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metal salts and solvents which may be ethers, esters and the like. The dispersants

25  function by forming a coating of the dispersant on the surface of soot particles and

thereby minimising the tendency of the soot particles to agglomerate. However, the

potency of the dispersants to perform this function, in turn, declines with time and thus,

one of the methods of improving the useful life of lubricants, particularly crankcase ..

o lubicants, would be to improve the dlspersancy retention capablhty of crankcase-

30 lubricants. This may be achieved, eg by minimising the risk of oxidation of the _
dispersants under the conditions prevalent in the engines during use. One such method is
described in US-A-5,837,657 which discloses a method of improving the performance of
a sooted diesel oil and controlling soot induced viscosity increase by adding to the diesel
oil a minor amount of a trinuclear molybdenum compound of the generic formula

35  MosSL,Q; wherein L is a ligand having organo groups, n is from 1 to 4, k various from
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t her eof nstance 1 n
US- A2, 8Xi3cqRty of 3¢ to 25 cSt at 100°C comprise a major portion of the lubncatlng
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compositions. Such lubricating base oils are widely available and may be any of the
available base oils groups, namely Group I, II, III, IV or V. Preferably the base oil is a
Group 1 or II base oil.

25 The dispersancy retention properties of such lubricant compositions is improved
in accordance with this invention by including in the crankcase lubricant an added
antioxidant which is a metal dihydrocarbyldithiocarbamate wherein the metal is
antimony or bismuth. The antioxidant may be oil soluble or oil dispersible, but is
preferably oil soluble. Such dihydrocarbyldithiocarbamates and methods of preparation

30 thereof are claimed and described for instance in prior published US-A-4,859,787 and
US-A-5,840,664 which are incorporated herein by reference. Thus, antimony
dihydrocarbyldithiocarbamate can be prepared by the use of the following reaction:

(RYRI)N-H +6CS» +Sb0; = 2[(RYRIN-C(S)S]1sSb  + 3H,0
35
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20 ring is completed through another portion of the ligand (that is, any two indicated

substituents may together form an alicyclic group);
(2) substituted hydrocarbon substituents, ie, those containing nonhydrocarbon
groups which, in the context of this invention, do not alter the predominantly
hydrocarbyl character of the substituent. Those skilled in the art will be aware of
25 suitable groups (eg halo (especially chloro), amino, alkoxyl, mercapto,
alkylmercapto, nitro, nitroso, sulphoxy etc.); and
(3) hetero substituents, ie, substituents which, while predominantly hydrocarbon
in character within the context of this invention, contain atoms other than carbon
present in a chain or ring otherwise composed of carbon atoms.
30
The hydrcarbyl groups are preferably alkyl (e.g, in which the carbon atom
attached to the remainder of the ligand is primary, secondary or tertiary), aryl,
substituted aryl and ether groups.



present in a chain or ring otherw se conposed of carbon atons. 30 The

hydi caMM2aBups are preferably alkyl (e.g, in which t hBCUIBUEISSA: om
attached to the remai nder of the Iigazpd is primary, secondary or tertiary),
aryl, substituted aryl and ether groups. WO 01/2915.7 PCT/1B00/ 01554 4

| mportantly, the hydrocarbyl groups of the lIigands should be such that they
have a suffjcient nupber of carbon atons_to yrender the correspondi ng

anti nony or JmRosisnHy. the hydsocesbyhgoups ehihe ligands sheyld bgsueh thakthey bave i n t he

0: : t]? M&r}ifﬁbicht ndrﬁbegdﬁﬂeﬁkboma&nﬁ?lb?ﬁnddﬂmmn oﬁg{%@m@inﬁxﬁr& bEHnﬁ_&RnLl am)tng

all of t. tocar I S compounds' .Jgands,i,s suitably a

east Atkyldliniagnmas EbiE5r SupefpcRabepl i yhizh if 82056 Thatola ca 1 y

e.g., 2iurhber@®f0arbbpatanssprasent ambhg all ofitherhydfocaghyb groups ofrtheicompaaiids’

hydrocay. byl | n n from1l to

40 Tighds B ol eas 20 byt T8 24 AHF hole PR R RDSBAY PTG o

t he pr e&gallitn§Rht Forrinstances Hieynumbes of easborjatomsdn gach hydsacadyd gofupaviBhenol i ¢

ant i oxi 1 Ni6Cl oAb et | k (h@lant s,

A nder el B T o B P e R e e

the present invention is a diesel engine |ubricant conposition conprising

? ?ase st ?kahaaﬂ;@@aam ﬁ{\ﬁlgd:laﬂm_p?ii_tiéﬂé blgthé ﬂxt%@éntlﬁle@lﬂﬁﬁ)_Elili@dbmr@]alﬁd\ﬁlcﬁfde”m e of
a) _an i pon | racarbyl.di t hi gcar bamate, ( a bisnu .

i hyAr ofpasy o o BReRB Aopid pnd SR EANF pRoxiFse o AMSTRIHE apeaslican ni ¢

conpounahitioxideats) hinderedghendls asergrefeeg. and bi snut h

di hydrocar byl di t hi ocarbamates in these conpositions is described above.

The nature and anmounts of the phenolic and ami nic conpounds in said

conposi t i ons Thns ageordinglie @ furhesembpdinmsnatbe preserft imvestion ksemdiesed enginpounds

i ncl udeyy [ Acits Hyl | - ol) 4,4

-bi s(2, led-bgiik?'g,té% higBsit lﬁﬁﬁﬁgﬁ%’;ﬁ@?‘%@e %ib‘?ﬁ %%ﬁsﬁ{“&‘{éﬁa@?{’ﬁgﬁp o ol ) 25

2, 213ret RYMBHENG [Q QT ’é‘PFFy‘Pf(G) P’é?‘itlrﬁ%ﬂwléﬁ@ﬁﬁﬁﬂdﬂ@cafﬁﬂph‘?i @ bismut

bi s ( 4- maihyutocarblyRiithidvabaniie 16) 3 pheholc crtipotindd@a€d) an aminic compound.

g: : g ‘;" g‘i‘h}t} %lf\té\?e{ éfgm[}% ??tgrtﬂéﬁli F\}edllgllls)nuth4diﬁy&rlo§a9rg§18&¥iloé:zg'gg}%ates in these
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compounds in said compositions are described below.

20
Examples of such phenolic compounds include inter alia:
4.4-methylene bis(2,6-di-tert-butylphenol)
4,4-bis(2,6-di-tert-butylphenol)
4.4-bis(2-methyl-6-tert-butylphenol)

25 2,2-methylene bis(4-ethyl-6-tert-butylphenol)
2,2-methylene bis(4-methyl-6-tert-butylphenol)
4,4’-butylidene bis(3-methyl-6-tert-butylphenol)
4,4-isopropylidene bis(2,6-di-tert—butylphenol)
2,2-methylene bis(4-methyl-6-nonylphenol)

30 2,2-isobutylidene bis(4,6-dimethyl phenol)
2,2-methylene bis(4-methyl-6-cyclohexylphenol)
2,6-di-tert-butyl-4-methylphenol
2,6-di-tert-butyl-4-ethylphenol and
2,4-dimethyl-6-tert-butylphenol

35



2,2' -nmet hyl ene bi s(4-net hyl -6-nonyl phenol) 30 2,2'-isobutylidene

bi s( 4, 6-wioweedrg? phenol) 2, 2-net hyl ene bi s(4- met hyl - 6- cyREDIROMPIFMenol )
2, 6-di-tert-butyl-4-nethyl phenol 2,6-di-tert-butyl -4-ethyl phenol and

2, 4-di nethyl -6-tert-butyl phenol 35 WD-01/29157 PCT/ 1B00101554 5 The
phenol i ¢ antioxi dants are preferably conpounds whi ch have the foll ow ng
structures: R 50 (1) HOO (CH2)x-CORZI R 10 R O it (Il) HOO

( CH2) x- S- ( CH2) VheCpienRiic Ratioxidarms aro preferably gonfipaynds whizjvhave thetfoligying 4 R2
20 Rl (1 Mhcdrt25 JJ 2 R2 wherein, in the formulae (1) - (I1V) above, RI,

R2, and are the sane or dlfferent al kyI groups having 3-9 carbon atoms
and x and y are integers from1l to 4.
R
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a HO (CHp)x—S—(CHp)y—C—0—R;
R;
15
R)
CH 8—0—- CH ]—C
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Rj
20
R
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25 2
Rj

wherein, in the formulae (I) - (IV) above, R;, R», and R; are the same or different alkyl
groups having 3-9 carbon atoms and x and y are integers from 1 to 4.
30
Suitable amine antioxidants for use in the compositions of the present invention are
diaryl amines, aryl naphthyl amines and alkyl derivtives of diaryl amines and the aryl
naphthyl amines. Specific examples of the aminic compounds that may be used in the
compositions of the present invention include infer alia:
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di hydr ocar byl di t hi ocarbamate a m xture of hindered phenols
It has also been found that if the weight ratio of antimony and/or bismuth
dihydrocarbyldithiocarbamate to the phenolic or aminic compound in the antioxidant is
in the range of about 80:20 to about 20:80, optimum dispersancy retention can be
achieved by these combined additives of the present invention.

25
It is particularly preferred that the antioxidant comprises in addition to the
antimony and/or bismuth dihydrocarbyldithiocarbamate a mixture of hindered phenols
and a diaryl amine in a weight ratio ranging from about 20-80:10-60:10-60 respectively.
30 Optionally, the antioxidants may be combined with a carrier liquid in the form of

a concentrate. The concentration of the combined antioxidants in the concentrate may
vary from 1 to 80% by weight, and will preferably be in the range of 5 to 10% by weight.

Any of the conventional dispersants used hitherto in the lubricating compositions
35 may also be used in the compositions of the present invention. Examples of these include
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agents, detergents, ~rust.inhibitors, viscosity jndex.i.nprovers

ext 1 elfh- pr es suin@eRtiah tRese IWncaes combessHai anay et addifivis somppatly used

]t?rrul si f yiinduiriciting pilsiespecially cehapeass hbricants ssuch af antivgean ngertts) @eter gemts, %5 A )
eature of _t.he r dg_that the

pr esence RERERYES: VEAH SRR IHRRRS cRerhEBrRhGE BBt B Bt T L7

an ant i osarehsion iphibitorseemulsifyipg aids dpourpoins dapressants, anti-foams aad gherlikeo| |

viscosity increase control and dispersancy retention over conpositions

whi ch contain conventional . .organonol ybdenum conmpounds .such. as, t he

cor r epondi ng ﬁif?ﬂ}eqe@ﬂhWP%ﬂ@ﬁawp%xmﬁdﬂéw%meepﬂ?fbﬁé}lﬁa%t es. The

present i présdnce BiRrdif Iof hkitiri?_@dy ard/origrath dilydrdartfidittioeebdnmté fead ol | owi ng

atjive Tes

Exampl es and ar ts..25 EXAMPLES:. - F . General

Pr ocedur e*.‘"“%gﬁgpgrgﬂd& URGXPPEiE] iproyeREpLdn §F‘g5 gﬁ@g@lugoz,c\ﬁkcg F’ltyq?:%%sa ?es ting of

600 Sol vecuntidband dispersancy retention over compositions which contain conventional
organomolybdenum compounds such as the corresponding dinuclear molybdenum

20 dihydrocarbyldithiocarbamates.

The present invention is further illustrated with reference to the following
Examples and Comparative Tests.

25 EXAMPLES:

Examples A-F

General Procedure:
30
A series of test oils were prepared, each oil consisting of 600 Solvent Neutral
(600 SN”) mineral base oil, a dispersant additive, and, apart from the control Test Oil A,
one or more specified antioxidant additives, as shown in Table 1 below. The KV100 of
each of these fresh Test Oils was measured and the measurements are given in Table 2



('600 SN) mneral base oil, a dispersant additive, and, rt f mthe
cont r oWOr@@91%% | A one or nore specified antioxidant aﬁ%ﬁ@‘w& as shown
in Table 1 below. The KV100 of each @of these fresh Test G |ls was neasured
and the neasurenents are given in Table 2 WD 01/ 29157 PCT/1B00/ 01554 8
bel ow. Test Ols B and D denpnstrate the present ‘invention; Test Qls A C

E and F _.are The sanc retenti of. eac f Test
Ols waeow e’f"ﬁgﬁga%b ge’B‘P"gﬁ’gg%ﬁ @Hﬁ?qqnaggﬁt %‘é%gs&ogl? éltifper sancy
t est mamkconipataheesoot di sper sancy of an used oil is determ ned by the
viscosity ratio of the diluted test oil in the presence and absence of

soot; the lower the ratio, the better the dispersancy. To provide
soot - cont ai nThedispersarcyretentéon efssach ofithef Fest Rilyas dejerming byaseefp were o

eachs m Gﬁ&'@@ﬂ%o@laﬁ@@bas!e%@l@dﬁb&@ﬁ@y t8itlin whﬁQAth.S%&QI‘ép%kﬁh oﬁarﬁuée@% soot -
at a \/\/callg]|s rati1 o, of 25;75 Test to to soot-] aden 600 SN oil. The KV100

of eachObfs daturmipehy the yiscosity 9a§8(9f tt}ea‘lﬂé\‘FdG'Gﬁ athin the presenceaad ahgesser ed and

t he neaspgciBRé owdt Ehedfau6)the Betféetth€disperbaticpw. To determ ne the effect of
the soot on the oil viscosity, the 100 neasurenents of the soot-I|aden

m xtures were conpared with the KV 100 of the 15 equivalent oils w thout
soot. The WT&:Qﬁo‘dﬂe sdmenthhmgmﬂ'sa&:t tha tedt, the éscoh B84 Gl of Rallerl were was

a1 70 HED ARG ikt A*%Eﬁ@ﬁg%“&%@@jﬁ%ﬁ‘aﬂz@aé ity S I
known t eatipeof 26:75 Tt Oilttpde soatdadanr GOSN oilal@e KN iswofgiagk of the firesh(Tes2 bel ow.

The eff @?i/sd&fa 14dBR 660 8N AktiRE wal nedbitEPaMd ﬁl‘xe InfeaSNRiRARGHe E%entnh?aﬁl@ lative
Vi scosit o the fresh Test G| /soot-laden 600 SN to the Viscosity of the

equi val érheloy- e'E‘Pldqfé@mElﬂFe/q ffect pf HoGoenring o1} viscosthie tl?“vs~1(§(tl(?f)ve viscosity is
gi ven i fdabifembxs bothelsobela@én TailkhRes?werdTompafb@ivaitiiheek Ve oftieect i ve

di spersanc retenti apab S q I? ' f the above
oi | o wa§ap! ﬁ@lﬁ ntQ} Jvél@foé'ﬁ (Fg jjhﬁgi‘ﬁ" %t{gp feéﬁ%%éts&}}tsfﬁh@ﬁg 'est, the oil
was expdseéinix)t wacdlalated ad:cotcﬁﬁg:tmt’néeequmm: xed nitrogen/air flow, with 40

ppm iron fromadded ferric acetyl acetonate as catalyst. The flow rates of
air and nitrogen 30 were controlled at 500 ml/m n and 350ml/ mn

respect i vel y K¥temix) £025%BKY helfrash Tiess Pil) +o15% KapafreshedPO®ME ur ed for (i)
the Test Ols of Table I alone, (ii) the Test O'I/soot-laden 600 SN oi l,

and zgll I I\zhetreh &J&?fw 8 th/e Ifr%rs}xs 8(% gﬂ is Er?c())wns It\tl) l?e! 11 2c eléc\:/m]éggurgr%gr?tg gr%rrent S are

' also given in Table 2 below. The effect of the soot on the oil viscosity is expressed by
the relative viscosity of the fresh Test Oil/soot-laden 600 SN to the viscosity of the
equivalent fresh Test Oil/fresh 600 SN mixture. The relative viscosity is given in the
bottom line of Table 2.

25

To determine the effective dispersancy retention capabalities of the Test

Oils, each of the above oils was then subjected to a bench oxidation test. In this test, the
oil was exposed for 32 hours at 165°C under a mixed nitrogen/air flow, with 40 ppm
iron from added ferric acetylacetonate as catalyst. The flow rates of air and nitrogen

30  were controlled at 500 mi/min and 350ml/min respectively. The KV g of these used’
oils were then measured for (i) the Test Oils of Table 1 alone, (ii) the Test Oil/soot-laden
600 SN oil, and (iii) the Test Oil/unsooted’ 600 SN oil. These KV g0 measurements are
given in Table 3 below. The relative viscosity of each used Test Oil/unsooted 600 SN
oil to equivalent used Test Oil/soot-laden 600 SN oil was calculated and these relative

35  viscosities are given in the bottom line of Table 3.



given in Table 3 below. The relative viscosity of each used Test

O |/ unso e SN oil to equival ent used Test Q |/ sootEGHIKOESH SN o |
was cal cul ated and these relative 35 vgscolees are given in the bottom
line of Table 3. WD 01/29157 PCT/1B00/ 01554 9 In these Exanples and tests
the follow ng coomercial materials have been used: |Irganox(r) L150 is a

m xture of phenolic and diarylamne (ex G ba Geigy) Paranox(r)- 106 is a
pol yi sobut enyl succi ni m de di spersant (ex Infenium Linden, NJ) 5 Gctopol (r)
;35 s gzln%mse ERENp gkaﬁuggtstthé AR m&mwtemﬂggzve%&aggemry, ex
iarco Chem ¢ ton or van i nucl ear

nol ybdenJFﬂa&PI‘@ I&S@r‘%ﬁﬁﬁf%‘%&ﬂ%f‘#ﬁ é)@’%ﬁ% \%ﬂ%@r bilt Co) used in
Tests E &aranbd® 10618 athpnmutanghacmﬁlmldediﬁpersam|(¢>slnﬁerﬁumr bindeml)i n Table 1
bel ow.. TABLE B F 340 93.0
93.0 91. Ct%q@%’%ﬁff“fﬁ%m?%aﬁ?yﬁl%a&%%ag%gﬁay%)gzggo lﬁrgaﬁg ¥ry L1s0
(%wt) - - 1.0 0.5 - - CtiacodTHem)ical3Baltom Gegrgia, USA)- 0.5 - - Mol yvan(r) 822
]1518@%?3@559 iﬁﬁ' _?frﬁ’lﬁfeﬁxr ﬁlﬁig’bﬁéuﬁﬁ dftlki@cirﬁﬁﬁﬁht@ﬁﬁam%é $%MoF) are shown

in Table Fresh Gl KV I oo
(cSt) 12.99 12.98 13.02 @zlbﬁ\&azdgbﬂ&@o)a@edmvl‘ﬁtsEf&Er esh G |1/Soot- 14.29

14.13 14.24 14.13 14.16 14.17 Laden 600SN (3.5 wt % soot) M xture (25/75)
O 11 Fibah 0gskbaopensiiions ph i Tl A it rorrinslads {95121/ 22 1. 21
1.21 1.21 (Viscosity Ratio), i , (Fresh
TABLE1
Test Oils A B C D E F

600 SN (% wt) 94.0 93.0 93.0 93.0 93.0 91.8

Paranox® 106 (% wt) 6.0 6.0 6.0 6.0 6.0 6.0

Irganox® L150 (% wt) - - 1.0 0.5 - -

Octopol® 735 (% wt) - 1.0 - 0.5 - -

Molyvan® 822 - - - - 1.0 2.2

The characteristics of the fresh Test oils (A-F) are shown in Table 2 below:

15
TABLE2

Test Oils A B C D E F
Fresh Oil KV g (cSt) 1299 | 1298 | 13.02 | 1298 | 1298 | 12.98
KV, of Fresh Oil/Soot- 4.
Lad‘:r)\ 600SN (3.5 wide 1429 | 14.13 1424 | 14.13 | 14.16 | 14.17
soot) Mixture (25/75) (cSt)
Calculated KV i of Fresh 1.
oil/Fresh 600SN Mixture 11.70 | 11.70 | 11.71 11.70 | 11.70 | 11.70
(25/75) (cSt) :
Relative Viscosity . _ 121 121
(Viscosity Ratio), 1, (Fresh 122 121 122 121 1.2
oil)

Table 3 below shows the characteristics of the used oils (A-F) after the oxidation test.




oil) Table 3 below shows the characteristics of the used oils ﬂA' F) after
the oxMQOWST est. WO 01/29157 PCT/ | BOO 01554 10 TABLEPETABMOIYH s A B C
DEF Used Ol KV 1w (cSt) 35.40 13,33 14.16 13.34 17.44 14.70 KV, rx) of
Used G|/ Soot- 21.82 14.64 16. 44 14.11 17.25 16.52 Laden 600SN (3.5 wm %
soot) Mxture (25/75) (cSt) Calculated KV 1 ) of Used 14.65 11.75 11.87
11.73 12.43 12.01 oil/Fresh 600SN M xture (25/75 (cSt) Relative Viscosity
1.49 1.25 1.39 1.23 1.39 1.38 (VIABEED, Ratio), 71, (Used oil} The
extent to which the test oil has been subject to soot-induced viscosity 5
i ncrease pver t € arter el ng iﬁposecrto oxj dafi ve, Tops, is
shown by & cnm'\gﬁsgi e ti viscosity Hf tthefys n Table 3

with the Hﬁeétqik}‘evwi@eos.ty 3580 § hes ey valient 13i34e4hi7.941] ia70abl e 2. The

cl oser t he€xhe] FUsMEOIVSsoEOST [T Sje 0, he Sh.orl,|the
smal ler t neaclei:suiz)elsli(:o.*.;/wifamcreazle,g5 ang‘ﬁﬁheJ gégﬁe g'r4e erli'?\g ir’rgrsgv erent i n
t he di spei sandsixme(2575) @) af t he |l ubricjant. Fromtheg above resulis it can
be seen t h&blcifasiK\,@ollied B pngs D ﬁ:.?grdlln@—,t tihgs iiny£R% i oq oW
0 |
|

si gni fi canwil/Fregré608hMixtuc n jcontr ql Soot - i 1d1u(:ed viscosfity relative to
conpar at i QSJVQ;(ESthJQ A_ClE and F FT: exanpl e, lest _Ql_B_cobntaining

an anti nofRedsvEye Qﬂf&rb Idlthi_@car hastie pedi pxidant] ha® a upsgl | oil
relative |( isod t‘?"?ﬂf“fi nd alfresh joil relativejviscoslity of{1.21, a

d| ffer encb‘U nnl \_L ﬂ_ 04 ¢ R et | G—V-eF it tla 1 neodanacn \LL S€ S| ty1

1
CTTIT Y y 1 CC AL AT T It vl

wher eas conpar atlve Test G| E 15 containing a nol ybdenum

~di hydrocarb [ ive
Vi s%:/05| ti esy’(k;?é ﬁﬂé@%k@&%@% té}géﬂg% ?/eg'ISLbﬁFﬁo SB&SBdQéeld v1§c|%L?§ er difference
of . 1gincieas ever img. ie afteg hpmg@an@sed ri@ példstevq Wndumss slyo\m by he used oil

relati V@orﬁ?&rfsaﬁ‘ of 1RTB1afld visd ARy of the ustd oMih THbleS Wit iR BhatifdvRERRY! ment  of
the present inventi

nt al ni ng
di hydroefaqhsyﬂ'avelﬁmo@a%lbaﬁﬁ? d2bla ¢ ﬁ»ﬁw&% Shaﬁaﬁ'év%ﬁﬁﬁf%%y gEthe usgdigil 10 eyen 20
better thedtish oflithe Bmaner the RIUEEY iMtreasesadd/heice thepredté the eRip@vementsad oi |

Versus Ihree 1sQ)ersa£xcy retention of the lubricant. From the above results it can be seen that Test

10  Oils B and D according to the invention show significant improvement in control of
soot-induced viscosity relative to comparative Test Oils A, C, E and F. For example,
Test Oil B, containing an antimony dihydrocarbyldithiocarbamate antioxidant has a used
oil relative viscosity of 1.25 and a fresh oil relative viscosity of 1.21, a difference of only
0.04 indicating very little increase in viscosity; whereas comparative Test Oil E

15 containing a molybdenum dihydrocarbyldithiocarbamate has used oil and fresh oil
relative viscosities of 1.39 and 1.21 respectively, that is a much larger difference of 0.18
indicating a significant increase in viscosity of the used oil relative to the fresh oil. Test
Oil D, which is a preferred embodiment of the present invention, containing both an
antimony dihydrocarbyldithiocarbamate and a phenol/amine antioxidant, has a even

20  better reduction in soot induced viscosity with a difference in used oil versus fresh oil
relative viscosity of only 0.02.

Examples G & H:

25  Example G: 50 g of bismuth Nap-All (14% Bi, ex OMG Americas, Inc, Ohio, USA)
and 54 g pf Vanlube® AZ (50% zinc diamyldithiocarbamate, ex R T Vanderbilt Co Inc,
Connecticut, USA) were mixed at room temperature for 3 hours to yield a product



relative viscosity of only 0.02. Exarrpl es G& H 25 Exanple G of

bi smut hweage/28$7 (14% Bi, ex OMG Anericas, Inc, Ohio, USA)PCWWM

Vanl ube(r) AZ (50% zi nc di arryl di t hi oc banate, ex R T Vanderbilt Co I nc,.
Connecticut, USA) were m xed at room iirrperature for 3 hours to yield a
product WO 01/29157 PCT/'1 BOO 01554 11 containing bisnuth

di anyl di t hi ocar bamate and zinc naphthenate by a process described in the
pri or pudsntainiag bisgauth diamddigdacartmatp asdrging nephthenate by prasessrdsserthiednas

6. 7% E?ﬁatﬁphﬁoﬂ?ub'féhéh 05-RisA08l684S ik bﬂ;frndiﬁ%’:ﬁ&ﬁfiﬁ"t}fe ﬁsa&t&?ae%#%srmt h, ex
OMG 5 Americ Chio, USA)"and ‘54 g of Vanlube(r)AZ (50% zinc

di anyl di t hi ocarbamate, ex R T Vanderbilt Co, Inc, Connecticut, USA) were
m red ?t EﬁﬁtﬁiﬂéHETB ps‘aﬁursmmgalaofdwue@nm ayside(lzd%anmmuat oMGange/red in
col our ont.ain t neodecanoat e.
The. B enbREBNIBAONS LN B AC Vatubasheshh st afitpaRenater o
oi | s wer &x ROF Wahddrbilt Ca Ine, Sondectzut) $384) \dereymdedasterbomltbmpsamlne forl3

(the sarbotf jo e HERbe dfng RATHELENE cotusftlh R 200V C00Y “from
conpar i t dramyblithipdadsmmateantl 2inc nendeeanogisr é“mﬂmwth eontapiin the mﬁwctm. tives.
The conpegyfions of the Test oils |-Nare shown in Table 4 bel ow TABLE 4

20 Test GI's 1* J KL MN  15W40 Engine Ol (CG4), (w 100 99.0 98.0

98.01®8.5 99.0 Cctopol (r) 735 (Wt % - 1.0 - - - - - - Bi Conpound from
Exanmpl e BxdmPlds'IENY) Bi Corrpound fromExanple H- - - 2.0 1.0 - (W %
| rganox(T) E%SUZWt % - -0510

A set of oils were formulated to provide a heavy duty diesel oil, each oil
consisting of a conventional, commercially available heavy duty diesel oil (the same oil
15 was used in each of Examples I - N) and, apart from comparitive examples I and N, one
or more specified antioxidant additives. The compositions of the Test oils I-N are shown
in Table 4 below:

TABLE 4
20

Test Oils I* J K L M N*
15W-40 Engine Oil (CG-4), (Wt | 100 | 99.0 | 980 | 98.0 | 98.5 | 99.0
%) '
Octopol® 735 (wt %)
Bi Compound from Example G 2.0 - - -
(wt %)
Bi Compound from Example H - - - 2.0 1.0 -
(wt %)
Irganox® L150 (wt %) - - - - 0.5 1.0

* Comparative test not according to the invention.
The oils were then tested for dispersancy retention using the same GM 6.2L soot-
laden basestock dispersancy test as described for Examples A - F above, and the relative

25  viscosities of the used and fresh oil samples determined.

The characteristics of the fresh Test oils (I-N) are shown in Table 5 below:



* Conparative test not according to the invention. The oils were then

t estf ed WOr0Ol1dPEper sancy retention using the sane GM 6. 2L FEFBOYEFeH
basestock di spersancy test as descri b(gﬂ for Exanples A - F above, and the
relative 25 viscosities of the used d fresh oil sanples determ ned. The
characteristics of the fresh Test oils (I1-N) are shown in Table 5 bel ow. WO
01/ 29157 PCT/1B00/ 01554 12 TABLE 5 Test Qls | J KL MN Fresh Ol KVioo
cSt) 15.10 14.97 14.88 14.92 14.97 15.20 KV 100 of Fresh O/ Soot-Laden
14. 42 14.44 14.40 14.26 14.32 14. AXABPEIN (3.5 wt % soot) M xture (25/75)
(cSt) Calculated KV 100 of Fresh 12773717.19 12.17 12.18 12.20 12.25

oil/ Fresh-600SN M xt ure. f’)RI 7‘-'\) {r‘Qf\ Relative \i Qr‘an_ty (\iscosi 1‘)1 1.18
1.18 1.18 1.17 1. T@stI)ilsB Ratlo) hlj[r Fr §sh 0|K) 5 The ToMo ngNT ble 6
hows the ch rm sti,cs of the qQils th n test.
TABLE 6 MMJ M-N—Uslelt -29! 119\272 A""g ig*’l SRR

14. 21 14 K¥i006f Frgsh QU/SeotLafen sed o142 Somad hdem01l6143615184215 181215, 51
14. 57 15.609SNEBFIK% s0®) Mistusnot )| M xt dr e (25/75) [(cSt) ICal cullfated KV 100
of Used |125/88) ®3t)49 11.84 11.94 12.14 12.28 0|I/Fresh 600SN M xt ur g
(25/75) |(CdltylatedBIVGbg ofFrdshscosi ty| ' . 1 B 0 1.28
Rati o), | .dil/Fre§t6608NMixtutd(2BITEsye resu?ts S'LQI :h? hat tl)lggrSmF %ggéd g%’#sﬁpny

di al kyl di¢tgdocar bamat es can be

Relative Viscosity (Viscosity 118 | 118 | 118 | 117 | 117 | 118
Ratio), 1, (Fresh oil)

5 The following Table 6 shows the characteristics of the used oils (I-N) after the
oxidation test.

TABLE 6
Test Oils I J K L M N
Used Oil KV g (cSt) 14.16 | 16.77 | 1424 | 1421 | 1522 | 15.86

KV g0 of Used Oil/Soot-Laden 16.15 | 15.04 | 15.01 | 15.51 | 14.57 | 15.69
600SN (3.5 wt% soot) Mixture

(25/75) (cSt)
Calculated KV 09 of Used 11.89 | 1249 | 11.84 | 11.94 | 12.14 | 12.28
oil/Fresh 600SN Mixture (25/75)
(cSt)

Relative Viscosity (Viscosity 1.36 1.20 1.26 1.30 1.20 1.28
Ratio), 1, (Used oil)

10
These results show that bismuth and antimony dialkyldithiocarbamates can be
used as a top treat for a fully formulated 15W-40 heavy duty diesel engine oil. The
addition of antimony dialkyldithiocarbamate or bismuth
dialkyldithiocarbamate/Irganox® L150 mixture leads to a substantially .improved
15 reduction is soot-induced viscosity increase and hence an improvement in dispersancy
retention capability. '



used as a top treat for a fully fornmul ated 15W40 heavy duty di esel engine
oi | . Thavoanzhrsi on of antinony di al kyl di t hi ocarbamat e or RBCHEBMOA1554 )

di al kyl di t hi ocarbamat e/l rganox(r) L150 m xture |eads to a substantially

i mproved 15 reduction is soot-induced %?scosity I ncrease and hence an

I nprovenent in dispersancy retention capability. WO 01/29157
PCT/IBOOQE;§§é§%13 CLAIMS 1. A nmethod of controlling the soot induced

Vi scosi t se of diesel engine |ubricant compositions conprising a
base oil and a dispersant by including in said 5 lubricant conposition an

ef fecti ve anoupt n.antjoxi dant, characterised in that the antiaxidant
conpr i segl.'a di‘ﬂﬁ%&ggﬂgﬁoﬂ#w ﬁ‘"&?&?ﬁgﬂ&"ﬁ’ﬁ?‘?glﬁf@f "bcé?aésto(fdﬁ?st"gﬁﬁ’gme

ant i nony, lubfieatdongpdititinet comgridihg helnfse ofl arldie digjeremt dyciachidivgs frosdildai m |
et o SISl WS ST LS LRRIBG R 1, o1
sol ubi | i tthe aatibkidanoeosraprisssda dihyanddanoyidithiedrbainsate bh a,dhétlal eelactba frines. 3.

The net hod' .-according,to.Claim2 wherein the groups Rand R are 15
subst i t udfPENYy f‘fé“"ggraﬂgﬁm ‘gﬁ%“}?f‘?‘)efgtly attached to the remainder of the

| igand and are predom nantly hydrocarbyl in character. 4. The met hod

di i m 2 3_wher.ei h bst.i - R and Ln th
[ gand ark sel Dot olfeHsin *367aF #o DB bdn ARt B S UARNE HrayiBe

al i phat i dihpdrioeyblyldithiacaoh@hate, har othet | Hgand | @SZS]N)(R)'(RUI_ eavheyeial ithbat i c,

alicyclicg.or.cyclhi roups, , . wherei.n e.cyclic substituents.are such
That ¢ he SRYrOFERD sRRBHCR vl 8L AU RRLIHGYR R SReSrdTEARRERY any
two of t hendibisinadt dichiscdrbamiatesnt s t ogether formng an alicyclic group; 25
(b) substituted hydrocarbon substituents which contain nonhydrocarbon
groups without altering the predom nantly hydrocarbyl character of the
substituent.; B rhiethoicterondingbhed iClagnt 3 whietdin thiai geoupai Rt andi Ry drdie

dojp I h byl, ch t h [ t t . th .
0 2000 b5 Rl 5 ot R ST oD RUPE A e

and are predominantly hydrocarbyl in character.

4, The method according to Claim 2 or 3 wherein the substituent groups R and
R’in the ligand are selected from:

20 (a) hydrocarbon substituents which may be aliphatic, alicyclic, aromatic,
aromatic nuclei substituted by aliphatic, alicyclic or cyclic groups, and
wherein the cyclic substituents are such that the ring is completed through
another portion of the ligand by any two of the indicated substituents together
forming an alicyclic group; _

25 (b) substituted hydrocarbon substituents which contain nonhydrocarbon
groups without altering the predominantly hydrocarbyl character of the
substituent.; and
(c) hetero substituents which, while maintaining the predominantly
hydrocarbyl character thereof, contain atoms other than carbon present in a

30 chain or ring otherwise composed of carbon atoms.

S. The method according to Claim 4 wherein the nonhydrocarbon substitutent
in (b) is selected from the groups consisting of halo, amino, alkoxyl, mercapto,

alkylmercapto, nitro, nitroso and sulphoxy groups.

i
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5. The ccording to C aim4 wherein the nonhydrocgp titutent
in (b) %Bg&qéﬁt ed fromthe groups consisting of halo, a% ?}gﬁuoﬁfi oxyl,

nmercapto, alkylnmercapto, nitro, nitrego and sul phoxy groups. This Sheet
Has Been Replaced | [ILILELT LEEEEEErrrr S 111 WO 01/ 29157

PCTI 1 BOO/ 01554 14 6. The nethod according to any one of the preceding
Clains 2 to 5 wherein the hydrocarbyl groups are alkyl, aryl, substituted

aryl and/or er gro 7.. The net accar. any ,one. of the
ot ced! oy 1 arbe st Bprdinkitn BOF o ity BRGSAE GRS Sheist® hesent
anong al lhyd}bcdrbgl gotipo aser diky], grydugpbsdfutedieryl hnd@ndthies gadbupseast 21. 8. The
nmet hod according to any one of the preceding Cains wherein the 10

di hydr ocar byl di t hi ocar bamat e of antinony and/or bismuth is present in said
| ubriscat¥.ng ofThe metbock iat:écﬁdidgnamm oat@finhe prededing Clditst D talbowhe@i®thevt % of

the total he net hod_acc n of the eced| ng
O 'ai o R R DRco! SBoaR AR Prasstl SeBEatLoh e PyfrcatT Sonke B

| ubri cathg@hd)lslatmtmnltlon in an amount of from50 - 2000 ppm of the
total conposition. 10. The nethod according to any one of the preceding
Clainms wherein the |ubricant conposition conprises a phenolic conpound
and/ or ag. am The menmumd:onﬁagam aﬂylidn'eobﬂltharﬁrhoadidgrmlahﬁﬁrmhmd(rs)he 11.
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15 antimony and/or bismuth metal is present in the lubricating oil composition in an

amount of from 50 - 2000 ppm of the total composition.

10. The method according to any one of the preceding Claims wherein the
lubricant composition comprises a phenolic compound and/or an aminic compound

20 as additional antioxidant compound(s).

11.  The method according to Claim 10 wherein the amount of phenolic and/or
aminic compounds present in the lubricating oil composition is about 0.10 to about

3.0 wt % of the total composition.

25
12. A diesel engine lubricant composition comprising a base oil, a dispersant and
an antioxidant, which antioxidant comprises two or more of (a) an antimony
dihydrocarbyldithiocarbamate, (b) a bismuth dihydrocarbyldithiocarbamate, (c) a
phenolic compound and (d) an aminic compound.

30

13. The composition according to Claim 12 wherein the structure of the
antimony and bismuth dithiocarbamates has the ligand [-S2CN(R)(R")] wherein the
dihydrocarbyl groups, R and R’ impart oil solubility to the corresponding antimony

and bismuth dithiocarbamates.
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13. The conposition according to Caim12 wherein the structure of the .
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or cyclic groups, and 10 wherein the cyclic substituents are such that the
ring i s cofpl eﬂ‘ed cbhfp@ﬂi;fonmbttﬁng poClaionl dor § hevhiergjartie sybsityentigrowss t he

i ndi cat edgsu l{ﬁe cpg%tstg e{cted*t?gm ng an alicyclic group; (b)
Su
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substitutent ifA" sel groups consisting or
al koxyl , ner cépimingahlajicydicgioup;, nitro, nitroso and sul phoxy groups. 17. )
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groups without altering the predominantly hydrocarbyl character of the
15 substituent.; and

(c) hetero substituents which, while maintaining the predominantly

hydrocarbyl character thereof, contain atoms other than carbon present in a

chain or ring otherwise composed of carbon atoms.

20 16. The composition according to Claim 15 wherein the nonhydrocarbon
substitutent in (b) is selected from the groups consisting of halo, amino, alkoxyl,

mercapto, alkylmercapto, nitro, nitroso and sulphoxy groups.

17. The composition according to any one of the preceding Claims 13 to 16

25  wherein the hydrocarbyl groups are alkyl, aryl, substituted aryl and/or ether groups.

18. The composition according any one of the preceding Claims 13 to 17
wherein the total number of carbon atoms present among all of the hydrocarbyl
groups of the ligand is at least 21. '

30
19.  The composition according to any one of the preceding Claims 13 to 18
wherein the dihydrocarbyldithiocarbamate of antimony and/or bismuth is present in
said lubricating oil composition in an amount of from 0.05 to about 3.00 wt % of the

total composition.
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25 wherein the hydrocarbyl groups are alkyl, aryl, substituted aryl and/or
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Clainms 13 to 17 wherein the total nunper of carbon atons present anong all
of the hydrocarbyl groups of the ligahd is at least 21. 30 19. The
conposition according to any one of the preceding Clains 13 to 18 wherein
t he di hydrocarbyl dithi ocarbamate of antinony and/or bismuth is present in
said lubricating oil conposition in an anmount of from 0.05 to about 3.00 wt
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