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. "Fhis-invention-relates to:improved lubricants,
such:as:oils, -greases or semi-fluid oils, containing
- as. a- major :lubricating - component. hydrocarbon
oil of natural-or-synthetic-origin. In particular,
the invention trelates:to lubricating compositions
of:this: type:having: 1mproved extreme pressure
characteristics. .

.~Requirements: upnn 1ubrlcants by developments
in -mechanical design -are rigid and. drastic. -In
many:instances pressures at bearing surfaces are
higher than those which petroleum: oils will nor-
mally withstand. . Tustrative-are the conditions
encountered :dn . the - lubrication - of -automotive
hypoid;: gears;: heavily loaded mi]l pinion gears,
naval turret gears.and. the like. ' In-many ma-
chines: operation is;:at least in-.part, under con-
ditions of thin film lubrication -or under similar
conditions where film strength,.ciliness and. anti-
wear: characteristics :of high order- are ‘required
of the lubricating medium,"

- “Fhe.-principal -object of -this: 1nvent10n ig the
prov1smn of 2. hew.composition of matter con-
sisting --of. a-...compounded - lubricating: . product
possessing “extreme :pressure characteristics of .a
high -order.~ Further objects include the provi-
sion ‘of a-compounded lubrieant containing as a
major hydrecarbon:lubricating component which
may: e oilor:-grease :of . natural or synthetic
origin, the lubrieant.having & -superior combina~
tion-of:high film.strength, oﬂmess and anti-wear.
eharacteristics. .

.:Tn aceordance with this mventmn these obJects
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are achieved in substantial part by providing o -

‘Tubricant,: the: essential lubricating components
of 'which:are a.major. amount: of a hydrocarbon
lubricating compenent -which may be oil-or grease
and. a-minor_amount of a body of boron fluoride
and a substance, selected from. the class-consist-
ing: of aliphatic, aromatic-and heterocyclic mono-
and polyamines,; amino aleohols and amides more
specifically.-described below.- The :proportion- of
‘this body: to -the hydrocarbon-component should
be:-such, -however, .that the mixture contains at
least 0:0019%: by ‘weight - of -boron fluoride (BF3)
while; on: the other hand, more: than 3% -does
not-improve the:lubricant. Within this. range
it.has:been' found-that the best resulis-are:ob-
tained Jby-providing from. 0.1 ‘to 1.0..percent of
boron :fluoride.in:the. final lubricant mixture.
The e¢hoice of .the:particular body to be-employed
and:itscboron: fluoride content -will of course de-
pend on such matters as cost, ease of mixing and
the -nature of the.lubrication.problem."

“TFhe principal: advantages: and: effectiveness: of
this mew: compounded lubricant aré maintained
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when, in addition to the above mentioned essen-
tial components there-are likewise present:in the
Iubricating composition other components added
to. improve: some specific characteristic or prop-~

. erty thereof, such. as viscosity, pour. point, oili-

ness, flow, anti-wear-characteristics; film:strength
or the like, the effect of the defined.boron .fluo-
ride-containing body, when similar, being:largely
additive. - Such diluents or.additions may there-~
fore,. for:the purposes of . this-invention-be-re-
garded -as a non-essential-portion:of the:com-
position, regardless of their. specific-beneficial or
functional effect. ‘The same may be-said. of sub-
stances known -as .extreme -pressure..sdditives,
such  as substances.composed. of ‘chlorine; sul-
phur or lead containing compounds -Orgma'teria'l's,
it-being observable that the presencé.of ‘the:de-
fined boron flueride-containing. -bodies- is effec-
tive to inerease the.extreme.pressure character-
igtics ‘of  the compositions -even when ‘other: ex~
treme pressure - additives -are ‘present.

- The organic:BF:.body, which in. aceordance
with: this invention is blended with- the -hydro-
carbon. component, may -be prepared in-various
ways but is, for-the most-part, conveniently pre-
pared by exposing: the amine,-amine: alecohol or
amide to:direct contaect with-gaseous BFs. -‘This
can be .easily accomplished -under -ordinary at-
mospheric pressure by bubbling the gaseous BF:
through' the amine, amino -aleohol-or -amide in
a'liquid state.: If -the -organic mafterial- is--not
liguid- at ‘room temperature ‘it-should-be heated
to- and maintained at a'temperatire- shghtly
above its melting point,;-say 5-or 10>C.- “Although

- the-rate of flow: of-the gas is-not -critical-with

respect to-formation of the BFs -additive yet-the
flow -should-be. controlled to ‘avoid-undue-168s.
The rate:of acceptance-of the BF: by the-amine,
amino- aleohol-or amide is-improved-if ‘the Haquid
is stirred .as -the gas. is introduced. - The-amount
of - BFs-accepted by the -amine; amino -alcohol
or-amide is.indieated by: the ircrease in weight
of -the treated mass. The introduetion-of-the gas
may - therefore -be -eontinued--until & -predeter-
mined-inerease -in-weight, short -of - saturation;
has-been obtained or-the flow-of gas may be-pro-
longed until no-further increase-in -weight is-ob-
served at which-point the ‘amine, amino aléohol
or-amide is-considered to-ke-saturated with B,
Generally, it is -most ‘convenient to- follow -the
latter--procedure. © In-both cases, however,-the
length -of ‘time required to reach:-the-end -poing
can be-edsily ‘determined #or the material -being
tréatéd-and: thus make it possible to-introduce -
the desired amount of BF; without having to test
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a charge at intervals during the period of treat-
ment. Although each amine, amino alecohol or
amide may have a different saturation point or
the desired BF3 content may differ for various
materials, this does not detract from the value

of the BFs-containing body in improving the load

bearing quality of a hydrocarbon lubricant.

Other methods of introducing BF: can be em-
ployed, of course. For example, the amine,
amino alecohol or amide may be exposed to the
gas at higher temperatures and pressures and
thus shorten the time required to introduce the
desired amount of BFs. Naturally, the tempera-
ture and pressure should be such that the amine,
amino alcohol or amide is not decomposed to any
substantial degree. Another method of contact-
ing the organic material with BF; is to add com-
pounds to it which can be decomposed with the
release of BF:. Such compounds as NH:BFs,
BF3-NHs, the heavy metal fluoborates or even
other organic materials previously treated with
BF3 may be employed. 'To effect decomposition
it is usually necessary to heat the mixture of
amine, amino alcohol or amide and the BFs-
containing substance. Further, it may be de-
sirable to remove any residues resulting from the
decomposition.

The amount of BF: that can be introduced into
different amines, amino aleohols or amides will
vary, as mentioned above, however, from 10 to 20
percent by weight is preferred where the satura-
tion point permits it. In any case, the amines,
amino alecohols or amides should be treated with
sufficient fluoride to provide the desired B¥s con-
tent in the lubricating composition as only a
minor proportion of the additive is employed.

The resultant product may, in some instances,
be an actual compound, there being some evidence
to indlcate that such is its nature; or it may be
an additive or coordinate compound or even a
solution or dispersion. I 'prefer, however, to
term the product a body or composition consist-
ing essentially of a substance selected from the
class consisting of aliphatic, aromatic and hetero-
cyclic mono- and polyamines, amino alcohols and
amides and BFs and, therefore, not to character-
ize the state of association of the fluoride and
the organic substance. In any event, the ali-
phatic, aromatic and ' heterocyclic mono- and
polyamines, amino’ alcohols and amides act as
acceptors of BFs to produce a body or substance
having positive advantages as an additive in lu~
bricating compositions.

- The following list of amines, amino aleohols
and amides is illustrative of the elass which when
treated with BF: produce the bodies just de-
scribed: monoamines such as those of propyl
through octadecyl and diethylhexylamine; sym-
metrical and unsymmetrical (mixed) alkyl poly-
amines such as propyl through octadecy!l di- and
triamines, 1,4 diaminobutane, 1,12 diaminodo-
decane, ethylene diamine, diethylenetriamine,
triethylenetetramine, - tetraethylenepentamine
and propylenediamine; aminoethanols such as
monoethanolamine, -diethanolamine, triethanol~
amine,  dimethylethanolamine, diethylethanol~
amine, aminoethylethanolamine, methyldieth~
anolamine, phenylethanolamine, phenyldieth-
anolamine and ethylphenylethanolamine, also
triisopropanolamine, ethyl phenyl diisopropanol-
amine, condensation products of high molecular
weight amines with polyglycol derivatives of
ethylene oxide and its homologues; amides and
imides such as acetamide through octadecyl-

“amide, amides of the dicarboxcyclic acids, ox-
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amide, succinamide, octadecylacetamide, n-pro-
pyloleamide, methylolstearamide, methylenedi-
stearamide, benzylacetamide, methyl - x - naph-
thylamide, adipamide, succinimide, stearanilide,
benzamidine, acetamidine, phenetidide, tolini-
dide, hydroxyacetanilide, acetocetanilide, chlor-
acetocetanilide, dichloracetoacetanilide and ac-
etoacet-o-toluidide; aromatic amines such as
phenyltridecylamine, benzymethylamine, amino-
diphenylamine, phenylheptadecylamine, and ac-
etyl p-phenylenidiamine; heterocyclic amines
such as pyridine and oxazoles, the derivatives
and substituted derivatives of the oxazoles such
as dihydrooxazole and its alkyl substituted de-
rivatives, for example 2 - tridecyl - 4 - (hydroxy-
methyl) -4-ethyl oxazoline and 2 hendecyl ox-
azoline; as well' ags other amines such as 2-hy-
droxyethylamine, heptadecamethylenimine, hexa-~
methylenimine, 16-hydroxyhexadecylamine, oc-
tadecadienylamine, phenyl biguanide, pyrinidine,
2-substituted-4~amino-6-N " phenyl-amino-1,3,5-
triazine, 12 - (dibutylamino) dodecananidine,
lauranidoxine, hydroxamic acids of propionic,
lauric and stearic acids, phenylhydrazides of
lauric and 'stearic acids, piperidides of acids,
aminonaphthol,. aminophenylglycine, amino-
quinoline, aniline, anisidine, arabinose phenyl-
hydrazone, benzoylhydrazine, benzoylthiourea,
benzylhydroxylamine, carbohydrazide, acetal-
dazine, acetaldoxime, acetaldehyde phenylhy-
drazone, acefanilide, acetophenone phenylhy-
drazone, acetyl phenylhydrazine, aminopropionic
acid, aminoacetophenone, aminoanthraguinone,
aminoazobenzene, aminodibutylaniline, amino-
ethylacetamilide, urea, quinoline, morpholins,
tetraethanolammonium -hydroxide and phenyl~
methylpyrazolone.

The introduction of the BFs into the amine,
aming alecohol or amide may change the color
thereof, often making it darker.  Also, the liquid
amine, amino alechol or amide may become
thicker as the introduction of B¥3 proceeds and
the melting point of the end product may be
higher than that of the original amine, amino
aleohol or amide. Such changes do not affect
the advantages gained from the presence of the
BFs-containing bodies in a hydrocarbon Ilubri-
cant, certainly the results of the invention do
not-depend upon or are responsive to any peculiar
chemical or physical qualities of the BF:-con-
taining additive, rather they depend upon the
admixture of the additive with the hydrocarbon
lubricant. R

The action of these organic BF: bodies in a hy-
drocarbon lubricant is positive and speeific to in-
crease the load bearing capacity of the lubricant
and, in many instances, fo definitely improve its
anti-wear characteristics, The amount of these
organic BFs bodies necessarily present to produce
these specific effects is very small. The amounts
used, should in any-case, as mentioned above,
provide at least 0.001% by weight of BF; in the
final mixture.- The amount of any given BF:-
containing body desirably present to produce opti-
mum effects in any particular hydrocarbon lubri-
cant can be readily determined by simple trial,
the optimum usually being found within the range
of 0.5.to 5 percent by weight of the amine, amino
alcohol or'amide BF; body. Amounts below about
0.01 percent by ‘weight often do not produce suf-
ficient effect to be usually characterized as com-~
mercial, but the effect produced is such as to be
useful under exceptional conditions. One may
use a relatively small amount of an additive con-
taining a substantia] quantity of BFs or a larger
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amount of-the: same-or-another -additive which
contains a smaller proportion of BFs to introduce
a given .quantity of BF; into  the hydraocarbon
companent.. In any event, the organic BF3 addi-
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invention. ...In.general, torque and temperature
values obtained during:these tests. indicated: that
the organic.BFs:body improved friction qualities
and observations .simultaneously made. indicated

tive forms a minor amount or proportion;of the & increases.in anti-wear characteristics. ,
lybricating composition. o o -.:.In-compounding lubricant.compositiens of the
The load bearing qualities of & lubricant may type-herein described. and.claimed the organic BFs
be relatively determined by various methods. The additive may merely be mixed with.the hydrocar-
method used to obtain the comparative data here- bon-lubricants, the properties of:which are-to-be
inafter set forth is practiced on a Falex machine 10 improved.. Where the-additive is insoluble in the
and:consists in submitting small quantities of the lubricant-or. it is desired-to incorporate therein
lubricant to the action of a rotating steel journal amounts in excess of solubility, emulsions or dis-
rotated in contact with:twe V-shaped bearing persions may :be:prepatred :according to known
blocks.. - During testing measurable pressure was principles. .
applied to the: rotating journal by: use of:an auto- 15 = This application is a continuation-in-part. of
matic loading device. The two bearing blocks my prior application Serial No. 714,911 filed De-.
and the journal were submerged in the lubricant cember 7, 1946, and entitled Lubrication Composi-
sample throughout the tests. In each test load tion, now abandoned. ‘
was applied and allowed to reach 500 pounds; at Having thus described my invention and the
this load the journal was then run for 5 minutes; 20 known advantages. thereof, I claim:
thereafter the load was gradually increased until 1. A lubricating composition comprising a
iubrication failure occurred. The load at the major proportion of a-hydrocarbon lubricating
time of failure is designated as the failure load. oil blended with a minor proportion of a body
In general, the failure loads are reproducible consisting essentially of a substance selected from
within 150 pounds at lower pressure and 300 25 the class consisting of aliphatic, aromatic and
pounds at higher pressure; the results are not ab- heterocyclic mono- and polyamines, amino alco-
solute but-are comparative with a standard run hols and amides and BF;, said body being pre-
under the same conditions. In the tests by which pared by exposing said substances to direct con-
the results set forth in the following table were tact with a substance selected from the class con-
secured, the hydrocarbon oil was in all cases the 30 sisting of gaseous BFs and decomposable com-
same, being a straight mineral oil. In all cases pounds yielding gaseous BF: and being present
1 percent by weight of additive was present in the in such amount that the lubricating composition
oil. 'The additive had been prepared by passing contains from 0.001 to 3 per cent by weight of-
BFs through the amine, amino alecohol or amide BFs, said lubricating composition possessing ex-
until the weight of the body became substantially 35 treme pressure characteristics superior to those
constant, that is, the organic material became exhibited by a similar composition in which the
saturated with the BFs, as has been described minor proportion aforesaid consists of said sub-
hereinabove. Each comparative test was run on stances selected from the class consisting of
two samples, one sample being the oil containing amines, amino alcohols and amides. )
1 percent by Weight of an amine, amino alcohol 40 2. A lubricating Composition comprising a
or amide, the other sample being the oil contain- major proportion of a hydrocarbon lubricating:
ing the same weight of a BFs-containing body. In oil blended with a minor proportion of a body
the first column of the table the nature of the ad- consisting essentially of an oxazole and BFs, said
' ditive is set forth, in the second column is listed body being prepared by exposing said oxazole to
the BF: content of the treated material, in the 49 direct contact with a substance selected from the
third column is the BFs content of the lubricant, class consisting of gaseous BFs and decomposable
in the fourth column the failure load in pounds compounds yielding gaseous BFs; and being pres-
is given and in the fifth column is shown the per- ent in such amount that the lubricating composi~
centage increase in failure load caused by the tion contains from 0.001 to 3 per cent by weight
presence of the BFs-containing body. 50 of BFs, said lubricating composition possessing
. Percent | Percent | Failure | Percent-
Additive Fzin | BFz;in | Load in age
Additive | Lubricant| Pounds Increase

Acetamide
Acetamide 4 BF
Stearamide.....-
Stearamide + BF3...
Tetrasthylene pentamine. .. .._-.-
Tetraethylene pentamine + BFa -
Monoisopropanolamine. .. ....-..
Monoisopropanolamine + BFs. ...
2 Amino, 2 methyl, 1,3 propanediol...__..
2 Aming, 2 methyl, 1,3 propanediol 4 BFs.
Triisopropanolamine. .. --oocceuacacacooe
Triisopropanolamine - BF:

Quinoling + BFaoceeemuennmancaaas
Morpholine. ez moccemmmmanmeioennn
Morpholing 4 BF s ceeimmemnn oo

SRRBKeS 8
I=2=1=1-3-F=2=F~1-=]
e T v g g S g

1344
269
13
35
20
229
178
116
95

1Qreater than.

The machine on which the tests were run had
a capacity of 4500 pounds. Where this capacity

70

was approximated or exceeded the failure load is -

indicated above as being greater than 4000
pounds. These tabulated results are indicative of

the improvement obtained by the practice of this 75

extreme pressure characteristics superior to those
exhibited by a similar composition in which the
minor proportion aforesaid consists of an oxazole.

3. A lubricating composition comprising a
major proportion of:a hydrocarbon lubricating
oil blended with & minor proportion of a body
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consisting -essentially of an oxazoline and BF;,
sald body being prepared by exposing said oxazo-
line to direct contact with a substance selected
from the class consisting of gaseous BF: and de-
composable compounds yielding gaseous BF: and
being present in such amount that the lubricat-
ing composition ~possessing extreme pressure
characteristics superior to those exhibited by a
similar composition in which the minor propor-
tion aforesaid consists of an oxazoline. -

EGBERT MASON KIPP.
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