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Granulation is the process in which the primary
powder particles are made to adhere to form
larger, multiparticulate entities called granules.

Granules are either used in their own right as a
dosage form or as an intermediate product in the <
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Granulation
Reasons for granulation A— Yoty LD
The main aims of granulation are: '

38>GSow 4—1. To prevent segregation and thereby improvee)eis - - olds i
nilling O \s homogeneity. N e T (P Cj o a0
2. Improve the flowability of mix to ensure
complete and uniform filling of tablet dies,
capsules etc. This lead to_ less weight and dose
variations, =Y S e o0 AL L L Sean Flow Mot =T
— Granules produced from cohesive materials will be Q—!M\b}_—rﬁ-‘?
larger and more isodiametric—g a;obaﬁs_,‘m,3m,m“e}5'f"‘_'{§.)é‘g’
3. Improve the compactability of powder. == <3 S \,\::C‘S
— Some materials have bad flow and compression 9&3‘2)"““5 3
properties so that they can not be formed by direct y ) """"..
compression and therefore need granulation. Oltmefy, o
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Granulation
Reasons for granulation Cre U 10 Q0 Ay e Us oit- 8
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4. Eliminate problems due to dust (e.g. toxic
materials). &“U"‘S"""«‘c DELEAs ! -leflan Sgsa-o

5. To reduce the problem of caking of hygroscopic ‘\-@B.:v S A
materials. 8k et s LA

6. Increase bulk density of the powder mixture
making them more convenient for storage or
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shipment. -
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Granulation methods
Dry granulation- RS S PR POV

 Other term wused to describe the process is
compression granulation. = &% PRaMAGGa Yy

« It converts the powders into granules by application
of pressure without the intermediate use of liquid.
Voadt o2 G 3\"4\-.1-.\9; 3 Powlder i

« This method is used mainly with heat and moisture
N\ sensitive materials like aspirin and many vitamins.
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nS « There are two main processes of dry granulation: =
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Dry granulation methods
Slugging -

Procedure: L i 5> Ve PP
« Powders (drug and additives A/ . cv
like diluent, Dbinder and
disintegrant) are mixed and
compressed on high capacity

cdaxo - tableting machine. BV CX\
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FIG. 11-13. Schematic diagram of a Chilsonator roller
compactor in a granulation production system. (Courtesy 4
of the Fitzpatrick Company. Elmhurst, 11.)

Q’ granulation methods
Roller compaction

« On large scale, dry
granulation can be
performed on a specially (@)
designed machine called
roller compactor.

UAs\)Qo Dams O Ronde ) \emo
D SR A, The powder is squeezed
25 OSSN oveen two rollefs

C§\”<’€ G) produce a sheet of material
oo o> = <\ which is then comminuted —> <=3
d\,..»\?f-) and screened to small

S\ >3 > granules. o

Fig. 29.12 Roller compaction: (a) Alexanderwerk and (b) Protec
types




Dry granulation methods.-ox 4 )\—-’J_‘,»

Advantages of the roller compaction process: &, \&. N, S 3 <Lxé P
1. The process is economical. vea _,C
2. There are relatively low investment costs compared with W““ R
alternative granulation processes using multiple, and more >
expensive equipment. F 2oed (e, oS LV 22y " "b““ IS iy
3. It can cope with a wide range of materials, particle size, bulk -
density and flowability (But not all materials) Draawle 5) V3G Go -0
4. The process is easily scaled up. Ccomg“(ﬂbm[‘ R R VRV svess =7

5. The product has uniform properties with respect to its "—’S"’C Able€ Lndassd
mechanical strength. ‘\P.L e

6. Additionally, the more gentle ‘squeeze’ of roller compactors - 5\ ¢ J\ A
leaves the resulting granules capable of further compaction < e, ?qc(ov

into tablets without the work-hardening problems encountered b
with slugging. > Nt
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Dry granulation methods

Advantages of dry granulation:

« Utilizes less equipment and space than wet o
granulation. 254505 w el dWa 5B) C_\\;a\ ) N
LGS AR Yo binde vl Ui Lo $AN B5Y Bt
« Eliminates the need for binder solution and
drying process.

Granulation methods
Wet granulation - aiui e i L G onm Sl 35\

e This is the main method for preparation of
pharmaceutical granulation and the granules
repared are of good quality. . . : <~
e vy Dlam ot L o), S| i @
Disadvantages : - - .
. f - = (=
A. High cost AV T A 3:2:5_,
B. Long operation procedure -~
J operation p : el - Y

C. The use of binding liquid and heat creates problem (- s
for heat and moisture sensitive drugs. Sometimes Lok‘,: :’6 der S
alcohol is used in binding liquid instead of water "\~ e EG 3
. : . ; \ VAR
if the drug is sensitive to moisture. L R G|
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Granulation methods

Procedure - ]
1. The ingredients to be granulated are mixXed t0 w iy ¢y medats - |
achieve good homogeneity. s S O Ce 5 0% G N e;,.,,

2. In addition to the active drug, the mixture may . .
contain a diluent, disintegrant, binder. G50 G L T

01 ndey I &GN\ s (A (D e
3. The binder (adhesive) is either mixed with B

powders or dissolved in the granulation liquid. tvwje F3 |
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: Granulation methods . _
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#o a5 S\, 4. Granulation liquid is prepared (Volatile solvents ijﬂ:fj:;‘f
. g,:_.:;\)\ are used such as water, ethanol and isopropanol, &2 D

so that they can be removed by drying). }-1 .MN"D

5. The granulation liquid is added to the powder = -
mixture and mixing continues until uniforrﬁ‘\‘wdo_s'{uen
dispersion (wet mass) is obtained. This process is5"'-n;|}3“ﬁ-r‘ o
termed wet massing.( Kweesivey = s gy g ST

6. The wet mass is screened to obtain the desired | S—Vﬂnqie_r
coarse particle size and the particles are then tray - ] P UJJ-{-’
dried. Alternatively fluid-bed drying is applied. Suyg,)
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7. Size reduction of granules may be done using a =
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Granulation mechanlsms
Particle bonding mechanisms Q\J \)_.)\w_k_s)o u)j, ;=

There are five primary bonding mechanisms between particles: 5
\ a0\
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1) Adhesion and cohesion forces in the immobile liquid films
(o el Pwafr)( \J_)-‘UJ

betweer —> 247,

— An immobile layer (thin film) around particles will increase the élameter
and decrease interparticulate distance, therefore it increases van der Waals - - -~
olgs O M3 -
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2) Interfacial forces in mobile liquid films within the granule. S\ ey,

— There are different states of liquid distribution between particles according \e \‘,_,.a_q-
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Fig. 2 Liquid-bridging state 01- undergoing

(A) binding liquid addition and (B) densification. ~ > i
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3) The formation of solid bridges after solvent evaporatlon(drylng) é)\ '03 S

These can be formed by:
\i5Ss — Partial melting ¢ SV
P 55ical =>- Hardening binders => ~ Sve3\ a5 JJ.L
CMron ¢ Crystallization of dissolved substances
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4) Attractive forces between sofid particles

— Electrostatic forces o> I S I 4
— Van der Waal forces (_\__) ___) 23\ u:’ .\
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5) Mechanical interlocking
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Pharmaceutical granulation equipment
Wet granulators
1) Shear granulatorsC === \gs | (g
+ This is a traditional method of granulation.—> S adas
* It often uses a planetary mixer for wet massing of the powders.
» Mixing of powders is either done in a separate mixers or in the same
planetary mixer.
+ The liquid is added as the paddles of mixer agitates the powder.
» The moist mass is then transferred to a granulator (such as oscillating
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Pharmaceutical granulation equipment
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» The rotor bars of this granulator

oscillate and force the moist mass D at .-

through the sieve screen. = qrj zelss
» The mass should be sufficiently @ _25 LN\ P

moist to form discrete granules: UWaddaTos Sieyed |

— If excess liquid — strings of material Gr ’

will be formed S5 ad%as Qo 1a 5\ P nle g

— If too dry — the mass will be sieved

to powders and not granules 5 o=\ )-‘35\
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oscillating granulator

planetary mixer
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will be formed
If too gry - (’;he mass V\;I” be sieved ——p . Jﬂ_s.e.
to powders and not granules Yamal. O\ <os >
J.R.JA) 3 ho 5 J«)\_’ V\"B
Pouher
{ Moist
powder

Feed
conlaner

Oscillating
Adjustment -7 rolor bars
i

Sieve screen

Fig. 29.6 Oscillating granulator
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Disadvantages of tray drying: S R Asssb Vs (2

» The drying time is Ionga_\&_;\, Fab 55, >>05 0

 Dissolved material mayctnlgrate)tot e upper surface A5 10 )

of the bed on the tray _P’“‘ub*szh‘"““ ;l i":)\ - -
« Granules may aggregate due 1o T)rldage formatlon at -l &
the pomts of contact of granules 3y oo L oo s Sy UV

- CJG-E.\._C c_,,..,.s_;’ Sm Nule §
» To deaggregate the granules and remix them a
sieving stage is necessary after drying (t,)a;,\;,j,, Ge A G LE G
Siey; h 4 Jeelu

Advantages of the traditional method (shear
granulation) A SN\ A\ G b el T\ g \J;

-

1. The process is not very sensitive to changes in the e _,_‘\ .
characteristics of the granule ingredients v, ... ¢ s B

\ 3
2. The end-point can often be determined by SGe s

- inspection C,n-ﬁ-ﬂ-\\u)"' U"'c_s-—’;\va_‘.J <_,-n--l.:.>\ ,.;5'“(.
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Disadvantages of traditional granulation —teds 0,

1. Too long duration Qoobe =50 i
2. The need for several pieces of equipment  z5gs\ 5\~ - .3 -"‘l““\‘_

3. High material loss because of the transfer stages T as
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fxf"“ Pharmaceutical granulation equipment

2) High-speed  mixer/granulators (ngh shegr>Y 10 \ga | iy
granulators) N SR g C S\ eSS

« This machine have a three- bladed maln impeller,
which revolves in the horizontal plane, and a three—
bladed auxillary chopper which either revolves in the
vertical or horizontal plane.

e The unmixed dry powders are placed in the bowl and
mixed by the rotating impeller for a few minutes.

« The granulating liquid is then added via a port in the
lid of the granulator while the impeller is turning.

» The chopper is usually switched on when the wet
mass is formed to break up the wet mass to produce a
bed of granular material.
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Mixing bowl
(raised position)

Three-bladed
mixing shaft i
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Top-driven high shear granulators

Bottom-driven high shear granulgprs
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High-speed mixer/granulators C ORI e L LA L e\

« Advantage: Mixing, wet massing and granulation are

Once a satisfactory granules has been produced, the
granular product is discharged , passing through a
N

wire mesh that breaks up any large aggregates, into
the bowl of a fluidized-bed drier. J
Granulation proceeds rapidly and controlling with

care is necessary as granules can proceed very
rapidly to unusable, overmassed system.

The process is sensitive to variations in raw material.

done in few minutes.
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Pharmaceutical granulatlon equipment
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3) Fluidized-bed granulators* 2% byl o

Powdtr Os_u=¢_Fluid-bed granulators are similar in design and Seos=o -1 =40
F\v‘\a\zﬂf\&m
SN S0 35

\)_JJ.:_;..-—"

operation to fluid bed dryers, but in addition fluid is 508> i sy

sprayed from a nozzle on to the bed of powder. RSP érax»p N
Heated and filtered air is blown through the bed of o\ st
unmixed powders to fluidize the particles and mix Mes 2 (L

¢bi \h

the powder. Y nge, |
. QP\M-\\)\)&S\&}_,_,

Exhaust filters allow the prevent the escape Ofbedofp, o3iic Zvigy”

pOWderS oi\EA\Znﬁlt\p \k:i_?‘—’—' .a..\t-\:’__,-n_»-\-

Granulating fluid is pumped over the bed of POWdEr e w22 stenses

which cause particles to adhere and form granules.p.%,., > 322> 5= Filte,
‘);_,;; o_)a;»\\ pd —LPM-’

After formation of granules the spraying is stopped (T s 2 Gt

and the fluidizing hot air continues to dry them. | weéb?;::j\:\‘;‘ E;*(:*:j
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Fluidized-bed granulators

Advantages ~oa&lgs

1. The performance of many steps (mixing, Tigess | Js
granulation and drying) in one equipment. 27\ 25 Oiiﬁ::)
2. The Process can be automated once the conditions

affecting the granulation have been optimized. BB Con i €
u)}ﬁ)o—‘yjﬂérm\q.\\(j )|°<-)—o\$5\)'3~)q>\:-\\u)_,a _J-IQ_\
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Disadvantages U"f“)\hm LA = &1 Payo,  velers
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A. Expensive instrument _3&24.;\5\
L . u;_,@\w_,_,uﬁ 2

B. Optimization needs extensive work i, O Ss-©
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Apparatus process and product variables mfluencmg fIU|d|zed bed granulation
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Pharmaceutical granulation equipment
4) Spray driers - Flad 62 NG s
 This differs from other methods of granulation in that granules
are formed from a solution or a suspension rather than initially
dry powder particles. SafPension  OSE< fL\L| _e=\uyV
SRSS s s G s 8S Sy Aol
» The components (drug, diluent) are suspended in a liquid that
may contain a dissolved binder.

S"\SPQ")S\.UH )\,\/\C\IV\\A )\C"LN

\ a\ Y - .
» The solid percentage should be relatively high. — > Sold oo\

« The suspension is pumped under continuous agitation in a

stream of hotair, — >\ L 5e ~ g
C= O\ | 5g\y Q”f;ti@’ P3P Jo eV L
« The liquid evaporates leaving the solid in form of free-flowing
hollow spherical granules with uniform size. _ ~

SP\’IEY \‘C(/\\ Aranale,  hdeas > Ko é\roP\e 6 O &gﬁ—g\_ﬁ:““ s \A\f—’:ﬁ*’

k_,f,«a\;,j-ea 7 % Used mainly for the pre@ation of direct compression diluents.
_ . > T s ) _...i_> U C NI
'J:""'-°QS’\°-—31—-5L;§'_\1_;Q_,_\ P -
- \%_._:._é\ —>\5QJ
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Fig. 307 Spray dryer
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Minimal exposure of the product to heat — little
deterioration of heat-sensitive materials.

The characteristic particles have large surface area and
so rapid dissolution.

The powder has a uniform and controllable particle size.

The product formed has excellent flow and compaction
properties.

F. Labor costs are low.

mo O wWp»p

Disadvantages - <—-s==<
A. Itis costly process and the machine is expensive.
B. The overall thermal efficiency is low.
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Pharmaceutical granulatlon equipment
5S}Ler tea\ Pa\\r(‘
5) Extruders/Spheronizers—  “~ =2 eI\ Slaan
« Extrusion/spheronization is a multistep process used_
to make uniformly sized spherical particles. oS U«So-m
SG\S( U\\ b Pé (Z‘h’

It is used mainly to produce multiparticulates for ‘f o s
controlled drug release applications.

GYERY 2>\ N e S
S Snralle) r_leo g

—3._1-‘.)-‘_\) Q}

>

£)

Extruders/Spheronizers

«  The main steps of the process are: 5 = ‘= > .\ Q Lo o setad |
(B8 (s ) VD0

1. Dry mixing of ingredients Jms\c,@\g_j j,_a_,z Aso=s
C A ~30\a, \ - VJ)

2. Wet massing
«  More amount of liquid is used than other methods.
« Uniform dispersion of liquid is necessary

3. Extrusion( ﬁo reon

» The wet mass is forced through dies to form rod-
shaped particles of uniform diameter.

(A

AR



Metoring | Dogssing Meloing | Malling & | Foading
Zone Zone | Zone | Comprossion  Zane

SPwning Frickion e Lol B\ e _ g
- Aé(\ri(‘\'o;,) \

4. Spheronization_ = \»° D& b2\ Js | U\

» To round off the rods into spherical particles

S 655«?\«“*6 L,,_L,ﬂ,@juﬁgg

» This is done in a simple apparatus with fixed side walls
and rapidly rotating bottom plate with grooved surface.

» The rounding is done by particle-particle and particle-
Surface friCtionS' Extrudad product Braaking up Spheranizing Pellets

5. Drying: Either fluidized-bed or tray drying.

6. Screening: To obtain suitable narrow particle size Ser W -7
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[ Wet product spheronizing
during toroidal motion

Spinning friction wheel —

Fig. 29.9 A spheronizer showing the characteristic toroidat——t> Q_) S-'> -';h)
(rope-like) movement of the forming pellets in the spheronizer, - B
o o) &}\S.,-N

bowl during operation.
(233

] 0 0o

Cylinder Cylinder Dumbbell  Ellipsoid  Sphere
with rounded
ends

Spheronization time —>

Fig. 29.10 Representation of a mechanism of spheronization.
The diagram shows a transition from cylindrical particles (a) into
aylindrical particles with rounded edges (b), then dumbbells

(c). to ellipsoids (d) and finally spheres (e).
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Pharmaceutical granulation equipment

6) Rotor granulation
» This process allows the direct manufacture of spheres

from dry powder. gJJ_B?\_\\QmJ‘;MKNMSPLeYQ S

* In the Freund granulator, the powder mix is added to the
bow| and wetted with granulation liquid from a spray. o= 5, 5,1

Gm‘l"\\v\((oh dﬂd\d@m\k&i\sé&): SIVAsL, (A SN VEW)
» The baseplate rotates at high speed and centrlfugal

force keeps the moist mass at the edges of the rotor. W Sas BN &
\b)s_}g\ Jﬁ\oydaﬁ;\é_})({_,\fujg m_\(dm(_,ggfl)&_m&
o V=

 The velocity difference between the rotor and the static < _-3\ I &
walls, combined with the upward flow of air around BN )
rotor plate, causes the mass to move in a toroidal oL
motion, resulting in the formation of discrete spherlcaIU\ Loghl R .= 20

pellets Q*‘\I:'X\"\’h“) br"\’ L),S_.Q ) =53 W\Lﬁwuy-\a)@
Rheres

Pharmaceutical granulation equipment

6) Rotor granulation

- These spheres are dried by the heated inlet air from the;x )\ | }%5\@
air chamber, which acts also as a positive pressure seal

during granulation. I gy S
CQG)RE(V@ PV’PISHLQ C_}'-Aa"‘-"

« Using this technique, it is possible to continue the process U-\S\
and coat the pellets by subsequently spraying coatmg WEYES

& 22\5, L., solution on the rotating dried pellets. . Ul >3y
5\('&'1"\\6))\0\’ ?""5(“0\\‘-16() Lz s \M“eé\a\fQ Y el\eg J‘Q Nw%\ wds‘&s AP NS

« In addition, layered pellets can be formed by using
uncoated pellets as nuclei in a second granulation with a

powder mix of a second ingredient. G Bod A s s\ @
Ve d inbe G oy, ¢

C%u BN ICARKN
S"\SGCA\MQJ SN
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Granulating liquid

Powder feed ﬂ/—\

Y
|
‘ Stator cover

' Spray nozzle

Stator

Discharge Rotor

port
Air chamber

Air inlet

Fig. 29.11 Rotorgranulator.
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Meltgranulation —> *A»S—Ac»)

« Melt granulation and melt pelletization processes that have S \;,:\,3 >
gathered increasing interest in the pharmaceutical industry. \ Qﬂilﬂ {

« Unlike the conventional use of aqueous or organic }
lutions of bind ften liquid which remains as &y ery i ©
solutions of binders, a molten liquid which remains as a« s 4i.,, |

constituent of the formulation is utilized as a binder. >=s e, 5 {55

. . . SRS g 5 5
- However, the basic principles in melt granulafion = 2!

processes are relatively similar to those of wet granulation

processes with solvents except that the interpretation of s @J\;;g\
the melt agglomeration processes is not complicated by an ¢« S
evaporation of the molten binding liquid. moR\G ﬁro«;\ i o

R T N
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Melt granulation and melt

pelletization
Perforated rotating shell
‘ y ‘
' Heut\ngstotor —> :' ._. ! ,\f\

' .:7 Heating channel ——1>> C ..: ,5\ E (_A
Product melt % ,,f\:_:_‘{ 6 ‘{\:3’&-“) :P\? as)"

—m R
2&:» o (‘5&"") &=Metering nozzle bar —A;ﬁ)-‘ Pastilles=”
Sosests

Steel belt

- o (_,\?c"

Melt granulation

AR 3 I:Iot melt binders

= - -, O
L4 HYdrOthll . Qﬂ% ')GA Q\QCU\\J\V '\A/Q\ﬂ"l()
Polyethylene glydols |(PEGs): Grades between 2000 - 6000
aiati . \Ide/E)DhObIC (water insoluble) Ve N L eos v >S5
L\"\"\‘\b Sc.s \()

— Carnauba wax \..-—leo0o

> SaCarated Semiliggnid

Ay SV C f{HydrogenateQ:astor 0il Cvesetasie 1)
— Hydrogenated cotton-seed oil

— Stearic acid

— Fatty acids derivatives (glyceryl behanate, glyceryl
monostaearate, glyceryl trilaurate, glyceryl tripalmitate,
glyceryl tristearate, hexadecyl palmitate) o\ g _,‘.:2,\ .
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Melt granulation

Hot melt processes
* The following methods (machines) have been

o5 g+ o« {adapted for melt granulation: ., , («- Mg oG (gads SN
. M“‘?@,Lﬂ; 1. Shear granulation Jranalatios -

e \ctnt 2. High speed mixer granulators
9 ~

5?::;5 = 233 Spraydrying __ s \Qification b9 coo\ing -
. 1. Spray/congealingys similar to spray drying. However a :>U.::§Q Vs

molten sample is sprayed and subjected to cold air for - > \2 5(3
. —_ —‘\)},0 Z v v
congealing. NACT-E RS

4. Fluidized bed granulation
5. Extrusion/spheronization

e
&‘ =L d)b Ry
we(* . . ) ‘ ‘ o
S b T S dvanales Nods 105 al G ()
v >\ Preparation of effervescent granules

p Wet Granulation MethodSMimu\Ma\n waler

S elles ¢ « The acid and carbonate parts of the effervescent NV o2
formulation can be granulated either separately or as a 3“”""“_\“(‘&'“
mixture with water (crystal water of citric acid, liquid b”;}“\ J \)J
water, or water vapor), ethanol (possibly diluted with \e \J&;
water), isopropanol, or other solvents. e 20

i 2 S\ < ';_' .
Dry Granulation—{>¢ Y2 ™ &1 <~2 — 50
« Granulation by slugging or roller compaction is suitable J (j
for active ingredients that cannot be wet granulated. 5(.,\ 99 V‘
. e
‘-\(Q(‘ h}\&g\)p\b&’f\ )\)AS Vo\\el/ Pi \
%VO\V)"'\\MC—IGS C‘&ﬁQacC(at)
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