;e3eF2**+4. Z/ b161TF2 memummJ U N 2002 COVBI NATI O OF A SULFUR
- COMPOUND AND SPECI El g;mm S COVPOUNDS AND THEI R‘L-’jg"E I1l\q LH%%Q\IG
COVPOSTTI ONS, CONCENTRATEG6AND GREASES. This invention rél ates -

conbi nation of a sul fur conponnd and specific phosphorus conpounds. ~ The
I nvention also relates to |ubricating conpositions, concentrates and

gr eases contai ni ng tlm“\mmw“mmmm Lubricating conpositions are used to
prevent damage to nm operating conditions) Especially under
boundary | ubrication condgddpns, a |ubricant nust act to minimze harnful
metal -to-netal contact. Oten additives are useful at providing protection

under bausigRtin ki | G NeoRT coloiN AAFESERRSRtBEsRoBKDRUYeS

adver sel ect other performance characteristics. For instance, a

| ubri carf-{OM\R%‘ﬂN%‘i j AND pTlgm%leU%E of 8 RYRRICAHBENG N OHPOPELTEONS hock | oadi ng
condi ti afgnadtRATIOE X6D COREROSEyE to copper and ot her soft metals. It is
desirable to have a conbination of additives which provide extrene pressure
protection w thout sacrificing other performance characteristics. A

combi nati on oThiddvénticasrelatedadi 4 e tombisdtion bf apulfur ¢ompouddaatid sperific
pressure gro erties to lubricants, which maintain the Qther paraneters
requi r edPBPSROOIVS COMPQURGRIalbe invention-alsorelatesitg luhnicatng compasitions,

l-ubri can | EBY S 1S J Jdon_rel a lubricating conposition
conpri si %%ﬁ%%#gj&or ano rr?}g(é)g éé’%%gﬁmgft euﬁ%@éﬁtﬁ%"\/i scosity and (a) a
extreme pressure inproving amount of at |east one sul fur conpound, and an

anti wear or xtreme pressyre inprovjing anmount of the congbinatiopn of (b)
o | eact one. LHBRGAIHE CHMPOSHORS BIWAIIS BrexeRlduTags 1o paactmery aaserone
phosphi t ea%pe t.h s afs : ] :
...product gﬁﬁﬁé@%ﬁﬁ?‘an sﬁ@ rﬂﬁPﬁgg?@uﬁ’%ﬁ&eﬁ &gig’négﬁ?#g#}al SO
« 19 J U NmeBbactto mizimize harminl anetai-to-aetahcontacta sOftencadditivesnaret useful at

nbi i . h | f d th i.f.i h ds.
o nor e foviding Hifistoh Hnds? BRORARn B rntag BSRtioh, GRRRIHEs BB oc © 1 on
conpri si Ngsasvegl HftberOftha porfbrovdndeUdtars@bHisKics) | BéPTistahcaNd HuBicatt

extreme pressyre inproving anount of at |east one sul fur conpound, and an
ant i wear myist s8ll previdenprotestion nadembigh spegdashock loalingheondition,while mastbe b)

at | east : ' ric acid ester, (c) at |east one
phosphatg,g&?s’cfssaﬁ %@sﬁ%‘%\gﬁ{%%ﬁﬁggﬂgsphate or at |east one reaction
E)r ;)duct | of a Itﬁodg{siulﬂeacchamla‘ wmbrxxlarfoamfrmiﬁfessultx)ichrpmem,e:atulmenal ly,
e) at |east one dispersant, optignally containing ron, qr ,at |east one-
bor at ed BUSSHERIOeRHioR withot Shcrfcing other mrg%m;nqs ristigferdin t he
| ubri cat aa &ﬁ% It d Jiei ' %% | ' rsant and
Is free g‘?ﬂb nni gh%%dlsBe%%?egﬁﬁhgﬁg?%gawﬁr@gﬁggﬁl%ﬁﬁe ?ﬁ%ﬁﬁon
r el at es. propertiesiteelubricantse wihich siaimtain the othentpaarhetérs pequireh of industiyby
wei ght of,_a,subs tia | t ni i Luent . and maj or _anpunt of a
, combi nat f%ﬂdg‘fég’(éﬂ%ﬂaﬁ ‘é’ﬂéﬁg %‘?‘gi@ﬁr L‘h%(ﬁﬁaﬁ&%ﬁﬂit’e@#’%@% ast one
“sul fur conpound, and an antiwear or an extrene pressure inproving anmount of
t he conbination of (b) at |east one amonium salt of a phosphoric acid

ester, (c) atThisdpvension relatep tataclubsicating romposisiopt camprising apmajoshamount  at

wnor ei n ehas e RLAeRAHE bisdou, RAETPL kRl Piliule iRlePoRg st of el T

least one sulfur compound, and an antiwear or an extreme pressure improving

amount of the combination of (b) at least one ammonium salt of a phosphoric acid
ester, (¢) at least one phosphite, and (d) at least one thiophosphate or at Jeast one
reaction product of a phosphite and sulfur or a source of sulfur. The invention also



* chai n ot

Varjous preferred features and enbodi nents of the invention wll be

descri bed bel ow by way of non-limting illustration. The t |gn (JT) g
" “hydrocarbyl " includes hydrocarbon as well as substanti al ﬂl 9“ ocar

groups. Substantially hydrocarbon describes groups which contain heteroatom
substituents - that do not alter the predoni nantly hydrocarbon nature of

t he SUbSFél%é's%t con@éﬂ%és%dcgreﬂwwﬁﬁ b [th@ 59’%‘25“3“‘92{’@% shitf &%‘heny Ir%&d nd

) hydrocarbon substituent atic and
al i cycl i the(seeqfic ph@&ph@alblcyﬂnpomwl oal kenyl) substituents, ar omatic-,

al i phatic- andpal qﬁggﬁ ut stitu as
wel | as cycli c 5 %8%{’%{ uent's %t tﬁq ggﬁdngetlzslégcé)np ‘Eﬁff ?@?ougﬁmgr%o her
porti on odmptiengral regjot embmhtamf arsoll fotﬁrlutmcamng €iscaxity and/o(a) adiegatmed pressure
substituents may to ?rn1a alic cI| dlca (2) substituted
nydr ocar SBHOYPELPICLRL & logs ane SFBsambapet spdan gt by ome pressir
non- hydr QeobRR SRAHP ST \611% Edmbinkidhef &Qﬂift ﬂ?éh'fst &the hfinSnivny 841t b A, phdepHIRic
alter the predom nant|ly hydrocarbon nature of the substituent; those

ski |l ed PHidtssErale) ahileast pee abrsphiter(dy gt keagh erfpEropethipphosplils ereatpleastmey

chloro a | S 19
JUN 2002%3{1% Rhet RO 1~st§§r9§ ,Opgﬂﬁgt%duggﬂt@s&n (Ztagle)m

whi | e havnmglsaerpfrréd@pﬁqnam conthipinechaspban at Iastbertedroraied averbased r@@nlt whitofof
this i ”Vﬁﬁ'ta&ﬁ{?; orgé&{ll: 2bi Qﬁl}da e‘?ﬁ H}%rluBJ‘@a?mg%B% Bﬁé&ﬂélnb rlviggl t%”%é,

erw se 5sed car on atons OXy or a
( Sui t abl emigheoﬁatimmsrswtlahdlmafrwgfdﬂmnncltdlspdnme of ord| nary skill in the art

and i ncl ude, ul fur X rogen and ch substitpents
e el e i Gl SR poodifneht s HYaEDn Pt AP oo RHE beRtPRlser 5 o
about 2, apsigfoeriakpyto neoied0s b aveigh ef Iaahegtmaianmlﬁerbs@muehmm hid bengporesent

for every ten carbon atons in the hydrocarbyl group. , there wll
be no suéWOH’étt%fr%@t“g?W%tlﬁ’Bé% fi(R A pdremg Hr?ﬁéuwaw&%%wo'éﬁ&ﬁ é’PEF W the

hydr ocar byhp&iRUBnd sn BMENQE BF RO Bxtree plesakd 1lﬂﬁﬂoﬂhg)‘éﬁlohﬁt%ﬂth@éérﬁﬁhhﬁtﬁ1 of
corrp05| t1ons, concentrates, and grease contain a conbinati on of

| east onéb)silileagt oncompmonigmas of RhesrhoriseidsterUebatdersh PR PhRPRIS, %aﬁ (d)
anmoni uma flatt &fe ﬁ)ﬂcﬁh‘am&r btcatalgbsg. one tr@i[otloﬁ(i)ro@ucp B?%%Ho%ﬁnteafﬂﬂ §ffurdr a

t hi ophosp ate or a ction Pro uct of a phosphite and sul fur or a source
of sul f usourcgobsdfusmgerteimghe lubripating fomposigionirolieroof(Mynrich dispaseant. at

concentrations \}a?lo{x?%rgf&@&? features and embodiments of the invention will be described
below by way of non-limiting illustration.

The term “hydrocarbyl” includes hydrocarbon as well as substantially hydrocarbon

groups. Substantially hydrocarbon describes groups which contain heteroatom substituents

— - that do not alter the predominantly hydrocarbon nature of the substituent. Examples of
hydrocarbyl groups include the following:

(H hydrocarbon substituents, i.e., aliphatic (e.g., alkyl* or alkenyl) and
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, aromatic-, aliphatic- and alicyclic-
substituted aromatic substituents and the like as well as cyclic substituents wherein the ring
is completed through another portion of the molecule (that is, for example, any two
indicated substituents may together form an alicyclic radical);

2) substituted hydrocarbon substituents, i.e., those substituents containing
non-hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent; those skilled in the art will be aware
of such groups (e.g., halo (especially chloro and fluoro), hydroxy, mercapto, nitro, nitroso,

sulfoxy, etc.);



19.J UN 2002 3 fromabout O 1%to about 10% by wei ght) or preferably from
about 0.2% up to about 89'0) or nore preferably from about uBLﬁ@ng%n
7% nmore preferably from about 0.5%to about Solo by melght as we

as el sewhere in the speci5cation and clains, the range and ratlo limts may
be conbi ned. Sul fur Conpounds The sul f £ corrpounds i ncl ude nono- or

pol ysul fide cqnposi t{epASator suBstfudh@S Eh%u%ﬁﬁtuerﬂ‘ewlﬁls'ﬂl fill, GORROWAGH o) €
general |y characterized as having sul fiide | I nkages cont ai' ni ng_an average
from 1 upedaniapali hydocasborf ehamacierouthin thcerdeisdubis dnvepton.repmiaibsumta®i up t o
about 4 f i

I s A e g L T KT I
of tr| swlllkcwd/eor d\llla;tléricb)aI&liﬂahkih@gpreatomeaslﬂ b?(awetrcmtstultlﬁdsd@f archnepyekéhmetm with

mat eri al s cota reater an 80(Vtr|suf| rred I n
emboa mett S Rl e RS ol e ket sy SuT e S i v el
corrpoundﬁslrylj\m@yl am$dawbiyk; letoray be sul furl zed include oils) unsaturated
fatty aci ds, nsaturﬁted fatty est ol ef.i | el s- Al der

: ternqene ,

bt o O f s 10 GHICEED Ay e ST GB0%Ld BELTHAY FSIRTE QYRe et Pl
i ncl udi ngpEdtBestalilladd I%esehﬁfdii e%ﬂy,tel@aaﬂeemdncs 1ac‘zhé1h>ec&b@5r§ylcg%mp/eﬂyﬁlear9
aliphatic alcohols and fatty acids or aliphatic carboxylic acids (e %
nyri st ylthereewile bame dichyhetgpatameyubsttygntsintthe thiydrosprdyheigal e Thgrpfore, the
substi t urated esters or glycerides. The unsaturated
fatty a(L:"[l¥l OC% lgy(?lfmgg%%togﬁéé'rom about 8 to about 30, or from ™ ' about
12 to about 24Aedcs*.whe(habma§ theskemiohtéeg efmposgiomer cneehtfatdst yndagicdss ¢antdinde

pal mtol e i ol e i ¢ | ar L id
Coybean SrmBHHa8n BED S o sy kOB g SOHEL B Sy ShiyRide 5
i ncl ude dragrhoniuns salt aea phasphowdd acidlebtyr, Qc)cajphosnpglt@rand)(du dndtwphoelslnaeer sr of
gl ycerol and one,or he ve fatty aci atty
05t ors i e TaePa TRt Bhelohits iy SR oo ey MRaE sriPootacst, 0y )
beef tal dudfyr ceifonrig@) BiPreseni dtsondenahishsng tieauhgnseed oil, corn oil,
safflower oil, sesane oil, soybean oil, and sunfl ower seed oil. The
unsaturated fatty esters also may be prepared by esterifying alwhols and
polyols with a fatty acid. The al cohols include the above descri bed nono-
and pol yhydric al col ~ol s, such as net hanol, ethanol, propanol, butanol,
et hyl ene glycol, neopentyl glycol, and glycerol. 19 J U Pl 2002 4 'Ilhe
ol e5as, which may be sul furized, contain at |east one ol efinic double bond,
which is defined as a non-aromati c double bond. In its broadest sense, tlse
olefin may be defined by the fornula R 1R =C=CR 'R ') wherein each of R 1,
Rn, Rs, and R~ is hydrogen, or an hydrocarbyl group. In general) the R
groups in the above fornula which are not hydrogen may be represented by
-(CH; A wherein nis a nunber fromO to about 10 and A is represented by
-C(R 3)3, -COOR-") -CON(R s) Z,




1

-COON(R's)™, -COOM -CN, -X, -YR's or -Ar) wherein: each Rs is

f ndependent |y hydrogen, or a hydrocarbyl group, wth the provi sg tmm
two R' groups may be connected to forma ring of up to about 11 J 2
atons; Mis one equivalent of a netal canon (preferably Goup | or Ir,
e.g.) sodium potassium barium or calcium; X is halogen (e.g.) chloro,
bronmo, or iodo); Y is oxygen or divalent sulfur; Ar is an aronmatic group of
up to about 12 carbon atons. The ol efinic conpound is usually one in which
each R group which is not hydrogen is3independently al kyl, al kenyl or aryl
group) preferu%t())lf/ an al kyl_ gr I n one epbodi nent)

Qup. . R &r]\f R ar

hydr o %o 3bputr 07 byyweight, or\nrefexably drom abosit %%\Wﬁgoﬂoml
up to,eamb ol u S carbon
ot oms. 8% B et prSfersb romfbot (E5%p 15 anlc 1972 Hhork pREAIBYIN S U212 Te
(nost abdue0.5%<te dbman 596yt weight.atHere, a8 well asredsewdiere dnithe specificition

A efins évjngg‘bromz ug to.,ahout 8, qr fro%z up to about 4 carbon atons
ar.e pa?q‘{ aims the Japse And ratip imity may be cambinedny their diners) triners and
tetrarg‘;ﬁrgggg@\mayres thereof are especially preferred olefins. O these
corrpouncfs) | sobutyl ene and diisobutylene are particul ar lt{vp desirable. In one

enbodi ment , Thehsulfureompoyndsyipclude agomayompolysulfide compesitinns) or mixtures
tetrasulfide t erieal ef erabl v _havin {.0[ i L Lr]

et or, Shesdtc, T SUR omPOSHE! 18, ently haladiBhiotd pY pRting) sfte Mikegss,

cont ai &'xﬂﬁnﬂf%m averdg8 irdiA% tp it6 Wbbde 1006efipfe AbotR upl to Zbwmit!8;ror from
enbodi nent, the organic polysul fide conprise sulfurized ol efins prepared by

the swabicasid wp toabruhdsuliyr atoms o ongiembodiment, the swius compandals s and

further. a t .M i i fil rydi

2708 TPEATOA I il Sk RRURE Balibfy, HESed itk & udiotly SFLEMAGGe, ()
react i Matexidl$ havingratdeastr70%% tristlfide e gireferreds withc materdals coftainingwer ol esn,
e.g. contai nhgﬁ hy) t.0 ﬁaout sevegeéga bon atons) (2) treating the resulting
pr odudgreater thanm 80 trisulde more PIefRITed; t he presence of free sulfur in a
nol e rati o gf : » dul ; fadigighol - wat er

sol vent, an o(%%)eirngggﬁﬁhg@ttﬂ’h%%u IE‘?} o%hé?o‘;vac?ﬁj%ﬂ#pi&&r’]or aﬁt?c basg. Thi s

pr oc ecensatiratetccompoends. nMatexialparhich oiaydye sulfurjzedrinclude oils aimsatwratedi U. S.

this fRBYashise st rpiER IRty sSRER ciFhDe fermbled T RRIE RS a i, ST o e
thus pebidlangy be&saiuaized aré haturabbt Synthéws 6il8, inclhtngmineralnoilholard ail; o
about 5 car tfoa atom and exappl es i.ncl ude et hyl ene pro?%: ene B]t‘)w;yl ene)

i sobutSATEelicasid esters deqvedrirom alipbatic slsphels and fat enaliphae reacti on

pr odug, h%ga b ﬁ;ﬁr% fiu %hﬂf, ans
used t%arﬁ%%‘ict esggﬁa'%éﬁyl é m;@[)l\'end%]glg%lgr §1%rcap?§%§§%wﬁa§%{i‘hose
r epr e ssubstithtés and syrithetiv uasatusatel]l esters or glycerides hydr ocar byl group as

defined aboue. . In.on diment, RIS as., kyl . a Kk I ycloal kyl,
/ot cycl oal %Pnﬁlﬂ[ﬁ.eggﬁ?c‘gf &5herally cﬁ&?‘ﬂﬁw,dhﬁ}%gi{?a?eﬁ%es@r‘” rm
- hydr -atdue\IR wUdtiduti 24 erbof- AomBy Ex@npIes B insdtifkted ¥aky wkidsdheludeal i phati c
groups. It generally contains ftomabout 2 to about 30 ‘carbon atons,
pr ef erpalmitoleis acidh Rleicp lingleas dimolenic, emicis asidiflardipilyacid,sayhpan vilkagid, about

18 Cart?ﬁ”oi?ﬁﬂ?ﬁ' sim.l es include butyl mercaptan, anyl nercaptan) hexyl
mer eaptan, octyl mercaptan, 6-hydroxynethyl-octanethiol, nonyl nencaptan,

decyl mer cafhieaansatiirated fatty esieesnimliteofatty bilds ehdt iSEiAtapdiinoccurring or _
10- hydr o tradecyl nercaptap. The sulfurized

net byl -t et radecanet hi ol , and t
‘ol e5n %?Yea_ mquémeﬁa ong irumats, of thecabaerfar hExamplescaur e,
it he OlﬁhgrbsWr% Bn@udd shithsl Bits, Subh 4s NEUE'sFSBE B CTArd Wil Qﬁlgot ga%%‘éef”isﬂ 1C€
or absenCe, of a catalyst, such as an al kyl anine, T‘6I we y renoval® of
| ow bcidd wegetablerails, inclidiagaiottonseedibil,cdormayl, isaffloweruoil, sedamehsil, solybeun zed

lefin, ds of .pr.epating t described,in U S Patent
4 110 Ofhoan,Nnlsness sPed i The dtheafifa 3 Taul caers 3fte' BAL becargparest By hose
pat enteistd syl ﬂ%hé@%idgﬁ&gbﬁ@dﬁ)/ arfﬁ¥t? QI eThe alddhvlsitRpidP i RbsYe  he

sul furizedol'efins and preparation of"the same. The organi c polysul fide

‘gener #easpribed menp-cang polyhydric plcobealshsuabdasmethandlyethanph propanolabout two
to ab ' eraply, fraom u 0,abho 20, and nore preferabl
froma ota?&f \fgfyﬁ%neaggl&gl, |nfppﬁa§i)ﬁty5§fgglg?tg}){ce ‘L?J'E)ups may be aroﬁat ic or Y

al i phatic, preferably aliphatic. In one enbodi nent, the hydrocarbyl groups

are al kyl groups. in one enbodi ment, the sul fur conpound contains a m xture
conprising at | east about 90% di hydroc~~rbyl trisulfde, from about 0.5% up

to about 8%




——

19 = J 'U N 2002 s di hydrocarbyl disul 5de, and | ess than about 5%

di hydrocar byl hi gher pol ysul sdes. Hi gher pol ysul 5des are defrﬂé@,é@hlzoﬂz
containing four or nore sul 5de |inkages. In one enbodi nent) the anount of
trisulfxde is at l|east about 92% or preferably at |east about 93% In

anot her enbodi nent, the anount of di hydrocarbyl higher polysulfides is |ess
than 4% or preferably | ess than about 3% In one enbodi nent, the

di hydrocarbyl disulfide is present in an anpount fronrabout 0.5% up to about
5% or preferably from about 0.6% up fo about 3% 'rhe sul5de analysis is

f d 6000 h d FI D det ect P- 410
Dot i ma T glebins Whishaay b sHIge, 200 Hith b e cBe iebns doubie, bon
t enper@mehqs ra@gﬁw ak% doh- aramm dgrﬁoxeruanh R #98roddedt s&seGm@oreﬁhema ' ' um

flowis | us mak |nject|onterrperature|s

t he debedéﬁncd bytbe ﬁemuiark ‘Bé@—@i”ﬂr‘e whqmmt eanh of Re, iR%,0R8, amlR"

Ref th r de | 5d o th
Sul £ ur BXEBTg A B Y PCataT £ T keneal A B £rhilpe fie i Ao fimge ' "°
f+act i @hhidie doihydrsi@ucChay @efr@pféséﬂdeﬁ' tie-(OHY -A9 Whetréin n fiaamn&’i) to be

used for analysis. The procedure for analéssr s Is as, follows. (1) An area %

det er nfram 9 4o 3b§u¥ 46 apd éa%rmﬁsemed b.‘éf‘@( de QQQR:%’S -CONRDeari ne i ts
t dt
P BN SO oA TR, ki) 4 1

accur ah)tdmgml arhe bydresarbyb graupe vaﬁetheofpmol that aﬁy tke Régpdups may det est ed:

caunl SRS RtorLE ing, o1 Wa Bt [ fERGRoBs: M is ¢ saybalent fhfonent

| EOIBL?I%‘%?“L”“‘M'%ﬁ%"?’éﬁ?‘gﬁ@?r‘eﬁ‘?ﬁ? ?f‘éh“é'@nfp‘?'%“ﬁs Balftin, Oy SalQuilL 977

correcha haiogene(qupchioxq; brromm oréoda); Y5 ofygencet divalantsulfurerr issam un in
tripli S t cl ts a"rdthen cal cul ated, using the
follo ‘&ﬂ&gw eﬂt?@"ﬁﬁ 'Y pPe peaks in S-1 and S-2: RF =--
(concentr at'mél olﬁﬁn@@mpeﬁﬁ@ is) uiualljlrdhé iffwhith %raBBIR Supslahich is(ndtot al area
of peaks.) (concentration of internal standard) !]usted for purity of

the stBysragen is independentyalkylaikgnyl or m&gmm yiap alipbgwup. In
ons orbidbinBRalihe RORRY 'R GfY hydIG3En A" Hha R fEand) eyl " SoPONSe

factor tor the sing term nin er cent
r esul tespfeo:aﬂyhék}slahmhngﬁm Bep tesabolit 30, O fRﬂaul up tbcaboﬁt lﬁlarbdm Rup002 1

o o B R bR st REHAS haHog i B S ottt e SF ot 3BRELA 4P
for nul @ atout 15 GREKoftenSeds thait %béu@fcﬁbbh%&nﬁ'ﬁ%??dgﬁg'ﬁ%ﬁlgr\%iﬁﬂr e defined

as nay_peaks eluded 'or to the internal standard ment, the

or gani @lefins Mns frem 2 uprtopzhaus o1 dram 2 vp do about 4 carbon lafemeges sul f | de

Tract | REHT CER IR RopleihAd e ARAS, P HRBHERAE |},

fract rmnauresrtherddfanespmurprewed ohufing! rOf theseicompanls) sobigemal | y the

distil I |0n ssure i Pr’qa oyt tﬁ g about 25&) preferably, fromabout 1

to aboﬂ “&%B? éF%PQBI? Ll Yo&?%'@b n pge gmbrdimeng theOrganic acti onat i on
I I

col umypg] ?ﬂﬂﬂdé& ey ¥'a hiidie 8RR, o, O tefFasuIBYe Jhatdsiale, prlreflly SRR 4°N!

the fractionation’is carried out at are ux ratio o up to
about m@ajornity of dfisulfidey Matemialobaring at least m%atrmuﬂﬁde dje prefprretipwithl y from

bout bout d I | ate t | f d
ot of  Agatesjibs b BrERE efvater Bap OPPrkHAIE POR BitEMRfine, here, oo wel | fo
througbout Tahcthecehbedimen, tidoganic o wmsd@mgﬁze%hﬁume ¢y the

n

tenperature is in degrees Celsrus and the pressur S atm)sg eric ~
| r xamrepared @uﬂrmvl ostbrm ofs ﬁnmnatg)mns fowmprmprecas 9m@k@xned)

hi gh- g al cooling

coils. |h§5rtg€£gﬁgrwgg [ s Ill?%h\&@?g%\”a{:%}rgu&naﬁﬁféCOI(?B??J&@&?? t he )

react or pr rlnrorteoembedlmﬁntpﬂmsulﬁmzeﬂ dléfins may be produced by (1) reacting
sulfur monochloride with a stoichiometric excess of a lower olefin, e.g. containing two
to about seven carbon atoms, (2) treating the resulting product with an alkali metal

sulfide in the presence of free sulfur in a mole ratio of no less than 2:1 in an




gaseous reactants. After sealing the reactor, evacuating to apqut t
and cooling, 920 parts (16.4 noles) of |sobutene and 279 part‘lsS(&léNnﬁﬁéZ)
of hydrogen sulfide are charged to the reactor. The reactor is heated using
steamin the external jacket, to a tenperature of about 182C over about 1.5
* hours. A ma~dnum pressure of 1350 psig is reached at about 168C during this
heat -up. Prior to reaching the peak reaction tenperature, the pressure
starts to decrease and continues to decrease steadily as the gaseous
reactants are consuned. After about 1(? hour s at a reaction tenperature of

Shout BlogholVatstseReRb and @l deacting.Mas $riin i a8 ifetaagls Ga%| ThBL: cne oo
vent edp d&eéuf@&%’&éﬁbé&’ﬁ@ﬁ meﬂf 3l4he, mesﬁ&&ﬁe didclditrd 8ALL.S! PARYt

decreag to atnospheric e sulfurized mxture is recovered as a |iquid.
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Is the desired sulfurized conposition which contains 42.5% sul fur. Exanple

S- 2 Suethylenep prepylens, dutylensgsoputylsne,1amplens) €Y i s heated to 45C. Through

a- sub-surf gas are

fed into tﬁgﬁ? q’Zé?‘@?%%ggPl@eéﬁﬁ%q s%pe“ dre%'fﬁgh adgétaéﬁfgwécﬁéﬁh ai ned

bet weemefCaptan, s%ﬂﬁir%demlowﬁnt Fhe peeroaptgns ubed t@malaeouherpolysmade Ataycases

I n wei &%’a 13'?95%%’ram n a segtgrate reacti on \r/@s e.added_ 2150 grans

(16S nbe Bydtossr ﬂcaR@ngomcmﬂs P#S a%aresme@m 7“5“#03&?53_31!1 fur, and

“a solu fe ﬂ’i%ﬁin gnts are
heat ed%gﬁiggﬁzﬁe ad }u?&hﬁe su E‘?] arﬂ}gﬂ%cg%c?rn?de an |S§'0§t§lqgne

previ oakkyl apr @ﬁeﬂm'li Wcloaﬂdk(bmc}oaﬂceml group.aRt may radsor be arhaloaligl, | e

per aut ratu e e .t The regc n_m r s heated

o ror hidBhaS, S IRALSYAI Shedinife g Do et b BRaR b o) F ot it o

separ ahﬁpﬁﬁi&gﬁuplh% Lenanlipeofass fraitibodt 2t ﬁaéﬁltesb cdfonU#RAs, Or gani ¢

layer is mxed with two_l |ters of |1 O% aqueous sodi um hydr oxi de, and t he

m xt ur preferablyfrom abowte? teebput 24 mote preferably frgmpboutd 4o abousd8i n r emoved

at oocetn btk T AIEL iftudFbEh! mipiCaRn, SRRl ) BfbrRipdgT | 1
Vel o oo "“‘“’“"‘l B ot oOh0 e P oy (b Drercepta 10-
Ly SREG-dpdecatetiioh BO0PD ercAP TR AT G YIS 1S brigesanthiol, ao
approxtmw ne tadC. Bring to equilibriumand nai nt ain equllibnum f or

30 mnutes prior tO coilectton of distillate. Set the renux ratio at 4:1.
Rai se the tEhpeniunzed olefinomay misochss prepazed by aggcting undent i on rate.

yiel o tietosRE R Rl 1B Yehn ER s apaPicl S Bnd Hidntien SiBRe ) o7 "

"1 3r, ngtie presysdes or tabsextpe), lof lar datalyansudipas an ialkyl Q&mﬁ@ flee@Sb)‘)i'éxﬂbvélef
col | eciﬂmgeﬁj di stll late. Set the retlux ratio at 4:.1. Raise

' tenper g matenials, > The qlefins whichimay hgl;nbfuazgd,e@ewumumedlqlcﬁmmt e.
Col | ec@%&% +\f %ggﬂgg the 3ach@hrl Ubkribed ' 0.8 Phdetls £719/589, 981998561 mately

500 4,191,659, and 4,344,854. The disclosure of these patents is hereby incorporated by
~ reference for its description of the sulfurized olefins and preparation of the same.

+ The organic polysulfide generally has hydrocarbyl groups each independently
having from about two to about 30, preferably from about two to about 20, and more
preferably from about two to about 12. The hydrocarbyl groups may be aromatic or
aliphatic, preferably aliphatic. In one embodiment, the hydrocarbyl groups are alkyl
groups.

~

In one embodiment, the sulfur compound contains a mixture comprising at
least about 90% dilydrocarbyl trisulfide, from about 0.5% up to about 8%



40071 bs. of the desired product. The desired product contains Z 7% S2,

93. 15% S3, 4.049' o hi gher polysulttdes. Exanple S-4 In a vessel 1V§ thUN 2002
fractionation colum, bring 10,000 granms of the product of Exanple S-1 to a
boi }) approxi mately 200F, under nediumagitation. Bring the colum to
equilibriumby regulating the vapor tenperature. Maintain the equilibrium
for 30 mnutes prior to collection of distillate. Set the retlux cello at
5:1. Under these conditions, collect the distillate until the accunul ation
of distillate is less than 5ml In 15 finutes. Collect 100ml of the
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grams Hiqh@i polysuifidbisdre|defined ARtcontaiai@ four P sielirfi@é linkagesCold afie 2000t
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col l ection of the renainder of the distillate, containing approximtely
4114 gr ans ‘The sylfddanalysis ispeaformedion a|Varian 6000 Gas £Tliromatagraphsaddss t han

of t ner TR ERon PR DD cchpaipainfiarafi ik o 858 Mibaheld 508, &5
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compound, i s used 1n conbi n?tion W th ).at -least one amine salt of a
phos pHiglium flovy1s:6.0 apl/min plus makewp. chee fniedtinmatemperatureds 200° Ccand thene

t hi op Wiz a sul fur or
2 sourd o deflpePlutd BIGETES THEhERELREIED 6 vl REeRGRL Brd e T 1 O
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i s predBrarea P sletermination is swa eprachofithe apference samples)toy determing itsoout 5%

or fr 0 9 out 3% . or froma 0. t 1% by
wei gh?ﬁ)‘?‘gth )%ogma)/%és#)%lt gﬁ&b %tﬁo(ﬁ K ne%% %@ﬁ‘,"%ﬁ‘gg F%‘%%ﬁ%ggﬂgte or the
react i genepaloides tofdfs comppexition.t ¢3pACcAibrition blend BRuccartelly Wwéighed based i S
present in an agount f[s,gm about ' 0.1% up to about 5% or, from about 0.2% up

to abdPR ORI % Fesiitaind the sample fp be testediithencths internak standardetoluene,
COMPOSs added tSTHR LA fif bh Ao ARAPSS wbprefilafel) She-nhiFoiRe\Fedht bl 2
“phosphoric acid ester is prepared by reatting a phosporie acid eSter with
amoni thedargesheemponent: 06&”5 shoyld give 2s @rén approximately the sameiasrthgtof

t ai i \ \[ L.t.s, f d { d.t th
Salt e iersh EaRREptn] ARy Thev ke Bl sl Bt RE Sy St 23S ™
conposarei aorrectéd by nhé i% ejutity ffom sedp B, gsy'_mb walibraticll BRAdIi8 rintin when the
aci di c_phosphorus acid ester is blended with other conponents to forma
fully ‘F'&hﬁﬁf‘)’a'l‘sé’ég %Wﬁaﬁieﬁgwsm@dt then caknwdatadnusing gﬁe Sollewing fommula,

phosptc}?rl#legﬂlg Eﬁixgﬁlm'?ﬁsif’%ﬂ&%- rom amoni a, or an amne, or mxtures

t here ese am ne nmonoaim nes or pol yam nes. Useful am nes include

t hose RFssl osed (concefiration eficomhpdadn®) at  Gaka of intelr d#frdCol ) 27, lice
50, this secti? ﬁf this referenc el ng ~anoor porated herern by reference.
The nonoanithes ‘8@ m?ép'i‘@ﬁt ai n PHeeRcentratiop afiintenabstaadas)ons, with from
| to about #12 capgaiRted %}BP.Q%, i W g 6 bei ng
nore pre ferred. ~E>ﬂ<$arrpl es of gndgg%iﬁa%???\gl uggmké?%%&nhg?ﬂg%%yl am ne,
propyl anai ne, buP§iicent-purity equals poncenytation of comporeati ne, and dodecyl ami ne.

Exanpl ' i aal ud et hylam,ne.. dj ekhyl ani ne

i pr orfo) Sies FEGRASE $adh Bhud B S Bt TRk 157 LA, sl SrURe AR AFe pspc

Ter t i foy detérnriningneeighe perdeme résul@rion the Eithlé& Xo¥ téﬁtedIB(‘lr)YRdéuﬂishwr'Sim ne,
et hyl di butyl ami ne, etc. In one enbodinent, the amne is a fatty (C~~) am ne
whi ch include n-octyl am ne, n-decyl am ne, n-dodecyl anm ne,

n-tetradecyl am ne, n-hexadecyl am ne, n-octadecylam ne, oleyam ne, etc. Al so
useful fatty amnes include commercially available fatty am nes such as
"Arneen" am nes (products avail able front Akzo Chem cal s, Chicago,
[Ilinois)) such Arnmeen C, Anneen O, Arneen O, Arneen 'I', Arneen ~i1l',




11 O her useful am nes include primary ether am nes, such as those
represented by the ormula, R'(OR),~TH2 , wherein R is a di vai&tJHlN(QU@Qe
group having about 2 to about 6 carbon atons; x is a nunber fromone to
about 150) or from about one to about five) or one; and R is a hydrocar byl

* group of about 5 to about 150 carbon atons. An exanple of an ether amne is
avai | abl e under the nane SURFAM am nes produocd and narketed by Mars
Chem cal Conpany, Atlanta, Georgia. Preferred etheram nes are exenplified
by those identified ss SURFAM P14$ (deéyl oxypropyl ani ne)) SURFAM P16A

(o0 lcand Sebaie ameed taUmekide 1k 69 P asfRoled i ik R bR 0, 20
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from ahqut . to about 22 carbon atons. Usually
t he terﬁ%&ﬁéﬂ%&*}pﬁpﬁﬁﬁéﬁiﬁggggéﬁﬁ%ﬁ%am nes represented by the fornul a
Rs- C(Ra NH. InWi éinboknert, m&u?nitﬁp&yiulﬁdoﬁmpmm_i as wesérilied aboe about
27 carbon atoms and R a is_a hydrocar byl %{ou? cont aj ni n .rom.l.hto about
12 car singbysdrogen sulfides sulfus; andeatileastQlefa to w@nﬁm. Wiﬁ#lﬂ'é; e
t = hexylsam s e 1 - I 5 ' [t |lR3Ra&E)
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a simlar mxture of C a-C = tertiary alkyl primary am nes (both are

avai | aiSnyder fractionatiom columr n@ynbeiuged. mhéne gmbqﬂaxpeam tbﬁaﬁi(k@iqthrl;

am nes their ' { |
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pur posedt] aip tohabout g nor preferublyriiohp dboutod:1hipeto abowphlabizin are descri bed
in US. Patqﬂﬁéd945_, 749, which_is hereby ifclt){ﬁooraﬁeld by, reference for its
teachi ng in lloxing ¢xamplesrelateio sultarzgd pledingn Ha %;h‘b@%te’“ clearly
hydr oxysags ' I t A OhY e 4 %Eﬁr or

terti ari?madlageasnac; e{a‘;r;ng%\’e%ér& Q%n“i%pures ?#e%gftﬁé %ﬁ%ﬁ%ﬁgﬁgan e’ Fﬁeepresent ed
by the dmountszaze by, weigh® the aefmperatuge i in degrasoelsinsiand thenprsswel isand

(R D ~I\#tgo;<;_’” .c_vvherei n each R, is independently a hydxocarbyl group

havi ng fone to about eight carbon atons or hydroxyhydrocarbyl group
having fromone to about eight car Bxample8%, or fromone to about four) and

R is adv t drocar byl group_ of about two to abqui 18 carbon atons,
or frnm tvvoaé‘ﬁgﬁtgé lg—fHE"{flsginChW“U‘P f‘da%‘i?é?&fly TESUTe SPLORt s t he

P Pagtsy |
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(group) Ijrpically, n acyclic stralght-or ne group,
such ascirculated\theegh theZsoilstpydoobthe tetdruprioete theaintradutiont aftithey | ene

groups. \Were t R 1 oups,.are, present in the sa lecul e they.can be
Joi ned SAFEAULTeacIAnte o ARAT. Sealing 6 rearior SsrotAtg I ALeH & Bits andh qaling,
0Xygen, 920 pAreé €16.9 m&lesy of isobtehe48d /D parks (8.2 ma&ﬁoﬂﬁﬁﬁ’ﬁﬁﬂ shlfidk are
structure.” Exanpl es of “such heterocyclic am nes incl’ude (Aydro~l | ower

al kyl ) -¢hargatbto thesreacton. okbe peastonissheated ysingdsiteass in-the extemal jascket, to a

2 ot ny EIRERSYE YR B8y 1645, ofei° i s HROHE A maRtiin Brbsiide A OROTARE.
. al kanolisreacked atcaboin 163°C-duritig- thivhehttup. ePHioned aeacking the poyk atbetisd ani ne,
et hyl et hanol am ne,. but yl di et hanol am ne, er';q?l. "~'"he hy&lroxg/saem nej, mgg/ al so
ve ar &ng&mm%oﬁvaasm? desreate and,cansinges €0’ decredse steadily a$ the

ydr oxy, e Ts _

(t hese %r%a ogs zgl SO | ﬁcleﬁﬁgeu ﬂydr%rﬁ)l?%ggpﬁﬁggqgéﬁkgyi e%ﬂgggﬁ%&g? Such
(I;I;I(th?r e of th ab?sm:nﬁi?g‘gno\?\ﬂh afgmmg:?fi.b d amgggggeama?;;/togeof
repres e%?é@slﬁ/p?ﬁwﬁo‘fbrﬁlad&‘e%té&hé’ﬁ%ﬂ SH;f‘e fad 159%—“-“?"(4?“@ venied 19 (R ~=
N - (R Qesovery Wetesi.n Afteral i it t R
are as desc_r?\t?gg abo‘\??eﬁ.drR'l,él #gab%ngf é%{}géq%e?qu?%x@%glég(égytgrl%car &?gg'y?ﬁd
group. Suhfuzized maixtunenis deeevered ana liquide The mixtuoe isxhlomonwithinitiogen atbe
represented by the fornula (~z~)sH ~Rz~)x~ R"'(~y | ) y - N ~RaO =H
wherein R is a ltydrocarbyl group containing fromabout 6 to about 30

carbon atons; Rz is an al kylene group Itaving fromabout t vo to about
twel ve carbon at ons)




1 9 J UN 2002 13 preferably an ethylene or propylene group; It3 is an

al kyl ene group containing froml up to about 8, or from1l up t b
carbon atons; y is zero or one; and each z is independently a ﬂugbﬁﬂNrSZﬂQZ

zero to about 10, with the proviso that at |east one z is zero. Useful
hydr oxyhydr ocar byl am nes where y in above fornmula is zero include
?rliydroxyet hyl hexyl am ne; 2-hydroxyethyl octyl am ne;

2- hydr oxyet hyl pent adecyl a~oni ne; 2rhydr oxyet hyl ol eyl an ne;

2- hydr oxyet hyl soyam ne; bi s(2-hydroxyé&t hyl ) hexyl am ne;

compar i TORC S PRk B Welind BiasBlits 1 habneioiBacted SRS Tl | nct
2, as fnercaptanind nibrvosdlidey.cexpeeidur AFRr HiGBEe8 bldwingie tagut&&dimtS%t he

am ne may be a hydraoxyhydrocarbyl am ne, where referrin he above

I or mul 3UPey Eilrel én%‘;@ﬂ_ redyrysing hﬁmtwmﬁmﬂteammlel : r@tzadeiy gm e L rom
e Q&gﬁ] eéw : 0 L DGy, o, i noi s, under e
generAg?&tlr a elgglszlegna [ oﬁgl%?%%tmgﬁgzéﬁgﬁngen". Specific e:ratnples

of such products include: Ethoneekx@mpldS-2vhich is an ethyl ene oxide
condensat e Qf,.a oooonyt .fat ci d. tai ni png about, S mles_of ethyl ene
oxi de; Et hoﬁgéﬁ' @Q@é}gﬂﬂd? @%ézfm ﬁg%a&neﬂég Hilgﬁﬁtédcﬁ?i &Ccomg 2on
produ " ' ) |0 (o) Q&dar'e

et hyl ?r}?%u;i de, re pecé;’?%'gig&; E?I%@rrgten?lél%){gf, ﬁm#n?s an et%??ﬁgﬁéeﬂg(i de
condensactasrover dddrlioup peniody | Thentereperaturaiis majntained betweend§-56°Q@f Att hyl ene

condortie O FeiaG; piF GRGHRY miiiiin Rt arn i VeleRh bl (35 ZamimE O Tnch e o

' et hyl esepapatedeaction vedsel afe @daeaezlsoegaafstqtms ol f&mfﬂﬂké%odwﬁ and

‘X' /25, ich are ethyl ene oxi de condensa .IOMI’O ucts_of tallow anvne
cont ai filfide. 440 grams G-y mples) swfupsanst 2 selwsionref 420 ml. efisopropansd in 4000,
respec.y V. - sadl ' ' I] roduct of one
mol e o l'o#e\g?tegmﬁr‘#e%r %ﬁﬁgmﬂ%é ie|5irNt(ng?/{?"ed hmgﬁa&ggwﬁgagem&ﬁglﬁay al so be a
pol yannoaochloride cindaisoeylene groviously  preparedtis ddded ivere a) thied-quartet hout ne

pol y st vl RRGRtAZ 0 (RS HRTS IOt 1P onor YR TRECHOBSHAENE §1 |y

avai | t h?ﬂlﬁe i nfg gﬁ,s erevyin
t he aﬁlﬁe§§ﬁ?f?%%§&é¥gﬁpﬁga of t eglé*tgfr# %géex?ﬁgﬁigcfg t olg\sgrreen T/ 13
and T/separatpilayers.aridieciomer aqueons mensrdiemded.ommumﬁrtmgrﬁic la?(er i uI N
2002 « -t Ik edi.am talning, 3 0.1l es. t ene
oxi de B Gich BB VIO AT SoBaBh B loRflsy aBH toh s iRiurdrie Hesfed Vo

pol yanseflexifor & Haurs.y Thieooigagic lajer isaighin findvdtband Rhekhed withéne ditedb! Ky!

symmetrical Qr as trical , et hy] enedi am neg @ropanedi am_nes (1,2, or
1, 3), W8T dygtissriedh by heating at30¥epnd 30 mm. Hg. pressure for

30 minutes. The residue is filtered through diatomaceous earth filter aid to give 2070
grams of a clear yellow-orange liquid.
Example S-3
Charge 1000 Ibs. of the product of Example S-1 to the reactor, under medium
_ agitation, and heat to approximately 88°C - 94°C. Bring to equilibrium and maintain

equilibrium for 30 minutes prior to collection of distillate. Set the reflux ratlo at 4:1.
Raise the temperature to 105°C to ensure a steady distillation rate. Collection of the
distillate will require approximately 20-24 hours and the yield will approximate 230
260 1bs. Raise the temperature to 105°C - 107°C. Bring the system to equilibrium
and maintain for 30 minutes prior to collection of distillate. Set the reflux ratio at
4:1. Raise the temperature to 121°C - 124°C, in order to ensure a steady distillation
rate. Collect distillate over 75-100 hours. The distillation yiclds approximately 300.



oommerei al fatty pol yam nes are Duoneen C (N-corn-1, 3-di am nopropane))
Duoneen S (Nsoya- 1, 3-di am nopr opane), Duoneen T (N—tal | ow 1,

di ani nopropane)) and Duormeen O (N-ol eyl - 1, 3- di ani nopr opane) . T@Jdﬁbh@f]ﬂgre
conmercially available from Armak Chemi cal Co., Chicago, Illinois. In

anot her enbodi ment, the am ne is an al kyl enepol yam ne. Al kyl enepol yam nes
are represented by the fornmula HR N-{Al kylene-N); (R~)v wherein each R, is
i ndependent |y hydrogen; or an aliphatg c or hydroxy-substitutred aliphatic
group of up to about 30 carbon atons; n is a nunber from1 to about 10, or
from 200 ybs. 2fitRe Wasived érocﬁ.fct.f TG REREA pRod et ARAiInS 2.9 &2, bs.lsé%bzl ene”
group has from1 to about 10 carbon atons, or from about out 6, or
from A9 higheo palysuifides. | n anot her enbodi ment) R is defined the sane as
R ~ above. Such al kyl enepol yam a | ngl gd et hyl enepol yam nes,

et hyl enepol yai ni nes, butyl enepol 'iropyl enepol yam nes,
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et hyl enepol yam ne. Such pol yam nes are descri er t
. headi agrapontemperatura0f56°C. KRaise thé temperatBesfthe yesseh I&F-Cmmml
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types of polyanine mxtures are those resulting fromstrip of the

aboveeeli%*mq&a%ls ng%&ﬁh@lﬁtlu%farrése stays greator ﬁlﬁw@su&%@mﬂﬁ%& Dbajlingn
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ar acteri2ed eSS t ann%§ usua
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Anot her group of colnntrcially available m.~tures incl ude t he "Neodol "
-produc;s available fromSltell Chem cal Cv. For exanple, qoé ag”gszmz

m xture of Clz and Cl13 al cohols; Neodol 25 is a m xture of

al eohol s; and Neodol 45 is 19J UN2002 19 a nixture of Cl~ to C~

| i near al cohols. Neodol 91 is a mxture of C) C ~o0 and C,1 alcohols. Fatty
vicinal diols also are useful and these include those availalale from"' .
Ashland G| under the general trade eS| ghation Adol 114 and Adol 158. The
former is derived froma straight chitn al pha-ol efin fraction of O ~-C-,
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t-octylamine, t-decylamme, t-dodecylamine, t-tetradecylamme, t-hexadecylamine,
t-octadecylamine, t-tetracosanylamine, and t-octacosanylamine.

Mixtures of tertiary aliphatic amines may also be used in preparing the .
dithiocarbamic acid or salt. Illustrative of amine mixtures of this type are "Primene
81R" which is a mixture of C,,-C,, tertiary alkyl primary amines and "Primene JMT"
which is a similar mixture of C,,-C,, tertiary alkyl primary amines (both are available

“from Rohm and Haas Company). The tertiary aliphatic‘primaxy amines and methods
for their preparation are known to those of ordinary skill in the art. The tertiary
aliphatic primary amine useful for the purposes of this invention and methods for
their preparation are described in U.S. Patent 2,945,749, which is hereby incorporated
by reference for its teaching in this regard.

In one embodiment, the amine may be a hydroxyamine. Typically, the
hydroxyamines are primary, secondary, or tertiary alkanol amines or mixtures thereof.
Such amines can be represented Ly the formulae: H,—N—R'—OH,



Exanple P-4. To 1000 parts (3.21 noles) of an al kyl phosphor'sc acid ester

-m xture prepared as in >nple P-3) there is added 454 parts (3 I
di -n- butyl am ne and mai ntaining an at nosphere of nitrogen. d/ér Wﬁéuaé

period of addition, the reaction mxture is heated to and maintained at a
tenperature of 120" C. After all of the butyl am ne has been added, the
mxture is maintained at 120" C for 8 hours. The desired amne salt is

obt ai ned and contains 7.1% phosphorus_(theory, 6.8% and 3.4% nitrogen
(theory) 3.6% . Exanple P-S 'To 721.112parts (2.31 noles) of an al kyl

Dot o U ONCI i, o8 P PLARSIRCOR, biner@iPetn R is fnlidgingsaliga™d O 7
ni t r opdrocasbyll lzrouprhaeing Lrom &omd, tot dtwut eigitroarbee atdms be reaction ni xture

rises . fromp20, Ct 20 C The reaction m xture, |sS intained at_this
{ enpoRYRTHURYdTECasbyh ouP hAag g ARe e abRtieight sathon-4Hm, AF fEPT oma

h 0% g5 ' , 9 P-fi A
Feact foabout Ioftoaid 1 15 & diedient by RfuBifbbERip QM A0GU o (6'Abors 19ERLSR !
and 4atomsrarsfrom two tx3bwit fohns JhergroupeR-OHda such fdrmulaevrepresents thed of
1S h ' whi | .g, mai nt ai ni ng.th i t t bet

about BygrorgRyEScaipiLiotty K: i Be Snciepilis, Aickafk ot At e erti added, ¢ he

m xt umYpically,! Rf isosh Beyclie sbrafditlor bifcHedodlkylehe rg'raﬁ%{)ﬁach%rhﬂ é:ugwa,ai ned at
70°C for 3 hours. Prinene 81-R (159. arts, 5.93 l'es) is added dropw se
to t hdWZrprRiyiene, hiZ:buiylenghand 1pkoetadecyions guoapscWhers tve Regraups Ao 70° C.

S ; ' ; : .
o T oPResenfin W sdtht BlEChé el 6 BESABART D dlrdts EAROROTASR Mid o
har het £Si00

L 6.1 % oat : , lor sal B1 nol f
B C T e A Y R
added®¥ . : 9 J U P12002
21 - s i .q-_ Af " h
o ne T (BEON et aliohliauipholied MibkAPHARE SPipShflinel; Lotz=gndingl, | N°
tﬁrrperﬂmuoétdinﬁs Brdhtherlike: oTYl(njipa:H)t, iixgmgei;. Omd?}di’od?iggi:pende%w agn&hml) pg A

0s S I 9 a o . 9 . -
Pt b Bt oot Bk, Bertt of B proh, P Expiék of (Hess Sikanctamines 1Hae » .0,
of n- mond-, di-cahd tricthapolaptinedistiyidikaicldmine, ¥thflcamotaiie, butylarths (2. 46

nol es}1 Ef ,%bos >| orus pentoxide are added increnentally utilizing a cold
wat er B8 FoC¥ai ntain the tenperature of the reaction mixture at SO 60" C.

Af t | t Q5 { 10X | | 8 [:S St d
addiG[i gnal e%gﬁ& and#{ §¥2a t%}f(hﬁrlrgf%%aliqgr@gd?tx&gﬁt errpeuﬁa)?g“ée'gf g Ca?or
3 houase hidroxypolgfiydracarlydoxy) natogsofithe aboet-eéseribeabbydrokparmines(tisesson
925. 6 e I Pri 8l - dded.d | I od
of 2 ABRRES bR RAlR S toRl sebadERE cuallink G0 SRS 2T Ter "ol T of

t he aN-(lgydroxyhgdrstarbyly amiindsidan b cbnventmly pra ivhgi”lb?]1 réadtici ofibfledpd t he

filtrate is the_desired am ne salt_ containing S 5% phosphorus and 3.29'0
ni t r oaTe(Qfitheapove epaxides mithspioredescribed: amines ansd maynes sepresentedibycat i ng

conpogid ¢ (o] t FRIES._@n S i N east one phosphate. The
phos pﬁ?’ﬁ E&ﬂrrég/la%e Q‘g?ﬁldﬁﬁoﬁit rllqh%g%dgr gﬁ%%ﬁsogp @?éph Preferably each

hydr oRf, py-+-Neg~RNO wleréinotisl a hombbp fifon? 4boat Bao stioutsls amd R’pasder abl y
fromJ,to abgtétsel‘ bon g ons, ngvgore Pref e&z&lﬁé frmabout 2 to about

8 car Dofra s A8 'gé“éﬁa SMFr otarBiY ag‘P 3 hydrexxpp RERROYIGRYL BFQUP. 4l keny!
or aryl. WipBnéther autbBaimenl, tHE Qufiné 3s hyafdkyafiife Whih Bihy be CONt ai ns at

| east about 6 carbon atons; preferably about "6 to about 18 carbon atons. -

Fxa~nfRrsesanted by theiformula al kenyl groups include propyl, butyl, hexyl,

heptyl, octyl) oleyli linoleyl) stearyl, etc. Exanples of aryl groups

i ncl ude phenyl) naphthyl, hfﬁ[ﬁ Haa%eaoi‘%ﬁ Preferably each hydrocar byl
2

group is independently prop yl, ) hexyl, heptyl, oleyl or
phenyl, nore preferably butyl) ol eyl orl phenyl and nore preferably butyl yr
oleyl. One n zethod offbrebaﬁiﬂéhdhpSpﬁhrdg%ﬁn@ﬂudes reacting a | ower
(Cs.~) Phosphates and their preparation are known and many phosphates are
avai |l abl e commercially. Particularly useful phosphates are diburyl hydrogen

phos pwherin & oisey hydrpdarbyE prauiposgritaining foCibst 61ydaboan 3praskon-atems;and
triphgnyl RNBRAGR group ﬁav?ng] from about&vo to about twelve carbon atoms,



22 Thi ophosphate or Reaction Products of Phosphate and Sul fur or a Source
-of Sul fur As described above the | ubricating conpositions) eft
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product of ~a..phosphife and sulfur or a source of sulfur or at |east one

" thiophosphate, preferably a nonothi ophosphate. The thi ophosphates may be

di-hydrocar byl thiophosphates, trihydrocarbyl thiophosphates, or m xture
t hereof . The hydrocarbyl groups axe defined bel ow. The phosphates may be
any of the above descri bed phosphatest3 Preferably the phosphate is a

tri hydrocar byl phqosphate, nore preferafply a triaryl phosphatge. The
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3- et hyl - hexadecanoi ¢ acid, and 8-nmethyl - oct adecanoi ¢ aci d. Tﬂ@\uy*wzoggﬂic
aci ds include branched-chain acids prepared by oligonerization o

commercial fatty acids) such as oleic, Itnoleic and "tall oil fatty acids.
The di ner acids include products resulting fromthe dinerizatioa of
unsaturated fatty acids and generally contain an average from about 18 to
about 44, or from about 28 to about 40 carbon atonms. Diner acids are
described in U S. Patents 2,482, 760, 14 482,761, 2,731, 481, 2,793, 219,

2,964 2,978,468, .3. 157, 681. .and 3 3Q4 h ntire ,di scl osures of
wh on Nl eIBYIsRedRIRE cRnyniRg At 06 male of gfiifhe Bk Rt ol

car bom&ﬁ,ﬁ,@%{wﬁm}agent s are addition carboxylic acylating agents, which
are addition (4+2 and 2+2) products of an unsaturated fatty acid, such as

tall oil adn@nother enbodimest, iy palyamiseds arfattyrdiaminst Thatfatty sliamines! i c

o 2 el Bt N B3 sy BierBPaC aRRERRAL PRI ARNERY "oy ot crence.
I n angirepinedinitiesy(1]2, orlie3); ahl Polyantine tnaldgsruf theiboves Suifablear boxyiic

acyl ating agent. Exanples of tricarboxylic acylating_ agents include triner
aey| atcommersialifatty poliaminee are Pyemeaesfu (N-egcozh3iaminapiepane)ar boxyl i ¢

acyl aty tongs ’Hﬂﬁx?é i 2 .4x.al pha, bet a-

unsat tf?g%g&glscgﬁg%]yhgimacy ﬁﬂ%&‘%@en %egzg sta?rarq&'e Tssc, I taooni c, and

ci t r aciaminopropane)gnd PRuameerp e (Nvaléyll, Irdiantinoprapane)i {Pusgmeens) ardhese
aeyl ati ng agent s neral |l ontai Qn an avarage .fromabout 18, or about f 30,
or ab(fﬁf"q%%‘%f%fya ‘%ﬁ?gi%émé'r ( agb@lﬁ‘mﬁ@ éﬁv%cﬁ%ﬁﬁmoﬁe trimer acylating

- agents ar e IpTapRtHebmboditfent,! th&edrhi!is af zﬁﬁyl@ﬂ@p&?arﬁﬁfe‘? fatty acids. In one
enbodi meat, the iriearboxylic acgyl ating a?njnt I s"the reaction product of

jU;

one orlkylegepolyamines:are represorted; HRM(Allglene-b),-§RJansat ur at ed

b pha P adilR Y 1o Vo Bl M War S o b ARG SIS bstioned
r eagenliphatic igroiep ofi apttorabiond 30aabsory Atoms @l i nembee fromal 1f tonabowtnto, or
derivatives thereof, such aff anhydrides, esters i i des, salts,

aeyl HEAMADOUL £te Fhquti’ & fromea sattera&peas'eap%éﬁ?}' OHeRR B S de
mono, fbm 1 td hb&Nit icﬁ&msa[)aeﬁ.lx,' bf %ﬁgg@@m tooRBehE 6 CoPHafip ESﬁuPﬁ gsef ul

nonobasi ¢ unsat urated casboxyli e aci are acrylic acl met hacrylic acid)

ci nnaboutidi dn anathex einbodiment, R, it defined theesame aaR'd above.. Saehnpl ary

[ ' ' incl ud | ef | ' | ef i h i d f [ id,
Do o Al diearidgs Hirind& mieshiieachdiyanitst bR Naiien ') C16°5 U N
202 2%mﬂenwu;yéﬂf@%pﬁr@w@wiyhﬁﬁﬁ'&g?eﬂiylén%pawaaﬁhss, by dThiedRighagi d or

| ower ester, bgﬁ{g ose contai ni ng s than eight carbon atons. In one
&

enbodibeselpss a tad hetesecyglie aminesy isuch as piperazings apd N-agniner al | y
cont ai F . P v a : : to
about B STAUHALRpR AR AT A 58 HPui1Eq " SPLEaRipIcd SELRIPHONSRILE |
Y ncl uaee eshylenediamirte, triatlyldriete tramine; ¢ris(2-pmiinoethyhamine; | ndustri es, f
propylenediamine, trimethylenediamine, tripropylenetetramine, triethylenetetraamine,

tetraethylenepentamine, hexaethylencheptamine, pentaethylenehexamine, etc. Higher
homologs obtained by condensing two or more of the above-noted alkyleneamines are
" similarly useful as are mixtures of two or more of the aforedescribed polyamines.

» In one embodiment, the polyamine is an ethylenepolyamine. Such polyamines
are described in detail under the heading Ethylene Amines in Kirk Othmer’s "Ency-
clopedia of Chemical Technology", 2d Edition, Vol. 7, pages 22-37, Interscience
Publishers, New York (1965). Ethylenepolyamines are often a complex mixture of
polyalkylenepolyamines including cyclic condensation products. Other useful types of
polyamine mixtures are those resulting from stripping of the above-described
polyamine mixtures to leave, as residue, what is often termed "polyamine bottoms".



Hystrene S460 avail able comrercially from Hunko Chemnical, and Uni dyme 60

avai |l able commercially from Uni on Canp Corporation. |In anot hir te)rgbwjb@bint,
t he carboxylic acylating agent is a hydrocarbyl substituted a9 '

acytating agent. The hydrocarbyl substituted carboxylic acylatistg agents
"are prepared by a reaction of one or nore olefin oz polyal kene with one or
nore of the above descri bed unsaturated carboxylic reagents. The

hydr ocar byl group generally contains % om about 8 to about 300) or from
about 12 up to about 200, or from abo 16 up to about 150, or from about

cont ai FREHderab A REFIPER bobeil farf B8 WaRiHrd ' BN 10 Man 40T o,

from abmanlyllassu;hahd%tﬁd))ytwe’ightq alzixenahbommg Bdlowruboamommem typical
hydr ocar ou erived froma i.n. The_ol ef] ns typically
cont ai ??‘?Klﬁn%aﬁ'ﬁ t& IFB" "&8"“69“‘? PEFﬂ"& fromy the, Dayy, rbon at ons.

mono. | %F‘é’fa?ﬁs&f}f“?%‘?%ﬁ?ﬁ%‘yd?e@mi@ o 1002 e A s Rk ?f% B e ol es
of thel8lf%aa percdnt nitnogendey weigm(nlféﬁel,s dndha viscosityl atié@hef 121 dodecene,

R
1- docoggppt Enkist (ﬂ@ﬁ%ﬁBSab ztdiethgéﬂ@ﬁiﬁhﬁkb,yo KoL/ cﬁeﬁéﬁlﬁyﬂlgén fractions

t hat can_be used i ncl'ude t ha-="ol efi ns, haoeflns
C, , 16 2l.34% tateacthydenepentaamineand 76.619npentaethylencheyaming) @nd higher-6~
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I ncl udi ng sni C nononers ene and 1soprene. The ol efins
al so may beAnathesruseful epobfamme islaconddnsationbredctiop betwéerf atkastfonene

nbodi th t | ~ 9 J U N 200Z .26.h | o
enbodi TGO CREPRBRE YBt 4F Bast Snd polypping arasadt eitaiRis ALIGASLOBRe i n whi ch
about PRIy o Recdiaryamihé gieup.” The Hydrdxyéothponds ldie te&ab nes are

prepared by conventional procedures. ['n one enbod~ent theg i/al kene is

char acPelyhydsic alsobelstand-amines, chhe polyhydric pleobolsiazatdesotibed b mineneé: 30
ohboq; BRSO, (8 nldi Softfourds dFe Ol RIS afifes SPORRy O dhnbe C0C |

nmol ec uinaludneaghbﬂ tlm‘ aneLémtxbe@Mnoﬁﬁﬁnes ratctédaa&ith ab alkylériOoxider(erg) | v,
th | k h t h f. abqut 50 b t
5000] SIS KropHenn . ddliens uist. Sf-X Peving st Woco bl 200, o
from aémbn%emupof aoab@w& t8 %Qu: réhrarmmglee @r?umahc ahﬁm\éarihaaaé rtﬁm

about 500 up to about 1500, or from about t°o "about 0, or from

"about éudr@gm@p)d)mmneam(hydmamhﬂhmmmmemnes Ztmmeybm&- synbol

(cho- PROBEARIRATAT IR B BB el ERG AAONGIARI, 20

ol ecutearakie(2+h I_)d;roa?em?l)lethﬁeﬁéﬁaﬁmet,rﬁefeihﬁgttkia(hym@mmybt ribution of

t he pol ypers. &ur ose of this invention a series of fractionated
pol ynef@igmethag ol yi sobutene, is used as the calibratioa standard

' he GPC. ' . .

are el | knpaaem ‘S&Q‘P‘éﬂﬁ B} Ffach Sl e pAMHE ARonc e UiHiLe To Forg k™" <
‘exanpl eyndgnsation pasddats of kenderised rannines, care afesdtibed) dbove. ePnd:ierredep@m
distributi d W W J. d D.D
0 5 ARl B (PR nfRRepein R, o0
1979. ithyRine h@%mﬁitib(}’km')t and fxRRby 8f pEHEMINE Such M‘th@r%@tdésﬁﬁ%dabom

1300, or from abo or fromabout 1,7700. I n one enbodi ment,
pol yal Tamiae beftamst. VFhe condensation Y8actiamof tixeamiumnkmogamntfwxﬂntheout 1500

enboa BB ERERRRY it RBRLCHEY on Alele e SeBRRratof, e eRnd hest 66

pol yal teealeoute2659Cy oF €ioth labolifi220°C M ibbut 250°C3RAkE preSerice ottt hcid cats- from
about 8 to about 3.6, or fromabout 2.0 to about 3.4. The hydrocar byl

substi ﬁ%ed carboxylic acylating agents are described in U S. Patent
3,219,666 and 4, 234,435, the disclosures of which is hereby incorporated by
reference. The acylating agents nmay be prepared by reacting one or nore of
the above described polyal kenes with an excess of malefic anhydride to
provide substituted succinic acylating agents wherein the number of
su00|n|c groups for each eqU|vaIent 1 9J UPJ 2002 27 wei ght of

_____________ o
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generally not exceed about 4.S, or preferably about 3.5. A siJ't?ﬁIJ}e
tatrge..is~hrom ~~ about 1.4 up to about 3.5, or from about! IS NtZUBZout

2.5 succinie groups per equivalent weight of substituent groups. Tile
carboxylic acylating agents are known in the art and have been described in
detail, for exanple, in the followng: U S. Patents 3,215,707 (Reuse);
3,219,666 (Norman et al); 3,2Z31,587 (Rense); 3,91Z, 764 (Palner); 4,110, 349
(Cohen); and 4,734,435 (lvleinhardt et_al); and U K. 1, 440,219. The

di scl osures of these patents are her @ i ncorporated by reference. These
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al coho ' : Y tain up to about
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nonohypolyoxypiropylehe diamines asd the (polyuxypropylene! triansnes:t Thel polyoxyaliaiee,

cycl ohexanol.., ete. The h oxy , ounds | so ol yhydric ‘al gohol s,

o on” aEoRARResre s Be Al S50 Bt 22 oBiaiResb toR Somiblc, o ahe

cont ai Jefféredn ChietiddloCompany, IncOunddy the (2’ naiRe CFéfBaRintis IDE30{ TRADE, t O
about ZO'QO%gd from2 to about_ 10 hydroxyl groups, or from2 to about 6.

R-2A00:sT14R3, ehae- oiSyIRasenty B,3041463 and:5.948.360 are zexPNSZl)'and
ot 1 arraprrat HERYT by FARAG N thiE Risiohly of R pllomrkllend o

ar abi t polyaminesi aral acylatedgirogdicts magdeatherefsorar ose; fruct ose; gl ucose;

cycl ohexancdi ol :,erythri.tol; d ntaerythritpls, incluyding,di-, and

tri pent aer yYPhARqtBEr X’F%@"HBF%%? PBFYQFE 3 BlsCRRIRAMHNG Polyamings.

MO NOC SRy ontsih Amthd /0410 iRex) f about
8 to grb{guizd{& nproi\éii‘zdﬂse%yt h;bt at I%agﬂ}?gg%\?ﬁcﬁﬂlhgsp up ?igﬁg?naéﬁéﬂm

unest edted; allylepspolyamines; e.go Mhbx(distbanplethylene dianines: can alsoche psesbi oni c)

but yri d ' f ' il c. f &h
est or 1 S BB oY e b RidhelS) bRl Wi PP BRI RRe B Witk anc
di ol eadme os miduietof thet abwveidescrited alkyleperoxides. Sighitirsdikylené oxide-21kan6l
ol eate, (ncludi,n | ycerol nmpono-, di- and trjol egé; and erythritol
oct ancAiRe H_Astp rﬁgieéwtﬁ Mstlep beused sush as dﬁ}“ qis Eeacking the

) h : ; : :
and ¢ noGR SRR Hafmary e ORPAR of ety ARACL SIS Witk SUfedt, iigRE" o
react i eme of higher cpolmles lin @ hi ytodi2 mplagmtics Reactanbeatiosoand tempbrataesor
o vaAPESAEVURE AR B O R PSR 2R Aelin . e
ester iéﬂaﬁ?i' le9of hﬁd%ﬂﬂohtaiﬁﬁ\grﬂcﬂyhrﬁiﬂbs agcmwpagmw@&yé’dame about 100C, or

e

, bet we 50C and 3Q0C. The water fornmed as a by-product”i’s renoved by

di sti |qtgyheaﬁd%?§1ipﬁe N s Rrhydeorgthnloetdytenedinming; dr(2rhydroxyethyl)rsef ui

car bo bfazSd | | ' ' ) nt.s 3,522,179 and

4, 234?%@&, and%%@@ggfﬁp %Osﬁgﬁé%ﬁ’gﬁ{éh?(ﬁg%#%éb&(}? 'e’ﬁg%gpﬁ?%rence. The

car boXy+@Behyadroxybutylytetramathyleneydiamifie)rdtbe Higher homologsobtainedby one of

t he abO\é/@ descriaffﬂénli,neswand ér eferably at, | east_one of the above

descr i DRFepRANRR abyFciusrated hydrepniardnising palmines through amiagc) i c
am ne, such as am nopropyl nopholine. The am ne is added in an anount
sufficient to neutralize any nonesteri5ed carboxyl groups. In one

enbodi ment, the carboxylic ester dispersants are prepared by reacting from

about | to about 2 equivalents, or fromabout 1.0 to 1.8 equival ents of
hydroxy compounds) and up to about 0.3 equivalent) or fromabout 0.02 to



19 J U N 2002 29 compound and the am ne. There is generally a1fg ?‘ﬁ‘ZN zpﬁgt
-0.01 equivalent of the alcohol aad at |east 0.0l1. equivalent of t a

al t hough the total amount of equival ents of the conbination should be at

, least about 0.5 equival en~er~equi val ent of acylating agent. These
carboxylic ester dispersant conpositions are known in the art, and the
preparation of a nunber of these derivatives is described in, for exanple,
U S. Patents 3,957,854 and 4, 234, 435 i ch have been incorporated by
reference previously. In another enboddi nent, the dispersant may also be a
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in the art (such as "Chenmical Reviews," pp. 9S9-1064, Vol. SG. Tjrpically,

t he borated di spersant contains fromabout 0.1% up to about 5% or from
about 0.5%up to about 4% or fromO.7%up to about 3% by wei ght boron. In




31 3,087,936; 3,254,02S; 3,282,955; 3,313,727, 3,491, 025; 3,533, 945;
3,666,662 and 4, 925,983. These references are incorporated by e(g jm%dz
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di spersants useful in the present invention. Exanple B-1 (a) An acyl ated
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O b dampies bk comsmersial avaiatla enors mehles pHof BES {a phingure Ot primatihy o
numbelseight Bhatil, ‘Pridary Aboidls mm%Z From ]89to] 10eirborCtémiy; Alfol 1218 (2

mixture of synthetic, primary, straight-chain alcohols containing 12 to 18 carbon
atoms); Alfol 20+ alcohols (mixtures of C,y-C;s primary alcohols having mostly G,
alcohols as determined by GLC (gas-liquid-chromatography); and Alfol 22+ alcohols
(Cis-Cys primary alcohols containing primarily C,, alcohols). Alfol alcohols are

available from Continental Oil Company. Another example of a commercially
available alcohol mixtures are Adol 60 (about 75% by weight of a straight chain C,
primary alcohol, about 15% of a C;, primary alcohol and about 8% of C,, and C,,
alcohols) and Adol 320 (oleyl alcohol). The Adol alcohols are marketed by Ashland
Chemical.

A variety of mixtures of monohydric fatty alcohols derived from naturally
occurring triglycerides and ranging in chain length of from C; to G,y are available

' from Procter & Gamble Company. These mixtures coptain various amounts of fatty

alcohols containing mainly 12, 14, 16, or 18 carbon atoms. For example, CO-1214 is a
fatty alcohol mixture containing 0.5% of C,, alcohol, 66.0% of C,; alcohol, 26.0% of
C,, alcohbol and 6.5% of C,; alcohol.

Another group of cornmercially available mixtures include the “Neodol"
products available from Shell Chemical Co. For example, Neodol 23 is a mixture of
C,; and C;; alcohols; Neodol 25 is a mixture of C,, and C,s alcohols; and Neodol 45 is



granms of oil and 139 parts of a conmmercial m xture of polyam nes
-corresponding to 85% E-100 am ne bottons and 15% di et hyl enei)[g' aJ:i r&r Ege
reaction mxture is heated to 1.50 to 160" C and held for f Uu 20 he

, reaction is blown with nitrogen to renove water. (b) A reaction vessel is
charged with 1405 parts of the product of Exanple B4(a), 229 parts of boric
acid, and 398 parts of diluent oil. The m xture is heated to 100 to 150" C
and the tenperature naintained until ter is renoved. The f nal product
contains 2.3%nitrogen, 1.9% boron, % 100 neutral mneral oil and a total
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conposi tion. Overbased . ConposiTions ¢ ase conpositions are
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prese /i 0 h 0of Ghi try of the net-al and the acidic organic
corrpo[}#. gﬁ%&?ﬂ%&f’“ é@fﬁ@ﬁ%@!@%&gﬁ'oﬁts comonly expressed in netal ratio.
The term™” ﬂﬂi@foﬂoﬂiih%’éx&xﬁpleb&ela@é t® affiné 8&lts 6f phophoricrdcid esteps. Ullesse!t 2l
to the_equivalents of the acidic o‘;ganl c conpound.” A salt having a netal

e

rati o tBe centextiipdicates othemyisey (¢mperatures gre dn degreasdCelsius,presswreridased sal ts

gener I | o0 about 40, or from about 2
up to%ﬁé&?ﬁ%ﬁ%ﬁ%&éxﬁ%ﬁ Béﬁg}ﬁéggygﬁ%ﬁ%ﬁ&n one enbodi nent) the
~nmetal ratio is greater than aboutExamgle Bvieater than about 10, or greater

t han about J15. ~'I1'he. o bagsed materials are prepared by reacting an
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al kal i 19.J UN .20'3% 3§ aglpkal ine earth, and transition nmetals. Exanples
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present Jnvention include carboxylic,acylating agents, suylfoni I ds
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Pr ef efoibhitrogel}: dHelteSulingaixtureGFRGHARY R S0CAINRLY,| Thedsnodatd B alent s,
sul foni c acids, or phenate. In one enbodi nent, the carboxylic acylating

" agent ofrthe paaigei hemeidic estesthaying a phasphasusicoptent of 7% andta quvrogeqy| i c
acyl at] I n anot her enbodi nent) the carboxylic aeylating agent is
an al ?gl%ﬁg)?e&\%tol .acetic acid, o: ai 1 ol eth lene 1 col-acetic acid.
Some s ecic k3" k3" 8 YkKY P Y Ygxa\fnﬁe@carrpl es of these conpounds i ncl ude:
| so- st eary:A)ent aet hyl enegl ycol -aceti ¢ aci d; .

i so- st ear y i 88l Mmémwdm&@mfdﬂew@pmmaw

| aur yl ' =t Ql - 5 ' : g

oY RARERBRORE Pl B SRy ACH of pimary-peny

| aur y lal@hobiandHomples 6f Bhssplioruscpentoxideny| - O ( CH2CHx0) BCHi CO H;

oci y|] - phenyl - p- (CH=CH20) 19CHI CO2H, 2- ctég- decanyl - O ( CH=CHt O) 6CHi CQOZH.
These acids are avail abl e conmer mé)]ef ‘®m Sandoz Chemi cal Co. under the

tradename olifSiRIYRIG2FEAMS 18 ﬂo?é%?‘ié‘ﬁéat@&'@@? f&i\ﬁm&d}s JredBt s e .
acyl ating agents are aromati c carboxylic acids. group of useful aromatic
car bowhereupen §82 pactst(foneles) of phosphioms pentoxide are added over a period of

45 minutes while maintaining the reaction temperature between about 45-65°C. The

mixture is stirred an additional 0.5 hour at this temperature, and is there- after

heated at 70*C for about 2-3 hours. Primene 81-R (2362 parts, 12.6 moles) is added




(R), - Ar-((3~-XI~b (* -- -)Cwherein R is an aliphatic hydrocar byl
group having from about 4 to about 400 carbon atons, a is a,rénb rin the
range of zero to about 4, Ar is an aromatic group, each X is dﬁ_ﬂ)

sul'fur or oxygen) preferably oxygen, b is a nunber in the range from one to
about four) c is a nunber in the range of zero to about four, usually one
or two, with the proviso that the sumof a) b and c does not exceed the
nunber of ~ 9 J UN 2002 34 val eaoes_of Ar. In one enbodinent, R and a
are such that there is an average of 28 |east about ei ght ali phatlc car bon

at ons e esent Ar"
e oy OB i feBrich rpiUE Sonild iy e eRlReifnl BREVEG AB5uEY .
appencmi.‘)O‘fGJ Whenajl dfethwmﬁudiasaieeﬂradmhym&r&%ﬁon %’fm’b% fderé@nonucl ear
Ar i i n¢l ude bméene nmoi eties, such as 1,2, 4-benzenetriyl;

1,2,3 atfltey aid.zandbthe filtrate is the-desizes; amine; salt. containitrg-7.4%

2rret hy, I enetr| yl; 3-propoxy-1, 2,4, S-benzenetetrayl;

3-chl oé%égﬁéﬂﬁ(éhe%bz he' reyl; 1, 2, 3 5- benzenet et rayI

3-cycl ohexyl -1, 2, 4-benzenetriyl; BramphzBaycl opentyl 1, 2, 5benzenetriyl, and
pyr|d|ne and-q nethyl 3, 4, 5a~abenzene
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napht Hpintaining an stmesphess of mitrogens - sznethwpeﬂods w@ddamahmrmmm)

o- ot RECOR HEAIGRL fo 4 PaflBbatbOL S0 WEmbRianure of LR Ak afpF rmi?ﬂmse

" wher e ahigesiiat béencadded, the hiikiure s mmmal £31200C mlmaﬁkeame dédréd nked
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sul fidg ol ysul fide Ii nkages of 2 to about 6 sulfur atons.
Speci f I'C gxaggﬁ%? gj%? when it is |inked pol ynucl ear aromatic noiety

i nclude: 3,3',4,4",5-bi shenzenet eExmpte BHS( 3, 4- phenyl ene) et her;;
2 3-pheny|

3 methyl R57218% B (231" oles) S i iR Rhospbarie aeid, mixtese s prapered in
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prefer 0 t Q abou referably from about 0 about
prefe@bﬁ%’ﬁ#g%)aﬁfﬂé7é’t‘%“8%k EB’Yegf%)r atons. Exanpl es of R groups
i nclude butyl) isobutyl, pentyl, ?ﬁzxﬁé 5151 \gnyl , dodecyl, 5chi orohexyl,

t

A4- ethoxypentyl 3- cyclohex Ioctyl rlnethylheptyl propyl ene
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descri d o e 0 enes 2002 35 W this group of
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of at aminetsaltvontaifiing6.1%rplxisp herqse(tﬂl&rp,si Bfa)ent and 1 to 3 substituents

per nol ecule. In one enbodi nent) Lhe hﬁé%gcar byl substituent is derived
fromone or nore abovedescn' bed Afap

To 1500 parts (4.81 moles) of the alkyl phosphoric acid mixture prepared as in
Example P-3, there is added 1423.5 parts (5.29 moles) of Armeen O (oleyl amine)




1be above aromatic carboxylic acids are well known or can be prepared
according to procedures known in the art. Carboxylic acids ¢fQt
1 RN

illustrated by these fornulae and processes for preparing thelr 2and

+ basic netal salts are well known and di scl osed, for exanple, in U S

Patents 2,197,832; 2,197,835; 2,252,662; 2,252,6664; 2,714,092: 3,410, 798;
and 3,595, 791. In another enbodinent) the acidic organic conpound is a

sul fonie acid. The sulfonic acids i ncagude sul fonic and thiosul fonic acids,
preferably sul foni e ands. The sulfonia acids include the nono- or

pol ynuavezar periodrefi2chanrs dp el miticgeh atmespherp.o Wftar. all bé tie hatine idhdded)! f oni ¢
aci ds y_be represent ed f0LA the npst, rt by one of the follow ng
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al keny(theonyk3:59).al koxyal kyl, etc.: (R ~)+T contains a total of at |east
about 15 carbon atons; and R+ is al isgp%tic hydr ocar byl group contai ni ng
at |east about 15 carbon atonms. APPEE-S 19 37U PJ 2002 36 of R, are
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al ky}w@’ > %)t’ | east 8 carbons)) dil auryl beta-naphthyi sul fonic acids)

and al Phesphitesul foni c acids, such as dodecyl benzene "bottons" sul fonic

aci ds. Dodecyl benzene "bottons" sulfonic acids are the materjal |eftover

b s’
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N.Y. (1969). |~a another enbodiment) the acld rgani c co s a
phos pralkyls altkenyhioxi atyl. aWhen thechysiroearhylrgroup dnaniatylrgroup; themitcontainsr nor e

phos prRSIRESt b © ¢atfon BRARE Platira PRI R, BiRTIe RSP c of tne
above Predmplck @fakie atic/] arpiikenyd growpssintlude propiae butyl,teagh heptd, sutyl,i de
pi0 piRIFls HRGISYh LRV i EAeIPISS S0cay! B0EES FRleds SHERYL, BREBbLARRRYne and

h ' d ' 37

i SancP ROt 42, Pheldrifly SRS dricaiBil AgRHs Macpefifeay piobyh e, FaE

300" bC.heEﬁpllgdveptylyqaleyher phedylcgmﬁq:gefeazglﬂh;bsgi/po)ﬁl onp}mg)_tl atxrdomombo?_t 0. 05f9' 0.

t ou or from apo . 19 out S% e relatjve proportions o
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The phosphadru i Nl ng_aci are describa~3 in 883,
i ssuedvadableemmeneially.r Ersticiady usefubphosphites arg ditatylchydroger phespliitd,or

its di t P us, cont ai ni cj.ds d. net f oL, preparing
the s gteSF HidiobPh aMORSE MGG Ffroes ahdsflsaand riheorohowhitebhanol |
The phenols may be represented by the fornula (R); Ar-(OH) b, wherein R is
defined above; Ar is as aromatic group as described above; a and b are

i ndependent|ly cunbers of at |east one, the sumof a and b being in the
range of two up to the nunber of displaceable hydrogens on the aromatic
nucl eus or nuclei of Ar) which is defined above. In one enbodinent, a and b




38 above cited patents, for exanple, U S. Patent 2,61b, 904. Thgse

-di scl osures are incorporated by reference for their disclosur (QOUBNCBUUZ
acidic materials. Included within the known group of useful acidic
materials are liquid acids, such as formc acid, acetic acid, nitric acid,
boric acid, sulfuric acid, hydrochloric acid, hydrobrom c acid, carbamc
acid, substituted carbam c acids, etc. Acetic acid is a very useful acidic
mat eri al al t hough inorganic acidic cg) ounds such as HC, S02, S03, CQz,
H S, Nz03, ete., are ordinarily enplOyed as the acidic nmaterials.

Parti kel i . Wobdl ' cid.
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bases, promoters) and acidic naterials ari ety of specific
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henol ic prompter, the tenperature usually

pronotjng agent used. Wth a, [
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' odi nen e oyer base sglts are borated overbase al salts.
'eThe tfgfel?ﬂ%a{ rﬁ@&feﬁé{ M&J‘ygw}éﬂpﬂr@w &‘J’ij'ﬁfF gﬁ%ﬁ'ii ‘ﬁ@@h&”&yﬁ nore of
the alguvetiybendh afletibifptenfhleté M}@Mﬂﬁrﬁﬁ@ﬁl%ﬂﬁspﬁﬁ@ jgbove Dboron

conpounds. "' | ~e bor at ed "overl based tal sal'ts generally contains from about
0. 1% &pphenypbesphitsoy or from about 0.53'0 up to about 10% or from about

1% up to abQuh:.89. Laht, of . 1.he ra verbase sitions)
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~granl g of sodium hydroxide, and a neutralizing anopunt of additional sodium
" hydr omesulglrmeé&ﬁmmdm@emmmd liphatigesters zﬂfcﬁl?%@ﬁ BPRELET um

nydr Ouslnb I RIRE At PQIRIE st oot BRAL et HaRHP3GA EleaIded

sul fonic aci e'tenperature’o nrxture rs a G 1070
gr gngltufpend esr} XULB.ePalénts4,F755H§h1 discluses vlﬁﬂ’dnhwésulﬂﬂ'rmﬂn?sswphbtd of supplyinplv=430)
an i 42% wei ght, .active confent),.are agdde I J e mai ptgLni ng
the ¢ ani3er & seaction. ;s patent if Sacarpormied,BY biegr A firals eplosnuof SilBitag s
M=9S@ygiddpst i tuted succinic anhydride are added. - 838 grans of sodium

hydr oadde ~ are added. The tenperature is adjusted to 71' C. The reaction
m xture islblongrembodimend, theathiopliosphats ds atiieast dae compatind of thei s | ash
Costri p?@'ﬂc}gﬁe'lw C, and filtered to clarity to provide the desired product.
The p Gct 1s an overbased sodi um sul fonate having a base nunber

(bronophenoi bl ue) of 440, (RXyP=eX content of 19.45% by weight, a metal
ratio 20, asulfate ash content of 58% by weig and a sulfur content

f ht ,

of Lsa&essr eaeh ghis independently swlfur o oxygen, pravidedithat at nastione X ipsyliur,

1=at agplQuisrefadP R'8independently a hydrocarbyl group. The hydrocarbyl groups
are described above.




0.13 gram of an antifoam ng agent (kerosene sol ution of Dow c&&.db}hﬁ@@[)z

-Fluid having a viscosity of 1000 cSt at 25 C), and 133 grans of blend oil

is heated to 7479" Cwith stirring. 486 granms of boric acid axe added. The
reaction mxture is heated” to 121' Cto liberate water of reaction and
40-50% by weight of the CO contained in the product from Exanple | (a).
The reaction mxture is heated to 154160' C and mai ntai ned at that
tenperature until the free and total %\_zyater contests are reduced to 0.3% by
wei ght or | ess and approximately 1-2% by wei ght, respectively. Tl-~e

naq o, 10 kHARe eRanly Ryl o BB SRRE LOMRBN S bg ner el o1 10 5 U

Pl 2002 ao Exanple 13-6 (a) A m BxappleP-2000 grans of a primarily branched
chai n nono nzene, sul f oni Mn=50 771 grans of o-xylene, and
7S.2 gransibfé/aﬁgip |V§§?Aﬂ%ﬁ%'gfiﬁ¥§ef2m&)%%w eat) @i ¢ anhydride is
prepa @,Qgp o sium
oXi dertg a dne%@hhem g Pse{gg%?%aggll:@aégma gdné %% %ng&?r%fggﬁﬁm hyl
al coh@éimuwllgﬂahef s;ﬂfumas cadded everithree hohss. r'Fhetremtxon tdmpaaha'ehhomn with
77. 3 ?igq,ré c*x ten‘gﬁrat ure of . 49- 87,3 grans of
magne %5 258 SHE rr&“h?q PRy PIREESSY r@iﬁ“iﬁ Ispater are
addedm@edﬁéha $1RdGb| 195- gﬁﬁg!fﬂ di oxi de
at 49- 54 C. Tﬁe or eggu?gggéﬂ mg#nbhaw%gmﬁ%%p}r met PF Jiﬂ and

wat er heuss:) |'51F mmse@enﬁltmd éhm!xgb@mrnﬂcoansn gaamndemaﬁmm ise.

et no % SR plodhek Ths i BB A IR RO R BB AR <

cool eﬂmdulfuh(&se%me Yrity. 'lhe product is an overbased magnesium
sul fonat e unber bromg hepql bl uye) .of 400, a netal .content
of 9.3% bﬂ%ehaﬂxlahxa?ﬁwﬁp te 1850l by Giba-Gieigy pader thentrade name Fgalwbeoy, and
o odud Ao ‘%‘"*1'@%93‘*3‘2%@%@4‘?3 RS i BaniopticspBafiiindty 1 o7
C. BOdbde Batbﬁtrﬁdﬁﬂﬂn@pﬁbsfahﬁe{ &ipit-bitylphenythidphospRdled o
124" C, Bﬁthgﬁglque hours. The_reaction m. xture iS_maintalned at
121- 197- Fahat% wilayrylfbiopbesphate. tai-ptheptlphenydthiophosphate, on
m xtu until the water content is 3%
by \A/elﬂgﬁ ﬁogjﬂﬁaess és%ﬁjoﬁrgseualé@tr%dérqb x%’&lgﬁlé@]?'i |tered to provide the desired
pr oduBbdspefsantpr oduct contai ns 7. 63% magnesi um and 4. 35% boron. Exanple B-7
vessel is charged with ui val

A i 0. t f
o) buben The uiseitiiesoraieaioh coRbtRHAtes ATRLE Tt Mo IS0 ChBtarn At Joast
(Mh= 1o£&@ispe2s%htpﬂ TeBstbne BbRNEd ovbrbRSd salPbf hilacRiIE RSNt cOHiPDunblbed

phenol a 250 parts of 100 neutral mneral oil, The mxture I's heated to
80C apdnixturenf o ppmore dheseaf.cip spesmbodimensohis disparsantrsontainsde sol uti on

St n PO Thh Hopeiiiy AL hRed piint Fatidinli o3eRf Mibhbaierelli
148C. mm@dmmylmbsmuted ainfnespandvmixiurés thereof) The’dcylated amines h for

onehpu d25,mnu ile 150 parts of,water_is coll ected. 19J UP
2002 Betudfureasiion; RIRdNsts o cpeior Mok carbPRliscAs ¢Rre OB more

equi Vaf Gy showd aﬁm‘i‘ﬁ‘eda %&@g&'ﬁg‘ﬁﬂ%ﬁ*@ﬁoﬁﬂﬂiﬁéso'iubﬁ*aéddec' to the

reaction mxture a own"w'th nitrogen at 1 scfh. The
reactalkulamppb'amme&aor sondnnsedmminesa 140C where the reaction mxture is

b i t b t 1 d maue 1S0 part
of water | TBE SARMOPIE Scvtrting akedts dnetide fuboatint Hol e Ak, dmroc ana
272 pagigs, é&x&oﬁw Sacids tfif@r by Caddifion fihbdfb’oﬁl}‘lhéiﬁ Im on is added

whil e bl owi ng the m xtdre W th nltrogen at | xth reactlon tenperature
i s i nbydresatbyl substitatedrrarborylicasylatiog agentsurla one smbnﬁmpnh ther bon di oxi de

at 1 while 160 parts of water is collected.
The ré@%p I?Ja ]{}W%af?qﬁgléw%%ﬁgoc and where 250 parts of 100 neutral
m ner al 0| In anahedémbddﬁmbhﬁ thezaiboaylicracylatig agémts igelade %aﬁp&hﬁée i's
vacuum, d t 70C ,and t,he resi due ‘Ls filtered, throu a di atomaceous

ear t haCi e bR A REngpabsatuated: Alipbptigchain typieallyhaving from 3 8o
by ASéba\q:%gcfabwm chibRR AUl 1HAS orfd, BAE Tubdlly ﬂgﬁ(giegﬁfn dboit and

3?. 1% A reaction vessel 1s charg he product
of Exfowsl pendant acyclic lower alkyl groups. Specnﬁc examples of such isoaliphatic acids

‘Z-




B-7(a). The reaction mxture is heated to 75C where 34' 0 par (5
-equi val ents) of boric acid is added over 30 m nutes. The reaiﬁiin§42002e
is heated to 11.0C over 45 m nutes and the reaction tenperature is
mai*nt ai ned for 2 hours. A 100 neutral mneral oil (SO parts) is added to
the reaction m xture. The reaction mxture is blown with nitrogen at x scfh
at 160C for 30 mnutes while 95 parts of water is collected. Xylene (200
parts) is added to the reaction mxture and the reaction tenperature is

mai ntai ned at 130-140C for 3 hours. ¥Ae reaction mixture is vacuuns

v ouBiR G Ao Bapcic ARG 3Podfut TR oIk 29468 bor on ( heacet  cal

6. 43) 8afiethyBodt¥detdnoid beidi EFhél idaliphatic A6l indhadebittiihed-cRAin38dds xubri cant s
As previ ousl¥ i ndi cat ed)_the conbihation of a organic polysul 5de and the

phospRE¥RATed igemerizationafiqamumercial fatty weidss suchl agoleicadinolein apditel t hey
can fBﬂcfﬁitg'&cﬂfsi marily as antiwear) antiweld) and/or extrene pressure
agents. Lubricants oontainirtg this conbi nati on have inproved properties:
such as thThe dimentiidy include productp pesultivig from thecdimdriztioniof ty wear,

scuffing, oxidatjion,, surface fatigue, seal conpatibilit corr osi an

o dhruSaied g ok ol eherall chtcain s mesrog o bt 18 55 sb%6H, 2 - 200
12 2 YiEdih ubBhe 2811612680t 30aRSh Houfl VDIREr BLlS af dedthitedy OBV ! SCOST LY,
i ncluding natural and synthetic lubricating orls and m xtures thereof.

~' hesPatenits 2,483,760 2482361,c2,73L 4852, 728,219 21964545, R97TBA68sBA57,683nandd and
QR4 gnited int I ti i_nes,,.includi t onobi | d

ek ards B, e, A do0s SEEMG, s Refmraahasi e eeRpitene ana”

railroad diagéthepenitRslimefifl thbaltidsglic bAutikA Agdnts Ardaddiidh tdtbarylic

engi nes) stationary power engines and turbines and the |ike. Automatic or

manuaRCYlatifg; Agents.okhich arg additiom (42 and Aot 2)cpradustseian posaturatad fatty
et xEe e . _
o ol S8 RRCE B ORACIASEY BRH o0 iR GhE orghSfs Shsaniitid Bibbotic |

gr easeeagentsy whicloare described babewe Thesé mcidstdre taughtrindy & PateritiNoei n of the
conpogiti f th resent, jpnvention. Th nmay,al sp be used as w rerope,
wal ki mgﬁ% %&y&‘saB e et Whic dﬁé‘i“i?@%%‘ﬁﬁ?@}%”ﬁ%&t’?n%r m gear, bearing,
and rail a ' t ' : : MGal i Ng
 Alflahbhep enldoEAD the APOATAE ?ﬁgs@?ggges&gps gicartionsie

conposition contalns an oi e ol I's of
| ubr | agylating agentosExamples lof ddcacbonylid agylatmgnageats includer trimer agylating and
1 Xt ) t | Qi includ imal, oi ks, M | 1 i cat |
o 1 o) ik A5 Bk rebfta Brodch Bt af insair AR TRru S S iacHlaltie Hesnt Richi s, "0 1 <
i ncl ugpsdtiufhited #atbpacids) Snd A8l AphHBetaasitarated dirbuBgicl doylatihghygbnecar bon

oi |l's, al kyl ene, oxi,de pol yners, esters _of dicarboxylic acids_ and _pqlyois,

est er (SUSR 35BalSHo it850BiSn RN HtkREaR? agvlating jsants. Prefarablymaleic pevlating d
Sil i copedia) egnedd 5?@5@ s%am genmﬁmalgmﬁj ah Wzl L ?B@ﬁtg%.t& dbond

hydr otT eat’ed m ner r a-synt bri catl_E% ol | as a
pol yoB@&fomabaytdatepabeutods, erdoidbait 6 carbonibtimst The tvimercadylatingcl ude XHVI

b 00N, i i zed b Q.01 Ysul fur/ |41 V17,
Toon PEGIRE P Biehaie Bycbe, BRRE 5B e S mor anet Pt R e IPORE e
basesinepk, the. ibdrtraiyfiea léﬁﬂgdgemaia%éiiﬁ%éis dudedf vRK dranerd ock (0.0x%

sul fur/ 146 VI); re$ned baseSt ocks, suc ON sql vent refined paraffinic
ni ner unsagurated cadbaylic acyladng wgent, sednasan wasaturased fatly agishoneni ¢ ni ner al

o | SoAi 4 iyl AR N AR A L
par af fdageht Theaihtutated Carbbigliviichpérts firclivde unsHidrated \carboxylioneills Rimr

hydrotreated parafénic mneral oil (0.08%sulfur/ 127 V1), and 150N sol vent
refi mm%&m&w&@e&vw@r thereofysurby 33 anhydridgs,1es8813 pmiges, 1mideg,; saltsy

descrijdii 4 S: I | | I S5l . Nigps

4 g ] LR 6, fid ’Z‘,tﬂfeishgh%gtﬁﬁtgﬁﬁﬁd Pogile fgghs iridude mondh uf ren
63, itetracarhaxylic meagents.i Specifiorexampldsyofrusefulanonobasic unsaturated eathaxyl-o oil's
of lulbrj i viscosity. tn one enpadi ment, the oil.of .lLubricating

Vi sco% %{i/&% 31%2‘%?’?3%#%'3%4'8%9{&? Igﬁ\@fb .Clnﬂ?ﬂ?‘ﬁé‘ic*‘{]])cr?tﬁé‘lcpﬁ‘f‘Qal pha-ol efins are
deri hen GPéiﬁiiEhé'dh%Yd.nEE iclRidsie A 4 to
about 20, g?]rfrom.abolyf 6 toxaglgllﬁfsl 6 cgélgonlatonéﬁ&%xng%?ggwg‘ﬁﬂgieef ul PAGs
i ncl verhydsisiee fumnrioagid, noesagonisrasid, Titarosicueid andycitracenia acids c Ginegaliy,r om
about 3 to about 1SO or fromabout 4 to about 100, or from about 4 to
about 8 cSt at 100" G Exanples of PAGs include 4 cSt polyolefns, 6 cSt

pol yol efins) 40 cSt polyol efins and 100 cSt pol yal phaol eFns. 1 n one

enbodi ermt, the lubricating conposition contains an oil of lubricating
viscosity vuhich has an iodine value of |ess than about 9. Iodine value is




according to ASTM 17-4Q0. I n one enbodi nent, the oil of lubricating )
viscosity has a iodine value | ess than about 8) or |less than 1a§oam,
lessthan about 4. In one enbodinent) the oil of |ubricating'v¥s tm
selected to provide lubricating conpositions with a kinematic viscosity of
at |east about 3.5 cSt) or at |east about 4.0 cSt at 100C. In one

enbodi nent, the lubricating conpositions have an SAE gear viscosity grade
of at |east about SA$ 75W The |ubricatikng conposition may al so have a
so-cal |l ed g;ltigrgtge l{bg’ti ng such as SAE 75W 80, 75W90, 75W90, 75W 140,
80W 90, safgratabvd lis redp¥he i | ri gants may include a

vi scosi {xyn. oxer i ct"‘uyi s ef%lgr mul gtglgigwwﬁﬂ[ﬂﬁfd?%g %ﬁ? YriOMEE eStex: €48 those

Vi scosi y% §PF 48an fight Gachon Homisc dlnt o embodimbt| the WhstG™by | MProvers
i ncl udedicatboaylic B&Hatig" ol efins, such as ethyl ene-propyl ene
copol yngrs, ogfr,' po%%ﬁ‘%ﬂ%ﬁg 4"'382@*%“@%? Gﬂiﬂﬁrwwmdﬁ.uphoraﬁbus uch
as st yrttherdiennbow lBrup;tcyabm3@6&'!763%&&5??%#1&%88%30r ] ates). .

i el udi#?]aq@ly t hacryl ates. | n one enbodi nent, e Pt ??thﬂ’%%r is a
pol yol €171 Of %P'Wﬁ’&@rgw 104G available commersially &ém %&? #ﬂqgﬁ,{ gially
I ncl udqWeimoviaﬁ%t%wwg avai | abl e f Fom Rohm -1aas; €S

Shel I vis"'" rubbers avalla @mm&emic‘il,iinﬂ]ﬂniaymeolmners,

such ad@vailable vomrhe A Uniéd 0 ially from Uniroyal Chem cal
Co., and Lu&rli zol, 3100 series and 53%%@°’b‘olyrrers, such as |, u~bri zol

3174 avai | af @0PHish emiodiment,thie c@rbmyliaticylati ' the oil of
Potie acslating Béitis HRIIOIRAN

| ubri csubstituteldS&Rdbiviol s, at .| gast. qne es o) i c acid.
- Typi Calela%iattiﬁ; estg? lgoﬁfﬁﬁ%nifefmoﬁﬁﬁﬁwgf"@f@)d substitutebearbosflés abl y from
- about agents Are prepared i n_ato i n 19J U
‘' pv 2008nd%r 8% er r%u . 'Iail_?r)gé,acggh\c/\?el asré}? %% or pplyatkene with
speci frcati ot & ea?‘?g&",e é)%éﬂbédu@asmmtedmaxbdxy]ﬁ‘é téagentk, behe Wm‘;&g%
Exanpl oh eonthi | ' d I ric, adipic, pinelfc, suberic,
o Rer oy otairs Beth a8 48 dhol Joer Froen about

azel ai nd sebacic. |:, xanple of e 9 ¥p, tocabiotit, decyl ,
d dotlh @F feemeabayt d6 tdlab ' ] | |
br 4 s o oo et a o AR bolE SUL4S dolf 3p0 Ry ptcie.

b ; h '

pég??i‘ﬁfgﬁ?ﬁ%lﬁﬁﬁééﬁ%m“ 'ﬂ?n‘iéé{n??egfmﬁsafrm iboutS p46aboueap! o

Addi ti a S _ ; " . : b

funct !e’;ﬁg‘“‘i Tl e o abGubds, S REH SBUN 1 i 10 3baut P rarhonatoure tmdner

anti we odjmens, y¥dserarhyl groupi may be alesived Rt Gal blefn "ﬁprie(ﬁn%: L

Auxi | itppica ﬂy% %ﬁap&gt %qsnﬁtbs g%l corrosi on and oxXl da on TN biting

agent s_whi g;@ﬁrrg(/ he !gg g]e L PHE Vs 05 iremnabous dita _abm:&?lw&dnhmté@gf t he
t;ntﬁﬁe aneppreféral Wﬁ : ) nat e al i i C

Ih%(ra(r)]ti%xnmgf h, as.chl or.yi)?:'gt ed ol es gﬁgﬁ‘ﬁ’ﬁg{gg‘{}}%*%ﬂsmiyﬁgﬁn%ggh as

bor at e epox?%ﬁ“bﬁ&’%ﬂﬁ‘w ﬂ@haﬂﬁﬁqshoEmmliepbﬂhe&l]ﬂ:ab@kﬁhﬁ ifidh@es of

_one oi-cuteme, F-nbhéne 0 c . |. & hi ocarbamat €s, such as zI nc
* di oct yl.di tai ocar barra?ee,’&ae?\%’ g%’g’gg%dtﬁﬁ%l -tstradecens, apentadecene,
© di thi §BEBdfeAne, dheptaddcene; 1.etadesate, dondtizadbkie, Al efdi WeGHBARL AT d and
acryl lwgéﬂ(}aqgﬁk#% nal eFi c,. fumaric or itaconic es?e s’? _ed'x_elmgne,
reaction prodact of cartie Fi%nfemmersialiy availabletalpha-otefth frattivhs fifdt)cag! ©) ;

di t hi be asedindlede ohé @),4), Aplatblas rep;?f,gg EF{ mﬁthif) arbamc acid and an
acryl g_e(# .g..the reaction product®t?d b fﬂsa 416 P n8i Sulis i de,
and a@% a ﬁ%g;claiak%h”@rél‘-‘(ﬁ!l;p% dlphhiolefing) Qﬂpﬁ@ofkﬂdﬁe%%@ or
phenyolefias,éte( di but yi di t hi ocarbamate); and sultur-couple Hi S anat es
(e.g. bi s(rgal kyl di t hi ocar banoyl ) disulfides). Many of the above-nentioned
auxi | i ary ‘8xanather empodineritc tho § ﬁ;cﬂﬂ,? i gn- oxidati on | nhi bitors al so
serv nggl%i ar, alg‘ﬁnt 3 T?le Iug‘?i cat'lngwcu?%o Vleé R PP angaal
f1ui gs v 2 Cont i HCLREs Pwmrﬂnpdhmdlgmmupbgmmea ilizers,
met almonamers/bivif I b= nt Pour poi nt depressan are a
par ticul grl y usef%lf%ﬁg;%?agggﬁ)f@eoa%@? PRAP AROYL 65 of Hrom b to abbing oi | 3
descr IGORAtems. The-olefias ahay be marnvolefifi Qicmfsoéﬁ,;@ﬂt? i n.oil-based
conpqssﬁtgggsisagu%r oye . l.ow tenperature properties<or of F‘-’WJ%’%} -
conpositions Is © Eﬂg\&ﬁ?"‘f"ﬁeﬂ’fep%!mlﬁﬁmmomemmhahsﬁmﬁ,igf
" Lubmaenomenddsiuch V,8buthdie r d Kepnedy Sm t'h (Lezius-Hiles
Co. Btg)éhs her,s, C evel and?e\éﬂlllldog %‘gﬁs’l .ﬁ%x%!?ﬁf‘%ﬂ}&fm&bﬂwnmonmmid
depr €55 2RPYe deser ﬂ)ﬁiﬁh?r@hﬁﬂmthsonqoahboanﬂéﬁ%i fb%l%yré 2002 45
pol yacryl am des; condensati on products of hal opar 8l.lf‘?l naxes 4nd aromatic
conpounds; vinyl carboxylate polyners; and terpolyners of dialkylfumarates,
vinyl esters of fatty acids and al kyl vinyl ethers. Pour point depressants

useful for the purposes of this invention, techniques for their preparation
and their uses are described in U S. Patents 2,387,501, 2,015, 748;
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These additional additives; whermr-used, are present in the inventive __

lubricating and functional fluid conpositions at sufficient T: ncgnt ratjons
to provide the conpositions with enhanced properties dependi ng JMJ ?b{ézr

i ntended use. For exanple, the pour point depressant axe added at
sufficient concentrations to provide the inventive conpositions with
enhanced pour point depressant characteristics, while the antifoam agents
are added at suf5cient concentrations to provide the inventive conpositions
with enhanced antifoam ng characteri6ics. Generally, each of these
additional additives are present in the lubricants and functional fluids at
concehemapolnaes r knPas stbadiment, the homeprlymsn is nglxbutwes suth abBut 0.5%

Th I t bout
10% o Wén% B dol8 3028 B WEDEPck sEREAG ey AT 30,5,
wei ghpo. areriprepared tby d;olhseﬂm:tt{]aﬂ cedgb;resonhnﬁne ce:(nsbadiﬁat.rthleess t han
2% t 1% I ght ' t, |
anot ﬁépfaﬁfsfe@ %ﬁeracsefrﬁth’éwoiiim omioe s taabonf aldokr ko shauty
addi t Byeg) tdRbGe 400, %?)ﬁc%ta'abepbs%ghat&%ut 304 @W@d atdHhs. 20 Gpene earth

netal “borates. In another enbodi ne the conbination o e organic
pol ysatrfhodamand the @o&y&kdmsm@hammmedlbym Mn t(hnmblempemgeano}ecblaron

d t t t th b
CompOYRIR e R RF B 5B e Bt " RIS RGBT, "
f or nukRAREtdrisedl ¥yaBAving IHEMECE&ﬂer'b%E 50@‘ MEQO%H@'SWO%I' ERa% abede 700

substantially inert organic di]lucnt, i ncl udés kerosene, m neral

di sti upatpe%bousr 08Rcob from abousf8Q0ep to IZ%OQ;fonfwn. ahaut RP0UR: t aboyt 2000 ussed

Sbout 1p agbther srhbodiniel, M ey ok B 380 up &' bR 0, P sfEimGBRE' 1" O
about 760 %p w/woutplaoo eb firdim aeaﬁmom\q» gﬂmhboﬁt 1200.conbi nation. In one

enmbodi nent concentrates contain. fr % up to,about ,49.9% or from
oo O T A raHspa MDcis fhe, SRRtioRal HEIORH JepHescRHRE, GHIbET AV B8 w o

exanp t @pcg he rpesent
| nvenﬁ‘gn&ﬂghﬁﬁ % gearapsﬁr@(?gnr}t“b?ﬂﬂ? cpar e %ﬁ%@@?;ﬁ@a I ng 3.5% of
t he ppoovides bbﬂfwaxght avérhge and xﬂuxﬂ%rdverigc molnh:bir wé:ghﬂamtvell fas3he0. 5% by
wei gh di hos
'F1 oh e BRletisHEEH S BhESE P i 5 B B atfesie i Bif inveptigne
series of fractionated polymers of isobutene, polylsobutene, is used as the calibration
standard in the GPC. The techniques for determining Mn and Mw values of
polymers are well known and are described in numerous books and articles. For

example, methods for the determination of Mn and molecular weight distribution of
polymers is described in W.W. Yan, J.J. Kirkland and D.D. Bly, "Modern Size
Exclusion Liquid Chromatographs", J. Wiley & Sons, Inc., 1979.

In another embodiment, the polyalkenes have a Mn from at least about 1300,
or from about 1500, or from about 1700. In one embodiment, the polyalkenes have a
Ma from about 1500 up to about 3200, or from about 1500 up to about 2800, or from

" about 1500 up to about 2400. In a preferred embodiment, the polyalkene has a Mn

from' about 1700 to about 2400. The polyalkenes also generally have a Mw/Mn from
about 1.5 to about 4, or from about 1.8 to about 3.6, or from about 2.0 to about 3.4.
The bydrocarbyl substituted carboxylic acylating agents are described in U.S. Patent
3,219,666 and 4,234,435, the disclosures of which is hereby incorporated by reference.

The acylating agents may be prepared by reacting one or more of the above
described polyalkenes with an excess of maleic anhydride to provide substituted -
succinic acylating agents wherein the number of succinic groups for each equivalent



Exanple Il A lubricant is prepared as described in Exanple |, except except
0.4% by eight of di(d,~$) hydrogen phosphate is used in pl ai$ BQ/U(N MI
hydr ogen phosphate. , Fxanple IIl A gear lubricant is prepar

i neorporating 4% of the product of Exanple S-3, 1.2% by weight of Irxanple
P-6, 0.2%dioleyl phosphate, and 0.2% by wei ght o the product of Exanple
P-9 into an SAE 80W90 lubricating oil mxture. Exanple IV A gear

| ubricant is prepared by |ncorporat| _g 35% of the product of Exanple S-4,

0. 75% of the product of Exanple P-3 35% of di butyl hydrogen - phosphate,
and 0. 3%, of the product of  Exanple P—9 I nto,an SAE 80W 90 Iubr| oi |

mi xt uwexzhmfrfagwmem g@yp. -8 PRbaMenyLgIaupp it alileast afeaut; 1.Bcpref Yeabpl e |V

S E eSO S 03, M0 B S
1% génerlaﬂy moo@mo&edoébcﬁnatﬁ;lca preferablyl aboat 3tSe Apsuithbie raﬁgeEmﬁ'pme B-6

Gr €4S gBout 47 up to aboutzgg or zrom about 1.5 up to about 2.5 succinic groups per

equivaient weight of substituent groups.
The carboxylic acylating agents are known in the art and have been described

in detail, for example, in the following: U.S. Patents 3,215,707 (Rense); 3,219,666
(Norman et al); 3,231,587 (Rense); 3,912,764 (Palmer); 4,110,349 (Cohen); and
4,234,435 (Meinhardt et al); and U.K. 1,440,219. The disclosures of these patents are
hereby incorporated by reference. These patents are incorporated herein by

reference for their disclosure of carboxylic acylating agents and methods for making
the same.
In another embodiment, the dispersant may also be a carboxylic ester. The
carboxylic ester is prepared by reacting at least one or more of the above carboxylic
acylating agents, preferably a hydrocarbyl substituted carboxylic acylating agent, with
at least one organic hydroxy compound and optionally an amine. In another
embodiment, the carboxylic ester dispersant is prepared by reacting the acylating
agen:t with at least one of the above-described hydroxyamines.
The organic hydroxy compound includes compounds of the general formula
—_ R"(OH),, wherein R" is a monovalent or polyvalent organic group joined to the -OH
groups through a carbon bond, and m is an integer from 1 to about 10 wherein the
hydrocarbyl group contains at least about 8 aliphatic carbon atoms. The hydroxy
compounds n:ay be aliphatic compounds, such as monohydric and polyhydric alcohols,
or aromatic compounds, such as phenols and naphthols. The aromatic hydroxy

' compounds from which the esters may be derived are illustrated by the following
specific examples: phenol, beta-naphthol, alpha-naphthol, cresol, resorcinol, catechol,
p.p’-dihydroxybiphenyl, 2-chlorophenol, 2,4-dibutylphenol, ete.

The alcohols from which the esters may be derived generally-contain up to
about 40 carbon atoms, or from 2 to about 30, or from 2 to about 10. They may be
monohydric alcohols, such as methanol, ethanol, isooctanol, dodecanol, cyclohexanol,
etc. The hydroxy compounds may also be polyhydric alcohols, such as alkylene
polyols. In one embodiment, the polyhydric alcohols contain from 2 to about 40



Where the lubricant is to be used in the formof a grease) the lubricating
oil generally is enployed in are anount sufficient to bal ance the total
grease conposition and, generally, the grease conpositions 'Illiﬂgégbf
various quantities of thickeners and other additive conpone £ de
desirabl e properties. The organic polysulfide is generally present in an
anount from about 0.1% up to about 10% or from about 0.5% up to about 5%y
wei ght. The overbased conposition or the phosphorus or boron conpound is
general ly present in an anpunt front&bout 0.1% up to about 8% or from
about 0.5% up to about 6% by weight. A wide variety of thickeners can be
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The carboxylic ester dispersants may be further reacted with at least one of the

- above described amines and preferably at least one of the above described
polyamines, such as a polyethylenepolyamine or a heterocyclic amine, such as
aminopropylmopholine. The amine is added in an amount sufficient to neutralize any
nonesterified carboxyl groups. In one embodiment, the carboxylic ester dispersants
are prepared by reacting from about 1 to about 2 equivalents, or from about 1.0 to
1.8 equivalents of hydroxy compounds, and up to about 0.3 equivalent, or from about
0.02 to about 0.25 equivalent of polyamine per equivalent of acylating agent. The
carboxylic acid acylating agent may be reacted simultaneously with both the hydroxy
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poly(butene)tetraethylenepentamine; N,N-dimethyl-N’-poly(propylene)-1,3-
propylenediamine and the like.

In another embodiment, the dispersant may also be a Mannich dispersant.
Mannich dispersants are generally formed by the reaction of at least one of the above
desctibed aldehydes, such as formaldehyde and paraformaldehyde, at least one of the
above described amines and at least oue alkyl substituted hydroxyaromatic compound.
The reaction may occur from room temperature to about 225°C, or from about 50° to
about 200°C, or from about 75°C to about 150°C. The amounts of the reagents is
such that the molar ratio of hydroxyaromatic compound to formaldehyde to amine is
in the range from about (1:1:1) to about (1:3:3).
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Typically, the borated dispersant contains from about 0.1% up to about 5%, or
from about 0.5% up to about 4%, or from 0.7% up to about 3% by weight boron. In

Chemical Reviews,

one embodiment, the borated dispersant is a borated acylated amine, such as a
borated succinimide dispersant. Borated dispersants are described in 3,000,916;
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borated dispersants.

The following examples relate to dispersants useful in the present invention.
_Example B-1
(a)  An acylated nitrogen composition is prepared by reacting 3880 grams of
the polyisobutenyl succinic anhydride, 376 grams of a mixture of triethylenetetramine
and diethylenetriamine (75:25 weight ratio), and 2785 grams of mineral oil in toluene
at 150°C. The product is vacuum stripped to remove toluene.
(b) A mixture of 62 grams (1 atomic proportion of boron) of boric acid and
1645 grams (2.35 atomic proportions of nitrogen) of the acylated Pitrogen
composition obtained from B-1(a) is heated at 150°C in nitrogen atmosphere for 6
hours. The mixture is then filtered and the filtrate is found to have a nitrogen
content of 1.94% and a boron content of 0.33%.
Example B-2
A mixture of 372 grams (6 atomic proportions of boron) of boric acid and 3111
grams (6 atomic proportions of nitrogen) of a acylated nitrogen ct;mposition, obtained
by reacting 1 equivalent of a polybutenyl (Mn=850) succinic anhydride, having an
acid number of 113 (corresponding to an equivalent weight of 500), with 2 equivalents
of a commercial ethylene amine mixture having an average composition
corresponding to that of tetraethylenepentamine, is heated at 150°C for 3 hours and
then filtered. The filtrate is found to have a boron content of 1.64% and a nitrogen
content of 2.56%.
Example B-3
Boric acid (124 grams, 2 atomic proportions of boron) is added to the acylated
nitrogen composition (556 grams, I atomic proportion of nitrogen) of Example B-2.
The resulting mixture is heated at 150°C for 3.5 hours and filtered at that
temperature. The filtrate is found to have a boron compound of 3.23% and a
nitrogen content of 2.3%.
Example B-4
(a) A reaction vessel is charged with 1000 parts of a polybutenyl (lcfn=1000
substituted succinic anhydride having a total acid number of 108 with a mixture of 275
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heated to 150 to 160°C and held for four hours. The reaction is blown with nitrogen

to remove water,

(b) A reaction vessel is charged with 1405 parts of the product of Example B-
4(a), 229 par.ts of boric acid, and 398 parts of diluent oil. The mixture is heated to
100 to 150°C and the temperature maintained until water is removed. The final
product contains 2.3% nitrogen, 1.9% boron, 33% 100 neutral mineral oil and a total
base number of 60.

As described above the lubricating compositions, concentrates and grease
additionally contain at least one overbased composition or at least one phosphorus or
boron compound, or mixtures of two or more thereof. In one embodiment, (B) is an
overbased metal salt and is present in an amount from about 0.5% to about 4%, or
from about 0.7% to about 3%, or from about 0.9% to about 2% by weight of the
lubricating composition.

Overbased Metal Compositions

Overbased metal compositions are characterized by having a metal content in
excess of that which would be present according to the stoichiometry of the metal and
the acidic organic compound. The amount of excess metal is commonly expressed in
metal ratio. The term "metal ratio" is the ratio of the total equivalents of the metal
to the equivalents of the acidic organic compound. A salt having a metal ratio of 4.5
will have 3.5 equivalents of excess metal. The overbased salts generally have a metal
ratio from about 1.5 up to about 40, or from about 2 up to about 30, or from about 3
up to about 25. In one embodiment, the meta] ratio is greater than about 7, or
éreater than about 10, or greater than about 15.

‘The overbased materials are prepared by reacting an acidic material, typically
carbon dioxide, with a mixture comprising an acidic organic compound, a reaction
medium comprising at least one inert, organic solvent for the acidic organic
compound, a stoichiometric excess of a basic metal compound, and a promoter.
Generally, the basic metal compounds are oxides, hydroxides, chlorides, carbonates,
and phosphorus acids (phosphonic or phosphoric acid) salts, and sulfur acid (sulfuric
or sulfonic) salts. The metals of the basic metal compounds are generally alkali,
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manganese, cobalt, nickel, copper, and zinc, preferably sodium, potassium, calcium,
and magnesium.

The acidic organic compounds useful in making the overbased compositions of
the present invention in;:ludc carboxylic acylating agents, sulfonic acids, phosphorus -
containing acids, phenols, or mixtures of two or more thereof. Preferably, the acidic
organic compounds are carboxylic acylating agents, sulfonic acids, or phenate. In one
embodiment, the carboxylic acylating agent are described above, such as the
hydrocarbyl substituted carboxylic acylating agents.

In another embodiment, the carboxylic acylating agent is an
alkylalkyleneglycol-acetic acid, or alkylpolyethylenegl;col-acetic acid. Some specific
examples of these compounds include: iso-stearylpentaethyleneglycol-acetic acid;
iso-stearyl-O-(CH,CH,0),CH,CO,Na; lauryl-O-(CH,CH,0), .~-CH,CO,H;
lauryl-O-(CH,CH,0), ,CH,CO,H; oleyl-O-(CH,C-H,0),-CH,CO,H;
lauryl-O-(CH,CH,0), sCH,CO,H; lauryl-O-(CH,CH,0)-,,CH,CO,H;
lautyl-O-(CH,CHZO)16CH,COZH; octyl-phenyl-O-(CH,CH,0),CH,CO,H;
octyl-phenyl-O-(CH,CH,0),,CH,CO,H; 2-octyl-decanyl-O-(CH,CH,0),CH,CO,H.
These acids are available commercially from Sandoz Chemical Co. under the
tradename of Sandopan acids.

In another embodiment, the carboxylic acylating agents are aromatic carboxylic
acids. A group of useful aromatic carboxylic acids are those of the formula

(R), — Alf-(C(X)°XH)b
(XH),

2

wherein R. is an aliphatic hydrocarbyl group having from about 4 to about 400 carbon
atoms, a is a number in the range of zero to about 4, Ar is an aromatic group, each X
is independently sulfur or oxygen, preferably oxygen, b is a number in the range from
one to about four, ¢ is a number in the range of zero to about four, usually one or

two, with the proviso that the sum of a, b and ¢ does not exceed the number of
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valences of Ar. In one embodiment, R. and a are such that there is an average of at
least about eight aliphatic carbon atoms provided by the R. groups.

The aromatic group as represented by "Ar", as well as e]sewhere in other
formulae in this specification and in the appended claims, may be mononuclear or
polynuclear. Examples of mononuclear Ar moieties include benzene moieties, such as
1,2,4-benzenetriyl; 1,2,3-benezenetriyl; 3-methyl-1,2,4-benzenetriyl; 2-methyl-5-ethyl-
1,3,4-benzenetriyl; 3-propoxy-1,2,4,5-benzenetetrayl; 3-chloro-1,2,4-benzenetriyl;
1,2,3,5-benzenetetrayl; 3-cyclohexyl-1,2,4-benzenetryl; and 3-azocyclopentyl-1,2,5-
benzenetriyl, and pyridine moieties, such as 3,4,5-azabenzene; and 6-methyl-3,4,5-
azabenzene. The polynuclear groups may be those where an aromatic nucleus is
fused at two points to another aromatic nucleus, such as naphthyl and anthracenyl
groups. Specific examples of fused ring aromatic moieties Ar include: 1,4,8-
naphthylene; 1,5,8-naphthylene; 3,6-dimethyl-4,5,8(1-azonaphthalene); 7-methyl-9-
methoxy-1,2,5, 9-anthracenetetrayl; 3,10-phenathrylene; and 9-methoxy-
benz(a)phenanthrene-5,6,8,12-yl. The polynuclear group may those where at least two
nuclei (either mononuclear or polynuclear) are linked through bridging linkages.
These bridging linkages may be chosen from the group consisting of alkylene linkages,
ether linkages, keto linkages, sulfide linkages, and polysulfide linkages of 2 to about 6
sulfur atoms. Specific examples of Ar when it is linked polynuclear aromatic moiety
~——  include: 3,3’,4,4',5-bisbenzenetetrayl; di(3,4-phenylene)ether; 2,3-phenylene-2,6-
naphthylenemethane; and 3-methyl,9H-fluorene-1,2,4,5,8-yl; 2,2-di(3,4-
phenylene)propane; sulfur-coupled 3-methyl-1,2,4-benzatriyl (having 1 to about 10
thiomethylphenylene groups); and amino-coupled 3-methyl-1,2,4-benzatriyl (having 1
to about 10 aminomethylphenylene groups). Typically Ar is a2 benzene nucleus, lower
;Jkylene bridged benzene nucleus, or a naphthalene nucleus.

The R. group is a hydrocarbyl group that is directly bonded to the aromatic
group Ar. R. typically contains from about 6 to about 80, preferably from about 7 to
about 30, preferably from about 8 to about 25, preferably from about 8 to about 15
carbon atoms. Examples of R. groups include butyl, isobutyl, pentyl, octyl, nonyl,
dodecyl, S-chlorohexyl, 4-ethoxypentyl, 3-cyclohexyloctyl, 2,3,5-trimethylheptyl,
propylene tetramer, triisobutenyl and substituents derived from one of the above
described olefins or polyalkenes.
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Within this group of aromatic acids, a useful class of carboxylic acids are those

of the formula

0[O —ccoom,

) |\)<0H>c

wherein R. is defined above, a is 2 number in the range of from zero to about 4, or
from 1 to about 3; b is a number in the range of 1 to about 4, or from 1 to about 2, ¢
is a number in the range of zero to about 4, or from 1 to about 2, and or 1; with the
proviso that the sum of a, b and ¢ does not exceed 6. In one embodiment, R. and a
are such that the acid molecules contain at least an average of about 12 aliphatic
carbon atoms in the aliphatic hydrocarbon substituents per acid molecule. Typically,
b and ¢ are each one and the carboxylic acid is a salicylic acid.

In one embodiment, the salicylic acids are hydrocarbyl substituted salicylic
acids, wherein each hydrocarbyl substituent contains an average of at least about 8
carbon atoms per substituent and 1 to 3 substituents per molecule. In one
embodiment, the hydrocarbyl substituent is derived from one or niore above-
described polyalkenes. |

The above aromatic carboxylic acids are well known or can be prepared

_ according to procedures known in the art. Carboxylic acids of the type illustrated by
these formulae and processes for preparing their neutral and basic metal salts are well
known and disclosed, for example, in U.S. Patents 2,197,832; 2,197,835; 2,252,662;
2,252,664; 2,714,092; 3,410,798; and 3,595,791.

In another embodiment, the acidic organic compound is a sulfonic acid. The
sulfonic acids include sulfonic and thiosulfonic acids, preferably sulfonic acids. The
sulfonie acids include the mono- or polynuclear aromatic or cycloaliphatic compounds.
The oil-soluble sulfonic acids may be represented for the most part by one of the
following formulae: R¢-T-(SO,),H and R,~(SOy),H, wherein T is a cyclic nucleus
such as benzene, naphthalene, anthracene, diphenylene oxide, diphenylene sulfide,
and petroleum naphthenes; R, is an aliphatic group such as alkyl, alkenyl, alkoxy,
alkoxyalkyl, etc.; (R,)+T contains a total of at least about 15 carbon atoms; and R, is
an aliphatic hydrocarbyl group containing at least about 15 carbon atoms. Examples
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are groups derived from petrolatum, saturated and unsaturated paraffin wax, and one
or more of the above-described polyalkenes. The groups T, R,, and R, in the above
Formulae can also contain other inorganic or organic substituents in addition to those
enumerated above such as, for example, hydroxy, mercapto, halogen, nitro, amino,
nitroso, sulfide, disulfide, etc. In the above Formulae, a and b are at least one.
A preferred group of sulfonic acids are mono-, di-, and tri-alkylated benzene
and naphthalene sulfonic acids including their hydrogenated forms. Illustrative of
synthetically produced alkylated benzene and naphthalene sulfonic acids are those
containing alkyl substituents having from about 8 to about 30 carbon atoms, or from
about 10 to about 30 carbon atoms, or from about 12 up to about 24 carbon atoms.
Specific exa.mples of sulfonic acids are mahogany sulfonic acids; bright stock sulfonic
acids; sulfonic acids derived from lubricating oil fractions having a Saybolt viscosity
from about 100 seconds at 100°F to about 200 seconds at 210°F; petrolatum sulfonic
acids; mono- and polywax-substituted sulfonic acids; alkylbenzene sulfonic acids
(where the alkyl group has at least 8 carbons), dilaurylbeta-naphthyl sulfonic acids,
and alkaryl sulfonic acids, such as dodecylbenzene "bottoms" sulfonic acids.
Dodecylbenzene "bottoms” sulfonic acids are the material leftovér after the
removal of dodecylbenzene sulfonic acids that are used for household detergents.
The "bottoms" may be straight-chain or branched-chain alkylates with a straight-chain
dialkylate preferred. The production of sulfonates from detergent manufactured
by-products by reaction with, e.g., SO,, is well known to those skilled in the art. See,
for example, the article "Sulfonates" in Kirk-Othmer "Encyclopedia of Chemical
Technology", Second Edition, Vol. 19, pp. 291 et seq. published by John Wiley &
Sons, N.Y. (1969).
In another embodiment, the acidic organic compound is a phosphorus
containing acid. The phosphorus containing acids are one or more of the above
described phosphorus containing acids. In one embodiment, the phosphorus -
containing acid is the reaction product of one or more of the above polyalkenes and a
phospho;'us sulfide. Useful phosphorus sulfide sources include phosphorus
pentasulfide, phosphorus sesquisulfide, phosphorus heptasulfide and the like. The
reaction of the polyalkene and the phosphorus sulfide generally may occur by simply
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Generally, the products have a phosphorus content from about 0.05% to about 10%,
or from about 0.1% to about 5%. The relative proportions of the phosphorizing
agent to the olefin polymer is generally from 0.1 part to 50 parts of the phosphorizing
agent per 100 parts of the olefin polymer. The phosphorus containing acids are
described in U.S. Patent 3,232,883, issued to LeSuer. This reference is herein
incorporated by reference for its disclosure to the phosphorus containing acids and
methods for preparing the same.

In another embodiment, the acidic organic compound is a phenol. The
phenols may be represented by the formula (R.),-Ar—(OH),, wherein R. is defined
above; Ar is an aromatic group as described above; a and b are independently
numbers of at least c;ne, the sum of a and b being in the range of two up to the
number of displaceable hydrogens on the aromatic nucleus or nuclei of Ar, which is
defined above. In one embodiment, a and b are each independently numbers in the
range from one to about four, or from one to about two. In one embodiment, R. and
a are such that there is an average of at least about eight aliphatic carbon atoms
provided by the R. groups for each phenol compound. '

Promoters are often used in preparing the overbased metal salts. The
promoters, that is, the materials which facilitate the incorporation of the excess metal
into the overbased material, are also quite diverse and well known in the art. A
particularly comprehensive discussion of suitable promoters is found in U.S. Patents
2,777,874, 2,695,910, 2,616,904, 3,384,586 and 3,492,231. These patents are
incorporated by reference for their disclosure of promoters. In one embodiment,
promoters include the alcoholic and phenolic promoters. The alcoholic promoters
include the alkanols of one to about 12 carbon atoms, such as methanol, ethanol,
amyl dlcohol, octanol, isopropanol, and mixtures of these and the like. Phenolic
promoters include a variety of hydroxy-substituted benzenes and naphthalenes. A
particularly useful class of phenols are the alkylated phenols of the type listed in U.S.
Patent 2,777,874, ¢.g., heptylphenols, octylphenols, and nonylphenols. Mixtures of
various promoters are sometimes used.

Acidic materials, which are reacted with the mixture of acidic organic
compound, promoter, metal compound and reactive medium, are also disclosed in the
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above cited patents, for example, U.S. Patent 2,616,904. Those disclosures are

incorporated by reference for their disclosure of such acidic materials. Included
within the known group of useful acidic materials are liquid acids, such as formic acid,
acetic acid, nitric acid, boric acid, sulfuric acid, hydrochloric acid, hydrobromic acid,
carbamic acid, substituted carbamic acids, etc. Acetic acid is a very useful acidic
material although inorganic acidic compounds such as HCl, SO,, SO;, CO,, H;S,
N,O,, etc., are ordinarily employed as the acidic materials. Particularly useful acidic
materials are carbon dioxide and acetic acid.

The methods for preparing the overbased materials, as well as overbased
materials, are known in the prior art and are disclosed, for example, in the following
U.S. Patent Nos.: 2,616,904; 2,616,905; 2,616,906; 3,242,080; 3,250,710; 3,256,186;
3,274,135; 3,492,231; and 4,230,586. These patents disclose processes, materials,
which can be overbased, suitable metal bases, promoters, and acidic materials, as well
as a variety of specific overbased products useful in producing the overbased systems
of this invention and are, accordingly, incorporated herein by reference for these
disclosures.

The temperature at which the acidic material is contacted with the remainder
of the reaction mass depends to a large measure upon the promoting agent used.
With a phenolic promoter, the temperature usually ranges from about 80°C to about
300°C, and preferably from about 100°C to about 200°C. When an alcohol or
mercaptan is used as the promoting agent, the temperature usually will not exceed the
reflux temperature of the reaction mixture and preferably will not exceed about
100°C.

) In one embodiment, the overbased metal salts are borated overbased metal
salts. The borated overbased metals salts are prepared by reacting one or more of
the above overbased metals salts with one or more of the above boron compounds.
The borated overbased metal salts generally contains from about 0.1% up to about
15%, or from about 0.5% up to about 10%, or from about 1% up to about 8% by
weight of the boron. Borated overbased compositions, lubricating compositions
containing the same and methods of preparing borated overbased compositions are
found in U.S. Patent 4,744,920, issued to Fischer et al; U.S. Patent 4,792,410, issued
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to Schwind et al, and PCT Publication WO 88/03144. The disclosures relating to the

above are hereby incorporated by reference.

The following examples relate to borated overbased metal salts and methods of
making the same. Unless the context indicates otherwise, here as well as elsewhere in
the specification and claims, parts and percentages are by weight, temperature is in
degrees Celsius and pressure is atmospheric pressure.

Example B-5

(a) A mixture of 853 grams of methyl alcohol, 410 grams of blend oil, 54 grams
of sodium hydroxide, and a neutra'lizing amount of additional sodium hydroxide is
prepared. The amount of the latter addition of sodium hydroxide is dependent upon
the acid number of the subsequently added sulfonic acid. The temperature of the
mixture is adjusted to 49°C. 1070 grams of a mixture of straight chain dialkyl
benzene sulfonic acid (1\7Iw=430) and blend oil (42% by weight active content) are
added while maintaining the temperature at 49-57°C. 145 grams of polyisobutenyl
(number average h-rin=950)—substituted succinic anhydride are added. 838 grams of
sodium hydroxide'are added. The temperature is adjusted to 71°C. The reaction
mixture is blown with 460 grams of carbon dioxide. The mixture i-s flash stripped to
149°C, and filtered to clarity to provide the desired product. The product is an
overbased sodium sulfonate having a base number (bromophenol blue) of 440, a
metal content of 19.45% by weight, a metal ratio of 20, a sulfate ash content of 58%
by weight, and a sulfur content of 1.35% by weight.

(b) A mixture of 1000 grams of the product from Example B-5(a) above,
0.13 gram of an antifoaming agent (kerosene solution of Dow Corning 200 Fluid
having a viscosity of 1000 ¢St at 25°C), and 133 grams of blend oil is heated to 74-
79° C with stirring. 486 grams of boric acid are added. The reaction mixture is
heated to 121°C to liberate water of reaction and 40-50% by weight of the CO,
contained in the product from Example 1(a). The reaction mixture is heated to 154-
160°C and maintained at that temperature until the free and total water contents are
reduced to 0.3% by weight or less and approximately 1-2% by weight, respectively.
The reaction product is cooled to room temperature and filtered. The filtrate has

6.1% boron, 14.4% sodium, and 35% 100 neutral mineral oil.
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9$10% u& &5 G 2\080‘1‘88 of 1000 grams of a primarily branched chain
monoalkylbenzene sulfonic acid (f\.dw=500). 771 grams of o-xylene, and 75.2 grams of
polyisobutenyl (number average I:«-In=950) succinic anhydride is prepared and the
temperature is adjusted to 46°C. 87.3 grams of magnesium oxide are added. 35.8
grams of acetic acid are added. 31.4 grams of methyl alcohol and 59 grams of water
are added. The reaction mixture is blown with 77.3 grams of carbon dioxide at a
temperature of 49-54°C. 87.3 grams of magnesium oxide, 31.4 grams of methyl
alcobol and 59 grams of water are added, and the reaction mixture is blown with 77.3
grams of carbon dioxide at 49-54°C. The foregoing steps of magnesium oxide, methyl
alcohol and water addition, followed by carbon dioxide blowing are repeated once.
O-xylene, methyl alcohol and water are removed from the reaction mixture using
atmospheric and vacuum flash stripping. The reaction mixture is cooled and filtered
to clarity. The product is an overbased magnesium sulfonate having a base number
(bromophenol blue) of 400, a metal content of 9.3% by weight, a metal ratio 14.7, a
sulfate ash content of 46.0%, and a sulfur content of 1.6% by weight.

(b) A mixture of 1000 grams of the product from Exampie B-6(a) and 181
grams of diluent oil is heated to 79°C. Boric acid (300 grams) is added and the
reaction mixture is heated to 124°C over a period of 8 hours. The reaction mixture is

- maintained at 121-127°C for 2-3 hours. A nitrogen sparge is started and the reaction
mixture is heated to 149°C to remove water until the water content is 3% by weight
or less. The reaction mixture is filtered to provide the desired product. The product
contains 7.63% magnesium and 4.35% boron.
Example B-7

(3) A reaction vessel is charged with 281 parts (0.5 equivalent) of a
polybutenyl-substituted succinic anhydride derived from a polybutene (f/'ln=1000), 281
parts of xylene, 26 parts of tetrapropenyl substituted phenol and 250 parts of 100
neutral mineral oil. The mixture is heated to 80°C and 272 parts (3.4 equivalents) of
an aqueous sodium hydroxide solution are added to the reaction mixture. The
mixture is blown with nitrogen at 1 scth (standard cu. ft/hr) and the reaction
temperature is increased to 148°C. The reaction mixture is then blown with carbon

dioxide at 1 scth for one hour and 25 minutes while 150 parts of water is collected.
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with nitrogen at 1 scfh. The reaction temperature is increased to 140°C where the
reaction mixture is blown with carbon dioxide at 1 scfh for 1 hour and 25 minutes
while 150 parts of water is collected. The reaction temperature is decreased to 100°C
and 272 parts (3.4 equivalents) of the above sodium hydroxide solution is added while
blowing the mixture with nitrogen at 1 scth. The reaction temperature is increased to
148°C and the reaction mixture is blown with carbon dioxide at 1 scfh for 1 hour and
40 minutes while 160 parts of water is collected. The reaction mixture is cooled to
90°C and where 250 parts of 100 neutral mineral oil are added to the reaction
mixture. The reaction mixture is vacuum stripped at 70°C and the residue is filtered
through diatomaceous earth. The filtrate contains 50.0% sodium sulfate ash
(theoretical 53.8%) by ASTM D-874, total base number of 408, a specific gravity of
1.18 and 37.1% oil.

(b) A reaction vessel is charged with 700 parts of the product of Example
B-7(a). The reaction mixture is heated to 75°C where 340 parts (5.5 equivalents) of
boric acid is added over 30 minutes. The reaction mixture is heated to 110°C over 45
minutes and the reaction temperature is maintained for 2 hours. A 100 neutral
mineral ol (80 parts) is added to the reaction mixture. The reaction mixture is blown
with nitrogen at 1 scth at 160°C for 30 minutes while 95 parts of water is collected.
Xylene (200 parts) is added to the reaction mixture and the reaction temperature is
maintained at 130-140°C for 3 hours. The reaction mixture is vacuum stripped at
150°C and 20 millimeters of mercury. The residue is filtered through diatomaceous

_earth. The filtrate contains 5.84% boron (theoretical 6.43) and 33.1% oil. The
residue has a total base number of 309.
Lubricants

As previously indicated, the combination of a organic polysulfide and the
phosphorus compounds are useful as additives for lubricants in which they can
function primarily as antiwear, antiweld, and/or extreme pressure agents. Lubricants
containing this combination have improved properties such as those relating to odor,
copper strip, thermal stability wear, scuffing, oxidation, surface fatigue, seal
compatibility, corrosion resistance, and thermal durability. They may be employed in
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a variety of lubricants based on diverse oils of lubricating viscosity, including natural

and synthetic lubricating oils and mixtures thereof. These lubricants include
crankcase lubricating oils for spark-ignited and compression-ignited internal combus-
tion engines, including automobile and truck engines, two-cycle engines, aviation
piston engines, marine and railroad diesel engines, and the like. They can also be
used in gas engines, stationary power engines and turbines and the like. Automatic
or manual transmission fluids, transaxle lubricants, gear lubricants, including open and
enclosed gear lubricants, tractor lubricants, metal-working lubricants, hydraulic fluids
and other lubricating oil and grease compositions can also benefit from the
incorporation therein of the compositions of the present invention. They may also be
used as wirerope, walking cam, way, rock drill, chain and conveyor belt, worm gear,
bearing, and rail and flange lubricants.

As described above, the lubricating composition contains an oil of lubricating
viscosity. The oils of lubricating viscosity include natural or synthetic lubricating oils
and mixtures thereof. Natural oils include animal oils, mineral lubricating oils, and
solvent or acid treated mineral oils. Synthetic lubricating oils include hydrocarbon
oils (polyalpha-olefins), halo-substituted hydrocarbon oils, alkylené oxide polymers, -
esters of dicarboxylic acids and polyols, esters of phosphorus-containing acids,
poly;men'c tetrahydrofurans and silicon-based oils. Preferably, the oil of lubricating
viscosity is a hydrotreated mineral oil or a synthetic lubricating oil, such as a
polyolefin. Examples of useful oils of lubricating viscosity include XHVI basestocks,
such as 100N isomerized wax basestock (0.01% sulfur/ 141 VI), 120N isomerized wax
basestock (0.01% sulfur/ 149 VI), 170N isomerized wax basestock (0.01% sulfur/ 142
VI), and 250N isomerized wax basestock (0.01% sulfur/ 146 VI); refined basestocks,
such as 250N solvent refined paraffinic mineral oil (0.16% sulfur/89 VI), 200N solvent
refined naphthenic mineral oil (0.2% sulfus/ 60 VI), 100N solvent refined/
hydrotreated paraffinic mineral oil (0.01% sulfur/98 VI), 240N solvent refined/
bydrotreated paraffinic mineral oil (0.01% sulfur/ 98 VI), 80N solvent refined/
hydrotreated paraffinic mineral oil (0.08% sulfur/ 127 VI), and 150N solvent refined/
bydrotreated paraffinic mineral oil (0.17% sulfus/ 127 VI). A description of oils of
lubricating viscosity occurs in U.S. Patent 4,582,618 (column 2, line 37 through
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column 3, line 63, inclusive), herein incorporated by reference for its disclosure to oils
of lubricating viscosity.

In one embodiment, the oil of lubricating viscosity is a polyalpha-olefin (PAO).
Typically, the polyalpha-olefins are derived from monomers having from about 4 to
about 30, or from about 4 to about 20, or from about 6 to about 16 carbon atoms. .
Examples of useful PAOs include those derived from decene. These PAOs may have
a viscosity from about 3 to about 150, or from about 4 to about 100, or from about 4
to about 8 cSt at 100°C. Examples of PAOs include 4 ¢St polyolefins, 6 ¢St
polyolefins, 40 cSt polyolefins and 100 cSt polyalphaolefins.

In one embodiemnt, the lubricating composition contains an oil of lubricating
viscosity which has an iodine value of less than about 9. Iodine value is determined
according to ASTM D-460. In one embodiment, the oil of lubricating viscosity has a
iodine value less than about 8, or less than about 6, or less than about 4.

In one embodiment, the oil of lubricating viscosity are selected to provide
lubricating compositions with a kinematic viscosity of at least about 3.5 ¢St, or at least
about 4.0 ¢St at 100°C. In one embodiment, the lubricating compositions have an
SAE gear viscosity grade of at least about SAE 7SW. The lubricating composition
may also have a so-called multigrade rating such as SAE 75W-80, 75W-90, 75W-90,
75W-140, 80W-90, 80W-140, 85W-90, or 85W-140. Multigrade lubricants may include
a viscosity improver which is formulated with the oil of lubricating viscosity to provide '
the above lubricant grades. Useful viscosity improvers include but are not limited to
polyolefins, such as ethylene-propylene copolymers, or polybutylene rubbers, including
hydrogenated rubbers, such as styrene-butadiene or styrene-isoprene rubbers; or

- polyacrylates, including polymethacrylates. In one embodiment, the viscosity improver
is a ?olyoleﬁn or polymethacrylate. Viscosity improvers available coxﬁmercially
include Acryloid™ viscosity improvers available from Rohm & Haas; Shellvis™
rubbers available from Shell Chemical; Trilene™ polymers, such as Trilene™ CP-40,
available commercially from Uniroyal Chemical Co., and Lubrizol 3100 series and
8400 series polymers, such as Lubrizol 3174 available from The Lubrizol Corporation.

In one embodiment, the oil of lubricating viscosity includes at least one ester of
a dicarboxylic acid. Typically the esters containing from about 4 to about 30,
preferably from about 6 to about 24, or from about 7 to about 18 carbon atoms in
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each ester group. Here, as well as elsewhere, in the specification and claims, the
range and ratio limits may be combined. Examples of dicarboxylic acids include
glutaric, adipic, pimelic, suberic, azelaic and sebacic. Example of ester groups include
bexyl, octyl, decyl, and dodecyl ester groups. The ester groups include linear as well
as branched ester groups such as iso arrangements of the ester group. A particularly
useful ester of a dicarboxylic acid is diisodecyl azelate.

Additional Additives:

In one embodiment, the lubricating compositions and functional fluids contain
one or more auxiliary extreme pressure and/or antiwear agents, corrosion inhibitors
and/or oxidation inhibitors. Auxiliary extreme pressure agents and corrosion and
oxidation inhibiting agents which may be included in the lubricants and functional
fluids of the invention are exemplified by halogenated, e.g. chlorinated, aliphatic
hydrocarbons such as chlorinated olefins or waxes; boron compounds, such as borated
epoxides and amines, borated phospholipids, and borate esters of one or more of the
above alcohols; metal thiocarbamates, such as zinc dioctyldithiocarbamate, and barium
heptylphenyl dithiocarbamate; dithiocarbamate esters from the reaction product of
dithiocarbamic acid and acrylic, methacrylic, maleic, fumaric or itaconic esters (e.g.
the reaction product of dibutylamine, carbon disulfide, and methyl acrylate);
dithiocarbamate containing amides, prepared from dithiocarbamic acid and an
acrylamide (e.g. the reaction product of dibutylamine, carbon disulfide, and
acrylamide); alkylene-coupled dithiocarbamates (e.g. methylene or phenylene
bis(diburyldithiocarbamate); and sulfur-coupled dithiocarbamates (¢.g. bis(S-
alkyldithiocarbamoyl) disulfides). Many of the above-mentioned auxiliary extreme

- pressure agents and corrosion-oxidation inhibitors also serve as antiwear agents.

The lubricating compositions and functional fluids may contain one or more
pour )point depressants, color stabilizers, metal deactivators and/or anti-foam agents.
Pour point depressants are a particularly useful type of additive often included in the
lubricating oils described herein. The use of such pour point depressants in oil-based
compositions to improve low temperature properties of oil-based compositions is well
known in the art. See, for example, page 8 of "Lubricant Additives" by C.V. Smalheer
and R. Kennedy Smith (Lezius-Hiles Co. publishers, Cleveland, Ohio, 1967).
Examples of useful pour point depressants are polymethacrylates; polyacrylates;
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polyacrylamides; condensation products of haloparaffin waxes and aromatic
compounds; viny] carboxylate polymers; and terpolymers of dialkylfumarates, vinyl
esters of fatty acids and alkyl vinyl ethers. Pour point depressants useful for the
purposes of this invention, techniques for their preparation and their uses are
described in U.S. Patents 2,387,501; 2,015,748; 2,655,479; 1,815,022; 2,191,498;
2,666,746; 2,721,877; 2,721,878; and 3,250,715 which are herein incorporated by
reference for their relevant disclosures.

Anti-foam agents are used to reduce or prevent the formation of stable foam.
Typical anti-foam agents include silicones or organic polymers. Additional anti-foam
compositions are described in "Foam Control Agents”, by' Henry T. Kerner (Noyes
Data Corporation, 1976), pages 125-162.

These additional additives, when used, are present in the inventive lubricating
and functional fluid compositions at sufficient concentrations to provide the
compositions with enhanced properties depending upon their intended use. For
example, the pour point depressant are added at sufficient concentrations to provide
the inventive compositions with enhanced pour point depressant characteristics, while
the antifoam agents are added at sufficient concentrations to provide the inventive
compositions with enhanced antifoaming characteristics. Generally, each of these
additional additives are present in the lubricants and functional fluids at
concentrations from about 0.01%, or from about 0.05%, or from about 0.5%. These
additional additives are generally present in an amount up to about 10% by weight, or
up to about 5% by weight, and or up to about 3% by weight.

In one embodiment, the lubricating compositons contain less than 2%, or less

- than 1.5%, or less than 1% by weight of a dispersant. In another embodiment, the
lubricating compositions are free of lead based additives, metal (zinc)
dithi‘ophosphates, and alkali or alkaline earth metal borates.

In another embodiment, the combination of the organic polysulfide and the
overbased composition or the phosphorus or boron compound may be used in
concentrates. The concentrate may contain the above combination alone or with
other components used in preparing fully formulated lubricants. The concentrate also
contains at least one substantially inert organic diluent, which includes kerosene,
mineral distillates, or one or more of the oils of lubricating viscosity discussed above.
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In one embodiment, the concentrates contain from about 0.01%, or from about 0.1%,
or from about 1% up to about 70% or up to about 80%, even up to about 90% by
weight of the combination. In one embodiment, the concentrates contain from 0.01%
up to about 49.9%, or from about 0.1% up to about 45% by weight of the organic
diluent. .
The follwing examples relate to concentrates and lubricating compositons of
the rpesent invention.
Example I
A gear lubricant is prepared by incorporating 3.5% of the product of
Example S-1, and 1.3% of the product of example P-3, 0.5% by weight of dibutyl
hydrogen phosphite, and 0.3% by weight of triphenylmonothiophosphate into a SAE
SAE 90 lubricating oil mixture.
Example II
A lubricant is prepared as described in Example I, except except 0.4%
by eight of di(C,,;s) hydrogen phosphite is used in place of dibutyl hydrogen
phosphite.
Example III
A gear lubricant is prepared by incorporating 4% of the product of
Example S-3, 1.2% by weight of Example P-6, 0.2% dioleyl phosphite, and 0.2% by
weight of the product of Example P-9 into an SAE 80W-90 lubricating oil mixture.
Example IV
A gear lubricant is prepared by incorporating 3.5% of the product of
Example S-4, 0.75% of the product of Example P-3, 0.35% of dibutyl hydrogen
- phosphite, and 0.3% of the product of Example P-9 into an SAE 80W-90 lubricating
oil m'ixture.
Example V
A gear lubricant is prepared as described in Example IV except the lubricant
additionally contains 1.2% of the product of Example B-6.
Example VI
A lubricant is prepared as described in Example V except 1.1% of the product
of Example B-4 replaces the product of Example B-6.
Greases

| dE~_@
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Where the lubricant is to be used in the form of a grease, the lubricating oil
generally is employed in an amount sufficient to balance the total grease composition
and, generally, the grease compositions will contain various quantities of thickeners
and other additive components to provide desirable properties. The organic
polysulfide is generally present in an amount from about 0.1% up to about 10%, or
from about 0.5% up to about 5%by weight. The overbased composition or the
phosphorus or boron compound is generally present in an amount from about 0.1%
up to about 8%, or from about 0.5% up to about 6% by weight.

A wide variety of thickeners can be used in the preparation of the greases of
this invention. The thickener is employed in an amount from about 0.5 to about 30
percent, and preferably from 3 to about 15 percent by weight of the total grease
composition. Including among the thickeners are alkali and alkaline earth metal
soaps of fatty acids and fatty materials having from about 12 to about 30 carbon
atoms. The metals are typified by sodium, lithium, calcium and barium. Examples of
fatty materials include stearic acid, hydroxystearic acid, stearin, oleic acid, palmitic
acid, myristic acid, cottonseed oil acids, and hydrogenated fish oils.

Other thickeners include salt and salt-soap complexes, such as calcium
stearate-acetate (U.S. Patent 2,197,263), barium stearate-acetate (U.S. Patent
2,564,561), calcium stearate-caprylate-acetate complexes (U.S. Patent 2,999,066),
calcium salts and soaps of low-intermediate- and high-molecular weight acids and of
nut oil acids, aluminum stearate, and aluminum complex thickeners. Useful
thickeners include hydrophilic clays which are treated with an ammonium compound
to render them hydrophobic. Typical ammonium compounds are tetraalkyl

.ammonium chlorides. These clays are generally crystalline complex silicates. These

clays include bentonite, attapulgite, hectorite, illite, saponite, sepiolite, biotite,
vermil:ulite, zeolite clays and the like.
Example G-1
A grease is prepared by incorporating 3.5% by weight of the product of
Example, 1.2% of the product of example P-3, 0.5% by weight of dibutyl hydrogen
phosphite, and 0.3% of the product of Example P-9 into a lithium grease, Southwest
Petro Chem Lithium 12 OH Base Grease.
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While the invention bas been explained in relation to its preferred embodi-
ments, it is to be understood that various modifications thereof will become apparent
to those skilled in the art upon reading the specification.
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least one monothiophosphate or at least one reaction product of a phosphite and sulfur or a
source of sulfur, and, optionally, (¢) at least one dispersant, optionally containing boron, or
at least one borated overbased metal salt of an acidic organic compound, wherein the
lubricating composition contains less than 2% by weight of a dispersant and is free of
Mannich dispersant.

2. The composition of claim 1 wherein the sulfur compound (a) is a
sulfurised oil, unsaturated fatty acid, unsaturated fatty ester, olefin, terpene, or Diels-Alder
adduct, and wherein the phosphoric acid ester (b) is prepared by reacting a phosphorus acid
or anhydride with at least one alcohol containing from one to about 30 carbon atoms, the
phosphite (c) is dihydrocarbyl or trihydrocarbyl phosphite wherein each hydrocarbyl group
independently contains from about one to about 30 carbon atoms, and the thiophosphate (d)
is a dihydrocarbyl or trihydrocarbyl thiophosphate independently containing from about one
to about 30 carbon atoms in each of the hydrocarbyl groups or a trihydrocarbyl phosphite.

3. The composition of claim 1| wherein the sulfur compound () is an organic
polysulfide, the ammonium salt of the phosphoric acid ester (b) is an ammonium salt of a
phosphoric acid prepared by reacting a phosphoric acid or anhydride with an alcohol
containing from about four up to about eighteen carbon atoms, and the thiophosphate or

o reaction product (d) is at least one aromatic thiophosphate or at least one reaction product of
an aromatic phosphite and sulfur or a source of sulfur.

4. The composition of claim 3 wherein the organic polysulfide is prepared
(1) by reacting at least one olefin with sulfur and hydrogen sulfide, or (2) by reacting an
olefin having from 2 to about 30 carbon atoms, sulfur, and hydrogen sulfide to form an
intermediate and then fractionating the intermediate.

5. The composition of any one of the preceding claims wherein the sulfur
compound comprises at least about 90% dihydrocarbyl trisulfide, from about 0.5% up to
about 8% dihydrocarbyl disulfide, and less than about 5% dihydrocarbyl higher
polysulfides.

6. The composition of any one of the preceding claims wherein (a) is present
in an amount from about 0.1% up to about 10% by weight, (b) is present in an amount from

about 0.1% up to about 5% by weight, (c) is present in an amount from about 0.1% up to
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about 5% by weight, and (d) is present in an amount from about 0.1% up to about 5% by
weight.

7. The composition of any one of the preceding claims wherein the
lubricating composition is a gear oil.

8. A concentrate comprising from about 0.1% up to about 90% by weight of
a substantially inert organic diluent, and a major amount of a combination of (a) an extreme
pressure improving amount of at least one sulfur compound, and an antiwear or an extreme
pressure improving amount of the combination of (b) at least one ammonium salt of a
phosphoric acid ester, (c) at least one phosphite, and (d) at least one thiophosphate or at
least one reaction product of a phosphite and sulfur or a source of sulfur, wherein the

lubricating composition is free of Mannich dispersant.




