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8 .Claims.

Inby-prodilet coke works; & considerable prob--

lem arises in the disposal of acid sludge which
results-from the washing of light oils; The-dis-
posal of such material without contaminating the

atmosphere or- polluting- a- stream; or-otherwise
creatifig’a menace-to publie: liealth; consbitutes a
large-and diffieult problem.

The-light: oil 'whiehis-recovered: from: the gas-

produeed - in & by-product coke: plant- consists
principally of benzene, toluene; and Xylene:
Many: other compounds  are: present: in- less

amounts:and ‘they: must' be’ separated from the-

benzene: and:‘its: homologs in order: to:- obtam a
marketable benzene and the like:

An important group’of ‘such compounds-which
must be thus: removed’ are- sulphur-containing
organic compounds, of which group carbon: di-
sulphide-and’ thiophene: are representative com-
pounds.

Another group of compounds which must: be
removed: inecludes. unsaturated compounds- in-
cluding dienes and olefins, Pentenes, cyclopenta~-
diene, styrene; and indene are representative- of
this: group.

Still other classes- of compounds§’ are: present -

as- well, but the sulphur-eontaining: compounds
and the unsaturated compounds -are tie:two most
impertant - impurities; Althoughsome- of* these
compounds:are:separated’ for salé; with:respeet
to the pure benzene and its-homologs, they must
besconsidered las-impurities:

Of the impurities, one to -two per* cent; based:

on the-volume of the light oil, distill below 80° C.,
the-boiling point: of' benzene:
of these-forerunnings-can be separated: ‘from the
pulk-of.the light oil by ffactional distillation. In
this- fraction of the-light oil: are found’ cyclo~
pentadiene and ‘carbon disulphide..

A:large proportion:-
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Another-portion of the light -oil’distills-above: '

145°°C. the: boiling’ peint: of! ortho-xylene, and-
likewise-can be-separated'to a large extent by’
fractional - distillation. In- this- fraction: will be-
found cumarone, mesitylene, indene, and‘inapki'-»

thalene;

THe forerunnings-and the high-beiling-fraetion-
of:the-light' oil .do not: include-all’ of the impuri~-
tiesy @ certain proportion: distills-between 80°°Cl
and-145°°C. The-impurities-hoiling-in this temr--

perature range cannot:be separated-by-fractional
distillatiomn, bub: car-be' removed by treating the

light'oil with sulphuric acid.  Theacid reacts-with'
Some -com=-
poundsit will polymerize to-High molecular resins
orpitches; others will sulphortate; and still others
are-oxidized, The reactions are extremely com--

the-impurities~ in: different - ways:

40

45

50

1.3

471,212

plex; axd little-is-known of'them. The acid:also-
will react in a-similar manner with' any- forerun--
nitgs or ‘high-boilifig: compounds- which :may- be:
left inthe-fraction to-be-washed,

In the-commercial refining of light. oil; the:-oil:
is first fractionated crudely- to- take - out- the
highest boiling compounds. Ih seme cases:this
fractionation may-include removal of f01erun~»~
nings:-boiling ‘- below :80% C.

The distilled. light' ¢il then is- washed' wibhy:
coneentrated sulphuric-acid'in-a large: vertical,
cylindrical tank equipped’with a mixXing: device.
Several per cent by volume of the-acid are - run
intotoe ‘oilin the-mixing tank or agitator: The-
two are mixed at substantially-room temperature:
until the reaetion-.between-acid ang'impurities-
has' proceeded- sufficiently: far' te- insure: their- -
removal fromthe-oil, On settling; a heavy layer,
which: consists: of unused acid ‘and complex:prod-
ucts of the reaction, collects-ifi- the:bottom of-
the agitator; This layer is sticky and  viscous
with abrownish-red or-purple color -and a-strong-
odor of sulphur dioxide.

This -acia sludge ‘is - difficult- of' disposal: For-
one:reason, its-high acig ‘content renders-it cor--
roslve-; to equipment-in’ which- i¥’ is-handled. - If+
vhe sludge is burned, the sulphur from its organic
matter: and' exeess acid is-evolved -as:sulphur- di-
oxide and: sulphur . {rioxide: which may- pollute:
the-atmosphere- very: seriously, If thrown on a-
dump the high content of organic matter makes-
the sludge a«fire hazard, In addition, the dump.
must be: fenced off ' carefully so- that human be--
ings and animals -will be-unable to get into it by
accident,

R great deal of study-has-been deveted to find-

ing some process which-will improve the quality-
of ‘this sludge; a ‘better methiog-for its-disposal, or-

somie use for it The-sludge-still contains-a large-

proportien of the-original sulphuric-aeid- whici-

hasnotreacted. Several methods are used for res

covery-of- thissaeid,

One of these methods is-to boil the-sludge with
steam, During the-poiling, the-sludse separates-
ix_lto two layers; one-a mass-of ‘pitch and the other:
dilute, but-impure acid! The latter usually -can
b‘&; used aroung the-plant, but the disposal of ‘the~
pitch still‘is-a-problem: This process: does. have:
the advanitage; however, that the volums-of the
sludge tobe disposed of is:reduced;

Another methed ‘for:recovery of - the acid is-to -

‘ditutetheacid - layei-in the agitators: after the

washing: of ‘the- oil has: been completed. After-
the oil and coneentrated acid have been agitated-
together for the proper:time; wateris-added 'and:
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agitation is continued. When the acid phase and
the water have been properly contacted, the agi-
tator is stopped, and the contents of the vessel
are allowed to settle. Three separate layers form
in the agitator. At the bottom is a layer of
diluted acid, relatively low in organic matter,
" which acid is referred to as spent acid. Above
this is a viscous layer of polymerized and re-
acted organic matter which still contains some
acid and some oil, possibly both in solution and
entrained. In the subsequent discussion, this
will be termed the acid sludge. On top is the
washed light oil.

The acid sludge and spent acid are drawn off
together from the agitator into a lead<lined tank
and there are boiled with direct steam. The
steamn vaporizes any light oil present, and the
latter distills off and is condensed. It also poly-
merizes and causes further reaction of the or-
ganic matter. . When boiling has been completed,
this polymerized organic matter in the form of
a black pitch rises to the top of the dilute acid
solution in the tank. The acid can be drawn off
for further use, but the pitch like the other acid
sludges is difficult of disposal. The content of
the spent acid is reduced by the boiling.

The two processes described above do reduce
the volume of the acid sludge and serve to re-
cover much of it as dilute acid which may be uti-
lized in other processes. However, in both cases,
a large amount of acid pitch is left, the disposal
of which is still a problem.

In accordance with the present invention, there
is provided a further improved process, by means
of which process the acid sludge referred to above,
can be recovered as a neutral, aqueous solution
which is handled more easily and can be treated
more readily for the recovery of values,

The process of the present invention consists of
the following steps:

1. The oil is fractionated carefully to remove
as much of the impurities boiling below 80° C.
as possible. Their separation is made substan-
tially complete by distilling off 10-20 per cent of
the benzene present in the oil as a second fraction
which may be utilized in other than pure prod-
ucts. o .

The distillation is continued and a third frac-
tion of the light oil is collected. This contains the
balance of the benzene, the toluene, and the
xylene, all of which are to be washed with sul-
phuric acid. In order to recover the xylene com-
pletely, the end point of this fraction may be
carried up to between 150° and 160° C. or even
g little higher. )

2. The crude “benzene, toluene and xylene frac-
tion” is washed with sulphuric acid in the cus-
tomary manner. After the acid washing is com-
piete, water is added to the agitator, as has been
described above in the second acid recovery proc-
ess. After settling both spent acid and acid
sludge are drawn off together into a separator.
Here they settle further and the spent acid on
the bottom is finally pumped to a third tank.
The acid sludge remains in the separator,

3. Ammonia now is added to the acid sludge in
the separator, either in the form of a gas or as
a more or less concentrated solution of ammo-
nium hydroxide. Mixing is desirable in order to
neutralize the sludge uniformly. If the spent
acid has been separated carefully from the sludge,
the temperature of the system should not rise
higher than 70-80° C., but if it approaches the
boiling point, admission ¢f ammonia should be
stopped and the system cooled.

(51

10

20

25

30

40

45

50

55

60

65

70

15

2,376,644

4. The acid sludge now is in the form of a
thin, clear, brown solution, neutral or slightly
alkaline with ammonia. Any light oil which the
sludge has contained separates as a layer on the
surface. The sludge solution can be drained to
a storage tank. The water content of this soiu-
tion will vary because it depends largely on the
water content of the neutralizing ammonia.
Since the sludge always contfains some water,
water for solution will be present in case substan-
tially dry ammonia gas is used for neutraliza-
tion.

The following steps represent an alternative
procedure which offers certain advantages over
the above, while embodying the principal reac-
tions set forth above:

i, The crude light oil
described above.

4. The fractionated oil is washed with acid as
in the above method, but only the spent acid is
drained from the washer. The acid sludge is
left in the oil.

3. Ammonium hydroxide solution is added to
the agitator in sufficient volume to neutralize both
the acid sludge and the light oil. When neutral-
ization is complete, the sclution of acid sludge is
settled out and drawn from the washed light oil.
This process has the further advantage that the
light oil and the acid sludge are neutralized b
the same operation, )

If desired, other alkalis such as sodium hy-
droxide or a sodium carbonate may be used in-
stead of ammonia, and, less preferably, lime or
magnesia. These last two reactants, however,
precipitate insoluble compounds.

The improved process is illustrated by the fol-
lowing illustrative example:

Ten-thousand gallons of light oil were frac-
tionated. The following fractions were 'col-
lected:

1. 150 gallons of forerunnings, which distilled
up to 75° C.

2. 1,000 gallons of crude benzene which con-
tained substantially all forerunnings not sepa-
rated in the previous fraction.

3. 7,500 gallons of benzene, toluene and xXylene
distilling up to an end point of 165° C.

4. 1,350 gallons of residue left in the still which
may ke fractionated further if desired. .
The 7,500 gallons of bengene, toluene and Xy-
lene were washed with 55 gallons of 66° Bé. sul-

phuric acid for 30 minutes.

After seftling for 15 to 30 minutes, the re-
sulting acid sludge was drawn off to the boiling
tank. 175 gallons of 66° Bé. sulphuric acid then
were added to the oil, and the two were agitated
in contact for one to three hours. From 200
to 400 gallons of water were added, and the agi-~
tator was allowed to settle for from 30 minutes
to an hour, and both spent acid and acid sludge
were drained into the boiling tank containing
the previous acid sludge, Both sludges were
mixed by stirring for 20 minutes until the dilute
acid from the second wash caused a separation
of the spent acid and sludge from the first wash.
The spent acid solution now was pumped to an-
other tank in which it was boiled with direct
steam to separate small amounts of organic mat-
ter still dissolved or entrained.

To the acid sludge left in the boiling tank
were added 95 gallons of a 20% solution of am-
monia, the acid sludge being mixed continuously
during admission of the ammonia until neutral-
ization was complete. 142.5 pounds of ammonia
were required. The contents of the tank were

is fractionated as
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allowed to settle and 300 gallons of clear brown
solution containing about 25 per cent water were
drawn off. 20 gallons of oil were left in the tank
‘and returned to another batch of light oil being
washed with acid in the agitator.

The solution produced from the sludge by the
above-described procedure is suitable for ready
disposal in any convenient manner.

We claim:

1. The process of treating light oils produced
in the production of coke from bituminous coal,
which comprises fractionating light oil to remove
at least the major portion of impurities boiling
below 80° C., completing the separation of such
impurities by distilling off from approximately 10
per cent to approximately 20 per cent of benzene
present in the oil, thereby forming a second frac-
tion, continuing the fractionation of the light oil
to produce a third fraction containing the bal-
ance of the benzene, together with the toluene
and xylene contained in the original light oil,
washing this third benzene-toluene-xylene frac-
tion with sulphuric acid, adding water to the
resulting washed mixture, withdrawing spent
dilute acid from the resulting material, neutral-
izing the resulting acid sludge with a neutralizing
agent selected from the group consisting of alkali
hydroxides and alkali carbonates, and separating
the resulting neutralized acid sludge as a thin

clear solution from the said benzene-toluene- ;

xylene fraction. )

2. In a process of treating light oils produced
in by-product coking of bituminous coal in order
to obtain a water-soluble acid sludge, wherein
the light oil is fractionated to remove at least
the major portion of impurities boiling below 80°
C., the separation of such impurities being com-
pleted by distilling off from approximately 10 per
cent to approximately 20 per cent of benzene
present in the oil, thereby forming a second frac-
tion, the fractionation being continued to produce
a third fraction containing the balance of the
benzene together with the toluene and Xylene
contained in the original light oil, the improve-
ment which comprises obtaining an acid sludge
capable of forming a thin, clear, agueous solu-
tion, by washing the said third benzene-toluene-
xylene fraction with sulphuric acid, adding wa-
ter to the resulting mixture, allowing spent dilute
acid and resulting acid sludge to settle into layers,
removing the spent dilute acid and acid sludge
from the washed benzene-toluene-xylene. frac-
tion, allowing the removed spent dilute acid and
acid sludge to separate into layers, separating the
resulting layers of spent dilute acid and acid
sludge, and neutralizing the acid sludge with a
neutralizing agent selected from the group con-
sisting of alkali hydroxides and alkali carbonates,
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thereby converting the said acid sludge into a
thin, clear aqueous solution suitable for disposal.

3. The process of treating light oils produced
in the production of coke from bituminous coal
which comprises fractionating light oil to remove
at least the major portion of impurities boiling
below 80° C., completing the separation of such
impurities by distilling off from approximately 10
per cent to approximately 20 per cent of benzene
present in the oil, thereby forming a second frac-
tion, continuing the fractionation of the light oil
to produce a third fraction containing the bal-
ance of the henzene, together with toluene and
xylene contained in the original light oil, wash-
ing this third benzene-toluene-xylene fraction
with sulphuric acid, adding water to the resulting
washed mixture, withdrawing spent dilute acid -
from the resulting material, neutralizing the re-
sulting acid sludge with ammonium hydroxide
and separating the resulting neutralized acid
sludge as a thin clear solution from the said ben-
zene-toluene-xylene fraction.

4. The process of treating light oils produced
in the production of coke from bituminous coal

+3 as claimed in claim 1, wherein the acid sludge

is neutralized with caustic soda, and the resulting
neutralized sludge is withdrawn as a thin clear
solution from the benzene-toluene-xylene frac-
tion.

5. The process of treating light oils preduced
in the coking of bituminous coal as claimed in
claim 1, wherein the acid sludge is neutralized
with sodium carbonate and the resulting neutral-
ized sludge is withdrawn as a thin clear solution
from the benzene-toluene-xylene fraction.

6. In a process of treating light oils' produced
in by-product coking of bituminous coal in order
to obtain a water-soluble acid sludge as claimed
in claim 2, the step of neutralizing the acid sludge
with ammonium hydroxide, thereby converting
the said acid sludge into a thin, clear aqueous
solution suitable for disposal.

7. In a process of treating light oils produced
in by-product coking of bituminous coal in order

. to obtain a water-soluble acid sludge as claimed

in claim 2, the step of neutralizing the said acid
sludge with sodium hydroxide, thereby converting
the said sludge into a thin, clear aqueous solution
suitable for disposal. ) .

8. In a process of treating light oils produced
in by-product coking of bituminous coal in order
to obtain a water-soluble acid sludge as claimed
in claim 2, the step of neutralizing the said acid

" sludge with sodium carbonate, thereby convert-
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> solution suitable for

ing the said sludge into a thin, clear, aqueous
disposal.

JOSEPH H. WELLS.
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