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PROCESS FOR PRODUCING OVER-BASED ALKALINE EARTH METAL PHENATE
FIELD OF THE INVENTION
This invention relates to an industrially
advantageous procéss for the production of an a;kaline earth
metal phenate which has a high basicity and an easily
handleable low viscosity and is useful as an alkaline
detergent for a lubricating oil or fuel oil.
BACKGROUND OF THE INVENTION
.In general, two processes are used for the
introduction of sulfur into a phenafe: a process in which an
alkylphenol is firstly converted into its sulfide from using
sulfur chloride or the like and the sulfide is then made into
a metal salt; and another process in which sulfurization is
carried out using elemental sulfur at the time of metal
addition reaction or after metal salt formation. The present
invention belongs to the latter sulfurization process. A
number of methods for the production of an over-based phenate
in which the latter sulfurization process was employed have
been reported for a long time, suéh as ‘a process by which an
over-based phenate containing alkaline earth metals in two
times or more higher amqunt than the theoretical amount can
bé:pfaduced with a single metal addition reaction. |
For example, Hori and Hayashida as disciosed in U.S. Patent
4,123,371 have found-£hat an_uhexpectedly highly basic
alkaline earth{metal phenate can be produced by carrying out

the above reaction in the presence of excess phenols.
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In addition, Hori and Ueda et al. as disclosed in
U.S. Patent 4,518,807 have found]that conversion ratio of an
alkaline earth metal reagent into final product per one
reaction can be increased markedly without requiring the use
of excess dihydric alcohol by the addition of an appropriate
amount of water to a reaction system in which phenols, a
dihydric alcohol and an alkaline earth metal reagent or an
admixture thereof with sulfur are allowed to react with one
another. | |

Contrary to the generally used processes in which an
alkaline earth metal reagent is usea in a large excess to an
alkylphenol in order to obtain an over-based product, the
just described'?wo processes were successful in prodﬁcing an
over-based phenate by the use of a large excess of an
alkylphenol against an alkaline earth metal reagent. In
consequence, these two processes are advantageous in that
. kinds of reaction materials to be used can be limited to the
minimum.

These processes, however, have - disadvantages in that
it is extremely difficult to produce an over-based sulfurized
phenate having a higher basicity than those of the prior art
proditts and, even if an over-based'phehate is produced, the
product cannot be handled easily because of its extremely
high viscosity. Imprévement of the basicity to a higher
level than the prior art products and simultaneous decrease

in the viscosity will have markedly large economic effects,
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because not only an over-based phenate can be handled easily
but also its amount to be added to lubricating oil and
therefore the amount of the expensive alkylphenol can be
reduced.

SUMMARY OF THE INVENTION

Taking the aforementioned problems involved in the
_prior art into consideration, it is the purpose of the
present'ihvention to provide an over-based phenate and a
process for the production thereéf. The phenate according to
the present invention ﬁas a high basicity and a low
viscosity.

With the aim of attaining these objects, tﬁe present
inventors have conducted intensive studies and found that a’
phenate having an exceedingly high basicity can be obtained
when excess dihydric alcohol is removed by distillation from
an intermediate product obtained after (sulfurization and)
metal addition reaction and then the resulting intermediate
product is reacted with carbon dioxide in the presence of an
appropriate amount of water which has been considered to be
undesirable as disélo#ed in U.S. Patent 4,518,807, because of
its nature to decrease stability of a final product and
prevent normal progress of carbonation reaction when water is
present in the reaction system at the time of carbon dioxide
treatment of an'intefmediate product obtained after
(sulfurization and) metal addition reactions. The present

inventors have found also that viscosity of an over-based
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sulfurized alkaline earth metal pheeaee can be decreased
sharply and the basicity can be improved when, in addition to
the above conditions, the content of sulfur is reduced. The
present invention has been accomplished on the basis of these
findings which rendered possible production of an over-based
alkaline earth metal phenate having a high basicity that
cannot be found in the prior art and simultaneously having a
low viscosity.

Accordingly, the gist of the present invention
resides in a process for the production of an over-based
alkaline earth metal phenate (sulfurized, unsulfurized or a
mixture thereof, the same rule appliee to the foilowing), in
which the process comprises the steps of: effecting reactions
among phenols, dihydric alcohols and an alkaline earth metal
oxide or hydroxide or a mixture thereof (to be referred to as
"alkaline earth metal reagent" hereinafter), or among these
compounds further mixed with sulfur and/or water; removing an
excess amount of the dihydric alcohols and at least an excess
amount of water by distillation; and subsequently treating
resulting distillation residue with carbon.dioxide, wherein
the improvement resides in that the carbon dioxide treatment
is:c&rried out in the presence of water in an amount of from
about 0.01 to 1.0 mol, preferably fipﬁ about 0.1 to 0.7 mol,
rer 1 mol of the alkaiine earth metal reagent.

Also, as a further preferred embodiment of the

present invention, there is provided a process for the
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production of an over-based alkaline earth metal phenate
consisting of the above steps, wherein the carbon dioxide
treatment is carried out in the presence of sulfur in an
amount of from about 0.1 to 1.0 mol, preferably from about
0.1 to 0.7 mol, more preferably from abbut 0.2 to 0.5 mol,
per 1 mol of the alkaliﬁe earth metal reagent, and in the
presence of water in an amount of from about 0.1 to 0.7 mol,
preferably from 0.2 to 0.5 mol, per 1 mol of the alkaline
earth metal reagent.
Other objects and advantages of the presént invention

will be made apparent.as the description progresses. |

DETAILED DESCRIPTION OF THE INVENTION

Examples of phenols to be used in the present

invention include those which have a hydrocarbon side chain
of 4 to 36 carbon atoms, preferably 8 to 32 carbon atoms,
such as alkyl, alkenyl, aralkyl or the like group.
Illustrative examples of such phenols include those which
have a hydrocarbon group such as butyl, amyl, octyl, nonyl,
dodecyl, cetyl, ethyihexyl, triacontyl ‘or the like, or a
group derived from a petroleum hydrocarbon such as liquid
paraffin, wax or an olefinic polymer (for example,
polyéthylene, polypropylene or polybutene). These phenols
may be used alone or as a mixture of two or more thereof. A
phenol which becomes iiquid at a temperature of about 130°C,

preferably at about 120°C, may be used desirably.
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With regard to the alkaline earth metal reagent,
oxides or hydroxides of alkaline.eaéth ﬁetals such as
calcium, barium, strontium, magnesium and the like may be
used. The.alkaline earth metal reagent may be used in an
amount of from about 0.001 to 0.99 equivalent per 1
equivalent of phenols. When the amount of the alkaline earth
metal reagent is larger than phenols, a product of interest
having excellent quality will not be obtained because of the
gelation of intermediate products and termination of
subsequent reactions. If the amount is too small, not only
the product yield per reaction materials would be reduced but
also the utility and time required for the recovery of
phenols would become large, thus'caﬁsing disadvantages from
the economic point of view. |

The dihydric alcohol with a relatively low boiling
point, a low viscosity and a high reactivity may be used.
?referably, the dihydric alcochol may have a carbon number of
from 2 to 6, with particularly preferred examples including
ethylene glycol, propylene glycol and the like. The dihydric
alcohol promotes conversion of oil soluble materials by the
reaction of phenols with the alkaline earth metal reagent,
and a part of the alcohol is incorporated into the final
phenate product to construct an over-based phenate.

According to the procéss of the present invention,
(sulfurization and) metal addition reaction may be carried

out either in the presence or absence of water which is
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effective in enhancing the reaction. Wheﬁ'water is added,
the dihydric alcohol may be used in.an amount of from about
0.15 to 3.0 mols, preferably from about 0.3 to 1.5 mols, per
1 mol of the alkaline earth metal reagent. When the reaction
is carried out without adding water, the dihydric alcohol may
be used in én amount of from about 1.0 to 3.0 mols,
preferably from about 1.2 to 2.0 mols, per 1 mol of the
alkaline earth metal réagent. The ‘amount of the dihydric
alcohol if too small would cause reduced the conversion ratio
of reaction materials into a product, especially of the
alkaline earth metal réagent, and the amount if too large
would require too much time and utility for the removal of
excess dihydric alcohol from the reaction product, though the
metal addition réacfion with phenols would progress smoothly.
Sulfur may be used in an amount practically ranging
from extremely low level to extremely high level when it is
used with the aim of only improving the basicity. 1In
general, it may be used in an amount of about 0.001 to 4.0
mols, preferably from about 0.001'to 3.0 mols, per 1 mol of
the alkaline earth metal reagent. The amount of sulfur if
too large would cause difficulty in obtaining a basic
phenate. The reaction may be effected without using sulfur.
When further improvement of the basicity and
reduction of the prod;ct viscosity are necessary, sulfur may
be used in an amount of from about 0.1 to 1.0 mol, preferably

from about 0.1 to 0.7 mol, more preferably from about 0.2 to
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0.5 mol, per 1 mol of the alkaline earth metal reagent.
Though the producﬁ.viscosity decreases as the amount of
sulfur is reduced, too small an amount will cause reductibn
of sulfide content and oil solubility of the resulting
product. When the amount is too large, not only a product
having a high basicity will not be obtained due to decrease
in the over-basicity of the product but also viscosity of the
product will become considerably high.

When water is added to the reaction system for the
purpose of enhancing metal addition reaction of the alkaline
earth metal reagent to phenols, not only distilled water but
also boiler water, industrial watér and the like, aé well as
water formed by the metal addition reaction, may be used with
no particular limitation in their qualities and in any form
such as cool water, hot water, steam or the like. Water for
use in the enhancement of the metal addition reaction may be
supplied to a reactor as it is alone or as a mixture of a
part or whole amount of water with other reaction materials
such as a phenol, a dihydric alcohol, a higher alcohol and
the like. Timing of the addition of water to a reactor is
not particularly limited, and it may be added before or after
mi%ing of the entire reaction matérialé other than water, but
preferably within about 1 hour after completion 6f the mixing
of all reaction materials. Amount of water to be added to
the reaction system to enhance the metal addition reaction

may be in the range of from about 0.01 to 10 mols, preferably
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from 0.1 to 2.0 mols, per 1 mol of the alkaline earth metal
reagent. When the (sulfurization and) metal addition
reaction is carried out by adding water. from outside to the
reaction system, the reaction will progress smoothly and the
conversion ratio of the alkaline earth metal reagent intd a
product, will become high, in comparison with the case of a
reaction carried out under the same conditions but without
adding water. In consequence, the conversion ratio of the
alkaline earth metal reagent into a product will decrease
when the amount of water to be added to the reaction system
is too small. On the contrary, when the amount of water is
too large, it will spbil an advantage of the present
invention in terms of the simplification of the distillation
step after completion of the reaction.

Control of the amount of water to be coexisted at the
time of the carbon dioxide treatment may be effected
generally after the completion of steps consisting of:
allowing reaction materials including a phenol, a dihydric
alcohol andlan alkaline earth metal reagent, or a sulfur-
added mixture thereof or a water-added mixture thereof to
react with one another; completing (sulfurization and) metal
additlon reaction; and removing water and an excess of
dihydric alcohols by distillation. Water to be coexisted at
the time of the carbbﬁ dioxide treatment may have no
particular limitation in its quality and condition, similar

to the case of water to be used for the enhancement of the
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metal addition reaction. Amount of water in the reaction
system may be controlled within the range of from about 0.01
to 1.0 mol, preferably from about 0.1 to 0.7 mol, per 1 mol
of the alkaline earth metal reagent.

However, wheh the content of sulfur to be blended is
specified as described in the foregoing for the purpose of
further impro&ing the basicity and decreasing the product
viscosity, water in the reaction system may be controlled
within the range of from about 0.1 to 0.7 mol, preferably
from about 0.2 to 0.5 mol, per 1 mol of the alkaline earth
metal reagent.

When an excess amount of a dihydric alcohol is
- present in the reaction system, water in the system inclﬁding
added water and formed water by the reaction is entirely
removed as a fore-running during removal of the excess
dihydric alcohol. In such a case, therefore, it is necessary
to add a predetermined amount of water after the removal of
excess dihydric alcohol. On the other hand, when the
dihydric alcohol is not present in an excess amount in the
reaction system, an excess portion of water remained in the
system after completion of the reaction, which has been added
as.a yeaction enhancer before ﬁhe (sulfurization and) metal
addition reaction or formed during the reaction, may be
removed by distillation, leaving only a predetermined amount
of water. When the amount of remained water cannot be

judged, it is desirable to add a predetermined amount of
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water after removing entire amount of the remained water by
distillation.

In this instance, it is desirable to keep the
dihydric alcohol in the reaction system in an amount of from
about 0.15 to 1.5 mols, preferably from about 0.3 to 1.2
mols, per 1 mol of the aikaline earth metal reagent.

Though the product viscosity decreases as the amount
of water is increased, too large amount of water will cause
reduction of the basicity and oil solubility. 1In such a
case, these problems may be improved by the use of a
dispersant such as a sulfonate of tﬁe.like. When the amount
of water is too small, its effect to improve the basicity
will not be obtained sufficiently. Though sufficient effect
of water may be obtained within the above range, its optimum
amount may vary to some extent depending on the amount of
sulfur to be used. In particular, it will be effective to
decrease the amount of water to be added as the amount of
sulfur decreases.

According to the process of the present invention, a
diluent or solvent having a proper viscosity (to be referred
to as "diluent" hereinafter) may be added to the reaction
systefi in order to effect easy handiihg'of a reaction product
or a reaction intermediate. For example, when the recovery
of an excess amount of unreacted phenols from a reaction
product is carried out by means of distillation in the

presence of a diluent having a high boiling point and a
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proper viscosity, the resulting reaction product can be
obtained in a desirable liquid form. In this instance, a
portion of the diluent may be distilled off with the
distillation of unreacted phenols. In consequence, it is
desirable to use a diluent which does not exert influence on
the reaction when the recovered unreacted phenols are
repeatedly used in the reaction. Preferred examples of the
diluent include a paraffinic, naphthenic, aromatic or a
mixture of petroleum distillate having a proper viscosity,
such as a lubricating oil fraction having a boiling point of
from about 220 to 550°C and a viscosity. of from about 2 to 40
cSt at 100°C. Any other organic solvent may also be used as
the diluent as long as it shows a lipophilic property and is
" not influenced on the reaction or the practical use of the
final product.

The following describes main steps and operation
conditions to be employed in the production process of the
overfbased phenate of the present invention.

The (sulfurization and) metal addition step is
carried out using phenols, dihydric alcohdls and an alkaline
earth metal reagent, or a sulfur-added mixture thereof or a
watefladdéd mixture thereof. The reaptioﬂ may be carried out
at a temperature of from about 60 to 200°C, preferably from
"~ about 90 to 190°C, if necessary under a pressure of from 0.1

to 10 atm A.
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When sulfur is used, sulfurizétion reaction occurs
simultaneously with the metal addition reaction. Hydrogen
sulfide generated during the reaction may or may not be
removed from the reaction system; This reaction completes
generally within the range of from about 1 to 9 hours.

After compietion of the (sulfurization and) metal
addition reaction, excess amounts of water and dihydfic
alcohol are removed from the reaction system by.distillation,
a predetermined amount of water is located in the system, and
then the carbon dioxide treatment step is effected by
“allowing the resulting intermediate product to react with
carbon dioxide at a temperature 6f from about 50 to 230°c,
preferably from 80 to 200°C. If necessary, the thus obtained
product is allowed to stand in an atmosphere of carbon
dioxide for a period of from séveral minutes to a little over
10 hours at a temperature of from about 100 to 230°C under a
pressure of from atmospheric to 20 kg/cm?G, preferably from
atmospheric to 11 kg/cm?G. The carbon dioxide treatment is
effective in further improving properties of the final
product as lubricating oil and fuel oil additives, specially
in improving solubility and stability of the product in
engine oil.

It is possible to incorporate more metals to the
reaction product obtained after the carbon dioxide treatment
by addiné the alkaline earth metal reagent and dihydric

alcohol to the reaction product, carrying out (sulfurization
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and) metal addition reaction again in the aforementioned
manner and then repeating the carbon dioxide treatment step
one or more times. From the economic point of view, if is
preferable to recover a part or most of the unreacted phenols
from the reaction product obtained after the carbon diokide
treatment and to use the recovered phenols again as the
reaction material. In that case, a distillation residue will
be obtained in a desirable liquid form when distillation of
the unreacted phenols is carried out in the presence of a
usually used diluent such as high boiling point mineral oil.
Insoluble materials in the distillation residue may be
removed by filtration, centrifugatién_o; the like means
before or after the recovery of phenols.

By the coexistence of an appropriate amount of water
at the carbon dioxide treatment which is carried out after
the (sulfurization and) metal addition reaction, at least a
part of water diiectly takes part in the reaction system and
decreases the amount of phenols incorporated into the
resulting product, thereby rendering possible considerable
increase in fhe basicity of the product obtained by the
process of the present invention in comparison with the case
of’ similar process with no coexistence of water, in spite of
the use of a relatively simple process and a small number of _
reaction materials. . |

In general, when a detergent such as phenate is added

to lubricating oil and the like, the amount of the detergent
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to be added is calculated based on its total base number. 1In
consequence, increasing of the bésiéify'leads to markedly
large economic effects, because the amount of expensive
alkylphenol to be used.can be reduced.

In addition, the following effects can be obtained by
the addition of sulfur within the aforementioned specific
blending range together with the introduction of an
appropriate amount of water at the time of the carbon dioxide
treatﬁent.

(1) A product having a high total base number of 300
mg KOH/g or more can be produced. While prior art product
having an easily handleable viscosity has a total base number
of abéut 260 mg KOH/g at the most, the present invention has
rendered possible improvement of the total base number by a
factor of 15% or more.

(2) Prdduct viscosity can be decreased sharply. A
product having a total base number of 300 mg KOH/g or more
cannot be obtained easily by the prior art proceés without
reducing the amount of diluent oil to a minimum level which
entails considerable increase in the product viscosity.
Contrary to this, a product having a total base number of
aboutr 300 mg KOH/g having almost the same viscosity as that
of the prior product (total base number, about 260 mg KOH/g)
can be produced by thé use of the process of the present

invention. As a matter of course, handling of a prbduct at
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the time of its addition to iubricating oil and the like can
be made easily with the decreasing of the product viscosity.

The following examples are provided to further
illustrate the present invention. It is to be understood,
however, that the examples are for purpose of illustration
only and are not intended as a definition of the limits of
the invention.

INVENTIVE EXAMPLE 1

A four-necked flask equipped with a stirrer, a
condenser, a nitrogen gas inlet and a thermometer was charged
with 2,3}0 g (10.5 moles) of nonylphenol, 57 g (1.8 moles) of
sulfur and 168 g (3.0 mo%es) of 100% pure calcium oxide,
followed by stirring. Tﬁe resulting ;ugpension was mixed
with 306 g (5.1 moles) of ethylene glycol in a stream of
nitrogen under normal pressure at 136°C, and the mixture was
" stirred for 5 hours at 135°C to effect sulfurization and
metal addition reéction.. With gradual decrease of pressure
in the ;eaction system, formed water by the reaction, 196.2 g
(3.27 moles) of ethylene glycol and a small quantity of
nonylphénol were removed by distillation to obtain 2,549.1 g
of a distillation residue in a liquid form. The liquid
distitlation residue thus obtained was found to have a
viscosity of 86.21 cSt (at 100°C), an éthylene glycol content
of 0.61 mole/mole Ca,.a calcium content of 4.72% by weight
aﬁd a sulfur content of 2.03% by weight; A 787.3 g portion

of the distillation residue was mixed with 5.6 g (0.31 mole;
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0.33 mole/mole calcium oxide) of water, and the mixture was
put in an autoclave to allow the mixture to absorb carbon
dioxide under a pressure of 5 kg/cﬂFG'and at a temperature of
150°C for a period of 30 minutes. After becoming the
pressure 2 kg/anG and increasing the temperature to 175°C,
carbon dioxide was again introduced into the autoclave until
the pressure increased to 5 kg/cm’G, and the contents were
allowed to stand for 2 hours to obtain a reaction product
solution. In this instance, introduction of carbon dioxide
into the autoclave was carried out while measuring its
guantity. A 804.0 g.portion of the reaction product solution
was mixed with 217.9 g of 150 neutral oil as a diluent, and
the mixture was filtered to remove 1.10 g of insoluble
materials. The thus obtained filtrate was put into a three-
necked pear-shaped flask and subjected to distillation under
a reduced pressure to remove 12.0 g (0.20 mole) of ethylene
glycol and most of unreacted nonylphenol dissolved in the
filtrate, thereby obtaining 419.5 g of a diStiilation residue
as a final product. In this instance, 'the final distillation
temperature was 155°C (1 mmHg). Properties of the final
product are shown in Table 1.

-

COMPARATIVE EXAMPLE 1

A 1,181 g portion of the 2,549.1 g distillation
residue obtained after the sulfurization and metal addition
reactions in Inventive Example 1 was used as a starting

- material. Carbon dioxide treatment of the material was
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carried out in the same manner as described in Inventive
Example 1 except that water was not added to the matefial,
150 neutral oil was added in an amount of 337.0 g and 1.6'g
.of insoluble materials were removed. In this way, 682.1 g of
a final product.was obtained, with its properties shown in
Table 1.

Table 1

Inventive Comparative
Example 1 Example 1

Properties of final products:

Metal addition equivalent 3.83 2.26
ratio (PEQ value)¥*

Viscosity c¢St at 100°C ' 72.09 150.3
Total base number mg KOH/g 241 225

Ca content wt% 8.61 8.0f
S content  wt$% 3.03 3.01

*: Gram equivalent ratio of alkaline earth metal per phenol
component in the phenate product, which can be used as an
estimate of the basicity. Similarly, the total base number
(at the same viscosity) can be used as an estimate of the
 basicity.
_ COMPARATIVE EXAMPLE 2

.« A 500 g portion of the 2,549.1 g distillation residue
obtained after the sulfurization and metal addition reactions
in Inventive Example 1 was used as a starting material.
Carbon dioxide treatment of the material was carried out by

adding 15.9 g (0.883 mole; 1.50 moles per mole calcium oxide)
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of water to the material, but ﬁhe resulting product was
hardly filterable and insoluble in paraffinic base oil.

The product obtained in Comparative Example 2 in
which an excess of water was added at. the time of carbon
dioxide treatment was hardly useful from practical point of
view. It is evident also that the final product obtained in
Inventive Example 1 in which an appropriate amount of water
is added at the time of carbon dioxide treatment has an
improved PEQ value in comparison with the case of Comparatiﬁe
Example 1 in which water is not added. |

INVENTIVE EXAMPLE 2

An autoclave was chafged with 660 g (3.0 moles) of
. nonylphenol, 22.4 g (0.7 mole) of sulfur and 58.4 g (1.0
mole) of 96.0% pure calcium oxide. With stirrihg, the
resulting suspension was mixed with.a;mixture solutiop
consisting of 33 g (0.55 mole) of ethylene glycol and 18 g
(1.0 mole) of water, and the resulting mi#ture was stirred in
a stream of nitrogen for 5 hours at 130°C under a pressure of
2 kg/cm®G to effect sulfurization and metal addition
reaction. In this instance, the mixture solution was
maintained in a stream of nitrogen for 30 minuﬁes at 125°C
under normal pressure prior to its use. With gradual
decrease of pressure in the reaction system, water and a
small amount of ethyléne glycol were removed by distillation
to obtain 742.6 g of a distillation residue. In this

instance, the final distillation temperature was 25°C (32
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nmHg). Water was mainly removed by this distillation step
within a relati&ely short period of time and easily.

The liquid distillation residue thus obtained was
found to have a viscosity of 168.3 cst (at 100°C), an
ethylene glycol content of 0.54.mole/mole Ca, a calcium
content of 5.4% by weight and a sulfur content of 2.1% by
wéight.

The distillation residue thus obtained was mixed with
3.6 g (0.2 mole; 0.2 mole/mole calcium~oxidé) of water, and
the mixture was allowed to absorb carbon dioxide under a
pressure of 5 kg/cm’G and at a temperature of 120°C for a
period of 30 minutes. After becoming the pressure 2 kg/cm?G
and increasing the temperature to 175°C, carbon dioxide was
again introduced into the autoclave until the pressure
increased to 5 kg/cm’G, and the contents were allowed to
stand for 2 hours to obtain a reaction product solution. The
reaction product solution was mixed wifh 242.3 g of 150
‘neutral oil as a diluent, and the mixture was filtered to
remove 2.1 g of insoluble materials. The thus obtained
filtrate was put into a three-necked pear-shaped flask and
subjected to distillation under a reduced pressure to remove
a ‘portion of ethylene glycol and most of unreacted
nonylphenol dissolved in the filtrate, thereby obtaining
472.3 g of a distillation residue as a final'prodﬁct. In
this instance, the final distillation temperature was 155°C

(1 mmHg). Product conversion ratios of the reaction
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materials and properties of the final product are shown in
Table 2. | |

In additioﬁ, a portion of the final product.was
subjected to a column chromatography using silica gel as an
adsorbent and n-hexane as a substitution agent to isolate an
active component in the form of pale yellow powder. The thus
isolated active component was hydrolyzed with an excess
amount of 1 N sulfuric acid aqueous solution and the
resulting oil layer was analfzed by liquid chromatography to
find that 3.8 mol% of the active component-constituting
nonylphenol was nonylsalicylic acid.

INVENTIVE EXAMPLE 3

The steps before the carbon dioxide treatment in
Inventive Example 1 were repeated to obtain 2,551.0 g of a
distillation residue in a liquid form. A 859.2 g portion of
the distillation residue was mixed with 12.1 g (0.67 mole;
0.66 mole/mole calcium oxide) of water, and the mixture was
put in an autoclave to allow the mixture to absorb carbon
dioxide under a pressure of 5 kg/cm?G and at a temperature of
120°C for a period of 30 minutes. After decreasing the
pressure to 2 kg/cm’G and increasing the temperature to
155°C, carbon dioxide was again introduced into the autoclave
until the pressure increased to 5 kg/cm’G, and the contents
were allowed to stand for 2 hours to obtain 910.9 g of a
reaction product solution. A 890.9 g portion of the reaction

product solution was mixed with 217.9 g of 150 neutral oil as
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a diluent, and the mixture was filtered to remove 1.10 g of
insoluble materials. The thus obtained filtrate was put into
a three-necked pear-shaped flask and subjected to
distillation under a reduced pressure to remove 18.6 g (0.31
mole) of ethylene glycol and most of unreacted nonylphenol
dissolved in the filtrate, thereby obtaining 428.9 g of a
distillétion residue as a final Product. In this instance,
the final distillation temperature was 155°C (1 mmHg).
Product conversion ratios of the reacfion materials and
properties of the final product are shown in Table 2.

When the final product was analyzed in the same
manner as described in Inventive Example 2, it was found that
3.1 mol% of the active component-constituting nonylphenol was

nonylsalicylic acid.

Table 2

Inventive Inventive
Example 2 Example 3

Product conversion ratio of
reaction materials:

ca0o % 97.9 98.8
NP* % 21.1 12.5
8~ % 62.8 | 61.5
EG**% | 71.1 15.9
co, % ' 16.7 78.5

Properties of final products:
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Metal addition equivalent 3.09 4.53
ratio (PEQ value)

Viscosity cSt at 100°C 89.28 79.48
Total base number mg KOH/g o 233 255

Ca content wt% ' 8.31 9.16
S content  wt$ 2.99 2.73
Reacted CO, content wt$% | 5.66 7.06

(Noté): * NP, nonylphenol; ** EG, ethylene glycol

It is evident that the final products obtained in
Inventive Example 2 in which water is coexisted in an amount
of 0.2 mole per mole éalcium.oxide at the time of the carbon
dioxide treatment and Inventive Example 3 in which 0.66 mole
of water is coexisted have markedly improved PEQ values in
comparison with the results of Compérétive Example 1.

INVENTIVE EXAMPLE 4

A fouf—necked flask similar to the one used in
Inventive Example 1 was charged with 880 g (4.0 moles) of
nonylphenol and 56.1 g (1.0 mols) of calcium oxide, followed
by stirring. The resulting suspensionnwas mixed with a
mixture solution consisting of 36 g (0.6 mole) of ethylene
glycol and 19.8 g (1.1 moles) of water, and the resulting
mixture was stirred for 5 hours at 130°C to effect metal
addition reaction. In this instance, the mixture solution
was maintained in a stream of nitrogen for 30 minutes at

125°C under normal pressure prior to its use. With gradual
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decrease of pressure in the reaction system, water and a
small amount of ethylene glycol were removed by distillation
to obtain 953.5 g of a distillation residue in a liquid form.
The thus obtained distillation residue was transferred into
an autoclave and mixed with 7.2 g (0.4 mole; 0.4 mole/mole
calcium oxide) of water, and the mixture was allowed to
absorb carbon dioxide under a pressure of 11 kg/cm’G and at a
temperature of 120°C for a period of 30 minutes. After
becoming the pressure 5 kg/cm?G and increasing the
temperature to 175°C, the contents were allowed to stand for
2 hours to obtain a reaction product solution. The reaction
product solution was then mixed with 237.4 g of 150 neutral
oil, and the mixture was filtered to remove 2.8 g of
insoluble materials. The thus obtained filtrate was put into’
a three-necked pear-shaped flask and subjected to
- distillation under a reduced pressure to remove a portion of
unreacted ethylene glycol and most of unreacted nonylphenol
dissolved in the filtrate, thereby obtaining 411.9 g of a
distillation residue as a final product. In this instance,
the final distillation temperature was 157°C (1.5 mmig).
Product conversion ratios of the reaction materials and
propérties of the final product are.shown in Table 3.
COMPARATIVE EXAMPLE 3

A 463.4 g portion of a final product was cbtained by

repeating the process of Inventive Example 4 except that

water was not added and the carbon dioxide treatment was
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carried out. Product conversion ratios of the reaction
_materials and properties of the final product are shown in

Table 3.

Table 3
Inventive Comparative
Example 4 < _Example 3
Product conversion ratio of
reaction materials:
Ca0 % 97.5 97.6
NP* % 12.7 16.4
EG**$% 16.4 61.5
COo, % 72.3 49.7
Properties of final products: '
Metal addition equivalent 3.83 2.97
ratio (PEQ value)
Viscosity ¢St at 100°C -106.3 88.34
Total base number mg KOH/g ' 260 231
Ca content wt$% 9.30 8.22
Reacted CO, content wt$% 6.80 | 4.22

(Note): * NP, nonylphenol; ** EG, ethylene glycol

_It is evident from these results that, even in the
absence of sulfur, PEQ value of the final product obtained in
Inventive Example 4 in which the carbon dioxide treatment was
carried out in the pfésent of water is markedly higher than
that of the final product of Comparative Example 3 in which

the carbon dioxide treatment was carried out in the absence
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of water. It is evident also that the product of Inventive
Example 4 obtained without using sulfur has almost the same
PEQ value as those of the final products obtained in
Inventive Examples 1, 2 and 3 in which sulfur.is used.
INVENTIVE EXAMPLE 5

A 1 liter capacity autoclave equipped with a stirrer,
~a nitrogen gas inlet and a thermometer was charged with
583.57 g (2.1 moles) of 94.39% pure dodecylphenol, 42.14 g
(0.7 mole) of 93.2% pure calcium oxide and 6.74 g (0.21 mole;
0.3 mole/mole calcium oxide) of sulfur, followed by stirring.
The resulting suspension was mixed with 65.21 g (1.05 moles)
of ethylene glycol at 125°C, and the mixture was stirred for
about 3.0 hours at 130°C under a pressuré of about 3.0
kg/cm?’G in a closed.condition. With gradual decrease of
pressure in the reaction system, formed water by the
reaction, a portion of unreacted ethylene glycol and a small
quantity of dodecylphénol were removed by distillation to
obtain 659.0 g of a distillation residue in a liquid form.
In this instance, the final distillation temperature was
140°C (10 mmHg). A 659.0 g portion of the distillation
residue was mixed.with 5.04 g (0.28 mole} 0.4 mole/mole
calcitm oxide) of water under a reduced pressure, and the
mixture was allowed to absorb carbon dioxide at a temperature
of 150°C for a perio& of 30 minutes. 1In this instance,
introduction of carbon dioxide into the autoclave was carried

out at a rate of 0.315 1/min. After increasing the
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temperature to 175°C, carbon dioxide was again introduéed
into the autoclave until the pressure increased to 5.0
kg/cm?G, and the contents were allowed to stand for 2 hours
to obtain 688.0 g of a reaction product. A 688.0 g portion
of the reaction product was.mixed with 117.8 g of 150 neutral
oil as a diluent. A 732.18 g poitiénlof thelresulting
mixture was put into a 1 liter capacity three-necked pear-
.shaped flask and subjected to distillation under a reduced
pressure to remove a small amount of ethylene glycol and most
of unreacted dodecylphenol, thereby obtaining 207.8 g of a
distillation residue. In this instance, the final
distillation temperature was 230°C (2.5 mmHg). Thereafter,
the thus obtained distillation residue was diluted with a
large amount of hexane, 5.21 g of insoluble ﬁaterials weré
removed from the diluted sample by centrifugation and then
the large volume hexane was removed by distillation to obtain
194.3 g of a final product. Properfiés'of the final product
are shown in Table 4.

| INVENTIVE EXAMPLE 6

A 1 liter capacity autoclave equipped with a stirrer,
a nitrogen gas inlet and a thermometer was charged with
583.57 g (2.1 moles) of 94.39% pure dodecylphenol, 42.14 g
(0.7 mole) of 93.2% pure calcium oxide and 8.99 g (0.28 mole;
0.4 mole/mole calcigﬁ oxide) of sulfur, followed By stirring.
The resulting suspension was mixed with 65.21 g (1.05 moles)

of ethylene glycol at 125°C, and the mixture was stirred for
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about 3.0 hours at 130°C under a pressure of about 3.0
kg/cm’G in a closed condition. With gradual decrease of
pressufe in the reaction system, formed water by the
reaction, a portion of unreacted ethjlene glycol and a small
quantity of dodecylphenol were removed by distillation to
obtain 646.3 g of a distillation residue in a ligquid form.
In this instance, the final distillation temperature was
-140°C (10 mmHg). A 646.3 g portion of the distillation
residue was mixed with 5.04 g (0.28 mole; 0.4 mole/mole
calcium oxide) of water under a reduced pressure, and the
mixture was allowed to absorb carbon dioxide at a temperature
of 150°C for a period of 30 minufes. In this instance, |
introduction of carbon dioxide into the autoclave was carried
out at a rate of 0.315 1/min. After increasing the
temperature to 175°C, carbon dioxide was again introduced
into the autoclave until the pressure increased to 5.0
kg/cm?G, and the contents weré a;loweq to stand for 2 hours
to obtain 680.7 g of a reaction product. A 680.7 g portion
of the reaction product was mixed with'117.8 g of 150 neutral
oil as a diluent. A 657.8 g portion of the resulting mixture
was put into a 1 liter capacitylthree-necked pear-shaped
fY¥ask and subjected to distillation under a reduced pressure
to remove a small amount of ethylene glycol and most of
unreacted dodecylphenol, thereby obtaining 192.4 g of a
distillation residue. 1In this instance, the final

distillation temperature was 225°C (2 mmHg). Thereafter, the
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thus obtained distillation residue was dilufed with a large
amount of hexane, 7.49 Q of insoluble materials were removed
from the diluted sample by centrifugation and then the large
amount of hexane was removed by distillation to obtain 180.5
g of a final product. Properties of the final product are
shown in Table 4. | |

COMPARATIVE EXAMPLE 4

A final product was obtained with a yield of 192.5 g
by repeating the process of Inventive Example 5 except that
the amount of sulfur was changed to 15.73 g (0.49 mole; O.f
mole/mole calcium oxide) and the amount of water was changed
to 6.30 g (0.35 mole; 0.5 mole/mole calcium oxide).
Properties of the final product are shown in Table 4.

COMPARATIVE EXAMPLE 5 '

A final product was obtained with a yield of 262.1 g
by repeating the process of Inventive Example 5 except that
the amount of sulfur was changed to 8.99 g (0.28 mole; 0.4
mole/mole calcium oxide) and water was not added. Properties

of the final product are shown in Table 4.

Table 4
> T ‘ Inventive Ex. Comparative EX.
5 6 4 5

Properties of final products:
Viscosity cSt at 100°C 653 622 4432 539

Total base value mg KOH/g 342 315 326 265
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S content wt$ 2.60 3.04 4,27 2.69
Reacted CO, content wt$ 9.51 . 8.63 8.57  6.31

It is evident from the results shown in the above
table that the final products obtained in Inventive Examples
5 and 6 by respectively blending 0.3 mole and 0.4 mole of
sulfur per 1 mole of calcium oxide have markedly decreased
viscosities in comparison with the case of Comparative
Example 4 in which sulfur is used in an amount of 0.7 mole
per 1 mole calcium oxide. 1In addition, the final products
obtained in Inventive Examples 5 aﬁd 6 have total base
numbers of more than 300 mg KOH/g which are about 20% or more
higher than the final product of Comparative Example 5 in
which water is ﬁot used, in spite of almost the same
viscosity.

While the invention has been described in detail and
with refereﬂce to specific embodiments thereof, it will be
apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the
spirit and scope thereof. |

. .-
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WHAT IS CLAIMED IS:

1. A process for producing an over based alkaline earth
metal phenate in a sulfurized or unsulfurized form or as a
mixture thereof, in which said process comprises the steps
of: effecting reactions among phenels, dihydric alcohols and
an alkaline earth metal oxide or hydroxide or a mixture
thereof (to be referred to as "alkaline earth metal reagent"
hereinafter), or among said compounds further mixed with
sulfur and/or water; removing an excess amount of the
dihydric alcohols and at least an excess amount of water by
distillation; and subsequently treating iesulting
distillation residue with carbon dioxide, wherein the
improvement resides in that said carbon dioxide treatment is
carried out in the presence of water in an amount of from
about 0.01 to 1.0 mol per 1 mol of said alkaline earth metal
reagent.

2. The process according to claim 1, wherein said carbon
dioxide treatment is carried out in the presence of water in
an amount of from about 0.1 to 0.7 mol-per 1 mol of said
alkaline earth metal reagent.

3. The process according to claim 1, wherein said
alkaline earth metal reagent is used in an amount of from
about 0.001 to 0.99 equivalent per 1 eqﬁivalent of phenols.

4. The process aecording to claim 1, 2 or 3, wherein
sulfur is used in an amount of from abeut 0.001 to 4.0 mols

per 1 mol of said alkaline earth metal reagent.
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5. The process according to claim 1, 2 or 3, wherein
sulfur is used ;n an amount of from about 0.001 to 3.0 mols
per 1 mol of said alkaline earth metal reagent.

6. The process according to claim 1, 2 or 3, wherein
sulfur is not used.

7. A process for producing an over based alkaline earth
metal phenate in a sulfurized or unsulfurized form or as a
mixture thereof, in which said process comprises the steps
of: effecting reactions among phenols, dihydric alcohols and
an alkaline earth metal oxide or hydroxide or a mixture
thereof (to be referred to as "alkaline earth metal reagent"
hereinafter), or among said compounds further mixed with
sulfur and/or water; removing an excess amount of the
dihydric alcohols and at least an excess amount of water by
distillation; and subsequentiy treating resulting
distillation residue with carbon dioxide, wherein the
improvement resides in that said carbon dioxide treatment is
carried out in the presence of ‘sulfur in an amount of from
0.1 to 1.0 mol per 1 mol of said alkaline earth metal reagent
and in the presence of water in an amount of from about 0.1
to 0.7 moi rer 1 mol of said alkaline earth metal reagent.

<_8h_ The process according to claim 7, wherein said carbon
dioxide treatment is carried out in the presence of water in
an amount of from abéﬁt 0.2 to O.S.mol per 1 mol of said

alkaline earth metal reagent.
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9. The process according to claim 7, wherein said
alkaline earth metal reagent is used in an amount of from
about 0.001 to 0.99 equivalent per 1 equivalent of phenols.

10. The process according to claim 7, 8 or 9, wherein
sulfur is used in an amount of from about 0.1 to 1.0. mol per
1 mol of said alkaline earth metal reagent.

11. The process accofding to claim 7, 8 or 9, wherein
sulfur is used in an amount of from about 0.1_to 0.7 mol per
1 mol of said alkaline earth metal reagent.

12. The process according to claim 7, 8 or 9, wherein
sulfur is used in an amount of from about 0.2 to 0.5 mol per
1 mol of said alkaline earth metal reagent..

13. The process according to claim 1 or 7, wherein said
dihydric alcohol is used in an amount of from about 1.0 to
3.0 mols per 1 mol of said alkaline earth metal reagent in
the metal addition or sulfurization and metal addition
reaction.

14. The procesé according to claim 1 6r 7, wherein water
is added in an amount of from about 0.01 to 10 mols per_l mol
of said alkaline earth metal reagent in the metal addition ox
- sulfurization and metal addition reaction.

. 13. The process accordiné to claim 14, wherein said
dihydric alcohol is used in an amount of from about 0.15 to
3.0 mols per 1 mol of said alkaline earth metal reagent in
the meﬁal addition or sulfurization and metal addition

reaction.
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16. The procéss according to claim 1 or 7, wherein said
dihydric alcohol is used in an amount of from about 0.15 to
1.5 mols per 1 mol of said alkaline earth metal reagent in

the carbon dioxide treatment.
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