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This invention relates to a method for re?ning 

mineral oils and waxes and, more particularly, is 
directed to a process for‘ contacting petroleum 
and various fractions thereof with a solid, porous 
sorbent material under conditions hereinafter de 
scribed to yield a product of improved character 
istics. . 

The process contemplated by the present in 

10 Claims. (01. 196-—147) 

vention provides a new method for re?ning min- , , 
eral oils andwaxes by contacting the oil or wax 
with a solid, porous sorbent material under such 
conditions that oillis sorbed into the pores of 
the contact material. The porous material con 
.taining sorbed oil is then heated to an elevated 
temperature and are?ned oil is thereafter sep 
arated from the pores of the sorbent. 
The method of this invention may be employed 

in re?ning petroleum hydrocarbons generally, it 
being only necessary that the charge stock un 
dergoing treatment enter the pores of the sorbent 
material and remain in intimate contact there 
with during the maintenance of said material'at 
an elevated temperature. Thus, the process de 
scribed herein may be used in re?ning both resid 
ual and distillate petroleum stocks. The proc 
ess of this invention may further be used in con 
junction with deasphalting and dewaxing of pe 
troleum fractions. The method may also be em 
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ployed with advantage in treating partially re- I , 
?ned stocks, such as those whichhave previous 
ly been deasphalted, dewaxed, acid-étreated, sol 
vent-re?ned, and thelike.'- , ‘ f 
A porous, solid contact material is used as the 

sorbent medium in the. present process. The par 
ticular contact material employed may be either 
one having no selective sorbing action for spe 
ci?c components making up the charge stock, 
or the contact material may exhibit/a selective 
sorbing action for certain components of the 
stock, while leaving other components unsorbed. 
As will be shown hereinafter, either type of 
sorbent may be advantageously employed in the 
present process. The latter type of contact ma 
terial, however, is to be preferred, since a greater 
re?ning action is generally obtained with the 
use thereof. A particularly preferred embodi 
ment of the present invention involves‘ the use 
of a sorbent contact material having the ability 
to sorb the less viscous, low molecular volume 
components of the charge stock, leaving the more 
viscous, high molecular volumecomponents un 
sorbed. When the sorbent employed is one hav 
ing no selective sorbing action for ‘specific com 
ponents making up thechargestock, its composi- ‘ 
tion should generally besuchithat it'catalytically 
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promotes conversion, such as reforming or mild 
cracking, of the oil sorbed within its porous struc-_ 
ture. ' 

Porous contact materials having a substantial 
ly uniform structure of low macropore volume, 
with an average‘ pore diameter not exceeding 
about .125 angstrom units and a particle size not 
smaller than about 60 mesh, have the ability for 
most operations to sorb the low viscosity, light 
colored components of the petroleum hydrocar 
bon fraction undergoing treatment, while leaving 
substantially unsorbed the darker, more viscous 
components. The macropore volume of the con 
tact material preferred for use in the process of 
this invention should be relatively low so that 
the pore volume is substantially that of micro 
pores. In general, the volume of macropores, 
i. e., those pores having radii larger than about 
100 angstrom units, should constitute less than 
about 30 per cent of the total volume, and pref 
erably 10 per cent or less. 
The particle size of the particular sorbent em 

ployed in the process of this invention is, to some 
extent, dependent on the variables involved in 
application of the process. These important 
variables are: time of contact between the pe 
troleum hydrocarbon fraction under treatment 
and the sorbent in the sorption zone, tempera 
ture in the sorption zone, viscosity of the liquid 
charge, and, to a lesser extent, the ratio of liquid 
mixture to sorbent charged to the sorption zone. 
Increasing the time of contact results in a de 
crease of the e?iciency of the desired separation. 
‘Decreasing viscosity of the liquid charge has the 
‘same effect. On the other hand, increasing tem 
perature and decreasing viscosity both result in a 
more rapid sorption of the lighter, less viscous 
components of the hydrocarbon mixture. If the 
ratio of sorbent to liquid charge is excessive, some 
loss in separation ei?ciency results. By proper 
control of the aforementioned variables, some 
latitude in the average diameter of the sorbent 
‘particles employed may be permitted. However, 
when the diameter of the particles becomes too 
small, the sorbent preferably sorbs the heavier, 
more viscous components from the charge mix 
ture, ‘leaving the lighter, less viscous components 
unsorbed‘. 
In general, it may be said that the particle size 

of the sorbent material should be not less than 
about 60 mesh‘ Tyler and preferably Within the 
‘range of about 0.022 to about 1 inch average di 
ameter.‘ The greatest selective separation was 
"observed; with sorbents having a particle size not 
less than'about‘30‘mesh,-particularly within the 
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range of 0.03 to 0.20 inch average diameter and 
of reasonably uniform size. It is pointed out, 
however, that by proper control of the variables 
discussed hereinabove and also of the average 
pore diameter of the sorbent, operation accord 
ing to the method of this invention may be ob 
tained on sorbent particles outside the ranges 
given, although the results will, in general, be 
less satisfactory, since the selective action of the 

‘ sorbent is thereby decreased. It is contemplated, 
however, that in its broader aspects, this inven 
tion covers the use of sorbents having little or 
no selective action, as well as the useof a sorbent 
having a pore and particle size within the speci 
?ed preferred limits. 
The porosity of the sorbent particles employed 

in the process of this invention is generally re 
?ected in the bulk density, the lower the bulk 
density the greater being the degree of porosity. 
For purposes of the present process, porous sorb 
ent particles having bulk densities of between 
about 0.4 and about 1.1 grams per cubic centi 
meter are preferred. The bulk densities indicated 
correspond to an average pore diameter between 
about 20 and about 125 angstrom units. Prefera 
bly, the sorbent used will have a bulk density be 
tween about 0.6 and about 0.8 gram per cubit cen 
timeter. The particles of higher density will, in 
general, produce a greater degree of re?ning but 
they will have a lower'sorbing capacity. Particles 
of a lower bulk density, on the other hand, have 
a relatively greater sorbing capacity but a lesser 
degree of selectivity. The choice of a sorbent of 
any particular density will, in general, depend 
upon the viscosity of the charge stock and de 
gree of re?ning desired. 
The degree of porosity of the particular sorb 

ent contact material used will, in general, de 
pend on the conditions under which it is pre 
pared. A particularly convenient and effective 
sorbent for use in the present process is one made 
up of inorganic oxide gel particles prepared by 
the process described in U. S. Patent 2,384,946, 
issued September 18, 1945, to Milton M. Marisic. 
It is there disclosed that spheroidal particles of 
inorganic oxide gel may be prepared by mixing 
an acidic stream with a stream of sodium silicate 
and allowing the resulting hydrosol to be ejected 
from a nozzle into an oil column, where the gel 
sets in the form of bead-like spheroids. The re 
sulting gel spheres, after washing, drying and 
tempering, were of a size varying between about 
4 and about 20 mesh. The gel beads so produced 
had a bulk density of between about 0.4 and 
about 1.1 and an average pore diameter of be 
tween about 20 and about 125 angstrom units. 

It is likewise contemplated that irregularly 
shaped porous sorbent fragments may be used in 
the present process. However, in general, 
spheroidal particles, particularly those of an in 
organic oxide gel, are to be preferred, since at 
trition losses are then at a minimum and con 
tamination with gel ?nes of the petroleum stock 
being treated is substantially eliminated. 
In general, inorganic oxide gel particles, such 

as those of silica, zirconia, alumina, beryllia, 
thoria, and the like, will be used in‘the process 
of this invention. Of this group, the siliceous gel 
particles containing silica, either alone or in 
combination with one or more other inorganic 
metal oxides, are preferred. Thus, particles of 
silica gel, silica-alumina gel, silica-zirconia gel, 
silica-thoria gel, and the like are excellent sorb 
ents for use in the'pr'esent process. It is also 
contemplated that within _'t_he scopeof this in 
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4 
vention, other porous materials not of inorganic 
oxide gel composition, such as synthetic siliceous 
compositions and porous pelleted clays, may also 
be employed in the method of this invention. 
The process is, accordingly, carried out by 

bringing a petroleum fraction to be refined in 
contact with a porous sorbent medium, preferably 
having the characteristics described above, heat 
ing the sorbent medium containing sorbed oil to 
an elevated temperature and thereafter remov 
ing the sorbed oil from the pores of the sorbent 
material. The contacting is carried out in a 
suitable vessel, where direct contact between par 
ticles of sorbent and the mixture to be treated 
is e?ected. In the instance where the sorbent 
employed exerts a selective action for certain 
components of the charge stock, the lower molec 
ular volume components will enter the pores of 
the sorbent, while the higher molecular compo 
nents remain unsorbed. Where the sorbent used 
is one exerting no preferential sorption action, 
the charge stock will enter the pores of the sorb 
ent as such and the sorbent particles will eventu 
ally become saturated with said stock. 
The temperature at which the contacting step 

is conducted may vary over wide limits, depending 
to a large extent on the nature of the particular 
petroleum fraction being treated. The minimum 
usable temperature is, in general, the lowest tem 
perature at which the liquid component of low 
est freezing point will ?ow. The maximum tem 
perature at which the sorption process can be 
carried out is usually governed by the viscosity 
of the mixture being treated. The sorption be 
comes less selective as the viscosity of the mix 
ture decreases. Thus, where the mixture being 
separated is a mineral oil fraction, the lowest 
temperature usable is that at which the oil will 
?ow, and the maximum temperature will be de 
pendent on the viscosity of the fraction being 
separated. For a distillate stock, the maximum 
temperature may be below room temperature, 
while a heavy residual stock can be treated at 
temperatures as high as about 350° F. 
The time required for the sorption process to 

take place depends upon the conditions of con 
tact, such as the viscosity of the mixture being 
treated, temperature, and the like. In general, 
saturation of the sorbent particles with the mix 
ture is not required and too long a contact time 
is to be avoided, since it has generally been found 
to reduce the overall selectivity of the operation. 
The weight ratio of sorbent to the mixture un 

dergoing treatment may vary over wide limits 
but will generally be between about 0.1 to 1 and 
about 20 to 1, and preferably between 0.5 and 3. 
The higher ratios will usually be employed with 
the sorbents of higher density which exhibit a 
lower sorbing capacity. 
The sorbent particles containing sorbed oil are, 

in accordance with'the process of this invention, 
subjected to an elevated temperature generally 
greater than about 200° F., by maintaining the 
sorbed oil in intimate contact with the sorbent 
at elevated temperature, re?ning of said oil takes 
place, accompanied by mild cracking and reform 
ing reactions. The maximum temperature to 
which the sorbent containing sorbed oil is sub 
jected should be less than that at which active 
cracking occurs and, in general, should not ex 
ceed about 600° F. The heat treatment of the 
sorbent containing sorbed oil may vary from a 
period of less than one hour up to several hours, 
depending upon the degree of re?ning desired 
and the particular petroleum stock being treated. 
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in general, the period of heat treatment is such 
as to effect an appreciable re?ning of the'sorbed 
oil. Under usual operating conditions, the dura 
tion of heat treatment will ordinarily be between 
about 1 and about 5 hours. 
The subsequent removal of the sorbed oil from 

the pores of the contact material may be effec 
tively accomplished by a solvent extraction pro 
cedure. The solvent employed may be one having 
a preferential selectivity for particular. compo 
nents of the sorbed oil or the solvent may be char 
acterized .by little selectivity, in which case the 
oil removed by solvent extraction will be substan 
tially the same as that contained in the pores 
of the contact material. 'Aromatichydrocarbon V 
solvents are representative of the latter type sol 
vents. Para?inic solvents, on the other hand, se 
lectively extract an oil fraction of low viscosity 
and low carbon residue‘from the oil sorbed in the 
porous contact material. Polar solvents, such as 
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jecting the ‘sorbent to the aforementioned heat 
treatment. Suitable wash materials for remov 
ing adhering matter include the original charge 
stock, various solvents, and re?ned oil obtained 
from previous operations. ' 
The process described hereinabove may be car 

ried out either in batch operation or as a con 
tinuous process by adding a suitable quantity of 
sorbent particles to the petroleum stock being 
treated or percolating the petroleum fraction to 

’ vbe re?ned through a bed of the porous sorbent. 
The following detailed examples will serve to 

illustrate the process of this invention without 
. limiting the same: 

EXAMPLE 1 

A silica-alumina hydrosol was prepared by mix 
ing 1.00 volume of a solution of sodium silicate 

' containing 157.0 grams of SiOz per liter with 1.00 
20 

alcohols, ketones, esters, aldehydes, and the like“ 
also show a selectivity for particular components 
of the sorbed oil. However, with the use of these 
solvents, the selectivity is the reverse of that ob 
tained with paraf?nic solvents; that is, the mate 
rial extracted by the polar solvent is a fraction of ‘ 
relatively high viscosity and high carbon residue 
as compared with that of the sorbed oil. When 
the sorbed oil is removed from the pores of the 
contact material by a selective solvent extraction 
procedure, either a para?inic or a polar solvent 
may be employed as the initial solvent, followed 
by treatment with a solvent of the opposite type 
to remove remaining sorbed components. Thus, 
when a polar solvent is employed as the initial r 
selective solvent, a paraf?nic solvent will be used 
as the secondary solvent. It is, however, pre 
ferred to remove oil from the pores of the sorbent 
by initial selective solvent extraction with a par 
af?nic solvent, such as hexane, pentane, petro 
leum ether, para?inic naphtha, Stoddard solvent, 
and the like. In general, the para?inic hydrocar 
bon solvents or solvents composed largely of par 
a?ins, hereinafter referred to as para?inic sol 
vents, are initially employed in extracting the re 
?ned oil from the pores of the sorbent. The re 
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mainder of the sorbed oil is thereafter preferably .. . 
removed by extraction with a second, more polar 
solvent, notably a ketonic solvent containing a 
normally liquid ketone, such as methyl ethyl ke 

'volume of a solution containing 39.79 grams of 
aluminum sulfate and 30.51 grams of sulfuric acid 
per liter. The resulting colloidal solution was 
ejected from a nozzle in the form of globules into 
a column of gas oil whose depth was about 8 feet. 
The globules of solution fell through the oil and 
gelled before passing into a layer of water lo 
cated beneath the oil. The time of gelation for 
the concentrations and proportions of reactants 
given above was about 4 seconds. The spherical 
particles of gel were conducted out of the bottom 
of the column into a stream of water and, on 
removal from the water, were base exchanged 
with an aqueous solution of aluminum sulfate 
and water-washed. The globules were then slow 
ly and uniformly dried in superheated steam at 
about 300° F. until shrinkage was substantially 
complete, and the drying was continued at a 
gradually increasing temperature up to about 
1050“ F., which temperature was maintained for 
0.5 hours. The silica-alumina gel resulting re 
tained its spheroidal shape during the washing 
and drying operations and had a ?nal particle 
size of about 4-20 mesh. The bulk density of 
particles so obtained was between about 0.4 and 
about 1.1 grams per cubic centimeter and the 
average pore diameter was between about 20 and 
about 125 angstrom units. 1 - 

A quantity of about ‘780 grams of an East Texas 
~ residuum, having a viscosity of 512 seconds at 

50 
tone, acetone, methyl isopropyl ketone, and the _ _ 
like. The para?inic extract of oil removed from 
the sorbent is generally characterized by a low a 
carbon residue, whereas the oil removed with the 
ketonic solvent has a relatively higher carbon ‘. 
residue and can be recycledfor further contact 
with the sorbent or withdrawn as a by-product. 
fraction. The solvent so employed, both the pri 
mary para?inic solvent and the secondary polar 
solvent, can be recovered upon separation from 
the re?ned oil and re-used in the process. ' 

av (in 
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After extraction of- the oil from the sorbent, the " 
latter is regenerated by evaporation of the sol 
vent under reduced pressure, by passingvair or 
inert gas over the sorbent, by heating, or by a 
combination of two or more of these‘methods and 
is then ready for refuse. f " _ 
In the case where the contact material used is 

one exerting a preferential sorbing action for cer 
tain components of the petroleum stock being 
treated, the contact material containing the 
sorbed component is separated from the unsorbed 
component. Unfsorbed' material‘. adhering to the 
surface of the contact‘material is then removed 
in a washing of steaming operation priortosub 
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210° F. (Saybolt Universal viscosity) and a carbon 
residue of 11.1 per cent, which had previously 
been contacted with the above described sorbent 
particles to remove a portion of the oil constitu 
ents therefrom, and 9'7 grams of the untreated 
residuum were percolated through 200 grams of 
the above prepared gel particles for 4 hours at 
275° F. Approximately the ?rst 17 grams of ma 
terial to drain from the gel particles constituted 
an asphaltic product. About 56 grams of un 
sorbed oil were then washed from the surface of 
the gel particles by applying 400 cubic centi 
meters of acid-treated Stoddard solvent at a tem 
perature of 275° F. The gel particles containing 
sorbed oil were then subjected to a heat treat 
ment at a temperature of 350° F. for one hour. 
The heat treated particles containing sorbed oil 
were then extracted with ?ve portions of 150 cubic 
centimeters each of normal hexane at a tempera 
ture of 150° F., permitting one-half hour contact 
with each solution. As a result of this extrac 
tion, 61 grams of a low carbon residue oil were 
obtained. The remaining sorbed oil was then 
extracted from the pores of the gel particles at 
a temperature of 160° F. with three portions of 

75 ‘150 cubic centimeters each of a mixture consist‘ 
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ing of equal volumes of methyl ethyl ketone and 
Stoddard solvent, permitting one-half hour con 
tact with each portion. About 15 grams of a high 
carbon residue product were recovered by this ex 
traction. 

Several experiments were made using the gen 
eral procedure outlined in the above example, 
except that the time and temperature of the heat 
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from each cycle was tested separately. The data 
obtained. show that the gel particles used in this 
process can be regenerated for a number of cycles 
by simply drying and steaming. They can also 
be burned occasionally to completely restore their 
original ef?ciency. The results of the afore 
mentioned experiments are shown in the table 
below: 
Table 11 

Example __________________________________________ ._ l0 ll 12 13 l4 l5 16 

Heat Treatment: 
Time, Hours __________________________________ __ 3 3 3 3 3 3 0 
Temperature, °F._ 350 350 350 350 350 350 ....... _ 
Cycle No. on Beads 1 2 3 4 5 1 l-? (2) 

Selective Extraction: 
Solvent _______________________________________ __ Hexane Hexane Hexane Hexane Hexane Hcxane Hexane 
Temperature, °F 15 150 ' 150 

Deasphalted Oil, Yi 
residuum) ___________ __ 62. 8 56.0 51.4 52. 3 53. 4 55.2 54. 6 

Dewaxed Oil: 
_Yield, Per Cent Wt. (based on dcasphalted oil).. 70. 5 72.2 73. 7 71. 3 73. 5 72. 2 71. 9 
Inspections: 

S. U. V. at 210° F., Seconds _______________ .. 137.0 138.8 135.5 144.1 137. 9 138. 7 152 
Viscosity Index .......... -1 . 98 98 07 97 98 98 04 
Color, Lovibond (34” cell) _________________ __ 200 185 220 205 210 204 400 
Conradson Carbon Residue, Per Cent Wt... 1. 3 1. 3 1.1 1. 3 1. 3 1. 3 l. 6 

Wax, Inspections: Color, Lovibond 04.” cell) ...... __ 79 87 90 100 95 90 170 

1 Calculated average for 5 cycles. . 
1 Composite of 5 cycles with the heat treatment omitted. 

treatment step were varied. The 01]. obtained as EXAMPLE 17 
a result of selective solvent extraction was re 
ferred to as “deasphalted oil.” This oil contain 
ing wax was then separated by conventional 
benzol-ketone treatment into dewaxed oil and 
wax. These experiments show that the oil re 
covered from a deasphalting operation which in 
cludes the step of heat treating the sorbent con 
taining sorbed oil has a lighter color, a lower 
carbon residue, and a higher viscosity index than 
the pro-duct obtained in the absence of said heat 
treatment. The wax obtained from an oil which 
has been sorbed, heat treated and solvent-ex 
tracted in accordance with the above-described 
procedure likewise has a considerably ligher color 
than the product obtained without heat treat 
ment. The results of these experiments are sum 
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An extract in the amount of 300 grams, ob 
tained by counter current phenol extraction of a 
distillate stock having a Saybolt Universal vis 
cosity of 68 seconds at 210° F., was contacted for 
one hour at 275° F. with 200 grams of gel par 
ticles having a bulk density of 0.602 and prepared 
as described in Example 1. The unsorbed mate 
rial was drained o? and the gel particles con 
taining sorbed oil were given a quick wash with 
acid-treated Stoddard solvent at a temperature 
of 210° F. The gel particles containing sorbed 
oil were heat treated for 21/2 hours at 2'75“ F. and 
then extracted with ?ve portions, 150 cubic centi 
meters each, of normal hexane at a temperature 
of 150° F., allowing one-half hour for each por 

marized m the table below: 45 tion. Fifty-three grams of a light-colored 011 

Table I 

Example .................................. _. 2 3 4 5 6 7 8 9 

Heat Treatment: 
Time, hours ........................... .. 0 3 1 3 10 3 0 4 
Temperature, °F ............................... __ 500 350 350 350 150 ....... __ 500 

Selective Extraction: 
Solvent ................................ .. Hexane Hexane Hexane Hexane Hexane Hexene (1) (1) 
Temperature, °F ...................... __ 150 150 150 150 150 245 240 

Deasphalted Oil, Yield, per cent wt. (based 1 
on residuum) _____________________________ .. 61 49 63 53 54 59 53 51 

Dcwaxed Oil: Yield, per cent wt. (based on 
dcusplialtcd oil) ......................... __ 70 69 65 63 6B 67 74 

Inspections: 
S. U. V. at 210° F., seconds. 157 80. 8 139. 7 130. 4 131 2 139. 7 186 84.0 
Viscosity Index __________ -. 70 85 74 76 76 7§ 61 80 
Color, Lovibond (54” cell).-. 300 43 125 78 75 185 750 215 
Conradson Carbon Residue, p 1.6 0.5 1.1 0.8 0. 8 1.4 3. 2 1.3 

Wax, Inspections: 
Color, Lovibond (14” Cell) ............ ._ 125 20 64 45 60 105 450 70 
Melting Point, °F ...................... .- 165 164 165 164 164 165 164 rss 

1 Acid treated Stoddard solvcnt. 

A further series of experiments was made on a 65 were recovered by this extraction. The material 
residual petroleum stock having a Saybolt Uni 
versal viscosity of 358 seconds at 210° F. This 
stock was contacted with a sorbent consisting of 
gel particles prepared as described in Example 1. 
The procedure used was that described in the pre 
ceding examples except that after the second 
extraction, the gel particles were dried by heat 
ing and blowing with carbon dioxide and steam 
and were re-used for a total of ?ve cycles on each 
batch of gel particles. The oil manufactured 
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still remaining in the gel particles was then re 
covered by extracting with three portions, 150 
cubic centimeters each, of a'mixture consisting 
of equal volumes of methyl ethyl ketone and 
acid-treated Stoddard solvent at 165° F. Six 
teen grams of a black, viscous product were re 
covered by this extraction. The data obtained 
by this experiment, which illustrates application 
of the present process to prepare a lubricating 
oil from a material which would‘ normally be use 
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ful only as a fuel, are summarized in the table 
below: 

Table III 

Un 
treated 
Charge 
Stock 

Absorption: 
Gel Particle Density ________________________________ ._ 0.602 
Time, hours ______ _ _ . ________ _ _ 1 

Temperature, ° F ___________________________________ __ 275 
Heat Treatment: 

Time, hours _________________________________________ __ 2. 5 
Temperature, ° F ___________________________________ __ 2 

Selective Extraction: 
Solvent _____________________________________________ .. Hexane 
Temperature, “ E 150 

Yields, Per Cent Wt.: 
Unabs 

Viscosity Index. _: ____ __ 
Color, Lovibond (94" eel 

1 Inspections on oil from ?rst extraction. 

EXAMPLE 18 

Two 200-gram portions of 0.602 bulk density 
gel particles, prepared as described in Example 1, 
were contacted for one-half hour with 60 grams 
of microcrystalline wax at a temperature of 275° 
F. One portion was immediately extracted-using 
the extraction procedure described in the forego 
ing example. The other portion was heat treated 
for 3 hours at 380° F. before being extracted. The 
data from this experiment, which show that mi 
crocrystalline wax can be re?ned to produce a 
product of very light color, are summarized in the 
table below: 

Table IV 

Untreated 

Heat Treatment: 

5 

10 

15 

25 

30 

35 

10 
_ EXAMPLE 19 

Two 85-gram samples of a propane deasphalted 
residual petroleum stock were contacted with 300 
grams of 0.602 bulk density gel particles, prepared 
as described in Example 1, at 350° F. About 4 
minutes were required for complete sorption. 
One sample was extracted immediately, using the 
extraction procedure described in Example 17. 
The second sample was heat treated at 2 hours at 
350° F. before being extracted. The results ob 
tained by this experiment, showing the re?ning of 
lubricating oil stocks, are summarized in the 
table below: 

Table V 

Untreated 
Charge 
Stock 

Heat Treatment: 
. Time, hours _______________________________ _. 0 2 
Temperature, °F ___________________________________ __ 350 

Selective Extraction: 
Solvent ____________________________________ __ Hexane Hexane 
Temperature, oF __________________________ __ 150 150 

Re?ned Oil: 
Yield, Per Cent Wt. (based on de- 100 68.0 52. 4 
asphalted residuum). 

Inspections: 
S. U. V. at 210° F., Seconds..- 83.8 67.3 51.9 
Color, Lovibond (54” Cell)_-__ 525 100 34 
Conradson Carbon Residue, 1. 7 0.6 0. 2 
Per Cent Wt. 

Dewaxed Oil: 
Yield, Per Cent Wt. (based on re- 93. 0 91. 2 87. 9 
?ned oil) ...................... ._ 

Inspections: 
S. U. V. at 210° F., Seconds---- 85. 8 68.3 52.6 
Viscosity Index .............. .. 74 105 

‘EXAMPLE 20 

'Two GO-gram samples of a solvent-re?ned re 
sidual petroleum stock were contacted for one 
half hour at 275° F. with 200-gram portions of 
gel particles, prepared as in Example 1, having a 

45 bulk density of 0.602. One sample was extracted 
immediately, using the extraction procedure de~ 

Time, hoursna ............................ .. 0 3 scribed in Example 17. The second sample was 
sdegpgigpggiggggmlf ---------------------------------- " 38° heat treated for 3 hours~ at 380° F. before being 

olvent ______ .3 ............................ -. Hexane Hexene extracted. Similar experiments were made, using 
Re??ggnt‘veggfure' F """"""""""""""""""" " 15° 50 synthetic silica-alumina pellets and also using 

ligudtrer Cent Wt .............. .- 100 82.2 84.8 clay pellets. The results of these experiments, 

spéf?igly‘siovibond (W Ceu)____ 460 150 6 which showed that‘ all three ofthe contact ma 
Meltmg'P01nt,°F ........... -_ 142 147 141 terials exhibit re?ning action, are set forth 1n the 

table below: 

Table VI 

Absorbent 
Un 

tcri'imed s 11 id 1 P “g9 P em a- - a" s thetic Silica- " 
Stock tlcles of Silica- y“ - Clay Pellets 

Alumina Gel Alumina Pellets 

Heat Treatment: 
Time, hours ................................... __ 0 3 0 3 . 0 . 3 

s 1 'léemplesrajturrzi "F ____ __ 380 380 _______ -. 380 
6 80 1V6 X rec on: ’ ' 

Solvent _______________________________________ __ Hexane Hexane Hexane. Hexane Hexane Hexane . 
Temperature .................................. __ 150 150 150 150 150 150 

Re?ned Product: ' v - 

135110111, 561' Cent Wt .................. __ 100 '83. O 81. 4 88.0 87. O 66. 0 65. 5 
S 60 ODS: 
1’s. U. v.@210° F., 120.8 101.4 ' 84.6 101.1- 03.2 10.2 78.0 
Viscosity Index .... _. 101 102 107 103 104 108 109 
Color, Lovibond( " 150 26 '14 12 9 4 3.2 
Suliur,Per 00mm"..- 0. 50 0. 35 ~ 0.12 0. 34 0.14 - 0. 09 0. 05 
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From the above examples, it will be apparent 

to those skilled in the art that the process of this 
invention can be employed in re?ning a variety 
of petroleum stocks. ‘In all of the aforesaid ex 
amples, important re?ning action was observed. . 

‘While, as pointed out above, inorganic oxide 
gel particles ‘of certain speci?ed pore and particle 
size are preferably used in the process of this 
invention, since they afford a greater overall re 
?ning action ‘due to their selective sorbing prop 
erties, it is to be understood that various other 
sorbent materials which do not exert any selec-‘ 
tive action, such as the synthetic silica-alumina 
pellets and the clay pellets employed in Exam 
ple 20, are likewise applicable for use in the proc 
ess of the present invention. 
We claim: 
1. A process for re?ning a petroleum hydro 

carbon mixture, comprising contacting said mix 
ture in the liquid phase with a porous particle- 1.: 
form contact material in which most of the pores 
are micropores and the volume of pores ‘having 
radii greater than about 100 angstrom units is 
less than about 30 per cent of the total pore _ 
volume and in which the particles are greater 
than about 60 mesh size to effect sorption of the 
less viscous, light-colored components of said 
mixture into the pores of said contact material. 
while leaving unsorbed the more viscous, darli 
colored. components, separating the unsorbed “ 
components from the contact material contain 
ing sorbed components, heating said contact ma 
terial containing sorbed components to an ele 
vated temperature greater than about 200° F. but 
insuiiicient to cause appreciable cracking of the 
components sorbed therein and thereafter sol~ 
vent-extracting said sorbed heat treated com 
ponents from the pores of said contact material. 

2. A process for re?ning a mineral oil, com 
prising sorbing the less viscous, light-colored 
components of said oil into the pores of a sub 
stantially microporousparticle-form sorbent con 
tact material, the particles of which .are greater 
than about ‘60 mesh and in which less than 30 
per cent of the total pore volume is occupied bv 
pores having radii greater than about 100 ang 
strom units, while leaving unsorbed the more 
viscous, dark-colored components of said oil, re 
moving said unsorbed components from the con- 
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heating said contact material containing sorbed ' 
components to an elevated temperature greater 
than about 200° .F. but below that temperature at 
which appreciable cracking of the sorbed com 
ponents takes place and thereafter extracting the 
sorbed heat treated components with a para?inic 
solvent to yield a re?ned oil of low carbonresidue, 
high viscosity index and light color. ' 

3. A process for re?ning para?in wax, com 
prising melting the wax, contacting the melted 
wax with a substantially macroporous sorbent 
contact material having a particle size not less 
than about 30 mesh and a total pore volume made 
up mostly of micropores, there ‘being less than 
about 30 per cent of pores having radii greater 
than about 100 angstrom units, whereby the low 
viscosity, light-colored components of said wax 
are sorbed into the pores of said contact material. 
while the high viscosity, dark-colored components 
remain unsorbed, separating said contact ma» 
terial from said unsorbed components, heating 
said contact material containing sorbed com 
ponents to an elevated temperature above the 
melting point of the wax but below about 600° F. 
and thereafter extracting the sorbed heat treated 
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wax components .irom ‘the pores .of said contact 
material with a para?inic solvent to yield a re 
?ned wax of light color. 

4. A process for re?ning a petroleum hydro 
carbon mixture, comprising contacting said mix 
ture in the liquid phase with a porous particle 
form inorganic oxide gel contact material in 
which most of the pores are micropores and the 
volume of pores having radii greater than about 
100 angstrom units is less than about 30 per cent 
of the total pore volume and in which the par 
ticles are greater than about 30 mesh size, 
whereby the less viscous, light-colored. com 
ponents of said mixture are sorbed into the pores 
of said contact material, while leaving unsorbed 
the more viscous, dark-colored components, sepa 
rating the unsorbed components from the con 
tact material containing sorbed components, 
heating said contact material containing sorbed 
components to an elevated temperature between 
about 200° F. and about 600° F. and thereafter 
solvent-extracting the heat treated components 
from the pores of said contact material. 

5. A process for re?ning a mineral oil, com 
prising contacting said oil with a uniiorm, sub 
stantially microporous contact material having a 
particle size not less than about 30 mesh and in 
which the volume of pores having radii greater 
than about 100 angstrom units is less than about 
30 per cent of the total pore volume, whereby the 
low viscosity, light-colored components of said 
oil are sorbed into the pores of said contact ma 
terial, while the high viscosity, dark-colored com 
ponents remain unsorbed, separating said con 
tact material from said unsorbed components, 
heating said contact material containing sorbed 
components to an elevated temperature between. 
about 200° F. and about 600° F. and extracting 
the sorbed heat treated components with a paraf 
?nic solvent to yield a re?ned oil of low carbon 
residue, high viscosity index and light color. 

5. A process for re?ning a petroleum hydro 
carbon mixture, comprising contacting said mix 
ture in the liquid phase with a porous particle 
iorm contact material in which most of the pores 
are micropores and the volume of pores having 
radii greater than about 100 angstrom units is 
less than about 30 per cent of the total pore vol— 
ume and in which the particles are greater than 

tact material containing sorbed component-,5, P about 30 mesh size to effect sorption of the less 
viscous, light-colored components of said mixture 
into the pores said contact material, while 
leaving unsorbed the more viscous, dark-colored 
components, separating the unsorbed compo 
nents from the contact material containing 
sorbed components, washing adhering unsorbed 
components from the surface of said contact 
material, heating said contact material contain 
ing sorbed components to an elevated temper 
ature greater than about 200° F. but below that 
temperature at which appreciable cracking of the 
sorbed components takes place and thereafter ex 
tracting the sorbed heat treated components 
with a para?inic solvent to yield a re?ned 
petroleum hydrocarbon product. 

'7. A process for "re?ning a mineral oil, com 
prising sor'oing the less viscous, light~colored 
components of said oil into the pores of a sub 
stantially microporous particle-form sorbent 
contact material, the particles of which are 
greater than about'?o' mesh size and in which 
less than 30 per cent of the total pore volume is 
occupied by pores having radii greater than about 
100 angstrom units, while leaving unsorbed the 
more viscous, dark-colored components of said 
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oil, removing said unsorbed components from the 
contact material containing sorbed components, 
heating said contact material containing sorbed 
components to an elevated temperature between 
about 200° F. and about 600° F., selectively ex 
tracting said contact material with a para?inic 
solvent to remove therefrom a re?ned oil char 
acterized by a low carbon residue and a light 
color and thereafter extracting the remainder of 
sorbed components with a polar solvent. 

8,,A process for re?ning a mineral oil, com 
prising contacting said oil with a uniform, sub 
stantially microporous contact material having 
a particle size not less than about 30 mesh and 
in which the volume of pores having radii . 
greater than about 100 angstrom units -is less 
than about 30 per cent of the total pore volume 
whereby the low viscosity, light-colored compo 
nents of said oil are sorbed into the pores of said 
contact material, while the high viscosity, dark 
colored components remain unsorbed, separating 
said contact material from said unsorbed com 
ponents, heating said contact material contain 
ing sorbed components at a temperature between 
about 200° F. and about 600° F. for a period of 
from about 1 to about 5 hours and extracting the 
sorbed heat treated components with a parai?nic 
solvent to yield a re?ned oil of low carbon resi 
due, high viscosity index and light color. 

9. A process for re?ning a petroleum hydro 
carbon mixture, comprising contacting said mix 
ture in the liquid phase with a porous particle 
form contact material in which most of the pores 
are micropores and the volume of pores having 
radii greater than about 100 angstrom units is 
less than about 30 per cent of the total pore vol 
ume and in which the particles are greater than 
about 60 mesh size to effect sorption of the less 
viscous, light-colored components of said mixture 
into the pores of said contact material, while 
leaving unsorbed the more viscous, dark-colored 
components, separating the unsorbed compo 
nents from the contact material containing 
sorbed components, heating said contact material 
containing sorbed components to an elevated 
temperature greater than about 200° F. but in 
suf?cient to cause appreciable cracking of the 
components sorbed therein, selectively extracting 
said contact material with a para?inic solvent to 
remove therefrom a re?ned product character 
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ized by a low carbon residue and a light color, 
thereafter extracting the remainder of sorbed 
components with a polar solvent, heating the 
contact material and repeating the aforesaid 
steps by bringing the contact material obtained 
after said solvent extractions and heating into 
contact with a fresh charge of petroleum hydro 
carbon mixture. 

10. A process for re?ning a mineral oil, com 
prising sorbing the less viscous, light-colored 
components of said oil into the pores of a sub 
stantially microporous particle-form sorbent 
contact material, the particles of which are 
greater than about 30 mesh and in which less 
than 30 per cent of the total pore volume is occu 
pied by pores having radii greater than about 
100 angstrom units, while leaving unsorbed the 
more viscous, dark-colored components of said 
oil, separating the unsorbed components from 
the contact material containing sorbed compo 
nents, washing adhering unsorbed components 
from the surface of said contact material, heat 
ing said contact material containing sorbed 
components to an elevated temperature between 
about 200° F. and about 600° F. for a period of 
from about 1 to 5 hours, selectively extracting 
said contact material with a para?inic solvent to 
remove therefrom a re?ned oil characterized by 
a low carbon residue and a light color, thereafter 
extracting the remainder of sorbed components 
with a polar solvent, heating the contact ma 
terial and repeating the aforesaid steps by bring 
ing the contact material obtained after said sol 
vent extractions and heating into contact with 
a fresh charge of mineral oil. 

ALEXANDER GREENTREE. 
DONALD A. HERMANSON. 
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