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"This Invention relates to antioxidants for min.-

eral oil lubricants and compositions eenteining-
- the same, and more particularly, it relates to ad- -

dition agents for mineral oil Iubricants which in-

hibit the oxidative deterleratlen of said lubri-

| cants.

In the 1ubr1eatmn of 1nterna1 eembustmn en-

gines of all types, partlcule,rly when severe oper-
ating conditions are encountered, plain mineral

lubricating oils often -prove unsatisfactory in

service because of the oxidative deterioration of
the oil, with the attendant deposition on the en-
gine surfaces of varnish, gum or sludge. "Further-

- more, many lubricating oeil compositions which
may be highly satisfactory for the lubrication

of other mechanisms have been found Whelly un-
suitable for use as turbine oils. |
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ere'mlxe_d .end- heated to a msximum tempera-

ture of 350° . We have found that if the iem-

perature of 350° F. is exceeded to any substantial

-extent, the neutralized. condensation product
“tends-to be resinous and insoluble,
- the preferred temperature for the condensation

In general,

ranges from 150° to 300° . The neutralization
occurs upon mere mixing of the condensation

-~ product and the  cyclohexylamine, but mildly
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elevated temperatures se,y 80“ F te 200“ F ean.;

- be employed

- relatively wide range. ,
- thiazine, N-d]methylamhne is employed in an .
5 amount of from 4 to 9 mols, and the formalde-

The preportlons of the ree,etants Vary over a
For each mol of pheno-

- hyde is employed in an amount from 4 to 9 mols.

The formation of varnishes, gums and sludges

on engine surfaces is due at least in'part to oxida- "

tion effect on mineral lubrleatmg oils. In tur-

bine oils the problem of oxidation is further ag-
gravated, because in normal use turbme_ oils

rapidly become contaminated with water.

20 :pe'r”cent by weight of the activated clay catalyst,

The cyclohexylamine is employed in an amount
sufficient to give a substantlally neutral product.
~Ordinarily, it is preferred to use from 5 to 10

 baseéd on the total weight of the reactants. How-

It is an object of this invention, therefore, to

provide an addition agent for mmeral oil Iubri-

cants which will inhibit the oxidative dete1 101‘&- |

‘tion of such lubricants. -

It is further an object of this invention to pre-
vide mineral oil lubricant compositions which
are remarkably stable ege,mst emde,tlen under
service conditions.

These and other objects are accomplished by
the present invention wherein an addition agent

for mineral oil lubricants is prepared by con- -
densing phenethlazme N-dimethylaniline and
~ formaldehyde in the presence of an activated °

clay as a catalyst, and neutralizing the condensa-

tion product with cyclohexylamine, The product
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ever, smaller amounts, as low as 1 per cent by
. weight, and larger emounts as high as 20 per

cent by weight, may also be employed hut larger

amounts than about 10 per cent Iby welght are o

- ordinarily not necessary.

. As stated, the eendensa’men pleduet of phene-
thiazine, N-dimethylaniline - _and, formaldehyde

~ as prepared in accordance with the above dis-

~ closure - ,. lami;
“When: so neutralized, it is readily soluble In min-
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is - neutralized - with cyclohexylamine,

eral lubricating oils. and coniers excellent anti-

. oxidant stability thereto.

so obtained is a light-colored product which,

when added to mineral oil Iubricants, confers. a
remarkable stability against deterioration by

oxidation. Such products and mineral oil lubri- |
cant compositions containing them are believed
to be novel and are considered parts of our .in-

vention. Conftrary to what may be expected from
- the nature of the reactants, we do not obtain
highly-condensed, insoluble resinous products
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In lieu of formaldehyde any formaldehyde-'

yielding compound, such as paraformaldehyde,

dioxymethylene and trioxymethylene may be
employed. In such case, the amouniy of form-

“aldehyde-yielding compound used -is based on
‘the equivalent number of mols of fermaldehyde :
'~ yielded within the range of proportions of form-
‘aldehyde set forth hereinabove.

Aceerdmgly, as
used in the appended claims, the term “formalde-

: hyde” 1s mtended to melude fermaleehyde—yleld-

- ing compounds as-well as fermeldehyde itself.

On the contrary, when the above reactants are
o 'lomte fuller’s earth, floridin and smectite, which
__ has been acid treated in order to activate the clay.

condensed and neutralized in accordance-with our
invention, there are obtained light-colored pred-
ucts Wthh are non-resinous and W].’llCh are read-
ily soluble in mineral olls. ,
In performing the cendensa,tlen the reaetants
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‘Various: aetlvated clays are. employed as cata-
lysts in aeeordance with our invention. Such

| -matemals are WEll knewn in the art a,nd cempmse |

a natural clay. such as bentonite, montmoril-

These materials are descrlbed in U. S Patent;

1,898,165, for example.

In preparmg our new &ddlthIl agents, the re-



2,528,092

3

actants to be condensed and the catalyst are
placed into a reaction vessel which is then closed
and the mixture heated with agitation under re-
- flux until all of the formaldehyde or formalde-
hyde-yielding compound has been consumed. At
this time, the water which is formed as a result of

the condensation is removed, preferably under

vacuum, and the -dehydrated condensation prod-

uct is then filtered to remove the activated clay-

catalyst. The product is then neutralized with
cyclohexylamine,
sirable to prepare our new addition agent as a
‘concentrate in a mineral lubricating oil which

may then be diluted with additional oil to the

- concentration desired in the final lubricating

composition. - In such instances, the mineral
lubricating oil may be added in a smtable amount,

0

In some instances, it is de- -
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by reacting 1 mol of phenothiazine, 4 mols of N-
dimethylaniline and 4 mols of formaldehyde in
the presence of 5 per cent hy weight of the total
reactants of an activated clay catalyst under the
conditions set forth in Example I. The product
was filtered, neutralized with 0.96 mol of cyclo-
hexylamine and had the following properties:

Specific Gravity, 60°/60° ¥___._ ________.__ (,9556
Color, NPA__ _ __ 6.0
Neutre,llze,tlen NO - nil

The neutrallzed condensation products oh-

- tained in accordance with the above disclosure

from phenothiazine, N-dimethylaniline and form-

- aldehyde condensed in the presence of an acti-

say in a weight equal to the weight of reactants,

to the reaction mixture in the reaction vessel_-_

and after neutralization the product obtained
will then be g concentrated solution of the addi-
tion agent in the mineral lubricating oil.

The products obtained in accordance with our
invention are ligquids or crystalline solids. While

the exact nature of the chemical composition of
the condensation products is unknown, all of the

three condensation reactants enter into a final
-unitary product. The exact nature of the man-
‘ner in which the catalyst influences the reaction
is unknown. However, regardless of any theory

positions.

518,

-mvelved the use of an activated clay catalyst is

an essentlal feature of our invention, since if the
catalyst is omitted, black, insoluble, msmous cen-
densation products are obtained. o

The following examples illustrate the pr epare-
- tion of our new addition agent.

- Example I.—Into an enamel-lined reaction ves-
sel were charged 199 parts by weight of pheno-
thiazine (1 mol), 605 parts by weight of N-di-
methylaniline (5 mele) and 425 parts by weight

£ ()

of a 37 per cent by welght aqueous formaldehyde

~ solution (about 5 mols of anhydrous ‘formalde-

hyde) along with 80 parts by weight of Filtrol

clay (activated montmorillonite) as s catalyst.
The mixture was refluxed and agitated at 210° P.
for a period of 5 hours, and then all water, both
that added with the formaldehyde and formed
with the reaction, was distilled off. ~Thereafter,
805 parts by weight of a mineral oil having a’ vis-
cosity of 72 S. U. S. at 100° F. were added, and the
mixture was filtered through Celite (a dletoma-
ceous earth).
tralized with 9 parts by weight of cyclohexyl-
amine end ha,d the following properties:

Specific Gramty, 60"/60“ e _.-0,9548
Color, NPA___ ____ -« _ -9.5
Neutralization¥No_____ . _____ - hil

Ezxample II ~—Into a reaction vessel were
charged 1 mol of phenothiazine, 9 mols of N-di-

cent by weight of Filtrol as a catalyst. The mix-
ture was refluxed and agitated at 210° F. for 6
- hours, and then the temperature. was raised to
280° F. and all water, both that added with the

| formaldehyde and fermed w1th the reaction, was

distilled off. The product was then- ﬁltered and
neutralized with 0.2 mol of cyclehexylamme The

- neutralized product had the fellowmg propert1es |

Specific Gravity, 60°/60° F.____________._ 0.9520
Color, NPA_______ . i BD
Neutrehzatmn NO - o nil

| Emample III.—-A_nether‘ prod'uet' was prepared

The diluted product was then neu-

eral oil lubricants.

vated clay catalyst and neutralized with cyclo-

hexylamine are excellent addition agents for min-
They are readily soluble in
all types of mineral oils, that is, paraffinic, naph-
thenic or mixed base mineral cils in high propor-
tions to form concentrated solutions thereof,
which may then be diluted down to the propor-
tions desired in the final mineral oil lubricant
composition. As stated our new addition agents
are remarkably effective in mhlbltme‘ the oxida-
Ive deterioration of mineral oil lubricant com-
For this purpose small amounts of
our new addition agents are generally sufficient.
For example, our addition agents may be added
to mineral lubricating oils in minor amounts,
say from 0.601 to 1 per cent by weight of the
mineral oil, sufficient to inhibit the oxidative de-
terioration of the oil. Larger amounts of our
new addition agents may be used if desired, but
it 1s ordinarily unnecessary to do so. |

The following examples illustrate the remark-
able antioxidant effects of our new addition
agents. In the following examples, the base oil
and the same oil blended with our new addition
agents are subjected to a standard oxidation test

- which measures the stability of the oils to oxida-

tion. The oxidation test referred to is a standard
test designated ASTM . D9%43-47T. Briefly, the

. test comprises subjecting the oil sample to oxygen

ot a temperature of 95° C. (203° F.) in the pres-
ence of water and an iron-copper catalyst, and

- determining the time required to build up a neu-

o0

e
o
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methylaniline, 9 mols of formaldehyde and 10 per
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tralization number of 2. The flow of oxygen is
maintained at 3 liters per hour. The remarkably
effective stahility to oxidation of mineral ¢il Iubri-
cant compositions containing our new addition
agents is illustrated by the resulis shown in the
following examples.

FErample IV —~—To a steam turblne 0il having
a viscosity of 1560 S. U. 8. at 100° F. there was
added 0.5 per cent by weight of an addition agent
prepared according to Example I. 'The bhase oil
and the oil blended with the antioxidant were
then subjected to the above described standard
oxidation test with the following results:

- Tmproved Qil

Base | Containing

0Oil (.59, Anti-

oxidant
Gravity, °API____ 31. 7 31. 6

Ox1det1e*1 Text, AQT‘\{ Do43-47T, 203° F.,
3 L. Oxvygen/Hr

Time Oﬂdl?ﬁd IS L 180 2. 931
Neutralization. Ne ________________ o 2.0 2.0
- Example V.—To a motor oil which had been
highly refined by aluminum ehloride treatment

there was added 0.5 per cent by weight of an
antioxidant prepared according to Example II.
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per mol of ‘phenothiazine to a temperature not
in excess of 350° F. to form a condensation prod-

uct, diluting the condensation product with a

- b

10

| A comparlson of the base 011 and 1mproved 011 |
| follows - Oty |
3 .A'B,ase S| Improved
B Oil__ SR O |
(}rawty, l“'API ______________________________ ' 29 3| .29.2
Viscosity, STV at 130° F ____________________ 238- | - 237
Color, NPA Ll Smomdbienban oo 20 s 2.0
Neutralization No___. ... . __.__ e 0 03 - 0.03
Oxidation Test, ASTM D943*47T 203“ F., __
3 L. Oxygen/H . A
Time O:ﬂdmed Hrs. o 170 2, 880
Neutrahzatmn No__'_________________ ____ 2.0 2 ¢

'- The above examples show the remarkable OXi-
dation stability imparted to mineral oil lubricant
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comthSltlons by - the use of our new addition

agents.  Mineral c¢il lubricant compositions con-
taining our ‘mnew addition agents are therefore
eminently suited for use where the operating
conditions are extremely severe, as in Diesel,
tank and truck engines, a,nd 111 the lubrlcatmri
of steam turbines... ... = SR s

- The. remarkable eﬂ?ects of our new addltmn
agent cannot be readily accounted for and can-
not be predicted from the nature of the reactants.
Thus, products prepared from other functionally
similar compounds have been found to be either
pro-oxidant or to show no antioxidant effects
whatsoever. For example, we have prepared a
neutralized condensation product similar to our

20

‘mineral lubricating oil, filtering off the catalyst,

and neufralizing the ﬁltra.te Wlth cyclohexyl-
amme

4, The process of preparing an addition agent
for mineral-oil: lubricants which comprises heat-
ing 1 mol of phenothiazine, 5 mols of N-dimethyl-
aniline, and 5 mols of formaldehyde in the pres-
ence of an activated clay catalyst at a tempera-
ture of from 150° to 300° F. to condense together
the three reactants, recovering the condensation
product and neutralizing it with cyclohexylamine.

5. The process of preparing an addition agent
for mineral oil lubricants which comprises heat-
ing 1 mol of phenothiazine, 9 mols of N-dimethyl-

“aniline and 9 mols of formaldehyde in the pres-

ence of an activated clay catalyst at a tempera-
ture of from 150° to 300° ¥. to condense together
the three reactants, recovering the condensation

- product and neutralizing it with cyclohexylamine.

6. The process of preparing an addition agent

- for mineral oil lubricants which comprises heat-
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ing 1 mol of phenothiazine, 4 mols of N-dimethyl-

- aniline and 4 mols of formaldehyde in the pres-

ence of an activated clay catalyst at a tempera-

- ture of from 150° to 300° F. to condense together

new addition agent by substituting aniline for

dimethylaniline.. The resulting product was
found to be entirely unsuitable for inhibiting the

oxidative deterioration of mineral 011 lubricant
- compositions. -

Other known addition agents may be incor- -

porated into the lubricant compositions prepared
in accordance with our invention. For example,
pour point depressants, extreme-pressure agents,
~ viscosity index improvers and the like may be
- added. While we have shown in the examples

- the preparation of compounded lubricating oils,
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our invention is not limited thereto but comprises

all mineral oil lubricant compositions containing
- our new addition agents, such as S greases and the
- like.
'- Resort may be had to such modlﬁcatmns and
variations as fall within the spirit of the inven-
tion and the scope of the appended claims.

We claim: |

1. The process of preparing an addition agent

the three reactants, recovering the condensation

product and neutralizing it with cyclochexylamine.

7. A non-resinous condensation product of
phenothiazine with from 4 to 9 mols of N-dimeth-
ylaniline and 4 to 9 mols of formaldehyde per mol
of phenothiazine, said product having been neu-
tralized with cyclohexylamine and being obtamed-
by the process of claim 1. |

8. A non-resinous condensation product of 1
mol of phenothiazine, 5 mols of N-dimethylaniline

and 5 mols of formaldehyde, said product having

been neutralized with cyclohexylamine and being
obtained by the process of claim 4. |

9. A non-resinous condensation product of 1
mol of phenothiazine with 9 mols of N-dimethyl-
aniline and 9 mols of formaldehyde, said product
having been neutralized with cyclohexylamine

- and being obtained by the process of claim 5.
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for mineral oil Iubricants which comprises heat-

ing phenothiazine with from 4 to 9 mols of N-
dimethylaniline and 4 to 9 mols of formaldehyde

per mol of phenothiazine in the presence of an .

activated clay catalyst at a temperature not in
excess of 350° P. to condense together the three
- reactants, recovering the condensation product

" and neutralizing it with cyclohexylamine.

2. The process of preparing an addition agent
for mineral oil Iubricants which comprises heat-
~ ing phenothiazine with from 4 to 9 mols of N-

dimethylaniline and 4 to 9 mols of formaldehyde

per mol of phenothiazine in the presence of 5 to 10 ;

per cent by weight of the total reactants of an
activated clay catalyst at a temperature of from
150° to 300° F. to condense together the three re-

~actants, recovering the condensation product and |

neutra,hzmg it with cyclohexylamine.

3. The process of preparing an &ddltlﬁn agent‘."

ik
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10. A non-resinous condensation product of
1 mol of phenothiazine with 4 mols of N-di-

- methylaniline and 4 mols of formaldehyde, said

product having been neutralized with cyclo-

hexylamine and being obtained by the process
of claim 6.

11. A lubricant compomtmn comprising a ma-

“jor amount of a mineral lubricating oil, and a
‘minor amount, sufficient to inhibit the oxidative
- deterioration of said oil of 2 non-resinous con-
“densation product of phenothiazine with from 4

to 9 mols of N-dimethylaniline and 4 to 9 mols
of formaldehyde per mol of phenothiazine, said

.product having been neutralized with cyclo-

hexylamine gnd being obtained by the process
of claim 1. | |

12. A lubricant composition comprising a ma-
jor amount of a mineral lubricating oil, and a

minor amount, from 0.0001 to 1.0 per cent by

weight of said oil, of a non-resinous condensa-
tion product of phenothmzme with from 4 to 9

- mols of N-dimethylaniline and 4 to 9 mols of

for mineral oil lubricants which comprises heat-

ing a mixture consisting of an activated clay cata-

lyst, phenothiazine with from 4 to 9 mols of N-
| dimethylaniline and 4 to 9 mols of formaldehyde

formaldehyde per mol of phenothiazine, said

product having been neutralized with cyclo-
hexylamine and being obtamed by the process

- of claim 1.

13. A lubricant composition comprising a ma-
jor amount of a mineral lubricating oil, and a
minor amount, sufficient to inhibit the oxidative
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deterioration of said oil of a non-resinous con-
densation product of -1 mol of phenothiazine, 5
- mols of N-dimethylaniline and 5 mols of form-
aldehyde, said product having been neutralized
with cyclohexylamine and being obtained by the
process of claim 4.

14. The composition of claim 13, wherein said

neutralized condensation product is present in
an amount of 0.5 per cent by weight. -
- 15. A lubricant composition comprising a ma-
jor amount of a mineral lubricating oil, and a
minor amount, sufficient to inhibit the oxidative
deterioration of said oil of a non-resinous con-
densation product of 1 mol of phenothiazine, 9
mols of N-dimethylaniline and 9 mols of form-
aldehyde, said. product having been neutralized
with cyclohexylamine and being obtamed by
the process of claim 5. |

16. A lubricant composition comprising a ma-
jor amount of a mineral lubricating oil, and a
minor amount, sufficient to inhibit the oxidative
deterioration of said oil of a non-resinous con-
densation product of 1 mol of phenothiazine, 4
mols of N-dimethylaniline and 4 mols of form-

&
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8 |
aldehyde; said product having been neutralized
with cyclohexylamine and being obtained by the

process of claim 6.

17. The composition of claim 15, wherein said
neutralized condensation product is present in
an amount of 0.5 per cent by weight.

18. The composition of claim 16, wherein said
neutralized condensation produect is present in
an amount .of 0.5 per cent by weight.

| HERSCHEL G. SMITH.
TROY L. CANTRELL,

REFERENCES CITED

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

- UNITED STATES PATENTS

- Number Name Date
2,263,013 = Scott e Nov. 17, 1941
FOREIGN PATENTS
Number - Counftry - Date
126,410 -~ Germany -.._.._____ Nov. 28, 1901
96,859 Germany .o Nov. 12, 1898



	Front Page
	Specification
	Claims

