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Lubricants

• Besides reducing friction lubricants may cause

undesirable changes in the properties of tablets:

– The presence of a lubricant in a powder is thought to

interfere negatively with the bonding between the

particles during compaction, and thus reduce tablet

strength.

– Because many lubricants are hydrophobic, tablet

disintegration and dissolution are often retarded by the

addition of a lubricant (Mixing time and mixing intensity

and the amount of lubricant are important in this context)

Stearate derivatives

Tablet excipients
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• Lubrication is achieved by mainly two mechanisms:

a) fluid lubrication

– A layer of fluid is located between and separates

moving surfaces from each other.

– Fluid lubricants are seldom used in tablet

formulation

– Example is paraffin oil.

Tablet excipients
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b) boundary lubrication

– A thin film of powder separates moving surfaces

from each other.

– A number of mechanisms have been discussed

including that lubricants are substances showing a

low resistance towards shearing.

• Examples: Stearic acid and its salts (e.g. Mg 

stearate is the most widely used lubricant), 

sodium lauryl sulphate, sodium stearyl

fumarate. glyceryl behenate, sodium benzoate and 

PEG.

Tablet excipients
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Anti-adherent

• These are materials intended to reduce sticking or

adhesion of the powder to the punches or die wall.

• Many lubricants such as magnesium stearate have

also anti adherent properties.

• However, other substances with limited ability to

reduce friction can also act as antiadherents such as

talc and starch.

Tablet excipients
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Sorbents

• These are substances that are capable of sorbing

some quantities of fluids in apparently dry state.

• They are used for incorporation of oils or fluid

extracts into the tablets.

• Examples: Microcrystalline cellulose, silica,

kaolin, bentonite and magnesium carbonate

Tablet excipients
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Colors

• Colors are added to the tablets for the following reasons:

– Elegancy

– To help the patient to distinguish the product

– To provide control during manufacturing

– To help in hiding color differences between drug and additives

• Colorants are added to uncoated tablets either as an
insoluble powder or dissolved in the granulation liquid in
case of wet granulation.

• Care should be taken in wet granulation as migration of
soluble color may occur during drying.

Tablet excipients
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Colors

• Many synthetic dyes were decertificated because of their
carcinogenic effect.

• Natural vegetable colors are limited and they are often
unstable.

• In the United States, FD&C numbers (which indicate that
the FDA has approved the colorant for use in foods, drugs
and cosmetics) are given to approved synthetic food dyes
that do not exist in nature, while in the European Union, E
numbers are used for all additives, both synthetic and
natural, that are approved in food applications.

• Lakes are dyes that have been absorbed on a hydrous oxide
and usually are employed as dry powders

Tablet excipients
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Flavors and sweeteners

• Flavors are incorporated in a formula to give a tablet a

better taste or to mask unpleasant taste.

• Flavors are often thermolabile and so cannot be added

prior to operations involving heat.

• Flavors are usually used in effervescent, chewable tablets

and other tablets intended to dissolve in the mouth.

Tablet excipients
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Tablet testing

Uniformity of content of active ingredient

• In practice, small variations between

individual preparations are accepted and the

limits for this variation are defined as

standards in the pharmacopoeias.

• Uniformity of dose is tested in two separate

tests: uniformity of weight and uniformity of

content of active ingredient.

80
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Tablet testing

Uniformity of content of active ingredient

• The test for uniformity of weight is carried out by

collecting a sample of tablets, normally 20, from a

batch and determining their individual weights.

• First: The average weight is calculated.

• Calculate average and SD

• The samples complies with the standards if the

individual weights do not deviate from the mean

more than is permitted in terms of percentage.

• Second: Check content uniformity
81

Tablet testing

Uniformity of content of active ingredient

• The test for uniformity of drug content is

carried out by collecting a sample of tablets ,

normally 10, and determination of the amount

of drug in each.

• The average drug content is calculated and the

content of the individual tablets should fall

within a specific limits in terms of percentage

deviation from mean.
82
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Solid oral drug

products:

d) Uniformity of

dosage units:

<905>

UNIFORMITY OF

DOSAGE UNITS

(USP monograph)

Tablet testing
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Disintegration

• The drug release process from immediate release tablets often

includes a step at which the tablet disintegrates into smaller

fragments.

• In order to assess this, disintegration test methods have been

developed and examples are described as official standards in the

pharmacopeias.

• The test is carried out by agitating, in a disintegration apparatus, a

given number of tablets in an aqueous medium at a defined

temperature.

• Disintegration test gives an idea but does not necessarily

guarantee acceptable drug release.

Tablet testing
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Disintegration

• The disintegration apparatus consists normally of six tubes open at the

upper end and closed by a screen at the lower.

• One tablet is placed in each and normally a plastic disc is placed on it.

Then the tubes are placed in a water bath and raised and lowered at

certain rate in the water in a way that the screen remains below the

surface of water.

• The time to reach the end point (at which all visible parts have been

eliminated from all the tubes) is recorded and the preparation

complies with the test if this time is below a given limit.

Tablet testing
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Dissolution test

• Dissolution test is the most important way to study the release of a

drug from a solid dosage form under in vitro conditions.

• During the dissolution study the cumulative amount of drug that

passes into solution is studied as a function of time.

• Aims of dissolution studies:

– To indicate the performance of a formulation under in vivo

conditions.

– To evaluate the effect of formulation and process variables on the

bioavailability.

– To ensure that preparations comply with product specifications.

Tablet testing
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Dissolution test

• Dissolution is accomplished by locating
the tablet in a chamber containing a
flowing dissolution medium. The factors
affecting the dissolution process (such as
composition and temperature of
dissolution medium, flow or agitation
rate) must be standardized.

• Normally, the concentration of the drug
substance in the bulk of the dissolution
medium shall not exceed 10 % of the
solubility of the drug to be near to sink
conditions.

Tablet testing
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Dissolution test

• The amount of drug dissolved is analyzed once or at
a series of consecutive times.

• The composition and pH of the dissolution medium
may vary between different test situations.

• A number of official and nonofficial methods exist
for dissolution testing, which can be applied for both
drug substances and formulated preparations.

Tablet testing
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Dissolution test

Stirred vessel methods

• The most important stirred vessel methods are the rotating-basket

and the paddle methods.

• Both use the same type of vessel, which is filled with certain

volume of a dissolution medium of certain temperature.

• In the paddle method, the tablet is placed in the vessel and the

dissolution medium is agitated by rotating the paddle.

• In the basket method, the tablet is placed in a small basket formed

from a screen, which is then inserted in the dissolution medium

and rotated.

Tablet testing
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Dissolution test

Continuous flow method

• In the Continuous flow method the preparation is held within a flow
cell, through which the dissolution medium is pumped at a
controlled rate from a large reservoir.

• The liquid which has passed the flow cell is collected for analysis
of drug content.

• Advantages
– Maintain sink conditions throughout the experiment

– Avoid floating of the preparation.

Tablet testing
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Mechanical strength

• An acceptable tablet must remain intact during handling between

production and administration.

• An integrated part of the formulation and production of tablets is the

assessing of their mechanical strength.

• Aims of mechanical strength testing:

– To assess the effect of formulation and production variables on

their resistance towards fracturing and attrition.

– To characterize the fundamental mechanical properties of materials

used in tablet formulation.

– To control the quality of tablets during production (in-process

control).

Tablet testing

96



49

Mechanical strength

• The most commonly used methods for strength testing are
the resistance to abrasion test (friability test) and the
crushing strength (fracture resistance).

Attrition- resistance methods

• The most common method to determine attrition (abrasion)
resistance involves the rotation of tablets in a cylinder
followed by the determination of weight loss after a given
number of rotations.

• Normally, weight loss of less than 1% of tablet weight is
required.

Tablet testing
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Tablet testing

Mechanical strength

Crushing (Fracture) resistance methods

• In this test, the tablet is usually placed against a
platen and the load is applied along its diameter by a
movable platen. The force needed to fracture the
tablet is recorded.

• The force needed to fracture a tablet depends on the
tablets dimensions.

99

Tablet testing

Mechanical strength

Crushing (Fracture) resistance methods

• An ideal test, however, should allow comparison of
tablets of different sizes or even shapes.

• This can be accomplished by assessing the strength of
the tablet, i.e. the force needed to fracture the tablet per
unit fracture area.

• For a cylindrical flat-faced tablet the tensile strength
can be calculated by the following Eqn provided that
the tablet fails in a tensile fracture mode:

t = 2F/Dt

• F: the force needed to fracture the tablet, D and t are the
diameter and thickness of tablet
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Fundamental aspects of compression of powders

Compressibility: the propensity of a powder to reduce in volume
while loaded.

• The compression of a powder bed is started by rearrangement of
particles in the die, resulting in reduced porosity (closer packing).

• At a certain load the reduced space and friction between particles
prevent further movement of particles.

• The subsequent decrease in tablet volume is therefore associated
with changes in the dimensions of particles (fragmentation or
deformation).
– Elastic deformation: reversible on removal of the load

– Plastic deformation: Irreversible

– Fragmentation: particles are fractured to smaller size

• Sometimes the degree of deformation is time-dependent and is
referred to as viscous deformation and viscoelastic deformation.
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• For granules processes involved in their

compaction can be classified into two groups:

– Physical changes in the granules

– Physical changes in the primary particles from

which the granules are formed

• At low compression forces the reduction in

volume of the bed of granules can occur by a

rearrangement within the die.

Fundamental aspects of compression of granules
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• With increased loading the granules can:

– Deform elastically

– Deform plastically

– Densify (i.e. reduce their intragranular porosity)

– Broken into smaller units by different mechanisms

• Primary particles might be removed from the surface of

granules when they slide against each other or against

the die wall (granule attrition).

• Granules can fracture into a number of smaller ones

(granule fragmentation)

Fundamental aspects of compression of granules
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Fundamental aspects of compaction of powders

Compactability: The propensity of powder to form a

coherent tablet.

• Factors affecting compactability could be related to

material and formulation or processing conditions or

environmental conditions.

• In practice, the most common way to assess powder

compactability is to study the effect of compaction

pressure on the strength of resulting tablet.
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Fundamental aspects of compaction of powders

sodium chloride

sodium bicarbonate

sodium carbonate
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Fundamental aspects of compaction of powders

• Mechanisms of bonding in tablets include:

– Solid bridges

– Bonding by liquid (surface tension forces)

– Binder bridges

– Intermolecular and electrostatic bonding

– Mechanical interlocking

109

Role of moisture

• Small percentage of moisture in tablet formulas can

dramatically affect the behavior of these feed

materials and that of finished products.

• Moisture is also important in wet granulation

process.

• Water may be squeezed out during compaction and

the expelled moisture may act as lubricant at the die

wall but it can also cause sticking to the punch faces.

Relationships between material properties 

and tablet strength
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The compaction of granules

• The compactability of granules is affected by:

– the mechanical properties of the primary components (i.e.

particles before granulation)

– the design of the granulation process

• Granules may deform or fragment into smaller

components during compression.

Relationships between material properties 

and tablet strength
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Post compaction tablet strength changes

• The mechanical strength of powder can change with

time.

• The underlying mechanisms for such change are

complex.

Relationships between material properties 

and tablet strength
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• A number of technical problems can arise during the 

tabletting procedure.

• Such problems are related to:

– the properties of the powder intended to be formed into 

tablets, and 

– the design and conditions of the press.

Problems and difficulties in tableting
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Problems and difficulties in tableting

Capping and lamination

• Capping: Partial or complete separation of the top or
bottom of a tablet from the main body

• Lamination: The separation of the tablet into two or
more distinct layers

• Usually these problems appear immediately after
compression but may occur after hours or days.

• Causes of capping and lamination:

– Rapid speed of compression: air is not given enough time to
escape.

– Presence of excessive fines

– Over drying of granules

– Incorrect setup at the press 114
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Capping

Lamination
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Picking and sticking

• Picking: The removal of the surface material of tablet by
sticking to punches.

• Picking is of particular concern in case of engraved
punches, especially with letters of small enclosed areas like
“B” and “A”, which are difficult to manufacture cleanly.

• Sticking: The adhesion of tablet material to the die walls.

• Sticking can cause chipping of edges of tablet and does not
allow free movement of lower punch (may cause machine
damages).

Problems and difficulties in tableting
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Picking and sticking

• Solving of picking and sticking:

– Engraved letters should be designed as large as possible

– Addition of lubricants and ant-adherents.

– Additional binder or change of binder may may the granules
more cohesive and therefore less adhesive to the punches and
die.

– Low melting materials (such as stearic acid and PEG) which
may soften from the heat of compression causing sticking
may be replaced by higher melting point additives.

– High moisture content may cause sticking and this is solved
by further drying

Problems and difficulties in tableting
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Mottling

• It is unequal distribution of color on tablets

• Reasons:

– Difference in color between drug and excipients

– Colored degradation products

– Migration of color during drying of granules (May be solved by

changing solvent system, changing the binder system, reducing

temperature or grinding granules to smaller particle size).

– In direct compression formulations, uneven distribution of dye or

large particle size may cause mottling

Problems and difficulties in tableting
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Weight variation

• Reasons

– bad flowability of powder

– Variation in size and size distribution of granules

– Poor mixing with glidants and lubricants.

– Punch variation (lower punches are unequal in lengths)

Hardness variation

• It has the same causes as weight variation because hardness

depends on the weight of material forming the tablet

Problems and difficulties in tableting
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60-80 mesh

40-60 mesh
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Effect of diluent and diluent proportions
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