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This invention relates to a method for the desulfuriza-
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tion and denitrogenization of aromatic hydrocarbon-con-

taining fractions produced from the destructive distillation
‘of coal and more particularly this invention relates to a
thermal conversion method for the removal of sulfor-
containing compounds and nitrogen-containing compounds
from aromatic hydrocarbon-containing fractions obtained
from coal-tar light oil and coal-gas light oil.
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The tars produced by the destructive distillation of coal

contain major quantities of hydrocarbons and ‘minor
amounts of sulfur and nitrogen-containing compounds.
For a number of years it has been the practice to distill
from coal-tars a light oil fraction, generally a. fraction
boiling below about 400° F., containing substantial quan-
tities of benzene, toluene, xylenes and some higher molec-
ular weight alkylated benzene hydrocarbons. In addition
to these aromatic hydrocarbons, such light oil fractions
contain rather large amounts of solvent naphtha which is
composed of paraffins and more complex hydrocarbois.

During the destructive distillation of coal there. is-also--
When this.
coal-gas is scrubbed with so-called wash oils obtained

produced coal-gas in rather large amounts.

from coal-tars rather large quantities of benzene,'tolu:ene
and xylenes are scrubbed from the coal-gas to produce z

coal-gas light oil fraction which is highly aromatic. The’

coal-tar light oil fraction and the coal-gas light eil frac-

tion form the preferred charge materials for the Process

of the instant invention. Each of these fractions will con-
tain small quantities of sulfur-containing compounds such
as thiophene and derivatives thereof as well as mitrogen-
containing compounds typified by indole and its deriva-
tives. Since the major uses for benzene, toluene and
xylenes from the destructive distillation of coal is in
chemical processes rather than as fuel, it is preferable that
such materials be free of nonhydrocarbon material par-
ticularly sulfur- and nitrogen-containing compounds.

A method now has been found for the removal of
sulfur-containing compounds and nitrogen-containing
compounds from aromatic hydrocarbon-containing frac-
tions produced from the destructive distillation of .coal
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drocarbons they may be treated by any of the well known
commercial selective solvent processes to remove paraf-
finic constituents and to concentrate the aromatic content
of such fractions. It has been found that the selective
solvent treatment of these light oil fractions while remov-
ing paraffinic type constituents will remove only minor
portions of sulfur-containing and nitrogen-containing com-
pounds since the latter are in the form of heterocyclic
ting type compounds and therefore remain in the aromatic¢
fraction. As has been pointed out, these light oil aro-
matic hydrocarbon-containing fractions generally -boil
below about 400° F., and accordingly are particularly
suitable for thermal conversion processes since they may
be vaporized rather easily. :

It has been found that the thermal conversion of these
light oil fractions to remove sulfur-containing and nitro-
gen-containing compounds therefrom is best accomplished
at temperatures ranging between 850° F. and 1350° F. at
pressures in excess of 1000 pounds per square inch and
ranging up to 10,000 pounds per squaie inch with reac-
tion times in the range between 1 and 900 seconds and
with an amount of hydrogen in the tange between 1 and
20 moles of hydrogen per mole of hydrocarbon charge

- based on the average molecular weight of the hydrocar-
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‘bon charge.

Somewhat more preferred reaction conditions ‘em-
ploy temperatures in the range between 950° F. and

- 1250° F., pressures between 2000 and 6000 pounds per
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square inch with reaction times in the range between 10
and 600 seconds and with amounts of hydrogen in the

Jrange between 2 and 10 moles of hydrogen per mole of

- hydrocarbon charge based on the average molecular
" weight of the hydrocarbon charge. Under these condi-
- tions it has been found that from about 20 to.85 percent
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~of the sulfur contained in the charge may be removed in

_ a single treatment while from 10 to 55 percent of the

nitrogen contained in the charge' may be removed simul-

" taneously.
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which involves thermal conversion in the presence of hy-

drogen and under specific reaction conditions..
It is an object of this invention, therefore, to provide a
method for the desulfurization and denitrogenization of

aromatic hydrocarbon containing fractions produced from

65

the destructive distillation of coal by thermal conversion

of such fractions in the presence of hydrogen. R

It is-a further object of this-invention to -provide-a
method for the desulfurization and denitrogenization of
light oil fractions from coal-tar and coal-gas by thermal
conversion of such light oil fractions in the presence of
hydrogen.

Further objects of this invention will be apparent from
the description and claims that follow.

In accordance with the instant invention the light oil
fraction obtained by distillation from coal-tar or by scrub-
bing coal-gas with wash oil is subjected to thermal con-
version in the presence of hydrogen to remove the sulfur-
containing compounds and nitrogen-containing com-
pounds from such fractions. Since these light oil frac-
tions contain rather large amounts of paraffinic type hy-
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The process hydrogen which may be supplied entirely
from an outside source is introduced into the process
along with the charge hydrocarbons.. Since there:is a
small amount of hydrocracking of hydrocarbons in -the
process some hydrogen will be consumed ‘and, of course,
some hydrogen will be consumed in converting the sulfur-

" containing compounds into hydrocarbons and hydrogen

sulfide and the nitrogen-containing compounds into hydro-
carbons and ammonia. The hydrogen together with pox-
tions of the hydrogen sulfide and ammonia may be sep-
arated from the hydrocarbon effluent by means of a con-
ventional high pressure separator. The amounts of ‘hy-
drogen sulfide and ammonia which will be separated from
.Fhe hydrocarbons will depend, of course, upon the operat-
ing pressure of the high pressure separator. The hydro-
carbon effluent from the high pressure separator may then
be flash stabilized to remove the low molecular weight
hydrocarbons produced by hydrocracking. In addition to
removing these normally gaseous hydrocarbons: in’ the
stabilizing operation, the residual hydrogen sulfide and
ammonia likewise will substantially be completely re-
moved leaving only the purified aromatic hydrocarbon
fraction. The separation of hydrogen sulfide and am-
monia from hydrocarbon streams may be accomplished
by any one of several well known conventional methods
and since such methods are not a part of this invention
further discussion thereof is believed unnecessary.

The hydrogen which is separated from the hydrocarbon
fraction may be recycled to the process without further
treatment to remove any ammonia or hydrogen sulfide
since these gases will reach an equilibrium concentration
and not accumulate in the hydrogen. The use of recycle
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hydrogen will, of course, reduce the amount of make-up
hydrogen required to operate the process.

The example which follows comprises a number of ex-
periments designed to illustrate certain specific embod1~
ments. of the invention,

" Example

A hght oil fraction ‘from a steel-mill coke oven was em-
ployed as.a charge material. This material contained a
hydrocarbon fraction having the composition shown in
the table under “Charge” and also it contained 0.35 per-
cent by weight of sulfur and 0.04 percent by weight of
mtrogen based on the weight-of the entire light oil- frac-
tion. .This charge material was treated in a thermal con-
versioh process employing a tubular reactor at a pressure
of 4900 pounds per square inch pressure under the condi-
tions shown in the table. The- products resulting from
such treatments are likewise shown in the table. -
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F. and shorter reaction times within the preferred condi-

__tions should be employed.
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We claim:

1. A method for the desulfurization and denitrogeni-
zation of aromatic hydrocarbon-containing fractions. pro-
duced from the destructive-distillation of coal which com-
prises subjecting:such a fraction'solely. to thermal conver-
sion in-the presence of hydrogen at a temperature ‘in the
range ‘between 850° F.and 1350° F., a pressure.in excess
of 1000 pounds per-square inch and ranging-up to 10,000
‘pounds per -square-inch, for a time in the range between
1 and 900 seconds, the .amount .of hydrogen ranging be-
tween 1.0 and 20 moles -of hydrogen -per mole of hydro-
carbon charge, and separating the hydrogen sulfide and
ammonia produced :during the conversion from  the hy-
drocarbon products -of .the conversion reaction, )

2. A -method for the desulfurization and denitrogeniza-
tion of aromatic hydrocarbon-containing fractions pro-
duced from the destructive distillation of coal which com-

‘Ex_périr;-lent J 0 1 2. 3 4 5 .6
Condmons B
‘Temperatute, ° F 950 950 1 1,000 | 1,000 | 1,050 1,100
~Contact time, see 150 | - 300 150 300 300 600
-Hydrogen to hydrocarbon mole
ratio T8 3:1 3:1 3:1 3:1 31

~Liqmd-Recovery,wt. percent. ... 98.8 94.2 97.3 92.7 90.4 80.3
‘Comnip.of Hydrocarbor Prod- R -

-:uet, -'wt. percent no loss . - -

fo2:5 Charge| No. 1 | No.2 | No.3 | No.4 | No.5 | No.6
- .. .3Cy to Cy paraffins_.______|________ 1 5.8 2.6 721 e8] 106

.Cy and ‘heavier paraffins,
° ¢yclo- and dlcyclopara- : ;
“ffins.... 4.1 4.8 2.6 -1.8 3.8 2.8. -0.4
Total ATOMBHCS. onemmsmmmat 95.9| 941 9L6; 956| B80.0| 86| .80.0
B o sl se3| s1| e57] 38| 6351 810
20,4 23.4 22.3 24.7 22.7 177 6.3
. 13.6 10.9 10.4 11.4 9.7 5.4 -1.3
- ~Heavier alkylated ben- - : :

. .Zenes - 4.1 3.5 2.8 3.8. 281 L0 0.4
Average mol wt. of aromatics:| ~87.1| 85.5]| 86.0) 86.7| 80| 80| 795
Wt. pereént sulfur in liquid..| 0.35| o0.28] 0.23| o0.22] o0.20] o0.06] .0.08
“Wit.percentnitrogeninliquid.| 004 | - 0.081| -0.027-{ 0.028} 0.024 | 0.0357] ~ 0.018
‘Wt. percent desnlfurization_ .| _....__ 20 34 .:37) . .43 83 83
Wt. percent demtrogemzs»

~tion. < 22 .32 ~301 - 40 10 55

- ‘These-data show that substantial amounts of the sulfur-
containing -and -nitFogen-containing compounds may “be
removed-in-a-single-pass through the-reactor. These data

-also show that if the primary-purpose of the thermal con- |

wversion treatment.-is to-remove-sulfur-containing -and nitro-
gen-containing ‘compounds without-substantially changing
the.aromatic-hydrocarbon distribution long reaction times
and temperatures below about-1050° F. should-be ‘em-
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ployed.. . Stated in other words, ‘within the -preferred re- .

action conditions, - the . longer reaction times -and ‘lower
temperatures . should be used to obtain -only-sulfur-and
-nitrogen removal.and only minor changes in the aromatxc
hydrocarbon distribution.
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If, to.the contrary, it is-desired not only-to remove the i

sulfur-containing compounds  -and - nitrogen-containing
compounds. but. also to convert the other aromatic hydro-
carbons to benzene, then temperatures -above-about -1050°

prises ‘subjecting such a fraction solely to thermal con-
version in the presence of hydrogen at a temperature in
the range between 950° F. and 1250° F., a pressure of

~ from 2000 to 6000 pounds per square inch, for a time in

the range between 10 and 600 seconds, the amount of
hydrogen ranging between 2 and 10 moles of hydrogen
per mole of hydrocarbon charge, and separating the hy-
drogen sulfide and ammonia produced during the conver-
sion’ from the hydrocarbon products of the conversion
reaction
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