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Particle Size Reduction

* Other terms used to describe the operation: milling,

?;:{ ::hb’\ — grinding, (&sh'i_g_g,’i_ch:og@ng, comminution,
micronizing.
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* Most materials used in pharmaceuticals must be milled
at some stage during the production of raw material or

dosage form-
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Particle Size Reduction

* Objectives of particle size reduction:
1. Facilitating drug release (dissolution rate)

IV & 5 Exposing cells prior to extraction et el +_Qu/l,»~3 "L

SZ';{:E 3. Reducing the bulk volume of material ~—°__ ok 4 Fee Ble fs .
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- . Helping good mixing- —*
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do well their function (lubricants, colors)
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L b’ * Reduction of the particle size requires
c 5"‘_’ ) application of mechanical stress to the _
gz D2 material. VS _<y
c o) « Materials respond to stress by yielding, C .
- with consequent generation of strain. —ode fmation .
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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 themlnielaﬂm_bﬁhaimLLche
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Theory of Size Reduction

st .
Fracture mechanics

* The initial portion of the stress-strain diagram is linear and

1s defined by Hooke’s law.
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(linear)
* In this portion the deformation is (reversible/ (elastic

deformation), i.e. the particle retains its shape if the stress iSD

removed.
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» After a certain point ) the relation becomes

nonlinear and the deformation becomes irreversible (plastic

deformation).
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s Theory of Size Reduction
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Fracture mechanics
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N Crack propagation——Qj

* Size reduction begins with the opening of any small
s 3L, S-cracks that were initially present.

C:f‘ « L Flaws)(defect)

y(;;,‘lu" Larger particles fracture more readily than small
particles as they contain more cracks.
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 Hard materials may cause e
abrasion to the mill. ‘
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Influence of material properties on size reduction

\& Material structure
"‘{?(4 @ <o Crystalline materials fracture along crystal
Bl cle ; noncrystalline materials
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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. DlUi) Jmr_mail 2
= milly 2 . L
Btad Grickiness " NS S cyapolafi 3
:° Sticky materials may adhere to the surface of
_gedeen milling machine or the screen—s seive-

vt * This is a problem of gummy and resinous materials.
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Effect of size reduction on material properties
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Milling of material may lead to: T
[‘“"% sovd stale” amorphous
N5 3= Mo 1. Change of the polymorphic form @ &W,
— i
wmedbig 22 Dehydration of hydrates - SHchrt.

L ) -
poit 3. Development of amorphous structure —» ¢ 9520

. ' .
DU Cheyy o4 Damage of thermolabile drugs due to heat m:{e?dﬂ’g A;,'u
\nesliaple  —involved. sable
; (,Qj o 5. Development of free static charge
J/: N 7‘&’ ‘L\(—:&‘d\ ——bg‘[(-' .
Ceol

Tackeh "“7 :



Energy requirements
The most efficient mills utilize as little as 2% of the
energy input to fracture particles. iy O3V A )
“’:‘J eneny -, The rest of energy is lost in: o
<2 partcle 5\ 1. elastic deformation of unfractured particles ..
|

-~ 2. transport of materials within the milling chamber,
PRl 3._friction between particles -
pa rhdes o iy .. ] .
i mille/ 4. friction between particles and mill.
5. heat:
L . . .
b, i,‘.s 6. vibration and noise .
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Energy requirements

JW’?J Kick’s theory d oo naw diomcls,

o diameley E =Ky lng*
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Size: d; : the initial particle diameter, newl energy .

d,: new particle diameter

new diamee g x = Kick’s constant of energy per unit mass—;,
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Influence of milling on size distribution

s D\ D

 As milling progresses, the mean partifile size

decreases, and a material with initially a monomodal— “’:’:,\w
\0@'/ size distribution develops a bimodal size distribution. o b
=i e The primary component grmm\;;? }[f/&n [

weight and the secondary component increases in \iZes

weight. W’ size

* Continued mllllng tends to eliminate the primary
component to
distribution with narrow size range.

(M illing rate follows first order kinetics)
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Mechanisms of size reduction

* There are four different mechanisms of size
reduction:

a) Cutting —> <wthe’ ol

2>l=7 ’p’c
The material (particle) is cut by means of sharp

blades or knives. -
in ple teafment — o Vol Gno s s S

b) Compression _ ofoller il

- N T LLC The particle is crushed by application of pressure. C,P@fbh'/d’/ tefewr
J_9$) - S D) -.j L /))/Z S |-
Fhe Parhcl  biween twe "

Surlace  and e Sorce
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Mechanisms of size reduction

oo ;_(f":i%” ¢) Impact u‘rb Jevme el i
Jols waje_,, »  The particle is hit by an object moving at high spﬁl;
C udoa'b ) BSty or a moving object strikes a stationary surface.

, Sasth o b
2 D) Attrition Pkl scllwd ol
Y Z’\?}J\ This involves breaking down of the material by
Lz f2a5 rubbing between two surfaces that are moving

VH&Q 22 \c’n—j— relative (parallel) to each other.
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Size reduction methods

A mill consists of three basic parts: R LY %
),j —5>505> « 1) Feed chute ’ =y
2) Grinding part
rateriol «3) Discharge chute
leare e
moachin -

. * The manner (way and rate) in which an operator
A mackin T
e MM feeds a mill affects the product.

» In most cases the grinding effect is a combination —& J \Uf“df{’)
of different mechanisms. e Mj
oy
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Size reduction methods

* There are two ways of feeding: choke feeding and
s e ofice feeding. Lo Gonsishom b ovd  slow

JU> \'_;}, & == In open-circuit milling, the operation is carried out 06606"{7 @le-

O\ aas =71 5\S' so that the material is reduced to a certain size by
st miling passing it once through the mill.

(s $520 «— In closed-circuit milling, the discharge from the
S\ o~ o 5= milling is passed through a classiffer and the over=> S<Ve-
! _’F,r‘hdq size particles are returned to the grinding chamber.

Seiving )\ Lo s 7 " closed-circuit milling is most valuable in reduction

s Waue  tofine and ultrafine size. ()
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Cutting methods

e
O [Cuttermill) ( peffeatnir)

Principle of operation: It consists of a feed, a series

WU of knives attached to a rotor which act against a
wecdnemion series of knives attached to the mill casing, and a
L screen fitted in the base which control the particle
Cafing, size.
L — (ses)
lenefs . . . :
g > Coarse degree of size reduction of _dried

granulations
C_ZDGrmdm of crude drugs such as roots and barks
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Compression methods

QPQ\'CQJ'IM
p [¢Ssue » Size reduction by compression can be carried out
pe/Prolicsial” on a small scale by pestle and mortar.
befueen foo U e i e S O
_Surl\e(gl :/End runner and_edge runner mills are mechanized
forms of mortar and pestle-type compression.
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FIGURE 12.3 (A) Edge runner mill and (B) end runner mill.

Compression methods

Roller mills
— Roller mills use two

cylindrical rolls, mounted

horizontally, and rotating
; about their longitudinal axis-

— One of the rolls i1s driven
oo directly while the second is

vy ‘Totated by friction _as
Lo material is drawn through
c«\"—( \HOr, .
_the gap between the rolls.
- —= \ —> Compreession /
— Compression and attrition belueer 2 PRles.
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Roller mill (compression method) v

<_Compression methods
Rollermnilss ©

— The gap between the rolls can be
adjusted to control the degree of size
reduction. y oL, L1 hrehi — i

F(l’"""&’f}

— Roller mills are used for crushing

such as cracking seeds prior to

extraction.
\masw — This form should not be confused
\ ) with the type used Tfor milling
S\V\ T “—ointments and pastes where both
Calirg.. rolls are driven but at different
NG speeds, so that size reduction occurs
S\ ment- by attrition. "
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Ry Impact methods
O =55 Hammer mills == que  dillemst  size:
Q\A\r‘, —Principle of operation:
™ °It_consists of a strong metal case g'w
enclosing a eentral shafh, to which a = AR
series of four or more Jhammers are | g ¥
attached. "< foler

SN

*The material is ground by impact of the a0

hammer or against the plates around-the on
periphery casing. T

A\ —Thematerial is ritained until it is small &=,

sy=tern enough to pass through the screen that >\l clote ke
forms the lower portion of the casing. ¢ pecol '
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Fig. 11.9  Hammer mill.
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PRODUCT Screens for hammer mill
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Impact methods

* Hammer mills
(- Various shapes of hammers may be used.

(2 — The rate of feed must be controlled.

— \ oy (ﬂ M
= QSJ/. ? The speed of hammer is crucial. Low speed X
il 2 b « gives mixing rather than grinding while with woh
£Z1VES MIXING ratner than grinding while wil — )

higher speed, no enough time for the material Wi dingy -
“ol= =, — _ tofall in the screen. Ls, ceniv J""’aﬁlﬂ o
ol S e \ﬁ\q\;g;‘)
gpill2  ~o  —Thickness of screen affects the size of -
- product <
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PARTICLE PASSING THROUGH
SCREEN OPENING TANGENTIALLY
(MILL OPERATING)

DIRECTION

.. . PARTICLE PASSING THROUGH
Effect of exiting particle angle ?,%“ﬁﬁﬁﬁé’ig‘,gﬁ'ﬁ%ﬁm
through mill screen on exiting
( Lg\) particle size.
. “'G'ﬁ bk —=> (o
&) N
\ - o
. . = DIAMETER OF SCREEN OPENING
S'e’“la ) J:é‘/‘ \J—Qz : ~ DIAMETER OF PARTICLE PASSING
™ e L
W
AN Y,
O ok QMo
M “ } THIN scRee
\A) O\ \ C'\ S e L THICK SC|
R N
- \ :
FGI rbc/() \ &AB ‘/L Z ’ L A = DIAMETER OF PARTICLE PASSING
/ TANGENTIALLY THROUGH OPENING

UGH OPENING

AT ~ Effect of mill screen thickness \C'N(‘)’-?v\ qu,( e e

Ses on exiting particle size. J o
f"rfM\ Mdym 12¢
ke __5°“\]7 Srall 7
in — eary b lory  <ize ‘PaSsig.
Impact methods
« Hammer mills
— Advantages:
S [u{/g 1. Rapid in action.

ihble <O\ 2. Can be used almost for any type-of milling
n el Caliel. (dry material, ointments and §lurries).

NS («‘rT/u'cQ 3. The size of product can be controlled by

Sveh oy controlling the rotof® speed, type @and
LufPefSion number of hmmgrs, and screen size and
4 thickness. 3 @
N Contan &7 frwmbe — f chption, >S10

"&‘ wu.[‘ef‘

AlS

IN THIN SCREEN
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* Principle of operation :
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Attrition methods snhre
Roller mills

— Roller mills use the principle of
attrition for milling solids in
suspensions, pastes or ointments.

— Two or three porcelain or metal rolls
are mounted horizontally with an
=% <adjustable gap, and rotate at
different speed so that the material
is sheared as it passes through the

FEED CENTER APRON vy
ROLL ROLL ROLL

K S oS water —b ST

QJ-‘J-‘)‘ \‘

S an B Attrition methods

wadef

=~ Colloid M

Colloid mills are a group of machines used for wet grinding

dispersion, and pre Joaratlon of emulsions.
Wy Sral|

They operate by she rlng relatlvely thin lalyers of material
between two surfaces, one of which (rotor) is moving at a
high angular velocity relative fo the other (stator) ==L os 5o -

_—

The clearance is adjustable from virtually zero upward

The rotor is rotated at several thousand revolutlonéjgé;
minute, and the slurry of already fine material passes

through the clearanceltlgder the action of centrifugal forces.
Colloy

Although very fie dispersions can be produced, they are
not, as the name implies, of colloidal dimensions.
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( ROTOR
<ance

FIG. 2-]15. (‘olloi('Il mill with a rotor and stator with a Y
narrow clearance that may be adjusted.
“/emce
The clearance is_adjustable from L
virtually zero upward. - .
\/Y.w =D 4
N\

o (=
S MO'@

Combined impact and attrition methods
Ball mills i e
» Principle of operation o a0 |

— Ball mills consist of a hollow ,
cylinder mounted such that it can N =3
be rotated on its horizontal 7~ [2alls -

longitudinal axis. / o Y \ I \3553

q
— Their size atory \w .. f )

to industrial (Cylinder can _be ﬁ)’ A s
greater that 3 m).

: L
ey, sl

— The cylinder contain balls that o _
occupy 30 — 50 % of the total peowde I\ 2 Yt

volume. S o _slew AV s J

glerilfw'm 3 Ol‘c‘;l +ou— mill NE (o x
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Combined impact and attrition methods
M
Ball mills
'ﬁrml;, * Principle of operation (7) ©®
— Ball size depends on feed and mill size.

— Balls with different diameter help to improve the
product as the @aﬂs tend to breakdown the
coarse feed materials and the|smaller balld help to
form the fine product by reducing void spaces
between balls. ‘_ > ol

NMe Yo
Seall palls  pedareen
tc,f@ Palls 1
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Combined impact and attrition methods

Ball mills O)

— The amount of material in the mill and the
(“2)speed of rotation are very important factors.

/
{ /e /&\1 \_«— Too much feeding produces a cushioning effect
VAN and too little causes loss of efficiency and

Palls abrasion of the mill. ©)
v D \Lc S
s L .
M\\\\"vg — At high speed, the balls are thrown out onto the
mill wall by centrifugal forces, where at low

' _.eu  ‘speed the balls slide over each other with
Ba”g/ - negligible amount of size reduction.
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(A)Sliding at low speed,
(B) Centrifuging at high
speed,

(C) Cascading at optimum
speed.

Milling media—!

£y

Combined impact and attrition methods
o : I ml]) —» Vb Sz 2o s, L
« Vibration mills (/2 7 bade  — P"’jz
IMPc,
— Principle of operation Force -

* The vibration mills are filled to about

total volume with porcelain or steel balls. ot 2 /‘;J
 During milling the whole body of the mill is %™
vibrated and size reduction occurs by T efhrang

|repeated impactions. - aHion. L hime Newlef
« Comminuted particles fall through a screen J»bl-:v’ .
at the base of mill.—;l7
boly and
X Cloge S«aglaw Rowcle,.
HLatch 6
S UJ/—em .
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Combined impact and attrition methods

* Fluid energy mill ( Clwel ge ril).

¢ . —A typical form of this mill consists of a hollow
&&;&;’ " “toroid (loop) which has a diameter of 20 — 200 mm—,
depending on the height of the loop which may be o

up to 2 m. O N
o s lird
— A fluid, usually air, is injected at high pressure
through nozzle at the bottom of the loop, resulting in
Q a high velocity circulation in a very turbulent
_manner.

pain  mechenmin T® attfehn 4 impack
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7l'b1f]001)€v1 }/ —_— g Lvetson.

Centrifuging action
throws coarser
particles outwards
%
7 N
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l T Classifier removes
fine particles
[boP. ATT ul and fluid
Solids inlet
of » Conhnu v -
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Nl sy ) { XCH
. e Powdler i > ¥, ofe ;,9,[45,,,
S*o«r‘)u't/l(c- v ()QC ’{/
Zone of I\“\\‘\\“

S~
turbulence ™ Fluid inlet jets
_— £A
Fig. 11.14  Fluid energy mill.
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Combined impact and attrition methods

e Fluid energy mill

— The high kinetic energy of the air causes impDact and
some Zattrition __forces to occur between the
introduced particles which result in size reduction.

J’ \:’\‘\'L\ K”_’) r o
Coolte sartcle  If fine powder is intended, the feed should be pre-

Site milled to about 150 — 840 um. mé.’/eé:k
powdler.

S| we
- A c}as&ﬁe_r. 18 1nc.orporated so that particles are
retained until sufficiently fine.

Ly
c\xSe s;,dcm.

Combined impact and attrition methods

e Fluid energy mill

— Advantages:

. 1. Suitable for fine powder.
NEVN SR

2. Expansion of gases at the nozzle leads to

Cmodt/cJG . . .
cooli . This counteract the frictional

heat, which may affect heat sensitive materials.
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Combined impact and attrition methods
Aeld e,
* Pin mill Clog e = MNsbanew 1
— Principle of operation
* It consists of two disks with closely spaced pins
rotate against one another at high speed.
Ly irn Pach-
* Particle size reduction occurs by impaction with

pins and by attrition between pins as the particles
travel outwards under influence of centrifugal

force.
F;T\? " }Jpper fixed plate
)ﬂwﬂ‘”ﬂ”ﬂ”ﬂu _ UHU"UHHHUMJ
L//O/ LJ'L: L“ tating plat

prs chel b can obhe
5_?@@? ——»\’M@:-GL 1——\_94.:/- s G_“j
2 Pins s cbepon
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siee )\ _ga " «—Conical screen mill —  —A_ 320,
: . . ) (oo
[sw clxfgnc. ¢ The conical mill operates by having 5 mechanin, 152
be feveen the product being fed into the mill by
S)eve — 1
) M -gravity or vacuum.
Cont oA « A rotating impeller forces the
L material outward to a conical screen
aHHehon surface, where it is sized and passed
=y s through the openings in the screem~,
e « The particles are subjected to == =%
I™ Pack impaction, attrition and compression. ~Sed:
: C e 8
Counleanes /)5 e,vq)w{a/ N (i o=p J e lose
CoeQlession O\ JeJ Syshe
Conical screen mill
* Conical mills come in a variety of si om
tabletop lab models to full-size high-capacity o)
machines for use in processing large quantities of 2% )

At st material, and the impeller and screen can be
S\ovpe ~——customized for each individual use.

Ao/
oA S bevends

0)
S  The machines can be used not only to reduce the
size of particles, but also for eagglomeggngﬁ

sieving, dlS ersion, and mlxm SR
Y
R
QQU"O( wil\ crq e b Sice: - — .
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Conical screen mill

 The applications for a conical mill in pharmaceutical
industry include:
@~ Reclaiming broken pharmaceutical tablets by grinding them
back into powder for re-forming.
@ Sizing wet granulated particles before drying, and sizing dry
granulated particles after they've dried before tabletting.

L")MI'XI'«:?I o\‘(cpm‘,{aﬁc‘/h/ m,‘l‘,:'j —» 2 n o
 The conical mill has some marked advantages over the

hammer mill:
enede AN \Cost-
\og?‘ [, Iow noise. heat and dust- L Cavle Conkam) ~ahi~ -’ﬁ Gnothe,~
\Mﬁ 2. amore uniform particle size ma felie -
3. flexibility to mill wet and dry material 2 - it mey be @ PV 4
4. _higher capacity o perq hi's.
Y. lest
5_.-?[/1( —Guke  slghb
SiZe
c,\«\cm%&
N
Conical screen mill Tx Plosure
=D

Critical milling factors

A. Impeller type

B. NS

C. Impeller/screen gap
D. Velocity

E. Feed and discharge condition

o1
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Examples of conical mill impellers

Wet and dry milling
\)'uj F S » The choice of dry or wet milling depends on
o I the use of the product and its subsequent
wer  Meling processing. © @)
—1
(‘o[(o{dal

« If the product undergoes physical or
chemical interaction with water, dry milling
is recommended.

N Re]A
» Wet milling eliminates dust hazards and is
beneficial to grind to lower size limits_than

dry milling.
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W afmesphene Inert milling ‘ .
s G NSy LY
a./’,mcg’)h(/' A

0[ Under inert gas (nitrogen) ((»y)
» For explosive, combustible and oxidizable

products Y v
_ B C NS 8
Ao 2\ oyt

. pfecZ/' ,
O/JP g

0 67 . ° .
‘(30 = Cryogenic milling
oY o
—~08 ¢ g very

{ « Milling under'low temperature

G “——  Uses liquid nitrogen or carbon dioxide.

oL © |
of . COMQVIPS/OY\
N2 » Applications:
— to enhance milling for soft, elastic and low- 8"’"’\?)
melting point materials by freezing them and
making them brittle.

— for milling of heat sensitive products Cﬁ“""{‘])
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Selection of particle size
reduction method

The selection of a size reduction method depends on:

1) Material properties

1 — Hardness

(= Structure@utter mill for fibrous mate@—)—bwe breatmef
2 Toxicity (Closed mills like ball mill)

4 — Explosion (wet grinding or use inert gas)

2) Properties of final product
I — Degree of size reduction

2_— Shape (Attrition methods give spheroidal particles with
better flow properties)

0

Selection of particle size reduction
method

Size required example of mill

Very coarse powder
product (>1000 pum)

Cutter mill, Conical mill, Roller mills
Hammer mills

coarse powder product (50-
1000 um)

Ball mills, Conical mill, Cutter mill,
Hammer mills, Pin mill, Roller mills,
Vibration mills

Fine powder product (< 50
pm)

Ball mills, Colloid mill, Fluid energy
mill, Pin mill, Vibration mills

1y



Selection of particle size
reduction method

The selection of a size reduction method depends on:

\cSs
cm@f%
&@3‘5\’@}
’ M \

3) Need for dust control
— Use closed mills (e.g. costly or toxic material)
of EXYoNS 1R

4) Sanitation

—_Ease of cleaning, sterilization

< For milling of sterile material the mill should be totally
isolated (e. g.

1y

Selection of particle size
reduction method

The selection of a size reduction method depends on:

5) Capacity of the mill and production rate
_requirements — Srafl o vy conhnusss o Ratet, .

6) Economical factors

\ — Cost

2 - Power consumption ——& s b )Q/Q\Q_D«/
_2 — Space occupied

¢
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