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_”HCSPHATES Descri ption This invention relates to a process fo
di hydrocar byl dithi ophosphates and their use as |ubricating oi
tives. Zi nc di hydrocar byl dithi ophosphates have been used }E%J
as antiwear and antioxidant additives in lubricating oils. For S
e, EP 0024146 discloses lubricating oil conpositions conprising
i ed anbunts of ashlef N ~SG« el or o viseasity in |

. zinc dlhydrC)2' T Ot SpTar e X d copggp ggg%%@ S£gEN
sol - ubl e copper conmpound. It has been suggested t ha Kyl
iJophosphat es are potent antioxi dants. However, the copper speC|es has a
| owery hydrogen sul phide stability conpared with the zinc species. Mxtures
of zijnc, copper
rhis invention relates to a process for making

dinydrocarbyl dithiophosphates and their use as lubrlcatlng
oil additives.

"SHEET

zinc dihydrocarbyl dithiophosphates have been used for
years as antiwear and antioxidant additives in lubricating
oils. For example, EP 0024146 discloses lubricating oil
compositions comprising specified amounts of ashless
dispersant and/or viscosity index improver dispersant, zinc
dihydrocarbyl dithiophosphate and added copper present as
an oil soluble'copper compound. It has been suggested that
copper dialkyl dithiophosphates are potent antioxidants.
However, the copper species has a lower hydrogen sulphide
stability compared with the zinc species. Mixtures of
zine, copper and iron dialkyl dithiophosphates have been
proposed, see for example US 446689S.
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From the economic point of view it is highly desirable to
use dialkfl dithiophosphates where the alkyl groups contain
less than 6 carbon atoms. However, copper dialkyl
_dlthiophosphates, particularly when the alkyl group
contains less than about 6 carbon atons, tend to be solid
~and/or insoluble in hydrocarbons such as lubricating oil
base stocks and/or exhibit poor copper corrosion properties
when used alone. We have now discovered a method of making
nixed copper and zinc dihydrocarbyl dithiophosphates which
are liquid with good oil solubiiity and good copper
corrosion inhibition. ' '
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'ha[kyl dithiophosphates have been proposed, see for exanple US 4
¥* Us 3 008 900 discloses the nmanufacture of m xed .nickel and
hi ophosphat es. Us 4 392 966 relates to nDIyt '

di t hi @@hosphat es. whi ch are disclosed as being useful as |fTHIStSHERT HASIBEEM,
anti-\V@ar and oxidation-inhibiting agents in |ubricants{and f gepLAEONONY
oils ‘xed 'zi nc and copper di hydro- carbyd =it hi ophosplhates—are-Tot

di scl gged. - US 4 582 920 discl oses copper di hydr ocar byl

rodi t hi oate which is made by a nethod in which bis (dihy- drocarbyl
r ot hi onyAgcardingi go ithiscdnventiam adrixed caireppeppertal . M xed

d copper thagbegéﬂyw Hidiep HBQER&HH@tFﬁeﬁéanPEeP'§GEQ§?€ﬁ ko

Fr om tghe econon1cmE0|nt of “view it Is hug desirable to use
phosphat e3s a/€ut RPPY| |4 RRQRAKRS owaarm'@ssswaﬁmnreamsn atoms

Copperréhekhhh di uhlr@dmm,eﬁ,dmué %@ébﬁoﬂ"é”aéi‘é @i kil agroup

contalns | ess than about rbon atons, tend t be sol and/ or 1 nsol uble

in hy rocarbonsméKEHr&s°luBr| 16, NG gomRownd 2rd R BflﬁxﬁPBP?rpoor

corrosi ogopbenadt. eThixinsatt fow el sdbphovedesHesGogeifdaa

of naklnq gl xed . copper, am% nc di hydrocarbyl dithiophosphates which
are lijquid with*§ oTs o oFﬁﬁlI éﬂh oo upper corrosion i nhi bi ti on.
ing to this invention a m xed 2|nc/copper di hydr ocar byl

di t hi gphosphat e er her t hSq red by a
procegs conprlsF Q géggu%gﬁgéyé%éﬁﬁﬁée% gﬂ%ﬁ? EEE ho??§9§0|d with a
m xtute of a bashosphmgngmqaxﬂufngmiwhtﬁhl%néﬁppBDPconpéandve¢hu§

i nventiion al so provides the use in a lubricating oil of the m xture.

The g¢neral fornula of the dihydrocarbyl dithio phosphoric acid fron]mhich
Zn/ QuiDOP is derived is S -
|
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where R1 and R2 are similar or different and are
hydrocarbyl groups. ' ' '

The groups Rl and R2 preferably contain from 1 to 18
carbon.atoms. They may be alkyl, élkenyl, aryl,
aralkyl, alkaryl or cycloaliphatic radicals, but they
are preferably alkyl or alkaryl radicals. Particularly
preferred are C2 and c10 alkyl groups especially c2 to
C6 alkyl groups eg ethyl, n-propyl, i-propyl, n-butyl,
i-butyl, sec-butyl, amyl, n-hexyl, n-heptyl, n-octyl,
j-octyl, 4-methylpent-2-yl, 2-ethylhexyl and n-decyl.
Mixtures can be used eg Rl butyl and Rz amyl. Other
preferred examples are C14 t°.c20 alkaryl groups, eg
nonyl phenyl, decylphenyl and dodecylphenyl. The alkyl
groups or alkyl portion of the alkaryl or aralkyl
groups can be straight chain or branched.
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; where Rlerr] and Rlerr] are simlar or different and are
byl groups. The groups Rlerr] and Rlerr] preferably contain
0 18 carbon atonms. They may be al kyl, al kenyl, aryl ar al kyl ,

' or cycloaliphatic radicals, but they are preferp HBS BEEN
‘radi.cals. Particularly preferred are CJerr] to err éﬁ%ﬂ group
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The dihydrocarbyl dithiophosphoric acid is reacted with
a mixture of a basic zinc compound and a basic copper
lcompound. ‘The reactants .are preferably. the oxides or
hydroxides but they can be other salts of zinc and
copper provided that the anion can be replaced by the
anion of the dihydrocarbyl dithiophosphoric acid.

.. Cuprous oxide is preferred to cupric oxide and cupric
hydroxide. Other basic zinc and basic copper compounds
which may be used are preferably soluble in the
dihydrocarbyl dithiophosphoric acid. Examples of other
suitable basic salts of zinc and copper are the
carboxylates, eg stearates, acetates and carbonates.

‘The ratio of basic zinc compound to basic copper
compound is not fixed and can vary over wide limits.
Generally, the weight ratio of zinc to copper in the
product 2n/Cu DDP should preferably be from 30:1 to
1:30, especially between 10:1 and 1:10 and most
preferably between 10:1 and 1l:l.

When neutralising the dihydrocarbyl dithiophosphoric
acid with the mixture of basic zinc compound and basic
copper compound it is preferred to use a promoter.
Suitable promoters are carboxylic acids, metal
carboxylates and other metal salts, patticularly the
carboxylates and other salts of zinc and copper, eg
nitrates, phosphates, sulphates or halides.

Especially preferred are the zinc éalts, particularly

zinc carboxylates, zinc chloride, zinc phosphate, zinc
nitrate and zinc sulphide. The preferred carboxylic
acids for use as such or as their carboxylates are C1
and C.0 monocarboxylic acids, eg acetic acid, propionic

_
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Cerr] to (Jerr] alkyl groups eg ethyl. n-pro L-propyl

n-bu Fi-butyl. sec-butyl, anyl, n-hexyl, n-heptyl, n- DEHLSI SHEET HASYBEEN

4- et W pent - 2-yl, 2-ethyl hexyl ‘and n-decyl. Mxtures cap be MA@H} Rl err
nd Rlerr] anyl. O her preferred exam pies are ( erri—to—tcerrt

groups, eg nonyl phenyl, decyl pitedyl= and dodecyl phenyl. The al kyl

groupgor al kyl portion of the aI karyk or aral kyl groups can be strai ght

chai n gor branchud, decaiieicl agid pcstearidi akidoandileic adid @nd eact ed
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with &mxture a.basiL, zi hc d opper . The
react s are }qea %&?%gg&gﬁ ﬁgdgb';’&i%“%ﬁ? ﬁ%&’:’ﬂg&) §Ter

sal ts Jof zi nc @k aierppeferried phamotier dsi aincaadcetatenl aced by the

ani on Jof the dlhydrocarbyl dlthlophosphorlc aC|d Cuprous oxide is
prefeffred to cy ' d basic
copperg conmpounds 'ﬁﬁi’g@ %&géﬂéiare pre erab f/ Qﬁ’ﬁb?% E*’H@ 10 .
di hyddocar byl dqetﬂgl'dpthspfm‘lexqmpae betvween O o!Mrleuweighe Naefc salts
of zigc and C ORYY§ (0)'4"] t t ates and

car borjat es. he ra %IO o?ﬁgaé?'c%g‘l%zc ai%iéozﬁz‘?]ﬂ &;‘B%é‘lgg&éopper conpound
is noff fixed and can vary over wide limts. Generally, t he wei ght rat|o of
zinc o copper t opst €N ﬁ?ﬁ@gfg@r ehéRt Ynhe 1 to
1: 30, jespeci al Ifﬂ%e{}pm{edegl 10: 1i§ ﬁ@ﬂ\ nd s%fer F"Bbéti’fig :1 and
1:1. When %@@Y@W%ﬁlld gadhierhaose QF-‘E%l Gﬁﬁésﬁhﬂ‘l &hSm d WI th

the mixture of nﬁ%&tfré'é‘f B25PeURE ndN AP Bas LOPESHpe L NBBMPBAuNds and if
prefefred to use prom)ter Sui t abl e roﬁj{irs are ca boxylic acids, netal

car botyl at es arﬁf%’thé? SPEPIQEPES, Myyihe & Pb'& yRaded £y ot her
saltsjof zinc améwgé,zfﬂcnahaawi:p@whﬁéeﬁdsswmbat ﬁ&eogeh%lrla(iﬂar |

used in the form of a slurry, for example with mineral
oil. Alternatively, the basic zinc and copper
compounds, and promoter if used, are added to about
half the acid and then the remainder of the acid added.
Since there is a tendency for the copper compound to
react preferentialiy with the acid, in a preferred
aspect the zinc and copper compounds are introduced
separately into the reaction mixture with at least a
part of the zinc compound being'introduced first to
ensure basic zn DDP is formed. Thus, in either
sequence described above, some or all of the zinc
compound is combined with the acid, then copper
compound is introduced and any remaining zinc compound
is added with or after the copper compound. The
reactants are usually heat socaked eg at 40°C to 60°C
and then heated to a temperature of between 60°C and
100°C for exampie about 85°C and the remainder of the
acid added, if only some acid has been used hitherto.

As indicated above the zinc and/or copper compounds may
be slurried in a liquid vehicle, for example a mineral
0il or a residual amount of ZnDDP or of Zn/Cu DDP,
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By preferred are the zinc salts, particularly zinc carboxyl ates,
9 ori de, zinc phosphate, zinc nitrate and zinc sul phide. The
g ed carboxylic acids for use as such or as their carboxylates are

' and C[err] nonocarboxylic acids, eg acetic a |CB§§11
3| c. acid, stearic acid and oleic acid and dicar W§% ch as
S ter

I tuted succinic acids. The nost pr&ferred pront Elacetate.
nmount of pronoter used is usually less than 10 melght % for exanple
pen 0.1and 10 weight % of the total weight of the basic zinc conpound.

before reacting with the acid. The amount of diluent
oil vehicle can be quite low, for example 5~10% of the
total reaction mixture and it is advantageous to use
small amounts because this results in lower treat rates

 when the 2n/Cu DDP is used as a lubricating oil
additive.

- After maintaining the reactants at the reaction
temperature for 1 to 4 hours, eqg about 1.0 to 3.0 hours
the reaction mixture is preferably cooled, flocculant
is added and the mixture is stripped and filtered. The
filtrate is the desired product.

The 2n/Cu DDP when used as a lubricating oil additive
has good copper corrosion inhibition properties. These
properties are improved if the dihydrocarbyl
dithiophosphoric acid is derived from a'phosphorus
pentasulphide having substantially no free sulphur
present and hence a high phosphorus content.. Improveéd
copper corrosion lubrication properties have been
obtained by using a grade of phosphorus pentasulphide
having a phosphorus content of 27.9 t 0.1 weight &,

" compared with the usual commercial grade which has 27.6
+ 0.2 weight % of phosphorus. However it is a
surprising feature of the 2Zn/Cu DDP of the invention
that better copper corrosion properties are seen with
such commercial grades of sts_thah would_be expected

from simple 2n DDP.

Better thermal and hydrolytié stabilities are obtained
when using the 2n/Cu DDP in a lubricating oil if the
Zzn DDP component has a higher Zn/P ratio than is
normal, eg 1.14 to 1.25 compared with 1.10. This is

_—'_—_'_—_———‘_—__'__’_____,_,'_
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Thé I's sinply prepared by heating together the dihydrocar byl

dithi horic acid wwth the m xture of basic zinc and basic copper
conpa “and if used, the pronoter. The acid nmay be s

basi c c and copper conpounds which are generally usptiSnSiiitd HA® BEEN |a
slurryjor exanple with mineral oil. Atgrpatively, the baflEPLACEX and

onpounds, and pronoter if used,” ale added to a
the remainder of the acid added. Since there is a tendency for the
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copper -
and th
copper
aspect

reacti m xt upridet orahyderaxtide warer oftoichiometriopopntiobeilevent r oduced
first tPp ensure [ JThus sequence descri bed
above, gone or BP?E ?oéthQShéégénpoun f%wcd%%?%eéégg%h the acid, then
copper gonmpound is introduced and any renalnlng zinc conmpound is added with
or aft the c e n reTeH S gt ed eg at
40[err]E to 60 g?r? ngghgﬁ heat ﬁ@& ?%ﬁ%%?gtﬁ?%é%¥gﬁ ﬁ§§§560[err]c
and 100 err]C &orreiaﬁplPrépemtﬁﬁﬁfﬂrﬁultﬂﬁrtﬁmpreﬁﬁmmmbriofcoppeIC|d
added, Jf onlYcsppes26hpidpeltang!sof tne 'gh/eu m% ﬁ%@%&gé he

zi nc argd/ or copper conpoun may be slurried in_a I cle

exanpl g a ni neidl PEPRUSE goleyrimay eﬁ%mt%%ni‘ﬁm ReétmiﬁﬁwlbbPon@ef ore
reacting wth Bbemefed habghawtwftmlelfeﬂaealinmalsbﬁ caﬁraee%bhe | ow,
for ex l e 5- 10960& e total re ction %R% fnd It 1s a vantageous to
use snef | anouRRSSBRiLEScars &£rd Qk‘!n Fydy ehris hezethmdhesyd)zn/ cu

DDP i s jused asaadl ﬂbisftaﬂ.kmpwelny@(bﬁ?s’ﬂuites.AfP?éfﬂﬁtéaahigbﬁﬁtTfhgre 3.0
reactants at the reactio nper at ur or about to
hours the reacti bR % Beha %§: T Webd $€d°ff? é@ﬁl§ﬂ? i s added and”
' ure S strlpped and flltered The filtrate is the desired product.
r I d 00d, cop

ﬁﬁﬁggg %}9& ;&qlrﬁtgé wrigx&l) tﬁ‘g i}:/é‘& BB? d88%pe%R4ea
1nc1udes mineral lubricating oils and synthetic '
lubricating oils and mixtures thereof. The synthetic
oils include polyaipha olefins, diester oils such as
di(2-ethylhexyl) sebacate, azelate and adipate, complex
ester oils such as those formed from dicarboxylic

n |nm
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acids, glycols and either monobasic acids or monohydric
alcohols and silicone oils.

The lubrlcating oil base stock for the antioxidant _
additives of the present invention typically is adapted
to perform a selected function by the incorporation of
additives therein to form lubricating oil compositions

{i.e. formulations).

Representative additives typically preéent in such
formulations include viscosity modifiers, corrosion
inhibitors, oxidation inhibitors, friction modifiers,
dispersants, anti-foaming agents, anti-wear agents,

/
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;zare'inproved i f the dihydrocarbyl dithiophosphoric acid is

”ﬁron1a phosphorus pent asul phi de havi ng subsfamttratty—re-fLee
\r esent and hence a hi gh phosphorus conten;[fﬂ%r@ﬂﬂé 04 BEEN
corroSyn | ubrication prop- erties have been obtai ned by REQ_LA@Da grade of

phosph@us pent asul phi de having a phosphorus content of 27 9 ferri6-1
wei-ght @4 conpared with the usual commergial grade which has 27.6 [err] 0.2
wei.ght @6 of phosphorus. However it is a surprising feature of the zZn/ Cu DDP
of thegnvention that better copper corrosion properties are seen with such
com mifcial guadepodntPlpdedfints | etupgededs papecifgNibiesrsi gRae Zn
DDP. ..Bett%i tqgnnal and hydrolytic stabilities are obtai ned when using

DDP ithea ik cating oil-if the Zn DDP conponent has a hi gher Zn/P
nan is normal, eg l:44-te—1-25-conpared with_1.10. This is achieved

by usi flg excess basi.q zi_nc, conpound. eg, zj nc, oxj de, or droxi de over
stoichimnetriyﬁﬁﬁqﬁ¥%¥Iﬂﬂﬁﬂéﬁgkﬁe?WQﬁﬁknkﬁggeﬁPﬁeh?gtP%ﬂpﬁﬁﬂ BE¥8ccur
The pr@ducts eperabiilivgntiontievabxieating obppandcpermitobtptoperti es.

mor ovirent | A ARl avts €' SheSRREE bemBefarhife Bptialkk O rore

o

phos- fghites texhihd tf @omeptabla Ci¥cosityecorelfilphdipypi atslawe triphenyl,
tributyl, tri§%%q?ggg 1) and tris(al kyl phenyl) phos- phites. Preferred
amountg are 1 to°5 W % based on the weight of Zn/Cu DDP. The

lubricgting oil to which the Zn/Cu DDP can be added includes mi neral
lubricqting oigiscysd fﬁ&lﬁfi-‘eiréltﬁté?ééﬁéran? RighNhglecaiakh@edght The

synthetfic oils includ ol ha ol gfips,.diester oils such as
7 (- el hexAsacsrbats BaLBrerS Theil SA1RY; BOLYERERER - oofBE oI5 such as
those -flor med fwizdoditst modifiersimsy glgoobe and eit her nDnobasic
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fronohydri c al cohol s and silicone oils. The lubricating oil

base Ek for the antioxidant additives of the present_invention typically
Is adyed to performa selected function by the mcorpﬁﬂgtg@m-oﬁ,qsa@gml ves.
thereifto form |l ubricating oil conpogitions (i.e. forjmul ath@p‘&

Repr es tatlve addi tives typ| cally present in such for

Vi scosl P ey | friction
i 1 g, derLpafiied ¥ ¥ Ft)‘;‘ﬁ#}"aﬁ%ﬁ?‘%‘ﬁ‘fﬁm‘eﬁ'a' dneei8mm, oy
depr esghnt ;aeﬁetlrthgert@ tion af dispeEsancy mropexties. Viscosi ty

nmodi f i

oi | ang

'S Tnpart hig | o enp ope ating
permt it toq'r'?n%n s t(g-,'ar 3&%‘F§af?at elbg\l/izﬁde‘dyﬁgrrpera*m nd.al so

exhi bi t 'acgsmllbrt widb generalily ihave aumber averageumolecular/i scosity
nodi fi e I ool M a boa4

|nc: ULiI E @Sgerb? Qﬁéh\g}?scos::at;w'crr‘bdl f?grhg may r 5 pgbyﬁl’zed to

i ncl ud ot heg.proi&pﬂ% or tOuUn&S OsuchSas «feﬂm&onbﬁ gelper sancy

gre(r)lgreglt " m‘ﬁzaﬁer averagebgothecufar V\Wq %ggg f] WIt IoI 10[err],

preferly 10[err] t Represeptatiye >0 QBM%O 00df assudtablieed by
gel per at'gwtawwupa&sommmwsﬂ%mﬁu xnotRP S ¥H@l | ve

exanpl g5 of" bl"e. vi scos lers-are an t he types novvn to the
art ind udiasg pOCH hgﬁéﬂ%ﬁﬂ PSGGP%‘W%?\@ ghetdydenenc, '

glol:g;rg alclr‘éh::azya v??]hil 2gemter ol nﬁrs ﬁétmcne Qﬂ :E:(radl I C
esters, Zmd: éﬁé“‘%ﬂ gMn‘iﬁ‘F&Pﬂ S 3| sg
known s agtclgfaorwalva@pnéenpmc,e ﬂﬂnﬂpslgdatzlsowofsif@eﬁet ghlgi c parts
contact aczyuc esters, and styrene/isoprene copolymers.

" corrosion inhibitors, also known as
anti-corrosive agents, reduce the degradation of the
petallic parts contacted by the lubricating oil
composition. Illustrative of corrosion inhibitors ace
phosphosulphurized hydrocarbons and the products
obtained by reaction of a phosphosulphurized hydro- |
cartbon with an alkaline earth =netal oxide or
hydroxide, preferably in the presence of an alkylated
phenol ot of an alkylphenol thiocester, and also
preferably in the presence of carbon dioxide. Phospho-
sulphurized hydzocarbons acte prepared by reacting a

_ suitable hydrocarbon such ‘as ~terpene, a heavy
petzoleum fraction of a C3 to Cg olefin polymer such
as polyisobutylene, with from 5 to 30 wt.% of . a
sulfide of phéspho:us for 1/2 to 15 hours, at a
temperature in the range of 150° to 600°P.
Neutralization of the phosphosulphurized hydrocarbon
ay be effected in the manner taught in U.S. Patent
¥o. 1,969,324,

Oxidation inhibitors reduce the tendency of




t he ing oi |l conposition. Illustrative of corrosion inhibitors-are

Jbhos phur i zed hydrocarbons and the products obtained by reaction of a

phosp phuri zed o406 fhdsen Réplabedan al'kal ine earth netal oxide or

hydr oxX¥ie, preferably _ THIS SHEET HAS BEEN

- 3- he- presenc-e‘?“‘l\l&mmwnﬁd%phenol or of an gl kyl pipgppAcgphi oestfer,

and al preferably i e of car®oa di-oxide. Qu--zed
bons are prepared by reacting a suitable hydrocarbon such as

B a heavy petroleumfraction of a C[err] to C[err] olefin polyner
such asfpol yi sghineykén@ils tto fdevebiopaté in.8epiiceswhiictie of phosphorus

deterioration car be evidenced by the products of
oxidation such as sludge and varnish-like debosits on
the metal surfaces and by viscosity growth. Such
oxidation inhibitors include ZDDP's aromatic amines
such as alkylated diphenylamines and phenyl |
alphanaphthylamines, hindered phenols, copper
compounds, alkaline earth metal salts of
alkylphenolthioesters having preferably Cg to Cy, alkyl
side chains, eg, calcium nonylphenol sulphide, barium
t-octylphenyl sulphide, dioctylphenyl-amine,
phenylalphanaphthylamine, phosphosulphurized or
sulphurized hydrocarbons, etc.

Friction modifiers serve to impact the proper friction
characteristics to lubricating oil compositions such as

automatic transmission fluids.

Representative ex;mplés of suitable friction modifiers
are found in US Patent No 3,933,659 which discloses
fatty acid esters and amides; US Patent No. 4,176,074
which describes molybdenum complexes of polyisobutenyl
succinic anhydride-amino alkanols; US Patent No.
4,105,571 which discloses glycerol esters of dimerized
fatty acids; US Patent No. 3,779,928 which discloses
alkane phosphonic acid salts; US Patent No. 3,778,375
which discloses reaction products of a phosphonaté with
an oleamide; US Patent No. 3,852,205 which discloses
S-carboxyalkylene hydrocarbyl succinimide, |
s-carbokyalkylgne hydrocarbyl succinamic acid and
mixtures thereof; US Patent No. 3,879,306 which
discloses N-(hydroxyalkyl)alkenyl-succinamic acids or
succinimides; US Patent No. 3,932,290 which discloses
Yeaction products of di-(lower alkyl) phosphites and




15 hog;g//gL,ae%enﬁéréfa?e in the range of 150[err] to
F. Neutrali zation ogméﬁ@@nhbsphosulphurlzed hydr ocar bon may be

in the nammsﬁh S. Patent No. 1,969, 324yc S%Et &@
rs reduce th \\“ﬁ& neral oils to deterigrate é’ é' Egé
terioration d by the products of éxidat RAQEQh as
nd varni sh- Ilke deposits on the-npgal surfaces and by viscosity

growt hf@ Such oxi dation inhibitors include ZDDP's aromatic am nes such as
al kyl aged di phenyl am nes. and phenyl al phanapht hyl - am nes, hi ndered
pPEn?I , COppekp Gﬁﬂﬁékﬁdsanﬂ wﬁlpxtéﬁttﬂbnﬁlamzsatss‘ﬁﬁich discloses

al Kyl p

| t hi th f | k d h
ci um noRDFpRLRYTERN SHide Adifhdh, of RlobBhergiFtuf e -
phegylh améhyfgpw;ﬂclal re eyl Mmrimmméssph‘nhel ahueuéeggtest e
i ze
frICtlgﬁ %?Fagg§ﬁ,ﬂﬁﬁifﬁen$g% %%??%gg% f@%ﬂ%ﬁéfﬁ‘ﬁﬁsbgﬁch as
i ¢ transeifegsencef. uihe mostryxﬁésemedianC%xenpmeélﬁiesslhable
di f P h di scl
i d est SrctiRgte BoRd qr LR By e e e bE escr i bos
num conpyéxesasbydoisubsiikuted sueeinic aaidsrouecanhydridesanol s:

nt N 4&@%51%% L) PSSl 5808 £EbEE ST uélfrsuemd %atty
US Pat ent 779.928 whi ch di scl oses al kane phosphoni ¢ aci

US Pat et ﬂd § ?78 375 which discloses reaction products of a
nate with an ol eam de; US Patent No. 3, 852,205 which di scl oses

a1k RS R Bl PP o T B PR SRR S B YL e o Y
5es N- (hypotidagdlony iquat itenyiseucin nsuspensida tn thecfdudiddehusUS
Pat ent] No. 3’9%%&%%Q€¥Ndﬂ§fﬂéﬁ%‘?fébé&f@%igﬂ Qﬁadgfééipitation or

| deposition on metal parts. Suitable dispersants

include high molecular weight alkenyl succinimides, the
reaction product of oil-soluble polyisobutylene

succinic anhydride with ethylene amines such as
tetraethylene pentamine and borated salts thereof.

eg, ca
di octy
sul phu
pr oper
aut ona
fricti

.Pour point depressants lower the tempgraiure at which
the fluid will flow or can be poured. Such depressants
are well known. Tybically of those additives which
usefully optimize the low temperature fluidity of the
fluid are C8 C18 dialkylfumaraté vinyl acetate
copolymers, polymethacrylates, and wax naphthalene.
Foam control can be provided by an antifoamant of the
polysxloxane type, eg, ‘silicone o0il and polydimethyl

siloxane.

Detergents and metal rust inhibitors include the metal
salts of sulphonic acids, alkyl phenols, sulphurized
‘alkyl phenols, alkyl saliscylates, naphthenates and
other 0il soluble mono- and di—cﬁrboxylic acids.




6wer al kyl) phosphites and epoxi des; and US Patent No. 4, 028, 258

of

Wwhi ¢ |scloses t he al kyl ene oxi de adduct of phosphosulphurlzed

N- (hgr oxyal kyl') al kenyl succinimdes. The disclosures §

ref erfnces are herein incor- porated by reference. The E’ gﬁggﬁﬁt‘\@dBEEN
frict@on nodifiers are succinate esters, or nmetal salts|ther eR¥PLAGED '
hydr ogar byl substituted succinic acids Qg anhydri des and thi obr's arkamots’
such §s described in US Patent No. 4,344,853. . Di spersants maintain oil
i nsol gbles, resulti-ng from oxidation during use, in suspension in the fluid
thusI reventmggnlydgegﬁboc(milzat |mrawk| qar)eqnﬂgpglgﬁul,@g d@@@ﬁhlagf)ﬂ onI
netal fparts |sp t,S i nc e ar -wei ght al keny
succi §i mi des, § é a&?cggd.&e Bﬁq? I%“]S@P%‘%B%ﬁtyl ene succinic

ide wit hespégiaméyacanaadsm sadl )t renmd hfat eqpeewely agsé@ agd borat ed

t her eof e QYE . poi-H-~-depressants—+ower -t-he~-tenperat ure—at _whi ch -
uid w I? ?f or ¢an be poured. Such depressants are well known.

|1y of those additives which usefully optimze the | ow

atureflg of | Wtd | K rate vinyl

e copol ng*’éi‘ ?/%gflhgc(ri %eral?:eis g(?n\?h?r?]% %%I% ené'ig— 'ﬁ?g‘éﬁ?r ol
provi d ﬁrﬁyeaﬂsﬁﬁﬁc- tﬁé&ﬂd-rizﬂe& Huglo|3si dexivetiyes ofg?,8i |l i cone

d pol ydamaéb&la bl 233 a-tmadaeatﬂﬂeemﬁ%f’n fyfbsinhibitors

e the metal salts o? gu | phoni ¢ acids, alk i?no? éﬁfphurlzed

al kyl [ phenol s, al kyl saliscyl ates, naphthenates and ot her oil sol ubl e nono-

and d{-carboxgbmé S€i dhese nuhﬁe&h:lms Rarditivd g . cdyephovede getals salts,

h fs highl | et al honat |1y Ca and
i ts] are r banEnpi2atdy ol cfRackind & IaRitRsntooRbR bR N bi fors

and apti wear apkhbitoncl ud‘hxlsoraqip&'cmiler:.s tﬂe.’ablllmmlmesaﬁdcheéd fAeti pat i ves
' diMBr- ey rther elaborated herein.
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-3, 4-t hi adi azol e and benzotri azol es.
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¥

IIy bl ended into the base oi

Sonme of these nunerous

es can provide a multiplicity of effects, eg a figR TORTOatpn
or TS RAFE T HAB PR

This approach is well known and need not be

Composi tions when contalqh?g t hese convent Lanal éﬂ@ﬁ@es ar
dahounts. which are effective to
e their normal attendant function. Representative effective anpbunts

of su h addi tives areCompasitivas as miiémws: containing these

conventional additives are typically blended ‘into the
pase oil in amounts which are effective to provide
their normal attendant function. Representative
effective amounts of Such —additives are-tllustrated
as follows: '

Additive vol % We % a.i.

Viscosity Modifier .01-4 01-4
Corrosion Inhibitor o 0.01-1 - .01-1.5
- Oxidation inhibitor 0.01-1 .01-1.9

Dispersant 0.1 -7 0.1 -8
Pour Point Depressant 0.01-1 -01-1.5
Anti-Foaming Agents 0.001-0.1 .001-0.15
Anti-Wear Agents _ 0.001-1 .001-1.5
Friction Modifiers 0.01 -1 .01~ 1.5
Detergents/Rust Inhibitors .01-2.5 .01-3
Mineral Oil Base Balance . Balance

-When other additives are employed, it may
be desirable, although not necessary, to prepare
additive concentrates comprising concentrated
solutions or dispersions of the dispersant (in
concentrate amounts hereinabove described), together -
with one or more of said other additives (said
concentrate when consticuting an additive mixture
being refertred 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
into the 1lubricating oil may be facilitated by
solvents and by mixing accompanied with mild heating,
but this is not essential. The concentrate or
additive-package will typically be formulated to
contain the dispersant additive and optional

This Sheet Has Been Repl
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% a. A Vi scosity Mdifier TH'S SH“E)‘ELMS BEEN
" 0! " - Corrosi on | nhibitor OREPLALED '
. - 130d dation inhibitor 0 0t%

: Di sper sant 0.1- 7

0.1

ol 1: ‘aduioml additives in profir ‘aHidl g%m:«o che oL

.001-0 15 desired conceantration in theAnfinada cl;mhuou whenO. 001 1

02171 cne addivive-package is compined WAVNK di¢igearminda ]

.81-% amount of base lubricanth neffhus] | thedispersamietice
Bal ancs 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 collective amounts
of typically from about 2.5 to about 90%, and
 preferably from about 5 to about 75%, and most
preferably from about 8 to about S0V Dby weight
additives in the appropriate proportions with the
remainder being base oil.
. The final formulations may employ typically
about 10 wt.% of the additive-package with the
remainder being base oil.
All of sajd weight pe:cents expressed
herein are based on active ingredient (a.i.) content
of the additive, and/or upon the total weight of any
additive-package, or formulation which will be the
sum of the a.i. weight of each additive plus the
weight of total oil or diluent. ’
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‘her additives are enployed, it may be desirable, although not

nec ry, to prepare additive concentrates conpri sing rat ed

“sol ulfllons or- di spersions of the antioxidant (in concent}&tis aHBRIMHAS BEEN
her eigabove described). together with one or nore of sajd otfpgpigggit! ves
(sai dconcentrate when constituting an additive m xture '

as an additive-package) whereby.sgyeral additives can be added
neously to the base oil to formthe lubricating oil conposition.
tion of the:additive concentrate into the lubricating oil may be

facilifrated byrgd! yeptata8e BrenmiktareC o ayiced pue hdddd thwaindg, but
this i not essentjal.,K6 The cincentraLe or add|t|V%gﬁg$ka e Wll typically
be forjrul at ed YWPRIFREIRIt RELaAS) BxPARRT RIGPOTF Yoeight s additi onal
?ddi Iti es i In E{Eﬁ@ﬁérmyﬂhésgg_tfkhﬁvbm nkdyewiasjme;d n@&iﬁwéiﬁéﬂmi o jhe
I nal formulatjo en e_addi, e- pa e i onhi ne th a
rm ned %%n%]m] 6?&b5§8ef:_&5#'3aﬁt‘3 %%u&it &e@nt"fed}g t of the

pr edet
present invention can be added to small anounts of base oil or other com

a1 e pack AaftERFs soR, BEi rdtind o8 WP (Sl Ay APenkisd s oo
“typi ca%l ly fromsbooncensraseshdn: seduendndeg sfidatfior fingezgexattono about
75% and nost pred erall K kOTuBRant. L 0 RN IOy B O palibycs 1N

t he remal nder - be ol .

the appropriate proportions wth qg base hef i na
. formul ati ons negneeptspteyspaprigespdusolyent anst Theadif tvebghtickage

with the remaiggeghbezAgciapdpOiobtained By ¥hes Prbodddde pRLENt s
expressed here|n are, based _on active ingredient ( |;¥Fcontent of the
addi tive, and/tRVeREACRme SYiLR st Eﬂn}ﬁﬁﬁﬁh? TRERR%e, or
formul ption whagbmatit haphit®asymwinedil dubriwiging Bikacétaddi Sugk

concentrates may contain one or more other lubricant
additives such as described above to form a package
which may be diluted with lubricant basestock to form a
lubricating oil composition.

Example 1

Zn/Cu DDP was prepared as follows: The following charge
qguantities were used = : .

Bis 2-ethylhexyldithiophosphoric acid

(DDPA) 200 g
Cuprous oxide 6.4 g
Zinc oxide 33.5 ¢
Zinc acetate 1.0 g

The cuprous oxide followed by the zinc oxide and zinc
acetate were added to 100 g of the DDPA at S50 °C.
After a heat soak for 30 minutes, the temperature was
raised to 85°C and the remainder of the acid was added.
The product was flocculated, stripped and filtered.

. This.Sheet Has Been Replaced-
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'plds wei ght of total oil or diluent. The amount of the m xture of

Zn/ Cu added to the lubricating oil is a mnor proportion by weight,
prefer-3ly | ess than 20% by weight, nore preferably 0.2 to 2.0 and
especi@ly 0.5 to 1.5 % by wei ght. Addi tives for IuquEngHg-%h 3
general §y supplied as concentrates in solvent (eg oil) for iqﬁg;ggQ§;$
into th@ bul k lubricant. Accordingto t&i$Siavention a cbncent i rises

a solveit and 20 to 90 wei ghtofthe Zn/ Cu DOP obt ai ned by the process of
this indention. Suitable solvents include kerosene, aromatic naphthas,
m neral !l ubri Ghe riPaf lacteive Dughedbentnpradastmhadceheafoldowing nore

h | ubri cal | 4 ' b k whi ch
oL o 407! o4 Y €L\ R RN BRI 9, LTl v ©

conposiﬂion. S:14.7 ##Cu DDP was prepared as follows: The followi ng charge
guantitiies were used _ Bi s

2- et hyt hexyl di t hi ophosphoric acid (DDPA) 200 g :

Cuprous ioxi de It can be seen that a blepd4of the Zn/Cu DDP at a

phosphorus concentration of 0.1% P would provide a
concentration of ccpper of 200 ppm.

The 2n/Cu DDP obtained was subjected to a H,S stability
test which involved heating Zn/Cu DDP at 135°C in the
presence of 3% water and measuring the time to st

. evolution, which is the result quoted in the test.

The H,S stability of this Zn/Cu DDP was found to be
excellent (7+ hours at 135°C).

'Examgle 2
DDPA charge quantities: iso-bﬁtanol - 428¢g
iso-amyl alcohol 231g
PZSS o 444g

All of the 9285 was charged to the reaction pot. 165g
of the alcohol mixture were added with stirring. The
temperature rose from 23 to 80°C, After 20 minutes
heat soak the temperature was increased to 85°C and the
remainder (4949) of alcohol mixture was added over 2
hours, followed by a 2 hour heat soak at.BS‘C. The
acid had 12.1%P. |

- Cu/Zn DDP charge quantities: DDFA 900g

zn0  135g
Cu,0 26.3g
. This.Sheet Has Been Rep |
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.z?ﬁ 33.5 ¢
Zi nc Pat e . . 1.0 g -The cuprous
| oned by the zinc oxide and zinc acetate were added to 100 g of

d to 85[err]C and the remai nder of the acid was h

at 50 [err]C. After a best soak for 30 m nutes, tﬁﬁ?gﬁﬁ?J tor-e
- 16 - I REPLACE

The pot was charged with 309g acid and all the 2n0 and
Cuzo-were added over 15 mins. The temperature rose
from 20 to 80°C. The reaction mixture was heat soaked
for 30 mins. and then the rest of the acid was added
over 2 hours at 85°C. After 30 mins. heat soak the
mixture was worked up to give a brown haze-free liquid
product.

This Cu/Zn DDP had an H,S stability of 30 minutes.

1% of this product was dissolved in a mineral oil and
tested in the ASTM D-130 copper corrosion test at 100
and 150°C. A 1A rating was obtained in both cases,
i.e. excellent (no corrosion).

A treatment with 1% and 2% triphenyl phosphite at 100°C
changed the colour from dark brown to light brown.

The Cu/Zn DDP thus obtained was subjected to the CEC
Rig Scuffing Test (CEC L-31-T-81) and compared with 2n
DDP derived from primary C, and Cg alcohols, both at
0.1 wt% P concentration. From the data given below it
can be seen that the mixed Cu/2n DDP has excellent
scuffing activity.

CEC Rig Scuffing Test (CEC L-31-T-81)

0il Contains: )
Multifunctional VI 8.5 8.5 8.5
Mg high base number

sulphonate detergent 1.6 1.6 1.6
Succinimide dispersant : 3.0 3.0 3.0
Zn DDP (primary C,/Cg) _ 1.3 - -

eet Has Been Replaced
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ccul ated, stripped and filtered. The 100% acti ve |ngred|ent
. . had t he follomﬁng analysis Zn:8.0 ww% Cu:1.6 wt% P:7.
S 14. 9 W % It can be seen that a blend of the Zn/ gt'{ MAS BEEN

brus concentration of 0.1% P woul d provi de aconc ﬁratgaﬂ1 tDcoppe
of 20@ ppm The Zn/ Cu DDP obt ai ned was subjected ta_a H >-stabrtity
t est ich involved heating Zn/Cu DDP aty435[err]Cin the presence of 3%

wat er fand nmeasuring the time to Herr]S evolution, which is the result
gquoted in the test The Herr]S stability of thIS Zn/ Cu DDP was found to

be excel | ent @{ﬁﬂptﬁ,ﬁ, ap gﬁggﬁ rd C)csl) Exanpl e 2 - 0.9 -

DDPA charge quantities: |so- but™a,

i SO- any| al COH&O M base © 85.6 86.0 86.9

Plerr]S[err] gap in oil 4449 | 0.1 0.1 -
Cam & Tappet wt loss (mg) 46.0 11.0 6000+
Example 3

In_ordet to improve the rather low H,S stability
obtained in the previous preparation (Example 2), three
changes were made: The 2Zn/P ratio was increased; 2n
acetate was added as neutralization promoter; 2nO and
Zn acetate were added before the Cu,0. These changes
were designed to increase the basic Zn content and so
improve the H,S stability and this was achieved.

Charge gualities: . DDPA 300g

Z2no0 . 46.6¢g
Zn Acetate l.4g
Cuzo _ 9.2g

The pot was charged wiih-lozg of the acid. All the ZnO
and Zn acetate were added over S mins. The temperature
rose from 18 to 62°C. The mixture was heat soaked for
30 mins. and the temperature then raised to 85°C. All
the cuprous oxide was then added quickly, followed by
‘the remainder of the acid over 1.5 hours. After 1 hour
heat soak, the mixture was worked up to give a brown
haze-free liquid product.

Analysis: 2n 11.8; Cu 2.2; P 11.2; S 21.8 %
The Cu/2n DDP had good H,S stability (3.25 hrs/135°C)

and good copper corrosion properties (1A) both at 100
and 150°C, '
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* Plerr]S[err] was charged to the reaction pot, 165g of the
‘xture were added with stirring. The tenperature rose from23 to

' After 20 minutes heat soak the tenperature was
and the remai nder (494g) of al cohol m xture was a f?{*’?ﬁ@ﬁ?% BEE]

hour s, | | oned by a 2 hour heat soak at 85[err]C The aci
Cu/ Zn charge quantities: DDPA 909gl8 -
Zn0O

Cu[err] Of 26.3g The pot was_charged with 3099 acid and all the ZnO
and Cu[err]O meetma,td of) the preduct THithegsipheayd phosphide AR to

g0[err]C. The, g3 34)0ReTIPgar e, V‘ﬁﬁpf‘@@édseﬁﬁeéoﬁahr?’gu@h%t A¥Eelthg e

rest of the acid was added over
the copper corrosion propertzes or H S stability.

This product Zn/Cu DDP was then tested in a bench
oxidation test and oomparedjwith a conventional 2Zn DDP
at equal phosphorus treat levels (0.13P). The Zn DDP
was made in a similar manner to the above except that
no cuprous oxide was used. The oxidation test consists
of héating a 300g sample of the lubricating oil blend
containing the 2n/Cu DDP or the Zn DDP for 64 hours at
. 165°C. Air was passed through the blend at the rate of
1.7 litres per hour and ferric acetyl acetonate was
present at the level of 40 ppm soluble iron to act as
oxidation catalyst. Samples were taken at intervals up
to 64 hours, and the viscosity measured at 40°C by
means of a cone-on-plate viscometer. The results are
shown below:

Ethylene/propylene copolymer

viscosity modifier . 7.9 7.9 mass %
Polyisobutenyl succinimide | |
dispersant | 4.5 4.5
Mg high base number sulphonate
(TBN = 400) 1.0 1.0
Zn DDP (primary C4IC5) . 1.3 -
Zn/Cu DDP ((primary C4/CS) - 0.9
S150 neutral basestock 85.3 85.7
Viscosity cP at hours 0 65 '_ 63
16 115 S8
24 208 61
- 40 solid - 81
‘This Sheet Has Been Rep. 48 . 110
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hear _ _85[efr]C. After 30 mns. heat soak the mi'xture was worked up to

Ive rown haze-free liquid product. This Cu/Zn DDP had an Herr]S
stabi t i@y of 30 m nutes. 9 his product was dissolved in a nminera
oi |l andgtested i pper corrosion test at ¥89-—and

150[ errAC. A 1A rating was obtained in both cases, i.e. exdcih®BHEERHAS BEEN.-'
corrosign). = A treatnent--wth 1@6and.29§gr¢phenyl phosp ite aRERQAErr]C
‘changed t he colour fromdark brown.to Iight brown.
obt ai ned was subjected to the CEC Rig Scuffing Test (CEC L 31-T-81) and

conmpared with Zi DR dgkl e@nf rtqmuorw@rz/nﬁéermﬂ»paﬂs Q[ﬁﬁéﬂl mbgehol s, both
at 0.1 wt% P concentratlon the at

a ven be é ggn be sege t hat
the nixed Cu/Zn POMenfad éﬂ&ﬁq ?%g Rt #0; P is t
expected the oil contaxnlng the 2n/Cu DDP would pass

the Sequence III D test whereas the oil containing the
Zn DDP would fail. '

Examgle 4

The procedure of Example 3 was repeated on a larger

scale.

Charge quantities: DDPA 1000.0g
Zno 154.9¢
Zn acetate 4.7g
Cuzo 30.6¢g

The product analysis was Zn = 11.0, Cu = 2.1, P = 9.6,
s = 17.5.

The H,S stability was 2 hrs/135°C.

. Example 5
Chafge quantities: C,/Cg acid (DDPA) 300.0g
Zno 46.5g
‘Zn acetate ' l.449
Cupric oxide 5.1g

The pot was charged with 749 acid. All of the Zn0O and
Zn acetate was added over 5 mins., and the reaction was
exothermic (the temperature rising from 26 to 56°C).
The product was soaked for 30 mins., the temperature

This Sheet Has Been Rep
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Scuffing Test (CEC L-31-T-81)
Mul ti functional Vi

a |

8.5 8! 5 _My high base nu

detergent %‘ﬁ\‘“\\‘““‘\\\m} “ - 22 Sucdi ni m _?Eg

3.0 3.0 Zn CDP (primary

1.3 (MZnHP(mnmw(Imﬂ/qmﬂ)

0.9 150 Neutral base oil 85.6 86.0
86.9 7. ' A process &Pcordding to any one of the preceding

gilo 60 aims wherein the dihydrg@g?%fE”3¥¥hf%pﬂégﬁhéfgg acia is 46.0

derxved from a phosphorus pentasulphide having 27 9 + 0.1
weight % of phosphorus.

8. . A lubricating oil coﬁposition comprising a
lubricating oil and 0.2 to 2.0% by weight of Zn/Cu DDP
prepared by the process acdording to any one of the
preceding claims.

9. The use in a lubricating oil of Zn/Cu DDP
prepared by the process according to any one of the
preceding claims.

10. A concentrate comprising a solvent'and from 20 to
90% by weight of Zn/Cu DDP prepared by the process
according to any one of the preceding claims.

\
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0 I nprove the rather |ow Herr]S stability obtained in the é;
'preparation (Exanple 2), three changes were nade: The Zn/ P ratio

pr.ev
8 ased; Zn acetate was added as neutralization p Zn0O and Zn

was in

acet at eere added before the Cu[err] O These changes e € N

I ncreasel the basic Zn content and so inprove the Herr “L'\ tfhi s
was achi eved. ) f 8 aliljes:
DDPA 300g , . - E Zn0O
46. 69 ' ABSTRACT ~ : Zn Acetate

1.49

_ DIRYDROCARBYL DITHIOPHOSPHATES

A mixed zinc/copper dihydrocarbyl dithiophosphatet e.g. of
zinc diethyl-hexyl dithiophosphate and cuprous
diethyl-hexyl dithiophosphate, is prepared by reacting

a dihydrocarbyl dithiophosphoric acid (DDPA) with a
mixture of a basic zinc compouhd-eg ZnO, and a basic
copper compound'eg Cuzo, preferably in the presence of

a promoter, eg zinc acetate. The product is a good
antioxidant for use in lubriéating oils.

e, ¢
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Cu'[er?] O_' 9. 29 The pot was charged wth 102g of PRA&CEMENY ISHERE

ZnO and Zn acetate were added over 5 mns. The tenperatur Irﬂgqg rom 18 t

62[err]C. The m xture was heat soaked for 30 mns. and th tanEe{aé!Hx? eh
yi ot | d

raised to 85[err]C. All the cuprous oxidejwas then added g
by the remainder of the acid over 1.5 hours After 1 hour hea
m xture was worked up to gi ve RIRYDRAGAREO- DYFHOPHOSPHATES)r oljuct
Anal ysi s: P=&fipticg g Cu2.2; P11.2; S21. 8% The

Herr]S stability (3.25 hrs/135[err] C;% and good copper corrosion properties
(1A) bot h at™i {tentigh eiatesdq anrqepss for making difydmearut dithiophospiiages rddrelf ke a5 jubrisating ¢l sadiny |

Fﬂgs P hite (e%in% gigydr%érby%thig'pggs[aﬁageg ]nan’e béegﬁ)geg }{:re ydearg Qse an%v?elaroa% ar\tlt\xﬂoagdgr% %ditigefstm%&'&'kl:agr%
-oils. For example, EP 0024146 discloses lubricating oil compositions comprising specified amounts of ashiess dispersant
and/or viscosity index improver dispersant, zinc dihydrocarbyl dithiophosphate and added copper present as an oil sol-
uble copper compound. It has been suggested that copper dialkyi dithiophosphates are potent antioxidants. However,
the copper species has a lower hydrogen sulphide stability compared with the zinc species. Mixtures of zinc, copper
and iron dialkyl dithiophosphates have been proposed, see for example US 4 466 895.

Us 3 008 S00 discloses the manufacture of mixed nickel and zinc dithicphosphates. :

Us 4 392 966 relates to molybdenum-zinc dialkyt dithiophosphates which are disclosed as being useful as friction-
reducing, anti-wear and oxidation-inhibiting agents in lubricants and fuel economy oils. Mixed zinc and copper dihydre-
carbyl dithiophosphates are not disclosed.

US 4 582 920 discloses copper dihydrocarbyi phosphorodithicate which is made by a method in which bis (dihy-
drocarbyl phosphorathionyl) disulfide is reacted with activated copper metal. Mixed zing and copper ditydrocarbyl dithi-
ophosphates are not disclosed.

From the economic point of view it is highly desirable to use diaikyt dithiophosphates where the alkyl groups contain
tess than 6 carbon atoms. However, copper dialkyl dithiophosphates, particularly when the alkyl group contains less
than about 8 carbon atoms, tend to be solid and/or insoluble in hydrocarbons such as lubricating oil base stocks and/or
exhibit poor copper corrosion properties when used alone. We have now discovered a method of making mixed copper
and zinc dihydrocarbyl dithiophosphates which are liquid with good oil solubility and good copper corrasion inhibition.

According to this invention a mixed zinc/copper dihydrocarbyl dithiophosphate (hereinafter referred to as Zn/Cu
DOP) is prepared by a process comprising reacting a dihydrocarbyl dithio phosphoric acid with a mixture of a basic zinc
compound and a basic capper compound. This invention aiso provides the use in a lubricating oil of the mixture.

The general formula of the dihydrocarbyl dithio phosphoric acid from which Zn/Cu DDP is derived is

S

-

R0 - P - SH

»

OR

where R! and R? are similar or different and are hydrocarbyl groups.

The groups R and R2 preferably contain from 1 to 18 carbon atorns. They may be alkyl, alkenyl, aryl, aralkyl, alkaryl
or cycloaliphatic radicals, but they are preferably alkyl or alkaryl radicals. Particularly preferred are C; to C4q alkyl groups
especially C, to Cy alkyl groups eg ethyl. n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, n-heptyl, n-octyl, i-
octyl, 4-methylpent-2-yl, 2-ethylhexyl and n-decyl. Mixtures can be used eg R butyl and R? amyl. Other preferred exam-
ples are Cy4 to Cyg alkaryl groups, eg nonyl phenyl, decylphenyi and dodecylphenyl. The alkyl groups or alkyl portion
of the alkaryl or aralkyl groups can be straight chain or branched.

The dihydrecarbyl dithiophosphoric acid is reacted with a mixture of a basic zinc compound and a basic copper
compound. The reactants are preferably the oxides or hydroxides but they can be other salts of zinc and copper provided
that the anion can be replaced by the anion of the dihydrocarbyl dithiophosphoric acid. Cuprous oxide is preferred to
cupric oxide and cupric hydroxide. Other basic zin¢ and basic copper compounds which may be used are preferably
soluble in the dihydracarbyt dithiophospharic acid. Examples of other suitable basic salts of zinc and copper are the
carboxylates, eg stearates, acetates and carbonates.

The ratio of basic zinc compound to basic copper compound is not fixed and can vary over wide limits. Generally,
the weight ratio of zinc to copper in the product Zn/Cu DDP should preferably be from 30:1 to 1:30, especially between
10:1 and 1:10 and most praferably between 10:1 and 1:1.

When neutralising the dilydrocarbyl dithiophosphoric acid with the mixture of basic zinc compound and basic copper
compound itis preferred to use a promoter. Suitable promoters are carboxylic acids, metal carboxylates and other metal
salts, particularly the carboxylates and other salts of zinc and copper, eg nitrates, phosphates, sulphates or halides.
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sopper corrosion properties or Herr]S stability. Thi r oduct ;é“ﬁé&)
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The Zn/Cu DDP is simply prepared by haating together the dihydrocarbyl dithiophosphoric acid with the mixture of
basic zinc and basic cqpper compounds and if used, the promoter. The acid may be siowly added to the basic zinc and
copper compounds which are generally used in the form of a slurry, for example with mineral qil. Alternatively, the basic
zinc and copper compounds, and promoter it used. are added to about half the acid and then the remainder of the acid
added. Since there is a tendency for the copper compound to react preferentially with the acid, in a preferred aspect the
zinc and copper compounds are introduced separately into the reaction mixture with atleast a part of the zinc compound
being introduced first to ensure basic Zn DOP is formed. Thus, in either sequenca described above, somae or all of the
zinc compound is combined with the acid, then copper compound is introduced and any remaining zinc compound is
added with or after the copper compound. The reactants are usually heat soaked eg at 40°C to 60°C and then heated
to a tempaerature of between 60°C and 100°C for exampie about 85°C and the remaindar of the acid added, if only some
acid has been used hitherto. As indicated abave the zinc and/or copper compounds may be slurried in a liquid vehicle,
far example a mineral qil or a residual amount of ZnDOP or of Zn/Cu DDP, before reacting with the acid. The amount of
diluent oil vehicle can be quite low, for axample 5-10% of the total reaction mixture and it is advantageous to use small
amounts because this results in lower treat rates when the Zn/Cu DDP is used as a lubricating oil additive.

After maintaining tha reactants at the reaction temperature for 1 to 4 hours, eg about 1.0 to0 3.0 hours the reaction
mixture is preferably cooled, flocculant is added and the mixture is stripped and filtered. The filtrate is the desired product.

The Zn/Cu ODP when used as a lubricating oil additive has good copper corrasion inhibition properties. These
properties are improved if the dihydrocarbyl dithiophosphoric acid is derived from a phosphorus pentasulphide having
substantially no free sulphur present and hence a high phosphorus content. Improved copper corrosion lubrication prop-
erties have been obtained by using a grade of phosphorus pentasulphide having a phosphorus content of 27.92 0.1
weight %, compared with the usual commercial grade which has 27.6 £ 0.2 weight % of phosphorus. However itis 3
surprising feature of the Zn/Cu DDP of the invention that better copper corrasion properties are seen with such com-
mercial grades of P,Sg than would be expected from simple Zn DDOP.

Better thermal and hydrolytic stabilities are obtained when using the Zn/Cu DDP in 3 lubricating qil if the Zn ODP
companent has a higher Zn/P ratio than is normal, eg 1.14 t0 1.25 compared with 1.10. This is achieved by using excess
basic zinc compound, eg zinc oxide or hydroxxde over stoichiometric up to a level where too much sedimentation would
oceur.

The products of the invention have excellent copper corrosion properties. Further impravement in capper carrosion
properties of the Zn/Cu DDP and impraovement in product colour may be abtained by treatment with ane or more phos-

. phites ta the formed Zn/Cu DOP. Preferred phosphites are triphenyl, tributyl, tris(2-ethylhexyl) and tris(atkylphenyl) phos-

phites. Preferred amounts are 1 to S wt % based on the waeight of Zn/Cu ODP.

The lubricating ail to which the Zn/Cu DOP can be added includes mineral lubricating oils and synthetic lubricating
oils and mixtures theraof. The synthetic oils include polyalpha olefins, diester qils such as di(2-ethylhexyl) sebacats,
azelate and adipatae, complex ester oils such as those formed from dicarboxylic acids. glycols and either monobasic
acids or manchydric alcohols and silicone oils.

The lubricating oil base stock for the antioxidant additives of the present invention typically is adapted to perform a

- selected function by the incorporation of additives therein to form lubricating oil compositions (i.s. formuiations).

Representativa additives typically present in such formulations include viscosity modifiers, corrosion inhibitors, oxi-
dation inhibitors, friction modifiers, dispersants, anti-foaming agents, anti-wear agents, pour point depressants, deter-
gents, rust inhibitors and the lika.

Viscosity modifiers impart high and iow temperature operability to the lubricating qil and permit it to remain shear
stable at elevated temperatures and aiso exhibit acceptable viscosity or fluidity at low temperatures.

Viscasity medifiers are generally high molecular weight hydrocarbon polymers including polyesters. The viscosity
modifiers may also be derivatized to include other properties or functions, such as the addition of dispersancy properties.

Thesa oil soluble viscosity modifying polymers will generally have number average molecular weights of from 108
to 105, preterably 10* to 105, e.g., 20,000 to 250,000, as determined by gel permeation chromatography or membrane
osmometry.

Representative examples of suitable viscosity meditiers are any of the types larown to the art including polyiscbuty-
lene, copolymers of ethylene and propylene, polymethacrylates, methacrylate copolymers, copolymers of an unsaturated
dicarboxylic acid and vinyl compound, interpolymers of styrene and acrylic esters, and styrenefisoprene copolymers.

Corrosion inhibitors, also known as anti-corrasive agents, reduce the degradation of the metallic parts contacted by
the lubricating oil composition. lustrative of corrosion inhibitors are phosphasulphurized hydrocarbons and the products
obtained by reaction of a phasphosulphurized hydrocarbon with an alkaline earth metal oxide or hydroxide, praferably
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neutral b3sRsh-edakce of an alkylated phenal ar of an aftylphanol Ridesfer, and also preferably in the presence of carbon

dioxide. Phosphosulphurized hydracarbons are prepared by reacting a suitable hydrocarbon such as terpene, a heavy
petraleum fraction of a C; to Cg olefin polymer such as palyisobutylene, with from S to 30 wt.% of a sulfide of phasphorus
for 12 %0 15 hours, ata temperature in the range of 150° to 600°F Neutralization of the phosphosulphurized hydrocarbon
may be effected in the manner taught in U.S. Patent No. 1,969,324.

Oxidation inhibitors reduca the tendency of mineral oils to deteriorate in service which deterioration car be evidenced
by the products of oxidation such as sludge and varnish-like deposits on the metal surfaces and by viscosity growth.
Such oxidation inhibitors include ZDOP's aromatic amines such as alkylated diphenylamines and phenyl alphanaphthyl-
amines, hindered phenols, copper compounds, alkaline earth metal salts of alkylphenoithioethers having preferably Cg
to C42 alkyl side chains, eg, calcium nonylphencl sulphide. barium t-octylphenyl sulphide, dioctylphenyl-amine, pheny-
{aiphanaphthylamine, phosphosulphurized or suiphurized hydrocarbons, etc.

Friction modifiers serve to impact the proper friction characteristics to lubricating oil compositions such as automatic
transmission fluids.

Representative examples of suitable friction modifiers are found in US Patent No 3,933,659 which discloses fatty
acid esters and amides; US Patent No. 4,176,074 which describes molybdenum complexes of polyisobutenyl succinic
anhydride-amino alkanols; US Patent No. 4,105,571 which discioses glycerol esters of dimerized fatty acids: US Patent
No. 3,779.928 which discloses alkane phosphonic acid saits; US Patent No. 3,778,375 which discloses reaction products
of a phosphonate with an oleamide: US Patent No. 3,852,205 which discloses S-carboxyalkylene hydracarbyl succin-
imide, s-carboxyalkylene hydrocarbyl succinamic acid and mixtures thereof; US Patent No. 3,879,306 which discloses
N-(hydroxyalkyl)alkenyl-succinamic acids or succinimides; US Patent No. 3,932,290 which discloses reaction products
of di-(lower alkyl) phosphites and epoxides; and US Patent No. 4,028,258 which discloses the alkylene oxide adduct of
phosphosulphurized N-(hydraxyalkyl) alkenyl succinimides. The disclosures of the above references are herein incor-
_ porated by reference. The most preferred friction modifiers are succinate esters, or metal salts thereof, of hydrocarbyl

substituted succinic acids or anhydrides and thiobis alkanols such as described in US Patent No. 4,344,853.

Oispersants maintain oil insolubles, resulting from oxidation during use, in suspension in the fluid thus preventing
sludge flocculation and precipitation or deposition on metal parts. Suitable dispersants include high molecular weight
alkenyt succinimides. the reaction product of oil-soluble polyisobutylene succinic anhydride with ethylene amines such
as tetraethylene pentamine and borated saits thereof.

Pour point deprassants lower the temperature at which the fluid will flow or can be poured. Such depressants are
waell known. Typically of those additives which usefully optimize the low temperature fluidity of the fluid are Cg-C1 g diatkyi-
{umarate vinyl acetate copolymers, polymethacrylates, and wax naphthalene. Foam control can be provided by an anti-
foamant of the polys:loxane type, eg. silicone oil and polydimethyt siloxane.

Detergents and metal rust inhibitors include the metal salts of suiphonic acids. alkyl phenols, sulphurized alkyl
phenals, alkyl saliscylates, naphthenates and other cil soluble mona- and di-carboxylic acids.

Highty basic (viz, overbased) metals salits, such as highly basic alkaline earth metal sulphonates (especiaily Ca and
Mg salts} are frequently used as detergents.

Copper corrosion inhibitors anxi antiwear agents include borate ester, thiadiazoles such as derivatives of 2,5 dimer-
capto 1,3,4-thiadiazole and benzotriazoles.

Some of these numerous additives can provide a muiltiplicity of effects, eg a dispersant-oxidation inhibitor. This
approach is well known and need not be further elaborated herein.

Compositions when containing these conventional additives are typically blended into the base oil in amounts which
are effective to provide their normal attendant function. Representative effective amounts of such additives are illustrated
as follows:
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Viscosity Modifier 01-4 .01-4

Corrasion Inhibitor 0.01-1 01-1.5

Oxidation inhibitor 0.01-1 01-1.5

Dispersant 0.1.7 0.1-8

Pour Point Depressant 0.01-1 .01-1.5

Anti-Foaming Agents 0.001-0.1 | .001-0.15

Anti-Wear Agents 0.001-1 | .001-1.5

Friction Mcdifiers 0.01-1 .01-18§

Detergents/Rust Inhibitors 0128 013

Mineral Oil Base . Balance Balance

When other additives are employed, it may be desirable, aithough not necessary, to prepare additiva concentrates
comprising concentrated solutions or dispersions of the antioxidant {in- concentrate amounts hereinabove described),
together with one or mere of said other additives (said concentrate when constituting an additive mixture being referred
to herain 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 into the lubricating il may ba facilitated by solvents
and by mixing accompanied with mild heating, but this is not essential. The concentrate or additive-package will typically
be formulated to contain the antioxidant additive and optional additional additives in proper amounts to provide the
desired concentration in the final formulation when the additive-package is combined with a predetermined amount of
base lubricant. Thus, the antioxidant of the present invention can be added to small amounts of base ail or other com-
patible solvents along with other desirable additives to form additive-packages containing active ingredients in collective
amounts of typically from about 2.5 to about 90%, and praferably from about 5 to abaut 75%, and most preferably from
about 8 to about 50% by weight additives in the appropriate proportions with the remainder being base ail.

Thefinal formulations may employ typically about 10 wt.% of the additive-package with the remainder being base oil.

All of said weight percents expressed herein are based on active ingredient (a.i.) content of the additive, and/or
upon the total weight of any additive-package, or formulation which will be the sum of the a.i. weight of each additive
plus the weight of total oil or diluent.

The amount of the mixture of Zn/Cu DDP added to the lubricating ail is a minor proportion by weight, preferably less
than 20% by weight, more preferably 0.2 t0 2.0 and aspecially 0.5 to 1.5 % by weight.

Additives for lubricating cils are generally supplied as concentrates in solvent (ag oil) for incorporation into the bulk
lubricant. According to this invention a concentrate comprises a solvent and 20 to 90 weight % of the Zn/Cu DDP obtained
by the process of this invention. Suitable solvents inciude kerosene, aromatic naphthas, mineral lubricating oils stc. Such
concentrates may centain one or mare other lubricant additives such as described above to form a package which may
be diluted with lubricant basestock to form a lubricating oil composition.

Example 1

Zn/Cu DDP was ptepared as follows: The following charge quantities were used

Bis 2-ethylhexyldithiophosphoric acid (DDPA) | 200 g
Cuprous oxide 6449
Zinc oxide 335¢g
Zinc acetate 1.0g¢g
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Zn acetate 4. 79 ‘

Cu[err]O 30. 69 The product analysis was Zn = 11]02 CAUSY P &
9.6; S = 17.5. The Herr]S stability \/\S/as 2 hrs/135[efr}C.

The cuprous oxide followed by the zinc oxide and zing acetate wera added to 100 g of the DDPA at 50 °C. After a
heat soak for 30 minutes, the temperature was raised to 85°C and the remainder of the acid was added. The product
was flocculated, stripped and filtered.

The 100% active ingredient product had the following analysis Zn:8.0 wit%, Cu:1.6 wit%, P:7.9 wt% and S:14.7 wt%.

itcanbe seen that a blend of the Zn/Cu DDP at a phospharus concentration of 0.1% P would provide a concentration
of copper of 200 ppm.

The Zn/Cu DOP abtained was subjected to a H,S stability test which involved heating Zn/Cu DOP at 135°C in the
presence of 3% water and measuring the time to H,S evolution, which is the result quoted in the test.

The H,S stability of this Zn/Cu DDP was found to be excellent (7+ hours at 135°C). :

Exampla 2

DOPA charge quantities: | iso-butanol 428g
1 iso-amyl alcohol | 231g
P2Ss 444g

All of the P85 was charged to the reaction pot. 165g of the alcohol mixture were added with stirring. The temperature
rose from 23 to 80°C. After 20 minutes heat soak the temperature was increased to 85°C and the remainder (494g) of
aleohol mixture was added over 2 hours, followed by a 2 hour heat soak at 85°C. The acid had 12.1%P,

CwZn DDP charge quantities: | DDPA | 900g
ZnQ 135g
CuzO | 26.3g

The pot was charged with 309g acid and all the Zn0O and Cu,O were added over 15 mins. The temperature rose
from 20 to 80°C. The reaction mixture was heat soaked for 30 mins. and then the rest of the acid was added over 2
hours at 85°C, After 30 mins. heat soak the mixture was worked up to give a brown haze-free liquid product.

This Cu/Zn DDP had an H,S stability of 30 minutes. _

1% of this product was dissolved in a mineral oil and tested in the ASTM D-130 copper corrosion test at 100 and
150°C. A 1A rating was obtained in both cases, i.e. excellent (no corresion).

A freatment with 1% and 2% triphenyl phosphite at 100°C changed the colour from dark brown to fight brown.

The Cu/Zn DDP thus obtained was subjected to the CEC Rig Scufting Test (CEC L-31-T-81) and compared with Zn
DOP derived from primary C, and Cs alcohols, both at 0.1 wi% P concentration. From the data given below it can be
seen that the mixed Cu/Zn DDP has excellent scuffing activity.
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CEC Rig Scuffing Test (CEC L-31-T-81)
Qil Contains:

Multifunctional V! , 85 8.5 85
Mg high base number sulphonate detergent | 1.6 1.6 1.6
Succinimide dispersant ' 30| 30| 30
Zn DDP (primary C4/Csg) 13} - .
CuwZn DDP (primary C,/Cs) . 0.9 -
150 Neutral base oil 856 |{ 860 | 86.9
%P in oil 0.1 0.1 .
Cam & Tappet wt loss (mg) 46.0 | 11.0 | 6000+

Example 3

In order to improve the rather low H,S stability obtained in the previous preparation (Example 2), three changes
were made: The Zn/P ratio was increased; Zn acetate was added as neutralization promoter; ZnQ and Zn acetate were
added beforé the Cu,0. These changes were designed to increase the basic Zn content and so improve the H,S stability
and this was achieved.

Charge qualities: | DDPA 300g
Zn0 46.5g
ZnAcetate | 1.4g
Cuz0 9.2g

The pot was charged with 102g of the acid. All the ZnO and Zn acetate were added over 5 mins. The temperature
rose from 18 to 62°C. The mixture was heat soaked for 30 mins. and the temperature then raised to 85°C. All the cuprous
oxide was then added quickdy, followed by the ramainder of the acid over 1.5 hours. After 1 hour heat soak, the mixture
was worked up to give a brown haze-free liquid product. '

| Analysis: ]z:m.s; Cu22; [Pn.z; $21.8%

The Cu/Zn DDP had good H,S stability (3.25 hrs/135°C) and good copper comrosion properties (1A) both at 100
and 150°C.

Treatment of the product with triphenyl phosphite (2 and 3%) at 100°C, improved the colour without affecting the
copper corrosion properties or HyS stability.

This product Zn/Cu DDP was then tested in a bench oxidation test and compared with a conventional Zn DOP at
equal phosphorus treat levels (0.1%P). The Zn DDP was made in a similar manner to the above except that no cuprous
oxide was used. The oxidation test consists of heating a 300g sample of the lubricating cil blend containing the Zn/Cu
DDP or the Zn DOP for 64 hours at 165°C. Air was passed through the blend at the rate of 1.7 litres per hour and ferric
acaetyl acetonate was present at the level of 40 ppm soluble iron to act as oxidation catalyst. Samples were taken at
intervals up to 64 hours, and the viscosity measured at 40°C by means of a cone-on-plate viscometer. The results are
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it can be seen that the Zr/Cu DDP is a much more powerful antioxidant than the Zn DOP and it is to be expected
the ail containing the Zn/Cu DDP wouid pass the Sequenca [l D test whereas the cil containing the Zn DDP would fail.

Example 4
The procadure of Example 3 was repeated on a larger scale.

Charge quantities: | DDPA 1000.0g
Zn0 154.9¢
Zn acetate 4.79
CuQ 30.6g

The product analysiswas Zn= 11.0,Cu=2.1,P = 9.6, S = 17.5.
The H,S stability was 2 hrs/135°C.
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Charge quantities: | C4/Cs acid (DDPA)
ZnQ

Zn acetate

Cupric oxide

300.0g
46.5g
1.4
S.1g

The pot was charged with 74g acid. All of the ZnO and Zn acetate was added over § mins., and the reaction was
exothermic (the temperatura rising from 26 to §6°C). The product was soaked for 30 mins., the temperature was raised
to 85°C. CuQ was added quickly, followed by the rest of DDPA over 100 mins. The product was heat soaked for 80 mins.

_ and then worked up to give a brown haze-frae liquid product.

HyS Stability 30 mins.

2n116 | Cu0.7 | P109 | S21.1wt%

In the copper corrasion test according to the ASTM D130 test at 150°C this product gave a 1A rating confirming
that it had excallent copper corrosion properties. Treatment with 3% triphenyl phosphite improved the colour of the

product.

Claims

1. Aprocess for preparing a mixed zinc/copper dihydrocarbyl dithiophosphatae (Zn/Cu DDP) in which a dihydrocarbyl

dithiophosphoric acid is reacted with a mixture of a basic zinc compound and a basic ¢coppar compound.

2. Aprocess according to claim 1 wherein the dihydrocarbyl dithiophesphoric acid has the general formula

'R10 - P - SH

OR2

wherein R' and R are each hydrocarbyl groups containing from 1 to 18 carbon atoms.

3. Aprocess accarding to claim 2 in which R' and R? are C; to Cyq alkyl groups or C14 to Cyg alkaryl groups.

4. A process according to any one of the preceding claims wherein zinc oxide and cuprous oxide or cupric oxide are

used.

8. Aprocess according to claim 4 in which the ratio of weights of zinc to copper is from 10:1 to 1:1.
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Crarge quantities: | C4/Cgacid (DOPA) | 300.0g
Zn0 46.5g
Znacetate | 1.4g
Cupric oxide S.1g

The pot was charged with 74g acid. Allofﬂ\e'Z_nOand 2Zn acetate was added over § mins., and the reaction was

exothermic (the temperatura rising from 26 to 56°C). The product was soaked for 30 mins., the temperature was raised
t0 85°C. CuO was added quicidy, followed by the rest of DDPA aver 100 mins. The product was heat soaked for 80 mins.
and then worked up to gwe a brown haze-free liqund product.

HaS Stability 30 mins.
Zn118 | Cu0.7 |P10.9 | S21.1wt%

In the copper corrasion test according to the ASTM D130 test at 150°C this product gave a 1A rating confirming

that it had excellent cnpper corrosion properues. Treatment with 3% triphenyl phosphite imgroved the colour of the
product.

Claims

1.

2,

A process for preparing a mixed zmclcopperdihydmatby(dmphosphata (Zn/Cu DOP) in which a dihydrocarbyl
dithiophosphoric acid is reacted with a mixture of a basic zin¢ compound and a basic copper compound.

A process according to claim 1 wherein the dihydrocarbyl dithiophosphoric acid has the general formula

Rlo - P - SH

OR2

wherein R! and R2 are each hydrocarbyl graups containing from 1 to 18 carbon atoms.
A process according to claim 2 in which R' and R? are Ca to Cyq alkyl groups or Cy4to Czo alkaryl groups.

A pracess according to any one of the preceding claims wharein zinc oxide and cuprous oxide or cupric oxide are

~used.

A process according to claim 4 in which the ratio of.weights of zinc to copper is from 10:1 to 1:1.
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8. A lubricating oil composition comprising a lubricating oil and 0.2 to 2.0% by weight of Zn/Cu DOP prepared by the
precass accarding to any one of the preceding claims.

9. Theusein alubricating oil of Zrn/Cu DOP prepared by the process according to any one of the preceding claims.

10. A concentrate comprising a solvent and from 20 to 90% by weight of Zn/Cu DOP prapared by the process according
to any ona of the praceding claims.
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ABSTRACT

DIHYDROCARBYL DITHIQPHOSPHATES

A mixed zinc/copper dihydrocarbyl dithiophosphate of eg
zinc diethyl-hexyl dithiophosphate and cuprous
diethyl-hexyl dithiophosphate, is prepared by reacting
a dihydrocarbyl dithiophosphoric acid (DDPA) with a
mixture of a basic zinc compound eg ZnO, and a basic
copper compound egq Cuzo, preferably in the presence of
a promoter, eg zinc acetate. The procduct is a good
antioxidant for use in lubricating oils.
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