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This invention relates to superior lubricating
materials, and more particularly to. improved
non-hydrocarbon lubricants.

Mineral oil lubricants, such as those made from
paraffin base petroleum oils or naphthenic base
petroleum oils, are useful for most lubricating
purposes when the conditions to which said lubri-
cants are subjected are relatively mild. However,
lubricants of petroleum origin are lirnited in their
utility by certain inherent characteristics. - For
example, especially when employed for aviation
purposes, 8 lubricant is often subjected to wide
temperature variations, such as hot ground tem-
peratures and the extremely cold temperatures
encountered at high altitudes, for instance at
about 10,000 to 20,000 feet elevation. Under
these conditions, the ordinary mineral oil base
lubricants fail to function properly, either being
too fluld when warm, or too stiff when cold.

The tendency of mineral oils to oxidize rapidly,
especially in the presence of certain metallic sub-
stances such as copper, iron oxide, ete., is well-
known. While the gddition of anti-oxidants cor-
rects this adverse feature to a limited extent, in
many instances mineral oil lubricants are un-
satisfactory, due to sludge and gum formation,
both of which are results of oxidation reactions:

Certain non-hydrocarbon substances of syn-
thetic origin have been used for specialized lubri-
cation purposes. ' For example, polymeric al-
kylene oxides, such as polymerized propylene ox-
ide, have been used for lubricating purposes.
Other similar polymers have found restricted use
as substitutes for mineral oil lubricants. Many
of these have hydroxyl or alkoxyl end-groups on

one or both ends of the polymeric chain. These

various liquid polymeric lubricants have one or
more properties which make their substitution for
mineral oil advantageous for certain lubrication
purposes. For example, the viscosity indices of
many of them are relatively high, in comparison
with those of mineral oils, and for this reason
operate over a comparatively wide temperature
range. However, due to the free hydroxyls or
loosely bound terminal alkoxyl groups, the syn-
thetic lubricants are usually unsatisfactory for
many purposes, since they are unstable towards
oxidizing influences, change their characteristies
relatively rapidly during engine use, volatilize at
relatively low temperatures, absorb water from
the surrounding atmosphere, ete.

It is an object of this invention to provide im-
proved non-mineral oil lubricants. It is another
object of this invention to provide a non-~-petro-
leum base lubricant having improved resistance

(CL 252—51. 5)

' 1:0 oxidation It is a third object of this inven-
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tion to provide a process for preparing non-hy-
drocarbon lubricants having substantially no abil-
ity to absorb water. It is still another object of

. this invention to provide new lubricants which

are thermally stable. Other objects will be ob-
vious from the following description of the pres-~
ent invention.

Now, in- accordance wth this invention, it has
been found that liquid polymers having repeating
structural units of the general conﬁguratlon

Lo_p)_
o/
wherein R is any organic radical (especially a
hydrocarbon radical) form unexpectedly superior
lubricating" compositions when at least one of
the end-groups of each polymer chain is an amino
radical. +Thus, the general formula of the lubri-

cants of the present invention is
s Lo x
x—-r-Lo
N /»

wherein R is'an organic radical (preferably a hy-
drocarbon radical), n i8 an integer, and at least
one of the X’s is an amino (including substituted
amino). group and the other is a group such as
a hydroxyl, etheér or ester group. - Lubricants Hav-
ing the above configuration have unexpectedly
high . resistance to oxidation, respond to & much
greater extent to inhibitors than if the amino
group is absent, and exhibit superior charscter-~
istics when used as engine lubricants.

Lubricants having the above configuration are
derived; for example, from the polymers and co=
polymers of alkylene oxides and alkylene glycols
which have the general formula.

£ o)
"L 0-rY0H
N .
wherein 7 is an integer and R is any orgamc
preferably hydrocarbon, radical,
Polymers having the above configuration are
generally prepared from alkylene oxides, such as
those having the general formula

: R-—E'\ :
%
4

wherem the R’s are hydrogens or organic radi-

cals, particularly hydrocarbon radicals.
~Alkylene oxides which form such polymers in-

cl'udefethylene oxide, propylene oxide, 1,2-butyl-
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éne oxide, 2,3-butylene oxide, isobutylene oxide,
tetramethylethylene oxide, n-hexylethylene oxide,
methylphenylethylene oxide, cyclohexene oxide,
methylcyclohexene oxide, 1,2-cetene oxide; and
other substances containing the epoxide.linkage
such as‘epichlorghydrin epibromohydrine, and
glyeides such as glycidol and 1,2-epoxybutanol-

2, and glycidyl ethers such as glycidyl isopropyl -

ether, as well as derivatives and polymerizable
homologs and analogs of the above substances.

Copolymers of the alkylene oxides include the
copolymers of ethylene oxide and propylene
oxide; the copolymers of ethylene oxide and iso-
butylene oxide; the copolymers:of propylene oxide.
and epichlorohydrin; the copolymers of propyl-
ene oxide and 1,2-butylene oxide; the copoly-.
mers of propylene oxide and glycidol and the co-
polymers of propylene oxide and isobutylene
oxide.

Giycols forming polyfers which may be im-
proved according -to. the present invention in-
clude those: derived from ethylene glycol» and
having the general formula . Lo Lo

H—(o——é—él—mz{

wherem 8 is. an mteger and the free carbon
valences are satisfied with hydrogens or organic
radicals. Preferably s is a whole number from
1.to 10, and still.more preferably from 1 to 4.
While. the carbon constituents may be hydrogen
or any organic radical, it is preferred that each

_o_é é_

group have at least 2 hydrogen substltuents, the
balance being hydrocarbon, preferably: alkyl,
radicals. When s is I, such glycols: include eth-
ylene glycol propylene glycol, butylene glycol,
etc. When s is more than 1, the glycols include
diethylene glycol, triethylene glycol, tetraeth-
vlene glycol, pentaethylene glycol, and the cor-
responding propylene, butylene, etc. glycols.
When s is more than .1, mixed glycols useful in
the present invention include ethylene propylene
glycol, diethylene :propylene glycol, diethylene
dipropylene glycol, etc. as well as their: sub-
stituted derivatives, and polymerizable homologs
and analogs.
- 'The glycols having the general conﬂguration

Lo b N e
B0 <|:<:: (IE/‘OH

wherein tis an 1nteger and the unsatisfied earbon
valences carry -hydrogen atoms or organic sub-
stituents, are all derived theoretically fromr tri-
methylene glycol.. Hence, glyeols of the above
configuration will be referred to herein as the
trimethylene glycols. When ¢ is 1, the trimeth-
ylene glycols have the general formula

| H,;;(_i“;)‘og

Preferably, R: and R in the dbove formula are
hydrogens. In such case, the polymers are
formed from trimethylene glycol itself. If Ra
and/or Rz are not hydrogens, they may be or-
ganic radicals such as alkyl, aralkyl, aryl, etc.,
radicals. Preferably if they are not hydrogens,
they are hydrocarbon radicals, especially sat-
urated lower aliphatic hydrocarbon radicals, but
may also be groups which contain olefinic or
acetylenic linkages. - Typical of the trimethylene
alkyl substituted glycols are the methylated tri-

<

4

methylene glycols, including 1-methyl-1,3-pro-
panediol; 2-methyl-1,3-propanediol; 1,l-dimeth-
y1-1,3 - propanediol; 1,2-dimethyl-1i,3-propane-
diol; 1,3-dimethylpropane-1,3-diol; 2,2-dimeth-
ylpropane - 1,3-diol; 1,1,2-trimethylpropane-1,3~-
diol; 1,1,3:trimethylpropane-1,3-diol; 1,2,2-tri-
methylplopane 1,3-diol; 1,2,3-trimethylpropane-

- 1,3 - diol; 1,1,2,2 - tetramethylpropane-1,3-diol;
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‘tetramethylpropane - 1,3-diol;
. methylpropane-1,3-diol;

ete., radicals, as well as their isoiners.

1,1,3,3 - tetramethylpropane - 1,3~diol; 1,2,3,3-
1,1,2,2,3-penta-
1,1,2,3,3-pentamethyl-
propane-1,3-diol; and hexamethylpropane-1,3-
diol.

In place of the methyl groups other alkyl
groups may be utilized, such as ethyl, propyl,
butyl, amyl, hexyl, heptyl, octyl, nonyl, decyl,
Prefer-
ably, when alkyl groups are the substituents Ri

‘and/or Re, they have from 1 to 10 carbon atoms,

and still more preferably from 1 to 5. It will be
understood that Rr and Re may be similar or dis-
similar; groups. Thus, when expanding the gen-
eral formula given hereinbefore to its indicated
number of carbon atoms, it then becomes
Ry Ry Ry
HO—(JJ—(IJ—‘J‘}——OH
7 R

wherein Ra through Ra are either hydrogen a,toms
or similar eor dissimilar-organic (especially hy-
drocarpon) radicals. Those derivatives of tri~-
methylene glycol, other than trimethylene glycol
itself, which: give the most satisfactory polymers
for general use have either one or two of the
R’s as lower alkyl groups. Thus, 2-methyl-1,3=
propanediol and 2,2-dimethyl-1,3-propanediol,
form excellent polymers when' treated according
to ‘the ‘method of the present invention.

Other. lower alkyl substituted trimethylene
glycols which polymerize readily are 1-methyl-2-
ethyl-1,3~-propanediol; 2-methyl-2-ethylpropane-
1,3-diol; 1-methyl-3-ethyl-1,3-propanediol; 2-
methyl -~ 2-butytl-1,2-propanediol; 2-methyl-3-
butyl-1,3-propanediol; and the homologs, analogs
and derivatives of the same.

Cycloaliphatic radicdls may be one or more of

the: substituents represented by R3: to Rz in the
above general formula. Thus, R3 through Rs may
be such radicals as cyelohexyl, methyleyclohexyl,
dimethyleyelohexyl, ethyleyclohexyl, etc. How-
ever, open-chain alkl substituents give polymers
having preferred: properties.
.The polymers have somewhat different prop-
erties if the frimethylene glycol derivative con-
taing other active groups, such as additional hy-
droxyls, or carboxyls, carbonyls, or elements such
as halogens, sulfur, nitrogen, phosphorus, sele-
nium, tellurium, ete.

- While the polymers formed may be prepared
from trimethylene glycol alone, or from a single
trimethylene glycol derivative, copolymers also
may be prepared in erder to vary to a certain
degree the properties of the polymeric lubricant
for a particular purpose.  'Thus, trimethylene gly-
col may be copolymerized with trimethylene gly-
eol derivatives, or fwo-or more trimethylene glycol
derivatives may be copolymerized. While any
proportions of the monomers may be employed
in preparing the copolymeric materials, copoly-
mers having -greater than about 10 parts of one
monomer to 1 part of the other: (or others) stiow
no: substantial difference in properties from a
polymer prepared from the: first. monamer alone.
‘Therefore, it is a preferred practice, when pre-
paring ._.copolymers . to. use  proporfions . of
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“monomers from: gbout 10:1;and.about..1:1....Co-
polymers having monomer; ratios. of:.5:1 and. of
6:4 as well as 1:1 show well, defined differences, in
properties from polymers prepared from any
single monomer. . R
‘When ¢ in the general formule

-. : H—\ —_ —-J}—(g)_.oﬁ

is more than 1, it preferably is from 2 to 5, but
may be from 2- to 10 or:even higher. ' Such 'glycols
are the dimers,”trimérs,:ete:,; of ‘the monomeric
trimethylene glycols. They include the lower
polymers of single trimethylene glycols or: the
lower copolymers -of ‘mized trimethylensd- glycols

Other glycols froin which polymers of* the
present invention may be prepared have the gen-

[ ( é_H_OH

wherem z is an 1nteger, y.is.an integer greater
than 5 and the R substituents attached to y car-
bong are hydrogens-or organic radieals; particu-
larly hydrocarbon radicals.. .Preferably z is an
integer less than 10,:and more.preferably:is an
integer from 1 -to 4. :Actually, when z:is more
than 1, the glycol is a-dimer, trimer, ete.;, of the
corresponding monomeric . glycol. The: :poly-
methylene glycols polymerizing. most readily are
those in which ¥ is an integer from 6 to 20.

.Monomeric, unsubstituted glycols falling:with-
in the above formula include: hexanediol-1,6;
heptanediol-1,7; octanediol-1,8; nonanediol-1,9;
decanediol-1,10;. dodecanediol-1,12; - and poly-
merizable homologs, analogs and derlvatives of
the same.

The above :glycols are those 1n Wh1ch all of
the R substituents atbached to the y-carbons are
hydrogens. - When R’s other than hydrogens are
present, they may be hydrocarbon radicals, such
as aliphatie, aromatic, or alieyclic hydrocarbon
radicals,” or radicals- containing” non-hydrocar-
bon members, such ag hydroxyl, carboxyl, or
carbonyl groups, or: sulfur, selenitim, ‘tellurium,
phosphorus or nitrogen atoms. : Preferably, ‘how-
ever, any organic radicals attached to the: glycol
are hydrocarbon . radicals.”*'Of thése, the ali-
phatic hydrocarbons: are” preferred, -and the
saturated lower aliphatic radicals give the most
versatile polymeric lubricants. Hence, the pre-
ferred R’s, other than hydrogen, are the lower
alkyl groups, such as methyl, ethyl, propyl, iso~
propyl, butyl, see butyl, tert butyl, amyl, isoamyl,
hexyl, ete., groups. - Again, evéen when R's other
than hydrogen are present, it is preferred that
the monomeric glycol contain a preponderance
of hydrogen substituent R’s. -'The most reactive
glycols are those in which less than 4 R’s are
other than hydrogen, and the greatest reactivity
is possessed by those havmg 2 or less R’s which
are organic radicals.

Glycols which fall within the abéve classifica-
tion include 1,6- heptanediol; 1,6~ octanediol; 1,6~
nonanediol; .1,7-dodecanediol;. - 1,8- nonaneohol
1,8- decanedml 1,8-dodecanediol;, 1, 9- decanedlol
1,9 - dodecanediol; 1,10 - dodecanedlol 2,7-0c=
tanedlol 2,7- nonanedlol' 2,7- decanedlol 2,7~
dodecanediol; 2,8 - nonanediol; 2,8 - decanediol;
2,8 - dodecanediol; 2,9 - decanediol; 2,9 - dodec-
anediol; 2,3 - dlmethyl 1,6 - hexanedml 2,4 - di-
methyl-1,6-hexanediol; 2,5 - dimethyl- 1 ,6 - hex-
anediol; 2,2 - dimethyl-1,6 - hexanediol 3,3 - di~
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methyl-1,6-hexanediol; 4,4 - dimethyl-1,6 - Hex
anediol; 5,5-dimethyl-1,6-hexanediol; . 2-methyl-
3-ethyl-1,7-heptanediol; 2-ethyl-3-methyl:~ 1,7+
heptanediol; . 3,3 - diethyl-1,7 - heptanediol; 3,4~
diisopropyl-1,8-octanediol;: etc., and their ‘poly-
merizable homologs; analogs.and derivatives,:.
The lubricants: ofthe present invention may
be derived from polymers of one or.more glycols
of the above type, or are copolymers: .of: one:or
more - glycols of the. above type :with alkylene
glycels wherein: the. glycollic: hydroxyls are:sepa-
rated by either 2 or 3 carbon atoms.: ‘These two
]atter classes of glycols have the genera] formula

[ é g FIN T

N [ /H.Jm _
wherein m is'an 1nteger and z is an mteger less‘
than 3. Thus, when « and m are 1, the general
formula becomes that of an ethylene glycol de-~
rivative: : . g

,Té_oa»

—C—0H " REEN S

| AT

wherein the remaining valences are satisfied

with hydrogens and/or organic radicals. When

m is 1 and x is 2 the general formula becomes
that of a tr1methy1ene glycol derlvatlve o

|

wherein ‘the: remaining valences' are: satisfied:
with hydrogens and/or organic radicals... When
m in the above general formula is 1, the glycols.
are monomers. However, the  polymers,  and
especially the lower polymers such as'the dimers;
trimers, tetramers; etc., of the ethylene iglycols
and trimethylene glycols readily. polymerize with’
polymethylene glycols having more than 5 car-
bon atoms separating the glycollic hydroxyls.
/The polymers and copolymers ‘described ahove:
may -be expressed in a single: general formula
having the essentlal conﬁguration ‘

LN T 70N T
(I: \Jlj/z_l_lm-lL \(::/JJ

wherein m and 7' are 1ntegers 2'is an 1ntege1
less than 3, and y is an integer greater than 5,
the free valences bemg elther hydrogens ‘or
orgahic substitutes. L

In agecordance with one phase of the present
invention, the stable Iubricants of the present_
invention may be prepared by reaction of ‘the
end groups of said polymers, either during or
subsequent to polymenzatwn with ammonia, or
an amine.

The amines useful for the preparatlon of the"_
stable polymers of the present invention are: prx-"
mary or secondary amines of ahphatw aromatlc
or aliphatic-aromatic conﬂguratmns . ‘

Primary aliphatic amines are one of the pre-‘
ferred classes useful in formmg the stable lubri-
cants of the present 1nvent10n These have the,
general formula o

Rl—NHz

wherem R: is an alkyl group Wh1le R1 may be
an alkyl group having any ' number of. earbon
atoms, those having. the greatest stabilizing ac-
tion on the subject Iubricants have from 3 to: 15

carbon atoms; and optimum results are obtained
when R is an alkyl group containing from 3:t0.8:
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¢arbon atoms. Thus, this latter optimum group
is represented by propylamine, isopropylamine,
butylamine, sec-butylamine, . tert-butylamine,
amylamine, iscamylamine, hexylamines, heptyl-
amines and octylamines. : :

Other members of the preferred group include
higher primary aliphatic amines include decyl-
amine, dodecylamine, ete. The primary ali-
phatic amines may be regarded as hydrocarbons
having a —NH: group replacing one of the
hydrogens attached to a carbon atom. Thus, the
preferred group of amines also includes, among
others, 2-aminobutane, 2- or 3-aminopentans,
2-, 8-, or 4-aminoheptane, 2-, 3-, 4-, or 5-amin-
octane, etc. Other branched primary amines in-
clude 2-ethylhexylamine, 3-ethylhexylamine,
4-gthylhexylamine, 2-methylheptylamine, and
their analogs and homologs.

Another preferred group of amines useful for
the preparation of the stable lubricants of the
present invention are the secondary aliphatic
amines. These include amines having similar
or dissimilar alkyl groups, and have the general
formula

H

Ry—N—Rsg"
wherein R: and Rg gre alkyl groups. It is pre-
ferred that R: and Rz be similar alkyl groups,
each having from 3 to 15 carbon atoms, and
optimum results are obtained when the alkyl
groups each have from 3 to 8 carbon atoms.
Thus, the optimum group includes dipropyl-
amine, diisopropylamine, dibutylamine, di-sec-

butylamine, di-tert-butylamine, diamylamines,
dihexylamines, diheptylamines and dioctyl-
amines.

Mixed secondary aliphatic amines include
methylaminoethane, 1- or 2-methylaminopro-
pane, l- or 2-ethylaminobutane, 1-, 2- or 3~
isopropylamiriopentane, etec. :

Aromatic amines of either primary or second-
ary configuration may be employed in the pro-
duction of the stable lubricants deseribed herein.
Thus aniline and naphthylamine, as well as
derivatives thereof, react with the subject poly-
mers to form stable lubricants. The amines de-
seribed above may contain other groups or ele-
ments other than hydrocarbons. Other sub-
stituents which may be present include acyl and
hydroxyl groups, as well as sulfur, selenium, or
tellurium. Thus, .aminophenols and aliphatic
hydroxylamines may be employed according to
the present invention:

When alkylene oxides are the monomers from
which the stable lubricants of present invention
are prepared, it is a preferred practice to add
an amine to the polymerization reaction mix-
ture, thus allowing the amine to form end-groups
of the polymer chains substantially as they are
formed.

Alkylene oxides may be polymerized by heat-
ing the monomer at temperatures from ahout
25° C. to about 175° €. (preferably 35° C. to 150°
C.) in the presence of catalysts such as alkali
metal hydroxides, aluminum chloride, boron tri-
fiuoride, or salts such as stannic chloride. Inert
diluents, such as hydrocarbons or chlorinated
hydrocarbons are preferably present to promote
uniformity of reaction, and provide temperature
control.

The various samines described hereinbefore
may be added to the above reaction mixture con-
talning & monomieric alkylene oxide, 4 catalyst
and, optionally, a diluent. Depending uipon the
constituents snd the reaction conditions the re-

10

15

20

25

30

35

40

45

60

65

70

75

8

action may be conducted in liquid, emulsion of
gaseous phases or in more than one of such
phases. Ammonis and the more volatile amines,
sueh as methylamine, ete., may be used especially
when polymerization is conducted in the gas
phase. The higher boiling amines are more
properly used when the polymerization is car-
ried out in an emulsion or solution state. How-
ever, especially when the polymerization is car-
ried out in an autoclave or other closed system
the gaseous or low bhoiling amines likewise may
be used in an emulsion or solution polymeriza-
tion.

The alkylene glycols are polymerized under
somewhat different conditions. 'The monomeric
(or dimer, trimer, ete.,) glycol is heated at a
temperature from about 150-250° C. (preferably
176-225° C.) in the presence of a dehydration
catalyst, such as sulfuric acid, phosphoric acid,
iodine, hydrogen iodide, etc., under conditions
whereby the water formed during the reaction
is substantially continuously removed from the
polymerization zone. Preferably, a diluent is
used during the polymerization, since it can aid
in the control of the reac¢tion and form an azeo-
trope with the water of polymerization, thus
facilitating the removal thereof.

While an amine may be added to the alkylene
glycol polymerization system, preferably the end-
group conversion is effected subsequent to poly-
merization. Likewise, polymers of alkylene
oxides may be treated with an amine subsequent
to (instead of during) polymerization. In carry-
ing out the reaction, the amine and polymer are
heated in the presence of a dehydration catalyst,
preferably in the presence of a solvent.

In carrying out the end-group conversion
either during or subsequent to polymerization,
enough of the amine is added to replace one or
more of the end-groups of each polymer chain.
While one or both end group hydroxyls of some
chains may be completely replaced by an amino
(including substituted amino) group, as little as
29, conversion of the end-group hydroxyls to
amines in any single product has been found to
provide lubricants Having excellent stability and
superior lubricating properties.. These lower
proportions 6f amino groups may be formed by
diluting the amino-gubstituted product with
non-substituted material or by other methods.

The lubricants of the present invention con-
tain polymers which have the general formiula

X

TN\
Rl 0—R
R A
wherein R is any organie radical, n 18 an integer
and at least one of the X’s Is an amino (including
substituted amino) end-group, the remainder
being @ hydroxyl, ester or ether group. Thus,
when both end-groups have been completely
converted, the polymer has the general formula

R /:ﬁ 3
\N—R{O—R> N\
Ry " Ry

wherein R is atiy organic radieal, Ri, Rs, R
and Rs are hydrogen radicals or substituents
sueh as aliphatic or aromatic radieals, and »
is-an integer.

As indicated in the preceding paragraph, those
end-groups not converted with amines may be
in the form of hydroxzyls or converted hydroxyls.
Thus the polymers may be treated with etherify-
ing agerits or esterifying agents either during
or subsequent to polymerization in order to effect
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partial conversion to ether or'ester end-groups.
Futhermore, subsequent. to the.introduction of

aming end-groups, the bolymers may be freated.

with acids to form amine salts.
The lubricants - comprising polymers of the

alkylene - oxides cor alkylene. :glycols containing

amino end-groups are highly resistant tooxida-
tion and have-a superior response ‘to oxidation in-
hibitors, as compared with lubricating polymers
having no amino end-groups. The subject lubri~
cants may contain additives further modifying
their properties, including anticorrosion agents

such as organic acid materials which form water="

insoluble metallic salts, extreme pressure:agents
such as chlorinated hydrocarbons and hydroxy-
alkyl sulfides and disulfides, viscosity index im-
provers, pour-point depressants and oxidation in-
hibitors such as substituted aromatic amines,
phenols, and amino phenols. Likewise, soaps or
other gelling agents may be added thersto for the
formation of greases.

The following examples are presented to illus-
trate the preparation and stability properties
of the Iubricants of the present invention:

EXAMPLE I

One hundred parts glycidyl isopropyl ether was
mixed with 315 parts isopentane and 5.4 parts
di-isopropylamine. Sixteen and one-half parts
borentrifiuoride-ether complex was added slowly
under reflux (30° C.). After one hour the mix-
ture was washed with water and heated at 100°
C. under reduced pressure. An 87% yield of a
polymer was recovered having the following
properties:

Molecular weight .o M3
Centipoises viscosity gt 100° F___________ 100.5
Centipoises viscosity at 212° F_ oo 10.34
Viscosity index_ .. 91
Nitrogen content.____________. per cent.. 0.15

For comparison, a similar polymer was pre-
pared, omitting the di-isopropylamine. The lat-
ter polymer had the following properties:

Molecular weight_ ..o 785

Centipoises viscosity at 100° P____________ 103.5

Centipoises viscosity at 212° ¥____________ 107

Viseosity index_ e 94
EXAMPLE I

The polymerization of glycidyl isopropyl ether
was carried out as described in Example I, ex-
cept that phenyl-alpha-naphthylamine was
added to the polymerization reaction mixture in-
stead of di-isopropylamine. Seventy-five grams
of the resulting polymer, containing phenyl-
alpha-naphthylamine end-groups, was subjected

to oxidation by bubbling oxygen therethrough at -

140° C. Tt required 19 hours for the polymer to
absorb 1800 cc. oxygen.

EXAMPLE @I

- To a solution of 42 parts propylene oxide in
100 parts isopentane, 0.55 part of boron-trifluo-
ride-ether complex was slowly added at the re-
flux temperature of the isopentane. After stand-
ing one hour, an equal volume of wafter was
added to destroy the catalyst. The polymer was
recovered by distilling off the isopentane, and
moisture was removed by heating at 100° C. un-
der 2 mm. of mercury pressure. The polymeriza-
tion was repeated, 5.4 parts di-isopropylamine
being added to the reaction mixture prior to the
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addition of borontrifiuoride. The products had
the following propertiés: =~

. Hydroxyl | Di-isopropyl-
5" ~End- amino End-
Groups Groups.
Centipoises Viscosity, 100°F____________ 65.2 . 19.5
Centipoises Viscosity, 212°. F_. 4 8.61 3.7
Viscosity Index. ucoocooolcisw L 112 S B0
](wl’ou.r Point, . 40 | -4

o EXAMPLE IV

The oxidation stabilities of the two polymers
1 g«prep‘émred as described’ in"Example ITT were tested
in the presence of 1.5% phenyl-alpha-naphthyl-
amine. Seventy-five gram samples were heated
at 150° C. in the presence of one sq. cm. copper
per gram of oil, at an initial oxygen pressure of
50 1bs. p. s. i. 'Table I balow gives the time re-
quired for the oxygen pressure to decrease 10 lbs.
p. s. 1. and 20 Ibs. p. s. i., as well as the time at
which the rate of oxidation increased beyond the
initial rate (the induction period).

20

25 Table I
Hydroxyl | Di-isopropyl-
Polymer End- aminopElgg-
Groups Groups

30 Time for pressure to drop 10 p. 8. i-—..._ 29
Time for pressure to drop 20 p. s. i ___ 3214
28

Induction period

27
56
100

EXAMPLE V

35  The two polymers prepared as described in FEx-
ample I were subjected to the oxidation test de-
scribed in Example IV. 1.5% phenyl-alpha-~
naphthylamine being added to each polymer

prior to the test. The results are given in Table
40 11, below:
TABLE II
Hydroxyl | Di-isopropyl-
End- amino End-
45 groups groups
Hours to absorb 250 cc. oxygen... - 2 30
Hours to absorb 500 ce. oxygen.. . 2.5 35
Hours to absorb 1,000 cc. oxygen._ 3 37
Hours to absorb 1,800 ce. oxygen ... 4 38
50
We claim as our invention:

1, A lubricating composition comprising as the
major lubricating constituent thereof g mixture
of linear polymers of glycidyl isopropyl ether

55 having. a molecular weight of about 773 and a
nitrogen content of about 0.15%, said nitregen
content being contained in di-isopropylamino
end groups attached to polymeric members of
said mixture, and g minor amount, sufficient to

60 stabilize said mixture against oxidation, of
phenyl-alpha-naphthylamine.

2. A lubricating composition comprising as the
major lubricating constituent thereof a mixture
of linear polymers of glycidy! isopropyl ether

65 having a molecular weight of about 773, a minor
proportion of said polymers having phenyl-
alpha-naphthylamino end groups, the amount of
saild amino end groups being at least 2% of the
end groups of all of the polymers, and in addi-

70 tion thereto a minor amount, sufficient to stabi-
lize said mixture against oxidation, of phenyl-
alpha-naphthylamine.

3. A lubricating composition comprising as the
major lubricating constituent thereof a mixture

v5 of linear polymers of glycidyl isopropyl ether




2,822,155
11 12
having a molecular weight of about 773, a minor REFERENCES CITED
proportion of said polymers having amino. end
groups selected from the class consisting of di-
isopropyl amino end groups and phenyl-alpha-

The following references are of record in the
flle of this patent:

naphthyl amino end groups, the amount of said 8§ - UNITED STATES PATENTS

amino end groups being at least about 2% of the Number Name Date
end groups of all of the polymers, and in addi- 1,970,578 Schoeller ... ...__._ Aug. 21, 1934
tion thereto a minor amount, sufficient to sta- 2,089,569 orthner . .. Aug. 10, 1937
bilize said mixture against oxidation, of phenyl- 10 2,434,978 Zisman ... Jan. 27, 1948
alpha-naphthylamine. 2,435,655 Rhodes wooooo Feb. 10, 1948
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