. L Ay i o :;1 L@js
_Materials  from 1.3 are . @ tmo Cf@;bossj
described as soft : = |

described as hard X 7 v
» Hardness is related to % : ;:ZLM
abrasiveness. = oD
- Hard materials may cause gmEm————
abrasion to the mill. =zl ao 8l sulll cils Lo 18 ‘
el clegllg )l Al Oliwn cllgaws >

Influence of material properties on size reduction
d Sl Olasgll iy dmd
Material structuré .
e o ool Oliguwa (g8 oS

 Crystalline materials fracture along crystal
cleavage planes; noncrystalline materials
fracture at random.
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» 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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Influence of material properties on size reduction
sl dpgly 83 oeb ool g3l e 81 o Jay i o3l Ma

Moisture content Bl sy Olegiadé 48| e b LiligSay oyeball
« The presence of more than 5% water hinders o]
comminution and often produces a sticky mass
upon milling.
e bslall sasd gl AlSaall s
Stickiness™ " 7% o

 Sticky materials may adhere to the surface of
milling machine or the screen  ;,j,.1 S5 gl

« This is a problem of gummy and resinous materials.

Toxicity and harm
Potential of explosion (fine) s 4 «*

Effect of size reduction on material properties

crystalline

Milling of material may lead to:

amorphous

Change of the polymorphic form
Dehydration of hydrates
Development of amorphous structure asye jie @il olasg

Damage of thermolabile drugs due to heat
involved. s,/ ,-Jt w5

5. Development of free static charge
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Energy requirements s agiall &l o dally o0l

The most efficient mills utilize as little as 2% of the ol 2

energy input to fracture particles.
« The rest of energy is lost in: e e U J5a I Jass diodaall B 3L

1. elastic deformatlo_n of uhfr_actured _pa_rtlclesjpd ey o lgemss e

2. transport of materials within the milling chamber i o 2i= 15l
i : b icles l5um J5 Sl plall

3. fr!ct!on etween part!cles | o

4. friction between particles and mill

5. heat

6.

vibration and noise
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Energy requirements

L lgods any dlalS Bslall lglaaen  JI doLuall
Rittinger’s theory <

E= KA Sy~ 5)
S;: the initial surface area,
S, new surface area .-ual wlae cuc jlo b sa spas 550l U1 5l dsilill bl

K, = Rittinger’s constant of energy per unit
area

14
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Energy requirements

Kick’s theory d
E =K, log—
dn
s Lo s s> 2 gir IS sla8
d;: the initial particle diameter, 15 Jodl els I Slesal
d,: new particle diameter eyl

K, = Kick’s constant of energy per unit mass

Energy requirements

d

d.

n 1

Bond'’s theory £ _ 2%k {1 1}
=2k, | ———

K : Bond’s work index,
d;: the initial particle diameter,
d,: new particle diameter
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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
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Fig. 11.2 Changes in particle size distributions with increased <20 o>l Losn o

milling time.
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Force Schematic diagram Principle Example of equipment

Compressive Nutcracker Crushing rolls

¥
Impact Hammer Hammer mill

Mechanis

ms of size

reduction - | o
Attrition File Disc attrition mill
Cut Scissors Rotary knife cutter

Mechanisms of size reduction

» There are four different mechanisms of size
reduction:
Slyaas ol SIS ol miles o e lgakdls lgsdol cay 1 salall o
] 055 Gl 85g8ll ccls cla djaall odna lgde Jlze gdnss 3alall gladl 3als
a) Cutting ‘ Olyhs lgd

The material (particle) is cut by means of sharp
blades or knives.
leele oy doall Lo i 868
b) Compression lg:ai o Laue
The particle is crushed by application of pressure. like morter and pistel
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Mechanisms of size reduction
dyoiall @und) 453> Blb 48 hadl & b s Ll ol Lol lshay
C) Impact sy I ISLY an Jaus diges deya
The particle is hit by an object moving at high speed,
or a moving object strikes a stationary surface.

la layg 30 doets oydass Bolall L g ST of Sl e mlil ndo
D) AUItON 0y dly dalzsn de oy a0 pally 155 3oy cpemdans
This involves breaking down of the material by
rubbing between two surfaces that are moving
relative to each other.

AR
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Size reduction methods

A mill consists of three basic parts: gwg
1) Feed chute &sdaall J50 " =
2) Grinding part “° gguall dinaal

ool ddac
3) Discharge chute "
Ul @bl o 23
wo Balall Z 33

« 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.

Yy
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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

lo anyg oyodassy dasdaall Lle Bolall J5ay
S gall dodrall dicy 130 g lgeads bl

Size reduction methods

There are two ways of feeding: choke feeding and

free feeding. 222 35 Lo gllay ooy |
sy ydan e Jlo lSe e alhay (Se e Doy

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.

skl J caray classifier ow
Lo LJ‘; \;’J;Li L@_@ coadail CLH Yy

4ol 8ya diodnally yay >y Caosdail

Cutting methods

size.
Uses:

» Coarse degree of size reduction of dried

granulations

« Grinding of crude drugs such as roots and barks

before extraction
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Feed

v
Stationary knives
| |
N
\*)
a 'Rotating knives
VAR
Screen’ l l lProducl
Fig. 11.6 Cutter mill. Yo
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090 58 e Sadlg usilglaul ol gl
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Compression methods — wsui ot <iis glass
lall 1ia Lo sauei dagadll
«  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.
26
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FIGURE 123 (A) Edge runner mill nd (B) end runner mill.
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Compression methods

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

&ldly ygisall Lle &Sl oSy pgin Ba>1g two rollers oS v
iy 19393y el agilio 3okl Josan sl doues oy

28 rollers J! o Lo ¢13all janiing 30 J5a Sslall de yull
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Roller mill (compression method)
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) ey sy uSe 195323 131 sy
~Compression methods s s stols disz 3
Roller mills s &5 I Bsle oyo calusiy

— The gap between the rolls can be ok gl a8
adjusted to control the degree of size
reduction.

— Roller mills are used for crushing
such as cracking seeds prior to
extraction.

— This form should not be confused - o
with the type used for milling 4‘9*-“"“9‘ 9> S
ointments and pastes where both Bole lgie Do)l plasinsd
rolls are driven but at different
speeds, so that size reduction occurs
by attrition.
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Impact methods

« Hammer mills
—Principle of operation:

It consists of a strong metal case

. . B ] ;
enclosing a central shaft , to which a H‘g. .
series of four or more hammers are 1, %
attached.

*The material is ground by impact of the
hammer or against the plates around the
periphery casing.

*The material is retained until it is small
enough to pass through the screen that
forms the lower portion of the casing.

AR
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Product
Fig. 11.9  Hammer mill.

AR

Hammer mill
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PRODUCT Screens for hammer mill
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Impact methods

« Hammer mills  uacy jisal o galisn olous alonly o5
— Various shapes of hammers may be used.

' 8sldll J?‘f J2* _ The rate of feed must be controlled.
ad pSoui piY disdaall

oSy Bale Liso o o3 b
el e v,.5 — The speed of hammer is crucial. Low speed JASU T ddar plygll de g
oo 7o le sladl o gives mixing rather than grinding while with ke oo (uds RIS e
== L= higher speed, no enough time for the material 7z la> &dle ol de
to fall in the screen. cdg lgma b lo oS adacy Bslall &) AlSius axlgs

a0 835258 Balall im0 ySdl (e (35

— Thickness of screen affects the size of |59 e Eoladl S
product Jlone lgdanzy Lo 8y deyuny

sl s 155
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PARTICLE PASSING THROUGH
SCREEN OPENING TANGENTIALLY
(MILL OPERATING)

DIRECTION
HAMMERS
PARTICLE PASSING THROUGH

SCREEN OPENING VERTICALLY

OR PERPENDICULAR TO OPENING
(MILL NOT OPERATING)

Effect of exiting particle angle
through mill screen on exiting
particle size.

VH ;'}:>=H ».;% ..‘::\.53 screen J‘ L«..‘u}d SJ = DIAMETER OF SCREEN OPENING
- N . . B~ DIAMETin OF PA::T!gLE P:s‘sm_c
s Blaadl La I thin it L
>S)1 partcal JI ya2 (Sae didlg p
par‘[icaU\ hidd bhiasallg Jfl:_g:i‘
a3 Saa \_E.U‘ xdall

} THIN scReEn

o } THICK SCREEN

A = DIAMETER OF PARTICLE PASSING
TANGENTIALLY THROUGH OPENING
IN THIN SCREEN

®

= DIAMETER OF PARTICLE PASSING
TANGENTIALLY THROUGH OPENING
IN THICK SCREEN

Effect of mill screen thickness
on exiting particle size.
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impact metnods

« Hammer mills
— Advantages.
1. Rapid in action.

2. Can be used almost for any type of milling
(dry material, ointments and slurries).

3. The size of product can be controlled by
controlling the rotor speed, type and
number of hammers, and screen size and
thickness.
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Impact methods

e s> Jl screen e 8 lad 5

* Vibration mills 8sazun y98 process J free feeding o8 glo
— Principle of operation

 The vibration mills are filled to about 80%
total volume with porcelain or steel balls.

« During milling the whole body of the mill is
vibrated and size reduction occurs by
repeated impactions.

« Comminuted particles fall through a screen
at the base of mill.

v
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Fig. 11.10 Vibration mill.
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Vibration mill
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