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The present invention relates to the fractionation of 
crude petroleum and more particularly to a method of 
Separating the constituents of crude petroleum on the basis 
of molecular types by chromatographic fractionation. 
The frictionation of crude oil by distillation has a 

number of disadvantages. For example, fractional dis 
tillation separates the crude constituents according to 
boiling points or molecular weights rather than according 
to molecular types so that it is impossible by distillation 
alone to obtain from most crudes, motor fuel fractions 
or cracking stock fractions free from undesirable sub 
stances Such as sulfur compounds or metal compounds 
boiling in the same temperature ranges as the desired 
fractions. Consequently in conventional refinery opera 
tions, it is necessary, following the recovery of desired 
fractions by distillation, to subject such fractions to fur 
ther refining for the removal of undesirable materials 
which distill with the desired materials. Molecular types 
such as sulfur compounds, diolefins and active mono 
olefins formed on distillation, aromatics, metal com 
pounds, and asphaltic and resinous materials are dis 
tributed among several of the distillation fractions. Rel 
atively expensive and complicated procedures must be 
applied to each of the fractions to separate the desired 
types from the undesirable ones. Thus it is conventional 
to subject gasoline fractions to copper sweetening to con 
vert mercaptains to less obnoxious sulfur compounds or 
to processes for the removal of sulfur. In the case of 
kerosenes it is the usual practice to remove aromatics by 
sulfur doxide extraction or by heavy acid treatment. 
When gas oils charged to catalytic cracking units con 
tain metals, these metals deposit on the cracking cat 
alyst and can have an adverse effect. 
posits, unlike coke deposits, cannot be removed by oxida 
tive regeneration, and it is therefore desirable to prepare 
metal-free cracking stocks. Lubricating oil stocks are 
subjected to several refining processes to produce salable 
lubricants. 

Another characteristic of distillation fractionation 
which is frequently undesirable is the resulting thermal 
decomposition of at least some of the crude oil con 
stituents. In fractionating a crude oil into several frac 
tions by distillation fractionation, it is impossible to re 
cover many of the valuable chemicals of the crude pe 
troleum in their natural state because they are thermally 
-decomposed under the conditions necessary for this type 
of distillation. 
Our present process has none of the indicated dis. 

-advantages of fractional distillation. By our process it 
is possible to separate the constituents of a crude oil ac 

... cording to molecular types and obtain fractions which 
, consist essentially of compounds that occur naturally in 
crude oil, that is, compounds which have undergone no 
rthermal conversion during the fractionation process, and 
- it is possible to separate compounds which are desirable 
in a particular refinery product from those which are un 
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desirable. Thus, for example, by our process it is pos 
sible to obtain from a total crude oil, fractions such as: 
essentially pure paraffins; essentially pure mononuclear 
aromatics; essentially colorless, sulfur-free, oxygen-free 
and metal-free hydrocarbons; sulfur compound concen 
trates which are essentially asphalt-free and metal-free; 
Sulfur compound concentrates which are essentially color 
less and metal-free; and mixtures which are rich in sulfur, 
asphalt and metals. Certain of these fractions are ideal 
Sources of motor fuels, cracking stocks, lubricating oil 
stocks, and other valuable products. Other of the frac 
tions have importance from the petro-chemical point of 
view since they contain high concentrations of valuable 
naturally occurring petroleum compounds. 
We have discovered in accordance with the invention 

that crude oils can be separated into a plurality of valu 
able fractions without substantial destruction of the com 
pounds existing in the crude oil by subjecting the crude 
oil to elution chromatography as described more fully 
hereinafter. An important feature of the invention is 
based upon the discovery that an alumina adsorbent ma 
terial, especially bauxite, is markedly superior to other 
adsorbents for the fractionation of crude petroleum oils. 
Our process in general comprises passing into contact 

with a bed of adsorbent material selected from the group 
consisting of activated alumina and activated bauxite a 
liquid comprising at least about 25 percent by volume 
crude oil in an amount which penetrates no more than 
about 90 percent of the adsorbent bed. The bed is then 
contacted with a series of eluant liquids of successively 
increasing eluting powers. Each eluate is collected as it 
emerges from the bed either as one fraction or in a num 
ber of Successively collected portions to obtain fractions 
of unconverted natural petroleum compounds. 
An important element in our process is the maximum 

quantity of oil to be fractionated which can be charged 
to the adsorbent bed. In other words, the ratio of 
charge to adsorbent is important. This ratio is important 
because if an excessive volume of charge is introduced 
to the column, the fractionation will begin as a percola 
tion process and it will be impossible to obtain sharp un 
Rixed fractions which are obtainable by our process. 
To avoid mere percolation of any of the oil, it is neces 
sary that the amount of charge be substantially less than 
the amount necessary to penetrate the entire bed. There 
fore, when the charging of the crude oil is terminated and 
the introduction of the first eluant is begun, there must 
still be a portion of the bed which is unpenetrated by 
the charge oil. 

In our process the liquid mixture comprising crude oil 
is introduced to the adsorbent bed at either extremity 
thereof in an amount which is insufficient to penetrate the 
entire bed. The oil must penetrate no more than about 
90 percent of the bed. There is no lower limit for the 
amount of oil that can be charged as far as obtaining 
sharp fractions in concerned. However, to use the ca 
pacity of the column most efficiently the amount should 
not be unreasonably small. In general, it can be said 
that the amount of oil charged should be that which will 
penetrate from about 5 to 90 percent of the adsorbent bed. 
It will be understood, however, that the extent of pene 
tration within this range adapted to accomplish desirable 
fractionation will vary depending upon Such factors as 
the specific composition of the crude oil, the particular 
adsorbent used, and the equipment employed. Accord 
ingly, in many cases the process should be carried out 
in such manner that the charge oil penetrates substantially 
less than 90 percent of the adsorbent bed. 
The simplicity and efficiency of our process are at their 

greatest when undiluted, untreated total crude oil is the 
charge mixture. However, in addition to total crude, 
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the charge stock for our process can also be topped or 
reduced crude oil, deasphalted crude, or mixtures of such 
stocks with total crude. The preparation of these stocks 
does not involve the use of distillations severe enough to 
cause any important decomposition of their valuable 
constituents, and it will be understood that when uncon 
verted naturally occurring petroleum compounds are re 
ferred to herein and in the claims, the compounds pres 
ent in topped, reduced or deasphalted crude oils are in 
cluded. While it is generally unnecessary to dilute such 
stocks for fractionation by our process, it may be de 
sirable to moderately dilute very viscous liquids so that 
they will pass readily through the adsorptive bed. Heavy 
stocks which might require dilution are total crudes of 
very high viscosity such as Mississippi crude, or topped 
or reduced crudes. The diluent can in general be any 
solvent for the crude oil which is not so strongly ad 
sorbed in the adsorbent bed as to inactivate the bed for 
fractionating the crude oil. Suitable diluents include 
liquids such as hydrocarbons of the naphtha, kerosene, 
gas oil, or fuel oil ranges. Among the possible non 
hydrocarbon diluents might be mentioned halogenated 
hydrocarbons or nitrobenzene. It is also possible to di 
lute a high viscosity stock with a lighter crude oil if 
desired. Still another possibility is the use of a low vis 
cosity product of our process as the diluent. 

Excessive dilution of the crude oil must be avoided 
because the adsorbent column capacity is inefficiently 
employed when a large amount of diluent liquid is added 
to the crude oil to be separated. It is not possible to 
specify proper degrees of dilution which will be suitable 
for all the heavy stocks because of the wide variations 
in viscosity of Such stocks. However, the crude should 
not be diluted to a concentration below about 25 percent 
by volume. In more dilute concentrations than this, the 
maximum efficiency of the column for fractionating crude 
oils is not obtained. 
An important element of our process is the particular 

adsorbent materials employed because the class of ad 
Sorbents which we use is essential to the production of 
substantially Sulfur-free, metal-free, oxygen-free and col 
orless fractions which are characteristic of our process. 
The adsorbent in our process is an alumina or bauxite. 
The adsorbent aluminas which can be used are those 
available commercially as alumina and which analyze 
99.0 percent Al2O3 on a volatile-free basis and materials 
which consist predominantly of alumina such as those 
which consist of alumina and a minor amount of other 
compounds, Such as silica. Bauxites, which can be ob 
tained commercially in adsorbent form under such trade 
names as Porocel and Florite, are well-known products, 
and are activated by heat treating bauxite ores. 
The adsorbent is preferably employed in granulated 

form. We have found that excellent yields are obtained 
when the particle size is between about 20 and 200 mesh. 
Very Small particles are undesirable because the diffi 
culty of removing all of the charge liquid from the ad 
sorbent bed increases as the proportion of fines increases. 
The adsorbent material is preferably disposed in an elon 
gated vertical column. It is activated before use as by 
heating to an elevated temperature for several hours. 
The temperature of activation is not critical, but we 
have found that temperatures between about 250° and 
1400 F., and preferably between about 400° and 800 
F., give good results. 

Immediately following introduction of the crude oil 
charge, the development of the chromatogram is begun 
by introducing the first eluant liquid to the bed. This 
first eluant is chosen according to its elutive power to 
produce the type of first fraction desired. To assist in 
the Selection of the proper sequence of eluant liquids, 
they can be conveniently grouped according to their rela 
tive elutive powers. The following table lists a suitable 
grouping of several types of eluant liquids: 
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4. 
TABLE 

Weak Ellants Moderate Ellants Strong Eluants 

hot moderate eluants. 
moderate eluant -- 
strong eiuant. 

25% ethanol in ben 

hot weak eluant. 
weak eluart -- mod 

erate eluant. 
carbon tetrachloride. 

n-pentane. 
mixed pentanes. 
petroleum ether. 
paraffinic mixture. 

cyclohexane. 28, 
maphthenic mixture. ethanol. 
benzene. methanol. 
aromatic mixture. solvent -- polar corn 

pound. 
polar solvent. 

If it is desired to obtain a first fraction which is Sub 
stantially colorless, sulfur-free, metal-free, and oxygen 
free, and adsorbent column should be first eluted with 
a weak eluant, such as one of those of the first column of 
Table whch will not excessively elute undesired sub 
stances from the column. This is our preferred proce 
dure. However, if a large first fraction is desired, e.g., 
a deasphalted crude, and there is no objection to its 
containing substances such as sulfur compounds, a mod 
erately strong first eluant can be chosen, such as an 
eluant from the second column of Table I. The vol 
ume of the eluant employed in each stage depends upon 
the desired separation but is preferably at least about 
one to five times the volume of the charge liquid. Much 
larger volumes of eluant can be employed, of course, 
but without improving the fractionation to any impor 
tant degree. Following the elution with a first stage 
eluant, the bed is contacted with a second stage eluant 
of stronger elution power to recover a second fraction 
and thereafter, if desired with a third eluant of still 
stronger eluting power to recover a third fraction. More 
eluants can be used if more fractions are desired. The 
final eluant, if desired, can be a strongly adsorbed liquid 
which acts as a displacer liquid to displace all remaining 
adsorbed substances from the adsorbent bed. 

It will be noted from Table I above that a moderate 
eluant mixed with a weak eluant yields a moderate 
eluant, and a strong eluant mixed with a moderate eiuant 
yields a strong eluant. Thus, the elutive power of a weak 
or moderate eluant is greatly increased by the addition 
of even very minor amounts of a stronger eluant. Ac 
cordingly, for the efficient recovery of fractions of weak 
ly adsorbed substances such a paraffins, naphthenes, and 
mononuclear aromatics without the inclusion of more 
strongly adsorbed substances such as sulfur compounds 
it is important that the eluant employed be a weak eluant 
which is uncontaminated by any stronger eluant which 
Would cause the elution of undesired substances with the 
weak eluant fraction. The mixture of two or more eluants 
having about the same order of elutive powers is not 
usually objectionable but the inclusion of even a very 
Small quantity, e.g. 0.5 percent, of a strong eluant can 
form a mixture having a much stronger elutive power 
than the major constituents of weak elutive power. This 
principle governs the purity of eluants that can be used 
for eluting the first fractions from the adsorbent bed. 
Thus, to obtain the total weak eluant fraction as a color 
less, Sulfur-free, and metal-free fraction, it is essential 
that the first eluant be a weak eluant such as a paraffin 
liquid which contains no appreciable quantity of stronger 
eluants such as aromatics or polar compounds. The weak 
eluant can in most cases, however, consist of mixtures of 
paraffins. It is clear from these facts that it is important 
in a cyclic process in accordance with our invention to 
recover the eluants from the products substantially un 
contaminated by liquids with a higher order of eluting 
power before again using them as eluants in another cycle. 
The described effect of the addition of a strong eluant 
to a weak eluant has the advantage of making it possible 
to employ as the moderate or strong eluants, mixtures 
which are predominantly relatively inexpensive paraffins 
and which contain only minor amounts, sufficient to give 
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5 the desired eluting power, of more expensive stronger 
eluants such as aromatics or polar solvents. 
The importance in our process of using first stage 

eluants which are unmixed with stronger eluants is related 
to the previously mentioned important element of the 
process, the maximum charge to adsorbent ratio. Thus 
if the volume of charge introduced to the adsorbent bed 
before elution is begun exceeds the capacity of the bed, 
the charge in the bell will in effect be eluted by the por 
tion of charge which exceeds the capacity of the bed. 
Since the charge comprises a crude oil and therefore con 
tains substances which are moderate or strong eluants, 
the bed will be first eluted by a moderate or strong eluant. 
It is, of course, essential in our process that the bed be 
elutive by a series of eluants of successively increasing 
elutive powers and therefore the elution of the bed by 
a portion of the charge itself before the first stage elution 
with a weak eluant would make it impossible to obtain 
the proper fractionation of the charge. In addition, poor 
recovery of weakly adsorbed substances would result 
from elution with a portion of the charge itself, since 
these substances would be distributed throughout the bed 
owing to their presence in the entering charge. 
As mentioned above, the alumina or bauxite adsorbent 

employed in our process can be an activated alumina 
adsorbent which is substantially pure alumina or one 
which consists predominantly of alumina or it can be 
the activated natural alumina, bauxite. We have dis 
covered, however, that bauxite is especially valuable in 
the present process. We have found that when using 
bauxite, the separation between Sulfur compounds and 
hydrocarbons free from sulfur is especially sharp. Thus, 
when activated bauxite is employed as the adsorbent ma 
terial, we have found that a weak paraffinic eluant will 
not desorb substantial amounts of Sulfur from the adsor 
bent. It is therefore possible in accordance with the in 
vention to recover the entire eluate obtained with the 
weak eluant as a colorless, substantially sulfur-free and 
metal-free fraction which contains substantially all of the 
parafiinic, naphthenic and mononuclear aromatic com 
pounds of the crude oil. 
As described, it is possible in our process to separate 

a crude oil into a small number of fractions by recover 
ing the entire liquid eluted by an eluant as a single frac 
tion. However, it is usually preferred to take advantage 
of the differences in adsorbability of the crude oil con 
stituents and collect the liquid issuing from the adsorbent 
bed in each elution stage in a number of portions. Thus, 
because of their differences in adsorbability certain types 
of compounds will emerge from the column first, and 
other types will follow successively depending upon their 
strengths of adsorbability. If proper cuts are made of 
the emerging liquid, it is possible to collect fractions of 
substantially single types of petroleum compounds. This 
technique can be applied to any of the elution stages of 
our process and has particular application in fractionat 
ing crude petroleum for the recovery of valuable petro 
chemicals. 
We have found that a first-stage weak paraffinic eluant 

will elute some sulfur compounds from alumina adsorbent 
bed. However, we have discovered that sulfur is not 
eluted by the paraffinic liquid uniformly throughout the 
weak eluant stage, but rather that sulfur compounds begin 
to appear in the eluate only after a considerable quantity 
of eluate has emerged from the bed. We have also dis 
covered that the occurrence of Sulfur in the eluate cor 
responds closely with the occurrence of compounds which 
fluoresce in ultraviolet light. Consequently, we are able 
to collect a sulfur-free fraction by observing the fluores 
cence under ultraviolet light of the emerging eluate and 
separating the collected material when fluoroescence first 
appears. 
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After the first-stage elution is completed, the adsorbent 
bed is eluted with a series of additional eluants of suc 75 
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cessively increasing eluting powers, for example, by an 
eluant from the second column of Table I, and then by 
an eluant from the third column of Table I. In each of 
these elutions the volume of the eluant is preferably about 
one to five times the volume of the charge oil, although 
larger volumes of eluant can be used. 
The fractionation process of our invention can be 

readily adapted to continuous or cyclic operation. In 
Such a case, following the final elution with a strong 
eluant the adsorbent bed is purged of the strong eluant 
to prepare for the next cycle. It is possible to remove 
certain final stage eluants from the bed simply by wash 
ing the bed with the first stage eluant for the next cycle. 
However, other final stage eluants must be removed in: 
stages. Thus, for example, in a process employing 
n-pentane, benzene, and ethanol as the first, second, and 
third stage elulants respectively, it is impossible or im 
practicable to remove completely the ethanol remaining. 
in the bed after the final elution by merely purging the: 
bed with cold pentane. A suitable procedure is to wash 
the bed with benzene after the ethanol elution to remove: 
the ethanol and then with pentane to remove the benzene 
before commencing the next fractionation cycle. 
At the start of our fractionation process, the adsorbent 

bed can be either dry or wet but it is preferred to pre 
wet the bed with the first stage eluant or with a weaker 
eluant before introducing the crude oil to be fractionated. 
Prewetting is desirable for several reasons. In a cyclic 
process it assists in removing from the bed the last traces 
of the final stage eluant of the previous fractionation 
cycle. Prewetting also causes the crude oil charge to 
penetrate more readily the adsorbent bed and reduces 
channeling in the bed. Still further, prewetting reduces 
or eliminates the heat of wetting when the crude oil is 
introduced to the bed. The heat evolved on contacting 
a crude oil with a dry adsorbent bed can raise the tem 
perature of particles of oil in contact with the adsorbent 
sufficiently to cause thermal decomposition of some of the 
desired constituents of the crude oil. Since one of the 
important advantages of our process is the fractionation 
of crude oil without thermal decomposition of its valu 
able components, it would thus be desirable to avoid in 
troducing the charge to a dry bed if the heat of wetting 
would be such as to cause substantial thermal decompo 
sition. 

In the continuous operation of our process, a plurality 
of adsorbent beds can be employed so that the charge 
oil can be introduced to one or another of the beds at 
all times while the other beds are undergoing elution 
or purging. Small quantities of materials may be unre 
movable from the bed by the usual eluting solvents and 
in such cases the bed can at intervals be subjected to re 
generation such as by burning to remove accumulated 
carbonaceous deposits. 
We have fractionated several different crude oils by our 

process and also by unsatisfactory processes using non 
alumina adsorbents, i. e. adsorbents other than bauxite 
or alumina. 

Tables II, III, IV, and V below record the inspection 
data for the West Texas, McElroy West Texas, Kuwait, 
and Baxterville, Mississippi, crude oils respectively which 
we have fractionated. 

TABLE II 
West Texas crude 

Gravity, API at 60 F------------------------ 35.2 
Viscosity, 100 F., centistokes------------------ 4.79 
Sulfur, wt. percent---------------------------- 140 
Chlorides, as NaCl, lbs./1000 bbl.-------------- 21.8 
ASTM distillation: 

I.B. P------------ 118° F. 
10%------------- 248 F. 
20%-------------. 316 F. 
30%-------------. 375 F., 45.3% over at 500 F. 
40%-------------. 466 F., 58.1% over at 590°F. 
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TABLE II-Continued ASTM distillation: 
ASTM distillation: I. B. P------------------------------ F 280 

50%-------------. 540 F. 2% -------------------------------- F 392 
60%-------------. 610 F. 8.8% ------------------------------ F 500 

A 5 10% ------------------------------- F. 560 
TABLE 20.6% ----------------------------- °F 590 

McElroy West Texas crude We have fractionated the West Texas crude oil of Table 
Gravity, API at 60 F----------------------- 32.6 II above in accordance with our process using granular 
Viscosity, 100°F.: activated alumina as the adsorbent and using four Suc 

Centistokes ---------------------------- 5.82 10 cessive eluant liquids: n-pentane, carbon tetrachloride, 
S. U. S.-------------------------------- ?' benzene, and a mixture of 25 percent by volume of ethanol 

Sulfur, wt. percent: in benzene. The procedure followed is described in Ex 
Total --------------------------------- 2:39 ample Ibelow. 
Elemental ---------------------------- 0.506 

Chlorides, as NaCl, lbs./1000 bbl--------------- Nil 15 Example I 
4.14 ran The total undiluted West Texas crude oil was intro 

ASTMislation: w w 84 F. duced at the top of a column of 80-200 mesh activated 
2%----------------- 1130. F. alumina in the amount of about 0.15 volume of crude 
5%----------------- 176 F. 20 oil per volume of adsorbent. The charge penetrated 
10%---------------- 221 F. about 35 percent of the bed. Immediately after intro 
20%---------------- 2969 F. duction of the entire crude oil charge, the column Was 
30%---------------- 407 F. eluted by introducing at the top of the column about 9 
40%---------------- 494 F. parts by volume of n-pentane per part of charge oil. 
45.3%--------------- 506 F. (obvious cracking) 25 The entire amount of liquid eluted in this stage was re 

covered as a single fraction. Following elution with 
TABLE IV n-pentane the column was eluted successively with about 
Kuwait crude equal amounts of carbon tetrachloride, benzene, and a 

Gravity, API at 60 F----------------------- 31.6 solution of 25 percent ethanol in benzene. In each stage 
Viscosity, 100°F.: the entire eluate solution was collected as a single frac 

Centistokes ----------------------------- 986 30 tion and the eluant was evaporated from the crude oil 
S. U.S.---------------------------------- 58.3 fraction by heating the solution to 50-60° C. while sweep 

Sulfur, WE, percent---------------------------- 2.59 ing its surface with a stream of nitrogen. In each Stage 
Chlorides, as NaCl, lbs./1000 bbl--------------- 6.0 of the chromatographic fractionation, the liquids were 

s passed through the adsorbent column by gravity flow and 
ASTM distillation: 35 no channeling difficulties were encountered. The frac 

I. B. P------------------------------ F. 106 tionation was carried out at room temperature or about 
10% ------------------------------- F 256 77 o F. 
24.5% ----------------------------- F 392 The results of the Example i fractionation of the West 
35.0% ----------------------------- F 500 Texas crade oil are recorded in Table VI below in terms 
43.7% ----------------------------- F-- 590 40 of the yields and characteristics of each fraction obtained. 

TABLE V It will be noted from Table VI that material losses were 
Baxterville crude substantial. These losses resulted from the evapora 

tion of the light ends of the crude oil while separating 
Gravity, API at 60 F---------------------- 15.8 the eluant liquid from the crude oil fraction. The ad 
Viscosity, 100 F.: 5 sorbent bed after the final elution with the ethanol-ben 

Centistokes --------------------------- 822.7 Zene mixture had the same white appearance that it had 
S. U.S.-------------------------------- 3801.0 at the start of the process, thus indicating that the crude 

Sulfur, wt. percent------------------------- 2.83 oil charge had been substantially entirely removed from 
Chlorides, as NaCl, lbs./1000 bbl ----------- 10 the bed. 

TABLEV 

Earl n-pentant CC benzene 25% ethanol 
in benzene 

Mass Recovery: 
Wit. Percent of Charge------------------------- 48.5 15.1 5.3 6.6 

Total Wt. Percent--------------------------- 75.5 

Sulfur Content, Wt. Percent----------------------- 0.19 4.34 5.29 3.72 

Sulfur Recovery: 
Wt. Percent of Sulfur in Charge.---------------- 6.6 47.4 20, 2 17.7 

Total Wt. Percent--------------------------- 9.9 

Appearance---------------------------------------- colorless oil-- dark orange. dark brown- black tar. 
Odor----------------------------------------------- pleasant----- usiasant. asitio. asphatic and 

phenolic. 
Fluorescence under Ultraviolet Light-------------- trace of blue-blue--------- yellow------ brown. 
Average Molecular Wit----------------------------- 340---------- 446---------- 517---------- 534. 
Carbon Content, Wt. Percent.------. - 86,03-------- 83.74. 
Hydrogel Colteat, Wt. Percent------------------- 13.79. ------- 9.07. 
Oxygen Content, W. Percent---------------------- 0.00--------- 3.47. 
Corrected Mass Recovery: Wt. Percent of charge- 73----------- 66. 

1 All material losses were light ends. 
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From Table VI above it can be seen that our process 
produced a colorless fraction amounting to 73 percent 
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teristics of each fraction obtained are given in Table 
VII below. 

TABLE VI 

Re- Corrected S S. Re 
covery, Re- Content, covery, 

Fraction Wit. covery 1 Wit. Wit. Fluorescence 
Crude Oil No. Eluant Percent Wit. Percent Percent Appearance Odor Under U. W. 

of Percent of of Sin Light 
Charge of Fraction Charge 

Charge 

n-petane.-------- 49.7 64. 2 0.08 1.7 Celess Pleasant---- None. 
i. 

2 benzene--------- 25.4 25.4 6.32 67.4 Darkorange Unpleasant. Blue. 
McElroy Crude, 2.38% S-...------ oil. 

3" 25 vol. percent 10.4 10.4 5.31 23.2 Brown- Asphaltic--- Brown. 
ethanolin black 
benzene. semi-solid. 

Total Recovery......----------------- - - - - - - - - - - - - - - - - - - 85.5 100.0 ---------- 92.3 

1 n-peritane.------- 40.6 56.4 0.05 0.8 Celess Pleasant---- None. 
Ol 

2 benzene--------- 30.3 30.3 5.15 60.2 Brown oil -- Unpleasant. Green-blue. Kuwait Crude, 2.59% S----------- 3 25 vol. percent 13.3 3.3 6.05 31. Brown- Asphaltic... Brown. 
ethanol in black 
benzene. semi-solid, 

Total Recovery----------------------------------------- 84.2 100.0 ---------- 92.1 

1 All material losses were light ends. 

by weight of the crude oil charge based on corrected 
mass recovery calculations. This large fraction obtained 
from the high sulfur West Texas crude oil contained only 
0.19 percent by weight sulfur and was oxygen free. The 
pleasant odor of this eluate substantiates its low Sulfur 
analysis. The carbon tetrachloride eluate contained 4.34 
percent sulfur and thus had a high concentration of Sul 
fur compounds. On an estimated average molecular 
weight of 446 for this carbon tetrachloride eluate, the 
calculated sulfur compound content is about 60 percent, 
assuming one sulfur atom in each sulfur compound mole 
cule. Therefore, this eluate is a valuable source of Sul 
fur-containing chemicals. The benzene eluate contained 
5.29 percent sulfur and contained an even higher propor 
tion of sulfur compounds than the carbon tetrachloride 
eluate. It should also be noted in Table VI that the 
four fractions obtained increase successively in average 
molecular weight and that the ratio of carbon to hydro 
gen increases correspondingly, the latter ratio indicating 
the increased aromaticity and decreased paraffinicity of 
each successive eluate. 
We have fractionated the McElroy West Texas crude 

of Table III above and the Kuwait crude of Table TV 
by our process using our preferred adsorbent, bauxite. 
The procedure employed is described in Example II 
below. 

Example II 
The adsorbent in each fractionation was the 60-100 

mesh activated bauxite known commercially as Regular 
Iron Porocel. In each fractionation the crude oil was 
introduced to the adsorbent column in the manner de 
scribed in Example I, in a charge to adsorbent ratio of 
about 0.14:1. This amount of oil penetrated about 35 
percent of the bed. In each run after introduction of the 
undiluted total crude oil charge, the column was eluted 
with three successive eluants, n-pentane, benzene, and a 
mixture of 25 volume percent ethanol in benzene. In 
each elution stage the eluant to charge volume ratio was 
10:1 or greater. The recovered eluate solutions were 
placed in shallow vessels under a ventilating hood to 
separate the eluants from the crude oil fractions by evap 
oration. The results of fractionating the McElroy and 
Kuwait crude oils in terms of quantities and charac 
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In Table VII above it can be seen that our fractionation 
process gave excellent results in fractionating the Mc 
Elroy and Kuwait crude oils, both of which have high 
sulfur contents, but which differ in other respects. The 
table shows that there was obtained from the McElroy 
crude a n-pentane eluate comprising 49.7 percent of the 
original crude. When corrections are made for the 
losses in evaporating to separate the eluant from re 
covered fractions the yield is about 64 percent. This 
large fraction was colorless and substantially sulfur free. 

Table VII also shows the production of a large color 
less and sulfur-free fraction from the Kuwait crude oil. 
The n-pentane eluate of the Kuwait crude amounted to 
40.6 percent of the original crude or about 56 percent, 
with corrections made for losses of light ends in evapo 
rating to remove the eluant. It should be observed that 
in fractionating the McElroy and Kuwait crudes with 
bauxite as the adsorbent, the entire pentane eluate in 
each fractionation was substantially sulfur free so that 
a collection of the pentane eluate in a plurality of por 
tions to segregate sulfur compounds was unnecessary. 
We have also fractionated in accordance with our proc 

ess the three crude oils of Tables III, IV, and V, using 
activated alumina as the adsorbent as described in Exam 
ple III below. 

Example III 
The McElroy, Kuwait, and Baxterville crude oils of 

Tables III, IV, and V, respectively, were fractionated as 
described in Example I, using 80-200 mesh activated 
alumina as the adsorbent. In each fractionation the ad 
sorbent column was eluated in three stages, the eluants 
in the order of their use being, n-pentane, benzene, and a 
mixture of 25 percent ethanol in benzene. In each elu 
tion stage the eluant to charge ratio was about 10:1. The 
McElroy and Kuwait crudes were charged undiluted to 
the adsorbent column but the high viscosity Baxterville 
crude oil was diluted wtih an equal volume of n-pentane 
to cause it to pass more easily into the adsorbent bed. 
The results of these fractionations in terms of the quanti 
ties and characteristics of the fractions obtained are re 
corded in Table VIII below. 
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TABLE VIII 

Recovery, Corrected Sulfur Sulfur 
Frac- Wt. Per-Recovery, Content, Recovery, Fluorescence 

Crude Oil tion cent of Wt. Per. Wt. Per Wt. Per- Appearance Odor under U.W. 
No. Charge cent of cent of cent of S Light 

Charge 1 Fraction in Charge 

1. 51.0 67.7 0.18 3.9 Sillion- Eit. E. blue. 23.3 6.53 63.9 OW. Oil------- npleasant---- ue-green. McElroy Crude, 2.38% s...} : : 9.0 6.70 25.3 Brown-black Asphaltic------ Brown. 
semi-solid. 

Total Recovery-------------- 83.3 100.0 ---------- 93. 

1. 44.7 58.3 0.20 3.5 SES Boi. Eit. E. se: 2 29. 29.8 6.00 69, rown-black Oil. Unpleasan g Own. Kuwait Crude, 2.59% S---- ; : 2, 33.1 : EWE." KEI 5, 
semi-solid. 

Total Recovery-------------- 86.4 100.0 ---------- 97.6 

1 41.5 0.10 1.5 Colorless Oil---- Pleasant------- Pale blue. 
2 45.2 4.74 76.7 Histy Yeous Mild asphaltic- Brown. 

Baxterville Crude, 2. S- ack oil. axterville Crude, 2.83% 3. 14.0 4,68 23.3 Black tar-------- Mild burnt D0. 
Odor. 

Total Recovery-------------- 100.7 -------------------- 101.5 

1 All material losses were light ends. 

The results recorded in Table VIII show that our proceSS 
employing activated alumina as the adsorbent is applicable 
to crude oils of widely varying characteristics. Each of 
the crude oils fractionated had a high sulfur content 
but our process produced from each crude a large fraction 
of very low sulfur content colorless oil and the Sulfur 
was concentrated in the strongly adsorbed fractions of the 
crude. The results are particularly surprising with the 
Baxterville cruide. From this very heavy, highly car 
bonaceous crude oil it was possible to obtain a fraction 
comprising 41.5 percent of the crude oil which was color 
less and contained only 0.10 percent sulfur. 
We have also fractionated the West Texas crude of 

Table II using five different adsorbent materials as de 
scribed in Example IV below. 

Example IV 
The West Texas crude of Table II was fractionated 

using five different adsorbent materials. Two of the 
adsorbents used were adsorbents of our process, namely 4 5 

activated alumina and activated bauxite. The three 
other adsorbents were non-alumina adsorbents, namely, 
30-170 mesh Florisil (a synthetic magnesium silicate), 

30 30-170 mesh fuller's earth, and 28-200 mesh silica gel. 
Three successive eluants were used in each fractionation: 
n-pentane benzene, and 25 percent ethanol in benzene, 
The charge to adsorbent ratio in each farctionation was 
about 0.15 to 1 which in each case was sufficient to cause 

35 penetration of from about 30 to 40 percent of the bed 
by the charge oil. In each elution stage the eluant 
to charge ratio was 10:1 or greater. In the fractiona 
tions with activated alumina, with Florisil, and with 
fuller's earth, the n-pentane eluate was collected in two 

40 successive portions in order to isolate fluorescence in 
the second portion. The results of these five fractiona 
tions in terms of quantities and characteristics of the 
fractions obtained are given in Table IX below for the 
bauxite and alumina fractionations and in Table X be 
low for the fractionations with the non-alumina ab 
sorbents. 

TABLE IX 

Absorbent-------------------------------- Activated Bauxite (Porocel, Activated Alumina (80-200 mesh) 
60-100 mesh) 

Eluant----------------------------------- n-pentane benzene 25% ethanol n-pentane i benzene. 25% ethanol 
in benzene in benzene 

Mass Recovery: 
Wit. Percent of Charge--------------- 55.3 21. 8. 44.3 9.6 9.6 6.0 

Total, Wt. Percent----------------- 84.5 79.5 

Sulfur Content: Wt. Percent.------------- 0.03 4.35 4.82 0.02 0.50 4,72 4, 56 

Sulfur Recovery: 
Wt. Percent of Sulfur in charge------- . 12 65.5 27.9 0.6 3.4 66, 4 19.8 

Total Wt. Percent----------------- 94.6 90.2 

Appearance------------------------------ colless orange oil black tar-- celess colorless dai red back tar. 
O Oil. oil. oil. Odor------------------------------------- pleasant--- unpleasant asphaltic-- pleasant--- pleasant--- unpleasant aspiltic 

al 
phenolic. 

IFluorescence (Under ultraviolet light).--trace of blue------- brown---- 100----- trace of green- brown. 
blue. blue. blue. 

Corrected Mass. Recovery: 2 Wt. Percent. 71--------- 21--------- 8---------- 61--------- 13--------- 20--------- 6. of Charge. 

1 Pentane.eluate collected in two successive portions to isolate fluorescence in latter portion. 2 All material losses were light ends. 
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TABLE X 

Adsorbent------------- Florisil (30-170 mesh) Fuller's Earth (30-170 mesh) Silica Gel (28-200 mesh) 

25% etha- 25% etha- 25% etha Eluant---------------- n-pentanel benzene nolin n-pentane 1 benzene nolin n-pentane benzene no in 
benzene benzene benzene 

Mass Recovery: 2 
Wt. Percent of 

Charge---------- 2.4 54.7 2.0 7. 15.2 46.4 0.5 8, 6 58.4 23.3 1. 

Total, Wt. 
Percent------ 86.2 80.7 82.8 

Sulfur Content, Wt. 
Percent-------------- 0.33 1.24 4. 61 3.15 0.31 129 5.05 3.4 0.74 3.91 3. 40 

Sulfur Recovery: 
Wt. Percent of S 
in Charge-------- 2.9 48.8 39,9 16.1 3.4 43.0 87.9 21.0 3.0 65.5 2.6 

Total, Wt. 
Percent----- 107.7 O5.3 99.1 

Appearance------------ colorless pale yel- Orange- black tar. colorless colorless Orange black tar-brown- brown- black 
oil. low oil. red oil. oil. oil. oil. lack lick tar. 

Oli O Odor------------------ pleasant unpleas- unpleas- asphaltic pleasant slightly unpleas- asphaltic pleasant unpleas-phenolic. 
ant. ant and and phe- unpleas- ant. and phe- ant. 

phal- nolic. ant. nolic. 
C. 

Fluorescence (under trace of blue------- yellow---- brown----- trace of blue------- yellow-brown---- mixed... mixed- mixed. 
ultraviolet light). blue. blue. 

Corrected Mass Re ------------------------------------------------------------------------------------------ 75------- 24------- 1.1. covery: 2 Wt. Per 
cent of Charge. 

1 Pentane eluate collected in two successive portions to isolate most of fluorescence in latter portion. 
2 Almaterial losses were light ends. 

A comparison of the sulfur contents of the low sulfur 
fractions obtained with the various adsorbents as recorded 
in Tables IX and X clearly shows the superiority of our 
use of adsorbents consisting predominantly of alumina. 
Thus, Table IX shows that with activated bauxite a color 
less fraction containing only 0.03 weight percent sulfur 
was obtained and this fraction amounted to 51 weight 
percent of the charge or 71 weight percent of the charge 
on a corrected mass recovery basis. Also Table IX shows 

40 

45 

that the lowest sulfur fraction obtained with the alumina 
adsorbent contained only 0.02 percent sulfur and amount 
ed to 44.3 weight percent of the charge, or 61 weight 
percent of the charge based on corrected mass recovery. 
The data in Tables IX and X show the complete dif 

ference in kind of our process from processes employing 
non-alumina adsorbents. With the non-alumina adsorb 
ents it is impossible to obtain in any substantial yield a 
pentane eluate which is substantially sulfur-free as in our 
process. As Table X shows, the pentane eluate of the 
silica gel process eluted a fraction having a sulfur content 
of 0.74 percent. In collecting this fraction the poor color 
retention properties of the silica gel adsorbent were clear 
ly demonstrated. Even the first drop of the first frac 
tion emerging from the adsorbent was dark colored. 
There was no colorless material at all. Table X shows 
that in the Florisil and fuller's earth processes, lower sul 
fur contents than with the silica gel process were obtained 
by collecting the pentane eluate in two portions. Thus, 
the first portion of the pentane eluate in the Florisil proc 
ess had a sulfur content of 0.33 percent and in the fuller's 
earth process a sulfur content of 0.31 percent. However, 
the yields of these relatively low sulfur fractions were 
very low, namely 12.4 percent of the charge (uncor 
rected) in the Florisil process and 15.2 percent of the 
charge (uncorrected) in the fuller's earth process. These 
results compare very unfavorably with the results of our 
process listed in Table IX. 
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In the foregoing examples, we have described the use 
of relatively high ratios of eluant to charge. These ra 
tios can be considerably lower than used in the foregoing 
examples. As we have stated, the eluant to charge ratio 
in each elution stage is preferably from about 1 to 5 vol 
umes of eluant per volume of charge. Increasing the vol 
ume of eluant, or, in other words, the eluant to charge 
ratio, increases the liquid eluted from the column in each 
elution stage. However, a very high percentage of the 
material recoverable in an elution stage, e.g. 99 percent, 
can be eluted by about 5 volumes of eluant per volume 
of charge so that the use of a larger volume of eluant is 
generally not economically worthwhile. Example V be 
low describes a fractionation in which we used somewhat 
lower charge to eluant ratios than in the previous exam 
ples. 

Example V 

The McElroy crude of Table III above was fractionated 
in a column of 80-200 mesh activated alumina using three 
successive eluants: n-pentane, benzene, and 25 volume 
percent ethanol in benzene. The charge to adsorbent vol 
ume ratio was about 0.15 to 1 and about 35 percent of 
the adsorbent column was penetrated by the charge oil. 
In the first elution stage n-pentane was introduced to the 
column in the amount of 6.8 volumes per volume of 
charge. The n-pentane eluate was collected in two por 
tions in order to isolate fluorescence in the second por 
tion. The separation of this eluate was at the point at 
which 5.7 volumes of n-pentane per volume of charge had 
been introduced. Thereafter, 1.1 volumes were used. 
The benzene was used in the amount of 5.0 volumes per 
volume of charge and the ethanol-benzene eluant was 
used in the amount of 7.0 volumes per volume of charge. 
The results of this fractionation in terms of quantities and 
characteristics of the fraction obtained are given in Table 
XI below. 
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TABLE X 

Euant Recov- Total S. Elemen SRecov- Fluoros 
to charge ery, wt. Content, tail S. Con-ery, wt. conce undcr 

Crude Oil Fraction Eluant ratio, percent wt. per- tent, wt. percent Appearance Odor Ultra-vio 
No. wolf vol. of charge cent of percent of of sulfur let light 

fraction fraction in charge 

1 (a)---- n-pentane------- 5.7 49.6 0.011 KO.0000 0.2 colorless oil---- pleasant----- O8. 
l ()----------------------- ... 1 19. 0.53 0.01 4.4 ----- do-------------- do------- pale blue. 

McElroy Crude, 2.38% total.-------------------- 6.8 69. 3 
S, 0.506% elemental S 

2-------- benzene.--------- 5.0 20.6 6, 40 ---------- 55.4 brown oil----- unpleasant blue-green. 
3-------- 25 vol. percent 7.0 10.0 7. 90 ---------- 33.2 brown-black asphaltic---- brown. 

ethanolin ben- semi-solid. 
22. 

Total Recovery---------------------------------------- 99.9 -------------------- 93.2 

Table XI shows that the n-pentane fraction obtained 
with the 6.8 to 1 eluant to charge ratio amounted to 69.3 
percent of the crude oil charged. The table also shows 
that 99.9 percent of the crude oil was recovered in the 
three elution stages. There were no substantial material 
losses in this fractionation. 
The results in Table XI show very clearly another valu 

able characteristic of our process. This characteristic is 
in the production of a fraction which is free of elemental 
ulfur. Elemental sulfur is known to be the most unde 
sirable form of sulfur present in crude oil because of its 
highly corrosive nature. Therefore, the reduction of the 

volumes per volume of charge. When 2.8 volumes of 
eluant per volume of charge had been introduced, the 
emerging eluate began to show light blue fluorescence in 
ultraviolet light, and the eluate emerging from the col 
umn thereafter was collected separately. After this point, 
1.4 volumes of the first eluant per volume of charge 
were added. After the first stage elution, the adsorbent 
bed was eluted with benzene in the amount of 6.7 vol 
umes per volume of charge and then with a mixture of 
35 volume percent ethanol in benzene in the amount of 
5.1 volumes per volume of charge. The results of this 
fractionation are given in Table XII, below. 

TABLE XII 

Euant Recow. Sulfur Sulfur Fluores 
to ery, Content, Recoy Cerce 

Crude Oil Fraction Eluant Charge Wit. Wit. ery, Wt. Appearance Odor under 
No. Ratio, Percent Percent Percent U.V. 

wolf vol. of of of S in Light 
Charge Fraction Charge 

(a) -- 2,3 dimethylbutane- 2.8 33.9 0.008 0.19 Colorless oil--- pleasant.---- O 
I ()--------------------------- 1.4 42.0 0.29 8.52 ----- do-------------- do-------| pale blue. 

Total ----------------------- 4.2 75.9 
West Texas. Crude, 1.40% S 

2-------- benzene------------- 6, 7 22.5 3.86 60, 7 Brown oil unpleasant-- blue 
green. 

3-------- 35 Vol. percent eth- 5.1. 7.54 3. 40 17.92 Brown-black asphaltic.-- brown. 
anol in benzene. semi-solid. 

Total Recovery--------------------------------------------------- 105.9 ---------- 87.3 

elemental sulfur content in motor fuel or cracking stock 
fractions is even more important than the reduction of 
combined sulfur content. Table XE shows that in Ex 
ample V the first portion of the n-pentane eluate which 
amounted to 49.6 percent of the crude, contained less 
than 0.00001 weight percent elemental sulfur, as com 
pared with the McElroy crude oil charge which contained 
0.506 weight percent elemental sulfur. 
The results of Table XI are also of interest in con 

firming the results of Table VIII for the fractionation of 
the McElroy crude with alumina. In Table VIII it was 
necessary to make corrections in the mass recovery values 
because of material losses. It was assumed in the calcu 
lations of the corrected yields that all material losses were 
in the light ends. The results in Table XI confirm the 
assumption. 
We have also fractionated the West Texas crude oil 

of Table i, using 2,3-dimethyl butane as the first stage 
parafiinic eluant and using low eluant to charge ratios. 
The fractionation is described in Example VI, below. 

Example VI 
The West Texas crude of Table I was fractionated in 

a column of 80-200 mesh activated alumina, using a 
charge to adsorbent ratic of 0.20 vollime of charge per 
volume of adsorbent. This quantity of charge penetrated 
about 40 percent of the adsorbent bed. Immediately. 
after introduction of the crude oil charge, the bed was 
eluted with 2,3-dimethyl butane in the amount of 4.2 
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Table XII shows that the same excellent results are 
obtained using the branched chain paraffin, 2,3-dimethyl 
butane, as the first stage weak eluant, as are obtained 
with normal pentane. Thus, the two portions of the weak 
eluant fraction announted to about 75.9 weight percent 
of the charge oil. This fraction was a colorless oil of 
pleasant odor, the first portion of which had a negligible 
sulfur content of only 0.008 weight percent. Table XII 
also shows the excellent results obtained with rather low 
eluant to charge ratios. Excellent fractionation and high 
recoveries were obtained using only 4.2 parts of first stage 
eluant per part of charge and 6.7 and 5.1 parts of eluant 
per part of charge in the second and third elution stages, 
respectively. It will be noted that the total recovery ex 
ceeds, 100 percent. The probable explanation is that each 
eluate fraction contained a small amount of unevaporated 
eluant. 

It must also be understood that the colorless, low 
sulfur fractions, obtained with the first-stage eluants by 
our process are substantially metal-free and contain sub 
stantially all of the mononuclear aromatic compounds of 
the original crude. The characteristic of our process of 
producing metal-free fractions is very important because 
if metals. are present in liquids subjected to catalytic 
treatments such as cracking, such metals can have a seri 
ously adverse. effect on the catalysts. For these reasons 
the Substantially metal-free fractions of our process, 
when distilled, yield ideal catalytic cracking stocks. 
The metal contents of the fractions obtained in our 
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process are illustrated by vanadium analyses on the 
fractions obtained in fractionating the total West Texas 
crude oil of Table II above in accordance with our proc 
ess using three eluants, namely n-pentane, benzene, and 
25 percent ethanol in benzene. The analyses were made 
on composite eluate fractions from several different frac 
tionations of the mentioned West Texas crude. The 
vanadium contents of these fractions are listed in Table 
XIII below. The West Texas crude oil before fractiona 
tion contained 0.000380 percent by weight vanadium. 

TABLE XIII 

Fraction Wanadium 
Recovery, Vanadium Recovery, 
Wt. Per- Content of Wt. Per 
cent of Appearance Fraction, cent of 

No. Eluant Crude Wt.Percent Wanadium 
Oil in Crude 

Oil 

1---- n-pentane--- 75 colorless oil.... <0.000007 K1 
2---- benzene.----- 20 dark red oil--- 0.000044 2 
3---- 25m ethanol 5 black tar------ 0.00738 97-- 

in ben 
Zele. 

From Table XIII above it can be seen that the color 
less first fraction which is eluted from the column with 
n-pentane and which contains about 75 weight percent 
of the crude oil charged, was substantially vanadium 
free. The value for vanadium content of this fraction 
which is listed in Table XIII is the minimum detectable 
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oil can be performed in such a manner. However, as we 
have mentioned, it is preferable in our process to take ad 
vantage of the differences in adsorbability of the various 
petroleum compounds which cause such compounds to 
issue successively from the column and to collect the liq 
uid from the adsorbent column in several portions which 
contain either a single type or a few types of compounds. 
This procedure of collecting the liquid emerging from the 
adsorbent column during elution in several portions can 
be applied to any one or all of the elution stages of our 
fractionation process. We have collected the first stage 
eluate in a fractionation of the West Texas crude of Table 
II through bauxite, in accordance with our process, in 
twelve different portions. The procedure employed is de 
scribed in Exmple VII below. 

Example VII 
The West Texas crude was introduced to a column of 

60-100 mesh activated bauxite (Regular Iron Porocel) 
in a charge to adsorbent ratio of 0.15 volume of crude oil 
per volume of adsorbent. About 35 percent of the col 
umn was penetrated by the oil. Immediately after intro 
duction of the charge, the column was eluted with n-pen 
tane in the amount of 6.0 volumes per volume of charge. 
The liquid emerging from the column was collected in 
twelve portions, the first eleven of which each contained 
about 5.5 weight percent of crude oil charged and the 
twelfth of which contained 3.2 weight percent of the 
crude. The results of this fractionation are given in 
Table XIV below. 

TABLE XIV 

Aromatics, Moles per Liter 1 
Wit. Molecu 

Fraction No. Percent lar 
of Crude Weight 

Mono 
nuclear 

5.5 320 
5.8 245 

is 3: 5. 5 - 
5.4 53) <10 
5.5 255 
5.7 230 
5.5 240 
5.6 255 4x10-3 
5.3 260 5X10-3 
5.4 360 3 
3.2 400 4. 

Total.------------- 64.2 

Rings per Molecule 

Fluorescence 
(Lipkin and under 
Martin) 8 Ultra-violet Light 

(Wan Nes and Wan 
Westen Method) 2 

Di- Tri Naph 
nuclear nuclear thenic 

Aromatic 

<10-6 <10-7 

10-4 <10-5 
10-3 | <10-5 

2x0-2 4x10-3 
10-1 1.5x10-2 

fo. 
1. i Pale blue. 

... 2 Do. 8. 

Determined by ultraviolet light absorption spectroscopy. 
195. 8 K. Van Nes and H. A. Van Westen, 'Aspects of the Constitution of Mineral Oils,' Elsevier Publishing Co., Inc., New York, 

3 M. R. Lipkin and C. C. Martin, Ind. Eng. Chen., Anal. Ed., vol. 19, p. 183, 1947. 

quantity of vanadium by the analytical method employed. 
However, it is probable that the fraction was actually 
completely free of vanadium and, in any event, the vana 
dium content of this fraction was less than 1 percent of 
the vanadium present in the original crude oil. The 
benzene fraction was also quite low in vanadium as the 
table shows, while the third fraction which was eluted 
with the ethanol-benzene mixture constituted about 5 
percent of the original crude and contained nearly all 
of the vanadium present in the original crude. Table 
XIII shows that concentration of vanadium in the third 
fraction is about 19 times the concentration of vanadium 
in the crude oil, so that in any process for the recovery 
of vanadium from petroleum, this third fraction is a con 
siderably better material for the process than the original 
crude oil. 

In each of the foregoing examples we have described 
recovering the eluate fractions in either one or, in the 
case of the pentane eluates, two portions. Such a pro 
cedure may often be desired and, as the examples and 
tables show, an excellent primary fractionation of crude 
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From the results of Table XIV it can be seen that the 
first portion of the pentane eluate consisted entirely of 
paraffins, since no aromatic or naphthenic rings were indi 
cated. Fractions 2 through 8 inclusive were mixtures of 
paraffins and naphthenes as indicated by the presence of 
naphthenic rings and the absence of aromatic rings. The 
extremely low aromatic content of the first 8 fractions is 
conclusively indicated by the sensitive ultraviolet light ab 
sorption spectroscopy analysis. Fractions 11 and 12 
contained high concentrations of mononuclear aromatics. 
The dinuclear aromatic contents of these fractions were 
low and the trinuclear aromatic contents were very low. 
From this table it can be seen that the n-pentane eluate 
could be collected in three portions to obtain a paraffinic 
portion, a portion consisting essentially of paraffins and 
naphthenes, and a highly aromatic portion. 
In each of the foregoing examples, I though VII inclu 

sive, the fractionations described were carried out at room 
temperature or from about 70 to 80 F. and the liquids 
were passed through the adsorbent columns by gravity 
flow. It should be understood, however, that other oper 
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a ting conditions can be employed in our process. Thus, 
for example, hot eluants can be used in certain of the 
tution stages. Heating an eluant liquid increases its 
ciutive power and, therefore, it is possible to use the same 
cuant liquid for two or more elution stages by introducing 
it to the adsorbent bed at successively higher temperatures 
for tha successive elution stages. It should be understood 
also that in our process pressure can be applied to the liquid 
inlet end of the adsorbent bed or vacuum to the exit end 
if desired, to increase the rate of flow through the bed 
above the normal rate of gravity flow. 
From the foregoing description of our invention it can 

be saen that we have developed a process which can be of 
great value to the petroleum refiner. Our process makes 
it possible to place the parafiinic, naphthenic and mononu 
clear aromatic compounds of crude oil in fractions of the 
crude separate from the sulfur and metal compounds. 
The sulfur-containing components of the crude are Segre 
gated from the non-sulfur components without Subjecting 
them to elevated temperatures. In this way the contami 
nation of non-sulfur-containing fractions by the decompo 
sition of labile Sulfur compounds during distillation is 
avoided, and also many valuable Sulfur compounds can be 
recovered in their natural state for use as chemical agents 
or intermediates. Still further, it is possible with out proc 
ess to separate a crude petroleum oil into a large number 
of fractions differing according to molecular type by mak 
ing appropriate cuts in each eluate emerging from the ad 
Sorbent bed. 

Obviously many modifications and variations of the in 
vention as hereinbefore set forth may be made without de 
parting from the spirit and scope thereof; therefore, only 
such limitations should be imposed as are indicated in the 
appended claims. 
We claim: 
1. A process for separating crude petroleum oil into 

low and high sulfur content fractions of unconverted, 
naturally-occurring petroleum compounds which com 
prises passing into contact with a bed of adsorbent ma 
terial Selected from the group consisting of activated alu 
mina and activated bauxite, a charge liquid comprising 
at least about 25 percent by volume of a sulfur-contain 
ing crude oil in an amount which penetrates no more 
than about 90 percent of the adsorbent bed, then con 
tacting said adsorbent bed with a wholly paraffinic eluant 
liquid in an amount at least as great as the amount of 
charge liquid, recovering from the bed with said paraf 
finic elutant liquid a paraffinic fraction of the crude oil 
of low Sulfur content, thereafter contacting said bed 
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with at least one additional eluant liquid, each eluant 
liquid having stronger eluting power than the eluant used 
before it, and recovering from the bed with an eluant 
liquid of stronger eluting power than said paraffinic 
eluant a fraction of said crude oil of high sulfur content. 

2. The process according to claim 1 in which sub 
stantially all of the paraffinic, naphthenic and mono 
nuclear aromatic compounds of the crude oil are re 
covered in at least one fraction with said paraffinic eluant 
liquid and substantially all of the polynuclear aromatics 
and sulfur components of the crude oil are recovered in 
at least one other fraction with a stronger eluant. 

3. A process for separating crude petroleum into low 
and high sulfur-content fractions of natural unconverted 
petroleum compounds which comprises passing into con 
tact with a bed of activated alumina, a liquid compris 
ing at least about 25 percent by volume crude oil in an 
amount which penetrates no more than about 90 per 
cent of the alumina bed, then contacting said alumina 
bed with a wholly paraffinic eluant liquid, collecting 
eluate emerging from said bed until the eluate begins 
to show fluorescence under ultraviolet light, separately 
collecting the remaining liquid eluted by said paraffinic 
liquid, thereafter contacting said bed with a series of 
eluants of successively increasing eluting powers, and 
recovering separately each eluted fraction of uncon 
verted natural petroleum compounds. 
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