Batch Drying:
The ‘Indirect’ Solution to
Sensitive Drying Problems

Guidelines on Specifying an Indirect Dryer
and Peripheral Equipment for Sensitive
or Hazardous Chemicals
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Introduction

Drying is one of the more common and important
operations in the manufacture of chemical products,
since it is used in practically every plant that makes solid
products in the form of powder and granules. Drying

is often required at various stages of a process, for

the removal of moisture or solvents from feedstocks,
intermediate products and the final products.

Equipment used for drying falls into two basic
categories: direct dryers and indirect dryers. In direct
drying, a warm or hot gas stream (usually air or an inert
gas) is applied directly to the product and the operation
is typically continuous. In contrast, indirect drying is a
batch (or continuous) operation in which the product is
contained in a sealed vessel and heated by a hot fluid
that circulates through a jacket around the vessel.

Indirect batch drying, the subject of this article, is used
for products made in small or medium-sized batches
(up to approximately 6,000 L) and that are liable to

be contaminated or degraded by exposure to the
atmosphere, or chemicals that should not be released to
the environment because they are toxic or hazardous.

Such products include pharmaceuticals, photochemicals,
agricultural chemicals, explosives, and various specialty
chemicals.

Batch drying is an important element in the manufacture
of chemical and pharmaceutical products. Besides
drying the product, it recovers process solvents, which
may be recycled to the plant. Also, dryers strongly
influence overall production times. A typical production
train consists of reactors, evaporators, filters/centrifuges
and, finally, dryers (the last step before the final product
is discharged and packaged). Drying is typically the
most time-consuming step, so the efficiency of the
drying process significantly affects the overall efficiency
of the plant.

Successful drying depends not only on correct

selection of the dryer type itself, but also on the optimal
adjustment of peripheral equipment associated with the
dryer. Peripherals include the heating and cooling system
used with the dryer, a condenser, a vacuum pump, and

a dust filter to prevent product particles from reaching
the condenser or pump. Details on the roles of peripheral
equipment are presented later in this article.
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The Basics

While indirect dryers vary in design and method of
operation, they have some common elements. All are
sealed vessels, heated by a heat-transfer fluid that
circulates through heating coils on the vessel wall. Since
these dryers are mostly used for fine chemicals, they are
generally made of stainless steel or higher-grade alloys.

Most batch dryers may be run either under vacuum

or under pressure, but they are almost always run

under vacuum to save energy, minimize the drying
temperature, and protect operators and the environment.
Liquid (usually process solvent) is evaporated from the
wet product by heating the solvent above its boiling
point corresponding to the absolute pressure. The vapor
is pulled toward the vacuum pump and recovered

by a condenser located between the dryer and the
pump. Recovery of the liquid also reduces the load

on the pump. In some cases (such as those involving
flammable products) the dryer may be purged during
the drying process by an inert gas, such as nitrogen.
Dryers typically have a dust filter to prevent particles
from passing to the condenser and the vacuum pump.

Indirect Dryer Types

There are various criteria for differentiating the types

of indirect dryers that are available. For a start, batch
dryers may be oriented vertically or horizontally. A dryer
may also be selected according to the flow pattern of
the product during the drying process. For example,
some dryers, such as double-cone dryers, employ a
rotating vessel, while others have agitators, high-speed
mixers and baffles to move and mix the product. Dryer
efficiency varies widely, depending on the machine’s
design and the nature of the internal equipment.
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Conical (Double-Cone) Tumble Dryer:

One of the simplest and least expensive dryers is

the conical tumble dryer. (Figure 1) It can take many
variations in shape, but its basic form is true to its name.
The dryer is mounted on a horizontal axis for the drying
operation and rotates fully through 360 deg. Like other
batch dryers, it has a heated wall, and a vacuum is
applied to remove vapor. When drying is complete, the
machine is moved to a vertical position for discharge of
the dried solids from a nozzle at the bottom of the cone.
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FIGURE 1.
THE CONICAL TUMBLE DRYER ROTATES ON A HORIZONTAL AXIS
FOR DRYING AND IS SHIFTED TO A VERTICAL POSITION
FOR DISCHARGE

The tumbling action generally provides good mixing
and regular contact between the solids and the heated
wall. However, while tumbling is ideal for free-flowing
materials, those that tend to agglomerate can form
lumps or balls, which are not only undesirable but also
complicate the discharge operation.

This dryer can be provided in a number of materials

of construction, including glass-lined steel — a popular
option, as the glass lining provides some nonstick
property and corrosion resistance. The fact that the
entire dryer rotates requires a relatively large installation
footprint and some access restriction for safety reasons.

Paddle Dryer:

Like the conical dryer, the paddle dryer operates in the
horizontal plane, but it consists of a cylindrical vessel and
is equipped with a horizontal centrally located agitator
that has multiple paddles and is supported at both ends.
Heating fluid is in many cases circulated through the
agitator as well as through the vessel wall. (Figure 2)
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FIGURE 2.

THE MULTIPLE-PADDLE AGITATOR IN A PADDLE DRYER
PROMOTES EFFICIENT MIXING AND DRYING OF THE PRODUCT

The action of the agitator makes for efficient mixing

of the product and good contact with all the heated
surfaces. Since the agitator is supported at both ends,
high-shear or lumpy solids can be handled. On the other
hand, the agitator requires seals at both ends, and this
aspect of design, operation and maintenance is critical
for the successful operation of the dryer.

Discharge of the dried solid is typically via an outlet in
the bottom of the cylindrical shell or from the bottom of
one of the circular end faces.

~_¥ De Dietrich



BATCH DRYING: THE ‘INDIRECT’ SOLUTION TO SENSITIVE DRYING PROBLEMS

Achieving total discharge of the solid is typically not
possible, but discharge can be improved by tilting the
vessel slightly toward the discharge end and shaping
the paddles so that they move solids toward the outlet. A
paddle dryer tends to require a relatively large footprint
for installation in order to have room to access and
remove the agitator. (Figure 3)

Disc Dryer:

A disc dryer (Figure 4) consists of a vessel shell
encompassing a tubular rotor, which can be mounted in
the vertical or horizontal plane. Attached to the rotor are
a series of discs, set at an angle to the rotor. Heated fluid
can be flowed through these discs, as well as through
the rotor and the vessel walls.

Drying can be performed under pressure or vacuum
and can be achieved by convection as well as through
direct conduction from the heated surfaces, since these
dryers have the capability of hot-gas blow-through.
Consequently, the disc dryer is very versatile. It can be
used to process wet cake or even slurry, in either batch
or continuous mode. For continuous operation, the
residence time can be adjusted from minutes to several
hours.

Because the disc dryer has a high heat transfer area
per unit volume, its footprint is small relative to its
capacity. However, the complexity of the dryer internals
present challenges for cleaning, so this dryer is not
often applied to multi-purpose production of high-value
pharmaceuticals.

This type of dryer is often used as a cooker or rendering
device in the food and animal products industry. In these
applications, the throughputs are generally higher and
the design is limited to the horizontal-rotor form.

FIGURE 3.
ARRANGEMENT OF A HORIZONTAL PADDLE DRYER WITH
PERIPHERALS: DUST FILTER (TOP), CONTROL PANEL (LEFT),
AND CONDENSERS PLUS RECEIVER VESSELS (REAR)
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FIGURE 4.
THE DISC DRYER CAN BE MOUNTED IN THE VERTICAL OR
HORIZONTAL PLANE AND CAN OPERATE IN EITHER A BATCH OR
CONTINUOUS MODE.
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Pan Dryer:

A pan dryer consists of a circular, pressure-rated

vessel with a flat or conical-shaped bottom. An agitator,
often heated, is top or bottom-mounted, the former
configuration being preferred for most fine-chemical and
pharmaceutical applications because it eliminates dead
spots where product can accumulate. Heated jackets
are provided on the vessel sidewall and base. The top
head of the vessel can also be heated, thereby reducing
the likelihood of solvent condensing on this surface
during the drying operation.

The top-mounted agitator is provided with both
rotational and translational (up and down) movement.
The latter feature saves wear and tear on the agitator
during startup by raising it sufficiently above the wet
solids to reduce viscous resistance. It also reduces the
initial load on the motor. A bottom-driven pan dryer does
not have agitator translational movement, but the short
distance between the gearbox and the agitator blades
makes for much greater torque.

As in the case of a paddle dryer, the agitator for a

pan dryer provides good mixing and efficient contact A PAN DRYER HAS A NOZZLE ON THE SIDEWALL, THROUGH
between the product and the heated vessel surfaces, WHICH DRIED PRODUCT IS DISCHARGED BY THE
including the agitator itself. In pan dryers, the agitator MACHINE’S AGITATOR

also helps discharge dried solids: A large nozzle,

mounted on the sidewall, is opened, and the agitator

arms push product through the opening whenever they

pass by it. (Figure 5)

FIGURE 5.

The design of the actuating device to seal this solid
discharge nozzle can take many forms, from a manual
plug to a substantial, hydraulically driven valve with a
metal-to-metal seal. Because the agitator cannot be
allowed to contact the base of the dryer (which would
mean metal-to-metal contact), a certain quantity of solid,
or heel, is retained in the vessel. This heel may become
part of the next batch. Alternatively, it can be physically
removed or simply washed away.
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Filter-Dryer:

In appearance, a filter-dryer is identical to a pan dryer,
except that the bottom plate is replaced by a filter plate
and the base has a filtrate chamber. (Figure 6)

The advantage of a filter-dryer is that it can perform
multiple operations, including filtration and washing, prior
to solids drying and discharge. By filtering and washing
the product, the filter-dryer avoids the challenging task
of charging wet cake to the dryer, since wet cake is

not pumpable. The primary reason the filter-dryer is
chosen over other dryer types is the very fact that it can
perform multiple operations. However, these additional
features come at a price, as a filter-dryer loses some of
its heat-transfer capability with the substitution of a filter
plate for a solid base.
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FIGURE 6.
A FILTER-DRYER IS SIMILAR TO A PAN DRYER BUT WITH
A FILTER PLATE AND FILTRATE CHAMBER ON THE BOTTOM,
SO THAT IT DOES BOTH DRYING AND FILTERING

Conical Screw Dryer:

The conical screw dryer (Figure 7) is a vertically
oriented, conically shaped vessel whose walls slope
inward to a central outlet at the bottom. It has an agitator
that is typically top-driven and forms an inverted “L,
whereby the screw arm is positioned close to the vessel
wall. On most models, the complete agitator assembly
rotates, along with the screw arm, providing excellent
mixing of the solid and continual movement across the
heated walls.

A special feature of this type of dryer is that it, too, can
be used for more than just drying. Its other capabilities
include powder-blending, crystallization, extraction, and
alkalization and other reactions. Conical screw dryers
can perform well for a wide range of products, but can
cause size degradation when used for drying crystals.
The conical shape of the vessel promotes easy solids
discharge.

Because of its versatility, this dryer design is favored in
many industries. However, the screw can be difficult to
clean in place.
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FIGURE 7.
IN ADDITION TO DRYING, THE CONICAL SCREW DRYER CAN BE
USED FOR POWDER-BLENDING, REACTIONS AND CRYSTALLIZATION
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Spherical Dryer:

A spherical dryer consists of a machined sphere fitted
with either a top- or bottom-mounted agitator, the latter
having a shape specially designed to conform to the
spherical wall. The solids outlet is at the very bottom

of the sphere, thus allowing almost complete product
discharge. (Figure 8) The outlet is typically sealed by a
full port ball valve that incorporates a metal-to-metal
seal.

The agitator provides excellent solids mixing and contact
with the heated wall surface. This results in good heat
transfer and drying times, even though the spherical
geometry gives this dryer a low ratio of heated wall area
to enclosed volume.

On the other hand, the spherical shape makes the dryer
relatively easy to clean-in-place and the cleaning liquid
is easily drained out. The geometry also results in a
small footprint with respect to installation. In general,
the spherical dryer is ideally suited to the drying of
pharmaceuticals and other high-value solids.

Optimizing the Drying Process

To optimize dryer performance, it is important to adjust
the peripheral equipment to match the specific needs

of the drying operation. This equipment, as noted above,
includes the dryer’s heating and cooling system, the dust
filter, the condenser and the vacuum pump. (Figure 9)

These units make critical contributions to the success
of the drying process. Process problems such as lump
formation or crust buildup can actually be compounded
by incorrect adjustment of the peripherals. Overall, an
electronic control system can ensure that every item of
equipment can run under optimal conditions.
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FIGURE 8.

THE GEOMETRY OF A SPHERICAL DRYER MAKES IT
RELATIVELY EASY TO CLEAN-IN-PLACE
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FIGURE 9.

A TYPICAL FLOW DIAGRAM OF A HORIZONTAL PADDLE DRYER,

SHOWING THE RELATIONSHIPS BETWEEN THE DRYER AND ITS

PERIPHERALS: DUST FILTER, SOLVENT CONDENSER/RECEIVER,
HEATING/COOLING UNIT AND VACUUM SYSTEM
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Heating/Cooling Units

Heat-transfer fluid is typically circulated from a heating/
cooling skid that is connected to the plant's main steam
or pressurized-water system. Two types of arrangement
are possible with jacketed batch dryers: direct fluid
heating or indirect heating via primary and secondary
circuits.

In direct fluid heating, steam or thermal liquids are
directly supplied to the dryer jacket from the source,
which may be a boiler or chiller. More often, indirect
systems are used, in which a thermal liquid such as
water, a glycol-water mixture, or thermal oil circulates
through the dryer jacket. This liquid passes through heat
exchangers that respectively transfer the heat from the
heat source (typically steam) or remove heat into the
coolant. (Figure 10)

Advantages of indirect heating/cooling are:
* Flexibility and precision in controlling temperatures
+ Buffering against temperature fluctuations in the
source

To calculate the required heating/cooling capacity
required for a batch dryer, the following factors must be
considered:
* Energy to heat mass of dryer and dust filter = Q_
* Energy to heat mass of heating media inside the
coils = Q,
» Energy to heat mass of wet product, including
solvent=0Q_
* Energy for evaporation of solvent = Q_
* Heat loss by radiation
* Type of solvent
+ Cleaning procedure (possibly liquid evaporation)
* Dryer efficiency
 The dryer's material of construction (for example,
stainless steel)

The total energy required Qtotal is thus:
Qtotal = Om + Oh + Qpr + Os + Qloss

FIGURE 10.
HEATING AND COOLING OF JACKETED DRYERS.
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TOP: HEATING OR COOLING SOURCE FLUID IS SENT DIRECTLY
TO THE DRYER JACKET.
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BOTTOM: A THERMAL FLUID CIRCULATES THROUGH THE DRYER
JACKET AND IS HEATED OR COOLED VIA HEAT EXCHANGERS

The following special cases may apply:

* If the cleaning procedure involves
evaporation/reflux of solvent, the resultant
heat load may be greater than the total
energy calculated above for the drying
process and may become the design basis
of the heat transfer unit.

» Sensitive products may require rapid
cooling at the end of the drying step to
maintain product quality, so care must be
taken not to undersize the cooling capacity.

In summary, the total energy requirement should be
viewed as a set of influences that are interdependent.
In particular, when a sensitive product is involved, it is
prudent to base energy calculations on experience or
test data as much as possible.
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Dust Filter

During the drying process, the product tends to become
dusty and dust particles are entrained in the vapor
stream that is extracted by the vacuum pump. Therefore,
it is essential to insert a dust filter between the dryer and
the condenser to prevent the passage of particles to the
condenser and into the pump.

The filter has to fulfill three main tasks:
» Separate and collect around 999% or more of the
particles from the vapor
* Be chemically resistant to solvents and the dust
* Minimize pressure drop to maintain the vacuum
inside the dryer

Two types of surface-layer-formation dust filters are
used in drying technology: metallic filter cartridges and
fabric filters. Although fabric filters are less expensive
than metallic filters, they can normally collect particles
only as small as 10 pm, versus 1 um or less for metallic
types. However, fabric filters can also achieve 1-ym
separation when given a surface treatment, such as a
membrane coating.

It is important to provide sufficient filter surface to
minimize pressure drop. The required surface area

can be calculated by using empirical maximum vapor
flowrates through the filter media (fabric filters, 100
me/m?2-h; metal filters, 300 m3m?-h) and through the
vapor piping. Sophisticated filter equations that include
such parameters as vapor dust load (grams per cubic
meter) and maximum pressure drop can be used for
calculation, but have the disadvantage of requiring hard-
to-obtain product data.

Over time, the product dust forms a layer on the filter. In
many applications, the layer acts like an absorbent — it
becomes wet from the vapors and particles tend to

build a crusty layer that blocks the pores of the filter. This
reduces the vapor flow and can cause a dramatic drop
in the drying speed. (Figure 11)

FIGURE 11.
A MULTIPLE-CARTRIDGE DUST FILTER,
COMPLETELY BLOCKED BY SOLIDS

To avoid this problem, it is necessary to clean the filter
regularly by blowback with pressurized gas. Initiation
of the blowback cycle may be triggered when the
pressure rises to a predetermined level (usually 30-70
mbars), by a specific elapsed time, or by a combination
of these methods. Time-controlled filter blowback is
often more efficient than the pressure drop-controlled
method because it is done at regular intervals and is
less disruptive to the drying process. For example, at
low vacuum levels (below 100 mbars), it is important not
to blow back too often, in order to avoid loss of dryer
vacuum caused by the blow-back gas.

For dust filters used for active pharmaceutical
ingredients (API), the following limit values
have shown to be useful for calculating and
checking filter surfaces:
+ 25 m/s maximum vapor speed in vapor line
+ 05-30 g/m? maximum estimated vapor
dust load
+ 100 m*’/m*h maximum flowrate for textile
filter cloth
+ 300 m*/m*h maximum flowrate for metallic
filters
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Condensers

Condensers are used mostly to recover valuable
process solvents, which are evaporated during

drying. They are typically shell-and-tube type surface
condensers, arranged either vertically or horizontally.
Condensers used with dryers are operated in a

different manner from those used for other evaporation
applications, in that the vapors are usually condensed
inside the tubes instead of outside. The advantage is that
the tubes are easier to clean, provided that straight tube
bundles are used instead of U-tube bundles.

Besides recovering solvent, condensers assist the
drying process in the following ways:

* The great reduction of vapor volume creates its
own suction effect, thus helping to achieve a deeper
process vacuum in the dryer

* Removal of the vapor has a buffering effect on the
vacuum pump, thereby enabling the drying process
to operate closer to a steady-state condition

* Reduction of the vapor load on the vacuum pump
permits the use of a smaller-sized pump, whose
main task is to maintain vacuum and remove inerts

+ Condensate collection can be measured and
combined with a mass balance to allow indirect,
real-time monitoring of product moisture during the
drying process

While most of the vapor is removed upstream of the
vacuum pump, an after-condenser is often located on
the discharge side of the pump to recover additional
solvent. Condensers are often supplied with collection
vessels for condensate. The collection vessel should be
drained periodically to avoid reboiling. As an additional
precaution, it may also be jacketed to keep it cold.

Depending on the type of vapors (solvents) that must

be condensed during the drying process, condensers
have to cover a wide range of solvent properties. Cooling
media include cold water, glycol-water mixtures, and
various thermal fluids.

Design criteria are:

» Easy cleaning — In case of a process upset
or product changeover, condenser tubes
should be readily cleanable by solvent flush
or manual “rodding”

» Low fouling — Carryover of solids or liquid
droplets in the vapor stream should be
avoided to minimize deposits on the inner
tube wall

» Avoidance of the accumulation of inert
gases, which can reduce the effective tube
area for condensation.

In the design and operation of a condenser, it is
important to take into account the nature of the solvent
that has to be handled. When the solvent changes from
the vapor phase to liquid, there is a dramatic decrease in
volume. The specific vapor volume strongly depends on
the liquid boiling point at the condenser pressure.
(Figure 12)

Solvents that have different boiling points produce
different vapor volumes, with resultant different vapor
velocities in the piping to the condenser and the pump.
Speed limits have to be kept in mind to assure total
condensation for full recovery of solvents.
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For example, consider a typical drying operation for

a sensitive product that is wet with a solvent, such as
ethanol, that is to be dried at 50°C, and a condenser
designed for this process. If the system is later required
to dry a similar, but water-wet, product at the same
rate, the difference in molecular weight and the vacuum
required will produce vapor volumes (and therefore
tube velocities) that are six times larger. (Figure 12) This
illustrates the importance of designing the condenser
for the most severe case likely to be encountered.
Additionally, coolant temperatures have to be chosen
carefully for total condensation.

Water and ethanol vapors —
specific volume vs. boiling point

2 120

€ 110

< 100 2

e 90 N

3 80

o 70

Z 60 \.\

S 50

g 40

o 30 e

&= 20J_Ethanol Water

S 10 -

[

2 0 :

»n 0 20 40 60 80
Boiling point, °C
FIGURE 12.

AS THE CHART SHOWS, SPECIFIC VAPOR VOLUME[m®/kg] AND
LIQUID BOILING POINT HAVE A SIGNIFICANT IMPACT ON THE
SUCCESS OF A DRYING PROCESS

Some guidelines for proper design and operation
ranges are:

* Coolant return temperatures from the condenser
should be at least 5°C below the boiling point of
liquids (which is also the condensation temperature)
at condenser pressure

« Summer/winter operation modes must often be
taken into consideration, especially if river water is
used for cooling

A vapor speed limit of approximately 25 m/s should
be set in the condenser tubes

12

Final Words

In summary, while careful selection of an appropriate
dryer is the key element, peripheral equipment plays

an important role in a successful drying result. No
matter how appropriate the dryer for the application, the
potential always exists to improve efficiency by adjusting
the peripherals to the machine and the process.

Also, a sophisticated control system ensures that all
parameters come together by combining relevant
process data with peripherals and machine data.
Feedback about product changes during the drying
process can be transferred into well-defined operational
adjustments of the dryer and its peripherals. Thus the
whole drying process can be operated more reliably,
repetitively and safely.
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