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(57) La présente invention se rapporte a un procédé et a
un appareil servant a I’enrobage d’une particule solide.
Ledit procédé consiste 4 injecter une quantité mesurée
d'une composition liquide comportant une matiere
d’enrobage, ladite composition liquide étant soit une
solution, soit une boue, soit une matiere fondue, a
I'intérieur d’un dispositif d’étranglement du flux et a
injecter un courant gazeux a travers le dispositif
d’étranglement simultanément a 1’injection de la quantité
mesurée de composition liquide de facon a créer une
zone de turbulence a la sortie du dispositif
d’étranglement du flux, ce qui permet d’atomiser la
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(57) The process and apparatus of the present invention
coat a solid particle by metering a liquid composition
comprising a coating material, where the liquid
composition is either a solution, a slurry or a melt, into a
flow restrictor and injecting a gas stream through the
flow restrictor concurrently with the metering of the
liquid composition to create a zone of turbulence at the
outlet of the flow restrictor, thereby atomizing the liquid
composition. The gas stream is heated prior to injecting
it through the flow restrictor. A solid particle is added to
the zone of turbulence concurrently with the metering of
the liquid composition and the injection of the heated gas
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composition liquide. On chauffe le courant gazeux avant
de linjecter a travers le dispositif d’étranglement du
flux. On ajoute une particule solide a la zone de
turbulence simultanément a l'injection de la quantité
mesurée de composition liquide et a I'injection de gaz
chauffé¢ de facon a mélanger la particule solide a la
composition liquide atomisée. Le mélange effectué au
niveau de la zone de turbulence permet d’enrober la
particule solide de la maticre d’enrobage. Si la
composition liquide est une maticre fondue, alors le
solide est enrobé de cette mati¢re fondue. Si la
composition liquide est une solution ou une boue, la
particule solide est enrobée de la matiére solide dissoute
ou non dissoute de la composition solide. Cet appareil et
le procédé associé permettent un temps de séjour bref,
¢’est a dire inférieur a 250 millisecondes, dans la zone de
turbulence, ce qui permet de réduire le temps et donc le
colit d’enrobage des particules. En outre, ce procédé et
cet appareil offrent un mécanisme d’enrobage de
particules de tres petites tailles, pulvérulentes ou en
grains qui permet d’obtenir une forte production de
particules non agglomérées, enticrement enrobées.
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to mix the solid particle with the atomized liquid
composition. The mixing at the zone of turbulence coats
the solid particle with the coating material. If the liquid
composition is a melt, then the solid particle is coated
with the melt. If the liquid composition is either a
solution or a slurry, the solid particle is coated with either
the dissolved or the undissolved solid of the liquid
composition. This apparatus and process provide a short
residence time, 1.e., less than 250 milli-seconds, in the
zone of turbulence, which reduces the time and thus the
cost of coating particles. In addition, this process and
apparatus provide a mechanism for coating very small or
powdery or granular particles which results in a high
yield of entirely coated, non-agglomerated particles.
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(54) Title: APPARATUS AND PROCESS FOR COATING A SOLID PARTICLE

(57) Abstract

The process and apparatus of the present invention coat a solid particle by metering a liquid composition comprising a coating
material, where the liquid composition is either a solution, a slurry or a melt, into a flow restrictor and injecting a gas stream through the
flow restrictor concurrently with the metering of the liquid composition to create a zone of turbulence at the outlet of the flow restrictor,
thereby atomizing the liquid composition. The gas stream is heated prior to injecting it through the flow restrictor. A solid particle is added
to the zone of turbulence concurrently with the metering of the liquid composition and the injection of the heated gas to mix the solid
particle with the atomized liquid composition. The mixing at the zone of turbulence coats the solid particle with the coating material. If
the liquid composition is a melt, then the solid particle is coated with the melt. If the liquid composition is either a solution or a slurry,
the solid particle is coated with either the dissolved or the undissolved solid of the liquid composition. This apparatus and process provide
a short residence time, i.c., less than 250 milli-seconds, in the zone of turbulence, which reduces the time and thus the cost of coating
particles. In addition, this process and apparatus provide a mechanism for coating very small or powdery or granular particles which results
in a high yield of entirely coated, non-agglomerated particles.
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TITLE
APPARATUS AND PROCESS FOR COATING A SOLID PARTICLE
BACKGROUND OF THE INVENTIO
1. Eield of the Invention

This invention relates to an apparatus and a
process for uniformly coating, or encapsulating, a
solid particle. More specifically, this invention
relates to an apparatus and a process for coating a
solid particle with ither a melt or a solid, by
respectively metering a melt, a solution in which a
solid is dissolved or a slurry in which a solid is
undissolved.

2. Description of the Related Axrt

Methods and apparatus for coating particles which
use heated gas are known in the art. For example, U.S.
Patent No. 4,784,878 to Haak discloses a method of
applying a coating of a non-volatile substance, such as
lecithin, to a solid particle. In Haak, there is a
concurrent flow of the atomized liquid/solid mixture,
hot gas and an atomized liquid containing lecithin.

The atomized liquid containing liquid ultimately comes
into contact with the solid particle of the
liquid/solid mixture, and exterior coating of the solid
particle with lecithin occurs. Thus, the solid which
was part of the mixture is coated. This method is
inefficient in that it requires the particles which are
coated to be mixed with a liquid and the liguid to'be
subsequently evaporated in order to recover the
particles.

It is especially difficult to coat wvery small
particles, such as a powdery or granular material. A
method using heated gas for coating such particles is
described in U.S. Patent No. 5,075,138 tc Tanaka et al.
In this patent, hot air is supplied to a region spaced
in the downstream direction from a region where the
powdery or granular material and a coating liquid
collide with each other. With this method, the
mechanism for transforming the coating liquid to a

solid coating is not particularly efficient, since most

1



CA 02230539 1998-02-26

WO 97/07879 PCT/US96/13582

10

15

20

25

30

35

of the coating liquid ends up in the liquid phase, and
not in the solid phase as the coating on the powdery or
granular material. Consequently, the resultant yield
of coated powdery or granular material is not high, and
both coating ligquid .and the powdery or granular
material are wasted.

Mixing one material with a particulate material
in a zone of turbulence is ‘disclosed in U.S. Patent No.
4,430,001 to Schurr. However, the one material is
0.05%-6% by weight based on the mixture, and thus does
not encapsulate the particulate material.

Thus, there exists a need for developing an
apparatus and a process for coating solid particles,
and in particular, small particles, such as powdery or
granular materials, which apparatus and process are
efficient and economical.

SUMMARY OF THE INVENTION

The present invention solves the problems of the
prior art associated with uniformly and completely
coating, or encapsulating, a solid particle. 1In
particular, the apparatus and the process of the
present invention provide a mechanism for coating
particles which requires only a short residence time in
a mixing area, or zone of turbulence. This reduces the
time and hence, the cost, of coating particles.

In addition, the present invention provides a
mechanism for coating small particles, such as powdery
or granular materials, where the yield of uniformly and
completely coated particles is high. Thus, little of
the coating material and the so0lid particles is wasted,
which reduces the cost of coating particles.

Moreover, the present invention provides methods
for coating a solid particle with either a melt or a
solid, by respectively metering a melt, a solution in
which a solid is dissolved, or a slurry. in which a
solid is undissolved. This allows a variety of solid
particles to be coated with a variety of materials,
thereby exceeding the versatility of known coating

methods of the prior art.
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To achieve the objects and in accordance with
purposes of the invention, as embodied and broadly
described herein, there is provided an apparatus for
coating a solid particle with a coating material, the
apparatus comprising a first chamber; a flow restrictor
disposed at one end of the chamber; a liguid inlet 1line
disposed in fluid communication with the chamber for
metering a liquid composition into the chamber and
through the flow restrictor; a gas inlet line disposed
in fluid communication with the first chamber for
injecting a first gas stream through the flow
restrictor to create a zone of turbulence; and means
disposed in the gas inlet line and upstream of the flow
restrictor for heating the first gas stream prior to
injection through the flow restrictor.

Further in accordance with the present invention,
there is provided a process for coating a solid
particle with a coating material. The process
comprises the steps of metering a liquid composition
comprising the coating material into a flow restrictor
having an outlet end; injecting a gas stream through
the flow restrictor concurrently with the metering step
to create a zone of turbulence at the outlet end of the
flow restrictor, thereby atomizing the liquid
composition; heating the gas stream prior to injecting
the gas stream through the flow restrictor; and adding
a solid particle to the zone of turbulence concurrently
with the metering and injecting steps to mix the solid
particle with the atomized liquid composition, wherein
the mixing at the zone of turbulence coats the solid
particle with the coating material.

The liquid composition may be a solution, in
which the coating material is dissolved in a liquid or
a slurry, in which the coating material is not
dissolved in a ligquid. Alternatively, the liquid
composition may comprise a melt.

Fig. 1 is a schematic diagram of a portion of the

apparatus in accordance with the present invention.

3
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Fig. 2 is a cut-away, expanded, cfoss—sectional
view of a portion of the apparatus shown in Fig. 1.

Reference will not be made in detail to the
present preferred embodiments of the inwvention, an
example of which is illustrated in the accompanying
drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer
to the same or like parts.

The present invention provides for an apparatus
for coating a solid particle with a coating material.
By coating is meant adhering a layer of one substance
onto the surface of a solid particle, and includes
encapsulation of substantially all, or all, the surface
of the solid particle.

An apparatus according to the present invention
is shown generally at 10 in Fig. 1. The apparatus of
the present invention comprises a first chamber, shown
at 12 in Figs. 1 and 2. A flow restrictor 14 is
disposed at one end of the first chamber. The flow
restrictor is typically disposed at the downstream end
of the first chamber, as shown in Figs. 1 and 2. Flow
restrictor 14 has an outlet end l4a, as shown in the
detailed view of Fig. 2. &Although the flow restrictor
is shown as a different element from the first chamber,
it may be formed integrally therewith, if desired. The
flow restrictor of the present invention may have
various configurations, as long as it serves to
restrict flow and thereby increase the pressure of the
fluid passing through it. Typically, the flow
restrictor of the present invention is a nozzle.

A first, or liquid, inlet line 16 as shown in
Figs. 1 and 2 is disposed in fluid communication with
the first chamber for metering a liquid composition
into the chamber. Liguid inlet line 16 meters the
liquid composition into first chamber 12 in the outlet
of flow restrictor 14, and preferably in the center of
the flow restrictor when viewed along the axial length

thereof. The ligquid composition is metered through

4
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liguid inlet line 16 by a metering pump 18 from a
storage container 20 containing the liquid composition
as shown in Fig. 1. The liquid composition may be a
solution, where a solid which is used as the coating
material is dissolved in a liquid, or a slurry, where a
solid which is used as the coating material is
undissolved in a liquid. Alternatively, the ligquid
composition may be a melt, which is used as the coating
material. By melt is meant any substance at a
temperature at or above it melting point, but below its
boiling point. In any of these case, the ligquid
composition may include components other than the
coating material. It should be noted that when the
ligquid composition is a melt, storage container 20 must
be heated to a temperature above the melt temperature
of the liquid composition in order to maintain the
liquid composition in melt form.

The apparatus for coating a solid particle
further includes a second, or gas, inlet line 22
disposed in fluid communication with the first chamber
as shown in Figs. 1 and 2. Generally, the gas inlet
line should be disposed in fluid communication with the
first chamber upstream of the flow restrictor. Gas
inlet line 22 injects a first gas stream through the
flow restrictor to create a zone of turbulence at the
outlet of the flow restrictor. The turbulence subjects
the liquid composition to shear forces that atomize the
liquid composition.

The first gas stream should have a stagnation
pressure sufficient to accelerate the gas to at least
one-half the velocity of sound, or greater, prior to
entering the flow restrictor to ensure that a zone of
turbulence of sufficient intensity will be formed at
the outlet of the flow restrictor. The velocity of
sound for a particular gas stream, e.g.. air or
nitrogen, will be dependent on the temperature of the
gas stream. This is expressed by the eguation for the.

speed of sound, c:
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c = ngRT : (1)

where:
= ratio of specific heats for the gas
= acceleration of gravity

= universal gas constant

H X &

= absolute temperature of the gas
Thus, the acceleration of the first gas stream is
dependent on the temperature of the gas stream.

As noted above, it is the pressurized gas that
causes the atomization of the liquid composition. The
pressure of the liquid composition in the liquid inlet
line just needs to be enough to overcome the system
pressure of the gas stream. It is preferable that the
liquid inlet line has an extended axial length before
the zone of turbulence. If the liquid inlet line is
too short, the flow restrictor becomes plugged.

The apparatus of the present invention also
comprises means disposed in the second inlet line and
upstream of the flow restrictor for heating the first
gas stream prior to injection through the flow
restrictor. Preferably, the heating means comprises a
heater 24 as shown in Fig. 1. Alternatively, the
heating means may comprise a heat exchanger, a
resistance heater, an electric heater, or any type of
heating device. "Heater 24 is disposed in second inlet
line 22. A pump 26 as shown in Fig. 1 conveys the
first gas stream through heater 24 and into first
chamber 12. When a melt is used as the coating
material, the gas stream should be heated to a
temperature at or above the melt temperature of the
melt, to keep the melt in liquid (i.e., melt) form.
When using a melt, it is also helpful if auxiliary heat
is provided to the first inlet line which supplies the
melt prior to injection, to prevent pluggage of the
line.

The apparatus of the present invention further
includes a hopper 28 as shown in Figs. 1 and 2.

Hopper 28 introduces a solid particle to the zone of

6
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turbulence. It is preferable that the outlet end of
the flow restrictor is positioned in the first chamber
beneath the hopper at the center line of the hopper.
This serves to ensure that the solid particles are
introduced directly .into the zone of turbulence. This
is important because, as noted above, the turbulence
subjects the liquid composition to shear forces that
atomize the ligquid composition. It also increases
operability by providing a configuration for feeding
the solid particles most easily. In addition, the
shear forces disperse and mix the atomized liquid
composition with the solid particles, which allows the
particles to be coated. Hopper 28 may be fed directly
from a storage container 30 as shown by arrow 29 in
Fig. 1. The hopper of the present invention may
include a metering device for accurately metering the
particles at a particular ratio to the ligquid feed from
liquid inlet line 16 into the zone of turbulence. This
metering establishes the level of coating on the solid
particle. Typically, the hopper of the present
invention is open to the atmosphere. When a melt is
used, it is preferred that the solid particles are at
ambient temperature because this facilitates
solidification of the melt after the melt., which is
initially at a higher temperature, coats the solid
particle in the zone of turbulence.

The apparatus of the present invention may
further include a second chamber 32 surrounding the
first chamber as shown in Figs. 1 and 2. In addition,
the second chamber encloses the zone of turbulence.
Second chamber 32 has an inlet 34 for introducing a
second gas stream into the second chamber. The inlet
of the second chamber is preferably positioned at or
near the upstream end of second chamber 22. The outlet
of second chamber 32 is connected to a cocilection
container, such as that shown at 36 in Fig. 1. The
second gas stream cools and conveys the coated solid
particles toward the collection container as

illustrated by arrow 31 in Fig. 2. In particular, when

.
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a solution or slurry is used, the solid of the solution
or slurry cools between the zone of turbulence and
container so that by the time the particle reaches the
container, a solid coating comprising the solid of the
solution or slurry is formed on the particle. When a
melt is used, the liquid composition cools between the
zone of turbulence so that by the time the particle
reaches the container, a solid coating comprising the
melt is formed on the particle. The first gas stream,
as well as the second gas stream, are vented through
the top of collection container 36.

For the configuration as shown in Figs. 1 and 2,
inlet 34 may be connected to a blower, not shown, which
supplies the second gas stream to the second chamber.
However, the blower and second chamber 32 may be
eliminated, and the first gas stream may be used to
cool the particles and to convey them to container 36.
In this case, the solid from the solution or slurry or
the melt cools and solidifies on the particle in the
atmosphere between the zone of turbulence and the
collection container, and the coated particles fall
into collection container 36.

It is preferable that the axial length of the
zone of turbulence is about ten times the diameter of
the second chamber. This allows the pressure at the
outlet of the flow restrictor to be at a minimum.

Solid particles are fed into second chamber 32 as shown
in Figs. 1 and 2 near the outlet of the flow
restrictor, which is preferably positioned at the
center line of the hopper. If the pressure at the
outlet is too great, the solid particles will back flow
into the hopper.

The pressure of the second gas stream must be
sufficient to assist in conveying the ccated solid
particles from the zone of turbulence to the collection
zone, but should be at lower than the pressure of the
first gas stream. This is because a high relative

velocity difference between the first gas stream and
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the second gas stream producés a sufficient degree of
turbulence to coat the solid particles.

Further in accordance with the present invention,
there is provided a process for coating a solid
particle with a coating material. It should be noted
that the process of the present invention may be
practiced using the apparatus illustrated in Figs. 1
and 2, although it should be understood that the
process of the present invention is not limited to the
illustrated apparatus. Moreover, it should be noted
that while one pass, or cycle, of the process of the
present invention completely coats, or encapsulates,
the solid particle, more than one pass may be used to
adhere additional coating material to the solid
particle, depending on the desired thickness of the
coating.

The process comprises the steps of metering a
ligquid composition into a flow restrictor, such as flow
restrictor 14 as shown in Figs. 1 and 2. As described
above for the apparatus, the liquid composition may be
a solution, slurry or melt.

The process of the present invention further
comprises injecting a gas stream, for instance from a
gas inlet line such as that shown at 22 in Figs. 1 and
2, through the flow restrictor concurrently with
metering the liquid composition into the flow
restrictor, to create a zone of turbulence at the
outlet of the flow restrictor. The sheaxr in the zone
of turbulence atomizes the liquid composition.

The gas stream is heated prior to injecting it
through the flow restrictor. The gas stream may be
heated by a heater, such as heater 24 as shown in
Fig. 1. As noted above for the apparatus. when the
ligquid composition is a solution or a slurry, the gas
stream is heated to a temperature sufficient to
vaporize the liquid of the solution or slurry and to
leave the solid of the solution or slurry remaining.
When the liquid composition is a melt, the gas stream
should be heated to a temperature at or above the melt

9
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temperature of the liquid composition, to keep the
liguid composition, and in particular, the melt, in
liquid (i.e., melt) form. As also noted above for the
apparatus, when using a melt, it is also helpful if
auxiliary heat is provided to the first inlet line
which supplies the melt prior to injection, to prevent
Pluggage of the 1line.

The process of the present invention also
comprises the step of adding a solid particle to the
zone of turbulence concurrently with the metering of
the liquid composition and the injection of the gas
stream. This mixes the solid particle with the
atomized liquid composition at the zone of turbulence.
This mixing at the zone of turbulence coats the solid
particle with the coating material. The solid is
preferably metered in order to control the ratio of the
solid and the liquid added at the zone of turbulence.
This establishes the level of coating on the solid
particle. When a solution or slurry is used, the heat
from the heated gas stream serves to evaporate the
liquid of the solution or slurry, leaving the solid of
the solution or slurry remaining to coat the particle.
The mixing at the zone of turbulence then coats the
solid particle with the remaining solid from the
solution or slurry. When a melt is used, the mixing at
the zone of turbulence coats the solid particle with
the melt. |

As noted above, the zone of turbulence is formed
by the action of injecting the gas at high pressure
through the flow restrictor. As discussed above with
respect to the apparatus, it is preferable that the gas
stream is accelerated to at least about cne-half the
velocity of sound prior to injection to ensure that a
zone of turbulence of sufficient intensity will be
formed at the outlet of the flow restrictor.

The residence time of the particles in the zone
of turbulence is determined by the geometry of the
first chamber and the amount of gas injected from the
gas inlet line. The average residence time of the

10
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solid particle within the zone of turbulence is
préferably less than 250 milli-seconds. More
preferably, the average residence time of the solid
particle within the zone of turbulence is in the range
of 25 to 250 milli-seconds. Short residence times can
be achieved because of the action of the zone of
turbulence. The short residence times make the process
of the present invention advantageous compared to
conventional coating processes because the time, and
hence, the cost of coating particles, are reduced.

Typically, the solid particlés are fed from a
hopper, such as hopper 28 as shown in Figs. 1 and 2,
which is open to the atmosphere. As noted above for
the apparatus, when the liquid composition is a melt,
it is preferred that the solid particles be at ambient
temperature because this will facilitate solidification
of the melt after the melt (which is initially at a
higher temperature) coats the solid particle in the
zone of turbulence.

The process of the present invention may further
comprise the step of adding another gas stream upstream
of the zone of turbulence for cooling and conveying the
coated solid particle. This other gas stream is added
through a chamber, such as second chamber 32 as shown
in Figs. 1 and 2. As explained above for the
apparatus, the pressure of the second gas stream must
be sufficient to assist in conveying the coated solid
particles from the zone of turbulence to the collection
container, but should be at lower than the pressure of
the first gas stream in order to achieve coating. When
a solution or slurry is used, the so0lid of the solution
or slurry cools and solidifies on the particle in the
second chamber between the zone of turbulence and a
collection container, such as collection zone 36 as
described above. When a melt is used, the melt cools
and solidifies on the particle in the second chamber
between the zone of turbulence and the collection
container. When a second chamber is not included, the
solid or the melt cools and solidifies on the particle

11
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in the atmosphere between the zone of turbulence and
the collection container, and the coated particles fall
into the container. A '
The present invention will be clarified by the
following Examples, :which are intended to be purely
exemplary of the invention.
EXAMPLE 1

Dodecanedioic acid is 'a chemical intermediate
which has a tendency to sublime at elevated
temperatures. In order to inhibit this sublimation,
DDDA was encapsulated with a glycidyl methacrylate, or
GMA, co-polymer. Specifically, this Example is
directed to the encapsulation of solid particle of
dodecanedioic acid (DDDA) with a GMA co-polymer of
glycidyl methacrylate, butyl methacrylate. methyl
methacrylate and styrene, which co-polymer is available
from Anderson Development Company of Adrian, Michigan.
The uncoated dodecanedioic acid solid particle had a
mean particle size of 23.5 micrometers (p), and the
coated dodecanediocic acid had a mean particle size of
26.2 micrometers ().

Injector technology apparatus, such as that shown
in Figs. 1 and 2, was used in order to encapsulate the
DDDA with GMA co-polymer. The apparatus had a shear
zone of one inch (2.54 cm.) in diameter. DDDA was
dispersed using an Alpine 160z pin mill operated at
10,400 rpm to produce particles having a mean particle
size of 23.5 micrometers ({). DDDA powder was metered
using a screw feeder at a rate of 1300 g./min. to the
hopper as shown in Figs. 1 and 2. A solution
comprising 43% by weight of the GMA co-polymer as
described above, dissolved in toluene, was metered with
a peristaltic pump at a rate of 242 g./min. A first
gas stream of nitrogen at a pressure of 100 psig and at
a temperature of 240° C was injected through the flow
restrictor. The GMA co-polymer in toluene solution
coated the DDDA particles in the zone of turbulence
simultaneously with the flashing of the toluene
solution to the gaseous phase as it was contacted by

12
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the heated nitrogen gas stream. The mean residence
time in the zone of turbulence was 150 milli-seconds.

The DDDA particles were collected and found to be’
substantially encapsulated by the GMA co-polymer. The
particles had an average coating of 8% by weight of the
GMA co-polymer, i.e., the coating was 8% of the total
weight of the coated particle. Total feed of the
coating material (i.e., 43% by weight of the GMA co-
polymer described above, dissolved in toluene) was
18.6% based upon the weight of the DDDA.

The collected sample of coated DDDA particles was

‘incorporated into a standard powder coating test

formulation, coated onto a metal body panel, and then
baked in a curing oven equipped with a collection
device to measure volatiles by head space gas
chromatography. The sample yielded reductions in DDDA
volatiles of 80% by weight. The sample gave a cured
coating with good gloss, no pitting, and good flow
characteristics during curing in the bake oven.

Additional samples were prepared and tested in the
manner described above. Particles encapsulated with an
average coating of 11.1% by weight of the GMA co-
polymer yielded a reduction in DDDA volatiles of 85%.
Particles encapsulated with an average coating of 4.7%
by weight of the GMA co-polymer yielded reduction in
DDDA volatiles of 50%.

EXAMPLE 2

This Example is directed to encapsulating calcium
carbonate with wood rosin. Calcium carbonate powder
with a mean particle size of 10 micrometers ([L) was
coated with wood rosin using the apparatus as shown in
Figs. 1 and 2, and as described above.

Wood rosin, having a melting point of 120° C, was
heated to 140° C and held at this temperature in an
insulated bath. This wood rosin was metered with a
peristaltic pump at a rate of 681 g/min. The atomizing
air was heated to 140° C and used at 100 psig.

The calcium carbonate was metered in a screw
feeder at a rate of 11,340 g/min to the hopper of the
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apparatus as shown in Figs. 1 and 2. The wood rosin
encapsulated the calcium carbonate particle at a
coating level of 6%.

Uncoated calcium carbonate exposed to HCl will
produce carbon dioxide gas due to chemical reaction.
Encapsulation was proven by placing the encapsulated
particles in a bath of hydrochloric acid (HCl) . There
was no immediate effervescence from the calcium
carbonate indicating the complete surface protection
provided by the wood rosin.

SBXAMPLE 3

This Example is directed to a sulfonylurea
herbicide coated with either wax or rosin coatings,
which were metered in the form of a melt. In this
Example, Technical L5300 (tribenuron methyl) sulfonyl-
urea herbicide, having a particle size ranging from
about 2 to about 40 micrometers (L), was metered in a
screw feeder at a rate of 600 g./min.

Sulfonylurea herbicide was coated with rosin at
190° C, metered with a gear pump at a rate of
75.6 g./min., corresponding to a coating level of 12.6%
rosin, i.e., the weight of the rosin coating was 12.6%
of the weight of the coated particle. A second batch
of sulfonylurea herbicide was coated with wax at
110° C, metered with a peristaltic pump at a rate of
56.4 g./min., corresponding‘to a coatiné level of 9.4%
wax. The wax was a mixture of a partially oxidized,
low molecular weight polyethylene (EPOLENE E10) and
paraffin. A first gas stream comprising nitrogen was
injected through a flow restrictor, where the gas
stream was at a pressure of 38-40 psi just before the
flow restrictor.

Sulfonylurea herbicides are normally degraded in
the presence of hormonal/phenoxy herbicides, such as
sodium 2,4-D and 2,4-D acid. Thus, the effectiveness
of the coatings to inhibit this degradation was tested
by measuring the degradation of sulfonylurea herbicide
when mixed in 1/20 weight mixtures with sodium 2,4-D
and 2,4-D acid and aged for three weeks at 45° C.
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Uncoated sulfonylurea herbicide was tested in the same
manner to provide a control. The results were as

follows:

PERCENTAGE RELATIVE DEGRADATION OF L5300

12.6% 9.4%
Rosin Wax
Uncoated  Ceating = Coating
Sodium 2,4-D 38.4% 0.0% 0.0%
2,4-D Acid 21.2% 0.0% 1.7%

Thus, the results show coating at a level of
12.6% by weight essentially resulted in encapsulation
of the particles. Generally, degradation of 5% or less
is suitable for such formulations.

Additionally, the wax and rosin coated sulfonyl-
urea was mixed with an ethoxylated silicone surfactant
and water, and was then sprayed onto wild buckwheat,
spring wheat and wild mustard. Both efficacy for weed
injury and safety for the spring wheat was equivalent
for the coated and uncoated sulfonylurea herbicides.

EXAMPLE 4

This Example is directed to a relatively water
soluble herbicide, bromacil (5-bromo-3—-sec-butyl-6-
methyluracil) (IUPAC), having 815 ppm. water
solubility, coated with stearic acid. In this Example,
technical solid particles of bromacil, having a
particle size range from less than one micrometer to
30 micrometers maximum diameter, was metered in a screw
feeder at a rate of 1000 g./min.

The bromacil was coated with stearic acid in the
form of a melt at a rate of 60 g./min. The stearic
acid, which had a melting point of 70° C, was heated to
20° C and held at this temperature in a storage
container, such as storage container 20 as described
above, This first pass coated material was collected
and coated a second time, corresponding to a coating
level of 6% and 12% coating level on the first pass and
second pass, respectively, although it should be noted
that it is not necessary to coat the particles with
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more than one pass in order to encapsulate the
particles.

A gas stream comprising nitrogen was injected
through a flow restrictor, such as that shown in
Figs. 1 and 2. The gas stream was at a pressure of
70 psi just before the flow restrictor.

Particle size measurements were done using a
Sympatec Helos. The Helos uses forward light
scattering to measure particle size distribution. A
well dispersed stream of dry particles is passed
through a columnated laser beam. The resulting
diffraction pattern is deconvoluted into a size
distribution. Table 1 shows the particle size analysis
of uncoated bromacil, first pass coated bromacil and

second pass coated bromacil.
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TABLE 1
Microns Diameter of Coated wvs, Uncoated Bromacil
Particle Uncoated Bromacil First Pass Second Pass
Fraction Zexro Stearic Acid 6% stearic acid 11.9% stearic acid
5% smaller than 0.7, 0.8 0.9
10% smaller than 1.0 1.2 1.3
16% smaller than 1.3 1.8 1.9
50% smaller than 4.6 : 5.5 5.4
90% smaller than 12.0 20.0 19.3

Each of the size fractions of bromacil was
coated, and the size analysis shows that the coated
5 particles exist as individual discrete, non-
agglomerated particles. The tiniest particles were
still present, but with a slight increase in size as a
result of being coated.

10 Additional advantages and modifications will
readily occur to those skilled in the art. The
invention, in its broader aspects, is therefore not
limited to the specific details, representative
apparatus and illustrative Examples shown and

15 described. Accordingly, departures may be made from
such details without departing from the spirit or scope
of the general inventive concept as defined by the
appended claims and their equivalents.
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WHAT I8 CLAIMED IS:

1. An apparatus for coating a solid particle
with a coating material, comprising:

(a) a first chamber: ’

(b) a flow restrictor disposed at one end of
the chamber;

(c) a liquid inlet line disposed in fluid
communication with the chamber for metering a liquid
composition comprising a coating material into the
first chamber and through the flow restrictor;

(d) a gas inlet line disposed in fluid
communication with the first chamber for injecting a
first gas stream through the flow restrictor to creatse
a zone of turbulence:; and

(e} means disposed in the gas inlet line and
upstream of the flow restrictor for heating the first
gas stream prior to injection through the flow
restrictor.

2. The apparatus of claim 1, wherein the liguid
inlet line is positioned in the flow restrictor.

3. The apparatus of claim 1, wherein the flow
restrictor has an outlet end, and the outlet end is
positioned in the first chamber.

4. The apparatus of claim 1, further inecluding a
hopper for introducing a solid particle to the zone of
turbulence.

5. The apparatus of claim 4, wherein the flow
restrictor has an outlet end, and the outlet end is
positioned in the first chamber beneath the hopper.

6. The apparatus of claim 4, wherein the flow
restrictor has an outlet end, and the outlet end is
positioned in the first chamber beneath the center line
of the hopper.

7. The apparatus of claim 1, further comprising
a second chamber surrounding the first chamber.

8. The apparatus of claim 7, wherein the axial
length of the zone of turbulence is about ten times the
diameter of the second chamber.
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9. The apparatus of claim 7, wherein the second
chamber has an inlet for introducing a second gas
stream having a pressure lower than the pressure of the
first gas stream into the second chamber.

10. A process for coating a solid particle with a
coating material, comprising the steps of:

(a) metering a liquid composition comprising
the coating material into a flow restrictor:;

(b) injecting a gas stream through the flow
restrictor concurrently with step (a) to create a zone
of turbulence at the outlet of the flow restrictor,
thereby atomizing the liquid composition:

(c) heating the gas stream prior to
injecting the gas stream through the flow restrictor:
and

(d) adding a solid particle to the zone of
turbulence concurrently with steps (a) and (b) to mix
the solid particle with the atomized liquid
composition, wherein the mixing at the zone turbulence
coats the solid particle the coating material.

11. The process of claim 10, wherein the liguid
composition comprises a liquid and a solid.

12. The process of claim 11, wherein the solid is
dissolved in the liquid.

13. The process of claim 11, wherein the solid is
undissolved in the liquid.

14. The process of any of claims 11-13, wherein
the gas stream is heated to a temperature sufficient to
vaporize the liquid and to leave the solid remaining
and the mixing at the zone of turbulence coats the
solid particle with the remaining solid.

15. The process of claim 16, wherein the liquid
composition comprises a melt.

16. The process of claim 15, wherein the mixing
at the zone of turbulence coats the solid particle with
the melt.

17. The process of claim 10, further comprising

the step of adding another gas stream upstream of the
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zone of turbulence for cooling and conveying the coated
solid particles.

18. The process of claim 10, wherein the step of
injecting the heated gas stream further comprises
accelerating the gas stream through the flow restrictor
to at least one half the velocity of sound prior to
entering the flow restrictor.

19. The process of claim 10, wherein the average
residence time of the solid particle within the zone of
turbulence is less than 250 milli-seconds.

20. The process of claim 19, wherein the average
residence time is in the range of 25 to 250 milli-

seconds.
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