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- This invention relates to compounded lubricat-
ing compositions, suitable for use in substan-
tially all types of industrial equipment, and par-

ticularly in engines operating under adverse con-~

ditions. Specifically, this invention pertains to
engine lubricants compounded with ash-forming
improving agents In amounts above a ecritical
lower limit so as to impart to said lubricants
outstanding lubricating properties.

It is well known in the art that lubricants
whether doped or undoped, deteriorate and form
corrosive bodies, sludge, varnish and other con-
taminants in engines whether operated under
mild conditions (as characterized by low tem-
perature and reduced load) or under extreme
- pressure conditions as characterized by high tem-
perature, high speeds, high loads, and the like.
UUnder either condition of cperation, factors are
encountered which contribute to oil deterioration
with the formation of resultant products of con-
tamination which causes corrosion, sludge, var-

nish and lacquer formations; this inevitably re- .
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sults in sticking, wearing, -scuffing, scoring and

even seizing of metal parts. |

Engine fouling and wear under conditions of
whzgh temperature operation is generally ettrlb-
uted to oil deterioration ecaused by oxidation.
Lupricating oils under such cend1tmns tend to
oxidize ra];udly and form corrosive bodies and
carbonacecus materials which-cause seratching or
scuffing of movable metal parts, sticking of valves,
piston rings and the like. A condition which
- may eccentuate and. accelerate - determratlen of
lubricants is the presence of small amounts of
moisture existing or formed in lubricants, or
blowby vapors from fuel (especially if they are
hisgh sulfur fuels) which enter the lubricating
system and form harmful deterioration products,
and the like. The close tolerances to which en-
~ gine parts are machined as well as the restrleted
clearances between various engine parts aggra-
vate this condition and aid in the breaking down
of the lubricant. 'This is due to the fact that
varaish and/or lacquer coatings on various-en-
gine parts such as rings, valves, pistons, eylmder

- walls, ete., caused by oil -defericration, diminish
- gide eleareuees act as heat insulators; both con-
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wards alloys such as copper-lead cadmium-silver,
etc. Other factors can also account for engine
corrosion .but they are complex in nature and
varied in origin. Thus acids, found or formed
in oils or fuels may attack and corrode copper-
iead bearings or the 11ke At elevated tempera-
tures alloyed beermgs are adversely efiected by
sulfur derived from eertam of its compounds or
found free in an oil or fuel. Under these condi-
tions sulfur can preduee hard brittle, black de-
posiis on copper-lead or silver bearings. Such
dep031te may adhere and reduce the bearing clear-

ance or they may break .out. and gouge out the

bearmg, in either. event resultmg in bearing fail-
ure.

To withstand wear and protect bearing suriaces
under the above strmgent operating conditions,
lubricants must possess so-called extreme pres-
sure properties whereby the lubricant by forming
a ﬁlm of low shear strength by chemical action or
phys:tcal adeorptlon on the contact points, pre-
vents metal welding and seizure. Generally,
lubrleants are. qu1te mcapable of maintaining a

continuous pretectwe Ilubricating film hetween
cente.ctlng metal surfaces, unless fortified with
special a,gents possessing extreme pressuring
propertles However, .such extreme pressure
agents when added in amounts to be effective gen-
erally increase . engme depomts and cause.wear
be eause of thelr corrosive.-nature and actmty |

Altbough oil emdatmn is m1n1mlzed in low tem-
pera,ture epemtmn engme foulmg from other
causes is very serious and. aggravatmg Engine
dep051ts and sludge under these conditions are
generally -associated Wlth oil insolubles originat-
ing from combustion of the fuel oxidation prod-
ucts. .II h1gh sulfur fuels ere used, this condi-
tion becomes extremely serious, especially if small
quantities of water and other contaminants enter .
the system. Low tempereture deposut formations
are referred o as-mayonnaise emulsmns which
centnbute to engine feulmg and wear. The pres-
ences o1, mmeral ma,ttez carbonaceous materials

~ dlso cause wear and contribute-toward accelerat-

45

- ditions cause inecreased oil temperature, resulting

in its further breakdown.
Lacquer formations are genere.,lly a,ttmbuted to
011 oxidation and -are hard resinous materials

having a teudeney to -adhere on metal surfaces

and - -form thereon a hard dep051t which blisters
and on chipping acts as an abrasive capable- of
seratching -surfaces and blockmg oil passages.
.High. temperature and pressure oil decomposi-
tion preducts are l‘ughly eorrosive, especially to-
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1nﬂ' curreewity of metal parts.

~To. Improve the lubrmatmg properties of min-
eral lubrwatmg 0115 and eynthetlc lubricants it
hes beeome the. practlce to blend with or add to
the various Tubr 1cents one.and in most cases more
than one, addltltm agents which have the prop-
erty of stebllizmg and mh1b1tmg deterioration

of lubncents and unpert certain beneficial prop-

er tlEb tg them. Thus addltlves have been specifi-
cally develeped Whmh have the property of in-

hibiting corrosion of alloyed bearmgs as utilized
in e.utemetnfe dlesel and air craft engines. Addi-

__tmes have alse been developed which possess the
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| 'preperty of modifying the carbonaceous matter
formed by deterioration of lubricants, so as to be

easily removed. Other additives have bkeen de-

veloped for the purpose of acting as detergents in
lubricants in order to assist in the removal of
soot, sludge, varnish, lacquer and the like.
- tergents due to their cleaning and dispersing
properties prevent the building of deleterious ma-
terials on surface and if formed assist in remov-
ing them. Still other additive agents have the
- properties of inhibiting wear, oxidation;

oiliness, extreme pressure properties
solubilizers and the like. :

It is an object of this invention te 1mpmve
the lubricating properties of various lubricating

act as

bases by addition thereto of a substantial amount -
Another ob--

of Improving agent and/or agents.

e~ .

impart

i

| preferably below 0.2%, appeared to be a cr1ticai .
limitation substantiated by facts.

Thus, within

~ the ranges actually tested heretofore, numerous

]

periormance tests such as the CRC tests L1, 1.2,
L3, L4 and L5, as well as actual field tests, dis-

. closed that as the ash content increased, corro-
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ject of this invention is to provide lubricants with
dopes in such concentrations so as to obtain a -

stable, corrosion resistant producet even when sup-

Jected to the most adverse operating cendltmns

Still another object of this invention is L0 provide
. gine performance can be obtained by doping the

a nighly effective detergent lubrlcant ca,pable of

nreventmg ringsticking as well as sticking or

seizure of other engine par ts It is also an obiect

of this invention to provide an 1mproved Iubri-

cant capable of preventing wear,
scratching and the like.

scuffing,
8till another cbiject of

. this invention is to provide a stabie, NON-corro-
~ sive, highly detergent heavy duty- lubricant suit- :

able for use under varied and adverse conditions,

sivity also increased at an. alarmmg rate.

ample, it was shown that by increasing the con-

centration of a metallic detergent in a lubricans
from 0.29% to about 0.6% wt. ash, corrosivity in-
- creased by over 300%.
‘and/or oxidation inhibitors had little e
- stabilizing or inhibiting cmreswity due fo in-

'The addition of corrosion
ect on

creased amounts of ash forming dopes present.

Since such general alarming results were consis-
- tently obtained with lubricants containing ash-
- forming additives in concentrations approaching

0.6 %, the practice of doping lubricants with such-

| addltrves in very low concentrations, such as

around about 0.2% wt. ash, has been rigor ously |
adhered to.
It has now been discovered that improved en- -

base lubricant with eddltwes employed in concen-

trations capable of forming ash in amounts ex-
ceeding at least 1.0% by weight, and up to such

large amounts that the only limiting factor is the

Other objects of this invention W111 appeal as

the description broceeds.

The art discloses the additlon of dopes and im-
proving agents to lubricants in rather very minor  2:

- amounts particularly in the case of lubricants

compounded with a metallic compound. This has
been done apparently due to the belief that be-

cause of the pronounced activity of the additives
- Or dopes, these latter if used in high concentra-

e meximum,
about 0.8%
“Mmaximum velue namely beyond about 1.0% ash,

{3
il

change in v1scr:131ty characteristics of the base lu-

‘bricant which render it unsuited for engine Iubri-.

cation. Stated somewhat differently, it has now
been discovered that the corrosivity and insta-
bility of doped lubricants capable of forming an

‘ash Increases with increased concentrations up to |
this range being between 0.2 and

and higher. However beyond this

~ lubricants become more stable, corrosion progres-
. sively decreases, and cleanliness as well as gen-

40

tions would become contemlnants rather than

improving agents and therefore would act as

- abrasives, wear, sludge, lecquer corrosion promot-

ers, and the like.-

‘Because of this and also be-
cause of the physmel modifying effects doves have .

on bese lubricants, such as increased viscosity

‘and the like, the addltlon of large quantities of -

depes to lubricants has been frowned upon.

The addition of oil dopes in very minor amounts '

has been rigorously adhered to in the art: for
‘example, U. S. Patents 2,375,222 end 2410 ,652
state that any additives, such as detergents

a1t

"ash basis.

eral engine performance is improved. The most |
efficient range for doped lubrleetmg olls is when
the additive or additives are in.a concentration
such that their amounts are between about 1%
and about 10% by weight and preferably between

about 1.0 and 4% by weight as calculated on the
‘With ash forming additives which
" have little effect on viscosity or gellation of the
~ base lubricant, amounts exceeding 109 and even
. above 50% by weight ash may be used.

The term “ash forming materials” comprises
such ingredients which if ignited per se or as an

- o1l concentrate, will produce an ash free of car-

when 1neerpora,ted in lubricants should be in such
small amounts as to leave substantially a non-

volatile ash upon combustion, and that, at most,
the total ash content should not exceed about
0.25% (determined as sulfate ash) and preferably

should be below about 0.2% ash by weight. Fur-

‘thermore, U, S. Patent 2,416,192 discloses that the
maximum amount of metaliic detergent dope
which can be added to lubrlcants with sa,fety
should not be in excess of 0. 42 % ash,; calculated
as sulfate ash. Navy spemﬁea,tmns f01 Tubricat-

80

bonaceous matter. If certain metallic salts such

‘as of sedium, calcium, etc are present, the per-
- centage ash may be expressed ag percentage

of ash as sulfate, while with zinc and slumi-
num the percentage of ash is eXpreesed as per-

- cent oxide ash. Thisg basis of calculation can be

accomplished by acidifying the sample tested with
dilute sulfuric acid, igniting the sample to free
it of carbonaceous matter and expressing the -

- residue as percent sulfate ash. Thus, for ex-
“ample, the following procedure may be followed

- to determine the emount of ash residue in an oil

ing oils suitable for chesel engines- and the like

impose a rigid limitation as to the maximum ash
Thus Nevy Department-

allowable in lubricants.

specification 14-0-13a places. as a maximum al-
lowable ash for diesel lubricants at 0.6% ash by
weight.
above 0.6% ash heretofore have been regarded as

Lubrleants contemmg an ash ceﬁtentj

6o
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~ unsuited because of the danger of inicreased cor-
rosion, wear, etc pertlculerly 111 the case where |

metallic salts are used as the dopes

The desirability of keeping the ash content of

'lubrlcants et a, mlmmum namely, below 0.6% and

75

sample containing: a minor amount of calcium
petroleum sulfonate.
sample may be heated in a crucible allowing the
combustible material to burn slowly, igniting the

~ residual ash to free it of carbon and adding a few

drops of surfuric acid to convert any reduced
calcium sulfide, etc. to sulfate, re-igniting and

weighing the residue, which is reported as per-

cent sulfate a,sh It is therefore to be clearly

- understood that all values ebove and henceforth
referred to are on the percent ash basis such as

percent sulfate ash in the final product and not

l"e'i_ex- o

A small portion of the



| the percent by weight or volume ef 5, dope con-
centrate, which can be further diluted or the final
percent by weight of a dope in an oil. The above
is- substantially the method descnbed in the
ASTM (ES-43) of 1945. N 5
Broadly stated this invention relates to 1mprov-
ing lubricants by addition thereto of ash forming
metallic detergents in amounts exceeding 1.0%
by wt. calculated on the ash basin. The metal-
lic detergent salts may be represented broadly by
the partlal general formula -

X\.
M
%7

—X—M, _X*‘*ll\fl*’ QH, or

wherein M is a metal or cationic portion of the
salt; X is a part of the anionic portion of the
salt to which M is linked to form the metallic
salt: and Q is an element of the group of O, S,

- Se and Te.
The metal parts in the above class of com-~

pounds may be

20

Gioup?

Group 1 y
Iithium titanium -
sodium | f?lrtomum |
potassium - tin
rubidium lead |
- ceslum Group 5 30
copper | o
silggr .- vanadium
| antimony
Gmup 2 bhismuth
berYIllum | GTO'LLZJ 6 a5
maghesium | o
caleium - chromium
sine molybdenum
strontium tu ngsten
¢admium Group7 10
ba.-’-r_mm rmanganese
Group Group 8
altminum. -
ggllium iron
indiuti _ cobalt 45
thallium _ kaEI

The acid-forming part iti the above class of
| eempounds may be: | |

Benzene sulfomc acld
Toluene gulfonic aciad |
Tri isopropyl naphthalene sulfomc acid
Diphenyl sulfonic acid
" Polyalkyl aromatic sulfonic acid e.g.
- Poly amyl naphthalene sulfonic acid
Diwax benzene sulfonic acid |
Xylene sulfonic acid |
- Benzene disulfonie acid S
Alkane sulfonic acids, €. g. amyl oetyl nonyl, 60

lauryl, dodeeyl siilforiic acids
" Petroleum sulfonic aclds derwed from varlous
~ petrolewra fractiois such &as:

gas 0il
~ kerosene

light oil

fturbine oil .

mineral lubrication 011

heavy oil - |

petroleum waxes, e. g.:

petrolatum - |
paraﬁn wax and mixtures of various

hydrocarbon Ifractions

- wax sulfe salicyli¢ acid
- 'dwax naphthalene sulfenlc acids etc |

- 50

55

65
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- inents.

10

fonic acid extracted with alcohol.

jzation rather than after as indicated above.

- hydrated to remove impurities.

acids.
drocarbon suitable for the production of highly

phorus pentasulfide, phosphoric acid, ete

70

f _7;;'_

8

Petroleum sulfonic acids are produced by treat-
ing suitable petroleum hydrocarbon fractions
with sulfuric acid. For example, a turbine oil
having a Saybolt universa] viscosity at 100° F. of
from about 400 to 540 seconds is treated with
fuming sulfuric acid, preferably in small incre-
After a calculated amount of sulfuric
acid has heen added to the oil, the sludge which
forms is removed and the acid-treated oil con-
taining dissolved oil-soluble sulfuric acid is neu-
tralized with a solution of sodium hydroxide.
The aqueous alkali solution is removed from the
mixture and the sodium salts of petroleum sui-
The alcohol
layer containing the sulfonates can be remeved |
by distillation or by any other suitable means.

‘Modifications to the above procedure can be

"made by removing acid sludge after the entire

reqguired amount of acid has been added. Also

the sulfonie acid can be removed before neutral-

If

thig is done, it is preferable to give the acid
treated 0il a clay treatment so as to remove in-
organic esters of sulfuric ac¢id and other im-
purities so as to prevent formation of inorganic
salts. Clays which are particularly suitable are
Highly adsorbent elays siuch as Attapulgus clay,
Floridin, bentonite, baukxite, fuller’s earth, ete.
Still another modlﬁcatmn ih preparing pure oil-
soluble suilfonates is to add to the sludge free
acid-treated oil 4 solvent such as bernzol, carbon
tetrachloride, and the like and to neutralize said
mixture with a caustic solution. The spent caus-
tic solution is removed. The solvent is distilled
off, leaving a substantlally pure sulfonate in oil
mmture The product can be air blown and de-
Instead of sul-
fonating a mineral oil aloné a small amount of
waxy material may bé added to ohtain a more
improved sulfonaté. The sulfcnic acids may be

- formed by acidifying the neutralized sulfonate or

a particularly desired salt of a sulfomc acid may

- be obtained by double decomposition.

Other oil=soluble organic sulfonic acids may he
produced by sulfonatinig alkyl aAromati¢c hydro-

~ecarbons, such as alkyl benzenes, alkyl naph-
- thylenss, alkyl anthrac¢enes, alkyl phenanthrenes,

alkyl picenes, alkyl chfipenes, alkyl diphényls,
etc., provided the number o6f carbon atoms in
the alkyl chain or chains is sufficient to render

_ the resulting sulfonic acids and their salts solu-

ble in the base. If is desirable that at 1éast one
alkly radical be relatively long, i. e. contain at

‘least 8 or more carbon atoms, not only because

of solubility in oils, but also for the réason that

- long alkyl chains improve the anti-ringsticking

efficiency of the salts formed with the sulfonic

‘Thus, one may produce an aromatic hy-

efficient sulfenic acids by condensing chlorinated

- parafiin wax, alkyl chlorides such as octyl, decyl,

cetyl, etc.; chlorides, fatty alcohols, long chain
olefins such as may be obtained in the c¢racking
of wax, etc., with aromatic hydrocarbons by
means of suitable condensing agents such as
Friedel-Crafts catalysts; sulfuric acid, phos-
Sul-
fonic acids may contain substituent radicals as
for example, parafiin - wax substituted naphtha~
lene mono sulfonic acids which contain a sulfonic

radical attached to one ¥ing of the naphthalene

nucleus and a hydroxy or amino rachﬂal attached
to the other ring.
Phenehc cempeunds (R—Ar--X——-I—I) wherem




Ar is an aryl nucleus X is 0 S Se, Te and R is a
substituent non-polsr and/or polar groups

Phenol
Alkyl phenol | .
Dibutyl phenol and its thio phenols
Amyl pheno} and its thlephenols |
- Tertiary butyl S
| p—Tertlary smyl
Cetyl -
p-Iso-octyl _'
Isobutyl
Nonyl
Cetlyl phenols and thio phenols
Alkylammo phenol | |
Alkyl amino naphthol
Catechol
- Resorcinol
- Pyrogallol

All oi these ;mmpeunds_mayseontaih substituent
groups as listed under VII B and the like. Sub-
stituted products are: hydroquinone, quinone,

orcinol, phloro-glucinol, cresols, thymol, salige-

nin, cinnamyl alcohol; methyl phenyl carbinol,
eugenol, cardanols, etc. Also the thio phenolic
derivatives of these phenolic compounds may be
used as well as various reaction products thereof
such as obtained by reacting phenolic compounds

with: SClg, 82Cls, HeS, ammonium hydro sulfide

---I-IzS S, SO2 and the like to form sulfide deriva-
tives which may bhe represented broadly by the
formula - |

U XH XH_'- "

o [ | -
| Rm-—-*..?r.—.-X;-—f—Jis.r—-Rm
Y3 Yo

wherein Ar is‘an aryl nucleus, R is an alkyl, aryl-
alkyl radical and the like, X is O, S, Se or Te and
u is an integer of from 1 to 4, and Y may be a

polar radical such as listed under VII B either or
both m and x on the Ar group may be zero or

- anintegercf 1 or 2. |
- Phenolic condensation preducts may alsc be

formed by reacting products under group IX

- with aldehydes of the aliphatic, aromatic or cyclic
type, specifically represented by formaldehyde,
acetaldehyde, cl"otona‘ldehyde, butyraldehyde,
benzaldehyde; fur aldehyde and the like. ‘The
condensation reaction is carried out at rather an
elevated temperature using an acid or basic cata-
lyst. Typical condensation rea,ctlon produets
may ne formed betwee"rl |

Octyl phenol-formaldehyde
Ccetyl phenol-acetaldehvde
Iso octyl phenol-acetaldehyde
1so octyl phenol-crotonaldehyde
Octyl phenol-benzaldehyde
Octyl phenol-furaldehyde -
Octyl thio phenol-furaldehyde
Octyl thio phenol-formaldehyde
Amyl phenol-formaldehvde
Amyl phenol-furaldehyde

- Any of the above metallic salts may be used
as well as mixtures of these salts in lubricants

‘which may if desired be doped with corrosion

sﬂd/er oxidation inhibitors. |
- The following table gives typmal examples of

preferred normal or inner basic metallic . salts

70
- Tetra methyl diamino diphenyl methane

which give ~outstanding lubricating properties
- when used in high concentrations so as to form a
high ash, such as above 1% by weight ash and
preferably above about 1.5% and up around about
2:5% -ash. . Greater quantities of the salts may be

used provided the addition does not increase the.

9 629 693

-'wscosity of '--the base lubricant --a;beve--that 'gen.-

erally suitable for engine lubricating. Mixtures

- of these salts may be used and the percentage

10

15

ash may be expressed either as percent sulfate

~ ash, percent oxide ash or as percent ash.

Cation part

Lithium Vanadium
Sodium Bismuth
Calcium Chromium
Barium Molybdenum
-Magnesium -~ Manganese
Strontium, Iron |
Aluminum. Cobalt
Tin Nickel
- Lead
Aczd part

- Petroleum sulfonic gcid

20

Triisopropyl naphthalene sulfonic eeld

- Diaryl naphthslene sulfonic acid -

Diwax benzene sulfonic acid
Diwax naphthalene sulfonic amd

- Benzene disulfonic acid

25
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Lauryl sulfonic acid -
Cetyl phenol sulfide =
QOctyl phenol sulfide -

Octyl thio phenol sulﬁde

- Phenol-formaldehyde
Condensation product

Cctyl phenol- fermaldehyde condensatien prod-
- uct, ete. | - | |

Altheugh new. e,nd outstanding improved re-
sults are obtained by adding to lubricants metal-
lic detergents in amounts sufficient to form an
ash of above about 1.0% and preferably above

about 1.5 and 2.0% snd up to above 2.59% ash or

sulfate ash by weight, it is desirable under spe-
cific lubricating conditions to admix with said

- high ash forming metallic detergent doped lubri-
cants minor amounts of g corrosmn mhlbltor

and/or an anti-oxidant. -
The corrosion inhibitors Whlch may be used

45 with high ash formmﬂ* metalhc detergents of this

;nventlon are:
¥} nhzbztors

(I-a) ——Orgamc amines (a,roma,tlc ahphatlc
alkylaryl, eyclle heterecychc ammes and their
m1xtures) -

Paraphenylene diamine

o Alphg-naphthylamine
- Orthophenylene diamine

55

65

Beta-naphthylamine |
5-dibeta-naphthyl para phenylene diamine
2,4-diamino diphenyiamine

Meta toluylene diamine

-~ 2-amino-1,4-naphthohydroguinone
- 60

4-amino-1 z-naphthehydroqumone
Thiodiphenylamine - B
Monobenzyl para amino phenyl o

2,4-diamino toluene
- 2,4-diamino diphenyl amine _

Para, amino ozobenzene

| Oetedeeyl benzyl amine

Beta pbenylamme-alpha-na,phthyls.mine

| _.Phenyl -a~naphithylamine

- Phenyl-B-naphthylamine

N,N’ dibutyl para phenylene diamine

p,p’-diamino diphenyl methane
4,4-diamino diphenyl methane

- Tetraethyl diamino diphenyl methane -

%5

Diisoamyl diamino diphenyl methane



are:

. Beta pnenylaminﬂ—a1nha-naphthylamme

. Alkyl alkylene glutaric acid
- AJEVT alkvlene Lartarlc geid

R Ciyceryl mono oleate
- .;.{“Lmr mono. promonate -

- 'y .
-
Ty
" an '-'.q.
| . 9 - a '

st - (B naphthyl &mmo methyl)-p*tertamyl

phenol
3,3,5 trrcyclohexylmmme
- Dieyclohexylamine
N-—phensrl morpholine
N« {parahydroxyphenyl) morpholme
Octadeeyl 3-methyl-2-pentylamine
N- Gctadecylrm—ethylhewlamme -_
Hexadecylamine |
Qctadecylamine |
Octadecenylamine . -

 QOctadecadienyl amine

Parafiin waxamine

Cocoamine prepared from caceanut oil acids

- NN’-dimethyl triglycol dismine

- Digalicvial ethvlene diamine
N—qahcglal-l\]’—ethanol-ethylene cua,mme

5 methyl o |

2. 4-diamino gnisela

Ketone dlarylamme

Ketone amine | o

Retone amine condensation products

Butyaldehyde aniline derivatives -

Condensation products of acetone and sniline

Reaction products of acetone and para amino

7 -_ diphenyl

' 2,629,693

&t
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15

- 20

- In adgition to the abwe amme compuunds the _'
fo"lowmfr mixtures of amines produce 200d sta-

bilizers:

Mixtur e;;, of dlphenyl paraphenylene dlamme and

- isopropoxydiphenylamine :

| Phenvlnamnaphthyiamme and meta toluylene
diamine |

Mixture of mpala methnxy diphenyl amine

Diphenyl para-phenylene dmmme and phe*lyl_

beta naphthyl amine |

 Mixtures of phenyl- B-naphthylamme and meta

toiuylene diamine

Mln'tulﬁ of dighenyl para’ phenylene dmmme and |

Dara phemr] ene diamine

30

1)

-Mixture of stearic acid, meta, tolusrlene d.mmme'_ |

~ and phenyl-¢-naphthylamine - |

- Mixture of ditolylamine and petroleum Wax,
. {oluidines, xvlidines, cymidine,
o meuda cumldme and the like.

“"‘“‘he amines Whmh are parti cularly preferred

| Pheﬁyl-m-nanhthylamme
Phenyi-’%-naphthﬂamme

Tetra methyl diamino diphenyl methane
Meua tcluylene diamine, ahd their 1‘”’11?13111’85

(I—-—h‘* —Pol ycar 30}:5?119 a,clds

'Oftyl sueceinice acid .
- AYEV] 311{.571&11@ malonie agid-
Algyl alkylenne thicmalonic aca.d

- Alkyl alkylene citric acl.d
- Cyano stearié acid -
Cyano pamntw acid

-'--:.__,1stf=3.118 acid sulfide

e~-Hexadecyl thio glyeolic acld |
'nghenvlenﬂ dlthm distearic acid, ete.

(T—fﬁ esters of polyhydrlc a,lcohols

~ Glyeeryl mono %earate
Diaryl maleate |
- Glyeceryl mono rlcmoleate |
. Diarvl] suceinate -
: ;;....mbltan mono oleate

5o

10 -

Sorpitan mono stearate
Sorbitan mono ricinoleate
Erythritol mono oleate
Erythritol mono stearate
Mannitol mono oleat'e'
Diamyl oxalate -

(I-d) ~~Sulfur compounds

Sulfurlzed oleic ac1d
Sulfurized sperm oil
Sulfurized cotton seed oil
Sulfurized wax olefihs =
Dibenzyl disulfide

Bis methylene phenyl sUlﬂde
Bis methylene tolyl sulfide -
Butyl arsine disulfide @ .

Dlamyl .tarté,rate-” -

"Thiobenzanilide

Sulfurized mono or dihydric esters of lmolem acid

Triphenyl arsine sulfide

Sulfo-chlorinated mono esters of fatty scids e.
reaction product of sperm oil and sul m
“chloride

Thiobenzophenone

(I-e) —Compounds containing phosphorus:

Tripheny! phosphite
Tricresyl phosphite

Tributyl phosphite

Tricresyl phosphate

Diethyl phenylphosphinate

Ethyl diphenyl phosphinate

Naphthenyl phosphite

Reaction products of substxtuted phenol 4 P013
tricyciohexyl phosphite. |

Esters contalning: trivalent P, e. g.

R—CH—COOR’ .

(T-1) —-—Compounds conta,mmg both sulfur a,nd
nitrogen:

O-nitro phenyl thm ethers
O-amino phenyl ‘thio ethers

~ 'Thio cyano ethers_ and thio éthers

cumidine, o

' 45

ot
=] P

' Compounds containing

Rﬁ?H X—R’
- - . Y o
where X is O or S and Y is —CNS or -——T\TCS

e. g amyl thmcyane methyl ether

' Thiobenzanilide

Substituted thiazines and thlazoles e. t1 iphenyl

thiazole

== S -group in ring,
e. g. mercapto benzothlazole

Dianiline disulfide

Thio and isothiocyanates e. g. lauryl thw and
“isothiocyanate

N-substituted morphr.)lmes e.
- pholine

b-l

N -,amsrl mor--

o 60 DI morpholine polysulﬁdes

(I-9) ——Compou-nds confaining both sulfur and
phos;::horus

. Reaction products of phogphﬂrus sulfide and a

- 65

70

phenol or. & polyoleﬁn

_Thmesters of phcysnhmaus phosr}hmlc and thm-.

phosphinic acid
Tﬂhoszzhatlde e g lemthm etc

(I—-f) -—--Alkyl substituted hydroxy aromatlc
compounds represented by the general formula:

o Rn—-ArﬂOH

| wherem Ar is an aromatm radical, R-is an alkyl

L

alkoxy arylalkyl radical, Y is an organic polar




. Benzyl sulfide -

2;629,693

11

radical m may be zero or mteger of 1 or 2 and

n is an integer of 1 to 3. Particularly preferred

anti-~oxidants are the polyalkyl phenols in which

12

Halogenated alkylated aromatic e g alkylated |
toluene | |

" Halogenated petr oleum wax

the alkyl groups are attached at the 2,6 or 2,4,6 -

positions. The alkyl radicals which occupy the
-ortho positions may be methyl, ethyl, n- and
isopropyl, n-, iso, secondary and tertiary butyl,
- primary, secondary or tertlary amyl,
- heptyl, octyl and homologous radlcals Examples
of such polyalkyl phenols are:

2,4.6 trimethyl phenol -

2,6 dimethyl phenol =

2,4 dimethyl-6-secondary butyl phenol

2,4 dimethyl-6-tertiary amyl phenol

2,4 dimethyl-6~tertiary octyl phenol

- 2,4 dimethyl-6-tertiary butyl phenol
Alpha and betg naphthol -

4-tertiary butyl catechol

p-Benzyl amine phenol

Hydroquinone, vamllm dnsobutyl phenol

Fyrogallol

Guaracol

Thymol

" Resorcinol

Cinthaquinone
Di-tertiar y-butyl-meta-cresol
2,5 ditertiary butyl hydroqumone

Tertiary octyl phenol -
Tertiary butyl ether of o—tertlary p-cresol

- Cardanol
Bis- (B-naphthylamlno methyl) -p-tert1ary amyl

phenol

(I-9) --Phosphorus containing orgamc com-

pounds:
Phosphatides a
- Chepalin
Lecithin

(I—h) —Organlc &CIdS other than those 11sted .

- under (I-b):

- Gallic acid
Tannic acid
Cinnamic acid
Renzoic acid =
Salieylic acid

(I~1) —Sulf ur compounds

Tth diphenyl amine  Phenyl sulﬂde
Methyl phenyl disulfide Phenyl d1su1ﬁde
Ethyl sulfide -~ Bengzyl disulfide, etc.
. Wax disulfide -

Phthalic acid

Uric acid -
- PFureie acid
- Abietic acid

(I-y) —Terp enes:

Pine oil
Rosine o0il
Turpentine oil, ete.

€. g..

 Halogenated d1pheny1ene oxide S
- Halogenated acid-diphenylene oxide condensa-
- tion product

Condensatlon ploduct of two halogenated fatty

acids

- Condensation product of halogenated wax halo-_ "

genated organic acid
Halogenated wax condensatlon product

hexyl,

10

Halogenated aliphatic alcohol -
Halogen containing derivatives of dlphenyl ether |
e, g.chlorinated diphenyl ether

Product made by chlorinating a petroleum. coal,

tar or wood distillate and removing less stable

constituents by treatment W1th AlCls
Polychlorinated naphthol

. - Chlorinated resorcinol

Chlormated cottonseed or castor o11

Chlorine derivatives of polyisobutylene

Halogenated nitrite derivatives from ‘petroleum
acids |
Tetrachlorioblbenzyl or similar compounds R
Chlorinated Edeleanu extract

“Halogenated nitrile derived from paraﬂin wax

Halogenated aromatic aldehydes

-Halogenated dibutyl phthalate ete.

The amount of anti- omdant and/or corrosion

| inhibitor if added to a 'base 0il containing a
- metallic detergent in amounts suﬂiclent to form

an ash at least above about 0.8%, is generally

less than 1% by weight, although greater quan- . .

tities may be used. The preferred range is be-

- tween about 0.1% and up to about 5% by weight,

30

depending upon the oil base, concentration of the
metallic detergent and condition of use. |
Base oils may be selected from a wide variety

-~ of natural oils such as paraffinic, naphthenic and

40

. mers, e. g. dimethyl silicon polymer, etc.

mixed base oils having a wide viscosity range,
such as a minimum of 90 at 130° F., S. U. S. up
to 250 at 210° B, S. U. S. In addltlon synthetic
oils may be used such as polymerized olefins;
copolymers of alkylene glycols and alkylene
oxides; organic esters, e. g. 2-ethyl hexyl seba-

cate, dioctyl phthalate, trioctyl phosphate; poly-
“meric tetra hydrofuran; polyalkyl silicon poly- )
- Mix~-

. tures of natural and synthetic oils can be used

. &0

55
(I-k) Organic compounds contalning halogen'

60

Halogenated rmg compound such as o-dichloro-' .

benzene
Halogenated hydrocarhons e. g chlonnated hex-
- ane o
. _Chlormated dlphenyl benzene | |
o _Mono and dichloro derivatives of xylyl- phenyl-
~ decyl-, and tolyl hepta decyl ketone

K

also.
‘minor amounts of a fixed oil such as castor oil,

| a5 lard oil and the like may be admixed with a

Under certain conditions of lubrication

hydrocarbon oil and/or with a. hydrooarbon oil-
synthetic 0il mixture. |
To more fully illustrate the present 1nvent10n.

the following are a few examples of compositions

of this invention which have been compounded
in high concentrations with ash forming metallic
detergents and inhibited against corrosion and/or

- stabilized against oxidation  deterioration and
found extremely effective for heavy duty lubrica-

tion. . The base o0il used for test purposes was
an SAE 30 ©oil having a viscosity index of 55.

‘High ash containing compositions of this inven-
- tion passed the CRC tests I-1, 1-2, I3 and
1~4 as described in the CRC handbook under
the chapter describing engine oil tests. For pur-
pose of illustration the following test results of
- 0il compositions of this invention are listed when
subjected to a CRC test I1—4-545,

- 36-hour test in a Chevrolet engme usmg the

o following cond1t10ns

Wh_lch is a

p—

Minimum | Maximum | Average
~Emgine speed, R, P. M.._....__ 3,130 | 0 3,165 3, 150
Engine load, B H P _.._.....}V o 208/ - . 305 .30
Oil Temp. in Sump., °F.__.__. Y ¢ A I ¥ | 280
- Oil pressure, p. Sodoooo o ___ | 13. 5 1401 13.8-
Jacket outlet coolant temp., "‘F_ - 197 203 189 -
xhaust pressure, in Hg____._.__} - 0.7 0.9 0.8
Intake depression, in Hg______ __ 12.2 1281 - 12.5
Fuel consumption, see. per 300 L - A
S ¢ SO 70. 0 72.9 |

Halogenated naturally occurring esters e.. g,

_. chlormated carnauba wax

78

.3
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' 'z,'ea"s;egé

‘.I‘he mjllnwing feble shows the eﬁect of in-
creased concentration of an ash forming deter-

gent on the average bearing weight loss, piston
rating and overall rating, said ash containing

“base 0il being inhibited with an ent1-omdent 5 perature of 100° F. and

and/or cormsion inhibitor.

BASIC OIL 630 SUS AT 100° ¥

TABLE I

“Test IT

A reference oil and an oil of this invention were
subjected to a CRC L-1, at a water jacket tem-

at standard operating

conditions with g fuel containing 1. 06% sulfur.

. MOTOR STOCK

This data is grephleally eresented by curves in :
Pigures I, II and III. In each of these curves of

Figure I, it can be seen that bearing .corrosion
increases drastically with increased concentra-

“tions of detergent until a maximum is reached

35

and thereafter the bearing corrosion unexpected-
1y begins to decrease with increased concentra-

tions of detergent, Since the corrosion increases

well past 0.6% by weight ash it can be seen why

the general conjecture in the art is that corrosion

40

‘would continue to increase with increased con-.
centration of detergent and the apparent reason

why the U. S. Navy and Army specification placed

“an arbitrary critical limit of 0.6% by weight ash

~as the maximum allowed for engine lubrication.
~ However it has now been discovered that pasi a

4hH

 eritical upper limit corrosion and wear begin fo
~ decrease with increased amounts of detergent.
- Thus the valuable contribution of this invention

is that increasing the coneentremen of a deter-

59

gent past a critical upper corrosion limit wear
-and corrosion can be substantially inhibited.

J'Further*nere not only the corrosive and wear
tendencies of lubricanfs diminished in this man-

ner but engine cleanliness and performance is
'greetly improved as can be seen by references to
Tehle T and Flgures IT and I1L

~ Engine Condition

[T E— SR T FTD R P T MR R 1

L1 Exeept-lﬁ{l“ F., Water Temperature

| giatirme;l Cgleeie. o & ditert
: clupr | bwalcmim o o ___ 1 % bditert. 3 |
1 Salt of Balf of Iﬁgmﬁﬁ al butyl Bearing Vise. ine.
{ Petroleum | Petroleum { " p in eH "1 4methyl Weight - | Piston | Overall i yorog |
1 Buifonate, | Sulfonate, 'I?e?eeﬁf phenol, - Loss, Rating Rating | “poreent
Percent | Percent Wt Percent me, | - ;
Sulfate - Bulfate A Wit.
Ash | Ash |
D3 | ceemnenn | 0.2 R 501 4 [ 66 82
0.6 : . 0.2 | e 872 8 80.5 100
0.9 ] 0.2 .. 1,000 8 90. 5 100
D V5~ S N [ . S 86 | emee-- 99. 5 96
LT el - 0.2 ] e 197 8.5 99.5 80
2,3 em—— 0.2 | - 70 8.5 09, 5 80
_________ 0.3 - 0.2 e 532 - 7;“= 84.5 80
_________ 0.6 0.2 —————— 750 8 02 -
_________ 0.9 0.2 I 1,260 9+ 09 80
_________ 1.2 0.2 o 1, 312 10 100 130
_________ 1.7 0.2 e 282 10 100 81
_________ 2.3 0.2 e 64 10 100 104
| 5.8 62 | . 122 10 1000 4 -
_________ 0.3 .0.2 0.7 570 5 - 8144 69
......... 0.6 0.2 0.7 810 10 9934 80
- 1.2 0.2 - 07 350 | 10 100 | 48
1 17 hrs

| Analysm of the reference oil end h1gh ash oil were

Free Acidity, Meg/g. oo

A M- BT MR Py R EE B B Em B

as follows:
- | High Ash
| Reference | oil, referred
1 Cil to as Com-
i position 3 ¢
i -

S QGravity, AP .1 at 80°. . ... 23.5 1 22, 8
Flash, C. 0. C., °F . o ameceees 400 | 400
Fire, “F ___________________________________ ' 420 | 472()
Vleeeeltv S.S.U.at100° T .. 343 538

| Vlseesnzy 8.8.U.at130°F___._ .. ... . 150 297
Viscosity, S. 8. U.at 210° ¥ __. ... 50 £0)
Viscosity InAeX . oo e - 47 63
Aniline Point, *F_......__. emem - 1 183 260

- Sulfur, pereent . . e emnee _] 0. 52 0. 96
Insol. P. E., Mg/g i ccraan ] 0, 58 0. 54
Oxide ash, pereent,h e e i ——— 0. 27 2.08
Carbon Resr.due, pereeﬂt __________________ 0. 38 3. 35
N Ut N O - o e e e et ———— 0. 11 alk 3. 34 alk
Strong Base No., Mg/g. e 0. 40 alk 3. 86 alk

I bn o mm s wrk b s e e o w

whp

1 Caleium petroleum sulfonate, 2"7’ weight sulfate ash; phenvi-e-

0.7% weight.,

Analysis of the prope1 ties of the test eﬂs ren
veals that the gross acidity (refer to Fig. V) of
the high ash ©0il was less than that of the reier-

naphthyl amine, 0.2% weight; 26 drtert butyl-4-met h::,r] lmenel

55 €nce oil and that no strong acids were detected

at any time in the high ash o0il, whereas the ref-

erence oil revealed the presence of

as low as 30 hours of teeting
REeULTs OF L-1 ENGINE TEST

stray acids in

I~1 Operating Condition

Reference OiI

_ng Weer-Tep

Liner Wear:
Transverse.
longitudinal

e vk ek W LT RO g

Eat e W el mic ws W SEE g R

iy ey W B w0y T o = g

o mm ml wek He A A FOHW

ring. _.._

s EF B A ek B e TR AR

mednzm depes:tt _______

‘medium deposit of

0.0095" ...l

1

- “hard carbon and
lacquer. - | -

- 100% Black lacquer. .|

Covered with -h]eek
lacguer. |

0 050" gap increase. ...

0.0049";__;_-.;...';;.'__--;__-':.

Composition B of
this invention

L

: Reference Oil

Cem*pesitien. 2 of
this invention

Allfree and clean..._

Heavy deposit of sludge |
around oil ring sup-
ports and along bot-
tom rail. |

All free and clean.

Clean._.__._. *___-.._.._i ‘Covered with Dblack | Ciean.
‘lacquer and medium
- L deposit of hard carbon.
100% clean. ... oo _o.. 100% covered with black Do.
leequer - l
Clean. . oo Covered - with  dark | Do.
- {- brown lacquer. - 1 : -
0.011"” gap increase._§ 0. 928” gap mereaee ______ | 0.013" gap increase.
0.0055" - e e 0 0028 e et mceeaan 0.0010",
........... D0[111”--_-1._~_-#-..----__' 0.0008".

0.0059"_ -
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TesT III
An actual ﬁeld test in a *caterpillar D-4600 €11~

~gine driving a wafter well. pump and using a high

sulfur fuel was operated for a period indicated in

,.2,62_9_,.693

16 _
lubricants the &Gldl(} ‘mater lals as they fmmed
are taken up by the alkaline Feserve agent there-

hy preventmg sludge formation, whereas in low
ash doped lubricants there is msuﬂiment neutral-

izing material eepeble of taking up or neutmhz

the table below using the best available heavy & iy dic d torin] p
duty lubricant identified in the table as reference 16 the acidic decomposition materials as. they
0il A which contained a metallic detergent in  °t® formed. Increased amounts of sludge on the
concentration of less than 0.5% by weight sulfate .ether- l}and_' mactivate ”}ﬁ‘ det“?:l‘ge‘:’lt ingredients
‘ash. At the end of the test the condition of the ‘2 the lubricants or admixed with it and the en-~
engine was observed. The engine was then over- 10 tll:.ih;:lﬁlére :,2 tgzniggz?tsaib&tacgzgaminam hiol
hauled with new cylinder liners, pistons and rings =D 1 using a ugh
and again operated for 510 hours usine reference ‘ash doped oi] are further iliustrated by subJeet-__
oil A and thereafter on an SAE 30. 55 V. T. oil ing an S. A. E. 30 motor stock oil of 55 VI and
doped with a base identified as compo,SJ.th Bof  (oped with varlous amounts of a basic calcium
this invention comprising: 15 Petroleum sulfonate. Oils thus doped were sub-
| | - jected to a Dornte oxidation test:as described in
-Bgssi? eeleiem petroleum sulfonate, percent welght eulfatg 0;2 N B the InduSuI'l sl and Engmeermg Chemzstry, vol.
Phenyl-e-napthylamine, percent welght__ ... 0.2 39, page 581, 1943, using 0.05% wt. crankecase
Zﬁdltertlarv butyl—-i methvl phene] percent weight. .. _.___. 0.7 eefa,lyst and a-{; 9, tempera,tul*e of 1530 7 thle
. . - | ' . B
j _G_ex_llpesitien Time - - - Average cylinder wear nglf;g?; ;édrggtséngmg :
Run 1. .____ Reference 011 A _._. 1,300 hr_..._.. '_._______,:_'__-___-__'-_.h 0,03(0) e e e eavily fouled with sludge.
Run 2. .. {ggferentq&_oll L o S -
maposition B...___| 1,050 11111'. efteﬁ efngme eg-slr}l_m for | 0.0051n fotal eetue] wear. .. .. tngine absohitelv clean.
| B - 500 hir. on Reference Qil A, - - |

Anelysxs ef compesztmn B before ami after the
apove engme run is gwen helow. |

it Used oil ! Used oil t
aodelal | after 1050 | after con-
| hr. trifuged
Gravity, CA. P Y__.__ e 22,6 2.8 | ...
KFlash, P, M, ce., °F_ .. IS (OO [ F
"ﬁ‘lesh (L 0. C ”F _____________ 410 A20 | e
Vlseemty S. 8. U.at100° F.__. 579 B8O ..
Vleeemty, S. 8, U, at 210"" F..,.__ 61.0 64.8 |
Viscosity I.ldﬂ}{ ................. Bt B 5 2
Initial pH . __ . _________ o em—an 10.7 6.4 6. 3
TBN-E, mg, KOH/g__.________ 5.2 0.2 0.2
’FAN—F mg. KOH/g_ . ... 0.8 5.0 4.0
il Ireelunlee percent vol.. ... nil 0.2 Tl
Isopentane Ineelubleq percent e
wWeignt . e nit 0.2 { .
- Benzol Insolubles, percent wt.. -~ nil 02 .
Saponification No., mg, KOH/g_| 1.0alk | 3.9 3.7
Sulfated Ash, perceut Whooeeee. . 2.1 2.2 2.3

1 Ol diluted with equal volume petroleum ether, centrifuged at
6000 R. P. M. for 14 hour and volume precipifate mmsured Petro-
leum ether evaporated from oil prior to eubsequent testing.
 The above figures are highly -Sl_gﬂiﬁﬂa-ﬂt-.. and
illustrate perhaps the reascn for the unexpected
results obtained using a high ash eeprd 0il,
Thus as indicated above the initial new oil had
an initial base number by electrometric titration
(TBN-E) of 5.2 and after 1050 hours of use
dropped to 0.2 indicating that the vasicity of the
0il was being depleted. Also the average total
acid number (TAN-E) increased from 0.8 to 5.0

inagicating further formation of acidity materials..

However the total sulfate ash. in the new and
used o1l remained substantially .constant. This.
sulfate ash apparently acts as an alkaline re-

30

3D

£0

50

| Fpn’me Depeelt in 200 hlb -

80

serve reacting with acidity materials as they

~are formed thereby preventing the formation
On the
- other hand with low ash doped lubricants the:
formation of acidic decomposition products takes

of corrosion, sludge and the like.

- ble ef ‘acting in the capacity of an alkaline re-
- Serve agent.

invention the active metallic detergent remains

substantially constant acting in the capacity of

an alkaline reserve agent, in the case of low ash

doped lubricants the metallic _detergent_ becomes |
depleted rapidly and after relatively short pe-
75

riod of use. It appears that with high ash doped

place without the presences of any reagent capa-

time required to aksori 15000 ml. of oxygen noted.
Figure IV discloses the results obtained and il-
tustrates once again applicant’s basic discovery.
Thus it can be seen that up to a critical value
of around about 0.8% wt. ash the oxidation sta-

- hility of doped oils decreases with increased con-
centrations, but that past the critical value oxida-

tion eta,bﬂlty contiues to increase with nmreesed
concentratmns of meta,lhe detergent

TFST I‘if

In tWo CJ.‘R engines used fel evaluatmg the
octane rating of aviation gasolines, normally
compounded heavy duty Iubricating oils allowed
deposits to accumulate on the piston to an ex-
tent which interfered with operation. A large
increase in the amount of ash forming additives
in lubricating oil reduced deposits between nor-
mal overhaul periods tc & neghelble emeuﬂt as

15 shewn in the table f ellowmﬂ

| CWR—AFD 'F‘-—-2 ENGIN_& |
- BASE OIL (55 VI MOTOR STOCK OIL) .-
2.7

Ca petroleumn sulfonate, percent wt. ash-. ____ .. - .27
Stdfurized sperm oil, percent wt__ .- ____ ;e300 .
Phenyl-:z-nephthylemme percent wit. - .. _______ 0.2 . __

-—.*-**H--——-qu_-—_——

Excessive N Lehgible
T:ee'r \'S

. umml test p? ocedure

(@) A test sample reservoir, a 100 ml eeeam |
tory funnel, is filled W1th the oil to be tested and
weighed o 0.1 graim on a beam balance.” The
regervolr is then placed in position with the tip
of the calibrated cemllary just above the opening

in & feed lead tube, and the oil How rate con~.

_tielled at 0.5 gram per minute by a, plevleueTy
calib *&ted glass capillary tube,

(b) A prepared spiral is slip ped over the heater '

“and-thermocouples attached to the screws on the -

- periphery of the spiral.

| Another surprising factor is that o
- whereas with high ash doped lubricants of this

70

(c) A tared 100 milliliter beak:e1 is pleced_ﬁn o
position under the splrel leed oﬁ tube to reeover |

:the unvolatilized oil.

(d) Current  is epphed to the spiral heetel
through a standard 115 volt variable tre,nsformer |
(A “Varitram,” Model V-1M,. equipped with a

- voltmeter has been found Very setlsfaetory for

controlling the power input). . . |
(e) Power mput 1s adJusted SO that the avel- |



. 1% . _
-age temperature of the thermocouples. is 280° C.
" (variation from the average for any one thermo-
" couple should not be more than 10 degrees).
(f), After allowing at least ten minutes for the
-spiral temperature to equilibrate, the oil flow 1s
gtarted and the heat input is adjusted so that
" the average temperature of the thermocouples 1S
. 275° C. | | | -
. (g) A qualitative check on slicht variations in
~ the oil rate due to rcom temperature changes
- may be made by taking a drop count during the
run. |
~(n) At the end of 100 minutes the oil flow is
" stopped and the power to the heater is turned

' .1;.—;;Reporti7zg of results

“" (@) The charge reservoir is reweighed and the
- weight of sample used is recorded. '
~ (b)) The recovered oil beaker is reweighed and
 the per cent sample loss (volatilized) is reported.
. te) The spiral is allowed to cool and then is
. slipped off the heater and washed by dipping
gently in isopentane until successive washings
* are colorless. 'The washed spiral is then dried In
an.oven at 100° C. for approximately thirty min-
utes, cooled to room temperature and reweighed
to the nearest milligram. o |

(d) Any insoluble deposits that flake off the
spiral during the washing are recovered by filter-
ing the isopentane through a tared sintered glass
gslter.  These deposits are dried at 100° C. for
thirty minutes, cooled to room temperature, and
their weight determined. S | -

(e) The milligrams increase in spiral weignt
plus the weight, in milligrams, oi any deposit re-
covered from the washings divided by the grams
_sample charged is reported as “milligrams de-
~ posit per gram” at (test temperature) and the
results of a spiral test on various concentrations
of Ca petroleum sulfonate in mineral oil and
composition (referred to in column 13) are repre-
sented eraphically in Figure VI. Once again It
~can be seen that an oil is improved with increased
. conecentration of an ash forming salt. |
- Spiral test results on mixtures of Ca petroleum
sulfonate and Ca octyl- phenol-formaldehyde
condensation product are listed below. It will
he noticed that as the concentration of the addi-
tive mixture increases to a maximum deposit
~ formation also increases, but thereafter as the
additive concentration is increased deposit for-
mation decreases. |
A SPIRAL DEPOSIT

Ca vetroleum sulfonate and Ca octyl phenol-
formaldehyde condensation product in mineral
lubrication oil.

- 2,629,603

10

- 15

20

20

ing Corrosion Test as described in the National
Petroleum News, September 17, 1941, pp. 294-296.

55 VI, SAE 30 motor oil containing 0.2% wt.

PHENYL:a-NAPHTHAMINE
Concentra- g
- : - Critical
Additive tion, per- | Gorrosion
| cent sul- Temn.. °C
| fate ash D.,
None_._...... P IPIUI F APPSO PN
Ca petroleum sulfonate .. oo ovunmann- -] 0. 60 1554
| B o S U SISO 1.20 165+
Basie Ca petrolenm sulfonate oo 0. 60 155+
§ B o TRV PP UpL U : 1.10 160-}-
Do e e am————— - 1.70 1654
10 e e 2.30 165+
S A E. .30 MINERAL-OIL -
Cq salt of alkyl phenol-formaldehyde con- 0.2 155
densation produet.. o oooaao e mamne——
DOt earnm—————ae 0.3 | 165
DO e e m———————————— | 1.0 >175
DO e e e e mm e ————— 2.0 >170
D0 e e e e e —— e ———— 3.0 1] >170
DO e il ————— 4.0 >170
Ba salt of alkyl phenol sulfide__ ... ....._- 6.8 160--
Ca salt of alkyl phenol sulfide oo oeeomva - 4.0 160+

| Specific salts and inhibitors referred to in the
above examples were only used for illustrative
purposes and are not to be consfrued as limita-

 tions of this invention, the present basic inven-

30

tion being that lubricants doped with ash form-
ineg compounds in high concentrations of above

' 0.6% by weight ash produce improved and un-
. expected results. It is therefore to be under-

35
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stood that while the features of the invention
have been described and illustrated in connection
with specific compositions, the invention is not
to be limited thereto or otherwise restricted,
except by the prior art and the scope of the
appended claims. |

We claim as our invention:

i. A finished liquid lubricating composition
for use in engines operating on high sulfur fuel
comprising & major amount of a mineral lubri-
cating oil; a caicium salt of petroleum sulfonic
acid in an amount of from about 1% to about
49, calculated as sulfate ash and minor amounis
of from 0.1% to about 1% by weight of phenyl

 alpha naphthylamine and 2,6 ditertiary butyl-4-

50

methyl phenol. - |
9. A finished liquid lubricating composition

~ for use in engines operating on high sulfur fuel

comprising a major amount of & mineral lubri-
cating oil: a calcium salt of a hydrocarbon aro-

" matic sulfonic acid in an amount of from about

5o

60

19, to about 4% calculated as sulfate ash and
minor amounts of from 0.1% to about 1% by
weight of an aryl amine and an alkyl phenol.

3 A finished liquid lubricating composition
for use in engines operating on high sulfur fuel
comprising a major amount of a mineral Tubri-
cating oil, a basic calcium salt of pefroleum sul-
fonic acid in an amount of from about 1% to
about 4% calculated as sulfate ash and minor
amounts of from 0.1% to about 1% by weight
of phenyl alpha naphthylamine and 2,6-diter-

tiary butyl-4-methyl phenol.

'Tota.lt%dﬁitgvi (-E)er-
g Additive| ~ COTU PUUALEAS
| Additives Ratio .
0 0.25 | 0.50 | 1.00
N ODG e mm———m e [ = 20 U FU O
Ca petroleum sulfonate. .- {-wooooueno- 751 3.1 2.8 1.0
Ca octyl phenol-formaldehyde | |
condensation product - . _fcmoenana- 7.51 4.6 2.7 2.4
Ca petrolenm sulfonate.....- . 3 | |
' Ca octy! phenol-formaldehyde T 7.5 2.4 | 2.2 1.0
condensation product. .. ...-
Ca petroleum sulfonate. ... 1 | -
Ca octyl phenol-formaldehyde - 7.5 5,21 2.1 0.9
" eondensation produet. ... 1
. Ca petroleum sulionate._____.- 1 -
Ca octyl phenol-formaldehyde 3 751 60| 3.0 1.0
condensation product- .- .- | -

~ Improvement of lubricants doped to & 'hig-h
ash value is also illustrated in the Thrust Bear-

4. A finished liquid lubricating composition
for use in engines operating on high sulfur fuel
comprising a major amount of a mineral lubri-
cating oil, a basic alkaline earth metal salt of
petroleum sulfonic acid in an amount of from
about 1% to about 4% calculated as sulfate ash
and minor amounts of from 0.1% to about 1%

- by weight of phenyl alpha naphthylamine and

75

92.6-ditertiary butyl-4-methyl phenol.




'
wrea ® e '

. cating oil,

' 2,629,693

19

5 A ﬁmshed liguid lubricating compositmn
for use in engines operating on high sulfur fuel

about 19 to about 49% calculated as sulfate ash

20

about 1% by Weight of phenyl-alpha-naphthyl- :

- amine and 2,6-ditertiary butyl-4-methyl phenol.

comprising a major amount of a mineral lubri-
cating oil, a basic alkaline earth metal salt of
- petroleum sulfonic acid in an amount of from

and minor amounts of from 0.19% to about 1%

by weight of an aryl amine and an alkyl phenol.

6. A finished ligquid lubricating composition

for._ use in engines operating on high sulfur fuel

. comprising a major amount of a mineral lubri-
- 'c&tmg 0il; a caleium salt of a petroleum sulfonic
- acid in an amount of from about 0.8% to about

- 4% calculated as sulfate ash and a minor amount

of from 0.19% to about 1% by welght of phenyl

-~ alpha-naphthylamine.

- 7. A finished liquid lubrlca,tmg composition

~ for use in engines operating on high sulfur fuel

10

11. A finished liquid lubricating composition
for use in engines operating on high sulfur fuel

comprising a major amount of a mineral lubri-
cating oil, g mixture of an alkaline earth metal

salt of petroleum sulfonic acid and an alkaline

earth metal salt of a condensation product of

octyl phenol-formaldehyde, the mixture of said
salts being present in the ratio of 1:3 to 3:1, re-

Spectively, and in an amount of about 1% calcu~

~ lated as sulfate ash and minor amounts of from

0.1% to about 1% by weight of an ary] amme

. and an alkyl phenol,

15

- comprising a major amount of a mineral lubri-
cating oil, a mixture of a calcium salt of petro-

comprising a major amount of a mineral oil, a

metal salt of a hydrocarbon aromatic sulfonic
acid in an amount of from about 0.89% to about

49 calculated on an ash basis and a minor
- amount of from 0.1% to about 5% by weight of
an aryl amine.,

- 8. A finished liquid lubricating comp051tmn

~ for use in engines operating on high sulfur fuel
- comprising a major amount of a mineral lubri-
a calcium salt of petroleum sulfonic

acid in an amount of from about 0.89% to about

49 calculated as sulfate ash and minor amounts
. of from 0.1% to about 5% by weight of phenyl
~ alpha-naphthylamine and sulfurized sperm oil.

20

25

30

9. A finished liquid lubricating composition for '

use in engines operating on high sulfur fuel com-

- prising a major amount of a mineral lubricating
oil, a mixture of a calcium salt of petroleum sul-

fonic acid and a calcium salt of a condensation

‘product of octyl phenol-formaldehyde, the mix-

ture of said salts being in the ratio of 1:3 to 3:1,
respectively, and in an amount of about 1% cal-

culated as sulfate ash and minor amounts of
from 0.1% to about 1% by weight of phenyl-

alpha-naphthylamine and 2,6-ditertiary butyl 4.

- Mmethyl phenol.

10. A finished 11qu1d lubmca,tmg composztwn
for use in engines operating on high sulfur fuel

salt of petroleum sulfonic acid and an alkaline

-~ earth metal salt of a condensation product.of
octyl phenol-forma,ldehyde the mixture of said
salts being in the ratio of 1:3 to 3:1, respectively,

and in an amount of about 1% calculated as sul-

35

40

45

- comprising a major amount of a mineral lubri-
- cating oil, a mixture of an alkaline earth metal

0T
-

fate ash and minor amounts of from 0.1% to

12. A finished 11qu1d lubrica,tmg composwion :
for use in engines operating on high sulfur fuel

leum sulfomc acld and a calcium salt of g con-
densation product of octyl phenol-formaldehyde,

_the mixture of said salts being present in the

ratio of 1:3 to 3:1, respectively, and in an amount -

of about 1% calculated as sulfate ash and s

minor amount of from 0.1% to about 5% by
Welght of phenyl a,lpha,—naphthyla,mme -

'ROBERT C. BARTON.
ROLAND F. BERGSTROM.
'JACOBUS M. PLANTFEBER,

REFERENCES CITED
The following references are of record in the .
ﬁle of thls pa,ten't -

- UNITED STATES PA‘I‘ENTS
. Number - Name ~  Date
1,630,101 Wilkin oo May 24, 1927
2,100,779  Morway -_——._______._Mar.1, 1938
- 2,169,155 Lincoln _____._._..____ Aug. 8, 1939
2,330,239  Prutton o __ o ____ Sept. 28, 1943
2,361,476  Higbee _._.________ Oect. 31, 1944
2,361,804  Wilson _.._._________ Oct. 31,1944
2,315,222 . QGriffin ___________ -— May$8, 1945
2,383,033 Adams _____ S _ Aug. 21, 1945
2,412,633 Schwartz ... _ Deec. 17, 1946
2,412,634  Schwartz mm——mem———— Dec, 17, 1946
- 2,402,325 Griesinger -________ June 18, 1946
12,410,652 Griffin - _________ Nov. 5, 1946
2,416,192  Mertes ...___ e Feb. 18, 1947
- 2,420,893  MeNab et al, - May 20, 1947
, FOREIGN PATENTS ' '
‘Mumber ~ Country ° Date
- 119,306  Australia —..._..____.__ July 2, 1942



	Drawings
	Front Page
	Specification
	Claims

