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BACKGROUND OF

t o n PCTUIRYS15767
i nvention concerns oil soluble ¢ 4s-free strong
m neral acids wuseful as addi ti ves [ I “ oils, particularly
automatic transm ssion fluids (ZATF"). cription of Rel ated

Art 15 It is well

known t hat phosphorus- and sul fur-
cont ai ni ng conpounds_are useful

as antiwear ad |st|v | ubricating
oi |'s. Traditi®Hal FYLYR QMEELEXESs OF BHERE s

medi a by forning reatd =€ 4 = - \ e oxi des with
|l ong chain (Cl10 to C[err][err]) aI cohols or am nes. Exanples of this
are shown in U.S. 5,185,090 where short chain (02 to C4) phosphites

are transesterified wth (t hi oal cohol s)
and ni xt8res of al cohols (t HRa 3|1 soluble

products. US. Patent 5,443, 744 di scl oses that Plerr]O[err] reacted
wth al coholf (t%’ gghﬁogg S’ ¥/ E#g gll sol ubl e products. It is also
known that stlfur ' through reaction with fatty esters
or ol efins. 30 U S. Patent 4,764,299 describes the reaction
product of a nercapt an'ﬁﬁ‘i ai hPbReich kaBfkerhst N1l SYIRBSIE € cohplbiakdl Of
organi %C' ds as p%at apﬁ/ségs-frae strong mineral acids useful as

addit;ves in 1lubrication oils, particularly automatic
transmission fluids ("ATF").

2. Description of Related Art

It is well known that phosphorus- and sulfur-—
containing compounds are useful as antiwvear additives in
lubricating oils. Traditionally these materials are made
soluble in oleaginous media by forming reaction products

20 of phosphorus acids and oxides with long chain (C;p to
Czp) alcohols or amines. Examples of this are shown in
U.S. 5,185,090 where short chain (C; to C4) phosphitas
are transesterified with longer chain alcohols
{thiocalcohols) and mixtures of alcschols (thicalcohols) to

25 give o0il socluble preoducts. Co-pending U.S. application
Serial Number 168,840, filed 12/17/93, discloses that
P05 reacted with alcochols {(thiocalcohols) yield oil
soluble products. It is ‘also known that sulfur may be

solubilized through reaction with fatty aesters or
30 olefins. ' '

I have now found alternate phosphorus-£ree
antiwear additives which are stable and quite potent. In
particular, mineral acids of sulfur such as sulfurous and

35 sulfuric acids can be solubilized by dissolving them at
low temperatures in alcohols, particularly in alcohols
that contain ether or thicether linkages. Once the
alcohol and the acidic material are complexed, the aciad
remains completely soluble. These non-agueous sclutions



35 U S. Patent 5, 338 470. descri hes. t he preparation - of a

reaction product of citric aC|d and an%alkyl‘alcohol I n which a m neral
aci d ma pRgfl as a cataly LA PCT/US95/15767 12 -

| have ﬁ%M/?ound alternate phosphorus free antlmear additives which
are stable and quite potent. In particular”® mneral acids of
sul fur such as sulfurous and 5 sulfuric acids can be solubilized by

di ssol vi ng t hem at Iow1tenperatures in alcohols, particularly in

al cohol s hat __contain,. eth t hi oet.her nkages Once _.the

o ool aoE et ™ BgBeb,, BEsghlt SN | EhREROSeaqus RS o

conpletely iubmlcatmgegeln@rﬂdamnecmscmemmf@es ‘or lubricating oils

without violent exothermic reactions. The strong

antiwear propefties of these additives are demonstrated
5 'by FZG load stage-failurés'in the range of 11 to 13.

RY _OF | ON
10 ‘One embodiment of this invention relates to an
oil-soluble additive, wherein the additive comprises the (

complex of a substantially oil-inéolublé phosphorus-£free

-strong mineral acid and an alcohol, the alcohol being a

single alcohol or mixtures of alcohols represented by (I)
15 or (II), where (I) and (II) are:

[BO-(-cH-1 g} R {xr(-(-cn-t;'ln-o-)s?‘ﬁ) tl, (@
) q: l: !
R2 R1
R1 |

R-Xr § (-CH2-)q —f|3+y-ﬂ - (II)
B ' OH
' where:

20 m+ n is an intége:'from“l_to"4:

m is O or an integer from 1 to 4:

n is O or an integer from 1 to 4;

q is O or an integer from 1 to 6;
) R is a cl-cso hydrocarbyl group in structure (I),
25 | _ and is a C:L'Cso hydrocarbyl group or hydrogen

| in structure (II); | |

is sulfur, oxygen, nitrogen, or =CHa-:

r is 0, or an integér from 1 to 5 providing

' when X is oxygen or nitrogen, r is 1,

30 ‘when X is sulfur, r is 1 to 3, '

"
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PCT/ US95/ -2- of strong m neral
atids al Iléo(vz\)/@%{lglgelilr addition to  lubricating oil additi PETESISEAET at es
or lubricating oils wi thout violent exothermc reactions. The
strong antiwear properties of these addytives are denonstrated 5 by FZG
| oad stage failures in the ra#ge of 11 to 13. P

SUMVARY OF THE INVENTIC]I;I’hen X is =CHp-, r is 1 to 5;

s is Q, or an integer from 1 to 12:
t is O, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHz-, t is 1,
5 when X is nitrogen, t is 1 or 2;
y is 0, or an integer from 1 to 10; and
Ry and R, are independently a C;-Cg alkyl or
hydroeogen.

10 In another embodiment, this invention concerns
a lubricafing oil composition comprising a lubrication
0il basestock and an antiwear effective amount of this
invention's additive.

15 A further embodiment of this invention relates
to a method of inhibiting wear in 1lubricating oil
systems, including power transmission fluid systems, and
particularly automatic transmission fluid systems.

20 Yet another embodiment of ¢this invention
relates to the method of forming the complex.

DETAILED DESCRIPTION OF THE INVENTION
25

Phosvhorus-Free Strong Mineral Acids

Suitable phosphorus-free strong mineral acids

include those which are oil-insocluble or substantially

30 oil-insoluble. The term substantially oil-insoluble is

meant to include those acids whose limited solubility

would be improved by following the teachings of this
disclosure.

35 Generally, these strong mineral acids are
classified as acids containing a hydrogen dissociating
moiety having a pKa from about -12 to about 4, preferably



10 One enbodinent of this invention relates to an oi |l -sol ubl e

additive, wherein the additive conprises the conpl ex of a substantially
oi | -i nsol wy &/@bQsphorus-free strong mineral acid and an al cohol, the
al cohol being a singl e al cohol or m xtures of al cohol s PCEfliSeg®I6%d by
(1) 15 or (Il), where (1) and (I1) are: [err] wher e: 20
m+ nis an integer froml to 4; - 4mis 0 or an integer from1l to 4:
nis O or an integer from1l to 4; qgis O or an integer froml to

6; el 14T droc I t ur I 5
and is a C[errﬁ%a%gﬁug ocaar% £%r%h¥0p56rﬁﬁ% Jgﬁgf@ré&? Egs}" °&‘t) 42
structure (1199 about 3. thg §§muPKaoX§géﬁflnﬁ§r @§erFheyrnegapive base
ris 0, or amg ni@g&rlthﬁ%]f tthd @oMl thithm dissoclanon\/\*&hs&dn& Broe

ronitr n, when X I 4
86/ 1|7gltige the *aéid :Ln an aqueous solutll.g SC%H?Q&'-'W IS 2t50°%. The

5 pKa values reported here:.n are based on the values

reported in "Lange's Handbook of Chem.stry"  Thirteenth
Edition, 198S. '

-Suitable phosphorus-free m;neral acids are

10 chlorosulfonic acid (Hosozc1. pKa = 10. 4), hydrogen

bromide (HBr; pKa = 9.0), hydrogen chlorzde (HCl. pKa =

6.1), hydrogen flouride (HF, pKe = 3_2), hydrogen iodide

(RI; pKa = -9.5), iodic acid (HIO3: pKa = 0.80), nitric

- aeid (HN03-3320:: 'pKa. = -1. 4), perchloric acid

15 (HCl04:3H0:; pka 4.8 and HClO04 -7H,0: pKa = =2.1),

sulfuric acid (H3S04; pKa = 3. 0),'sulfurous acid (H2S0;3;

pKa =.1.9), and. trzthlooarbonzc ‘acid (20 ) (H3CS3; pKa =

2.7). Sulfuric and sulfurous acids are preferred, with
sulfuric acid the most preferred.

20

The aloohols represented by structures I and II
form a broad descr:.ptzon of ‘alcochols useful in. th:.s
25 invention. It should be noted that the hydrocarbyl
groups represented by R m'ay be straight-chained,
.branched, or oycl:.c._ Representat:.ve hydrocarbyl groups
within  this. def:.nlt:.on " include alkyl, alkenyl,
cycloalkyl, aralkyl, alkaryl, aryl, and their hetero-

30 .containing analogs. | S

Among the suitable alcohols within structure
(I) are alkoxylated alcohols {s 2 1) and alkoxylated
‘polyhydric alecohols (s 2 1 and m + n + t 2 2), and

35 mixtures thereof. B



- 3- when Xis -CH2-, r is 1 to 5; s is 0, or an

integer from1 to 12; t is 0, or an integer from1 to 2 providing
when X is stAW1Uxygen, or -CH2-, t is 1, 5 WhePCI/GS95/15767
nitrogen, t is 1 or 2; y is O, or an integer from1 to 10; and
Rl and R2 are independently a'Clerr]-Clerr] alkyl or hydr ogen.

10 I n anot her enbodi nent, this invention concerns a

| ubricating oil conpositign conprising a |ubrication i L basestock and
an antiwear effective amGXETB-SEhi LT PRFRTERITIMY aBﬁF%Pbe. alkpyyiated

A further enbodadenhods thi sareventi eonydl at esphenoflo a npemtherhoxylate,
I nhibiting wear i ' i i | St eIIB. b | :
gl bbESANR Y Isusonel ! BB oHELAL BP0 R cige, oo

transm ssion fl pariicu ransm ssi‘on
fluid systens. dipghoxylated dodecylamRuraPtathbodi ment of this
invention g relates to the nethod of form ng the conpl ex.

DETAI LED DESCRI PTION OF T NT

E | NVENTI 25 . Phosphor us- Fr.ee Str.qn ner_ al
Aci ds Sui E&BF“E osp‘ﬁ rugéf"?é‘é“g?f g Hﬁﬁg}‘ I a?cﬁ‘cfg‘yl\fated
i ncl ude those wpicdlyhyderici |alosbblbl amyr cleyl aamixe yté€Oraethokypiateabl &~
The term subst ant, _Qi_lyjsnsol ' i@ég& Locl uds, 4t |
whose limted sg’lyl?%:o%&tg tH"'Q:;Swou gltggb?'rrpr%r\:/ed y?‘*%ﬁ%w n&q}%%%:eac ﬁ%’%
of this di sdigthoxylated tallow amine, dithiodiglycol,
10 tetrapropoxylated cococamine, diethylene glycol, and 1,7 -

dihydroxy - 3,5 - dithiocheptane.

Among the suitable alcohols within structure

(II) are the polyhydric alcochols (y 2 2). Examples of

15 particularly useful polyhydric alcohols are

pentaerythritol, 1l-phenyl- 2,3 propane d4iol, polyvinyl

alcohol, 1,2 -~ dihydroxy hexadecane and 1,3 ~ dihydroxy
octadecane.

20 A particularly useful combination of alcohols
within structure I are those represented by (III), (IV),
and mixtures thereof, where (III) and (IV) are:

A-OR (III)
25 and
OH-B-0OH (IV)

where:
30 ¥y

A is ?ﬂ-(ocazcaz)s— or Yl-fﬁ-(OCHZTH~)S—:

X1 X1 CH3
35
X1 is H or RSCHy-
Y, is RpSCH3-, RzS?HCHz-,¥ﬁ25THCHz- .
40 - CHy  CHp

CHj,



35 Generally, these strong mneral acids are

classified as acids containing a hydrogen dissociating noi ety having a
pKa from\%ggvngﬁlZ to about 4, preferably WO 96/ 17911

PCT/ US95/ 1 - 4- f r POT/EbBUE7678 t O
about 3, nost preferably from about -4 to about 3. The termpKa is
defined as the negative base 10 | ogar ist hm of the equilibrium

di ssaci ati on constant of the acid in an aqueous sol uti on nmeasured at 25
[err]C. The 5 pKa v bergin sed on the values
reported in "Lange's HS% ok ofgéég c:I-s!trygi,: R?n Fie Ift:'tah Edition, 1985.
Sui t abl e phosphorus-free cgd ner al agggs are 10 @@iorosul fonic acid
(HOCSs02A ; pKa = 10.4), hydrogen brom de (HB[; pKa 9.0), hydrogen

chloride 6HO ; pKa = 6.1), hydrogen flouride (I—Ea3 pKa = 3.2), hydrogen
| odi de (H; pKa =-9.5), iodic acid (HG3; pKa-=0.80), nitric acid
(HNO err] -3H[err] [®#ri$;0 opKkan integer fypm lpd2c¢hloric acid 15

(HCA 04-3H20; pka = 4.8 and HC g err] - 7H20; = 1), sul furic
acid (H2SQ4:; pKa —3316)-C§m¢1rlm$6¥§sc§erd (ﬁgzﬁgsﬁf%zﬁiz- pKa = 1.9), and
trithi oc&robonl c acid 20 %E CS3;, pKa = 2.7). Sulfuric and

sul furous acids are $fe HaPRA™ ¢ sulfuric acid the nost preferred.

20 Al cohol s: The al cohol s represented by structures |
and |1 o

and Ry and R3 are the same or dlfferent and are H or a
15 hydrocarbyl group containing up to 50 carben atoms. Ry
- is a hydrocarbyl group. containing up to 50 carbon atoms.

' The Ry, R3, and R4 groups of the alcohols (III)

and (IV) .are  hydrocarbyl g_reups _w_h__ich: '_ﬁay be _ straight-

20 chained, branched, or cyclic. Representative hydrocarbyl

'groups include alkyl, alkenyl, dyé:lo_alk_yi, aralkyl,
alkaryl, and their hetero-containing aﬁelags.' '

'I.‘he hetero-conta:.m.ng hydrocarbyl groups may
25 contain one or more hetero atoms. A var_:l.ety of hetero
atoms can be used and are readily epparent to those
.skille_d in the art. .Suitable hetero atoms include, but
are not 1limited to, nitrogen, oxygen, phosphorus, and
sulfur. Preferred hetero atoms are oxygen and sulfur,

30 with sulfur atoms the most preferred.

When the hydrocarbyl group is alkyl, straight-
chained alkyl groups are _Pr,efe:ré;i- -- typically those
that are about Cy to Cla, preferably about C; to Cja,

35 most preferably about Cg to Cjp alkyl.  When the
hydrocarbyl group is alkenyl, straight-chained  alkenyl
groups are preferred - typ:.cally those that are about C3
to Clg, preferably. about Cq4 to '312: most preferably about
Cg to Cyo al_kenyl. When the hydrocarbyl group is

40 cycloalkyl, the grbup typically has about 5 to 18 carbon
atoms, preferably about S5 to 16,' most preferably about 5



form a broad description of alcohols wuseful in this 25 invention. It

shoul d be at the hydrocarbyl groups represented by R may
bé straigﬁﬁﬁgﬂg?kgd, branched, or cyclic. Repr esent atiGHUIAFWE ar by
groups within this definition i ncl ude al kyl, al kenyl ,

cycloal kyl, aralkyl, alkaryl, aryl, andstheir hetero- 30 containing
anal ogs. Anmong the suitable al cohols within structure

(1) are alkoxylated alcohals ( err].1) and al koxyl at ed ol yhydric
al cohols (s [er?] 1%and Me’h h [&4‘}’%‘5?&%@ FEOE 5 (1 ATHEFLY( and
WO 96/ 17911 alkaryl, the aryl portion typSdl1I395¢45%8ins about Cg to
Exanpl es of partjcul | kool at e al c I

phenol pen ﬁ%t hg{?#aét%slg %ent aprcg%o%%cgtséd %ﬁ‘?an%&e, ai‘f:$1 poPQDXJ‘
hydr oxyet hyl oct§¥PiGR}+¥eCoRRAINS @PaRRoly et 48 FRFRON Fhmsmpipyeferably
Exanpl es of sparii€gl agly useful al koxyl at ed pol yhydri c al cohols are

ol eyl am ne tetraethoxyl ate, 5- hydr oxy-3-thio butanol triethoxylate,
t hi obi set hanol , di et hoxyl at ed tall ow am ne, di t hi odi gl ycol ,
10 tetrapropoxyl ated cocstrmabghtedchahnedne ghydobearbyll, 7 groupdi hydassy
- 3,5 - dithioh t Lt coh i.1.hin,
structure (ﬁf%ﬁg?geg[ihgvpeé:l §%??%£§Fcr§’%ho?§°f%> °§‘p@aan§°§’s€wo '15lf
particularly thﬁse?ﬁ¢r°car55¥yhiﬁ?¢2 consfitekess theyrless preferred

pent aer yt hnigt ol cyé1BaeRyL- gZotppr ARantaylive . suBsYtaYed withl @ohy) .td. &;5
di hydroxy hexadSE%Q?gﬁggcﬁa§néddéT%9£°é¥oup, preferably C; to Cg.

Representative examples of suitable hydrocarbyl

groups for alcohols (III) and (IV) include methyl, ethyl,

15 propyl, butyl, pentyl, hexyl, heptyl, octyl, 2~

ethylhexyl, isococtyl, tertiary-octyl, nonyl, isocnonyl,

tertiary-nonyl, secondary-nonyl, decyl, isodecyl,

undecyl, dodecyl, tridecyl, palmityl, stearyl,

isostearyl, octenyl, nonenyl, decenyl, dodecenyl, oleyl,

20 linoleyl and linolenyl, cyclooctyl, benzyl, octylphenyl,
dodecylphenyl, and phenyloctyl.

The preferred hydrocarbyl groups for alcohol

(ITI) are hexyl, octyl, decyl, and dodecyl. The

25 preferred hydrocarbyl groups for alcchol (IV) are, for

R3: methyl, ethyl, and propyl: and, for R4: methylene,
ethylene, propylene, and iscopropylene.

Alcohols (III) and (IV) may be prepared by
30 conventional methods widely Xnown in the art. For
example, a thioalcohol is produsced by oxyalkylation of a
mercaptan containing the desired hydrocarbyl group.
Suitable oxyalkylating agents include alkylene oxides
such as ethylene oxide, propylene oxide, butylene oxide,
35 and mixtures thereof. The most preferred alkylene oxide
is ethylene oxide. Thus, the preferred thiocalcohol may

be prepared by the following reacdtion eguation:



oct adecane. 20 A particularly useful conbination of alcohols
within structure | are those represented by (I11), (1V), and m xtures
t her eof , Whew@of1l I 1) and (IV) are: A- OH
(111) 25 and OH B- OH PCTIUSOYSGS7

wher e: [err] 35 X1 is Hor R2SCH2- ; [err] 40 WO
96/ 17911 - 8 - PCT/ US95/ 15767 -

- 6- [err]

10

15

20°

25

30

35

RSH + Ethylene Oxide ——> RSCH;CH50H - (v)
where R is defined above.

To produce the desired alcohol, a more preferred
reaction route 1s.' '

RCH=CH, + nsnzon — RCHZCHZSRZOH : (VI)

wherein R and Ry are descrzhed above._-Reaotioﬂ equation
(VI) is preferred because it yields a higher'peroentage
of the desired alcohol whereas reaotzon equation (V) may
produce a single alcohol of the formula RS (CH;CH,0~) n-H,
where n>l, or a mixture of alcohols where n>1l and varies.

The- relatlve proportlons of the mlneral acid
and alcochol in form;ng the_ complex may w1de1y vary

providing the complex is oil soluble. Thus, the

following examples are not 1ntended to limit the relative
amounts of mineral acid to alcohol.

An example of this invention is illustrated
below: ' ' '

(a) A-OH + (b) OH-B-OH + HySO, > Complex  (VII)

where A and'B ere defined above, and 1 5'a+2b < 6.

A preferred complex of this 1nvention is formed
by a monoalcohol and may be represented by the following
equatlon.

(a) RSCHaCH,0H + HpSO4

—>  Complex ~ (VIII)

where R is defined above.



s is 0 or an integer from1-12; Bis -CH2CH2SCH2CH2- ,

-CI—|ZCHZSSCHZ‘QH?-“ 1 or KR err] CHCH2SR4- and R2 and R3 are
t he sane or di Ferent and are Hor a 15 hydrocarbyl group coREHTRINSTAp to
50 carbon atonms. R4 is a hydrocarbyl group containing up to 50 carbon
at ons. The R2, R3, and R4 grpups of the alcohols (II1)

and (IV) are hydrocarbyl groups which may be straight- 20 chai ned,
branched, or cyclic. Repre sent ive draocar cl ude

al kyl , al kenyl, cycl oal agﬂlé'l ?Xe comﬁ?éﬁ?‘?ﬁ and%?%&rrarl acid and
het er o- cont ai ni agcahallogs carr:.ed out undeThethospheiontpressgre and at
hydrocarbyl gro < ,ﬁ#}, n b6e heg r(tdatggrs Le¥akh St ¥ gof
hetero atongkg?grre:qiég%%see *Y fe%@g ?F appgrent Pﬁe & 5'1? %0

skilled in the &°t. 55%ui tBBFE hoFreLerabdns %l tdfe, BAt e are ﬁst IEh@seed
to, nitrogens Oxegparapheed)orus, cdtblex Sisfuformétef e&tad:wtet ProRIcigg

nen the hyar oc BASAE-or ot erhehuked’ Nfk |95 EVRaUE ALY (e prsgee
are preferred --and/pthis| yevidences thlast aerreeabean-f@gattcmq em}{:‘enpp has

preferably abou c%rtr%dq err] gﬁoﬁﬁctgn reEs%%E@r alﬂé&wéﬁ}PUt-lQ e%hh lgsec
Clerr][err] al kyI

E’r oca I s al ken
st rai ght - chai nea’-evm@rmres mgkGuptt ﬁé i#‘f’eﬁ 4p‘§/piaca?F?°PK8§e Wida
are about Cgo odcmzcl[eCézhpléﬁﬁﬁqr a:lilmysalmut;ec&m qm:mﬂc 2p.80%b about 4

roup 1S 40 oy Sat ety sl KEFHe nsan ikt ey 1A 3iikea

at ons, preferablgnedjm}tta'-wm Tlcmriﬁmst preferably about 5

One method of forming the complex is first to

15 dissolve the appropriate amount of the mineral acid in

water. The acid may be purchased as an aqueous

concentrate, i.e., 70% in water, thereby eliminating the

dissolution step. The alcohols (or thiocalcohols) are

then added to the aqueous solution of acid and the

20 temperature raised to the desired level with stirring
until a homogeneous mixture is produced.

After the mineral acids and alcchols have
sufficient time to complex, it may be desirable to remove
25 water, i.e., water that may have been used to dissolve
the acid. The water may bé removed at atmospheric
pressure or the complex may be plaged under vacuunm to
remove water. Stripping times and temperatures vary
according to the desired degree of stripping. The vacuum
30 can range from about -65 to about =90 kPa, stripping
times from about 1 to about 2 hours, and temperatures
from 50 to 65 °C. Typically, sufficient water removal may-
be achieved at a vacuum of about =-60 kPa which is
maintained for about 1 hour at 55 °C.
35
A second method of forming a stable complex is
te dissolve the anhydrous acid in the alcchol mixture.
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I7k to . 12. When the hydrocarbyl group is aralkyl and

al karyl , wbee/aroyi portion typically contains about Cerr]

pref er any 6 carbon atons, and the al kyl portion typi 05%’95958%2 ns
about O to 18 carbon atons, preferably 5 1 to 10

Strai ght - chai ned hydrocar byI groups 10 -are preferred over branched
Fr cycllg groups However , t he hydrocarbyl group constitutes the
ess preferr Id Ve S tlt 1t
Cllerr] Ei?‘r al gh%gﬁ%al ne% glgk%%brloup@prg %rggﬁ Ué,?g;_%‘:"[ LHO?‘& of’

Represent at i waternpe e&hef thFébl e Rypicedryyl 1-5 Q'PGBM f peraenshets

(111) and (I addichida rgitdwla stddle Hémoddredils matuttydl. pentyl,

hexyl , heptyl, = octyl, 2- et hyl hexyl, isooctyl, tertiary- octyl,
nonyl- | sononyl , tertiary-nonyl, _secondary nonyl , decyl,

| sodecyl , 5 undecyl Theknbmglexes showncyh, equapabnsthI) andexng)

| sost earyl, deiqp‘pﬁy gﬁ?ﬂfc I I d
| i nol enyl, c?ﬁ%oc% ? enzyl octy p%a &1y lc’i%%:%!{mﬁ 1&:{‘040;%4 ne'l
phenyl octyl . S“ffmlent to. impar r@f’@rﬁ%%yﬂ?‘éﬁﬁ?ﬁ??sgrou§§ef oFYRIGDhol

(I11) are. heade @tbl 05 deeyl 2. OandeidﬁdecpErcent of Theo@® ddeiwered

hydr ocar byl gyoups J‘or aI co are, net hyl ; et hyl,
o propyl: hgtesisis, bratapenly 0°5°sa, fin. veddi | braciEny nost "

|sopropyLlene preferably 0.4 to N‘zoheiehtlpe;.'centl (I'V) may be prepar ed by
30 conventional nethods wdely known in ‘the art. For
It may be desirable to include a source of
boron with the ) ccmple'x' of this invention in the
‘lubrication oil besestcck. 'rhe presence of boron tends
15 to lessen the detericration of siliccne-hased seals. The
boron source may be present in the form of borated
dispersants, borated amines, herated alcohols, borated
esters, or alkyl borates. '

20 Accordingly, _ by adding en effective amount of
this invention's complex to a’ lubricating oil and then
. placing the resulting lubrication oil within .a
lubrication system, the cil will inhibit wear in metal-
to-metal contact as. well as in metal-to-nonmetal contact

-, 28 (i.e., nomne_tal composites. paper/phenolic resins,
grephite/paper/phenclic resins, KEVLAR®/paper resins,
etc.).. - o S

5 The 'l\‘x“brication oil basestock may contain one
_ 30, ' Or more additives tc form a fully formulated lubricating
‘ _ - oil.  Such lubricating eil additives include corrosion

inhibitors, detergents ’ pour point depressants,
antioxidants, extreme pressure additives, viscosity
improvers, friction modifiers, - and the 1like. These

.35 additives are typica.lly disclosed in, for example,
"Lubricant Additives" by c. V. Smalheer and R. Kennedy
smith, 1967, pp. 1-11 and in U.S. Patent 4,105,571, the



exanple, a thioalcohol I's produced by oxyal kyl ation of a mer capt an

contai ni ngy sired hydrocarbyl group. Sui t abl e oxyal kyl ati ng
agents |ncI ude a?glyl ene oxi des such as ethyl ene oxide, § 7y )él*??é"

oxi de, butyl ene oxide, 35 and m xtures thereof. The nost pref erred

al kyl ene oxi de i s ethylene oxide. Thug, the preferred thioal cohol may
be prepared by the follow ng reaction equati on: WO 96/ 17911

PCT/ US95/ 15767 SH +

- 8- .
Et hyl ene Oxi de@iSCIoBEERSCpRf) (WRICh  3FR, o IRIURPIATSSy BSFEL™S §Y
To produce theré@sreadealcohomulhyrmmzmplatedraﬂbricatéagtnmm.rnuraaﬁsy

ROHECH2 + HSROGQHA 23 7 RERGHRP SR 1 to a?é)}%) 2 veighbelel bR BRdLE
are described above.  "Reaction equatlon pre & red betause rt
yi el ds a hi gheprdgdtdygsage Borakgd  ax yaborades merﬁﬁé@aﬁﬁﬁaéwenbe

equation (\§ Mncluged HBICEIQ1EivaEe ig cmel oQi the faudided, However,
(O err] M ST Rk e el ar e gl condl S e
proportions of wild ndempami wupon 2he gpairtabtedbavl appﬁlcaun.:mng:f thhe edpl ex

my wdely V@ohtemplated applications for formulations of this

invention include passenger car motor oils, gear oils,

10 industrial oils, lubricating oils, and power transmission

fluids, especially automatic transmission fluids and

tractor hydraulic fluigds. The following list shows
representative amounts of additives in lubrication oil
formulations:
15
({Broad) (Preferred)
—_——— Additive —Nt. § We. %
VI Improvers 1 -12 1 -4
20
Corroesion Inhibitor/
Passivators 0.01 - 3 0.01 ~ 1.5
Anti-Oxidants 0.0l - § 0.01 - 1.5
25
Dispersants 0.10 - 10 0.1 -8
Anti~Foaming Agents 0.001- S 0.001- 1.5
30 Detergents 0.0 -~ & 0.01 - 3
Anti-Wear Agents 0.001~ 5 0.001- 1.5
Pour Point Depressants 0.01 - 2 0.01 - 1.5
35
Friction Modifiers 0.01 - 3 0.01 - 1.5
40 Lubricating Base 0il Balance Balance

Particularly suitablé"detergent additives for
use with this invention include ash-producing basic salts
of Group I (alkali) or Group II (alkaline) earth metals



?ﬁesgrgf eiglrjr;)grggurestopa@ft r;y $reé$%f %‘ tﬁ)ﬁta 1["8{5% 2RY. f°Ar¢
At exgmerin LEQ!SJWl@‘B[\GItﬂ Chet compiagxbefpthdece.dventa.m taxes

evi dences th n

brepared . botion ﬁﬁ?ﬁé*bﬁé%ﬁﬁnéea%“d‘?“ Bpdroxy© atdifitic-coflHiHe, |

wat er .

that a react idigxidants occire

about 4

10

15

20

30

a5

huEPLater!f aiﬁheﬂyl caffithexi RGaC aémsww@d:éa b§eady-Ruashyl

phenols.

The complex of this invention may also be
blended to form a concentrate. A concentrate will
generally contain a major portion of “the complex together
with other desired additives and a ‘minor amount of
lubrication oil or other solvent. The complex and
desired additiVee'(i e., active Lngredlents) are provided
in the concentrate in speclfic amounts to give a desired
concentration in a finished formulation when combined

-with a predetermined amount of lubrication oil. The
collective amounts of active = ingredient -in the

concentrate typically are from .about. 0.2 to 50,
preferably  from about 0.5 to 20, most preferably from 2

- to 20 weight % of the concentrate, with the remainder

be:.ng a lubrxcat:.on oil basestcck or a solvent.

The complex of this invention may interact with

_ the amines contained in the formulation (i.e.,

dispersant, frzcticn modifier, and antioxidant) to form
quaternary ammonium salts. The formation of amine and
quaternary ammonium salts, hcwever_.", will not greatly

‘affect the antiwear characteristics of this invention.

Suitable lubrication oil basestocks can be
derived from natural lubricating oils, synthetic

- lubricating o:.ls, or miictxires thereof. ' In general, the

lubricating oil basestock will have a viscosity in the
range of about 5 to about 10,000 mm2/s (cSt) at 40°C,

providing the conplex is oil soluble. Thus, the foll ow ng
exanples are not intended to limt the relative anounts of mneral acid
t o al cohd¥o 96/12%1 An exanple "of this inventi o;} 11/6 il ust rat ed
bel ow: (a) AA-OH + (b) OB OH + H2S04 ----> Conpl ex CTU§NI$%67

where A and B are defined above, and 1 [err] a+2b [err] 6.

A preferred conplex of this invention ksiborned - by a nonoal cohol and
may be represented by the follow ng equation: 35 (a)
RSCH2CH2OH + 24 ~mCOppL: ;44 VI, e i R j,ned
sbove. 8% sappsgtion CHELALs wiehViedleonic MY SenbfSyE
Typi cal | y, t%%l@l%@l%mh%@% agidls. al cohol is carried out
under atnospheric pressure and at terrperatures rangl ng from about -10 to -

eesw EYPR§ t19fethespgantionidnsss e t o



I n about two hours. One nmethod of formng the conplex is
first to 15 wgi gﬁgﬁjl\{e the appropriate anount of the mneral acid in

wat er . The™ V38 may be purchased as an aqueous CRPOT/ERIv B4,
i.e., 70%in water, thereby elimnating the di ssolution step. The

al cohols (or thioal cohols) are t hen added to the aqueous sol ution of
acid and the 20 tenperature raised to thedésired level with stirring

until a honpbgeneous m xture i s produced. After the m neral
aci ds and al cohall¢hagd typiedli sppitficetiensowddidplmequire nay bélddaiviak e
to renove 25 wat.er,,qd ; : h e used 1 S§0 2 the
aci d. The m;aerv%%?/g%]ét%g%\?ggg atEP&gt %g‘plﬁereﬁ: 8 épt%be&s%u?ébgrs 'E‘We/ s
conpl ex may be pglcg&dd afnd&’ Sracuum to remove water. Stripping tines
and tenperatures vary according to the desired degree of stripping.
The vacuum 3 can range fg.qm about, -65 to.about.;90 .kPa, . stripping .
times fromabout 1 to abo aqgfﬂ%‘ﬁré}lbé'ﬁ&at%éﬁiﬁer%fﬁeg'n&udﬁ oﬁngago Bds.
[err] C. Typi cal megetaftflieciciits wae eg. r ecastbrmayl andbdaxchicildd gletarolasmum

of about -60 kp%iﬂ%ﬁ@niix?eral S%Tgﬁ,t aéx&‘&d?:i?é_@?ﬁ%& Bodk g{aa§5éﬁr£ﬂx§ie?5

A second nethod o ormng a e conplex is + to dissolve the

anhydrous acid in the al cohol mxture. WO 96/ 17911

PCT/ US95/ 15767 Synthetic oils includé -hydrocdibd® SOIE | Bm

desirable tgot h%nal%q-cjsu%sstnftxlatggo llﬁrr]érg;:arbon oils' such as polymerized and
interpolymerized olefins (e.qg., polybutylenes,
polypropylenes, propylene-isobutylene copolymers,

chlorinated polybutylenes, pely(1-hexenes), poly(1-

octenes), poly(l-decenes), etc., and mixtures thereof):;
15 alkylbenzenes (e.qg., dodecylbenzenes, tetradecylbenzenes,

dinonylbenzenes, di(2-ethylhexyl)benzene, etc.); poly-

phenyls {e.g., biphenyls, terphenyls, alkylated

polyphenyls, etc.); alkylated diphenyl ethers, alkylated

diphenyl sulfides, as well as their derivatives, analogs,
20 and homologs thereof; and the like. :

Synthetic lubricatixi_g oils alse include
alkylene oxide polymers, interpolymers, copolymers, and
their derivatives where the terminal hydroxyl groups have

25 been modified by esterification, etherification, etc.
This class of synthetic «ails is exemplified by
polyoxyalkylene polymers prepared by polymerization of
ethylene oxide or propylene oxide: the alkyl and aryl
ethers of these polyoxyalkylene polymers (e.g., methyl-

30 polyisopropylene glycol ether having an average molecular
weight of 1000, diphenyl ether of polyethylene glycol
having a molecular weight of 500~1000, diethyl ether of
polypropylene glyccl having a molecular weight of 1000~
1500); and mono- and poly-éarboxylic esters thereof

35 (e.g., the acetic acid esters, mixed C3-Cg fatty acid
esters, and Cj;3 oxo acid diester of tetraethylene
glycol). I



water to the bl end. Typically, 1-5 weight percent of water will give

a stabl e honbgeneous materi al . 5 The conpl exes shown in
equatlon%w;yglgw??d (Vi) “may be added to a |l ubricati ng oil basestock in
an anount Sufficient to inpart antiwear properties. POTASOy/ps 762

range is 0.05 to 2.0 weight percent of 100% active i ngredient,
preferably 0.2 to 1.0 weight- percent, q{) 10 preferably 0.4 to 0.7 wei ght
per cent . : It may be desi ra4l e to include a source of

boron with the conplex of this invention in the  lubrication oil
basestock. The presence of boron tends 15 to |essen the deterioration of
silicone-based seals. Anwther buitableuctessagf Isgntpwtluﬁﬂdélﬁmé orm

~ of borated S a s, borated
esters, or alcfg']?g bgrggll §QE§_5 %’% te%qer%m Qiccdolrc%%%ﬁq'xny a gh% %1 :
effective antﬂhﬁh@flc actlﬁus sweeimion’ @@onp#-b&ﬂosaqu}m:uctaacngswandand

t hen Bl acaneen;me sueesaha NGcidsibr igeid @ - Qd:id vwatzfylfhcﬂ id,
| ubrication system th J nhi a:f

contact as weTHPEELF nd Fn’sgal st"ff’qﬁ)‘rﬁre?ﬁi‘éc\gﬁflﬁ‘étn% a"(‘rd'e adlﬁbﬁrret%q’ldf

conposi tes: phimsleienacid démers, malonig apliits/ papkyimagoaticc adsfxss ns, -
KEVLAR[ err] / r oi |
basesﬁ)ck ]rraygg)g&t;%u nﬁéigﬁg’g acufé ; ad?tr'\]/'gg tao %Fﬁ]eg{} lﬂ# %t ed

| ubricating. (e-9ei Ibut@cﬁllqmloathw%l aleeleli vé?dﬁﬁ&’lluc?elmqlo&%n

i nhi bi t ong, eéﬁivﬁﬁ Salcdhbll, eRBylene aqwassaa‘&setnylen@td;wééﬁnt S,
extrene pressure nprover.s friction

nodi fiers, angt ?T'}éeri |R§°pyle?\élesg‘y"‘9éy &G t)l veép%ﬁ’ef Typrampigs of

di scl osed  intheser estears| dénclude " dibutydnt adiipateyesdi hy-&hylhéryl heer
and R Kenn6d¥ebacat§m t h’d:.%eﬂi 1- tdmapgeén U ﬁzdpc%ﬁnt 4sdfncadd;, the

_ d:.:.sooctyl __a_:_:_elat_:e_, ' diisodecyl azelate, = dioctyl
15 phthalate, dideoYl"phthalate, dieicosyl sebacate, the 2-
ethylhexyl diester ‘of 1linoleic acid dimer, and the
complex ester _formed by reactlng one mole of sebacic acid
with two moles of tetraethylene glycol and two moles of
2-ethylhexanoic aoid, and the like.
20 B |
Esters useful as synthetic oils also include
those made = from _'c5' to C32 monocarboxylic acids and
polyols and j_o_l-yo_l' ethers such 'as neopentyl glycol,
trime_t_h_Yl_olpropane, pentaerythritol, dipentaerythritoel,
25 -tripentaerythritol; and the like. Syhthetic hydrocarbon
oils are also obtaa.ned from hydrogenated oligomers of
normal olef:.ns. '

Siiic_one_?-b_ased oils (such as the polyalkyl-, ~
30 polyaryl-, pol'yalkoxy— or poiyaryloxy-siloxane oils and
silicate oils) compr:.se another useful class of synthetic
lubricating oils. These oils “include tetraethyl
silicate, tetraisopropyl silicate, tetra=-(2-ethylhexyl)
silicate, tetra-(4~methyl-2-ethylhexyl) silicate,
35 tetra(p-tert,-buty_lphenyl) ~ ‘silicate, hex=-(4-methyl=-2-
pentoxy) -disiloxane, " poly(methyl)-siloxanes and
poly(methylphenyl) siloxanes, and the 1like. Other -

e



WD 96/ 17911 PCT/ US95/ 15767

- 11 - w§i9f§ﬁj(sﬁ§“res of which are I ncor por at ed herein by

ref er ence. ulTy formul ated lubricating oil normally BERUSYYS767 om
about 1 to about 20 wei ght % of these additives. Borated or unborated
di spersants may also be 5 included as addi éisvgs in the oil, if desired.
However, the precise additives used (and™their relative anounts)

wi || depend upon the particular application of the oil._,  Contenplated
applications f&SYPHRGEHF atliubFdcafing hiails ingdde onlimetddeepiessngaf
car notor oils, phR¥pheirus~cbataindmyt r aakidael | se.dUpr itgaldrag vl | phodpharever

transm ssi on fluids, especially autonmati ransm ssi on .fl ui an .
tractor hydr aul5¢ ST (f(é’.'soss’% ?BWEI %eﬁ%}&l i&Fte g decylp%oquxonlc
representative awut,s pdlyuelric veetivahydindfoatinsn gdélyalpiaohefanspnandl5

(Broad) (: f18hdeed) Additive W. %

W. % v rﬁ?{egvlglrﬂse 1-12 1- 4 20

Corrosi on | nhi bitor{ _ Passi vators 0.01 - 3

2;501 - %) 5 f\nt | - OXi depes lubricaotilng ooiq- Olpay gble dgr@vgé - fron
spersants. .. . . - . : :

Ant i - Foani ng Agdifikefined, refinegdy regeglneé G1f01-00 . Bixsyrep. therant:

0.01 - 6 UnxeXlined® ocils Aarie Wedkntadgemud s directly fror). G0l-nathiral

0.001- 1.5 10 source or synthetic source (e.g., coal, shale, or tar

sands bitumen) without further purification or treatment.
Examples of unrefined oils include a shale oil obtained
directly from a retorting operation, a petroleum oil
obtained directly from distillation, or an ester obtained .

15 directly from an esterification process, each of which is
then used without further treatment. Refined oils are
similar to the unrefined oils except that refined oils
have been treated in one or more purification steps to
improve one or more properties. Suitable purification

20 technigues include distillation, hydrotreating, dewaxing,
solvent extraction, acid or base extraction, filtration,
and percolation, all of which are known to those skilled
in the art. Rerefined oils are obtained by treating
refined cils in processes similar to those used to obtain

25 the refined cils. These rerefined oils are also known as
reclaimed or reprocessed oils and often are additionally
processed by techniques for removal of spent additives
and oil breakdown products.

30 - This invention may be further understood by

reference to the following “"examples which are not
intended to restrict the scope of the appended claims.

35



‘Pour Poi nt Depressants 0.01 - 2 . 0.01 - 1.5 35

, Seal

Swel | ants _ 0.1 - 8 0.1 - 6 Friction Mddifiers
O 01 - 3$vgoe17917 0-01 - 1.5 40 Lubricating Base O | ‘Bal ance

Bal ance Particul arly suitabl e detergent addiTiusesss7éf or

use with this invention include ash-produci ng basic salts of Goup |
(alkali) or Goup Il (alkaline) earth mat WO 96/ 17911

PCT/ US95/ 15767 ~and transition ne al’s with sulfonic acids,

car boxylic acids, or organi¢c hosphorus acids. -

Particul arly suitable types of : cha yse in conjunction with
the conplex.of this invention are the anine-cont ai ni ng -and hydroxy

aromatic-co | antioxidants.. Preferred types of t
ant i oxi dant wlfal- kyl at ed di phenyl am nes and substituted 2,6

di -t-butyl phenol s. 10 The conplex of

hese

this

my alsg- - hg a Qhﬁndfgtero ffﬂ}{n %ﬂsﬁ%t LAR a  drifPdcen

generally contain maj or t1on of | ex 't oget her

i nvention

R‘Laage!ihvmll

desi r ed ad(ﬁ‘tﬂdﬁﬁse’éndthﬁrﬁ?ﬁﬁFerarréﬁntad%tlﬂ‘ fyumnek 2pdna G\MY ine
other sol vagap 1‘§Iue gcqpl msleancbf odt@wﬂrﬁtieﬂﬂﬁdlvesndl 122 gctfve

ive a dosi ke Pk SBippisesand] JIBFR SHERERd L, muthel JRLSHERS cobi ned
: alcohols was cooled .to near o °c and 98 g (1 mole) of
10. HyS04 is added. dropw:.se. . After the ‘addition is
' completed, the nuxture was st:.rred for appoximately 1
_heur. A. homogeneous clear llq\nd was obta:.ned containing

- approximately 23.7% s. _

15 EXAMPLE 2:

In a one liter flask equ:.pped w:.th a stirrer,
condenser, themometer, an addit:.on funnel and a dry ice
trap 380 g (2 moles) of octylth:.oethanol and 122 g (1
20 mole) of thiobisethanol were placed. The mixture of
alcohols was cooled to near 0 °c and 98 g (1 mole) of
HyS0, was added dropw:.se. . After the addition |is
completed, . the m:l.xture was stzrred for appoximately 1
‘hour. A homogeneous clear liqu:.d was obtained containing

25 approximately 21.5% S.

EXAMPLE 3:

In a one liter flask equ:.pped with a ‘stirrer,
30 condenser, _thermometer, an additzon funnel and a dry ice
trap 190 g (1 mole) of ootylthzoethanol and 154 g (1
mole) of dith:.odxglycol were placed. " The mixture of
alcohols was cooled to near 0 °C and 98 g (1 mole) of
H,S0, was added dropwise. After the addition was
35 complete, the mixture was stirred for approximately one
hour. A homogeneous clear liquid was obtained containing

approximately 29. 3% s,

water

water



a2

with a predéterm’ ned anount of |ubrication oil. The 20 collective

anounts of active ingredient -in the concentrate typically are
frfom about W@17%tl, 50, preferably from about 0.5 to 2GcHiEsks767
preferably from2 to 20 weight % of the concentrate, with the remal nder
being a lubrication oil basestock or a solvent. 25 The
conplex of this invention may interact wthl7 = the am nes cont ai ned

in t he formulation (i.e., di spersant, friction nodifier, and
antioxidant) to form guat ernary anmoni um salts. The formati on of

am ne and 30 uat er nar nmoni salts however not reatl

af fect the ant ?wear cha?/a i%ti%t’slbtfy 4 EheRIEPLES "o Exampleg o 3

Suitable | ubrieais oasseislsedbabgstexdsinioan the sampdesi vatiorefiroft room

nat ur al | ubri g Hlp[%q: syt cat r {s
t her eof . I n gene aﬁ#é for ?ét%bqeécdastcﬁ %}o??pégses%g%kgvh\nﬁlle% {Qﬁgﬂ{ &
viscosity inSt hé:lear Wiy N FSERARAT R EVEIRRRT 10, 000 Mmierr]/s (cSt) at

40[err] C, WD 96/ 17911

PCT/ US95/ 15767 - 13- al t hough typi cal
applications wll require an oil having a Vi SCOSI ty rangi ng from about
10 to about 1,000 mmferr]/s (c RBREGORMS ] : Nat ur al

| ubricating oils include animal oils, vegetable oils (e.g., castor oil
and lard oil), petroleum oils, mneral oils, and oils derived from coal
or shale. 10 Thet [Aattiveas | Rerformanace Er 58 baddisives o

this invention is illustrated by the following examples.

Three mineral cil formulations, A-C, containing
the additives of Examples 1-3, respectively, were
15 prepared. Two comparative fluids, D and E, were used.
Formulation D was a "blank" ATF formulation containing no
antiwear additive while E was the reference base o0il used

in all the formulations.

20 Formulations A-D were prepared using the same
lubrication oil basestock, E, and the same amounts of
dispersant, antioxidant, friction modifier, seal
swellant, antifoamant, and viscosity modifier. The
amounts of these additives remained the same for

25 Formulations A-D so that the effect of this invention's
additives could be quantified in each formulation.

Formulations A-E were run in the F2G Gear Test,
acécrdinq to the DIN 51354 (Germany) test procedure.
30 Accordingly, the gear set was run using each tests
formulation at increasing load stages until scoring of
the tooth flank occurred. Therefore, failure of a
formulation at higher load stages is desirable. Results

of this test are:



10 hal o-substituted hydrocarbon oils such as polynerized and
i nterpol ynerized ol efins (e.g., .pol ybut yl enes,
polypropxbsggﬁﬂnl propyl ene- |sobutyleneq "~ _copol yners, . chlorinated
pol ybut yl enes, pol y(1- hexenes), y(1- . octenes), PEDUygshsTICenes),
etc., and m xtures thereof); 15 aIkbeenzenes (e.g., dodecyl benzenes,
tetradecylbenzenes, di nonyl benzenes, d|(2 ethylhexyl)benzene etc.);
pol y- phenyl s (e.qg., biphenyls ferphenyls al kyl at ed
pol yphenyls, etc.); alkyl ated di phenyl ethers, alkyl ated di phenyl
sul fides, as well as their derlvatlﬂéé,giﬁﬂuiiﬁi 20 and honol ogs t hereof;
and the |ike. ' Synthetic ~ lubricating oils al so
i ncl ude alkylgagpgﬁgggdgagumns |nterp9Iyners FHRYe/Mers, and
their derivat plescohessnlihe editiale hydigxwe gr oupgaiaiare’5 been
nodified by esterification, -etherification, etc.’ ‘This "class of
synthetic oilms ERAMPexbnplified by po$yoxyalkyleme pol ynmers prepared
by pol yneri zati on of et hyl ene oxi de or propyl ene oxide; the al kyl and
aryl et herB oEXAM®IE Fol yoxyal kyl ene p8t§ners (e. gl nethyl- 30
polylsopropylene | ycol et her having an average nol ecul a wei ght of
1000, di phenyl€ %3¥H§F£b o yet hyl ene glycoP+-3"  having? asnnlecular wei ght
of 500- 1000, et et h polypropylene gl ycol RQaving a nol ecul ar
wei ght of 10007 “fSGb%héﬂﬁiﬁﬁﬁl and poly- carboxyllg esters thereof 35
(e.g., the acgélcg% xed G-Jerr] fatty acigd esters, and
Clerr]3 oxo ‘aci G e ester tetraethylene _ glycol) WO
96/ 17911 © - PCT/ US95/ 15767 (
14 i- F = Formulation. '
5 2= Weight percent of total formulation.
3=~ uaxlmum load stage possible.

. The results of this test 1nd1cate that the
formulations conta:.nmg the addit:.ves of this invention
10 gave better results than . Formulatlon D, the blank ATF,
and Formulation E, the base oil. More 1aportant1y, the
results of this test Lllustrate that the additives of
this invention are capable of provxding potent antiwear
performance in the absence of phcsphorus as evidenced by

15 the high F2G load stages measured.



’

Anot her suitable class of synthetic lubricatjng oils conmprises the

esters of dicarboxylic aci ds N’Hﬁ@HEET HASpggE]\p ic acid, succinic acid,
al'kyl succi¥PEAWls and 5 kerggPLABEDCI Ni ¢ acids, malei FCT/@§§sﬂ5767

azel aic acid, suberi c acrd—sebaste—aet+d’ funarlc acid, adipic acid,
linoleic acid dinmer, malonic acid, alkylmlonic acids, al kenyl

mal oni ¢ acids, etc.) with a variety of afcéRols (e.g., butyl al cohol,
hexyl aIcohoI dodecyl al cohol, 2- 10 ethyl hexyl alcohol, ethylene

gl ycol, - s .gl ycol nonoet her, propyl ene glycol, etc.).
SpeC|f|c exanp es 0 these esters include dibutyl adipate,

di ( 2- et hyl hexyl) sebacat e, di - n- hexyl fumar at e, di oct yl

sebacat e, dii sooctyl 1. azel &he, Ollﬁ$¢%ﬁbb%yladdaiévate'Wherdxnctyh315

phthal ate, di daaulnabteha& :.é’é@' s c§ﬂ QEﬁt%fthﬁmstanﬂﬂ}/
diester of li.,nol orne a

3’!“% b _fa n‘g ii ester
reacting one ngPSo %Ebae ESREPFUS- LIRS ) SERSNTol BINGFadet n
gl ycol and twoalwohelof the Qlebhglmbemngcaasudglan@ﬂduhdmker &ﬁxtures

Esters usef ul S clyde tho, mad IO to
Cl2 nonocar bo%%l |%fé&%jd§ Qleh%e@é&écfyh (Ia?nd poq?’;ic}l' gpﬁ%resnkgggﬁn%s
neopentyl gl yddI) are:irjnethyl ol propane, pentaerythritol

dipentaerythrltpk0 %5CH$r1§ nt@@g¥k '%E ¢§O 'O-?%g%z Synthetkg) o

hydr ocar bon I's are hyd ollgone
nor mal ol efins. Silicong ed oils (such as the
pol yal kyl -, 30 polyaryl-, polyal koxy-, o@ yaryl oxy-si | oxane oils and
silicate oils) conprise another useful class of synthetic | ubri cating
oils. These o0ils i nclude tetraethyl silicate, tetraisopropyl
silicate, .tetra-(2-ethylhexyl) R1 silicate,
tetra- (4-methyl - 2- ethylhexyl) | silicate, 35
tetra(p-tert - buRpKpHeytyo-) eH hex-(4-nmethyl-2- (II)
pent oxy) - di si | oxane, 8? yI) - si | oxanes and
pol y( met hyl phenyl ) siloxanes %ﬁd the 1|ike. O her
where:
m + n is an integer from 1 to 4:
m is O or an integer from 1 to 4;
n is 0 or an integer from 1 to 4;
q is O or an integer from 1 to 6;
R is a C3-Csp hydrocarbyl group in structure (I),
and is a Cj-Cgg hydrocarbyl group or hydrogen
in structure (II):
X is sulfur, oxygen, nitrogen, or -CHj-;

T is 0, or an integer from 1 to 5 providing
when X is oxygen or nitrogen, r is 1,
when X is sulfur, r is 1 to 3,
when X is -CHy-, r is 1 to 5;

s is 0, or an integer from 1 to 12:

t is 0, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHp-, t is 1,
when X is nitrogen, ¢t is 1 or 2;

y is 0, or an integer from 1 to 10; and

Ry and Rp are independently a C3-Cg¢ alkyl or

e hydrogen.

i ———
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synthetic lubricating oils include:Li:qui:d..esters of

phosphor weg 6@pjeg Ni Ng aci ds (e.g.,itricresyl: phosphate, . trioctyl
phosphate, and diethyl ester of decylphosphoniic....  iacid),PGIVSHERSI6T

t etrahydrof orans, polyal phaolefins, and 5 the |iKke. The
lubricating oil wmy be derived fram,, _unrefined, refined, rerefined
oils, or mxtures thereof. Unrefined ™ol ls are obtained directly froma
natural 10 source or synthetic source (e.g., coal, shale, or tar

sands bitunen) wi thout further purification or treatnent. Exanpl es of

unrefined oils include & shaime oidddbtpreedof cdaimcthy frRe@reiet Ofld NO
operation, a R¢ e Ll o.obtained directly fromdistjl|ation, or an
ester obt ai neﬁﬁéf% d#gr'qég%%%/ ?F%% g ast eg*%i__§§f*or?§ﬁrl1§ces]si, gacﬁ%(ﬂ“q/\hf ch
is t hen UseRIReoRBitsIintinns measured at 2%fiMded oils are simlar
to the unrefined oils except that refined oils - have been treated in one

or nore purification steps tQ - .. ipprove one or _npre properties,

Suitabl e purification 20 t eﬁ?ﬁn cﬂfg@?h\f?udegdi SRt son, YWRRFAR catheg, .
dewaxi ng, stedbnghimetabcdcioh, imds0f dnsH 8@ action, filtration,

and percolation, all of which are known to those skilled. in the art.

Rerefined oils are obtained by treating refined oils in processes
similar to those used t®. obtBhe 2@ddiniveef phedcdipi®m.  3Thesthexeisti nthieoil s

are al so knovg188hol sdfédtid™®Erem M eReOCETAP Oébﬁsﬁgéiﬂgt €gsal eIy,
additionally progessed b chni qgeswhor renpval of Iz&t—;nt additi1ves
’ o]

te
and oi | breakfS¥hs p?B ulepgl_:uré/%othereo ¢hes (I15) eApd MaPT®E  furt herf

understood by reference to the follow ng exanpl es which are not
intended to restrict the scope of the gpggnded cl ai ns. (III)

and
OH~-B~OH (IV)
where: '
¥y
A is TH-(QCHZCHz)s- or 21-?H-(00H2TH-)3-=
X1 X1 CHj -

Xy is H or stCﬁz- ;o |
¥y is RaSCHz-, R2SCHCHj3-, RZSCHCH24 ,
Lﬁg : LHZ
| clms-
RySCH-, RpSCH,CH-, or RpSCHpCH— ;
- cl333 | éﬁa = clmz
s is 0 or an integer from 1-12;
B is —CHpCHSCH,CHy— , —CHCHpSSCHpCHz—
or RQTH¢HQSR4-»3 | ”

where Ry apnq Ry are the same or différent and are H or a
hydrocarbyl group containing up to 50 carbon atoms; and

* [4 L M s *
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PREPARATI VE@&&M%S 5 Inaone liter flask equi ppedPGrUBRISAST6T
stirrer, water condenser, thernmoneter, an addition funnel and a dry

i ce trap 190 g (1 nole) of octylthi_pclaéga_nol and 122 g (1 nol e)
of thiobisethanol were placed. The m xt of al cohol s was cooled to
near O[err]C and 98 g (1 nole) of 10 H2SO4 is added dropw se.

After the add4ié® fs hydreeryPyl edroupheCRNkRINdNFasUR! itor €80 f (darbon
appoximately Jlateomshour. A honpgeneous clear |iquid was obtained .

cont ai ni ng approxi mately 23.7% S. 15 EXAMPLE 2: In a one

liter flask equipped with a stirrer, water condenser, thernoneter, an
addition funnel and a drySice The tadajitil®@ gof2 cidims) 4ofwinerte/| (DIDEt el
and 122 g (1 2 I : JJdi ohi:get h I p]ac m

al cohol s was cog{%gnta?%egt{rl err]lggangﬁ]gS 33‘8{% rr%’?e)egxoef mngﬁzséy{ﬁ/ag%f

added dropwi sealcohadtEp achg ofiddidi SR Sitd, andJHp ARAPNt afe H3&Nurks

was stirred foraggppexstotelide ¢he amount of (IV).

6. The additive of claim S5, where Rz, Rj, and
R4 represent alkyl, alkenyl, cycloalkyl, aralkyl, or
alkaryl.

7. The additive of <claim 6, where A is
R2SCH3CHy~, Ry is a C3-Cyg alkyl.

8. A lubricating oil composition comprising a
major amount of lubricating oil basestock and an antiwear
effective amount of the complex formed in claim 1.

9. A concentrate composition comprising the
complex of claim 1.

10. A method of forming the complex of clainm

1, wherein the acid and alcohol are mixed at a
temperature from about =-10°C to 65°C.

|



hour. A honobgeneous clear |iquid was obtai ned contpTh g%&?ﬁ_jﬁ mat el y

21. 5% S. In a one liter flask equipped Wth ter

30 condenser, thernoneter, an addition fuhnel and ary |ce trap 190

g (1 nole) of octylthioethanol and 154 g
SQLUB Fe CQNPLEXE

1 | f t |
were pl aced. S PR F g)épgggug-i %ﬁgge) Oh Mg % yco
o dition mas

0

g (1 nole) of H2 S04 Lsners de X

35 conplete, the mxture was stlrred for approxi mately one O A ——
hormgeneo\t;% clear liquid was : 8 léﬁyﬂiﬁ/o‘.SHEET
S. 96/ 17911 5/157 o

- 17 - The stablllty of the sanples of Exanp|ep Ug 6

was assessed Dy exafipi B SHIIS ored at room te arature ﬂp

at | east 90 days. —sanpl es feralned 5 clear with no sephrarTom

evi dent . PEFORMANCE EXAMPLES 10 . The

antiwear performance of Th'i% aghghréh¥ €8n Ofconcerdrl Sohinvesbl @pié s ddnpidteg €0 =
by the follomnng exanpl_ e
of phosphorus -free strong mineral acids wuseful as
additives in lubrication oils, particularly automatic

transmission fluids ("ATF").

2. Description of Related Art

15
It is well known that phosphorus- and sulfur-

containing compounds are useful as antiwear additives in
lubricating oils. Traditionally these materials are made
soluble in oleaginous media by forming reaction products
20 of phosphorus acids and oxides with long chain (Cj;gp to
Cog) alcohols or amines. Examples of this are shown in
U.S. 5,185,090 where short chain (Cy; to C4) phosphites
are transesterified with longer chain alcohols
{thicalcohols) and mixtures of alcohols (thiocalcohols) to
25 give o0il soluble products. U.S. Patent 5,443,744
discloses that P05 reacted with alcohols (thiocalcohols)
yield o0il soluble products. It is also known that sulfur
may be solubilized through reaction with fatty esters or

olefins.
30
U.S. Patent 4,764,299 describes the reaction
product o©of a mercaptan and a thiodialkanol in the
presence of mineral or organic acids as catalysts.
35 U.S. Patent 5,338,470 describes the preparation

of a reaction product of citric acid and an alkyl alcohol
in which a mineral acid may be used as a catalyst.

wegsoseer T
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Three mneral oil fornulations, A-C, containing ~tRe-—addi-t-lves. _of
Exanples 1-3, respectively, were 15 prepared. | THl6 SHEETHAS BEEN | ui ds,
D and_E, were used. Fornmul ati on D was3a ™ bl ank"| ATF REPMEﬂi on
cont ai ni ng no ant i wear addl tive while E was the Téererencetase—or| used
in all the fornulations. | al | D e R £d
usi ng the sane £ Rl c%?‘?’oﬁo PSSR q_{gvggggﬁggfﬁg g}é@n% é—:ﬁ{nﬁnts of
di spersant, adabtiorsdaminich fraxei oatabﬂmdl fingy | quieeyl potestel | antIn
ant | f oamant CORY; £ A8RUALS sudlfurdi@s @and
r%ﬁﬁ?ggaﬂa? ﬁutrx)éra'pdcicfl% o ur s

additi ves sane orrru ations A-D so that the effect
of this imvestlfuric aCJaiﬁjlft!anebecoiFPhﬂbbletW cH 5P kEERE f GRRM A on.

For mul at i ons, AE F40ut8s t K, FASERR sTeSharticudaedydi 09 1 ddioId N
51354 ( Ger manéf' t%%ﬁerocedure 30 XCCOl‘dI n %} g

ear set run
using eacht é§tsC°n aiBr neFRETOrCht FREPR %g 1%&?@8%9% 5T ng'b‘?l ng

of the 49ebRo1f a1 tHéC'al’cEL@l(ic ndber £ADr are feduplexedf the acid
formul ati on at hi gher | o yge l'uiﬂdeS' r bI e. Results u\él\%é t est
are: TERRRS compl S S56, | M A IURRTT i 92 F&in
the additive conprises a non-water form ng conpl ex of a substantially

oi |l -insol ubl e phosphorus-free strong mneral acid and an al cohol, the
al cohol being a single alcohol or m xtures of al cohals reorpcpn%, (1)
or (1), where (I')y and-(IH) are:.__ REPLACEMENT SHEET

This Sheet Has Been

IIHIIIHHIIHIW"! 23 . w8

AMENDED SHEET
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err] wher e:’ m+nis anlnteger from1 Mbs-0_0r an

[
integer from1 to 4; ThisS i m ‘f‘?dl nteger from1 tTHl&SHEET HASlBEE(N or an

i Nnteger- from1 to 6; ert]}2rr] ‘hydrogar byl RERLAGEDI n
structure (|)LAIMS: rr]-Clerr][err] hydrocarbyr—groupor

hydr ogen I n struct ure (I1); X is sulfur, oxygen, nitrogen, or
- CH2-; r is O, or an integer froml to 5 providing when X is
oxygen or nitrogen riks. 1, An oilwsedulies sakﬂcﬁutlve | svHexteni8, the
when X is S n t
is 0, or an |a%{déld:e:rvﬁrécré‘€pﬁsisasprow%ﬁ’g swated fg%@gg% 8'%ie%(fu

oxygen, or - @dbstantially oil- 1nﬂ¢én1bla s nphespberus-ifgee or atrong y

is 0, or an ma%%[lfaeﬁalayﬁ 5‘9, ameohol Rjthé"néllc% ﬂ%ﬁgdﬁ@pgm&%' y

a err
PCT/C[ U895} 157@.icohol or mlxtures of alcohols represepted by (I) or

(II), where {I)}) and (II) are:

[Eo- (-cHz2-) g} R {Xr'(‘('CH‘C;H"O')S‘H) el (1)
|
R2 R3
Ry
i
R-Xr 4 (-CH2-) g —T—)‘y~H (II)
OH
where:

m + n is an integer from 1 to 4;

is O or an integer from 1 to 4;

is O or an integer from 1 to 4;

is O or an integer from 1 to 6;

is a C31-Cgg hydrocarbyl group in structure (I),
and is a C3-Cgg hydrocarbyl group or hydrogen

Aaq B H

in structure (II);

>

is sulfur, oxygen, nitrogen, or -CHjy-;

r igs O, or an integer from 1 to 5 providing
when X is oxygen or nitrogen, r is 1,
when X is sulfur, r is 1 to 3,
when X is -CHy-, r is 1 to 5;

s is 0, or an integer from 1 to 12;

t is O, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHz-, t is 1,
when X is nitrogen, t is 1 or 2;

y is O, or an integer from 1 to 10; and

Ry and Rz are independently a C;-Cg alkyl or

hydrogen. ﬁ o T

14
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CLAI IVB ' ' 1. An oil-soluble additi veﬂm QEB
aﬂdl t |hve conpri ses the conplex of a substantially oil- P’ﬁ@& &
phosphorus-free strong mneral acid and an al cohol ohol
bei ng a single al cohol or m xtures - 1 - of alcohols r'eprzegmfé?y

(1) or (Il), where (I) and (1r) are: [err

wher e: OIL SOLUBLE mOMBLE}sESaroE rﬂmwmmzﬂn FBEE) éﬁ'RONG MINERAL m
is 0 or an integer f &l [SREU] . 2 nteger froml
_to4C1 ¥ ]hg|500|r anlntegerfrom1t06 R
is a Cl-Clerr][err rocar rQup. |

and is a 1-C[err][er¥] hydr%%a.ly(?u IUCSJE‘.JS%J}IEEP

in structure (11); X is sulfur, oxygen, nitrogen, or -CH2-;
s 0. or an it egen f (oMl G aBY N9 when X'i s
oxygen or nitrogery ' ) when X is sulfur, r is 1
to 3, when Xis -CH2-, r is 1 to 5: S

is 0, or an integer frepl tPndéntion concerns oil ISLIALIH a:ampnte&agr
froml1l to 2 providing

is_sulfur, or
-CH2-, t Ips Pf phosphorus-free styong X‘P%n?’rfaﬁ' ogBf+de j uge %‘?fz
y 118 0, dor arpddittasRis fliﬁm Zub&:.ﬂ:ﬁ,tl@m oils, partlculaRlyanduRbmaltéc
i ndepen entlytrc':}_=m & & ﬁ 1)éls Ofn ATF") hydr ogen.

2. Description of Related Art
15
It is well known that phosphorus- and sulfur-
containing compounds are useful as antiwear additives in
lubricating oils. Traditionally these materials are made
soluble in oleaginous media by forming reaction products
20 of phosphorus acids and oxides with long chain (Cpg to
Czg) alcchols or amines. Examples of this are shown in
U.S. 5,185,090 where short chain (C; to C,) phosphites
are transesterified with longer chain alcohols
{thiocalcohols) and mixtures of alcohols (thioalcohols) to
25 give o©il soluble products. U.S. Patent 5,443,6 744
discloses that P05 reacted with -alcohols (thioalcohols)
yield oil soluble products. It is also known that sulfur

may be solubilized through reaction with fatty esters or

olefins.
30
U.S. Patent 4,764,299 describes the reaction
product of a mercaptan and a thiodialkanol in the,
presence of mineral or organic acids as catalystg.,
35 U.S. Patent 5,338,470 describes the preparation

of a reaction product of citric acid and an 1

in which a wmineral acid may be used as a catalyst.
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- 20 - ' * 2. The additive of <claim 1, wherein thnEBu

strong mneral acid has a pKa from about -12 to about 4 i n agueousS™ SEMENTS
sol utions neasured at 25[err]C. - la - 3. The additive 02 QW m

2, wherein the strong mneral acid is H2SG3 or H2SO4.

4., The additive of <claim 3, wherein the ‘al cohol selected from

the group consisti igveofnoy | foynd alterupteamhasphoguss friver it iweare

\(/\,:1:3|r)e and ('é@di‘ﬁ?vea_l whicB"d are st}.able [éfrlé]]" quite potent, [(Irlriil s H
or R2SCH2- ,partlcular, mineral acids of sulfur such as sulfurous and

5 sulfuric acids can be solubilized by dissolving them at
low temperatures in alcohols, particularly in alcochols
that contain ether or thiocether 1linkages. Once the
alcohol -and the acidic wmaterial are complexed, the acid
remains completely soluble. These non-aqueous solutions



[eEr] ) e s is 0 or an integer from1-12; REPLAGEMENB drst1

- CH2CH2SCH2CH2- , < CH2CH2SSCH2CH2- or [err] where R2 and
R3 are the sane or different and are Hor a hydr ocar byl group
containing up to 50 carbon atons; and- 319 - WD 96/17911 g MAY 1887
PCT/USQS/lSQﬁ&AIMS, - 21 - R4 is ;

hydr ocar byl group tontaining up to 50 carbon at ons. 5

The additive of claim4 where (Il1l) and (I'V) are mxed with the aci d

in the molar ratio of 3 alcofipl b9128b8uBlel: lad@ithivie aRHetBenanmpy of
(rrr)y is %3 | east twi ce {he anmount of (IYQ' ,
additive comprises a_ _non-wate forming complex of a

substantially oil-insoluble phosphorus-free strong
mineral acid and an alcohol, the alcohol being a single
alcohol or mixtures of alcohols represented by (I) or
(IT), where (I) and (II) are:

[so- (-cmz-) g}, = -[Xr‘(("clfH-(iH'o')S'H) eln (1)
R2 R1
R1
l
R-Xz £ (-CH2-) g —?—)y—n (1)
OH
where:
m + n is an integer from 1 to 4;
m is O or an integer from 1 to 4;
n is O or an integer from 1 to 4;
q is O or an integer from 1 to 6;
R is a C1-Cgp hydrocarbyl group in structure (I},

. and is a C3-Cgg hydrocarbyl group or hydrogen
in structure {II);
X is sulfur, oxygen, nitrogen, or -CHp-;
r is O, or an integer from 1 to 5 providing
when X is oxygen or nitrogen, r is 1,
when X is sulfur, r is 1 to 3,
when X is -CHz-, r is 1 to 5;
s is O, or an integer from 1 to 12;
t is O, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHz-, t is 1,
when X is nitrogen, t is 1 or 2;
v is O, or an integer from 1 to 10; and
Ry and Ry are independently a C;-Cg alkyl or

hydrogen. 2

T



6. The additive of claim5, where R2, R3, and R4 represen

al kenyl, cycl ar al |_kar fqv;-y;
ive rtm 6, mlé’yr"lm %%OMQ’&W‘M@ is a CI¥

addl t

I ubrie
conpl
conpr
form
at a

Q%:QWS’*
kyl',

g cors

O]
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