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SOLID LUBRICANTS FOR IMPROVED WEAR RESISTANCE

A. OBJECTIVE

This program was for development of superior extreme
pressure, antiwear, thermally stable lubricants and lubricant
additives for use in both conventionai and corrosion resistant
metal surfaces. It was the objective of this task to extend
the useful life of Navy lubricated bearings, seals, splines,
aircraft arresting cables, and sliding metallic surfaces.
Lubricants for corrosion resistant metals are particularly
desirable because the use of these metals in corrosive
environments is often precluded by the lack of lubricants

suitable under these conditions.
B. INTRODUCTION

The approach investigated in this program was a follow-up
to an earlier study carried out at Pennwalt's laboratories with
partial support by the U. S. Navy and where a number of complex
metal chalcogenides had been examinedl-4 for their performance
as extreme pressure and antiwear additives in greases, solid
film lubr.cants, and fluids. As extreme pressure and antiwear
additives, these complex chalcogenides had been found superior
to simple sulfides, including Mosz. One composition, arsenic
thioantimonate was a particularly outstanding solid lubricant
and, therefore, became the subject of much characterization and
evaluation.2 When the safety of all inorganic arsenic
compounds came under gquestion, further development of arsenic
thioantimonate was terminated. However, under that program
other promising leads had been uncovered and which were then
selected for additional studies in a subsequent effort whose
results are summarized in this report. Of particular interest
was antimony thioantimonate (SbSbS4) which received special
attention in this study. Other promising materials described




in this report include cerium and zinc oxythiomolybdates.

While SbSbS4 was found to be an outstanding extreme pressure
lubricant additive with unique antiabrasive properties, the
oxythiomolybdates were noteworthy for their antiwear
characteristics and high thermal stability.

C. ANTIMONY THIOANTIMONATE - SbSbS4

1. General

Laboratory synthesis and performance data on SbSbS4
are described in detail in the attached copies of
publications (Appendix X and II). The preparative method
reported in Ap»endix I represents an improved reaction
route with greater simplicity, reproducibility, product
priority, and higher yield compared with the original
method.3 Commercial production of SbSbS4 should be
possible without a major process development effart. A
cost estimate for the production of several million pounds
of SbSbS4 has shown that this product can be made
available at a price comparable to, and possible lower
than, that of molybdenum disulfide, Mosz.

2. Field Tests

Field tests with greases containing SbSbS4 are being
carried out by the Marine Corps at Camp Lejeune, NC, on
high mobility vehicles. Another series of field tests is
expected to start shortly at a Marine Corps bhase in
California.

Test results to date from Camp Lejeune (after about
one year of use in heavy duty vehicles) indicate that
grease with SbSbS4 as an additive is greatly superior to
the standard GAA grease used by the military.




3. Aircraft Arresting Cables

L The Naval Air Engineering Center, Lakehurst, NJ, is

P ol 7

evaluating greases containing SbSbS4 on arresting cables

_ used on aircraft carriers. Major improvements including
% longer cable lives and less slippery decks are sought.
' This application study is sponsored by NAEC (contract
N68335-81-C-5280); however, the ONR program provides the

necessary basic technical underpinning.

4, Toxicology )
/

Because greases containing SbSbS4 have advanced to '
the field test stage, we have obtained acute oral and ]

dermal toxicity data on this compound which indicate that
it is nontoxic. All animals survived at an oral dose of 5
g/kg (rats) and a dermal dose of 2 g/kg (rabbits), were

normal clinically, and gained weight throughout this |

study. Skin and eye irritation tests also indicate that

the compound is substantially benign. Arrangements have
been made with the Naval Medical Research & Development l

Command for a 90-day subchronic dermal study which is

expected to be completed by early 1983.

D. CERIUM OXYTHIOMOLYBDATES

et g

1. General

Numerous attempts to prepare cerium thiomolybdate,
> Cez(MoS4)3, gave products with elemental analysis
\ corresponding to cerium oxythiomolybdate complexes,
Cez(MooxS4.x)3°nH20, where x = 1-3, These complexes were
evaluated for lubricant properties in a lithium base

grease and found to exhibit good antiwear properties on
both chrome tool and stainless steels. These results

prompted our further study of the synthesis, character-

-3~




ization, and evaluation of cerium oxythiomolybdate

complexes. A number of reactions were carried out using
three different routes but in all cases the reaction

products were found to be non-stoichiometric., It was not

clear whether this non-stoichiometry reflected the
particular nature of complex sulfides involving cerium and
molybdenum or was due to lack of suitable reaction
conditions. The three reaction routes, the resulting
compositions, and their performance as lubricant additives

are summarized below.

2. Reaction of ammonium molybdate with hydrogen sulfide /

(NH4)6M07024'4H20 + nHZS —> (NH

3(NH4)MOOXS4_x + 2Ce013'7H

4)2MOOXS4_.X + by-products

2O —_> Cez(MoOxS4_x)3-nH20 + by-products

Analysis of the cerium complex reaction products
showed variable ratios of sulfur to cerium depending on
the particular experiment. A large supply of cerium
complex, prepared by the above reaction sequence for
detailed evaluation and characterization, approximated
Cez(M001.252.8)3'6H2° by elemental analysis. The material
was found to be amorphous by X-ray diffraction.

Tables I through IV summarize the performance data of
Ce(MoOl.252.8)3-6H20 as a lubricant additive at various
concentrations primarily in a lithium grease. For
reference purposes, the lubricating properties of greases ;
containing 5% MoS2 are also listed. On chrome tool steel
52100 the weld point of the base grease containing 5%
cerium complex is comparable to that of the grease
containing Mosz; however, the load wear index and wear

prevention characteristics of the grease containing the :

cerium complex are definitely superior (Table I). On :
stainless steel 440-C the grease containing 5% cerium !




complex again shows superior antiwear characteristics and
comparable extreme pressure properties to those of

molybdenum disulfide.

A lithium grease containing a mixture of 1% SbSbS4
and 1% Ce2(M001'252.8)3-6H20 was also evaluated. The
objective of this experiment was to see whether such a
combination could impart both extreme pressure and
antiwear properties to the base grease at a low level of
additive concentration. The results are recorded in
Tables I, II, and III and show that this combination at a
total concentration level of 2% greatly improves the EP A

and antiwear properties of base grease.

The concentration effect (0.1 to 5%) of the cerium
complex in a lithium grease on the wear prevention
characteristics is shown in Table IV. The scar diameters
on chrome tool steel are quite small and do not show much
concentration dependence as indicated’by very little
i change in the wear scar diameters of the greases
Q containing 0.5 to 5% of the cerium complex. In the case
of stainless steel, there is a definite trend of
increasing wear scar diameters with decreasing

concentration of the cerium complex.

The cerium complex was also evaluated in an aluminum
complex grease. The Shell Four-Ball weld points and load
2 and 5%
Cez(Mool.252.8)3-6H 0 are recorded in Table I. It appears

2
that the cerium complex shows slightly superior EP

wear indices of this grease containing 5% MoS

performance to MoSZ.




3. Reaction of Sodium Molybdate with Sodium Sulfide

Na2M004-2H2O + 3Na25 —-—> NaZMoO S + by-products

x"4-x
3Na2MoOxs4_x + 2CeCl;+7H,0 —> Ce(MoOxS4_x)3-nH20 +

by-products

Because of difficulties encountered in controlling
the flow of hydrogen sulfide in the reaction with ammonium
molybdate, sodium molybdate was treated with sodium
sulfide to produce a solution of sodium oxythiomolybdate.
The sodium oxythiomolybdate solution was then treated with
a cerium trichloride solution at different pH ranges.

None of the product analyses correspond to the expected
cerium to molybdenum ratio. No additional work on this

reaction was carried out.

4. Reaction of Sodium Molybdate with Cesium Acetate

Na,MoO,+*2H,0 + CsOAc _§2§> CszMoOS + by-products

2 4 2 3

3CszMoOS + 2CeC13-7H20 —_> Cez(MoOS + by-products

3 3)3

The synthesis of cesium oxythiomolybdate, CszMoOS3,
was carried out as reported in the literature5 by reaction
of cesium acetate with sodium molybdate followed by
passing hydrogen sulfide through the reaction mixture at

pH 10.

Attempts were then made to prepare Cez(MoOS3)3-nH20
starting from CsZMoOS3. In our first attempt, an agueous
solution of CeCl3-7H20 was added to an aqueous solution of
CszMoOS3 in 2:3 molar ratio at room temperature. A light
brown solid was isolated (about 50% yield) whose analysis
(Ce:Mo:S = 2:2.2:5.7) did not correspond to the expected
composition, Cez(MoOS3)3-nH20. However, its extreme
pressure and antiwear properties in a lithium grease are
superior to those of the sample obtained from ammonium

oxythiomolybdate (Figure I).
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Thermogravimetric Analysis of Cs,Mo0S, and Selected

Samples of Cerium Oxythiomolybdate Complexes

a. Cesium Oxythiomolybdate - CsZMoOS3

Thermogravimetric analysis of cesium
oxythiomolybdate was carried out both in air and
nitrogen at a heating rate of 5°C/minute. Tnis
product was selected for thermal study because it has
a well defined composition and, therefore, it can
provide information on the expected thermal stability
of complexes containing the MoOS3_2 anion. As shown
in Figure II, the material is remarkably stable both
in air and nitrogen. With the exception of a slight
weight loss of about 2% at 280°C followed by gradual
weight gain of up to 4% arrund 410°C in air, there is
no change until 600°C. Under nitrogen, there is
essentially no change in weight up to 600°C; a very
slight deflection showing less than 2% weight loss
between 300 and 500°C may be attributed to the
presence of impurities.

b. Cerium Oxythiomolybdate Complexes Prepared by
Different Methods

Two samples of cerium oxythiomolybdate complexes
prepared from ammonium oxythiomolybdate and cesium
oxythiomolybdate, respectively, were selected for
thermal study in air. The TGA curves are shown in
Figure III. The initial weight loss up to 300°C for
both samples may be attributed to water and this
appears to be consistent with the elemental analysis.
The two samples show different modes of decomposition
with increasing temperatures. The complex prepared
from Cs.,MoOS, shows weight gain from 400 to 600°C

2 3
whereas the complex prepared from ammonium

(g - NG = RS RSETE




oxythiomolybdate shows a slight weight gain between
350 and 380°C, followed by a weight loss of about &%
from 380 to 450°C. Both complexes appear to be
stable up to 400°C in air after dehydration.

ZINC THIO- AND OXYTHIOMOLYBDATES
1. General

Synthesis and characterization of three stoichiometric
zinc thio- and oxythiomolybdates - ZnMoS4-3H20, ZnMoOS3-3H20,
and ZnM00252'3H20 - and their corresponding anhydrous
compositions, was more successful. The compositions showed
considerable promise as antiwear additives especially for
high temperature use on stainless steel. For example,
ZnMoOZS2 was found to be much superior to MoS2 as an extreme
pressure and antiwear additive in lithium grease and was

stable in air up to 400°C (750°F).

The following sections describe the synthetic pro-
cedures for these compositions. Table V lists the
performance data of both hydrated and anhydrous zinc
complexes. The thermogravimetric analysis of ZnM00252 in
air is shown in Figure 1V.

2, Preparation of ZnMoS4-3H20 and ZnMoS4

in H,O
ZnCl2 + (NH4)2MOS4 2 > ZnMoS4 3H20 + 2NH4C1

359°Q(2hrs;
ZnMoS4 3H20 in N ZnMoS4 + 3H20

A sample of 5.0 g (NH4)2MOS4 (prepared as described
in the literature®) was dissolved in 100 ml distilled
water. The resulting solution was slowly added with an
aqueous solution of ZnCl2 (2.6 g in 20 ml distilled

water). A black solid formed immediately. The reaction
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mixture was then stirred for two hours at room temperature
and filtered. The solid product was washed with acetone
and dried at 110°C for four hours (5.3 g or 75% yield).
X-ray diffraction indicated that this material was

amorphous.

Calculated for ZnMoS4-3H20: Zn, 19.0; Mo, 27.9; s, 37.3

Found: 2Zn, 19.6; Mo, 28.6; S, 37.9

The anhydrous material was prepared as indicated above.

3. Preparation of ZnM00282-3H20 and ZnM00252
ZnCl. + (Ni,) MoO.S. 1P H2°> ZnMoO.S.+*3H.,0 + 2NH,Cl
2 4’2 272 272 2 4

ZnMos,, + 3H,0 330°C/2hrSy 71Mo0. 5

in N, 25y * 3H0

An aqueous solution of chl2 (5.38 g in 50 ml
distilled water) was slowly added to a solution of
(NH4)2MOOZS2 (9.0 g in 100 ml distilled water; the

compound was prepared as described in the 1iterature6’7

)

resulting in slightly exothermic reaction. A dark brown
solid formed immediately. The reaction mixture was
stirred for one hour at room temperature and then
filtered. The black solid was washed with distilled water
and dried at 110°C for three hours (6.6 g or 66% yield).
X-ray diffraction indicated that this solid was amorphous.

Calculated for ZnM00282-3H20: Zn, 21.0; Mo, 30.8; S, 20.6
Found: 2Zn, 23.9; Mo, 29.8; S, 23.4

The anhydrous material was prepared as indicated above.
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4, Preparation of ZnMoOS3-3H20 and ZnMoOS3

in H,O
CszMoOS3 + ZnCl2 ____jL€>ZnMoOS3 3H20 + 2CsCl

(-]
ZnMoOS 5+ 3H 0 330°C/2hrsy 41 mo0s

in N, 3 + 3H20

A solution of 15.4 g Csz(Moos3) (prepared as
described in the literatures) in 100 ml distilled water
was treated with a ZnCl2 solution (4.4 g in 30 ml
distilled water). The reaction mixture was reflexed for
1.5 hrs. A brown solid deposited. The solid product was
isolated by filtration, washed twice with distilled water
and dried at 105°C for three hours (10.2 g). X~-ray
diffraction indicated that this solid was amorphous.

Calculated for Zn(MoOS3)'3H20: Zn, 20.0; Mo, 29.3; S, 29.3
Found: 2n, 23.4; Mo, 30.1; S, 29.2

The anhydrous material was prepared as indicated above.

5. Toxicology

Some toxicology tests were carried out on ZnM00282-3H20

with favorable results, as follows:
Skin irritation test: Non irritating

Eye irritation test: Mildly irritating without washout

Acute dermal LD50 (rabbits) >2g/kg
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Table 1. Shell Four-Ball Weld Points and Load Wear Indicesl

of Cerium Oxythiomolybdate? in Lithium and Aluminum

Complex Greases on Chrome Tool Steel Balls (AISI-52100)

Scar Diameter

Weld Point Before Weld
Grease Composition kg mm (kg)
Lithium Grease 140 2.64(126)
Lithium Grease + 5% MoS3 250 2.90(224)
Lithium Grease + 5% Cerium 250 2.02(200)
Complex
Lithium Grease + 1% SbSbS, 400 1.61(315)
+ 1% Cerium
Complex
Aluminum Complex Grease (ACG) 100 2.10(70)
ACG + 5% MoS, 190 2.24(160)
ACG + 5% Cerium Complex 200 2.10(160)

Load Wear
Index

18.3
30.4
41 .4

59.5

11.8
35.5
40.2

1. ASTM-D-2596
2. Cep(MoO; 282 g)3-6H,0

e bl i




Table II. Shell Four-Ball Weld Point and Load Wear Indexl

of Cerium Oxythiomolybdate2 in Lithium Grease

on Stainless Steel Balls (AISI-440C)

Weld Point Load Wear
Grease Composition kg Index
Lithium Grease 80 3.5
Lithium Grease + 5% MoS) 100 6.1
Lithium Grease + 5% Cerium Complex 100 10.4
Lithium Grease + 1% SbSbS, and
1% Cerium Complex 140 11.8
1. ASTM-D-2596

Cez (M001.252.8)3 'SHZO

-13-




Table III. Shell Four-Ball Wear Prevention Characteristicsl of

Lithium Grease Containing Additives on Chrome Tool
Steel Balls (AISI-52100) and Stainless Steel Balls

(AISI-440C)

Wear Scar Wear Scar .
Diameter on Diameter on j
52100 Balls 440-C Balls

Grease Composition mm mm

Lithium Grease 0.70 3.96

Lithium Grease + 5% MoS) 0.65 2.34

Lithium Grease + 5% Cerium Complex2 0.40 1.38

Lithium Grease + 1% SbSbS4 and

1% Cerium Complex? 0.43 0.84

1. ASTM-D-2266 - 1200 rpm, 167°F, 40 kg for one hour
2. Cez(MOOl.282.3)3‘6H20




Table IV. Effect of Concentration of Cez(M001,252,8)3-6H20 in

Lithium Grease on Wear Scar Diametersl

Wear Scar Wear Scar

Diameter on Diameter on

52100 Steel S.S. 440C

Balls Balls

Grease Composition _ mm mm
Lithium Grease 0.70 3.96
Lithium Grease + 0.1% Cerium Complex 0.59 2.64
Lithium Grease + 0.5% Cerium Complex 0.39 2.47
Lithium Grease + 1% Cerium Complex 0.40 2.26
Lithium Grease + 3% Cerium Complex 0.40 1.84
Lithium Grease + 5% Cerium Complex 0.41 1.38

1. ASTM-D-2266 - 1200 rpm, 167°F, 40 kg for one hour

-15=-




mm

Scar Diameter,

Figure I. Wear Scar Diameter vs. Load
(52100 Steel Balls; 25°C, 1800 rpm, 10 sec.)

I. Lithium Grease
II. Lithium Grease + 5% Ce2(MoOxS4_X)3-nH20 prepared
B from ammonium oxythiomolybdate
ITI. Lithium Grease + 5% Ce,(M00OySg-y)3°-nH70 prepared
= from cerium oxythiomolybdate 11
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APPENDIX I

Vol s 24, 4, 197-504
sl ASLE TRANSACTIONS

Investigation of Extreme-Pressure and Antiwear
Properties of Antimony Thioantimonate

JAMES P RING (Member. ASLE and YAYESH ASMEROM

Pennwalt Corporation

King of Prossua, Pennssy vania 19106
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INTRODUCTION

Contimng advances in technology requue the devel-
apmient of fubnicnt sestems capable of meeting the chad-
fenge presented b mcreanny speeds, figh Joads and ex-
tremes of wemperatre. L ubncants may abo be requined to
tuncton i hsgh vacuum or cottosive emvromments and 1o
exhibnt broad response to various metals and allovs There
s o arucal need tor elfecine solid fubncants inaincraty,
ship. mimng and ol diilling equipment. and space vehidde
parts o lower ficion, prevent contact surbaces from weld-
myg and reduce energs requiretnents, e sobd Jubricants
commonhy sed tor these purposes are graphite and mo-
Ivbdenwm disulticde. Vhe use o graphite as solid lubricant
has certan diaswhbacks i some cpphications hecause of tim-
ations such as galvanic corresion. necessary presence of
water vapor or hvdrocarbon in ovder 1o be ettecive and
unsatisfactory performance in vacuun. Molvbdenum di-
sulbide is in short supplyv. There are few solid lubricams
available today that can tunction properly under high load.
It s theretore. essential that etfecine replacements for
these materials he tound and made avaifable.

A number of comples metal chalcogenides previoush
swnthesized were examined (0, (21 (3. ¢fy tor their per-
tormance as extreme-pressure and anuwen additives in

Pressnted as an American Society of Lubrication Engineers paper
at the ASME/ASLE Lubrication Conference in San Francisco,
California, August 18-21, 1980.
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gredses. sohid-tdm fubricants and tads A extremne-pres-
sare and antiwear addinves, these comptes chadcogenides
were superior o simple sultides mddudimg MoS  One come-
postion. arsentc toantmonate—whnch was well charac-
terised and evaluated (21—was tound o be an outstanding
sohd Jubyicant. When the sadets of all morganic arsenic
compounds came under queston, development of arsenic
thioantmonate was termimated

Astudy was then andertaken to detername the potential
of antimomy thivanumonate. SHShS L as o solid-Tubrncam
additve. Fhivteport covers imvestigation ot the lnbicating
praperties of SOSHS . m vanous greases. Of particulae in-
tetest v the development of o Jubncam etieaive for use

with chrome 1ool and stamless steels.

Experimental

Preparation of Antimony Thioantimonate

Antimony thioantimonate was prepared from aqueous
solution by a precipitatton procedure similar 1o that used
to prepave arsenic thioantmonate (1. An alkaline solution
of Sh,O was added o agueous solution ot sodium
thicanumonate (N .ShS 9H .O). 1 he resadting solution was
filtered 1o remove a4 small amount of NaShiOH) | and the
filtrate was slowly newtralized with o phosphornc aad so-
lution under nitrogen atmosphere. (Hvdvochloric or sul-
furtc adid could also be usedr A predipitate was formed.,
bliered. washed several nmes with distiled water, alcohol.
acetone, and carbon tetrachionide. and dricd m vacuo at
75°C o constant weight, Sodiem thiodatimonate solution
was prepared by refluxing o misnne of sodium salhide,
sultur and antmony tisultiide €103 molar rato) i an
aqueous medinm under a nitrogen atmosphere. After most
of the suifur had disappeared. the ieaction product was
filtered 10 remove the excess sulfur. and the Glivate was
combmed with an alkaline solution ot antmony oxide, 1 he
overall veaction mav be represented as follows:

Sh.O .+ 2RO + 2NaShs, + 8H

OShShS, + 2K + 6Na + 5H.O

e Tmm——— - : Tr——

o
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Fhe anumony trsathde of 97-percent punity and the

molyhdenum disulfide was of techntcsd grade

Selection of Base Greases

Fow base greases representing a broad specnium of the
midustad greases wsed today were selecied for ase i eval-
wating antunony thieanimonate Lest samples were pre-
pared byomisving appropate amounts of addune and
grease teaprossed st percenty o threcaofl nall to
3-7 passes. Detals ot the base greawses e wiven i Table

i

Test Methods

Fowe Bl e

Lhe exneme-pressiee and antiwear properties o the
preases wet e detetmmed o Shell Foar Badl FPand Wen
Lesters, These testers provede ton shdimg steel s sieel
CAISED2 100 08 NISE-22 100 and AVTST- FROC o8 AESTE- 100
with spherical specimens. Weld pomntsand load wear mdeses
were determimed inasenes ob vans CHO S IR00 pp, 77 by
condudcted at vartons loads, and scan diameters were meas-
uted atter cach run e accordance sath ASTM D 2546,
Wear provention charactenstios were determimed by meas-
Wiy soar diameters of test speamens atter cach tan @
200 pm. 10 kel 167 F tor one hour, Thistestis desaribed
m AS M D 2266

Fodon Meachin

The load-cannving capacities of certan seleaed grease
samples were measuted ona Falex machine using A ISL-C-
3135 steed pros and AISE-CATTAT Viablocks, The testing pro-
cedure s smuhar 1o AS TN D 3283

Characterization of Antimony Thioantimonate

Antitnony theartanonate s areddish-brown sobid sl
uble m most organie sohvents and mmeral acids Tossalohile
i alkall and v anorphous by Naas ditraction. \ ovpeed
sample anabvzed 67 percent Shoand 342 percene S Caledd
Sh 620 perrent and 3ED percent S The denaty devey -
msred at 23 C s 300 ¢ oo he thernad stabdics of Shshs
has been mvestigated by thermograsmetnie anabss When
Shsbs, s beated i an w0 9 o there s approsimeteh
Nepercent weight doss between 380 F aed 700 Foand the
rate ot werght loss does ot become vapud wath mareasing
temperature unul 840 s exceeded ACT0 90 percent
ot the compound remamed under these dvnanmie heanng
condinons, Antinony thioantimonae s a potenial candi-
date tor moderaeto ngh-temperature solid-lubiicant ap-
pheatnons A TGN anve s presented i Frgue L Lo turther
venfy the composion and characienze the materal i was
heated e a mtrogen atmosphere It was tound 1o melt at
about 51070 Mer bemng hebdar 525 C tor 36 he the sample
had lost 91 percent of s orgingd wetghts which closels
approaches the theotencal weighn doss ot conversion of
Shas o shssand the resulung product was idenntied as
civstalhne ShS by X ditbraciion analysis,

Results and Discussion

Lubricating Properties of SbSb$, on Chrome Tool
Steel AISI-C-52100

lh(' ;)l”})('l”(‘\ U' dntimons ll]l“-l“llll]“lhl“' JdNan .Illli'
weat and extreme-pressure additive s sanions greases were
evialwited on Shedl Four-Ball FPand Wear Testers using
both chrome-tool and stanless-aieel balls, For reterence

purposes. the lubnicitmg propernues ot d-pereent molvb.

Ohadatiem [t Loe
Anuosichint properties of some greases were determined \‘_“\
i an oxdation bomb under pure oxvgen ar 2100+ 2 F ton "
100 h. Relatve antioxidant abifits was vated by measai g
the diop i oxvgen pressure atter 100 b Lhus test s de- =T
senthed i ASTM D 92 i
- b
M
(”M"' (erremion .
A copper stup was allowed o remaim necontace wath the = b
lubticating grease contmnimg the comples sulbide tov a pe-
tiod of 24 haraspeabied temperature. e the exposuee 4
was completed, the surtace of the copper specimen was
examined for discolovation. etching, patting. or other signs - - - = ——
of corroston. This procedure is sinulav to the method out- ‘ ) N , - ' -
lined i 33002 of FIMS No. 791a. Fig. 1—Thermogravi:aetric analysis of SbSbS, in air
Paste 1 Eveesor Bast GREASEST INVES TG T J

CoRE ST l

| R IT NAN T A

A Ll Grease
B Cln Cacase by

C Sthcone Caease

D Ao Comples Grease

Dathoam 12200 Steaate ()

Fiduom Steanate (8
AMummum Comples (7.5

[ {

Napththene mmers) ol

Paratbune mimeral ol
Methuphend silicone

Parathme mnerad ost

“Novother chonnead agents were e laded m these greases socthe eftean of speatic addimves conld B dorermmed
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dentm disuttide i the same hase wreases were also deter -
mined. Fhe weld points and wean load mdices with chirome
tood steel balls CNISES2 100 were deternnmed tor base
greases, base greases contaniny -percent antunom thioan-
tnonate, and base greases contanumyg S-percent MoS © he
results ave tecondediin Table 2 along with the scan duaneters
betore weld, At D-percent concentration, antmony thioan-
nmotiate (ShShS o has antv e and FP properies superio
to those of mohvbdenune doesaltide. Tocfaan even the T-per
cent Shshs - wirease ouwtpertormed the Sepercent Mos
grease. \ graphical comparison ot the date obtamed 1 a
Ithitnm grease s prosented u big 2

lThe wear preventon chatacerisies o the four base
greases, and the same greases contunimy either d-percent
SHSDS, o1 Depercent MaoS Dwere detcrnnned ona Four-Rall
Wear Lester ai 10 kg 167 Fo 1200 rpm toy one hour . Ehe
tesults ton 52100 steel vs 2100 steed and HHOC stanless
steel vy HH0C staless steel e reconded e Fable 3 Fhe
wear prevention chaactensiios with Ciomeasteel balls
CAESE 52100 showed aoshiehit niprovement for the greases
contaimimyg ShabS and Mos over the contesponding boase
wreases in most cses There s oo sembcant didference
antwedt propetties at H-kg doad berween Shsbs and Mos
mall tour greases

Fhe etlecr of anpmony thicantmonate concentiabiion on
the lubicanng propernes of 4 hithiom goease was mvesu-
gated. The weld pomts and load-wear indices of 4 lithium
grease contamnng 00 1o 30-percent antimony thioana-
monate were determmned. For comparison. the weld ponns
andd Joad-awear imdeses of the some base @rease contamnme
[ to Sepercent MoN were alser obtaned. The resubis e
Iisted i Table 1 These vesults saguest that gh-pertor-
tatice P ogreases can be formalaied winh considerably
lower concentanons of ShSHS, than of MaoS - The vesulis
of various properties of ithiam grease contaming d-percent
SHSHS, and D-percent MoS e veconded i Table 5.

A hthm grease contamng diltferem exneme-pressine

B e o SRR AR R
1 Lithium srease hepatone RMBL
1. Lithium Gresse & L% '\u&‘

I Lithium Gresse - 1y SBSL.,

IV L thium Grease + 5% SpSbS,

Co
JE— S_— B

PR .-
boceomrennt e
preet

2 G

isa by SRS PR

N ¥
: b

xw! 1
1;—- 4
[

[

o.es

Fig. 2—Wear scar diameter vs load. AISI-C-52100 steel balls; 25°C,
1800 rpm. 10 s,

addiznes mctndee bhoth imoraanie and organometathic
compounds was investiwated. The load wear indixes of the
same bise grease contamme vanous addinnes were deter -
mined. The resulis we presented in Fige 20 Agam, the su-
petor extreme-pressute properties ot anumom thwoant-
mondte were demonstrated.

Prelimunan evaluaton of the load-carnving Propertees of
variows base greases contamini, antmony thioantimonate
ISHShS 1 and MoS were coned out on a Fales machine.

Fhe vesults are recorded e Table ¢,

Lubricating Properties of SbSbS, on Stainless-
Steel AiSI-440C

In general. corrosion-resistant metads or aliovs are dith-

Iﬁ Fastt 2 Wirn Poirsis s Loap W Inoieest or AN itony Trsoas ristoN i Is
[ VARION S GREASES
r 1 Wit SCAR D ner L.own
Poung Bitort Wiin Wik
\Y mincky) INDEN
Lathuum Grease 1 RETR NN S I8.3
Lithium Grease + 30 MoS 200 RAUTENREN 3004
Lthinm Grease 170 ShshS, oo RRL BRI FRRT
Pathiem Caease 0% ShSbS, TH0 Q00 (T as 3
Sefcatie Gaease 126 REPEBIIE 157 ‘
Stheone Gaease + e MoN 100 1A4 16 34
Sihcone Grease < 50 Shabs, A60 196 (H0m PR '
Clay Grease 200 DT (I8t 20 ‘
CLlis Cacase + 0% Mos 200 REPSLSLULE B! NN
Chay Gaease ¢ 070 ShShS, a6 1 86y (3(Hn L ,
Vunamn Comples Grease [ D2 H (T 1~ i
Muminum Comples Grease }
3 Mas 1490 224 oo R
Mo Comples Grease \
:‘,’_' t'!,"\_,_‘\..' o BN REIENRITIN ! ,;iT ) ‘Hj

AESTE 2 e e balls

SASTEN D2
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Pasit 3 - ShHEL FOurR-Ban WeaR PrESEN LION

CHARMCPERISTIOS® OF GREASES CONEAINING ADDLTIVES ON
Chkentt Loor AISTCOO2100 asxp S Eustess AISEC- 0

! Sibtls

-

! WEAR SC AR WLAR SC AR

: Db bR ON | DIavE HER ON

! AISLCA21T00 | ALSE440¢

L GREASE COMPONTTON Bates tmnn Barts imnn

b

DL Grease 070 3.496

CLathium Gaease + 57 Shsbs, LN 078

! Lahum Grease « 350 Mas, (1K 234
Slicone Grease (Y] —
Stheone Grease = ' ShShs, 211 —

USilicone Grease = 0 Maos. 201 —

! Clay Caease (.69 —

? Chy Gacase = 5 Shsbys, 065 057

PO Grease » 3 Mos .64 054

DA ummum Comples Grease 065 207

AMuttean Complex Grease
; < 000 ShNhS 6 .14
S Alumnm Comples Greass
e Mes 063 254

SANTM D 20nn

bt to tubncate, espeaadlv ander hugh load conditons. In
mans .lppll( ations, the use of corrosion-resistant alloss s
limited by severe wear problemis, The lubnicating propertes
ot tour ditterent greases contamng S-percent ShShS, have
been evaluated with AIST-HI0C snamnbessssteel balls ina Shell
Four-Ball £P Tester. For compartson. the lubricating prop-
ertes of the same greases conaimng S-percent moh bde-
num disultide have also been deternmed on AISE-410C
At S-percent concenttation of ShShS i four greases, the
weld pomes of stanless-steel baths showed improvements of
00 1o 300 percent over the same greases containing -
percent mobbdenun, disulide. Experimental resulis are
ginen in Lable 7. The scar diameter vs {oad graphs showa
i Fre Fand 5 omdicate tat the greases containing ShShs,
exhibit excellent response 1o stainless sieel. Stainless sieel
s dithoult to lubncate. and there are very few additives that
can itnpart goad response to silicone greases as confrmed
by the resulis obtained on the silicone grease contaiing 5-
percent MoS. (see Fig: 5). T is signiheant that the extreme-
pressune properties of the silicone grease contaiming 5-pet-
tent ShShS, are greath mmproved over those of the base
grease and the base grease containing H-pereent MoS,.

Fhe wear prevention characteristios of S-percent Shshs,
in three greasos—lithium, clav and aluminum complex
greases—were determined on a Shell Four-Ball Wean
Pester using AIS H40C (standess steedi budls. The scar di-
ameters lop the hithium grease and the hibiam grease con-
taning S-percent MoS. were 400 and 300 percent Larget
than for the same base grease contanig S-percet ShShs,
In tact the wear scn diameter of the ithium grease con-
taining d-percent ShShs, on AISEA40C siamlesssteel balls
was onhy slighthy Lirger than the wear scar obtained tor the
sattie gredse on AISE32100 balls (0.7% v 0.63 mm). For 5.
percent concenttaton of MoS iva sthcone grease. the wea
sear diameter was Lirger than that {or the base grease (2.549
vs 227 mmt However, the prosence of S-percent Shshs,
mn the same shcone grease resulted i 100-percent im-
provement ovet the base grease tsee wear data i Table 3).

Lable 8 hists the compaiatne sear scar duameters of both
AISES21000md AISE-H0C balls obtamied for the same base
greases under ditterent loads. The ditterences i pettor-
mance between MoS and ShSbS i different greases on
hoth chrome and sponless sivel e guste obvious. The re-
sttlts in Fable 8 also mdhcate that the use of MoS on stan-
less-steel bulls i quite himpted. The good performance of
ShShS, on vartous wlovs and in avanen of greases has been
quite universal. It is interesting 1o note that hthium grease
containing 3-percent ShShS, gives smaller wear scar -
ameters on AISLA40C stamless-steel balls under a gnven
applied load and a higher weld point than the same grease
contaming S-percent MoS, on chrome-tool steel.

CONCLUSION

Auntimony thioantimonate incorporated mto different
greases as asohd additive atlow concentration imparts out-
standing extreme-pressure properties both on chrome tool
and stainless steels. At lower loads, the wear preventon
characteristics on 100l steel in various greases are compa-
rable to molybdenum disulfide: however, the wear preven-
tion characteristios of antimony thicantimonate on stainless
steel in ditferent greases showed considerable improvement
over molvbdenum disultide. In generval, antimony thioan-
tunonate showed excellent response toward both 1ol and
stainless steels ina vaviety ot greases, induding o sihcone
grease with which very few solid lubricants are compatible.
Antimony thioantimonate is a candidate solid-tubricant ad-

Pastr 4 - PERFORMANCE OF L11H M GREASE CONEAINING DRI REN
CONCENTRATIONS OF SBSBS asb MoS, on Cirost- Toor Steer AISET32100

GREASE CovMPoOsIEION

Lichiam Grease

Lithinmn Grease
b Grease
Fuhoam Grease
Fatliom Grease
Fathym Grease
Lathiim Grease

Lithiim Grease

+ 0.5 ShShs,
+ 10 Nhshys,
e MoS,
30 Shshs,
o800 Mos,

+ 0% ShSbs,
s 0 Mos,

Wit Poist (k) Low-Wiag Ismy
110 183
Qo 258
400 434
126 17.6
620 V7.0
162 26.5
760 x4
250 304
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Loy Litnie s GRE N Lo st Gre sy
PROVERIIES GREASY + D' ShShs, + 0 MoS,
Penctiation CASTM D217
Unworked 2534 1N
Worked, 64 stsokes NG 20h
l)lll[) pomt TASNTAM D oty F 65 t6 370
Oxadation Stabahity (ASTM D 942y
Pag O pressure drop i 100 hours 10 7 34
20
Lubration Properues
Exticme-pressure properties
CAS EAM D 2506)% -
Foad wear indes () Ux 4 RITE]
Weld pomt. kg 163 T60 250
Wear proventon characteristics !
CANTA D 22660 0wra 63 thish
A0 ke doad, | hour, 12000 rpmeae 167 F
Fales B P ibs (AN TAM D s2s8ye BRI 2250 1500 |
Coppar Cotrosaion |
24har 212°F Pass passd i pass !

BRY AT Y
FAISE ST stee] pinvs AISECEEST voblocks

swal b thdizole nope of additves The Shell Four-Ball weld pomnt of the esuttant gicase was 020 kg

pr—— L 1Ch i Gresse alome
——— L (th e Grease ¢ ST Craphite

et Lithtum Crease 33 MoS,

Lithium Crease + 33 ¥,

LIERIuR Crease ¢ 5T Wolvbdemum Onysuifide Dithiocarbamste

Lithium Gresse o 101 WS,
Lithium Crosss ¢ 5T SHSBS

10 a0 30 [ L] © ” 100

Load Waar Iedes

Fig.3—Load wear indexes of varlous solid additives in lithium grease

(AISI-C-52100 steel balls).

Fasty 6—Farry Loan-CAarRYVING PROFERTIES® OF GRE ASES

GREASE = ADDITVE

Futtre Lo lby

Lithium Grease
Lithiwm Grease + 50 MoS

Stficone Grease

Chny Grease

Clay Gaease + 0' Maos,
Clay Grease + 30 Shabs,

Silicone Grease » 59 Mos,
Silicone Grease = 5 Shbs,

Aluminum Complex Grease
Alaminwmn Complex Grease

Aluminum Comples Grease

Lithium Girease + 370 ShSbs,

+ 2% Mos,
+ 37 Shshs,

< 3o
I8RO0
2250
300
- 300
< 300

’

REBIN
REKIL
3200
1000
1700
2100

SASTAM D 3233

WIEEL ST AINTESS-S

TAasie 70 L BRICYTING PROPERTIES OF VARIOUS GREASES CONDAINING ShSDS,

EE Bates (AIST-4400)

WD MoN,

GREASE COMPOSELHTON

Sk Fougr-Ban
Witn Poing (kg)

Foan WEAR [NDEN

Lithium Grease
Lithium Grease + 5% ShShs,
+ 5

Lithim Grease i Mos,

Silicone Grease
Silicone Grease + 5% ShShS,
Silicone Grease + D MoS,

Clay Grease
Clay Grease + 5% ShSbs,
Ry

Clay Grease + 53¢ Mos,

Mummum Comples Grease
Munminum Complex Grease + 57 ShShS,

Al Comples Grease 50 MoS,

RO 350
450 L
100 614

RO Y]
o IR N

R 328
100 RRIE}
250 192

Ri) 7.0
100 43
250 183
100 duR
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Fig. 4—Scar diameter vs load: AlSI-440-C stainless-steel balls, 25°C,
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Fig. 5—Scar diameter vs load: AlISI-440-C stainiess-steel balls, 25°C,
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|
! !
} Fatioenn Grease K200 050 1.00 ] 48 174 9 18] weld
. 20 Shshs ;
; L H " '.uLn SOl 26 1 RS 210 weld
Chin Grease « 300 Mos {22100 asel orrloas]oss 204 weld
1o 1 =4 | ST{2 10228 ] wel
| .
i d
Clin Cacase © 3 Shahy, o0 iy 0T 072 1.23 1.4t weld
1o 153 tool 171173 2R 2 RY [weld
Sthoone Grease 50 Mo S 1} 88 KU RIAUIRNIR Y Lot weld
Hin Rautl 250 weld
Silicone Grease » 00 Shshs, K200 NG OT 073 116 1321 1 66 1.9 | weld
P10 I8 1.51 1.63 2061222 weld
AMuminmum Complex Grease A2 100 050 A7) 103 224 weld
0 M MoS
i AR 269328 [weld
AMunnnum Complex Cacase S (37 0ol 0891 1.20 202 fweld
<« 5% ShShS,
10 ‘_‘T[ 1.36] 160 168 260 | weld

*Chrome steel NISEU S2100
FStamless steel YIS G

ditive tor use under extremely hugh loads where the con-

ventonal solid Tubricants e found 1o be imadequate,
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DISCUSSION

JOSEPH P. CERINI
C.C.L. Company Incorporated
Philadelphia, Pennsylvania 19140

The authors should be commended tor doing an excel-
lent piece of work i the field of complex metal chalcogen-
ides. This is 1o be expected since they have been doing
extensive work in this field for manvy vears. It is particularly
mnteresting to note the results with stainless steel and silicone
greases since cach, inivs own wav, has inherent lubricating
problems.

Have the authors run or are they contemplating running
anvtests with antimony thioantunonate to ascertain it's value
in resin-honded sohd film lubricants?

DISCUSSION

A. A. CONTE, JR. (Member, ASLE)
U.S. Naval Air Development Center
Warminster, Pennsylvania 18974

The potential of complex chalcogenides such as ShSbS,
as improved solid lubricant materials especially for hard-t1o-
lubricate metals has been well documented [authors’ ref-
erences and (BD)] and this paper with its wealth ot data
continues to demonstrate this potential.

A property common to complex chalcogenides is that
they are amorphous solids. This property is in contradiction
to what has been generally considered 1o be a necessary but
not sufticient requirement of a good solid lubricant, namels
alayer-lattice structure. Would the authors care to comment
on this observation? Is there anv evidence that the thioan-
tmonate anion is really present, that is. Shin the +5 oxi-
dation state and the Sb cation in the + 3 oxidation state, or
is it possible that a co-precipitation took place in which sui-
fur was intercalated into the structure of ShoShy?

In the preparation of complex chalcogenides such as
FeMoS,. the resultunt product is really a mixture of FeS,
and MoSy but in an intimately mixed state due o co-pre-
cipitation. Physically. mixing FeS, and MoS.. however,
would not provide the same beneficial results. Finally, how
reproducible are these results from batch-to-batch prepa-
rations and what is the anticipated cost of ShSbS, relative
to MoS,?
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1976 July 1977, Carnegre-Mellon Uanersuv, Dept of Mech bog
Pittsburgh, PA 15214 Aug. 1977
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DISCUSSION

M. B. PETERSON (Member, ASLE)
Wear Sciences
Arnold, Maryland 21012

The authors have presented some very interesting results
concerning a new lubricant additive, “antimony sulfide.”
Thenr basic condlusion s that it is much beuer than MoS,
in that it increases the weld foad 0 extremels high values
even with dif ficult-to-lubricate metals such as stainless steel.

Since the authors have used standard vest devices, the
vesults more ar less speak tor themselves, There are. how-

ever. a tew general questions which can be rased.

Lo Modg does not vield a particularhs high weld load when
used i greases. Have the authors compared their re-
sults with organic sultides such as di-henad, di-phemd.
or di-ocin|?

2. Do the authors intend a dued comparison with MoS,,»
In other words, are they proposng that thes are more
or less interchangeable for the same tpes of apphi-
cation? If so, do they have a comparison of the two
campounds dry -

3. Would the authors speculate on the mechanism of
lubrication with this compound? Is it a low shear
strength material. or is there some sulfur reaction
which gives the high weld loads?

AUTHORS' CLOSURE

In reply 10 a point raised by both Messrs. Conte and
Peterson concerning the possible ubrication mechanism ot
antimony  thioantimonate—the fact that this amorphous
sulfide is so effective as a lubricant is intriguing 1o us. Work
15 in progress both at the Natonal Bureau of standards and
at our company 1o investigate different aspects that may
shed light on the mechanism.

In response 1o the questions raised by Mr. Peterson re-
garding compavison of results of organic disulfides and
MoS, with anumony thioantimonate—the reason that we
histed the performance data of MoS, is solely for reterence,
The weld points of the same base grease containing an
organic disultide have veen determined and the resuits are
given in Table DL A study using antimony thioantimonate
as a dry lubricant has been undertaken by the National Bu-
reau of Standards.

Mr. Conte raised an interesting question regarding a pos-
sible structure of antimony thioantimonate which mav result
from eclemental sulfur intercalated into ShoSy lattice. In-
tercilation consists of insertion of a guest spedies into 4 host
structure with substantial retention ot the stnuctural fea-
tures of the host. Virtually all of the mtercalation com-
pounds exiubit X-rav diftraction patterns which are ditfet-
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TABLE D1—WELD POINTS OF LITHIUM GREASE CONTAINING
VARIOUS ADDITIVES
WELD POINT, kg

Lithium Grease 140
Lithium Grease

+ 5% MoS: 250
Lithium Grease

+ 5%

Dibenzyl

Disulfide 180
Lithium Grease

+ 5%

Diphenyl

Disulfide 160
Lithium Grease

+ 5%

Diocy!

Disulfide 126%
Lithium Grease

+ 1%

SbShS, 400
Lithium Grease

+ 5%

ShSbS, 760

*Dioctyl disulfide s a liquid at room temperature and the grease structure
was destroved upon addition of 3% dioctyvl disulfide. This mav explam that
its weld pont is lower than the base grease.

ent from those of the hosts because of expansion of lattices.
Since antimony thioantimonate is amorphous, formation of
an intercalation structure in this case is doubtful.

Good reproducibility on elemental analysis and pertor-

mance results has been obtained from different batches of
antimony thiocantimonate. An estimate cost of antimony
thicanumonate will be available upon compietion of our
current scale-up study.
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APPENDIX II

EEEpct ol ANTIMONY THIOCANTIMONATE IN GREASLES
ON ABRASIVE WEAR

J. P KiQﬁ
Pennwalt Corporation
King ol Prussia, PA 194060

Yayesh Asmerom
Pennwalt Corporation
King of Prussia, PA 19406

M., J. Devine
General Technology
Havertown, PA 19086

Abstract: There is a crucial need for effective lubricant
aagditives that are capable ¢f preventing damage that may
occur due to contamination of lubricating systems by abra-
sive particles. This 1is an essential reguirement for
lubricants used in equipment and military vehicles that are
operated in sandy environments. The effect of antimony
thioantimonate (SbSbS,) in three base greases—MIL-G-10924,
MIL-G-24139, and MIL-G-81322—was investigated. The pres-
cuce of SbSbSg in these ygreases provided considerable im-
provements in weld point, load wear index, and wear preven-
tion preperties with two different alloys. Moreover,
Lupressive wear resistance properties were imparted by low
concentrations of SbSbS,; in these greases deliberately con-
Laninated with hard abrasive particles. The combination of
outstanding EP and antiwear characteristics and anti-abra-
sion propertices of antimony thioantimonate makes this
material an attractive candidate as a grease additive., Ex-
tensive field testing of greases containing this material
14 recommnended.

Key words: Solid lubricant additive; antimony thiocanti-
wondte; abrasive wear; extreme pressure and antiwear prop-
crboes; groeases.,

INTRODUCTION

Abrasive wear 1s well recognized as the primary cause of
surface damage for military vehicles and equipment as well
as o industrial machinery.l This form of wear is encountceroed
when Lorcign materials, e.g., sand, grit or other hard

Manuscript nresented at the Symposium on [nnovation for
Maintloenance Technology Improvements, sponsored by the
Gaitional Burcau ol Standards and Naval Airv Svstems comewaind,
Gaithersburg, MD., April 21-23, 1981.
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Pttt dern become enlrained 1o the lubricant.  Sources of
such hard particles include airborne contaminants cntering
the system during cqulipment asscembly or repair, finely
divided wear products from system components, fine debris
resuliing from oxldation or corrosion, and operation in
sandy environments. Accordingly, a critical property of a
lubricant material or additive is its ability to prevent or
minimize component wear in the presence of hard abrasive
particles.

R

Antimony thioantimonate (SbSbS,), when incorporated into a
nunber of selected greases as a solid additive at low con-
centration, imparts outstanding extreme pressure properties
on both chrome tool and stainless steels.?2 An initial
evaluation of SbSbS; in several military greases was con-
ducted with the objective of selecting one or more of these
greases to be formulated with SbSbSy4 for field evaluation
involving sandy environment. To investigate additive re- /
sponse in the presence of abrasives, a grit material having
precise composition and known particle size was incorpor-
ated into those greases with and without the presence of
SbSbS4. The extreme pressure and antiwear characteristics
of these greases with and withcut SbSbS4 and MoS; as addi-
tives were determined and compared.

PREPARATION OF ANTIMONY THIOANTIMONATE (SbSbSy)

Antimony thioantimonate was prepared by the modified pro-
cedures as described in Progress Report No. 7. A large
supply of this material was synthesized in preparation for
the coming field evaluation.

GREASES

Three fully formulated greascs meeting the following mili-
tary specifications were used as base materials:

MIL-G-10924 - Grease, Automotive and Artillery (GAA)

MIL-G~24139 - Grease, Multipurpose Quiet Service

MIL-G-~81322 -~ Grease, Aircraft General Purpose Wide
Temperature Range

GOEET MATERLIAL

The grit material used in abrasive study was supplied by

\ the A/C Division ol Gencral Motors Corporation, Flint,
Michigan. 1t has an average particle size of 60-80 u and
the following composition:




£
4

Si(‘; ()8‘[‘4

ey S
1\12()3 16
Ca0 3%
MgO 12
Nd:yo 5%

ignition Loss 2-3%
sl mMeYHOULS

Falex bacnine

The abrasive wear study was carried out on a Falex machine
usling AISI-C-3135 steel pins (Rp87-91) and AISI-C-1137 v-
bilocks (Ro20-24). The testing speed, temperature, and load
were 290 rpm, 77°F, and 100 lbs, respectively. The follow-
ing procedures were employed.

1. 'lest specimens (pin and V-~blocks) were cleaned with
xylene followed by acetone and then air dried.

2. Test pin was inserted in pinholder.

3. Grooves of V-blocks were filled with grease sample and
struck flush.

4. V-blocks were set in thelr sockets.
5. Jaw loading assembly was mounted on lever arms.

Y. Jdaw load was brought to a gauge locad of 100 1lbs (manual
turning of ratchet wheel).

Y. Drive motor was started and test run to 30 seconds, or
to farlure if prior to 30 seconds. Failurce was indi-
cated by rupture of pin or rapid torque increases above
40 1n-1b and excessive noise.

. Yest pdn was cleaned with xylene and acetone before
iaklng visual observation.

Fonr=nsall ''estoers

The extreme pressure and antiwcear properties ol the ygrcuses
were determined on Shell Four-Ball EP and Wear Testers.
Yacae testoers consist ol steel spherical specimens sliding

Loainsl cacht other. Weld points and load wear indices were
aCiLelmined in a series of runs (10 sec., 1800 rpm at 77°1)
cuiluucited at various loads, and scar diameters were meas-
wred after each run in accordance with ASTM-D-2596. Wear

e e e e S e e R K TR it Y




prevent ton chalactoristics were deteriiined by mcasul g
LUer dlaiiclbers ol test specimens after cach run at speci-

Prea rpm, load, tewperature and duration (ASTM-D-2260) .
Ywo allouvs—chrone tool steel ALSLI-C-52100 and stulnlegs
steel alsl-4d40C—were used.

SLOULYS Al LDISCULSLION

Avrasive Wear Study

Abraslve wear tests were conducted witih the Falex machine
Lor the thiee base greases (MIL-G-10924, MIL-G-2413Y9, and
MIL-G-813Y2), the three base ygreases with 5% MoS,, the
three base¢ greases with 5% SbSbS4, and same modified
gyreases containing abrasive particles. The results for the
abraslve wear resistance imparted by 5% concentration of
SbsbSy in MIL-G-10924 and MIL-G-24139 greases are presented
in Figure 1. It can be observed that severe wear and sur-
face damage occur with either MIL-G-10924 or MIL-G-24139
(both containing 5% grit); however, SbSbS, virtually elim-
inates such wear and surface damage. Wear effects were
alsc noted with MIL-G-81322 1in the presence of abrasive
particles, although the base grease is originally formu-
lated to provide some degree of protection from surface
damage in sliding contact. The presence of SbsbS,; further
inproved uie antiwear properties of this greasce. The pre-
sence of MoSp In all the three base greases also provides
soe degree otf o surface protection; however, by visual ob-
servation the results are not as evident in all cases as
Lhosce obtained with SbSbSy.

Lxlreme Pressure and Antiwear Properties

As indicated earlier, all three base greases studied had
been fully formulated at the source in order to meet the
military specifications, i.e., they contained additives.
Our primary interest was to improve abrasive wear resist-
ance of these greases by incorporation of SbSbS,: however,
Lo exlrcme pressure and antiwear properties were also ob-
tained in order to determine whether these performance
properties were further improved by the presence of SbSbSy.

Wie Lound that the weld points and load wear indices of MIL-
G=10924 could be considerably improved by the presence of

1 to 5% SbSbSg. At 5% concentration of MoS,; no increase in
weld point of this grease was observed; howcever, 1ts load
wear ilndex was solewhat higher than the base grease. In-

deed, the LP properties of the base grease containing 1%
Sbsbs, were found to be superior to those of tlie same base
greasce containing 5% MoS;. The antiwear characteristics of
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rovene Ll ovel pln doe gleance., Thie eAperiacntal data aro 1
ceCos e L fdbide oo rarbhirCay Colipparlin el b tne daba
bt adea ol Pl Soplvsented an Pilguie £,

e wWoeaa rodintoabid duad woal ThdeXx oi MIL~-G-J24103Y contarn-
LG b Bbnboy wele signilocantily hiligher Shan those of the
base groeane. The weld pownt and loaag wear rndex ol the
Dasce grease contalnlng Yo Moo were lowel than that of the
SGC DASCe Grease contalineng 1o SpbLS;. The wear preveation
chalavterlstice vl saupaes O Lol Laede grease containing 190
LLNUS and . lmoBo, respuectlvely, were colparable and were:
G dlalatle Lprovelweht ovel Lhoe Doese ygrease on both ciurome

tool and stainless steels.  The experimentair cata are re-
Ccorued in Yable II ang o grapnlcal presentation is shown in

Ploure 3.

Because of insulficient supply of MIL-G-81322 grease avail-
able to us at this time, load wear indices were not deter-
aincd.  The weld points of MIL-G-81322 containing 1 and 3%
SbSkSy showed 25 and 100% improvements over the base grease,
respectively.  With . MoS, a weld point increase of 56%
was oObserved. The base grease, as originally formulated,
siiowed yood wear preventicn characteristics on chrome tool
steel. NG significant improvement of wear prevention char-
actueristics on both chrowme tool and stainless steels was
achieved by lncorporaticn of MoSs; or SbSbS, into the basc
grease.  The results are listed in Table III.

CONCLUE LOWS

1. The abrasive wear resistance of both MIL-G-10924 and
MIL-G-24139 greases was dramatically improved by in-
corpouration ot low concentrations of SbSbhSy,.

4. 'The extreme pressure and antiwear properties of three
Lase qreases— MNIL-G-10924, MIL-G-24139, and MIL-G-81322
—were greatly enhanced by using SbSbS,; as a solid
additave, AL o lower concentration this additive out-
periormed MoS; 'n all cases.

Antimony thiounuinmonate showed good responsc to both
chirome tovl stoecel ALST-C-52100 and stainless steel
A4L8I-440C in all threc base ygreases investigated.

o Lhe presence ol Gbhbay an Lhese three basce greascwu
uoes not adversely affect other propertieos such as
water washing out, rust prevention, drcep point, etc.
{investigation of some of these properties is planned),
noonne of Sbibo,y as o solid additive in “hesce greascs




Shie deoae sol aly boen rclal.
.o whese results wilth SbobSy as extreme pressure and anti-
woar cgent o andireate potential for significant twmpact
coverihg liwjol Lhproveunents for lubricating greases,
copecially the current ibL-6-10924 (GAA) Lmprovements
Leing pursued by the U, S. Army Mobility Equipment
auscarch and bevelopuent Comuand (DRDME-GL), Fort Bel-

volr, Va.
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Table I. Weld Points, Load Wear Indices, and Wear

Scar Diameters of MIL-G-10924 Grease

Containing Additives

R

1 1 Wear Scarz
Grease Composition Weld Point, LWI Diameter,
kg mm
MIL-G-10924 Grease (GAA) 160 29.3 0.62
" + 1% SbSbS4 250 39.4 0.59 :
/
" + 5% SbSbS4 315 56.7 0.59 |
1
" + 5% Mos, 160 38.4 0.57 i

1. ASTM-D-2596 - AISI 52100 Steel
2. ASTM-D-2266 - 1200 rpm, 40 kg, 167°F for one
hour on AISI 32100 steel
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Figure 1. Effect of SbSbS4 on Abrasive Wear

The outstanding wear resistance properties imparted by SbSbS, to greases
containing grit particles (primarily Si0O, 60-80 u) are illustrated by these

Falex pins
a = grease MIL~G-24139 with 5% grit
b= " " " " and 5% SbSbS,
a' = " MIL-G-10924 " "
b' = " " " " and 5% SbSbS,
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Figure 2. Wear Scar Diameter vs. Load; AISI-C-52100 Steel .
Balls; 25°C, 1800 rpm, 10s )
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Figure 3. Wear Scar Diameter vs. Load; AISI-C-52100 Stecl
Balls; 25°C, 1800 rpm, 1l0s
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