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Drying
Drying is an important operation in pharmaceutical industry in:
1. the synthesis of active drugs and raw materials (usually the last step

before packaging)

2. wet granulation process

W)
—r
"‘N’* oo Drying may be:
i 1. Thermal: the removal of a liquid from a material by application of
heat. This is achieved by the transfer of liquid from a surface onto an
oV unsaturated vapor phase. water & sslvent 7
J/ 2. Non-thermal: There are other methods for drying which are non-
thermal like expression (squeezing of a wetted sponge) or

(_ centrifugation (such as domestic spin dryer)
Wq, Obﬁ VMa.s!) 250\ \



The drying of wet solids

Moisture content of wet solids:

It 1s the weight of water in sample divided by the
weight of dry sample. Therefore it is calculated on
a dry-weight basis as follows:

Wet -

_wt. of water in'sample
Q@C - AL of@ample x 100%

L.oss on drying:

100%

%L wt. of water in sample
0 (@ totalwt of/wet sample

5\06
The drying of wet solids =
Total moisture content: i Pa(ﬁm

waﬂ'h JLP &,/,,J + This is the total amount of water associated with a wet solid. Part of
- the water can be easily removed by the evaporative drying processes

| )
-
a\\'z\(S“y_" 9@ Efu and is known as unbound water. o | [—
- « The content of unbound water is e it R
boumd WOI:U'I known as Free moisture content Bound
Equilibrium moisture content (EMC) e

- Evaporative drying process will not remove all the possible moisture
present in a wet product because the solid equilibrates with the
moisture present in the air.

£ MC
A m{%f » This moisture content is termed Equilibrium moisture content
(EMCZ
s value changes with temperature humidity and the nature of the
solid.
» The part of moisture that is practically more difficult to remove is

known as bound water.
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) The drying of wet solids
/}Uj/@l Relative humidity (RH) of air Q]f o~ 'f‘-i"’lg
et Ve | Air at a given temperature is capable of taking up water vapor until it is ,Q_H’
oW by saturated (100% RH). -
< Relative humidity (% RH) may be defined as: L[O/D
vapor pressure of water vapor in the air / vapor pressure
“‘Jl‘g Q’}P of water vapor in air saturated at same temperature 4o

98’,07 & (‘%‘e’ This is approximately equal to the percentage saturation, ’/B(‘;
WS which is the ratio: ,2

N\: \,D\ Mass of vapor prese_nt per kg of dry air / Mass of vapor required to . E_)
1 saturate 1 kg of air at the same temperature 5‘}7)(//
gy‘\?o}"‘b/ The relationship shows that relative humidity is dependent on u
(Y temperature. o p
cf’)/(’. fp /'f If the temperature is raised then the air will be able to take, more S
moisture and the relatlve humidity falls. a1

ﬁ)w o Ui <= 00 BH
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WW‘Q ey Relationship between EMC and RH
w

» The equilibrium moisture content (EMC) of a solid
exposed to air varies with the relative humidity (RH). a3
—o i#")‘ 3

25C 1 Lok

* Lower EMC and therefore further drying can be Veasn—
achieved by reducing the er—_| values of thecambient.) Fery + €4
all’. Q«)w\ @dﬂ\g}
+ This can be done mechanlcally on a large scale using
air conditioning systems, or on small scale using
2 12) Zabo I\ \ «ddissecfors with moisture absorbing materials (like

ilica gel and phosphorous pentoxide).
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Fig. 26,3 Toss of water from a drying solid. The wet solid bﬂgf ] Relative humidity (%)
to drying is at condition (1). It ¢an lose water by evaporation to _
position (2), its equilibrium moisture content al that AH. The only  Fig. 30.1  Typical equilibrium moisture contents at 20°C. /}.‘“ g
way the solid can lose more water is 1o reduce the RH of the (1) Starch-based materials. (2) Textiles and fibrous materials W :

ambient or storage atmosphere, 1o (3) with silica gel or 1o (4) (3) Inorganic substance, such as kaolit: ( [\J (5

with phosphorus pentoxide. - ) _y A
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Xbm Relationship between EMC and RH 2724
G 5L
‘ « Materials exposed to humid conditions will &_,pj

moisture and therefore drying to a moisture cor
lower than that which the material will have under the
conditions of use has no advantage.

« Tablet granules have superior compaction properties
with small amount@of moisture. waly, binden

Comprassatld (21nd s st 0 (e 55

U V7 Vet
/D/—«j H,0, ‘
A0, 5 &)
pob Midew S Types of drying method
G L’(’“j/)’ " The general principles for efficient drying can be summaaized as
follows: ‘
ollows HZO( 25 Hto('\;a‘,,,m)
. WV + Large surface area for heat transfer 5) S imat,

0/9" Efficient heat transfer per unit area (to supply sufficient latent
heat of vaporization or, in case of freeze drying, heat of

V

- ) - -
ﬁg\m‘ sublimation.
Q?»AJ » Efficient mass transfer of evaporated water through any
3/ surrounding boundary layers (i.e. sufficient turbulence to
¢ szr/ minimize the thickness of boundary layers) u'))\gée}l ()?j

30\/ Efficient vapor removal (i.e. low relative Dml.’ﬂmi'ug\.'}}’ air at

f” adequate velocity). s o)
E (agans Lifels U2 b
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Jd «y Types of drying method
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Points considering the selection of drying method MW brv= g
Heat sensitivity of the material being dried W
Physical characteristics of the material
The necessity for asepsis

Nature of the liquid to be removed
The scale of operation by
Available sources of heat (steam, electrical)

ok~ wbdE

» Pharmaceutical dryers may be classified according to the
heat transfer method used (i.e. convective, conductive or

N radiant) \
z\/ﬂ;\)j\} b,,&“\) ()1"3:‘\
walen
Fixed (static) bed convective drying
ok maks | Tray and truck dryers
wineak J, The wet material is spread on shallow trays resting on shelves s W
. - ; . N o
y\) i / 32?&332? AZ ;[cécéo;ri\fllsﬁi)ly the fortr:)eld c:;ciatlon of large s ;{f =
Ve "ls € I . lt‘}/ ‘
e W S S
‘o"m“m‘“""g\ é/ '
'Y i ©
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Fig. 26.4 Directed-circulation tray drier. ]W{ 6{’
t
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Convective drying

s s Fixed (static) bed convective drying
MW Tray and truck dryers
wﬁ@ « Electrical elements or steam-heated pipes are
wet mats positioned so that air is periodically reheated after it

oz L (- P has cooled by passage over the wet material on one
U o shelf before it passes over the material on the next.

« The required latent heat for vaporization is
[w% 2 transferred convectionally from the air. Soun

Co ol hedbive , coolipgs =,
" 7¢“"“Rate of heat transfer, dH/dt = h, A AT Agfeizi
hc is a heat transfer coefficient for convective heat transfe bilieen ,
4‘; CO(D[@

A: Area P - .- A
S Aot by A Ppre— .
ralc

L ovev |

Convective drying
Fixed (static) bed convective drying

SRR o Tray and truck drye_rg _ _ _
- - » Heat transfer coefficient for convective drying (h.) is
0,8\ S <commonly around only 10 - 20 Wm?2K'L. “weac-
. %,'Q-M » Therefore, heat transfer from air is relatively inefficient
m . . .
and so convective drying is slow and can take up to 24 1
hours. \38 b G £ BIA a2t ke oY) 4N 5 e aete
< <= Relative humidity of the air must be kept well below the
‘ saturation level Qs o 63,20 L2 L\ Q @d/
« These conditions are achieved by having brisk turbulent _7"
air flow over the surface and by periodi(mma?

h falls. S 5"
the temperature fa /s y u;/r A A0 75 W
% s AT NEER7IARSS v




Rate of drying in fixed beds

The rate of drying of a sample can be determined by suspending the —> N 6N
wet material on a scale or balance in a drying cabinet and measuring T Pua™)
the weight of sample during drying as a function of time. » W \

1-Initial Adjustment Period (A-B): ouley ezt ’l'VaWVGVL

2) Constant rate period (B-C)

Also called the “Heating up” period.~ ,; ., , OE’M
In this period the substance gets heat and increases in temperature.
Drying has not yet started.

For given conditions of temperature and humidity, most substances
dry at a similar rate in the'Constant)rate period.

It is found that evaporation rate from the drying bed is equal to that of 11455 M”’W

solvent alone from a free liquid surface under the same condition. ——= walan
The surface remains wet in this period as the liquid evaporating from LA el i
the surface is replaced from below at a rate equal to the rate of S \
evaporation. . M

The rate of drying is constant [

Rate of drying in fixed beds

3) First falling rate period (C-D)

the surface of water is no longer replaced at a rate enough to maintain
a continuous film. Dry spots begin to appear and the rate of drying
fall.

The moisture content at which this occurs is called critical moisture
content.

4) Second falling rate period(D-E)

Any moisture that remains at the end of the first falling rate period is
unable to move and drying can not take place on the surface

The drying rate depends on the movement of vapor through the pores
of the bed.
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Dynamic convective drying

Fluidized-bed dryer ﬂwﬂ( - ynamtc a é(%fdiwitcéw

(IM.&Vlb

« Ifagasisallowed to row‘U'T‘ﬂT"ough a bed of L
. particulate at a velocity higher than the settling
Y N
i ,R5u,u\ <=— velocity of particles, the solids become partlally
.. suspended in the gas stream. The ultant mixture
of solid and gas behaves like a liquid and the

solids are said to be(fluidized.)

« If hot air is used the turbulent conditions lead to

high heat and mass transfer rates. >  juea® —mass 4%
Yoy XN —*=
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- ‘ removable an / 1
N usually on wheels) ~= —— =
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€ \9 m solids
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Fig. 30.4 Fluidized bed dryer.
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Dynamic convective drying
<— (Fluidized-bed dryer . .. e -
Ga Advantages Hewifer &
4> 1. Higher drying rate and shorter drying times than those | .
c)% with static-bed convection dryers. =" =0 D>
2. Drying occurs from the surface of all the individual

particles. Hence, most of the drying will be at the constant
rate, while the falling rate period is very short. ., £\A e/ %

3. The temperature of a fluidized bed is uniformand canbe ==, =~
controlled precisely.

4. The turbulence in fluidized bed causes some attrition to
the surface of the granule producing a more spherical free- .
flowing product. ac f!‘vuﬁé 6OwP B

5. The free movement of particles eliminates the risk of . | r
intergranular solute migration.— 479 FF A usedy, gl

6. The containers can be mobile for simple movement e, AR

around the production area. /47( A bod t% \
Lid —>

~—

Dynamic convective drying
Fluidized-bed dryer
Disadvantages

1. The turbulence may cause excessive attrition and
damage to some granules and the production of too
much dust.

2. Fine particles may become entrained in the air and
must be collected by bag filters, with care to avoid |
@n@ Site BF&\P sl
3. The vigorous movement of particles in :
can lead to the generation of electrostati
and danger of explosion (Adequate electrical

2“}/‘?3 —earthing is essential). uition —> P~

o e
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Conductive drying
Vacuum oven

« Vacuum oven consists of a jacketed vessel constructed to
withstand vacuum within the oven and steam pressure in the
jacket.

» The supports for the shelves form part of the jacket, giving a large
area for conduction heat transfer.

» The oven can be closed by a door to give an air tight seal and it is
connected through a condenser to a vacuum pump.

% Operating pressures can be as low as 0.03-0.06 bar, at which
pressures water boils at 25-35 °C. \odin anw\&s )

. Th@ is that drying takes place at a low
temperature, and as there is little air present the risk of oxidation
Is minimized. ——> )a,( [N

J\—’M.B)\)D 6[,2

Yy

[:/L;/Jiﬁw
ﬁ Ol Z JJU O (s
S wetiov
7
wdc X/ Lé;‘ ?)E brechina
=
G %
— Condenser
> Gomgatanio_- % £ (o
m pum
- Cond t .
recc):r;iveenrsa SM‘C?L‘ oh @

Fig. 30.5 Vacuum oven (schematic). V\&%@t MW
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Vacuum tumbling dryer

 One design of vacuum(tumbling/dryer resembles a large
V mixet) )G NS,

Conductive drying

[

Y-cone mixer.

The vessel is steam ja and is connected to a
vacuum. Jaclelel

It can be used for drying tablet granules, which tumble
over the heated surface as the vessel slowly revolves.

Heat transfer rates are much higher than can be attained
in a conventional vacuum oven, where the material is
static.

& Wa’n

M

4 t
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,p Radiation drying

Microwave radiation

» The penetration of microwaves into the wet solid is very

good so that heat is generated uniformly within the solid.

Generation and action

» Microwaves are produced by an electronic device called magnetron
 Heating is due to molecular friction caused by electronic resonance

\
s\-@ /\’f) » The absorption of microwave radiation differs according to the
molecules and the ratio of the absorbed energy is indicated by loss

factor. ?00‘5 AN 0/6 Com b8 s M 1 ragiatin

ds do not resonate as well as water, so further heating may

. oo\}
w\o

in the molecules when exposed to radiation.

Dry soli
be avoided once the water is removed.

Y1

thowl
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~ Table 30.1 Microwave energy loss factors for some
leees Qé)f/ﬁ pharmaceutical solvents and excipients
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Acetone 125

[ J 0 | Magnesium carbonate 0s]
S Lactose 002
|

) Opéfn uﬁ()«‘) "

V¢



Hnickuons 53
iy vo~ ' ¢ Radiation drying
i Mw; Microwave drying of granules
VA Advantages

. .. A. It provides rapid drying at fairly low temperatures.
‘;DOI/(MOW” p p ying y; p

B. The thermal efficiency is high. 2
55 o4 o lees
C. Vacuum can be applied. — 0?))19 O «fig QDJ
D. The bed is stationary avoiding the problem of dust and
attrition.

E. Solute migration is reduced as there is uniform heating
250 S 2! of the wet mass.
of 4o S LY SF Drying end point is possible by measuring the residual
/\S/ : microwave energy, which rises rapidly when there is
4 little solvent left to evaporate. -
S M s

-

Radiation drying
Microwave drying of granules
Disadvantages

« The batch size of commercial production
microwave dryers is smaller than those
available for fluidized bed dryers.

-\ f?\f/- Microwave radiations are harmful to the
M\)J v / operators and therefore care must be taken

RS to shield them from these radiations.

-~ ~ r\}(_@ — "
s ap (I w7 S
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Dryers for dilute solutions and

gw?&;?/

The objective of thesétrye o spread the liquid to a large
surface area for heat and mass transfer and to provide an
effective means of collecting the dry solid.

Drum dryer

 The drum dryer consists of a drum_0.75-1.5 m in diameter
and 2-4 m in length, heated internally by steam or hot water,
and rotated on its longitudinal axis.

@M  The liquid is applied on the surface of drum and spread to a

film, simply by dlggmg into a feed pan. s (U

/ " * Drying rate is controlled by manipulating the(sjﬁ:e'a gf o’ ﬂ“ Z/Cf' W
rotation of the drum and its temperature. ks BT

« The product is scraped from the surface by means of a .
nife NS Y L pleextrT

o Lol (oA

9N a:_JP//w&U

1
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Dryers for dilute solut&ns and suspensions

MWW

Drum dryer Ry )
Advantages

a)

b)

c)
d)

€)

The method gives rapid d[/yi ng, the thin film spread over a large area
resulting in rapid heat and mass transfer.

The equipment is compact, occupying much less space than spray
dryer. volcet s
Heating time is short (few seconds). < AR ZJIZJ Jocleet
The drum can be enclosed in a vacuum jacket—7 Vaccumt MO ul") ¢

The product is obtained in flake form, which is convenient for many —
purposes .

Disadvantage

The only disadvantage is that operating conditions are critical and its
necessary to make careful control on‘ ilm thickness,
speed of drum rotation and drum temperature. [ .

6 Zolokr Voo ew ot 52\ JZ 0
oveh p20)

Dryers for dilute solutions and suspensions

Spray dryer

The spray dryers provide a large surface area for
heat and mass transfer by spraying the liquid as
small droplets into a stream of hot air.

There are many forms of spray dryers.

The character of the particles is controlled by the
droplet size.

Spray-dried products are uniform in appearance.
The particles are in the form of hollow spheres.

Ye
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Fig. 30.7 Spray dryer.
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Fig. 30.9 Formation of product in spray drying.
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Scanning electron micrograph (SEM) for spray dried
particles
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Dryers for dilute solutions and suspensions

Spray dryer p
Advantages ()W_D',‘f‘(fo
« Millions of small droplets are formed and so evaporation O L}uj s

| | ime i s a few < e S
\ Is_very rapid (The overall time in the dryer is a few S IA T
‘/\’% seconds). due to sphenicd MLL Wi 2

The characteristic particles have large surface area an £ f(oum bit,
O% rapid dissolution. ﬁ
The powder has a uniform and controllable particle size.

The product formed has excellent flow and compaction

properties. AP '
wng D ‘
‘(?\ COd « Labor costs are low. _I—? M Mfowuf&p c,./f’f

&
o

% e

ok T

\S ouMcﬂFWWS

Dryers for dilute solutions and suspensions

Spray dryer

Disadvantages
« The equipment is very bulky and expensive (may be
» as much as 15 m in height and 6 m in diameter).
azZ Qfﬁ\ﬁverall thermal efficiency is low, as the air must
Ly, ¢ t;/,{?;;’ still be hot enough when it leaves the dryer to avoid
v <) }\ condensation of moisture. Also a large volume of
éﬂ’ ¢L Uli/-' v heated air pass through the chamber without

S5 19 5 tacti ticle.
a}r’,@uﬁg)' contacting a particle T Ve

CDhWaxmlﬂ ‘ PN DA /\/))\ b S_A 5 3

RN
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Dryers for dilute solutions and suspensions

Pharmaceutical uses of spray drying

» The spray drying can be used for drying almost .
any substance in_solution or in suspension. U’Vd)/

using heated filtered air to dry sterile products.

Hglp/,} » There are three major uses for spray drying
1) Drying heat sensitive materials— ontdn&, (u;(t ) d:‘sf}faff'\/&?

2) Changing the physical form of the materials for
better properties (flowability and compressibility)

3) Encapsulating solid andNiquid particles
&LD[MR -2 amo(mw ( £
[“7 CZ l/Ll/h'ﬁﬂ\“« W /@w,f‘?’_ %.z)\_ﬂ/l

¢ Mﬁ. e,i?(,uW"’

gl Mreeze drying (lyophilization)

WW o
on\  Freeze drying is a process used to dry extremely
/ heat-sensitive  materials  (proteins,  blood
products and microorganisms).

 In this process, the initia Qllqmd squHon or
ension is frozen, the pressure is reduced and
the water is removed by sublimation (Jd:qﬂ:tebtﬁ

sehethen solid to vapor). \U”')A
'\cvbu'

£y

AR



Yy

. R . 1y 2l
Freeze drying (lyophilization)— ““”‘Z’J
fripte
« The theory and practice of freeze drying is based on PO'M
understanding of the phase diagram of water and the
following practical problems:

— The depression of the freezing point caused by the presence
of dissolved materials.

D uﬁ% <= Sublimation can only occur at the frozen surface and is a slow
U UL“.“i}x process.
— At low pressure large volumes of water vapor are produced

which must be rapidly_removed to prevent pressure rising
above the triple point. cuchion Jsbe

— The dry material often needs to be sterile, and it must also be
prevented from regaining moisture prior to final packing.

% SM% < %uoae < Vials
jrmCLgP'f' ? Anying

? \". . so\iA& liwo}
OLWW’US Y ,:
Ead

g | Liquid
) | \ \ /
= Solicuvﬁb"hv:ﬂ Vapour
@ —2
QL) 1 /
o iy .
@} S wholiatisi;
' \ Triple bH
pomt //’ H O O
610 | Z > He
ﬁ( / (guj MW - o 0 0075 100 uo)aﬂ
l/ Temperature (°C)
\y “\/\o Fig. 30.10 The phase diagram for water (not to scale) with ‘s
L \}‘ freeze-drying process superimposed (see text for explanation).
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Stages of the freeze drying process

« Sublimation stage

}\90»3\\ « Secondary drying
» Packaging

A benchtop manifold freeze-dryer

fo

Stages of the freeze drying process

Freezing stage :
bubblivg ézva-m%g o
|, oz <—= To avoid frothing, the liquid material is

W \ frozen before the application of vacuum and

/\y’f : to increase the rate of sublimation, several

P methods are used to produce a large frozen
surface.

« Two common techniques are used:
_{‘p/';— Shell freezing
— Centrifugal evaporative freezing

1

Yy
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Stages of the freeze drying process

Shell freezing

» This is applied for fairly large volumes such as
blood products.
« The bottles are rotated slowly and almost

horizontally in a refrigerated bath. The liquid
freezes in a shell around the inner circumference

of the bottle =
Disadvantages: e e
— * Freezing is slow W“Wf‘ b M
\0(00& : ?ﬁr’gmrxstals form which may damage blood
cold ) cells andreduce the viability of microbial cultures

- fﬁ;\Zly o
% , )

(a) Spin-freezing of a vial along its longitudinal axis and (b) . ), _ - T ;, 6
Spin-freeze-dried vials. Reprinted from (De Meyer et al., 2017). g‘);:? ( ¢ M
4

centrifugation \

Vacuum

Figure 1 QA
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Stages of the freeze drying process

Centrifugal evaporative freezing

e The solution is spun in small container within a
centrifuge. This prevents foaming when_vacuum is
applied. (X2 auzd 2235

« The vacuum causes boiling at room temperature and
this removes so much latent heat so that the solution
cools quickly and snap freezes.

« About 20 % of the water is removed prior to freeze
drying and there is no need for refrigeration.

« Ampoules are usually frozen in this way.

£4

Stages of the freeze drying process

Vacuum application stage

« The containers and the frozen material must be
connected to a vacuum source sufficient to drop the
pressure below the triple point and remove the large
volumes of low-pressure vapors formed during drying.

« An excess vacuum is normal in practice to ensure that
the product in question is below its triple point.

« Commonly a number of bottles or vials are attached to
individual outlets of a manifold, which is connected to a
vacuum.
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Industrial-scale lyophilizer

Ly
Z7 a,milf{MM
Stages of the freeze drying process

Sublimation stage (primary drying)

« Heat of sublimation must be supplied. Under these - st
conditions the ice slowly sublimes leaving a porous ol 7
solid which still contains about 0.5 % moisture.

 Heat transfer is critical insufficient heat input prolongs
the process, which is already slow, and excess heat will
cause melting.

» The vapor formed must be removed continually and
efficiently to prevent the pressure within the container
rising above the triple point pressure.

« The drying rate is very slow (1 mm depth per hour) P
which is at constant rate during most of the time. 6 my:\)
6 T
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Stages of the freeze drying process

o €¢—Secondary drying

. “\B&M‘ « The removal of residual moisture at the end of

primary drying is performed by raising the
temperature of the solid as high as 50 or 60 °C.

pEpw

Packaging
« Attention should be paid to packaging freeze-dried
products to ensure protection from moisture

7, U Ak G 1 .
Wy vacop i<

Advantages of freeze drying

» Drying takes place at very low temperatures, so
that enzyme action is inhibited and chemical
decomposition is minimized.

« The final dry product occupies the same volume
as the original solution. Thus the product is Ilg
and porous which enhances dissolution. . ,,, ot

e Oxidation is minimized as there is little contact
with air.

oty
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Disadvantages of freeze drying

» The porosity, ready solubility and complete
dryness yield a very hygroscopic product.

« The process is very slow and uses
complicated and expensive plant.

N

, setur
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Uses of freeze drying

» Freeze drying is used mainly for products
that cannot be dried by any other heat
method. These include biological products

such as:

— Blood products o~

— Vaccines /U &Cﬂg@

— Enzyme preparations IZ

— Microbial cultures Zb:@ o
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A Solute migration during drying
dﬂﬂ"ﬂ « Solute migration is a phenomenon which can
f —V occur during drying and results from the
hodt” W%(_‘f%ﬂ)movement of a solution within the wet system.
~~ The solvent moves towards the surface of a solid,
Hasg taking any dissolved solute with it.

Ackie ing, duye

« Migration associated with the drying of granules
can be of two types, intergranular (between
@____ul%) and intragranular (within individual
granule).

Solute migration during drying

Intergranular migration

* Intergranular migration can occur during the
drying of static beds of granules (e.g. tray
drying), when the solvent and accompanying
solute(s) move from granule to granule
towards the top surface of the bed where
evaporation takes place.

. \).2‘
M();;J « This results in variation in drug content
“ﬂ_ between granules at surface and those in the
Seale. 227~ bottom (\
,6 5"““”0 lu‘,(P'T:lb /5
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Solute migration during drying S
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Intragranular migration

. Drying methods based on fluidization and \ Ve
vacuum tumbling keep the granules separate W
during drying and so prevent the . <
intergranular migration that may occur in v S
fixed beds. However, intragranular migration ﬂmﬂf bed
may occur in fluidized bed systems, where
the solute moves towards the periphery of

each granule. < 5
Fonbols g mo oW
R T & ie
\ < )\' . 2K - o \ -
)) Hu\\c)\ } ‘r__a;:\c\\.gg/l
Grih—(’ ap \_- (-
\GP D a"z:*{ﬁ*" )’5*3
o—f‘f’ J&’({‘J 3\’1"“
r
""d)\} Consequences of solute migration
- 1) Bad distribution or loss of active drug
. " [, o)
« In case of intragranular migration,, the 7
periphery of each granule may become %‘”\sa‘*‘s
enriched with the interior suffering a
depletion. If the outer layer is .{W’o
abraded(scraped) and lost as may happen in alrtion
fluid bed dryers, the granules will suffer a net )L
loss of
0 G o S g e fluid bod

;f;.efw’. &;ﬁ\wwﬂfﬂ’l
\p\wf\uﬂ * In case of intergranular migration, the surface
2 will be rich in drug and therefore mixing is

Wv& important after drying. -

Lﬁ“f v
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Fig. 30.12 Diagram of mottling caused by intragranular migration

\ /a,; A%

Consequences of solute migration

2) Mottling of colored tablets
/ « Colored tablets may be made by adding soluble colors

\,\:b'mﬂ during wet granulation.

o' -
P 9\/ ) * In case of intergranular color migration, the ‘1)0\/0—(23(4\
X surface will be highly colored. pink

J /

- 0o, (rde 0w
* Intragranular migration of colors may lead to dry granules
with a highly colored outer zone and a colorless interior.

r—‘p -~ *
Sl 1) e

» During compaction, granules are fractured and the interior

is exposed. The eye then sees the colored fragments against

a colorless background and the tablets appear mottled.

1y
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Consequences of solute migration

3) Migration of soluble binders

« Intragranular migration may deposit a soluble
binder at the periphery of_the granules which is

< sometimes beneficial dueto’
f'é\ M — making the granules harder and_more resistant to
' L/abrasion.

Vs —Increas bonding process between granules
~o\) ,CD during compression as a result of binder-binder

m\[f:‘,} C@?ﬂ ’ g/oad @m?;i’lw'@w

Wﬁl'cﬂk o
? &LLM/V”\CGJ
/ The influence of formulation on solute migration
2 P iy UV
| &;& ") Nature of the substrate o
QO"&J\;@‘ « If the granule substrate has an affinity to the omlﬁiéx“lﬁwt
' solute then migration will be impeded. gy
b\g\vg“".d : ° P A)u@ fﬂ}{:
« It is likely that the presence of adsorbent
materials such as starch and microcrystalline y U
. ... . . 5
cellulose will minimize solute migration. i ’
RYPIAR G5 « The use of water insoluble aluminum lakes 2,5
(&dgiqj (pigments) reduces mottling compared with ()j ’
water soluble dyes 7 ogwan sUG
ﬂd&bv‘%)"t— Vﬁy- ) Qj\j\}b\n ‘Sva?/j’ '
o.(,’c'\dc/)) soWe ' b
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The influence of formulation on solute migration

Viscosity of granulating liquid /I‘Vlhs‘%;’[ﬁ LW"W

« The viscosity impedes the movement of
moisture by increasing fluid friction.

& e g nwiwd,
* Increasing the viscosity of PVP solution has
been shown to slow the migration of drugs in
fixed beds of wet granules.

oven /g ‘/aﬁc

The influence of process factors on solute migration

/9\ Drying method

52 « Intergranular solute migration will occur whenever a
particular method of drying creates a temperature
gradient which results in greater evaporation from hotter

ZOnes.
ujutub/u’ In slow fixed-bed convective drying, the maximum
concentration of migrated solute will occur in the
g\"'d%D surface of the drying bed. s ¢ vucf 3 2
* Drying by microwave radiation results in uniform
heating and so minimizes solute migration.
)xc} G/b)  Fluid-bed drying reduces intergranular migration _but
C s Intragranular  migration _can _still _occur- 3 cone
tumbling methods remarkably reduce migration =
o7 )ﬁk)i 9 y 9 “]'(/LU"'O”@
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The influence of process factors on solute migration

Initial moisture content(vé\&aj} ) WW’\@ 7 vy ;;Zﬂ

« The greater the initial moisture content the
greater will be the moisture movement and
the greater the migration

v

Practical means of reducing solute migration

Ye

Use the minimum quantity of granulating liquid and
ensure that it is well distributed.

Prepare the smallest satisfactory granules to reduce
mottling.

Avoid tray drying if there is a better alternative method. o W’,,;;AVCP
£

If tray drying is used, the dry granules should be remixed -
before compression. —_— BIVBNY

Seele 9

If intragranular migration is likely to be troublesome use 50}’0\5;4#3
vacuum or microwave drying instead of fluid-bed Y
drying. /.
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