Faede . (3) het eroat om substituents, i.e., substituents which will, -
whi [® having a predom nantly hydrocarbon character within the context of
this invention, contain an atom other than carbon present in a ring or
chain otherw se conposed of carbon atons (e.g., al koxy or alkylthio).

Sui t-abl e heteroatons will be apparent to those of ordinary skill in the art
and include. for exanple, sulfur, oxygen, nitrogen and such substituents
as, e.g. pyridyl, furyl thienyl, imdazolyl, efc. I n general, no

nore than about 2, preferably no nore than one heteroatom substinent will
be present for eve;%t@@émmﬁ OF G\rSULRAUR W@Mﬁzl?;mwbb@mcgrwmno‘ﬁypbm ly,

there will be no s E%ﬁ%&%?%ﬁ N SABRICAT NG CONRASSEEPHSA  gr oup.
Therefore, the hydrocarbyl %rocar bon. As descri bed above

the lubricating conpositions, concentrates, and grease contain a

conbi nation of (a) at |east one sulfur conpound and at |east one m xture
conprising (b) an amopjum sal.t of ~a phosphqric. acid ter %a .
phosphate, and (d) a t%ﬁdﬁvﬁgﬁﬁ?ktﬁrtgfr &@e'rag'ﬂnﬁk.ﬁa‘ﬁﬁv%ﬁ‘l’él 734 spscifie and
sul fur or a sour ceplidsplors ¢ompoturiso Mhe duvdpibnnais relatdsao hubiricatingonipositishs,(a) 1S
present at concent}%@%tgéng{l?gﬁlarﬁgt he r%\?\g’?‘ {ping_the combietd

3 from about 0.1%%6 214 085 BY SVt "8 P8 EPEIST'Y from about 0. 2% up
to about 8% or nore preferably fromabout 0.3% up to about 7% nore
preferably from about : @oqjﬁg, +0e00 “gq' .

el sewhere in the speci %“E%@talhg% a Elgﬁlgﬁ)%}é, t %%?ﬁ@%ﬁﬁé?oaﬁ%ﬂweﬁﬂ%rmy
be combi ned. Sul f uppetrtingsanditions. Especiily ugderfbgnn eation icomditione, ariwhdcantr
pol ysul fi de conposiiOREo Minintee hathitsl thalflieMetal toftadl|Otth LANRAUNE SsdiGt

general ly characterized as having sulfide |inkages contal ning an average
from 1 up to about Previdingproteciiop aBder bopndaty juricating comition but sempetimesthess up to

about 4 sul fur at OnByyibdd JRSe15 BROM IotHEberforifncs thirdéte S56R OFddndtsncd, dubtisine
of di-, tri- or tetrasuhflde naterlals,el%,efera I he}w 919 a 1gja\lorlt,ly of
trisul fide. Materi 3PS sHlprovieprotection undeiohigh SRegel.shork logdine conditiop.shile,got he
mat eri al s cont ai ni agr@iveas esppenaid dhdpsoftintetalé.i de nore preferred.

It is desirable to have a combination of additives which provide extreme
i

pressure protection without sacrificing other performance characteristics. A
combination of additives is desired which will provide good extreme pressure
properties to lubricants, which maintain the other parameters required of industry
standards, such as API GL-5 and MIL-L2105D gear lubricant requirements.

This invention relates to a lubricating composition comprising a major amount
of an oil of lubricating viscosity and (a) a 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. The invention also



fn ere enmbodi ment, - the sul fur conpound is prepared by sul furizing

unsat urated conpounds. Materials - which may be sulfurized include oils,
unsaturated fatty acids, unsaturated fatty esters, olefins, terpenes, or

Di el s- Al der adducts. QO ls which may be sul furized are natural or synthetic
oils, including mneral oils, lard oil, carboxylic acid esters derived from
al i phatic alcohols and fatty acids or aliphatic carboxylic acids (e.g.,
myristyl ol eate and ol eyl ol eate), and synthetic sperm whale oil

substitutes an ' Car . The
unsat ur at ed fa???/%gg]%gb%é%{egrégt#'g’%%%tog?%\ﬁ@é%a obyurtuﬁgﬁt(3 gﬁlgﬁglt?t" 30, or from
about 12 to ab&empound@ad B spaciBerphosphampeampontdsunsat urated fatty aci ds

i ncl ude pal m tol ei cyagdud prefkred featutes Bl cRib6dimbhtI6H 1R Theentidti Willibe d@eritéd | ard oi |
aci d, soybean oil gg d, tall oi] and rosin acid. The unsat ur at ed
fatty esters i rElOWY Way ofpopjimiting dlipstration. *nat yral Iy occurring or synthetic
?S:?FS OI gl yperf)I dﬁ‘éﬂteﬁﬁellaﬁfhcﬁmyﬂ iﬂu&bﬂy@&a%@nfafahk%l aﬁsxilvdﬁrﬁﬂgaﬁpl eSdO'f t
atty esters include ani ma S, Syc S at's-foot oil, Jlard aqil, depo
fat, beef tall QW,""“&?F&%E@@P%b?‘é’s@FW’i? %%8?%&%%’"‘3&‘3? ghouppphigh pontig, 1\ ;|
saf fl ower 0il, Kef&osBmGubstinfeaistbarioqiot altértle ptedbininatty ldaitarboh nathineof
unsaturated fat sl.ers SO r red hy.esterifying. al cohols and
polyols with a #’gf%ggg}?td%‘Tﬂ@@%ﬁ&?ﬁ?ﬁﬂg@ﬂﬁé}{?ﬁ% B 5cri bed nono-
and pol yhydric al co{i)! s,hydmocirbars substitoents,li.e., aliptatio (¢.g-palkyd @n aelkenyb)andnol |

et hyl ene gl ycol . t gfkilc _ _ TS N
4 The ol e 1:2:?9@%1 ééJﬁloma ,%}gl OSEP%R%‘&Z‘%@‘F&% b?}liogxlaﬁﬁ é?hqhétécs tang r?}aqug “Sfinic
doubl e bond, whiubstituted droiriatic qubstitugnts end thedikgtap well asipyickic sbstifuentywhergin the
br oadest sense, ' ¥ [ RY tetRolb Qi MhaA is, £ le,
Rlerr]R err] C:CrI‘QJS[gg?f?Jn éﬂf?]tfmv%}gfnggﬁfrzggﬁnof R ch)r eng [ésr rc]’r,exaRl[ngrer Tny, and
Rlerr] is hydrtgdrdicated substiyentomay togethes form an jaficy figal); the R groups in
the above formul a V\@ ch sabsinkted hﬁh‘ékaﬂﬂﬁ%u%eh@, i Rhese Sbstitheds containing
-(CHerr])[err]-A, erein nis a nunmber fromQ to about (10 aﬂd ﬁlls

mqea ,ter e

represent ed by 2ouchdeacarpon gropps whighsapthe, optext ofdhis gventiom fe ppy
- COON( R er r]) [ epredominxtlylhydicbhrbonnaturéRifalie fubstituenfirthoselskilled i theactwiR[berr] is

i ndependent |y hydroggen,, or a hydr.ocay byl . gr Wi, th t rovi so that any
two Rlerr] grou “%a’ﬁggs"ﬁlég{%ﬂ% cg(’ebd'f"[ {S’S#/e@raﬂ’( gﬂ%f’rfé‘délf’m{? el}_"gmé’bdﬁetr %car bon
atonms; M i s onenitguiitradopsidfory, ete.)pet al cation (preferably Goup | or 11,
e.g., sodium potasgium ' . Cj ¢ ' : | or o,
brono, or iodo); Y fjg othg%#tgl?salg{t}gﬁ%{ﬁt i'%’u P sﬂ‘%@“%r@%%%ﬁ%n%ﬂ écég}r oup of
up to about 12 praddminantlydydrocarbon character within the context of this invention, contain an

atom other than carbon present in a ring or chain otherwise composed of carbon
atoms (e.g., alkoxy or alkylthio). Suitable heteroatoms will be apparent to those of
.ordinary skill in the art and include, for example, sulfur, oxygen, nitrogen and such
substituents as, e.g. pyridyl, furyl, thienyl, imidazolyl, etc.

In general, no more than about 2, preferably no more than one heteroatom
substituent will be present for every ten carbon atoms in the hydrocarbyl group.
Typically, there will-be no such heteroatom substituents in' the hydrocarbyl group.
Therefore, the hydrocarbyl group is hydrocarbon.

) As described above the lubricating compositions, concentrates, and grease
contain a combination of (a) at least one sulfur compound and at least one mixture
comprising (b) an ammonium salt of a phosphoric acid ester, (c) a phosphite, and (d)
a thiophosphafe or a reaction product of a phosphite and sulfur or a source of sulfur.

In one embodiment, the sulfur compound (a) is present at concentrations in the range

This Sheet Has Been Rei
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fhe_ql efinic conpound is usually one in which each R group which is not
hydrogen i s independently al kyl, al kenyl or aryl group, preferably an al kyl
group. In one enbodinment, Rerr] and Rerr] are hydrogen and Rl err] and
Rlerr] gre alkyl or aryl, especially alkyl, having from1 up to about 30,
or from1l up to about 16, or from1l up to about 8 carbon atons. O efins
having from 2 up to about 30, or fromabout 3 up to about 16 (nost often

| ess than about 9) carbon atons are particularly useful. A efins having

from2 up to about 8, or from2 up to about 4 carbon atons are particularly
useful . | sobut éom abonthidectnabewtdl0fhby weightnes preferablyrfeam abowy 02% R froakout and

Xt ur e ther eqk, B Buf BRfk Al Kol BLE (9 B 6 LbaR b pRtrayBEMN S,

i sobutyl ene an I'l SO ene are parti cul desi rabl e.

enbodi nent, thebat§af to ﬂzﬂuyé‘@l i m@tﬁwr%és aelﬂria&% Isgwberstin él*ile SPCF'EFathr

tetrasul fi de rfaﬁ&ahﬁ{ssthe%g‘ffeexnal}hﬁo IR Mdy Be BambRadt y of trisul fide. ‘
Mat eri al s having at | east %trisulfide are preferred, with material s

cont ai ni ng gr e 0WYr €omRPuBAY, t i sul fi de nore preferred. | n anot her

enbodi ment, the or ga,elsﬁmnqio gluids dchede Hidrios or felystlfide camnipaitions, o5 nixterear ed by

the sul fochl ori nati.op. 0 ont ai ni ng f.our re I ' and

further treat mitFei [}He ?ﬂgFé’SWPﬁm@ﬁ PF ZFREF E}Wﬁeﬁléeﬁ %V@g s@ﬁ?%ﬁ%l&g&

2,708, 199. conthifiingae aeeragifromrit yp tohebostl0f or fram adbait@fipnte abayt Her fogduced

by (1) reactln | ur noc | a | owner
%R? g 3 up to out 1{]%1?% g \QA tIxtl‘| ofte SthB %&J?&RWEE Glifa %&?r ed% a

ol efin, I“ni*ng Sulseven car ating the
resul tin g pr od wuigtuxei of hh-atn-adr Wetrasulfide aategialsf prgferably haviag ryrté%i@!m’ of fisulfidee

sul fur in a mohe,rahi avﬂ; ;{??eak dﬁﬁﬂid@ }ehfn@feﬁ@d with materials corthiffaRo0! - vat er

sol vent, and ( reac t wth an inorganic base. Thrs
procedure is dsmtqrﬁm& Blsslﬁde@ﬁPfe:ﬁef!Fﬁi 404, and the disclosure of U.S.

Patent 3,471,404 '%Q‘ﬁé%moalﬁﬁﬁﬂmﬁitﬁﬂc&ﬂ@oﬁﬁd ﬁ"p@é}ﬁfbdf@rsulf&r&u@ scussi on of
this procedure for preparing sulfurized

Q Ng %an rlzed ?‘idgflns
thus produced. “oEARERiRH compoyds.o P@F?W%‘@a 'aﬂt O "c%fﬁs'“‘#‘f DRt
about 5 carbon ﬁaty%ﬁi Afidat@ieei0taty eét&@) slensgtefpehesnor Dxalsawénemluctbuoﬁkene

| sobutyl ene, etc fJ de My S t he
reaction pr odu %fmﬁ' b i udzedisye “ﬁ%‘f@ﬁgﬂ'& °t’§ﬁ#¥ ner °l Bnp‘%h
mer capt ans usedaiboxyﬂtalaeidteblersptehyedjfrémwhphmi; ah:ehddg/ahddiauy bgulls MIthtqans, such

:: égﬁfﬁeéegggi’g gi 8%‘83 ge?&.),];rngns 1 Bl and olelvx\'f| Stk gtL.)r:' ahd gﬁth%ti@%&%%a@%ﬂ group

substitutes and synthetic unsaturated esters or glycerides.
The unsaturated fatty acids generally contain from about 8 to about 30, or from

about 12 to about 24 carbon atoms. Examples of unsaturated fatty acids include

palmitoleic acid, oleic, linoleic, linolenic, erucic acid, lard oil acid, soybean oil acid,
tall oil and rosin acid.

The unsaturated fatty esters include fatty oils, that is, naturally occurring or
synthetic esters of 'glycerol and one or more of the above fatty acids. Examples of
fatty esters include animal fats, such as Neat's-foot oil, lard oil, depot fat, beef tallow,
and vegetable oils, including cottonseed oil, corn oil, safflower oil, sesame oil, soybean
oil, and sunflower seed oil. The unsaturated fatty esters also may be prepared by

¥ esterifying alcohols and polyols with a fatty acid. The alcohols include the above

described mono- and polyi:ydric alcohols, such as methanol, ethanol, propanol,

butanol, ethylene glycol, neopentyl glycol, and glycerol.



ral kyl, an al kenyl, cycloal kyl, or cycl oal kenyl group. R may al so be a

halt oal kyl, hydoxyal kyl, or hydroxyal kyl substituted (e.g. hydroxynethyl,
hydr oxyet hyI , etc.) aliphatic groups. R generally contains fromabout 2 to
about 30 carbon atons, preferably fromabout 2 to about 24, nore preferably
fraom about 3 to about 18 carbon atons. Exanples include butyI mer capt an,
anyl nercaptan, hexyl nercaptan, octyl rrercapt an,

6- hydr oxynet hyl - oct anet hi ol , nonyl nercapt an, decyl mer capt an, 10-

am no- dodecanet hi Hele el Ogdii)’zﬁﬂ neg hi ol
and tetradecyl rre(raﬂ(':hgpt an?,Qthh%%Ef sul?ekrlzed g'i)(%&?%mgrehﬁf g‘ﬁggpr&épared
by reacting, ~Shishs éqﬁaeﬂa%mgwn@maecswég%m@ Inits bfﬂaéf"%tﬁew,tﬂlealeﬁnmwre of

sul fur and hygeQededuylthé MMMW@@ﬁEnﬂ%e%memQﬁqel o4 © Gid ?{Mét
such as an aIkyI am ne, followed by removal Ipwb0|I|n materi al s.

ol efi ns whi ch t¥d9esPe ok hﬁ'f?cz@al srf% 1o geperal %R&femsrin %@%fmb of
preparing the whhRrans lJesgen naybé fbpkéséhtetpai qcmg) A, Wh8reh' is FnuPer 550,

4,191, 659, an 44 854, T d| scl o &n Sereby
i ncor por at ed %&?“#‘ZP&*’@H&B’ 'S["sepffé C(Sh eRs’ufEﬁﬁ(izbd ol efl ns and
prepar ati on ofFCOBMN(RE)E-COOM, -CNhE, dﬂganr mrpwhgmmt fenacleRﬁeﬂﬁ.ﬂalbelnue

hydr ocar byl s Ltwo to ab ut 30,
preferably frgﬁ]&gge&u?’c?v\%d}g&&gggﬁpﬁ féth %ﬁ’éﬂgr era |>$“?‘P6ma§ But two
to about 12. Thanettpd tofammtingpfopse abent IB@aé)m ratomsg Mois ont iegiiedlent of a

referably aliphg t oups_.are, al kyl
Oroups. > mitachfon (SRLeAGy BRRA GPM o g ARy DORSHIE Warkln WP En Gl S
conpri si ng at ¥ isdslogem(siz. hlvse, dremeirosdedoby Y is okygen oF diwalentrsubfurabuis ad. 5% up

to about 8% aromatic roup of up to about 12 carbon ato, 6
di hydrocar byl dis e, .and | ess than about 5% dlg dr ocar byl hi gher
pol ysul fides. Hig njccomppekis yually ope eghiche &P Wbmhcmmtor nor e

sul fi de Ilnkaw@r dnris maep@aam;lmntalkeh %ramgf&quirefefabwﬁauéﬁ atp | east

about 92% or t 93% her nbodi mag t he
anount on di h?g?‘ 8’8§?‘E ‘Yth?‘tg’ﬁggq%t?’ﬁg’ﬁ‘rf’g@e@d épf“@gg oF a4l pref erabl y
| ess than abowespediutly ilhyl,cﬁmngrﬂmdl 0pind abduln 80,chir o Dualtcb;rlboudilswrff}d;,el P
present 1n an 5@0%8% c?rbgg/a%m%ublgﬁﬁ%%a\%gg %m %éﬁa%%tﬁ op%ef erabl ufBrnogn

about 0.6% up SIS T
Vari an 6000 Gisai@wt dérfmosy pﬁpqlles&ﬂiaﬁlabourét)@atbon a&ms@leeanmﬂpﬂﬁ us%gxl

integrator. Thfedds %mg FSm® \?;;_’torgboMaﬁ P _‘?{oﬁx ﬁg#to about 4 carbon atoms are

particularly useful. Isobutene, propylene and their dimers, trimers and tetramers, and

mixtures thereof are especially preferred olefins. Of these compounds, isobutylene
and diisobutylene are particularly desirable. ‘In one embodiment, the organic
.polysulﬁdes may be a mixture of di-, tri-, or tetrasulfide materials, preferably having a
majority of trisulfide. Materials having at least 70% trisulfide are preferred, with
materials containing greater than 80% trisulfide more preferred.

In another embodiment, the organic polysulfide comprise sulfurized olefins
prepared by the sulfochlorination of olefins containing four or more carbon atoms
and further treatment with inorganic sulfides according to U.S. Patent 2,708,199,

In one embodiment, the sulfurized olefins 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



iBP-1, The tenperature profile is 75[err]C, hold 2 mn., to 250[err]C at
6[err]C/ mn. The heliumflowis 6.0 m/mn plus nmake-up. The injection
tenperature is 200[err]C and the detector tenperature is 260 C. The
injection si'ze is 0.6, ul. References are the nonosul fide, disulfide and
trisul fide anal ogues to the sulfur conposition for analysis. The references
may be obtainied by fractionating the product to formsulfide fractions
(S1, S2 and S3) to be used for analysis. 'Pne'procedure for analysis is as

follows. (1) AQlcgﬁo etrsglt enrt,n%ngataj(%]ct %tﬁa"igr K de an mog?x%crbgg Craice

sanples to det & MNe 'on-1s run on the
sanple to be temceﬁxmudg,mnbad geHeéx atentih4v14P4,iand thmdrpﬁnsummfm S Bitems,

cal 1 bration bl gas i RGUEPREIXoMRUANSANASER: 99 hiRsAI SR iEslbieToP! the

sanple to be testé nter st andar uene, 1S

bl end i n an anBteReringgkurized olgfiss and thetsalfyrized, eleﬁa: thug prodieed,Gegprallpfthe he

| 'ar gest conpongRfin réatfinf cobltfiny fror a¥6ut 2o Ab&R FRAIR SR AldVexhiifles fdRidas t hat
of the | argest conmponent.) (4) The weights of each conponent (i.e., S 1,

S-2 and S 3) afW@yleas peRnyishe.dyitylans, isobutrleney amylens eep 1. (5) The calibration
blend is run in trrrmlsloe@h& ﬁé%tilﬂdé ﬁ\ﬁy 8196 b& tHeGactith ?wdactaﬂd Hybﬁﬁalﬁﬂl cul at ed,
using the follow ng forpul a, ct the nulti eaS|n and S-2:
RE = Ccomeembiane il B4 Recoipin e Temsreprans goedtogpae e Mard )
( total ar eabeixydwalﬂ@l me}ca(:ﬁﬁmmhtasahose Repdésented by ﬂnlfoﬁmamda-psla-H *

Adj usted f t

e cant purt ¢y sty € s 4 RESGRAT PloRe ot Senpef BHBRRY 5 bas Shilmt R e ..
factors, plus alky! mesqﬂcmslecybhaﬂqdr oquyploalhmyi;gmgpel’&xar gsxbe ahaoalkydd f or

det er m ni NG We i, 68 Barb A sibdiMlied (s SHBLARUHE kBB Edc)( )

Results for

'S-2 are adj ust aliphatic groups.dR ganqralbrmenqmavi@nmhombm &Putéo t4tben atp®s, Hi gher

pol ysul fi des agﬁef&%gmn%euwmdz}ﬁom@ Moe x%'fé}%l% (b bolTgUl 3:

S-4 = 100% - ght ends s are defined as any
peaks el uded pP‘f‘B‘Pn ftgms.h Examples inglp %kl&ﬂdmreaptan, amyl mwcms@- Sepbaerepn, t he
organi c polys Ubétquﬁerbaﬁ)tﬂf en@m@nﬁhﬂsaﬁﬁetmsﬂ n&g@%rddﬁﬂaﬁ,gd Qﬁé}%ﬁhns%f i de,
sul fur, and at Iea‘{ ol ef ntofowanlnt Thelnt%ng te is
fractional | y dPemerdoderapetniol, dodeqrlmercaptan, 4 yﬁ}ef litetradecag, dB8ct, the
fractional di stetiadedyi marc@ptﬁmrs under subat rmspherl c pressure. Typical I y it he

?l)sglbl)lljftt hon pr ©SSYhe sul?unze giegn ?nl'!agr ailsotbg p?et}nared b%%'gacﬁgr,qn tl;abl y fromabout 1

superatmosphenc pressure, the olefin with a mixture of sulfur and hydrogen sulfide in
the presence, or absence, of a catalyst, such as an alkyl amine, followed by removal of
low boiling materials. The olefins which may be sulfurized, the sulfurized olefin, and
methods of preparing the same are described in U.S. Patexits 4,119,549, 4,199,550,
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 hydrdcarbyl groups may be aromatic or
B 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% dihydrocarbyl trisulfide, from about 0.5% up to about 8%



100, ®or preferably-fromabout 1 to about 25 mm Hg. A fractionation colum,

such a Snyder fractionation colum may be used. In one enbodi nent, the

fractionation is carried out at a reflux ratio of fromabout 2:1 up to

about 8:1, preferably fromabout 3:1 up to about 7:1, or preferably from

about 4:1 up to about 6:1. S-21 The foll ow ng exanples relate to

sul furized olefins. Unless the context clearly indicates otherw se, here,

as well as throughout the specification and clainms, the anmounts are by

wei ght, ] the t edihpdméanls)e disslfide aidese eltan Gbbsti 396 dﬂzydi-o&ah@l mfgﬁ&SMﬂﬁu}ﬁaes

at nospheri c.

(526 parts, 167BiEhPYyIfdes ars defined 3s containing foprof mope éﬁgg’r g’%‘?&?se Ingngt or

which is fi ttedmw:dmexanthag:moanmf teisulfidenit at Jeadt abmml92%gor:pnefaablﬁea‘lea@er at ed

brine is circu hn t L or .to

i ntroduction o%ﬁ&fgy}aggg@hé&%&?&%&t’ tﬁ? %@?unsfé)g?’lhﬁ‘ﬁ e"Ii P@éﬁ't%‘?]ys“]ﬁtdes

evacuating to &ﬂ@ﬁaﬁh@ 4% rar pasferablydess thpn 9@t 3% i@oqelﬁnhbdmm,st)leof i sobut ene

and 279 parts tor.

The reactor | s hpdtolbf Subhe iaLLRCR BmiiCeSh BLaYH o 1O SBAF R0

of about 182[ePWf@W@Pma"bSE&OWO@PHSGPQU”% -maxi mum pressure of 1350 psig is

reached at about 168t eulfidarblsts iopdridried 82k Vabian Eﬁdocéast(ﬁlr&ﬁ%gi’aﬁﬂaﬁ(he peak
u

reaction tenpei:ﬁéﬂre, the essure starts to_decrease and con es to

decr ease stead é’BEPQ“ﬁ"!Sa'BEe&m%’ dhe Cobmuisad> miMegabare¥FE 10

hour s ag ahr eaBP-ilDl‘['He&éﬂi@efraﬁka’ﬁ'oﬁfe iahsrd, ndid2 minl, k250" B6ut I@"@}Sﬁh” Thi ? h310 340
psig and the r e.c i g per hour. e
unreact ed hydr dé’ﬁ’ éﬂFF%anm RE P % ’fee‘r‘%a‘g'i‘eemi?ém“etﬂ‘e'f’ﬁrgﬁ"? 5390 gnd thet om
After the presdateator tempéreturez260YC. hEke ii;em_i@asfeds 06, dlt rRef§BRde are mbe

rS] :J![ ]; ggr;larzlegt m XhUﬁ&ufﬁae,rcﬁsﬁﬁ/d% %Q t%&l]ﬁie gl'bllglges tc-)r B1e su fﬁ(rtc%mposf ion l‘or agalysgb out
100[ err] C to rEroreferenses inay bé nbtainiedechyi frActionatiug theti predushitocfant sulfils friaetionse,

mer capt ans and¢gyogo. e ol ? i tated
w th 5% Super LI 1t ra;,%dész%% “ﬁ?@%mﬁgngﬁg 5’5{%@6&%"23‘55’%&4 \%E @S ai d.
The filtrate i éntaffé % sletermipation isunp or dachftessrefarense wamples mwm it 5%

sul fur. ty. (2) An. area % determmatlon s run on e A tosﬁezteited tqrﬁe%lél fur

Sul f ur

nonochl ori de (2025 %ramf; ol ess) is heated to 45[err rough a
eneral ea of its composmon (3) A calibration blend is accurately weighed based

on the area % results of the sample to be tested: then the internal standard toluene,
is added to the blend in an amount equal to approximately one-half of the weight of
the largest component. (This should give an area approximately the same as that of
the largest component.) (4) The weights of each component (i.e., S-1, S-2 and S-3)
are corrected by the % purity from step 1. (5) The calibration blend is run in

triplicate using the corrected weights and then calculated, using the following formula,
" to reflect the multiple peaks in S-1 and S-2:

RF = (concentration of components*) (___area of internal standard )
' ( total area of peaks . ) (concentration of internal standard)
* Adjusted for purity of the standard i.e.: component weight times
4 percent purity equals concentration of component.
{(6) These response factors, plus the response factor for the sing'ie S-3 peak are used

for determining weight percent results for the samples to be tested. (7) Results for S-



sub-surface gas sparge, 1468 grans (26.2 noles) of isobutylene gas are fed
into the reactor over a 5-hour period. The tenperature is maintained
bet ween 45-50C. At the end of the sparging, the reaction m xture increases
in weight by 1352 grans. In a separate reaction vessel are added 2150 grans
(16.5 noles) of 60% fl ake sodi um sul fide, 240 grans (7.5 noles) sulfur, and
a solution of 420 m .. of isopropanol in 4000 m. of water. The contents are
heated to 40[err] C The adduct of the sul fur? nonochl ori de and i sobutyl ene
previously prepat i e, - r hour ..peri ile
permtting the tf gir?r(ggrzgatrgg %lg&’%’ol ié‘éla?%mig)?ég??éﬁfﬁ%&)g%g%ﬁ o@fj Metlre is
heat ed to ref| urolysyHides #re determingd by differense dsingthe followingcfortgulper mitted to
forminto separate | ayergq J QYEN L S | ' . per
$-4 Theodh Q18N RYLLRUS lﬂéﬁ{e eddd) gé@f%r%ggg  dehfiga 4P

organic layer is mxed wth two liters of 10% a oxl de, and
the nmixture is PyReaks Hlededqprior fo therintsrabstardardrne or ganic | ayer is again

renoved and washed W bk &fiBodihért! the forgiicolysulfid %@Sﬁﬁféd?& Ggs!éfii_hed aao%ijed‘ by
mnutes. Ine resiaue 1s

heating at 90[err, nd 30 . pressureée for
filtered thr ougPP“lﬁqHSWﬁ%é‘ﬂg@’ é‘gg{’ha‘!di 3tieast olefip tofon gp imermedigtes nkheof g
g' gar yell CC)\fllv- or ﬁltHJﬁo Sﬂihtléliﬁ ﬁ'act%onalﬁl distillecé to formfthe organiclz pol)ésuiﬁde. In one afpead)p! e

- arg . .0f. the product .o anpl e S- i eact or,
under medi um agﬁfjafﬁcg?ﬂapgﬁﬁ?%‘gﬁt” ‘éfﬁiéf 83??%&%}“3‘385-‘68“1°~93{%8}°;5FY €Bring to
equi | i bri um anddistiflatibmipressmeis| frdm about flao aBsut 250) preferably fiom dbout ditd adut on of
distillate. Set ,ilkm: [ t. 4: 1. . Ralse the,tenmperature to | Q5C to
ensure a steady1 f§¥ {Jﬁ%'ea |0Eﬁ%§tg8'.?t lt’éﬂ 8‘6@0‘?\'"0 g't'ﬁgag?%l{aﬁ?? 3@3“% fueh a
requi re appr oxi Saydes fpactionationeolymn maybe wsed.y Incork embodinzemp rthe Fraetiona@®@0is 260

b Rai 5o the Lok DG o Qu 21 b B £YIEEY Solbolr ' U

and maintain for 30 mnutes prior to C ectl
reflux ratio at3huptopbguid:1; pepieforshly fomraboutah:l pp to aboa@t S-2h order to

ensure a steady di Strht kolowiig ckithfles fePit fFduifthistlidldial. CURME thé Torteht My S-
The distillatiop

i el ds approxi mately 300- - .
9 400 |bs; of PH%“&%E' F@ﬂﬁmewel%éh@a&Wb@e gpestiationcandickaims, the 704 S2
93.15% S3, 4. 04ambingare b Mejphit)tlhd faiperature is in degrees Celsius and the pressure is
Example S-4 In a vessel -with a fractionation colunn, bring 10, 000
grams of the pr¥HI®R™Bf Example S-1 to a boil, approximtely 200[err]F,
under nedium agitation. Bring the Example S-1 i

Sulfur (526 parts, 16.4 moles) is charged to a jacketed, high-pressure reactor
which is fitted with an agitator and internal cooling coils. Refrigerated brine is
circulated through the coils to cool the reactor prior to the introduction of the
gaseous reactants. After sealing the reactor, evacuating to about 2 torr and cooling,
920 parts (16.4 moles) of isobutene and 279 parts (8.2 moles) of hydrogen sulfide are
charged to the reactor. The reactor is heated using steam in the external jacket, to a
temperature of about 182°C over about 1.5 hours. A maximum pressure of 1350 psig
is reached at about 168°C during this heat-up. Prior to reaching the peak reaction
temperature, the pressure starts to dedrease and continues to decrease steadily as the
gaseous reactants are consumed. After about 10 hours at a reaction temperature of

‘4 about 182°C, the pressure is 310-340 psig and the rate of pressure change is about
510 psig per hour. The unreacted hydrogen sulfide and isobutene are vented to a
recovery system. Adfter the pressure in the reactor has decreased to atmospheric, the

sulfurized mixture is recovered as a liquid. The mixture is blown with nitrogen at



ccolupn to equilibriumby regulating the vapor tenperature. Maintain the
equi libriumfor 30 mnutes prior to collection of distillate. Set the
reflux ratio at 5:1. Under these conditions, collect the distillate until

t he accunul ation of distillate is less than 5m in 15 minutes. Collect
100m of the distillate containing 88 grans of distillate at a vapor
tenperature of 56[err]C. Raise the tenperature of the vessel 15[err]F.
Renove an additional aliquot of 50 granms ih 65 mM of distillate, at a vapor

t enper at ure of OoII 2000  of . di enove 1838 grans
of distillate, E‘B{ﬁf’@"}& tﬂde'E?Ne lbf’igﬂg 5‘&‘%“8’&@“"3‘5""1%"%0‘59 19 é\'tege’r ate stays
greater than Sudkrchptans amd menostifidésoiThengsidirecyfter oftdogen mbemgﬁdﬂagxth&ﬁmthzﬂ%lr e of
t he vessel 5.5[err] n ue, cal l ecting disti |IIat|on
ate ts Tese Ruperihop R bt S8he € Hatdiohott chich eS8 irhe B3,

approxi mat el y 4¥giredsulfizized cahgmisitionl which domtains 25 %tshifurf i nal col | ecti on of‘

distillate, raise the tenperature of t?%«ﬂﬁ’dﬂ%@ 9ferr]C to 116C not
exceeding 121[err]C. Renove 220 m of stillate, containing 214 grans

of distillate at aSwipomoncshiodde(207egrems colomelps).is Izated 1045°G oTheugh an of
the remai nder gfy Mﬁcedgat%tﬁgi g@tslgclss %r?ﬂ& gz(sru Iﬂaegnﬂ&s%wieﬁ@gas atd ¥4 iffoaf® of the

desired product, until rate’is |l esS than 5nl/15 mnutes. A

yield after fra&eacionRuridoiheaqgriedaFhs tmpriuse @7"?#’"@%"&%’3%“"3 feSEsiAted
product. The dew énacbfm@siﬁfgnggﬂﬁtraamn 2RI 5hd¥Bds e M wAlghD 195@ 2833 ANd

1. 3% hi gher pol ysul fides 5 | bed gve t he S mpound i S
used i n. conbi nStRREE WW”(W%T“%Q& lgh g mofes) of BH%S?S B ¢ aci d
Ieste{ (c) at tkﬂﬁﬁet, 2@§amb(€‘$.@hioﬂ6) sulfine] apd saluubne?szlzoaﬂeofisd:p}pﬁnsphfameo ?)][ at
east one reacti,on pro rce of sulfur.
These conponent® %r §r?{°meﬁ‘gsffolheﬁ%ﬂ 4@8? ﬁ’fagﬁ?"to&t Ve the

ant i wear :)r exm«:@lqndesand isebytylepe previesshoprepared isiddded axer laghpe{qpméttlioo?s and
greases. In ong 1o o . esters
(b) is present |n an a:%e 'Hﬁe l%?%tﬂ%‘t?%& tooisoéal@gg?%&ﬁ ngm about
0.3% up to abobeatgdto xgflux fommbab@umdmf@wmbthednms pzmiﬁtydmfgmm@f t he

|
]? (r)(r)rre?:lbf) Iut(‘.) n. 0.1 ?/eopgf)h% 135¢rs & TRO WP Bhueof Bydt i diScalfdell. The RpFESIanidNafd} iMOUN EI. 0

about 5% or fPB’F?ﬂeYB@LRWd“gﬂ/&&}W@ @qugout sodiuy hxﬂfow%m%@slmxx@r%%hayew about

1% by wei ght ofreﬁumomlmo&gadlala?m nfsﬁmeh aRMWashéd'Rith BhopResphat e
- or the reaction "&,Hct Qf .a phosp ngdib/g d sulf r or sour.ce of sulfur (d)

is present in é’ﬁ hvashed prodyeh is tipg,a %P"‘Eg}am& & BFESSRfAT 0. 2%

up to about 2%B0@finutes. The residue is filtered through diatomaceous earth filter aid to give 2070

grams of a clear yellow-orange liquid.
Example S-3
Charge 1000 1bs. 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 ratio 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. Tollect distillate over 75-100 hours. The distillation yields approximately 300-



f rom:about 0.2% up to about 1% by wei ght of the conposition. Amoni um Salt
of Phosphoric Acid Esters The am ne salt of a phosphoric acid ester
is prepared by reacting a phosporic acid ester with amonia or a basic

ni trogen conpound, such as an am ne or a nitrogen containing dispersant.
The- salts may be fornmed separately, and then the salt of the phosphorus
acid ester may be added to the Iubrlcatlgg conposition. Alternatively, the
salts may also be forned in situ when thé acidic phosphorus acid ester is

bl ended with 4pphss, opﬂﬁmﬂmatpsodmfmemearédtﬂrbx}hci Sdntatho2.7% S2$8.1595$63,n
conposi tion. ium salts of the phosphorus acid esters may be

formed from a‘mf‘gﬁp'ﬁhe’(ﬂ”ﬁgﬁ‘zaﬁ ne, or mxtures thereof. These amines may be
nonoam nes or pol yam nes. Useful am rExsm'ple(S-eude those di scl osed in U S
Pat ent 4, 234, 435

this reference vesser\%t}'ﬁoﬂl’%ctt A&Wt 8li“ﬁm '?%1‘ drogﬁ gis of! m?ﬂ&t pon of

nmonoani nes geﬁanu:lld §-1¢o latbail,mpbmxmal;ely aomomlemctlum lagmtmno Mringwh¢ h from 1

to about 12 C%-Rﬁi‘foaéqﬂgﬁy S‘tirfgr thg??&%t{?& ﬂlaﬁ.&nﬁﬁ%%{quﬁibhﬁh“g or e

pre- ferred. es nes I nc m ne am ne

propyl am ne, fsu?‘}/m“tweerwziemwmméﬂﬂlh% Se'bﬂlyll'mn'eth afniil-dyaé%'yl am ne.
Exanpl es of sgeQndaditoidThdifedt thd fifs ﬁihh'ﬁﬁe th’iﬁhmﬂcﬂﬂhﬁﬁon ﬂf &Et'i‘ll/dt@ﬂ‘ 185 1than

di propyl am ne, di butyl am ne | am ne, et hyl hexyl am ne,

Tertiary am n%%' ‘F‘ﬂél“&fﬂ\é‘ef &Mﬂ%@rﬁf rﬁ%ﬁ di?‘l"l%f%‘%‘iﬁ'&és WW{F&F’H%‘HW ani ne,
?tqhyl di i ;Jut yl adrbdpRr t&{ﬁératlllrectl)f s6°Ch nt;me tmegeﬁame of tlhb eesaémsqr l me:ﬁové ahty

err am ne jnclu n- oct yJ am ecyl am ne, m ne,
n-tetradecyl afd ﬁ’h ﬂ"ﬁé’?ﬁ?fes eés L %&%ﬁ:l}gt&ﬁt&ﬁaﬂg teB'Ipé'S?QWF ﬁggd"g Al so
useful fatty ejneaemoomnbtmiﬁimwmnema&elmsag:&mhablastmatet yondiffuiag@s such as
"Arnmeen" amn ne rod cts Iefr mAkz eni cal.s.. Chi cago...
[11inois), sucﬁ é&‘?’ 21’%@‘&?! éerqiyﬂ%'gﬂs‘sfhmﬂ Zl%oﬂ:lng Ar meen
S and Arneen d&bps vﬂ';e'alse thetthepdraureeof tuemsghmmmqrﬂnae eddletting distilfaget ty gr oup,
such as COCO’mﬁil??(é ?Jst&l@t{log%te% e%sttﬁ% an Eﬁﬂﬁ&s is achiev %d The distillate O her

useful am nes 1 nc such as those represent ed by
the fornul a, ¢RntaiR %PpmxrlyﬁwéﬁgmmswﬁéﬁMPﬂdwts Far theJinabeallegtidaydfene group
having about dieifaeRAN 18 efiifePficer HBvessts $€ 1B 10EPR: chleBihg B0 abOU

150, or f rom about _one
Remove 220 ml of the distillate, contaming 2]4 grams of distillate at a vapor

temperature of 69°C. Continue collection of the remainder of the distillate,
containing approximately 4114 grams of the desired product, ﬁntil the distillation
rate is less than Sml/15 minutes. A yield after fractionation should approximate 6777
grams of the desired product. The desired product contains approximately 2% S2,
96.6% S3, and 1.3% higher polysulfides.
As described above the sulfur compound is used in combination with (b) at
_least one amine 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. These components are present in an amount sufficient to improve
the antiwear or extreme pressure properties of the lubricating compositions and
greases. In one embodiment, the ammonium salt of a phosphoric acid esters (b) is
present in an amount from about 0.1% up to about 5%, or from about 0.3% up to
about 3%, or from about 0.5% up to about 2% by weight of the composition. In

another embodiment, phosphite (c) is present in an amount from about 0.1% up to



vabout five, or one; and R' is a hydrocarbyl group of about 5 to about 150
carbon atons. An exanple of an ether am ne is avail abl e under the nane
SURFAM err]_ am nes produced and marketed by Mars Chem cal Conpany, Atlanta,
Ceorgia. Preferred etheranines are exenplified by those identified as
SURFAM P14B (decyl oxypropyl am ne), SURFAM P16A (Ii near C[ err]), SURFAM P17B
(tridecyl oxypropyl am ne). The carbon chain lengths (i.e., (err], etc.) of
t he SURFAMS descri bed above and used heréi®hafter are approxi mate and

el ude the. OXKGGAE! itionl LOURE9% yp to soch 3RS SURAULTBAYS uf REBIL T 1S 2

tertiary- allphatlc primary &ner & the a rou
preferably an lHIW@}aht gfthapompmtm g apethen thwt,ttbe dtmhpsnkete arthd r om about

6 to about 24,040k Rﬁhé\t}ﬂl{[ hgaﬁheeah@k'&lﬁg%r G6R ol ted gy*@ﬁhy?ltﬁe

tertiary al kyl pri am n nonoam nes represen ormul a
Rl err] - C(R[ er rameuet fﬂ_pm kP G:1% uppie pkout SB4, oF frpm; about (3% vpda rbout 256 Siip

cont ai ni ng T r Gend abht 8R%Wisp B/aboRE DRBbyRkdnHE ofihd cBhgssitoni S @ hydr ocar byl
group containing from1 to about 12 carbon atonms. Such anmi nes are

i |l ustrated bﬂmﬂlj??lsélﬁ"i‘igh°stph?fé&9f'$|ﬁsﬁ§5 1- met hyl - 1- ami no- cycl ohexane,

t-octyl am ne, t-derThd iEhé Salt M-adpldﬁgwrnwaestef :stpeé;fa&saasywemge phosporic
t - hexadecyl am nea {er tLadec Lam n t et racosan

t - oct acosanyl! & ?fraegésﬁ‘fm't’%ﬁgf’lcg?’?o niéﬁ o %Pﬁ& %ray al so be
used in pr eparmﬂn@geh hmtaﬁnmbldﬁspalsharrﬂ‘&e a:ﬂtsqurbasfahﬂed sepdratelyr aid then dife salti ne

m xtures of this t are"Pr| re.of Cerr]-Cerr]
tertiary al kyl f?)lll’l @/homs ac'd 5 ﬁay%r%:gr?%mﬁpﬁrh%vﬁmn‘h)é&Hp?asmsoinm | ar m xture

of d err] - erAlleatively,chy saiISkl;dy algoj beefoxmenin sisw whérothe agidie Iémanhbablaeldf rom

Rohm and Haas (pRAllied THE iRl bhlhoheilitd it £1yBY kiRl d met hods

for their preparation ar nown to t ose of or ary s |n t e art. The
tertiary aliplempesifon mary anmi ne useful for the purposes of this invention

and et hods for t e anfth&Mieth Ahks6E the Bhdiﬁﬁcﬁﬁd Rfiflestes Haysbe g Erom 945, 749,
whi ch is hereby incorporated by reference for its teaching in this regard.

I n one enbodi FEHRONI3, |08 2B Amife. AETRIMEestheregf. GXheseprjines moy be a%orlyamwreor
hydr oxyam nes puyemnfek Wa!ééful ARiGEYdande thoke dlﬁ:!dsédifnyUSJ Fz&a&M mmse5t

m[ é? ;J]r ?il- ':?hf:r , fine E go C&ny.' Tine g@ d itg %ecrtleo'\ o ?sn}e erencX bglgge mcorporateaae herelf2

H(R [err])l\l—Rby(ﬂ:feremuﬂ (Rlerr])[err]-NNR -OH, wherein each R[err] is
| ndependently a hygf{oGal ¥lined sk R} 05hi%h #5218 W60t 24 RRYh aftlnf!lvinkk FoBOM

atons or
1 to about 12 carbon atoms being preferred, with from 1 to about 6 being more pre-

ferred. Examples of monoamines include methylamine, ethylamine, propylamine,
butylamine, 2-ethylhexylamine, octylamine, and dodecylamine. Examples of secondary
amines include dimethylamine, diethylamine, dipropylamine, dibutylamine,
methylbutylamine, ethylhexylamine, etc. Tertiary amines include trimethylamine,
tributylamine, methyldiethylamine, ethyldibutylamine, etc.

In one embodiment, the amine is a fatty (Cy4,) amine which include
n-octylamine, n-decylamine, n-dodecylamine, n-tetradecylamine, n-hexadecylamine,
n-octadecylamine, oleyamine, etc. Also useful fatty amines include commercially

3 available fatty amines such as "Armeen" amines (products available from Akzo
Chemicals, Chicago, Illinois), such Armeen C, Armeen O, Armeen OL, Armeen T,
Armeenm HT, Armeen S and Armeen SD, wherein the letter designation relates to the

fatty group, such as coco, oleyl, tallow, or stearyl groups.



Aydr oxyhydr ocar byl -group having fromone to about eight carbon atons, or
fromone to about four, and R is a dival ent hydrocarbyl group of about two
to about 18 carbon atons, or fromtwo to about four. The group -R -OH in
such formul ae represents the hydroxyhydrocarbyl group. R can be an
acyclic, alicyclic or aromatic group. Typically, R is an acyclic straight
or branched al kyl ene .group, such as an etq | ene, 1, 2-propyl ene,

1, 2-butyl ene, and 1, 2-oct adecyl ene groups. ere two R [err] groups are

present in the samepfip} GeHi Gmids chAB phfalyCdthe Anfiesueli thbse represented
car bon-t o-carbon bond or throggh a het ergat.om en, .nifrogen .or

e g., OX
sul fur) to for Myaheformyla, RYORNNH, cuhgreindy i ?Hé@’?‘r%‘@%ﬁ% .m“Exlgﬁlﬁgégmﬁfz such
het erocycl i c an aesutisnaivedQidshs RYE Axiber! froneoneatolalbyt-150,ditfunt Bt one to
-t hi onor phol i nes, I peridin ol i di.nes the |ike.

- €S,,, -.0Xa -t hi azol i di an
Typi cal |y, howdyeyt IVeauPnes T‘Ef?‘] ‘siaglyﬁ’r?ﬁ%r ﬂﬁ&%{?tqfﬂpétuazﬁet?hg%“?}e@?ﬁﬁ % or opyl
butyl, Sent yl éﬂic;dit_@xﬁ] exhirpldof Mggrla?ﬁmlofs abi]ﬁlslie mh&aﬁoh?ﬂé suszhnm | ude
mono-, di-, and triethano]anj ne,: di ethano ne ej.hanol am ne,
but yl di et ha- ncﬂ“ﬁ?ﬁsﬁé?j‘“é?‘ic‘f‘“ry maﬂ‘e“’q’&?& %ﬁhg?véﬁa(ggg’%?'@ﬁébbﬁgggn et her
N]: ( hﬁdr ogy hyd (rj q&af'ehgd gmﬁiagﬁnes'Ei’e_even@ﬁﬁeml;;duhosew?iﬁﬁémmsttjkﬁm I P?By) ‘anal ogs
of the above-degcrj be r.O ese 0 ude
hydr oxyl - subst i fﬁ'ié’ﬁy%?wgl"ﬂgﬁ)i’g%lgkgﬁg{ gg% a’“?ﬁrc@r\g?ﬁ%%%#dr ocar %
ani nes can be dtideeyloxgpropylapine)s dFlgdcaltyonr chaintlengths di-e.0be ate-) e SURE above
epoxi des with | ' o, mul ae:
¥ pelaftd ngeg{f,;%g?ﬁw&QFg Pﬁ%nﬁ?e?@%g F%er Ff&ﬁn{ag%&ﬁﬁawm%}m gl ae
(R[err])[err]-livkageR O)[err]-H wherein x is a nunber from about 2 to about

15 and R [err] and g} alemiRdinfeqt thd ARfle FPWtiarfRaliphhtid iRy alnise. DGererally,
hydr oxypol y( hydr ocar b§1I oXy) gro I n anot her, enhodi nent, the am ne

up. f

i s a_ hydr oxyanithealithatingionp. Hiéfefagbr%s%‘ﬁﬂ gEPuByFOptFs figPTRhoYt 4 to about 30, or

[ gr r] 20 vvhgr Gtdin Bbitt 6lto labord 2hy&rmaiagw}t 836 Qbgut 0P Bir8oMm hl&ﬁlfsf MgalBhet 6 to
gbgﬂi t Wefs ; ggpg%g'naj}’fy glra;y] anllilslesaarll'e %onXan?i?leGS gﬁ%&teﬁ%"tﬂg forxrn?lfg ?(?—%k,)}_—m to

NH,, wherein R is a hydrocarbyl group containing from 1 to about 27 carbon atoms

and R, is a hydrocarbyl group containing from 1 to about 12 carbon atoms. Such
amines are illustrated by t-butylamine, t-hexylamine, 1-methyl-1-amino-cyclohexane,
t-octylamine, t-decylamine, t-dodecylamine, t-tetradecylamine, t-hexadecylamine,
t-octadecylaminé, t-tefracosanylamine, 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,4-C,, tertiary alkyl primary amines (both are available
from Rohm and Haas Company). The tertiary aliphatic primary amines and methods
for their preparation are known to those of ordinéry 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.

e

In one embodiment, the amine may be a hydroxyamine. Typically, the
hydfoXyamines are printary, secondary, or tertiary alkanol amines or mixtures thereof.

Such amines can be represented by the formulae: H,—N—R'—OH,



13 preferably an ethyl ene or propylene group; R3 is an al kyl ene group
containing from1l up to about .8, or from1 up to about 5 carbon atons; y is
zero or one; and each z is independently a nunber fromzero to about 10,
with the proviso that at |east one z is zero. Usefu

hydr oxyhydr ocar byl am nes where y in above fornmula is zero include

2- hydr oxyet hyl hexyl am ne; 2-hydroxyet hyl octyl am ne;

2- hydr oxyet hyl pent adecyl am ne; 2- hydroxyenmyloleylanine'

2- hydroxyet hyl soyam ne, bis(2- h droxyet hyl ) hexyl am ne;

bi s( 2- hydroxyeﬁéh%‘l’ TS rRd ( h@l—x , Vitasin Gach Rj isindenepdeddiy aar e t he

conpar abl e e Scaiie Rup hhﬂnéﬁ&n%h@‘l@alfdﬂf&gﬁt&:aﬂion at@sdorone z is at |east
Che o ne ﬁé?”Bﬁwﬁx#&%(% e BT oo 10 LT arb8R 19T PLEPREMEbove.
formula, y equadaboz:efcmr, a“ﬁba‘ses ayivalentyrbearoyl ighgtp dfrbotawa e aboudil8 adxben f rom
the Akzo Chem'c sion. of Ak | nc 0 und rthe
’gnaéfo . B0 %E‘f tzf%ur Tl(;f rﬂ-on;b% RS Sucil ftg&yiaeff %n‘B

general trade 3 1 ons roponeen fes of
such products h}drbwﬂydro@tﬂybgleem Rl Qzﬁl bevdni a;:yphpsulwclxebhytomwc gmul:le condensat e

of a coconut f 0

Et homeen C/ 20 m&&?’%‘jﬁs \%ﬁu Qéﬁh@aérnf&gi‘ﬁpk%ﬁéxeg% %rogg %ghﬁ&gn %‘r’gﬁlubt s from
coconut fatty é@rn!ow&ms,al,%bwem@ed I,Z@caﬁwlfge EWP% Whezettivg IREngroupsi ate,
respectively; ﬁ&ameﬁm%&@ motdeite thdyScait Be %,Heal mﬁalpeet E’ﬁb&Pibd&tho‘ﬂﬂ or

product of ol e¥h§ am ne cont ai ni ng about nol es of ethyl ene oxi de per nole
of amine; Etho hgy hetergatgmde g6 OXYRAR (#F%P%%f%@'ﬁetﬁém@kf’ée Sooh@®Ensat i on

progucts WItlh sinmxékedam;gwaem E LNETL &s%bﬁidﬁ héte i:%@nﬁﬂ&_l_ lg&mg et %I e\rllvﬁ ]
oxi de per nole | one an i C
are ethyl ene 0139 é‘%‘ﬁe’é’ﬂg’é"ﬁ ﬂ%@h%‘c‘t 5"8'?“’9’;&?% BIRPH n’i”ofﬂ"ﬁ?"%f*ﬂﬁs’about
2, 5 and 15 nolthiazalidines hyd exaenkax Tyisic4llg, haweles, m‘chatmlmdepaﬁlmmta wethyl, and
PO POTEN, O A Mook, bRy ST ST SoL. B et giF e o
pol yami ne. Thenpnbydm andstnemmialnininaIdmkﬂéthﬁmlinﬂmaamhmemanélaminp, Inayldiethane

di am nes, al kyhﬁ P‘ ygm nes, hydroxy containing polyam nes, condensed

pol yam nes, ary ’%am nes, and het grocycli c E’ ol yam nes. Commercially :
avai | abl e exarrpl es Toe hmrkmguim ody disa bt ae sthen N-yroxyhydrécashyl yaminewthese y i n

the above for myeqy, m%x@a gﬁg&g@#@%’ ) Qfath Oﬁ%?%@iﬂo@ééesbﬁ@d%ﬁm%mgéém T/13

and T/20, which are e condensati on products
analogs also mclude hydroxyl-substituted oxyalkylene analogs) Such

N-(hydroxyhydrocarbyl) amines can be conveniently prepared by reaction of one or
more of the above epoxides with aforedescribed amines and may be represented by
the formulae:. H,N—(R’0),—H, H(R';)—N-—R’0),—H, and
(R')s—N—(R’0),—H, wherein x is a number from about 2 to about 15 and R’, and
R’ are as described above. R’; may also be a hydroxypoly(hydrocarby!oxy) group.

In another embodiment, the amine is a hydroxyamine which may be

represented by the formula
(R,O)H  (R,O)H
I I
3 R—(—N—R; ), —N—R,0),H

wherein'R, is a hydrocarbyl group containing from about 6 to about 30 carbon atoms;

R, is an alkylene group having from about two to about twelve carbon atoms,



14 Netal l owt ri net hyl enedi am ne containing 3 and 10 nol es of ethyl ene oxide
per mole of diam ne, respectively. I n anot her enbodi nent, the
polyam ne is a fatty diam ne. The fatty diam nes include nono- or dialkyl,
symetrical or asymretrical ethyl enedi am nes, propanedi amnes (1,2, or
1,3), and pol yam ne anal ogs of the above. Suitabl e commerci al fatty

poI yam nes are Duoneen C (N-coco-1, 3-di am nopropane), Duoneen S

(N-soya-1, 3-di am nopropane) Duorreen T (N3all ow1, 3- di am' nopropane), and

Duoneen O (N-ol e nQ oneen ci.al

aval Tabl o f r onPRIEERY 28 ElPRaF SERRRARR) irougs YO Bl orciy Soniefidh frfm d,
enbodiment , t hep terabmt Bsorafiroma 1 qul terabmua|5\carbion @tomist K ¥l zerepodnea andexch arie
represent ed by ﬁ;gy r .

wherei n each ﬁndlgéth epeng{eE'H% y rgggﬁwwé&ﬁ% F rﬁ{?u&&lm .
hydr oxy- substlwped aliphatic group of up to about 30 carbon atons; nis a

number from 1 o 8ty brofydbaRyRARbiL herOy BPe fornifs i LaPiala 2 to

about 5; and the "Al ky ene’ rOlrJﬁ;_) rom bout carbon atons, or
from about 2 t &hydrowethglhegianipe; lysmeﬂqucalaauth-lwdwmtlymww@mmu nent ,

Rierr] is defipagd rbﬁﬁth?ﬂ@laﬂﬁné?\'zhﬁﬂﬂb]qe Hﬁmnﬁuﬁ MRRIRE S

I ncl ude net hyl en I enepol yam nes I ene oI yam nes,
pr opyl enepol yaﬁi &g@?’ {‘]@P@M wfeyavﬂ Rixturesiereoty ‘Pﬂ”ﬁ'ﬁ' ¢d AGTHBE 0gs and
rel ated heter oegmﬂ»arﬁblameﬂﬂ:s:s whefdin MSthp abve darmubsatdeudt dheodiisiud least 2, as for

al kyl -substituted al S0 I ncl uded. Specific exanples of such
pol yam nes aree’@ﬂ‘% gﬁgg %idé‘ye y?’? EHE et et r ani ng w
tris-(2-am noet hyl Jmoneembodimpnt the eutiizenmaehe 3 hydveyhydranarhyl aninecwhere

hexhet hyl enehofanh fo e dbBid RRENE LR G b hARNARRERAMARL S . oy
by condensi ng a‘mla'eiﬁ fronr the gtkzo [Chemival/ Rivision of Akzdopl biae Shicags Iﬂmes,snmdml arI y
useful as are megeuéﬁﬁtr&fe dé \e%lmonwtﬁo.eéen* mﬁeneﬁ; Fifé@:?c rsé,@&gug,ﬁ

I n one enbodi mant ne 1s an eth amn yam nes

are descri bed §Y¢ d’é?dall"!s %ﬁlfd’ér th@“maféﬂﬁag’h@h%lbﬁbﬂm% qopdeasatk obehner ' s

"Ency- cl opedi aooeﬁut%@n&@bonmﬁ @b moledbf el teheamdé/cmhmzeenn@g@anﬁ 37,
I nterscience P ers, q!l@ Yor (1965) ., Ethy en amines are often a
dﬁﬂ? ﬁgmc%’

conpl ex mi xtur f“’ & 8% £\Parentation prd et Bty agidnsati on
products. O hetontsifihg hbdut uean@fls Broley dBkMfed dide] eapwxealy fEtli&nédiﬁ@hB,' ng from

P O o e LR Dol eGP abfe oS ing ok 1V

moles of ethylene oxide per mole of amine; Ethomeen S/15 and S/20, which are

ethylene oxide condensation products with stearyl amine containing about 5 and 10
moles of ethylene oxide per mole of amine, respectively; Ethomeen T/12, T/15 and
T/25, which are ethylene oxide condensation products of tallow amine containing
about 2, 5 and 15 moles of ethylene oxide per mole of amine, respectively; and Pro-
pomeen O/12, which is the condensation product of one mole of oleyl amine with 2
‘moles propylene oxide.
The amine may also be a polyamine. The polyamines include alkoxylated

diamines, fatty polyamine diamines, alkylenepolyamines, hydroxy containing

3 polyamines, condensed polyamines, arylpolyamines, and heterocyclic polyamines.
Commercially available examples of alkoxylated diamines include those amines where
y in th€ above formula is one. Examples of these amines include Ethoduomeen TN3

and T/20, which are ethylene oxide condensation products of



15 I m general, al kyl enepol yam ne bottons can be characterized as having

| ess than 2% wusually less than 1% (by weight) material boiling bel ow about
200[err]C. A typical sanple of such ethyl enepol yam ne bottons obtained from
t he Dow Chem cal Conpany of Freeport, Texas designated "E-100" has a
specific gravity at 15.6[err]C of 1.0168, a percent nitrogen by wei ght of
33.15 and a viscosity at 40[err]C of 121 centistokes. Gas chronmat ography
anal ysis of such a sanple contains about 0493% "Li ght Ends" (nobst probably

di et hyl enetri am 0. 72% tr.i et hyl enet ety aami.ne,. 21. 74% .

tetraet hyl enep%@é\bﬂwt@# eé‘%@%’f%ﬂéﬂf“ﬁé?@ﬂ@ﬁ’éﬂ@éﬁ?Wé“ﬁﬁﬁ'dﬁi‘_’ﬁ'_h@f”e of

anal ogs. These didniiyeé, @esppaivelam ne bottons include cyclic condensation

Fi et byt enet ot ram 8 205t sl e pofiahe s Rly LGl AU S8k
react ed sol el y inviude méne- acgialiyl symuzeydieal opasymimstricaksthyienedisminesi t h ot her

am nes, polyam ) &08vami QF Berapysef dil; |l yamne is
a condensation’r ac?dl?%nr]lﬁ%ge(#].\’/%rfegﬁl’g?gflegéyangﬁeea?ﬁl@rgox .cag_rrpousnuétatv?\nlgth at | east
one pol yam ne cemmerdinl fattyrpolyamines ate Dnareeen G (h-cpnotlsndigmioproparsddar y ani no
group. The hydisyahee® BRRUBHS1 Sdafn?hidphsans), Dubfbaty @RitRIRlchol s and ami nes.
The pol yhydric al cohols are descri béed bel oy n one enbodi nent, the hydroxy

] W. l : (] " "
conpounds” ar e (RATASRIPRARE), Ach Duomes Qxiplevt-1diismicRraRanch o Ditomeghs” dffe
above- descr i beGonmefrdlly AefilabRIfdne Armhk Chémicall Qo) Ghivagailgeis(e. 9., et hyl ene
oxi de, propyl ene oin de but%llmine‘tﬁx#de .et.c.%&gvi n lfr.om two to about 20
carbon atons, or frBeRPHEr $BPAEHBAE 83@.‘“"’2?(5 EEPYEBGhydri ¢ ani nes
i nclude tri- (Aklaepglyamiiyds)aerepeesented by (Heyfdmmly BR Ny(Alkglehad)) R hane,

2- am no- 2- et hyl,- 1. 3- prppanedi ol AN N N -t etk akis (2-hydr gx pyl)

et hyl enedi am né‘{“&%“d"ﬂﬁ? lﬁe‘ﬁf l,nﬁgaegfj%’}ﬂl\lawrs‘)ge("zf’ ﬁ%/’b%lé?%}éﬁ %él}yfiré&- %séir%\%e?i am ne,
preferably tri sliphaticgroppeif plty abovt 30 carbbm atoms;TiHAN) number fromHotoyabout onhi ch
may react with ' ' 0 . i on
products or con engegkg?#ggeds??"géﬁ@ eé‘g@{‘%@ﬁ‘ag@g%?ﬁ‘%?‘g? er gg@&: 9 am nes
i ncl ude tri et hyfroshdteahoulhearpoareatams, ardramahony B énalnahb.corifram agavAyto pent a-

et hyl enehexam RGoftAEHManoMBemboditéRSROE dBfledam Bk AU atRel BEch _
above-descri bed "ﬁm ne bottons". The condensation reacti.on of the pol yam ne

reactant with tHIcASRAb3Mines inchide methlenepolipminesgethyleneRolinipes ed t enper at ur e,

usual ly from alwylen&ﬁ{wﬂiﬂe@; propyéipbly2Rintss bédtfencpblydnings, efe0theddflleer 1] C to
about 250[err] % i n, t edoriase(ﬂg:e of an acid c§t a-. | }/SI. )
, - omologs a related heterocyclic amines, such as pipefazines and N-amino

alkyl-substituted piperazines, are also included. Specific examples of such polyamines
are ethylenediamine, triethylenetetramine, tris-(2-aminoethyl)amine,
propylenediamine, trimethylenediamine, tripropylenetetramine, triethylenetetraamine,
tetraethylenepentamine, hexaethyleneheptamine, pentaethylgnehex_amine, 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 Bdiﬁon, Vol. 7, pages 22-37, Interscience

3 Publishers, New York (1965). Ethylenepolyamines are often a complex mixture of
polyalkylenepolyamines including cyclic condensation products. Other useful types of
polyaffiine mixtures are those resulting from stripping of the above-described

pdlyamine mixtures to leave, as residue, what is often termed "polyamine bottoms".



16 The am ne condensates and net hods of nmaking the sane are
described in PCl publication W 86/05501 and U. S. Patent 5,230,714
(Steckel) which are incorporated by reference for its disclosure to the
condensat es and net hods of making. A particularly useful am ne condensate
I's prepared from HPA Taft Am nes (ami ne bot- tons avail able comrercially
fromUnion Carbide Co. with typically 34.1% by weight nitrogen and a
nitrogen distribution of 12.3% by wei ght BPi mary anmine, 14.4% by wei ght

secondary ami nﬁ%%gra? M&X %’iﬁ}nﬂm 3%1% | @h Yoe %mrgﬁ%nze@gghwmlg less tha an 2% 2%,

tri s(hydroxyne enbo
pol yam nes ar euﬁs'eﬂ)ybxsjfémky?’oe@ae weight) anaterial boiling belpysiabent 2A0Ey | én%!Pléﬁlam nes

and pol yoxyal kyinﬁ‘ﬂi@of £dcﬁ‘€hx8ﬁ§epoi}%¥ﬁd%%&t\bﬁx"s%Sﬁlﬂw'ﬁ%ﬁ#ﬂhé"bdéﬁtﬂé?ﬁéalr angi ng
from about 200 to about from about 400 to about 2000. Th

e
preferred pol ySepamy,fditecnon; Texs Aesigneted| Brl0" s aspecifinaratitipt 476" Gofld ‘

po: yoxyplrﬁplyl ene16s, aqsem:aﬂsgehwaeﬁﬁormlml bﬁwlaam(;mamzihe i ned
pol yoxyal kyl ene es. are conmercia able an ai ned,
for exanpl e, F"d’ﬁ‘? feaFmAto aB%fYS‘SC%r?Bé’r& Phﬁ: %ﬁ’h@#@ade name
"Jef f am nes D- #3ght Hﬁd§%osﬂ:r$9ﬂﬂy dl&h@ﬁﬁ’ﬁnaﬂmépa 729t lﬂefhylehbtéiradﬁﬁhgnt S

3,804, 763 and essl ein b rence for
their disclos u?]é’%ol; ‘%‘EP&H‘YEBF%%? n@cgg ﬁ’&ene SEacy %5&5 gﬁgprr oduct s
nmade ther ef r onanalogs. These zﬂkylﬁnlapmlyemnm)uottmstmcludeecygwl cpadnnmimnqneducts such

hydr oxy-cont ai pi @geﬂ%hg ?ﬁ% higiter a'ﬁ'XBé{oxy‘ﬁﬂﬁ&fégz i, Qﬁ?ét?(ﬁéﬂo eftEratiiid 8&15&19“

hydr oxy nmonoam n par am nes,
NN- (di et hanol ) ke y'ﬂme alkylgnepolysmingrbottoms niay bg seagted salebr thh amwg@awtbe

made by reacti ggielitha ?ﬁem&msmbﬁgnﬁhﬁbzmn%pmm theptdg or nore of
t he above-descri bed al kyl ene oxi des | ene oxi de- aI kanol am ne

reaction products HXdpther usefepolyamineds agondensatian &’raé%ﬂi’c‘teéw??&c?é legt PRgact i ng

the above descw{d@ BhpsRdYwitls RACAE Bhe/ pAlyantifé tdadtant o@hﬁm@ at3édsNfe W t h
et hyl ene, prop ene or higher epoxides jn a 1. ratio.

React ant rati oBTIIAY 9r SRR amine §78YP- ¢ Hhe hyd F@‘yﬁﬂﬂ‘f’%’ﬂ%a‘?é’éﬁfjﬂa@% are known
to those skill pdyhyﬂnb ARolRdIs andSpsiaest lmww:ﬁsalaﬂlohywdmmm%MI IhCone

R i s 2- hy dr SEEERGH) R HORE) e Fop R ARAE. Prypirc s  ne.

mono( hydr oxypr upguld¢ agpbisthe hbdvediesaribed etonydntinesreadtadwitiean alkylene oxide (e.g.,
N- ( 3- hyd b -4 8lid d b
Condensat | on of iy kat SHAE BRIKNE Bab HNAR ol e hatiei? B 0APAF 170

am no carbon atoms, or from two to about four Examples of polyhydnc amines include tri-

(bydroxypropyl)amine, tris-(hydroxymethyl)amino methane, 2-amino-2-methyl-1,3-
propanediol, N,N,N’,N’-tetrakis (2-hydroxypropyl) ethylenediamine, and N,N,N’,N’-
tetrakis (2-hydroxyethyl) ethylenediamine, preferably tris(hydroxymethyl)
aminomethane (THAM).

Polyamines which may react with the polyhydric alcohol or amine to form the
condensation products or condensed amines, are described above. Preferred poly-
amines include triethylenetetramine (TETA), tetracthylenepentamine (TEPA), penta-
ethylenehexamine (PEHA), and mixtures of polyamines such as the above-described

3 "amine bottoms". The condensation reaction of the polyamine reactant with the
hydroxy compound is conducted at an elevated température, usually from about 60°C

to about 265°C, or from about 220°C to about 250°C in the presence of an acid cata-
lyst. .



17 grdups or through hydroxy groups are |ikew se useful. Condensation

t hrough-am no groups results in a higher am ne acconpani ed by renoval of
ammoni a whil £ condensation through the hydroxy groups results in products
contai'ning ether |inkages acconpani ed by renoval of water. M xtures of two
or nore of any of the above described polyam nes are al so useful. In
anot her enbodi nent, the polyamne is a heterocyclic polyam ne. The

het erocyclic pol yam nes include aziridined® azetidines, azolidines, tetra-
and di hydr o-_pyr i diTesmis/EnbRaes kit Rbhiods &t nbiredhd Sne dfladazBL LR pct - and
t et rahydroi m dazcil es, Wéggr zi nes. 1isoindol es, purines, norpholines,

t hi onor phol i ne&ubligation SAband Hifo PaterisS, 230 74h{Steskel) phichiassrincpipotatede s,
N-am noal kyl pi py referienesior 1\dischdsureadl thodnd¥lshied B PhbMBEs ofaRskRigNER. azoci nes,
azoni nes, azeci nﬁﬂa d tét]ra-. di - and,per- hydro derivatives of each of
the above and RISFHPOsUSSHI A sendegsate jsipre o A L9t Amines (aminechot-
Preferred het etamsyavhilableacinnmerciallyefrot drici Oardide CoSwith BghidaRyBA PRI veight

het erocyclic afj ai. ni ng..onl v.. ni t.r. oxygen and/ or s Il? I n the
hetero ring, egi #e&g?na%%y}' pigreedT g '!’%‘f"r’i’e@ ,lg'gﬁg@r‘&?ﬁﬂé’g?‘wlﬁ‘ﬁﬁr P Phes,

mor phol i nes, pyright sedindery, anzinelanchB4%i tyoveight fretidrgl amine), i nashydydxymetdgh) t ut ed
pi peri di nes, pi ' higal kyl substituted piperazines, norpholine,

am noal kyl ,subg?ﬁ{og%e _ﬁm] nes, pyrrolidine, and am noal kyl -substituted
pyrrolidines, are &8peathenempodiment thepolyapings|ary palymyalkyilensgiokypinimesbesg.i t uent s
are substitut e?ol?&yﬂkﬂéﬂerd?ﬁﬁi'ﬂesaﬁlﬂ"ﬂoiﬁw n@ﬁfa}niﬁs,ulygﬁmgr}%rgégmae@ﬂar

Speci fi-c exanpl es. of such heterocgcllc amnes In

N- ami nopr opy| nBFights ranging frem, Abqus 200:te abPRA08G: iof dromagheut 400 to about 2000. The

NN - di am noet hptepdriedrpaljoialkylshiél pshamiR&Q!ifdafeyhié Fg%a@gtmggém are al so

useful . Exanpl g@ | ncrl ude %:%%V'h drc%g:et W% cyci 0 te_xy_ am ne,

3- hydr oxycycl oBEHPYRERHE &%‘%‘r polyyRTRRyleng Fiyaings y Ehenpelyprlivdenene,

alnd tBe i kg. poxyaminésyage aammerchallgl amldmeaad hhxi* bé ummea,%fémﬁm #oh e TBY

al so be used t rm4he. amoni um sal t 5. At ast ope_of t nitrogen atons

i n‘the hydrazi ‘ﬁeéf epngﬁlsl téh('?%)“r?f1 ar ey 3F‘cﬂj’aﬂ' tﬁ? Fég"t Pif“‘bg‘ﬁﬁ%‘nﬁh T2\§P’op'48°’

Preferably thePel089,dD-2000, Felo3, et USdPatepets 3,804,763 atld 3iMB,800 yretemprasstir azi ne

ni frogen and, f n.the s ni t rogen.
 rog me&rso.gfegu@ﬁ%eefﬁ% {0 BERYRHRH 8 4 s pRFad Al ¢

Specific exanples o azines are ne
N, N- di et hyl - hpelyamingsand qeylpted predudty mafle therefiome, phenyl hydr azi ne, ;
x ?B: pé'_ ;] INt ; OSE}QY' lixg‘;Xrﬁftlge%';gflﬁgtg%eﬁQ ?ffeaﬁélﬁln‘ﬂ% E ﬁy(:lpdxp-%x*lli))fng %@E&Hé‘e
lerXxy-,con ining polyamine analogs of hydroxy monoamines, particularly alkoxyl-
ated alkylenepolyamines, e.g., N,N-(diethanol)ethylene diamines can also be used. -
Such polyamines can be made by reacting the above-described alkylene amines with

one or more of the above-described alkylene oxides. Similar alkylene oxide-alkanol

amine reaction products may also be used such as the products made by reacting the
above described primary, secondéuy or tertiary alkanol amines with ethylene, propyl-
ene or higher epoxides in a 1.1 to 1.2 molar ratio. Reactant ratios and temperatures
for carrying out such reactions are known to those skilled in the art. Specific
examples of hydroxy-containing polyamines include N-(2-hydroxyethyl)

% ethylenediamine, N,N’-bis(2-hydroxyethyl)-ethylenediamine, 1-(2-hydroxyethyl)-

| piperazine, mono(hydroxypropyl)-substituted tetraethylenepéntamine, _

N-(3-hydroxybutyl)-tetramethylene diamine, etc. Higher homologs obtained by

condensation of the above illustrated hydroxy-containing polyamines through amino



18 N-( para-ni trophenyl)-N-nethyl -hydrazi ne,

NN -di ( par a- chl orophenol ) - hydrazi ne, N phenyl -N -cycl ohexyl - hydrazi ne, and
the like. The phosphoric acid ester may be prepared by reacting one
or nore.phosphorus acids or anhydrides with an al cohol containing fromone
to about 30, or fromtwo to about 24, or from about 3 to about 12 carbon
atons. The phosphorus acid or ‘anhydride is generally an inorganic
phosphorus reagent, such as phosphorus pew oxide, phosphorus trioxide,

phosphorus tetroxide, phosphorous acid, phosph aci d,. phosphorus hali de,
or one or rmor &FeYRSOF thrpvEbchydeY §TouRs %‘Fé‘kgvfffegsﬁg‘ioﬁﬂﬁ@“ﬁé‘ﬂg HIPYER FYR® aj n

fromone to atgwips%kulwfn 4 highertatind Sccopahiedsy, rembvaﬂ bDammbaidtwhet 0 about 12,
Al cohol s use

or.up to about car.bo are oric acid
esters incl udé Bfﬁ’ﬂ?‘l‘"°n2mghn§'eé’tyﬁﬂ?f‘¥1%r?ws T g‘ﬁ ‘%/ ta&"é%/ﬁ?tnerslﬁ'@a%‘?sesol
al cohol s. Examgtaspanfed by remowal af witen vilixtered eftwbcoohmlrsoﬁmlaﬁdm dtlokel 810 (a

m xture of pr Id%‘ﬁbl pﬁl&%ﬁn?@ﬁm aﬂ? u@éfu]pr' mary al cohols having from8 to ‘10

car bon at ons) ure of synthetic, primary, straight-chain
al cohol s cont ai ni n@@@tlleoemaotmmmeatomme lmbgtleromhcablwhmh.s Thei xt ures of

the 0
by L (gas- | ol ANERARs S DialRg apstidis Sl dbldbick o Pouiiiee T

prinmary al coh(ﬂY§d@eﬁaﬂ?ﬂF¢lFﬁa@f‘dﬁleﬁarmpwd}ﬂ%[l@iqa]!desaﬂb@%Feél)ﬂhyflw azale&ohol s are
avai | abl e frorgiflited SiRdolés) burﬁsa holﬁegms&o@mm@«.%maamm cially

avai |l abl e al cohol, m xtures_are Ado about 75% by wei gh& of “a straight

chain CJerr] phboliggsy :i‘FE’éﬂ?HW“h‘QBBmMIEP%%‘Pm&w@[k@PWF”ﬁBF% ydia| cohol and
about 8% of qﬁilﬁdalkym@rﬂ;@@rdzeﬁh&phﬁcﬁks ARShindElGlzecikS ah® ketid-, Al &l ydr) . The

Adol al cohol s .ar,e t m xture

o “rronohyar i o AR FTREH G S oF fecttors B HACHE 2 1P SLBa I ARBIer | des

gnd [angl ng i rclicamimes.| Eregérkedifetérbqnh&imnes] aré flﬁamrat]:d S5-aamd Ginambedetl e ]1: r? {n
rocter ese ur con u Q a

al cohol s conﬁeﬁﬁrﬁ% mal ﬁPeS J%Q mfgg] ni%m %F 13“?%'?%“"20 r% E t%)‘(’arin Y

CO- 1214 is a feap«tcgallmltlmmndmeﬁ,t piperazimast tjmmqng}wﬁn&?/mofphq "ES{ 1}yrménﬂme$aol

66. 0% of ([er rJnth@ﬁltplPl?grﬁh&o mno%{nkgrs%sz}' tlﬁl!(i:g‘lﬂ 113% e9el§ii/?19fan§[1

al cohol . oup o rclal m xtures | nl@ ude the
"Neodol " prod meb%m&ecbplpam@es rr@mhshwamﬂwlﬂbstwed merphelingspproliingdol 23

is a mxture Oind%ﬁﬁcfa]kﬁﬁ:ﬂx@stgxéﬁ rpkgélk&ﬂe@oiré espeealiiPpreRPred S Ududllythe!r € Of
Cerr] and (Jerr] alc d
aminoalkyl subsutuents are substituted on a mtrogen atom forming part of the hetero

ring. Specific examples of such heterocyclic amines include
N-aminopropylmorpholine, N-aminoethylpiperazine, and N,N’-diamincethylpiperazine.
Hydroxy heterocyclic polyamines are also useful. Examples include
N-(2-hydroxyethyl)cyclohexylamine, 3-hydroxycyclopentylamine, parahydroxyaniline,
N-hydroxyethylpiperazine, and the like.

Hydrazine and hydrocarbyl substituted-hydrazine may also be used to form the
ammonium salts. At least one of the nitrogen atoms in the hydrazine must contain a
hydrogen directly bonded thereto. Preferably there are at least two hydrogens
bonded directly to hydrazine nitrogen and, more preferably, both hydrogens are on

‘s the same nitrogen. Specific examples of substituted hydrazines are methylhydrazine,
N,N-dimethyl-hydrazine, N,N;-dimethyl-hydrazine, phenylhydrazine, N-phenyl-N'-
ethyl-hydrazine, N-(para-tolyl)-N’-(n-butyl)-hydrazine, N-(para-nitrophenyl)-hydrazine,



*19 a mxture of Cferr] to C(Jerr] linear alcohols. Neodol 91 is a mxture
of (Jerr], (err] and (err] al cohols. Fatty vicinal diols also are
useful and these include those available from Ashland G| under the general
trade designation Adol 114 and Adol 158. The former is derived froma
straight chain al pha-olefin fraction of (err]-Clerr], and the latter is
derived froma ([err] -CJerr] alpha-olefin fraction. The foll ow ng
exanples relate to am ne salts of phosphotdac acid esters. Unless the

cont ext indi cat es ot herwi se, eratures_are in degrees Celsius, pressure
i s at nospher i c N-GAw-witephsayl}-N- ‘Bﬁnﬁ’l'ﬁm "di¢paga-ghorophiegpl)-hydrazine, N-

Exanple P-1 phenyllQ’-&/cfoRé ,%uhyamgo‘{nd(t@m es) having an average of 13
carbon atons and obt ai ned t he dro%eenatlon of coconut aqil there is

added at 50-80[err ]Tée\ﬂl?%’f’ﬂ“"a”ﬁ’e?sf“édf‘% Prepagrg by Jeaching gneer Yeregos phor us

]p_elnt oxi de. Thﬁ H%s}fﬁdtﬁﬁ?jdxds &Qﬁhﬂﬁd@iwxaﬂa&flédhgl &ntmuﬂ@f:&admé ith hwado dhe
Iltrate Is t es| r.e I S | .e oric a

phosphor us con?rgﬁlttw&t §b‘§gzg’n?féf%‘§% ggﬁ f?g (l'batf’ﬁﬁeﬁ‘hf Bh g?rg‘?n _

i ndi cat or). Toa&ddr gulopdedd 2 gmrdly@qunm@xﬁmplm}splmiustrhaggnasuulilas phestpﬂmmls here is

added at 35- 60;;8{_:,5;!:& Hﬁo ﬁgrh? B Ly oé;pCI Jé'{% dx:éh%%hOFCEB%@‘Id Fﬁds orig?

equi valents) o a col y am ne'
m xt ure havi ngaéid,qrhosphotus hilides ar tsroranarent, BhQShlmmﬂ gstelrs. gThmplOd!w an aver age

equi val ent  wei g&k:&h&t ot m(tﬁﬁﬁ‘é TP 0085479 J@Fo §ioutibd, oR Grofl ﬁ%dﬁh?tés

agitated for 3 uct i's’a sa the arm ne an e acidic

ester having aa?mﬁébmir‘\l?sm@b?ﬁtérﬂafm atprsopAderhols used toqurepare dhe phospheric 3. 1%
Example P-2  acid eAe,%aﬁ&udeSbugi LSRR, Qf&tﬂmemeh g,no&eﬁtméyx Qhd EYR8PAI&NBIs1 except

that the partiaglly esterifie hos horlc derived froma
m xture of 3 g5 of sommergal é'm*@Plea# ele fnctyg Ato} 810 Ocla grixtuse, ShopraRariy

pent oxi de. straight chain, primary alcohols having from 8 to 10 dzxtviitémsy; Alfol 1218 (A f ol
8-10 (2628 parts 18 mol e | s hea hﬁ‘dtﬂ 8 gﬁe atture I(I taE@Ut 45' C
wher eupon 852 "')5’5"} ff ?‘ﬂ?cﬁ ? 53ntgning 14 10 K SR er a
period of 45 rrmwts)zsmm R0-e aleahdls @nirturey of 0g-C,cpritharg ralcbmha\&igmestly@y\een
about 45-65' C tyure Ls | t
t enper at ur e, %ghdg?eég‘ o t%’% dlhégﬁ%ﬁf%%b%g@?&%’bo ol?&ﬁoﬁéoéols
Primene 81-R ( E@@'stmmnasy alg@o@ confaining ririmagilitiSs alcohols). Alfol alcohols are
available from Continental Oil Company. Another example of a cbmmercially
available alcohol mixtures are Adol 60 (about 75% by weight of a straight chain Cy;
primary alcohol, about 15% of a C,, primary alcohol and about 8% of Cis and G,
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 G to C;4 are available
from Procter & Gamble Company. These mixtures contain 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,, alcohol and 6.5% of C,4 alcohol.

¥ Another group of commercially available mixtures include the "Neodol"
products available from Shell Chemical Co. For example, Neodol 23 is a mixture of
Ca and C,s alcohols; Neodol 25 is a mixture of C,; and Cy5 aleohols; and Neodol 45 is



20 dr'opwi se to the reaction nmixture while nmaintaining the tenperature

bet ween about 30-50'C. Wen all of the am ne has been added, the reaction
m xture is filtered through a filter aid, and the filtrate is the desired
ami ne salt containing 7.4% phosphorus (theory, 7.19%.

Exanmpl e P-4 To 1000 parts (3.21 noles) of an al kyl phosphoric acid
ester mxture prepared as in Exanple P-3,;4here is added 454 parts (3.7

nol es) of di-n- butyl am ne and mai ntaining an at nosphere of nitrogen. Over
the period of anhktire@f C,ttbeC,srat alasholxi Neodal 91ds & erittmd dof C,a06 andhCpt ai ned at
a tenperature zﬁf 120' C After all of the butyl am ne has been added, the

m xture is mai n‘fozlillon'ed at 120'C for 8 hours. The desired amne salt is
‘obt ai ned and cont aFatty vicidaldjioalgwhare usef§ltand dhege inglugethase avadlatlesyont r ogen .

(theory, 3.6% . N Bizoy To
ZAséliangD (Pxéu der fthe a%an%rlaLg?dep%glgrb tion Adol 114 %@1 ?5&3 '?he former

721. 4 parts ( S) O oric acid mxture as prepared in

Exanpl e P-3, tindexdveddram astaightThain glphe-olefin fmotiopfds)-Cof and the Jatter fpy| - °

hexyl am ne) i NgegRe AEBRSPOSCE, MfhalbidtnO@RAon. AS the anine is added, the
tenperature of the reaction mxture rises from20' Cto 120' C. The reaction

m xture i s maint ai kBkifcliowingexampleselate igramine,salts of phpsphorig agidssigrs; Hdalessi r ed
product cont ai #hé Bantéxt HidicitR RIS téthpeRtidés are i1 degreeiCelsivspRissur® gen
(theory, 2.79 Exanple P 6

) ; . A
reaction vessemPEphere agd theparty and pergentages are by wright<y ot n_anyl al cohol ,
and 426 parts (3 noles) of phosphorus Bxampled-tle i s added over a period of .

1.5 hours increnent.all il,e intai.ni.ng the reactjon,tenperature between

Bhout 55 70" G ar 1 56 gty Heondl FinRed iuPEt Afertel 3 2 bt ABER MdicaCt he

m xture i s sticbtaived by the hdrhgeanationldfecoranat il thereis atidedeattSH0°C withimiant ai ned at
70" C for 3 hours.. Pkl 84- 9 . | dr opw se
to the reacti#ﬁf?%@&ﬁ%ﬁ%%ﬁ?@? |ér%g£é%é°xf&ghp%grgg!%'gt?te %Z‘?ﬁg&ejﬁpw- 70' C.

After all of t8§0& Qofor3ceursgmdfiltered. Jhe diltsateliscthe desired pagillesteriiedure i s

filtered thro st |l L8 M 1 RHnd ol ' i ' i ni ng
6. 19 phosphor @f‘tﬂlﬁg‘g rat:lﬁ, ha@ing alphodphBhe cbitent A 8isvSehPAH A8d Adthber RIS Exanpl e

P-7 To 1@9@%‘!‘&% -!SPd!BPI oR | BasJ18grame,@ agidcauivalentshafthiscacidis eftari xt ur e
prepared as i nhdsrddedRt 35-60°N€ aStdichichdREAIY ¢qiivalent ainbiint((Re.2D efRibAsnts)Of
Armeen O (ol ey<|>f Pall'xrrrllmerxlxee)Sl-R, a commercial tertiary- alkyl primary amine mixture having from 11
to 14 carbon atoms in the alkyl group and an average equivalent weight of 191 (based
on nitrogen). The resulting mixture is agitated for 30 minutes. The product is a salt
of the amine and the acidic ester having a phosphorus content of 4.7% and a nitrogen
content of 3.1%.
: Example P-2
A salt is prepared by the procedure of Example P-1 except that the partially
esterified phosphoric acid used is derived from a mixture of 3 moles of primary-pentyl
alcohol and 1 mole of phosphorus pentoxide.
. Example P-3
Alfol 8-10 (2628 parts, 18 moles) is heated to a temperature of about 45°C
. whereupon 852 parts (6 moles) of phosphorus 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



21 over a period-of 2 hours in a nitrogen atnosphere. After all of the
amne is added, the mxture is heated to 80'C and maintained at this
tenmperature for 3 hours to formthe desired product containing 5.4%
phosphorus (theory, 5.1% and 2:5% nitrogen (theory, 2.5%.

Exanpl e P-8 A mxture of 539.8 parts (3.7 noles) of Alfol 8-10 and
326 parts (3.7 noles) of n-anyl alcohol is prepared and heated to 30'C
wher eupon 350 parts (2.46 nol es) of phosphorus pentoxide are added

incremental ly 4 ql}l*’@ alyre of
t he reaction m}bgg%s?é&g}?' Igﬁcq%h fte 1&%4&&@1@%@&%@& L%?Bét% o>?|¥de S
added, the ni 20-50C. | When all ot the amingihtistbeemadded, the mmonanmllrhsrﬁaltmtder

mai nt ai ned at PRl taw %n@thJ@H e lp{he%emura ine AR cemgﬁg;gw%eac.l d

m xture i s coo e to a ereupon 925.6 parts ( s) of
Primene 81-R alﬂ%sph‘d'd’eﬁh%ﬁ‘bﬂvl?’@e over a period of 2 hours. The reaction.
“mxture is exothermc to 70'C~ and afgg,qnppép-,;of the am ne is added, the

mxture is filtered th og‘g%h %fllé}g ng S}e iltrate is the desi r ed
amine salt cont ai niony08 pags gkan, 3" SPROFiG 3L EET (RIREET Prepayed 40, ) |
Phosphites  asin PanpRsps) thefd labauea 415#1 Parts {317 xﬁdES)la:gdiZﬁeri@} lainfif¥ dnd
concentrates, f‘Fﬂdﬁi&reases co taIE i?r atz\fe &%& g g&d&' & osphlte may
be a di- or tM B%é?BWmB 3% ShMtreeep YL SEAAdiINAR, Breesiongr oup
cont ai ns frommixttre inheatdd Ddandamadhctained mtemperammbélmrablﬁgﬁef ab ot thettmtdbout

18 carbon at Ogﬁxfne%gbg&re%dg%%gfnﬁmrx1dé%ﬂa%8%1€0 I’J rﬁ%ﬂg rs8 ar bo?dat ons.

Each hydrocar byl group epen When
t he hydrocar bymilgrsel!lptplztalmd mdydongmﬂd% lwephoms (dmmaﬁ&%)andlié%st about 6
carbon atons; frg &pg 6 to about 18 carbon atons.. Exanpl es of the
al kyl or al kenyl ups’ i nc ude propyl, bUtég hexyl, heptyl, octyl, oleyl,
linoleyl, stearyl, etc. Exanples of -aFxam ps i ncl ude phenyl , napht hyl ,

heptyl - phenol, etfe nﬁ’mqia% @éwmeﬁgmmqi@p@fobwone aay Rnikeire! 3ARRGRELRAL | Y
propyl, butyl .g?‘g)entry? hexyl, é‘F 5 f nore preferably
butyl . ol eyl i it A DIk BArRISE* BRI OLgh-Cob el heusR iR of
prh eparing phO&@xlibsﬁme bitrogs %meranm ift addedicthe (éshpirdthoe d?hﬁbsmahﬁdhs and .
their preparati.gn are ites are ava e commercial ly.
Particularly 'I"ﬁlnsf)#é #ﬂtgé éégaedl-lg‘ ?ﬁ)p‘?ﬂ/fﬂx&g&ﬁ 'BﬂB Btaéﬂ“ﬂl ol eyl |
hydr ogen phos pdmpeeaturdif¢rC$ hourd Jo yipid thadesired proginit icentaiaing 3t4|% phespldruphosphi te.

(theory, 3.0%) and 2.7% nitrogen (theory, 2.7%).

Example P:6
A reaction vessel is charged with 793.4 parts (9 moles) of n-amyl alcohol, and

426 parts (3 moles) of phosphorus pentoxide is added over a period of 1.5 hours
incrementally while maintaining the reaction temperature between about 55-70*C.
After all of the phosphorus pentoxide has been added, the mixture is stirred for 0.5
hour. The reaction mixture then is maintained at 70*C for 3 hours. Primene 81-R
(1597.9 parts, 5.93 moles) is added dropwise to the reaction mixture while
maintaining the temperature between 50-70*C. After all of the Primene 81-R has
been added, the reaction mixture is filtered through a filter aid to yield the desired
‘s amine salt containing 6.1% phosphorus (theory, 5.8%).
‘Example P-7
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)



22 Throphosphate or Reaction Products of Phosphite and Sul fur or a Source
of Sul fur As descri bed above the | ubricating conpositions,
concentrates, and greases contains at |east one thiophosphate or at |east
one reaction product of a phosphite and sulfur or a source of sulfur or at

| east one thiophosphate, preferably a nonot hi ophosphate. The thi ophosphat es
may be di hydrocarbyl .thiophosphates, trihydrocarbyl thi ophosphat es, or

m xture thereof. The hydrocarbyl groups are defined bel ow. The phosphites
may be any of dvbea pbiddeofdeisouts il @chipbRs Pbhdsphere.PAGELAIRGE the alinepisadddd, te is a

tri hydrocar byl , phosphi.t re.preferabl ra.aryl phosphife. The

hydr ocar byl gr%gﬂluﬁg‘ﬁil%gﬁalt%ot(??& 2 f?‘?ﬁ’ﬁ’éﬂgoﬁtﬁtm‘%{eﬁge%%%ﬁ?orzil,ﬁouﬁ gcﬁ‘fgfnébl y

from about 6 tthe disired pidSinctronwiniige.4% pbbsphénue (thexyy Bt1%) ahd 288 gitrogén.car bon

atons. Exanpl e(%e%é, zg%ul hydr ocar byl groups include benzyl, nethyl benzyl,

di et hyl benzyl} t hoxyphenyl, etc. A particularly useful phosphite is

tri phenyl phosphite. As di scuss&lamploVed t he phosphite is reacted with

sul fur or a sourceA%ixt%légbﬁgﬁw.?-Egﬁs Ei’{/ ‘F‘ﬁfes)i‘{ﬁfb?8‘%“"‘@92@15%%-7%&’%2'°?ty of
¢4t

materials which are cap e o g ur to the reaction.. anpl es

of useful sul fammyslgobelds preppradend bedtest toril) ¢ dsreupesndi0iparts Grid wrledafi ur or
sul fur oxides miotdhoRiPeRBRile atél dddelfincRRRntAY LidlixfngSidold WvatePB4tRtd nfAtht&h 9ani ¢
conpounds. The sul fur halides include sulfgr %ngﬁhl {Ifglg ul fur

di chlori de, et tepReralfieraf thesispagtion mixtute a4 5440 Pt oftBn PROSRPORYS or gani ¢
co Irr}aou _ndsEjl S :JC;?e_n&)‘dea ﬁ@ﬁbﬁ,@h&ﬂﬂnﬁ’r Iisfiﬁrﬁlullcahiademomg 03l Hoan yﬂ_.ddﬂauire‘a&d:es :

sul furized olefins, sulfurized oi . rized . fatty acid.esters,.

sul furized al iﬁﬁﬁ?fnfﬁég?é"r’gpe ?“’8I°«§?Pr§ @’ﬁﬁ}? s gl?'ed’ﬁ'g%%’&wcfgmgﬁed%,

di ester sul fi desled3olabant 40WCiwhiretpon A6 6 pard@fStmoles) of Brimbnry 81zBcare eddednes.

U S. Patent 4, . IS¢l ' r_.SOur. Q ppl yi ng
sulfur to reac r?g“r’]'gel%’ﬁ?g P%%?“Zﬁ‘fz ?{%ﬁ% g’(i’:lr(?)er %gétig é'clf§:§§/é 1? g%gﬁ%ﬁ@éé&? c()) r&1 fdg

di scl osure of after alliof heaniesis added, thel mixtureeis diltbredithmongh a filter aidianpesphat e i s
at |l east one c . P ; :

(RX) [ err] P=X mﬂgfp{éqgg‘éﬁgs "‘P?“?%geﬁg‘teér‘%%ﬁ‘t“fgys G PPosphorus and 3.2% niTORen ded t hat
at | east one Xthesnsdi2#%). and wherein each R is independently a hydrocar byl
group. ;The hydpegiifty! groups are described above. .

As described above the lubricating compositions, concentrates, and greases
contain at least one phosphite. The phosphite may be a di- or trihydrocarbyl
phosphite. Preferably each hydrocarbyl group contains from 1 to about 24 carbon
atoms, more preferably from 1 to about 18 carbon atoms, and more preferably from
about 2 to about 8 carbon atoms. Each hydrocarbyl group may be independently
alkyl, alkenyl, or aryl. When the hydrocarbyl group is an aryl group, then it contains
at least about 6 carbon atoms; preferably about 6 to about 18 carbon atoms.

~ Examples of the alkyl or alkenyl groups include propyl, butyl, hexyl, heptyl, octyl,
oleyl, linoleyl, stearyl, etc. Examples of aryl groups include phenyl, naphthyl, heptyl-
phenol, etc. Preferably each hydrocarbyl group is independently propyl, butyl, pentyl,
hexyl, heptyl, oleyl or phenyl, more preferably butyl, oleyl or phenyl and more
. preferably butyl or oleyl. One method of preparing phosphites includes reacting a
lower (C,.5) Phosphites and their preparation are known and many phosphites are
available commercially. Particularly useful phosphites are dibutyl hydrogen phosphite,

dioleyl hydrogen phosphite, di(C,,,s) hydrogen phosphite, and triphenyl phosphite.



23 The follow ng-exanple relates to preparation of thiophosphates.
Exanpl e- P-9 A reaction vessel is charged with 1204 parts (3.69

equi val ents) of triphenyl phosphite. The phosphite is heated to 160[err]C
under nitrogen where 112 parts (3.51 equivalents) of sulfur is added over
three hours. The reaction tenperature is maintained-at 160[err]C for four
hours. (In an alternative process, the mxture is thereafter heated to
195-200[ err] C and mai ntained at that tenperature for a period of hours.)

The m xture is Jhe r thr di eous the filtrate is
t he desired proﬂhc‘i?“’s"rﬁ “f"iqg’f“f"a?f'gjug‘g‘\‘ﬁsa??%g“gﬁﬁﬁaﬁdpﬁgé‘ﬁ%ra ureedf Sulfymeor y)
and 8. 4% sul fur (8.A98esttiiedrappve the lubricaking pbmpysitidns, aphmsﬁbltai and %reiﬂisd by

Ci ba- Gei gy und u pETler

nonot hi ophosphgt{og{s?ﬂlgr?g Q%%HF Bl ho£ L hgéf)ggg at"t'eJCt'?n Pm bt p%“p ite

dodecyl pBe ny: t rang sl s atsource pf wfuybrt atilegshorepthiophosphate, preferably a
tri-p-t-butyl phgsek r

trilaurylthi ophosphﬂé{;ﬂehg%rglﬁg) - Te‘?hmé/ l{eaﬁ{? %ﬂ%%ﬁ%ﬁ@ﬁﬂ{bﬁﬁ%ﬁgphm es
based on sul f urttibyskiesagy! tigpp Pﬁﬂhﬁﬁﬁapsmm@ eefn{The hydrocarbyd grawps axsat i ng
conposi tion, CQl%ﬁﬂ&f BeldwESThé ﬂﬂ)sﬂﬁ@?—ﬁﬁ%w){n tstf')e QEH% QAbdiriBld *)lﬁggﬁlteg ne

di spersant, at t%a&] one borated overbased salt of an acid ani c
conmpound, or pyethe, phasphyteds a fhyaracpibylarbrosphite, mere %?%@B]Yr?e‘i’itm}’l t he

di spersant co ntpabmxtb.om hydfb@artdi &6y §pidhlsy doninifén asadtast sadabam 27493

carboxylic ester I,0n oduct s drocarb ut ed

ani nes, and ni H%P'@g/ﬁr}f?é’} a}b@?g%@b%&% ﬂ%ﬁpéﬁ%rﬁ rPﬁ’c*}h\?gb f‘b F product s
of one or nore caobaopsi Exanplendf usgfu&@yﬂnﬁeaﬁnﬂgmmps in¢ludebenzydf methglbeagly
e ey e At b3 PRI AL SR abl g repol yam nes or
aci ds, isoal i pieplieaylpkdsphite. di mer aci ds, addl tion dicar boxyl Ic acids, triner

aci ds, addition trigagbaxu! G g‘féedif]@os@ﬂtg 19}@9 9&:@ tf?¥$m§‘q*? Lx%&%gsu(f {_boxyl e

acylatlng agents. In one e |c ac t|n aen
fatty acid. The splfursawce aay éﬁb@d@ﬁ’?&YﬂHGWth@’WWy¢h @rea'embéﬁ cﬁrﬁgpnlyemt s

include isoali glairits tlﬁ,cﬂeg&mnsmﬁﬁln?% SBuseRNbubtuPschrdds idfidd 3hini Hata! €4,

al i phatic chain tgigl cal | q Vi n
tions of sulfur or sulfur oxxdes with hydrogen sulfide, and various sulfur

containing organic compounds. The sulfur halides include sulfur monochloride, sulfur
dichloride, etc. The sulfur sources may also be sulfur containing organic compounds,
such as aromatic and alkyl sulfides, dialkeny! sulfides, sulfurized olefins, sulfurized
oils, sulfurized fatty acid esters, sulfurized aliphatic esters of olefinic mono- or
dicarboxylic acids, diester sulfides, sulfurized Diels-Alder adducts and sulfurized
terpenes. U.S. Patent 4,755,311 discloses various sulfur sources capable of supplying
sulfur to reaction. This patent is incorporated by reference for its disclosure of sulfur
sources.
In one embodiment, the thiophosphate is at least one compound of the
structure:
(RX);,P=X

% where each X is independently sulfur or oxygen, provided that at least one X is sulfur,

and wherein each R is independently a hydrocarbyl group. The hydrocarbyl groups

are described above,



‘about’ 14 to about 20 carbon atons and at |east one, but usually no nore

t han about four, pendant acyclic |ower al kyl groups. Specific exanples of
such isoaliphatic acids '

24 include 10-nethyl -tetradecanoi ¢ aci d, 3-ethyl-hexadecanoic acid, and

8- et hyl - oct adecanoi ¢ acid. .The isoaliphatic acids include branched-chain
aci ds prepared by oligonerization of commercial fatty acids, such as oleic,

Il noleic and tall oil fatty acids. "~ %¥he diner acids include products
resul ting frommbefolwwmgre &bl 98ated 1SRl st dnibpidkphatis! dS and generally
contain an average from gboht 1§ to ﬁtrt 44, olrﬁfr%hr% about 28 to about 40

carbon atons. Diner acids are descri H@GWPFFYJ S. Patents 2,482, 760,

2,482,761, 2,731, %%act?onﬂ&%c?ﬁ%hargedg@ﬂl W,paﬁs 86, ‘ﬂlﬁgaleﬁts)l5§ 681, -and
3, 256, 304, the lS}nt scI Slr,l?%es of . whic ﬁéo r&@ré por at'ed herei n by

r ef er ence. i?ﬁﬂ"r'r%ﬁtheatf |“&t“¥€9 wherert]2 é’@’éﬁt s are
addi ti on carbgxyl eqm\albyits;ibf suffupiyaddel, ovahtheée Ieoues. T feadion (ténkperatatt 8 +2)

products of an unsat aC| acids .and ol eic
acids, with ofig" no?m tal%g‘g: ZSf Eﬂ”\éf' &&}1’?@“’? Eﬁﬁg‘c’ﬁ’té‘ e ar e
descri bed bel @nxeaﬂaehatabtmsm@aaadlghintaxmeclhtShatl%anpsratumfor3 péddd 828, t he

di scl osure of il it ASOLARLARAT NGLGR oL GESBRE aud tne siyhtl 18101 Der

enbodi nment , I's a tricar gf Ic acylating
agent . Exarrpl he desired prodydsoXhe ﬁhraé@cgmmnsrifg‘o@gphﬂs@qrml (8d® thepmpendicyl at i ng

agents and t hg4b£agkt d%gggﬂ of an unsaturated carboxylic acylating
agent (such as unsaturated f y acids) and _an lésgga bet a- unsaturated

di carboxyl i c acy| iphepyltbionhosphate s sold birdiike-Geigy prges Hhectradername; Irgalithsni ¢

acyl ating agenipymr e &ltable MhuSihfop ﬁs%haag iﬂau@ame%hm@ns&maﬁcm gl ing
agents gener al |<¥ contain an average m about 0, or about 36

to about 66, &f p%xoﬁ@sn!xaﬁebtmcmtbmhosm W‘Pﬁé’t“%ié‘?mdﬂh‘wmd’@@m s are
prepared by tmstﬂalpmymﬁ@gmgmaef u@ﬂﬁymo;ﬁw 8atk Al p h &ty 1pifenyltiiogtasprarEb odi -
ment, the trlcar%gﬁi‘ﬁlc acgl ating agent is the reaction product of one or
more unsat ur ati Brypse °aé‘§lif‘ﬁt°P\’i§eda§‘§3HPhe"§’ﬁch as an unsaturated fatty
aci d or unsat mispesantal kenyl succini c anhydri de and an

al pha, bet a- unsat ur, rboxylic.rea The unsat ur at d cay box
ebgents. (mol ude. dHEIMTEATRPORIPRIS FCob G SRS T AP SRR At
derivatives tlose é:s;ﬁe,rsaay(ahleas one bydtddcwsrbasedisalt of amadidie srgahiticdmpoursiabt s,
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nono, di , tri raca I'C reagents ecrfic es of useful
nonobasi ¢ unshereona(Tad disacmihclude acylated amines, carboxylic esters, Manmch reaction

products, hydrocarbyl substituted amines, and mixtures thereof. The acylated amines

include reaction products of one or more carboxylic acylating agent and one or more
of the above amines. Preferably the amines are polyamines, such as
alkylenepolyamines or condensed amines.

The carboxylic acylating agents include fatty acids, isoaliphatic acids; dimer
acids, addition dicarboxylic acids, trimer acids, addition tricm;boxylic acids, and
hydrocarbyl substituted carboxylic acylating agents. In one embodiment, the
carboxylic acylating agent is a fatty acid.

3 In another embodiment, the carboxylic acylating agents include isoaliphatic
acids. Such acids contain a principal saturated, aliphatic chain typically having from
about ™14 to about 20 carbon atoms and at least one, but usually no more than about

four, pendant acyclic lower alkyl groups. Specific examples of such isoaliphatic acids



‘ic acids are acrylic acid, nmethacrylic acid, cinnam c acid, crotonic acid,
2- phenyl propenoi c acid, etc. Exenplary pol ybasic acids include maleic acid,
mal ei ¢ anhydride, fumaric acid, nesaconic acid, itaconic acid and
citraconi ¢ acid. Cenerally,

25 the unsaturated carboxylic reagent is maleic anhydride, acid or |ower
ester, e.g. those containing | ess than eight carbon atons. In one

enbodi ment, the unsaturated dicarboxylic 2acyl ati ng agent generally contains
an average fram,a o about, 40 r from abo 18 up to about 30
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of the al pha- aeagentsswhiclcanedlesctibed beloe., Theseanidnare tdughtinelds, PitentoNecene,
1-tridecene, ]ﬁ&ﬁgﬁﬁg%ﬁWmu%_M’&q?%%o ledRrar ?é?&fn - hept adecene,

-nond - oRenel cose

1- oct adecene, ecene, 1-eicosene, I- [ e, 1-docosene,
1-tetracosene, et cln auetherewbedimentathgicpeboxylic acyiating egeat isp fricaboidias t hat can

b d incl ' o i
RS e AL M L SIS

- 0l ef I ns, %:[err 1l pha-ol efins,
al pha- ol ef i ns,28eRtsapd thg regetion, prodpetof amupsatyrated Garhoxyli¢ aqylating agang (suchas |
anlot hﬂ( enbpdimr,aw‘ﬁffawml sp el &vhlgme_r,sstw dn%t%feh‘d%ﬂ;‘lfo&ﬁma%ylﬁﬁﬁg\’a%lkﬁenf- f{T he
pol yal kene i nc) udes nopol yoers, and i nt er.pol yners o yner.i zabl e ol efin
nmononer s havi rdj“"‘gtaﬁr‘ﬁ 1% a?%“cab%f“'i%’,“‘ccﬂ"yl??'lgﬂg?“ﬁr?"?fﬁgg eig ,“"yiﬁ"“‘&r om 2

to about agents). ‘These acylating agents generally contain an average from about 18, or about

30, or about 36 to about 66, or to about 60 carbon atoms. The trimer acylating
agents are prepared by the trimerization of one or more fatty acids. In one embodi-
ment, the tricarboxylic acylating agent is the reaction product of one or more
unsaturated carboxylic acylating agent, such as an unsaturated fatty acid or
unsaturated alkenyl succinic anhydride and an alpha,beta-unsaturated carboxylic
reagent. The unsaturated carboxylic reagents include unsaturated carboxylic acids per
se and functional derivatives thereof, such as anhydrides, esters, amides, imides, sétlts,
acyl halides, and nitriles. The unsatﬁrated carboxylic reagent include mono, di, tri or
% tetracarboxylic reagents. Specific examples of useful monobasic unsaturated carboxyl-
ic acids are acrylic acid, methacrylic acid, cinnamic acid, crotonic acid,
2-phenylpropenoic acid, etc. Exemplary polybasic acids include maleic acid, maleic

anhydride, fumaric acid, mesaconic acid, itaconic acid and citraconic acid. Generally,



4 carbon atons. The ol efins nmay be nonool efins, such as ethyl ene,

propyl ene, 1-butene, isobutylene, and 1-octene, or polyolefinic nononers,

i ncludi ng diolefinic nononers, such 1, 3-butadi ene and isoprene.-The ol efins
al so may be one or nore of the above described al pha-olefins. In one

enbodi nent, the interpolynmer is a

26 honopol ynmer. In one enbodi nent, the ho olymer is a pol ybutene, such as
~a pol ybutene in which about 50% of the poraﬁe is derived from butyl ene.

The pol yal kenesﬂnr\ﬁsmxe@areeﬁo@ﬁc@wg&ﬁfli inaRR anﬂid?iaeddéfcﬁ& lowér &R¢, Egtingll et ,
t he pol yal kene |s char ‘SI’I zed as, cont ai ni&t?g‘ﬁte m about 8 up to about 300,

or from about 3% eSHBat eighirarhan atomsy gdimsnt, thensaturatedo car bon
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average nol ecul gy as qut 400 | egst abpu 0.
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up to about 500&ylating égentsindhalet Exifile U0t avaitableldomB{diiallyEront Eﬁm‘yab@uétn&QO up
t her. enmbodj nent

to 2500, or fro 0 to abouft 000 I n.ano
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or from about mnlame tomméroidlly 3 (Union Camp TdgpordtidneVvi ation M is the
conventi onal synbol Lese av S a pol ecul ar
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used as the cal uSroAmQIH °§tb&raba‘recﬂqsmbteﬂ@n@@ate¢ Iovb(»qhhmagem Tlor hydedcerbyl Ni ng
Mh and Mwv val u rous

_ %{ﬂ d%@}a}ifr%nialfi’{ ﬁoﬁ‘i‘%tbhtg %oﬁrﬂo atgq{ A Sult lif“ﬁ tcg ?Q%nrtrean g

books and arti For ‘exa for t m natT o

mol ecul ar wei g rfrom B'l!ﬂ‘!tgg uito E@H“}ﬂriq or fromepbout J0tembput 100\varbyn atonds, J.

Ki rkl and and D.In.onBlelhbodiMefE€ He ;&a t
Wley & Sons, g e h% 1!’ﬁi‘Sz’tﬁrr{)almcgl)|q'ri'r!riengalgmgqﬁteq{’@"f%kenes have

I nc. , 19 er e
a M fromat | e‘g‘?ﬂ 33?5‘6&8 “Ré@ﬁbwéﬁoff?’cﬁ’ﬁ"hb'lﬂb‘f 12 uptp a‘lﬂ“‘%?ﬁfb%@iﬂmlﬁome I'n
one enbodi nent emHméxmk,)tHé kyeartyPyoup mii bé Bexied o anlélgﬁn Ulhé GleﬁHQUt 3200,

'n a preferred TROBBRR TR0 4 pins A0 RSO fout # i of cApoB soBsabou
2400. The pol yail'hcmqlsﬁxal 5O prpferably hipha-blefiss @orhbinhds réfefred odas shoro-b-olefinddrout
4, or from aboygmky oie%n@bé}lﬁoxr?éﬁged QE)hJ-SlgEﬂsfi%}npl%s 8¢ &8 aﬁ:l?lg-l'clﬁeﬁ%s iln'clude
1-octene, 1-nonéne, 1-decene, 1-dodecene, 1-tridecene, 1-tetradecene, 1-pentadecene,
1-hexadecene, 1-heptadecene, 1-octadecene, 1-nonadecene, 1-eicosene, 1-heneicosene,
1-docosene, 1-tetracosene, etc. Commercially available alpha-olefin fractions that can
be used include the Cys s alpha-olefins, C,,,q alpha-olefins, Cyy 4 alpha-olefins, C, s
alpha-olefins, C,¢,, alpha~oleﬁns, Cis20 alpha-olefins, C,g,, alpha-olefins, C,, 4 alpha-
olefins, etc.
In another embodiment, the hydrocarbyl group is derived from a polyalkene. -
The polyalkene includes homopolymers and interpolymers of polymerizable olefin
monomers having from 2 up to about 16, or from 2 up to about 6, or from 2 to about
s 4 carbon atoms. The olefins may be monoolefins, such as ethylene, propylene, |
1-butene, isobutylene, and 1-octene, or polyolefinic monomers, including diolefinic
monomers, such 1,3-butadiene and isoprene. The olefins also may be one or more of

the above described alpha-olefins. In one embodiment, the interpolymer is a



The hydrocarbyl substituted carboxylic acylating agents are described in
U S Patent 3,219,666 and 4, 234,435, the disclosures of which is hereby

i ncor porated by reference. The acyl ating agents nay be prepared by
reacting one or nore of the above described polyal kenes with an excess of
mal ei ¢ anhydride to provide substituted succinic acylating agents wherein
t he nunber of succini.c groups for each equival ent
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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,

P

or from about 1500, or from about 1700. ‘In one embodiment, the polyalkenes have a
Mn 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 hydrocarbyl 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



P, p' -*di hydr oxybi phenyl, 2-chl orophenol, 2, 4-dibutyl phenol, etc. The
al cohol.'s fromwhich the esters nay be derived generally contain up to about
40 carbon atonms, or from2 to about 30, or from2 to about 10. They may be
monohydr.i ¢ al cohol s, such as nethanol, ethanol, isooctanol, dodecanol,

cycl ohexanol, etc. The hydroxy conmpounds may al so be pol yhydric al cohol s,
such as al kyl ene polyols. In one enbodi nent, the pol yhydric al cohols
contain from2 to about 40 27

28 carbon atons,, froqm.2 to about  20; and from 2 to_aboyt 10 hydroxyl
groups, or fr oNeightol SubsHgEntEroun, i-¢-npelyalkend sX o s2t 1438 "ﬁ’&ﬁt g@ﬁ%@'fﬂ?}; tycol s,
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prepared by anyfaéncs @ahat disdlesire ofdaitRmdic adifingRpaslamiinetholstop bk ed
because of con‘\‘lgnl ence and the superior properties of the esters it
produces, invol¥&&™¥he reaction of the carboxylic acylating agents:

descri bed above w Ihamtierembadimentatheatispersan ndyelsol bei ancaridxylisestaronTlebout 0. 5
equi valent to .4 uival e Xy conpound r I v Nt of
acyl ating agen%?g#ﬂg eés? grll’r?‘!’a g‘i ?yoﬁgfdéggg%g%‘ Ioﬁegﬂ%?eeaﬂg’ﬁtagg‘f FerpeFat ur es
above about 10&fating ageats)preferabhCChydnatadgfubstityted cathexylicaeylating agent, with a

by- product is L B4l | ; L f1.Cali oceeds. The
preparation of£t3§%¥ﬁ% %ﬁ%@ﬁ%&%&l{ﬁeﬁaéﬁgBgtg@gﬁfsfé“ Ig:s_glr‘-iage Q,Ir n us.
Pat ents 3, 522, emtpdiment.sho sarbaxglic estardlispprsant iprepared by eeactingthe geatiper at ed by

reference. agenthWigth SAERPBNE bGhE abRE-dBicHBES MRR:Fai¥s, De further reacted
with at | east one of the above described am nes and preferably at |east one
of the above descr FpRggrganic hydroxy compound includes compounds of the general formula

(D

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 may be aliphatic compounds, such as monohydric and polyhydric alcohols,
or aromatic compounds, such as phenols and naphthols. The aromatic hydroxy
compbunds from which the esters may be derived are illustrated by the following
specific examples: phenol, beta-naphthol, alpha-naphthol, cresol, resorcinol, catechol,
p,p’-dihjdroxybiphenyl, 2-chlorophenol, 2,4-dibutylphenol, etc.
The alcohols from which the esters may be derived generally contain up to

3 about 40 carbon atoms, or from 2 to about 30, or from 2 to about 10. They may be
monohydric alcohols, SUCil 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



pol yari nes, such as a pol yet hyl enepol yam ne or a heterocyclic am ne, such
as am nopropyl nopholine. The am ne is added in an anount sufficient to
neutralize any nonesterified carboxyl groups. In one enbodi nent, the
carboxylic ester dispersants are prepared by reacting fromabout 1 to about
2 equivalents, or fromabout 1.0 to 1.8 equival ents of hydroxy conpounds,
and up to about 0.3 equivalent, or fromabout 0.02 to about 0.25 equival ent
of pol yam ne per equival ent of acyl ating28gent. The carboxylic acid
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between 150°C and 300°C. The water formed as a by-product is removed by distilla-

bﬁ

tion as the esterification proceeds. The preparation of useful carboxylic ester
dispersant is described in U.S. Patents 3,522,179 and 4,234,435, and their disclosures
are incorporated by reference.

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 groupﬁ. In one embodiment, the carboxylic ester dispersants

3 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 toabout 0.25 equivale'nt of polyamine per equivalent of acylating agent. The

carboxylic acid acylating agent may be reacted simultaneously with both the hydroxy



Manni ¢h di spersants are generally forned by the reaction of at |east one of
t he above descri bed al dehydes, such as formal dehyde and par af or mal dehyde,
at | east one of the above described am nes and at | east one al kyl

substit ut ed hydr oxyaromati ¢ conpound. The reaction may occur from room
tenperature to about 225[err]C, or from about 50[err] to about 200[err]C,
or fromabout 75[err].C to about 150[err]C The anpbunts of the reagents is
such that the nol ar ratio of hydroxyaromaPc conpound to fornal dehyde to
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(i.e., HBg err]nzclude n anhydrld or on m des and varl qus esters of such

boron aci ds. (RSPRQ’ DR3BS SR -dipethy %Pﬂﬁe@eslﬁwmméen%maae( P8to- |

di-, and tri- omgwrammemms:na%) lparybaeﬁe:axdma;nd,mxg@mmum) W-Pﬁ?ﬂlténe Exanpi es
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benzyl al cohol ,améx{ehy'l @ﬁlgg%w&ﬂyi)-N-pol?butene a me, I?\'fl]:t&yl:‘ute.‘.ne-am ine; N-

polybutenemorpholine; N-poly(butene)ethylenediamine; N-

poly(propylene)trimethylenediamine; N-poly(butene)diethylenetriamine; N’,N’-
poly(butene)tetraethylenepentamine; N,N-dimethyl-N’-poly(propylelié)-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
described aldehydes, such as formaldehyde and paraformaldehyde, at least one of the
above described amines and at least one alkyl substituted hydroxyaromatic compound.
The reaction may occur from room temperature to about 225°C, or from about 50° to

ki 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).



gl ycerol, and Cell osol ve. Lower al cohols, having | ess than about 8 carbon
atons, and glycols, such as 1,2-glycols and 1, 3-glycols, are especially
useful. Methods for preparing the esters are known and disclosed in the art
(such as’"Chemi cal Reviews," pp. 959-1064, Vol. 56). Typically, the
bor at ed 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 one
enbodi ment, the borated dispersant is a bé8Pated acyl ated am ne, such as a
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boric acid and 311 omc propodortTon
ni trogen conpo Ttﬂil ISQﬂ;mtnMawhrrhmmmg 1 equi val ent of a pol ybut enyl

(M1=850) succinic Wbﬂ&ﬁér%bo&ﬂéhﬂ%@tﬂs fs'a D4TRRY Jnspysgnt( Cﬂ{e ﬁ%%ﬁ?ﬂdl ng to

an equi val ent wei ght of 500 ents o nmercl a yl ene
ami ne mi xture TSRATIAYisage B‘(FEN&@@Y wﬁﬁ!}%@l{el%m%bpf @Spb%@l d@eta@tamﬂt atdéast

t et raet hyl enepeaid Biro ompcund\leThée Bordh cdmpPhubs influliObordn BRHE, SRt oxide
hydrate, boron trioxide, boron acids, such as boronic acid (i.e., a'lkyl-Bi(OI-I)2 or
aryl-B(OH),), including methyl boronic acid, phenyl-boronic acid, cyclohexyl boronic
acid, p-heptylphepyl boronic acid and dodecyl boronic acid, boric acid (i.e., H,BO;),
tetraboric acid (i.e., H2B4O:-,), metaboric acid (i.e., HBO,), boron anhydrides, boron
amides and various esters of such boron acids.

In one embodiment, the boron compounds include mono-, di-, and tri-organic |
esters of boric acid and alcohols or phenols. Examples of the alcohols include
methanol, ethanol, propanol, Ibutanol, 1-octanol, benzyl alcohol, ethylene glycol,
glycerol, and Cellosolve. Lower alcohols, having less than about 8 carbon atoms, and
glycols, such as 1,2-glycols and 1,3-glycols, are especially useful. Methods for
preparing the esteis are known and disclosed in the art (such as "Chemical Reviews,"
pp. 959-1064, Vol. 56).

3 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
one embodinient, the borated dispersant is a borated acylated amine, such as a

borated succinimide dispersant. Borated dispersants are described in 3,000,916;



then filtered. The-filtrate is found to have a boron content of 1.64% and a
nitrogen content of 2.56% Exanple B-3
Boric acid (124 granms, 2 atom c proportions of boron) is added to the

acyl ated:-ni'trogen conposition (556 grans, 1 atomic proportion of nitrogen)
of Exanple B-2. The resulting mxture is heated at 150[err]C for 3.5 hours
and filtered at that tenperature. The filtrate is found to have a boron
conmpound of 3.23% and a nitrogen content 39f 2. 3%

Exanpl e B-4 (a) A reaction vessel is charged with 1000 parts of a
pol ybut enyl ( I%087.98% 3206625; 8.38BW5sUBTAV:3. B 815339495 3i6A6@2 andt al aci d -

nunber of 108.4"9.1%,5%3'? filesd %f@reﬁ&? 4rédncorporated by reference for their disclosure of
32 grans of oil and 139 parts of a co rcrdl mxture of polyam nes

correspondi ng hovt%%meﬁ anine bottons and 15% di et hyl enetri ani ne. The
reaction mxture ifheidvifly 6:3mpRY rdifte 1S Bisferan vSEhinfthe ?xfeﬁwi ilvetion. The,

reaction is blown with nitrogen to repove Wgter. b) A reaction
vessel is charged with 1405 parts of E¥R% 8duct of Exanple B- 4(a), 229
parts of boric aci@) amh a#fRtepaitidzedtomibiositionis préparedTbicrentting 3880 grambefit ed to

100 to 150 C apd the tenperature Lptarned until.water i e ed. The
final product ?)H?l&f‘f?é'teﬂnﬁ%‘?ﬂ“f ?'B’én%r‘f{,;’ %}.6%‘5%‘?} ?l’xﬁ%°§W§H£W$§?mmener al
oi | and a t ot and ldietielenatriamine0(75:89Dweight ratio)Aendi2¥8S gralpscbf atinaral dihia tblunei cat i ng
conposi tions, trates. and grease.additi ntain at | east one
over based conﬁggﬁlﬁ%ﬁfh&pf%“c{]‘é&s u@nsgr’pﬁﬁ%gopﬁg}%géswo?&'gbron conpound, or -

m xtures of two or{bjror & mirtureof 62 grame fJeatamib priportion, of bByon) of bericacis ands ed

netal salt andgj N ) ut 4% or from
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| ubri cating cooempeditignoebtaimsdcfirer Sek(a)\p hedtedahIB<C in gitregen atmosphgrefpeGed net al

conposi tions gfoResC ik akikiGld i€ BfenBilteRA\EnE ThetsiliTRIe A fouRd iERdve lahif¥geass of that
whi ch woul d be present according to the stoichionetry of the nmetal and the

aci di ¢ or gani coBeatRfl94% 2nd borpeantest ofd3es netal is commonly expressed
in metal ratio. The term"netal rati ofxdnfplé B2 ratio of the total

equivalents of t heA r;rn%;[ct%"e of 372 grams (6 atomic proportions of boron) of boric acid and 3111

grams (6 atomic proportions of nitrogen) of a acylated nitrogen composition, obtained
by .reacting 1 equivalent of a polybutenyl (I\7[n=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 coinposition
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, 1 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 reaction vessel is charged with 1000 parts of a polybutenyl (Mn=1000

substituted succinic anhydride having a total acid number of 108 with a mixture of 275



to the equivalents. of the acidic organic conpound. A salt having a netal
ratio of 4.5 will have 3.5 equival ents of excess netal. The overbased salts
generally have a nmetal rati.o fromabout 1.5 up to about 40, or from about 2
up to about 30, or fromabout 3 up to about 25. In one enbodi nent, the
metal ratio is greater than about 7, or greater than about 10, or greater

t han about 15. .The over based materl al s are prepared by reacting an -
acidic material, typically carbon dioxid® wth a mxture conpri si ng an
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earth, and transition- matasg,gx S e nmetal s of the, basic netal
corrpound i ncl 46 28 arThet hrsica %ng” rPPﬁ? iy sTh.?rﬁ“xE‘é‘? Bibgated far i um
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the aci di c organi C conpoun s are car I ng agent's fonic
aci ds, or phendditionally\captrin ahloast ronemerbatserbcqmosmwbr at leasy pret phvgplmgmr are

descr i bed ADOYgron S, SAVEMEIASAS BY froRMiSlebt ;rlf.,%qeearwarmr,@j,gxhatr ng

agent S. I'n di nent car ic acyl ati ng IS an
al kyl al kyl enegrefeased metai salt @érlﬁpresﬁntw«yawnyépmbewébi delbeitdfs, ©raci d.

Sone speci fi CgexalFBhes78 o bR 39%; QFRBH b3ul 019% 46 8bout 2% by weight of the
i so- st earyl pent aet hyl enegl ycol -acetic aci d:

i s0- st ear y| - OMPBFFHEE PRPFSEION] 0) [err] CH ert] O err] Na:
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|0|ag;|y|_ -OO( gc_?[_l[eﬂ ]r ]C- @%{3}18%{‘@: lnpé'r %ﬂg}c e]n"ng by having a metal content in

| aur yl - O ( CH[ exceds@ifitleat whizh wenld] ieHresend 4cchreing Jtbithe stoichiometry of the metal and

I | -O (CH [ | o
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ocC en
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2-octyl - decan CH[err err ese aclds are
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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 metal ratio is greater than about 7, or
greater 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

4  compound, a stoichiometric excess of a basic metal compound, and a promoter.,
Generally, the basic metal compounds are oxides, hydroxides, chlorides, carbonaies,
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,



tradenanme of Sandopan aci ds. I n anot her enbodi nent, the carboxylic
acyl ati.ng agents are aromatic carboxylic acids. A group of useful aromatic
carboxylic acids are those of the fornula

[err] -~ wherein R is an aliphatic hydrocarbyl group having from about 4
to about 400 carbon atons, a is a nunber 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 nunber in the3%ange from one to about four, c is
a nunber | n LRGN, bla @Rk MeBROUELBHLs of Y BLIY JHEe DlsictBy Wi L Lhe
provi so that € sumo Brand ¢ does exceed the nunber o

34 val ences  eémpound jinclugiasodimmoptitassinm, lithjum mhgnesiumg calgiyim, bivium, ttharen, s an
average of a ahnut [ the R
aroups. | manfiSle, SR wiBkl opt, B2 pEREMY bR Rkl SO ¢

el sewher e i napd magnesiypyul ae in this specification and i n the appended

claims, may be memuﬁic%ganercoaebyﬂw%&arm ek AP RheESve HasdiRRIPHGH SR of AT
noi eties include benzene mpi-eti és, such as 1, 2,4-benzenetri

1, 2, 3- beneze Hist PIESpRt ingentign frpjud &cafbwheﬁaeﬂea pgepls, Sublopig aFigs, Pgosebm
1, 3, 4- benzengénthiiing adid{) @ﬁmyorlm&nﬂes%fbaaasﬁm@mmut Preferably, the acidic
3-chloro-1, 2, 4 benzenetriyl; 1,2,.3, 5-benzenetetrayl ;.

3y ohexyl SRS FORRTHIR b HoIE Ay oS ne SR OISR s o Phenate I e 1 1
and pyri di ne embocﬁmemstheswrbbxﬁis adylatind ageha hrendeedtribed abale Ssucke bithe- 3, 4, 5-
azabenzene. Th cl.e FQuUpS . be those where an aromati c nucl eus
is fused at E‘FO& yyfuli)s t"%dr?%rtbﬁ’gP ?‘n&ga)(m%a”" ucl eus, such as naphthyl and
ant hracenyl grourisamspﬂcnnihodlman#ﬂ @lsbazyhcfaaydemhgragng impomati c noieties Ar

7, R i AR gt i, Sqmy i

b}

9- ant hr aceneexanpgs|of thesg compounds inglydes 'St%ﬂpgﬂmﬂ?ﬁglyco -acetic acid;

benz(a) phenafbhes %(‘ﬁ{ EHIG). L2H, CJN% ﬂ th @), 26H, ¢, ;those where at
| east two nucl ei e| t rmnonuc ear or ucI ear are i'nked t hrough
bridging lin );n(r:’dzj?(?z Pﬁeﬂ Q&@aéﬂyo fdn fromthe group

consi sting Oiau@lJQlt(ﬁmzCH,O)] ,He 1ak -d.qur;aage)-weggcozn nkages, sul fide
linkages, and Dol a4y, fdrfaS)wér?ggﬁ S ocdi-phenyRo Y Enoy.crico,:
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 Sandepan 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), — AIF(C(X)-XH)I,
(XH),
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

e

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 c does not exceed the number of



Sul fur atons. Specific exanples of Ar when it is linked pol ynucl ear
aromatic noiety include: 3,3 ,4,4",5-bisbenzenetetrayl;

di (3, 4- phenyl ene) et her; 2, 3-phenyl ene-2, 6- napht hyl enenet hane; and
3-methyl, 9Hfl uorene-1, 2, 4,5, 8-yl; 2,2-di (3, 4- phenyl ene) propane;

sul f-ur-coupl ed 3-nethyl -1, 2, 4-benzatriyl (having 1 to about 10 _

t hi omet hyl phenyl ene groups); and am no-coupled 3-nethyl-1,2, 4-benzatriyl
(having 1 to about 10 am nonet hyl phenyl e groups). Typically Ar i shaI
benzene nucl s eh& ' | .. or _a napht hal ene
nucl eus. - %E’%%Aéq’ﬁ?"g?‘!béﬁ! S g é;? ?‘g'gaé‘?%%gglr%gﬁgﬁttﬁ%f% b %n ﬂ'iefaggt%P?/t bonded
to the aronmtlpast ahayt pightraliphatictoprhion atdms providedi bythé¢ Rogroupout 6 to about 80,
preferably from appirofatis@iPa RasyeA20Lywlil Hua0ae ; about 25,
preferably from abo,utm_8at o?'g%@ut’eé‘g”é‘ar bon" at orr‘g. Exarrp%gée lgfﬁ f groups

i ncl ude but ylformiasmitthi spesilicatiam ang én the appendpd claimsdmay be monemiclaoteXy | ,

4- et hoxypent Yolyndclé€at C IERERMYY Xhdtlonuciead A? mhdidtiEs §itklde BRhhe gm]jeties, such as

propyl ene-tetyr r,. trl_kso%) Een I ang substituents derive rom one of the
above descri -Benzenetriyl; L, ,ig- ?ngqqggw s S-methyl-1,2,4-benzenetriyl; 2-methyl-5-ethyl- .
35 W t1i8,3bénabmietifyl; Bipropdxy-d 2056 dnGen tatafl; 3-h10HLT,24-behRRS i:ar boxylic
acids are th the formyl a .1 rr

wherein R i ;i?%é‘gf)' E’?f;’faneé%wgl,j'céd?}?xyé'lﬁdﬁlfféfenlewyl’ pad ??ﬁ%clﬁlfenfyll%ﬁv%er oto
about 4, or fbepzendtriyl ambpyriding; mdieties, sacinas3)g$-azabeidene;rand Gemethyl 8,435 about 4,
or from1l to , i r in the.range of zero.to about 4, or
from1l to aboag{&g%eng'na‘ﬁ P gl{'?mvﬂiﬁgfgrgw’fema (5L TISET 1 AOmEE MU B b and ¢
does not excdesgd @t twapainte tacaniotiidr aromtatic Rucleusdsugh as maphthyharidnanthraéeaylaci d

nol ecul es conigy y Loyt | i; i arbon atons in

the aliphatic hydrocarbon substituent er acl pically, b and
c are each orfépitidenchdSSnapiylenes 3 Adimaethd-42.8 ipzangphitbalens)idl-methyl-9- | n one
enbodi nent, _tdm&@iﬂzﬁymaﬁm?&émetﬁw3,fi;v-§lﬁé}ﬁa{rﬁé'de; ankPoletndhpd salicylic

aci ds, wherein e cg tSilrocar bé/l substituent contains an avera%e of at | east
about 8 benz(%p enanthrene-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 ]inkageé, 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’,S-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 a benzene nucleus, lower
alkylene 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

‘4 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.



¢arbonin atons per substituent and 1 to 3 substituents per nol ecule. In one
enbodilment, the hydrocarbyl substituent is derived fromone or nore above-

descri bed pol yal kenes. 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 fornul ae and processes

for preparing their neutral and basic netal salts are well known and

di scl osed, for exanple, in US. Patents33 197 6832; 2, 197, 835; 2,252, 662;

2,252,664; 2,714, Wiin tis $4p 68 BronRlE acldsd 2 Asebl blass of carbokylic Aot Ex%rth e, .

enbodi nent, ttt]g}ﬁ cidic organic conpound is a sulfonic dcid. The Sul f oni ¢

aci ds i ncl ud®&§®PBME and thiosul fonic acids, preferably sulfonic acids.

The sul fonic acids include the nono- or pQlynucl ear aromatic or

cycl oal i phati c conmpounds. The @il -sol ulp il foni i ds may be represented

for the nost part by one of th@i‘}- J rk.?é.‘ﬁﬁﬁt-T--(Sqerr])[err]H
eyclic nucleus such as benzene,

and Rlerr](Sderr])[err]H, wherein T i
napht hal ene, ant hracene, di phenyl ene oxi de, 'ﬁhenylene sul fide, and
oup such as al kyl, al kenyl,

petrol eum napht henes; R err] is an aliphati
al koxy, al kospeatelnyR, is defined abByegniid 3 niimboarria thenange df ditoal zedd tsibduedsér about 15
car bon at ons; ] I car Lou ont ai pi ng at

| east about iﬁgﬂlggtroﬁ)b%{lg%’(y n11§; -a %Eg%r%ﬁggé ka%gpxp{ & a%"gﬂ’ of HomP1 taboit 9’ c

36 of Rierr] isg purghe jn the gpngsof zerodp Iab&tydl ar/from d o bt Roandadrkl; iwithahe .

Speci fic exapRivRs apk tiRtsudl 6t HHUMAS IS Aot S&kebd BIMuPGHd &h ntSRL a2 ed and

unsaturated paraffin wax, and one or nore o ove-descri be

pol yal kenes. 3F¥clhat the a¢id mglequles CORAiR aRjeastran average efcabaiiolPealipbatinul ae can

al so cont ai ncabbiestoins ff e lifhatlc hpdiGedibsn sablititientsyRPhdd mdlRHM] t%,giaalw? those

enuner at ed agovg such as, f'g({J exa li‘f" h_xdrox , Jrercapto, hal dgen,” nitro,

am no, nitro280d 3 $agh ong prd, the;catboxylic acid isa saligyligagide Fornul ae, a and b are

at |east one. In ondembafiténtLtie gilityie Rfds 9t RydrdcarbGubkiinae®saieylie- . di -, and

hydr ogenat e ey REERR SO pRRRAMAF pBRGye rifnts Srefmes ah tess PRotd e

benzene and rrrbén #taine per sibititeemt endat ka3 substitueiiope maedue. rinrgeal Ky |

SUbSt'tUentSeﬁlﬂcgdnﬂgm{ﬁ:%ymw%&8@@5&%%@%%ﬁabo FRATE apQe, f r OM about 10
on atons, oOr out )

to about 30 carh roma up to abou 2%%®hon at ons.
Speci fic exafgsribeddolyglkenesni ¢ aci ds are mahogany sul fonic acids; bright j

stock sul fonic aqy 1 i j f; i | il fractions
Thél 8bove ardriticCabolyiie 288¢ Ard SR TIhAR Lf&% Ob%f;;él? of

having a Saybol t. viscosity from about 100 seconds a to about 200
seconds at 23%PHing)te Prosedures know g therash 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

sulfonic acids include the mono- or pdlynuclear 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,-(SO,),H, wherein T is a cyclic nucleus’

3 Such as benzene, naphthalene, anthracene, diphenylene oxide, diphenylene sulfide,
aqd petroleum naphthenes; R, is an aliphatic group such as alkyl, alkenyl, alkoxy,
alkoxyalkyd; 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



‘aci ds; mono- and pol ywax-substituted sul fonic acids; alkylbenzene sul fonic
aci ds .(where the al kyl group has at |east 8 carbons), dilauryl beta-naphthyl
sul fonic acids, and al karyl sul fonic acids, such as dodecyl benzene
"bottons" sulfonlc aci ds. Dodecyl benzene "bottons"” sul fonic acids are
the.material leftover after the renoval of dodecyl benzene sul fonic acids
that are used for househol d detergents. The "bottons" may be straight-chain
or branched-chain al kylates with a straisght-chain dial kylate preferred. The
production of sulfon es,_from det er gent tured by- products by
reaction wit IPf Re.33e ai@oﬁ’&?& lﬁ°§)’%?l°a'k9ﬂ3n€&’f’atlb' o swpeeilie Fraaplespt®ee art .

gﬁe folr exarr{mé oupsderivéd ﬁsxhq,efr&tm@at\x/ﬁl 'ddng ubiéatieatell paRESn Wog ed %lieedlh adm;)
em cal Techno Secon i tion 0 . ej .. seq. I she y
John Wl ey &%d'ﬁggxf\#’? a5 ‘TQ%%E‘%"& polyalkengs. a'ﬁ%et *fggp%e%ﬁ% f“ﬁiteﬁ n {hﬁé’ga’(ﬁ dic

or gani ¢ conp@entulas can yisocmbain u&enmntgamabﬂgrgame dxbsﬂibalts)ihaﬁﬂhibhll& tweat ai ni ng

eCT s a1 O esSubls A6\ SRR QSR BRLELR 20 05,

of one or nomitresp, ml@ea@wﬁdmdcydh KemaboveaFormalaghoaphb aiesat dedsf omde.  Usef ul
phosphor us. Sul 1 g pRauEae el 6! ifliPRASPIE ko PANL AR Wikl fuedRaaRACT S

sesqui sul fi de, pho e and e‘reaction of the
pol yal kene arfdmagh erlf‘Plu% acidy) in¢luding;theis hydrogenptad foyms.y dllysirativernf| y

37 m xing th%yﬂtl(\éﬁc@ﬂ gﬂ&%’%ﬂ@hﬁ&%ﬁi&ﬂé’ ﬁnﬁﬂpﬁ{hﬁieﬂé snﬂfoniﬁ:ragi'a}, ﬁl%ot%seloo[ err]C
to about 300[err] ner al t he products have a orus content from

about 0. 05% tcen%awtallqb%bswetﬁ bqwrtsm alpput §ite @%bé‘gsars% atpps rdiom i ve
proportions Ghedth® +8RBSRIB0chbbR dtoRBESK frdm abdi® 12up td AbdROLY 8Rbod &omeneral Iy

fromO.1 part to 50 s of_ the hosph I zi ng.agent. per.100 parts, of the
O of 1 ' pol yPeaih SRS S ORI Al S PagEay SHiomh e gauisht Hoek MfoRe S

Pat ent 3, 232 aﬁﬂﬁ suifaﬁmmﬁistden{mﬂlm .]ub]:hhtﬁlgl’(ﬂffﬁ’cmelai'lﬁg B Saytiolt visoesity por at ed
by reference for scl asu ﬁ)or’lp r])e horust faini qg aci ds_and

met hods for prepa r| nlﬁqﬁg‘)@g% toa °f'ﬁ r?g gﬁr@% e L VI
organi c corrpﬁ:dgt m@ogamwwaxjsﬁEthﬁfomc ATigs; b&ylbe;zemsﬂifomd ahsls the formul a
G pUp o dos SRR fth sHUEIE B g s 3RS RGN Giaplthyl Bl BERTT 0,
one, the sumagd alkamhsulionisacidg sheh astiiodeclbgreens "btowems:putfm mdswrrber of

di spl aceabl e hydrggRBAbdRede "6otBinim Billidhic Al 84ShO mattiial Ritowek afilp thihi Ch i's

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 détergent 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 -

‘s containing acid is the reaction product of one or more of the above polyalkenes and a
phosphorus sulfide. Useful phosphérus 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



‘defined above. In .one enbodinent, a and b are each independently nunbers in
the range fromone to about four, or fromone to about two. In one

enbodi nent, R and a are such that there is an average of at |east about

ei ght aliphatic carbon atons provided by the R groups for each phenol
conmpound. Pronmoters are often used in preparing the overbased netal
salts. The pronoters, that is, the materials which facilitate the

i ncorporation of the excess netal into th& overbased material, are al so

uite diverse | tono 0 ive
qQui e 01 ver oe. gk HEhdvo KPUR Rl 06k e P B LA GORLERRRS
2,695,910, 2, &téesly th@pl@@wt!ﬂ&@e aphiospharg® canent frﬁm@euqda@%tksalmuelo%.

i ncor por at ed Byfrt)ﬁfa%wmfteab&{gseg ﬁieﬂaa%,%&&&%ermpé Piciph hokZin® "€

enbodi ment, pronoters I nclude the alcoholic an nolic noters. The
al cohol i ¢ pr oRgané tasthe plafinpolymes isgereral fom 0.1n9e f?éoabﬁﬁ?f o phespherizingt ons,

such as met hagglne @ttﬂ)@'iﬁl'ts ombleah%tyﬁkr PR HRSPborls SBRLARAHIds aRNd MM Xt ur es
of these and t F henol |'(ia£)rom)ters i nclude a variety_ of

hydr oxy- subst Idf'ﬁ‘}{ﬂé"dl 15&1’1§e}?f’é%“ aRdi3pistusd te feduer. AW&F‘tf?TGWdF bgrefisef ul cl ass
of phenol's ar guch ra@éckw @feeshc@ R i@ |dSscloduré Rethe yResphoraé eshtdifinkadids 48dt ent

2,777,874, enol s, octyl phenol s, "and nonyl phenols. M xtures of
vari ous pronog'@p?gé? P8 thesamgeq. Acidic materials, which are
reacted with the rlnthhe enibodimedit, chm@.ﬁmb@mﬁoammndd mpwpirmbbrrherret al
ComRoUnd AN BEARH A e L Al BIPARL oMy W R

di scl osures alabovenAmsmmtbmdwtg]oupen‘saesnbeﬂ ihwe,tafmdrb msnﬂepsndeeﬂmf such
acidic matori Haived BEAHEREGHY, W dinl d16 AW Aled 36 upG il ©

materials are [ qui sduch as fornic acl acelc acnﬁ’ nitric acid,

boric acid, suumberaf d&elaaeabwwwgmsmthe ar@metlc h'y-‘!ﬂ“ébf nvalel of Arawhieheis hani ¢

acid, substi tuamd%aaa%%nesmﬁéameﬁt,ca a.ﬁpee.feceaeﬁ !idi'.(ebe?:dé’nﬂ&e:{u‘(r beRGh u{e aci di c
rraterlal al t hough i norgani ¢ aci di c conpounds such as HC [ S(J err SQerr]

Cerr] H er rgoge fipane taapout fayreordfrem qag tq gboewomlwnagmbwama% + and
materials. Paptar&stichiihay thes@isitn 206ragt 6F ATPaSY dbolhiSeigt Qligtutio @arbeh etehde and
acetic acid. Frg']g} t hods for lgﬂﬁép {1 t he overbased materials, as
wel | as over bREwife ¢ By groups for qach, phene °°t“ﬁ’é’ 'b‘fl or art and are disclosed,
for exanple, in tiPRohetbisevé offenlhséd inFftgating fesoverbased ifietasalts. 2THeL 6, 905;

2,616, 906; 3, 242 80; 710 3,22 274 13 d
4,230,586. Th pox 08%1 en;t:‘)i 1S, tgiéuéls ‘”ﬁ‘(‘)"g E’fpsczggzlste %he x{lcdr?o ?t‘ion ot4tl?e ex%§s]s meidl

into the overbased matenal 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 pétents 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 alcohol, 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 US.

4  Patent 2,777,874, e.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



Wwhi ch’can be overbased, suitable netal bases, pronoters, and acidic’
nateriéls, as well as a variety of specific overbased products useful in
produci ng the overbased systens of this invention and are, accordingly,

i ncorporated herein by reference for these disclosures. The '
tenperature at which the acidic material is contacted with the renmai nder  of
the reaction nmass depends to a | arge neasure upon the pronoting agent used.
Wth a phenolic pronoter, the tenperaturesusually ranges from about

80[err]C to about 30Q[err]C, and pr rably. from about 100[err]C to about
ZOE)[er]r]C. Wh °‘é?n°"§8&’8ﬁ8 » 19F ew@ﬁiﬁ#@%@féﬂ&s%?fé ‘%ﬁ‘l& F?%Fﬁ agent, the
t enper at urg Uﬁmkﬂdf%fldﬂ by _relﬂiel’én&)fﬁmdirﬂhaoibueé bﬁbfc(:)l% aﬁmemacteﬁala. qﬁﬁlﬁdae reaction
m xture and prefer W not exceed abouf . er. n Qne,

o went . § ot B ichesh ermup ot vk 5E0is Btatial Aol A, sich a5 0o S <
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the above 0"9@%%% atk ,?xlb%ﬁ%%'dt rb‘ﬁ’lnﬁJ‘:TcPdgﬁ :grA&?{c%ciSfi 39%%%%’1%&?{ on
conpounds. The borated’overbased neta Salt's generalsly contal ns 1tom about
0. 1% up to abamateriad @thangh fircyganicinrsidic @mpdunds sead as BTl SQO8O;, O£ Hefn about 1%

up 10 about B%¢By HE! G0 brdtfark) Enfieedhs tRUCREAHuENAL PPSELIEYRORI hiAES,

| ubricating corf‘p sitions contal e sane an prepari ng
bor at ed over baRaterialowrp saben dieside ped pestipaciln U S. Patent 4,744,920, issued

to Fischer et al; fheSnethodsaot ;g@%az'ﬂxg 18vertaSciURAlerials, as well as overbased
39 to Schwind et al, and PCT Publjcation WO 88/03144. The di scl osures

relating to t ARy @redmowRde thsypriop a8 aps ate divslossd, fosrexsmple.cin the followinge

folk! owi nﬁ exarnpb cPatét NV 2,616/904; 26261905y 2/6106350513,2421080; mmho;MmN;hﬁis of
maki ng the Sa &S e _con i ndi cat es. ot herwi se, here as well as
el sewhere in t‘rr’ﬁg"’g%gegi‘@?’%gr P’b‘ﬂ“’m& % Pafsats disclose Prosstespalgids.ar o by

wei ght, t enpemwdichroan ibs overbakedrseitablé metal bisses pebnjuters aud acidie mdtenly hewel
pressure. . . . Exampl e B-5 a) A

M xture of 853°3aisl of seeiin oreraaeed prstucts il PRBIRIR RS Srprinerd s D o
sodi um hydr oxiofl ghis immehtion ped area hécordinglyainoonporated havkiki by referencedidr thesehy dr oxi de
I S prepared. oaffpunt of the latter addition of sodium hydroxide is

dependent upon the acid nunmber of the subsequently added sul fonic acid. The
tenperature of thelhe 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



i xtufe is adjusted to 49[err]C. 1070 grans of a mixture of straight chain
di al kyl . benzene sul fonic acid (Mv=430) and blend oil (42% by wei ght active
content) are added while naintaining the tenperature at 49-57[err] C 145
grans of. polytsobutenyl (nunber average Mh=950)-substituted succinic
anhydride are added. 838 grans of sodi um hydroxi de are added. The
tenperature is adjusted to 71[err]C. The reaction mxture is blown with 460
grans of carbon dioxide. The m xture is fl stripped to 149[err]C, and
filtered to clarity to provide the desired Product. The product is an

over based sodi umgesSohivindask al aﬁwpcg_ Pablvatien WO'EE031440" THOGibdaates Pélatig t8fthet 40,
a netal content of 19.45% by wei tal ratio of 20, a sulfate ash
Bl b el

content of 58% b§PWEAGHErebYReoRPoLa) BH%nt of 1.35% by wei ght .
(b) A mixture of 108 fuoaing eaafmpwsaepteosdwbtatéd oreriaxa @l Bid 4 methoNLof

0.13 gramof an nt e ti f Dow

Fl uid having a vF’?%'S% eysag‘? ?‘8’%5“(?& i%‘fea?“fs] éerw‘éﬁ eTﬁwﬁoﬁ\fpsg‘YE%?th'
oil is heated tothE4pecifratdnardrlans, rpartngnd pB&ntagesae bf weight, tengeraurrigimndded.
2nd 40-50% by el grEes PR AbEebdird e el el T et £ om Exanpl 6
1(a). The reaction mixture is heated toExémple 9 C and mai ntai ned at that
tenperature unti | th?a%ﬁx%cté’x@%f%ﬁ&hm?!‘@fﬁét flodiﬁoﬁ&t 51@#%6@1&@0& @4

wei ght or | ess and approxi nately by we , _respectively. The eactlon
product is cool eff &oswﬂbwqump@dmﬁugw #mqmep%@drtrpn@l spipmy ydeoxidgds 6. 19

2 8" on, 14. 4% S odpieparedN Thed atfodid Of ﬂﬁllitie@'adﬂih&? Bﬁiodﬁxhl hydroxlde is dependent upon f
ure o

1000 grans of a PEiafdaumbenotihe ﬂé’ae%'ﬁ%}yrﬁdﬂgﬁﬂgmweén 2 ée"él%ﬁr?tBﬁ’l @‘E‘bl d
(MA=500), 771 gr misturefis sljusiddan 49° (Bnlltﬂa graths®f athixtafe mkrﬁgﬁmuﬁlaﬁadkyl ( n U mber

aver age Mh=950 ucci n| anh ar.e er at

adj ustg'.J ed to 46% e?’?"ﬁfe%‘ one 6%% féMﬂg’gﬁnﬂr‘?ﬂc‘@w & &thgg%gﬁw'g%“ arﬁr ans
of acetic acid aaddedonbie maﬂﬁauﬁngtlmrtemp&ram atyl9-5dt C.olusl grmndoﬁﬂalgmﬂsnﬂf

wat er are added. e on

di oxi de at a te -egpg)te t?%?%k%fﬂgﬁ_yﬁ. thed ?‘chm Mn%‘n'dg aﬁeaa(ﬁégnﬁ% 8P 31. 4
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foregoi ng steps of magnesi um oxi 3/
149°C, and filtered to clarity to provide the desxred product. The product is an

-
-

overbased sodium sulfonate having a base number (bromopheriol 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 cSt 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.



al cohdl and water addition, followed by carbon dioxide blow ng are repeated
once. (O xyl ene, nethyl alcohol and water are renopved fromthe reaction

m xture using atnospheric and vacuum flash stripping. The reaction mxture
is cooled and filtered to clarity. The product is an overbased magnesi um
sul fonate having a base nunber (bronophenol blue) of 400, a netal content
of 9.3% by weight, a netal ratio 14.7, a sulfate ash content of 46.0% and
a sul fur content of 1.6% by weight. 40 (b) A m xture of 1000 grans of
t he product from Exanple B-6(a) and 181 grams of diluent oil is heated to
79[err]C. Boric acid (300 grans) is Bfid the reaction mxture is

heated to 124 C qyer A mRhrO6f 00 SratfRY 3 -prifAfly thafchdddhaill Xt Ure is
mai ntai ned at 121-127[err]C for 2-3 hours A nltro en spar is started and

the reacti onmangaligibenzene sulfoniciagid, (Mwsp0R), T srass of msvlsnmpé 975Gr$[4m5 afhe wat er

content i s 3Ykiobiténghnumber f8fage MIE-956PatdAE aklydfidd i€ piepaleld s R t O
provi de the deS| red pro ustedto‘ilgec'p%_ygug)taﬁc nt g’lmr{s g(%%na nesi um and 4 35%

bor on. temperature 1s a grams o B?&’fﬁ?l“@ %ld? are a ded( §§ A .
reaction vesgmmsiof acdtieragidchreVadded 2 81.4 geanisof @idthyl slephiol addespt graﬁé ofwater

| yb I bs d hut
(Nn21000) 23 Blpdo B regtfc i oo oy LV B8 ot o B Ut o
phenol and 2%dnpesatare of #9-5OTC. n§A3 grains of megnebiumidxide,31al grams ufmeﬂhgl heated to
80rert] C and Rafol B 55 glaths b QAL U AL an e FHPachBl GRS SOMOUTWAIK A3 x | O

solution are"a e reaction
ni trogen at zra@@fqﬁ cgrbemdiguidel at4P-54 €/ (Thp forgpingteps of wgnssiumeoniisr mlethyb is

i ncreased toaﬁéﬂ%ﬁﬁk%rl&ﬁu&ﬁ?&kw&‘ 5§‘L b Solide sl{;uﬁﬂ Ble aw&hfpsar bon
dioxide at 1 scfh for one hour and nut es whi ‘?L rts of water is
col | ect ed. O-xylene, methyl alcohol and water are removed from the reactlon mxxture using41 The

reaction m xmicﬁpnesm@ﬁ@bﬁﬁduﬁma&%ﬁf)ﬁlhg T‘ﬁl;efeﬁct%z Qmiaafetn.s cdoledtarfilieydd ent s) of
t he above SOdIL{ oxi de sol utloll;l ds ded he reaction m xture and
the nixture f%¢ B‘F%W&E‘W”E ugtiis A geenoase TaW'W“ s"l*lff’é‘a?eel%’f‘gér?af"eﬁ‘ﬁ%"fe& ture is
ijnc r egs ed t o (bréfibpitendi®blud) f 400, Aandtalohicnofi9.3% by eeigﬁt binfeedl rﬁﬁdf .zar bon

i oxide at 1 n rts of water is

col | ect ed. Tﬁggﬁee%%t"?‘gﬁmt 3%8?&?&%85{%“ ‘@F‘gm?éﬁ%{é’ and 272 parts (3.4
equi val ents) of Wbl aBowistusoo 1000 bgadm@fﬂd@redﬁcufromriixamplacnale(d)uﬂﬂlsa bl owi ng
ey oy © Mahl P iAOER eatba 15 . TBE OO PR TREAALR e | et e3ed

to 148[err] e reaction mMXture ra Foxi de at 1
scfh for 1 htnactionygixture 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

(8) A reaction vessel is charged with 281 parts (0.5 equivalent) of a
polybutenyl-substituted succinic anhydride derived from a polybutene (I\?In=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 -
temperat_u_re is increased to 148°C. The reaction mixture is then blown with carbon

dioxide at 1 scfh for one hour and 25 minutes while 150 parts of water is collected.



40 minutes while 160 parts of water is collected. The reaction mixture is
cool ed{ to 90[err] C and where 250 parts of 100 neutral mneral oil are added
to the' reaction m xture. The reaction m xture i s vacuum stripped at
70[err] G and the residue is filtered through di atomaceous earth. The
filtrate contains 50.0% sodi um sul fate ash (theoretical 53.8% by ASTM

D- 874, total base nunber of 408, a specific gravity of 1.18 and 37.1%oil.
(b) A reaction vessel is charged with 490 parts of the product of Exanple
B-7(a). The reaction mxture is heated to 75[err]C where 340 parts (5.5
equi val ents) dhe action miitute iiscoaltddol 36/ Corhed0272ipauts (14 equvalents) of thermbovext ur e
I's heated to ;

mai nt ai ned fo%&g&'ﬁh Jr&ag%utgbinlghﬁég%%%%?% En{u 891&5‘%@ | ?ﬁgé‘gned to
the reacti on Mithmitragen The sefbadhe mactinndemperatuze EIIW% '1°hl4ﬂ° vhrgetheat 1 scfh

at 160[ err] C fQictiaPmiFndte iCBlow ivith cABod diolide 2111 #ai 8 1 InSutfid BChfittes X! €NE
(200 parts) is added to the reaction mxture and the reaction te eratute

i s mai nt ai ned “hile 15bparteef sater és qoljpcted. \Hhe reaction, temperatyre 3, deareased o 108°G acuum
stripped at 1afq mﬂaﬁsf(ﬂd eqdblivaledtd)i oFehecdbovefodiial EydWade'EB&txbﬁﬁ £846d While
filtered thro tgtomatceo earth. ‘{he fijtrate contains 40/$fﬁgron

(t heoreti cal gﬂ’m pdure gth pitrogepat 1 sefhy fher ﬁ'é”ate’F‘B?réf“r%é?s‘E“ﬁ 8B of
309. Lubri cantl48°C and thereagtion \hhigtusd iy bldwdl\ﬂfhttﬁdapnklhmdean’mlscmtfbpnhafr aador gani ¢
pol ysul fide a Q ru ound eful.as addl tiv for

| ubricants i n%i “(‘:‘h""[{?zi‘ I%pl?gﬁa%sunc‘f e ?16%53 eregctg’ﬁt Wesy 15 ?ﬂe@?\’\%l d,

and/ or ext rerr§0°@raeldsnhesa Afgnts of LQﬁbrentralnnmembmt aieraddeyl tohthe reastitm nat i on have
| mproved pr OPgidnES 134 GHachiSn AGHE i offlzh Bipbdd AVBC arft WL Hsidhl i Rirerbd©r B

stability wear, scuf I ng, OX sur fati sea compat i ity,
corrosi on res@?%ﬁc@awamovﬁwﬁalmﬂ%ii thi}lnsﬁ@Sm?nbelf%ﬂpﬂbyed in

42 G2 var! eitheferical B3 84565 ASPREDRTANof VRE RimBirlot 404, o sg@&.ﬁ

viscosity, includi ng nat ur a and synt etic |ubricati
t her eof . Theséd-18 apd BEE%tall i nc ude crankcase |ubricating oils for

spark-ignited and( mn&sﬁt@ﬂve@alliaﬁrgeammpmMse produédti 2 Ex@fglene

i ncl udi ng aut and fruck engines avi ation '
pi ston engi neg{ﬁ%&r e'egﬁ’i'(?“ r“HftF?eo‘gh %@Jgp c‘eﬁg‘?’ﬁgéoef’%ﬁc@tsrfélq"fﬂﬁgts) e?fhey can
al so be us bokic aridjk addetjovee 30 miiuddsi Aha myactien/\mixtvre ¢ ivatedas d 10°Trdvends and
the like. Aut gl%attes and the reaction temperature is maintained for 2 hours. A 100 neutral

mxtures

mineral oil (80 parts) is added to the reaction mixture. The reaction mixture is blown
with nitrogen at 1 scfh 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 previouSl'y 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—s:irip, thermal stability wear, scuffing, oxidation, surface fatigue, seal

compatibility, corrosion resistance, and thermal durability. They may be employed in



or marual transm ssion fluids, transaxle lubricants, gear |ubricants,

I ncl udi ng open and encl osed gear lubricants, tractor |ubricants,

met al -wor ki pg lubricants, hydraulic fluids and ot her lubricating oil and
grease conpositions can also benefit fromthe i ncor poration therein of

t he conpositions of the present invention. They may al so be used as

w rerope, wal king cam way, rock drill, chain and conveyor belt, worm gear
bearing, and rail and flange | ubricantsy, As described above, the
lubricating conposition contains an oil of lubricating viscosity. The

oi |'s of | ubrayati¢tngf lnbsieants baged oncdivetes ilatofi fubricating visensitg tinciudingwaneal i ng oi | s

and m xt ur es ghdgmeflic 1%&44@3'01195,{&3&&9&49 ngl-ﬁtﬁg;e ]gi“lm?iﬁtsrn“pe al lubricating

oilI's, and solvent or acid treat m ner a et e QCubri cati ng

oi I' s i ncl ude crpkrasrclbHeAting oils fog spagoigpitedoind- cemeresmxyxgmm integnab combust ed

hydrocar bon gbh sngneds,kmhmsg %bﬂl@bﬂ&%ﬂ%&ﬁ englne‘gstwsfc?cltpélﬂeg aJvPa%X' Ic acids

and polyols, esters, of qc;rus cont ai ni_ng aci ymne
t et r ahydr of uPIIPL eagigess af‘%ﬁ“ radlpaad djesel engipes; andathe Jike.¢ )'cﬂapalﬁbbleubrl cating

vi scosity i Su&dhy dﬁsaéxfgﬁxai %ﬁuﬁidﬁﬁp@ﬁa@hbn&rana t@r)ﬁi&k@ﬂfd‘ the 1ikO! AGRIraRE O |,
such as a aﬁ)% gEE' S of?g%et) oils &? Jubricating viscosi ty
“nel ude XHvI © %‘?“ssm“ 95 foTicagisegear biricanis, feluding aprn pad 01094
sul fur/ 141 bﬁc)qsedzﬁkllulsmmrﬂs itmedr WibXicants) Areead vorkag(10britafts, suyhf-daré 1didd V1), g
170N i someri 0 01% sul fur/ 1 250N | someri ze
wax basestocéﬁfﬁ) % 6ﬁ @%ﬁ%g?5’14%“’?7{"’)”’“?%5{‘{%%?"b"’i?e%ef‘ﬁ%ﬁ&" ®uch as 250N
sol vent refi mmanan tliemdin ofrthe @pmpositidns ¢Hthé Gésent lifventidhO THey map AIB\b& 0l vent
refined naph r % N sol vent refined/
hydr ot r eat ed{l%g?gf lJ|g}nd|i|’§ ‘?ninﬂeé Lafn( Qva? %gy%@&céﬂﬁg /%%V‘Wﬁ eltz%’ﬂl E¥vent
refined/  hyearggrandiralapshflanee lubricantd.neral oi | (0. 01% sulfur/ 98 V1), 80N
sol vent refined/ Alamegcabe@mel tﬁ’@-fuﬁﬁtf:dti'ﬂ% xH%d&ﬁiBﬁ"coxﬂ *. s AP olP P auBlibdedE/ 127

Vl), and 150N soIv nt refine ara Inic mnera il (0.17%
sul fur/ 127 HoPsitya Thegilso l‘ﬁbBﬁ‘“’B& V’é?qs'ﬁ' @F‘“de !'%WI aythetiodubriesting giloccurs in

U.S. Patent élncﬁﬁﬁtlﬁés&héx‘éai UNEtural oilsl 1ﬂ&ud%7anidi'ﬂ%ﬂg Bnineral lubncatm oils, and _
43 col um 3, ncI SI.V eln |Ggrcl)£a%orate re erence for its

di scl osure tgbollv(ﬂlf9 aézfd 2iing ‘(’:‘H’t"’f%u@'l% Bibetic ng oils ipgju H®Prent, the
oi |l of lubri mkt(pdgalphasdems),malossuasmmég/wdp&wwh ofls, ralkwaﬂ@bmdér yaylﬁalsl Y, the

50, or "' om kst JEedigl 138 20h BEL SR RSN S BHh o P 8% 21 bon et oms.
polymeric 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% sulfur/ 60 VI), 100N solvent refined/
hydrotreated paraffinic mineral oil (0.01% sulfur/98 VI), 240N solvent refined/
hydrotreated paraffinic mineral oil (0.01% sulfur/ 98 VI), 80N solvent refined/

% hydrotreated paraffinic mineral oil (0.08% sulfur/ 127 VI), and 150N solvent refined/
hydrotreated paraffinic mineral oil (0.17% sulfur/ 127 VI). A description of oils of
lubricatinﬁiscosity occurs in U.S. Patent 4,582,618 (column 2, line 37 through




Exanpl’es of useful -PAGs include those derived from decene. These PAGCs may
have alviscosity fromabout 3 to about 150, or from about 4 to about 100,
or fromabouyt 4 to about 8 cSt at 100[err]C. Exanples of PAGs include 4 cSt
pol yol efins, 6 ¢St polyolefins, 40 cSt pol yolefins and 100 cSt

pol yal phaol efi ns. I n one enbodi ermt, the |ubricating conposition
contains an oil of lubricating viscosity which has an iodine value of |ess
t han about 9. |odine value is determ ned gccording to ASTM D-460. In one
enbodi ment, the oil of lubricating viscosity has a iodine value | ess than
about 8, or Ie@@mm&dinalﬁéunclﬁsiveosrher@smooﬂpanatadmyubfemnce for its disclosune to oils
enbodi nent, thg g &leg[ycat'l ng viscosity are sel ected to provide

| ubri cating corrp03|t| h a kinematic vi scosity of at |east about 3.5
cSt, or at |east alioene embodigwnt, she mb@{lebmqating Yiscosityds @ pblyalphresitfin (M)

| ubri cating compRsly, B oHApS-MEinSAE QRN GRAbhs A5AfleeBh Abud st about

SAE 75W The | ybricating corrp05| tion may a ave a s | gr ate
rating such as?bouB0ysyfrey a MQ(P‘WW%WWBW‘EQGO aBQ}WlQGabeIDWOMO ]

85W 90, or 85VExkiples Wehiehd PALR 1hdhhfeltE&Etd§n%YfrdnﬂﬁédéH@ Phesk PACKRIdhayy HaGPT OVEr
which is fornulated th t he oi l | ubricating viscosity to provide the

above 1 ubri carft VifPSilydzom ghout §) °9ﬁ"§'&6§q o fPmAbaYt to 3bgEt 108eoniiem abentdot
linited to pol:mbafumx aSlOﬂhC.aSEJﬁtdmékeﬂBAQE muideaecscpaﬁhémiersscstor

| ybut yl ber h h
g?y)r/egeybﬁtngdlrg?y FegPs 4P§$ 2V°Pe§ M@gﬁgﬁg@@ 8’1“ Iffol yzg(r:yl gfes I ncl udi ng
po: yrrr,t Pacr yl at es. Inlone@mbodieinot) nliﬁdnbncatxﬁgaoompmﬁsn bgntmﬁq:moo&ﬁéf lubriéating y

ol efin or ro vai | a gommer ci a
pol y Ve SCRﬁ%&Q/Lﬂoﬁme%ﬁg A el mbd I 67 TodiNand'hs SeRAMREL ©) 21 LY

i ncl ude Acryl oi rovers aval l'1vis
rubbers avai | sgpasding émASﬁMI 1D-4®1e1n gl embpdiniest ¢heeoil $f Ipbiticating mscosqdkasas

Trilene[err] jodie ¢ue E&thﬁ%oﬁt §CH?‘T&E ﬁlaﬂlab?{utfd gme!sgrﬁgrﬁgl?clut {hem cal L

and Lubrizol 3100 series and series polymers, such as Lubri zol 3174
avai l able from TheInanlsrem?eﬂm@% ﬂm%&@fdvbncaung viscpsity areeselaeteddb peavide the oi |

of | ubri cati nqubticats}Siompolifiérs i ﬁﬁeﬂuﬁﬁ%c&ﬂ? of &t Qﬁou@3§'£grop Qe

acid. Typically the esters containing fromabout 4 to about pre erably

from about 6 tBoYHEStan! &’8?' Mﬁ?ﬁ%{’bl??dtmef‘“ttbe nbgieating gomposHions BAVSHAR i n
44 each ester Sj@gﬁprvb&&x@ grade mtlleaa&whmetsw. The labiRampesoniposiién ON and’

clainms, the range rat o Jim y. 0,
di car boxyl i ¢ %agd"és 3 ﬁ&%cﬂ*eﬁfrﬁ\t’tfggmafaﬁﬁ e %197%%%&598 ;sé’fé’f)m c and
sebaci c. ExanpbW-bi0, 8GW-80, IpVoi4s 85W690ud685W-140 Multigrade lubricants may include

a viscosity improver which is formulated with the oil of lubricating viscoéity 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 polyolefin or polymethacrylate. Viscosity improvers available cor:nmercially
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.

_I__llone 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



hexyl ,” octyl, decyl., and dodecyl ester groups. The ester groups include

| i near {as wel | as branched ester groups such as iso arrangenents of the
ester éroup A particularly useful ester of a dicarboxylic acid is

di i sodecyl "azel'ate. Additional Additives: /

I n one enbodi nent, the lubricating conpositions and functional fluids
contain one or nore auxiliary extreme pressure and/or antiwear agents,
corrosion inhibitors and/or oxidation inpjbitors. Auxiliary extreme
pressure agents and corrosion and oxi dation inhibiting agents which may be
I ncl uded i n t bschlestar gapt §Head)es favulhmt ¢lsewhkref inuhdSpeaﬁcatioa and ¢hinhs, tlee ar e

exenpl i f ; ed bxang{’il chxeart]i%tllraxgts ma e lnetli rﬁmm Iesﬁ“h lcc m«%rn?c & bons such
as chl orinate 1T HSoY S, Bron conp suc \&[ epoxi des

and am nes, bglummqmgwhdic; plbdsq, agglaic bud aba;cm_slﬁv@mpleodf egtee gupsiimciadof t he
above al cohol fie. %p%[@h b, Q5@ HORER oGier F%Hﬁsgl'ﬂ% bieP frofilsdfiliudedel) acppam! e,

and barium hep bama Il oca b mate esters fromt
reaction prod ramhed jesten grovpstsueh @ isganangemente ofthe esterrggeupach peiticulariy| ei c,

fumaric or i tﬁ&%ﬂ'e&e%{zﬁaﬁa&@xyﬁc a&@g cﬁig@ﬁwlgm@g oduct of dibutyl am ne,
carbon disul fide, and nethyl acrylate); di'thiocarbanmate containing am des,

prepared fromAddifipnal A4S ¢ aci d and an acryl gide (e.g. the reaction
product of dibut y|1ﬁ16h61@mb6‘diﬁ1&ﬁﬂthéllﬂiﬁc§ﬁﬂ§%o Bitichs aid ﬁﬁbﬁm: fluids contain

al kyl ene- coupl ed dithi ocgr bamat es l.ene o heny| ene
& F Dot v1 b o BLRPRLATRED SRS Blsrs @&s&fy@\mﬁa&ﬁs b COrFIsioR plibiters
bi s(S- al kyl dahdibrosddakioiihibito. sAuxiliagieexiremb/progsued agehs aabeu@osimnindoned
re a nts and corro i.Qn rs al so

auxiliary extre oxi dat i on | t

serve as anti %g%,ogg@ﬁg g agét Whﬁ"em?yulber ey 9"@ %é?’r@%‘?fi?laf}ﬂ unct i oral
fluids may cofiids of thednventioioare epmpilﬁpd)bmhal@pate&,&agwblﬂmmédmahphaaibi i zer s
metal deactiv / 0 3

particularly ﬁé&{)&f@c{&gﬁﬁe&loﬁgﬁ%ﬁ&% vegﬂlfs%ﬁﬂal"%bwrgpgan%oug %DE'FC bargl%tggtl ng 0| S
descri bed her epexideyined amines boratrd phoepholipids, and berpiecestersraf ong or giore phthed
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COI'T'pOSI tions is nown in the art. See,

"Lubri cant Ad&emtylpkenyl wr@wammﬁmﬁar@mmﬁmﬁeﬁmw ’S’Pﬁt{‘?’ﬂ%(‘%@ﬂ o5-Hiles
Co. publ i sher gjthictARthiaBed afd hé?ylm,lﬂx@ﬂ))ieryfé( ﬁﬁ]&c,e funfafic 6f &hédnidRtsss &% nt

?épr essants ar v rga ﬂ%lq%trorll%(c:tr% d%utyiamige,l %abon dxsulﬁge, and methyl acxylate)
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(dibutyldithiocarbamate); and sulfur-coupled dithiocarbamates (e.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
oomposiﬁoné to improve low temperature properties of oil-based compositions is well
knqwn'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;



pol yacryl am des; condensati on products of hal oparaffin waxes and aromatic
"conpounds; vinyl carboxylate polyners; and terpolyners of dialkylfumarates,
Vi nyl esters of fatty acids and al kyl vinyl ethers. Pour point
depressants useful for the pur poses of this invention, techniques for
thei.r 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 whi ch are hereiyg incorporated by ref erence for
their relevant disclosures. Anti -foam agents are used to reduce or
prevent the folysuyimidegfcopdenition fpoalucts of alppacaifin wmies ahdaromatient s i ncl ude

e | e |
descr i bed | n OEBAMHE B KB irerd U e HciBERRIL WD O
Cor por at i on, es®RE3X fattysagids ang slkylainyl ethers. Pour priitglepraspants usaful forthdi t | ves
when used, arp%rﬂ&éscﬁ%s indedtidR, feORtiRfhes KA d.éﬁb.see sﬁdagana mﬂuéey%t i onal f1 uid

COI'TpOSI tions ‘at sufficient concentrati C osi tions'

wi th enhancediefrigpbin V«;SSP%FE%%?WIU%BW Fﬁeﬁ 514ﬂ? elr?dé»ﬁz%gé 5 exanpl e,

the pour poi rztssdm 2FRA81T; a1721,87d ﬁmmsowﬂvhﬁhafshe@aﬂwipwtém to provide
the inventive é | tjons enhanced pour point depressant

charact eri sti" re% qr ther ’ief?éa“éﬁlsf’lf"’ﬂ'é?ﬁ agents are added at sufficient
concentrations t cAgti-fainCigehts @rel Bed i fedéce orQﬁVﬁﬂ&hé Fovination diﬁstafb&hﬁaﬁed

tif ti L | h i1l I
20 1 ves ar YRR o6 R b & toesp G pobria Addieat s Bum
concentratio resmboaiﬂnnalamnes&b@d% "Foamf CanttobAgertts” Coy(Eértry Dr Kémemwdywt 0. 5%

These addi t ally present in an anmobunt up to about
10% by wei ghtﬁQQ@orp%Qano}. féz@oﬁ{g%ﬁgﬁ;%&m ght, and or up to about 3% by

wei ght . Thesoadditionploatiditives, when eseludre ipessentriy thegnysotive luhgeatiogt ai n

| ess than 2%,.81 fpeOf @

di spersant. Iartllgeflundgtﬁﬁn%l ﬂuf‘d%@rﬂmtﬁ)& api bt &%%Péaéﬁhﬁ% lﬁ\g‘hrw;})osfat ions are free
(<

of |ead basedomaesitinywith ephansed properéivs depgnding mmdbqshateéé us¢d Borkal i or

al kal i ne ear tefla t,the POrgJoftit depressant are adddd a0 QifB&Ent BRLALATRAS to ploGide
conbi nation o e organic, poly ul fide and the overbase conpOS| I on or

t he phosphor l}{ée Brensiye Sompasiioatwih ﬁ%ﬂ?“ﬁ'é' RPUE ReiptdepErianh ehargctetistics while
concentrate rtm/axﬁms&rﬁagentsme adied &t edtiiéieiiabic@htrations & prbvm tHe inventiteer

STt e SR Lt o ShTH. RSl O 5 RC o o
i ncl udes ker additional additivesragd pwdsent inl ﬂhaﬂ\dm,cams amlhfanaionaddhidsat t he oil s of
tl ubri cating V&E&Qﬁe’ztﬁ&ﬁs @‘oﬁ:%%ﬁ?djoﬁ? 0r%rom 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)
dithiophosphates, 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 Jeast one substantially inert organic diluent, which includes kerosene,

mineral distillates, or one or more of the oils of Iubricating viscosity discussed above.
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46 |In one enbodi nent, the concentrates contain fromabout 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 wei ght of the conbination. In one enbodi ment, the concentrates
contain-from0.01%up to about 49.9% or from about 0.1% up to about 45% by

wei ght of the organic diluent. The follw ng exanples relate to
concentrates and | ubricating conpositons of the rpesent invention.
Exanpl e | A gear | ubricant |s prepared by incorporating 3.5%

of the product of Exanple S-1, and 1. 3%'8f the product of exanple P-3, 0.5%
by wei ght of mlohutewbodmdﬁtpgﬁrhoﬂ&a&ahs &mauafrdm%a%m%wrgﬂatn &Hout 0.1%,

t h | t Nl O hat t

oy o)1 "o bt P I b Foip bt 5o Bow B8 Bl hrm e 1
except exceptwdighé ¥ thy combinhtion Idlo@@[embbc]mehtydiea:gmnpktessmtdixeﬁbm 00168 i n
place of di bUtpyto aﬂgﬂr@g@{: )&P rfr%mp a t .1% u I]?tto about 45% I‘wafl%lt of the or: an

Exanple |11 ubrica I'S prepare I ncorporati ng 4%
of the produdiluedt. Exanpl e S—3 1. 2% by wei ght of Exanple P-6, 0.2% di ol eyl

hosphite, and 0 % f n SAE
phosphite. and | v Oila w?ﬁ?e%pl& refafi€oRb R ite LindTIRTRAS; Buipobifda® oft eral ¢

|V : the rprsepé dpventionr i cant i s prepared by incorporating 3.5%of the
product of Exanple S-4, 0.75% of the pg { of Exanple P-3, 0.35% of

di butyl hydrogen phosphlte and Q. 3% of the product_of Exanp 3 P—? into an
SAE 80W 90 | ubricati ng’-\ ‘lqhnﬂrﬁ,lseprepared by incorporating 3.5% of the product o

Exanple V  Exampled®8 antU3% 6R4ME prédubl SERASsle 23, de%cw \baghudn diEé@lTpl e IV
except the | bﬁlocgnntho%qgtlet almdn(%‘i’){) Sweipht of 12 é 2% (131 th EospLat i t (gﬁéxanpl €
B- 6. “hydrogen phosp y weight of teiphapyjmongfhiophosphata Ift 3 34k, ¢
prepared as A 00 wbeicdting b awipbe. V except 1. 1% of the product of Exanple
B-4 replaces the product of Exanple -BExgmp@'ﬁases
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 incérporating 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 1V
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 ‘mixture..
" 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.
K Example VI
A lubricant is prepared as described in Example V except 1.1% of the product
of Exam};E B-4 replaces the product of Example B-6.

Greases
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ng oil generally is enployed in an anbunt sufficient to
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about 5%b
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y wei ght. The overbased conposition or the phosphorus or boron
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about 8%
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|t d t di at d h I ht
BRI 57 PO Bpoui i ArErIL presoad a8 e ) A DOl ox
t hi ckener sup wsaébuHS%mrcﬂmneb@toﬁ%lupdeahytdrﬁeqahyWexghcl ays which are treated
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re generally

crystal | i rtbisdeveptienc Ehe tih@lifwésls eFiployed ml?aylsmquntfrgnj@bbwﬂ BHd awut A t apul gite,
1pe'réehi tafd pﬁ:@&ﬁmﬁ tem FRRLAIt15 %ercpﬁtq;y'\%?ght Y)?[H@ tgféi h’g‘?’i Zeo' ite clays
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grease is ‘iS’F’@BﬂF@H Iygluding ampeg the FM@‘CB"YSWH‘%M“QMM@#C etith Wﬁtﬂjuct of
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hydr ogen
gr ease,

lsoaﬁéncsszatwlda a4l el 15} nﬂifterammhgfrem%bo& ﬁi’/fbth\aowesmfrb&f di
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of the product of e P—9 into a lithium

ph tngeﬁe P&ﬁagd’“ﬁ%&ﬁf‘i PY mdulm fithigmpy °B!§§'é“ @49 m. Examples of

fatty materials include stearic acid, hydroxystearic acid, stearin, olelc acld, palmitic
acid, myristic acid, cottonseed oil acids, and hydrogenated fish oils.

Other thickeners iriclude 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-écetate 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,
v;rmiculite, 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.



48 * Whil e the invention has been explained in relation to its
preferred enbodi - nents, it is to be understood that various nodifications
thereof will becone apparent to those skilled in the art upon reading the
speci fication. C ai ns: 1. A lubricating composition
conprising a major ampunt of an oil of lubricating viscosity and (a) an
extreme pressure inproving anount of at |east one sul fur conpound, and an
antiwear or an extreme pressure inproving anount of the conbination of (b)
at | east one anmmonium salt of a phosphoric acid ester, (c) at |east one
phosphite, (d) at |east one nonothi ophosphate or at |east one reaction
product of a phosphite and sul fur or a source of sulfur, and, optionally,
(e) at | east one dispersant, optionally containing boron, or at |east one
borat ed overbased netal salt of an aéfdic organic conpound, wherein the
l'ubricating co [ % b i spersant and
St regt Nan?ﬁﬂ(i:’lé tﬁc’i gngeen"flgg%@ dden la)ﬁﬁaﬁnetdgffi";elgﬁén.rt}hg r&h }recp rfxg?fp of olaim 1
wher ei n t HBeRYitig to beypaststrired (that V?@uaﬂ@dfﬁbumnséttr@flvv,ﬂl bmatcwppi:eﬁk fatty

aci d, unsabukcit eklldPinttie &3 upén re®di {h@1sp&ﬁcme or Diels-A der adduct, and
mhereln t he phosphoric acid ester (b) Is prepared by reacting a phosphorus
acid or anhydride with at |east one al cohol containing fromone to about 30
carbon atons, the phosphite (c) is dihydrocarbyl or trihydrocarbyl
phosphi t e wherei n each hydrocarbyl group independently contains from about
one to about 30 carbon atons, and the thiophosphate (d) is a dihydrocarby]
or trihydrocarbyl thiophosphate independently containing from about one



to about 30 car bon-atons in each of the hydrocarbyl groups or a
tri hydrocar byl phosphite. - 3. The conposition of claim1l
wherein the sul fur conmpound (a) is an organic polysul fide, the anmmoni um

salt of the phosphoric acid. r (b) is an ammonium salt of a phosphoric
acid prepare y reacting a phosphoric acid or anhydride wth an al cohol
contai ni ng frqg mmastsudmeﬁ ed 0 about eighteen c

t hi ophosphat e 0 lﬂﬂm&a{m& f?gﬁitfg?w :ofogﬂci engt a@it‘m‘mmwlum‘“ te
ul T ur

t hi ophosphate o

and sul fur or canposi tion of claim
3 wherein the organrc polysulfide is prepared (1) by reacting at |east one
olefin with sul fur and hydrogen sulfide, or (2) by reacting an olefin
having from 2 to about 30 carbon atons, sulfur, and hydrogen sulfide to
forman internmediate and then fractlonatlng the I nt er medi at e. 5.
The conposition of any one of the precédi-ng clainms wherein the sul fur
conmpound conprpffs. at | east about 90% di hydrocarbyl trisulfide, from about
0.5% up to about 8@6d|hydrocarbyl di sul fide, and |l ess than about 5%

di hydrocar byl hi ghdr  pbllybsigating remposition comprising6a major a¥ioentoafrgnouii 6l on of any

one of the pregsidaig: ¢k Wr*(g)r nﬁ'p?ﬁﬁﬁ t from about
0.1%up to about 10% by V\ner'Ban f )ghe&g)ppéf%?g{lt g aﬂ‘%r‘rlgﬁfn W?asg?n about
0.1% up to abolfulsempoundeaphan anfiwedr psarmxesmpresaqr@mpmmnonmﬁmbout 0. 1%

up to a&mmna&% &xb)vueleﬁﬁabne aﬁlﬂx%n(uﬂ:)sah of Pﬁrﬁ%ﬁﬂhc hdid aeerffozgm f rom about

0.1% up to about %%ﬂ’lﬁeﬁn nposi t any one of
t he precedi ng ¥FH W@CIW}WPWQ‘E‘? ﬁb%’&?ﬁ)@%ﬁ W%ﬁ“lPSOdHCtg?éar oi l .

8. A concmpmimamcmmmosamw‘epﬁfﬁrfabaw oﬁ;oh%)ul?e)tapleﬁp&&étdls?gﬁnpy wei ght
of a substantléablllo f.nert or | uent 8 maj or anoun

combi nati on of % ﬁ(‘“&ﬁ‘”&%@?‘r’% °’br°'é§t§?i’f’té’“f‘ PYFS*"’&%!W I'sglt ofan acidigst one
sulf ur conpounugangnadmpoundnt i wear or an extrene pressure | mprovi ng anount

of the conbination 20f (R ‘%}"B#&fb%t“ %H“?ld‘jv eg%"t{ Zgulll %Pl%g%phorl c acid

ester, (c) at Ieast one phos ofPhate or at
| east one reacwuifeniee pibdusaturagéd fattyriois pisatorated fky sstérf tﬂbﬁmrterperﬁmtlmﬂs-of sul fur,

wherein the | UbdCAlthd? Jand AHRRS i gﬁbsblﬁmt: L858 e %‘”s“br%&réjd by Feactng b
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 hydfocarbyl 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 l(a) 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 reaction product (d) is at least one aromatic
s 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 poly.éulfide 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
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from an intermediate and then fractionating the intermediate.

s. The composition of any one of the precedmg 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 highér

- 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 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 congentrate comprising from about 0. 1%; up to about 90% by weight
of a substantially inert organic diluent, and a major about of a combination of (a) 2
extreme pressure impi'oving amount of at least one sulfar 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 pf:osphite. and (d) at least
one thiophosphate or at least one reaction product of a phosphite and sulfur or a
source of sulfur.

9. A lubricating cdmposition, which composition is

substantially as herein described with reference to any one
of examples I to VI.

10. A concentrate substantially as herein described
’ with reference to any one of examples I to VI.
* 11. A process of preparing grease, which process is

substantially as:herein described with reference to example
G - 1- —

12. Grease whenever prepared by the process of chaim
11.



