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This invention pertains to a filter aid or filtra-
tion medium produced in accordance with the
herein disclosure regarding the physical prop-
erties of such aid.

An object of this invention is to disclose the
physical characteristics of a fllter ald which is
capable of giving a high rate of flow or volume
efficiency and at the same time gives good clarifi-
cation or quality efficiency. A further object is
to place limitations upon the particle sizes to be
utilized in manufacture of such filter aids.

The act of filtration pertains to the removal
of solids from liquids and may be called clari-
fication. Clarification may be defined as a filtra-
tion involving the removal of a small quantity
of suspended matter, such as is commonly termed
turbidity and which may only amount to a few

~ per cent of the weight of the liquid or possibly
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only a fraction of one per cent. In some cases
the suspended matter may be very fine and the
material removed may be of microscopic size.
The art of filtration may also embrace those
filtration processes in which certain solid sus-
pended matters may be or may not be removed,
but in which the fluid being filtered is also acted
upon by the filtering material either chemically
or physically or in both manners. For example,
the filter aid may merely decolorize or adsorb
coloring matter from the fluid, or, in the filiration
of emulsions, the filter aid may upset the equi-
librium present in the emulsion so that although
both or all constituents pass through the filter
aid, they settle, or separate gravitationally after
such filtration.

My invention pertains, particularly, to the par-
ticle size of filter aids or materials used in filtra-
tion, as defined above. The particle size of ma-
terials for filtration has not received the atten-
tion of investigators, but I have found that this
property has an important bearing upon the ef-
fectiveness of such materials. For example, it
is well known in the art that filtration of water
may be accomplished by means of sand, but this
filtration is rather elementary and does not re-

5 move very finely divided particles in suspension

because of the large porosities existing between
the individual particles composing the filter bed.
Large porosities increase the rate of flow through
the flter bed but at the same time they allow the
finer suspended impurities to go through. A
filter aid composed of very finely ground mate-
rial may give clarity in the resulting flltrate but
generally this condition is accompanied by a re-
duction in the rate of flow. The investigations
which result in my invention were directed to the

(CL. 210—203)

production of a filter aid which would give a high
rate of flow and at the same time clarity.
Furthermore, flltration is not merely the me-
chanical removal of solid suspended impurities
by passing the liquid carrying such impurities 60
through a filter bed, but very often is a chemico-
physical problem, as.in the case of decolorization
and treatment of emulsions cited above. In the
latter instances, and also in mechanical filtration,
to a certain extent, the effectiveness of the filter 65
aid is dependent upon the surface area of the
material. This surface area of a finely divided
solid material increases very rapidly with the re-
duction of particle size and may be judged from
the following: : 70

surface aréa by subdividing

- Increase in
i a centimeter cube

Length of sdge Number of cubes | Lo s
Sq. em.
lem.. ... .- 1 [
1 mm 1,000 80
0.1 mm.__ 1,000, 000 800 80
0.01 mm. or 10 microns_..___:_ ..o 1, 000, 000, 000 8, 000
0.001 mm, or 1 micron__ .. ... 1, 000, 000, 000, 000 60, 000

This increased surface area affects the effec-
tiveness of the filter aid as in many cases ad-
sorption of impur:ties in the liquid being treated
by means of such aid plays an important part.
I again have reference to the decolorizing proc-
esses before mentioned, in which materials such
as carbons, charcoals, fuller’s earth and decolor-
izing clays are used. It is, therefore, seen that
it is desirable to have a filter aid composed of
very flne ind.vidual particles, and at the same
time retain or enhance the rate of flow through
the filter bed composed of such material. I have
found that this may be obtained by preparing
a filter aid having particles ranging in sizes from
a relatively coarse particle to very fine, in such
proportions that they do not form a mass of max-
imum density upon the filtering surfaces of the 100
filtering apparatus. Whatever reasons or theo-
ries underlie my preferred grading of particle
sizes in a filter aid is of no moment, however;
and I do not wish to limit myself to any one
theory, my invention relying upon the facts dis- 105
closed by my investigations, namely, that a filter
aid contajning a certain maximum per cent of
large and a certain maximum per cent of small
particles produces a desirable filter aid as here-
inafter disclosed. 110
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It is admitted that filter aids have been used
heretofore in a finely divided condition but no
work has ever been done to place limitations upon
the fineness of the material used for this pur-
pose. Indiscriminate grinding of a filter aid such
as, for example, diatomaceous earth, does not
‘produce a filter aid which is capable of giving
a high rate of flow and clarity in the resulting
filter aid. When such grinding or disintegration,
however, is carried out in accordance with my in-
vention so as to produce a material having parti-
cle sizes falling within the limitations hereinafter
disclosed, the rate of flow obtained is higher than
that obtained with other filter aids and the clar-
ity is excellent, that is, even the very finest sus-
pended or colloidal particles are retained by such
filter aid.

I have found that when inorganic solid mate-
rials adapted for manufacture of filter aids, such
as diatomaceous earth (otherwise known as kiesel-
guhr, tripoli, fossil flour, infusorial earth, or
molar whether calcined or uncalcined), are so
disintegrated or crushed- that not more than
10% of the disintegrated product is léft on a 150
mesh screen, not more than 50% or less than
15% of the material, by weight, is composed - of
particles having an average dimension of ‘about
10 microns (0.01 mm.) or larger and contain not
more than 25% by weight of particles: smaller
than 1 micron (0.001 mm.) in mean dimenision,
or diameter, such fiter aids will show a high
rate of flow and at the same t'me give good clari-
fication. L

Because of the difficulty of determining the ex-

act amount of finely divided material coarser:

than or smaller than any of the sizes “hereinbe-
fore mentioned, my invention should not be held
strictly to the limitations disclosed. It is to be
remembered that particles one m’cron in diame-
ter are in the order of twelve thousand meshes
to the linear inch. The determination of parti-
cle sizes. may be made either by sedimentation
in 4 suitable liquid or by means of microscopical
examination or by any other suitable means,
but I have found the first two methods preferable.

The above specification for the fineness of fi‘-
ter-aids needs a certain amount of explanation.
I have found that there are active and inactive
constituents in filter aids, the inactive particles

being composed of very fine isotropic part'cles.

generally having a diameter of about one micron,
such particles filling the voids between larger
particles and thereby reducing the rate of flow
through a filter cake. ‘A certain amount of these
fine particles may be necessary, however, for the
elimination or retention of very fine, suspended,
or colloidal impur;ties present in the liquid be-
ing filtered. I have a'so found that it is well to
remove very large particles which settle rapidly
in the liquid being filtered and thereby become
inactive as filter aids. '

Most of the particles composing the filter aids
are anisotropic and I have found that spicular
particles are particularly useful as filter aids. It

. 1s readily conceived that a filter cake composed

of anisotropic or spicular particles will contain
a miuch higher percentage of voids than a filter
cake composed of perfectly spherical or cubical
particles. - It will be also seen that by means of

- .the"dbove specifications I have placed limits as
“to the maximum and ‘minimum percentage of

particles that are relatively coarse and inactive
and also-a maximum limitation on the amount
of very fine particles which are practically inac-
tive, so that the largest proportion of the filter
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aid is composed of intermediate sizes, such sizes
being most effective.

In determining the particle sizes, of a diatoma-
ceous earth filter aid having a specific gravity of
2.1, T have followed the following procedure, which
is representative of the method. Two grams of
the diatomaceous earth used in one test was
placed into suspension in 100 cc. of distilled water
and shaken continuously for five minutes, the
suspension was then placed in g sedimentation
cell containing a sedimentation plate or watch
crystal suspended in the cell from a balance arm
of an analytical balance. The material settled
from the suspension onto the plate and the weight
of the settled material was observed at convenient
intervals. At the expiration of say 24 hours the
final reading was taken and the amount of ma-
terial still remaining in suspension was determined
by evaporating the liquid and caleining the res-
idue.

The continual change in the buoyant effect on
the plates was taken into account by making a
graph, assuming that the weight of the plate it-
self varies uniformly according to the amount of
the material in suspension at any given time. The
percentage settled was plotted against the time
and the time intervals required for the particles
of the various sizes to settle was determined from
Stokes’ law. Tangents drawn to the curve at the
point calculated intercept on the percentage set-
tled “axis, lengths or percentages equal to the
weight of the various size particles corresponding
to the size and time divisions selected.

In determining the time required for settling
by means of Stokes’ law it will be seen that par-
ticles of spherical shape are taken into considera-~

-tion. Inasmuch as there are practically no spher-

ial particles in most filter aids, the final results
obtained represent percentages or amounts of
particles having approximately the same mass but
not the shape of the particles reported. For ex-
ample, using a specific gravity of 2.1, particles of
about 10 microns in diameter will settle at a rate
of 0.36 centimeter per minute in distilled water
at 20° C. in accordance with Stokes’ law. All
particles which settle at this rate from a diatoma-
ceous earth filter aid under the same conditions
are reported as particles having a diameter of
about 10 microns, although in fact they may be,
and very often are, anisotropic particles of from
abopt 15 to 25 microns long, depending on their
cross section. Furthermore, the relationship of
mass to shape is not perfectly true inasmuch as
an anisotropic particle of the same mass as a
spherical particle will not -necessarily settle at
the same rate because of stream line and surface
effects. Isotropic particles such.as those of 1
micron and finer settle under the same condi-
tions at the rate of 0.0036 centimeter per minute,
Naturally, particles which settle at a rate slower
than 0.0036 centimeter per minute are smaller
than 1 micron. A method for determining the
particle sizes is described in The Svedberg’s “Col-
loid Chemistry”, pages 136-146 (A. C. S. Mono-
graph).

Inasmuch as various grades of diatomaceous
earth vary in specific gravity from 1.9 to 2.3 the
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rates of settling given above are only a mean be- _

tween the limits here given. For example, 10
micron particles of 1,9 gravity settle at a rate of

-about 0.30 cm. per minute, while 10 micron par-

ticles of 2.3 gravity settle at about 0.42 cm. per
minute. -

145

My invention may, therefore, be defined ‘as -

follows: A filter aid’composed of particles so that
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not more than 10% of material remains on a 150
mesh screen, not more than 50% or less than
159% of material by weight settles at an appreci-
ably higher rate in distilled water at 20° C. than
about 0.36 cm. per minute, and contains from
none to at most 25% by weight of particles which
settle in distilled water at 20° C. at a rate of about
0.0036 cm. per minute or slower. This interpre-
tation includes anisotropic particles behaving as
spherical particles of 10 microns and 1 micron
diameter.

Complete particle size analysis of two diato-
maceous earth products which have been used in
filtration with excellent results were made in ac-
cordance with this invention and are as follows:

No. 1 No. 2
Percent by Percent by :
weight of Pa;sxi:t:le weight of P"‘s‘i;‘:le
material material
Percent Microns Percent Microns
40 10 28
13 8-10 6 8-10
13 68 8 6-8
15 46 13 4-6
14 24 20 24
4 1-2 -1l 1-2
1 1 14 1

The above products, and others of intermediate
particle size analysis, are preferred examples of
this invention.

The desirability of manufacturing a filter aid
having particles graded in accordance with my
invention may be seen from the following data
on actual filtration tests using a 60° Brix sugar
solution and a small pressure filter press. All of
the filter aids were made of diatomaceous earth
and were added to the solution to be filtered at
the rate of 0.3% filter aid on weight of sugar in
the solution. The pressure was increased at the
same rate in all tests and the temperature of
liquid being filtered was kept at 80° C.

Particle distribution Mysod | @ 5.
Larger than 10 microns_-.....-- 289, 3% 55%
Between 10-6 microns......._.-- 149, 8% 36%
Between 6-1 microns........-- 49, 30% 8%
Smaller than 1 micron......_._ 14% 50% 1%
Rate of flow gallons per sq. ft

4.5 1.44 10. 5
1009, 32% 232%
Brilliant. Dirty. | Very dirty.

The filter aid desighated as Q was milled very
fine and, therefore, contained more than 25% of
1 micron particles and gave both a low rate of
flow and a dirty filtrate. The material desig-
nated as 8 having more than 50% of 10 microns
or larger particles gave a very high rate of flow
put did not retain any of the impurities present
in the liquid being filtered and was, therefore,
useless. These two materials do not fall within
my particle size limitations and show by compari-
son the value of my invention. .

The manufacture of diatomaceous earth filter
aids, for example, in accordance with the above
specifications may be most easily carried out by
means of disintegrating machinery, such as swing
hammer mills or impact disintegrators of suitable
design, from which the disintegrated material is
carried by pneumatic means fo air separating
machinery, such as cyclones or other conical sep-
arators. In such separators the coarser particles
are removed and the gases discharging from such
air separators are passed by means of fans, im-
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pellers, or other suitable blowers (which may also
act as secondary disintegrators), to secondary
cyclones or other air separators in which the very
fine particles, or so-called dust, are removed.
By regulating the disintegrating machinery,
speed of fans and quantity of material being dis-
integrated, the particle size of the resulting prod-
uct may be controlled within fairly well defined
limits. In such disintegration, an air separation
by the above described means is fairly well known
in the mill industries.” I lay no claims to the
apparatus used in the production of my filter aid,
and any suitable method of manufacture may be
followed, provided the product has the particle
size disclosed herein. Large scale water settling
or washing processes, electrical precipitation
processes, the use of electrolytes or coagulants or
de-flocculating salts, etc. in the seftling process
of separation, may be employed in the manufac-
ture of my product.

I claim:

1. A finely divided diatomaceous filter aid con-
taining between 28% and 40% by weight of par-
ticles having settling characteristics of spherical
particles of same material and of the same spe-
cific gravity 10 microns and larger in diameter,
and less than 14% but more than 1% by weight
of particles having settling characteristics of
spherical particles of same material and of the
same specific gravity 1 micron and smaller in di-
ameter. :

2. A ﬂ;nelsédivided diatomaceous filter aid con-
taining between 28% and 40% by weight of par-
ticles having settling characteristics of spheri-

“cal particles of same material and of the same

specific gravity 10 microns and larger in diame-
ter, between 42% and 66% by weight of parti-
cles having settling characteristics of spherical
particles of same material and of the same spe-
cific gravity 6 microns and larger in diameter,
and less than 25% but more than 1% by weight
of particles having settling characteristics of
spherical particles of same material and of the
same specific gravity smaller than 2 microns in
diameter.

3. A finely divided diatomaceous filter aid con-
taining between 28% and 40% by weight of par-
ticles having settling characteristics of spherical
particles of same material and of the same spe-
cific gravity 10 microns and larger in diameter,
between 42% and 66% by weight of particles hav-
ing settling characteristics of spherical particles
of same material and of the same specific gravity
6 microns and larger in diameter, and less than
149 but more than 1% by weight of particles hav-
ing the settling characteristics of spherical par-
ticles of same material and of the same specific
gravity smaller than 1 micron in diameter.

4. A finely divided diamtomaceous filter aid
containing between 28% and 50% by weight of
particles having settling characteristics of spher-
jcal particles of same material and of the same
specific gravity 10 microns and larger in diame-
ter, and between 5% and 25% by weight of par-
ticles having settling characteristics of spherical
particles of same material and of the same spe-
cific gravity 2 microns and smaller in diameter.

5. A finely divided diatomaceous filter aid con-
taining between 28% and 50% by weight of par-
ticles having settling characteristics of spherical
particles of same material and of the same specific
gravity 10 microns and larger in diameter, and
less than 25% but more than 1% by weight of
particles having settling characteristics of spheri-
cal particles of ‘same material and of the same
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specific gravity smaller than 2 microns in diam-
eter,

6. A finely divided diatomaceous filter aid con-
taining between 28% and 50% by weight of par-
ticles having settling characteristics of spheri-
cal particles of same material and of the same
specific gravity 10 microns and larger in diame-
ter, between 42% and 669 by weight of particles
having settling characteristics of spherical par-
ticles of same material and of the same specific
gravity 6 microns and larger in diameter, and less
than 25% but more than 1% by weight of parti-
cles having settling characteristics of spherical
particles of same material and of the same spe-
cific gravity smaller than 2 microns in diameter.

7. A finely divided diatomaceous filter aid con-

taining between 28% and 50% by weight of par-
ticles having settling characteristics of spheri-
cal particles of same material and of the same
specific gravity 10 microns and larger in diame-
ter, between 429% and 667, by weight of particles
having settling characteristics of spherical parti-
cles of same material and of the same specific
gravity 6 microns and larger in diameter, and
less than 149% but more than 1% by weight of
particles having settling characteristics of spheri-
cal particles of same material and of the same
specific gravity smaller than 1 micron in diame-
ter. )
* 8. A finely divided calcined diatomaceous fil-
ter aid containing between 28% and 40% by
weight of particles having settling characteristics
of spherical particles of same material and of the
same specific gravity. 10 microns and larger in
diameter, and between 5% and 25% by weight
of particles having settling characteristics of
spherical particles of same material and of the
same specific gravity 2 microns and smaller in
diameter. .

9. A finely divided diatomaceous filter aid con-
taining between 15% and 50% by weight of par-
ticles having settling characteristics of spherical
particles of same materia] and of the same’spe

cific gravity 10 microns and larger in diameter, -

between 42% and 66% by weight of particles hav-
ing settling characteristics of spherical particles
of same material and of the same specific gravity
6 microns and larger in diameter, and between
5% and 25%

terial and of the same specific gravity 2 microns
and smaller in diameter.

10. A finely divided calcined diatomaceous ﬁlter,‘
aid containing between 28% and 40% by weight .

of particles having settling characteristies of
spherical particles of same material and of the
same specific gravity 10 microns and larger -in
diameter, between 429 and 66% by weight’ of

particles having settling characteristics of spher--
ical particles of same material and of the same
specific gravity 6 microns and larger, less than -’
by weight of particles hav-.

25% but more than 19,
ing settling characteristics of spherical particles
of same material and of the Ssame specific gravity

smaller than 2 microns in diameter, and less than
by weight of particles

14% but more than 1%
having the settling characteristics of spherical
particles of same material and of the same specific
gravity smaller than 1 micron in diameter. -
11. A finely divided calcined diatomaceous filter
aid containing between 28% and 50% by weight
of particles having settling characteristics: of

spherical particles of same material and of the:

same specific gravity 10 microns and larger in
diameter, and less than 14% but more than 1%

by weight of particles having settling:
characteristics of spherical particles of same 'ma--°

‘tropic particles

“of the same specific gravity 10 microns

by weight of particles having

~diameter,
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by weight of particles having settling character-
istics of spherical particles of same materia] and
of the same specific gravity smaller than 1 micron
in diameter.

12. A finely divided calcined diatomaceous filter
aid containing between 15% and 50% by weight
of particles having settling characteristics of
spherical particles of same material and of the
Same specific gravity 10 microns and larger in
diameter, between 42% and 66% by weight of
particles having settling characteristics of spheri-
cal particles of same material and of the same
specific gravity 6 microns and larger in diameter,
and less than 14% but more than 1% by weight
of particles having settling characteristics of
spherical particles of same material and of the
same specific gravity smaller than 1 micron in
diameter. i

13. A finely divided calcined diatomaceous filter
aid composed principally of irregularly shaped,
anisotropic particles containing between 289, and
40% by weight of particles having settling char-
acteristics of spherical particles of same materia]
and of the same specific gravity 10 microns and
larger in diameter, and between 5% and 25%
by weight of particles having settling character-
istics of spherical particles of same materia] and
of the same specific gravity 2 microns and smaller
in diameter.

14. A finely divided diatomaceous filter aid

‘composed principally of irregularly shaped, aniso-

tropic particles containing between 28, and 409,
by weight of particles having settling character-
istics of spherical particles of same material and
of the same specific gravity 10 microns and larger
in diameter; between 42% and 66% by weight
of particles having settling characteristics of
spherical particles of same material and of the
Ssame specific gravity 6 micrens and larger, less
than 25% but more than 1% by weight of particles

having settling characteristics of spherical par-
ticles of same material and
‘ gravity smaller than-2 microns in diameter, and

of the same specific

less than 14% but more than 1% by weight of
particles having the settling characteristics of
spherical particles of same material and of the
same specific gravity smaller than 1 micron in
diameter.

.15, A finely divided diatomaceous filter aid
€omposed principally of irregularly shaped, aniso-
containing between 28% and 509
by weight of particles having settling character-
istics of spherical particles of same material and
and larger

but more than 1<
settling character-
istics of spherical particles of same material and
of the same specific gravity smaller than 1 micron
in diameter. ’

16. A finely divided diatomaceous filteér aid
composed principally of irregularly shaped, aniso-
tropic particles containing between 159, and 50%
by weight of particles having settling character-
istics of spherical particles of same material and
of the same specific gravity 10 microns and larger
in diameter, between 429,
particles having settling characteristics of spheri-
cal particles of same material and of the samie
specific gravity 6 microns and larger in diameter,
and less than 14% but more than 1% by weight
of particles having settling characteristics of
spherical particles of same material and of the
same specific gravity smaller than 1 micron in’

In diameter, and less than 149,

- HARRY S. THATCHER,
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