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‘DISTILLATION CF COAL TAR
Arthur H. Radasch, Upper Montclair, N. J.
Application April 3, 1951, Serial No. 218,951

(Cl. 196—76)

16 Claims.
1

The present invention relates to distillation of
coal tar for the purpose of dehydrating it and of
separabing it into distillate oil fractions and 2
distillation residue. .

- The present application is a.continuation in
part of my copehding application Serial No.
85,143, filed April 2, 1949, for Distillation of Coal
Tar. .

A purpose of the invention is to distill coal tar
at unusually low temperatures, thereby econo-
mizing in the cost of equipment needed for the
distillation and in the cost of carrying out the

Drocess.

- A further purpose is to heat the tar with steam
or other condensing vapor, thereby eliminating
the hazard of fire always present in fire heated
stills.

A further purpose is to recirculate coal tar
residue continuously from and to a pool in a
vapor box or flash chamber, to introduce tar to
be distilled into the recirculating stream, and to
heat the stream as it flows back to the pool.

A further purpose is to accomplish the heat--

ing of the recirculating stream by passing the
coal tar and/or residue therefrom in parallei
through a multiplicity of heafing paths at a
Reynolds. number in excess of 2100 and prefer-
ably below 25,000, most desirably in the range
between 7,000 and 25,000,

A further purpose is preferably to increase the
number of multiple paths in parallel in the
heating of recirculating far residue at an inter-
mediate point between the beginning and end of
the heating.

A further purpose is to employ a vapor box or 3:

flash chamber for tar distillation as above set
forth having a charmber size between 0.3 and 1.5
cubic foot per cubic foot of tar through-put per
hour.

A further purpose is to produce naphthalene
oil containing a comparatively high concentration
of naphthalene and to produce other cils. con-
taining low concentrations.of naphthalene.

A Turther purpose is to avoid difficulty in vacu-
um distillation and condensation of naphthalene
in the presence of moisture and/or. volatile ¢il,
by eliminating water in a first stage to between
6.00 and 0.20 percent and preferably to not over
0.05 percent, and by eliminating volatile oils

which boil at atmospheric pressure ai a temper- ¢

ature below 200° C. such as will be done when the
Hghtest two to five percent by volume of the tar
is removed by distillation.

A further purpose is to distill from the tar and
then fractionate a naphthalene oil in a second
vacuum stage after removal of water and light
cil, condensing the naphthalene oil in a con-
denser operating at a temperature above 50° C.
and below. 100° C. o

A further purpose is to increase the recovery
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of heat-polymerizable constituents of coal tar
in the form of distillate oil.

A further purpose is fo produce a tarry resi-
due from coke-oven tar which is of low polymer
content, having a specific gravily in excess of
1.23-at.15.5°.C. and a softening point of between
90 and 120° ¥, as determined by the ring -and
ball method, by heating coke-oven tar to a tem-
perature below 200° €. and removing oils there-
from while the tar is maintained at a pressure
not exceeding 60 millimeters of mercury abso-
lute.

A further purpose is to introduce steam in the
flash chamber of the first stage.

- Further purposes appear in the specification
and in the claims.

In the drawings I have chosen to illustrate a
few only of the numerous embodiments in which
my- invention may appear, choosing the forms
shown from the standpoints of convenience in
Hustration, satisfactory operation and clear
demonstration of the principles involved.

Figure 1 is a diagrammatic illustration of a tar
distillation system to which the invention has
been applied.

Figure la is a variation of Figure 1, showing
the change in the first stage flash chamber to
admit steam. This can be used with or without
the second stage.

Pigure 2 is a diagrammatic longitudinal sec-
tional elevation of a heat exchanger which may
be employed in accordance with the invention,
taken on the line 2—2 of Figure 3.

Figure 3 is a. section of Figure 2 on the line
3—3.

Figure 4 is a fragmentary vertical central sec-
tion of a float-controlled discharge valve for
either stage. :

Figure 5 is a diagrammatic illustration of a
modification of the invention as applied to tar
distillation in which the tar is heated in a
naturally induced circulating stream. This view
is not to be taken as showing the relationshinps of

- level required for gravity flow from one point to

45

60

another in the system.

Describing in illustration but not in limitation
and referring to the drawings:

In the prior art numerous efforts have been
made to improve the distillation of coal tar,
which is commeonly carried out in fire-heated
stills. Continuous tube stills give some improve-
ment over hateh stills but continuous fire-heated
stills are comparatively expensive to construct
and retain the hazard common to all fire-heated
equipment handling hot oils. In general the
recovery of naphthalene and other products of
high value from the tar has been comparatively

“incomplete and a considerable amount of poly-

merization and even pyrolytiec destruction of
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valuable compounds has occurred in such prior
art distillation processes.

The utilization of heat in many of such prior
art systems has been comparatively inefficient,
and even where extensive heat-exchange equip-
ment has been installed the recovery of heat has
often been accomplished at high cost. In an
effort to improve the heat economy of tar distil-
lation processes, distillation devices have been
based on utilization of waste heat available in
hot coke-oven gases but these systems have been
comparatively difficult to operate.

Efforts have been made in the prior art to uti-
lize vacuum in coal tar distillation, but these
have by no means been compvpletely satisfactory.
The problem of vacuum utilization is complicated
by the fact that the tar obtained from coke ovens
in many cases contains a considerable amount
of moisture, which has either necesitated trouble-
some separate steps for dehydration, or has added
to the difficulty of condensing vapors from distil-
lation and limited the degree of vacuum that
could be employed. )

In accordance with the present invention coal
tars ave distilled at relatively low temperatures,
which preferably will not exceed 200° C. (al-
though in the second stage the temperature may
go as high as 275° C.). The minimum distillation
temperature normally will be 140° C, Tempera-
tures up to 200° C. are readily obtainable from
high pressure steam which is available in most tar
producing plants, or, in the case of the higher
temperature ranges, from Dowtherm (divhenyl
or diphenyl oxide or a mixture thereof in any
proportions), or from other vapors used for in-
dustrial heating. The temperatures given refer
to the maximum temperature to which the liquid
tar is heated.

Where such materials are polymerized during
the tar heating operation, the resulting larger
molecules have far higher boiling points, if in-
deed they have any boiling points at all. Such
polymerized substances therefore remain bhe-
hind in the residue, and since they are not ca-

pable of separation by any practical means, they .

have low commercial value.

At the lower temperatures at which the present
invention is carried out, these constituents are
in considerable measure prevented from poly-
merizing during the heating, so that their boil-
ing points remain in the range of the tar oils that
are being vaporized. and so that they are re-
covered in the distillate oil. In this form they
have high commercial value since they can be
polymerized effectively later under controlled
conditions to make useful products that can be
separated from the other constituents of the oils
that do not polymerize.

The coal tar of this invention refers to any tar
formed from high temperature carbonization of
coal and thus refers to “gas-house” or “gas-re-
tort” tar, “vertical-retort” tar, and “coke-oven”
tar. While the illustrative examples are given
in terms of coke-oven tar, it will be understood
that the process of this invention is the same for
all of these coal tars as respects temperature and
pressure of operation, moisture content of resi-
dues, moge of heating and general equipment used
to carry out the process, but that differences may
exist in the relative yields of fractions and in
their precise compositions.

The degree of distillation contemnlated by this
invention covers the first oil fractions that are
distilled from coal tar and which generally
amount to not more than the first 30 percent of
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the tar by volume but may in the case of some
light tars run as high as 40 percent of the tar by
volume,

Operation in accordance with the present in-
vention under vacuum at low temperatures is very
advantageous for several reasons. At high tem-
peratures such as occur during the heating of tar
in prior practice, substantial amounts of valu-
able constituents of the tar are lost from a com-
mercial standpoint by undesirable polymeriza-
tion.

A further important advantage of the low tem-
perature distillation is that the temperature
needed to distill the oil can be produced by using
steam as a source of heat, so that the equipment
can be efficiently designed and constructed at
relatively low cost. The control of the distillation
is relatively simple under the low temperature
conditions, and the reduction or elimination of
fire hazard is a further important advantage.

A further advantage of the low temperature
distillation is that all fractions, especially the tar
residue, which is the product of greatest bulk, are
discharged from the process at correspondingly
low temperatures. Consequently less heat energy
is stored up as waste heat in the hot products
as compared with distillation processes at at-
mospheric pressure and even those carried out at
moderate vacua. In order to obtain a thermal
efficiency equivalent to that of the process of the
present invention, an atmospheric distillation
would require the use of extensive and costly
heat-exchange equipment, which is entirely un-
necessary in the present process because of the
low temperatures employed.

Figure 1 illustrates by way of example one ap-
paratus useful in the present invention. Crude
tar from a source 29 is withdrawn by a pump 21
and fed to the distillation system. The rate of
feed of the tar is controlled in any suitable man-
ner, as by employing a steam pump in which the
steam supply can be adjusted, or by using an
automatic pressure actuated control valve, 2la
as well known. The tar at this point may for

- example be at a temuerature of 50 to 60° C. hav-

ing a viscosity of 20 to 200 centipoises and a
specific gravity of about 1.2, the latter being
measured at 15.5° C. i

From the feed pump 21, the tar may enter the.

first distillation stage through piping at one of
several points, typically indicated as 22, 23 and
24, the flow to each being controlled by valves 25,
26, 27 and 28 in the piping. Point 22 is at the
inlet end of a heat exchanger 38, point 23 is at
an intermediate point in the flow through heat

" exchanger 30 and point 24 is at an intermediate
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point between the bottom and the top of a vapor
box or flash chamber 31.

When the raw tar is admitted to the vapor box
at 24 without passing through the heat exchanger
20, it may flow in at storage temperature or it
may be heated in a preheater 29 before it reaches
the vapor box. In either case, it is preferably
distributed over packing or baflle plates 33 kelow
its point of entry, to effect a further heating and
partial vaporization by the hot vapors rising
through the vapor box. Regardless of how the
tar enters the vapor bhox the residue from the
new tar feed will join a pool of residue 3% that
has been produced from tar previously fed and
which is being recirculated through the heat
exchanger. The residue of distillation in this

first stage is designated as “dehydrated tar” to

distinguish it from the tar residue later produced
in the second stage, and sometimes it is referred

-,
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to-simply- as: “tar” when simply a material of a
tarry nature is meant.
Heat required to effect the: desired degree of
distillation is supplied to the system in the heat
exchanger 88; through the tubes. of which a:

stream cf dehydrated tar is circulated. The force-

of gravity may be relied on to cause such circu-

lation. as in. Figure 5 where tar flowing inside-

tubes in-a vertical position is heated. to-the point:
where some. of it boils,. If the column of mixed.
liquid and vapor in:the tubes is connected with:
a.column of equal height of all liguid outside the.
tubes the unbalance preduced by the difference:
in weights of the two columns will cause the liquid.
inside the tubes to flow upwards and the liquid
in the column outside the tubes to flow down-
wards thus causing a circulation as is well known.

It is preferred, however, to produce circulation:
of the tar by means of the pump 34. This pump.
is. econnected on the suc:ion side to the pool of
dehydrated tar 35 collecied in the depressed bot--
tom 86 of the vapor box or flash chamber 31, so:
that the pump is constantly drawing off dehy-
drated tar from the vapor box 31 to recirculate it..

It has been found to be decidedly advantageous.
to .employ a heat exchanger having tar passing:
through a multiplicity (normally a large number,
in excess of 5) of heating paths in parallel. The
paths consist of tubes which are surrounded by
the heating medium, suitably steam, passed into.
the shell or housing around the tubes. Fach.
parallel path of the tar may take one or more.
passes through the tubes in the heat exchanger..
Pigures. 2 and 3 illustrate the heat exchanger
diagrammatically, showing tube sheets 38’ having.
tubes 3% and 40 (of a large number of tubes in.
parallel) on the first pass and tubes 41, 4i’, 42.
and 42’ (of a similar large group in parallel) on

the return pass, being surrounded by steam or.

other heating meditim and each group being suii-
ably connected togethser in an inlet header 43,
a reverse flow header 44, and an outlet header.
43’ beyond the tube sheets at the respective ends.
as well known. To allow for some vaporization
in the heater, without developing excessive back:
pressure, the number of tubes on the return rass,.

when more than one pass is used, is desirably.

increased over those cn the forward pass (prefer-
ably to about twice).

The rate of heat transfer is greatly improved;
while the time of exposure to heat is cut down,.
and the danger of polymerization or other pyro-
lytic effects on the far is still further reduced by,
constructing the heater so that flow of tar in the.

tubes cecurs ir the turbulent range throughout ;s

its passage through the heater. To assure tur-
bulent flow the Reynolds number describing the

flow in the tubes must be in excess of 2100, and”

for best results should be in excess of 7,000:

While the flow may correspond to a high Reynolds.

number, say in excess of 100,000, with increasing.
benefit to heat transfer conditions, generally the.
maximum value will preferably not exceed 25,000,
sinceif the Reynolds number exceeds 25,000 the.

pressure drop through the system will tend to he

excessive, The Reynolds number is represented by

D@
u

in which D is the diameter of the tube.in feet,

G is the throughput per tube in pounds/(sq. ft.)
(see.) and w is the viscosity (at the existing tem-
berature)  of the flowing fluid in pounds/(ft.)
(sec.) AN units must be consistent as noted.

‘To. maintain turbulent. conditions of flow. '
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through each: tube when a multiplicity -of: tubes
is. connected in parallel requires that the tar be
circulated and recirculated through the -tubes
many times. Thus the pumping rate of the cir-

- culating pump 34 will be many times the rate of.

flow of new tar into the system through the
pump 21, and it is safe to say that the flow
through the circulating pump 34 will always be
at least five times, normally will be ten.to thirty-
times the flow of new tar. As previously men-
tioned gravity may be relied on to cause such cir~
culation although forced circulation from the
pump 34 is preferable for the purpose.

Advantags may be obitained of some features
of the invention by using a heater of the single
continuous coil type as commonly employed in
fire-heated tube stills, but the advantages of the
multiple-path heater with recirculation of the
tar are so marked that it is decidedly preferred
in the present inventin:. Where a single coil
heater has a coil long enough to accomplish the
heating desived there is commonly an excessively
high pressure drop through the heater. Further-
more, this undesirable condition is accentuated
by vaporization in the coil which would still fur-
ther increase the back pressure on the pump.

It should further be noted that in such a con-
tinuous 2oil heater especially when crude tar is
run throuzh without recirculation there is a

- manifold chanze in viscosity over the course of

the heating because of the temperature change
from the cold inlst to the hot outlet, and since.
vigcosity is a factor in determining. the Reynolds
number, g very wide variation in Reynolds num-
Thus if the Reynolds number at
the inlet were in excess of 2100 so that the flow
there would be turbulent, the velocity required to
ohtain this condition would cause excessively high
pressure drop in a single coil heater. On the
other hand if the flow at the outlet is reasonably
well within the turbulent range the flow at the in-
let is likely to be viscous or streamline which will
give very poor heat-transfer conditions near the
inlet. If we take an example of a tar having a

5 viscosity of 50 centipoises at the inlet.and 1 centi-

poise at the outlet, there wiil be a 50-fold change
in. viscosity and a 50-fold change in Reynolds
number from inlet to cutlet, and if the flow at the
inlet were at a Reynolds number just slightly

i above 2100 and therefore in the turbulent range,

the Reynolds number at the outlet would be
about, 100,000 and the veloeity required to attain
these conditions would be excessive and would
correspond to an excessive pressure drop, whereas
if a degree of turbulence corresponding to a Reyn-
olds number of say 10,006 were produced at the
outlet of g single coil heater the Reynolds number
ab the inlet would be not more than 200 and a
large part of the flow would be in the streamline

% rangewith poor heat transfer.

In the present invention this difficulty is over-
come by recirculating a large quantity of heated
dehydrated tar through the multiple-path heater.
Due to the fact that a large amount of tar mass
is.already up to temperature, the temperature rise
in. the circulating tar stream frem inlet to out-
let of the heat exchanger 38 is small and con-
sequently there is a very small change in Reynolds
nuraber due to viscosity change from inlet to out-

4 let, resulting in uniformify of heat transfer con-

ditions from one end tc the other of the heater.
Furthermore, in the multiple-path tubular

heater deseribed, the circulated tar flows through

many tubes in parallel and flows only g compara-

& tively short distance in & single one of the tubu-
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Jar paths. Thus the pressure drop required to
force the tar through the tubes is relatively low.
Furthermore, if vaporization occurs within the
tubes there is less tendency to build up back pres-
sure as compared with flow of tar through a single
coil since the formation of a given amount of
vapor based on the new tar feed becomes a pro-
portionately smaller percentage of the total fluid
flowing in the tubes when the quantity of cir-
culating tar is many times the quantity of tar
feed. Thus heating in multiple parallel paths
overcomes several difficuities which have pre-
viously been evident in tar heating systems.

It will be possible and advantageous ih many
cases to supply some of the heat required to the
tar while it is in the pool 35 as by jacketing the
depressed bottom of the vapor box and even by
inserting tubes within the pool and supplying the
heating medium to the jacket and to the tubes
and this invention does not preclude the use of
such auxiliary heat when supplied in this manner
but the main heat supply will be obtained as the
tar is circulated through the tubes in heat ex-
changer 38.

The tar which enters the vapor hox or flash
chamber 3! by any of the routes described will
be heated to a minimum temperature that per-
mits vaporization of substantially all the water
that is present in the tar. Thus, after the treat-
ment in the vapor box, the residual water in the
dehydrated tar will vary between 0.00 percent
and 0.20 percent by volume, and preferably will
be not more than 0.05 percent by volume. It will
be evident to those familiar with the practice of
tar dehydration that these moisture limits are
very low as compared with industry standards in
which a tar containing up to 0.5 percent water by
volume is considered to be a dehydrated tar.
Many of the chemical compounds contained in tar
dissolve substantial amounts of water, and it may
be expected, therefore, that tar itself, which is
the aggregate of all such compounds, has the ca-
pacity to hold some water in true solution. Ac-
cordingly there will remain in the dehydrated
tar the equilibrium percentage of water corre-
sponding to the partial pressure of water vapor
above the tar at the operating temperature in the
vapor hox.

While the literature states that the dehydration
of tar can be accomplished at about 150° C. it has
been found necessary in some cases according to
the present invention to heat the tar to from 150°
C. to 200° C., if the dehydration is accomplished
at atmospheric pressure. To accomplish dehydra-
tion to the required degree it is decidedly pref-
erable to employ temperatures between 140 and
200° C., and to accompany these temperatures
with vacuuin, employing an absolute pressure be-
tween 50 and 150 mm. of mercury in the vapor
box. Along with vaporization of water, light and
medium tar oils will be vaporized owing to the
steam distillation effect in the vapor box.

While some vaporization of water and oil may
oceur in the tubes of the heat exchanger 38, es-
pecially where new tar is mixed with the circu-
lating tar at the inlet to the heat exchanger or
at an intermediate point therein, this vaporiza-
tion is minimized by the pump pressure and by
the small propertion of new tar, and it is de-

sirable that most of the vaporization shall oc~ 7

cur in the vapor hox 2!, which is provided for this
purpose. It will be evident that there is a re-
duction of pressure in the vapor box as compared
with the pressure on the tar in the tubes of the
heat exchanger 38, and this release in pressure
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8
allows the desired amount of vaporization to be
completed in the vapor box.

The heated tar together with any vapor therein
enters the vapor box preferably tangentially
through a pipe 37 af the circumference. The
vapor box is normally of a size between 0.3 and
1.5 cubic feet per cubic foot of tar throughput
per hour. In other words, if there is a tar
throughput of 100 cubic feet per hour, the vol-
ume of the vapor box will be of the order of 30
to 150 cubic feet. This relatively large volume
serves to allow liquid-phase material to separate
from vapor-phase material under the force of
gravity and the whirling motion due to the tan-
gential entrance. To further aid in separation
of vapor from liquid, baffles or packing 32 are lo-
cated near the top of the vapor bex and above
the point 24 if new tar feed is admitted at this
point.

Although it is possible to conduct the vapors
from the vapor box directly to a condenser, it
is preferred, whenever the naphthalene content
of the tar is comparatively high to employ a
fractionating column 38 above the vapor box and
connected thereto by a channel 48. The frac-
tionating column 38 may ke a plate, packed or
other type column operating in the usual man-
ner with reflux supplied at the top and produc-
ing an overhead fraction and a bottoms fraction
that are substantially different from each other
in composition. The degree of difference be-
tween the fractions is determined by the number
of eguivalent plates in the column and by the
ratio of refiux supplied to the vapors passing
through. The bottoms fraction is withdrawn
from the column through a pipe 41 to a receiver
42.

When tars containing substantial quantities of
naphthalene are processed in the manner de-
scribed, the vapors in the first stage will contain
naphthalene in substantial amount even though
the total quantity of vapors does not exceed 2 to
5 percent of the tar by volume. When these va-
pors are condensed to liguids they may tend to
deposit crystals if the temperature falls below
60° C. or even below 65° C. in some cases. This
may cause serious operating difficulties when the
process is under a vacuum because of the neces-
sity to approach these temperatures, or even to
cool below them, in order to obtain substantially
complete condensation of vapors. Under these
circumstances a fractionating column on the first
or dehydrating stage is desirable and may be very
important since most of the naphthalene in the
vapors of the first stage can be collected in the
bottom stream of the column and can be with-
drawn with this stream into the receiver 42, leav-
ing light oils, that is, oils having boiling points at
atmospheric pressure tha{ are mostly below
200° C., and which do not deposite crystals at
ordinary temperatures, that is, at 0° to 40° C.,
to be collected in the overhead stream.

The vapors of water and oil passing overhead
from the fractionating column, or leaving the va-
por box if the column is not used, are condensed
in a condenser 42 cooled in any suitable manner.
The condensate passes from the condenser to a
decanter 44 from which the oil, usually being the
lighter phase, passes to a receiver 45 where a por-
tion of it is picked up by a reflux pump 46 to be
returned to the top of the fractionating column
as reflux. The wabter fraction overflows at 47
and may flow to a sewer or may receive further
treatment. The detail regarding the treatment
of the vapors and condensate may he varied in
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accordance with good plant practice without de-
parting from the spirit of the‘invention. Forex-
ample the condenser 43 may: be ‘composed of ‘a
partial condenser and & fina] ‘condenser, which

respectively produce the reéflux and condense the

“make” of ¢li and water. In the latter case‘the
pump 63§ may prove-to-be unnecessary ‘since-the
reflux may fow to the-eolumn by gravity. - Like-
wise the separation of the condensate into light
oils and water may take place in the receiver45.

It will be understood of course that-if ‘the oil
should be heavier than the water the connecticns
in the decanter will be reversed.

A vent is provided at 48 to discharge any non-
condensible gas such as may bereleased from ‘the
raw tar when it is heated or which may- come
into the system by leakage. When the dehydra-
tion is carried out under-a vacuum, -g vacuum
rump 84 is employed at this point. It will be
evident that ‘the decanier 44 and ‘the receiver
£5, if not suificiently displaced vertically from
the rest of the equipment to permit-operation: at
atmospheric pressure, may be equipped - with
proper seals and vents to enable either or both of

them -to operate under vacuum. -Similarly, re-

ceiver £2 is provided with a vent 51 and‘this has

a vacuum pump %2 where vacuum is employed.
In a preferred method of orerating the present

invention the crude tar fows-directly into the

vapor box 2. Thetar flowed in may be at stor-

age temperature, say 50 to 80° C., or-it-may be
further heated in a preheater 29 before it reaches
the vapor box. If preheater 29 isused i should
he designed to contain a small volume of: tar so
that the time that the tar remains in the pre-
heater is 'short. “The preheater will"be & “once~
through” typs in which the far is heated pro-
gressively from inléet to outlet temperature rather
than the recirculation type in which the tar re-
ceives its heat at practically maximum temper-
ature. While the continuous ¢ceil type has some
of ‘the disadvantages at discussed above, in-the
case of the preheater these are not too sericus
since only aboul one-third of the total heat-

required in stage one is added to.the tar'in the °

preheater. ~Furthermore -there -will be ' little
vaporization in the prehesater to cause-excessive
back pressure. If is not necessary or desirable to
preheat the tar excessively since some:oils con~
tained in it may polymerize or resinify, and-it
has heen found that 80° to 100° C.is usually suf-
ficlent, but higher temperatures may be used if
the time of heating is.short.

“When the tar reaches the vapor box at. 24 it is
flowed on to baffles or packing material 33 there-
in and comes .into direct. contact with vapors
arising from the heated recirculated tar which
enters the vapor box at 37. Under conditions of
temperature and pressure prevailing where the
fresh tar flows in, vaporization of water and light
oils will commence, if this is not already inproc-

.ess. Vaporization increases as the tar'flows down
~over the packing, being accomplished by thermal
“interchange ~with the “hot vapors-arising ‘from

below. “When the tar reaches the bottom ofthe
vapor hox it joins‘the pool ‘35 -of dehydrated-tar
therein, part-of which'is being continueusly-with-

“drawn and recirculated by the pump:34 through

the “heat exchanger :38: dfter the manner:pre-
viously described. The heated:tar.returns:toithe

‘yapor:box at a point 37 which:is;above the: sur-
face of .the pool-3&.and which is below:thepack~

ing -23 -over .which the fresh. tar .is.distributed.

-This heating -campletes vaporization.of oilg.from
-the tarin.the first distillation stage.
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"It has been found desirable in the first distil-
lation stage to distill an amount of oil that ‘is

-considerably -in-excess of ‘the amount that-will

distill ‘incident to dehydration so that an even
greater percentage ‘of the polymerizable  and

- resinifiable -constituents of - crude ‘tar can ‘be

vaporized-and removed quickly ‘from a zone of
high temperatures and recovered as distillate oil
instead of remaining behind in ‘the residue. If
the heat-sensitive censtituents are not vaporizéd
in-this stage some of them may never be vaporized
at all, since by the time they reach a later stage
of distillation, where temperature -and pressure
conditions-are favorable ‘for their vaporization,
they'may have become polymerized to form larger
molectles; the volatility of which is much lower
and ‘may - be practically zero. Consequently. to
effect a high degree of ‘distillation ‘in the“first
stage it is-desirable to operate at a low pressure
and a high finishing temperature which shall be
consistent - withother requirements and. limita-

‘tions of the process.

‘In‘this stage, therefore, the-circulating tar will
be heated to a temperature between 140 and 200°
C. The pressure:of distillation depends on the
temperature of ‘the ‘cooling water that is avail-
able and therefore it may fluctuate with the sea-
son “of the year. Tt depends also on the water
content of the crude tar. ‘For example, if "dry
tar be available the pressure can be kept low, say
5to 20 mm. of mercury, ‘since the oil vapors by
themselves can ~be condensed in' this pressure
range. Since most-coal tar as prepared for. dis-
tillation contains one or two percent and some-
times more of water, it will generally be neces-
saxry to cool the vapors of distillation to the point

~where the water vapor condenses because if water
vapor is not condensed -some light oil vapors will
‘not be condensed and will represent a loss to-the
process.

The relationship between pressure of distilla-
tion and cooling-water temperature can be shown
by following the vaporsreleased in the vapor box
through the fractionating column, in which the

.rising vapors ‘meet oil reflux, and from thence

intothe condenser. To condense the water vapor
‘ang rectified oil vaporg'it is necessary to operate

.ab a-pressure greater than the sum of ‘the water
‘and oil vapor pressures prevailing -at the con-
“denseroutlet.

For example, to illustrate numerically, it may
be assumed that cooling water is available at 35°
C.-under extreme warm weather conditions. ‘If
the condenser is an indirect, or surface con-
denser, the distillate vapors may be cooled only
to 40° C., at- which temperature water has a vapor
pressure of 55 mm, The oil vapor associated with
the water vapor may be assumed at this point (in
order to simplify the illustration) to have the
properties. of meta-xylene, which has.a vapor
pressure of .19.5 mm, at-40° C. Thus, the. total

-pressure of .the-two vapors is about 75 mm. and
- a;pressure greater than 75 mm. will be needed.to

condense them. Allowing for a.pressure: drop of
5 mm. in:going through the apparatus.the: pres-

~suresin-the vapor box where the vapors: are-re-

leased will be about 80:mm.

~.Similarly, if ‘the: condenser: temperature:is . 30°
C. the pressure in the-vaporization:zone: will be
about 48 mm.; at 20°C, it will be about 29:mm.;
and-at 10° C. it will be about 18 mm. At temper-
atures nearer the’ice point-and with low oil-
vapor pressure it will be possible to operats at

-ghout 10 mm, With dry.tar even lower,pressurgs
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can be used as described later in connection with
a second stage of distillation.

As previously described the first stage will be
operated at temperatures of 140-200° C. in the
vapor box, preferably accompanying this tem-
perature with a vacuum, employing as a maxi-
mum an absolute pressure between 50 and 150
millimeters of mercury. As shown above, the
pressure of the vapors where the tar enters the
vapor box at 24 will be at a minimum of about
80 millimeters for unfavorable warm weather
conditions. These conditions of temperature and
pressure serve adequately to meet the minimum
requirements of the first stage distillation, which
are to dehydrate the tar and to distill from 2
to 5 percent of the more volatile oils. Some-
what more oil will be distilled when pressures
approaching the low of 50 millimeters are com-
bined with temperatures approaching 200° C.
However, in the more preferred operation when
even lower pressures are used, that is, in the
range from 10 to 50 millimeters, it is easily pos~
sible to distill more than 5 percent of oil in the
first stage and even as much as 20 percent or
more. Allowing for unfavorable weather con-
ditions, the pressure range in the first stage may
be 10 to 80 millimeters of mercury. For higher
pressure operation the pressure may go up te
150 millimeters of mercury, as previously stated.

Furthermore, this can be done without de-
leterious effect on the tar even though tem-
peratures in the upper part of the range, that is,
from 160 to 200° C. are used. This is explained
as follows:

In the preferred method of operation the pres-
sure will be in the range from 10 to 50 milli-
meters which will be possible during about eight
or nine months of the year without the use of
any special equipment. When the temperature
in the lower part of the vapor box is 160-200° C.
the temperature at the point where the crude
tar enters may be around 140° C. TUnder these
conditions, practically all of the water and from
3 to 8 percent of oil by volume of the crude tar
will be flashed off as vapors as soon as the tar
enters the vapor box at 24. In a time interval
of less than one second these vapors will pass
out of the vapor box into the fractionating col-
‘umn in which the temperature is lower or, if
no column is used, they will pass directly to the
condenser. Thus, the heat-sensitive constitu-
ents in this more volatile 3 to 8 percent or so of
the tar will be quickly removed from a high tem-
perature zone to a zone of lower temperatures
where the rate of polymerization is slowed down
so that the oil fraction containing these con-
_stituents can be withdrawn from the equipment
before polymerization has taken place.

The vapor box 31 will contain baffles or pack-
ing 33, such as Raschig rings, to the depth of
one to five feet, onto which the entering tar is
spread. It has been found that hot tar takes
about four seconds to travel through one foot
of 1-inch rings when they are showered with
tar at the rate of two to four gallons per sq. ft.
per minute so that the average time that the
tar is in contact with these rings is from four
to twenty seconds. During its descent through
the packing the tar becomes heated and vaporizes
an additional 5 to 10% of oil (calculated in terms
of the volume of liquid evolved) by the time it
.reaches the pool of hot tar 35 in the hottom
of the vapor box. The tar from which this
fraction of oil is distilled will have an average
temperature of about 150° C. in the packing
section of the vapor chamber and the oils will
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have been kept at this average temperature for
approximately half the time of descent, or from
two to ten seconds. Even though the average
temperature is such as to cause a rapid rate of
polymerization of heat-sensitive constituents in
the fraction of tar being vaporized, the time
is so short that a substantial percentage of these
constituents is able to escape into the cooler zone
of the fractionating column, or into the con-
denser, before polymerization takes place. Thus,
the purpose of using the lowest pressure of
distillation that will at the same time permit
condensation of the vapors in a later step and
using also g relatively high temperature in the
range from 140 to 200° C. is to distill as much oil
as possible in a period of time that is measured
in seconds.

‘When the process of this invention is operated
to yield less than ten percent by volume of oil
distillate in the first stage the vapors passing
into the fractionating column will generally ke
separated into two fractions as described. One
of these will be a low naphthalene oil which
does not deposit crystals at condenser tempera-
tures and the other will be a high naphthalene
oil having a setting point, which may be in the
range from 45° to 65° C., and which is with-
drawn from the base of the fractionating column
at a temperature between 75° and 145° C.

‘When the vapors comprise more than ten per-
cent of the tar they will contain substantial
quantities of oils boiling above naphthalene and
which are collectively known as creosote. It may
be advisable in this case to separate the oil vapors
into three fractions, one heing the light, low-
naphthalene fraction that separates in the con-
denser at a temperature of 40° C. or below, the
second being a high naphthalene oil having a
setting point between 45 and 65° C. taken off
at some midpoint of the column where the tem-
perature is between 50° and 125° C. and the
third being a creosote fraction withdrawn irom
the base of the column where the temperature
is at least 30° above that where the napnthalene
is withdrawn. The operation of a fractionating
column to yield more than two fractions is well-
known standard practice and the details are
not shown in the drawings. The naphthalene
and creosote may be stripped in auxiliary col-
umns, if desired, and the stripped vapors re-
turned to the main fractionating column as is
common practice in the operation of columns
producing multiple fractions.

The percentage of oil distilled in the first stage
may desirably be further increased by adding
steam to the vapor box 31 as at 49 in Figure la
where it will have the effect of decreasing the
oil vapor pressure, thus permitting more oil to
be distilled under any given conditions of tem-
perature and total pressure prevailing in the
vapor box. While this steam may be added by
injecting it through an open or perforated pipe
placed in the pool 35 of dehydrated tar, it will
preferably be added as shown to the space in the
vapor box directly above the pool of far, or at
some point in the circulating tar stream where
it will mix intimately with the tar as it flows
through the heater, or part thereof, and be dis-
charged into the vapor box along with the circu-
lating tar and oil vapors.

The steam should secure intimate contact with
the hot tar in order to be effective and if, for

-example, it is admitted to the space ahbove the

tar pool, contact may be secured by having the
tar from the heater 30 enter the vapor box at a
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boint. somewhat higher up and be distributed
over bafie plates or packing 33’ similar to- 33:
An.arrangement for accomplishing this result is
shown in-Figure le although other means will
occur to persons who-are skilled in the art upon
becoming familiar with the process.

Steam added in this way will be:condensed in
condenser 43 along: with the steam vaporized
from the water originally present in the tar pro-

vided that the:pressure on.the system at this &

point. is. more. than about 1.4 times the vapor

Dressure of water at the temperature-in the con--

denser.

The use:of added steam in the amount.of ap-
proximately 0.3 to 1.0 pound per gallon of tar
fed to the system may increase the total oil dis-
tilled to 20%. or more by volume so that a second
stage of distillation may be unnecessary in many
cases..

When steam is added in the first stage . vapor :

box-its partial pressure over the residual tar will
be increased over what would otherwise be- the
case and this will tend to raise the concentration
of water left in the residue from distillation but
so.long as-this does not exceed 0.2% by volume
of the residue it will have no serious effect on a
laterstage of distillation. Of course, if all of the
desired distillation takes place in a single stage,
the concentration of water in the residue becomes
of little significance: since its only effect is to
diminish slightly the heating value of the residue
as: fuel, or to alter in a minor way some physical
characteristic of the residue.

The: “make” of dehydrated tar, which corre-

sponds to the'raw tar feed minus the vaporiza- &

tion of water and oil, colleets.in the pool 35 at
the bottom of the vapor box 31. In order to pre-
vent accumulation of material at this point, it
is: conveniently removed automatically. Desir-

14

The- difference: in: the nature- of: this: residue
from that obtained from high temperature proe=
esses is:.shown.in the percentage:of “free-carbon.”
This refers:to.the: matter insoluble in-some sol-
vent, which in this: case: is. benzene. In. high
temperature distillation the free-carbon. content
of. the distillation residue almost invariably:

. shows  an’ increase over that. in: the:original tar:

an

Rt

ably a.valve 53.in a transfer pipe 52 is operated -

by-pivoted float lever 55 having a float 55’ in the
pool 35, to permit withdrawal of the “make”
from the circulating system, as shown in Figure
4. It will be understood of course that any other
suitable procedure or mechanism such as a sep-
arate -pump can be employed to withdraw the
“make” from the first distillation stage.

- If no-further distillation: is. desired:than that

which -has been accomplished in this stage, the:

dehydrated tar will be removed from the system.
It can be disposed. of as fuel, as road.tar, as &
base-for tar paint, or in-any other desired man-
ner.

The characteristics of the residue from the first
stage of distillation after 10 to 18 percent by vol-
ume of oil has been distilled are shown in the
following tabulation, which also gives the char-
acteristics of the tar distilled:

RunNo_ ... ... 8 13 15 18

Tar Used:
Spec: Grav., 155°C________ 1.188 1197 | 1186 1.184-
Pereen* Free Carbon by wt.)  7.38 11.07 6,77 5.92
Percont Warer by vol.._____ 1.5 3.0 2.7 1.8
Percent by Wt. Dist. to 300°
G 21. 59 22.46 {2514 | 25.22
.. Engler Sree, Vise,, 50° C.___} 16.4 10.2 6.5 6.2
0Oil Removed by Distillation__.. 9.9 10.0 1.6 17.9
Residre made:
S~ee. Grav,, 165°C .. ... 1.214 | 1.238 1.224 | 1.233
Percent by Wi, Dist. to 300°
C o . C16.2 12.73 | 13.67 9.43
Eneler Sp, Vis,, 70°C. ______ 14.8 13.9 13.1 17.7
Percent Free Carbon, by
welght - __ .. .. 7.71 11.67 8.23 8.57

Percent Free Carbon cale.
fro tar for no increase by
welght ... . ... . 8.31

Increase in. percent by
weight of free carbon. _.___ —0.60

12.70 7.90 7.38
-1.03 0.33 L19

50

85°

60°

6%

75

when calculated to-thesame basis, assuming that
the- original® free: carbon. in: the: tar is: concen-
trated owing to removal-of.oil by distillation: In
the: present. invention: in runs:8:and- 13, for ex~
ample, there: were decreases respectively. of: 0.60.
and 1.03 in the percent by weight of the free-
carbon of: the residue.. In runs:15 and 18 there
were-inereases of:0.33 and 1.19 ‘percent by weight:
respectively, but the average for the four runs is
a decrease 0f:0.03 percent, indicating that, on:the
average, there is no build-up-of free carbon when;
operating:according: to- this invention.

If further- distillation. iz desired, the surplus
of tar in the first stage flows into. a’ second:
stage.of distillation where removal. of chemical
oils: such- as naphthalene. and any constituents

" boiling: below it may. be completed: and where:

some creosote may: be-distilled. If chemical oils:
have been- removed’ in: large: part: in the first:
stage; the total. oil-distilled in the second stage:
may be collected as a: single’ creosote fraction..

In' the second stage, a: heat exchanger 5§ is
employed that is similar structurally. to the heat:
exchanger 38, and heated in the same way: (by:
steam: or Dowtherm: or: other. vapor around.the:
tubes). In an actual:iliustration, it-was found:
that the heat exchanger 38 might have 103:
tubes, of which 31 are .in the first pass and: 72
in the return pass, the number of parallel heat=
ing paths therefore increasing more than. double
in the progress. from the inlet to outlet;. This:
bermits some vaporization in:the: heater withs=-
oub - developing excessive: back: pressure.. A cir=
culating. pump: 57 passes: tar residue through.a:
circuit. including a pool 38 of the tar residue in:
the depressed bottom: 8% of a second stage vapor:

* box ‘or flash:chamber 6, from which tar'is with-

drawn.and: passed to the suction:side of the.re-
circulating pump- 5%, then passes to the inlet:
of the heat exchanger 5§, and then. returning
from the outlet of the heat exchanger: by a.pipe
62 to the vapor box. The vapor box desirably
Has.packing or bafle plates B4 in. its ‘upper por-
tion and at the top is connected dirvectly to. a.
condenser or it may, as shown, be connected by
a vertical channel €3 with a: fractionating: col--
umn- §8. The overhead vapors from. the frac-
tionating column, or from' the vapor box if a-
fractionating column is not used, pass to @.con--
denser G7 suitably cooled by means not shown..

The feed to the second stage is withdrawn:
from the first stage circulating tar stream as by’
the pipe B4; and may enter the vapor box di-
rectly through' valve: §8 and pipe 70. Alterna-
tively the feed -may pass through valve 11, pipe’
12 and valve 73 to the inlet' to the heat ex--
changer 56, or may pass through part anly of
the exchianger as by flowing through valve- 1{;
pipe 12, valve 14'and pipe 75, or it may be-heated:-
in- any other suitable manner deésired as by a
heat exchanger 70’ placed in the line 79. Where:

~the amount of distillation in the second stage

is'not over 3°to 5 percent by volume of ‘the tar,
this heater may furnish the only heat supply
to the second stage and Heat exchanger 5§ may
not be required. When the tar enters the vapor
box through the line 10°is may-flow on to packs-



2,673,833

i5
ing 69 located in the vapor box 61 below the inlet
from pipe 10.

The heat exchanger 58 is desirably of the par-
allel tube type similar to that shown in Figure 2,
and as described in relation to heat exchanger
30. While the single continuous coil type as
used in fire-heated stills can be employed, this

type is disadvantageous as explained in connec~ -

tion with the heat exchanger 30.

Since the distillation in the second stage is
to be carried out at a very low pressure, it is
especially desirable to use a heater in the second
stage in which the pressure required to over-
come fluid friction is small.

The second stage is operated under a suitably
high vacuum from a vacuum pump 16 connect-
ed to a vent 71. The absolute pressure at the
vacuum pump should be in the range from 5 to 50
millimeters of mercury and preferably below
about 10 millimeters of mercury. The absolute
pressure in the vapor box 61 will be from about
2 to 10 millimeters of mercury higher than that
at the inlet to the vacuum pump 716, so that in
the vapor box 6! the absolute pressure will range

from 7 to 60 millimeters of mercury and pref- :

erably be about 12 to 20 millimeters, in order to
carry out the distillaticn. The temperature in
the vapor box 61 will be maintained in the range
from 160 to 275° C., preferably from 160 to 200°
C. With a pressure of 10 to 15 millimeters of
mercury and a maximum temperature of 2006°
C. in the vapor box it has been found that most
of the valuable ccal-tar chemicals remaining in
the dehydrated tar, that is those having boeiling

points at 235° C. or below at atmospheric pres- 3¢

sure, will be vaporized from the tar in the second
stage and that the oil recovered from both stages
will be 18 to 25 percent of the tar by volume. Ii
a temperature between 200 and 275° C. be used
in the second stage, along with an absolute pres-
sure of 15 millimeters of mercury, higher per-
centages of oil, say 30 to 35%, may be distilled,
and o harder residue (similar to roofing pitch)
may be obtained. Or, if desired, the chemical
oil fraction can be removed at temperatures of
about 225° C. so that distillation in the second
stage can very well be conducted at 50 milli-
meters of mercury absolute, instead of 10 to 15
millimeters of mercury.

Oils boiling above 235° C. at atmospheric pres-
sure will also be vaporized to a greater or less
extent in the second stage and may bhe con-
densed with lower boiling cils as a single frac-
tion if the vapors pass directly from the vapor
box to a condenser without use of a fractionat-
ing column. However, if the total oils vaporized
are collected as one fraction the higher boiling
oils will dilute the lower boiling oils and make
recovery of chemicals more difficult and more
expensive in later operations. Particularly is
this true of naphthalene which frequently is iso-
lated from other oils in semi-purified condition
by cooling, crystallizing and mechanically sep-
arating the naphthalene from the other oils.
The latter always retain some naphthalene in
solution that is unrecoverable by this methed of
operation, sinee even at 5° C. coal-tar oils of this
type hold about 20 or 25% naphthalene in
solution.

Tt is the purpose of the fractionating column 66
to effect as far as is practicable a reasonable sep-
aration between the two classes of oil before they
are withdrawn from the system. The column 66
should be of a design that gives a low pressure
drop, and therefore while other designs may be
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used, a packed column is preferred. Oils boiling
above 235° C. at atmospheric pressure are con-
centrated in the fraction leaving the bottom of
the cclumn by pipe 18 and flowing to receiver 80.
Cenerally, from one-third to three-quarters of the
total oil vaporized in the second stage may be
collected in the fraction withdrawn from the bot-
tom of the column and this fraction contains less
than 25 percent by weight, and generally less than
15 percent by weight of naphthalene, thus mak-
ing unnecessary any further processing for its
naphthalene content. Of course, if it is desired
to avoid even this small loss of naphthalene, this
heavy fraction may, instead of being withdrawn
at 18, be allowed to overflow into the vapor box
by closing the valve 89, whereupon the naphtha-
lene content of the oil will become revaporized
and eventually will work its way out of the sys-
tem as part of the oil removed from the top of
the column.

Oils produced in condenser 67 when a frac-
tionating column is used, have hoiling points at
atmospheric pressure mostly below 235° C. and
will include most of the naphthalene left in the
dehydrated tar. Part of this oil may be returned
to the fractionating column as reflux through a
flow splitter 81 and pipe 82, while the remainder
will flow through a pipe 83 to a receiver 84. Al-
ternatively, all of the condensate produced in the
condenser §7 may flow to receiver 84 and a por-
tion of the condensate may be returned as reflux
10 the fractionating column from the receiver 84
in any suitable manner, if desired. As a further
alternative method of operation, oil produced in
the bottom of eolumn 38 and collected in receiver

42 may be used to furnish all or part of the re-

flux to column 66.
The “make” of the distillation residue in the
second stage, which would tend to accumulate in

the pool at the bottom of the vapor box or flash’

chamber 61, is removed in the manner described

for the first stage as by a pump 85 controlled by a.

float-operated device 86 as well known, respond-
ing to a pivoted lever and float in the pool in the
vapor box, or by any other suitable mechanism.

A very desirable fuel, such as may be employed
in an open hearth furnace, and also a very satis-
factory material for road tar, can be produced by
the process of the invention carried through the
second stage at a temperature helow 200° C.
The residue processed in this manner is freed

of most of its chemical oils, and can be further’

distilled for production of creosote and pitch.
This residue will have a specific gravity at 15.5°
C. of not less than 1.23 and a softening point as

determined by the ring-and-ball method of be-

tween 87 and 120° F. as shown by a large num-

ber of tests of which the following are typical.’
All of these data were obtained when the tem-.
perature in the second stage vapor hox was 163 .

to 182° C. and when the absolute pressure was
maintained at 14 to 18 millimeters of mercury:

Residue
I’%‘otal Og
emoved, N
Test No, Tar Sample] peregnt by| Specific | Softening
Volume Gravity, Point,
15.5° C. °F,-
A 22,8 1.259 101. 2
A 218 |avmmccreaan 116.8
C 20.9 |ocecnemean 98
D 181 [criaeeee 90
E 18.5 1.247 91.8
F 19.8 1.230 | 105
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In order fo produce residue of these general
physical properties, fire-heated stills have been
used in the prior art which must heat the tar
to around 300 to 330° C., in order to distill at
atmospheric pressure. Even when using mod-
erate vacuum, such as about 75 millimeters of
mercury absolute pressure, the teraperatures re-
quired are considerably in excess of 200 C.
Consequently the prior art residues have had
substantially higher polymer contents which are
avoided by the residue prepared by using the
process of the present invention.

There is no simple analytical method to meas~-
ure this condition but the free-carbon content is
customarily used to show the effect of thermal
treatment of tar during distillation. In the
present invention one tar used contained %7.38
percent by weight free carbon. The residue of
distillation from the second stage contained 8.11
percent by weight free carbon, whereas concen-
tration of the original 7.36 percent by weight
owing to removal of oil by distillation would have
given 9.35 percent by weight. Other tesis have
shown similar decreases and still others, slight

increases, far less, however, than is obtained 2

when distilling at higher temperatures as in past
practice.

The present invention makes it possible to
produce tarry residue suitable for use as fuel or
as road tar and freed of most of the chemical oils
by using steam as a heating medium and heat-
ing the tar to temperatures not exceeding 200° C.

My experiments have established that I can
produce a partially “topped” tar by removing 10
percent or more of oil by velume and preducing
not more than 90 percent of distillation residue
containing not more than 15 percent by weight
distilled to 300° C., and that I can produce a
completely “topped” tar by distilling off 15 per-
cent or more of oil by volume, which will con-
tain practically all the light oils and naphthalene,
and the distiliation residue amounting to 85
percent or less of the tar will contain not more
than 7 percent by weight distilled to 300° C.

The importance of meisture control in the first
stage and in the feed to the second stdge will be-
come apparent when it is realized that when the
feed to the second stage contains 0.1 percent water
by volume, 8.3 pounds of water are introduced

into the second stage with every thousand gal- :

lons of feed. After vaporization, water is non-
condensible at the temperature and pressure con-
ditions normally prevailing at the outlet from
condenser ¢7. Subsequently the vacuum pump
or other vacuum producing means must be large
enough to handle all this water vapor plus the
unavoidable air leakage into the equipment of
the second stage, and if the water in the feed
to the second stage is in excess of 0.2 percent by
volume, the size of the vacuuin equipment may be-
come excessively large.

For the same reason it is desired to remove as
distiliate in the first stage most of the light tar
oils, that is, oils which boil at atmospheric pres-
sure below 200° C., so that residual light oils
passing into and vaporized in the second stage will
be small in amount and their uncondensed vapors
will not add greatly to the burden of the vacuum
pump. Of course if a source of dehydrated tar
is available, that is, containing 0.00 to 0.20 percent
of water by volume and preferably not more than
0.05 percent by volume as defined in this inven-
tion, the use of a first distillation stage for dehy-=
dration would be unnecessary and the tar could
be fed directly from its source into a single stage
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operation that would correspond substantially to
second stage operation as described herein,

It will be evident that in case the receivers 80
and 84 do not themselves provide vacuum seals,
vacuum seals or their equivalent will be supplied
on the discharge pipes 87 and 88.

Most coal tars of 1948 production contain g
large proportion of naphthalene under United
States and Canadian practice. It is possible ac-
cording to this invention to concentrate naphtha-
lene in the oils condensed in the condenser 67
so that thig fraction will have a setting point of
45° {0 69° C. or even higher, denoting 50 percent
by weight or more of naphthalene in the product.
The condenser should not be operated below the
temperature at which naphthalene will deposit as
2 solid phase from the oil since there would be
danger of solidification of naphthalene which
would block the equipment and hence allowing
for a 5° C. safe operating margin, the tempera-
ture of 50° C, is the minimum at which the con-
denser should be operated when a naphthalene oil
having a setting point of 45° C. is being fraction-
ated from the vapors of the second stage.

Since at 70° C. the vapor pressure of naphtha-
lene is abous 4 millimeters of mercury, the naph-
thalene-oil vapor concentration in the gases leav-
ing the condenser §7 will be 40 mol percent when
the system is being operated at a pressure of 10
millimeters if the vapor pressure of the oil is as-
sumed to be substantially the same as that of pure
naphthalene. Similarly, at 100° C. the vapor
pressure of naphthalene is 18.5 millimeters of
mercury and if the system were operated at 50
millimeters the naphthalene oil vapor would
amoeunt to about 37 mol percent of the total va-
pors. Thus the condenser should operate at a
miniraum temperature of 50° C., desirably at a
temperature not exceeding 70 to 80° C. when g
naphthalene oil is being fractionated, and in any
ecase at a maximum of 100° C. to prevent solidifi-
cation of naphthalene on the one hand and ex-
cessive vapor losses on the other hand,

Most of the naphthalene that passes through

5 the condenser as vapor cail be removed from the

gases by dissclving it in oil in a serubber, which
may be used in the present invention, but which
forms no part of it. The oil used for this pur-
pose may be petroleum oil as is used for scrub-
bing coal gas, for recovery of coke-oven light oils
such ags toluene, and is therefore readily avail-
able at coke plants, or it may be a coal-tar fraec-
tion of low naphthalene content such as the frac-
tion collected in the receiver 88 (the bottom frac-

5 tion in the second stage), or it may be the oil left

after chilling oil containing naphthalene to crys-
tallize and remove the naphthalene, and which is
known as “drain oil.”

In operation it will be evident that the heater
in the first stage which is operating on the re-
circulating stream drawn from the pool will heat
to a temperature of about 200° maximum, the
minimum temperature being about 140° C. Pref-
erably a multiplicity of parallel paths is provided
in both heaters through which the distillation
residues are recirculated and both heaters op-
erate at Reynolds numbers in excess of 2100 and
preferably between 7,000 and 25,000 assuring tur-
bulent flow with good heat transfer rates. In
both heaters the number of parallel paths pref-
erably increases as the flow takes place through
the heater (except with gravity circulation), thus
permitting some vaporization to occur in the
heaters without developing excessive back pres-
sure. The increase in the number of parallel
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paths may occur at one point or at a plurality of
points in each heater. The tar feed to either
stage may be introduced to the recirculating
stream in that stage at the inlet to the heater,
part way through the heater, or in the vapor box
of that stage and the tar feed to either stage
may be separately heated before it enters either
stage.

In both stages there is a reduction in pressure
in the flash chamber as compared with the cor-
responding heater. While the first stage vapor
box may operate at atmospheric pressure, it will
desirably be at a maximum absolute pressure of
between 50 and 150 millimeters of mercury and
more desirably at an absolute pressure of between
10 and 80 millimeters. The second stage will have
an absolute pressure in the vapor box between 7
and 60 millimeters of mercury and at the vacuum
pump of between 5 and 50 millimeters of mercury,
preferably not exceeding 10 millimeters of mer-
cury.

The first stage will remove water very com-
pletely, so that the water content in the “dehy-
drated” tar withdrawn from the first stage will

be between 0.00 and 0.20 percent by volume and @

preferably not in excess of 0.05 percent by vol-
ume, and the first stage will remove most of the
light oils boiling at atmospheric pressure below
200° C. by distilling off as a miinimum from 2 to 5

percent of the tar by volume in this stage. De- ¢

sirably the first stage will distill more than 10
percent by volume of oil and up to about 20 per-
cent or more by volume.

Both vapor box sizes will be iarge, and pref-
erably in the range between 0.3 and 1.5 cubic feet
of vapor box space per cubic foot of tar through-
put per hour.

The temperature in the vapor hox of the second
stage will range from 160 to 275° C. and prefer-
ably from 160 to 200° C. The vapors from either
stage will be condensed to form a single oil frac~
tion in either stage or they will be fractionated to
form more than one oil fraction in either stage.
When producing 2 naphthalene oil, the condenser
temperature in the second stage will be not less
than 50° C. so that naphthalene will not solidify
in the condenser.

In view of my invention and disclosure varia-
tions and modifications to meet individual whim
or particular need will doubtless become evident
to others skilled in the art to obtain all or part
of the benefits of my invention without copying
the process and structure shown, and I, therefore,
claim all such insofar as they fall within the
reasonable spirit and score of my claims.

Having thus described my invention what I
claim as new and desire to secure by Letters
Patent is:

1. The process of dehydrating coal tar contain-
ing a substantial amount of naphthalene and
separating it into fractions, which comprises
continuously feeding coal tar into a flash cham-
ber of a first stage maintained at an absolute
pressure of 10 to 150 miliimeters of mercury and
there flashing water and oil into vapor and pro-
ducing a pool of dehydrated tar, condensing at a
temperature below 65° C. an oil fraction that does
not deposit crystals at temperatures hetween 0°
and 40° C., continuously withdrawing dehydrated
tar from the pool, continuously heating the tar
withdrawn to a temperature between 140 and
200° C. and reconducting the tar thus heated to
the flash chamber, the dehydrated tar having
a water content of between 0.00 and 0.20 percent
by the volume, diverting accumulation of dehy-
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drated tar from the pool and passing it into a
flash chamber of a second stage maintained at
a temperature of between 160 and 275° C. and at
an absolute pressure between 7 and 60 millimeters
of mercury, there vaporizing volatile components
of the dehydrated tar into vapor, condensing at a
temperature above 50° C. a portion of the vapor
as a naphthalene fraction having a setting point
of 45° C. or higher and removing the accumula-
tion of residue from the second stage.

2. The process of dehydrating coal tar contain-
ing a substantial amount of naphthalene and
separating it into fractions, which comprises
continuously feeding coal tar into a flash cham-

3 per for a first stage maintained at an absolute

pressure of 10 to 150 millimeters of mercury and
there flashing water and oi] into vapor and pro-
ducing a pool of dehydrated tar, condensing at
a temperature below 65° C. an oil fraction that
does not deposit crystals at temperatures between
0° and 40° C., continuously withdrawing dehy-
drated tar from the pool, continuously heating
the tar withdrawn in a multiplicity of parallel
paths at a Reynolds number greater than 2100
to a temperature between 140 and 200° C. and re-
conducting the tar thus heated to the flash cham-
ber, the dehydrated tar having a water content
of between 0.00 and 0.20 percent by volume, draw=
ing off accumulation of dehydrated tar and pass-
ing it into a flash chamber of a second stage
maintained at a temperature of between 160
and 275° C. and at an absolute pressure of 7 to
60 millimeters of mercury and there vaporizing a
portion of the dehydrated tar, condensing at a
temperature above 50° C. a portion of the vapor
as a2 naphthalene fraction having a setting point
of 45° C. or higher, and removing the accumula-
tion of the residue from the second flash chamber.

3. The process of dehydrating coal tar con-
taining a substantial amount of naphthalene and
separating it into fractions, which comprises con-
tinuously feeding coal tar into a flash chamber
for a first stage maintained at an absolute pres-
sure of 10 to 150 millimeters of mercury and there
flashing water and oil into vapor and producing
a pool of dehydrated tar, continuously withdraw-
ing dehydrated tar from the pool, continuously
heating the tar withdrawn in a maultiplicity of
parallel paths at a Reynolds number greater than
2100 to a temperature between 140 and 200° C.
and reconducting the tar thus heated to the flash
chamber, the dehydrated tar having a water con-
tent of between 0.00 and 0.20 percent by volume,
conducting the vapor from the first stage into a
fractionating column and there producing at a
temperature below 65° C. an overhead fraction
that does not deposit crystals at temperatures be-
tween 0° and 40° C., forming within the fraction-
ating column at a temperature between 75 and
145° C. a naphthalene fraction, withdrawing
this fraction from the column, drawing off ac-
cumulation of dehydrated tar from the first stage
and passing it info a flash chamber of a second
stage maintained at a temperature of between
160 and 275° C. and at an absolute pressure of
7 to 60 millimeters of mercury and there vaporiz-
ing & portion of the dehydrated tar, condensing
the vapors formed, and removing the accumula~-
tion of the residue from the second flash cham-
ber.

4. The process of dehydrating coal tar contain-
ing a substantial amount of naphthalene accord-
ing to claim 3, which comprises introducing 0.3
to 1.0 pound of steam per gallon of tar feed into
the distillation in the first stage.
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5. The process of distilling coai far contain-
ing a substantial amount of naphthalene, which
comprises flowing the tar at a predetermined
rate to a first stage of distillation in which the
tar is to be separated into volatile fractions and
dehydrated tar, continuously recirculating de-
hydrated tar from the first stage and continu-
ously heating the dehydrated tar as it is recircu-
lated in a multiplicity of parallel paths at a
Reynolds number greater than 2100 and at a tem-
perature between 140 and 200° C., flowing the
heated material into a first zone for separating
vaporized material from dehydrated tar while
maintaining this zone at an absolute pressure of
between 10 and 150 millimeters of mercury, con-
densing at a temperature below 65° C. an oil
fraction that does not deposit crystals at tem-
peratures between 0° and 40° C., flowing the ac-
cumulation of dehydrated tar, which contains
from 0.00 to 0.20 percent of water by volume,
from the first stage into a second stage contain-
ing a second zone for separating vapors from
residue of distillation of the second stage, re-
circulating the residue from the second stage
through a multiplicity of parallel heating paths
and heating the residue to a temperature of be-
tween 160 and 200° C. while passing it through
the multiplicity of parallel heating paths at a
Reynolds numbper greater than 2100, flowing the
heated residue into the second zone for separat-
ing vapors from distillation residue while main-
taining this zone at an absolute pressure of 7 to
60 millimeters of mercury, condensing at a tem-
perature above 50° C. a portion of the vapor as
a naphthalene fraction having a setting point of
45° C. or higher, and removing the accumulation
of residue from the second stage.

6. The process of distilling coal tar containing
a substantial amount of naphthalene, which
comprises flowing the tar at a predetermined
rate to a first stage of distillation in which the
tar is to be separated into volatile fractions and
dehydrated tar, continuously recirculating dehy-
drated tar from the first stage and continuously
heating the dehydrated tar as it is recirculated
in a multiplicity of parallel paths at a Reynolds
number greater than 2100 and at a temperature
between 140 and 200° C., flowing the heated ma-
terial into a first zone for separating vaporized
material from dehydrated tar while maintaining
this zone at an absolute pressure of between
10 and 150 millimeters of mercury, conducting
the vapor from the first stage into a fractionating
column and there producing at a temperature

below 65° C. an overhead fraction that does not-

deposit crystals at temperatures between 0° and
40° C., forming within the fractionating column
at a temperature between 75 and 145° C. g naph-
thalene fraction having a setting point in excess
of 45° C., withdrawing this fraction from the
column, flowing the accumulation of dehydrated
tar, which contains from 0.00 to 0.20 percent of
water by volume, from the first stage into a
second stage containing a second zone for sepa-
rating vapors from residue of distillation of the
second stage, recirculating the residue from the
second stage through a multiplicity of parallel
heating paths and heating the residue to a tem-
perature of between 160 and 200° C. while passing
it through the multiplicity of parallel heating
paths at a Reynolds number greater than 2100,
flowing the heated residue into the second zone
for separating vapors from distillation residue
while maintaining this zone at an absolute pres-
sure of 7 to 60 millimeters of mercury, con-
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densing the vapor from the second stage, and
removing the accumulation of residue from the
second stage.

7. The process of distilling coal tar containing
a substantial amount of naphthalene to separate
moisture and volatile oil fractions, which com-
prises flowing the tar to a first stage of distilla-
tion maintained at an absolute pressure of 10 to
150 millimeters of mercury and there separating
vapors and forming a pool of distillation residue,
withdrawing dehydrated tar from the pool and
flowing it through a multiplicity of parallel heat-
ing paths at a Reynolds number greater than .
2100 and therein heating to a temperature of
140 to 200° C., fractionating the vapors from
the first stage to produce at a temperature below
65° C. an overhead fraction which does not de-
posit crystals at temperatures between 0° and 40°
C., flowing the accumulation of dehydrated tar
from the first stage to a second stage and there
separating vapors and forming a pool of distilla-
tion residue while maintaining an absolute pres-
sure at the point of separation which is always
between 7 and 60 millimeters of mercury, with-
drawing distillation residue from the pool and
flowing it through a multiplicity of parallel heat-
ing paths at a Reynolds number greater than
2100 and therein heating to a temperature of
160 to 275° C., fractionating the vapors from
the second stage while under reduced pressure
and concurrently supplying a flow of reflux liquid
countercurrent to the vapors, condensing a naph-
thalene fraction at a temperature above 50° C.
and which has a setting point of 45° C. or higher,
withdrawing a heavier fraction containing less
than 25 percent by weight of naphthalene, with-
drawing noncondensible vapors, and removing
the accumulation of residue from the second
stage.

8. The process of removing water from coal
tar containing a substantial amount of naph-
thalene and separating the latter into fractions,
which comprises recirculating a stream of dehy-
drated tar in a first stage, heating the stream
to a temperature of between 140 and 200° C.
while it is progressed through a multiplicity of
parallel heating paths at a Reynolds number
greater than 2100, introducing the tar residue
thus heated into a flash chamber maintained at
an absolute pressure of 10 to 150 millimeters of
mercury and having a volume of between 0.3
and 1.5 cubic foot per cubic foot of through-put
of tar per hour, condensing at a temperature
below 65° C. an oil fraction that does not deposit
crystals at temperatures between 0° and 40° C.,
recirculating a stream of tar residue in a second
stage, introducing the accumulation of dehy-
drated tar from the first stage into the recir-
culating stream from the second stage, heating
the recirculating stream of tar residue in the
second stage to a temperature of between 160
and 200° C. in a plurality of parallel heating
paths at a Reynolds number greater than 2100,
introducing the heated stream in the second stage
into a flash chamber maintained at an absolute
pressure of 7 to 60 millimeters of mercury and
having a volume of between 0.3 and 1.5 cubic
foot per cubic foot of through-put of tar per
hour, condensing a naphthalene fraction from
the second stage at a temperature above 50° C.
and removing the accumulation of residue from
the second stage.

9. The process of distilling coal tar containing
a substantial amount of naphthalene and sepa-
rating it into fractions, which comprises con-
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tinuously feeding coal tar into a flash chamber
maintained at an absolute pressure of 10 to 150
millimeters of mercury and there flashing oil
vapors and producing a pool of distillation resi-
due, continuously withdrawing distillaticn resi-
due from the peol, continucusly heating the dis-
tillation residue withdrawn in a multiplicity of
parailel paths at a Reynolds number- greater
than 2109 to a temperature between 140 and
200° C. and reconducting all of the material
making up the residue thus heated to the same
flash chamber where it jcins the pool of residue
previously formed and vapors therefrom join
the vapors from the tar previously fed to the
flash chamber, conducting the vapors from the
flash chamber into a fractionating column and
there producing at a temperature below 65° C.
an overhead fraction that does not deposit
crystals at temperatures between ¢° and 40° C.,
forming a naphthalene fraction within the frac~
tionating column at a temperature between 75
and 145° C., withdrawing this fraction from the
column, and drawing off accumulation of distilla-
tion residue from the flash chamber.

10. The process of distilling coal tar contain-
ing a substantial amount of naphthalene and
separating it into fracticns, which comprises con-
tinuously fesding coal tar into a flash chamber
maintained at an absolute pressure of 7 to 60
millimeters of mercury and there flashing oil
vapors and producing a pool of distiliation resi~
due, continuously withdrawing distillation resi-
due from the pool, continuously heating the dis-
tillation residue withdrawn in a mulfiplicity of
parallel paths at a Reynolds number greater
than 2i¢0 to a temperature between 160 and
275° (.- and reconducting all of the material
making up the residue thus heated to the same
flash chamber where it joins the pool of residue
previously formed and vapors therefrom join the
vapors from the tar previously fed to the flash
chamber, conducting the vapors irom the flash
chamber into a fractionating column and there
producing at a temperature helow 65° C. an over-
heag fraction that deces not deposit crystals at
temperatures bhetween 0° and 40° C., forming a
naphthalens fraction within the fractionating
column at a temperature between 75 and 148°
C., withdrawing this fraction from the column,
forming a heavier fraction containing less than
25 percent hy weight of naphthalene, withdraw-
ing this heavier fraction from the column, and
drawing off accumulation of distillation residue
from the fash chamber.

11. The process of distilling coal tar contain-

ing a substantial amount of naphthalene accord-
ing to the process of claim 9, which comprises
introducing into the distiliation 0.3 to 1.0 pounds
of steam per gallon of tar fed into the flash
chambezr,.

12. The process of distilling coal tar contain-
ing a substantial amount of naphthalene, which
comprises flowing the tar at a predetermined
rate to a first stage of distillation containing a

fivst zone for separating volatile vapors from ¢

dehydrated tar and there flashing water and oil
into vapor and producing a pool of dehydrated
tar while maintaining this zone at anh abhsolute
pressure of 10 to 155 millimsters of mercury and
st o temperature below 200° C., condensing at
a temperature below 65° C. an oil fraction that
does not deposit crystals at a temperature be-
tween 9° and 40° C., fiowing the accumulation
of dehydrated tar from the first stage into a
second stage containing a second zone for sepa-
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rating vapors from residue of distillation of the
second stage, recireulating residue from the sec-
ond stage through a multiplicity of parallel heat~
ing paths and heating the residue to a tempera-
ture of between 160 and 275° C. while passing
it through the multiplicity of heating paths at
a Reynolds number greater than 2109, fowing
the heated residue into the second zone for
separating vapors from distillation residue while
maintaining this zone at an absolute pressure
of 7 to 60 millimeters of mercury and at a lower
ahsolute pressure than the first zone, condensing
at a temperature above 50° C. and below 145° C.
a naphthalene fraction having a setéing point
of 45 C. or higher, condensing and withdrawing
5 heavier fraction containing less than 25 per-
cent by weight of naphthalene, and removing the
accumulation of residue from the second stage.

13. The progess of distilling coal tar contain-
ing a substantial amount of naphthalene, which
comprises flowing the tar at a predetermined
rate to a first siege of distillation containing a
first zone for separating volatile vapors from de-
hydrated tar and there fiashing water and oil
into vapor and producing a pool of dehydrated
tar while maintaining this zone at an absolute
pressure of 10 to 150 millimeters of mercury and
at o temperature below 200° C,, condensing at
g temperature below 65° C, an cil fraction that
doss not denosit crystals at a temperature be-
tween 0° and 49° C,, flowing the accumulation
of dehydrated tar from the first stage into a sec-
ond stage containing a second zone for separat-
ing vapors from residue of distillation of the
second stage, recirculating residue from the sec-
ond stage through a multiplicity of parallel heat~
ing paths and heating the residue to a tempera-
ture beiwesn 149 and 200° C. while passing it
through the multiplicity of heating paths at a
Reynolds number greater than 2169, fiowing the
heated residue into the second zone for separat-
ing vapors from distiilation residue while main-
taining this zone at an absolute pressure of 7 to
680 millimeters of mercury and at a lower abso-
lute pressure than the first zone, condensing at
a temperature above 56° C. and below 145° C. a
naphthalene fraction having a setting point of
45° C, or higher, and removing the accumula-
tion of residue from the second stage.

14, The process of distiliing coal tar contain-
ing a substantial amount of naphthalene, which
comprises fiowing the tar at a predetermined
rate to a first stage of distillation, containing a
first zone for separating volatile vapors from de-
hydrated tar, and there flashing water and oil
into vapor and producing a pool of dehydrated
tar while maintaining this zone st an absoclue
pressure of 18 to 150 millimeters of mercury and
at a temperature below 240° C., condensing at
a temperature below 65° C. an oil fraction that
does not deposit crystals at a temperature be-
tween 0° and 468° C., flowing the accumulation
of dehydrated tar from the first stage into a
second stage containing a second zone for sepa-
rating vapors from residue of distillation of the
second stage, while maintaining this zone at a
temperature of hetween 160 and 275° C, and at
an absolute pressure of 7 to 60 millimeters of
mercury but at a lower absolute pressure than
the first zone, condensing at a temperature above
50° C. and helow 145° C. a naphthalene fraction
having a setting point of 45° C, or higher, con-
densing and withdrawing a heavier fraction con-

taining less than 25 percent by weight of naph- .
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thalene and removing the accumulation of resi-
due from the second stage.

15. The process of distilling coal tar containing
a substantial amount of naphthalene, which com-
prises flowing the tar at a predetermined rate
to a first stage of distillation containing a first
zone for separating volatile vapors from dehy-
drated tar maintained at an absolute pressure
of 10 to 150 millimeters of mercury and at a tem-
perature below 200° C. and there flashing water
and oil into vapor and producing a pool of de-
hydrated tar, condensing at a temperature below
65° C. an oil fraction that does not deposit crys-
tals at a temperature between 0° and 40° C., flow-
ing the accumulation of dehydrated tar from the
first stage into a second stage containing a sec-
ond zone for separating vapor from residue of
distillation of the second stage, while maintain-
ing this zone at a temperature of between 140 and
200° C. and at an absolute pressure of between
10 and 80 millimeters of mercury, condensing at
a temperature above 50° C. and below 145° C. a
naphthalene fraction having a setting point of
45° C. or higher, and removing the accumulation
of residue from the second stage.

16. The process of distilling coal tar containing
a substantial amount of naphthalene, which com-
prises heating coal tar at a temperature below
200° C. and distilling off water and oil vapor and
producing a residue of dehydrated tar, flowing
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the accumulation of dehydrated tar from the de-
hydrating operation into a stage of distillation
containing a zone for separating vapors from
residue of distillation, recirculating residue from
this stage through a multiplicity of parallel heat-
ing paths, heating the residue to a temperature

“between 160 and 275° C. while passing it through

the multiplicity of heating paths at a Reynolds
number greater than 2100, flowing the heated
residue into the said zone for separating vapors

from residue of distillation while maintaining

this zone at an absolute pressure of 7 to 60 milli-
meters of mercury, condensing at a temperature
above 50° C. and below 145° C. a naphthalene
fraction having a setting point of 45° C. or higher,
condensing and withdrawing a heavier fraction
containing less than 25 percent by weight of
naphthalene, and removing the accumulation of

_residue from the stage of distillation.

ARTHUR H. RADASCH.
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