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5 Claims.

This invention relates to methods and appa-
ratus for use in the processing of raw or unpuri-
fled cotton linters as removéd from the cottonseed,
for Instance in the production of cellulose pulp.
The principal object of the invention is the pro-
vision of an efficient continuous method. for the
cleaning of such raw cotton linters as a step pre-
liminary to the conventional processing of the
linters to form pulp.

The desirability of prelimmary cleaning of raw
linters has long been recognized, and certain
methods heretofore employed have achieved some
measure of success in removing foreign solids
which ordinarily accompany the linters, includ-
ing hull pepper, shale (fragments of boll, hulls,
leaves, cotton stalk, and similar matter; and par-
ticularly matter not dissolved:in the conventional
alkaline processing of linters to form pulp), and
"~ dust from . various sources. The dry cleaning
methods used for' this purpose were, however,
relatively inefficient, involved a substantial linters
loss, and failed to dispose of the dust problem.
Earlier wet cleaning methods, for instance those
which find utility in the cleaning of cellulose
pulp, have proved inoperative for the cleaning of
raw cotton linters.- Cleaning units of the wet
cyclone type, constructed as heretofore proposed,
become plugged by the linters, which contain long
fibers, have pronounced matting tendencies, and
contain a large percentage of foreign material,
often in excess of twelve per cent. As a result,
much of the supply of cotton linters as received
from the cutting mill is either incapable of yield-
ig high quality pulp by conventional processing
meéthods, or is regarded as an uneconomical
souree of such pulp.

The present invention contemplates the. clean-
ing of linters while in suspension in liquid, pref-
erably water, improved apparatus based on the
" liquid cyclone principle having proved highly ef-

ficient in the preparation of linters for the treat-
- ‘ment employed in the usual pulp processing steps.
As a result, it is now possible to produce high
quality pulp from second cut linters or from low
grade linters heretofore considered unsuitable as
a. starting material in the production of high
quality pulp. Dust losses have been substantially
eliminated, the cost of processing operations such
as bleaching has been reduced, and the quality
of the cellulose pulp and the products derived
therefrom have been materially improved.
The basic unit of the system proposed by the
present invention is simple to construct. It con-
sists essentially of an elongated cylindrical cham-
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ber,. disposed generally vertically, and formed at 55

(CL 209—211)

its lower end to provide a downwardly tapering
conical portion leading to a discharge orifice for
tailings, the chamber being unobstructed to per-
mit free circulation of fluid therein. At its upper
end the chamber is provided with a tangentia] in-

let passage and an axially disposed outlet passage,
the latter extending downwardly within the
chamber to a point substantially below the inlet
passage. When a liquid suspension of linters is
introduced in the chamber through the inlet pas-
sage; the entering liquid flows -downwardly in a
helical path about the periphery of the chamber,
and is returned upwardly in a path adjacent the
chamber axis, being discharged through the out-
let passage. Reversal of flow occurs near the
lower end of the chamber and results in separa-
tion of a substantial percentage of foreign solids,
€ven though the specific gravity of most of such
solids differs:from that of the linters by less than
5%, values common in the case of vegetable ith-
purities in cotton linters. ]
the bulk of the linters in suspension, of those solid’

impurities which are only slightly more dense

than the linter fibers is dependent upon the con-

tinuous discharge of a substantial fraction of the

suspension through the discharge orifice at the:
lower end of the tapering portion of the separat-. .

ing chamber, this discharge fraction being re- ' - o

ferred to as tailings.

In order that the linters may be effectively
cleaned in an operation involving a large volume
of linters, it is desirable to employ 2 considerable
number of units for the character aforemen-
tioned. In the preferred embodiment of the in-
vention, these units are arranged to provide sev-
eral stages in which the linters are successively
treated, the tailings from each stage except the
last being delivered to a succeeding stage, the
tailings from the last stage being removed from
the system, and the partially cleaned linters
withdrawn from the second-and each succeed-
ing stage being returned to the immediately pre-
ceding stage for recirculation. Clean linters from
the output of the first stage are delivered for
processing into cellulose pulp in conventional
manner.

In the first cleaning stage, I preferably employ
a plurality of groups of units, the groups being
connected in parallel, each group comprising a
plurality of units connected in series with a sin-
gle pump. Succeeding stages are similarly ar-
ranged, but include a diminishing number of
groups of units, to compensate for withdrawal
from the system of clean linters in suspension
and for the rejection of the tailings from the last
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stage. Such & system of units of the liquid cy-
clone type modified to embody the principles of
the invention is found to be highly efficient in
the production of clean linters, even though the
starting material consists prineipally of highly
contaminated sweepings.

In the practice of the invention, it has been
found that the concentration of the linters sus-
pension is fairly eritical. The optimum consist-
ency is about 0.5% by weight of the original dry
linters in the suspension, and with increase of
consistency above 1%, the efficiency of the clean-
ing operation falls off rapidly. Performance of
the cleaning operation with suspensions of con-
centration substantially less than 0.5% are more
efficient from the standpoint of cleaning, but are
uneconomical because of the relatively large vol-
ume of liquid which must be handled.

I have also found that the efficiency of the in-
dividual cleaning unit is affected by the velocity
of flow of the suspension, which is conveniently
measured in terms of the pressure drop between
the inlet and outlet of the unit and by the rate
at which the tailings are withdrawn. In general,
the pressure drop may vary within the range of
12 to 60 pounds per square inch, and for optimum
results a. pressure difference of at least about 17
to 20 pounds is desirable. Tailings in amount
ranging from 2% to 12% of the incoming sus-
pension should be continucusly withdrawn from
the chamber. Tailings in amount as high as
309% may be thus drained, since cleaning is there-
by improved. However, increase in the percen-
tage of tailings withdrawn requires g correspond-
ing increase in the number of cleaning units em-
ployed, and the draining of more than about
10% of the suspension is, generally speaking, not
practical. Likewise, drainage of less than 1% re-
sults in ineffective cleaning and is unprofitable.

Within the limits above indicated, conditions
of operation may be varied substantially to ac-
commodate the character of the material which
is to be treated and to secure the optimum effi-
ciency from the individual cleaning unit em-
ployed, having due regard to the dimensions of
the unit. The correct mode of practicing the in-
vention can be determined by reference to the
specific example hereinafter deseribed specifi-
cally and shown in detail, it being understood
that this example is merely fllustrative and that
limitation of the scope of the invention as de-
fined in the appended claims is not thereby in-
tended.

In the drawings,

PFigure 1 is a side elevation, partly in section,
of a preferred form of separating unit for use in
the practice of the invention;

Pigure 2 is 2 plan view of the structure shown
in Pigure 1;

Figure 3 is an end elevation of the inlet pas-
sage shown in Figures 1 and 2; and :
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Figure 4 is a schematic llustration of a clean- |
ing system employing multiple units of the liquid

cyclone type.

Referring now to Figures 1 to 3, inclusive, in
which is illustrated a preferred type of cleaning
unit, it will be observed that the cleaning takes
place within a cylindrical casing 10, having a di-
ameter which is only a fraction of its length. In
one structural embodiment which has been found
highly satisfactory, a 6-inch casing having a
length of 63 inches was employed. In general,
the casing should be of a length from ten to
eleven times its diameter, in order to insure
maximum separating action, but a length vary-
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ing between five to fifteen times the diameter
may be employed. Secured to the lower end of
the casing {0 is a downwardly tapering member
{f, the casing {0 and member il being unob-
structed throughout and being in open com-
munication, and defining together the chamber
or zone in which the desired separation is ef-
fected. Member {! is provided at its lower end
with a threaded nipple (2, defining a discharge
orifice for the continuous discharge of tailings.

The separating chamber remains substantially
filled with a ligquid suspension of linters while in
operation, the suspension being continuously in-
troduced into the chamber through an inlet pas-
sage 15, being partly clarified within the cham-
ber, and being withdrawn through an outlet pas-
sage 16, the latter communicating with a thread-
ed nipple 7 through which the clarified suspen-
sion leaves the casing (0. Inlet passage {§ may
be rectangular in transverse section, as shown in
the drawings, and is either secured to or formed
integrally with the upper portion of the casing
{0, so as to introduce the suspension in a direc-
tion tangential to the casing. The outlet pas-
sage 16 extends within casing 10 to a point sub-
stantially below the inlet passage {5. For proper
operation, the outlet passage 16 should extend
beyond the lower side of the inlet passage {§ by
at least about two inches, and is preferably sub-
stantially longer than this, in order to prevent
flow of suspension directly from the inlet pas-
sage into and out of the outlet passage. With
the construction shown, the velocity of the in-
coming liquid causes liquid flow within the cas-
ing (0 in & downward direction and in a substan-
tially helical path adijacent the periphery of the
casing. As the incoming liquid approaches the
lower end of the casing 10, it tends to reverse its
direction of flow, moving upwardly adjacent the
axis of casing 10 and toward and through the
outlet passage 16, and thence out through the
nipple 7. Adjacent the point of reversal of flow
direction, foreign solids entrained in the liquid
suspension tend to separate and to continue their
downward movement, such separation being pro-
moted by continuous withdrawal of contami-
nated liquid, containing foreign matter and some
linters, through the discharge orifice defined by

.the nipple 12. As heretofore explained, contin-

uous withdrawal of tailings in amount ranging
from 2% to 12% of the circulated suspension is
preferred, although it is possible under some con-
ditions to operate the unit satisfactorily while
withdrawing as much as 30% or 40% of the lig-
uid as teilings.

In general, the width of the opening affording
communication between the inlet passage {5 and
the casing 10 should be about equal to the width
of the annular space defined by the casing {0
and the outlet passage 16, and the ratio of the
inlet and outlet areas should be of the order ¢f
from 1:2 to 1:1, the area in transverse section
of the casing 10 being about four times the area
of the inlet opening. It will be appreciated, how-
ever, that considerable variation in structural
design and dimensions of the unit is permissible
without sacrifice of efficiency, and that the di-
mensional relationship suggested herein is in-
tended principally as a guide in the design of
units differing substantially in size and arrange-
ment from that llustrated in the drawings.

For operation of the separating unit on a com-
mercial scale, and in an efficient manner, the
use of multiple units is highly desirable. A pre-

78 ferred method for overcoming the difficulties
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presented by large scale operation is {llustrated
in Figure 4, in which the material is treated in a
plurality of stages, three such stages being shown.
In each stage the linters suspension is passed
through at least one group of separators of the
liquid ‘cyclone type,. preferably constructed in
the manner described by reference to Figures 1
and 3, inclusive, the separating units being ar-
ranged in series in each group. For example,
the first stage of separating units is shown as
including three parallel groups of units, desig-
nated respectively, A, B, and C. Each group in-
cludes three units in series, the units of group
A being designated A’, A’’, and A’’’, arranged
in series.in the group, each group being sup-
plied by a single pump. Thus a liquid sus-
pension delivered to and partially cleaned in unit

~A’ Is fed to unit A’’, and the further clarified

suspension withdrawn from unit A’’ is fed to
unit A’’’... That part of the suspension with-

~drawn from the outlet of unit A’’’ consists es-

sentially of -clean linters, and may be supplied
to a pulp processing system for conversion to
cellulose pulp in . conventional manner.  The
three groups of units A, B and C, each including

three units arranged in series, are:connected

in: parallel, receiving the uncleaned linters sus-
pension from a common inlet pipe 20 and dis-
.charging -.clean .linters into .2 common outlet
pipe- 21: . Tailings from  all of the units of the
first stage are discharged directly’ downwardly
into a common. dilution flume- §6, from which

‘they:' are ~pumped . continuously “and without

settling of solids to the units of the second stage.

A similar arrangement is provided in the sec-
ond stage, except that the number of groups
of ‘unifs. is less, two being shown. Thus groups
D and E each include three cleaning units ar-
ranged in series, the two groups being fed from
a common inlet pipe 30 supplied from flume 56
and discharging into' a common outlet pipe 31.
Tailings from all of the units in this stage are
discharged downwardly into a common dilution
flume 58, from which the units of the third stage
are fed.  The third stage as illustrated includes
only one. group of units, indicated at ¥. The
units of this stage are supplied with suspensions
through- inlet: pipe 40 from flume §9, and dis-
charge of partly. cleaned .linters is effected
through pipe 41, tailings being discharged into
flume 62 and thence into tailings pipe 45. The
tallings from this last stage contain only a very
small percentage of linters: and may be dis-
carded. Alternatively, these tailings may be
treated to recover useful components, for in-
stance fibrous materials, hull fragments, and the
like, but in any event they are withdrawn from
the system of cleaning units just described.

"It will ‘be appreciated that the number of
groups of units in each stage and the number
of units in each group may vary widely from
that illustrated in Figure 4, but that in general
it is desirable to decrease the number of groups
of units employed in successive stages, since the
amount of material being handled is reduced by
discharge of cleaned or partially cleaned linters
from each stage, and by removal from. the sys-
tem of the tailings from the last stage. For the

. same reason, the size of successive units in a

series group may decrease. Instead of, or in
addition to, decreasing the number of series
groups in successive stages, the size of the units
of the series groups for successive stages may be
decreased.

As is hereinbefore indicated, it is important
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to maintain the consistency of linters within
specified limits during the cleaning operation,
and the invention contemplates adjustment of
consistency prior to feeding the suspension to
each of the several cleaning stages.  Thus the
linters, wetted with a liquid such as water in a
suitable apparatus, are fed through pipe 50 into
dilution flume 51, water being introduced in the
flume from supply line 52 to the extent required
to adjust the consistency to the correct value,
usually to a consistency between about 0.3% and
about 1.0%. From flume 51 the linters suspen-
sion is supplied through a centrifugal pump 54
or other suitable constant volume device to inlet
pipe 20 which supplies the cleaning unit of the
first stage. Tailings from the first stage dis-
charge into a second dilution flume 56, similarly
supplied with water from supply line 52, whereby
the desired consistency is again established.
From flume 56 the material is fed by pump §7
to inlet pipe 30 which supplies the linters sus-
pension to the second stage of cleaning units,
which includes groups D and E. The partly
cleaned linters discharged from the second stage
are fed through outlet pipe 31 to dilution flume
51, and are thus subjected to further cleaning
by the units of the first stage. Tailings from
the second stage are' discharged into -dilution
flume 59, the consistency is again adjusted; and
pump 60 delivers the suspension through inlet
pipe 40 to the units P of the third stage. The
partly cleaned linters discharged from this
stage are returned through outlet pipe #1 to
dilution flume 56 for recleaning in the second
stage.* This repeated cleaning of the linters in-
sures. removal of a maximum quantity of for-
eign material and the loss of a minimum quan-
tity of usable linters.

As is hereinbefore mentioned, proper operation
of the cleaning unit is dependent, among other
things, on the maintenance of an adequate drop
in pressure across each unit. It has been found
that when identical or essentially similar units
are arranged in series, as in each of the several
groups in the several stages, and are supplied by
a single pump, the pressure drop across the series
of units-is fairly uniformly allocated to the sev-
eral units of the series, unless the rate of with-
drawal of tailings is high. Thus if three series
units are employed, and a total pressure drop
of about 50 pounds is provided across the units,
the drop in each unit is about 17 pounds, which
is ordinarily entirely adequate. Since the pres-
sure existing at the lower end of each unit of a

5 series group is greater than that in the succeed-

ing unit, corresponding variation in the size of
the tailings discharge openings is required, the
first unit of the series having the smallest tailings
outlet, in order that the percentage of tailings
discharged from each of the several units may be
maintained within ‘appropriate limits as herein-
before indicated.

It will be noted that the suspending liquid is
maintained in rapid motion throughout the sys-

5 tem; settling of solid material resulting in sub-

stantial fiber loss by reason of the slight differ-
ence in density between desired and undesired
solids is thereby avoided. The tailings from each
of the units (except the tailings to be discarded),
including all of the entrained solids, are con-
veyed to succeeding units for further separation.

While the invention finds its principal use in
the cleaning of raw linters for pulp manufacture,
it will be understood that the practice of the
invention is not necessarily restricted to such use.
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In many other fields in which cotton linters may
be employed, preliminary cleaning of the raw
linters effects substantial economies and magte-
rially improves the characteristics of the end
product, and such additional uses of the invention
-are contemplated herein. -

Having thus described the invention, what is
claimed as new and desired to be secured by Let-
ters Patent is:

1. A unit for separating foreign solids from raw
cotton linters suspended in s liquid, comprising
a generally vertically disposed, elongated unob-
structed cylindrical casing having a length of.
from about five to about fifteen times its diameter
- and having at its lower end, in unobstructed com-
munication therewith, means defining a discharge
orifice, an inlet member at the upper end of said
casing and being disposed tangentially of said
casing, and a cylindrical outlet member disposed
coaxially within said casing, said outlet member
being of substantially less diameter than said
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20

casing to define with the latter an axially di-

rected annular passage, and having such length
as to extend from the upper end of said casing
to a point substantially below said inlet member,
said casing having an inlet opening of which the
width is substantially equal to the width of said
annular passage, said inlet opening affording
communication between said casing and said inlet
member, the ratio of areas of the inlet and outlet
members being between 1:2 and 1:1, and such
that a liquid suspension of linters introduced
through said inlet member is caused to flow in
a generally helical path downwardly in and pe-.
ripherally of the casing, and to return upwardly
along the axis of said casing to discharge through
said outlet member, and means for continuously
discharging a substantial fraction of the liquid,
together with entrained foreign material, through
said discharge orifice.

2. A separating unit as claimed in claim 1 in
which said casing has a length from 10 to 11
times its diameter.

3. Apparatus for purifying raw cotton linters
comprising, in combination, a plurality of sepa-
rating units, said units being constructed as
claimed in claim 1 and being arranged in series,
means conveying a liquid suspension of linters
to the inlet member of the first separating unit,
means conveying partly clarified suspension from
the outlet member of each unit except the last
of the series to the inlet member of the suc-
ceeding’ unit of the sesies, and a single pump in
series with the said units for foreing the sus-
pension through all of the units of the series.

4. Apparatus for purifying raw cotton linters
comprising, in combination, a plurality of sepa-
rating units, said units being constructed as
claimed in claim 1, such separating units being
allocated to a plurality of successive separating
stages, at least the first of such stages including
a plurality of separating units arranged in par-
allel, a succeeding stage including a less number
of separating units arranged in parallel, means
delivering a liquid suspénsion of linters to the
separating units of the first stage, méans with-
drawing the clarified suspension from the sepa-
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rating units of the first stage as cleaned Hnters,
means for discharging continuously tailings in-
cluding foreign matter and lint in suspension
from the separating units in each stage, and de-
livering such tailings from each stage except the
last stage to the separating units of the succeed-
ing stage, means delivering the partly clarified
suspension from the separating units of each such
succeeding stage to the separating units of the
preceding stage, means withdrawing from the
system the tailings from the last stage, and de-
vices preceding each stage for introducing liquid
to restore the solid to liquid-consistency of the
suspension delivered to such stage.

6. Apparatus for purifying raw cotton linters
comprising, in combination, a plurality of sepa-
rating units, said units being constructed as
claimed in claim 1, such separating units being
allocated to & plurality of successive separating
stages, each stage including at least one group
of separating units arranged in series, at least
the first of such stages including a plurality of
such series groups of separating units arranged
in parallel, a succeeding stage including a less
number of such series groups of separating units
arranged in parallel, means delivering a liquid
suspension of linters to the first separating unit
of each series of the first stage, means delivering
the partly clarified suspension from each sepa-
rating unit except the last unit of each of said
series groups in each stage to a succeeding sepa-
rating unit of the same series group, means with-
drawing the clarified suspension from the last
separating unit of each of the series groups of
the first stage as cleaned linters, means for dis-
charging continuously tailings including foreign
matter and lint in suspension from the separating
units in each stage, and delivering such tailings
from each stage except the last stage to the first
separating unit of each series group of the suc-
ceeding stage, means delivering the partly clari-
fled suspension from the last separating unit of
each of the series groups of each such succeeding
stage to the first separating unit of each of the
series groups of the preceding stage, and means
withdrawing from the system the tailings dis-
charged from the separating units in the last
stage.

JAMES D. ATKINSON, Jr.
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