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(57) A process of forming granular detergent products,
the process comprising, 1 a gas fluidisation granulator,
contacting a fluidised particulate solid material with a
spray of liquid binder, whilst fluidising the solids 1n the
oranulator with at least one gas stream, wherein the gas
temperature 1s controlled so as to be increased and/or
reduced during at least one stage of the process.
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PRODUCTION OF DETERGENT GRANULATES

The present invention relates to a process for the production

of granular detergent compositions.

It 1s long known 1in the art to obtain detergent powders by
spray drying. However, the spray-drying process is both
capiltal and energy intensive and consequently the resultant

product 1s expensive.

More recently, there has been much interest in production of
granular detergent products by processes which employ mainly
mixing, without the use of spray drying. These mixing
techniques can offer great flexibility in producing powders
of various different compositions from a single plant by

post-dosing various components after an initial granulation

stage.

A known kind of mixing process, which does not involve spray
drying, employs a moderate-speed granulator (a common example
often colloquially being called a “ploughshare”), optionally
preceded by a high-speed mixer (a common example often
colloquially being called a “recycler” due to 1ts recycling
cooling system). Typical examples of such processes are
described in our European patent specifications EP-A-367 339,
EP-A-390 251 and EP-A-420 317. These moderate-speed and
high-speed mixers exert relatively high levels of shear on

the materials being processed.

Until recently, there has been less effort in developing use
of low-shear mixers or granulators. One kind of process,
which does mot involve spray-drving, involves use of a low-
shear granulator of the gas fluidisation kind. In this kind
of apparatus, a gas (usually air) is blown through a body of

particulate solids onto which is sprayved a liguid component.
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A gas fluidisation granulator 1s sometimes called a
vfluidised bed” granulator or mixer. However, this 1s not
strictly accurate since such mixers can be operated with a

gas flow rate so high that a classical “bubbling” fluid bed

does not form.

Although gas fluidisation granulators can give good control
of bulk density, there 1s still a need for greater
flexibility and in particular, for producing lower bulk

density powders. Processes 1involving low-shear granulation

are quilte varied.

For example, WO096/04359 (Unilever) discloses a process
whereby low bulk density powders are prepared by contacting a
neutralising agent such as an alkaline detergency builder and
a liquid acid precursor of an anionic surfactant in a

fluidisation zone to form detergent granules.

Nevertheless, as pointed-out in Indian Patent No. 166307
(Unilever), use of a conventional gas fluidisation process
can lead to formation of lumps and sticky granules. The
latter document seeks to overcome this problem by using an
internal recirculation gas fluidisation granulator. However,
the present invention overcomes this problem more simply and

effectively by controlling the gas temperature.

Thus, the present invention now provides a process of forming
a granular detergent products, the process comprising, 1n a
gas fluidisation granulator, contacting a fluidised
particulate solid material with a spray of liguid binder,
whilst fluidising the solids in the granulator with at least
one gas stream, wherein the gas temperature 1s controlled so

as to be increased and/or reduced during at least one stage

of the process.
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Preferably, controlling the gas temperature according to the
present invention leads to an increase and/or reduction 1in
the temperature of the fluidising particulate solid material
during at least one stage of the process. In other words,
the gas temperature 1s controlled not so as to merely
maintain a constant “bed” temperature, for example by
removing heat of reaction, but so as to increase and/or

decrease the actual temperature of the fluidising solids.

The gas fluidisation granulation apparatus basically
comprises a chamber i1n which a stream of gas, usually air, 1is
used to cause turbulent flow of particulate solids to form a
“cloud” of the solids and liquid binder is spraved onto or
into the cloud to contact the individual particles. As the
process progresses, 1ndividual particles of solid starting
materials become agglomerated, due to the liguid binder, to

form granules.

The process of the present invention resolves the stickiness
of the granules as they form. In many cases, 1t 1s believed
that this may occur as a result of transformation of the
liguid constituents 1nto a more solid state or a state having

a higher viscosity, due to the temperature variation of the

process.

The temperature increase and/or reduction must occur during
at least one stage of the process, i1i.e. at least one stage

when fluidisation and spraying are in progress.

The process may be operated with a gas temperature below
ambient during at least one stage (or all of) the process.
Preferably, 1t 1s operated with a gas temperature higher
during a first stage of the process than during a second

stage, before or after the first stage.
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The gas fluidisation granulator 1s tyvpically operated at a

. . : -1 .
superficial air velocity of about 0.1-1.2 ms , either under

positive or negative relative pressure. The gas temperature,

and thus preferably the bed temperature, may Dbe elevated for

a first period, e.g. at up to 80°C or even up to 200°C and

then at one or more other stages (before or after), it may be

reduced to just above, at, or below ambient, e.g. to 30°C or

less, preferably 25°C or less or even as low as 5°C or less

or -10°C or less.

In a preferred embodiment, the gas temperature, and
preferably also the bed temperature, is elevated for a first

period and subsequently lowered 1n a second period.

When the process 1s a batch process, the temperature
variation will be effected over time. If it is a continuous
process, it will be varied along the “track” of the
granulator bed. 1In the latter case, this is conveniently
effected using a granulator of the “plug flow” type, 1.e. one

in which the materials flow through the reactor from

beginning to end.

In a batch process, the gas temperature may be reduced over a
relatively short period of time, for example 10 to 50% of the
process time. Typically, the gas temperature may be reduced
for 0.5 to 15 minutes. In a continuous process, the gas
temperature may be reduced along a relatively short length of
the “track” of the granulator bed, for example along 10 to
50%¢ of the track. In both cases, the gas may be pre-ccoled.

Preferably, the gas temperature, and preferably also the bed
temperature, is not lowered until granulation of the

fluidising particulate solid material is substantially

complete.
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As used herein, the term “bed temperature” refers to the
temperature of the fluidising solid particulate material.
The temperature of the fluidising solid particulate material
can be measured, for example, using a thermocouple probe.
Whether there 1s a discernible powder bed or no discernible
powder bed (1.e. because the mixer is being operated with a
gas flow rate so high that a classical “bubbling” fluid bed
1s not formed), the “bed temperature” is taken to be the
Cemperature as measured at a point inside the fluidisation

chamber about 15 cm from the gas distributor plate.

In the context of the present invention, the term “granular
detergent product” encompasses granular finished products for
sale, as well as granular components or adjuncts for forming
finished products, e.g. by post-dosing to or with, or any
other form of admixture with further components or adjuncts.
Thus a granular detergent product as herein defined may, or
may not contain detergent material such as synthetic
surfactant and/or soap. The minimum regulirement 1is that 1t
should contain at least one material of a general kind of
conventional component of granular detergent products, such
as a surfactant (including scap), a builder, a bleach or
bleach-system component, an enzyme, an enzyme stabiliser or a
component of an enzyme stabilising system, a soil anti-
redeposition agent, a fluorescer or optical brightener, an
anti~-corrosion agent, an anti-foam material, a perfume or a

colourant.

As used herein, the term “powder” refers to materials

substantially consisting of grains of individual materials
and mixtures of such grains. The term “granule” refers to a
small particle of agglomerated powder materials. The final
product of the process according to the present invention
consists of, or comprises a high percentage of granules.

However, additional granular and or powder materials may
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optionally be post-dosed to such a product. Moreover, as
will be explained in more detail hereinbelow, solid starting

materials of the present invention are particulate and may be

powdered and/or granular.

Whether the gas fluidisation granulation process of the
present invention 1is a batch process or a continuous process,
particulate solid starting material may be introduced at any
time during the time when liguid binder is beilng sprayed. In
the simplest form of process, solid starting material 1s
first introduced to the gas fluidisation granulator and then
sprayed with the liquid binder. However, some particulate
solid starting material could be introduced at the beginning
of processing in the gas fluidisation apparatus and the
remainder introduced at one or more later times, either as

one or more discrete batches or in continuous fashion.

Suitably, the solid starting material(s) have a particle size

distribution such that not more than 5% by weight of the

particles have a particle size greater than 250 pm. It 1s

also preferred that at least 30% by weight of the particles

have a particle size below 100 um, more preferably below /5

um. However the present invention is also usable with larger
fractions of solid starting materials (1.e. > 5% more than

250 pum, optionally also < 30% below 100 um or 75 pm) but this

increases the chance of some crystals of unagglommerated
starting materials being found in the final product. This
presents a cost benefit i1n allowing use of cheaper raw

materials. In any event, the particulate solid starting

material (s) have an average particle size below 500 pum to

provide detergent powders having a particularly desired low
bulk density. Within the context of solid starting

materials, reference to an average particle size means the

d average particle diameter.

3,2
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The gas fluidisation granulator may be adapted to recycle
“fines” i.e. powdered or part-granular material of very small
particle size, so that they are returned to the input of the
gas fluidisation apparatus and/or input of any pre-mixer.
Preferably the fine particulates are elutriated material,
1.e. they are present in the air leaving a the gas

fluidisation chamber.

The gas fluildisation granulator may optionally be of the kind
provided with a vibrating bed, particularly for use in

continuous mode.

In a preferred class of processes according to the present
invention, the liquid binder comprises an acid precursor of
an anionic surfactant and the particulate solid starting
material comprises an inorganic alkaline material. The
process of the present invention is especially suited to this
kind of granulation, especially when the temperature is
elevated i1n the first part of the process. 1In that way, the
neutralisation reaction can proceed much nearer to
completion, before the end of the granulation operation, than

would otherwise be the case.

It 1s thus preferred that bed temperature is increased by
increasing the gas temperature during any neutralisation
reaction, preferably for a substantial part of the
neutralisation reaction.

The acid precursor may for example be the acid precursor of a
linear alkylbenzene sulphonate (LAS) or primary alkyl
sulphate (PAS) anionic surfactant or of any other kind of

anionic surfactant.
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Suitable materials for use as the inorganic alkaline material
include alkali metal carbonates and bicarbonates, for example

sodium salts thereof.

The neutralising agent 1is very preferably present at a level
sufficient to neutralise fully the acidic component. If
desired, a stoichiometric excess of neutralising agent may be
employed to ensure complete neutralisation or to provide an
alternative function, for example as a detergency builder,

e.g. if the neutralising agent comprises sodium carbonate.

The liguid binder may alternatively or additionally contain
one or more other ligquid materials such as liguid nonionic
surfactants and/or organic solvents. The total amount of
acid precursor will normally be as high as possible, subject
to the presence of any other components in the ligquid and
subject to other considerations referred to below. Thus, the
acid precursor may constitute at least 98% (e.g. at least
95%) by weight of the liquid binder, but could be at least
75%, at least 50% or at least 25% by weight of the binder.
It caﬂ even, for example, constitute 5% or less Dy welght ot
the binder. Of course the acid precursor can be omitted

altogether if reqguired.

When ligquid nonionic surfactant is present in the ligquad
binder together with an acid precursor of an anionic
surfactant, then the weight ratio of all acid precursor(s) to
nonionic surfactants, will normally be from 20:1 to 1:20.
However, this ratio may be, for example, 15:1 or less (of the
anionic), 10:1 or less, or 5:1 or less. On the other hand,
the nonionic may be the major component so that the ratio 1S
1-5 or more (of the nonionic), 1:10 or more, or 1l:15 or more.

Ratios in the range from 5:1 to 1:5 are also possible.
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For manufacture of granules containing anionic surfactant,
sometimes 1t will be desirable not to incorporate all of such

anionic by neutralisation ¢f an acid precursor. Some can

optionally be incorporated in the alkali metal salt form,
dissolved 1n the liquid binder or else as part of the solids.
In that case, the maximum amount of anionic incorporated in
the salt form (expressed as the weight percentage of total

anionic surfactant salt in the product output from the gas

fluidisation granulator) is preferably no more than 70%, more
preferably no more than 50% and most preferably no more than
40%.

If 1t 1s desired to 1ncorporate a scap 1in the granules, this
can be achieved by incorporating a fatty acid, either in
solution i1n the ligquid binder or as part of the solids. The
solids 1n any event must then also comprise an inorganic
alkaline neutralising agent to react with the fatty acid to

produce the soap.

The liquid binder will often be totally or substantially non-
agueous, that 1s to say, any water present does not exceed
25% by weight of the liquid binder, but preferably no more
than 10% by weight. However, 1f desired, a controlled amount

of water may be added to facilitate neutralisation.

Typically, the water may be added in amounts of 0.5 to 2% by
weight of the final detergent product. Any such water is
sultably added prior to or together or alternating with the

addition of the acid precursor.

Alternatively, an aqueous liquid binder may be emplovyed.

This 1s especially suited to manufacture of products which
are adjuncts for subsequent admixture with other components
to form a fully formulated detergent product. Such adjuncts
will usually, apart from components resulting from the liquid

binder, mainly consist of one, or a small number of
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components normally found 1n detergent compositions, €.g. a
surfactant or a builder such as zeolite or sodium
tripolyphosphate. However, this does not preclude use of
aqueous liquid binders for granulation if substantially fully
formulated products. In any event, typical aqueous liqguad
binders include aqueous solutions of alkali metal silicates,

water soluble acrvlic/maleic polymers (e.g. Sokalan CP5) and
the like.

In a refinement of the process of the present invention, the
particulate solid starting material may be contacted and
mixed with a first portion of the liquid binder, e.g. 1in a
low-, moderate- or high-shear mixer (i.e. a pre-mixer) tO
form a partially granulated material. The latter can then be
sprayed with a second portion of the liguid binder in the gas

fluidisation granulator, to form the granulated detergent

product.

In such a two-stage granulation process, it 1s preferred, but
not absolutely necessary, for the total of liqguid binder to
be dosed only in the partial granulation pre-mixer and
fluidisation steps. Conceivably, some could be dosed during
or before partial granulation premixing and/or fluidisation.
Also, the content of the ligquid binder could be varilied

between these first and second stages.

The extent of granulation in the pre-mixer (i.e. partial
granulation) and the amount of granulation 1n the gas
fluidisation granulator is preferably determined 1n

accordance with the final product density desired. Preferred

amounts of liquid binder to dosed at each of the two stages

may be wvaried thus:-

(1) If a lower powder density is desired, 1.e. 350-650 g/1

e L a et RIoh R 2
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(a) 5-75% by weight of total ligquid binder 1is
preterably added in the pre-mixer; and
(b) the remaining 95-25% by weight of total liquid
binder is preferably added in the gas fluidisation
5 granulator.

(11) If a higher powder density 1s desired, i.e. 550-1300 g/l
(a) 75-95% by weight of total liquid binder 1is
preferably added in the pre-mixer; and
10 (b) the remaining 25-5% by weight of total liguid
binder 1s preferably added in the gas fluidisation
granulator.

If an 1nitial pre-mixer 1s used for partial granulation, an

. . . . . . R
15 appropriate mixer for this step 1s a high-shear Lodige CB

: \ . R
machine or a moderate-speed mixer such as a Lodige KM

machine. Other suitable equipment include DraisR'Tl60 series

manufactured by Drais Werke GmbH, Germany; the Littleford
mixer with internal chopping blades and turbine-type miller
20 mixer having several blades on an axis of rotation. A low-
or high-shear mixer granulator has a stirring action and/or a
cutting action which are operated independently of one

another. Preferred types of low- or high-shear mixer/

. R . . R
granulators are mixers of the Fukae FS-G series; Diosna V

: , . R
25 series ex Dierks & Sohne, Germany; Pharma Matrix ex T.K.

Fielder Ltd; England. Other mixers believed to be suitable

. . . .. R .
for use 1n the process of the invention are Fujili VG-C series

. R
ex Fuji Sangyo Co., Japan; the Roto ex Zanchetta & Co. srl,

. R .
Italy and Schugi Flexomix granulator.

30
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vet another mixer suitable for use 1n a pre-granulation stage
is the Lodige (Trade Mark) FM series (ploughshare mixXers)

batch mixer ex Morton Machine Co. Ltd., Scotland.

Optionally, a *“layering agent” or “flow aid” may be
introduced at any appropriate stage. This 1s to improve the
granularity of the product, e.g. by preventing aggregation
and/or caking of the granules. Any layering agent flow aid

is suitably present in an amount of 0.1 to 15% by welight of

the granular product and more preferably in an amount of 0.5

to 5%.

suitable layering agents/flow aids ainclude crystalline or
amorphous alkali metal silicates, aluminosilicates including
zeolites, Dicamol, calcite, diatomaceous earths, silica, for
example precipitated silica, chlorades such as sodium
chloride, sulphates such as magnesium sulphate, carbonates
such as calcium carbonate and phosphates such as sod1ium

tripolyphospate. Mixtures of these materials may be employed

as desired.

In general, additional components may be included in the
liguid binder or admixed with the solid neutralising agent at
an appropriate stage of the process. However, solaid

components can be post-dosed to the granular detergent

product.

In addition to any anionic surfactant which optionally may be
produced by a neutralisation step, further anionic
surfactants, or nonionic surfactant as mentioned above, also,
cationic, zwitterionic, amphoteric or semipolar surrfactants
and mixtures thereof may be added at a suitable time. In
general suitable surfactants include those generally
described in "Surface active agents and detergents" Vol 1 by

Schwartz and Perry. As mentioned above if desired, soap
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derived from saturated or unsaturated fatty acids having, for
example having an average of C,, to C,, carbon atoms may also

be present.

It present, the detergent active is suitably incorporated at
a level of 5 to 40%, preferably 10 to 30% by weight of the

final granular detergent product.

A complete detergent composition often contains a detergency
builder. Such a buillder may be introduced with the solid
material and/or added subsequently as desired. The builder

may also constitute a neutralising agent, for example sodium

carbonate, 1n which case sufficient material will be emploved

for both functions.

Generally speaking, the total amount of detergency builder in
the granular product 1is suitably from 5 to 95%, for example
trom 10 to 80%, preferably from 15 to 65%, more preferably
from 15 to 50% by weight.

Inorganic builders that may be present include sodium

carbonate, 1f desired i1n combination with a crystallisation

seed for calcium carbonate as disclosed in GB-A-1 437 950.
Any sodium carbonate will need to be in excess of any used to
neutralise the anionic acid precursor if the latter 1s added

during the process.

Other suitable builders include crystalline and amorphous
aluminosilicates, for example zeolites as disclosed in
GB-A-1 473 201; amorphous aluminosilicates as disclosed in
GB-A-1 473 202; and mixed crystalline/amorphous
aluminosilicates as disclosed in GB 1 470 250; and lavered
silicates as disclosed in EP-B-164 514. Inorganic phosphate
builders, for example, sodium, orthophosphate, pyrophosphate
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and tripolyphosphate, may also be present, but on

environmental grounds those are no longer preferred.

Aluminosilicates, whether used as layering agents and/or
incorporated in the bulk of the particles may sulitably be
present in a total amount of from 10 to 60% and preferably an
amount of from 15 to 50% by weight. The zeolite used 1n most
commercial particulate detergent compositions 1S zeolite A.
Advantageously, however, maximum aluminium zeolite P (zeolite
MAP) described and claimed in EP-A-384 070 may Dbe used.
7eo0lite MAP is an alkali metal aluminosilicated of the P type
having a silicon to aluminium ratio not exceeding 1.33,
preferably not exceeding 1.15, and more preferably not

exceeding 1.07.

Organic builders that may De present include polycarboxylate
polymers such as polyacrylates, acrvylic/maleic copolymers,
and acrylic phosphinates; monomeric polycarboxylates such as
citrates, gluconates, oxydisuccinates, glycerol mono-, di-
and trisuccinates, carboxymethyloxysuccinates,
carboxymethyloxymalonates, dipicolinates,
hydroxyethyliminodiacetates, alkyl- and alkenylmalonates and
succinates: and sulphonated fatty acid salts. A copolymer of
maleic acid, acrylic acid and vinyl acetate 1s especially
preferred as it 1s biodegradable and thus environmentally

desirable. This list 1s not 1intended to be exhaustive.

Especially preferred organic builders are citrates, suitably
used in amounts of from 5 to 30%, preferably from 10 to 25%
by weight; and acrylic polymers, more especially
acrylic/maleic copolymers, suitably used in amounts of from
0.5 to 15%, preferably from 1 to 10% by weight. Citrates can
also be used at lower levels (eg 0.1 to 5%) by weight for
other purposes. The builder is preferably present in alkala

metal salt, especially sodium salt, form.
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Suiltably, the builder system may also comprise a crystalline
layered silicate, for example, SKS-6 ex Hoechst, a zeolite,
for example, zeolite A and optionally an alkali metal

citrate.

The granular composition resulting from the process of the
present 1nvention may also comprise a particulate filler (or
any other component which does not contribute to the wash
process) which suitably comprises an inorganic salt, for
example sodium sulphate and sodium chloride. The filler may
be present at a level of 5 to 70% by weight of the granular

product.

The present invention also encompasses a granular detergent
product resulting from the process of the invention (before
any post-dosing or the like). This product will have a bulk
density determined by the exact nature of the process. If
the process does not involve a pre-mixer to effect partial
granulation, a final bulk density of 350-750 g/l can normally
be expected. As mentioned above, use of a pre-mixer enables
the final bulk density to be 350-650 g/l or 550-1300 g/1,
respectively, according to whether option (i) or (ii) 1is
utilised. However, granular detergent products resulting
from the present invention are also characterised by their
particle size ranges. Preferably not more than 10% by weight
has a diameter > 1.4 mm and more preferably, not more than 5%
by weight of the granules are above this limit. It i1s also
preferred that not more than 20% by weight of the granules
have a diameter > 1 mm. Finally, the granules can be
distinguished from granules produced by other methods by
mercury porosimetry. The latter technigque cannot reliably
determine the porosity of individual unagglomerated particles

but 1s 1deal for characterising the granules.
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A fully formulated detergent composition produced according
to the invention might for example comprise the detergent

active and builder and optionally one or more of a flow aid,

a filler and other minor ingredients such as colour, perfume,

bleaches,

fluorescer, enzymes.

The invention will now be illustrated by the following non-

limiting examples:

Examples

The following formulation was produced:

Sodium-LAS 24 wWt%
Sodium-Carbonate 32 wt%
STPP 32 wt3
Zeolite 4A 10 wt%
water 2 WEL%

In examples I to IV, the fluidising air temperature was

varied from 20°C to 80°C in the first stage followed by a

second stage at 20°C. A Spraying System nozzle SUE25 was

used operating with an atomising air pressure of 5 bar.

The following influence on the powder was observed 1in batch

experiments:

LAS addition rate

O Tmr T3z T ozIz |1V
——
135
O

112 112
First stage ﬁ 8
temperature
Second stage 60 | 60 | 60 | 60
Second stage 20 20
temperature
4350

UCT*

7200 7100
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*UCT 1s a measure of stickiness, the higher the wvalue, the
more sticky the product. Example I and II are control

examples where there was no temperature variation.
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granulator with at lsast one gas strzam, whereln Cne <as

temperature is contrclled so as to be increased and/oxr

reduced during ac least ocne stage of the process when

O
fluidisaticn and spraylng are 1n Drogress.

Al e

A process according to claim 1, wner

is controlled so as increase and/or reduce
®

n the gas

temperature
cthe fluidising particulate solid

b -

che temperature ct
at least one stage of Lhe process.

material during
A process according to claim 2, wherein the temperature
~f the fluidising particulate solid material is reduced

to below or at ambient during the at least one stagde.

A process according to claim 2, wherein the temperature
of the fluidising particulate solid material 1is higher
during a first stage of the process than during a seccnd

stage of the process, after the f1ixrst stage.

A process according to claim 4, wherein the process is a
batch process and the temperature change betweern the
first and second stages is made cver L.me.

A process according tc claim 4, whereln Ctnhne Drocess 1s a
continuous process anc the temperature change cetwean
cthe first and second stages i1s made along tne

granulation Crack.

AMENDED SHEET
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co~be up to 200°C, preferably up to 380°C

A process according to claim 1, wherein the gas

remperature is reduced to below or at ambient during the
ac least one stage.

A process according to claim 1, wherein the gas
cemperature is higher during a first stage of the
process than during a second stage of the process,

before or after the first stage.

A process according to claim 11, wherein the process 1S
a batch process and the temperature change between the

first and second stages is made over time.

A process according to claim 11, wherein the prccess is

a continuous process and the temperature cnange cetween
rhe first and second stages is made along tne

granulation track.

A process according to claim 13, when effacread

flow granulator.

AMENDED SHEET
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A porocess according tc cilaim 1, wherein the ligu:d

'.J
!
O
Iy
()
(1)
b
H.
()
{1
|.‘_J
A’
(1) .
i - |
i_a-
'3
(D
=3
b (D
1
(D
N
*4
(1)
H

A process accerding to claim 1, wherein a first portion
of the ligquid binder is admixed wlth a particulate solid
starting material in a pre-mixer CLO form a partially
granular solid material and then a second portion cof th
ligquid binder is spraved to contact the partially
granular solid material 1n the gas fluidisaticn

granulator to effect complete granulacion.
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