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1. 
This invention relates to new lubricant com 

positions particularly useful in cases wherein 
metals are subjected to wear or distortion of their 
surfaces, as well as change in shape under heat 
and pressure. 

Warious lubricating compositions have been 
used in metal-shaping operations. In Such arts, 
for example, as drawing operations, upsetting, 
heading, die-forging, upsetting and forging ma 
chine operations, hydraulic compression Systems 
of die-forging, forming, rolling, ironing, stamp 
ing and the like, it has been the practice to en 
ploy various lubricants to reduce wear and frica 
tion, prevent welding and metal pick-up on the 
forming surfaces, maintain as much as possible 
of the desired finish of the formed metal surface, 
and otherwise perform the functions of a lubri 
cant. Metals which can be thus shaped include 
iron, copper, silver, aluminum, magnesium, as 
well as the alloys of these and like metals. 

Hetertofore, petroleum oils as well as vegetable 
oils, such as palm oil and peanut oil, have been 
used for such purposes. However, metal lubri 
cants containing or consisting of such oils in 
herently possess certain defects. Thus, they are 
unstable under the conditions of use and Will der 
compose or at least quickly lose their initial 
lubricating action. Along with the progressive 
decomposition of mineral oils and vegetable oils 
when used as lubricants perse or with many.com 
mon additives (such as friction-reducing agents 
and known antiwear agents), in severe cases of 
use, there occurs a charring and even (in Some 
cases) a "fashing.' On account of deficient lu 
brication of local areas between the surfaces of 
a die and the metal being shaped, welding, fur 
rowing, cutting of lines, and scratching of the 
metal surfaces known as scoring have also oc 
curred. Also, due to faulty lubrication and de 
composition of the starting lubricant composi 
tions, undesirable deposition of constituents and 
decomposition products of the lubricant composi 
tion, has been frequently noted. . Good lubrica 
tion is in part the effective prevention of con 
tact of two metal surfaces by means of an oleagi 
nous film, but in cases of faulty lubrication the 
metal surfaces are allowed to come together, and 
under the effect of heat and pressure these metal 
surfaces become welded. The addition of various 
finely divided materials, commonly called fillers, 
to mineral oil and vegetable oil lubricants to pre 
vent marked decomposition of these oils, to pre 
vent scoring, pick-up and welding has generally 
not been satisfactory. For example, the addition 
of kaolin as a filler to ordinary lubricant oils 
has been found to reduce charring and decom 
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position markedly, but at the same time such 
compositions are unsatisfactory in that scoring 
is bad and pick-up severe. Additionally, the 
known lubricants have been found unsatisfactory 

5 in the die-forging and drawing of magnesium al 
loys, of aluminum alloys, and of aluminum coated 
sheets, which are advantageously shaped at tem 
peraturs above 400° F., e. g. from about 400 F. 
to 900° F., or even higher. 

ld It is therefore an object of the present inven 
tion to provide novel lubricant compositions 
which obviate the above and other defects. An 
other object is to provide new lubricant composi 
tions which have superior stability under the con 

ls ditions of heat and pressure. A further object 
of this invention is to provide a metal lubricant 
which is particularly suitable for use during the 
shaping end/or drawing of aluminum alloys, mag 
nesium alloys, and aluminum coated sheet ma 

30 terial into objects essentially free of undesirable 
deposits and practically free of Scoring. 

It has now been discovered that compositions 
consisting of, comprising or containing an anti 
welding agent and an associated or polymerized 

2 silicon-containing organic compound having the 
general structural formula: 

f XR 
(-) Silicone, or E) Meta silicate 

30 k r XR W. 
wherein each R is a hydrocarbon radical of less 
than 20 carbon atoms, or their substituted de 
rivatives, each X is an atom selected from the 
group consisting of oxygen, sulfur, selenium and 

35 tellurium, and n is a positive integer of at least 
2, are outstanding lubricants which accomplish 
the foregoing and other objects. The hydrocar 
bon radical R. of the above formulas may be an 
alkyl, alkenyl, aralkyl, alkaryl, or a heterocyclic 

40 group, but is preferably a straight chain or a 
cycloaliphatic radical. The following are illus 
trative examples of such hydrocarbon radicals: 
methyl, ethyl, n-propyl, isopropyl, the various 
butyl, amyl, hexyl, hepty, octyl, nonyl, decyl, 

45 and higher radicals, as well as cyclic groups such 
as phenyl, benzyl, tolyl, naphthyl, cyclopentyl, 
cyclohexyl, terpenic groups such as bornyl, fen 
chyl, and the like, and their homologs and ana 
logs. These radicals may also contain such sub 

50 stituents as esterified sulfonic, alkoxy, nitro, 
halogen, and similar substituents which do not 
interfere with the beneficial use of the com 
pounds. 

It has been further discovered that composi 
55 tions consisting of, comprising or containing 

laminated or foliated solids in a finely divided 
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condition and an associated or polymerized al 
con-containing organic compound having the 
general structural formula 

(F) k J. 

(E) br /. 
wherein each R is an aliphatic hydrocarbon radi 
cal of less than 9 carbon atoms, and n is a posi 
tive integer of at least 2, are especially useful 
lubricant compositions for use in the above 
defined class of operations. The use of normally 
liquid associated or polymerized dialkyl silicones 
is preferred. Polymeric dimethyl silicone was 
found to be particularly effective when used in 
conjunction with graphite, although the substi 
tution of polymerized di-n-propyl silicone, di 
isopropyl silicone, or of dilauryl silicone (for the 
polymerized dimethyl silicone) formed compo 
sitions which are also eminently suitable for the 
desired purpose. Compounds containing low 
molecular weight alkyl radicals tend to be more 
highly polymerized. Dicetyl silicone, on the 
other hand, seems to form an association of 
about three monomeric units. 
The following are illustrative examples of 

laminated foliated solid components which may 
be effectively used together with the above 
defined associated silicones or silicates: graphite, 
tale, vermiculite, tungsten disulfide, molybdenum 
disulfide, zinc oxide, Calcium oxide, mica, silver 
sulfate, lead iodide, and the like. Compositions 
containing graphite incorporated in polymeric 
dimethyl silicone (or the like) should preferably 
contain graphite in an amount of from about 1% 
to about 25% by weight of the composition, the 
preferred graphite content being between about 
10% and about 20% by weight of the total com 
position. 
Compositions containing the above ingredients 

are not only superior lubricants, but they also 
possess superior stability under the conditions of 
heat and pressure. One of the most outstanding 
discoveries of the present invention is the finding 
that compositions of an anti-welding agent and 
of an associated or polymerized Oxy-silicon or 
ganic compound of the class described herein are 
highly satisfactory as primary lubricants. Thus, 
it was found that such combinations or compo 
sitions form a satisfactory film between two 
moving surfaces, reduce the coefficient of fric 
tion, and prevent wear and distortion of the die 
or worked metal surface. When attempts are 
made to use polymeric dimethyl silicone, or like 
associated silicones or silicates, alone as a lubri 
cant at temperatures of above about 200 F. and 
pressures of the order of 1500 to 100,000 p.s. i., 
the frictional force developed is too high to per 
mit practical usage and objectionable pick-up 
occurs on the die or working metal surfaces. At 
the same time, in some cases as at about 700 F., 
part of the lubricant decomposes and either 
flashes or chars, or both. However, when be 
tween about 10% and about 20% by weight of 
graphite is incorporated into the polymeric di 
methyl silicone, this combination lubricates sat 
isfactorily, the die or metal working surfaces 
being essentially free of deposit, and the fric 
tional force remains lower than that obtained 
when either the polymeric dimethyl silicone or 
the graphite is used individually. 

4. 
Dispersions of polymerized dimethyl silicone 

and graphite in normally liquid hydrocarbons, 
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such as polyisobutylene, are also of further utility 
in that practically all of the advantages of the 
two-component composition (silicone and graph 
ite) are obtained even though employing the 
liquid hydrocarbon as a diluent. The latter 
serves to replace a part of the polymeric dimethyl 
silicone, with the resultant saving in cost. How 
ever, it is essential to use a predominant amount 
of the associated or polymerized silicon-contain 
ing compound of the above-described class. 
Thus, the use of these three-component lubricant 
compositions results in less scoring and less de 
posit than when a composition of graphite 
together with polyisobutylene is used without 
incorporation of the polymeric dimethyl silicone 
or of a like silicon-containing compound of the 
defined class. Usually, a maximum of about 25% 
of a high-boiling liquid hydrocarbon lubricant 
in the described compositions containing a sili 
con-containing organic polymer and graphite 
should not be exceeded. Aside from a diluent 
effect of a hydrocarbon liquid, as employed in 
the present compositions, the hydrocarbon can 
also be used as an aid in spreading such composi 
tions on a metal surface. An adhesive effect may 
also be obtained when a viscous mineral oil or 
asphalt is employed in the compositions of the 
present invention. One may employ a viscous 
oil such as a mineral oil having a Saybolt Uni 
versal viscosity at 210 F. of up to about 120 
to 150 seconds, or higher, without the necessity 
of using any corrosive extreme pressure agents, 
e.g. Sulfur, phosphorus, and halogen containing 
extreme pressure additives. In fact, it is pref 
erable to Omit the latter in Order to obtain non 
corrosiveness along with high film strength. Such 
hydrocarbon lubricants may be substituted in 
whole or in part by fatty oils of animal or vege 
table origin such as castor oil, palm oil, peanut oil, 
and similar oils as well as by the so-called syn 
thetic lubricants produced, for example, by the 
polymerization of olefins, various unsaturated 
compounds, esters, ethers, and similarly poly 
merizable compounds. In contrast, when pea 
nut oil was tested alone as a lubricant in the 
drawing of aluminum alloy 5280, this oil de 
composed during the drawing operation to the 
extent that pick-up was severe and fashing and 
charring occurred. But up to 20% of the total 
present compositions may consist of peanut oil, 
in which case the freedom from pick-up and 
freedom from charring is practically the same 
as when no peanut oil is used. Also, mixtures 
containing polymeric dimethyl silicone, graphite, 
peanut oil, and polyisobutylene may be used. 

Lubricant compositions of the present inven 
tion possess further advantages in that the 
various known additives, for example the usual 
antiwear, friction-reducing, viscosity-improving 
and stabilization agents need not necessarily be 
added thereto. However, these various materials 
may be added to the compositions of this inven 
tion without departing from the scope and spirit 
of the invention described herein. In general, 
the polymeric Organic silicones and silicates, 
together with a laminated foliated solid in a finely 
divided condition, may be used either as such 
or in combination with other partially eficacious 
Or practically inert substances, and applied to 
various surfaces for the purpose of lubricating 
them. It will be appreciated that the description 
herein of the use of the described compositions 



as lubricants is given by way of illustration only 
and that the invention is not limited to the em 
ployment of, for example, such polymeric oxy 
silicon Organic compounds together with graph 
ite, or with talc or the like, for purposes of 
lubrication of roller bearing surfaces, or during 
die-forging, or drawing of metals; since the com 
positions of this invention are broadly applicable 
as lubricants wherever a lubricating problem 
OCCU.S. 
In some cases it is advantageous to have present 

both a polymerized Oxy-Silicon Organic compound 
having short alkyl radicals such as polymerized 
dimethyl silicone and also a like compound hav 
ing long alkyl radicals such as an associated 
polymerized dicetyl silicone, 
The oxy-silicon organic polymers which are 

used as an ingredient or ingredients in the pres 
ent compositions may be prepared from mono 
meric silicones, meta Silicates, and tetra Organic 
substituted Ortho silicates. 

Silicones may be prepared by hydrolyzing an 
organo silicon halide, Such as the chloride, bro 
mide, or iodide, and (partially or completely) 
dehydrating the resulting hydroxy compound. 
The preparation of polymeric dimethyl silicone 
is described in 63 J.A. C. S. 798 (1941). Mixtures 
of such silicon halides containing different alkyl 
radicals and/or different halogen radicals may 
likewise be hydrolyzed to yield (in the case of 
silicon halides containing different alkyl radicals) 
mixed silicones, that is, compounds wherein the 
two organic groups are dissimilar. 
As an example, dicetyl silicone was prepared as 

follows: A solution of 158 g. (0.507 mols) of cetyl 
bromide in ether was added to 12.3 g. (0.507 mos) 
of magnesium turnings covered by ether contain 
ing a trace of iodine, and the mixture was re 
fluxed. The resulting cetyl magnesium brom"de 
solution was added to an ethereal solution of 
42 g. (0.247 mols) of silicon tetrachloride. The 
Grignard addition product precipitated out at 
room temperature but was soluble in ethar at 
30° C. to 35° C. It was hydrolyzed with cold, 
dilute sulfuric acid and the ether layer evap 
orated to yield 127 g. of a mixture of cetyl sili 
conic acid (C18H33SiOOH) and dicetyl silicone. 
The latter was separated by solution in hot 
(80° C.) methyl ethyl ketona from which it pre 
cipitated on cooling. 
dicetyl silicone melting at 57 C. to 59° C. A 
second recrystallization from the Same solvent 
yielded 74 g. of dicetyl silicone melting at 60° C. 
to 61° C. The highest melting point obtained by 
further purification was 63° C. to 65° C. An 
ebullioscopic determination of the molecular 
weight of dicetyl silicone in methyl ethyl ketone 
solution indicated a molecular weight of approxi 
mately 1500, indicating that the dicetyl silicone 
was associated or polymerized to the extent of 
three monomeric units. 
The meta silicates may be prepared by react 

ing the desired alcohol, mercaptain, selenol or 
tellurol (or mixtures thereof) with silicon tetra 
chloride and water in the proportions 

The ingredients may be maintained anywhere 
from room temperature up to about 350° C. or 
more when refluxing, or otherwise up to about 
the boiling temperature of the alcohol or analo 
gous compound, until the reaction is substan 
tially complete. The reaction may be effected 
either without the use of a diluent, or in the pres 
ence of an inert solvent for the reactants such 

The yield was 93 g. of . 

.300,042 

5 

() 

25 

35 

40 

6 
as water, dioxane, etc. Reaction time is on the 
order of a few hours to a day. 
The ortho silicates may be obtained by ester 

exchange reaction with tetra ethyl ortho silicate 
(CHsO) Sil, a commercial product. Tetra 
methyl ortho silicate may likewise be used; such 
compounds can be obtained by reaction of SiCl, 
with anhydrous alcohol. The ester exchange re 
action is effected by heating the desired alcohol, 
mercaptain, selenol or telluro (or mixtures there 
of) with the Ortho silicate. The synthesis is con 
veniently effected in the presence of anhydrous 
acid or basic catalyst such as benzene sulfonic 
acid, para-toluene-sulfonic acid, sodium ethoxide, 
etc. During this ester exchange reaction, a suit 
able temperature range is above the boiling point 
of ethyl alcohol (which is driven off from the 
ortho silicate) up to about 200° C., a preferred 
range being about 100° C. to 150°C. If desired, 
sufficient toluene or other solvent may be added 
So as to form an azeotrope with the ethyl alcohol 
produced. Reaction time is 2 to 3 hours or more 
depending on the efficiency of the ethyl alcohol 
removal. 
Association or polymerization of the silicon 

oxides and esters may be promoted, if desired, by 
heating in the presence of Oxygen with an acidic 
agent such as HC1, H2SO4, H3PO4, H.F, BF3, Bra, 
etc. For example, the degree of polymerization 
of dimethyl silicone was very considerably in 
creased by refluxing it with a few drops of con 
centrated hydrochloric acid at 120° C. to 138 C. 
for about 16 hours. For compounds of greater 
monomeric molecular Weight a temperature in the 
range of about 175° C. to 250° C. is usually ap 
plicable for a period ranging from a few hours 
to several days. The Ortho silicates can be poly 
merized by simply exposing them to water vapor. 
The term "associated compound' as used herein 
and in the appended claims is taken to include 
both the highly polymerized and the loosely as 
Sociated compounds. 

Silicones in which the two R's have different 
values were made by adding mixtures of two or 
more organo-magnesium bromides (for example 
dodecyl magnesium bromide, eicosyl magnesium 
bromide, etc.) to the silicon tetrachloride and 
hydrolyzing the product as in the foregoing ex 
ample. 
A number of materials comprising the present 

invention were tested in a four ball machine sim 
ilar in principle to the Boerlage apparatus de 
scribed in the magazine Engineering, volume 136, 
July 14, 1933. This apparatus comprises a series 
of four steel balls arranged in pyramid formation. 
The top ball is rotated by a spindle against the 
three bottom balls which are clamped in a sta 

60 

70 

75 

tionary ball holder. The balls are immersed in 
the lubricant to be tested. Tests were run for 
two hours at 700 R. P. M. under a 7 kg. load and 
at a controlled temperature of 130° C. The di 
ameters of the Wear Scars worn on the three balls 
forming the base of the pyramid were then meas 
lured, and the average taken as the true indi 
cation of wear. Results were as follows: 

Coefficient of Friction 
Scar Di 
ameter Mini- Aver 

Initial Final age 

Mn. 
Di-n-propylsilicone.-- 0.2 0, 9 0.01 0.02 0.030 
Di-sopropylsilicone-- 0.69 0.085 0.085 0.109 0,109 
Di-laurylsilicone.----- 0.064 0.061 0.065 0,079 
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As seen from the above table, the described 
polymerised silicones may be used as lubricans 
by themselves under such relatively mild cond 
tions as at an order of temperature of about 10 
C. But in lubricating operations, more particul 
larly those occurring in metal-shaping processes 
above about 400 F, the polymeric silicones by 
themselves suffer from various combinations of 
the defects described previously herein. In ac 
cordance with the present invention, a superior 
lubricant composition is obtained by the incor 
poration of minor amounts of a laminated foli 
ated finely divided solid, such as powdered graph 
ite, into an associated or polymerized silicon-con 
taining organic compound of the defined class. 
The laminated foliated finely divided material 
acts as an antiwelding agent. 
As an illustrative example of the exceptional 

suitability of the novel compositions as lubricants, 
an aluminum alloy was coated with polymerited O 
dimethyl silicone containing 10% graphite and 
then drawn into a cupped shape at about 800' . 
with practical and satisfactory results. Com 
pared with other lubricants, only a low drawing 
force was required and the shaped metal emerged 
with a clean surface. Good lubrication by the 
composition was shown by the fact that there was 
an absence of scoring, pick-up, and welding. 
These results were in contradistinction to the 
usual cases with previous lubricants where a stick 
ing or welding to the die of the object being 
formed has made the operation impractical. Sta 
bility of the present novel compositions was at a 
practical maximum measured in terms of the sat 
isfactory lubrication in this drawing operation 
and the fact that although some smoking oc 
curred at 800 F. during the drawing, no decon 
position sufficient to be detrimental to the lu 
bricating action could be observed. The present 
compositions can also be employed satisfactorily 
for the ordinary lubrication of moving metal sur 
faces, as for example ball bearings, the suitability 
of which lubricants are tested in the four ball 
machine described in the magazine Engineering, 
vol. 138, July 14, 1933. 
As another example, a composition comprising, 

20% by weight of graphite, from about 60% to 
70% by weight of polymerized dimethyl silicone 
and between about 10% and 20% by weight of a 
hydrocarbon, e. g. polyisobutylene, when en 
ployed as a lubricant in the drawing of an alu 
minum alloy results in the obtaining of highly 
satisfactory results. 
The present application is a continuation-in 

part of the copending application Serial No. 554 
723, fled September 18, 1944. . 
I claim as my invention: 
1. A lubricating composition consisting essen 

tially of a major amount of a mixture of dinnethyl 
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between about 1% and about 25% molybdentia 
disulfide, and a minor annount of less than 25 
of polyisobutylene. 

5. A lubricating composition consisting elsen 
tially of a major amount of di-n-propyl silicone, 
between about 1% and about 25% molybdenum 
disulfide and a minor amount of less than 25% 
of polyisobutylene, 

6. A lubricating composition consisting essen 
tially of a major amount of a mixture of dimethy 
silicone and dicetyl silicone, between about 1% 
and about 25% molybdenum disulfide and a minor 
amount of less than 25% of polyisobutylene. 

7. A lubricating composition consisting essen 
tially of from 1% to 25% of a laminated foliated 
finely divided antiscoring agent from the class 
consisting of graphite, molybdenum disulfde, 
vermiculite, talc, tungsten disulfide, zinc oxide, 
calcium oxide, mica, silver sulfate, and lead 
iodide; from 10 to 25% polyisobutylene, and the 
balance being a polymeric organic silicon-con 
taining compound having the general structural 
formula of the group consisting of 

() and () J. W.R. J. 
and mixtures thereof wherein each R is selected 
from the group consisting of unsubstituted and 
substituted hydrocarbon radicals having less than 
20 carbon atoms, each X is an atom selected from 
the group consisting of oxygen, sulfur, selenium 
and tellurium, and n is a positive integer of at 
least 2. 

8. A lubricating composition consisting essen 
tially of from 1% to 25% of a laminated foliated 
fully divided antiscoring agent from the class con 
sisting of graphite, molybdenum disulfide, were 
miculite, talc, tungsten disulfide, zinc oxide, cal 
cium oxide, mica, silver sulfate, and lead iodide; 
from 10 to 25% polyisobutylene, and the balance 
being a polymeric dialkyl silicone. 

9. A lubricating composition consisting essen 
tially of i9% to 25% of graphite; 10 to 25% poly 
isobutylene, and the balance being a normally 
liquid associated dialkyl silicone. 

10. A lubricating composition consisting essen 
tially of 1% to 25% molybdenum disulfide; 10 to 
25% polyisobutylene, and the balance being a 
normally liquid associated dialkyl silicone. 

ll. A lubricating composition consisting essen 
tially of 1% to 25% vermiculite; 10 to 25% poly 
isobutylene, and the balance being a normally 
liquid associated dialkyl silicone. 

ROBR G. ARSN, 

REFERENCES C TED 

The following references are of record in the 
silicone and dicetyl silicone, between about 1% file of this patent: and about 25% graphite and a minor amount of 
less than 25% of polyisobutylene. 

2. A lubricating composition consisting essen 
tially of a major amount of di-n-propyl silicone, 
between about 1% and about 25% graphite and 
a minor amount of less than 25% of polyiso 
butylene. 

3. A lubricating composition consisting essen 
tially of a major amount of dimethyl silicone, 
between about 1% and about 25% graphite and 2,413,582 
a minor amount of about 10% and of less than 
25% of polyisobutylene. 

4. A lubricating composition consisting essen 
tially of a major amount of dimethyl silicone, 
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