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6 Claims. (C. 23-134) 
This invention relates to a method and the 

product produced thereby, of treating certain 
commercially available inorganic compounds in 
order to render these compounds suitable for use 
as solid lubricants, 
This invention relates to the processing of 

metallic compounds of the type exemplified by 
molybdenum disulphide, tungsten disulphide, mo 
lybdenum selenide, molybdenum telluride and 
tungsten telluride, and similar inorganic com 
pounds of metals and non-metals characterized 
by flat crystals easily cleaving into thin plates. 
The compounds are believed to form crystals in 
which the metallic atoms are attached to one 
another in a single plane while two non-metallic 
atons, Such as Sulphur, are attached to each me 
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tallic atom to form layers on both sides of the 
plane. 
These compounds are believed to be highly ef 

fective lubricants due to the fact that non-metal 
lic atoms in each of the several crystals have 
very little attraction for one another and ac 
cordingly slippage of the crystals with a low co 
efficient of friction occurs when the crystals are 
subjected to shear stresses under load. On the 
other hand, the non-metallic atoms have an 
affinity for metal surfaces such that under ap 
propriate conditions the non-metallic atoms will 
bond to the metal surfaces so tenaciously that 
the crystals may not be removed except by abrad 
ing the metal surfaces. In the specification refer 
ence will be made specifically to the use of mo 
lybdenum disulphide, but it is intended that any 
of the compounds of this class be included since 
they may be similarly treated to produce equiva 
lent results. 
The solid compounds such as molybdenum di 

sulphide are exceptionally good lubricants for 
many purposes. For certain applications mo 
lybdenum disulphide type of compounds is the 
only satisfactory known material capable of func 
tioning effectively as lubricants. When subjected 
to rather high temperatures, as up to 500° C. in 
air, and even higher under reduced pressures, mo 
lybdenum disulphide applied properly will func 
tion with a high degree of effectiveness whereas 
most known lubricants, solid or liquid, have been 
found to be totally ineffective or even harmful 
in Some cases. For example, in rotating anode 
X-ray tubes, the use of liquid lubricants is im 
practical since the vapor pressure is sufficient to 
render the X-ray tube inoperative. Customary 
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solid lubricants, such for example, as graphite, 
have been found to be not only ineffective as 
lubricants, but in some instances have resulted in 55 

an accelerated deterioration of the bearings of 
the rotating anode due to molecular re-arrange 
ment and/or decomposition. Furthermore, the 
(molybdenum disulphide has been found to be 
operative under extreme pressures with the 
lowest coefficient of friction of many commonly 
known solid or liquid materials. For example, at 
pressures of 500,000 and 600,000 pounds per 
square inch, the coefficient of friction was less 
than one-third of several liquid lubricating sub 
stances. The coefficient of friction of molybde 
num disulphide was many times less than that of 
Solid lubricants which have been employed for 
some purposes. At the other extreme, at low pres 
Sures, the anti-friction properties of solid lubri 
cants exemplified by molybdenum disulphide have 
been better, for instance, with respect to the co 
efficient of friction than many liquid and solid 
libricating substances. 

In order to effectively apply molybdenum di 
sulphide to bearings, it has been found that com 
mercially available modybdenum disulphide is 
generally unsuitable for the purpose and must be 
processed in order to render it suitable as a solid 
lubricant. Heretofore, for lubricating processes it 
was necessary to select large, extremely pure crys 
tals or lumps of molybdenum sulphide and employ 
Only Such material for lubricating purposes. Crys 
tals or lumps of this kind are not available on a 
COmnaecial Scale. 
Commercially available molybdenum sulphide 

is produced by grinding molybdenite ore and sepa 
rating the molybdenum disulphide particles from 
the gangue usually by flotation. While the sepa 
ration removes a great amount of the impurities 
from the concentrate, the concentrate is not satis 
factory as a lubricant. A relatively great amount 
of impurities and abrasive particles is present 
therein rendering its application as a lubricant 
impractical. 
For lubricating purposes, molybdenum disul 

phide must be substantially completely free of 
abrasive material and other impurities, such as 
sulphur, other sulphides and polysulphides of 
molybdenum which may prevent the adherence of 
a film of molybdenum disulphile to metal Sur 
faces. It will be appreciated that a single minute 
particle of quartz in even a small amount of 
molybdenum disulphide, if applied to the pivot of 
an instrument, would easily ruin the pivot. No 
amount of molybdenum disulphide will satisfac 
torily lubricate the pivot under these conditions 
and enable it to function properly. The abrasive 
particle may score the pivot point, thus removing 
the adherent molybdenum film sulphide as well 
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as destroying the shape of the pivot itself. There 
fore, unless molybdenum disulphide is produced 
substantially free from impurities and abrasives 
of sil kinds, the material is not suitable for ill 
bricating purposes, 

It should be noted that of the numerous sul 
phides of molybdenum, only the disulphide, idioS3, 
has any appreciabie lubricating properties. 
gence particular care inaust be taken to remove 
the free sulphur and polysulphides which occur 
at: ratiy in rhiy denite ore and its concentrates. 
site oiject of his invention is to provide for 

treatizig spid compounds such as molybdenuni 
disulphide to render them suitable for use as Solid 

brica.E.S. 
other objects of the invention will, in part, he 

obvious, and will, in part, appear hereinafter. 
For the practice of this invention, raw molyb 

denum disulphide, such as the concentrates pro 
duced ordinarily by flotation of finely ground 
molybdenite ore, are available to the trade. The 
concentrates are in a finely divided state of the 
order of from 100 to 300 mesh, In SOne cases 
even selected large crystals or lumps of relatively 
pure molybdenum disulphide may be subjected 
to the purification treatment herein disclosed in 
order to completely eliminate impurities and 
abrasives therein. The concentrates generally 
consist of from about 80% to 90% molybdenum 
disulphide, approximately 6% iron oxides and 
sulphides and several percent of quartz. The 
concentrates will also contain molybdenun poly 
sulphides, molybdenum oxides, and free Sulphur; 
silicates and oxides of calcium, aluminum, mag 
nesium and copper, as well as copper and other 
sulphides. Since the concentrates are produced 
by flotation, they are contaminated with grease, 
oils and flotation agents. All of these impurities 
and abrasives are generally detrimental to the 
functioning of the molybdenum disulphide as a 
lubricant. 

In purifying the molybdenum disulphide to 
render it suitable as a solid lubricant, the finely 
pulverized sulphide is initially extracted with a 
solvent for the greases, oils, and flotation agents. 
Some extraction agents will also remove any free 
sulphur present in the concentrate. A suitable 
extraction agent for this purpose is trichlorethyl 
ene. Other organic solvents, such as ethyl al 
cohol, acetone, carbon disulphide and similar 
powerful solvents for greases, sulphur, and flota 
tion agents may be used for this purpose. 

For the most efficient application of the ex 
traction agent, the ore is treated on the Soxhlet 
principle. 
placed in a receptacle at the foot of a condensing 
column whereby vapors of the solvent on conce 
densing to the liquid phase in the column run 
into the Ore. After the ore has been covered to 
a given depth by the Solvent a siphon device at 
tached to the receptacle begins to function and 
substantially all of the solvent with solute there 
in is rapidly removed from contact with the no 
lybdenum disulphide. The contaminated solvent. 
is delivered by the siphon to a boiler which causes 
the solvent to evaporate, leaving the impurities 
in the boiler. The solvent vapors from the boiler 
are condensed in the condensing column and the 
purified liquid solvent is again brought in Con 
tact with the concentrate. The solvent extrac 
tion operation repeats itself a great number of 
times, removing the greases and oils and flota 
tion agent as well as Sulphur to the Vanishing 
point. Several hours' rapid extraction with a sol 
went have been found to remove substantially 

The finely divided ore concentrate is 
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2,887,946 
all the impurities. The treated molybdenum di 
sulphide is dried in an oven at a temperature 
sufficient to eliminate all of the Solvent there 
;IOla, 

in order to insure the most complete removal 
of all inpurities, the grease and oil free Enoyb 
denun disulphide showy may be advantageously 
coinninuted to much SEmailer dimensions. The 
2noiy dentii disulphide suspended in Sone of 
the Soven, say be iransferred to , all ini or 
other equivalent inil. The disulphide is inilled 
for 3, 2ericci of £ine until the particles of coin 
Olind average frog i to 50 microns in dinen 

sion. Several in ours in a high Speed fail mill 
using a iich dia.neter steel bails has been found 
Sufficient for this purpose. Subsequent treat 
ment will remove any steel particles withch may 
cone of the als. 
The ball milled inolybdenum disulphide is sep 

arated from the Solvent liquid by centrifuging 
and decanting the solvent. Filtering and drying 
the molybdenum disulphide prepares it for the 
next step. 

the advantages of the finely subdivided nin 
eral are that subsequent treatment is expedited 
and a more fully purifled lubricant is obtained. 
Silica, for example, is present not only as large 
particles but also is occluded mechanically in the 
molybdenite crystals. Any treatment to remove 
silica will be greatly hindered in its efficiency if 
the molybdenite crystals are not broken Suf 
ficiently to expose the silica occluded therein. 
The dried, partially purified concentrate of 

amolybdenum disulphide is treated with from 
three to ten parts of 80% hydrofluoric acid for 
each eight parts of the concentrate by weight. 
The treatment with hydrofluoric acid can be suc 
cessfully performed with liquid acid of greater 
or less concentration, or with acid entirely in the 
gaSeous phase using hydrogen fluoride gas con 
tained in equipment resistant to the action of 
the gas, and SO designed as to remove the gas 
eous silicon tetra-fluoride formed during the 
treatment. The main purpose of these treat 
ments is to remove silicon compounds, such as 
silica and silicates, normally found in the molyb 
denum disulphide concentrates, 
The use of hydrogen fluoride gas will convert 

the silica, or other combined silicon present in 
the concentrates, to Silicon tetra-fluoride, a vola 
tile gas. In the case of the aqueous hydro 
fluoric acid treatment, silicon tetra-fluoride will 
likewise be produced; but depending upon the 
amount of Water present, Some of this gas will 
be hydrolyzed to form silicic acid and fluo-silicic 
acid. The latter material is water-soluble; how 
ever, the Silicic acid is not water or Weak alkali 
Soluble, and is only acid-soluble when in the 
colloidal state. Silicic acid is, therefore, re 
moved as later described by dehydrating it to 
silica and treating the concentrates again with 
hydrofluoric acid, Any silicic acid formed by 
hydrolysis during this second treatment is kept 
in the colloidal state and removed by washing 
With hydrochloric acid. 
The addition of the liquid hydrofluoric acid to 

the concentrates may be effected in a molded 
phenol-aldehyde receptacle, resistant to the ac 
tion of the acid. A paste is formed by mixing 
the acid and the molybdenum disulphide. This 
paste is allowed to stand for eight to twenty-four 
hours, thereby insuring conversion of all silica 
and Silicates to silica acid, fluosilicic acid, or sili 
con tetra-fluoride gas; and Solution of all other 
hydrofluoric acid Soluble minerals. 
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At the end of the hydrofluoric acid treatment, 

the paste is mixed with approximately an equal 
volume of water to facilitate filtering, and then 
filtered to separate the molybdenum disulphide 
concentrates from the filtrate. Washing of the 
concentrates is carried out until they have been 
washed with four to eight times their own volume 
of water. In the filtrates from this Washing 
process will be found fluosilicic acid, excess hy 
drofluoric acid, molybdic acid and water soluble 
metal fluorides. 
The Washed concentrates are then rendered 

free of polysulphides of molybdenum by mixing 
them with an equal volume of an aqueous 20% 
sodium sulphide solution and allowing this mix 
ture to stand for 4-10 hours. At the end of this 
time the mixture is filtered and then Washed with 
hot or boiling water until a clear filtrate is ob 
tained. Other alkali Sulphides may be employed 
instead of sodium Sulphide. 
In many cases the molybdenum disulphide con 

centrates are rendered free from all traces of 
silicon compounds by one hydrofluoric acid treat 
ment, however, for most careful purity control it 
is suggested that the hydrofluoric acid treatment 
be repeated upon the concentrates at this point 
in the process. Before giving the concentrates 
this second hydrofluoric acid treatment, they 
should be thoroughly dried at 110-200 C. to de 
hydrate any silicic acid present. 

Following this second treatment, the paste of 
acid and concentrates should be treated with an 
equal volume of 10% hydrochloric acid to convert 
silicic acid, if present, to the colloidal state. Fil 
tration of this mixture Will leave all the Silicic 
acid in the filtrate. 
The resulting molybdenum disulphide concen 

trates are then mixed with approximately twice 
their volume of 10% hydrochloric acid, and al 
lowed to Stand for 3-4 hours in Order to be cer 
tain to dissolve any copper sulphides and other 
acid soluble matter still present in the concen 
trates. At the end of this time, the mixture 
should be filtered and washed with several times 
its volume of distilled water and finally with dis 
tilled water made slightly alkaline by addition 
of ammonium hydroxide. 
The molybdenum disulphide is finally washed 

with boiling distilled water until free of all solu 
ble material. Completeness of Washing can be 
conveniently determined by making conductivity 
measurements on samples of the filtrate as wash 
ing proceeds. When washing is complete, the 
conductivity will reach a low but constant value 
due to the very slight solubility of molybdenum 
disulphide. 

For storage purposes it is generally found con 
venient to dry the washed and purified molyb 
denum disulphide at 125-200° C. The product 
is a dry, shiny-black, finely divided powder. 
The purified powder consists of essentially pure 

molybdenum disulphide free from abrasives and 
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greases and other harmful matter whereby the 
powder may be applied as a solid lubricant with 
all types of bearings with a great degree of Suc 
cess. When the purified molybdenum disulphide 
is applied to bearing surfaces by rubbing or im 
pacting, the antifriction properties of the bear 
ing will be many times superior to those attain 
able by the use of graphite or other conventional 
lubricants. The molybdenum disulphide is stable 
up to 500 C. in air and is insoluble in water or 
Other Solvents. Most chemical reagents are with 
out any effect thereon with the exception of hot 
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concentrated sulphuric acid, nitric acid, or other 
powerful oxidizing agents. 
A similar procedure may be used in treating 

tungsten disulphide, tungsten selenide and related 
Compounds. 
The process described is designed to insure Con 

sistent and maximum purity of the finished prod 
uct, and may be considerably shortened, opera 
tions Omitted etc., when ore concentrates from 
Some sources are used, or where maximum purity 
is not essential. 

Since certain changes in carrying out the above 
process may be made without departing from its 
scope, it is intended that all matter contained in 
the above description shall be interpreted as ill 
lustrative and not in a limiting sense. 

I claim as my invention: 
1. The process of producing metallic disul 

phides, tellurides and selenides having solid lu 
bricant properties from finely divided raw ma 
terials containing said compounds which com 
prises subjecting said finely divided raw materials 
to a Solvent so as to dissolve impurities, removing 
the solvent with the dissolved impurities therein, 
applying to the partially purified materials a re 
agent of the group consisting of a solution of hy 
drofluoric acid and hydropen fluoride to effect de 
composition of Silicon compounds present, wash 
ing the material with water to dissolve substan 
tially all the remaining hydrofluoric acid and any 
fluo-silicic compound present and filtering the so 
lution, treating the Washed material with an alkali 
Sulphide to dissolve polysulphides and filtering 
the solution, digesting the compound with hydro 
chloric acid to remove acid-Soluble impurities and 
copper Sulphides, filtering the resulting solution, 
Washing the relatively pure compound remaining 
as a residue, first with Water, then an aqueous 
solution of a volatile alkali and finally distilled 
Water until a substantially constant electrical Con 
ductivity is obtained for the filtrate. 

2. The process of producing metallic disul 
phides, tellurides and selenides having solid lu 
bricant properties from finely divided material 
containing said compounds which comprises ap 
plying to the material an Organic solvent capable 
of dissolving grease, sulphur and flotation agents, 
removing the solvent with the dissolved impuri 
ties therein, applying to the partially purifiedma 
terial a reagent from the group consisting of hy 
drofluoric acid solutions and hydrogen fluoride to 
effect decomposition of any silicon compounds 
present, washing the fluoride treated material 
With water to dissolve substantially ali the fluorine 
compound and filtering the solution, applying to 
the washed material an alkali sulphide solution 
to dissolve polysulphides and filtering the Solution, 
heating the residual material at a temperature 
Sufficient to convert any silicic acid to silica, ap 
plying to the material a reagent from the group 
consisting of hydrofluoric acid solutions and hy 
drogen fluoride, adding hydrochloric acid, washing 
the material with water and filtering the solution, 
further digesting the material with hydrochloric 
acid to remove acid-soluble impurities, filtering 
the Solution, Washing the material With Water, 
then water carrying a volatile alkali and finally 
washing the relatively pure compound so produced 
with distilled water until a substantial constant 
electrical conductivity is obtained for the filtrate. 

3. The process of producing metallic disul 
phides, selenides and tellurides having solid lu 
bricant properties from finely divided material 
containing said compounds, comprising subjecting 
the finely divided material to an organic Solvent 

  



4. 
capable of dissolving grease and Slotation agents, 
removing the solvent with the dissolved impuri 
ties thereits, applying from 3 to iO parts of 30% 
hydrofluoric acid to 3 parts of the partially puri 
fied corngound and heating to dryness, repaating 
the treatinent with the hydrošiuoric acid so a 3 EC 
remove volatile impurities, treating 3&ch gari of 
the dried material with fro: 2 to & Jaits by Weight 
of 15% hydrochloric acid to remove acid Sctible 
impurities, filtering and washing the 18terial 
with water to remove tie acid, applying & Silia 
ous 20% alkali sulphide solution to dis30ive aetei 

. polysulphides, filtering and Washing the residiuai 
compound, and Washing the corpond iii distilled 
water until a substaitially consta, it electrical 
conductivity is obtained. 

5. The process of producing netallic disul 
phides, selenides and tellurides having solid ul 
bricant properties fron finely divided Slaterial 
containing said coinpounds, comprising, finely di 
viding the material to 100 mesh size or finer, ex 
tracting the firely divided compound with an or 
ganic solvent capable of dissolving grease, flota 
tion agents and sulphur, applying hydrofluoric 
acid to the partially purified material and heating 
the mixture to dryness, treating the died ina 
terial with hydrochioric acid to retove acid solu 
ble impurities and illitering the acid, applying an 
aqueous alkali sulphide to the material to remove 
polysulphides, filtering the aqueous Solution and 
washing the residue, applying Water carrying a 
volatile alkalii to the materia, and Washing the 
relatively pure compound in distilled water until 
a substantially constant electrical conductivity is 
obtained, 
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5. In the process of producing metallic distill 

phides, selenides and tellurides having solid ul 
bricant properties from material containing said 
compounds which comprises, applying to the ina 
erial Organic solvents capable of dissolving grease 
and Sulphur, rei Oving the organic solvents with 
the Epurities dissolved herein, applying to he 
ilaterial a reagent of the group consisting of lay 
drogenitoride and Éclusions of hydrogen floride, 
reiroving hydrogen fisoride reaction products, 
fashing the natelia Jith Wata tfitte‘ing, ap 
plying to tie reside 2 3ille E.Justic of ai. 
akai Sulphide to resoye polySlphides grid iter 
ing, digesting the Y2 era. With hydrochloric scii 
and filtering aid Washing to produce a solid ii 
bicant residue substaitially free from arasivas. 

3. In the process of groducing retallic disti 
phides, Selenides arid telli'ides having Solid ii 
bricant properties from material containing said 
compounds which comprises, 3 plying to the na 
terial organic solvents capable of dissolving grease 
and Sulphur, removing the organic solvents with 
the impurities dissolved therein, milling the na 
terial to an extremely fine powder, applying to the 
finely divided material a reagent of the group 
consisting of hydrogen fluoride and Solitions of 
hydrogen fluoride, renoving hydrogen fluoride re 
action products, washing the material with water 
and filtering, applying to the residue an aqueous 
solution of an alkali sulphide to remove polysul 
phides and filtering, digesting the material with 
hydrochloric acid and filtering and washing to 
produce a Solid lubricant residue substantially 
free from abrasives. 
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