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€) Improvements In or relating to a process and apparatus for spraying a powder with liquid.

@ The process includes entraining a powder having an aver-
age particle size in the range of 1 micron to 1.0 mm in air within
amixing vessel and spraying the entrained powder with a liquid
within a spray zone in the mixing vessel. The process is used
especially for a throughput rate in the range of 20 to 100 kg/
hour of powder. The apparatus for carrying out the process in-
cludes a mixing vessel {(2) accommodating an axially aligned
venturi device (22} and a spray nozzie (18). The mixing vessel
{2) may be connected to a vibratory fluidized bed chamber (28}
for collecting the sprayed powder.
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”Improvements 1n or relatlng to a process and

apparatus for spraylng a powder with 11qu1d"

" DESCRIPTION

' This invention relates to a process and an
apparatus for spraying a pOwder with liquid and more
especially to spraying a powder with liquid in a mix-
ing vessel. S |

5 PreViouSly an apparatus for spraying a powder
with llquld has included a m1x1ng vessel having an
inlet duct in an upper portion, a spray zone portion
including radlally arranged spraying nozzles for
producing a spray of llquld droplets and an outlet

10 duct in a lower portlon together with a feeding
means and a collecting means. In operation powder
is entrained in air and conveyed by the feeding means
into the inlet duct of the mixing vessel at an optimum
throughput rate in the range of 100 to 20000 kg/hour

15 of powder then the powder entrained in air is sprayed
w1th liquid droplets emanatlng from the spray nozzles
in the spray zone after which the sprayed powder is
collected‘in the collecting'means. To accommodate
the powder’entrained in air necessitates that the

20 feeding'means includes relatively larger diameter duct-
ing and pipihg because of the velocity of the entraining

air, Additionally the dimensions of the mixing vessel
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need to be correspondingly large so as to accommodate

a relatively large volume of air having a high velocity
to promote mixing of the powder entrained in air with
the liquid droplets, and to provide a reduction in

the velocity of the entraining air. Also the collecting
means needs to be correspondingly large in dimensions
so as to effect separation of the sprayed powder and
the entraining air. Consequently such an apparatus

is relatively large in overall dimensions thus having
a relatively high capital cost. Additionally it is
uneconomic to operate the apparatus at rates outside
the optimum throughput rate, for example when a
relatively small through rate of 50 kg/hour of powder
is required. :

It has now been found possible to provide a
technically simpler apparatus whicﬁ is structurally
more compact and has relatively smaller overall dimen-
sions. Thus having a relatively lower capital cost.
Additionally the apparatus has been found to be economic
to operate for throughput rates in the range of 20 to
100 kg/hour of powder.

According to the invention there is provided a
process for spraying a powder with liquid including
the steps of introducing a powder having an average
particle size in the range of 1 micron to 1.0 mm as a
stream into an upper region of a mixing vessel,
effecting within the mixing vessel entrainment of the
powder stream in air, spraying the powder entrained
in air with ligquid in a spfay zone of the mixing

vessel, and collecting the sprayed powder.
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According to the invention there is also provided
an apparatus for spraylng a powder with a liquid

1nclud1ng a mixing vessel hav1ng aligned axially an®

| upper portlon including an 1n1et duct, a lower portion

1nclud1ng an outlet duct, and a spray zone intermediate

~the upper and lower portions, a feeding nmieans for'

feeding powder into the inlet duct of the mixing vessel

~having an outlet duct axially aligned with the inlet

10

duct and the Spray'zone'of‘the mixing vessel, a venturi
device axially aligned within the upper portion of
the m1x1ng vessel intermedlate the inlet duct and the

~ Spray zone arranged to effect entrainment of: -the powder

15

20

25

in a stream of air, and a spray nozzle axially aligned
within the spray zone arranged to direct a spray of
liquid into the stream of air and entrained powder.

Embodiments of the invention will now be described,
by Way of example, with reference to the accompanying
diagramatic drawings in which:- '

Figure 1 represents an apparatus for spraying a
powder With‘liquid including a mixing 'vessel mounted on
a vibrating fluidized bed chamber; and '

. Figure 2 represents in section the mixing vessel
represented in Figure 1.

With reference to Figures 1 and 2 an apparatus 1
for spraylng a powder with liquid includes a mixing
vessel 2 hav1ng extendlng coaxially a cylindrical upper
portlon 4 hav1ng an ax1a11y allgned inlet duct 6, an
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intermediate portion 8 including an apertured domed
upper region 10 and a downwardly diverging frusto conical
region 12, and a cylindrical lower portiom 14. The
frustro conical région 12 includes a sealable port 16
through which passes an axially aligned nozzle 18 which
extends downwardly into a spray zone enclosed by the
frusto conical region 12. The nozzle is supplied with
liquid from an external storage tank (not shown) to
produce a downwardly directed spray of liquid droplets.
Superjacent the inlet duct 6 and axially aligned
therewith is an outlet duct 20 of a screw feeder

which directs a downwardly Fflowing stream of powder

into the mixing vessel 2. Positioned axially beneath

the outlet duct 20 of the screw feeder and axially
accommodated within the upper cylindrical portion 4 of
the mixing vessel 2 is a venturi device 22 having a
circumferentially extending chamber (not shown) discharg-
ing through a gap (not shown) extending circumferentially
of a throat (not shown) of the venturi device 22. The
chamber (not shown) is supplied with compressed air which
produces by an induced venturi action on discharge
through the gap (not shown) an acceleration in the

flow rate of the powder stream and atmospheric air drawn
into a mouth of the venturi device 22, and a spreading

of the powder stream into a downwardly directed conical
spray of powder entrained in air. Attached to the
cylindrical lower portion 14 of the mixing vessel 2 and

depending therefrom is a flexible ecylindrical connection 22

surrounding an outlet duct 25, the connection 24 is
attached at its lower edge to an inlet duct 26 of a

vibratory fluidised bed chamber 28.
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The vibratory fluidised bed chamber 28 has four

"rectangular walls cdnneéted,tOgether at adjacent edges,

a rectangular roof 20 including the inlet duct 26, a
rectangular base 32 and an outlet duct 34 communicating
with one of the rectangular walls remote from the

inlet duct 26. Attached to the walls and positioned
intermediate the roof 30 and base 32 of the fluidised

bed chamber 28 is a diffuser plate 36 which divides

the fluidised bed chamber 28 into an upper and a lower
region (38,40). Attached to the base 32 of the fluidised
bed chamber 28 and positioned intermediate the inlet

duct 26 and the outlet duct 34 is an upright partition 42
which divides the lower region 40 of the fluidised bed

‘chamber 28 into two discrete zones 39, 41. Fluidising

air is directed from the lower region 40. through the

‘diffuser plate 36 into the upper region 38 of the

fluidised bed. The fluidising air is directed into each
of the discrete zones 39,41 separately through piping
and ducting (not shown) which includes a pair of fans
one of which has associated therewith a heater so that

‘the fluidising air directed into the zone 39 adjacent

the inlet duct 26 may be heated with respect to the
fluidising air directed into the zone 41 adjacent the
outlet duct 34. Attached to an external surface of the
base of the fluidised bed chamber 28 are leaf springs 44
mounted on a base support 46. The fluidised bed chamber
is vibrated on the springs by a motor 48 attached to the
base support 46. -
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Communicating with the upper region 38 of the
fluidised bed chamber 28 is a filter system (not shown)
including cyclone filters which extract dust and any
other extraneous matter from the fluidising air emanating
from the fluidised bed chamber 28 and the entraining
air before discharge to the atmosphere.

In operation powder particles having an average
particle size in the range of 1 micron to 1.0 mm is
charged into the screw feeder and then fed at a
throughput rate in the range of 20 to 100 kg/hour of
powder through the outlet duct 30 into the inlet duct 6
of the mixing vessel 1 to the mouth of the venturi
device 22 as a free falling stream of powder. Simultane-
ously compressed air at a pressure in the range of
0.3 bar to 5.0 bar is supplied to the venturi device 22
at a throughput rate in the range of 12m3/hour to
30m3/hour which produces by an induced venturi action
on discharge through the gap an acceleration in the
flow rate of the powder stream and atmospheric air drawn
into the mouth of the venturi device and a spreading
of the powder stream into a downwardly directed conical
spray of powder entrained in air. Liquid is then
supplied to the nozzle 18, for example, a 0.4mm diameter
hollow cone pressure nozzle, at a maximum throughput
rate of 22litres/hour to produce a downwardly directed
conical spray of liquid droplets which intermingle with

the downwardly directed conical spray of powder entrained
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in air in. the spray zone to produce a mixture of 1liquid
droplets and.partially cbated powdér particles'in which

5 to 70% by weight of the mixture may be liquid. With
continued downward movement the partially coated powder
particles mixed Withvliquid droplets and the entraining

air pass through the outlet duct 25 Which is surrdunded

by the flexible connection 24 attached to the ldwér |
cylindrical portion 14 of the mixing vessel 2 and enters the
upper region 38" of the vibratory fluidised bed chamber 28.
The vibratory movement of the fluidised bed chamber 28

is effected by actuation of the motor 48 and fluidisingi‘
air is directed through the ducts and fans into the
discrete zones 39,41 of the lower region 40 of the
fluidised bed chamber. The‘fluidising air then passes
through the diffuser plate 36 at rates to give velocities
in the range of 0.2m/s to 1.2m/s to fluidise the

partially coated powder particles mixed with liquid drop-
lets. After a dwell time in the range of 2 to 5 minutes
for a depth of bed including air in the range of 20mm

to 80mm the vibrating motion of the fluidised bed
chamber.zs causes the product powder to be conveyed to ,
theé outlet duct 34 through which it is discharged.
Fluidising air and entraining air is discharged from

the upper portion 38 of the fluidised bed chamber into

the filter system for filtering, and after filtering is
completed the filtered air‘isbdisCharged'to the atomsphere.

In a modification of the previously'described
process, when the liquid supplied to the nozzle 18

is water or an emulsion containing water and evaporation
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to produce the product powder is required then the
fluidising air supplied to the zone 39 adjacent to the
inlet 26 is heated to a maximum temperature of 14000

by the heater to evaporate off the water. Additionally

the fiuidising air supplied to the zone 41 adjacent

the outlet duct 34 may be at a relatively lower temperature

such that the product powder may be cooled to aid

friability before discharge through the ocutlet duct 34.

In a modification of the previously described
apparatus a guide member (mot shown) having an axially
aligned inlet and outlet, and downwardly converging
frusto conical walls are positioned axially beneath
the throat of the venturi device 22 in the frusto conical
region 12 of the mixing vessel 2 with the outlet of the
guide member surrounding the nozzle 18. The guide
member facilitates the concentrating and guiding of
the powder stream entrained in air emanating from the
venturi device 22 such that enhanced mixing of the powder
stream with liquid from the nozzle 18 is achieved in
the spray zone. The guide member is used especially
when water at a relatively high throughput rate is
sprayed onto the powder.

Although in preceeding paragraphs a fluidised bed
chamber 28 has been used to collect and dry the product
powder, other collection and drying systems may be
employed, for example, a moving belt of a conveyor
which moving belt passes through a drying tunnel.
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Further regarding the fluidised bed chamber 28
although in preceeding paragraphs the lower region 40
has been described as being divided into two zones 39,
41, the lower region 40 may be divided into more than
two separate zones each one of which may be supplied
with heated, or cooled air depending on whether the
ailr is to be used for evaporation of water or cooling
of the product powder prior to discharge through the
outlet duct 34. | '

Suitable powders and liquids which may be emplqyed
in the process'described in preceeding paragraphs.
include spraying casein powder with an alkaline solution;
spraying starch or starch derivatives with an alkaline
solution or water;spraying animal feed with molasses
and fats; spraying milk powder with fat or oiléin—
water emulsions; spraying dried pbwders with water or
other liquids to effect agglomeration; and spraying
inorganic powders with solutions of detergent.
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CLAIMS

1, A process for spraying a powder with liquid
characterized in that the process includes the

steps of introducing a powder having an average particle
size in the range of 1 micron to 1.0mm as a stream into
an upper region of a mixing vessel (2), effecting within
the mixing vessel (2) entrainment of the powder stream
in air, spraying thé powder entrained in air with liquid
in a spray zone of the mixing vessel (2), and collecting
the sprayed powder.

2. A process for spraying a powder with liquid as
claimed in claim 1, characterized in that introducing

of the powder into the upper region of the mixing vessel
is carried out at a'thrbughput rate in the range of 20 to
100 kg/hour.

3. A process for spraying a powder with liquid as claimed
in claim 2, characterized in that entrainment of the
powder stream in the mixing vessel is effected in air
having a pressure in the range of 0.3 bar to 5.0 bar
supplied at a throughput rate in the range of 12m3/h to
30m° /h.

4. A process for spraying a powder with liquid as
claimed in claim 2 or claim 3, characterized in that
spraying of the powder entrained in air with liquid
in the spray zone is effected at a throughput rate not
exceeding 22 litres/h.
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5. A process for spraying a powder with liquid as
claimed in any one of claims 1 to 4, characterized

in that collecting of the sprayed powder is effected

in a vibratory fluidized bed chamber provided with
fluidizing air to give velocities in the range of 0.2m/s
to 1.2m/s after a dwell time of the sprayed powder in
the bed chamber of 2 to 5 minutes for a depth of bed

1nc1ud1ng a2ir in the range of 20mm to 80 mm.

6. A process for spraying a powder with liquid as
claimed in any one of claims 1 to 5, characterized

in that the process further includes the steps of
guiding and concentrating the stream of power. enmtrained
in air towards the spray zone.

7. A process for spraying a powder with liquid as
claimed in any one of claims 1 to 6 characterized
in that casein powder is sprayed with an alkaline
solution.

8. A process for spraying a powder with liquid as
claimed in any one of claims 1 to 6 characterized in
that starch or derivatives thereof are sprayed with an
alkaline solution or water.

9. A process for spraying a powder with liguid as
claimed in any one of claims 1 to 6 characterized in

that animal feed is sprayed with molasses and fats.
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10. A process for spraying a powder with liquid as
claimed in any one of claims 1 to 6 characterized in

that milk powder is sprayed with an emulsion.

11. A process for spraying a powder with liquid

as claimed in any one of claims 1 to 6 characterized
in that a dry powder is sprayed with liquid to effect
agglomeration. o

12. A process for spraying a powder with liquid as
s1aimed in any one of claims 1 to 6 characterized
in that inorganic powders are sprayed with liquid
detergents.

13. An apparatus for spraying a powder with liquid
characterized in that the apparatus includes a mixing
vessel (2) having aligned axially an upper portion (4)
including an inlet duct (6), a lower portion (12,14)
including an outlet duct (25), and a spray zone inter-
mediate the upper and lower portions, a feeding means
for feeding powder into the inlet duct (6) of the mixing
vessel (2) having an outlet duct (20) axially aligned
with the inlet duct (6) and the spray zone of the
mixing vessel (2), a venturi device (22) axially
aligned within the upper portion (4) of the mixing
vessel (2) intermediate the inlet duct (6) and the
spray zone arranged to effect entrainment of the powder
in a stream of air, and a spray nozzle (18) axially
aligned within the spray zone arranged to direct a
spray of liquid into the stream of air and entrained
powder.
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14, An apparatus as claimed in claim 13, characterized
in that the outlet duct (25) of the mixing vessel (2)
communicates with a collection means (28) for collecting
and drying the product powder produced in the mixing

vessel (2).

15. An apparatus as claimedin claim 14, characterized
in that the collection means (28) is a vibratory
fluidized bed chamber.

16. An apparatus as claimed in claim 15, characterized
in that the vibratory fluidized bed chamber (28) is
provided with a plurality of discrete zones (39,41) into
which fluidizing air is fed.

17. An apparatus as claimed inclaim 16, characterized
in that heaters are provided to heat the fluidizing air
entering into selected ones of the discrete zones (39,41)
for effecting evaporation of liquid from the sprayed
powder within the fluidizing bed chamber (28).

18. An apparatus as claimed in claims 16 and 17,
characterized in that cooling means are provided to
cool the fluidizing air entering into selected ones

of the discrete zones (39,41) for effectingvcooling of
the sprayed powder within the fluidizing bed chamber
such that a friable powder is obtained.
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19. An apparatus as claimed in any one of claims 15
to 18, characterized in that the vibratory fluidized
bed chamber (28) includes a resilient means (44) and

a support (46) which resilient means (44) are actuated
by a motor (48) to effect vibratory motion of the '
fluidizing bed chamber (28).

20. An apparatus as c¢laimed in any one of claims 13 to
19, characterized in that the feeding means is a_.screw
feeder.

21. An apparatus as claimed in any one of claims

13 to 20 characterized in that the venturi device com-
prises an inlet, a circumferentially extending chamber
which discharges through a gap extending circumferentially
of a throat, and an outlet, the throat conveying
compressed air to effect an acceleration in the flow

rate of powder entering the inlet and entrainment of

the powder in air.

22. An apparatus as claimed in any one of claims 13 to
21, characterized in that a guide member is positioned

axially beneath the venturi device (22) and surrounding
the spray nozzle (18) to guide the powder entrained in

air emanating from the venturi device into the spray

zone.
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