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This invention pertains to an improved method
for the recovery of by-products from hot coke
oven gases and in particular to a method and
apparatus for the recovery of light oils therefrom.

In the production of coke, hot carbonaceous
materials such as coal, lignite, peat or the like
are heated in the absence of air with the produc-
tion of certain gaseous by-products. Among these
are tars, hydrocarbons such as light oils, naph-
thalene, various lower paraffins and oleflns, and
nitrogenous compounds such as ammonia and
hydrogen cyanide, as well as hydrogen and oxides
of carbon.

The recovery of many of these materials, es-
pecially the light oils which contain valuable
aromatic compounds such as benzene, toluene
and xylenes, is economically desirable.

In the processes generally used for the recovery
of the light oils, tar and ammonia, and a least

to a certain extent, naphthalene, are first sepa- <

rated from the gases. The gases are then scrub-
bed with a wash oil, usually of petroleum origin,
which absorbs the light oils. The pressures at
which such scrubbing is generally carried out
range from about 0.5 to about 1.5 p. s.i. g. With
relation to the quantity of wash oil used, in nor-
mal practice from about 35 to about 55 gallons of
wash oil flow through a normal scrubber per gal-
lon of light oil recovered.

To separate the light oils from their absorber
oil, general practice calls for a steam stripping
operation. This involves the use of considerable
quantities of steam and is expensive. In the
past, suggestions have been made that the sepa-
ration be carried out by distillation, but in the
ordinary process, with its relatively high ratio
of wash oils to light oils, such an expedient has
béen even more expensive than steam stripping,
in most instances.

It is an object of the present invention to pro-
vide a process whereby light oils can be recovered
from coke oven gases with less expense than has
been possible hitherto. )

* It is another object of the present invention
to provide a process for the separation of light
oils from coke oven gases wherein steam stripping
is eliminated.

It is another object of the present invention
to provide a process for the recovery of light oils
from coke oven gases by scrubbing with an ab-
sorber oil wherein the separation of light oils from
the mixture of absorber oil and light oil by distil-
lation is made practical.

It is a further object of the invention to provide
& method for the recovery of by-products from
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hot coke oven gases wherein the gases are scrub-
bed with an absorber oil to separate naphthalene
therefrom and in a second treatment are scrubbed
with an absorber oil to remove light oils there-
from and characterized in that the separation
of the light oils from their absorber oil and naph-
thalene from its absorber oil may be carried out
by codistillation.

Other objects of the invention will appear from
a consideration of the following specification and
claims.

According to the invention, the above objects
are attained by compressing the gases, after they
have been cleansed of tar and naphthalene and

* before treatment to remove light oils, to above

about 5 p. s. 1. g., preferably above about 30
pb. s. 1. g, and advantageously from about 50
p. 8. 1. g. to about 100 p. s. i. g. At this pressure,
and usually at a temperature of from about 20 to
about 40° C., the gases are scrubbed with an ab-
sorber oil for the removal of their light oil con-
tent.

By the term “absorber oil,” I mean an oil hav-
ing an initial point (atmospheric distillation)
above about 225° C. and an end point not higher
than about 400° C. which will take up light oils
from the coke oven gases. Preferably the ab-
sorber oil will have an initial point of about 230°
C. and end point of about 300° C. Such absorber
oils may, for example, be of petroleum origin or
may be creosote oils derived from the distillation
of coal tar itself.

The invention is particularly useful in a process
such as that disclosed and claimed in my copend-
ing application Serial No. 161,325, filed May 11,
1950, for “Method and Apparatus for Coke Oven
By-Product Recovery,” where the coke oven gases
having been cooled and cleansed of tar are first
treated with an absorber oil which is continuously
revivified by  distillation for the absorption of
naphthalene therefrom and where the resulting
mixture of naphthalene and absorber oil is com-
bined with a heavy carrier and distilled to pro-
duce the naphthalene and the purified absorber
oil.

‘'When' the present invention is used in such a
brocess, the mixture of light oil and absorber oil
may be combined directly with the naphthalene-
absorber oil-heavy carrier mixture and the com-
bined streams distilled in one operation with the
production of naphthalene, light oils and a re-
vivified absorber oil. The cooperative relation-
ship between such process and the present inven-
tion is particularly close because when a con-
tinuously revivified absorber oil is used, it is pos-
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3
sible to employ a bubble plate scrubbing column
for the separation of the light oils from the gases
without fear of the plates clogging up with poly-
merized absorber oil or studge. The use of bubble
plate scrubbing columns is more adaptable to
relatively high pressure operation than spray or
packed type apparatus which ordinarily must be
used because of the sludge problem and because
the lower pressure drop of spray or packed type
columns is more suitable for low pressure systems.
In turn, the use of pressures in excess of 30

p. s. i. 8. enables the amount of scrubbing oil to.

be reduced to the point where the quantity of
material which must be handled in the distil-
lation column is sufficiently small that the heat
requirements will be less than those necessary to
carry out steam stripping.

As pointed out in my said copending apblica~-
tion Ser. No. 161,325, by the term ‘“heavy car-
rier” is meant a liguid hydrocarbon carrier hav-
ing an end point above the end point of the
absorber oil and one, at least & portion of which
will remain liguid when the absorber oil is vapor-
ized. The carrier may be of petroleum origin
or may be a coal tar. Examples of suitable car-
riers are coke oven by-product tar, and Bunker C
fuel oil of petroleum origin.

The proportion of carrier in the distilland
should generally be not less than about 2% by
weight. One funetion of the carrier is to insure
that no particles of tar or pitch carried into sub-
sequent distiliation equipment will remain on any
hot surface and there polymerize to coke. The
minimum percent specified is considered the least
quantity which will perforim this function.

Where the boiling point range of the carrier
is such that a part of it is vaporized with the
absorber oil, the total quantity of carrier added
must be such that the fraction which will remain
liguid upon vaporization of the absorber oil con-
stitutes not less than 2% of the distilland.

There is no upper limit to the quantity of car-
rier-‘which may- be added, but if the carrier is
added soclely for the purpose of preventing the
coking cf entrained tar and pitch, in general no
more than the amount required for that purpose
will be added.

It will be understood that the boiling point of
the absorber oil is dependent on the nature of
the carrier-used and the one must be chosen with
due regard to the other. Thus, if by-product tar
is used as a carrier, the boiling range of the
absorber- oil must ke such that its end point is
below about 335° C., in order that the absorber
oil may-be readily purified of the phenanthrene
and anthracene normally present in coal tars by
distillation.

The exact pressure which is used in the light
oil scrubbing tower is subject to considerable
variation. The stated lower limit of 5 p. 5. 1. 2.

has been found to be approximately the lowest.

pressure at which a bubble plate scrubbing col-
ummn may be used to advantage. Where distilla-~
tion rather than steam stripping is to be used to
separate the light oil from its absorber oil, a pres-
sure of above about 30 p. s. 1. g will generally

be necessary. for economic operation. As may-
readily. be. appreciated, there is no upper limit

other than that dictated by the-apparatus avail-
able.
be. operated at from about 50.p. s. i g. to abeut
1G0:p. s.i. g.

Thecretically it is desirable to conducb the ab=-
sorpiion: at the lowest temperature possible. In.

Advantageously -the light oil secrubber will.
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4
practice, the scrubbing tower is usually operated
at between 20° C. and 40° C.

The quantity of absorber oil used in the light
oil scrubbing will depend on operating pressures
and temperatures. By way of example, however,
at a pressure of 50 p. s. i. g. and a temperature
of 30° C. about 10 gallons of wash oil are neces-
sary, per gallon of light oils recovered.

In the preferred embodiment of the invention,
the absorber oil used is a creosote oil having a
boiling point range (atmospheric distillation) of
froimm about 236° C. to about 300° C. and produced
from the coke oven gases themselves. Moreover,
in the preferred embodiment, the gases are first
contacted with water to remove tar and then with
a creosote absorber oil to remove naphthalene.
The tar removed from the gases is used as the
heavy carrier and is combined with the naphtha-
Tenie rich absorber oil and the light oil rich ab-
sorber oil. This mixture is then fractionated
into its various components.

In the drawings, the figure is a flow diagram
of a2 coke oven by-product recovery system ac<
cording to the preferred embodiment of the in=
vention.

Referring to the figure, the hot gases issuing
from coke oven | are at a temperature of about
8C0° C. 'They pass into a collecting-main 2 where
they are met with a spray of aqueocus flushing
liquor introduced through an injector 3. By con=
tact with this liquor, their temperature is ré-
duced to from about 60° C. to aboub 100> C., &
portion of the ammonia in the gases is absorbed
and some of the tar and naphthalene is ¢on-
densed. The foul flushing liquor together with
its tar- and naphthalene and the absorbed am=
monia passes through a downcomer 4 into a
decanter §. In the decanter, it separates into a
tar layer and a water layer, the water layer being
reused as flushing liquor in the collecting main 2.

The gases move from downcomer & to a pri-
rrary cooler & where they are again contacted
with an agueous spray. The liquid for the pri=
mary cooler sprays may also be drawn from
decanter & and may be cooled as by passage
through coolers 1. As they emerge from the top
of the primary- cooler; the gases pass through
an entrainment removal device 53¢ provided: at.
the top of the primary cooler. At this point, the
gases are at a temperature of from about 20° C.
to-about 40° C. Their naphthalene content may
be from about 50 to about 250 grains per hundred’
cubic-feet.

From the primary cooler, the gases are sent

; througlr a naphthalene scrubber § where théy are

met withr a stream of creosote absorber oil pro<
duced from: the by=-products themselves. Details,
of operation of a preferred type of naphthalene,
scrubber are described in my copending apphca-
tion- Serial No. 161,325, :

Moving out of the naphthalene scrubber 8, the.
gases whose haphthalene content is how reduced:
to from about 1 to about 5 grains per hundred
cubic feet pass through an entrainment removal
device 8b-and-are delivered to the suction side of
a system- of ‘boosters- and intercoolers designated:
as 9 in Fig. 1. The boosters may be driven. by a
steam- turbine  8¢. In the booster system, the,
pressure of the gases is raised to above about
30 p.s: 1. g, usually-to froin about 50 to about
100 p.s.i.g. As a resultof this compression, ‘the,
temperature of the gas is raised: From the.
boester system, the gas is delivered: to am inters
mediate cooler- 1§ where its temperature: is re-
duced to-from.about 50: to-about 80° ¢. -At this
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temperature, the gas is delivered to a conven-
tional ammonia saturator {1 where the ammonia
is removed. Leaving the ammonia saturator, the

temperature of the gases is still from about 50 °

to about 80° C. They are therefore passed to a
final cooler 12 wherein their temperature is again
reduced to from about 20 to about 40° C. At this
temperature and at a pressure which is still above

about 50 p. s. 1. g., the gases are passed upwardly.

through a light oil or benzol scrubber 13 where
they are contacted with a creosote wash oil of the
same nature as that used in the naphthalene
scrubber 8. The benzol scrubber {3 preferably
contains a number of bubble plates 13b, since,
as pointed out above, the use of a bubble plate
serubbing tower is particularly adapted for pres-
sure operations. At the exit from the bengol
serubber, the gases are run through an entrain-
ment removal device 3¢ and emerge clean and
dry and ready to pass directly to the fuel mains
and burners or to further processing systems.
As pointed out above, the decanter 6 contains
a water layer and a tar layer. The tar layer
is drawn off and charged to a wet tar storage
tank 4. Emerging from storage tank {4, the

tar passes through s centrifugal separator {5

where it is cleansed of water and solid impurities.
The clean tar is charged to a dry tar storage
tank 16. From there, it is combined with the
naphthalene rich absorber oil drawn from the
bottom of naphthalene scrubber 8 and the light
oil rich absorber oil drawn from the bottom of
light oil scrubber i3 and charged to a fired pipe
still heater 19. There, the temperature of the
combined streams is raised and they are deliv-
ered to an evaporator 20 for the separation of
pitch. Details of evaporator 20 may be found
in'my said copending application Ser. No. 161,325,
The bottoms from the evaporator 20 are drawn
off and may be sent to pitch storage, not shown.

The overhead from the evaporator 28 may be
charged to a fractionator 21 for the separation
of the absorber oil from the lower boiling com-
ponents,

A portion of the bottoms from the fractionator
21 consisting of a creosote oil which should con-~
tain less than 1% of naphthalene may be refluxed
to the evaporator 20. A second bottoms stream
from the fractionator 21 may be passed through
a reboiler 22 and recharged to the bottom of
fractionator 2i. A third bottoms stream from
fractionator 21 may be charged tc a creosote oil
storage tank 23 for further use in scrubbers §
and 13.

The overhead from fractionator 21 may be
charged to further distillation equipment for sep-
aration into its components in any convenient
manner, as for example in a system similar to
that shown in my said copending application Ser.
No. 161,325.

It will be understood that the mixture of light
oil and absorber oil need not be delivered to dis-
tillation apparatus as in the process described,
but may be steam stripped. In such case the
pressure in serubber 13 need be maintained only
above about 5 p.s.i. g.

As pointed out, the system described, wherein
the light oil is removed from the gases under a
pressure of above about 30 p. s. i. g, results in
many savings where considered by itself. The
benefits to be obtained from the invention are
inereased, however, when the gases are further
processed at high pressure after leaving the light
oil scrubber. For example, the gases leaving the
light oil scrubber may be subjected to hyper-
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sorption with activated carbon at elevated pres-
sures for the recovery of ethylene, hydrogen cy-~
anide and other light components. such proc-
esses are not usually economical where the gas
leaving the light oil scrubber is boosted to. proc-:
essing pressure for this purpose alone. On the
other hand, where the gases have already been
compressed prior to light oil absorption, the cost
of the compression is borne partly by the. in-
creased efficiency of the light oil absorption, and
in part by the additional materials subsequently
recovered, with the result that the process as a
whole becomes economically practicable. .

Although the recovery system described above
is, in my opinion, the most efficient method of
employing my invention, it is to be understood:
that the invention is not limited to use in such
& system.. Thus, for example, it is not necessary.
that the light oil rich absorber oil from the light
oil scrubber be combined anhd codistilled along
with a naphthalene rich absorber oil and a heavy
carrier. Moreover, it is not necessary that the.
absorber oil used be a creosote. il or that, if a:
heavy carrier is used, it be a coke oven by-product
tar. Similarly, Wh1le it is considered that a bub-.
ble plate scrubbing tower will be most effective:
at the pressures involved, it is obvious that other
types of apparatus may be used with varying:
degrees of effectiveness, without departmg from
the invention. . )

What I claim is: i

1. In a process for the recovery of by products_
from hot coke oven gases, a combination of steps
which comprises removing tar from the gases,
subsequently compressing the gases, _contacting
the gases at a pressure of above about 30 p. s. i. g.
with a substantially naphthalene and light oil
free absorber oil having an initial point above
about 225° C. and an end point not higher than
about 400° C. to remove light oils therefrom with
consequent enrichment of said absorber oil and
distilling at least a portion of the light oil rich
absorber oil to separate light oils therefrom, said
distillation being conducted solely by indirectly
heating said light oil rich absorber oil.

2. In a process for the recovery of by~products
from hot coke oven gases, a combination of steps
which comprises removing tar from the gases,
contacting the gases with a substantially naph-
thalene-free absorber oil having an initial point
of above about 225° C, and an end point not
higher than about 400° C. for the removal of
naphthalene therefrom, subsequently compress~
ing the gases, contacting the gases at a pressure
of above about 30 p. s. i. g. with a substantially
naphthalene and light oil free absorber oil hav-
ing an initial point of above about 225° C. and
an end point not higher than about 400° C. to
remove light oils therefrom with consequent en-
richment of said absorber oil and distilling at
least a portion of the light oil rich absorber oil
to separate the light oil therefrom, said distilla-
tion being conducted solely by indirectly heating
said light oil rich absorber oil.

3. In a process for the recovery of by-products
from hot coke oven gases, a combination of steps
which comprises removing tar from said gases,
contacting the gases with a substantially naph-
thalene-free absorber oil having an initial point
above about 225° C. and an end point not higher
than about 400° C. for the removal of naphtha-
lene therefrom with consequent enrichment of
said absorber oil, contacting the gases at a pres-
sure of above about 30 p. s. i. g. with a substan-
tially light oil and naphthalene free absorber oil
having an initial point above about 225° C. and
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an end point- not higher than about 400° C. to
remove: light' oils: therefrom: with consequent en-
richment. of said absorber oil, and: distilling said
light: oil rich absorber -oil and said naphthalene
rich absorber oil in admixture with a- liquid hy~
drocarbon carrier having an end point greafer
than the end peint of the absorber oil, at:least a
portion of which carrier will remain liquid when
the ghsorber oil is vaporized, said distillatiorn: being
canducted. solely by indirectly heating said mix-
ture:

4, In a process for the recovery of by-produets
from hot. coke oven gases, a combination of steps
which comprises. removing tar from the gases,
subsequently compressing the gases, contacting
the gases at a pressure above about 30 p: s. L. g.
with g substantialiy naphthalene and light oil
free. creosote absorber oil having an- initial point
abave about 225° C, ahd an end peint not higher
than about 400 C. to.remeve light oils therefrom
with consequent. enrichment of the absorber eil
and distilling the light eil rich abserber o6il to
separate light oils therefrom: and: to revivify said
absorber oil, said: distillation being conducted
solely by indirectly heating said light oil rieh
absorber oil. ’

5. In a process for the recovery of by-products
from hot coke oven gases; a combination of steps
which ecomprises removing tar- from said gases,
contacting the gases with a substantially naph-
thalene-free creosote absorber oil having an
initial point above -about 225° €. and an end

- point not higher than about 400° €. for the re-
moval of naphthalene ithereirom, subsequently
compressing the gases, contacting the gasss at a
pressure of above about 30 p. s. i. g. with a sub-
stantially naphthalene and light oil free creo-
sote agbsorber oil having an initial poini above
about 225° C. and. an end point not higher than
about 400° C. to remove the light oils therefrom

&
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with consequent enrichment of the absorber oil
and distilling the light oil rieh absorber oil to
separate light oils therefrom and to revivify said
absorber oil, said distillation being conducted
solely by indirectly heating said light oil rich
absorber oil.

6. In g process for the recovery of by-products
from hot coke oven gases, a eombination of steps
which comprises removing tar from said gases,
contacting the gases with a substantially naph-
thalene and light oil free creosote absorber oil
having an initial point above about: 225° C. and
an end point not higher than about 335 C. for
the removal of naphthalene therefrom with eon-
sequent enrichment of said absorber oil, contact-
ing the gases at a pressure above about 30'p. s. i. g.
with a substantially naphthalene and light eil
free creosote absorber oil having an initial point
above about 225° C. and an end point not higher
than about 335° C. to remove light oils there-
from with consequent enrichment of said ab-
sorber oil and distilling the tar previously sepa-
rated in admixture with the naphthsalene rich
absorber oil and the light oil rich absorber oil
to. recover the naphithalene and light oilt there-
from and to revivify the abserber oil, said dis-
tillation being conducted solely by indirectly
heating said mixture.

GERALD L. EATON.
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