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ABSTRACT OF THE DISCLOSURE 

Coke and a gas oil fraction boiling between 400 and 
1050° F. are produced by hydrodepolymerizing a hydro 
carbon residua. In particular a steam cracked tar having 
a boiling point above 650° F., with a substantial amount 
of the tar having a boiling point above 1050° F., is 
mixed in speci?c proportions with a gas oil having a boil 
ing point between 400 and '650" F. and an acyclic hydro 
carbon modi?er in a reaction zone operating at a 
temperature between 775 and 900° F. and at a pressure 
between 50 and 1000 p.s.i.g. to maximize the amount of 
coke produced. 

RELATED APPIIICATIONS 

This is a continuation-in-part of Ser. No. 840,814, ?led 
July 10, 196-9, now abandoned. 

BAOKGROU ND OF THE INVENTION 

This invention relates to hydrodepolymerizing a hydro 
carbon residua to produce coke and a gas oil fraction 
boiling between 400 and 1050° F. 

vIt is expected that steam cracking facilities will expand 
in the future, particularly in Europe. This will require 
means for easily disposing of the considerable amounts 
of tar which are a concomitant part of the steam crack 
ing process. One obvious method is to up grade these 
tars as well as other residuas by thermally treating the 
tars with a hydrogen donor diluent material. The donor 
diluent is a hydrogen-containing material, aromatic 
naphthenic in nature, that has the ability to take up 
hydrogen in a hydrogenation zone and readily release it 
to a hydrogen-de?cient oil in a thermal cracking zone. 
Unfortunately, however, there is often undesired coke 
deposition and creation of hot spots in preheater zones, 
leading to plugging of the equipment. 

In pending application Ser. No. 29,629, ?led Apr. 17, 
1970 for Ralph B. Mason and Glen P. Hamner there is 
described and claimed a process for treating hydrocarbon 
residua, a particular steam cracked tar, to produce pri 
marily an aromatic gas oil. However, under the process 
of this invention very little coke is produced. 

It is an object of this invention to produce a low sulfur 
content coke product by hydrodepolymerizing a hydro 
carbon residua such as steam cracked tar. 

SUMMARY OF THE INVENTION 

It has now been found that coke yield can be maxi~ 
mized when desired by mixing in a reaction zone 50 to 
80 weight percent of a hydrocarbon material having a 
boiling point above 650° F. (heavy gas oil+hydrocarbon 
residua fraction) with 20 to 50 weight percent of a hydroa 
carbon material having a boiling point between 400 
and ‘650° F. (light gas oil) together with 1 to 25 weight 
percent of an acyclic hydrocarbon modi?er wherein the 
reaction zone is operated at a temperature between 775 
and 900° F., and a pressure between 50 and 1000 p.s.i.g. 

In a preferred embodiment of this invention the non 
coke product produced in the above process is separated 
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tween 400 and 650° F., a hydrocarbon fraction having 
a boiling point between 650° and 1050” F. and a hydro 
carbon fraction having a boiling point above 1050° F. 
so that the hydrocarbon fraction having a boiling point 
above 1050° F. may be recycled to the reaction zone 
along with that portion of the hydrocarbon fraction hav 
ing a boiling point between 400 and 650° F. necessary 
to maintain the 20 to» 50 weight percent in the reaction 
zone, and either recovering or recycling the hydrocarbon 
fraction having a boiling point between 650 and 1050” F. 

PREFERRED EMBODIMENTS OF THE 
{INVENTION 

In accordance with the present. invention a hydrocar 
bon residua having a boiling point above 650° F. with 
a substantial amount, preferably more than 30 weight 
percent, of the residua having a boiling point above 
1050" F. is mixed with a gas oil, then introduced into a 
reaction or depolymerizing zone where the mixture is 
contacted with an acyclic hydrocarbon modi?er under 
speci?ed conditions. Alternatively, all of the above could 
be mixed together at the same time in the reaction or 
depolymerizing zone instead of as above. 

Suitable hydrocarbon residua would include thermal 
tar from steam cracking, catalytic clari?ed oil, reduced 
crude, shale oil residua, lique?ed coal fractions and other 
similar materials, but most preferably steam cracked tar, 
catalytic clari?ed oil or other hydrocarbon residua which 
have an aromatic content greater than about 70 weight 
percent since these residua are highly hydrogen de?cient. 
Because these materials are generally too viscous to be 
handled easily, it is necessary to add a solvent such as 
gas oil to reduce the viscosity. This permits easy pump 
ing at moderate temperatures and prevents coking at hot 
spots in the system. It is preferred that a light gas oil 
(i.e., a gas oil having a boiling point between 400 and 
650° F.) be used as the solvent, but heavy gas oils (i.e., 
gas oil having a boiling point between 650 and 1050° F.) 
may also be used, provided that there is 20 to 50 weight 
percent, based on the feed to the reaction zone, light gas 
oil in the mixture. 

Since it is desired to maximize the coke yield, it is pre 
ferred that only enough light gas oil is needed as a sol 
vent be used since the higher boiling range fractions 
contain more Conradson carbon or coke precursors. 
Therefore, 20 to 35 weight percent of light gas oil is 
preferred. 

This mixture of gas oil and hydrocarbon residua is 
then maintained in a liquid phase in a reaction zone 
operating at a temperature between 775 to 900° F., 
preferably 780 to ‘800° F., and at a pressure between 50 
and 1000 p.s.i.g. An acyclic hydrocarbon modi?er is 
jetted, sprayed or otherwise thoroughly mixed and passed 
through the liquid in the reaction done. 

Suitable acyclic hydrocarbon modi?ers would include 
para?ins of 4 to 10 carbon atoms per molecule or their 
isomers which have boiling points less than 350° F. Pre 
ferred examples of such modi?ers are heptane and its 
isomers; hexane and its isomers; n-pentane; and 2,4,4 
trimethyl pentane because of the valuable by-products 
produced when they are used. When n-heptane is the 
vmodi?er n-butane, n-pentaneand n-hexane are the valu 
able by-products formed. On the other hand, if iso 
heptane is the modi?er iso-butane, iso-pentane and iso 
hexane are formed. If n-hexane is mixed in the reaction 
zone n-pentane and n-b-utane result. Likewise if iso 
hexane is the modi?er iso-pentane and iso-butane is 
formed. When n-pentane is used n-b-utane is formed. The 
use of 2,2,4-trimethyl pentane unexpectedly results in the‘ 
production of the‘ important blending agent, triptane. 

Other suitable modi?ers are ole?ns and diole?ns of 
similar skeletal con?guration, heavy alkylates and the 
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210-400° F. fraction made by polymerizing propylene 
and butylene with H3PO4 on kieselguhr [Hydrocarbon 
Processing, v. 47:170 (September 1968)], and the like. 

Without intending to limit the invention to any area 
of what occurs, it is believed that the mechanism is one 
in which the modi?er is being consumed with accom 
panying hydrogen exchange, demethanation, alkylation, 
isomerization, aromatic disproportionation and probably 
every known hydrocarbon reaction. The most plausible 
explanation is a free radical mechanism in which the 
condensed ring aromatic compounds of the tar depolym 
erize with the formation of free radicals which attach 
themselves to the modi?er as a “sink.” In doing so the 
modi?er in turn forms free radicals involving stepwise 
degradation and rearrangement reactions leading to 
gaseous products and coke. 

It has been found that to maximize coke yield these 
modi?ers must be added in amounts of about 1 to 20 
weight percent ‘based on the hydrocarbon residua, pref 
erably between about 5 and 15 weight percent. Under the 
operating conditions the hydrocarbon modi?er remains 
in the vapor phase and has a residence time of between 
5 and 60 minutes on through the liquid in the reaction 
zone. During the time the modi?er remains in the reac 
tion zone a portion of it is consumed and is the major 
source of the coke formed which remains suspended in 
the liquid. Thus increasing the residence time aids in 
this conversion to coke. For this reason a temperature 
of about 780° F. and a residence time of about 60 min 
utes is preferred. If the temperature is increased, then 
the residence time must be decreased in order to main 
tain maximum coke yield. If the residence time is in 
creased, the temperature is decreased. 

It has also been found that small amounts of oxygen 
added to the modi?er as it enters the reaction zone 
results in an increase in the amount of coke produced. 
The amount of oxygen added is very small, generally on 
the order of less than 100 parts per million of fresh tar 
feed and preferably less than 50 parts per million. At the 
preferred temperature of about 780° F. 25 parts per 
million of oxygen should be added. 

In a preferred embodiment of the invention the prod 
ucts produced in the reaction zone are removed after an 
appropriate time and introduced into a fractionator 
where the product is separated into a fraction contain 
ing the modi?er, a hydrocarbon fraction having a boiling 
point between 400 and 650° F., a hydrocarbon fraction 
having a boiling point between 650 and 1050° F., hydro 
carbon fraction having a boiling point above 1050° F. 
and coke. 
The modi?er and the hydrocarbon fraction boiling 

above 1050° F. are recycled to the reaction zone along 
with that portion of the hydrocarbon fraction boiling be 
tween 400 and 650° F. necessary to maintain the 20 to 
50 weight percent of such fraction going into the reaction 
zone. The remaining portion of the hydrocarbon fraction 
having a boiling point between 400 and 650° F., along 
with the coke and light products boiling below 400° F. 
may be recovered. The hydrocarbon fraction having a 
boiling point between ‘650 and 1050° F. may be either 
recycled to the reaction zone or recovered as desired. 
The following example is included to illustrate the 

effectiveness of the instant process for the depolymeri 
zation of tars, however, without limiting the same. 

EXAMPLE 1 

A steam-cracked tar consisting of 35.7% material, 
boiling 430-650° F., 34.3% boiling 650-1050° F., and 
30% boiling 1050° F.+ was subjected to two different 
cycles of hydrodepolymerization for four hours each at 
different temperatures, one at 765°F., and the other 
at 775° F. 
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Run number __________________________________ _ _ 1 2 

Tar feed, grams ____ _. ____ 456. 2 394. 3 
Wt. percent tar ______________ __ _,__ 32. 8 32. 8 
Wt. percent, 650° F.—recycle-__ ____ 34. 0 34. 0 
Wt. percent 650°F.+recycle ____ __ ____ 33. 2 33. 2 

n-Heptaue added to charge, grams ____________ ._ 50. 1 50. 1 
Operating conditions: 

Avg. temp., ° F ________ _. 765 775 
Hours of run 1 2 4 
Pressure, p.s 

1, 000 1, 000 
Maximum ____________________________ __ 1, 400 2, 000 

Recoveries, grams: 
n-Ileptanc ________________________________ __ 35. 4 30. 1 
Liquid and gas ex. n-heptane: 

C4~gas _______ .. l2. 7 23. 5 
C5—22l° F. cut. _ 2. 5 3. 4 
221—650° F. cut. __ 2 260. 1 2 213.5 
650° F.+p0rti0n_ __ 186. 1 125.5 

Coke _____________________________________ _. 14. 4 33. 0 

1 Autoclave was pressured to 1,000 p.s.i.g. with nitrogen prior to run. 
2 Value does not contain small correction for possibly entrained 

430~650° F. vacuum ?ashing of tetrallne. Hence recoveries are not con 
sidered complete and material balance not calculated. 

The above data show that increasing the temperature 
increases the coke make. 
The present invention having thus been fully set forth 

and illustrated and speci?c examples of the same given, 
what is claimed as new, useful and unobvious is: 

1. A non-catalytic thermal process for producing coke 
and aromatic gas oil which comprises: 

(a) introducing into a reaction zone 50 to 80 wt. per 
cent of a steam cracked aromatic tar, 20 to 50 wt. 
percent of a gas oil hydrocarbon fraction having a 
boiling point between 400 and 650° F., and 1 to 
25 wt. percent of an acyclic hydrocarbon modi?er 
boiling below said gas oil hydrocarbon fraction; 

(b) operating the reaction zone at a temperature be 
tween 775 and 900° F., and a pressure between 50 
and 1000 p.s.i.g. to produce coke and aromatic gas 
oil, and 

(c) recovering the coke and the aromatic gas oil. 
2. The process of claim 1, wherein less than 100 p.p.m. 

of oxygen based on said aromatic tar is added to the 
modi?er before introducing in the reaction zone. 

3. The process of claim 1, wherein a non-oxidizing gas 
is present in said reaction zone. 

4. The process of claim 3, wherein said non-oxidizing 
gas is hydrogen. 

5. The process of claim 1, wherein said modi?er re 
mains in the vapor phase in said reaction zone for a 
residence time of about 5 to 60 minutes. 

6. The process of claim 1, wherein the modi?er is a 
para?in or isoparaf?n hydrocarbon of 4 to 10 carbon 
atoms per molecule and wherein 5 to 20 wt. percent of 
the modi?er is introduced into the reaction zone. 

7. The process of claim 6, wherein the modi?er is n 
heptane or its isomers. 

8. The process of claim 6, wherein the modi?er is n 
hexane or its isomers. 

9. The process of claim 6, wherein the modi?er is 
n-pentane. 

10. The process of claim 6, wherein the modi?er is 
2,2,4-trimethyl pentane. 

11. The process of claim 1, wherein the modi?er is 
an ole?n or iso-ole?n hydrocarbon of 2 to 10 carbon 
atoms per molecule and wherein 5 to 20 wt. percent of 
the modi?er is introduced into the reaction zone. 

12. A non-catalytic thermal process for producing coke 
and a gas oil hydrocarbon fraction boiling between 400 
and 650° E, which comprises: 

(a) introducing into a reaction zone 50‘ to 80 wt. per 
cent of a steam cracked aromatic tar, 20 to 50‘ wt. 
percent of a gas oil hydrocarbon fraction boiling be 
tween 400 and 650° F., and 1 to 25 wt. percent of 
an acyclic hydrocarbon modi?er boiling below said 
gas oil hydrocarbon fraction; 

(b) operating the reaction zone at a temperature be 
tween 775 and 900° F., and a pressure between 50 
and 1000 p.s.i.g. to obtain a reacted mixture; 
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(c) removing a portion of said reacted mixture from 

the reaction zone; 
(d) separating said portion of reacted mixture to ob 

tain coke, a gas oil hydrocarbon fraction having a 
boiling point between 400 and 650° R, an acyclic 
hydrocarbon modi?er boiling below said gas oil hy 
drocarbon fraction, and a hydrocarbon fraction hav 
ing a boiling point above 650° F.; 

(e) recycling to the reaction zone the acyclic hydro 
carbon modi?er and the hydrocarbon fraction having 
a boiling point above 650° F. along with the neces 
sary amount of the gas oil hydrocarbon fraction hav 
ing a boiling point between 400 and 650° F. to insure 
the 20 to 50 wt. percent needed in the reaction 
zone; and 

(f) recovering the coke and the remaining portion of 
the hydrocarbon fraction having a boiling point be~ 
tween 400 and 650° F. 

13. A non-catalytic thermal process for producing 
coke, a light gas oil fraction having a boiling point be 
tween 400 and ‘650° F. and a heavy gas oil fraction hav 
ing a boiling point between 650 and 1050" R, which 
comprises: 

(a) introducing into a reaction zone 50 to 80‘ wt. per 
cent of a steam cracked aromatic tar, 20 to 50 wt. 
percent of a light gas oil hydrocarbon fraction hav 
ing a boiling point between 400 and 650° F., and 
1 to 25 wt. percent of an acyclic hydrocarbon modi 
?er ‘boiling below said light gas oil hydrocarbon 
fraction; 

(b) operating the reaction zone at a temperature be 
tween 775 and 900° F. and a pressure between 50 
and 1000 p.s.i.g. to obtain a reacted mixture com~ 
prising coke, distillable hydrocarbon products, heavy 
residua-like hydrocarbon products and acyclic hy 
drocarbon modi?er; 

(c) removing a portion of said reacted mixture from 
the reaction zone; 
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(d) separating said portion of reacted mixture to ob 

tain coke, a light gas oil fraction having a boiling 
point between 400 and 650° R, an acyclic hydro— 
carbon modi?er boiling below said light gas oil hy 
drocarbon fraction, a heavy gas oil hydrocarbon 
fraction having a boiling point between 650 and 
1050° F. and a hydrocarbon fraction having a boil 
ing point above 1050° F.; 

(e) recycling to the reaction zone the hydrocarbon 
fraction having a boiling point above 1050" F. and 
the acyclic hydrocarbon modi?er together with that 
portion of the hydrocarbon fraction having a boil 
ing point between 400 and 650° F. necessary to 
maintain the 20 to 50 Wt. percent in the reaction 
zone; and 

(f) recovering the coke and the remainder of the hy 
drocarbon fraction having a boiling point between 
400 and 650° F. and the hydrocarbon fraction hav 
ing a boiling point between 650 and 1050° F. 

14. The process of claim 13, wherein said modi?er is 
a para?in or isopara?in hydrocarbon of 4 to 10 carbon 
atoms per molecule and wherein 5 to 20 wt. percent of 
the modi?er is introduced into the reaction zone. 

15. The process of claim 13, wherein said modi?er is 
an ole?n or iso-ole?n hydrocarbon of 2 to 10 carbon 
atoms per molecule and wherein 5 to 20 wt. percent of 
the modi?er is introduced into the reaction zone. 
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