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This invention relates to the treatment of hydrocarbon 
oils to remove undesired constituents therefrom and is 
more particularly concerned with a process for treating 
hydrocarbon oils which employs treating agents which 
are converted into a form suitable for use as intermedi 
ate materials in subsequent processing operations. 
The puri?cation of hydrocarbon oil stocks by removal 

of undesirable constituents is an ever-present problem in 
the petroleum re?ning industry and many processes have 
been proposed. The removal of various constituents from 
the hydrocarbon oil not only increases-the value of the 
oil but makes it more useful and in some cases easier to 
handle. For example, low sulfur crude oils always com 
mand a greater price than high sulfur crude oils. Simi 
larly, low gravity or heavy crude oils always command a 
lower market value than lighter crudes. But, almost with 
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out exception, heavy, asphaltic crudes usually also have a ‘ 
high sulfur content. .The conventional commercial treat 
ment for these types of crude oil is coking. Coking, how 
ever, usually yields a coke which represents about 10 
25% by weight of the oil and the coker oil is only about 
65-75% by weight. The coke usually carries with it 
about 35% of the sulfur in the oil charge. Thus, the oil 
produced still has a sulfur content only slightly lower 
than the original, whereas the coke produced contains 
such a high percentage of sulfur that it is dit?cult to ?nd a 
marketfor it. ‘ 

As a typical example, a 6° API reduced Kuwait crude 
containing 5.37% by weight sulfur when subjected to 
coking at ‘500° C. yields 74.1% by weight of oil which 
still‘ containst4.l2% by weight sulfur. The ‘coke yield 
is 18.5% by weight but‘it contains 10.1% by weight sulfur 
(D. C. Jones et al., Industrial and Engineering Chemistry, 
vol.‘ 46, pages 12-15, 1954). ‘ I 

i It is an object of the present invention to provide an 
improved process for treating hydrocarbon oils to re 
move ‘therefrom‘ undesired constituents such as asphaltic 
materials, sulfur “compounds, ‘metallic components, oxygen 
bodies, nitrogen bodies, and the like. i 

It is another object of the invention to provide a process 
of‘the‘character indicated which involves the use of a 
treatin‘gta‘gent which is removed from the process as a 
by-product which is utilizable as an intermediate in a 
chemical processing operation normally employing the 
treating agent per se. , 

> It is a further object of the invention to provide a 
process of treating hydrocarbon oils which is effective to 
remove undesired constituents from said oils and simul 
taneously to produce a by-product readily convertible into 
cement clinker. 
‘Itris a feature of the invention that not only is a puri-. 

?ed hydrocarbon oil ‘produced but there is also produced 
a valuable and useful by-product. ’ 

It is another feature of the invention that the hydro 
carbon treating process may be combined with other 
chemical conversion operations to form an integrated op 
eration providing ‘high e?iciency in heat and raw material 
consumption. ‘ I 1 i it 
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Other objects and features of the invention will be read 

ity apparent from the following detailed description of the 
invention with particular reference to illustrative embodi 
ments. 

In accordance with the invention, the hydrocarbon oil 
stock to be treated, such as a heavy hydrocarbon crude 
containing substantial quantities of asphaltic constituents, 
sulfur bodies, metallic compounds, oxygen bodies, nitro-‘ 
gen bodies or the like is brought into contact with a 
treating agent or “catalyst” which is a metallic oxide, a 
silicon oxide or a metal salt of phosphoric acid, sulfuric 
acid or carbonic acid, or a mixture of such‘ compounds 
in various proportions. The oil and treating agent are 
reacted at temperatures of 500 to 1200° F. and the per 
centage of treating agent employed is generally 1 to 250%, 
preferably 20 to 100%, based upon the weight of the oil. 
The greater the percentage of undesired constituents in 
the’ oil, the greater the percentage of treating agent. The 
amount of treating agent used is adjusted so that the un 
desirable constituents taken from the oil and intimately 
intermixed with the agent shall be in the right proportions 
to best enhance the value of the agent as a raw material 
for further processing into other useful product or prod 
ucts.» After treatment, which may range from 0.5 to 65 
minutes in length, the reaction product of the treating 
agent with the undesired constituents, which may be a 
physical or a chemical combination, is separated from 
the treated oil by vaporization, ?ltering, decantation, cen 
trifuging or other like separating ‘means and the separated 
reaction product is then employed as raw material for 
a chemical conversion process which normally employs 
the original treating agent as its main raw material. A 
typical example would be a mixture of lime or limestone 
and clay in suitable proportions. This mixture is reacted 
with the oil. The clay enhances the decomposition of the 

The lime reacts with sulfur and other undesirable 
acidic elements in the oil. Thus, we obtain a high yield of 
on with much improved quality and simultaneously obtain 
an intimate mixture of lime, clay, coke and sulfur. Upon 
burning the mixture with air and/ or oxygen at 1300° C., 
cement clinker is formed. As is well known, fuel is the 
single most expensive component in the manufacture of 
cement. In accordance with the process of this invention 
fuel is being provided in situ and the fuel thus provided is 
an otherwise almost worthless and burdensome by-product 
of petroleum processing. Since the fuel is in intimate ad? 
mixture and/or combination with the reactants being 
burned to form the clinker, the heat generated by its com~ 
bustion is, in essence, generated from within. Therefore. 
the rate of reaction is greatly accelerated and the yield 
loss is reduced. Whatever sulfur has been removed from 
the oil will appear as sulfur dioxide upon burning of the 
clay-lime-coke mixture. The sulfur dioxide can be fur 
ther processed into sulfuric acid or elemental sulfur. The 
amount of lime and/ or limestone and clay used is readily 
determined by the extent of the quality improvement of 
the oil desired, and the amount of carbon and sulfur re 
moved may or may not, be the exact amount required in 
the subsequent reaction. The process of this invention 
therefore simultaneously effects 

Deasphalting or decoking of the oil, 
Desulfurization of the oil, 
General improvement of the oil, and 
Production of fuel and/or other reactant for further 

chemical processing. 
The invention thusmakes it possible to combine two 

heretofore unrelated, industries into one, to provide out 
standing overall“he_a_t_‘_‘"nd raw material economy. For 
example, the raw'material for cement manufacture which 
issues from the oil treating operation is already heated to, 
about 500°C. and therheat of cracking of the oil can at ‘ 
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least partially be supplied by the ?ue gas from the cement 
clinker manufacture. 
While lime or limestone and clay have been referred 

to above as suitable treating agents, various other nor 
mally solid oxides or metal salts, used either alone or in 
admixture, are suitably employed in accordance with 
this»~invention.- Examples of such other treating agents 
are calcium oxide, aluminum oxide, titanium oxide,~mag 
nesium- oxide, iron oxide, silicon oxide, calciumphos 
phate, sodium sulfate and sodium carbonate. In general, 
I contemplate the-use of oxides of elements of‘ groups 
IA, IIA, III-A, IVA, IVB and VIII of the periodic table 
or salts of these elements with phosphoric acid, sulfuric 
acid, or carbonic acid. The following speci?c examples 
will'serve to illustrate further the'features of‘ the process 
ofithe invention, it being understood thatthese examples 
are illustrative'ionly and do not limit the scope of the in 
vention, all parts being by weight. 
The process of this‘ invention is applicable to- and ef 

fective upon a wide variety of hydrocarbon oils such as 
crude oil, gasoline, kerosene, diesel oil, lubricating oil 
stocks, charging stock of petroleum origin for catalytic 
crackers, coal~tar and coal-tar distillates, liquid pe 
troleum-like products from the hydrogenation of solid 
fuels such as ‘coal, shale oil and shale oil distillates, oil 
from tar sands, other. synthetic liquid fuel products and 
the like. The foregoing list of products to which the in 
vention is applicable is illustrative only and other by 
drocarbon oil materials may be effectively treated in ac 
cordance with‘ my invention. 
The invention is particularly suitable for heavy pe 

troleum oils having a speci?c gravity of 0.8 or more and 
to oils'having a sulfur content of 1% by Weight or more 
and/or acontent of asphaltic constituents as measured 
by a Conradson carbon residue of 1% or more. In ac 
cordance with my process the speci?c gravity is reduced by 
at least 8° API, the sulfur content is reduced by at least 
40%v and the Conradson carbon residue is reduced by 
at least 50%. 

Example I 

To 100 parts of a 10° API heavy Mexican Bunker 0 
fuel oil containing 4.4% sulfur and having a Conradson 
carbon residue of 13.5% is added 43.8-parts of calcium 
oxidev and 23.6 parts of ?ltrol clay. The mixture is 
heated to 500° C. for 60 minutes. The solid reactant 
phase is ‘separated from the oil phase by vaporization. 
A straw colored light oil with aspeci?c gravity of 0.876, 
representing 75% of the oil charged, is recovered. The 
sulfur content of the oil is 2.79%. Thus 53% of the 
sulfur in the oil is removed by the calcium oxide-clay 
mixture. The solid phase represents 78.5 parts and is 
in the form of a grayish black loose powder containing 
the lime and clay originally charged. This mixture is‘ 
heatedito 500° C., and reacted with a stream of- oxygen 
for 30 minutes. 
rises to about 13000 C. and atypical grayish colored'ce 
ment clinker is produced. The gas and. losses- of the 
operation are 6.2%’ by weight of the oil treated. 

Example 11 

A‘ blast furnace slag (50 parts) with the following 
analysis 

Percent 
Silicon oxide _____ 21.1 
Aluminum oxide 15.0 
Calcium oxide 48.2 
Magnesium. oxide ________ _; _______________ __ 3.0 

Iron oxide ____ ___ I 0.5 

Sulfur ______ 2.0 
Manganese ____________________________ __'_._._I 0.15 

is used with 25 parts of calcium oxide for thetreatment 
of 100 ‘parts of the oil described in Example I. A light 
oil, 28.6°' API, representing 75% by weight of the crude 
charged, is: obtained. Thesulfur. content of the puri?ed 

The temperature, of the reaction mass, 
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4 
oil is 2.35%. The weight percent of sulfur removed 
from the oil charge is 52.3%.‘ The mixture of slag 
and lime plus coke and other impurities removed from 
the oil is processed into a cement clinker as described in 
Example I. 

While the used treating agent obtained from the above 
examples is, as described, further processed to manufac 
ture cement, it will be'unders’tood that the used treat 
ing agent may also be employed in other chemical con 
versions which normally employ the original treating 
agent as a raw material. For example, when calcium 
oxide is used as the treating agent, the by-product con 
taining calcium oxide which is'separated from the treated 
oil is readily converted to calcium carbide in accordance 
with conventional industrial operating procedures. Simi 
larly, used sodium sulfate is further processed to sodium 
sul?de, used sodium carbonate is converted to sodium 
cyanide, used aluminum oxide is converted to aluminum 
chloride, ‘used. titanium oxide‘ is reacted to form titanium 
tetrachloride, used magnesium oxide-is further treated to 
form magnesium" chloride, used iron oxide is further 
processed to form pig iron, used silicon oxide is con 
verted into silicon carbide, and used calcium phosphate 
is treated to form elemental phosphorus. 

It will be understood that all of the above subsequent 
conversions of the used treating agent are carried out in 
accordance with conventional procedures. For exam 
ple, typical commercial operations involving the above 
mentioned compounds which are used as treating agents 
in accordance with this invention, employ the reactions 
ily apparent from the following detailed description of the 

In accordance with the invention, therefore, there is 
provided a process which has important technological 
and economical advantages since it produces no waste 
materials and the treating agents rather than being con 
sumed or converted into a form which requires recovery 
or “regeneration” before further use, are converted into 
a form which- can‘ be immediately used'to advantage in 
chemical operations which normally employ the treat 
ing agent as a raw material, the use of the treating agent 
in the oil treating process of the invention having bene 
?ted the treating agent from the standpoint of .its later 
use. The oil treated has thus. been-puri?ed and sep-' 
arated- from. undesired constituents by means of a re-‘ 
agent which involves no cost to the-oil treating opera-. 
tion. ' ' ' ' 

In effect, raw materials‘ used in- established chemical 
industries, such. as the cement industry, are caused to 
make a detour through a petroleum re?ning operation 
before being, used for cement production or other con 
version, a detour which is of substantial economic value 
to both operations, in which the raw'materials are em 
ployed. ' 

It will be obvious to those'skilled in the art that vari 
ous changes. and modi?cations may be made in the proc 
ess herein described and illustrated by speci?c examples 
without departing from. the spirit and scope of the inven 
tion as de?ned in the appended‘ claims and it is intended, 
therefore, that all matter containedfin the foregoing de; 
scription shall ‘beinterpreted ‘as illustrative only and 
not as limitative ‘of the invention. 
What I claim and desire to secure by Letters Patent is: 
1. A process of treating-a hydrocarbon oil having a 

substantial content of asphaltic constituents, sulfur bodies 
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and the like to separate at least a portion of said asphal 
' tic‘constituents and sulfur bodies from said oil which 
comprises bringing said oil into contact in the liquid 
phase with at least one compound selected from the 
group consisting of normally-solid oxides to produce a 

. puri?ed oil phase and a used reagent phase containing 
said compound combined with said portion of said as 
phaltic constituents and sulfur bodies, and separating 
said used reagent phase from said puri?ed oil phase. 

2. A process of treating a hydrocarbon oil having a 
substantial content of asphaltic constituents, sulfur bodies 
and the like to separate at least a portion of said asphaltic 
constituents and sulfur bodies from said oil which com 
prises bringing said oil into contact in the liquid phase 
with calcium oxide and clay to produce a puri?ed oil 
phase and a used reagent phase containing said calcium 
oxide and clay combined with said portion of said as 
phaltic constituents and sulfur bodies, and separating 
said used reagent phase from said puri?ed oil phase. 

‘ 3. A process of treating a hydrocarbon oil having a 
substantial content of asphaltic constituents, sulfur bodies 
and the like to separate at least a portion of said asphal 
tic constituents and sulfur bodies from said oil which 
comprises bringing said oil into contact in the liquid 
phase with calcium oxide and clay to produce a puri?ed 
oil phase and a used reagent phase containing said cal 
cium oxide and clay combined with said portion of said 
asphaltic constituents and sulfur bodies, and separating 
said used reagent phase from said puri?ed oil phase and 
oxidizing said reagent phase to form cement clinker. ' 

4. A process of treating a heavy hydrocarbon oil hav 
ing a substantial content of asphaltic constituents, sulfur 
bodies and the like to separate at least a portion of said 
asphaltic constituents and sulfur bodies from said oil 
which comprises bringing said oil into contact in the 
liquid phase with 1% to 250% by weight of at least one 
compound selected from the group consisting of nor 
mally-solid oxides at a temperature of 250 to 550° C. 
to produce a puri?ed oil phase and a used reagent phase 
containing said compound combined with said portion 
of said asphaltic constituents and sulfur bodies, and sep 
arating said used reagent phase from said puri?ed oil 
phase. 

5. A process of treating a heavy hydrocarbon oil hav 
ing a substantial content of asphaltic constituents, sulfur 
bodies and the like to separate at least a portion of said 
asphaltic constituents and sulfur bodies from said oil 
which comprises bringing said oil into contact in the 
liquid phase With 1% to 250% by weight of calcium ox 
ide and clay in various proportions at a temperature of 
250 to 550° C. to produce a puri?ed oil phase and a used 
reagent phase containing said calcium oxide and clay 
combined with said portion of said asphaltic constituents 
and sulfur bodies, and separating said used reagent phase 
from said puri?ed oil phase. 

6. A process of treating a heavy hydrocarbon oil hav 
ing a substantial content of asphaltic constituents, sulfur 
bodies and the like to separate at least a portion of said 
asphaltic constituents and sulfur bodies‘from said oil 
which comprises bringing said oil into contact in the 
liquid phase with 1% to 250% by weight of calcium 

‘ oxide and clay in various proportions at a temperature 
of,250 to 550° C. to produce a puri?ed oil phase and a 
used reagent phase containing said calcium oxide and 

‘ clay combined with said portion of said asphaltic con 
stituents and sulfur bodies, and separating said used 
reagent phase from said puri?ed oil phase and oxidizing 

_ said reagent phase to form cement clinker. 
7. A process of treating a heavy hydrocarbon oil hav 

ing asubstantial content of asphaltic constituents, sulfur 
bodies and the like to separate at least a portion of said 
asphaltic constituents and sulfur bodies from said oil 
which comprises bringing said oil into contact in the 
liquid phase with calcium oxide, at least one other oxide 
selected fromthe group consisting of silicon oxide, alu 
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6 
minum oxide, magnesium oxide and iron oxide to pro 
duce a puri?ed oil phase and a used reagent phase con 
taining said oxides combined with said portion of said 
asphaltic constituents and sulfur bodies, and separating 
said used reagent phase from said puri?ed oil phase. 

8. A process of treating a heavy hydrocarbon oil hav 
ing a substantial content of asphaltic constituents, sulfur 
bodies and the like to separate at least a portion of said 
asphaltic constituents and sulfur bodies from said oil 
which comprises bringing said oil into contact in the 
liquid phase with calcium oxide and at least one other 
oxide selected from the group consisting of silicon oxide, 
aluminum oxide, magnesium oxide and iron oxide to 
produce a puri?ed oil phase and a used reagent phase 
containing said oxides combined with said portion of 
said asphaltic constituents and sulfur bodies, and sep 
arating said used reagent phase from said puri?ed oil 
phase, and oxidizing said reagent phase to form cement 
clinker. 

9. A process of treating a hydrocarbon oil having a 
substantial content of asphaltic constituents, sulfur bodies 
and the like to separate at least a portion of said asphaltic 
constituents and sulfur bodies from said oil which com 
prises bringing said oil into contact in the liquid phase 
with calcium oxide and clay to produce a puri?ed oil 
phase and a used reagent phase containing said calcium 
oxide and clay combined with said portion of said as 
phaltic constituents and sulfur bodies, and separating said 
used reagent phase from said puri?ed oil phase, said 
reagent phase being oxidizable to form cement clinker. 

10. A process of treating a heavy hydrocarbon oil 
having a substantial content of asphaltic constituents, sul 
fur bodies and the like to separate at least a portion of 
said asphaltic constituents and sulfur bodies from said 
oil which comprises bringing said oil into contact in the 
liquid phase with 1% to 250% by weight of calcium 
oxide and clay in various proportions at a temperature 
of 250 to 550° C. to produce a puri?ed oil phase and 
a used reagent phase containing said calcium oxide and 
clay combined with said portion of said asphaltic con 
stituents and sulfur bodies, and separating said used 
reagent phase from said puri?ed oil phase, said reagent 
phase being oxidizable to form cement clinker. 

11. A process of treating a heavy hydrocarbon oil 
having a substantial content of asphaltic constituents, 
sulfur bodies and the like to separate'at least a portion 
of said asphaltic constituents and sulfur bodies from 
said oil which comprises bringing said oil into contact 
in the liquid phase with calcium oxide and at least one 
other oxide selected from the group consisting of silicon 
oxide, aluminum oxide, magnesium oxide and iron oxide 
to produce a puri?ed oil phase and a used reagent phase 
containing said oxides combined with said portion of said 
asphaltic constituents and sulfur bodies, and separating 
said used reagent phase from said puri?ed oil phase, 
said reagent phase being oxidizable to form cement 
clinker. 

References Cited in the ?le of this patent 

UNITED STATES PATENTS 
1,244,280 Basset _______________ .._ Oct. 23, 1917 
‘1,865,235 Cross _______________ __ June 28, 1932 
2,197,873 Morrell et al. ________ __ Apr. 23, 1940 
2,348,543 Johnson _____________ .._ May 9, 1944 
2,361,651 Proell et al. __________ __ Oct.- 31, 1944 
2,364,390 Schaafsma ___________ __ Dec. 5, 1944 
2,420,108 Stratford et al. ________ __ May 6, 1947 

, 2,426,147 Horn _______________ __ Aug. 19, 1947 
2,481,300 Engel ________ __' _____ __ Sept. 6. 1949 

2,660,600 Bowman ___________ __ Nov. 24, 1953 
2,704,738 Simpson ____________ __ Mar. 22, 1955 

, FOREIGN PATENTS 

‘277,042 Great Britain ......... .... Sept. 9, 1927 , 


