SULFURI ZED METAL ALKYL PHENATE COWMPGOSI TI ONS HAVI NG A LOW ALKYL PHENOL
CONTENT FI ELD OF THE | NVENTI ON 5[ 1] Provi ded herein are sulfurized netal
al kyl phenate conpositions having a | ow al kyl phenol content and net hods
of making such sul furized netal al kyl phenate conpositions. The sul furized
nmetal al kyl phenate conpositions disclosed herein may be used as
detergents for fornulating lubricating oil conpositions. BACKGROUND OF THE
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31 A recent reproductive toxicity study in rats sponsored by the Petroleum
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

20 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

25  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 fo avoid potential
30 regulatory issues, there is a need to reduce the amount of free alkyl phenol in the sulfurized
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5[ 6] Provi ded herein are nethods of naking sulfurized nmetal al kyl phenate
conpositions having a | ow al kyl phenol content. In one aspect provided
herein is a nmethod of nmaking a sulfurized netal alkyl phenate conposition
conprising the steps of: (a)reacting a phenol conpound of Forrmula (I):

(1) 10 wherein le is alkyl, alkylaryl, or arylalkyl, in the presence of a
catalyst with an al dehyde having fornmula R2-CHO to form a phenolic resin
of For nul : os. Fh ' SRRt | S an
i'nt eger f%%e%l%%é%b%wﬁ'e |sglggsorr§igﬁén§ ng oflog?&ggigh%t{ngs_ H, al kyl, al kenyl,
al kynyl , dywefreahlkyl phewmnl gontert! Kyitharmpredhere sy ngpd for ngw 1@%‘%&4«4&6@%3}&% th
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further conprises reacting the product of step b with carbon dioxide. In
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(H) - (VI): 10 wherein each of Ma' H_and ivi2+ is independently a
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metal ion; each of m n, p, q, r, _a\dt i s independently an integer flom
1 to 50; x is an integer fromO to 2 gRl ismlkyl, al kylaryl, or
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p, g, r, s, and t is indepe ut 1 to about 10, from about 1
to about 5, or from about 1 Q) lablout :&_In ot her

"] m

(II); and

(b)  reacting the phenolic resin wherein misan integer from 1 to 50; R} is as defined

o above, and R? is H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl

' 15  simulfaneously with at least one metal base and a first sulfurizing agent to form a sulfurized
metal alkyl phenate.

I71 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.

20 8] Tn some embodiments, R' is alkyl. In certain embodiments, R' is alkyl of 8 to
100 cafbon atoms or 8 to 50 carbon atoms or 10 to 30 carbon atoms. In further embodiments,
R! is a C12Has or dodecyl at the 4-position of the phenolic ring. In other embodiments, R?is
H.



20 enbodi nents, x of Formula (I1l), (IV), (V) or (M) is O In further
enbodi nents, x of Formula (1I1), (IV), (V) or (M) is I. In still firther
enbodi ments, x of Formula (I111), (IV), (V) or (M) is 1 and nis O

[12] In sonme enbodinments, Rl is a O 2H25 al kyl group at the 4-position of

t he phenolic ring; and R2 is H In further enbodi nents, each of r, s and t
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[11] In certain embodiments, n is 1 to'10. In some embodiments 1 is from 1 to 3.
15 In other embodiments nis 1. In further embodiments, the sulfurized metal alkyl phenate
composition comprises at least one of Formulae (IV) and (VI) where each of My and Md2_+
is independently an alkaline earth metal ion. 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
about 1 to about 10, from about 1 to about 3, or from about 1 to about 3. In other
20  embodiments, x of Formula (IIT), (IV), (V) or (VI} is 0. In further embodiments, x of



Definitions 10[19] To facilitate the understandi ng of the subject matter
di scl osed herein, a nunber of terns, abbreviations or other shorthand as
used herein are defined below. Any term abbreviation or shorthand not
defined is understood to have the ordinary neaning used by a skilled
artisan contenporaneous wth the subm ssion of this application.

[20] "A major anpbunt” of a base oil refers to the anbunt of the base oi

is at least 1 % Qf - pbypl catd no o i tel

enbodi rren? glfn‘ﬁ%ﬁﬁﬁm)’ gﬁé’ﬁk{?ﬁ 1%?- %S@gse ol ?ﬂnr%[ﬁlglfg%gt% oéﬂgﬁﬁgu%m’qg?)’t he
base oil (wye (Vilasl12fdms.(% nore than 60 w.% nore than 70 wt. % nore
than 80 w.% or nore than 90 wt.% of the lubricating oil conposition.

[21] "Sul fat ash content: r.efers,t.0 a f tyal - ki ng

addi tives (el?‘é., cahgéi”&%em?r%%‘ﬁ‘ Ry ‘S%ol’%{%agefgﬂ%“’“ o e 42‘%"3%%}"%“%

| ubri cat i pher@lit ridg@dind R? isyipi Befuttherrrtsdinedts?2@ckhofns didigs f o Inx&fM D874, whi ch
i's incorporated herei n%tblf\f reference. 1191" Al dehyde" refers to an organic
conpoufd pegRents, {0 md G group. Non-limiting exanples of al dehyde
have the fornmula R-CHO where Ris H, hydrocarbyl (e.g., alkyl, arylallcyl,
cycl oal kyl, [@sy!, ahketfiih embbditinly) thosulfukiksd metyl Alky! pidnetecatmpysition

het erocycl oal kyl or heteroary]. O he n-ljmtin X | es. of al dehyde
are dial dé?f?ﬂ%?s%“ﬁ%?%ﬂm @B}H?ﬂ?élo%%@lga%—ﬁ“%ﬁ%ﬂg%%ﬁgrg bond,

al kyl ene @gmBin¥tid@Rerbot3hd RUBSI theltctsl amdsnteT & unfeactes plidnbEcomnpvanid anthiile or
chem cal noiety refers to that at | east gne hydrogen atom of_  that conpound

or cheni caletakgilttherepfds leapihar abpuhp ¥ Y bated 9ndhettehyaight of eyt ond
- chem qal ' Y desired substitaent that does not adversely
affecflat he e%?%g&gg%isﬁaty of the compound. Exanpl es of substituents are

those 30 found in the exenplary conpounds and enbodi prents di scl osed,
herein, as vid#l as Inapwgembodimentsihe mefiod displgpadere b uptBsRAOMPLEFSFRRANNE o y| |
het er oar Yk, Ikl ¥l ste B PSiidR WiliPs sebdbutfuk ORIl oW tBE:;
cyano; am'Ith 0; phosp %arllgitl%f;)ﬁ% osgﬁ%‘l e; car boxi/el; t hi ocar ﬁér?gl; sul fonyl ;
sul f onam tieal akwimine theaingehipd phenod campovost of FeraiuisdDiapy agesty] salt thereof to less

trifluoronethyl); carbacyclic Ryl L6 aIFﬁ lic or fused
or non-fu a%% t%t(}yc‘%’gba%eed.%m}lg%%lﬁﬁ% of)){/ %@lﬁ%ﬁ%ﬁfy rb?;é/c opentyl or
cycl ohexykdmpssitionhéi Rirtheryshtadinkets, thehseadndcalfurizmgngadgdysilfvc or fused or

non-fused polycyclic (e.g., pynolidinyl, piperidinyl, piperazinyl,

nor phol i nyl t hi azi nyl.) ; . chl r o cld.ooor
fused or nonﬁéhsed § cyflﬁnlB g&%%%é %%&5.8{0(1gﬁgﬁéﬁ%&%%ypmwﬁ%ﬁéﬁo@yl ,

i ndol yl , busrbmylg stéphif opftaaipk the suifiezeil rydtal alivhphephte compositol with carbémzol yi ,
triazolyl,, tetrazolyl, pyrazolyl, pyridinyl, quinolinyl, isoquinolinyl, 10
acridi nyl d‘ azi nyl, pyridazinyl, pyrimdinyl, benzim dazolyl,

benzot hi ophenyl or benzofuranyl); amno (primary, secondary or tertiary);
0- I ower al kyjiig] o- armlanotherydspecarprovil @bercimislasnifur £OREHS alkyOdiNpRte

~ S g g e A e B 1

-02( al kylnethcapdisclf$dhaseinl) ; and such noieties can al so be optionally

[17] 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
25 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,
Jubricity improvers, thermal stability improvers, anti-haze additives, icing inhibitors, dyes, )
markers, static dissipaters, biocides and combinations thereof. In further embodiments, the

30  base oil is present in a major amount.



15 substituted by a fused-ring structure or bridge, for exanple -OCH20-.
These substituents can optionally be further substituted with a
substituent selected from such groups. Al chem cal groups disclosed
herein can be substituted, unless it is specified otherwse. [24]In the
foll owi ng description, all nunbers disclosed herein are approxinate

val ues, regardl ess whether the word "about" or "approximate" is used in

ti t her i T : - - : : t,
connects n, 3 1 g TAgk, T ke s LS pAELESEion B Con

or, soneti 10 to enever a nunerical r ﬁ% i
limt, Rl abasnilsadanppabased silfurizédunetakalkdyl pbtretemdmpasitiomdistiesed berein. g

within the range j.s specifjcally disclosed.. L.n rtl | ow ng
nunber s wWPTHT %ilém?’ﬁﬁg%ﬁ labfé"a (o4 f(fr?:%sfs%?ng\njsﬂéer &%ﬁs@%{%&ﬁ%ﬁ g{hﬁ’]ek is a
vari ablke_ Eait@dr&rﬁ &?rgr%%g%@nﬁamg dfentg&mapa; a:faivsteamgms,aiefergmgtsmm i ner errent5 :
i.e., is_1 percent,, percent.,. 3 percen rcent., 5 percent,...,
per cenf, 5’@‘15@%'3@: é?ﬁ“,ﬂs’@?sp%}"li%rh‘??é‘ﬁ?r,& ‘g?s{t‘p@f‘f‘fg’ﬁé aﬁ%@vﬁem‘é’ﬁ{&m&% per cent ,

98 per ceNfmpQPerd $h&etint d@predabts B4k iHibitoM) hRGN Béacti Aldks,HikPRFshitd) cotrasige

defined by two R nunbers as defined in the above is al (%_s‘ge.cifically
di scl osedmhmmmpmwom@nmmylﬁﬁmme’qrm 8YSsfB%bodi ment s

of this iﬂ]\mﬁo rﬂ&:k'&%gﬁc Rfs, PRkid%artbindlbAGH @daal al kyl phenate
conposi tions gs\’/?%eg’ alowa Wﬁq%ﬁensél content. In one aspect, provided
herein is a nethod of nmaking a sulfurized netal alkyl phenate conposition

conprises theesiips of . (a)reacting a phenol conpound of Formula (1): 6
(1) wherein R 1s alkyl, alkylaryl, or arylalkyl, in the presence of a

catal yst with an al dehyde havi ng for nul - to fqQrma phenolic resin
" of Forlfula ((1): mTa fﬂﬂh“’&‘?\ﬁlegn‘?qﬁﬁtﬁ‘%‘%ﬂg i ECHH%‘T?B%S?O?GQE’FWWH ein mis
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al kenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl sinultaneously
with at | tamt abbreyiaton ar shealandsang defired isindsrsiaod t9 bave dhegdipary mpaping psgd

| furi . -kyl . ' : e | kyl .- 1
igrt;ir Inzgﬁ%ggllh ﬁr%dn%é,g%ﬁfﬁ?gbg%%ﬂugg?ﬁgﬁs%%ggygﬁgﬁssaﬁp%&ﬂ%} a8 %/o 50ncar bon

atons or 10th 30 carbon atons. In further 10 enbodinents, it is a G 2H25
or dodecyl d20lt he 4%pAawijerampupt’ of pbasstadkrsfersio theapouptofsheogse eibdodilsrgnt s,

R2 is 1'5_" 40 wt.% of the lubricating oil composition. In some embodiments, “a major amount™ of a

base oil 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 composition.

[2 1] “Sulfated ash content” refers to the amount of metal-containing additives (e.g.,
calcium, magnesium, molybdenum, zine, efc.) in a lubricating oil and is typically measured
[ 20  according to ASTM D874, which is incorporated herein by reference.

122] “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,
heterocycloalkyl or heteroaryl. Other non-limiting examples of aldehyde are dialdehydes
25  having the formula OHC-R’-CHO where R’ is a bond, alkylene or arylene.

[23] “Qubstituted” 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 mojety can be any desired substituent that does not
adversely affect the desired activity of the compound. Examples of substituents are those

30  found in the exemplary compounds and embodiments disclosed herein, as well as halogen;
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[26] In some enbodi nents, the nole ratio of the al dehyde, R2-CHO, to the
phenol conmpound of Fornula (I) is fromabout 1:1 to about 0.1:1, fromless
than 0.9:1 to about 0.1:1, fromO0.89:1 to about 0.1:1, from about 0.85:1
to about 0.1:71, fromabout 0.7:1 to about 0.1:1, 15from about 0.7:1 to
about 0.2:1, fromabout 0.1:1 to about 2:1, fromabout 0.2:1 to about
0.4:1, or from about 0.5:1 to about 0.2:1. [27] Please note that the
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resins disclosed herein display a glass transition tenperature 15 in the
range of frdﬁi‘hboutmge@ﬂpﬁ’ﬁﬂ%&i oy alt numbers discloged Repgip afic FBRFOE ™A e M i s

bet ween 2ot MAANIALAN 108 I3bhe"s: AoribehioRerl AR cBREiaad about

1500 dal t ons. ment of the phenolic resins disclosed
her ei r20i s theréwigt rep hay yaSdiyehpergenb @l psweenin & pelcentror spmefmestl8 e 0 perssAtl to

50; Rl is |, .allc loL i ﬂil@&# I,
al kynyl , cyceinéaeirl%ﬂm eﬁéa?rﬁﬁggrvg@llagéeé lH(J)]lrﬁZél{r y@{a%?%p ggg&lﬁl\/ié goloSed &Y
= ‘ number falling within the range is specifically disclosed. In particular, the followmg
numbers within the range are specifically disclosed: R=R+k*(RY-RY), whereink is a

variable ranging from 1 percent to 100 percent with a1 percent increment, i.e., k is 1 percent,
25 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

30 [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



[32] I n sone enbodi nents, the al dehyde, R2-CHO, is fornal dehyde, i.e., R 2
is H or a source of formal dehyde, such as trioxane and paraf or mal dehyde.
In some enbodi nents, the phenol conpound of Formula (1) is tetrapropenyl
phenol, Le., R is Cl121125. In certain 25 enbodi nents, the tetrapropenyl
phenol conprises a m xture of the isoners of TPP, such as a m xture of

p- dodecyl phenol, m dodecyl phenol and o-dodecyl phenol. In further

enbodi nents, the al dehyde is HCHO o [ source of HCHO and t he phenol
conpound is tetrapropenyl phenol. e enbodi nent of the phenolic resins
di scl osed herein is illustrated i enme B bel ow wherein mis an integer

from1l to 50. SCHEME B OHOH C 2H25]| G 2H25 O 2H25 5[33]In sone

enbodi ments, the catalyst is an aci \cgtalyst. The acid catal yst can be an

i norganic acid, an organic acid or a Ronbinfdion thereof Non-liniting

exanpl es of suitable inorganic acids include sulfuric acid, hydrochloric

aci d, ni t mhereincR'ds alplosliyleni.er ailakylzn dhequessicraafiasatal ystigitoat aldehyde of t he

above- nentioned aci ds b t ai .ally.froma supplier such as

Al drich ‘?%%§F§.a%df%§? 6%58% ﬁgﬁﬁ-ﬁ%gngﬁéﬁ% égﬂ%f sui tabl e organic
propanoi ¢ acid, butanoic acid,

i d, ymaionic acid, succinic acid,

chalic acid, 4-nitrobenzoic

acids include formc acid, aceti
pent anoic aci d, hexanoic aci dH
glutaric acid, adipic acid,
acid, p-toluenesul fonic aci 4-(jprji 1 uoronet hyl ) benzoi ¢ acid,
benzenesul foni ¢ acid, benze ni c acid,- benzene-1, 3-di sulfonic
aci d, benzene-1, 4-di sul fonic ad’ 15 x\R! nﬁﬁuhipnhp aci d,

2,4,6-trinethyl benzenesul foni ¢ acid, mnethanesu )oﬂ1c acid, 4-

chl or obenzenesul foni.c aci d. and conbi nati ons, t her eof | n, S00E odi nent s,
the ac?d Edtal V@‘f““ﬁ%he@ﬁ’é_ G POt Isgar“dﬂﬁgfi:rg%’ﬁ Lfol grb_gi(m‘s %gg]g%e%esul foni ¢
aci d, al kybdvensame ism) e Akasi, dikyhanaenatdl, drylli alitidraror andatiod,
benzene-1, 3-di sul fonic acid, benzene-1,4-g§suléﬁnlc aci d, .
simultancously with at least one 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 carbon atoms. In further

%?id

10  embodiments, R is a CipHys or dodecy! at the 4-position of the phenolic ring. In other

embodiments, R? is H.

i26] | In some embodiments, the mole ratio of the aldehyde, R2-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,
o 15  from about 0.7:1 to about 0.2:1, from about 0.1:1 to about 2:1, from about 0.2:1 to about
| 0.4:1, or from about 0.5:1 to about 0.2:1.

[27] Please note that the mole ratio of the aldehyde, R>-CHO, to the phenol
compound of Formula (I) 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 '

20  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

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

7



C20 C40 al kyl benzene sul fonic acid and tol uenesul fonic acid (e.qg.,

p-tol uenesul fonic acid), 20 xylenesul fonic acid,

2,4,6-trinethyl benzenesul foni ¢ acid, methanesul fonic acid, 4-

chl or obenzenesul fonic acid and conbi nati ons thereof In other enbodi nents,
the acid catalyst is one or nore of al kylbenzene sulfonic acids. In
further enbodinents, the acid catalyst is C20-C40 al kyl benzene sul fonic

acid. [35]In sonme enbodi nents., the acid catal i | jdic to
catal yze ﬂtecoﬁ‘genﬁeeg'ﬁa?r%r{g?m{ehvgs &Hé fe%%ﬁ%%‘ﬁ%ﬁ%@%%‘fed‘%%{‘%‘é.ﬁ% n some
enbodi menhsd/of henAdhyad dabrsIdigl, Abtnettympictamine)] ansudded Alfermmivelpobe 0. 01
nol e percent to about 1 | e percent, om abo .01 nol e rcent to
about 0. 5PhgielC Eé%ﬁ?@%@ﬁ%gﬁ?re@?rﬁéLﬁﬁqagnnﬁg‘f’%%r‘??g]tc(?mgﬁ%@te ‘2 mole
percent, @eadidRIbAReUldeRydd3n MRIpfesBitfe @R badiOcatdi@t 0. 05 nol e percent, based
on the total anbunt of the phenol conpound. [36]1n some enbodi nents, the

phenolic resins disclosed herein are nqgt suhstantially crass-Jinked after
“the reactior?The t@msralliofe EW%‘%FRSP&&SQOE@%?H ?rﬁﬂ‘éty Osf‘ﬁ%ﬁﬁ%‘i’S that the

degree of THEQRSs it iHHdsHEb1E that @8 sndld@Ro bPth¥aldeR Rl @ @b pliedobsdindnad babesit 5%

nore preferably | ess than about 3% or further preferably |ess than about

1% The dégnebousfl te prsyent ciogklinkng rnddorgelation dwingrecpagstipp elnje0§ht  per cent age
of the gel . the | i i Yeothhn 1N, 13€ resin.
b AP, BRAAON, 60y Bopfioagiusst xastde

[31ln sone e npoun or the preparation of the 10
phenol i c thesi0s],déss Hao §&d: Ihsetban D8, ledethap ({75:4r lessriban (.7:4 lewsdhand).65:1,

mononyc¢l ear phenol. compounds W 11Ol 4 M) Gl Rfianl €ast
one h ro%ﬁf%ﬁggpl’feg%g‘gﬁelyeg omo’ﬁ‘&hgﬁ%&}?%%i’g%ﬁﬁp eos o’? Sui tabl e
* nononucl egM5aQkpOaGS.4ilnkbidtien 0ls:ilylats tums0.84f , ipdsairml 0.250k lor kess hag PEslol |

m cresol, p-cresol, o-phenyl phenol, p-phenyl phenol, 3,5-xylenol, 3, 4-

xyl enol , 3- t yl phenol , 3, 5:.di et hyl phen - I
3, 5-di but yl §%®nol , -Sglﬁ’flflﬁlﬁ%%%ie?ts’%e gﬁe(%)% %ﬁe&@?‘%ﬁgﬁgﬁaﬁp}{a&%WIBR%InoI ,
g- no gyl phlﬁﬁ?ﬁge msleyliap :warghk Mpéi Fﬁﬁaﬁg’elejﬁydorrmbeuﬁdlzs (orareyt S(E)ﬁﬁayd’?hénol :

, 5-di cycl ohexy] phenol , p-crqty enol. and.conbi nati ons. there 1 one
enbodi nenf¥me ?‘H%p POt 4 ‘ﬂﬁfre%ﬂ%‘ﬂﬁﬁloﬁg?rﬁ’&g%&y &fgaﬁs Wﬁwg&m&‘o‘- 0,
or Cl3sal kyihe Ph@E8F fr6R ABGM BEISC SIsHbuASH( €L I Ryftdie Byibodihents)| thd MPR) betiveens one
enbodi nents, the tetrapropenyl phenol (TPP@Q:;&QSEHM ctured by al kyl ation

of phenol abgut h2pandmbor80R dalieps or Betvept thayt Tt o1 1" ot her

enbodi nents, suitable nononucl ear phenol conpounds include a m xture of
branched andsij near aakkybdiRbRi@lhehEnslibdsns dissiistdharéin isillustaddddi ment s, at

| east two phenol conmpounds are used for the e ti of the nolijc
resins di Sehasaced bPi'éWé’F}H’.felF@rlsé&ﬁ%ﬁ?ﬂeéfm?ﬂéoﬁpfpéﬁlggﬁfgn@?%@@ﬁr%ﬁﬁ’&ggin e a
substit ut gd;phemal; autdifl, SREANLyRIRENSL, S0 HIGURH £ afiduela different

substituted 25 phHenol . Tn ot’her insfances, "each of the first and second

- phenol conpounds is TPP or substituted phenol, provided that the two
—phenol?®*conpounds are different. Non-3G Wﬁ‘g exanpl es of such conbination
* include TPPicresol, TPP/p-butylphenol, TPP/p-octyl phenol, TPP/ C20 22

al l cyl phenol and the Ii®d. In one enbodi?i‘én he aip0- al I cyl phenol is

derived fromthe reactig of pﬁeggbvﬁtt; m 0-24 and C26-28
@

al pha ol efi ns.

R1

[32] In some embodiments, the aldehyde, R*-CHO, is formaldehyde, i.e., R’isH,
or a source of formaldehyde, such as trioxane and paraformaldehyde. In some embodiments,
the phenol compound of Formula (I} is tetrapropenyl phenol, i.e., Rlis CpHys. In certain

25 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



30[39]In sonme enbodi nents, the reaction between TPP and formal dehyde
occurs under atnospheric conditions, under vacuum or at el evated
pressures. In sone enbodinments, the reaction between TPP and formal dehyde
occurs in the presence of an organic acid, such as p-toluenesulfonic acid
(PTSA), wherein the nole ratio of formal dehyde 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 about ¢ %enf'lp éﬁ@ﬁ@xﬁ%ﬁodﬁa@%’éoﬂth@ﬂﬁbn@hﬁﬂéﬁm@dﬁd&sed hetirsedlatated 0. 7: 1
5 and about bet ween about 0.7:1 and about 0.2:1, between about
0.1:1 andimsbemeB belovhwhereiam s@irteger om Lolapout 0.4'1, or between about
0.5:1 and about 0.2:1. In further enbodi nents, such phenolic resin:
contains less than 5 w. % of free 05cgmmgagted TPP, based on the total

wei ght of the phenolic resin. 140]1n sone enbodi nents, suitable al dehydes
for the preparation of the phenolic 10 reggjns inclgydejany al dehyde that
can react with a phenol Fonpound. In song enpodi ngnts,) HR2 of the al dehyde,

R2-CHO, is H, alkyl hay 1- 26CE%} bon 1¢i ng 6-20 carbon
atonms, arylal kyl havin 0 Tarpon atd aving 7 to 20 carbon
atons, heteroaryl, alk or ar al kenyl ~n urt':' enbodi nents, R2 of the
al dehyde, R2-CHO, is H, h al kenyl , #%% qhaankyl aryl

al kylaryl or arylalkyl. TR i1l further di ment€'®R2 is 15net hyl ,

et hyl , propyl i sopropyl, butyl, isobutyl, pentyl, isopentyl, hexyl,

octyl, snonyl c][33 eCylmsBﬁ@éMbod]ﬁiaﬁitstthecdmkms sSoiekl canlyst. | Thetaclgaexanpinds of
sui tabl e al dehydes for this invention ingclude fo hﬂmVé?e a@et | dehyde,
~ propi onal @empaanicagidy mereamy Aad of 2 eRmpRipaf

- benzal dehyggyg 9&3@%{%&@8‘3@ SRS BBk q@me@mongmmhc agll Lﬁmﬁrﬂioﬁebﬁdﬁ,
furfural, phenyla , chloral, chl oroacet al dehyde,

di chl or oaest aindahra,tnbe:; th.@@cf oAl 9f the dectvpcreentippadragids Wra‘l’f'd@ﬁ"‘y‘%f‘@ commercially

st earyl al dehyde a [41]Unless it is otherw se stated,
fornaldehgﬁgx?mwp rﬁghéﬁggﬁﬁlon |n€¥%des not only formal dehyde sol utions
or gas, but also any source of formaldehyde, such as parafnrnaldehrle
fri oxame and3#kh- an&nmemnmmgnmya%ﬂgeﬁefaﬂ@bkﬁﬁ%ﬂW@@ﬁ9H§IFH@?Eyc%%iroom

t et nper at ur upon heat g ah a8 e of el 6k hed; maRic
ket one thgf%%gﬁd RN T guwﬁ%%%%&3%%%%ﬂn%§cangﬁﬁen be used.

Non- | i mi t iagig, ®xcinielaeid, giﬁtaﬁclacna,tﬂdqn«mcbmwonmimnﬁbdwdnémem%wd,et hyl

ket one. [431]n so S are used
S|nultaneBJéW§mﬁY1@%%ﬂ% aﬁgﬁvyf“%ﬁE”?PF 1gg%gngﬁﬂ%ﬁﬁﬁg§§$g§h be any
of the abeueeaQialdaitic acidRaredsl, 3-§munfmgam; bbm;ze—aﬂeilsjﬂﬁmmraeldt

Preferably, the first aldehyde i for | de The c.on dehyde can
be an 14l d&migaesulfprin agd. %‘bg ?th@g a%%,‘“ mca ta?4-

chlorobenzenesulfonic acid and combinations thereof. In some embodlments, the acid

ey 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,
Ca0-Cao alkylbenzene suifonic acid and toluenesutfonic acid (e.g., p-toluenesulfonic acid),

20  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-Cyo alkylbenzene sulfonic acid.

) [35] In some embodiments, the acid catalyst is sufficiently acidic to catalyze the
25  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



[44] To prepare the phenolic resin, the phenol conpound can react with at
| east an al dehyde such as formal dehyde. The condensati on reaction of the
phenol conpound with the 5 al dehyde nay be carried out with or without a
catal yst In sonme enbodinents, the reaction occurs in the presence of a
conventional acid catalyst. Exanples of suitable acid catalysts are set
forth above. In other enbodi nents, the phenol conpound-al dehyde reaction

is carried out at a tenperat Q4 & He'1947 about
65 Cto a%’itje[ eﬁcfat’&rﬁ??lo %@%’tm@@% %g%#}qugogsh% e?%?héégrbg%t gb 8 to about
130 C. | nasoi oétheglensd némpounde 10 phenol conpound- al dehyde reaction is
carried out under vacuum at at m)spheri C pressure or at elevated
pressures. lp_sone enbodi n reaction is
carried out I?ﬂ a batcH™f 3%'@? é"?“entrs ﬁ?eﬁn@%ﬁggggig%i{}&a%gwgfi In some
enbodi nentshstahbifllyr @@eilinked aﬁﬁaﬂﬁleaéachhm "Pirectenoh “red syde tantial i oulm&nibed’ gagns on

ranges fr baout 10. m nytes to abput ho ouf .15 mnutes to
bout 5 18 Be deEret FoSrhrkeat B0 HfoeB Rt R 5% PTOIPAG] The

use of a SREYAN l&oihak M 9Vide Mitlel ProforMRE ek ihar SJoﬁpI%om“aé degheryofendsy-ent
t hat can di ssol ve the phenaglic _resin can q%e usFaﬁ, el n fqrre non-limting

exanpl es §nkisgpkarspia refsrsye fesvaight peraentags of isee dnsolbla RFSIE 2 base

oi | discl gged, DEvEbhIn t@e@hcohol, a ketone, an ether, an ether al cohol,
andthe like. In sor%e enbodi nments, the reaction occurs 20 w thout a

solvent. In other enbodinents, a solvent can be used when the vjscosity of

the reacti o3 xt urle spae sbedinreyts) the Pheapkeompguedsiprige prraarptionafiths, [47]
In othgr gRbAAL FERAL &scloE’éa h%FH#n in%ﬁ@lbq%}}éﬁst [Bfi€ed 18 AaéRAudbar phemRl € ratio of
1 nole of " TPP to 0.2 to O. les of the total al dehyde at about 50 Cto

about 100c@npotinds Fitpak mmﬁdemm@h@huabha%pmmy gonp it afathpdr apwe at
at nospheric t _ ivatived Sone
enbodi ment’ on'PFﬁ%%%%%ﬁ@Iels gpsglgé?l%&?g%%é% U%Bscr |‘%é‘gde(a§g§aem{es §i}dli) Hse'? ?ll led to
renove t heuchmns eacdsel] nptresud) p-mesqhm:lpmbsylphén@t @-fhanylpleemol, 8 detvlannk 3,4~ - [49]
The sul furize h 0

reacting FHE® ‘g’nfe %ﬁpéeqogér%&gﬁﬁﬁ’h‘fﬂﬁﬁé’nﬁ%ﬁ?&m{]2"Scﬁgllngl%}sl?l{&%ai@g?@ﬁ% base
andt abirste ﬂﬂhdcxg[}ihé%dﬁ@ &gel@henol Ip—riﬁﬂy].&hffml feiebpphenelnmnmhmr ﬂmbil @rP),

m xture is ed w e col .to riz 0|gorrer|c
cal ci um pﬁWi& nol 3,5 @EW@@h@HﬁgﬁP‘%EKP?MPW@m&?H}CH@%@O%@ é‘i’o ™ henat e
conmposi ti Qﬂﬁocﬁﬂ@iﬂﬁ 'tﬁ@d&ivaﬁ@é%%‘fpﬁﬁﬁ@l ﬁEluE@CMg@@g-(ds& C)o-Cao o101 al@"lﬂeﬁﬂ -0
ml+OH | ---- -Rl -mRRL (I11) wherein each of l\/a'

and M2+ | §omm9%me At Tejraproneiybherek{tl PRt 1a1some fmbpdipRnissing fsaPTapERy
I ndepende ﬁﬁ%n\ﬂi Q’Pﬂi) YeathSiaclRLPby AP atiRaF P& ol With3.C Pbraflchell chan BRoPylend 5

i ndependent
20 tetramer In other embodiments, suitable mononuclear phenol compounds include 2 mixture

of branched and linear alkyl phenol compounds.

[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

25  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/Ca.28 alkyl phenol and the like. In one embodiment the Cso.o¢ alkyl phenol is derived
from the reaction of phenol with a mixture of Cyg.24 and Cys.2z alpha olefins.

30 [39] In some embodiments, the reaction between TPP and formaldehyde occurs

under atmospheric conditions, under vacuum, or at elevated pressures. In some

10



10integer froml to 50; x is an integer fromO to 2; R is alkyl,

al kylaryl, or arylalkyl; and R2 is H, alkyl, alkenyl, alkynyl, cycloaThyl,
aryl, alkylaryl or arylalkyl. [50]In sone enbodinments, the sulfurized
nmet al al kyl phenate conpositions further conprises at |east one of
Formulae (M) - (VII1): wherein M2+, MI2+9 n, r, s, t, X, Rl and R2

are as defined above. [51] In sone enbodi nents, the sulfurized
metal alk RRA h&@ﬁﬁiﬂ%ﬁ&lﬁhﬁd@]@a@bé&% @Ehd}ﬁ@s‘éﬁ eQ:EI'%nOf
For mul ae }é&x@ﬁ%ﬁh&g glbﬁ Mo2+, n, )

defi ned abrmaeic acid, suchasp—fo@@esuhfommdéﬁm w@mesl th% weiemﬂr ‘efrfplzﬂ@dd%#%l A
al kyl phepﬁﬁ %”R&%%ﬁ Lﬁo%Pf 1726 LG o.%Pl,&%%éﬂdlé%tﬂénd@@%d et @ -1For nul ae
rein n, p, qd, X, an

(X1) - , are as defined above.
[53] In sbem;eemnwhl mhalmt @1 : Iobetepgn abbutﬂbsfrmml z(bbl)lLO( Ml,lbe;rwqeg abeut QLR |

g:Tglcj)gl ﬁ%ﬂ?%& qﬁ}r‘ g‘? i rrent b‘éﬁ@w a‘b‘f gd_?i fnp05| t| oh a% Eteiphenol ic

ring. I'n eedea z[bo&fﬂ)@dlaﬁ@llb@t 02, efbem;encﬂboﬁarmhmi di)o(ﬁ(l}ll(l]n)furtheﬂ-l I n
further enbodinments, is.a (;121425 v the f the
phenol i ¢ FRRAIRERS. FQEC%? e&ﬁ‘%‘@?‘nf—’%‘?t?fﬂ? %’5“1 ?&?(‘) E"’gfi%S]ILI;IJ ?’ﬁ?’e her
enbodi nen;)ﬁthelt&apw&?é@dggle hsYdiic@eyp at the 4-positi on of the phenolic
ring; RR is H and each of m n, p, ,r,sandtlsl In certain

enbodi ments, x of any of Forpnula ( x of

ot h di ,
any of Formif¥ (1) IPX‘P‘F? Oﬁmeﬁﬂﬁosluﬁ? #@ﬁff?ﬂfﬁgﬁfﬁ?a‘% 056&1) Iﬁhr%'g 'Fornul a

XXI1) 1hs ksﬁ@mu& dn§ afdehyde th&4hn féﬂctsﬁﬂlﬁaa FERedopbiml. Th Bemeahbddibass 1S or
conprises an al'kali fetal base, alkaline earth netal base.or a corrbl nation

t her eof sa?refth@aadehyﬁp,tﬂ r@H@x@@aB@lww E%ﬁr@naatm Ay BEape 8548 6&DPRC| ude

l'ithium hyd AR, Hbtemaryl,
hydr oxi de, ce?‘ﬂ?ﬂkﬁ %mdﬁw&ﬁw%l um oXI de so I z%%aggm pot aSSI um oxi de,
15 rubi di aiken Ddxalkcxa84 Imﬁudhcmbotlmdntmm ofytbie ldehyde FIiGHIO H B pliry

pot assi u dri ubi. di um I te,

sodi um caF% I?’t‘/é’tagkyhﬁgf%\% sauf?’m kﬁﬁ?’l &e&h%m&?ﬁlﬁnsjﬂcﬂair h%%%%%ﬁ%?ﬁ@%a

c a[) b 3 nat e mekhiyt, igtl:tympknp@'a ﬁd&prt@bflg butgh ghobmﬂyb ipetylb Bopnty], h@@yla@sylhumﬂyl ;danté,o nat e,

r ubi di um bi cay bopat si um ar onat e an i i ereo ome
“non-linmt ﬂ&%%ﬂ%@% LGPy m?ﬂ%&i"? g%\?tgﬂbﬁ@a}?ide%é’gébés ISR

-Ee{j ylli gn}ﬁ&gﬂem ; h é%mby&m})ﬁ;s%@neﬂgc, w@wdmﬂywm\m y hﬁilerl_@nti um

ydr oxi de, ‘barjum hydroxide, beryllium oxide |u X cal ci um
oxi de, st veawRldshydsybegaaldghyde. lﬁ?tﬁgﬁl‘%fé‘ygga ?lfﬁg'ﬂ yoﬁgl] glﬁ%ﬁ”ﬁ%@?’
hydri de, ﬁﬁhﬁél%ﬂeﬂylgéétéj@eh a4, ARkl Lamdayéééﬂam@hydeadlbmaﬂob&mmsﬁ?de, beryl I'ium

car bonat e, magnesi um car onat e, cal ci um car bonat e, strontium carbonate,
bar i R caldvariaidehyd @elprinilaldshyie steaoiadedydnandmaixionmirectr bonat e, cal ci um

bi carbonate, strontium bi carbonate, 25 barium bi carbonate, and

combi nat i 0“2{41 jner eofinleQtilg ot AR thied,iBihAdeA R RE A invatibacRidbas@ Snly
~=includes hydrides, oxides, hydroxi des, carbohates, bicarbonates of

al uni num &mohaldelyiciselutipnsiastgas, dut 4lsp awheyrce phlormaldshwde. stheasnet al base is or

conprises a. gat Baxylat alXRlahe bn ocBraftd fk%mm v HORURAAUM Or
a transi tl"oﬁ“ﬁ‘é‘f‘“f‘”dTrﬁ%)?%‘g%B%rrﬁodl msﬁ% “tHe metal base |ésm%)r conprises a

hydri de, ¢epeeturbycumnibdatingcar bonat e, bi car bonate carboxyl ate 30 of an
al kaline nmetal, such as Be, My, Ca, Sr, Ba or or a transition netal

such as Zn, () Fe, i prier Kot 1?@%3 (R 1R willtla piiiol AD, Zr, RU.
Rh C§§or W"Tnh ot hvevr%Ii eﬁ]’ggafd%sn?s, an fa ase |rs or co rises cal ci um
hydr oxi de canpsab cautienke deed. Non—limiting examples of suitable ketones include acetone and

methy] 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
30  aldehyde compounds, so long as they are different. Preferably, the first aldehyde is
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[ 55] The anount of the netal base added to the reaction mxture varies
according to the anount of netal phenate group desired in the sulfurized
nmet al al kyl phenate conposition. In sonme enbodi nents, the nole ratio of

t he phenol conpound to the netal base is fromabout 0.1 to about 4.0, from
about 0.25 to about 3.5, or fromabout 0.5 to about 3.0. 5 In certain
enbodi nents, a stoichionetric excess anount of the phenol conpound is
used. In 0 LORER A O onQlorhgermet al |
base is ugéergﬁidl'aﬁ}ms%oqrriel e hé’h&?k&[{\‘%ere ({dﬁyedegﬁigﬁazl% conmpound is a
nmonophenomatswaleound and the metal base is an alkali base, the nole ratio
of the phenol corrpound to the netal base is fromabout 0.5 to about 1.5,
from about @Qgﬂh er 10
enbodi ment s ere t qhéeLFlhg’ph‘%g)orlr%ound En&?gm%ﬁ%aggg%%ttﬁ&h %hﬁbﬁa@%%e
metal bas eldelydaisuchi dsdbrmaiiehpdse The kendensasion skttt thermhepH epwpoundiduiie t o

1e, "ot PRty 5 28 Sl St Rkt i SRR TLAREMenl, 2 8P
phehol COﬁ&ﬁmﬂtheSpraseﬁWUianﬁJnthad netakystd Elthplﬁsadzfaslultddzisand sataglgstakieal | ne

base, the nmole ratio, of, the en ound to t taI base is .f
about 1 t &t f@rﬁh ¢ I other BWPQ%@EF ﬂtﬁ%gﬁe&og “‘fpgde fela%?ﬂna%oarfleég‘% to
about 2. 234, tempbrafile frfin 6B86t30 RC TR DBING frobd ¥botid5Toar th zBshit T80 af’, by |

phenat e conposi t| on conprises at | east one of Fornulae (1 and (VI) where
_ each of I\/alzelu 351&Cm115s°0 nd%prembelﬁﬁﬂ)?caﬂab@ﬁQﬁ"%IIRa?IFlhém ignpnts, 8% as Be,

or rth I i
‘ cal mCﬂPn QBT“:%’ NN ‘?’rﬁldg%dé ng‘h l‘é@%%ggg{@u“ zZin lc(jtg&eﬂr(t) S gfésidéi?)rri ses
- el enent al aselbxfaterd,prasmd fin I‘smhabmﬂﬁ:h(nentg, the shehbliompondleifshyddeagionssl f ur
di chl ori dg%rr é{ ination thereof If a sulfur halide is used as the
sul furi zi @%‘ﬁ’ta ArD BRPPLOTHBURHOURFARE et al base or a second base may
be used to neutralize the hydrogen halide evolved. In other enbodi nents, a
sol vent, sucsps thm&emsein%editrenﬁjthefeesmmm@‘iﬂmﬂmnd comppurigeaidalade t o

ef fect substantlal ct| 58]In. s enb t he sul furization

reaction B@EEQI’STWWS gﬁE’é‘L 5]t8 aB(an(TZ: E}P%thd?&”%’oﬁitsew utes fo %‘f%&?

enbodllaent@mtaaemﬁiabewaoz;aﬁlte@fd@eﬁt1mmrmy be effected by heating a

m xture of the phenol resin, the netal base and the sul furizing agent at a

tenperature from ab ut 50 C t rom.about .75. C.t 0o _ghout 225 C

or from 30 dftut 10 "tsﬁofa% Yenﬁgﬁultecofl ené@?‘t“&?%@hﬁc?@?%ht%n ‘ﬂ% .

sul furi zi pgy ageidsolve hErblica8dn Ediehe BaChdréin. BempashlititRigieRarable @RSt abOUt

100 C, at |east about 120 C, at | east about 140 C %F Ig st . abou

at | east abitable sobpntemstuds folpangsxylensesiclofgrame; 2 base eibdisdlpse F‘?réi‘ft’]%o nis
In othge Hp%g'eﬂi%ptaﬁ ethBr didohdl, ahPaleWkEN B sopiERatbaBRNLE, th@rda§t1c31 occurs [ 99]

In some enbo I fent’s, the nole ratio of the phenol conpound to the

sul f uRdzi mgthagterrolvest. fin gﬁwra@qumelas,ta@olafmv@n be wsed phen the ViR of tspound
~ S a nono g!ﬁ Nk, tﬂﬂt of a sulfur halide is
' consi deredgif%&gdn ?gp& élgive ecu %He\;"\g#n el\é%% nce one nol e thereof reacts

with two nol es of phenol or the i ke. Conversely, if the phenol r’;pound
is a bi phendH7lconpolmruther smbbdirents, h!eftmlfeﬂwﬁiqﬂﬁmF fe@iﬁte%ﬁfeﬁﬁﬁ@lﬁéﬁﬂ

used, the of n ein -
shoul d be nﬁi%‘%e@? ta%r?ymgs#%‘?%?f&? Imgﬁﬁg%g (i@s)eea‘t g%e'ﬁP g(?:ftﬁogdgﬁgnﬂrt%ﬁg: glr%{e will
recogni ze TPRrabrmldehi® Radtion tpheiubi ip iendbhibatebatpomosphdrie pegaire al Aot 109 2

nol es of phenol . 60] In certain enbodinents, at |east one pronoter is
used 25 f3Eite atost M4 %e sul furization reaction.- Some non-limiting exanpl es
of suitable pronoters include al cohols such as Cl1-Cl12 al cohols and

i sodecanol , [RBENOI Sin sBffe REDodiERAROMY Iphénofi6 rdifh fBitekdS8 dbseribathbanaisdr i des
t her eof , allﬁhatlc nitro conp ounds water and the |ike. Ohers are

descri bed disi qutoﬁﬁﬁeYedb%mHﬁW@eﬁﬂd”WP‘FndS@eﬁ%‘afﬂﬂh T‘a‘ﬁB"a’?Sent to those
skilled in the art. 61] In certain enbodi nents, {AR)IP urlzed net al
al kyl phenatd9conpoBhas %eémt?leélalph@ataﬁoeae%@sg% re% FF&C

Formul a (e i Jiﬁtr@ém aﬁtutmﬁéaﬁglg%m% 1e§st%9£rmeaﬁtas@ Bnd Derseqfifuiperabent! e

t ot al armunt t he unreacted phenol npound and the netal sat t her eof
is |ess tleme anbcuhmms \khe Brgction s s hattefhtvlﬂi eylgpe glycal fasorm kg subiygzd 5
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20 Wt.% |ess than about 4 wt.% |ess than about 3 wt.% or |ess than
about 2 wt.% based on the total weight of the sulfurized netal alkyl
phenat e conposition. [62] In some enbodi ments, the method di scl osed
herein further conprises reacting the sulfurized netal al kyl phenate
conposition with a second sul furizing agent to | ower the total amount of
t he unreacted phenol conpound of Forrmula (lI) and a netal salt thereof to
l ess 25 th % t i furized
ot al ol kT bl pibhal LERRE It allits AL SURHEL O Pl B

sul furi zi nompapitivhs cemprise fatifeast one of Binulan (I8 r (8h enbodi nents, the net hod
di scl osed herein further conprises_an overbasing step of contacting the
sul furized metal al kyl phenptgycomposy tigh with cggbon di oxide. This

fecte y passi ng carbon di oxi de
ﬁ%dég‘c%ﬁét’"ﬁ‘%f to about 200 C, from
about 50 C to about 175C or m abeut /75 C to 150 C. Alternatively,
the sul furized netal alkyl 17 Rdhen®teRtonpositionRh@Dbe reacted with
carbon dioxide in the presence of excess netal base and one or nore
pronoters. [64] After the re cb%onRis onpl & (W £h or without further

sul furization and/or carbonatfon), th voIatLLg cfemcals in the

sul furized netal al kyl ph 6TP%an renoved fromthe
reaction mxture as describg@d gbove.l IPe rempvallgf the volatile chencals
can be effected by any conventignattreémdval techni ®lgnguch as extraction
or distillation with or without a vaccum [651The sul furized netal alkyl

30 into the mxture at a te

_ phenate conposition can ed-to1f or mul at WOlz2Prgpare a | ubricating oi
' conposition. In sone , the luprigatjihg pill conposition 10
conprises at |east o 159@*n_ i Hd a sul furized meta

al kyl phenate conposi Lo ge ot%g& enbodi nents, the
| ubricating oil conpositigpn Hur r conpriséxR® addRriigveykngun to be
useful "to nmodify or inprove the properties of lubricating'oils. A The G|
of Lubricating Viscosity 15[2?]The | ubg4mating oi | conpositions disclosed

base oil known to a ski|l
vi scosity disclosed he

| ubricating oil conpositthais haVeXheen descri rtier et al.

"Chem stry and Technol ogy "of Lubrﬂ%ants," 2nd i tion: ‘Ldidbn, Spri nger,
Chapters 1 and 2 (1996); and A Sequeria, Jr., 20 "Lubricant Base G| and
Wax Processing,"” New York, Marcel Decker, Chapter 6, (1994); and D. V.
Brock, Lubrication Engineeripg, Vol. 43, pages 184-5, (1987), albl of which
are i ncor pdewireeich ef M. n abd Mee finindepeadenty garaovglentimpetal igpp gach o6My Hdpase

oil int hifldlwig Eﬂcféﬁéﬂd@&lyqi Jlivalent metal ion; each of m, n, p, g, r, s and tis independently an
o 10 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. '

Hoi | of lubricating
r preparing the

[50] In some embodiments, the sulfurized metal alkyl phenate compositions further
comprises at least one of Formulae (VII) - (VIII): '
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conposition may be fromabout 70 to about 99.5 wt.% based on the total
wei ght of the lubricating oil conposition. In sone enbodirnents, the anopunt
of the base oil in the 25 lubricating oil conposition is fromabout 75 to
about 99 wt% from about 80 to about 98.5 or from about 80 to about
98 Wt .% based on the total weight of the lubricating oil conposition.
[67]1In certain enbodi nents, the base oil is or conprises any natural or
synt hetic | ubricating base gil _fractjom. Some non-limting exanples
of synthetic oils include oidHs, Réuch 30 as pol ya& phaol efi ns or PAOs,
prepared from the pol ynenizati omof ~at (Beagt-spneial pha-ol efin, such as

et hyl ene, or from hydrocar $ using carbon nonoxi de
and hydrogen gases, such T8 ocess. In certain

enbodi ments, the base oil cgaprisesgless than aautyi wi- % of one or -nore

heavy fractions, based on the total weight of the bas€ oil. A heavy
fraction refers to a | i icti o avi NG ar\ ity of at | east
about 20 cSt at 100 C §Sinent< he | Yy fraction has a
viscosity of at |east™§ (5B apn . s 30 ¢St at 100 C. In
further enbodi ments, t the one 0@ gavy fractions in the

base oil is |l ess than abdut 10rwf. % | ess than abouf 5 sw.% | ess than
about 2.5 wt.% less thaR'about R'wt.% or | &s thaR' abd¥iIB. 1 w.% based
on the total weight of the base oil. In still thither enbodinents, the

base of | GABRLI 9 1AC-NERYY: L RELG0 arcQlBRhNGRL Lal 1 embodi ments, the
2 heay .

| ubricating ol onposi ti tonprise a major anount of a base oil of
- lubricating viscosity. In sone enbodi nents, the base oil has a kinematic

" viscosity atl5100 C Irsore ghbodinens, thespfusizesastal allcel phengtegompesitiensdugthert  om
about c ] _2h.cSt, fromabout 7 cSt to about 16
cSt, o? f?@%b%%%ﬁ%ig%§§§?§%9§%§8?®1 CSt. The kinematic viscosity of the
base oils or the lubricating oil conpositiogns 15 disclosed herein can be
measured according to AST 5h4lnv_qyich ﬂé»lnCOSporated her ei n by

reference. [69] In other]enbbdi -nt&¥)&h9 bagse oil is or conprises a
base stock or blend of 5€ Jtockg” YT 3¢ ewpbodi nents, the base
stocks are manufactured uBing a ety of dif ent processes including,

but not limted to, distitlation tsplvent refining, hydr ogen 20
processi ng, oligonerizati onGizbst er iGieftat i on, an@m%eﬂEKEthg. In sone
enbodi nents, the base stocks conprise a nherefined stock. In further
enmbodi nents, the rerefi%e@Hstaak ghal | subst a?i abhy free from
materials introduced tiroligh panulackstsjings, CO i natign, or previous
use. [70] In sonme e @ @s one or nore of

the base stocks 25 in o
Aneri can Petroleun1|nstitEtg|§ edggfen Edi tion,
%€ O | ¥ntPer changeald | t y & d€Mi nes for
~Passenger Car Motor O ls and Diesel Engine Gls), which is incorporated

Decenber 1996 (i.e., AP
her ei n by whefeRr GFCeM,2The r, AP, xOHddelatae dahédmdsva base stock as a |ubricant
conponent that may be manufactured using a variety of different processes.

Goups I, Il _and I1) base stocks 30 are .nm per il ach wi.t.h specific
ranges of tHe annuﬂ%sgpe B&ﬁF@@ﬁggﬂpgﬁ¥“£@ﬁ$%ﬂ§ﬂ§ﬁ %T%?P%Vﬁ &%,

G oup 1V basgisstadllst ofé 6f PthakpRBal®in:ns (PAD). G oup V base stocks

i nclude all other base stocks not included in Goup I, II, IIl, or IV.

D

14



[ 71] The saturates |levels, sulfur levels and viscosity indices for Goup I,
Il and 11l base stocks are listed in Table 1 below. Table |I. G oup
Saturates (As determ ned by ASTM D 2007) Sul fur (As determ ned by ASTM D
2270) Viscosity Index (As determ ned by ASTM D 4294, ASTM D 4297 or ASTM D
3120) | Less than 90% saturates. Greater than or equal to 0.03% sul fur.

G eater than or equal to 80 and less than 120. Il Geater than or equal to

90% sat ur gl%inrhh ?1“3 Qﬁd abe §Fn@d R¥esul fur. Geater than or equal
to 80 and Tess t 01 eater than or equal to 90% saturates. Less

than or equal to 0.03% sulfur ter than or_equal to 12 72] 1 n sone
enbodi ment s,53lhe bassomt pmb@h@pmg,e@ ey eﬁF%PJ@ fMﬂblSB%@@Y’s%fB&%ﬂﬂ

other embodiments, R!is a CioHos alkyl group. In other embodiments, R!isa CpHas alkyl
group at the 4-position of the phenolic ring. In certain embodiments, R? of any of Formula

5 (D-(X1D) is H. In further embodiments, R!is a CyoHys alkyl group at the 4-position of the
phenolic ring and R? of any of Formula (I)-(XII) is H. In still further embodiments, R'isa
CipHys alkyi group at the 4-position of the phenolic ring; R*is H; and each of m,n, p, q, 1,
and tis 1. In certain embodiments, x of any of Formula (I)-(XII) is 0. In other embodiments,
x of any of Formula (-(X1I) is 1. In further embodiments, x of any of Formula (I)-(XII) isl

10 andnis{.

[54] In some embodiments, the metal base is or comprises an alkali metal base,
alkaline earth metal base or a combination thereof. Some non-limiting examples of suitable
alkali metal bases include lithium hydroxide, sodium hydroxide, potassium hydroxide,
rubidium hydroxide, cesium hydroxide, lithium oxide, sodium oxide, potassium oxide,

15  rubidium oxide, cesium oxide, lithium hydride, sodium hydride, potassium hydride, rubidium
hydride, cesium hydride, lithium carbonate, sodium carbonate, potassium carbonate,
rubidium carbonate, cesium carbonate, lithium bicarbonate, sodium bicarbonate, potassium
bicarbonate, rubidium bicarbonate, cesium bicarbonate and combinations thereof. Some non-
Kmiting examples of suitable alkaline earth metal bases include beryllium hydroxide,

20  magnesium hydroxide, calcium hydroxide, strontium hydroxide, barium hydroxide, beryllium
oxide, magnesium oxide, calcium oxide, strontium oxide, barium oxide, beryllium hydride,
magnesium hydride, calcium hydride, strontium hydride, barium hydride, berylliilm
carbonate, magnesium carbonate, calcium carbonate, strontium carbonate, barium carbonate,
bery]hum bicarbonate, magnesium bicarbonate, calcium bicarbonate, strontium bicarbonate,

25  bartum bicarbonafe, and combinations thereof. Other non-limiting examples of suitable
bases includes hydrides, oxides, hydroxides, carbonates, bicarbonates of aluminum and
{ransition 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

30  of an alkaline metal, such as Be, Mg, Ca, Sr, BaorRa, ora transition metal such as Zn, Cu,
Fe, Ni, Co, Cr, Mn, Ti, V, Sc, Ry, 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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in Goup I, II, Ill, IV, Vor a conbination thereof. In other enbodi nents,

the base oil conprises one or nore of the base stocks in Goup II, IIIl, IV
or a conbination thereof. In further enbodi nents, the base oil conprises
one or nore of the base stocks in Goup IIl, II1, 'V or a conbi nation

t hereof wherein the base oil has a kinematic viscosity fromabout 5 10
centistokes (cSt) to about 20 cSt, fromabout 7 ¢St to about 16 cSt, or
from about 3 ],[St t orRbQitantior, tﬁesirneﬁf ba}@%cfédt&%@l’e&%%ﬁn@b&ne@ B&coﬁﬁng
selected fragm'the group consisting of natural oil | ubri cating

vi scosityfo &yamhmttm&n@tal phepéhtegeinpidosirddriy theisslferized oetphalkyl benates t her eof .

In sone enbod a o] I
i somer i zaf’?%ﬂosb ons fqr%etﬁin%b a%?(e @1&’ Zlgf?&i/%j) héﬁo‘i)(éé\/\ﬁfe,‘}ﬁ%9 ﬁgg}eg%{}) ackat e
base StOCE’éﬁcﬂﬂ@bhmed t@ybdmydﬂp&mmabmm@ 2(5rtaalbmnt315htarfrm$hneh@ Sewaboacﬁﬂng) t he

aromatic ol ar onents. of the crude. th nb nt the base
oil of5lu %’g’ﬁ %&s??‘ﬁlcflw&e ?‘C?FQPHPHW S?Ie&%e%"gc é“q‘ghﬁ%ﬁ gﬁ I's
veget abl e p@le} Smbddii@ia bk sRidhfomeiid SxceQramonst dfﬁmm&ﬂ&iasﬂs usdda |le soran d

conbi nati ons thereof. Sonme non-limting exa of an%maéo 0| I ncl.ude
bone oi | , embpiments, whesshe phenof gorapagpg 1s agP 7o pOmpQBE, b met B 15

oil, tall QIéVaﬁ%mI bas8NHe M‘f@ﬁlrﬁu@bﬂthe FIRBI aﬂipohhmotthmeﬁma@isqﬁmpiboueas&abI e

oi I's incllde castor oil , olitve oll, peanut oil, rapeseed oil, corn oil,

sesane oi kbout b6t fersebent§i75 to g@%één%ﬁf?m a@‘t]%ﬂﬁd&?v@‘?o“@)ﬂ AL, Insethen over o |

henp I ' &Pﬁan I gq,gw f oam
oi | . ghchmg#){;cgﬁﬁggsfqlﬁﬂgep%? HI%I L(jrrél%l"‘%’!iﬁ‘laq;j}%yd?logenat ed. agé)en%@lﬁ%%\églgl mting
exanpl es akkalinetesstheandls ramdfltitbqﬂ@udwpmpwndltb thezgagdal bhse ip @ abpwidlxto | i qui d

petroleu ent, LI t oils of the
par af fi ni “ﬁiﬁ &ﬂ%ﬁg%“%gr x%odltg r‘arf a?né%a tﬂﬁéﬁ?@&?%&ﬂ‘ﬂ{rﬁh

enbodi rTentaﬁlbodﬂmemm vieradhe Phdrdl esmepauedis momaphenul soosiung amd thanrmltal badeds

[74] In sonme enbodi ments, the nthetic oils | ubri.cati.ng Vi y

i ncl ude hyRAkalinedase: Siemeole oy %I?@ﬁ‘b%ltcf"f’ﬁ?‘g’(ﬁl Pb“'&%ﬁ"%&ﬁs s%g‘&t?htt"

pol ymgki Z‘igoﬁgdﬁ'éﬂi”a&fm D3l 1Y BBt 280 ofrth laBSut 1avlskayhmﬂz_es\es pol yphenyl s,
al kyl at ed di phenyl ethers, al kyI at ed di phenyl sulfides, as well as thei r

deri vati ves, _anal ogues and er .n_ot her
enbodi nent s, [3¢he s&‘?tcﬁ’@‘ﬂlé P eP c ﬁﬁ‘ggﬁzﬁ‘&“gﬁgﬂ%ﬁpg‘%ﬂ%ﬁoﬁ%?l on

i ntetvol ye&hﬁmseggﬂeisv&%ro?%ﬂﬂuld@(rwa&d mwh&ere@@fofwn,é*rmmfhs terninal
hydroxyl groups can be nodified b esterlfl [ {E Hﬁelfl tion, and the

li ke. 1n fndependentyranden plefaline ko ey Meo Eters of

di car boxyl IS 2 LiRarfhe \Wodth18S yal&{]mal cohol's. | n certal n enbodi nents, the
synt het i Ce%]I P@ﬁ# ncl ude esteers made from C5 to Cl2 nonocar boxylic aci ds and

lit polyols and pol ethers. In further, enbodinents, .the s c oils
include tri I§I7]<yl p%é@ﬁﬁa@éo@g’éeé?s e palfunzingaesrt is 9T CORPHERS ¢ e“%ﬂ@@f)‘ﬂ ¢ and

tri-iso-bybul %atsﬁfur monoL}ZléIldé &t SSRREGSIBRR) BRI ombiddi8n BeRdIIfiaC Oi | S

==0f Iubrlcatlng Vist Sity include silicon-based oils (such as the

pol yal ky| sylfyrdialideriy bsed ap tieymlfiining agonb ey axtya anapntel thsmatl brise o 25/89% | i cat e

oi I's). In other enbodi nents, Qb MGk bdabes ast er s of
15 phosphd%s é’ohnt‘alrﬁgl ﬁgnacI 8%611‘%.%“1%&&1%&(6{? aﬁy'a%(%é g%&ls &

pol yal phagbletrt/such asntlodelselvientk ehsclosed I{eﬁ@}abaacs earghd usekboi effedt subsiantishe

hydr oi soneri zati on of wax may al so be used, either alone or in conbination
with the &%6P¥%aid natural and/or synthetic base oil. Such wax isonerate
oil is produced by the hydroisonerization of natural or synthetic waxes or

m Xt ures the[lsspf ov}arsoﬂleI&yrﬂbbdnmtseﬁwxdﬁnaan@aneam@mcumpmrpﬁehm efirer

enbodi nmen npri.s oI efI n neraI

t he pol y- ; m!& Eéhpg ts?ﬁ'lg an a Pha-o #E%%a%#éd

about 2 t@eaﬁ@atmﬁaxe éﬂtﬁélblﬁéﬁﬁufesﬁ, m@n:&btbhiseaﬂd thesulfuraingaigenttat & t 0 about 16
carbon atoms. Non-|imting exa sui t 9 alefidns include
those der IISPARETEIS HOBLAROHE g‘g@m u{f@@a???ggg LJFYO %’ﬂgt%ebl Ariem T ose
pol y- alphapQliabi F@tormuI@weca Mbmaﬁmﬁﬁaﬁa Mfmzmﬁ gamu Eulﬁ'&]aﬁd tifer om

about 3 to about 12, or_ from about 4 to about cepti s{oke 598 C{‘ In
sone reaction temperature is at least about 100 °C, at least about 120 °C, at least a out 14 a
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i nstances, the poly-al pha-olefins my be used together with other base
oils such as mneral oils. [78]In further enbeodi nents, the base oi
conprises a pol yal kyl ene glycol or a polyal kyl ene glycol derivative, where
the term nal hydroxyl groups of the polyal kylene 30 glycol may be nodified
by esterification, etherification, acetylation and the Iike. Non- [imting
exanpl es of suitable polyal kyl ene egcoIs i ncl ude pol yet hyl ene gl ycol,

201 YPr 0Pl 6t PRLHGBARIAPK B 1akydalo20and GO RARbAMSndnBE R EOf

Non-limting exanplés surt yal i cyl ene gl ycol derivati ves

i ncl ude etsmerlﬁombrqanﬂaqdah&w eriel.ginfoshe @Oéﬂﬂenﬁmﬁﬂ et her of
pol yi sopropyl ene gl ycol, diphenyl ether of polyethylene glycol, diethyl

et her of pol ysgropy'ﬁ@smg ¥Rl Gnd molZ308 o AkiRALG bgwth it esters’ of
polyalkylené | ycol's PRat T ons t ereof n sone_ instances, the
pol yal kyl aﬂﬁmging(agéntm&thbtait DSy alpret QJSydﬁlhe gh@gwomom@swn@g hepobd

together with o ils I al oils.
791 15 Eerenc db e bt agul R iSRRG Bas foLLOR 0 O
dic gr box?/taerghlggmdéodean@e thepdglf Featts imta(md mcﬁuaxfpheml erthallikea | Gopiversely cif thec
acids, a eny succi nj ¢ _aci mal ei ¢ aci a aci ci
sebaci ¢ aghaol qompeppdisabirhend] sopprund, s afiaﬁt?lﬁgkege 6h°88‘d‘5 b :&8{019‘&% oni ¢
acid, all Péé'd ﬂﬁ@lﬂate ﬁu@Sfﬁﬁﬁu @Idf@ﬁﬁehomhqmuﬁd disdichad hawsid shdvad bé inejeavddttly a
variety o

al cohol's (e.qg., tyl al cohol, hexy| alcoh dadec al cohol ,
2- et hyI heafdctaso€d hmauseetmfk@ﬁ%mgih?%rmﬂ ERCRETA ‘gﬁénafﬂ;?feo‘tf%@ﬂ%%
propyl gne %%%ﬁ@hn; N afehes Ij&ggsoﬁﬁ%hdprntlng exanples of these esters

\ inclu e di ate, 2- et hyl hexyl ) sebacat e, -n- hexyl fumarate,

¢ dioctyl sebacate d||sooctyl relate, diisodecyl azelg ? ocC ¥
pht hal at e, dﬁﬂecyl Inzgriain &mhﬁ@me@?ﬁt Legshyame PEpmte dpuseq frofasil M hexyl
di est er Ofulhlr?ﬁ& [ €adt6h IS Hh U RS i e bk sutable préRibrctyinélidd d1Gshols
enbodi nent ase 0| onpri ses a hydrocarbon prepared by t he
Fi scher - Tswhss € fhpgedwls ﬁd@ﬁemﬁephenp p@@lﬂ%%@é@b" pedyandsaty Yy ocar bons
from gases ainin %;%H G USIHRE 2 ddsSEhaIin Tr opsch
catalyst. §E§”ﬁ§ t 3%%3%%3 e quir'e urtﬁ%He p?ocesslng Fn or&gr to be
usef ulisas nhas@udpdients dndrwithbampiddy agrdnh & thystrsbitled boheantay be dewaxed,
hydroisonerized and/ or hydrocracked using processes known to a person of
ordi nary sk int ] h&Eﬂ%% hiigoRase oi
conpri ses ard®Hhr ef i ‘ﬁggPPmbghFégéﬂ%%ggl ?££§%erﬁ?ﬂ% ?mbr g m xture
t her eof . bﬁhpﬁsegnﬂﬂ mrdasteapbenbhmmoem af Farthubii (Dez mietal $atltdh¢repf@aaur al or
synthetic so ce t furth urif Lon t LLgtd ng
exanpl es GP™ Y@?ﬁ?blﬁﬂ%f Eﬂﬁt &&%%m%g%% Fggtly from
retorting n%ﬁrsﬁi !h%ﬁf is Rt fiah abtit 00 ks %}h)ésaltmdbtdit 7 Sortl%, tf:ssmlmnmbpmaﬁ y

distillation, and ester oils obtain ot SARAN!

procesd aﬂﬂ’@é@ﬁﬁwpﬁhﬁﬁﬁ*ﬂﬂﬁtﬁ@FmPr HW%QW?A”ﬁéfﬁﬁ%ﬁ'ﬁpﬁgﬁﬁﬁ %¥ﬁ1%%§£to
~the unrefi St Sf B8 GRIB rided Srct® AIKDY pHRANME cHBpdtitlonr t her treated by one or

more puri |cat| n processes to inprove one or nDre properties. Nhny such

purification grocesses are known to 30thgsg led in.the art such. as

sol vent ext rigél i on, InseEssabpsgmgs; of mefhogisc 5? fegpn e SRTHEE Tan e

filtratiop, s%ﬁpﬁiédgﬁétﬁwﬂﬁenhﬁ%oﬁlbkﬁmoﬂ?&r@a saesd ailfusiziag epdbiodbnerithby
erl ne

applying to r | s " processes simlar to thgse used to %Ptaln ef med
oi s, Suclotalamsfuntef the tnyeasted phera) compound of Formula (1) and a metal salt thereof to ess

25  than about 2.0 wt.%, based on the total weight of the sulfurized metal alkyl phenate
composition. In further embodiments, the second sulfurizing agent is sulfur.

{63] In certain embodiments, the method disclosed herein further comprises 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

30 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
i7



known as reclainmed or reprocessed oils and often are additionally treated
by processes directed to renoval of spent additives and oil breakdown
products. B. Lubricating G| Additives [821Optionally, the lubricating oil
conposition may further conprise at least an 5 additive or a nodifier
(hereinafter designated as "additive") that can inpart or inprove any
desirable property of the lubricating oil conposition. Any additive known
to a person of ordinary skjill | i i i.Ng
oi | corrpog%nf%ﬁg 63 ?%ns?%’af) rg?éet%hn. %%fé&nsw Ig%fﬁeﬂi ?e?%v%%gﬁégggfe%%g%e
descr i bedandordul hetre plomaters. " Chemi stry and Technol ogy of Lubricants,” 2nd
Edition, London, Springer, (1996); and Leslie R, Rudnick, "Lubricant 10
Addi ti ves: mstry,.a lications,, . ( kS 003) ,
both of whi gﬁﬁar e i%@%rq%oég%éja heEre |le?1[é B“fwl?%yf%?{gﬁtce. ir(r%ﬁlsorre&g?n%%{cfi%rrent s,
t he addi t tatBortion)theelatiktchemfcaien thh sulfirired metmhslkgtrhamptodongositoncanbr s,
ant i wear agenté detergents,. rust d&nhibbétors, enul si fif%{esxfolgﬁﬁé ction
modi f i &r sTmAYeE from g X 35 drabed pPRoYEs TS oyl T e Pl s pour
poi Nt deppRsfiadd San He @R tEDBY Myl b Gentiohil dmelQbREAN@IeGhch asdkBmtioaant s,
corrosion inhibitars, lubricity 15inprovers, thermal stability inprovers,
ant i - haz e distdgtionweath orivitbapt 4 YasFBRt or s, dyes, narkers, static dissipaters,
bi oci des and conbi nations thereof. In general, the concentration of each
of the addi gk%;es i NTeh@Ifhi insadl iang1 Pchate @oMASHitidnaan byvied taRetiniaey r ange
fromabout 0.001 wt.% to about, 10 wt.% from abou g].Ql W .%to ahout 5
Wt . % or Drepareabeuicaingoll gorgnositignoln somesmpodigaenis e pbgpating oilcGmpesiiaR ot
of the,l ubri L i POCSTRN Bk a dulferize@tngbhal n2@ of the

¢ addi tﬁgesg‘lgﬂr%ﬁt?%%gﬁqﬁ%ﬁ%gﬂ ng g%c?ﬁ%ov&gdgéﬁ]?%r? may r a_nge_?lrﬁger?Hgbout 0. 001
W . % to abempositnwlischised herin.aboubergmbodigents, the lupHeafing o corposition fortpeim
about 0.1 wt.%to_ahout . g&em[ﬁp I i :
| ubri cati ﬁ%m%rilﬁes?:g%ﬁ%éﬁ l?::I%(V)v)#fto F%%%ﬁﬂgg?}ggsﬁ cati %‘égf e}lﬁac}:%%eggf%&ibgﬁa%ﬁgscl osed

herei n casiloptionally conprise 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, arl. y.be used.in.the |ubricating oil conposition.

Non-limt iAhS'hgyéln%r}ﬁ‘e‘%bnﬁy%%i@fsggﬂlg]anti -wear agents include zinc

di t hi hOSp e, | - i i Eatleast

di t hi 3ghosp3§§1e, mmﬁ".&g@, o‘gg‘?méagf“"gg?ﬁél\l/gsegﬁgre%ﬂh%ﬁ%ﬁ%&n?arﬁ ts of

di t hi ocar baswit ef lubmdatihg ¢iscagity. Zny bib oil Bpown it 2 kalladjaktispn sanl hegrsed as the o

aci ds, boron, compounds. phosphate ester sy, DROSHRLLE rE St EhSn: ATASiSAl S Of
phosphor i o lipriceling vispasits AisgRSs wa"p%%'o%%‘f%‘?aus& Qa%f’%‘ﬂ‘élg {6 propeting A i“%%‘“p‘?%%uct s

01;] di cycl ene?ﬁlpﬂsiitﬁme havchbebin iaplilesiih Morterat h?swmzmpmi Fahidogy ¢her egf .

T i - 0 %. 5

o o g o s bhanbers 63 7Lk A Mg gy oo
about o3 WerdhrichasEste O A bORBLesWRE,0 NewoT ork [IdatculiDéckert Chaptaid, (1994); _

R Rudni o R DLV bBroshdbAegion Ko iecrigge Pb A P Hrp 10808 FOAEERE) Vork
Marcel De M&S@g}%@%&&ﬁ Fgref&@i%.s R332 70 %hd 2003} of WOb£B oil $n he GbrRAtRL @

herein by re 5[/34] 1 n certain enbodi nents, the anti-wear agent is

or conpr i sewpesitiinyarsdamgboud 7 i Benophut-¢. hesedpn siotal vegighd ofthes i e
dialkyl d ﬁ&b@a@cﬁ&oﬁﬂ%ﬁ}pﬁsiﬁ&’ﬂ%‘éﬂﬁé emtggc%n{gﬁfs?&le @hount of the base oil in the
25  lubricating oil composition is from about 75 to 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.

[671 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
30  as polyalphaolefins or PAOs, prepared from the polymerization of at least one alpha-olefin,

such as ethylene, or from hydrocarbon synthesis procedures using carbon monoxide and

r
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t he di hydrocarbyl dithiophosphate netal salt nmay be an al kali or al kaline
earth netal, or alumnum |ead, tin, nolybdenum manganese, nickel or
copper. In some enbodi nents, the nmetal is zinc. In other enbodinents, the
al kyl group of the dihydrocarbyl dithiophosphate 10 netal salt has from
about 3 to about 22 carbon atoms, from about 3 to about 18 carbon atons,
fromabout 3 to about 12 carbon atons, or fromabout 3 to about 8 carbon
atoms. In,further ' [ g ' | JARR, ed.

[85] The hrdtos %?e%{’%g%%*ﬁﬁ r%“é‘gﬂg ?’Ehﬁéhﬁ%p &OHSEBLHZ%%B et éllté’){shgi?’? @]}%El udi ng
the zinc domplieylescthshiboph b ph¥tef csabr moreheavydrdctions, based erytheitdtalcwrigldsi ti on

di scl osed rein is asur.ed. 15 it h hes . ) sone
enbodi manf’g,%eﬁﬁ% Oﬁh&%‘?& GRS T %ﬁtt%ﬁfubgp ﬁ'?%gg?na%&{%;atﬁ%g&%%ag%gn%osi tion
di scl osed ab&it ei 8Sti25 160 WN laketiin GmBddimentdptheoheabp fitctdn has awisSgsity oDahiedsbut
0.1 wt.%to about 0.10 wt.% _or fr ut. Q. 2 %t out 0.8 . %
based &n PP@t?BF%tIOI\ﬂHF%Fb%%3€ﬁ%taitg(ﬁﬁr}%gg{Fiﬁﬁg‘%F%%Wﬁ%%i%gﬁ%qunmf%ﬂQThe
di hydr ocagpRybr ik ReARTRSRORALR HERh oilis Idss Ry abisut PO @0, &gs than sineos dante 20

Wi th known techniqueS by first form ng a dihydroc rbﬁl di t ﬁi&(s)%ﬂos hori c
aci d ( DDPess thas abauk -5t % dawstihangbertd Wi orsless d1an aPapid) ¥t-% h
conmpounds (yuith.; tohe Pﬁhﬁéﬁeﬁibaein{éaﬁs,ﬁlew&%'l rivdstn HeaonNpound
of the rrettag%l, é%% agggsr?og!xiq%gﬁ ydr oxi de or carbonatle of the mat?lo. In
sone enbodiactemt s, a DDPA nay be nmde by reacting m xtures of prinmary and
secondary alcohols with P2S5. In other enbodinents, two or nore
di hydriecar byib8R5 di Inlvextaih emphdimentszbs ibriesting o cpmperiffaag CHIRBILSE 2TRYCT

~ hydrocarbyl aro on..one .are.enti y dikndn Leh hahg the

‘ hydrocarb "8‘%*83%@“Sr?ﬂt‘{%@“"(%{"ﬁ%“%?‘éé’?@yén‘?ﬁ?‘g’%&é’?. nar%’nlﬁéng%har acter. The
zi nc sal t xirematibesqsieparl®ofCdront feutl. hyehtistoiedpht) th atoboYheitgdhron peowadi ds by

reacting with Zj C 0 n so egbodi Se, & basi eut ral
zi nc coan?}H:’dm?ES eﬁgtgf? %gﬁt%(?‘%é’ré‘%%%og? Frﬁg{)tg,abgﬁq%ﬁtd%r, nﬁ&ﬁ%uglb gt%r

car bonat e apdut 25 BSt. IThe UBREhatiSVis&véity Bf thO BB @it ockhehibtisatingioll compoditienszi nc

di al kyl dithi ophosphates may be produce i_al y{a. di t hi oph hor,i c
1 5 1 epissomidrd oo FARRTES Mpord o A MBHASEICE [ HCoRGBRL B of
R8 and RO dsshadependently linear or branched al kyl or linear or branched
substituted alkyl. In sone enbodi nents, the allcyl group has from about 3

to about 30 [%9][] bon RlBIE cRbodifRi ARObse it i CoraBRiptised abasfitk at blead ob[ 88] The
di al kyl di t hi ophosphoric acids of forrmula (lI1) can be prepared by reacting

al cohol s Re®Biocksn dn fothar ainbpdipews, thihkase streksarmpryfagtured usigea yagis ove. In

sofme emhodiaRy € ndt MG RANE diskillathD &llvePRARingERifoeeR8 and RO
are di ffe(raken .Eﬁﬁocgg?sﬁﬁ%}lagﬁ%d?nepts; RSCH gnd’ ROOH react’ wit i P2S5
si mul t2ane puskssing) oligotretivationy ¢strificativhoatidrrersfising RBCKMErrEntRIMMTEse Betbagq t h

P2S5 sequentially.. 10] 89 M, x - I Ads,afey al so be
used. The§§°¢@°&?§@?agef%qed(§{8%g%n S egéglégﬁﬁ{m%’etﬁ%ﬁ%ﬁ%%xy al kyl
~=conmpounds substnsglivefrehm raeniab, inttddecaddi talokyh ohatlfadmings pirtamioatiosi, d5 i s
" prepared from nono-, di-, ti-i-, tetra-, and other pol yhydroxy al kyl
conpounds PO ures of two or nore of the foregoing. |In other

ertodirent s, e 2 ic dial kybh Il gpRoSBIRLE HeLied ALQTH AN UL Y

25  in one or more of Groups I-V as specified in the American Petrolenm Institute (APT)

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
herein by reference. The API guideline defines a base stock as a lubricant component that
may be manufactured using a variety of different processes. Groups L, Il and III base stocks

30  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 L, IL, I, or EV.
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=al kal i nmetals, [ ) .
" the metal thesba@agil MjpbrRatingyviscasly includey natyral qifsiquch as anima gjls.aegetable Pys: t he

r

15 primary al cohol. In further enbodi nents, that single primary al cohol is
2-et hyl hexanol . In certain enbodi nents, the zinc dialkyldithiophosphate
derived fromonly secondary al kyl al cohols. In further enbodinments, that
m xture of secondary alcohols is a m xture of 2- butanol and
4- et hyl - 2- pent anol . [90] The phosphorus pentasul fide reactant used in the
di al kyl di t hi ophosphoric acid 20 formation step may contain certain anounts
of one or of P2S3,. P4 4;&5. 4Pvi i L ISahd mpy al so
contain nigg?ﬁannun §S%FgFg§gw§U ur&gﬁg cer?%?ﬁpgﬁggg?ﬂgﬁﬁé,’the
phosphor ubaspentiasint fisteleinTabietldwlow.s substantially free of any of P2S3,
PAS3, P4S2, and R4S9. In certain enbodi nents, the phosphorus pentasul fide
react ant aleubstantially free of free sulfur. -25[91]In the present
i nvent i om gt TSI A A AR E Tt EBuf (Addoemined 8] Viddhy Tdadd (A@retiihed by
conposition I's|hepgpbban 5 W . % |wesTHD704 W | ASTM BIZALATIN IB42RT 0% |l ess
than 2 wi.% o less than | wt.%]| as neasured act3HMDPAEC o ASTM 13874
[ 92] Opt i onalll y | Leshaal90f satwaiesi ng of Greatsp paudl én | Breu s RS icRd €N
further conprise an additional d 0303%@,“ I ,Anlgl fa¥ ) Uu'thgn oFr—a mnfé()xt --r-‘,%. of
conpounds t Hat §5Hﬁf@ﬂﬂ€@m“ﬁ?mglo iﬁﬂgﬂ SATRHS up NGt Nédeposi ts can be
used as & d&;er“ggﬁ S&@E OG5 Tty b eS| Blcars Watt sFi IR0 ST gENT §
i ncl ude polyoleéﬁ&ﬁgﬁ%stl ut ed sucgdsplsfkees or succi nam des of pol yanines,
for instance potyrsobutytene succini m dés or polyi sobutyl ene am ne
succi nam des, aliphatic am nes, Mannich bases or am nes and polyolefin
(e.g. 5 polyisobutylene) naleic anhydrides. Sone suitable Su ci ni m de
detergénts d7&d desdﬂﬁ@é@ﬂmhm@89@@4b%?mEP@Eﬁ?@%ﬁ?°¥Fﬁﬁ§§?8§,3&%@@?%%%8
EPOSS7561 12l 1P 81188 Cor AlomiHlaitibieRtoR! A dies OBRIIALRS bt bl by

n Song ehbd

reference. iments, the detergent is a polyolefin substituted

el

- succi ni m demprise$omesorpuiry pEthb base|stocks infrenmiLilg BY ospprmbiestionithareqly n

| f ' ially . B! i 1 and
R e A e e e P
f rom Cct eV Cps panbihition thebdufeitesiethe bi€)oil has a king@htiSdsesitofioniandytiong

| f sujt tal_ d o] d | j ' i zed
SRy e SraiRgte et 2GRk ot REstSP Sl 8 S SR BB IS 280

sul f onat egpous Wk Eevak z@Pr tnsul furized netal salts of multi-hydroxy al kyl
or al kenyl aromatic 15 conpounds, al kyl or al kenyl hydroxy aromatic
sul fonat es, 38) f uri‘Rbass oilisybé seldctadidm fglgraup cahdisinglof natpiat dibneft es,

metal salts nc_ al kanoic acids,,nﬂ@g#.salts of. an alkyl or alken é .

mul ti aci d lubsisefingrrasersaty) syaHhetp RYS PIIEPIGHRg VIF@st S BB TSOPAE ABASTY mi ti ng
exanpl es @f psuidAR! B BRE 8l1 i8BIRE BAB LBk Wb biEictheriaatidnwfajaketic wax

sal i cyl ates, phosphonat es, thi ophosphonates and &gnﬁl ati ns(%GFr%gkf The
met al 16an abdslagkywareaswelkas hydpiceickee basgistosks wedusgd by Cracie @A e or
phos phonats&vslﬁte}gtp%g%ﬁhe M&aﬁé Hd s BN BORhRSS B childe! AbbtBerBRiRLiENdRS! Ude

ne netals a ransition netals. In_sone enbodi nents,

amount of t.he detergent ity be 4 ; 0Q RRMbn I8S8nd han
1000 ppm "Hiagd “aoﬁ]g%ﬁbve%p mS?a?Pg%glet %néinc %%l%g?ﬁ&%%g%g on the tota

vei ght of ekdipl@Foflakifaial 68¢ intiyde boneadlniaoslin, fisknoil,[lard 98 ndolphit oidi sedlritils shaglhe

anount of the detergent js.from abouyt .0. 001 %%t L & e om
bou 25, 0sihiElIgy pi S eled e o5ie TP B oot 1 aeBE s hlas G P,
based on tfiesitveloR] peARIHGINL rapbscbd il doh 6ik; aésamg ofl] dottonsepdeil, tsbyhean Sdire

sui tabl e detergents have been desciibe in anfi .r.et.al.b " egistry and
Technol ogyuefovenpil saiflorer oil hampredl HpssAO oil SHREL OEgiop RikdPIOORR%APE, 3 7 pages
75-85 (19980 el GF $120 Bils RAYRE SlkcialfOor taltpljciagehand S drhema it sty

and Applications,” New York, rcel Dekker, Chapter 4, pages 113:13
(2003), bexkmplés eimiokrabeils inehadsy Gorat o> #syd; W%?O%fléiuéﬁafgﬁofﬁlg’s‘iﬂslaﬁg
certalp e %E’Rgﬁtfﬁt%%é br ﬁ?—tr!eeﬂgf IRk B8s & the FRIBAR! Adpfithehll S p&a pahiefidin
conpri‘Ses "an ant1 oxi dant that can reduce or prevent the oxidation of the
base oi | . naplythéfe types. In some embodiments, the mineral oils are neat or low viscosity mineral

oils.
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anti oxi dant known by a person of ordinary skill in the art may be used in
the lubricating oil conposition. Non-limting exanples of suitable
anti oxi dants include am ne-based antioxidants (e.g , al kyl diphenyl am nes,
phenyl - a- napht hyl am ne, al kyl or aryl al kyl substituted

phenyl - a- napht hyl am ne, al kyl ated p-phenyl ene di am nes, tetramethyl- 5
dianinodiphenylanine and the |ike), phenolic antioxidants (e.qg.

2-tert-butylpaenol
> 4 6-tri-i r S out y?%%mg%ﬂyd%xnéntgltg% g&ﬁfeﬁu%wl%%wscosny mclude
2 6. di t er hydreayboindisahd hao-gbstiatdtiydrstsben o ckifs pobyerised gidinemol )

4, 4" -t hi obi.s(6- | - ocres

ant i oxi daﬁ?lé'&’flezeél OEe%éf’laQﬁ’fl et pofyﬁiwng&p %hgﬁjﬁgnyéﬁﬁ%’%ﬁﬁéphenol ic
aRtl o>r<]| dadiph e@mdﬁﬁﬂ@ , dsiviedl) as thﬁﬁo@aﬂmm&nbhgmﬂ aa@hmnmﬂogiamﬂlsre(glé agd the
phosphite the 1 Z|n te ubl e copper
corrpouﬁdsﬁg‘i’lghé’(t)tf% g?‘i“&ﬁ%t; %@H@iﬁﬁ?ﬁﬁ‘*%ﬁg eBSm dant may vary
from aboulnt@p&tmeds; z%gbl?m@ﬁ ada.l@va\ﬂ&ze%erusmeaémﬂetanﬁﬁl Mdr%;ﬂ graupstin 5

Wt. % or from about %to .about 3 wt. % ?%ﬁlﬁﬂ on t tot | wei ght of

the | ubri bamodied by egerfisation. phrrificstion andithedilee been

descri bed sﬂnﬂhétl@ St ficfide ARG i&f dlc!fzrﬂbgfcjrlféaa!afds AFMiatiaM&S of Mﬁ tIﬁ )éex%ﬁl
Applications,” New York, Marcel Dekker, 15 Chapter 1, pages 1-28 2003)
which is pmb@mpemtatth@yn&mm wlﬂm;wlﬂ@ﬁf @rte'éﬁeed from 41 fq ¢u§@ﬁecaebﬁ¥éjb¢ Addtand the
anti o}, dagly L8 ,0f b GRS Sn AukALYbRAALAS he3gBed s MAlidelulaliyng exanpl es
of sui aryP ne corrpoun I nc e di ph nyfam ne, phenyl -a-

napht hyl aphamphataésqulods adchcisariyo-tantylphesphate land ti- abmhpbﬂpwﬁphenyl am nes and
al kyl at ed phenyl -a-napht hyl am nes. In sone enbodi nents, the diarylam ne
conpound i s [a§] al kylhao;ndexﬁﬁocﬁmpime,rttu‘c smlithwe'c oiltwef lcﬁmawﬂrﬁmamﬁipd@nd may be

'l udi ngobansbba SRR P R reako T Al B el gt

al ky| at edafl #tieiRydiR)I IA@%het abliments) s emitede bils hdodaliquid ésfers ¢iR10) X  (R11)y
(1) 25 wherein each of R ,and 12.11 is i endent 0 :
aryl alky| PRYBIFuHsaptayg ?‘Bﬁ%ﬁ B}W“?%h%ﬁ%@f%@ogﬂpﬁ%%ﬁ}lﬁb%ﬁghﬁﬁfo about

10 carbons atons; or a Ji.near, or hed al.kyl havi bout 1
to about 24 &8 pon Basppide Y?é}f@é‘?:ﬁ‘ g’?’ 158??8“%/&6?%% Y @hﬂ@%n%‘g‘fe SHper’ s or

3, provi dﬁ}éné%caﬁlbﬁlmtwﬁ%eef&éﬁaialﬁuﬁmgmp@hﬂieﬂ@baeoar ghalwd group or
a linear or 30 branched al kyl 1g];roup In sone enbodl g BE| each of, Rl and

It" is inifeperirail is produced ryihe hyjroisomenization ofi natyrg! Pvazesiqs KRS 20,
from aboug]efleotf ok 8 hviiroRimal gtg%tabout 12 car bon atonms, or from about 4
?’oms %F 8?

t o about carbon a n some enbodi nents, the al kyl at ed

di phenyl am ncl @ Qbﬁ 81 Halddin (PAO). In
di pher%l am :;[97]. bi su]Sil cty egF%gbchgﬁ%nd;%g&%Eﬁg b pn %1 I<';1ﬁtyﬂed/ but y at ed

di phenyl ageneenl, thepaly-alpha-olefios mar e derived drost Bhaede (§<?Tpr| ses
~a first C%@?E%@Iabﬁ{m &4310 \Qf‘ﬁ&ﬁu %@E@ké@%bdﬁat&ﬁ &FE&%&N Iy

octyl; and eac X and er e I ments at'ed
di phenyl aexmlmfpnm&a}o@r slphmaléﬁnmmphdmﬂhosn‘dehwmre oftede, \dﬁ@ne, Iea@heSof RI
and R is tﬂePe% erl y ese%oly—aﬁ&la-ﬁaﬁns n?a];y Havel gflsgosit? fr%m albgut 2 to about

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  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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still further enbodi ments, the al kyl ated di phenyl am ne conprises a third
conpound of to fornmula (1) where RI is octyl and R' is butyl; and each of

x and y is 1. In still further enbodi nents, the al kyl ated di phenyl am ne
conprises a fourth conpound of fornula (1) where RRmis octyl; x is 2 and
y is 0. In still further enbodi nents, the al kyl ated di phenyl am ne

conprises a fifth compound of formla (I) where Rl is butyl; x is 2 andy

Firsi conpuEe ofSuERuRT A ssh e AP AL EEULBREA PTOIFIRABREIRED ' 171 1

conpound @g. anethyﬂm&mbf pD‘]ledimﬁ}Qﬂﬂhe glycol, ﬁ@heﬂyh etberaf gplysthplencigimenit dsthyhe

anount of the di suc he .al k

di phenyl a ﬁre%fpoﬁw}/qugn? %B'F‘ﬁg%fyﬁbonffl d}g@%&é)oﬁ%ﬁg\ég’o&’f’%%kg SPICUS s at
:east agohﬂd %rﬁlblﬂﬂtw%% thateoﬂz gals&maﬁ@aa%ce@ tﬂ% palyéakyolate Qlﬁﬁ]scbr ;a)muqtyb meg}yml % at
east about 4 w.% at east out % as A;
at Teabt asiivamey by uss togethernh o Siluch R??Y' olphr seE ot
based on fie total weight of the lubricating oi I conposi tion. [100]
The lubricating oil conposition disclosed herein can optionally conprise a
di spersant tiht Cang,Rh@ke BinbSdiMeste the/BdsE bit Bempritds AfyThelRRASIt s by keepi ng
particles suspended in a colloidal state. ﬁfﬂif/ di spersant known by _a person
of ordi naﬁlyarbkﬂhc amds faw, phthaligagidpmcsinic gsidgalky] smem s, ellenyhgpcginic

conposi ti pes H&Fﬁ! ta.%éqgc %&‘%&ﬁ: Ria, sipbligblig fﬁ!ﬁ:\W'ﬂ&lﬁic'a@ﬂ HAGeR! kenyl

succi nim succini'm des nodified with other organi ¢ compounds,
al kenyb samddnmam:dﬂemcmddfalbd nixjonfoesidst ﬂhmyhmnkonwapﬂds,@nﬂuyheéﬁe)‘ﬁﬁhbonat e or

pont aer yt HFTEHTCHATRERG SUEYRTpEpESt Sl SR DAL F 2L SRR BPotel,

al kal i nmetdlklens glieol ecﬁethjrlkﬁ glymmhoet&kkmbp)ﬂme@ycbh amtha liké)o Nondsnitidg

di spersions of hydrated al kali tal ,..barat es i S i ons .of

al kal i ne- @a%n%mesr?égﬁﬁe Fhrsinglude ﬁ?ﬁ?ﬂ%‘%’%&@e@%&ﬁﬁgf)ei’F%aé%flén'hB’?'r}zyI ani nes,
Manni ch t yipearste, g6ty d6kadate nﬂ@w)&e bukkSate, Alis@deByl ragemtb m@mﬂﬁlateaadecyl

conbi nati ons thereof. The ampunt of the di spers y var%dw{] about
0.01 W. ophthalatsoiigicay! swbage, thegrstadbrry! dictier ‘\thn@ gg] ‘or from

about 0.1 wt.%to about 4 w.% based onthetotal i ght of the

| ubri cati ng 188l corfpasiher eFd O%ﬁgséﬁq‘?a%?%%ﬁl@ﬁ@?%g% aﬁ&&@fﬁ@&@%&éﬁn bed
in Mot her I HPBRsST e BiRGherl SRIPRA i,gfyaatg 20 E@gtlon
London sﬁ‘?f’hneggr“’ PS¢ ap?éess Ll paggs g% Oﬂ( 199 ; esl ?%s R. Rudni ck,
"Lubr i cantonteing hv@ggen@‘ﬁéw@ﬁm yoaeridegprg %:Eﬂﬁ‘%%ﬁ?mps f-kIheffar cel

Dekker, ﬁ‘h}e [ [ ted
herein b;(/:HftB er ence 9?%@’?% Fg]igl’l glgglll}\%ﬁgﬁtt bggsr?p\fégs?lgtg?%nﬁsdl lik%%gglg%@her ein
can opt i ofelhlysirocarhpusizsy te demiagtd, bydrnmmném@d, anflat hyshpcrhcked psingprofessest i on

bet ween VI parts fri i fier known by a person of ordinary,
skill in nBé%‘é‘?ﬁ" (i%ﬂ I”!tjbrl cating oil corrposi tion, 10

@\Ionhmtm xarrp bIef tlo
- carboxylic gﬁﬁ alﬁ'&?%gf b,%(? a ¢8 oFBgﬁsfe%gémg (Serd% é%Iegign%Plsl
am des, netaéﬁ:ﬁaaloﬂsoxanﬂmMetﬂerd@ﬁ)Umfeﬁﬁaicms aeaethm»}atamddamﬂy frmmaﬂatlmhl- or

tri-alkyl sub ti.tuted phos ic agids or c..acids; der vatives
(e.qg., esPepst e'é?rf‘ﬂ‘é%e ““FJ’QPEM%HH“? Sﬂfmttﬁ’@ §g€°“gfﬁmmﬁ8 Xarhplps flor
tri-abkyl ;Sifisdd didtRMdRRAAL BRY bitaiasd dHfechy ﬁaﬁqs@hﬁglogeramﬁsmﬁmmousdl - or
tri-al kyl substituted am nes; nono- or di- 15 allty Ituted am des

and conbi fbteinehdirectle test rimary distlationnent o5 pls bﬁ%‘éedfqlﬁcﬁ S BPRABI f i er i

sel ected LLOMAbRG &B%Emﬁmé& Shthot fndler AbhBRA! ReHA AR%re Sinharsluas ed

al i phatic am nes, aliphatic carboxylic acid am des, ethoxylated aliphatic

et her anmi mﬁn@l lel@attqpt:ﬂle §¢m@xmecbemﬁm@er teflaipd by one ewpeieUrifigatioRat i ¢

car boxyl | , L HEH pioBLs¥esHhd R to

wherein t SeStﬂa. (‘:)g%m %t &eg%g%%gont Suc{]ﬁﬁolrrl%catﬁ% oei)oetjt el ght carbon
30 those skllled in the art such as solvent extraction, secondary distillation, acid or base

-a

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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20 atons so as to render the conpound suitably oil soluble. In other
enbodi nents, the friction nodifier conprises an aliphatic substituted
succinimde formed by reacting an aliphatic succinic acid or anhydride
with ammonia or a primary amne. The anount of the friction nodifier may
vary from about 0.01 w.%to about 10 wt.% from about 0.05 wt.%to about
5w.% or fromabout 0.1 w.%to about 3 w.% based on the total weight

of the lubricating.oil 25 conpositi.on. i | 64 hdBesendi fiers
have been%ﬁ%‘@%ﬁ rﬁ%?i'mreﬁ MBEREF SSE?O%% 33?0 %ﬁl@@%ﬁgkgw%%ﬁ%g@ogj}y of
Lubri cant giréctetind réxtlival ofspetiaadditings a8 vil bgekdov@hppdwets. 6, pages 183- 187
(1996); and Leslie R Rudnick, "Lubricant Additives: Chem stry and

Applicati " New Yark rcel Dekker, Chapters 6 and 7, pages 171-222
(2003), b%ﬁ"ﬁ*’“\ﬂﬁ‘% ﬂaﬁ%‘i\{gﬂ"@or porated herein by reference. 30[1021The

| ubricating Qil conpositjo i sc¢l osed. herei n. I i,5e a
pour poi nt o(ggr essa h%“ﬁ%’f’q%eglﬁgﬁm\é‘\%%mtl Re™ Ogil}ro(ﬁ%%y%? Q@h%ﬁﬁe%gglﬁ%gtﬁ ing oil
conposit i aaditiWot apasdifi@Thatnafp desanmnd ak fialditivey) thatwen Supartafr inpoiveamy skil |
in the art may be used_in the lubricating oi| c osition, Non-limting
exanpl es 8Fsi2bie PHIERY phle 1_‘B’G'i°‘i"ﬂngd)él|cﬁ°€’§’§§ﬁ?% A?Ynﬁéﬁ“aslkﬁ%‘r’%%%%r“ fllpat es,

al kyl acr ylfdy Aol WBE st nidy Ho¥ hisdiih frRqadtlcatiss $ibtospEsiondifdi@td Agramaf fin

phenol ) pht hal ate, condensates of tetra-paraffin phenol, co ates of a
chl or i nat Sempavitebleiaddifiveshave pernissatbed Brorsh#fidhat "lfﬁ’é‘“’t?’tfé’?gg‘rf}fs”?‘%@’g me

enbodi Ment g, 4 ha PO ERINNT o ABR! G588 (199PIMEESIAR. RididkerBbvicay acetate

copol yner, a condensate of chlorinated 5 paraffin and Bhenol ,ﬁgolyal Kyl

 styrene owddiveest Chemisithendadpplicutionts,” e Yok MgesehPekkepR8eHabath Aayhigh e f r om
- about 0.01 w. %1 L. %% %@!E%Q L) .% or
from about”g’P rgﬁd%??et?}gﬂgﬁ%%?%' %E;Orq as ggﬁ%%’ teﬁgﬁ% g%@a‘Faﬂ\Abg?gﬁ%w%?%heo
| ubri cat i g g@odp casigigidf zotioxiGatsparsineardgentspistargeptsi nst igbipiters glemudsificave
been descr.i.bed in.Mther.et al., "Chem stry and Te 0 . Jubricants,"
ond Editi & oF e 1S, ?ﬁ'ﬁ?‘ﬁﬂ@ﬁ?’”&ffﬁﬁ"@% Vé%“%lggi’é@e"f?%ﬁ%’%%‘ ?ﬁ'ﬁtG); and
Leslie R dbpehRinfi foam HBIHiOaN mcAlfiatbiixess, dEpervinss, yrrasich iAipltors.dubmity, " New
York, Marcel Dekker, Chapter 11, pages 329-354 gzoo‘%&.tbotg of V\:gi ch are
i ncor pér afBRrOKES-dhsimgl stahality irproxe sﬂ%@%‘fﬁ@@ﬁ]’ﬁ?’i T8 PRGBS DESPYSTT on
di scl osed shat gkiipfas HRbdRRAd LomKipdivnt S8redf darBehailf he torcbitation bf pichwdt e

oi |l -water separation in lubricating oil conpositions that are &3 gﬁpsed
to water #e addisiaes ingbslubreating pH perPosHisRNVRRR uwed ey sangsrogt thontP Ok RE in

the art ”g?'aﬁ%ﬁt Wﬁ%& ot Aokt W1 &2k k' EboRt § we 94TBPSbihiaBut ONOWE J6iteabduR 9.5

exanpl es sulta emul sifiers include anionic surfactants (e.g.,
al kyl - naphttf¥albased os.dhef totahweight ofl the/Jubtiesting a8 cempasifipar Fyrthgicthe frdalapopst

noni 04, B @it & Bl BN o3l ion o TR Do d 1oy G

(e.qg., " poly ene oxI pr opyl ene ox copolﬁners of
et hyl ene @Riwd@s, fddh shoapl.hEne Yotoiatieutd i dvther lfiokesdboutds t wt.% tofab@it|S widhubl e

==acl ds, polyoxyethyl ene sorhitan est.er and comnbi nati ons thereof. The anount
“ of the de%eéiofliﬂb%/m Ve‘#gtr‘{?ﬂ?ef BR’{I‘?%'%?&B?IBEOS%P%tO about 10 wt.% from
about 0. 05 %to about .5 wm.% or from.about. 0..1 wt .9 . . %
based on t hel’tht al ?\’%ﬁ{j 22l gPhgf"lflﬁorf’ﬁtfo@%%c%é‘e%%‘%m%8aer°oDséi) %?ﬁg%t&ﬂ%%rsréém}"ﬂ
sui tabl e @eiiylesd doe@rtha chamaubheribtideadrekbasive wedvb g anbiweat agent Kilosmibytar y
and Technol ogy of .25 Lubricants,” 2nd Edition,. Londgn, Spr.i.nger, Chapter
6, pagés Powenfpriipgyskill et pay %‘@8&%‘&‘5?@&"#@5&1 ﬁowgﬁlﬁqﬂg_ﬁg‘?ﬁe.
[ 104] The hilidCddainp s BF bui@BIRRRE WehOdkefls St Qthc ighRbRospidie, affdl ga gl Py,
conprise a .
Sb, 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 salts of phosphoric acid esters or

30  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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foaminhibitor or an anti-foamthat can break up foans in oils. Any foam
i nhibitor or anti-foam known by a person of ordinary skill in the art may
be used in the lubricating oil 30 conposition. Non-limting exanples of
suitabl e anti-foanms include silicone oils or polyclinethylsil oxanes,
fluorosilicones, al koxylated aliphatic acids, polyethers (e.g.,
polyethylene gl ycol s), branched pol yvinyl ethers, alkyl acrylate polyners,

al kyl %?&Eylw@%b hﬁﬁ%{émp%gﬁddfwammﬁg @mamgpzmbﬁasé@aantabar eof . In

sone enbodi nents anti-foam “conprises glycerol nonostearate,

pol ygl ycoanqaarbmagattsehava begr deisaihed #Dh@ﬂlhﬁoﬁﬁgg%é‘\@@" icgf Aditaes: fhe@iffy onat ed
ricinoleic o WRRAG] eat e,

or ¢l ycerolfil‘g‘wpq caxl? n@ %g%bgﬁ{cewé%}é %@é&ﬁ%%@%ﬂ@%ﬁb%ﬁ yg%)rom agéout 0.01
w%to abmcrbxpﬁratudtfbﬁeﬁbmwfemhmat 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 |ubricating
oi | cosrposi t[84jn. Sdmeertain tabbddiments |th6fmedmmtb@en01dmwﬁéﬂddﬂonarhﬂt her et

glpl‘l nger, H}&%Bfﬂ%ééﬁﬁge ?}%hgg Of %%@é@]}%?sgﬁﬁg I ncor pora?ﬁkgﬁherel n by

r ef er encethe dinydfob®}1 &m@)ﬂhu@hmaﬁm galoinhy bearpalkili dratkalihseihsedalher ei n can
optionally conprise a corrosion inhibitor that can reduce 0, Any
cor r osi onEEE LBFL %ngﬁn%ﬁﬁngﬁ?s%@% %F?ﬁpﬁér@ SERF P ?‘?‘fn* {5 tg?t may

be used i pheta Adeblih S@E Bsbddither® O BRARI F;mp olNeB dihiyéotirbyg mmgms@aatef
suitable corrosion inhibitor include half esters or anides

dodecy? sutrstahsalt hag fram abpwishiesbestescaiben 2RsHH aRvhE &yabogi k%/?afboﬂ atoms,
i mdavol i ﬁ%ﬁlhab @tr3ct9§5&ﬁ§2%91‘ﬂm?%ﬁfs r@tﬂoﬂ{‘%ohmfo%gut gighoa s 19 furitlee
corrosion In itor may vary from about .%to about 5 w.% from
about 0. Ombwdigsents, tedkni wmls%eaoprbmw&bout 0.1 w%to about 1 wt.%
based on the total 15 weight of the lubricating oil conposition. Some

sui t abl e cor[8%lsi on Thehmvuhorlshddibnedrichyl dé@@?ﬁoblé‘@tq metpsal e ‘@#ﬂgaﬂle zine

e 6B BRSOk AP RABRE il HAfb R BRI, pREARGET

ref er enceby 1ts phc{sﬁlﬂﬁi)ho’r‘dma:dutdnt i Inabine gmbodimentspspitosphwsphoses cogtent ¢féhf€| n can

S S B e R S R e S

Pr essur e. fhmyabBXi0. BWE%Ab aB&ut 08 03gea  or Kvaaboby). 2wt o ahowt 0. owdienbasyd eki | |
in the art may be used in the Iugrl catjn oil conposition. Generally, the

extreme piedeahweighof thejlabricating,p) can conbi ne chemi caI ly with a
metal to forma surface film.that prev e weld of erities in
opposi ng nett@®l sur {Hheekhydrerar YH%&HO?}:{? %‘Hslﬂfﬁ‘ﬂ’bﬁgm aé:gorg?“

sui tabhe QxhikaRn %ﬁﬁ&&é’s%y%ﬂﬁ%x&mg\éﬁhﬁ@&o&#t}ﬁuiﬂnbﬁd)sgﬁud%&lmdqmﬁ&ogget abl e
fats or oils, sulfurized animal or vegetable fatty acid esters, fully or

parti al | yuesilpby fdastingcne oF 508 ofialqobals @pd phsnolrompatngdsayith Bess and then
~phosphor ug,, %L%mezf&% Qli$Hp A %chg; B QPSS mBE], itH 2k bl 6ide wh}dﬁdez)ed

i Di el s- Al der a furlze oentadlene sul furized
co- sul f ur carbehats oﬁthﬁrmstab finfseme ymh@ilmelets,taeEBPé meky o meadp b&tﬁ?ﬁ%ﬂ%@%‘l‘@f ¢fhs,

cosul furi zed bIe ds o a
functi onaP ?ISYL?B 10 B%B]X‘agﬁngl)b ﬁh%gﬁh nﬁjygél{{ ﬁf aﬁ;&bdoﬁ% gﬁ)hii/rggs
t hi a- ket oﬂmoplﬁﬁpﬁdmcamd@em«nﬂqmmumim ﬂ:edxmhacambyigrcaweombnmc ﬁmmehyves

co-sul furi zed, bl ends of terpe e.an I|c |ns and i de

ol efin pr&tapday ma‘ﬂ’?“i’i“éte%%‘}‘{tg 8¥ ﬁ%d@'gﬁé’l %0%1 er%nncr)erh?? i 0 hgsphorl c
aci d est ecgarafid. TRHBIND 341is@As bé pepad fronihe ampmﬂtam,sﬂ dtthieplﬁ)sph@mcpis®$sur e
agent may vary from_ about 0.01 wt.%to about m about_ 0. . %

w.% fr
to about Seagnmiting Zne sompeysdt I‘D”I“W%W%%gﬁlﬁor\ﬁzne%ﬁﬁﬁéﬁm@ﬂmi‘ é

total wei gty @f ofhBCenhibRichGAL, bh Oxigk, hyBRARRYE birbohateT Mo SHlideabl € extrene
pr essure agents have been déscribed in Leslie R Rudnick, "Lubricant

Addi tizy gbﬁm St Iy <gid eémabﬁﬂeﬁgl ANsolin1dNems Yand, dilesphelphiekinay be Chapt er
8, pages 22 5 258 (2003), which is incorporated herein by reference.

[ 107] The prodbedddeam diglks] dxﬂmhgaﬁmpaﬁdweﬁww@dvyrf@%{l% IDan” optional |y
conprise a rust inhibitor that can inhibit the corrosion of ferrous netal
surfaces. Any rust inhibitor known by a person of ordinary skill in the
art may be used in the lubricating oil conposition. Non-limting exanples
of suitable rust inhibitors include oi2k-sol ubl e nonocar boxylic acids



10 (e.g., 2-ethyl hexanoic acid, lauric acid, nyristfc acid, palmtic acid,

oleic acid, linoleic acid, linolenic acid, behenic acid, cerotic acid and
the like), oil-soluble polycarboxylic acids (e.g., those produced from
tall oil fatty acids, oleic acid, linoleic acid and the like),

al kenyl succinic acids in which the al kenyl group contains 10 or nore
carbon atons (e.g., tetrapropenyl succinic acid, tetradecenyl succinic acid,
hexadecenyl succinic acid, and th gike);0%5 | ong-chai n

alpha, onmega- di car boxyl i c acids havi ol ecul ar weight in the range of
600 to 3000 daltons and conbi nati ons plereof. The anount of the rust

i nhibitor may vary from about 0.01 wf . Bt o about 10 wt.% from about 0.05
W.%to about 5 wt.% or from aboli® 0.1 Wt .%o about 3 wt.% based on the
total weight of the lubricating oil conposition. [ 108] O her

non- | i m t iwhgrexanpb£R® aifl RS us indépeadentiyiinearior biahched alkpbinliiearvo bizonhesd 20

pol yoxyet hyl sur e active,agents such as .pol.voxyet hyl ene |.aur vl

et her, poﬁé%§§§ﬂﬁ§9iﬁ@sﬁPﬁ 0@?%8%8@38&%@??“%%??%%?%? g*%ﬁgmﬁgﬁyl Shenyl
et her, pohyas\e bl 66t 3a6 apdut 3lvarbph agbdser , pol yoxyet hyl ene octyl stearyl
et her, pol yoxyethyl ene ol eyl ether, polyoxyethyl ene sorbitol nonostearate,

pol yoxyet hyl epe sorhit ol no- ol eate, and | vet byl en | ycol, nbno-ol eat e.
Furt he%/ non-PPhi ¢ | n@‘eéﬁﬂlﬁg&‘ggoﬁ’f”&?ﬂf 3%?%0%5%(&? ﬁ%icﬁlﬁﬁ%&eﬁﬁ%{# P i ¢
aci d and RoIORIOH aid B°GIT neth P, Sl winrbRXyld R schdifineetbabe. sSinapme fatty acid
am ne salts, nmetal salts jof heavy sulfonic_ agid, rei carhoxylic acid
ester of ﬁ@b%’r?’&?"?»cl{g"l“@dﬁ oFe ﬂ’ﬁﬁﬁxi)hlé‘é)ﬁ%??’éo‘g’é’f”é?’% and ﬁ[b iﬁg‘g rﬁ‘¥ts Ihre
- enbodi menfgmet Bepddihidts RFEONGNQRPOFIGERS Fith IPOS), sGRMRNLGSS. 3 stIERsthed
tmultifunctional additive. SQome non-limting exanples of suitable
nul ti f uncembedimertadt OHand R Q& rgad vath Ra8r segeaptialy nol ybdenum

di t hi ocarbamate, sulfurized oxynnl%gdenun130 or ganophosphor odi t hi oat e,

oxy mol19 bdenUS?InonogHixieses efdiydepxyhalkyl iserspennds ey Risp he Bsedml Bese hydroxyl
i ne- nol | - cont@ipi -
am ne- g%#g}?me%oigfﬂﬁﬂ%&%ﬂk rb80 s G iARAS YN

conpl ex co n cer odi ments, the lubricating oi
conposi t i dialkyblithivipbespharic dcaiads prepared frominnonot, diteli-i tetpr-cand othespelghydroxy
non-limti exanmpl es of. sui tabl e vi scosist V. index i o .
ol et hadig) SEBRBeorSu e e o PEAT ool DL I NBbRA e
st yr ene- i sopdaigldibjpphysprits dedived fairechly pyimeryeiyd elooisrieis degieidyfroen g single
pol yi sobut yl ene d di.spersant..type Vi SCosity i.ndex. L,nprovers.

P713) T80 ehmenalsBa: R AvOer Gy A PR ST AE0e! RO RS aq
| east a nedr@din SEBHIhAd, Ghe ziSO dRIKYMthi dphbdphate derk@tFlogsondf sesvindagbhleylmet al
deactivators include disaljcylidene propyl enediam ne, triazole

der i vat i vasohain ladurhes Fabelimpta:thar duxtugf speop YIS ARxDiEt ok

10[ 1121 They@gldiahd ¥ 8ot -3GlpBR6l. herein may be in the formof an additive
concentrate having nore than one additive. The additive concentrate nay

~conprise a Zyﬁ]t abl erygli Jhb§ikbrus pesthsuidee sYAE Rea500R dRilyldiiicpHbdphBHE acid
' viscosity. Such diluent can be selected fromthe 8ro§§ consi sting of
nat ur & ofdrmatien gep may erafai cestainsgmouisnfiore prmeye|of Pandb o Pebmear Pdas

t her eof . =Ll ki {%ﬁis'”@ ] lsu1Ble! $n ddp@lnude
paraffin-ggggﬁﬂggFé%gggﬁﬁgﬁgﬁﬁgg ase BB%H@Fﬁ%g%ggswgkt?%ébased oils and
conbi nat i embodilents,dle Bosphonopehiasalfidenpadaatnpiub ly free ofanywé s, Base oil s
i ncl ude pglyol efmoils (es iall dr.o te - i i s),

Al yl at caPAPoHaRS. 3T Rorena-t MR G ARt B SLIGRRES)
esters (espect @desylfad. ester oils) and conbinations thereof In sone

enbodi nents, the diluent is a light hydrocarbon oil, both natural or
synt hesi c. @erier al |7y thd preseli invemionohé sulfaedhialy eongeny bithe witdl yutfricetingdibut 13

centistokes 20.10.apout 35 centistokes gt 40 C. _D. Process f, Preparing
Lubri cat i RfoRssitiopd Suhes SHE 7 i@f%fh%ﬂg edhrs S A S SRBRYE oo

di scl osedahagn &itYs,G8 helfrdl #PadaE thSAMY DgR4.hod known to a person of '
ordinary kill the art for making lubricating oils. In sone enbodi nents,

the base oilpggan bephiRaGe theatibridakfg oilvcéhipatitimldisdlosatdrdi@tal fusthieyl phenate
comprise an additional detergent. Any compound or a mixture of compounds that can reduce
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25 conposition disclosed herein. Optionally, one or nore other additives
in additional to the netal al kyl phenate can be added. The sul furized
nmet al al kyl phenate conposition, the optional additives may be added to

the base oil individually or sinultaneously. In sone enbodi nents, the
sul furized netal al kyl phenate conposition, the optional additives are
added to the base oil individually in one or nore additions and the

addi ti ons i aany .30 [ e i,en 'iﬁ%ﬂffuri zed
nmetal al k?@%ﬁgﬁca?@dggﬁggﬁéCge%?srfsﬁgng%o [ grﬁlg?ﬁ%%%?;tﬁi §§€eg§%l addéd to the
base oi | skamplésofaoitebie/detapdntainelds/pdlyol¢fesubstitnted fucaminidel drisyesinamides
concentrate. In so enbodi ngnt the sol.ubi.li zi ng .of e sul.furized netal
al kyl pheﬁgP@ya@B%nggiW%ﬁ? g&mo T AR O 3@?5?%%1??5 BAe oil may be
assi st ed Bycchmidedilibhfictimihdsl Mahticlabdsenpramdhesraad polgsietb@g 25 C to about
200 C, from about 50 C.to abqut 150 C or from.about. 75 C to about 125 C.
(1147 Ay BPRIABIBERREas SHEgrGs SERE AYIRANFIBELCE JsFassi 4 Sesrahedany
skill in diRebadl EroRy2Re Froaghob9 ER eXTHsNBP03Y 56 1N6id WO 98/40808, kZ bng t he

i ngredients. The bl endi ngl, m Xi ng@%r sol ubi l'i zi ng may_ be carried out with
a bl ender whigh asgjineerpeeted fenpinsyereiragnce. lnfomeembedigients fhe dgergen) 154 xer s and

doubl e pl %Dglggﬁfﬁ( Smséﬁ@)sﬁwﬁﬁ%ﬁvgﬂﬂﬁnfgﬁ& n'h“:ildQ.OB”&ﬂgﬁ&Z-ﬁfﬁti d

Ranni e ho enl zers) . d'mll, ba mll and sand mll)
or any ot esamplesafiegmoreragillypenidabladetaygdn additives irplude FR6G and 477685 (egaikable
Applicatiaqn the Lubyi i.n ) g{ﬁ'}’ L4 icating oil
corrposligti gﬁﬁ’%ﬁ%é‘&m{%ﬁﬁbﬁn%%g sul ?ag%jﬁ%? Oorr&é)égl gg&?r%tﬁgé oils (or
engi ne oi Mandliesf,drnkcase oils), transm ssion fluids, gear oils, power
steering fluids, shock absorber fluids, brake fluids, hydraulic fluids
and/ or greases] [ 11%dmd sorskxniting ekeanblessfissitalidmeethidetdrgeat inclpdosdlforizgedosi ti on
di scl osed hergi.n i 15 notor or engine .pil. Such a toy oil

- conposi ti Bﬁs"\@{r‘z 3865%‘%13’? HW?@%F@&LPW a]%ﬂyl)?m%% Sflﬂgog%;st éor?tﬁdany
reciproc arsmﬁﬁla{e]gtsmfﬂ@lfd @pmamﬁ@a il ishlS; off@dii Py @oat ?uag ot alipiyd afmiaAicand i n
st eam engi nes of crankcase desjgn. |In autonotive_ appl.ications, the notor
oi | cdAposrrpemdsmaikyheraikenyl Rysaekyaemais S@f&%ﬂfﬁnﬁﬁlﬁazeﬂéﬁrﬁgﬁu?%%@ %Bngi ne

free of rygl, AndARRORL Seta1aB6k F88landiBeifil, ROSa1 304 of ad W8Pl AGRkRt | eakage
= :

of combustion gases. The notor oil conposition may 20 conprise a base oil,

a sul furi zedtiassk snd chierjdal wikrhysical senpessitbarent. Githes persbpitngcaapplendld an
opt1onal 3fitkkld isial delbr ARG IR AN inard"GHEAREL pRsphGAIROST 11 On Turther

conprises a pour polnt- depressant, a detergent, a persant, an
ant i - wear thiaphospitonatzs ahelrombinafieiscthéresf. fibd infetad pan ke any sietdl siitabletfor making a

conbinatign_ thereof .. [117] In oth enbod] X I i I |
compodtt 1 SR, Fisua bl Phospordlcl Bl IR N JRfifng bRAURE L ERbC M|
i ndust r i alinchpielaikeh metns alkiliee geals and ramsitiqnasdtils.ol somy einbodisectsi the mekal i cat e
gears, rear  axles, tomoti ve transm ssions, final drive axles,
~-accessor | éssc?’ﬁ’[%aai %Fdﬁgrg’ﬁﬁﬁ‘ecpnst ruction equi pnent, gear housings and
U turized ol ol RoieeRE aRopthas g RSl B SRR G 2
optional additah Y600 ppitn, 30T BLAN00 PhERAISss thddel 0GHAT, bell of CRPGEI Wdigit 63he
further conprises an anti-wear, an extreme gr essure agent a,r%st
i nhi bi2f or lubsicatipecdisrpasifion Inteme spmbodiments; ip apgyry REME MHFEANTHR AP, BPHe
lubri cati R of MBS § WO, Hb3GbasDDNRI Rithabodt Rwt.%, 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 et al., “Chemistry and Technology of Lubricants,”
2nd Edition, London, Springer, Chapter 3, pages 75-85 (1996); and Leslie R. Rudnick,

30 “Lubricant Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 4, .
pages 113-136 (2003), both of which are incorporated herein by reference. )

[95] In certain embodiments, the lubricating oil composition disclosed herein

comprises an antioxidant that can reduce or prevent the oxidation of the base oil. Any
26



transm ssion fluid. The transm ssion fluid conposition may be used in
either automatic transm ssion or nmanual transm ssion to reduce

transm ssion | osses. The transmission fluid conposition nmay conprise a
base oil, a sulfurized netal al kyl phenate conposition disclosed 5 herein,
and an optional additive. In sonme enbodi nents, the transm ssion fluid
conposition further conprises a friction nodifier, a detergent, a

i sper sant.q 30 ANk 84! Nersof Bf Bt G inEH maPDe REUFPRE1BRESEH M agent
a pour poin epressant, "an antir-todm a corrosion Inhibitor or a

conbi nat i eompdsitionoNondblifhg examplastoé suiahlsadtionidants inelide amipe-based i ng oi |

conposition, disc] osed rei.n is a 10, grease I:n i | i cations

wher e ext ﬁﬂf%ﬁ@?-%cﬁo‘ﬁpﬁegﬂﬁ@aﬁﬁﬁg&y T am\ﬁhﬂ %S%ﬂ&l?’%%h%ﬁ ot be

[) et ai n_eld, s@sﬁmﬁd@hgﬂlgeﬂabhm?lanﬁhalﬂkylﬁ%&@-@Eﬁéme dizmip mie?metlhyﬁay C(r)]rrpri se a
ase oil, a sulfurized net nate conposit i osed herein,

an opt f ondiamappginhenaning aﬁ‘?ﬁ?iﬁflﬁzﬁ@%ﬂ“ﬁ‘f W@Bﬁ@%&%ﬁ#%&rﬁu@&}eﬁé g'r ease

conposi t i gy lehfiterf-BERIPhER] 2, £,k @XbutgpR@e]) 0 6-derdbiity Dy otsol] 2,6alh

anti-wear agent, an extreme pressure agent, an anti-foam a 15 cgr_g osi on

i nhi bi t or testbutylpherply A< -meivicaebis-(6-dbkE-Twhiehenoh: k- thipH 6tk is a
soap fornmgd.f aﬂd%ﬁﬁﬂ%g?gﬁlﬁ%g& bR @@g£<ﬁ1agzyyé-3!3h£hﬁﬂdigﬁbﬁmmtépsﬁmize§ odi um

hydr oxi de, potassi um e, calciumhydroxi'de, zinc hydroxide and the
|i ke) wit phenofiaanticaidimtstyd theilids), phosphprewst based anfoyday @2 . Pbawhitgnddke soap

used depe on the gr K [ ' H=NagnTolali: g , the
t hi ck ﬁer ﬁﬁe yz%%algn%‘glﬁg@%%p% %lﬁg %ﬁgépeggﬁﬁe@tggdcf a;Dlragm Pﬁ‘é“‘g‘r oup ogggisl?st i ng
20 of cl aysmpusiof tleanti@tidant eny lvany fanaatopt .81 woUsto ahoit i 8 wit &6, drogaatioyt 0.05

{ materials_apd conbinatjons. there I, furt . i J:hi ekener
conpri ses “ﬁ'g}g‘ifi’rf"g?'r‘fé?%{?’ riram, g%oél?éﬂ dwh/t‘f)%’ as"Sthj Y"ﬁ?‘gﬁ%ﬁg@&é [wf@ 8’? ef%ﬁe} of
fol | owi ng tRNaRkES: 6il ConfosRRA! S6mé suinkRmptid:fijanertaoebevrdbsribéd mieslimBent i on
but are not intended to Limt -the invention to the specjfic i ments
set fort hRugmiclyy Lé@écapfrﬂ‘il‘i}‘é‘feé bég%“‘ﬁ%a‘@d%ﬂﬂﬁ%?t&??s’aﬁewggqusk&gﬁa rfgeg‘?%fe nt ages
are by sweicghter Aphedd YIRI(2669), WREMBSnAHRrARPER%H BREereMieen nuneri cal ranges
are given, 1't should be undérstood that enbodi nents outside the stated

ranges may bkl | f aylgoii tRibRditdeeis SEO RRicR{dabie of AWttt iarPRed iSvnttet ai | s

described in each exanpl e shoul d not be construed as necessary_ features of

the i nvennpwhmit3g exmaplvrp il danening compgung inckudsdinbenyigraing, & for
|| uSt 1 at b YgoRR08 G Alld il theflfest0dh 4ol ard WAy MAnck BRI ARARRAOT t he

present in ion. I'n“sone e exanpl es, phenolic resins were forned by

reacting phénykpmepiehylaminesninl soRRpodimentycthpiarytimine pseneyad it anpllsylated

par af Qr mal,dehyde .(PF). a .al i £i E : i .
Char g o BRPE Ry T g S B SR B PRASIGHE G b ho KRBT bAE ote?
react ed wiithicathlg@ilaaitiyey mxiudiag atictr diatylaming congpowedssul f uri zed cal ci um
products which had | ower |evels of residual TPP. Exanple 1 (Conparative)
~Preparation [9f] a Colawaskinbodimeti) tHeuiliykesl diplicoylaminak kal bePhgnwnted 19] 122] A
“4-liter r Oargtu?ar(n\_/vas charged with 719 g (2.74 nol) of tetrapropenyl phenol

H
o AN
(R : ' — (R,
~Z _ N

wherein each of R* and R* is independently hydrogen or an arylalkyl group having from

25

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

30  branched alkyl group. In some embodiments, each of R'® and R" is independently an alkyl
27 )



(avail abl e from Chevron O onite Conpany LLC, San Ranon, CA), 450 g of 100
neutral |ube oil (Exxon 100N, avail able from Exxon Corporation), 338 g
(4.57 nol) of cal cium hydroxi de, 553 g of isodecanol and 130 g (4.06 nol)
of powdered sulfur. The reaction m xture was heated to 150C with m xi ng.
The reaction m xture was then charged-with 134 g of ethylene 15 glycol and
72 g of a | ow overbased al kyI benzene sul fonate (avail abl e from Chevron
Oonite A g ﬁ@& Y/ fHeue1peri od.
The reacC%['ogr‘;1 M Xt Ur T@f?gg’%mg?ﬁglg\g‘fnégb%&?o m nut es and
hel d at 1Z£rb6h&toms,amﬁadnhbbubﬁmlabﬁﬁt&narhm@@nﬂef ore a sanple (Sanple A) was
taken fromthe reaction mxture and tested. 8g (0.25 nol) of Sulfur powder
was t hen ad to t or
anot her %ght es ]gt% O%g%%ga@gn%egﬁ%ﬁgtre mﬂ};ﬂl&f airlr:%t?:lgggaguwg]sl‘lﬁtqiziltﬁk%efﬁl from
the r eact |to:; iisricnilated diphenstlesinethis-tttglated dmhmyﬂvgmneaud p@b’ilamm?éed/vas heat ed

to 210 _C er vacu tod er sanple
( Sanpl 8 #1 I {n??g&fnggtg%%dﬂflna%?&l ﬁ%’gﬁé %ng%ﬁas gI'%élisrleesul trsmf or
this and bbuap@ﬂldlotf fdiﬁi.ala (BXﬂmﬁé @sh bERandBI'ds indepentisntlydetyl ant edchtdfe anéi ght
of al kyl pheno] char of .the flnal roduct 25

Exarrplg Zg%éch %ﬁh%gmge‘ﬁﬂﬁﬁﬁso%ﬁm faﬁﬁéifﬂ]}lm SPRe BAPHETSE AT cﬁ%’&%’ %A AR of
0.5 and 1 Pf&r&aﬁ](ﬂv&efeleta@ﬁoﬂe’a@h@k“\aaﬁldeﬂm@agbmyt rand%aogx(aﬂd glisa:m ol es)
of tetrapro phenol TP13] _(avail able fr.om ron

Corrpany LE‘@;f'Hé’éf @upogdimeptsy the JiPkspy S LPBPBSTE] ‘TlP’g]’ The
reacti,g rﬁfu%‘!{ @ Mﬁe?e % &letaﬂd kl%bmyt *and%a&h REx 2k s 1 FABtill fFhRHt €

peri odl 6 15 m) C20- C24 al kyl benzene sul-fonic acid derived
¢ from C20- eﬁ@ddlmeeiﬁ;th@alkﬁsteéd@énylmbd@m@ﬂ% ué:hg)msawél%fm%?s()a Vi scous

liquid wit 1e / 0.5). The
remai ni ng“?‘écgec |(§)Sn"f%%§>?{t11E s cgfnl g eggﬁ%“ﬂv%%lﬁgﬁt er 66 g (2.2 nol)
of par afoﬁ@bﬂéﬂyﬁecmﬂﬁmﬂsbﬁﬁhlcempemmotﬂfprmglaﬂl)@vk@reg ya@tﬂmq&ndpl:é E
Sampl e E in SO|Id form reS| ual TPP e

(PF/ TPP cﬁaRitL e B8 B‘%egn%y‘i ﬁ]rg% mppufd,

par af gk mi|s§lﬁh& d@npdm@%maﬁpdﬁn&&omﬂﬁ&m@nﬁﬂ @if&&omj:&ﬁrm]akoﬂlbidaﬁm react or
was charged with 524 g (2 gram nol es) of tetrapropenyl phenol (avail able
fr om Chevits& oni t e Conmpany LLC, San Ramon, CA) and 15 g (0.5 gr am nol es)
of paraf ormal dehyde, The re% |on xture wia%F eated. to 110 é XI ng.
Over a 15-nidk e pelnicsriain gmbgdimsnts ﬁﬁ‘iﬂ?unéf’ EHPE KEME THee 2JeT

derived fLAMCA% R AyiAninal, Qﬁ%ﬂ%ﬂuﬁi@ﬁmﬁiﬂ?&m&ﬁheﬁs A& ld¥ed bidreis is & 180! e
(Sanple F) was tfiken fromthe reaction 15 mixture and tes tg% %9%)
ol es)

had a resiaber0.ITeas raapbowi 0.3 Wi ablpashaheiut §-6 4417 At isag) apeyt
of pargf ofjzgf é%@{i%i@ ?ﬂ%@%&m R, SFRLAIBS 1 SAHL% 0N léﬁisﬁibbhﬁtez widit & 30

m nutes, a sanple was taken fromthe reaction mxture and
t est ed. Sahbmabmhédvt%,rbe@ddméhe tpRbweight efithe lybrigwing offcompositiedi t i onal 7.5 g

~-(0.25 gram nol es) of
‘ [100] The lubricating oil composition disclosed herein can optionally comprise a

g

nispermnt 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

25  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,

30  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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par af or mal dehyde was then added to the remaining reaction m xture. After
60 m nutes, a 20 sanple (Sanple H) was taken fromreaction m xture and
tested. Sanple H had a residual TPP content of 20.4 wt.% Exanple 4
Preparati on of overbased sul furized al kl yphenol fornmal dehyde phenates

[ 125] A 4-liter reactor was charged with 719 g (2.74 gram nol es) of
tetrapropenyl .- 25 phenol (avail able from Chevron Oronite Conpany LLC, San

Ranmon, CA),, 550 f eu | ol X0 ON, ,avai | abl.g fr Exxon
Cor por at i %‘ﬁ?a?gﬂu%wég?@%%@%% #81(“51’5)“%%&58% RO zllg'}tf{//"cl(en.r e
reacti on gbot 0N eviwa o dboaf £6t.40bistd ofthe @valrwegtit of thi hulirieatirey dilebmpéSitisn.g
(0.10 nol) of a C20-C24 al kyl l%enz ne,qsﬁ:gl_fo I ¢ aci d“g rived Eﬁon}l 0- C24
ol ef i ns waemsautable digpersants hye beerpgss in MogHee 81+ | SRy R SR of
cal ci um hyds ot 8ngd Bdidlof] 13dén3 SpdndtP| Ohadier 3,Pafdirscmovess)waAE cdlitdied t O

the reacti'on m xture. e reaction m xture was fthen heated to 150 C over

a peri 6d Budwok.i{wiricen Addieves.dderitn i dpplictiges Ne%YgEy Maredh Deblerg of
et hyl ene efd icRQreTh . M xture
s thon BeRE B 1T e s L TR T (5 5o

ol ) of car hggydi OXfl%‘iuM%ﬁﬁﬁr#)%[ %tﬁzgpdsﬁbﬁ d}s%%erd%{%iﬂ&ﬂogﬁlﬁaﬂ?‘%oﬂﬁﬁ&aa period

of 180 m nut'es.” The reactio re was 5 heated to 205 C under vacuumto
renove solfniwtion snodifir thatcahilbwerthelfrigtpmbeteen mendagpars. dnyfEitonpradifide Sanpl e

|. Sanple,|l is characterized the fallow | . ' = 283

nag KOH g@%@’o@?ﬁr?ﬂaﬁoﬂéﬁm’f%ﬁpg %gﬂ 5’%&\%(3 %?e %@%&%ﬁ%ﬁ?ﬁ? @Dc'no%‘ggkr?? "= 4.1

wt. % 16a MNentledtingexhthples of sifablefdctioashaliifdrs TPRde fatty emboxylig adidsit . % Exanpl e
5 10Reaction of overbased sul furized al k enol . f or.mal dehy. esin with

¢ additi onarie%‘@i‘lﬁf»r(e-&%‘é‘i‘}?q’l‘?ﬁeﬁ E?méasﬁ’r&r & Elﬁ?i E@ﬁ a%ﬂd@ﬁ%géé’fgaﬁ@f Sanpl e

| (phenol iarbé A%k BkidPheRAT &dor tH-Jikea §illsturdahesphotk 4didslh Ghosphbmié agidsder ed

sul fur. The reaction m xture was heated to_ 177 C and _hel d, f.or. one. hour.

The react Aeivativsst(age esiers ankdes. metal wifs and his ke of meae- ¢i5 cn vty sy d at
210 C for pgt%g MRS o PERYhHEEBAABAE, di- oEUAI substifindalatiag! @bhaed dby the

foll ow ng ytical data; Sulfur content =5.0 w.% and residual TIP

cont enf =atkylrsuinstitoted armizizy Sxiqembinations thereel. dn simye eebogimenty, Gerfgptiqme
resi dual B.content,.. i B.Wa.% s O L eI kedtMensnpl e. The
U e

al kyl phehol “Tornal dehyde te were al'so 20 analy by NMR spect r oscopy
in order tmimgtaipimtineatbheylceriostidésorthafyldttdalipbaticrethet amings,péipkadist ). The

e el

resul ts oferappmats,Avhbraud thealiphuticionfaftglgk@plontains more than about eight carbon

20  atoms so as to render the compound suitably oil soluble. In other embodiments, the friction
modifier comprises an aliphatic substituted succinimide formed by reacting an aliphatic
succinic acid or anhydride-with ammonia or a primary amine. The amount of the friction
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

25  composition. Some suitable friction modifiers bave been described in Mortier ef af.,
“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.

30 [102] The lubricating oil composition disclosed herein can optionally comprise a
pour point depressant that can lower the pour point of the lubricating 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

29



25 - Table 1. Exanple Sanple PF/ TPP CVR Residual TPP Content (wt.% by
_I | PLC 1H NWMR Anal ysis (Ml e Fraction) Residual TPP Content (vt.% by NWR

10

15

20

25

30

include polymethacrylates, alkyl acrylate polymers, alkyl methacrylate polymers, di(tetra-
paraffin phenol)phthalate, condensates of tetra-paraffin pheno}, condensates of a chlorinated
paraffin with naphthalene and combinations thereof. In some embodiments, the pour point
depressant comprises an ethylene-vinyl acetate copolymer, a condensate of chlorinated
paraffin and phenol, polyalkyl styrene or the like. The amount of the pour point depressant
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 pour point depressants have been described in Mortier ef al.,
“Chemistry and Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages
187-189 (1996); and Leslie R. Rudnick, “Lubricant Additives: Chemistry and Applications,”
New York, Marcel Dekker, Chapter 11, pages 329-354 (2003), both of which are

incorporated herein by reference.

[103]  The lubricating oil composition disclosed herein can optionally comprise a
demulsifier that can promote oil-water separation in lubricating oil compositions that are
exposed to water or steam. Any demulsifier known by a person of ordinary skill in the art
may be used in the lubricating oil composition. Non-limiting examples of suitable
demulsifiers include anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene
sulfonates and the like), nonionic alkoxylated alkyl phenol resins, polymers of alkylene
oxides (e.g., polyethylene oxide, polypropylene oxide, block copolymers of ethylene oxide,
propylene oxide and the 1ikej, esters of oil soluble acids, polyoxyethylene sorbitan ester and
combinations thereof, The amount of the demulsifier 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
demulsifiers have been described in Mortier ef 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, fluoro silicones, 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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comprises glycerol monostearate, polyglycol palmitate, a trialkyl monothiophosphate, an
ester of sulfonated ricinoleic acid, benzoylacetone, methyl salicylate, glycerol monooleate, or
glycerol dioleate. The amount of the anti-foam 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 about 1 wt.%, based
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 by reference.

[105] The lubridaﬁng oil composition disclosed herein can optionally comprise a
corrosion inhibitor that can reduce corrosion. Any corrosion inhibitor known by a person of
ordinary skill in the art may be used in the lubricating oil composition. Non-limiting
examples of suitable corrosion inhibitor include half esters or amides of dodecylsuccinic acid,
phosphate esters, thiophosphates, alkyl imidazolines, sarcosines and combinations thereof. |
The amount of the corrosion inhibitor 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 about 1 wt.%, based on the total
weight of the lubricating oil composition. Some suitable corrosion inhibitors have been
described in Mortier ef al., “Chemistry and Technology of Lubricants,” 2nd Edition, London,

Springer, Chapter 6, pages 193-196 (1996), which is incorporated herein by reference.

[106] The lﬁbricating oil composition disclosed herein can optionally comprise an
extreme pressure (EP) agent that can prevent sliding metal surfaces from seizing under
conditions of extreme pressure. Any extreme pressure agent known by a person of ordinary
skill in the art may be used in the lubricating oil 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, funcﬁonally— 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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about 0.01 wt.% to about 5 wt.%, from about 0.05 wt.% to about 3 wt.%, or from about 0.1
wit.% to about 1 wt.%, based on the total weight of the lubricating oil composition. Some
suitable exireme pressure agents have been described in Leslie R. Rudnick, “Lubricant
Additives: Chemistry and Applications,” New York, Marcel Dekker, Chapter 8, pages 223-
258 (2003), which is incorporated herein by reference. '

{107} The lubricating oil composition disclosed herein can optionally comprise a
rust inhibitor that can inhibit the corrosion of ferrous metal surfaces. Any rust inhibitor
known by a person of ordinary skill in the art may be used in the lubricating oil composition.
Non-limiting examples of suitable rust inhibitors include oil-soluble monocarboxylic acids '
(e.g., 2-ethylhexanoic acid, lauric acid, myristic acid, palmitic acid, oleic acid, linoleic acid,
linolenic acid, behenic acid, cerofic acid and the like), oil-soluble polycarboxylic acids (e.g.,
those produced from tall oil fatty acids, oleic acid, linoleic acid and the like), alkenylsuccinic
acids in which the alkenyl group contains 10 or more carbon atoms (e.g.,
tetrapropenylsuccinic acid, tetradecenylsuccinic acid, hexadecenylsuccinic acid, and the like);
long-chain alpha,omega-dicarboxylic acids having a moleculaereight in the range of 600 io
3000 daltons and combinations thereof. The amount of the rust inhibitor 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 coniposition.

[108] Other non-limiting examples of suitable rust inhibitors include nonionic
polyoxyethylene surface active agents such as polyoxyethylene lauryl ether, polyoxyethylene
higher alcohol ether, polyoxyethylene nonyl phenyl ether, polyoxyethylene octyl phenyl
ether, polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene
sorbitol monostearate, polyoxyethylene sorbitol mono-oleate, and polyethylene glycol
mono-oleate. Further non-limiting examples of suitable rust inhibitor include stearic acid and
other fatty acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal salts of heavy
sulfonic acid, partial carboxylic acid ester of polyhydric alcohol, and phosphoric ester.

{109] In some embodiments, the lubricating oil composition comprises at least a
multifunctional additive. Some non-limiting examples of snitable multifunctional additives
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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[110] In certain embodiments, the Iﬁbﬂcaﬁng oil composition comprises at least a
viscosity index improver. Somé non-limiting examples of suitable viscosity index improvers
inchude polymethacrylate type polymers, ethylene-propylene copolymers, styrene-isoprene
copolymers, hydrated styrene-isoprene copolyrﬁers, polyisobutylene, ;md dispersant type

5 viscosity index improvers.

[111} In some embodiments, the lubricating oil composition comprises at least a
metal deactivator. Some non-limiting examples of suitable metal deactivators include
disalicylidene propylenediamine, triazole derivatives, thiadiazole derivatives, and

mercaptobenzimidazoies.

10 [112] The additives disclosed herein may be in the form of an additive concentrate
having more than one additive. The addiﬁ{'e concentrate may comprise a suitable diluent,
such as a hydrocarbon oil of suitable viscosity. Such diluent can be selected from the group
consisting of natural oils (e.g., mineral oils), synthetic oils and combinations thereof. Some
non-limiting examples of the mineral oils include paraffin-based oils, naphthenic-based oils,

15  asphaltic-based oils and combinations thereof. Some non-limiting examples of the synthetic
base oils include polyolefin oils (especially hydrogenated alpha-olefin oligomers), alkylated
aromatic, polyalkylene oxides, aromatic ethers, and carboxylate esters (especially diester oils)
and combinations thereof. In some embodiments, the diluent is a light hydrocarbon oil, both
natural or synthetic. Generally, the diluent oil can have a viscosity from about 13 centistokes

20  to about 35 centistokes at 40 °C. '

D. Processes of Preparing Lubricating Oil Compositions

[113] The lubricating oil compositions disclosed herein can be prepared by any
method known to a person of ordinary skill in the art for making lubricating oils. In some
embodiments, the base oil can be blended or mixed with a sulfurized metal alkyl phenate

25  composition disclosed herein. Optionally, one or more other additives in additional to the
metal alky! phenate can be added. The sulfurized metal alkyl phenate composition, the
optional additives may be added to the base oil individually or stmultaneously. In some
‘embodiments, the sulfurized metal alkyl phenate composition, the optional additives are
added to the base oil individually in one or more additions and the additions may be in any

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
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composition, and any solid additives in the base oil may be assisted by heating the mixture to
a temperature from about 25 °C to about 200 °C, from about 50 °C to about 150 °C or from
about 75 °C to about 125 °C.

[114] Any mixing or dispersing equipment known to a person of ordinary skill in the
art may be used for blending, mixing or solubilizing the ingredients. The blending, mixing or

solubilizing may be carried out with a blender, an agitator, a disperser, a mixer (e.g.,

- planetary mixers and double planetary mjxérs), a homogenizer (e. g., Ganlin homogenizers

and Rannie homogenizers), a mill (e.g., colloid mill, ball mill and sand mill) or any other
mixing or dispersing equipment known in the art. '
E. Application of the Lubricating Oil Compositions

[115] The lubricating oil composition disclosed herein may be suitable for use as
motor oils {(or engine oils or crankcase oils), transmission fluids, gear oils, power steering

fluids, shock absorber fluids, brake fluids, hydraulic fluids and/or greases.

[116] In some embodiments, the lubricating oil composition disclosed herein is a

~ motor or engine oil. Such an motor oil composition may be used to Iubricate all major

moviﬁg parts in any reciprocating internal combustion engine, reciprocating compressors and
in steam engines of crankcase design. In automotive applications, the motor oil composition
may also be used to cool hot engine parts, keep the engine free of rust and deposits, and seal
the rings and valves against leakage of combustion gases. The motor oil composition may
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 oil 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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[118] In further embodiments, the lubricating oil composition disclosed herein is a
transmission fluid. The transmission fluid composition may be used in either automatic
transmission or manual transmission to reduce transmission losses. The transmission fluid
composition may comprise a base oil, a sulfurized metal alkyl phenate composition disclosed
herein, and an optional additive. In some embodiments, the transmission fluid composition
further comprises a friction modifier, a detergent, a dispersant, an antioxidant, an anti-wear
agent, an extreme pressure agent, a pour point depressant, an anti-foam, a corrosion inhibitor

or a combination thereof.

i1i%] In further embodiments, the lubricating oil composition disclosed hereinis a
grease used in various applications where extended lubrication is required and where oil
would not be retained, e.g., on a vertical shaft.  The grease composition may comprise a base
oil, a sulfurized metal alkyl phenate composition disclosed herein, an optional additive and a
thickener. In some embodiments, the grease composition further comprise a complexing
agent, an antioxidant, an anti-wear agent, an extreme pressure agent, an anti-foam, a
corrosioﬁ inhibitor or a mixture thereof. In some embodiments, the thickener is a soap
formed by reacting a metal hydroxide {e.g., lithium hydroxide, sodium hydroxide, potassium
hydroxide, caldium hydroxide, zinc hydroxide and the like) with a fat, a fatty acid, or an
ester. In general, the type of soap used depends on the grease properties desired. In other

- embodiments, the thickener may be a non-soap thickener selected from the group consisting

of clays, silica gels, carbon black, various synthetic organic materials and combinations
thereof. In further embodiments, the thickener comprises a combination of soaps and non-

soap 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.
Unless 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 invention.
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al kyl phenol fornmal dehyde phenates using a m xture of al kyl phenols [128] A
4-liter reactor was charged with 611 g (2.33 gram nol es) of tetrapropenyl
phenol (available from Chevron Oronite Conpany LLC, San Ranon, CA), 108 g
( 0.29 gram 10 nol es) of a C20-28 al kyl phenol nade fromthe al kylalion of
phenol with a blend of C20-24 and C2528 al pha ol efins (available from
Chevron Oronite Conpany LLC, San Ra 575 g of 100 neutral oil
(Exxon 100N, available from Ex...Mb %Aéﬁﬁjg?ation) and 21.5 g (0. 73 gram
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reaction m over a peri nutes. The reaction m xture was

heated to 224 C under vacuumto renove solvents and was filtered
. Example 1 (Comparative)

Preparation of a Conventional Sulfurized Calcium Alkyl Phenate

10 [122] A 4-liter reactor was charged with 719 g (2.74 mol) of tetrapropenyl phenol
(available from Chevron Oronite Company LLC, San Ramon, CA), 450 g of 100 neutral lube
oil (Exxon 100N, available from Exxon Corporation), 338 g (4.57 mol) of calcium hydroxide,
553 g of isodecanol and 130 g (4.06 mol) of powdered sulfur. The reaction mixture was
heated to 150 °C with mixing. The reaction mixture was then charged with 134 g of ethylene

15 glycol and 72 g of a iow overbased alkylbenzene sulfonate (available from Chevron Oronite
Company LLC, San Ramon, CA) (TBN = 17) over a 30-minute period. The reaction mixture
was heated to 175 °C over a period of 60 minutes and held at 175 °C for an additional 60
minutes before a sample (Sample A) was taken from the reaction mixture and tested. 8g
(0.25 mol) of Sulfir powder was then added to the remaining reaction mixture, which was

20  held for another 60 minutes at 177°C before another sample (Sample B} was taken from the

. reaction mixture and tested. The remaining reaction mixture was heated o 210 °C under

A( 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

25  weight.

Example 2
'Reaction of Tetraprepenyl 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 110°C with mixing. Over a 15~
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usi ng di atomaceous clay to provide Sanple 6. Sanple 6 is characterized by
the followi ng anal ytical data: TBN = 265.2 ng KOH g; Viscosity = 346.5 cSt
(at 100 C); Suffix!. content = 3.60 w.% Ca content = 9.88 w.% and
residual TPP content = 3.2 w.% See Table 2. Table 2 Exanple TPP, Wt %
'7I'BN, my KOH g Vis @O00C, cSt 5 w %Ca, W %6 3.2 265.2 346.5 3.60 9.88

minute period, 66 g (0.15 mol) of a C;p-Cy4 alkylbenzene sulfonic acid derived from  Cyo-
Ca4 olefins was added, yielding Sample D. Sample D was a viscous liquid with a residual
TPP content of 23.9 wt.% (PF/TPP CMR = 0.5). The remaining reaction mixture was cooled
to 65 °C with another 66 g (2.2 mol) of paraformaldehyde added before heating to 110 °C,

5  vyielding Sample E. Sample E was in solid form and had a residual TPP content of 0.2 wt.%
(PF/TPP CMR = 1.0).

Example 3
Reaction of Tetrapropenyl phenol with paraformaldehyde
at CMR of 0.25, 0.32, and 0.40.

10 [124] A 1-liter reactor was charged with 524 g (2 gram moles) of tetrapropenyl
phenol (available from Chevron Oronite Company LLC, San Ramon, CA) and 15 g (0.5 gram
moles) of paraformaldehyvde. The reaction mixture was heated to 110 °C with mixing. Over
a 15-minute period, 33 g (0.08 mol) of alkylbenzene sulfonic acid derived from Cap-Copy 0~
olefins was added. After 20 minutes, a sample {Sample F) was taken from the reaction

15  mixture and tested. Sample F had a residual TPP content of 51 wt.%. Additional 7.5 g (0.25
gram moles) of paraformaldehyde waé added to the remaining reaction mixture. After 30
minutes, a sample (Sample G) was taken from the reaction mixture and tested. Sample G had
a residual 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

20  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 sulfurized alklyphenol formaldehyde phenates

[125] A 4-liter reactor was charged with 719 g (2.74 gram moles) of tetrapropenyl
25  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 C50-Ca4 alkylbenzene sulfonic acid derived from  Cao-Cyy 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
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then heated to 150 °C over a period of 30 minutes. The reaction mixture was charged with
206g bf 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

5 heated to 205 °C under vacuum to remove solvents and was filtered using diatomaceous clay
to provide Sample I. Sample I is characterized by the following analytical data: TBN = 283
mg KOH/g; Viscosity at 250 TBN = 208 ¢St (at 100 °C); Sulfur content = 4.1 wt.%; Ca
content = 10.6 wt.%; and residual TPP content = 4.4 wt.%.

Example 5

10 Reaction of overbased sulfurized alkyphenol formaldehyde resin with additional

sulfur

[126] ' A 1-liter reactor was charged with 250 g of Sample I (phenolic resin) prepared
in Example 4 and 5 g (0.156 mol) of powdered sulfur. The reaction mixture was heated to
177 °C and held for one hour. The reaction mixture was then heated to 210 °C under vacuum
15  and held at 210 °C for 20 minutes, providing Sample J. Sample J is characterized by the
following analytical data: Sulfur content = 5.0 wt.%o; and residual TPP content = 1.7 wt.%.

[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
20  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 HPLC. The testing results of

Samples A-J are shown in Table 1.

OH OH
.4
Ci2Hps Ciz2Hzs

25 -
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2.8 277.8 199.3 3.42 9.89

Table 1.
Example | Sample | PF/TPP ; Residual ' 1H NMR Analysis {Mole Fraction) Residual
CMR TPP PP
Content Content
(wt.%) by =1 | X=2 X=3 X=4 | X=5+ [{(wt%)Dby
HPLC NMR.
1 A - 8.1 - - - - - .
B - 72 - - - - - -
C - 6.5 - - - - - -
2 D 0.5 239 0.55 | 025 | 011 | 0.05 | 0.03 30
E 1.0 0.2 025 | 0.19 | 014 | 0.11 | 0.3 6
3 F 0.25 51
0.75 | 0.19 0.05 | 0.01 - 56
G 0.32 359
0.62 | 024 009 | 003 | 002 | 38
H 040 29-4 049 | 0.25 0.13 | 0.06 | 0.03 23
4 1 0.24 4.4 - - - - - -
J 0.24 1.7 - - - - -
Example ¢
5 Preparation of overbased sulfurized alkyl phenol formaldehyde phenates using a
mixtuare 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
10 moles) of a Cag.og alkyl phenol made from the alkylation of phenol with a blend of Cag.24 and
Ca6.28 alpha olefins (available from Chevron Oronite Company LLC, San Ramon, CA), 575 g
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. Over a 15-
minute period, 45.3 g (0.10 mol) of a Cp-Cz4 alkylbenzene sulfonic acid derived from Cap-
15  Cys 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
20  mol) of carbon dioxide was sparged into the reaction mixture over a period of 180 minutes.

The reaction mixtare was heated to 224 °C under vacuum to remove solvents and was filtered
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5 [129] Exanpl es 7-13 were carried out exactly as in procedure in Exanple 6
except the CMRs of the tetrapropenyl phenol, the C20-28 al kyl phenol nade
fromthe al kyl ati on of phenol with a blend of C20-24 and C26-28 al pha

ol efins, the sulfur, and the parafornal dehyde was varied. This is
summarized in Table 3. The chem cal and physical properties of the 10
products synthesized in Exanples 7-13 is sunmarized in Table 2. Table 3

Exanpl e Tetrapropenyl phenol ara - &8 al kyl .nh | . rans
Par af or m?%%‘?‘ﬁt@%@?%’% Qléy %O%O%ﬁ T’igggl.ggn D1} RSB, AR Wil 9
analytical data: TBN = 265.2 mg KOH/g; Viscosity = 346.5 ¢St (at 100 °C); Sulfur content =
3.60 wt.%; Ca content = 9.88 wt.%; and residual TPP content = 3.2 wt.%. Sec Table 2.

Table 2

Example | TPP, TBN, Vis @100C, | S, Ca,

wt % | mg KOH/g cSt wt % | wt %

6 32 265.2 346.5 3.60 | 9.88

7 2.3 281.9 376.5 326 | 9.76

8. 2.1 279.9 224.6 297 | 9.92

9 2.6 286.4 231.9 362 | 978

10 3.5 2795 3027 3.50 | 997

11 1.9 262.2 244.6 3.39 | 9.79
12 2.5 279.3 3339 3.43 (1013

13 2.8 277.8 199.3 342 | 9.89

5
[129] - Examples 7-13 were carried out exactly as in procedure in Example 6 except

the CMRs of the tetrapropenyl phenol, the Cyp4 alkyl phenol made from the alkylation of
phenol with a blend of Cj924 and Cag.5 alpha olefins, the sulfur, and the paraformaldehyde
was varied. This is summarized in Table 3. The chemical and physical properties of the

10 products synthesized in Examples 7-13 is summarized in Table 2.
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Table 3
Example | Tetrapropenyl phenol | Cag.08 alkyl phenol | Sulfur | Paraformaldehyde

grams grams grams grams
6 108 611 113 215
7 ' 108 611 113 27.4
8 180 539 96 274
5 180 539 13 213
10 108 611 96 215
11 180 5I39 . 113 27.4
12 108 611 96 27.4 l
13 180 539 96 215

[130] 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 fesidual TPP, based
on the total weight of the product. When tetrapropenyl phenol was reacted with formaldehyde
first, and then with sulfur and calcium hydroxide simultaneously, the product contained 1.7
wt.% to 4.4 wt.% of residual TPP, based on the total weight of the product.

10 [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 repreéentative 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

15  not enumerated herein. Yariaﬁons 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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539 113 27.4 12 108 611 96 27.4 13 180 539 96 21.5 [130] Results show t hat
when tetrapropenyl phenol was reacted with sul fur and 5 cal ci um hydr oxi de
only, the product contained 6.5 wt.%to 8.1 w% of residual TPP, based on
the total weight of the product. When tetrapropenyl phenol was reacted

wi th formal dehyde first, and then with sul fur and cal ci um hydroxi de

si mul taneously, the product contained 1.7 wt.%to 4.4 w.% of residual

TPP, based he total. wej.ght of the product. 10 1 il i_npvention
has been deg[E#]bed ‘&ﬁpﬂm}c@{é‘%gcafl&%te% @FIW&%D& %ﬁ#ﬁ%%ds%hvgér%glg% %tﬁ)n agé/ the
speci fi ¢ herinin@spaite@BLrederbaditortigtsarab extbd anifteaticindividualpubBeitivn oopdiet
enbodi nents of _the invepntion. No.single enbqdipent is resentative of

al | aspec2BPlisptign gas speetiigatlygnd givd Y&%@ﬁﬁ%ﬂ%’é‘@w&{eﬁ&’ ﬁ%eatgn%y i ncl ude
numer ous  Hi@Pesheé IR QRRG DL hA Hien HRcibddh sGROQMINBNS; oftilestiadbhads do

not include, or are substantially free_ of, steps 15 not enungerated herein.

Var i at Fonsxamrle fsarapeesof slagtyrof gadarstanding KB be readibonraeht 1 hese of The

appended ' i € : [F=R g0 ehah gons as
Fal 1 ing it %’%@5@@%g%%—?@%‘%@?h%‘%#?&ﬁﬁﬁj{%%‘fﬁﬁ%ub| et o
eratheoip

pat ent. applodifaeiionsnaydemiasidubrétn withpw depasting irg opscope of the

appended claims.
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herein incorporated by reference to the sane extent as if each individual
publication or patent application was specifically and individually
i ndicated to be incorporated by reference. Although the foregoing

i nventi on has been described in sonme detail by way of illustration and 5
exanpl e 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 chang nodi fications may be nade
thereto wi thout departing fromthe s r scope of the appended cl ai ns.
CLAI M5 Wh%kmas &&&gﬁd is: 51. A nethod of making a sulfurized netal alkyl

phenat e conpogﬁﬁlon conprising the steps of: (a)reacting a phenol conpound
of Forwula (1)1. (I} method ofiwieking asuRlrized neitid plkyl plickstt sompgsiton camprisingy| |
in the pr ence )f a catalyst with an al dehyde 10 having formula R2-CHO to
form a phéMol'#€ %esin of Formula (11): (1D, and ‘reacting the
phenolic resin wherein. mis an integer .trom1l.to 50; R is as defined
above; and R2 #ﬁthf F}%gﬁﬁggwgwgﬁéfkg%ﬁvéa%ycloaIkyI, aryl, alkylaryl
or arylal kyl sinmultaneously with at ast one netal base and a first

sul furizing agent to forma sulfurized 15 netal al kyl phenate. 2.
The nmethod of claiml1l, wherein R | | kyl . 3. The nmethod of any
one of the preceding clains, wherejn R is a dodecyl group at the

4-position of the phenolic ring. “‘*\1 4. The nmethod of any one of the

preceding clains, wherein R2 is H 208 The Bt hod of any one of the

preceding clainms, wherein the at | east one netal base is cal ci um hydroxide
or cal ci umbereidR’ is alkyl, alkylaryl, or arylalkyl, in the presence of a catalyst with an aldehyde

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

(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

15  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.

20 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

25  acid.
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6. The nethod of any one of the preceding clains, wherein the first

sul furizing agent is sulfur. 7. The nethod of any one of the
precedi ng clains, wherein the catalyst is an 25acid. 8.The nethod of any
one of the preceding clains, wherein the sulfurized netal alkyl phenate
conposition conprises at |east one of Formulae (I1l1) - (VI): OHR6 ''a
(S02) x-Sn,/ Rlm R1R wherein each of Mal + and M2+ is independently a
nonoval ent netgl iap; each, of M2+ d M2 | t iyadent
netal ion; eacﬁ‘ of Oﬂt}erﬁ%ﬁf)‘?o%nyrpnwﬁgl Frepeng ¢ mﬁ‘e’ﬁ@%ga ﬁ%yh%rﬁr?zlegt eger from
1 to 50; xlkybpt@Aate Bérap®itionlcoffipflsdsat Bastjhe ofFoamidyt (Tal R¥:ar yl , or
arylalkyl; and R2 is 10H, al kyl, al kenyl, al kynyl, cycloalkyl, aryl,

al kylaryl or aryl al kyl . 9fg hQ5mﬂfhod of chgim8, whereinnis 1.
10. The nmet hod of any oneig 8 togggthgreln the sul furized netal

al kyl phenate conposition | Formulae (1V) and (V)
“where each of M2+ and 1741 dently anl akkaline earth nmetal ion.
1511. The met hod of claim 10; Wwrdrei m ahé al kal i ne" @i, netal ion is
calciumion. 12. The nmethod of any one of clains 8 to 11, wherein RL Is a
C12H25 al kyl group at the 4fpositimn of thegphenokic ring; and R2 is H

13. The nethod of any one ﬁ i & in each of r, s and t is
1.

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, T, 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
10 H, alkyl, alkenyl, alkynyl, cycloalkyl, aryl, alkylaryl or arylalkyl. '

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 jon.
15 11. The method of claim 10, wherein the alkaline earth metal ion is calcium ion.

12. The method of ﬁny one of claims 8 to 11, wherein R is a CjoHas 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, sand tis 1.

44



44 14. The method of any one of the preceding clains, wherein the
sul furized netal al kyl phenate conposition conprises the unreacted phenol
conmpound of Forrmula (1), a netal salt thereof or a conbination thereof and
wherein the total amount of the unreacted phenol conpound and the netal
salt thereof is less than about 5 wt.% based on the total weight of the
sul furized netal al kyl phenate conposition. 15. The nethod of any

one of the precedi ng cl aj urt her.conprising.reacting.t fiyr i, zed
net al al kyl phg at e % q‘h@s?g%’ﬁOW%&‘Sggeg%%?ﬁfq?ﬁsfﬁlﬁreﬁgﬁhﬁqagen ed?{l)é over
the total aBRDplithatecomp@itivarceaptios thhanaicted phiol cenmind of Farnala((D) a arethl a
netal salt thereof to | ess tBlan ggﬁjt 2.0 wt.% base n the topﬁ?gl 1wei ght
of the suFdtiheEabonarombmafigy fhe @?%ﬁﬁ&ﬁ%’?ﬁm& e weecirdmbgRelof

claim 15, Wagh@idinl AR nSRAQRE tefdok fsUéds #ian aba@ S R¥t.%, Dased|ch e total weight 3f7. The
met hod of any one of the preceding clains further conprising contacting

t he supf uﬂ%@%d@etﬁlﬂkﬁgpheﬁh@ﬁam@éﬂﬂposi tion with carbon dioxide.
18. A sul fudzed netal al kyl phenate conposition conprising at |east one of

Fornmulae (111) 15, (e methbE6&inY ohb 8 the hrbediidlains Fhrtidr fiigRRingGodatoy it of

Formula (I): and a netal salt thereof in the sulfurized netal alkyl

phenat e c@wiisized metal alkyl nherate epipositisn it ageqpndoyligizangpeent to lwver Hredbtadei ght
of the sulfur RieRah 08 (1) 08 o nRRfl sat MBebSbNeSaeR of
Ma' + and B&ﬁfog%}em%%tﬁggnt 0%/ a m)ngsg ent _r$e)t al i on; “each of I\/%'2_+ and W
i s i ndeperbanlywelsdhasal enthe tstlaveight nf the afrrized mptahalky) phepate compogitignt i s

i ndependently an integer from1l to 50; x is an integer fromO to 2; Rl is
al kyl jpal kylaryk, ofy gk inP {3 wWitrelntnd becdtld bkt i is sdliley ny!

cycl oal | cyl, a?“)s/'l : g‘i‘%?tg%@%? aryla k’)l/jl Lo 19é.<£‘g%he}sgul furized
metal al kyl phenate conposition of claim18 conprising at 10 | east one of

Fornul ae (1V) ahd (Vhemethpdeidny oagehtheprexesting elpigsferther pamprisingrORsHS y an
al kal i ne r i : e;,‘,-!]w i tal al kyl phenate
conpositi ?%%Wetgﬁ%%%\s\ﬁ%e%ﬁeﬁo@%maﬁa |%%%ac§(t§ﬁdﬁrr§t al ion is calcium

21. The sulf-urized netal alkyl phenate conposition of anX one of clains
18 to 20, 15 wh®r ei A salfurized med atkyDpheastk pomppsisiop cempitieg #lepsksimeidn of t he
phenol i c'g_p&;,%aﬂﬂ)%ri_s H. 22. The sul furized nmetal al kyl phenate
conposi ti on of any’ one”of claims 18 to 21, wherein each of n, r, s and t
is 1. 23. A sulfuriz
a nethod conprising the ste

aLkM[éthenate conposition prepared by
reacting a®phenol conpound of

Formula (1): OH wherein Rij (@Qdar 4 arylalkyl, in the
presence of a catalyst with|an|ald (dé havi ng f r la R2-CHO to form a
‘phenol ic resin of Fornula ( Rt dm TR R (),
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m(ll); and (b) reacting the phenolic resin wherein mis an integer froml
to 50; Rl is as defined above, and R2 is H, alkyl, alkenyl, alkynyl,
cycl oal kyl, aryl, alkylaryl or arylal kyl sinultaneously with at |east one
netal base and a first sulfurizing agent to forma sulfurized 5 netal

al kyl phenate. 24. The nmethod of claim23 further conprising
reacting the sulfurized netal al kyl phenate conposition with a second

sul furizing agept .tq lower the total a unr eact ed pheno
conpound é’ﬁ”‘%’%ﬁtj‘% aglé’fl?t(fftﬁ (rig% C?nﬁp?lﬁlg%gﬁ?ﬁju%%@gd nmetal al kyl phenate
conposition to | ess than about 2.0 wt.% based on the total weight of the
sul furized nmetal 10 al kyl phenate cdppposition. 25. The net hod of
claim 24, wherein the second sul furikzing agent is sulfur. 26. The
met hod of any one of clains 23 to erein the first sulfurizing agent
is sul fur 27. The neth any one of clainms 23 to 26,
wherein the at | east one netal base 1®'is cahci um hydroxide or cal ci um
oxi de. 28. The nmethod of any one of ¢lains 23 to 27, wherein the

catal yst ;84 gpﬂe?%aﬁtmereofm the %&ﬁ%&é@mﬂ?&h@%ﬁ&m&fis chathiPama t 0 28,

wherein R 1s a 30. e method of any one of clains 23 to 29,
wher ei n RR.0 wt.%, bhoetbanythe tgptauyeight of the sulfipized michellyl phratg ¢ramesitionsdndg .
2031. The netheod q +Qne, pf+.cl al ns t R R2. 2+ 32.
AL ubr PoatTirgtoseEh B AN iR Radly ool BRI for EochbE ML, and

Vi scosi t y Mfithsdndepéridentlyzedl vatedtahets idty kaghtvé ng hep, gonp asd t isdmlepéndemt)y ame  of

clains 18.to0 22. 33. A lubricati 101 |, ¢O sition )i sipg a

bace o I dresE LNy bredbeonr G R ot it aP T A B o

- _conposi ti Qﬂaﬂ(?l,@lk\énﬁ,%kﬂ 1, @y elbdlByl2@vL, elkPlkryl or arylalkyl.34. The lubricating oil
conposition of claim32 tfurther conprising at | east one additive sel ected

fromthe grou onsj sti .of anti gxi dants, anti.wear ents, det.ergents,

rust inhi gi tofé,' de %‘%F%eids’?et?lraﬁghp afrsgmpPaY ,9%&%%1‘0%‘8??%%

addi t iyges Jea¥i 16 Q8 Foul2ABX) dAndVOY ¥héreinR@tH oMy Nindiap @Sisdspeadentlpam

inhibitors, netal deactivators, dispersants, corrosion 5inhibitors,

Iubricityahﬁ%@%W@?§F*¥H§¥nal stability inprovers, anti-haze additives,

i cing

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,
15  wherein R is a CyoHs 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, s and tis 1.

23. A sulfurized metal alkyl phenate composition prepared by a method

comprising the steps of:

20 (a) reacting a phenol compound of Formula (I):
OH
]
XX
R’ @ .

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 (IT):
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{22L25$0rs, dyeséSna%Egriétﬁggti? di ssi paters, biocides and conbi nations
of . 35. of any one of clains 1t
%ﬁgpggfhng reacting t he produpt of step b with carbon d?oiraefurther
Mece 10?n ?Lechgggﬁgé g?e;shnlthe rFact:on Wi th carbon dioxide t akes
: yl ene gl ycol . 37. A
sul furized netal al kyl phenate co iti et pased
. nposition prepared by th
Su Tutizec e . . by e nethod of an
35th 36. 38. A lubricating oil conposition Y
JL;br!catlng viscosity and the
bonposi tion of claim1537. g

36.

\1
R m qpy;and

(b) reacting the phenolic resin wherein m is an integer from 1 to 50; Rlisas
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

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 amount of the
unreacted phenol compound and a metal salt‘thereof in the sulfurized metal alkyl phenate
composition to less than about 2.0 wt.%, based on the total weight of the sulfurized metal

10 alkyl phenate composition.

75 The method of claim 24, wherein the second sulfurizing agent is sutfur.

26.  The method of any one of claims 23 to 25, wherein the first sulfurizing agent
is sulfur. |

27 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%isH.

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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34.  The lubricating oil composition of claim 32 further comprising at 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 inhibitoré, 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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