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ABSTRACT
A lubricant composition having improved extreme pressure
and antiwear propertiers comprising a base lubricant and an
additive consisting of from about 0.01 to about 30 weight

parcent of =maid lubricant of a mixture of a metal thiosulfate

and a metal phosphate.



LUBRICANT COMPOSITIONS
This inventilion relates to a lubricent composition
containing synergistic mixture of a metal thiosulfate and a
metal phosphate to impart both extreme pressure and antiwear
properties to a base lubricant.
BACKGROUND OF THE INVENTION

There 18 an increasre in demand for high performance,

non-hazardous and environmentally safe lubricant additives

for greases, oils, metal working fluidse, and compositions
guch as mineral oils and agqueous based synthetic fluids used
in metal forming operations such as wire drawing and metal
forging. In the case of greases and oils which have
incidental contact with food, very few lubricant additives
are availlable which satisfy both the required non-toxic
proparties and the performénce needed by modern machinery.

In formulating metal working fluids for cutting, grinding,
broaching, tapping, and the like, certain sulfur-, chlorine-,
and phosphorus-containing compounds are generally used as the
axtreme pressure and antiwear additives. However, the
presence of chlorine-containing compounds may result in
certalin difficulties including corrosion and disposal
problems. In metal.forming operations like metal drawing and
forging, molybdenum disulfide and othér metal sulfides are
commonly employed. Subsequént treatment of the work pieces
is usually required to remove the residual sulfides by means
of an acid pickling bath or mechanical descaling. Disposal

of the sludges from acid pickling bath may present
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environmental hazards and can be quite expensive due to the
presence of heavy metals.
Accordingly, one object of this invention is to provide

a lubricant containing synergistic additives that impart both

axtreme pressure and antiwear properties to the base

lubricant. Another object is to provide lubricants with the

\

synerglistic additives that are non-~-hazardous, environmentally

gafe, and eagily disposed of after use.

DISCUSSION OF PRIOR ART

Many conventional Iubricant additives are based on
chlorinated and sulfurized oils, molybdenum disgulfide and
antimony compounds. Metal thiosulfates have been disclosed
as extreme pressure additives 1n various lubricants (U.S.
patent 3,505,222 and 3,5056,223) and in metal working and wire
drawing formulations (U.S. patent 2,203,384, 2,957,825 and
3,082,129). However, in such disclosures, the presence of
the metal thiosulfates provides only extreme prassure
properties, but no antiwear properties.

. U.S. 4,675,121 discloses that phosphate salt - o0il
soluble sulfur systems are useful és additives for an extrene
pressure lubricant. U.S. 3,186,4Y4h discloses a mixture of a
viscous soluble potassium polyphosphate with one or more of
alkali metal borates, alkalili metal sulfates, alkaii metal
chlorides, alkali metal fluorides or alkali metal chromates,
which nmnixtures are sald to be useful agqueous based oil and

fat-free lubricante. Such a system, however, does not

provide the extreme pressure properties obtained with a
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thiosulfate component.

U.5. 2,588,234 discloses a water soluble phosphating
lubricant.wherein an integral phosphate coating put on carbon
steal and a stepwige lubricant film is also deposited. The
bath used is comprised of an organic film forming material,
(diethylene glycolstearate or sodiun stearate), mono-sodium

phosgphate and sodium thiosulfate. An integral iron phosphate

obtainad by reaction of the sodium thiosulfate and sodium
phosphate. On drying, the final coating is one of phosphate,
sulfur (from decomposition of the bisulfite) and the stearate

lubricant.
DETAILED DESCRIPTION OF THE INVENTION
The present invention, as indicated above, relates to a

lubricant containing a synergistic mixture of a metal

employing @either one of the compbnentg alomna. These
-synergiatic mixtures are, in general,'non-hazardous and safe.
Unlike molybdenum digsulfide, graphita, chorinatad and
sulfurized hydrocarbons, they are coiorle&e, odorless, water-

soluble, and easily disposed of in an environmentally safe
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alkall bath, thus eliminating the use of an acid pickling
path or mechanical descaling. This is particularly
advantageous as it permits the use of the invention for food
grade lubricants since both thiosulfates and phosphates used

1ln the invention are on the GRAS (Generally Regarded as

Safe) list and, further, the waste water from the residual

film removing operation can be easlly disposed without

environmental problems.

The amount of the synergistic mixture of the invention
and the ratio of metal thiosulfate to metal phosphate can
vary over a wilide range depending upon the base lubricant
employed and the specific application for which the

lubricant is designed. Generally good results are obtained

when from about 0.01 to 30 weight percent of the synergistic

mlxXture 1s added to the lubricant. A preferred range 1is

from about 0.05 to 20 percent by weight. The welght ratio

gr—

of a metal thiosulfate to metal phosphate may range from

about 1:99 to about 99:1. A preferred ratio is from about
30:70 to about 70:30 and still more preferably about 20:80
to about 80:20. These mixtures may or may not be soluble in
the base liquid lubricants and may be suspended as a fine
powder with, 1f necessary, a suspending agent such as an oil
soluble succinimide.

The metal thiosulfates used in the invention are made

with any metal that is capable of forming a metal
thiosulfate salt. Typical examples are lithium, sodium,
potassium, manganese, calcium, barium, strontium, titanium,
zlrconium, cadminum, zinc, nickel, cobalt, copper, iron,

magnesium,
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lead, tin, silver, and the like, as well as mixtures of the
above. When water 1s the base lubricant it is mozt desirable
to use an alkali metal or ammonium thiosulfate.

Another useful class of metal thiosulfate is represented

by the metal salts of Bunte acids as shown in the following

formula:

\

O
O

where R represents a hydrocarbon radical containing from 1 to
about 30 carbon atomse, M is a metal including those
thiosulfate-forming metals listed above and n is the valence
of M. The radical R may be substituted with a non-
hydfocarbon group such as chloro, bromo, hydroxyl, carboxyl,
carbonyl, and the like. Some representative examples of the

Bunte salts are sodium ethyl thiosulfate, potassrium benzyl

thiosulfate and barium isoamyl thiosulfate. These compounds

can be prepared by reacting an alkyl halide with sodium

thiogulfate.

The preferred metal thiosulfaies are the.alkaii metal
thiosulfates, alkaline earth thiosulfate and ammonium
thiosulfate.

.The metal phosphate used in the inventibn may be
selected fror any one of the alkali, alkaliné eaarth, and
ammonium phosphates. Some repreéentative examples of these
phogsphates are sodium pho&phaté {mono, di and tribasic),

sodium pyrophosphate, sodium heptaphosphate, sodium

M

o
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tripolyphosphate, sodium hexametaphosphate, sodium
hypophosphate, sodium trimetaphosphate, potassium
metaphosphate, ferric sodium phosphate, and calcium
glycophosphate.

The synergistic mixture may be used with a wide variety
of base lubricants such as oils, greases, synthetic

lubricantse, water-based lubricants, lubricant powders, and

the like. The invention is particularly useful with greases

and, more specifically, with lithium based greases, clay
greases, urea greases, and aluminum complex greases and 1=
also of particular value with oils and water based synthetic
fluids of lubricating viscosity uged in cutting and grinding
operations. The following examples illustrate the wide
utility of the invention.

EXAMPLES
Example 1.

A lithium grease 1ls blended with (a) 1% sodium
pyroPhoaphata‘decahydrate, {b) 1% sodium thlosulfate
pentahydrata, and (c¢c) a mixturé of 0.5% aodium thiosulfate
pentahydrate and 0.5% sodium pyrophosphate decahydrate. The
déta are recorded in Table I. The greass containing the
mixture proVides gemaller wear diameter thah the grease
containing 1% sodium thiosulfate pentahydrate or the gréase

with 1% sodium pyrophosphate decahydrate, thus showing the

eignificant synergistic effect.



Exanple 2.

Similarly, a lithium grease is blanded with (a) 1%
sodium phosphéte (tribasic) dodecahydrate, (b) 1% sodilium
thiosulfate paentahydrate, and (¢) a mixture of 0.5% sodium
thiosulfate pantahydrate and 0.5% sodium phosphate (tribasic)
dodescahydrate. From the data in Table I, it 1Is seen that the

greése containing the mixture of the invention provides the

bast antiwear charactaerigtica and the data clearly show the
synergistic effect.
Example 3.

Wear diameters are obtained on an aluminum complex
greage containing (a) 1% sodium pyrophoasphate decahydrate,
(b) 1% sodium thiosulfate pentahydrate, and {¢) a mixture of
0.5% soedium thiosulfate pentahydrate and 0.5% sodium
pyrophosphate decahydrate. The data in Table II shows that
the grease containing the mixture provides the smallest wear
diameter.

Example 4.

In a white mineral oil of 160 SUb viscogity is suspended
(a) 2% sodium thiosulfate (anhydrﬁus), (b) 2% sodium
pYrophosphate decahydrate and (c¢c) a mixture of 1% sodium
thiosulfate (anhydrous) and 1% sodium pyrophosphate
decéhydrate. In all of these three suspensions, an oil-

soluble succinimide (2%) is used as a suspending agent. The
waear diameters are obtained on a Four-Ball wear tester. The
data are recorded in Table III. The smallest wear diameter

is obtained on the suspension containing a mixture of 1%
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sodium thiosulfate (anhydrous) and 1% sodium pyrophosphate
decahydrate (c¢), again i1llustrating synergism with the two
components on the antiwear characteristics of the lubricant.
Exanmnple bh.

In a synthetic hydrocarbon fluid (polyalpha-olefin)
having a viscosity of 40 c¢s 1is suspended (a) 2% sodium
thiésulfate (anhydroue), (b)) 2% sodium pyrophosphate and (c)

a mixture of 1% sodium thiosulfate (anhydrous) and 1% godium

pyrophosphate decahydrate. As ghown in Table III, the
smallest wear diameter is obtained with the suspension
'containing the mixture of the invention and the synergistic
effect is evident.

Example 6 through 9.

Four water-base synthetic fluids are formulated and the

lubricating properties of these fluids are determined on a
Falex tester. Experimental data are recorded in Table 1IV.
These examples 1llustrate the synergism obtained with a
mixture of sodium thiosulfate and sodium pyrophbsphate with
respect to antiwear characteristics in an agueous mediumiand
the examples also illustraté that borax or other alkall are
useful to raise the pH of this aqueous system without
adversely affecting the system’s lubricating pfoperties.
Raising the pH is desirable because the thiosulfate acts ar a
:educing agent in an agqueous system and this is easily

countered by raising the pH to a value of at least about 7 to
about 9. Other typical agents which are ugeful instead of

borax are sodium sulfite, sodium biguifite, and sodium
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benzoate. Amyl alcohol may also be used to mitigate the
raducing proparties of the sodium thiogsulfate. The use of a
pH of at least about 7 for the watar barged fluids of the
invention is important in order to avoid the decomposition of
the thiosulfate which would occur under agqueous acid
conditions. The data show that sodium thiosulfate and sodium

pyrﬁphosphate by themnselves exhibit excellent EP propertiss

but inferior antiwear characteristics. The outstanding
antiwear characterigtic of the fluides containing a mixture of
sodium thiosulfate and sodium pyrophosphate are shown by the

lower numbers of teeth and pin weight losses (Examples & and

7) in comparison with those containing only sodium
thiosulfate or sodium pyrophosphate (Examples 8 and 9.)
Example 10.

A solid lubricant for wire drawing is prepared which
consists of 95% by welght of calcium stearate, 2.5% of sodium
thiosulfate aﬁd 2.5% of trisodium phbsphata. This lubricant
in granular form is placed in the hopper of a wire drawing
apparatus for drawing stainless steel. The steel is readily

drawn to wire and the rasidual coating removed with an

- agqueours alkaline bath.
The solid lubricant of this example effactively raplacss
the conventional molybdenum disulfide which requires an acid

bath to clean the drawn wire and which bath removes chromium

from the steel, thus making it an environmental hazard

difficult to disgpose.

The thiosulfate and phosphate may be premixed to make
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the lubricant additive which will be used as described above.

As indicated, the mixture of thiogsulfate and phosphate .
may be used in a wide variety of lubricant compositions which
will have numerous applications. It will also be understood
that various formulations with additives for specific

purposes may be used in the lubricants of the invention as

wili be clear to the gskilled art worker.

10



Grease Conposition
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TABLE I

WEAR CHARACTERISTICS OF LITHIUM GREASE

L e ] < —— i — i — . — e S ey e S ——) e —— e S e P G P s < S S ——— W

CONTAINING VARIOUS ADDITIVES

+ 1% N84P207‘10H30

1% NazSa2053+5Hz0

0.b% N&QPQO7‘10H30 + 0.5H% NBQSQO;.SHQO
0.8% Na¢9307'10H30 + 0.2% NBQSQO;‘BHQO
O.2% NadPGOV‘IOHQO + 0.8% N&QSQO;’SHQO

1% NaaPO¢*12HaO
1% NaaSa0x35HL40
D.b% NRQPOQ‘leQO + 0.b% N&gSnO;‘SHQO

ook shud dnley geink dvrd TN GFED TN EFEE ARDY Skl Youll pnigh ankiy) Aanfy syoen iy Shd GUEE GTEd SR GAAE TTVED TR TR YR GAMA

Example

l (a) L.G."™
(b) Lelze
(c¢) L.G.
(d) LG
(e) Le(Ge

2 (&) L.G.
(b) LeGo
(¢) L.Ge.

* L.G.

* ASTM D 2266 -

= Lithium Grease

1200 rpm, 40 kg load,

AlbD1i-52100 steel balls

11

mm

765°C for 60 mine.

f{'\ w

Wear Diama

0.63
0.62

0.45
0.52
O0.55

O.88
D.62
0.bbH

MR

using

L2
GQ
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TABLE II

WEAR CHARACTERISTICS OF ALUMINUM COMPLEX

SRR ARG D S A AL AR 0 ARV oA AL AT <PV e

GREASE CONTAINING VARIOUS ADDITIVES

Example Grease Composition Wear Diam2
mm
3 (a) A.Co™ 4+ 1% NagPaO-*10HZO 0.68
(b) A.C. + 1% NaaSz203+5Ha0 0.67
(c) AeC.e + 0.5% NagPa0-+10HZ0
+ 0.5% NQQSQOQ"SHQO 0.656
:HKTETWZmXIG;I;G;mComplex Grease

2 ASTM D 2266 -~ 1200 rpm, 40 kg load, 752C for 60 mins. using
Al51-52100 steel balls

12



TABLE I1I

WEAR CHARACTERISTICS OF A WHITE MINERAL OIL AND A

R et

B e I T T I T T S

Example

4 (a)
(b)
(c)

Fluid Composition

White Mineral 0il (WMO) + 2% Naz85;0a
WMO + 2% NaPa0-,+10HgO
WMO + 1% Naa8303 + 1% Na¢9207‘10Hn0

Polyalpha-alefin (PAO) + NazSa05;
PAO + 2% NaaPa20-,+*10Hz0
PRO + 1% N928203 + 1% NaQP307‘10Ha0

STEh OVER SAh Mgl tUull WEEE GEES G Ginki yroll Jdolml Guihh drenl PR NIRRT SRPR EEVAR

Wear Diamx
mm

0.79
0.74
0.68

D.87
0.98
0.72

1 ASTM D-~-2266 -~ 1200 rpm, 40 kg load, 75°C for 60 mins. using
Alb1-52100 steel balls

13



TABLE I

EXTREME PRESSURE AND ANTIWEAR PROPERTIES OF AN

wllviirigentityrilijveisinnnmisin e ey NSRRI TS chiihbesissicteliiel 0 SRR OISR SRR B R i At duviaenigriunlk Ak

AQUECUS MEDIUM CONTAINING VARIOUS ADDITIVES

Example: © 7 8 9
Concentrated Formula
Ingredient A B C D
Naz820, 1.0 1.0 2,0 0
NaaPaO<2+10H40 1.0 1.0 0 2.0
Boray 0 1.0 0 0
Caprylic Acid 3.0 3.0 3.0 3.0
Ethanolamine 1.5 1.5 1.5 1.5
Polypropylene glycol 12.0 12.0 12.0 12.0
Wataer 81.5 80.56 81.56 Bl.5
100.0 100.0 100.0 100.0
5% A 5% B 5% C 5% D
NazSz03, % 0.05 0.05 0 0.10
NaPa0++10Hz0, % 0.056 0.05 0.10 0
pH 7-8 | 8.5-9 7-8 7 -8
Falex Test Results
Wear 15 min. + 1000 lbs.?
Number of Teeth 12 18 28 43
Pin welght loss, mg 3.1 he3 36.6 9.6
EP Load, 2560 1lb. increment?
3750 3750 >4500 3750

AVEE WAEE GANR GEER Sk Snih Gguif wihl el eninh weln U vl AR GEFUR WU PEED GO VRS SOl SRR W

1 ASTM D-2670-81
2 ASTHM D-3233-86 (Method B) using SAE-3135 steel pins and
Albi-~1137 steel V-blocks

14
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CLAIMS
A lubricant composition having extreme pressure and
antiwear properties comprising a base lubricant and a

gynergistic additive mixture consgisting of from about
0.01 to about 30 weight percent of said lubricant of a
mixture of a metal thiosulfate and a metal phosphate,
the weight ratio of thiosulfate to phosphate being from
about 1:99 to about 99:1.

A lubricant composition having extreme pressure and
antiwear properties comprising a base lubricant and a
synergistic additive mixture consisting of from about
0.056 to about 20 weight percent of sald lubricant of a
mixtube of an alkali metal, ammonium or alkaline earth
thiosulfate and an alkali metal, ammonium or alkaline
earth metal phosphate, the weight ratio of thiosgulfate
to phosphate being from about 30:70 to about 70:30.
The lubricant composition of.Claim 2 wherein tha
lubricant is a grease.

The lubricant composition of Claim 2 wherein the
lubricant is a l1ithium grease or an alu@inum compliex
grease.

The lubricant compogition.of Claim 2 wherein the

lubricant is a mineral oll or a hydrocarbon fluid of

lubricating viscosity.

15



10.

11.

12.

The lubricant composition of Claim 2 wherein the
lubricant is a lubricant powder.

The lubricant composition of Claim 2 wherein the
lubricant is an aqueous synthetic fluid having a pH
of at least about 7.0.

A synerglistic mizture useful as a lubricant additive
having extreme pressure and antiwear properties

comprising a mixture of an alkali metal or ammonium

thioaulfate'and an alkali metal, ammonium, or alkaline
earth metal phosphate, the weight ratio of thiosulfate

to phosphate being from about 30:70 to about

70:30.

A method of imparting extreme préssure ahd antliwear
properties to a lubricant which comprises blending with
a base lubricant in an amount of from about 0.05 to
about 20 weight percent of =said lubricant, an additive
mixture comprising an alkali metal, ammonium or alkaline
earth thiosulfate and an alkali metal, ammonium or
alkaline earth phosphate, the weight ratio of
thiocgulfate to phbsphate beihg from about.30:70 to about
70:30.

The method of Claim 9 wherein the base lubricant is a
lithium or an aluminum complex grease.

The method of Claim 9 wherein the base lubricant is a

lubricant powder.
The method of Claim 9 wherein the base lubricant is an

agueous synthetic fluid having a pH of at least about 7.

16
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