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SULFURIZED METAL ALKYL PHENATE COMPOSITIONS HAVING A

LOW ALKYL PHENOL CONTENT FIELD OF THE INVENTION 5 [1]

Provided herein are sulfurized metal alkyl phenate compositions having a

low alkyl phenol content and methods of making such sulfurized metal

alkyl phenate compositions. The sulfurized metal alkyl phenate

compositions disclosed herein may be used as detergents for formulating
lubricating oil compositions. BACKGROUND OF THE INVENTION 10 [2]

THE 11U R EWVVE TRILSKY SEVEr $ B3eA TRYOOHBIROSFDIONS HAVING

tetrapropenyl phengl, TORMARRPAIC FREN NS CONIERgsulfurized
metal alkyl phenate. Sulfurized metal alkyl phenates have been used as

additives in lubricating 0i|5{~?{;ﬂﬁlrﬂ%%ﬁﬁtﬁl(}19#ﬁ1@&road and air-cooled
e y, t

engines for more than forty years. Generally, there may be some

unregcted alkyl pheadlsshch-asiigiiaRr arRenvipheneh4EREhpEeHBAS AR 2 low

sulfurized 15 metal alkyl phenate as well as in |ubricating, oils containing

g ghrmetedrERERaAIRT el Phar B BHRLS R kg hphenate
repipelictive Thdcityfotizdy inetatslisggheniecbypbsitat dlatised Addiiiesy be used

Panel of thegAnf]erice}n .Chﬁlr#istrt){ Cgﬂncil sho¥vsntshat free or unreacted

?E)i‘.?tfﬁg‘g’}’t& THURTEE EREE S Bh M aTe BRd Tehiale reproductive organs.

Further, it is believed that 20 TPP may be corrosive or irritating to the skin.

[4] Generally, a sulfuriBAIRERCHND AE VBT red by (1)

neugralizing alkyl.phenal.(e.g., TPP) with a,hase (e.g., calci
ryclghide) i e ARy ol R A RS s PR

peeatecieiphatioy] TR tmprepen mr&@fs'mmihi@théfmeﬁtémwylalkyl phenate.
%ﬁ%&%&ﬁ%f%t&&%ﬁ'%é%@a@rﬁ’&@&&{&'&&%’é ﬁbﬁxﬁ%ﬁh@lgﬁg for marine,

phenate to 25 form a sulturized metal alkyl phenate; and (3) overbasing

tAesRe SR Rntadlacad mud AracRedad eniags foranate WamiesrsATsidrraertyy, there may
igcRaReutheatotalnas e barbTRNOnabihe-RIoekG o] LTPWE YR80 Mee sulfurized

sulfurized metal alkyl phenates prepared. by such. methods may cqntain.a.
A5 5] BB A e AR BREFTYG Q1S YO {BF SO TR ghipe Sulunized
petentahheatimtisks to customers and to avoid potential 30 regulatory
iIssues, there is a need to reduce the amount of free alkyl phenol in the

sulfygized 1 metal alkyLRBenatesdRIEDRHAGE: HHELBISarted {RFEW cum
Iubrlcatln%on detergents witha )
Additives Panel of the American Chemistry Council shows that free or unreacted TPP may
cause adverse effects on male and female reproductive organs. Further, it is believed that

TPP may be corrosive or irritating to the skin.

i4] Generally, a sulfurized metal alkyl phenate can be prepared by (1) neutralizing
an alkyl phenol (e.g., TPP) with a base (e.g., calcium hydroxide) in the presence of a glycol
promoter to form an metal alkyl phenate (e.g., alkyl calcium phenate); (2) sulfurizing the
metal alkyl phenate with sulfur to crosslink the aromatic rings of the metal alkyl phenate to
form a sulfurized metal alkyl phenate; and (3} overbasing the crosslinked sulfurized metal
alkyl phenate with carbon dioxide to increase the total base number (TBN) of the product.
However, some sulfurized metal alkyl phenates prepared by such methods may contain a high

level of unreacted alkyl phenol (e.g., TPP).

[5] To reduce any potential health risks to customers and to avoid potential

regulatory issues, there is a need to reduce the amount of free alkyl phenol in the sulfurized
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low free alkyl phenol content. Furthermore there is a need for new
lubricating oil detergents having a low sulfur content. SUMMARY OF THE
INVENTION 5 [6] Provided herein are methods of making sulfurized metal
alkyl phenate compositions having a low alkyl phenol content. In one
aspect, provided herein is a method of making a sulfurized metal alkyl

iti risin :
D 10T BEt B L ) 10 e AT rpens wita
drvaitramdlilinbenelsesericd BrtbeeneanSetwith arreddenyes leuisndpopthtireents
R Ode farmr-addanolic resin of Formula (I): OH R2OHH R1 Rlin
(I1); and (b) reacting the phenolic resin wherein in is an integer from 1 to

50; R1 is as defined ab IS H, Ikynyl, cycloalkyl,
aryl, alkylaryl or arylalky%@@?nglﬁn@ﬁ’ﬁ %&égﬁgggﬁ)ne metal base
andgfirst sulprizing paent 1p M asuiuteeg mealalalkyLRDSRHGhEALID

some embodiments, the method disclosed herein further comprises, .
recxm i anets R R 0T sbeY Bh eatisBh dodiaastrRcupfiRylded herein is a method
enbedipenigfithectaastid BVt hicaddoromipxiden akepmiagato dhes of:
presence of ethylene glycol. 20 [8] In some embodiments, R1 is alkyl. In
certain(@mbodiacéngss fidsohliorhphi8de Totnoadridn atoms or 8 to 50
carbon atoms or 10 to 30 carbon atoms. In further embodiments, R'is a
C12H25 or dodecy! at the 4-positiorf?t the phenolic ring. In other
embodiments, R2is H. 2191 In cn embodiments, the at least one

9

metal base is calcium hydroxide g lum oxide. In some embodiments,
the first sulfurizing agent is sulfur. i er embodiments, the catalyst is
an acid. {0

wherein R’ is alkyl, alkylaryl, or arylalkyl, in the presence of a catalyst with an aldehyde

having formula R*-CHO to form a phenolic resin of Formula (II):

M q1); and

(b) reacting the phenolic resin wherein m is an integer from 1 to 50; R' is as defined
above, and R? is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl
simultaneously with at least one metal base and a first sulfurizing agent to form a sulfurized

metal alkyl phenate.

7} In some embodiments, the method disclosed herein further comprises reacting
the product of step b with carbon dioxide. In further embodiments, the reaction with carbon

dioxide takes place in the presence of ethylene glycol.

[8] In some embodiments, R is alkyl. In certain embodiments, R' is alkyl of 8 to
100 carbon atoms or 8 to 50 carbon atoms or 10 to 30 carbon atoms. In further embodiments,
R' is a C12Hys or dodecyl at the 4-position of the phenolic ring. In other embodiments, R?is

H.
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1101 In some embodiments, the sulfurized metal alkyl phenate
composition 5 disclosed herein comprises at least one of Formulae (lll) -
(VI): OH R2 6 M.1+ OH H (S02)x_Sn\\ 11 J-\Rim R1 R1 (lll) r Mbz+
OHR2 0O O\R1 - tRi ~~R1 (IV), OHR O W+ OH IR2 OH FI, / (S02)x Sn
HRiIPRLRLQq(V),and Mz+ OHR20O0d O R2OH H (S02)x-SnH | ~ | |
Rr 1 RIS (VI), 10 wherein each of M, |-, and + is.independenily a
oSV alent b ERSH ST a0 e R e o
dalelemtoxideal liospreaeh ofdiment th, firss swittisihegepesdetity. dn other
ig{ﬂg,g{rg&r@, Lo 2Qi1%iSan intgger from O to 2; Rl is alkyl, alkylaryl, or
arylalkyl; and R2 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or
arylgdbyl. [111sepeanabrdiv) e sumis.ddedd AksDshenembadinants

rom Ito 3. 15 In other embodirggnts riis Hén_rf#;ﬂ]er embodiments,

MpOsion domptrises at least one of
Formulae (IV) and (VI) where each of Mb, 2+ and Md2+ is independently
an alkaline earth metal ion 9 fulther Embbdiments, th@hlkaline earth
metal ion is a calcium'f m dRfentsS fm,p,q.rs,
and t is independently fr X bout 10 bout 10, from about 1 to about 5,
or from about Ito about 3: In @her-20 embodiments, x offfginula (111), (1V),
(V) or (V1) is 0. In further embodiments, x of 3 Formula (1), (1V), (V) or
(V1) is 1. In still further erﬁbggim@@ts, ¥ of Forthdila (11, (IV),
H

(8O2)x—85

~

wherein each of M, and M'" is independently a monovalent metal ion; each of My”" and
Mg"" is independently a divalent metal ion; each of m, 1, p, g, r, s and t is independently an
integer from 1 to 50; x is an integer from 0 to 2; R is alkyl, alkylaryl, or arylatkyl; and R? is
H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl.

[11] In certain embodiments, nis 1 to 10. In some embodiments n is from 1 to 3.
In other embodiments n is 1. In further embodiments, the sulfurized metal alkyl phenate
composition comprises at least one of Formulae (IV) and (VI) where each of My>" and M@&*
is independently an alkaline earth metal ton. In further embodiments, the alkaline earth metal
ion is a calcium ion. In some embodiments, each of m, p, q, 1, s, and t is independently from
aboui 1 to about 10, from about 1 to about 3, or from about 1 to about 3. In other
embodiments, x of Formula (IID), (IV), (V) or (VI) is 0. In further embodiments, x of



(V) or (Vl)is I and nis 0. [12] In some embodiments, R1 is a C12H25 alkyl
group at the 4-position. of the phenolic ring; and R2 is H. In further
embodiments, each of r, sand tis 1. In some 5 embodiments, each of in,
p and g is 1. [13] In certain embodiments, the sulfurized metal alkyl
phenate composition comprises the unreacted phenol compound of

Form Ia e sal epf bination thereof whereip-the
v

g e R B e A N B ),

therentVd)lsssakbmiaBout 5 wt.%, based on the total weight of the

sulfurized metal 10 alkyl phenate composition. [14] In some

emq@ﬂi mentsjthera aﬁtmﬂidisﬂgae’dimcﬁmﬁg HivgT gonishS 4g0eting dhee
Ifurized meta I henate compositio |th cond Ifu agent
BT T Otaliar T L A ESEe I e S o P
(@rdodimanietabdait thepewiitg ieds than about 2.0 wt.%, based on the total
weight of the sulfurized metal alkyl phenate 15 composition. In further

equgij mentﬁnth&@ﬁm%auﬁaﬁaj%@m@méw 4k51 HE&@EEGéﬂmposxtmn

embodiments, the m thod ﬂlsclosedif Frfln fu rcom %% ¢

SO %{E’ﬁea‘ftﬁ HPSEH R LBTIr. 8T ’aah&?%L ifgreot or a
composifientiwito Carb omedimdidetoihbidnanathte aspectedpbvické ddngreind and the

ileﬁ%gﬂr{ﬁereolﬂgﬁk ?atlﬁ"x; QP&R %tm,%%géﬁ%%t{%‘ H ééﬁgt?‘éﬁ r%ae[%% gglfumzed metal

rized metal a enate composition prepare
m@mb@@aai@@mpqampm another aspect, provided herein is a lubricating oil
composition comprising a base oil and a sulfurized metal alkyl phenate
compagition dﬁ@ﬂﬁﬁ@&ﬂlﬁtﬁiﬁeﬂﬁ shneethodadisilossdtheitie kiaalongpailes reacting
C&gﬂg}?ﬁlﬁ%}lfur q[ el:’IS > at eas%lon \9‘1%9 Itlveec(;5 X ec{ uq‘12'5 a; enmo lower the
group conssft}\g o? ROXiOaNtS, antwear agen?s deté etergents, R
iMiwwndefﬁmm@tddlphqmmmﬁmd iUt faviet{breddeaivithabsyit thereof to less

Vﬂﬁ&?éﬁ%{%&{@ﬁﬁ%gﬁn&ﬂ&{omw&%ﬁm as‘&ﬁurﬁQé’d*H&Q!QﬁWﬁpﬁ&%l@

deactivators dlspersants corrosion inhibitors, ubr|C|ty|mprovers thermal
SeamimeyiHiomrdvdisher rmbasimsatfiive screntsHBABGERpe s SHiEK

static dissipaters, biocides and combinations thereof. In further
embiadimentsiithertdd babedoildstprbsentthvd divajosedinoaimt fubtHe8 tonprises an

ARG AP ReS L AIOMIARHNELEIN AR A M AISANG, PLIEARP OSSR REIR B8 bon

dioxide.

f16] In another aspect, provided herein is a sulfurized metal alkyl phenate
composition or an overbased sulfurized metal alkyl phenate compeosition prepared by the

methods disclosed herein.

[£7] In another aspect, provided herein is a lubricating oil composition comprising
a base oil and a sulfurized metal alkyl phenate composition disclosed herein. In some
embodiments, the lubricating oil composition further comprises at least an additive selected
from the group consisting of antioxidants, antiwear agents, detergents, rust inhibitors,
demulsifiers, friction modifiers, multi-functional additives, viscosity index improvers, pour
point depressants, foam inhibitors, metal deactivators, dispersants, corrosion inhibitors,
Tubricity improvers, thermal stability improvers, anti-haze additives, icing inhibitors, dyes,
markers, static dissipaters, biocides and combinations thereof. In further embodiments, the

base oil is present in a major amount.
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a base oil and an overbased sulfurized metal alkyl phenate composition
disclosed herein. In some embodiments, the lubricating oil composition
further comprises at least an additive selected from the group consisting
of antioxidants, antiwear agents, detergents, rust 5 inhibitors, demulsifiers,
friction modifiers, multi-functional additives, viscosity index improvers,

@fi”t deﬂé%ﬁc?%@l{%ﬁ%@t%'QW&’é@ﬁére’%%aé H]\%%%%M]ﬁ‘é%lﬁr%’cpgrﬁﬁggf?sHtéomprising

pou

corr[gs on inhibitors, Icity improvers, thermal stabili
afissareond anivesbisidguitinisnd mealalkyhidgasts compeidien Hagbngd berein. In
RipcidesBaR R IRAINNSHNE 'SP LRI R Lk hRdasiitale haditive
understanding of the subject matter disclosed herein, a number of terms,
ABIEFERAER ARG 2R PURGTHRRAG SR8 SRR e ASTVERS RET e HetRERSRIS AR
tekihinbh kwatidheay, shatéhansiierdelrddisdinderstdad e, havestheindex
%rdipo%r rsm%aninsgnlfl%gd e?y z%ss?”’led' t.bsl%r%sc%fgte SR \rf]zgé)rlésd\{\éithrghets orrosion
SUBMISaioR of this application: %? major’amounFaof A base ol reters 10

tindi bitoou inteiciteiiasey o, ithemiebsiebilE viinptoyetsf 2ht-habeiseditiesilicing
SRIMARRLIA. N RARAR RIRROFINRRS, BiDIRICL AMAHALRfRnRaREQY refers

to an amount of the base oil more than 50 wt.%, more than 60 wt.%, more

than 70 wt.%, more than 80 wt.%, or more than 90 wt.% of the lubricating

oil coafingsition. [211 "Sulfated ash content” refers to the amount of
metal-containing additives (e.g., calcium, magnesium, molybdenum, zinc,
etc.)ipja lubriggtingipikand is ARIGAIDSRSEIQH; 20 AL SR IR M, a
D874, which is incorporated herein by reference. [221 "Aldehyde" refers to
ARBRGRATIEBIh BBRAT AN A TSRS BHERE MGG TP MBI HIRRGE o™ Any
el pidseofasitdehyderdiave doe dafinudl & BeldkD ydhetenr isddrdiyaroasshe used
(e.g., , arylalkyl, cycloalkyl, ar Ikenyl, .alkynyl or alkylaryl

R e R T B S T R e o
aldehyde are dialdehydes 25 having the formula OHC-R'-CHO where R' is

a bdAbl alkylend BrigRABRENTS 81 @ Baiputirbas Rsthrsunateblihesy ol is at least

cAMRoYRdBE chemical NDBhpeitmoihamatigastiens:d)ydegRn Aot of a

f that compound or chemical moiety is replaced with a second chemjcal
R R B PP TSR oA e SRR i gemore than
dtiestri6) naciy ¢ise ROaffdét thendesined Hetivity of thd woimpmgnd] Exgmptes.
of substituents are those 30 found in the exemplary compounds and

embagjments-disgiasessineseith@aseell BIRalRaeR: oPraliil-beteraalliitives (e.g.,
alkenyl; alkynyl; aryl, heteroaryl, hydroxyl; alkog)(yl; aming; niér_o; thiol;
calcium, magnésium, molybdenurh, zirc, efc.) in a lubficating o1l and 1s typically measured

according to ASTM D874, which is incorporated herein by reference.

[22] “Aldehyde” refers to an organic compound having at least one -CHO group.
Non-limiting examples of aldehyde have the formula R-CHO where R is H, hydrocarbyl
(e.g., alkyl, arylalkyl, cycloalkyl, aryl, alkenyl, alkynyl or alkylaryl), heteroalkyl,
beterocycloalkyl or heteroaryl. Other non-limiting examples of aldehyde are dialdehydes
having the formula OHC-R’-CHO where R’ is a bond, alkylene or aryiene.

23} “Substituted™ as used to describe a compound or chemical moiety refers to that
at least one hydrogen atom of that compound or chemical moiety is replaced with a second
chemical moiety. The second chemical moiety can be any desired substituent that does not
adversely affect the desired activity of the compound. Examples of substituents are those
found in the exemplary compounds and embodiments disclosed herein, as well as halogen;

5
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thioether; imine; cyano; amido; phosphonato; phosphine; carboxyl;
thiocarbonyl; sulfonyl; sulfonamide; ketone; aldehyde; ester; oxo;
haloalkyl (e.qg., trifluoromethyl); carbocyclic cycloalkyl, which can be
monocyclic or fused or non-fused polycyclic (e.g., cyclopropyl, 5
cyclobutyl, cyclopentyl or cyclohexyl) or a heterocycloalkyl, which can be
( lic f r -fus ' iRyl RiReriginyl ol
oy . 1Y) il
thoatheycireior: foiead: SR Phes st pepsmivpe: g oxhdhincHapnthyilonyk:
%Mﬁl@ﬂuﬁﬁ#fﬁﬁyﬁyﬁi&ﬁ)@.{@%ﬂtr{i@m _@j&d_ |Ge€§§§t§ﬁh|4_brd|ﬁ%@ﬂ_ . B'k!ﬁrlboclyclic
lazo riazaolyl, tetrazolyl, pyrazolyl, pyridinyl, qyinalinyl, isoquinolinyl,
S el hy EEs R TR g Bﬁﬁiﬂ%/&f}ﬂﬂf}ﬁé%ﬁzﬁ’ﬁwl?&gﬁ“d cle, tyeldptopyl,
benapiifRhcyLor e nzciiiay raninedpyihatyylsedicidany tertertapcljc or
-lower alkyl: o-aryl, aryl: aryl-lower .alkyl; -CO2CH3; ~CONHZ2: .
R S RS TR B R A g g, gt o
higalkyl)2s adbagrly; Nty eliy mangarglie o i, ouOfEiky Pa kA1
-égg.%gﬁiéy}ig AR atP24aryli aRshBHCRMNIL IR SRRAIsR e ARIONAIKI S

substituted by a fuse -rirég structure or bridge, for example -OCH20-, .
Trsaebiubitertstassrl dpligiany besaesh SYBSHtvka Ry stinatnadi

selasind fremisych aiaupsyiAhehanical berolpedisclobettniephaande
substi utedlgnlessi IS s%gcified gtherwtisg..424] In the following . ldower
LB Al AL A ths CrESBARE I SR Apbroniate v atiss, ™ ¥

pproximate’ valu
reipidleesCihethONHe vRCH:; OdUS; oNTap pRoxiNTate Ois Hise dihs; -OCFs; —

ction ewi n 1 @ﬁgﬁ%t, 20ReRcent, 5
gﬁ@?je%ﬁ#%Eﬁs%fnggé%ﬁé@?%ﬁ%@%xg@g@\hheneve?’a numerical range

ARV F Qi R LCShlk u sper fiianD; mdnsehsetsiangamplfsderoptionally

falliognwithiny theyanagdssrastisally disciosednipipanicylar. thedfe!lawiAtents can
numbers within the range are sﬁecificall dis%:?lgose : R=RL+k*(R-R"),

VOREPBRNX e S asris N e O TGS G O Pl pehh BRI o A chemical
ReseeRtiRareeieRicit:akis dipehnes, R pekcgatiBepetbarntsd. percent,
5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent, 96

perCﬁQ}, o7 pqﬁctﬁgtfoﬁgvﬂﬁé%g&l g&?ﬁ@ﬁﬂhﬁ@é-@@cﬂ%@{&em%gﬁﬁfmximme

any numerical range defined by two R numbers as defined in the above is

arsbepeEAchay diselrdle BedcaRmsTieNaBr BMBB DV T eveepilie

IMMENMTHON: 3035 Ve bodiprerds af iseity 8piast il ovidentegiiedsoab 20 percent.

making sulfurized metal alkyl phenate c ositions havin low alkyl

o AT PN et S DURICE o 1 HRET AR i ssd o

silfubizei lingtadi tillkyhp hanate gowifositiotischrrmiridepihestepthofola)yving

reacting a phenpl compound off-oRnEaled: R=R“+k*(RU-R"), whereink is a
variable ranging from 1 percent to 100 percent with a 1 percent increment, i.e., k is 1 percent,
2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52 percent,..., 95 percent,
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. Moreover, any numerical

range defined by two R numbers as defined in the above is also specifically disclosed.

DESCRIPTION OF EMBODIMENTS OF THE INVENTION

[25] Embodiments of this invention provide methods of making sulfurized metal
alkyl phenate compositions having a low alkyl phenol content. In one aspect, provided herein

is a method of making a sulfurized metal alkyl phenate composition comprises the steps of:

(a) reacting a phenol compound of Formula (I):

6
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6 OH R1 (I) wherein R'"is alkyl, alkylaryl, or arylalkyl, in the presence of a
catalyst with an aldehyde having formula R2-CHO to form a phenolic
resin of Formula (II): OH R2 OHH R'R'in 1 and 5 (b) reacting the
phenolic resin wherein in is an integer from 1 to 50; R' is as defined
above, and R2 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or
arylalkyl simultaneously with at leagf pne metal base and a first sulfurizing
agent to form a sulfurized metal alkyl phenate, In some embodiments, R’
is alkyl. In certain embodiments, R*is alkyl of 8 to 100 carbon atoms or 8
to 50 carbon atoms or 10 to 30 caghop/atoms. In further 10 embodiments,
R'is a C12H25 or dodecyl at the 4-pogition Ofé e phenolic ring. In other
embodiments, R2 is H. [26] In some embodimeénts, the mole ratio of the
dshyde! RIS Qiigathe fhepalkrompaupd h&osmulacd) dsdienaheyde
1:1to about 0.1;1, from less than 0.9:1 tg about 0.1:1, from 0.89:1 to
hvne soruie B3 it 88 anrapisuednof FepRYasHit 0.7:1 to about
0.1:1, 15 from about 0.7:1 to abaut 0.2:1, fraqm about 0.1:1 to about 2:1,
from about 0.2:1 to about ; £0.5:1 to about 0.2:1. [27]
Please note that the mol
compound of Formula (1)
formaldehyde and phenotzre \
recognize that one mole of trioxa quivalegrioagdnoles of
formaldehyde. Therefore, if a trioxane is used, the mole ratio of aldehyde
téphenedigitistiopbehhiceinishduldiberedudett &y fidmctdp 603R[2834defined
' h ' [ E { qq
e e T T

Sleutipaeo RY-EHG! {Fagt ongansial bassiiedh thstard Enj/dectecané tpiampp sulfurized
GREPDQHAE HlFREMHIfh ISEs&itham: 1! eftaryin RheiR@SWRAGEAR is alkyl of

acid catalyst. Phenolic resins obtained under such conditions gen raljly do
& to 100 carbon atoms or § to 50 carbon atoms or 10 to 30 carbon atoms. in further

embodiments, R is a CipHas or dodecyl at the 4-position of the phenolic ring. In other

embodiments, R?isH.

[26] In some embodiments, the mole ratio of the aldehyde, R*-CHO, to the phenol
compound of Formula (I} is from about 1:1 to about 0.1:1, from less than 0.9:1 to about 0.1:1,
from 0.89:1 to about 0.1:1, from about 0.85:1 to about 0.1:1, from about 0.7:1 to about 0.1:1,
from about 0.7:1 to about 0.2:1, from about 0.1:1 to about 2:1, from about §.2:1 to about
0.4:1, or from about 0.5:1 to about 0.2:1.

271 Please note that the mole ratio of the aldehyde, R*-CHO, to the phenol
compound of Formula (1) is defined with respect to the equivalent moles of formaldehyde and
phenol, respectively. One skilled in the art will recognize that one mole of trioxane is
equivalent to 3 moles of formaldehyde. Therefore, if a trioxane is used, the mole ratio of

aldehyde to phenolic disclosed herein should be reduced by a factor of 3.

28] In some embodiments, the phenolic resin of Formula (I} can be made by
heating the phenol compound of Formula (I) with a deficiency of the aldehyde, R*-CHO, (i.e,
the mole ratio of the aldehyde to the phenol compound of Formula (I) is less than 1), often in

the presence of an acid catalyst. Phenolic resins obtained under such conditions generally do

7



7 not condense further by themselves unless a reactive material, such as
additional aldehydes and/or formaldehyde donors (e.g.,
hexamethylenetetramine), are added. Alternatively, the phenolic resin of
Formula (Il) can be prepared by reacting the phenol compound with a
deficiency of the aldehyde in the presence of a basic catalyst. 5[291

ner Il t henolic res ns disclosed h rein
]iL ere or% [ eesbi a mﬁgi %ar%sglgrfgﬁo of th éﬁ‘%e toth(-;19 p lear%g?hydes
eodﬁpcfmbbhms detars %mhqup%ﬁmwmhmé@ﬂﬂoﬁ&m%wly, the

thesmoleralie Al dieRidRN Vs
? H%@gﬁ%ﬁ%ﬁ%&%%i@ t?ian 1:1, ?gs tIhan 0.9:1, less than 0.85: 1a

Rficionsy of the aldelytiein Bierprasense Ot RIROCER LS than 0.65:1, 10 less
than 0.6:1, less than 0.65:1, less than 0.6:1, less than 0.55:1, less than
0.5]29]ess th&lenexdb lthiesisetiodin ©sdnd dledsstvbine®iB5ut HecgdbmimBsd: 1,
'?ﬁ%éﬂﬁ@ R 85{@%{%@%% ki SR RO SR IBEN Set i und be less

henolic resins disclosed herein have a number-average molecular weight

(m)a#vmé fantsy i w1k apeelpboR JotmRamsndion. ofmee

%Eﬁmgfﬂéﬁ@tﬁhéhﬁomﬁﬁfgﬁ Eﬁ‘ﬁﬂi‘@eﬂ&%'@f?@ Bﬁéﬁbﬂﬂ &hii?lﬂﬁl@igh@%thanl 11, less
transition temperature in the range of from about t10
e GBI 1P W10 BB s A 16 P o 0 0651
d@smm&mwmmw B0esarduabot, lﬁ@@hdalﬁcﬂ‘isl [BA4 tBam 0.5:1, less than

t of t henolic s disclos I ill n
@n;i? % OV\I71 Slvrﬁ)lereiﬁ In é?gg i%ﬁgésge (r?(j)janhfletl((% %Hzgam% Ilelri<y1ihano2l
ora aIkyI and R2 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl
or a@? hikyl, 2B senseempodiesptolbierbeanlic gesmpselossd Pare havg s pmber
|RvsRmeRbadiMenis: @Mﬁ)aﬂﬂﬁbyﬂ%eﬁ?fﬁﬂﬁbdﬁﬁf@m&dchMdE)UO&iaiRﬁgsIn
R A A R R e
tetraprapenyl powrdbuiet; FE is @0aH28.°M chrimirnh2tesrhdrbdientsntle e is between
(GHARIAREN 'ei%gﬁi‘é’dc? BHleEeHR- UL O 06 JRAmRS SbdRianch as
a mixture o odecy eno m-dodecylphenol and o-dodecylphenol. In
further embodiments the aldehyde is HCHO or.a sou c{eof HCHO and

the H}énm coﬁib adligﬂcnt of the phenolic resins ereln 1s illustrated in
Scheme A below wherein m is an integer from 1 to 50; R' is alkyl, alkylaryl, or arylalkyl; and

R? is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl.

SCHEME A
OH
"]
X
R1
[32] In some embodiments, the aldehyde, RZ.CHO, is formaldehyde, i.e., R*is H,

or a source of formaldehyde, such as trioxane and paraformaldehyde. In some embodiments,
the phenol compound of Formula (1) is tetrapropenyl phenol, ie, R'is CioHps. In certain
embodiments, the tetrapropenyl phenol comprises a mixture of the isomers of TPP, such as a
mixture of p-dodecylphenol, m-dodecylphenol and o-dodecylphenol. In further
embodiments, the aldehyde is HCHO or a source of HCHO and the phenol compound is



10

20

25

8 tetrapropenyl phenol. One embodiment of the phenolic resins disclosed
herein is illustrated in Scheme B below wherein m is an integer from 1 to
50. SCHEME B OH OH OH HCHO H m C12H25 C12H25 C12H25 5
[331 In some embodiments, the catalyst is an acid catalyst. The acid
catalyst can be an inorganic acid, an organic acid or a combination
Ie:)Of INon #mltin%examgoglsm%f tso‘ﬁI eno %Q I%tsa Idc 03¢ %%ﬁt.%lsﬁilﬁusn'ated
ama rht/)%n% oric ‘acid, nitric acl oric acid, d combinations
ihéidsinab bélhve Wb@ﬁ@meﬁ%mmaﬁptfi@ obtalned commercially
from a supplier such as Aldrich Chemicals. 10 [341 Some non-Imiting
examples of suitable organic acids gritrMEamic acid, acetic acid,
propanoic acid, butanoic acid, pentanoic acid, hexanoic acid, oxalic acid,
malonic acid, succigig acid, glutaric acid, ggipi¢ acid, lggqnzojc acid,

phthalic acid, 4- nltroenzomﬁéﬁg p-toluenesulio c acld (P18A),

4-(trifluoromethyl)pénzoic
benzene-1,2-disulsnic’acid, benzene-I,3 )
benzene-|,4-disulfonic acid, 15 xylenesulfopic acid, m
2,4,6- tnmethylbenz&n@@@ﬁonlc acid, meth&nedesfonic Sciea-
chlorobenzenesulfonic acid and combinations thereof In some
emhggimentsythaRcehbealalystisealastad amathe Gralym CORsiIstingiyst can be
benzenesulfonjc acid, alkylhenzene sulfonic acid, Et,) ze e -|,2-disulfonic

AP BRIE AR SR NEARSe ot SERABHIR Rt DAIG HEliPec 3 EmeERs of
alkydberizenenstifadic mdidandftolc ecidstyfonitladid a@dg nitric acid, phosphoric acid,
f}hgléjfnbetrsta lfﬁ%lﬁlgt%gi) %ﬂxy BG5S 99@1 ﬁglﬁj@d cids can | de obtauted commercially

rim enzenesulfonic acli met anesulfonic aci
drvorelseppkssydifenitidush Shensemtbinations thereof. In other
embodiments, the acid catalyst is one or more of alkylbenzene sulfonic
acidg4in furthesiembadinienis-thepkaidf eatalisbigLi-Gdhalladb estzeoacid,
sulfonlc Cld 351 In some, embodi ent the acid catalyst is. ufflc entl
aciaic 18 détajl amg‘;‘%}et%nc tcoﬁcbgp %ﬁené’f" cdmpou¥18 Wlﬁt(t) Zlic’ackd, malonic
aldéhsteinin &aﬁn eiembnmmmiqhacamntm@um&)@@ pgth - midichbenzoic acid,
?%&E’s%%ﬂ&%‘&@(ﬁﬂ?'@ gﬂfﬁ%@&&%ﬁ?ﬁﬂé&&@é&@%&%he@&?ﬂnﬁ%t&

mole

mole percent to about’0 ercént, from about 0.02 mole
ﬁ@}g@ﬁ?TBQa%ﬁfQ}ltE acid, benzene-1,3- isulfonic acid, benzene-1,4-disulfonic acid,

xylenesulfonic acid, 2,4,6-trimethylbenzenesulfonic acid, methanesulfonic acid, 4-

chlorobenzenesulfonic acid and combinations thereof. In some embodiments, the acid
catalyst is selected from the group consisting of benzenesulfonic acid, alkylbenzene sulfonic
acid, benzene-1,2-disulfonic acid, benzene-1,3-disulfonic acid, benzene-1,4-disulfonic acid,
Cr0-Cy alkylbenzene sulfonic acid and toluenesulfonic acid (e.g., p-toluenesulfonic acid),
xylenesulfonic acid, 2.4,6-trimethylbenzenesulfonic acid, methanesulfonic acid, 4-
chlorobenzenesulfonic acid and combinations thereof, In other embodiments, the acid
catalyst is one or more of alkylbenzene sulfonic acids. In further embodiments, the acid

catalyst is Cy0-Cy atkylbenzene sulfonic acid.

[35] In some embodiments, the acid catalyst is sufficiently acidic to catalyze the
reaction of the phenol compound with the aldehyde. In some embodiments, the amount of
suitable organic acid used is from about 0.01 mole percent to about 1 mole percent, from

about 0.01 mole percent to about 0.5 mole percent, from about 0.02 mole percent to about 0.1
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9 mole percent, or from about 0.03 mole percent to about 0.05 mole
percent, based on the total amount of the phenol compound. [36] In some
embodiments, the phenolic resins disclosed herein are not substantially
cross-linked after the reaction. The term "not substantially cross-linked"
means 5 that the degree of cross-linking is less than 10 %, preferably

less than about 5%, more prefe §I lessthan %%t[ﬂgo/ CIUNGL (od on the total
Pt o o SO By SrETE DS R ok BB om the ot
refiensttoftihe pheighepamsantage of the gel (i.e., the insoluble portion in a

chosen solvent) in the resin. [37] In some embodiments, the phenol

conmpejunds fof dhadsppatatiengitibehtadqitassilc desinsdibalcisethntein
include, but are not limited mononuclear phenol compaunds with. ,,
e SR 13 SRR TGl L P B e means
o henitegexbmpleEnddisyitdbie throndHuclmafecdypdesatiisniabhud %, more

pyal fRRe r A lyo of cross-
R é‘)&#f#%%hmem?é‘?é%;ﬁ%‘ﬂ%l%%%ﬁé‘?ﬁé%,%féihgpdﬁéf:&, f

Himkciane ek prinistieps Butmomieiablt pereepitastyfole g8l (beadiyelyble partion in a

Ri¥cioRBxphe aRl siigctylphenol, p-nonylphenol, decylphenol,
tetrapropenyl phenol (TPP), styrylphenol, 3,5-dicyclohexylphenaol,

Corloves of hAme FRRERENS. erfehe L ARG EROALR AT of e
mhenglic cennp Siraldsed sciisinslnslor bpaiginet dimstedre PyonpBtiser phenol
a%ml%ﬁﬁlﬂa@mﬁhmﬁa;eﬁam%%ﬁﬁg phemeh TRR)iSIARUBGIURRADY attached. Some

kylation of phenol with a C12 branched chain propylene 20 tetramer. In

SistEiBB atHaRtes < BRI RIMEAIRSE PFURBATIEdRTbsI s RE @ Gpherol
mixiieoofdeanaheshang-lines; algbpsnoktompRLigaci3s]lo-cernin 3,4-

bodi ts, at | h [ f
S e e L B eref S S aghiinot, pamyiphenol,
phenbbisonyipoudl reastighensiigstitutd dhehelndecitiphsraotet-mhepmiyl phenol (TPP),
G ﬂ%ﬁ%‘&??}% e adiferant supstiieg 220608 kdﬁﬂﬁ&%}iﬁ%}@%%g In some

edch of the first and second phenol cormpounds is TPP or substitute
s et myetivesaior perah M1 Les Sotus Graiffardrite or Ciz alkyl phenol
NeRYIHIRduSXAMRIes- O SHE BB RINationHrReldenfidBigeas ke tetrapropenyl
TPP/p-butylphenol, TPP/p-octyl phenol, TPP/C20-28 alkyl phenol and the
R CHE D DO SR TR A a aF G i props e
reackion. dhpliienehiibimamixtsugabiG2t:@deng GiRGd 8atpbandiefinBid8@ mixture
E)%::?C%% spme ¢ %rnggagla eyqtgh etho E%%%}&%H Qfetween TPP and formaldehyde

[38] In certain embodiments, at least two phenol compounds are used for the
preparation of the phenolic resins disclosed herein. For example, the first phenol compound
can be a substituted phenol; the second phenol compound can be a different substituted
phenol. In other instances, each of the first and second phenol compounds is TPP or
substituted phenol, provided that the two phenol compounds are different. Non-limiting
examples of such combination include TPP/cresol, TPP/p-butylphenol, TPP/p-octyl phenol,
TPP/Cyyg alkyl phenol and the like. In one embodiment the Cap.os alkyl phenol is derived

from the reaction of phenol with a mixture of Cap.24 and Cye.05 alpha olefins.

{39} In some embodiments, the reaction between TPP and formaldehyde occurs

under atmospheric conditions, under vacuum, or at elevated pressures. In some
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under atmospheric conditions, under vacuum, or at elevated pressures. In
some 10 embodiments, the reaction between TPP and formaldehyde
occurs in the presence of an organic acid, such as p-toluenesulfonic acid
(PTSA), wherein the mole ratio of formaldehyde to TPP is between about
1:1 and about 0.1:1, between less than 0.9:1 and about 0.1:1, between

0.89:1 and t0.1:1, betw £.0.85: 1, an
e T o G E (RAAAA, wid ENEERe

oetevéencsbouttad ritelnenapdionic aeidp EiNEAN abestotlz makodisovtfonmaldehyde
Q5 PEPYeEOARAUMT R 1 RO 3POMD1 2 Tnd R L hEK RARPSIMBAtRGHEM : 1,

henolic resin contains less than 5 wt.% of free or unreacted TPP, base

d
SRR AP e RESpirLoh SRBTE PR G5 B0 RO R RN fED ebout 0.7:1
suitable@ldehyslesdar tbaupoepatationaftthe:pheneten 18btesing incluteut 2:1,

ldehyd t ith I N
B TSR 8 LS D G e e
carbotinton) speirylheaviivg i@ Oorgatvoesatbars; anlatidfrtaoingrzaped TPP, based
%%@Bﬂﬁ&?@é@%%@%ﬁk%iﬁk%&? 20 carbon atoms, heteroaryl, alkenyl

or aralkenyl. In further embodiments, R2 of the aldehyde, R2-CHO, is H,
alkyl, alkenyl, alkynyl, cycloalkyl, aryl, al ryl.or arylalkyl. In. still furthe .
emtdimentsiiRome i@%‘@fﬂ?ﬁ‘éﬁ%‘ﬂ?@%@ﬁ%ﬁéﬁ ¢ ﬁi@ﬁ?&gﬂg&ﬁi}@ Phenolic
pesityl iigbpkniyd, ddtyldotiv caomdctdeityl henaydompditind TkeoBerrebodiments,
n-limiting £x suitable aldehyd r this invention . i
T
istbatyradieyiyideing Taleralbahyidasbeliziad hydeg dritdAaribay gwms, heteroaryl,
iRRamaldevde Ihexal & uiasaiseYder “urHrah Retaldelydaikyl,

chloral, chloroacetaldehyde, dichloroacetaldehyde, 20 laurylaldehyde

ik ailenyaeystealiylamehole and on iRl IndrabH farhe praadignts, R is
gﬂwryvé%?:sﬁ,aé%blyﬂg !mﬁd@ﬁyaagngaﬁmﬂﬁypm@n iiﬂ@*fﬂ?ﬁﬁ ﬂrw.@mbgyl, nonyé, decyl,
rmalae e utiQns or , DUt alsO a sSourc rmalge » SUC ,
e ) e oy o e BRI SRR M H Bation
firehalel GinyaddeH@E @)eatidoyie termperatteb ok Liptyrdetinlg, 26-142pidehyde, n-
WQQ?aﬁ%?HX?@aﬁ%ﬁ&%ﬂ?H& QIMahﬁ%,taﬁh&ﬁQﬂ%eWé@&aﬁh H&!raldehyde,

compound can then be used. Non-limiting examples’of suitable ketones

ifetfimel bemicepldehndenghleml dedamrscpiddhyd s dinblanmseiaidsbids; at
'@ﬁ?r&fw@eﬂiﬁ@,rgmﬁ?ﬁmé@?&eégeewm?a@Ihﬁﬁ@ﬁuajyag&ﬁ%m.e ntially.

The first and second aldehyde can be any of the above
[41] Unless it is otherwise stated, formaldehyde for this invention includes not only
formaldehyde solutions or gas, but also any source of formaldehyde, such as
paraformaldehyde, trioxane and tetraoxane, that can generate formaldehyde (HCHO) at room

temperature or upon heating.

421 While aldehyde is preferred, any ketone that can react with a phenol
compound can then be used. Non-limiting examples of suitable ketones include acetone and

methyl ethyl ketone.

[43] In some embodiments, at least two different aldehydes are used
simultaneously or sequentially. The first and second aldehyde can be any of the above

aldehyde compounds, so long as they are different. Preferably, the first aldehyde is

11
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30 aldehyde compounds, so long as they are different. Preferably, the first
aldehyde is 11 formaldehyde. The second aldehyde can be an aldehyde
with at least 2 carbon atoms per molecule. [44] To prepare the phenolic
resin, the phenol compound can react with at least an aldehyde such as
formaldehyde. The condensation reaction of the phenol compound with
e ARERIY 3 1aY,R8 Saics ol MR DR AR ALR' A8 Goms per
embodinrents, the reaction otcurs Iin the presénce of a conventional aci
oatydt. Examples of suitable acid catalysts are set forth above. In other
embodiments, the phenol compound-aldehyde reaction is carried out at a
tempayature froprafesinbQKeeliobesth 200 (el rvapout bl rtacabotitat least an
2%0 C, fron}aab%out 8 % ? 175 C, or fro aboutt90 gf ea%%ugllé)gncddﬂd with the
%?T?B% Phente tidY B'p gn%ncglrlﬁ%(lﬁrhr ?glg’éhyde rBaction 1s earned
aidehpdemeabawaniat atnedpbertiprasserelyst. dinslevataubodissoie heneaction
SM0% ?mggg@g&téom%&%ﬂ%&ﬁ%@usugrﬁéeeiwgﬁpﬁ@a&p%m&%{mwygs are

out In a batch reactor or continuous reactor. [45] In some embodiments,

it festioanyeinie ohenemphdimerisnisorhracdierappeadrakiehuds At fiogarried out
%’E’Q'e@nl&fmﬂlétﬁ&ﬁ%ﬁaﬁ%% ROAESu TR @D Yl BLBNEHeE 18 ARMLP0 25, from

hours, or from about 30 minutes to about 1 hour. [046] The use of a solvent

fehome ESRdeAationveEemah s oItidn i ahert $30Ent Immmesiiediggats. the

heRheRelitraslnan Re4R80 18 QIR GMRMNRRHIMIlING £5aMRIAR pressure or
suitable solvents include toluene, xylene cy%lqoh xane @H

, & base oil .
el BErSHean BRSO TmROKETSHE: L5 BRRP! SormH ﬂi‘%ﬁ%ﬁe&ﬁ%?ﬁ% 18
likeerida somecmbpeiments; thetiiemotiomaccurs 20 without a solvent. In
other embodiments, a solvent can be used when the viscosity of the

reaglien Mty s RXGERHHRMNGIe ISRV HRY SrentsartiancdhpblR @iighyde

embodiments, TPP and formaldehyde are reacted at a mole ratio of 1

FRORSION TAPReSdTOm ABOYS! hiantet inabeital akruy e R aheBLt Sereugs to about 5

abak, 1086 dhet TPRHaldebyde keaction product is then dehydrated
at atmospheric pressure at about 100 25 C to about 140 C. [48] In some

emb@94'"*entSTHa%géh&@JLw&ﬁi&J%@@&&%&%ﬁ%g&ﬂm@agHQi:stmé‘fsf&vent
remov 9

the unreacted phenol compounds before further reactions. [4

Tthet suiifdisselterfherahenRyiF srimene boripbieins Sambeopripitiag gypmples of
reaeigsdne b sRAlic ieRithsimytaneoushe il AtHLRSS PR MRIRhBRSE an alcohol,

and a first sulfurizing agent. In . . .
a ketone, an ether, an gthe% alcohol, and the like, In some embodiments, the reaction occurs
without a solvent. In other embodiments, a solvent can be used when the viscosity of the

reaction mixture is excessively increased during the reaction.

[47] In other embodiments, TPP and formaldehyde are reacted at a mole ratio of 1
mole of TPP to 0.2 to 0.5 moles of the total aldehyde at about 50 °C to about 100 °C. The
TPP-formaldehyde reaction product is then dehydrated at atmospheric pressure at about 100
°C to about 140 °C.

[48] In some embodiments, the phenolic resin formed as described above is
distilled to remove the unreacted phenol compounds before further reactions.

[49] The sulfurized metal alkyl phenate compositions can be prepared by reacting
the phenolic resin simultaneously with at least one metal base and a first sulfurizing agent. In

some embodiments, the reaction mixture is heated with ethylene glycol to form the sulfurized

12
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30 some embodiments, the reaction mixture is heated with ethylene glycol
to form the sulfurized 12 oligomeric calcium phenate. In other
embodiments, the sulfurized metal alkyl phenate compositions comprise
at least one of Formulae (lll) - (VI): OH R2 O Maly OH H (SO2)z Sn\R1
1\R, IRI(II), ~OHR20O Mn20OH (S02)z Sn RItRI RI(IV) OHR2O

cl 2 OH 02)z L
Mo e B e e e e e e
eohasttivies-ccampliM@t leas mdep&atankyy diot¥lalent metal ion; each of
Mb 2+ and Md2+ is independently adlvalent metal ion; each of m, n, p, q,
r, s and t is independently an to% tegEr%om 1 to 50; ®iis an integer from
0 to 2; Rl is alkyl, alkyaryl; I i2-155H yl, alkenyl,
alkynyl, cycloalkyl, aryl, raryl lkyl. 1501 Infsome embodiments,
the sulfurized metal alkyl p ngateich }ppsmons furthe \,@o Brlses at least
one of Formulae (VII) - (VII): 13 OH R2 O Mb2+ O H (S02)z'5n\ tt R1
R1R1(VIl),and Mz+ o M2

wherein each of M,' " and M, is independently a monovalent metal ion; each of My and
Mg"" is independently a divalent metal ion; each of m, n, p, q, , s and t is independently an

integer from 1 to 50; x is an integer from 0 to 2; R! is alkyl, alkylaryl, or arylalkyl; and R?is

H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl.

30} In some embodiments, the sulfurized metal alkyl phenate compositions further

comprises at least one of Formulae (VII) - (VIII):

13



d OHR20 O ~R20OH Hg~"(S02)x-Sn HS R1 R1R1R1 (VII),
wherein Mb2+, Md2+, n, 1, s, t, X, R and R2 are as defined above. [511 In
some embodiments, the sulfurized metal alkyl phenate compositions
further 5 comprise at least one of Formulae (IX) - (X): OH R2Z0 Mb 2 2. O
H (S02)x-Sn C12H25 C12H25 C12H25 (IX), and JM 2+ OHR2 O d 6 R2
OH] H (S02)x-Sn Hr S C12H25 C12H25 (M.ZHZS C12H25 (X), wherein

(Pphgpate,con osmons further 10
| ) - (XII): OHH OH H//
(S02)x-Sn\\R1 M R1 RT(XI), OHR2 OH OH R2 OF H S02)x-SnH R P
R1 R7 R~ qand (XIl) 18'wherein®, n, p, g, x, R' &*ld R&Brends defined
above. [53] In som iments, R’ cmany of Formula (1)-(VI1II) is an
alkyl group. In ot enﬁﬂnbim@ﬁts R' |saC12I625Fky Cgfup In other
embodiments, RHis 25 alkyl (¥Ponp-at the4-pesiti

ring. In certain emp R2 |pf any of Fo 3

further embodime

R? R! R R (VIID),
wherein My>", M, o, 1o, 5, 1, x, R* and R? are as defined above.

[51} In some embodiments, the sulfurized metal alkyl phenate compositions further

5 comprise at least one of Formulae (IX) - (X):

whersin My2", M, n, 1, s, 1, X, and R are as defined above.

[52] In some embodiments, the sulfurized metal alkyl phenate compositions further

10 comprise at least one of Formulae (XI) - (X1I):
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phenolic ring and R2 of any of Formula (1)-(XII) is H. In still further
embodiments, R1 is a C12H25 alkyl group at the 4-position of the
phenolic ring; R2 is H; and each of m, n, p, g, r, s and tis 1. In certain
embodiments, x of any of Formula (I)-(XIl) is 0. In other embodiments, x
of any of Formula (I)-(XIl) is 1. In further embodiments, x of any of
Formula (D-(XI1) is 41 to apdnisO, [541 | me embodiments, the metal
ggglée%n&i %éam?ﬁrzlié(}e%s ana gflﬁng*lse% %J]s%%iggﬁkaline earth metal base or a
combination thereof. Some non-limiting examples of suitable, alkali metal
padS3inclucd PR TR SRR S0 A ch SRS Horaliliin Ry S kaue- 1
siid B daysendor’ pestiphydrekideuittivomexigehattitm, ®de; CoHys alkyl
potassium oxide,. 15 rubidium gxide, cesium oxide, lithium hydride, sodium
R T AT ) R G 1y . ST Lo Sl
chrodipeHs duitumhenrpundieeptiR sivaCodioor ke groupiditm atsiinatef the

%ﬁgﬁ%m: GAlL Wm%&%f@&?ﬁﬁmﬁ%ﬂﬂ%%@‘ RiGRIPARALS: e%%@&ﬁﬂéms, R'isa

Icarbonate, rubidium bicarbonate, cesium bicarbonate and combinations
fretborlion sreurch Mitneg bl Sheobrmalicie: dkatie wartachet g 1. p. . 1. s
hases incide-herdivaubyeiexidss 2Q pragresihydIvKde, IfRlgkBmbodiments,

et st o b gt bl e o

hydrde ). magnesium hydride, calcium hydride, strontium hydride, barium
hydride, beryllium carbonate, magnesium carbonate, calcium carbonate,

stropgim carpRALe AW SAD AR NSRAINE? RiGaHIQRAICalkali metal base,

magnesium bicarbonate, calcium bicarbonate, strontium bi_carbonat?, 2% .

B BISHARASE AB CCHBIRAR D ERSe ot OB RSP HBALERS fimpLcs of suitable
exainplesidaseiiabled basesnincladesihydddes hodideirichyslesxigasydroxide,
carbanates, bicarbonates, of alumi and_ transition metals. In other .
SRS TS s AULAT daLe gy T e e R U B e e
metdiperpaialireimetaidal lithinomoiridetr soviitio iy dvista  pdteestiver hydride, rubidium

SRRAIBEAR: 16 BCIRLRESC.IS RO BArRS AdidHIdE. @A hudianide

bonate, bicarbonate, carboxylate 30 of an alkaline metal, such as Be,
WHpidiem Sertpasky Resiueh sathandiadiiivetdl subRnale 7 dam bEarNpagsoPeipssium
MR arbbn¥teSfubRudt biEeh MBieAths Kin Bl a fRBnséda0d WnlBiH&s thereof. Some non-
embodiments, the metal base.js or comprises calci hydroxide or,
CHTERTR SRE <1 8BS i e o Bear DS s
mixguieei warigdragtidinigivio biydraxidy staftmetdldlhoeikidgiounhddsxelt.iheryllium
tﬁ% iurized met%ie%”‘é’a'}&?%”@é?de%?ﬁ’@ Q40 pRE: eMBROLMENSEA hydride,
the mole Tatio of the p’heno compoim to the metal base
magnesium hydride, calcium hydride, strontium hydride, barium hydride, beryllium
carbonate, magnesium carbonate, calcium carbonate, stronfium carbonate, barium carbonate,
beryllium bicarbonate, magnesium bicarbonate, calcium bicarbonate, strontium bicarbonate,
barium bicarbonate, and combinations thereof, Other non-limiting examples of suitable
bases includes hydrides, oxides, hydroxides, carbonates, bicarbonates of aluminum and
transition metals. In other embodiments, the metal base is or comprises a carboxylate of an
alkali metal, an alkaline metal, aluminum or a transition metal. In other embodiments, the
metal base is or comprises a hydride, oxide, hydroxide, carbonate, bicarbonate, carboxylate
of an alkaline metal, such as Be, Mg, Ca, Sr, Ba or Ra, or a transition metal such as Zn, Cu,
Fe, Ni, Co, Cr, Mn, Ti, V, Sc, Ru, Pt, Pd, Au, Ag, Zr, Ru. Rh, Cd or W. In other

embodiments, the metal base is or comprises calcium hydroxide or calcium oxide.
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is from about 0.1 to about 4.0, from about 0.25 to about 3.5, or from about
0.5 to about 3.0. 5 In certain embodiments, a stoichi.ometric excess
amount of the phenol compound is used. In other embodiments, a
stoichiometric excess amount of the metal base is used. In some
embodiments, where the phenol compound is a monophenol compound

an met ase |s kall e, the mple at| he nol
Cog%gfu Fl Bas AP P58 Sde %{1}) rrH%%:e varbes according

ndtot eme els omaout toaout15 rom a
0. 7B oo NG @ pirorataioup OSireddb St wulfurizeststal glky! phenate

CORRAIMENtS, WHEehSRRERS) FOMBRUYASL'S Bk H&mlcgeﬁamm @RGhetal base

the metal base is an alkaline base the mole ratio of the p

sofiapoabRyt-the Ahetirdhdem thowt 4o R BhSHLY éb%fﬁ(insa‘-'r%h?é&aa?w’f 30.
B CoriaiRbRabbdies, om0 iakion0i0 ésacammhdm dndfigrpherobrohpdime l‘i;tﬁged In

h the ph | d d th
iR e N e S R
metativasesisHirem th phdbtoohipalnolis 3, rﬂmxmpabuxdtcmtﬁptwmbmd trSmetal base is
19 %hi%ﬁl%%% 2 40, A00HE 5r3Re h% LD SR BRRdIMeNSadhs ﬁldl%yé%%;# 0.5 to

metal alkyl phenate composition comprises at least one of Formulae (IV

ahe\Vi§ vﬁwe?@lméﬂ oF MIsEutdng Mdmmisbavg8fnabpelidn iBrpter
alkpling.melal sueRHRoMSnipdus B PhBRI lefwdhes anediaertsse is an

the alkaline metal is calcium. 20 [57] In some embodime ts the sulfugzingsaEO
O

AYetiprbaiccHin ile R AP o BPLIeHRR SR RESestyfnm 2

RO CHokee shost ﬁmsdmhﬂmnde)s;xﬁrafreﬁmbmﬂMdsmmmﬂ lf dngulfber

halide .is used..as t es IfI|r zin ent, an extr

St g’ LEEohd’ g%rg ma %e use§ o%ngturafl}%nﬂ?e%ydrogeg 5#%33%??\%0 \;%e§a base is

lmnoikelinerhirsdiheentds stisohidmnt pheotl emhowed dohentstgideisge drom about 1 to
heteinabQye 681 P Heamte £iegtsubsiantial 2oseastipf2f8] In some

embodiments, the sulfurization reaction occurs in the presence of a base

d dh In oth diment If i

oy i e R et g T

mdﬁnmmesgaelymtoab af Bmperat (e fod (b owtes0 Bt 280VG Tiom
ezéesbspaﬁ‘*?&%@ﬁéaﬁng LALOM3% 209t 40 & 19,280k R0 - flfmer

cert In embodiments, the sulfurizing agent is sulfur and the reaction
terinslistenes ithepledineapeiat isoaleumt least about 120 C, at least about

140 C, at 16 least about 160 C, at least about 180 C or at least about 200

T. IN&xArtain embadinamisiimes) tha wifiet-tmbociments;omisileslpléurthief sulfur, a

es%?t?rq‘lar%gg t(Sé.’ gr.],' slgli%r monochloride or sulfur dichloride) or a combination thereof. Ifa

sulfur halide is used as the sulfurizing agent, an extra amount of the metal base or a second

base may be used to neturalize the hydrogen halide evolved. In other embodiments, a
solvent, such as those solvents disclosed hereinabove, can be used to effect substantial

reaction.

[58} In some embodiments, the sulfurization reaction occurs in the presence of a
base disclosed herein. In other embodiments, the sulfurization reaction may be effected by
heating a mixture of the phenol resin, the metal base and the sulfurizing agent ata
temperature from about 50 °C to about 250 °C, from about 75 °C to about 225 °C or from
about 100 °C to about 200 °C. In certain embodiments, the sulfurizing agent is sulfur and the
reaction temperature is at least about 100 °C, at least about 120 °C, at least about 140 °C, at
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[59] In some embodiments, the mole ratio of the phenol compound to the
sulfurizing agent is from about 0.5 to about 2.5. If the phenol compound is
a monophenol 5 compound, the equivalent weight of a sulfur halide is
considered to be half its molecular weight, since one mole thereof reacts
with tvvo moles of phenol or the like. Conversely, if the phenol compound

ast %u?ngeer%P%a d sug 51865(9 ll1 a%QIRB@aGbO Ilﬁ) s %ﬁbdﬁnents,n

€ mole tatio of sutur to-the phe compound disc erein
m@uld bféqn@ﬁémdédebyﬂ a fattdndtthseenbediogeskied in the art will
recognize that one mole of the biphenol 10 compound is equivalent to 2
moI@pf pheﬂpéofﬁgkﬂﬂibﬁ&ﬁ@iﬂsﬁmbﬁiﬁmﬁﬂis oftieaibane@rpnaittoithe

1Q faC|I|tate Ifurizatjon rea -limiting exam Ies
?ﬁﬂfénﬁr%%%btlérs mclé e{glgj[ horS suc ﬁ%lp%f a?co% CF npﬁno enol
|smdpmamb thp heuioldsrming, dzrbdiytibatidicls avbidattd bk hﬁﬁy@l ripdesular
él?fs '&Q'&ﬁé‘%@l&%&%ﬁﬂ@&@?@%ﬂ’ A A B?ﬂﬂéﬁo@%@lﬁée Conversely, if the

ibed in" 15 numerous patents and will be readily apparent to those

snhm wereund isguhiphesol somarnBBdintk st tretsifrsdae AEta PigRymol A, is

RRENALE FRMPARILIARLEEMPHESSHERGI Woreasied AhenelcRPROINADI®be increased by
Formula 06([31 a metal salt thereof or a combinatjon hereofw erf[:élt eﬁota
RS RTSREEFe SH AP B BB LB EHE P AL LA R0
lesspband abeyiti ddewt 9@ teskthbépiabalt 7.5 wt.%, less than about 5 20

wt.%, less than about 4 wt.%, less than about 3 wt.%, or less than about 2

wt.%gdjased op the.tolalvwaigbtef thesulfizrelnietal AlkykpRRNARe the
composition. [62] In some embodiments, the method disclosed her%@’ﬁ alsohols
|

IO BRSSO P e SO R R A PRI BT SO REIS 6
vytt&hassep@ﬁpawﬁagzaﬁ@ @@ﬁﬂ@ﬁﬁ@il@u@r&b@ﬁm ambotof] f dkidsuntbatteghd

ompou d rmula metal salt thereof tqQ less 25 tha
aaﬁgﬁ?'ﬁ% I\B{) %kaa iR 5¢8 \(/)vuéllﬁg?it Gf the é&ﬁﬁﬁz{ed@ndet%slaé ?Scrﬂ)Ed -
pheimwscpmeptmud)mlhbhmh@i}emmmrﬂ@sm%ed:amﬂksaﬂunzmg
agent is sulfur. [63] In certain embodiments, the method disclosed herein

furtff%ipompr!@e&@ﬁneﬂﬁf&ﬁﬁagssm@ wifeptactipgitiesisrizedomgtaltion
alkyl phenate compo |tbon with carbo OXId |s ovcterbai rﬂ%
BRI B CRECRGLFRREPRI b H R0 5 e

moﬁﬂtﬁﬁaabﬂ ﬂmpﬁﬂmﬂmmmm@ﬁ@ﬁmabm@%Im;:tﬁxonnajpoumd;@z@the
JERSTIRIL Z?OQ’VEQ/a ?&gkﬂaioaﬂ_oﬁlf%r%w‘/ ) SSt@ﬁn about 3

? sat ere flsﬁs]qii QR
urize Yy enate COmpOSItIOﬂ may be reacte
cwﬁod@ﬁo&meahwhé pfé/se]n%f’eﬂwﬂe%h%éé wietal Bdge than about 2 Wt %= based on the

total weight of the sulfurized metal alkyl phenate composition.

[62] In some embodiments, the method disclosed herein further comprises reacting
the sulfurized metal alkyl phenate composition with a second sulfurizing agent to lower the
total amount of the unreacted phenol compound of Formula (1) and a metal salt thereof to less
than about 2.0 wt.%, based on the total weight of the sulfurized metal alky] phenate

composition. In further embodiments, the second sulfurizing agent is sulfur.

[63] In certain embodiments, the method disclosed herein further cormprises an
overbasing step of contacting the sulfurized metal alkyl phenate composition with carbon
dioxide. This overbasing or carbonation may be effected merely by passing carbon dioxide
into the mixture at a temperature from about 25 °C to about 200 °C, from about 50 °C to

about 175 °C or from about 75 °C to about 150 °C. Alternatively, the sulfurized metal alkyl
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and one or more promoters. [64] After the reaction is complete (with or

without further sulfurization and/or carbonation), the volatile chemicals in

the sulfurized metal alkyl phenate composition can be 5 removed from

the reaction mixture as described above. The removal of the volatile

chemicals can be effected by any conventional removal technique such as
extragtion.or distlalion vt or Wik EGAL IEL THE SFZEK s mera base
Retal a&ﬁ%%enélte c%mposmon can be used to formulate or prepare a

sk igretiorgreitecpimpelsiton. In some embodiments, the lubricating oil
composition 10 comprises at least one oil of lubricating viscosity and a
sulfigiged metataid Rhanate complesiientdisclosed: e sitfotastion and/or
embodiments, the lubricating oil compagsition further .c rises a additive
RO e SRS SRR T U e S RS PR cm be
AerfhedOfiloof thalieissitngritisoo sityldssr|B6] ativerduiicatimg el @ohvpoditidns

dirslaeRd AR AR I LOLRUSR; AL PRR QMR A L RIER U Griraction
vg%_osity. Ar))]%[l)ase oi %%Vr%?l to a skilled artigan can b&e used as thea%illo o?r
distlatipryWiscasithericioses ferein. Some base oils suitable for

preparing the lubricating oil compositions have been described in Monier

et aj63|Chemishy satfdrized hreedbafi dfphanattcantpdsRith Edifiorustdndonpulate or
Springer, Chapters L.and 2 (1996); and.A 8, J040: L URrisant 4
S O Ry B comosion

(@gem)scanddstwn8edok nbrinitiagonsErsiineedingsimsizeianptabels vl ghegate
@ﬁ%&siﬁﬂQﬁi‘é@%@gﬂq{&emcﬁfQﬁf@}t@ﬁ%}ﬂiﬁ{@n@f S erERCRiI 6NN H¥8n further

amount of the base oil in the lubricating ojl composition may be from =
SOBIPES BB S8R IV HARBH e A YSthIRSRY BT BrePIits OAdiRgicating
qilileomposition. In some embodiments, the amount of the base oil in the

25 lubricating oil composition is from about 75 to about 99 wt.%, from

%_ﬁﬁﬁ@%{f)of\ggyh@tﬁ‘gwg%qsgﬁfrom about 80 to about 98 wt.%, based

e total weight of the lubricating oil composition. [67] In certain
embggjmentsTihaddaseiol isivoepEniGesinaio Rt tadinsyeiBti®mprise at least
lubricati ase.oil fraction. %_%m nonslimiting exampl f synthetic oil .
R b BP0 5 o, AT S A AR s e ot
palwhe e atiorisob ety d asterd leipha-Stefin baseobilaswetdbjéciie pephrrg the lubricating
hyRSAReR.BY IDE SIS PIRCAIUER WHRELRF R N-RRNRXIAC ARG e Miology of

Lubricants,” 2nd Edition, London, Springer, Chapters 1 and 2 (1996); and A. Sequeria, Jr.,
“Lubricant Base Qil and Wax Processing,” New Y ork, Marcel Decker, Chapter 6, (1994),

and D. V. Brock, Lubrication Engineering, Vol. 43, pages 184-5, (1987), all of which are

incorporated herein by reference. Generally, the amount of the base oil in the lubricating oil
composition may be from about 70 to about 99.5 wt.%, based on the total weight of the
lubricating oil composition. In some embodiments, the amount of the base oil in the
lubricating oil composition is from about 75 fo about 99 wt.%, from about 80 to about 98.5
wt.%, or from about 80 to about 98 wt.%, based on the total weight of the lubricating oil

composition.

[67] In certain embodiments, the base oil is or comprises any natural or synthetic
lubricating base oil fraction. Some non-limiting examples of synthetic oils include oils, such
as polyalphaolefins or PAOs, prepared from the polymerization of at least one aipha-olefin,

such as ethylene, or from hydrocarbon synthesis procedures using carbon monoxide and
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hydrogen gases, such as the Fisher-Tropsch process. In certain

embodiments, the base oil comprises less than about 10 wt.% of one or

more heavy fractions, based on the total weight of the base oil. A heavy
fraction refers to a tube oil fraction having a viscosity of at least about 20

cSt at 100 C. In certain embodiments, the heavy fraction has a viscosity of

A feast 5 about 25 ¢S o af legst 2bput 306131400 Gl NS, e base il
embogintante, The amount of the one or more Heavy ractions in the base
oilipiizes ithathabgutut 00w, Wesdeamelsdiasyitasionedumspdardbe (tgl 3reight

Wi dessthan ADANLHL WY 811685 HBD APRMRA Bt PASESANING lcast

total weight of the base oil. In still further embodiments, the base oll

abPHbARESAL 1N8aly TRaetian. ST peanRteShaiF R BEatNR RS agiscosity of at least
kHaKicatingQif SOMBOMERITGSMRNe T MR GhirtBBaeuibhOfnseha st Oinefunt of the

lubricating yiscosity. In some embodiments, the base, Qil h kinematic o
ST TR B TS0 7% Gl SO DB o b S-S W%
abouidn abentidihkes (ISt fmabbeit20xSt, frolessibeutFosSt.lovalio.ltasél on the
Coth OLIIRM,AROYLS. GRL 1 ARG Gbo G ISMAIRMISCOMBRENR heavy
base oilg or the Iu ricating oil compositions 15 disclosed herein can be
Aeiswred according to ASTM D 445, which is incorporated herein by
reference. [69] In other embodiments, the base ojl is or comprises a.base .
stod®8r blend AR S LREARE RS FHEHEP SIS SRR HHEPL S8 WG SR & maor
areomanditeiwred usingiavagetycofigifférephpractsdeseing) tidibgsdnit hota
Iméren%tgg,vg I§(§L‘H?§'§ﬂ0§@¥%‘9&{1eﬁ%&g2? Xg{g&%ﬁeg cBf Ot%ee%%'u 220 oSt fr%m about 5
ofigomerization,“esterification, and rerefining. In'some embodiments, the
aséstskocksStomarise 2 e fimedabatikl ¢htfiordbererhisotlipndion, abrut 9 oSt to

slingd.gogh,s Qﬂéﬁfﬁl@%é&%’ aliviireesirom make rl@?ié.%%]&?o@r%gpositions

r

through manufacturing, contamination, or previous use. [70] In s ,
SRBISEHHES? §98 BRI BIEOAEIRIREIRG S1 M b1 NLiBhdhepIpREr sk herein by
iRpRg.ef more of Groups I-V as specified in the American Petroleum

Institute (API) Publication 1509, Fourteen Edition, December 1996 (i.e.,
API[Bgise Oil intetehampediikiys Guidelinel forRasgengen Bae MalorGilsnd of

nd Djesel Engi 1l ich.is 0 Lein By : o
%ﬁiegsé?a%gin%engéﬁfgé %@gﬁ%&iﬁgggﬂﬂ%ﬁé@aﬁcom poﬁgﬁnﬁrﬁlgﬁ grrzilay beej;y t

rAdfrufatnivecsissiingladiegidyt sediffd rchtopAdvidladion. enlbepatipagbdfrogen

hasESIRCkS IR ARIIRG! 2L RISERCH Wil SRREIflE. ranaas-AiniBedamauWthe base
of saturates, sulfur content and_viscosity index. Group IV base sto%ghg]rlebe

phnskirERn 1 &pshp b taberdubrdiments, the rere ned stoc

substantially free from materials introduced through manufacturing, contamination, or

previous use.

70} In some embodiments, the base oil comprises one or more of the base stocks
in one or more of Groups I-V as specified in the American Petroleum Institute (API)
Publication 1509, Fourteen Edition, December 1996 (i.e., API Base Oil Interchangeability
Guidelines for Passenger Car Motor Oils and Diesel Engine Oils), which is incorporated
berein by reference. The API guideline defines a base stock as a lubricant component that
may be manufactured using a variety of different processes. Groups I, II and III base stocks
are mineral oils, each with specific ranges of the amount of saturates, sulfur content and
viscosity index. Group IV base stocks are polyalphaolefins (PAO). Group V base stocks
include all other base stocks not included in Group [, I, HI, or IV.

19



10

15

20

include all other base stocks not included in Group I, II, Ill, or IV. 19 [71]

The saturates levels, sulfur levels and viscosity indices for Group I, 1l and

Il base stocks are listed in Table 1 below. Table 1. Group Saturates (As
determined by Sulfur (As determined Viscosity Index (As determined by

ASTM D 2007) by ASTM D 2270) ASTM D 4294, ASTM D 4297 or ASTM

thal B cuai B 80 AR AL 0 U SO A O s oy U, 1 and 1
bwﬁdd@@%l@@klm&bbrlmwto | Greater than or equal to 80 and less
saturates. 0.03% sulfur. than 120. Il Greater than or equal to 90% Less

¢4 br equal to Greater than or equal to 120. saturates. sulfur. ~ 5 [72] In

sEme embudimentsdinagidse oi| Sdfmpfisdseonieedr Ml ihdssdetermined by
stocks IABYEELM, 111, 1V, V or &chiRatoN theruﬁm gﬁ%ASTM D 4297 or

D

théma&WA%%t&" COMPHRES AR PEIIPEE O61HE a6 SROKS §fand Toss
Group ﬂl [, IV or a combination therseflin. further emdbodiments, the base

oil ﬁom fizesr dpe orawbredtifthe b%@@t@bﬁk@ﬁh@roﬁd@@ L W%?@ 80 and less
$‘W ereof-whereip-the IQ-.Q&O ﬁ“no a kire

2\ royrm
about 5 tsgf(&ag@ |ffclffé’f(e‘*’s"a(ic‘étij to ab%ﬁf}@ﬁgét ?otron abod%a ‘&t %egﬁ)aéﬁt% '

CSt, or ffom. about 9 cStto about 15 ¢St at 100 C. [73] The base oll may
be selected from the group consisting of natural oils of lubricating

wsgqahty, synthetic oils gf % brl(gsat{ﬂg VISC Iqsgglg)(;llérq,srﬁhleergﬁ&é%ase stocks
embo |memts “the base oil includes bas stocks obtained
igofTeviz Atlbrlef Sjrtheticopmbingion theteri mhysewéncb@war@@mm

%ﬁ%&&@%ﬁem%df@&k% ydrocracking.atheninasw solvemxiraslitof. In

the aromatic and polar components of the crude. In other embodiments,
et S BACHPRASY: Kbt AR RIL BRI B SIS S TIRTF-0 e Rae A or sifibiegup I, 1L
Qilse Ve ga e RIISthdaeRAkails ,tmlsaaeﬁueﬂémemahombéday d@ieh about 5

SRR BTN AR S 1A AT o COAT ek DOl iy a

abduvh@tsoit. 19013 non- I|m|t|ng examples of vegetable oils include castor

oil, olive oil, peanut oil, rapeseed oil, corn oil, sesame oil, cottonseed oil,
soyt{)'é’eln oil, The base oil may be selected from the group consm‘ung of natural oils of

lubricating viscosity, synthetic oils of lubricating viscosity and mixtures thereof. In some
embodiments, the base oil includes base stocks obtained by isomerization of synthetic wax
and slack wax, as well as hydrocrackate base stocks produced by hydrocracking (rather than
solvent extracting) the aromatic and polar components of the crude. In other embodiments,
the base oil of lubricating viscosity includes natural oils, such as animal oils, vegetable oils,
mineral oils, oils derived from coal or shale, and combinations thereof. Some non-limiting
examples of animal oils include bone oil, lanolin, fish oil, lard oil, dolphin oil, seal oil, shark
oil, tallow oil, and whale oil. Some non-limiting examples of vegetable oils include castor
oil, olive oil, peanut oil, rapeseed oil, corn oil, sesame oil, cottonseed oil, soybean oil,
sunflower oil, safflower oil, hemp oil, linseed oil, tung oil, oiticica oil, jojoba oil, and
meadow foam oil. Such oils may be partially or fully hydrogenated. Some non-limiting
examples of mineral oils include Groups L, I1, and III base stocks, liquid petroleum oils and
solvent treated or acid-treated mineral oils of the paraffinic, naphthenic or mixed paraffinic-
naphthenic types. In some embodiments, the mineral oils are neat or low viscosity mineral

oils.
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sunflower oil, safflower oil, hemp oil, linseed oil, rung olil, oiticica oil, jojoba
oil, and meadow foam oil. Such oils may be partially or fully
hydrogenated. Some non-limiting examples of mineral oils include
Groups |, 1, and Il base stocks, liquid petroleum oils and 25 solvent
treated or acid-treated mineral oils of the paraffinic, naphthenic or mixed

pargffipic- naphthenic t iy di sl | QilS Rr8ude
e A o v e STek

bydpratibonitsloihddridensnbsiistesdiviaetthie oiliredoabbel Bnerizad and inter-

B@MEM%QM%@@%Qiﬁ%ﬁ&@ﬁ,%&ﬁ%ﬁ%ﬁ%@m UMefs, alkylated
erized olefins, alkylbenzenes, polyphenyls, alk)éated diphenyl

polym !
éfaé@lﬁwﬁawsmﬁﬂ@ﬁw%ﬁf&g@?l&gsv@@ﬂiawm oralfeles tistghged the
aRe hamelegursdhesarf tand tiedclike. irlathetiembodimietislythers,

synthetic oils include alkylene oxide polymers, interpolymers, copolymers
RS ST T TRty Bhg T 0 LS b B £ can
odifititddybe steriifoation, etiveriiettinrmndribethkelike. fimthgrterabodiments, the

aﬁﬁ%ﬁmﬁgﬁﬁcm& synihstic PR nsiude. he RSk of G HORYIEACIES certain

th a variety of alcohols. In certain émbodiments, the synthetic oils
irhedinester Sraabesrail eduda swisRvdaBom tic T&c‘i‘é@%ﬁﬂ’%"ﬁé&ﬁlé‘“ds and
e aolvel siheisdefurthenambosimemamthmeynhetic oilsinthaderi-alkyl
tri-alkyl phosphate ester ojls, such as tri-n-butyl phosph eandg
tPh%BgﬁEﬁﬁftﬁh%?aﬁB‘f&aﬁ%T‘i‘th MR *@u@trﬂlﬁéﬁ Bits of
lubrjcating viscosity.include silicon-bas iIi A lyalkyl-
R s L A e L R

eifibodhessdsiltiedyastibtiodialkvbiuntdyhedid rodvelkoss1 polyaryloxy-siloxane oils
RRAsSRRASIEONRINNG asidsRelNeIG iefkalY AIRMNARS liquid esters of

polyalphaolefins, and the like. [76] Base oil derived from the

HArBhS R DR IS e rdsefvEtise PoLigiRRag]efips, and the like.
compination with the aforesaid natural .and/or synthetic.base oil. Such wax .
':19 \%Safﬁ, 8§ (ilsrl ek%%[ nel %eé%drmsomenéﬁtlon %waﬁcj %?% a§s0 ﬁ_ltéstea(, either

isonmerate oil uce ydroisoimerization of na I synthetic
whxes oinixtbiesidheidofhevdeashifdrsisohedzationtostialest 00 Breh wex

f%%%l?a‘?é%ﬁqgWéil%dtG?l&@ﬁ?&ﬂi%ﬂ%ﬁ@é&&%%ﬂﬂ?&%ﬂ&@ﬂ&%QQ-ok”mixunes

general, the poly-alpha-olefins may be derived from an alpha-olefin having
frbpreelisver 2 ydubemazatiansasyti 4 to about 20, or from about 6 to
about 16 carbon_ atoms. Non-limiting examples of suitable

polyl&Tbha-olefirBTAE T tHEREPHe it 1 SPh SERBRE: b PhfktlFg (PAC- In

toeteaf, tegdhedike-dleése pohbaljnacd éfins maiphavieBnliseogitydromout 2 to

aa (c))%% ?OE%(aﬁ%oa%%ut 4 to about 20, or from about 6 to about 16 carbon atoms. Non-limiting
examples of suitable poly-alpha-olefins include those derived from octene, decene, mixtures
thereof, and the like. These poly-alpha-olefins may have a viscosity from about 2 to about
15, from about 3 to about 12, or from about 4 to about § centistokes at 100 °C. In some

instances, the poly-alpha-olefins may be used together with other base oils such as mineral

oils.

{78} In further embodiments, the base oil comprises a polyalkylene glycol ora
polyalkylene glycol derivative, where the terminal hydroxyl groups of the polyalkylene
glycol may be modified by esterification, etherification, acetylation and the like. Non-
limiting examples of suitable polyalkylene glycols include polyethylene glycol,
polypropylene glycol, polyisopropylene glycol, and combinations thereof. Non-limiting
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25 15, from about 3 to about 12, or from about 4 to about 8 centistokes at
100 C. In some instances, the poly-alpha-olefins may be used together
with other base oils such as mineral oils. [78] In further embodiments, the
base oil comprises a polyalkylene glycol or a polyalkylene glycol
derivative, where the terminal hydroxyl groups of the polyalkylene 30

diyechmay bemedled bn s ienion e caien arei BOHAN Bycol
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gﬂé[ i%f)? d mﬁlg 5){ Fﬁ(ﬂ)en%on |mit n }532%?1%%3 o) e?ét-:Ii %s egon_hmmng
|nmméedﬂfutybadspatendl(@@uhymbe@zt)a@lde(@a&‘ély&i%ﬁbsghaﬁﬁmératélexyl
%ﬁ&yé@e&’l@@esegé'éﬂg C&Mg@&%@t&eﬂ'{@ Qﬁi@&&@; %lﬂrﬁgted lﬁ&%}&iﬁféﬂaiﬁ%e didecyl

didecyl 15 phthalate, dieicosyl Sebacate, the 2- ethylhexyl diester of Ilnolelc

ﬁﬁeﬂlw%@bﬂ@fqﬁ@i Tre et Admeetnacihdingy and the like.
b d b the FEischer:Tro
eom es a %ﬁﬁﬁ&ere@ §§éﬁ§§{§ $ gm Iggmer seg ﬁcé}é)cro eSS Hared by the

Fis 8 -Trop Geathons omg es “Tontah
Hiskingefrgnchqaress. nﬂw&mﬂhwémgaa%mom&ﬁw&tawpﬂm gases

%%9%@(@92 @(J&&*&‘AES&%%%BB%Q%&%%QFEQC%Q%68591? 438l aghase

e 20 the hydrocarbons may be dewaxed

Hwk@@@bﬁeﬁm e A OR RS RERR B PRI Brocesudubdidiare 1jla For example,
@E&%&&%ﬁ%@l devihgeartyl@bkdmdrrherrmhogimanickihedaserbiksses

comprlses an unretined oil, a refined oil,
known to a person of ordmary skill in the art.

[81] In further embodiments, the base oil comprises an unrefined oil, a refined oil,
a rerefined oil, or a mixture thereof. Unrefined oils are those obtained directly from a natural
or synthetic source without further purification treatment. Non-limiting examples of
vnrefined oils include shale oils obtained directly from retorting operations, petroleum oils
obtained directly from primary distillation, and ester oils obtained directly from ap
esterification process and used without further treatment. Refined oils are similar to the
unrefined oils except the former have been further {reated by one or more purification
processes to improve one or more properties. Many such purification processes are known to
those skilled in the art such as solvent extraction, secondary distillation, acid or base
extraction, filtration, percolation, and the like. Rerefined oils are obtained by applying to

refined oils processes similar to those used to obtain refined oils. Such rerefined oils are also
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a rerefined oil, or a mixture thereof. Unrefined oils are those obtained
directly from a natural or synthetic source without further purification
treatment. Non-limiting examples of 25 unrefined oils include shale oils
obtained directly from retorting operations, petroleum oils obtained
directly from primary distillation, and ester oils obtained directly from an

terification.pro i ther. ' '
D A R B s

Hirastes &y 1wipPEab afitsriofdigiee aad @il {FaakrsvERSPRIYE-more properties.
Many such purification processes are known to 30 those skilled in the art
KIchawiseliNO@Ad@Res secondary distillation, acid or base extraction,
filtration, percolation, and the like. Rerefined oils are obtained by applying
to f8%hed oilOpiicsaisdbedishiiantivaht serapesitionchusifrdinecruiiseghlegst an

rergfived:Ql ﬁ(ﬁfiﬁé}l %%%lﬁ%ﬁ?ﬁléﬁg aimgghprepRaessehRile @Nfiprove any

often are additionally treated by processes directed tg removal of spent

: ted ) ! p
AatirablsEmeTHil HrBaRUREATBOM s s SRR by B A Sa R S p3Tson of
Qﬂ&jﬁ@g&‘?ﬂkﬂﬂﬂﬁ&ﬂ%ﬁﬁﬁ@%@ﬂﬁ@ﬁf&:ﬂﬂﬁiﬁi@ﬂdﬁm}gfﬂit&ﬁﬁmm§&iﬁﬂ&aﬁaﬂin.

additive or a,modifier (hereinafter.designated as "addjtive") that c
B VS A Sb b STOR WP HISheatiey i and Technoogy of
doipositighrdridaditivendon\wpriogarpd & ; ehdolditia®y. Skitkirekh&labricant

e used i omting. o > "y iy _
SRS Al Lo oy bessy Bangr o
Tesspoirsed tsteinpriederence2 g omesmbrdHasms- St verau by ssingted from

LigslitoR, KUk, of Mificanhil AdditiveseFbamisnanchapmieationgemulsifiers,
New York, Marcel Dekker (2003), both of which are incorporated herein

HYTararntiiens, S BRIBoRhEMLY the SERR VP OSH B SRR B B
thepgrappcansistihghdbantoxitduwisiantty dpagents cdetaigentsibitss, lubricity
inhibitors, demulsifiers., friction modifiers, multi-functional itive

RS SR A R oSl UL U s, morters,
okmittidiassedidperisin midoomdsioidnhibitens; [ibersieel Shinsersvelrgtion of each of

thermalRiabii IMBIRVER antishass Additres iR IRPIRIor S HYGBout 0.001 wt.%

markers, static dissipaters, biocides and combinations thereof. In genera

|
theabBRicKhtrato MR ERER! SIS HRAPSLLA e fubcamp it 01 Wi.% to about 2.5
CRMP AL bWhE R4S Qi dRAY ROBRHATHhABAWLRHEM 8. Y6 utthab a1t tdRI amount

t.%, from.abqut 0.01 wt.% to about 5 wt.%, or f bout 0.1 Wt.% to ,
204t S0 M GH e SRS LT OBy EATNP A C001 W% o sbous
cmnmitfn_n_n Ebsthér) thet Sotal st @0%6f oh & diive$.ihwivbolthalzatingvt.%,
O SRSV AS LI RITHARMY S QB hAtop about

i83] The lubricating oil composition disclosed herein can optionally comprise an
anti-wear agent that can reduce friction and excessive wear. Any anti-wear agent known by a
person of ordinary skill in the art may be used in the lubricating oil composition. Non-
limiting examples of suitable anti-wear agents include zinc dithiophosphate, metal (e.g., Pb,
Sh, Mo and the like) salts of dithiophosphate, metal (e.g.. Zn, Pb, Sb, Mo and the like) salts
of dithiocarbamate, metal (e.g.. Zn, Pb, Sb and the like) salts of fatty acids, boron
compounds, phosphate esters, phosphite esters, amine saits of phosphoric acid esters or
thiophosphoric acid esters, reaction products of dicyclopentadiene and thiophosphoric acids
and combinations thereof. The amount of the anti-wear agent may vary from about 0.01

wt.% to about 5 wt.%, from about 0.05 wt.% to about 3 wt.%, or from about 0.1 wt.% to
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20 wt.%, from about 0.01 wt.% to about 10 wt.%, or from about 0.1 wt.%
to about 5 wt.%, based on the total weight of the lubricating oil
composition. [83] The lubricating oil composition disclosed herein can
optionally comprise an anti-wear agent that can reduce friction and
excessive wear. Any anti-wear agent known by a 25 person of ordinary

skill In the,art may ob%h%stg%}i nthe ] %?r'%aﬂﬁ% Qlgom g‘%%n“ioé‘m'é'o.”éi)@iéi 0% able
BXAMpI&s Or SUitab Ahtiwear agents mclude zific dithiophosphate, meta
Can iy WD ag8ints Moy abrt s dikibe d at s esiidithiBuhoisphdiebmseta @ity nC hemistry

Bhi ;?#éz%\él&f%ﬁ’tﬂ%ﬂ ke)-salis- fithiocarhamate, metabe 95848084, which is

and t Iikegsa]ts of fatty acids, boron compounds, phosphate esters,
FHOSpHRIEERNENE iFRE4Rs of phosphoric acid esters or 30
thiophosphoric acid.esters, .reaction products of dicyclopentadiene and
thio%ﬁ‘isphor#ﬂfl 5569 R Oggﬁ?ﬂfﬁ’a%g 24HE 2‘érozi‘g’f"i'l(l%el Sa?nl%%nﬂ r6?'?tsna(1:-(ﬁ%dmmby1
dirttiioydarmgenhandpalanpdhom ztodin B0 Hitviobhssphite b Eponeds frdhe metal of
bout. 0,05 W 1O RRRUE Qi W12 023, 200 et
%?‘%}lﬁg%ggr%ﬁé%ﬁt%%é\ﬁ%geht 0 tﬁe?u r?cating oi?cgmpositice)n. Som?aa’or
slpmbtemalssdaéamhientay epeganesesehbePirapsie IR smugippelodiments, the

"Rl AdditiRs ahemiRing, ﬁ%ﬁ?ﬂ%ﬁ% ' WiShe N&%@%N 3@ phosphate
Dekker, Chapter 8, pages 223-258 (2003), which is incorpor tedg rei
Byetaeithay smqﬁ%é?tébﬂ%%%mﬁm&%ﬁhﬁ&f ‘&%ﬁﬁ %Faf on atoms,
Gampiises awdikymracarybditbiop e Sphnatdoetabsibyst chrbanzinendiatikfhrther
dithiophosphate ounds,.The metal of the dihydrocarbyl

&?51?8% Hbesrg%g}fg %ﬂ%&g lr%lé%/e%reoéﬁra ciallﬁéc')r alkaline earth metal, or

alurﬁgg m, leaﬁ’tetmnm}ﬁ?mwéﬁg?f@ﬁﬁogﬂﬁkﬁ{a% RREPSLI A SOHME, the zinc

embodiments, the metal is zinc. In other embodiments, the alkyl group o

thiall vifoerhesphaimialsnisshaibricotine el comesiinniisdpit st misoeasured
%%@g@@%mﬁmﬁarﬁ&&?aﬁ%a&ﬁgm@%mb og‘pamhlzameaﬂafme
about 12 carbon atoms, or from about 3 to about on,atoms. o
AR bEAEA YR Ot IRy PR 4o ReR AR LR (9P 12 ves
diausttont thie wilyydrabacbgl iditeidphositnatebme tal seifirclsichntCtBeveiiic based on
el SoR RO Sallin s iAo of compositon disclosed
herein’is m asure(f I5byit phosp osphorus content. In some

embggdiments;{heiphasrhaspiamissaepent Mldaedtnreatag@pared in accordance

composition disclosed herein is from about 0.01 wt.% to abgut 0.12 wi.9
O KRR E?.W%sﬁavaffsaifpmﬁaﬁt@}&;’%ﬁoﬁ%wa%&?@%%e% ?&%%ﬁ’m

OuSuvil;%by bagsid ometberhotaloteigitiotd ihé phbiidabngpeihdomiioBifenand then
neutralizing the formed DDPA with a compound of the metal, such as an oxide, hydroxide or
carbonate of the metal. In some embodiments, a DDPA may be made by reacting mixtures of
primary and secondary alcohols with P,Ss. In other embodiments, two or more dihydrocarbyl
dithiophosphoric acids can be prepared where the hydrocarbyl groups on one are entirely
secondary in character and the hydrocarbyl groups on the others are entirely primary in
character. The zinc salts can be prepare from the dihydrocarby! dithiophosphoric acids by
reacting with a zinc compound. In some embodiments, a basic or a neutral zinc compound is

used. In other embodiments, an oxide, hydroxide or carbonate of zinc is used.

[87] In some embodiments, oil soluble zinc dialky! dithiophosphates may be
produced from dialkyl dithiophosphoric acids represented by formula (I1):
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[86] The dihydrocarbyl dithiophosphate metal salt may be prepared in
accordance 20 with known techniques by first forming a dihydrocarbyl
dithiophosphoric acid (DDPA), usually by reacting one or more of
alcohols and phenol compounds with P2S5 and then neutralizing the
formed DDPA with a compound of the metal, such as an oxide, hydroxide
or carbonate of the metal. In song§ embo% ents, a DDPA may be made
by reacting mixtures of prlmary% ary alcohols with P2S5 In
other embodiments, two or more dihy®&kocarbyl 25 dithiophosphoric acids
can be prepared where the hydrq_@fga%g)ups n one are entirely
secondary in character and the hydrocarbyl gr s on the others are

|rel i acter. The zjnc salts ¢ nb epare from the
aﬁ% %{[ %}?ris n%’ eg C? {pcliner%ra%r%l ek %5 g‘ﬁ(z rflagrc%%ﬁaxoor br; dan[ched
ssuhsetembaikmm énmzmbaﬁeednmm titeadlizith (gmmpﬁmgbustaﬁtd ahswict( carbon

%EB%?%W@%%%&%W%M@%%% “garbonate of zinc is used. 30 [87] In

some embodiments, oil soluble zinc dialkyl dlthlophosphates may be

produced from dialkyl dit opho horic agids repre formula

D T | e 16 RS OHPIORBTOMECEciOh P AT 80 Lo P RpEBB gy rescting
linednbr IHieHcha RAKY vatHineavdrehr &iehd R bsaumawvm Bosmme
em0|metsthe yl greu sf 3 n
ofrl‘g a%gut% to‘gl1 oﬁut% 8%:8%%?% aﬂ%ﬁ@?g@%&%&%% %g@@b&g ot 1

diatkytditibopiresph O e BB rath i Eabs stnylepasss by Pesilifvgther
%&%B&i&&%@ﬁ%ﬁ%@m&?@ﬁ?gym &yR&@Mg RI are as defined

above. In some embodiments, R8 and R9 are the same. In other
emqggllmentsm&ﬁmbﬁgzm@ﬁmrmﬁ@o&mb @ia@mlbﬁﬁmms TR&®hydroxyl

90H react with P2S5 si neo In still fu embod ments
IR IO FHA B O BB RS i SR oEE A T R henis, he
Wdﬂqxﬁithikphwmm@ imatepdssl feugednd hélsetﬂnydifmylalalkyher polyhydroxy

g §e %HBER&JE‘QP&WQJ %@A‘ﬂh% 'ﬂ{éds‘lnl BB BRbodiments, the
odlm nts, the dlalkyldlth|oBhosphor|c amds IS prepared from mono-,

mmq@a%@r}@ﬁhm&c@ﬂhew@r oplkygrHBrp el coR drE St e @ single

gﬁwmﬁf? stthsifaregeing. e&ﬁ%ﬁ]ﬁfeﬁ@@%'ﬂ@éﬁaﬂhﬁr}zm&ml is 2- ethylhexanol. In
a

Ikyldithioph hate d % h | d
e oncspiols Corved O ol prap el kot S okt

psicoasysaltofuphis 2rettdiinexanbht MD(ture of secondary alcohols is a mixture of 2-
butanol and 4-methyl-2-pentanol.

[90] The phosphorus pentasulfide reactant used in the dialkyldithiophosphoric acid
formation step may contain certain amounts of one or more of P2S3, P4S3, P45y, or P4Ss.
Compositions as such may also contain minor amounts of free sulfur. In certain
embodiments, the phosphorus pentasulfide reactant is substantially free of any of P2Ss, PsSs,
P4S, and P4Sy. In certain embodiments, the phosphorus pentasulfide reactant is substantially

free of free sulfur.

[91] In the present invention, the sulfated ash content of the total lubricating oil
composition is less than 5 wt.%, less than 4 wt.%, less than 3 wt.%, less than 2 wt.%, or less

than I wt.%, as measured according to ASTM D874.

(92} Optionally, the lubricating oil composition disclosed herein can further

comprise an additional detergent. Any compound or a mixture of compounds that can reduce
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certain embodiments, the zinc dialkyldithiophosphate derived from only
secondary alkyl alcohols. In further embodiments, that mixture of
secondary alcohols is a mixture of 2- butanol and 4-methyl-2-pentanol.
[90] The phosphorus pentasulfide reactant used in the
dialkyldithiophosphoric acid 20 formation step may contain certain

%ps ol'\l{f]tcﬁeolr]; q{gleuoro e%r%noefdleazossgé (I:Da%%% ’#%34 a7s’a0 e?eér"se:%t. gnr{‘eo 19081:{21?1{]1&1%5
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phosphorus pentasulfide reactant is substantially free of free_sulfur. 25
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hé_ﬁelnaoam:furﬂomteddmphislw aefmdmﬁﬁohakdambndimygcém pcxmmqﬁsaa

g‘gﬁﬁ&ﬁ%&@%%@&%&%ﬁﬁ%&?Q&Eo%%r%oorfu%}?éﬂeﬂé_l&cgﬁﬂﬂiéﬂ& %lfo%gdﬂﬁ-iimiﬁng

oslits can be used as a detergent. SOme non-limiting examples of

suhaplestdergaresimbigdalpbly ersrmgapdditives ackemintde sut F 7685 (available
sHeRinamides 1iealrminaH ek ipsianca-RAISORUEY OBRIStEpIHmIsES o

polyisobutylene amine succinamides, aliphatic amines, Mannich bases or
dLBayolefin (e. g. 5 polyisobutylene) maleic anhydrides. Some

' inimide deter d ihed.in_ G13960493,. .
h e e T
ofnswiichratelint orpbrenebheratis. wkrdfereticayl nrsoniie snhooairndimsiahe
detriarnt RaunlyolefinsHbsivigd Suctinimide sl AS BRYISPRHIMIS N Sromatic

succinimide. Some non-limiting examples of commercially available

derapguntsabithvasikenibiydrae crardtic Ao aioniriairedire MthiHEEA alkyl or
Limes. gl taad@MA-A1 3B (avmiabie L1y eiel-alerppsatngi or alkenyl

Manchester, UK). [931 _.ngn-limiti f suitabl tal
Ry AR50 SRR B o LN Lty P QRO PR sraoles o
alkiydie alkehytergmatiodultonatd subonated sslitida@atephoyliunaes) or

|Ze | aulti-hydrgx ol i
e ) R S for making

uebiariendzesdialare oF Rbehynaiaskitprasaie ek iSarswamkeiienHalle metals
meialisalisPhmalkik o RIKeML and transition metals. In some embodiments, the metal

is Ca, Mg, Ba, K. Na, Li or the like.

[94] Generally, the amount of the detergent additive can be less than 10,000 ppm,
less than 1000 ppm, less than 100 ppm, or less than 10 ppm, based on the total weight of the
lubricating oil composition. In some embodiments, the amount of the detergent is from about
0.001 wt.% to about 5 wt.%, from about (.05 wt.% to about 3 wt.%, or from about 0.1 wt.%
to about 1 wt.%, based on the total weight of the lubricating oil composition. Some suitable
detergents have been described in Mortier ef al., “Chemistry and Technology of Lubricants,”
2nd Edition, London, Springer, Chapter 3, pages 75-85 (1996), and Leslie R. Rudnick,
“Lubricant Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 4,
pages 113-136 (2003), both of which are incorporated herein by reference.

195] In certain embodiments, the lubricating oil composition disclosed herein

comprises an antioxidant that can reduce or prevent the oxidation of the base oil. Any
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multiacid, and chemical and physical mixtures thereof. Other non-limiting
examples of suitable metal detergents include metal sulfonates,
salicylates, phosphonates, thiophosphonates and combinations thereof.
The metal can be any metal suitable for making 20 sulfonate, salicylate or
phosphonate detergents. Non-limiting examples of suitable metals
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), phénolic antioxidant 2-tert-butylphenol, 4-
met[gdrz 6- dIM§hﬂﬁwaﬂﬂﬁ&n&,%§!ﬂﬁ@iﬂéﬂiy&m}%ﬁipnses a diarylamine. Some
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N
N
-

wherein each of R!® and R* is independently hydrogen or an arylalky! group having from

(R0 (R™y

about 7 to about 20 or from about 7 to about 10 carbons atoms; or a linear or branched alkyl
group having from about 1 to about 24 carbon atoms; and each of x and y is independently 0,
1, 2, or 3, provided that at least one aromatic ring contains an arylalkyl group or a linear or

branched alkyl group. In some embodiments, each of R' and R" is independently an alkyl
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Rudnick, "Lubricant Additives: Chemistry and Applications," New York,
Marcel Dekker, 15 Chapter 1, pages 1-28 (2003), which is incorporated
herein by reference. [96] In some embodiments, the antioxidant is or
comprises a diarylamine. Some non-limiting examples of suitable
diarylamine compound include diphenylamine, phenyl-a- naphthylamine,

lkvl d di h I d henyl lat
R sl R AR Al

@Wﬁmﬁsﬁlﬁ‘mymwmﬁh@ﬁ&ﬁﬁﬁﬁm@mhe diarylamine compound

may be used alone or in combination with other lubricating oil additives
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1 to about 24 carbon atoms; and each of x and y is mdependenty 0,

§1iS] pidiatnEmbadimsatole ﬂkd%ﬁ*&é@wh@ndmwm%m@%&ﬁwom
%ﬂlﬂ%ﬁgr@%&@@%&ﬁoawl AORP. isRpe embosineats aaghof Bl is 1. In
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d?vbh@@ Ginireertin @ﬁﬁéjﬂém tﬁcﬁjmeﬂﬁldé fmﬁbealmmémnamhémm}n@d
Q%ﬁﬂ@ﬁ i3gsind k!éﬁagﬁ@imﬂﬁﬁ &J‘&?HM%KMD@ R%}@IQR 10,804 RisiS and y is

pendently octyl; and each o x and vy is 1. In further embodiments, the

leted JERTLIRIHBAROBIREC DO RO wRd.

W&t@iﬁi e&ﬁb@h&ik@imxﬁpdsﬂmcfememd@ﬂﬁwhumﬁmdrﬁpﬁmbxmwﬁtm
1 In still further embodiments, the alkylated diphenylamine comprises a
t wchompound of 10 formula (1) where R10 is octyl and R" is butyl; and

eadb@f X andyy ééémﬁ%&%%éﬂﬁ%}% ﬁm&m%@ﬁetgﬁ%?iﬁﬁ@%mpomd such as the
di henylamlne comprises a fourth’ compound of formula
kylated diphenylamines, in the iubricating oil compositions disc osed herein is at least

about 0.1 wt.%, at least about 0.2 wt.%, af least about 0.3 wt.%, at least about 0.4 wt.%, at
feast about (.5 wt.%, at least about 1.0 wt.%, at least about 1.5 wt.%, at least about 2 wt.%, or

at least about 5 wt.%, based on the total weight of the lubricating oil composition.

{100} The lubricating oil composition disclosed herein can optionally comprise a
dispersant that can prevent sludge, varnish, and other deposits by keeping particles suspended
in a colloidal state. Any dispersant known by a person of ordinary skill in the art may be
used in the lubricating oil composition. Non-limiting examples of suitable dispersants
include alkenyl succinimides, alkenyl succinimides modified with other organic compounds,
alkenyl succinimides modified by post-treatment with ethylene carbonate or boric acid,
succiamides, succinate esters, succinate ester-amides, pentaerythritols, phenate-salicylates
and their post-treated analogs, alkali metal or mixed alkali metal, alkaline earth metal borates,
dispersions of hydrated alkali metal borates, dispersions of alkaline-earth metal borates,
polyamide ashless dispersants, benzylamines, Mannich type dispersants, phosphorus-

containing dispersants, and combinations thereof. The amount of the dispersant may vary
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where R1 is octyl; x is 2 and y is 0. In still further embodiments, the
alkylated diphenylamine comprises a fifth compound of formula (1) where
R10 is butyl; xis 2 and y is 0. In certain embodiments, the alkylated
diphenylamine comprises the first compound, 15 second compound, third
compound fourth compound, fifth compound or a combination thereof.
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modifier may vary from about 0.01 wt.% to about 10 wt.%, from about 0.05 wt.% to about 5
wt.%, or from about 0.1 wt.% to about 3 wt.%, based on the total weight of the lubricating oil
composition. Some suitable friction modifiers have been described in Mortier ef al.,
“Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages
183-187 (1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,”
New York, Marcel Dekker, Chapters 6 and 7, pages 171-222 (2003), both of which are

incorporated herein by reference.

[162] The lubricating oil composition disclosed herein can optionally comprise a
pour point depressant that can lower the pour point of the fubricating oil composition. Any
pour point depressant known by a person of ordinary skill in the art may be used in the

lubricating oil composition. Non-limiting examples of suitable pour point depressants
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10 Non-limiting examples of suitable friction modifiers include fatty
carboxylic acids; derivatives (e.g., alcohol, esters, borated esters, amides,
metal salts and the like) of fatty carboxylic acid; mono-, di- or tri-alkyl
substituted phosphoric acids or phosphonic acids; derivatives (e.g.,
esters, amides, metal salts and the like) of mono-, di- or tri-alkyl

substjtuted phosphoric acids or phosphonic acids; no-, di- or, tri-alkyl.
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demulsifiers have been described in Mortier et al., “Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193 (1996), which is

incorporated herein by reference.

[104] The lubricating oil composition disclosed herein can optionally comprise a
foam inhibitor or an anti-foam that can break up foams in oils. Any foam inhibitor or anti-
foam known by a person of ordinary skill in the art may be used in the lubricating oil
composition. Non-limiting examples of suitable anti-foams include silicone oils or
polydimethylsiloxanes, fluorosilicones, alkoxylated aliphatic acids, polyethers (e.g.,
polyethylene glycols), branched polyvinyl ethers, alkyl acrylate polymers, alkyl methacrylate

polymers, polyalkoxyamines and combinations thereof. In some embodiments, the anti-foam
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from about 0.1 wt.% to about 3 wt.%, based on the total weight of the
lubricating oil composition. Some suitable pour point depressants have
been described in Monier et al., "Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 10 187-189
(1996); and Leslie R. Rudnick, "Lubricant Additives: Chemistry and
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erol monooleate, or glyceral dioleate. The amount of the anti-foam
%@qm%gﬁp@@@ﬁ{e%@g%&og composition. Generally, the extreme

pressure agent is a compound that can combine chemically with a metal to form a surface
film that prevents the welding of asperities in opposing metal surfaces under high loads.
Non-limiting examples of suitable extreme pressure agents include sulfurized animal or
vegetable fats or oils, sulfurized animal or vegetable fatty acid esters, fully or partially
esterified esters of trivalent or pentavalent acids of phosphorus, sulfurized olefins,
dihydrocarbyl polysulfides, sulfurized Diels-Alder adducts, sulfurized dicyclopentadiene,
sulfurized or co-sulfurized mixtures of fatty acid esters and monounsaturated olefins, co-
sulfurized blends of fatty acid, fatty acid ester and alpha-olefin, functionally-substituted
dihydrocarbyl polysulfides, thia-aldehydes, thia-ketones, epithio compounds, sulfur-
containing acetal derivatives, co-sulfurized blends of terpene and acyclic olefins, and
polysulfide olefin products, amine salts of phosphoric acid esters or thiophosphoric acid

esters and combinations thereof. The amount of the extreme pressure agent may vary from
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wt.%, from about 0.05 wt.% to about 3 wt.%, or from about 0.1 wt.% to
about 1 wt.%, based 5 on the total weight of the lubricating oil
composition. Some suitable anti-foams have been described in Mortier et
al., "Chemistry and Technology of Lubricants,” 2nd Edition, London,
Springer, Chapter 6, pages 190-193 (1996), which is incorporated herein
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other fatty acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal saits of heavy

sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric ester.

1091 In some embodiments, the lubricating oil composition comprises at least a
multifunctional additive. Some non-limiting examples of suitable multifunctional addifives
include sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum
organophosphorodithioate, oxymolybdenum monoglyceride, oxymolybdenum diethylate
amide, amine-molybdenum complex compound, and sulfur-containing molybdenum complex

compound.
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about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to about 3 wt.%,

or from about 0.1 wt.% to about 1 wt.%, based on the total weight of the
lubricating oil composition. Some suitable extreme pressure agents have
been described in Leslie R. Rudnick, "Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter 8, pages 223 5 258
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30 organophosphorodithioate, oxymolybdenum monoglyceride,

oxyHdRlbdendit dibtinping odemposiinie disolptridiniehh capris@separed by any

GREARAMBRHvANE 8GR QP tRIRHAS MGy ROBR RN FEPARIAY lubricating oils. In some
embodiments, the base oil can be blended or mixed with a sulfurized metal alkyl phenate
composition disclosed herein. Optionally, one or more other additives in additional to the
metal alkyl phenate can be added. The sulfurized metal alkyl phenate composition, the
optional additives may be added to the base oil individually or simultaneously. In some
embodiments, the sulfurized metal alky] phenate composition, the optional additives are
added to the base oil individually in one or more additions and the additions may be in any
order. In other embodiments, the sulfurized metal alkyl phenate composition, the optional

additives are added to the base oil simultaneously, optionally in the form of an additive

concenfrate. In some embodiments, the solubilizing of the sulfurized metal alkyl phenate
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compound. 32 [1101 In certain embodiments, the lubricating oil

composition comprises at least a viscosity index improver. Some

non-limiting examples of suitable viscosity index improvers include
polymethacrylate type polymers, ethylene-propylene copolymers,
styrene-isoprene copolymers, hydrated styrene-isoprene copolymers,
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OGRS LRI RAH SRR S R Hbf SRR h 95 R0 ST AR ARRRy and seal
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comprise a base oil, a sulfurized metal alkyl phenate composition disclosed herein, and an

optional additive. In some embodiments, the motor oil composition further comprises a pour
point depressant, a detergent, a dispersant, an anti-wear, an antioxidant, a friction modifier, a

rust inhibitor, or a combination thereof.

[117] In other embodiments, the lubricating o1l composition disclosed herein is a
gear oil for either automotive or industrial applications. The gear oil composition may be
used to lubricate gears, rear axles, automotive transmissions, final drive axles, accessories in
agricultural and construction equipment, gear housings and enclosed chain drives. The gear
oil composition may comprise a base oil, a sulfurized metal alkyl phenate composition
disclosed herein, and an optional additive. In some embodiments, the gear oil composition
further comprises an anti-wear, an extreme pressure agent, a rust inhibitor, or a combination

thereof.
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30 order. In other embodiments, the sulfurized metal alkyl phenate
composition, the optional additives are added to the base oil

simultaneously, optionally in the form of an additive concentrate. In some
embodiments, the solubilizing of the sulfurized metal alkyl phenate 33
composition, and any solid additives in the base oil may be assisted by
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The blending, mixing or solubilizing may be carried qut with a blender, an

SOmRRSHindRgs S uRPrisa AR @lg? BinEshmsir el R SR RTEpg sclosed
MIXEAS nd BOSHAGERNIZETI (@ Q. IGatlehboibgenizals tanenRaivtidluid composition
omogenizers), amill (e. g.,.colloid mill, ball mill and sand mill). or an .
B R A A T
efthe Aubricating GibCagyositions 05 dfreskabtienting-Gibwompowition inhibitor
disglosed harein, may:be suitable for use as motor oils (or engine oils or

crankcase oils), transmission. fluids, gear oils, power steering fluids,
Shomﬁpsorsmi;ﬁlbﬂs&,eﬂmh | rﬂbéﬁeb?ﬂm’ﬂﬁiﬁéﬁﬁﬁ%'iﬂﬁoaﬂmd tlﬁf@adﬁﬁ&s@lﬁ}ein isa
In some embodiments, the lubricating oil compositian disclosed herein is a,
FESIOHPOPOGIE AT SRS RO ST OO s Bl g3here o
lwbtichtetal rvajaednequing parisical alwfiretlprgoatingontestadicormpustiprise a base
engine, kecipkocating,c ressars and.. i ines "
O 8 SR e and o
ubisHersicoo| Seoteenndipants, heapetse whyinatradihasoandisepeynglexing
apd:seal aiefingR andnalves againsh leakane Rl e bUSHOMIREeRame

motor oil composition may 20 comprise a base oil, a sulfurized metal alkyl

RN ! : y
pRERsen dehHipBsiton BBk SRt SIRP s AL Sydhickensy Sghsgar
gorbrdinyasisiiihe metaneteepesitiantiushRy Gomidy]sesidmperiroriiatpotassium
epressant, a.detergent, a dispersant, an anti-wear, an antioxidant, a.

R e YRR e e S oty SR A B oran
emvibodimgentssliitieelGlpd cditingpoisehiaposition disetosaedtrpiiisiesieg. In other

ge%o%hﬁgﬂtglmg Eﬁ&!glrl’gloﬁll\c[lg L érl{{j}ﬁ%{;@ @1‘?&&@:{" Qaéctl—@ eIt @iﬁe(?élroup consisting

composition may be used to lubricate gears, rear axles, automotive =~
tefresmissidrisadinarehivebinde s atiods sEBheldc Nrengircirtssd ARt combinations
COBRHCHORQUL BRI HE8a BRUBINGSARMRPELesed GBI EsY85:0kPE and non-

ear
gsoap thickeners.

(120} The following examples are presented to exemplify embodiments of the
invention but are not intended to limit the invention to the specific embodiments set forth.
Uniess indicated to the contrary, all parts and percentages are by weight. All numerical
values are approximate. When numerical ranges are given, it should be understood that
embodiments outside the stated ranges may still fall within the scope of the invention.
Specific details described in each example should not be construed as necessary features of

the mvention.
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oil composition may comprise a base oil, a sulfurized metal alkyl phenate
composition disclosed herein, and an optional additive. In some
embodiments, the gear oil composition 30 further comprises an anti -weatr,
an extreme pressure agent, a rust inhibitor, or a combination thereof. 34
[118] In further embodiments, the lubricating oil composition disclosed
herein is a transmission fluid. The transmission fluid compaosition may be
used in either automatic transmissiof oM transmission to reduce

tran sion S e trans ISSIOI’] fUI comp

oI o PR Eo i RIS MRS PR STRIRS B do nor
atdibin aptivaatdriveciiths preecerinsdinents, Smaetpémmmmheﬂmhenohc tesins
cRERPRsitionsiudheneaBpRERA MG FefifiariR AEIPEMBund with

dlspersant an ant|OX|dant an anti-wear agent, an extreme pressure

RO o hEd @ s ik 8 ASpesie BLORSR. ihishaieomale raio
q@nmmanogbﬂaema&qﬁneb%mﬁrthﬁf &iﬂb@d&f&@h&td@%ﬂbﬁf@ﬂﬁ%@ﬂmmde and

Bt R s B R R R

retamed, e. g., on a vertical shaft. The grease composition may comprise
a base oil, a sulfurized metalfirRMPpEAGERATASHStion disclosed herein,

an optional dditive,and a gE(é}lckener In some embodiments, the grease

compositlo FopaTaTian ALy entinmb Sl uxizer Calrumid iyl Rbenate
anti r agent, an exireme pressure oam, é corr05|
|nh|g}y§?}or a rﬁ&%?e?the%rgnofp ﬁ %Slcl)ar ed:‘rghegl%]%hn ?gt} t%%lgé%a Fiea eny pheml

s@pildomiemyhearifraiin Seinhyir Stile Yendiatithiu By y 70 i @€ 1 00 neutral lube
S&lﬂ[‘ﬂl@(m 5oxi dﬁﬂaﬂ%?éﬁWEmg{%%ﬁﬁlﬁbu 33 @g‘dﬁ%@ﬁ‘oﬁ '5‘f:calclunr1] hydroxide,

gdromde and the like) with a fat, a fatty acid, or an “ester. In general, t

pe BPEEafetReY s (Bereolrabra IR e ddirdaaqhos s ure was
&Wmmgﬂmmﬁkefgemﬁ@wh@1&ﬂ@m&wma%§&iQ%QB@§bf ethylene

ting 20 of.cl I b
TS G TR —
eﬁmmmém@, the Ricken€Agdiphsel/acembifationefistaps Hndremtion mixture
spaPrichensrs: 42 20LT D fRllPuing SXAMPIGR REpsRIecRNEd 0. 5amRIN 60

embodiments of the invention but are not intended to limit the invention to

tRRETSpRCm R IsBRIM TR dt i thies Sakenrfoss theesiéentpitoreondrissed. 8¢
alb R3risoANE PRAGEHEIERS S hYWRIBR AN VMAHGR! NalER Aiture, which was
10X |mat When numerical ranggs are %ven it should be understood

t éﬂ or anot er 60 minutes at 177°C before another sample (Sample B) was taken from the
reaction mixture and tested. The remaining reaction mixture was heated to 210 °C under
vacuum to distill out the solvents before a further sample (Sample C) was taken from the
reaction mixture and tested. The results for this and the additional examples below were
normalized so that the weight of alkyl phenol charged was 39 wt.% of the final product

weight,
Exampie 2
Reaction of Tetrapropenyl phenol with paraformaldehyde at CMR of 0.5 and 1.0

[123] A 2-liter reactor was charged with 1048 g (4 gram moles) of tetrapropenyl
phenol [TPP] (available from Chevron Oronite Company LLC) and 60 g (2 gram moles) of
paraformaldehyde [PF]. The reaction mixfure was heated to 110°C with mixing. Overa 15-
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embodiments outside the stated ranges may still fall within the scope of
the invention. Specific details described in each example should not be
construed as necessary features of the invention. 30 35 EXAMPLES
[121] The following examples are intended for illustrative purposes only
and do not limit in any way the scope of the present invention. In some of

the exa wer reacting. tetrap

€( Iﬁ%ﬁ’) e phenzf)co 8 ﬁ\%?ﬁ %g?as o?‘gnggi(?eh %ﬁe Yé%mm Car-
tﬁe ald%hw@esadéeépﬂelﬂmﬁgml% Eaubamek; tharge maﬂelsétmn@wma psidual
W%&W 83, th @}l‘@pﬁl W@%ﬂ@ MMEES r?ﬁg[‘gﬁilMﬂ chélﬂﬂgﬁ HMQ&%'@«%S cooled

and sultur to give sulfurized calcium products which had lower levels of

fedidus witranethsnigie © umbel amalyprideingrondrbbelarmasstiaade 110 °C,
M&iﬂg@ﬂxﬁiﬂm Bk Fhesatadii [biRlAdnlites reariarmraschergssl.2 wt.%

h 719 oI) of tetrapropenyl phenol (available from Chevron

Fﬂ? lLC San Ramon, CA), 450 g of 100 neutral lube oll
(Exxon 100N, avallable from Exxon Corporation), 338 g (4.57 mot) of
calcium hydroxide, 553 g of isodecdfsrapig 330 g (4.06 mot) of powdered
sulfur. The reaction mixture was heated to 150 C with mixing. The

reaction mixtuieewdnihs Tehajgegdihphddd witktpytanathhlghpsakand 72
g of a low overbased alkylbenzene sulfonate (available from Chevron

Oronite Company LLC, Sagy %@@gpgf&ﬁ) 6IBN,z4lg y@ver a 30-minute

period. The reaction mixture was heatedto 175 C over a period of 60

min and h at 175 C for a addl ional O utes be ore
(Saﬁgﬁe] A) Wa }'H?r RHESR %ag Fea |én rrt%x ur %r ?msfréd{ NN (8%%’ el?yl
qﬁﬁnﬂt&apdm@efm&&madﬁe&to@hmpm&ﬁﬁ%nm@ﬁmlaa,dvi/mglﬁo 5 gram

o'?%é}vfl%s ﬁ%ﬂgﬁeg%ﬁg%qg&@&oﬁtﬁlgﬁ:e%@ﬁ%am?{@Wﬂl mixing. Over

taken e reaction mixture and tested. T

rerlrﬁamm@teream@& FrintiuP8 wab pedletberzeng wlfimitcrciddanysd isomd-Cos o-
Qitthe walvanta brieners frhes spmpiad Sample @M@eﬁ@%%ﬁ{% bR tion

reactlon mixture and tested. The results for thls and the additional

SIS earBP S g2 Ser Gyt HROWRNLH B Hhct ghiisHtipnal 75 ¢ (025
c@m&geﬂmeﬁ&m%aﬂﬁm@dmhmdmﬂmmmx@mmﬁm thixture. After 30

minutes, a sample (Sample G) was taken from the reaction mixture and tested. Sample G had
aresidual TPP content of 35.9 wt.%. Additional 7.5 g (0.25 gram moles) of

paraformaldehyde was then added to the remaining reaction mixture. After 60 minutes, a
sample (Sample H) was taken from reaction mixture and tested. Sample H had a residual
TPP content of 20.4 wt.%.

Example 4
Preparation of overbased sulfarized afklypheno} formaldehyde phenates

[125] A 4-liter reactor was charged with 719 g (2.74 gram moles) of tetrapropeny!
phenol (available from Chevron Oronite Company LLC, San Ramon, CA), 550 g of 100
neutral oil (Exxon 100N, available from Exxon Corporation) and 20.6 g (0.687 gram moles)
of paraformaldehyde. The reaction mixture was heated to 110 °C. Over a 15-minute period,
45.3 g (0.10 mol) of a Cpp-Cy4 alkylbenzene sulfonic acid derived from  Cyp-Cyyq oOlefins was
added. After that, 406 g of isodecanol, 338 g (4.57 mol) of calcium hydroxide and 113 g

(3.53 mol) of sulfur powder were added to the reaction mixture. The reaction mixture was
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Reaction of Tetrapropenyl phenol with paraformaldehyde at CMR of 0.5
and 1.0 [123] A 2-liter reactor was charged with 1048 g (4 gram moles) of
tetrapropenyl phenol [TPP] (available from Chevron Oronite Company
LLC) and 60 g (2 gram. moles) of 30 paraformaldehyde [PF]. The reaction
mixture was heated to 110C with mixing. Over a 15- 36 minute period 66

20-C24 aJk e qu ic aC| deriv fr m
S AN DR SN AT IR e AR AIEGTOM iea wit
m@oﬁe@mw TR lorteoticr aayio o X PRimwes. CiRreags gy, mrréure was then
FRMBININGFEacion: Mpdyle 4128 fARied vorbe @Y\’ﬁt%?‘%iﬁ%lﬁéf JBch dioxide was

mol) of paraformaldehyde added before heating to 5 yielding
SpiRSR iR HieFraetien RSSO AaTROS RS HEUmITRG L Hiertsighriter was
Bedted 02 (R FCTIBBGEM&mM)mEdM@IﬁeﬁtRﬁﬂ%@fﬂfeﬂ_@ttﬁﬁfg)ﬁﬁﬂyhaceous clay

phen ao aIe 5,0,32, and 0.40. 10 [1
R ST as CRAREA G Esg e bl MRy Rl gan, 1B - 23
mt@ﬁ@m@aﬂabbeaf}fmﬁ&h’éBMH %n‘ﬁﬁ@éﬂﬁb"aﬁhyﬂ.ﬂ.ﬁx SareRamdnyvCA) Ca

4R 9 (02 Ham,noledl o pssalgimaldghydesThe reaction mixture
was heated to 110 C with mixing. Over a 15-minute period, 33 g (0.08

mol) of alkylbenzene sulfonic acid derjved from C20-C24 a- olefins was

added. After 20 minutes, a sample (S as taken from the

reaction 15 mixture and tested. Sample F had a residual TPP content of

51 wt Beagtitditifearrhasgd oubfyrigesmlinglbe) difpemaldaiale sbsid avth g dditional
added to the remaining reaction mixtureg,Adigr 30 minutes, a sample

(Sample G) was taken from the reaction mixture and tested. Sample G

had sidu PP content of 35.9 wi.% itio
molg%ég pa?éf]c;rmal}‘éfgﬁ%)ag Was e& dtg &the re%alr%lge?é%égtrgsln) prepared
miisreplftear8omifiutes I@B@W@M@e He weastiekensfromwas heated to

rﬁ}f:'ﬂ@ iR %%&H%?BQJE&H?%MR%E‘&&%& r\gﬁ‘éq}x@ﬂ h-gg) g()i ?(9 Qi%mcounder VACULI

20.4 wt.%. Example 4 Preparation of overbased sulfurized alklyphenol

fanrbsteryde phderadt snipussy provitinersaende lasameligda shrperadrgd by the

(Bildvanarnanaies) Riietianmopemd: 25 phane! tavadabiel from Ghewren .7 wt.%.
Oronite Company LLC, San Ramon, CA), 550 g of 100 neutral oil (Exxon

100N, available from Exxon Corporation) and 20.6 g (0.687 gram moles)
[127] Samples A-J were analyzed by HPLC for the residual TPP content in wt.%,

based on the total weight of the sample. The alkyl phenol formaldehyde resins were also
analyzed by NMR spectroscopy in order to determine the composition of the resins (mole
percent). The residual TPP content could also be determined by NMR spectroscopy and this
was compared to the residual TPP content determined by HPL.C. The testing results of
Samples A-J are shown in Table 1.

OH OH

X

CioHs CizHzs
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of paraformaldehyde. The reaction mixture was heated to 110 C. Over a
15-minute period, 45.3 g (0.10 mol) of a C20-C24 alkylbenzene sulfonic
acid derived from C20-C24 olefins was added. After that, 406 g of
isodecanol, 338 g (4.57 mol) of calcium hydroxide and 113 g 30 (3.53 mol)
of sulfur powder were added to the reaction mixture. The reaction mixture
was 37 then heated to 150 C over a,t%gé'i%ci of 30 minutes. The reaction
mixture was charged with 206 g of ethylené€ glycol over another period of

JoemitisuteThe | REaBonBnigtere was thehNMBatedy iy Mpk Bagfiaal a perigoResidual
of 60 minutes befo?g301.§:§:@.30 mol) of carbon dioxide was sparged TPP

Content

into the reaction mixture gwera,period gf 180, mryinfute)&gTh 2 12ACtoN, o, | (wt%) by

mixture was 5 heated to 2@BLC under vacuum to remove solvents and was NMR
filteted using diatomaceoustdlay |to provide Sample I: Sample | is - -
characterizesd by the following analytical data- TBN = 283 mg KQH/g;
Viscosity at250 TBN="208St (at 1Q0 C); Sulfurfcontent ="4;T wt:96; Ca
1

content-=-1-0-6-\Ait-9%4:-an
L0V 1

congent A esidual-FPP-conrtent-=4-4-vwi- % -Exar |'|'lp|‘3 5

Reaction of averbased sulfurized alk(gllgﬁm hof forn alrpph]yd= Pel&in it 30
additional sulfur [1261 |A 1%fter readdp waddfarged-#ith| 280 of 0.3 6

v,
AT

powdered sulfur: The reaction mixture was héate held for,

a
one hour. The regacti#in mixddre was he to C r vacyum
15 and held at 210 C for 20 minu es%sr%v di@%%ang}g%. Sréqrﬁﬁple Jﬁr@— 38

characterizddl by thetfollowitg analyticed date;2Sulfurgcontentud.0 wino; 23

Sarhiple | (pAenolick&sin) prépared ird %(amB!?Q4 ;12(()6%5?7 %il_afdmol) of 56
u

andiresidual TPR apntent =44 7 wWit.%.. 11271 Samples A-J were analyzed

Ll

) Pan S Y P | Db + + 3 + 0/ [ | [ ot P g
19)Y Igll"L IUIJLI I lcelﬁuaﬂ I I"ll'r? CUNETIL T WL. 70, UqaScU Ul e tUL WEIYITE N
ne-alkylphenol-formaldehyde-resins-were

analyzed by NMR spectroscopy in order to determine the composition of
the resins (mole percent). The residual TPP content could also be
determined by ANMR spectroscopy apglihis ¢vas compared to the
residual TPP content determined by HPLC. The testing results of

sanfiieRapafon afsihnindratirizedplislpheneldpppdebydg phgnates using a

mixture of alkyl phenols

[128] A 4-liter reactor was charged with 611 g (2.33 gram moles) of tetrapropenyl
phenol (available from Chevron Oronite Company LLC, San Ramon, CA), 108 g ( 0.29 gram
moles) of a Cypag alkyl phenol made from the alkylation of phenol with a blend of Cyp4 and
Cas-28 alpha olefins (available from Chevron Oronite Company LL.C, San Ramon, CA), 575 ¢
of 100 neutral oil (Exxon 100N, available from ExxonMobil Corporation) and 21.5 g (0.73
gram moles) of paraformaldehyde. The reaction mixture was heated to 110 °C. Overa 15-
minute period, 45.3 g {0.10 mol) of a Cre-Cyy alkylbenzene sulfonic acid derived from Cag-
Ca4 olefins was added. After that, 406 g of isodecanol, 338 g (4.57 mol) of calcium
hydroxide and 113 g (3.53 mol) of sulfur powder were added to the reaction mixture. The
reaction mixture was then heated to 150 °C over a period of 30 minutes. The reaction
mixture was charged with 206 g of ethylene glycol over another period of 30 minutes. The
reaction mixture was then heated to 177 °C over a period of 60 minutes before 101.3 g (2.30
mol) of carbon dioxide was sparged into the reaction mixture over a period of 180 minutes.

The reaction mixture was heated to 224 °C under vacuum to remove solvents and was filtered

39



10

25 38 Table 1. Example Sample PF/TPP Residual 1H NMR Analysis

(Mole Fraction) Residual CMR TPP TPP Content T Content (wt %) by

X=1 X=2 X=3 X=4 X=5+ (wt %) by HPLCNMR 1A8.1------ B7.2---
-C-65-(----- 2D 0.523.90.550.250.110.050.0330 E1.00.2
0.250.190.140.110.36 3F0.25510.750.190.050.01 -56 G 0.32

35,9 0,62 0.24 0.09 0.03 0.02 38 H 0.40 20.4 0.49 0.25 0.13 0.06 0.03 23 .
Ayeg shaspmaceous clay tp groyifieSample 6. Sample R s dspeisHrat oy by following
avetirabdasuliBiedakyphEast inrvisldahydeheosies USIMT A Sulifkucentent =
of iy aneadls LB gller reaclonas arged with 514, 0, (533 aram,
moles) o‘f’te?rapropenyl phenol ?lévalfa 1€ from Chevron Oronite ompany”
LLC, San Ramon, CA), 108 g ( 0.29 gram 10 moles) of a C20-28 alkyl
phenol made from the alkylation of p fith a blend of C20-24 and
C26-28 alpha olefins (available from Chevron Oronite Company LLC, San

Ramon, CA), pEsagpdé 10PReutral BX(ExxdisiB0dh@Evailable fdan
ExxonMobil Corporation) and 21.5 g (0.73 gram moles) of
paraformaldehyde. The|reagfjonnisig,was hegted ta 319,C.Qver a 15-
minute period; 45.3 g (0.10 mol) of a C20{C24 alkylbenzene sulfoni¢ acid
derived from G20-15-€C24 plefins-wasadded-After-that—406-g-of
isodecanol, 338 g (4.57 m%' of ca g%% 3455 360 .88

7 2.3 281.9 376.5 326 | 9.76

8 2.1 279.9 224.6 297 | 9.92

9 2.6 286.4 2319 362 1 9.78

i0 35 2795 302.7 3.50 7 9.97

11 1.9 2622 244.6 335 | 9.79

12 2.5 279.3 3339 3.43 | 10.13

13 2.8 277.8 199.3 3.42 | 9.89

[1129] Examples 7-13 were carried out exactly as in procedure in Example 6 except

the CMRs of the tetrapropenyl phenol, the Cyy2s alkyl phenol made from the alkylation of
phenol with a blend of Cyy4 and Cag.0 alpha olefins, the sulfur, and the paraformaldehyde
was varied. This is summarized in Table 3. The chemical and physical properties of the

products synthesized in Examples 7-13 is summarized in Table 2.
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hydroxide and 113 g (3.53 mol) of sulfur powder were added to the
reaction mixture. The reaction mixture was then heated to 150 C over a
period of 30 minutes. The reaction mixture was charged with 206 g of
ethylene glycol over another period of 30 minutes. The reaction mixture
was then heated to 177 C over a period of 60 minutes before 101.3 g
(2.30 20 mol) of carbon dioxide was into the reaction mixture over
a period of 180 minutes. The reaction mlxture was heated to 224 C under
vacuum to remave solvents and was filtered 39 using diat

maceous.clay.

to prdvigeBamisteresaprRied characbnlsbenylt

SO

Ragermaldebyde

data: TBN = 265.2 mg/g; Viscosity za346.5 cSt (@hR0 C); SpHus
- . Wi OA\ Ca-content =988 \I\If 0 ::nrl rdsidua! TPP content =
3.2 Wt.%§ Seg Table 2 %ble 2 Example ﬁl’b TBN, vi’s‘@J.ooo, S?“bsa

wt % mg KOH/g eSt Wt % wt % 6 3.2 265.2 346.5 3

609.88 7 2.3 281.9

376.53.26 9.76 8 2.1 ¥#.9224.6 2.97 992 9 2.6 |
10 35279.51302.7 3.509.97 11 1.9 262.2 244.6 3

28614 2

31.9 3.8249.78

399.79 122.5279.3

33390 3.4310.13 13 23§ 77.8 199.3 3.423%89 51
were carried out exactly as in procedure in Example

29d6EX
6 exce

amplesy7:4.3
pt the CMRs

alkylation of phenol with a blend of C20-24 and C25-2

of thr tetrapt ﬁci"lyi ph fohthe-€26:28-at} pl rerol
sulfur,.and the paraformaldehyde \was varied. This i

e | £
m 1

alp

S SUMIY

rom-th
ha olefins, the
arized-in

Table 3.%he ¢ hemlcal YK phyS|cc1I prope‘ﬂiés of the

168%ro

synthesized in Examples 7-13 is summarized in Table 2. 4

ducts 21
D Table 3

Exampld Tetrapropenyi§ihenol C20_ 23 alky$ phenol| Sulféir 274
Pardformaldehyde- grams grams grams grams 6 108 611 113 21.5 7
108 BIT|BI3 2747 108 611 9% 274

13 180 539 96 21.5

1136} Results show that when tefrapropenyl phenol was reacted with sulfur and

calcium hydroxide only, the product contained 6.5 wt.% to 8.1 wt.% of residual TPP, based
on the total weight of the product. When tetrapropeny! phenol was reacted with formaldehyde
first, and then with sulfur and calcivm hydroxide simultaneously, the product contained 1.7

wt.% to 4.4 wt.% of residual TPP, based on the total weight of the product.

[£131] While the invention has been described with respect to a limited number of

embodiments, the specific features of one embodiment should not be attributed to other

embodiments of the invention. No single embodiment is representative of all aspects of the
invention. In some embodiments, the methods may include numerous steps not mentioned
herein. In other embodiments, the methods do not include, or are substantially free of, steps
not enumerated herein, Variations and modifications from the described embodiments exist.

The appended claims intend to cover all such variations and modifications as falling within

the scope of the invention.
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8 180539 96 27.4 9180539113 21.5 10 108 611 96 21.5 11 180 539
11327.4 1210861196 27.4 13180539 96 21.5 11301 Results show
that when tetrapropenyl phenol was reacted with sulfur and 5 calcium
hydroxide only, the product contained 6.5 wt.% to 8.1 wt.% of residual
TPP, based on the total weight of the product. When tetrapropenyl phenol

cted Ideh frs en with qu ca cium ..
e SRR Al SRR A AT Pe Haton ar
e mcﬁﬁmmmmrmeqmahm@hp&ﬂ@tﬁ@q&fmﬂd@;mm@a@mbl\m@n or patent
%mx&&&‘%sﬂ?éc%%ﬂ %%&{{B?Q&Q{Wﬁé&%%&%%@%&%&u% Rfference.

embodiments, the specific features of 'one embodiment should not be

Avifouedce lBEreringriySatifR At bramdersubatons KRS SriglcbEBYafHisstration and
I&Wﬂﬁ&y&@f&:bﬁsﬂ@ﬁsﬁmﬁ@aﬂmgnﬂ&nulvesamay%ﬁmh &Uﬂiﬁ%@hse of
meth incluge numerous s t mentioned herein. In other
SHRHHARIS B ST S A/ SRRy B S gpees and
stepgitdimot mayjmemthdlme&: withatiadignsi@apdronodificptions foom tiffehe
%ﬁﬁﬁﬁcp%%lg&lgodlments exist. The appended claims intend to cover all
variations and modifications as falling within the scope of the
invention. 41 [1321 All publications and patent applications mentioned in
this specification are herein incorporated by reference to the same extent
as if each individual publication or patent application was specifically and
individually indicated to be incorporated by reference. Although the
foregoing invention has been described in some detail by way of
illustration and 5 example for purposes of clarity of understanding, it will
be readily apparent to those of ordinary skill in the art in light of the
teachings of this invention that certain changes and modifications may be
made thereto without departing from the spirit or scope of the appended
claims. 42 CLAIMS What is claimed is:
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5 1. A method of making a sulfurized metal alkyl phenate composition
comprising the steps of: (a) reacting a phenol compound of Formula (1):
OH 6"~, R (I) wherein R' is alkyl, alkylaryl, or arylalkyl, in the presence of a
catalyst with an aldehyde 10 having formula R2-CHO to form a phenolic
resin of Formula (II): OH Rz OH H RI R1 in (I11); and (b) reacting the
phenolic resin wherein in is an integ ﬁr to 50; R'is as defined
above; and R2 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or
Wﬁli@/&}ﬁ}ﬁ@dllgneously with at least one metal base and a first sulfurizing

agent I%form a sulf ?ﬁd jk? metall hon ?Ha'ghe {ngtpﬁ)d of claim

1, wherein R & AetRo o aniln%tne lenats COmPOsjgR comprising

wﬂeeteps.oR is a dodecyl group at the 4-position of the phenolic ring. 4.
The method of any one of the preceding claims, wherein R2 is H. 20 5.
The mé#hod GeastipHhheheheoprpeail g Koamule (Wherein the at least one
metal base is calcium hydroxide or %I]cium oxide. 6. The method of any
one of the preceding claims, whereifi the first sulfurizing agent is sulfur. 7.
The method of any one of the preggtiing claims, wherein the catalyst is an
25 acid. 43 8. The method of any Qne 0f the preceding claims, wherein the
sulfurized metal alkyl phenate composjtion comprises at least one of
Formulae (lll) - (VI): rOHR2 O Ma' OH H/(SO2)z Sn |

wherein R' is alkyl, alkylaryl, or arylalkyl, in the presence of a catalyst with an aldehyde

having formula R>-CHO to form a phenolic resin of Formula (If):

M (1T); and

(b}  reacting the phenolic resin wherein m is an integer from 1 to 50; R' is as
defined above; and R? is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylarvl or arylalkyl
simultaneously with at least one metal base and a first sulfurizing agent to form a sulfurized

metal alkyl phenate.

2. The method of claim 1, wherein R' is alkyl.

3. The method of any one of the preceding claims, wherein R' is a dodecyl group

at the 4-position of the phenolic ring.
4. The method of any one of the preceding claims, wherein R? is H.

5. The method of any one of the preceding claims, wherein the at least one metal

base is calcium hydroxide or calcium oxide.

6. The method of any one of the preceding claims, wherein the first sulfurizing

agent is sulfur.

7. The method of any one of the preceding claims, wherein the catalyst is an

acid.
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\R4 I m SRI SRI (111), r1 OH R2 O Mb2+ O H (SO2)x-Sn\\ Il J RI tRt RI
(IV), OHR2OM+OHR2OH 1 Hj(SO2)x-SnH IC 5RtP RtRtRtq
(V),and 2+ 6 ROH OHR2 0 2 H (S02)x-Sn\\H i R1rRtRtR s (VI),
wherein each of Mal+ and MO'+ is independently a monovalent metal ion;
each of Mb2+ and Md2+ is independently a divalent metal ion; each of m,

n,p a4 sa tls Iﬁlﬂgpﬁ(@f&%g a}nchlnée ﬁrlgf% m Lo Sgsx IS n&%%%d metal

from 010 2; R S y or ary

alkghyheatity nyipysitval kyinomyts aﬂéytatmr@@dam#hﬁfm?e(ﬁmhod of
claim 8, wherein nis 1. 10. The method of any one of claims 8 to 9,
wherein the sulfurized metal-alkyi? phenMe compositiopHcomprises at least
one of Formulae (1V) an cheiMpb-24; Md2+ is
independently an alkaling eafth metal igh. 15 11. Th m thod of claim 10,
wherein the alkaline eart \?gal |drhg\s«6@0|um ion. «}? ethod of
any one of claims 8 to 11, wherein Rl is a C12H25 aIkyI gr g]at the
4-position of the phenolig ring; ang R2.is H. By Phe method of any one of
claims 8 to 12, wherein j ar%l tis 1. 44 14. Fthe method of any
one of the preceding cfai Raizedn alkyl phenate
composition comprises t
metal

reac CLR enol compound.of Formula (1), a
R' -t "R RY(IV),

wherein each of M,'" and M.'" is independently a monovalent metal ion; each of My>" and
M is independently a divalent metal ion; each of m, n, p, g, 1, s and t is independently an
integer from 1 to 50; x is an integer from 0 to 2; R is alkyl, alkylaryl, or arylalkyl; and R? is
H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylary! or arylaikyl.

9. The method of claim 8, whereinn is 1,

10.  The method of any one of claims 8 to 9, wherein the sulfurized metal alkyl
phenate composition comprises at least one of Formulae (IV) and (VI) where each of My

and M¢"" is independently an alkaline earth metal ion.
1L, The method of claim 10, wherein the alkaline earth metal ion is calciwm ion.

12, The method of aﬁy one of claims 8 to 11, wherein R' is a CoHas alkyl group at
the 4-position of the phenolic ring; and R is H.

13. The method of any one of claims 8 to 12, wherein each of r, s and tis 1.
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salt thereof or a combination thereof and wherein the total amount of the
unreacted phenol compound and the metal salt thereof is less than about

5 wt.%, based on the total weight of 5 the sulfurized metal alkyl phenate
composition. 15. The method of any one of the preceding claims further
comprising reacting the sulfurized metal alkyl phenate composition with a
second sulfurizing agent to lower the total ount.of the unreacted .. .

ohonol dompd i T EO I T AN e R B ST LR rized metal
abolipRe0apet Yoy haséch ennipa sesttonveightted themsuiforipednd efdicatiyla (1), a metal

RAERRISFATPOSHAR N PSRN XLl T RSIEHR NG SEEN Wheno!

sulfurizing agent is sulfur. 17. The method of any one of the precedln% _
crmpeUsHHEr tho mpakml bermeidirys thansthnuizet rebaradief rdefataveight of

RMpEsHia }ﬁ%ﬁ@g?p;ghg;@géi@gm%gsiﬁogulfurized metal alkyl phenate
composition comprising at least one of Formulae (lll) - (VI): OH R2 O OH

H (SO2)x-Sn.15 RL.m.R1 R1 (Il).z+ OH R2F 0 My 0 H.(SO2)x-Sn.R t R ..

RI (IV)%%H m%ﬁ"%?%ar%‘%eﬁﬁe NS Xﬁgﬁ‘iﬂl@eﬁc i rigieting the
evdfuairgdompaal sl HpRR At oORSORWHSeRpaspHuripnzREem Toslgwi, the total
4mihe E&%éhﬁ%k@gﬁ@ﬂ&t&%&w lfi%l{%ﬁl{f)dam ERfR@ithereof to less than

about 2.0 wt.%, based on the total weight of the sulfurized metal alkyl phenate composition.
16.  The method of claim 15, wherein the second sulfurizing agent is sulfur.

17. The method of any one of the preceding claims further comprising contacting

the sulfurized metal alkyl phenate composition with carbon dioxide.

18. A sulfurized metal alky! phenate composition comprising at least one of
Formulae (I1I) - (VI):
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20

OH 6" R () and a metal salt thereof in the sulfurized metal alkyl phenate
composition is less than about 2.0 wt.%, based on the total weight of the
sulfurized metal alkyl phenate composition, and 5 wherein each of Mat+
and M 1+ is independently a monovalent metal ion; each of Mb2+ and
Md2+ is independently a divalent metal ion; each of m, n, p, g, r,sand tis
Eeﬁger@ent l%pnolqu Ao 50; X4 |s 0mte]% ffrom Oto2;R'is
ary or ary yIP I_r&mg en alkynyl cycloalkyl,
aryl, alkylaryl or arylalkyl. 19. The sulfurlzed metal aIkyI phenate
composition of claim 18 comprising'at' 10 least one of Formulae (V) and
(VI), wherein each of Mb 2+ and is independently an alkaline earth
metal ion. 20. The sulfurized metal alkyl phenate composition of claim 19,
wherein the alkaline earth metal io® q:aIC|um 21. The sulfurized metal
aIkyI phenate composition of any one of claimé!18 to 20, 15 Whereln Rlis

12H y the ition of th enolic rin dR
S TR s Bl A FRLE o
ﬂs)twt% bwlaémlruhea@lalo’fmgm @MUMZMMMEMKWOH and

%%%ﬁee&mﬁ't*%mPﬂ{@&@%&ﬁéﬁ{%%ﬂm%me@ﬁéﬁe P2RLRRL > and

reacting a phénol compound of Formula ( 1 R (I) wherein RI

iMallia indrpradsntr adiralro mﬁt@h@br@ﬂs“&ftfenbmanzaxeétyfs%lmﬁsaﬁdependenﬂy an

@Q@Qy@%nh@vm fermiadiee Hoato formed phanaligreminobFayvnusa(did R? is
46 R2OHH OH6 Rt1R1in (11); ancf(
H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl.

19.  The sulfurized metal alkyl phenate composition of claim 18 comprising at
least one of Formulae (IV) and (VI), wherein each of My>* and My>" is independently an

alkaline earth metal ion.

20.  The sulfurized metal alkyl phenate composition of claim 19, wherein the

alkaline earth metal ion is calcium.

21.  The sulfurized metal alkyl phenate composition of any one of claims 18 to 20,

wherein R! is a C1,Has alkyl group at the 4-position of the phenolic ring; and R’is H.

22.  The sulfurized metal alkyl phenate composition of any one of claims 18 to 21,

wherein each of n,r, sand tis 1.
23. A sulfurized metal alkyl phenate composition prepared by a method
comprising the steps of:
(a) reacting a phenol compound of Formula (I):
OH
_
X
RV

wherein R’ is alkyl, alkylaryl, or arylalkyl, in the presence of a catalyst with an aldehyde
having formula R®:-CHO to form a phenolic resin of Formula (II):
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(b) reacting the phenolic resin wherein in is an integer from 1 to 50; R' is
as defined above, and R2 is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl,
alkylaryl or arylalkyl simultaneously with at least one metal base and a
first sulfurizing agent to form a sulfurized 5 metal alkyl phenate. 24. The
method of claim 23 further comprising reacting the sulfurized metal alkyl
phenate composition with a second sulfurizing agent to lower the total

) d a metal salt thereof in the
0 less than about 2.0 wt.%,
based on the total weig etal to alkyl phenate
composition. 25. The meéthi 24, wherein the second sulfurizing
agent is sulfur. 26. The metfod-of any offe4 ofi8laiy; 380 25, wherein the
first sulfurizing agent is sulfur. 27. The method of any one of claims 23 to
26, whegein the @iJersh M1me&@hmeﬂﬁnsmmmgdnmxm@m R'isas

calcium oxide. 28, The one of c 7 Qkcvl

4?5%9@@@%&%% i9Y % %i}(gn%} 0 alms 23 tgﬁ(@g %t?ésh |ny

Hhigalkyh30 vﬁmmmmmyma@ﬂ@léim@z@ww Wﬁ@lff’m%@

dod%#g%??b g?at the 4-position of the phenolic ring. 20 31. The method of
§aims 23 to 30, wherein R2 is H. 32. A lubricating oil

compagition ¢ompising. hase Lilkefiubrisatingiviseasity: trddlfstlfedinet! alkyl

metal alkyl phenate composition of any one f.olaims 18 19 22 3anfof th
Mbn@aﬁﬁglmﬁﬁ&%%%\ﬁoﬁqc&‘i ?ﬂ]%iﬂ Bgse? ol ofmﬁ%ﬁ%?%ﬁg wsc%sny ©

and A iizad smpkainabad @hm&mmlcmmoémdhwﬁny@ﬁ@@faé@ﬁﬁ@é@ate

to 31.47°34. The |u atln ti i, S2iHusiee sarRpisingetal
ﬁ?‘?@?ﬁ’éi%%?fﬁld% %ﬁn.k[%%%%{:}géconyst%% of antioxidants,

10 @My\l\lﬁﬁmageﬁtﬁpmrgents rust inhibitors, demulsifiers, friction
modifiers, multi-functional additives, viscosity index improvers, pour point
depressants, faamdHipiptmifetahdeadtivhtomsotispefadniss eembision s
inhibitors, lubricity i |mprovers thermal stability improvers, anti-haze
addltlv s iCi |nh|taP %}gﬁng}ﬂ@g{ﬁsQt@Q@ﬁmﬁh@mﬁtGQﬁﬁMg agent
combl fions thefea method of any one of claims 1 to 17, further
demubfiitsing reacting the

57 The method of any one of claims 23 to 26, wherein the at least one metal base

15 is calcium hydroxide or calcium oxide.
78.  The method of any one of claims 23 to 27, wherein the catalyst is an acid.
79 The method of any one of claims 23 to 28, wherein R* is alkyl

30.  The method of any one of claims 23 to 29, wherein R! is a dodecyl group at

the 4-position of the phenolic ring.

20 31.  The method of any one of claims 23 to 30, wherein R? is H.

32 A lubricating oil composition comprising a base oil of lubricating viscosity

and a sulfurized metal alkyl phenate composition of any one of claims 18 to 22,

33, A lubricating oil composition comprising a base oil of lubricating viscosity

and a sulfurized metal alkyl phenate composition of any one of claims 23 to 31.
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product of step b with carbon dioxide. 36. The method of claim 35,
wherein the reaction with carbon dioxide takes place 10 in the presence
of ethylene glycol. 37. An overbased sulfurized metal alkyl phenate
composition prepared by the method of any one of claims 35 to 36. 38. A
lubricating oil composition comprising a major amount of a base oil of

lubricatjng vi the . verbas d sulfurize henat
compo% on Z@Clalm Cf n§?)i (‘é)mposﬁlon OF Uf %%rﬂler chmanmg a(? least one

additive selected from the group consisting of antioxidants, antiwear agents, detergents, rust
inhibitors, demulsifiers, friction modifiers, multi-functional additives, viscosity index
improvers, pour point depressants, foam inhibitors, metal deactivators, dispersants, corrosion
inhibitors, lubricity improvers, thermal stability improvers, anti-haze additives, icing

inhibitors, dyes, markers, static dissipaters, biocides and combinations thereof.

35,  The method of any one of claims 1 to 17, further comprising reacting the
product of step b with carbon dioxide.

36.  The method of claim 35, wherein the reaction with carbon dioxide takes place

in the presence of ethylene glycol.

37.  An overbased sulfurized metal alkyl phenate composition prepared by the

method of any one of claims 35 to 36.

38. A lubricating oil composition comprising a major amount of a base oil of

lubricating viscosity and the overbased sulfurized metal alkyl phenate composition of claim
37.
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