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This application is a continuation-in-part of our co-

. pending application Serial No., 216,101, filed March 16,

1951, and is a continuation-in-part also of our related

- co-pending applications Serial No. 216,102, now Patent

No. 2,617,049; 216,103, now Patent No. 2,616,924;
224,458, now Patent No. 2,695,910; 263,961, now Patent
No. 2,616,925: 263,962, now Patent No. 2,616,911;
263,963, now Patent No. 2,616,904; 276,461, now aban-
doned; and 276,462, now Patent No. 2,616,905,

In our aforesaid parent application Serial No. 216,101,
there is disclosed the process of producing certain novel
organic salt complexes and the novel products resulting
from such processes.

The present invention is concerned with the use of
certain features of the process to which our said parent
applications relate for the production of complexes which
have particular propetties which suit them for particular
uses.

From the processes contemplated by our said parent
applications, it is possible to produce organic metal com-
plexes in which the metal content thereof is derived at
least in part from the metal present in the normal salt
of the starting acid, and metal confributed to the complex
by an inorganic basically reacting material; and, option-
ally, according to the processes of our said parent appli-
cations, metal in the complex may be derived from the
so-called promoter material.

The present invention is concerned with a process
wherein the metal is derived from only two sources:
specifically, (1) from the normal salt of the starting acid;
and (2) from the so-calied promoter material. The pres-
ent process is characterized further in that the reaction
mass which thus includes the starting acid, or, more par-
ticularly, its normal salt, and the metal containing pro-
moter material is subjected to an acid treatment step

utilizing for that purpose an acidic material which has &
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tion there will be given numerous examples of starting
acids and numerous examples of metals. As indicated
above, it is within the contemplation of our invention to
utilize mixtures of different acids as well as mixtures of
different metals. The various combinations of reaction
mass components which may' thus be utilized include, for
example, the following: ,

1. A single acid entirely neutralized with a single metal
employed in conjunction with a promoter containing the
same metal; ‘

2. A single acid in which different portions thereof
are neutralized by different metals employed in conjunc-
tion with a promoter material which may contain one or
more metals, as by having a plurality of different metals
associated with the same kind of anions, or a plurality of
different kinds of anions associated with the same type

" cafion.
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From the foregoing, it will be apparent that there are
many possible ways in which g plurality of starting acid
anions and a plurality of metals may be included in the
resultant complex, At this point, it should be observed
also that, whereas all of the metal in the complex other
than that derived from the normal salt of the starting
acid is contributed to the complex by the promoter
material used, it is nevertheless within the contemplation
of our invention.to use along with such metal containing
promoter materials, promoters which are metal free. It
is also within the contemplation of our invention to use,
in lieu of the metal containing promoter, an admixture
of metal-free promoter plus an amount of free inorganic
metal base up to but not greater than that amount re-

 quired stoichiometrically to form the salt of the metal-
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an ionizdtion constant greater than the iomization con-

stant of the organic acid reacting compound from which
the anion of the promoter material is derived.

Where reference is made throughout this specification
and in the attendant claims to the starting acid, or the
“acidic material,” we shall presently give examples. We
intend to include in the product of a single complex ma-
terial, or product, one or more of different such acids or
the ‘normal salts, since as will be presently explained,
there are unusual advantages to be derived from the use
of an admixture of different starting acids.

When we refer to the fact that the entire metal content
of the complexes of this invention are derived from the
normal salt of the starting acids and from the promoter
material, it is to be understood that in confecting the
reaction mass, we may use either the starting acid, as
such, together with an amount of basically reacting ma-
terial substantially equal to that required stoichiometrical-
ly to neutralize the amount of acids used, or we may
utilize the normal metal salt with no free base present in
the reaction mass. Throughout thé'following descrip-
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free promoter. This refinement finds particular utility
when the inorganic metal base is highly alkaline in nature,
for example, the alkali and alkaline earth oxides and hy-
droxides, particularly barium oxide and barium hydroxide.
The use of some metal-free bromoter material is highly
desirable for certain purposes since the complex pro-
duced thereby tends to be more truly homogeneous, and
the behavior of the reaction mass during the processing
is such that the processing is easier when some metal-free
promoter is used.

In the following section of the specification, we shall
first list the acidic materials which may thus be used
in providing the anion of the normal metal salt, it being
understood, as indicated above, that various combinations
of such acidic starting metals may be used or their salts,

THE OIL SOLUBLE ACIDIC ORGANIC . COM-
POUNDS AND/OR THE SALTS THEREQF

The oil-soluble acidic organic compounds and/or the
salts thereof employed for the purposes of the present in-
vention include a variety of classes of compounds, such

-as the aliphatic or aromatic organic acids e. g, the sulfur

acids, the carboxylic acids, acids of phosphorus, efc., or
the salts of such acids, including the corresponding thio
acids of any of the foregoing as well as mixtures of the
same. The aromatic compounds include the mono- or
polynuclear types- of the benzenoid and heterocyclic
classes; whereas the aliphatic compounds are for example
the acyclic and cyloaliphatic compounds. It is intended
that all such compounds be oil soluble for this inventjon,
and in the preferred instance “oil solubility” is meant
that the salt of the acidic organic compound will possess
a solubility of at least about 10% in Pennsylivania con-
ventionally refined mineral oil having a viscosity of about
150 SUS at 100° F., or what is commonly known as Penn-
sylvania 150 neutral oil. .
More specific illustrations of the types of oil-soluble
acidic organic compounds or the salts thereof which can
be employed are, for example, ;




2,779,874

(1) Organic acids in which:
=*-~(g) Sulfur is the acid-forming element, for example:
Organic acids containing the —807H radical, e. g.:
Sulfonic acids '
Sulfamic acids
“Thiosulfonic acids
- Organic acids containing the ~80:H radieal, e. g.:
Sulfinic acids ;
Thionamic acids
Sulfenic acids .
Partial esters of polybasic inorganic sulfur aeids, e. g.:
Mono-esters of sulfuric acid
Mono-esters of sulfurous acid
Mono-esters of thiosulfuric acld
(b) Selenium is the acid-forming element, for example:
Selenonie acids :
Seleninic acids
Partial esters of polybasic inorganic selenium acids, e. 8.
Mono-esters of selenie acid
Mono-esters of selenious acid

(¢) Tellurim is the acid forming element, for example:

Telluronic acids : .

Tellurinic acids

Partial esters of polybasic inorganie tellurium aeids, e. g.:
Mono-esters of telluric acid
‘Mono-esters of tellurous acid

(d)-Carbon is the acid-forming element, for example:

Organie acids containing the -—00251 radical, ¢. g.:
Carboxylic acids
N-substituted carbamic acid

Organic acids containing the —CX,H radical, where X is either

O or S and at least one X is sulfur, e. .}

Thiocarboxylic acids
N-substituted thiccarbamie acid

Selenoc-carboxylic acids

Telluro-carboxylic acids

(¢) Nitrogen is the acid-forming element, for example:
Nitrolic acids: R—C(NOH)NO2
Nitrosolic acids: R—C(NOH)NO
Nitronic acids: ReC:NOOH
Nitroic acids: RNQ(OH);

Carbazylic acids: R—C{NH)NH,

(f) Phosphorus is the acid-forming element, for example:
Phosphinic acids; RxP(OH)s-, wherez is 1or 2
Phgsphonie acids; RxPO{0H):— wherezislor2

. Thiophosphinic acids; RxP (ZH):-- where £ is 1 or 2, and where
7 1s either O or S and at least one Z is snlfur
Thiophosphonic acids; RxPZ(ZH)z-- wherez is1or 2, and where
7 is either O.or S and 2t least one Z is sulfur
Partial1 esters of polybasie inorganic phosphorus acids, for ex-
ample:
Mono-esters of phosphorous acid
Mono-esters of thiophosphorous acids
Mono- and di-esters of phosphoric acid
Mono-and di-esters of thiophosphoric aeids
Partial esters of pyrophosphoric acid
‘Partial esters of pyrophosphorous acid
Partial esters of polyphosphoric acids
Partial esters of polyphoesphorous acids
Partial esters of pyrothiophospheric acids
Partial esters of pyrothiophosphorous acids
Partial esters of thiopolyphosphoric acids
Partial esters of thiopolyphosphorous acids
{¢) Arsenic is the acid-forming element, for egxample:
Arsinic acids ’
Arsonic acids
Partial esters of polybasie, inorganie, arsenic-derived acids, e. g.:
Mono-esters of arsenious acid
Mono- and di-esters of arsenic acid

(h) Antimony is the acid-forming element, for-example:

Stibonic acids ’
Partial esters of polybasic inorganic antimony acids, e. g.:
Mono-esters of antimonous acid
. Mono- and di-esters of antimonic acid
(i) -Silicon is the acid-forming element, for example:
Siliconic acids: RSIOOH
.. Partial esters of silicic acid
() Tin is the acid-forming element, {or exgmaple: stannonic acids;
RSnO0OH ’

(k) Lead is the acid-forming element, for example: plumbonic-acids;
RsPb(OH); and RPbOOH ’ ple: plambonioatds
(2) Salts.of the organic acids listed under (1).

The salts included under (2) are metal salts and organic
salts. - The metal salts include the mono or polyvalent
metals, such as the light or heavy metals, or the alkali
and alkaline earth metals such as sodium, lithium, potas-
“sium, calcium, barium, strontium, magnesium, and other
specific examples, are zinc, cadmium, mercury, lead, tin,
iron, cobalt, copper, manganese, aluminum, chromium,
nickel, etc. The organic salts include those formed with
ammonia and substituted ammonias, such as mono-, di-,
and tri-ethanolamines; ethyl-, propyl-, butyl-, and amyl-
amines, etc., piperidine, pyridine, etc.

The following list of compounds serve to more specifi-
cally illustrate the types of acidic organic compounds
which" are contemplated for this invention. However,
it should be understood that for every acidic organic
compound enumerated, a corresponding specific metal
or organic salt of the types discussed above and-illustrated
below are intended.
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Mahogany sulfonic aclds

“Potrolatum sulfonic acids

Substituted aromatic sulfonic seids, e. 8.
Mlono- snd poly-wax substituted naphthalene sulfonic acids
Mono- and poly-wax substituted phenol sulfonic actds
Mono- and poly-wax substituted diphenyl ether sulfonic acids
Mono- and poly-wax substituted naphthalene disulfide sulfonie acids
Mono- and poly-wax substituted ‘dipheny] amine sulfonic acids
Mono- and poly-wax substituted thiophene sulfonic acids
Moqg- and poly-wax substituted. alpha-chloronaphthalene sulfonic

acids

N,N-di-wax aniline sulfonie acids
Tuel oil substituted naphthalene sulfonic acids
Fuel oil substituted diphenyl ether sulfonic acids
TKerosene substituted diphenyl ether sulfonicacids
Totrolatum substituted naphthalene sulfonic acids
‘Petrolatum substituted phenol sulfonic acids
Petrolatum substituted anthracene sulfonicaelds
Petrolatum substituted naphthalene disulfide sulfonic acids
Ceryl-diphenylene sulfonic acids
Cetyl chioro-benzene sulfonic acids
Cetyl-phenol sulfonie acids
Cetyl-phenol disulfide sulfonic acids
Cetyl-phenol monosulfide sulfonie acids
Di-¢etyl thianthrene sulfonic acids
Cetoxy capryl benzene sulfonic aeids
Di-lauryl chlorophenol sulfonic aeids
Di-lauryl beta-naphthol sulfonic geids
Tri-lauryl phenothioxine sulfonic acids
Di-laury] mono-chloro diphenyl ether sulfonic acids
Bis-(di-isobutyl-carbinyl) naphthalene sulfonic acids
Di-capryl nitro-naphthalene sulfonic actds
Tri-capryl benzene sulfonic acids .
Tri-capryl diphenyl sulfide sulionie acids
Di-capryl methyl naphthalene sulfonie acids
Di-capryl ortho-phenylphenol sulfonic acids
Tetra-capryl meta-terphenyl-sulfonic acids
Di-capryl thiophene sulfonic aclds - .
Diisobutyl (2,4,'5-trichlorobenzquxy) benzene sulfonic aclds
p-Capryl-o-eyclohexyl phenol sulionic acids
Bis-(diisobutyl) naphthalene sulfonic actds -
Tris-(diisobutyl) anthracene sulfonie acids .
Bis-(diisobutyl) diphenylene sulfids sulfonic acids

Aliphstic sulfonic acids (acyelic), e. g.:
Paraffiin wax sulfonic acids
Unsaturated parafin wax sulfonicacids =
Hydroxyl-substituted paraffin wax sulfonic acids
Nitroso-substituted paraffin wax sulfonic aclds
Chloro-substituted paraffiin wax sulfonic aclds B
Unsaturated sulfonie acids derived from polyalkylenes containing at

least 15 carbon atoms, 8. g1
Tetraisobutylene sulfonic acids
Tetra-amylene sulfonic acids

Cycloaliphatic sulionie acids, e. g.:
‘Petroleumn naphthene sulionic aclds
Cetyl-eyclopentyl sulfonie acids
Lauryl-cyclohexyl sulfonic gelds
Bis-(difsobutyl) cyclohexyl sulfonic acids . .
Mono- and poly-wax-substituted cyclohexyl sulfonic acids

Additional examples of sulphonic acids and/or salts
thereof which can be employed as starting materials are
disclosed in the following U. S. patents: 2,174,110;
2,174,506; 2,174,508; 2,183,824; 2,197,800; 2,202,791,
2,212,786; 2,213,360; 2,228,598; 2,233,676; '2;239,974;
2.263,312; 2,276,090; 2,276,097; 2,315,514; 2,319,121;
2,321,022; 2,333,568; 2,333,788; 2,335,259; 2,337,552;
2,346,568; 2,366,027; 2,374,193; and 2,383;319.

However, preferably, it is intended to use as starting
materials, the products derived in accordance with the
processes of the above enumerated patents on the follow-
ing initial materials: o

Lubrleating oil fractions
Petrolatum

Paraffin wax

Paraffin oil

Petroleum napbthenes
‘White oil

Gas oil

Abjetane
The higher alkylated cyclohezanes, €. g.:
Cetyl-cyclohexane
Bis-(diisobutyl) cyclohexanes )
The higher alkylated cyclopentanes, ¢. g paraffin wax- substituted
eyclopentane
The higher alkylated decahydro-naphthalenes, e. g2 di-lauryl decaliydro~
naphthalenes
The higher alkylated benzenes, e. g.
Paraffin wax substituted benzene
Mono- and poly-(triisobutyl) benzenes
Mono- and poly-(tetralsobutyl) benzenes
The higher alkylated naphthalemes; ¢. &.:
Petrolatum substituted naphthalene
Paraffin wax substituted naphthalene
Terpene polymers, €. 8.0

“Polymerized turpentine
Polymerized menthenes

\Alkyiene and alkadiene polymers, . &1
Polyethylenes .
Polypropylenes
Polybutenes
Polyisoprenes, . £. fural rubber
‘Polybutadienes =~ S

Polycaprylenes

;)
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Co-polymers, e. g.: :

Styrene-butadiene co-polymers

Styrene-methyl acrylate co-polymers -

p-Methyl-alpha-methyl-styrene-vinyl chloride co-polymers
The higher aliphatie hydrocarbons, e. g.:

Octadecane

Efcosane

Tetracosane

Pentacosane

Heptacosane

Triacontane

For the purposes of this specification and- appended
claims, it should be understood that petroleum sulphonic
acids or salts thereof are intended to cover those com-
. pounds derived from petroleum.

It has been found that metal complexes of consider-
able utility may be produced when using as the starting
material a mixture of at least two different sulfonic acid
compounds.

Highly useful in this respect are mixtures containing
(a) at least one petroleum derived sulfonic acid com-
pound, and (b) at least one alkyl-aromatic sulfonic acid
compound. Particularly preferred are mixtures of ma-
hogany sulfonic acids or salts with alkyl-benzene sul-
fonic acids or salts. The ratio of equivalents of a/b
is preferably between 0.1 and 10.

The following examples illustrate 2 number of specific
combinations of different sulfonic acid compounds which
may be used as starting materials for the production of
our metal complexes. In each instance, the correspond-
ing salts of the sulfonic acids are also contemplated.

Mixture chemical
No. Components equiva-
lents

1 {Mahogany sulfonic acid 1.0
""""" Di-isododecyl benzene sulfonicacid ... ... 1.0
White oil sulfonic acid 10
2 . Mahogany sulfonic acid L0
Di-isododecyl benzene sulfonicacid. ... ... 2.0
3 {White oil sulfonic acid y 1.0
"""""" Di-isododecy] benzene sulfonicacid ... 2.0
4 {Mahogany sulfonic acid 10.0
""""" Wax-substituted phenol sulfonicacid__._._....._. L0
5 {Mahogany sulfonic acid 5.0
-------- Wax-substituted naphthalene sulfonic acid . ... L0
6 {Mahogany_sulfouic acid 10
""""" Wax-substituted benzene sulfonicacid__....__. 9.0
" Petrolatum sulfonic acid 1.0
""""" ‘White oil sulfonic acid 2.0
8 Mahogany sulfonicaeid.. ... 7" 1.0
"""""" Petrolatum sulfonic acid 1.0
0 Mahogany sulfonicacid..._______ -2 """ L0
““““““ White oil sulfonic acid. . L0
{Polybutene sulfonic acid 1.0
-{\Mahogany sulfonic acid 5.0
{Wax sulfonicaeid_..____ Lo
“I\Mahogany sulfonicacid.. ...~ 2.0
{Eicosy] diphenyl ether sulfonic acid_ L0
Mahogeny sulfonieaeid. _____._____ 7.0
13 {Tri-capryl diphenyl ether sulfonic acid_ 1.0
R Mahogany sulfonicaeid_ ____.__._._. 2.5
14 Bis-(diisobutyl)-phenol sulfonicacid.__ 1.0
"""""" ‘White oil sulfonic scid_ 3.0
15 Cetyl-chlorobenzene sulfonic acid.__. L0
Ommmmmeoee Mahogany sulfonicacid. . ._____ 8.0
16 {Di-cetyl naphthalene sulionic acid 10.0
****** Mahogany sulfonicacid. . ___ 10
Mahogany sulfonic acid._ _ . 2.0
17 White oil sulfonie acid _ L0
fommmmaaee Di-lauryl diphenyl ether sulfonic acid. 1.0
Di-isononyl benzene sulfonic acid Lo
18 {White oil disulfonic acid___ 1.0
"""""" Di-isooctadecyl henzene sulf — 2.0
Petrolenm naphthene sulfonic acids. . Lo
19 el Mahogany sulfonicaeid ... .____._______ - 1.0
Polybutene-substituted benzene sulfonic acid. .. 1.0
20 {Di-keryl benzene sulfonie acid 2.0
“““““ Mahogany sulfonicacid. . _________ 1.0
21 {Fuel oil substituted benzene sulfoni L5
"""""" Mahogany sulfonicacid . _...______________ "~ 1.0
2 {Stearyl naphthalene sulfonic acid._ _ 3.0
""""" White oil sulfonicacid- ... . 1.0
23 {Wax-substltuted phenothioxine sulfonie acid_____ 1.0
O oo Mahogany sulfonieacid..___________________ - 3.5

Organic acids in which:

{m) Sulfur is the acid-forming element, for example:
Organic acids containing the —SOsH. radical, e. g.:
Sulfonie acids (prior lists give specific examples)
Sulfamic acids, e. g.:
Di-lauryl sulfamic acid
Di-(3,9-diethyl-tridecyl-6) sulfamic acid
Di-(cetyl-phenyl) sulfamic acidg .
Dis(n-octyl-cyclohexyl) sulfamic acids
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Thiosulfonic agids, e, g.:
Eicosane thiosulfonic acids
Paraflin wax thiosulfonic acids
Paraffin wax substituted benzene sulfonic aclds
Ootyl-cyclohexane thiosulfonie acids
Organic acids containing the —SQ;H radieal, . g.: -
Sulfinic acids, e. g.:
n-Octadecane sulfinic acids
Paraffin wax sulfinic acids
Petroleum sulfinie acids
Paraffin wax substituted naphthalene sulfinio acids
Petroleum naphthene sulfinic acids :
Di-capryl-cyclohexane sulfinic acids
Thionamic acids, e, g.:
Myricyl thionamic acid
Di-cetyl thionamic acid
Di-(auryl-phenyl) thionamie acids
Parafiin wax substituted cyclohexyl thionamie acids
Partial esters of polybasic inorzanic sulfur aclds, e. g.
Mono-esters of sulfuric acid, e, g,
Mono-docosyl sulfate
Mono-(dlisobutyl-phenyl) sulfates
Mono-(cetyl-cyclohexyl) sulfates
Mono-esters of sulfurous acid, e. g.:
Mono-oetadecyl su'fites
Mono-(eicosyl-phenyl) sulfites
Mono-(hydroabietyl) sulfites
Mono-esters of thiosulfuric acid, e. g.:
Mono-pentacosy! thiosulfate
Mono-gdi-ca:pryl naphtheyl) thiosulfates
. Mono-(myristyl-cyclopentyl) thiosulfates
(b) Selenium is the acid-forming element, for example:
Selenonic acids, e, g.:
Paraffin wax selenonic acids
Di-lauryl-benzene selenonic acids
Cetyl-cyclohexane selenonic acids
Seleninic acids, e. g.; .
Heneicosane seleninic acids
Tri-capryl-naphthalene seleninic acids
Parafiin wax substituted eyclohexane seleninie acids
Partial esters of polybasic inorganie selenium acids, e, g.:
Mono-esters of selenic acid, e, g.:
Mono-tricosyl selenate
Mono-(nonadecyl-phenyl) selenates
Mono-(d1-n-octyl-cyclohexyl) selenates
Mono-esters of selenions acid, e, g.:
ono-myricyl selenite
Mono-(eicosyl-naphthyl) selenites
X Mpnu-(cetyl-cyelopentyl) selenites
(¢) Tellurium is the acid-forming element, for example:
Telluronic acids, e. g.:
Parafiin wax telluronic acids
Di-capryl-anthracene telluronic acids
Pentacosyl-cyclohexane telluronic acids
Tellurinic acids, e. g.:
Heptacosane tellurinic acids
Di-nonyl-benzene tellurinic acids
Di-lauryl-cyclehexyl tellurinie acids :
Partial esters of polybasic inorganic tellurium acids, o, g.:
Mono-esters of telluric acid, e. g.:
Mono-heneicosyl tellurate
Mono-(docosyl-phenyl) tellurates
Mono-(tetracosyl-eyclohexyl) tellurates
Mono-gsters of tellurous acid, o. g.:
Mono-octadecyl tellurites
Mono-(di-octyl-phenyl) tellurites
Mono-(cetyl-cyclohexyl) tellurites
Carbon is the acid-forming element, for example:
Organie acids containing the —OO0sH radieal, e. g,:
Carboxylic acids, e, g.:
Stearic acid
Behenic acid
Carpaubic acid
Cerotic acid
igh molecular weight acids from the oxidation of paraf
wax and other pstrolenm fractions baraffin
Oleie acid
Erucic acid
Cetoleic acid
Cetyl-benzoic acids
Eicosyl-naphthoic acids
Paraffin wax substituted hydroxy-benzoie acids
Di-lauryl-anthracene carboxylie acids
Petroleum naphthenic acids
Abietic acid
Hydroabietic acid
Tetracosyl-cyclohexane carboxylic acids
N-substituted carbamic acid, e, g.:
Di-octyl-carbamic acids
Mono-cetyl carbamic acids
Di-(hexyl-phenyl) carbamic acids
Mono-(lauryl-phenyl) carbamic acids
Di-(amyl-cyclohexyl) carbamic acids
Mono-(lauryl-cyclohexyl) carbamic acids
Organic acids containing the —OXzH radical, where X is oxygen,
sulfur, selenium, or tellurium, and at least one X is other than
oxygen, e, g.:
Thiocarboxylic acids, e. g.:
Mono- and di-thio stearic acids
Mono- and di-thio oleic acids
Mono- and di-thio mellissic acids
Mono- and di-thio paraffin wax substituted benzoic acid
Mono- and di-thio eicosyl-naphthoic acids
Mono- and di-thio octadeeyl-cyclohexane carboxylic acids
Mono- and di-thio petroleum naphthenie acids
N-substituted thiocarbamic acids, e, g.:
Cetyl mono- and di-thio carbamic acids
Di-capryl mono- and di-thio carbamie acids
Lauryl-phenyl mono- and di-thio carbamic acids
Di-(octyl-phenyl) mono- and di-thio carbamie acids
Nonadaeyl-cyclohexyl mono- and di-thio carbamic acids
Di-(heptyl-cyclohexyl) mono- and di-thio carbamio aolds

()
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Selanocsrboxylic scids, &. g.:
Mono- and di-seleno stearic acids
Mono- and di-seleno oleic acids
Mono- and di-seleno tetracosyl-benzoic acids
Mono- and di-seleno peirolenm naphthenic acids
Tellurocarboxylic acids, e. g.2
Mono- and di-telluro oleie acids .
Mono- and di-telluro cetyl-ngphthoie acids
Mono- and di-telluro hydroabietic acid
Partial esters of polybasic inorganie carbon acids, €. g.:
Mono-esters of earbonic acid, e. g.:
Mono-eicosyl carbonate
Mono-{cetyl-phenyl) carbonates
Mono-(lauryl-cyelohexyl) carbonates
Mono-esters of thicearbonic acids, e. g.:
Moqcé;docosyl esters of mono, di-, and tri-thio carbonic
acl
Mono-(myristyl-phenyl) esters of mono- di-, and tri-thio
carbonie acids
Mono-esters of selenocarbonie acids, e. 8.t .
Moqg—pentacosyl esters of mono-, di-, and tri-seleno earbonic
acids
Mono-ceryl-phenyl esters of mono-, di-, and tri-seleno car-
bonic acids X
Mono-(lauryl-cyclohexyl) esters of mono-, di-, and tri-seleno
carbonie acids
Mono-esters of tellurccarbonie aeids, e. g.:
Moxﬁ-octadecyl esters of mono-, di-, and tri-telluro carbonic
acids
Mono-(parafin wax substituted phenyl) esters ol mono-,
di-, and tri-telluro carbonic acids X i
Mono-(cetyl-cyclopentyl) esters of mono- di-, and tri-teilure
carbonie acids.

It is also intended to employ as starting materials
those high molecular weight acids which are prepared
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(¢) Nitrogen is the acid-forming element, for example:
Nitrolie acids, e. g.:
Docosyl nitrolic acid
Octadecyl-naphthyl nitrolic acids
Parafiin wax substituted cyclohexyl nitrotic acids
Nitrosolic acids, e. g.:
Hexacosyl nitrosolic acid
Nonadecyl-phenyl nitrosolie acids
3 Di-octyl-cyclohexyl nitrosolic acids
Nitronic acids, e. g.:
Heneicosane nitronic acids
Phenyl-cetane nitronic acids =~
Cyclohexyl-octadecane nitronic acids
Nitroic acids, . 8.2
Qetacosyl nitroic acid
Cetyl-phenyl nitreic acids
Lauryl-cyclohexyl nitroic acids
Carbazylic acids, e. g.¢
Ticosane carbazylic acid:
Cetyl-benzene carbazylic acids
Lauryl-cyclohexane carbazylic aeids
Also useful as starting materials for the production
of metal complexes are the pentavalent orgamic acids of
phosphorus which contain at least one carbon-to-phos-

phorus bond; i. e., those acids of the general formula:

RaP
>X'H)a—n

wherein X and X’ are oxygen or sulfur, R is an organic
radical bonded to phosphorus through a carbon atom,
nis 1 or 2, and Rn contains a total of at least 12 car-
bon atoms.

When 7 is 2, there are of course two organic radicals
present. Such radicals may be the same or different;
for example, Rz may represent two octyl radicals or a
decyl radical and a hexyl radical.

Other useful carbon-to-phosphorus bonded peniavalent
organic acids of phosphorus, but whose exact struc-
tures have not yet been ascertained, are those acids pre-
pared from aliphatic, cycloaliphatic and/or aromatic
compounds which are devoid of hydroxyl, sulfhydryl, and
keto groups by treating such compounds with at least
one sulfurizing and phosphorizing reagent such as
PSCls, P2Ss, PaSt, PsSs, PsSs, PaSs plus sulfur, PCl3 plus
sulfur, elemental phosphorus plus sulfur, and the like,
and optionally further treating with a hydrolyzing agent
such as water, steam, and/or metallic base. The prep-
aration of such materials is disclosed in U. 8. Patents
Nos. 2,316,085; 2,316,086; 2,316,087; 2,316,088; 2,316,-
089; 2,316,091; 2,316,078; 2,316,079; 2,316,080; 2,316,-
081; 2,316,082; 2,316,083; 2,316,084; and 2,367,468.

Typical organic starting materials for the production
of these acids are given hereinbelow:
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ZLubricating oil fractions, especially those of high aromaticity
Petrolatum

il
Petroleum naphthenes
‘White oil
Gas oil
Abietane i
Cycloaliphatic hydrocarbons and their alkyiated derivatives, e. g.:
Cyclohexane
Methyl-cyclohexans
Di-methyl-cyclohexanes
Tthyl-cyclohexans
Butyl-cyclohexanes
Hexyl-cyclohexanes
Decahydronaphthalene
Cetyl-cylcohexane
Bis-(diisobutyl) cyclohexanes
The alkylated cyclopentanes, e. g.
Ethyl-cyclopentane
Paraffin wax substituted cyclopentane
The alkylated decahydro-napthalenes, e. g.:
Di-ethyl decahydronaphthalene
Di-lauryl decahydronsphthalenes
Aliphatic hydrocarbons, e. .2
Hexanes
Heptanes
Octanes, o. g.1
n-Octane
Diisobutane
Decanes
Dodecanes .
‘Mixtures of the lower aliphatic hydrocarbons such as those found in
8. 4.2
- Gasoline
Kerosens
Naphtha
Qctadecane
Eicosane
'Petracosane
Pentgacosane
Heptacosane
Triacontane 3 N
Aromatic hydrocarbons and their alkylated derivatives, ¢. £.:
Benrzene
Toluene
Xylenes
Ethyl-benzene
Amyl-benzenes
Qctyl-benzenes
Naphthalene
Methyl-naphthalenes
Ethyl-naphthalenes
Butyl-napbthalenes
Anthracene
Methyl-anthracenes
Diphenyl
Terphenyl
The Higher alkylated benzenes, e. g.:
‘Paraffin wax substituted benzens
Mono- and poly-(triisobutyl) benzenes
Mono- and poly-(tetraisobutyl) benzencs
The higher alkylated naphthalenes, e. g.:
Petroleum substitated naphthalene
Paraffin wax substituted naphthalene
Terpene polymers, e. g.5
Polymerized turpentine
Polymerized menthenes
Alkylene and alkadiene polymers, e. g.:
Polyethylenes
Polypropylenes
Polybutenes
Polyisoprenes, e. g. natural rubber
Polybutadienes
Polycaprylenes
Co-polymers, . g.:
Styrene-butadiene co-polymers
Styrene-methyl acrylate co-polymers R
p-Methyl-alpha—methyl-styrene-vmyl chloride co-polymers

Acids of phosphorus having at least one carbon-to-
phosphorus bond, when used in admixture with at least
one oil-soluble sulfonic acid compound, have been found
to provide highly useful starting materials for produc-
ing our metal complexes. Particularly valuable metal
complexes for some uses, as for example in lubricants,
are obtained when using as a starting material a com-
bination of petroleum sulfonate and the carbon-to-phos-
phorus bonded acid obtained by treating polybutylenes
in the molecular weight range of 300 to 5000 with a
mixture of P2Ss and sulfur.

() Phosphorus is the acid-forming element, for example:
Phosphinic acids; RxP(0H)s-. where z islor2 e g.:
Pentacosy] phosphinic acid
Di-laury! phosphinic aeid
Cetyl-phenyl pbosphinic acids
Di-(octyl-phenyl) phosphinic acids
Oqtadeeyl-cyclohexyl phosphinic acids
Di-(nonyl-eyclohexyl) phosphinic acids
Phosphonic acids; R xP(OH)3-- where z istor2e g:
Octadecyl phosphonic acid
Di-lauryl phosphonic acid
Ceryl-naphthyl phosphonic acid
Di-{capryl-nsphthyl) phosphonic acid
Oet(yl-cyelohexyl phosphonic acid
Di-(decyl-cyclohexyl) phogphonic acid

Ll )
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Thiophosphinic acids; RxP (ZH)s3~2, wherezis 1 or 2and Z is either
O or S with at least one Z being sulfur, e. g.:
Mono- and di-thio cetyl phosphinic acids
Di-lauryl thiophosphinie acid
Mono- and di-thio eicosyl-phenyl phosphinic actds
Di-capryl-phenyl thiophosphinie acid
Mono- and di-thio octadecyl-cyclohexyl phosphinie acids
Di-(nonyl-cyclohexyl) thiophosphinic acids
Thiophosphonic acids; RxPZ(ZH)s—, wherez is 1 or 2and Z is either
O or S with at Jeast one Z being sulfur, e. g.:
Mono-, di-, and tri-thio octadeeyl phosphonic acids
Di-decyl thiolphosphonic acids
Di-decyl thionopbosphonic acids
Mono-, di-, and tri-thio docosyl-phenyl phosphonie aclds
Di-(amyl-phenyl) dithiophosphonic acid
Mono-, di-, and tri-thio cetyl-cyclohexyl bhosphonic acids
Di-(nonyl-cyclohexyl) dithiophosphonic acid
Partial esters of polybasic inorganic phosphorus acids, e. g.:
Mono-esters of phosphorous acid, e. g.:
Mono-eicosyl phosphite
Mono-(lauryl-phenyl) phosphites
Mono-(cetyl-cyclohexyl) phosphites
Mono-esters of thiophosphorous acids, e. g.:
Mono-S-docosyl thiophosphite
Mono-O-docosy! dithiophosphite
Mono-(O-cetyl-phenyl) dithiophosphites
Mono-(octyl-eyclohexyl) trithiophosphites
Mono- and di-esters of phosphorie acld, e. g.:
Mono- and di-lauryl phosphates
Mono- and di-(dodecyl-phenyl) phosphates
Mone- and di-(nonyl-cyclohexyl) phosphates
Mono- and di-esters of thiophosphoric acids, 8. g.:
0,0-di-n-hexyl thiolthionophosphate
0,0-di-n-hexyl thionophosphate
0,0-di-(4-methyl-sec-amyl) thiolthionophosphate
0,8-di-n-hepty! dithiolthionophosphate
0,0-di~(2-ethyl-hexyl) thiolthionophosphate
0,0-di-eapryl thiolthionophosphate
0,0-di-(2,4,4-trimethyl-amyl) thiolthionophosphate
0,8-di-n-nonyl! dithiolphosphate
0,0-di(3,5,5-trimethyl-hexyl) thiclthionophosphate
0,0-di-n~decyl thiolihionophosphate
$,8-di-n-undecy! dithiolphosphate
0,0-di-lauryl thiolthionophosphate
8-cetyl dithiolphosphate
0,0-di-cetyl thiolthionophosphate
Thiglthionophosphates of the general formula (CnHant1-
0)2:PSSH, where 5 is a number of from 20 to 50,e.8.:
0-0-di-(paraffin wax) thilthionophosphates
0,0-di-myricyl thiolthionophosphate
0,0-di-carnaubyl thiolthionophosphate
0,0-di-(tert-amyl-phenyl) thiolthionophosphates
0,0-bis-(diisobu tyl-phenyl) thiolthionophosphate
0,0-di-(decyl-phenyl) thionophosphates
O-cetyl-phenyl-O-napthyl thiolthionophosphates
0,0-di-(methyl-cyclohexyl) thiolthionophosphates
0,0-di-(amyl-cyclohexyl) thiolthionophosphates
Pentacosyl-cyclohexyl tetrathiophosphates
O,S-di-(heptyl-cyclohexyl) dithiolthionophosphates
Partial esters of pyrophosphorie acid
Mono-, di-, and tri-eicosyl pyrophosphates
Mono-, di-, and tri-(ceryl-phenyl) pyrophosphate
Mono-, di-, and tri-(cetyl-cyclohexyl) pyrophosphates
Partial esters of pyrophosphorus acid
Mono-, di-, and tri-octadecyl pyrophosphites
Mono-, di-, and tri-(myricyl-phenyl) pyrophosphites
Mono-, di-, and tri-(cetyl-cyclopentyl) pyrophosphites
Partial esters of polyphosphoric acids, e. g.:
Mono-, di-, iri-, and tetra-ceryl triphosphates
Mo}xlmé, di-, tri-, tetra-, and penta-(di-laurylphenyl) tetraphos-
phates
Mono-, di-, tri-, tetra-, and penta-, and hexa-(docosyl-eyclohexyl)
pentaphosphates
Partial esters of polyphosphorous acids, e. g.:
Mono-, di-, tri-, and tetra-ceryl triphosphites
Mono-, di-, tri-, tetra-, and penta-(stearylphenyl) tetraphosphites
Mono-, i, tri-, tetra-, penta-, and hexa-(paraffin wax substituted
cyclohexyl) pentaphosphites
Partial esters of pyrothiophosphoric acids, e, g.:
Mono-, di-, and tri-eicosyl pyrodithionophosphates
Mono-, di-, and tri-(cetyl-naphthyl) pyroheptathiophosphates
Mono-, di-, and tri-(hydroabietyl) pyrothionophosphates
Partial esters ot pyrothiophosphorus acids, e. g.:
Mono-, di-, and fri-ceryl S-pyro thiophosphites
Mono-, di-, and tri-(docosyl-phenyl) O-pyrotetrathiolphosphites
Mono-, di-, and tri-(auryl-eyclohexyl) Dpyropentathiophosphites
Partial esters of thiopolyphosphoric acids, e. g.;
Mono-, di-, tri-, and tetra-ceryl decathiotriphosphates
Mono-, di-, tri-, tetra-, and penta-(di-caprylphenyl) tetrathiono-
tetraphosphates
Mono-, di-, tri-, tetra-, penta-, and hexahydroabietyl penta-
thionopentaphosphates :
Partial esters of thiopolyphosphorous acids, e. g.:
Mono-, di-, tri-, and tetra-myricyl heptathiotriphosphites
Moﬁm-, g;g, tri-, tetra-, and penta-(laurylphenyl) trithiotetra-
-phosphites
Mono-, di-, tri-, tetra-, penta-, and hexa- (petroleum naphthenyl)
tetrathiopentaphosphites
() Arsenic is the acid-forming element, for example:
Arsinic acids, e. g.:
Mono-cetyl arsinic acid
Di-(lauryl-phenyl) arsinic acids
Mono-hydroabietyl arsinic acid
Arsonic acids, e. g.:
Mono-ceryl arsonic acid
Di-(octyl-naphthyl) arsonic acids
Mono-(myricyl-cyclohexyl) arsomic acids
Partial esters of polybasie, inorganie, arsenic-derived acids, e, g.:
Mono-esters of arsenious acids, e. g.:
Mono-ceryl arsenite
Mono-(stearyl-naphthyl) arsenites
Mono-(petrolenm naphthenyl) arsenites
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Mono- and di-esters of arsenic acid, e.g.:
Mond- and di-eicosyl arsenates
Mono- and di-(lauryl-naphthyl) arsenates
Mono- and di-(cetyl-cyclopentyl) arsenates
(k) Antimony is the acid forming element, for example:
Stibonig acids, e.g.:
Di-lauryl stibonic acid
Di-(ceryl-phenyl) stibonic acids
Di-(octyl-cyclohexyl) stibonic acids s
Partial esters of polybasic inorganic antimony acids, e.g.:
Mono-esters of antimonous acid, e.g.:
Mono-ceryl antimonite
Mono-(eicosyl-phenyl) antimonites
Mono-(lauryl-cyclohexyl) antimonites
Mono- and di-esters of antimonic acld, e.g.:
Mono- and di-cetyl entimonie acids
Mono- and di-(tetradecyl-naphthyl) antimonic acids
(?) Silicon is the acid-forming element, for example:
Siliconic acids; R-8i00H, e.g.;
Ceryl siliconic acid
Myristyl-phenyl siliconic acids
Hydroabietyl siliconie acid
Partial esters of silicic acids, e.g.:
Mono-myrieyl metasilicate
Di-(lauryl-naphthyl) orthosilicate
Mono-(petroleum-naphthenyl) orthosilicate
(j) Tin is the acid-forming element, for example:
Stannonic acids; R~-SnO0H, e. g.:
Eicosyl stannonie acid
Cetyl-phenyl stannonie acids
Di-capryl-cyclohexyl atannonie acids
(k) Lead is the acid-forming element, for example:
Plumbonic acids; R-PbOOH, ¢. g.:
Ceryl plumbonic acid
Di-lauryl-phenyl plambonic acid
Hydroabietyl plumbonie acid
While the above compounds and classes thereof are:
useful for the purposes of this invention, it should be
understood that they are not all equivalent, but that
under certain conditions some are more desirable or

effective than others.

THE PROMOTER

The materials useful in the present process as so-called
promoters have a function which is somewhat different
from the function of the materials referred to as pro-
moters in our co-pending parent applications. In certain
of the processes contemplated in said parent applications,
the promoter material has a function of assisting, to a
certain extent at least, in bringing at least some of the
so-called basing material into the complex. In the present
case the promoter does not have that function in that no
free basing material is present in the reaction mass. In
the present case, therefore, the so-called promoter mate-
rial serves first as the source for the metal present in the
complex which is in excess of that present as the metal
of the normal salt of the starting acid. The anion of the
promoter liberated from the promoter material by the
subsequent acid treatment may, of course, have an effect
upon the nature of the ultimate complex formed between
the normal salt of the starting acid and a compound
formed from the metal derived from the promoter, and it
is possible that this last-named effect may be similar to
the effect of the promoter in those processes of our parent
applications wherein the promoter material is employed
in conjunction with added inorganic basing material.

The promoter materials which have been found most
useful in the present processes are compounds of the
phenols and enols. The phenolic and enolic organic com-
pounds are such that the anions thereof may be readily
liberated from the meta] compounds thereof by a simple
acid treating process, as utilizing, for example, COz and
802, as well as HsS and CS2, While promoter materials
formed from acid-reacting compounds having icnizations
constants higher than phenols and enols might be useful
under certain circumstances, they would require the use
of such a strongly acidic material in the subsequent acid
treating step that great care would need to be exercised
during such step to prevent unfavorable effects on the
metal complex which is desired as the end product.
Therefore, in the present case, we are concerned only
with the use as promoter materials of phenolic and enolic
compounds, since by the use of these together with the
type of acid treating materials mentioned above, it is
possible to very easily and economically produce com-
plexes which have great utility. The phenolic compounds
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which may be used as promoter materials include the Eydé:ﬁg;?fngf acids, e. .:
following: Chloro-salieylic acid

Nitro-salieylic acid
Organic compounds:

(1) Phenolic compounds, for example:
: Phenol

Alkylated salicyle acies, e. 7.:
Di-iso-propyl-salieylic acids

5 Capryl-salieylic acids
Naphthols, e. £.: Gallie acid
Alpha-naphthol Syringic acid
Beta-naphthol Resorcylic acid
Anthranol Gentisic acid L
Poly-hydroxy-benzenes, e. g.: Hydroxy-naphthoie acids, o. £.: 4-hydroxy-lnaphthoic acid
Hydroquinone Hydroxy-henzoie aeid sulfates, e. g.:
Catechol 10 Salieylie acid snlfides
Pyrogallo] Iso-propyl-salieylic acid sulfides
Phloroglucinol t-Batyl salicylic acid sulfides
Poly-hydroxy-naphthalens, e. £.: m-Hydroxy-benzoic acid sulfides
Naphthohydroguinone p-Hydroxy-benzoic acid sulfides
Naphthoresorcinol Regoreylic acid sulfides
Phenyl-phenols, e. £.: Gallic acid sulfides
o-Phenyl-phenol Hydroxy-naphthoic acid suliides, e. 8.: alpha-hydroxy-beta-
p-Phenyl-phenol 15 naphthoic acid sulfides
Alkylated phenols, e. g.: Hydroxy-benzoie acid disulfides, e. g.:
Gresols Salicylic acid disulfides
Zylenols t-Amyl salicylie acid disulfides .
Thymol Cyelohexyl-p-hydroxy-benzoic acid disulfides
Carvacrol Resoreylic acid disulfides
Ethyl-phenols, e. g.: Gentisic acid disulfides
pD-EttI;)yll- p}lx]enolls 20 Hydroxy-naphthoie acid disulfides
T}}‘.’etﬁ’y‘]‘.’pfﬁ,ﬁ’ols Anthrancl earboxylic acid disulfiaes
Propyl phenols, e. g.: Dihydroxy-anthracene carboxylic acid disulfides, e. g.

II)I-PI‘OD‘YI-D{le]SlOfS. Rufol carboxylic acid disulfides

Iso-propyl-phenols Chryazol earboxylic acid disulfides

Di-iso-propyl-phenols Hytiroxy-bpmo_ic acid sq.'lfoxides, e, g.:

Butyl-phenols, €. g.: Salicylic acid sulfoxides B .

p-t-Butyl-phenols 25 Ethyl-salicylic acid sul_fo.‘\qucals, eifg"'d

n-Butyl-phenols Mono-ethyi‘sah.cyhc. acid sul é)xx €s

Di-t-butyl-phenols Di-ethy] salicylic acid sulfoxides

Amyl-phenols, e. 2.1 p-Hydroxy-benzoie acid sulfoxides

n-Amyl-phenols Resoreylic acid sulfoxides

p-t-Amyl phenols Syringic acid s_ulfo:.ddes .

Di-amy] phenols Hydroxy-naphtheie acid sulfoxides . X )

Cyelopentyl-phenols, e. g.: Di-hydroxy-phenanthrene carboxylic acid sulfoxides, . g.:

-Cyclopentyl-phenols 30 morphel carboxylic acid sulfoxides
i-cyclopentyl-phenols Hydroxy-benzoic acid sulfones, e. %.:
Hexyl-phenols, e. g.: Salieylic acid sulfones

n-Hexyl-phenols Ise-butyl salieyiie acid sulfones

Sec-hexyl-phenols Resoreylic acid sulfones

Di-n-hexyl-phenols Gallic acid sulfones

Cyclohexyl-phenols, e. ¢.: Gentisic acid sulfones
p-Cyclohexyl-phenols 35 Hydroxy-naphthoie acid salfones
0-Cyclohexyl-phencls Anthranol carboxylic aeid sulfones
Di-eyelohexyl-phenols Hydroxy-aromatic sulfonie acids, e. 2.

Heptyl-phenals, e. g.: Cresol sulfonie 2eids, e. 2.

n-Heptyl-phenols p-Cresol sulfonic acids

Sec-heptyl-phenols o-Cresol sulfonic acids .

Di-heptyl-phenols Butyl-phenol sulfonic acids, e. g.: p-t-butyl-phenol sulfonic

Octyl-phenols, e. g.: acids

Diisobutyl-phenols 40 Octyl-phenol sulfonic acids, e. g.:

Capryl-phenols Capryl-phenol sulfonic acids _

n-Octyl-phenols Diisobutyl-phenol sulfonie acids .

Bis-(diisobutyl)-phenols Naphthol sulfonic acids, e. g.: beta-naphthol alpha-sulfonic

Di-capryl-phencls acid )

Nonyl-phenols, e. g.: 3,5,5-trimethyl-n-hexyl-phenols p-(Hydroxyphenyl) benzeng sulfonic acid
Decyl-phenols, e. £.: n'-decprhenols Hydroxy-aromatic sulfonic acids having an additional sulfur-
Dodeeyl-phe?lols,le -8 43 bearing substituent group, for example:
Leurylp enohs 1 Phenol sulfonie acid sulfides
Tritsobutyl-phenols 1 Naphthol sulfonic acid sulfides
Hexadecyl-phenols, e. g.: cetyl-phenols 1 - Catechol sulfonie acid sulfides
Propyl-naphthols, e. so-propyl-alpha-naphthols Naphthohydroquivone suifonic acid sulfides
Butyl-naphthols, e. &.: Butyl-phenol sulfonic acid sulfides, e. g.: p-t-butyl-phenol
t:Butyl betarnaphthols sulfonic acid sulfde

D1-t-buty1—a.lpha-n.aphthols = Ethyl-naphthol sulfonic acid sulfides, e. g.:

Hexyl-naphthols, e. £.: 50 Ethyl-alphamaphthol sulfonic acid sulfides
n-Hexyl-alpha-naphthols Di-ethyl-alpha-naphthel sulfonic acid sulfides

Gyelohexyl-beta—qaphthols Propyl-catechol sulfonic acid sulfides, e. g.: jso-propyl-

Octyl-nanhthols, . £.! hthol: catechol sulfonic acid sulfides

Diisohutyl-aloha-naphthols Amyl-naphthoresorcinol sulfonic acid sulfides -

Capryl-hetamaphthol Phenol sulfonic acid disulfides

Dioapryl beta-naphtitols 1 Naphthol sulfonic acid disulfides

Alkylated anthranols, e. g.: t-butyl-anthranols 55 R e L euiltontc aeid disulfdes
Alkylated noly-hydroxy-benzenes, e. £.: Naphthoresoreinol sulfonie acid disulfides

B uty]-hydroqmnon_es Propyl-phenol suifounic acid disulfides, e. g.:

Octyl-catochals, . &.: Tso-propyl-phenol sulfonic acid disulfides
Canryl-catechols Di-iso-propyl-phenol sulfonic acid disulfides
Bis-(ditsobutyl-catochals 1 Butylmaphthol sulfonic acid disulfides, e. g.: t-butyl-alpha-

Dodecyl-pyrogallols, e. g.t triisobutyl-pyrogalio] naphttol sulfonic acid disulfdes

Bl]tyl-phlarozluclnol§, e. g.: t-butyl-phloreglucinel Ethyl-di-bydroxy-anthracene sulfonic acid disulfides, e. g.:

Alk%y-pherltols, 8- & 60 ethyl-rufol sulfonic acid disulfide

:uamc(i Phenol sulfonic acid sulfoxides
E}xggno henol Naphthol sulfonic acid sulfoxides
8;;32;3’,;{{9,?},‘{; s Hydroguinone sulfonic acid su(llfoxi(%es.d
i e : i 3 i ulfonic acid sulfoxides
Thenols and alkylated phenols which contain at least one in- Iﬁfgg;lzggg%s&rg%% :iclf;cid A e . p-t-butyl-phenol
organie substituent, for example: Stionic acid sulfoxides d
Ghloro-phenols, e. g.: 65 Propyl-naphthol sulforic acid sulfoxides, e. g.: iso-propyl-
%??é%?g%gég}ols 9 beta-naphthol sulfonic acid sulf?xigies 4 sulfoxides, ¢. ¢
» y ~di- - id sulfoxides, ¢. g.:
Butyl-chlorophenols, ¢. g.: t-butyl chloro-phenol Ethgﬁg; l-rygizgiym%gg?éiceimdes 3}1{% ;{)ixggsac N
Ji Ohloro-n aphthczls Di-ethyl-rufol sulfonic acid sulfoxides
N ltrf))-%lilte,%og‘l’l&é" Phenol sulfonic acicldsalfones
P-IN1Lr0-PLE! . . i i !
Tri-njsro-phenols, . g.: picric acid léggehg&l) lsgllé?gécizeagé idsxsl‘gfl?gggs
Chloro-nitro-phenols, % = :1 70 Naphthohydroguinone sulfonic acid sulfones
D-Nitro-o-chlloro- ?,’éﬁ 1 Propyl-phenot sulfonic acid sulfoncs, e. g.:- p-iso-propyl-
Di-chlor o-mtro;n_a pREDOIS pgenol sulfonic acid sulfones :
Amino-phenls, . & Butyl-naphthol sulfonic acid sulfones, e. g.: t-butyl-beta-

p-An}mo-phen% Is, ¢. 2.1 naphthol sulfonic acid sulfones .

B 6. phentol Ethyl.dihydroxy-phenanthrene sulfonic acid sulfones, e. £.:
é\l £ gﬁ%;ﬁg:gi;fo%‘ggn%l o Ethyl-morphol sulfonic acid sulfones

Hydroxy-aromatic carboxylic acids snd their derivatives, for. g Tri-ethyl morphol sulfonic acid sulfones

example:

Amyl-resoreinol sulfonic acid sulfones
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Hydroxy-aromatic sulfinic acids, e. g.:
Phenol sulfinic acids .
Butyd]-phenol sulfinic acids, e. g.: p-t-butyl-phenol sulfinie

acids
Nap_%thol sulfinic aeids, e. g.: beta-naphthol alpha-sulfinic
8

cl .
Phenols and alkylated-pherols having a sulfur-bearing substitu-
ent group other than —SO:H or —S0,H, for example: ’
Pheno] sulfides, e. 2.: di-(p-hydroxy-phenyl) sulfide
Naphthol sulfides, e. g.:
Alpha-naghthol sulfides
Beta-naphthol sulfides
Anthrol sulfides
Poly-hydroxy-aryl sulfides, e. g.:
Hydroquinone sulfide
Catechol sulfides
Resoreino} sulfides
Pyrogallol sulfides
Phloroglucinol sulfide
Naghthoresorcinol sulfides
Di-hydroxy-anthracene sulfides, e. g.:
Rufol sulfides
Chrysazol sulfides
Propyl-phenol sulfides, e. g.: p-iso-propyl-phenol sulfides
Butyl-phenol svlfides, e. g.:
p-t-Butyl-phenol sulfides
o-see-butyl-phenol sulfides
Ethyl-uaphthol sulfides, e. g,
Ethyl alpha-naphthol snlfides
Di-ethyl-beta-naphthol sulfides
Amyl-resorcinol suifides
Methyl-eyelohexyl-catechol sulfides
Phenol disulfides, e. g.: di-(p-hydroxy-phenyl) disulfide
Naphthol disulfides
Anthrol disulfides
Poly-hydroxy-ary! disulfides, ¢. g.:
Hydroquinone disulfide
Resorcinol disulfides
Naphthoresoreinol disulfides
Di-hydroxy-anthracene disulfides, e. g.:
Rufol disulfides
Chrysazol disulfides
Cresol disulfides, e. g.:
p-Cresol disulfides
0-Cresol disnlfides
Butyl-phenol disulfides, e. g.: D-t-butyl-phenol disulfides
Amyl-naphthol disulfides, e. g.: t-amyl-alpha-naphthol
disulfides
Hexyl-catechol disulfides
rropyl-naphthohydroquinone disulfides
Amyl-dihydroxy-phenanthrene disulfides
Phenol sulfoxides, o. g.: di-(o-hydroxy-phenyl) sulfoxide
Naphthol sulfoxides
Aathrol sulfoxides
Resorcinol sulfoxides
Naphthoresoreinol sulfoxides
Ethyl-phenol sulforides, e. g.:
-Ethyl-phenol sulfoxides
i-othyl-phenol sulfoxides
Butyl-phenol sulfoxides, e. g.: p-t-butyl-phenol sulfoxides
Octyl-catechol sulfoxides, e. g.:
Capryl-catechol sulloxides
Diisobutyl-catechol sulfoxides
Amyl-naphthcl sulfoxides
Methyl-eyclohexyl-naphthohydroqui:one sulfoxides
Pherol sulfones, o. g.: di-(p-hydroxy-phenyl) sulfone
Naphthol sulfones
Phloroglucinol sulfones
Naphthohydrequinone sulfones
Rufol sulfones
Butyl-phenol sulfones, e. g.: p-t-butyl-pheaocl sulfones
Propyl-naphthol sulfones, e, g.: iso-propyl-beta-naphthol
sulfones
Hexyl-catechol sulfones
Ethyl-naphthohydroquinone sulfones
Suliur analogs of phenolic compounds, for example:
Thiophenol
P-Et yl-thiophenol
$0-propyl-thiophenol
p-t-Butyl-thiophencl
-t-Amyl-thiophenel
Sec-hexyl-thiophenols
Oyeclo-hexyl-thiophenols
u-Heptyl-thiopbencls
Diisobutyl-thiophenols i
3,5,5-irimethyl-n-hexyl-thiophenol
n-Decyl-phenols
Hexadeeyl-thiophenols
¢-Chloro-thiophenol
p-Nitro-thiophenol
p-Aminc-thiophenci
Thiosalicylie acid
4-Mercapto-1-naphthoic acid

From the examples of phenolic compounds given above,
it will be observed that throughout the specification and
its claims when use is made of the term “a phenol,” we
intend to include all those organic compounds which
contain in their molecule a benzene ring containing at
least one hydroxyl or sulphydroxyl group irrespective of
what other substituents may be contained in the molecule,
Thus, this term is inclusive not only of the oxy-phenols
but the thio-phenols as well as the substituted derivatives
thereof. Likewise, throughout the specification and in
the claims where use is made of the term “a phenolic
compound” we intend to include not only compounds
which can be referred to as “a phenol™ as above defined,
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14
but also all derivatives thereof including the metal salts.
It should be noted also that from the examples given
above, the term “a phenol” is inclusive of those compounds
in which the 6-membered ring to which the characterizing
hydroxyl group is attached may have one or more other
ring structures connected thereto or fused therewith.

THE ENOLIC COMPOUNDS

The term enolic ‘organic compounds as used in the
specification and appended claims refers to tautomeric
organic compounds of the established type, for example,
as illustrated in “Advanced Organic. Chemistry,” by G.
W. Wheland, John Wiley & Sons, New York, 1949, chap.,
14, pp. 580 to 646.

Generally, the enolic organic compounds include a
variety of classes of compounds such as aliphatic nitro
compounds (i. e. aci-nitro compounds), oximes, imines,
imides, amides, keto-esters, polyesters, and polyketones.
It will be noted that the term enolic carbonyl includes
keto-esters, polyesters, and polyketones.

The aliphatic nitro compounds (aci-nitro compounds)
useful as promoters include, for example, 1-(para-nitro-
phenyl)-2-nitrobutane; gamma-nitro methyl hexoate, 1-
chloro 1-nitropropane, 1-nitropropane, etc.

The oximes useful as promoters include, for example,
benzalacetone oxime, quinone mono-oxime, isophorone
oxime, etc.

The amides useful as promoters include, for example,

-ethyl benzamide, ortho-chlorobenzamide, benzamide,
acetanilide, thiodiglycolic acid diamide, acatamide, etc.

The enolic carbonyl compounds useful as promoters
include, for example: keto-esters, such as, phenyl aceto-
acetate, ethyl acetoacetate, benzyl acetoacetate, chloro-
naphthol acetoacetate, etc.; polyesters, such as, dibenzyl
malonate, diethyl malonate, triethylcarballyate, etc.; and
polyketones, such as, benzoyl acetone, acetyl acetone, etc.

THE ACIDIC MATERIAL

As previously indicated, one form of the process of
the present invention includes the step of treating the
immediate product with an acidic material for the pur-
pose of liberating therefrom at least a portion of the
material previously referred to as the premoter. A par-
ticularly effective acidic material which has been utilized
for this purpose is carbon dioxide. We are aware of the
fact that Mertes in his above-identified Patent No.
2,501,731 suggested transforming a sodium hydroxide-cal-
cium sulphonate complex into the sodium carbonate-cal-
cium sulphonate complex or the corresponding bicarbo-
nate complex by blowing the hydroxide complex with
carbon dioxide at elevated temperatures.

In our process, the step of treating with an acidic mate-
rial such as carbon dioxide or even with air has the effect
of liberating from the immediate product formed a part
at least of the anionic radical of the compound used as
the promoter material. Thus the presence in the immedi-
ate product of the promoter material, in combined form,
clearly distinguishes the immediate product from any or-
ganic salt complex type material heretofore produced.
Moreover, the nature of the product formed by regener-
ating from the immediate product at least a portion of
the anionic radical of the promoter material leaves that
product with a composition which is quite different from
prior art organic complexes. It is recognized that in
accordance with the present invention, the salt form of
promoter can. be employed in forming the salt complex,
However, notwithstanding this fact, upon treating the salt
complex with the acidic material to be more particularly
defined below, this salt compound is released or liberated
{from association in the salt complex as the ionizable com-
pound and not the salt.

The acidic material employed for this purpose can be
either a liquid, gas, or solid just so long as the material
when present in the mass containing the salt complex
will possess an ionization constant greater than the pro-
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moter which is released or liberated from association in
the salt complex. Thus, for the purpose of this specifica-
tion and the appended claims, it is to be understood that
the acidic material includes a lignid, gas, or solid prior
to being incorporated in the mass which contains the salt
complex. ‘

In the present invention, the acidic material usually
employed is an acid or a gas. The acids can include the
strong or weak types, such as, for example, hydrochloric,
sulphuric, nitric, carbonic, acetic acids, etc., whereas the
gas is for the most part an anhydride or an acid or an
“acid anhydride gas.”

The large number and variety.of acidic materials can
be best illustrated by the following specific examples,
viz. HCL, S0z, SOs, CQq, air, NOz, HaS, N20s, PCls,
SOCIz, ClQz, HaSe,; BFs, C82, COS, etc.

From the above examples of compounds and classes of
compounds which can be used as acidic materials, it
should be understood that all of them are not equivalent
for this invention because under certain conditions some
are more desirable or effective than others.

Generally, the complex formed is prepared by heating
the components, at a superatmospheric temperature while
insuring thorough mixing and then further heating said
mixture to substantially remove all free water or alcohol,
including water and alcohol of hydration which may be
present. The following methods illustrate the manner
by which the complex can be formed, namely:

(a) The compound AH or the salt thereof, is added
to the oil-soluble salt of an acidic organic compound,
followed by addition of an aqueous solution or suspen-
sion the salt or base thereto. The mixture is held at a
superatmospheric temperature for a reasonable length
of time while insuring thorough mixing, and then the
total mixture is further heated to substantially remove
all free water or alcohol including water or alcohol of
hydration which may be present.

(b) The salt or base in a dry state is added to a mix-
tare of cil-soluble acidic organic compound or salt there-
of, the compound AH or the salt thereof and either water,
alcohol, or mixtures of alcohols or water and alcohol;
heated to a superatmospheric temperature while insuring
thorough mixing and then further heated to remove sub-
stantially all free water or alcohol including water or
alcohol of hydration which may be present;

(¢) The acidic organic compound is mixed with the
compound AH or the salt thereof, when an aqueous sola-
tion or suspension or an alcoholic solution or suspension
of the salt or base is added thereto. The mixture is heated

and agitated at a superatmospheric temperature for a <

time sufficient to insure thorough mixing and followed
by subjecting the total mixture to dehydration conditions
in order to remove substantially all free water or alcohol
including water or alcohol of hydration which may be
present. .

(d) A mixture of the oil-soluble acidic organic com-
pound or the salt thereof, the compound AH or the salt
thereof, and the salt or base is heated and agitated at
a superatmospheric temperature for a time sufficient to
insure thorough mixing, and followed by heating the
total mixture in order to remove substantially all free
water or water of hydration which may be present.

{e) The sediment when formed from any of the afore-
mentioned methods can be employed either alone or with
an additional amount of compound AH or the salt there-
of in any of the three methods given above.

{f) In any of the methods discussed herein for pre-
paring a salt complex, a substantial increase in cationic
salt-forming radical content is effected by treating the
mass with an acidic material just after substantial amounis
of water or alcohol or both, are driven off and just be-
fore the mass is filtered.

In all of the methods described above for preparing
the salt complex, the step of removing substantially ail
free water or alcohol including water or alcohol of
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hydration which may be present is accomplished at a
temperature not substantially in excess of 350° C,
preferably about 110° to 200° C. The technique em-
ployed to remove the alcohol or water includes, for
example, a conventional flash operation, heating under
subatmospheric, atmospheric, or superatmospheric pres-
sures. It can, therefore, be seen that the temperature 23
well as the time for effecting the substantial removal of
the aleohol of water will generally vary considerably de-
pending on the technigue employed therefor. Generally,
the time required to effect substantial removal of water
or alcohol when employing drying other than flash tech-
niques is about 15 minutes or less, and can be as high
as 10-15 hours. Usually, however, atmospheric pres-
sures will be employed for such an operation, and con-
sequently it will usually require about 1 to 5 hours to re-
move substantially all water or alcohol which may be
present. At a later stage of the process, the acidic ma-
terial when used in gaseous form may be used to re-
move the last portion of water.

For the purposes of this specification and the appended
claims, the relative amounts of (1) the oil-soluble acidic
organic compounds or salts thereof, and (2) the pro-
moter is expressed as the “ratio of equivalents” of the
former (1) to the latter (2). In accordance therewith,
the ratio of equivalents is from about 1 to 10 to about 10
to 1, preferably from about 3 to 2 to about 7 to 2. The
amount of salt or base employed in the process will be
sufficient to have present in the total mass at least more
than about one equivalent of cationic salt-forming radi-
cals including those present in the oil-soluble acidic
organic compound or the salt thereof and the promoter
per equivalent of oil-soluble acidic organic compound or
salt thereof plus the promoter.

The treatment of the salt complex with an acidic ma-
terial is employed when it is desirable to lower the basic
number of the salt complex and/or partially or substan-
tially recover the promoter. This treatment is effected
at a temperature of about 25° to 250° C., preferably
about 120° to 170° C., and by employing about 0.5 to
20% of acidic material based on the weight of salt com-
plex. The time of treatment-with the acidic material
can vary considerably depending on the desired result.
As would be expected, short periods of treatment might
cause only partial liberation or release of the promoter
or relatively small decreases in the basic number of the
salt complex; however, in general, periods of treatment
will range from about 0.25 to 30 houss. In most cases,
and particularly where it is desired to recover the pro-
moter, the amount of acidic material used should be at
least equivalent to the amount of cationic salt forming
radicals present as the salt of the ionizable form of pro-
moter. When it is desired to produce a product having
substantially neutral reaction, the amount of acidic ma-
terial used should be at least equivalent to the total
cationic salt forming radicals in excess of that present
as the normal salt of the oil soluble organic acid.

In those instances where salts or bases containing metal
are employed as the basing agent the metal content of the
complex will be defined as the ratio of the total metal
in the salt complex to the amount of metal which is in
the form of a normal salt of the oil-soluble acidic organic
compound. In accordance therewith the present inven-
tion includes salt complexes containing metal ratios
greater than 1, and up to about 10 or more. As for
those complexes which are treated with an acidic ma-
terial, it is to be noted that the metal ratio is substan-
tially the same as in the complex prior to treating. Con-
sequently, for acidic material treated complexes, the same
metal ratios will apply as given above. Likewise, when
the salt complex is treated with an acidic material and
the promoter is removed from the resultant product by
distillation or otherwise, it is found that the metal ratio
will be substantially the same as in the salt complex
before treating with the acidic material.
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Since the present invention includes complexes which
do not contain metal in combination therewith, it is con-
venient, therefore, as a means of designating the amount
of overbasing to employ the ratio of total cationic salt-
forming radicals in the salt complex to the amount of
cationic salt-forming radicals which are in the form of
a normal salt of the oil-soluble acidic organic compound.
Hereinafter, this ratio will be referred to as the “cationic
salt-forming radical ratio.” In accordance therewith, the
cationic salt-forming radical ratio of the salt complex
will be in the same range as given hereinabove for the
metal ratio.

It has been found that the salt complex can be pre-
pared by using small quantities of water, alcohol, or mix-
tures of both, such as about 1 mole of same per mole of
salt or base which is employed as the basing agent. How-
ever, more usually about 5. to 50 moles of water, alcohol
or mixtures of both per mole of salt or base used, and
preferably about 15 to 30 moles per mole.

To substantially increase the metal content of the salt
complex, the total mass is treated with an acidic ma-
terial just prior to filtering same to separate the desired
salt complex. This treatment is effected at a temperature
of about 25° to 250° C., preferably about 120° to 170°
C., using about 0.5 te 20% of acidic material, based on
the total mass, and for a peried of about 0.25 to 30
hours. Treatment with an acid anhydride gas may be
accelerated by superatmospheric pressure.

In order to better understand the present invention, the
following specific. examples thereof are given; however
it should be understood that no undue limitations or. re-
strictions should be imposed by reason thereof.

The following examples give the preparation of .a
plurality of products which range in cationic salt form-
ing radical content from about that of the normal salt
up to many times that amount.

We have found that sulphate ash and/or metal content
values, and the metal ratio values calculated therefrom,
are one of the most reliable means for characterizing
certain of the salt complexes. As the description of the
invention proceeds, it will become apparent that the neu-
tralization number of a salt complex is in certain in-
stances an unreliable index of the amount of excess
cationic salt forming radicals in such complex, since it
is greatly affected by the type of basing agent employed
and can be varied within wide limits without significantly
changing the cationic salt forming radical content of the
product by treatment of the mass with air, COz, or the
like.

The above is not to be construed as a statement that
the neutralization number is not an important property
of a salt complex. = For some uses, for example in lubri-
cants, it is advantageous in certain instances to employ
a salt complex of a substantially neutral character, where-
as in other instances a salt complex of high alkalinity has
been found to produce the desired results,

Example 1

3408 grams of polymerized isobutylene having an
average molecular weight of about 750 weré heated to
210° C. and an intimate mixture of 672 grams of PsSs
and. 84 grams of sulfur flowers was added thereto over
a period of 1.75 hours. After all of the P2S5—S mixture
had been added, the whole was heated for 1.5 hours at
210° C,, diluted with 2600 grams of low viscosity mineral
oil, and blown with steam for 5 hours at 210°-215° C.
The filtered material, a high molecular weight organo-
phosphorus acid of undetermined structure, had an acid
no. of 68 and contained 0.9% sulfur and 2.14% phos-
phorus.

820 grams (1.0 equivalent) of this organo-phosphorus
acid, 56 grams (1.5 equivalents) of Ca(OH)z2, and 200
ml. of water were refluxed for 2 hours and then ele-
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(2 hours. at 150° C. required). The filtered process mass
comprises an oil solution of the calciam salt of the organo-
phosphorus acid. :

In a separate vessel, 488 ml. of water, 458 grams (4.88
equivalents) of phenol, and 50 grams (2.44 equivalents)
of Ca(OH )3 were refluxed for 2 hours to prepare calcium
phenate in situ and in the presence of an excess of phenol.
To this vessel were added 333 grams (0.5 equivalent)
of the above-described calcium salt of organo-phosphorus
acid and 525 grams (0.5 equivalent) of a 45% oil solu~
tion of calcium petroleum sulfonate (6.5% sulfate ash
content). The process mass was refluxed for 2 hours at
100°~110° C. and then heated to 150° C. where it was
blown with COz for one hour. The substantially neutral
brocess mass was then heated to 200° C. under reduced
pressure. Phenol, freed from calcium phenate by the
carbonation step, was recovered to the extent of 91%
in the distillate. -The residue was diluted with 300 grams
of low viscosity mineral oil and filtered. The filtrate,

the desired end-product, was a brown, oil-soluble liquid
having the following analyses:

Percent sulfur - 1.16
Percent phosphorus 0.50
Percent calcium e 4.18
Percent sulfate ash (calculated) oo ______ 14.2
Basic no 16.2
Metal ratio — 2.57

Example 2

738 grams of the organo-phosphorus acid described in
Example 1, 902 grams of low viscosity mineral oil, and
800 ml. of water were stirred at 70° C. Then 111 grams
(3.0 equivalents) of Ca(OH)2 were added and the mass
was refluxed for 0.5 hour, Thereafter, 185 grams (5.0
equivalents) of Ca(OH)a2, 1050 grams (1.0 equivalent)
of 2 45% oil solution of calcium petroleum sulfonate,
and 1315 grams (14.0 equivalents) of phenol were added
and the process mass was refluxed for 3 hours to pre-
pare calcium phenate in situ and in the presence of an
excess of phenol. Substantially all of the water was
removed by heating to 150° C., at which temperature
COz was blown through the mass for 2 hours to render
it substantially neutral on titre. A vacuum was then ap-
plied and the temperature of the mass was raised to 200°
C. to remove substantially all of the original phenol
used. The phenol was liberated from the calcium phenate
in the process mass by the carbonation step.

After substantially all of the phenol had been removed,
the residue was filtered, The

filtered end product was
a brown, oil-soluble liquid having the following analyses:
Percent sulfur, . 1.32
Percent phosphorus - 0.47
Percent calcium 4.47
Percent sulfate ash (calculated) _______________ 152
Basic no 11.5
Metal ratio - 3.22
Example 3
The experiment described in Example 2, was repeated
using 590 grams (1.0 equivalent) of a 65% oil solution
of di-isododecyl benzene sulfonic acid in lieu of the 1.0
equivalent of calcium petroleum sulfonate specified there-
in. The filtered end product in this instance was a brown,
oil-soluble liquid having the following analyses:
Percent sulfur 1.08
Percent phosphorus 0.49
Percent calcium 4.1
Percent sulfate ash (calculated) ... ___________ 14.0
Basic no. ——— 11.5
Metal ratio_ 2.96

Example 4
1046 grams (1.0 equivalent) of a 45% oil solution of

vated to 150° C, to remove substantially all of the water 8 calcium petroleum sulfonate of 6.5% sulfate ash content
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‘Wete mixed thh 598 “grams ; Qi44: equxva[ehts) of-pherol
‘and “Heated ‘fo 100° ~C."While *addin’g 124 Frimms 244
equwalents) of calcium methoxrde to forin*éaleiim-phén-
‘ate"fn’sitn, ‘After the’ process mass“had been Stirred for
2 hours ‘at -100°-120° C., 22 grams6f ‘H20 were-added
‘and the ‘whole wis stlrred for one-hour at105°C. ‘The
iemperature ‘was ‘then’ élevated to+120°"C.- ‘and’ CO2-was
blown through the mass as-the’ temperature was-again ele-
‘vated to’ 150°°C. Thereafter, the mass ‘was ‘maintained
for'1 hour at 150° C.; strrpped of ‘phénél- Jiberated: by the
carbonatron step ‘at 210° ‘C.+and <20 “min. - He- absolute
préssure, - and ‘filtered. (Approximately - ‘90% :of ‘the
phenol ‘was recovered.)

“The filtered end- product whas'a brown, dil-Sohible liguid

‘Heving the following“analyses: ‘
Pércent sulfur______________________________-___7:?.;'542
Percent sulfate 8h_ oo iszo 17.9
Basic N0 oo oo 793
Metal ‘ratio i 303

Exaniple’'5
~500- grams (049 equivalent) of a"45% ‘vl “soliition of

‘éaléium- petroleum sulfonate of 6. 5% sulfate ash content,
75 5 -grams® (0:67- equivalent)~of calciufm’ phenate 15,5
grams (0.17-equivalent ) 'of ‘phétiol and’90  grdths of water
‘were -heated-for: 1-hour-at 100*-C. “The temperature “of
the process-mass-was ‘themelevated to~ 150°-C/’ “and €Oz
was blown through the reactants for 4 hours. The tem-
perature was_again elevated this time to 190° C., and
‘substantially 41F" of the® pheﬂoI Tibératéd by ‘the’ Carbona-
tion - distilled ‘out "of ‘the procEss miass. The re51due was
fiftered,’ yxeldmg (as ﬁItrate) a2 ‘Brown, bilsolible Tiquid
having the following-dnalyses:

Percent sulfur ________________________________ 2.68
Percent sulfate ash___ : =141
Ac1d no...: o2 :5.6
Metal ratio e e B i e Rt 212

‘Exarple 6

459 grams- (4.88 " equivalerits) - of phenol,” 0.5 Brams
(2.44 equrvalents) of Ca(OH)s, and-244:grams: of water
were refluxed for 2 hours to form cal¢ium phenatéin:situ

and in- the presence-of  excess phenol. +1046:grams. (1.0
‘equivalent)-of a' 45% oil solition ~of ‘calcium:petrojeum
sulfonate were-then-added-and-the ‘whole*was-heated:to
125° C. to-remove-the‘bulk-of the -water-and-about 32
grams of phenol. - Thetemperatiire-was: then®clevated to
150° C. -and -CO2 was"blown through’ the“miass for 2.5
hours A- -distillate “was-'collected " which~was: found” to
consrst of 18 grams of water and 42 grams of phenol. The
process ‘hass was ther Hedted to"200° C. linder veduced
‘pressure,” removing, as” distiflate,” ‘about 375" “prams’ “of
phénol. ~Total pherol recovery” Was 449 grams of 98% of
startmg ‘gmount.

-The residue -on-filtration yielded 4 -biown; “pil-sctiible
Yiquid having-the- followmg -analyses:

Percent sulfate ash _____ 183
Bas!c no _____ BT T O R R T R ' 8‘1
Metal ‘Talio_ . -o oo oo cemes Srma st sz co e oo 3:07

"-Exarple 7
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282 grams -(3.0° equwalents) ‘oF* phenol B grams (1.0

equivalent) - 'of ~-Ca(OH)3a,* and- 300 ml Hof P water™ Were
stirred at 100°-105° C. for 2 hours to form- caleium
phenate m the presgnce of excess phenol - Thereafter,
the process mass was elevated to, 150° .s-removing water
and some of the excess phenol 430 grams -(0:41 -equiva-
lent) of a 45% oil solutlon of calcium petroleum--sul-
fonate “were ‘added and_the whole was CO2 blown for: 2
to 215° C. under reduced’ “préfitire to remove substantially
‘all of‘thé exCess phenol and the'plicticl Which Wasliberated
by the carbondtion “$tep.

65

q0

K

itigral oil;

T

The vesidue,on:filtéation, yielded -a:brown, oil:sehible
liquid having the-followingranalyses:

Percent shlfate-ash _— ‘1819
Acid "o - 7.7
Metal “fatio — e 3223

‘Example:8

1046 grams (1.0 equivalert) 'of a45% “oil solution-of
ealcium petroletm sulforiate, 229 grams (2.4 equivalents)
of phenol, 90.5. grams (244’ equivalents) 6fa "Ca(OH)s,
and 244 grams ‘of ‘water were stifred at’100° ~105°"C.*for
2 hours to form calcium phenate in situ and in ‘the absence
of 4ny excess ‘phenol. The process mass was ‘heated slowly
to'120°: C. to remove the bilk “of the 'water and some
phenol. COzwas‘then blown' through' the ‘mass and the
temperature was raised to'150° Cwhile' COz blowing was
gontinned. - After the whole® had " been-maintained for'2
hours'at' 150° C:with COz blowing; it was heated t0:215°
C. under reducéd pressure’to remove” substantially gl of
ihé phienol libérated by the carbonation step. “Fotalphenol
Tecovery” Wwas-94%.

"Fhe' réstdiie was* filtered tosyielda “brown, oil-soluble
Tiquid“having the following®analyses:

Percent -suifate -ash... ———-.182
Acid MOz oss _— 2:8
Metal ratio- .- ——— ---3.06

“Exaniple 9

=658 grams 7: 0 -equivalents)::oft phenol 305 ;grams.of
Jow: viscosity ‘mineral-oil, 130: grams: {3:5:equivalents): of
Ca(OH)z, and-350 ml of water-were reflaxed for:2.hours
to form ¢alcium phenate: in-the presence:of excess phenol.
1050 grams:- (1.0 equivalent):-ofi-a 45%+-oil solution::of
calcium-petrolenm sulfonate:were-added:and thesprocess
mass was heated for one hour-at 100°~105° C. :The-tem-
perature of the mass-wasthen elevated to 150° Ci:and CO2
was-blown ithrough it for:one hour-to render.it.substan-
tially-neutral- to titre. - Thereafter the whole ‘was:heated
10-200°-C.-under 20 mm. Hg dbsolute: pressure: while:a
small: current of COz-was:bled through.the residue. .:Sub-
stantraﬂyall of :the phenol used-was recovered.
~ Filtration- of the residue yielded:a brown,-oil-soluble
hould having the following analyses:

‘Pércent “sulfate ash- - .- 182
BHSIC RO o o "10.3
Meftal ratro..- e e e e e e e e e o 4402

Example 10 v

132857 grams (1.0 equivalerit) bf-a35% oil solution of
Yatiiim patroleunt silfonate, 261 grams™of “low viscosity
Ad 300 ml:6f ‘Water-were-stirred “togéther at
70%C. 1301+ grams '(3:94 equivalents)” -of*BaQand*94
‘gRamhs (1.0« eguivalent) of’ phenol swere’ addédand ‘the
~wholé was-reflixéd for 3+hours. - The* temperature of the
process mass was! then élevated o 150°°C C:-and CO3' was
blown through the reactants until a substannally neutral
titre was obtained on the iass (about 2 hours required).
The- process--mass-was - then.-elevatedito 200> Crand a
yacuum was: apphed -Substantially all.of: the phenol-used
was recovered in the-distillate.

The residue-on- filtration. yieldeds & brown;- -oilssoltble
JHquid-having-the -following: analyses:

Percent stilfate ash. oo oeo o _— (276

Basictno. - : - 10.1

Metal Tatlo___ ‘__'..‘....___........_____..____’____;__ ._..‘: 4.46
-~ Example- 10a .

AR ptodhct similarto that described in Bxample Imay

be prepared by following the process described “therein
Gutiomitting ‘the " step’ whertid " the process is’ ‘heated to
Y004 C. underrédiced pressure to-réniove “phenol.
LYncthis’ mstance ithe éid-product retains: & substantlal
‘Propoition of the plicfol-originklly used.
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- Example 10k

A product similar to that described  in Example 10
may be prepared by following the process described there-
in but omitting the step wherein the process mass is
heated to 200° C. under reduced pressure to remove
phenol.

In this instance the end-product retains a substantial
proportion of the phenol originally used,

Example 10c

A product similar to that described in Example 4
may be prepared using 2.44 equivalents of para-cresol
in lieu of the 2.44 equivalents of phenol specified therein.

Example 10d

A product similar to that described in Example 4 may
be prepared by using 2.44 equivalents of diisobutyl-phenol

in lieu of the 2.44 equivalents of phenol specified therein.
Example 10e

A product similar to that described in Example 4 may
be prepared by using 2.44 equivalents of 1-nitro-propane
(an enolic compound) in lieu of the 2.44 equivalents of
phenol specified therein.

Example 10f

A strontium complex similar to the barium complex
described in Example 10 may be prepared by following the
process described therein but using 1.0 equivalent of
strontium petroleum sulfonate in lien of the 1.0 equivalent
of barium petroleum sulfonate, and 3.94 equivalents of
Sr(OH)z in lieu of the 3.94 equivalents of BaQ.

Example 10g

A product similar to that described in Example 9 may
be prepared by using 1.0 equivalent of a 45% oil solution
of mixture of equal molecular parts of calcium petroleum
sulfonate and calcium di-isododecyl benzene sulfonate in
Lieu of the 1.0 equivalent of calcium petroleum sulfonate
specified therein,

The salt complexes produced in accordance with the
present invention can be employed in lubricants includ-
ing oils and greases, and for such purposes as in crank-
cases, transmissions, gears, etc. as well as in torque con-
verter oils. Other suitable uses for such complexes are in
asphalt emulsions, insecticidal compositions, fire-proofing
and stabilizing agents in plasticizers and plastics, paint
driers, rust inhibiting compositions, pesticides, foaming
compositions, cutting oils, metal-drawing compositions,
flushing oils, textile treatment compositions, tanning
assistants, metal cleaning compositions, emulsifying
agents, antiseptic cleansing compositions, penetrating
agents, gum solvent compositions, fat splitting agents,
bonding agent for ceramics and asbestos, asphalt improv-
ing agents, flotation agents, improving agents for hydro-
carbon fuels such as e. g., gasoline and fuel oil, etc,

More particularly,
especially adapted for the preparation of lubricants, paint
driers and plastics, particularly “the halogen bearing
plastics. In these respects, the salt complex can be em-
ployed in the following concentrations based upon the
weight of the total composition.

Broad Usual | Preferred

Range Range Range

Percent | Percent Percent
Lubrieant ... ___________ . 01-20 0.2-15 0.5-10
Stabilizing Agent for Plastics. ... 0.05- 5 0.1- 3 0.2- 2
Paint Drier....________ T 0.2 -25 0.5-20 1.0-15

LUBRICANT CONTAINING ORGANIC METAL
COMPLEXES

While the metal complexes of the present invention are
useful per se as improving agents for lubricating greases
and oils, especially mineral lubricating oils intended for

the complexes of this invention are
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use in the crankcases of internal combustion engines,
they are most advantageously employed in combination
with one or more additiona! improving agents of the prior
art such as, for example, the numerous prior art oxida-
tion inhibitors, detergents, extreme pressure agents, rust
inhibitors, and oiliness agents.

In addition to the above-named types of cooperating
improving agents, the present invention also contemplates
the inclusion, in the finished lubricant, of materials in-
tended to modify the physical characteristics of the min-
eral Iubricating oil base, Examples of such materials are
foam inhibitors, pour point depressants, viscosity index
improving agents, and odor improving agents. Since the
types of materials useful as physical property improving
agents are well known to those versed in the lubricant
art, it is deemed unnecessary to lengthen the specification
unduly by a recitation of the same,

Particularly effective lubricating oils for the crank-
cases of internal combustion engines can be made by in-
corporating, in suitable mineral lubricating oils, thiophos-
phate salt-esters and/or phosphorus sulfide treated un-
saturated organic materials along with the metal com-
plexes of the present invention, From the viewpoint of
cost, effectiveness, and commercial utility, the most de-
sirable thiophosphate salt-esters for use as oxidation and
corrosion inhibitors along with materials of the present
invention in lubricating oils are dithiophosphate salt-esters
of the general formula

R10 /S

\P/
RzO/ \EIM
wherein R; and Rz are the same or different organic
radicals and M is one equivalent of a metal, especially a
metal selected from Group II of the Mendeleef Periodic
Table and most desirably either zine or barium. 1In this
connection reference may be made to the dithiophosphate
salt-esters disclosed in U, §. Patents 2,261,047; 2,329,436;
2,344,392; 2,344,393; 2,344,394, 2,344,395; 2,342,572,
2,347,592; 2,361,746; 2,358,305; 2,364,283, 2,364,284,
2,365,938; 2,382,775; 2,386,207; 2,373,811, 2,410.650;
2,417,562; and 2,438,876.

Particularly useful in this respect are dithiophosphate
salt-esters wherein Ry and Rz of the above formula are
different organic radicals, which materials are the sub-
ject of pending applications Serial No, 250,959, filed Oc-
tober 10, 1951, and Serial No. 251,139, filed October 11,
1951, by Fred C. Goldsmith, and which applications have
an assignee common to the instant application,

‘Where such salt ester materials, viz. those which con-
tain dissimilar organic radicals, are used it is necessary
only that the average number of carbon atoms per atom
of phosphorus in the salt ester material be 7.6 or more.
Thus it is not only possible, but entirely feasible to utilize
such inexpensive alcohols as ethyl, propyl and butyl alco-
hols in the preparation of these dithiophosphate salt ester
materials. The use of dithiophosphate salt ester mate-
rials in which R: and Rz of the above general formula
are the same requires the utilization of organic radicals
containing a minium of six carbon atoms, Oil-solubility
considerations govern the above minimum carbon atom
contents,

Phosphorus sulfide treated unsaturated organic mate-
rials useful in conjunction with the metal complexes of
the present invention include, for example, phosphorus
sulfide treated acyclic and cyclic unsaturated hydrocar-
bons and phosphorus sulfide treated unsaturated esters,
acids and ketones. Particularly valuable products may
be obtained by reacting from 2 to 6 molds of at least one
terpene hydrocarbon with at least one mole of phosphorus
sulfide, especially PaSs. Particularly good results are se-
cured by the employment of the products obtained by re-
acting about 3 to 5 moles of pinene andsor turpentine
with one mole of PaSs for about 1 to 6 hours, preferably
about 4 hours, at 2bout 100° C, to 160° C., preferably
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.abouti140%.C. S Such phosphorus salfidestreatéd-materials
:may:béfuﬁther treated with reagents:such asrwater, alco-
shols, zphenols,or :metallic “bases:toyieldedd *products
‘having: enhanced: lubricant “improving:propertiestfor cer-
stain .applications. ."All"of ‘the-aforesaid’ phoesphorussul-
fide reaction products are well:known in:the ‘lubricant:im-
:proving.agent field and have! found :application:primarily
as:addition agentsito reduce the: corrosiveiaotion:oflubri-
cating:compositions “toward s sensitive : bearing e metal #al-
Joys. -'Additional :information Zon “the (prep aration »and
wtility.of these'materials may-be hadby referenice1o UiS.
“Patents +2,278,719; 2i315,529; 2i316,078; $2,316;079;
2:316;080; 2,316,084; .2;316,088; 12;316089; 2:3314923;
2:356,073; 1 2;356,074; 12:367;468; "2;375]315; ,377:955;
12.379,312; 12,379,313, 2;383,494; 2
12,392,252 £ 2,392,253; 2,406,575; “2:409;877; 12,409,878;
2,416,281; and 2,4215631..

Jw-addition tothiophosphate sal=esters'and: phosphorus
‘sulﬁdeireated‘.‘-unsatur‘ated‘:organic’»materiéﬂs;FWhiéh prod-
saets:have been’found o beof :particular: tility-foriuse
-in: conjunction with-the-metal complexes-6f-thexpresent
4nvention:in: lubricants, -it: is:alsos contemplated-“to~use
‘various: other:priorart improving:agents belonging *tg:the
classes: of materials known tobe useful as'detergents; 0or-

rosiom inhibitors, ‘cxidation-inhibiters,and oiliness agents. -

“Many examples of ‘prior-art :materials’ belonging“to ‘the
-classes Of ‘detergents, corrosion inlibitors, and ‘oxiddtion
inhibitors which may be nsed advantageously <in ~com-
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bination with the metal complexes of this invention in lu-

bricants may be found in-atticles by V. A. Kalichevsky =

(Petroleum Refiner, volume-28,. No. 9, pages 88 to 93
inclusive, September 1949) and J. Harold Byers (Na-
tional-Petrolerm News, February* 10, 1937, /pages’67'to

70 “inclusive). “In-the . interest of "not' lengthening "the 4

present specification unduly, it is interided ‘that 'the’.im-
proving.agents ‘therein disclosed be considered as forming
a part of ourdisclosure.

“The metal complexes.of the. present- invention.can:also
be - used -advantageously - in :combination with cextreme
pressure -agents -and- optionally -oiliness: agents: and .rust
inhibiters, for the preparation of -compositions-useful: as
lubricants-in metal-working and wire-drawing operations
.and in sthe'igears of-antomotives vehicles; industrial: speed

reducers, :oil well:drilling: equipment;:and;ithe.like; ~where

-relatively amoving ametalssurfaces ~aressubjected=-to’ high

nnit “pressures »which swouid -normallytend ~to=weld ~or
soore-said-metalsutfaces.

The following table lists many ‘types-and specificex-
amples of materials ‘which have been foudd-to be uséful
asextreme pressure. agents. “"Fhese materialseithersingly
-of “in-corbination, may “be used along. with' the “metal

complexes. of the present invention and: suitable lubricat-
ing .oil" bases for: the preparation -of. improvéd extreme
_pressure lubricants.

b Organie-sﬁlfur"compounds:‘ﬁ'l‘hio:derivatives of organic oxygen-com-

pounds: . ) . i B
"3 Cladsified sccording to.nature of gttachment ‘of sulfur atom t6 the
elecule: .

A} Sulfur-stom directly attached.to cne or more «earbon atorus,.as in.the
- case of compounds containing the—SR—radicle where R i§hydrogeri or
pprorganic radicle.

1. Thio-ethers and analogous compounds e. 8.,
(n) Alkylsulfides
;Dibutylsulfide
_Diamylsulfide
Dilenryl sulfide
> dethyllauryl suliide
¢ Dicyclohexyl sulfide
“(b) Aryl sulfides
> Naphthylamyl suifide
- Phenyliethyl sulfide
“{cY _’l‘hio-aéetalé‘(mercaptals)
“Thig-geetal
- Acetone mercaptal
 Phenyl benzyl thio-acetal
“Diamy? thic-acetal
- Dimethyl benzene aldehyde.thic-acetal
““Dibenzyl aldehyde thio-acetal
i(d): Thio-cyanates {R—=8-<-0ON)
{¢).-Aromatic substituted aliphatic sulfides
Benzyl sulfide
X ylyl sulfide
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2. Compounds containing the-=6-Z8H radicle, . 2.
(¢) Thio-alcohols and thiophenols (mercaptans)
s Xikylmereaptans; suckias:
,;.Thean,lyl mercaptans
"The' Hgptyl murcaptans
- “3The ottyl mercaptahs
. n-Octyl mercaptan
“Caprylméreaptan
92-ethyl hexyl mercaptan
. Lauryl mercaptan
“ Cretylr miereaptan
Methyt eyclohexykmereaptan
Cyclohexyl mercaptan
- Amyl cyclobxyl:mereaptin
Cyclohexyl methyl mercaptan
..Aryl.mercaptans, such-as:
“Phenylmereapitan
iDisthylipkenylrmercaptan
_-The naphihyl mercapians
“Ethy! mapHthymercaptan
Methyl naphthyl mercaptan
_Capryl naphthylmercaptan
.. Wax naphthyl mercaptan .
AAvonidtio subistituted 'i?haticme!'c‘apmns;suchm:
LBanzylmercaptan |
~Phonyl ethyl mereaptan
ZBthylphenyl éthyl mercapstan
Diphenyl methyl mereaptan
. Triphenyl méthyl'mercaptan
(by Dithio-alcohols and tithio-phenols (dimercaptans)
«Dimercaptorbutane . . -
_Amyldimercapto naphthalene
w(ey-Mercaptd-acids,
~Mereapto stearic deld - -
Mercapto laurie acid
3. Compounds containing the C=S8 radicle, e g.,
(¢) Thio-aldehydes; e, &.
Thio-stearaldehyde
Thio-lauraldehyde
JPhic-benzaldetiyde
Thio-gthylbenzaldehyde
~"Thio-salicylaldehyie
TThic-carprylsalicylaldehyde
~Thio-furfuraldehyde . __ .
_“Thio-tetrahydrofiirfuraldehyde
b)Y Thicketonvs, ei-g. .
Di-any! thio-ketone
“Di-lautyl thio-ketone
Thiobenzephenone
Thioacetophenone
. {¢)_Thio-orzanie acids, and esters and salts of them; such as
“Fhigfatty-acids; e g i )
- - yThio-stearic:(ttiolic and thionic)
“‘Thio-cleic (thiolic and thionie)
TDithio-stearic
Dithio-cleic . . . L.
, Thio ricinoleic (thidlic and thionie)
‘Phio-gromaticiacids, e/ g.
Thio-benzoic acid
Thio-salicylie acids
“I/Thio-phithslic eids
~Dithio phthalicdcids
¢ Esters of the. above. acids,e. £.,
Amyl:thic-acetate
sLautyl thio-acetate
:.Ethyldithio-benzoate
+Methyl thiostearate
. Amylithlobenzoate
+ Lauryl thio-benzoate
#Lauryl thiossalioyldte
LDieapry] thig-phthalate
~Dilanryl thio-phthalate
*Methvl nréroapto’stesrate
=Ethylmercapto:stearate
»Salts of.the shove acids, e.2.,
goglurm dithic-benzoate
Sodinnt' dithic-propionitie
+:Calcinnt thio-stegrate
:#Esters.and salts of thic-carbonic acids; e, g.
’ }D!ethyra_ithiacarbonate
. Diphenylithigearbonate
- Dipheny] tri-thiccarbonate
*Piamy) trithicearbonsate
:n+Octyl xanthate
_ . 2-thyl hexyl xanthate
“Gapry! xanthate -
.:Lauryl'zanthate
“Ethy] phenyl zanthate
“Benzyl-xanthite
+Stearyl zanthate
" Sodium xanthate
Potassium xanthate
.Calcium xanthate

1Organic thic-cyanates and iso-thio-cyanates, such as:
~Benzyl thiocyanate
“Penzyl isothiocyanate
.-Butyl-thicoyanate
_Butyt isothiocyanate
“T.auryl thiocyanate
“Tiaurylisothiceyanate
(ay Thio-amides, thic-azilides, and thio-uress, €. g.
i Thio-acetamide
“qhiozcetanilide
Thio-stearanilide
Thie-benzanilide
Thio-carbanilide
Thio-urethane
5Phenyl;_thio-nrethana
" Thio-urea
TDiamylthio urea R
~Amyl diphenyl thiocarbamate
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(e) Compounds in which the C=8 group is included in 8 ring

structure, e. g.
Thio-quinone
Thio-naphthaquinones
Thic-anthraquinone
Thio-phthalic anhydride
Thio-diphenic anhydride
Diphenylene thioketone (thio-fluorenone)
Thioc-camphor
(f) Carbon bisulfide

4. Compounds in which the —8— radicle forms & part of an organic

ring structure, e. g.
Thiophene aleohols

Thiophene carboxylic acids, and esters and salts of them,

Lauryl thenoate
Phenyl thenoate
Benzyl thenoate

Thiophene sulfonic acids, and esters and salts of them

Methyl thiophenes
Dimethyl thiophene (thioxene;

10

)
Thianthrene (diphenylene disulfides) and related compounds,

such as homologues thereof
Diphenylene sulfide
Thisazole and derivatives, e. g.
Benzothiazole
Phenyl benzothiazole
Mercapto benzothiazole

16

Thiazine derivatives, e. g. methyl benzothiazine (‘‘Bio-phen’)

5. Sulfur atom attached in the form of an inorganic radicle, e, g.

Thio-grsenite
Thio-phosphite

Tri-thio-lauryl phosphite
Thio-phosphate
Thio-sulfonic acid, and esters and saits
Thio-sulfinic acid, and esters and salts

20

B. Sulfur attached to molecule through means of some other atom, i. e.,
in the form of an inorganic radicle, e. g.

Thio-arsenate
Thio-phosphate
Thio-sulfate
Thio-sulfite
Sulfate

Sulfite
Thio-sulfonate

25
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Of the organic salfur compounds which do not have

stable analogous oxygen counter parts are those included
in the following table:

A,

Sulfones
Sulfoxides
Sulfonic acids, and esters and salts of them
Sulfinic acids, and esters and salts of them
Bulfenic acids, and esters and salts of them
Polysulfides, containing the —Sn— radicle, notably
1. Alkyl polysulfides, e. g.,
Dibutyl disulfide
Dibutyl trisulfide
Dibuty] tetrasulfide
Diamyl disulfide
Diamy! trisulfide
Dilauryl disulfide
Dilauryl trisulfide
Cyclohexyl disulfide
2. Aryl polysulfides, e. g.
Diphenyl disulfide
Diphenyl trisulfide
Chlor diphenyl trisulfide
Dinaphthyl disulfide A
3. Aromatic substituted aliphatic polysulfides, €. g.
Dibenzyl disulfide
Chlor dibenzyl disulfide
Xylyl disulfide
Chlor xylyl disulfide
Dibenzyl trisulfide
Dibenzyl tetrasulfide
4, Mixed slkyl-ary! polysulfides, e, g.
Amyl benzyl disulfide
Amyl benzyl trisulfide

5. Higher polysulfides, e. g. those formed from the above (or
sulfides) by the addition of an —S8— group or groups.

Organic halogen compounds

Halogenated aliphatic hydrocarbons
Pentachloroethane
Heptachloropropane
Hexachlorobutadiene .
Chlorinated neohexans containing 759 chlorine

Chlorinated diisobutylene containing 609 chlorine

Chlorinated kerosene containing 45%, chlorine
Chlorinated hexadeeans containing 55% chlorine
Chlorinated octadecane containing 50% ehlorine
Chlorinated eicosane containing 50% chiorine
Chilorinated docosane containing 50% chlorine
Chlorinated foots oil containing 409, chlorine
Chlorinated mineral oil containing 409, chlorine

Chlorinated paraffin wax containing 40% chlorine

Chlorinated petrolatum containing 40% chlorine
Halogenated aliphatic acids : :
Dichlorostearic acid .
Dichlorolauric acid
Dichloropalmitic acid
Halogenated sliphatic esters
Alkyl dichlorolaurates
Alkyl dichloropalmitates
Alkyl dichlorostearates
Halogenated aromatic compounds
Dichlorobenzene
Trichlorobenzene
Dichloronaphthalene
Trichloronsphthalene
Polycbloronaphthalenes

from

a6

40

.45

60

55

65

70 .

(]

26

Hexachlorodipheny] ether
Hexachlorodiphenyl sulfide
Hezxachlorobenzophenone

Specific examples of oil-soluble organic phosphorus
acids which may be used in the practice of this invention
include the following:

Organic phogphorus compounds
Dithiophosphoric acids
Diamyl dithiophosphoric acid
Dihexyl dithiophosphoric acid
Diheptyl dithiophosphoric acid
Dioctyl dithiophosphorie acid
Dinonyl dithiophosphorie acid
Didecyl dithiophosphoric acid
Didodecyl dithiophosphoric acid
Ditetradecy] dithiophosphoric acid
Dihexadeeyl dithiophosphoric acid
Dioctadeecyl dithiophosphorie acid
Di(paraffin wax) dithiophosphoric acld
Dieicosyl dithiophosphorie acid
Dipentenyl dithiophosphoric acid
Dioctenyl dithiophosphorie acid
Didecenyl dithiophosphoric acid
Dihexadecenyl dithiophosphorie acid
Di(methyl-benzyl) dithiophosphoric acid
Di-Eoctylbenzyl) dithiophosphoric acid
Di-(phenyloctadecyl) dithiophosphoric actd
Di-(xenylhexyl) dithiophosphoric acid
Di-(phenoxyoctyl) dithiophesphoric acid
Di-(butoxy-ethyl) dithiophosphoric acid
Bis-(8,56-dichlore-n-octyl) dithiophosphoric acid
Bis-(2,6-dibromo-n-decyl) dithiophosphorie acid
Dieyclopentyl dithiophosphoric acid
Bis-(dimethyleyclopentyl) dithiophosphoric acid
Dicyclohexyl dithiophosphorie acid
Di-(methyl-cyclohexyl) dithiophosphoric acid
Di-(isopropylcyclohexyl) dithiophosphoric acid
Bis-(diisobutyleyclohexyl) dithiophosphoric acid
Dinaphthenyl dithiophosphorie acid
di-(hydroabietyl) dithiophosphorie acid
Dicyclopentenyl dithiophosphoric acid
Di-(methyleyclohexenyl) dithiophosphoric acid
Diabietyl dithiophosphorie acid
Di-(tert-amyl-phenyl) dithiophosphoric acid
Di-(2,4-di-tert-amyl-phenyl) dithiophosphoric acid
Di-(parafiin was-phenyl) dithiophosphorie acid
Di-(lanroxyphenyl) dithiophosphoric acid
Di-(caprylxenyl) dithiophosphoric acid
Methyl octadecyl dithiophosphorie acid
Butyl hexyl! dithiophosphoric acid
Isopropyl sec-amyl dithiophosphorie acid
Monothiophosphoric acids
Diheptyl thiophosphoric acid
Dioctyl thiophosphoric acid
Dinonyl thiophosphoric acid
Didodecyl thiophosphoric acid
Dihexadecyl thiophosphorie acid
Dioctadecyl thiophosphoric acid
Di-(paraffin wax) thiophosphorie acid
Dihexenyl thiophosphoric acid
Didecenyl thiophosphoric acid
Dihexadeceny! thiophosphorie acid
Diphenethyl thiophosphoric acid
Di-(butyl-benzyl) thiophosphoric acid
Di-(octadecylphenyl) thiophosphorie acid
Diphenoxydecy! thiophosphoric acid
Di-(butoxyphenyl) thiophosphorie acid
Di-(nitrophenyloctyl) thiophosphate acid
Dicyclopentyl thiophosphorie acid
Dieyclohexyl thiophosphoric acid
Di-(methyl-cyclohexyl) thiophosphorie acid
Thiophosphoric acid
Dinaphthenyl thiophosphoric acid
Dicyclohexenyl thiophosphoric acid
Butyl hexyl thiophosphoric acid
Amyl cyclohexyl thiophosphate acid
Isopropyl eyclohexyl thiophosphorie acid
Phosphoric acids
Dihexyl phosphorie acid
Dioctyl phosphorie acid
Dideeyl phosphoric acid
Diundecyl phosphoric acid
Didodecyl phosphoric acid
Dioctadecy! phosphoric acid
Dihexenyl phosphoric acid
Diocteny! phosphoric acld
Didecenyl phosphoric acid
Dioctadecenyl phosphoric acid
Dieyclopentyl phosphorie acid
Dicyclohexyl phosphorie acid
Di-(methyleyclohexyl) phosphoric acid
Dicyclopentenyl phosphoric acid
Dieyclohexeny! phosphorie acid
Di-(methyl-cyclohexenyl) phosphoric acid
Di-(phenylbutyl) phosphoric acid
Di-(naphthylethyl) phosphoric acid
Di-(chlorophenyloctyl) phosphoric acid
_Di-(propylpheny!) phosphoric acid
Di-(methyl-naphthyl) phosphoric acid
Maethyl decyl phosphorie acid
Tthyl dodeeyl phosphoric acid
Ethyl methyleyclohexyl phosphoric acid
Dithiophosphinic acids
Dihexyl dithiophosphinic acid
Dioctyl dithiophosphinic acid
Dinonyl dithiophosphinig acid
Ditetradecyl dithiophosphinic acid
Didecenyl dithiophosphinic acid
Dihexadecenyl dithiophosg;ilnlc acid
Dicyclobexyl dithiophosphinic acid
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Di-(methyl-cyclohexyl) dithiophesphinic seid
Dicyclchexenyl dithiophosphinic acid
Diphenyl dithiophosphinic acid

Ditolyl dithiophosphinic.acid

Dinaphthy} dithophosphinic-aeid

Amyl hexyl dithiophosphinte acid
“Isopropyl heptyl dithiophosphinie acid

Ethyl methyleyclobexyl dithiophosphinic acid

Phosphorous acids

Mono-(paraffin-wax) phosphorous'seid

Mono octadecyl phosphorous acid.

Mono dodecyl phosphorous-acid

Mono oetyl phosphorous aeid
Methyleyclohexyl phosphite-acid
Di-(methyleyclohexyl) phosphite acid

Capryl phosphite acid

Dicapryl phosphite acid

In addition to the above specificexamples of plrosghorus
acids, the metal salts of each such.acid may. be regarded
also as further specific.examples :of materials which may
be used as starting materials in ‘the jpractice.of ‘this in-
vention.

While the metal complexes .of ‘the , present. invention
find their widest application 'in:the: preparation-6f lubri-

cants intended for use:in’the crankcases of internal com- gg:

bustion engines, they are also-useful:in the preparation, as
above indicated, of improved.extreme: pressure.lubricants.
In addition to :these -particular applications, ‘the :metal
complexes of this invention. may alse be used.in:the prep-

hiog
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aration of improved lubsicants for specialized uses, such 25

as jet aviation, .top.cylinder, steam :cylinder, steam loco-

maotive, raitway.car,;gas-engine, refrigerating machine, hy-
draulic, compressor, turbine, spindle, -and ‘torque con-
verter lubricants.

The lubricating oil base in .which the metal complexes

. of the present invention and, optionally, certain additional

improving agents are incorporated may be of synthetic,
vegetable, animal, or mineral origin. -Because of their
low-cost, availability, and desirable properties, the mineral
oils, i. e., those derived from petroleum, find the widest
application in'the Tibficant field.

This invention as heretofore described also relates to
various types .of .Jubricant, improving .agents .and ‘Iubri-
<cating compositions. There is, at the present time, sundry
mineral .oils, -each .best :snited ‘from the standpoint of
viscosity and other properties-for-different uses and en-
vironments. The oil base of a lubricating .composition
of the present invention designed. for = particular use
and enviornment will preferably comprise -a lubricating
oil “having ‘the «characteristics mow: -well ‘recognized as
bestsuited for suth tise and environment.

In the following tables, particnlar characteristics of
refined mineral lubricating oils best .saited ‘for -many
types of use and climate are: disclosed.

The ~actual wupper limit .of préferred viscosity - index
is infinite for most uses. The values-giver'in-the following
tables indicate the present commercial maximum values.

: - Crankcase '
Typeof Climate Jet Aviation Top Cylinder ) Steam Cylinder
‘Gasdline ‘Diesel Aviation
Arctic .
Preferred viscosity range !......._._.. ' 90-120/130° F._. .| 90-120/130° F.___ 60—90£glo° F - 1BO-E50{160°°F ..} 80-120/210° F.
Flash pt. preferably no lower thal 300°F +320° R 1 340° F___. 102759 400° F.
Pour pt. preferably no kigher than._._|-—50° el =50°F ... 09P,

Temperate 1
Preferred viscosity range Lol 110-400/180% Pt 110-400/130° F.__} 80-130/210° F 100-190/210° F.
Flash pt. preferably no lower than___ {325 F_______. 340°°F 0° F 00 15007 F.
Pour pt. preferably no higher than. . [-0%®F_____ ... ___. L —10° F._... [ H0O.F.
Tropical
Preferred viscosity rangel ... ... ..0 . 120-150/210° F_._ 50-150/100°F . ___|'100~190/210° F,
Flash pt. preferably no lowerthan.__ |3 °F 300° F L1*500°F,
Pour pt. preferably no higher than._ 509 F,
Preferred V. I. (Dean and Dwis)__..T ——- 35-120.
! Expressed in Saybolt:Universal:secorids at indicated tempersture.
Type of Climate Steam Locomo- | Raillway Car ‘1" Gas Engine : “Refrigerating | “Hydraulic "Compressor
tive . Machine
Arctic
Preferred viscosity range!  ___._.__. 40-80/100° F_.C '90'-15%/100“}‘ ...... '100-800/100° P,
Flash pt. preferably no lower than. .__ 00°F . 1-300° -} 825%F,
—40%F e d0STF —40%F,

Pour pt. .referably no higher than._..
Temperate ’
Preferred viscosity range i _________

Flash pt. preferably no lower than._..
Pour pt. preferably no higher than____{'

* 200<500/£00° F.
“350°F.
“10°°F.

Tropical
Preferred viscosity range ! __..__.__._. ‘35—6%21()“5 Fo... 50=20/210° F____. 40-80/210° ¥..... 80-180/100° F._| 200-1,000/100°F __ .| 300-600/100° F.
Flash pt. preferably no lower than_.._[°375°. 3507 F 375° 350° F 360° F. Soeees ‘3607-F.
Pour pt. preferably no higher than_ ___|20°F________.__. 333kl 20°F. oeneaes “20°'F,
Freferred V. I. (Dean and Davis)..__| 35120 ... .- 35+120_._ 85-120 :

1 Expressed in Saybolt Universal seconds-at indicated temperature.
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) Gear_' e
Type of Climate Turbine 8pindle Torque Converter .
’ Automotive Industrial
Arctic .
Preferred viscosity range1......_.____._______. 120-500/100° F..___ 35-100/100° F.__... 20-'80{‘100" } 30-80/210° F'_.._.__ 30-1,000/210° F,
lash pt. preferably no lowe: than.. 37° F 2I6°F 2756° 0° I 300° F,
Pou. pt. preferably no higher than____..___.___ —20° F. -—50° P —50° F ~30° F i 10° B,
Temperate ‘ ' . v
Preferred viscosity range ... .___.________ 125—500/106° Foo... 70—201‘(_)1100"' b 80-260/100° F...... 60-140/210° F__..._ 50-2,000/210° F,
Flash pt. preferably no lower than. ... 400° F 275° 300° F 325° F 325° F,
Pour pt. preferably no higher than 0°F -] F -30° F, 0°F ; | 200 F,
Tropical :
Prrferred viscosity rangel . ______ ----| 125-500/100° F..... 150-300/100° F'.._... 3@30%/100" Fo.... 80—200{210° Foo.... 80-2,000/210° F.
Flash pt. preferably no lower th meea] 400°F____ 300° F 300° 350° F 326° F,
Pour pt. preferably no higher than 20°F W°F 0°F 20°F 30° F.
Preferred V. I. (Dean and Davis).. 85-120 -~ 76-120 100-160 76~120 35-120,

! Expressed in Saybolt Universal seconds at indicated temperature.

As indicated earlier, our metal complexes find their
widest application in the preparation of lubricants in-
tended for use in the crankcases of internal combustion
engines, particularly in combination with other im-
proving agents such as, in the preferred instance, dithio-
phosphate salt-esters and/or phosphorus” sulfide treated
unsaturated organic materials.

It is common practice in the lubricant additive in-
dustry to prepare a liquid, homogeneous concentrate
containing one or more separate improving agents and,
optionally, a minor proportion of a mineral oil, prefer-
ably one of low viscosity. Such liquid concentrates
dissolve more readily in lubricating oil bases than do
solid improving agents and, in addition, minimize the
problems usually associated with the processing, han-
dling, and transportation of solid materials.

Thus the present invention contemplates not only the
preparation of finished lubricants containing the metal
complexes of our invention, but also the preparation of
lubricant improving agents, i. e. concentrates, which
when dissolved in suitable lubricating oil bases will yield
finished lubricants containing our metal complexes, and,

optionally, such other improving agents as are desired. .

From an examination of the specification it will be
noticed that our metal complexes vary widely in metal
content, such metal content usually being expressed,
for convenience, as percent metal sulfate ash. As a
matter of actual practice in the compounding of lubri-
cants from our metal complexes, we have found that
the amount of metal in combined form in the lubricant
due to the presence of our complex is the critical factor
to be considered. Since it has been shown that our
metal complexes may differ very substantially in metal
content, it follows that in the preparation of a lubricant
having a certain fixed proportion of metal due to our
complex, one would use less of a metal complex of
high metal content than a similar metal complex of
lower metal content. To illustrate this point more spe-
cifically, 10 parts by weight of a complex of 40% sul-
fate ash content dissolved in 90 parts by weight of lubri-
cating oil would yield a lubricant having the same metal
content as one prepared by dissolving 40 parts by weight
of a complex of 10% sulfate ash content in 60 parts by
weight of lubricating oil.

It becomes apparent then that we can properly define
the amounts of our metal complexes desirably present
in lubricant improving agents, and lubricants only in terms
of metal content or a proportional equivalent thereof, for
example, metal sulfate ash content. Furthermore, it
should be pointed out that the desirable range of such
metal or metal sulfate ash content will differ substan-
tially in going from one metal complex to a complex
of ‘a different metal. This situation exists because dif-
ferent metals have different chemical combining weights,
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- saturated .. organic materials

and are perforce present in different weight percentages
in complexes of our invention wherein the organic acid
and promoter material have been fixed both as to identity
and amount.

As a consequence of a large number of tests performed
on lubricants containing metal complexes of our inven-
tion, we have been able to determine the operable ranges
of metal content and metal sulfate ash content (due to
the presence of our complexes) for both lubricant im-
proving agents and finished lubricants.

RANGES FOR WEIGHT PERCENT OF METAL SULFATE

ASH AND METAL (DUE TO METAL COMPLEX)
LUBRICANT IMPROVING AGENTS AND LUBRICANTS

Range -
broad intermediate | preferred
In lubricant improving . '
agent: Percent Percent Percent
Motal sulfate ash due to | 0.38 to 40__._| 0.64 to 30.eo 1.28 to 20,
metal complex,
Metal due to metal | 0.07 to 23.5..] 0.13 to 17.5....] 0.27 to 12.
complex.
In lubricant:
Metal sulfate ash due to | 0.002 to 8..__] 0,005 to6..... 0.01 to 4,
metal complex, . .
Motal due to metal'| 0,001 to 5._._| 0.0011 to 3.5._- 0.02 to 2.5.
complex.

A wide variety of oil-soluble, phosphorus- and sulfur<
bearing organic materials are available and are preferred
for use in combination with our oil-soluble, metal com-
plexes in preparing lubricant improving agents and lubri-
cants. ‘

By this statement we do not mean that all oil-soluble,
phosphorus-and-sulfur-bearing organic materials are of
equal efficacy for use in lubricant compositions. Some
are more effective than others; for example, dithiophos-
phate salt-diesters and phosphorus sulfide treated un-
(especially P3Ss-treated
terpene hydrocarbons) have been found to be of par-
ticular utility,

By way of illustration, a number of oil-soluble, phos-
phorus-and-sulfur-bearing organic materjals are given,
one or more of which may be used along with our metal
complexes in producing lubricant' compositions:

I. Esters and salt-esters of inorganic thioacids of phosphorus, for example
(1) Esters of thiophosphorus acids, . g.; -
§-n-octy! monothiophosphite
8,S-dl-n-hexy] dithiophosphite
T’rl-amyl trithiophosphite

Lauryl diethy! trithiophosphite

0,0-di-n-hexyl monothiophosphite

Q,8-di-n-oetyl dithiophosphite .

Di-lauryl trithiophosphite

8-cetyl monothiophosphite
(2) Balt-esters of thiophosphorous acids, e. g.:

Barium S-cetyl monothiophosphite
- ‘8trontium O,S-dilauryl dithiophosphite
Caleium di-lauryl trithiophosphite -

Zine 8-octadecyl monothiophosphite

Copper 8,8-di-decyl dithiophosphite

&
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{3y Esters-of thiophosphorie-aclds; ey g.: - - - Di«{naphthyl-octyl) - dithiophosphoric- acids, e." g.:"di-
Triamyl trithiophosphate (alpha-naphthyl-dlisobutyl) dithiophosphorie aelds
Tri-lanryFdithiophosphate .- oo __ Di-(zenyl-hexy]) dithiophospharic aeids
-+ Priscetyl monothiophosphate ’ i “u{iiiyDi-cycloalky! dithiophosphorie acids; e: g.:
- Pri-(tert-butyl-nhenyl) dithiophosphate Di-cyclopentyl dithiophosphorie acid
“Ppiz(methyl-cyclohexylj“dithiophosphate Di-(methyl-cyclopentyl) dithiophosphoric acids
-=(4)~8alt-esters of thiophoesphoric-acids; erg.: : SRS ~Bis-(di-methyb-cyelopentyly dithiophesphoric-acids
(a) Monothiophosphate salt-estess, . 8.0 Bis-(di-ethyl-cyclopentyl) dithigphosphoric acids
Barium| di-lauryl thionophosphate Di-cyclohexyl dithiophosphorie acid
..Zine, dl-(methyl-cyclohexyl) ithionophosphate ...Di-(Inethyl-cyclohexyl) dithiophgsphorie acids
v Gadmium mong-cetyl thionophosphate - “D_iT(et_hyl-'cyclohexyl)_-dithlpphqsphomc.acids
‘Nickel dtlauryl thiolphosphate -;Bis:(d1-methyl-cyclohexyl) dithiophosphorle acids
Magmesinm di-cetyl thiolphosphate s - Di'-gisopropyl'-cyclohexyl) dithiophosphoric acids
(b) Dithiophosphsate salt-esters, for example, the sodtum, lithium, 10 Di-(tert-amyl-cyclohexyl) dithipphosphoric acids
potassium, calelum, strontium, barium, magnesium, zine, Bis-(diisobutyl-cyclohexyl) dithiophosphorie acids
..cadmium; nickel, .copper, -and cobalt -salts..of .the follow'lilg . Di-(cetyl-cyclohexyl) dithiophosphoric acids
“dithtophosphoric” acid-diesters  -(the “zine- and barium - sal ts : “Di,fnaphthenyl) dithiophosphoric acids
being ﬁt‘eierred) H . . - Di-(hydrosbietyly dithipphesphorie acids )
{1y Dt:alkyl dithiophosphoric aclds; e g.: g -(iv) Aromatie: dithiophosphoric acids, substifuted and un-
Di-amyl dithiophosphorie acids, e. 2.t . substituted, for example:
Di-n-amyl dithiophgsphoric acid Di-phenyl dithiophosphoric acid
. 1Dl-sec-amyl dithiophosphoricacid . 15 .Di-cresyl dithiophosphoric acids
" Didso-amyt dithiophosphoric acid - ““Di-xylyl dithiophosphoric acids
“PH-hexyldithiophosphoric acids; 6. g.: - Di-mesityl dithiophosphorie aclds
. - ’Di:n-hexyl dithiophosphorie acid - Di-(ethyl:phenyl) dithiophosphorle acids
~Di:sec-hexyl-dithiophosphorie acld . . - Bis-(di-ethyl-phenyl) dithiophosphorie acids
. Di-(2, 2-dimethyl-butyl-3). dithiophosphorie acld . Di-tisopropyl-phenyl) dithiophosphoric-acids
Di-(4methyl-pentyl-2) dithiophosphoric acid .AD,i-.(tert,-,bqtyl:phenyl)..dithi,oghosphorlcvaclds
Di-(2-methyl-pentyl-1) dithlophosphorie acid 20 “"Di~(tert-amyl-phenyl dithiophosphoric acids
- Di-(3-methyl-pentyl-2) dithiophosphoric acid Bis-(2,4-ei-tert-amyl-phenyl) dithiophosphoric acid
Di-heptyl dithiophosphoric acids, e. g.: Bis-(diisobutyl-phenyl) dithiophosphoric acids
' Di-n-hepty! dithiophosphorie add - = Pis(cetyl-phenyl): dithiophesphorle acids
< Di-sec-heptyl dithiophospharic.acid . o ” Di-{paraffin wax-phenyl) dithtophosphorie.acids
1D (2,3-dimethyl-penty]-3) dithiophosphoric-acid _ . {Di(nitro-phenyl)-dithiophosphoric acids
.. Di-(2.4-aimethyl-pentyk2) dithiophosphorieacid - . :Dis(chloro-phenyl). dithiophasphoric aeids .
Di-(3-ethvl-pentyl-2} dithlophosphoric acid Bis-(di-chloro-phenyl) dithiophosphoricaicds
Di-(2-methyl-hexyl-2) dithiophosphorio-acid 26 Di-(acetyl-phenyl) dithiophosphoric-aeids
. ~Di-octyt dithiophosphoric:acids, e: g.: : Di-(lauroxy-phenyl); dithiephosphoricacids
Din-octyl dithiophosphorieacid - . , Di-(carbohexoxy-phenyl) dithiophoesphoric aclds
7’7D1-"(2+ethy1-hex-‘yl)'dithxo’phosphon&adld *‘Di-svhiolau.roxy-phenyl) ‘dithiophosphoric aclds
« Diseapryi dithiophasphoric geld Di-{selenchexoxy-phenyl) dithiophosphoric.acids
~ Bis-(diisobutyl) dithiophosphorie acid ) Bis-({triethyl-silico-phenyl) dithiophosphorie acids

“Dinonyl dithiophosphoric acids; 8: g.:

o Di-(phenoxy-phenyl) dithiophosphorle aclds
T P13.5.5 trimethyl-hexyl) dithiophosphoric.acid 2

Bis-(trichloro-phenoxy-phenyl) dithiophosphorieacids

“'.l]g{%ZA,gtr;g;zgiwlglet{sgl dithigphosphorle ati 80 Di» gxenylg dttm]g%:g}s;pho;ic acids
-n-noriyl.dithiophosphorie.ad P - . Dis(caprylxenyl) dithiophosphoricaclds
. Digdecyludithi,aphosphoric acids,.e. g.: . : Di-(ethyl-naphthyl) dithiophosphoric.acids
"“Din-deeyl dithiophosphoric aeid ) “Diz(lauryl-naphthyly dithiophosphorie geids
* Di-(3,6,6-trimethyl-heptyly dithiophosphoric acid ;3 Di-(cetyl-phensnthryl): dithiophosphoricacids
‘«?Dl-dlgtji(;cyl"(ililgli%%ghngpho;)ic?cids‘a e g .,?1111:1 mixtlures d?i twg or. more of any of the acids-given
Dilaury iophosphoric.aci B : i i, ii, ifi, and iv above.
Bis-(trilsobutyl) dithiophosphoric acid 35 - T OH Trithiopﬁosphate salt-esters; ec g
ngggad%cyl l(]lit}liop}ixdosphoric aclds, e. g.: di-myristyl ;;%m(i; di,]gmlzt{igﬁit%ghoﬁphaﬁet
o ophosphoric.ac = Barium di-cetyl trithiophosphate
Di-hﬁ);ad%cg'ld?gll;io%hos ho:fie ag:éds, [-28 - Cadminm eicosyl trithiophosphate
1iDicetyl ophosphoric ac ¥ § Of idsiof .y
_Di-(3,5-dlethyl-dodncyli2). dithiophosphoric add Fg;%gmggggggggggﬁg Shioacidsiof phosphorus having ot least ane
Di-alky] dithiophosphoric aclds of the general formula Sy Betarsor thlo‘phosphix"ﬁ eacids, 6. g'.: :
-8 40 . Tsurylester:of di-hexyl dithiophosphinie acid :
L A ) ) ’gethyl-hexyl ester of di-phenyl dithiophosphinic acid
~(CaHsnt10)sP—SH 7 n-Octyl ester of di-tolyl monothiephosphinie acid
where 718 51 Integer.of-from abont 180 about 40;.8,8.3 {Cyclohexyl ester-of di-naphthyl monothiophosphinic:acld
Dzi?tcési\degyl dlilth_lophi)gphorlc aclds, e. g.vdistearyl @ gﬁ:g{%;gggﬁ;%%gg%aﬁggi :ﬁlgééphmate
L Dlz(m&%g§%a§§x-(z’iaclaﬂophosphgnlc acids ' (3)- ;»gattium&1&2-6%%}'1-}1113;‘Sg)agiégligpho,slbhiﬂate
i . . (3). Esters of thiophosphoni ;e g
%ﬁﬁé?ﬁégf%ﬁ?ﬁgﬁgggﬁi% a%ids 4% " vDilaurykesteriof phenyl mona-thiophosphonic.acid
DR unepos s o, oy AR R tolt e
- ~Di—trlaggnt?lyd%ggofﬁnsphoric-acids B B.ariumﬂauryl-phenyl-monot’h{bptiosphonate
Di-hentriacontyl..dithtophesphoric. acids, 0. 83 die . Zing cetyl-phenyl dithiophosphonate
" myricy} dithiophosphoricacid N * Caleium di-octyl-naphthyl trithlophosphonate
5 Di-hezatriacontyldithiophosphoriescids TI1;*Phosphorus-and-sulfur-bearing organic materials ‘of-undetermined
~.(1i) Di-aralkyt dithiophosphoric.acids,e; 8.3, 50 ;structuresproduced by treating anorganic :material  (preferably ; un-
Di(methyt-benzyl) dithipphospboric scid : L saturated) with at least one inorganic phosphorus-and-sulfur-bearing
‘1Di(actyl-benzylyidithiophosphoriciacids; ez 2.0 --reagent; for-example; the materials produced:in-accordance with-the
"Di-(capryl-benzyl) dithiophesphoric acids +particularsiof the following table;wherein the designated starting mate-
Bis-(dilsobutyl-benzy]) dithiophosphoricaclds ' Tials were reacted for about 2 t0 4 hours at temperatures in the range of
- Di-{phenyl-octadecy!) dithicphesphoric.acidsy:e. g di- Cfrom'about-80°°C.-to about 150°°C. o

. {phenyl-stearyD) dithiophosphoric acids .
: ~GNSATUBATED.HYDROCARBONS

Analysisotr
; ! - Reaction Product
"'Bxample No, : ~ Organic Materlal Mofs Additional Reactant | Mols | "Reagent, - Mols}

. i3 . - : . | “Percent |*Percent

. Sulfur | .Phos-

phorous

[ 3} F—— PiSr “1] 282 ©14.4
8 *PaSy 1 ©20.6: 2111

4 2} PaSy 1) |, 258, 15:8

4 10 - P8y 1 17.3 ‘8.5
. 6 | Lorol (Du Pont) 4| PsSy ; 11 145 6.1
18, ) 8 |:0Olefc Acid..on--- b .2 | PSSy L1128 3.6
7. _..:do 4 ['Lorol(Du¥Pont)..._. 4 |"'Pily ‘1 12.8 5.1
18 ‘| /Caprylens 8. . RSy 1l 10.8 6.3
19. .. ._{.Dipentene F- 3 RN PRSP PAIS’s\Sand 1 6.5. 44

R - " PiSy

..} Hezadecenerl... 8. SV R s PaSy 1l z10.2 i 5.6

B e o '%27 % 13.0 7.1

“Unsaturated Kerosene (Ci2)--- 8 - PSSy 13, 7

T e 8 = PeSy T 187 A

ngintm 4 | cememm e = m—— PiSy 1 0206 ; 12.8
R H i 1 56 | eo

e mememar-]: Tridisobutylene 8. - PuSy . 20.9: 718,
%6__ _;W;LUn'gnmm 8 — PuSr 1 .9.03 4.7
28.. <wda 8 "PiSs 1 SLL “L3
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Analysis of
Reaction Product
Example No. Organic Material Mols | Additional Reactant Reagent | Mols
Percent { Percent
Sulfur Phos-

phor ous

Capryl Aleohol 6 1 12,2 6.4

_____ 0. 4 1 L7 2.5

Oley! Alcohol_., 6 1 8.7 6.2

_____ do 8 1 5.4 4.5

Sulfurized Oleyl Aleohol 3 1 9.1 2.0

- Amyl Mercaptan...____._____ 3 1 29,2 9.5
1 5.9 4.4
1 0.9 0.93

1 8.5 3.8

1 3.9 1.6

1 6.9 3.6

SPECIFIC EXAMPLES OF LUBRICANT IMPROV-

ING AGENTS AND EMPLOYING METAL COM- o5 Composition (weight percent)
PLEXES OF THE PRESENT INVENTION L{Imri%mt
Number
Certain oil-soluble phosphorus-and-sulfur-bearing or- Percent Component
ganic materials used in many of the lubricant composi-
tions illustrated herein are designated as follows (unless 93. 38 @00 ISnAgSISO giz}eralfoligl. .
otfherwlige stated, percentages given are in weight-percent 3% gjgg ' infpgogég%gegn% %.xamp o2
of t OVi : X improving agent B.
otal improv ng agent) 0,92 improving agent D,
9'17. E ©.22 SAt 130 mix]leralfoél.
5 P . L 22 metal complex of Example 2.
Imi)éggén g Description 0.25 improving agent A, P
- 1,15 Improving agent B.
35 ? gg 0.29 SAtEISO mizlleral fo%:l
Ao product prepared by reacting about 4 moles of turpentine d - 25 metal complex of Example 2.
with 1 mole of P2S; for about 4 hours at about 140° C; g- gs ﬁpl‘ovgg agent %
61% solution in low viscosity mineral oil. 04 improv_ g agen% B
Bo. zine di-(4-methyl-sec-amyl) dithiophosphate; 449 solu- g g A%‘oavomg_agen .
tion in low viscosity mineral oil. 2.00 ial mu}eral oil.
(o misture of 60 mole-percent zinc di-(4-methyl-sec-amyl) 5.82 (0.82) | meta cj(_)nmp ex of Example 3,
dithiophosphate and 40 mole-percent zine di-isopropyl 40 8 SS %S:gzing ggggg %
gixt.hmphosphate, 40% solution in low viscosity mineral qg' gz isnap}é'%%mg- agenl H I?
3 IO barium salt of the mixed dithiophosphate diester ob- . mineral ofl,
fained by treating a mixture of 4-methyl-sec-amyl, 3.88 %lletal “9’1;13161 of}:]xample 3.
n-hexyl, and capryl alcohols (3, 2, and 3 parts by weight, 0.28 improving agont £.
respectively) with PaSs; 39% solution in low-viscosity 0.98 mproving agent B,
mineral oil. 0.92 Improving agent D,
45 94,32 A E 30 minera] oil,
1.47 prxorlart viscosity index improver.
For each of the specific lubricants shown hereinafter, biar 038 otnt onaplox of Txamiple 3
the composition of the corresponding lubricant improving 0.83 ;gprovjng agen% %
agent can be discerned by considering the weight percent- A 8 A%%?‘,‘,ﬁgg;’% ot
ages of the separate improving agents as parts by weight. 50 L 7; 0.52 &rlgrlart n\;ls}coswfy index improver.
For examp}e, the lubricant improw{ing agent correqund- 0.2 ©.52 ;nfp?m?{’ng%é’é‘n% f.xample -
Ing to lubricant No. 1 would consist of 1 part by weight 8' iz improving ageng BD.
olf imp;oging agleml: 1?, plgsﬁ pal;;s by w;laight oi the cprlrllg 95. gg SA.%) -2%tn§;2§$:ﬁtoi1f 4
piex of Example or U./1 sulfate ash part by weig 0. prior art viscosity index improver.
thereof). If the separate improving agents do not them- 55 75 (0.3 lljlme;g(l) ggln;lzlggn%fﬁxample 4
selves contain 2 proportion of mineral oil, some may be 8‘ ﬁ :gpigg:gg ggggg S.
added, if necessary, to secure a fully liquid, multi-com- 96, 35 SATE 40 minaeal ofl:
ponent “concentrate” as discussed earlier in the section 1.85 (0.33) | metal complex of Example 4.
. . . 0.14 improving agent A,
rega}rldlng improving agent concentrates. é’ 26 improving ageng %
T 1 i Y i 3 improving agent D.
The vglLes In parentheses { ) in the percent cqunqn 60 A AT 4o neogont .
below give tI}e percent of metal sulfate asp present in 3.15 (0.45) | metal complex of Example 5,
the lubricant imparted by the amount and kind of metal 0.14 improving agent A,
: 1.2 improving agent B,
complex employed therein. 0.46 improving agent D,
96.08 SAE 40 mineral oil.
2.12 (0.3) metal complex of Example 5,
Composition (weight percent) 65 0.14 improving agent A,
Lubricant 1.2 improving agent B,
Number 0.46 impé-oving agent D,
Percent Component 4. 97 SAE 30 mineral oil,
3.4 (0.48) motal complex of Example 5.
0.49 improving agent A.
94.0 SAE 30 mineral cil. 114 improving agent C.
| S 5.0 (0.71) metal complex of Example 1. U] silicone anti-foam agent.
1.0 improving agent B, 70 94,44 SAE 30 mineral oil.
90.0 SAE 30 mineral oil. 3.38 (0.62) metal complex of Example 6.
b, 8.0 (1.14) metal complex of Example 1. 0.28 improving Agent A,
2.0 improving agent C. { 0.968 Improving agent B.
92, 52 SAE 30 mineral oil, 0.92 improving agent D,
5.3 (0.75) metal complex of Example 1, 88.9 SAL 10 minera] oil.
[ S 0,28 improving agent A. 10.0 (1. 83) metal complex of Example 6.
0.98 improving agent C. 0.5 zine di-lauryl dithiophosphate,
0.92 lmproving agent D, ({] 0.6 P and 8 bearing product of Example 11,
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Composition (weight percent)

Lnbricant —

Number

Percent Component

90

SAE 10 mineral ¢il.

metal complex of Example 6.
magnesium di-n-octyl dithiophosphate..
P and 8 bedring product of Examplo 33.
SAX 10 mineral oil.

metal compl x of Example 7.

triamyl tritliipphosphits.

P and'S bearing product of Exumple 15,
SAT 20 mineral oil.

maetal complex of Example 7.

metal complex of Example 8.

trilauryl trithiophosphate.

P and 8 bearing product of Exawple 27.
SAE 20 minernl oil.

metal commplex of Example 7.

caleium di-n-decyl ddithiophosphate.

P and S bearing product of Example 26.
SAE 20 mineral oil.

metal-.complex of Exampie &

zine di-(lauryl-phenyl) dithiophosphic
P and S bearing product of Example 35.
SATR 20 mineral oil.

metal complex of Example 8.

barium carbonate comyplex of Example 7.
eobalt di-capryl dithiophosphate.

SAE 20 minera!l oil.

metal complex of Examnple 8.

P and S bearing product of Example 38.
SAE 30 mineral oil.

metal complex of Example 9.

improving agent C.

SAE 30 mineral oil.

metal complex of Lxample 2.

nickel di-octadecyl dithiophosSphate.

P and S bearing product of Bxample 19,
SAE 30 mineral oil.

metal complex of Rxample 9.
tri-(tert-butyl-phenyl} dithiophbsphate.
P and S bearing product of Example 24,
SAE 30 mineral oil.

metal complex of Example 10.

P and S bearing produet of Exampie 39.
SAE 30 minera] oil.

metal complex of Example 10,
jmproving agent A.

SAE 30 mineral oil.

metal complex of Example 10,
imnproving agent C.

SAE 30 mineral oil.

metal complex of Example 10.
zine - di-(methyl-cyclohexyl)
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93.
0.2 (0.055)
1.6

81.0
15.0 (4.1)
2.0 dithiophos-

phate.
2.0 Pand S bearing product of Example 28.

12 parts per million.

Other modes of applying the principle of the invention
may be employed, change being made as regards the de-
tails described, provided the features stated in-any of the
following claims, or the equivalent of such, be employed.

1 therefore particularly point out and distinctly claim
as my invention:

1. A process which comprises preparing and mixing
a mass in which, at 50° C., at least 50% of the total mass
is in the liquid state, and in which mass the active com-
ponents consist of: A, at lsast one oil-soluble organic acid
compound; B, at least one organic metal compound de-
rived from a metal-free -organic compound having: (a)
an ionization constant in water of at least about 1 1019
at about 25° C.; (&) a water solubility at 50°*C. of at
least about 0.0005%: and (c) in saturated agueous solu-
tions at about 25° C. 2 pH of not greadter than about 7,
the relative amounts of A znd B used being in the range
of from about one equivalent of A to about 10 eghivalents
of B to about 10 equivalents of A to about one equivalent
of B; C, water, in an amount equal to at least about one-
tenth mole per molé of B; maintaining the mass at a tem-
perature and for a period of time sufficient to drive off
substantially all free water and watér of hydration which
may be present; and then treating the mass with an acidic
material of which the ionization constant is higher than

the ionization constant of the organic comipound from’

which was derived component B and in amounts suf-
ficient to liberate a substantial proportion of said organic
compound of component: B.

2. Theprocess of claim 1 further characterized in that
component A is at least 1 sulphur acid compound.
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3. The process of claim 1 further characterized in that
component A is a phosphorus acid compound.

4. The process of claim 1 further characterized in that
component A is a thiophosphorus acid compound.

5. The process of claim 1 further characterized in' that
component A is at least 1 sulphur acid compound and at
least 1 phosphorus acid compound.

6. The process of claim 1 further characterized in that
component A is at least 1 sulphur acid compound and at
least 1 thiophosphorus acid compound. .

7. The process of claim 1 further characterized in that
component A is at léast 1 sulphonic acid compound.,

8. The process of claim 1 further characterized in that
component A is at least 1 barjum salt of an oil-soluble
organic acid.

9. The process of claim 1 further characterized in that
component A is the barium salt of at least 1 sulphur acid.’

10. The process of claim 1 further characterized in that
component A is the barium sdlt of at least 1 phosphorus
acid,

11. The process of claim 1 further characterized in that
component A is the: barium-salt' of at least- 1 thiophos-
phorus acid.

12. The process of claim 1 further characterized in that
component A is a mixture of the barium salts of at least 1
sulfur acid and the barium salts of at least one phos-
phorus acid.

13. The piocess of claim 1 fuither characterized in that
component A is a mixfute of the barium salts of at least
one sulfur acid and the barium salts of at least one thio-
phosphorus acid.

14. The process of claim 1 further characterized in that
component A is at least one barium sulfonate.

15. The process of ctaim 1 further characterized in that
component A is a mixture of at least one barium sulfonate
and the barium salts of at least one phosphorus acid.

16. The process of claim 1 fusther characterized in
that component A is a mixture of at least one barium sul-
fonate and the barium salts of at least oné thiophosphorus
acid.

17. The process of claim 1 further characterized in that
component B is the metal salt of a phenolic compound.

18. The process of claim 1 further characterized in that
component B is the metal salt of a phenol.

19. Thé process of cliin 1 furilier charactérized in that
component B is the metal salt of a hydrocarbon sub-
stituted phencl in which the hydrocarbon substituents
have not more than 16 carbon atoms. _

20. The process of claim 1 further characterized in that
component ‘B is the metal salt of an alkyl phenol.

21. The process of claim 1 further characterizéd in that
component B is the meétal salt of an enolic compound.

22. The procéss of claim T further characterized in that
the process is tredted with COz in amounts sufficient to
liberate a substaniiall proportion: of said organic com-
pound of ccmponéit B.”

23, The process-of claim 1 further characterized in that
the ‘component A is a mixture of petroleum mahogany
sulphonic acid compounds and oil soluble alkyl aromatic
sulphonic acid compounds. 7

24. The process of claim 1 further characterized in that
the process mass i stripped of said liberated organic com-
pound of component B. )

25. The process of claim 1 further characterized in that
said process mass is -treated with COz in amounts suf-
ficient to liberate @ substantial -proporticn-of said organic
compound of component B, and said liberated portions of
said organic'compound of component B dre stripped from
the process mass. , .

26. A product in accordance with the process of
claim 1.
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