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The present invention relates to xmprwed--
| internal - combustion engines.
More partlcularly it relates to mineral lubricat-

ing o1ls conta,mmg small amounts ef metal
- imides. -

(Cl. 252~

‘particularly those obtained from succinic and

- glutarie acids, having aliphatie substituent groups -
- of sufficient size to impart oil solubility to the

‘Mineral 1ub11cat1ng eﬂs empleyed as crank-. :

~ case lubricants in internal combustion engines

- tend to oxidize at the high temperatures to which

- they are subjected in this type of service with
~ the formation of gums and sludges, which clog
~ the oil feed lines and form varnish-like deposits
"~ on the surfaces of rings, pistons, cylinders and
. other engine parts.

- efficiency of operation. of the engine and. even-

Such deposits decrease the

~ tually lead-to p1ston stlcklng and scermg of the
) eylmder walls,

- It is common pra,ctme to add te crankcase oils
sma,ll amounts. of so~-called *‘dete:tgents.” whlch

- have the property of reducing this fermatlon of

- sludges and varnishes, Various types.of metal
_organic compeunds are known to he eﬁectlve for

‘wherein the metal is linked to an organic group

 through an oxygen atom. Fer example, Davis
25

et al. in U. S. Patent No. 2,335,261 dlsclose that
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molecule. ‘We. have found that compounds of
this class wherein a metal is linked directly to &
‘nitrogen atom positioned between two acyl groups
‘possess excellent detergency and anti-sludging
- properties in ‘mineral lubricating oils, and are
furtheérmore characterized by a remarkable sta-

bility and resistance to hydrolysis as compared

- ~with the corresponding compounds containing
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. the metal-oxygen linkage which have been em-
ployed heretofore in Tubricating oils to promote

engine cleanliness. They are particularly valu-

able for use in producmg lubricating oils to meet

- the severe requirements of airplane engine oils.

The preferred compounds employed as lubri-

' 'ca,tmg oil additives according to our mventlen

partlcularly those compounds o

";'polyva,lent metal salts of high molecular weight

- fatty acids such as wax acids and alkylated Ar0-
 matic acids such as alkylated benzoic and
- phthalic acids are effective for this purpose. The

- metal phenates, particularly the polyvalent metal

- phenates, are disclosed for example by Gerdmer

. '.may be represented by the general fermula.

wherein M is a metel m ;ls an 1nteger equel te the

valency of the metal, R is a methylene group, n

is 1 or 0, and R1, Rz and Rs are members of the

.group censlstmg of hydrogen and aliphatic hy-

et al. in U. 8. Patents No. 2,228, 661 and No,

2,347,152,

I—Iewever cempeunds ef the above type have.-_

e the disadvantage that they are unstable in the

presence of water, so ‘that they hydrolyze with
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‘the formation of water soluble metal compounds
.or sludges as well as objectionable corrosive ma-

o The detergent compounds thus become
~ destroyed or removed from the lubricating com= |

o position when the latter becomes contaminated 40

| _nesmm are. especially suitable,

with water, such as may occur in ha.ndlmg and

~ in storage.

In accordance w1th our lnventmn 1uhr1cet1ng

S _-oﬂs having supermr detergency and stability, -
- suitable for use as crankecase oils in automotive,
- -diesel and alrplene engines, are produced by

- ‘adding to mineral lubrlcating 0ils small amounts
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- of eornpounde of the class consisting of 011-'

 soluble metal cyclic imides derived from aliphatic ..
Suitable compounds of this-

50

ganese.

succinimide,
' zmcsa-rmethyl-,e-penta,dec;enyl ‘suceinimide, ¢o-

a0 drocarbon groups, at least one of them being an
alkenyl or alkyl group. cente,mmg from about 15
to about 30 carbon atoms, and most suitably from
 about 18 to 25 carbon atoms.
- may be any alkali metal, alkaline earth metal or
other metal capable of forming compounds of this
~ type, as for example sodium, potassium, lithium,

ffcalclum, barmm, strontium, magnesium, alumi-

M of the formula

num; tin, zine, cobalt, nickel, titanium or man-
It is preferably a polyvalent metal.
The bivalent metals, particularly zmc and meg -

As smtable examples of the a,beife class of cﬁm,- |
pounds may be mentioned magnesium docosenyl
“calcium decese,nyl gluta,rlmlcle,-

baltous nondecenyl glutarimide, calcium penta, |

cosenyl succinimide, titanous a-propyl-ﬁ-elco- |
B senyl succinimide, and so forth.

' The ahove described imide derlvatwes may be
émployed in varying amounts depending upen

- the characteristics of the Jubricating oil and the

cond;tlens under Whmh it 1s to be employed




Even in very small amounts, as about 0.01 per
cent by weight, they impart substantial improve-
ment in the detergency characteristics of mineral
lubricating oils. Ordinarily they are employed
in crankcase oils in amounts within the range

of from about 0.5 to about 5 per cent by weight,
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propylene polymer having a molecular weight
corresponding to 21 carbon atoms per molecule.

324 grams of the alkenyl succinimide thus ob-

and preferably with the range of from about 0.5

to about 3 per cent by weight of the composition.
- 'The metal imides of this invention are formed
by treating aliphatic substituted succinimides
and glutarimides with metal compounds under
~conditions such that the hydrogen atom of the
imido group is replaced by metal. The aliphatic

. substituted succinimides and glutarimides may

conveniently be obtained by reacting the an-
hydrides of maleic, glutaconie, citraconie, ho-
- momesaconic, or itaconic acids, or homologues
thereof, with unsaturated -aliphatic hydrocar-
bons, and then converting the aliphatic-sub-
~ stituted anhydrides obtained to the correspond-
ing imides by freating with ammonia. Alkenyl

10
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substituted anhydrides, which are obtained when

~ olefinic anhydrides are reacted with olefin poly-

-Mmers, may be hydrogenated if desired either be- 25

fore or after conversion to the imides to obtain
the corresponding alkyl substituted compounds.
In forming the polyvalent metal salts the

imide may be treated directly with a suitable -

compound of the polyvalent metal or the imide
may be first treated with an alkali metal com-
pound and the alkali metal imide derivative then
converted to the polyvalent metal derivative by

double decompemtmn mth a sultable pelyvalent |

- metal compound. |
The following examples 111ustrate the prepara-

tion of these metal imide derivatlves by each o:f
the above methods.

"EXAMPLE 1

- The magnesium derivative of an alkenyl suc-
cinimide was prepared by the following pro-

30
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tained were added to a solution of sodium

‘methylate obtained by dissolving 19.2 grams of

sodium metal in methanol, and the reaction
mixture refluxed for two hours. 52 grams of
zine chloride dissolved in methano]l were then
added and the mass stirred for four hours, the
alcohol stripped out and the residue taken up in
ether and washed with water until the wash
water was free of chlorine. The ether was then
stripped out and the product dried by adding
toluene and again stripping. 338 grams of prod-
uct were obtained which analyzed 9.82% of ash
as compared with the theoretical value of 9.63%
of zine oxide for zinc alkenyl (Cz21) succinimide.

The compounds obtained as described in the

~above examples were oil-soluble and water-stable

and possessed outstanding properties with regard
to detergency and anti-sludging properties in
lubricating oils. Table I below shows test data
obtained on the magnesium alkenyl sucmmmlde
ebtamed as described in Example 1 |

Table I

S‘Water'

- High tabhility

y Sy Dispersion Deposits Test—| Additive

DELE -Deposits, mg. | Removal,

| Perceent
- None (Base D%P}")"-ﬁ"" 2 GI8 | i,
19% Mgalkyl (COz1) pheno- | ' |
fe,te__'_:_; _______________ | 6 | 218; 230 (304)1 85
1% Mg alkenyl (Cay) sute- |~ - -
| emm:ude e —mmmmam e - 14 | 1R6; 176 25

1A diﬁerent bage 0il givmg only 304 mg of deposit tn WES tised in

 this test.

40

cedure: An alkenyl succinic anhydride was first -
prepared by heating together -at 225° C. for 24

hours a mixture of 300 grams of maleic anhydride
and 960 grams of butylene polymer. The latter
had a boiling point at 1 mm. Hg of 100-140° C.

and a molecular weight corresponding to 21-22
The reaction prod-

carbon atoms per molecule.
uct was distilled at 1 mm. Hg and the fraction
boiling at 170-230° C. converted to the imide di-
- rectly by passing ammonia into it for 215 hours
while the temperature was increased gradually

45

- ¢larified oil.
calculated from the difference between the ash
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from 100° C. to 240° C. and the heating then con-

tinued for % hour longer without the introduc-
tion of ammonia. The product was taken up in
- ether and washed free of excess ammonia, the
ether stripped out and the product dried by add-

89

ing toluene and again stripping to remove the .

- toluene and water. 405 grams of the alkenyl
succinimide thus obtained were dissolved in
toluene and a solution of magnesium methylate
obtained by dissolving 12.4 grams of magnesium

60

metal in dry methanol added. The mixture was .

heated under reflux for 18 hours and the solvent
 stripped off. 417 grams of product were obtained
analyzing 3.10¢9% magnesium and 3.44% of nitro-
gen, as compared with the theoretical values

3.00% and 3.48%, respectively, for ma,gnesmm. --

alkenyl (Ca1) succimmzde

. EXAMPLE 2

The zme derlvative of an a,lkenyl succ:tmmlde
- was prepared as follows.

was prepared as described in Example 1, employ-
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An alkenyl succinimide .

ing in the alkylation of the maleic anhydride a 6

The water stability test of the above table is
carried out in the following manner: 200 grams
of oil containing additive and 200 grams of dis-

 tilled water are stirred together for 15 minutes at

room temperature by means of a Mixmaster run-
ning at 700 R. P. M. The emulsion is then cen-
trifuged and an ash determination made on the
The per cent of additive removed is

content of this Washed sample and that of the
original oil. | |
- The carbon black dispersion test of the fore-
going table is a bench test designed to show the
detergency characteristics of an oil. The test is
carried out in the following manner: A 100 ml.
portion of a suspension prepared by thoroughly
mixing 1 gram of carbon black into a solution
consisting of 150 grams of the test oil and 150
grams of kerosine is placed in a centrifuge tube
and centrifuged at 2000-2100 R. P. M. for 5
minutes. About 35 ml. of the centrifuged suspen-
sion is immediately poured from the top of the
centrifuge tube and a 5 ml. portion of this
taken and diluted to 60 ml. with kerosine in a tall
bottle or Nessler tube. The sample thus pre -
pared is compared visually with a series of grad-
uated standards containing various amounts of
carbon black suspended in a similarly diluted
oil of the same character as the test oil. The

- dispersion value of the test oil is expressed In

terms of arbitrary numbers assigned to these
standards on the basis of the relative amounts
of suspended carbon which they contain. This
test measures specifically the ability of an oil to
hold in suspension or dispersion carbon black, .
Whlch may be considered comparable to blow-by

carbon in an internal combustion engine, and it



~ also provides ‘a generally good. indication of the
oil-ring sludging character.of an oil in.service. .
- The high temperature deposits test of the
- table is alsp a bench test wheren an aluminum

~ cylinder one inch in diameter and three inches
- long is repeatedly dipped-into a beaker contain-

- ing a sample of the test .oil maintained at 525°

- B, for a period of 20 hours.

~ing on the test specimen after washmg Wlth

“The déposit remain-

;..pentane and drymg is determined. -
- As shown in Table I, the magnesmm alkenyl

. -succinimide was h1ghly effective in  dispersing.
- carbon black and in reducing varnish-formation
~ in a mineral lubricating oil at high femperatures.

It was markedly superior in these tests indicating

the ability of an oil to maintain engine clean-
| alkyl -
- phenolate, which is considered to be one of the
most . effective compounds employed for this

liness ' in comparison with magnesium

_purpose at the present time. In addition the

2 aas 949

Dﬁiymw averaging 19 3 carbon atoms per mole-. -
cule was used in the alkylatmn step BN

| Table b/ o
© C.F. R.HIGH SPEED _EN(}INE TESTS

-t y gl e s J

e - | - Piston Skirt Deposit
Additive T
| R | Percent | Thickness
| o f Covered | In.Xi10-
| Nﬂne (Baqe 011)__. _________________________ 80| 20
1% Mg alkenyl suammmlde —I— 0 5% Zn o :
o a,lkenyl succmxmlde_-‘.._._-.T_‘._._.“._.L ........... 0.0~ 0.0

20

compound of our invention has a satisfactory

- degree of water-stability, equal to over three
- times that of the phenolate.

- water-stability of this compound is in agreement

- with tests performed on another typical com-
 pound of this class wherein barium alkenyl suc-
- ecinimide was heated for an hour 111 sulfurlc. acld o

_ 'w1th0ut substantial change.

- The improved

| The data. glven m Table II show the outstand-

ing properties of our compounds in reducing en-
‘gine deposits in an actual engine test. In this
test an oil was produced by the use of small

amounts of typical compounds of our invention
which gave zero engine deposits after 90 hours
of severe operating conditions corresponding to -

those encountered in airplane engine lubrication,

. as compared with heavy varnish deposits cover-

25

- 'The detergency characteristics of compounds_ |

L prepa,red as described in Examples 1 and 2 were:
- further determined by means of the C. F. R.-
- . high speed engine test, which is a test for deter-
'~ mining the ability of an oil to reduce engine

" deposits under severe operating conditions. This

~ test is carried out with a standard C. F. R. single
. _cylinder internal combustion engine operatmb
o ﬁunder the followmg condltmns |

. _'-Compressmn ratio __ 6.5:1.
- Speed, R. P. M.
- -Air/fuel ratio

~ Jacket. temperature . 285° F.

- .0fl in temperature . 185° F.

~ Oil out temperature 200°F.

-..-- 1800.
- 13:1.,

—-——__-ﬂ—'

o PUel i 100 octane
R ~aviation type contam-
| . - . ‘Ing4dce. TEL/gal
Dura,tlon of run ___. 50 hours

---At the termmatmn of each run, electncal meas-'

,._-_’.urements are taken of the plston skirt deposﬂ:

-__j'ness of the deposit. The carbonaceous deposits

- .~jin the piston ring grooves are also carefully ,
. .scraped off and weighed. Extensive laboratory
~ testing has shown that a crank case lubricating

~ oil which will markedly reduce the tough black

- lacquer depo,s,lt on the plston skirt and the car-

- bonaceous deposits occurring in the ring belt
 area, can be expected to reduce deposits at all -

(minimum)

20

_ depressors, viscosity index improvers, corrosion =
inhibitors, and so forth,
- tergents such as metal phena,tes sulfonates and

35
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ing 80 per cent of the piston skirt obtained with

the uninhibited base oil under the same condl- |
tions. | . |

Lubrlcatmg compos1t1ons contammg the addi~

,t.wes of our invention may also- contain other

additives such as are ordinarily employed in Iu~
bricants, such as oxidation inhibitors, pour point

as- well as other de-

other metal salts..
‘Obviously many modlﬁcatlons and va,natmns'
of the invention, as hereinbefore set forth, may
be made without departing from the spirit and
scope thereof, and therefore only such limitations

- should be imposed as are 1ndlcated in the ap-;

pended claims.
“We claim:

1. A Iubricant consisting essentmlly of 9 refined

B :mmeral lubricating oil and a small amount suf-

 ficient to improve the detergency thereof of a,;

4b
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' with respect to the extent or percentage of sur-
~ face area of the piston skirt which is covered by
the lacquer deposit as well as the average thick--

55

compound of the general farmula

H o
Rlc-—-—C'O | |
RE(R)n N_' M ':

Rsb—-—CO .

H AT

_Wherem Mis a polyvalent metal, z is an mtegel

equal to the valency of the metal, R is a methyl-
ene group, n is 1 or 0, and Ri1, R2 and Rz are mem- . -

bers of the group consisting of hydrogen and ali- = B

phatic hydrocarbon groups, at least one of them

~ being an aliphatic hydrocarbon group contammg_
- from about 15 to about 30 carbon atoms. |

points where high temperatures are encountered.

~The tests listed are therefore an accurate indi~
~ cation of the engine cleanlmess of the 0il com-

- positions under test.

2. The lubricant accordmg to clalm 1 wherem ”

60 the metal is a divalent metal.

3. A lubricant consisting esséntmlly of a. re-
ﬂned mineral lubricating oil and about 0.1 to

about 5 per cent by weight of the magnesium salt

The following table gwes the results abtamed E

" in the above test on an oil contammg small

amounts of our compounds as compared with
. the base oil alone, which was a highly refined
- residual lubricating oil from a, paraffin base crude

- employed as an airplane engine. lubrlcatmg oil.

- The magnesium alkenyl succinimide of the table

~is that prepared as described in Example 1. The

" .zinc alkenyl succinimide was prepared as de-
o ':_--scr1bed in Example 2 except ’shat a pxopylene-

of a, succ1n1m1de substituted on one of its methyl-

ene groups by an allphatm hydrocarbon group

onta,mmg from about 15 to 30 carbon atoms.
4. A lubricant consisting essentially of a re-

~ fined mineral lubricating oil and about 0.1 to

~about 5 per cent by weight of the zinc salt of a o

»o Succinimide substituted on one of its methylene

groups by an aliphatic hydrocarban group con-

- taining from about 15 to 30 carbon atoms.

5. A lubricant consisting essentially of a re-

" fined mineral lubricating oil conta,mmg about 0.5

75

to 3 0 per cent by welght of magnesmm alkenyl o




-

(Ci5--30) succinimide and abdut 0.5 to 2.0 per cent |

by weight of zinc alkenyl (Cis5-30) succinimide. -
6. A lubricant consisting essentially of a re-

fined mineral lubricating oil containing from

~about 0.1 to about 5 per cent by weight of 2, mix-

ture consisting of a magnesium salt of a suc-

cinimide substifuted on one of its methylene
groups by an aliphatic hydrocarbon group con-

ftaining from about 15 to about 30 carbon atoms

'_ 2: 32 B_I 942

and a zinc salt of a succinimide substituted on one 10

of its methylene groups by an aliphatic hydrocar-

bon group containing from about 15 to about 30

carbon atoms.
| | JOI-IN R. MORRIS.'
J AME_S R. _R.OACH.
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