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VESBREAKENG, BEASPHALTING AND 
HYDROGERNATTEN OF CRUESE ÈLS 

Harold Bether, Gibsonia, Richard A. Fine, Pittsburgh, 
and Olaf A. Laison, Oak Rot, Pa., assignors to Graf 
Research & Developaen: Copacy, Pittsiage, Pa., a 
cCrporation of Belaware 

Fiedl July 27, 1960, Ser. No. 45,799 
. . 1i. Clairim. , (CI. . 208-—67) 

This invention relates to the treatment of heavy hydro 
carbons and in particular to the preparation of more valu 
able hydrocarbons from heavy hydrocarbon stocks which 
contain asphaltic materials. 

... Heavy crudes such as those which contain asphaltic 
materials and which have an API gravity below about 
20 or topped or reduced crudes containing asphaltic ma 
terials are of low value. Conversion of these heavy as 
phaltic materials into hydrocarbons of higher value has 
been accomplished but such procedures are usually ex 
pensive or in many cases have undesirable aspects. For 
instance, it is known to hydrogenate such asphaltic mate 
rials to form catalytic cracking stocks. However, thor 
ough conversion of asphaltic components, sulfur and metal 
compounds etc. is not obtained unless very high pressures 
are employed. If moderate pressures of about 1,000 p.si. 
are used, the subsequent catalytic cracking is not economi 
cal because of rapid deposition of coke on the cracking 
catalyst from the unconverted asphaltic materials. Also, 
metalliferous components are unconverted and poison the 
cracking catalyst. If the product from this moderate 
pressure process is distilled to obtain a distillate catalytic 
cracking stock, the yield of this stock is low. It is also 
known to deasphalt such heavy stocks and then subject 
them to a mild hydrogenation such as at about 1,000 p.si. 
However the yields of useful products from such proce 
dures have also been relatively low. 

This invention has for its object to provide improved 
procedure for preparing valuable hydrocarbon products 
from heavy asphaltic containing crudes or fractions there 
of. Another object is to provide improved procedure for 
combined deasphalting and hydrogen treatment of asphalt 
containing crudes or topped or reduced crudes which have 
an API gravity below about 20. Another object is to pro 
vide improved procedure for preparing a catalytic crack 
ing stock and furnace oils in high yields from asphalt 
containing crudes, topped or reduced crudes having a 
gravity below about 20 API. A still further object 
is to improve the state of the art. Other objects will ap 
pear hereinafter. 
. These and other objects are accomplished by our in 
vention which includes subjecting a crude or a topped 
or reduced crude having an API gravity below about 
20 and containing asphaltic materials, i.e., a residual stock, 
to a Visbreaking operation, deasphalting the visbroken 
asphalt containing material, and subjecting the visbroken 
and deasphalted material to treatment with hydrogen at a 
pressure between about 500, and 3,500 p.s. i. in the pres 
ence of a hydrogenation catalyst. 
We have found in accordance with our invention that 

by treatment in this manner the deasphalting step is sim 
plified and a considerable increase in yield of valuable 
products, especially furnace oil, is obtained. Also, a 
product is obtained in high yield which constitutes a high 
quality catalytic cracking charge stock. 
The residual feed stock used in our process may be 

any asphalt containing crude petroleum or any residual 
fraction thereof which has an API gravity of below about 
20. There are many petroleum crudes which are very 
Viscous and high in asphaltic content and we contemplate 
the treatment of such crudes without removal of any of 
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their components when they have a gravity below about 
20. On the other hand, most crudes are of higher gravity 
and with such crudes it is desirable to remove valuable 
portions thereof in conventional manner and to obtain a 
residual fraction. This residual fraction may be pre 
pared by atmospheric or vacuum distillation. 
The bisbreaking operation may be any such operation 

known in the prior art. Although any degree of visbreak 
ing may be employed it is advantageous to use conditions 
which form between about 4 and 20 percent gasoline. 
These visbreaking operations are commonly carried out 
by passing the charge stock through a heating coil and 
heating the oil to a mild cracking temperature. The time 
of heating, the pressure and the temperature of heating 
control the amount of thermal cracking or conversion 
into lower boiling components such as gasoline. In gen 
eral the temperature may be between about 850 and 975 
F., the heating time between about 250 and 1,000 sec 
onds, and the pressure between about 50 and 600 p.s.i.g. 
Procedures of this type are described in standard text 
books and reference is made thereto for further details. 
See for instance Sachanen, Conversion of Petroleum, Sec 
ond Edition, Reinhold Publishing Corporation, 1948, pages 
252-254. 

After visbreaking, the product is preferably subjected 
to distillation to remove lower boiling components such 
as gasoline formed during the visbreaking step. The 
gasoline has an undesirable effect on the subsequent de 
asphalting step and it is advantageous, but not necessary, 
to remove it for this reason. Other components such as 
furnace oil may be removed if desired although we prefer 
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to retain such materials since they are improved by the 
Subsequent hydrogenation. 
The deasphalting step is carried out utilizing any known 

Solvent deasphalting procedure. Such procedure is de 
scribed in standard textbooks. See for instance Kalichev 
sky, Petroleum Refining with Chemicals, Elsevier Pub 
lishing Company, 1956, pages 388-396. Although we 
may use a conventional deasphalting solvent such as pro 
pane, We prefer to employ an aliphatic hydrocarbon hav 
ing 5 to 18 carbon atoms in the molecule. Thus we have 
found that hydrocarbons such as heptane or cetane may 
be added to the visbroken residual fraction and will cause 
precipitation of the asphaltic material. At the same time 
these solvents cause a larger amount of hydrocarbon sub 
stances to be retained in the oil portion of the feed. These 
additional hydrocarbons are of a resinous nature but we 
have found that during the subsequent hydrogenation they 
are converted into excellent catalytic cracking charge 
stocks. Therefore by using this particular type of de 
asphalting solvent the overall yields of high grade prod 
ucts are markedly improved. The previous visbreaking 
step reduces the amount of deasphalting solvent required. 
One to four parts solvent to one of visbroken residual 
Stock and preferably a one-to-one ratio is generally used. 
The deasphalting step may be carried out in the manner 
described in our application Serial No. 27,955, entitled 
"Treatment of Petroleum Fractions,” filed May 9, 1960, 

o now Patent No. 3,053,750. This application discloses the 
deasphalting of residual stocks by heating a mixture of 
residual stock and deasphalting solvent to an elevated tem 
perature and then adding an additional amount of de 
asphalting Solvent to quench the mixture to a lower tem 
perature. This causes improved precipitation and/or 
Settling of asphaltic materials. However as indicated 
above, any conventional method of carrying out the de 
asphalting operation may be employed. 
The Visbroken-deasphalted residual stock is contacted 

with hydrogen in the presence of a hydrogenation cata 
lyst such as a group VI left-hand column metal of the 
periodic System, their oxides and sulfides. Similarly 
metals of the iron group, their oxides and sulfides may 
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be employed as catalysts. These group VI and iron group 
catalysts may be mixed with one another. For instance, 
an advantageous mixture is a mixture of cobalt and 
molybdenum oxides. Another advantageous mixture is a 
mixture of nickel and tungsten oxides. These catalysts 
are deposited upon a porous catalyst carrier. Typical 
catalyst carriers are activated alumina, pumice, a silica 
alumina cracking catalyst, etc. The pressure during the 
hydrogenation is maintained between about 500 and 
3,500 p.s. i. and preferably is between about 1000 and 
2000 p.s. i. The temperature may be between about 550 
and 825 F. and preferably between about 650 and 800 
F. A space velocity between about 0.3 and 10.0 volumes 
of charge stock per hour per volume of catalyst and pref 
erably between about 0.5 and 4.0 is utilized. The hydro 
gen is present during the reaction in a ratio of between 
about 200 and 20,000 standard cubic feet and preferably 
between about 2000 and 10,000 standard cubic feet per 
barrel of visbroken-deasphalted residual charge stock. 
A preferred mode of hydrogenation as indicated above 

is to utilize a pressure of between about 1,000 and 2,000 
p.s. i. This pressure is a relatively moderate pressure as 
compared with pressures heretofore used in destructive 
hydrogenation. Therefore the cost of the equipment is 
considerably lower than such destructive hydrogenation 
equipment. By operating in accordance with our inven 
tion, and utilizing a pressure of 2,000 to 3,500 p.s. i., it is 
possible to obtain thoroughgoing conversion into a cata 
lytic cracking charge stock without using the relatively 
high pressures of the destructive hydrogenation prior 
art. Alternatively, if the cost of this higher pressure 
equipment is prohibitive, it is entirely feasible to obtain 
high yields of good quality furnace oil and catalytic 
cracking charge stock by carrying out the hydrogen treat 
ment of our invention at a pressure of between about 
1,000 and 2,000 p.s. i. The cost of equipment when op 
erating in this pressure range is much lower and at the 
same time markedly improved results are obtained as com 
pared with previous operations carried out at similar pres 
8: CS, 

When operating in accordance with this low pressure 
modification, i.e., 1,000 to 2,000 p.s. i. it is advantageous 
although not necessary to utilize a two-stage hydrogena 
tion operation since it has been found that with such a 
two-stage hydrogenation process the yield of distillate 
products such as gasoline and furnace oil is substantially 
greater than with a single stage hydrogenation. The 
catalyst used in both of these two-stage hydrogenations 
may be the same. For instance, a cobalt-molybdate cata 
lyst may be used in both stages. An advantageous com 
bination of steps for this moderate pressure type of proc 
ess is to use cobalt molybdate in the first stage in order 
to take advantage of the high desulfurization and hydro 
genation activity of this catalyst and to use a nickel 
tungstate catalyst in the second stage in order to obtain a 
high degree of removal of nitrogen which, of course, has 
a harmful effect on the catalytic cracking catalyst if the 
product is subsequently catalytically cracked. The space 
velocity may be doubled as compared with a single stage 
process and still obtain greater yields. A space velocity 
of 1.0 to 6.0 in each reactor is preferred when using this 
two-stage modification. 
The product from the hydrogen treatment may be sub 

jected to a distillation to separate desired components. 
The type of fractions separated will depend upon the 
end use. Ordinarily we prefer to subject the product 
to distillation to separate gasoline and furnace oil frac 
tions and to obtain a residual fraction which may be 
catalytically cracked. 
FIGURE I of the accompanying drawings illustrates 

diagrammatic apparatus in which our invention may be 
carried out. Referring to the drawing, a residual feed 
to be treated in accordance with our invention is intro 
duced through conduit 2 into visbreaking unit 3 where it 
is subjected to visbreaking in the manner herein described. 
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The visbroken feed is then introduced via conduit 5 into 
gasoline stripper 6 where gasoline formed during vis 
breaking is removed through conduit 7. Gasoline-free 
bottoms are withdrawn from stripper 6 through conduit 
8 and introduced into deasphalting unit 9 where it is sub 
jected to a deasphalting treatment as described above. 
Asphalt is removed from deasphalting unit 9 through con 
duit 16. The deasphalted feed is then introduced via 
conduit 1 into solvent distillation unit 12 where de 
asphalting solvent is removed through conduit 13 and re 
cycled through conduit 15 together with make-up solvent 
introduced through conduit 17. The visbroken and de 
asphalted feed is then introduced via conduit 14 into 

5 

20 

25 

30 

40 

45 

heater 16 in conjunction with a mixture of recycled and 
make-up hydrogen introduced through conduit 28. This 
mixture is heated to approximately reaction temperature 
in heater 6 and is then introduced via conduit 20 into 
hydrogenation reactor 22 which is filled with hydrogena 
tion catalyst. In this first stage hydrogenation reactor, 
the hydrocarbon is subjected to hydrogenation under the 
conditions described, and the hydrogenated feed is then 
Withdrawn through conduit 24, cooled in cooler 26 and 
then introduced into separator 28 via conduit 33. Hy 
drogen treated hydrocarbon is removed from separator 
28 via conduit 32 and separated hydrogen is recycled by 
pump 34 through conduit 36. Make-up hydrogen is in 
troduced through conduit 38 and a part of the hydrogen 
recycle is bled off through conduit 40 to maintain hy 
drogen purity. 
The first stage product removed through conduit 32 

from separator 28 is mixed with hydrogen introduced 
through conduit 44 and is introduced into heater 46. The 
heated mixture flows through conduit 48 into second stage 
hydrogenation reactor 50 which is also filed with a bed 
of hydrogenation catalyst, Hydrogen treatment takes 
place in this second stage reactor in the manner described 
above, and the hydrogen treated product flows through 
conduit 52, cooler 54 and conduit 56 into separator 58. 
Hydrogen Separated in separator 58 flows through con 
duit 60 into pump - 62 and is recirculated via conduit 64. 
Make-up hydrogen is introduced through conduit 66, and 
a portion of the recycle hydrogen is bled off through 
conduit 68 in order to maintain hydrogen purity. 
The two-stage hydrogen treated product flows from 

Separator 58 through conduit 70 and is introduced into 
fractionator 72 where it is subjected to fractionation to 
Separate desired fractions. Thus gasoline is removed 
through conduit 74, light furnace oil through conduit 76, 
heavy furnace oil through conduit 78 and a bottom ex 
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traction through conduit 89. 
The following example illustrates the benefits obtained 

by a mild visbreaking, i.e., such as to form between about 
4 and 20 percent gasoline, and especially between about 
8 and 12 percent gasoline, as well as other advantages of 
our invention. . 

EXAMPLE 

Five samples of a residual fraction having the proper 
ties given in Table I were visbroken by heating to a tem 
perature between 875 and 980 F. and at a pressure of 
about 200 p.S.i.g. The time of heating was kept con 
Stant at about 370 seconds while temperature was varied 
in order to vary the thermal cracking and obtain gasoline 
formation varying from about 4 to 21 percent. The 
gasoline formed was removed. These gasoline-free prod 
ucts and a sample of the original unvisbroken charge 
stock Were then deasphalted utilizing heptane as a de 
asphalting solvent. The deasphalting was accomplished 
by adding various amounts of heptane to the visbroken 
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product at a temperature of 80° F. and permitting the 
asphalt to settle. After removal, the asphalt was washed 
with heptane, dried and weighed. The amounts of as 
phaltic material removed for each visbroken product 
with various amounts of heptane are set forth in Table 
II, and are presented graphically in the accompanying 
drawing. 



3,132,088 

Table I 
PROPERTIES OF RESIDUES AFTER WISBREAKING 

Visbreaking conditions: 
Temperature, º F------------ 875 900 920 950 980 
Residence time, sec- || 
Onds----------------|------- 370 370 370 370 370 

Debutanized gasoline 
yield (percent by 
volume).------------ O 4.0 9.6 118, 8.9 2.2 

Properties of Gasoline 
free Wisbroken. Residue: 

API Gravity----- 6.8 7.0, 6.3 5.9 4. 3.8 
Carbon R. e si due, 
Conradson, percent. 19.73 23.28 24.33 24.07 28.07. 19.97 

Wiscosity, SUV at 
210 F, Sec.-------- 8, 620 1,440 1,230 1,060 1,310 1,350 

Vanadium, p.p.m.--- 136 55 62 168 85 90 
Nickel, p.p.m.------- 40.1 .. 44.4 46.5, 45.3 50.7 52.4 

Table II 
PROPERTIES OF RESIDUES AETER DEASPHALTENING 
WITH TWOWOLUMES OF HEPANETO ONE VOLUME, 
OF GASOLINIEEFREE WIESBROKEN RESIDUE 

Asphaltene Yield: 
Percent by weight. O. 13.8 19, 8 24.0: 30.6 34, 5 

Deasphalterned : Residue | 
Yield and Inspections: 

Percent by weight... 100.0 . 86.2 80.2 - 76.0 69.4 65.5 
API Gravity----- 6.8 8.6 9. 6- . 10, 0.4 3, 2 

Carbon Residue, Con 
radison, percent--- ?9.73|19.15, 16,85?15,61|15.57,| ?2.88 

Viscosity, SUV at 
210° F., Sec--------- 8, 620 -------------- 256 18 69.3 

Vanadium, p.p.m. 136, 85.2 62.4 50,026.3 13.4 
40,1 26, 8, 19.7 15.5.0.9 6,3 Nickel, p.p.m. -- 

A visbroken product containing about 10 percent gaso 
line prepared and deasphalted as described above was 
subjected to distillation to remove the gasoline and por 
tions thereof were contacted with hydrogen under the 
following respective conditions: at a pressure of 1000 
p.si.g., 2000 p.s.i.g., and 3000 p.s.i.g.; a temperature of 
789 F., 787 F. and 791. F.; in the presence of a cobalt 
molybdate catalyst deposited upon alumina. The space 
velocity used in these runs were respectively 0.54, 1.90. 
and 7.74 volumes of oil per volume of catalyst per hour 
and the hydrogenation recycle rate was 3700, 4300 and 
4000 standard cubic feet per barrel of visbroken-de 
asphalted residual hydrocarbon charge stock, respectively. 
The properties of the final products are given in Table III. 

Table III 

1,000 2,000 3,000 p.s.i.g. p.S.i.g. p.S.i.g. 

Gravity, API.------------------------ 26, 1 25.5 21.3 
Wiscosity, SUV, sec.: 

100°F.C.........-- 68 110 69. 
130 F--------------------- 50 ?71 255 

Sulfur, percent---------------. 0.33 0.38 0.86 
Nitrogen, percent.--------------------- 0.14 0.15 0.19 
Carbon Residue, Conradson, percent. 3,37 2.57 3.74 
Wanadium, p.p.m.---------------------- 0. 0.1 0, 
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It will be noted from Table II that visbreaking to be 

tween about 4 and 20 percent gasoline results in a marked 
improvement in asphalt removal in regard to the amount 
of solvent required. This effect reaches a maximum at 
about 10 percent gasoline as shown in the graphical pre 
sentation of these data in the drawing (FIGURE 2). It 
will also be noted that visbreaking to a gasoline yield of 
above about 20 percent does not improve the deasphalting 
operation in regard to the amount of solvent required. It 
will also be noted from the above data that the visbreaking 
operation, even when only a moderate amount of gasoline 
is formed such as 4 percent results in a marked improve 
ment as compared with procedures in which no visbreak 
ing is applied to the residual charge stock. The overall 
procedure of the invention is shown in Table III to yield 
a product which can be used as a high quality catalytic 
cracking stock low in metal impurities and nitrogen and 
having a reasonable carbon residue. 
We claim: - 

The process which comprises subjecting a member of 
the group consisting of crudes, reduced crudes and topped 
crudes having an API gravity of below about 20 and con 
taining a substantial amount of asphaltic materials to vis 
breaking to form about 10 percent gasoline, removing the 
gasoline, deasphalting the remaining visbroken material 
with about 2 volumes of heptane to one volume of vis 
broken material, subjecting the visbroken and deasphalted 
material to treatment with hydrogen in two separate stages 
in the presence of a member of the group consisting of 
sulfides and oxides of group VI left-hand column and of 
iron group metals, Sulfides and oxides deposited upon a 
porous catalyst carrier, at a pressure between about 1000 
and 2000 p.s. i., at a temperature between about 650 and 
800 F., at a space velocity between about 0.5 and 4.0, 
and at a hydrogen recycle rate of between about 2000 
and 10,000 standard cubic feet per barrel of visbroken 
deasphalted residual hydrocarbon charge stock, removing 
gasoline-furnace oil and catalytically cracking the remain 
der of the product. 
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