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This invention relates to the recovery of resins
from resin-bearing coal, -and provides an im-
proved method and improved apparatus for re-
covering: resins from such coal with a' minimum
investment in plant equipment while at the same
time achieving good recovery of the resin in.a
concentrate of good. quality. These results are
attained in accordance with the invention by
flotation recovery of the resin concentrate in the
apparatus customarily employed in coal Wash-
eries.

Some coals, such as some of the Utah coals,
contain valuable fossil resins which, Wwhen puri-
fied, are suitable for uses similar to those for
which lac resins are commonly employed. For
example, these coal resins, when purified, may be
used in the preparation of insulating and other
varnishes, printing inks, resinous waterproofing
agents, special rubber compositions, rubber ce-
ments, and other resin-containing products.

Various procedures have been proposed hereto-
fore for recovering resins from resin-bearing coal.
‘Probably the most satisfactory procedure in-
" volves flotation of a resin concentrate from the
coal with the aid of one or more fotation agents
capable . of promoting flotation of the resin.
United States patent to Green No. 1,773,997 de-
scribes a coal-resin flotation process using as
flotation agent one of the higher alcohols, tur-
pentine, cresol, one of the pine oils, or the like.
As is the case in flotation processes for benefi-
ciating other materials, Green proposed conduct-

(ClL. 209—166)
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" eration conducted in the usual coal-washing ap-
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paratus, and without the use of a special flota-
tion circuit. In a typical coal preparation plant,
run~of-mine coal is subjected to a primary crush-
ing operation to break up big lumps, the coarse

* crushed coal is classified by screening into the

various commercial sizes and is washed free of
fines and slimes, and the fine coal particles pres-
ent in the run-of-mine coal and unavoidably pro-
duced in the crushing operation are freed of
slimes to recover a marketable fine coal product.
In treating the fine coal, a pulp of the coal in
water is prepared, and this pulp is introduced
into sedimentation apparatus from which a clean
fine coal product, substantlally free of shmes, is
recovered. B

In accordance with our mvention, a reagent
capable of promoting flotation of the resin is in-
corporated in the pulp prior to.ifs introduction
into the sedimentation apparatus. For example,
the flotation reagent may be added to the pulp:.as
it flows through a launder by which it is carried
to the sedimentation apparatus.. Advantageously
the pulp also is aerated prior to ifs entry into
the sedimentation apparatus, as such aeration has
been found to improve recovery of the resin. In
the sedimentation apparatus the resin floats to
the surface of the pulp, and it may readily be
removed therefrom as a resin concentrate, for
example, by skimming it to a resin concentra.te

.- discharge.

ing his flotation operation in special flotation ap- .

paratus, that is, in apparatus falling in the cate-
gory of flotation machines and designed specifi-
cally. and solely for use in carrying out flotation
. operations. ‘Use of such apparatus for recovering
resins from coal necessitates developing and in-
- corporating a special flotation circuit in the coal
preparation plant in which the resin is recovered.
It is not a simple matter to develop and incor-
porate this flotation circuit in the ordinary coal
Washery, because it must be designed and built
50 as-not to impair or particularly increase the
cost of recovering the washed coal products. 'The
coal is the material of primary value. The resin
flotation ‘operations often must be regarded as
concerned with the recovery of a by-product that,
while valuable, does not justify decreasing the
“economic value of the coal itself, either by. de-
grading the quality of the recovered coal or by
increasing the cost of recovering it in marketable
form.
We have d1scovered that if resin is present in

~ the coal, it may be recovered by a flotation op-
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‘We have discovered that it is possible to effect
a substantial recovery of resin in the form of a
resin concentrate from the pulp in sedimenta-
tion apparatus, even without adding any flotation

- reagent to the pulp and without aerating it.

However, the resin recovery is greatly increased
by incorporating in the pulp a flotation reagent
capable of promoting flotation of the resin, and
by aerating the pulp, as described above. :
The invention contemplates some modification -
in conventional coal-washery apparatus for the
purpose of carrying out the new method. - Thus
the invention contemplates the provision of re-
agent-feeding ‘means located so as to’introduce
the desired flotation agent into the coal-water
pulp as it flows through the launder to the sedi-
mentation apparatus, or at some other point prior
to introduction of the pulp into this apparatus.
Advantageously, a conduit also is provided for in-
troducing air into the pulp prior to its entry into

“the sedimentation apparatus, and most advan-

tageously at a point only a short distance down-
stream from the point at which the flotation re-
agent is added The sedlmentatmn vessel 1s pro-
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vided with a resin concentrate froth discharge
outlet, and advantageously also with a skimmer
for skimming the resin concentrate froth from
the surface of the pulp in the sedimentation ves-
sel to the froth discharge. A retaining bafile
preferably is provided to prevent the resin-bear-
ing froth from overflowing with the coal slimes.
A deflection bafile also may be provided to de-
flect the resin concentrate froth toward the:froth
discharge outlet or toward the skimmer.

An advantageous embodiment of the invention
is described below with particular reference to
the accompanying drawing, in which the single
figure is a perspective, partly in section, of a type
of sedimentation apparatus commonly used in
coal washeries, but modified in accordance with
the invention for the purpoese of carrying out the
new method.

Run-of-mine resin-bearing coal received at the
coal preparation plant generally is first subjected
to a primary crushing operation to break the
large lumps to commercial size. The crushing
operation has not been conducted heretofore for
the purpose of liberating the resin from the coal,
as it has not been regarded economic practice
to degrade the coal by fine crushing solely to re-
cover its resin content. However, the resin is
much more friable than the coal, and it usually
occurs along seams within the coal. Conse-
quently, when the coal is crushed to reduce it to
market sizes, it tends to bresk along the resin
seams.
breaking the coal (both at the mine and in the
crushing plant), therefore became enriched in
resin content. For example, whereas run-of-
mine coal may contain only 2% or 3% cof resin,
the fines (. e., the minus % inch materialy will
centain two or three times this amount of resin.
The coal fines constitute roughly 10% to 15% of
the amount of coal received at the coal prepara-
tion plant, and the better equipped coal washeries
have the necessary apparatus to recover a
marketable sized coal product from these fines.
Since coal washeries begin adding water at the
very first stages of the breaking, and add various
amounts along the line during the further crush-
ing and screening, it is evident that all fines
collect in a coal-water pulp from which it is
desirable to recover commercial size coal fines, as
by passing the pulp to sedimentation apparatus
such as a hydroseparator, a drag classifier, or
similar apparatus, wherein the coarser -com-
ponents of the coal fines are caused to settle sub-
stantially free from the coal slimes. Due to the
continuous flow of pulp into the sedimentation
apparatus and movement of rakes in the appa-
ratus, the pulp is agitated properly to promote
separation of the slimes (whiech overflow at the
top of the apparatus) from the ccarser coal
particles (which are discharged at the bottom of
the: dewatering apparatus, or are mechanically
moved up from the hottom to a sand discharge
outlet).

The method provided by the invention for re-
covery of the coal resin is readily applied in con-
nection with the washing of the coal fines. As
shown in the drawing, a launder 3 is provided
for conducting the previously prepared pulp. of
coal in water to a sedimentation vessel in the
form of a hydroseparator §. The hydroseps-
rator, for the moest part of conventional construc~
tion,. comprises a large tank 7 in which a fairly
large body of the coal-water pulp 8 is very gently
agitated and is given a slow-rotary motion by
means of a plurality of rake arms § (only one
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rake arm is shown in the drawing). The rake
arms are carried on a central column {8 that is
rotated by a motor {{ mounted on the usual
bridge structurs (a fragment 12 of which is
shown in the drawing) extending across the tank.
The launder 5 discharges pulp into a central feed
well 13, which serves to prevent excessive agita-
tion of the main body of pulp 8 by the incoming
stream of pulp, and which insures delivery of
the incoming pulp at the optimum level below the
surface of the pulp. The body of pulp within
the tank is sufficiently quiescent so that the
larger coal particles settle quite readily to the
bottom of the tank, and they are slowly carried
by the rake arms 9 to the central sand discharge
{4. The current created by the flow of pulp in
the apparatus, however, plus the movement of
the rake arms 8, agitate the pulp sufficiently to
hinder settling of the coal slimes, and these
overflow continuously with much of the water
into an overflow launder 5. In most coal wash-
eries the slime overflow is sent to a slime-treat-
ment plant for the recovery of very fine size coal.

In employing the -apparatus shown in the
drawings in .acccrdance with the invention, a
flotation reagent capable of promoting flotation
of the resin from the coal (such as one of the
higher alcohcls, pine oil, or the like) is added by
a reagent feeder {6 to the pulp as it flows through
the launder to the hydroseparator. The reagent
feeder may be of any suitable construction. As
shown, it comprises a tank 7 containing the
reagent, and a rotating bucket elevator {8 which
discharges through a trough 9 and funnel 290
into the pulp. The rate at which reagent is de-
livered to the pulp is governed by the speed at
which the bucket elevator rotates.

A short distance downstream from the point at
which the flotation reagent is added to the pulp
in the launder, a conduit &1 is provided with
branch pipes 22 for in{roducing air into the pulp.
We have found that aeration of the pulp as it
flows through the launder is of substantial value
in promoting flotation of the resin.

When the reagent-treated and aerated pulp
enters the hydroseparator, & light fluffy froth of
resin concentrate accumulates on the surface 23
of the body of pulp 8. Baffle boards 24, which
extend a short distance above and below the
surface of the body of pulp near the periphery of
the tank but which for the most part are spaced
from the overflow weir 25, of the launder 18, pre-
vent this froth from overflowing with the slimes.
These bafiles, however, do not materially impede
the slimes overflow.

A skimmer 25 is provided for skimming the
resin concentrate froth from the surface of the
pulp to a froth discharge 27. The skimmmer
shown in the drawings comprises a belt or other
flexible member 28 supported on pulleys 29 and
carrying a plurality of skimming blades 33. One
of the pulleys 28 may be motor-driven .in the
proper direction so that the skimmer blades move
the froth along the surface of the pulp to the
froth discharge.

The slow rotation imparted to the body of
pulp in the hydroseparator by the rake arms §
gerves to carry the froth rising to the surface
of the pulp at any point in the tank eventually
under the skimmer 26. Assuming clockwise ro-
tation of the rake arms, a froth-deflecting bafile
board 3i{ may be mounted as shown at the left
side of the skimmer so that froth brought under
the skimmer by rotation of the pulp is deflected
toward the froth discharge and cannot be car-
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. 5.
ried beyond.the skimmer. The bafile 31 effec-
tively causes the froth to pile up under the skim-
mer and so facilitate its removal.

The products produced by the hydroseparator
modified and operated -as described above are
(1) a de-slimed and largely dewatered fine sized
coal. product withdrawn through the spigot: at
the base. of the sand discharge 14, (2) a slime-
‘cozl: shirry. withdrawn from the peripheral
launder-15, and (3). a resin concentrate of good
quality withdrawn through the resin discharge
21. The ﬁrst two .products are those ordinarily
produced in’ a coal washery hydroseparator, and
they are produced in the modified apparatus in
substantially the same manner and at substan-
tially the-same rate as heretofore.- In addition,
however, the third product, the resin.concen-
trate, is effectively recovered with but inexpen-
sive modifications to the apparatus and with no

extra treatment charge other than for reagents

and aeration of the pulp as it enters through the
launder 5.

The foregoing *specific .embodiment. relates .
particularly to modifications made in a hydro-

.separator type of sedimentation apparatus in
order to effect resin recovery in accordance with
the invention. It is understood, however, that
other types of sedimentation apparatus often are
employed in coal washeries and also lend them-

selves to resin recovery in accordance with the
invention. Sedimentation apparatus usually in-:
cludes some form of vessel in which a fairly .

large body of the pulp is maintained and is very
gently agitated. In any such apparatus it is a
simple matter ‘to provide for skimming a resin
concentrate from the surface of the body of pulp
therein. Tikewise, whatever the form of sedi-

mentation apparatus used, it is a simple matter =

to add the flotation reagents and aerate the pulp

as the pulp flows to the apparatus. Consequently,’
the invention may be employed for the recov- -

ery of resins from resin-bearing coal in any

coal -washery sedimentation apparatus for the.

treatment of coal fines, such, for example, as
drag - or rake classifiers, screw-—type classifiers,
thickeners, or the like.

We have found that some resin floats and may

be recovered by skimming from the surface of

the pulp in the sedimentation apparatus even

''without adding any flotation reagent to the -
pulp .and: w1thout aerating. However, the resin:

recovery is greatly increased by the addition of
a suitable flotation reagent to the pulp before

it enters'the sedimentation apparatus, and the 55

resin recovery is still further increased by aera-
tion ‘of the pulp as above described. As an ex-
ample of this effect, we were able to obtain a

resin ‘recovery from the surface of untreated:
pulp'in-a hydroseparator at the rate of about 100‘
Upon adding a flotation re--
agent to the pulp as it entered the hydroseparator.

pounds per hour.

and by aerating the pulp, but without any other
change in the operating conditions, the resin re-
covery was.increased to over 250 pounds per hour.

In our ' copending application Serial No.
617,394, filed June 17, 1946, now Patent N0'

2,506,301, we have described a flotation process.
for.the recovery of resin from coal in which the::
“io-of the agueous phase of the pulp with the coal

pulp density is maintained below about 15%

solids, in order to produce a resin concentrate
that is especially well-suited for subsequent re- -
fining by solvent extraction. In carrying out the :
present invention, it is feasible and advantageous -

to’ control the pulp density of the feed to the::

hydroseparator as described and claimed in our-
“’said copending application. : .
‘Resin. recoveries by flotation in accordance

‘with the present invention are not so high as
5., can be obtained if the pulp.of resin-bearing coal

"is subjected to flotation in properly de51gned flo-

. tation machines, incorporated-in a special flota-
t10n circuit for the pulp.. However, the recoveries

: that can be obtained are very good, and since.
10-the method of the present invention is carried
out in apparatus generally available in  coal

{ washeries, with only inexpensive modifications.to:
the apparatus and with-no-changes in the wash-
ing circuit, the invention-lends itself readily to.

15 the recovery of resins from resin-bearing coal
in existing coal washeries, and from coals in

.- which the value of the resin does not justify in-
‘- stallation of special resin recovery equipment.
The quality of the resin concentrate is good.

20 Tt may contain a somewhat higher percentage
" ‘of non-resin contaminants than the concentrate
. .produced in a specially built flotation plant em-
‘ploying  rougher and cleaner flotation circuits,
but it is nonetheless readily amenable to refin-
25 ing by solvent extraction as deseribed in our co-
‘pending application Serial No. 677,393, filed June
17, 1946 now Patent No. 2,506,300, or by other ap-

propriate means. .

We claim:

1. The method of washing raw slimy resin~
bearing coal to prepare a clean coal product free
from coal slimes, and simultaneously recovering
the resin content of the coal in the form of a resin
concentrate, which comprises flowing a stream
5 of an aqueous pulp of the raw coal to a substan-

tially quiescent body thereof, incorporating a

frothing agent in the flowing stream of coal pulp,

aerating the pulp, holding the pulp in said sub-
;. stantially quiescent body for a substantial period
of time with the result that a resin concentrate
froth collects at the surface of said body while
fine coal particles settle from the coal slimes to
the bottom thereof, withdrawing & fine coal prod-
uct substantially free of slimes from the lower
portion of said body, skimming the froth of resin .
concentrate from the surface of said body, and
' separately withdrawing the bulk of the aqueous
phase of the pulp with the coal slimes suspended
therein from said body at a level just below the
level at which the froth is skimmed.

2. The method of washing raw slimy resin-
<bearing coal to prepare 2 clean coal product free
from coal slimes, and simultaneously recovering
. the resin content of the coal in the form of a resin
concentrate, which comprises flowing a stream of
an agueous pulp of the raw coal to a substantially
quiescent body thereof, incorporating a frothing
agent in and simultaneously aerating the stream
6o of coal pulp as it flows to said substantially qui-

escent body, holding the thus treated pulp in said

hody for a substantial period of time with the
vesult that a resin concentrate froth colleets at
the surface of said body while fine coal particles
65 settle from the coal slimes to the bottom thereof,
withdrawing a fine coal product substantially free
of slimes from the lower portion of said body,
skimming the resin concentrate froth from the.
surface of said body, and withdrawing the bulk
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slimes suspended therein from said body at a level
just below the level at which the froth is skimmed.
3. In the washing of raw slimy resin-bearing
. coal, involving flowing a stream of a pulp of the
rs'raw coal in water into a substantially quiescent
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body of such pulp, holding the pulp in such body
for a substantial period of time, withdrawing a
fine coal product substantially free of slimes from
the bottom of said body, and collecting a slurry
of coal slimes by overflow from said body, the
improvement which comprises ineorporating a
frothing agent in the stream of pulp as it flows
to said quiescent body and aerating said pulp
with the result that a resin concentrate froth
accumulates on the surface of said body, prevent-
ing said froth from overflowing with the slurry of
coal slimes; and skimming said froth from said
body at a level just abovée the overflow level of
the slurry of -coal slimes.

ERNEST KLEPETKO.
PHILIP b: B. KAYE. ,
LESTER J. HARTZELL, Jr.
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