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1hiS invention relates to a process for ma~inq 
dihydrocarbyl dithiophosphates and their use as lubricating 
oil additives. 

zinc dihydrocarbyl dithiophosphates have been used for 
years as antiwear and antioxidant additives in lubricatinq 
oils. For example, EP 0024146 discloses lubricating oil 
compositions comprisinq 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 ha~ been suqgested that 
copper dialkyl dithio.phosphates 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 4466895. 

From the economic point of view it is.highly desirable to 
use dialkyl ditbiophospbates where the alkyl groups contain 
less than 6 carbon atoms. However, copper dialkyl 
dithiophosphates, particularly when·the alkyl qroup 
contains less than about 6 carbon atoms, tend to be solid 
and/or insolub_le 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 
corrosion inhibition. 

This Sheet a 
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According to this invention a mixed zinc/copper 
dihydrocarbyl dithiophosphate (hereinafter referred to 

as Zn/Cu DDP) is prepar~d by ~ pr~~~ss comprising 
reacting a dihydrocarbyl dithio phosphoric acid with a 

mixture of a basic zinc compound and a basic copper 

compound. This invention also provides the use in a 

lubricating oil of the mixture. 

The qe~eral formula of· the dihydrocarbyl dithio 
phosphoric acid from which Zn/Cu DDP is derived is 

s 

f I 
P SH 

la2 

where R1 and R2 are similar or different and are 

hydrocarbyl groups. 

The groups R1 and a2 preferably contain from l to 18 

carbon atoms. They may be alkyl, alkenyl, aryl, 
aralkyl, alkaryl or cycloaliphatic radicals, but they 
are preferably alkyl or alkaryl radicals. Particularly 
preferred are c2 and c10 alkyl group_s 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, 
i•octyl, 4-methylpent-2-yl, 2-ethylhexyl and n-decyl. 
Mixtures can be used eg R1 butyl and a2 amyl. Other 
preferred examples are c14 to 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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The dihydrocarbyl dithiophosphoric acid is reacted with 

a mixture of a basic zinc compound and a basic copper 

compound. The reactants .are preferably.the oxides~~ 

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 copp_er are the 

carboxylates, eq 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 

preferably between 10:1 and 1:1. 

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, particularly the 

carboxylates and other salts· ·of zinc and copper, eq 

nitrates, phosphates, sulphates or halides. 

Especially preferred are the zinc salts, 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 c20 monocarboxylic acids, eg acet;.ic acid, propionic 

• 
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acid, decanoic acid, itearic acid and oleic acid and 
dicarboxylic acids such as substituted succinic acids. 
The most preferred promoter is zinc acetate. 

The amount of promoter used is usually less than 10 

weight \, for example between 0.1 and 10 weight ' of 

the total weight of the basic zinc compound. 

The Zn/Cu DPP is simply·prepared by heating together 

the dihydrocarbyl dithiophosphoric acid with the 

mixture of basic zinc and basic copper compounds and if 

used, the promoter. The acid may be slowly added to 

the basic zinc and copper compounds which are generally 

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 preferentially 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 soaked eg at 40°C to 60°C 

and then heated to a temperature of between ·60°C and 

l00°C for example 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 

oil or a residual amount of ZnDDP or of Zn/Cu DDP, 
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before reactin9 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 Zn/Cu DDP is used as a lubricating oil 
additive. 

After maintaining the reactants at the reaction 
temperature for 1 to 4 hours, eq 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 Zn/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 hiqh phosphorus content. . Improved 
copper· corrosion lubrication properties have been 
obtained by using a grade of phosphorus pentasulphide. 
having a phosphorus content of 27.9 ±. 0.1 weight \, 
compared with the usual commercial qrade which has 27.6. 

± 0.2 weight \ of phosphorus. However it is a 

surprising feature of the Zn/Cu DDP of the invention 
that better copper corrosion properties are seen witb 
such commercial grades of P2s5 than would be expected 
from simple Zn DDP. 

Better thermal and hydrolytie stabilities are obtained 
when using the Zn/Cu DDP in a lubric~ting oil if the 
Zn DDP component has a hiqher Zn/P ratio than is 
normal, eg 1.14 to 1.25 compared with 1.10. This is 



- 6 -

THIS SHEET HAS BEEN 
REPLACED 

achieved by usin9 excess basic zinc compound, eg zinc 
oxide or hydroxide over stoichiometric up to 8 -level 
where too much sedimentation would occur. 

The products of the invention have excellent copper 
corrosion properties. Further improvement in copper 
corrosion properties of the Zn/Cu DDP and improvement 
in product colour may be obtained by treatment with one 
or more phosphites to the formed Zn/Cu DDP. Preferred 
phosphites are triphenyl, tributyl, tris(2-ethylhexyl) 
and tris(alkylpheny~ phosphites. Preferred amounts are 
1 to S wt \ based on the wei9ht of Zn/Cu DDP. 

The lubricating oil to which the Zn/Cu DDP can be ·added 
·includes mineral lubricating oils and synthetic 
lubricating oils and mixtures thereof. The synthetic 
oils include polyalpha olefins, diester oils such as 
di(2-ethylhexyl) sebacate, azelate and adipate, complex 
ester oils such as those formed from dicarboxylic 
acids, glycols and either monobasic acids or monohydric 
alcohols and silicone oils. 

The lubricating oil base stock for the antioxidant 
additives of the present invention typically is ad~pted 
to perform a selected function by the incorporation of 
additives therein to form lubricatinq oil compositions 
(i.e. formulations). 

Representative additives typically present in such 
formulations include viscosity modifiers, corrosion 
inhibitors, oxidation inhibitors, friction modifiers, 
dispersants, anti-foamin9 aqents1 anti-wear agents, 
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pour point depressants, detergents, rust inhibitors and 
the like. 

·----------- -- - -----. 
Viscosity modifiers impart high and low temperature 

operability to the lubricating oil and permit it to 

remain shear stable at elevated temperatures and also 
exhibit acceptable viscosity or fluidity at low 
temperatures. 

Viscosity modifiers are generally high molecular wei9ht 
hydrocarbon polymers including polyesters. The 

viscosity modifiers may also be --~~~~~~~~--~~ 

~ 
I , 



' 

- 8 -
THIS SHEET HAS BEEN 

REPLACED 

4erl•&t1&ecl to include other properti•• or function•, 

1
.ae1' a• th• add1 tlon of disperaancy ptoperti••. 

Th••• oil aolul:tle viscoaity llOdifyift9 
p01ymers will 9enerall7 have number avera9e molecular 
.,e1tbt• of fre11 103 to io', preferal»lJ 104 to io', 
•·I·• 20,000 to 250,000, as detezmined by gel 
,-rmeatioa chromat09raphy. or membrane oamcmetry. 

Representative examples of auitabl• 
viscosity modifiers are any of th• types known to th• 
art includin9 p,-lyisobutylene, copolymers of ethylene 
and propylene, polyraethacrylates, meth&crylate 
copolymers, copolymers of an unsaturated dicarboxylic 
acid and vinyl compound, interpolymers of styrene and 
acrylic eaters, and styrene/lsoprene copolymers. 

• Corrosion tnb.ibitors, also known as 

anti-corrosive agents, reduce the degtadatlon of the 
aetalllc parts contacted by the .lubricating oil 
co•position. Illustrative of corrosion inhibitors are 
ohoophosulphurized hydcocai:bons and the products 
obtained by reaction of a phosphosulphurized bydro­
caibon vitb an alkaline earth aetal oxide or 
bydroxide, pr~ferably ln the presence of an alkylated 
pbenol oc of an alkylpbenol tb loester, ancl also 
preferably ~n the presence of carbon dioxide. Pbospbo-
sulphurized hydrocarbons ace prepared by reacting a 
suitable hydrocarbon such as tecpene, a beavy 
petroleua fraction of a C2 to c, olefin polymer sucb 
11 polyisobutylene, vltb from 5 to 30 vt., of. a 
s11lf lcle of phosphorus for 1/2 to 15 boars, at a 
temperature in the ran_ge of iso• to &oo•r. 
Neutral iaat ton of the phosphooulphurized hydrocarbon 
•ay be effected in the aanner taught in U .s. Patent 
Mo. 1,969,324. 

Oxidation inhi~itors reduce the tendency of 
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mineral oils to deteriorate in service which 
det~rioration 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 ZDDP's aromatic amines 
such as alkylated diphenylamines and phenyl 
alphanaphthylamines, hindered phenols, copper 
compounds, alkaline earth metal salts of 
alkylphenolthioesters having preferably c5 to c12 alkyl 
side chains, eq, 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 lubricatinq oil compositions such as 
au-tomatic 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 discloses glycerol esters of dimerized 
fatty acidsi US Patent No. 3,779,928 which discloses 
alkane phosphonic acid salt$; 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 hydrocarbyl succinimide, 
s-carboxyalkylene hydrocarbyl succinamic acid and 
mixtures thereof; us Patent No. 3,879,306 which 
discloses N-(hydroxyalkyl)alkenyl-succinamic acids or 
succinimidesr US Patent No. 3,932,290 which discloses 
reaction products of di-(lower alkyl) phosphites and 
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epoxides.: and US Patent No. 4,028,258 which discloses 
the alkylene oxide adduct of phosphosulphurized 
N-(hydrcxyalkyl) alkenyl succin_imides.__. The disclosures 
of the above references are herein incorporated 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. 

Dispersants 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 alkenyl succinimides, the 
reaction product of oil-soluble polyisobutylene 
succinic anhydride with ethylene amines such as 
tetraethylene pentamine and borated salts thereof • 

. Pour point depressants lower the temp~rature at which 
the fluid will flow or can be poured. Such depressants 
are well known. Typically of those additives which 
usefully optimiz.e the low temperature fluidity of the 
fluid are c8-c18 dialkylfumarate vinyl acetate 
copolymers, polymethacrylates, and wax naphthalene. 
Foam control can be provided by an antifoamant of the 
polysiloxa~e type, eg, silicone oil 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 oil soluble mono- and di-carboxylic acids • 

......................... ________________________________ ~~~~~~~ .. A 
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Hi9hly·basic (viz, overbased) metals salts, such as 
hiqhly basic alkaline earth metal sulphonates 

(especially Ca and Mg salts) are frequently used as 
detergents. --··---·---··- ··-·-- ---

Copper corrosion inhibitors and antiwear aqents include 
borate ester, thiadiazoles such as derivatives of 2,S 
dimercapto 1,3,4-thiadiazole and benzotriazoles. 

Some of these numerous additives can provide a 
multiplicity of effects, eg a dispersant-oxidation 
inhibitor. This approach is well known and need not be 
further elaborated herein. 
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Compositions . when containinq· these 
conventional additives are typically blended into tile 
base oil in amounts which are effective to·provide 
their normal attendant function. Representative 
effective amounts· ·-c;-f-suar-addit'iver~re-tllustrated 
as follows: 

Additive 
Viscosity Mcdif ier 
corrosion Inhibitor 
oxidation inhibitor 
Dispersant 
Pou~ Point Depres~ant 
Anti-Foaming Agents 
Anti-Wear Agents 
Friction Modifiers 
Detergents/Rust Inhibitors 

Vol\ 
.Ol-4 

0.01-1 
0.01-1 
0.1 -7 
0.01-1 
0.001-0.1 
0.001-1 
0.01 - 1 

.01-2.s 

Wt \ a.i. 
.01-4 
.01-1.s 
.01-1.s 

0.1 -a 
.01-1.s 

.001-o.1s 
.001·1~5 

.01 - 1.5 
.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 bereina):)ove described), together· 
with one or more of said other additives (said 
concentrate when constituting 
being referred to herein as 

an additive mixture 
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 oil may be facilitated by 
solvents.and by mixing accompanied with mild heating, 
but this is not essential. The concentrate or 
add~tive-package will typically be formulated to 
contain the dispersant additive and optional 
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addit.ional additives in proper amounts to provide the 
desired concentration in the f 1na1 fol'll\llation when 
th• additive-packa9• is combined vlth a preclet•rmlnect 
,...aunt of base lubricant. Thus, th• di•persant of 
tb• present invention can be added to ... 11 amounts 
of base oil or other ccmpatibl• solvents alon9 vitb 
otber desirable additives to foraa additive-packa9es 
containin9 active ingredients ·1n 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 50\ by wei9ht 
additives in the appropriate proportions with the 
remainder bein9 base oil • 

• • '?he f 1nal formulations may employ typically 
~ut 10 wt.\ of the additive-packa9e wl~b the 
remainder being base oil. 

All of said we19ht percents expressed 
herein are based on active in9redient Ca.1.) 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. 

i . ' 
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The amount of the mixture of Zn/Cu DDP added to the 

lubricating oil is a minor proportion by weight, 

preferably less than 20\ by weight, more preferably 0.2 

to 2.0 and especially 0.5 to 1.5 \ by weight. 

Additives for lubricating oils are generally supplied 

as concentrates in solvent (eg oil) for ·incorporation 

into the buik 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 include kerosene, 

aromatic naphthas, mineral lubricating oils etc. Such 

concentrates may contain one or more other lubricant 

addit~ves 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 

quantities were used 

Bis 2-.ethylhexyldi thiophosphoric acid 
(DDPA) 

Cuprous oxide 
Zinc oxide 
Zinc acetate 

200 9 

6.4 9 

33.5 9 

1.0 9 

The cuprous oxide followed by the zinc oxide and zinc 

acetate were added to 100 9 of the DOPA 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. 

I 
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The 100\ active inqredient product had the followinq 
analysis Zn:B.O wt\, Cu:l.6 wt\, P:7.9 wt' and 
5:14.7 wt\. 

It can be seen that a blend of the Zn/Cu DDP at a 
phosphorus concentration of 0.1\ P would provide a 
concentration of copper of 200 ppm. 

The Zn/Cu DDP obtained was subjected to a a2s stability 
test which involved heating Zn/Cu DDP at 135°C in the 
presence of 3\ water and measuring the time to a2s 
evolution, which is the result quoted in the test. 

The H2s stability of this Zn/Cu DDP was found to be 
excellent (7+ hours at 135°C). 

Example 2 

ODPA charge quantities: iso-butanol 4289 
iso-amyl alcohol 23lg 
P2s5 444g 

All.of the P 2s 5 was charged to the reaction pot. 1659 
of the alcohol mixture were added with stirring. The 
temperature rose from 23 to 80°C. After 20 minutes 
heat soak the temperature wa~ increased to as•c and the 
remainder (494g) of alcohol mixture was added over 2 

hours, followed by a 2 hour heat soak at 85°C. The 
acid had 12.1\P. 

Cu/Zn DDP charge quantities: 9009 

1359 
26.Jq 

I 
' 
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The pot was charged with 3099 acid and all the zno and 

cu20· were added over 15 mins. The temperature rose 

from 20 to ao•c. The reaction mixture was heat soaked 

for 30 mins. and then the rest of the acid was added 

over 2 hours at ss•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 H2S stability of 30 minutes. 

l\ 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 lA ratinq was obtained in both cases, 

i.e. excellent (no corrosion). 

A treatment with. l' and 2• triphenyl phosphite at l00°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 Zn 

DDP derived from primary c4 and c 5 alcohols, both at 

0.1.wt• P concentration. From the data given below it 
can be seen that the mixed Cu/Zn DDP has excellent 

scuf"fing activity. 

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

Oil Contains: 
Multifunctional VI s.s 8.5 .8 .s 
Mg high base number 

sulphonate deterqent 1.6 1.6 1.6 

Succinimide dispersant 3.0 3.0 3.0 

Zn DDP (primary c41c5> 1.3 

i. 
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Cu/Zh CDP (primary C4/C5) 

150 Neutral base oil 

\P in oil 
Cam & Tappet wt loss (m9) 

Example 3 
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0.9 
85.6 86.0 

0.1 0.1 

46.0 11.0 

86.9 

6000+ 

In order to improve the.rather low H2s stability 

obtained in the previous preparation (Example 2), three 

changes were made: The Zn/P ratio was increased; Zn 

acetate was added as neutralization promoter1 ZnO and 

Zn acetate were added before the Cu2o. These changes 

were designed to increase the basic Zn content and so 

improve the a2s stabi_lity and this was achieved. 

Charge qualities: DDPA 

ZnO 

Zn Acetate 

Cu2o 

300q 

46.69 

1.4q 

9.29 

The pot was charged with 102g of the acid. All the ZnO 

and Zn acetate were added over S mins. The temperature 

rose from 18 t~ 62°C. The mixture was heat soaked for 

30 mins. and the temperature then raised to ss•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: Zn 11.8; Cu 2.2; P 11.21 s 21.8 ' 

The Cu/Zn DDP had good a2s s~ability (3.25 hrs/135°C) 

and good copper corrosion properties (lA) both at 100 

and 150°C. 
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Treatment of the product with triphenyl phosphite (2 

and 3\) at 1oo•c, improved the colour without affecting 

the copper corrosion properties or H~S stability. -
This product Zn/Cu DDP was then tested in a bench 

oxidation test and compared with a conventional Zn DDP 

at equai 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 300q sample of the lubricatinq oil blend 

containing the Zn/Cu DDP or the Zn DDP for 64 hours at 

· 165°C. Air was passed throuqh 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) l.O 1.0 

Zn DDP (primary c41c5) 1.3 .. 
Zn/Cu DDP ((primary c4tc5) 0.9 

Sl50 neutral basestock 85.3 as .. 1 

Viscosity cP at hours 0 65 63 

16 115 58 

24 208 61 

40 solid 81 

TIU1iif 1Di1ri11nr · 
48 110 

64 156 

-~::...:... . ..!::""- -
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It can be seen that the Zn/Cu DDP is· a much more 
powerful antioxidant than the Zn OOP and it is to be 

expected the oil containing the Zn/Cu OOP would pass 
the Sequence III 0 test whereas the oil containing the 
Zn DOP would fail. 

Example 4 

The procedure of Example 3 was repeated on a larger 

scale. 

Charge quantities: DOPA 1000.0g 
ZnO 154~9g 

Zn acetate 4.7g 
Cu2o 30.6q 

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

s = 17.5. 

The H2S stability was 2 hrs/135°C • 

. Example 5 

Charge quantities: c4/c5 acid (DOPA) 

ZnO 
Zn acetate 
Cupric oxide 

300.0g 
46.Sg 
1.4g 
s.1g 

The pot was charged with 749 acid. All of the ZnO 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 

-~ --------------------------------~-----
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1. A process according to any one of the preceding 
claims wherein the dihydrocarbyl dithiophosphoric acid is 
derived from a phosphorus pentasulphide having 27.9 ± 0.1 
weight t of phosphorus. 

a. A lubricating oil composition comprising a 
lubricating oil and 0.2 to 2.ot by weight of Zn/CU DDP 
prepared by the process according 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. 

io. 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. 

~------------------------------------------


