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On page 28 of fhis
f the various lubri-
the lightest grade
is called “Class A

osities of from 135 to
d for very light ma-

60

jubricant. In prior applications Serial Number chinery. The use of an oil of viscosity below 135

10 209,256 filed July 9, 1927 and Serial Number
256,308 flled February 3, 1928, of which applica-
tions, the present one is a continuation in part,
certain principles of lubrication and lubricants
have been set forth, and mechanisms, processes

15 and lubricants disclosed for securing novel results
in the lubrication of machines, particularly for
street railway cars which illustrate the applica~
tion of these discoveries and inventions. 'These
inventions and discoveries are of broad applica~

20 tion and extend to any case where one solid mate-
rial is caused to pass over another, and where it
is desirable to reduce friction to & minimum. The
conditions under which these two surfaces pass
over one another vary from the high speed and

25 high temperatures of the pistons of an internal
combustion engine to the swivel plates of a rail-
road turn table. As indicated in the prior applica-
tions, the lubrication of a bearing, to take a typical
case, is dependent upon first, the supply of lubri~

20 cant; second, the viscosity of the lubricant; and
third, the “oiliness” of the lubricant. The present
jnvention is more directly concerned with the
nature and properties of the lubricant and the
methods of obtaining desired lubricants having

33 the most desirable properties as to viscosity and
“piliness” and other features as will more fully
appear helow.

Petroleum oil and oils of related nature such as
those obtained from shale and coal by distillation

40 are the main supply of lubricants the world over.
These oils vary & good deal among themselves
but in general as the viscosity of the oil increases,
the “oiliness” also increases. Consequently it has
become the practice to specify the Jubricant in

45 terms of its viscosity thereby more or less loosely
fixing the “giliness” property desired. But in
using these mineral and related oils by themselves,
it is necessary to use oils of relatively high
viscosity, in-order to obtain the required degree

50 of oiliness. ‘

The use of heavy or viscous lubricating oils is
well illustrated in the specifications set out in
Technical Paper No. 393A issued by the Bureau
of Mines and entitled “United States Govern-

55 ment specification for lubricants and liquid fuels

seconds at 100° F. is not contemplated. 85

This reference to the paper of the Bureau of
Mines is sufficient to show what the attitude of
the entire industry is and the use of relatively
heavy lubricants is universally followed. Oils
with a viscosity below 135 seconds at 100° F. are 70
known as the so-called spindle oils, but these
relatively light oils do not enter into the ordinary
lubrication program.

1t is customary, for example, in oils for use in
the lubrication of automobile engines, where the 76
speed and load are high, to mix with the lighter
oil, large percentages of cylinder stock or other
very heavy oils in order to obtain the desired ad-
hesiveness: so much is this the custom that pe-
troleum lubricating oils are generally sold on the 80
basis of their viscosity only, it being well known
that the adhesiveness is in this way secured to a
greater or lesser extent.

* This prior art practice is further illustrated by
the practice in connection with lubrication of 8%
street railway journals or axles, where oils of the
viscosity of from 250 to 600 Saybolt have been
used prior to the present invention. Further in
this as in analogous cases where the operating
temperatures of the bearing or related mechanism 90
might be about 100° F. or even higher, the viscosity
of the lubricant was chosen with this temperature
in mind. The variation in viscosity with change
in temperature over the usual operating range was
quite marked in these prior art lubricants so that 956
when the lubricant operated at the higher tem-
peratures, it had to be that more viscous at the
lower temperatures. In fact in many instances,
these lubricants in order to give the requisite vis-
cosity at the higher temperatures were actually 100
solid at temperatures such as those frequently
reached in this climate during the winter season.

But the choice of heavy or viscous materials in
order to secure adequate adhesiveness, results in
a tremendous loss of power .due to the internal 105 -
friction of the jubricant, and these losses in pow-
er were either not recognized or not appreciated
in the prior art.

One of the objects of the present invention is
the use of lubricants of the lowest possible vis- 110
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But in
any event, in accordance with the present nven-
tion, the oil of lowest i

is dependent upon
lower the viscosity,
lubr:cation.

But while the viscosity should be as low as pos-
sible, the adhesive Properties should be ag high
as possible. When g bearing for example,
to a stop,

the more eéconomical is the

service,

It has been known for some years that the
broperty of “oiliness” of the ordinary petroleum
oil is improved by the addition of Saponifiable oil
or fatty acids of saponifiable oil,

" The principle on w ich an oily or greasy agent;
Is added to the petroleum or other stock is based
upon the fact that bearing surfaceg by their sur-
face energy preferentially attract from the lubri-
cant to themselves certain portions of the lubri-
cant, and it has been shown that the first layer of
molecules so attracted may be held to the bear-
Ing surfaces with great tenacity. T’i}is initial

the body of the fluid,
Among the further objects of the Present in-
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vention are accordingly the use of low viscosity
lubricating oils with addeq components giving
oiliness or greasiness, the addition of such added
components in substantial amounts, and the ex-
tension of the fleld of choice of sych added in-
gredients and components,

But while ag pointed out above, it is desirable
to place in the stock g substance or substances

primary layer, These addi-
tional layers are called “mush” layers and a lubri-
cant which has the property of building up these
so-called “mush” layers may be referred to ag
having the property of “mushiness”,
“mush” layers are more resistant the closer they
are to the initia] or adsorbed layer and fade off
gradually into the average iti

lubricant,

as requisite,

A further object of this invention therefore
is the production of lubricants, particularly of
low viscosity, that have the Property of building
up these “mush” layers and thus extending the
effectiveness of the initia] or Primary adherent
layer,

In addition, it may be noted, that when high

mperatures brevail, the oils oxidize rather read-
ily with the formation of gummy materialg that
are disadvantageouyg In practice. Some of the
animal ang vegetable oils ang their derivatives
used as the greasy or oiliness components, oxidize
readily than others, but all of them even
when mixed with mineral oils oxidize to a greater
or lesser extent and some like cotton oil ang
eorn oil are seldom Or never used either alone or
mixed with mineral oil on account of this eage
of oxidation,

spirit and Scope of thig
disclosed.

And as set forth above, the most desirable form
of the lubricant will be g compounded oil that
DPossesses low viscosity, high adhesiveness, the
ability to builg up “mush layers ”, and that ig
not.changed by oxidation to any extent that rend-
ers it undesirable for lubrication, :

The present invention ig therefore broadly eon-
cerned with the use of lubricating oj] stock wheth-
er derived from vetroleum or the products of
distillation of cog] and shale, that has the lowest
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possible viscosity for the condition under which
the machine operates; that is th Jowest viscosity
that is obtainable with the requisite flagh point to
withstand the temperature prevalent during use,
-and- this applies whether the lubricant stock is
derived from a straight parafin stock or from a
so-called ‘asphaltic or semi- phaltic base oil.
For cold conditions or climates the non-paraffin
base oils having lower freezing points than the
parafin base ofls are in general more desirable
for this reason. '

The low-viscosity stock may be used for lubri-

>

cation by itself in those cases where it is pumped
about a bearing, by external means, as in the case’
of turbines; but its use’ in the ordinary bearing
where no pumping action is present aside from
that produced by the rotation of the bearing it-
gelf or the journal, is preferable in conjunction
with the added ingredients for improving its prop-
erties as to oiliness and mushiness. -
1t is & significant fact that such low viscosity
material could not be secured on the open market
the various oil companies and
refineries developed. So that such low viscosity
material had to be made for the first time and
methods were developed for its production.

For example, & desirable stock may be made as
by distilling off about 75 percent of the lighter
" material from kerosene oil and using the re-
. mainder in the still-as « stock ” for the prepara-
_ tion of the finished lubricant. There results &

‘product of requisite fire point and cold test with
much lower !
_available today, and these products may in gen-

eral be said to have a viscosity of less than 150

seconds at 100° F. A specific product obtained

by distilling off 75 percent of ordinary coal oil
. tested as follows: . . :

Specific gravity at 60° D 38.3° Bé.
Flash point_ — 240° P.
Fire point...---- - - 275° F.
Viscosity at 40° Poremcmmmmommmm= 74 sec. (8.U)

56 sec.
wer 45 sec.
- 40 sec.
31 sec.
X Below 0° P,
Total saponifiable matter. o 11.3%
Free fatly acids. -~ 1.2%

Similar products as to viscosity may be prepared
from any of the other distillates of like boiling
point, petroleum, coal tar or shale oil.

In general it may be stated that the viscosity
of a hydrocarbon stock should not be so low that
the product has a flash point of below about 225

Viscosity at 60° F -
Viscosity at 80° F-
Viscosity at 100° F_
Viscosity at 210° F_
Cold test

the more general considerations set forth ahove,
these factors are variable depending on the use
to which the lubricant is to be put. o

* As indicative further of ‘oils that may be used,
products having the following characteristics may
be noted: » ST

1 | I jur
Gravity 8t 80°F - ececon nmrananemarieesns usg| sl ..
Flash point ® F..._- . %0 | 280 |23
Firepoint ° F...._ 340 (340 | 265
Viscosity at 100° F.. (90conds) .- ceucmmsosans 72 60 441

 Such products as those indicated above are
particularly desirably used in - connection with
"'the present invention, and -in  the case of the
5 product I above, in view of the further fact

viscosity than :those commercially .

3

that this material 8 substantially uniform
viscosity over the usual working scale, it is 4ll
the more desirable. ' .

T, C.-Thompson in his standard work on this
subject lists eighteen oils with viscosity numbers
of from 1 to 18 and ranging in viscosity as fol-
lows: ’

Saybolt seconds

Vis- v o
cos- -

ity

. {Aum-

bers 100° F. |130° F.{212° F.

1| 65 45 20

2 80 50 31

3 95 60 32

4 125 70 M )

5 160 81 38

8 180 86 38 |
7 240 115 43 .
8 350 160 50

g 500 | 230 . B5
10 65
1 80
12 90
13 100
14 130
15 - 165
16 190
17 —ewe] 700 )
18 Blown oil 1400

ot these, numbers 1-b are the so-called spindle
oils not generally considered in the lubrication

program, but they will be used in accordance with 105

the present invention when properly compounded
for relatively heavy machinery; in addition to
oils running from 65 seconds down as low ascan
be obtained—probably around 35 seconds.

The proposed low viscosity material discussed 11C

above emphasizes the use in accordance with the
present invention of the lowest possible viscosity .
material. Take for example the first five oils of
the Thompson tabulation. These oils if used
in the prior art are limited for lubrication pur-
poses to use on textile spindies where the load is
almost zero and the speed is rather high. "They
have not been used in jubricating heavy ma-
chinery.. However when compounded in ac- °
cordance with the present invention in order
to give them the requisite oiliness and mushiness,
but still retaining their low viscosities, they will
be used for such heavy machine lubrication.
This is a phenomenal departure from prior art
practice. . 1
These low viscosity oils'not hitherto available
in “the art for lubrication, are desirably com-~
pounded as set forth above with an agent form-
ing the primary layer. As stated,” fatty acids

and particularly the higher fatty acids may 130

be used, Further, the higher the fatty acid, the
better its effect. Also, the presence of the hy-
droxyl group in the molecule with the carboxyl
group yields a better lubricant. As an example,

attention may be called to _the fatly acids of 138

castor oil. But these bodies which may be re-
ferred to as indicated above as “polar” bodies are
not limited to the fatty acids, and non-fatty acid
polar bodies or compounds or materials may be

used. The higher alcohols and ketones are ad- 140

vantageous and work almost as well as the fatty
acids; sulphides and some of the metallic salts
are also eficient though in general due to the
ready availability of the fatty acids and their
cheapness, they are more generally used.

In some cases, however, the use of fatty acids
may be objectionable due to the effect on the
metal of the bearing or journal. Accordingly the

“polar” body will be chosen with such consid- 150

erations in mind.
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The higher alcohols and ketones may be read-
ily obtained from the oxidation products obtained
during the air blowing of petroleum and related
materials particularly under Pressure and at ele-
vated temperatures, or from the residues re-
maining in the still during such air blowing
brocesses. The sulphides may be prepared by
direct treatment of petroleum ofl with sulphur,
the products being somewhat complex, but the
polar bodies appear and their effect is available,

The “mush” layers may be obtainable with
various substances. The best effect is obtained
with a material that is soluble in the polar body
and quite, or totally insoluble in the petroleum
oil, so that when a portion of the fatty acid or

other polar body adheres to the metal surface’

to form ‘the primary layer, a very considerable
quantity of the mush substance will be withdrawn
and a thicker and more coherent mush layer
will be brought up. Saponifiable oils or fats
that contain some fatty acid to act as the polar
body serve in this connection. If ‘the amount
of faity acid is small, the polar fatty acid will
be withdrawn and will act to take up but a com-
Dparatively small quantity of the mush ingre-
dient, namely the neutral glycerides or fats, and
& comparatively thin and soft coating results,
The presence of comparatively large quantities
of substances more attracted to the polar body
will assist in buildi g up a beétter mush layer,
A good example is castor oil dissolved in oleic
acid, the castor oil being substantially insoluble
in petroleum oil stock used. Two parts of cas-
tor oil to one part of oleic acid may be used, The
oleic acid acting as the polar body carries down
with it large quantities of the castor oil and the
mush layer consists largely of oleic acid and cas-
tor oil. This artificial or synthetic composition
builds up a better layer than does an ordinary
animal oil consisting of a mixture of some free
acid and natural glycerides. '

Insofar as the formation of the mush layer

is concerned, it does not appear to be material
whether the Substances are in solution or in
colloidal condition, and both are available, Any
method by which molecular attraction, i, e, the
clinging together of molecules by either known
chemical attraction or.residual chemieal forces,
may be made use of., It is well - known that
substances used in lubrication build up a surface
film on the metallic surface of considerable tenac-
ity. Other substances may also. form or build
up such films but they are not of value as lubri-
" In those cases where the fatty acids are
objectionable in g lubricant, the substituted am-
monias that have little value as lubricants but
build up films on the surface, can be used, if
there is also added some material of high lubri-
cation power that is selectively adsorbed by the
substituted ammonia or forms molecular aggre-
gates with it, In the lubrication of internal com-
bustion engines where high temperatures pre-
vail, the avoidance of such acidity is desirable,
There may be used in such cases a mixture of
diphenylamine and tallow oil (with little or no
free acid). Good results are obtained when only
5 percent of this mixture is used. - i

Soaps which form an emulsion with the pe-
troleum stock or which are soluble in the petrg-
leum stock can also be used. For €xample, soaps
with petroleum stock particularly the soda and
lime soaps that are present as colloids, ’

The soaps that go into solution include lead
oleate, copper oleate, and the oleates of the heavy
metals generally, the alkalies and alkaline earth

Imetals forming colloids, As apparently soluble
compounds there may be mentioned copper ole-
ate, zinc oleate and ‘sodium sulphur oleate, while
ordinary calcium and sodium oleate when used,
are present as colloids, :

Animal oils such as lard oil may be used in
amounts as exemplified by 10 percent, but other
oils such as tallow ofl which contains some free
acid is preferable to lard oil, and castor oil when
in solution as illustrated above ig superior to
either lard oil or tallow oil. .

‘In some cases; the body added to improve the

Inushiness characteristic may at the same time

Possess & polar property so that in this way two
burposes can be secured at the same time. This
is particularly true of some of the sulphur com-
bounds in the nature of sulphides illustrated
above, and the sulphonic acids, As exemplary of
the sulphonic acids that may be used for this
burpose, the following is given,

Sulphonic acids derived from the treatment of
unsaturated petroleum c‘:ompounds, that is to say
those obtained from the residue of the purifica-
tion of ordinary petroleum oil by treatment with
sulphuric acid,
bodies are of i

dprivatives. As an example of dyestuff inter-
mediates utilizable in this connection,

The anti-oxidant'»may be any substance that in

& general sense reduces the effect of oxidation 1

Or air upon the lubricant.  As such there may
be mentioned: tetra ethyl lead, phenol gdisyl-
phide, amido and’ amide compounds,

The following specific exampie of a lubricant
made in accordance with the present invention
that has proved particularly advantageous in
practice is given,

Two parts of castor oil are dissolved in com-
mercial oleic acid, and the mixture -heated to

about 160° F. to insyre solution,

forth above, the
castor oil oleic acid mixture constituting 5 per-
cent of the total admixture. When the oil is

to be used at g relatively elevated tempera.ture,_

one part of beta-beta-din_aphthylamine is added

to the oil; while if the oil is to be used at nor- -

mal temperature, one part of monomethylaniline
is added in lieu of the dinaphthylamine. These
p;'oducts are superior to the lubricant made from

good results in practice, )

The amount of the anti-oxidant ig varied ac-
cording to the time at which the lubrieant is to
be used and the conditions as to oxidation, At
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very low temperature, the effect of the oxygen
is very little feared, so that the amount of anti-
oxidant used in such cases may be as low as .1 of
dinaphthylamine is desirable but
tetra-ethyl lead has also proved to be moder-
ately efficient. ’

While certain theoretical considerations have
been given in the explanation of the present in-
vention, it should be noted that the tangible ef-
fects produced in accordance with the invention
are not dependent on the theories stated, as the
lubricants disclosed herein have been investigat~
ed under actual conditions of service and have
proved a tremendous advance in the art. Even
when such terms as “polar” are used these terms
need not be considered as implying a certain

theory of operation but may be taken as class or.

generic names.

As exemplary of the phenomenal results flow-
ing from the present invention, attention may be
called to the fact that it has been applied in the
lubrication of a large railway system where about
30,000 bearings are under study. Whereas, it
had been the custom to use oils of viscosity of
about 250 seconds viscosity Saybolt prior to this
application of the present invention, following
the principles set forth above, the lubrication
of bearings of the character of a street railway
car is being made with oils of & viscosity of 35
seconds Saybolt universal viscosimeter, at 100° F.
This lubrication with these oils of low viscosity
has already.resulted in the saving of approxi-
mately 15 percent of the costs in operating these
cars, though the entire system is not yet fully
equipped, and will result when full installation
has been made, in a saving of approximately 25
percent of the original power costs, or a saving
of hundreds of thousands of dollars annually.

Having thus set forth my jnvention, I claim:

1. A lubricating oil for heavy machinery con-
taining a hydrocarbon oil having & viscosity con-
siderably lower than that normally used for such
purposes and within the range of 35 seconds to
65 seconds (Saybolt) at 100° F., and from 2 to
10% of an organic component . increasing the
oflinéss and adhesiveness of - the composition
without substantial increase ofwviscosity.

5

9. A lubricating oil for heavy machinery con-
sisting of a hydrocarbon oil having & viscosity
considerably lower than that normally used for
such purposes and within the range of 35 sec-
onds to 65 seconds (Saybolt) ab 100° F., and
from 2 to 10% of a substance having high adhe-
sive properties including oxidation products of
petroleum type hydrocarbons which does not
substantially increase the viscosity of the com-
position.

80

3. A lubricating oil for heavy machinery con-

sisting of a hydrocarbon oil having a viscosity
considerably lower than
such purposes and within the range of 35 sec-
onds to 65 seconds (Saybolt) ab 100° F., and
from 2 to 10% of a substance having high adhe-
sive properties containing a large proportion of
saponifiable material which does not substantial-
1y increase the viscosity of the composition.

4. A lubricating oil for heavy machinery con-
taining a hydrocarbon oil having & viscosity con-
siderably lower than that normally used for such
purposes and within the range of 35 seconds to
135 seconds (Saybolt) at 100° ¥, and from 2
to 10% of an organic component increasing the
oiliness and adhesiveness of the composition
without substantial increase of viscosity.

5. A lubricating oil for heavy machinery con-
taining
siderably lower than that normally used for such
purposes, and within the range of 35 seconds
to 135 seconds (Saybolt) at 100° F., and from 2
to 10% of an organic component containing &
saponifiable glyceride, increasing the oiliness and
adhesiveness of the composition, without sub-
stantial increase of viscosity. :

6. A lubricating oil for heavy machinery con-
taining a hydrocarbon oil having a viscosity con-
siderably lower than that normally used for such
purposes and within the range of 35 seconds to
135 seconds (Saybolt) at 100° P, and from 2
to 10% of an organic component containing a
saponifiable glyceride oil and higher fatty acids
increasing the oiliness and adhesiveness of the
composition, without substantial increase of
viscosity.

WILLIAM B. D. PENNIMAN.
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