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B y . 37Claims.
This 'invention relates to compounded lubri-

cants. The present application is 8 continuation .

uf my parent application Serial No. 177,878, filed

December 3; 1937, on Composition of matter and -
process of lubricaiion.

- A large nuniber of addition agents have been
proposed - to improve the lubricating action of
mineral oils by reducing, the coefficient of fric-
tion between metal surfaces to a greater extent

-then is obtainable with mineral oils alone. The 1
-action of these addition agents is in general quite.

specxﬁc and for-the most part unpredictable. An
addition .agent which is effectfve to reduce fric-

tion between one pair .of metals at high speeds.

will often be found ineffective to reduce the fric-
tion between the same pair of metals at low

understood and.developments in this fleld are

largely empirical. It is therefore apparent that

the actual conditions of operation encountered in
any particuler mechanism must be examined
critieally ifs the &ddition agent is to be fruly bene-
fcial.

The lubrication of reciprociting Darts neces-

sarily involves lubrication at low speeds since the

reciprocating element decelerates to and acceler- -
- ates from zero speed at each-end of the stroke. .

Since reciprocatfng parts are common in all types
of machinery, reduction of friction at low speeds
approaching zero is of great impprtance as a lu-

bricating problem. The necessity® for adequate .-

jubrication at low speeds I8 illustrated by the

fact that the maximum wear of the ¢ylinder walls -

of an internal combustion engine occurs at the
upper limit of the piston ring travel ‘where the

rubbing speed is low ‘and where ordinary lubri-

cants fail to reduce friction or wear to the same
extent as it is reduced in the remaimng portion
of the piston travei.

Material reduction of friction at low speeds is
a severe réqun'ement of compounded lhibricating
oils, particularly when' the-metal surfaces to be

lubricated are cast iron on cast iron, steel on-

steel, or other pairs of ferrous metal ‘surfaces.
It has been observed that most oiliness.agents

-“which ‘have been propesed by the prior art fail
‘to materially benefit' the action of mineral oil§
.in reducing friction under these extreme condi- .

. tions..

Accordingly, it is an obJect of this invention to
provide a process for effectively reducing friction

at-extremely low rubbing speeds. between ferrous_

metal frictional surfaces.
Anotiier object of the mventlon is to provide

“.

) " In other words, the phenomenon of lu- -
brieation and reduction of friction is not yet well

(Cl 252—-56)

a lubricating composition which is especially ef-
fective for reducing friciion .between ferrous
. metal frictional surfaces moving af low ‘speeds
relative to one another.

5 A further object of the invention is to provide
a new composition of matter comprising esters
“of alcohols naturslly' cccurring in sperm oil.

The drawing is a graphical representation of
experimental results which show the discoveries

10 embodied in this invention.

. A certaln class. of compounds has been found
to possess unpredictable and outstanding proper-
ties in that the compounds have the ability to.
- materially -reduce the coefficient of friction be-

16 tween metal isuri’aces at extremely low speeds as
Wwell as at higher speeds. These compounds are
esters of & particular type and may. be illustrated
by the ‘following exampleS' .

20 Alpha hydro:m esters.
m—t‘:—c— —R:
. ‘ . . 0
2. - Beta hydroxy esters
H

' Rx—é}-—-('l'-—c—-o——Bz
ok & b

30 In these formulae R1 msy be hydrogen or an alkyl .

*-  group; Ra. comprises a long carbon chain, co
Examples of acids having elther an alphs or

beta or both alpha and beta hydroxyl groups are:

Tartaric acid, (CHOH COOH)z .
38 Tartronic acid, CHOH (COOH)2
Lactic acid, CH; CHOH COOH '
Citric acid, HOOC CH2COH cobH CH2 cooi1~-
Mucic acid, (CHOH)s. (COOH)3 :
_ Malic acid, CHOH CHa (COOH)2 .

%0 Giycolic acid, CHz OH COOH

. An essential characteristic of the compounds
of this invention is that the alcoholic portion of
the ester must’ comprise a long carbon. chain.

45 The following are alcohols having - long ca.rbon
chain: .

¢ Decyl alcohol ConszH T
Dodecyl alcohol, C1aH2sOH ..
Tetradecyl aicohol, C14H20H

59 Cetyl alcohol, C1¢Hz:0H
Octadecyl alcohiol, CnHa'tOH
Ceryl alcohol, CnHuOH

. Myricyl alcohol, C3oHaOH
Lanolin alcohol, CnHuOH
56 Oleyl alcohol, stHssOH




2 , i
.“Lorol,” a material containing lauryl alcohol and
" sold by E. I. du Pont de Nemours, is a satisfac-

tory source of long chain alcohols.

Esters of any of the above types of acids in
combination with any of the above listed long

5

chain alcohols are regarded as falling within the -

broad scope of this invention. For example,

decyl tartrate, dodecyl tartrate, tetradecyl tar- -

‘trate, cetyl tartrate, lauryl tartrate, octadecyl

. tartrate, ceryl tartrate, myricyl tartrate, oleyl tar-
trate  and lanolin tartrate may be used. Simi-
larly, decyl lactate, dodecyl lactate, tetradecyl lac-
.tate, cetyl lactate, lauryl lactate, octadecy! lac-
tate ceryl lactate, myricyl lactate, oleyl lactate
and lanolin lactate are encompassed in the broad
scope of the invention. -

‘These -esters are prepared ‘from the respective
acids and alcohols by the usual esterification re-
action:

RCOOH-}-HOR—)RCOOR-}-H:O a .

The reaction may be effected by heating the two
constituents and vaporizing the water formed.
Dehydration agents such as sulfuric acid may
also be utilized to promote the reaction.

~ The invention also embedies one “species of
ester having definitely superior merit as com-
pared with other members of the above described
genus. Th1s species is believed o be & new com-
position of matter which possesses utility for
purposes other than a compounding ingredient
_in lubricating oils. The compound comprises the

10
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in reducing friction as 1% of  lauryl tartrate.
In other words, it takes approximately half as
much addition agent to obtain the same reduc-
tion in friction when “spermol” esters are used
-as is required when esters of other long chain al-
cohiols, exemplified by lauryl alcohol, are added.

Experiments indicate that “spermol” esters of
alpha and beta hydroxy acids other than tar-
taric are effect:ive additxon agents for lubricat-
ing oils.

The proportions of the addition’ agent which
may be incorporated in lubricating oils may vary
over a considerable range. Measurable improve-

 ments are obtained with as little as 0.1% of the

15
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25.
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ester of an hydroxy acid such as previously de- -

seribed, and the alcohols obtamed from sperm
‘oil. . -

Sperm  oil comprises esters of severa.l long -
chain alcohols and hydrolysis of the oil yields a
mixture of these alcohols together with fatty
acids. The actds and alcohols may be separated
by converting the scids to soaps and separating
the soaps and alcohols by distillation or extrac-
tion with solvents By processés well known in the
art. The mixture of long chain alcohols so ob- -
tained is termed “spermol” in the present speci-
fication. The exact chemical formuiae and rela-
tive proportions of the alcohol ingredients of

35

ester, but it is preferred to add from .5 to 1.5%
by weight of the compound. Because the esters
are expensive ingredients, it is generally not de-
sirable to add more than about 2% to the Iubri-
cants, although as much as 10% or more may
be permissible for various purposes.

The esters of this invention may be utilized in
mineral lubricating oils of all types, and it should
be understood that the term “lubricating oil” in-
ciudes highly naphthenic lubricants such as are
obtained from California crude oils or highly par-
affinic lubricants obiained by solvent refining
processes or from Pennsylvania type crudes.’
ILikewise, the addition agent will be of utility in
oils of widely different viscosities, ranging from
light spindle oils through the usual range of vis-
cosities utilized in ordinary internal combustion -
engines to the highly viscous oils manufactured
for gears or heavy machmery )

The discoveries disclosed hereinabove are ‘uti-
lized in the process of this invention by lubri-
cating ferrous metal surfaces, such as cast iren
on cast iron, moving in frictional contact at low
speeds -relative to each other with a film of lu-
bricating oil and adding an alpha or beta hydroxy
ester of long chain alcohols to the lubricant in

_order to reduce the coefficient of friction..

“spermol” ha.ve not- been ascertained, but it is

said that spérm oil contains. alcohols such as
cetyl and octadecyl in minor proportions and an.
alcohol-of the type of oleyl'in larger proportions. .
1t is to be noted that sperm: “oil is not the equiv-

alent of “spermol,” since the former is-a natu--

rslly-occurring oil and the latter comprises the .
natural mixture of alcohels obtained by hydroly-
sis of the oil.

“Spermol” esters of hydroxy aclds are espe- .

cially effective ‘tor redicing friction between fer-
. rous metal surfaces at low speeds.

In order to illustrate the.effectiveness of the
process and the compositions of this invention, &
series of tests was run in a kinetic oiliness test-.
ing machine of the type disclosed in United States
Patent No. 2,020,565, granted fo Neely et al. No-
vember 12, 1935. The data from these tests are .
shown graphically in the drawing. Attention is
directed to the fact that esters of shorter chain
- alcohols are not effective in reducing friction be-
tween cast iron surfaces at low speeds. ‘This is
111ustrated by the curve showing the coefﬁcient of
friction at.various speedg of an oil containlng
1% diamyl tartrate. -

Esters of: “spermol” -are decidedly supenor to
esters of various other long chain alcohols falling
within ‘the broader scope of the invention. This

fact is illustrated by data showing 5% of “sper-

mol” ta.rtrai):e to be approximi}tely as effective_

o

Q

This process is not merely a mechanical one
but involves chemical or physico-chemical ac-
tion, since the added esters are present in a pro-
.portion so small that they have no appreciable
effect on the viscosity or mcre mechanical ac-
tlon of the lubricant. The reduction of friction
effected by the esters is probably due to their
- chemical action on the metal surfaces being lubri-
cated, although the esters may also act on the
base oil itself in some unknown chemical man-
-ner and thereby contnbute to the improved lubri-
cating action.
~ Specific embodiments of the mventmn have
been described but this has been done by way of

. illustration only and with the intention that the
~scope of the invention should not be limited-

thereby. For example, the generic aspect of this
invention includes highly thickened oils, such as
_castor machine oils containing aluminum naph-
thenate, or other known thickening agents. The

- invention also includes grease compositions con-

a5

-taining soaps of the alkali and/or heavy metals
within its generic.scope. It will be apparent that
-numerous modifications and variations of the il-

. "lustrated examples may be ntilized in the practice
_ of the invention which is of "the scope of the

Cr0

7 ’

following claims.
Iclaim: .

1. A compounded lubncant comprising a hydro-

.carbon lubricating 0il and a small- amount of an

~ organic éster comprising an aliphatic type alco-

is

hol having from approximately-ten to approxi-

- mately thirty carbon atoms in the chain esterified

w1th an hydroxy aliphatic hcid havmg at least
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one hydroxyl group not more than two carbon
-atoms-removed from a carboxyl group of said
acid, the proportion of,
to effectively decrease the coefficient of friction
between 'metal frictional ‘surfaces at low rub-
bing speeds.

2. A’ compounded lubricant comprising a hy-
~drocarbon lubricating oil and a small amount of
‘an organic ester comprising an aliphatic type al-
cohol having from approximately ten to approxi-
mately thirty carbon atoms in the chain esteri-
" fled with an aliphatic acid having an hydroxyl
group in an alpha position with respect to a
carboxyl group thereof, the proportion of sajd
ester keing sufficient to .effectively decrease the

coeflicient of friction between metal frictional
surfaces at low rubbing speeds.

3."A compounded lubricant comprising a hy-

3

alcohol ‘having from axiproximately ten to ap-

" proximately thirty carbon atoms in the chain

aid ester being sufficient

w

esterified with an aliphatic acid having an hy-
droxyl group in a beta position with respect to a
carboxyl group thereof. :

10. A compounded lubricant comprising g hy-
drocarbon lubricating oil and a small. amount of
an organic ester comprising “spermol” esterified .
with an hydroxy saliphatic acid having at least
‘one hydroxy! group not more than two carbon

.atoms removed from a carboxyl group of said

acid, the proportion of said ester being sufficient

-to effectively decrease the coefficient of friction

" between metal frictional surfaces at low rub-

15

-drocarbon lubricating oil and a small amount of .

an organic ester comprising an aliphatic type al-.

cohol having from apprcximately ten to approxi-
mately thirty carbon atoms in the chain esteri-

fied with an alphatic acid having an hydroxyl

group in a beta position with respect. to a car-
boxyl group thereof, the proportion of said ester
being sufiicient -to. effectively decrease the co-
efficient of friction between metal frictional sur-
faces at low rubbing speeds.
4. A compounded lubricant comprising a hy-
) drocarbon lubricating oil and a small amount of
tartronic acid esier of an aliphatic alcohol hav-

20

25
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ing from approximately fen to approximately =

" thirty carbon atoms in the chain, the proportion

of sald ester being sufficient to effectively - de- -

crease the coefficient of friction between metal
frictional surfaces at low rubbing speeds.

5. A compounded lubricant comprising a hy-
drocarbon lubricating oil and a small amount of
& malic acid ester of an aliphatic alcohol hav-

ing irom approximately ten to approximately

thirty carbon atoms in. the chain, the proportion
of said ester being sufficient to effectively de-
crease the coefficient, of friction between metal
frictional surfaces at low rubbing speeds.

8. & compounded lubricant comprising a hy-
drocarbon lubricating oil and a small amount of
8, glycolic acid ester of an aliphatic alcohol hav-
ing from 'approximately ten to.. approximately
thirty carbon atoms;in the chain, the proportion

" of said ester being sufficient to effectively de-'

crease the coefficient of friction between metal
frictional surfaces at low rubbing speeds.
7. A compounded lubricant comprising a hy-

36
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bing speeds.

11, A compounded lubricant ‘comprising a hy-
drocarbon lubricating oil and a small amount of _
an organic ester comprising “spermol” esterifled
with an aliphatic acid having an hydroxyl group
in an alpha position with respect to a carboxyl
group thereof, the proportion of said ester being
sufficient to effectively decrease the coefficient of
friction between metal frictional surfaces at low

‘rubbing speeds.

12. A compounded lubncant comprising a.hy-
drocarbon lubricating oil and a small amount of
an organic ester comprising “spermol” esterified
with an saliphatic acid having an hydroxyl group
in a beta position with respect to a carboxyl
group thereof, the proportion of said ester being -
sufficien to effectively decrease the coefficient of
friction between metal frictional surfaces at low
rubbing speeds.

13. A compounded lubricant comprising a hy- -
drocarbon oil and from . approximately 0.1% to
approximately 10% by weight based on the- oil
of “spermol”™ tartronate. .

.14, A compounded lubricant comprising a hy-
drocarbon oil and from approximately 0.1% to:
approximately 10% by weight based on the oil _
of “spermol” malate. .

. 15. A compounded lubricant comprismg a hy-
drocarbon oil and from approximately 0.1% to -
approximately 10% by weight based on the oil

of a “spermol” ester of glycolic acid. )

16, A compounded lubricating oil comprising a
petroleum lubricating oil and a small amount of

. & neutral ester of an aliphatic alcohol having

from approximately ten to approximately thirty’
carbon atoms in the chain and an aliphatic acid
containing not more than six carbon atoms and

" containing an hydroxyl substituent not more than

drocarbon oil and from approximately 0.1% to _

approximately '10% by weight based on the oil '

of an organic ester comprising an aliphatic type
alcohol. having from approximately. ten to ap-

proximately thirty carbon atoms'in the chain -

gsterified with an hydroxy aliphatic acid having
at least one hydroxyl group not more than two

carbon atoms’ removed from a carboxyl group'

‘of said acid.

8. A compounded lubricant compnsing a hy-'

drocarbon oil and ironi approximately 0.1% to
approximately 10% by weight based on the ‘oil
of an organic ester comprising ah aliphatic type
alcchol having from™ approximately ten to ap-

two carbon atoms removed from a carboxyl group
of the acid, the proportion of said ester being suf-
ficient to effectively decrease the coefficient of

friction between metal frictional surfaces at low

Tubbing speeds.

17. A compounded lubricating oil comprising a
petroleum lubricating oil and a small amount of
& neutral ester of an aliphatic alcohol having
from approximately ten to approximately thirty
carbon atoms in the chain and an alpha hydroxy
aliphatic acid containing not more than six car-

- bon atoms, the proportion of said ester being suf-

ficient to effectively decrease the coefficient of
friction between metal frictional surfaces at low

" rubbing speeds.

proximately thirty carbon atoms in the chain -
~ esterified- with an aliphatic. acid having an ‘hy- .~

droxyl group in-an alpha. ppsxtion with respect
to & carboxyl group thereof.

9. A compounded lubricant’ comprising a hY-l
‘drocarbon oil and from approximately 0.1% to

approximately 10% by weight based on the oil
of an organic ester comprising an aliphatic type

70

18. A compounded lubricating oil comprising a
petroleum: lubricating oil and a small amount of
8 neutral ester of an aliphatic alcohol having
from approximately ten to approximately thirty -

" carbon atoms in the chain and a beta hydroxy

aliphatic acid containing not more than six car-

" bon atoms, the proportion of said ester being suf-

(]

ficient to effectively decrease- the coefficient of




4.

19. A compt;unded lubﬁcating oil

a petroleufn lubricating oil and a neutral ester

of “spermol” and an aliphatic acid-containing &

not more than six carbon atoms and.containing.
an hydroxyl substituent not more than two car-
bon stoms removed from & ¢arboxyl group of the
acid, the proportion of said ester being sufficient
_to effectively decrease the coefficient of friction

speeds. ) o - -
°20. A compounded lubricant comprising a hy--
drocarbon lubricating oil and a small ®mount of

10
between metal frictional surfaces at low. rubbing

2,370,399

an organic ester comprising sn aliphatic poly-
carboxylic acid having an hydroxyl group not
_more than {wo carbon atoms removed from &
carboxyl group of-the acid, said acid being esteri-
fied with “spermol,” the proportion of said ester
being suficient to effectively’ decrease the coel-
ficient of friction between metal frictional sur- -
faces at low rubbing speéds. - o

26.- A: compounded lubricant comprising & hy- -
drocarbon lubricating oil and & small amount of *:
an organic ester comprising an aliphatic poly-
carboxylic acid having an hydroxyl group in an
alphapositionwithrespecttoatleutone'otthe
said carboxyl groups, said acid being esterified

.an organic ester comprising ‘an aliphatic poly-- 18 with “spermol,” the proportion of said ester being

carboxylic- acid -having an hydroxyl group not.
more than two carbon atoms removed from a car-
boxyl group of the acid, said acid being esterifled
_ with an aliphatic alcohol having from approxi-

sufficient to effectively decrease the- coeflicient
of friction between metal frictional surfaces at
low rubbing speeds. :

27. A compounded lubricant comprising & hy-

mately ten to approximately thirty carbon stoms 20 drocarbon lubricating oil and & small amount of

ini the chain, the proportion of said ester being:

sufficient to effectively decrease the coefficient.of «

friction between metal frictionsl surfaces at low
- rubhing speeds. ; ’ -

an organic ester comprising an aliphatic, poly-
carboxylic acid having an hydroxyl group in a

- beta position Wwith respect to at least one of the

_said” carboxyl groups, said acid being esterifiec

21. A compounded lubricant comprising a hy- .26 with “spermol,” the proportion of said ester being

drocarbon lubricating -oil and a small amount of
an organic estéer comprising an aliphatic poly-
_ carboxylic acid having an hydroxyl group in -an
alpha position with respect to at least one of
the said carboxyl groups, said acid being esteri-
fied with an aliphatic alcohol having from ap-
proximately ten to approximately thirly carbon
atoms in the chain, the proportion of said ester
being sufficient to effectively decrease the coef-
ficient of friction between metal frictional sur-
faces at low rubbing speeds. : .

,22. A compounded lubricant comprising & hy-
drocarbon lubricating oil and & small amount of

an organic ester comprising an aliphatic poly- -

carboxylic acid having an hydroxyl group in &
beta position with respect to at least one of the

said carboxyl groups, said acid being esterified .
with an aliphatic alcohol having from ‘approxi-

mately ten to approximately thirty carbon atoms . group not more than two carbon atoms removed

in the chain, the proportion of said ester being
sufficient to effectively decrease the coefficient of
friction between metal frictional surfaces at low
rubbing speeds. -

23. A compounded lubricant comprising a hy- g

drocarbon lubricating oil and & small amount of
an organic ester comprising an aliphatic poly-
- carboxylic polyhydroxy acid having at least one
hydroxyl substituent not more than {wo carbon

" sufficient” to effectively -decrease the coefMcient

of friction between metal frictional surfaces at
low rubbing speeds.

. 28. A compo _;d’lubnunteou_nprmaahy-

0 drocarbonlubrlce.tinzoﬂandamo_.uamonntof )

an organic ester comprisihg an aliphatic poly-
carboxylic polyhydroxy acid having an hydroxyl -
substituent not more than two carbon atoms re-
moved from a carboxyl group of the acid, said

35 acid being esterified with “spermol,” the propor-

tion of said ester being suicient to effectively de-
crease the coefficient of friction between metal

. {rictionsl surfaces at low rubbing speeds.

29. A compounded lubricant comprising & hy-
drocarbon lubricating oil and from approximately
0.1% to approximately 10% by weight based on ~
the ofl of an.organic ester comprising an ali-
phatic polycarboxylic acid having an hydroxyl

from g carboxyl group of the acid, sald acid being
esterified with an aliphatic alcohol having from
approximately ten to approximately thirty.car-
bon atoms in the chain. . - )

30. A compounded lubricant comprising a hy-
drocarbon lubricating oil and from approximately
0.1% to approximately 10% by weight based on
the oil -of an organic ester comprising an ali-
phatic polycarboxylic acid having an hydroxy!

atoms removed from-a carboxyl group of~the Lo oroup in an alpha position with respect to at

acid, said acid being esterfled with an aliphatic
alcohol having from approximately ten to ap-
proximately thirty carbon atoms in the chain,
the proportion of said ester being sufficient {0

least one of the said carboxyl groups, said acid
_being esterified. with an aliphatic alcohol hav-

_ing from approximately ten.to approximately

thirty carbon atoms in the chain.

effectively decrease the coeflicient of friction be-. e« ~31 A compounded Iubricant mm . hy-'

. tween metal frictional surfaces at lowrubbing

LAY

_ @jtwmpamdéd ubricant comprising & hy-’
"' drocarbon lubricating

g oil and a small amount of |
- an organlcesteroomprlsinsapobh!mvﬂl-.“
‘phatic polycarboxylic acid having at least one -

hydroxyl group not more than two carbon, atoms
removed trogxiaeirboxylgmupthenot,nidsdd

‘being esterified with an aliphstic alcohol having -

from approximately ten to approximately thirty
_ carbon atoms n the chain, the
ester being sufficient to effectively decresse the
- coefficient of friction between

. surfaces at low rubbing speeds. s

25, A-compounded lubricant comprising a hy

_ the oil of an
- -phatic
group

" being

otnid"h

-drocarbon lubricating oil and from approximately
0.1% to approximately 10% by weight based on
organic ester comprising an ali-
polycarboxylic acid. having an_hydroxyl

. beta position with respect to at
least one of the said carboxyl groups, said acid
esterified with sn aliphatic alcobol hav-
from spproximately ten

ing

E

: x -_"pl_nﬁq,pplyw})oxy]ﬁ_ ) ]
dmcarbmlubduﬂz;oﬂmdsunanmat'_"anhyd!ml mh-ﬂtpmtmtmthnmw-
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bon atoms removed from a carboxyl group of the
acid, said acid being esterified with an aliphatic

alcohol having from approximately ten to ap-.

proximately thirty carbon atoms in the chain.

33. A compounded lubricant comprising a hy-
drocarbon lubricating oil and from approximately
0.1% to approximately 10% by weight based on
the oil of an organic ester comprising a poly-
hydroxy aliphatic polycarboxylic acid having at
least one hydroxyl group not more than two car-
bon atoms removed from a carboxyl group there-
of, said acid being esterified with ar aliphatic al-
cohol having from approximately ten to approx-
imately thirty carbon atoms in the chain.

34. A compounded lubricating oil comprising
a petroleum lubricating oil and a small amount
of a neutral ester of an aliphatic alcohol having
from approximately ten to approximately thirty
carbon atoms in the chain and an aliphatic poly-

‘earboxylic acid containing not more than three
“carboxyl groups and not more than six carbon
atoms and containing an hydroxyl substituent’

not more than two carbon atoms removed from

- a carboxyl group of the acid, the proportion of

said ester being sufficient to effectively decrease

the coefficient of friction between metal frxc-'

tional surfaces at low rubbing speeds. .
35. A compounded lubricating oil comprising

a petroleum lubricating oil and a small amount -

of a neutral ester of an aliphatic alcohol having
from approximately ten to approximately thirty

5

10

5

carbon atoms in the chain and an alpha hydroxy
aliphatic polycarboxylic acid containing not more
than three carboxyl groups and not more than
six carbon atoms, the proportion of said ester
being sufficient to effectively decrease the coef-
ficlent of friction between- metal frictional sur-
faces at low rubbing speeds.

36. A .compounded lubricating oil comprising
a petroleum lubricating oil and a small amount
of a neutral ester of an aliphatic alcohol having
from approximately ten to approximately thirty

" carbon atoms in the chain. and a beta, hydroxy

15

20

30

aliphatic polycarboxylic-acid containing not more
than three carboxyl groups and not more than
six’ carbon atoms, the proportion of said ester
being sufficient to effectively decrease the coef-
ficient of friction between metal frictional sur-
faces at low rubbing speeds.

37. ‘A compounded lubricating oil comprising a
petroleum lubricating oil and a small amount of
a neutral ester of “spermol” and an. aliphatic
polycarboxylic acid containing not more than

three carboxyl groups and not more than six

carbon atoms and containing an hydroxyl sub-

5 stituent not more than two carbon atorms removed

from a carboxyl group of the acid, the proportion
of said ester being sufficient to effectively de-
crease the coefficient of friction between metal
frictional surfaces at low rubbing speeds.

BRUCE B. FARRINGTON.




