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DIRECT RECOVERY OF TAR ACIDS

Edward E. Ellms, Morsemere, N. J., assignor to
The Barrett Company, New York, N. Y., a cor-
poration of New Jersey

Application February 3, 1930, Serial Ne. 425,629

8 Claims.

This invention relates to an improved process
for the direct recovery of tar acids during the
distillation of tar. .

The method commonly employed for obtaining
tar acids is to distill tar and produce a fraction
containing the tar acids, commonly called coal
tar light oil, or carbolic oil; and to extract the tar
acids or phenols from such oil with a caustic soda
solution.

According to the present invention, the distilla-
tion of the tar and the condensation of the dis-
tillate is combined with the extraction of the tar
acids so that the tar acids are extracted during
and as a part of the condensation.

In the practice of the invention, I subject tar
to distillation to an extent sufficient to produce
a tar acid oil distillate therefrom and I then sub-
ject this distillate, in vapor form, to condensation
by direct contact with an alkaline solution, such
as caustic soda solution, so that there will be
condensation of the carbolic oil fraction simul-
taneously with the exfraction of tar acids from
that fraction. This solution is advantageously
recirculated thru cooling means and thru the
condenser so as to effect complete or nearly com-
plete saturation of the caustic soda with tar acids
and to abscrb in the cooling means the heat of
condensation of the distillate. Instead of dis-
tilling the tar so as to obtain only a carbolic oil
fraction, I may distill the tar to produce a greater
total distillate and a higher melting point pitch,
and the distillate vapors may then be subjected
to partial condensation and rectification to re-
move therefrom the higher boiling oils which it is
not desired to extract, and to leave the vapors
of tha tar acid oil which are then passed to a
total condenser where the condensation is ef-
fected with caustic soda solution, thereby. ex-
tracting the tar acids simultaneously. with the
condensation of the oil fraction in which the tar
acids are contained.

The distillation of the tar, and the production
of distillate oil vapors, can be carried out in va-
rious types of tar stills, including _externally
nheated tar stills, or tar stills heated internally.
The distillation can be carried out batch-wise or
continuously, but is preferably a continuous op-
eration in which the distillate oils are continu-
ously produced and the tar acids continuously
extracied during the continuous condensation of
the tar acid oil fraction. The distillation can be
carried out as a single operation, distilling the
tar to produce a high melting poinf piteh and a
large proportion of the oils as distillates, or the

5 distillation can be carried out in stages, distilling

(ClL. 260—154)

first a lighter fraction, and then a heavier frac-
tion. With pipe coil stills, for example, the dis-
tillation can be carried out by heating the far
first to a temperature which will distill off a car-
bolic oil fraction therefrom, and the residue can
then be subjected to further heating to distill off
one or more additional fractions therefrom.
Ordinarily, various fractions will be desired
when tar is distilled, and a more or less high melt-
ing point pitch residue will be produced. During
such distillation, the higher boiling point oils will
leave the still in vapor form at a high tempera-
ture, and they can advantageously be employed
for preheating tar to a temperature such that a

low boiling distillate can be removed from it, thus 4

effecting an economy in heat for the total dis-
tillation, and giving a low boiling point distillate
which ean advantageously be extracted and con-
densed according to the present invention.

The condensation of the oil fraction contain-
ing the tar acids, and the simultaneous extrac-
tionof tar acids therefrom, according to the pres-
ent invention, is carried out as an extraction and
total condensation operation. In this operation
an alkaline cooling liquid, which contains caustic
soda or other alkaline reagent in an amount suffi-
cient to combine with the tar acids, is employed
to eondense the oil vapors which are condensable
down o the temperature of the condensing ligquid,

and the heat of condensation is absorbed by -

suitable cooling means. By recirculating cooled
caustic solution the vapors will- be cooled to a
temperature approximating that of the solution

and condensation of all oils condensable at that

temperature will be effected simultaneously with
the extraction of the tar acids by the caustic
liquor.

If the higher hoiling oils are condensed simul-
taneously with the lower boiling oils, the tar

acids extracted will include the higher boiling tar ¢

acids as well as the lower boiling tar acids. For
many purposes, the lower boiling tar acids -are
more valuable and, in order to obtain such acids,
the process of condensation is advantageously
carried out with effective rectification to con-
dense the higher boiling -point oils containing
the higher boiling tar acids at a temperature
which will leave the lower boiling oils containing
the more valuable lower boiling tar acids in vapor
form, and such oil vapors are then passed to a
total condenser where the condensation is com-
pleted by direct contact with a caustic cooling
solution, -

The caustic solution can be used over and over
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again until the caustic is used up. Additional
caustic can be supplied as needed, in continuous
operation, and the carbolate solution produced
can be drawn off either intermittently or con-
tinuously. 'The tar acids can be set free from the
carbolate solution in any suitable manner, as by
treatment with carbon dioxide, etc.

The- temperature of the . vapors which are
brought into contact with the caustic solution
may be much greater than that of the caustic
solution employed. If concentration of the
caustic takes place sufficient water may be added
to the solution to counterbalance the concentra-
tion of the caustic carbolate solution. If the
caustic solution becomes diluted thru condensa-
tion of water from the tar, sufficiently concen-
trated caustic may be used in the make-up to
produce carbolate of desired concentration. The
caustic solution can be used cold; when recircu-
lated, it must be cooled during recirculation. It
is evident that the caustic carbolate solution
will be heated by the vapors with which it is
brought into contact. Suflicient heat absorption
capacity must therefore be provided to cool the
caustic solution enough to secure total condensa~
tion of vapors.

In referring to total condensation, I do not in-
clude the condensation of such light oils (benzol,
toluol, etc.) as may be carried off by the inert
gases produced during the distillation, since it is
well known that the light oil constituenis of coal
tar are not completely condensable at the boiling
point of water if diluted with inert gases; but
except for such low boiling constituents in the
presence of small amounts of inert gases, the con-
densation step of the present process, during
which extraction of tar acids takes place, is in-
tended to condense all constituents readily con-
densable at the temperatures of the caustic solu-
tion employed.

The tar which is subjected to distillation in
carrying out the present process, may be ordinary
coal tar, “low temperature” tar, gas house tar,
or any tar containing tar acids. It may be
total tar, or it may be a heavier tar fraction, but

‘it may advantageously be the lighter tar fraction

or tarry oils commonly recovered in the con-
densers of a coke oven by-product recovery plant.
Such lighter tar fraction contains a much greater
proportion of low boiling tar acids and, when
it is subjected to distillation, and the carbolic
oil fraction is condensed and simultaneously ex-
tracted according to the present invention, a large
yield of tar acids can be obtained in proportion

5 to the amount of tarry oil distilied. The inven-

tion is applicable to vapors from a distillation
carried out at atmospheric pressure or under
vacuum, or under pressures greater than atmos-
pheric.

The invention will be further described in con~
nection with the accompanying drawings, which
illustrated, in a somewhat conventional and dia~
grammatic manner, ah arrangement of appara-
tus embodying the invention and adapted for
the practice of the process of the invention.

In the accompanying drawings;

Fig. 1 shows a pipe coil still with a total con-
denser and tar acid extractor for the vapors;

Fig. 2 shows a similar stili with a- rectifying
column for removing heavier oils before the total
condensing and extracting operation;

Fig. 3 shows a still in which the hot gases and
vapors resulting from the distillation of tar.to
produce high melting point piteh are employed
for preheating tar to distill a carbolic oil frac-
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tion therefrom with a total condenser and ex-
tractor for such fraction; and

F'ig. 4 shows a similar but modified construction
in which the pitch produced by such preheating
and distilling operation is then supplied to the
first mentioned still for further distillation.

In ®igs. 1 and 2 the still is a pipe coil still,
shown conventionally, having the pipe coil 1 in
furnace 2 through which tar is pumped and
heated under pressure and discharged into the
vapor bhox or vapor separating chamber 3 where
the oil vapors separate from the pifch residue.
The pitch residue is drawn off through the line
4 and may, if desired, be subjecied to further
distillation to produce addifional distillate oil and
a higher melting point pitch residue.

In Fig. 1 the vapors separating in the vapor
chamber 3 pass through the line 5 to a total con-
denser 6, which may be of any suitable construc-
tion, such as a packed tower, etc. Fresh caustic
is supplied through the line 7, and carbolate
solution is recirculated from the decanter 12
through the lines 14 and 8’ by means of the
pump 9 and may be cooled by the cooler 10
during recirculation. The caustic and recirculat-
ing carbolate solution enter the top of the tow-
er and pass downwardly countercurrent to the
upwardly flowing vapors and serve to cecl and
condense the same. The admixed carbolate and
condensed oil escape through the line 11 to the
decanter 12 where separation of neutral oil and
carbolate takes place, the neutral oil being drawn
off, e. g. at 13, and the carbolate at 14. Fixed
gases produced in the distillation, together with
any small amounts of uncondensed low boiling
point vapors carried by these gases escape thru
pipe 15 and may be disposed of as desired.

In Fig. 2 a rectifying column is interposed be-
tween the vapor separating chamber- 3 and the
total condenser 6, the vapors from -the vapor
box 3 passing to the bottom of the rectifying
column 16 through the line 5. The rectifying
column is cooled in any suitable manner, as by &
cocling coil 17 in the top of the tower which
causes condensation and refiuxing of part of the
vapors. ‘The heavier oil condensate is withdrawn
from the bottom of the column through the line
18 while the uncondensed vapors pass from the
top of the tower through the line 19 to the total
condenger and extractor 6.

In the apparatus of Fig. 1, all of the vapors
passing from the vapor box 3 are subjected to
extraction and total condensation with the caus-
tic solution. This arrangement of apparatus en-
ables the total distillate to be extracted to re-
cover the tar acids therefrom simultansously
with the production of a total condensate of neu-
tral oils.

In the apparatus of Fig. 2 the vapors produced
by the distillation in the pipe coil still are first
subjected to rectification to remove higher boil-
ing constituents therefrom while leaving the low-
er boiling constituents which are rich in the low-
er boiling and more valuable tar acid constituents
in vapor form. The vapors then pass.to the total
condenser where extraction of tar acids combined
with simultaneous total condensation will take
place, giving a neutral oil and a carbolate solu-
tion containing the lower boiling tar acids.

In operating the apparatus of ¥ig. 1 the con-
ditions may be so controlled as-to permit, say,
15% by weight of the oil distilled from the tar,
to pass in vapor form to the condenser 6. This
0il may contain, for example, 13% tar acids.
One thousand gallons of tar may thus produce
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150 gallons of carbolic oil containing 18.5 gal-
lons tar acids. To condense this fraction ap-
proximately 635,000 B. t. u. must be removed;
to fix the tar acids 64.4 pounds of caustic soda
must be used. A solution of 10% NaOH may
be used, 70 gallons being employed for each 1600
gallons of tar distilled. In continuous opera-
tion fresh caustic solution is added at 7 and car-
bolate removed at 14 at such a rate as corre-
sponds to a consumption of 70 gallons caustic
soda per 1000 gallons of tar distilled. Cooling
water is circulated thru the cooler 10 at a suf-
ficient rate to remove the above quantity of heat.

Figs. 2 and 4 show stills in which the distilla-
tion of the tar to produce high melting point
pitch is accomplished by the use of highly heated
gases such as hot coke oven gases, and in which
the hot gases leaving the still, admixed with the
oil vapors, are employed in a heat interchanger
for preheating tar to a tempserature such that
tar acid oils will be removed therefrom. These
tar acid oils are then subjected to simultaneous
condensation and extraction of tar acids in the
total condenser.

In Fig. 3 the tar entering through the line 20 is

heated to a temperature sufficient to distill low
boiling tar acid oils therefrom in g still or heat
interchanger 21 where the tar is brought into
indirect heat interchanging relztion with hot
gases and vapors from the still 35. The vapors
produced by this preheating and partial distilla-
tion pass through the line 28 to the total con-
denser and extractor 24 where they are brought
into direct contact with a caustic solution and
condensation and simultaneous extraction of tar
acids is effected. Freshh caustic solution is sup-
plied through the line 28, and the carbolate solu-
tion which may contain excess caustic is recir-
culated through the cooler 28 by means of pump
27 and discharges into the top of the tower
through suitable spray or distribuling devices 29.
A vent or outlet 25 permits escape of the usual
small amount of uncondensable gases to the at-
mosphiere.
The cperation of the ftotal condenser and ex-
actor 24 is similar to that above described in
onnection with Figs. 1 and 2. The carbolate
nd neutral oil are drawn off through the line 30
2 decanter 31 wheare separation takes place and
om which the neutral oil may be drawn off
at 32 and the carbolate solution at 33 either for
recirculation or to storage.

The tar which has been preheated and partly
distilled, and from which a greater or less pro-
portion of the tar acid oils have heen removed by
distillation, passes from the heatl interchanger
or still 21 through the line 34 to the still 35 where
the tar is subjected to further distillation. The
still 35 has therein a rapidly rofatable roll 36
adapted to atomize or spray the tar or pitch into
the gases passing therethrough. Hot gases, such
as hot coke oven gasss directly from the coke
ovens, are supplied through the insulated line
or header 38 and serve to heat the tar or pitch
in the still to a high temperature. With thorough
spraying of the pitch into the gases, the tem-
perature of the gases is rapidly lowered and that
cf the pitch is rapidly raised. The high melting
point pitch produced escapes through the outlet
37. ‘The hot gases and vapors escape from the
still through the settling chawmaber 3¢ having
suitable bafiles therein for assisting in removing
entrained constituents from the gases and vapors
which then pass through the line 41 to the bottom
of the heat infterchanger or still 21 where they
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‘vapors then escape through the line 42

3
serve to heat and distill the fresh tar at the same
time that cooling and condensation of the higher
boiling oil constituents in the gases takes place,
the condensate of heavy oil escaping at 44 and
the uncondensed vapors and the gases escaping
at 42 to a further condenser 45 where further
cooling and condensation fakes place and light
creosote oil is condensed and drawn off through
the line 46. The remaining gases and light oil
to the
blower 47 and may be admized with other gases
or passed to a light oil scrubber, etc.

instead of showing a plurality of heat inter-
changevs for preheating and distilling the tar by
indirect contact with the hof gases and vapors
from the still, I have, for simpiificaticn, shown
only a single heat interchanger in Fig. 3, and I
have omitted a rectifying tower heiween the pre-
heater or still and the total condenser and tar
acid extractor.

In Fig. 4 a still 50 is similar in construction
and operation to the still 35 of Fig. 3. It hasin it
a rapidly rotatable spray roll 51 and is supplied
with hot gases through the insulated gas header
52 and the hot gases and vapcys from ‘the still
escape through the settling chamber 53 to the
vapor outlet pipe 54 thence to the preheater and
partial condenser 55 and the gas outlel pipe 58.
The tar to be distilled is supplied through the line
57 and is preheated by indirvect contact with the
hot gases and vapors to a temperature sufficient
to distill a carbolic oil fraction therefrom. This
preheated tar then escapes through the line 59
to the vapor separating chamber 60 whers separa-~
tion of vapors from unvaporized pitch constitu-
ents takes place, the vapors passing through the
line 65 to the total condenser 68 and the low
melting point pitch passing through the line 61
to the distributor 82 located in the settling cham-
ber 53. The pitch comes in contact with the hot
gases and vapors leaving tie stiil 50 and the re-
sidue then flows through the line 83 to the end
of the still 50. Pitch is discharged from the stiil
50 through line 64.

The vapors from the vapor box 80 pass through .

the line 65 to the total condenser 66 where they
are brought into intimate contact with a caustic
soda solution and extraction of tar acids and
condensation are effected. Fresh caustic is sup-
plied through the line 67 and the caustic solution
containing carbolate is recirculated through the
line 68 by the pump 89 and may ke cooled in the
cooler 74 before being returned to the top of the
total condenser. Admixed carbolate and neutral

canter 71 from which neutral cil can be with-
drawn at 72 and carbolate solution at 73 for re-
circulation or to storage.

In the operation of the apparatus of Fig. 4 the
tar is preheated by indirect contact with the hot
gases and vapors to a temuperaturs such that a
tar acid il fraction is distilled therefrom. 'This
fraction separates in the vapor hox 60 and is sub~
jected to total condensation and simultaneous ex-
traction of tar acids in the condenser 65. 'The
low melting point pitch then passes into the still
50 where it is distilied to produce a high melting
point piteh, e. g. a pitch of 485° F. melting point
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by utilization of hot gases such as hot coke oven .

gases.
are utilized for preheating the fresh tar to a suffi-
cient temperature to effect preliminary distillg-
tion of Iight oils from it.

In distilling tar to produce pitch of around
400° ., melting point in stills such as the stills -

The gases and vapors Ileaving the sfill =
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35 and 50 of the Figs. 3 and 4 around 75% or
more of the tar can be recovered as distillate oil
and the gases and vapors leaving the still may
be at a tempsrture around 300° C. The large
amount of heat contained in the gases and vapors
at such a high tempersture is advantageously
utilized for preheating the tar to a temperature
sufficient to distill a carbolic oil or tar acid oil
fraction therefrom. This fraction will be sub-
stantially free from admixed inert gases and it
can, therefore, he readily subjected to total con-
densation and simultaneous extraction of tar
acids therefrom. At the same time the hot
gases and vapors are cooled and the heavier oil
constituents are condensed therefrom, thus re-
covering & considerable part of the heat con-
tained in the hot gases and vapors and utilizing
it at a lower temperature for the preheating and
distillation of the tar. The tar which has thus
been preheated and partly distilled can then be
supplied in a preheated and partly distilled state
to the still in which it is to be subjected to fur-
ther distiliation for the production of a high
melting point pitch and a heavier distillate
therefrom.

I claim:

1. The improvement in the distillation of far
and the production of neutral oils and tar acids
therefrom, which comprises subjecting tar to dis-
tillation to produce vapors of neutral cils con-
taining admized tar acid vapors, and subjecting
the admixed vapors to tofal condensation by
direct contact with caustic solution to effect si-
multaneous extraction of tar acids and conden-

ation to give directly a total condensate of
neutral oils and a carbolate solution.

2. The improvement in the distillation of tar
and the production of neutral oils and tar acids
therefrom, which comprises subjecting tar to dis-
tillation to produce vapors of neutral oils con-
acid vapors, subjecting the
admixed vapors to total condensation by direct
contact with caustic solution to effect simuiftane-
ous extraction of tar acids and condensation to
give directly a total condensate of neuiral oil
and a carpoiate solution, using a caustic solution
containing caustic in excess of that required 1o
extract the tar acids and cooling and recirculat-
ing the carbolate solution containing the excess
caustic thus obiained.

3. The improvement in the distillation of tar
and the production of neutral oils and tar acids
therefrom, which comprises subjecting tar to dis-
tillation to produce vapors of neutral oils con-
taining admixed tar acid vapors, subjscting the
admixed vapors to total condensation by direct

contact with caustic solution to effect simul-
tanesus x:r:cwon f tar acids and condensaticn
tc give directly a to ual condensate of neutral oil
and o carbolate solution, using a caustic scluticn
containing caustic 1n exzcess of ihat requir ed *o
extract the tar
the solution con ta ning une cazhowme qnd cv
cess caustic and simulia qeouu.y and continuous-
1y adding caustic to solution being recircu-
iated and dra the scluticn

ng oﬁ g portion of
at that part of the cycls where the carbolate con-
tent is greatest.

4, The improvement in the distillation of tar
and the production of neutral oils and tar acids
therefrom, which comprises subjecting tar to
distillation to distill therefrom carbolic o¢il angd
higher boiling oil constituents, subjecting the re-

<
the
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sulting vapors to partial condensation and rectifi-
cation to remove higher boiling constituents
therefrom while leaving tar acid oil vapors un-
condensed, and subjecting such vapors to total
condensation and simultaneous extraction of tar
acids therefrom by bringing them into direct
contact with caustic solution to give directly a
total neutral oil condensate and a carbolate so-
lution.
5. The improvement in the distillation of tar
L Ljuammg neutral oils and tar acids which com-
Hrises preheating said tar, flashing the preheated
u%r to vaporize Lhnrm”“om a, mixture of vapors
comprising tar acid and nsutral oil vapors, sepa-
rating said mixture of vapors from the tar, pass-
mg the mixed V"op’“‘s into direct contact with
austic solution at a temperature below the tem-
srature cf the vapors slmuluaneodsly to extract
ar geids therefrom and to condense neutral oils.
8. The improvement in the distillation of tar
the production of neutral oils and tar acids
{rom, which comprises subjecting tar to
iilation to distiil thereirom carbolic oil and
hi bel hoiling oil constituents, subjecting the re-
i vapors 1o partial condensation and recti-
to remove higher boﬂmsf constituents
hile leaving tar acid oil vapors un-
1, subjecting such vaoors to total con-
and smmunﬁewb exuracuon of tar

[22 5383

i that 1x .' ed §0 extr acb the tar @cmls, cool-

’g zw“a 1'ecirc*1lg,n*ng tl:e solution containing the
e

ot

stic and simultaneously
adding Caustvc to the solution
dlawmg oif a po rtion of

point p1tc and high boil-
i 1“ comﬁm es preheating tar
ange with the high boiling
illaton to effect dstilla-
’amn ifovn t s tar and the

so p1 oduced uO simuita-
ion and extraction of tar
inging the vapors direcily
“1 =d caustic solution.to give

condensate and a carbolate
1z and recirculating the car-

aola je sothon
8. Thes improvement in the distillation of tar
; .wa melting point pitch and high
1 ate oils, which comprises prensating
t heat interchange with the high
oo r5-from such distillation to effect
i a
w.n ction cf a partially distilled tar, sub-
jecting the tav acid 0il vapors so produced to
simultanecus total condensation and extraction
of tar acids thevefrom by bringing the vapors di-
rectly into conitact with cool caustic solution to
give direcily a nsutral oil condensaie and a car-
holate solution re-cooling and recirculating the
i tion w; d subjecting the partly dis-
1 in a heated state to further
Cu ice the high melting point
h boiling distillate oils.
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tar acid oil fraction from the tar
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