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• Mixing may be defined as a unit operation that aims to treat two or more components,
initially in an unmixed or partially mixed state, so that each unit (particle, molecule etc.) of
the components lies as nearly as possible in contact with a unit of each of the other
components.

-

This may be:
1) Mixing of Powdered materials (e.g. tablets, capsules, dry powder inhalers).
2) Mixing of miscible liquids (e.g. solutions) or immiscible (e.g. emulsions).
3) Mixing of insoluble solid and liquid (e.g. Suspensions).
4) Mixing of semisolids or dispersion of particles in semisolids (e.g. pastes and ointments).

Mixing

2

نور اشرف 



2

- Types of mixtures:
1) Positive mixtures: Mixtures that form spontaneously (do not
need energy) and irreversibly (when formed do not tend to
separate).

(e.g. gases and miscible liquids)
2) Negative mixtures: Mixtures that need energy input (work)
to form and keep. Once the energy input is stopped they
tend to separate.

(e.g. Suspensions, emulsions and creams)
3) Neutral mixtures: Mixtures that do not form spontaneously
(i.e they need energy input) but once formed they do not
tend to separate.

(e.g. Powder mixtures, pastes and ointments)

Mixing
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The mixing Process
Perfect mixture: The situation in which particles of one component lay

as closely as possible in contact with particles of other component.
• It is an ideal situation which is practically impossible.

Random mixture: A mixture where the probability of sampling a
particular type of of particle is the same at all positions and is
proportional to the number of such particle on the total mix.
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•Ordered system: particles are arranged in iterative rule ( repetitive pattern) 
(not random)
•We can consider mixing as vector quantity (spatial orientation and translational 
velocity of the particles)

The mixing process
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The mixing Process
• It is the weight/volume of the dosage unit that dictates how

closely the mix must be examined/analyzed to ensure it
contains the correct dose/concentration.

• This weight/volume is known as the scale of scrutiny and it is
the amount of material within which the quality of mixing is
important.
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The mixing Process
• For example, if the unit dose of tablets is 200 mg

(containing 100 mg active drug) then 200 mg sample from
the mix needs to be analyzed.

• The number of particles in scale of scrutiny depends on
sample weight, particle size and particle density.
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Number of particles of
a minor active
constituent present in
samples taken from a
1:1000 random powder
mix with different
numbers of particles in
the scale of scrutiny

Sample number Number of particles in scale of scrutiny
1000 10 000 100 000

1 1 7 108

2 0 10 91

3 1 15 116

4 2 8 105

5 0 13 84

6 1 10 93

7 1 6 113

8 2 5 92

9 0 12 104

10 1 13 90

Mean 0.9 9.9 99.6

Standard deviation 0.78 3.38 11.18

% CV 86.86 34.17 11.23

Deviation from theoretical 
content

±100% ±50% ±16%
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In the total 400 particles (20 *
20) the percentage of white is
51 % (= 102 % of theoretical)

If divided to 16 blocks of 25
particles (5 * 5) the percentage of
white is 24-76 % (= 48 – 152 % of
theoretical)

24%*200

48%*200

Theoretical percentage of
white particles is 50 %
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The mixing Process

• Another factor to consider in mixing is the proportion of the 
active component in the dosage form/scale of scrutiny.
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Ratio: 50 %

Total number = 400

Theoretical number of white 
particles = 200

194/200=97%

202/200=101%

198/200=99%

(= 101 %)

(= 99 %)

(= 97 %)
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(= 87.5 %)

(= 107.5 %)

(= 105 %)

Ratio: 10 %

Total number = 400

Theoretical number of white 
particles = 40

42/40=105%

35/40=87.5%

43/40=107.5
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The mixing Process
 The variation in component percentage between different
samples taken from a mixture increases:

1. as the amount (number of particles) in scale of scrutiny
decreases.

2. as the proportion of a component in mixture decreases.
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The mixing Process
 This indicates that:

– the lower the percentage of active ingredient (potent drug) in
mixture, the more difficult it is to achieve an acceptably low
deviation in active content.

– The more particles are present in dose (scale of scrutiny) the
lower the deviation of content The number of particles can
be increased by decreasing particle size (This can be done by
milling).
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Mathematical treatment of mixing process

• There will be always some variation in the composition of
samples taken from random mixtures.

• The aim during formulation and processing is to minimize
this variation to acceptable levels by selecting appropriate :
– scale of scrutiny
– particle size
– mixing procedure
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• For random mix, if we consider that particles are all of same size, shape
and density then:

• P is the proportion of a component in total mix
• As p increases, %CV decrease
Example:
n = 100 000, p = 0.5 SD = 1.58  10-3, %CV = 0.32%
n = 100 000, p = 0.001 SD = 9.99  10-5, %CV =10 %
• The scale of scrutiny can be increased by increasing the amount of
additives in the mixture but this will lead to a decrease in p.

Mathematical treatment of mixing process

n
ppSD )1( 


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Evaluation of degree of mixing
Needs for monitoring of mixing:
• To follow a mixing process:

– To indicate the degree of mixing
– To indicate when sufficient mixing has occurred and determine the

suitable mixing time
• To assess the efficiency of a mixer

Sampling
• Scoop sampling 
• Thief sampling

17

Unit dose thief sampler
18
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Evaluation of degree of mixing

Mixing Index (M)

SR : Content standard deviation of random mixture
SACT : Content standard deviation of mixture under investigation.
• In some cases, it is possible to achieve an acceptable variation in content 

before obtaining a random mix

ACT

R

S
SM 
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Mechanisms of mixing
Powders
There are three main mechanisms for powder mixing:

a) Convection (the transfer of large amount of particles from one part of
the powder bed to another).
This may occur when a mixer blade or paddle moves through the mix.
This mechanism contributes mainly to macroscopic mixing of
powders, but mixing does not occur within the group of particles
moving together.
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Powders

b) Shear (Layer of powder flows over another layer)
This may occur when some of the material is removed (e.g. by
convective mixing) causing powder bed to collapse.

Mechanisms of mixing
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Mechanisms of mixing
Powders
c) Diffusion (mixing of individual particles)
This mechanism is necessary to form true random mixture.
When a powder bed is forced to move or flow it will dilate (the particles

become less tightly packed and the voids between them increase).
This allows particles to fall under gravity trough the voids created.
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Liquids
a) Bulk transport
- The movement of a large portion of the

material being mixed from one position in the
system to another.

b) Turbulent mixing
- The haphazard movement of molecules when

forced to move in turbulent manner, which
means random fluctuation of the fluid speed
and movement direction, so that the fluid
has different instantaneous velocities at
different locations at the same time.

Mechanisms of mixing
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Liquids
b) Turbulent mixing
- It can be seen as a composite of different eddies

(small portions of fluid moving as a unit) of
various sizes.

The large ones tend to break into smaller and smaller
sizes until they are no longer distinguishable.

- Turbulence is a highly effective mechanism for
mixing.

Mechanisms of mixing

25

Liquids
c) Molecular diffusion

- The molecular diffusion is the primary mechanism responsible for mixing
at the molecular level.

- This mechanism produces well mixed liquids if there is sufficient time.

- Considerable time is needed if this is the only mixing mechanism.

Mechanisms of mixing
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Powder segregation (demixing)
• Segregation is the opposite effect to mixing, i.e.

components tend to separate out (SACT increases).

• It may cause a random mixture to change to non-
random or may be responsible that a random
mixture never occurs.

• Segregation is more likely to occur if powder bed
is subjected to vibration and when the particles
have greater flowability.

27

28

Segregation can be due to 
difference in : 
1. Particle charge   
2. Particle density
3. Particle shape  
4. Particle size and size distribution
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Factors affecting segregation:
1. Particle size

Percolation segregation
(small particles tend to fall through voids between 

large particles)
Trajectory segregation

(large particles tend to have greater kinetic 
energy)
Elutriation segregation (dusting out)

(Air-blown small particles sediment  and form a 
layer over coarse particles

Powder segregation (demixing)

29
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Factors affecting segregation:

2. Particle density
Segregation occurs due to density differences.

3. Particle shape
Spherical particles are easier to be mixed but also to segregate than 

irregular or needle shaped particles.

Powder segregation (demixing)
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1. Selection of particular size fractions to achieve drug and excipients of
the same particle size range.

2. Milling of the components so that there size becomes small and same.

3. Controlled crystallization during production of drug or excipient to give
particles of particular size or shape.

4. Selection of excipients which have similar density to the drug.

Approaches to solve the problem of segregation

32
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Approaches to solve the problem of segregation

• 5. Granulation of powder mixture.

• 6. Reduce the extent to which the powder mass is subjected to vibration or
movement after mixing.

• 7. Using equipments where several processes can be carried out without
transferring the mix.

• 8. Production of an ordered mix.
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• It is termed also adhesive or interactive mixing.

• In this case, very small particles may become adsorbed onto the active
sites of large particles.

• This minimizes the segregation between small (adsorbed) particles and
large (carrier) particles.

• Ordered mixing is most likely to occur when the adsorbed particles are
very small so that the adsorption force is higher than the gravitational
force trying to separate the components.

Ordered mixing

34
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Application of ordered mixing

1. Dry antibiotic formulations (fine antibiotic powder is
blended with and adsorbed onto the surface of large
sucrose or sorbitol particles.

2. Dry powder inhaler formulations
3. Direct compression formulations
4. Formulation of potent drugs

36
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Segregation in ordered mixes
Ordered unit segregation
• The carrier particles vary in size.

• In this case segregation occurs within the carrier particles
according to size.

• The small particles have higher specific surface area than the
large and so higher content of adsorbed material.

37
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Segregation in ordered mixes
Displacement segregation

• There is competition for the active sites on the carrier.

• This occurs when a component is added to an ordered
mixture that competes with the adsorbed material for the
site on the carrier and displaces it

39
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Segregation in ordered mixes

Saturation segregation

• There are insufficient carrier particles

• If the added amount of small-sized material is higher than the
capacity of the carrier particles then the excess amount will be
free (not adsorbed) and it segregate due to size difference.
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