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(57) ABSTRACT 
In a hydrogenation operation employing an ebulated 

catalytic bed, recycle is recovered from the hydroge 
nated product with at least 25%, by volume, of the 
recycle boiling above 950 F. The recycle is cooled to a 
temperature of from 350” to 600' F. to separate coke 
precursors, prior to recycle to the hydrogenation. 
Higher conversion levels can be achieved by effecting 
recycle in such manner. Disclosed is a hydrogenation 
process using at least one fluidized catalytic stage and a 
recycle material of heavy hydrogenated effluent. The heavy 
effluent material is cooled to a temperature within 
350-600 F to separate toluene and heptane insoluble 
coke precursors prior to recycle. This separation may be 
enhanced by the use of centrifugation, filtration or a bed of 
particulate material (e.g. calcined coke). 

10 Claims, 1 Drawing Figure 
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HYDROGENATION OF HIGH BOILING 
HYDROCARBONS 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions made 
by reissue. 

This application is a reissue of U.S. Pat. No. 4,411,768, 
Ser. No. 370.416 which is a continuation-in-part of U.S. 
application Ser. No. 272,720, filed on June 11, 1981, 
now abandoned, with the aforementioned application 
being a continuation of U.S. application Ser, No. 
106,274, filed on Dec. 21, 1979, now abandoned. 
This invention relates to hydrogenation, and more 

particularly to the hydrogenation of high boiling hydro 
carbon materials to provide valuable lower boiling ma 
terials. 
High boiling hydrocarbon materials, derived from 

either petroleum or coal sources, typically petroleum 
residuum or solvent refined coal, are hydrogenated in 
an ebulated (expanded) catalyst bed in order to pro 
duce more valuable lower boiling materials. In general, 
the conversion levels for such an operation are limited 
by a tendency to form heavy carbonaceous deposits 
which result in agglomeration of the catalyst. The limit 
is at a different conversion level for each feedstock. 
As a result, there is a need for an improvement in 

such hydrocarbon processes in order to permit opera 
tion at higher conversion levels. 

In accordance with the present invention, there is 
provided an improvement in a process for upgrading 
high boiling hydrocarbon materials to valuable lower 
boiling materials in an ebullated catalytic bed, wherein 
recycle is recovered from the upgraded product and at 
least 25%, by volume, of the recycle is comprised of the 
950 F. components of the product. The liquid recycle 
is cooled to a temperature of at least 350 F. (most gen 
erally at least 400' F.) and no greater than 700" F. (most 
generally no greater than 600' F.) to separate coke 
precursors from the liquid recycle, prior to introduction 
thereof into the ebulated catalytic bed of the hydroge 
nation operation. Applicant has found that by providing 
recycle in this manner the operability range of the hy 
drogenation reaction can be extended to operate at 
higher levels of conversion, 
As hereinabove noted, at least 25%, by volume, of 

the recycle boils above 950 F. In most cases, the 5 
volume percent distillation temperature of the recycle is 
at least 450' F., preferably at least 550 F., and most 
preferably at least 600 F. The recycle may be conve 
niently provided by recovering from the product a 550' 
F. fraction. It is to be understood, however, that the 
recycle could be a higher boiling fraction; for example 
a 600 F. fraction (the 5-volume percent distillation 
temperature is at least 600 F. and at least 25-volume 
percent boils above 950 F.), or a 1000 F.' fraction (the 
5-volume percent distillation temperature is at least 
1000 F.), The recycle is provided as a high boiling 
recycle in order to minimize the ratio of the 300' 
F.-550' F. distillate to the 1000' F.' residue in the 
liquid phase in the last hydrogenation zone. 

In accordance with the present invention, the liquid 
recycle is treated to remove coke precursors by cooling 
of the liquid recycle to a preferred temperature of from 
350 to 600 F., with such cooling separating coke pre 
cursors from the liquid recycle. Coke precursors, which 
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2 
are characterized as being toluene insolubles and hep 
tane insolubles, precipitate from the liquid recycle at 
such temperatures, and by maintaining the liquid recy 
cle at such temperatures for a sufficient length of time, 
it is possible to effectively separate and remove such 
coke precursors from the liquid recycle. 
The removal of such coke precursors may be en 

hanced by a filtration or centrifugation operation; how 
ever, it is possible to separate such coke precursors from 
the liquid recycle without such operation. 

It is also possible to enhance the removal of such coke 
precursors from the liquid recycle at the hereinabove 
specified temperatures by adding a low boiling liquid to 
the liquid recycle to reduce the solubility of the coke 
precursors. 

After separating such coke precursors from the liquid 
recycle, the liquid recycle may be introduced into the 
ebullated catalytic bed of the hydrogenation reactor, 
along with the feed thereto, and by separating such 
coke precursors from the liquid recycle, it is possible to 
achieve higher conversions, without plugging of the 
catalyst bed. 

In accordance with an embodiment of the invention, 
the liquid recycle may be cooled to temperatures as 
hereinabove described, and passed through a bed of 
particulate material which provides a surface on which 
the coke precursors may be deposited to thereby facili 
tate the separation of such coke precursors from the 
liquid recycle. It is to be understood, however, other 
surfaces may be used for depositing such coke precur 
sors; accordingly, the scope of the embodiment is not 
limited to the use of particulate material. 
The present invention has particular applicability to a 

hydrogenation process which is to operate at high con 
versions; i.e., conversions of greater than 60%, and in 
particular conversions greater than 70%; however, it is 
to be understood that the present invention would also 
be applicable to hydrogenation processes employing an 
ebullated catalyst bed, which are operated at lower 
conversions. 
The upgrading of the high boiling hydrocarbon mate 

rials by hydrogenation in an expanded bed catalytic 
hydrogenation zone is conducted at temperatures and 
pressures, and with a catalyst, as generally known in the 
art; however, by proceeding in accordance with the 
present invention, it is possible to operate at conversion 
levels higher than previously employed in the art, with 
out adversely affecting the overall operation. In gen 
eral, the hydrogenation is conducted at a temperature in 
the order of from about 650 to about 900' F., prefera 
bly from about 750" to about 850' F., and at an operat 
ing pressure of from about 500 psig to about 4000 psig, 
with the hydrogen partial pressure generally being in 
the order of from about 500 to 3000 psia. 
The catalyst which is employed may be any one of a 

wide variety of catalysts for hydrogenation of heavy 
materials, and as representative examples of such cata 
lysts, there may be mentioned: cobalt-molybdate, nick 
el-molybdate, cobalt-nickel-molybdate, tungsten-nickel 
sulfide, tungsten-sulfide, etc. with such catalyst gener 
ally being supported on a suitable support such as alu 
mina or silica-alumina. Such catalyst is maintained in 
the hydrogenation reactor as an expanded or ebullated 
bed, as known in the art. In view of the fact that hydro 
genation in an ebullated bed is known in the art, no 
further details in this respect are deemed necessary for 
a complete understanding of the present invention, 
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The recycle provided in accordance with the inven 
tion is employed in an amount whereby the ratio of 
recycle to total fresh feed to the hydrogenation is from 
about 0.2:1 to about 10:1, preferably from about 0.4:1 to 
about 1.0:1. It is to be understood that each of the hy 
drogenation zones may or may not include an internal 
recycle depending on the total flow to the zone. The 
amount of internal recycle, if any, is adjusted in accor 
dance with the amount of external recycle provided in 
accordance with the present invention. 
The feed to the process, as known in the art, is one 

which has high boiling components, which are to be 
converted to more valuable low boiling components. In 
general, such a hydrocarbon feed has at least 25%, by 
volume, of material boiling above 950 F. Such feed 
may be derived from either petroleum and/or coal 
sources, with the feed generally being a petroleum re 
siduum, such as atmospheric tower bottoms, vacuum 
tower bottoms, heavy crudes or tars containing small 
amounts of material boiling below 650 F., or a solvent 
refined coal, and the like. The selection of a suitable 
feedstock is deemed to be within the scope of those 
skilled in the art, and as a result, no further details in this 
respect are deemed necessary for a complete under 
standing of the present invention. 
The expanded bed catalytic hydrogenation may be 

accomplished in one, two or more zones, and if there is 
more than one zone, the recycle, after treatment to 
remove coke precursors, as hereinabove described, is 
provided to at least the last of the two hydrogenation 
zones. The recycle may be provided to the at least last 
of the two hydrogenation zones. The recycle may be 
provided to the at least last zone by directly introducing 
the recycle into the last zone or all or a portion thereof 
may be introduced into a preceding zone, whereby all 
or a portion of the recycle to the last zone is provided 
with the effluent from the preceding zone or zones in 
the series. 
The present invention will be further described with 

respect to a preferred embodiment thereof illustrated in 
the accompanying drawing, wherein: 
The drawing is a simplified schematic flow diagram 

of an embodiment of the present invention. 
It is to be understood, however, that the scope of the 

invention is not limited to such preferred embodiment. 
Thus, for example, although the embodiment is de 
scribed with respect to the use of two hydrogenation 
zones, the invention is equally applicable to the use of a 
single hydrogenation zone, or to the use of more than 
two hydrogenation zones. 

Referring now to the drawing, a hydrocarbon feed to 
be upgraded, in line 10, is combined with recycle in line 
11, if employed as hereinafter described, and the com 
bined stream in line 12 passed through a heater wherein 
the combined stream is heated to an appropriate hydro 
genation inlet temperature, e.g., a temperature in the 
order of from 600 F. to 800' F. The heated hydrocar 
bon feed, in line 14, is combined with a gaseous hydro 
gen containing stream, in line 15, and the combined 
stream in line 16 introduced into the botton of the first 
of two ebulated bed hydrogenation reactors 17 and 18. 
The reactors 17 and 18 are of a type known in the art, 

and may include means 21, in the form of an internal 
tube, provided with a pump at the bottom thereof, (not 
shown), for providing internal recycle within the reac 
tor sufficient to maintain the flow for providing an 
ebulated or expanded catalyst in reactors 17 and 18. If 
the flow of fresh feed and recycle is sufficient to main 
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4. 
tain an expanded catalyst bed, then the internal recycle 
tube and pump can be eliminated. The reactor 17 is 
operated at temperatures and pressures as known in the 
art, and as hereinabove described. Thus, the feed is 
passed upwardly through reactor 17 in contact with the 
hydrogenation catalyst therein, and the effluent is with 
drawn from reactor 17 through line 22 for introduction 
into the second hydrogenation reactor 18. 
The effluent in line 22 may be combined with recycle, 

as hereinafter described in more detail, from line 23, in 
which case the recycle functions to cool the reaction 
effluent prior to the hydrogen quench. Alternatively, as 
hereinafter described, the recycle may be provided 
through line 24, subsequent to hydrogen quenching. 
The effluent, which may or may not contain recycle, is 
then quenched with hydrogen containing gas in line 25, 
and the combined stream in line 26 is then introduced 
into the bottom of the second ebulated bed hydrogena 
tion reactor 18. 
The hydrogenation reactor 18 is operated at condi 

tions as hereinabove described to effect hydrogenation 
of the feed and upgrading thereof to lower boiling com 
ponents. As particularly shown, reactor 18 is provided 
with internal recycle; however as hereinabove de 
scribed, the internal recycle could be eliminated if the 
total flow is sufficient to maintain an expanded catalyst 
bed. 
A reaction effluent withdrawn from reactor 18 

through line 28 is introduced into a gas separation zone, 
schematically generally indicated as 29 in order to re 
cover a hydrogen recycle gas from the effluent. The gas 
separation zone may include one or more gas-liquid 
separators, and coolers, as appropriate, in order to pro 
vide for separation and recovery of the hydrogen recy 
cle gas. Hydrogen recycle gas is recovered through line 
31 and after purging, as appropriate, and compression 
(not shown), and addition of make-up hydrogen 
through line 32, a portion of the hydrogen is provided 
to reactor 18 through line 25, and after heating in heater 
33 to reactor 17 through line 15. 

Liquid product from the gas separation zone 29, in 
line 35 is introduced into a product separation and re 
covery zone, schematically generally indicated as 36. 
The separation and recovery zone 36 may include 

one or more fractionating towers, and/or separators, 
designed and operated to recover various products, and 
recycle streams, from the hydrogenation effluent. In 
particular, in accordance with the present invention, 
there is recovered a liquid recycle stream in line 37, 
having the characteristics hereinabove described; i.e., a 
5-volume percent distillation temperature of at least 
450 F. with at least 25 volume percent thereof boiling 
above 950 F. The recycle is preferably a 550 F. -- or 
1000' F. fraction recovered from the product. 
The recycle in line 37 is introduced into zone 38, 

wherein the recycle is cooled to a temperature of from 
350 F. to 600' F. to separate coke precursors from the 
liquid recycle. In accordance with a preferred embodi 
ment, the cooled recycle is passed through a bed of 
particulate material, such as, for example, calcined 
coke, to deposit the precipitated coke precursors on 
such solids. 
The recycle from zone 38 is then employed in lines 11 

and/or 23 and/or 24 in order to provide recycle to the 
last reactor 18. Thus, all or a portion of the recycle to 
reactor 18 may be provided directly to reactor 18 or 
indirectly through reactor 17. 
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It is to be understood that the hereinabove described 
embodiment may be modified within the spirit and 
scope of the present invention. Thus, for example, sepa 
ration of the coke precursors may be enhanced by pro 
viding filtration and/or centrifugation, and/or a low 
boiling solvent in zone 38. 

Thus, in accordance with the present invention exter 
nal recycle is provided to the last reactor of the series 
and such recycle is pretreated to remove coke precur 
sors and has boiling characteristics to minimize in the 
liquid phase of the last reactor the ratio of the 300-500 
F. distillate to the 10,000 F. residue. 
The present invention will be further described with 

respect to the following example; however, the scope of 
the invention is not to be limited thereby: 

EXAMPLE 

The following is illustrative of conditions for hydro 
genation of a reduced crude, employing three expanded 
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bed reactors in series. The catalyst is nickel molybdate 20 
supported on alumina. 

Operating Conditions of Reactors: 
Temperature, F.-811 
Pressure, psig-2250 
Liquid Feed, lb./hr.-3.98 
Hydrogen Rate, SCFH-59 
Conversion of 975 F., Vol %-7.6 
The recycle is a 550 F. fraction recovered from the 

hydrogenation product, which is contacted with cal 
cined coke (6-20 mesh, bulk density 43 lb/ft3) at a ten 
perature of 550' F. The recycle is then heated to 650 F. 
and introduced into the second and third reactors, with 
the ratio of combined recycle to total fresh feed ranging 
from 2:1 to 10:1. 
The present invention is particularly advantageous in 

that it is possible to extend the range of operable con 
version rates for a given feedstock. Thus, by operating 
in accordance with the invention, a higher rate of con 
version may be employed without the difficulties here 
tofore encountered in the art. Thus, in accordance with 
the present invention, hydrogenation of heavy hydro 
carbon feedstock is effected at higher conversion rates, 
without an increase in pressure drop, or difficulty in 
controlling reaction temperatures. 
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6 
Numerous modifications and variations of the present 

invention are possible in light of the above teachings 
and, therefore, within the scope of the appended claims, 
the invention may be practised otherwise than as partic 
ularly described. 
We claim: 
1. In a process for upgrading high boiling hydrocar 

bon materials to valuable lower boiling materials is 
in a hydrogenation operation including at least one 
expanded bed catalytic hydrogenation zone to produce 
an upgraded hydrogenated product, the improvement 
comprising: 

recovering from the upgraded hydrogenation prod 
uct a recycle liquid having a 5-volume percent 
distillation temperature of at least 450 F. with at 
least 25 -volume percent thereof boiling above 
950'F.; cooling the liquid recycle to a temperature 
of at least 350 F. and no greater than 700' F. to 
separate precipitate coke precursors, removing 

essentially only coke precursors from the cooled 
liquid recycle; and subsequent to separation 
removal of said coke precursors providing the liq 
uid recycle to an expanded bed catalytic hydroge 
nation zone. 

2. The process of claim 1 wherein the cooled liquid 
recycle is passed through a bed of particulate solids to 
deposit separated coke precursors on the solids. 

3. The process of claim 2 wherein the recycle liquid is 
a 600 F. fraction. 

4. The process of claim 1 wherein the recycle liquid is 
a 1000' F. - fraction. 

5. The process of claim 1 wherein the recycle is 
cooled to a temperature of at least 400 F. 

6. The process of claim 1 wherein the recycle is 
cooled to a temperature of no greater than 600' F. 

7. The process of claim 1 wherein the cooled liquid recy 
cle is centrifuged to enhance separation and removal of 
coke precursors, 

8. The process of claim 7 wherein the recycle liquid is a 
600 F + fraction. 

9. The process of claim 7 wherein the recycle is a 1000 
F + fraction. 

10. The process of claim 7 wherein the recycle is cooled 
to a temperature of no greater than 600 F. 
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