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This invention concerns a niovel ‘piocess Ior
treating residual oils and hydrocarbon residues,
The
process employed depends upon a hedt treativient
of the residual oil in the presence of PyOs. “Tlis
protess can ih many cases be advantageolsly
varied by air blowing the yesidual oil prior to
contact with P20s, or by air blowing the asphalt
obtained by treatment of residual oil with P:0s.
While as indicated, the process is particularly
adapted for the treatment of residual oils to re-
¢over asphalts therefrom; the process iiiay also
be employed for the upgrading of asphalts ob-
tained by conventional processing steps.

The present invention eoncerns the recovery
of asphalts and the refining of asphalts obtained
from petroleum -oils. The principal objective of
the process herein disclosed is to provide asphalts
having unusual properties; in particular, ‘asphalts
are obtained which have usually high penetration
and -ductility properties for a given softening
point, although, as will be brought out, other
desirable properties may also ‘be realized. This
unusual combination of characteristics is de-
manded in a number of applicatiohs, an out~
standing example - 0f Wwhich. is the lining of ir-
rication -¢anals. -Asphalts employed to line ir-
rigation canals igeally “should have properties
to enable the asphalt lining to retain its shape
in hot weathér, to Be non-brittle in cold weather,
and to conform to the contour of the surface of
the canal without tearing. Asphialts having these
properties must have a softening point of about
175° to 200° F., and must have high ductility and
high values of penetratioh. It has been found
that asphalts obtained by conventional process-
fhg methods do not have the necessary combina-
tion of properties. More precisely, the asphalts
obtained by conventional processing techniques,
if the rangé of softening points idéntified; have
too low a duetility and too low ‘3, penefration to
niieet the desired: characteristics.

1t is therefore the prineipal object of this i~
vention to provide an asphalt recovery and
treating process which will vary the usual com-
bination of softéning point, penétration, and
duetility properties. To pring out the manner
in which thése asphalt properties are affected, it
is helpful to consider the results of subjecting
crude residua to an oxidation treatment as
achieved by conventional air blowing. Oxidation
treatments of this character are well known to
the art and it has been appreciated that the low
tempetature “susceptibility of asphalts inay to
some extent be improved by oxidation. How=
ever, when air blowing is applied and continued,
while the softening point of an asphalt is raised,
the penetration is decreased and the ductility is
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lowered. Consequently, contra to this change in
asphalt properties, the process of this invention
provides #n “increase in penetration properties
afid an intrease in quetility concomitait with
tre fdcrease in softening point of the asphalt.

The process by which these desirable changes
in dgphalt properties are thained depends upon
the catalytic treatment of residual oils or "as-
phalts with P.0s. ‘The precise mechanisin of
the ‘asphalt change which occurs is not under-
stood, although the principal effect appears to
depénd upon polymerization and condénsation
regetions. Tt is important to note that the treat-
ment ‘i§ in no respect an oxidation treatment,
snd in fact oxidation or the presence of air dur=
g the ‘process is to he avoided. Thus, it has
beeh determined that for the purposes of this
itivention, degradation in asphalt quality results
from the presénce of ‘air during tréatment with
the P20s.

The quantity of P05 to be employed ranges
from about 0.1 to 59 by weight. The precise
smount of P05 to be uséd depends principally
upon the properties desired and the starting
materials. In all cases treatment with P20s is
preferably -eéntinued undil equilibrium has been
obtained. As the P2Os treatment of asphalt pro-
ceéds ‘véadily, the time vequired is reasonably
short and ‘doés not ordinarily exceed one hour.
Phe temperature of -tréatmeént with P05 18
chogeni frorm the range of 300° to 550° ¥. Asgain,
the précise téniperature t6 be used depends to
sore extent upon the asphalt characteristics de-
gived and the starting materials.

This treatment of & residual oil or an -a$phalb
with P#0s at'300° to-550° F. in the absence of air
or oxygen produces ‘& ‘material change in the
propérties of the -asphalt. In patrticular, the
goftening point of the asphalt is raised and the
teinpératiire susceptibility of the asphalt is im-
proved to values otherwise tnbbtainable.

While as indicated, the eritical treatment with
P30s depends upon the exelusion of any oxidation
eftects, it-has béen found valugble in ecertain
applications to emj loy an oxidation treatment
either ‘before or after, put 1ot simultaneously
with -the P205 treatment. One adaptation of
the process of this invention thereforé depends
ypon oxidizing an ‘asphalt followed with P20s5
treatment i the absence of air; another adapta-
161 0f the process utilizes P:0s treatment in-the
absenice of aif followed by an oxidation treat-

_ment. Both of these adabtations causes a Varia-
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tion in-asphalt properties different from these
which: oeeur without the oxidation treatinent or
when -the oxidation is - applied simultaneously
with -the P05 treatinent. Furtheérmore, the

- oxidatien trestment when applied pefore or after
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the P20s treatment, decreases the amount of
P20s5 required to attain a particular softening
point.

To fully disclose the nature of this invention,
reference will be made to the accompanying
drawing which diagrammatically illustrates a
flow plan of a preferred brocess embodying this
invention. The process llustrated in the draw-
ing concerns the Dbreparation of asphalt from a
residual oil obtained by distillation of a crude
betroleum oil; although it is to be understood
that the process illustrated may be applied to
asphalts which may be obtained by other
methods. The term “residual oils” by definition
is employed to identify the liquid or semi-solid
residues obtained from the destructive distilla-
tion of non-asphaltic petroleum, from the dis-
tillation of semi-asphaltic and asphaltic pe-
froleums, from the distillation of bressure tar, or
irom the fuxing of harder residual asphalts with
heavy distillates. The term “flux” or “flux oil”
may be used synonymously with the term “resid-
ual oil.”

By way of example, in the process illustrated
in the drawing, a residual oil is obtained in dis-
tillation zone i by treatment of a semi-asphaltic
or asphaltic petroleum oil introduced to still i
through line 2. Normally gaseous hydrocarbons
may be withdrawn from distillation zone |
through line 8, while side stream products con-
sisting of gasoline, kerosene, gas oil, lubricating
oil, ete., may be withdrawn through lines 4, 5, §,
etc.  The residual oil may be removed as the
bottoms produce from the distillation zcne
through line 1 and will include substantially all
of the asphaltic constituents originally present
in the crude oil distilled. The specific gravity
of the residual oil at 77° ¥, will range from about
0.85 to 1.07, and the fusing point of the oil as
determined by the ring and ball method will
generally fall within the range of 32° to 120° F.
This residual oil may be converted to an asphalt
of desirable properties by the brocessing sequence
illustrated in the drawing.

As will be brought out, the primary and essen-
tial treatment of the residual oil depends upon
2 catalytic treatment with P2Os in refining zone
19. Use of the two air blowing zones {i and 12
is optional and for simplicity it may be assumed
that zones if and i2 are by-passed by the by-pass
lines provided. In this case the residual oil with-
drawn from distillation zone i through line 1
will preferably be passed through a pre-heater
I3 and will then be introduced directly into re-
fining zone (0. Sufiicient P20s is introduced to
zone [0 through line 4 to provide a weight
bercent of about. 0.1 to 5%. Mechanical agita-
tion by inert gases such as nitrogen is employed
in zone {9 to thoroughly mix the residua]l oil and
P205. By suitably preheating the residual oil in
breheater 13 and/or by utilizing heating Jackets,
steam coils, ete., in zone 10, mixing in zone 10 is
carried out at a temperature in the range of 300°
to 550° F. Care is taken to exclude air or oxygen
from zone 10. As g result, with this treatment
of P20s, the softening point of the asphalt is
increased and other properties of the asphalt are
changed. The ultimate properties obtainable are
dependent upon the particular temperature of
treatment, the percentage of P20s employed, and
the initial flux oil treated. Prior to reaching
equilibrium properties, the time of treatment
will also affect the asphalt properties. However,
it is important to continue the mixing until no
further change in properties occurs. This can
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be readily determined by periodically determin-
Ing the softening point, the penetration or other
inspections of the asphalt during treatment. In
general, about 30 to 90 minutes are t0 .be em-
ployed for the P20s treatment, depending upon
starting material, temperature, quantity of
change, amount of P20s, and degree of agitation.
The final asphalt product may then be removed
from zone 10 through line (5.

As will be demonstrated, in some cases it is
preferred to air blow the residual oil or asphalt
brior to the P05 treatment. In this case the
residual oil of line 7 is introduced io zone {t for
contact with an oxidation agent such as air. The
oxidation treatment may be conducted in any
desired manner; for example, by blowing about
30 to 50 cu. ft. of air per minute per ton of asphalt
through the residual oil at about 300 to 550 F.
temperature. Thereafter the air blown oil may
be withdrawn from zone [l and passed througn
breheater 13 for treatment with P20s in zone 10
as described. The final asphalt product is then
obtained by withdrawing the asphalt directly
from zone 10 through line {5,

Rather than applying the oxidation treatment
prior to P20s treatment, it is sometimes pre~
ferreq to apply the oxidation treatment after
the P:05 treatment. In this case the residual
oil of line 7 will by-pass zone |1 and will be sub-
Jected to P20s treatment in zone {0. Thereafter
the asphalt removed from zone {0 through line {5
will ke passed to oxidation zone {2 wherein a
treatment similar to that applied in oxidation
zone |1 will be employed. In this case the final
asphalt product will be withdrawn from iine 1.

To exemplify the operability and utility of the
brocess described, the following examples are
presented, showing the properties of asphalts ob-
tainable,

EXAMPLE 1

As typical of the asphalts obtained by the con-
ventional reduction of residual oils a Venezuelan
crude oil was subjected to vacuum reduction pro-

5 viding an asphalt of the following properties:

Table I.—Vacuum reduced asphalt

point (Cleveland open (31 ¢) R °F..

Flash 485

Softening point (ring and ball) T °F.. 90

Penetration at 77° F., 100 grams, § sec. n% ................... 3004-
. mm,

Penetration at 32° 7., 200 grams, 60 sec. T . 95
mm.

Penetration at 115 © F., 50 grams, 5 sec, ——._.__.__._________ 3004

10
Ductility at 77° F.,em__._.__.____ =
Furol viscosity at 210 °F.,seconds_.___________ITTTTTTTTTmen

After an oxidation treatment as provided by
air blowing, an asphalt of the character identi-
fied in Table I has the following typical prop-
erties provided by different degrees of oxidation
A, B and C.

Table I1—Ozidized reduced asphalt

A B C
Tlash Point (Cleveland Oé)en Cup), °F.____:._| 530 510 585
Sofenting Point (Ring an Bal),°F______ " 226 201
Penetration at 77 ° F./100 gms./58ec._._..____. 16 5
Penetration at 32 ° F./200 £gms./60 sec. - i1 2
Penetration at 115 © F./50 gms. /5 sec. . 31 6
Ductility at 77° F., em_...___.. ... 2.5 0
P.T.8.X1001.... [ [T 114 .1,13

! Penetration temperature susceptibility =
... log 800—log pen. at 77 ° T.
softening point (°F.)—77
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As indicated by “this-example, asphalts ob-
tained: by: the:oxidation:of-residual oils are char-
acterized : by . high- temperature:. suscepfibility.
The- asphalts- are- relatively brittle, pessess poor
ductility. and are otherwise unsuitable for ap-
plication such as the lining of irrigation canals.

- EBEXAMPLE IT

“The residual oil identified in Table I was sub-
jected to PaOs.treatment in the absence of air at
a temperature of 450° F. Various quantities of
P20s, reported in weight per cent, were employed:
The residiial oil and P:0s were stirred in a closed
vessel, while passing a flow of nitrogen through
the mixture to.completely. exclude.the presence
of air. " The resulting asphalt possessed the fol-
lowing. properties:

Table I1I.—Residual 0il: P20; treated: in-
- absence.of oxygen

‘Weiglit Percent P2Os Treat. . - cccooeoo 205t 3% | 4:5%
Tlash Point (Cleveland Open Cup), ®F. ... 5501 535 525
Softening Point (Ring and-Ball), ® ¥ _._...... 1921 225 281

Penetration at 77 © F./100 gms./5 sec_ -
Penetration at 32 ° ./200 gms./60 sec
Penetration at 115 © F./50.gms./5 sec R )
Duetility.at 77 © F., em e oeee o .6 4 2.5
Penetration Temperature Susceptibility X 100_-|-. 978 | . 787 | .673

In-considering this data, it is- significant that .

the- P2Os treatment:in the absence of - oxygen
resulted in an increase-in the softening point of
the asphalt in proportion to the amount of P20s
employed: To this extent; the treatment has a
similar effect to oxidation as illustrated by-Table
II. ‘However; unlike oxidation, the P:0s5 treat-
ment provides asphalts of lower temperature sus-
ceptibility and greater ductility at comparable
softening points. This is well' demonstrated by
a -comparison of Table-IIand Table III, show-
ing the properties of three asphalts of approxi-
mately the same-softening point-as obtained by
oxidation and P20s treatment respectively.

To further illustrate the effect'of reacting P20s
in the absence of air other data.employing as-
phalts-and- blends of asphalts-from other crude
sources were-obtained::

Table IV
“Taled Blend |Talet Blend
Nacunm :[:6f.21730. Pen. [ of 21/30:Pen.
Reduced Straight Straight
Talco Reduced Reduced
Crude, 110° Asphalt Asphalt
F.S8.P., with Phenol | with Phenol
1,156 Furol Extract, Extract, 836
Vis. See. at | 1,079 Furol | Furol Vis.
210° F. Vis. see. at | Sec. at 210°
210° F. F.
Percent P20s. oooeeen 12 2¥% 214
Flash (Cleveland Open
Cup), ® F e e 525 530
8. P. (Ring and Ball),
°F e 174 187 205
Pen., 77° F./100 gms./5
o1 R, 47 57 53
Pen., 32° F./200gms./60
800 —eemm e mmnmmmnn 28 32 81
Pen., 115° F./50 gms./5
SBCoam e ammmmm 85 101 80
Duet., 77° F.,em..__._. 5% 544 3%
X 100 . oae- 1.27 1.04 .92

In the data shown, the blended asphalts were
prepared by utilizing the phenol extract of labri-
cating oil to provide asphalts of the indicated
properties. These data reveal that crude source,
composition, viscosity, etc., may influence, but do
not prevent the reaction of P20s in the absence
of air with the asphalt. The properties shown
above indicate that the catalytically prepared
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6:
asphalts have lower temperature stusceptibility,
are more ductile and. are better. than.those that
may. be. produced by blending. or. vacuum .re-
duction.
EXAMPLE 11T

As indicated, the treatment of a.-residual:oil
or. an asphalt with P:0s in accordance with this
invention, provides asphalts having properties
not. obtainable by an oxidation treatment. To
obtain the full benefits of this invention, there-
fore, P20; treatment must be conducted so-as.to
exclude air to eliminate oxidation effects occur-
ring  simultaneously: with the P30s  treatment.
The deleterious. effects caused by the presence of
oxygen while treating with P205 are shown. by
the following: data:

“Table. V~—~Talco flux —110° F. S. P. 1156

‘Furol Vis. at 210° F.

No AirPresent | Air Present

Percent PaOs_ o oooooooaian 0.7 1.94 0.7 1.96

8. P. (Ring and Ball), °F________ 130 164 1277 T 164
Pén., 77° F./100 gms./5 sec_ ... 80 60 85 © 54
Pen., 32° F./200 gms./60 sec. .. 28 30 34 27
Duct., 77° F.,em_________._._.. 67 10 60 5.4
P.T. S. X100l 1.89 1.29 1.95 . 1,35

As-demonstrated by this data, at the same P20s
level and the same S, P. level, when reacting with
P20s in the presence of air the ductility .of final
product is lower than when air is excluded. Also,
the low temperature properties of the final prod-
uct are improved when air is- excluded.

EXAMPLE IV

As demonstrated, oxidation during P20s treat-
ment is to he avoided to prevent degradation: in
the properties of the asphalt cbtained.  How-
ever, carefully controlled and relatively mild oxi-
dation may in some cases advantageously be em-
ployed prior to the P20s treatment.  This per=
mits a reduction in the amount of P20s required
to obtain an asphalt of a. particular softening
point, while still providing an asphalt. of sub-
stantially the. same quality. : The asphalt: ob-
tained is. superior to asphal{ produced. by oxidas-
‘tion alone or produced by P:20s treatment: con-
ducted in. the presence of air. This process.-is
particularly adapted for improving the proper-
ties of. an asphalt which has been. oxidized,

These principles are illustrated in Table VI
below, showing the effect of P05 treating an
asphalt, in the absence of oxygen, after submit-
ting the asphalt to a prior oxidation treatment
conducted so as to only partially raise the soft-
ening point toward the desired value. The air
blowing or oxidation treatment employed con-
sisted of passing 30.5 cu. ft. of air/minute/ton
through the asphalt for two hours at 450° P, The
subsequent P20s treatment employed 1% weight
percent P20s.

Table VI—Ozidation followed by P20s ireatment

P30s

Treat-
ment

of Air
Blown
Flux

Vene- Air
Blown

Flash Point (Cleveland Open Cup), °F.| 485 540 540
Softening Point (Ring and Ball), °F_._ 90 105 198
Pen., 77° F./100 gms./5 sec_ . -
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EXAMPLE V

It is sometimes desirable to utilize an oxida-
tion treatment as a finishing step after a prior
P20s5 treatment conducted in the absence of oxy-
gen. This permits an increase in the softening
point of the P20s5 treated asphalt without caus-
ing any substantial degradation in the other
properties of the asphalt. Again this process
permits obtaining an asphalt of a desired soft-
ening point and other properties while minimiz-
ing the quantity of P2Os required.

Table VII shows the properties of an asphalt
which was subjected to oxidation treatment after
a P20s5 treat in the absence of oxygen. The ini-
tial feed material was a Venezuelan flux which
was raised to a softening point of 232° F. by
treatment with P20s5 in the absence of oxygen.
Thereafter this asphalt was oxidized to a final
softening point of 250° F. The inspections of
this asphalt were as follows:

Table VII—Oxidation of P20;s treated asphalt

Flash (Cleveland open cup) - °F.. 540
Softening point (ring and ball) ______ °¥F__ 250
Penetration at 77° F./100 gms./5 s€Co.—— 42
Penetration at 32° F./200 gms./60 sec_.__ 29
Penetration at 115° F./50 gms./5 sec_.____. 60
Ductility at 77° P, em_ 2
P, T S. X 100 J 0.74

The relatively high ductility and low tempera-
ture susceptibility of this high softening point
asphalt are significant.

EXAMPLE VI

As brought out by the preceding examples, as-
phalts of desired properties are cbtained by a
P20s treatment in the absence of air. In partic-
ular such asphalts are noted by high softening
point, low temperature susceptibility, and high
ductility. However, other properties of these as-
phalts are notable. For example, it has been
found that cut-back asphalts prepared by dilu-
tion of an asphalt with an agent such as naphtha
are resistant to gellation. “Gelling” of an as-
phalt is notable on storage, causing a substantial
increase in the viscosity of the asphalt, making
use of the asphalt difficult or impossible. The
gelling properties of an asphalt prepared by air
blowing a Venezuelan stock and by P20s treating
this stock are shown in the following table:
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Table VIII

CUTBACK ASPHALT—VISCOSITY INCREASE
[45% asphalt by weight; 55% naptha by weight]

210 8. P. Vene-
zuelan Stock Pre-
pared by P20;
Treatment of
Venezuelan Flux;
Pen, at 32° F.=39

220/235 Venezuelan Stock Prepared
by air blowing; Pen, at 32° F.=11

lday.._.
4 days.
11 days
13 days..
19 days-.

60,000+ cps.; gelled immediately____

The P20s5 treated asphalt was prepared by treat-
ing the identified flux with 2.2 wt. percent of
P20s5 with agitation in the absence of air for 5
hours at 450° F. As shown by this data, the
P20s treated asphalt was not subjeet to gellation.

What is claimed is:

1. A process for treating residual oils compris-
ing adding about 0.1 to 5% by weight of P20s5 to
said residual oil and agitating said mixture in
the absence of free oxygen at a temperature of
about 300° to 550° B,

2. In the treatment of residual oils and as-
phalts with P20s, the improvement which com-
prises adding about 0.1 to 5 weight percent of
P20s to the said composition to be treated and
thereafter agitating this mixture in the absence
of free oxygen at a temperature of about 300°
to 550° P,

3. A process for producing asphalt from a re-
sidual oil in which the residual oil is mixed with
about 0.1 to 5 weight percent of P20s5 in the ab-
sence of free oxygen at a temperature of about
300° to0 550° P,

4. The process defined by claim 3 in which the
said residual oil is oxidized prior to the said
treatment with P20s.

5. The process defined by claim 3 in which the
said treated mixture is oxidized after the said
treatment with P20s.
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