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Overview of
the Module

Beginning with this Module, you are beginning with dispensing raw materials and various machines
the core areas of processing and manufacturing or tools used in the production processes. You
pharmaceutical finished products. You will learn will develop that knowledge and skills through

the fundamental principles of initial stages of systematic application of various procedures for
pharmaceutical processing including sifting, granulation, drying, milling and mixing of various
granulating, drying, milling and mixing various powders and granules in order to prepare them for
powders and granules in preparation for tablet manufacturing various finished products.
production.

This Module has 7 Units.
You will note that many of the topics discussed in

this Module are closely related to Modules 104 and
106, where we discussed on handling, storing and

Unit 2
Principles of

Granulation

P107 ..

Preparation of
Granules and
Granulation
Solutions

Unit 4
Principles of
Drying

10 | Overview of the Module



dnad e dole Bylas
%.\.’i."

g dlglio Lakdls cuus )+ Vg )+ £ ppiunyyasll SBLES J) Msao dunsyastl deddl ods yiies
doasadl i g ¥l of w¥¥lg pldf slgll byung A%l alail) goiuaty ddlel dyyagdf dewlu]
adyell el jglas o pSotinw . ZLU¥l wldec t5abell Aol A d oin b eleiiuw . duilgill
Sl alid gl Gudatll JMs o oililglly cllasll ddlell po duto¥l Jolpald Al
el il Jon g el g o) ooy ity pdd Jusis Es 6 Lo Au¥aall
Sloniill Cilise gl gl Ilae] oilyuidly slac) Ao b cilpuidly Gaslunll calisio Jalsy
-dlgdd! .ol,8¥1 Ll

g V i eyl deid ois o5 Lemsu.:ﬁ.ggﬂmu,..aguwﬁmljbm
oL Ladg Ualas)l Jausys sl dadiodn 0

Aol Anadl Lo dale 3ybas | 11



These Units, when completed, will provide
you with the necessary competencies to
apply theoretical and practical concepts
on the formulation process of tablet
manufacturing: sifting, granulation, drying,
milling and mixing.

Learning outcomes

When you complete the Module, you will
have the following specific competencies:

1. Demonstrate operational procedures as
per SOPs in sifting/sieving.

2. Demonstrate operational procedures as
per SOPs in the preparation of granules.

3. Demonstrate operational procedures as
per SOPs in the drying process.

4. Demonstrate operational procedures as
per SOPs in milling and sizing powders or
powder mixtures.

5. Demonstrate operational procedures as
per SOPs in mixing various components
for tablets and capsule manufacturing.

Credit Value

The credit value of this Module is 7 credits
which equals to 145 hours of nominal
learning time. This includes theory lesson
(face-to-face), supervised and self-directed
practice sessions, and continuous and
summative assessment (learning controls).

12 | Overview of the Module

Assessment

At the end of every Unit there are
learning and self-assessment
activities. The learning and
assessment activities provide
you with the opportunity to apply
knowledge and skills you have
acquired. You should successful
complete all the learning and
assessment activities as evidence
that you actually master the skills
and related knowledge in this
module.

Your Instructor too will carry out

a formal assessment as evidence
of your certification. As before, the
mode of assessment will be both
continuous (formative assessment)
and summative (external
assessment).

In this mModule, your continuous
assessment, both theoretical and
practical consisting of 30% of all
units, will be considered for the final
grading.

The final assessment of the entire
Module will be an examination of
both theory (30%) and demonstration
or practicals (40%), which will be
carried forward for the purpose of
certification.
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The Principles of Sifting

4 Learning Outcomes
6'J
II‘ At the end of this unit, you will:

1. Describe the reasons and principles of sifting.
2. ldentify various screen sizes as per BMR.

3. Demonstrate correct procedures for sifting.

1.1 Introduction

About 70% of all pharmaceutical products you see in
the market are solid-dosage forms such as tablets,
capsules, oral powders and powders for solutions
or suspensions. Before solid dosage forms are
converted, their raw materials are primarily in bulk
or powder form. It is in this context, sifting and the
granulation process play an increasingly important
role in production as they provide the primary
physical modification of the bulk ingredients leading
to all downstream processes.

In this Module, we discuss various processes
including sifting, mixing, granulation, drying, grinding,
and mixing. In Modules 109 and 110 you will further
advance to tableting and encasulation processes.

Keep in mind that each of these processes

are interlinked as you can see from Figure 2.1.
Granulation is only one of the interlaced processes,
which is the focus of this Unit.

Before we understand the process of sifting or
sieving, let us understand the importance of particle

14 | UNIT1 Theprinciples of sifting

Dispensing

Fig 1.7: Pharmaceutical Manufacturing
Process Courtesy: Scienceinfoworld

size and analysis which underscores the importance
of sifting and other related processes in the
pharmaceutical industry.

1.2 Particle Size and Analysis

The particles of pharmaceutical powders and
granules may range from being extremely coarse
(about T0 mm (1 cm) in diameter, to extremely fine
approaching dimensions of 1 um or less (Refer to
Box 1.1 below on classification of powder sizes).
While, granules typically fall within the range of 4
to 12 size sieve, granulations of powders prepared
in the 12 to 20 sieve ranges are sometimes used in
tablet making.

The purpose, therefore, of particle size and analysis
in pharmaceutical manufacturing is to obtain
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quantitative and qualitative data on the size,
distribution, and shapes of the drug and other
components to be used in the pharmaceutical
formulations.

You should, therefore, be mindful of the fact that
particle size can influence a variety of important
factors, including the following:

. Dissolution rate of particles intended to dissolve;

drug micronisation can increase the rate of drug
dissolution and its bioavailability.

. Suspendability of particles intended to remain
undissolved but uniformly dispersed in liquid
vehicle.

« Uniform distribution of a drug substance in a
powder mixture or solid dosage

Box 1.1Powders of vegetable and animal
origin drugs are officially defined as follows
(US Pharmacopoeia):

Very coarse (No. 8): all particles pas through
the No 8 sieve and not more than 20% pass
through a No.60 sieve

Coarse (No 20): All particles pass through
a No 20 sieve and not more than 40% pass
through a No. 60 sieve

Moderately coarse (No.40): All particles pass
through a No.40 sieve and not more than
40% pass through a No. 80 sieve.

Fine (No 60): All particles pass through a
No 60 sieve and not more than 40% pass
through a No. 100 sieve.

Very fine (No 80): All particles pass through
a No. 80 sieve. There is no limit to greater
fineness.

16 | UNIT 1 The principles of sifting

. Penetrability of particles intended to be inhaled
(respiratory tract)

. Lack of grittiness of solid particles in dermal
ointments, creams etc.

A number of methods exist for the determination of
particle size including sieving. Other methods are
microscopy, sedimentation, laser holography and
light scattering among others.

We shall discuss in detail only the sifting or sieving
method in this Unit.

1.3 The Process of Sifting or Sieving

Sieving is the most widely used method for particle
size analysis because it is inexpensive, simple and
rapid with little variation between operators. Sieving
or sifting is a process by which different grades of
powders are separated from each other.

Most of the sieves used are of the wire mesh type,
the number of the sieve indicates the number of
meshes included in a length of 25.4 mm (1 inch) in
each direction parallel to the wires, it is the number
of meshes that is specified and not the number of
wires. Thus a No. 10 sieve has 10 meshes per inch in
each direction.

Fig 1.2 Sifter and sieves
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A sieve or screener is an essential part of every
pharmaceutical production process. The use of sieve
eliminates all oversized particles and contamination.
It ensures that ingredients and finished products are
quality assured during production and before use or
dispatch.

The basic principle in Pharmaceutical Mixing or
blending is more uniform if ingredients are of similar
size.

There are two main types of sieving: Safety
screening and grading. In the safety screening of

Opening of Standards Sieves

Sieve number sieve opening

2.0 9.50 mm
3.6 5.60 mm
4.0 4.75mm
8.0 2.36mm
10.0 2.00 mm
20.0 850.00 um
30.0 600.00 pm
40.0 425.000 pm
50.0 300 um
60.0 250.00 pm
70.0 212.00 ym
80.0 180.00 pm
100.0 150.00 pm
120.0 125.00 ym
200.0 75.00 pm
230.0 63.00 um
270.0 53.00 ym
325.0 45.00 pm
400.0 38.00 pm

18 | UNIT 1 The principles of sifting

powders, sometimes also called check screening, is
carried out to ensure the correct product quality. The
sieve removes any oversized contamination from the
powder. These could be accidentally found its way
into the process line, such as packaging, a piece of
PPE or extraneous particles within the material. By
removing these contaminations, we ensure quality of
the powder and thus the final product.

Grading or sizing of powders or granules, on the
other hand, is carried out to separate different
ranges of particle sizes. For instance, primary and
intermediates need to be sieved to remove oversized
and undersized particles in order to ensure uniform
and correct particle size distribution, ready for
granulation and subsequent tablet pressing.

The critical importance of sifting is highlighted

below:

. Powder may be mixed by passing them through
sifters.

. Toremove lumps or large particles before feeding
materials to granulation machine or to powder
mixers.

. Resulting in a light fluffy powder.

1.4 Different Methods of Sifting

There are primarily three established sifting
methods:

a. Agitation method

Sifting is achieved by electrically induced
oscillation, mechanically induced vibration
of the sieve meshes or by gyration in
which sieves are fitted to flexible mounting
which is connected to an out-of-balance
flywheel.

b. Brushing method

A brush is used to re-orientate particles
on the surface of a sieve and prevent
apertures becoming blocked.
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c. Centrifugal method

In this type of equipment, particles are thrown
outwards on to a vertical cylindrical sieve under the
action of a high-speed rotor inside the cylinder.

1.5 Operational Procedures for Sifting

1. Before starting the operation of the sifter, ensure
that it is cleaned as per the SOP for Cleaning
Sifters.

2. Assemble and operate the equipment as per SOP.

3. Bring one of the dispensed materials which is to
be pre-sifted in the pre-sifting area.

4. Put appropriate sieve and check its integrity
before and after sifting operation. Record the
same in pre-sifting document.

5. Weigh and reconcile the sifted material quantity.
Record the same in pre-sifting document.

6. Put "sifted" labels of original containers on
drums containing sifted materials, along with two
in-process labels (one inside and one outside)
having weights recorded on it and duly signed by
the concerned production officer.

7. Check for any retention and destroy it after taking
proper authorisation from the unit head.

8. Repeat step 1 to 8 for pre-sifting of same
material. Otherwise, clean the equipment and
after giving line clearance start pre-sifting of next
material

9. Some of the following materials (for examples
only) are taken for pre-sifting:

Material Sieve Size
Sodium Lauryl Sulphate 100
Starch 100
Talc 200
Magnesium Stearate 40
Gelatin 12
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Learning Activities

List all the tools and equipment
used in the sifting process.

Test Yourself

1. What is the relevance of
sifting in pharmaceutical
manufacturing?
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L 4 Learning Outcomes
Q>
.I‘ At the end of this Unit, you will:

1. Interpret the principles of granulation.

2. Explain wet and dry granulations methods.

2.1 Introduction

This Unit is one of the most important topics during
your study. This is one of the operations that you
will be directly working within the pharmaceutical
production processes.

In this Unit, we discuss the two granulation methods:

Wet and Dry Granulations.

2.2 What is Granulation?

Granulation is defined as a size enlargement
process which converts small particles into
physically stronger and larger particles.

The granulation process combines one or more
powder particles and forms a granule that will allow
tableting process to be within required limits. This
way predictable and repeatable process is possible
and quality tablets or pellets can be produced using
tableting equipment.

Granulations are formed by compression or by
using a binding agent. Pharmaceutical granules
typically have a size range between 0.2 and 5.0 mm,
depending on the required use of granules.
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Principles of Granulation

8

In the Pharmaceutical Industry,
Granulation is the process in which
primary powder particles are made
to follow to form larger multi-particle
objects called granules.

Granulation is extensively used in the manufacturing
of tablets and capsules, where the granules will be
made as an intermediate product, and in other cases,
larger granules (above 5.0 mm) are used as s dosage
form in their own right.

Primarily, as you will be discussing in detail later,
there are two granulations methods: Dry Granulation
and Wet Granulation.

In some cases, a third method is also used as dry
granulation incorporating bound moisture.

2.2.1 Granulation is carried out for various reasons:

1. Prevents the segregation (separation) of the
constituents of powder mix

Segregation is due to differences in the size or
density of the component of the mix. Normally,
the smaller and/or denser particles tend to
concentrate at the base of the container with the
larger and/or less dense ones on the top. An ideal
granulation will contain all the constituents of the
mix in the correct proportion in each granule and
segregation of granules will not occur.
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ALTERNATIVE MANUAL LOADNG SYS1Em

DISPENSING ROOM . RMG

BINDER PUMP

' RAPID MIXER GRANULATOR e

' ‘ ELECTRICAL BOARD

FLUID BED DRYER

POWER BOARD

Fig 2.1: A complete Granulation Line- from Dispensing, Granulation, Handling and Drying

. Improves flow properties of the mix by size
enlargement

Many powders, because of their small size,
irregular shape or surface characteristics, are
cohesive and do not flow well. Granules produced
from such a cohesive system will be larger and
more isodiametric, both factors contributing to
improved flow properties.

. Improves compression properties of the mix

Some powders are difficult to compact even if a
readily compactable adhesive is included in the
mix, but granules of the same powders are often
more easily compacted and produce stronger
tablets. This is associated with the distribution
of the adhesive binder within the granule and is a
function of the method employed to produce the
granule. For example, if one were to make tablets
from granulated material versus powdered
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material, powdered material would be difficult to
compress into a tablet and granulated material
would be easy to compress. Powdered material's
small particles have poor flow and compression
characteristics. These small particles would have
to be compressed very slowly for a long period
of time to make a worthwhile tablet. Unless the
powdered material is granulated, it could not
efficiently be made into a tablet that has good
tablet characteristics such as uniform content or
consistent hardness.

. Reduces the production of dust during powder

handling.

. Reduces the possibility of cake formation for

slightly hygroscopic materials:

Granulation may reduce this hazard as the
granules will be able to absorb some moisture
and yet retain flowability because of their size.
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6. Increases convenience of transport by being
denser than the parent powder mix and occupy
less volume per weight.

2.3 Ideal Characteristics of Granules

As we have seen above, the ideal characteristics
of granules include uniformity, good flow and
compatibility. The effectiveness of granulation,
therefore, depends on the following features:

. Particle size of the drug and excipients
. Type of blinder

. Volume binder

. Wet massing time

. Amount of force applied to distribute drug, binder
and moisture

. Drying rate

2.4 Methods of Granulation

Granulation methods can be divided, as discussed
earlier, into two types: wet methods, which apply a
liquid in the process and dry methods in which no
liquids is used.

Let us now briefly understand the two granulations
techniques: Wet Granulation and Dry Granulation.

2.5 Wet Granulation

Wet granulation is the most widely used process in
pharmaceutical industry. Its essence is that particles
of active ingredient, with a diluent if necessary, are
stuck together using an adhesive, the latter usually
being water-based.The result is a granular product
which flows more readily and has an improved
ability to cohere during compression.

Wet granulation involves massing of a mix of dry
powder particles, using a granulating fluid. The
granulating fluid contains a solvent that must be
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volatile, so that it can be removed on drying, and
non-toxic.

Typical liquids used in wet granulation include
water, ethanol and isopropanol either alone or in a
combination. The granulation liquid may be used
alone or, more usually, as a solvent containing a
dissolved adhesive (you will also hear the term a
binder or binding agent etc.) which ensures particle
adhesion once the granule is dry.

Water is commonly used for economical and
ecological reasons. Water is also non-flammable
which means that expensive safety precautions are
not required.

However, using water as a solvent has some marked
disadvantages too which may include that this may
adversely affect the drug stability, causing hydrolysis
of susceptible products, and secondly, it requires
longer drying time than organic solvents. The longer
drying time increases the length of the process

and again, may affect the stability because of the
extended exposure to heat.

In wet granulation, granules are formed by the
addition of a granulation liquid onto a powder bed
which is under the influence of an impeller (in a High
shear granulator, screws (in a twin screw granulator)
or air (in a fluidized bed granulator). The agitation
resulting in the system along with the wetting of

the components within the formulation results in
the aggregation of the primary powder particles to
produce wet granules.

2.6 Advantages of Wet Granulation

The popularity of wet granulation is because it can
be applied to all drugs, and for many formulators it
is the method of choice for drugs with a high dose
and a very low dose. However, the most important
advantages in wet granulation are:
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a) The wetting properties are better for tableting.
The addition of (often) hydrophilic binder
makes the surface easier for disintegration and
dissolution of tablets.

b) The content uniformity is better achieved in wet
granulation. Ideally, all the granules contain the
same amount of drug substances, so that the
only cause for lack of uniformity can come from
addition of the disintegrant and lubricant at the
end.

¢) The particle sizes and share are optimised
through wet granulation.

2.7 Disadvantages of Wet Granulation

No process is perfect as in the case of wet
granulation. Some of the disadvantages of wet
granulation process are:

. Itis an expensive process because of high labour,
time, equipment, energy and space requirements.

. Loss of materials during various stages of
processing.

. Not suitable for moisture sensitive and thermo
labile drugs.

. Multiple processing steps add complexity and
make validation and control difficult.

2.8 Equipment used in Wet Granulation

Traditional equipment used for wet granulation

is very labour intensive and time consuming. The
equipment used for granulation does not have
provisions of dry mixing and therefore, a different
mixer is used for dry mixing prior to granulation.

New generation equipment used in wet granulation
processed now-a-days have both dry mixing and
wet granulation components and these contribute
high speed mixing and even assist in the process of
sieving (sifting).

Fig 2.2 Technical Details of Rapid Mixer Granulator (Source: Champion Pharma)
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2.9 Dry Granulation Method

Dry Granulation or sometimes called as
Compression Granulation has been used for

many years and been a valued technique in tablet
productions. Dry granulation is effective in situations
when dose of drug is too high for direct compaction,
and the drug is sensitive to heat, moisture, or both,
with precludes wet granulation.

Many tablet formulations such as those of aspirin
and vitamin are prepared by dry granulation.

Forming granules without moisture requires
compacting and densifying the powders. In this
process the primary powder particles are aggregated
under high pressure. Swaying granulator or high
shear mixer-granulator can be used for the dry
granulation.

Dry granulation can be conducted under two
processes: either a large tablet (slug) is produced
in a heavy duty tableting press (sluggers); or the
powder is squeezed between two counter-rotating
rollers to produce a continuous sheet or ribbon of
materials (roller compactor).

2.10 Advantages of Dry Granulation

The main advantages of drying granulation or
slugging are that it uses less equipment and
spaces. It eliminates the need for binder solution,
heavy mixing equipment and the costly and time

consuming drying steps required for wet granulation.

Slugging can be used for advantages in the following
situations:
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. For moisture sensitive material
. For heat sensitivematerial

. Forimproved disintegration since powder
particles are not bonded together by a binder.

2.11 Disadvantages of Dry Granulation

. Itrequires a specialised heavy dry tablet press to
form slug.

. Itdoes not permit uniform colour distribution.

. More dust is formed than wet granulation.

. Increased the chances of contamination.

Fig 2.3: Schematic diagram of a Roller Compactor
(Courtesy: GERTEIS)
1. Inlet funnel with agitator

2. Feed auger

3. Tamp auger

4. Small quantity inlet funnel
5. Press rollers with ribbon

6. Rotor with desired granules
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2.12 Dry Granulation Equipment

Dry granulation is carried out mostly through a
specially designed machine called Roller Compactor.
Roller compactor are capable of producing as much
as 500 kg per hour or more of compacted ribbon like
materials, which can then be screened or million into
granules suitable for compression into tablets.

Roller compactors have two rollers that revolve
toward each other as shown in Figure 2.3. By means
of a hydraulic ram forcing one of the rollers against
the other, the machine is capable of exerting known
fixed pressures on any powdered materials that
flows between the rollers.

A standard procedure for testing compaction
uniformity and machine capacity is to select

a hydraulic pressure in the mid-ranges of the
equipment. Set the compaction rill at the slowest
speed and set the feed screw at the highest speed.
If the powders are compactible in the first pass,
the machine will overload. When this happens, the
compaction speed should be increased until the
loading is constant. If no overload occurs, powder
should be passed through a second time, using
the same procedure. The roller compactor offers
the advantages of over the slugging process of
increased production capacity, greater control of
compaction pressure and dwell time, and no need
for excessive lubrication of the powder.

You might have already noted that the dry or
compression granulation method requires less
equipment and space than wet granulation,

and eliminates the addition of moisture and the
application of heat, as found in the wet massing and
drying steps of the wet granulation method.
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Learning Activities

Carry out further research, with
the assistance of internet, on wet
granulations and dry granulations.
Your Instructor will ask you

to present specific individual
assignments on granulation
processes.

Test Yourself

1. Analyse the advantages and
disadvantages of wet and dry
granulations with appropriate
examples.
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Preparation of
Granulation Solutions

2 Learning Outcomes

LS C . . .
‘I‘ At teh end o fthis Unit, you will:
1. Differentiate between various processes for Wet
and Dry Granulation techniques.

2. Prepare different granulation solutions.
3. Interpret the granule preparation process.

4. State safety risks and hazards in the granulation
process and how to minimise them.

5. Demonstrate SOP for granulation preparation.

3.1 Introduction

In Unit 2, you have learnt on various granulations
methods including wet granulation, dry granulation
and direct compression. In Unit 3, we will focus on
various steps involved in wet and dry granulation
procedures.

Let us now, briefly categorise the unique features of
each of these granulation solutions.

3.2 Granule Preparation Mechanisms/
Principles

In order to form granules, bonds must be formed
between powder particles so that they adhere and
bonds must be appropriately strong to prevent
breakdown of the granule to powder in various
handling operations including compression.

There are five primary bonding mechanisms
between particles:
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a. Adhesion and cohesion forces in the immobile
liquid films between individual primary powder
particles.

If sufficient liquid is present in a powder to form a
very thin, immobile layer, there will be an effective
decrease in interparticulate distance and
consequent increase in contract area between
particles.

b. Interfacial forces in mobile liquid films within the
granules.

During wet granulation liquid is added to the
powder mix and will be distributed as films
around and between the particles, which create
an immobile layer and produce a mobile film.

¢. The formation of solid bridges after solvent
evaporation.

Solid bridges are formed by partial melting,
hardening binders and crystallisation of dissolved
substances. Partial or low melting is caused

by the high pressures used in dry granulation.
During the wet granulation, liquid will form

liquid bridges, and the adhesive will harden or
crystallise on drying to form solid bridges to bind
the particle.

d. Attractive forces between solid particles

Electrostatic forces may be of importance
in causing powder cohesion and the initial
formation of agglomerates (during mixing).

e. Mechanical interlocking of particles.
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In the dry methods, adhesion of particles takes place
because of applied pressure. In wet granulation,
liquid added to dry powders has to be distributed
through the powder by the mechanical agitation
produced in the granulator. There are primarily three
stages of granulation mechanism:

Nucleation: granulation starts with particle-
particle contact and adhesion due to liquid
bridges.

Transition: At this stage, the nuclei grow
by two particles added together or by two
or more nuclei combined. This is
characterised by the presence of a large
number of small granules with a fairly wide
size distribution.

Ball growth: Further granule growth
produces large, spherical granules through
coalescence, breakage, abrasion, transfer
or layering.

3.3 Wet Granulation Procedures

There are various steps involved in the wet
granulation stage. They are briefly outlined below,
which gives you, step-by-step unit operations.

A. Agglomeration

Droplets of solvent, such as water or alcohol or
binding solution contact the powder particles that
build up around the periphery of the droplet. As the
powder is wetted by the liquid, the liquid migrates by
capillary action into the particle interstices and form
large powder-liquid agglomerates.

B. Agglomeration break-down

After the initial large agglomerate formation, mixing
shear breaks down the large agglomerates down
such that the liquid is now carried throughout the
mixture via smaller agglomerate which continues to
diminish in size and the liquid is distributed over the
powder particle surface as the small agglomerate
contact dry solid particle. At this point the wet mass
makes weak mass and easily crumbles to a powder
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Fig 3.2 Granule Formation

if compacted by the grip of a hand.

C. Re-agglomeration

As more liquid is added, re-agglomeration happens
and the above two processes are repeated. However,
as more liquid is mixed, the powder bed becomes
wetter and more resistant to shear. This is a result
of displacement of air by liquid, liquid viscosity and
partial solubiliszation of some of the more soluble
ingredients that may be present in the formula. This
solubilization creates even more resistance to the
high shear mixing, because it usually increases the
viscosity of the liquid phase. Accordingly, liquid-solid
mixing require high-shear mixer. Granulation end
point (GEP) can be tested by compacting powder
mass by hand, and is shown by the formation of
coherent mass. The mass should be breakable

with smooth surface, otherwise undesirable paste
formation would have resulted.

D. Paste formation

If mixing continued beyond the normal granulating
end point, which is different for each formula, a

thick wet mass resembling a paste begins to form
as a result of solubilization and salvation. This
paste, unlike the end point, is difficult to break up for
drying (can cause clogging of the screen), will dry

to extremely hard granules which will be difficult to
mill, and usually forms poor compaction in the tablet
machine.
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3.4 Steps Involved in Wet Granulation

Dry mixing of
intragranular
components

Preparation of
binder solution
(optional)

[

Wet granulation

Planetary mixer

High shear mixer I

Oscillating Granulator Wet screening

In-line mill{optional) I

]
Tray dryer Drying Fluid bed dryer I
Swing hammer mill Milling In-line mill I
Blending of
extragranular
components &
lubrication
I
Low shear Compaction High shear I
Fig 3.3 Schematic flow diagram of Wet Granulation Method
3.5 Excipients in Wet Granulation ,
Typically a wet granulated formulation will contain @ .
Binders are generally natural or

one or more diluents for bulk or to aid processing,
a binder to facilitate granule growth and to aid
compaction into hard tablets, a disintegrant and a
lubricant.

Additionally wetting agents, stabilising agents and
colourants are used as required.
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synthetic water soluble polymers
which may be used as solutions. In
high or low shear granulation they may
also be added to the dry powder mix
and granulation using water only.
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Table 3.1: Commonly used excipients in wet granulation

Function Excipient Typical Level (approximate)
Microcrystalline cellulose 10%-30%
, Lactose monohydrate Upto 90%
Diluent . ;
Dibasic calcium phosphate Upto 90%
Mannitol Upto 90%
Pregelatinised starch 2%-5%
} Povidone 1%-3%
Binder
Hydroxypropyl cellulose 1%-3%
Hypromellose 1%-3%
Partly pregelatinised starch 5%-20%
o Sodium starch glycolate 2%-6%
Disintegrant -
Croscarmellose sodium 2%-6%
Crospovidone 2%-6%
Magnesium sterate 0.5%-1%
Lubricant Sodium stearylfumarate 0.5%-1%
Talc/stearic acid 3%-1%/1%-2%
Glidant Colloidal silicon dioxide 01%-0.3%

3.6 Wet Granulation Process Parameters

You should know some of the procedural factors
during granulation which will affect the quality of the
granulation process. They are listed below.

1) Impeller Speed

Higher Impeller speeds generally results in denser
and smaller granules. Low impeller speeds generally
result in more porous, large granules.

2) Chopper Speed

Generally Chopper speed has no significant effect
on granule size and density but in cases where the
chopper is large, it may function as a secondary
impeller.
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3) Water Addition Rate and Method

Water Addition Rate is critical to granule quality.
Generally water addition rate is chosen such that
local over-wetting of the powder mass is not a
concern and at the same time the addition rate is
fast enough to accommodate processing times (2
—5 minutes for water addition).

4) Massing Time

Massing time is normally in the order of 1 to 10
minutes. Long massing times (about 20 minutes)
may lead to decreased dissolution rates due to
decreased disintegrant function or due to the
formation of denser granules.

5) Load of the Mixer

Generally, the load of the mixer is less than two-
thirds the volume of the mixer.
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3.7 Granules Preparation

Granules are prepared agglomerates of smaller
particles of powder. They are usually in the 4-12
mesh sieve size range.

As already seen, granules are prepared by wet
methods and dry methods.

One basic method, wet method, is to moisten

the powder or powder mixture and then pass the
resulting paste through a screen of the mesh size to
produce the desired size of granules (i.e., in order to
increase the surface area). The granules are placed
on drying trays and are dried by air or under heat.
The granules are periodically moved about on the
drying trays to prevent adhesion into a large mass.

Another type of wet
method is fluid bed
processing (you will

L learn of fluid bed
drying in Unit 4). In
this method partlcles

wgorously d|spersed
and suspended while a
liquid excipient is sprayed on the particles and the
product dried, forming granules, or pellets of defined
particle size.

The dry granulation method is performed in two
ways. By one method, the dry powder is passed
through a roll compactor and then through a
granulating machine. A roll compactor, also called
roll press, processes a fine powder into dense sheets
of forms by forcing it through two mechanically
rotating metal rolls running counter to each other.

An alternative dry method, is slugging. It is carried
out through compression of powder or powder
mixture into large tablet or slugs on a compressing
machine under 8000 to 12,000 Ib of pressure. The
slugs, thereafter, are granulated into the desired
particle size, generally, for use in the production of
tablets.
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The dry methods often results in the production of
fines, that is, powder that has not agglomerated into
granules. These fines are separated, collected, and
reprocessed.

You should be aware that granules flow well
compared to powders. This is known as the flow
property of granules. Also, their surface area is less
than of a comparable volume of powder, granules
are usually more stable to the effects of atmospheric
humidity and are less likely to cake or harden upon
standing.

3.8 Safety Risks and Hazards - Granulation

Many worker health and safety hazards are posed by
synthesis operations in mixing, milling, granulation
and sifting. They include safety hazards from
moving machine parts, pressurized equipment and
pipes; heavy manual handling of materials and
equipment; steam, hot liquids, heated surfaces and
hot workplace environments; confined spaces and
hazardous energy sources (e.g., electricity); and high
noise levels.

Acute and chronic health risks may result from
worker exposures to hazardous chemicals during
synthesis operations. Chemicals with acute health
effects can damage the eyes and skin, be corrosive
or irritating to body tissues, cause sensitization

or allergic reactions or be asphyxiants, causing
suffocation or oxygen deficiency.

Health and safety hazards may be controlled

by implementing appropriate control measures
(e.g., process modifications, engineering controls,
administrative practices, personal and respiratory
protective equipment).

There are also some very specific safety risks or
hazards related to the granulation process. Dry and
wet solids are granulated to change their physical
properties. Granulators have different designs and
features with varying containment and control

of mechanical hazards and airborne dusts and
vapours. Enclosed granulators can be vented to
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air-control devices, reducing emissions of solvent
vapours or dusts to the workplace and atmosphere.
Material-handling concerns arise when loading and
unloading granulators. Mechanical equipment (e.q.,
elevated platforms, lift tables and pallet jacks) assist
workers to perform heavy manual tasks. Eyewashes
and safety showers are needed, if workers
accidentally contact solvents or irritating dusts.

3.9 Importance of Monitoring the
Granulation Process

The granulation process is to be monitored regularly
and the operators should be familiar with the need
to test run it and continuously process check the
machine. Some of the critical reasons for continuous
monitoring of the Granulator is based on the
following:

1. Changes in the moisture content of the
granulation will make the machine sound
differently. A tough and abrasive granulation
makes the press sound harder and rougher
compared with the sounds produced when using
a softer granulation.

2. Granulation varies within each batch and from
batch-to-batch. Therefore, one should recognise
this and adjust the machine accordingly. Proper
monitoring and frequent checking will provide
more continuous operation. The efficiency and
continuous running of the machine can be
accomplished if initial cleaning, proper set up and
keeping the dust and fines to a minimum.

3. Inorder to avoid overly wet or dry areas within
the batch- this will lead to improper compression
and mechanical problems of the tablet press.

4. Excess granulation can also lead excessive fine
particles and thus reduce friability of the tablet.

5. Capping is also another problem if proper
granulation is carried out.

6. If higher the percentage of fines, the more likely
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weight variations, hardness variations, capping,
picking, sticking, and content uniformity issues.

7. Fines also may absorb the lubricating properties
of oils and greases that keep mechanical
component moving freely on the press.

8. Also, higher the fines, the more need to focus on
dust collection, component lubrication and final
yields.

3.10 Cleaning and Preparing Granulator
and Granulation Room

Note: You are now experts in granulation processes
and you will find below two SOPs, very real
examples, which you will be performing in small
groups.

SOPs for Cleaning and Preparing Granulator and
Granulation Room for Production

1.0 PURPOSE

This procedure provides instructions for the cleaning
of the Granulator and the Room.

2.0 SCOPE

This procedure applies to the cleaning of the
Granulator and Wet Granulation Rooms

3.0 RESPONSIBILITY

It is the responsibility of a Production Operator
to clean the Granulator in accordance with this
procedure.

4.0 PROCEDURE

NOTE: A fresh cloth must be used for each cleaning
agent. i.e. if a cloth is used with the soapy water,

it cannot be used with the purified water or with
methylated spirits. Also, different cloths must be
used for internal, external surfaces and the top/lid of
the Bowl.
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5.0 The Production Operator shall prepare
Granulation machine and room for cleaning as
follows:

5.1 Disconnect all electrical equipment except for
the granulator.

5.2 Remove all mobile equipment to the washing
bay, breather filter and return air filter.

5.3 Wash the return air filter and the breather filter in
soapy water.

5.4 Rinse the return air filter in clean water and leave
to dry in the washbay drying room.

5.5 Rinse the breather filter in clean water; sanitise
using methylated spirits and a dry clean cloth and
leave to dry in the washing drying room.

5.6 Obtain the cleaning records from the cleaning
file.

5.7 Enter details of previous product and type
of cleaning (i.e. Full or Provisional) into cleaning
records.

5.8 Remove all labels pertaining to the previous
product.

6.0 On completion of step 1, the Production
Operator shall clean the Granulator as follows:

6.1Fill the bowl approximately one third full with
water and a minimum of 200 mL of general purpose
detergent.

6.2 Lift the bowl and run the machine (mixer and
chopper) for approximately 5-10 minutes.

6.3 Hose the exterior of the Granulator (except

for any electrical components), with the hose and
spray gun located in the room, while the machine is
running.

6.4 The top lid of the Granulator is to be cleaned
using soapy water and a clean cloth. It is then rinsed
using purified water and a clean cloth, then sanitised
using methylated spirits and a different clean
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cloth. To be included in the clean are the inspection
window, hinges and the silicone sealing ring. The
silicone seal needs to be removed and cleaned and
the groove it sits in needs to be cleaned. Please
note that none of the cloths used for the top-lid of
the Granulator can be used in any other area of the
process. So, please dispose of them.

6.5 Switch the control discharge valve to remove
water from bowl.

6.6 Unscrew the pneumatic discharge valve locking
mechanism and swing it away from the body of the
machine.

6.7 While the discharge valve is in this position, close
the valve to extend the cylinder piston.

6.8 Thoroughly hose the area around the piston, seal
and discharge area.

6.9 Ensure that the bowl interior, mixer and chopper
have been sufficiently cleaned. Use soapy water and
a clean cloth.

6.10 Rinse the bowl interior, mixer and chopper using
purified water. Dip the cloth in the water and squeeze
out. The water is used to wipe the interior, not to
shower/hose it. As you move around the bowl, by
the time you return to the start point, it should be dry
enough for the following step.

6.11 Sanitise the bowl interior using methylated
spirits and a new clean dry cloth. Once dry, ensure
that the bowl is up and any other openings are
covered before continuing to clean the rest of the
room.

6.12 Wipe the outlet valve with a clean cloth and
purified water. Then sanitise using methylated spirits
and a new clean cloth.

6.13 Switch the machine off at the control panel.

6.14 Wipe the control panel with a damp cloth and
then wipe down using methylated spirits and a new
clean cloth.
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6.15 If the table/bench is to be used to place clean
parts on it, it must be cleaned first. To do this hose
the table/bench down, wash it using soapy water,
then rinse it using purified water and a clean cloth.
Sanitise it using methylated spirits and a clean cloth.
The underneath of the table/bench needs to be
sanitised using methylated spirits and dried.

7.0 On completion of cleaning the Granulator,
the Production Operator shall clean the room as
follows:

7.1 Ensure that all the power outlets are switched
off.

7.2 Hose the windows, walls and stand with the
hose and spray gun located in the room. Wash with
doodlebug and soapy water if necessary.

7.3 Dry with a squeegee.

7.4 Wipe the power points with a dry cloth and mop
the floor.

7.5 Clean the doors and frames with a clean, damp
cloth and dry with a clean, dry cloth.

7.6 Dry the stand and table with a clean dry cloth.

7.7 Replace the clean, dry return air filter and
breather filter.

7.8 Mop the floor with clean water.
8.0 The Production Operator shall clean the

Purified Water outlet as per SOP for Cleaning
Purified Water Outlet.

9.0 On completion of cleaning the Room the
Production Operator shall:

9.1 Complete the cleaning records and a ‘Cleaned’
label.

9.2 Apply the ‘Cleaned’ label to the door of the room.
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10.0 Immediately prior to use the Production
Operator shall:

10.1 Request an Authorised Person to check for
cleanliness.

11.0 The Authorised Production Person shall clean-
check the room and equipment to the following
standards:

11.7 For a Full Clean in all departments:

« All product contact surfaces must be free of
residue

. And all areas that can harbour contamination
above product contact surfaces must be free of
residue.

NOTE: The Authorised Production Person shall pay
particular attention to checking the following areas
of the Granulator:

. Using an intrinsically safe torch check the
location bolt, lower side of mixer and chopper
blades, discharge valve, top pump valve and
breather filter.

«  While checking blades rotate 360 to ensure all
areas of the blades are cleaned.

« Turn the mixer and chopper on at high speed for
30 seconds to confirm water has not affected the
machine.

. Check the piston and seal.

» Check the bowl! cover, inspection window and
sealing ring.

. Check the inside of the bowl.

11.2 For a Provisional Clean in granulation:

. Thereare no critical areas.

12.0 If the granulator and room are clean the
Authorised Person shall:

12.71 Cross out the ‘NOT' on the clean check label.

12.2 Sign and date the ‘Cleaned’ label.
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12.3 Sign and date cleaning records.

12.4 Inform the Production Operator that the
cleanliness check is complete.

13.0 If the granulator and room are not clean, after
check, the Authorised Person shall request the
Production Operator to clean the unsatisfactory
areas.

14.0 When the cleanliness check is complete

and the cleaning records have been signed, the
Production Operator shall return cleaning records
to the file.

15.0 Room used only, fixed equipment not used as
part of processing

15.7 After the room and fixed equipment has been
cleaned, checked by the Authorised Production
Person and is approved for use, the Production
Operator will retrieve the batch manufacturing
document of the next incoming batch and adhere the
‘Quarantine Hold' label to the room door.

15.2 Close the top lid of the Granulator.

156.3 Close the discharge valve to seal up the
discharge outlet area and bowl.

15.4 Lift the Granulator bow! up until it has
completely sealed off.

3.11 SOPs for Operation of Rapid Mixer
Granulator (RMG)

1.0 Procedure

Caution:

Ensure that the main switch is in ‘off' position before
dismantling the RMG.

Note: Use latex gloves, elbow sixe during loading
and unloading materials
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15.5 Switch the machine off at the control panel.

15.6 Seal up the machine with a plastic bag liner or
shrink-wrap to minimise dust exposure whilst not in
use.

15.7 Upon completion of setting up the room,
request an Authorised Production Person to
perform the process approval to allow processing to
commence.

15.8 Upon completion of batch processing, if a
(Provisional) clean is required then refer to step 4.

NOTE: During the (Provisional) clean or clean
checking process, removal of the plastic bag liner or
shrink-wrap covering the equipment is not required.

15.9 If a (Full) clean is required then proceed with
step 6.0 of this procedure.

15.10 When the Authorised Production Person has
completed the (Provisional or Full) clean check, the
Authorised Production Person shall complete the
room clean record in the following manner:

. Signed and date in the ‘checked by' column
« Tick column ‘rooms used'

. Enter N/Ain the column 'fixed equipment used'.

Check and certify that area and equipment are clean
and suitable for starting the operations

2.0 Assembling

Assemble Clean and Dry accessories in the following
manner:
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. Open the lid and place the agitator blade inside

the bowl in a diagonal slanting direction. Place it
on its base and rotate it till the No 8 mark on the
agitator base matches with the No 8 mark on the
agitator blade. Fix the six locking nuts one by one
and thread them in clockwise direction. Tighten
these locking nuts in diagonally opposite in pairs
with the help of allen key bar provided in the tool
box.

Fix the agitator dome by keeping it on its base
and rotate it in the anti-clockwise direction.
Tighten it by hand do not over-tighten.

Fix the chopper blade by fixing key bar on
granulator motor drive shaft. Place the chopper
water into the key bar and push in the chopper
blade. Put the locking bolt with SS washer.
Rotate in anti-clockwise direction to tighten.
Tighten upto required to torque with a 199 mm
ring spanner (caution: Tighten in anti-clockwise
direction only).

Ensure that the agitator and granulator chopper
are assembled properly. Rotate the blades with
hand to see if it rotates freely.

Ensure that the discharge valve is in close
position

Ensure the cleanliness of lid and open it for
loading the material.

Open the compressed air inlet valve and check
the compressed air pressure on the gauge

3.0 Loading Materials

1.

52

LLoad the materials from the containers/drums
into the bow! as per the sequence specified in the
individual product batch manufacturing record
Close the lid. Lock the three locking clamps.

Close the observation window and tighten the
ring nuts

Tie a clean cloth/muslin on to the vent of the
mixer on the lid. (Caution: do not load any
material unless the compressed supply is on).

UNIT 3 Preparation of granulation solutions

4.0 Operation
1. Put the main switch on.

2. Ensure that 'Mixer Ready' has lit upon the
instrument panel/

3. Put the main switch on the instrument panel
on 'HAND' (Manual) or ‘AUTO' as desired. Auto
Operation will be controlled by setting the timer
to the specified time. The mixer will go ‘OFF' or
go to the next step according to the time set on
the timer dial. In the 'HAND' (manual) position,
all the starting and stopping procedures will
have be done manually by the operator.

4. Start the dry mixing. The display shows ‘MIXER
LOW SPEED'. Shift for high speed. Now the
display will show the '"MIXER HIGH SPEED'.

5. Raking is to be done if required, and mainly in
the centre of the bowl.

6. Add the binder paste/binder solution by opening
the observation lid

7. Start the wet mixing at agitator low speed and
then shift for high speed. Selection of low or
high speed depends on what is specified in eh
individual BMRs.

8. Start the granulator at low speed and then shift
for high speed. Judge the granulation end point
by manual checking. Add additional water if
required and do the further mixing.

5.0 Unloading

1. After the wet granulation discharge the wet
mass into the FBD bowl kept under discharge
port by turning discharge switch to ‘OPEN’
position.

2. Keep the agitator and granulator at low/high
speed while discharging the wet mass.

3. Stop the agitator and granulator. Open the lid
and remove the remaining mass by scrapping
it with Teflon Scrapper. Ensure that all material
has been unloaded.
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Caution mm ring spanner in clock-wise direction. Remove
Always start mixing/granulating at slow speed and SS bolds and washers and chopper blade out of
then at fast speed. Never Start directly at fast speed. the motor drive shaft.

Switch over from slow speed and mixing/granulating g
mode to fast speed mixing/granulating mode with

slight pause. Always start mixing operation with a

. Remove the chopper washer and key bar and
take all accessories tighter for washing.

FBD bowl kept under the discharge port. 7.0 Cleaning
Clean the equipment and the dismantled parts as
6.0 Dismantling per the SOP for Cleaning Rapid Mixer Granulator.
1. Open the lid and remove the agitator dome
by rotating the dome wings in the clockwise 7.0 Re-assembling
direction by the hands and lift it up. Re-assemble all the parts and accessories as given
2. Unlock all the six locking nuts on the agitator under the heading "ASSEMBLINMG".

base by rotating in anti-clockwise direction.
3. Lift the agitator blade out of the bowl in a
diagonal/slanting position.

4. Unlock the locking nut of the chopper by using 19

@ Learning Activities VS BUTSE

1. With the assistance of 1. State the importance of setting the

your instructor, locate a correct speed and monitoring of the

. : granulator.
compounding formulation
for granulation and using 2. List the precautionary steps which you
appropriate terms and will apply in order to avoid hazardous
procedures, demonstrate the exposure during granulation process.
steps in its preparation. 3. Distinguish various granulation
2 Demonstrate the exercises solutions, their similarities and
as per SOPs (3.10 and 3.11) differences
above. 4. Describe the steps involved in wet

granulation formulation.
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‘!‘ Learning Outcomes
‘I‘ At the end of this unit, you will:

1. Explain the significance of drying granules in
pharmaceutical manufacturing.

2. Distinguish various drying techniques employed
at pharmaceutical industry.

4.1 Introduction

In this Unit, we discuss the theoretical aspects of
drying and various types of drying methods used in
the manufacturing of pharmaceutical products.

4.2 Why Drying?

Drying is used mostly in pharmaceutical
manufacturing as a unit process in the preparation
of granules, which can be dispensed in bulk or
converted into tablets or capsules.

Drying is applied to processing of materials, e.g.

the preparation of dried aluminium hydroxide, spray
during lactose and preparation of powdered extracts.
Drying can also be used to reduce bulk and weight,
thereby lowering the cost of transportation storage.

As in your life experiences, dried products often are
more stable than moist ones. This is because drying
reduces the chemical reacting of the remaining
water, which is known as ‘reduction in the water
activity of the product'.

In pharmaceutical technology, drying is carried out
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Principles of Drying

for one or more of the following reasons to:

. Avoid or eliminate moisture which may lead
to corrosion and decrease the product or drug
stability.

. Improve or keep the good properties of a
material, e.g. flowability, compressibility.

. Reduce the cost of transportation of large volume
materials (liquids).

. Make the material easy or more suitable for
handling.

. Preserve pharmaceutical final products.

4.3 What is Drying?

Drying is the removal of a liquid from a material
by the application of heat, and is accomplished
by the transfer of a liquid from a surface into an
unsaturated vapour phase.

In simpler terms, drying is removal of all or most
of the liquid associated with a wet pharmaceutical
product.

Desiccants for specialized purposes may be in
forms other than solid, and may work through
other principles, such as chemical bonding

of water molecules. They are commonly
encountered in foods to retain crispness.
Industrially, desiccants are widely used to
control the level of water in gas streams.
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Drying can be defined depending upon the
mechanism of drying into: a) Thermal definition; b)
Non-thermal one.

In thermal mechanism, drying is defined as the
removal of a liquid from a material by the application
of heat, and this is achieved by the transfer of

liquid from a surface into an unsaturated vapour
phase, the only difference between drying and
evaporation depends upon the quantity of moisture
to be removed from the wet material, in the case of
evaporation it is much more than drying.

In the non-thermal mechanism, no heat is applied
and the removal of liquid from a wet material is
achieved by different methods such as:

« Expression of a solid to remove liquid (e.g.,
squeezing of a sponge).

. Extraction of a liquid from a solid using certain
solvents.

. Absorption of water from a solvent by the use of
desiccants.

. Removing moisture from a Solid by placing itin a
sealed container (e.g., Silica Gel).

4.4 Drying of Wet Solids

In order to understand the operation of drying,
you must be familiar with some of the concepts
of moisture, and humidity which you have already
discussed in Module 106.

The moisture content of a wet solid is expressed as
kg of moisture associated with 1 Kg of the moisture-
free or bone-dry solid. Thus, a moisture content of
0.4 means that 0.4 kg of water is present per kg of
the bone-dry solid that will remain after complete
drying. This can also be represented in percentage
as 40% moisture content.
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Total moisture content is associated with a wet
solid. Some of the moisture can be removed by

the simple evaporative process (as you might have
observed vapours when water is boiled on fire). The
amount of easily removable water is known as the
free moisture content and the water content that is
difficult to be removed by simple methods is known
as the equilibrium moisture content. Thus, the total
moisture content of a solid is equal to both its free
moisture content plus its equilibrium content.

4.4.1 Moisture Content of air

We have discussed that solid contain water. So is the
air. The moisture content of the air is expressed kg of
water per kg of bone-dry dry air.

One should be aware that the moisture content of
the air is not altered by changes in itstemperature
alone.

4.4.2 Relative Humidity (RH) of Air

The amount of water vapour found in air can

vary dramatically, from close to zero to the point

of saturation. Insufficient or excessive humidity,

or swings between the two, as we have already
discussed earlier, can damage sensitive materials
and objects especially the pharmaceutical products.

In Module 106, Unit 3, we discussed critical
environmental factors that affect pharmaceutical
production processes including Relative humidity
(RH) and temperature. In drying process, the
principle of RH is very central as drying, as you have
already seen, is removal of moisture (condensed RH)
from a solid or liquid.

When RH is high, it is quite uncomfortable for us.
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Table 5.1 Human perception of RH levels

Dew Point Temperature RH at 90°F Human Perception

>75°F >62% Extremely uncomfortable

T0°F-T74°F 52%—60% Quite uncomfortable

65°F-69°F 44%-50% Somewhat uncomfortable

60°F—64°F 37%—42% Comfortable but humid

55°F-59°F 31%—-35% Comfortable

50°F-54°F 26%—30% Very comfortable
<49°F <25% A bitdry

Humidity can be quantified in a number of ways, but
the most important measurement for maintaining
atmospheric quality is relative humidity (RH). This is
the ratio of the actual water vapour present in air to
the amount of water vapour present in saturated air,
which cannot absorb any more moisture. Absolute
humidity is defined as the mass of water vapour
dissolved in a total volume of moist air at a given
temperature and pressure.

Relative humidity is measured, therefore, as the ratio
of two pressures: %RH = 100 x p/ps, where, p is the
actual partial pressure of the water vapour present in
the ambient and ps the saturation pressure of water
at the temperature of the ambient.

4.5. Effect of Temperature and Pressure
on %RH

Let us briefly understand the general impact of RH

and temperature in various situations.

Saturation vapour pressure depends only on
temperature. There is no effect of total pressure and
there is no difference between the situation in an
open space and that in a closed container.

From the above it follows that:
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a. inanopen space, at constant moisture level
and temperature, %RH is directly proportional to
the total pressure. However, the value of %RH is
limited to 100% as p cannot be greater than ps.

b. in an open space, at constant moisture level
and pressure, %RH decreases strongly as
temperature increases.

c. inaclosed container of fixed volume, %RH
decreases as temperature increases, however not
quite as strongly as in the situation of the open
space.

4.5.1 Some Examples
a. Office Building

An office building can be considered as an

open environment. A localized increase in
temperature created by a heater or an office
machine does not modify the value of the partial
pressure of water vapour. Therefore, the local
vapour pressure is the same as elsewhere in
the building. However, the saturation vapour
pressure is locally increased. Consequently,
relative humidity in the immediate vicinity of the
heat source is lowered.
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If we assume that elsewhere in the building
temperature is 25°C and relative humidity 50 %, a
localized increase of temperature to 30°C lowers
relative humidity as follows:

ps at 25°C = 3.17 kPa
ps at 30°C = 4.24 kPa

p =0.5x3.17 kPa = 1.5685 kPa, corresponding to
50 %RH

Localized %RH = 100 x 1.5685/4.24 = 37.4%

b. Compression in a Closed Chamber

If the total pressure inside a closed chamber is
increased from one to one and a half atmospheres
and temperature is maintained constant, the partial
pressure of water vapour is increased 1.5 times.
Because temperature is maintained constant, the
saturation pressure psis not changed.

If we assume that we had a condition of 50%RH and
25°C before the compression, the condition after
compression is 75%RH and 25°C.

These sum up for us one clear scenario: The RH of
air decreases as the air is heated; when moist air is
cooled, its capacity to absorb moisture decreases,

causing the RH to increase.

4.6 The Theory of Drying

Drying involves both heat and mass transfer
operations. In this process, heat must be transferred
to the material to be dried in order to supply the
latent heat required for vaporisation and moisture.

4.6.1 Drying of Wet Solids

When considering how to dry a material, some of the
following factors are to be considered:

. Heat sensitivity of the material being dried

. Physicalcharacteristics of the material
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. Nature of the liquid to be removed.
« The scale of the operation.
. The necessity of asepsis (free of contamination).

. Available sources of heat (steam, electrical).

And therefore, general principles of efficient drying
can be summarised as:
. Large surface area for heat transfer.

. Efficient heat transfer per unit area (in order to
provide sufficient latent heat of vaporisation or
heat of sublimation in the case of freeze drying,
which we shall discuss in the following sections
later).

. Efficient mass transfer of evaporated water.
through any surrounding boundary layers.

. Efficient vapour removal (low relative humidity air
at adequate velocity).

4.7 Types of Pharmaceutical Dryers

You will come across a variety of pharmaceutical
dryers used in the pharmaceutical production

units. They are mostly categorised according the
heat transfer method that they employ: convection,
conduction or radiation. Dryers are also categorised
as per the solid handling, where special attention is
to be given to the nature of the material to be dried.
We shall, however, discuss the driers based on the
heat transfer methods.

4.7.1 Convective Drying of Wet Solids

4.7.1.1 Fluidised-Bed Dryer

Fluidised bed dryer provides an excellent method of
good contact between the warm drying air and wet
particles. The fluidisation technique is efficient for
the drying of granular solids because each particle is
completely surrounded by the drying gas. In addition,
the intense mixing between the solid and gas results
in uniform conditions of temperature, composition
and particle size distribution through the bed.
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There are fundamentally two types of fluidised
dryers available for the pharmaceutical industry:
Vertical and Horizontal.

4.7.1.2 Advantages of Fluidised Bed Drying

1. Efficient heat and mass transfer give high drying
rates, so that drying time is short

2. The fluidised state of the bed ensures that drying
occurs from the surface of all the individual
particles. Hence, most the drying occurs at a
constant.

3. The temperature of fluidised bed is uniform
throughout and therefore, it can be controlled
precisely.

4. The turbulence in a fluidised bed causes some
attrition to the surface of the granule. This
produces a more spherical free-flowing product

5. The free movement of individual particle reduces
the risk of soluble materials migrating during
drying.

6. Keeping the granules separate during drying
also reduces the problems of aggregation and
reduces problems of aggregation and reduces
the need for a sieving stage after drying.

7. The fluidisation containers can be mobile, making
handling and movement around the production
area simple, thus reducing labour costs.

8. Short trying times mean that the unit has a high
product output from a small floor space.

4.7.1.3 Disadvantages of Fluidised Bed Drying

Some of the most noticeable disadvantages are the
following:

1. The turbulence of the fluidised state may cause
excessive attrition of some materials, with
damage to some granules and the production of
too much dust.

2. Fine particle may become entrained in the
fluidising air and must be collected by bid filters
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with are to avoid segregation and loss of fines.

3. The vigorous movement of particles in hot dry
can lead to the generation of charges of static
electricity, and suitable precautions must be
taken.

NOTE: A mixture of air with a find dust of
organise materials such as starch and lactose
may explode violently by sparking caused by
static charges. The danger is more when the
fluidised material contains a volatile solvent.
Ensure adequate electric earthing is fitted with
the equipment.

4.7.2 Conductive Drying of Wet Solids

In the conductive drying, wet solid is in a thermal
contact with a hot surface and the bulk of heat
transfer occurs by conduction.

4.7.2.1 Vacuum Oven

Vacuum oven is a good example of conduction dryer.
This consists of a jackets vessel sufficient strong in
construction to withstand a vacuum with the oven
and possible stream pressure in the jacket. The oven
must be closed by a door that can be locked tightly
to give an airtight seal.

The main advantage of a vacuum dryer is that drying
takes place at a lower temperature since there is
little air present, there is minimum risk of oxidation.
They are mostly used to dry thermolabile or oxygen-
sensitive materials. They are also used for drying
small development samples in the laboratory set up.

4.7.3 Radiation Drying Of Wet Solids

Heat transmission by radiation differs as this can
crossempty space ort travel through the almost-here
virtually without loss.
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4.7.3.1 Microwave Drying

Microwave drying is such a radiation drying
method. In this, the heating effect is produced

by the interaction of a rapidly oscillating electric
field (915 or 2450 megahertz) with the polarised
molecules and ions the materials. The penetration
of microwaves into the wet product si so good that
heat is generated uniformly within the solid.

In microwave drying, the mass transfer is primarily
the result of a pressure gradient due to rapid vapour
generation inside the materials, that is, most of the
internal moisture is vaporised before leaving the
sample.

Industrial microwave dryers are usually of the static
bed continuous type. Materials to be dried are
placed on conveyor belts and conveyed throughthe
microwave applicator.

4.7.3.2 Advantages of Microwave Drying

The following advantages are stated for microwave
drying:

1. It provide rapid drying at fairly low temperatures

2. Thermal efficiency high since the dryer casing
and the air remain cool.

3. The bed is stationery, avoiding problems of dust
and attrition.

4. Solute migration is reduced as there is uniform
heating of the wet mass.

5. Equipment is highly efficient and refined. All the
requirement of product and operator safety have

been incorporated (cCGMP requirements).

6. Granulation end point is possible by measuring
he residual microwave energy .

4.7.3.3 Disadvantages of Microwave Drying

The batch size of commercial production microwave
dryers is smaller than the batch sizes available for
fluidised bed drying.
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Care must be taken to shield operators from the
microwave radiation.

4.8 Dryers for Solutions and Suspensions
(Pneumatic Dryers)

They generate a large surface area in the liquid for
heat and mass transfer and to provide an effective
means of collecting the dry solid.

4.8.1 Spray Dryer

These handle only fluid materials such as solutions,
slurries and thin pastes.

The spray direr provides a large surface area for heat
and mass transfer by atomising the liquid to small
droplets. These are sprayed into a stream of hot

air, so that each droplet dries to an individual solid
particle. Thus particle formation and drying occur in
the one process.

Spray drying finds great utility in the pharmaceutical
industry because of the rapidity of drying and the
unique form of the final product. There are three
major uses for the spray drying process:

a) drying heat sensitive materials

b) changing the physical form of materials for us in
tablet and capsule manufacture

¢) encapsulating solid and liquid particles.

Spray drying is valuable in the coating and
encapsulation of both solids and liquids.

The spray drying can be used for drying almost

any substance, in solution, or in suspension. Some
of the examples of spray dried include citric acid,
sodium phosphate, gelatin, starch, barium sulphate
and calcium phosphate. Also, note that spray drying
is capable of production spherical particles in the
respirable range of 1-7 um that are necessary for the
delivery of drugs from dry powder inhalers.
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4.8.1.1 Advantages of Spray Drying Process

1. There are millions of small droplets which give a
larges surface area for heat and mass transfer,
so that evaporation is very rapid. The actual
drying time of a droplet is only a factorof second,
and the overall time the dryer only a few seconds.
This saves considerable time and energy.

2. Because evocation is very rapid, the droplets do
not attain a high temperature.

3. The products attain a high bulk density. It also
leads to rapid dissolution because of the large
surface area.

4. Provided that a suitable atomizer is used,
the resulting powder will have a uniform and
controllable particle size.

5. The product is free-flowing, with almost spherical
particles and is convenient for tablet manufacture
as is has excellent flow and compaction
properties.

6. In many cases, spray drying will increase the
dissolution rate and bioavailability of poorly water
soluble drugs.

7. Labour costs are low, the process yielding a dry,
free flowing powder from a dilute solution, in a
single operation with no handling.

4.8.1.2 Disadvantages of Spray Drying

The equipment is very bulky and with the ancillary
equipment, is expensive.

The overall thermal efficiency is rather slow since
the air must still be hot enough when it leaves the
dryer to avoid condensation of moisture.

4.8.2 Freeze Drying

Freeze drying is a process used to dry extremely
heat-sensitive materials. It can allow the drying,
without excessive damage, of proteins, blood
products and even microorganisms. In some
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instances, freeze drying is also referred to as
lyophilisation, gelsiccation, or drying by sublimation.

In this process, the initial liquid solution or
suspension is frozen, the pressure above the

frozen state is reduced and the water removed by
sublimation. The freeze drying works on the principle
of sublimation, which consists of three separate
area of water- vapour, liquid or solid. In this process,
water passes directly from the solid state to the
vapour state without passing through the liquid
stage.

4.8.2.1 Stages of Freeze Drying

1. Pre-freezing stage: Material is frozen by keeping
the material below or at -20 C.

2. Vacuum stage: Rotary pumps on small scale,
ejector pumps on large scale are used to reduce the
pressure sufficiently.

3. Primary drying stage: During primary drying the
latent heat of sublimation must be provided and the
vapour removed. This also removes unbound water.

4. Secondary drying stage: it sis used to remove
bound water or traces of water left after primary
drying, the temperature is raised (upto 50 C) or
desiccant is used to carry secondary drying.

The freeze drying method is used for those products
which could not be dried by any other heat method.
These include biological products which include
some antibiotics, blood products, vaccines (such

as BCG, yellow fever etc.) enzyme preparations, and
microbiological nature.

4.8.2.2 Advantages of Freeze Drying

Freeze drying, has certain special advantages:

1. Drying takes place at very low temperatures.
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The solution is frozen such that the final dry
product is a network of solid occupying the
same volume as the original solution. Thus
the product is light and porous.

The porous form of the product gives ready
solubility of the freeze dried product.

There is no concentration of the solution
prior to drying. Hence, salts do not
concentrate in the wet state.

Since the process takes place under high
vacuum, there is little contact with air and
oxidation is minimised.

4.8.2.3 Disadvantages of Freeze Drying

1.

The porosity, ready solubility and complete
drying of the product result in one with a
very hygroscopic nature. Hence, packaging
requires special consideration.

The process is very slow and use
complicated plant that is very expensive.
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Learning Activities
Develop in groups, a step-by-
step procedure for operating a
fluidised bed dying machine.

Test Yourself

1. Explain how humidity and
temperature affect the drying
process.

2. Distinguish various types
of drying employed in
pharmaceutical manufacturing
with stated examples.
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Drying Wet Granules

4 Learning Outcomes
6'J
II‘ At the end of this Unit, you will:

1. Understand the reasons of controlling air flow
and temperature whild drying.

2. Interpret and apply the SOPs on drying wet
granules on a drying machine.

5.1 Introduction

This Unit continues the discussion on various
procedures of drying wet granules. In this Unit,
you will focus on the importance of managing air
flow and correct temperature; how to operate and
monitor a drying machine including application of
granulation.

5.2. Importance of Airflow, Temperature
and Process Duration

Because heated air is used to dry the product during
the drying, agglomerating, and coating processes,
the drying capacity of the air must be carefully
monitored.

During fluid bed drying, the product passes through
three distinct temperature phases (as shown in
Figure 5.1). At the beginning of the process, the
material heats up from the ambient temperature to
approximately the wet-bulb temperature of the air

in the dryer. This temperature is maintained until the
material's moisture content is reduced to the critical
level. At this point, the material holds no free surface
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Fig 5.1 Temperature phases in the drying process

water, and the temperature starts to rise further. In

some cases, the temperature continues to rise until
it equals the temperature of the air in the dryer, but

in most processes the drying is stopped before the
material reaches this terminal temperature.

The drying capacity of the air depends upon the
relative humidity (RH) of the incoming air. At 100%
RH, the air is holding the maximum amount of water,
but if the temperature of the air is raised, the relative
humidity drops and the air can hold more moisture.
If air is saturated with water vapor at a given
temperature, a drop in temperature will force the

air mass to relinquish some of its moisture through
condensation. The temperature at which moisture
condenses is the dew point temperature. Dew point
and vapor pressure are directly related.

Thus, the drying capacity of the air varies
significantly during processing. By dehumidifying the
air to a preset dew point, one can maintain constant
drying capacity and, hence, a constant process time.
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This is an expensive proposition, but more and more
companies are opting for this to ensure product
quality and process consistency.

When low-temperature fluidizing air is used,
climatic conditions can play a significant role in
the fluid bed process. In geographic locations
where the absolute humidity varies during the year,
its effect on the relative humidity of the heated,
fluidized air becomes pronounced. One approach,
raising the inlet-air temperature, is limited by

the product's heat sensitivity. Each degree of
increase in the inlet temperature is less beneficial
than is a corresponding decrease in the outlet-air
temperature.

In a typical drying process, suspended particles

in a concurrent airstream are kept relatively cool
by evaporation. Thus, inlet-air temperature can be
much higher than the product degradation point.
However, if powder clings to equipment surfaces, it
may scorch. Finding and maintaining the optimum
difference (°T) between the inlet-air temperature
and the wet-bulb temperature is cost-effective,
especially for dryers with small °T (21 - 35° C).

Yet another approach is to reduce the out-let-air
temperature. A unit volume of the cooler outlet
stream carries more air by weight than does the
warmer inlet airstream. Thus the outlet temperature
has greater influence on energy use and productivity
per degree of change. The lowest practical setting of
outlet temperature significantly benefits energy and
productivity and usually product quality. However,
cooler outlet air raises humidity significantly, and this
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may restrict the allowable T if product moisture is
increased.

With certain resins and other heat-sensitive
materials, longer residence time in the drying

zone permits a lower outlet temperature without
increased product moisture. Using a longer
residence time has an effect similar to that of raising
the outlet temperature. Uniform particle size has the
same effect. When particles are nonuniform, larger
ones need a higher temperature, a longer time to dry,
or both.

Learning Activities

As guided by your
Instructor, test-run a
granulation machine.

Test Yourself

Describe the procedures
of operating a granulation
machine including running
machine, adjusting the
temperature, air flow

and drying process, and
documentation.
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Principles of
Milling and Sizing

‘2‘ Learning Outcomes
B 1n this Unit, you will

1. Define the meaning and significance of milling
and particle sizes

2. Apply the procedure for milling as per BMR

6.1 Introduction

In Unit 1, we discussed briefly on particle size

and analysis and why it is important in tablet
pharmaceutical manufacturing. Particle Size
Reduction (PSR) also known as comminution is an
important critical step in the manufacturing process
of pharmaceutical finished products.

Most of the drugs and excipients used in the
manufacture of dosage forms necessitate size
reduction to a great extent. Size reduction of a drug
may include one or more of the operations: cutting,
slicing, micronising etc.

In this Unit, we will be discussing the significance of
particle size reduction and various milling methods.

6.2 Pharmaceutical significance of size
reduction

The particle size, as we have already seen in Unit
1, and surface area of a substance influences its
physical, chemical and biological properties.

The increase in the specific surge of powder is of
profound significance so far as its flow properties,
compressibility, modification in viscosity of
suspension, chemical stability and above all, the rate
of absorption are concerned. The mixing or blending
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(which we shall further discuss in Unit 7) of solid
ingredients of a pharmaceutical preparation is more
uniform, reliable and easier when he ingredients are
of same size range. This ensures uniform dosage
later.

Size reduction enhances the surface are and hence
the drying of wet masses is facilitated because the
distance and ultimately the time required for the
moisture to travel within the particle to reach the
outer surface is reduced.

In brief, some of the following objectives, among
others, are achieved through size reduction:

a. Size reduction leads to increase of surface area.

b. Pharmaceutical capsules and insufflations (such
as powders inhaled directly) and other solid
dosage forms require particle size to be lower the
60 mm size.

Micromeritics is the science of small
particles; a particle is any unit of matter
having defined physical dimensions. The
physical state of particles can be altered by
physical manipulation (such as milling) and
particle characteristics can alter therapeutic
effectiveness.

Micromeritics studies various characteristics
including particle size distribution, shape, angle
of repose, porosity, true volume, bulk volume,
apparent density, and bulkiness.
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c. Toincrease the therapeutic effectiveness of
certain drugs by reducing the particle size

d. Size reduction produces particles in narrow size
range. Mixing of powders with narrow size range
is easier.

e. The mixing of several solid ingredients is easier
and more uniform if the ingredients are reduced
to same particle size.

f. The rate of absorption of drug depends on the
dosage form, route of administration and particle
size. The smaller the particle size, quicker and
greater will be rate of absorption.

6.3 Factors Affecting Size Reduction

1. The Selection of the mill- which is related to feed,
milled product, safety and economic reasons (low
cost).

2. Factors related to nature of raw materials

affecting size reduction

. Hardness- It is easier to break a soft material
than hard material

. Fibrous- e.g., for iodine, hammer mill is used

. Friable- brittle substances can be easily
converted into find particles

. Elastic/sticky — to become soft during milling

. Melting point- waxy substances, fats etc. are

softened during size reduction.

. Thermolability- certain substances are
degraded by hydrolysis and oxidation, due to
moisture and atmospheric oxygen.

3. Other factors affecting size reduction

« Purity required- the size reduction of such
hard substances leads to the abrasive wear
of milling parts, causing contamination.
Hence, the mills should be thoroughly cleaned
between different batches.

. Flammability- under certain conditions fine
dust such as dextrin, starch, or sulphur are
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potential explosive mixtures. All electrical
switches should be explosive proof and mill
should be well grounded.

. Particle size- the feed should be of proper size
and enter the equipment at a uniform rate to
get fine powder.

. Moisture content- presence of more than 5%
moisture influences hardness, toughness,
stickiness of substance. In principle, materials
with moisture content below 5% are suitable
for dry grinding and above 5% for wet grinding.

6.4 What is Milling?

Milling is the mechanical process of reducing the
particle size of solids. You will also come to hear that
‘Milling' through size reduction which is also termed
as comminution, crushing, disintegration, grinding
and pulverisation depending on the product,
equipment, and the process.

Although fine particles can be produced directly by
controlled precipitation, crystallisation, or drying, in
most cases material is powdered in some kind of
mill.

Milling equipment is generally classified as coarse,
intermediate, or find according to the size of the
milled product. Size is conventionally expressed in
terms of mesh (number of openings per liner inch of
a screen).

6.5 Mechanisms of Milling and Size
Reduction- Equipment

There are four different mechanisms involved in
Milling and Size Reduction:

6.5.1. Oscillating Granulator

Solids size-reducer in which particles are broken

by a set of oscillating bars arranged in cylindrical
form over a screen of suitable mesh, particle size is
controlled through mill-screen size, rotor speed, and
the rotor's rotation angle.
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6.5 2. Comil

The Comil is an attrition-type mill and performs size
reduction using a rotating-shaped impeller inside

a conical screen. Particle size can be changed and
control with screen size and impeller speed.

6.5.3. Comminutor Hammer Mill

Comminutor hammer mills are also considered
attrition-style mills and reduce the particle size with
several rotating hammers or knives or a rotor bar.
Comminution has evolved into more than hammer
milling or grinding.Four equipment variables affect
process results. The feed throat design, blade type,
blade speed, and screen size are the important
variables that influence the milling process.

In the following subsections, you will find 2 model
SOPs: SOP for operating IBC Milling Machine,
and SOP for Operation of a Multimill. During your
practical sessions, your Instructor will take you
systematically through these SOPs.

6.6 SOPs- Operating the Milling System

The IBC (Intermediate Bulk Container) milling system
will be operated in the following manner:

1. Place an empty bin in the docking station.

2. At the control panel turn the main power switch
to the 'ON' position.

3. At the control panel turn the cone clamp switch
to the 'ON' position.

4. Position the comil over the bin.

5. Using the bowl tipper, position the bowl over the
comil (Refer to SOP for operation of the bowl
tipper).

6. Before starting the comil ensure that the impeller
nominated in the BMD is fitted.

7. To start the comil, ensure the Emergency Stop
Button is in the out position.
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8. Set the speed control dial to the speed required
for the product to be crushed as stated in the
BMD.

9. Open the flow valve on the bowl tipper.
10.Push the Start button on the comil.

11.Ensure that the granule feeding remains constant
through the crushing process.

6.7 SOPs for operation of multimill

ASSEMBLING

12.Fix knives in rotor as per requirement of sizing i.e.
‘Impact edge’ or 'Kind edge’ forward.

13.Ensure that blades fixed in the rotor are in 4,3,4,3
sequence and none of the blade are missing. Fix
the key to the central shaft.

14.Fix the rotor with blades to the central rod of
multi mill with the rotor fixing screw.

15.Fit the required intact screen base plate on
multimill properly tightening two side nuts.

16.Fix the belt on the appropriate wheel of the pulley
S0 as to get required speed fast, medium or
slow. Give proper tension to the belt by moving
movable pulley apart and lock it in position.

17.Check that knives o the rotor are not touching the
screen by turning the belt by hand.

18.Close and lock thee milling chamber guards

19.Fix the feeding hopper and cover it with lid.

OPERATION

1. Place a new polythene bag in a clean plastic
container and tie to the bottom of the multi-mill
chamber.

2. Load the material to be milled into feeding hopper
by means of a clean SS scoop with handle.

3. Switch on the main switch and start milling
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NOTE: When the container is full, switch off the
mill and untie the polybag from mill chamber.
Tie the bag and fix appropriate 'label' to the
containers. Repeat the process as often as
required, always fixing the container in similar
manner to the discharge chamber of the mill.

4. Atthe end of the milling operation, switch off
the mill and disconnect the electrical mains.

NOTE: The dismantled parts should be cleaned
on the same day of the operation. If the mill

is to be used for the same product, do not
dismantle but tie a fresh polybag on bottom

of milling chamber, awaiting a new load for
milling. If any unusual noise is heard during the
milling operation, stop the machine to remove
the remove the receiving container. Dismantle
the mill and note the cause of the noise. Inform
the maintenance department of the problem,
Quarantine the mill as well as the container
pending further packing.

DISMANTLING
1. Remove feed hopper and lid
2. Unlock milling number guards

3. Unscrew two side nuts to remove screen and
base plate.

4. Remove the rotor with blades and the key

5. Clean the equipment and dismantled parts as

the SOP Cleaning Multi mill. _ -
@ Learning Activities
Carry out a milling exercise

as per the guidance of your
Instructor.

Test Yourself

What is the relevance of
particle size reduction in
Pharmaceutical Industry?
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Principles of Mixing

4 Learning outcomes

N . Emulsions and creams - mixtures of immiscible
QB At the end of this Unit, you wilk quids
1. Explain the reasons for mixing materials. . Pastes and suspensions- dispersions of solid
o . . . particles.
2. Able to distinguish various mixers and their
applications in mixing different dosage forms 7.2 What Is Mixing?

9, Al praseduies i Fespes! (o GeTEs MG Mixing may be defined as a unit operation that aims

) to treat two or more components, initially in an
of materials as per BMR. P y

unmixed state, so that each unit (particle, molecule
c etc.) of the components lies as nearly as possible in
7.1 Introduction ) P yasp

. contact with a unit of each of the other components.
By now, you have learnt that there is hardly any

pharmaceutical product that contains only one There are, generally, agreed three types of mixtures:
component. In the example of producing a tablet

- L . a. Positive mixtures: Mixtures formed from
dosage form containing a drug which is active at a

. materials such as gases or miscible liquids which
dose of T mg, other components (such as diluent, s su gases of miscibie liquids wh

binder, disintegrant and lubricant) will be needed to
manufacture the product and for it to be handled by

mix spontaneously and irreversibly. In general,
materials which ix by positive mixing do not

. present problems during product manufacture.

o o . b. Negative mixtures: In this, components tend to
Mixing is also known as 'blending’ in the industry. ; .
separate out. Negative mixtures are generally

Whenever a product contains more than one more difficult to form and to maintain and
component, a mixing or blending stage will be required a higher degree of mixing efficiency than

required in the manufacturing process. The following do positive mixtures.

products utilise mixing processes of some kind: c. Neutral mixtures: Neutral mixtures are static in
behaviour, i.e. the components have no tendency
to mix spontaneously or separate. Examples

of such mixtures include powders, pastes and

. Tablets, capsules, sachets and dry powder
inhalers

. Linctuses—mixtures of miscible liquids ointments.

84 | UNIT 7 Principles of mixing
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Mixing can be divided into three categories, which
we shall discuss briefly later:

a)  Fluid mixing
b)  Solid mixing

c)  Semisolid mixing

7.3 The Purpose of Mixing

As we have seen above, mixing is a fundamental
step in most process sequences and is normally
carried out:

a. To control heat and mass transfer

b.  To secure uniformity of composition so
that small samples withdrawn from a bulk
material represent the overall composition
of the mixture

c.  Toimprove the single phase and multi-
phase systems

d.  To promote physical and chemical
reactions, such as dissolution, in which
natural diffusion is supplemented by
agitation.

7.4 Mixing Mechanisms for Liquid Mixing

The mixing mechanisms for liquid mixing can be
categorised generally into four streams:

i. Bulk transport:The movement of a relatively large
portion of the material being mixed from one
location (in a system) to another constitutes bulk
transport. This is usually accomplished by means
of paddles, revolving blades, and other devices
within the mixture.

ii. Turbulent Mixing: Turbulent mixing is
characterised by random fluctuation of the fluid
velocity with great intensity.

ii. Laminar mixing: Laminar flow is frequently
encountered when highly viscous fluids are being
processed.

iv. Molecular Diffusion: This kind of mixing happens

86 | UNIT 7 Principles of mixing

through diffusion at the molecular level, resulting
from the thermal motion of the molecules.

7.5 Liquid Mixing Equipment
A system for liquid mixing commonly consists of
two primary components:

a. Atank or other container suitable for holding the
material being mixed; and,

b. A means of supplying energy to the system so as
to bring about reasonably rapid mixing.

Power may be supplied to the fluid mass by means
of an impeller, air stream, or liquid jet. Besides
providing power, they also direct the flow of material
within the vessel.

Liquids are most commonly mixed by impellers
rotating in tanks. These impellers are classified
as i) propellers, ii) turbines and iii) paddles. The
flow pattern may be analysed in term of three
components: radial (perpendicular to the impeller
shaft), axial or longitudinal.

A. Propellers

Propellers of various types and forms are used.
They are essentially a segment of a multithreaded
screw. Propellers may be either right or left handed
depending on the direction of slant of their blades.

B. Turbines

Turbines differ from
propellers mainly on the
blades which are tilted.

They are more useful to mix liquids of high viscosity
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which normally propellers cannot
mix.

C. Paddles

Paddles are also employed as
impellers and are normally used
for low speeds of us0 rpm or less.
Their blades have a large surface

area as compared to the tank in which they are
employed.

7.6 Semi-Solid Mixing

The mechanism involved in mixing semisolids
depends on the characteristics of the material which
may show a considerable variation. When a powder
and a liquid are mixed, they are likely to resemble
closely the mixing of powders, however, at later
stages of mixing mechanisms of liquids become
predominant.

7.7 Semi-Solid Mixing Equipment

7.7.1 Sigma-Baled Mixer

Sigma-blade mixer has counter-rotating blades or
heavy arms that work the plastic mass. The blades
rotate tangentially with a speed ratio of about 2:1.
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The shape and difference in rotational speed of the
blades facilitate lateral pulling of the material and
impart kneading and rolling action on the material.

7.8 Solid Mixing

Solid mixing can be through a combination of
convective mixing, shear mixing or diffusive mixing.
All these mechanisms follow the general theory that
when a bed of solid particles at rest, the influence of
gravity will pack he particles as closely together as
possible. In order to mix the powder, a bed shuffling
process must occur where the particles move and
change places. This requires the application force to
the particles.

Convective Mixing: This is similar to the bulk
transport as discussed in liquid mixing. This
happens through an inversion of the powder by
means of blades, paddles, an revolving screw or

by any other method of moving a relatively large
mass of materials from one part of powder to bed to
another. This is one of the fastest and most efficient
mixing mechanisms.

Shear Mixing: A shear basically cuts or crops or
shaves. In this mechanism, the shear reduces the
scale of segregation by thinning the dissimilar
layers. The shear occurring in a direction normal to
the interface of such layers is also effective, since

it too reduces the scale of segregation. Through
'shear induced migration’, large or irregular grains of
powder tend to be expelled.

Diffusive mixing: This happens when random
motion of particles within a powder bed causes them
to change position relative to one another. Diffusive
mixing occurs at the interfaces of dissimilar regions
that are undergoing shear, and can take hundreds to
thousands of revolutions to act.
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7.9 Factors Affecting the Mixing of Solids

The most important factors that affect mixing of dry
solid are:

a. Particle size:

. Large and small particles of the same material
tend to segregate when an attempt is made to
blend them. The same thing may occur when
two different materials of different sizes are to
be mixed.

. Large particles will roll and flow over each
other, while small particles will tend to dust
out.

. Segregation due to differences in particle size
can be minimized by allowing the mixer to
rotate slowly and the method is to operate
under vacuum.

b. Density differences: Density differences among
particles of the same size tend to promote
segregation heavy particles settle to the bottom
of the mixer, while light ones rise and dust out.

c. Electrostatic charges: Electrostatic charges on
the particles are responsible for the phenomenon
known unblending. Unblending segregation
of particles due to the accumulation of
electrostatic charges on the surface of solids this
phenomenon can be prevented by:

. stopping mixing when a satisfactory blend has
been obtained:;

. Introducing a surfactant in order to wet the
particles and neutralize surface charges.

The addition of small amount of water removed after
drying may be helpful.

7.10 Different Types of Mixers Used for
Solid Mixing

We have already seen that different mixers are used
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for mixing liquids, solids and semi-solids. Selection
of the appropriate mixer is made based on the
following considerations:

a. The physical properties of the materials to be
mixed such as density, viscosity, and miscibility.

b. Economic considerations regarding processing,
for example, time required for mixing and power
expenditures

c. Cost and maintenance of the equipment.

The following mixers are available in the market.

7.10.1 Tumbler Mixer

This consists of a container of one of several
geometric forms which is mounted so that it can

be rotated about an axis to cause movement of the
material in all planes. This is the simplest equipment
for mixing of powder.

Various types of tumblers with different geometric
shapes such as twin-shell, double cone, drum, cube
and tetrahedral blenders are commercially available
in the market.We discus very breifly the V-Type and
Double Cone Type Blenders.

7.10.2 The V-Type
Blender

« Theunitis formed
from two cylindrical
sections cut at an
angle and joined to

form a -V- shaped
one ,this mixer provides a non-symmetrical
shape about the axis of rotation

. This blender is considered as fastest blender.
Internal baffles may be installed inside the
blender in order to increase the shear.

. Itcanbe cleaned easily since all internal
surfaces can be reached through the charge and
discharge openings.
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7.10.3 Double Cone Blender

. Consists of two cones joined together to a
relatively short cylindrical section and the axis
of rotation is centrally located on the cylindrical
portion.

. This blender is easy to clean because it is
normally free of baffles.

7.11 Risks and Safety Precautions while
Mixing Materials

Worker health and safety risks are unavoidable
during pharmaceutical manufacturing including the
various processes we discussed including mixing,
sizing, drying and granulation. Let us briefly outline
all the risks involved and in the last section; we shall
specifically outline risks associated with mixing
materials. This is yet a reminder to you that you
should always be aware of your health and safety
risks, and how to protect yourselves through correct
application of PPEs and strict adherence to other
safety procedures as demanded by your workplace.

We have seen that they are mostly created by
moving machine parts (e.g., exposed gears, belts
and shafts) and hazardous energy sources (e.g.,
electrical, pneumatic, thermal, etc.); manual handling
of material and equipment; high-pressure steam, hot
water and heated surfaces; flammable and corrosive
liquids; and high noise levels. Worker exposures

to airborne dusts may occur during dispensing,
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drying, milling and blending operations. Exposure

to pharmaceutical products is a particular concern
when mixtures containing high proportions of active
drug substances are handled or processed. Wet
granulation, compounding and coating operations
may create high worker exposures to solvent
vapours.

Process safety issues primarily relate to the

risks of fire or explosion during pharmaceutical
manufacturing of dosage forms. Many of these
operations (e.g., granulation, blending, compounding
and drying) use flammable liquids, which may create
flammable or explosive atmospheres. Since some
pharmaceutical dusts are highly explosive, their
physical properties should be examined before they
are processed. Fluid bed drying, milling and slugging
are a particular concern when they involve potentially
explosive materials. Engineering measures and safe
work practices reduce the risks of explosive dusts
and flammable liquids (e.q., vapour- and dust-

tight electrical equipment and utilities, grounding
and bonding of equipment, sealed containers with
pressure relief and inert atmospheres).

Fire and explosion prevention and protection;
process containment of hazardous substances,
machine hazards and high noise levels; dilution and
local exhaust ventilation (LEV); use of respirators
(e.g., dust and organic vapour masks and, in

some cases, powered air-purifying respirators

or air-supplied masks and suits) and personal
protective equipment (PPE); and worker training

on workplace hazards and safe work practices

are workplace control measures applicable during
all of the various pharmaceutical manufacturing
operations discusssed in this Module. Specific
issues involve substituting less hazardous materials
whenever possible during drug development and
manufacturing. Also, minimizing material transfers,
unsealed or open processing and sampling activities
decrease the potential for worker exposures.
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The engineering design and features of facilities,
utilities and process equipment can prevent
environmental pollution and reduce worker
exposures to hazardous substances. Modern
pharmaceutical manufacturing facilities and
process equipment are reducing environmental,
health and safety risks by preventing pollution and
improving the containment of hazards. Worker
health and safety and quality control objectives are
achieved by improving the isolation, containment
and cleanliness of pharmaceutical facilities and
process equipment. Preventing worker exposures to
hazardous substances and pharmaceutical products
is highly compatible with the concurrent need to
prevent workers from accidentally contaminating
raw materials and finished products. Safe work
procedures and good manufacturing practices are
complementary activities.

Very specifically, while compounding or mixing
you should be aware of the following risks and
precautions:

. Buffering agents, detergents and germicides that
are neutralizing, cleaning and biocidal agents
may be hazardous to workers. Eyewashes
and safety showers reduce injuries, if workers
accidentally contact corrosive or irritating
substances.

. Due to the wet surfaces in compounding areas,
workers need to be protected from electrical
hazards of equipment and utilities.

. Thermal hazards are posed by steam and
hot water during compounding and cleaning
activities. Worker injuries from burns and falls are
prevented by installing insulation on hot surfaces

and maintaining dry non-slip floors.
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Learning Activities

List the procedures, on a step-
by-step basis, as to mixing of
materials as per BMR.

Test Yourself

1. Distinguish various types
of blenders and their
applications.

2. What are the implications
for not maintaining correct
procedures in mixing
materials? Demonstrate
with examples?
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