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This invention relates to a process for effecting com 
plex formation between a complexing agent such as urea 
and complex-forming constituents of an organic mixture. 
The process of the invention is particularly applicable to 
the dewaxing of lubricating oil stocks by urea complex 
ing. 

In accordance with the process of this invention, com 
plex formation between the complex-forming constit 
uents of an organic mixture and a complexing agent is 
effected by contacting the organic mixture under agita 
tion conditions at a temperature below about 140 F. 
with an oxygenated hydrocarbon slurry of complexing 
agent. After substantially complete complex formation 
has been effected by contact of organic mixture, with 
oxygenated hydrocarbon slurry, the entire reaction mix 
ture is subjected to blowing with a gas, at a temperature 
below about 140°F. until substantially all of the oxy 
genated hydrocarbon solvent has been removed from 
the mixture. 
effects precipitation of additional dissolved complex and 
Suspended fines with the result that the slurry is clarified 
and the separation of solid complex and excess solid 
complexing agent from the mixture is expedited. Sub 
jection of the agitated mixture to gas blowing effects a 
marked improvement in removal of complex-forming 
constituents from the organic mixture. This improve 
ment is particularly noticeable when it is necessary to 
meet Freon haze and pour, specifications in preparation 
of refrigerator oils and low pour diesel oils. 

It has recently been discovered that urea and thiourea 
form solid complexes with certain types, of organic com 
pounds. The class of compounds which complex with 
urea comprises normal aliphatic hydrocarbons contain 
ing at least six carbon atoms, terminal-substituted nor 
mal aliphatic hydrocarbons containing at least six carbon 
atoms, such as n-decanol and n-dodecylbenzene and some : 
methyl-substituted n-aliphatic, hydrocarbons. Thiourea 
forms solid complexes with some branched chain hydro 
carbons and some naphthenes; triptane, 2,3-dimethyl 
butane are examples of branched chain hydrocarbons 
that complex with thiourea; cyclopentane and cyclohex 
ane are examples of naphthenes, which complex with 
thiourea. The discovery of the complex-forming ability 
of urea and thiourea, provides a very useful tool in the 
resolution of organic mixtures such as petroleum frac 
tions. Urea complexing is particularly useful in the iso 
lation of Specific compounds, and in the removal of un 
desirable components from petroleum fractions. De 
waxing of petroleum fractions such as gas oils and lubri. 
cating oils to produce low, wax content products illus 
trates the use of urea complexing to free a petroleum 
fraction of undesirable constituents. The main com 
mercial usefulness of urea complexing at the present 
time lies in the dewaxing of gas oils and lubricating 
oil fractions; low pour diesel fuel is in demand as a fuel 
and for cold weather operation of diesel engines; refriger 
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are required in air conditioning and refrigeration equip 
ment. 

Various procedures have been proposed for effecting 
complex formation between complexing agents Such as 
urea and complex-forming constituents of organic mix 
tures. It has been proposed that complex formation be 
effected by contacting an organic mixture with a satu 
rated or super-saturated solution of urea in a polar sol 
vent such as aliphatic alcohols, aliphatic ketones, water, 
etc. Complex formation is also effected by contacting 
an organic mixture with a slurry of complexing agent in 
a polar solvent. In addition, complex formation is 
effected by contacting an organic mixture with a fixed 
bed of urea wherein the urea is employed in conjunction 
with a particulate solid which is advantageously an ad 
sorbent. In these various techniques for effecting com 
plex formation, the presence of a polar compound such 
as water, an aliphatic alcohol or an aliphatic ketone ex 
pedites complex formation. 
The process of this invention is directed to the use of 

the slurry technique for effecting complex formation and 
is specific to the use of oxygenated hydrocarbon slurries 
and particularly to alcoholic slurries. Low molecular 
weight ketones such as acetone, methyl ethyl ketone may 
be employed as the slurry media, but low molecular 
weight alcohols are the usual slurry media. Blowing of 
the mixtures resulting from stirred contact of organic 
mixture with slurry of complexing agent and alcohol 
medium causes substantial evaporation of the alcohol 
components of the slurry and a resulting substantial 
clarification of the mixture. Complex and excess com 
plexing agent are readily separated from the blown re 
action mixture to yield a clear oil mixture which is sub 
stantially free of complex-forming constituents. De 
cantation is generally used after gas blowing to separate 
oil from complex and complex-forming constituents. 
Filtration may also be used but is generally not required. 
When the reaction mixture is not blown prior to separa 
tion of complex and complexing agent therefrom by 
decantation, the resulting mixture is cloudy and still con 
tains, considerable complex-forming constituents in the 
form of complex fines or in solution. 
The process of the invention is particularly concerned 

with utilization of urea complexing for the formation 
of low pour diesel oils and lubricating oils characterized 
by low Freon haze test. In further description of the 
invention, urea will be employed as the complexing agent 
and hydrocarbon fractions such as diesel oil and lubri 
cating oil fractions will be used as the organic mixture 
from which complex-forming constituents are to be sep 
arated. However, it will be understood that the advan 
tages of blowing the complex-containing mixture prior 
to separation of solid and liquid phases is also applicable 
to thiourea complexing. 

In employing alcoholic slurry of urea to dewax gas 
oils, and lubricating oil fractions, it was discovered that 
it was necessary to subject the mixture of hydrocarbon 
oil and alcoholic urea slurry to agitation in order to effect 
substantial complex formation. On separation of the 
complex and excess urea from the mixture by decanta 
tion. after a settling period, it was discovered that the 
removal of waxy components from the hydrocarbon 
fraction was not as complete as expected and the prod 
ucts did not meet the required low pour and Freon haze 
specifications. This situation was remedied by the im 
provement of this invention involving blowing the com 
plex-containing mixture with a gas, which is preferably 
air, for a period of about /2 to 2% hours at a tempera 
ture below approximately 140 F. prior to separation of 
the complex and excess complexing agent. 

Apparently alcohols or ketones, which act as a catalyst 
for complex formation by providing a mutual solvent 
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wherein molecular contact of complexing agent and com 
plex-forming constituents can take place, have a substan 
tial solubility for the complex and in addition cause com 
plex fines to remain suspended in the reaction mixture 
because of its peptizing action on the complex. Alco 
hol removal from the reaction mixture by blowing with 
air or other inert gas effects precipitation of dissolved 
complex and allows suspended fines to settle so that a 
solid phase comprising complex and excess complexing 
agent can be removed simply by decantation or filtration. 
If the reaction mixture is not air blown prior to separa 
tion of the solid phase, the suspended fines and dissolved 
complex remains in the product oil and water washing 
of the product oil results in the liberation of complex 
forming constituents. As a consequence, without air 
blowing it is very difficult to produce a product oil which 
meets test specifications. 
The improvement of this invention permits simple 

preparation of low pour diesel oil and refrigerator oils 
which meet test specifications. Employing the improve 
ment of this invention the solid complex and excess com 
plexing agent can be separated from the treated hydro 
carbon fraction by filtration or decantation after a settling 
period. The filtered oil or decanted oil after water wash 
ing and drying is characterized by extremely low wax 
content as indicated by its low pour point or low Freon 
haze test, depending on whether a diesel fraction or 
lubricating oil fraction was subjected to the complexing operation. 

Prior to the discovery of the advantages of blowing the 
complex-containing mixture with air or other inert gases 
prior to separation of complex, it was necessary to sub 
ject a decanted oil to blotter pressing or extremely long, 
commercially inexpedient settling periods prior to water 
washing and drying in order to obtain finished oils which 
even approximated test specification. Even blotter 
pressing and extended settling periods of 40 to 50 hours 
produced refrigerator oil products which were inferior 
from a standpoint of Freon haze test to products produced 
by air blowing for an hour followed by decantation after 
about a 16-hour settling period. If decantation is em 
ployed to separate the oil from the solid phase, settling 
periods of 5 to 20 hours are used after air blowing the mixture. 
The main advantage of the process of the subject in 

vention is that more complete removal of complex 
forming constituents is effected in a shorter duration of 
time than was obtainable by former procedures. The 
low pour of diesel oils and the low Freon haze test of 
refrigerator oils produced in accordance with the process 
of this invention are ample proof that the improvement 
of this invention effects excellent removal of complex 
forming constituents from mixtures treated in accord 
ance therewith. A second advantage resides in the elimi 
nation of troublesome blotter pressing and extended 
Settling times in order to obtain products which approxi 
mate test specifications by a complexing process involv 
ing the use of alcoholic urea slurry. 
The slurry employed in the process of this invention 

comprises complexing agent and a low molecular weight 
oxygenated hydrocarbon. Alcohols in the range of C1 
to C4 carbon atoms or mixtures of such alcohols are the 
slurry media. A particularly preferred slurry medium 
comprises about 40 per cent methanol and 60 per cent 
isopropanol. This mixture has been found to possess a 
particularly favorable solubility for both urea and hy 
drocarbons so that rapid complex formation results from 
the intimate molecular contact realized with this solvent. 
It is also possible to modify the alcohol medium by the 
use of about 2 to 10 per cent solubilizing medium such 
as acetone, methyl ethyl ketone, etc. Ketones contain 
ing about 1 to 5 carbon atoms may also be employed as 
slurry media. Other low molecular weight oxygenated 
hydrocarbons containing solubility for both complexing 
agent and the oil fractions may be employed; for ex 
annple, esters such as methyl acetate may be used. 
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4. 
Ordinarily sufficient slurry is employed to maintain a 

urea dosage of 5 to 50 pounds of urea per barrel of hy 
drocarbon oil treated and a solvent dosage of approxi 
mately 1 to 5 per cent solvent per volume of oil charged. 
The use of larger amounts of solvent is not detrimental 
to the complex formation, but is impractical since longer 
periods of air blowing are required to effect substantial 
removal of all of the alcohol solvent. Excellent results 
have been obtained with a slurry charge containing ap 
proximately 3 volume per cent solvent per barrel of oil 
charged, both from the standpoint of rapid complex for 
mation and rapid removal of solvent from the complex 
containing reaction mixture by air blowing. 
The urea dosage will depend to a great extent upon 

the complex-forming constituents present in the oil to be 
treated. In the manufacture of refrigerator oils, the 
charged lubricating oils contain a low wax content so 
that the urea dosage is in the lower portion of the pre 
scribed range, which is in the range of approximately 
5 to 17 pounds of urea per barrel of oil. However, with 
fractions such as gas oil which contain a larger percent 
age of complex-forming constituents, it is necessary to 
employ higher urea dosages in the range of 20 to 50 
pounds of urea per barrel of oil treated. 

It is necessary to agitate the mixture of charge oil and 
urea slurry in order to obtain rapid and complete complex 
formation in practical periods of time. Practically any 
vessel equipped with stirring means may be employed to 
effect complex formation between the charge oil and the 
alcoholic urea slurry. As a matter of fact, bottom-to 
top pumping of the reaction mixture provides sufficient 
agitation for rapid and complete complex formation in 
a short period of time, 

It has been found that complex formation by contact 
of an organic mixture with an alcoholic slurry of urea 
requires approximately 1 to 10 hours in order to effect 
substantially complete complex formation. Viscous stocks, 
such as lubricating oil fractions, require contact times in 
the range of 5 to 10 hours, whereas less viscous stocks, 
such as gas oils, only require about 1 to 4 hours for Sub 
stantially complete complex formation. For example, in 
dewaxing a lubricating oil fraction having a SUS viscosity 
of 300 at 100 F., approximately 6 hours of agitated 
contact were required to effect substantially complete 
complex formation. 

Contact between the organic mixture and alcoholic 
urea slurry under agitation conditions must be effected 
at temperatures below about 140 F. Advantageously, 
however, temperatures between 70 and 120 F. are em 
ployed during complex formation. When the object of 
the invention is to remove low molecular weight complex 
forming constituents such as hexane, heptane and octane, 
from a gasoline fraction, temperatures between 0 and 50 
F. must be employed. In general, however, room tem 
perature has been found to be effective for removal of 
C10 and higher complex-forming constituents from or 
ganic mixtures. 

Apparently complex formation does not possess critical 
pressure limitations. Accordingly, atmospheric pressure 
is ordinarily employed for the agitated contact of organic 
mixture and urea slurry, although there is no objection 
to the use of sub-atmospheric or super-atmospheric pres 
sures if the use of these pressures is dictated by other 
considerations. 

Air is the preferred gas for blowing the complex 
containing mixture, but other inert gases, such as nitro 
gen, flue gas, and light hydrocarbon gases such as methane, 
may be employed. The air or other gas is blown through 
the complex-containing mixture at a relatively rapid rate 
so that removal of alcohol is effected in a short period of 
time. It has been found that 22.4 cubic feet of air per 
cubic foot of complex-containing oil mixture per hour is 
an air rate which results in rapid evaporation of alcohol 
without excessive foaming during the blowing period. In 
general, gas rates of 15 to 30 cubic feet of gas per cubic 
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foot of complex-containing oil mixture per hour are 
employed. 

Air blowing is maintained for a period of at least one 
half hour. When the reaction mixture contains approxi 
mately 3 volume per cent alcohol, it has been found that 
air blowing at an air rate of 20 to 25 cubic feet of air 
per cubic foot of oil treated per hour results in substan 
tial removal of alcohol and in excellent clarification of 
product in approximately one hour. If the reaction mix 
ture contains a much larger percentage of alcohol, it is 
necessary to air blow the mixture for longer periods of 
time, for example, in the range of 2 to 3 hours. Since 
in most instances the process of this invention contem 
plates the use of approximately 2, to 4 volume per cent 
alcohol per volume of oil treated, the usual period for 
air blowing is one half to two hours. 
The temperature during air blowing must also be main 

tained below 140°. F. in order to prevent decomposition 
of the complex. Ordinarily, air-blowing is effected at the 
same temperature as complex formation. Accordingly, 
atmospheric...temperatures between 70, and 120 F.3 are 
employed for air blowing unless the object of the inven 
tion is to remove lower molecular weight complex-forming 
constituents from a hydrocarbon mixture such as 'naphtha 
under which circumstance lower-temperatures are main 
tained during air blowing. 

In the production of low pour diesel oil and low Freon 
haze refrigerator oils the recovery of normalaliphatic 
constituents from the complex is not of immediate con 
cern since the production of products which meet test 
specifications is of paramount importance. However, in 
order to provide a continuous process, it is necessary to 
decompose the complex into urea and normal aliphatic 
constituents and re-use the urea for contacting of more 
charge oil. The improvement of this invention is in 
dependent of the means used to decompose the complex 
and provide a continuous process. However, a brief 
discussion of the means of decomposition will be pre 
sented from which it will be obvious to one skilled in the 
art how the process of the subject application can be 
adapted to continuous operation. 
The separated solid phase consisting of complex and 

excess urea can be treated with an aromatic hydrocarbon 
solvent such as benzene or with a low molecular weight 
aliphatic hydrocarbon such as pentane which does not 
complex at atmospheric conditions with urea whereby 
the complex-forming components of the complex are 
liberated from the complex and are dissolved in the sol 
vent; the urea portion of the complex and the urea por 
tion of the solid phase are left in the solid state by this 
treatment. The solution of liberated complex-forming 
constituents can be readily separated from the solid urea 
and the complex-forming constituents recovered from the 
solvent by fractional distillation. Temperatures of 100 
to 180° F. are recommended for this treatment. The resi 
dual solid urea can be slurried with further quantities of 
alcohol and used to contact further portions of organic 
mixture. Another procedure for decomposing the complex in 
volves treating the mixture of complex and excess urea 
with a hydrocarbon-immiscible urea solvent such as Water 
or methanol, whereby the complex is decomposed with 
dissolution of urea in the urea solvent. The liberated 
complex-forming constituents are readily separated from 
the urea solution in which they are substantially insoluble. 
Water and low molecular weight alcohols are examples of 
solvents that may be employed. Temperatures between 
about 120 and 200 F. should be employed in this pro 
cedure. This method of decomposition necessitates re 
covery of solid urea from solution in order to prepare 
the urea slurry reagent. 

In both of the above-described procedures for decom 
posing the complex and recovering the urea for re-use, 
alcohol removed from the reaction mixture by air blowing 
may be recovered from the air stream by an adsorption 
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process, involving passing the air stream through a bed 
of an adsorbent such as silica gel. This constitutes an 
additional advantage over the conventional alcohol re 
covery process which comprises a distillation in the pres 
ence of urea and which is usually accompanied by urea 
decomposition. . The accompanying examples illustrate the improved 
results obtained by subjecting the complex-containing re 

10 
action mixture obtained by agitated contact of a lubricat 
ing oil fraction with alcoholic urea slurry to air-blowing 
prior to separation of the solid complex and excess urea. 

... Examples I and II illustrate the results obtained without 
air blowing whereas. Example III illustrates the improved 
results obtained with the process of this invention. 

15 - - Example I 

A lubricating oil fraction having a Freon-12 haze above 
-20 F. and a Freon-12 floc above -20F. was con 
tacted in a stirred reaction vessel with 40-60 methanol 

20 isopropanol slurry of urea; the reaction mixture.com prised 14 pounds of urea per barrel of oil treated and 
the alcohol solvent was employed in an amount equal to 

25 

4 volume percent of the oil charge. After 10 hours of 
agitated contact the reaction mixture was allowed to 
settle for 16 hours and was then decanted. There was 
obtained a product oil which was characterized by a 
Freon haze of -55°F. and a Freon fioc of -75° F. 
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... Example II 
A lubricating oil fraction was treated in similar fashion 

as in Example I, with the difference that the oil was 
allowed to settle for 50 hours prior to decantation of the 
oil phase from the solid phase comprising complex and 
excess complexing agent. The product oil obtained by 
this treatment was characterized by a Freon haze of -60 
F. and a Freon floc of -80 F. 

Example III 
A lubricating oil fraction was contacted with a slurry 

of complexing agent in the proportions prescribed in 
Example I. After 10 hours of agitated contact, the re 
action mixture was blown with air for an hour at an 
air rate of 22 cubic feet of airper cubic foot of oil mixture 
per hour. After 16 hours of settling there was obtained 
by decantation a product oil having a Freon haze of 
-65 F. and a Freon floc of -80 F. 

It will be observed that the product oil obtained by 
subjecting the reaction mixture to air blowing for a pe 
riod of one hour and to separation by decantation after 
a settling period of 16 hours was a superior refrigerator 
oil to the product oils which were not air blown and 
which were separated by decantation after settling periods 
of 16 hours and 50 hours. It is apparent that the process 
of this invention effects substantial improvement in the 
preparation of low wax content products by a complexing 
technique employing an oxygenated hydrocarbon slurry 
of urea. 

Obviously many modifications and variations of the 
invention as above set forth may be made without de 
parting from the spirit and scope thereof, and therefore 
only such limitations should be imposed as are indicated 
in the appended claims. 
We claim: 
1. In the process for effecting complex formation by 

agitated contact of a liquid mass comprising an organic 
mixture containing constituents which form solid com 
plexes with a complexing agent selected from the group 
consisting of urea and thiourea, and a slurry of said com 
plexing agent in an oxygenated hydrocarbon medium, 
the improvement which comprises subjecting the entire 
resulting agitated reaction mixture comprising com 
plex, organic mixture and oxygenated hydrocarbon slurry 
to blowing with an inert gas for a period of time to remove 
substantially all of the oxygenated hydrocarbon there 
from prior to separation of the solid phase comprising 
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complex and excess complexing agent from said reaction 
mixture. - 

2. In a process for effecting complex formation by 
agitated contact of a liquid mass comprising a hydro 
carbon mixture which contains constituents which com 
plex with a complexing agent selected from the group 
consisting of urea and thiourea, and an alcoholic slurry 
of said complexing agent at a temperature below 140 F. 
the improvement which comprises subjecting the entire 
agitated resulting reaction mixture comprising complex, 
hydrocarbon mixture and alcoholic slurry to blowing with 
an inert gas at a temperature below 140 F. for a period 
of time to remove substantially all of the alcohol there 
from prior to separation of a solid phase comprising 
complex and excess complexing agent from said reaction 
mixture. 

3. An improvement according to claim 2 in which the 
reaction mixture is blown with air. 

4. An improvement according to claim 2 in which the 
reaction mixture is blown with an inert gas at a temper 
ature between 70 and 120 F. 

5. An improvement according to claim 2 in which the 
reaction mixture is blown with an inert gas at a gas rate 
of 15 to 30 cubic feet of gas per cubic foot of complex 
containing oil mixture per hour. 

6. An improvement according to claim 2 in which 
the reaction mixture is blown with air for 1/2 to 2 hours 
at an air rate of 20 to 25 cubic feet of air per cubic foot 
of complex-containing oil mixture per hour. 

7. In the process for effecting urea complex formation 
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by agitated contact of a liquid mass comprising a hydro 
carbon mixture containing constituents which complex 
with urea, and an alcoholic slurry of urea at a tem 
perature below 140 F., the improvement which comprises 
Subjecting the entire agitated resulting reaction mixture 
comprising complex, hydrocarbon mixture and alcoholic 
urea slurry to blowing with an inert gas at a temper 
ature between 70 and 120 F. until the alcohol is sub 
stantially completely removed therefrom, allowing the 
blown mixture to settle, and decanting the oil phase from 
a solid phase comprising complex and excess urea. 

8. An improvement according to claim 7 in which the 
reaction mixture is blown with air. 
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