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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.



4,123,371 have found tpat an unexpectedly highly basic— al kaline earth
netal phenate can be pr@duced by carrying out the ab®yé reaction in the
presence of excess phenols. In addition, Hori and Ueda
et al. as disclosed in U'S. Patent 4,518,807 have found that conversi on
ratio of an alkaline earth netal reagent into final product per one
reacti on can be increased markedly without regylrlng the use of excess

di hydric al cohol by the addition of an appropriate anDunt of water to a

reacti on systemipn whi henol.s ric al hoI n a ajlne earth
net al reaggnt or gﬂ gﬁﬁFgPﬁrehPﬁérﬁﬁa &ﬁaﬁ §EIF é}ﬂﬁf o eact
with one
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m ni mum These processes, however, have dlsadvantages I n that
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,



i't is extrenely difficght to produce an over-based suhfﬂrized phenat e

havi ng a hi gher basicitﬁathan those of the prior art *products and, even if
an over-based phenate is produced, the product cannot be handl ed easily
because of its extrenely high viscosity. Inprovement of the basicity to a
hi gher level than the prior art products ang sinultaneous decrease in the
viscosity will have markedly |arge economc € fects; . because not
only an over-based phenate can be handled easily but also its amount to be

added to Igduai &t it ¥ J L€ t ampunt , of expensive,
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consideration, it is the purpose of the present Tnventton to provide an

over - basegheltefaire Al AmdURCHTS Hhy éﬁﬁﬁﬂ@%x@ﬁ%ﬁ@ﬁ@?fca hge phenat e

according to the present invention has a high basicity and a | ow
vi scosi t yreduced. Wth the aimof attaining these objects, the present
i nventors have conducted intensive studies and found that a phenate having

an exceedi ngly high basicityS SHBeINVENPIONXCcess di hydric al coho
Is renoved by distillation from an internedi ate product obtained after
(sul furization andfking 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 has 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



metal. additidn reactiopsand then the resulting intermgehate product i's
reacted with carbon di‘gki de in the presence of an appifdpri ate anmount of
wat er whi ch has been considered to be  undesirable as disclosed in U S.
Patent 4,518,807, because of its nature to decrease stability of a final
product and prevent normal progress of carbgnation reaction when water is
present in the reaction systemat the tine of carbon dioxide treatnent of
an internedi ate product obtained after (sulfurization and) netal addition

reactions. e _presen i.nvent ors_have found also that, viscosit f an
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i nventi onyhas JBeGR 2enaTRlibhaed il A HAR Heof 14 | elfiesa whi el
render ed p_ossiagl e pro gct f'o?\l i a% over-basza_ s:ﬁlka |nle earth netal phenate
having a praBeh@sigventibal hagabeehn ReddMpld shed i RIS haEis abfl these
si mul taneously having a |ow viscosity. Accordi ngly, the gist of
the presefindivigst whichr e2ndesedn possi®les priodudticon ol i | owepibased
over-based alkaline earth netal phenate (sulfurized, unsulfurized or a
m xt ure t hédkadfinet karthmmetalle phenates hawitee & dilgwbeapicity 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 applieé 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’ cdrried 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



iwhi ch the process co I'ses the steps. of: effecting reaptlons anong
di hydric alcqhbls and an al kal i ne earth net al*-? oxi de or hydroxi de
or a mixture thereof (to be referred to as "alkaline earth nmet al reagent”

phenol s,

hereinafter), or anong these conpounds further mixed with sul fur and/or

water; renoving an excess anount of the dihydric alcohols and at | east an
excess anount of water by distillation; an§ subsequently treating

resulting distillation residue with carbon
| mprovenent resides in that the carbon_di oxi de treatnent |s carried out

i oxi de, wherein the

t he preseﬂ%‘é daftigR ep AnaAvarohAseds alkahingnearth metad phenafie

pr ef er abl

met al rea %Wf’

5 produc€¥§§£%€H5 %$é$r5§§§583# gﬁ ﬁgg §F§%EH§%2F&h%&%£H§ %ﬁnﬁﬂstlng of

th b t
Lhe roucambEht ofEEGh Tabdfe O BOBOCLOY] iB1 | EEARALLS LR b 11
y.ireg @bsv%olo ﬁoi‘@ Qrzfayéblg%eoﬁr aio%h%bloyzfrtfaﬂ 1oyl,10. 2 to

pr esent

pr ef er abl
0.5 nol,

presence
fromO. 2

BARERS e Ot B, Pobeer Fhotoll B ShaRHARGATT"
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0.5 nmol, per 1 nol of the alkaline earth netal reagent.
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.

in



O her objects and advqniages of the present invention,w ||l be nade
apparent as the descrigiti on progresses. BETAI LED DESCRI PTI ON
OF THE | NVENTI ON - Exanpl es of phenols to be used in the present

i nvention include those which have a hydrocarbon side chain of 4 to 36
carbon atons, preferably 8 to 32 carbon atons, such as al kyl, alkenyl,
aral kyl or the like group. |Illustrativg exanples of such phenols include
t hose which have a hydrocarbon group ch as butyl, anyl, octyl, nonyl,

dod |, tyl, ethylh [, tri tyl .the like, deri ved
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al kal i ne ‘ear nmetal s such as al cirum bariim strontium magnesium and
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amount of tfrom about 0.001 to 0.99 equival ent "per 1 equival ent of phenols.

Wien t he afiivdlerdt to phdwdlse odliém 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



nmetal reagent is |arger_than phenols, a product of intefest having

excel | ent quality\Mllﬁﬁot be obtai ned because of the# gel ati on of

internedi ate products'ghd term nation of subsequent reactions. If the
anount is too small, not only the product yield per Teaction materials
woul d be reduced but also the utility and time required for the recovery
of phenols woul d becone | arge, thus causan di sadvant ages from the
econoni ¢ point of view The di hydric alcohol with a relatively | ow
boiling point, a lowviscosity and a high reactivity may be used..
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amount of from about
- 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



0.15to 3.0 nols, preferably fromabout 0.3 to 1.5 nol per 1 nol of the
al kal i ne earth netal réébent Wien the reaction is caciied out without
addi ng water, the dihydric alcohol may be used in an amount of from about
1.0to 3.0 nols, preferably fromabout 1.2 to 2.0 nots, per 1 nol of the
al kal ine earth netal reagent. The amount of the dihydric alcohol if too
smal | woul d cause reduced the conversion r@tio of reaction materials into
a product, especially of the al kaline earth netal reagent, and the anount

if too Iaﬁgg m?uld requir o much_tioge and utility for the renoval of
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anount of fromabout 0.1 to 1.0 nol, preferably fromabout 0.1 to 0.7 nol,

nor e prefigy diiley dveaxmbsmitity 2f othe 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 water and the like, ae 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%xing of the entire reaction materiale other than water, but
preferably within about 1 hour after completion of the mixing
of all reaction materlals 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



8 0.5 mol, per 1 nol'.ef the alkaline earth netal rqugnt Though t he
pr oduct V|sc05|ty decreﬁ%es as the anount of sul fur & reduced, too smal
an anmount will cause reduction of sulfide content and oil solubility of
the resulting product. Wen the anmount 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 vispsity of the product wl |l
beconme consi derably high. Wen water is added to the reaction
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whol e amount of water with other reaction materials such as a phenol, a
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water to a reactor is not particularly limted, and it nmay be added before

or after pyrodund ofwitlie berdamee hisgct iion conipearbden ovbelh thancaseeof but
preferably w thin about 1 hour after conpletion of the mxing of all
reacti on mReEtigns cargimehowdf unstegr tthe Eaneideohditiome betcvithouystemto
enhance the nmetal addition reaction may be in the range of from about 0.01
to 10 nol &dddng Mahen, 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



from0.1 to 2.0 nols, pgr 1 nol of the alkaline earth g;etal reagent. Wen
the (sul furization andifretal addition reaction is cdrried out by adding
water fromoutside to the reaction system the reaction will progress
smoot hly and the conversion ratio of the alkaline earth netal reagent into
a product, will "becone high, in conpariSOjﬂﬁdth the case of a reaction
carried out under the sane conditions but wYhout adding water. I.n
consequence, the conversion ratio of the alkaline earth netal reagent into
a product metdl dekiiddom ndertidie. afmountofofiarater oibethedegacsirhe
reaction system is too small. On the contrary, when the anmount of water is
t oo | ar ge,system imayshs lcontrahled agehun tthe prangeitof | fvemt RBAUEN O 8dns of
the sinplification of the distillation_ step after conpleiion of thel
reaction. to 1.0 molgomuefiersblhExam phowt et 500 he™dexPEFed P4t he
time of the carbon _dioxide treatnent. may be effected generally after the
conpl et i oP%oft g &3 &e.ta]allf%/ﬁﬁ?fbt'r eaction materials including a
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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 disfillatibn, 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



the tine of the carbonrdioxide treatnent may have no particular limtation
inits quality and condifion, simlar to the case of Wdter to be used for
the enhancenent of the ) 10 netal
addition reaction. Amount of water in the reaction system may be
controlled within the range of fromabout 0.01 to 1.0 nol, preferably from
about 0.1 to 0.7 nol, per 1 nol of the i! aline earth netal reagent.
However, when the content of sulfur to bé-blended is specified as

described in the foregoing for the purpose of _further ipproving the
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present in the reaction system water in the systeminc ng"  added water
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during renmoval of the excess dihydric alcohol. In such a case, therefore,
it Is necadaity 0.06 add 18 Hnded eiphdRk BB rdn A et @f3efot Pearenoval

of excess dihydric alcohol. On the other hand, when the dihydric al cohol
is not presdst, pexanl excdess athmu@lkaliidee 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



‘reacti-on system an exXgRss portion of water remained immthe systemafter
conpl etion of the reacti#on, which has been added as & eaction enhancer
before the (sulfurization and) netal addition reaction or formed during
the reaction, may be renoved by distillation, |eaving only a predeterm ned
anount of water. Wien the anount of remmined water cannot be judged, it
is desirable to add a predeternined anount 142 _
11 water after renoving entire anmount of the remai ned water by

I s desirable to _keep the

i hy i ¢ BRBRRE AP hra R YOI (PR SATRAR= GRS T iUt 0. 15
I hydric | a o) apout 0.15 to
1.5 Ml s, PSSPy, o URANMD Sl ool oy Ragy ML ghcpheaal kal i ne

earth et réagent oug uct™vi SCoSI ecreases as t he

anmount o i IoF | %%m MUt Pf t&{+ M { e Cause
reducti on c?\fi%ttlhe_ l?gsitgll%[?agn g‘f?ﬁgolq{ﬁﬁjityaqlerﬁps%c vg'{ l)({:\Ilaseé,a t hese
probl ems g% tha 1R &F Rnrida’ tese gerd14ll SPE] SHsSWEdnds, aiguionate or
the like. When the amount of water 'is too small, its effect to inprove the

basicity dédilrablie h® Asedianed ludnt @haH Yo aidth &stéft ciepluehé@codn of

water nmay be obtained wthin the above range, its optimum anmount nmay vary

to sone exhentredendon ndemn thiee revoveresf 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
watefkaddéq mixture thereof. The reaptioﬂ may be carried out
at a temperature of from about 60 to 200°C, preferably from

" about 90 to 1390°C, if.necessary under a pressure of from 0.1

to 10 atm A.



sul fur to be used. In pgrticular, it will be effectiveso decrease the
amount of water to be &Jded as the amount of sul fur degk eases.

According to the process of the present invention, a _dlluent or sol vent
having a proper viscosity (to be referred to as "diluent” hereinafter) may
be added to the reaction system in order to effect easy handling of a
reaction product or a reaction internediatgkgfor exanpl e, when the
recovery of an excess anobunt of unreacted phienols froma reaction product

' ' Il at n the resence of a-diluent
h:vfﬁgrgeﬂigﬁtbgyﬁgﬁanggﬁ%ngiélgs%dtogdlfurlzaéion reaction occurs

desi | abl cSHAIIFARPEERLY FAth SHe Erfégﬁﬁla“dg“”ca%ﬁf?%é’#%é’aé‘mgem&% ey be
distilledg ﬂﬁkspbt?ehggatghsh|ue%?' Eﬂﬁ§ﬁﬁf%ﬂ@§ §¥ %X A&tqgnsequence

it is desira ouse ad not IHehc®®on  the

reaction yhRBybHC FLBROLRLCIHRESY t%@ @ﬁno' THE é@'eén the
gl e a para

reaction. Preferred exanples of t luent i nc

napht heni genaralayl wiehia tw&ﬁhgeotafp&tﬂoq{ %ty&i% sitidd & Ehch?:}/é ng a proper
viscosity, such as a lubricating oil fraction having a boiling point of

from about 220 toabb8fetohfletdon viESehs {(¥uldfuidioatakeutany )the4tQa1 cSt at
100[err] C. Any other organic solvent may al so be used as

addition reaction, excess amounts of water and dlhydrlc
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



the difuent as long as Lt shows a lipophilic property ard is not

i nfluenced on the reactiépn or the practical use of the=inal product.

The foll owi ng describes main steps and operation conditions to be enployed
in the production process of the over-based phenate of the present

i nvention. ' The (sul furization and) netal addition step is carried
out using phenols, dihydric al cohols andwgpgﬁlkaline earth netal reagent,
or a sulfur-added m xture thereof or a -added m xture thereof. The
reaction may, be carried out at a tenperature, of  fromabout 60 to

200L er 1] CATMEERY PEHTHOm FRACHPH FORMT 47 Ehe | F ERBCBEREI §RERder a

pressure of fraom Q. tQ

130" Sangied s i FORBAL I, VIR ARG FhaEde LhatpEnt step
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generated durin e reaction nay or may no renoved reaction

system THi:SeeaRie e SRS a GRIAL A M&‘%m the ERPSECEE ;{uﬂahélmlﬂ 1

to 9 hours. _ After conpl et on of sul furization an nmet a
addi tion reamt 1o RSO Prothictofoad Sedr b Yehé CcafbsRN@ioRige

renoved fromthe reaction systemby distillation, a predeterm ned anount
of water itxdaremintd andl ttee sty evbvered 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



t hen .t he carbon d|0X|de,¢reatnent step is effected by & lowng the

resul ting internediate @foduct to react with carbon dr@klde at a
tenperature of fromabout 50 to 230[err]C, preferably from80 to
200[err]C. If neaessary, the thus obtained product is allowed to stand in
an at nosphere of carbon dioxide for a perifgisf fromseveral mnutes to a
little over 10 hours at a tenperature of f about 100 to 230[err] C under
a pressure of fromatnospheric to 20 kg/cnferr]G preferably from

Furchor 1 e e a8l EF palf SPRd BrRfl o haC RARY Hgbe Simiir | Hh
fuel ofl adghllySencePerhlhdsihd LEPLAY! BlsIALHY hiehia21d %eéa of the
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product in eng POSSi I'ncor por at € nore metal s

to the reﬁéfiaﬂe@éﬂ&h'fé QPiééﬂgd sé&sﬁséheheaameﬁn@ o %@:ﬁrern%qw@nt by

addi ng the alkaline earth netal reagent and di hydric alco to the

reaction hel6l Yo e Obised SE4H Ube Z2bHABed .
14 and) netal addition reaction again in the aforenentioned manner and

then repeating thelradditiboxitite t fehlowbhgseéepfectnecan Ber ebtiai®ed byom
the economc point of view, it is preferable to recover a part or nost of
the unreacthe gddifolen ¢f osmlifrer redthinntheodforenbnsivegdaspecitfie car bon
dioxide treatnent and to use the recovered phenols again as the

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 the use of the process of the present

invention. As a matter of course, handling of a prbduct at



reaction material. In %h§t case, a-distillation residugawll be obtained
in a desirable liquid tgEmwhen distillation of the uff®eacted phenols is
carried out in the presence of a wusually used diluent such as high boiling
point mneral oil. [Insoluble materials in the distillation residue may be
renoved by filtration, centrifugation or the |like nmeans before or after
the recovery of phenols. By the cbbxi st ence of an appropriate
amount of water at the carbon dioxide treatnment which is carried out after
t he (sul fuyrization d), nmetal, addition reaction, at.leas pari of water
direct!y LR OF i Rihab e crai et baeas Fhe” Libeneah:
phenol s iRcor at . t.he | t e '

possi bl e cri:'oené"lB=1 3~1;er da(t:al%el ﬂ% (r?f%:lrée}‘astel{ ?eﬁ&%%feé%aﬁgﬁé@%?é [ﬁ%ggér{géugggggg git?{éd by
the process of ! BAPIRIAY.Y Whrftlde HAMHI QLA £ Hopchase  Of

simlar process w no coexli stence of water,” 1n spite of the use of a

relativel ¥ 19h/BHr@tY QRS praftbr: STRIdntRBET Bf i CE6tbeNuABbeELaba,
In general, when a detergent such as phenate is added to lubricating oi

and the | iHgwevdie, aRattthd dfinplRierg@ntfor purpose of illustration

15 to be added is cal cul ated based on its total base nunber. In

consequen@mly meidkavenolf intertbs] dd \a ldefinitiomrdedtie 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;



I"ar ge- econom c effects fgecause the anobunt of -expensivex al kyl phenol to be
used can be reduced. Tl In addition, the follomﬁhg'effects can be
obtai ned by the addition of sulfur within the aforenentioned specific

bl endi ng range together with the introduction of an appropriate anount of
water at the tine of the carbon dioxide tr ment . (1) A product
havi ng a high total base nunber of 300 ng g or nore can be produced.
While prior art product having an easily handl eabl e viscosity has a total

base MUTDEG 381 pabRho P20 G Byhol e hek oot e AT NG LAl P22
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obt ai ned e@:?éii{d@yuﬁ&ér pgl {-efé% ﬁfe§sk /Eﬂﬂwtana egliich neeﬁl{aéraeayet off

diluent oil to a mninum!| entails considerable ihcrease in the

product ViEs@sttFor éxﬁéfféa &P 36'ﬁlnétaéOduﬁktaéVbaﬁoﬁlh@t%hebase nunber
of about 300 ng KOH g having al nost' the sane viscosity as that of the

prior prodpedsgdes ap ]@@ﬁ@n@@?ﬂarﬁﬁ@&sﬁ@ﬁKb@ﬁﬁéxaﬁﬁﬁebEODIUSBG(?d by

the use of the process of the present invention. As a matter of course,

handl i ng odaxbdi 0diiétidé was again introduced into the autoclave uhtil
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 té 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



the tinme of its additi to lubricating oil and the Ii%b can be nmade
easily with the decreasjthg of the product viscosity. - The foll ow ng
exanpl es are provided to further illustrate the present invention. It is

to be understood, however, that the exanples are for purpose of
iLllustration only and are not intended as a definition of the limts of
t he invention. 'INVENTI EXAMPLE 1 _ A
four-necked flask equi pped with a stirrer, condenser, a nitrogen gas

thifpﬁggo$r£2§&n8?¥ §£n§ﬁ§ %h@%gﬁgn u?ggngg%g§gbg?3 % EB#%%%'of 100% pure

cal ¢l um Okl fifple! 3! bOUERLOYnat 41RO, wiBenbESHLEERT (B TAY AR 1 xcd

with 306 1 nol es) y ene glycol 1n a streamof nitrogen ‘under
normal preggunBudkal3fier whE a88ddt Bf BhXbhbaneass SB7.LEG faeid 1 Jow s at
135[err]C to effect sulfurization and netal addition reaction. Wth
gradual de€r easelablerpaserealsnwebe removedn syat ehisf eaygd 682.ar doyf he
reaction, 196.2 g (3.27.noles) of ethylene glycol and a small quantity of
nonyl phenal firad peoduet wysdobtaliheti,owith ébsapmope¥tdel ghowin dn
distillation residue in a liquid form The liquid distillation residue

t hus obt afakdewds found to have a viscosity of 86.21 cSt (at 100[err]C),
an ethylene glycol content of 0.61 nole/nple Ca, a cal ciumcontent of

4.72% by weight and a sul fur conpenEQBi—2—03@6by wei ght. A 787.3 g portion
of the distillation residue was m xed with 5. 61% g%t%%ennlefomparatlve

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 8.07
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)



17 ..0-33 nol e/ nol e cal ci um oxide) of water, and the mxture was put in an
aut ocl ave to al | ow t her¥ ;W xture to absorb carbon di oxi® under a pressure
of 5 kg/cnferr] G and at” a tenperature of 150[err]C for a period of 30

m nutes. After becoming the pressure 2 kg/cnierr]G and increasing the
tenperature to 175[err]C, carbon dioxid S again introduced into the
autocl ave until the pressure increased 5 kg/cnferr]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 oQf wAteZr keathei mgtemdalgubmt the xesolting RFIIUFE Jfa% he
reacti on product solution was mxed with 217.9 of 15q%RGUtr oil as a
di | uent, 8aFdlyndidterabde,aads ilrasal@@h%me Flfblcg ¢ Y Ubl e

terials. The th bt | t t { t
ggaft;ﬁa;ed fFask¥§ﬁ89§§bF§gtgbtﬁgg Fp Skgﬁ%ﬁé g%;ﬁg§ﬁme pressure
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nonylpheng lgISSO| alning 419 of a
distillathoR. 08l 448, c8nt wa%ag@ gugtﬁf ﬂi S¥dal tﬂs&ﬁt nat

distillatron "tenperature was roperties of the final

product akgegloWiti BsTalliBeht also that the final gFéRAVTIMaimddPir 1
A 1,181 g portion of the 2,549.1 g distillation residue obtained after the

SU|fUV|Zaﬁhﬂ%n%ﬂ@e”@&%hp@@duth%ﬂwhlch 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 stirring, 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 mixture 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



.reactions in Inventivg,gxanple 1 was used as a starthﬁ% material. Carbon
di oxi de treatnent of tie material was R

18 carried out in the sane manner as describéd in Inventive Exanple 1
except that water was not added to the material, 150 neutral oil was added
Jin an anmount of 337.0 g and 1.6 g of insoluble materials were renoved. In
this way, 682.1 g of a final product was $Bhined, withits properties
shown in Table 1. _ Table 1

I nventive Comparative . Cels ot : el
Eanpl e TG bpor PFESE oFa% (BRFObY RROESd BYiERAF SAFCLAARTASH S,

3. 83 sers 20 2 tio ( * Vi Sbhy e88liiqt., 100[err]C
72.09 mth‘l%o"?‘felaﬁ%\'%fyb%%gn%ﬁ“nﬁ% S ahd e&sil¥ 225

Ca content W% whe 1iguid distillatiénOdesidye thuS. 8btainddc@alsent — wt% .
3.03 3.0 *:l%§%n1éhd?ba}en% rg%?o of alkaline earth nmetal per

phenol  cegppaerd havéhg PIE8sseLProgduets. shesh ¢agk heowegd an an  estimte

of the basicity. Simlarly, the total base nunber (at the sane viscosity)

can be usgghypberd §3ytoBtEoRterbeofbasssihyle/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



-COVPARATI VE EXAMPLE 2 -~ A 500 g portion of the 2,549.Dg distillation
resi due obtained afteﬂithe sul furization and nmetal adéition reactions in
fnventive Exanple 1 was used as a starting nmaterial. _ Carbon dioxide
treatment of the material was carried out by adding 15.9 g (0.883 nole;
1.50 nol es per nole cal ci um oxi de)

19 of water to the material, but the re§aﬂting product was hardly
filterable and insoluble in paraffinic base oil. The product

Che tine BRECRTRRR HioRFABCErastn ok Tl PREiRe wiE Motlind o™ @

poi nt of é* |s evident also that the final product obtained in
| nventive aone 1 in which an appropriate anount of water is added at

the time of carbomndhgyiidgoh!,cat prtibas oFN theMFigwad g2ifdued Wad N
conparison wth the case of Cbnparatlve Exanple 1 in which water is not

added. subjected to a columhN¢hWohmdEog¥aiyE uding silicdAgelitas|swe was
charged with 660 g (3.0 noles) of nonylphenol, 22.4 g (0.7 nole) of sulfur
and 58. 4 gdedrBenttoheil nFhe&afi®h psr @ sabstirbubdiicte agéitth td iisoXate tdme
resul ting suspension was mxed with a m xture solution consisting of 33 g
(0.55 nol eptdvrecchppenengl yootthenfora ¢f 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



(1.0 nol e) "of water, the resulting 'mxture was stiztyed in a stream of
nitrogen for 5 hours at *130[ err] C under a pressure of ¥*2 kg /cnferr]Gto
effect sulfurization and netal addition reaction. In this instance, the

m xture solution was naintained in a streamof nitrogen for 30 m nutes at
125[err] C wunder normal pressure prior to ;2 use. Wth gradual decrease
of pressure in the reaction system water smal | amount of ethyl ene

gl ycol were renoved by distillation to obtaln 742.6 g of a distillation
residue. I_n {.hi 'nscmp inal . di sgdd ' uf e [err]C
(32 a dtzﬁu%nﬂ e tnﬁ@rédf@ wacg Sfllﬂ&%”téﬂﬁ%?é%\a{.lwamgsgga inly
renoved bxi&éal%ﬂilestxdawéktﬂa% St @fhe \Mm{garb&a{ﬁ{éé | 48] rS00  fapephediftol | M

and easil The Tiquid distillation Tesidiée thus obtaihed was

found to faavtm@eun?ecd;@d peir-Eihped 1 a]rﬂﬂ[sﬁiﬁiéate@ntoet hyl ene gl ycol
content of 0.54 nole/nmole Ca, a calcium content of 5.4% by weight and a

sul fur codistildfaticidoundernvai Pdduced pressulhee tth Stemdwé i DB. 6egi doe3thus
obtained was mxed with 3.6 g (0.2 nole; 0.2 nole/nole cal cium oxi de) of
wat er, ancholiehe ofi etthyd.emes gdiviamde édrido redsstordf aarteae thd oy Lpblenoa

pressure of 5 kg/cnferr]G and at a tenperature of 120[err]C for a period
of 30 mi ndissolaederirpddwnifig tnate prdwnehy Ohgioning r428 . Ang Phckeasi ng

the tenperature to 175[err] C, carbon di oxi de was L.
distillation 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:



again introduced into the autoclave until the pressure,\lncreased to 5

kg/ cn2G and -the conteﬁis were allowed to stand for 2Z¥pours to obtain a
r'eacti on product solution. The reaction product solution was nixed with
242.3 g of 150 neutral oil as a diluent, and the m xfure was filtered to
renove 2.1 g of insoluble materials. The thgﬁ%obtained filtrate was put
into a three-necked pear-shaped fl ask and jected to distillation under
a reduced pressure to remove a portion of ethylene glycol and nost of

unr eact ed dlssolved |n the filtrate, thereby obtarnrng 472. 3
g of a distil] dﬁ%%ip eivakent product. 18-98his instaded3 the
final distil¥3rn Y3 e was 155[err]C (1 nmmHg). Product conversion

rati os of t

materials an propepgles'%ﬁaﬁrl 9|nal pr oduct ar%gsﬂgmn in ngléﬁ

I n addltlon,T&cﬂorgds@ éle fnrggag }p/é:)duct was. §ubj ect ed t25§ col um
S

chromat ogr aphy using silica gel 7as an adsorben%3and n- hexan

~substitutioraa@®tdrx | S@lste an active conponeng gy the for Myof ¢ paI e
yel |l ow powder. The thus isolated active conmponent mas hydrol yzé mnth an

excess anm@icodftehtN swyiri ¢ acid aqueous sol utpoggand the pegylting oil
| ayer was anal yzed by |iquid chronmatography to
Reacted CO, content wt$% 5.66 7.06

(Note): * 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
g%ycq} 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



-find that 3.8 nDI%)of;gge active conponent-constitutipgy nonyl phenol was
nonyl salicylic acid. =% | NVENTI VE EXAMPLE 3 The
steps before the carbon dioxide treatment in Inventive Exanple 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 residgz was mxed with 12.1 g (0. 67
nol e; 0.66 nol e/ nole cal cium oxi de) of wat ﬂ; and the mxture was put in
an autoclave to allow the m xture to absorb carbon dioxide under a

pressure g c?e%%ﬁ: gfrfegge@s%% 351[ ?]:éltee TRE AL tsgisf%%%{ézgné & period

of 30 m nutres. ecreasin pressure I ncr easi ng

the tenpegahifiealBuntoef ethF1RAR H1PEAC WA ARV BP WiCHE 1 THLidhe

autoclave wuntil the pressuré incréased to 5 kg/cnRG arid the contents

were all owgdob®ashandsf.6r g2 koWl il iQlladibrd el dhedfir a reapii @NEPFRAUCE
solution. A 890.9 g portion of the reaction product solution was m xed

W th 217. 2hg ehusSobraihed dislitiddation residue was transferred into
22 a diluent, and the m xture was filtered to renove 1.10 g of insoluble
mat er i al sanThatbklavebtadnadxed tnidhe M@s got0 .idntrles w4 arnoleekenile
pear - shaped flask and subjected to distillation under a reduced pressure
to renovecadcéuyp cgide) odl wptefr,cend dhe glivdoireandsstilafedit@act ed
nonyl pheno|l dissolved in the filtrate, thereby obtaining 428.9 of a
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



distill'ation residue asTg final product. In this instapce, the final
distillation tenperature-~was 155[err]C (1 nmHg). Produet conversion ratios
of the reaction nmaterials and properties of the final_ product are shown in
Tabl e 2. When the final product was_anal yzed in the sane manner
as described in Inventive Exanple 2, it maéZﬁound that 3.1 nol % of the
active conponent-constituting nonyl phenol was nonylsalicylic acid.

Table 2 | nventive | nventive
Exanpl e 2 cakx3eB! 8ud. PPeoHaktCRWTedsqdn &d é%, LQ gLhals:
e S?%g e é#%aEﬁépﬁhégﬁlon
21.1 matefZads an€ p¥operties of the final product . &h i |
61.5  EG*% prop pal product ¥ dho Brr] %
16. 7 TabX¥&8.3. Properties of final products:
23 Met al addition equival ent 3.09 4.53 rati o (PEQ
val ue) Viscosity ¢St at 100[err]C 89. 28 79. 48
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



Tot al- base nunber ng K&dg . 233 255 ~Ca content wt%
8.31 9.16 S:eont ent wt % ' 2,99

2.73 Reacted CJ err] content wt% : 5.66 7.06
(Note): * NP, nonyl phenol; ** EG ethylene glycol It is evident

that the final products obtained in Invent;é Exanple 2 in which water is
coexisted in an anount of 0.2 nole per | ci um oxide at the time of
the carbon dioxide treatnment and Inventive Exanple 3 in which 0.66 nole

d ' I ' rison with

vt S PRSP UR AR oL AR 9 B e SR
n

ventive EXERIS 1 5RE4A ﬁ‘?;‘éﬁgh%ﬁsﬁgshé‘ pLsug,haE SRET TS anc

56.1 g (1.Pepo¥sluéfasatrbsd 8K e f@hé@\ﬂ@éodmst%t bkl '191ed 316 resul ting

suspension was mxed with a mxture solutTon consisting of g (0.6 nole)

of ethyl enenvegnhylee BodmpPes U, (2.dndoBesh ¢hiwht 8l fard ilshageRsul ting
m xture was stirred for 5 hours at 130[err]C to effect netal addition

reaction. In this instance, theIRVENDIVESBXAMPDE 5was naintained in a

stream of nitrogen for 30 mnutes at 125[err] C under normal pressure prior

to its use. ‘Wth gkadubiter capacity autoclave equipped with a stir2ér,
~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



‘decrease of pressure insthe reaction system water anch smal | amount of
et hyl ene glycol were ré&pbved by distillation to obtaiw'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 nole;
0.4 nol e/nole cal cium oxide) of water, - andgt.ze m xture was allowed to
absorb carbon di oxi de under a pressure of 1 g/cnferr]G and at a
tenperature of 120[err]C for a period of 30 m nutes. After becom ng the

ka/ | ' th t 10,175 1G th
Cont ont & WEPSHTON K6 CIEHy [REbon ibirelde ¥he cPRsLhr SBEFPORCR LAt
lution. ; t] duct | Ut i th L xed-with 23%. 4 f 150
eutral dice S e TR d5in il o SPedBPut e chalkesbet b S dolunl e
terial S.ql h bia| ' | s
pear Shapad (TS0 Sn ShB| COTEants vartt Attt Al PEnCE s cure

to renmove @ RYddG) ea‘da Oy %?fta?dréééwi&?ﬁ%%%&et ang gpgt 2‘{%_ 365%2%52"

nonyl phenol di ssol ve he filtrate, y_obt ai ni ng

distill atich t1Rsirbation gridtBlctPBlGlixdd whts 113! 8ngeof 1Be heddlral
distillation tenperature was 157[err]C (1.5 mmHg). Product conversion

rati os of dille ascactdiduerrt .er imlBAKB Prppetioesodf thaerésndtingoduct are
shown in Table 3. . COVPARATI VE EXAMPLE 3 A
463. 4 g poviritmreofwas fputalimhomeud Mdemnmtapaecttyythrepeneckgdt pbeaprocess
of Inventive Exanple 4 except that water was not added and the carbon
di oxi de t shapashiflask 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



25 - carried out. Product conversion ratios of the reastion material s
and properties of the irﬂal product are shown in Tablg’ 3.

=

Table 3 | nventive Conpar ative
Exanpl e 4 Exanple 3 Product conversion ratio of redction materials:

Ca0 % 97.5 - 97.6 NP* %

12.7 16. 4 EG* % 28 16. 4

61.5 Cderr] % 72.3 49.7 Properties
of final products: Met al addition equival ent 3.83

2.97 rat PEOUPES -Paheirs atyilddds mpdersa anreﬁm{:@ 9 about 3 0106 3

88. 34 Tot gl nb 26
cont ent m%g? Q&Se "a foseggcondlggogg With gragugé deqﬁﬁﬁﬁﬁﬂPQIIerr]

content wt%

et hyl ene gp§83Fure in the’p FFaF§¥8ﬁ EEﬁFeFPOREFWG§% qg?xﬁghehgben*?nEG,

nvent 1 ve Eoaosigty’ B poRERRA pE° sl tad Ha ISR R 1A% A Mrmel ou

in the pre&ﬁﬁht@%y“@keﬁoh%c§§bh%ﬂbi Qh&%eréﬁyyed 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 mlnutes. 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 were a;loweq to stand for 2 hours
to obtain 680.7 g qf 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 removela 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



-that. of the final prodact of Conparative Exanple 3 ingmhich the carbon
di oxide treatnent was *¢drried out in the absence TLE

26 of water. It is evident also that the product of Inventive Exanple 4
obt ai ned wi t hout using sul fur has al nost the sane PEQ val ue as those of
the final products obtained in Inventive nples 1, 2 and 3 in which

sul fur is used. o | VE EXAMPLE 5 Al
liter capacity autoclave equipped with a stirrer, a nitrogen gas inlet and

h h I, . 983. 57 2.1 | of . 94. 39%
dodocyl phihie, SPzainey SatiLlatdpn, Faskdin saR o T he HEES 74 ¢
0.21 le;: 0.3 [ ol |G i.d f | f L&&1 Ng.
The-r eoul ERFYTE,SRe REBR tad 1o 80 o hecsariE giatprifle Wie Wedtrph, OO
| | at 2 t A ' h t
Vb or ] CEkHe re) (11880, BEnBIl " R add e il fand] e "ol (R ge

Wth gradygbudecogtexthe WaSTemdvidd e JigASH 0t Syt obeiiRd1I8aL BT by
the reaction, a portion of unreacted ethylene glycol and a snall quantity

of dodecylgpbenal fimaa pRERGRE .bY Piopdrtidld @ tthe Ot D SESdGcy afea
distillatiion residue in a liquid form In this instance, the final
di stil | at ishownedpemabliee awas 140[err]C (10 mmHg). A 659.0 g portion of
the distillation residue was mxed with 5.04 g (0.28 nole; 0.4 nole/nole
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; 0.7
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
ST . : 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



-cal ci um oxi de) of watesmunder a reduced pressure, and/he nmxture was

all owed to absorb carbg¥ dioxide at a tenperature of “¥50[err]C for a
period of 30 minutes. In this instance, introduction of carbon dioxide
into the autoclave was carried out at a e of 0.315 1/mn. After
increasing the : ' 27 tenperature
to 175[err] C, carbon di oxide was again introduced into the autoclave until
the pressure increased to 5.-0 kg/cnR2G and the contents were allowed to

stand for 2_hour o] in 688.0 g of reactian produ 688¢ 0
of Wohteh® O0L3 q&eaa hl%l‘fp g#l 9 /39

portion € reaction product was m-xed wt 8 g 150 neutral oi

as a diluenly An{3qtld GrROrtion of the regy ting odn xturg yps pup . gg9to a 1
liter capacity Phree-necked pear- shaped flask and subjected to

distillati opededed ¢0,c8u8€EntPRESESUre tg senoveg, gasnal |l gamyunt .33 hyl ene
gl ycol and nost of unreacted dodecyl phenol, thereby obtaining 207.8 g of a

distillation residue. In this instance, the final distillation tenperature.
was 230[err]C (2.5 mmHg). Thereafter, the thus obtained distillation
resi due was dil ut ext vid fevdddrar girammilid xdésukbt@neshown 2ingthé ahewkubl e
materials were renoved fromthe diluted sanple by centrifugation and then
the | ar ge tablemthadx &he Einalepovdachs dibttainest iion Inventive Exgupled of a
final product. Properties of the final product are shown in Table 4.

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 and 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 not 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.

. .-
~



t NVENTI VE EXAMPLE 6 D) A 1l liter capacity autoclaye equipped with a
stirrer, a nitrogen ga%'inlet and a thernoneter was chdarged with 583.57 g
(2.1 ol es) of 94.39% pure dodecyl phenol, 42.14 g (0.7 nole) of 93.2% pure
cal ciumoxide and 8.99 g (0.28 nole; 0.4 | e/ mol e caletrumoxide) of

sul fur, followed by stirring. The resulti:gé uspensi‘on ' '

65.21 g (1.05 noles) of ethylene glycol at 125[err]C, ngﬂﬂﬂifﬂﬂmnm‘ws
stirred for - .Us hour s
at 130[err&$kyn s cBaPupssSyse of about 3.0 kg/cnRGin a closed condition.
Wth gradual decrease o pressure in the reaction system forned water by
the reactiony,a popkbesssl ropr eeligeighhunhe | I ntity
of dodecyl phenol me?e renoved bg ngtiI atio%%FglE%%fﬁ??iﬁ%ﬁ%?%}?ﬁféﬁl
distillatimetabsphieitate inlagsalfipised 6f hhAkE1EASEaBae foCold R@ a
distillation tenperature was 140[err]C (10 mmHg). A 646.3 g portion of the
distill atimixtussithersat, nixedhivh hs&id4pgo¢8s88compeisess thel eteRse

cal cium oxi de) of water under a reduced pressure, and the m xture was

al | oned t ChosEfeeching renokiors samenyg cphenalsr edibydt50[ elcpBoflesr amd
period of 30 minutes. In this instance,. introduction of carbon dioxide
into the &R ctikRblnR LBl inRtab pxide L0F hydsexbdeierianmaxtareer

i ncreasi ng,t he
g%hereof (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. o

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.

. This Sheet Has Been Repllaced
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temperature to 175[err.J, carbon dioxide was again i ptroduced - into-the-

autocl ave until the préSsure increased to 5.0 kg/cn® opnt ent s
were allowed to stand for 2 hours to obtain 680.7 g lﬂﬂ HB ﬂ"gﬂ H'ﬂguct.
A 680.7 g portion of the reaction producg%gps-nixed s - Oy w50

neutral oil as a diluent. A 657.8 g portion of the resulting mxture was
put into a 1 liter capacity three-necked pear-shaped flask and subjected
to distillation under a reduced pressure to renove a small anount of

et hyl ene gl y&al dliee mxziceds acveatimy thdelaimhepo?, orh8r, elrheretiai ni ng
192.4 g of a distillation residue. In this instance, the final

di stil | at sudfuenier asede imaam 25jcant] ©f ZramigboutT@r @01t te, 3¢ Aemols

29 thus obtained distillation residue was diluted with a arge anount of
hexane, 7P2% & 8PL pfos@irde adkadding eanthe natml Pagedtr t he dil uted sanpl e
by centri fug%tion and then the Iaré;_e anount of hex%ne wgs renoved by
distillation®o JW&RFORRPES aqroRding it clpbBute . 2PPEpért WBETEAN he fi nal
product are,_.shown in_ Table 4. COMPARATI VE EXAMPLE 4
A final pPOREEE d8sPS% &% with a yield of 192.5 g by repeating the

f | (& I . .
Changed (o 1573 % Kooy RESRd An, P0s HRERR SUkBY il olEn o

of water ¥aga§"PRe%dte 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.

! This Sheet Has Been Replaced
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to0 6: 30 g (0.35 nol e; 925 nol e/ nol e caIC|un1OX|de) Prapertles of the

final .product are.showa~in Table 4. COVPARATT VE
EXAMPLE 5 A final product was obtalned mnth

repeating the process of Inventive Exanpl e xcept tq '“l m@ ﬁﬂN
sul fur was changed to 8.99 g (0.28 nol e; nDIe/nDIe*ca

wat er was not added. Properties of the final product are shomn I n Tabl e 4
Tabl e 4 | nventive Ex. Conparative EX.

5 6 9. 4The probesBrapeordtéagotof claimpr7qdutiexrein sdixtosity cSt
at 100[err]C 653 622 4432 539 Total base value ng
KOH g Akalimd Searth BeBal rea@éht is used in an amount of from

30 Ca content wt % 11.8 11.0 11. 4 9. 39 S
content vabgut 0.001 to 0 &9 gequivgapent pez: 27equizaésnt %@é@wm err]

content wt % 9.51 8. 57 is evident from
the results sh®wn ?hetaﬁoasﬁseacsasdenghap FIJrélf“i Hal Bp%l?m hageimed in

| venti ve SRRl °Fe SeS1 R B SRR oY hoR, EB T o0a2 e ek e ©
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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-vi sco$ities in conpargign with the casé of Conparative: Exanple 4 in which
sul fur is used in an ahount of 0.7 nole per 1 nole cal ¢i i -
addition, the final products obtained in Inventive Exah'alttﬁ 5 and 6 have

total base nunbers of nore than 300 ng KOH g which are, .’ﬂﬂ(ﬂg{"m:]*ﬂ, ]

_hi gher than the final product of Conparativ@d&xanple 5 i

not used, in spite of alnbst the sane viscosity. ’ Wil e the

i nvention has been described in detail and wth reference to specific
enbodi nents 16er evhe prowvekks Aecozfdfagerd cladme 1skid [750 whertdin asdid hat
various changes and nodifications can be made therein w thout departing
from t he disgydric anlcchobeis esedfin an am@ant\WIATfrEmCalioED .35 td. A
process for producing an over based al kaline earth netal phenate in a

sul furi zek Drmeks pexrl el f of nsatd aalkakineuearthemesal veagenth igni d
process conprises the steps of: effecting reactions anong phenols having a
hydr ocar He fambemAioxide treatmenEhon atons, di hydric al cohols having a
carbon nunmber of from2 to 6 and an al kaline earth-netal oxide or hydroxide
or a mxture thereof (referred to as "alkaline earth netal reagent™

herei nafter), or anong said conmpounds further m xed with one or both of

sul fur and water at a tenperature of from®60[err] to 200[err] C. ; renoving
an excess anmount of the dihydric alcohols and at | east an excess anount of
wat er by distillation; and subsequently treating resulting distillation
residue with carbon dioxide at a tenperature of from about 50[err] to
230[err] C., wherein the inprovenent resides in that said carbon dioxide
treatment is carried out in the presence of water in an anmount of from
about 0.01 to 1.0 nol per 1 nol of said alkaline earth netal reagent.

T
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2. The prdcess according to claim1, wherein said cardon dioxide treatnment
is carried out in the pjesence of water i:ﬁ; anmount offromabout 0.1 to
8.7 nmol per 1 nol of said al kaline earth | reagent. 3. The process
according to claim1, wherein said alkaline earth netal reagent is used in

an anmount of froma I Nhy wAE: i n

phenol s. 4. The 3’%@@%&9%@3@8&%@% @ﬁ%l gﬁ@ﬁ@ﬁg'ﬂéﬁ ﬂméﬁgfﬂ'ntpggllﬁ T&r IS
used in an anount of from about 0.001 to 4.0 nols per 1 nol of said

al kaline earth metal reagerggsﬂ%rec.r ‘OEF T%E D;SCLO? FRE _ 32 5. The
process according to clai mTT, 3 _ is used in an anmount
of fromabout 0.0@1pkecds® FokS the prddictilors @ il kibePepasedh netal

r eagent. 6. The process according to claiml1, 2, or 3, wherein sulfur is

not used.alkd1iné 8&f€RShetal @héﬁuﬁéngsﬁ&fﬁﬁrzéaﬁls%sﬂl@iﬂi%&adf hg et al
phenate in a sulfurized or unsulfurized formor as a mxture thereof, in

whi ch saisligtatesshepepf ) seint WRishepheoproekisac idonpyisss itiRs

phenol s having a hydrocarbon side chain of 4 to 36 carbon atons, dihydric
al cohol s bfivi effectingoneachbensoambngnphbenols ,and hydrdlck & licuwhaks tandret a
oxi de or hydroxide or a mxture thereof (referred to as "al kaline earth
met al rea@@ndlkadinengarth)mebalaneagens dadkaddasdeamih matad xastidé t h one
or both of sulfur and water at a tengerature of from®60[err] to 200[err]

C.; remvPRghEACeXLdesOBnBURLxERTeNENGERPdD I c OF EBRE% S CAmRRAUNdH
excess anpuni. of water by distillation;, and subsequently treating resulting
rstit1 ar FURERSE; Bt Phehaphbfug: sRRdeTaratetanponaring on (Ras

S0[erv] 10,2300 £k & o MRLEL NaLlC,LTRLOXETEN! chesldes,d n tdiat yai d car bon

di oxi de treatne rs-carrred out i he~pr nce water 1 n nkﬁﬁnunt of

from aboud; Q¢ i1 1 8t Porl ; "Rhd PELD e@ég@iﬁ%&@a@hh I agaally metal reagent.

8. The process according to clarm erein sai d carbon “di oxi de treat nment
is carriegioti114ci68 féd§@aéew9£hwea%ohndiax§aaqnhh@;frefirrprah@bout 0.2 to

0.5 nol per 1 nol of sai
improvement resides in that the carbon dioxide treatment is

carried out in the presence of water in an amount of from
0.01 to 1.0 mol per 1 mol of the alkaline earth metal
reagent. Preferably, the carbon dioxide treatment is carried
out in the presence of 0.1 to 0.7 mol sulfur and 0.1 to 1.0
mol water per 1 mol of the alkaline earth metal reagent.

The process of this invention is industrially
advantageous because the alkaline earth metal phenate
obtained by the process has a high basicity and an easily
handleable low viscosity and is useful as a high guality

detergent for a lubricating or fuel oil.



. . Noaa3oe - S e
aI kal i ne earth metal reagent. Zros 9 The : process accordl g to

~claim 7, whe ne earth netal reage*ﬁ s used in._a qmum* of.
from about “"Jm mml"m(fﬂm. val ent per 31 equi.val ent:.of phenO'I"" Qa Y pagegl ..
The process accordl‘ng"to claim7, 8 or 9, wheregin. sulfur L. s used- i‘hfa%i:d ..... i
amount of f aggu&, RI‘fJFﬁgo % 0. nol per 1 noli of said al k&l teeHr piged ..... i
net al reageﬁﬁﬂk T E bdcess according té ¢laim.7, 8 or 9, wherein i
sulfur is used in an amount of from about 0.1 t-0-0;7 Al RE&EHT . ndll16f said
al- kaline earth netal reagent. 12. The process according to Wal
or 9, wheretm shl AFCqess sERT| Prefusibantamf ovesmbased alkaling. samsh per
1 mol of Samétahkﬁhb&%t%awﬂ1ém%ﬁifﬁfﬁﬂéétor s%ﬁfu?q el Fdriw JFC gd?ng
toclaiml o 7, wherein said, hydric al_coh |s used 1 n an anoun

from about TiBthge zheregts g ‘ihh%]P §f=11§alpé'oéﬁ§a i ¢MREkaes nbhel stepgent
in the netok:addifieceing BaddtidrEdl hABngNBHERbAL affiidPna E?@EB 3%bon

14. The process accordi to claim1, or wherein water _is_ad I n an
anount 01I‘D beﬁF ﬁﬁf‘noogl‘lt 5°186n5rEbRBr akomg, dahydxig aﬂréahpﬂ.é Baving
netal reageat carbbhe nuribalr askli f+&m ' toS faHd Zal | ATkADIhEeEaltAdFikkiben

s according to claim 14, wherein said
reaction. x1&g or'hgygggggg or a mixture thereof (referred to as

"alkaline earth metal reagent" hereinafter), or among said
compounds further mixed with one or both of sulfur and water
at a temperature of from 60° to 200° C.; 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 at a
temperature of froﬁ about 50°_ to 230° C., wherein the
improvement resides in that said carbon dioxide treatment is
carried out in the presence of water in an amount of Ffrom
about 0.61 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 equivalent of phenols.

4, The process according to claim 1, 2 or 3, wherein
sulfur is used in an amount of from about 0.001 to 4.0 mols
per 1 mol of said alkaline earth metal reagent.
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:dfhydric al cohol is used in an anount of fromabout 0.15 to 3.0 nols per 1
ol of said al kaline earth netal reagent in the net mlm”“‘“]“m“ |“|
sul furization and metal addition reacti 3. “ |_ _

34 16. The process according to claiml or 7, whereinc¢satd i Hydiic

al cohol is ysed an_anount of from about 0.15 to 1.5 nols per 1 nol of
said al kal i He eajrgﬁ ﬁ%?e?%amqﬁ%etear%ﬁ‘ﬂi dxi dé tPEatdrentherein

sulfur is used in 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 having a hydrocarbon
side chain of 4 to 36 carbon atoms, dihydric alcohols having
a carbon number of from 2 to 6 and an alkaline earth metal
oxide or hydroxide or a mixture thereof (referred to as
"alkaline earth metal reagent" hereinafter), or among said
compounds further mixed with one or both of sulfur and water
at a temperature of from 60° to 200° C.; 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 at a
. temperature of from about 50° to 230° €., wherein the
improvement resides in that said carbon dioxide treatment is
carried out in the presence of water in an amount of from
about 0.1 to 0.7 mol per 1 mol of said alkaline earth metal

o reagent.

8. The process according to claim 7, wherein said carbon
dioxide treatment is carried out in the presence of water in
an amount of from about 0.2 to 0.5 mol per 1 mol of said
alkaline earth metal reagent.
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