LUBRI CATI NG O L COWCSI TI ON HELD OF THE | NVENTI ON  The present
invention relates to SAE ONVand SAE 5Wnul ti grade crankcase 5

| ubricants for heavy duty diesel (HDD) engines that have | ess than 50
mass % of Group IV and Group V base stock, containing

phosphor us- based anti wear agents in an anbunt introduci ng no greater
t han 1200 ppm of phosphorus |nto the |ubri cant whi ch | ubricants neet
the wear performance requir diEBRE 4 L and/ or ACEA E7
speci fications. 10 BACKGROUND OF THE I NVENTI ON Crankcase | ubri cants
conprise base stock and additives that del ay degradati on of the base
stock and i npFIREDIOE THR INVENTEON Such additives typically include

di spersant, overbased and neutral salts i i ds.. cqrrosion
i nhi bitors, antiweaf® @S%FQEW?UOHH‘?]F%%PéAﬁ% Q\W%ﬁ% gﬁ} g@ﬁ%?rg&case
antifoamangs, llﬁﬂgar@seﬁl"hédv&'dﬁfy%lesym%g{nﬁ M@Bha8 Yesh thaf B0 RIaBLH dfn a

package, sonetinmes referréd to as detergent inhibitor (or DI)
package. The &duiptivand Grﬂugu’&ﬂseest%cm@emmphqsnmruﬁbaﬂ AR Sh agenisdy

L ot MBI R B Bl i

20Mul ti gr ade ivialhildaicksts pe&tftbe Wemmrfomaﬂxee tegnipanatisiofAPIIgE API CI-4
Typically, the am%tl flﬁ H%q two nunbers such as 10W 30 or

5W 30. The fi SREGHtALY t i gr ade designation is associ at ed
with a saj@ cranking tenperature (e.g., -20 C) viscosity requirenent
for that nulti grade oi | as measured by a cold cranking sinmulator
(CCS) under hBACKGROUNDOIRTHRINYERDPEAY | n general, |ubricants
that have |ow 25 c&ﬁnﬂéa&g ﬁh&ln?ss %@%&Q&o%%dﬁdft&eﬂhﬁp&]ﬁ Eradatmn
easily at |ower tenperatures and thus I mprove engi ne start

t hose anbi ent of therhbase atogk esd improve 1ts‘|iieefosmnoﬂ dSuuhraidéltwesrtypihdlyrmtltlﬂg rade
designation ig associated with a icant's vi. c05|t nder no

oper ot ng ¢ erpiErat asried ptd el S Hepls HeTO PorRen Pl e
Vi scosi t y1§ kVigeats, &ﬁi@ﬁdéﬁ§mwﬁbdlﬁabthfcﬁhmahﬁ!@ﬁhﬁhﬂ[sﬁiﬁet‘s stesé ty 30

requi r enent bmackets m ni nrum and nmaxj mum ki nemat i c vi scosity at 100C.
Vi scosity at HidyHes Birydespupined Ina prskageaiometings pfevedie 2 detrecHear

that woul d r egivhiof for DiPpdldfiel TRRhAdIHAN thellipatiffle Hghdleel ng_eng ne

operation. However bricant shoul d bé to0 viScous because
excessive Vi sﬁmsmmrﬁllz@wmg@ buhmwé@sme;atlwly@bm chainsptypialhighaying avor k
to punp the |ubr,cant V\/m n.tur an. i ncrea consunption. In
general, the ?%efaﬁa?gfd??g%%?wel@@q ?chf' RUNS %&?{7 "the scores that

| ubri cant2@chi evesMunigtdde luteeaio pat fdrMsdver wmbuanpdrmrﬁieges t Dypsicudlly] thyry
for a given nultj grgde oi | designation a particular mul ti ade 0| I

nust si nul tan‘é‘SEf?PS} PR tygrumbsEs Sugh ag WéH&TﬁWgﬁOtpi‘Fp@rs‘a‘i"m

Vi SCOSi ty requhhRRRIBESs k8N %ﬁs&%edwlmfémﬁ%%{ﬂe%ﬁcgghz@@cﬁAE
J300. The curr ent viscoSity imts set in SAE 3300 are as
viscosity requirement for that multigrade oil as measured by a cold cranking simulator

(CCS) under high shear rates (ASTM D5293). In general, lubricants that have low

25  CCS viscosities allow the engine to crank more easily at lower temperatures and thus

improve engine startability at those ambient temperatures,

The second number in the multigrade designation is associated with a
lubricant’s viscosity under nonmal operating temperatures and is measured in terms of
the kinematic viscosity (kV) at 100°C (ASTM D445). The high temperature viscosity

30  requirement brackets minimum and maximum kinematic viscosity at 100°C,
Viscosity at high temperatures is desirable fo prevent engine wear that would result if
the lubricant thinned out too much during engine operation. However the lubricant

should not be too viscous because excessive viscosity may cause unnecessary viscous



SAE VI SCOSI TY GRADES SAE vi scosity grade Maxi mum CCS Vi scosity
(10-3Pa.s @(C)) kVmot (mm 2/s) mninmum kVi (rmm2/s) oot maxi num OV
3250 (-30) 3.8 5W3500 (-25)

10

15

-2-

drag and work to pump the lubricant which in turn can increase fuel consumption. In
general, the lower a lubricants’ kV 100°C, the better the scores that lubricant achieves
in fuel economy tests.

Thus, in order to qualify for a given multigrade oil designation a particular
multigrade oil must simultaneously meet both strict low and high temperature
viscosity requirements that are set by SAE specifications such as SAE J300. The

current viscosity limits set in SAE J300 are as follows:

SAE VISCOSITY GRADES
SAE Maximum CCS KV 100 (mm2/s) kV00ec (mmZ2/s)
viscosity Viscosity minimum maximum

grade  (10-3Pas @ (°0))

oW 3250 (-30) 3.8

SW 3500 (-25) 3.8 -
10W 3500 (-20) 4.1 -
15W 3500 (-15) 5.6 -
20W 4500 (-10) 5.6 -
25W 6000 (-5) 9.3 -

20 - 5.6 <9.3

30 - 9.3 <12.5

40 - 12.5 <16.3

50 - 16.3 <21.9

60 - 21.9 <26.1

In the SAE J300 scheme multigrade oils meet the requirements of both low
temperature and high temperature performance. For example, an SAE 5W-30
multigrade oil has viscosity characteristics that satisfy both the 5W and the 30

viscosity grade requirements -- i.e., a maximum CCS viscosity of 3500x10-3 Pa.s at -

25°C, a minimum kV gp¢c of 9.3 mmZ2/s and a2 maximum kV1000c of < 12.5 mm2/s.
The viscosity characteristics of a lubricant depend primarily on the viscosity
characteristics of the base stock and on the viscosity characteristics of the viscosity

modifier. Of the other additives often found in lubricants only high molecular weight



3.8 10W3500 (-20) 4.1 15W3500 (-15) 5.6 20W4500 (-10) 5.6 25W
6000 (-5) 9.3 20

10

15

20

25

30

.3

dispersants have been thought to influence viscometrics, and their influence has been
deemed small in comparison to base stock and viscosity modifier.

The viscosity characteristic of a base stock on which a lubricating oil is based
is typically expressed by the neutral mumber of the oil (e.g., SISON) with a higher
neutral number being associated with a higher viscosity at a given temperature. This
number is defined as the viscosity of the base stock at 40°C measured in Saybolt
Universal Seconds. Blending base stocks is one way of modifying the viscosity
properties of the resuiting lubricating oil. For example a lubricant formulated entirely
with S100N will have both a lower kV 100 and a lower CCS than a lubricant
formulated entirely with a S150N base stock. A base stock comprised of a blend of
S100N and S150N will have a CCS in between those of the straight cuts. The average
base stock neutral number (ave. BSNN) of a blend of straight cuts may be determined

according to the following formula:

NN1

BS,
log(ave. BSNN) =l:BSRI xlog 100

1 { BSNN2
J+ BSR2 xlog 100

} where

}I-.. {BSRn xlog Bﬂh

BSRn = base stock ratio for base stock n
= (wt. % base stock 1/ wt. % total base stock in oil) x 100%

BSNNn= base stock neutral number for base stock n

Merely blending base stocks of different viscosity characteristics may not
enable the formulator to meet the low and high temperature viscosity requirements of
some multigrade oils. The formulator's primary tool for achieving this goal is an
additive conventionally referred to as a viscosity modifier or viscosity index (V.1.)
improver. Usnually, to reach the minimum high temperature viscosity required, it is
necessary to add significant amounts of viscosity modifier. However, the use of an
increased amount of viscosity modifier results in increased low temperature lubricant
viscosity. The ever increasing need to formulate crankcase lubricants that deliver
improved performance in fuel economy tests is driving the industry to HDD engine
lubricants in the lower viscosity grades, such as OW20, 0W30, 5W20 and 5W30.

Concurrent with the demand for lower viscosity, high fuel economy lubricants,
there has been a continued effort to reduce the content of sulfated ash, phosphorus and

sulfur in the crankcase lubricant due to both environmental concerns and to insure
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compatibility with pollution control devices used in combination with modern engines
(e.g., three-way catalytic converters and particulate traps). A particularly effective
class of antioxidant-antiwear additives available to lubricant formulators is metal salts
of dialkyldithiophosphates, particularly zinc salts thereof, commonly referred to as
ZDDP. While such additives provide excellent performance, ZDDP contributes each
of sulfated ash, phosphorus and sulfur to lubricants.

The most recent specifications for heavy duty diesel (HDD) engine crankcase
lubricants in each of Europe (ACEA E7) and the United States (API CJ-4) require
reductions in allowable levels of sulfated ash, phosphorus and sulfur relative to the
prior standard, thus limiting the amount of ZDDP that can be used. At the same time,
modern lubricants are required to provide improved wear protection. Where reduced
amounts of ZDDP are employed, alternative means of providing engine wear
protection must be identified, preferably means that do not cause introduction of
additional sulfated ash, phosphorus and/or sulfur into the lubricant. Alternative
means of providing wear protection are particularly critical in low viscosity lubricants
formulated with lower viscosity base stocks which, as noted above, are less capable of
contributing to antiwear performance at high temperature.

To provide low viscosity, low phosphorus lubricating oil compositions capable
of meeting API CJ-4; API CI-4 and/or ACEA E7 performance standards, lubricant
manufacturers have formulated fully synthetic, lubricants and lubricants containing
significant proportions of synthetic base stocks defined as Group IV base stocks
(polyalphaolefin or PAO base stocks) and/ or Group V base stocks, such as ester base
stocks. Compared to Group I, Group II and Group III base stocks, Group IV and
Group V base stocks have a high viscosity index (VI), which means that the kinematic
viscosity of the base stock varies less with temperature. Thus, by using a low
viscosity, high VI PAO, for example, a lubricant can be provided having a low CCS
viscosity and high kV100. However, Group IV and Group V base stocks are
expensive relative to Group I, Group II and Group III mineral oil base stocks.

Therefore, it would be advantageous to provide a means for blending low
viscosity SAE OW and SAE 5W multigrade crankcase tubricants for heavy duty diesel
(HDD) engines having reduced amounts, such less than 30 mass %, of Group IV
and/or Group V base stock, and phosphorus-based antiwear agents in amounts

introducing no greater than 1200 ppm of phosphorus into the lubricant, which



In the SAE J300 schenme multigrade oils neet the requirenents of both
| ow tenperature and high tenperature performance. For exanple, an SAE
SW30 nultigrade oil has viscosity characteristics that satisfy both
the 5Wand the 30 viscosity grade requirenents -- i.e., a nmaxi mum CCS
viscosity of 3500x10-3 Pa.s at - 15 25C-3 mi ni num k\/ iorc of 9.3

mRi s and a nmaxi nrum kVi oo.c of < 12.5 nun2/s ewég
characteri sti bxbng&nt@nﬁqsmwnpemmrswwmwféﬁl Wré HFLel 1%"‘9)/

characteri sti ﬁ%E%fE’f’ ﬁgcﬁggﬁ) nstock and on the viscosity

characteristics viscosity nodifier. OF the other additives
of ten found in | ubSurprsingy.athag bhéngloumbthetcif B O WieidgAE SW IBUItlgrade

di spersants have been tho ht, to fl.uen sconetri.c eir
i nfl uence has® B@@ﬂ 318]%’?1%‘8 g?rgfef’vjf%uqﬁglﬁpd?ﬁ Pt Sellls%m es? g

Vi scosi ty 80dinhésSh; of Group IV B@l/dt @@@pvtuasm@dka@ﬁmosﬁhomsafasai d‘m&%ar
stock on which a lubricating oil is based is typi ca%IL Exr%ress d by
the neutral n@gﬁggrmémowﬁgmgpﬂucex@g@greqi,?rgml%gptpﬁmg R éﬂ? prosiiather aj

nunber bei ng ﬁe&&ﬂéﬁgﬂwwi thd'p@fdPn IR reqtiremeRts li¥clBdind H3iwePperformance

t enper at ur e. |s n efl ned as the viscosity of the base
stock at 40C maalsm@ﬁs ofnhfsa%@ﬁ AR Glet; gadfosé%ﬂd@'? S}Bblén@iongwbexse
stocks is one dlf |sco rope of 1

resul ting | ubf® P@ﬁkﬂ%ﬂd" gﬂ% non- ei%(a:tg‘?l) fc%opwc{ g at least 40
entirely vdth ;ﬁﬁ@ﬂ}bmﬁll have both a Iovver kV 100 and a | ower CCS
than a Iubricant 10 formul ated entirely with a 5150N base stock. A
base stock conprised of a blend of SIOON and 5150N wi ||l have a CCS in

bet ween t hoseggMMRARVOFIBRINVENSFION'E aver age base stock neutral
nunmber (ave. BSNN) of a brend of strai ght cuts nay be determn ned

according to the flglacemilange tathaiirst aspRENNIthe uw@rrt@ni@eﬂe@y(ra\fﬂéemw ow
=[ BSRI | B
L [100 J " BS%% éE‘as e sﬁ?ﬁh@a’fﬂg graﬁgay%{as e's P 88 0 i} %&ﬁ[}o&lén% ﬂeQQy &&19 ?\N# &l

base stocis n/ (HDD) éhgiret alectirgsthe ﬁérﬁxﬂnana'e reqdlﬁemnﬁw%l%t\bﬁe:ofbm&%c:bd; k
neutral nunber base stack rely bl endin st ocks of

di fferent vi 368L8 a@ﬁg)'r Fgf Q&H&Vyﬁ&“”@ﬁéﬂ %e’?ﬁsz‘ OB ATIO Sreat ey
meet the | ow @agg h'xﬁkﬂs era@%ﬁﬁab\bhﬁ@@ﬁ 1.9 nfa894l Eﬁﬂﬁﬁwnt&ft o$ﬁ@§reater
nmul tigrade oils. The formul ator's pri rrar¥/ tool for achievin

goal is an addépe P¢anaseiyerd ¢ BhrsPhorus omient efnoszeater thand. b?cmssg@(mo
modi fier or Vfgpgﬁrggéacms I3HE00600.08 % o LAY SE. wl'l‘lja'}’ﬁl)ﬁéz’ag %911 E&ﬁg&;ﬁ e

m ni mum hi gh erature viscosity requi reéd, ecessar
add si gnidQ castmpmaivetaungjoo dmours obsil og/luhammg erscosi#@uwhainng lbs*.sehamsaé)outhOan

i ncreased anount of vis it %I_Irﬁ 4 ncr
t enper at ure | OB 0P’aﬁ"l'f’ fle{/algg'? ){‘BBS‘D‘ e/?iZ’ Hr‘?&i&e et ab\ﬂ’af‘?eogg €5 llu%matmg
formul ate cravik@ssg of GatipCldMing/or Géupde biséatock A 1QWEI pass Rl BN 6£0.3 B
fuel econony tests is driving the jndustry to HDD engine
5 mass %, of a non-hydrogenated olefin polimer; and greater than about 40 ppm, such
as 40 to 600 ppm, of boron.
25 In accordance with a second aspect of the invention, there is provided a
lubricating oil composition, as described in the first aspect, having a TBN of from
about 7 to about 15,
In accordance with a third aspect of the invention, there is provided a
lubricating oil composition, as described in the first or second aspect, comprising a
30  magnesium detergent in an amount providing said composition with at least 0.09

mass % (900 ppm), preferably at least 0.10 mass % (1000 ppm), more preferably at
least 0.115 mass % (1150 ppm) of magnesium.
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The oil of lubricating viscosity useful in the practice of the invention may

range in viscosity from about 2 mm?*/sec (centistokes) to about 40 mm?/sec, especially
from about 3 mm?/sec to about 20 mm?/sec, most preferably from about 9 mm?/sec to
30 about 17 mm?*/sec, measured at 100°C.
Natural oils include animal oils and vegetable oils (e.g., castor oil, lard oil);

liquid petroleurn oils and hydrorefined, solvent-treated or acid-treated mineral oils of
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polycarboxylic esters thereof, for example, the acetic acid esters, mixed C;-Cy fatty
acid esters and C;3 Oxo acid diester of tetraethylene glycol.

20 Another suitable class of synthetic lubricating oils comprises the esters of
dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl succinic acids and alkenyl
succinic acids, maleic acid, azelaic acid, suberic acid, sebasic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acid, alkylmalonic acids, alkenyl malonic
aéids) with a variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,

25  2-ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene
glycol). Specific examples of such esters includes dibutyl adipate, di(2-ethylhexyl)
sebacate, di-n-hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of
linoleic acid dimer, and the complex ester formed by reacting one mole of sebacic

30  acid with two moles of tetracthylene glycol and two moles of 2-ethylhexanoic acid.

Esters useful as synthetic oils also include those made from Cs to Cy2
monocarboxylic acids and polyols and polyol esters such as neopentyl glycol,

trimethylolpropane, pentaerythritol, dipentaerythritol and tripentaerythritol.
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| ubricating oil conposi tion as described in any of the first through

fifth aspect spolwmeélaéreheaalaﬁé@xweﬁ hOghes axpehetip lubsigeting oils ingudeliqyid estesf
there is prov ﬁﬁ%,
wear perfor ma (?m}s %gg%;lg gct“;i/ igésergs\(('l—g%sﬁﬂe}iﬁeg%m&ﬁ&?ﬁ o]I
conpri fs;a_s theesg@ﬁdegﬁpﬂgsﬁonmldm?niwr:ﬂyl?ﬂg:tnteahmdtdﬁ.lrani UHI cating oil
conposi tion as des ed i 0 e fir i

and operating the ‘5&'5??"(?3?3 gﬁ@ﬁeﬁg arqg?sé%ﬁﬂlr“égn(g@g\l}n elr gﬂ?ﬁ?aseml
aspect of 1¢ hemaf¥eBil Herivedtifoed Els¢1&r-m®\g¢1ﬁsg@lﬂie§s@ed1mro%e:b@hs fade from

| ubricating oil conposition as described in any of the first through

fifth aspect sSynhepiggacosaataniae hydipgcaansh sahoramaneyade using & schantopeh a
heavy duty di (
vt ages andpet Rk HEASRRons typically tifte SR bithife (PBIdE b Be ol

by reference asbasheil.f Birlegamplg, &psemai,lbg/ameﬂmds kaswiDiaTA¢ EDeDESCRI PTI ON
OF THE | NVENT. br| cating Vi,Scosi,t eful i

the pract | ce BOORPTiF DR P AgEoRAms e APTa o  Hpentss
mR2/ sec (t®nt istdeasdd. t o about 40 MR/ sec, especially from about 3

m2/ sec to about 20 MR/ sec, rmst gref erably fromabout, 9 MR/ sec to
30 about 17 mme/ sdeelmidens dprdhe hase sogks and base oilgsn thisinvention ajeihs e as

ani mal oi |'s afgse/@ast ﬁ‘;%@Aﬂfehéanﬁ%trQleum%&%é (8P utl?aaﬁo&“éagnéalﬂu' d
petroleumoils and hydrorefined, solvent-treate or acid-treated

m neral oils bicensingzndeeifratiord $ystane’, Indagm $ravices Repartmiente Hourteenth
paraffinic- na(l]illpl(; VLS t der ved
fromcoal or g b € a E%g‘ggrgg%%dsd% “‘ﬁ-‘gf %g%eerm ?8 s 8 E’hcén fit (f?eetg aees
| ubricati2@ obdsse sﬂodcslaucﬁcﬂldmdr ocarbon oils and haI o- substituted
hydr ocar bon oi I@ H} ITE[I ed, and int elg merized ol efins
(e.g. roup | base sto tam ess than 90 percent saturates and/or greater than 0.03
percent sulfur and have a viscosity index greater than or equal to 80 and less than 120
using the test methods specified in Table 1.
b) Group II base stocks contain greater than or equal to 90 percent saturates and Jess
25  than or equal to 0.03 percent sulfur and have a viscosity index greater than or equal to
80 and less than 120 using the test methods specified in Table 1.
c) Group III base stocks contain greater than or equal to 90 percent saturates and less
than or equal to 0.03 percent sulfur and have a viscosity index greater than or equal to
120 using the test methods specified in Table 1.
30  d) Group IV base stocks are polyalphaolefins (PAO).
e) Group V base stocks include all other base stocks not included in Group I, 11, II1, or

IV.



5 pol ybutyl enes, pol ypropyl enes, propyl ene-i sobutyl ene copol yners,

chl orinated pol ybutyl enes, poly(1-hexenes), poly(1l-octenes),

pol y(1-decenes)); al kyl benzenes (e.g., dodecyl benzenes,

tetradecyl benzenes, dinonyl benzenes, di(2- ethyl hexyl)benzenes);

pol yphenyl s (e.g., biphenyls, terphenylsjgalkylated pol yphenol s); and

al kyl at ed di phenyl. ethers and %g | at ed dj phenyl sulfides and 10
derivative, aﬁ§&5é§ IﬁﬂﬁﬂﬁB ﬁ%ﬂ@ﬁégﬁpk Al kyl ene oxi de

pol yners and [pifeEROl YMEfRs@RaLGEr | vat T ves thereof where The Termnp
hydr oxyl groups have beeph nodified by esterification, etherificatio

etc., constit [Bebraeot her AT YH07known synthetic |ubricating oils.

These are exefplitied byrpobyoxya-kytene—potyrers—prepared-by
polynerizatioéﬂgpmgfﬁgPéféﬁggiggﬂ@rYbropyrené 15 ogidg, and {he al k
and aryl ethefsuifgd polyomeaiN ey1620eARPMYIBDSY; (ABTBA D 4927; ASTM D 3120
met hyl pol yi sotpropyl ene flycol ether having-a nplecul ar weight of
1000 or di phenyl ether of poly-ethylene glycol having a nol ecul ar
wei ght of 1000 to 1 - I ' r: f,
for “exanpl e, the aontt boiiife R0 ARCRDR NERARE T S cRaLiR IR 6)
and Cl3 Oxo acomprileasirenp HiGrowt HaGtoly [1&tasgdtyake br bd26 Aih biehéy ofshe t abl e

class of synthetic l.ubricating oi]s .co i.ses the esters, of .

i car boxy 15 ¢ AEFesenineg biseiedkar 1S o PERbAGERe 1StosE iy sl ypmprise a base
succi ni ¢ aci dgil 8Red of KR md¥s! G ICGRRD A5 and/& @lotp AT dse AddkE ahCledGhsh
suberic acid, sebasic acid, fumaric acid, adipic acid, linoleic acid
di mer, mal oni 80 gepsf, based omidie tMplanase pheil ofdpiigaiing visgosiy. ©f 88¢ IO t h

i et f | | . . ] .
21 conol 25 2SS adief GHpup e it s Ekerallf iR Aping BN
monoet her, pr opxthend ond groodre Gropeldiahd/or Gromphl] dssestock anhareaheun of less

i ncl ud i b | ,adi i ((2-ethyl h | ). .seb t i-n-h l. .

f urar at o, 101 ol 0 BaBEdeprsirdily BT e O Sdy AR oo i Bats e gt of
gi octh y: hpht Pag.@tiee{tin@ivtk?@ldy, @1}&@@& aio_saadegjupilvmﬁlr%@taﬁa@atsmll@ hartictulaﬂy
-et ex 1 €S r o I nol el c acl I ner, an e.co ex ester
for meé by ?leaETe?“Hjﬁé*Y?eG‘iﬁ’BP d1 gpsestaskand bage degkplepds,pnd %%ﬁ?fé@e@f more

tetraet hyl enecplupqfilba@iodi®@nd® o Rhss 4%, Hakbhl FAGKARON Fra8Cdril of lubricating
Esters useful as synthetic oils also include those made fromGCs to
C12 nonocar boxiptdsity.ad posoramere Sy s basa dtopks. yidk besststack, arlpese seck blend
neopentyl s gly rgggt I r o]

di pent aer1y hr ﬁ@gqrabg% t rs?‘%éaﬁ% g&en?%?ﬁflattl%ﬁgs@?, %&Q Hetfergbl)éﬂ 1%%?3%3%8%
oi I s such as adalqaeids&d.kyl -, pol yaryl -, polyal koxy- or

pol yaryl oxysilicong oils d silicate oils conprise another useful

Sl ass of synt het | PTHEFTERD st LEerTOSK & bpsrarl leng s Ryt samfeBLRfe,
t et rai sopropybrefitet tha@d®so. PRIfEAL1Zhe 611 BybilBéNd W1 Rdve @k&fur content of less
tetra-(4-meth I-2-eth¥lhexye3|llcate, tetra-(p-tert-butyllghenxl)
5silicate, helhandamaspthpreicratdy ings thaw §16)menss 4, sieahieferably less than 0.4 mass %,
poIy(nethxﬁ)s&%gggﬂgfm%pg R4y garet hyl phenypsi | oxames. Qther synthetic
| ubricating oils 1 nclude PiqU|d'esters of phosphor ous-cont ai ni ng

aci ds (e.g., tricrisierabhibspblatikty af thed@sedtogkho dpdeastask bitindt dsyheangedby

of decyl phosphani ¢ .aci.d) meric.tetrahydrqfurans O her
oxampi o of - pagdage e thsTREDBRIN T IdsGirh® of AMABILHAN P S S less ran
Eaz e oil blo nﬁ;o;b@sf mbis‘yd@fdfﬁﬁlﬁlyfle‘s@ tafrios el to_DOQﬂ&hﬁzﬁ, myoné ﬁeﬁdcriﬂ:eﬂless

ydr ocar bons e fromsynthesis gas contai ning hydr n and carbon
monoxi de usi n@aomleﬂt]@ S heple Hw_gtaafaﬁ%ﬁ@iﬁesm@wﬁ%q? 38 agtihs Preferably,
typi cal | y28 eqitieRischdity itk (P1QEFARSHRDstbék AVAR std® BRdYSATIeHst 5 pRAG L1y
oil. For exanple, théy may net hods known in the art, be

, b
hydroisoneriz@d?whyukG@Nd@ﬂbﬂ%bﬁﬁxhybﬁ@ﬂ@b@dﬂpzed; dewaxed; or
hydr of sorer zed 15, aad.dewaxeds PRt 1BlLRDYEA YIS ARG RRkS @D
ase oils in this invention are the sane ds those found In the

lubricating oil composition as a diluent for the various additives and are commonly

Group 1 base stocks. The preferred mass percentages, saturates contents, Noack and



20 base stocks as follows: a) Goup | base stocks contain | ess than
90 percent saturates and/or greater than 0.03 percent sul fur and have
a viscosity index greater than or equal to 80 and | ess than 120 using
the test nmethods specified in Table 1. b) Goup Il base stocks
contain greater than or equal to 90 perceft saturates and | ess 25

than or equal to 0.03 percent_ sulfur and have a vjscosity index
greater than ofl dsefsked abpvearefonthedase staekQr #asg stask lgn e‘{@sfg“ﬂ\g?tﬁ&fs

specified in TafGtide oil SomfdsRidR, dkbhudB@3fy 5il fKmaf 88 inloBudl 88 hPaddithRN
or equal to 93 pgrgéﬁ? saﬁﬁ?até%xand ?2@% t han 8$ equal to 0.03
percent sul f udilaerd. have a viscosity index greater than or equal to

120 using the test t hods, speci f i I.n.Table 1. .30 oupehV b
Stocks are. pol yal pAURPaPFRLSRERE ol (CRTinG Grutmbe paklidheing Mg
ot her base5st agkatidtols praferablgt@dolyinetopttpolymer bf ofd dr.ma@€ ady¥lic olefif-
Table 1 - Anal ytical Methods for Base Stock Property Test t hod
Sat urat es ASTNRABODIGEy Ganeralls; thynonapsiosaagtsd Eieé@ &@Smﬁm‘ﬂf “ﬁgﬁ_ A %‘32622;
ASTM D 4294, ﬁiﬁr@%& 134, 7or Havd M Re?ﬁ%g,oabout one d6hible Bénd pPLOIGREE Hfiin.
viscosity useful 1n the practice of the present inventioh may
conprise a Goup | Thetagelymer n@ydweprapared bypolymsriaingalpbe-obdimanaiomer, or
bl'ends of the Sall;uoers%ge F;li-oge 19 %aseersst &Crhfgcturg;hc%mogilsinogthl i‘égé !11‘?&3 z;[tilen one
Vi scosity mayn%{f{ 5°¢ ﬂ%?g a PR ers, prsing ety
10  C;to Cyg alpha-olefin monomer, in the presence of a catalyst system comprising at
least one metallocene (e.g., a cyclopentadienyl-transition metal compound) and an
alumoxane compound. Using this process, a polymer in which 95 % or more of the
polymer chains possess terminal ethenylidene-type unsaturation can be provided. The
percentage of polymer chains exhibiting terminal ethenylidene unsaturation may be
15  determined by FTIR spectroscopic analysis, titration, or C'* NMR. Interpolymers of
this latter type may be characterized by the formula POLY-C(R')=CH, wherein R' is
Cj to Cyg alkyl, preferably C; to Cg alkyl, more preferably C, to Cg alkyl, and most
preferably C; to C; alkyl, (e.g., methyl or ethyl) and wherein POLY represents the
polymer chain. The chain length of the R' alkyl group will vary depending on the
20  comonomer(s) selected for use in the polymerization. A minor amount of the polymer

chains can contain terminal ethenyl, i.e. vinyl, unsaturation, i.e. POLY-CH=CH,, and
a portion of the polymers can contain internal monounsaturation, e.g., POLY-
CH=CH(R"), wherein R' is as defined above. These terminally unsaturated
interpolymers may be prepared by known metallocene chemistry and may also be

25  prepared as described in U.S. Patent Nos. 5,498,800; 5,663,130, 5,705,577,
5,814,715; 6,022,929 and 6,030,930.

Another useful class of (co)polymers is (co)polymers prepared by cationic
polymerization of isobutene, styrene, and the like. Common (co)polymers from this
class include polyisobutenes obtained by polymerization of a C, refinery stream

30  having a butene content of about 35 to about 75 mass %., and an isobutene content of
about 30 to about 60% by wt., in the presence of a Lewis acid catalyst, such as
aluminum trichloride or boron trifluoride, with aluminium trichloride preferred. A

preferred source of monomer for making poly-n-butenes is petroleum feedstreams



oil blend of one or nore Goup I, Goup Il, and/or Goup IIl, base
stocks and |l ess than 30 mass % based on the total mass of oil of

| ubricating viscosity, of one or nore Goup IV and/or G oup V base
stocks. Preferably, the oil of lubricating viscosity is m xture of
one or nore Group Il and/or Group 1] baég stock and an anount of

| ess 10 than 30 mass % preferab | ess than 10 nass % baseg on the

total nass % 8¥ch@s Raﬂiﬂaﬁ}brﬂéﬁé?f tQaks apdisdosedin thsart gich 3p el & baignt| v
or Goup V ba

ot oke and bass- EPSEIE, TORRIGHIAE i BELRIEEA BlcoPlR glistnt MSfiion
base stocks ahebaOsetibisterdilpevailiplebysatioronpdroerization fromdutent stdamsdé.g.,

| ubricating visco y 0 V base stocks. The base
stock, or bas¥ "é%%l(tl% 3 By gﬁﬁf %?P’g* egocﬁlfﬁ%soﬁgglegess%epﬁrra AY SOTHBRIEK ualof at
| east 65% 5 MO{igsafirffoana Byuas of e@asﬁon%%ymmuala bahd pe@@Slynib Yhain,

Most preferably, the base stock, or_ base stock blend, has a saturate
content of grBesitégned plons Gishaipy &t iefape] embodimentiutifizes golyisobutylengy | |
have a sul fur i I8GRRh Yo bieSSe fdlae0. 6
mass % nost B&g%r aany ﬁ’déggg?%%%&f%nz’zg%%m{ao such aos]L %Eg th ar?
0.3 mass % isobutfend mlambry v\titﬂxetemmwmyhdgne@lefmhe%&sabl}stthnskpdvmblase

or equal 1o 0TS 4) et pOgShubtla R YL R e B "

| ess than1@r estiét ofﬁtlé’:@tﬁmrs& é’/o'?(]‘}’@rn@or@pﬁf@&tﬂ@ht}dedses(?/o,tlhm pmfersaua&
to 15 mass % rmstﬁpreferabla%/ | ess than or equal, 13 mass %
Preferably, 2beséSW: Shsgrengratinyaksuctypylypersipdesgried, for s¥qmple, ipYeh Patent

stock bl end i goal 15£at }ﬁé-m{s%%ﬁ%ylsacanr&@aauyl&Qﬂam@%r RERHIRIEREY
from about 105 td 140. ﬂﬁer ai n anmount of %Id | ubricating

vi scosity maythedradertamss Glisspalnt Gfrarh 8ASID pod Eitiamty o(ﬂor@Bﬁp‘bBNOl)on as a

Stooks. The pref er Paiomece @l A5 B BB ¥ et MR BE ok anc
- 10- VI tgsceidatle, @b@l&ﬁbt&ﬂ@né his ztﬂmﬁnsbmieuﬁiﬂcﬁkto 20, %hpsfehspadnkerrhaings
RO A TN TR RECE Z R AR BT
olefin (co) pobﬁwﬁdene 8fdatliration). té&hrm%&% Qnsitfied RE1GSEIN re*éctwavm ion
ARGl RO IR IR AU AN SR 1 A
pol yror  chat ni Aottty B Mo b5 LA Rer R v BSRH GibBRde AT
al pha- ol e2® n caalgster, or mxtures of alpha-olefin mononmers, or

KLU oS SO o G R SRl ib g Y05 AP BT g ng

at | east one pgefind ha@fRTe0(6; Sich a3 &YE; lcAPENERHIsE Al espacRNG pEdf@redBRifalis
conmpound) and. an al unbxane coir;pi?gund Using this process, a polyner in

whi ch 95 % or byiefiee 2dyantageougly isAtBiEne hai ns possess ter ni nal

ol et chai s’ oxhy by it cpbkeRilecAfhs et S0l ndilfy RELARRA ORER T
15 deter n?&ed(do)pol?ﬁhdﬁusqfeldn ﬂmmn@nmwssm’?fetabb«mtheamgemf fiGfBabivR.
POV O RY) SCra bl 2. S 4R TR 5 GIBORTHE of bl et ¢ *
al kyl, nore pfo%eumjby Tk n'toi):cﬁlar atighl cande detenisihedb ederéralitniowiltedh@iqhes.
glolkzlrrer (g A CeeehinE o o et aRoh i ey, BB eh omsgaphy
dependi ng on ((ﬁl&;&z@hﬁ:ﬁ ABAa6R] é/%»}oﬁdﬁs%ﬁ]&ﬂla} Weiﬁlﬁﬁsmﬁuﬁmnfonnatlon (see

poI yI’T'EI’I zation m nor_ anoun %I’T’EI’ chai ns can contain

term nal ¥ heWyW. Yiaugl.J Kirkignd andd3.Bx Blyath! Pize Ex¢igrion bigudH2, and
Chromatography”, John Wiley and Sons, New York, 1979). Further, it is preferred

that the kinematic viscosity of the non-hydrogenated olefin polymer at 100°C, as
measured according to ASTM D445, is at least 9 or 15, such as 100 or 150 to 3000,



a portion of the pol ymers can contal n 1 nternal nonounsaturation,
e.g., POYCH=CH(Rl), wherein RI is as defined above. These termnally
unsaturated i nterpolynmers may be prepared by known netall ocene

chem stry and nay al so be 25prepared as described in U S. Patent Nos.
5,498, 809; 5,663,130; 5,705,577, 5,814, #118: 6,022,929 and 6, 030, 930.
Anot her useful class of (co)polyners is (co)polyners prepared by
cationi ¢ pol ymdvintageowsty 270 tb 26006reA780 n'smzy‘r‘.ehegneandtodih'enl ofltee pr&ntion

(co)polynmers from.t his ¢lass, jncluyde polyi sobut.enes obt ai,ned hy.
ol yher | 2act | ot is apobuPBRee etV BaPy e e e i e o
about 35 to algoto TMOEES KaemAikdiwassily:e DUPEng filoanitent 200fto a0lihm3d' t o

about 60% by w., in the presence of a Lewis acid catalyst, such _as
al um num tri chYasfoune toproyusieparticplarly henefigial prppericsal lakrisatingot cPBRPBHe

preferred. gA : ; f 4 j RAk %ol epes is
petrol eum ?eeggtﬁfre aésngﬁ 12%&813@&@??{&&%@0%?}? r%étg@? eggﬁ? ckgfnar e
di scl osed i n taheusirdf ablgadt 0smass %4,)s&h d@dtoantbodb).3 4 B2t ¥ 88ass %,

Pol yi sobutyl ene i s st . pr red polymer, of th esent invention
because 11 i < Drisierly BRLaPhe] £ oueE) B R R At i bt

but ene streans f@af%. Pefcsdly)EbhRatg dHFeangabiBbisdfhe préitahinvention contain
pol yi sobutyl enes generally contain residual 5 unsaturation in anmounts

of about one dshifiarabeutddmmse ppistrradby lepohghthout hamass Ypdeped anfee
along the 16 NaicBmbied o] %Lé?gfi cﬁm}Q&BﬂEﬁﬁﬁr% Hédolsi't)éaﬁﬁ rfbﬁl}b[ghl%g%w&' Jiéth
or a finate

prepared froma pure iIsobutyl ene strea I na streamto
pr epar e react ipvbmies o atyibinatigrodfyGrensI Wartdiort@oup Nalasastonkl and eor

ol efins. Preferabl t-h lyners, referred to as highly reactive
pol yi sobut yl eﬁé%f’ﬂﬁaﬁd@ﬁﬁ@@@e& term nal vinylidene 10content of at
| east 65% e.q., 70%ridMEhEoiDEahRIsARLY ofthe pREGH ideion s faini&lce habitbut
at |l east 85% The preparation of suych polyners is_described, fO{

exanpl e, in USPPIARRHE 4N, 600 pove; prefeseply g ghop 1040 ROV e preferably from

commer ci ahky avct 5Bl 60 prndsr b8%AMPhEborbd B belififodut aripARE Rabfebdtg @pai r m
(from BASF) and U travism (from BP-Anpco). |In another enbodi nent,

the non- hydr og§@Reeséipndiver horated dijpsaiaptna borategrdeteroeat anpher, boron-containing
pol yi sobut yl efgs;;Rag, thf&?r%tth%golfb???j/%gﬁigm? ofger]lgntal%or&fortoﬁﬁr By er

chai ns possessing a term nal or termna
et henyl i dene- egppowmd. t er mi nal vi nyli dene unsaturation). Such a

pol ynmer is conside not, .hi ghly .reactive: an anpl e of
comercially avai l %?%'CB%WW%PI ¥?§%$ dﬁ?ﬁé&?&ﬁ?ﬁ%%ﬁﬁ%ﬁ%‘%%ﬁfo
BP- AnDCO) 20 angeduseldd reiio@bd cpbositdind ¥s £0d WétiraliZzead dratstwhiibitoad, Wierébylteducing

trichloride as 20catal yst. Pr ef er_abl.é the (co)polynper is derived
from pol ymer i ¥4 a4 carrogepandyextrpdise gngins Hie. eteragptoeengrallyconaprisg apelag

to 8, carbon BLONGih f‘fbn%%?&%bﬁdb'i&#gﬂr ShEpd15EheRd ﬁrbﬁ}is@a Rietap i of ap acidic

advant ageousl y 1sobuten The nunber average nol ecul ar wei ght
non- hydr ogenavrgdnigicempogl. (The ptsimayesontaied sHbstantiallystohimesttic imeundf on

is preferably.in the range of,from abqut, 45 Q .about 2300 uch ,as
from about _astesiniiiegel mhy EFbSaRY besRbe] SuRiptlas s slSie B
The nol ecPb ar atealdate manbeber (BNgi9Gan &d nitysisaliey AETKIDXEY6) eftifsih QueRkss A
conveni ent et ho or such determinagtion.is b el per tion
chr omat ogr aph{PEABRECRE G RRGEDIOB 00 D BBEHANE OhBmERLpF TRk Pght
di stribution igebRyoraéd B reddRe edbssih¥hl chpoudd &g dntdxatRtr &P8kokd8 Akt an
"Modern Size Exclusion Liqui Chronatography", John W1 ey and Sons,

1

New York, 1979¢idicias {aercartop diokidn).eThg negting overbased detergent comprises
neutralized detergent as the outer layer of a metal base (e.g. carbonate) micelle. Such
30  overbased detergents have a TBN of 150 or greater, and typically will have a TBN of
from 250 to 450 or more.
Detergents that may be used include oil-soluble neutral and overbased

sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and



that the kinematic viscosity of the non-hydrogenated ol efin polyner
at 100C, as neasured according to ASTM D445, is at least 9 or 15
such as 100 or 150 to 3000, - 12- advantageously 200 to 2500 or 2700
m n2s-1. In one enbodi nent of the present invention, a

pol yi sobutyl ene pol yner havi ng a nunber -aMerage nol ecul ar wei ght of
450 to 2300, and a kinematic V|5005|ty at 100C of fron1about 200 to
2400 mPs- | wasphthenatesepd ptheraibeoluple earbaxiviatas\pt B aeeali rartiulagly dhrealkalicar
Lubri cating oi h Vi tain
the. non- hydr ol EIEERE AR, Bl odRE Sk b Bk R, S mss
% such as fr omgabduh. Th8mpst caimmwlsased meks H% cadeinmiapd haghq;nu{rrr @vhich
about 0.5 to about

oat 0 b of omg ot b prPTRBCin drtsRi i ST R RIS BR hirhur®s 4 QiR b

i nvention go ntn@dgﬂeduﬁﬁ mmammb@&nb%ﬁnm@fd&er@h&t whethdrovb®ased oh agutral
about 15 mass % based on the 10 conbi ned total mass of oil of

| ubricating vi% @@.wtheﬁon hydr ogenat ed ol efin poI ymer, of a
conbi nation of Go t
Pg%ﬂ!)r}été rﬁ%ﬁ% rpgpgfég ﬁéﬁgﬁxﬁiﬁmﬁ 2RfK aret ically obtained

non- hydr ogenated o cating ol osi‘tions of
the present i ryelmt sutfnnaim}ntoﬁhlhylgpubsﬂtmd troanatiabydrocagi@ng pmh as thelse olgained

to 600 ppm prefe t. 50 t 00 ably from
L oabout " 20 t b SRR SattrB eitbisiiss By el o R e RiE b PR e
| ubricating oiHxa@@IEp afeldded thobyotiaibel Bt SXyatirgiRh M8  toludnd) Ryl d

detergent, or other boron-containing additive, or a m xture thereof,
or by additi omapfithdenesdinhenyl Wdh@hhaiiageatdﬁavatwe% Bish @y hlerghenzene,

Vet al - cont ai niogh-6iaRial SIS AGIRY BIe0TRE S1KSHA6A hA) bBS el Bt in

detergents to 20 re uce or rerm eposits and as acid neutr ?lzers
or rust inhi buptescrg:e of heatelyst withoalkylatingweents bavingemebows 3 tandretheer@di ng

yr ophobi o ¢ SAPOR RESpSTeARReLI RBRET el Sofilh BpmiSRT ofp P80 PET.

or gani ¢ cofpouiude calbeh Rehs, profertbly drvhpabouel Gtalbbwre0i cafboy atoms per alkyl
stoi chionetric amount of the metal in which case they are usually
described as ASSHRNCIFORYIARAEYsal ts, and have 25 a total base nunber

or TBN (as can be fgasy Eﬁff’olgﬁ’ulﬁﬁ-ﬂ& Epﬁl@ﬁ}l sﬁffoﬁlﬁ Q@ﬂi@m‘é?bé ﬁ'e%?raﬁ%@vﬂﬁo

such as 0 to about 80 or . e anobunt of a netal base nay be

i ncor por at ed bgﬂdﬁ%éxz@rpnrgemli@s@e srearadnates ngachavollatee s fidesakydossitfislenr
hydroxide) wi {h ) @ehdl &l & &Fﬁgx% %hﬁf%t@ﬁétal cl{ﬁﬁoﬁn%s Lﬁdsé}g
over based detergent conprises nheu Faftze as e ou

| ayer of a0 rreha\hng)wgerd(teﬂg desisadbiBIg bethe ﬁn@lqudadmct Bucjfpﬁﬂy@atgebﬁsxﬁdbout
detergents have a TBN of 0.0 ter, and typically wll . ve a
TBN of 1 om 2500 o2 2haersn e @by ea%é?%wggnéigﬁtﬁa&st %‘3“
include oil -sedguik@ neutral and overbased sul fonates, phenat es

sul furized phenates, thiophosphonates, salicyl ates, and - 13-

napht henat es and oMl salisiof ghmalsi %dé‘dfwwphﬁﬂékﬁ %% Prapared by reaction with an
particularly taﬁﬁ' n?ﬁ%f tap&m?ﬂolﬁ b LR 2588 %‘h d?oxu?e nel.tﬂ*?:fl of'ggerbaseq
T magn

sodi um pot ass | um Ca crum an St um nost conmon
used net a8 apmdoek viayire abdingd §y exthedy wakh kodwmsnythdat. hSlﬂﬁln[ZBCb]Si'Enbls nmy
detergents us %d Iegared L)I/J lr:)eralct(lznagnrsg phe%&dmﬁl sxutli%r &a souflﬁl(r: gr!'-n alurlljin ggnqléound such as
hydrogen sulfide, sulfur monohalide or sulfur dihalide, to form products which are
generally mixtures of compounds in which 2 or more phenols are bridged by sulfur
containing bridges.
30 Carboxylate detergents, e.g., salicylates, can be prepared by reacting an
aromatic carboxylic acid with an appropriate metal compound such as an oxide or
hydroxide and neutral or overbased products may be obtained by methods well known

in the art. The aromatic moiety of the aromatic carboxylic acid can contain hetero



5 magnesium w th sodi um Conbi nati ons of detergents, whether

over based or neutral or both, nmay be used. Sul fonates may be
prepared from sul fonic acids which are typically obtained by the

sul fonation of al kyl substituted aromatic hydrocarbons such as those
obtained fromthe fractionation of petrolldumor by the al kyl ati on of
aromati ¢ hydrocarbons. 10 Exanpl es incl uded those obtai ned hy

al kyl ati ng bemjasesuch@p pisfegen aid exygen. Fapfkiahly) Bs&oiety sprasps only carh

hal ogen deri vat | Eéjlﬁ.g :

chl or onapht ha?‘{edr%fﬁl? e a{e@ﬂ}g{tﬂ%g{ﬁ@%ﬁy eﬁscsé)rﬂr;gl Iggﬁtgg[{bgﬁgﬁ{rﬁggﬁﬁxeaéng#ce
of a cat al yst benzehe &lakytfatredgposte rifle ahandtiegatbopylicasslnaBeontaimomresr nivah
70 carbon atons. The al kar%ll sul f onat es%usuall cotgt ahién from aq%yt. 9
to about 80 or°TRHGRACHES g AL MoRF APETSBIRGSFFATh [Bird of SHBceig? via
about 60 carbalkyRhebEIRES Thé kitho:glibsioidiyinggbestithéd diratDy 64 Mdirdd§ taihk
sol ubl e sul fonates, or al karyl sulfonic acids nmay be neutralized with
oxi des, hydr oRfogeadic myigtyy Preearably Hiesarbardic acidgronpas pHached diggofly épacarbon
hydr osul fi des,. ;i raft: . unt
of netal corrpgboﬁlmd&l{%ggﬁjgls%% aﬁ’aﬁﬁgﬁ%g%@c? tr%&?ﬁqgmgg%%? ggg'el'hé%fg;f
the final proguftraldysthe ypomeatit mpistpagesontaimm sboud fud@@nalEragOsuehssa %

(preferably a east 125 ma 9% of that. staoichi trically required.
Vot al Csal'ts ofYBRERETLS 8rae Dimel AR BB At te g s Raragee b
reaction wot h cabo@@ppiafytheék®ni¥Et loiggpnpound such as an oxi de or

hydr oxi de and neutral or, overbased 25 prqoducts may be_ obtai ned by

met hods wel | knownPreieriedexampples of arematic atpopasmaids arasplipdicaeds arb g by
reacting a ph I R ) ENTI [XalE ; h as
ydrogen eul 1 o ot icthrart SR o @Rl SHRLnRaATERLRAY e
product s whi cMetvagivessheneed. IRrogessses fareulfiizing fysummple 2 hydvatasbyl 2 substitaede
phenol s are br] d t.al.n ri . 20

fotorgents. e YIEa et tioln GUEINO, e B8 Byt AR BOUA Y
aromati c ¢&r bpephied bacatioxylitionafor apymtipdg biy ditecK sibé aBcleditpessas, sfuich as

an oxi de or hydroxjde and neutral .or overbasged. products may, be .
obt ai ned by bR eand mdigveies il ety B2Shan B dokne G PSALIR t he
aromatic car baayixhfre d5thdnéAboSMMPIRndIEt €r0 - 14- atons, such as
ni trogen and oxygen. Preferabl'y, t'he noiety contains only carbon

atons; rmore pref er Bisfyrediubstibicatsyn eidnsalitie salicxliorcidpgrealkdsplntitugnisnts;
for example bepeeneylifud IR AGH ARLALYerolREALATRLLSy SARARYY Idh
acid may contaln one or nore’aronatic nol®tles, SUcCh as’ one or noreé
benzene rE0gs prefirsiiep td 8@ edpeoiallgdAme2d, esrbun atomal Whtreleerdisinttge than tine
carboxylic noigety may be attached di.rectly or.indirect to the
oot ¢ 1ot Bl BPE SHees R oL GO HOREIRA LT SPathed
directly to apffdiiyAtaiD dhedsiR AeQRldiofdilgyYy, such as a carbon
atom on the benzene ring. Mre_ pref erabl¥, the aromatic noiety al so
contains a second PeigtaePEsanerghtissiul s fbp loggrulation o lhicagipg aib ceppagitions
sul fonate gr oy, ;nMyae By ”Q@te@eﬁé?&%@d%i&%ﬁiﬁk&’ sxﬂfacﬁaﬂpéyét%%,lek’ Lo al0
carbon atom on the aronatic ol ety. Preferred exanpl es”of Aromatic
car boxyl i 85 acphisnatfselicyddtess silfopatziphamatesnatlfovdté/palicyletésder i vat i ves

t hereof, such cC l,: subst tut e licylic agi nd
derivatives t ﬁ@f‘ﬁgtgw reg%gléggy%geﬁ &8 #cﬁl r F@ ??{g?xx?gl%’ %l%gpﬁaéméms'
hydr ocar byl - 636h$63;t6.28¢d 79; 6,429,178; and 6,429,178.

Borated detergents and methods for borating detergents are well known and

described, for example, in U.S. Patent Nos. 3,929,650, 3,480,548; and 4,792,410,

30  Borated detergents can be used to provide the lubricating oil compositions of the
present invention with all, or a portion, of the requisite amount of boron.
Lubricating oil compositions of the present invention preferably contain a

magnesium detergent, more preferably an overbased magnesium detergent, in an



salicylic acid, are known to those skilled in the art. Salicylic
acids are typically 15 prepared by carboxyl ation, for exanple, by the
Kol be - Schmtt process, of phenoxides, and in that case, wll
generally be obtained, normally in a diluent, in adm xture with

uncar boxyl at ed phenol . Preferred sulfstituents in oil - soluble
salicylic acids are al kyl substituents. In alkyl - substituted

salicylic aci @moumrmo*aﬁmmﬂmjp@wgnw@m%é@uw@ a dast). 09 fBa%S(ﬁ 198, 20
preferably 9 gjgfni%wfg;agﬁpdt a%]yo Ifmb g o2 P00 ; ,@&%g{&gerab\i%%@aswﬂ@ 'S

nore than one e average nu on atons I n all

of the al kyl gmassms(lﬂso poref efrcidnieptah mapmasim. Q’wfarabkysdiee»vadbawdammmum

sol ubility. ent s.gener al fo Ia |o
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wi th m xedssunbagthento sHoat SIUB preforkbly atﬁ@&hﬁﬂ)@i 2905 sdchQY fidinebout 250 to about
sul f onat e/ phenat es, sul f onat e})sal I CYy

sul f onat es/ ph&RAtTeere pxaferably 4 least ah@taa%éwlb@d%m ghouphiglabouti430.y, s,
P Nos. 6, 153, 7
atent Nos. B 2028 o Bind RSl Baec O 200, o Bl

detergents and net ora rgents are we
descri bed, f omreprafeydbsy, presentin@moBats eummtxiatmg () m&rﬁﬁﬁ 4035 48he I8 ofthal

4,792,410. 30 t ed t t
| ubricating oi¥ r{?gﬁ‘ﬂeﬁ)@fj?qngﬂr‘? {%BF So?%a'g‘ﬁ?cgg%%‘fq? ?f%"ﬁ‘ \/\Mﬁﬁe Ripferably, o

portion, eb tMhericedn &l sRnpdRmivnd ofthe ﬂ@ﬁﬁﬂmvéﬂﬂ@hb@ﬁhh@e&hﬂed ash-containing
conpositions of the present invention preferably contain a nmagnesium

det er gent , noﬂete{ﬁeeusga%géloy mgiald QleLhARBAgRSHESN Ao BYOY KNS N gTealer -
15- amount pr pg%fo@eo#tgb{ok@%w&nﬁ&ﬂmeﬁqm Edc%ﬁn%}%ﬁ &6.8605&1%@%9

0. 09 nass %( preferably at [ east mass
nore pref er abloyerhtsetl detstgedt. 115 mass % (1150 ppn) of el enental

AN A e S
200 to abogt $R6al-Redidefepdehis sath dseilsdohdiiidrotadyl Heabl sidehidedpnafiBates
250 to about 500; npre preferabl g/zoos_ozggggg_ﬁllz)out 300, such as from
about 100 to &pssiibedsder example, in U
Preferably, detergent in total is used in an amount providing the lubricating oil
composition with from about 0.35 to about 1.0 mass %, such as from about 0.5 to
about 0.9 mass %, more preferably from about 0.6 to about 0.8 mass % of sulfated ash

20  (SASH). Preferably, the lubricating o0il composition has a TBN of from about 7 to
about 15, such as from about 8 to about 13, more preferably from about 9 to about 11.
TBN may be contributed to the lubricating oil composition by additives other than
detergents. Dispersants, antioxidants and antiwear agents may in some cases
contribute 40 % or more of the total amount of lubricant TBN.

25 Conventionally, lubricating oil compositions formulated for use in a heavy
duty diesel engine comprise from about 0.5 to about 10 mass %, preferably from
about 1.5 to about 5 mass %, most preferably from about 2 to about 3 mass % of
detergent, based on the total mass of the formulated lubricating oil composition.
Detergents are conventionally formed in diluent oil. Conventionally, detergents are

30  referred to by the TBN, which is the TBN of the active detergent in the diluent,
Therefore, while other additives are often referred to in terms of the amount of active
ingredient (A.1L), stated amounts of detergent refer to the total mass of detergent

including diluent.



Over based ash-contai ning detergents based on netal s other than
magnesi um are preferably present in anounts contributing no greater
than 40% of the TBN of the lubricating oil conposition contributed by
over based detergent. Mre preferably, 10 lubricating oil conpositions
of the present invention contain overbaseth-ash-contai ni ng detergents
based on netals other than magnesiumin anounts providing no greater
t han about 20% of tDthydrodmlbylHﬁﬂoplumplnatémbtahsait@mtetfeqhmﬂfymai asragtiwedr and

conposition b verbased  d |cat|r

Conbosi 1 ons. SROPHERG AEGn: THe R e kel of Sp iRl i ghuminum,
15(metal -fr ee)lemtlﬁrrﬁaps@enﬁﬂcﬂaﬁ%san@sel nisledl ubcbc@ aydme@aklamks LS

al dehyde condensat es descri bed or _.exanp In US-2005-0277559- AL
Preferably, dcosyRaah used i brgating ous@emplﬁ%?f Oabviguh9s PrsfesahlyP-Ade £ mass %,
| ubri cati ng oi ﬁqﬁ% b

such as fr%m alt%s ut 9?6{%@2 o&mhboff %&%@9 oﬁgégp%gle e?gts Am?bg%%ﬁ il
about 0.6 to abautordansew&bh%mfeclxud;ﬂwbgﬁr@%mﬁ@e(tﬁh\ﬁimar@deferabl Y,

15 such ac.  RRERoRe 2o BRARAT SafukBYeShien SaBA)hreieRoite erel

about 11. TBN yxBYPJ3¢ afiPhbs hétittaReing thelfbignddUBDP A fithRGifd donfpeamD Hoki ON
by additives other than detergents. D spersants, antioxidants and

anti wear agentesamaly, & dithiephesphesie acid srybemade by oagting misgires offprimeey and
total anmoynt T gégé(ﬂpxéﬁm r

conposi t i gps gg?érrﬁkj% e(%ﬂ %rﬁygrg in-d aélg&gl %}%jh éﬂﬂgge:agiggnéa?%g%épmed
conpri se fromvdtmwtﬂneﬁyd‘rotamb)dltgmips b onass eﬁﬁrehyrsedoadablwcﬁwmmm: 1.5

to about 5 rra ref fro out 2 to .about mass ., % of
ot et gent . badBtroROT o RbeathERbts ore SHEY By it S lb: 1R Beke e st
conposi ti on @@I& &g 8IS o eRtrEIoNEdkripa il dnld R ¥Bdlbht Ihelbdi@a Wy deixides and
Conventionally, detergents are 30 referred to by the TBN, which is
the TBN of t heakepatesarg arost graerelly pmplesedii Camanercialpiditives frequeptly peatain an
oLher (20d15! Y G3edlk 61 A Ak HAGLE Bffad Bkl i fHeFaeiflink BGmBSRHH

efe

active ingredient anounts o et ergent r to the
total mass of mmtﬂngtamtreaqhmhum ng diluent. - 16-

Di hydr ocar byl dith 0 te ) fre entl

antiwear and anti o ﬁ“?‘g’éeae?rlﬂcrﬁeﬁ)%ﬁ%m%é'ﬁ ‘Ithl?f&? SATeA %8@%0331%5 of
al kal i ne eart mlhyat@bsbypmtrad)plmpmm ati@@ghd thaybe epresnctamyihe BFRAGREESE,
ni ckel or copper The zinc salts are nost commonly used in

| ubri cating oifP™Mianpunts of 0.1 to 10, preferably 0.2 to 2 nass %
5 based upon the total weight of the |ukyicating oil conposition.
They may be prepared in accordan¢eR@ th known tfechni ques by first
form ng a di hydrocarbyl dithi oph¢spho(i iLaci d (DDPA), usually by
reaction of one or nore alcohol ¢r ap ol wifgh P2S5 and then
neutralizing the formed DDPA with a zing cenppundz, For exanple, a
di t hi ophosphoric acid may be nmad by(zacti ng mixtures of primary and

10secondary al cohols. Alternatively, | tiple dithiophosphoric acids
can be prepared where the hydroc rb'éc groups o one are entirely
secondary2pn character and the h arbyl grod@s on the others are

entirely pring |nch ter To make .t-he zinc sal ny. basic o
et 1l 2h ne CREBTRFEETeThs et et bl rerfl PRl aetipm
carbonates arda tﬂUStprgEﬂabt)eﬂ foyl Zemib@yz&dns gonirelnding radddid sutlyg<alkyl, alkenyl,
frequently cont inc du o0 the use of an excess

In 5 _ex
of Cthe. basi o Bt ahsb aRET A P lor BRI FICGeHs BBl pgrferred os X and R

groups are alkyl groups of 2 to 8 carbon atoms. Thus, the radicals may, for example,
25  be ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, amyl, n-hexyl, i-hexyl, n-octyl,

decyl, dodecyl, octadecyl, 2-ethylhexyl, phenyl, butylphenyl, cyclohexyl,

methylcyclopentyl, propenyl, butenyl. In order to obtain oil solubility, the total

number of carbon atoms (i.e. R and R’} in the dithiophosphoric acid will generally be



The preferred zinc di hydrocarbyl dithi ophosphates are oil sol uble
salts of di hydrocarbyl dithiophosphoric acids and may be represented
by the following formula: RO\ P - S Zn RO 20-2 wherein R and R
may be the sane or different hydrocarbyl radicals containing froml
to 18, preferably 2 to 12, carbon atorms dd i ncluding radicals such
as al kyl, al kenyl, aryl, arylalk al karyl and cycl oaliphatic

radi cal s. Par tapewiSargeatr el ?@%JXlﬁgdecaé]Pﬁd Rhloali“lfﬂ e G201 qep thegsfongps

of 2 to 8 car
ethyl . n-pr Opgp&pﬁgﬁigcpglﬁhylsdng&d@ﬁ?gpﬁ ¥ g-,egcofﬂgagr@éams%ﬁ@g}%mt
n- hexyl | - hexwtention baveyplphogpborps cmgg/no gr@u:mathgcguout@lbmgq T k300,

phenyl , butyl pheny C neth cIo ro
butenyl. In oPag‘S {:BHV%f%ﬁaﬂygﬁ) D]SJ 8 % y, unHpcl¥sgt05Equa9? %e F 1mg imum
carbon at 088 (aino@nt MModedl Rys, ubriédiag diltcbﬂnpt}iﬂiﬁtﬁﬁ Mﬁdcﬁrd&ﬁe&lw the present

generally be - 17- about 5 or greater. The zjnc, di hydrocarhyl
di t hi ophosphati&vengesmpyrmalated lqEpeerip heavy Siyrdicsel %gﬂ’és’d%/ ﬂ T’rab]gl’ contain

di t hi ophosphatgspp LubhdrGadidiRgt 6f 4 d1ﬁ€d¥9&§l‘>§1 RS piRfsplte 1rp&€;§§&$nt
i nvention have a phosphorous cont greater than about 12

mass % (1200 pyrgduci@p fremrabouthid i abaoidH 2 Isasa%df phesphorusnased omzth@zt@alor
equal to the B owed

conposi i ons. TTebar gy RRRRgcPicofEction iRterab O RN B Sl pbosmiamst or
use in hedQy duitdinthgedditivepgsents, W || prefer any cont ai n ZDDP or

other nmetal salt of_ a, di hydrocarbyl dithi ophosphate, in anpy
i ntroduci ng from abdifetien Wg‘bétﬁrsélﬁéﬁtﬂo lagts 1 t?ﬂde’ﬂ)‘ﬁ’cfgﬁ‘ﬁﬁ?rﬁls"ﬂlﬁ%sed

on the total nBRAcAle IBQé‘rvicb' bbki&%ﬁ%&té?io}atﬁyﬁm &i®Rced BB Rz the
ZDDP is the sol e phosphorus-
lubricant, varnish-like deposits on the metal surfaces, and by viscosity growth. Such

oxidation inhibitors include hindered phenols, alkaline earth metal salts of

15 alkylphenolthioesters having preferably Cs to Cy; alkyl side chains, calcium
nonylphenol sulfide, oil soluble phenates and sulfurized phenates, phosphosulfurized
or sulfurized hydrocarbons or esters, phosphorous esters, metal thiocarbamates, oil
soluble copper compounds as described in U.S. Patent No. 4,867,890, and
molybdenum-containing compounds.

20 Aromatic amines having at least two aromatic groups attached directly to the
nitrogen constitute another class of compounds that is frequently used for
antioxidancy. Typical oil soluble aromatic amines having at least two aromatic
groups attached directly to one amine nitrogen contain from 6 to 16 carbon atoms.
The amines may contain more than two aromatic groups. Compounds having a total

25  of at least three aromatic groups in which two aromatic groups are linked by a
covalent bond or by an atom or group (e.g., an oxygen or sulfur atom, or a -CO-, -
SO;- or alkylene group) and two are directly attached to one amine nitrogen also
considered aromatic amines having at least two aromatic groups attached directly to
the nitrogen. The aromatic rings are typically substituted by one or more substituents

30  selected from alkyl, cycloalkyl, alkoxy, aryloxy, acyl, acylamino, hydroxy, and nitro
groups. The amount of any such oil soluble aromatic amines having at least two
arotnatic groups attached directly to one amine nitrogen should preferably not exceed

0.4 mass %.



10containing additive present. Oxidation inhibitors or antioxidants
reduce the tendency of mneral oils to deteriorate in service.

Oxi dative deterioration can be evidenced by sludge in the |ubricant,
varni sh-1ike deposits on the netal surfaces, and by viscosity grovvth
Such oxi dation inhibitors include hinder ebIS-phenoI s, alkaline earth

nmetal salts of 15al kyl phenol t hi oesters having preferably C5 to Cl12
al kyl side chains, B aiiweinieetiZiHEhBIOviles 4 sterag 2atioxidast tedis topHrrERtSs

d | f
and sul furi zegg@EE[@; %DPQQQS%HHP%E{ tn?n £ ho?n':rg JnH@Aé@-fjlnmf?,u eﬁﬁ}ons

or esters, orous esters, neta amates
copper conpou nﬁbsna]atodﬁaust icbraplerisate fhrShe ﬂéatlelug refiiactio 1868100 intabition,

A oMt 1 O oupRCRALERCHE Bt PBRDI 1oP R\ e Pagare-cateb Tl DR Rar

cl ass of C@p%ﬂﬂqﬁsﬁﬁﬁi mlaacd‘raaﬁawanhkhep;éseﬂt i PdntioN tHefofbrd Pruforably Xpht&ialat
oil soluble aromati ¢ ani nes havi | east two aromati C groups

attached di r eclersy 2bont Qﬁé’l%ﬁﬁnﬁeﬁrgﬂw&?ﬂsh@ﬁt‘h@ f RO Bk S 46‘%’@%@ Bon
atoms. The am fgs., o”%rgfr@%gdb&;, tti [03hast W00 AR b GnGS 0543 seleclted from

Compounds havi ng a tot east three aromatic grou

whi ch two ar ontht gmugmomqmngnésdlﬁmﬁedplnqpohc edioxident, annmmlandmegman aat om
or group (e.g X

o kyl ene. or ourgorierot el Rty it e ogan iR ES ik the

al so consier eglehPi@értion 2BAAIAS DRBinaGoRdf Juffasfred MRnalicEbidard AAUPS
attached directly to the nitrogen. The aromatic rings are typically

substituted byaBRE HOHHE substl tuents 30sel ected from al kyl ,
cycl oal kyl, al koxy, D?ﬁé@aﬁf&%mﬁtﬁ nlu s&@%’ﬁsﬁﬁ'rﬂﬁemﬁé’n@ﬁ]ﬁﬁ fr&ﬂgxﬁhﬁérpdunn

groups. The amount o any suc aromatic am nes avi ng at
| east two ar ormstithat gredngofublet in@dhibus pheventing yIUﬂg)e ﬁcmeulammdrplretcnp)gem, or

shoul d prefera ot exc

2gent zbop pr oyPREloLo R EEm T BPReribe ch simporiion o Weipn Gien

| ess ZDDP 1i5s usathrises 2 ldstiont dispEeint, RO SRy @bmBri e WiplwAfly dfidispéSants. The

| ubricant fornylators nust conpensate for the resulting reductlon in
oxi dati on i nhi BiRerssRt o JrsBersRHTs Prrferaly nﬁﬁogﬁm@wtvn@gfi@m% ang prgterakly

sul fur-free anigh@iphtlan Btal, HORI dvoat 0. thoodbl')utEO FORRA, [sh8DS ftdt about 0.09 to
accordance with the present Invention therefore preferably contalin at

| east about 0.Zownt Emags“efreest bieferallly fremsaboutidbif togbentPeldsnass Ysefohiregsn
at least 0.8 at least 1.0 nmass % of an

ashl ess anti 025?313 1[%lbse %?gg&ﬁomo}ghe group consisting of sulfur-free
phenol i ¢ &bt i oxi daMispeasantaiugefalinitlexdodaent of the presenoivemhiitludenke @oge of
Preferably, lubricating. oil Sitl jn accordance with the 1
present i nventBHEEHAPRTH 2 2ARB R %t?l-%??%lrspegeﬁnﬁ}fw%% ﬁﬁ%%vwre uce
anti oxi dant anfdadtioniof depdisitPulod 38¢ in gasoline Rhé BRES 8AiResIWhéH RIdBd toh
suspension materials resulting from oxidation during use that are

insoluble in dpbncatlmgllwé@ewnwnsqlkﬁ@wqmqim@ncdpnmhammckbone having
precipitation, m{?ﬁloﬂap%& S | bR TR Rati RAR IR parlilfs IR digREED Irfidanty,

conposi tion of e pr I nvent1 on
25  such dispersants have amine, amine-alcohol or amide polar moieties attached to the

polymer backbone, often via a bridging group. The ashless dispersant may be, for
example, selected from oil soluble salts, esters, amino-esters, amides, imides and
oxazolines of long chain hydrocarbon-substituted mono- and polycarboxylic acids or
anhydrides thereof; thiocarboxylate derivatives of long chain hydrocarbons; long

30  chain aliphatic hydrocarbons having polyamine moieties attached directly thereto; and
Mannich condensation products formed by condensing a long chain substituted

phenol with formaldehyde and polyalkylene polyamine.



|
15conpri ses at |east one dispersant, and may conprise a plurality of
di spersants. The di spersant or dispersants are preferably
ni trogen-contai ning di spersants and preferably contribute, in total,
fromabout 0.08 to about 0.19 mass % such as fromabout 0.09 to
about 0.18 mass % nost preferably fromajwout 0.09 to about 0.16 nass
% of nitrogen to the lubricating oil conposition. 20D spersants
useful in the cont exneaflytdaeh poesenticatbeeylidaoid-prodddcirgemsibiy wilneget wfth a
ni t rogen-contai nj ng,...ashl ess (netal -fre ihdi spersants. kgovvn to be
effective to rrwakegn%mr HHLGPT 3&813%353?15 CUpB el duRGHogE L5T9PS & B g
di esel engi negolyMiRyRAIESHES cArbbiie aby1RttheQhbrt vAN deteRRRE the QuABe 1]
sol ubl e polyneri'c | ong chai n backbone "having functional groups
capabl e of asgweleaphiliggupptinthe finidieddispersdné di spersed. Typically, 25
such di spersants h ] 1 Ne- h ] i.eties
attached tg t he po%’g ?%%g%g@éﬁﬁg gﬁlsgérsa&goﬁl} g%ﬁ%glng%lg%.h%%he
ashl ess di spermaibier avyagh encldcalar exighpd ffrons ebonc V@tofaboun3000, psdérubillye

salts, esters, am ng-esters, andes, imdes oxazolipes. of 1o
chain hydr ocalEBIR AL f‘?‘f DB AE teRP 9%@@9@ Eg%szg?m Rre&a%&v_sgr% abot
anhydri des t heysed 25000 LREAbN Prefer@b1 HART db¥ AL 95088 afut b4AUNY 16 BAL Embodiment
hydrocar bons; | ong 30chai n ali phatic hydrocarbons having pol yam ne

noi eti es at t acHdi iWyenen. the dippersaniocomprigesigemibinetion atielosgr molecplpbuelglts

formed b on i I i it : }

f or mal deﬁgge an%ﬁ%%§§gkgﬁn%£@oﬁez%p%%e IH@IQ%%}%(EP yf{"{y},ab%"ég OF?Dno-

or di car boxyl ild0@)cand -aphi giohaclenidarnodi ght Wispersdnt havdsg a warhier average malpduldri ¢
rou am ne or .am and t he nupber f unct.i onal S i he

o vP L kamit < s st o e Beisb ol ot 570 pratg Sury Vet | {00520 2Pod Afhas

nunber of nuclyeaRrRhho6y SHdARP8, rhére bRgerhbIP inBhLMoGH DG KSBIVO; ard kH&st

pol yal kenyl noiety of the dispersant of the present invention has a

nunber aver agéreferablydiom akgut 0 teabaut A0 Hidgtmotenylar weighbefta deposant is

pr ef er abl yzbet . o"i‘%?l: .

pr ef er abl ¥5f r éﬁﬁeg@gﬁ%%ﬁ%gt]g%68{5&%%3?%3%?%%2?%{3%% y r%ﬁﬁgggﬁ% g?o
t o about 2400 prdciseamdeanid odightrangodf thhdispassahddpends onmamdionp parsaaters
conprises a combipatjon of .a | ower | ecul ar i ght. 10 di sper.sant.
(oo havi ng Botidiies Debar Raiisel T oottty FEaaBRR Wkhon
1100) and a higgdupsing ¢hd tepe sRIuglRbpHdli S@elS &nplohavi ng a nunber average
nol ecul ar wei ght of from about at | east about 1500, preferably

bet ween 1800 and 30bepolyalksnyhmolssy e viveude hish merlar eieht dsrerepissrey
from aboupp2 1Qi@ri¢iré2{ ﬁ?@ﬁblﬁﬁq? Qgﬁ%ovpigl%fe%ﬁﬁp%}ﬁ ght &%ﬁﬁfbﬂt(llvll%ﬁﬂ als8 ré’f@ﬁ’ﬁf

2400. The nol ecul ar wei ght o I spersant 1S 15 generally expresse

in terns of theaypilyudispesityywsidgtermintd bhthepatioyef] veaghy bverageanglecudartvreight

preci se nol ec i a f the di rsant . nds._on. AUNerous
paraneters i ng\w}@f"\r’@‘“ﬁ%@a‘{% ?%ﬁecﬁz)alr%%glrh §@§Qd§{’%mg€aﬁ§ & e’ o whic
di spersant, t hiee dispebsants of tHepresstntamahtion o6 derived hdvd DB Mpef fidm about 1.5 to
nucl eophilic oup enpl.oyed.. The pol yal kenyl noiety_fr whi ¢h the

hi gh nol ecul a%{%i?dhpfeéﬁféﬁéﬁ@a@guar AR OB, T rest HF@F@I?%PW aﬁ%‘\‘?é-ﬁato
narr ow nobgculagsutwed. ght distribution (MAD), also referred to as

pol ydi spersity, as _determ ned by the ratio of weight average

nol ecul ar wei ght ( Maabiohydieastonagiaodgecrpremployedin theefognationy s the

Speci fical ly, i j f.
hventi on o o SRR 3t HE BRI ol b SARRBOH el ink BB0IPHER Bl
preferably fromletbutweighbhydroaidmns. On®familystf spehafolymady yorfiprisepalyoets of

1.6 to 25abOUteﬂ1]§’le§1'e and/or at least one Cj to Cys alpha-olefin having the formula H,C=CHR'

30  wherein R' is straight or branched chain alkyl radical comprising 1 to 26 carbon
atoms and wherein the polymer contains carbon-to-carbon unsaturation, preferably a
high degree of terminal ethenylidene unsaturation. Preferably, such polymers

comprise interpolymers of ethylene and at least one alpha-olefin of the above formula,



Sui t abl e hydrocarbons or polyners enployed in the formati on of the

di spersants of the present invention include honopol yners,

i nterpolynmers or |ower nol ecul ar wei ght hydrocarbons. One famly of
such polymers conprise polyners of ethylene and/or at |east one C3 to
C28 al pha-ol efin having the fornul a H2C=GYR1 30 wherein Rl is

2t omsand wherGIEFPH Ko 30 ABFOBAP AF RS ORAF BB, 10 Ut BT e SAOPAe] Thm
preferably a higl daghandf aldhdiepadferablpefly bf 8609 tRSatbdh alohRN Therefore,
Preferably, such ymers conprise interpolyners of ethylene and at

ol
| east one al pnrae%f@phmoleﬁn misporagys ¢rd gomrangmars includey for genpple. propylene,
al kyl of from ) 11 . QnE. 21 P, [ LS. al f
fromito 8 carBihel Teehl BUUALT e bt 1 IELR Epbledee f didgeltl1,
carbon at ofs. tdirdeaheriepentmieéank-1ahgxadecehet i heptaderonel octadaceaeipnoner s
i ncl ude, for exanple, propylene, butgne-1,. hexene-1,, octene-1,
4. et hyl pent erEnatecgis:lo ARl DI GHBEBRECE. HixiUEes Q2 RIPYlons pmd Yuisd o7 the
pent adecene- 1,[ikBE Xy ﬁff)ﬁd??oﬂ-sucﬁ9&91?19@@%1ﬁoﬁ-y1¢&q{oﬂ%6@'ﬂﬁrs}bmene-l

e

nonadecene-1, and m xtures thereof (e.g., mxtures of propylene and

but ene- 1, and hemerelymers, ethylergoprapylensicopelymersotthisresbuene- heapplymere
h | , - thEh i c ! me
ormopol yner s ﬁpq@%sb%}etl%@p%wg?m]m@ht%%% n%e% y'ale SnBRR dayg%géo

et hyl ene- but ene copol ynmer's,” propyl ene-butene co mers an
| i ke, whert8i n t¢rmgngh ahd/omeintepmhtumatsatian. Prefigted polymetare ensatunated copdlyorers

internal unsaturatjon. Preferred | yners,.are unsat urated co (Ier s
of ot yl ene. aitdeBVsRD md Arohiiiean SRdEE it Rl dn et thpgbmienr st utf

i nt er pol yr ner snwhtiédingy tditsin b ndformibut 820, 7 tdS MokO¥% B4 Cig@o@. 0.5
to 5 mole %of a Ct tlg)_ C18 non-conjugated djolefin t;om)nomsr. .
However, it i SOWREAed digleiipremonametpbPy st Bpreipred haberqlynems shiisi se
only al pha-ol @Heﬁﬁ&f’w;}ﬁmsxGﬁl&%iphhl}bie%;h%hﬁéﬁaﬁeﬁf in?érﬂ%}ﬁﬁﬂjs ef Alphalolefin

conononers _and i nterpol'yners”of ethyl ene and al pha-olefin conononers.
The nol ar 18t hybaaeorees ershintenfolyrness potthyienesnd piphepladini camoengrgers. The molar

i nvention-is i Bt 10. %.,. and :
preferably 0O '?" {31‘;,%8‘5 %Atwggthﬁtﬁg%g%%" pg{)'nycf% 51& ﬁgsﬁ@g%%l-o l%?rggéaﬁ'l& IB%J“&%
cononormer (s) wfOko 83 ¥y beh@oretpreferablyyl to168 %6 oWhem propllestiatd/ o bpiehe rares

. N .
e s B9 e AL ot B D o i s
prepared by pedotmeferdbhgbetivBdncrsing 50 9%, IRAGIER highef ofowkiktBierRicontents

al pha-ol efin nononmers, or mxtures conprising ethylene and at | east
one C3 to2@28MAYPRATSEYf i n nononer, in the presence of a catal yst

system conpri si ng %ekﬁﬂ%e%aﬁ?é %%%m&%gizé@%haé?leﬁn monomer, or

cycl opent adi enyl -transiti'on neta unoxane
conpound. Usi mygxiutes of plpbe-elséin monpukg nesrmixurestrionipriSif g ¢thylenerardeat efasttone

pol ynmer chain ossess terdn nal et henylidene-type unsaturation .can be
provi ded. The%ﬁgor @ﬁ?l’}&"e"?%ﬁg IRV eé’ﬁ%%“‘ié"xﬂﬁéﬁf‘taryﬁSsyts%ﬂﬁ"ﬁ‘gflsmg at
et hfanyl i dene Ugastadne madtdl DBereRy.ghea cﬁﬁbﬁhfﬁﬂ{tﬁﬁl-tﬂﬁsﬁ;ﬁﬁﬂlme‘&hpm&mﬂd&n
anal ysi s, .titration, or Cl3 . Interpolyners of this ter type
may be chggactagﬁﬂfofé’ée"i??@ﬁ%d'%%ih&@& S, @ PRI Wgﬁ}é%%or@iorf’gp@e
Cl to C26 al kybiynfRF éﬁaﬁfsadblséésﬁ%nﬁiﬁal%ngﬂi b-1ypERInSatth 8 d AR Bk Yrdvidell Ored
al kyl, and nost preferably ClL to C2 al kyl, or et hyl

.g., methyl
and wher ei n PEervettagsref pehimer chansrxhipiting tefﬁai(lfﬁ .egrmﬂi%na%/wam@ﬁg@ mab%:e
the RL al kyl i ' he.

© DY JelRol by EY e HRREAGL A01AR LRG0 NRIK S IR Ur

for use in the polynerization. nor “a 0
chai ns can comtiglaftet t9petinanbe eiaiferized by the fortinlyPOL YRR WCGHS Whereih RE is
PCOLY- CH=CH2, and a portion of the polynmers can contain internal

monounsat @Pat Cote Ces.adkyl,PoefeEbly CHRE)s alihenercpredirably Gigo Getlikyeandahoste.
These term na&)l'e\ferhltq?a YW 6% ?[ﬂyl, {e.g., methyl or ethyl) and wherein POLY represents the

polymer chain. The chain length of the R alkyl group will vary depending on the

comonomer(s) selected for use in the polymerization. A minor amount of the polymer |



l .
i nterpolyners may be prepared by known netall ocene chem stry and may
al so be 5Sprepared as described in U S Patent Nos. 5,498, 809;
5,663, 130; 5,705,577; 5,814,715; 6,022,929 and 6, 030, 930.
Anot her useful class of polyners is polynmers prepared by cationic
pol ymeri zati on of isobutene, styrene, andlthe |ike. Common pol ynmers
fromthis class include polyisobutenes obtained by polynerization of
a C4 refi nery chaipeeamchaipinigminal Gthsnylehe, darly wnetugtion uP OBY-GR=Glly and

75 mass % and an. i sqQhut ene content, of. about 30 tq about 6 S %
(b The pr esend@otionp B trupiam el herous i npol¥=s
trichloride Orcptl—fafmlp,rwﬁe}éfw flers abrimiaabeved ethesOEiaIR undRpRgr for

maki ng pol y-nbutenes ['s petrol eum feedstreans such as "'Raffinate |I.
These feedst odkerpalymeth may sprdpared shimoamtmetalpisereschemistyy 8nd Pay alse bévo.

4,952, 739. .Pol yi sohut yl ene i.s t ef.e ) b .the
present inven }I%’Pire %éﬁgggffcftmi@s'ga}&fﬁ;?s'asv‘i;g?ﬁg 3526@;1%&?’?@%%’
pol yneri zat i o3 g1agm5;08022p25%hd 6068,98@. 9., using A C13 or BF3
catal ysts). Such polyi sobu%uil enes.  general |l y contain residyal,

unsaturation i n ambGRBST Betiaplast ofeRlymert PRAMETSHBERSTE BdREoHer
pol ymer chain Pg%ﬁ%ﬁ%‘tﬁ)ﬂ%@ iBbRegk, E@fen@,%ﬂ fhe 1fkeP fﬁﬁﬂdﬂ%ﬁlﬁ‘f@@ﬁlbmg class

utilizes poly tyl'ene preparéed froma pure isobutyl€ne streamor a
20Raf fi nat e | inxlwdsaelyisobptergsabtrined by polenerigdivntof b éhaecipetystsan bavinga

term nal yhnylidene ol efjns. ef er t hese. pol rs,. . referre

ac. i onl y PoxbbETESueTbkdRu 7 EABoR sty SR O0MITP polGieSE A 36
?/I nyltl ggcr)}e comt%ﬂmaht?‘(fmaibsl%,a'ﬁﬁ:e flﬁ%%@g@&ew_-f_ﬁ%d dsmerljst,m:.ﬁf arzm?hmuma
eas 9 nost prefer . | eas 0 e preparation of su

pol yners is d&&diqridedr borg Felt B ORpA VoS O RO B far maing pely-n-

HR-PI B i s knowhteRS idpélrdriBmPleBddtean® AL Rafiinhté 1R VRick@Rk&tock®hre disclosed
exanpl e, under the tradenanes dissopal TM (from BASF) and U traviirm

p :
(f r om BP- Anpc &) the art such gedn i S SsienyNerfe9330139 mBelyispbiztylenmiy apeostprpiespd d
are gener akl AP - . £ 0 3000.
Vet hods 107 wekraate BtsClrale A0BHARTENR §1stbadyy AERRY UL 0. Do
functi onal i zegolymehzdtiogdioat hoene(seregms @Y., aisingA1Choy BF3Cdtdests)h &ncial

"ene" reaction, or free radical .graftin sing a catal yst . g.
por o dor ! Lo B Bav et er bl SRS et Sarpias Yoo,
can be functi efglehié@iduble beind dpéMpbbnﬁ?EW}pbéiﬁo@_ﬁiaﬂm@rﬂWﬁinﬂgk prefepted es
(preferably acid or anhydride noieties) selectively, - 22- at sites

of car bon- t o- EBPHEmeRiEiEeH ROLYIBRPUBEre RECPBH ivRY 2 Bire HpvBlens Hisam or a

Tont | oned Abon g Br e A oD e e B e

for reacting pbfipnetefrdi tiesapdymersyvefered trsasthighly sdcttwmotyispbirylene
(HR-PIB), have a terminal vinylidene content of at least 65%, e.g., 70%, more
preferably at least 80%, most preferably, at least 85%. The preparation of such
polymers is described, for example, in U.S. Patent No. 4,152,499. HR-PIB is known

25 and HR-PIB is commercially available, for example, under the tradenames

Glissopal ™ (from BASF) and Ultravis™ (from BP-Amoco).

Polyisobutylene polymers that may be employed are generally based on a
hydrocarbon chain of from about 700 to 3000. Methods for making polyisobutylene
are known. Polyisobutylene can be functionalized by halogenation (e.g. chlorination),

30  the thermal "ene" reaction, or by free radical grafting using a catalyst (e.g. peroxide),
as described below.

The hydrocarbon or polymer backbone can be functionalized, e.g., with

carboxylic acid producing moieties (preferably acid or anhydride moieties) selectively



|
5 acids, anhydrides or esters and the preparation of derivatives from
such conpounds are disclosed in U S. Patent Nos. 3,087, 936;
3,172,892; 3,215,707; 3,231,587; 3,272,746; 3,275,554; 3,381, 022;
3,442, 808; 3,565,804; 3,912,764; 4,110, 349; 4,234,435; 5,777, 025;
5,891,953; as well as EP 0 382 450 BI; CGAZ2%, 335,895 and
GB- A- 1, 440, 219. The pol ymer or hydrocar bon may be functionalized, for
exanpl e, Wi t h a1 8tes af prsk-ioccaghondingateaiien erfberpelemiceer hydrasabpa phajnsaer d
or anhydrlde) ditions
That rosul t 1 ARKREEEEkRE hubideR VB ol bk AR RN SR R |
aci d, anhydri dembmati@rs thered] inesy s&fuence. onto t he pol yner or
hydr ocarbon chains_primarply at sites arb n-to-.carbon
unsaturation (al sofFEESFs ﬁ’&@%%%?"i% f?c?)r ops Wil Prsaturied-qathoxvlie n)

using the bal qeigs aABydrifeSor Js%ﬂ@dﬂd@i@{brbﬁf@éﬂdﬂ%faéﬁ@ngesﬁdih@ﬁdhrb@hip@ﬁﬁds
process or the thermal "ene" reac

functi onal i zatreotiscdesad BeUécB@iWIN@h%QSWGhéﬂ%g%@rzﬂé 70@: 3231,587;

chlorinatin r t f .about
o B mmss ot AR AR AL U S R s R 0 S e

on the wei ght 4@"34;4653&1%?7@5 5gelr, 9% anbwel] abhP pE82 #HYB1;HeA-A (#3680 endGB-
brom ne through_th lymer. at a erature 200f 60 to

preferably 11%‘ 4@%@‘% ﬁéapé’lymefff){ﬂt’ CRRRSE M3Yhe é’&%ﬁ’alf?e%?%{)e’zf@ple with
preferabl yol fcebzxm%ﬁi prodiRidE3hABRR FpreférdD) WiEsr Hhydtid) BE ARORTE the
(hereinafter backbone i's then react ed wth sufficient

nonounsat ur at @elyrmenet Bydroceehoamnder spnditensiibat result inthaaddidomeifiegtiopsl
functi onal & b & n ylic
onct et at TGRS ob sl SAD Bt Sy RPAADAD LG UGSV,
to 2510, e. g hy@otabdh ﬁmumsmmbmtshatofbhborptoechnm wﬂsatanaﬁed(akdolrbferred
contain the desir nunber, of. nol es of. the unsat ur,at ed car I|c
enctant per TOFSTORGLTE Sle g HRa B BN B e CAO R e HaL FOef ey
backbone agd tch AT itfcadsel tieandmsl lene” regishant are mi xed and
heated whil e add| ng%lchl orine to the hot material. While chlorination

normal 1y hel ps i ncr@agiedprstippalization qag;befﬂcemhﬁheﬁ@yep@sﬁmse el ymer s
wi t h nonounsa 4 t SFTAY

wi th sone of Eﬁéﬁ%%ﬁ%r?grg %gﬂﬁgéﬁéo@%?%ﬁ%g ((E:I(Egltr‘;'%i n:EFp at e@o%ggeluse I'n t?ie
present i nvenprecﬁﬂsrablparto 7 cndsa?d ghldrinese bpmethe,rb"ae@ﬂ thywergbt drpolymer or
hydr ocar bons $ess. 2 term dc

Pactivi vy PRl BY phisemheehiortisd: BROHTC R R A Y cbstemperature
nonounsat pp at eflgd tdﬁLSDP@ ibfetally 168G 26U°C, €9120 ©AMDAX Ybii dboliE®BS tATT, |

ar e cont acted at el evated ten]%er ature to cause an initial thermal

"ene" react i oRrefesalilyitdo phgets. Thebalpgeaated pplymar e hydeasprborr fhereinafter

hydr ocarbon o i i

at tachnent  of 5?%‘%%%‘%’3%‘2@%?8‘??’3@%@%3? O ued Rl GBIOGR ddding
vari ety of rrettfwdqmreﬁmmnbxmf}fhmtlonﬂmqwieyme&xc badkbemd, a.gi,mnomnsatmra&rdl id
form may be atu d i r.eact as
toser i boy anostrooniiepstans sl FpdR A3 SR i RO s o b it o

performed2in $0]di.] D, 8 lidies, Glichf thatlige fra&rs olthiae®will confhirgthe\dadirRd number
tenperature in the rg‘r}]@e of about 100 to 260C, preferably 120 to
240C.  Pr ef er aBf fpoles f theanongpseliraly ?afb%%ﬂrea?taqttpﬁhaolﬁdﬁm hglogenated

acconpl i shed pRokBofds n%lt%hlah%?? 'tﬁ@ﬁdcﬁﬂorﬁ'ahd %ﬁ'rbﬁdoﬁﬂsaﬁf?ﬂ&@bd%d}@hc Feablant
1 to 50 mass % preferab mass % pol yner based on
initial total agimixedangd hqgted while addmg chlorine to the hot material.
While chlorination normally helps increase the reactivity of starting olefin
30  polymers with monounsaturated functionalizing reactant, it is not necessary with
some of the polymers or hydrocarbons contemplated for use in the present invention,
particularly those preferred polymers or hydrocarbons which possess a high terminal

bond content and reactivity. Preferably, therefore, the backbone and the



The free-rabli cal initiators that may be used are peroxides,

hydr oper oxi des, and azo conpounds, preferably those that have a
boiling point greater than about 100C 15 and deconpose thermally
within the grafting tenperature range to provide free-radicals.
Representative of these free-radical ini't4°ators are azobutyronitrile,
2,5- di nmet hyl hex-3-ene-2, 5-bis-tertiary-butyl peroxide and di cgrrene
per oxi de. The mMosp¥isaEHed ﬁm‘éwnalstéae,a%%%a|°ﬁf§0¥_ 1egeastinf ATAPEAG0AL of
bet ween 0. 005%e@ﬁgdr§c%pg%uﬂ@{mﬁs%3§ﬁaﬂﬂcﬁm "difet GhktidAlto tRE plRACEAON
m xture solution. Typrcally, the aforesaid 20 nonounsat ur at ed

car boxyl i c reaschors andltreminal and free-radical initiator are used in a
wei ght ratio range.pf, from,about 1. 0: 30;1 A 3. 0
6: 1. The grafting F@e}adé?ceafbé’glo§p81 rgf%%kg%qe%b%ﬁfn?{xé{aﬁ Q%I%Ib rg%%tgf e,
such as unger aichmegesT fhtcdioke nidigies Toag tHrpolyimen ghadad byedvapietyofenethals.
characterized_by havi ngﬁcar boxylic acid (or, e%t er or anh%dr%g’%l

moi eti es rand&AT GraBPleatif@@EE I SPIREOTHYN LY ARld OFR: TS bY grali wifp the
under stood, 25, ObufsQF3&s caltidRlliSRABaR] astdliBEA YUHRE, i AR B8seh&BHalTree-
ungrafted. The free radical grafting described above can be used for
t he ot her pol yadigabinitiatorh Wairenqwrfommes 1o solutien, reesefting fakeadegh an elevated
The preferred,nonounsat yrat ed ac S are Jus o

fUncti onal | ze “PREHLERL R EuES of FREL R 260%, aiRally HEa 307G Prpfecebi:
materi al, 10. efiee-batlicdl iniutaddirhfieg wotld3RactdinRishelin Amtiaérailhbridatiag oifli Nng
(1) nmonounsaturated C4 to C20 dicarboxylic_acid wherein (a), the

car boxyl gr ouputigrecopiainipge.e.(lito g0 o e PEEETEY adg Awats "feaPlaswﬂa&ss%q
and (b) at | eagtin@BotaPseiSn@hl y both, of said adjacent carbon atons
are part of said nmono unsaturation; (ii) derivatives of (i) such as
anhydrides or C1 tBhafseeatadishlohitidiors thetdnay bepsed argporoxishes, diyéroperpxides; and
(i); (iii) nonpgu t t . . ] rejhathe
car bon- car bonggc)f)ou é)H{’)%shggfes%% é%ﬁﬁogég?{eﬁg\@%?ﬁﬁlﬁﬁ%é&égggagér&h Aé\?%ﬁgi, fhlo.g. ,
of the sttéict aiddectinpaifdGhermaligwithin)thelghiting ténvssatode r{rigeit) powide fms- Cl

to C5 al cohol derjved nono-. or .diesters of (iij). MXxtures.aq
monounsat ur at _mélafr gﬁﬁw‘?ﬂgﬂ#’fﬁf’égﬁ"%ﬂ eeripfical lélfletfzssﬂrw@gumﬂﬂk fded.
Upon react i ondhdiyiides-Baek Bone et g-binngdrsEial sdedibfereheloifle. The
nonounsat ur at ed carboxylic reactant becones saturated. Thus, f

or
exampl e, mal einitizgpmyhen weddupiertyds Baedim ameneis of betweed).AQée and 6 by
anhydri de, an J I K PANGs [t | Ol G, .
aci d. Exenpl agﬁ%gyég%&c%@%%ﬂvo ggﬁ? g'?g& ca{rkguor%/kﬁ ?%dnr' :@?&gﬁi’gma%agmd
fumari c agfd, mohawsahmteciahox i reaatard oiatkriahaider ee-radibal dmifigter are used in a

10chl oromal ei ¢ _acj d,. chl or | el c rjide, acryli,c acid, L
ot haoryl e atedi giofe e R gbSu LR A E rdShliy % GRE Thagpting s
(e.g., C to F&ef@éﬂiyl:éniad:bud i ed Rl aBhoshRee,[s0EL4QIndeh nifogbn bldiREtHE The
mal eate, ethyl fumarate, and nethyl fumarate.. To provide the
requi red funcieuiiag efed plymanis shitactenized Py having eRsRaviie agid 4rieaist or

preferably malejgx i j il L. "%@m
rangi ng 15 frgﬁygggﬂ{ﬂy dgéﬂue?ﬁ%ng%ﬁ[’}a&nghlﬁﬂ a}[Mé-J gé%%@lﬁ?%%chh@g?f‘%@ e cesrsS',mOd’
preferabl ¥55 pirosmentheisoteef tegolynrashanomemainaingrsfied The fred npdienl gpafting
hydr ocar bon. react e oHnsat ur ca lic r tant can
be renoved frg%ﬂg%g aﬁ?ﬁ%‘%&%ﬁ??ﬁ%@én Bog}egaﬁ&ﬁgﬁyafa $ gar%%a}{%or?ﬁﬁg,ﬁle presen
stripping, usimgkidtiopnunder vacuum if required. The functionalized
oi | -sol ubl e pol yneric h)lydrg)car bon backbone is. then 20 d rivatfgzﬁe
with a nitrogen-comSRRICAG MIBPRSHHIFGdTeqciants thafare wgt fp actipnalizsthe
anm no- al cohol backBbRRomPriseinSholr8d UREABRYlIc dcfl HReMIa. & Aclde sRRaHEd) or
derivative. Am ne conpounds are preferred. Useful am ne cormou_nds for
derivati z3hg pradesteraraierialdgclpding femenesnppiagd Gito Coaliearbaielia atid svharstn
can conpri se [
o oups. " ThoselhaenarBRydRishe AR, AR, Wttt ol sliberk GG Yy ar P
least one, preferably both, of said adjacent carbon atoms are part of said mono

unsaturation; (ii) derivatives of (1) such as anhydrides or C; to Cs alcohol derived



30 preferably 3 to 9, nost preferably formabout 6 to about 7

ni trogen atons per nolecule. M xtures of am ne conpounds mnay

advant ageousl y be used, such as those prepared by reaction of

al kyl ene di halide with ammonia. Preferred am nes are aliphatic
saturated am nes, including, for exanplé?41,2-dianinoethane; 1,3- -

25- di am nopropane; 1, 4-di am nobutane, 1, 6-djanm nohexang, .. . )
pol yet hyl ene &A= drtar g _Inw%lﬁéaw‘ieaﬂ# ng??wmnef%wr@h&wd wherein
tetranine; tetfagiyinlendnRemIaRINags cijtkaRAl Wi P YArBHSAHRE Fe SoHe aS
1, 2-propyl ene di am ne; and di-(1, 2-propyl ene)triam ne.  Such _ pol yam ne

m xtures, knowmokere FART-GR-eanddirsenvailves o fHUR isnehis € o8 alcehal derivpds

¢ . I ) X . ) ' et LLina
P ght ends. fr St GRS 61180 2 Mtk it BRoBALIEA ciboRy RO} 6y
"heavy" PAB also hi2AkE usede Uilos seactiomwith thelHaykteugithedbmunddneaorogfehd | es
and attri butes of both PAM and/or HPAM are descri.bed, for ex le,.in
'S, Cha oot NBROURGHE ROy isrpacs i bemzs GAiopipd. sy S GrgNmIa maleic
5,565, 128; 5, £hifdfidd hecdmed ackBltc Adlithiod SitcihRenh Ak susgbubiaant ne

conmpounds include: alicyclic diamnes such as 1,4- di(am nonethVl)
cycl ohexane aheromess backbyrs-substitited prppirnicasish tirgmplane of sish menelmsdialeds .

Anot her usef ul - f i i . 1. .el .
o e nes. acafBlR @l Nl holf, (PANMENIE SBOE 48 RYEE anhypide
4, 963, 27510 andhlbroaR®i©a3d, chlosonale e biteydiide, tariyké hgidimetyaretifykiacihmoic
nmet hane (TA as descri bed in, 15U..S.. Pat ent 4. 102, 798: .
a6 ) 158 Gt g ond Bar iyl (cerarts e flkyl) adid puts REths forneaing
and conb- st r uglgUnthyRHaRef, &Ryl fikaa@tcDendii&lyl foinfiatedr | y, One may use

condensed ami nes, as described in U S Patent No. 5,053, 152. The
functional i zed pol Verarovids theagayieed fypatignality thgwnprousgangated aarber hig

conventi onal i i i ,

Noe. Ca b3a- 4k G, BESAATRARRGRR DR Bl GIPIcsed i aBopftsihe

pref erred1@i sfremsntt egoimpdsiatrioont tb sbarn é 0¢ orpy Yoskenys, preféreblg s to A@ mass %
ol yal kenyl succinjm de, .which i he reactio roduct, of a

Do val kemyl SEiets bifed B sifmhdifh drbolvitea PPRG O GRGR Uhafiiiens xcdy

pol yam ne ( PAMonéuiitufaes carboRylR redi@ant ain i refot¢dofona RufinaDdi§ferdait about

1.25, preferably from about 0.8 to aboui}T 1.1, nost preferably from
25about 0.9 tBrodBI &Y 10T exanple, strpBinestalbt undss woapa.df sawre. " coupl i ng

ration my be defimethasicAaliah ol sBhbl Rl RLaBUF SlcRYinedl @EpS 1 N
the PIBSA to the nunber of prinmary am'n€ groups in the polyamne

r eact ant . 2(Anodé¢revatizddawith ofitrhgeprcontsindngihenlcophilig tactast hwhes di apinesaming:
conprises Marpm.gh,has nden 0 rroducts. General l.y..1hese
products are %F@iﬁér%dg%§9§%&é%@a%%ogi tﬁgfoa %ﬁ?neg%@gﬁldgnﬁétwﬁ' TASHGC chain
al kyl - subst i t cdmsbuftdnge peaferfed! YRyl aine bemgamds Nir dbriaiomg flricboralized

nmol es of car bonyl compound e.g., fornal dehyde and . ,
T o or el dehBUERTS HaPR A 1955 e Gnind il GEn GRRGE Gaf PR e EPY APRE.
as di scl osed, of Qhier@XRAPE 65 pold? ghdups. TidsE Bnirdd maP béAYar80Pby] heles Wpmay ch

base condensation o )
25  be predominantly hydrocarbyl amines in which the hydrocarbyl group includes other

groups;, e.g., hydroxy groups, alkoxy groups, amide groups, nitriles, imidazoline
groups, and the like. Particularly useful amine compounds include mono- and
polyamines, e.g., polyalkene and polyoxyalkylene polyamines of about 2 to 60, such
as 2 to 40 (e.g., 3 to 20) total carbon atoms having about 1 to 12, such as 3 to 12,

30  preferably 3 to 9, most preferably form about 6 to about 7 nitrogen atoms per
molecule. Mixtures of amine compounds may advantageously be used, such as those
prepared by reaction of alkylene dihalide with ammonia. Preferred amines are

aliphatic saturated amines, including, for example, 1,2-diaminoethane; 1,3-



- 26- products may include a polymer product of a netall ocene
catal yzed pol yneri zation as a substituent on the benzene group, or
may be reacted with a conpound containing such a pol yner substituted
on a succinic anhydride in a manner simlar to that described in U S
Pat ent No. 3,442,808. Exanples of funct i"&fal i zed and/or 5 derivatized
ol efin polyners synthesized using netallqcene catal yst systens are
described in £Rgu RBGt i"gﬁjﬂé‘m?rﬁ’ Htf‘i“f’ﬁeéd‘%?ﬂﬁlloa‘?x“e’ p%?y?ﬂ’é'}gne amines such
di spersant (s) a0ficthYRnPERERIY, it @RnAS tdifacth§leadbbentdi@Re; A8A yMer i ¢
(e.g., are nono- or bis-succinindes). Dr'ésersant(s. articularly

i

the | ower nol peliPrapylrsagtines grdyrs ] Japropylenadianinepsd hlafwgppml@n@maatiw.

Such di spersa j 5

caught 1 U oo e ARG Raln BOPAED b A incl Ry 1) AR
Borati on df tmefahiedpelyamirie mixturesaats nixtaecdaived b ddtilhiyg thedaht evgls &nm
e 0 SR B R R SO MR e,
boron oxi de, d P as;> t o] 'dsy

an anmount suf EdrememntallyQvalaBlel d8e bicparisdMe atibiict Of BIIPHAMAhdAR HERAMTIafe
proportions of bgoron for each nole of acylated nitrogen conposition.

Bor at ed di spefesgiited, foagxperladel-S- Saspoedd. 28 He8 1 it oal i pplellts
conposi tions Rr .4 i 4 a portion, of the
requisite am%%?f’g@’gbsﬁgg.%’ j’i%%ﬁ’sﬁzgr?gajr???ﬂi é§?€£8 “from highly
reacti ve bl yi sobubtheemefilamgclyempotrgis inthide: Pregeliadbarhinks suchas hég- oi |
conpositions wth a credit relative to correspondi ng, 20

G sher sant | qetiamaSPHERD e5fPiein R BoissRyn sfeiih EFEP A S35,

ICred:t ifs of hmﬁaszitoﬁyésarAﬂdm?péean@ﬁséﬁa{rmmsiiﬁmﬁbslya?mmo% ﬂi_rl_élhﬁed gdideed
evel s of ash-containing antiwear agents, such as : us, in one
preferred enb¥Binfb#kdiscised Balde- Bﬁ%ﬂtg{%p‘@g@?ﬂf’; ©2e&10% 49AS211iBPd cat i ng
oi | conposi ti 9nse 67 Ao Qiagﬁs%ﬁ-isg{}&%&&ﬂn% ?a?mi?l@ rietfdle [TOM N @&8libed in

reactive {)ol yi sobutyl ene. 25Non- di'spefr sant /det ergent boroh sources
are prepated YyB. Petant Nosg440had?%H,1d 5,02 unld 676 hand UK PE9, 4081, UPndriers,

oi | -di spersib, i t.]yve . I 0 un ek oron
oxi de, boron 46§‘i"§%d"’ﬁ‘§}ﬁ?sa%“§°°§’%F3§%H‘tqgﬁd&>%‘ ?%Eg?n%oa?%n etug?quél}%}lgrgyg ,Og%%l(rg%n
tribrom de, bmse@andanbaidntineses debaibed iral0iSdPatentiN@S$,d50/1 6 Thafheijonbitved C
aci d, tetraborilc aci d ang rrtgtgéaor,i c acid, .baron Q)/dri des,. boron

ami des and vaRqlB0E BEraget st the apige pompgund usinggonvapficral HARIMES Fer sant
boron sour cesdesgibedCRMBLAnSSe, MY, P iPhtefiONsEOl 034 BT Ala-LOOL@D NsRERN as in
conmpound, but_preferably conprise one or nore boron-contal ning

addi ti ve@%noﬁﬁr&%oﬁﬁ%rt enhanced properties to lubricating oil
conpositions. Such - L0 W i \ r

borated - 27- di SpLrAaRdbeu pRtl s KRS el e ong HATR Gy
met al or al kaducreimsde, twhictets dliie batiat prodbarofit edlysikeny) ashest tubagtsatcinic

detergent; borated, epoxide. ,bor.ate.ester; d,bqgrate am de.. Al kal i
ot el Sand al vy Re B s A PR SLER S, AR AR . SoiRR B o O
particul ate Sabyat@bs kodbabes2s, whifehbla femkibow 0.8 b 4038t BI tmosfbiefriblyBé@/
borates i Iu%g r‘r&ged al kali and al kathe,e rth metal borates. These
metal borén es?PQPE)-Aiethonhl-eIndBsrRatet & dl%s@avrsséﬁtl%lmg«@wpawrhes

descri bi ng suddmabd & @}ahabh%hﬁﬁbe@mu%h@g}gg s Bahd PIHSR! Rlthdeesr and

their nethods of manufacture include ent Nos. 3,997, 454;
3,819, 521; 3,B8Bary Aminexzronpp in the;poyagdm ra8dant.and 4, 089, 790.

Another class of high molecular weight ashless dispersants comprises

Mannich base condensation products. Generally, these products are prepared by

30  condensing about one mole of a long chain alkyl-substituted mono- or polyhydroxy
benzene with about 1 to 2.5 moles of carbonyl compound(s) (e.g., formaldehyde and
paraformaldehyde) and about 0.5 to 2 moles of polyalkylene polyamine, as disclosed,
for example, in U.S. Patent No. 3,442,808. Such Mannich base condensation



10The borated am nes maybe prepared by reacting one or nore of the
above boron conmpounds with one or nore of fatty am nes, e.g., an

am ne having fromfour to ei ghteen carbon atons. Borated am nes nmay
be prepared by reacting the amine with the boron conpound at a
tenperature of from50 to 300, preferabFy6from 100 to 250 C and at a

ratio from3:1 to 1:3 equivalents of am ne to equivalents of boron 15
cormpound. Bor BYogHcts mey {nchids ripgbanes prodpeép metallogene calalyged palvipsrizatien as

of one or_mor Qs@r]csti%:@ﬁ"t_ ARy @cﬂ%{e%o@ﬁggﬁ%ﬂéremtw‘wﬁﬂalﬁ@ﬁﬁéuﬂﬁ@@nt?irngll% 8

epoxi de. The epoxide IS gener at1 c epoxi avi ng
to 30, prefer azhy pohyorer §ebstititélon anuranip reliysiridb in/a menmer Sigilaoto2nt

b t oms. Exanpl. f |, al. ' i . i ncl yde, hept yl
epox de 20 andoREan Upbetat o 3P BB BB PSRt 50" Y e
for instange e@maRi finPoxfrhére SynttesREDNIitER ethdddengcdidl Gisylsfentstard 6

carbon atons and from 14 to 18 carbon atons. The borated fatty
epoxi des are Geqdvedin hogyslipatigngidgntified ¥¥ei bed in U. S. Pat ent

4,584,115. Borate %&%B%Y%Bfkﬁg%%t%eﬁﬁoﬂ ﬁ@@?éf&%lg?&l-ﬁélyggfig(eﬂ,

t he above boron 25conpo _ ne or nore al cohol sul
ol eophi l'i ci t yareTygooeed Higrsucchmmidegohol contains from6 to 30, or from

8 to 24, carbon atQns. od f ki na _such bor at sters, are known

o the ars Berpi sk Bl CRE I TaiCho Y WRleh SRiRlis o

Such conptlindsptioatitly iy essd eSuch@lispamitaginde boraaltpaisndstiond! éneans, as

described in EP-A-0 684 298, Borated 30 over bﬁ%ed rreéal de@ﬁ;gents
& 512Re S 4aPih

are known in &merallytaunghind).s rkatenb Nag &,.08015304 % gatiqp of
the core el t he: dpeBai s @idiiyhokdhblisndell idaangkn adlhibyeScoRRiniRg

incorporated into the conpositions o e invention to enable =
particul ar pefisparsaphwih pboencempenns sueh dsdonaa oxidex heroh balidsfboron apgls, and

addi ti ves whi el o0, L HARTulind 1 SRR G840 S0l dno GATPRSIbbLORS
of the present Thvention até netal rust 1nhibrtors, viscosity I ndex
i nprover s15 coatom$d opdriidristaif boros foreaciombleat acylitedhitrogen colpositipmnBorated

nodi fiers, anti-foam ng agents, anti-wear agents and. pour.point

epr essants. SRS 5P LG SLor e HiR DHESE T b Gl G SEhPHRR ¢ i on
to the di sperséitondasdll bedpaheny, 8f the¥&fuishia bindentQfboeaMposi ti ons,
particularly lubricating oil conpositions for HDD engi nes, preferably

i ncl ude addi tives IdFpatntsderived o highbprerdive nolyjsobuylene yvg beqn fopndired

R e

f ol | owi ng2tt r dispenvant derived from conventional polyisobutylene. This wear credit is of
particular importance in lubricants containing reduced levels of ash-containing
antiwear agents, such as ZDDP. Thus, in one preferred embodiment, at least one
dispersant used in the lubricating oil compositions of the present invention is derived
from highly reactive polyisobutylene.

25 Non-dispersant/detergent boron sources are prepared by reacting a boron
compound with an oil-soluble or oil-dispersible additive or compound. -Boron
compounds include boron oxide, boron oxide hydrate, boron trioxide, boron
trifluoride, boron tribromide, boron trichloride, boron acid such as boronic acid, boric
acid, tetraboric acid and metaboric acid, boron hydrides, boron amides and various

30  esters of boron acids. Suitable “non-dispersant boron sources” may comprise any oil-
soluble, boron-containing compound, but preferably comprise one or more boron-
containing additives known to impart enhanced properties to lubricating oil

compositions. Such boron-containing additives include, for example, borated



(ra(Y')a 10Ar--(-L-Ark where each Ar independently represents an
aromatic noiety having O to 3 substituents selected from al kyl,

al koxy, al koxyal kyl, hydroxy, hydroxyal kyl, acyl oxy, acyl oxyal kyl,
aryl oxy, aryloxy alkyl, halo and conbinq%%pns thereof; each L is

i ndependently a |inking noiety conprising a carbon-carbon single bond

or a linking 15.9roupsr - h Y i i | het: t
formula Z(0( Cé?? %)333}1;@’1 lﬁﬁré‘r"%l" %k%limg@ﬁ%@?éggﬁ?aﬁlorﬁt?lﬁ %%zl%{e %}lgr?gé?@; R
and R are eabbratentiepeddeabhyed aetad detexteiity boratet] efclxide) b&iGiteadstey; landibotate
aryl; zis 1 tokép; nis O0to 10 when Xis (CR 2)z, and 2 to 10 when
Xis Oor S ¢PM%|to 30; Zis H an acyl group, an alkyl group or an

aryl group; each aslglimdARGd aRAlideeallh hittabbordfes bRaEherflilEh¥ratéPpfidhilate
bears at |east one group Y in which Zis 20 not H and mis | to 100.
Such conpo®ndmetal borgiss,crhigheare ksowr i the a0 tkaliimatd bewins dnqludsanizpdsadkali
-U. S. Patent : 7. t Lgagion
sorval No. 117 apdgh it e Ol Pitad PRt s ol Bl co MR B0
agents that aRepresemmtive bhtentwii¢soribing sidtabieralliati guictaliaed btkakxie dattie nfetabal

o ycoryl “ronobSets S ek mefits PLEey oA S E L S oS T 455,
mono- ol eat e; 8346531;3{3559N9; LOW S01POLYLAIRaNYA bso 2. ds with diols,

for exanple, the butane di o’I_ester of a dimeri z_ed unsaturated fatty
aci d; oxa?®line colohniefed amings alakparerereldyarIgiing eapet mengoé the above

nono- am nes, ¢iam r 1 f :

et hoxyl af eq ¢ SRR OERERE yRY 04t pEhGRIor M MEines, OF, FBHRL Bvine amfpnr
known fricti oto ergidedni carbon atmp: iBoeated dmised miny ke prepraicObynehsting dling amine
conpounds. Such, aor gano- nol ybdenum friction nodif] al so.provi

oot ot dant - Sy SRR ERanaiad At Tbrheralit ) A50% siblorioD, Py B 460 o
conposi tion. Ex@EMPARSat Qfratflifdin 0t 1099 dRIVAIASIFRRINERD KL SNSRI SFUTRMUNS
i ncl ude dithi ocarbamates, dithi ophosphates, dithiophosphinates,

xant hat es15t hFoneawdat es, sul fides, and the like, and m xtures
thereof. Particul I r 1.t hi

di al ky! di t hi ophos S‘Eéa’%é‘é’g ,fﬁéﬁe‘{%‘/’?ﬁ%saé‘g ?‘ﬁ%ﬂ?‘@gﬁﬂﬁ?‘%ﬁ’wﬁ?‘%@ﬁ?{@ teof the
Addi ti onal | y, atidve bomoh yboleowmis edtinzo leas oneypdaéleaThaepakide ingenebadiyranm
conpound. These.conpoun will. react, Wt basi ¢ .nitrogen c und
as measur ed balpwﬂoé %@”ﬁgﬁr ogy 8 PP30opi§ ra?)I1¥ &8‘??‘8 e %?dg%ra B’fegcr}aﬁ}ﬂgﬁ?‘e
typically hexays ®ntarbdiabiel eBxAfifes BThydFal 4ipBaticthpoAaes 1aELE heptyl epoxide
nol ybdat sodi um nol ybhdat e, potassi um 10 npol ybdat e, and ot her

al kal | ne Rt abRRSHY BBTER MINETe: HepoRers BuHIResRd o igstapice cppmersidn
sodi um ol ybdakguredisldide fFom VP PR hfbon BRIMOARMYR %{ 08! dfbofl”

simlar acidic nolybdenum conpounds. Anong t enum
conpounds us eftains. Thetbhmteblattp spaxides sreqendrhllskiawneantiapndeaerébed in U.S.
or gano- nol ybdgnu nds of the fornula 15Mb(ROCS2)4 and
or gano- ol YbdgQUTTRY

Borate esters may be prepared by reacting one or more of the above boron

25  compounds with one or more alcohol of suitable oleophilicity. Typically, the alcohol
contains from 6 to 30, or from 8 to 24, carbon atoms. Methods of making such borate
esters are known in the art.

The borate esters can be borated phospholipids. Such compounds, and
processes for making such compounds, are described in EP-A-0 684 298. Borated

30  overbased metal detergents are known in the art where the borate substitutes the
carbonate in the core either in part or in full.

Additional additives may be incorporated into the compositions of the

invention to enable particular performance requirements to be met. Examples of



wherein Ris an organo group selected fromthe group consisting of

al kyl, aryl, arallcyl and al koxyal kyl, generally of from1l to 30
carbon atons, and preferably 2 to 12 carbon atons and nost preferably
al kyl of 2 to 12 carbon atons. Especi al IX preferred are the 20

di al kyl di t hi ocar bamat es of nol ybdenum Anot her group of

or gano- nol ybdenum conpounds useful .in the |ubricating . conpositions of
this inventi cddiives which iaydginghyd w@ﬁinhneewlrﬁ?@poe%w 409 BreseRbse

of the fornulg, é}ﬁ}a n]:T'lt ?iﬁﬂmdﬁ WisBSsity e’ Hhpih ek, Q!oﬁoﬁbﬁ‘lrhaﬂﬁﬂb?s
|ndependently sel ected l'igands havi'ng organo groups Wth a sufficient
nunber of cardxadatian onhébitoos, fction mubdifiersy; enti-faeming Fagntsointiblvear ggents and

di spersible in the o rom 4 through 7,
Qis selected PFB%DE%egreésrangso er?eeu%scu Seﬁfm Mgﬂ’de?olnl{'f %r?g conmpounds
such as wat er, amfe&ditial Hahedisperfahrsipfiribed aboraduleidadngoeil asipasitioanges
fromO to 5 and i ncl udes non- ftoichj _orre#ri val ues. gﬁc&g ast 1 total
car bon at ons ReHHUlaglypebrisrliagei comrosigions for PREYAPT dnglp

such as at | ecﬂaftxvgéeffc%ﬁvé f?rafﬁé dlg‘l%rsug{ oftbot. QA8 PubdisicRHARM ﬁbﬁ{&non?OThe

nol ybdenum conpounds descri bed above, in addition to provid

fiction- r ed@ﬂﬁ/@@ﬁ@@e’rlﬂp@@ra &lab dlsplromsrcaealamapmmméucémnftasylam agents
t herefore, éb enmunr1S clis1 avestpu%&n used in lubricating oil
conposi tions arn diourits of ZDDP. Wen used in
such reduced phosphor us I ub(Yg@tr ng (qn)h conpositions, - 30-

nmol ybdenum conpounds have beEn used i’n amount s i ntroduci ng from about

10 to about 1000 ppm such &s 10 tolabout 350 ppm or 10 to about

100 ppm dio nol ybdenum (rreasu’r S af®lms of m)l ybdenum . The

Vi scosi ty '”%Eeﬁe Lach G iDf &d%ht?f%re?en'tsnﬁ{ﬁ g)h%r g\é%’ ststifents
g Eriare

i ncorporatin er eI N certaln nmeric unc ion as
viscosity npdefected Srofn\dikyl, a)koxw; ﬂk@s_,rlalkyl hpdtexy, ihyproryk, z(cylok)r

General ly, polyneric material S Viscosit. drf are
Chose. hayi ng AURBEISARY Bt P BC e CH PP bR Bt

5, 000 to aboyhdeperlicd ahﬁmﬁgﬁr&@} ymﬁlrrem onlo'éﬂ%@ erﬁh@urannkmg
200, 000, nore preferably from about 20,000 to about 150, 000. These
vi scosi t Y Srodreune pachR s indenspdentiviaaeletyiof thegformuln A0 (R )Nl \shestKhS
B8 oh O XA BLE EROANPEAE R Ak LRPelh HldbSEHR ALl Bea A8 1,

reacted W th am des, nitraogen-contal ni
het er ocycl i ¢ te@gpliyhatsl aoyl; 21sdahdl; n is® tbdﬂrwh&ul}ftls(mb)zl and@ltom)msith

nodi fiers (dr e sa.n ifiers PoI cul ar ht ,
Speci 11 oal |y GRS 0RN a0 e i AB SRy, i 5Tt B R Gl = Bne.
conveni ent nﬁﬁdbpelndeﬁﬂgeho Dot iagtoneAr ﬁﬁl&ﬂﬂbmﬂl@éﬁ@ﬂ)gr&t@a@n whoh Zhs
addi ti on%I |y provides nolecul ar weight distribution information (see
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the ligand organo groups, such as at least 25, at least 30, or at least 35 carbon atoms.
30 The molybdenum compounds described above, in addition to providing friction-
reducing properties, also provide antiwear credits and, therefore, molybdenum
compounds have been used in lubricating oil compositions formulated with reduced

amounts of ZDDP, When used in such reduced phosphorus lubricating oil compositions,
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15  chromatography (GPC), which additionally provides molecular weight distribution
information (see W. W. Yau, J. J. Kirkland and D. D. Bly, "Modem Size Exclusion
Liquid Chromatography", John Wiley and Sons, New York, 1979). Another useful
method for determining molecular weight, particularly for lower molecular weight
polymers, is vapor pressure osmometry (see, e.g., ASTM D3592).

20 One class of diblock copolymers useful as viscosity modifiers has been found
to provide a wear credit relative to, for example, olefin copolymer viscosity modifiers.
This wear credit is of particular importance in lubricants containing reduced levels of
ash-containing antiwear agents, such as ZDDP. Thus, in one preferred embodiment,
at least one viscosity modifier used in the lubricating oil compositions. of the present

25  invention is a linear diblock copolymer comprising one block derived primarily,
preferably predominantly, from vinyl aromatic hydrocarbon monomer, and one block
derived primarily, preferably predominantly, from diene monomer. Useful vinyl
aromatic hydrocarbon monomers include those containing from 8 to about 16 carbon
atoms such as aryl-substituted styrenes, alkoxy-substituted styrenes, vinyl

30  naphthalene, alkyl-substituted vinyl naphthalenes and the like. Dienes, or diolefins,
contain two double bonds, commonly located in conjugation in a 1,3 relationship.
Olefins confaining more than two double bonds, sometimes referred to as polyenes,

are also considered within the definition of “diene” as used herein. Useful dienes
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include those containing from 4 to about 12 carbon atoms, preferably from 8 to about
16 carbon atoms, such as 1,3-butadiene, isoprene, piperylene, methylpentadiene,
phenylbutadiene, 3,4-dimethyl-1,3-hexadiene, 4,5-diethyl-1,3-octadiene, with 1,3-
butadiene and isoprene being preferred.

As used herein in connection with polymer block composition,
“predominantly” means that the specified monomer or monomer type that is the
principle component in that polymer block is present in an amount of at least 85% by
weight of the block.

Polymers prepared with diolefins will contain ethylenic unsaturation, and such
polymers are preferably hydrogenated. When the polymer is hydrogenated, the
hydrogenation may be accomplished using any of the techniques known in the prior
art. For example, the hydrogenation may be accomplished such that both ethylenic
and aromatic unsaturation is converted (saturated) using methods such as those taught,
for example, in U.S. Pat. Nos. 3,113,986 and 3,700,633 or the hydrogenation may be
accomplished selectively such that a significant portion of the ethylenic unsaturation
is converted while little or no aromatic unsaturation is converted as taught, for
example, in U.S. Pat. Nos. 3,634,595; 3,670,054, 3,700,633 and Re 27,145. Any of
these methods can also be used to hydrogenate polymers containing only ethylenic
unsaturation and which are free of aromatic unsaturation.

The block copolymers may include mixtures of linear diblock polymers as
disclosed above, having different molecular weights and/or different vinyl aromatic
contents as well as mixtures of linear block copelymers having different molecular
weights and/or different vinyl aromatic contents. The use of two or more different
polymers may be preferred to a single polymer depending on the rheological
properties the product is intended to impart when used to produce formulated engine
oil. Examples of commercially available styrene/hydrogenated isoprene linear
diblock copolymers include Infineum SV140™, Infineum SV150™ and Infineum
SV160™, available from Infineum USA L.P. and Infineum UK Ltd.; Lubrizol® 7318,
available from The Lubrizol Corporation; and Septon 1001™ and Septon 1020™,
available from Septon Company of America (Kuraray Group). Suitable styrene/1, 3-
butadiene hydrogenated block copolymers are sold under the tradename
Glissoviscal™ by BASF.
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of the concentrate, the remai nder being oil of lubricating viscosity.

As used hePei feactep@vitheforgsxqihple sivunassamiges aittogebemmiziniog hgterpeyclic
roLYbdenum <og by FERAENYD SR S AERRL T, L Teter o
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il e Lt b undersh oot Ll ercheer o e 1ol g cramlse,
i nclude pref ecsRMAnRERAOGKINE Hchictd a SRLIYNYE sty in the pre-blending stage it has
10 been observed that some compositions increase in viscosity when stored for
prolonged periods. Additives which are effective in controlling this viscosity increase
include the long chain hydrocarbons functionalized by reaction with mono- or
dicarboxylic acids or anhydrides which are used in the preparation of the ashless
dispersants as hereinbefore disclosed. In another preferred embodiment, the
15  lubricating oil compositions of the present invention contain an effective amount of a
long chain hydrocarbons functionalized by reaction with mono- or dicarboxylic acids
or anhydrides.
When lubricating compositions contain one or more of the above-mentioned
additives, each additive is typically blended into the base o0il in an amount that enables
20  the additive to provide its desired function. Representative effective amounts of such
additives, when used in crankcase lubricants, are listed below. All the values listed,
except for those referring to metal detergents, are stated as mass percent active
ingredient (A.L).
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Preferably, the Noack volatility of the fully formulated lubricating oil
composition {oil of lubricating viscosity plus all additives) will be no greater than 20
mass %, such as no greater than 15 mass %, preferably no greater than 13 mass %.

It may be desirable, although not essential to prepare one or more additive
concentrates comprising additives {concentrates sometimes being referred to as
additive packages) whereby several additives can be added simultaneously to the oil
to form the lubricating oil composition.

The final composition may employ from 5 to 25 mass %, preferably 5 to 22
mass %, typically 10 to 20 mass % of the concentrate, the remainder being oil of
Jubricating viscosity.

As used herein, the terms phosphorus content, boron content, molybdenum
content, magnesium content, calcium content, etc. refer to the content as measured by
ASTM D5185; and sulfated ash content refers to the content as measured by ASTM
Dg74.

This invention will be further understood by reference to the following
examples, wherein all parts are parts by mass, unless otherwise noted and which

include preferred embodiments of the invention.



Tappet Weight Loss (ng.) 85 100 max Cam Shaft Lobe War, Snap Gauge

(um 43 55 max 25As shown, O 1, a 5WI0 grade | ubricant formul ated
with all Goup Ill base stock and having a phosphorus content of |ess
t han 1200 ppm was able to neet the wear ﬁerformance requi renents of
the APl CJ-4/Cl-4 specifications. “PHle di scl osures of all

pat ents, artiﬁmm her materials described herein are hereby
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principles, peabigh #nfIRARNAPRERNABUndRdERsRn QREAAL 188 e&is)! AODP, soot

present invention have been described in The foregoing specification.
Vhat 5Sappl$ cadisgersanh i combinatipeof ashiesss sitlfusiiiee phenolie and drginwantioxidiods (0.7
construed as |im ot articular .enbodi nent s di sclosed.. since
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departing fromthe spirit of the invention. - 36 - CLAIMS 1.An SAE
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sulfur and 0.12 mass % phosphorus) in a blend of 4 and 6 ¢St. Group I1I base stocks.
10  The resulting oil had a boron content of 65 ppm, a magnesium content of 1156 ppm, a
molybdenum content of 44 ppm and a TBN 0f 9.9; 79 % of the TBN contributed by
overbased detergent (52% of the TBN of the composition), was provided by the
overbased magnesium detergents.
Valve train wear resulting from the use of the above lubricant was measured in
15  aCummins ISB engine test; one of the engine tests for the API CJ-4/CI-4
specifications for HDD lubricants. The ISB engine test includes two stages. Stage 1
runs for 100 hours to produce soot in the oil. Stage 2 is a 250 hour cyclic portion,
intended to produce heavy load on the engine in short bursts. At the end of the test,
the valve train parts are measured for wear, reported as tappet weight loss, in
20 milligrams, and camshaft lobe wear, in microns.

The results achieved with the exemplified oil are shown in Table 2.

Table 2
Oil 0Oil 1 Passing Limit
Grade 5W40
Tappet Weight Loss (mg.) 85 100 max
Cam Shaft Lobe Wear, 43 55 max
Snap Gauge (nm)
25 As shown, Oil 1, a 5W40 grade lubricant formulated with all Group III base

stock and having a phosphorus content of less than 1200 ppm, was able to meet the
wear performance requirements of the API CJ-4/CI-4 specifications.
The disclosures of all patents, articles and other materials described herein are

hereby incorporated, in their entirety, into this specification by reference.
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37 - 7. Alubricating oil conposition, as clainmed in claim6, wherein
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0.115 mass % of nmagnesium 8. A lubricating oil conposition, as
clainmed in any one of the preceding clains, having a TBN of from7 to
15.



9. Alubricating oil conposition, as clainmed in any one of the
preceding clains, further conprising a nol ybdenum conpound in an
anount providing said conposition with from 10 to 350 ppm of

mol ybdenum  10. A lubricating oil conpgsition, as clainmed in any one
of the preceding clains, further conprising at |east 0.5 mass % of an
ashl ess anti oxi dant selected fromthe group consisting of sulfur-free-
phenol i ¢ afifliAM$ants, aminic antioxidants, and mi xtures thereof.

11. A lubricating oil conposition, as clainmed in any one of the

o eceding. ql My, L4 S0SE SOPMELAN AL RN on BRI AURTAESOG) 1 0

di spersant,”in an anount provi 05| I on
wth at | easttef® oﬂ:&b grefss%anfl Omass Qfgelsulfur téhtenfof nﬂtgremtthan@ 4cmdss %, and a
conp05|t|on d.n clai wherei n, sai d tro en contalnlng
i sper sant Phesi T RbBRord st fir dia BaR ohafe B8 el O

reactive p@éqgairaﬁémtstqﬂaela&t onelo® APACI-4pAPICCIt4; agd ACEAchmmlslubrmaﬁng cas
clainmed in _an one o t he preceding clains, further conprising a

ni nor anouﬁ?néFIQPcwaggwlone soot di spersing conpound of the formil a:

cra(f)a Ar{a)(L- Amhjor WA&INEof oil of lubricatB@&ikcdity mdememd anbf bfiepingsent s

an aromatic, noje havi ng 3, substituents sel ected from al ky

al koxy, al RESSPHY k%prlsmr%wr%\waﬁ BRSSP Y pne OéH’g‘?{ed%?“P 5‘6%9‘% “}“E‘{?F
aryloxy, aty&QMWb@Lhyag hal o and conbi nati ons thereof; each
Lis |ndependently a Linking noiety conprising a car bon- car bon single
bond or a Wnki AYcast bdmass % °§%“°“ -ygrggenated; alefinpglypish gdisteinthe, npi ety of

t he for mul aoffitdatated) olefin poaek & s¥eétsd $6th Rflerk AR dl§zRbdede; 0 and S;
R and R are égﬁh |ndependgnt ly sel ected ?ggan C1 t%E%B aIkyI and

aryl; z is?@dto 10; nis O to 10 when Xis (CR2),, and 2 to 10 when
Xis 0 or 2) Y bSleabt 400ppaPaf bérdnS H an acyl group, an al kyl group or

an aryl group; each a is independently 0 to 3,
2. A lubricating oil composition, as claimed in claim 1, wherein said oil of

lubricating viscosity consists essentially of Group III base stock.

3. A lubricating oil composition, as claimed in claim 1 or 2, comprising from 0.5 to

| 5.0 mass % of said polybutene or polyisobutene.

4. A lubricating oil composition, as claimed in claim 1, 2, or 3, wherein
the sulfated ash content is from 0.7 to 1.0 mass %,
the phosphorus content is from 0.08 to 0.12 mass %,
the oil of lubricating viscosity is no greater than 10 mass %;
the polybutene or polyisobutene is from 0.3 to 5 mass%, and

from 50 to 100 ppm of boron.

5. A lubricating oil composition, as claimed in claim 4, wherein said polybutene or

polyisobutene has a number average molecular weight from 450 to 2300,

6. A lubricating oil composition, as claimed in any one of claims 1 to 5, further
comprising one or more metal detergents including a magnesium detergent in an amount

providing said composition with at least 0.09 mass % of magnesium.



at |l east one Ar noiety bears at |east one group Y in which Z is not
H and mis 1 to 100. 14. A lubricating oil conposition, as clained
i n any one of the preceding clains, further conprising a m nor anount
of a linear block copol ymer conprising,one block derived primarily
fromvinyl aromatic hydrocarbon nononer, and one bl ock derived
primarily from di ene nononer. 15. A heavy duty diesel (HDD) engine

| ubricatedw th : | | I gsﬂcrggg' i ' . one
of the pr ecﬂgﬁdi néqg+ral {rlrlilsgf:&“fgig O%ﬂldrrrlét (1) ?dolﬁl °?‘ﬂn%}ﬁ’§‘(’/%mé3’l‘ ﬁcﬁm&@g?ﬁﬂ%

per f or manc aetefgent phavidey saidicompasitisrewitlf #DBjt. teHinmes %owli mapnesivhod
conprises the steps of lubricating the engine with a lubricating oil
conposition, as clained in any one of the preceding clains, and
operati ng t8he | alnbreatirecilbgipogtion, as claimed in any one of the preceding claims, having

a TBN of from 7 to 15.

9. A lubricating oil composition, as claimed in any one of the preceding claims, further
comprising a molybdenum compound in an amount providing said composition with from

10 to 350 ppm of molybdenum.

10. A lubricating oil composition, as claimed in any one of the preceding claims, further
comprising at least 0.5 mass % of an ashless antioxidant selected from the group consisting

of sulfur-free phenolic antioxidants, aminic antioxidants, and mixtures thereof.’

11. A lubricating oil composition, as claimed in any one of the preceding claims, further
comprising at least one nitrogen-containing dispersant, in an amount providing said

lubricating oil composition with at least 0.08 mass% of nitrogen.

12. A lubricating oil composition, as claimed in claim 11, wherein said nitrogen-
containing dispersant comprises at least one dispersant derived from highly reactive

polyisobutylene.

13.  Alubricating oil composition, as claimed in any one of the preceding claims, further

comprising a minor amount of at least one soot dispersing compound of the formula:

(Ya (Ya

Ar—¢L—ADu
where
each Ar independently represents an aromatic moiety having 0 to 3 substituents
selected from alkyl, alkoxy, alkoxyalkyl, hydroxy, hydroxyalkyl, acyloxy, acyloxyalkyl,
aryloxy, aryloxy alkyl, halo and combinations thereof;
each L is independently a linking moiety comprising a carbon-carbon single

bond or a linking group;
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each Y’ is independently a moiety of the formula Z{O(CR)s),X-,
where X is selected from (CR’;),, O and S;
R and R' are each independently selected from H, C; to C¢alkyl and aryl;
zis 1 to 10;
nis 0 to 10 when X is (CR’;),, and 2to 10 when X is O or S;
yis 1to 30;
Z is H, an acyl group, an alkyl group or an aryl group;
each a is independently 0 to 3,
at least one Ar moiety bears at least one group Y’ in which Z is not H; and

mis 1to 100,

14. A lubricating oil composition, as claimed in any one of the preceding claims, further
comprising a minor amount of a linear block copolymer comprising one block derived

primarily from vinyl aromatic hydrocarbon monomer, and one block derived primarily from

diene monomer.

15. A heavy duty diesel (FIDD) engine lubricated with a lubricating oil

composition as claimed in any one of the preceding claims.

16. A method for improving the wear performance of a heavy duty diesel (FIDD) engine,
which method comprises the steps of lubricating the engine with a lubricating oil
composition, as claimed in any one of the preceding claims, and operating the lubricated

engine.



