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Manufacture of dihydrocarby! dithiophosphates

. The present invention relates to the manufacture of metal or ammonium
dihydrocarbyt dithiophosphates, and has particular relevance to the manufacture of
metal dihydrocarbyl dithiophosphates, especially zinc dihydrocarby!_ dithiophosphates
(ZDDPs), for use, for example, in lubricating oil compositions. ‘ :

Salts of dihydrocarbyl dithiophosphoric acids wherein the individual hydrocarbyl
groups contain from 1 to about 30 carbon atoms, especially from 1 to about 1 8-carbon
atoms, typically from 2 to 12 carbon atoms, are widely used in oleaginous compositions,
for example, in lubricating oils, including functional fluids, to impart, for example,
antiwear and/or antioxidant properties to the compositions. Such salts are commonly
prepared by first forming a dihydrocarbyt dithiophosphoric acid, usually by reaction of at
least one aliphatic or arbmatic alcohol with a phosphorus sulphide, usually P2Ss
(although P4S3 and other sulphides may be used), and then neutralizing the acid with a
metat or ammonium compound, for example, an oxide, hydroxide or carbonate. The
product obtained at the end of the neutralization step normally contains sediment, which
must be removed, for example, by filtration or centrifuging, before the product can be
used.

There is a need for a process for the manufacture of dinydrocarbyl
dithiophosphates in which the proportion of sediment to be removed at the end of the
process is reduced.

The present invention provides the use of an alcohol and/or a carboxylic acid or
a salt thereof to reduce the proportion of sediment obtained in the manufacture of a
metal or ammonium dihydrocarbyi dithiophosphate. Preferably the alcohol contains at

least five carbon atoms. Aliphatic hydrocarbyl alcohols are particularly préferred. The

HEPLACED SHED G ;
W_‘l L erintion @ pamed Gl thpag el 20 '
"Z {uadmis) Dpuved B e panat UL
M Drawing{s) :paged parat o ’
[ Abstract Dpaged LT L0 it odd e .
DATE GF RIECEIPT (e _.




groups contain from1l to about 30 car ons, especially from1l to about

18 car boRyo@sRR, tYPi cal ITpisSheifagp eﬂxélﬁacgd]ar bon atons, argeEshdszaised in
ol eagi nous conpositions, f BND ubricating oils, including
functional fluids, to inpar m EEME antiwear and/or anti oxi dant
properties to the conpositi : s are commonly prepared by first
form ng a di hydrocar byl dithiophosphoric acid~ gswally by reaction of at

| east one aliphatic or aromatic al cohol with a phosphorus sul phide, usually
Plerr]S[err] (although Plerr]S[err] and other sul phides may be used), and
then neutralizing the acid with a netal or ammoni um conpound, for exanple,
an oxide, h &r?oxi de or carbonate. The product obtained at the end of the
neutral i zéP% nts; haye syrnrisinply feunst thatibe yseiphihetalcahil and/onasid (opealt tereold, for,
exanple, by filtration or centrifuging, before the product can be used.
There is AX Heqeutrgization stgp saakes B pofsible fe AblaiN-a metal of ammepiwTbsalf by |

di t hi ophosph ' t he ortion of sedinment to be renmbved at the .

tes in.which 0
end of th n%mmg repatwe yfow levels g{ sediment. Indeed, in some cases the need to remove

sediment before the product is used may be completely eliminated.

The invention also provides a process for the manufacture of a metal or
ammonium dihydrocarbyl dithiophosphate by reacting a dihydroéarbyl_dithio.phosphoric
acid and a metal compound or an ammonium cor;rpound, which process comprises the
step of mixing the acid, the metat compound or ammonium compound, and an ~added
hydrocarbyt alcohol containing at least five carbon atoms to form a reaction mixture. in
one advantageous embodiment of the invention, the reaction mixture contains a
carboxylic acid or a salt thereof as well as the alcohol.

There have been a number of prior proposals for neutralizing dihydrocarbyl
dithiophosphoric acids (sometimes referred to hereinafter as DDPAS) in the presence of
lower aliphatic alcohols such as ethanol or isopropanol, but none of the documents
disclosing such pn_f(_)posals suggests that the presence of an alcohol could lead to a
reduction in the proportion of sediment obtained at the end of the neutralization reaction.

British Specification No. 2 115 818 A discloses the use of relatively unreactive
soh)ents, for example, alcoholic solvents such as propanol or butanol, in the
neutralization of phosphorodithionic acids derived from vicinal diols.

U.S. Patent No. 3 691 220 discloses the neutralization of DDPAs to give
overbased ZDDPs in the presence of isopropanol and no more than about 2 % by
weight of water. The use of isopropanol containing at most only a very small proportion

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

filtration.
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U.S. Patent No. 3 400 106, which is referred to in Patent No. 3 691 220, is
concerned with improved methods for accelerating the vulcanization of rubberby using a
basic zinc double salt of an O,0-dialkyl phosphorodithioic acid as an accelerator for a
sulphur-containing vulcanizing agent. Methanol, ethanol and isopropanol are disclosed
as useful, in admixture with water, as a reaction medium for the reaction of zinc oxide
and an O,0-dialky! phosphorodithioic acid. |

Romanian Specification No. 81290 discloses the addition of isobutanoi, followed
by stirring, to a DDPA which is subsequently purified and reacted with zinc ox’id~e in the
presence of acetic acid. The product obtained is filtered.

Czech Specification No. 155 380 discloses the use of an aicohol with 1 to 3
carbon atoms when a DDPA is treated with zinc oxide to give products (which are

purified by, for example, centrifuging) having a high zinc content and hence increased

- thermal stability.

It has been proposed, in U.S. Patent No. 4 215 067, to reduce haze in ZDDPs by
'reactfng a DDPA with zinc oxide in the presence of a surfactant. It is indicated that the
haze, which is caused by particles which cannot be removed by filtration or
centrifugation, does not appear to harm engines or processing equipmgnt, but is
undesirable in concentrates or single additive packages (presumably because these
have an unacceptable appearance). Patent No. 4 215 067 is not concerned with
reducing the proportion of sediment (that is, material of the type that can be removed by
filtration or centrifugation).

There have also been proposals for neutralizing DDPAs in the presence of
carboxylic acids or their salts. The documents disclosing such proposals do not indicate,
however, that the use of such an acid or salt could lead to a reduction in the proportion

of sediment obtained at the er_\d of the neutralization reaction.
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International Specification No. WO 84104319, which relates taphosphorus-
containing metal salt/olefin compositions and to the reaction pro&ucts Sf sﬁch
compositions with active sulphur, discloses metal salts of mixtures of phosphorus-
containing acids and carboxylic acids.

British Specification No. 1 105 729 and U.S. Patent No. 3 290 347 refer to the
use of catalytic amounts of carboxylic acids in the neutralization of DDPAS, the object of
the British specification being to obtain products of high thermal stability in high yields
and under convenient process conditions, and that of thg U.S. patent being to render the
neutralization step less erratic as to the proportion of metal compound required and as
to the neutralization time. The Romanian specification referred to above also discloses
the use of a carboxylic acid, in that case acetic acid, when neutralizing a DDPA.

The dihydrocarbyl dithiophosphates with which the present invention is
concerned typically have the formula

M™ [SP(S)(OR ") (ORI
wherein M represents a metal atom or an ammonium group;
n represents an integer equal to the valency of M; and
each of R'l and R2, which may be the same or different, represents a hydrocarbyl
tadical, or R and R? together form a single hydrocarbylene radical, but the invention is
not limited to such dihydrocarbyl dithiophosphates. Thus, for example, the dihydrocarbyl

dithiophosphates may be basic salts.
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When M in the above general formula represents a metal atom,‘ M
advantageously represents a Group ta metal, a Group lla metal, aluminittm, tit_\, lead,
bismuth, molybdenum, titanium, manganese, cobalt, nickel, copper, cadmium, antimony
or zinc atom. For some uses, M preferably represents a zinc atom, as in ZDDPs, In
other cases, compounds wherein M represents copper may have particutar uses. Thus,
for example, copper dihydrocarbyt dithiophosphates have provéd very uséful as, inter
alia, antioxidants for lubricating oils.

An ammonium group represented by M may be derived from ammonia or a
primary, secondary or tertiary amine. The ammonium group is preferably of the formula
R3R4R5R6N+ wherein R3, R4. R5 and R6 each independently represents hydrogen or
a hydrocarby! group (including a radical derived from a substituted hydrocarbon group,
for example, an aminohydrocarbyl, hydroxyhydrocarbyl, or
hydroxyhydrocarbyloxyhydrocarbyt radical), or R3 and R? may together represent a
hydrocarbylene group which with the N atom, together form a ring, the hydrocarbylene
group optionally, being interrupted by oxygen, sulphur, or other nitrogen atoms. When
the groups R3, R4, R5.and/_or R6 represent hydrocarbyl groups, these groups are

generally hydrocarbyl groups containing up to about 150 carbon atoms and will more

often be aliphatic hydrocarbyl groups containing from about 4 to about 30 carbon atoms.

The compounds of the general formula given above contain two hydrocarbyl
radicals, which may be the same or different. As used in this specification, the term
"hydrocarby!" denotes a radical having a carbon atom directly attached to the remainder
of the molecule and having a hydrocarbon or predominantly hydrocarbon character.
Hydrocarbyl radicals include the following:

@) Hydrocarbon groups; that is, acyclic aliphatic (e.g., alky! or atkenyl),

alicyclic (e.g., cycloalkyl or cycloalkenyl), aromatic, aliphatic- and alicyclic-substituted
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groups wherein the ring is completed through another portion of the molecu!e (that is,

any two indicated substituents may together form an alicyclic group). Examples of
hydrocarbon groups include methyl, ethyl, octyl, decyl, octadecyl, cyclohexy!, and phenyl
groups.

(2) Substituted hydrocarbon groups; that is, groups c':ontai.ning" r;on-
hydrocarbon substituents which do not alter the predominantly hydrocarbon character of
the group. Examples of suitable substituents include halo, hydroxy, nitro, cyano, alkoxy,

and acyl groups.

(3)  Hetero groups; that is, groups which, while predominantly hydrocarbon in
character, contain atoms other than carbon in a chain or ring otherwise composed of
carbon atoms. Suitable hetero atoms include, for example, nitrogen, oxygen and
sutphur.

In general, no more than about three substituents or hetero atoms, and
preferably no more than one, will be present for each 10 carbon atoms in the
hydrocarbyl group.

Especially preferred compounds for use in oil-based compositions are those
wherein R and R? in the above general formula contain from 1 to 18, and preferably 2
to 12, carbon atoms. ‘Particularly preferréd asR1 and R2 radicals are alkyl radicals
having 2 to 8 carbon atoms. Examples of radicals which R and R? may represent are
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, 4-methyl-2-pentyl, i-
heptyl, i-octyl, i-decyl, dodecyl, octadecyl, 2-ethyihexyl, nonyiphenyl, dodecylphenyl,

cyclohexyl and methylcyclopentyl radicals.
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carbon atoms in R and R2 will generally be about 5 or greater.

As indicated earlier, dihydrocarbyi dithiophosphoric acids (DDPAs) may be made
by reaction of at least one alcohol, which may be aliphatic or aromatic, with a
phosphorus sulphide, which is preferably P2Ss, aithough P4S3 and 6ther sulphides may
be used where appropriate. Thus, a DDPA of the formula HSP(S)(OR1)(OR2), may be
made by reacting P2S5 with R1OH and RZOH, where R and R? have the meénings
given above. (In some cases Rr1 and R2 will be identical, and in this case a single
alcohot is used.)

Any metal compound or ammonium compound which will react with the DDPA
may be used in the prdcess of the invention. Advantageously, a metal oxide, hydroxide,
carbonate, or basic salt is used. Examples of suitable metal compounds are sodium
hydroxide, sodium methoxide, sodium carbonate, potassium hydroxide, potassium
carbonate, magnesium oxide, magnesium hydroxide, calcium hydroxide, calcium
acetate, zinc'oxide, zinc acetate, lead oxide, nickel oxide, and cupric oxide.. Suitable
ammonium compounds include R3NH2, R3R4NH and R3R4R5N. where R3, R4 and R
have the meanings given above.

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

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

ammonium compound may be carried out in the presence of at least one alcoho!, which
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preferably has at least five carbon atoms, especially an aliphatic or aromqﬁc hydrocarbyl
alcohol (for exampie, a phenol), the term "hydrocarbyl” having the meaning givén above,
Where a mixture of alcohols is used, at least one of the alcohols preferably has at least
five carbon atbtﬁs. An aliphatic alcohol is preferably acyclic. The alcohol is
advantageously oil—_soiuble, and preferably has 5 to 20 carbon atoms; especially 5 to 12
carbon atoms. Monohydric aicohols may be used, but alcohols with more than one
hydroxyl group are not excluded. It may be advantageous in some cases to use an
alcohol which is the same as an alcohol, or one of the aicohols, used in forming- the
DDPA.

An excess of alcohol may if desired be used in the preparation of the DDPA, the
DDPA being used in the neutralization step without the separation of the residual
alcohol. The alcohol or alcohols used in accordance with the invention to reduce the
proportion of sediment, however, i§ or are mixed with the DDPA after formation of the
latter, as the use of a significant excess of alcohol during manufacture of the DDPA
would reduce the quality of the DDPA. The term “added alcohol” is used to refer to
alcohol added after for’mation of the DDPA.

Examples of suitable alcohols for use in accordance with the invention are 1;1-
pentanol, a sec-butanolfiso-octanol mixture, iso-octanol, nonyl phenol, dinonyl phenol
and hexylene glycol. In one advantageous embodiment of the invention, the DDPA is
derived from iso-octanol and sec-butanol, and the alcohol is iso-octanol,

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

advantageously the said molar ratio is in the range of from 0.01:1 to 1.1, preferably
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relatively high proportions of aicohol are used, excess alcohol can, if appropriate, be

stripped off after completion of the reaction.

As indicated above, the invention also pfovides the use of at feast one carboxylic
acid or salt thereof to reduce the proportion of sediment abtained in the manufacture of
a metal or ammonium dihydrocarbyl dithiophosphate. The carboxylic acid/salt is
advéntageous!y used together with an alcohol as discussed above.

A carboxylic acid used in accordance with the invention is advantageously an
aliphatic carboxylic acid, for example, a monocarboxylic acid, preferably an aliphatic
carboxylic acid containing 3 to 20 carbon atoms, for example, 3 to 12 carbon atoms.
Especially preferred carboxylic acids are those having the formula RCOOH, where R is a
linear aliphatic hydrocarby! radical. Examples of suitabie acids are acetic acid, propionic
acid, butanoic acid, pentanoic acid, hexanoic acid, decanoic acid, dodecanoic acid and
oleic acid. Propionic acid is especially preferred.

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

Mi>'<tures of two or more compounds selected from carboxylic acids and their salts
may be used if desired.

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

experiment. Advantageousty, at least 0.5 mass %, especially at least 3 mass %, of
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carboxylic acidfsalt is used, based on the weight of the DDPA. Preferably, the molar
ratio of carboxylic acid/salt to the DDPA is at least 0.1:1, and advantag‘e;u:sly;t_he said
molar ratio is in the range of from 0.2:1 to 1:1. These proportions of carboxylic
acids/salts are appropriate whether or not an aicohol is used in addition to the acid/salt.

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

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

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

product may be obtained without the use of a complexing agent.
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water as the reaction proceeds is not, however, always necessary: it may, for example,
be sufficient to remove the water after completion of the reaction.

The invention also provides the use of an alcohol, a cari:oxyli;: acici or a salt
thereof, and a complexing agent to reduce the proportion of sediment obtained in the
manufacture of a metal or ammonium dihydrocarbyl dithiophosphate.

The invention further provides a process for the manufacture of a metat or
ammonium dihydrocarby! dithiophosphate which comprises reacting a dihydrocarbyt
dithiophosphoric acid with a metal or ammonium compound in the presence of an
alcohol, a carboxylic acid or a salt thereof, and a complexing agent. Préferably, water
formed by the reaction is at least partially removed during the reaction.

The process of the invention may be carried oyt under conditions suitable for
reacting the DDPA and the metal or ammonium compound in the absence of the alcohol
and/or acid used in accordance with the invention. Thus, for example, the reaction may
be carried out at a temperature of from about 25°C to the lowest temperature at which
decomposition of a component of the reaction mixture occurs. Preferably, a
temperature in the range of from 50 to 200°C is used, especially 70 to 100°C.

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

. the product is used. It may be desirable in some cases, however, to carry out the
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i nclude the foll ow ng: (1) Hydr ocarbon groups; that is, acycl iC
al i phatic (regrediental kyl or al kenyl), aticyclic (e.g., cycloal kyl
cycl oal kenyl), "aromatic, aliphatic- and alicyclic-substituted *

The process is preferably carried out by slowly adding the DDPA to a slurry of
the metal/fammonium compound, the alcohol and/or acid being in admixture with either
the DDPA or the metal/ammonium compound: if desired, the acid,:if used, could be
added with the DDPA, and the alcohol, if used, could be prior riwixed with t-he
metal/ammonium compound, or vice versa. if the reaction mixture is subjected to very
intensive mixing, for example using a high shear mixer, it may be possible use lower
proportions of alcohol and/or acid than would otherwise be the case. A process for the
manufacture of, for example, ZDDPs in which a reaction mixture is subjected to very
intensive mixing is described and claimed in International Application No.
PCT/EP92/00493 (Publication No. WO 92/15595), the disclosure of which is
incorporated herein by reference.

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

As indicated earlier, the invention has particular relevan;:e to the manufacture of
metal d.ihydrocarbyl dithiophosphates, especially ZDDPs, for use in lubricating oil

compositions. ZDDPs are widely used as additives for lubricating compositions,

functioning primarily as antiwear agents and oxidation inhibitors.



-6- . aromatic, and aromatic-substituted acyclic aliphatic and alicyclic
groups, and cyclic groups wherein the ring is conpleted tWt her
|

portion ofWOR ecule (that is, any two indicated subst

—_— T

together forman alicyclic group). Exanples of hydrocarbon groups include

met hyl, ethyl, octyl, decyl, octadecyl, cyclohexyl, and pheTwidshe8fR%R

(2) Substituted hydrocarbon groups; that is, _ggqups cont ai
hydr ocar bon substituents which do not alter the predom nantl
character of

I

uents nay

e Replaced

i

Dihydrocarbyl dithiophosphates manufactured in accordance with the invention
for use as lubricating oil additives are oil-soluble or (in common with ceriafn of the other
additives referred to below) are dissolvable in oil with the aid of a suitable solvent, or are
stably dispersible materials. Oil-soluble, dissolvable, or stably dispersible as that
terminology is used herein does not necessarily indicate that the additives are soluble,
dissolvable, miscible, or capable of being suspended in oil in étl probortions. It does
mean, however, that the additives are, for instance, soluble or stably dispersible in oil to
an extent sufficient to exert their intended effect in the environment in which tht-e oil is
employed. Moreover, the additional incorporation of other additives may also permit
incorporation of higher levels of a particular additive, if desired.

Dihydrocarbyt dithiophosphates manufactured in accordance with the present
invention can be incorporated into the oil in any convenient way. Thus, they can be
added directly to the oil by dispe}sing or by dissolving them in the oil at the desired level
of concentration, typically with the aid of a suitable solvent such, for exampie, as
toluene, cyclohexane, or tetrahydrofuran. Such blending can occur at roony temperature
or an elevated temperature.

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

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

minor proportion. Additional additives may be incorporated in the composition to enable



the group. Exanples of suitable substituents include halo, hydroxy, nitro,

cyano, al nd acyl groups. (3) Het er o gr ogeg/Epédinkrs S.
groups wh | e predoninantt y—hydrocarbon in character, contain atons
ot her than car bon in a ghal hatﬂr ring otherw se conposed of carbon atons.

Suitabl e hetero atonms in &bl e, nitrogen, oxygen and sul phur.
In general, no nore than H Eubstltuen tg or hetero atoms, and
preferably no nore than resent for ‘each 10 carbon atons in

t he hydrocarbyl group. Especially preferred conpounds for use in
oi | -based conpositions are those wherein R err] and R err] in the above
general fornula contain from1l to 18, and preferably 2 to 12, carbon

atons. Par ititcmest patiquidiréquitehenss. Rb@nmplescof@dBitiesy Whiciathag dednaiuideddh Ky | .
radicals having 2 to 8 carbon atons. Exanples of radical s~which R err] and
Rl err] nmaylubdcatmgeiltcompesitions are viscosity index improvers, corrosion inhibitors, oxidation
inhibitors, friction modifiers, dispersants, detergents, metal rust inhibitors, other anti-wear
agents, pour point depressants, and anti-foaming agents.
When lubricating compositions contain one or more of the above-mentnoned
additives, each additive is typically blended into the base oil in an amount which enables

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

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

Additive Mass % a.i.* Mass % a.i.*
(Broad) (Preferred)
Viscosity Modifier 0.01-6 0.01-4
Corrosion Inhibitor 0.01-5 0.01-1.5
Oxidation Inhibitor 0.01-5 0.01-1.5
Friction Modifier 0.01-5 0.01-1.5
Dispersant 0.1-20 0.1-8
Detergents/rust inhibitors*  0.01-6 0013
Anti-wear Agent 0.01-6 0..01-4
Pour Point Depressant 0.01-5 0.01-1.5
Anti-Foaming Agent 0.001-3 0.001-0.15
Mineral or Synthetic Oil Base Balance Balance

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

10 mass % are normally used for marine applications.



et hyl, ,n- propyl i-propyl, n-butyl, i-butyl, sec-butyl, anmyl, n- hexyl

4- et hyl - (f) , I -  heptyl, i-octyl, i-decyl, dodecyl, -,?

2- et hyl hexy nonyl phenyl , dodecyl phenyl, cycl ohexyl and et hyl'cycl opentyl
radi cal s. The total nunber of carbon atons in Rl err]
and Rlerr] is preferably sufficient to inpart oil-sol ubi Imt?he%ﬁiaﬁﬁé%n laced
conpounds. In order to obtain oil solubility, thg total nu

atons in Rerr] and Rerr] will generally be about 5 or gr ’

When a plurality of additives are employed it may be desirable, although not

essential, to prepare one or more additive concentrates comprising the addies (a

| concentrate sometimes being referred to herein as an additive package) whereby
several additives can be added simuitaneously to the base oil to form the lubricating oil
composition. Dissolution of the additive concentrate(s) into the lubricating oit may be
facilitated by solvents and by mixing accompanied with mild heéting, -but";‘.f.\is is not
essential. The concentrate(s) or additive package(s) wilt typically be formulated to
contain the additive(s) in proper amounts to provide the desired concentration i;'l the final
formulation when the additive package is/are combined with a predetermined amount of
base lubricant. Thus, one or more additives manufactured in accordance with the
present invention can be added to small amounts of base oil or other compatible
solvents along with other desirable additives to form additive packages containing active
ingredients in an amount, based on the additive package, of, for example, from about
2.5 to about 80 mass %, and preferably from about 5 to about 75 mass %, and most
preferably from about 8 to about 50 mass % by weight, additives in the appropriate
proportions with the remainder being base oil.

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

The following Examples illustrate the invention.

Proportions of sediment given in the Examples were measured as “initial
sediment” and, in some cases, “7-day sediment". In order to obtain the percentage of
sediment by volume, a 50 mi sample of the reaction mixture was taken from the hot
reaction mixture when the reaction was complete (after stripping of any volatile diluents,

) alcohols or acids), diluted with 50 mi of heptane, and then centrifuged for 1 hour. The

observed volume of sediment (measured, for example, in a calibrated vessel) was

e



As i npli cat ed earlier, dihydrocarbyl dithiophosphoric acids (DDPAs) may be
made P’% Qn of- _at—teast “one al’cohol, which may be ? R PeidoS780"
arorratlc W a pho { LSS Bl REiRed which is preferably Plerr]S[err],
al though Plerr] S[err] i des may be used where appropriate.
Thus, a DDPA of the fogﬁi‘mﬂ‘ﬂ err])(ORerr]), may be nmade by
reacting Plerr]S[err] nd R errd @4 -where Rlerr] and R err]
have the neani ngs given above. (I n sone cases Rerr] and Rerr] will be
identical, and in this case a single alcohol is used.) Any et al
conpound or ammoni um conpound which will react with the DDPA nay be used
In the process of the invention. Advantageously, a netal oxide, hydroxide,
car bonat e mufipliechby twosialorderso alstath. thEseadipieatiewé! irs thiet sufippedprodict. ctmipaasds are |
sodi um hydroxi de, sodi um et hoxi de, sodi um carbonat e, potassi.um hydroxide,
pot assi u mrecontasasdne Vinitrall) sedimant. dihwutedeagmm was nwnfage@ agaio mrcqrem

hydr oxi de, cal cium acetate, zinc oxide, zinc acetate, |ead oXi de, ni ckel
oxi de, bogqﬂﬁqr @ta@gqng@ndisgﬁmdaq}ugom temperature for a week, and the sediment level

was observed again, bemg multiptied by two to give the "7-day” sediment. in'some
cases, the percentage of sediment by mass was also measured: &50/50 sample as
described above was filtered on a 0.1 um filter, the filter paper t;eing weiéhed before

and after filtering.

Comparative Example 1 to 3 and Examples 110 8

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

In Comparative Examples 1 to 3, no alcohol was present in the reaction mixture.
in Exampies 1 to 8, the amounts of iso-octanol shown in Table | below were present in
the reaction mixture. In Examples 1 to 4, the zinc oxide was slurried in mineral oif, and
the iso-octanol was added to the DDPA before the DDPA was added to the slurry. In
Examples 5 to 8, the iinc oxide was slurried in the iso-octanol and no mineral oil was
used. In Example 1, the reaction mixture was subject to intensive mixing using a'high
shear mixer. The amounts of zinc oxide, DDPA, and iso-octanol used, and the
proportioh of sediment obtained (the initial sediment) are shown in Table I. The iso-

octanol was added in a sediment-reducing proportion.



ammoni.um conpounds include Rlerr]NH err], Rerr]Rerr]NH and

Rerr]R err err]N, where R err], Rerr] and R err] have M S
gi ven above’l“’%[”ml“ The aci d(s) and netal or ammoni um corr_pt_(l)_’_gﬁ S msnb/{%e
used in stoichionetric proportions to give a neutral dihydrocarbyl

di t hi ophosphate. Altermatively, nmore than the stoichionetrigs§roporti on of
the metal conpound may be used so that a basic salt;is obtai Hiﬁ}mziilced

preferred enbodi nent of the invention, the final product has
phosphorus mass ratio of greater than 1, advantageously appr

1.1:1. In accordance with the invention, the reaction of the DDPA
and the netal or ammoni um conpound may be carried out in the presence of
at ’I east one al cohol, which Table |
Example | Zno DOPA [ CafisON | Cazno | it | iriial
Charge Charge Charge Ratio Sediment | Sediment
{9 (9) (@) (Molar) (ij,%me (Mass %)
Comp. 1 72.2 460 0 0 T 0:35 0.034
2 724 450 0 0.0 0.20 . 0.031
3 71.1 450 0 0.0 0.40 - 0.033
Ex. 1 71.7 450 6.1 0.053 0.10 0.022
2 72.2 450 23.0 0.200 0.20 0.014
3 71.1 450 225 0.198 0.18 0.022
4 72.4 450 225 0.194 0.10 0.014
5 71.1 450 71.1 0.626 0.06 0.015
6 72.4 450 72.4 0.626 0.10 0.012
7 73.7 450 73.7 0.626 0.15 0.012
8 .71.1 450 71.1 0.626 0.10 0.007 ,

The results obtained in the three groups of Examples, Compa_rative
Examples 1 to 3, Examples 1 to 4, and Examples 5 to 8, were compared. It can
be seen that the mean sediment levels for the second and third of these groups
‘were significantly lower than those for the first (comparative) group. The
products of Examples 5 to 8 were of sufficient quality to be used without

filtration in lubricating oils. The last-mentioned products also had the advantage

of being free from diluent oil. Example 1 shows that, with intensive mixing, a



- 8 - preferably has at |east five carbon atons, especially an aliphatic

aromtg{;’?wgﬂa}car byt— al cohol” (for exanple, a phenol) POHEPY ©60%%

hydrocar
i's used, at
atons. An al

ing t gm,amsmge:gleplmdabove Where a m xture of aI cohol s

| east one o preferably has at |east five carbon
. I phatic alc I‘! \T bly acyclic. The al cohol is
advant ageously oil -solu erabl y has_54g a.20 carbon atons,

especially 5 to 12 carbon atons. Mnohydric al cohols nmay be used, but
al cohols with nore than one hydroxyl group are not excluded. It may be
advant ageous in sone cases to use an alcohol which is the same as an

al cohol , or
excess of al

one of the alcohols, used in form ng the DDPA An
cohsinifiegnt rédudeisr inasddiorent keds iwastodtaimddgenhaitienrusirig 4 he DDPA,

the DDPA being used in the neutralization step w thout the: separatlon of

t he residual

. relatively small proportion of iso-octanol.

Comparative Examples 4 and 5 and Examples 9 to 16

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

The reaction mixture was maintained at 200°F (93°C) for 4 hours, with
stirring, following which a sample was removed to determine the initial sediment
level. The 7-day sediment level was also determined. The results are shown in

Tabte .

-



al cohql ., The al cohol or alcohols used in accordance with the invention to
reduce the I on of sedinent, however, is or are m xe It h t he DDPA
after for ﬁoﬁﬁgf‘&t he latter, as the use of a significant ‘i’grﬁ”@é’ggl&oais

al cohol during manufacture of the DDPA would reduce the quality of the
DDPA. The term "added al cohol™ is us to refer to alctohel--added after -
formati on of the DDPA. Exanpl’eS of suitable al GI‘BQ%LS or use in
accordance with the invention are n- pentanol, a sec- bu
m xture, iso-octanol, nonyl phenol, dinonyl phenol and
one advant ageous enbodi nent of the invention, the DDPA |

| so-oct anol and sec-butanol, and the al cohol is iso-oct anol .
proportion of alcohol required in accordance with the invention may be

determined by routine experipent. Advantageously, at |east-1 mass % and
preferably at l.east 2|mass P4 Lf allcohpl ik Jadded, based on the .wei ght of
the DDPA. Preferably, t;]ggol ratii ¢ pf ded al cohol to the netal
i oo
conpound is at |east 0@180 : _,..qgg‘_‘gszg
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advant ageously the said nolar ratio is in the range of fromO0.01:1 to 1:1,
preferabl 0.05:1 to 0.75:1. Lower proport cohols
t han those gg%%??led above may be appropriate when a car%oxy I C aC|d or
salt thereof is used ThlS&h#chHasbsanR@labdde al cohol. If relatively high
proportions of alcohol ss al cohol can, if approprlate be
stripped off after co reacti on-~ 20 - As i ndi cated above,
the invention al so prOV| use f at | east one carboxylic

It can be seen that, while the use of cetylacétone alone results in an
incregse in sediment levels, the use of propionic acid and acetylacetor;e‘ lead's_ toa
reduction in sediment levels. A further reduction is obtained when iso-octanoi is also
used. When the iso-octanol was repiaced by a 85:15 by mass mixture of sec-
butanoi and iso-octanol, sediment was still reduced, but to a lesser extent,
apparently because at least some of the more volatile sec-butanol wés d'ri;ren out of

the reaction mixture before the reaction was complete.



acid or salt thereof to reduce the proportion of sedinment  obtained in the
manuf act U%Qfﬂé}@ nmetal or ammoni um di hydrocar byl dithi opW%@asﬁhe
cid/ sa al

carboxylic a

It is advantageously used together wth-an.

cohol as

di scussed above. — A carboxytit.acid used in accordance with the

I nvention is advanta
nonocar boxyl i ¢ aci d,

to 20 carbon atoms, for exdnpl®e, 3 to 12 carbon atons. Espe
preferred carboxylic acids are those having the fornula RCOOH, whe
| i near aliphatic hydrocarbyl radical. Exanples of suitable acids are acetic
acid, propyaql i§. acid, butanoic acid, pentanoic acid, hexanoic acid,

decanoi ¢

. dodecanoic acid and oleic acid. Propionic acid is

1L ??ibﬁzé%iyf‘?i;dac@@?‘H*Tﬁﬁam

) iall I { b cacid i d,
The salt 1o pr ot or iy “ne’ 2 AR Balof BrbneBlord SEHSIHRANRaRE € 02Tl
Lhe metal celuekiopapbitbn bt LEUABRASRARLLINALE RBhERcl o o AREARPCE W LH Lh S

invention. The carboxylic aci

from
ammonium dihydrocarby! dithiophosphate.

a

2. The use as claimed in claim 1, wherein the alcohol contains at least

five carbon atoms.

3. The use as claimed in claim 1 or claim 2, wherein the alcohol is a

hydrocarbyl! alcohol.

4. The use as claimed in any one of claims 1 to 3, wherein an alcohol, a

carboxylic acid or a salt thereof, and a complexing agent are used.

5. A process for the manufacture of a metal or ammonium dihydrocarby!
dithiophosphate by reacting a dihydrocarby! dithiophosphoric acid and a metal
compound or an ammonium compound, which process comprises the step of
mixing the acid, the metal compound or ammonium compound, and an added

hydrocarbyl alcohot containing at least five carbon atoms to form a reaction mixture.

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

reaction is at least partially removed during the reaction.

7. A process as claimed in claim 5 or claim 6, wherein the reaction

mixture also contains a carboxylic acid or a salt thereof.

erived are



desirably the carboxyl[g_apids nmentioned above as being advantageous or
preferred. WOE@%% of “sui't able”carboxyt-ates include zi ncp@ppilofsrsZi NC

pr opi onat € pper ”ﬁa%%h&h@awen Iaced M xtures of two or nore conpounds
sel ected from carboxylic ﬂiﬁﬁl salts may be used-if _desired.

The proportion of car boxy to be used may be dqim: ' '
routine experinment. Adva | east 028 mass % Zﬂﬂﬁ U”m
of ooy "

| east 3 nass %

8. The use or a process as claimed in any one of claims 1 to 4 and 7,

wherein the carboxylic acid or the salt thereof has 3 to 20 carbon atoms,

-9, The use or a process as claimed in any one of claims 1to4and 7,

wherein the carboxylic acid or the salt thereof contains not more than 12 carbon

atorns.

10.  The use or a process as claimed in any one of claims 1to 4 and 7,

where the carboxylic acid is propionic acid,

11. A process as claimed in any one of claims 5 to 10, wherein the

reaction mixture also contains a complexing agent.

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

complexing agent is acetylacetone.

13.  The use or a process as claimed in any one of claims 1 to 12,
wherein the metal is selected from Group |a metals, Group lla metals, aluminium,

tin, lead, bismuth, molybdenum, manganese, cobalt, nickel, copper, cadmium,

antimony, and zinc.

14, The use or a process as claimed in claim 13, wherein the metal is

zine.



carboxylic acid/salt is used; based-eon the weight of the DDPA. Preferably,
the nol ag 5ﬁ,?of carboxyllca Ittothe DDPA i s &crisasbesis 1: 1, and
advantageous he sa s in the range of from0.2:1 to 1:1.
These proportions of :}ﬂiﬁ? mﬂ‘iﬁkstsal ts are appropri

t
an al cohol is used in acid/sal t. B!ﬁwﬁﬁm |i Hm
used in accordance with the invention will reaZ¥ wwith a b c It .

anmoni um conmpound, as will the DDPA, to give a product containing
carboxylic acid and DDPA noieties. The carboxylic acid is normally used in
such a proportion that no free carboxyl ic acid remains at the end of the

reaction. A carboxylate, for exanple zinc propionate may be used in place
of the car boxyBi c ABEYSE Pha RACERS aa Seimedipsiaia 4, whergirthe glessfaticne basi c

“met al au wl'l* give rise to
nor e sedl Ej%ﬂh%gb??"ﬁl"? g&q*‘gwpgﬂiﬂ%‘a{ﬂ 'ﬁ@f%"&%fgg?'b[)ﬁp are such that it is
reI atively d| fficult to renove the sedinent produced. The i nvention finds
part icular use in the case of dihydrocarbyl dithi ophosphates which give

rise to 16.  The use or a process as claimed in any one of claims 1 to 15,

wherein the dihydrocarbyl dithiophosphoric acid is derived from iso-octanol ctanol and sec-

butanol, and wherein the alcohol is iso-octanol.

17. A process as claimed in any one of claims 5 to 16, wherein at least 1
mass % of the alcohol is added to form the reaction mixture, based on the weight of

the dihydrocarbyl dithiophosphoric acid.

18. A process as claimed in any one of claims 5 to 17, wherein the molar

ratio of the added alcohol to the metal or ammonium compound is at least 0.01:1.

19. A process as claimed in claim 18, wherein the said molar ratio is in

the range of from 0.01:1 to 1:1.

20. A process as claimed in claim 5, carried out substantially as

described in any one of Examples 1 to 8 and 14 to 16.

21. A process for the manufacture of a metal or ammonium dihydrocarby}
* dithiophosphate which comprises reacting a dihydrocarbyl dithiophosphate acid with
a metal compound or ammonium compound in the presence of an alcohol, a

carboxylic acid or a salt thereof, and a complexing agent.



relatively high proportions of sedinment and/or which are relatively
difficult to purify by -Hltration_or_centrigation. For %)DPA, not
every al cHR4pH /or agjd w I | be equal ly effective in ?E%Hg#ﬁ% e
proportion of sedi msnt R dend of neutralizati on but an
effective al cohol and/or u rrived at by routine Fe“ et

The reaction mixture co A and 1 hhg oetal or Hlm mﬂmnu'mrlulll
conmpound may al so, if required, contain a conpl exing agent

clarity of the final product. Exanples of suitable conpl ex| ng agen s &re*
EDTA, 2-ethyl hexenoic acid, and, preferably, acetylacetone. The proportion
of conpl exi ng agent to be used nmay be determ ned by routine experinment. In
one case, about 3 wt. % of acetyl acetone, based on the weight of DDPA, was
found to be appropriate. In sone cases, however, a clear ‘'product may be
obt ai ned wi t hodg. t hé pnmssfasaiaﬂmmmmsmgnaybatem water formed by the

-

reaction is at least partially removed during the reaction.

23. A metal or ammonium dihydrocarby! dithiophosphate prepared by a

process as claimed in any one of claims 5 to 22,

24. A lubricating oil composition comprising a metal or ammonium

dihydrocarbyl dithiophate as claimed in claim 23,

25.  Any novel feature described herein, or any novel combination of

hereindescribed features.



&

Water is fornmed during the neutralization reaction. In some Circugg

it my be

desirable to renove at |east part of -this.-water.as it is formed

for exanplme, by~ passmg “an-i-nert-- -gas-guch as nitrogen ‘through the reaction-

m Xt ure.
al ways nec

ﬁ’ermval of the water as"'the rfeaction pr"ceeds I's not,; however, 2

Vssary it iy f.or exarrple be suffi ¢ ent to rermve%he V\ﬁteer

after com:iletlon Of t he -react’i on.: 2. The |nvent|on .al so provides the
use of an :alcohol: " a:tarboxylic-acid.orf & salt vher eof aqd a- canpl exi ng.
agent to rle'éluce the propor¥ion of ‘sedifent obtained in the '

S L e SRR ._ S afpar

Manufacture of dihydrocarbyi dithio Jhosghate

The present invention relates to the manufacture of metal or ammonium
dihydrocarbyl dithiophosphates, and has particular relevance to the manufacture of
metal dihydrocarby! dithiophosphates, especially zinc dihydrocarbyl dithiophosphates
(ZDDPs), for use, for example, in fubricating oil compositions.

Salts of dihydrocarby! dithiophosphoric acids wherein the individual hydrocarbyl
groups contain from 1 to about 30 carbon atoms, especially from 1 to about 18 carbon
atoms, typically from 2 to 12 carbon atoms, are widely used in oleaginous compositions,
for example, in lubricating oils, including functional fiuids, to impart, for example,
antiwear and/or antioxidant properties to the compositions. Such salts are commonly
prepared by first forming a dihydrocarby! dithiophosphoric acid, usually by reaction of at
least one aliphatic or ar-omatic alcohof with a phosphorus sulphide, usually P2Ss
(although P4S3 and other sulphides may be used), and then neutralizing the acid with a
metal or ammonium compound, for example, an oxide, hydroxide or carbonate. The
product obtained at the end of the neutralization step normally contains sediment, which
must be removed, for example, by filtration or centrifuging, before the product can be
used.

There is a need for a process for the manufacture of dihydrocarbyl
dithiophosphates in which the proportion of sediment to be removed at the end of the
process is reduced. |

The present invention provides the use of an alcohot and/or a carboxylic acid or
a salt thereof to reduce the proportion of sediment obtained in the manufacture of a
metal or ammonium dihydrocarbyl dithiophosphate. Preferably the alcohol contains at

least five carbon atoms. Aliphatic hydrocarbyl alcohols are particularly preferred. The
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manuf acture of a netal or ammoni um di hydr ocar byI‘._.;dith'i"ophosphate.
The invention further provides a process for the manufacture of a netal or

anmoni um di hydr ocar byl -di t hi ophosphat e whi ch conpri seg [ r T |

di hydrocar byl dithi ophosphoric acid with a metal or gn %ﬁ?%ﬁfhﬁﬁﬁ | n

t he. presence of an alcohol, a carboxylic acid or a sgltf thereof, and

conpl exi ng agent. Preferably, water formed by the redctli dn8i $88ti%%akt
partially renmoved during the reaction.” 2 - The pracegss of the inviention
may be carried out under conditions suitable for reagting the DDPA and the
metal or ammoni um conpound in the absence of the al cohel-..and/or _acid used

I n accordance with the invention. Thus, for exanple, the reaction nmay be
carri ed outapplicaatst reavpsugdrisingly dburid thay thb aisé o theaicohG! arad/oraxid {mwsalt thereof)
tenperature at which deconposition of a conponent of the reaction m xture
occurs. Préf theaigutralization step enakesi it@ossible he obtaingemefal or amm®diumsal00[ err]C i s
used, especially 70 to 100[err]C In order to facilitate control of
t he react i ANtamifoeltivelr lownigvels of srelipent; firdeed, in some cases the need to remove

sediment before the product is used may be completely eliminated.

The invention also provides a process for the manufacture of a metal or
ammonium dihydrocarbyl dithiophosphate by reacting a dihydrocarby! dithiophosphoric
acid and a metal compound or an ammonium compound, which process comprises the
step of mixing the acid, the metal compound or ammonium compound, and an added
hydrocarby! alcohol containing at least five carbon atoms to form a reaction mixture. in
one advantageous embodiment of the invention, the reaction mixture contains a
carboxylic acid or a salt thereof as well as the alcohol.

There have been a number of prior proposals for neutralizing dihydrocarbyl
dithiophosphoric acids (sometimes referred to hereinafter as DDPAS) in the presence of
lower aliphatic alcohols such as ethanol or isopropanol, but none of the documents
disclosing such proposals suggests that the presence of an alcohol could lead to a
reduction in the proportion of sediment obtained at the end of the neutralization reaction.

British Specification No. 2 115 818 A discloses the use of relatively unreactive
solvents, for example, alcoﬁolic solvents such as propanol or butanol, in the
neutralization of phosphorodithionic acids derived from vicinal diols.

U.S. Patent No. 3 691 220 discloses the neutralization of DDPAs to give
overbased ZDDPs in the presence of isopropanol and no more than about 2 % by
weight of water. The use of isopropanol containing at most only a very small proportion
of water is said to make it possible to give a product which is more readily purified by

filtration.



reactants, the reaction may be carried out in the presence of a

substantially inert organic diluent, for exanple, na €RE;
tol uene or, especially,~mneral oil. The use of ninergﬁﬁgACEMEBTtﬁHEET
advantage that it may not be necessary to renove the di fuent "before™
product is used. It nmay be desirable in sone cases, hq
t he -
wi t hout a solvent or diluent, giving ﬁrédﬁcts whi ch c¢

I ngredient. The process is preferably carriedj{out by slowy adding

the DDPA to a slurry of

U.S. Patent No. 3 400 106, which is referred to in Patent N'o. 3691220, is

concerned with improved methods for accelerating the vulcanization of rubber by using a

basic zinc double salt of an O,0-dialkyl phosphorodithioic acid as an accelerator for a
sulphur-containing vulcanizing agent. Methanol, ethanol and isopropanol are disclosed
as useful, in admixture with water, as a reaction medium for the reaction of zinc oxide
and an O,0-dialkyl phosphorodithioic acid.

Romanian Specification No. 81290 discloses the addition of isobutanol, followed
by stirring, to a DDPA which is subsequently purified and reacted with zinc oxide in the
presence of acetic acid. The product obtained is filtered.

Czech Specification No. 155 380 discloses the use of an alcohol with 1 to 3
carbon atoms when a DDPA is treated with zinc oxide to give products (which are
purified by, for example, centrifuging) having a high zinc content and hence increased

thermal stability.

It has been proposed, in U.S. Patent No. 4 215 067, to reduce haze in ZDDPs by

reacting a DDPA with zinc oxide in the presence of a surfactant. It is indicated that the
haze, which is caused by particies which cannot be removed by filtration or
centrifugation, does not appear to harm engines or processing equipment, but is
undesirable in concentrates or single additive packages (presumably because these
have an unacceptable appearance). Patent No. 4 215 067 is not concerned with
reducing the proportion of sediment (that is, materiat of the type that can be removed by
filtration or centrifugation).

There have also been proposals for neutralizing DDPAs in the presence of

carboxylic acids or their salts. The documents disciosing such proposats do not indicate,

however, that the use of such an acid or salt could lead to a reduction in the proportion

of sediment obtained at the end of the neutralization reaction.



t he netal /amoni um conpound, the al cohol and/or acid being_in adm xture

with either the DDPA or the netal /ammoni um conpound: if TR ; id,
i.f used, could be added™with the DDPA, and the al coholfﬁgﬁ%@ “iz% ?le

prior mxed with the netal/ammoni um conpound, or vice{'rsa. If the

L=y

reaction nmixture i s subjected to very intensive nixing, |fot8ed&NplIB7usi
a high shear mxer, it may be possible use | ower propartiions of al cohpl
and/ or acid than woul d otherw se be the chse. A processg for the '
manuf acture of, for exanple, ZDDPs in which a reaction 4xture. i s _subjected
to very intensive mixing is described and clainmed in International

Application No. PCT/EP92/ 00493 &Publ i cation No. WO 92/ 15&8523, th?\‘

di scl osure of whBriishSpecification hs: 41088 SR8 r%f 15¢ crEpsRBArRg U-S. Patent, Nop, 4

cases, di hydrocarbyl difhiophosphates prepared in accor tth th
i nvention B ngéﬁ'f’? W*&?éﬁ?ﬁeﬁ%ﬁﬁ _ e"mtrégm%ﬂsﬁégyl at’HSﬁF
O s, BRI B8 T4 EELRRG ot ol prEBSESns b7°

proportion boﬁses
metal and having improved thermal stability.

-

g

many

International Specification No. WO 84/04319, which relates to phosphorus-
containing metal salt/olefin compositions and to the reaction products of such
compositions with active sulphur, discloses metai salts of mixtures of phosphorus-
containing acids and carboxylic acids.

British Specification No. 1 105 729 and U.S. Patent No. 3 290 347 refer to the
use of catalytic amounts of carboxylic acids in the neutralization of DDPAS, the object of
the British specification being to obtain products of high thermal stability in high yields
and under convenient process conditions, and that of the U.S. patent being to render the
neutralization step less erratic as to the proportion of metal compound required and as
to the neutralization time. The Romanian specification referred to above also discloses
the use of a carboxy!ic acid, in that case acetic acid, when neutralizing a DDPA.

The dihydrocarby! dithiophosphates with which the present invention is
concerned typically have the formula

M™ [SP(S)OR ORI
wherein M represents a metal atom or an ammonium group;
n represents an integer equal to the valency of M; and
each of R'l and R2, which may be the same or different, represents a hydrocarby!
radical, or R and R? together form a single hydrocarbylene radical, but the invention is
not limited to such dihydrocarbyl dithiophosphates. Thus, for example, the dihydrocarbyl

dithiophosphates may be basic saits.



sufficient for renoval of sedinent by filtration or centrifugation to be
necessary, hut the proportion of sedinent to be rerr@\E&@A@EME{WeSer t han
in processes where the~ additional alcohol/acid is no o Fa—ekEher

case, the invention makes possible a reduction in pafufagct iq colstis and
in the safety risks associated with filtration. T% M| t ed
earlier, the invention has particul ar_rgl evance to the_manufacture jof
nmet al di hydrocar byl dithi ophosphates, €specially ZDDPs, for use in

| ubricating oil conpositions. ZDDPs are w dely use -t ~f-ou!
| ubricating conpositions, functioning primarily as antiwear agents and
oxi dation inhibitors.

When M in the above general formula represents a metal atom, M

advantageously represents a Group la metal, a Group lla metal, aluminium, tin, lead,
bismuth, molybdenum, titanium, manganese, cobalt, nickel, copper, cadmium, antimony
or zinc atom. For some uses, M preferably represents a zinc atom, as in ZDDPs. In
other cases, compounds wherein M represents copper may have particular uses. Thus,
for example, copper dihydrocarbyl dithiophosphates have proved very useful as, inter
alia, antioxidants for lubricating oils.

An ammonium group represented by M may be derived from ammonia or a
primary, secondary or tertiary amine. The ammonium group is preferably of the formula
Ra‘R“RSRaN+ wherein R3. R4, R5 and R6 each independently represents hydrogen or
a hydrocarby! group (including a radical derived from a substituted hydrocarbon group,
for example, an aminohydrocarbyl, hydroxyhydrocarbyl, or
hydroxyhydrocarbyloxyhydrocarby! radical), or R3 and R4 may together represent a
hydrocarbylene group which with the N atom, together form a ring, the hydrocarbylene
group optionally, being interrupted by oxygen, suiphur, or other nitrogen atoms. When
the groups R3, R4, Rs-and/or R6 represent hydrocarbyl groups, these groups are
generally hydrocarbyt groups containing up to about 150 carbon atoms and will more
often be aliphatic hydrocarby! groups containing from about 4 to about 30 carbon atoms.

The compounds of the general formula given above contain two hydrocarbyl
radicals, which may be the same or different. As used in this specification, the term
"hydrocarbyl” denotes a radical having a carbon atom directly attached to the remainder
of the molecule and having a hydrocarbon or predominantly hydrocarbon character.
Hydrocarbyl radicals include the following:

@) Hydrocarbon groups; that is, acyclic aliphatic (e.g., alkyl or atkenyt),

alicyclic (e.g., cycloalky! or cycloalkenyl), aromatic, aliphatic- and alicyctic-éubsﬁtuted
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- 13 - D hydrocar byl dithi ophosphates manufactured i n accordance

with the invention for use as lubricating oil additives §

(in cormdn with certain of the other additives referred t %m@fbgfﬁﬁ
di ssolvable in oil with the aid of a suitable solvent, or {arje stably

di spersible materials. G l-soluble, dissolvable, or stably, i shBr JANI8%As
that termnology is used herein does not _.necessarily indiicate that the

additives are soluble, dissolvable, mscible, or capabl e jof Bé ng
suspended in oil in all proportions. It does nean, howevdr,.ihai the

O_

additives are, for instance, soluble or stably dispersible in oil to an

extent suffi glogfdkic, té?md@?&&zbt«é—élﬂisﬁtu’téﬂ Syerdaphbfcand dlicybie gesupsl andieydic i n

which the oil is enployed. Mreover, "'the additional incorporation of other
addi ti ves naygroaps@hp@imthe nng Wmt’éa ittrougt afotéreporticvafitse oblezuledthat sul ar
additive, if desired. D hydrocar byl dithi ophosphat es manufact ured

i n accor dancenyiworindibate setsstitents may together form an alicyclic group). Examples of
hydrocarbon groups include methyl, ethyl, octyl, decyl, octadecyl, cyclohexyl, and phenyl
groups.

(2) Substituted hydrocarbon groups; that is, groups containing non-
hydrocarbon substituents which do not alter the predominantly hydrocarbon character of
the group. Examples of suitable substituents include halo, hydroxy, nitro, cyano, alkoxy,
and acyl groups.

{3) Hetero groups; that is, groups which, while predominantly hydrocarbon in
character, contain atoms other than carbon in a chain or ring otherwise composed of
carbon atoms. Suitable hetero atoms include, for example, nitrogen, oxygen and
sulphur.

- In general, no more t_han about three substituents or hetero atoms, and
preferably no more than one, will be present for each 10 carbon atoms in the
hydrocarbyt group.

Especially preferred compounds for use in oil-based compositions are those
wherein R1 and R2 in the above general formula contain from 1 to 18, and preferably 2
to 12, carbon atoms. Particularly preferréd as R and R2 radicals are alkyl! radicals
having 2 to 8 carbon atoms. Examples of radicals which R1 and R2 may represent are
ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyi, n-hexyl, 4-methyl-2-pentyl, i-
heptyl, i-octyl, i-decyl, dodecyl, octadecyl, 2-ethylhexyl, nonylphenyl, dodecylphenyl,

cyclohexy! and methylcyclopentyl radicals.



invention can be I ncorporated into the oil in any conveni ent way. Thus,
they can be added directly to the oil by dispersing Q?@p Fos ) them
in the oil at the desired | evel of concentration, émm_ﬂf@}}w_t %/5 g aid
of a suitable solvent such, for exanple, as tolueng,|cyclohexane, {or
tetrahydrofuran. Such bl ending can occur at room tepper §gurigi ¢9g7an

el evat ed t enperat ure. Base oils,with which thg di hydrocar byl
di t hi ophosphat es may be used i ncl ude t hose sui tabl ¢ ToruUsSE~as~Trankcase
| ubricating oils for spark-ignited and conpression-{_ignited internal

conbustion engi nes, for exanple, autonobile and truck engines, marine and
rail road di esel engines, and may be synthetic of natural base oils.
Di hydr ocar byl dirhtaahesmierbesarbom dfoant inRdard R Anqueléabhesuffidiénttd inpares ent

i nvention may be enployed in a lubricating oil conposition which conprises
| ubri cat i ngil-solubifitytty thecaintpounds.almerper topbtein ol salnbilityrtbe tdtal miinkbedobcar byl
di t hi ophosphates, typically Lin a

carbon atoms in R ' and R< will generally be about 5 or greater.

As indicated earlier, dihydrocarbyl dithiophosphoric acids (DDPAs) may be made
by reaction of at least one alcohol, which may be aliphaﬁc or aromatic, with a
phosphorus sulphide, which is preferably P2Ss, although P4S3 and other sulphides may
be used where appropriate. Thus, a DDPA of the formula HSP(S)(OR1)(OR2), may be
made by reacting P2Ss with R1OH and RZOH, where R1 and R2 have the meanings
given above. (In some cases R’1 and R2 will be identical, and in this case a single
alcohot is used.)

Any metal compound or ammonium compound which will react with the DDPA
may be used in the process of the invention. Advantageously, a metat oxide, hydroxide,
carbonate, or basic salt is used. Examples of suitable metal compounds are sodium
hydroxide, sodium methoxide, sodium carbonate, potassium hydroxide, potassium
carbonate, magnesium oxide, magnesium hydroxide, calcium hydroxide, calcium
acetate, zinc oxide, zinc acetate, lead oxide, nickel oxide, and cupric oxide.. Suitable
ammonium compounds include R3NHs, R3R*NH and RSR*RON, where RS, R4 and R®
have the meanings given above.

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

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

ammonium compound may be carried out in the presence of at least one alcohol, which
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m nor proportion. Additional additives may be incorpor
conposition to enable _ !
it to meet particular requirenents. Exanples of additi
included in lubricating oil conpositions are viscosit
corrosion inhibitors, oxidation inhibitors, friction
di spersants, detergents, netal rust inhibjtors, other
pour point depressants, and anti-foani ng agents.
conpositions contain one or nore of the above-nentione -4 ; h
additive is typically blended into the base oil in an amount which enabl es
preferably has at least five carbon atoms, especially an aliphatic or aromatic hydrocarby!

alcohol (for example, a phenol), the term "hydrocarbyl!” having the meaning given above.
Where a mixture of alcohols is used, at least one of the alcohols preferably has at Igast
five carbon atoms. An aliphatic alcohol is preferably acyclic. The alcohol is
advantageously oil-soluble, and preferably has 5 to 20 carbon atoms, especially 5 to 12
carbon atoms. Monohydric alcohols may be used, but alcohols with more than one
hydroxyl group are not exciuded. It may be advaﬁtageous in some cases to use an
alcohol which is the same as an alcohol, or one of the alcohols, used in forming the
DDPA.

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

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

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

advantageously the said molar ratio is in the range of from 0.01:1 to 1:1, preferably
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the additive to provide its desired function. Representative effective
anounts of such additives, when used in crankcase |ubrjcants,. are as

1;)! I ons: Addi tive - Oalc\i/;ass Ya.i.r* REPM%;EME&MHEEY‘

Viscosity Modifier 0.01-6 0.{01-

| nhi bi t or 0.01-5 0.01-1.5 Ofid t1| %Cﬁ*&h@@f})
0.01-5 0.01-1.5 Fri%tion Modifier

0.01-1.5 Dispersant 0.1-20 0.1-8

Det ergents/rust inhibitors+ 0.01-6 0. 01- 3—Ant+—wear Agent:
0.01-6 0.01-4 Pour Point De ressant 0.01-5

0. 01-1.5 0.05:1100.75:1. Lower proportions of alcohols than those specified above may be

appropriate when a carboxylic acid or a salt thereof is used in addition to the alcohol. If

relatively high proportions of alcohol are used, excess alcohol can,

stripped off after completion of the reaction.

if appropriate, be

As indicated above, the invention aiso provides the use of at least one carboxylic

acid or salt thereof to reduce the proportion of sediment obtained in the manufacture of

& metal or ammonium dihydrocarbyl dithiophosphate, The carboxylic acid/salt is

advantageously used together with an alcohot as discussed above.

A carboxylic acid used in accordance with the invention is advantageously an

aliphatic carboxylic acid, for example, a monocarboxylic acid, preferably an aliphatic

carboxylic acid containing 3 to 20 carbon atoms, for example, 3 to 12 carbon atoms.

Especially preferred carboxylic acids are those having the formula RCOOH, where R is a

linear aliphatic hydrocarbyl radical. Examples of suitable acids are acetic acid, propionic

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

oleic acid. Propionic acid is especially preferred.

Where a salt of a carboxytic acid is used, the salt is preferably the carboxylate of

the same metal as is present in the metal dihydrocarbyl dithiophosphate prepared in

accordance with this invention. The carboxylic acids from which the salts are derived are

desirably the carboxylic acids mentioned above as being advantageous or preferred.

Examples of suitable carboxytates include zinc acetate, zinc propionate, and copper

acetate.

Mixtures of two or more compounds selected from carboxylic acids and their salts

may be used if desired.

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

experiment. Advantageously, at least 0.5 mass %, especially at least 3 mass %, of
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Anti - Foam ng Agent 0.001-3 0.001-0.15 Mneral or
Synthetic G.l Base Bal ance Bal ance * Mass Yoy J lent
based on the final oil. + Relatively |arger proportions,
| east .10 nmass % are normally used for marine applicati
- 15 -
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carboxylic acid/salt is used, based on the weight of the DDPA. Preferably, the molar
ratio of carboxylic acid/salt tc the DDPA is at teast 0.1:1, and advantageously the said
molar ratio is in the range of from 0.2:1 to 1:1. These proportions of carboxytic
acids/salts are appropriate whether or not an afcohol is used in addition to the acid/sait.

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

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

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

product may be obtained without the use of a complexing agent.
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When a plurality of additives are enployed it may be desj
not essential, to prepare one or nore additive concentrpggEdy 10
additives(a concentrat € soneti nes being referred to herjeim—as>g it
package) whereby several additives can be added sinultgndgously to‘“ﬁ e
oil to formthe lubricating oil conposition. Dissolutig 18 hﬂg@qgg;t J
concentrate(s) into the lubricating oil nay be facilitated b ind
by m xi ng acconpanied with mld heating, 1Bur this is no
concentrate(s) or additive package(s) wll typically be* ,
contain the additive(s) in proper anounts to provide the desi r ed

§§§E?Ré&aid th ;W%%Eéf'e%%&%ﬁﬁ% Aeucple3Rdeadbn; IR saime SrRisds. ’:Bﬁr e
added 1o ST b HoHREE breBRadrr Bl i Wasr B FRTI ST RIS~ g i
other desi 1l g addhdd 4850 LT LS HRACKARSEAN HhahB @?@Xm .

i ngredi ent &5 A anou ive package,
from about \yater as the reaction proceeds is not, however, always necessary: it may, for example,

be sufficient to remove the water after completion of the reaction.

The invention also provides the use of an alcohol, a carboxylic acid or a salt
thereof, and a complexing agent to reduce the proportion of sediment obtained in the
manufacture of a metai or ammonium dihydrocarby! dithiophosphate.

The invention further provides a process for the manufacture of a metat or
ammonium dihydrocarbyl dithiophosphate which comprises reacting a dihydrocarbyt
dithiophosphoric acid with a metal or ammonium compound in the presence of an
alcohol, a carboxylic acid or a salt thereof, and a complexing agent. Preferably, water
formed by the reaction is at least partially removed during the reaction.

The process of the invention may be carried out under conditions suitable for
reacting the DDPA and the metal or ammonium compound in the absence of the aicohol
and/or acid used in accordance with the invention. Thus, for example, the reaction may
be carried out at a temperature of from about 25°C to the lowest temperature at which
decomposition of a component of the reaction mixture occurs. Preferably, a
temperature in the range of from 50 to 200°C is used, especially 70 to 100°C.

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

the product is used. It may be desirable in some cases, however, to carry out the
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2.5 to about 90 nass % and preferably fromabout 5 to_about 75 mass % and
nost preferably fromabout 8 to about 50 mass % by " Pe-1

the appropriate proportions with the remai nder being jbase’
final formulations nay enploy typically about 10 mass

package with the remai nder being base oil. The f vg lles
Illustrate the invention. Proportions of sedi frel

Exanpl es were nmeasured as "initial seditfent and, injsone g
sedinment”. In order to obtain the percentage of sedi nent by vol urre, ai50

nm sanple of the reaction mxture was taken fromthe hot ure

wh th t ft t | t
Al conol s_or ek e B aEa o e’ gl Riisaicn ERbaltbo beRels Lgea ™t or

1 hour. The, ved vol une of sedi nent (rreasured for exanple, in a
cal i brated {Pg &Z%t

The process is preferably carried out by slowly adding the DDPA to a slurry of
the metal/ammonium compound, the alcohol and/or acid being in admixture with either
the DDPA or the metal/ammonium compound: if desired, the acid, if used, could be
added with the DDPA, and the alcohol, if used, could be prior mixed with the
metal/fammonium compound, or vice versa. If the reaction mixture is subjected to very
intensive mixing, for example using a high shear mixer, it may be possible use lower
proportions of alcohol andfor acid than would otherwise be the case. A process for the
manufacture of, for example, ZDDPs in which a reaction mixture is subjected to very
intensive mixing is described and claimed in International Application No.
PCT/EP92/00493 (Publication No. WO 92/15595), the disclosure of which is
incorporated herein by reference.

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

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

functioning primarily as antiwear agents and oxidation inhibitors.
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-16 - multiplied by two in order to obtain the sedi nent
stripped product. This was recorded as the "initial" sediﬁéﬁzg
sanpl e was centrifuged again for one hour after standingju
roomtenperature for a week, and the sedinent |evel was
being nmultiplied by two to give the "7-day" sedinent. In{s
percent age of sedinent by mass was al so asured: a 50/5
descri bed above was filtered on a 0.1 [e mfilter, thejfilter
wei ghed before and after filtering. Conparative Exanpl
Exanples 1 to 8

Dihydrocarbyl dithiophosphates manufactured in accordance with the invention
for use as lubricating oil additives are oil-soluble or (in common with certain of the other
additives referred to below) are dissolvable in oil with the aid of a suitable solvent, or are
stably dispersible materials. Oil-soluble, dissolvable, or stably dispersible as that
terminology is used herein does not necessarily indicate that the additives are soluble,
dissolvable, miscible, or capable of being suspended in oil in all proportions. |t does
mean, however, that the additives are, for instance, soluble or stably dispersible in oil to
an extent sufficient to exert their intended effect in the environment in which the oil is
employed. Moreover, the additional incorporation of other additives may also permit
incorporation of higher levels of a particular additive, if desired.

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

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

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

minor proportion. Additional additives may be incorporated in the composition to enable



e.

A DDPA prepared by reacting Plerr]S[err] with a stoichionet roportion

of an al cohol mxture conprising 85 nmass % sec-butanol an 3 :

i so-octanol was added slowy to a stirred slurry of zinc oxi Wﬁi&;ﬁ” Iﬁﬁgﬂ-
oil or alcohol maintained at 85C. After addition of all the|DDPA, the
reaction mxture was maintained at 85[err]C, with constant tlﬁﬁlj@mfmﬁ7
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Conpar ative Exanples 1 to 3, no al cohol fAs” present in thejreaction
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agents, pour point depressants, and anti-foaming agents.

When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base oil in an amount which enables
the additive to provide its desired function. Representative effective amounts of such

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

Additive Mass % a.i.* Mass % a.i.*
(Broad) (Preferred)
Viscosity Modifier 0.01-6 0.01-4
Corrosion inhibitor 0.01-5 0.01-1.5
Oxidation Inhibitor 0.01-5 "~ 0.01-1.5
Friction Modifier 0.01-5 0.01-1.5
Dispersant 0.1-20 0.1-8
Detergents/rust inhibitor;"' 0.01-6 0013
Anti-wear Agent 0.01-6 0_.01 -4
Pour Point Depressant 0.01-5 0.01-1.5
Anti-Foaming Agent 0.001-3 0.001-0.15
Mineral or Synthetic Oil Base Balance Balance

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

10 mass % are normally used for marine applications.
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When a plurality of additives are employed it may be desirable, although not
essential, to prepare one or more additive concentrates comprising the additives.(a
concentrate sometimes being referred to herein as an additive package) whereby
several additives can be added simultaneously to the base oil to form the lubricating oil
composition. Dissolution of the additive concentrate(s) into the lubricating oil may be
facilitated by solvents and by mixing accompanied with mild heating, but this is not
essential. The concentrate(s) or additive package(s) will typically be formulated to
contain the additive(s) in proper amounts to provide the desired concentration in the final
formulation when the additive package isfare combined with a predetermined amount of
base lubricant. Thus, one or more additives manufactured in accordance with the
present invention can be added to small amounts of base oil or other compatible
solvents along with other desirable additives to form additive packages containing active
ingredients in an amount, based on the additive package, of, for example, from about
2.5 to about 80 mass %, and preferably from about 5 to about 75 mass %, and most
preferabty from about 8 to about 50 mass % by weight, additives in the appropriate
proportions with the remainder being base oil.

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

The following Examples ilustrate the invention.

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

abserved volume of sediment {measured, for example, in a calibrated veééel) was



nmp. 1
72. 4

71:1
717
72.2
71.1
72. 4
71.1
72. 4
73.7
71.1
he results

72.2 460 0 0.0
450 _ 0 0.0 0.
450 0 0.0 0.
450 6.1 0. 053 0.
450 23.0 0. 200 0.
450 22.5 0,198 0.
450 22.5 ©194 0.
450 71.1 0. 626 0.
450 72.4 0. 626 0.10 0. 012
450 73.7 0. 626 0.15 0.012

multiplied$9®@wo in order t6oblain the sedimérifevel in the StripPed product) ThitAvas
obtained in the three groups of Exanples. Conparative
recorded as the "initial" sediment. The diluted sample was centrifuged again for one
hour after standing undisturbed at room temperature for a week, and the sediment level
was observed again, being multiplied by two to give the "7-day” sediment. In some
cases, the percentage of sediment by mass was also measured: a 50/50 sample as
described above was filtered on a 0.1 um filter, the filter paper being weighed before

and after filtering.

Comparative Example 1 to 3 and Examples 1to 8

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

In Comparative Examples 1 to 3, no alcohol was present in the reaction mixture,

In Examples 1 to 8, the amounts of iso-octanol shown in Table | below were present in

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

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

octanol was added in a sediment-reducing proportion.



Exanples 1 to 3, Exanples 1 to 4, and Exanples 5 to 8, were conpared. It
can be seen that the nean sedinent |evels for the second and third of
t hese groups were Significantly | ower than those
(conparative) group. The products of Exanples 5t
sufficient quality to be used w thout filtration
The | ast-nmentioned products al so had thg advant age

diluent oil. Exanple 1 shows that, w th™i'niensive m xi
- 18 - .
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Example Zno DDPA | CgH170H| Cg/no initial ln'iital
Charge Charge Charge Ratio Sediment | Sediment
(9 (9) () (Motar) | (Volume | (Mass %)
%)
Comp. 1 72.2 460 o . 6.0 0.35 0.034
2 724 450 0 0.0 0.20 0.031
3 71.1 450 0 0.0 0.40 0.033
Ex. 1 71.7 450 6.1 0.053 0.10 0.022
2 72.2 450 23.0 0.200 0.20 0.014
3 71.1 450 22,5 0.198 0.18 0.022
4 72.4 450 225 0.194 0.10 0.014
5 71.1 450 71.1 0.626 0.06 0.015
6 72.4 450 72.4 0.626 0.10 0.2)12
7 73.7 450 73.7 0.626 0.15 0.012
8 .71.1 450 71.1 0.626 0.10 0.007 ,

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

of being free from diluent oil. Example 1 shows that, with intensive mixing, a
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significant reduction in sedinent |evels was obtained even when using a
relatively small proportion of iso-octanol. Conparative Exanples 4 and 5

and Exanples 9 to 16 - 65 g zinc oxide, 100 g of ﬂ bﬁ@ M@t&i g-one

drop of silicone oil were introduced into a flask equip Trler

£

ni trogen sparger, dropping funnel and thernonmeter. The fontents o e
flask were stirred and heated to 200[err1 (93[err] C Uni@sgﬁ jgpatied to
the contrary in Table Il below, nitrogenWwas passed t rjough t mxt re at

1 litre/mnute. 400 g of the DDPA used in Exanples 1 tjo
gradually introduced into the flask at a constant rat the eriod
shown in the table. Were indjicated in Table lonic acid g

acet yl acet one (ﬂ@ﬂ'@farﬁﬁ%f?‘@"” wegimet fve RG5|)°%?€J5 4% t he DDPA,

and i ntroduced | The reacti on m xture

was mai ntai ned §° ‘QB&[S@H"]@ %&HT‘U“?%‘?L 4 hours, with
Comparative Examples 4 and 5 and Examples 9 to 16

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

The reaction mixture was maintained at 200°F (93°C) for 4 hours, with
stirring, following which a sample was removed to determine the initial sediment
level. The 7-day sediment level was also determined. The results are shown in

Table Il
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stirring,
sedi nent
are shown

foll owi ng which a sanple was renoved to determne the initia
was al so determined. The results

| evel .
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The 7-day sedi nent |evel
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-20 - It can be seen that, while the use of cetylacetone al one
results in an increase in sedinent Ievels the use of
acetyl acetone leads to a reduction in sedi ment | evel s.
i s obtained when iso-octanol is also wused. Wien the isg-
repl aced by a 85:15 by nmass m xture of sec- butanol an
sediment was still reduced, but to a | esger extent, appa ent
| east some of the nore volatile sec-bufa%gl'mas driven

m xture before the reaction was conpl ete.

It can be seen that, while the use of cetylacetone alone results in an
incregse in sediment levels, the use of propionic acid and acetylacetone leads to a
reduction in sediment levels. A further reduction is obtained when iso-octanol is also
used. When the iso-octanol was replaced by a 85:15 by mass mixture of sec-
butanol and iso-octanol, sediment was still reduced, but to a lesser extent,
apparently because at least some of the more volatile sec-butanol was driven out of

the reaction mixture before the reaction was compiete.
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CLAI MVB: 1. The use of ~an _alcohol and/or a car boxylic acid or a

salt thereof to reduce the proporti l u& bt ai nefipi: -
manuf acture of a nmetal or anmoni umlﬂ w ”mthl ophp's P ,@‘ﬁ{:mf SHE&T

2. The use as claimed in claim1, wherein the &l cohol kontains at | eadt
five carbon atons. 3. The use as claimed in df dinf8 dANclagy m 2
wherein the al cohol is a hydrocarbyl al cohpl. 4. The use as

clained in any one of clains 1 to 3, wher®rn an al cohol, i{a car boxyrie—act d
or a salt thereof, and a conpl exi ng agent are used. j

CLAIMS:
1. The use of an alcohol and/or a carboxylic acid or a salt thereof to
reduce the proportion of sediment obtained in the manufacture of a metal or

ammonium dihydrocarby! dithiophosphate,

2, The use as ciaimed in claim 1, wherein the alcohol contains at least

five carbon atoms.

3. The use as claimed in claim 1 or claim 2, wherein the alcohol is a

hydrocarbyl! afcohol.

4. The use as claimed in any one of claims 1 to 3, wherein an alcohol, a

carboxylic acid or a salt thereof, and a complexing agent are used.

S. A process fér the manufacture of a metal or ammonium dihydrocarbyl
dithiophosphate by reacting a dihydrocarbyl dithiophosphoric acid and a metal
compound or an ammonium compound, which process comprises the step of
mixing the acid, the metal compound or ammonium compound, and an added

hydrocarbyl alcohol containing at least five carbon atoms to form a reaction mixture.

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

reaction is at least partially removed during the reaction.

7. A process as claimed in claim 5 or claim 6, wherein the reaction

mixture also contains a carboxylic acid or a salt thereof.
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5. A process for the manufact u.re ni um di hydr ocar byl
di t hi ophosphate by reacting a di hydj ﬂ ! M&Eﬂg’:phori 3 o
met al conmpound or an anmoni um conpo Hc l . s conpr i megﬁ!épﬁﬁﬁﬁ

m xing the acid, the nmetal conpound or amoni um conpound, apd{a hyarocar'"b
al cohol containing at |east five carbon atons to forma reagt opgrﬁmtwg%?

the nolar ratio of the added al cohol to the netal or ammoni conpound
being in the range of from0.01:1 to 1:1. - 6. A procC :
claimed in claim5, wherein the hydrocarbyl alcohol is an ed hydrocar byl
al cohol . 7. A process as clained in either claim5 or 6, Wierei
water fornmed by the reaction is at |least partially renoved during the
reaction. 8. The use or a process as claimed in any one of&faims 1to 4 and 7,

wherein the carboxylic acid or the salt thereof has 3 to 20 carbon atoms.

-9, The use or a process as claimed in any one of claims 1to 4 and 7,
wherein the carboxylic acid or the salt thereof contains not more than 12 carbon

atoms.

10.  The use or a process as claimed in any one of claims 1to 4 and 7;

where the carboxylic acid is propionic acid.

11. A process as claimed in any one of claims 5 to 10, wherein the

reaction mixture also contains a complexing agent.

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

-complexing agent is acetylacetone. -

13. The use or a process as claimed in any one of claims 1 to 12,
wherein the metat is selected from Group {a metals, Group lla metals, aluminium,
tin, lead, bismuth, molybdenum, manganese, cobalt, nickel, copper, cadmium,

antimony, and zinc.

14.  The use or a process as claimed in claim 13, wherein the metal is

zinc,



8. A process as clainmed in any of “m”m”mg: Imug\her@ n_the reaction
m xture al so contains a car boxyl iC n reofsr o
R PL& w@w Tei n

The use -or a process as cTainmed in any onetof®clsai s
t he carboxylic acid has 3 to 20 carbon atons or wherel n

10. The use or a process as clained in %Sy one of cla
wherein the carboxylic acid or, when appe
contains not nore than 12 carbon atons.

{0
t he carboxylicjagid
is a salt of a carboxylic acid which has 3 to 20 carbon{at oirf. JAN 1997
ns 1 to 4 and
ant on claim8, the salt there¢of

15.  The use or a process as claimed in claim 14, wherein the mass ratio

of zinc to phosphorus in the dithiophosphate is greater than 1.

16.  The use or a process as claimed in any one of claims 1 to 15,

wherein the dihydrocarby! dithiophosphoric acid is derived from iso-octanol ctanol and sec-

butanol, and wherein the alcohol is iso-octanol.

17. A process as claimed in any one of claims 5 to 18, wherein at least 1

mass % of the alcohol is added to form the reaction mixture, based on the weight of

the dihydrocarbyl dithiophosphoric acid.

18. A process as claimed in any one of claims 5 to 17, wherein the molar

ratio of the added alcohol to the metal or ammonium compound is at least 0.01:1.
19. A process as claimed in claim 18, wherein the said molar ratio is in

the range of from 0.01:1 to 1:1.

20. A process as claimed in claim 5, carried out substantially as

described in any one of Examples 1 to 8 and 14 to 16.

21. A process for the manufacture of a metal or ammonium dihydrocarbyl

dithiophosphate which comprises reacting a dihydrocarby! dithiophosphate acid with

a metal compound or ammonium compound in the presence of an alcohol, a

carboxylic acid or a salt thereof, and a complexing agent.



11. The use as clained in any of on f [ o] 4,W’ - poesty
carboxylic acid is a salt of a car b‘%ﬂﬂi@ﬂmﬂﬂ’&m nig EMENSa SHERT
o \

at ons. 12. The use or d iln fany one of cl'aips

1 to 4 and 8, where the carboxylic acid is propionic acjd. 8 JAN fa07 18.
tLe reacti o

A process as clained in any one of clains 5 to 12, wherejn
m xture al so contains a conpl exi ng agent. 14.

process as claimed in claim4 or claim24 “wherein the onpl exi ng agent {s
acet yl acet one.

22. A process as claimed in claim 21, wherein water formed by the

reaction is at least partially removed during the reaction.

23. A metal or ammonium dihydrocarby! dithiophosphate prepared by a

process as claimed in any one of claims 5 to 22,

24. A lubricating oil composition comprising a metal or ammonium

dihydrocarbyl dithiophate as claimed in claim 23.

25.  Any novel feature described herein, or any novel combination of

hereindescribed features.



-23 - 15. The use or a process as clai W—-
claine 1 to 14, wherein the nmetal is selected fromGo RuF ’ﬂﬂ"sSHéE&
1lla netals, alumnium ~tin, |ead, bisnuth, nolybdenum nganese; Tt |
ni ckel , copper, cadm um antinony, and zinc. 1 18 Egﬁ 489 ¢ria
process as clainmed in claim15, wherein the netal is z . ' 7

The use or a process as clained in cl aizng 16, wherein th

MANUFACTURE OF DIHYDROCARBYL DITHIOPHOSPHATES

ABSTRACT

An alcohol and/or a carboxylic acid or carboxylate is
used to reduced the proportion of sediment obtained in the
manufacture of a metal or ammonium dihydrocarbyl
dithiophosphate, for example, a =zinc dihydrocarbyl
dithiophosphate (ZDDP) for use as an antiwear

agent/antioxidant in crankcase lubricating cils.



of zinc to phosphorus in the dithiophosphate is greater—than 1

18. The use _or a process as clainmed in any one of clai '
wherei n the di hydrocarbyl dithi ophgsphoric acid is deri vgﬂmlmﬂﬂmmmﬂ)ﬂﬂol
and sec- butanol, and wherein theélarcohol is iso-octanol .» ¢ & & s19%
A‘process as clained in any one of clainms 5 to 18, wherein said nolar
ratiois in the range from0.05:1 to 0.75: 1. 20. A process for

t he manufacture of a lubricating oil conposition conprising blending a

: lubricating oil with a netal or ammoni um di hydrocarbyl dithi ophosphate

- made by thepmmwezess of any of clains 5 to 19.

1. The use of an alcohol and/or a carboxylic acid or a salt thereof to
reduce the proportion of sediment obtained in the manufacture of a metal or

ammonium dihydrocarbyl dithiophosphate.

2. The use as claimed in claim 1, wherein the alcohol contains at [east
five carbon atoms.

3. The use as claimed in claim 1 or claim 2, wherein the alcohol is a
o/ hydrocarbyl alcohol.
4. The use as claimed in any one of claims 1 to 3, wherein an alcohol, a

carboxylic acid or a salt thereof, and a complexing agent are used.

5. A process for the manufacture of a metal or ammonium dihydrocarbyl
dithiophosphate by reacting a dihydrocarbyl! dithiophosphoric acid and a metal
compound or an ammonium compound, which process comprises the step of
mixing the acid, the metal compound or ammonium compound, and a hydrocarbyl
alcohol containing at least five carbon atoms to form a reaction mixture, the molar
ratio of the added alcohol to the metal or ammonium compound being in the range
of from 0.01:1 to 1:1.

(

6. . A process as claimed in claim 5, wherein the hydrocarbyl alcohol is
an added hydrocarbyl alcohol.

7. A process as claimed in either claim 5 or 8, wherein water formed by

the reaction is at least partially removed during the reaction.

REPLACEMENT SHEET
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-24- ¢ . > 22, A process as clained in claim?21,

formed by the reaction is at |east partially renoved duri i
23. A nmetal or ammoni um di hydrocaré)ilr:s di t hi ophosphat e prgm’u allu)m"llﬂ”m
process as clainmed in any one of clafms 5 to 22. £ L omos x

8. A process as claimed in any of claims 5 to 7, wherein the reaction

mixture also contains a carboxylié' acid or a salt thereof.

9. The use or a process as claimed in any one of claims 1 to 4 and 8,
wherein the carboxylic acid has 3 to 20 carbon atoms or wherein the carboxylic acid

is a salt of a carboxylic acid which has 3 to 20 carbon atoms.

10. The use or a process as claimed in any one of claims 1to 4 and 8,
wherein the carboxylic acid or, when appendant on claim 8, the salt thereof

contains not more than 12 carbon atoms.

11.  The use as claimed in any of one of claims 1 to 4, wherein the

carboxylic acid is a salt of a carboxylic acid containing 3 to 12 carbon atoms.

12.  The use or a process as claimed in any one of claims 1 to 4 and 8,

where the carboxylic acid is propionic acid.

13. A process as claimed in any one of claims 5 to 12, wherein the

reaction mixture also contains a complexing agent.

14. The use or a process as claimed in claim 4 or claim 13, wherein the

complexing agent is acetylacetone.

REPLACEMENT SHEET
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24. * A lubricating oil conposition conprising a netal or i

ni.um

di hydrocar byl dithi ophate as clai ned- i2g <l ai m 23. z H’!"m&uﬂﬂ”ﬂ’
feature described herein, or any novel conbination of herek i .

f eat ures. s

16.  The use or a process as claimed in any one of ¢claims 1 to 14,
wherein the metal is selected from Group 1a metals, GroUp 11a metals, aluminium,
tin, lead, bismuth, molybdenum, manganese, cobalt, nickel, copper, cadmium,

antimony, and zinc.

16. The use or a process as claimed in claim 15, wherein the metal is
zinc.
N 17. The use or a process as claimed in claim 16, wherein the mass ratio

of zinc to phosphorus in the dithiophosphate is greater than 1.

18.  The use or a process as claimed in any one of claims 1 to 17,
wherein the dihydrocarbyl dithiophosphoric acid is derived from iso-octanol and sec-

butanol, and wherein the alcohol is iso-octanol.

19. A process as claimed in any one of claims 5 to 18, wherein said

molar ratio is in the range from 0.05:1 to 0.75:1.

20. A process for the manufacture of a lubricating oil composition
comprising blending a lubricating oil with a metal or ammonium dihydrocarby}

dithiophosphate made by the process of any of claims 5 to 19.

REPLACEMENT SHEET
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MANUFACTURE OF DINYDROCARBYL DITHIOPHOSPHATES
ABSTRACT

An alcochol and/or a carboxylic acid or carbaoxylate is’
used to reduced the proportion of sediment obtained in the
manufacture of a metal or ammonium dihydrocarbyl
dithiophosphate, for example, a zinec dihydrocarbyl
dithiophosphate (zDDP) for use as an antiwear
agent/antioxidant in crankcase lubricating oils.
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