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This invention relates to.a. method of reducing the
neutralization number of petroleum oils by chemical
means and, more particularly, to the transformation
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of the naphthenic acids present in petroleum oils or frac- -

tions thereof into amides by reaction of the' naphthenic
acids with an amine or amonia i the presence of N,N'-
dicyclohexylcarbodiimide.

In the preparation of lubrication oils' from crude
petroleum, it is the practice to subject both heavy and
residual lubricating oil stocks to chemical and- physical
treatments in order to improve: the viscosity character-
istics, low temperature fluidity, oxidation stability, and
lower the carbon residue, sulfur‘content, and neutraliza-
tion values in order that the requirements of modern
lubrication can be met by -the- lubricating oils. One
problem that has faced the refiner of lubricating oils is
the removal of acidic constituents from the heavy or

residual Iubricating oil stocks, as, for example, preparing:

such lubricating oils having low acid numbers as deter-

mined by ASTM D975-52T. - As the refining operations.

of dewaxing, deasphalting, and solvent refining exert
their influence upon the lubricating oil' fractions, the
acidic constituents remaining become much more difficult
to remove. - Refiners have in the past applied various
extraction methods employmg alkali - solutions - and/or
various organic solvents in their efforts to produce lubri-
cating oils having ‘acceptable neutralization' values.
Aqueous and anhydrous ammonia have been. used, fol-
lowed by alcohol extractions, to' remove the deleterious
naphthenic acids. Aqueous ammonia’solutions in' com-
bination' with emulsion breakers, such as methyl alcohol,
eéthyl alcohol, or acetone; have been applied in various
continuous countercurrent’ extraction processes in an
effort to' finish' lubricating oils for use with various addi-
tives*that' have becomé’ necessary to meet the extreme
conditions: in modern lubrication. In spite of the prior
art efforts, in many’ instances, the persistence of acidic
constituents or naphthenic acids in finished lubricants has
proved detrimental.

This problem s’ parﬁcularly acute in the reﬁnm" and
préparation of ‘heavier 1lubricating oil distillates and
heavy- bottoms 'or- residues from petroleum’ oil fractions
which; after dewaxmg or' deasphalting; ‘contain certain
coniplex’ acids ‘which-are increasingly difficult to remove.
Thesé acids may be’ defined’ as high molecular weight

monocarboxylic acids which are liguids' or solids and’

which are mostly ‘of alicyclic-configuration, with greater
than' about ‘25" carbon atoms- per molecule. These
naphthenic acids show- little' or no* unsaturation and con-
sist essentially of cyclic acids and polycyclic acids boil-
mg above about 450° F., and'mainly above about 600° F
Tt ‘has Been found, inm accordance with this 1nvent10n
that tHese - tenacious naphthemc acids, as well as the
other organic acids present in crude petroleum, can. be
transformed into 011 soluble amides by reaction with an
atnine or 'ammonia’ in the presence of N,N’-dicyclohexyl-
carbodiimide according. to the following reaction:
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R-COOH 4 H;N'-R" 4 CeHuN=C=NCsHy —

Organic Amine N,N’-dicyclohexyl-
acid or ‘carbodiimide
amrmonia

I |
R—C—NHR’ + CoHuNH(lJ—NHCoHu
Amide sym.-dicyclohexylurea

This reaction -is carried-out by using. substantially: stoi-
chiometric: amounts or equimolar amounts. of the amine
or ammonia; N,N’-dicyclohexylcarbodiimide and- organic
acid. It has been found that the amide of the naphthenic.
acid remains in the oil and the N,N’-dicyclohexylcarbo-
diimide is transformed to symmetrical dicyclohexylurea:
which, contrary to expectatrons, precipitates from the-oil
and is easily separated

It is known in-the. prior art to separate naphthemc‘
acids from oils by treatment with a basic reagent such
as an amine, ‘ammonia, or alkalolamine. Such processes
are carried out’ below the temperatures necessary for
amide formation, and are followed: by separation of the
soaps” formed and distillation of the soaps to' dissociate”
same and recover the acids and the amine. Liquid

" ammonia.is also used as a solvent for sulfur compounds
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and other acidic substituents in oils and is generally used
in' conjunction with a.'modifying agent which includes
amides, sodium’ amide, amines, and hydrazine. ' These’
processes are not related to the present invention be-
canse  they are either directed to extraction of the
naphthenic acids, or separation and purification of the
naphthenic acids:

Accordingly, it becomes a primary object of this inven-
tionto provide a process for lowering the acid neutraliza-:
tion number of petroleum oil.

Another object of this-inventicn is to provide- a- process
for lowering the acid neutralization number of reﬁned
petroleum- oils.

Another object of this invention is to prov1de a process
for. neutralizing. the naphthenic acids in. petroleum. oils.

Still a further object of the invention is to: provide a
process for neutralizing the naphthenic acid content. of
refined lubricating oils for the purpose. of producmg a
low neutralization number product

Another object of the invention is to provide a process
for neutralizing the naphthenic acid content of refined
lubricating oils to produce a product having a low neu-
tralization number by transformation of -the naphthenic
acids to oil:soluble amides in the presence of N,N’-di-
cyclohexylcarbodiimide.

"In accordance with this invention, it has been found
that the conversion of organic acids, particularly naph-
thenic acids, into amides proceeds very simply and can
be carried out readily in the petroleum oil. In applym"
the method, an aliphatic amme, an alicyclic amine, an
aromatic amine, or ammonia is added fo the petroleim
oil containing the organic acid; and then N,N’-dicyclo-
hexylearbodiimide is finally added whereupon the  acid
and amine (or ammonia) are converted practically quan-
titatively into an acid amide and the N,N’-dicyclohexyi-
carbodiimide into symmetrical dicyclohexylurea, which
is insoluble in the oil and is percipitated. The amide is
soluble in the oil but has no acid neutrailzation number.
Hence, if the amine (or ammonia) and N,N’-dicyclo-
hexylcarbodiimide are added to the oil so that one mole.
of each substance.is available per mole of organic acid
present, practically all of the organic acid will be con-
verted to the amide, which will remain in the oil, but
show no neutralization number, and the N,N’-dicyclohex-
ylcarbodiimide will be hydrated to symmetrical dicyclo-
hexylurea, which will be precipitated.

In carrying out the process of this invention, the acid
neutralization number of the petroleum oil ‘containing
the organic acids, particularly the high molecular weight
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naphthenic acids, is determined analytically and the num-
ber of moles of organic acid present in the oil to be
treated is calculated by known methods. Following this,
equal numbers of moles of an aliphatic amine, alicyclic
amine, aromatic amine or ammonia, and of N,N"-dicyclo-
hexylcarbodiimide, are added. The reaction takes place
immediately, or upon slight heating, with or without agi-
tation, to produce the amide of the organic acid quatita-
tively with concomitant precipitation of symmetrical di-
cyclohexylurea. The precipitate of symmetrical dicyclo-
hexylurea is allowed to settle or may be removed by filtra-
tion' yielding an oil which has an extremely low acid
neutralization number, as compared with the untreated
oil or as compared with oils treated by prior art methods.

In order to demonstrate the invention, a number of
experiments were conducted wherein several different
petroleum oils and fractions were treated with various
amines in the presence of N,N"-dicyclohexylcarbodiimide.
The results are shown in the following table:
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grades of naphtha, kerosene, and virgin distillate are taken
off, leaving a reduced crude residue. The reduced crude
is continuously charged to a vacuum distillation unit
where three lubricating oil distillates are taken off as side
streams, a light distillate is taken off as overhead, and a
residuum is withdrawn from the bottom of the tower.
The three lube oil distillates are subjected to solvent ex-
traction to produce an extract and a raffinate in each in-
stance. The extracts can be treated in accordance with
this invention. The raffinates are solvent dewaxed with
methylethyl ketone and clay-treated to produce finished
neutral oils which can be beneficiated by treatment in ac-
cordance with this invention.

The foregoing residuum, -the source of bright stock and
solvent extracts therefrom, s charged to.a propane de-
asphalting unit wherein propane dissolves the desirable
lubricating oil constituents and leaves the asphaltic ma-
terials. A typical vacuum residuum charge to the pro-
pane deasphalting unit may have an API gravity of 12.9°,

TABLE 1
Original Petroleum Oil Chemicals added to the oil :
Acid Neu-
tralization
Acid X No. of the
Name Quantity | Neutral- Name Weight | Processed
(g.) ization (g.) Oil
No.
Lube Bxtract I o . .. 40 7.0 | n-Dibutylamine_ . __ 0.64 0.45
N,N’ - dicyclohexyl- 1,03
carbodiimide.
Do e 40 7.0 | Benzylamine.._ _.... 0.53 0.20
N,N’-dicyclohexyl- 1.03
carbodiimide.
DO 40 7.0} Aniline. ... ..__.__ 0.46 0.32
N,N’-dieyclohexyl- 1.03
carbodiimide.
200 Vis, Dewaxed Neutral .. ____..._____... 200 0.16 | n-Dibutylamine. .._. 0.06 0.02
N,N’ -dicyclohexyl- 0.1
carbodiimide.
DO i —- 200 0.16 | Benzylamine...._-... 0.05 0.02
N,N'’-dlcyclohexyl~ 0.1
carbodiimide.
Dot 200 0,16 | Aniline_...__.__... 0,05 0.02
N,N’-dicyclohexyl- 0.1 )
carbodiimide.
1§19 of Table IT,

The results shown in Table I demonstrate that the proc-
ess of this invention is effective in reducing the neutraliza-
tion number of petroleum oils to values approaching
zero, without the necessity of extended processing or com-
plicated techniques. The data show that a dewaxed
neutral oil is easier to treat than a “lube extract,” by
which term is meant the solvent extract obtained in the
solvent extraction of mineral lubricating cils. The in-
vention is applicable to any petrolenm oil mixture, in-
cluding diesel fuels, gasolines, kerosenes, gas oils, neutral
oils, bright stocks and residual stocks. The efficiency of
the method is - demonstrated by the low neutralization
values obtained in the experiments on lube extracts, which
contain especially persistent naphthenic acids and related
acidic materials, including petroleum resins.

The invention is applicable to the treatment of lubri-
cating oil fractions which have been refined, that is, dis-
tilled, dewaxed, solvent-extracted, deasphalted and clay-
treated in accordance with known procedures. Such lubri-
cating oil fractions include, broadly, bright stocks and
neutrals, and the solvent extracts obtained from the re-
fining of bright stocks and neutrals. Bright stocks ‘are
the result of the refining of residues and have viscosities
in the order of 130 to 250 SUS at 200° F. A neutral is
generally defined as the oil obtained from the vacuum
distillation of topped crude which, after solvent refining,
solvent dewaxing, and clay-finishing, has a viscosity at
100° F, of between about 65 and 350 SUS. Since neu-
tral fractions, bright stocks and their solvent extracts are
well known, only a general description of their prepara-
tion ‘as an illustration is necessary.

In a typical operation, desalted crude oil is first charged
to a distillation unit where straight-run gasoline, two
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" liquid propane,
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viscosity SUS at 210° F. of 1249, flash 585° F., fire 650°
F., C. R. of 13.9 weight percent, and is black in color.
The deasphalted oil may have an API gravity of 21.5°
to 21.8°, viscosity SUS at 210° F. of 165-175, NPA color
6-7, flash 575° F., fire 640° F., and C. R. of 1.7-2.0.
The deasphalted oil and various lubricating oil distillates
from the reduced crude are separately subjected to sol-
vent extraction for the separation of non-aromatic from
aromatic constituents. The refined oils or “raffinates”
from such processes are used as blending stocks, and the
solvent extracts containing the undesirable aromatic con-
stituents constitute a type of oil that can be treated in
accordance with this invention. :

For example, a Van Zandt crude oil with an API

~ gravity of 33.1 was topped to remove such light fractions

as gasoline, naphtha, kerosene, and a light lubricating
distillate. The vacuum residue was a reduced crude hav-
ing a viscosity of 1251 SUS at 210° F., 2.2 percent sul-
fur, and an API gravity of 12.6. After propane deasphalt-
ing, the oil had a viscosity of 174 SUS at 210° F. and an
API gravity of 21.7. This deasphalted oil was treated
with phenol to produce a raffinate from which an avia-
tion lubricating oil may be produced. The extract phase
from this phenol treatment is ready for treatment in ac-
cordance with this invention. . : Sy

Other solvents than phenol may be used to obtain the
extraction product treated in accordance with this in-
vention; for example, liquid sulfur dioxide, nitrobenzene,
Chlorex, chlorophenol, trichloroethylene, cresylic acid,
pyridine, furfural or the Duo-Sol solution comprising
phenol, and cresol may be used. “When
using phenol, it is possible to vary the characteristics of
the extraction product considerably by adjustment of the
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mmount of water present. A Tow V. 1. cut may be-ob-
tained by using water in the phenol during the, extrac—.
tion of 'a high V. I cut may be obtained by nsing .an-
hydrous phenol. * Following are the physical characteris-
tics of typical extraction products from Tubricating il
stocks . derived - from various crude .oils which may be
treated in accordance with this invention.

6

almost instantaneous .and gquantitative if. the reactants.and
oil are heated to.a Jtemperature of about 100° to 120° F.
Occasionally. it may be desirable to heat the mixture of
oil and reactant fo 150° F. Temperatures which . cause
decomposition of the .oil .and/or the reactants are 1o be
avoided. Low temperatures which require long process-
ing times are, of course, uneconomical,

TABLE I ; o s
Sources and physical ‘charagterzsncs of solvent extracts

APT

' Percent

Extract Crude Sp. | Visj100° | Vis 1800 | Visyj210°| ‘ °®, | °F. ‘_Iodine
No. Source Solvent Grav- |-Gr.at F. LM R O V. 1. | “Pour | Flash | ‘Fire | :No. {°C. R. | 'Sulfur
ity | -10°.F. : ; o (Wijs): :

Van Zandt_ “
d

do Nitro-benzene.
Mid-Cont...-

18 Propane-
: eresol.
_.do Phenol___
15, --do Chlorex
16. . do. Phenol...
17.. e 1o S Furfural.
18 .. ‘Van Zandt__{ Phenol ..
19 o i|eais [ Lo RS U, do. ...

>1,500 .

>1, 500
>1, 500

Examples of refined lubricating oils ithat -may ‘be ‘bene-
ficiated by this invention are shown in-Table TII,: which
also .shows. the characteristics of the 200 vis. dewaxed
neutral.oil shown in Table L.

The process of this invention may be -carried out by
adding the reactants to an unfinished hibricating-oil after
the dewaxing step' and during ‘or -after the clay-treating
step. - The precipitate of 'symmetrical -dicyclohexylurea

.35 can be removed during filtration of clay from the oil.
TABLE III o ‘
Base otls :
API CoC+| COC SUSat' ! SUSsat | Vis. | NPA | Percent | Percent | Stable
Mineral Oil Gravity .| Flash, | Pire, ;' 100%F; | ‘210°.F. | Index | Color,; Carbon |.:Sulfur | Pour,
i °F. °B. - ‘| Residue °

100°Vis, Neutral.. g6 aos| 40| w2 osor| | el oo | dae] 45
70 Vis., Noutzal: i36:67) 0 370: |1 4057 0 713 36.9 111 +1 0.00 0.18 0
150 Bright Stock. 26.8 570 | 630 | 2511 156.0 99 6+ - 0.73 0.53 i—b
200 Vis. Neutral.- 29‘.2” 45 gso 205.1 46.5' 94| 42 7 0.00, 0.4 +5

Various alkyl cycloalkyl aryl, ‘aralkyl and alkylaryl
derivatives of ammonia or amines may be used in carry-
ing out this invention. These may be primary or second-
ary amines.. Examples -include methylamine,- vmyl—
amine, - allylamine, .dimethylamine, ‘ethylamine; dlethyl-
amiiie, m-propylamine, _di-n-propylamine; n-butylamine;n-
amylamine, n-hexylamine, laur vlamine, ethylenediamine,
trimethylenediamine, - tetramethylenedimine, pentameth-
ylenediamine, hexamethylenediamine, cyclohexylamine,
dicyclohexylamine, aniline, benzylamine, methylaniline,
o-toluidine, m-toluidine, p-toluidine, o-phenylenediamine,

m-phenylenediamine, p-phenylenediamine, o-anisidine, p-
anisidine, p-pheneudme benzidine, and o-dianisidine.

From the foregoing description of the amines, it is seen
that ammonia or any primary or secondary organic amine
which shows even slight solubility in petroleum oil, is
suitable for the purpose of the invention. The amine
reactant (or ammonia) and the N,N’-dicyclohexyl-
carbodiimide may be added to the petroleum oil or ex-
tract in a number of ways. The two reactants may be
added separately or smmltaneously The two reactants
may be added as such or in solution in a petroleum oil.
Addition may be made directly to the storage tank con-
taining the oil to be treated with subsequent circulation
therein, or the reactants may be added by a proportion-
ating pump while same are in solution in an oil.

The process is preferably at ambient temperature. In
cold weather it may be necessary to warm the oil with
the added reactants. The reaction has been found to be
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- through the use of clay alone.’

The object of this procedure, that is adding the reactants
during or after the clay-treating, is to produce .an il
of 'lower neutralization number than would be obtained
In .case of usage with
clay, a quannty of reactants less than that equivalent to
the organic acids present may be used. When used in
the clay-treating step, it is preferable to add the clay
to the dewaxed oil in the usual manner and to add the
reactants of this invention, preferably in oil solution, to
the oil-clay mixture while on its way to the filter, after
which the mixture is further handled in the usual man-
ner. The known procedures of clay-treating are applied
and natural clays, Filtrol, and the like may be used as is
well known in the prior art. Clay-treating temperatures
are often 400° F. or higher, and at this temperature the
reaction of this invention is very rapid and the products
should remain in contact with the clay as short a time
as possible.

This procedure is illustrated by the following specific
example:

A 170 viscosity neutral oil having 0.16 neutralization
number was treated with equivalent quantities of normal
butyl ~amine and N,N’-dicyclohexylcarbodiimide and
heated to 400° F. with 8 1b. clay per barrel of oil. After
maintaining the mixture at approximately 400° F. for
15 hour, the mixture was filtered and the oil comprising
the filtrate was essentially clear and free of separated
solid matter. This filtered oil had an acid number
below 0.1.
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From the foregoing, it is apparent that the reactants
of this invention may be added either during or after
the clay-treating procedure. It is preferred that the re-
actants of this’ invention be added to the hot oil-clay
mixture just before it passes to the rotary filter. This
procedure is particularly applicable to those lubricating
oils which have the netitralization number (1948 method)

-

of under about 0.4, in which case the precipitate of sym-. .

metrical dicyclohexylurea is removed with the clay. For
oil having a neutralization number of above about 0.4,
a portion of the precipitate of symmetrical dicyclhexyl-
urea may dissolve in the oil at the clay-treating tempera-
ture. For such oils the preferred procedure would be to
add the reactants of this invention after the clay-treating
step has been completed. An alternate procedure would
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be to treat the hot oil to which has been added the re-.

actants of this invention with hot alcohol such as
methanol, ethanol, or butyl alcohol to dissolve and re-
move as a separate phase the symmetrical dicyclohexyl-
urea. The alcohol solution along with the urea com-
pound may be removed from the finished oil during that
step in which the “stink oil” is removed after clay-treat-
ing.

What is claimed is:

1. The process of preparing petroleum oils of low
neutralization number which comprises treating said
petroleum oil with a basic nitrogen compound capable

of amide formation in the presence of N,N’-dicyclohexyl- .

carbodiimide and separating the oil phase from the re-
action products. . i

2. The process in accordance with claim 1 in which
said oil is a lubricating oil fraction.

3. The process in-accordance with claim 1 in which
said oil is a solvent extract obtained by the solvent ex-
traction of lubricating oil fractions.

4. The process in accordance with claim 1 in which
the basic nitrogen compound is an amine.

5. The process in accordance with claim 4 in which
the amine is an aliphatic amine.

6. The process in accordance with claim 5 in which
said aliphatic amine is n-butylamine.

7. The process in accordance with claim 4 in which.

the amine is an aromatic amine.
8. The process in accordance with claim 7 in which
the aromatic amine is benzylamine.

8 ‘
12, The process in accordance with claim 4 in which
the amine is dicyclohexylamine. ‘

13. The process. of transforming the acidic constitu-
ents in lubricating oil fraction into soluble amides, where-
by the neutralization number of the oil fraction is re-
duced, which comprises treating said lubricating oil frac-
tion with an equivalent amount of an organic amine
capable of amide formation and in an amount sufficient
to react with said acidic constituents in the presence of
N,N’-dicyclohexylcarbodiimide, and separating the oil
phase from the reaction products.

14, The process in accordance with claim 13 in which
said lubricating oil fraction is selected from the group
consisting of refined neutral oils, refined bright stock
oils, solvent extracts from the manufacture of neutral oils,
and solvent extracts from the manufacture of bright
stock oils. ;

15. The process in accordance with claim 14 in which

' said lubricating oil fraction is a refined nentral oil.
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16. The process in accordance with claim 14 in which
said Iubricating oil fraction is a solvent-extract from the
manufacture of bright stock oils.

17. The process of preparing petroleum oils of low
neutralization mumber which comprises treating said
petroleum oil with an equivalent amount of an organic
amine and an equivalent amount of a N,N’-dicyclohexyl-
dicarbodiimide, whereby the acidic constituents are trans-
formed to amide and said N,N*-dicyclohexyldicarbodi-

.imide separates from the oil phase as symmetrical di-

cyclohexylurea, and recovering the oil phase having a
reduced neutralization number.

18. The process in accordance with claim 17 in which
said reaction is carried out at a temperature between about

: 80° to 150° F.
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9. The process in accordance with claim 7 in which -

the aromatic amine is aniline.

10. The process in accordance with claim 7 in which
the aromatic amine is a toluidine.
11, The process in accordance with claim 4 in which
the amine is cyclohexylamine.
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19. The process in accordance with claim 17 in which
said petroleum oil is an unfinished Iubricating oil which
has been dewaxed and treated with clay at elevated tem-
peratures and said petroleum oil is cooled to about 150-

200° F., treated with said organic amine and N,N’-dicy-

clohexyldicarbodiimide and filtered to remove the clay
and precipitate of symmetrical dicyclohexylurea.

20. A process in accordance with claim 19 in which
said petroleum oil is a 200 vis. dewaxed neutral oil.
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