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3 Claims. (Cl. 208—45)

This invention relates to the improvement of residual
petroleum fractions which contain asphaltic materials and
in particular relates to an improved process for separa-
tion of asphaltic materials from such residual petroleum
fractions.

It is of course well known to deasphalt residual pe-
troleum fractions by adding a deasphalting solvent there-
to. Such a solvent is one in which the asphaltic ma-
terials are relatively insoluble but which is miscible with
the hydrocarbon components of the residual fraction.
A typical deasphalting process of this type involves utili-
zation of liquified propane as a deasphalting solvent.
The liquid propane is mixed with the residual stock usu-
ally at a temperature below the critical temperature of
the propane. The asphaltic materials are precipitated
and are separated from the hydrocarbon-solvent mixture.
Deasphalting solvents such as pentane have been men-
tioned as possible solvents for partial replacement of
liquified propane. These deasphalting procedures have
been unsatisfactory in certain respects. Thus Jow boiling
solvents remove large amounts of useful hydrocarbons
with the asphalt. One the other hand utilization of
other solvents exacerbates the problem of rapidly set-
tling the asphaltic materials.

This invention has for its object to provide improved
procedure for treatment of residual stocks, An addi-
tional object is to provide improved procedure for de-
asphalting residual petroleum fractions. A still further
object is to provide improved procedure for removal of
asphaltic materials from residual stocks whereby the
settling of the asphaltic materials can be markedly im-
proved. A further object is to provide improved proced-
ure for removing asphalitic materials from residual stocks
using higher boiling hydrocarbons as deasphalting sol-
vents. Other objects will appear hereinafter.

These and other objects of our invention are accom-
plished by visbreaking a residual stock. The visbroken
residual stock is then intermixed with a deasphalting
solvent in an amount sufficient to cause some initial preci-
pitation of asphaltic material, This mixture is heated
to an elevated temperature, which temperature is below
the softening point of the asphaltic material. This tem-
perature is also below the boiling point of the deasphalt-
ing solvent under the conditions of use,. Thereafter an
additional amount of deasphalting solvent is added to the
heated mixture. This additional deasphalting solvent is
at a lower temperature than the heated mixture to which
it is added. This has a quenching effect on the heated
mixture so that it is rapidly cooled to a lower temperature.
The precipitated asphaltic material is then separated from
the hydrocarbon components of the visbroken residual
fraction. This procedure results in more rapid settling
of asphaltic material and also results in other advantages
described below.

The charge stock to our process may be any residual
petroleum fraction which contains asphaltic materials
and which has an API gravity of below about 20. In
most cases the residual fraction will be obtained by sub-
jecting a crude petroleum which contains asphaltic ma-
terial to either atmospheric distillation or vacuum distilla-
tion to obtain a residual fraction having a low gravity.
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On the other hand there are certain crudes which have a
gravity of below about 20 API and with such crudes it
is satisfactory to directly charge them to the process of
our invention, The expression “residual petroleum
stock” as used herein and in the appended claims is to
be understood to include not only these residual frac-
tions produced by distillation and containing asphaltic
materials but also heavy crudes having a gravity below
about 20° API and containing asphaltic materials.

The residual petroleum stock may be subjected to
any type of visbreaking operation known in the prior
art. Ordinarily visbreaking is not carried out under
severe enough conditions to result in formation of more
than about 10 percent gasoline, However the severity
for the purposes of our invention may be such as to
result in the formation of between about 4 and 20 per-
cent by volume of gasoline. The severity of the visbreak-
ing operation is regulated by the temperature of heat-
ing, the time of heating and the pressure. We have found
that visbreaking of a mild degree, i.e. as low as 4 percent
gasoline, results in a marked improvement, We prefer
to visbreak to a gasoline yield of about 8 to 12 per-
cent. In general a temperature of between about 850°
and 975° F., a heating time of between about 250 and
1000 seconds and a pressure of between about 50 and 600
p.s.i.g. is employed for the visbreaking step. . Procedures
for visbreaking are well known in the prior art and ref-
erence is made thereto for further details, See for in-
stance Sachanen, Conversion of Petroleum, Second edi-
tion, Reinhold Publishing Corporation, 1948, pages 252~
254,

The lower boiling products such as gasoline formed
during the visbreaking operation have a harmful effect
on the subsequent deasphalting operation. This is due to
the fact that the gasoline so formed contains olefins and
aromatics which tend to keep the asphaltic materials in
solution. Therefore it is preferable, but not necessary, to
remove this gasoline prior to deasphalting. The higher
boiling components formed during the visbreaking op-
eration such as furnace oil also contain aromatic hydro-
carbons which exert a slight solubilizing effect on the
asphaltic materials. However due to the fact that these
aromatic hydrocarbons are of higher molecular weight,
this reduction in the rate of asphaltic material precipita-
tion is not as great as it is with the lower molecular weight
gasoline fraction. Ordinarily we prefer to leave the fur-
nace oil fraction or the components boiling above gaso-
line and formed during the visbreaking operation in the
visbroken material and have them present during the de-
asphalting step. The reason we prefer to have these
higher boiling components present is that they reduce
the viscosity of the visbroken residue and this beneficial
effect usually offsets the slight disadvantage involved.

In the deasphalting step a portion of the deasphalting
solvent is added to the visbroken residue and this mixture
is heated to an elevated temperature which is below the
softening point of the asphaltic materials which are fo be
precipitated. The amount of deasphalting solvent which
is initially added can vary widely. However there should
be at least enough added to cause precipitation of a small
proportion of asphaltic materials. This incipient precipi-
tation forms particles on which additional asphalt may
form, thus increasing the rate of deasphalting and improv-
ing the nature of the asphaltic particles. We prefer to
use sufficient solvent to cause initial precipitation of be-
tween about 25 and 75 percent of the asphaltic material
present, The mixture of visbroken residue partially pre-
cipitated asphalts and solvent is then heated to an ele-
vated temperature of above about 180° F. but below the
softening point of the asphaltic material in question.
Ordinarily we prefer to heat to a temperature which is
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about 50°-75° F. below the softening point of the as-
phaltic material in question. With most asphaltic mate-
rials we find that a temperature of about 275°-300° F. is
satisfactory for forming a hard granular asphaltic precipi-
tate which can be rapidly settled and filtered. The longer
the mixture of visbroken asphaltic material and solvent
is held at the elevated temperature, the better the subse-
quent filtration or separation will be. A heating time of
between about 1 and 60 minutes is generally satisfactory.
Simply heating to the desired temperature and immedi-
ately quenching gives satisfactory results. After heating
to or at the desired temperature, the balance of the de-
asphalting solvent is added. This additional solvent is at
a substantially lower temperature so that the heated mix-
ture is rapidly quenched to a lower temperature. Ordi-
narily we prefer to quench to a temperature below about
150° F.

The deasphalting solvent may be of any of those con-
ventionally employed for this purpose such as propane.
However we prefer to employ a paraffinic hydrocarbon
having 5 to 18 carbon atoms in the molecule. Thus we
have found that hydrocarbons such as heptane or cetane
will cause improved precipitation and settling of the as-
phaltic material and will also result in less entrainment
of hydrocarbons in the asphaltic layer. The total amount
of solvent used may be the same as that conventionally
used in deasphalting operations, ie. between about 0.1
and 10 parts by volume of solvent to 1 of visbrcken resi-
due and preferably 0.5 to 4.0 volumes of solvent to 1 of
visbroken residue. If desired deasphalting may be car-
ried out under pressure to keep the solvent in liquid phase.
Reference is made to the prior art on solvent deasphalt-
ing for further details on deasphalting procedure. See
for instance Kalichevsky, Petroleum Refining With Chem-
icals, Elsevier Publishing Company, 1956, pages 388-396.

It will be apparent from the foregoing that an outstand-
ing advantage of our invention is that it increases the rate
at which asphaltic material settles from the solvent mix-
ture. Therefore in the preferred embodiment of our in-
vention we subject this mixture to settling to permit the
asphaltic material to separate from most of the hydro-
carbon-solvent mixture. In accordance with this pre-
ferred embodiment the hydrocarbon layer is then removed
by decanting or in any other desired manner. We prefer
16 then filter the asphaltic layer to separate the asphaltic
materials from the entrained hydrocarbons and to wash
the asphaltic material with a solvent to remove any fur-
ther hydrocarbons or the asphaltic granules. Our proce-
dure results in granulated asphaltic material which can
be easily and rapidly filtered and washed with hydrocar-
bon solvents such as pentane or with the solvent used for
deasphalting. The hydrocarbon layer separated after the
quenching step, preferably after addition of the hydro-
carbons removed by filtering and washing, is subjected to
distillation to remove the deasphalting solvent. The re-
sultant product is a high-grade deasphalted oil"which can
be used for a variety of purposes. For instance, it can
be used as a catalytic cracking feed stock. The product
is not only relatively free of asphaltic materials but also
of the metalliferous substances which are frequently pres-
ent in residual stocks. Therefore the deactivating effect
these metalliferous substances exhibit in connection with
cracking catalysts is minimized or avoided.

EXAMPLE

A 19 percent Kuwait residue prepared by vacuum
distillation of a Kuwait crude was subjected to visbreak-
ing by heating to 915° F. for a period of about 400 sec-
onds at a pressure of 278 p.si.g. The product was sub-
jected to distillation to remove 10 percent gasoline formed
during the visbreaking. The gasoline-free residue from
this visbreaking and distillation operation had the proper-
ties given in Table 1.
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Table 1
Gravity, ° APT - - 7.4
Viscosity, SUV @ 210° F. 334
Pour point, ° F. oo e 40

Carbon Residue, percent by Wt ccemeomeccemmee 22.86
Vanadium, p.p.m. - 104
Nickel, p.p.m. 29.8

A part of the visbroken residue described in Table I
was divided into five portions. One portion was de-
asphalted by mixing with 6 volumes of heptane to 1 of
the visbroken residue. This mixture (A) was settled
at 80° F. Another portion (B) of visbroken residue was
mixed with 2 parts heptane to 1 part residue and heated
to0 200° F. This heated mixture was then quenched with
an additional amount of heptane amounting to 4 parts
heptane to 1 part visbroken residue, the additional
amount of heptane being at a temperature such as to cool
the heated mixture to 80° F. at which temperature the
quenched mixture was settled. The third portion (C) of
the visbroken residue was mixed with 6 parts heptane to
1 part residue and settled at a temperature of 135° F.
The fourth portion (D) of visbroken residue was mixed
with heptane in a ratio of 6 parts heptane to 1 residue
and heated to 200° F. and then settled at 135° F. The
fifth portion (E) was mixed with 2 parts heptane to 1
part residue and heated to 200° F. This heated mixture
was then quenched with an additional amount of hep-
tane amounting to 4 parts to 1 part visbroken residue,
the additional amount of heptane being at a temperature
such as to cool the heated mixture to 135° F. at which
temperature the quenched mixture was settled.

The rate of settling of the five mixtures described above
was determined by introducing them into a settling cham-
Dber in which the level of the asphaltic components could
be regularly observed. This level was periodically re-
corded. After settling the asphaltic material was re-
moved, dried and its volume determined. The density
was also determined and the difference between the vol-
ume of the asphalt, as thus determined, and the volume
of the asphaltic layer was taken to be the actual volume
of the hydrocarbons entrained in the asphaltic layer.
The results of these determinations are given in Table II.

Table 11
Weight of | Volume of | Weight of | Volume of | Average
Asphal- Maeltenes Asphal- Maltenes slope of
Mixture tenes Below tenes Below | curve 0-0.2
Below Interface Below Interface |hr., percent
Interface @ 0 hrs. Interface @ 3 hrs. | Maltenes/
@ 0 hrs. @ 3 hus. br.
- U 21.5 1,092 27.5 508 17.5
29.8 1,092 29.8 273 260
20.9 1,002 29.9 208 70
29.6 1,092 29.6 186 125
30.1 1,082 30.1 181 170

In the accompanying drawing we have graphically pre-
sented the data given in the above example. It will be
noted from the drawing that the quenching operation of
the invention (curve B) resulted in a much more rapid
settling and in a lower amount of entrainment of hydro-
carbons in the asphaltic layer. While curves C and D
indicate a lower amount of hydrocarbons entrained after
a period of 34 to 134 hours than does curve B, this
is due to the fact that curves C and D used a settling
temperature of 135° F. whereas curve B was settled at
80° F. The higher temperature results in a more com-
pact asphaltic layer. Referring to curve E, it will be
noted that in connection with this operation quenching
to 135° F. gives a somewhat larger entrainment during
the early portions of the setiling period than was ob-
tained in curve B, but a smaller amount of entrainment
during longer settling periods. ‘An advantageous mode
of operation would be a combination of the operations
illustrated in curves B and E,, i.e., a quenching to a rela-
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tively low temperature such as about room temperature
or 80° F, followed by heating to a somewhat higher
temperature of about 135° F, and settling at this tem-
perature.

We claim:

1. The process which comprises in combination vis-
breaking a residual petrolenm fraction, removing hydro-
carbons boiling below about 400° 'F. from the visbroken
residual fraction, intermixing the visbroken residual frac-
tion with a deasphalting solvent in an amount sufficient
to cause precipitation of between about 25 and 75 per-
cent of the asphaltic material present, heating the mixture
to an elevated temperature which is above about 180° F.
but which is below the softening point of the asphaltic
material and which is below the boiling point of the de-
asphalting solvent under the conditions of use, adding
additional deasphalting solvent to the heated mixture,
said additional solvent being at a lower temperature than
that to which the visbroken residual fraction and solvent
mixture is heated, whereby the heated mixture is
quenched to a temperature below about 150° F., and
separating the precipitated asphaltic material from the
hydrocarbon components of the residual fraction.

2. The process which comprises in combination vis-
breaking a residual petroleum fraction to form between
about 4 and 20 percent of liquid hydrocarbons boiling up
to about 400° F., removing hydrocarbons boiling below
about 400° F. from the visbroken residual fraction, inter-
mixing the visbroken residual fraction with a deasphalting
solvent in an amount sufficient to cause precipitation of
between about 25 and 75 percent of the asphaltic material
present, heating the mixture to a temperature above about
180° F., which is below the softening point of the asphaltic
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material and which is below the boiling point of the de-
asphalting solvent under the conditions employed, adding
additional deasphalting solvent to the heated mixture, said
additiona] solvent being at a lower temperature than that
to which the visbroken residual fraction and solvent mix-
ture is heated, whereby the heated mixture is quenched
to a temperature below about 150° F., and separating the
precipitated asphaltic material from the hydrocarbon com-
ponents of the residual fraction.

3. The process which comprises in combination inter-
mixing a visbroken residual petroleum fraction which is
substantially free of hydrocarbons boiling below about
400° F. with a deasphalting solvent which contains be-
tween about 5 and 18 carbon atoms in the molecule in
an amount sufficient to cause precipitation of between
about 25 and 75 percent of the asphaltic material present,
heating the mixture to a temperature above about.180° F.,
which temperature is below the softening point of the
asphaltic material and which is below the boiling point of
the deasphalting solvent under the conditions employed,
adding additional deasphalting solvent to the heated mix-
ture, said additional solvent being at a lower temperature
sufficient to cool the heated mixture to about 80° F., there-
after heating the cooled mixture to a temperature of
about 135° F., settling the precipitated asphaltic material
from the hydrocarbon components of the residual fraction
and removing the settled asphaltic material from the
hydrocarbon components of the residual fraction.
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