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ABSTRACT OF THE DISCLOSURE 

A method for converting titaniferous biotite ore into 
a lubricating composition by grinding the ore into small 
particles, expanding the particles by heating to 1000 to 
1400° F., cooling the particles, treating the particles with 
nitric acid at least 5 N, washing the ore particles with an 
alkaline solution, and heating the particles below 1400° 
F. until dry. In preferred embodiments, a second acid 
treatment with phosphoric acid at least 1 N is used after 
nitric acid treatment; the alkaline solution is a sodium 
hydroxide solution; the ore is ground to 0.5 to 400 mi 
crons; and the expansion and drying steps are carried out 
below 1250° F. 

This invention relates to a method of making lubricat 
ing compositions. 
The object of this invention is to provide a simple and 

economical method for preparing an effective, low-cost, 
solid, particulate lubricating composition from raw titanif 
erous biotite ore, a relatively rare boitite ore which is 
unusually rich in titanium and aluminum. 
The invention features converting titaniferous biotite 

ore, having a total silicon, potassium and magnesium con 
tent of at least 50% by weight, a total sodium, iron and 
phosphorus content of at least 10% but less than 50% by 
Weight, a total manganese, aluminum, strontium, titanium, 
copper and calcium content of at least 1% but less than 
10% by weight, and less than a total 1% by weight of 
trace elements including nickel, to a lubricating composi 
tion by grinding the ore into particles of a preselected 
size, heating the ore particles to 1000 to 1400° F. to 
expand the particles, cooling the particles, treating the 
ore particles with an acid solution comprising nitric acid 
at least 5 N, washing the ore particles with an alkaline 
solution, and heating the ore particles at a temperature 
below 1400° F. until dry. In preferred embodiments, the 
ore particles are treated with a second acid solution com 
prising at least 1 N phosphoric acid following the nitric 
acid treatment and before the alkaline washing; the acid 
solutions are 5 to 7 N nitric acid and 1 to 3 N phosphoric 
acid; the alkaline solution is dilute (e.g., 0.2 N) sodium 
hydroxide; the heating and drying are both carried out 
below 1250“ F.; the acid treatment is carried out at about 
100° F.; the ore particles are washed, after nitric acid 
and alkali treatment, with softened water; and the ore is 
ground to particle sizes ranging from 0.5 to at least about 
400 microns. 

Other objects, features and advantages will appear from 
the following description. 
The initial heating (which expands or exfoliates the 

ore) and the ?nal drying should be carried out at tem 
peratures high enough to effect expansion or drying, but 
below the roasting or scorching temperature of the ore 
(usually above 1400° F.). Where temperatures near this 
upper limit are used, the heating should not be carried 
on for an excessively long period (e.g., not more than 15 
minutes at 1400° F.). The nitric acid used should pref 
erably be about 5 to 7 N for the most e?icient removal 
of constituents undesirable in lubricating compositions, 
such as iron and lead salts, as well as dirt and other un 
wanted materials. Although it is possible to produce an 
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effective additive by using only nitric acid, an improved 
product results if the second phosphoric acid treatment 
is also used. About 1 to 3 N phosphoric acid is preferred. 
About 1A pint acid to one pound ore is presently preferred. 
Sodium hydroxide is one example of a strong base which 
may be used for the purposes of neutralizing acid left 
in the ore sample after aqueous washings but the others 
may also be used. A 0.2 N solution is presently preferred 
to effectively neutalize the unwanted remaining acid with 
.out introducing an equally undesirable alkalinity into the 
ore. 
The size to which the ore is initially ground, as well 

as the amounts of ore to be added to lubricants such as 
greases, depends on the use to be made of the particulate 
ore composition or of the overall lubricating mixture. In 
general, the particulate ore composition of the present 
invention may be used in sizes and amounts comparable 
to those in which other solid lubricating compositions, 
such as molybdenum disul?de, are used; preferred parti 
cle sizes range from about 0.25 to 400 microns, and pre 
ferred amounts range from 0.1 to 70% by total weight of 
lubricating composition. Among the additive uses for 
which the particulate ore composition of the present in 
vention is particularly effective are: gear and bearing 
greases (especially, oscillating bearing lubrication), dry 
?lm lubrication, for incorporation into plastic parts which 
require lubrication, and wherever high temperature 
greases are required; alone, the composition may be used, 
e.g., as a “sealed lubricant” for “sealed bearings.” 

EXAMPLE 

Titaniferous biotite ore was ground to particule sizes 
of about 200 to 400 microns. The ore particles were heat~ 
ed at 1200° F. for 15 minutes. After cooling to room 
temperature, the ore particles were mixed, with agitation, 
for one hour with about 1A pint, per pound of ore, of 6 
N nitric acid, at 100° F. The particles were then ?ltered, 
Washed at 100° F. for one hour with softened water (the 
same orezliquid ratio being observed as with the nitric 
acid), and ?ltered again. The particles were then sim 
ilarly mixed with 2 N phosphoric acid, the same amounts 
and reaction conditions being observed as in the nitric 
acid treatment. After ?ltering, washing with softened wa 
ter, as above, and ?ltering again, the ore particles were 
mixed with 0.2 N sodium hydroxide at 70° F. for one 
hour, the same particle:liquid ratio being observed. The 
particles were ?ltered, washed with softened water for 1/2 
hour at 100° F., and ?ltered again. Finally, the particles 
were heated in a furnace at 1200 F. until dry. 
The dried ore particles were then added, in amounts 

ranging from 4 to 20% by total weight of mixture, to 
Arnolith Grease No. 2, a trade designation for a type of 
pure petroleum grease. It has been heretofore known that 
titaniferous biotite ore can be made into such an additive. 
The grease and greasezore mixtures were subjected to a 
series of standard wear and temperature tests. The grease: 
ore mixture was found to have improved wear preventive 
characteristics over the grease alone, and also to be useful 
at signi?cantly higher temperatures than the pure grease. 

Other embodiments will occur to those skilled in the 
art and are Within the following claims. 
What is claimed is: 
1. A method for converting titaniferous biotite ore 

having a total silicon, potassium and magnesium content 
of at least 50% by weight, a total sodium, iron and 
phosphorus content of at least 10% but less than 50% 
by weight, a total manganese, aluminum, strontium, ti 
tanium, copper and calcium content of at least 1% but 
less than 10% by weight, and less than a total 1% by 
weight of trace elements including nickel, into a lubri 
cating composition, said method comprising the steps of 

grinding said ore into particles of a preselected size, 
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heating said ore particles to 1000 to 1400° F. to ex 

pand said particles, 
cooling said particles, 
treating said ore particles with an acid solution com 

prising at least 5 N nitric acid, 
washing said ore particles with an alkaline solution, 

and 
heating said ore particles at a temperature less than 

1400° F. until dry. 
2. The method of claim 1 wherein said ?rst acid solu 

tion is a 5 to 7 N solution of nitric acid. 
3. The method of claim 1 including the step of treat 

ing said ore particles with a second acid solution com 
prising at least 1 N phosphoric acid following said nitric 
acid treatment and prior to said alkaline washing. 

4. The method of claim 3 wherein said second acid 
solution is a 1 to 3 N solution of phosphoric acid. 

5. The method of claim 1 wherein said alkaline solu 
tion is a solution of sodium hydroxide. 

6. The metod of claim 1 wherein said ore particles 
are washed with softened water after said acid treatment 
and after said alkaline treatment. 

7. The method of claim 1 wherein said titaniferous 
biotite ore is ground to particles sized in the range of 
about 0.5 to 400 microns. 

8. The method of claim 1 wherein each said heating 
is carried out at a temperature below 1250“ F. 

9. A method for converting raw titaniferous biotite 
ore having a total silicon, potassium and magnesium con 
tent of at least 50% by weight, a total sodium, iron and 
phosphorus content of at least 10% but less than 50% by 
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weight, a total manganese, aluminum, strontium, titanium, 
copper and calcium content of at least 1% but less than 
10% by weight, and less than a total 1% by weight of 
trace elements including nickel, into a lubricating com 
position, said method comprising the steps of grinding 
said ore into particles of preselected size, heating the ore 
particles to 1200° F. for one hour, cooling the ore par 
ticles, mixing said ore particles with 6 N nitric acid and 
maintaining said mixture at 100° F. for about one hour 
while agitating said mixture, washing said ore particles 
with softened water to remove said nitric acid, mixing 
said ore particles with 2 N phosphoric acid and main 
taining said mixture at 100° F. for one hour while agi 
tating said mixture, washing said ore particles with 0.2 N 
sodium hydroxide at room temperature for oneehalt hour 
to neutralize remaining acids, washing said ore parti 
cles with softened water, and heating said particles at 
a temperature below 1250° F. until dry. 
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