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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 conventional 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 examinedI- 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 MoS2. One composition, arsenic

thioantimonate was a particularly outstanding solid lubricant

and, therefore, became the subject of much characterization and
2evaluation. When the safety of all inorganic arsenic

compounds came under question, 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
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in this report include cerium and zinc oxythiomolybdates.

While SbSbS 4 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 - SbSbS 4

1. General

Laboratory synthesis and performance data on SbSbS4

are described in detail in the attached copies of

publications (Appendix I and II). The preparative method

reported in Appendix 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 effqrt. 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, MoS 2.

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 base 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.

-2-



3. Aircraft Arresting Cables

The Naval Air Engineering Center, Lakehurst, NJ, is

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 spoinsored by NAEC (contract

N68335-81-C-5280); however, the ONR program provides the

necessary basic technical underpinning.

4. Toxicology

Because greases containing SbSbS 4 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

Command for a 90-day subchronic dermal study which is

expected to be completed by early 1983.

D. CERIUM OXYTHIOMOLYBDATES

1. General

Numerous attempts to prepare cerium thiomolybdate,

Ce2 (MoS4 )3, gave products with elemental analysis

corresponding to cerium oxythiomolybdate complexes,

Ce2 (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-
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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 )6 Mo7 024"4H20 + nH2S ----> (NH4 )2moo x S4-x + by-products
3 (NH4 )MOOxS4 -x + 2CeCl 3 .7H20 --;o Ce 2 (MoOxS4 -x)3 nH 20 + 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

Ce2 (MoO 1.2S2 .8 )3 -6H20 by elemental analysis. The material

was found to be amorphous by X-ray diffraction.

Tables I through IV summarize the performance data of

Ce(MoO 1.2S2 .8 )3.6H 20 as a lubricant additive at various

concentrations primarily in a lithium grease. For

reference purposes, the lubricating properties of greases

containing 5% MoS 2 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 MoS2 ; 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

-4-



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 (MoO 2S2 8 )3 -6H2 0 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

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

change in the wear scar diameters of the greases

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

wear indices of this grease containing 5% MoS2 and 5%

Ce2 (MoO 1.2S2 .8 )3 -6H20 are recorded in Table I. It appears

that the cerium complex shows slightly superior EP

performance to MoS 2.

-5-
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3. Reaction of Sodium Molybdate with Sodium Sulfide

Na2MoO4*211 2 0 + 3Na 2 S ---> Na2 MOoxS 4 -x + by-products

3Na MOoxS4 x + 2CeC1 3 .7H20 0 Ce(MoO xS4 x) 3 nH 2  +

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 2MoO 4*2H 20 + CsOAc 2 Cs2moos 3 + by-products
3Cs 2MoOS 3 + 2CeCI 3 -7H20 -) Ce 2 (MoOS3 )3 + by-products

The synthesis of cesium oxythiomolybdate, Cs 2MoOs3

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 Ce2 (MoOS3)3.nH20

starting from Cs2MoOS In our first attempt, an aqueous

solution of CeCl 3 -7H20 was added to an aqueous solution of

Cs2MoOS 3 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, Ce*2(mos3)3.nH 20. 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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5. Thermogravimetric Analysis of Cs2MoOS 3 and Selected

Samples of Cerium Oxythiomolybdate Complexes

a. Cesium Oxythiomolybdate - Cs2MoOS3

Thermogravimetric analysis of cesium

oxythiomolybdate was carried out both in air and

nitrogen at a heating rate of 50C/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
-2

of complexes containing the MoOS 3  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 0 C followed by gradual

weight gain of up to 4% around 410 0C 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 5000C 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 0 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 Cs2moos3 shows weight gain from 400 to 600
0 C

whereas the complex prepared from ammonium

-7-14



oxythiomolybdate shows a slight weight gain between

350 and 380°C, followed by a weight loss of about 8%

from 380 to 4500 C. Both complexes appear to be

stable up to 400 0C in air after dehydration.

E. ZINC THIO- AND OXYTHIOMOLYBDATES

1. General

Synthesis and characterization of three stoichiometric

zinc thio- and oxythiomolybdates - ZnMoS 4 -3H20, ZnMoOS 3* 3H20,

and ZnMoO*2S23H 20 - 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,

ZnMoO2 S2 was found to be much superior to MoS as an extreme2 2 2
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 ZnMoO 2S2 in

air is shown in Figure IV.

2. Preparation of ZnMoS4 *3H2 0 and ZnMoS4

ZnCl 2 + (NH4 )2MoS4  inH 2 *3H 20+ 2NH Cl

ZnMoS4 3H 0 350°C/2hrs.. ZnMoS4 + 3H2 04"2 in N 4

A sample of 5.0 g (NH4 )2MoS4 (prepared as described
6in 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

-8-
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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 0C for four hours (5.3 g or 75% yield).

X-ray diffraction indicated that this material was

amorphous.

Calculated for ZnMoS 43H 20: Zn, 19.0; Mo, 27.9; S, 37.3

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

The anhydrous material was prepared as indicated above.

3. Preparation of ZnMoO 2 S2*3H20 and ZnMoO2 S2

Znl+MOS in HO0 22 20 +N4C
ZnCI2 + (NH4 )2mo 2 S2 20> ZnMoO 2S 2*3H 0 + 2NH C

ZnMoS *3H 50C2--> ZnMoO2S + 3H20
4 2 in N 2  2S2  2

An aqueous solution of ZnCl 2 (5.38 g in 50 ml

distilled water) was slowly added to a solution of

(NH4 )2Mo0o2S2 (9.0 g in 100 ml distilled water; the

compound was prepared as described in the literature

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 0C for three hours (6.6 g or 66% yield).

X-ray diffraction indicated that this solid was amorphous.

Calculated for ZnMoO2 S2 .3H20: Zn, 21.0; Mo, 30.8; S, 20.6

Found: Zn, 23.9; Mo, 29.8; S, 23.4

The anhydrous material was prepared as indicated above.
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4. Preparation of ZnMoOS 3*3H 20 and ZnMoOS 3

Cs2 moos3 + ZnCl 2 in H20>ZnMoOS3 .3H20 + 2CsCl

3in N2  ZnMoOS 3 + 3H20

A solution of 15.4 g Cs2 (MoOS3) (prepared as

described in the literature 5 ) in 100 ml distilled water

was treated with a ZnCl 2 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 ).3H 20: Zn, 20.0; Mo, 29.3; S, 29.3

Found: Zn, 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 ZnMoO 2S2 *3H 20

with favorable results, as follows:

Skin irritation test: Non irritating

Eye irritation test: Mildly irritating without washout

Acute dermal LD50 (rabbits) >2g/kg

-10-
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Table I. Shell Four-Ball Weld Points and Load Wear Indices
1

of Cerium Oxythiomolybdate2 in Lithium and Aluminum

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

Scar Diameter
Weld Point Before Weld Load Wear

Grease Composition kg mm (kg) Index

Lithium Grease 140 2.64(126) 18.3

Lithium Grease + 5% MoS 2  250 2.90(224) 30.4

Lithium Grease + 5% Cerium 250 2.02(200) 41.4
Complex

Lithium Grease + 1% SbSbS4  400 1.61(315) 59.5

+ 1% Cerium
Complex

Aluminum Complex Grease (ACG) 100 2.10(70) 11.8

ACG + 5% MoS2  190 2.24(160) 35.5

ACG + 5% Cerium Complex 200 2.10(160) 40.2

1. ASTM-D-2596

2. Ce2 (MO 1.2S2 .8)3 "6H20
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Table II. Shell Four-Ball Weld Point and Load Wear Index1

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 2  100 6.1

Lithium Grease + 5% Cerium Complex 100 10.4

Lithium Grease + 1% SbSbS4 and

1% Cerium Complex 140 11.8

1. ASTM-D-2596

2. Ce2 (MoO1.2S2 .8 )3 -6H20
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Table III. Shell Four-Ball Wear Prevention Characteristics1 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
52100 Balls 440-C Balls

Grease Composition mm mm

Lithium Grease 0.70 3.96

Lithium Grease + 5% MoS 2  0.65 2.34

Lithium Grease + 5% Cerium Complex 2  0.40 1.38

Lithium Grease + 1% SbSbS 4 and

1% Cerium Complex 2  0.43 0.84

1. ASTM-D-2266 - 1200 rpm, 1671F, 40 kg for one hour

2. Ce 2 (MOO 1 . 2 S 2 . 8 ) 3 •6H 2 0
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Table IV. Effect of Concentration of Ce2(MoOI.2S2.8) 3 -6H20 in

Lithium Grease on Wear Scar Diameters1

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 0F, 40 kg for one hour
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Figure I. Wear Scar Diameter vs. Load
(52100 Steel Balls; 250C, 1800 rpm, 10 sec.)

I. Lithium Grease

II. Lithium Grease + 5% Ce2 (MOOxS4 _x ) 3 nH 20 prepared
from amimonium oxythiomolybdate

III. Lithium Grease + 5% Ce 2 (MOOxS4_x)3 .nH20 prepared
from cerium oxythiomolybdate
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APPENDIX I til% 2,.

Investigation of Extreme-Pressure and Antiwear
Properties of Antimony Thioantimonate
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TABLE DI-Wk.LD POINis o LI tiUM (;REAS- CON I AININsG

VARIOS ADDI IIVES

Wt. Pot IN, kg

Lithium Grease 140

Lithium Grease
+ 5% MoS2 250

Lithium Grease

+ 5%
Dibenzyl
Disulfide 180

Lithium Grea,;e
+ 5C/%

Diphenl
Disulfide 160

Lithium Grease
+ 517

Ni(WI r

Disulfide 126"
Lithium Grease

+ 1

SbSbISt 40)
Lithium Grease

+ 5,
SbSbS4  760

Dioctsl disulfiais a liquid at roomn temperature and the grease strtuoture

was destroyed upon addition ot 5' duwtvl disullide Ihis may explain thai
its weld point is h,er than the bjase grease

ent from those of the hosts because of expansion of lattices. mance results has been obtained from different batches of

Since antimsony hioantimonate is alnorphotus, formation of antimtov thioantimonate. kn estimate cost of antiniotlx

an intercalation structure in this case is doubtful. thioantimonate will be aailable upon completion of our

(;ood reprodoncibility on elemental analysis and pertor- ctirrenst scale-up studv.
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Abstract: There is a crucial need for effective lubricant
aa(ditives that are capable of preventing damage that may
occur due to contamination of lubricating systems by abra-
sive particles. This is an essential requirement for
lubricants used in equipment and military vehicles that are
operated in sandy environments. The effect of antimony
thioantimonate (SbSbS4 ) in three base greases-YMIL-G-10924,
:4IL-G-24139, and MIL-G-81322-was investigated. The pres-
ence of SbSbS 4 in these greases provided considerable im-
p)Jovumcnts in weld point, load wear index, and wear prevun-
Lion properties with two different alloys. Moreover,
Lmipre.sivc wear resistance properties were imparted by low
concentrations of SbSbS 4 in these greases deliberately con-
Laminated with hard abrasive particles. The combination of
outstanding EP and antiwear characteristics and anti-abra-
swo-n properties of antimony thioantimonate makes this
11l=L-ia1l L1 aLtractive candidate as a grease additive. Ex-
tensive field testing of greases containing this material

ri , .. coimnended.

Key words: Solid lubricant additive; antimony thioanti-
1,on1IAto; abrasive wear; extreme pressure and antiwear prop-

j INTRODUCT ION

iAbratsive wear is well recognized as the primary cause of
surf:ace damage for military vehicles and equipment as welJ
a:; inciusr.al machinery.1 This form of wear is encountered
wllk _orf_ign maerials, e.g., sand, grit or other hard

------------------------------------------------------------------------
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t I .. bcctw' uiLtrdincd il Lie lubricant. gourccu of'
Such ihard pirticles include airborne contaminants enterinj
1L,1. ayi;tWi durinj uquipment assembly or repair, finely
divided wear products front system components, fine debris
rusulLing rnom oxidation or corrosion, and operation in
sandy environments. Accordingly, a critical property of a
lubricant material or additive is its ability to prevent or
liniiimizu component wear in the presence of hard abrasive
particles.

Antimony thioantimonate (SbSbS4 ), when incorporated into a
number 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 SbSbS4 in several military greases was con-
ducted with the objective of selecting one or more of these
greases to be formulated with SbSbS 4 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
SbSbS 4. The extreme pressure and antiwear characteristics
of these greases with and without SbSbS4 and MoS 2 as addi-
tives were determined and compared.

PREPARATION OF ANTIMONY THIOANTIMONATE (SbSbS4 )

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 greases 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

IO'1' MATrIAL

The grit material used in abrasive study was supplied by
the A/C Division of General Motors Corporation, Flint,
Michigan. It has an average particle size of 60-80 p and
the following composition:



IG 8

,e 2U 3A 1(, 16Wt

Cau 30

Nha ,, 5 %6

iikjition LOSS 2-3%

'EST i~Yi U, L iSb

Po CX ICfI l Ile

The abrasive wear study was carried out on a Falex machine
usiilj AISI-C-3135 steel pins (Rb87-9 1) and AISI-C-1137 V-
blocks (Rc20-24). The testing speed, temperature, and load
wcur 290 rpm, 77*F, and 100 ibs, respectively. The follow-
ing procedures were employed.

i. Test specimens (pin and V-blocks) were cleaned with
xylenu followed by acetone and then air dried.

2. Test pin was inserted in pinholder.

3. Grooves of V-blocks were filled with grease sample u ,d
struck flush.

4i. V-blocks were set in their sockets.

Jaw loading assembly was mounted on lever arms.

;aw load was brought to a gauge load of 100 lbs (manual
Lurning of ratchet wheel).

7. Drive motor was started and test run to 30 seconds, or
Lo fI±luru if prior to 30 seconds. 1ailure was indi-
cated by rupture of pin or rapid torque increases above
0 in-lb and excessive noise.

Ti:;t tn was cleaned with xylene and acetone before
rukin5 visual observation.

'n t.= :-trei pressure and antiwear properties of the greuss
. determined on Shel] Four-Ball EP and Wear Testers.

,,L:st-s consist of steel phurical specimens slidilluj
. ,tLit UeCIL other. Weld points and load wear indices wuru
iLkieidined in a series of runs (10 sec., 1800 rpm at 770r,')
uaiuuctud at various loads, and scar diameters were meas-

'nai after each run in accordance with ASTM-D-2596. Wear



I i''l i c) iii it-L( I L: LiC:. Wule deLc-iIinud by IiesUrLiitj
-C-,i Uik-Le L- oL ttLL spUcnimUns after each run Lt spct±-
* .' 'm , I d),16, teLtperditure ind duration (ASTM-D-2266)
I£-) *L11U,;,--jciO~hr tool : tul AiSI-C-52100 and stainless

.:tw< i , .;i -. ,iOC-we.r used.

,_;ULT'" L ND DISCUL;SION

iArasive Wear Study

brasive weir tests were conducted with the Falex machine
Lou the thiee base greases (bIL-G-10924, MIL-G-24139, and
bif.-G-8139J2), the three base greases with 5% MoS 2 , the
three base greases with 5' SbSbS 4 , and same modified
,ireases containing abrasive particles. The results for the
,1brasive wear resistance imparted by 5% concentration of
SbSbS 4 in MIL-G-10924 and MIL-G-24139 greases are presented
in Figure i. It can be observed that severe wear and su.-
face damage occur with either MIL-G-10924 or MIL-G-24139
(both containing 5% grit); however, SbSbS 4 virtually elim-
inates such wear and surface damage. Wear effects were
also noted with MIL-G-81322 in 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 SbSbS4 further
improved Lnc antiwear properties of this grease. The pre-
:;iicu of 'ioS- in all the three base greases also provides
L(A JiC uree oL surfacu protection; however, by visual ob-
servation the results are not as evident in all cases as
those obtained with SbSbS 4 .

xLrume Pressure and Antiwear Properties

,"; indicated earlier, all three base greases studied had
Leeji fully formulated at the source in order to meet thu
military specifications, i.e., they contained additives.
Our primary interest was to improve abrasive wear resist-
ance of these greases by incorporation of SbSbS 4 ; however,
!iw reme [,russ;uru and antiwear properties were also ob-
taine in order to determine whether these performance
properties were further improved by the presence of SbSbS 4.

Wu found that the weld points and load wear indices of MIL-
C-10924 could be considerably improved by the presence of
1 to 5' SbSbS 4 . At 52 concentration of MoS 2 no increase in
we.Ld point of this grease was observed; however, its load
weor index was somewhat higher than the base grease. In-
deed, the LP properties of the base grease containing 1%
SbSbSl were found to be superior to those of the same base
(Jrease containing 52 MoS 2 . The antiwear characteristics of

wx-



k_"I~ Tik . id *o.. t d -1 (LO Wealr inldcx of the
bj~~ ~;uddicon.~i.l~rlowur thar, that of the

Tlh. wea: rev~~o

~~ui tr 1 ,L-u tz coIontuf i i iiai 1ere

~ ei~i~t~. ~L)I~u~i~ U u~ Le ijrt; asu on bc'th ci~roiae
Ltool I nCit1 li iIL! ss sriu e i s T'-(-- zxperimlential data are re-
2rLC., 10 ub: ii anls. '_ j'apiial piresentatiorn is shown in

Pi~jurue 3.

! ecau-c oL I Lnt3p! Iy of MZL-G-81322 crease avail-
aible to us at this -imeo, load wear indices were not deter-

.Lilu. ~:~weld ;uolnta o-f ,IIL-G-8l322 containin'g 1 and 3'C
SbSbS4 snowt-d 25 and l00'- improvements over the base grease,

resecevul. Wth .~MOS2) a weld poiLnt increase of 56'
%%as objserved. The base grease, as originally formulated,
.showedi iyjoo wear prevention.r charac teris tics on chrome tool
s3tcel. 'No siLgnificant improvement of wear prevention char-
ac Lt-, iic OILu both choetool and stainless steels was
uLc:1 idVud by incorp~oraitic-n of MoS- i)or SbSbS4 into the base
gruso.Thu r.usults Lirfe listed in Table III.

Kyj'CLU 10h

zliTe abras~vt! wear resistance of both MIL-G-10924 and
MiL-G-2-i139 greases was dramatically improved by in-

U 'oUr ua ILion1 of -low con~centrations of SbSbS4 .

If he extreme pressure and antiwear properties of three
:i5 1 rsus-NTL-G-O9Z 4,MIL-G-24 139, and MIL-G-81322

_wcre cireatlv enhance-' by using SbSbS 4 as a solid
tdL ULVk. AL I luw,_r cuncentration this additive out-

ioerformed MoS In all cases.

'Ii'( L Lmoriv ,ho.IV.IUJt sho wed good response- to both
LJ'il( Lool:icu AiS i-C-52 100 and stainless isteel
.' iSI-Li40C in all three base greases investigated.

1 1, i it lIl Iii II~); 10 t11i Lh 172( bo '.e 4Jii'ases _

u.0US not.) adverseliy affect other propertie., such as
<ai.rWaIshincg out, rust -preven~tion, drce2 point, etc.

(I~nvstigation of some of thesa_ propertii-s is planned),
of at5' L , o additive in t >ese (urea So:;,



r, f . -UlL. w±LIi SL3bS 4 LAs Uxtreme pressuru ahu anti-
tc i iLu LutAiLiai for SiJl~~ftL~)AL

.JaC11fl ui: iiL pruvumunt 3S for lubricating greases,
,i~.lhcti-ly LhCUI CuiL ,iIL-G-10924 (GAA) iIjipruv~iIUfl-Lt
Lmin j ursued by the U. S. Army Mobility Equipment
IU-*-,'A.L'cii iiid Lbtv- l1utLunL Cuimmiu nd (DIDME-GL), lort sui-
voir, Va.
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Tiblc I. Weld Points, Load Wear Indices, and Wear

Scar Diameters of MIL-G-10924 Grease

Containing Additives

1 Wear Scar
2

Grease Composition Weld Point, LWI Diameter,
kg mm

MIL-G-10924 Grease (GAA) 160 29.3 0.62

+ 1% SbSbS 4  250 39.4 0.59

+ 5% SbSbS 4  315 56.7 0.59

+ 5% MoS2  160 38.4 0.57

1. ASTM-D-2596 - AISI 52100 Steel
2. ASTM-D-2266 - 1200 rpm, 40 kg, 167 0 F for one

hour on AISI 52100 steel

- S..
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areas of severe
wear

areas of light
polishing

f I
a' b

Figure 1. Effect of SbSbS4 on Abrasive Wear

The outstanding wear resistance properties imparted by SbSbS 4 to greases
containing grit particles (primarily SiO 2 60-80 V) are illustrated by these
Falex pins

a - grease MIL-G-24139 with 5% grit
b - " it and 5% SbSbS 4

a' - " MIL-G-10924 it

b' = " " and 5% SbSbS4
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Figure 2. Wear Scar Diameter vs. Load; AISI-C-52100 Steel
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