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or fuel oil or an alkaline detergent, which has a high base

number, is excellent in o0il solubility and heat resistance,

and has a bright color, in which a specific amount of fatty

acids or fatty amines is added and a carbon dioxide treatment

is conducted in the presence of a specific amount of water or

lower alcohols.

BACKGROUND OF THE INVENTION

An alkaline earth metal phenate is one of alkaline

detergents for use in lubricating oils for mainly internal

combustion engines, which functions to neutralize and

disperse acid substances, sludge, etc.

generated in engines.

The existence of an alkaline earth metal phenate makes it

possible to prevent engines parts from excessive corroding

caused by acid substances generated in engines and prevent

engine parts from excessive wearing caused by sludge or

lacquer generated engines.

Recently, in order to have high

acid-neutralizing ability, it has been developed over-based

alkaline earth metal phenates (a phenate which contains an

alkaline earth metal in an amount of more than the
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t Heoreti cal amount per agZal kyl phenol). At present, sul fuized types have
been mainly used to inprove heat resistance and oil solubility.
Furthernore, in order to obtain an alkaline earth nmetal phenate having
hi gher over- basicity, in some cases, carboxylic acids or al cohols are
added to al kaline earth.nmetal phenates. Insofar as typical conventional
met hods for introducing sul f#into phenatéx are concerned, two nethods are
generally known. One Qf them.is a nethaod wherein_an al kyl phenol is treated

wi-th sul fur tResEtdealo FPRG ReH B Mareherol hen fbnPERSERtINtO a net al
salt. The other.is a yethod erein sulfurization,is carried out by using
el enent al sﬁwﬁéﬁﬁ&ﬁ% YRG5, %ﬂﬁﬁqﬁQﬂ1Wﬂl%£¥é?s?9e5?oﬁ§9§°V8rH?ﬁ& a neta
lt. Th ' t] .nel ia . the latt | furizati hod.
Vany past ArERRREETER Eh i i B i e Blieed” R aBle o5 olsi ng
the latt | zat i | | [ -
elatter suhbitl 23 WAk TBNOGad AP ifondle Rab ERY hEGhERL RYES -

based phenates contalning al'i'ne ear N an anmpuni .

For oxampl e Beg a0, TSNS, S Rade TRatH G v reds S kP AR et

phenat es caggRBauRexaakkadine RAAdH St GHddess oul the above: ment| oned

reaction in the presence of an excess o henols. (The term"JP-B" as used

herei n means an "eXQHEBQQrJﬁEa%9§§cQQt%%hd@ﬁ%ﬂdﬁﬁi(Hﬁtﬁods for
in£roducing sulfur into phenates are concerned, two methods
are generally known. One of them is a method wherein an
alkylphenol is treated with sulfur chloride to form a sulfide
which is then converted into a metal salt. The other is a

- method wherein sulfurization is carried out by using

elemental sulfur during metal addition or after previously
forming a metal salt. The present invention belongs to the
latter sulfurization method. Many past attempts have been
made to produce over-based phenates by using the lattex
sulfurization method, for instance, it is reported that over-
based phenates containing alkaline earth metals in an amount
of at least twice the theoretical amount is obtained by one
metal addition reaction.

For example, JP-B-60-28878 discloses that highly
basic alkaline earth metal phenates can be unexpectedly
produced by carrying out the above-mentioned reaction in the
presence of an excess of phenols. (The term "JP-B" as used

herein means an "examined Japanese patent publication”.}
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Fut t-her, " JP-B-3- 10611 dLSQ|OS€S reactlng a phenol, a dlhydrlc al cohol , an
alkaline earth netal reagent and optionally sulfur to conduct a met al

addi ti on of phenols which may be conducted with sul furization,
conver si on

wher eby t he
per one reaction of alkaline earth nmetal reagents into products

can be remarkably inproved by the addition ofy a suitable anount of water
W t hout the necessity of an excess anDunt of “di hydri c al cohols. In contrast
to a conventional nmethod in which e excess anount of alkaline earth
nmetal reagents is ugeﬁtbﬁFraﬁPaﬁk§rbﬁéﬁ digcipsesdaenring - ahenel pdact

t hese two nethods, suc rovi an over-based phenate by using a
cagQéka ﬂg

| ar ge excesglaﬁBEhF 8 Bnd eaﬁaEFPaMQQ§¥%ﬁQ49Qﬁﬁzﬂnﬁeagent
whi ch makes it bIe ig al | terlals xcept, for eral ojl as
di | uent of [OPHAPEALLE SRLERF) §c898 RREdawnelain @dddddamy P Rhenpla
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JP-B-3-10611

suc erioratron final pro

1@%% t‘%z?é&ﬂ{:eé QQthPewS‘:EﬁBQEaEh “ %‘é%%fs'ﬁ'[} 5 A Sé“%@éseg In
; y to these conventi onal I ngs he prese
amount of dihydric alcohols.

In contrast to a conventional method in which a large
excess amount of alkaline earth metai reagents is used per an
alkylphenol to provide an over-based product, these two
methods succeed in providing an over-based phenate by using a
large excess amount of alkylphenols per an alkaline earth
metal reagent, which makes it possible to use all materials,
except for mineral oil as diluent oil, which is directly
concerned with the reaction system as reaction materials
without necessity of special solvents or additives.
Accordingly, these two methods are advantageous in minimizing
the kind-of reaction materials to be used.

Moreover, it has been found that when an intermediate
product of the metal addition/sulfurizgtion reaction is
reacted with carbon dioxide, the presence of water provides
undesirable situations such as deterioration of the stability
of a final prodﬁct and prevention of smooth progress of the
carbonation reaction (as disclosed in JP-B~3-10611).

Contrary to these conventional findings, the present
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i hventors have found th@t: when excess di hydric al cohol i.s:removed fromthe
i nf ermedi at e "product and then the resulting internedi ate product is reacted
wi th carbon dioxide in the presence of an appropriate anount of water, the
gram equi valent ratio of an alkaline earth netal per phenol conponent of an
over - based phenate product (hereinafter refegred to as "PEQ (product
equi valent) value") is significantly inproved (as disclosed in
JP- A-5-238976 and JP- A-6-65192). gThe term "JP-A" as used herein neans an
"unexani nedMY8pARESe haXeeFouagpthad: when excess digixdeie mlesh®EQisal ue
results in_reductiqn of the anmount of expensive al kyl phenols with a great

deal of ecBRBAVEd Lzppethe dnkesmediatenerpducihandiddien Ve sxesulting

phenate arg_added .to lubricating oil, the addition anmounpt thereof is

calcuIatedlﬁg§5538ﬁaFﬁeP58§Hcﬁu%ﬁeF?aFGPFh@%ﬁ&wgaﬁhﬂq¥ Lopgla®1in Bheses

decreasi ng_t he viscoEigé of over;bgsed sulfu&géed al kal.ine earth netal
a“su

ppenates bPTFBRRFENG PPRFORSHRER: APQURE &ﬁqﬁim?éﬂ? ?FPWhe neéhods

JP- B- 60- - B-3- .10611,.it.i [ '

over- basodeSULrer I8 PaE RS PheaBaPikhing SHrETatSE At ety BHEARH base
nb h | h | hi gh

punhr asogansset e, BOse BEGHEAVR SRR Ml A D

base nunber oduced, roduc as a ex
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of significantly improved (as disclosed in JP-A-5-238976 and JP-
A-6-65192)., (The term "JP-A" as used herein means an
"unexamined Japanese patent application®.) The improvement
of PEQ value results in reduction of the amount of expensive

- alkylphenols with a great deal of economical effect, since,
in general, when additives such as phenate are added to
lubricating oil, the addition amount thereof is calculated
based on the base number.
Furthermore, JP-A-6~184581 proposes decreasing the
viscosity of over-based sulfurized alkaline earth metal
_phenates by lowering a sulfur content to be used.
However, in the methods of JP-B-60-28878 and JP-B-3-
10611, it is extremely difficult to produce over-based
sulfurized alkaline earth metal phenates having higher base
numbers than conventional ones, and even though a product
having a high base number is produced, the product has a
extremely high viscosity, thereby it is disadvantageous in
handleability. Moreover, JP-A-5-238976, JP-A-6-65192 and JP-

A-6-184581 make it possible to improve the base number of
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5" over-based sul furized:al kal i ne earth metal phenates, <but they are
advant ageous in that the color is dark and the oil solubility is poor.
Al so, there is an exanple in which over-based sul furized al kaline earth
nmet al phenates are produced by adding fatty acids. For exanple,
JP- A-58- 225197 di scl oses that an al kyl phenol ,=sul fur, a dihydric al cohol
and an al kaline earth netal acid conpound aré’reacted in an al cohol sol vent

and then in the, subsequent carbon _di Qxide treatnent,. an organic carb lic
acid i's adBEATCRBseR, Sh 1T izt AL ke nel sar i Mekak PIRTHES | HUF BHSHNt
t hereof during_qr _after the.reaction.to produce |lubricating oil,additives
(over - baseﬁrgngﬁPPfégegluI?aI"F‘ng Fll?et"ré‘%&lorpﬁesnéfa@ﬁ .anl‘#legi‘%b?:l' ating oil
addi tives ob%ﬁﬁngdﬁgy.this net hod are inproved in the viscosity, is
prevent ed PP 53 'né? Rﬁgrrnproved in anti- sedinentation. In this

met hod-, however, kmgobaigﬁggn‘ggr argI ﬁégﬁpfli(anqln Whﬁ%l’xgtow}@l.s— dfrge as 250

nmgKOH/ g and it is Thposs etofu rrnprove t ase nunber, thus this

s merely gn1exarpba bakahWR LiG i feta3 Ghidng s Sl Gshdad tiyaci ds

and for preventing the foam ng er nor and

JP-W1-501 s S rod -t ' 2 BPEE7 NBHDET 0 HES NOT €
t han 300 n%ggﬁﬁg ghg%QSSFgg%sit$%§f%fggggﬂﬁsfh§¥LP%§er at [err] 6; s

i ncor por at t A8t 2ah0ad Ry MpKenb1C Ak, C saditsydidsed ldbhdhearidtan amount of

phenates to conduct a netal addition reaction once or plural tinmes. (The

term"JP-VM1Rralisedearth metal acid compound are reacted in an alcohol
solvent and then in the subsequent carbon dioxide treatment,
an organic carboxylic acid is added thereto in an amount of
0.1 to 10% based on the total amount thereof during or after
the reaction_to produce lubricating oil additives (over-based
sulfurized alkaline earth metal phenates). The lubricating
0il additives obtained by this method are improved in the
viscosity, is prevented from foaming, and improved in anti-
sedimentation. In this method; however, the base number of
the final product has as large as 250 mgKOH/g and it is
impossible to further improve the base number, thus this is
merely an example for lowering the viscosity of saturated
fatty acids and for preventing the foaming.

Furthermore, JP-W-1-501399 and JP-W-1-501400
discloses to produce a product having a bése number of more
than 300 mgKOH/g and a viscosity of 1,000 cSt or lower at
100°C by incorporating 2 to 40 wt% of carboxylic acids based
on. the total amount of phenates to conduct a metal addition

reaction once or plural times. (The term "JP-W" as used
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-B-‘heré!n means an "uné%hnined publ i shed Internationalﬁd%panese pat ent
application”). In this nethod, however, the netal addition reaction nust be
repeated twice or nore to produce a product which satisfies desired two
performances at the same tine; that is, the high base number and the |ow
viscosity. JP-W1-501399 and JP—VV1-501400fgf¥e It possible to inprove the
baselnugger by the addition of fatty acids, but since they require plural
metal addifion,reactions, which is disadyantage in that th unber of
Steps and BRESHOHEERFORT: caexami it Rl Fieq) Tnfrrrahionsl Jeganesss;
| mproves the_viscosi and the fqam resi.stanc but pLodu havi ng a
hi gher basgaﬁﬁﬂ%efap?h‘ at%@é‘e%mﬁ\%’eﬁ?\qfné‘}e@}?ed;’ ?%ﬂ%%‘fe’gé {')IB? a’ﬁ%&%.ﬁ SUMVARY
OF THE | NVENTILON Wth_t i f. attajni t Q§% j ect
i In\éent ors ﬂggégll\'lﬁf‘eﬁgla\?ggg?‘uﬁu%s? g’ﬁd%&?%%%a aérzé)o%r@%xéésggo géf‘?%{r}%%e
al kaline e t e g e A & JLEHSE | hens
rel ativel ys%%gvu\%s%gsi? yggtr?gsgq“\érsi gﬁ%lgcﬁggr angy I's expag(%ér:]:h?n theggltngrage
stability £7hedetARralacd cht HARHL BEslO riiRid Uihdi i dfow rePEEBRL LD the
presence of a $Specific énpun; 0 atty acids or fatty amines (which'is
added bef Oyﬁ-ﬁhg-s?&'@_@@ din@X e W1eTRNY ik A5 RRSSiKlaBsINimpEovat er
or lower alcohols (which has been renpved out fromthe reaction system
before thetgar BaBedneinbee HyedhEeRddititse dff fMactPeaiidonvsnt i statéy
considered to lower the stability of the phenate) after

they require plural metal addition reactions, which is

disadvantageous in that the number of steps and the
production costs are increased. In addition, JP-A-58-225197
improves the viscosity and the foaming resistance, but a

- product having a higher base number than those conventional
ones cannot be obtained.

SUMMARY OF THE INVENTION

With the aim of attaining these objects, the present
inventors have intensive studies and found that an over-based
sulfurized alkaline earth metal phenate having a high base
number which shows a relatively low viscosity and a bright
color and is excellent in the storage stability can be
obtained by conducting a carbon dioxide treatment in the
presence of a specific amount of fatty acids or fatty amines
(which is added before the carbon dioxide treatment) and a
specific amount of water or lower alcohols (which has been
removed out from the reaction system before the carbon
dioxide treatment, since it had been conventionally

considered to lower the stability of the phenate) after
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renoval of excess dihydﬁ?@ al cohols and at |east excess water fromthe

i nt er medi at e product whi'ch has been conducted the sul furized netal addition
reaction, thus conpleting the present invention. An object of the present
invention is to provide an over-based sulfurized al kaline earth netal
phenat e having a high base nunber and shows a gzight color which is
excellent in the oil solubility and the heat réeSistance by one netal
addition reaction, and to provide a process for producing the sane

econoni cal inemomed e wkress tihydni¢ sabeebedsi shddati Lragtpescess mater
produci ng an over-based sul furized al kaline_earth netal phenate which
conpri ses fxam ithe dintermediate produck cdeichnhast bpeBl sondnstes tyea
phenol ,- a di hydric al cohol, anp al kaline earth netal oxide or hydroxide or a
m xture of SKIEMTIRE%MEkalaqdiEion Feartton o) kBvF nEOBRLEL1RE Rhe
reagent"), and syl fur or, a mxture of these reaction materials wth water,
distiIIingPEF§Q§$(%a§ﬁﬂ§%ﬂﬂnnn of the dihydric alcohol and at |east an

CrOESS, AUt of U APSAR Ao AR LS LESH b an

(oot e A SBELERETAEF O BefBh BBeSpe Baedbalel Ly

L 8" RSB Hles il o e B o B GpoEh, BBl

containingin the oil solubility and the heat resistance by one metal
addition reaction, and to provide a process for producing the
same economically.

The present invention is accomplished with a process
for producing an over-based sulfurized alkaline earth metal
phenate which comprises reacting either a mixture of reaction
materials comprising a phenol, a dihydric alcohol, an
alkaline earth metal oxide or hydroxide or a mixture of both
(hereinafter referred to as "alkaline earth metal reagent"),
and sulfur or a mixture of these reaction materials with
water, distilling off an excess amount of the dihydric
alcohol and at least an excess amount of water, and
subsequently treating the resulting distillation residue with
carbon dioxide, wherein the carbon dioxide treatment is |
carried out (A) in the presence of 0.001 to 0.7 mol of a
fatty acid or a fatty amine per 1 mol of the alkaline earth
metal reagent and (B) in the presence of either (i) 0.01 to
0.9 mol of water per 1 mol of the alkaline earth metal

reagent or (ii) 0.05 to 5.0 mol of a lower alcohol containing
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1'to 4 carbon at ons perzT mol of the alkaline earth metal: reagent or (iii)
both of (i) and (ii). A*§0, the present invention provi des an over-based
sul furized alkaline earth nmetal phenate produced by the above-nenti oned
process, which has a base nunber of 250 to 400 ngKOH g, a viscosity of 40
to 1,000 cSt at [err] and a color of L3.0 to 8.0 Dil (by ASTM, and
contalns 0.1 to 50 wt%of the fatty acid oréihe fatty am ne based on the
total anount thereof. DETAILED DESCRI PTI ON OF THE | NVENTI ON Phenol s whi ch
can be usedlitpthecﬁ)rb@@n@tomswerom npd| ofe thieoad Kadiingy eaxtshimatalbon
side chain of 4 to 36 carbon atoms, preferably 8 to 32 carbon atons, such
as an al kylrepgent @F GiikbhybPothoos, (id anrdl Kyl )group or the Iike group
More specifically, exanples of such phenol s include those having

hydr ocar bon gr oup dﬁBﬁ’asthﬁngxeS%%?Ilnﬁ@??FonnEﬁyVldﬁédé@yPVQQaQﬂsed

et hyl hexyl, triacontyl, and the |ike or roup derlved fron1a pet rol eum
hydrocarbOWQAﬁﬁF %ﬂ#@ﬂfﬁﬁa???ﬁh makalop gRasre PTRCY ?F%

B one o ;&%ﬁ#ﬁ%@% ec?gar@ 48 cohieh £2§Z§. 3%%2%?:@% oﬁhéf?ivd tec'wtmhﬁh
Al ino it nedH e CnoPfecorFby eBnThoticcuofh f:%%“ S8 Roshi on
i nclude an g greﬁ? ]rétydd ogodg &5 ¢ %ﬁ;tﬁéﬁn?f Qot h n@l kali ne ey th ¢

met al . Exaﬁb
of the fatty acid or the fatty amine based on the total

amount thereof.
| DETAILED DESCRIPTION OF THE INVENTION

Phenols which can be used in the present invention
include those having a hydrocarbon side chain of 4 to 36
carbon atoms, preferably 8 to 32 carbon atoms, such as an
alkyl group, an alkenyl group, an aralkyl group or the like
group. More specifically, examples of such phenols include
those having a hydrocarbon group such as butyl, amyl, octyl,
nonyl, dodecyl, cetyl, ethylhexyl, triacontyl, and the like
or a group derived from a petroleum hydrocarbon such as
liquid paraffin, wax, or an olefinic polymer (e.g.,
polyethylene, polypropylene, polybutene). These phenols may
be used either alone or as a mixture of two or more. It is
desirable to use phenols which are in a liquid state at about
130°C, preferably at about 120°C or lower.

Alkaline earth metal reagents which can be used in
the present invention include an oxide or hydroxide or a

mixture of both of an alkaline earth metal. Examples thereof



-

i hcl ude, for exanple, oxides or hydroxides of calciunl.bﬁﬁiunl strontium
magnesi um The amount of the al kaline earth netal reageit to be used is
0.01 to 0.99 equivalent, preferably 0.01 to 0.98 equivalent, nore
preferably 0.1 to 0.9 equivalent, per one equivalent of the phenol. If the
anount of the alkaline earth metal reagent r@glative to the phenol anount is
too large, a product of interest having desiTed properties cannot be
obt ai ned, because the internedi ate product gels and hence the reaction does
not proceedinocjudengféor ekampdeznoxidesheredfydroiindesnef | caboiumpl y t he
product yield fromthe reaction materi als decreases, but also the recovery
of the phenbarismecethuontikiny pagadsdnmgedhe Rovause of therzblsabineility
costs and nuch tinme required therefor. Di hydric al cohols which can be used
in the presearthpmetailonepagentatoebet beedy isoW M3 Itondd 39 requirvakenbw
viscosity and are highly reactive. Preferred dihydric alcohols are those
havi ng 2 t oprefarsbhyaPold, tai Pn98t Bgrdvalgntoomons @uaferakiycdil ®Ad t he
| i ke being esgecia[ly preferred. The dihydric alcohol faciljtates the
reaction of 0t hcePRiVBLEREr hPEEcORPK 8ARANAd gt Ofctthie RIRRSE - t oL £ HEh@DyY
convert theminto a_stable_oil-soluble material, and a]? rt. of the_gégydric

al cohol is ?%%B?Bo?ﬁtﬁheiﬁiba%ﬁﬁefPﬁéthﬂéﬁéﬁeﬁﬁﬁﬁﬂﬂﬁ q?ﬂ?ﬁzﬂP.

Tet Al addl (PBRAGLAERPERE nis HROCIAFOBA BUPTERNE Sb et dEng
desired properties cannot be obtained, because the
intermediate product gels and hence the reaction does not
proceed any longer. If the amount thereof is too small, not
only the product yield from the reaction materials decreases,
but also the recovery of the phenol is economically
disadvantageous because of increased utility costsland much
time required therefor.

Dihydric alcohols which can be used in the present
invention have a relatively loéw boiling point and a low
viscosity and are highly reactive. Preferred dihydric
alcohols are those having 2 to 6 carbon atoms, with ethylene
glycol, propylene glycol, and the like being especially
preferred. The dihydric alcohol facilitates the reaction of
the phenol with the alkaline earth metal reagent to thereby
convert theﬁ into a stable oil-soluble material, and a part
of the dihydric alcohol is incorporated into the final
phenéte product to form an over-based phenate. In the
process according to the present invention, the metal

addition reaction may be carried out either in the presence
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10 or. absence of water ahich is effective in enhancing the reaction. \Wen
water is added in conducflng the reaction, the dihydric al cohol is used in
an.amount of about 0.15 to 3.0 nol, preferably about 0.3 to 1.5 nol, per
nol of the alkaline earth netal reagent. Wien water is not added in

conducting the reaction, the dihydric alcohg] s used in an anount of about
1.0 to 3.0 nol, preferably 1.2 to 2.0, per U of the alkaline earth neta
reagent. If the amount of the dihydric alcohol is too small, the conversion
of reactiorommbsente ofsyaken|whichelis Rbfeativerdn @e@@nqwagéme into a
product, is |owered. If the amount thereof .is too | ar.g he reanaI by

di still ati oreagtion. o dheR VASEiE %FF%%‘Ho-P-nf FBﬁii’tlﬁé;-‘-Pga

necessitates much tine and increased l|t costs, altho gp tqh taI

addi tion r e i BMYAEI tHEPRhol s p‘F%% %BFHPS} efi f"g’ ﬁ % an

(0 0.5 mol 5 gomei BReteRAbiY AR b {rEel ap P83geREY TG €>rf§it§ea?'yyo?' '
ol Jecors et ga (1 ot elie SpAl s e,
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phenol s, a%&iﬁofﬁﬁﬁéngiﬁaigkg earth metal reagent. If the amount of

the dihydric alcohol is too small, the conversion of reaction

materials, especially the alkaline earth metal reagent, into

a product, is lowered. If the amount thereof is too large,

the removal by distillation of the excess dihydric alcohol

from the reaction product necessitates much time and

inereased utility costs, although the metal addition reaction

with the phenol proceeds smoothly.

Sulfur is used in an amount of 0.001 to 3.0 mol,
preferably 0.01 to 1.5 mol, more preferably 0.1 to 0.5 mol,
per mol of the alkaline earth metal reagent. The viscosity
of the product becomes lower as the amount of the sulfur used
decreases. If the amount thereof is too large, not only the
product has reduced over-basicity and hence a product having
a high base number is difficult to obtain, but also the
product disadvantageously has an extremely high viscosity.

When water is added to the reaction system for the
puipose of enhancing a metal addition reaction of the

alkaline earth metal reagent to phenols, any of various kinds



-11- of water can be useefsuch as condensate water (discgarged froma
beiler), industrial watef, and the water forned by the reétal addition
reaction, and the like, as well as distilled water. There is no particul ar
limtation on water quality, and water in any state can be used such as
cold water, warmwater,_ steam etc. The water for use in enhancing the
netal addition reaction nmay be introduced ahbdg to a reactor, or it nmay be
i ntroduced as a m xture of a part or all volunme of water with other

reacti on matferwater tash ke userheswth aasl condénsiate whtelrol(diBetatigadig of
the water addition to a reactor is not particularly limted, and it may be
ei ther bef dfxomWra fQiken he industriosil #ateracandnthet wateirs foxmed: biyorthehe
water. It is, however, preferred to add water w thin about one hour after
conpl et i onTtahadgdition greagtiqomadnd that bikel sas Twellaasr distidded n
enhancing the netal addition reaction is introduced into the reaction
systemin ¥& untTRgTe H&u P REr tiFulp ol imitat i0nP) wateroapadifm,,
nore preferahl .1to 1.0 nol, per | of the alkaline earth metal
reagent. WRAT MRESTedd aduistade ScRomsed SHER *F ot l8ywaherngwaarer

fromoutside_.nto _the reactionTzlystem the reaction proceegds nore snoothly

and the pr BRGEE (c EFCyi SFS-at i %f”artts&'ctﬁ% Ykt et %}?a%‘ébﬁgi gheymegal
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added. In ﬁ895%%u§ﬂ%?bduced as a mixture of a part or all volume of
water with other reaction materials such as a phenol and a
dihydric alcohol. The timing of the water addition to a
reactor is not particularly limited, and it may be either
before or after the mixing of all reaction materials except
for the water. It is, however, preferred to add water within
about one hour after completion of the mixing of all reaction
materials. The water for use in enhancing the metal addition
reaction is introduced into the reacti&n system in an amount
of about 0.01 to 10 mol, preferably 0.1 to 2.0 mol, more
preferably 0.1 to 1.0 mol, per mol of the alkaline earth
metal reagent. When the metal addition reaction is carried
out by adding water from outside into the reaction systenm,
the reaction proceeds more smoothly and the product
conversion ratio of reaction materials, especially the
alkaline earth metal reagent becomes higher, in comparison
with the case of a reaction carried out under the same
conditions except that water is not added. In consequence,

the conversion ratio of the alkaline earth metal reagent to



the conversion ratio ofi;fne al kaline earth netal reagent-ito 12 the
product decreases if the-anbunt of water to be added to the reaction system
is.too small. On the contrary, if the amount of water is too |arge, the
advantage of sinplifying the distillation step after the reaction is |ost.
In general, the additiqn of water to be c isted at the tine of the carbon
di oxide treatnent is conducted after the | eti on of reacting reaction
materials including a phenol, a dihydric alcohol and an al kaline earth

netal reagé&he pxedual dacxeasesdifrthelRRPWK1ef W2 ERF cbP, beoagred £8 a
sul furized netal addition reaction and distilling off water and, exgess

di hydri c atbgh&eachiomfrstan i Qe ,dakh- aiOn hehe fenbFarKe t‘:gr %Eﬁ

di oxi de treat ment s no particular limtation,in jts qualit nd .

condi ti on, a§'|°|"?1'nltar°rk?6’atq’??é:pd%é&’% ISt et%d‘b%n{é?ﬂ%gogo?l%ﬁglgmigﬁcerrent
of the net addi ti, reactiqn. T a nt of fer i reaction system
S control%b& %ﬁhﬁ#iLﬁ%&qg;é§§Rﬁgg;?%F%h?(f%F%ﬁh?np%%fggggfy 0.65 toy0.6
nmol , nore preferab .1 to,0.5,.nol, . | of Ln I
reagent. V\hpen an e>|¥ egse §rﬁ?&dt %&e ta}qggg{lhoyrfrgrcffg %%%%ﬂ?lfg?ﬂ)sé p?%%g%%gfﬁe%l%e
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phenol, a dihydric alcohol and an alkaline earth metal
reagent, and sulfur or a water-added mixture thereof,
completing a sulfurized metal addition reaction and
distilling off water and excess dihydric alcohol. The water
to be coexisted at the time of the carbon dioxide treatment
has no particular limitation in its quality and condition,
similar to the case of the water to be added for the
enhancement of the metal addition reaction. The amount of
water in the reaction system is controlled within the range
of 0.01 to 0.9 mol, preferably 0.05 to 0.6 mol, more
preferably 0.1 to 0.5 mol, per mol of the alkaline earth
metal reagent.

When an excess amount of the dihydric alcohol is
present in the reaction system, water in the system including
added water and formed water by the reaction is entirely
removed as a fore-running during removal of the excess
dihydric alcohol by distillation. 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,



il is.necessary to addi%ﬁpredeternined amount of waterafter the renoval of
excess di hydric al cohol.”"On the other hand, 13 when the dihydric al cohol
is-not present in an excess anount in the reaction system an excess
portion of water rermained in the reaction systemafter conpletion of the
reaction, which has been added as a reacti enhancer before the sulfurized
netal addition reaction or forned during t reaction, may be renoved by
distillation, leaving only a predeterm ned amount of water. Wen the anount
of renmi nedhent thecdAhydrie adcohelndg, nat iprefent o AR exEREF amount
predeterm ned anmount of water after renoving the gntirf ampunt _of the

remai ned waBethByTBRSLAPNLEYSHemAs anh @XEARM PFLIRR LT (R 1RF TTRLRRY at

the tine of the carbon di oxi de treatnent ingreases, #k& base nunggr of the
product | stPrBREyEACKRBY EYSTEM AhESHGAMP AFHIALIOF TR FFaL RO he
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presence, oL galouf AhGohE SARLALIMGO dh S 4SRN BoEng Baplgs of (he
al cohol , i 5pEaRY bk GACknolTRULY +ALEENO! wHElE B Wode (e Adfohekato be

used is
water cannot be determined, it is desirable to add a

prédetermined amount of water after removing the entire
amount of the remained water by distillation.

As the amount of water to be coexisted at the time of
the carbon dioxide treatment increases, the base number of
the product is improved. However, if the amount thereof is
too large, the product is excessively hydrolyzed, which
causes to decrease the base number and to deteriorate the oil
solubility. If the amount thereof is too small, it is not
sufficient to improve the base number.

In the process of the present invention, a carbon
dioxide treatment can be effected in the presence of a lower
alcohol containing 1 to 4 carbon atoms.

Examples of the alcohol include, for example, methyl
alcohol, ethyl alcohol, n-propyl alcohol, i-propyl alcohol,
n-butyl alcohol. The amount of the alcohol to be used is
0.05 to 5.0 mol, preferably 0.1 to 2.0 mol, more preferably

0.1 to 1.5 mol, per mol of the alkaline earth metal reagent.



0'05 to 5.0 nol, prefer”Biy 0.1to 2.0 nol, nore preferaﬁty 0.1to 1.5 nol,
per mol of the aIkaI|ne garth netal reagent 14 The al cohol to be used
may partly contain water and nay be used with water. Fatty acids to be

exi sted before the carbon dioxide treatnent include those containing 10 to
30 carbon atons, preferably 16 to 24 carbo tons or salts thereof with

al kaline earth nmetal salts being preferred referred fatty acids are those
in which its alkyl chain is straight. Mre specifically, exanples of the
fatty aci d ThelalbmhdbrteXeeplsed asy | paxtliy, contain water padnmay beci d,
stearic acid, behenic acid, lignoceric acid, cerotic acid, nontanic acid,
mel i ssi c aaiskd Anidtly wake®, the use of a stearic acid is preferred. The
amount of the fatty acid to be used is 0.001 to 0.7 npl, preferably 0.01 to
0.7 mol, nore pref ettty aciohs tho (be ewistedsbefprecthfl Fasbgs cdoxigerny)

per nmol of the alkaline earth netal reagent. If the ﬁﬁnunt of the fatty
acid is todxaaiment Hnghude thewe %ﬁnFﬂénbﬂﬁnapetEa cagbomy,

i mproved, and the coIo and e oil solublllt ar ea he anount
thereof is H‘?ﬁf-q'%ﬁlb]ey aé‘g FREPRE RE° ’B@c? %?‘ﬁfeg Wé‘stht o be
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carbon atonB '1§£gr c%ééu{ éhlcesi@éeaiﬁyiechglﬂhEghs%Eﬁlght. More
specifically, examples of the fatty acid include, for
example, capric acid, lauric acid, palmitic acid, stearic
acid, behenic acid, lignoceric acid, cerotic acid, montanic
acid, melissic acid. Among these, the use of a stearic acid
is preferred. The amount of the fatty acid to be used is
0.001 to 0.7 mol, preferably 0.01 to 0.7 mol, more preferably
0.05 to 0.7 mol, most preferably 0.05 to 0.6 mol, per mol of
the alkaline earth metal reagent.

If the amount of the fatty acid is too small, the
base number of the phenate cannot be further improved, and
the color and the oil solubility are decreased. If the
amount thereof is too large, the base number is decreased.

Fatty amines to be existed before the carbon dioxide
treatment include those containing 10 to 30 carbon atoms,
prefefably 12 to 18 carbon atoms, more preferably 16 to 24
carbon atoms. Preferred fatty amines are those in which its
alkyl chain is straight. More specifically, examples of the
fatty amine include, for example, decylamine, undecylamine,

dodecylamine, tridecylamine, tetradecylamine,



al kyl chain is straight7=Mre specifically, exanples of.the fatty anine
include, for exanple, decéylanine, undecyl ani ne, dodecyl’am ne,
tridecyl am ne, tetradecyl am ne, pent adecyl am ne, hexadecyl ani ne,

hept adecyl am ne, stearyl am ne. Anong these, the use of a stearylamne is
preferred. The anount of the fatty amne tq 8; used is 0.001 to 0.7 nol,
preferably 0.01 to 0.6 nol, nore preferablyl }05 to 0.4 nol, per nol of the
al kaline earth nmetal reagent. If the anbunt of the fatty amine is too

snmal |, the pedtademyl antineyi heswmldenylianine o hizptadgeylaninehe anount
thereof is too |large, the base nunber is decreased. The fatty acid and the
fatty an neteasrylemniged | Amongithesen.the use of czcpteanyvéamion, is di | uent
or solvent (hereinafter referred to as "diluent") having an appropriate

vi scosity papfecrsdded The @mounda@f dhe Eathy taminei £Pt heeuspd AsSnd-i00d of
the reaction materials, the internediate products, the final products, etc.
For exanpl &0 Whdnmdde EreferaliedttBd thehot mely onpeer pEgferaglyy 0.05
distillation fromthe reactiqon product after conpletion
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thereof is too large, the base number is decreased.

The fatty acid and the fatty amine may be used in
combination.
In the present invention, a diluent or solvent

(hereinafter referred to as "diluent") having an appropriate
viscosity may be added to the reaction system to facilitate
the handling of the reaction materials, the intermediate
products, the final products, etc. For example, when the
excess unreacted phenol is to be recovered by distillation
from the reaction product after completion of the
sulfurization reaction stage or the carbon dioxide treatment,
a bottom-in a preferred liquid state can be obtained by
conducting the distillation in the presence of a diluent
having a high boiling point and an appropfiate viscosity.
Usually, a portion of the diluent is distilled off together
with the unreacted phenol. Accordingly, it is preferred to
nse a diluent having no direct adverse effect on the reaction
when the recovered phenol is repeatedly used for the

reaction. If desired, the reaction may be conducted in the



use a.diluent having noigirect adverse effect on the reggti on when the
recovered phenol is repeatedly used for the reaction. If desired, the
reaction may be conducted in the 16 presence of a diluent. Preferred
exanpl es of the diluent include petroleumfractions having an appropriate
viscosity such as paraffinic, naphthenic apﬂgaron&tic base oils and

m xtures thereof. Specific exanples thereo ncl ude | ubricating oi

fractions having boiling points of about 20Q to [err] and viscosities of

about 2 to PResERCeof A dilyentqdi Preferredcesanplgsniod he didnenkch are

hydr ophobi c, and |i pophiljc can be used, so,long as they do not have an
adver se ef fRglede tPREFRLRWN Fragtions nRayiRgofn: APPEORAL AN FidkSCOSHHeY
bver - based SHh (7 AR RS RLR e BAPRFORALS) SpHoAEOBaGAS: HES SUdR AMfbent] on
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period of fromabout 1 to :
lipophilic can be used, so long as they do not have an
adverse effect on the reaction or on the use of the final
product.

The principal manufacturing processes and operating
conditions for producing an over-based sulfurized alkaline
earth metal phenate of the present invention are as follows:

The sulfurized metal addition reaction is carried out
using a phenol, a dihydric alcohol, an alkaline earth metal
reagent and sulfur. In addition thereto, a fatty acid or a
fatty amine or water may be added. The reaction is carried
out at a temperature in the range of 60 to 200°C, preferably
about 90-to 190°C. There is no particular limitation on the
reaction pressure, but it is selected in the range of 0.01 to
21 atm-h, preferably 0.1 to 11 atmeA. Usually, this reaction
almost terminates within a time period of from about 1 to 9
hours.

The carbon dioxide treatment is carried out after
distilling off excess dihydric alcohol and at least excess

water in the reaction system. 1In cases where a fatty acid or

el
e
1



hours: The carbon di oxig:treatnment is carried out aftepxtistilling off
excess di hydric al cohol and at |east excess water in the reaction system
In-cases where a fatty acid or 17 a fatty amine is not previously added
or the previously added fatty acid or fatty amine is snmall, they are added
to make a predeterm ned anmount, and a predggz{nined anount of water or a

| ower al cohol is added to the reaction sys The reaction is carried out
wi th carbon dj oxide at a tenperature of from about 50 to Lern] pr.ef erab

80 to [err]® TR A IRyt RERFIRS LY i added r OBnyhEr Preydons Ly @s’@lﬁ%s,

2 A, profHe pOd T Tty mmt et HretLi bRsY0sse; Badedth AAKe a
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hours. The carbon di ox tment 1 nproves the performance 0 I nal

pr oduct. as Jeulinidhplaahi0ido adslizdoms, aibiddny | sgdght pygse. esppgl al Iy of |

solubility and stability when a 0 engi ne The addition of a fatty

acid or a haaldtivi MR B RAKERAIGHR] WdénYaly 'Sf DRb4EE8d abrblguaddi,t i on

of reaction materialsto a
normal pressures, elevated pressures, usually, in the range
of 0.01 to 51 atmeA, preferably 0.1 to 31 atmeA, more
preferably 0.2 to 11 atmeA. Usually, the reaction is carried
out until the absorption of carbon dioxide is substantiélly
terminated, it is generally 20 minutes to 10 hours, usually
20 minutes to 3 hours. If necessary, the resulting product
is maintained in carbon dioxide atmosphere under 0 to 21
atmeA, preferably 0 tolll atmeA at about 100 to 230°C for
several minutes to ten-and-several hours. The carbon dioxide
treatment improves the performance of the final product as
lubricating oil additives and fuel oil additives, especially
oil solubility and stability when added to engine oils. The
addition of a fatty acid or a fatty amine can be conducted at
any time between at the addition of reaction materials to a
reactor and before the carbon dioxide treatment, preferably
it is before the addition of water at the carbon dioxide
treatment.

It is possible to repeat the above-described metal

addition reaction, with an alkaline earth metal reagent, a



reactor and before the ﬁarbon di oxi de treatnent, preferab}y It is before
the addition of water at™the carbon di oxide treatnent It is possible to
repeat the above-described netal addition reaction, with an al kaline earth
netal reagent, a 18 di hydric al cohol and, if necessary, a fatty acid or
a fatty am ne being added to the product of%Q@e carbon di oxi de treatnent
and then repeat the carbon dioxide treatnent once or nore to further effect
the nmetal addition. In thls case, glural nmetal addition regctlons urther

i nprave t heHwedrhekeohelands ik | DPFREBREY <1 B Fath¥e ®% PorhatF
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renmoved byI? tion,” cen uga separation ore or a ter t he
{)E:nglbo\r/:cg.lescrl%gf ﬁe% %196&’% to Eﬂr;e pr]?sczagg I nventi on obtained by
process ha ase number o to 400 ngKOH g, a

viscosity of 40 to g GQ0 S_lrMrd®'fdom an economical standpoint and
others that a portion or most of the unreacted phenol present
in the reaction product after the carbon dioxide treatment is
recovered. The recovered phenol can be reused as a reaction
maferial. when the distillation of the unreacted phenol is
carried out in the presence of an ordinary diluent such as a
mineral oil having a high boiling point, the distillation
residue can be obtained in a preferred liquid state. Any
insoluble matter remaining in the distillation residue can be
removed by filtration, centrifugal separation, etc. before or
after the phenol recovery.

The phenate according to the present invention
obtained-by the above-described process have a base number of
250 to 400 mgKOH/g, a viscosity of 40 to 1,000 cSt at 100°C
and a color of L3.0 to B.0Dil (by ASTM).

Furthermore, in the over-based sulfurized alkaline
earth metal phenate thus obtained, a phenate and a fatty acid
or a fatty amine are present. When it is used as an additive
for lubricating oils, it is preferred that the fatty acid or

fatty amine is contained in an amount of 0.1 to 50 wt%,



ahd a color of L3.0 to Sﬁpu | (by ASTM. Furthernore, i4i;fhe over-based

syl furized al kali ne eart’h netal phenate thus obtained, & phenate and a
fatty acid or a fatty amne are present. Wen it is used as an additive for
| ubricating oils, it is preferred that the fatty acid or fatty amne is
contained in an amount of 0.1 to 50 W % %9 preferably 0.1 to 45 wt%
based on the total weight of the additive..hklherto, It has been difficult
to produce an over- based sul furized al kaline earth netal phenate having a
hi gh base rpmnéterablytfBel ot ASawtdwbasedosnt Lhegsotadomeiadvtd afoddhei |
solubility. Accordingly, to make it possible to produce such a phenate,
known net haakdietvere conpl ex operations such as repetition of a sulfurized
nmetal addition reaction. According to the present inventign, it is possible

to provide an over -IbHERerEe) 1t has BeRn| dhELignik Ot RFOPNESaOR Iy a
hi gh base nunber with a low viscosity and excelle cql or and. the
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produce such a phenate, known methods require complex
operations such as repetition of a sulfurized metal addition
reaction.

According to the present invention, it is possible to
provide an over-based sulfurized alkaline earth metal phenate
having a high base number with a low viscosity and excellent
in the color and the solubility in lubricating oils.
Furthermore, the present invention accomplishes to provide
such an excellent phenate by one sulfurized metal addition
reaction with.easiness and low costs.

The present invention is now illustrated in greater
detail by reference to the fol;owing examples which, however,
are not to be construed as limiting the invention in any way.

EXAMPLE 1

Into a l-liter autoclave equipped with a stirrer, a
gas-introducing tube and a thermometer, were charged 552.2 g
(2.1 mol) of 99.8%-pure dodecylphenol, 41.4 g (0.7 mol) of
94.9%-pure calcium oxide, 6.7 g (0.2 mol) of sulfur (0.3 mol
per mol of calcium oxide) and 5.0 g (0.018 mol) of stearic

acid (0.025 mol per mol of calcium oxide), and then stirred.



EXAMPLE 1 Into a 1-Iitaf§éutoclave equi pped with a stirfef, a
gas-introduci ng tube and’a thernonmeter, were charged 55272 g (2.1 nol) of
99. 8% pure dodecyl phenol, 41.4 g (0.7 nol) of 94.9% pure cal cium oxide, 6.7
g (0.2 mol) of sulfur (0.3 nol per nol of calciumoxide) and 5.0 g (0.018
nol ) of stearic acid (0.025 nol per mol of calcium oxide), and then
stirred. 20 To the resulting suspensionﬁeﬁhs added 65.2 g (1.1 nol) of
ethyl ene glycol at [err]. The reaction mxture was stirred at [errL under a
gauge pressTecthe nesulting suspengienoswasceddied &% 3 & GbduMBLhREs.
While the pressure of the_reaction systemwas gradual |y reduced, the W@ter
formed, a pakRybenangi¥epddatt AghéRe gMheok ions PR EULR 11AS gitirre

rosi due. Tt DPEF WIRETOR SABOP| BRPSEREE: PaRPoS T4t ALK MG N tor
209 (0.0 ol ploneter (901, ol per, ol ghsSal Shum v e Lo
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0,50 B dpAGeREBoS: LA BT TLICHRY 18 AN 61539 S s (0
liquid distillation residue. The temperature of the final
distillate was 140°C (3 mmHg). After 5.0 g (0.3 mol) of
water (0.4 mol per mol of calcium oxide) was added to 618.3 g
of the distillation residue, carbon dioxide was then allowed
to be absorbed by the resulting distillation residue from the
reduced pressure condition at a heating temperature of 150°C
for 30 minutes. The carbon dioxide was supplied to the
autoclave at a rate of 0.315 1/min. Thereafter, the reaction
system was heated to 178°C and pressurized to a gauge
pressure of 5.0 atm with carbon dioxide, and allowed to stand
for 2.0 hours to obtain 648.3 g of a reaction product. 648.3
g of the  reaction product was mixed with 117.4 g of 150
neutral oil as a diluent. The resulting reaction product was
transferred to a 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 182.4 g of a distillation
residue. The temperature of the final distillate was 225°C

(1.5 mmHg). The resulting distillation residue was diluted



g of the reaction prodﬁgﬁ was mixed with 117.4 g of 15@E%eutral oil as a
di.l uent. The resulting reaction product was transferred to a three-necked
pear - shaped flask and subjected to distillation under a reduced pressure to
remove a small anount of ethylene glycol and nost of unreacted

dodecyl phenol , thereby.obtaining 182.4 g of distillation residue. The
tenperature of the final distillate was [er (1.5 mMg). The resulting
distillation residue was dil uted 21 with a great_apount of hexane,
renoved 12Wdth & gxeathsmamite afathexans, Jemovedgh? - CePaPht fBningp4uble

renmoved the reatl§_added' exane by distjllation, theregy obtaining 163.3 ¢
of a final ™ ct; ﬂ?@tﬁ"%ﬁ)’&atli SEeRFration and FemoredFResgEGAtiY Tabl e
1. EXAMPLE 2 .The,procedure qf mpl.e 1 was repeated, .except .that th
stearic acPéd\ﬁgs hs¥a58 ?’ﬁ( %smﬁt’tﬂn'o%ﬁyp@t ¢ ig%C ufh 8§i &e.
The yield qf _a,final, product was 184.6 g. The properties of the final
product ar 1§ﬁ&wﬁrpﬂuf§ble 1. EXAMPLE 3 The procedure of Exanple 1 was

epeated, except il SRRSO i B AL ApBuBagh Bl 1Ol
propertiesqpgfEhg final product are shown in
EXAMPLE 2
The procedure of Example 1 was repeated, except that
the stearic acid was added in an amount of 0.05 mol per mol
of calcium oxide. The yield of a final product was 184.6 g.
The properties of the final product are shown in
Table 1.
EXAMPLE 3
The procedure of Example 1 was repeated, except that
the stearic acid was added in an amount of 0.1 mol per mol of
calcium oxide. The yield of & final product was 136.7 g.
The properties of the final product are shown in
Table 1.
EXAMPLE 4
The procedure of Example 3 was repeated, except that
the stearic acid was added after the sulfurized métal
addition reaction but before the addition of water to the
distillation residue which has been distilled off a water
formed, a part of unreacted ethylene glycol and a small
amount of dodecylphenol. The yield of a final pxoduct was

224.8 g.



Tabl e, 1. EXAMPLE 4 The PEocedure of Exanple 3 was repeated, except that the
stearic acid was added after the sulfurized metal addition reaction but
before the addition of water to the distillation residue which has been
distilled off a water forned, a part of unreacted ethyl ene glycol and a
smal | anount of dodecyl phenol. The yield gé final product was 224.8 g.
22 The properties of the final product ar own in Table 1. EXAMPLE 5 The
procedure of Exanple 1 was repeated, except that the stearic acid was added
in an ambunt of OThempropertiels aff ddieifimakiptoddde el shoémaihi na
product was 225.3 g. The properties of the final product are shown in Table
1. EXAVPLBabBleha .procedure of Exanple 1 was repeated, except that the
stearic acid was added in an anount of 0.6 nol per nol of cal cium oxide.
The yield of a final product was 26EXAMPLHNWS properties of the final

product are shown in Table 1. EXAMPLE 7 The procedure of Exanple 3 was
repeat ed, except Th§ procedure of Example 1 was repeated, except that

the stearic acid was added in an amount of 0.3 mol per mol of
calcium oxide. The yield of a final product was 225.3 g.
The properties of the final product aré shown in
Table 1.
EXAMPLE 6
The procedure of Example 1 was repeated, except that
the stearic acid was added in an amount of 0.6 mol per mol of
calcium oxide. The yield of a final product was 268.5 g.
The properties of the final product are shown in
Table 1.
EXAMPL.E 7
The procedure of Example 3 was repeated, except that
the stearic acid was replaced with a behenic écid. The yield
of a final product was 198.1 g.
The properties of the final product are shown in
Table 1.
EXAMPLE 8
The procedure of Example 3 was repeated, except that
the stearic acid was replaced with a palmitic acid. The
vield of a final product was 193.3 g.
The properties of the final product are shown in

Table 1.



the stearlc acid was regflaced with a behenic acid. The. yteld of a final
product was 198.1 g. The ‘properties of the final product”are shown in Table
1. EXAMPLE 8 The procedure of Exanple 3 was repeated, except that the
stearic acid was replaced with a palmtic acid. The yield of a final

product was 193.3 g. The properties of the final product are shown in Table
1. 23 EXAMPLE 9 The ‘procedure of Exanp2é31 was repeated, except that the
stearic acid was added in an anmount of 0.1 nol per nol of calcium oxide and
the sulfur was used in an anount of @xAMb3)r mer nol of cal ci um oxide. The
yield of a final product was 185.4 g The properties of the final product
are shown in Tabl eThe PpXé¥BHEréOofhexampledur wadf fopuatead,l evsepePeried,
except that the stearic acid was replaced with a calcium stearate in an
amount of €h85stehrper anhd ehscaldedmiaxiate amttirithe 50 f LrmeBspaddedli oFan
anount of 0.2 nol per nol of calciumoxide. The yield of a flnal pr oduct
was 174. 4 galdhemporpdet apd thet Bulfumaivasr adect iar earshowount of 0.2 mol

per mol of calcium oxide. The yield of a final product was
185.4 g

The properties of the final product are shown in
Table 1.
EXAMPLE 10

The procedure of Example 1 was repeated, except that
thé stearic acid was replaced with a calcium stearate in an
amount of 0.05 mol per mol of calcium oxide and the sulfur
was added in an amount of 0.2 mol per mol of calcium oxide.
The yield of a final product was 174.4 g.

The properties of the final éroduct are shown in

Table 1.
EXAMPLE 11

The procedure of Example 1 was repeated, except that
the stearic acid was added in an amount of 0.1 mol per mol of
calcium oxide, the 99.8%-pure dodecylphenol was added in an
amount of 0.1 mol per mol of calcium oxide, and the 72.9%-
puie recovered dodecylphencl was added in an amount of 2.0
mol per mol of calcium oxide. The yield of a final product
was 186.4 g.

The properties of the final product are shown in

Table 1.

")
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Tabl'e 1. EXAMPLE 11 The ﬁEbcedure of Exanple 1 was repeaﬂéﬁ, except that
the stearic acid was added in an anount of 0.1 nol per nol of calcium

oxi de, the 99. 8% pure dodecyl phenol was added in an anmount of 0.1 nol per
nol of cal cium oxide, and the 72.9% pure recovered dodecyl phenol was added
in an anount of 2.0 nol .per nol of calciumoxide. The yield of a final
product was 186.4 g. The properties of t he £idal product are shown in Table
1. 24 EXAMPLE 12 The procedure of Exanple 1 was repeated, except that a
met hanol was added in an anount of 1.BXAMPLE~d2npl of cal ci um oxide in

pl ace of the water added at the carbon dioxide treatnent and the stearic
acid was added in aﬁﬂ%nﬁﬁﬂ?qguqﬁ:PﬂnﬁxﬁﬂQIQnﬂ WAS cePReakedxi 6scephethiagl d

hoin 11" B e e i o od e Bt e
D1 0duct  was SITLE, SRR Tt FAd S N ' SOAGAEE HE CAERRT R
dioxide treatment and the stearic acid was added in an amount
of 0.1 mol per mol of calcium oxide. The yield of a final
product was 212.2 gqg.
The properties of the final product are shown in
Table 1.

COMPARATIVE EXAMPLE 1

The procedure of Example 1 was repeated, except that
the stearic acid was not added. The yield of a final product
was 259.1 g.

The properties of the final product are shown in
Table 1.

COMPARATIVE EXAMPLE 2

.The procedure of Example 3 was repeated, except that
the water was not added before the carbon dioxide treatment.
The yield of a final product was 261.9 g.

The properties of the final product are shown in

Table 1.



Tabl e, 1 COMPARATI VE EXAMPLE 2 The procedure of Exanple: 3 was repeat ed,
except that the water was not added before the carbon dioxi de treatnment.

The yield of a final
product are shown in Table 1.

Vi sc-

I n product (nol/

g) [err] Ex.

2.8 Ex. 2: 0.05

0.1 300

179 L4. ODi |

L4. OO | 0

0 39 6 Ex.

Ex. 8: )

370 331

920 3.§§XI .

L5. ODi | ) 6'

0 %E2. 2:
Ex. H
Ex. 4:
Ex. 5:
Ex. 6:
Ex. 7:
Ex. 8:
Ex. :
Ex. 10
Ex. 11
Ex. 12
Comp.
Ex. 1:
Comp.
Ex. 2:
Notes:
1) Mol

(nmgKOH (cSt, at
1: 0.025 352

321
93

Fat?
Aci §4

%"6 3
0. 8259
0.05
0.1
0.1
0.3
0.6
0.1
0.1
0.1

: 0.5(*)
: 0.1
: 0.1

product was 261.9 g. The properties of the final
25 TABLE 1 Content of Fatty Base

@

Ol sol- fatty acid Acidttinunber osity Col or [err]
(AST (W9 [err]
43 [err] [err]
179 Eé&%gil 4.8 Ex. 3
4. SDI Q 9. 3 Ex 4: ent o§00
8%9 511:1 85 r :gl_ar f ( t%;lct
g§§ md* 8.4 Ex.'9:°00.1
9. 1 Ex. 10: 0.5(*) 360
9 11: 1 2 398 335 3.8
1382 Eé3f Q3 gpil 1> - L1 ok
321 179 L4.0Dil o 4.8
300 93 4.5Dil o 9.3
300 179 L4.0Dil 0 8.0
275 70 L4.0Dil o 24.1
260 80 L4.0Dil 0 39.6
292 85 14.0Dil o 9.9
305 98 L4.0Dil 0 8.4
370 331 4.0Dil 0 9.1
360 920 3.0Dil 0 9.3
398 335 L5.0Dil 0] 9.1
291 182 - L4.0Dil o) 8.9
320 623 L4.0Dil? X 0
231 152 L4.0Dil 0] 7.0

of Fatty acid/Mol of Alkaline earth metal reagent

2) Determined after stirring for 5 min.
condition that the product was added to a Middle East
paraffinic engine oil to have the base number of 78 mgKOH/g.

at 60°C undexr

*) Mol of calcium stearate/Mol of Alkaline earth metal
reagent

O: Completely dissolved, A:

Slightly turbid, X:

Insoluble



Conp.. Ex. 1: O 420 623  L4.0Dil2 o 0 Conp.
Ex. 2. 0.1 231 -7 152 L4. 0D | 0 7 7.0 Notes: 1) Ml
of Fatty acid/ Mol of Alkaline earth netal reagent 2) Determ ned after
stirring for 5 mn. at [err] under condition that the product was added to
a Mddle East paraffinic engine oil to have the base nunber of 78 ngKOH g.
*) Mol of calciumstearate/ Mol of Alkalin arth netal reagent O:
Compl etely dissolved, [err] Slightly turbid, X 1Insoluble 26 EXAMPLE 13
Into a 1-liter autoclave equi pped w EXAMPEEi d8er, a gas-introducing tube
and a thernoneter, were charge 552.2 g (2.1 nol) of 99.8% pure
dodecyl phenol , 41. Ing§o(8. k-kitprogusdcIemeueguigpsidimidh de, stlitrer Cal
nol ) of sul fur (0.2 nol per nol of cal ciumoxide) and 18.9 g (0.07 nol) of
strearyl angA&-{BtXoABFipgr tabe andcal @hmet@r aere r@weqe? r$%%:27T8 the
resul ting ?3 gen5|on 5 added 65. 2 1 nol) of ethylene gl ycol at
[err]. ThelfedcPPdh REXP rg%wﬁ§r§tﬂPP§@Y&PWEQQﬂ & & Fhuendk bsfire of
about 3.0 nd closeiﬁcondltl ns for about Wil e the pressure
of the rea@%ng 8’5}§Feﬁ13 dugy 8&& Biry 4 réd@cé% ltﬁlé’%viatoefr (% HRPL of
unreacted et VnSP%of! ¥526130%0%1485' and %" ¥ (0.07 mol) of

strearylamine (0.1 mol per mol of calcium oxide), and then

stirred. To the resulting suspension, was added 65.2 g (1.1

mol) of ethylene glycol at 125°C. The reaction mixture was

stirred at 130°C under a gauge pressure of about 3.0 atm and

closed conditions for about 3 hours. While the pressure of

- the reaction system was gradually reduced, the water formed,

a part of unreacted ethylene glycol and a small amount of

dodecylphenol were distilled off to obtain 626.4 g of a

liguid distillation residue. The temperature of the final

distillate was 144°C (6 mmHg).- After 5.0 g (0.3 mol) of

water (0.4 mol per mol of calcium oxide) was added to 626.4 g

of the distillation residue, carbon dioxide was then allowed

to be absorbed by the resulting distillation residue from the

reduced condition at a heating temperature of 150°C for 30

minutes. The carbon dioxide was supplied to the autoclave at

a rate of 0.315 1l/min. Thereafter, the reaction system was

heated to 178°C and pressurized to a gauge pressure of 5.0

atm wiih carbon dioxide, and allowed to stand for 2.0 hours

to obtain 662.8 g of a reaction product. 662.8 g of the

reaction product was mixed with 97.7 g of 150 neutral oil as



dddecyl phenol were distid:led off to obtain 626.4 g of a-li-quid distillation
resi due. The tenperature of the final distillate was [err] (6 mmHg).- After
5,09 (0.3 nol) of water (0.4 nol per nol of calcium oxide) was added to
626.4 g of the distillation residue, carbon di oxide was then allowed to be
absorbed by the resulting distillation residg?gfron1the reduced condition
at a heating tenperature of [err] for 30 mn s. The carbon di oxi de was
supplied to the autoclave at a rate of 0.315 1/mn. Thereafter, the

reacti on syst ehlwventheatBe tresiBiiigcepcticnr predutt wagatgansfessede tof
5.0 atmw th carbon dioxide, and allowed to stand for 2.0 hours to obtain
662.8 g of a rhaste-oreqk Raxn-slaGged Hlask tdmd rsabjeochedr bdudti swdd laitien
with 97.7 g of 150 neutral oil as 27 a diluent. The resulting reaction
product was undgas fBemesnasasl Pragsurecek pemeve hapswall agkount ofbpsbydeneo
distillation _under a reduced pressure to renove a small anount of ethylene
gl ycol and F8¥Codf @ﬁrmtec?fgdaw%%cﬂqdﬁmmn%t athergbyggbtagnings
distillation _residue. The tenperature of the final distillate was [err]

(2.5 nmHg) . 1¥he r & @ft PngiAtdtilatdonresiivre wRle dreTPeBatRER afgths:
arount o MRS ASINA Sl oy gV 15l WDl I gt Do certiLbusRl
oDt al NN 125t kol s SO R 9l 816008l MIBHESERLT L
shown - hexane, removed 3.5 g of an ipsoluble matter by centrifugal
separation, and removed the greatly added hexane by
distillation, thereby obtaining 175.4 g of a final product.

The weight ratio of the reaction materials are shown
in Table 2 and the properties of the final product are shown
in Table 3.

EXAMPLES 14 AND 15

The procedure of Example 13 was repeated, except that
the stearylamine was added as set forth in Table 2.

The properties of the final products are shown in
Table 3.

COMPARATIVE EXAMPLE 3

The procedure of Example 13 was repeated, except that
the stearylamine was not added.

The properties of the final product are shown in

Table 3.

COMPARATIVE EXAMPLE 4




-

ih Table 3. EXAMPLES 14-AND 15 The procedure of Exanpl e : 13 was repeat ed,
except that the stearyl &m ne was added as-set forth in Tabl e 2. The
properties of the final products are shown in Table 3. COVPARATI VE EXAMPLE
'3 The procedure of Exanple 13 was repeated, except that the stearyl am ne
was not added. The properties of the final product are shown in Table 3.
COVPARATI VE EXAMPLE 4 ~ 28 The procedure ocigxanple 13 was repeated,

except that the stearylam ne and the water t he carbon di oxi de treat nent
were not added. Th&her prededureofof IBxdnple I3 ochstrepeatédynekceptibtbas.
EXAMPLES 16 TO 20 The procedure of Exanple 13 was repeated, except that the
reacti on nmeher istlearydamicienrmyel] tiee settdorat the Tabrkod. dioxfdenpl e 20, a
hexadecyl ami ne was used in place of the stearylam ne. The properties of the
final prodtreatmeatswene notTadded. EXAMPLE 21

The properties of the .final product are shown in
Table 3.
EXAMPLES 16 TO 20

The procedure of Example 13 was repeated, except that
the reaction materials were changed as set forth in Table 4.
In.Example 20, a hexadecylamine was used in place of the
stearylamine.

The properties of the final products are shown in
Table 5.

EXAMPLE 21

The procedure of Example 13 was repeated, except that
a methanol was added in an amount of 0.5 mol per mol of
calcium oxide in place of the -water added at the carbon
dioxide treatment. The yield of the final product was 183.3
g.

The properties of the final product are shown in

Table 5.



The procedure of Exanple“13 was repeat ed,
in an anount of 0.5 nol

added at the carbon di oxide treatnent.

per

nol

except that

a ﬁéthano

of cal cium oxide in plaée of the

The yield of the final

prod

was added

wat er
uct was

183.3 g. The properties of the final product are shown in Table 5. 29
TABLE 2 Conp. Conp. Ex. 183 Ex. 14 Ex. 15 Ex. 3 Ex. 4
St ear | yam ne: 0.1 0.2 0 05 0 H20 at CX2
treat nent: 0.4 0.4 ?(p 4 0 Sul fur: 0.
0.2 0.2 0.2 0.2 Dodecyphen 3.0 3.0
3.0 3.0 "Et hyl ene gl ycol: 1.5 1.5 1.5 1.5
1.5 Note: The nunerals are expressed as the nolar nunber per nol of CaO
whi ch was used in an anmount of 0.7 nolL 3 Conp. Conmp. Ex. 13
Ex. 1-4 Ex. 15 Ex. 3 Ex. 4 Base nunber %g%p c 363
390 352 252 V'5005|ty 55 P - 821
260 Col or (ASTM: L3.0Di | Ex4d3p |_>L_;‘e‘lou§_+li—ou1bl§—é4 0B%-—4
Stearlyamine: 0.1 0.2 0.05 0 0]
H,0 at CO,
treatment: 0.4 0.4 0.4 0.4 0
Sulfur: 0.2 0.2 0.2 0.2 0.2
Dodecyphenol: 3.0 3.0 3.0 3.0 3.0
Ethylene
glycol: 1.5 1.5 1.5 1.5 1.5
Note: The numerals are expressed as the molar number per
- mol of CaO which was used in an amount of 0.7 mol.
TABLE 3
Cémp. Comp.
Ex. 13 Ex. 14 Ex. 15 Ex. 3 Ex. 4
Base number: 383 363 390 352 252
Viscosity: 621 552 715 821 260
Color (ASTM): L3.0Dil L3.0Dil L6.0Dil 1L4.0Dil2 ©L4.0Dil
0il solubility: O o A X o)
Notes:
0il 'solubility: Determined after stirring for 5 min. at

60°C under condition that the product was added to a Middle
East paraffinic engine oil to have the base number of 78

mgKOH/g .

O: Completely dissolved, A: Slightly turbid, X:

Insoluble

2
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Ol -solubility: 0 w0 A X 2.2 0 Notes: QO
sglubility: Determined after stirring for 5 min. at [err] under condition
that the product was added to a Mddle East paraffinic engine oil to have
t he base nunber of 78 nmgKOH/ g. 0: Conpletely dissolved, A Slightly turbid,

X: Insol uble 30 TABLE 4 Ex. 16 Ex. 17 Ex. 18 Ex. 19 Ex. 20

St ear | yam ne: 0.1 0.1 0.1 30 0.1 0.1* H20 at CO2
treat nent: 0.3 0.5 0.5 0.5 0.5 Sul fur:
0.2 0.2 0.3 0.7 0. 7 Dodecyphenol : 3.0 3.0
3.0 3.0 3.0 Ethylene glycol TABLE 4 1.5 1.5 1.5
1.5 1.5 Notes: The nunerals are expressed as the nolar nunber per nol
of CaO which was used in an anopunt of 0.7 nol. In ExaEELglég,
hexadecyl ani ne was used i nExtate ofEX:eodVy| aBXnel8TAB . oExe 20 17
Ex. 18 Ex. 19 @ Ex, 20 Ex, 21 Bage_nunber; _372 368 355
322 feearlyamine s scd.1 0.1 _0.1 0.1 0.1*
H,0 at CO, :
treatment: 0.3 0.5 0.5 0.5 0.5
Sulfur: 0.2 0.2 0.3 0.7 0.7
Dodecyphenol: 3.0 3.0 3.0 3.0 3.0
Ethylene
glycol: 1.5 1.5 1.5 1.5 1.5

Notes: The numerals are expressed as the molar number per
mol of CaO which was used in an amount of 0.7 mol.

In Example 20, hexadecylamine was used in place of
stearylamine.

TABLE 5

Ex. 16 Ex. 17 Ex. 18 Ex. 19 Ex. 20 Ex. 21

-

Base
number: 372 368 355 322 389 372

Visco-
sity: 651 518 651 685 659 621

Color: L3.0DiL 1L3.5Dil L4.0DiL L4.5Dil L3.0Dil L4.0Dil
(ASTM)

0il sol-
bility: o) 0 0 0 0 0

Notes:
0il solubility: Determined after stirring for 5 min. at
60°C under condition that the product was added to a Middle

East paraffinic engine oil to have the base number of 78
mgKOH/g.

O: Completely dissolved



sity:. 651 518 i 651 685 659 “%21 Color: L3.0DiL
L3.5Dil L4.0DiL L4.5Di1 L3.0DI L4.5Di1 (ASTM G| soI bility: 0

0 0 0 0 O Notes: Ol solubility: Determ ned
after stirring for 5 min. at [err] under condition that the product was
added to a M ddl e East paraffinic engine oili%%'have t he base nunber of 78
ngKOH/ g. 0: Conpl etely di ssol ved 31 Wiile e invention has been
described in detail_and with reference to Siﬁflflc enbaodi nent s thereof it

will be apparent toWBhdeskhel inyepgion, hag,ReenydesisE: gy dekpil

nodi fications can he made therein w,thou arting.fromithe, spir

scope t her e§ith re%Erﬁﬂﬁ? s EEQFWEBCISmgfﬁ %engg S#HE§§§E¢0+ dVbLLC fg an
over - based sul furize alkall arth t al ate which c rlses reacting
ei ther a ni }PRRESBE 8a8??oﬁ eFPaF ec&ﬁﬁrﬁgﬂﬁ;e?ﬁﬂﬂﬂﬁﬂ(ﬂgb $

al cohol , anah§§kE2 lgggtgagege magag%ﬂergghpalfiod% departing from the’

spirit and scope thereof.



at kal | xiiEiE-' or hydroxide or a mxture of botkshanas Bl Rl Rk
annix’ﬂﬁ”ﬁﬁmﬂ Hﬂction materials with water, distillin S
anount 0T ¢ IxC al cohol and at | east excess anount o M@wnw ﬂ

subsequently treating the resulting distil ion residue w
di oxi de, wherein the carbon di oxide treat Is carried out (A) in the

f | _of fatt id fatt ' 1 | of
presence, of 0% . Opugpl 0l @ Tatiy acid of o Taliy amne per 1 ml ol
to 0.9 | qf t | of _th | kal i th t al {. i
(902 2,0 2L Pk I B! Dol ahngncB By oL 0011
f th | kal iR, + I, 1 ]4 f (i) th 1 p i i
o 1S, Il 3 T LR L 0 DR Skl L) cRokbrglcsCk Ui dELgE, gR(.D)

h [ i ' bon. si i 4t b t
PRENOl 18 g IRl 0 % & PR TR 008 21 S°CRABLR <Shol ol Bith B! 081, DL O
Cal e . iy . . . -
Toonest ol HingAT QISR Wl eiedfide Carchiibrall pdflget WHLER, (8" an
| kal i t | nt_ . . . ) i
geraohgeegﬁ%\}é agg'%'%ofer at%ﬁ'g?ﬁh'eﬂ_no %g'ddé %é%&%?ggggs%ssgfn%%ﬁ ﬁééaglsgnki,
wherei n t he gl g 26000l {8 B4 £1n G ¥ OPLa £E 1 BRORY L8RS B9 W9l en O

The process as clained Tn Cam erein
water, distilling off an excess amount of the dihydric

alconol and at least excess amount of water, and subsequently
treating the resulting distillation residue with carbon
dioxide, wherein the carbon dioxide treatment is carried out
(A) in the pressnce of 0.001 to 0.7 mol of a fatty acid or a
fattv amine per 1 mol cf the alkaline earth metal reagent and
(B} in the presence of either (i) 0.01 to 0.9 mol of water
per i mol of ths alkalineé earth metal reagent or (ii) 0.05 to
5.0 mol of a lowsr alcohol containing 1 to 4 carbon atoms per
1 mol of the alkaline earth metal reagent or (iii) both of
(1) the water and (ii) the lower alcohol.
2. The prccsss as claimed in Claim 1, wherein the phenol
is & phenol having a hydrocarbon side chain of 4 to 36 carbon
atoms.

1 or 2,
3. The precess as claimed in Claims wherein the

alkaline earth m2tal reagent is an oxide or hydroxide of

calcium, barium, strontium or magnesium.



- —— _ a

di yd used. m an anmount of 0.15 to 3.0 nol: priis Shéet Bds BednReplaced
al.kal I'ﬁlﬁﬁﬁﬂii{“ﬂtﬁ“ eagent. 7. The process as cl ai rred manm”l[l
wher e used in an anount of 0.001 to 3.0 nDI

al kaline earth nmetal reagent. 8. The p rocgzzgas cl ai ned |n

wherein the water is added in an anmount of ab 0.01 to 10 nol per nol of

the al kaline earth netal reagent at the netal add[tigﬁ pgadt.ion stage. 9.
The process4as cl ai Rbeé pmoCeaismas, cMadmeid) imeClaimg acM@qnennxﬁh¢n an

anount of 0.05 to 0.6 nol per nol of the alkaline earth netal ggent and
the fatty aalkeligeusedthnmatadnmueagesit OiD5usedoin amoundr cnﬁalO lige
al kaline earth netal reagent. 10. The process as clained in Caiml,

wher ei n t heOt 88t pauévdleats peacoae famhvalent o0f EBRsPRENRE of capric
acid, lauric acid, galnltlc acid, stea e§|é_ﬂé|d | i gnoceric
acid, cerot$e acid, ThRBnPAAFESECRE, C&#&mﬁgl%ﬁiéléhma andNeRE iyt acid
amne is selected fronlthe group conS|st|ng of . decyl am n

dodecy| ant réthyd=ss ehrase)i am fe encadloan g emfig&?yﬂir#%%
hexadecyl am ne, hept adecyl am ne, an - éfgggess as
claimed in © ai m 1, T0RePEPREERcagal 8&“& FTHBF nenFPPESEE N5 out in

e ot S GiRyarid a2cShar s B5edNE a%efa-mnt fokng.35ad e e et

mol of the alkaline earth metal reagent.
any one of i to 6,

7. The process as claimed inyTlaims vwherein the sulfur

is used in an amount of 0.001 to 3.0 mol per mol of the

alkaline earth metal reagent.
any one of 1 to 7

8. The process as claimed invClaims Y wherein the water

is added in an amount of 0.01 to 10 mol per mol of the

alkaline earth metal reagent at the metal addition reaction
stage.

any one of 1 to 8,
9. The process as claimed inYClaims Y wherein the fatty

acid is used in an amount of 0.05 to 0.6 mol per mol of the

alkaline earth metal reagent and the fatty amine is used in

an amount of 0.05 to 0.4 mol per mol of the alkaline earth

metal reagent.
1

anv_one of to 9
10. The process as claiﬁga—z;wﬁigzm\\Vﬂiﬁgféln the fatty

acid is selected from the group consisting of capric acid,
lauric acid, palmitic acid, stearic acid, behenic acid,
lignoceric acid, cerotic acid, montanic acid, and melissic
acid and the fatty acid amine is selected from the group

consisting of decylamine, undecylamine, dodecylamine,



« ® .

ahd 0 . a._;l_'_cé}/ver al cohol containing 1 to 4. cartirshet BEBefeplaced
mol g{l(ﬂ“ﬂlﬁlﬂ“ﬂwﬂmrthmt al reagent. 12. The process
c ai , " x|l ower al cohol- containing 1 to 4 carbon I

al cohol’,

sel ected fromthe group consisting of nethyhagicohol, et hyl

n-propyl al cohol, i-propyl alcohol, and n-b al cohol . 13. The process
as clained in Caim1l1l, wherein the netal addition reaction or the carbon
di oxi de treatidudylamine| i edtoatiecylbig ngr epermmaddcylathinent . 14, The

process as clainmed in Claim1, wherein the carbon dioxide treatnent Is
carri ed ouhedadeaykahing,t Repeadeaydaafine) tamd avdamyniEminmepr essure of

0.01 to 51 atmA. 15. An over - based surwrdneed Ik.%ﬂl itee B&rth netal
phenat e hatilng a b pmbeesof a8501adméao0i igrs & Wheoosinythe gerben
1,000 cSt at [err] and a color of L3.0 to 8 Dl (by ASTM, and contains 0.1
to 50 w % dfiotiglef diteatméentolst harkaedyoati na Basedmmsanee t9fal -andont
t hereof, which is produced by a process which conprises reacting either a
m xture of Oraswlowiwatenl perompli sfnghe ph&adiines efinhfurmetal csRagENEN
al kaline earth nmetal reagent which is an al kaline earth metal_ oxide or
hydr oxi de @ndaOnilxtter el oF met hof aadlowegsadgrhed songadindng el ofOt fiese
reaction materials with water, distijling off an excess anmpunt of the
di hydric afeshen atemg RBemsrobxebsshanplkelénengaath aefFashipseydeitry
treating the resulting distillation redhdi , Lldi-de
12. The process as claimed inYClaims ¥ wherein the lower
alcohol containing 1 to 4 carbon atoms is selected from the
group consisting of methyl alcohol, ethyl alcohol, n-propyl
alcohol, i-propyl alcohol, and n-butyl alcohol.
any _one of . 1 to 12
13. The process as claimed inYClaims )V wherein the metal
addition reaction or the carbon dioxide treatment is carried
out in the presence of a diluent.
any one of 1 to 13,
14, The process as claIEEH'ZHYETEEmS V wherein the carbon
dioxide treatment is carried out at a reaction temperature of
50 to 230°C under a pressure of 0.01 to 51 atm-A.
15. An over-based sulfurized alkaline earth metal phenate
having a base number of 250 to 400 mgXOH/g, a viscosity of 40
to 1,000 cSt at 100°C and a color of L3.0 to 8.0Dil (by
ASTM), and contains 0.1 to 50 wt% of the fatty acid or the
' fatty amine based on the total amount thereof, which is
producible by a process which comprises reacting either a
mixture of reaction materials comprising a phenol, a dihydric

alcohol, an alkaline earth metal reagent which is an alkaline

earth metal oxide or hydroxide or a mixture of both, and



L

he carbon di oxmde treatment is carried out (A), .| n'lthhesw&ﬂ& ced
000 lw ll fatty acid or a fatty amine per 1 hol Hm Hm T'
|

eart nd (B) in the presence of either (i) O.

of water per 1 nDI of the alkaline earth met al reagent or (i

nol of a | ower alcohol containing 1 to 4 car atons per 1 nol of the

al kaline earth netal reagent or (iii) both of (i) the water and (ii) the

al cohol. sulfur or 2 mixture of these reaction materials with water,
distilling off an excess amount of the dihydric alcohol and
at least excess amount of water, and subsequently treating
the resulting distillation residue with carbon dioxide,
wherein the carbon dioxide treatment is carried out (A) in
the presence of 0.001 to 0.7 mol of a fatty acid or a fatty
amine per 1 mol of the alkaline earth metal reagent and (B)
in the presence of either (i) 0.01 to 0.9 mol of water per 1
mol of the alkaline earth metal reagent or (ii) 0.05 to 5.0

4 carbon atoms per 1

mol of a lower alcohol containing 1 to ¢

mol of the alkaline earth metal reagent or (iii) both of (i)

the water and (ii} the alcohol.

16. The use of an over-based sulfurized alkaline earth

metal phenate, as defined in claim 15, as a detergent.

17. The use according to claim 16 wherein the detergent is

for lubricating oil or fuel oil.
A



