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_ 1% Claims.
The present invention relates to an improved

_process for separating tar acids from tar and par-

ticularly to a process by which tar acids are sep-
arated in a simple expeditious manner from the
tar which is produced incidental to the manu-
facture of coke. Certain apparatus that it has
been found advantageous to use in the perform-
ance of the new process is also claimed as a parg
of this invention. )

In accordance with the usual process of manu-
facturing coke, a quantity of tarry material re-
sults as a by-product. This tarry material, or
crude tar as it will hereafter be called, has &
specific gravity of around 1.06 to 1.18 and ordi-
narily contains from 2% to 6% of tar acids and
up to about 10% of water. The tar acids which
consist mainly of phenol and its homologues, such

—

as the cresols and xylenols, are valuable com-

mercially but are quite difficult to isolate accord-
ing to known procedures.

The practice heretofore has usually been to
dehydrate the crude tar either by evaporating
off the water or centrifuging. After dehydrating,
the crude tar Is distilled in & tar still and sep-
arated into two fractions, the fraction boiling
below 250° C, being known as tar oil and the re-
mainder simply as tar, or as tar residue, the tar
acids, being substantially wholly contained in
the tar oil, and being present therein in a con-
centration of between 15 and 25%.

This tar oil fraction is subjected to further
treatment to separate these acids. Such treat-
ment ordinarily consists in intermixing the tar

concentration sufficient to convert the tar acids
into phenolates, cresolatées and the like. These
compounds, which will hereafter be referred to
generally as phenolates, dissolve readily in-the
caustic solution and are subsequently separated
from the tar oil by allowing the mixture to settle
into an aqueous layer and an oil layer and then
decanting, The aqueous solution se obtained is
thereafter treated with an acid, usually sulphuric,
to convert the dissolved compounds back to tar.
acids. The tar acids, being insoluble, are there-
after separated from the resulting solution of
sodium sulphate by gravity settling.

The difficulty with such a process is that it
requires a dehydration and distillation of the
heavy tarry material which is difficult and
troublesome and which many coke plants are not
equipped to accomplish. Hence the tar must
often be sold without extracting the tar acids

" therefrom, to refineries especially equipped for

this work and these refineries must be equipped

to carry out the relatively long and involved proc-
ess outlined above.

The present process has been concelved to over-
come difficulties involved in the practice of the
process now in use and to produce relatively pure
tar acids simply and expeditiously, directly from
the original tarry material as it is produced by
the coke plant. According to the invention it
has been found that if this original tarry ma-
terial is mixed directly with a besic solution such
as an agueous solution of caustic sods or caustic
potash, capable of converting the tar acids into
the corresponding phenolates, and thereafter
separated from such solution with sufficient
promptness to avoid emulsion difficulities, such
separation can be effected by the technique of
the invention and the separated solution will
contain substantially all of the tar acids in the
form of soluble phenolates. These compounds
may thereafter be reconverted into tar acids by
the addition of acid and separated. .

A feature of this invention of considerable im-
portance relates to the manner of mixing the hasic
solution with the crude tar. The invention can
be practiced in a general way by simply mixzing
8 dilute basic solution with this material and
thereafter promptly separating. However, the
process may be performed in a far more expe-
ditious manner by taking advantage of an ap-

. parently anomalous phenomenon that these in-

.oil with an aqueous caustic soda solution of &

ventors have discovered.
According to this newly discovered phenome-
non, if s relatively concentrated basic solution

"be first added to the tar and intermixed there-

with and then subsequently a quantity of water
be added to the mixture, the resultant mixture
may be expeditiously separated, for example, by
centrifuging, by the addition of a much smaller
quantity of liquid than would be necessary to
condition the mass for the ultimate separating
step if all of the liquid were added as a part of
the original basic solution.

While an academic consideration of the prob-'

lem might make it seem rather obvious to extract
the tar acids directly from the tarry residue
rather than from the separated tar ofl, such is
not the case. Tar oil is a material of relatively
low viscosity as compared with the original tarry
material from the coke plant and hence the fact
that the tar oil can be treated with a basic solu-
tion and thereafter separated from the solution,
in no way indicates that the original tarry ma-
terial can be so treated in commercial quantities.
This original tar, in contra-distinction to the
tar oll, is a heavy, viscous material and when
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mixed with & baslc solution with suficient inti-
macy to insure reaction, tends to become emulsi-
fled therewith and thereafter is separable only
with the greatest of diffculty.

According to the present invention, however,
these difficulties are obviated and the process
made economically usable on a commerecisal scale,

In order to convey a thorough understanding
of the details of the new process and the features
which contribute to the avoidance of the difficul-
ties mentioned, reference may be had to the
accompanying drawing and to the following de-

tailed description of the process, although it is-

to be understood thaet the present invention is
not limited to the details of this process nor to
the particular apparatus described, but that the
apparatus and steps of the process may be modi=
fled or certain of the steps of the process or parts

of the apparatus omitted without departing from

the scope of the invention as defined in the ap-
pended claims. .

In the drawing, Pig. 1 is & flow sheet indicating
diagrammatically the operation of the process
of this invention. ’

Pig. 2 is & showing in vertical section of the
tortuous path mixer which it is preferred to use
in the practice of the process.

Fig, 3 is a cross-sectional view of the mixer
shown in Fig, 2, being taken on the line 3—3 of
Fig. 2.

In the preferred practice of the invention the
crude tar from the coke plant is first treated by
the addition thereto of a solution of an alkall
metal hydroxide, preferably csustic sods, con-
taining approximately one pound of caustic for
each two and one-half pounds of tar aclds in the
ter. 'The caustic solution 1s ususlly varied in
strength between 10% by weight of caustic and

- 26% by welght of caustic according to the pro-
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portion of tar acids in the tar. If the tar con-
tains around 2% tar acids, the solution used is
usuglly of around 10% concentration, whereas if
the percent of tar acids in the tar is around 8%
the caustic solution will be of around 25% con-
centration.

The caustic solution and the tar are passed into
& mixer, preferably of the tortuous path type,
such as shown in Figs. 2 and 3, where they are
intimately mixed. During the course of the mix-
ing operation, and preferably toward the end

thereof, a quantity of water is added and this

tends to make the phases of the mixture separate
readily. Ordinarily an amount of water about

equal in volume to that of the original caustic

solution is added and this amount is usually suf-
ficient to reduce the specific gravity of the aque-
ous phase far enough helow the specific gravity
of the tar phase to render subsidence separation
possible. If not, more water may be added. In
some Instances, however, a smaller quantity of
water may be added so that the aqueous solution
remains the heavier phase and is separated as
such. Since the mixing step 1s of considerable
importance in that the manner of its performance
greatly affects the subsequent separation of the
aqueous solution and unreacted tar, the mixer
which it is preferred to use has been illustrated
and will be described in detall.

As shown in Fig. 2, the mixer consists of a
stack of short cylindrical chambers {1, adjacent
chambers being separated by partition walls 12.
Tubular members 13 and 14 extending through
these walls, permit the passage of the liquid from
chamber to chamber throughout the stack. Al-
ternate partition walls have simflarly arranged
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tubular members projecting through them, while
the tubular members passing through the re-
maining walls are offset in relation thereto. Thus
in one set of partition walls, each wsall has a rela-
tively large dlameter tube (8 passing axially
through the center thereof while in the remaining
set of walls which alternate with these walls in
thelr position in the stack, each wall is pierced

- by four smaller tubes !4 slso extending in an axisl

direction but offset from the larger tubes 8.
Each of the tubes {3 and 14 extends not only into
the chambers which it conmnects but nearly to the
opposite walls of these chombers. The distance
between each end of the tube and the corre-
sponding wall is preferably such that the distance
from the end of the tube to the wall is approxi-
mately equal to one fourth of the diameter of the
tube itself. Purthermore, the cross-sectional area
of the large tube {3 is substantially equal to the
combined cross-sectional areas of the four smealler
tubes (4, v '

It has been found most desirable to use about
fifteen chambers in & mixer of this type and to
add the water at approximately the tenth cham-
ber from the enfrance end. Usually the tar and
caustic solution enter at the bottom of the stack
end flow upward, being discharged at the top and
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conducted to a centrifuge. Various modifications .

may be made in the mixer construction and the

-water may be added at other times than when

the mixture passes through the tenth chamber.
Also g dilute caustic solution may be added in-
stead of water.

If desired, instead of adding water during the

mixing, the water may be added es 8 part of the

original caustic solution. When the process is
accomplished in this manner, however, the caus-
tic solution originally used is much less concen-
trated, ordinarily varying from 2 to 5% by
weight of caustic soda in concentration, and s
somewhat larger quantity of caustic {n proportion
to the tar acids should be present. Although it is
possible to perform the process in such a manner,
when so performed it is much less economical and
advantageous than when performed in the pre-
ferred manner by adding the water separately.
More caustic must be used; the separation is
more difficult; the quantity of solution to be sep-
arated is greater; and more tar acid is lost be-
cause of failure to recover it from this larger
quantity of caustic solution, in the case of the ad-
dition of all of the water as a part of the original
solution than in the case of dilution after mixing
more concentrated caustic with the crude tar in
accordance with our preferred procedure, Fur-
thermore, in the performance of an operation in
which all of the aqueous liquid is added at the
beginning of the mixing operation, great dif-
culty is encountered in separating the residual
tar from the phenolate solution in connection
with treatments of crude tars of high acid con-
tent.

As has been stated, the material emerging
from the mixer is promptly centrifuged. It is
important that the centrifugation be performed
without undue delay in order to avoid the forma-
tion of a tight emulsion between residual tar and
the aqueous phases. The centrifuge used Is of
the separator type designed to effect continuous
separation of two liquid phases. Because the
residual tar usually has a specific gravity of
around 1.06 to 1.18 and the solution of phenolates
and caustic usually has a lower specific gravity
if sufficient water has been added, the tar is con-
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charged from the inner portion of the bowl. . The

mixture should be fed to the centrifuge at & .
‘temperature between 75° C. and 100° C. and. best

results are obtained in the centrifuging opera-
tion when the temperature is between 80° C. and
80° C. The maintenance of the tar and caustic
at an elevated temperature during the mixing
operation also facilitates the mixing function and
it is therefore preferred to introduce these ingre-
dients into the mixer at a temperature between
80° C. and 90° C., the water which is added after
the initial mixing of crude tar and alkall being
Iikewise introduced at a temperature within this
range. . .-

The caustic solution from the centrifuge is

‘next treated with an acid, preferably sulphuric,

although carbonic, as formed by passing blast

. furnace gas into the solution, may be used. This
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treatment decomposes the phenolates and again
forms tar acids. The tar acids, being insoluble,
are then separated, usually by subsidence. Fur-
ther purificationn of the tar acids may be ac-
complished by distillation, but that is not an es-
sential part of the present invention.

As.stated above, it is desirable, in the practice
of the invention, to avold contact of tar with the
phenolate solution for more than & brief period.
This can best be accomplished by a continuous
process in which crude tar and slkali are passed
to the mixer ih flowing streams, pass continuous-
iy through the mixer and in which the resultants
of the reaction which takes place in the mixer
are continuously passed from the mixer to the
centrifuge, where they are promptly and con-
tinuously separated.

In a specific example of the practice of the
invention the following procedure was adopted:

Crude tar containing 10% water and 6% tar
acids was taken from g coke oven tar settling pit

-and pumped continuously to a mixer of a type

- 45

50

- 55

60

65

(]

illustrated in Fig. 2. The tar taken from the
pit was at a temperature of 77° C. and live steam
was passed into the crude tar during its passage
from the pit to the mixer to raise it from the
temperature at which it left the pit, to a tempera~
ture of 90° C. Caustic soda was passed Into con-
fluence with the flowing stream of tar just prior
to passage of tar to the mixer, the caustic soda
being likewise maintained at a temperature of 90°
C., the total quantity of caustic soda added rep-
resenting a slight molecular excess over the quan-
tity of tar acids contained in the crude tar passing
to the mixer. The crude tar and caustic were
passed together through the mixer, and the mix-
ture of residual tar and aqueous phase resulting

from the treatment of the crude tar with caustic -

soda was passing continuously to a centrifugal
separator, sufficient water being added to the

mixer in the tenth stage to reduce the specific

gravity of the aqueous effiuent from the separator
to 1.04. The specific gravity of the tar discharged
from the separator was 1.16. The residual tar
was titrated and found to contain %% tar acids.
This loss compares very favorably with the tar
acid content of the tar oll fraction remaining
after removal of tar acids therefrom by prior
art procedure.

The treatment of crude tar from coke plants
has been particularly described herein but it is
to be understood that other similar crude tars
containing tar acids may be similarly treated
with similar results and that modifications in the
process herein described may be made to adapt

2,081,699 . '
the centrifuge bow! while the solution is dis- the process to particular technical situations, all

38

within the scope of the appended claims.

Having thus described our invention what we

claim as hew and desire to secure by Letters
Patent, is: )

1. A process for removing tar acids from crude
tar that comprises continuously mixing crude
tar with an alkali solution and thereafter con-
tinuously separating unreacted tar from the re-
sulting solution by centrifuging,

' 2. A continuous process for removing tar acids
from viscous coke oven crude tar having a spe-
cific gravity at least as great as 1.08 that com-
prises continuously mixing the crude tar with &
basic solution .and promptly thereafter continu-
ously separating unreacted tar from the result-
ing solution by centrifuging.

3. A process of removing tar aclds from vis-
cous crude tar having a specific gravity at least
as gréat as 1.06 that comprises mixing substan-
tial quantities of the crude tar with g basic solu-
tion, diluting sald solution during the mixing op-

eration and promptly thereafter separating un-.

reacted tar from the resulting solution.

4. A continuous process for removing tar acids
from coke oven viscous crude tar having a spe-
ciflc gravity at least as great as 1.06 that com-

prises continuously mixing the crude tar with a.

basic solution adding water during the mixing
operation' and promptly thereafter continuously
separating unreacted tar from the resulting solu-
tion by centrifuging. :

5. A process of removing tar acids from vis-
cous crude tar having s specific gravity at least
as great as 1.06 which comprises mixing the
crude tai in substantial quantities with a basic
solution by passing the crude tar and the solu-
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tion through a tortuous path and promptly there- -

- after separating unreacted tar from the result-

ing solution by centrifuging,

6. A process of removing tar acids from viscous
crude tar having a specific gravity at least as
great as 1.06 that comprises mixing substantial
quantities of the crude tar with an alkaline solu-
tion adapted to react with the tar acids to the
exclusion of the main body of the crude tar,
thereafter adding an aqueous liquid to the mix-
ture so produced and finally separating the re-
action products of the alkaline solution with the
tar acids from the unreacted tarry material by
subsidence.

7. A process of removing tar acids from vis-
cous crude tar having a specific gravity at least
as great as 1.06 that comprises mixing substan-
tial quantities of the crude tar with an alkaline
solution adapted to react with the tar acids to
the exclusion of the main body of the crude tar,
thereafter adding an aqueous liquid to the mix-
ture so produced and finally separating the re-
action products of the alkaline solution with the
tar acids from the unreacted tarry material by
centrifugal subsidence, .

8. A process of removing tar acids from vis-
cous crude tar having a specific gravity at least
as great as 1.06 that comprises continuously
flowing an alkaline solution into confluence with
a flowing body of the crude tar, continuously
mixing the alkaline solution with the crude tar
to effect reaction of the tar acids of said erude
tar with the alkaline solution, continuously flow-
ing & more dilute liquid into confluence with
the mixture of unreacted tar and reaction prod-
ucts between the tar acids and alkaline solution,

continuously mixing said more dllute liquid with
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the mixture to which it is added, continuously
passing the resultant mixture to a centrifugal
separator and continuously separating unreacted
tar from the remaining material by centrlmsal
force.

9. A process for removing tar aclds from vis-
cous crude tar having a specific gravity at least
as great as 1.06 that comprises mixing the crude
tar with a basic solution and promptly thereaft-
er separating unreacted tar from the resuliing
solution by centrifugation of the mixture of crude
tar and solution at a temperature between 5
and 100° C.

10. A process for removing tar acids tfrom vig-
cous crude tar having a specific -gravity at least
as great as 1.06 that comprises mixing the crude
tar with a basic solution and promptly.thereafter

separating unreacted tar from the resulting solu- -
tion by centrifugatiofl of the mixture:gf crude tgr-.

and solution, the mixing and centrifuging Spere’
tions being conducted at a temperature between
76 and 100°:C : .

« 11, A process of removing tax: acids- Irom vig-
cous crude tar having a specific gravity at least
as great gs 1.06-that comprises continuously flow-
ijg an alkaline solution into confluence with &
flowing body of crude tar, continuously mixing

the alkaline solution with the crude tar. to bf= -

fect reaction of the:tar acids of said .crude tar
with theqalke.llne solution, continuously flowing &
more dilygte liquid into confluence with the. mix-

_ture of unreacted tar and reaction- products be-

tween the tar acids -and alkeline solution; con-
tinuously mixing said more dilute liquid with the
mixture to which it'is added, continuously pass-
ing the resultant mixture to a centrifugal sepa-
rator and continuously separating unreacted tar
from the remaining materia,l by centrifugal force,
the crude tar being maintained at a tempera-

ture between 75 and 100° C. during the sequence

of mixing and.centrifuging operations.

12. A process for removing tar acids from vis-
cous crude tar having a specific gravity at least
as great as 1.06 that comprises separately mix-
ing the crude tar with water and a basic solution
and thereafter separating unreacted tar from the
solution resulting from the mixing operation by
centrifuging. -

13. A process for removing tar acids from a
mass of viscous tar having a specific gravity at
least as great as 1.06 and containing & substan-
tial proportion of tar having a boiling point over
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250° C. that comprises continuously mixing said
mass of tar with a basic solution and thereafter
continuously separating unreacted tar from the
resulting soliition by centrifuging.

i4. A process for removihg tar acids from vis-
ecous crude tar having a specific gravity at least

" ag great'as 1.06 that comprises mixing the crude

tar with a basic solution by passage of said crude
tar and ‘basic solition through a tortuous mix-
ing chamber and thereafter separating unreacted

tar from-the resulting solution by centrifuging.

15. A process for removing tar acids from vis-

cous crude -tar having a specific gravity at least

ag great as 1.08 that comprises mixing the crude

- tar with a basic solution and thereafter separat-

ifg unrea,cted tar from the resulting solution by
centrifuging. - :
" 18, A process for. removlng tar acids from a

mass of yiscous tar heving s specific gravity
. af least as great a8 1.06 and containing a substan-
“tin] groportion of tar heving & boiling point over
-260°: C. that comprises mixing said mass of tar

with  a basic golution and thereafter separating
unreacted tar from the resulting solution by cen-
trifuging.

17. A continuous process for.removing tar
acids from viscous crude tar having a specific
gravity at least as great as 1.06 that comprises
continuously: mixing the crude tar with a caustic
solution - by’ pessing the solution and the crude
tar through -a tortuous path In a sequence of
movements in which the materials are passed in
a restricted stream in the general direction of
movement of materials from the inlet end of
sald path to the outlet end thereof, thereafter
allowing said stream to expand and passing it in
a direction opposed to the general direction of
said stream from the path inlet to the path out-
let, thereafter again restricting the stream and
passing it in the-general direction from the path
inlet to the path outlet, said succession of pas-
sage in the geneéral direction from path inlet to
path outlet, expansion, passage in a direction
opposed to the direction from path inlet to path
cutlet, restriction and repeated passage in the
direction from path inlet to path outlet being re-
peated a plurality of times and thereafter sepa-
rating by centrifugal force the aqueous and tar
phases.

CHARLES E, UNDERWOOD.
CHARLES M. AMBLER, Jr.
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