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Improving Batch Dry Mixer
Operation

B

By Thomas Lamotte, Nestle Research Singapore

Batch dry mixers are used at the heart of the manufacturing setup for many processes, particularly in
pharmaceuticals or food processing applications resulting in a powder as a finished good.
Dry mixing is perceived as a simple operation by
factories: add the ingredients and mix for some time
until the mixture is “good enough”. However, it appears that the mixing mechanisms and the order of
magnitudes of what can be expected from different
technologies of dry mixers, or for each phase of the
mixing process (including loading and discharging),
are not always understood. Therefore, there are often
opportunities for improvement that can be found when
performing a detailed study (capacity, quality, etc.).
This article explains how to proceed in practice to
improve an existing mixer, but some of the learnings
can also help process designers re-think their usual
assumptions.

Batch Size

of solids is not constant and varies according to its
degree of aeration.
In practice, two measures of densities are done
for bulk powders: the loose density and the tapped
density. It is recommendable to consider for calculation of the batch size the loose density, as the
powder is often quite aerated during the mixing.
However, actual industrial observations show that
the density in the mixer after mixing is in between
these two extreme values. If possible, physically
checking the level of product in the mixer is advisable. From a first assessment based on loose
density, space may actually still be available in the
mixer to increase the batch size. Once the maximum recommended batch size has been confirmed,
a mixing quality validation must be performed to
ensure that the mixer performs properly. In general, a modification of mixing conditions must be
validated.

Often mixers are not operated at their optimum load
and substantial gains can be made by reviewing the
batch size.

Maximum Batch Size
Mixers cannot be operated totally full of product. A
certain free space, depending on the technology used,
must be kept within the mixer. If the mixer is operated
at too high a load, the mixing quality may decrease at
constant mixing time, leading to quality issues.
The maximum filling volume, as percentage of the
total volume of the mixer, varies from 50 to 80%,
depending on the type of mixer. Typical max filling
volumes are provided in this table:
Max filling volume
Mixer type
(% of total volume)
Tumbler mixer
50%
(V mixer, drum mixer…)
80%
Ribbon blender
(slightly below the tip
of the ribbon)
75-80%
Double Shaft
(slightly above
Paddle Mixer
the shafts)

How to Determine the Optimum Batch Size
Dry mixing is a volumetric process, so knowledge
of the mixture density is necessary to calculate the
optimum batch size from the max filling volume of
a mixer. It must be noted, however, that the density
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Figure 1: The volume occupied by the product cannot take 100% of the space available in the mixer.
In this example, double shaft paddle mixers typically
operate at maximum 75-80% of the total volume.
If it is not possible to physically check the level of
product and calculate the actual occupied volume,
several trials can be done at different batch sizes.
The degree of mixing can then be assessed for the
different trials to determine with which load the
mixing is satisfactory.

Mixing Time
Another way to improve a mixing process is to reduce the mixing time. The optimum mixing time is
a function of different parameters: the type of mixer,
the nature of the solids being mixed, and the way
the mixer is operated.
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Dry mixers can be classified in several categories, depending on the mixing principle they
primarily use: diffusive, convective, or shear
mixing. Depending on the mixing principle
used, the typical mixing time that can be expected will vary. Common mixing times are
provided in the table:
Typical
Main Mixing
Mixer Type
Mixing
Principle
Time
Tumbler mixer
(V mixer,
Diffusive
10-15 min
drum mixer)
Ribbon
Convective
5-10 min
blender
Double shaft
Convective
30-120 sec
paddle mixer
(fluidization)

Nature of Solids Being Mixed
The mixing time to be expected from a particular mixer cannot always be the same if
the nature of the solids being mixed vary
greatly. Mixtures with large particle differences will be difficult to homogenize and the
mixing time will have to be longer to reach a
comparable degree of mixing than mixing solids of comparable particle sizes. Particle densities, shapes, and flowability may also play a
role. When a mixer is operating with mixtures

presenting particle size distributions, densities,
or shapes differences, it is recommendable to
sort the different recipes by groups and perform a validation for each group. Mixing times
can differ and the automation system can set
the mixing time according to the recipe rather
than a “fit for all” approach, which means that
some of the recipes may be produced quicker.

be dramatically increased compared to a mixer
operating at the right mixing speed.
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u = the tip speed of the mixing tool (m/s)
D = the diameter of the mixing tool (m)
g = 9.81 m.s-2

Mixer Operating Parameters
The same mixer, processing the same mixture,
can require different mixing times to reach a
desired degree of mixing. It depends on the
way it is operated.
The first operation parameter to be optimized is the mixing batch. As described previously, increasing the batch size is an opportunity for improvement. However, exceeding
supplier recommendations and overfilling the
mixer can lead to longer mixing times or even
an unsatisfactory mixing quality.
The second operating parameter that has
the most influence on the mixing time is the
mixing speed. Each mixer type has a recommended mixing speed that should be respected. It is especially true for the mixers operating at Fr higher than 1. If too low a speed
is applied, the mixer agitator will not be able
to sufficiently accelerate the solids to reach
the right mixing regime, with a degree of fluidization of the powder. Mixing time can then

Mixer Type
Tumbler mixer
(V mixer, drum
mixer)
Ribbon blender

Fr Number

Typical
Mixing
Speed

<1

15-25 rpm

<1

50 rpm
According to
Double shaft
1 to 1.1
mixer size, to
paddle mixer
reach Fr = 1
Operating a mixer at a higher speed than
recommended does not necessary significantly
reduce the mixing time and can lead to higher
level of breakage to the solids being processed.
The third parameter having the most influence on mixing time is the sequence of filling
of the mixer, and especially of the materials
dosed in the smallest quantity. Those ingredients must be loaded into the mixer last, or in
the middle of the major ingredients, but not
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first. If loaded first, a layer of small ingredients may stay in between the
mixer housing and the agitator and will be difficult to disperse and homogenize. Except for a tumbler mixer where it is not possible, and if it
is not disturbing the weighing of ingredients, the mixer should be operated at a slow speed during loading to allow the feeding time to achieve
a certain degree of preblending, and thus reduce the actual mixing time.

Setting the Right Target

Powerful bursts of
compressed air or
inert gas sweep and lift
material off vessel walls.

The mixture homogeneity typically improves with time (if no segregation mechanism happens). The coefficient of variation of the property
monitored, the composition of an ingredient in the mixture for example,
decreases sharply at the beginning of the mixing cycle, then tends to an
asymptote. The target homogeneity of mixing (translated as a value of
coefficient of variation) must therefore be set wisely so that no overmixing occurs, which would decrease the capacity of the mixer.
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Bulk Bag Unloaders

The homogeneity target must be set according to the application need
and possibly some regulations. Making sure that the mixing operation
reaches the target (or slightly better to account for a possible demixing
in the next processing step), and challenging the target can be a source
of optimization for the mixing process, unlocking additional capacity.

Bag Dump Stations

Cycle Time
Delumpers
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A dry mixing process capacity is linked to the cycle time of the mixer.
The cycle time is the amount of time required to complete a single
batch.
The capacity of the line will be:




        
   



To maximize the performance both batch size and cycle time must be
improved. The cycle time includes the mixing time, but also the loading
and discharging steps which can be improved.
Drum Emptying

Weighing/Dosing Systems

SIMPLY THE BEST VACUUM TRANSFER SYSTEMS.

609-265-0101 | volkmannUSA.com

Mixer Loading
The speed at which the mixer will be loaded will depend on the process
used to bring the materials to the mixer. If the loading is manual (operators tipping to the mixer), the potential of improvement is limited, other
than adding more operators or changing for an automatic system. If ingredients have been pre-weighed in hidden time in a hopper, as is typical with gain in weight systems, one should make sure the mixer has the
right breathing system to vent the air displaced during the loading and
optimize the drop of material to the mixer. The filter on the mixer must
be large enough, and preferable of a pulse jet type, in order to reduce
the clogging with time.

Mixer Discharging
The discharge of a mixer can be improved by selecting a mixer with a
large product outlet, like “bomb doors” (bottom of the mixer made of
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Conclusion
The engineer wishing to improve a batch dry mixing process has different opportunities.
Challenging the batch size is the
first and essential step, but possible improvement sources can
also be found in reviewing the
mixing time and the cycle time
of the mixer in general. Every
change must, however, be done
while controlling if the resulting
homogeneity is acceptable.
Thomas Lamotte is senior process engineer at Nestle Research
Singapore. He has 10 years experiences in process design and
operation, including more than
six in dry mixing and bulk solids
handling. He holds a Masters in
Process Engineering from ENSIC
Nancy and IFP School, France.
For more information, email
thomas.lamotte@protonmail.com.
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large opening flaps) or multiple
discharge valves. For an existing line, the discharge rate of the
mixer must be understood as the
last kg to leave from the mixer
takes the longest time. It may be
interesting to leave a few kg in
the mixer, if there is no quality
consequence, in order to launch
a new batch as soon as possible
and therefore gain cycle time.
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