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METHOD O0F AND APPARATUS FOR SUBDIVIDING MATERIAL.

Application filed. April 71,

This invention relates to the comminution

of materials either with or without addi-

tional changes in the physical or chemical
condition of the materials treated. The in-
vention may be applied as hereinafter indi-
cated to a variety of purposes by observation
of the conditions which are necessary to ac-
complish the particular object. :
The comminution of materials may be the

sole purpose of the operation. Thus the re-
‘duction of metals or non-metallic materials
to a finely divided condition may be desired
o that these materials without further
change of physical or chemical condition can

15 be utilized for various purposes. Examples
are the comminution of the common metals
such as lead, zine, tin and aluminum. The
nonmetals, such as sulphur, can likewise be
produced in a finely divided form. The in-
g0 vention is applicable, moreover, to the treat-
ment of materials other than the elements
such as various gums and resins, bituminous
materials and soap. The purpose of the in-
vention includes also the comminution of
o5 materials - with  accompanying physical
change as in the homogenization of immisei-
ble liquids or the separation of solvents such

as water from the solids which are dissolved

therein.

30 Another important application of the in-

vention is in conducting chemical reactions

such, for example, as the production of sul-
phonated oils and benzene sulphonic acid.
The production of metal oxides Is another
example of the comminution of materials
accompanied by a chemical change.

The comminution of metals by subjecting
a molten stream of the metal-to the action ot

35

gaseous jets has been suggested. . The earlier

40 attempts in this direction have been unsuc-
cessful and the failure of the suggested meth-
ods has been caused primarily by the fact
that all depend upon the use of jets or a
stream of gas directed to a focus slightly in
advance of the orifice through which the

- molten metal is exuded. Another cause of
failure has been the cooling effect of the gas
upon the molten stream of metal which causes
the stream to congeal before it reaches the

50 point at which comminution is expected.

1926. Serial No. 99,077.

It is the object of the present invention to
avoid the difficulties experienced in previous
attempts to accomplish the comminution of
materials by the effect of a gaseous stream and
to provide a method whereby the successful
accomplishment of the desired object can be
attained. L ’ o

Another object of the invention is the pro-
vision-of a method of comminuting materials

and of controlling the conditions of tempera-

ture and pressure which affect the operation.

A further object of the invention is the
provision of a method permitting the com-
minution of materials and the simultaneous
and further modification thereot either phys-
ically or chemically, by the incorporation of
the material with other materials which are
introduced simultaneously, or by a chemical
reaction between these materials.

Other objects and advantages of the inven-
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tion will be apparent as it is better under-

stood by reference to the following specifica-
tion and accompanying drawings, in which

Fig. 1 is a longitudinal section through a
type of apparatus adapted for the applica-
tion of the invention; ‘

Fig. 2is an enlarged detail in section of the
outlet nozzle; '

Fig. 8'is a similar view indicating an ar-

" rangement which permits the combination

of two or more liquid materials to accom-
plish either a physical change in the mate-
rial in addition to comminution of a chemi-
cal reaction between the entering materials;
and: ' . '

Fig. 4 is a sectional view
of apparatus.

In its broader application for the purpose
of comminuting materials the invention de-
pends upon the observation of certain funda-
mental conditions with respect to the manner
in which the streams of molten material and
of gas are brought together. I have found
that successful comminution depends upon
the production of a suction effect upon the
stream of molten solid material which is to
be comminuted. In the attempts made here-
tofore to accomplish the purpose of the in-
vention -a. stream or streams of gas under

of a different type

-~ pressure have been introduced annularly
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about an orifice through which the molten
material is delivered, but the streams have
been directed to a focus slightly in advance
of the orifice. In such an operation the
natural expansion of the gas prevents the
formation of suction at the ovifice and may
even create a back-pressurc which will pre-
vent the molten material from escaping
therefrom. It is essential, as I have discov-

ered, to employ an annular stream of gas un- -

der suitable pressure and to direct it so that
it expands and creates a partial vacnnum in
the space directly in front of the orifice to
which the molten material is delivered. This

result is accomplished when the stream of

gas travels in a direction which is initially
substantially parallel to the axis of the ori-
fice through which the material to be com-
minuted is introduced. T have, in fact, suc-
ceeded in producing a vacuum in this manner

~which will sustain & column of mercury
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eighteen inches in height. As the result of
the powerful suction exerted in the zone at
the mouth of the orifice through which the

' molten solid material is delivered, that mate-

rial cannot longer exist in the form of a
homogencous stream after it reaches the ori-
fice. The stream is torn apart into & mukti-
tude of fine particles of infinitesimal size,
which are drawn into the surrcunding gas
stream wherein they are chilled rapidly.
The disruptive effect is such.that no stream
of molten material is visible at the mouth of
the orifice. The particles are torn away be-
fore the material passes substantially beyond
the orifice. The comminuted material may
be collected by discharging the gas stream
into a suitable chamber from which the gas
may escape after the fine particles of metal
or other material have settled or have been
separated otherwise therefrom. -

The application of the method is not re-
stricted to the subdivision of metals in the
manner described. Other molten materials
can be disintegrated similarly. Sulphur, for
example, can be reduced to a state of extreme
subdivision by subjecting the molten sulphur
to the disrupting effect of suction produced
in the manner described. Other materials,
including the ordinary gums and resins, can
be disintegrated similarly. Bituminous ma-

terials, such as the pitches obtained by the
~ distillation and cracking of petroleum, are

disintegrated when subjected in a molten

i condition to the disrupting effect of suction

applied to the molten stream. Soap can he
powdered and simultaneously dried in a
similar way and solutions can be evaporated
with the result that the solid content thereof
is separated in an anhydrous condition and
in a state of extreme subdivision. In utiliz-
ing the invention for the purpose of remov-
ing water from materials, it is necessary to
consider the nature of such materials. Soap,
for example, will not lose all of its water at
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a temperature of 100° C. It is necessary in
this case to raise the temperature of the
chamber into which the material is dis-
charged to a somewhat higher point, over
110° C., for example, in the production of
enhydrous soap powder. The necessary tem-
perature will vary in the treatment of differ-
ent materials. , : :

The homogenization of immiscible liquids
such as fats or oils and water can be accoin-
plished by the simultaneous introduction of
these materials together with a stream of
mert gas which provides the necessary suc-
tion to disrupt the liquids. The liquids are
drawn into the gas stream in a finely divided
state and intimately mingled so that upon
separation from the gas stream a perfect
emulsion is obtained. The method lends it-
self readily to the homogenization of vari-
ous materials which are nermally liquid or
can be readily reduced to a liquid state.

The application of the method in conduct-
ing chemical reactions permits the produc-
tion of warious products which have been
manufactured heretofore only by more com-
plicated and cosily methods. The speed of
nany chemical reactions depends upon the
surface contact hetween the reagents. There
1s also to be considered the variation in the
total heat Iiberated by or removed from the
system in a given time which causes local
differences in temperature. These local tem-
perature differences, in fact, determine the
direction of the reaction and are very dif-
ficult to contrel by the methods heretofore
available. The former methods of increas-
ing surface contact depended chiefly upon
the agitation and stirving and in a few iso-
lated cases upon reactions in the gaseous phase
where there 1s a complete diffusion.

¢ is well known that redctions occurring
in the gaseous phase permit the control of
temperature and pressure to a predetermined
standard. The present invention is adapted

‘to bring the reagents involved into a state

approaching that cf o gas and consequently

to permit the contrel of temperature and

pressure,

action such as oxidation is desired there is

an ideal condition for the completion of the
L

-reaction in the shortest possible time. Thus,

for example, the solid material such asa metal
to be oxidized is melted and introduced in a
3

molten condition to the point where it comes
under the influence of suction produced by

an oxidizing gas.. The metal is disinte-
grated immediately and the fine particles are
subjected at once to the oxidizing agent with
the resnlt that an oxide in finely divided form
is produced. Oxides of lead, zine, tin, alu-
minum and other metals ;
subjecting these metals in molten condition
to the action of a stream of air or of oxygen
applied in the manner herein described.

In conducting the operation for the com-

When, therefore, a chemical re-

can be. formed by
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. minution of materials without chemical
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change, it is important to observe the pre-

¢aiztion that in the presence of reacting gases

such as oxygen the initial temperature of
the chamber intc which the material is dis-

1

charged should be relatively low. The cool-.

ing effect of the expanding gas prevents then
the attainment of a temperature at which a
chemical reaction can -oceur.
molten metal is subjected to the suction ef-
fect of air there will be no substantial oxida-
tion if the initial temperature of the cham-
ber is below about 150° C.. If, however,
oxidation is desived the initial temperature
of the chamber should be above the ignition
poirt of the metal. Upon contact with the
air, for example, the metal will oxidize and
the heat thereby released will be sufficient to
maintain the oxidizing reaction thereafter.
Similarly, in conducting other exothermic
reactions the heat of the reaction may be re-
liad upon to maintain it. The operation may
be carried on for varicus purposes with modi-
fications of the temperatures as well as the
pressures of the materials treated. More-

~over, the temperature and/or pressure of the

chamber info which the material is dis-
charged may be varied at will. Heating and
cooling means may be introduced at different
points in the apparatus to heat or cool the
materials treated appropriately either before
or after or during the comminution of the
materials. ' :

If reactions are to be conducted between
rengents which are normally solid, both can
be reduced to a molten condition and brought
together under the effect of suction produced
by the gaseous stream. The materials are
disintegrated, incorporated in the gaseous
stream, and react immediately to produce the
desired product. A reaction can lbe conduct-
ed similarly between the reagent which -is
normally solid and one which is normally
liquid, or between a reagent which is nor-
mally solid or liquid and one which is
gaseous. ’ -

As an example of the application of the in-

vention in conducting chemical reactions be--

tween two or more liquids which are immisci-

le in each other, concentric conduits are em-
pioyed to permit the introduction of fish oil
and sulphuric acid to the zone in which they
are simultaneously subjected to suction pro-
duced by an inert gas. The two materials
are disrupted and intimately mingled in the
inert gas such asair. The resulting product
is sulphonated fish oil. - A marked improve-
ment over the ordinary method of producing
this product is evident when it is considered

- that a rise in temperature above 32° C. pro-

duces diffieulty ordinarily and results' in a
congidérable loss. The expansion -of ~the
stream of air avoids overheating and permits,
therefore, the continuous production of a

5 product without loss. -

Thus, if a

The invention can be applied likewise in

the production of benzene sulphonic acid.-

In this case sulphuric acid enters as a liquid
and benzene vapors form the gaseous stream.

The stream of benzene produces the neces-

sary suction and disrupts the sulphuric acid

which, being drawn into the stream of gas,

reacts with the benzene to form benzene sul-
phonic acid and water. The excess of ben-
zene carries away the water, leaving the ben-
zene sulphonic acid as a dry and finely com-
minuted solid. The benzene can be dried
to remove the water content and returned
with such additions as are necessary to the
process. » :
Since some of the materials treated, for
example the metals, must be at a relatively
high temperature sufficient to maintain their
molten condition at the moment when they are
subjected to the disrupting effect of suction,
it is essential that the apparatus employed
be so designed as to prevent any substantial
cooling effect either by radiation, conduction
or otherwise by the gas employed to produce
the suction.  In the preferred form of ap-
paratus the gas chamber which surrounds the
outlet nozzle has the slightest possible con-
tact therewith and is designed so that the gas
does not flow in heat exchange relation with
the stream of molten material for any consid-
erable distance. Furthermore, the stream is
insulated by non-heat-conducting material
from the gas passage. T .
In the accompanying drawings, Fig. 1 rep-
resents a type of apparatus adapted particu-
larly for use in connection with a crucible or
other receptacle in which a body of material
such asa metal can be maintained in a molten
condition. Referring to the drawings, 5 in-
dicates the wall of a crucible in which a pipe
6 of metal is secured. ' Axn inner tube 7 of

refractory and insulating material such as.

“Alberene” is supported within the pipe 6
preferably in spaced relation with the wall
thereof. A smaller tube 8 also of the same
refractory and insulating material is mount-
ed in a collar 9 of metal which is supported
in a reducer 10 on the pipe 6. A tip 11 of

molybdenum or other suitable metal -which:

is not affected materially. by the molfen ma-
terial passing therethrough is held in the
slecve 9 by a pin 12. A washer 107 of “Al-

berene” is disposed between the reducer 10 -

and the end of the tube 7. : :

The tip 11 extends through an opening in
a metal casing 18 having a chamber 14 there-
in which is adapted to be supplied with gas
uader pressure through an inlet 15. The gas
chamber 14 surrounds the tip 11 and forms
an annular orifice through which the gas is
ejected. Tt will be noted that the walls of
the orifice are parallel to the axis of the tip
so that the annular stream of gas is project-
ed in the direction of the axis. Upon expan-
sion of the gaseous stream it will form the suc-
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tion pocket in front of the orifice in the tip

11 and the material flowing through the ori-

fice will be subjected to the suctlon effect so
that from the disruption thereof the desired
comminution will be accomplished.

In Fig. 3 of the drawings T have illus-
trated a type of apparatus which is adapted
for use in bringing two lgquid materials to-
gether for the purpose of comminuting these
naterials and causing either a  {further
physical change therein or a chemical com-
bination of the materials. The apparatus
differs from that heretoforc described only
n the provision of two concentric tubes 18
of refractory and insulating material and
corresponding concentric tips 17 of material
such as molybdenum or other suitable motal

which is not affected materially by the molfen

reagents. It is to be understood that any
number of concentric tubes and tips may be
used for the purpose of bringing together
two or more materials under the influence of
suction produced by the gas stream flowing
through the surrounding circular ovifice.
When two or more materials are brought to-
gether under the effect of suction the sireams
of these materials are disrupted and the par-
ticles are brought into intimate velation in
the surrounding gas stream. As a resulf a
further physical change such as homogeni-
zation may occur or the materials, if of suit-
able character, may react to produce chemical
compounds,

In Fig. 4 of the drawings an apparatus
such as that illustrated in Fig. 1 is employed
with a plate 18 which provides a surface dis-
posed at-an acute angle to the axis of the gas
stream. The finely divided particles are
caused to impact upon the surface of the
plate with the result that the substantially
globular particles are flattened.  Preferably
the plate 18 should be rotated at a velatively
high speed.  The use of the plate permits the
production of flakes of metal or of other ma-
terials such as soap. o

The nature and pressure of the gas em-
ployed tc provide the necessary suction wil
vary, depending upon the purpose to be ac-
complished. Thus, I may employ air or
steam or inert gases such as nitrogen. If
active oxidation is desired the gaseous stream
may consist of substantially pure oxygen or
of a mixture containing a larger percentage
of oxygen than is normally present in the
atimosphere.

Reducing gases such as hydrogen or mix-
tures thereof with other gases may also ba
used. In fact, any gas which 1s adapted for
the purpese of the invention may be utilized
to produce the suction and in certain cases
the gaseous stream will consist of cae of the
reacting materials where a chemical com-
bination is desired. I have found that nres-
sures varying from forty to one hundred
pounds per square inch are desirable. The

D
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pressures will vary  depending upon the
nature of the operation to be conducted and
the character of the materials treated. The
pressures noted are not to be considered as
Bimits of the possible pressures to be em-
ployed. In general the pressure should be
stich as to afford the suction effect necessary
to accomplish the disruption of the liquid
material as it is delivered through the orifice,
and I have found that pressures of several
hundred pounds per square inch can be em-
ployed to advantage in certain cases. .

The temperatures to which the material
to be comminuted will be subjected will vary
likewise in accordance with the nature of the
material. It should in general be a few de-
grees higher than the melting point of the
material or sufficient to maintain 1% in a sub-
stantially fluid state until it leaves the orifice
and is subjected to the suction effect. Obvi-
ously in the case of a metal the temperature
will be somewhat higher than in the treat-
ment of materials melting at lower tempera-
tures. _ )

The feeding of the liguid material may
be ac
ing preferable usually to permit it to flow
by gravity from a source in which it is main-
tained in molten condition to the orifice.
Pressure may be exerted, however, upon the
liquid by the use of a pump or otherwise so
as to force it through the orifice at a velocity
higher than that attainable by simple gravity
fiow.

- As an example of the use of the invention
to comminute a metal such as zine, the latter
may be melted in a crucible and permitted
to flow by gravity to the orifice where it is
subjected to the suction effect produced by
a stream of air or steam which is delivered
at a pressure of, for example, one hundred
pounds per square inch. The air or steam
thus suwrrounding the orifice and traveling
at high velocity will create suction sufficient
to disrupt the stream of molten zine. The
fine particles of zinc will pass into the gas
stream and can be deposited therefrom in a
suitable chamber. The zinc will be found
to be in an extreme state of subdivision and
may be utilized for any desired purpose in
this form.

Bulphiir may be melted likewise and deliv-
ered through the orifice in a fluid condition.
The molten sulphur should be heated to s
temperature of not less than 122° C., at which
temperature it has the lowest viscosity. It
may be subjected to the action of a stream of

air ov steam at a pressure of from forty to

e hundred pounds per square inch. Steam
is preferred because the cocling of the mi-
nutely divided particles of liquid sulphur is
readily effected thereby. The cooling

ted more rapidly becanse of the ex-
pansion of the steam which absorbs a large
quantity of heat. The minute particles of

complished in any suitable way, it be-
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sulphur cool rapidly and can’ be separated
from the gas. o

Products such as gums and resins which
are not easily brought to a finely divided con-
dition may be comminuted by subjecting them
to a sniteble suction in the apparatus de-
scribed hevein. Thus, gums such as resin

(colophony), copal, kauri, dammar and ben-.

zoin, should be heated to a temperature sufli-

cient to maintain them in a fluid conditicn. -

In that condition they can be subjected to
suction effect produced by air or steam.
These gums are reduced iminediately to a
finely divided form in which they can be
separated from the gas employed in the op-
eration. Bituminous materials such as the

residues from distillation and cracking of
petroleum can be treated likkewise for the pro-

duction of pulverized products.

The invention can be utilized for drying
as, for example, in the recovery of powdered
gelatine from a solution thereof. This is ac-
complished by delivering the gelatine solu-
tion through the orifice and subjecting it to
the suction effect produced by a stream of

air under a pressure, for example, of from

forty to one hundred pounds per square inch.
The air absorbs the moisture and the gelatine

is delivered in the form of fine particles as:

the result of the subdivision of the solution
in the stream of gas which increases the sur-
face exposed to evaporation. In thisinstance
it is essential that the gas saturated with

water vapor be removed rapidly from the

chamber into which the material is prejected.
This can be accomplished by employing an
air-tight chamber with a vacuum pump con-

nected thereto, the pump having twice the

capacity of the volume of gas and water
vapor which is projected into the chamber.
In a similar way solutions of soap can be

-subjected to the suction effect for the purpose

of recovering the soap in a comminuted state.

Tmulsions may-be produced such, for ex-
ample, as emulsions of oil and water by sub-
jecting the oil as it is delivered through the
orifice to the suction effect of steam intro-
duced at a pressure of from forty tc one hun-
dred pounds per square inch. The stream
of oil is disrupted and the fine particles of
oil are mingled intimately with the steam.
Substantially stable emulsions of oil. and
water can be produced in this way. Mate-
rials such as asphalt can be melted and emul-
gified in a similar manner.

The production of metal oxides is carried
out similarly to the production of commi-
nuted metals. By utilizing oxygen or a gas
enriched in oxygen as the gaseous stream to
produce the suction the molten metal when
subjected to the suction is comminuted and
the fine particles are mingled with the highly
oxidizing gas. Oxygen under a pressure of

from forty to one hundred pounds per square:

inch will afford sufficient suction for the com-

5

minution of many of the metals and the high-
ly oxidizing action of the gas upon the fine

particles of metal will produce oxides of the

metals in finely divided condition if the tem-

perature is sufficiently high to permit initia-

tion of the reaction. The particles of oxide
can be recovered by permitting them to settle
in a suitable chamber or by the use of other
separating apparatus. - :

In sulphonating oils the oil, such as a fish
oil, ‘and sulphuric acid are introduced
through the concentric tubes and are subject-
ed at the orifices of these tubes to the suction
effect produced by a gas such as air which
is introduced, for example, under a pressure
of sixty pounds per square inch, In this case
the temperature should not be permitted to
rise above 82° C. The control of the tem-
perature is accomplished readily because of
the cooling effect of the expanding air. Par-
ticles of oil and sulphuric acid react rapidly

in the stream of air to produce the desired

product, sulphonated fish oil.

" The production of benzene sulphonic acid
can be accomplished by subjecting a stream
of sulphuric acid at the orifice to the suction
effect produced by benzene introduced at a
pressure, for example, of sixty pounds per
square inch. The operation should be regu-

lated so that the highest temperature in the

reaction chamber does not -exceed 130° C.
and is not lower than 80° C. Below 80° C.
the reaction is very slow and above 130° C.
the product is contaminated with sulphon.
The regulation of the temperature is accom-
plished readily by control of the temperatures
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of the materials entering the apparatus and

of the chamber in which the reaction is con-
ducted. The benzene sulphonic acid pro-
duced by the reaction when the finely divided
sulphuric acid enters the stream of benzene
is a pure and anhydrous product. - It is a sub-
stantially white solid which separates read-
ily from the excess of benzene. The latter
carries the water vapor which is formed by

the reaction from the settling chamber. The-
_water can be removed from the benzene by

drying and the latter is then available for
further use in the operation. Substantiall
the same method can be employed in the pro-
duction of nitrobenzene by substituting nitric
acid for sulphuric acid. _

The foregoing indicates merely some of the
applications of the invention and the condi-

tions necessary to the accomplishment of the

object. "It is possible to conduct various

chemical reactions by the application of the

principles herein described and the operation
can be utilized for comminuting a variety of
materials. . : S

Another development of the invention is

the production of flakes of metal or other

material. The molten material is subjected
to the disrupting effect of suction produced
by a stream of gas in the manner heretofore
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‘leases a considerable amount of heat.

6

described and the stream is projected imme-
diately upon a flat plate having a polished
surface which is disposed at an acute angle
to the axis of flow and preferably is rotated
rapidly by suitable means such as a motor.
The comminuted particles traveling at high
velocity strike the revolving plate and the
particles, instead of being spherical or sub-
stantially so, will be flattened, thus produc-
ing metallic products in the form of scales.
The revolving plate should ordinarily be
from six to twenty-four inches from the ori-
fice through which the molten material is de-
livered te the gas stream. The revolving
plate should ke disposed at an angle to the
axis of the orifice.

The carrying out of exothermic reactions
in the manner hereinbefore described re-
For
example, in the oxidation of metals to pro-
duce metal oxides the heat evolved may be
in excess of the amount regunired to maintain
the metal in a molten condition. The heat
evolved is carried away from the chamber
in which the oxide particles settle principally
by the gas employed to provide the neces-
sary suction. The temperature of this gas
may in some cases rise to extremely high
points, sufiicient in fact to melt refractory
brick. The heat can be utilized in various
ways and particularly in maintaining the
liquid condition of the metal or other mate-
rial entering the apparatus. It may be caused
to circulate about the crucible or other con-
tainer for the metal or other material for
this purpose. A part of the heat may be
utilized also for the production of steam,
for example, which is used either alcne or
with an admixture of oxygen or other gas
to produce suction in the apparatus.

It is impossible to indicate in a brief de-
scription of the invention all of the possible
uses and advantages thereof and to specify
all of the conditions which may be varied
in the practice of the invention. The result
obtained depends upon the application of
a powerful suction to the material as it leaves
the orifice, and various changes may be made
in the method and in the apparatus employed
without departing from the invention or sac-
rificing any of the advantages thereof.

I claim:—

1. The method of comminuting materials,
which comprises subjecting a liquid stream
thereof to the suction effect of a surrounding
stream of gas traveling at high velocity in
a direction which is initially substantially
parallel to the axis of the liquid stream and
avoiding any substantial heat exchange be-
tween the gas and the Hquid until the latter
ig disrupted and mingled with the gas.

2. The method of comminuting materials,
which comprises ejecting a liquid stream
thereof in a zone of reduced pressure created
by a surrounding gaseous stream traveling

1,859,002

at high velocity in a direction which is ini-
tially substantially parallel to the axis of
the liquid stream and avoiding any substan-

tial heat exchange between the gas and liquid -

until the latter enters the zone of reduced
pressure.

3. The method of drying materials, which
comprises subjecting a liquid stream thereof
to the suction effect of a surrounding stream
of gas traveling at high velocity in a direc-
tion which is initially substantially parallel
to the axis of the liguid stream and avoiding
any substantial heat exchange between the
gas and liquid until the latter is disrupted
and mingled with the gas. ’

4. The method of physically combining
materials, which comprises introducing the
materials in separate streams simultaneously
to a zone of reduced pressure created by a
surrounding gaseous stream traveling at
high velocity and inducing by such reduced
pressure the comminution of said materials
into fine particles and a forward movement
thereof into and with the said gaseous stream.

5. The method of physically combining
materials, which comprises subjecting liquid
streams of the materials simultaneously to
the suction eifect of a surrounding stream of
gas traveling at high Velocity in a direction
which is initially substantially parallel to
the axis of the hiquid streams, and thereby
cause said streams to expand and divide into
fine particles and to move forward and inter-
mingle with the said stream of gas.

6. The method of conducting chemical
reactions, which comprises subjecting the
material to the effect of the suction of a
stream of a reacting gas to disrupt and com-
minute the material and cause it to move for-
ward and to mingle with the gas in said
stream to increase the surface exposure of the
material to the gas and avoiding any sub-
stantial heat exchange between the gas and
the material until the latter is disrupted and
mingled with the gas. -

7. The method of conducting chemical re-
actions, which comprises subjecting the ma-
terial to the effect of the suction of a stream
of a reacting gas to disrupt and comminute
the material and cause it to move forward
and to mingle with the gas in said stream to
increase the surface exposure of the material
to the gas, avoiding: any substantial heat ex-
change between the gas and the material until
the latter is disrupted and mingled with the
gas and recovering the heat released by the
reaction.

8. The method of conducting chemical re-
actions between streams of liquid materials,
which comprises introducing the materials in
concentric streams and reducing them simul-
taneously to a comminuted state by a gaseous
stream. '

9. The method of conducting chemical re-
actions between streams of liquid materials,
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which comprises introducing the materials in
concentric streams and reducing them simul-
taneously to a comminuted state in a gaseous
stream by the disruptive effect of suction
produced by the gaseous stream.

10. The method of conducting chemical
reactions between streams of liquid ma-
terials, which comprises reducing concentric
streams of the materials’ simultaneously to
a comminuted state in a gaseous medium
traveling at high velocity in a direction which
is initially substantially parallel to-the axis
of the concentric streams. '

11. The method of conducting chemical
reactions between streams of liquid ma-
terials, which comprises reducing the ma-
terials simultaneously to a comminuted state
in a gaseous stream by the disruptive effect
of suction produced by the gaseous stream
traveling at high velocity and in a direction
which is initially substantially parallel to the
axis of the liquid streams.

12. The method of conducting chemical re-
actions between streams of liquid materials,
which comprises introducing the materials
simultaneously in concentric streams to 2
zone of reduced pressure produced by a gase-
cus stream.

13. The method of treating materials,
which comprises subjecting the material in
a liquid state to the suction effect of a stream
of gas traveling at high velocity and dis-
charging the material against a rotating sur-
face.

14. In an apparatus for comminuting ma-
terials, heat-insulated means for introducing
a stream of material to be comminuted in the
liquid state and means for directing a sur-
rounding gaseous stream at high velocity in
a direction which is initially substantially
parallel to the axis of the liquid stream.

15. In an apparatus for comminuting ma-
terials, means for introducing concentric
streams of the materials to be comminuted in
the liquid state and means for directing a sur-
rounding gaseous stream at high velocity in
a direction which is initially substantially
parallel to the axis of the liquid streams.

16. In an apparatus for comminuting ma-
terials, means for introducing a stream of
material to be comminuted in the liquid state
and means for directing a surrounding gas-
eous stream at high velocity in a direction
which is initially substantially parallel to
the axis of the liquid stream, said means be-
ing arranged to prevent substantial heat in-
terchange between the liquid and gaseous
streams before they are combined.

17. In an apparatus for comminuting ma-
terials, means for introducing a stream of
material to be comminuted in a liquid state,

means for directing a surrounding gaseous

stream at high velocity in a direction which
is initially substantially parallel to the axis
of the liquid stream and a plate disposed at

7

an acute angle to the axis of the liquid stream
in the path of the gas. . ’

18. In an apparatus for comminuting ma-
terials, means for introducing a stream.of

material to be comminuted. in a liquid state, |

means for directing a surrounding gaseous
stream at high velocity in a direction which
is initially substantially parallel to the axis
of the liqid stream and a rotating plate dis-
posed at an acute angle to the axis of the
liquid stream in the path of the gas.

19. The method of comminuting materials,
which comprises subjecting a liquid stream
thereof to the suction effect of a surrounding
stream of gas traveling at high velocity in a
direction which is initially = substantially
parallel to the axis of the liquid stream and
free to expand laterally away from said axis
and avoiding any substantial heat exchange
between the gas and the liquid until the latter
is disrupted and mingled with the gas.

920. The method of comminuting materials,
which comprises. ejecting a liquid stream
thereof in a zone of reduced pressure created
by a surrounding gaseous stream traveling at
Ligh velocity in a direction which is initially
substantially parallel to the axis of the liquid
stream and free to expand laterally away
from sald axis and avoiding any substantial
heat exchange between the gas and liquid un-
til the latter enters the zone of reduced pres-
sure. L o

91. The method of drying materials, which
comprises subjecting a liquid stream thereof
to the suction effect of a surrounding stream
of gas traveling at high velocity in a direction
which is initially substantially parallel to
the axis of the liquid stream and free to ex-
pand laterally away from said axis and
avoiding any substantial heat exchange be-
tween the gas and liquid until the latter is
disrupted and mingled with the gas.

99. The method of physically combining
materials which comprises introducing the
materials in separate streams simultaneousty
to a zone of reduced pressure created by a
surrounding gaseous stream travelling at high
velocity, indueing by such reduced pressure
the comminution of said-materials into fine
particles- and a forward movement thereof
into and with said gaseous stream, and avoid-
ing any substantial heat exchange between
the gas and the streams of materials until
the Iatter are disrupted and minged with the
gas. _ : ‘

93. The method of conducting chemical re-
actions between streams of liguid materials
which ‘comprises introducing the materials
in concentric streams, reducing them simul-
taneously to a commintuted stato by a gaseous
stream, and “avoiding any substantial heat
exchange between the gas and the liguid ma-:
terials until the latter are disrupted and
mingled with the gas.

24, The method of co’ndﬁcting chemical re-"
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actions between streams of liquid materials
which comprises introducing the materials in
concentric streams, reducing them simultane-
ously to a comminuted state in a gassous
stream by the disruptive effect of suction
produced by the gaseous stream, and avoid-
ing any substantial heat exchange between
the gas and the liquid materials until the
latter are disrupted and mingled with the gas.

25, The method of conducting chemical re-
actions betwaen streams of liguid materials
which comprises reducing the material simul-
taneously to 2 comminuted state in a gaseous
stream by the disruptive effect of suction
preduced by the gaseous stream travelling at
a high velocity and in a direction which is
initially substantially parallel to the axis of
the liquid streams, and avoiding any sub-
stantial heat exchange between the gas and
liquid materials until the latter arve disrupted
and mingled with the gas.

26. Inanapparatus for comminuting mate-
rials, means for introducing concentric
streams of materials to be comminuted in a
Liquid state and means for directing a sur-
rounding gaseous stream at high velocity in
a dirvection which is initially substantially
parallel to the axis of the liquid streams,
said means being arranged to prevent sub-
stanfial heat exchange between the liquid and
gaseous streams before they are combined.

27. In an apparatus for comminuting ma-
terials, means for introducing a stream of ma-
terial to be comminuted in a liquid state,
means for directing a surrounding gaseous
stream at high velocity in a direction which
is initially substantially parallel to the axis
of the Hquid stream, said means being ar-
ranged to prevent substantial heat exchange
between the liquid and gaseous streams be-
fore they are combined, and a rotating plate
disposed at an acute angle to the axis of the
iquid stream in the path of the gas.

28: The method of treating materials
which comprises subjecting a liquid stream
thereof to the suction effect of a surround-
ing stream of gas travelling at high velocity
mn a direction which is initially substantially
paraliel to the axis of the liquid stream,
avoiding any substantial heat exchange be-
tween the gas and the liquid until the latter
is disrupted and minged with the gas, and
discharging the material against a rotating
surtace disposed at an acute angle to the axis
of flow.

29. The methed of conducting chemical re-
actions which comprises subjecting concen-
tric liquid streams of materials in reacting
proportions to the effect of the suction of a
surrounding stroam of gas travelling in a di-
rection which is initially substantially paral-
Iel to the axes of the hiquid streams to dis-
rupt and comminute the materials and cause
them to move forward and to mingle with the
gas in said stream to increase the surface ex-

1,859,993

posure of the materials t6-each other and
thereby to facilitate the reaction therebe-
tween. :

30. The method of conducting chemical re-
actions which comprises subjecting concentric
liquid streams of materials in reacting pro-
portions to the effect of the suction of a sur-
rounding stream of gas travelling in a di-
rection which is initially substantially paral-
lel to the axes of the liguid streams to disrupt
and comminute the materials and cause them
to move forward and to mingle with the gas
in said stream to increase the surface exposure
of the materials to each other and thereby to
facilitate the reaction therebetween, and
avoiding any substantial heat exchange be-
tween the gas and the liquid materials until
the latter are disrupted and mingled with the
gas.

In testimony whereof T affix my signature.

GILBERT E. SEIL.
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