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; #3et. 1. h6T e Manuf act ure of di hydrocar,byl dithiophosphates The pr ese%cg‘

ginvention'relates to the manufacture of metagl or ammoni um di@%q;focgr byl
di t hi ophosphates, and has particul ar rel evarntce to the manufa r'd"Bf netal
di hydrocar byl dithi ophosphates, especially zinc dihydrocar byl
di t hi ophosphates (ZDDPs), for use, for exanple, in lubricatin i
conpositions. Salts of dihydrocarbyl dithiophosphoric acids w@wmﬂmwwmmn
i ndi vi dual hydrocarbyl groups contain-fyom 1l to about 30 carb )
especially from1l to about 1~8 carbon atons, typically from2 to 1i6ar bon
atons, are wdely used in ol eagi nous conpositions) for exanple, in
| ubricating oils, including functional fluids, to inpart, for exanple,
antiwear and/or antioxidapt properti ILhh@QsS. Such salts are
conmonl y prepared by first 18 ot dfial? et gﬁgﬁtﬁﬁ%phosphori c acid,
usually by reaction of at |east one aliphatic or aromatic alcohol with a
phosphorus sul phide, usually P2S~ (al t hough P4S3 and ot her sul phi des may be
used), and the Al ihgémtdnt Qb dnavhidhutacirt @ff matalamammeniv®onpound,
for exanpl e, aﬁhgﬁfgﬁ?{'ﬁﬁl@%rg@tﬁ carbonate. The product obtained at the
end of th ih&g;.gcg,%lyi a@ﬁémsﬁﬁ@@s,%ﬁnﬁslgerttimﬂﬁrabiesarmﬁon’eﬁmawfﬁ%erﬁﬁst be
renoved, tor exanple, by filtration or centrifuging, before the product can
be used. Fhes&inyirctansedithiophasphatescespecally zine disoecaseyl AEhigPNefPRGtRSocar by !
di t hi ophosphates in which the proportion of sedinment to be renoved at the
end of thezppPsEss uss, foedxareple, Mhebripating Al compesitioi provi des the use of an

al cohol andl or a carboxylic acid or a salt thereof to reduce th rtion
of “Sedi mont  obisitaefdimerchetaERNGRoRP RS 2GR e AR T Oea o

di hydr ocar byl dithi ophosphate. Preferably the al cqohol copt al - t
five car b@roupsceontai rpmhﬁtq %b%a%é%ﬁtg@ﬁc%??&@ﬂéfﬁ"bﬂ? ?%u érglt‘:f/'w‘s

preferred. The - 2 applicants have surpr.isingly. . i , of
the al cohcitompdyrieallydram 259 12 &PIOONRIPESS 57 HIE! e"g‘ﬁél‘f{ ?‘g?&?g{?%‘?ﬁ‘gﬁmkes

it possible to obtain a netal. or ' ; ¥ F&kamtplyel y | ow
| evel s of [9BEXafRRAIe. InfypFisaina ¢is. @8@8%%gégt thrlllgggbﬁfl‘o‘mr"gggve se%li ment

before the rBI Qduct y/bp ?:ﬁc%aWroPSrﬁ%QW&!@@Jrﬂpcﬂitidﬁ%ﬂ@u@ﬂ.saﬂ'iaerd corenomipn al so

provi des a W?@éggd/*)o? e nanuracture of a metal or ammoni um di hydrocar byl
di thi ophosphle by - 836iiing adiifiaRueia aniigbnelnariopbins phoatly byaesaionred ah
met al conpou or “an ammoni um conpound, which process conprises the step of

M Xi Ng t he,.agi she diBRatEESAHro@ai® aldbiibioitaaTpbios pinoros splpbide, uswally &2Ssdded
hydr ocar byl al cohol containing at |east five carbon atons to form

reaction niathbligh P4S3 @RE ofttky anibhigies usayerehgskdieand @ﬁntﬂ?étfﬁﬁﬁi%?ﬁe@rﬂf‘f’ma
reaction mxture contains a carboxylic acid or a salt . ther eotf) as \/\ﬁl\é as
the al cohometalloe ammivaniuen bempounch forrxamstie, [ Sfide MYPLRASCOTHCHEN 1 al'T zi ng
di hydrocar byl dithi ophosphoric acids (sonetinmes referred.t. el h as
DDPAs) in ptuslupr eeined abfhe| engkat thg NpWERIZele]) &%Hdﬁ%’“é'ﬁ)’c‘f?” %‘R%Pﬁé{ﬁ‘g eté‘%h%

i sopropanol, but none of the doc ts di sclosi S aL& eHagest s
that the prustheenevedniofexamale. Bgﬁﬁﬁ‘?‘f’@%C?@%ﬁ%@d&%ﬁrga%??% fhe -
proportion of sedinent obtained at the end of the neutralization reaction.
British Sp&€ffication No. 2 115 818 A discloses the use of relatively

unreactive sol ver%tgfﬁ if.grrig’redef)é?%l— eces%\‘&rQﬁQHa%ﬁ R IHf HirR/dedtantsyl pr opanol  or

butanol, in the atron of phosphorodithionic acids derived from
vicinal diols: L S, Paten; &ﬁﬂ-t'&?gf@o@rﬁé@t&@%eﬁ'@ﬁoﬂ@db[ﬁideﬂ'@tdf@m}eof
DDPAs to gic{'/té'OBbJ%?prpgg%dﬁ shlia%rt elpr esence of isopropanol and no nore
than about 2 %y, yg%g&g_ of water. The use of isopropanol containing at
nost only very small proportion of water is said to make it possible to

give a product WChtebsntentioepebividesnhis ubé etlabypidohbtangd/ergmsarboxylic acid or
a salt thereof to reduce the proportion of sediment obtained in the manufacture of a
metal or ammonium dihydrocarbyl dithiophosphate. Preferably the alcohol contains at

least five carbon atoms. Aliphatic hydrocarbyl aicohols are particularly preferred. The
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-3 U S Patent No. 3 400 106, which is referred to in Patent No. 3 691
220, 1s concerned with inproved nmethods for accelerating the vul canization
of rubber by using a basic zinc double salt of an O O di al kyl
phosphorodithioic acid as an accel erator for a sul phur-containing

vul cani zi ng agent. Methanol, ethanol and isopropanol are disclosed as
useful, in adm xture with water) as a reaction nmediumfor the reaction of
zinc oxide and an O O di al kyl phosphargdi.t hi oi c acid. Ronani an
Specification No. 81290 di scloses the addition of isobutanol, followed by
stirring, to a DDPA which is subsequently purified and reacted with zinc
oxide in the presence of acetic acid. The product obtained is filtered.

car bon it BRcGRR SWnshal B ek g Ve of i slsphaanciovaad g ealethsreot v ch

i i . ifugi ng). havi hi gh zi tent and
ence | ney oaceq e lalof FREM Hes (s e B Bl A sl eBprivh B8 Par ont o.
4 215 06&ontaimingadistive! Wleb@ls%'?@é’éim@ﬁt.rl‘?\é@%éégﬂtsﬁrg?%?ﬁ‘%éf‘wgg%ezé ¢ oxide in

the presence of a surfactant. It is iIndica i"eROYS

caused byediment befor: hbipeducaRNRedRRay BBy RBIRYy Sirhihagll on or :
centrifugation, does not appear to harm engi nes or processing equi pnent,

but i s undesi Theirwentiorcalss providiisesprotess fog e MERifEYfe 8BS kats S, (Presumabl y
because these have an unacceptabl e appearance). Patent No. 4 215 067 is not
concer ne@MMaHm diidiosgroyheithiontsphate by obactiedi @Ry drotrayi diﬁ\iopﬁagr@{cjr@l of
the type that can be renpoved by filtration or centrifugation). There have
al so beefi9PRAAGTALS! ¢RRPGHINGtar AN armgniDDRAEMpoUndhwhizheseress comprissdmey| i ¢
aci ds or tt hei.r .salts. The docunents discl osing such proposals do not

i ndi cat eS*RGMAPERS therpgd. tipmetal compsurtoramaEniin cormpotnd; @aticinl REdt 0 a

reduct i ogcin tgqéﬁ{?%ggrti on of sedinent obtained at the end of the

neut r al i 25t PEH¥ Fpntaining Bt legst fivesearispre slomsciatfpom aMeact®neBiStue20n A and
the corr ing U S Patent, No. 4 308 154, disclose the use of an

addi ti ongrﬁé)%@‘?a@t%ﬁ@f’fs gaeAimeny oh Hherippmdion; the raactiondnixiyae eontaine zpr oduct s
being m ..salts ntaj ning relatively |large proportions of netal
and havi%g?%%%é’g§%tahseﬁ‘tﬁ§?regi?be"gﬁ' 8y 1he 3leehdhat i onal Specification No. WO
841 04319, whi ¢herk horuscont ai ni metal . salt/olefin

conposi tions and ﬁg@% E’geé gé@?&%ﬁ °§P%%f&é?%°5€fs QEEﬁ“tE%ﬁﬁ’@sq'?Ydéﬂ%a’W't h active
sul phur, dithisgHospesric B (s8Aklim i f cont ai ni ng_agi ds
and carboxylic acids. Br(lsti sh %%Eecflg?frléézgﬁ%ﬁ ftgpﬁss@g)?#zg”ﬁﬁ@rﬁ%geﬁgtent
No. 3 296wedalighafieaicbhols Bachiag e®an6rSratoprbSarMUR hendbt 2 hfs acids in
the neutralization of DDPAs, the obj ectdﬁéf% he Bri t?s% g%e‘% .“‘ISQ I on

bei ng. t digHesing syrhoriopesalnsudyegts thhethepresinabiok bk aldoRoldédild hehsls and under
conveni ent process conditions, and that of the U S. patent being to render
t he neutTEHFHRRLIN #if Biopprtioe ©f sediment ebtameti @t thecenxt oftbe tieattakdatio® Fedctis@Mpound
requi red and gs.to the neutralization tinme. The Romani an specification
referred to aB@Fe SpesdicationNes2315 A28 Astisadses thauboxyidlaivatyi uhreddtivé hat case

acetic asci\g, V\/raen neutralizing a DDPA. The di hyd~ocar byl dithi ophosphat es
wi th whi TR fYsxeRIne. BicpBAIG Tivanss sumices preanglsr Satdnpl, fimtre t he f or mul a

Vh+ [ SP( - n.wherein Mrepresents a netal atom or an ammoni um
group; n@%@ﬁ%@%@’éﬂ%ﬁ?{%@gp”ﬁ%@ degived dramyvigingldiels. M and each of RL

and R2, whic e r.different, represents a hydrocar byl
radical, or R 'I%ﬁa%ht%baégﬁg?&d&c sﬁsgﬁﬁ?@raﬁgﬁf%%fr%?’éﬁé 9i%8li cal , but
t he i nvejVersidsel iy ] rocar byl djthi sphat es. Thus,
for exanple, '? hzdﬁ]sjhrt@%g%gﬁ&d?ﬁ%%g %@%ﬁﬁ?é‘? 'ﬁ%rffqb%” 358‘:‘}22 ‘2’ %s.

weight of water. The use of isopropanol containing at most only a very small proportion

of water is said to make it possible to give a product which is more readily purified by

filtration.



-5 Wen Min the above general fornula represents a netal atom M
advant ageously represents a Goup la netal, a Goup Ila netal) alum nium
“tin) lead, bisnuth, nolybdenum titanium nanganese) cobalt, nickel,
copper, cadm um antinony or zinc atom For sone uses, Mpreferably
represents a zinc atom as in ZDDPs. In other cases, conpounds wherein M
r.epresents copper nay have particular uses. Thus, for exanple, copper

di hydr ocar byl dithi ophosphates have praved very useful as, inter alia)
antioxidants for lubricating oils. An ammoni um group represented by M nmay
be derived fromamonia or a primary, secondary or tertiary am ne. The
ammoni um group is preferably of the fornula RBRARSR6N+ wherein R3, R4, Rb

d R6 h i hyd ] hydr byf
(el uding a roer ERfertiNeY ouiBi OB R ol S PReR iR ApS L2ats | or
| e, i ] byl L
by by iy K I BB thetn S o L BLRAE I asicatization, at gty wing 2
r epr esentbasic el @Sl ¥AIEHCard ORI Eh?%ﬁop%éﬁ?oné\la @%mantf gfegé%{@r)r m a

ring, the hydrocarbyl ene group optiona el ng rnterrupte Gen,

sul phur, sutphot-bertaimirig \ﬂﬂ@hiﬁﬁ@tﬂgent.v\MéﬂaﬁJleetﬂéﬁdl%ﬁdﬁ%qr@%}noﬁra@%%egf oups

represent hydrocarbyl groups, ese groups are gener ydroca

cont ai ni &g useful,an aboutturkSOittcwaiee Nasd esHetian thadidrh fMﬁ@réﬁcﬁiSﬁoP%nel&ﬂgati ¢
hydr ocar byl groups containing fromabout 4 to about 30 carbon atons. The
conpoundsingfan Gé-dietkyt phospboradithiofs @@ above contain two hydrocar byl

radi cals, which may be the sanme or different. As used in this

speci fi cat i on,Ramniar Specifigationdin. BA290 discitses thee addiiiaradf iSeBitab! FolEwd®N
atom di rg}ct lt'ﬁ' atiac ﬁd to the remai nder of the nolecule and having a
hydr ocar B8P BN %/ ERTRNPIC) insdhssatenibrpuriigd aodaeactely witbzindgxide mdhe al s

i ncl ud fall ow na: d b . that is, lic aliphati
(oo artgierge TERAqe ThY BeietoRiangu s Bssebal kyl “or cycl oal kenyl)s
tic, aliphathGs licyelicasubstituted -6 tic, and
aromat i ¢ subs ket SreRRgRtn 4195 and dRahtefe aperct an gk tattafdo Byc i

j [ | d thr h th ti f th
ol coul o o epBE viieh OBeRIEREEleE ISk PROBK avrumySdissb O 461 m an

alicycli ,Eég@dm Yy . I o i ncl.ude, net hyl , ethyl,
oclty?/, hggsﬁgg%tfgdecyl ,Ié}'chﬁrgﬂ%'ﬁéﬂ)q%%ggﬁgn#lgﬁclﬁrgﬁ'btusaind(%”cgﬁ%??ﬁ ed

hydr ocar liesrngt stabisy. t hat is, groups containing non hydrocarbon substituents
whi ch do not alter the predom nantly hydrocarbon character of the group.
Exanpl es of st hasbemngurbsddddypint S5, iF2ediid. Rl 16, [
al koxy, and acyl groups. (3) Hetero groups; aétﬁaotd?g@g)régﬁégm%%yégﬁyl e
pr edoni n&#Aqtipg B8 arithaing oxidd o thetpeesenceof aisurfat@As 101shRGichl@ahaahdon in
a chain ?11[:! rivg,g ot herw se conposed of carbon atons. Suitable hetero atons
i ncl ude, NPET WIEHisIcAUsed Py sadisiesoxyicie nanned bs uemhved by fitgdorebal , no nor e
t han about t.Pree substituents or hetero atons, and preferably no nore than
one, wi | PERETYgaLAR (foes fot aprearte haem isogings onprdcassing ehyigmenartoyls gr oup.
Especi al k}fdg{ieft’%r ed cor‘rpounds for use in oil-based conpositions are those
wher ei n RN CANe Ul oesineiR @dditive prakacss doiesamablyraacrdse thes8, and
bon atons. Particularly preferred as Rl and R2

f b
P ooy onvé ah Ondleanflid 80a 88 B0Re Blens Np. Ba thTb7ae b cormeanms Wi of

di cal ' hyl. .n- 1) 0~ ,
bt y1 el R RREr Sl RN RN e, Fferh Ot g€ 530 pr Bl o

i -octyl, fitrade® ¥t cerfl@dgstidn). OCt adecyl ) 2-ethyl hexyl, nonyl phenyl,

dodecyl phenyl, cycl ohéxyl "and met hyl cycl opentyl radicals. The total

number of car FosretiaveRalibéerlp@pdsiis fé@e%%ﬁﬁﬁ%ébm%%ftﬁ&%{é@%m}eo? mpar t
ubiTi

oil-solubility to the conpounds. In order to obtain oll s , the

total nuedbpxyic acaishonheit sams. iTheRlocaRtentZdivéibsing SD&H Bldn¥hs e j
greater. As indicated earlier, dihydrocarbyl dli?hi op ogpﬁoridgqg)ﬁngzca?{DPAs)

may be nheweyss, thehtheiuse affsuel aheakt orsmst LROBAY to WhedIiBR YN BR gﬁbbcﬁhﬁﬁ' ¢ or
aromatic, wth a phosphorus sul phide, which is preferably P2S5, although
P4S3 and°btedinert agtained st theyertseofube deutaizatioppraepon.at e.  Thus, a DDPA of the
formula HSP(S)(OR 1 )(OR2), may be nade by reacting P2S5 with R 1 OH and
R20H, where R 1 and R2 have the meani ngs given above. (In sone cases R1
and R2 will be identical, and in this case a single alcohol is used.)



Any metal conmpound or ammoni um conpound which wilt react with the DDPA may
be used in the process of the invention. Advantageously, a netal oxide,

" hydroxi de) carbonate, or basic salt is used. Exanples of suitable metal
conpounds are sodi um hydroxi de, sodi um net hoxi de, sodi um car bonat e,

pot assi um hydr oxi de, potassi um carbonate, nagnesi um oxi de, magnesi um

hydr oxi de, cal ci um hydroxi de, cal cium acetate, zinc oxide, zinc acetate,

| ead oxi de, nickel oxide, and cupric -0 de. . Suitabl e anmoni um conpounds

i ncl ude R3NH2, R3R4NH and R3R4ARbN) where R3, R4 and R5 have the meani ngs

gi ven above. The acids) and netal or anmoni um conpounds nmay be used in
stoichionetric proportions to give a neutral dihydrocarbyl dithiophosphate.
Al ternat i vel ygmr €, ddtrBiidhRoS? 058 B0 Meind theoapspdriding OfS. Fatentehier 4
conpound may %e used so that a basic salt is obtained. In one preferred
enbodi mesgg 9h4 tdikidsaBE UsOBf ah bddifibmalacinenarcneuteedzing PORAS WitthR 5#lor us
mass ratio of greater than 1, advantageous|y approximately 1.1:1. In
accor dansssapttidprodects emgt igad metal sela centginings relativelpigsae Hklﬁfoﬂ?é’sr?ét al or
anmoni um conmpound may be carried out_in the presence of at |east one

al cohol , metal @hd having impgaves dheima)stallityat | east five carbon atons,

iall l'i phati ti byl . al IR | e,
phenal )1 ho imemRteRASaearEgIon e RE s by S R R LB ey 2
1 Xt f al cohol s i d, at | east f bly h t
east 1 geni@ivIEow SAoin camporiia s Bofioetiof PEREPER e TP 7ie

al cohol is advantageous|y oil-sol.ubl e r.ef car bon
at ons, eSPEEPSIPRs Kith BCtT)é %m&#‘% %‘%."‘?%%'n%#§8}?f“@ggﬁé8%ﬁ§?§56n@§gﬂe used,
but al cohols. with.npore th droxyl group are not excluded. It nay be
advant ag&80@ning §%ﬂ€aﬁ%§%@gf@ﬂ%§@¥an al cohol which is the sane as an

al cohol', or ong. i , 105588h bR (s P ienttNte 3R98/847-rbferaa ttesss  of
al cohol may iﬁggélsﬁjgg\mgée&ﬁg%%s‘i n the preparation of the DDPA, the DDPA

bei ng usedeidf c&{é?yﬁe%&ﬁké Sk t58kyhd BB the weutrilizatepet BOPAS, i abirst of
resi dual alcohol.” The al cohol or al cohols used in accordance with the

i nvent i onpk @riiadssRifdagoPbeRgs bbrairnrosects wehigh thevwal etapilitysin dvghayieldfi xed
with the DDPA after formation of the latter, as the use of a significant
excess ofarl Gafeebomieniaty pravess actditiansoind Heat DDIKG WWSupatentlriee 19 FREIGURE; t y

of the DDPA. The term "added al cohol"” is used to refer to al cohol added
after formaiianratoh stéeleBDBAaticCxatothe preforiar efinetal eareRmBddeniyre i
accordance with the invention are npentanogl, a sec-egﬁt aa?PoI I iazs%-aoctlanol

m xture, togbe oettzaiightiomtimel Tha&emmanian sRAGICAPPRLIFIRTSHY RGBS BT VS . In
one advant ageous enbodi.nent. of the invention, the ived from

i S0- oct ane UsR®f dcarpxyihafid. g feptchae QF%t&Fn?ﬂ'd'iv‘éh%nsngag@}'ié%?g%g proportion

oo e oSSR Ry B P B BRLdeter L ncd by
east 2 TESh oo bRl 8 it bosed on the welght of he bEPA
|oast 0,01 1, ISMUBIENREALY (e sad miar ratlo s in the range of
of 21 conclbeldih LoRsgprPFEL srRbou i geapr o ate when @

relatively high prRpiyehtOasineigenqodiab tite ealersyd)f Merelss al cohol can, if
appropriate, be stripped off after conpletion of the reaction. As indicated
above) the i nyamtdf® aheR2pwhich desy dihelssmendr differeatasepresante anyasogpity! aci d
or salt thereof to reduge the proportion of sedinent obtained in the .

manuf act urgdicél, e Rbtad Rértogemelhﬁoumacﬁirhgla hydrecaipylear radied ndd SRSty entgy's

carboxylic acidlsalt is advantageously used tqQgether with ap al.cohol

di scussed rebtmied & smhisix@rocar %)gidﬂh'ee'é‘émhﬁte&c aafﬁéﬁ"%ﬂ"gﬁ' {F‘ﬁeé'ﬁ‘yr?{a%crﬁrmn is
advant ageously an. aliphatic carboxylic acid, for exanple, a nonocarboxylic
aci d, pr efdithigphgsphates maKELILESESPEBxyl i ¢ acid containing 3 to 20 carbon
atons, for exanple, 3 to 12 carbon atons. Especially preferred carboxylic
acids are those having the fornmula RCOCH, ~where Ris a linear aliphatic
hydr ocar byl radical. Exanples of suitable acids are acetic acid, propionic
acid, butanoic acid) pentanoic acid, hexanoic acid, decanoic acid,
dodecanoi c acid and oleic acid. Propionic acid is especially preferred.
Wiere a salt of a carboxylic acid is used) the salt is preferably the
carboxylate of the sane netal as is present in the netal dihydrocarbyl

di t hi ophosphate prepared in_ accordance with this invention. The carboxylic
acids fromwhich the salts are derived are desirably the carboxylic acids
menti oned above as bei ng advant ageous or preferred. Exanples of suitable

- . . - .



- .10 carboxylic acid/salt is used, based on the weight of the DDPA.
Preferably, the nolar ratio of carboxylic acidlsalt tc the DDPA is at Least
*'0.1:1, and advantageously the said nolar ratio is in the range of from
0.2:1 to 1:1. These proportions of carboxylic acidslsalts are appropriate
whet her or not an alcohol is used in addition to the acidlsalt. A
carboxylic acid used in accordance with the invention will react with a
basi c nmetal or anmoni um conmpound) as-wsl |- the DDPA, to give a product
contai ning carboxylic acid and DDPA noi eties. The carboxylic acid is

normal Iy used in such a proportion that no free carboxylic acid remains at
the end of the reaction. A carboxylate, for exanple, zinc propionate may be
used in place Wh t%.c&r b%gll ic acid, in which case a smatter proportion of
the basic netal' €8ipsu BoENeBAfArulrsieqresepise MBRAStOM,INM give rise to

nor e sedi ralization than others andlor are such that it is

rel ati ve:%Ha&:&guﬁw‘ﬁe%éﬂﬁ%e@?%?@E'tﬁt ACTHRIR EEtR! aﬁwgiriiqmetm i'QImL :‘i nds
ticul o i i byl _di t.hi oph hat es, whi ch gi

Pre Lo rasHam, ioagnGR fafiunf muriel Beoall iked ROBRE AT G @AHEPRY | vel y

di ffi cul tortzingpatdini YFdp¥okel ddedt MQtefdrals r%/d,%f d QQ'rncFa?cfm,a{Q’ingi-ﬂﬁﬁ"?,hg A, not

every al cohol andlor acid will be equa ective 1 n reducing

propor t i ovtherfcasesl coemgounlds ajteesin M rédﬁ@se%!f%jccgfpef‘ Biay Hakk ?Qﬁicgﬁr ubsd. s
effective al cohol andlor acid may be arrived at by routine experinent. The

reacti on faf axample canppar dihgdrochtyDiPAoftd phies Wal&brdved IERAINCRINASOFRGUNd may
also, if required, contain a conplexing agent to Inprove the clarTty of the
final prcigcentioRidantsl foslubficating ailsl e conpl exi ng agents are EDTA,

2- et hyl hexenoi ¢ acid, and, preferably, acetylacetone. The proportion of
conpl exi ng ageift aNAARIINY SEQUPTEpPresentiet iy Mimmdbdyenvedtiione amesiid BEAt . | n one
case, about 3 wt. % of acetylacetone, based on the wei ght of DDPA, was
found t o RE3NEGRRT3LY oF tarkary amine.adbe ammuonium group is Ipezferabhoofithe formaulde

obt ai ned yd 4];58%6 $e use gk ascogpl exigig agent. - xI water is forned
duri ng th%méneut ahs i‘ﬁ'ﬁ?ﬁeﬁhgr eéct’lqoﬁ‘!"dI%@%%ﬁ%”é?mﬁﬁ@hrﬁ@@,entihmmr

desi r abl , . t .of [ t it is f d, f

exarpi o, by e Erdlo (g dstatdetySo Proy st Brererarbpe aration

2l vays: necoeanle.dn B oHR ey, bl P ent o remove the water
after conmydeixyeydredarbiigx fdd | raddi&an At vl des the use of an
al gohol ; Hrl(;}'dcar g;?daei cﬁgg){%_r;g;};ﬁqghtdhg}rlgoﬁngggﬁkggéo%&?g?w&s%’a&t EOI
reduce {wca @roap whihl e N bR 48gdther fBfm al or
anmmoni um di hydr ocar byl dit hi ophosphate. Tﬂge i%vent iggﬁbf ﬁ‘r%tlwgfoc%f{b |rgé;s a
process fo5PuUR eRtiomali betiginterabtel eddlged! sapmmNbAbthal el tabmy!

di thi ophﬁgghat e V\R/réi % cenpri ses, reacting a E!?tﬁydrocar by?d dit h?%kagg%?lori c
acid wit g IR "o aﬁgmm'dmnR:onqpth hydrbbarbprges@is thesk sahol , a
carboxylic acid or a salt thereof, and a conpl exi ng agent @%ﬁ erably,

wat er f oSfBEray hydracarbylarreps Fentainingeusto gt 1150 Lyrboe mmes addiMiNgotehe

reacti on, tTh% process of the invention may be carried out under conditions
su i table ]f 8tP hF@éFP?‘ﬁd}Wﬁ@:ﬂDﬁﬂ@fﬁg qqméa(;w_@g é!IOTTb@ngJtrﬁdﬂ iauqrtﬁmtwﬁmmi aidnrtus_t. he
absence o 0 n r acid used in accordance w e invention.
Thus, for exaﬁ?)1 é%%ﬂ?&”?%&é&e&?m foreya pivee @beva certaig twemydiogathye of from

about 25 &gyt Rehi t ature at whjch deconposition of a conponent
of the reacl(t:)&ll dn%r#rﬁptpﬁﬁtgeﬁg%s@.e %@feéﬁﬁtbléﬁ, “sfdt'BﬁtﬁngF%?%fﬂC@“Pﬁ- thadermnge of
from 50 tRyd28 b }ISdetRR [ 7 100C. In order to facilitate
control o?ythe r%actl o%?g%ggérig{% llﬂarné aa%fgﬁ? Q%Hbd'fﬁcrﬁ? RUachedoLhe Lempipder
reacti onoffié M6le6@E 2h8haQihg 4 Avd f subst anti al i nert

organi c diluent, for exgrrphh}ge)H¥15%%?%?%@%?8%@%"6F‘ﬁérﬁga%’f)? cbéf?é’&‘?ral ly,

m neral 6iybrocih® teiRalf inBLBE KA fliblvidy@s the advantage that it may not be
necessary to renove the diluent before the product is used. It nmay be
desirable in ¢tne ehsasartungoaps; thet is AddyKiOMiphbiie(e.g.- alkdl orAR&RLHON W t hout
a solvent or diluent, giving products whiych ctgnt éi(n %h?y%t%eaﬂ%g’w\/e

i ngr edi eRticyclithie. pr oxnmatkyil or pyadakeatyl)y acataticesliphutic-ndsdievdiv-sagsitd@qt he DDPA
to a slurry of the netal | anmoni um conpound, the al cohol and/or acid being
in adm xture with either the DDPA or the netal |l ammoni um conpound: if
desired, the acid, if used, could be added with the DDPA, and the al cohol,
if used) could be prior mxed with the netal | anmoni um conpound, or vice
versa. If the reaction mxture is subjected to very intensive mxing) for
exanpl e using a high shear mixer, it may be possible use | ower proportions
of al cohol andlor acid than would otherw se be the case. A process for the
manuf acture of, for exanple, .ZDDPs in which a reaction mxture is

- v o, .



In many cases, di hydrocarbyl dithi ophosphates prepared in accordance with
the invention contain very low | evels of sedinent and can be used without

“filtration or centrifugation to renove sedinent. In other cases, the

proportion of sedinent may be sufficient for renoval of sedinent by
filtration or centrifugation to be necessary, hut the proportion of
sedinent to be renoved will be | ower than~in processes where the additional
al cohol/acid is not used. In either cage,- the invention nakes possible a
reduction in manufacturing costs and in the safety risks associated with
filtration. As indicated earlier, the invention has particular relevance to

the manufacture of netal dihydrocarbyl dithiophosph speeévelie Y ZDDPs,
for use ifohuiy, ishatardrgatin-substivpess aeychin SliPNAYER zfﬁgyc\%ggﬁuﬁg'ués}gﬁ y%s' addi tives

for lubricating conpositions, functioning ptinar] bievBRI(trRgRNt s and
oxi dat i ongrbGifl Whéreinsthe ring iﬂmeWPW&P%”P{Qﬁ%Rh%gg‘p ates manuf act ur ed

in accordance with the invention for use I Gialah OEkamgstof ves are
oi | - sol ubérwtwoi(ldﬁnate@ﬁﬁ%’ﬁ“%"t‘ﬁ”@é!rt?%ﬁtﬁer()fpﬁﬁﬁlte.'LHgtE cEeﬁr tga(fj]'é»})ti ves referred to

bel ow) are dissolvable in ojl with_th i Ao&tHiéaR | cgcionexyt renyd phvenglr e
stably di BMO@'M@QWH%N%&:‘?W%VL gg‘\yggl%{éfi. O%F¥|égiétvab?2,®or stably

di spersible as that term nology is used herein does not necessarily

i ndi cate 9¥&PSthe additives are soluble, dissolvable, niscible, or capable
of bei ng suspended i.n _oil, i 9 NRat is, igrouEsscantgining ReGever , t hat
the additives &e, $8P5tinﬁt§fj&r¥glécj,cagl u Igbor stabgl y ?i;ﬁ&er Si bqlargﬁi?ﬁg'ﬁgtie%ﬁ 0 an
extent sufficient t hldd mateifdethegirédarhinant!yt reGar

whi ch thehéﬂ?rloc?rgogr?g?%égﬁ‘sLl\/v@?e‘od\?er, t he ﬂli tional incorporation (ﬁf&o t her
addi tives ﬂ@g, %és%xgn%'b@stofisﬂﬁﬁl@@ﬁﬁstitmtsfncmdgﬁ'@ﬂo-IW@@P%- o £YBaPt cuY ar
additive, i §e8i red. " Di hydr ocar byl dithi ophosphates manufactured in

accor dance,w tdy §Bgpgr esent invention can be incorporated into the oil in
any conveni ent y. Thus, they can be added di re_ctlry to. thﬁ ﬁic!r .?Q{- onin

di spersing or by di 93&kit groupsianatiis, arhepowhicht whileerrgdaminagty BYEP P
concentration, typically with the aid of a suitable s Iveln cﬁHxﬁgseJer

exanpl e) agdr&teteBetaiRybab estEntharotarben ind FARBLHFA% XSRS SPendi ng can
occur at room tenperature or an elevated tenpera urﬁro %ﬁs&gﬁ%%nﬂ“h whi ch
the di hydr es8edilons. thiimpleosperatasemaiiciysie. (SIS M€ Chose “sui t abl e for
use as crankcase lubricating oils for spark-ignited and conpressionignited
internal cewpmsti on engi nes) for exanple, autonobile and truck engines,

mari ne and rail road di esel engines, d Dhhedib® N6mBadntr al  base
oi |'s. Dihydr ocahbgﬁﬂe(ﬂii'th‘i’Gﬁﬁ%gﬁﬁ’aﬁ%é’é'?%ﬁﬁg?é%%ﬁ?% in accordance with the

present invention may be el oyed.i | &Hhieabdn stomsdsithe on whi ch
conpri ses IPeAfRIEEHLN °Eﬁtp?%ﬂ?%i@glblegjrlg#déb%éj?%r proportion, and the

di hydrocarbyl, dithjo sphates, typically in a mnor proportion. Additional
additives %9’%@’tbwﬁ%f§p§-or ated in the conposition to enable, - 14 it to
meet particul ar g odulfeoRifed fniaunds fof useddioilibased apMEESIRNF 358 M98 uded
in lubricating ot cor?§05| tions are viscosity index inprovers, cor rrﬁi on
N i o S., LT 80 AR bitaiove genot FamubeITaIBIEM 1S PRSI
detergents, nefal rust inhibitors, other antirwearz aa%,eniss %&u[ a%%'a&t

depr essant sy, @nda B8k htdreanPagcagenpeferdteas Rupnddiit fav3 ABEEM BE cont ai n

one or nore of the above-nentioned additives, eac ditLy j
bl ended i nt RaJidie2 A8 €aioh atomanEsamples qﬁm%@'@WQl&F@gﬁ LRE T B EH ot

provide its desired function. Representative effectiy I 50.9kngHGN
addi tives, whennysemipropyarikbutsle-Putsh SEERNY! 25N e BBt s s
%a.i.*Mass %a.i.*(Broad)(Preferred)Visgosit odecylphenyl,

Nbdi fi er 0. Ohegg, oac-mo@cueaytid@ﬁe%rﬁ%?‘%wg%ﬁﬁg%?ﬁi-"ff‘ﬁ'&’?'&ye{'t? ony P

I nhi bitor0.01-5~ 0.01-1.5Friction ol

Mbdi fi er 0. Oty@ohaxy- andspREyicySareHY'12958'S1- gDet er gent sJr ust

i nhi bitors+0. 01-60. 01- 3Anti-wear Agent 0. 01-60. 01- 4Pour Poi nt
Depressant 0. 01- 50. 01- 1. 5Ant i - Foam ng Agent 0. 001- 30. 001- 0. 15M neral or
Synthetic O | Base Bal anceBal ance * Mass % active ingredi ent based on the
final oil. + Relatively larger proportions, far exanple) at |least 10 mass %
are normal ly used for marine applications. - 15 Wien a plurality of
additives are enployed it may be desirable, although not essential) to
prepare one or nore additive concentrates conprising the additives .(a
concentrate sonetinmes being referred to herein as an additive package)
wher eby several additives can be added sinultaneously to the base oil to
formthe lubricating oil composition. Dissolution of the additive
concentrates) into the lubricating oil may be facilitated by sol vents and
by m xi ng acconpanied with mld heating, but this is not essential. The

. - r T v L



-+16 nultiplied by two in order to obtain the sedinment level in the _
stripped product. This was recorded as the "initial" sedinment. The diluted
" sanpl e was centrifuged again for one hour after standi ng undi sturbed at
roomtenperature for a week) and the sedinent |evel was observed again,
being nultiplied by two to give the "7-day" sedinent. In some cases, the
percent age of sedinent by mass was al so neasured: a 50/50 sanple as

descri bed above was filtered on a 0.2 BE~-mfilter, the filter paper being
wei ghed before and after filtering. Conparative Exanple 1 to 3 and Exanal es
1 to 8 A DDPA prepared by reacting P2S5 with a stoichionetric proportion of
an al cohol m xture conprising 85 mass % sec-but anol and 15 mass i so-oct anol
was added slo i.rred slur of z4nc oxide in mneral oil or

al cohol mai nt g%e‘é%éﬁ u%&&f oﬁﬁré?" 3%% 'i”cfﬁ 8nd Bl |is preéerppipAufficieat tadmparton

m Xt ure VRSsoitile & i constant .stirrjing for 30 mnutes, and

t he wat er pro‘dﬁ@%?t\ﬂggoﬁgﬁﬁgénﬁégeﬁw 3'025’8384#"' Yn IR PETPORO EX anpl es 1
to 3, Nno A EbmYas RITLRGER whiiyd Cid | xtane. In Exanples 1 to 8,

t he amounts of iso-octanol shO\% ﬁa'fﬁ% 5egciml“o;erﬁr IFURT e present in the
reaction ni xt UsindicateBeaRredihydrot Srof) ditihdktord BEe 2L

m neral oil, and the iso-oct an)(,)l vvas@addgg) to t r@%& ef%b g{a&hbgdrb%fﬁ was

added t o bylteastlonraf ut leiast EGxeaapbes, Which rSay bd18IigHalE oPEioffaiNasyshuUr ried in the
i so-octanol and no mneral oil was used. In anple 1, the reaction mxture

was subj @OPsRROTIRsWPBide ewnichingreterably Ry Sy, BhaaP 434 XRd othENSUIBBES by Of
zinc oxide, DDPA, and iso-octanol used, and the proportion of sedi meny
obt ai ned PerYsediwhere appropdatee Tihus aa DMutheforfali BISP(SITOR ') (©RF MaPbe Was

added in _a sedinment-reducin roportiaon. - m _Tabl e 1 Exanpl eZno Charge
Cg) DDPA @ﬂffegtéy f@@f‘(ﬁﬂm\'v@ﬁ&f‘@ﬂ agY BQthowvtie iRD 4riebRahavenitiel rbarfiegd ment
(Volume % 1lniita edi nent

172. 2460 .eﬁtfbé’g!ﬁr. QEQW.%E%%S.S@J;Q 'ggg/%b%qwrmiqamwn@mwe@e 93BGk
171. 7450%6%98(1),%@%&22. 022272. 245023. 0 '

. 0. 2000. 5022. 50. 1980. 180. 022472. 445022. 50. 1940. 100. 014571. 1450

45071, 10. 6260, 130706 PN NG & S pamm Rt ped WP dosDRsA

1B £ mmatess v B S et DXEIBABdel el PR B2
second awdrtiohited oobagid1esiLisAUs@HPExamples of suitable metal compounds are sodium
hydroxide, sodium methoxide, sodium carbonate, potassium hydroxide, potassium
carbonate, magnesium oxide, magnesium hydroxide, calcium hydroxide, calcium
acetate, zinc oxide, zinc acetate, lead oxide, nickel! oxide, and cupric oxide.. Suitable
ammonium compounds include R3NHp, R3R*NH and R3R4RSN, where R3. R% and RS
have the meanings given above.

The aéid(s) and metal or ammonium compounds may be t;lsed in stoichiometric
proportions to give a neutral dihydrocarbyl dithiophosphate. Alternatively, more than the
stoichiometric proportion of the metal compound may be used so that a basic salt is
obtained. In one preferred embodiment of the invention, the final product has a zinc to
phosphorus mass ratio of greater tﬁan 1, advantageously approximately 1.1:1.

In accordance with the invention, the reaction of the DDPA and the metal or

ammonium compound may be carried out in the presence of at least one alcohol, which



were significantly | ower than those for the first ( [
§ conparative roup.
‘ products of Exanples 5 to 8 were of sufficient qualit;/rpto be u)seg vmu?ho-ur'tle

filtration in lubricating oils. The | [
| _ : ast-nmentioned products al
advant age of being free fromdiluent oil. Exanple 1pshows thatsovmh?g the

intensive mxing, a - 18 significant reduction in [

ggtalned.even when using a relatively snall proportioaeg;nfgg-ggrgkzlmas

d_rparatlye Exanpl es 4 and 5 and Exanplés- 9 to 18 65 g zinc oxide 100 g of
iluent oil, and one drop of silicone oil were introduced into a f1 ask

equi pped with a stirrer, nitrogen sparger, dropping funnel and thernoneter

The.contents of the flask were stijrre h i

| ndi cat ffgft:éatzm?alse?ﬁ??r%yeiCﬁbegbef‘éﬁ‘h e o hee pasepd thr ough
itr ) " §FP|1|?:AI' ' i

was thena‘lj?’é@kfﬁf ?V"ﬁ%?‘r%ﬂ%@?'}h%tq g"?hgq‘r?éakgbk at é"%gﬁsr??n'?ﬁ?z@isa&f hg

o5y g g s st

DDPA,  ang J Ot podluea 14K Sighl 9 ; Fon o
; < tive car : idna8c bicaRl ispidiedably dopetie, Theeale
mai nt ai nedé% grggF (930 fF;cl;‘r 4 hours, with stirring) foll OWEL\O”\Ahn} )ét u;e as

sanpl e wgs, d-Ragusedly ln-sdribRd, Bt @réfaeabiynhad Qto 2@ darken afoms @spec
igdl gen'zjﬁvgl vvasl\ﬁlMio (ﬁterm' ned. The results are shown ihthESIZ)-IIy -
- atds: ‘EcohQ . olgywith mpre than o '
Ea IC\JI s ofydaic Blco sanayohe Lt ukalcehelBHwiy epre, AN ORS00 000

oC ~
hgdroxyl group are not excluded. it may be advantageous in some cases to use an
alcohol which is the same as an alcohol, or one of the alcohols, used in forming the
DDPA.

An excess of alcohol may if desired be used in the preparation of the DDPA, the

DDPA being used in the neutralization step without the separation of the residual
alcohol. The alcohol or alcohols used in accordance with the invention to reduce the
proportion of sediment, however, is or are mixed with the DDPA after formation of the
latter, as the use of a significant excess of alcohol during manufacture of the DDPA
would reduce the quality of the DDPA. The term "added alcohol" is used to refer to
alcohol added after formation of the DDPA.

Examples of suitable alcohols for use in accordance with the invention are n-
pentanol, a sec-butanolfiso-octanol mixture, iso-octanol, nonyl phenol, dinonyl phenof
and hexylene glycol. in one advantageous embodiment of the invention, the DDPA is
derived from iso-octanol and sec-butanol, and the alcohol is iso-_octanol.

The proportion of alcohol required in accordance with the invention may be
determined by routine experiment. Advantageously, at least 1 mass %, and preferably
at least 2 mass %, of alcohol is added, pased on the weight of the DDPA. Preferably,
the molar ratio of added alcohol to the metal compound is at least 0.01:1, and

advantageously the said molar ratio is in the range of from 0.01:1 to 1:1, preferably



0.05:1 10 0.75:1. Lower proportions of alcohols than those specified above may be
appropriate when a carboxylic acid or a salt thereof is used in addition to the alcohol. If
relatively high proportions of alcohol are used, excess alcohol can, if appropriate, be
stripped off after completion of the reaction.

As indicated above, the invention also provides the use of at least one carboxylic
acid or salt thereof to reduce the proportion of sediment obtained in the manufacture of
2 metal or ammonium dihydrocarbyl dithiophosphate. The carboxylic acid/salt is
advantageously used together with an alcohol as discussed above.

A carboxylic acid used in accordance with the invention is advantageously an
aliphatic carboxylic acid, for example, a monocafboxylic acid, preferably an aliphatic
carboxylic acid containing 3 to 20 carbon atoms, for example, 3 to 12 carbon atoms.
Especially preferred carboxylic acids are those having the formula RCOOH,-where R is a
linear aliphatic hydrocarbyl radical. Examples of suitable acids are acetic acid, propionic

acid, butanoic acid, pentanoic acid, hexanoic acid, decanoic acid, dodecanoic acid and

oleic acid. Propionic acid is especially preferred.

Where a salt of a carboxylic acid is used, the salt is preferably the carboxylate of
the same metal as is present in the metal dihydrocarby! dithiophosphate prepared in_
accordance with this invention. The carboxylic acids from which the salts are derived are
desirably the carboxylic acids mentioned above as being advantageous or preferred.
Examples of suitable carboxylates include zinc acetate, zinc propionate, and copper
acetate.

Mixtures of two or more compounds selected from carboxylic acids and their salts
may be used if desired.

The proportion of carboxylic acid/salt to be used may be determined by routine

experiment, Advantageously, at least 0.5 mass %, especially at least 3 mass %, of
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20 It can be seen that, while the use of cetylacetone alone results in an
increase in sedinent |evels) the use of propionic acid and acetyl acetone
leads to a reduction in sedinment levels. A further reduction is obtained
when iso-octanol is also used. \Wen the iso-octanol was replaced by a 85:15
by mass m xture of sec butanol and isorgctanol) sedinment was still reduced
but to a | esser extent) apparently because at |east some of the nore ’
vol atile sec-butanol was driven out of .the reaction mxture before the
reaction was conpl ete. 21 1. The use of an al cohol and/or carboxylic

acid to redye u:talaﬁi dﬁ}t‘?@ﬂ&éd %s?& oA G5 FRyht 6haIDDIA.i Rreférablyatnefraciaur e of a

metal or "3 ydrocar by
ratio of carboxylic acid/salt tc the DDPA is at least 0.1:1, and advantageously the said

molar ratio is in the range of from 0.2:1 to 1:1. These proportions of carboxylic
acids/salts are appropriate whether or not an alcohol is used in addition to the acid/salt.

A carboxylic acid used in accordance with the invention will react with a basic
metal or ammonium compound, as will the DDPA, to give a product containing carboxylic
acid and DDPA moieties. The carboxylic acid is normally used in such a proportion that
no free carboxylic acid remains at the end of the reaction. A carboxylate, for example,
zinc propionate may be used in place of the carboxylic acid, in which case a smaller
proportion of the basic metal compound is prefefably used.

Some DDPAs will give rise to more sediment on neutralization than others and/or
are such that it is relatively difficult to remove the sediment produced. The invention
finds particular use in the case of dihydrocarbyl dithiophosphates which give rise to
relatively high propoﬁions of sediment and/or which are relatively difficult to purify by
filtration or centrigation. For any given DDPA, not every alcohol and/or acid will be
equally effective in reducing the proportion of sediment obtained atthe end.of
neutralization, but an effective alcoho! and/or acid may be arrived at by routine
experiment.

The reaction mixture containing the DDPA and the metal or ammonium
coﬁpound may also, if required, contain a complexing agent to improve the clarity of the
final product. Examples of suitable complexing agents are EDTA, 2-ethylhexenoic acid,
and, preferably, acetylacetone. The proportion of complexing agent to be used may be
determined by routine experiment. In one case, about 3 wt. % of acetylacetone, based
on the weight of DDPA, was found to be appropriate. In some cases, however, a clear

product may be obtained without the use of a complexing agent.



di't hi ophosphate. 2. The use as clainmed in claim1l, wherein the al cohol
contains at |east five carbon atons. 3. The use as clained in claim1 or
“claim2, wherein the alcohol is a hydrocarbyl alcohol. 4. The use as
clained in any one of clainms 1 to 3, wherein an al cohol, a carboxylic acid,
and a conpl exi ng agent are used. 5. A process for the manufacture of a

net al or ammoni um di hydr ocar byl dithi ophosphate by reacting a di hydrocar byl
di t hi ophosphoric acid and a netal cooppynd or an amoni um conpound, which
process conprises the step of mxing the acid, the netal conpound or

ammoni um conpound, and an added hydrocarbyl al cohol containing at |east
five carbon atons to forma reaction mxture, the nolar ratio of the added
al cohol 10 t h B aborfed HURRE HEThERFENRAtH Bettioy. ilm soie drawgstastes.iom 0. 01: 1
to 1:1. 6. A process as clarned in claim5, wherein water fornmed by the
react i onpbe paldebipasié tomiMdval dtyedst panedtrduwateg as kds fosmedi i9h €xamPIg, BY ocess as
claimed innclaim5 or claim6, wherein the reaction mxture also contains a
car boxyl ﬂ)é‘ssﬁ‘?% Pert@as auth b eitegln througt te: reptionBEtuE. 5%?%@5%%*“55 cl ai med
in any one of claiml to 4 and 7, wherein the carboxylic acifd or the salt

t her eof Water as tee RActan poceedDisotNOWREYE! @iwaygnese dsDRJOLFRNRG i n any
one of claiml1 to 4 and 7, wherein the carb02< lic acid or the salt thereof
cont ai nsbastffisenttotrameve the wates aitge %P'eﬂ‘iﬂoﬁ\ﬁ%r '°Br a process as cl ai ned
in any one of clains 1 to 4 and 7, where th ar ha [.Ci: 2548 ol opi oni c
acid. 11. A pibedwentign Eﬁsai%‘ﬁd?%thﬁﬁ?et?ﬁén§°°§Pglgr?s)é¥4§!x? %@%89 O\E\Ees? gi n the
reaction m xture al so contains co i dGh tre process
as cl aj niheresf eNda PIREXING ﬁqﬂtiﬂfe%é?‘g&l é}\%{) ﬁgsﬂtg%%%?ieﬁg&gggﬁt i's

acetyl acetone. 13. . The u [ ’ | 4 ! y of clains 1 to
12, wher m%ufﬁfé”rﬁﬁfélm?@?gre%g@t%g F‘f?@%&r&e%'ﬁg' C?Pha% ﬁé’f‘gﬁé‘ G oup 11 a netals,
alum nium ti l.ead.,. Di JHDRBASRCILES BRE metaliarkel ,
copper, cadm ﬁqﬁe "éﬁqt'ﬁlaﬁ@mé%o‘é@%%gggd}ggTLe uslgI or a process as clainmed in
clai m 13) wherein, lith®oRl 28 chpridéereastinga dihydranaend as

cl ai nred iaﬁ"%?gﬁﬁmIW%ﬁégidgh?Réb%ge \r’vgf%i o] tg zinc to phosphorfus in the
di t hi oph Iorigh: ih b hddtallor ahfmorin® dofrepoand in fheqrresancgsf@nai ned i n
any one @R@f@??ﬁ@r@g‘éﬁ\?m\herei n the di hydrocarbyl dithiophosphoric acid

i s deri vegedHopm éi6ox3at abialoranchittnerebf|tanral Gorapiexingagentn RraleraieRIP” | s

i so-octanol. 17. A process as clainmed in any one of clains 5 to 16 wherein
the sai d fowhed by #id reaction i at least pargeloeriovefdoringthe €8C¥hs: 1. 18. A

| ubricating oil conposition conprising a netal or ammpnj j r byl
di t hi ophosphat Eheratdeess/of the iprestes gnabeAITIS oW UReRE C%‘r}{“ggﬂf%“h%ﬁ@a

ATe AgFrza'c:t'iArisght:t)’w’e'lf')AgF’Aéhé?t’ﬁé ﬁ\'\ge aei'o'?\aF mcﬁ'\\iJr% 'cé‘r%gloundb‘ﬁm\ﬂche%%gené?oﬁﬁg aftonbF

and/or acid used in accordance with the invention. Thus, for example, the reaction may
be carried out at a temperature of from about 25°C to the jowest temperature at whic_h
decomposition of a component of the reaction mixture occurs. Preferably, a

temperature in the range of from 30 to 200°C is used, especially 70 to 100°C.

| in order to facilitate control of the reaction temperature and mixing of the

reactants, the reaction may be carried out in the presence of a substantially inert organic
diluent, for example, naphtha, benzene, toluene or, especially, mineral oil. The use of
mineral oil has the advantage that it may not be necessary to remove the diluent before

the product is used. it may be desirable in some cases, however, to carry out the
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intensive mixing, for example using a hingshear mixer, it may be possible use lower
proportions of alcohol and/or acid than would otherwise be the case. A process for the
manufacture of, for example, ZDDPs in which a reaction mixture is subjected to very

intensive mixing is described and claimed in international Application No.
PCT/EP92/00493 (Publication No. WO 92/15595), the disclosure of which is
incorporated herein by reference.

In many cases, dihydrocarbyl dithiophosphates prepared in accordance with the
invention contain very low levels of sediment and can be used without filtration or
centrifugation to remove sediment. In other cases, the proportion of sediment may be
sufficient for removal of sediment by filtration or centrifugation to be necessary, hut_the
proportion of sediment to be removed will be lower than.in processes where the
additional alcohol/acid is not used. In either case, the invention makes possible a
reduction in manufacturing costs and in the safety risks associated with filtration.

As indicated earlier, the invention has particular relevan.ce to the manufacture of
metal dihydrocarby! dithiophosphates, especially ZDDPs, for use in lubricating oil
compositions. ZDDPs are widely used as additives for lubricating compositions,

functioning primarily as antiwear agents and oxidation inhibitors.



8dE{\ =l ,10 1! 10%& ()-3nL0%& ()- 10%& ()-! .
n v ’ n - 100/& - 34" 1 ok’ -
. 9%8?% 82» gggg/e\&:l() ,10 1" #10%& () - Z! I\/Il(()‘)J/&' ()- !(12)%&- ()?/& O-FY
U - 3S '()-3y310%& ()-qb@ , 10 1! 9g#109%& ()- * o (Y .
10° 4" 10%& () - 92g10% () - Fs% 10%& ()-9° SxV4bg@ ()- #IF10%k ()- 10 10
WOTHLOVE-E () e DTHLOERE () COg¥LO%
) - "1 9g#10%mwE () - *1 COg#L0%& () - *! 9g#10% : & ()-"* -
Fvm 10%&'()--!rr*rlocy«f;:()--Y310cy«&'(§2 qouag A& O TS A

103" 6f 109&' ()-! 9g#109%& ()- *!!$HIE& ' ' }[MP
" - . . " ?1 10SS 10SS 10SS!'s. " 10%8S&' () -
?-..103/&0- !'sf"10%~& ()-sf"109%& ()-! n'10%1k1& ()-- -.---(?)jg@?‘f (12355
I >"10%@a% ()- "109%@ ()- "10% ()- OF ' '

" 109 () - N 316k ALY LaN@rOspates menuteckiryd i 2¢0tansefuRe (1 Moo () -
for use as lubricating oil additives are oil-soluble or (in common with certain of the other
additives referred to below) are dissolvable in oil with the aid of a suitable solvent, or are
stably dispersible materials. Oil-soluble, dissolvable, or stably dispersible as that
terminology is used herein does not necessarily indicate that the additives are soluble,
dissolvable, miscible, or capable of being suspended in oil in all proportions. It does
mean, however, that the additives are, for instance, soluble or stably dispersible in oil to
an extent sufficient to exert their intended effect in the environment in which the oil is
employed. Moreover, the additional incorporation of other additives may also permit
incorporation of higher levels of a particular additive, if desired.

Dihydrocarbyl dithiophosphates manufactured in accordance with the present
invention can be incorporated into the oil in any convenient way. Thus, they can be
addedldirectly to the oil by dispersing or by dissolving them in the oil at the desired level
of concentration, typically with the aid of a suitable solvent such, for example, as
toluene, cyclohexane, or tetrahydrofuran. Such blending can occur at roorm temperature
or an elevated temperature.

Base oils with which the dihydrocarbyl! dithiophosphates may be used include
those suitable fof use as crankcase lubricating oils for spark-ignited and compressio-n-
ignited internal combustion engines, for example, automobile and truck engines, marine
‘and failroad diesel engines, and may be synthetic or natural
base oils.

Dihydrocarbyl dithiophosphates manufactured in accordance with the present
invention may be employed in a lubricating oil composition which comprises jubricating
oil, typically in a major proportion, and the dihydrocarbyl! dithiophosphates, typically in a

minor proportion. Additional additives may be incorporated in the composition to enable
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109 & () tubMeatingbol compbEBIRRBaRSidsity index improvers, corrosion inhibitors, oxidation
inhibitors, friction modifiers, dispersants, detergents, metal rust inhibitors, other anti-wear
agents, pour point depressants, and anti-foaming agents.

When lubricating compositions contain one or more of the above-mentioned
additives, each additive s typically blended into the base oil in an amount which enables

the additive to provide its desired function. Representative effective amounts of such

additives, when used in crankcase lubricants, are as follows:

Additive Mass % ai® Mass % a.i.*
(Broad) (Preferred)
Viscosity Modifier 0.01-6 0.01-4
Corrosion Inhibitor 0.01-5 0.01-1.5
Oxidation Inhibitor 0.01-5 " 0.01-1.5
Friction Modifier 0.01-5 0.01-1.5
Dispersant 0.1-20 0.1-8
Detergents/rust inhibitors+ 0.01-6 | 0.01-3 )
Anti-wear Agent 0.01-6 0..01-4
Pour Point Depressant 0.01-5 0.01-1.5
Anti-Foaming Agent 0.001-3 0.001-0.15
Mineral or Synthetic Oil Base Balance Balance

* Mass % active ingredient based on the final oil.
+ Relatively larger proportions, for example, at least

10 mass % are normally used for marine applications.
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10! 11 10%0dskehtial 10%Fdgare)one or more additive concentrates comprising the additives (a
concentrate sometimes being referred to herein as an additive package) whereby
several additives can be added simultaneously to the base oil to form the lubricating oil
composition. Dissolution of the additive concentrate(s) into the lubricating oil may be
facilitated by solvents and by mixing accompanied with mild heating, but this is not
essential. The concentrate(s) or additive package(s) will typically be formulated to
contain the additive(s) in proper amounts to provide the desired concentration in the final
formuiation when the additive package is/are combined with a predetermined amount of
base lubricant. Thus, one or more additives marlnufactured in accordance with the
present invention can be added to small amounts of base oil or other compatible
solvents along with other desirable additives to form additive packages containing active
ingredients in an amount, based on the additive package, of, for example, from about
2.5 to about 90 mass %, and preferably from about § to about 75 mass %, and most
preferably from about 8 to about 50 mass % by weight, additives in the appropriate
proportions with the remainder being base oil.

The final formulations may employ typically about 10 mass % of the additive- -
package with the remainder being base oil.

The fdllowing Examples illustrate the invention.

Proportions of sediment given in the Examples were measured as "initial
sediment” and, in some cases, "7-day sediment”. In order to obtain the percentage of
sediment by volume, a 50 ml sample of the reaction mixture was taken from the hot
reaction mixture when the reaction was complete (after stripping of any volatile diluents,
alcohals or acids), diluted with 50 ml of heptane, and then centrifuged for 1 hour. The

observed volume of sediment (measured, for example, in a calibrated vessel) was
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recorded as the "initial* sediment. The diluted sample was centrifuged again for one

hour after standing undisturbed at room temperature for a week, and the sediment level
was observed again, being multiplied by two to give the "7-day" sediment. In some
cases, the percentage of sediment by mass was also measured: a 50/50 sample as
described above was filtered on a 0.1 um filter, the filter paper being weighed before
and after filtering.

Comparative Example 1 to 3 and Examples 1 to 8

A DDPA prepared by reacting P2S5 with a stoichiometric proportion of an aicohol
mixture éomprising 85 mass % sec-butanol and- 15 mass %
iso-octanol was added slowly to a stirred slurry of zinc oxide in mineral oil or alcohol
maintained at 85°C. After addition of all the DDPA, the reaction mixture was maintained
at 85°C, with constant stirring for 30 minutes, and the water produced was then removed
undér vacuum.

in Comparative Examples 1 to 3, no alcohol was present in the reaction mixture.
In éxamples 1 to 8, the amounts of iso-octanol shown in Table | below were present in

_ the reaction mixture. In Examples 1 to 4, the zinc oxide was slurried in mineral oil, and

the iso-octanol was added to the DDPA before the DDPA was added to the slurry. In
Examples 5 to 8, the iinc oxide was slurried in the iso-octanol and no mineral oil was
used. In Example 1, the reaction mixture was subject to intensive mixing using a high
shear mixer. The amounts of zinc oxide, DDPA, and iso-octanol used, and the
proportion of sediment obtained (the initial sediment) are shown in Table |. The iso-

octanol was added in a sediment-reducing proportion.
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Table |

Example Zno DDPA CgH170H | Cg/Zno tnitial ln.iital
Charge Charge Charge Ratio Sediment | Sediment
(9) (9) (9) (Molar) (Volume | (Mass %)

%)

Comp. 1 72.2 460 0 . 0.0 0.35 0.034

2 72.4 450 0 0.0 020 | 0.031

3 711 450 0 0.0 0.40 0.033

Ex. 1 71.7 450 6.1 0.053 0.10 0.022

2 72.2 450 23.0 . 0.200 0.20 - 0.014

3 71.1 450 22.5 . 0.198 0.18 0.022

4 72.4 450 225 0.194 0.10 0.014

i 71.1 450 711 0.626 0.06 0.015

6 72.4 450 72.4 0.626 0.10 0.'012

7 73.7 450 _ 73.7 0.626 0.15 0.012
8 .71.1 450 71.1 0.626 0.10 0.007

The results obtained in the three groups of Examples, Comparative
Examples 1 to 3, Examples 1 to 4, and Examples 5 to 8, were compared. It can
be seen that the mean sediment levels for the second and third of these groups
were significantly lower than those for the first (comparative) group. The
products of Exampies 5 to 8 were of sufficient quality to be used without
filtration in lubricating oils. The last-mentioned products also had the advantage

of being free from diluent cil. Example 1 shows that, with intensive mixing, a
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significant reduction in sediment levels was obtained even when using a
relatively small proportion of iso-octanol.

Comparative Examples 4 and 5 and Examples 9 to 16

65 g zinc oxide, 100 g of diluent oil, and one drop of silicone oil were
introduced into a flask equipped with a stirrer, nitrogen sparger, dropping funnel
and thermometer. The cdntents of the flask were stirred and heated to 200°F
(93°C). Unless indicated to the contrary in Table Il below, nitrogen was passed
through the mixture at 1 litre/minute. 400 g of the DDPA used in Examples 1 to
8 was then gradually introduced into the flask at a constant rate over the period
shown in the table. Where indicated in Table I, propionic acid (HPr),
acetylacetone (AcAc) and/or isc-octanol (ROH) were premixed with the DDPA,
and introduced into.the_ flask with the DDPA.

The reaction mixture was maintained at 200°F (93°C) for 4 hours, with
stirring, following which a sample was removed to determine the initial sediment

level. The 7-day sediment level was also determined. The results are shown in

Table II.
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G KL1D<41My 4E dithiophosphate by reacting a dihydrocarbyl dithiophosphoric acid and a metal
compound or an ammonium compound, which process comprises the step of mixing
the acid, the metal compound or ammonium compound, and an added hydrocarbyl
alcohol containing at least five carbon atoms to form a reaction mixture, the molar

ratio of the added aicohol to the metal or ammonium compound being in the range of
from 0.01:1 to 1:1. )

6. A process as claimed in claim 5, wherein water formed by the reaction is at

least partially removed during the reaction.

7. A process as claimed in claim 5 or claim 6, wherein the reactidn mixture also

contains a carboxylic acid or a salt thereof.
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11. A process as claimed in any one of claims 5 to 10, wherein the reaction

mixture also contains a complexing agent.

12.  The use or a process as claimed in claim 4 or claim 11, wherein the

complexing agent is acetylacetorie.

13.  The use or a process as claimed in any of claims 1 to 12, wherein the metal is
selected from Group 1a metals, Group 11a metais, aluminium, tin, lead, bismuth,

molybdenum, manganese, cobalt, nickel, copper, cadmium, antimony, and zinc.

14.  The use or a process as claimed in claim 13, wherein the metal is zinc.
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16.  The use or a process as claimed in any one of claim 1 to 15, wherein the
dihydrocarby! dithiophosphoric acid is derived from iso-octanol and sec-butanol, and

wherein the alcohol is iso-octanol.

17. A process as claimed in'any one of claims 5 to 16 wherein the said molar ratio

is in the range of from 0.05:1 to 0.75:1.

18.  Alubricating oil composition comprising a metal or ammonium dihydrocarby!

dithiophosphate made by the process of any of claims 5 to 17.



