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Impact methods clesed

» Hammer mills

—Principle of operation:

*It consists of a strong metal case enclosing a central
shaft , to which a series of four or more hammers are

attached 7930 & 3 > P bre) 3\

*The material 1s ground by \impact of the hammer or
Pefiee 2 against the plates around the periphery casing:
*The matenal 1s retained until it is small enough to

pass through the screen that forms the lower portion
of the casing.
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Hammer mill L
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Screens for hammer mill

PRODUCT
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Impact methods

« Hammer mills
— Various shapes of hammers may be used.

ol ol Lo Eopas 31 b aad) L
ge, 2. =>+= The rate of feed must be controlled.. 3., 05750,
Go VB Ly s @i 1y Packed ¥ Ze/';l
ek — Z(")/% Rate P f@cﬂmﬁ Bl
polue— The speed of hammer is crucial. Low speed gives
Rat o fee/  mixing rather than grinding while with higher speed,

/™ no enough time for the material to fall in the screen.

— Thickness of screen affects the size of product

34
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Effect of exiting particle angle
through mill screen on exiting

particle size.

Effect of mill screen thickness

PARTICLE PASSING THROUGH
SCREEN OPENING TANGENTIALLY
(MILL OPERATING)

DIRECTION
HAMMERS

PARTICLE PASSING THROUGH
SCREEN OPENING VERTICALLY
OR PERPENDICULAR TO OPENING
(MILL NOT OPERATING)

A = DIAMETER OF SCREEN OPENING

y B = DIAMETER OF PARTICLE PASSING
THROUGH SCREEN TANGENTIALLY

%/}”I'Cel j\ ,}_’)_ WHILE MILL 1S OPERATING
-LL o S/ /_\_(

} THIN sCREEN

] THICK SCRFEN

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

B = DIAMETER OF PARTICLE PASSING
TANGENTIALLY THROUGH OPENING
IN THICK SCREEN

on exiting particle size.

« Hammer mills

— Advantages:

35

Impact methods

1. Rapid in action.

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

3. The size of produgt can be controlled by controlling the
(“Orotor speed, type and number of hammers, and screen si

@ and thickness.

36
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- %gﬂ Attrition methods

Roller mills

* Principle of operation :

— 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

2 ‘NLJ(:,:@ -Is sheared as it passes through the gap.

C/)(\POI/}&'C&/ D\ fr;._m.
IR A &\'eg >
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Colloid Mills eI
* Colloid mills are a group of machines used for| wet grinding [¢lelus ) &22
dispersion, and preparation of emulsions. T thes 2y
Ahihon, T emh el

 They operate by shearing relatively thin layers of material between w551y
two surfaces, one of which (rotor) is moving at a high angular
velocity relative to the other (stator).

» The clearance is adjustable from virtually zero upward.

» The rotor is rotated at several thousand revolutions per minute,
and the slurry of already fine material passes through the clearance
under the action of centrifugal forces.

» Although very fine dispersions can be produced, they are not, as
the name implies, of colloidal dimensions.
38
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FIG. 2-15. Colloid mill with a rotor and stator with «
narrow clearance that may be adjusted.

The clearance is adjustable from
virtually zero upward.

Combined impact and attrition methods
Ball mills

* Principle of operation

— Ball mills consist of a hollow cylinder

mounted such that it can be rotated on its
horizontal longitudinal axis.

— Their size range from laboratory to industrial \ .:*@ Gosl :ﬁ;\:ﬁ,\,
Cylinder can be greater that 3 m). el NS awa 43OV bl e &2
Labs 3o, (nder canbe grenter that3 m e SRAGE>
- . B Vel I o bb_is | ‘
— The cylinder contain balls that occupy 30 — 50 P;L el — 333
% of the total volume. — Enpola, 2bal

LT Y S S W

W/IJL‘L&;‘ M Gwo awb\S >
e O Y bbb 6y
2/ //l;u Jru Pachicel S\ ( 3o-5),
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Combined impact and attrition methods
Ball mills
 Principle of operation
— Ball size depends on feed and mill size.

— Balls with different diameter help to improve the product as
the large balls tend to breakdown the coarse feed materials
and the smaller balls help to form the fine product by
reducing void spaces between balls.

41

Combined impact and attrition methods

Ballmills@@ NG A@Aﬂ &) SO o B
The amount of material in the mill and the speed of

Q rotation are very important factors.

_ E |y
— Too much feeding produces a cushioning effect and too

little causes loss of efficiency and abrasion of the mill.
Allisy ball b Cetafiga 7 A 2/ 2l uwmﬂs\ Wy _
4 {o(ce ‘3 u—‘>-é:Lo YW 6\;\9&/‘,__) a.in_-k_\ c/u Qr_/v.)\ \'3\_‘

— At high speed, the balls are thrown out onto the mill wall Ss30 o5 2loc) a)

by centrifugal forces, where at low speed the balls slide Je5 2> Prhcer L2,

over each other with negligible amount of size reduction| . .1\ cies oo a8 2

e Bl s LY

Tb bay \alls - -
) v |
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Milling media—

(A)Sliding at low speed,
(B) Centrifuging at high

speed,
(C) Cascading at optimum
speed.
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Combined impact and attrition methods

Vibration mills—

Lolast Gl B vl y o=

— Principle of operation

* The vibration mills are filled to abou total volume with
porcelain or steel balls.pall mill ¥ <

: - VoS & Lo 0y .o .
* During milling the whole chJ)sty of the mill is vibrated and size
reduction occurs by repeated impactions.

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

44
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Feed in Out of balance weight

:” 'L Milling balls \

— |\

] §\ § Screen

S

Flexible coupling Spring mounting v
to drive motor AB Product out

Fig. 11.10 Vibration mill.

AN =

Vibration mill
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Combined impact and attrition methods

* Fluid energy mill

— 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 up to 2 m.

Plod d\./:p%(_‘g.,\ s\
Yas CS‘“’)L?C&NJ 0D ilew

s 1

— A fluid, usually air, is injected at high pressure through

nozzle at the bottom of the loop, resulting in a high velocity
circulation in a very turbulent manner.— T >\, \

Packicel \ sy s $=u2, 1), A
MO NN a0 g Gosreny V5o a0 1 K
Parkice 3\ =03 T a9 () !
eles
Packice\ M
e e
l—'ﬁQ-A
{
)
/\-:_E) S/ E)—'s—\@_)\c_,j_@ C

Fig. 11

h i
Zone of ‘\\m
turbulence y  Fluid inlet jets

particles outwards
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Combined impact and attrition methods

. . ) Quct 2 (
* Fluid energy mill \Qack ALYy

— The high kinetic energy of the air causes impact and some attrition
forces to occur between the introduced particles which result in
size reduction. m_w\\;j ds! el o S Pockicd 3 B St e |,

f/wrjm;\l _)p ab>) i Az

— If fine powder is intended, the feed should be pre-milled to about
150 — 840 um.

— A classifier is incorporated so that particles are retained until
sufficiently fine.

49

Combined impact and attrition methods

* Fluid energy mill

— Advantages:
1. Suitable for fine powder. —

2. Expansion of gases at the nozzle leads to cooling effect. This
counteract the frictional heat, which may affect heat sensitive

materlaIS. \E{M(«J /l/\t\\ At‘) —_ {'\*QU)’ ‘3& ‘\&\go\)\

Cooling ot das 2) anh Z/ L 5o
J\eaba'* serwnitve )\\ b—’b
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Combined impact and attrition methods

e Pin mill

— Principle of operation

* It consists of two disks with closely spaced
pins rotate against one another at high speed.

* Particle size reduction occurs by impaction
with pins and by attrition between pins as the
particles travel outwards under influence of

centrifugal force.

Pins;

O e 537 g2 sk soss
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0

Fig. 11.15 Pin mill.
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Aton Q;%Bp);/o bﬂd &5 SCleen W\ mali
— - N . ° ° _ ) Se‘(u\'
e O toie M1 2o Conical sereen mill= <. .oost ol iy
ConmpPlesgon Q! 3‘ A oo )\/l\/ J)|'S ston

J e og%\m’h letrton

e The conical mill operates by having the
product being fed into the mill by gravity or
vacuum.

* A rotating impeller forces the material
outward to a conical screen surface, where
it 1s sized and passed through the openings
in the screen.

» The particles are subjected to impaction,

o . ToQeller N\
attrition and compression.

ComPfeXm’oﬂ =2 =283 2/ Pahica M

AYHon 5 _ APy frcel AL

U Ll IMpelar i SCreen > Tofetar N
9\—'%—&4 ()q("('cd)\ L‘_st:) ‘LMPMHM_)/‘—Q QTMQ eMor (|
SCfeer\ M pa(k‘(_'g\ B

Conical screen mill
(\/7:"“93 ol K}S\ )\/\S-}
S\ othe L(M/mﬂl\sj come in a variety of sizes from tabletop lab
~+<2 models to full-size high-capacity machines for use in
processing large quantities of material, and the impeller and

screen can be customized for each individual use.

» The machines can be used not only to reduce the size of
particles, but also for deagglomeration, sieving, dispersion,

v 1 Pl Gl @
and leln . P dogo adls| Wilbg Lg) Jo iOliyjad] pon> Juliid bhdd PM ¥ Conical Screen JI OYi

) gl ugs

sJwoiil]l 4
« Reduce the size of particles: Oyl e Juliii (JI of ol size reduction).
N épuSIl duadl slgall Jags — (swlwdl plasiuwdl oo lin >

« Deagglomeration: OUyjadl (o 8pusuadl Jisdl of OV elusas,

ilntos Aaito el Lobiady jlels Mgy Gl Clizjonl o >

« Sieving: paxodl Cuw> Juaddl of dlyysll,
Byl Riong 5930l &pasuall Glijad) bhid ou (screen) club lgad Conical Screen JI >
- Dispersion: (s buwgy 9 puwilio JSuin Ol gajgi.
L83 8ol U310 Soludl b Fgmumall 2153 Wio >
« Mixing: bisJl.
sl lST Boasio WlgSo baks Lyl jlaadd oy >
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Conical screen mill

@ The applications for a conical mill in pharmaceutical industry include:

Al — Reclaiming broken pharmacel(lgical tablets by grinding them back
into powder for re-forming. lex2 2 88 b AT e bublet I Dl gheall
Concia) Jep b L‘»‘}'ﬂblg—" \_A)L&_J_ X0 5 Powder .S\_pj_.bh__J ‘s p 2J .V

Ay - Sizing wet granulated particles betore drying, and sizing dry
granulated particles after they've dried before tabletting.

@- The conical mill has some marked advantages over the hammer mill:
1. low noise, heat and dust ,
2. a more uniform particle size— F‘E’Cbrﬂ L;/—"us.ﬁ) Po;h‘cd_)\ﬁ%}
3. flexibility to mill wet and dry material 5 ) by Moy O\ Bummer )|
4. higher capacity_. = 5, » ~)n5 )

(SRR N
) 55

-

Conical screen mill

A—
e

Critical milling factors

NCART 4
A. tmpeller type, %57 7

Pd/\"l‘c‘e' )\{‘?)-C_/«)- e/B. Screen type Impe\\ﬁr )l éj"

oy P i

C. Impeller/screen gap. o o 22

e 4P Lowt SCreen
<ol Parhleat N =

D. Velocity oeb 53 o
E. Feed and discharge condition

56
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57

Examples of conical mill impellers

Wet and dry milling

Parbicel 3 40,8 The choice of dry or wet milling depends on the use of the

sspeviots 635-,. product and its subsequent processing.

wex s,z 27 &y
AP\ i AR\
“"""':z""\“w"- If the product undergoes physical or chemical interaction

with water, dry milling is recommended. weker sengtive =\ v\
@ B )\;.'b\ 2 »:/|\

» Wet milling eliminates dust hazards and is beneficial to
grind to lower size limits than dry mill%b 085 ) Pakicol M ey
se o 2) 0\ K\
Shp olic oy 1ws sl
¢! s D Lo iaiinl USes

Mo Gy Ve d
58
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Inert milling

« Under inert gas (nitrogen)—-> b Ui)\\ PN
MA\\ing D)
* For explosive, combustible and oxidizable products

ngew‘c m(\\:g

:(Applications) Oliubill @

dbisio ylguad dois OIS of & el gf dg bl olgell (o) .1
bl dload] Slsall of Gemall Lasmy of blaall Jie >
)] lgung dpnld a5 G dgf lpasazs el >

(heat sensitive) §)l,o duwlwadl slgadl Hnda) 2

s (Ko 8y wgs oledl paxdall ¥ >

b e JS 0¥ ddle 8> B Lo Cryogenic milling 8 oI

Cryogenic milling li= daisue §)l,> Olryo wic dlgall b G
1o vlgo plasiiwly
(Liquid nitrogen) J5ilwJl (asrg piaid] -
(CO,) 0928l apuuST U i

digblbo of dyybs 055 Lo Jo dimg dsbio Lola dinnll gl pusiiins olsall oy

sl 5,541

S i dadsiall §lhedl Ol i
(brittle) did i (dlsall dlsall pasy of clyiwdld! Jio) dublaall gf dybll olgall-

ot 035 81 034l Laaliny (o 88,801 631, dyay oladl bl 03 xS gl i
S bl

dacl duSaiuntl 3olo of didlgSeil oronkss Loy o)
103l Guailis Lsdi Lealsny 85lmdl wsolall bl S
(293 Lo ooy Aogum pdadid duko jualig ozl idludl (arg paid | Loosviwl od oI

SV TSNV s Cryogenic milling

* Milling under low temperature

* Uses liquid nitrogen or carbon dioxide.— <=5 b o < | g
z\s:k_\_”o_ll\ };71/=) \

» Applications:

— to enhance milling for soft, elastic and low-melting point materials
by freezing them and making them brittle.

— for milling of heat sensitive products

60
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Selection of particle size reduction method

The selection of a size reduction method depends on:

1) Material properties
— Hardness — Hafcﬁﬂ\c_%?‘q ‘?ofc T Poree \a oy &Lf”\z/
<= L= ke <o/ Structure (Cutter mill for fibrous materials) \
”%Tﬁg— Toxicity (Closed mills like ball mill)—  Lécs L=
— Explosion (wet grinding or use inert gas) - le. Lo
2) Properties of final producty le~b 1, o .l o Lo
— Degree of size reduction ~=2-b ' _~f Size New
=50 SIBY Shape (Attrition methods give spheroidal particles with better

25 milig ”‘Q&i“ flow properties) & qr Ptied N oo
- l ,
N 5 N sl o) bny
NHrtFion ) $)o 15/ S Nefe.
\\ )\ v oo N
Poo"ce M\ \ﬂ k_S',"Q M t\\‘B )\ /\-\_5
Selection of particle size reduction method
5)-9’! N o Size required example of mill
' //7‘90 <o) /ery coarse powder product | Cutter mill, Conical mill, Roller mills
(>1000 pwm) Hammer mills
coarse powder product (50- | Ball mills, Conical mill, Cutter mill,
1000 pm) Hammer mills, Pin mill, Roller mills,

Vibration mills

Fine powder product (< 50 Ball mills, Colloid mill, Fluid energy mill,
pum) Pin mill, Vibration mills
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Selection of particle size
reduction method

The selection of a size reduction method depends on:

»<\s 3) Need for dust control
B PISNCN

Yooy Use closed m?g’,_c
D e

25\50) &ﬂ Sanitation

— Ease of cleaning, sterilization

ostly or toxic material)

\Qé?‘uf@)j)ts RN

> S " U')

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

Ball mill).

63

Selection of particle size
reduction method

The selection of a size reduction method depends on:

5) Capacity of the mill and production rate requirements

6) Economical factors
— Cost
— Power consumption

— Space occupied

¢ Economical factors = 40Laig¥l Jolg=J
00 o el o i idoled] &>l oo jlead! plasuiun] S99 s vaxs Gl Jels=dl o
3 ol Lol Juiiillg GAISH] Causr
1. Cost (dalsdl)

< o
(initial cost) jlg= el pi dalSS e

2. Power consumption (d3UaJ| Jilgiwl)

ey jledl lorlioy I Al a8l dBUI daS o
Lol el 14 Bl ellgin 814231 panye
8 patuunad] LS Jukit) S d8lb cllgiunig dll Las &7 )Lus| agall oo il
3. Space occupied (dglboll d>Luall)

gl Y310 jlgaul Leliviy I ddndl] dobuall L] ]
bl 9 Jlowil el GG (s ligd 8 ymsS o Luno 2o dasud dinSlall 1S 13]-
Syl Jgws (compact) paodl bgsuas jle Hlisl Jias clid. 3 2



