O L SOLUBLE COVPLEXES §>h HgR Al NI NG ACI DS USEFUL AS
LUBRI CATI NG WOL96ADDH T e“"ﬂw o '[f aced BACKGROUND OF THE schywiFsvEh &9

1. Field of the Inventi This invention concerns oil soluble
conpl exes of phosphorus- ds useful as additives in |lubrication
oils, particularly automatic transn1ss|on.ﬁluids. 2. Description of

Rel ated Art It is well known that phosphorus-containing

conpounds are usef grrasonBLae goMpaEivEsy &F lmdsmmm-tmimw ACIDS
Traditionally these mate ‘ : [E®sphor us_aci ds

ISEFYL, ASC ] 6}

and oxides wth long chain (C10 to C20) alcohols or amines to render them
sol ubl e in ol eagi nous nedia. Exanples of this are showmn in U S. 5,185,090
where short chain (C2 to C4) phosphltes are transesterlfled wi th | onger

chai n al cohad s (thioal cohols) _ 9 NTrbR 0al cohols) to
give oil soluble products. U / T scToses that P205. reacted
wi th al cohol s (thioal cohols) yleld 0|I soluble pr oduct s. EP

622, 444- A di schases Ridld afhdhid iPmeerftoiomet cl utches or wet brakes which
contain inorgani c phosphorus conmpounds al one or in conbination with an

organi ¢ polyol having at |east two hydroxyl groups in _one nolecule.
EP 454,110-A descri bes Thisakdnventipns concerns oil soluble complexes

10 of phosphoris-containing acids useful as additives in
lubrication oils, particularly automatic transmission
fluids.

2. ipti o] ated

15

I+ is well known that phosphorus-containing

compounds are useful as antiwear additives in lubricating
oils. Traditionally +these materials are reaction
products of phosphorus acids and oxides with long chain

20 (Cjp to Cyp) alcohols or amines to render them soluble in
oleaginous media. Examples of this are shown in U.S.
5,185,090 where short chain (C; to C4) phosphites are
transesterified with longer chain alcohols (thiocalcohols)
and mixtures of alcochols (thioalcohols) to give oil

25 soluble products. Co-pending U.S. application Serial
Number 168,840, filed 12/17/93, discloses that P05
reacted with alcohols (thioalcohols) yield o0il soluble
products.

30 We have now found that insoluble or
substantially insoluble phosphorus-containing acids can
be solubilized without the need to react the phosphorus-
containing acids with alcohols or amines. In particular,
mineral acids of phosphorus such as phosphorous and

35 phosphoric, can be solubilized by dissolving them at low
temperatures in alcohols that contain either ether or
thicether linkages. Once the hydroxy polyether and the
acidic material are <complexed, the acid remains
completely soluble. These non-agueous soclutions of

THIS SHEET HAS BEEN
REPLACED




purported inproved corrosion I nhibition consisting essentially of a
gl ycol ,. vﬂguécol-based I nhi bitor, and acidic phosphate ester reaction
product s Y 264178bsphor us- -PCirUS9S/1S@Nt ai ni ng |
conpound wi th a nonofunctional al cohol and a polyol. _ GB _
2,557,158-A is concerned with oil-based functional fluid systems containing
an al cohol or polyol. Preferred is a conposition formed by heating an
ashl ess dispersant wi.th a_conbjnation of at |east an inorganic acid of
phosphorus, &tEBREnH8F8dn PSR alpBryshelir additionpstoniubricaging
found thatoili nad@dibiee csncerstawésaldy ivubalidatd nRhowiley Usi¢BBlai ni Ng
aci ds can be_solubili §1; u . d to react the phosphorus-
cont ai ni ng agfage htﬁ§§?g oEg %Fggﬁﬁ%ggf In particular, mneral acids of
phosphorus such as phosphorous and phosphoric, can be sol ubilized by
di ssolving themat |ow tenperatures in alcohols that contain either ether
or thioether |inkages. Once the hydroxy polyether and the acidic naterial
are conpleted, the acid §HHHQ§XGQEGEEﬁeéHEFHIQSHubIe. These
non- aqueous solutions of . ' '
_ _ One-émbodiment qf_this_invention relates to an
“oil~soluble additiye,_wherein_thé additive comprises the
10 complex of a substantially oil-insoluble phosphorus-
containing acid and an alcohol, the alcohol being a
single alcohol or mixtures of alcohols represented by (I) (

or (I1), where (I) gnd (II) are:

[HO-(-CH2-) q} R {Xr('(’fiﬂ'fiﬁ'o’)S‘H) tl )
| _ | R Ry
Rl
| l . - o
R-xr(-(-cnr)q’—(li-)-y-'ﬁ_ | I
15 ' OH
where:

m + n is an integer from 1 to 4:
20 mis O or an ihteger from 1 to 4;
n is 0 or an integer from 1 to 4;
g is O or an integer from 1 to 6;
R is a C3-Csg hydrocarbyl group in structure (I),
and is a C;-Csg 'hydrocarl_iyl group_ or hydrogen
25 . in structure (II); -

]

is sulfur, oxygen, nitrogen, or -CHp-:
r 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,
30 when X is -CH3-, r is 1 to 5;




AMENDED SHEET WD 96/ 17914

PCT/ US95/ 1599Q 96/17914 - 2- st rong BCTASgd/sszy ds
al*low their addition to lubricating oi |l additive concentrates or

| ubricating oils wthout vi ol ent exothernjc_reactions. 5

SUMVARY OF THE | NVENTI ON One enbodi nent of this invention
relates to an oi |l -soluble additive, wherein the additive conprises the

10 conplex of a s8bdBafyi &K pn SNESGRFOITRATe 1 progidvor us-

containing acid and ag akcehoby hheragagyy S29a o 2 prdei®imgcohol or

m xtures of al cohol s repres nted b or (Il mher (I) and (II)
are: [err] gﬁ&fur, xéée& or é%

when X is nitrogen, t is 1 or 2:

5 y is 0, or an integer from 1 to 10; and
Ry and R; are independently a C1-Cg alkyl or
hydrogen.

In another embodiment, this invention concerns

10 a lubricating oil composition comprising a lubrication

oil basestock and an amount of the disclosed additive at

least effective to impart antiwear properties to the
basestock.

15 Accordingly, a further embodiment of this
invention relates to a method of inhibiting wear in
lubricating 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 additive.
25 R ON OF THE ON

s-C aini ids

Phosphorus~containing acids include those which

30 are oil-insoluble or suhstantially oil-insoluble. The

term substantially 011-1nsolub1e is meant to include

those acids whose limited solubillty would be improved by
following the teachings of this disclosure.

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



15 wher e: m+ nis an integer from1l to 4; 20 mis O or
an integer from1l to 4; . nis O or an integer from1l to 4: q
is 0 or aWO%(&Y4r from1 to 6; Ris a Cl-C50 hydr ectusydnsgsoup in
structure (1), and is a Cl-C50 hydrocarbyl group or hydrogen
25 in structure (11); X is sulfur, oxygen, nitrogen, or

- CH2-; ' r is 0, or anlnteger from1t05prOV|d|ng

when X is oxygen qf n|t2*%$ when X is sulfur, r is 1
to 3, 30 sperzls Peufénfdt 038, the neggtige)7bage 10
PCT/ US95/ 1592bgarithm of the equilibrium dlssoazatlon constantS dk fe an

i nteger from/l st ; an |nt om1l to 2 providing
when X is sul 1&) oxyagnenaque‘mwﬁl{)lqré nleasure . % H&When Xis
nitrogen, t is 1 or 2; 5 y is O, or an integer from1 to 10; and

Rl and R2sare independefijivaridl- CBnakkhbrds-containindy/dr 09€
I n anot her enbodi nent, this: |nvenf?on goncefngchgéﬂln%ylcaglng oi | 3Fe
conmposi tion gﬁﬂﬂ LIS a PERAI catHaRPe) oPROFRRETONE oREidn AHRA3F the

di scl osed adgphidsphiryl  dcdatd ef(flea:tm%ﬂcp I@fﬁ’spk?mid\earaﬂr%sogrtdﬁ tOf
t he base or di urt enbodi pent o
this i nvg&‘[ gé’n a esa?%)d?i) fret ﬁg' fpkf%#%?‘?ﬁng i n (including

_ phosphonlc acids and phosphonous ac:l.ds) Partial or
10 total sulfur analogs' of the forego:.ng phosphorus-
c_ontaim.ng ___ao:.ds ~are also su:l.table, including

phosphorotetrathioic acid (H3PS,), phosphoromenothioic (
acid (HaP038), phosphorodithioic acid (H3P03S5),
phosphorotrithioic acid ~ (H3POS3), : and

5 phosphorotetrathlolc acid (H3PS4) " Phosphorous acid and
phosphor:.c ac:.d are the most preferred ac:.ds.

Also contemp'la"'ted as’ "p'hosp'horus-containing

acids for purposes of this invention are phosphorus-

20 containing acidic esters _which ~are insoluble or

substentially J.nsoluble in oleagxnous compositions.

These oompounds are enoompassed by the following
structure:

25
R1x1

\ 2-Y

N
- szz ~

wherein Z is >P(X)- or >P-° Y is H or X3R3' Rl, R2, and
_ R3 are each 1ndependently H or hydrooarbyl conta;nzng 1l
30 to 6 carbon atoms, and X1, X2_ X3 and X are independently
S or o, thh the provxsos that Y is H when Z is >P(X)~-,
and that when X! and X2 are S, and Z is >P-, and Y is -
SR3. Types of compounds within the’ foregolng structure
include phosphites, phosphates, thlophosphltes,_



| ubricating oil systens, including power transn ssion fluid systens,
and parti cuIWPI%’léﬂl‘onnt ic transm ssion fluid systens. 20 PCT/US95/15921

Yet another enbodinent of this invention relates to the met hod of
form ng the additive. 25 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON Phosphor us- Cont ai ni ng Acids > ~

Phosphor us-contai ni ng aci ds include those which 30 are oil-insoluble or
subst anti al | y oithiophtsphates, ThhionophesphitiBsy akhignophesphatas ulasdk is
meant to includeeh;o1ibontadniflg pHOSENLLEL! 8daSBhelphalbesioul d be inproved
by foll ow ng tte teachings of thi's disclosure. 35

Cenerally, these phosphorus-containing acids are classified as
aci ds cont ai ni ng a hgfagpteés of thésphbsphogusbicohtaiadindg atidix from
gg?fbsgéflgg§ibqg§ters wh¥g£934%7 %4used in th;i-inventépn'ﬁﬂf%ﬂﬂﬁnﬂﬁka i s
defined as the nkemstvenéasempound ofothei fhrmolathe equilibrium

di ssoci ati on constant of the acid in an aqueous sol ution neasured at 25
[err] C 5 Sui t aby e phosphor us- cont ai ni ng aci ds are
phosphoric aci dti}( H3R®0) qposphorous acid (H3PX), phosphi ny

aci ds (i ncl udi ng phospmlg_g aChéfchyddBearbyl PREsHNitBOUS qeigls), and
phosphonyl acids (i 9 wdihg phoshiizneazbyic piesphante phospiYeaBus

aci ds). Partial or 10 total pehdhpdrogarhvigshigiphoshhatd ((Ye§8l nepr
phosphor us-

(ii) Rrlo \ i : .
P-Y dihydrocarbyl phosphite : (Y=H)
R20—" dihydrocarbyl phosphate {Y=CH)
dihydrocarbyl thioclphosphate (Y=SH)

10 wherein Rl and R2 can be the same or different and are
hydrocarbyl generally of from 1 to 6, preferably from 2
to 4, carbon atoms.

The hydrocarbyl thiono-containing compounds

15 which may be used include:

\ P=-Y monohydrocarbyl thionephosphite (Y=H)

BO— monchydrocarbyl thionophosphate {Y=0H)
monohydrocarbyl dithionophosphate (¥=SH); or
S
(i) rlo | £
Ny dihydrocarbyl thionophosphite (Y=H)
RZO/ dihydrocarbyl thicnophosphate (Y=0RH)

dihydrocarbyl dithionophosphate {(¥Y=SH)

wherein Rl and R2 are the same or different and are
20 defined above.



cont ai ni ng aci ds are also suitable, I ncl udi ng
phosphorotetrath|0|c acid (H3PS4), phosphorononot hioic aci d
(H3PCBS) WO d®horodithioic acid (HIPORS2), phos pPOT/USeS/ISME10i C
acid (H3POS3) , and 15 phosphorotetrathioic acid (H3PS4). .
Phosphorous acid and phosphoric acid g e the nost preferred acids.
Also contenplated as phosphor us-cont ai ni ng acids for purposes of

this invention are ph hor ont ai ni acidic . esters -mhich
are insoluble or 8§§bgV§ﬁPF§ Py& 'E%@taﬂﬁlnﬂ Shesphite

conposi ti ons. compoithdsewhiohpmagdbe ased: &m:o.ma&saed 1eJayst o dodpgound g
structure: 35 Leformul wherein Zis >P(X)- or >P-; Y is Hor X3R3;
R1, R2, and Eg are eacﬁ i ndependently H or hydrocarbyl containing 1 30
to 6 carbon atoms, and X1, X2, X3 and X are independently Sor 0, with
the provisos that Y is tgmhen Zis >P(X)-<, and t-hat when X1 and X2 are
S, and Z is >k&) a Y ip - mﬂﬁ,d”&'m ShiQRBSpHIGR W t the

f oregoi ng struct urgtls \fn.clgudﬂeﬂwbeiﬁ‘y,l ﬁiiw.gﬁgiﬂ&tet hi omphl tes,

WO 96/ 17914 HO — monohydrocarbyl dPREoIOB&sha®2] (Y=SH) ; or
- 5- t hi ophosphat es, thi onophosphites, thlonophosphates and
t hi ol - contai ni ng phosphites and phosphates _ Exanpl es of the
phosphor us- cont ai ni nsg ac dic 5 4 ers Whl ch rr%otzghyts‘ed in ;tyt!‘g i nvent.i on
include at  ‘iHeaBlSwge cor?ogﬂy PopFRY @Eh‘?grp e bate ey

5 : gzs/ dihydrocarbyl dithiolphosphate (Y=8H)

As used in the spécification and appended
claims, the terms "hydrocarbyl" or “hydrocarbon-based"
denote a group hav;ng a carbon atom directly attached to

10 the remainder of the molecule and having predomlnantly
hydrocarbon character within the. -context of this
invention. Such groups lnclude_the_followzng.

(1) Hydrocarbon groups; that is, aliphatic,
15 (e g., alkyl or alkenyl).

(2) Substituted hydrocarbon groups:; that is,
groups containing non-hydrocarbon substituents. Those
skilled in the art will be aware of suitable .

20: substituents. 'Erampies include halo, hydroxy, nitro,
cyano, olkoxy, acyl, etc.

(3) Hetero groups: that is, groups which,
while predom;nantly hydrocarbon in character within the
25 context of this 1nvent1on, contaln ‘atoms other than
carbon in a chain or ring otherw1se composed of carbon
atoms. Suitable hetero atoms will be apparent to those
skilled in the art and include, for example, nitrogen,
oxygen and sulfur. |
30



[err] [err] monohydr ocar byl phosphate  (Y=H)
nonohydr ocamay$6/tmiol phosphate (Y=SH); or nonohydrocar byl phoR@IES25/159210H)

(ii) [err] di hydrocar byl phosphite (Y=H)

di hydrocar byl phosphate (Y=0H) di hydr ocar byl

t hi ol phosphate (Y=SH) 10 wherein RL and B2 can be the same or different
and are hydr ocar byl generally of from1l to 6, preferaply from?2 to
4, carbon atorms. The hyd?mcayhybcgrbypstRgoﬂbch t BRNi B§ E&®pounds

15 whi ch may besat{@f%x’:‘ e $6ler nt rtjxydrocaﬁ%yl ngQﬁQDygﬁQtC?émékally, the

t hi onophosphite nohydrgcarbyl2 anaphosgﬁate
(Y=0H) total numbep y@?%é%?b??°ﬁ?thpoﬁ pRBEpR4t Wid{=8\) noy,
(i) t gresitdly EoRr Hvdut hé pNOpROSPPréterred Yelbodiment the

|

o, DGR e SV e e 0 P
and are 20 def iawmsmsibesach, and preferably from about 2 to about 4 carbon
atoms each. The hydrocarbyl groups Rl and R2 are
aliphatic such as alkyl and alkenyl. Examples of Rl and
R2 groups include methyl, ethyl, propyl, n-butyl, n-
10 pentyl, and n-hexyl. '

The Rl and R? groups may each comprise a
mixture of hydrocarbyl groups derived from commercially
available C;~Cg alcohols.

15
The acidic esters are usually prepared by
reacting P,0s5 or P55 with the desired alcohol or thiol
to obtain the substituted phosphorus-containing acids.
20 The hydroxy or thiol compound should contain

hydrocarbyl groups of from about 2 to about 6 carbon
atoms.

In the preparation of the hydrocarbyl-

25 substituted thiophosphoric acids, any conventional method
can be used, such as, the preparation described in U.S.
Patent 2,552,570: 2,579,038; and 2,689,220. For the
preparation of hydrocarbyl-substituted thiophosphinic
acids, such as conventionally known disubstituted

30 thiophosphinic acids, see F. C. Witmore's Organic
Chenmistry", published by Dover ﬁhblications, New York, NY
(1961) page 848. -

Preferred herein are hYdrocarbyl phosphites and
35 phosphates having the formula



WD 96/ 17914 PCT/ US95/ 15921

- 6- The hydrocarbyl thiol-containing phosphite conpounds
whi ch nmay M1 i ncl ude at | east one conpound of thePFEFﬁﬁﬂngpp

(1) monohydr ocar byl thiol phesghize (Y=H)

nmonohydr.ocar byl thi ol phosphate (Y=0H) _ nmonohydr ocar byl

di t hi ol phosphat e(Y=SH) ; or o(is) di hydr ocar byl

t hi ol phosphite (Y=H) - plo )} ~ dihydrocarbyl thiol phosphate (Y-OH)
di hydr ocar byl di t hi ol phosphate?;sa)s 5 As used in the
specification and appended p2o<€l ains, the ternms "hydrocarbyl" or

"hydr ocar bon- based" -denote a group having a carbon atomdirectly

attached to 10 the remminder of the nolecul e and having predom nantly
hydr ocar bon ciaereinrDhi ihi a hmdrooarbxﬂ. groupi contaiiningntli &o. 6 Such

groups '”C|Ud8a%§8nf9tbﬁs‘n92 hyﬁrocafbyl(%&oﬂ%ﬂbﬁﬁﬁéﬂﬁﬂ qURY & hat

IS, allphatl ﬁ enyl
Subst i t ut &d h?ﬁ?@é&réEﬁmﬁv oébé D? hif Hsor OH.gr Mare pEefsryedyare

non- hydr ocar bﬁpdsaaakbymeahs:spﬁhe&e and phiosphdties wWherdin wli larige pRnar e of
sui table 20 subsb agentgb 1 rng gscbg Iude haé%, %dr : h{o
cyano, alkoxy ydraparoyl group é?b é IS,
groups whi ch, atomsv\/nDPelsr Hdori OHnt | plhgmﬂo@&r may ibe dmmddﬂyér ox t hin the
170 oGRS et n) BTG ki M
atons wi |40 be°§p§§h¥ﬂt~ tB tﬁé§ebe -0Bgi WheFein { %F%rﬁfﬁ%q‘l@@"w
exanpl e, nltrPﬁéEerably the unsaturated members éontain only double (
bonds. Examples of useful compounds are the ‘dimethyl,
diethyl, dibutyl, methylethyl hexyl, phosphxtes and
phosphates.
15 _

' The phosphltes and phosphates employed in this
invention can be made uslng a szngle diol or mixtures of
mono alcohols and diols . Such mlxtures can contain from
about 5% to about 95% by welght of any one constltuent

20 the other constltuent(s) be;ng selected such that it or
they together comprise from about 95% to about 5% by
weight of the mlxture. Mixtures are often preferred to
the sxngle-member component. The ‘phosphite reaction can
be performed at about 7o'c to about 250°C, with about

25 100°C to about 150°c being preferred. Less than a
stoichiometric amount of phosph;te can be used and is
often preferred to a sto;chxometrlc amount.

The more preferred phosphorus-contalnlng acidic
30 esters are the mono-, di- and hydrocarbon esters of
phosphorous acid. Examples of these are: dimethyl
phosphite, diethyl phosphite, dibutyl phosphite, and
ethylmethyl phosphlte.' Most preferred are diethyl
phosphites, dimethyl phosphltes.'
35



oxygen and sul fur. 30 WO 96/ 17914

PCT/ US95/ 194P%/17914 -7- PCT/US9SHBS 1

hydr ocar byl groups RlL and R2 may be the sanme or different hydrocar byl
groups, and generally, the total nunber of carbon atons in Rl and R2
will be no greater than about 6. In a preferred enbodi nent the 5

hydr ocar byl groups will contain from2 to about 6 carbon at ons each,
and preferably ALgohgbsgat 2 to about 4 carbon atons each. The

hydr ocar byl groups R1L and R2 are al i phatic such as al kyl and al kenyl .
Exanpl es of Rl and R2 groups I nclude nmethyl, ethyl, propyl, n-butyl, n-
10 pentyl, and n-hexyl. The alcchols reppgsfataddbw s% ures éath and
conprise a PIX) Ueorel ))sFeddr QebceiptRendds \EXbdhOTR CQ8EBLEI Akl khis

avai | abl e CL-C6,al cohols. 15 The_.acj di sters are usual l

pr epar ed byjs iPYSPERRG - P05t hr BIRRIG (BP ¢ %o%%éi rtéba I 3&5}?0I Sag,drtqﬁqﬁ%rl
to obtain the sgbeupsut exepheseghbeds- doynt aRni myayci de  s2Faight-chainethe
hydr oxy or thi nd o] nt ai Y f

about 3 Lo abouPrRRSREHY OUYE1Ien! &' ReprestiialiVeiiiy ESUERNGL | drtling
t he hydrocar byl wigBinsyb&hist eddefiinphégphor ilnHNAR aﬁ}'krgnventaildﬁﬂiyl '

met hod can aycyasg!ky;s.uchaaalk¥me PAEREEPL| ONafeSCr ifigdl ithdirS hetero-
Pat ent 2, 5§_ , 570; % 579h038' ﬁnd , 689, 220. For the preparation of
hydr ocar by 20 ubSPRFRLBANELRBRAEIS I ni ¢ aci ds, such as conventional |y

known di substituted 30 thiophosphinic acids, see F. C Wtnore's Organic
Chem stry”, published by paygh PRRL! c2tleds1e Nt oidas Woitnid 12 LR
(I) are alkoxylated alcohols (s 2= 1) and alkoxylated
polyhydric alcochols (s 2 1 and m + n + t = 2), and

is5 mixturés thereof.

Examples of particularly useful alkoxylated
alcohols are nonyl phenol pentaethoxylate,
pentapropoxylated butanol, hydroxyethyloctyl sulfide, and

20 diethoxylated dodecyl mercaptan.

Examples of particularly useful alkoxylated
polyhydric alcohols are oleyl amine tetraethoxylate, 5~
hydroxy-3~thio butanol <triethoxylate, thiobisethanol,

25 diethoxylated tallow amine, dithiodiglycol,
tetrapropoxylated cocoamine, diethylene glycol, and 1,7 -
dihydroxy - 3,5 - dithiocheptane.

aAmong the suitable alcohols within structure
30 (II) are the polyhydric alecchols (y 2 2). Examples of
particularly useful polyhydric alcohols are
pentaerythritel, 1-phenyl- 2,3 propane diol, polyvinyl
alcohol, 1,2 - dihydroxy hexadecane and 1,3 - dihydroxy
octadecane.
35



Preferred herein.are hydrocarbyl phosphites and 35 phosphates having the
formul a WD 96/ 17914 :
PCT/ US95/ F¥Q3¢/17914 wherein DI is a hydrocarbyl (RGUPSIsSHS&ai ning .
1 to 6 carbon atons, D2 is a hydrocarbyl group containing 1 to 6 5 :
carbon atons, and D3 is Hor OH More pre;grred are hydr ocar byl
phosphi tes and phosphates wherein D and are hydrocarbyl gr oups
containing from1l to 3 carbon atons, D3 is Hor. OH D1 and D2 may be
an al kyl or al kenyl fr RAFT ﬂf‘é’l‘%‘iﬂaﬂ wsedud| embinabiencPhs aﬂrsphyllsm
or ethyl. D3 wfthba -sEPucbterei n(IX isras weiddeteprecnted Bief grak)

Eﬂﬁpﬁﬂﬁﬁi“;?tee?ﬁg?g?ﬁaﬁhé’f’"?*%*@s"%%ﬁﬁp aPBeES ‘?%ﬁha@ﬁ%es g bt

phosphites and phosphat es. : The phosphites and

phosphat es genpl oyed in this - | nventi gugogan be made- using a si nﬁﬂtﬁ)di ol

or m xtures of - . nono al cohols and dtO|S . Such m xtures can contai‘n from
about 5% to ab888 95% by wei ght of any one constituent, 20 the other
constituents being selected such that oplg-e~0H ~ they together c i se
from about 95%to about 5% by - wei ght of the m xture. Mxtures are often

preferred to whek8e single-nenber. conponent. The phoiphite reaction can
be performed at about 70C to about 250C, with about 25 100C to about

160[err]C being preferredly Less than a st oi'chionetric anount of
phosphite can be used anli is. often preferred to a stoi Chl onetric
anount . . A is CH"‘(OCHzCHz)n— or Yl"fH“(OCHZCH‘)

15 X | Xy . CHj (

Xy is H or RySCH3-

- ¥, is RySCHy-, RpSCHCH,-, RoSCHCHo-
20

.CHj - .. CHa .
b
25 . R,SCH-, '_ﬁ{scnﬁaﬂ _-'o.r RySCHpCH- :
ICH3 .(l'.'Hg | CHy
.clzH3
30
n is an 1nteger from 0—12. o _
B is —CH;CH,SCH,CHo— -cnzcazsscazcnz-
35  or Rgicl:ncnz_sn,;— 3

and Ry and R3 are the same or different and are H or a
hydrocarbyl group containing up to 50 carbon atoms. Ry
40 is a hydrocarbyl group containing up to 50 carbon atoms.

The R, Ry, and Ry groups of the alcohols (III)
and (IV) are hydrocarbyl groups which may be straight-
chained, branched, or cyclic. Representative hydrocarbyl

45 groups include alkyl, alkenyl, cycloalkyl, aralkyl,
alkaryl, and their hetero-containing analogs.



The nore preferred phosphorus-containing acidic 30 esters are the nono-,

di - and hyswvessa7®on esters of phosphorous acid. Exanplgsr/a§esiiaese
are: dinethyl phosphite, diethyl phosphite, dibutyl phosphite, and
et hyl met hyl phosphite. Most preferred are diethyl phosphi t es,

di met hyl phosphates. 35 WO 96/ 17914~ 11 -

PCT/ US95/ 15921 -O- Al cohol s:

The al cohol's represent edTheg shenetOngn@dﬁning hydricRrbydr mgrdupsad may
description of cBhEaha! orEely! std seato LRUGRLI ONa vablsePoUld iy o

t hat the hydrocarby represente
strai ght - chai nggoms CPR g ed‘se@r apd | are R%ﬁb%%nt%&ﬂ%’h?dr%ar@&ﬂse

grolluosI ol W tblkgllleah:lih tigef h&ttl orszént;ﬁaludﬁette&bkﬁtoms ahtsemﬁhe, but
cycloal kyl,aral kyl , al kar an eir hetero- cont.ai ni ng

anal ogs. HM %’8 squ‘ﬁBPgeﬁl'coW%eW t APERROXRT, ¢ and
(1) are alkoxysaﬂédralcohols (s > 1) and al koxyl ated pol yhydric

al cohols (s [err] 1 and m+ n +t [err] 2), and 15 m xtures thereof.
Exanpl es of particularly useful al koxyl ated al cohol s are nonyl
phenol pent aet hoxyl aWBen the,cdrYRFPeasRYLagZ@uBUtiolkyl, straight-

fgdroryet hyl chhhlﬁlﬂhf:éjﬁcyﬁn lz?cQT ksil %tﬂwxgkéteérdadeczl ﬁﬁf@ﬁh . those
Exarmles, dp PaEhaUals Valsatolc A KRULA 0 e el el solols e
thiobisethanolmoﬁﬁ prefbwnpnytedboutteﬂéowto Ci@m akkyl. When the
di thi odi gl ycol pyarochehi 2P GPGY! 3 £9 LGN MO stTaAURE - HaEOlan @il 7
groups are preferred -- typically those that are about Cj
to Cig, preferably about C4 to C;3, most preferably about
15 C¢ to Cjg alkenyl. When the hydrocarbyl group is
cycloalkyl, the group typically has about 5 to 18 carbon
atoms, preferably about 5 to 16, most preferably about 5
to 12. When the hydrocarbyl group is aralkyl and
alkaryl, the aryl portion typically contains about Cg to
20 Cy3, preferably 6 carbon atoms, and the alkyl portion
typically contains about 0 to 18 carbon atoms, preferably

1 to 10.

Straight-chained hydrocarbyl groups are

25 preferred over branched or cyclic groups. However, if

the hydrocarbyl group constitutes the less preferred

cycloalkyl group, it may be substituted with a C; to C;g
straight-chained alkyl group, preferably C; to Cg.

30 Representative examples of suitable hydrocarbyl
groups for alcohols (III) and (IV) include methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, 2~
ethylhexyl, isooctyl, tertiary-éectyl, nonyl, isononyl,
tertiary-nonyl, secondary-nonyl, decyl, isodecyl,

35 undecyl, dodecyl, tridecyl, - palmityl, stearyl,
isostearyl, octenyl, nonenyl, decenyl, dodecenyl, oleyl,



di hydroxy - 3,5 - dithioheptane. Anong the suitable
al cohols within structure 30 (Il) are the polyhydric alcohols (y > 2).

Exanpl es o0t cularly usef ul pol yhydri c al RETTNSIS1592%r o
pentaerythritol, 1-phenyl- 2,3 propane dioI, pol yvi nyl al cohol, 1,2 -
di hydr oxy hexadecane and 1,3 - dihydroxy _ oct adecane. 35 WO

96/ 17914 PCT/ US95/ 15921

- 10 -

wi thin

A- OH
(1v)

. t I f ul t f .al | s
e oot 3 RIS R B’ ke
m Xt ures theredodemménﬂ) s ;ﬁhei)ymetyl.

(rer)y and - : _CH-B-CH

where: 10 15 - X1 is Hor R2SCH2- ; [err] 20

5

10

15

20

25

30

35

The" preferred hydrocarbyl groups for alcohol
(III) are hexyl;' octyl, decyl, and dodecyl. The
preferred hydrocarbyl groups for alcohol (IV) are, for
R3: methyl, ethyl, and propyl. and, for Ry: methylene,
ethylene, propylene, and lsopropylene.

Alcohols (III) and (IV) may be prepared by
convent10na1 methods wldely known in the art. For
example, a thioalcohol is produced by oxyalkylation of a
mercaptan contalnlng the deSIred hydrocarbyl group.
Suitable oxyalkylat;ng agents include alkylene oxides
such as ethylene oxlde, propylene oxide, butylene oxide,
and mixtures thereof. The most preferred alkylene oxide
is ethylene oxide. Thns; the preferred thioalcohol may
be prepared by the followlng reaction equatlon'

RSH + Ethylene Oxide —-s'nscnzcazon W
where R is defined above.

To dproduoe the desired alcohol, a more preferred
reaction route is: '

RCH=CH2 + Hsnzon —_— chzmzsnzon - (VI)

wherein R and Rz are descrxbed above. Reaction equation
(VI) is preferred beoause_;t_y;elds a higher percentage
of the desired alcohol whereas-reaction equation (V) may
produce a.single alcohol of the formula RS(CH3CH0-)p-H
where n>1, or a mixture of alCohols where n>1 and varies.

Comple Im n:

aAn example of this -invention is illustrated
below: | '



30 nis an integer fromO0-12; Bis -CH2CH2SCH2CH2-

- CH2 CH2 SSCH¥O™9/179145 or R3CHCH2SR4-; and R2 aRGTRBISIS2L he
sane or different and are H or a hydr ocar byl group containing up to 50
carbon atons. R4 40 is a hydrocarbyl group_containing up to 50 carbon

at ons. The R2, R3, and R4 grdubs of the al cohols (111)

and (IV) are hydrocarbyl groups which may be straight- chai ned,
branched, or cyclic. Representative hydrocarbyl 45 groups include alkyl,
al kenyl, cycl odieRyA=OHartal (B) OH-B-QH karHiPoamd—thei r Gempiexcont &VALhg
anal ogs. WO 96/ 17914

PCT/ US95/ 15921 where A and B are defined above; ddd-1 < a+2b < 6. The

het er o- cont ai ni ng hydr ocar byl groups may contain one or nore hetero
at ons. A variety of hetero atons can be used and are readily apparent
to those skilled in the preferrslicomplekeo€r $hasonnvientigie, ihuforted

are not limtedgi0,a fhid YSR8: Of 808tea byl : :
When t he hydroca byaf ‘grtgﬁ%f‘?eshg}(kyﬁ,a g‘?%?{ﬁ:t-éﬁre cﬂalened%il y fg?lblu%%l% e

preferred -- ty@R@Y3PNthose 10 that are about C2 to C18, preferably about
C4 to Cl12, nost preferably about C6 to Cl10 alKkyl. When the

hydr ocar bylagroup i s (@l)keRdchHUH AWM {10 ec—a+-kengdbmplexJr OUPS QVEII)
preferred -- typically those that are about C3

where R is defined above.

Typically, the complexing of mineral acid and

15 alcohol is carried out under atmospheric pressure and at

temperatures ranging from about =10 to 65, preferably 25

to 55, most preferably 35 to 45 “°C. At these

temperatures, a complex is formed without producing

water. At temperatures greater than 65°C, water will

20 1likely be produced which evidences that an etherification

reaction has occurred. However, preparation at

temperatures below 65°C make it 1less 1likely that an

etherification reaction will occur which may result in

oil insoluble ether compounds. Complexing times range

25 from about 0.5 to about 4 hours. Sufficient complexing
can typically be achieved in about two hours.

One method of forming the complex is first to
dissolve the appropriate amount of the phosphorus-
30 containing acid in water. The acid may be purchased as
an agueous concentrate, i.e., 70% in water, thereby
eliminating the dissolution step. The alcochols (or
thiocalcohols) are then added to the agqueous solution of
acid and the temperature raised to the desired level with

35 stirring until a homogeneous mixture is produced.

After the ©phosphorus-containing acids and
alcohols have sufficient time to complex, it may be



to C18, preferably about C4 to Cl2, nost preferably about 15 C6 to C10

al kenyl . Wien the hydrocarbyl group is cycl oal kyl, the group
typical |y WQ26A1Wd4t 5 to 18 carbon atoms, preferably abPCX/USISISZG,
nost preferably about 5 to 12. When the hydrocarbyl group is.
aral kyl and al karyl, the aryl portign,typically contains about C6 to
20 Cl12, preferably 6 carbon atons, and tﬁe al kyl portlon typically
cont ai ns about g carbon at ons r ef er ably

St rai ght - chai n@&suﬁé Ro&Rr AmOVe ¢ Lefte 2’5atep'F e?’é?FeHanBPVSr BREeRed

or cyclic groupsed ﬂdovﬁssolvefthe afdiel hy drioe avlgergmayp wonSeinbueds atthe

| f d t t t h ClL t C18
o7 O cher nesearRHPRIFo e NG, bl A gl 54 hiled ki
Repr esent at i vevagaupkes SﬁrMEMI tingdr andr hemperatynessvavy alocolrdlmg
(1) and (4V) tbnthﬂdﬁe@‘i@d ,de'%jf'é@ of stPiFPilg. PEhY! vaculfNbih ral

heptyl, octy hexyl., i1sooctyl, “tertiary-octyl, non
i sononyl_ , £EPR; a’rgp‘ﬁ'onyﬁ)é t%e&ﬂ%’é’ry ABnyPa. ﬁEE}P\é“‘g | SRRty fTons
undecyl , dodbout, 1 tbr abeag 2 houxal,mand tempmeamds from isWHeEY I°

octenyl, nonen&l dﬁ?gf@fellgocjPs%%cle?{teyvyater rTQX\Oa?(S/m]a@glﬁ%l &ﬁhlgﬁgd

PCT/ US95/ 15921

linol enyl, cychSocayvacwamrypf ogbgupherfQ kPa whdebcyiphamgdntained for
phenyl oct g about 1 hour at!®® Peeferred hydrocarbyl groups for alcohol
5 (Ill) are hexyl, octyl, decyl, and dodecyl. . The

preferred hydrocarbyl groups for alcohol (1V) are, for - R3:  nethyl,
ethyl, and propyl; and, Rorseébnd nmétlyb&nes form&hbylaerwtamepwbﬁpeexarié (

' sopropyl ene. to dxssolve the anhydrous acid in the’ alcohol mixture.

It is somet:.mes desz.rable to then add a small amount of.

15 water to the. blend. Typlcally, 1-5" welght percent of
 water will give a stable nom"og'e'n_eous material.

'l'he complexes shown :.n equatlons (VII) and
(VIII) may be added to a lubricatlng oil basestock in an
20 amount suff:l.c:.ent to lmpart ant:.wear propert:.es. The
typ:.cal range is 0.05 to 1. O we:.ght percent of 100%
act:.ve :Lngred:l.ent, preferably 0 4 to 0.8 weight percent,
most preferably 0. 5 to a. 7 weight percent. The preferred
range corresponds to approxlmately - 0.02 to 0.04 mass

25 ©percent phosphorus in the oil. '

Des:.rably, a sourc'e of boron is present with

the complex of tlus J.nvention in the lubrlcatlon oil

_ basestock. 'I'he presence cf boron tends to lessen the

30 _deter:.oration of s:.licone-based seals. The boron source

‘may be present in ~the form of borated dispersants,

borated _am;nes, borated alcohols, borated esters, or
alkyl borates. | |

35 Accordlngly, by adding an effective amount of
this :anentzon s complex to a lubrlcat:.ng oil and then
- placing the result:.ng lubrication oil within a



10 Al cohols (Il1l) and (1V) nmay be prepared by

convent i onalWOREIMYs widely known in the art. For PENVUSYHI59212

t hi oal cohol is produced by oxyal kyl ati on of a mer captan containi ng

the desired hydrocarbyl group. Sui tabl e oxyal kylating agents

include alkylene oxides 15 such as ethyreﬁg oxi de, propyl ene oxi de,

butyl ene oxi de, and m xtures thereof. The nost preferred al kyl ene

oxi de i s et hinbrécakidn. syBten, thtee pddf ofkldd inhhbdhitomgarmyn metad-

prepared by the f:QLhQﬁhDgcéﬂﬁS&toﬂneﬁﬁét h@Bricatlon fluid. RSH + Ethylene

i de -> RSCH2CH2CH (V) where R is defined above. To

produce the desired al cohol, a nore preferred 25 reaction route is:

RCHECH2 + HSR2OH -> RCH2Ehi@SRABrication ofYl )basefstd&lerﬁhg* R 137 %Ih?i

descri bed abgve. | |0 0 re ecause L, |e S
or HBEL! QDAL (ool b | AT ERL LESE IR pch AE

a hi gher percentage &sited a reas T
(V) may prodedd- a sPughe abguirationgt I¢é1f oadhdd bl v Oi!@mg ncbl,rroslon

where n>l, or a FhKibi€oPs, al CM@:&M@ N>l g var pgdnt, 356FE9@BE§?¢3

For mati on: An ex e of this |nvent|on S stra
bel ow WO gﬁagai@ihdants, ex reme pressure addltlvep@-r/ U¥dscosdty
- 13 - (a)idpfbirarsp) frideibh+ hBBDfiers, >andCotiRkexlike(V!|) These

10 additives are typically 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
disclosures of which are incorporated herein by
reference. A fully formulated 'iubricating 0oil normally’

15 contains from about 1 to about 20 weight % of these
additives. Borated or unborated dispersants may also be
included as additives in the o0il, if desired. However,
the precise additives used (and their relative amounts)
will depend upon the particular application of the oil.

20 Contemplated applications for formulations of this
invention include gear oils, industrial oils, lubricating
oils, and power transmission fluids, especially automatic
transmission fluids. The following list shows
representative amounts of additives in lubrication oil

25 formulations:



where A and B are defined above, and 1 < a+2b < 6. 5 A
preferred conplex of this invention is formed by a nonoal cohol and may
be represavo gsliMdw t he fol |l ow ng equation: 10 ( @)pcTriiokjéehlp OH +
H3PO4 ---> Conpl ex (viin) where R is defined above.
Typically, the conplexing of mneral acid and 15 alcohol is carried out
under atnospheric pressure and at t enpk® atures rangi ng from about -10
to 65, preferably 25 °© "to 55, nost preferably 35 to 45 [err[C

At these tenperatures, a conplex is for@Bdoad)hout prod¢Pragerred)
water. At tenperaturesddiiehver than 65[err]C what®r will 20__lwkel ¥ be
produced whi ch evidences that an etherification reaction has
occurred. VIW@NE%QVSrQreparation at - ténpeldtures bel owl65[érr]C
make it Ie§s i kely that an ‘etherification reactlon wi |l occur which
may result in Corr@sionp ERilieo®f her conpounds. - Conplexing times range
25 from about OPESSLVAERX® 4 hours.  Suffi O Bht coﬁpIeX|ng 0.01c5p1.5

typically be achige n_about two hours. hod_o
f or m ng tgs cgﬁ$ 5%%&???§t to dlssolveotﬂé appFOprlate 32@ nT &3t he

phosphor u q%%%§ %ﬁﬂt@g acid in water. §h§°a0|gonay be pHrghaseg as

an agueous con e., 70%in water, ereby elimnafing "the

di ssol ution %EP 5= ai She. (or- bhipgglcolol s) aregt -added to
F

t he aqueous so |on°%¥§ng g. déand the tenperature raised to Pﬁg dgs?red

level W ths35 petergenesuntil a honmpgeneous gighuse s producedor - 3

After the phosphorus-containing acids and al cohol s have sufficient
tine to conpleunti+WGaw kgents WO 96/ 179140. 0Q1- 5 7 0.001- 1.5 ‘
PCT/ US95/ 15921
Pour Point Depressants _ . 0. 01 - 2 _ 0.01 - 1.5
20 '
Seal Swellants 0.1 - 8 : 0.1 -6
Frictioh Mpdifiers. '_' Q.o;_- 3. © 0.01 - 1.5
25 Lubricating Base 0il : Balaﬁce___ Balance

Partlcularly sultable detergent addztlves for
use with this 1nventlon 1nclude ash-produczng basic salts
of Group I (a;kall) or Group II:jalkallne)_earth metals

30 and transition metals with' Sulfonic acids, carboxylic
. acids, or organic phosphorus acids. s

Particularly suitable types of antioxidant for

use in cohjunction with the complex of this invention are

35 the amine-containing and hydroxy aromatic-containing

antioxidants. Preferred types of these antioxidants are

alkylated diphenyl amines and substituted 2,6 di-t-butyl
phenols. '

40 The additive 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

45 desired additives (i.e., active ingredients) are provided



- 14 - desirable to renove water, i.e., water that nmay have been

used to di swolo¢a7dihe acid. The water may be renoved at FOROkEso2 L
pressure or the conplex nmay be placed under vacuum  Stripping tines .
and tenperatures vary according 5 to the desired degree of stripping. The
vacuum can range from about -65 to aboutl® 90 kPa, stripping tines from
about 1 to about 2 hours, and tenperatures from50 to 65 C. Typically,
sufficient watedn eme/ad:onegnbeaaehh.nvsqbecifiat amoantisintof gaveuta -dis defad

whi ch is maintaif ?n%enq{rallﬁo t 1 h?{:’ﬁ;éﬁeES £6’£—:ﬁw]1ﬁtlo when ¢ mb ded

second net hod OF ormn able co di ssol ve the an r ous
acid in the al catidth rraxtnredetermweds amppnt et dé&‘PF—'é-lS’la@% t RéA - add The

sl | amount of o1 Ve 1 0 dfttriiend.or Ttitald Y. irgifediRilil DB Cergne
water will give a stable honogeneou rrat eri

al .
conpl exes  showFORGENRER | o ¥PiFyLL aﬁ‘fEF £rom | | 3Py b é’dde&°t o 30
| ubricating oil prefeataly | firem aﬁouamra sof Ri0Gi emdst opreparabapt ifwear 2

properties. %t %?e%ér%a%ﬂ 5612@1? tbﬁ chx?c%?t}a@ev‘e'vﬁmh p@fxger@eﬂu;@@z&

active ingredie ént

preferably 0.5 e img7 a/ve’hlgh‘nlmmwll W%ﬁ@@kr% a SOlME corresponds
to approximately 0.02 to 0.04 mass 25 percent phosphorus in the oil.
Desirably, a source of boron is resent W th Iex of this

. the.co
invention iHthe |ubricatT¥h GPpplex ‘Bﬁs’égﬁﬁcﬂ'“vef‘%éc’ﬁ‘r e arﬁ}'r ofith
tends to Iessenﬂhlaae S@mitadser | oritaiment siid corﬂ&é)aseltbzsnala?tloﬂ'he bbren,

sour ce e t at

bor at ed am nes dt:}.sg ﬁ%ﬁl Fggﬁtﬁgg n{)orlan%l% [eir sﬁ&lﬁﬁpﬂéﬁk%ﬁ form
bor at es. 35 quaternayycarpuPnghy, SALtsEId] ngl'!!am Sproeties am%unml@fz and
this invention' %Hi.lr?ak&-g} Oaﬁimlo‘x'xli‘hhca&éi‘ﬂso' lnGWEdPENwill Pha€i NEavdPeely

resul ting Iubr cation
affect ant:.wear characterlstlcs of this invention.

Suitable 1lubrication oil basestocks can be
derived from natural lubricating oils, synthetic
lubricating oils, or mixtures thereof. In general, the

20 lubricating oil basestock will have a viscosity in the
range of about 5 to about 10,000 mm2/s (cSt) at 40°C,
although typical applications will require an oil having
a viscosity ranging from about 10 to about 1,000 mm2/s
{cSt) at 40°C.

25

Natural lubricating oils include animal o0ils,
vegetable oils (e.g., castor oil and lard oil), petroleum
oils, mineral oils, and oils der’ived from coal or shale.

30 Synthetic oils include hydrocarbon oils and
halo-substituted hydrocarbon oils such as polymerized and
interpolymerized olefins (e.q., polybutylenes,
polypropylenes, propylene~ 1scbuty1ene copolymers,
chlorinated polybutylenes, poly(l-hexenes) ’ poly{(1l-

35 octenes), poly(l-decenes), etc., and mixtures thereof):;
alkylbenzenes (e.g., dodecylbenzénes, tetradecylbenzenes,
dinonylbenzenes, di( z-ethylhexyl)benzene, etc.); poly-



WO 96/ 17914 PCT/ US95/ 15921

- 15 - | ubrication system the oil will inhibit wear in netal-

t o- met al wogerizets i n the lubrication fluid. PCTIus9bndeei cati on
oi | basestock may contain one 5 or nore additives to forma fully. .
formul ated | ubricating oil. -Such lubricating oil additives include
corrosion I nhi bitors, detergents, ~ 1Boﬁr poi nt depressants,
antioxidants, -extreme pressure. additives,-. viscosity | mprovers,
friction nodphesyds ante.ghe Ilhkl@henyrﬁhese terrhemwlisses adkylated
typically di ﬂgl%ﬁgnglg Jﬁlr ) 'exé‘ﬁ?%fated d%bu%yqarﬁtr%&t ! ‘é‘?‘ciylgi‘.e@ V.

Smal heer and 11-a . S. Pat ent

4,105, 571, thélphenﬂlsépé&}ﬂ%r &S wel c‘%ﬁ Ghelr AREiVpS5iXes« apaiesf: by
reference. Aahdl h¥mb2bgs! ghestebithr andl ithe Qiikenormally, 15 contains from
about 1 to about 20 weight % of these addi tives. - Borated or unborated
di spersants may al so-.be i ncluded as additives-in the oil, if desired.
HQY\/levgr, N the preci sSyantti:ettnwes Usst icatinchei roiks at i aésanounns)lude

Wi epend u p at I Lpndearp d
applications B?ﬂylgﬁgr% i&%‘o gl@mﬁsc iﬂeeﬁo%ggﬁtglggn ?ﬂ%? ude gla| S,

“industrial oi FbelFUEFFéXﬁWeS whene %dt al BRERPE¥L o FTeM Fd ave
especi al |y aupgemt i ﬁodif_:.eaanbm S&s&ar.ﬁth.uadion, .etReei £ ifcaltion,ng etici.st -

shows repr sent atjve ts of: i ve | upric
formul at i ¥hs: T ﬁ l&s 86/ 1 14 syn (4:1 815,2 Pé aéi&ﬁpfihezds by
PCT/ US95/ 1592bolyoxyalkylene polymers prepared 16:y polymer:.zatlon of

fNBr Ooa/(?) eth?ﬁ.‘é;ﬁr r&gide or propyléﬂg' toa‘c’fde. the alkyl Ma %ry1 {

ethers of these polyoxyalkylene polymers (e g., methyl-
| polylsopropylene glycol ether hav:.ng an average molecular
15 weight of 1000, dJ.phenyl ether of polyethylene glycol
hav:mg a molecular we:.ght of 500-1000, dJ.ethyl ether of -
 polypropylene glycol. hav:mg a molecular we:.ght of 1000~
'1500) ; and mono-' and poly-carboxyllc | esters thereof
_ (e.g"., the acetlc ac:.d esters,' nu.xed c3-c8 fatty acid
20 esters,_ and Cjij; oxo' acid d:.ester of tetraethylene
glycol). | | " '-

Another suitable class of synthetic lubricating

" oils comprises the esters of dicarboxylic ‘acids (e.g.,

- 25 phthallc acid, succinic acid, alkyl succinic acids and
alkenyl succ:.nlc 'aoids, male:.c ac:l.d azela:.c acid,
suberic acid sebaslc acid, fumar:.c ac:.d, ad1p1c acid,
linolelc ac:Ld dlmer, malonic acid, alkylmalonic acids,
alkenyl malon:l.c ac:.ds, etc.) with a var:l.ety of alcohols

30. (e g., butyl alcohol, hexyl alcohol ' dodecyl alcohol, 2-
| ethylhexyl alcchol, ethylene glycol d:L—ethylene glycol

monoether, propylene glycol, etc.). Spec:.f:.c examples of
these esters J.nclude d1hutyl adxpate, di(2-ethylhexyl)
sebacate, dJ.-n-_h_exyl fumarate ¢ d:l.octyl sebacate,
35 _diisooctyl : azelate, | dJ.J.sodecyl ' z_elate, dioctyl

| phthalate, didecyl phthalate, di'ei:cosyl""sebac'ate, the 2-
ethylhexyl ‘diester of 1linoleic acid dimer, and the



Vi | mprovers 1- 12 1-45 Cor r osi on

| nhi bitor/ WO096/1M8&si vat or s 0.01. - 3 PcPises/ison
Anti - Oxi dant s 0.01 5. 0.01 - 1.5 10

Di spersants 0.10 - 10 0.1 - 8 Ant i - Foam ng
Agent s 0.001- 5 0.001- T. 3% I5 Detergents

0.01- 6 0.01 - 3 . Anti-War Agents .. 0.00l- 5

0.001- 1.5 4 complBxuesRemifBmmdswanteacting oge(nole pf sebadidlacid

1.5 20 Seal W4l | GR Spo1 tetraethl 1ycol ard lty
Friction Mdifiers otes 05 © rae Q-E%F ? 7°9 .5 25 Lﬁb?ﬁéﬁﬁrﬁf

Base O | 2"38&&}??6@53"015 331Q3alad’r?cé"he like. Particul arly
sui tabl e detergent additives for use with this invention i ncl ude
ash- pr oduci basic salts ¥§1 al kal i r ?g I'1_(al kali
earth metal s° 30 and trangﬁﬁe&? n’é?ﬁ wi th Séml lé: alrug, 2 ?‘BOXVH

aci ds, or organthophosphdeusfaomdscs to Ci2 manocamhgxyﬂinl3aqnﬂ35ﬂinﬂ
types of antiox or c [ thath ofgqi
| . gaptalg and Ho%ybl CeRndid % Rs %&% L %ﬂmn

I nvention are 3 am ne- al ni ng and [OXYy aro

ant i oxi dant s. PFéPGﬁP¥&°@?E@§a@Pvthd@%“EEGFﬁihﬁbﬁ?%varélPen?§4§M§h¥&F°1r
di phenyl am nes taigentas ﬁb@idi£5éhdtth§tnhke. pQ?ﬁﬁh&tlc‘%&drocarbon

The additive, complex of t-his |nv tlon forma
concent r at €-° lc‘&n cBher eﬁ]es?/\n alneégﬁéf'gf“l &‘%%ﬁ?%?ﬂa{éeara i %Jr"‘BB BFBn
t he conpl ex togabhaal olefiinls.ot her desired additives and a m nor anmount of

| ubrication oil or other solvent. The conplex and.45 desired

additives (i.e., active ingredients) are provided
Silicone-based oils (such as the polyalkyl-,

) polyaryl-, polyalkoxy-, or polyaryloxy-siloxane oils and

15 silicate oils) comprise another useful class of synthetic
lubricating oils. These o©ils include tetraethyl
silicate, tetraisopropyl silicate, tetra-(2-ethylhexyl)
silicate, tetra-(4-methyl-2-ethylhexyl) silicate,
tetra(p-tert-butylphenyl) silicate, hex-(4-methyl=-2-

20 pentoxy)=-disiloxane, poly(methyl)-siloxanes and
poly(methylphenyl) siloxanes, and the 1like. Other
synthetic 1lubricating o¢ils include 1liquid esters of
phosphorus—-containing acids (e.g., tricresyl phosphate,
trioctyl phosphate, and diethyl ester of decylphosphonic

25 acid), polymeric tetrahydroforans, polyalphaolefins, and
the like.

The lubricating oil may be derived from

unrefined, refined, rerefined oils, or mixtures thereof.

30 Unrefined oils are obtained directly from a natural
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

35 obtained directly from distillation, or an ester obtained
directly from an esterification process, each of which is
then used without further treatment. Refined oils are
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7 - in_the concentrate in specific amunts to give_a desired
concent r aMOMMIM4, £ i ni shed formul ati on when combined WRCTSgs/15921 ,
predet er mi ned amount of | ubri cat ion oil._ 5dhe collective anounts of
active [ ngredi ent in the concentrate typically are from about

0.2 to :Heferabl froma out OSJt_o 20b st rprefer fro

to 20 wei ght B3R &6n r HPESIFPEA (PLT o RECTRE © thF% é 8fis

‘| ubrication mtiaxbasbetencktneata&oinerune ot O more purlfld'atie:.mrr}sltepsoftd: hi s
i nvention may i(n%ze&?&t offel hcar ‘mol€ p ?H*:Efﬁiescont ?h%gble buriffca tz.?sn ‘o

formul ati on sant , cti-on nodifier,;..and “ant1 oxl da

form quat ctechyiEwe® niﬁﬁf‘é’aﬁ t ¢istitlationm My eatiing ardevaxing,

quat er nar y sanmgi ehe akkeract9¥RYclacid | br thsad\éth&@dstlb'i of { peta€idh year
characteristics of this Iubrlcatifn oi |

I pyentio bl
basest ocks carPBd Percglarien. aE‘llorﬂf r’(éH’tﬁ’l'él are| SBPVEa% }h osf | gk1
synt hetic inbriheat apg.oi | Rerefined uoddst hareofobtaﬂnectjebyr atreatingO

| ubricating oil | : 0 t 5
o mbout 19, ScbebRREd ) 8iks 1 phBLEs errijg%il%lat foms, il O oneREH
appl i cati ons vkhe refined anlel-l Fheseg rerefingd @idia \anen s knewn adsut
10 to aboyp 1? ﬁg%&&ru.-s rep rcfc%gs)editoffﬂs eahliCot?an are ‘additiond®iyral

Iubrlcatln ude _ani-pal ' et abl- or oil
and lard oil), P’E)%?F%F%Gmby tﬁ?\‘%"qﬁ\aﬁerfﬂr g—egxov d %%I § &é‘%l v%ég?'%bﬁ?ﬁoal
or shale. 30and oil break§iowheproduotks include hydrocarbon oils and

hal o- substi tuted hydrocar bon oils such as polynerized and ‘
i nt erpol yneri zed olefins " -: (e.g ~ » pol.ybutyl enes,
pol ypropyl enes, prop¥hésae- ilsmtwenemay bﬁ)p(fl“}'#@% undeggrteerdnabid

pol ybutyl g@es, ref@?éﬁée h%en%)e fepia{:ing%e&ahsaeg) wib@lon( 1- @l@éenﬁéh
etc. and m xtures thereof

enzenes (e. ., dodecyl benzenes,
t et r adecyl benz!ﬂ%g‘""‘e‘-’i teu ﬁBﬁ?FbEﬁzSﬁés s=°me( 5 eFﬁ% ﬁ@?ﬂ‘%ﬁ@n m ‘etc.);
pol y-

20 _
EXAMPLE 1:

Into a five J.J.ter reund-bottomed flask equ:.pped with a

stirrer, th_erx_t_lon_\e_ter, __ m.trogen gas. J.nlet and condenser

25 with Deane-Stark trap were c_:_h_arged_ _24_6 gms (3.0 moles) of

solid phosphorous acid and 52 gms of water. The nmixture

was stirred to dissolve the phosphorous acid. When the

phosphorous acid had dJ.ssolved, 570 8 gms (3.0 moles) of

octylthiocethanol and 463 gms (3 0 moles) dlthlod:.glycol

30 were charged to the flask. . The mixture was stirred and

heated to 50 °C fer 2 hours. _ The temperature was then

raised to 60 - és °c and the. water dlstilled off at a

vacuum of 40 mm. When the water evolut:Lon stopped, the

. product was cooled. ..'I‘he produc_t was a .l;ght yellow
35 1liquid which was calculated to have 7.2% P and 22.3% S.
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- 18 - wphenydis (e.g., bi phenyl s, t er phenyl s, alpleyhabetsert
pol yphenyls, etc.); al kyl ated di phenyl ethers, alkylated di phenyl

sul fides, as well as their derivatives, amlddgs; and honol ogs t her eof ;
and the like. 5 Synt hetic | ubricating oils al so

I ncl ude al legrepy g de pol yners, interpolyners, copolyners, and
their derivatives where the term nal hydroxyl groups have been

nodified by esterification, etherification, etc. 10 This class of
synthetic oil sThies mqaqmuré edof by Exampleol ioxyea&y| repeptegnend tir epehied

by polymerizati g als &*V%gé‘gfﬁxtﬁ‘é %rlﬂ%rl@%fﬁ? Oxb%ng%% (ag kyd 1 &

aryl ethers o t ese yl ene pol yners
pol yi sopr opy¥ en@fgl%'BYlﬂi h%??ﬂg &ﬁsa\@%gé3rrﬁ°é‘ﬁﬂ)ar°§5ﬁ3 Bgﬁltndof357
1000, di phenyl gaiéﬁe(rs qﬁom&ye&fnytﬁﬂswéuanhml. The HrciutY Qs ae{

uei ghtof 1000 YeLiowcagmmia, ypiqf ke’ 2Rl Exfateds . S’ T ?"“

t her eof (elk.2% I8 acetic acid esters, mxed C3-C8 fatty acid 20
esters, and Cl13 oxo acid diester of tetraethylene gl ycol).

Anot her suitable class of synthetic lubricating oils conprises the
esters of di@ar EXAMBIE 33 ds (e.g., 25 phthalic acid, succinic acid,

al kyl succinic acids and al kenyl succinic acids, naleic acid
azelaic acid, suberj¢._ac sebasi ¢ _acid mari ¢ aC|d ad| aC|d
linoleic acid differ® RE o#*EeﬁcgaaSkaFﬂygﬁﬁPSnWé iHStirr ¢-stark

mal oni ¢ aci ds, atap, wthérmomatert andfl datyolokes txip \(rasgplabeﬁyllsed Cobahs
hexyl al cohol dec%l l%gCOhBE %ct%l%%fé&ﬁﬁﬁ sy! algd g?yc é(ine mole)

gl ycol, eth I"ene . propyfene
Specific exh$rp| @lﬁTlOdlle%ea@Slt er35 igms udd dreleyl i |§§t‘€e phosphor:.c

di (2-ethyl hexyl }acid. S§Q§f§iﬁg whlk- 8ehexes, aftuw:@tﬁytlméj'él‘?té&othenr of
sebacate, 35 ||sooctyl azel at e, di sodecyl azel di_oct

phthal ate, di dedf “Fhies ghsexyed.cofhe s’%?c?&%‘é?% waHeShowly “heated’to’ 50 °
C, at which time another exotherm of 15 °C occurred. The

temperature was maintained at 50 °C for two hours. The

20 pressure was then reduced to -85 kXPa and the temperature

raised to 65 °C. The stirring was continued under these

conditions for one hour, during which time approximately

2 cm3 of water were collected in the Deane-Stark trap.

The mixture was cooled and filtered. It yielded a light

25 yellow product which was calculated to have 6.8% P and
21.1% S.

EXAMPLE 4:

30 The procedure of Example 3 was repeated with the
materials charged to the reactor being: 570 gms (3
moles) of octylthicethanol, 1135 gms (1 mole) of B85%
phosphoric acid. The product was a light yellow solution
calculated to have 4.5% P and 14% S.

35



et hyl hexyl diester of I|inoleic acid diner, and the WD 96/ 17914
PCT/ US95/ 9%}1 - 19 - conpl ex ester

f or med by reactllﬁg one mol e of sebacic acid with two nBFEEISgy15921
tetraet hyl ene glycol and two nol es of - 2-et hyl hexanoi ¢ acid, and the
like. 5 Esters useful as synthetic oils also include '
those made from C5 to Cl2 nonocarboxylic acids and _polyols and

pol yol et hersgﬁﬁgpﬁeopent yl glycol, trimet hyl ol pr opane,
pent aeryt hri t 8% aerythritol, tripentaerythritol, and the |iKke.
Synt hetic hydrocar bon 10 oi I s are al so obtained from hydrogenated

ol i goner s Of anggﬁall (g sk ecFmé;r;?(ed w1th §' Erggggfba%%grﬁ\ohitg§ucr]

as the poI oxy-, g bx oxane oils
and 15 si I i c&%‘é o‘i‘%‘%ﬁ""!ﬁﬁpr#%@eandﬁ% G§éF'EIEdCI 429 oﬂ%yn( etmale) of

| ubricati ng eubahoxylafaaseiod:édﬁ méwﬁd:apl@antehaa@tsmel gms golssamBle)
t et rai sopropyl

t 2- et I
tetra- (4-met h§E- g h?ﬁﬂﬁ?ﬁ S e$| ca g%“) mnf’e’?qa(ap ?g*?hBuF%Pﬁﬁ‘EWI
silicate, heas( $bseixived.2- me pirtuxg) wassisitdrares] at. 25 - 30 °C for

pol y(methyl) - shbOtes, = 780 resulR@ind MRABULPRAIMS (3LE goxa ear 28 1he

ynthetic rlcatlng olls In ers of
phosphorus coﬁP&PFﬂﬁﬁsécP&?d("é*g waq Gakauiated kg Hﬁ'ée 3. 3'°‘t Pl é@ﬂyﬁ 7%
phosphat eyo ang.di et hyl ester of decyl phosphonic 25 acid), polyneric
t et rahydrof orans, polyal phaol efins, and the |iKke. The
lubricating oil may be derived from “unrefined, refined, rerefined oils,
or mxtures tB¥AMBLE 8@ Unrefined oils are obtal ned- d| rectly from
nat ur al source or synthetic source (e.g., coal, shale, or tar ‘san
bi t umen) without further purlflcatlon or treatnent. - Exanpl es of
unrefined oi | ThenAkRNS a PHeSedWNe WBSa FRRPated using  40.3 gms (0.35

15 'mole) of 70% phosphorous acid in place of the phosphoric
acid. The resulting light yellow liquid was calculated
to have 3.3% P and 9.7% S.

EXAMPLE 7:
20 : : . :
To a one liter flask equipped with a stirrer, thermometer
and nitrogen sweep were charged 300 gms (approx. 0.7
mole) of a pentaethoxylated isooctyl phenol (Commercially
known as Plexol 305®) and 30.1 gms (0.26 mole) of 85%
25 phosphoric acid. The mixture was stirred at 25 - 30 °C
for one hour. The light yellow product was calculated to
have 2.4% P.

EXAMPLE 8:

30 _ . .
The procedure of Example 7 was repeated except that 30.6
"gms (0.26 mole) of 70% phosphorous acid was used in place
of the phosphoric acid. The light yellow product was
calculated to have 2.4% P. | o

35



d’irectly froma retorting operation, a petroleumoil 35 obtained directly

from di sti | \watgeémrmg14or an ester obtained directly from an msresgsiiseat i on
process, each of which is then used without further treatnent.

Refined oil's are WD 96/ 17914

PCT/ US95/ 15921 = 23 20 - simlar to the
unrefined oils except that refined oils have been treated in one or
nore purificati EXANPLE 990 | Mprove one or nore properties. Sui t abl e
purification techni ques include distillation, hydrotreating, dewaxing,
5 solvent extraction, acid or base extraction, fi | tration, and

percol ation, al|lTof awiGh mie fasth equinped iith ed Stirnnexnhethermometer

Rerefined oils aéﬁdomebeednbuééat 'w&ﬂ'e chd®fdédedsoi lgnd N (B.ACERSESs) of
simlar to those_used to oObtajn

refined oils., These_ r fin S
are al so known a‘%’-&'ﬁhﬂ%‘ﬁ ai Frer ot r%ﬁ&oc%gge oFPS ahf- ggt eﬁ°§P§ 38 85k
additionally phdSpiecsiel agifiechrmMijeemiktureewasal stirsep@natadsi t+vee °cC

and ol } Dbreakdovg prfd%hSur. The light yvellhs gmlaaw;'&ge 841861 bl eb

understood by. erence OW n exa

not i nt endeiav® kkel¥%iB4 the scope of the appended cl ai ns.

EXAMPLES 20 EXAMPLE 1: Into a five liter round-bottoned flask
equi pped with a stirrer, thernoneter, nitrogen gas inlet and
condenser 230 \jiERAMRLECLG} ark trap were charged 246 gns (3.0 noles) of
solid phosphorous acid and 52 gms of water. The m xture was stirred

to dissol ve the phosph h

di ssol ved, 570.8 B gcgéiﬁr§ ?wﬁal& Pgt ‘ﬁ%l g?%ﬁﬁ% (?%6% Q&gt é’18
nmol es) di t hi odi gquaol(OBES \mﬂ@)chafgé&*& oph%%PiMJa@kS arpd rﬁ@@ uﬁ&bﬁ&QtUted
stirred and for the phosphoric acid. The product was calculated to

15 have 11.3% P.
EXAMPLE 11:

To a one liter flask equipped with a stirrer, thermometer
20 and nitrogen sweep were charged 300 gms (approx. 0.8
mole) of a pentapropoxylated butanol (commercially known
as LB 135®) and 18.0 gms (0.16 mole) of 85% phosphoric
acid. The mixture was stirred at 25 - 30 °C for one hour.
The product was calculated to have 1.6% P.
25

EXAMPLE 12:

The procedure of Example 11 was repeated except that 18.3
gms (0.16 mol) of phosphorous acid was substituted for

30 the phosphoric acid. The product was calculated to have
1.6% P.

EXAMPLE 13:

35 To a 500 ml flask equipped with a stirrer, thermometer
and nitrogen sweep were charged 152 gms (1.0 mole) of 1-
phenyl-2,3-propanediol and 75.6 gms (0.66 mole) of 85%



heated to 50[err]C for 2 hours. The tenperature was then raised to
60 - 65 [err]C and the water distilled off at a vacuum of 40 mm  \Wen
t he wat erwewelizsison st opped, the product was cool ed. pcFQefpisesiuct was .
alight yellow 35 Iliquid which was cal cul ated to have 7.2% P and 22.3% S.
WD 96/ 17914 PCT/ US95/ 15921

- 21 - EXAVPLE 2: The proceduré 6f Exanple 1 was repeated wth
t he materials charged to the flask being: 570 gns (3. noles) 5 of
octyl t hi oet thm:lspmcgrmc:(ca nFhes mipftdPO3aanstisgted atgnes(3 mo e%c)_ of

cal cul ated 10 Tt BID andre Fapgbgmite FEEORHLE st ciicdlatl o

liter flask &®¥pFed®¥iBh a stirrer, Deane-Stark trap, thernoneter and
dry ice trap was placed 190 grans - (1 nole) of octylthioethanol,

154 gns 5 di t hi odi gl ycol and 115 gns - (1 nole) of 85%
phosphori% ‘irring was started, at which tinme an exot herm of
10[ err] C was observed The m xture was sl ovay heated to 50[err] C, at

mai nt ai ned at 50] or two hours. . sure was en reduced to
-85 kPa and RS t £ 7% E’a°§8hBSPHFr FeldTWéssﬂsﬁ‘i A VR

continued ungs tﬁGS@hosthQlidxl taeid. f orTiveeproductdurdsngcalicahatied® to
appr oxi %e Xz o&n{\érr] of water were collected in the Deane-Stark
Thed&

whi ch tinme aggld @z’d M@l Elaid C:I.S’C%"sr e:‘hrpe%d exééﬁﬁeﬁ:‘ﬂa@ G7\as
err

trap. s cooled and filtered. It yielded a |ight 25
yel  ow product which was cal culated to have 6.8% P and  21.1%S. _
EXAMPLE 4: _ T_he product stab:l.l:l.ty of the ' samples of ‘

Examples 1 to 14 were assessed by observ1ng the samples
stored at room temperature and 0°c for 90 days. all
15 samples remained clear with no separat:.on evident.



30 The procedure of Exanple 3 was repeated with the material s
charged to WeI&#BFaLk or bei ng: 570 gns (3 nol es) of PCT/US95/15921

ogtyl thi oethanol, 115 g[err]s (1 nole) of 85% phosphoric acid. The
product was a light yellow solution cal cul ated to have 4. 5@6P and 14%

S. 35 WD 96/ 17914 - 25 - PCT/
- 22 - EXAVPLE 5: To a one liter flask equip ‘ ‘ ‘ ‘
t her nonet er a nitrogen sweep were charged 290

di et hoxyl ated d f nmercaptan and 39.9 gns (0. 35 nDIe) of 85@6
phosphori c acid. Upon m xi ng a slight exotherm. was observed. The
m xture was sti rred at 253, 30[ ennl Cépi—solu@n@ hadditiltiee rﬁﬁeféaﬁt \hﬁi@r

1L o bt spmstharlessl gy e oAl et emi e T

using 40.3 gns @ﬁs&iubaerphqﬁphﬂrﬁﬁﬁ@qﬁt&;ﬂmm@uacadl@nd1qnaaécohoﬂhethe

o hove 5. 39 p Sigiged, Reuhd S ifil DUy 0oL, MUAMES, FoET U G1s

equi pped wi th arspresenteth®ndft @F (IDandhRne ogon anfdelx meméechar ged

300 gns (approx. 0.7 nol e) of a pentaet hoxyl at ed |sooctyl phenol
(Commercially known as PLexol [err]) and 30.1 gns (0 26 nDIe) of 85%
[ HO- (-CH2- )q R er(-CH-CH-O—)s-H?
Rz Rl
R
| _
R-Xr { (~CH2-)q “‘13')'3*-3 (I1)
OH |

where:
m + n is an integer from 1 to 4;
m is O or an integer from 1 to 4;
is O or an integer from 1 to 4;
is 0 or an integer from 1 to 6:
is a C1-Csg hydrocarbyl group in structure (I),
and is a Cj-Cgp hydrocarbyl group or hydrogen
in structure (II):
is sulfur, oxygen, nitrogen, or -CHo~:
r 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;
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 ~CHy-, t is 1,
when X is nitrogen, t is 1 or 2:

waa 3

"

y is 0, or an integer from 1 to 10; and
Ry and Ry are independently a C3-Cg alkyl or
hydrogen. A

Sheet Has Been Reﬂlaced

il




25 phosphoric acid. The m xture was stirred at 25 - 30 [err]C for
one hour. The light yellow product was cal culated to have 2.4% P
EXAVPLE %o ®M17914 The procedure of Exanple 7 was repeat ed pervososnsobnt 30.6
gns (0.26 nole) of 70% phosphorous acid was used in place of the
phosphoric acid. The |ight yeIIOM/product was calcul ated to have 2.4%
P. 35 WD 96/ 17914 PCT/ US95/ 15921

- 23 EXAMPLE 9: To a 500 ml flask equipped with a stirrer,

t her nomet er and n|Qnogeﬂhﬂmﬁﬂﬂxk#%ﬁchﬁrgéélESG4yﬁh%494nn§hesﬁceﬂ 5

di ethyl ene glycql ﬁﬂukréﬂ8a§ou9”512(Qc95bdﬂﬂEﬁ iAf aq82¥us sclM@SRRHEri C

acid. The mxture mas stirred at 25 - 30 [err]C for one hour. The
li ght yel | onwngRS¥FEa R&s 2521 °Cul ated to have 11.3%P. 10 EXAMPLE 10:
The procedure of Exanple 9 was repeated except that 110 gns (0.95 nole)

of 70% phosphor ous - aci s; ubstituted. h D@E C [ The

product was cal cul at ed %ééﬁ%.é%@ 15 EkA Eygih ché %

one liter fIaskpamsghnxbuat&czdstph¢svh0rh@rﬁgwdbeﬂlmethyl PhOSPhlte'
diethyl phosphzte, or mixtures the:eof.

4. The -additive of claim 3, wherein the
alcohol selected from the group consisting of (III),
(IV), and mixtures thereof, where (III) and (IV) are:

A-OH - S (1IID)
and _ _ :
OH-B-OH (IV)

where:

v,
A is CH-(OCH;CHp)p~ or ¥3-CH-(OCH3CH-)nj-:
L
X1 is H or RpSCHp-
¥, is RpSCHz-, RpSCHCHp-, RpSCHCHp- ,
T
| by
RzSCH- RzSCHzCH-, or RzSCHsz- ;
éﬂs | Clms | CHa

CH3
n, is an integer from O-12:-

B is —CH,CH,SCH,CHy— , —CHCH2SSCHCHa—

or R3?HCHzSR4— ;

e

ST g




20 and nitrogen sweep were charged 300 gns (approx. 0.8 nole) of a
pent apr opoxweabeadrdut anol (commercial ly known as LB 135) sOfuidds/i@efns
(0.16 nole) of 85% phosphoric acid. The m xture was stirred at 25 -
30[err]C for one hour. The product was calculated to have 1.6% P. 25
EXAMPLE 12: The procedure of Exanple'1f7més repeat ed except that 18.3
gns (0.16 nol) of phosphorous acid was substituted for 30 the phosphoric
acid. The product was cal cul ated to have 1.6% P. EXAMPLE 13:

35 To a 500 m flask equipped with a stirrer, thernomneter and nrtrogen
sweep were char g&#ers? Rpnmridl Rz ndFe) the same oryplififerent AR3 A¥E| | oZn@
75. 6 9”3 (0 66 mg rola 0 group containing up to 50 cazben aGBﬁENBand

1. oi | -sqluble n_.the a npr
non- wat er form%@ t‘:ﬁmﬁ gydb'roca&'\g&ﬁ‘bsgﬁmlpalcf?f’qg?’rmr'h%ol o>°S0 %arbon
phosphor us- cont aiatiomg.aci d and an al cohol, the al cohol berng a single
al cohol or m xtures of al cohols represented by (I') or (I1), where (I) and
(1) are: [err] .

5. The additive of c¢laim 4 where (III) and

(IV) are mixed with the acid in the molar ratio of
alcohol to acid of 1:1 to 6:1, and the amount of (III) is
at least twice the amount of (IV).

6. The additive of claim 5, where Ry, R3, and
R4 represent alkyl, alkenyl, cycloalkyl, aralkyl, or
alkaryl.

7. The additive of claim 6, where A is

RySCHaCHy-, Ry is a C1-Cjys alkyl.

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

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

10. A method of forming the additive of claim
1, wherein the acid and alcohol are nmixed at a
temperature from about -10°C to 65°C.

l lIIllll lﬂlﬂ lllll lllll H Illl



wher e: m+ nis an integer from1l to 4, mis O or an integer froml

to 4, nis O or an integer from1l to 4, gis O or an integer from1l
t'o. 6; R is a Cl-C50 hydrocarbyl group;1 - X is sulfur, oxygen, or
nltrogen, in structure () and is sulfur, oxygen, nitrogen, or
-CH2- in S Praviss ng
when X is oxygen or 38 R T A € R ) gfur, ris 1to
3, whenm =X HZ-, i ; s 0, or an |nteger rom 1
to 12; t is 0, or an integer froml to 2 provi di ng when X is
sul fur, oxygen, or -CH2-, t is "1, when X is nitroge

y rs 0 or 1; and Rl and i Cl REPL CER ﬁT%'i:IE%T
hydr ogen. WD 96/ 17914 P:T US95/ 15921 f
- 25- 1. An oil-soluble additive wherpih 4haUL 99
additive co isesgthfacggg!ﬁé g; gpggggtantially oi | - ngol.ubl e
phosphor us- cont ai nt , the al cohol peing a single’ J
al cohol or m xtures of al cohols represented by (1) or (%Jwr—where (1)
and (I1) are: This invention concerns oil soluble complexes

of phosphorus-containing acids useful as additives in
lubrication o¢ils, particularly automatic transmission

fluids.

2. Description of Related Axrt

It is well known that phosphorus-containing
compounds are useful as antiwear additives in lubricating
oils. Traditionally these materials are <reaction
products of phosphorus acids and oxides with long chain
(C1g to Czp) alcohols or amines to render them soluble in
oleaginous media. Examples of this are shown in U.S.
5,185,090 where short chain (C; to C4) phosphites are
transesterified with longer chain alcohols ({(thiocalcochols)
and mixtures of alcohols (thicalcohols) to give oil
soluble products. U.S. 5,443,744 discloses that Py0g-
reacted with alcohols (thioalcochols) yield oil soluble

products.

EP 622,444-A1 discloses o0il compositions for
wet clutches or wet brakes which contain inorganic
phosphorus compounds alone or in combination with an
organic polyol having at least two hydroxyl groups in one

molecule.

EP 454,110-A1 describes brake fluids of
purported improved <corrosion inhibition  consisting
essentially of a glycol, a glycol-based inhibitor, and
acidic phosphate ester reaction products of a phosphorus-

AMENDED SHEET
IPEA/EP



[err] wher e: m+ nis an integer from1l to 4, mis

O or an integer from1l to 4; nis O or an integer from2 to 4,

g is O or an integer from1l to 6; - Rais a Cl-C50 hydrocarbyl group in
structure (1), and is a Cl-C50 hydrocarbyl group or hydrogen

in structure (X);. . X is sulfur, oxygen, nitrogen, or -CH2-;

ris 0, or afatigEing r eMPousds Wit @i Mpnofunctional wadgokols axggen or

nitrogen, r igpilol. when X is sulfur, r is 1 to 3,
CES{, risl1ltob5;

when X is - sis 0, or an integer froml to 12;

t is O, or an integer from1l to 2 providing when X is sul fur

oxygen, or -CH2-, t isdB 2,557,158-AWhée Xdohddrdedewithi SollObaded
l.to

is 0, or an integer fr 10: and ... RL an e i ndependent |
g Cl- OB alky%qﬁptl nal @quﬁgﬁgems conﬁbl§&pg7gﬁ4éaégigi or poEyog. y
PCT/ US95/ 159Pteferred is a compositioR6formed by heafing Hie agHitbge of

claim1l, wheregi i dseh about =12, to about 5 in _agueous
sol utions Egégﬁ%e xﬁ% gétfe%?]ggﬂggngEggh <S)jl!'r'l?f"t 2R84 &M | YROBFEES m
2, wherein thBeigciof PhQSPhﬂnnﬂﬂuﬁch@f@@i@pmmmmmﬁhoand acpdlydinet hyl
phosphite,

We have now found that insoluble or
substantially insoluble phosphorus-containing acids can
be solubilized without the need to react the phosphorus-
containing acids with alcohols or amines. In particular,
mineral acids of phosphorus such as phosphorous and
phosphoric, can be solubilized by dissolving them at low
temperatures in alcochols that contain either ether or
thiocether linkages. Once the hydroxy polyether and the
acidic material are complexed, the acid remains

completely soluble. These non-agueous solutions of
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di et hyl phosphite, or mxtures thereof. 4. T o (oI of
clgai m 3, wherein the al cohol ., selected fromth¢g mmfmsé gﬁnc of
(FIT) e (1'V), and mixtures thereof, whergg(LIl) and || are:r  A-OH}
(1) and _ OFF B-OH (I\/)23JULV\1995e
[err] Xl is Hor : nl 1s an |nteger
fromO0-12; [ercAIMS: d ikl ?HWMﬂ",
PCT/ US95/ 15921 - 27 -

1. An oil-soluble additive wherein the

additive comprises a non-water forming complex of a
substantially oil-insoluble phosphorus-containing acid
and an alcohol, the alcohol being a single alcochol or
mixtures of alcohols represented by (I) or (II), where
(I) and (II) are:

[mo- (-cHz-) g} ® {xrh-cin-c,;H-O—)s-H) ely (1)
R2 R3
R1
|
R-Xy § (-CHz2-) g —‘T‘)'y -H (I1)
OH
where:

m + n is an integexr 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 C3-Cggp hydrocarbyl group;
is sulfur, oxygen, or nitrogen, in structure (I)

Xwa o 3

and is sulfur, oxygen, nitrogen, or -CHz- in
structure (II);
r is 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 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 1; and - e e
Ry and Rz are iﬂ?epengeﬁtlg a C1-Cg alkyl or
hydrogen.
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wher e
group
COrt ai
claim
ratio
at | ea
claim
ar al ky
wher e
| ubric
oil ba
1

addi ti
of clajm
t enper

R2 and R3 he ‘§a{rre hyd J:J @TMWS’ Co
cont ai ni n to 50 car on a E%ﬁgé ?gﬁﬁgﬁﬁgkgkna%ydrocarbv group F
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