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l 
PREPARATION OF MINERAL FREE 

ASPHALTENES 

BACKGROUND OF THE INVENTION 

The present invention is directed to a method of re 
moving mineral contaminants from petroleum frac 
tions. More particularly, the present invention is con 
cerned with ‘the deasphalting of crude petroleum frac 
tions and the removal of mineral contaminants during 
a deasphalting operation. The invention is particularly 
useful in treating bitumen recovered from bituminous 
sands. 
Large deposits of bituminous sand are found in vari- ' 

ous localities throughout the world. The term, bitumi 
nous sand, is used herein to include those materials 
commonly referred to as oil sand, tar sand and the like. 
One of the most extensive deposits of bituminous sand 
occurs, for example, in the Athabasca District of the 
Province of Alberta, Canada. 

Typically, the composition of these sands by weight 
is: from about 5 percent to about 20 percent oil; from 
about 1 percent to about 10 percent water; and from 
about 70 percent to about 90 inorganic solids. The spe 
ci?c gravity of the bitumen varies from about I to 
about 1.05 at 60° F. The major portion of the inorganic 
solids, by weight, is a fine grain porous sand, having a 
particle size greater than about 45 microns and less 
than 2,000 microns. The remaining inorganic solid 
matter has a particle size of less than 44 microns and 
is referred to as ?nes. The ?nes content typically varies 
from about 5 percent to about 30-percent by weight of 
the solid inorganic content of bituminous sand. How 
ever, it is not uncommon for the composition of bitumi 
nous sand to vary from the above-mentioned ranges. 
Also, in mining the bituminous sand, clay, which is 
found in layers of varying thickness in such sand areas, 
may be mixed with the bitumen, thus increasing the in 
organic solids content, particularly the ?nes content of 
the material to be processed. The ?nes portion contains 
minor amounts of various metals including, for in 
stance, titanium and zirconium. Such metals are some 
times present in economically recoverable concentra 
tions. In any event, the presence of such metals in re 
covered bitumen is frequently considered undesirable, 
especially in connection with upgrading of the bitumen 
to saleable products. 

In re?ning crude petroleum, including bitumen re 
covered from bituminous sands, a variety of processes 
are available for converting the lower boiling’ distillate 
portion of the crudes into more valuable products. Ma 
terials boiling below about 750° F. are usually recov 
ered by atmospheric distillation and materials boiling 
up to 950° to l,l50° F., or higher, by vacuum distilla 
tion. The remaining residuum generally contains high 
concentrations of the high molecular weight organic 
compounds with sulfur, nitrogen, oxygen, metals and 
other non-hydrogen species, as well as high molecular 
weight hydrocarbons, including condensed ring aro 
matics. The non-hydrocarbon compounds are often 
poisonous to catalysts used in upgrading processes with 
metal compounds or mineral contaminants being par 
ticularly deleterous to cracking catalysts. 
The residual portions of crude petroleum are some 

times described in terms of relative solubility as com 
prising: ?rstly, a pentane soluble heavy oil fraction re 
sembling distillate except for its high molecular weight 
and boiling point; secondly, a less soluble resin or mal 
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tene fraction; and thirdly, a pentane insoluble asphal 
tene fraction. The term “asphaltenes" as used herein 
refers to material which is insoluble in pentane under 
temperature and pressure conditions used for the ex 
traction. When so extracted, the asphaltenes separate 
as solid particles or granules. “Resins" are less clearly 
de?ned terms in the art and the term is used herein to 
describe that portion of the bitumen which adheres to 
the insoluble asphaltene particles, but which may be 
solubilized by a further extraction with pentane. The 
term “deasphalted heavy oil" is used herein to describe 
that portion of the crude petroleum or bitumen that is 
solubilized by the first extraction with a solvent. 
The deasphalting of petroleum crude is well known 

in'the art. Descriptions of deasphalting operations may 
be found in U. S. Pat. No. 3,278,415, by Doberenz, et 
al; U. S. Pat. No. 2,188,013., by Pilat, et al; and U. S. 
Pat. No. 2,853,426, by Peet. In the above processes, 
the metal contaminants are normally remove together 
with the resins and asphaltenes and, depending upon 
their origin, generally about 60 percent of the crude, by 
addition to the crude of an excess (from 2 to 10 vol 
umes) of ya low boiling liquid hydrocarbon. Propane, 

. propylene, normal or isobutanes, butylenes, normal or 
isopentanes, hexanes, or their mixture, light straight 
run naphthas, or other light aromatic free fractions of 
mineral oil have been claimed to be satisfactory sol 
vents. 
However, the above art teaches that the crude or as 

phaltic materials yield low recoveries of deasphalted 
heavy oil, generally below 40 percent of the residuum, 
and it has been stated that if high ratios of solvent to 
crude are utilized, to obtain oil yields above about 60 
percent, excessive amounts of metal compounds and 
some asphaltenes appear in the extract phase. 

It is an object of the present invention to provide a 
process for the removal of metal contaminants from an 
Athabasca bitumen using normally liquid or lique?ed 
hydrocarbon solvents. 

It is a further object of the present invention to pro 
vide a process whereby hydrocarbon solvents, for ex 
ample the isomeric and paraf?nic hydrocarbons having 
from three to eight carbon atoms, saturated substituted 
or unsubstituted cycloparaf?ns having ?ve or more car 
bon atoms are utilized to deasphalt petroleum crude. 

It is still a further object of the present invention to 
provide a process for deasphalting the Athabasca bitu 
men whereby the deasphalting medium is adjusted by 
the addition thereto of any of the aforementioned sol 
vents employed either individually or as blends of two 
or more individual solvents. 

It is still a further object of the present invention to 
provide a process whereby a low mineral content as 
phaltene fraction is produced which may be employed 
in the manufacture of high grade metallurgical coke, 
electrocarbon, or other processes wherein a low min 
eral content is a necessary prerequisite. _ 
With these and other objects in mind, the present in 

vention may be more fully understood by speci?c refer 
ral to the following discussion and drawings. 

SUMMARY OF THE INVENTION 

The objects of the present invention are accom 
plished by a process for treating an asphaltene contain 
ing petroleum crude which may be contaminated by 
both metals and water. The petroleum crude may con‘ 
tain a considerable water concentration, being repre 
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sented by a froth. The process comprises the introduc 
tion, singularly or in multiple steps, of a normally liquid 
or lique?ed hydrocarbon solvent into the asphaltene 
containing petroleum crude so as to adjust the total as 
phaltene solvent power of the system. By asphaltenes 
is meant those hydrocarbons which are pentane insolu 
bles. By solvent power of the system is meant the ability 
of the total hydrocarbon system, including solvent, to 
dissolve and contain the asphaltenes present. 

In general, the process uses hydrocarbon solvents 
which may be selected from the group consisting of one 
or more paraf?nic or isomeric hydrocarbons having 
from three to eight carbon atoms and saturated substi 
tuted cycloparaf?ns and saturated unsubstituted cyclo 
paraf?ns having ?ve or more carbon atoms. The sol 
vent power of the system including solvent and feed is 
adjusted by latering the proportions of the solvent or 
the solvent type according to the required cotangent 6,‘ 
as described hereafter, so as to yield a desired solvent 
power for the total system of solvent and petroleum 
crude. In general, in treating petroleum crude, for ex 
ample an Athabasca bitumen, it is preferred that from 
about 5.0 to about 40.0 barrels of solvent are intro 
duced in each step of the process per barrel of liquid 
to be treated. 

In a two-step process, a solvent having a high solvent 
power is introduced to form two fractions. The ?rst 
fraction preferably contains about 10.0 to about 25 
weight percent of the asphaltenes and resins contained 
within the petroleum crude, at least 85.0 weight per 
cent of the water and at least 98.0 weight percent of the 
mineral contaminants. A liquid fraction or heavy oil is 
formed which contains the remaining mineral contami 
nants and asphaltenes originally present in the petro 
leum crude. Subsequently, the two fractions are sepa 
rated and a second normally liquid or lique?ed hydro 
carbon solvent forming a low solvent power system is 
introduced into the liquid fraction, thereby forming 
two additional liquid fractions. A ?rst additional liquid 
fraction is formed containing the remainder of the wa 
ter, mineral contaminants and asphaltene content of 
the heavy oil and a second additional liquid fraction is 
formed consisting essentially of a mineral, water and 
asphaltene free heavy oil. These two additional liquid 
fractions are then separated to form the desired prod 
ucts of the present invention, that is, a heavy oil signi? 
cantly free of water or mineral contaminants in a sol 
vent phase and an asphaltene fraction of the bitumen 
substantially free of mineral and water contaminants. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention may be more fully understood 
by referral to the following drawings in which: 
FIG. 1 represents the relationship between as phal 

tene percent recovery and the Cot 0 of the total system 
for determining solvent type and quantity of solvent in 
troduced for use in the process of the present inven 
tion; and . 

FIG. 2 represents one embodiment ofa two-step pro 
cess utilizing the solvent power relationship of the pres 
ent invention for treating a petroleum crude to remove 
the asphaltenes therefrom and concentrate and remove 
the metal contaminants and water. 

DETAILED DESCRIPTION OF THEINVENTION 

Solvent power is generally measured as the solubility 
of an oil in a particular solvent system. As the asphal 
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4 
tenes are the least soluble components of the oil, it is 
necessary to de?ne solvent power as the measurement 
of the critical solubility of the asphaltenes in given oil 
systems containing solvents so that deasphalting and 
deimineralizing of asphaltene containing oils may be 
regulated. Conventional deasphalting processes for the 
deasphalting of heavy oils by pentane or other paraf 
?nic solvents generally utilize the solvents singularly, 
wherein the asphalts are all concentrated in one deas 
phalting tower, but in most instances the asphaltenes 
recovered having a high mineral content. 

It has been found that particularly useful solvent 
combinations may be formed by the mixing of one or 
more high power solvents with heavy oils in de?nite re 
lationships, so that exact precipitation of asphaltenes in 
deasphalting tower occurs. Speci?cally, the yield of as 
phaltene precipitate obtained from the heavy oil is re 
lated to solubility of the normally precipitating asphal 
tenes in the solvent system. The major influence on 
precipitation is governed by the solvent power of the 
single solvent or solvent blend, in conjunction with the 
heavy oil system, with the contribution of the solvent 
powers of the soluble oils and resins in the heavy oil 
being considered. Additional information concerning 
solubility characteristics may be found in “Regular So 
lution” by Hildebrand and Scott, published by Prentice 
Hall in 1963 (Library of Congress Catalogue No. 
62-1 1984). 
The relationship of asphaltene solvent power of the 

heavy oil-solvent precipitating medium may be ex 
pressed by the solubility parameter Contangent 0 (Cot 
0). Cot 0 is derived from experimental data in which 
the percent asphaltenes precipitated from a system for 
each solvent or solvent blend mixture with the heavy oil 
is plotted against the individual solvent concentrations 
or blend concentrations in the system, thereby deriving 
a de?nite linear relationship. Cot 6 being the contan 
gent of the angle 0 formed between the X-axis or the 
axis containing the solvent concentration and the linear 
line formed by the experimental data. The Cot 0 rela 
tionship and means for determining 0 for deasphalting 
system is fully presented by J. A. Bichard, Oil Solubil 
ity, 19th Canadian Chemical Engineering Conference 
and 3rd Symposium on Catalysis, Oct. l9-22, I969, 
Edmonton, Alberta. As originally conceived, the Cot 0 
relationship was intended to provide a means for insur 
ing that undesirable precipitation would not occur. 
Using this concept, it was found that precipitation 
would be precluded by maintaining the Cot 0 of the sys 
tem at a positive value. It has now been found that by 
use of the Cot 0 relationship, solvent power relation 
ships may be placed on a single functional graph as il 
lustrated by FIG. 1. One may choose the desired per 
cent of asphaltenes to be precipitated from FIG. 1 and 
thereby determine what Cot 6 relationship is required 
for the system, thus adjusting the solvent content of the 
system to the exact speci?cations required to obtain 
the necessary Cot 0 relationship in the system and 
thereby control the degree of precipitation of asphal 
tenes. 

The signi?cance of selecting Cot 0 for deasphalting 
becomes apparent when one realizes that a solvent sys 
tem exhibiting a negative value yields an excellent as 
phaltene precipitation. If the solvent system exhibits a 
very low solvent power, its respective Cot 0 is liable to 
lie close to the X-axis and exhibit a value of minus in 
?nity. If the system exhibits a good solvent power, it 
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will lie closer to the Y-axis. A good solvent has a posi 
tive value by de?nition, the cotangent 6 having a value 
greater than zero. Therefore, a solvent having a cotan 
gent 0 less than zero will be a relatively poor solvent. 
It is preferred that the cotangent 0 of the solvent and 
oil system utilized in the deasphalting of heavy oil be 
less than about minus 0.3 if a significant degree of as 
phaltene precipitation is desired. ' 
To fully understand the meaning of solvent power for 

the Athabasca oil systems, it is necessary ?rst to con 
sider the components, composition and structure of the 
oil. The existence of saturates, aromatics, resins and as 
phaltenes in the oil has been measured showing the oil 
to be a mixture of isogels or heterogels, a structure 
composed of an ordered state consisting of asphaltenes 
surrounded by still higher molecular weight aromatic 
type hydrocarbons with layers of resin molecules about 
them. These molecules form micelles in an oil saturated 
environment. Weak inner molecular attraction and re 
pulsion forces between the nonpolar hydrocarbons are 
essentially responsible for the structure. The process of 
solution proceeds by the addition of solvent toward the 
nucleus. These components held by the weakest associ 
ation forces dissolve ?rst. The energy supplied to over 
come the association forces of the micelles is supplied 
by the solution energy of the solvent system. The solu~ 
tion energy is different for different solvent systems and‘ 
is a function of chemical structure. Paraffin containing 
solvent systems have the least amount of solution en 
ergy, with solution energy decreasing with increasing 
molecular size, this is due apparently to parallel self 
association. 

Polarizability of aromatics, such as benzene, result in 
greater dispersion forces and hence, high solution en 
ergy. This is even more prevalent with condensed aro 
matics with side chain substitution. Partial moments 
through substitution are responsible for the good sol 
vent powers of chlorinated solvents. When the solution 
energy of the solvent-molecules is insufficient to over~ 
come the strong cohesive forces acting on the nucleus 
of the micelle, floculation or precipitation of these nu 
clei occur. The experimental end point of asphaltene 
solubility is a measure of-the critical cohesive energy of 
the system at which the solvation of the nuclei can no 
longer be maintained and precipitation of the asphal 
tene occurs. Therefore, in deasphalting it is desirable to 
obtain the effective rate of floculation required such 
that the exact Cot 0 or solvent blend in the oil systemv 
may be chosen whereby an exacting percent asphaltene 
will be precipitated in the deasphalting tower. In multi 
ple stage deasphalting for the treatment of materials 
such as metal contaminated Athabasca bitumens, it is 
preferred that the ?rst deasphalting tower exhibit a rel— 
atively low asphaltene precipitation with a high precipi 
tation of the minerals contained therein. Between 
about -0.3 and —O.6 Cot 0 would be preferred in the 
first deasphalting tower, while the second-and subse 
quent deasphalting towers would utilize a lower Cot 0 
such as between about —0.3 and —2.0, preferably be 
tween about —~l .4 and —2.0 so that a significant precipi 
tation of asphaltenes, comparatively mineral-free, will 
be obtained with a low asphaltene content in the oil 
solvent mixture ef?uent produced from the top of the 
deasphalting tower. 4 

Through use of FIG. 1, in which is illustrated the rela 
tionship of asphaltene yield and solvent power of the 
precipitating medium as expressed as a solubility pa 
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6 
rameter Cot 0, it has been shown that the more concen 
trated the solution of the bitumen in the solvent, the 
more limited the solvent power of the system becomes 
so that the solvent cannot retain as large a quantity of 
the asphaltenes. As bitumen often contains consider 
able'aromatic constituents, which act in a similar man 
ner as the added solvents, these properties must also be 
considered in obtaining the Cot 0 of the solvent system 
shown in FIG. 1. The Cot 6 of the system is a function 
of the type and amount of solvent utilized, as well as the 
type and amount of oil being treated. 

In the processing of Athabasca tar sands for the for 
mation of useful re?nery products, one ?nds aresidual 
product of asphaltenes and ash content being made up 
of ‘mineral contaminants in a water froth mixture. This 
mixture is extremely difficult to decompose into the de 
sirable product of a heavy oil for coking or catalytic 
cracking and asphaltenes free from minerals. The min 
erals are recovered for their economic value and the 
asphaltenes separated as a suitable source for asphalt 
and derivative materials for use in commercial proc 
esses. Required is a solvent dilution technique whereby 
the heavy oils and asphaltenes may be separated and 
the asphaltenes then separated from the minerals‘ con 
tained therein for the reduction of the bitumen froth to 
commercially desirable products. 

In accordance with a preferred embodiment of the 
invention, a heavy crude oil such as Athabasca bitumen 
which is contaminated by substantial amounts fre 
quently exceeding 3 weight percent of mineral contam 
inants is treated in a two-stage process to produce sub 
stantially deasphalted heavy oil and an asphaltene 
product suf?ciently free of minerals to be useful in the 
manufacture of metallurgical grade coke. In the ?rst 
stage, the‘ feedstock is contacted with hydrocarbon sol~ 
vent of a type and quantity chosen to adjust the Cot 0 
of the system to‘ between about —O.3 and about —O.6. 
This results in two first stage product fractions, one of 
which is an asphaltene fraction comprising between 
about 10 and about 25 weight percent of the asphal 
tenes present in the feedstock (in the case of Athabasca 
bitumen frequently between about 0.5 and about 10 wt. 
percent of the total bitumen) and which contains more 
than about 90 wt. percent, preferably more than about 
98 wt. percent, of the total minerals content of the 
feedstock. The second ?rst-stage product fraction is a 
heavy oil fraction which contains the remainder of the 
asphaltenes and solvent. Where the feedstock is Atha 
basca bitumen, this fraction usually contains between 
about 90 and about 98 wt. percent of the total bitumen 
feedstock and less than 0.1 percent of the minerals 
originally present in the bitumen. This heavy oil frac 
tion is then subjected to a second-stage deasphalting 
treatment with hydrocarbon solvent in which the sol 
vent power of the system is adjusted to a Cot 0 less than 
about —0.3 and preferably less than about —0.8 to pro 
duce a second-stage asphaltene precipitate containing 
less than about 0.5 wt. percent minerals and which is 
therefore of sufficiently low mineral content for use in 
the manufacture of metallurgical coke. In order to ob 
tain maximum yields of such substantially mineral-free 
asphaltenes, it is preferred that the Cot 6 of the second 
stage deasphalting unit be maintained less than about 
—l.4, preferably between about —l.4 and —2.0 to in 
sure precipitation of at least 90 and preferably 98-100 
percent of the asphaltenes present in the second-stage 
feed. Maintaining the Cot 0 of the system less than 



3,779,902 
7 

about —1 .6, may result in precipitation of some materi 
als such as resins which are soluble in pentane in addi 
tion to precipitation of pentane-insoluble asphaltenes. 
Where Athabasca bitumen is the original feed, the se 
cond-stage asphaltene product frequently will be equiv 
alent to between about 5 and about 10 wt. percent of 
the original bitumen. The other second stage product 
is, of course, a deasphalted heavy oil fraction which is 
substantially free of minerals and preferably also sub 
stantially free of asphaltenes and therefore does not 
present problems during further re?ning operations. 

In another preferred embodiment of the invention, 
material such as Athabasca bitumen having a high 
water content, as well as a high mineral content, is 
treated by a two-stage process similar to that described 
above. For instance, in typical processes for recovery 
of bitumen from Athabasca tar sands, the bitumen is 
recovered in the form of a froth containing between 
about 5 and about 30 wt. percent by water. In treating 
such a froth by the two-stage process described imme 
diately above, the majority and usually between 85 and 
100 percent of the water present will be found in the 
first-stage asphaltene product. It can thus be seen that 
the treatment of such bituminous froth as described 
above has the added advantage of removing water, as 
well as minerals, from the useful products, i.e., the sec 
ond stage deasphalted heavy oil product and second 
stage asphaltene product, thus eliminating the need for 
separate processing steps for removal of water. 

In practicing the invention, from about 0.5 to about 
40 barrels per barrel of oil treated of either isomeric 
paraffin hydrocarbons having five or more carbon 
atoms or saturated or unsaturated substituted cyclopar 
affm hydrocarbons are frequently used to adjust the 
solvent power of the deasphalting system. The inven 
tion relates to the use of any one or more of the afore 
mentioned hydrocarbon types to adjust the system’s 
solvent power in the enhancement of the deasphalting 
process. The deasphalting process is preferably con 
ducted at from about 50° F. to about 140° F. and at at 
mospheric pressure. 
To more fully understand the process of the present 

invention, FIG. 2 is presented in which a two-step deas 
phalting and demineralizing process for treating bitu 
men recovered from tar sands is depicted. In the pro 
cess, bitumen 101 is introduced simultaneously with a 
hydrocarbon solvent 102 into a deasphalting tower 
103. The solvent power of this system is preferably ad 
justed to a Cot 0 of between about ——O.3 and about 
——0.6. A solvent-heavy oil mixture 105, containing the 
majority of the asphaltenes, is produced from the top 
of the deasphalting tower 103 and an asphaltic residue 
104, preferably containing greater than 90 percent of 
the minerals, is produced from the lower portion of the 
deasphalting tower 103. The solvent-heavy oil stream 
105 is then introduced into a second deasphalting 
tower 107 simultaneously with additional hydrocarbon 
solvent 106. For maximum recovery of mineral-free as 
phalt, the solvent power of the second-stage deasphalt 
ing system is preferably adjusted to a Cot 0 between 
about ——1 .4 and ——2.0. A solvent~oil mixture 109 is pro 
duced from the top of deasphalting tower 107 and as~ 
phalt 108, being substantially mineral-free, is produced 
from the lower portion thereof. The solvent-oil mixture 
109 is then fed to a fractionating tower l 10 from which 
a mineral free-cracking stock oil 111 is produced from 
the lower portion thereof and solvent vapor 112 is pro 
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8 
duced from the upper portion thereof. The solvent 
vapor is then introduced into a condensor 113 from 
which a liquid solvent stream 114 is produced. The liq 
uid solvent stream may be used for solvent 102 and sol 
vent 106 makeup in the first and second deasphalting 
towers 103 and 107, respectively. 
To exhibit the use of solvent power adjustment of the 

system to control the yield of precipitated asphaltenes, 
the following Examples are presented: 

EXAMPLE I 

The solvent powers in terms of Cot 0 of various sys 
tems of solvents and oils were detennined by mixing 
one-to-one volumes of normally liquid or lique?ed sol 
vents with an Athabasca bitumen containing 17 wt. 
percent asphaltenes. A measured amount of 100 grams 
of each solvent was poured into 130 grams of a water 
bitumen froth, equivalent to 100 grams of dry bitumen. 
The mixture was shaken vigorously for 5-l 0 minutes at 
0.5 hr. intervals and allowed to settle; this procedure 
was conducted for approximately 8 hours. At the end 
of the 8 hour period the fractions were easily separated 
by decantation followed by ?ltration, with light suction 
of the solvent/heavy oil solution. 

After removal of any residual solvent by blowing, the 
water content of the asphaltene fraction was deter 
mined by the standard ASTM D-9558 method for the 
determination of water in petroleum products. For the 
heavy oil fraction formed, the solvent was removed by 
blowing followed by evaporation and the water sepa 
rated mechanically. 

Results of this analytical procedure are set forth in 
Table l as follows: 

TABLE I 

Results of Deasphalting Bitumen 

Solvent Power Weight Percent 
of System Asphaltencs 

Solvent (Cot 0) Precipitated 
Propane ——(2.5 to 100 

3.5) est 
Butane —2 I00 
N-Pentane —l.5 I00 
Hexane isomers ——l .2 75 
Hcptane Isomers —l.l 67 
Pcntanc/Hexane —l.3 83 
Pentane/Heptane —l .2 75 
Pentane/Cyclopentane ([11) ——0.7 35 
Pcntane/Cyclohexane (1:1) ——O.7 35 
Cyclopentane ——0. I l 
Cyclohcxane 0 O 
Hcptanc/Cyclopentane (lzl) —O.5 22 
Hcptene/Cyclohcxane (lzl) —O.5 23 

EXAMPLE 2 

A solution of bi-constituent solvent consisting of liq 
uid propane and varsol was utilized in a sample of Ath 
abasca tar bitumen in order to determine the percent 
asphaltenes precipitated. As liquid propane itself pre 
cipitates asphaltenes plus resins and possibly other 
fraction of bitumen, initial concentrations with 100 
percent propane solvent were determined. Yields of 
precipitated materials ranged from between 40 to 48 
percent with liquid propane used in large excess. The 
solution of the propane with varsol produced a solvent 
blend of increased solvent power. Consequently, the 
yield of precipitated material decreased. For example, 
a solvent bitumen weight ratio of 3.5 to l and a pro 
pane-varsol concentration of 2.5 to 1 resulted in a 30.7 
percent yield of precipitate at a Cot 0 of —2.6. In a simi 
lar manner, when bitumen was present in a higher con 
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centration, the contribution of the soluble aromatic 
portion was added to the solvent power, the precipitat 
ing media in the yield of precipitating material de 
creased as the Cot 0 value of the system increased. In 
the second case, an approximate propane-varsol weight 
ratio of between 1.5 and 3.5 to i was blended as a sol 
vent. The bitumen ratio was between l.() and 1.6 to l 
as compared to four to one in the ?rst instance andthe 
Cot 0 was -2.5. The yield of precipitating material was 
18.4 percent in this case, showing considerable de 
crease in precipitate as compared to the 30.7 percent 
as illustrated in the ?rst case. 
Therefore, it can be seen through this experimen 

tation and FIG. 1 that the amount of asphaltene precip 
itate can be varied over a wide range, from say, approx~ 
imately 0.5 percent to 100 percent of the total asphal 
tene content of the system, dependent upon the ad 
justed solvent power of the precipitating medium or 
solvent system. The inherent advantage of this control 
is that subsequent crops of asphaltenes can be precipi 
tated as essentially mineral-free material in a second 
deasphalting tower with the majority of the minerals 
precipitated with a ?rst crop of material in a ?rst deas~ 
phalting tower. 
The process of the present invention discloses a tech 

nique whereby suitable solvents such as paraf?nic and 
isomeric hydrocarbons having from three to eight car 
bon atoms and saturated substituted or unsubstituted 
cycloparaffins having ?ve or more carbon atoms may 
be blended in exacting compositions of solvents for the 
use in the deasphalting of bitumen or petroleum crudes 
containing mineral and water contaminants and high 
asphaltene concentrations. 
The present invention has been described herein with 

respect to particular embodiments and aspects thereof 
and it will be appreciated by those skilled in the art that 
various changes and modi?cations can be made, how 
ever, without departing from the scope of the present 
invention. 
Therefore, we claim: 
1. A process for deasphalting a petroleum crude oil 

feedstock containing asphaltenes and mineral contami 
nants which comprises: 

a. contacting said petroleum crude with hydrocarbon 
solvent in a ?rst deasphalting zone maintained at a 
cot 0 solubility parameter between about —0.3 and 
about -0.6, whereby between about 10 and about 
25 wt. percent of the asphaltenes are precipitated 
together with about 90 to 100 wt. percent of the 
mineral contaminants; and 

b. recovering said precipitate from said ?rst deas 
phalting zone; 

0. recovering from said ?rst deasphalting zone a 
heavy oil fraction containing between about 75 and 
about 90 wt. percent of the asphaltenes originally 
present in the feedstock and less than 10 wt. per 
cent of the mineral contaminants present in such 
'feedstock; 

d. contacting said heavy oil fraction from the ?rst de 
asphalting zone with hydrocarbon solvent in a sec 
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0nd deasphalting zone wherein the cot 0 solubility 
parameter is maintained less than about —O.8; 

e. recovering from said second deasphalting zone an 
asphaltene fraction containing between about 70 
and about 90 wt. percent of the asphaltenes origi 
nally contained in the feedstock together and less 
than about 0.5 wt. percent of the mineral contami 
nants present in such feedstock; and 

f. recovering a deasphalted heavy oil fraction from 
the second deasphalting zone. 

2. The process of claim 1 in which the hydrocarbon 
solvents are formulated as a single solvent or solvent 
blend selected from the group consisting of paraf?nic 
or isomeric hydrocarbons having from three to eight 
carbon atoms, saturated substituted cycloparaffins hav 
ing ?ve or more carbon atoms and saturated unsubsti 
tuted cycloparaf?ns having five or more carbon atoms 
with the concentration of the solvent or solvent blend 
introduced to form the system adjusted by altering the 
proportions of the solvent used according to the requi 
site Cot 0 so as to yield the desired Cot 6 for the system. 

3. The process of claim 1 in which the feedstock is 
bitumen recovered from bituminous sand, which bitu 
men contains between about 0.5 and about 10 wt. per 
cent asphaltenes and at least about 3 wt. percent miner 
als. 

4. The process of claim 3 in which the feedstock also 
contains between about 5 and about 30 wt. percent 
water and in which at least about 85 percent of such 
water is recovered in the ?rst asphaltene fraction. 

5. A process for deasphalting a petroleum crude oil 
feedstock containing asphaltenes and mineral contami 
nants which comprises: 

a. contacting said petroleum crude with hydrocarbon 
solvent in a deasphalting zone maintained- at a cot 
0 solubility parameter between about —0.3 and 
about —0.6, whereby between about 10 and about 
25 wt. percent of the asphaltenes are precipitated 
together with about 90 to 100 wt. percent of the 
mineral contaminants; and 

b. recovering said precipitate from said deasphalting 
zone. ' 

6. The process of claim 5 in which the hydrocarbon 
solvents are formulated as a single solvent or solvent 
blend selected from the group consisting of paraf?nic 
or isomeric hydrocarbons having from three to eight 
carbon atoms, saturated substituted cycloparaf?ns hav 
ing ?ve of more carbon atoms and saturated unsubsti 
tuted cycloparaf?ns having ?ve or more carbon atoms 
with the concentration of the solvent or solvent blend 
introduced to form the system adjusted by altering the 
proportions of the solvent used according to the requi_ 
site cot 0 so as to yield the desired cot 0 for the system. 

7. The process of claim 5 in which the feedstock is 
bitumen recovered from bituminous sand, which bitu 
men contains between about 0.5 and about 10 wt. per 
cent asphaltenes and at least about 3 wt. percent miner 
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