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ThlS mventlen relates to extreme pressure lum- |

‘bricants capable of withstanding high pressures
- ab elevated temperatures under severe and ad-
 verse operating conditions

. pressure lubricants by enhancing their extreme

twely minor amounts

- Natural and/or synthetle 1ub1 1ce11ts per se are'_ |

- pressure properties and at the same time render-
ing them. substentmlly non-corrosive. and stable,
by ‘addition of a novel ucldltwe therete 111 rela,---_

: not capable of withstanding extreme pressures at
high temperatures, hrgh speeds and under severe |
~ loading conditions as generally encountered in

'-present dey lubrlcatmg such as .internal com-

~ and the like. Under such conditions of lubrica~
tion, the: preteetme film formed: between eenteet-

C8Y

eff

eetnre sheuld be reaetwe with contacting sur-

- faces, this rea,ctlvrty should not be corrosive to

the reactive surface. This is generally 3, Serious

| - More specifically this
mventmn pertains to lmprevement of extreme

draw-pack of known extreme pressure agents, for
serious damage to meis al surfaces, pa,rtleula,rly
such as alloy bearings and the like, might result.

 Such additive should also not tend to promote
oxidation which generally prompts formation of

o 15
bustion engines of various types, transmission de-
vices, certain types of gears, e. g. hypoid gears,

o metal fabrication such as in cutting and drawing - stability of the lubricant.

corrosive acidic materials, sludge, leequer and

varnish which resulis in- sticking and fouhng ef
‘movable engine parts and the like. | S

. Numerous compounds and mixtures of com-' |

pounds have been proposed and tried as extreme
pressure agents for lubricants, the. best of which

have only moderately improved the extreme pres-
sure properties of the lubrlca,nt and geners,lly at
the expense of increased corrosiveness and in-
Ameng such com-

 pounds may be mentioned organic oxygen-con-

 ing surfaces, by the lubricant, so as to prevent

SR clueet metal- to-metal eontaet breaks down or

| ruptures and seizure or even welding of metal

narts. ocecurs, resulting in serious damage 0 the
'--;elemeuts Lemg lubricated. - To overcome this

- serious, weakness ‘generally mherent in undoped

-lubrree,nts -extreme. pressure agents are added

*‘.

whwh ferm preteetwe films between contacting '

. thus
 breakdown and rupture under
scrzbed lubricating conditions.

preventing: their

. The aetmn of extreme pressure a,gents is largely |
o oa physiochemical phenomenon and this accounts :
. -urlmarlly for their effectiveness as extreme pres- -
Lsure agents,
~ tion to increasing the film strength of lubricants,
| -:beceme reactive with eenteeblng surfaces forming

‘thereon an alloying protective coating or ﬂlm of

- These egents or materlels in addi-~

greal streneth and thermal stability.. . This

.

*y ;‘f;

- surfaces and which possess among their proper-

ties the function of imparting film strength and :
- piliness - to - lubricants,
the '&hove-de- :

- ketones, oxidized petroleum frectmns

tsmmg compounds such as fatty acids, esters,
-organic
mmpounds containing sulfur or exygen and sul- -

- fur such as sulfurized fatty oils, acids, ete.;

o i

1.'.:".').

organic eompeunds onte,mmg chlorine usually
obtained by chlorinating organic compounds ‘o1
petreleum Iractmns organic - compounds con-
taining phespherus organic compounds contain-
ing lead and especially such compounds when in

conjunction with an active sulfur compound.

Of the general classes of extreme pressure

| eempouncls enumerated, sulfur and/or halogen-

- containing compounds eppear to be most ef

'‘ective
and are therefore preferred. ‘However, these have
serious defects in that most sulfur compounds to

“be effective must contain g major amount of
“sulfur in an active state. which is highly corrosive
and has a tendency to.separate ouft and form

sludge. Materials of this type, when in combina-

tion with halogen-containing compounds, have a -

deletericus ‘effect hy- llberetmg highly corrosive

~ acids from the halogenated compounds and also

; tenag ous v sdhermg adsorbed protective ﬁlm not
only reduces friction between relatively moving

. %.'cf mectmﬂ' surfaces and rorm thereon a protective -
film which preveuts welding of moving parts and

 aids lubrication. Since the reaction is normally
TR :ﬁetween the additives in the lubricants and eon- -
elevated temperatures of
ar ouud ahout 156° C. and higher, the performance
of a given lubricant must depend upon its com-

‘fs oting surfaces ab

 parts such as encountered in internal combustion
 ‘engines but also acts: as an impermeable film
 which bprevents corrosive acids and other con- |
,-"tammeuts_ rom attacking the metal surface and
- the like. To be effective, therefore, extrerme pres-
~ sure agents must, to a degree, be reactive with

3
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1
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 position, the composition of the contacting sur-
f{:a.ﬁi... being lubricated, as well as the cendltrons

Le tvhz.eu the eembrsmtmn is sub,]eeted

eltueegh er.treme pressure eddltlves te be se

used alone, become highly _
=~ metals such as eedmmm—sﬂver copper-lead, etc.,
80 as to render them useless efter shmt uermds.
- Of use, | |

'eapeble of e . .
-sures at elevated temperatures and adverse oper-

interfere w1th their function as an extreme pres-.

sure dope, Halogen-containing compounds when
corrosive to alloy

It is an eb;aect of the present mventmn to pre-'
vide an improved extreme pressure type Iubricant
ective lubrication under high pres-

ating conditions. Still another object of this in-
vention is to provide an improved, stable, sludge-

free, non-corrosive extreme pressure lubricant. .'
Alsg, it is an object of this mventlen to provide -
‘an improved extreme pressure lubricant by addi-

tion to any lubricating carrier or base a minor

_amount of a novel reaction product of this in-

vention. Still another object is to form an im-
pmved nen-—cerreswe extreme pressure eddltlve; .
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from the- reaction: products of this- invention.
Other ebJeets of this.invention will appear as the.

 description proceeds..

2,628,041

To the accomplishment of the foregomg anc.

related ends, this invention consists of features

- ticularly pointed out in the clarlms the -fol.ow-

ing description setting forth in- detail: certain

embodiments of the invention: these- bemg Allus~

trative of but a few variations-in-which the: prin-
ciple of the invention may be employed.

Broadly stated,
the use in liquid hydrocarbon cempemtmns such
as lubricants, fuels, greases, rust-inhibiting com-
positions and the like, as well as synthetic lu-

bricating -bases, of: a reaction - product.obtained.
by reacting-alkylene oxide; sulfide and/or -imines;
the.: preferred : class . being- the- epoxy-~type com-.
- pounds- with an.organic polyacidic compound
containing:at least one —CXXR. acidic radical,
and- the . other- acidic- radicals being- also the

this invention is directed to.

At

—CXXR radical or oxy-inorganic acids and de~

rivatives:thereof-such as:sulfonie, nitric-or :acids
oI -phosphorus, said organic-compound also con-
taining at least-one —XR.radical, which- com-
pound can be represented:by. the-general for-

mula;:

(RX)imA—(Q)s.
Y-

wherein- A is.an organic- radical selected  from

the class: censmtmg of -aliphatic, cycloaliphatic,

"

sulfonic- acid; ete: Any-of:these acids:zcan be

‘partially esterified to form partial esters, which

partial esters can be uysed to form the conden-
sation reaction product of this invention. s~

_ 3 ters which are particularly preferred to form
- which will be hereinafter fully deseribed and par-

condensabmn reaction products of this inven-
tion include acid ester of oleyl malate, acid es-

ter of-oleyl tartarate, acid ester of oleyl citrate,.

acid ester of:stearyl citrate, acid ester of cetyl

- citrate, 9,10 octa-decenyl acid citrate, dodecyl

acld . hydroxy succinate, octyl mercapto acid
phthalate, acid ester of methylene disalicylate,
dihydroxy dlthmmenostearate 0of butyl alcohol,
acid ester of oleyl dihydroxyl thiophene car-

> boxylate, B-sulfonic acid of oleyl w-hydroxyl

decanate,; etc: In-addition: the- full: esters can
be:used- to form-condensation products of this.
invention, amocng- which can: be: mentionegd: di-

~oleyl. tartarate, dioctyl tartarate, dibenzyl tar-
d1pheny1 tartarate, dioleyl. malate,; fri-
- oleyl. c:trate dioleyl ester of methylene sahcyhc.
acid, distearyl ester of ‘methylene salicylie acid,

tarate;

-_ dmleyl ester of propyl dihydroxy thiophene di-

t
it

- carboxylic: acid, ete.

The :acids or the esters or
mixtures thereof can be partially neutralized
with-a metal compound or organic bases to form

- salts; which salts can be used to form conden-

sation products of-this invention. Preferred ex-

- amples of such salts:are sodium salt’ of acid

A0

aromatic -and heterocyclie-organic radicals; n.is-

aninteger-of at-least 2 -and-represents-the num-
ber:of acidic radicals: Q which:are-attached to
Aj. one- of: the- acid- radicals- represented by -a-

3O

—CXXE radical and: the- other: acid:- radicals |

represented by Q can- be -the-same gs —COXXR

or- may be- selected: from - oxy=inorganic acids
such- as- sulfonic: sulfi

ferent; ' R- can- be hydrogen; alkyl, cycloalkyl,
aralkyl alkylaryl, aryl radicals or-a cationic por-

tionof -a- molecule such-as- Na; Li, Ca;-Ba;, Sr, Sn;
Ni, Al, Zn; Pb or -organic amines, at: least one. ef-

the R’s -in: either-the acid or:polar radical —XR.

being: hydrogen: Y is: g polar selected from the:
group .consisting: of -nitro; nitroso, amino, sulfo &
and-halo groups;. m: is-an integer of 'at least 1
and preferably 1 to 3; and p can be a, whole num-.

ber varying from zero to one.
Specific compounds ‘which are-embraced with-

~ In-the-scope of ‘the above generai formuyla- and &
of ‘which any.and all as:well as-mixtures-there=.

of “can: be: used to- form the reaction products

of this:inventicn include: hydroxy malonic acid,

hydroxy  succinic-acid; tartaric acid, octyl tar-

~ taric aeid; citric-aecid; hydroxy glutarlc acid, hy-
mercapto
chloro

droxy- adipic acid, chloromalic- acid,
succinic acid, hydroxy-glutamic acid,
hydroxy: succinic acid, hydroxy. ehthahc acid,

mercapto phthalic eeld sulio hydroxy phthalic

acld,” methylene, dlsahcyhc acid, hydroxy dithio-
sebacm acid, hydroxy phenylene dithiodicarbox-

yli¢ - acid; S=phenylthiomalic acid, - dihydroxy

dithmstea,rzc acid, naphthol- dleerboxyhe acid,
2:propyl-5-hydroxy thiophane-3,4 -.dicarboxylic
raeld;:. 2-propyl d1hydrexy thiophene-3 4-dicar~

- boxylic-acid; thio: and:dithio tartaric acid, B-

~ sulfonic-acid-of w-hydroxy -octyl carkoxylic acid,
‘B-sulfenic- acid . of - w-hydroxy- decyl carboxylic:
acid, Na.-salt of.B-sulfonic  acid-of- w-nydroxyl

nice, nitric-and” acids- of
phosphorus; _X__.ls an-element- .selected__f.rem the:
group:.congsisting -of -0, _S; Se .and- Te: and 'in- the
radical —CXXR the X’s-can be-the same or dif-

ester- of oleyl malate, sodium or 'potassium gsalt
of acid:ester-of oleyl tartarate, calcium salt of
acid ester of pleyl mtrate calcium salt of methyl-

ene disalicylate, trzethenolamme salt: of acid
ester-of: stearyl citrate, dibutylamine -salt-of acid

ester-of ‘octyl tartarate, ete. If desired, the salts
of this invention can be produced -after the con--
densation products. of th1s mventmn have- been-
formed. |

The gbove Dolar-substituted organic: polyaeldlc
compounds,  their ester and/or salts are-reacted
with alkylene oxide, sulfide- and/or-imine to form

the desired: condensation reaction product of-
“this invention: The: alkylene oxides whiech can

be-~used are: ethylene - oxide, propylene oxide;

7 butylene- oxide; amylene oxide, epichlorhydrin,

glycide, alkyl glycides, glycidyl compounds, e. g,
glycidyl isopropyl ether, and the like; Instead
of the alkylene oxides as enumerated: above,; the

- sulfide+ and- imine analogues' can be used, of

50

Y which particularly preferred: are ethylene- sul-

-~ fide, propylene sulfide, ethylene 1m1ne prepylene N
- 1Imine and the like.:

1-..._..1

‘The -mole ratio of the alkylene oxide; sulfide or.
Imine to the polar-containing organic: polyacidic
compound can vary over wide limits in order ‘to
produce the desired reaction product. The pre-

- Terred ratio of oxide to the polyacidic oreanic

(1)

compound or its- derivative is 4:1 to 12- 1, re-
spectively. The- reaction temperature. can be

varied over wide dimits and primarily depends
upon the reacants-used in Jforming the conden-

- sation product- of - this. invention. Broadly, the

reaction. temperature lies between 50° C. and

- 300°°C., and generally ‘the reaction temperature
lies between 75° C. and 200° C. The reaction

- can be carried out under pressure In a. suitable

10

reaction vessel, with the pressure. varying from
a0-pound gauge pressure to over 1,000-pound
gauge  pressure. The condensation reaction,

- however, need not be- carrled out under pres-.

~ Sure, but it is preferred that it be carried out

 hexyl carbexyhc aeid, naphthol - S-Garboxylm 6-: 0

in an enclésed ‘vessel. Catalysts may be used in
carryving out the cendensatmn reaction, and the
catalyst may be. either acld 'or basie. A few ex-
amples of such catalysts-are:boric acid, ca,ustm |




- 15° C.

or-

© alkalies, alkali alcoholates, e. g., sodium methyl-
~ate, sodium ethylate; sodium . oleate, di-sodium

'_ 2,628,94.1:. '

phosohate sodlum dl-hydrogen phosphate, or-.

ganic amines, e. g., ethylene diamine, etc.

or diluent.
" hydrocarbons such ag benzene, kerosene, gas oil,

| “The
| _reeotlon can be carried out in a suitable solvent
The diluents can be light or heavy

E:cample I
Approxunately 1 mole of tarteric aoid was
elowly heated to a temperature between 75° C.

and 100° C. with constant stirring and about 2
to 8 moles of ethylene oxide was slowly added

 together with a catalytic amount of sodium

mineral oil or dzoxene (purlﬁed by distillation

~ with alkylene reagents), or any other. suitable
.. organic diluent which is substantially non-re-
- active Wlth the constituents comprising the con-
- '_dense,tmn reaction product of this 1nvent1on

-and from which products of this invention can
be easily removed. One method. of plepemng
'- lubncents of this invention is to form the con-

densation reaction product dlreotly in the bese

10

- perature.

methylate and the mixture we,s allowed to react
under pressure for 48 hours at the above tem-
At the end of the reaction period, the

tvartaric acid indicated an increase in average

- molecular weight between 90 and 135 Welght

 units.

lubricant such as a mineral lubricating oil, al-

~ kylated napthalene, and the like; filtering and
© - purifying the compounded lubricant, if neces-

~ sary, and using said co"npounded lubrloent for
:1ts intended purpose. |

The mechanism of the present rnvent:ion iscom-
Gienerally, mixtures of condensation prod-

) ple_x

20

ucts form in which the alkylene oxide, sulfide or -

' ~ imine attaches to both the carboxyl and hydroxyl
- radicals, provided both are free, although the re-
- action can be controlled so that only the carboxyl .

or hydroxyl groups are. attacked. In view of the
- complexity of the reaction, it is desired to cover

| __mthm the scope of the DI'ESE‘"]'I'J invention all POS- &
- sible condensation products and mixtures thereof

~ which are formed from reeotlon produots o1 thls.',

. '1nventlon

The reeotlon is cerrzed out under oondltmns, -

| -'jset forth above until the base organic polyacidic .

- compound has 1ncreesed in average moleouler; s

‘weight by at least 44 weight units and up to a
1,000 or higher.

| _;1n be,ee lubrments

oednre

- thereof such as tartaric acid, oleyl terterete acid

 autoclave, and the product heated to ebove anout

mlnerel oil. and heated therein.

end higher, depending upcn the o1gen1u |

~ polyacidic material used. The material can he .
~ heated per se or mspersed in a diluent such as

To the heated -

The sole controlling factor ‘as
“to the degree of condensation to which products
~of thls invention are carried out is their solubility-
Produots which are too high-
1y condensed tend to lose their oil solubility,

The condensation product when added to
mineral oil in minor amounts 1mparted extleme
pressure pr opertlos to the oil, - |

Ememple IT |
Aop:t oxlmately 1 mole of tertel i eold was dIS-

“persed in purified dioxane and between 2 and 10
moles of ethylene oxice was added slowly and

the mixture reacted under pressure at between

© 75° and 100° C. in the presence of ethylene di-
- amine eatalyst for about 48 hours.

At the end

of the reaction period, the condensation product
Was removed from. the dioxane and the acid in- -
gdicated an average increase in molecular weight.
between 360 and 450 weight units.
sation product when added to mmeral 0il nn--

‘The oonden- |

perted extreme pressure propertles to sald oil,

Ememple III

Followmg the p1 ocedure and COIldltl{)nS 28 out- SN

lined in Example II, malic acid was reacted with
sthylene oxide. The condensation product thus

'_formed hed eood ex treme pressure plopertles

| E:oample wo |
Apprommetely 1 mole of hych oxy glutemm ec1d |

- was reacted with 4 to 10 moles of propylene oxide
sy under conditions set forth in Example I. At the -
-end of the reaction perlod the hydroxy glutemm |
- acid indicated an average increase in molecular

O wed ' 24 580 wei uni
'Wthh can be overcome, however by addltlon or welght between 348 and 580 weight units.

- use of oil solubilizers. |
'~ Broadly stated, the method of prepermg con-
~ densation reaction products of this invention can =
 be accomplished by employing the following pro-
“About one mole of an- organic polar-

oontamm olyecarboxylic eold or . derlvetwe - |
5 Dow y -~ oxide in the presence of sodium methylate in al-

 ester of methylene disalicyclic acid, éte., is slowly
~ heated in a suitable reaction vessel sueh as an

The
condensation product when added to an oil im-
pe,rted extreme pressure pr opertles thereto

| | E:mmple 48 S |
Approx*mately 1 mole of methylene dlselloyello

~acld was reacted with 4 to 10 moles of ethylene

cohol at between 100° and 150° C.  The condensa-

 tion product formed 1ndleeted an average molecu-

 lar weight increase over the acid of from 176 to

it |
T

mixture is then added from 1 to 30 and generelly_ .

2 to 12 moles of an alkylene oxide, sulfide .or

imine and the reaction allowed to proceed, vary-.

ing the reaction temperature by either cooling
hee,tlng above the. tempereture

1ndlee,ted--.}".

 above, in order to form a smooth reaction, and the |
_ingredient allowed to react for from 4 to 48 hours.

- The reaction is preferably carried - out under g

~pressure and in the presence of a basic catalyst

‘and is regarded as being completed when the
average molecular weight of the organic | poly-'_.--

 acidic star tmg material has znereased by at leest '-

'. 44 Wele'nt units and higher.

_To more r*leerly zlluetrete the present mventlon *j_
. presented. It is -
| '.understood ‘however, that various modlﬁoetlons |

. the fol].ow1ng exemples are

" acted with 4 to 10 moles of ethylene sulfide under

- can be resorted to mthout oep&l‘tmg flﬁm the |

splrlt of the 1nventlon

corx osive.

352 ‘weight units. The condensetlon produot
when added to oil 1moerted extreme pressure
DI opertles and rendered the compounded o11 non-

E:cample VI

Appromme,tely 1 mole of z-propyl dlhydroxy-
thiophene 2-4 dicarboxylic acid was reacted with
5 to 15 moles of ethylene oxide iIn the presence

-ef sodium methylete in purlﬁed dloxene at be-

tween 100° and 150° C. for about 48 hours. At
the end of the reaction, the condensation prod-

‘uct was removed from the solvent and on analysis
~Indicated an increase in average molecular weight
- over the eo1d of from 220 to 660 Welght umts

Em,mple VII
Applo‘nmetely 1 mole of tar terlo eold was re-"

conditions set forth in Exemple II. - On analysis;

- the tartaric acid indicated an averege molecular

weight increase between 240 and 600 weight umts
The condensetlon produet was soluble in oil.
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Emmplc VII I

| Mallc acid was used in: place-of tartaric:acid
- to form .a condensation: product as set:forth in
- Example VII. The sulfur-containing condensa-
tion product.when added to oil imparted extreme
~ pressure properties to'it. On analysis, the malic

acid-indicated an average molecular. weight. m—-'

“crease between 240 and 600 Welght umts
| Ea:emple x

Approx1mately 1 mole of ta1tar1c acid” was
heated with 4 fo 10 moles ethylene imine under
conditions as set forth in Example VII'
analysis, the tartaric acid indicated an increase
“in molecular weight -between 168 and 420 weight
units. ‘The nitrogen-containing condensation
-~ product ‘was oil-soluble and possesses good anti-

oxidant propertles -

Emmple X

Apprommately 1. mole of ac1d ester of

between 4 and 15 moles of ethylene oxide were

slowly added and the mixture reacted between :
in the presence of sodium

76°- and 125° C.
methylate for about 48 hours. At the end of the
reaction. period,. the condensation product was

On

2,628,041,

AR 44

10

15
~cated an average increase :in-molécular  weight

oleyl
malate. was . dispersed in purified dioxane and

L

removed and the acid ester indicated an average

~ increase in molecular weight between 176 and
440 weight units. The condensation product

o).

when  added to c1l 1mparted extreme pressure |

prop erties.
Example XI

~ PFollowing the procedure of Example X, ap- ™

proximately 1 mole of octyl mercapto acid

- phthalate and 4 to 15 moles of ethylene oxide
| were.reacted under conditions set forth in Exam-
plé: X but the -reaction .temperature being main-

tained at above 100° 'C. 'The ester indicated an

- average -increase in molecular welght between_

132 and 352 welght units..
E:cample XII

Appro,ximately 1 mole of dibenzyl tartarate and
between 2 and 10 moles of amylene oxXide were re-
acted under -conditions set forth in Example X,

'umts

8'_
Emmple...x V.
Follomng' ‘the-procedure set” f ort‘.h in Examplc
X1V but using glyecidyl isopropy! ether; the con=

densation: product formed indicated® that- the
ester- increased in average- molecular welght by

_about 1, 000 weight units;

| E:cample XVI
Approximately 1 mole of- tartaric- ac1d was ‘dis=

persedin purified dioxane:‘and between 4 and:12 =

moles: of ethylene oxide added and the mixture
slowly reacted in the presence: of sodiim methyl-
ate-at between 70° and 125°°C, for about 48 hours.
At the end of the reaction period, the condénsa-
tion' product was recovered and the ester indi-

between - 176" and 440 weight units. The con-
densation: product was oil soluble: and imparted

| extreme pressure properties to the oil..

EAt

Emmple XVIT

Fcllomng the procedure set forth in Example
XIV. but using ethyléne sulfide, the condensation
product formed contained substantial amount-of
sulfur: and. the: ester: indicated .an average: in-
crease in molecular welght of over: 240 weight

| _E:Uamp'l_e. XTVI II
Following. the procedure set forth in Example

XIV but using. ethylene imine, the condensation

product formed contained substantial amount of

nitrogen and the ester indicated an average in-

crease in molecular werght of over 168 weight

umnits.’
| Ea:ample XIX |
A condensatmn product was. prepared by . re-
- acting - potassium. salt: of  acid ester: of oleyl

tartarate with ethylene.oxide under-the reaction
condition set.forth in Example XIV, The product
obtained :indicated .an .average molecular weight

~ inerease over-the salt of around 220 weight umts g

while maintaining the reaction temperature

- above 1256°°C. The ester indicated an average

increase in molecular: We1ght between: 175 and

345° We1ght umts
Emmple XIIT

Approximately -1 mole:of. _d1hydroxydithiobut3'l* |

monostearate was. reacted. with'4_to:10.moles .of
- ethylene sulfide under conditions set forth:in
‘Example X. The ester.indicated an average In-

DU incr_ea’se': over the salt of .around _.900. weight umts

crease.in molecular weight of around 240 weight

units.. The condensation . product. contained. a
substantial .increase. in sulfur content and .the

product possessed good. extreme ‘pressure proper-
ties. |
| E:namplc XI Vo

Apprcmmately 1" mole of dloleyl malate was
dispersed in purified dioxane -and between 4 and
12 ‘moles- of ethylene oxide added and the mix-

(-0

_ | Example XX
A..condensation product was prepared by re-

-acting- calcium methylene disalicylate with .eth-

yvlene oxide under. conditions set forth.in Exam-

ple.-XIV. except .that. the reaction. temperature

was. increased.to. 150 fo 200° C. The product ob-
tained . indicated . an . average molecular weight

Exomple XXI

- Approximately” 1 mole - of ‘.B-sulfonic - acid ~of
w-hydroxy decyl carboxylic acid was dispersed.in

- purified dioxane and between 4 and 12 moles of

ethylene oxide added and.the mixture:slowly re-

‘acted in-the presence of sodium methylate at be-

tween .75° and 125° C. for about 48 hours. At
the ‘end of the reaction.period, the condensatlon_
product was: recovered and the  ester indicated
an-average 1ncrease in - molecular weight between
176 “and 440 weight units.
product was oil soluble and imparted extreme
pressure properties to the oil. |
Condensation reaction products of this inven-

- tion can be halogenated and/or sulfurized, sulfo-
- phosphorized, phosphorized and the like with

ture slowly reacted in.the presence of sodium
methylate at between 75° and 125° C. for about -

48 :hours.

At the end of the reaction period, |

the condensation product was recovered and the

ester indicated an average increase in molecular
weight between 176 and . 440 weight units.
- condénsation product was oil soluble-and im-
‘parted extreme pressure properties to:the-oil.

The

- 15

such reagents as chlorine, sulfur, sulfur chloride,
inorganic polysulfides, e. g., sodium polysulfide:
phosphorus sulfide such as Pa2Ss, P:S3; phosphorus
oxides; e. g., P20s5; phosphorus oxychlondes
e: g P0013 elemental phcsphorus and the like.

Ezample XXIT
~ About 1 mole of the condensation" product ‘of

The condensation -



- dicated

o cule

- Example XIV and 4 to 8 moles of P2Ss were re-
acted at 125° to 250° C. for about 24 hours.

The |

o 2,628;941-

'phosphonzed-sulfurlzed condensation product

was extracted with a ketone and the solvent

thereafter removed. On analysis, the product in-
| the presence of reacted sulfur and
o phosphorus in the molecule | .

| E:mmple XXIIT
About 1 mole of the condensatron product of

for about 24 hours. The sul-

to’ y1e1d a product containing sulfur in the mole-
~Any of the above condensation products

| 1)

o ___'Example XIV _and 4 moles of sulfur were reacted -
 at. about 160° C.

- 'furlzed product was isolated by means of toluene -

can be admn:ed with from 1 to 8 parts of the

‘acid or acid ester from which the conclensatlon

part of the ccndensatlon product of Example IT
-~ when admixed with four parts of tartaric acld

'resultant ccmpos1t10n (A) possesses exoellent eX-~

n treme pressure properties.

. Base lubricants which may be 1mproved by
| .add1t1on of minor amounts of condensation re-
action products of  this invention may be se-

- -and the mixture added to a base mineral oil the

10

Compositlons of this invention were evaluated
for their extreme pressure propert1es on a spur-

gear machine, which essentially consists of two

- geometrically similar pairs of gears connected by

two parallel shafts.

- in separate gear bhoxes, which also contain the -

~suporting ball bearings. One of the shafts con-
‘sists of two sections connected by a coupling.

“The gear pairs are placed

 Loading is accomplished by locking one side of |

15

_products are derived. Thus, for example, one

a0

~ lected from a wide variety of natural oils such

as mineral o1l vegetable o0il, animal oil, marine
0i]l and mnctures thereof.. In addition, synthetic

.lubr1cants may be used such as polymerlzed ole- .

fins, organic esters, e. g., 2-ethylhexyl sebacate,
dioctyl phthalate trioctyl phosphate, silicon
"polymers, e. g., dimethyl silicone polymer; mix-

| -tures. of natural and synthetic lubricants; 1ubr1- o
o catmg emulsion bases and the like., )
~-..General formulation of compomtmns of inven-

B tlon can be represented by

T Amount (percent by welght)
| _Pr1mary add1t1ve Condensatmn re~

" action product of this inven- -

tmn mmmmmmmme _....-......__.........._.._..;_._;'.. 0.01 to 10% ;
co | i (01_5%
'Secondary add1t1ve Detergents -

e. g, sulfonates solubilizers, e. g.,

esters of polyhydric acids (sor-.

| b1tan monooleate glycercl mono-

| oleate etc.), ccr10s1on inhibitors, =

etc ______ e ,_..._..___-___._.'.'.._..-_..... 0 to 2% )
T (001t01%)

"?'Base Nature 011 such as m1nera1 -

o oil and/or fixed oils and. deriva-. .

tives thereof and/or syntheuc

| lubrlcants Balance

Specnnen 1nvolute spur gear (SAE 3312 steel)
-'Compcszltmn Score 1oad (Tbs.)
 Mineral oil o ;'

~Mineral oil contalnmg 1% sorb1tol - 2
- Mineral oil contamlng 1% sorb1tan

 monooleate o _ L 25

Mineral 011 contammg 2 % sahcylic .
.. ACIA e

| '._-'Mmeral oil ccntammg 5% polyethyl- -

. ene oxide polymer (M. W, 1500) __ 10
Mineral oil containing 1% methylene o

disalicylic aeid . .20

‘Mineral oil containing 1% glycerol o

monooleate ......._._...._.__...______.._.;.._'_._'__ 25

- Composition 3 (as in table) __._.___ 70+
Composition 4 (as in table) __________ 70}

- Composition 1 (as in table) ... 704
Composition 2 (as in table) _ oo __ 70--
Composition 6 (as in table) _____.____ 70+
Composition 7 (as in table) ________ 60

- Composition 13 (as in table) ________ 701

~Composition 17 (as in table) ... 754
Compos.1t1on A '75—|— :

-1

the coupling and applying torque to the other.
':The conditions of the test were: S

~ Speed: 7100 R. P. M. |
- Test duration: 5 mins. runnmg at each load

20

Because of its synerglstm effect the reacvion

product of this invention can be combmed with

D)

other additives in lubricants, such as blooming
agents, pour point depressants or viscosity im-

‘provers, extreme pressure agents, antifoaming

agents and the like. Among the specific additives

- which can be used are oil-soluble detergents

clude metal as well as organic bases.

which ineclude oil-solube salts of various bases
with detergent forming acids. Such bases in-

Metallic

~ bases include those of the alkali metals and of
~ Cu, Mg, Ca, Sr, Ba Zn, Cd, Al, Sn, Pb, Cr, Mn,

50

| mtrogen bases

- Organic bases include various
as . primary,-

Fe, Ni, Co, etc.

tertiary amines and quaternary ammonium bases.

'I'he followmg table 1llustrates composu,lons of o5

o .thIS invention:

Examples of detergent forming aclds are the

various fatty acids of, say, 10 to 30 carbon atoms,
wool fat acids, paraffin wax acids (produced by

oxidation of paraffin wax), chlorinated fatty

alklinie

- Compositions

~ Components!.

1|12 18 |

secondary and

. Composition of Ex. .
- 'Ca petroleum sulfonate... ... ._..._|:
~ Sorbitan monooleate_..._._... e S O
- Sorbitcl monooleate . _ .. _._.. [ L
(3lycerol monooleate..__-_-__;"_'-_'__;'.._-_'_ -

| Oomposmon of Ex,

. Composition of Ex. | 1 1 R F
‘Composition of Ex. XIV ____________._
Composition of Ex. XV_____.___.... ]
. Composition of Ex, XVII_ _____..___|.
Composition of Ex, IX_ . ___ . .._.. ]

- -Composition of Xx. V
~Composition of Ex. XTX

H

Lomm wm W e e owm vhh e B Sl B b dek o

A B o ckem ey wm e oy b oy Sk .

XXII....._.._.T.'_....‘-,.__

| 1gh molecular wt. aliphatic amine..|.
- Mineral o1l
- Mineral 0il 4 alkyl naphthalene '
Dnnethpl sﬂlcone fluid?. . ...

-—-——.———_ﬂ—w-n-—-#-—li—ﬁhﬂ—

il s e

X

T N

i o sl -

X .

- — v i -

X
). 4

shim g i gy

1 'I‘he add1t1ves were present in amounts varylng from 0 5 to to 5% -
o 3 Manufaotured by Dow Cormng Gorporatlon and 1dentiﬁed as DO oﬂs

— oy e -
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ek o okl

by e ey ow

[ = e o dey

A ey AR A,




dcids, ‘rosin-acids, “gromatic ¢arboxylic’ acids-in-
cluding -aromatic fatty -acids, aromatic hydroxy
fatty acids, paraffin’ wax benzoic acids, ‘various

2,628,941

alkyl salicylic “acids, phthalic -acid ‘monoesters,

aromatic keto acids, aromatic ether acids, di-
phenols as di-(alkyl-phenol) ‘sulfides and disul-
fides, methylene bis alkyl phenols; -sulfonic acids

such-as may be produced by treatment of alkyl

a1yl hydrocarbons or high boiling petroleum OIls
with sulfuric acid; ‘sulfuric acid ‘monoesters;
phosphoric, arsonic and antimony @acid mono
and diesters, including the - corresponding thio-
phosphoric, arsonic:and antimony acids, -phos-
phonic and -arsonic acids and the like. o
Additional detergents are the alkaline earth

 phosphate diesters, including the thiophosphate

diester; the alkaline-earth- diphenolates, ‘specifi-
¢ally the calcium and barium salts-ol diphenol
mono and poly sulfides. i | |

~ -Non=metallic -detergents -include “egmpounds
 such "as-the” phosphatides, ‘such-as lecithin and
céphalin, certain fatty oils-as rapeseed oils, yolto-
1ized fatty or mineral oils 'and the-like.

An -excellent metallic detergent for the present

purpose “in ‘the calcitm -galt - of ~oil=Soluble pe-

troleum sulfonic- aclds. ‘This' may-be present ad-
vantageously-in’ the ‘amount -of about- 0.0256% to
0:29% -sulfate -ash. -Also-alkaline>metal ‘salts o1

alkyl -phenol-aldehyde condensation ‘reaction

products-are excellent ‘detergents.

‘Antioxidants- comprise several -typés, for ex-
ample, alkyl phenbls such as 2:4,6-trimethyl phe-
nol, pentamethyl phenol, “2,4-dimethyl-6-terti-
arybutyl -phenol, 2;4-dimethyl-6-octyl - phenol,
2 6-ditertiary-butyl-4-methyl -pheénol, - 2,4,6-tri-
tertiary=butyl phenol and the like ;~amingo.-phenols
5.8 Penzyl amino phenols:amines sueh-as dibutyl-

et

12

esters of fatty 'acids*and-monohydricf-gmohdls -'ana

other :high molecular -weight ‘oil=soluble com-

pounds. | o | |
‘Depending ‘upon -the additive used and con-

ditions under which it is used, the amount of

~ additive used may vary from 0.1-to 2% or higher.

I

The novel reaction:products-of this invention,

in addition to being -excellent lubricating oil im-

proving agents, are potent oxidatlon inhibitors
J_‘.or- fuels, natural and synthetic rubber, wax coat-
ing éompositions and other organic materials.

It is to be understood: that while the:features
of ‘the invention have: been described and illus-

trated in .connection with certain specific ex-
- é@mples, ‘the "invention, . however, is not to .be
~limited thereto or otherwise restricted, except by
the prior art- and the broad sc¢ope.of the.disclosed

ix'_wentidn. | |
- The invention claimed is:
1. A .lubricating -composition comprising a

major amount.of ‘a liquid organic. lubricating base

having-incorporated . .therein from about- 6.01 to
10% of g reaction product obiained by reacting
an aliphatic compound: selected: from.the: group
consisting of Ce~—Cs alkylene oxide, C2—Cs alkyl-
ene ‘sulfide, and’ Cx—Cs alkylene imine with an

~‘organiec: poly-acidic-compound.containing: from:1

t0-3 free carboxylic.acid groups and-at least one

- hydroxy: group, saidireaction being-'carried out

at a temperature ‘of at least 7° C. in the mole

tratio of from'4:1 to-12:1-respectively.

-2, A lubrieating -¢omposition .comprising a

- major amount of liguid-organic:lubricating base

lhu
a1

phenylene “diamine, :diphenyl -amine, ~phenyl-

éta - naphthylamine, -phenyl-alpha-naphthyl-
omine,; dinaphthyl amine. | |

&)

- ¢ortroesion inhibitors or-anti-rusting-compounds

may-also be: present, such as-dicarboxylic acids of

16 arid more carbon atoms; alkali-metal.and al-
kaline ~earth ~salts ‘'of sulfonic -acids-and fatty
acids: ~orgamic:compounds -containing -an acidic
radieal -in close proximity to a nitrile, nitro or

nitroso’ group - (e.:g.-alpha cyano -stearic aeid).
. Extreme..pressure- agents which may be used

comprise: esters of phosphorus-acids such as tri-
aryl, ~alkyl: hydroxy-aryl,-or ‘aralkyl phosphates,

thiophosphates or .phosphites -and the like;
neutral aromatic sulfur -compounds of relatively
‘high-boiling temperatures such-as. diaryl sulfides,
diaryl -Aisulfides, alkyl-aryl disulfides, e..g. dl-
phenyl. sulfide,: diphenol sulfide, dicresol sulilde,
dixylenol -sulfide,- methyl butyl ‘diphenol ‘sulfide,

dibenzyl sulfide, corresponding di- and tri-sul-

fides, and the like; sulfurized fatty oils or esters

of fatty acids and mono ﬁ |
‘sperm oil,- jojoba oil, ete.; in which the sulfur is

- 1,

strongly bonded; sulfurizéd long chain olefins

such as may be obtained by dehydrogenation or

hydric alcohols, €. g.

having incorporated.therein-from 0.01% .to 10%
of a reaction product-obtained. by reacting Co—Cs
alikylene oxide with'an organic polyhydroxy car-
boxyvlic acid containing from -1 to 3. carboxylic.
acid. groups at a temperature of at least 70% C.
and in the mole ratio of '4:1 to 2:1 respectively.

3. A lubricating composition comprising g
major amount of liquid organic lubricating base

~having incorporated therein from 0.01% to'10%

of a"re_aetion product obtained by reacting ethyl-
ene oxide with' an organic polyhydroxy carboxylic
acid containing from 1 to 3 carboxylic acid groups

~at a temperature of ‘at least -75° C. and in the

mole ratio of 4:1 to 21 respectively. |

4.. A lubricating composition comprising a
major amount of lquid organic lubricating Hase
having incorporated therein from 0.01% to 10%
of a reaction product obtained by reactiiig Cs—Cs

alkylene oxide -with an "aliphatic polyhydroxy

poly-carboxylic'acid, said carboxylic acid radical

- being'not more than three in number, -at a tem-

€0

cracking of wax; sulfurized phosphorized fatty

oils or acids, phosphorus acid esters having sul-

furized organic radicals, such as esters of phos-

phoric or phosphorus-acids with- sulfurized hy-
droxy fatty acids; _ __
such as chlorinated parafiin, aromatic hydrocar-

chlorinated  hydrocarkons,

perature. of from. 75°.C..t0:200°.C. and in the mole

ratio of 4:1 to 2:1 respectively. . .
5. A lubricating composition comprising a

major amount of mineral oil having incorporated
“therein in an amount sufficient to impart extreme

pressure properties of a condensation reaction
product obtained by reaciing ethylene oxide and

tartaric acid at a temperature of from 75 to 100°
C. in the mole ratio of about 10:1, respectively.

6. A lubricating ecomposition comprising "5

= major amount of mineral oil having incorporated

therein in-an amount sufficient to impart extreme

. pressure properties of a condensation - reaction
product obtained by reacting ethylerie oxide and

bons, terpenes, mineral lubricating oil, ete.; or

chlorinated esters of fatty acids contalning the -

chlorine in position other than alpha position.
Additional ingredients may comprise oil-solu-
ple urea or thiourea derivatives, e. g. urethanes,

allophanates, carbazides, carbazones, etc.; poly-

isobutylene polymers, unsaturated polymerized

75

.malic acid at a temperature of {rom 75 to 100° C.

in the mole ratio of about 10:1, respectivély.
7. A lubricating composition  comprising ' a

major amount of mineral.oil having incorporated
-therein in-an amount sufficient to impart extreme
pressure properties- of -a- condensation reaction
product obtained by reacting ethylene suifide and
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' .ta1 tarlc ec:.d et & temperature of from 75 to 100°
. in the mole ratio of akout 10:1, reSpectwely

14

| " .yfrem 4 1 to 12:1 respectwely and treating about |
~ 1'mole of the condensation product thus formed

8 A lubricating eom_‘_\:oswmn comprising - a
- major amount of a liguid organic lubricating base -

- having incorporated therein from abcut 0.01 to
~ 10% of ‘a reaction product obtained by reacting

o |

with about 4 moles of a ‘phosphorous sulfide at a
itempera,ture of around 250° C. -

11. A ‘lubricating composition cempz 1smg a5

- major amount of a liquid organic lubricating base

~an organic compound selected ifrom the group

- conﬂlstmﬂ of Ca—Cs alkylene oxide, Co—Cs alkyl-
- ene sulfide, and C2—Cs alkylene imine with an
' 10
~ to 3 free carboxylic acid groups and at least one
-~ hydroxy group, said reaction being reacted at a
temperature of at least 75° C. in the mole ratio of -

. organic poly acidgic eempeund mntammg from 1

from 4:1 to 12: 1 respectively and re-treating
about one mole of the reaction product thus

“having 1ncorporated therein from ghout 0.01 to

16% of a reaction product obtained by reacting a

formed with about four moles of g sulfurizing,
sulfo-phosphorizing and phosphorizing agent at a

~ temperature of at least 125° C.

-9, A lubricating composition comprising -a
- major amount of g Hquid organic lubricating base
having incorporated therein from about 0.01 to
~ 10% of a reaction product obtained by reacting
- an organic compound selected from the group
-~ consisting of Ca—Cs alkylene oxide, Cz—--—-Cs alkyl-
ene sulfide, and Co—Cs alkylene imine with an
organic pow acidic compound containing from 1-
1o 8 free carboxylic acid groups and at least one -~

20

- U2—Cs alkylene oxide with an organic poly acidic
compound centelmng from'1 to 3 celboxyhc acid -

groups and at .least one hydroxy group, said re-

 action being carried out.at a temperature of at

least 75° C. m_ the mole ra,tm of from 4:1 to 12:1,

T ec*pectlvely
15

12. A lubry 1cetmg comp051t10n cemprlsmg a
meJor amount of g liguid organic lubricating hase

“having incorporated therein from about 0.01 to
10% of a reaction product obtained by reacting -
-an ethylene oxide with an organic poly acidic
compound containing from 1 to 3 carboxylic acid

- groups and at least one hydroxy group, said re-.

hydroxy group, said reaction being carried out

about 1 mole of the condensation product thus

| -abt a temperature of at least 75° C. in the mole

 ratio of from 4:1 to 12:1 respectively and treating 30

 formed with about 4 moles of a suhurmng agent B

- at a temperature of around 160° C. -
- 10. A 1lubricating eemposx,tion comeﬂsmg a.
major amount of g liquid organic lubricating base

~ having mcerperated therein from about 0.01 to

109% of a reaction product obtained by reacting
- an organic compound selected from the group.

consisting of C+—Cs alkylene oxide, C2—Cs alkyl-

~ene suifide, and C:—Cs alkylene imine with an or-
~ ganie poly acidic compound containing from 1 to

40

3 free carboxylic acid groups and at least one hy-

“droxy group, said reaction being carried out at a

~ temperature of at least 75° C. in the mole ratio of

.. Numb_er |

2,542,550

 action being carried out at a temperature of at
~least 75° C. in the mele ratlo of frem 4: 1to12:1,
-’1espect1ve1y | |
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