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(iv) Mechanisms of Size Reduction

(v) Factors Affecting Size Reduction
(vi) Laws Governing Size Reduction
(vii) Equipment Used for Size Reduction
(viii) Advantages

(ix) Disadvantages / Limitations

(x) Applications in Pharmacy

(xi) Hammer Mill
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Size Reduction (Comminution / Diminution)
Definition:
Size reduction is the process of breaking down large solid particles into smaller pieces or fine
powders by mechanical means.
Synonyms:
o Comminution
e Diminution

o Milling

Objectives / Purposes of Size Reduction
1. Increase surface area — Enhances rate of dissolution and absorption.
2. Improve uniform mixing — Ensures homogeneous blending of powders.
3. Improve bioavailability of poorly soluble drugs.
. Facilitate drying, extraction, and compression.
. Enhance stability (for suspensions and emulsions).

. Ease of handling and formulation.
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Mechanisms of Size Reduction
1. Compression (Crushing) — By applying pressure (e.g., rollers).

. Impact — By striking (e.g., hammer mill).

2
3. Attrition — By rubbing or friction (e.g., ball mill).
4

. Cutting — By sharp blades (e.g., cutter mill).

Factors Affecting Size Reduction
1. Hardness — Harder materials require more energy.
. Moisture content — Too much or too little moisture affects efficiency.
. Stickiness — Sticky substances may clog the mill.
. Toughness — Affects method selection.
. Softening point — Heat-sensitive drugs may soften or melt.

. Material structure — Crystalline vs amorphous solids behave differently.

Laws Governing Size Reduction
1. Kick’s Law — Energy o size reduction ratio.
2. Rittinger’s Law — Energy « new surface area created.

3. Bond’s Law — Intermediate law between Kick’s and Rittinger’s.

Equipment Used for Size Reduction

Type Example of Equipment Mechanism

Cutting Cutter mill Cutting

Crushing Jaw crusher, Roller mill Compression

Impact Hammer mill, Disintegrator | Impact

Attrition Ball mill, Fluid energy mill | Attrition/Impact

Combined impact & attrition | Pin mill Both

Advantages
o Uniform particle size.
o Improved drug dissolution rate.
o Better mixing and formulation flow.

o Enhanced content uniformity.
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Disadvantages / Limitations
Generation of heat — may degrade thermolabile drugs.
Possible contamination from mill parts.
Dust formation (— explosion risk).

High energy consumption.

Applications in Pharmacy
Preparation of powders, suspensions, and emulsions.
Improving bioavailability of poorly soluble drugs.
Granulation and tablet formulation.

Extraction processes (increased surface area).

Examples

Drug / Material Purpose of Size Reduction

Griseofulvin Increases dissolution rate

Sulphur For dusting powders

Starch For use as diluent

Kaolin For suspension stability

[.)Vr. A?vind Ku}har Gu;ta
(M.Pharm, PDCR, PGDMM & Ph.D)
GATE 2003 Qualified with 97.2 percentile

Dr. S. N. Dev College of Pharmacy
Shamli (U.P.)
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Size Reduction (Wﬁm

gfeyTeT:
Size reduction d8 UfshdT § foreH 319 Uardf & 58 HUN ! Aifd aid! | Bic HUN 1 AgH
O3S} B dIST ol 5|
3 ATH:

e Comminution (Eb_lﬂﬁ'-‘!]_-l)

« Diminution (F&M-RM)

o Milling (&ﬂ%ﬂ'{)

Size Reduction & G’?W
1. W%(Surface area) mﬁgr«mﬂwﬁawaeﬁ%
2. A fagor (Uniform mixing) %ﬁ’lﬂl
3. dl Pt SASUAKIT (Bioavailability) g™ & fag|
4. W sy (Extraction) \?ﬁTﬂTﬁET-T (Compression) ﬁm%ﬁml
5
6

. TRURAT (Stability) ¥ guR & fem|
. Ear3fl B YU SR TR 1 H St & |

Size Reduction @1 fFamfaférar, (Mechanisms)
1. Compression (qdld) — oY AR |
2. Impact (SITUTd) —@ﬁ%ﬂ?ﬁlﬁl
3. Attrition (‘EI'GfUD _ S ST |
4. Cutting (PTeAT) - O HeR d|

Size Reduction &1 THTfad & a1d FNFH
1. HeRdl (Hardness)
2. TH B HET (Moisture content)
3. faufamg (Stickiness)
4. TIAYE AT Toughness
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5. WW%@(Soﬂening point)
6. WﬁW(Structure)

Size Reduction & 97 (Laws)
1. Kick's Law — 3ol o 3THR T b AT b AR |
2. Rittinger’s Law — 3l « 7% g &A% d & IR
3. Bond’s Law — Gl & §I9 &1 fAgd|

Size Reduction @& GU&IUT (Equipment)
UPR JGlevul
Cutting Cutter mill

Crushing Jaw crusher, Roller mill

Impact Hammer mill

Attrition Ball mill, Fluid energy mill

ﬂ"ﬂaﬂ (Impact + Attrition) | Pin mill

Size Reduction & T

HHTT hUT H[hR Ut E':Idl %l

&al & gaTRiedT 9gdt g
fRreror 3R vaTe qUr SER B B |
SISUASIdT H gUR g 7

gifar
Tff I 8 ¥ ITU-Hae=iTe gaTd Y 8 g 3
JUHRU b YT H UGHUT bl FHTIT|
Y S BT Ga’T (fATpie &1 Sika) |
o1l @1 Sf% @Ud|
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Pharmacy g gugir
. UIBSR, WA 3R 3HRM B R
. Sa3UAHd §¢H & fau|
. <ode A (Granulation) H
. fsmyor (Extraction) PR aafr Hl

Jelevur
< / uard EERs)
Griseofulvin EJ,T'FF\TﬂFIﬂT deM o forg

Sulphur SRET USSR & ®T H

Starch W%Wﬁ
Kaolin Wﬁ@m%ﬁw
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MCQs on Size Reduction

1. 98 39 HUN B! B HUI A drs ) Ufhar dgala g -
a)ﬁl’ﬁi"{
b) HUHRH
o) IR
d) fepecargoRH
[ CH b)ﬂﬁ?ﬁ

. RfER &1 from o &) frge srord & sdrdr 82
a) 3TDHR UCH & SUTd &b
b) 7T e & B
c)&ITCI?F[$
d) o &
STR: b) TS g &7 b

. DF-TT T Impact 3R Attrition Gl UR BT HdT 82
a)%"ﬂ?ﬁlﬁ
b) STd fret
C)Wﬁlﬁ
d) JVeR B
IWR: b) sid e

. T o1 fram foraes forg Swant g2
a)ﬁ%’ﬁh‘&i’ﬂ%ﬁ‘m
b) Y&H TSET o forg
c) &Il & ferg
d) fordt & ferg =18}
W:a)ﬁ%ﬁﬁ%ﬁm

. -1 7 a1 YaTe § HUI BI 3T H THAT |7
a) TIgS TSIl (el
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b) e e
C) JeR FHa
d) e i@
3R: a) TS S Toh Hd

Fill in the Blanks (R&T ®ITT %3)

1. Size reduction aﬁ_ﬁww%
[ HHARE

. GEUpa s uefer_ aF e Bl
[ {de

.eRasgaEfgd_ 3l
- 3reTd

. Cutter mill_____ fIgid R &M axar g
O PleAl

. Fluidenergymill @ W ®gd gl
1 ofe i

. PORUERf®l A ddsIS el

] ST (GH9)

e gav gre oy (Short Answer Questions)
1. Size reduction &I TRHTHT @TW%@QI
. Size reduction I YHTIAd B dTed TR HRb TSV |
. TR a3 Brifafy fafew)
. Size reduction H YA g1 aTat fafirs 9 ®H-oH19 A 82

. Kick's 3R Rittinger's faH IHIET|
. Size reduction &% IR IUANT §d1ST|
. IR IUBUN & 1 fARIU i Size reduction & TR BId
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&q STV JIT Ty (Long Answer Questions)
1. Size reduction %ﬁl@ﬁ fopanfafer ﬁ?ﬁﬂﬁfﬁaﬁﬁﬁl’ql
. Hammer mill &1 fafur, Srifafe, sy ok gl garsul
. Size reduction B! THIAd & aral ObNOD\I'WﬁﬁW@IGUﬁWI
. Size reduction H Ua fafid UHR & ITSRUN &1 FIHR0T SR faaror difog |
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Hammer Mill

1. Introduction
A hammer mill is a mechanical device used for size reduction of solid materials.
It consists of rapidly moving hammers that strike and shatter the material by impact action,

converting large particles into smaller ones.

2. Principle

Hammer mill works on the principle of impact.

When materials are fed into the chamber, high-speed rotating hammers strike them
repeatedly.

The impacted particles are broken into smaller sizes until they are small enough to pass
through a screen at the bottom.

— Principle: Impact (force of high-speed hammers on particles).

HAMMER MILL

Feeding
mechanism
(Hopper)

Hammer

Screen

—

Discharge

\ /- outlet

3. Construction
A hammer mill consists of the following main parts:
1. Feeding mechanism (Hopper):
o Used to introduce material into the mill.
2. Rotor:

o A central shaft on which several swinging hammers are mounted.
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o The rotor is connected to a motor and rotates at a high speed (2000-6000 rpm).
. Hammers:
o Usually made of hardened steel or stainless steel.
o They may be fixed or swinging (free to move around their hinge points).
o The hammers strike the particles and cause size reduction by impact.
. Lining (Casing or Chamber):
o A strong metal chamber encloses the rotor and hammers to prevent material
from flying out.
. Screen (Sieve):
o Located below the hammers; it controls the size of particles leaving the mill.
o Only particles small enough to pass through the screen are discharged.
. Discharge outlet:

o The fine particles pass through the screen and exit through this outlet.

4. Working
. Material is fed into the hopper.
. The rotor rotates at high speed, causing the hammers to swing outwards due to
centrifugal force.
. The hammers strike the material repeatedly, breaking it by impact.
. The broken particles are pushed through the screen.
. Fine particles pass through and are collected, while larger particles are retained for

further size reduction.

5. Advantages
v Simple design and easy to operate.
v High speed and efficiency — suitable for bulk size reduction.
v Adjustable particle size by changing the screen.

v Continuous operation possible.

6. Disadvantages
% Generates heat — not suitable for heat-sensitive materials.
% Produces noise and dust.
% Possible metal contamination from the mill parts.

% Not suitable for very hard, sticky, or fibrous materials.
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7. Applications
Used for size reduction of:

o Crude drugs (e.g., roots, barks, seeds).

o Spices, resins, gums, and grains.

o Powders for tablet and capsule formulation.
Also used in:

e Preparation of suspensions and emulsions.

« Extraction process (to increase surface area).

8. Particle Size Range

o Particle size obtained: 10—400 pm (micrometers).
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%TR' fra (Hammer Mill)

1. g (Introduction)
WWWWW%WW@QWﬁﬁ@%WﬁW (Size reduction) &
for foram ST 8|

20 gAd U gWS (Hammers) UGIUf T THABR 3 BIe-BIC chal A dlgd o |

Z.ﬁl?x'i?f(Principle)
R fid SmaTd (Impact) & Rigid R & HRar gl
O T § gAY BU BFR, UeTf IR TRl & o 3 gea B Ul Hf 95d offd & |

3. fAmfor (Construction)
SR fire # Fgfifed qer 4 g § —
1. WIS Ahfeq (Feeding mechanism / Hopper):
o 39 uard Bl STA & U T gTR BT 3
. ﬁ??(Rotor):
o T YA ITel WY o TR b8 R 1 8 B
o Tg AR GRI 3 TIfdl (TRTHIT 2000-6000 rpm) TR FHAT & |
. %'FI'\"(Hammers):
o UG P BIC NS T U S IAI §U UeTlf I o &
o TE Impact & GRT US1df & dlsd g |
. HRATOT 9w (Casing or Chamber):
o TE TS YT T TR0 § SN USTdf 1 A= I d1eR I8+ A AHhd 7|
. W’ﬂ?(Screen)z
o g A B 3R TN el Bl 6, S Had BIC SMBR & HUN DI AR AHT oall ¢
. %ﬁﬁf\}m(mscharge outlet):
o S5l Y UI3SR AT B¢ HUI A J T1eR Hbad ¢
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4. SHIAFY (Working)
. WﬁﬁHopper@fﬂ?ﬂ:{ﬁmﬁlﬁT%I
. Rotoraﬁﬁﬁw%ﬁmﬁHammersWﬁGﬁT%Gﬂﬁ%I
. gHd §U 3R Ueref § TR € 3R 3% IR-9R dlsd B
4. B B Screen I BB deR Aopd 91 |
5. §9 HUI J: THIUDR 9 db ¢ed Xgd & ofF ad d Screen T 7 ToR SMY|

5. @Y (Advantages)
v 0 IeeH § R 3R S|
v g3t A E uerd & $H 999 § Ui off 9ol 5
v TP SCAdHR HUT HR & (Had fovar off Il g |
v W(Continuous)mﬁmwwa’l

6. GT&NT (Disadvantages)
o 0O 3if¥e THf Iw Bt & 0 AU-Tde<ia gard ¥ 8 b B
o 3P TR 3R yd I eIl B
o YT & Gl o TgHUT T HHTGT|
o 9gd HoR, faufe a1 WigR genif & e 3uged =g

7. STURT (Applications)
e araeR &t At H|
o ) ST), BT, oIS, 7Tl SM1fe &Y B HUif § sga & forg|
egdc AT (Granulation) T U8 USSR dOR &3 H|
Extraction Ufchar H Hdg & EIE'Ief & ﬁ’l’QI

8. U 3THR YT (Particle Size Range)
. oW BT Y U BT BT 3MBR TIHIT 10-400 HISHIT (um) b BIal g
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Ball Mill

1. Introduction

A Ball Mill is a mechanical device used for the size reduction of materials.
It consists of a hollow cylinder that rotates around its horizontal or vertical axis.

The cylinder is partially filled with balls made of steel, porcelain, or rubber, which help
grind the material into a fine powder.

It is one of the most widely used equipment for both wet and dry grinding operations in the
pharmaceutical industry.

2. Principle

The Ball Mill works on the principle of impact and attrition:

When the mill rotates, the balls are lifted up on the rising side due to friction and
centrifugal force.

When they reach a certain height, they fall on the material due to gravity.

The impact (when the balls fall) and attrition (rubbing between balls and material)
cause size reduction.

SCHEMATIC REPRESENTATION OF A VIBRATION MILL

Feedin Out of balance weight

\

\

\
\
\
i

\

Milling balls \

/\

b/

/

Flexiblé coupling \Spring mounting

to drive motor Product out
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3. Construction
A Ball Mill mainly consists of the following parts:
1. Hollow Cylinder (Shell):
o Made of steel, lined with porcelain, rubber, or manganese steel.
o Mounted on a metallic frame.
. Balls:
o Made of steel, flint stones, porcelain, or stainless steel.
o The size and number of balls depend on the desired degree of size reduction.
. Feeding and Discharge Mechanism:
o The material is fed through one end and discharged through the other.
. Drive Mechanism:
o The cylinder is rotated by a motor through belts or gears.
. Lining Material:

o Prevents wear and contamination of the product.

4. Working
1. The material to be ground is placed inside the cylinder along with grinding balls.

. The cylinder is rotated at a specific speed (called Critical Speed).

2
3. The balls rise and then fall, causing impact and attrition on the material.
4

. The fine particles are continuously formed and can be collected after the desired size is

achieved.

5. Critical Speed Formula
The critical speed is the speed at which the centrifugal force equals the gravitational force
acting on the balls, i.e., the balls will just stick to the wall and not fall.
Nc=42.3/VD-d
Where:
e Nc = Critical speed (in rpm)
e D = Diameter of the mill (in meters)
e d = Diameter of the balls (in meters)

For efficient grinding, the mill is operated at 65—80% of the critical speed.
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6. Advantages

< Suitable for both wet and dry grinding.

< Produces very fine powder (10-400 um).

</ Can be used for both batch and continuous processes.
</ Easy to operate and maintain.

< Uniform particle size.

7. Disadvantages
% High energy consumption.
% Not suitable for heat-sensitive materials.
% Time-consuming process.

% Heavy and noisy equipment.

8. Applications

"1 Used for the fine grinding of powders in the pharmaceutical industry.
1 Preparation of suspensions, emulsions, and ointments.

71 Used in the preparation of nanomaterials.

1 Grinding of crystalline and brittle materials.

9. Particle Size Range

e Produces particles of size 10—400 microns (um).
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d1d f3re (Ball Mill)

1. gi=g (Introduction)

aid fie T gifie Sus il § SrasT SuANT 319 Ugrdl & 3TPR &I °UeH (Size Reduction) &
for foman ST g |

g U WA SAIPR (Hollow Cylinder) T BT & ST 3104 &Sl (Horizontal) 3781 TR gHaT 8
=% 3T, TR a1 3a) Y AT (Balls) 1 g1t €, 5l Uerd ) akies uraex & uiafdd sl
gl

g IUHU A (Wet) T4 & (Dry) G UDHR & ATRIST & 1T Iuar g

Z.ﬁl?x'i?f (Principle)
ara fore &1 o fygia "Impact 3T Attrition" TR 3TeTRT g |
. 9 9O AT g, O ¢ g9 3R H-RIMYT™ §d (Centrifugal Force) & ®RUT SUR 3ot g
. TP Gdls W Ugd- & 91 9 Tard R R B
. A3 Impact (3ITUTd) aur el & &I'I'Wﬁﬁ'ltcﬁﬁ Attrition ('tTGfUT) Bﬁ?ﬂ% oraa uered
&1 3MHR T 3|

3. fAmfor (Construction)
ardt i & g uiT Fgfeiea § o
1. 9@ETHR UTA (Shell):
o XTI P &1 81T g, AR F TRICHH 1 IR ¥ AT D1 St g drfeb ferma A1 g1
2. ﬂ%(Balls):
o 3WTd, MR, a1 fidie @ &t s+ St 21
o Tial BT AHR MR AT e IRIb! TR 1R Helt g
3. WIS 3R fEwarst sgawr:
o Tard B U R STA1 oIl § 3R g RR & e S g |
4. mﬁ%ﬁw:
o TR GRT 9T P! dee 1 R & H1eq § gHmT JIdn g1
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4. BT4 gorreft (Working)
1. o uerd &t tam1 8, 39 el & 91 9@ § ST oIl 5 |
2. 9O &I U& (3T T (Critical Speed) TR GHRIT ST & |
3. ﬁ%WBB?ﬁ% G?ITW% SR8 uerd wr 3T (Impact) 3R gfor (Attrition) %ﬁ?ﬂ%l
4. 19 3fBd HR YT B oIl &, Ol TR UT3SR Bl b HR ot Sl ] |

5. fefeda Tlts (Critical Speed)
Critical Speed (Nc) HEW%%WW%W@%WW% Gﬁqﬁfﬁﬁ:ﬂﬁ%l
Nc=42.3/\D-d
S
« Nc = fobfeha g (rpm H)
. D = id &1 g #Hiex 7)
. d = el P @R )

THTq: {7 P 65-80% Critical Speed TR I STl g |

6. Y (Advantages)
% 0TS SR QW aF! UHR & RS & oy Iuga|

§gd SRI® UT3SR U 8IdT 8 (10-400 pm) |

e 3R IVRWG S|

HM HUT HTHR (Uniform Particle Size) |

CERINEEGE (Continuous) ufehar # AN

7. gifar (Disadvantages)
% XSHull & S aaHdl|
< AI-Hde=ite uerf & fore srguga|
< T SIS AT B

& TR YR SR TRYed Bl ]
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8. SUANT (Applications)
Nyehiy urgex (Pharmaceutical Powders) Pl dRIB ‘JFI%'%"T H
UM, THRA 3R 3iigcHc &I R H|
HARTE B ol 7
forieens SR 1R ggrif & forg Iugad |

9. HUT THR ATHT (Particle Size Range)
10 & 400 HISHI (um) TH P HUT HHR U fHU & Jbd & |
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MCQs on Hammer Mill & Ball Mill
Hammer Mill

1. The principle of Hammer Mill is based on:

a) Compression
b) Impact
c¢) Attrition
d) Cutting
Answer: (b) Impact
. In Hammer Mill, size reduction is achieved by:
a) Shear and cutting
b) Impact between hammer and material
¢) Pressure between rollers
d) Rubbing action
Answer: (b)
. The screen in a Hammer Mill is used to:
a) Regulate air flow
b) Control particle size
¢) Hold the material
d) Feed the material
Answer: (b)
. Hammer Mill is not suitable for:
a) Hard materials
b) Sticky materials
c¢) Brittle materials
d) Fibrous materials
Answer: (b)
. The speed of the hammer in a hammer mill is usually around:
a) 100—500 rpm
b) 1000-1500 rpm
¢) 2000—6000 rpm
d) 8000-15000 rpm
Answer: (d)
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Ball Mill
1. Ball Mill works on the principle of:

a) Cutting and Shearing
b) Impact and Attrition
¢) Compression
d) Stirring
Answer: (b)

. The optimum speed of a Ball Mill is:
a) 100% of critical speed
b) 65—-80% of critical speed
¢) 40—50% of critical speed
d) None of these
Answer: (b)

. The balls used in a Ball Mill are made up of:
a) Steel
b) Flint stone
¢) Porcelain
d) All of the above
Answer: (d)

. The type of force responsible for size reduction in Ball Mill is:
a) Impact only
b) Attrition only
c¢) Both impact and attrition
d) Cutting
Answer: (¢)

. Ball Mill is mainly used for:
a) Coarse grinding
b) Fine grinding
c¢) Cutting
d) Mixing
Answer: (b)
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Fill in the Blanks
Hammer Mill

. Hammer Mill works on the principle of impact.

. The hammers are attached to a rotating shaft.

. The screen controls the size of the final particles.

. Hammer Mill is not suitable for sticky or gummy materials.

. The hammers rotate at a high speed of about 8000-15000 rpm.
Ball Mill

1. Ball Mill works on the principle of impact and attrition.

. The speed at which balls stick to the wall is called critical speed.

. The cylinder of a Ball Mill is made of steel and lined with porcelain or rubber.

. Ball Mill is suitable for both wet and dry grinding.

. The size of particles produced by Ball Mill ranges from 10 to 400 um.

Short Answer Questions
Hammer Mill

. Define Hammer Mill.

. What is the principle of Hammer Mill?

. Name the main parts of a Hammer Mill.

. Write two advantages and two disadvantages of Hammer Mill.

. Give two pharmaceutical applications of Hammer Mill.
Ball Mill

1. Define Ball Mill.

. On what principle does the Ball Mill operate?

. What is the critical speed of a Ball Mill?

. Mention two advantages and two disadvantages of Ball Mill.

. Write two pharmaceutical uses of Ball Mill.

Long Answer Questions
| Hammer Mill
. Describe the construction and working of a Hammer Mill with a neat labelled
diagram.
. Explain the advantages, disadvantages, and applications of Hammer Mill.

. Discuss the mechanism of size reduction in a Hammer Mill.
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" Ball Mill
1. Explain in detail the construction and working of a Ball Mill with a neat labelled

diagram.
2. Write in detail the principle, advantages, disadvantages, and uses of a Ball Mill.

3. What is critical speed? Derive its expression and explain its significance.
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