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INTRODUCTION

In the production of many dyestuffs and pigments a drying
stage is required to convert liquid feedstocks into
powdered products, which can be either intermediate or
finished products. One of the most suitable industrial
methods to achieve this requirement is spray drying.

Spray drying is characterised by maintenance of low
product temperatures during the drying operation, even
when the temperature of the incoming air is high. It is thus
ideal for dyestuff and pigment formulations that contain
heat-sensitive additives such as dispersing agents, level-
ling agents, binders, etc., as well as for inorganic
feedstocks containing no organic materials.

Dyestuff and pigment feedstocks that require drying
vary considerably in terms of solids content and rheology.
The powder specifications of the end product are very
precise. Fortunately the spray drying process has been
developed to such a degree that, today, a design of spray
dryer is available to produce any type of powder, i.e.
standard, dustless or agglomerated. Even if the spray
dryer cannot achieve the powder specification alone, then
spray drying can be combined with another drying
technique, e.g. fluid-bed drying, in two-stage processing
to achieve the powder specificaton.

The flexibility of spray drying has played a leading role
in establishing its use in the dyestuff and pigment industry.
It has replaced contact drying techniques in many cases
because of its ability to handle organic formulations and
meet precise particle size and low-dust specifications in
automated, safe and reliable plant that causes no air
pollution. It also features strongly within inorganic
pigment drying, since spray drying offers important
advantages: (a) low energy costs due to use of high inlet
drying temperatures, (b} both low and high production
rates can be achieved in a single plant, and (c) both
abrasive and non-abrasive pumpable feedstocks can be
handled.

Typical spray-dried dyestuffs and pigments are listed
below:

Acid dyes Lead chromate (chrome
Azoic dyes vellow)
Barium sulphate Iron oxide (black, red,
Basic dyes vellow)
Calcium carbonate (and Kaolin

related fillers) Lead molybdate
Cadmium carbonate Lithopone

Cadmium sulphide
Ceramic colorants
Disperse dyes
Dyestuff intermediates
Food colorants

Phthalocyanines
Reactive dyes

Titanium dioxide

Zinc chromate

Zinc potassium chromate

Spray drying involves the atomisation of the dyestuff
and pigment feedstock into a spray of droplets, and
bringing the spray into contact with drying air. Feedstocks
can be in solution, suspension or paste form, but must be
pumpable. The atomisation process creates an extensive
surface area for heat and mass transfer, which enables
rapid evaporation of moisture from the spray droplets
while suspended in the air flow. Drying times are short,
product retention time in the spray drying chamber is also
short, and particle temperatures remain low. The process
is illustrated in Figure 1.

Feed

Hot drying air Air dispenser

Spray droplets Atomiser

Dried particles Drying chamber

Exhaust air

Powder discharge

Figure 1 - Spray drying system

This drying technique originated in the late 19th
century, but industrial applications of any importance first
became established in the 1920s. Very little literature has
been published on the spray drying of dyestuffs, and only
a brief reference exists establishing that attempts to adapt
this drying technique to dyestuffs began in the 1930s. In
the last two decades, numerous patents involving spray
drying have been filed [1].

This paper gives an overview of how spray dryer design
is meeting the needs of today’s industry.

BASIC PRINCIPLES

In the spray drying operation the liquid to be removed is
usually water. The removal of organic solvents by spray
drying is also a fully established industrial operation, as
solvent-based dyestuff formulations exist. The drying
principles involved for both water and non-water systems
are the same.
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The moisture in a dyestuff or pigment droplet can be
present in two forms: bound and unbound moisture. The
nature of the solid and accompanying moisture deter-
mines the drying characteristics. The bound moisture in
the solid exerts an equilibrium vapour pressure lower than
that of the pure water at the same temperature. Water
retained in small capillaries in the solid, or chemically
combined with the solid as product water of crystalli-
sation, falls in the category of bound moisture. The
unbound moisture in a hygroscopic material is that
moisture in excess of the bound moisture. All water in a
non-hygroscopic material is unbound water, which exerts
an equilibrium vapour pressure equal to that of pure
water at the same temperature. The equilibrium maoisture
is the moisture content of a product when it is at
equilibrium at the partial pressure of the water vapour of
the surroundings. The free moisture is the moisture in
excess of the equilibrium moisture and consists of
unbound and some bound moisture. Only free moisture
can be evaporated during spray drying.

The mechanism of moisture flow through a droplet
during spray drying is by diffusion, supplemented by
capillary flow. The drying characteristics of the droplet
depend upon whether bound or unbound moisture is
evaporated, as each has distinct features. As long as
unbound moisture exists, drying proceeds at a constant
rate and will continue while the rate of moisture diffusion
within the spray droplet is fast enough to maintain
saturated surface conditions. When diffusional and capil-
lary flows can no longer maintain these conditions, the
critical point is reached, and the drying rate will decline
until the equilibrium moisture content is attained. The
equilibrium moisture content will remain unchanged
while the product is exposed to the same atmospheric
humidity and temperature.

Evaporation thus takes place from the saturated vapour
film that is quickly established at the droplet surface.
Droplet surface temperatures are low, approximating to
the wet-bulb temperature of the drying air. Evaporation
takes place under so-called constant and falling rate
conditions. Dryer chamber design must provide a sulffi-
cient droplet residence time to enable completion of
moisture removal without heat degradation of product.
During the evaporation stage the atomised spray distribu-
tions undergo change as droplets either collapse, expand,
fracture or lose sphericity, depending upon their rheology
and the temperature gradients to which they are subjec-
ted. Information on the flow and temperature of air and
product for assessing dryer evaporative capacity is
obtainable from heat and mass balance data.

Organic formulations are generally characterised by
short constant rate and extended falling rate drying
periods, while with inorganic feedstocks surface moisture
evaporation and short drying times under virtually
constant rate conditions are typical.

The atomisation stage represents the heart of the spray
drying operation. Devices for producing sprays of con-
trolled droplet size utilise centrifugal, pressure or kinetic
energy in rotary wheel atomisers, pressure nozzles and
two-fluid nozzles.

The rotary atomiser is the most widely used device,
being ideal for handling both abrasive and non-abrasive
feedstocks at either low or high capacities. Such an
atomiser is shown operating in Figure 2. Liquid is fed into
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the central area of the wheel rotating at high speed, then
accelerated to the wheel edge where atomisation takes
place due to frictional forces between liquid and air in this
turbulent region. Droplet size is controlled by the wheel
speed, with higher speeds reducing size. Feed rate has a
very small effect on droplet size within the feed rate
variations occurring in a given spray drying operation.
Various wheel designs are used for dyestuffs and
pigments. Wheels with radial vanes (Figure 3) are for
non-abrasive formulations. The curved vane design
(Figure 4) often produces higher bulk powders than the
straight vane type. Bushing wheels (Figure 5) are for
abrasive formulations. The bushings are made of carbide
or alumina material so that the feed only flows over
abrasion-resistant surfaces. The power consumption of a
rotary atomiser varies with feed rate and square of the
wheel speed at fixed wheel diameter.

Of the two nozzle types, pressure nozzles are the more
important. Two-fluid designs are used only to a small
extent, in low-capacity applications where very fine
powders are accceptable. In the pressure nozzle the feed
is pumped under pressure to the nozzle head, causing the
feed to leave the orifice as a high-speed film that readily
disintegrates into droplets. Droplet sizes produced vary
inversely with applied pressure and directly with feed rate
and viscosity. The capacity varies with the square root of
pressure. Unlike rotary atomisers, high capacities cannot
be accomplished in single-nozzle designs, but require
multi-nozzle assemblies that complicate dryer start-up,
operation and shut-down.

Figure 2 — Rotary atomiser in operation

Figure 3 — Straight-vaned atomiser wheel



Figure 4 — Curved-vaned atomiser wheel

Figure 5 — Bushing wheel

The choice of atomiser for a given dyestuff or pigment
application, however, depends upon the particle size
distrubution required in the final dried product. In cases
where rotary and nozzle atomisers produce similar
particle size distributions, the rotary atomiser is always
preferred because of its greater flexibility and ease of
operation. The rotary atomiser has distinct advantages:
(a) It handles high feed rates without need for atomiser
duplication

{b) It handles abrasive feedstocks without wear problems

{¢) It has negligible blockage or clogging tendencies due
to the large flow ports in the atomiser wheel

(d) It is a low-pressure system, which means a simpler
associated feed system

(e} The droplet size control is through simple adjustment
to wheel speed.

The flexibility of the rotary atomiser {i.e. feed rate
fluctuations do not affect particle size) and the ease of
control of particle size distribution through simple
adjustment of wheel speed are perhaps the most
important advantages of the rotary atomiser over the
pressure nozzle equivalent.

However, in the vast majority of cases, it is the particle
size distribution requirements of the final product that
determines what type of atomiser is used in spray drying.
Guidelines for the primary particle sizes obtainable in

spray dryers using rotary or pressure nozzle atomisers are

as follows:

(a) For spray dryers with rotary atomiser, the mean size
of the dried product varies between 40 and 120 pm
{larger mean product sizes can be produced in large
chamber diameters)

(b) For a pressure nozzle atomiser, the mean size of the
dried product varies between 120 and 300 pm.

Figures 6 and 7 show the spherical nature of spray-
dried dyestuffs, and size differences between typical rotary
atomiser and pressure nozzle operations. The product of
the latter is less dusty and more free-flowing. Further
improvement can be achieved by forming agglomerated
powders, or by utilising fluid beds within the spray drying
chamber (see Figure 8(d)} or mounted externally.

Figure 6 — Typical spray-dried powders produced with a rotary
atorniser

S IR O "

Figure 7 — Typical spray-dried powders produced with a
pressure nozzle
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(a} Standard spray dryer with rotary atomiser

{b) Standard spray dryer with interchangeable rotary and nozzle atorniser
{c) Tall-form nozzle spray dryar

{d) Fluidised spray dryer

Figure 8 — Spray dryer layouts used in dyestuff and pigment

drying
—
——

Co-current

Counter-current Mixed (combined)

Figure 9 — Three main types of spray dryers
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The manner in which droplets or particles of dyestuffs
and pigments come into contact with the drying air and
move through the drying chamber influences the tem-
perature to which the dried product is subjected. The
drying chamber design and method of air introduction are
selected according to grain size specification and heat
sensitivity, and this means that only co-current and mixed
flow designs are feasible (Figure 9). Of the two, the
co-current represents the majority of operational plants,
since temperature levels in the drying chamber are always
close to the required outlet drying temperature in order to
achieve the desired residual moisture content. This is
irrespective of the inlet drying temperature level.

SPRAY DRYING SYSTEMS FOR ORGANIC DYE-
STUFFS AND PIGMENTS

Spray drying of soluble dyes {including reactive dyes) and
vat, azoic and disperse dyes is a typical application. Inlet
drying temperatures are selected according to the heat
sensitivity of the product. Highly heat-sensitive dyestuffs
are produced at an inlet temperature of about 130°C.
Other less heat-sensitive formulations can be handled at
inlet temperatures of up to 450°C. The spray-dried
powder consists of hollow individual particles or ag-
glomerates. The powder form is brittle, enabling easy
dispersion into dissolvers or similar aggregates. The
desired moisture content can be generally achieved in the
spray dryer alone, but special extra low moisture contents,
or low powder temperatures, often require two-stage
drying involving second-stage fluid bed processing. The
spray dryer design and layout are selected according to
powder size distribution, operational safety and environ-
menta] specifications. The particle size/form governs
which drying chamber design and atomiser is to be used.
Fines recovery is normally conducted in cyclones, which
are easy to clean and enable different dyestuff for-
mulations to be dried in the same spray dryer. Wet
scrubbers are mounted after cyclones to remove the
traces of powder leaving the cyclones with the exhaust air.
However, wet scrubbers can create an effluent problem,
and if production rates for a given formulation are small,
then it is quite common to install several small spray
dryers, each equipped with a bag filter to operate on one
or two selected colours. This overcomes the cleaning and
colour contamination problem associated with the use of
a bag filter, while conferring the benefits of near-perfect
degree of powder recovery and avoidance of atmospheric
emissions of fine particles.

The particle size requirements of spray-dried organic
dyestuffs/pigments are met through correct choice of the
atomiser and drying chamber design (Table 1). For
products in the range of the size mean 40-120 um,
standard chamber designs having a diameter/cylindrical
height ratio (D:H) of 0.6-1:1 are used, incorporating
rotary atomisers (Figure 8(a)}. Mean size variation is
achieved in this design through adjustment of the rotary
atomiser speed. The larger the chamber diameter, the
slower the atomiser speed that can be used, and the
coarser the product produced without creating un-
acceptable wall deposits of semi-dried material.

For mean sizes greater than 120 pm low-pressure
nozzle atomisers are used in versatile or tall-form (tower)
designs (Figure 8(b and ¢)). The versatile design of the
drying chamber (D:H=1:1-1.3) is particularly attractive to



TABLE 1

Particle size requirements for dyestuffs and
pigments

Mean particle

size (pm) Spray dryer type Associated atomiser

40-120 Standard Rotary

40-200 Versatile Rotary and pressure nozzle

120-300 Tall-form Pressure nozzle

150-700 Integrated fluid bed Rotary or pressure nozzle
(agglomerated)

the organic dyestuff/pigment industries since, by being
able to interchange rotary and nozzle atomisers, it is
possible to achieve a wide range of product sizes in cases
where numerous grade/feed types have to be produced
in the same spray dryer instaliation.

Only nozzle atomisation can be used in tall-form dryers.
This dryer design (D:H 1:3-4) can produce the coarsest
particle sizes (mean size up to 300 pm). There is also
some chance of heat affecting coarser products due to the
prevailing temperature distribution, and slightly higher
outlet temperatures are needed in drying the coarse
particles down to the required low moisture content
levels,

The ever-competitive need to produce, under low
product temperature conditions, even better non-dusty,
free-flowing, coarse powders of individual particles or
agglomerates has necessitated the development of a new
spray dryer design concept during the past two years. This
is a spray dryer featuring an integrated fluid bed. The
Fluidized Spray Dryer (FSD) is such a plant (Figure 8(d)).

The FSD system features downward-firing pressure
nozzles (rotary atomisers suitable in large capacity dryers)
located in a roof-mounted air disperser. Primary drying
takes place in the conventional manner, but the partially
dried product, still having a significant moisture content,
passes directly into an established fluidised powder layer.
This results in extremely low outlet temperatures from the
drying system combined with controlled second-stage
drying, which takes place within a fluid bed built into the
base of the drying chamber, to achieve the desired
moisture content. The product from the FSD can be
after-cooled or post-dried in a vibrating fluid bed.

A novel feature of the FSD design is the removal of the
exhaust air from the roof of the drying chamber. Fine
material elutriated from the fluidised bed is carried within
the air flow and is deposited as a powder on the surface of
the drying chamber and drying product droplets, thereby
limiting wall deposit formation. A proportion of the
elutriated fines comes into contact with the cloud of
atomised droplets resulting in agglomeration prior to
entering the fluidised layer. The fine material separated
from the exhaust air is recycled to the drying chamber for
further agglomeration. The process produces a dustless
free-flowing powder with a mean particle size ranging
from approximately 150 to 700 wm, depending upon
product characteristics.

The high moisture content of the product entering the
fluid bed results in very low product temperatures and
allows much higher inlet temperatures to be considered.
The resultant increase in inlet temperature and reduction
in outlet temperature gives a significant improvement in
operating heat economy.

High-capacity cyclones are used for primary product
recovery. In this case the secondary collector can be
either a high-efficiency cyclone or a bag filter, depending
on the application. The final product is discharged under
flow control from the integrated fluid bed. A variable-
speed rotary valve is controlled via the pressure drop
across the fluidised layer, which is a direct indication of
the mass of product within the bed. The product is
normally in an agglomerated form and must therefore be
handled in an appropriate transport system. Dense-phase
conveying (i.e. the pneumatic conveying of powder in a
pressurised system) has proved to be acceptable for most
applications, but the preferred system involves the use of
tote bins as powder containers for intermediate storage
and transport. Figure 10 illustrates the particle size
distributions obtainable from the spray dryer design
referred to above; typical mean particle sizes are given in
Table 1.

Proportion of particies

Particle sizeg ——m

Figure 10 — Comparison of particle size distribution of organic
dyestuff produced on standard (curve A), tall-form {curve B), and
fluidised (curve C} spray dryers

Another major consideration is safe handling during
drying, since many organic dyestuff/pigment powders are
classified as potentially explosive as mixtures in air. Some
feedstocks also are based on organic solvents that present
explosion and fire risks during drying. For all such
powders and feedstocks two special spray drying systems
are available in which drying takes place in an inert (low
oxygen) atmosphere, evaporated volatiles (water or
solvent) recovered and the drying medium conditioned in
a scrubber/condenser, The two systems are (a) a
semi-closed cycle system for water-based feedstocks that
can be dried in plants incorporating direct-fired heating,
i.e. powder can come into contact with products of
combustion without quality deterioration, and (b) a closed
cycle {gas-tight) system for organic solvent-based feed-
stocks.

The semi-closed system creates its own inert atmos-
phere through precise control of the amounts of combus-
tion air used at the direct-fired heater. As shown in Figure
11, the aqueous feedstock is atomised in the drying
chamber and dried product collected at the chamber
base. Fines entrained in exhaust drying gas leaving the
chamber are collected in cyclone or bag filter. Exhaust gas
is conditioned in the scrubber/condenser, where water
evaporated in the drying chamber is recovered. Con-
ditioned drying gas is recycled to the direct-fired heater. A
volume of gas equivalent to that of the combustion
products created at the heater is bled from system to
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maintain constant drying gas flow through the drying
chamber. Low oxygen content in drying gas (less than
4%, is created by the heater through precise combustion
air control. Direct heating allows high inlet temperatures
to be used, thus achieving high dryer heat economy. The
drying chamber is operated under slight vacuurmn.

Drying chamber

Feed Heater Heat exchanger
\
—~Pe——— Cooling
medium
Ataomiser /
P
. Fuct (gas)
Combustion air
/ Condensed’
/WGTET recovery
Product Scrubber condenser

Figure 11 — Semi-closed cycle spray dryer capable of creating its
own inert atrmosphere

Orying chamber

Indirect heater Heat exchanger

Cocling

Solverk

recovery

Product Scrubber condenser

Figure 12 — Closed cycle spray dryer with inert drying medium

The closed cycle (gas-tight) system uses nitrogen to
create an inert drying medium, eliminating all explosion
and fire risks associated with the solvent. Complete
solvent recovery is a main feature of the system, which is
in use in the dyestuff industry. As shown in Figure 12, the
feed-containing sclids in solution or suspension in organic
liquid (or mixture) are pumped to the atomiser (rotary or
nozzle). Spray immediately makes contact with a flow of
inert gas, solvent evaporates leaving dried particles
suspended in the drying gas. Powder is recovered outside
the chamber in cyclones or gas-tight bag filters, while
exhaust drying gas, containing evaporated organic
vapours and traces of particles, passes to a scrubbey/
condenser prior to being recycled back to the drying
chamber through an indirect heater (steam or liquid
phase). Conditioning and solvent recovery through
condensation are achieved by supplying the same organic
liquid (but cooled) to the scrubber/condenser and
bringing it into contact with the drying gas flowing
counter-currently. The only solvent loss is traces left in the
dried powder as residual volatile content. Condensed
solvent is collected at the scrubber/condenser overflow.
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Successful spray drying requires control of the scrubbing/
condensing stage at precise temperatures. Correct condi-
tions usually can be obtained by use of available cooling
water or brine if high boiling point solvents are involved.
For low boiling point solvents, solvent cooling utilising a
cooler/compressor system may be needed. Plant is
constructed to be gas-tight, operating under a slight
pressure to prevent inward leakage of air. However, slight
loss of inert gas does occur in closed cycle layout primarily
at the product off-take point.

If a powder to be dried from an aqueous feedstock is
considered potentially a low explosion and fire risk, thus
not justifying the extra expense of semi-closed and closed
cycle technology, standard open cycle systems can be
used. These should be fitted with pressure-release venting
and fire suppression devices in the drying chamber and
dry powder collectors. Alteratively all compenents
containing airborne powder can be constructed to meet
design standards governing resistance to pressure shock.

By far the majority of spray dryers installed before 1980
were standard designs without any safety features. The
greater appreciaticn of the hazards involved with organic
formulations is leading to a rapid tightening of safety
standards, with old plant being refitted, and new
installations designed to appropriate standards.

In any spray drying application with organic dyestuffs
and pigments the intensity of colours produced by even
the finest of particle sizes results in a highly visual
environmental problem if particles leave the dryer
entrained in the exhaust air. Preventing emissions to the
atmosphere of organic dyestuff and pigment particulate
matter {powder fines) is thus a prime requirement of these
industries, not only to prevent visual pollution, but also to
prevent toxic emissions in cases where formulations are
poisonous. Powder recovery must be optimised. For this
reason high-efficiency dry and wet collectors are always
used. For operations involving multi-colour batches a
cyclone/wet scrubber, cartridge filter or bag filters in
parallel {one for each colour) are incorporated in the dryer
layout for product recovery and final air cleaning of fines.
A single conventional bag filter is preferred where
single-colour batches are processed in the same dryer.

Particulate emissions occur because the separation
efficiency of dry or wet collectors is never 100%. For
cyclones it is up to 98% and for bag filters up to 99.9%.
Thus, even when such equipment is working under ideal
conditions, some powder escapes collection and passes to
the atmosphere. This is why wet scrubbers are always
fitted after cyclone collectors to clean the exhaust air
further, and sometimes after bag filters to guard against
powder emission should bag rupture occur.

Powder loading in the exhaust air, expressed as powder
weight per unit air volume, is very low when using
high-efficiency equipment and meets current require-
ments. However, if large air flows are involved, a
considerable weight loss of powder can occur even
though the efficiency of air cleaning equipment is optimal.
Such emission levels reduce dryer vield, besides creating
an emission problem in terms of amount of powder
emitted per hour.

One of the ways of reducing powder emissions and
establishing a pollution-free system is the adoption of
semi-closed cycle techniques (Figure 11). With this
technique only a small proportion of the total exhaust air



in the system is vented to the atmosphere. This vented
volume will contain a very small amount of particulate
matter, but the total weight of such particulate emission
will be negligible compared with dryer product output.
The vented volume is taken from the recycling air, which
has already passed through a bag filter (or cyclone) and
scrubber/condenser arrangement.

Figure 11 shows a pollution-free drying system. It
assumes the organic dyestuffs/pigments can come into
contact with the products of combustion without quality
detriment. Should this not be so, semi-closed systems
involving indirect heating are available, and in this case
vented volumes are even smaller than in the layout
depicted in Figure 11.

SPRAY DRYING OF INORGANIC PIGMENTS
Inorganic pigments differ significantly from their organic
counterparts by being less heat sensitive and being dried
in much higher-capacity plant. Many inorganic pigment
feeds are abrasive and are available only as suspensions
with high solids content, pastes or wet cakes. Dryer
designs are chosen to achieve optimum performance
through the use of high-feed solids and high inlet air
temperatures to minimise the heat consumption per unit
weight of pigment produced.

The most suitable spray dryer design is selected
according to the rheology of the feed, the specified
evaporative duty, acceptable inlet drying air temperatures
and desired particle size.

A rotary atomiser is preferred when feedstocks are
abrasive and have a high solids content, with diaphragm
pumps feeding the pigment to the atomiser. Work
softening in a special paddle mixer, conical orbital screw
mixer or high shear mixer is adopted where a pseudo-
plastic filter cake has to be dried. Screw-type pumps are
suitable for non-abrasive feed slurries, and centrifugal
pumps feeding a stand-pipe with flow control via a
diaphragm valve are adequate where feeds flow readily.

Rotary atomisers are used in co-current drying chamber
designs, which prevent heat damage to possible organic
additives in the feed. For applications that permit inlet
temperatures above 600°C the hot drying air is introduced
directly under the atomiser whee! {Figure 13(a)).

For applications specifying inlet temperatures below
600°C, the atemiser is located within the roof-mounted air
disperser. Drying air passes down over the atomiser
wheel. Rotary atomiser operation produces fine to
medium-coarse pigment powders, and powder collection
directly in a bag filter is often preferred, especially when
spray-dried toxic pigments contain lead, cadmium or zinc.

In cases where a coarse powder grain is required, and
the feedstock is pumpable to a degree to permit
low-pressure atomisation, nozzles are used in mixed flow
drying chamber designs (Figure 13(b)). This approach is

Product

(a) Product (b)

(a] High-temperature spray dryer for inorganic pigment featuring central
air disperser and bag filter

(b} Low-capacity spray dryer for producing coarse-grain inorganic
pigments

Figure 13 — Spray drver layouts for inorganic pigments

best applied to low-capacity operations, where a multi-
nozzle arrangement can be avoided. The production of
coarse powder grains will only be possible if the pigment
formulation has sufficient self-binding properties, or
contains binder additives to provide the particle strength
for withstanding powder break-up through attrition during
mechanical handling, transport and storage.

CONCLUSION

An extensive range of dyestuffs and pigments is spray
dried today. Due to the differing product characteristics,
either open, semi-closed or closed cycle layouts have to
be used to meet the important requirements regarding
particle size and low dust content, while meeting
operational safety and pollution-free drying obligations.

Particle size requirements are met through the correct
choice of drying chamber design and associated atomiser.
Powders of low dust content are obtained through correct
choice of the atomiser system or by adopting additional
processing methods such as dedusting with oils, but the
new developments with integrated fluid bed spray drying
now enables dustless agglomerates to be obtained directly
from the spray drying chamber.

Operational safety is met through correct choice of the
spray dryer layout, the open, semi closed or closed cycle
layouts being chosen according to the nature of the
feedstock (aqueous or solvent based), the classification of
powder as an explosive and fire risk in air mixtures, and
whether for reasons of quality the powder can be brought
into contact with products of combustion.

Pollution-free requirements are met through use of
high-efficiency dry collectors and wet scrubbers, and for
special demands of negligible emission losses by use of
semi-closed cycle layouts.
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