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Dl MERCAPTOT W%?_E- MERCAPTAN COUPLED COVPOUNDS

MULTI FUNCTI | TI VES FOR LUBRI CANTS AND FUELS .. This invention
is directed to conbi nati ons of dineLiaptothiadiazole-ﬁﬁggayggp‘ oupl/ed
dithio conpounds 5 with am nes which have proven to be highly effectiv

mul tifunctidnal antiwear/extreme pressure additives for

| ubri cants and

fuels. BIHBREAPTOTRIASTAZOLE-HBRCXOTANCEOUPLED COMPOUNDS

2, 5-di ner capt o- Ag SudrAPFONCRIONAL ADDRUIVES1POR PUBRECANTEaAND FuRdisazol e
and 2, 5-bis(t-nonyl-dithio) t hi adi azole, are well known for their
ant i oxi dancy, anticorrosion, and netal passivation properties in a

vari ety of |ubri cEnisajmventionnts directefiotedcombingtions oPfat ent Nos.
4,661, 273, 4d?ﬁ?ﬂ%ﬁ&t@@gi§dEgébﬂééme§éa?t?ﬁecgé?iéae&ﬂ?hfo Fompoundss6, 850
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d , corrosion.inhibitor properties in |ubricant
uaﬁlcaﬁﬁﬁi?Pgn BeYE-various reaction products of mercapto- and

pressur e/ ant L Wweag s LE$, 2l R i f LubLikeapt f | ati
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' a assivation pr
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ies in a

variety of lubricant applications, as disclosed in U.S.

Patent Nos. 4,661,273, 4,678,592 and 4,584,114.

. 15 Furthermore, U. S. 5,186,850 discloses that the
incorporation of the heterocyclic dimercaptothiadiazole

functionality into succinimide structures provides ashless

dispersants with multifunctional antiwear, antioxidant and

corrosion inhibitor properties in lubricant compositions.

20 Additionally, various reaction products of mercapto- and

dimercaptothiadiazoles have been known to possess extreme

pressure/antiwvear properties, in a variety of lubricant

formulations, as exemplified in U.S. Pat. No. 4,661,273;

4,382,869; and 4,678,592,

25 The use of amines in lubricants and the detergent

industry has been well known for their alkalinity, surface

activity, and neutralization capability. Amine phosphate

is one class of additivies used extensively in industrial

oils, and polyamine-derived succinimides are key components

30 in ashless dispersants of engine oils.

Reaction products of dimercaptothiadiazole derived

alcohols and alkenyl succininc anhydrides and their

subsequent amine reaction products have been found to be

effective antiwear/antioxidant additives for lubricants:
35 see U.S. 4,908,144. U.S. 5,188,746 discloses antiwear/

antioxidant additives for lubricants based on



oil's, and pol yam ne-derived succinindes are key conponents 30 i n ashl ess
di spersants of engine oils. Reacti on products of
dlnercaptothfaapé B e derived al cohol s and al kenyl succi ninc
anhydrides and their subsequent aningJeaction products have been
found to be effective antiwear/antioxidant additives for |ubricants;
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- 2- di mer capt ot hi adi azol e derivatives of acrylate and
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I nhi biting properties ubricants and_ fuels. Lubri cant and

fuel composi tamime idexictdiirafoe B aFIRiansSe Witk e PEYIREF ni ng smal |
addi tive concgijidrittid), Provide excduptividDmrmivear/EP activity with
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am ne/ akfoni uinventioniceytaining srakl 3dAHrive foRgpntration of a
combination of a dimercaptothiadiazole-mercaptan coupled
compound with an amine product possess excellent antiwear
properties coupled with good extreme pressure activities.
Additional antioxidation, cleanliness, antifatigue, high
15 temperature stabilizing, and friction modifying properties
are likely. Both the thiadiazole-dithio moiety and the
amine/ammonium salt moiety are believed to provide the
basis for the synergistic antiwear and EP property of these
novel additives.
20 All of these beneficial properties are believed to be
enhanced as a result of this novel internal synergism.
This unique internal synergism concept is believed to be
applicable to similar structures containing (a) thiadiazole
groups, (b) dithio linking groups, (c) amine groups within
25 the same component. The products of this invention show
good stability and compatibility when used in the presence
of other commonly used additives in fuel or lubricant
compositions.
These remarkable benefits are also expected for a
30 variety of synthetic and mineral oil based lubricants and
fuels particularly light distillate fuels containing these
additives. The compositions of matter and the lubricant
and fuel compositions are believed to the novel. To the
best of our knowledge, these compositions have not been
35 previously used as antiwear/extreme pressure additives in
lubricating oils, greases, or fuel applications.
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10 Preparation
2,5-dimercapto-1,3,4-thiadiazole (DMTD), made by the
reaction of hydrazine with carbon disulfide, oxidatively
coupled with alkyl mercaptans, such as nonyl, to form
thiadiazole~derived dithio compounds (Structure A). These
15 dithio adducts were then blended with various amines to

form a new group of additive blends.

N e

CoHig——5-8§ / \ 5« S = GgHeg
S: .
(Structure A)
However, applicants do not wish to be bound by a particular
structure(s) or formula for the additive reaction products
20 in accordance with the invention [Structure(s) B] i.e., the
combination of the dithio adducts blended with the various
amines.
The mercaptothiadiazoles may be prepared as above or
made in any convenient manner or obtained as an article of
25 commerce. Any suitable mercaptothiadiazole such as'z,s—
dimercépto-l,3,4-thiadiazole; 3,5-dimercapto-1,2,4-
thiadiazole; 4,5-dimercapto-1,2,5-thiadiazole; etc. can be
used. Accordingly, the hydrocarbyl groups need not be
alkyl or limited to C9H19 but may be R as in the below
30 generalized structure:
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3, 5-di nercapto-1, 2, 4- t hi adi azol e; 4, 5-di nercapto-1, 2, 5- zol
etc. can be used. Accordingly, the hydrocarbyl groups nggyﬁﬁﬁgﬁf (%)
alkyl or limted to COH19 but may be R as in the below 30 generalized

structure: where R and R, can be the same or different and are
hydrogen or C, to about C,, hydrocarbyl selected from alkyl,
aryl, aralkyl, alkaryl and may optionally contain
5 additional 0, S, or N or mixtures thereof. Preferably R is
CnH,,,,, there n is 1 to about 30.
Mercaptobenzothiazoles such as 6,7-dimercaptobenzo-~
2,1,3-thiadiazole are also believed to be suitable.
Generally, the amines used in this invention are
10 aliphatic and can be primary, secondary, or tertiary and
preferably alkylamines or arylamines.

tion products 20 I n
i.e., the conbi nati on of
anm nes. The

Non-limiting examples of primary amines are
methylamine; ethylamine; n-propylamine; isopropylamine; n-
butylamine; dodecylamine; triacontylamine; allylamine; 2-

15 propynlamine; cyclohexylamine:; propargylamine;
isobutylamine; sec-butylamine; 2-ethylhexylamine;
cyclopropylmethylamine; t-butylamine: 1,l-dimethyl-2-
propynlamine; 1,1~-diethyl-2-propynylamine, 1-
ethynylcyclohexylamine and benzylamine.

20 Non-limiting examples of secondary amines are
dimethylamine, diethylamine, dibutylamine, diotylamine,
ditetradecylamine, diallylamine, di-2-hexenylamine,
dicyclohexylamine, methylethylamine, methyl
cyclohe&ylamine, diisopropylamine, diisopentylamine, ethyl

25 cyclohexylamine, (3-amine-propyl)alkenylamine wherein the
alkenyl group has 16 to 18 carbon atoms; (3-aminopropyl)
alkenylamine wherein the alkenyl group has 18, 20, and 22
carbon atoms; and dihydrogenated tallow amine (e.g. Armeen
2HT) .



(+Structure B) where R and R err] can be the sanme or different and are
hydr ogen or Qb%ra%hto about C[err] hydrocarbyl selected from al kyl,

aryl, aralkfi 2 ryl and may optionally contain 5 additional O S, or N
or mxtures thereof. Preferably Ris -5- CnHerr], there nis 1 to about

30. Mer capt obenzot hi azol es such as 6, 7-di ner capt obenzo-
2,1,3-thiadiazole are also believed to be suitable. Cenerally,
the amines used in this invention are 10 al i phatic and can be primary,
secondary, or tertiary and preferably al kyl am nes or aryl am nes.
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n- propyl am a m n¢
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1, 1-di ethyl-2-pro I"am ne, '1- cyclo exylan1ne and

benzyl aRi ne.© lamlne, Mphexadeasyiglime iy Ianigie s o @rifiarATBesH RMEER) ,
di met hyl am ﬁﬂwodﬁ&ﬁdﬁﬁlﬂﬁ@tbﬂtl@ﬂiﬂ@ d8y. dmtedrﬁrnmn), methyl di-

ditetradecyla roqencgtaeu AT Nsimite 2 CR- thedn D M2HT), and methyl
dlcocoamlne (e.g. Armeen M2C).
Non-limiting examples of arylamines are aniline 2-

10 chloroaniline; 2-chloroaniline; 4-chloroaniline; 2-methyl-
4-chloroaniline; 2,4~-dichlorcaniline; 3,4-dichlorocaniline;
2,5~dichloro-4-nitroaniline; m-tri-fluoromethylaniline:;
isopropulaniline; p-methoxyaniline; N-methoxymethyl-2,6-
diethylaniline; a-naphthylamine; N-sec-butl-4-t-butyl-2,6-

15 dinitroaniline; 3-amino-2,5-dichlorobenzoic acid; N,N-
dipropyl,a,a,a~-trifluoro-2,6-dinitro-p-toluidine; 4-bromo-
3-chloroaniline; 4 (4’ -chlorophenoxy) aniline; N®, N®-
diethyl-2,4-dinitro-6~trifluoromethyl-m-phenylenediamine;
p-dimethylaminoanline; diphenylamine; p~bromocaniline; m-

20 aminiphenyl-t-butylcarbamate; o-phenylenediamine; m-
phenylenediamine; 4-dimethylamino-3,5-dimethylphenol; 4-
(methylsulfonyl)-2,6-dinitro-N,N-dipropylaniline; 3,5-
dinitro-N,N-dipropylsulfanilamide; N-sec-butyl-4-t-butyl-
2,6-dinitroaniline; m-toluisine; p-toluidine; m-t-

25 butylaniline; o-anisidine; p-anisidine; dimethylaniline; o-
nitroaniline; p-nitroaniline; and 4,4’-oxydianiline.

Non-limiting examples of heterocyclic amines are 3-
amino-1,2,4-triazole; 2-chloro-4-ehtylamino-6-
isopropylamino-s-triazine; pyridine; piperidine;

30 piperazine; morphiline; 4,4’-dipyridyl; 8-ydroxyquinoline;
4-amino-6-t-butyl-3-(methykthio)-1,2,4~-triazine~5(4H)~one;
6~ethoxy-1,2-dihydro-2, 2, ,4~-trimethylquinoline; indole;
hexahydro-1H-azepine; 4-amino-5~chloro-2-pheyl-3(2H)-
pyridazinone; pyrrole; imidazolidine; isoquinoline; 2,4-

35 lutidine; 2-methyl-5-ethylpyridine; 2-dimethyl



di cycl ohexyl am ne, nethyl ethyl am ne, methyl cycl ohexyl am ne,
d||sopropyl P di i sopentyl am ne, ethyl 25 cycl ohexyl am ne,

(3-am ne- propy ?aPkenyIanine wherein the al kenyl group has 16 to 18
carbon atons; (3-am nopropyl) al kenyg.am ne wherein the al kenyl group
has 18, 20, and 22 carbon atons; and di hydrogenated tall ow am ne (e.g.
Ar meen 2HT) . F-7021A -5-
Non-limting exanples of tertiary am nes are trimet hyam ne, di nethyl
et hyl am ne, triethylam ne, tributylamne, trioctylam ne,
trialIyIaniam;nopyridihbsopepﬂwbaﬁhne B-picedlinegx yl-picod indi;ment hyl 5
octyl am ne, t Ryl g Ar nmeen DML6D) ,

n- octadecqug ?gg?én%ﬁgn?én ﬁgpggxdﬁ met hyl di - hydr ogenat ed
tal | owam ne (e. gNonr ddmitimaT ?xaméeﬁeplfypther sml@o@@mm @®igio Arreen

gﬁfzroanil|compouﬁaS|bahté??%g%éapgﬁ%o?gc%I nghgfﬁmﬁﬂdﬁiﬁé 0
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2, 5- dlch:orahAo&bbheny&R&He1—&?heth&ﬂumeaﬁenhxbamAdnmhlorophenyl) -1,1-~
i sopropul ani t
dlePhyFanllP%hg%hyﬁg%%%hy?§ﬁpkgh T?E@E%Ut?%%H?&QXFvlm%qu;“?1y01ne,

di ni troani | gAycipamides- apdngackitondtarileisc amingetiamthiol ;

di propyl , a, Qmﬁnb%b@%ﬂ@rﬁcgda ﬁh@%h&q Eﬂﬂmdaryﬂ¥?e‘4d@é¥ﬂ?1enetr1am1ne,

3- chloroanl I ne; |.or ophenoxy) anili_ne;
di et hyt92, 41&PPF'PP nglppn,lpfauop&mm%&r%wropanolamne.

p- di net hy| aeithydenhiedd amdnphehpkamethy lenetetraniingre hy@razine;
phenothiazine; sulfanilic acid; tetraethylenepentamine;
thiocurea; urea; triethanolamine; triethylenetetramine;
diethanol soyaamine (e.g. Ethomeen S-12) and

15 didecaoxyethylene soyaamine (e.g. Ethomeen S-20).

Examples of highly suitable amines are:

a) cyclic amines: dicyclohexylamine, 1,4-
diaminocyclohexane, piperidine, hexamethyleneimine, etc.;

b) heterocyclic amines: morpholine, aminopropyl

20 morpholine (APM), aminocethyl piperazine (AEP);

c) etheramines: ¢, to C,; alkyloxypropylamines (Exxon
and Sherex), polyoxyalkylene amines (Texaco Jeffamine);

d) diamines: Exxon etherdiamines (DA-14, DA-17),
Texaco polyoxyalkylene diamine, Akzo Duomeens (Duomeen

25 C&0) ;

e) straight chain amines: ethylamine, propylamine,
butylamine, pentylamine, hexylamine, dioctylamine,
dicocoamine, etc.:;

f) branched chain amines: 2-ethylhexylamine,

30 isopropylamine, isobutylamine, diisobutylamine, bis(2-
ethylhexyl)amine, tert-alkyl amine(Cl18-C22), dicocoalkyl-
methylamine.

An excess of one reagent or another can be used.
Molar quantities, less than molar quantities, or more than

35 molar quantities of either amines or dithio-adducts can be
used.
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Clearly the use of additive concentrations of these
dithio adducts coupled with various amines provide

15 exceptional antiwear, load—-carrying activity and corrosion
inhibiting properties, etc. when incorporated into fuel and
lubricant compositions.

The additives embodied herein are utilized in
lubricating cil or grease compositions in an amount which

20 imparts significant antioxidant, load-carrying and
corrosions inhibiting characteristics to oil or grease as
well as reducing the friction of engines operating with the
oil in its crankcase. Concentrations of 0.001 to 10 wt. %
based on the total weight of the composition can be used.

25 Preferably, the concentration is from 0.1 to 3 wt. %. It
is expected that these materials would also be suitable for
use in liquid hydrocarbyl or alcoholic or mixed
hydrocarbyl/alccholic fuel compositions. They are generally
utilized in amounts varying from 50 to 500 pounds per 1000

30 barrels of fuel.

The additives have the ability to improve the antiwear
characteristics and friction reducing characteristics of
various oleagenous materials such as hydrocarbyl
lubricating media which may comprise liquid oils in the

35 form of either a mineral o0il or a synthetic oil, or in the



et hyl enedi am ne; hexanet hyl enet et ram ne; hydrazi ne; phenot hi azi ne;
sulfanilic ﬁfigb #gtraethylenepentanine; t hi ourea; urea;

triethanol a ) i et hyl enet et ram ne; di et hanol soyaam ne (e.g

Et honeen S-12) and 15 di decaoxyet hyl eng soyaan1ne (e.g. Ethoneen S—20)
Exanpl es of highly suitable am nes are: a) cyclic am nes:

di cycl ohexyl am ne, 1, 4- di am nocycl ohexane, piperidine,
hexanet hyl enei m ne, etc.; b) heterocyclic am nes: norpholine,
am nopropyl 20 nor phol i ne (APM, am noethyl piperazine (AEP);

c) etheram gegm 6fear yreasel Qhr ¥Fhatkytasypeopxenatioaed( Bilenare and
Sher ex), pol gi(ﬁ(alk Iene an Texaco Jef fam ne) ; d) di am nes:

Exxon et herd REs (Eﬁ-E4Ye Texaco pol yoxyal kyl ene di am ne,
Akzo Duoneens (Dumneganéﬁal,cathgral oils, berhspaxagifindicai maphithestic

et hyl am ne, Hﬁﬁpiﬁkﬁgh%s thereB!ét yEﬁB‘J.B?edpSEt i‘.h%ml%n ’g%:' AU Grease

di octylam n 'chai T am nes:
2- ethylh%xylaﬁhhélesomaY|EGpPSp?PXWFHétaPQGb&P?F&ﬁ?ﬁénGd|#§6§ﬁﬂ¢ﬂbnine

bis(2-  ehhybhexxl roaw a&amb@étfakbml eafimfioé G8-$8%¢, (ﬂbseﬁoabksbud
oLy A e ot 10083 81 SORCRR S, A6 FEPAlo %, PUGDISESER RRglES
quantiti es oandi prefezxabiys ﬁrodlVhso(abduttsooamobsz mm?/ss ¢adbout 250
7-7021A SSU) at 99°C (210°F). These oifs which may have viscosity
10 indexes ranging to about 95 are preferred. The average
molecular weights of these oils may range from 250 to 800.
Where the lubricant is to be employed in the form of a
grease, the lubricating oil is generally employed in an
amount sufficient to balance the total grease composition,
15 after accounting for the desired quantity of the thickening
agent, and other additive components to be included in the
grease formulation.
A wide variety of materials may be employed as
thickening or gelling agents. These may include any of the
20 conventional metal salts or soaps, which are dispersed in
the lubricating vehicle in grease-forming quantities in an
amount to impart to the resulting grease composition the
desired consistency. Other thickening agents that may be
employed in the grease formulation may comprise the non-
25 soap thickeners, such as surface-modified clays and
silicas, aryl ureas, calcium complexes and similar
materials. In general, grease thickeners may be employed
which do not melt and dissolve when used at the required
temperature within a particular environment; however, in
30 all other respects, any materials which is normally
employed for thickening or gelling hydrocarbon fluids for
foaming grease can be used in preparing grease in
accordance with the present invention.
In instances where synthetic oils, or synthetic oils
35 employed as the lubricant or wehicle for the grease, are
desired in preference to mineral oils, or in combination



Conditions for the above reactions may vary w dely dependi ng upon

specific re&ag&g%g t he presence or absence of a solvent and the
like. Any s set of reaction conditions known to the art may be
used. Cenerally 5 stoichionetric or eqygolar ratios of reactnats are
used. However, nore than nolar or |ess than nolar anmounts may be
used. In any event, reaction conditions are not viewed as critical.
General | y speaking, the reaction tenperature nmay vary fromanbient to

about 250[err]C or reflux, the pressure 10 may be aut ogenous or vary from
anbient to a-.lmsrtewh@m,psﬁarious \onpourriy i thietyrs Wiy Be om about one

hour to about_ 48 Qr rly, Ive
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reduci ng chqﬂm‘tydr)l mm,ofphenoxy/qrhm;sleﬁmnous mat erial s such as
nggfg?rgyiher a nlnera gﬂ? or a sy nﬁﬁetlc ol Eﬁﬁ$t|é$%”65ﬁ$$§lt£°ﬁge >

15 comtemplated herein can also contain other materials. For
example, corrosion inhibitors, extreme pressure agents and
the like can be used as exemplified respectively by
metallic phenates sulfonates, polymeric succinimides, non-
metallic or metallic phosphorodithiocates and the like.

20 These materials do not detract from the value of the
compositions of this invention, rather the materials serve
to impart their customary properties to the particular
compositions in which they are incorporated.

The following examples are merely illustrative and are

25 not meant to be limitations on the scope of this invention.

EXAMPLE 1
Approximately 95 gm of 2,5-bis(t-nonyl-
dithio)thiadiazole (commercially obtained from Amoco
Chemical Company under the trademark Amoco 158 or from
30 Mobil Chemical Company under the trademark Mobilad C-610)

and 5 gm of isodecyloxypropylamine (commercially obtained
from Sherex Chemical Company under the trademark Adogen
180) were blended together in a mixer at 80°C for two
hours. After a quick filtration, approximately 99.5 gm of



EF- 7021A . _ - 8- formof a grease in
whi ch the af%Lg%thfned oils are enpl oyed as a vehicle. I n
general , m nér oi'ls, both paraffinic, naphthenic and m xtures
thereof, enployed as the lubricant, or grLggse S vehi cl e, may be of any
suitable lubricating viscosity range, as for exanple, from6 mijerr]/s
at 38[err]C (about 45 SSU at 100[err]F) to 1200 mm2/s at 38[err]C
(about 6000 SSU at 100[err]F) and preferably, from7.5 (about 50) to
62 mjerr]/s (about 250 SSU) at 99[err]C (210[err]F). These oils which
may have vi sgeliYow-Hrown rdepssl mayirgdverdb uis Yesiredkfending The
aver age |§ng%§HaI wei ghts of these oils may range from 250 to 800
Where the lubfricant ‘is to be enployed in the formof a grease, the

| ubricating oil is generally enployed in an amount sufficient to

bal ance the total grease conposition, ﬂgz%pﬁﬁtfr accounting for the desired

quantity of the thickenin agent, and other additive, C onents to be

included in the Appiﬁﬁiﬁé?qkﬁrﬂﬁiﬁq(ﬂf 2n5'bls(t'99Q¥%ﬁ9%éH$éky of

mat eri al § machiadigdoledms 10 gn (df desdewy loxypRtdpylamigentwerdhese may

i ncl ude any tiqnal. $ Lch
cgléx{?%cﬁgquegﬁgﬁe i Sa \%ﬂ@ ngr S?d ¢ fir %%od@é. zli‘flé% a.

di spersed in """ Ccat’in n grease-formng guant
an anmourgquiick | figdtration hapmpmrinately Q82 @t iyeblowHerown

desi 1 ed CONSIIIRY wdd iod iee g MBS WiafRY Hoauct. el oyed in

the grease fornulation may conprise the non- 2 soap thickeners, such as

surface-nodi fied clays and silicas, aryl ureas, calcium conplexes and
simlar materials. In general, grExsMpiBigkeners may be enpl oyed

whi ch dq.,not nelt i | ve e d i r er re
wthin g‘oparti cul aﬁpéeinlsélér%ﬁlr%}\t&%%e\/@‘f/zg? @% né,PaemﬂfélLﬂ "%is foll&%@ Wﬂﬂ
one exception: C,,_,, tert-alkyl primary amine (commercially
obtained from Rohm Haas Chemical Company under the
trademark Primene JM-T) was used instead of

isodecyloxypropylamine.

15 EXAMPIE 4
The reaction procedure of Example 1 was followed with

one exception: oleyl 1,3-diaminiopropane (commercailly
obtained from AKZO Chemical Company under the trademark
Duomeen 0) was used instead of isodecyloxypropylamine.
20 Evaluation
The products of Exampes 2, 3 and 4 were blended into
industrial cils and evaluated for antiwear performance
using the Four-Ball test (Table 1).



30 - all- other respects, any materials which is normally enpl oyed for

thickening(y'*yglﬂrm)hydrocarbon fluids for foam ng grease can be
used in preparing grease in accordance with the present invention.
In instances where synthetic oils, or sygqihetic oils 35 enpl oyed as the
| ubricant or wehicle for the grease, are desired in preference to
mneral oils, or in conbination F- 7021A

-9- therewi th, various conpounds of this type may be
successfully utilized. Typical synthetic oils include, but are not

limted to, polyisobutylene, polybutermsble 1 hydrogenated pol ydecenes,
pol ypropyl ene glycol, 5 pol yet¥ouerBall \Mear Testet hyl ol propane esters,
neopent yl- and pentaerythritol esters, di(2-ethylhexyl) sebacate,

di (2-ethyl hexyl) adi pate, dibutyl phthalate WFFEOSGG&TD@ﬁ@eter lnsmmhcate
esters, silanes, esters of phosphorus-contai inute

ferroceﬁe derlvatlves hydr ogenat ed 10 synth 96“%|Is chm|1ﬁ dﬁg

pol yphenyl s, sil s and silicones (pol

al kyl - subst i uted ethers typlfleS#b a butyI subsy i ed
bi s( p- pheno é%%ers sg }%% Is to

% s_p phen
be understo ;::E?BY f s& NS 15 contenpl ated herein can
al so contai it ot her erla S. exanple corrosion inhibitors,
extremy gor ess oA d the | i ke can bg, peed as exenplg fgg
respectively by netalllc phenat es sulfonate golynerlc su00|n|n1des
non- 1% 'Example 2 0.589
1% Example 3 0.772 0.636

1% Example 4 0.794 0.609

As can be seen from the above wear test results, the
15 product exhibits considerable antiwear activity.

The products of the examples were also blended into
fully formulated engine oils: Example 1 was evaluated for
load carrying capacity using the Four Ball EP Test (Table
2); Examples 1 and 2 were evaluated in the FZG Gear tester

20 (Table 3).

Table 2
Four-Ball EP Test and ASTM Copper Strip Corrosion
(EP:1760 rpm/10sec./25°C; D130-6:250F/3h, D130-8:210F/3h/1%H,0)

Plus 1% Plus 1%

25 Iten Base 0il* Mobilad C-610 Example 1
Last Non-seizure Load (Xg) 100 100 126
Weld Load (Kgq) 200 250 250

Load Wear Index (LWI) 41.4 46.4 53.8
Copper Strip (D130-6) 2B 2D 1A
30 Copper Strip (D130-8) 2A 22 1A

*Base oil is a fully formulated synthetic engine oil
containing a performance additive package including
detergent, dispersant, antioxidant, corrosion inhibitor,
and a small amount of zinc dithiophosphate.



metallic or netallic phosphorodithioates and the |ike. 20 These material s
do not detrﬁgg §?gg1the val ue of the conpositions of this invention,
rat her the t% S serve to inpart their custonmary properties to the
particul ar conposi tions in which theysare incorporated. The
foll owi ng exanples are nerely illustrative and are 25 not nmeant to be
limtations on the scope of this invention.
EXAVPLE 1 Approxi mately 95 gm of 2, 5-bi s(t-nonyl -
dithio)thiadi azole (commercially obtained from Anoco Chem cal Conpany
under the trademark Anoco 158 or from 3@ableMsbi | Chem cal Conpany under the
trademar k Mobi |l ad C- 610) and 5 gm of isodecyl oxypropyl am ne
(comercial |y obt Ztemd from Sherex Cheni cal ConpanyZéhddagshestage)
trademark Adogen | 180& wer e bl ended together in a mxer at 80C for two
hours. AfterBasguPdl fifml Xtﬁ@ﬁ?“&ﬁﬁﬁéxﬁﬁﬁgéﬁﬁigg.5 gm of 7 F-7021A
-10- °1%eWF6H-BﬂéﬁﬁlVPqQP&¥ﬂQ§ cOR&AANANdas desired bl endi ng
product.5 antlioxidant, rust inhibitor, gekepgens, Appr oxi mat el y
90 gm of 2, 53BAsALSRERFRME)thio) 5  thiadiazole and 10 gm of
| sodecyl oxyp | apk N r l.ended together in a mxer at 8 rr]C
for two houréggéfggp §;W§ 1s Exam%l% q (¥€
Base oil plus 1% Example 2 12

In the Four Ball Wear Test three stationary balls are

10 placed in a lubricant cup and a lubricant containing the
compound to be tested is added thereto, and a fourth ball
is placed in a chuck mounted on a device which can be used
to spin the ball at known speeds and loads. The examples
were tested using half inch stainless steel balls of 52100

15 steel for thirty minutes under 60/40 kg load at 1500 and
1800 rpm and 93°C (200°F). If additional information
concerning this test is desired consult test method ASTM
D2266 and/or U.S. Pat. No. 4,761,482.

The Copper Strip Corrosivity Test (ASTM D-130)

20 measures a product’s propensity to corrode copper due to,
for example, contained sulfur groups. Further details may
be found in ASTM Standards on Petroleum Products and
Lubricants, published annually by the American Society for
testing Materials.

25 The Four-Ball EP Test (ASTM) D-2783) measures the
extreme pressure characteristics or load-carrying
properties of a lubricant by determining Load Wear Index
(LWI) and weld point. A test ball is rotated under load at
a tetrahedral position on top of three stationary balls

30 immersed in lubricant. Measurements of scars on the three
stationary balls are used to calculate LWI’s, and the weld
is the load at which the four balls weld together in 10
seconds. The last non-seizure load is the last load at
which the measured scar diameter is not more that 5% above

35 the compensation line at the load. The compensation line



quick filtration, approximately 99.2 gm of yell ow brown l'iquid was
recovered asrg9§£iﬁd bl endi ng product.

EXAMPLE 3 10 The reaction procedure of Exanple 2 was followed with
one exception: Cferr] tert-alkyl primary_gqine (comrercially obt ai ned
from Rohm Haas Chem cal Conpany under the trademark Prinmene JMT) was
used instead of | sodecyl oxypr opyl am ne. 15

EXAMPLE 4 The reaction procedure of Exanple 1 was followed with
one exception: oleyl 1,3-diam niopropane (commercailly obt ai ned from

AKZO Chem calisCanpegsarithaict protr alefer khe coobddnmatesOpreascazed i nst ead

of isodecylo aplne. I i . e of
Exanpes 2, 35§§§8§¥%eg§ ﬁiéﬁggﬁtgﬁ ogﬂa SBP%&ﬁgt}PgF §B|§&§%§4%@% uat ed for
antiwear perfobtained underugyngmigecpoditbans.t eFhe( migherithe LWI

F-7021A value the better. See U.S. 4 ?%%'002 and ASTM D-2783.
Table 1 Bal I Whar Te

our - st
Wear Sca Di anet eFhenFEf, Gear Test (DIN-51.354). In this test, §4by nute
Test - 200[ elubkicated gears are weighed and operated at a fixed speed

and fixed initial oil temperature (90°C) in the gear oil
under test. The load on the teeth is increased in
increments. After each load stage, the weight changes are

10 determined and recorded. The results are reported in Table
3. The higher the Fail Stage value the better the
material. The lower the wear value the better the weight
change and/or visual condition. Further details can be
found in CEC method L-07-A-71.

15 As shown above, the products of this invention show
very good antiwear, extreme pressure activities as
evidenced by improving wear characteristics and scoring
load capacity from state 7 to stage 10-12 in F2G tester,
and IWI in Four Ball EP test. In addition, the product of

20 this invention also shows excellent corrosivity control.

The use of additive blends of bis(alkyl-
dithio)thiadiazole and amines in premium quality industrial
and engine lubricants will significantly enhance the
stability, improve load-carrying, reduce the wear, and

25 extend the service life. These additive blends may also
have the potential to benefit gasoline and diesel fuels by
improving the antioxidation, antiwear, and anticorrosion
characteristics of these fuels. These novel compositions
described in this patent information are useful at low

30 concentrations and do not contain any potentially
undesirable metals or phosphorus. These dual functional
antiwear/EP-antioxidants can be readily commercially made.



5 - . 60 Kg 40 Kg

Item 1500 rpm 1800 rpm Base oil (80%
sol vent F=70212 5 12 0.733 parafinic bright, 20%

sol vent paraffinic neutral mneral oils) 10 1% Mbilad C 610

0.784 0. 600 1% Exanpl e 2 0.739

0. 589 1% Exanpl e 3 0.772 0. 636

1% Exanpl e 4 0.794 0. 609 As
can be seen fromthe above wear test results, the 15 product exhibits
consi der abl e aphrwg3ar activity. The products of the exanples were
al so blended Into fully formul ated engine oils: Exanple 1 was

eval uated for | oad carrying capacity using the Four Ball EP Test

(Tabl e 2h,. Examplimprbvedd 12brdcanty {lowatfekli)n ddmpd=4A® iCenrcdammst ¥sint)

Test. and ASTM Copp?: T8PF,PESPPESisn of an il Jubricating colity =

D130- 6: 250F/ 3h, D1%9%- & greasshprragaded dherefrom, or a liquid

Plus 1% s Plus 1%yd?ocarbyl '#R1 and a minor propddddid Idf Whidwd C 610

VE\z?gp :_gaé (Kg) Lasl,) oggrﬁhsfgsz,g(rygllli:%.af%ngé%)%l%ntioxid%lolooadload V\éir26

| ndex (LW) cattying, antiwéarfextreme presbure ardpmarrdiicm

(D30-6) | “Ransnicyas icivg, progh Bt wef0Ftn T4 Sk ile

synt hetic engi ne oidf combinghigng of sipericaptetddadidaglar-perdapkan

i ncl udi ngg det tipiled ditiic’ FmpoHdL ¥ it thy¥USAPN diindd (Hhd
wherein the reaction is carried out at temperatures
varying from ambient to about 250°C under pressures
varying from ambient to about 100 psi or is autogenous
with the reaction time varying from about one hour to

15 " about 48 hours sufficient to obtain the desired

additive product of reaction and where the reaction is
carried out in molar ratios of reactants varying from
equimoclar to more than molar to less than molar.

2. The composition of claim 1 wherein said additive
20 product of reaction is generally prepared by reacting
a thiadiazole~derived dithio compound of the
structural formula

N ammmn N

R —=—S5.§ / \ SeS—g,
S

where R and R, are the same or different and are
hydrogen or C, to about C,, hydrocarbyl selected from
25 alkyl, aryl, alkaryl, aralkyl and may optionally
optionally contain additional O, S, N or mixture
thereof with a hydrocarbyl amine and wherein the
reaction is carried out at temperatures varying from
ambient to about 250°C and under pressures varying

I



and-a smal |l anpunt of zinc dithiophosphate. F- 7021A

-12- F=70213 Table 3 Item

FZG (pass stage) Base G| (fully formulated synthetic

7 oil wth additive package contaiaygg 5 anti oxidant, rust

I nhi bitor, detergent, and di spersant) Base G| plus 1% Exanple 1
10 Base oil plus 1% Exanple 2 12

In the Four Ball War Test three stationary balls are 10 placed in a

| ubricant cup and a | ubricant containing the conpound to be tested is

added thereto, arfirom famlritenthdid about 1D IpEiedy nis athagenastwition a
device which can i yskibtion eﬁqésmﬁ,{ﬁ ﬁgo&t ﬂ%flfﬁ"’fbrfé)“}?éi& | oads.
I'nc nl ess st eel bal

The exanpl es were tested usin st al s of

52100 15 st eel dkout #& t*}P%ﬁuFtié%e FE e 1Q) IRkainthe fdrsired

1800 rpm and 93[ efadi%® i) Hrsaud® -of fra'atﬁidmrh%id ivHexdaii® reaction is
concernan thIS test . s, desired cqpsult t.est qgthod ASTM DQZQ@Fand/or

U S. Pa FRLTASS out in FICITD T FFPFALTOR ASTM
D-130) 20 rreasmmslmlpamdm:unqrqarmaansndlpnd:molessid:lwppmlahe to,

3. The composition of claim 1 wherein said dithio
compound is 2,5-bis(t-nonyl-dithio)thiadiazole and
said amine is isodecyloxypropylamine.

10 4. The composition of claim 1 wherein said oil of
lubricating viscosity is sleected from (1) mineral
oils, (2) synthetic oils, (3) or mixtures of mineral
and synthetic oils or is (4) a grease prepared from
any one of (1), (2) or (3).

15 5. The composition of claim 4 wherein the lubricant
contains from 0.001 to 10 wt% based on the total
weight of the composition of the additive product of
reaction.

6. The composition of claim 4 wherein the lubricant is a
20 mineral oil.

7. The composition of claim 4 wherein the lubricant is a
synthetic oil.

8. The composition of claim 1 wherein the fuel is
selected from liquid hydrocarbyl or hydrocarboxy or
25 alcoholic or mixtures of hydrocarbyl and alcoholic
fuels.

9. The composition of claim 8 wherein the fuel contains
from 23 to 227 kg of said additive per 159000 1 of
fuel.

/ IIIIII/ lllll/llllf //I/I // /II/



for exanpl e, cont ai ned sul fur groups. Further details may~ --pe_found. in
ASTM St andar dg op_ Petrol eum Products and Lubri camj g, b |shed
annual |y by the!%%Rican Society for testlng Nht as Kmhmd The
Four-Ball EP Test (ASTM D-2783] neasures_ ext

characteristics or |oad-carrying prop tles of

determ ni ng Load Wear | ndex (LW) and weld p0|nt. A t est baI

rotated under | oad at a tetrahedral position on top of three
stationary balls 30 imersed in lubricant. Measurenents of scars on the

three st ablonghE B8hl Bsitiohsad t2aénl gsuivhetelil) the FTmell figs el d
is the | oad at mhlg % Sl ﬁ alls weld together in 10 seconds. The
| ast non-sei zure | &ﬁ F phE F& *| oad at whi ch the neasured scar
dianeter is not nore that 5% above 35 t he conpensation |ine at the |oad.

The conpensatiin lh”fubricgnt qu17géé§tive roduct of reaction
- 13- I's a logari Fe EhBTC00r di nat es are scar

di ameter in n1|I|nﬁPEFés§ﬁaga9§IP@BbﬁuaﬁlpnskPﬁo§ﬂ@ﬁ§capt°ﬂﬂiﬁﬂh%&919nkw

dynanmi ¢ cgndi ti 0nSmeraglaaahebublledL&&tnio coiipoanidae with! tiydrerardyd
4,965,002 and ASTM D, 27

st (D 354
this test, dip- ipﬁﬁr ?’E‘&F@d c&@ﬁﬁgag#&nﬁeﬁ&ﬁéﬁl’zm%ﬁkﬂg %’d’ &sa fi xed
speed and fixmdltdfunationhlne&pad&bartyﬁ&@[amd]Cprmmsuhnlgear oi

under test. The lo ghggikaggt Eﬁl%iebn% egﬁegéhnof 1 fyaf s. After

each | oad st age, n és are >term ned and recorded. The
results are reportEdSFQSI&NI@r a grsas¢h9rnpgmgd1ﬂh9nairwm8tage val ue the
better the

10 12. The additive product of claim 11 prepared by reacting
a thiadiazole-derived dithio compound of the
structural formula:

NN

—ssd Nes

e

where R and R, are the same or different and are
hydrogen or C, to about C,, hydrocarbyl selected from
15 alkyl, aryl, alkaryl, aralkyl and may optionally
contain additional 0, S, N or mixtures thereof with a
hydrocarbyl amine and wherein the reaction is carried
out at temperatures varying from ambient to about
250°C under pressures varying from ambient to about 10
20 psi or is autogenous and the reaction time varying
from about one hour to about 48 hours sufficient to
obtain the desired additive product or reaction and
where the reaction is carried out in molar ratios of

reactants varying from equimclar to more than molar to
25 less than molar.

13. The additive of claim 11 wherein the reactants are

2,5-bis(t~-nonyl-dithio)thiadiazole and
isodecyloxypropylamine.

Sy



material. The |ower the wear value the better the weight change and/ or
vi sual condigdysgpagfurther details can be found in CEC net hod
L-07-A-71. 15 As shown above, the products of this invention show
very good antiwear, extreme pressure acl-iggi«.i es as evi denced by

i nprovi ng wear characteristics and scoring | oad capacity fromstate 7
to stage 10-12 in FZG tester, and LW in Four Ball EP test. In

addi tion, the prcIMERCAPPOTHIADIAZOLEBeMERCAPTANOCOUBLEDcCOMPOUNDS
corrosivity corA8 MULTIFUNCTIONALcADRITIVESCHOR| LUBRICANTSOAND| FURLBY| -

di thio)thiadi azole and amnes in premumaquality industrial and engi ne
| ubricants will significantly enhance BBRIRACT stability, inprove

| oad-carryi ng, reduce the wear, and 25 extend the service life. These

ddi ti bl end th ¢ it g <
SRR B R I R E TR

anticorﬁbsiomaupledcdﬁrixativen|w1mhﬁamtnaueﬁmméSbeéheﬁeun@vﬁb benposi tions

and do rot Coas L, Tad PLATHS wdi Selife Yo Lo s " SACRRRTR: O

These dual functi onal antlmear/EP-antioxidants can be readlly
commerci al ly nmade. CLAI V5. 1. An inproved
| ubricant (or fuel) conposition conprising a maj or proportion of

an oil of lubricating viscosity



or a grease prepared therefrom 06?@0 e€ ? hydrocar byl fuel and a
M nor propoLi-4-e Ahedr non- hosphov us, nultlfunctlonal

antio |§\I@|1;\QEMBV§H carryi ng, antlvvear/extr (ﬁ
corro%i QR i phibiting additive product of reacti‘o Qd C£;D%?53
e\ capt ot hi adi azol e- nmer captan 10 coupl ed d|th|o

of conbiinat i opse a69&li
&F&ﬁeﬁydroc lyl am nes and -3- wherein the rea®

carri el es varying from anbi ent to about cﬁ
250[ erg] C under pre varying from anbi ent {8 ) uﬁ0$36’5§'
or is @ with the reaction tinme varying fron1about one
hour to 15 about 48 hours sufficient to obtain the desired

addi tive produchopé spacitosadng ﬂheaeihhenteaﬁthenaisected to carried
out in nol ar ratlgs}o [ eac equi nol ar ;to nore

1 gants vaiy ng gﬁl

t han nol ar *PBTPEE RifBpg, or fuel”cgmpos e°€5n58§PFF5ﬁn8facP&DHFl

Eherein saptopdgtioneo?Oan oél ou{mdhclcatingaoiseas&eygeagaa k&aaeepared
y reactin | adi azol e % Lthio _cQ of, .t he
structuraIgFSPﬁﬁFg thege%pom, a mgsgf Sgo ion of"a TP F

wher e R antly®recakrbyieorhbydancavboryf feetnandna minor proportibpdodgen or
Clerr] to gb o] f yl, aryl,

al karyl, a?a Eitg&ﬁ§Engxg& Sﬁ&?%%a§?hﬁﬁ£gﬂe ﬁ?E%gﬁr ?dég %éln addi ti onal
O S N orPFPQPGFe°f reaCt1°ntﬁéﬂ§éFtﬁpﬁh°§ a9 éééﬁé?hsanfne and wherein

t he dimekea tbenlaalsaaubeﬂesahpaanteaﬁeiaauasin!ar&bﬁsohha@
anbi ent to a guhy 50 ergbg an nggder pressures varying .

- 10 Preparation
2,5~-dimercapto-1,3,4-thiadiazole (DMTD), made by the
reaction of hydrazine with carbon disulfide, oxidatively
coupled with alkyl mercaptans, such as nonyl, to form
thiadiazole-derived dithio compounds (Structure a). These
15 dithio adducts were then blended with various amines to
form a new group of additive blends.

NN
Cus——S-s% /\\ §-Sm——Cghirg

. ) (Structure A)
However, applicants do not wish to be bound by a particular
~ structure(s) or formula for the additive reaction products
20 in accordance with the invention [Structure(s) B] i.e., the
combination of the dithio adducts blended with the varlous
amines.

The mercaptothiadiazoles may be prepared as above or
made in any convenient manner or obtained as an article of
25 commerce. Any suitable mercaptothiadiazole such as 2,5-
dimercapto-1,3,4-thiadiazole; 3,5-dimercapto-1,2,4-
thiadiazole; 4,5-dimercapto-1,2,5-thiadiazole:; etc. can be
used. Accordingly, the hydrocarbyl groups need not be
alkyl or limited to C9H1S9 but may be R as in the below
30 generalized structure: :-



F__702_1A . - 15- from anmbi ent to
abeut 100 psi or is autogenous with . the reaction tines varéag‘? % Q

from about one hour_to about 48 hours tlneJagahgfg g%
the desiscefieNt SHEET | additive product of reaction a e reaction

I s{5 but in nolar ratios of reactants varying from
eqyifolar to nore than nolar to | ess than nol ar. 3. The

corfpdsi 16AIGAI aif m 1 wherein said dithio conpound i s

2,3-Hi s(t-nonyl -difhito)t hi adi azol e and said amne is
iscdecyloxypropylani*e. 10 4. The conposition of claim1l wherein said
oi |+-0f b i cating viscosity is sleected from (1) mnera

oil's, (2) synthetic oils, (3) or m xtNoas=uf m neral and
synthetic oils or is (4) a grease p ared\§ rom any one of (1),
(2) or (3). 15 5. The conposi tZﬁn of X\l aim4 wherein the |ubricant
contains from0.001 to mo-m-sebas n the <S8~ R, weight of the
conposition of the additive product 0 reactlon 6. The
conposition of claim4 wherein the | ubritant is a 20 mneral oil.

(Structure B)

where R and R, can be the same or different and are

hydrogen or C,; to about Cy; hydrocarbyl selected from alkyl,

e aryl, aralkyl, alkaryl and may optionally contain

| 5 additional 0, S, or N or mixtures thereof. Preferably R is
CnH,hy, there n is 1 to about 30.

Mercaptobenzothiazoles such as 6,7-dimercaptobenzo-
2,1,3-thiadiazole are also believed to be suitable.

Generally, the amines used in this invention are

10 aliphatic and can be primary, secondary, or tertiary and
preferably alkylamines or arylamines.

Non-limiting examples of primary amines are
methylamine; ethylamine; n-propylamine; isopropylamine; n-
butylamine; dodecylamine; triacontylamine; allylamine; 2-

15 propynlamine; cyclohexylamine; propargylamine;
isobutylamine; sec~butylamine; 2-ethylhexylamine;
cycloprobylmethylamine; t-butylamine; 1,l1-dimethyl-2-
propynlamine; 1,l-diethyl-2-propynylamine, 1-
ethynylcyclohexylamine and benzylamine.

20 Non-limiting examples of secondary amines are
dimethylamine, diethylamine, dibutylamine, diotylamine,
ditetradecylamine, diallylamine, di-2-hexenylamine,
dicyclohexylamine, methylethylamine, methyl
cyclohexylamine, diisopropylamine, diisopentylamine, ethyl

25 cyclohexylamine, (3-amine-propyl)alkenylamine wherein the
alkenyl group has 16 to 18 carbon atoms; (3-aminopropyl)
alkenylamine wherein the alkenyl group has 18, 20, and 22
carbon atoms; and dihydrogenated tallow amine (e.g. Armeen
2HT) . -



| aim 4 wherein the | ubricant J

The conposition of claim m{gl n9[%/tig4? 5 3
UId yfrocar byl or hydrocarboxy or 25 al coholic or
and al coholic fuel s. 9. The
erein the fué&l€ontains from23 to 227
159000 1 of fuel . 10.
aifm 8 wherein the fuel is a distillate fuel.

11. A lubricant fuel additive product of reaction consi sting of
conbi nati o | mer capt ot hi adi azol e- 5 mer capt an coupl ed dithio
conpounds gﬁ%ﬂﬁﬂgdrocarbyl am nes whi ch conbi nations inpart

non- phosphor ous mul tifunctional, | oad-carrying and corrosion

i nhi bi ting,qual j}i fﬁp&BV@B Qlibr2EahtP bfafﬁgﬂ) composition comprising

a major proportion of an oil of lubricating viscosity
or a grease prepared therefrom, or a liquid

5 hydrocarbyl fuel and a minor proportion of a non-
phosphorus, multifunctional antioxidant, load-
carrying, antiwear/extreme pressure and corrosion
inhibiting additive product of reaction and—consiéting
of combinations of dimercaptothiadiazole-mercaptan

~ 10 coupled dithio compounds with hydrocarbyl amines and

wherein the reaction is carried out at temperatures
varying from ambient to about 250°C under pressures
varying from ambient to about 100 psi or is autogenocus
with the reaction time varying from about one hour to

15 about 48 hours sufficient to obtain the desired
additive product of reaction and where the reaction'is
carried out in molar ratios of reactants varying from
equimolar to more than molar to less than molar.

2. The composition of claim 1 wherein said additive
20 product of reaction is generally prepared by reacting
a thiadiazole-derived dithio compound of the
structural formula

. %19—5‘5—43_)_8.8-_%19

where R and R, are the same or different and are
hydrogen or C, to about C3 hydrocarbyl selected from
25 alkyl, aryl, alkaryl, aralkyl and may optionally
optionally contain additional 0, S, N or mixture
thereof with a hydrocarbyl amine and wherain the
reaction is carried out at temperatures varying from
ambient to about 250°C and under pressures Varylng

iy l//l/llll/l //l/l /l lll/
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and wherein the readtion is carried

T SHEET structural formul a: J
where R and R err] are the sa chlg} (%ﬁéqér

AUC G

ary

tjo about C[err] hydrocarbyl selected fron115
. aralkyl and may qg:lonally contain
dr nixtures therect®

from anbi ent TO about
to about 10 20
one
it
i nddsitdd late Fuedf.
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carri ed out

to nore than nolar to 25 1 | ess than nol ar. 13. The additive of
claim 1l wherein the reactants are

2, 5- bi s(t 1Aeny R GUDFIGATE

10

15

20

25

12.

13.

£yedzaddifiye product ofszeasHieonypropyl ani ne.

consisting of combinations of dimercaptothiadiazole~-
mercaptan coupled dithio compounds with hydrocarbyl
amines which combinations impart non-phosphorous
multifunctional,_load-carrying and corrosion
inhibiting qualities to an oil of lubricating
viscosity or a grease prepared therefrom. '

The additive product of claim 11 prepared by reacting
a thiadiazole-derived dithio compound of the
structural formula:

R....ss// \\ss s

.\'

where R and R, are the same or different and are
hydrogen or C, to about C3, hydrocarbyl selected from
alkyl, aryl, alkaryl, aralkyl and may optionally
contain additional 0, S, N or mixtures thereof with a
hydrocarbyl amine and wherein the reaction is carried
out at temperatures varying from ambient to about .
250°C under pressures varying from ambient to about 10
psi or is autogenous and the reaction time varying
from about one hour to about 48 hours sufficient to
obtain the desired additive product or reaction and
where the reaction is carried out in molar ratios of
reactants varying from equimolar to more than molar to
less than molar.

The additive of claim 11 wherein the reactants are
2, s-bis(t-nonyl-dlthio)thladiazole and :

The additive product -

23

th a hydr ocar byl am ne
out at tenperatures varying
250 C under pressures varying from anbi ent

psi or is autogenous and the reaction tine varying

TR FobeR 184onc e BikiarY vhekih e gue e p00cT 0 1S

reactants varying from equi nol ar
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