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UNITED STATES

1,894,623

PATENT OFFICE

MARCEL A. LISSMAN, OF LOS ANGELES, CALIFORNIA, ASSIGNOR TO INTERNATIONAL
PRECIPITATION COMPANY, OF LOS ANGELES, CALIFORNIA, A CORPORATION OF

CALIFOBRNIA

ELUTRIATING MEANS

Application filed March 7,

This invention relates to a means for sep-
arating finely divided materials from coars-
er materials and is applicable either as a flour
meter or means for determining the per-
centage of such finer materials in an aggre-
gate or as a means for cleaning divided
materials by removing so-called fines or flour
therefrom or for any other purpose for
which an elutriator is suitable.

One object of the invention is to provide
for performing the separating operation re-
ferred to by the action of air thereby dis-
pensing with the use of a liquid with its at-
tendant inconveniences.

A further object of the invention is to
provide an elutriator operation which will
be.closely selective and at the same time more
rapid than the usual devices using liquid as a
separating medium.

The accompanying drawings illustrate
embodiments of my invention and referring
thereto:

Fig. 1 is a side elevation of the appa-
ratus partly in section.

Fig. 2is a section on line 2—2 in Fig. 1.

Fig. 8 is an enlarged section of the ejector
nozzle used in connection with the separating
apparatus.

Fig. 4 is a side elevation of an embodiment
of the invention adapted for continuous op-
eration. ,

Fig. 5 is a section of the nozzle means
adapted for use with the construction shown
in Fig. 4.

I will first describe my invention as ap-
plied to the determination of fines or flour
in a body of divided material, for example,
ground cement. The determination of the
percentage of flour is important as a control
of grinding -operations. With heretofore
available methods, this determination re-
quires so much time that its usefulness in con-
trolling grinding operations is greatly im-
paired. The improved flourometer disclosed
herein is particularly useful to control the
grinding - of cement clinker. It is well
known that in cement, the particles larger
than say 350 -mesh, although representing
a large portion of the original weight have
very little covering power and are prac-
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tically useless in binding the aggregate to-
gether. Even if these particles harden,
their contribution to the finished concrete
is nearly the same as that of grains of sand
of equal size. The improved flourometer
disclosed herein can bé adjusted to show al-
most at a glance what fraction of the sample
of cement is active in binding aggregate
together.

The embodiment of my invention shown in
Figs. 1 to 8 comprises elutriator means 1, in
which size segregation is effected by a rising
current of air; cyclone means 2 wherein the
larger particles are actively subjected to the
washing action of an air current and grad-
ually washed clean of all adhering fine par-
ticles and separated therefrom, and nozzle
means 3 delivering gas to the cyclone and
elutriator means for operation thereof.

The elutriator means 1 may consist of a
vertical cylinder or chamber having a taper-
ing inlet portion 4 at its lower end, communi-

cating with the cyclone means 2 through

opening 12 which forms the central outlet
for said cyclone means, and a tapering out-
let portion 5 at the upper end of cylinder 1
connected through a thimble holder 6 to a
filter thimble 7 which may be removably
attached thereto by means (such as a rub-
ber band 8) and is adapted to receive the fines
or flour.
on any suitable support, for example, brack-
ets 0. ' '

Cyclone means 2 may consist of a vertical
cylinder or chamber, surrounding and se-
cured (preferably removably) to the inlet
means 4 for the elutriator, said inlet means 4
extending down into the cylinder 2 a suffi-
cient distance to form the outlet means for
the cyclone. '

Nozzle 3 is provided with an outlet pipe
11 leading to an inlet 11” opening tangential-
ly into cyclone cylinder 2, and said cyclone
eylinder 1s formed with a tapering lower end
13 communicating by vertical tube 14 with
the pipe 11, said pipe 11 being preferably in-
clined upward at an acute angle and the noz-
zle 3 being in line with pipe 11, and below
the point of entry of tube 14 thereinto. Noz-
zle 3 is preferably mounted on pipe 11 by
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means of a head 15 on the nozzle fitting in
socket means 16 on pipe 11, and having re-
cesses 17 engaged by spring catches 18 in said
socket means, normally holding the nozzle
means in position within tube 11, but en-
abling its forcible removal when it 1s desired
to withdraw the contents of the pipe 11,
which serves as the receptacle for the mate-
rial to be tested. It is also desirable to pro-
vide means for closing the nozzle 3 when it
is to be withdrawn, and for this purpose a
pin or plug 20 may be slidably mounted in
the nozzle passage, so as to be moved forward
to close the same or to be moved back to posi-
tion shown in Fig. 3 to open the nozzle, which
is ‘provided with lateral apertures 21 com-

E municating with the nozzle passage and with
" an air supply pipe 22, said apertures being
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exposed when the means 20 is drawn back.
A spring catch 23 on nozzle head 15 engages
recesses 24 in a shank 25 of closure means 20
to hold the closure means either in position
to close the nozzle or in position to open the
nozzle, said shank also serving as a handle
for operating the closure means.

Air supply pipe 22 is connected to means
for supplying air at a definite pressure, said
pipe being for example connected by a flexi-
ble tube 26 to a pipe 27, in connection with a
pump or compressor 28 and with a manome-
ter 29. A tank 30 may be connected between
the pipe 31 leading from the pump 28 and
the pipe 27, to receive any lubricating oil
that might be carried over from the pump,
and the connections between the pump and
the inlet pipe of the nozzle are also provided
with a regulating needle valve 34 opening to
the outer air to allow a certain fraction of
the available air stream to escape and capa-
ble of close adjustment to determine with the
desired uniformity, the pressure existing at

the inlet of the nozzle, and with a by pass

valve 35 also opening to the outer air and
enabling the pressure on the nozzie 3 to be

5 quickly reduced to a small fraction of the

operating value and then quickly restored
to this operating value.

Manometer 29 is connected by pipe 36 to
air supply pipe 27 and by pipe 37 to the
elutriator chambér 1 so as to indicate the ef-
fective pressure head of the nozzle.

A rapping device, such as an electromag-

netic vibrator indicated at 40 may be pro--

vided for jarring the elutriator and the parts
connected thereto, to prevent the flour from
adhering to the side walls of the apparatus.

Before introducing the sample, the pres-
sure on nozzle 3 is read on manometer 29 and
regulated by means of the needle valve 34.
A convenient size sample (25 grams) is

weighed. The pressure is quickly reduced.

by means of by pass valve 35 and the sample
is introduced through a small funnel at open-
ing 6. The thimble holder is replaced over
the opening. By pass valve 85 is closed to
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impress the desired pressure upon nozzle 3,
and the rapping device started. Nozzle 3
creates-a suction in pipe 14 leading from the
cyclone and this suction draws the sample

into pipe 11 where it is subjected to a :

vigorous washing action by the air jet from
nozzle 3 the operation of said air jet result-
ing in a current of gas which passes upwardly
through pipe 11 into the cyclone chamber 2
and then downwardly through the cyclone

chamber to the pipe 14, so that such gas is

circulated repeatedly through the cyclone
chamber. The material tested is discharged
tangentially through opening 11’ into the
body of the cyclone 2, and is thus subjected
to further agitation and also to a centrifugal
separating action, so that the heavier
particles are thrown out and collected at
the bottom of chamber 2 and then again
sucked into pipe 11 to be again subjected to
the washing action of the air jet. This is

repeated again and again. It will be under- .

stood that, due to the suction created by the
nozzle, a'certain portion of the air will be

drawn from chamber 2 back into pipe 11, and

part of the air will therefore be repeatedly
circulated through the cyclone chamber,
assisting in delivery of the solid material
from chamber 2 into pipe 11. Meanwhile a
volume of air equal to the volume of air in-
troduced at nozzle 3 escapes through the
opening 12 into the bottom of the elutriator
chamber 1, carrying the fine flour as well as
some heavier particles. These heavy
particles cannot rise with the air current in
elutriator chamber 1 on account of the low
upward velocity of air therein (the chamber
1 being of much larger cross-sectional area
than the gas conducting means 11) and there-
fore fall back into the cone 4 and slide along
its walls until they pass again through open-
ing 12 into cyclone chamber 2. The lighter
particles are carried by the air siream
through the elutriator chamber 1 and de-
posited in thimble 7. At regular intervals
thimble 7 is changed. When this is to be
done, the pressure is suddenly decreased by
opening valve 385, when the thimble 1s
changed and valve 35 closed. The collection
in thimble 7 is shaken out and weighed.
When the {otal thimble collection is plotted
against time the resultant curve gives & very
accurate check upon the progression of the
analysis. Such a check is obtained without
appreciable interruption of the test, thus
greatly accelerating the test. When the test
1s completed, nozzle assembly 3 is removed
and the residue withdrawn from the appara-
tus by means of gentle tapping. The residue
is accurately weighed to determine the re-
sults of the analysis, as the thimble collection
is chiefly used as a check upon the progress
of the analysis.

A series of consecutive tests upon the same
sample of cement, using a 14 inch nozzle, with
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an air pressure of 5 inches of mercury, gave
as residue values of 52.16%, 53.00% and
52.48%, for 20 minute runs. A microscope
slide was exposed to the stream of dust at
the outlet of the elutriator at the end of one
run and gave a tentative calibration of 18.3
microns as the separation size. A series of

" four consecutive tests made with a smaller
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nozzle (No. 42 drill), the same air pressure
but 25 minute runs, gave values for the resi-
due of 64.29., 63.88%, 64.04% and 63.60%.

My invention may also be used for clean-
ing or classification of divided substance, for
example, granular, powdered or ground ore
or rock. For this purpose it is desirable to
provide for continuous operation, and the
apparatus illustrated in Figs. 4 and 5 is suit-
able therefor. Said apparatus may comprise
a serles or plurality of units each including
an elutriator chamber 1’; an agitating cy-

"clone chamber 2’ at the lower end of the

elutriator chamber and nozzle means 8’ con-
nected to deliver the divided material by
air current to the cyclone device. The con-
struction of these devices may be similar to
that of the devices shown in Figs. 1 to 3, it
being understood, however, that for the pur-
pose of commercial treatment of large quan-
tities of granular material, the said devices

-will be of suitable size to give the requisite

capacity. The finely divided or granular
material to be cleaned or classified is deliv-
ered to the air or gas inlet pipe 42 of the cy-

‘clone chamber of ‘the first unit, by suitable

means, for example, by chute or pipe 43
leading from a bin 44. The material collec-
tion outlet 45 at the bottom of each cyclone
1”, discharges into the nozzle outlet pipe 46

‘of the next following' unit, so as to be car-
~ried forward with the air current passing.

to the cyclone of such next unit, the outlet
45 for the last unit discharging into suitable
receiving means. such as a bin. 47. Air or
gas under a suitable pressure, regulated if
desired by a valve 48, is supplied through

pipe 49 connected by pipes 50 to the respec-'
Said nozzles may be con-

tive nozzlés 3’.

" structed as shown in Fig. 5, with an orifice

" 50
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or nozzle means 51 adapted to provide a reg-

ulated or definite volumetric rate of flow -

under definite pressure head, the material
being delivered from. the outlet 45 to the
pipe 46 between the nozzle means and the
inlet of the cyclone means of the next unit.
A removable plug 52 may be provided for
pipe 46 below the nozzle means to permit
cleaning of the pipe and nozzle when de-
sired. All the elutriator means 1’ may be
connected at their upper ends to a common
outlet flue 53 leading, for example, to filter

-means or other means for disposing of the

dust or flour removed from the material be-
ing treated. .
The collection of the first cyclone is sucked

3

in at the second nozzle, subjected to the’
washing action of the air jet and fed tan-
gentially into the second cyclone, some of
the fines escaping through the second elutri-
ator. This is repeated as many times as
seems advisable to remove the desired por-
tion of fines, the final residue being returned
to the mill for further grinding, while the
separated fines are sent into a collecting sys-

‘tem, if it is desired to recover same.

I claim: :

1. Means for elutriating divided materials
comprising nozzle means, means for supply-
ing gas under definite pressure to said nozzle
means, a eyclone chamber, a pipe for conduct-
ing gas from said nozzle means to said cy-
clone chamber, said pipe opening tangential-
ly into said chamber, so as to provide for
cyclonic action therein, in such manner as to
separate finer material from the coarser ma-
terial contained therein, an elutriator cham-
ber connected to receive a current of gas car--
rying divided material from said cyclone
chamber and adapted to permit the coarser
material to be separated by gravitative set-
tling from the gas current, said elutriator
chamber being provided at its upper portion’

00

with outlet means for discharge of gas there-

from, and at its lower end with an outlet for
returning such coarser materials to the cy-
clone chamber and means for returning the
coarser material from the bottom of the
cyclone chamber to said nozzle means.

- 2. An elutriating apparatus comprising a
cyclone chamber having a material deliver-
ing outlet at its lower end, tangential inlet
means at its side, and central gas outlet
means at its upper end, means for conduct-
ing gas at high velocity and reduced pressure

past said material delivering outlet to draw -

material therethrough, said gas conducting
means communicating with said tangential
inlet means, and a vertical settling chamber,
of much larger cross-sectional area than said
gas_conducting means, communicating with
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said central gas outlet means and extending

upwardly therefrom.
In testimony whereof I have hereunto sub-
scribed my name this 27th day of February,

1929. ,
MARCEL A. LISSMAN.
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