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[0004] Previous methods used to solve this problem have involved judicious
20  selection of base oils and viscosity modifiers. Often, though, low temperature
fluidity must be achieved by using very thin base oils, and the high temperature
viscosity requirements are then met with the use of viscosity modifiers. The
tightening of the shear stability requirement has severely limited the choice of
viscosity modifiers because many are not capable of meeting the shear require-
25 ments.
[0005] U.S. Patent 6,133,210, Tipton, discloses concentrates for preparing
lubricating oil compositions such as automatic transmission fluids. The viscosity
index improver can be at least one of a polyacrylate ester copolymer, optionally
containing nitrogen-containing groups; and an esterified carboxy-containing
30  interpolymer, where one of the monomers is a vinyl aromatic monomer and the
.other monomer is an alpha, beta-unsaturated acylating agent The polyacrylate
ester can have a M. of 20,000 to about 100,000. The esterified carboxy-
containing interpolymer can have an RSV of 0.05 to 0.35.
[0006] U.S. Patent 6,124,249, Seebauer et al., discloses viscosity improvers
35 for lubricating oil compositions, being a copolymer with units of methacrylic
acid esters containing 7-12 and 13-19 carbon atoms in the ester group; and a
comonomer that can be dimethylaminopropylmethacrylamide. Auxiliary viscos-
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SUMMARY OF THE INVENTION
20 [0010] The present invention provides a composition suitable for use as a

functional fluid in a variety of climatic conditions, comprising the following
components:
(a) an oil of lubricating viscosity;
(b) 4 to 12 percent by weight of a viscosity modifier having a weight
25 average molecular weight of about 10,000 to about 60,000; and
(¢) 1 to 5 percent by weight of a second viscosity modifier, having a
weight average molecular weight greater than that of component (b) and being
about 50,000 to about 200,000;
wherein (b) is a polyacrylate or polymethacrylate and (c) is a polymer
30  comprising vinyl aromatic units and esterified carboxyl-containing units and
wherein the total amount of component (b) and component (c) is 5 to 15 percent
by weight.
[0011]  The invention further comprises a concentrate comprising:
(a) about 10 to about 70 percent by weight of an oil of lubricating viscos-
35 ity;
(b) about 20 to about 80 percent by weight of a viscosity modifier having
a weight average molecular weight of about 10,000 to about 60,000; and




30 conprising vinyl aronmatic units and esterified carboxyl-containing units
and wherein the total anount of conponent (b) and conponent (c) is 5 to 15
percent by weight. [0011] The invention further conprises a dqoph@emt 200 e
conprising: (a) about 10 to about 70 percent by weight of an oil of
lubricating viscos- 35 ity; (b) about 20 30 about 80 percent by weight of a
viscosity nodifier having a weight average nol ecul ar wei ght of about
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referred to as “synthetic” oils. More commonly, however, synthetic lubricating

oils are understood to include hydrocarbon oils and halo-substituted hydrocarbon
oils such as polymerized and interpolymerized olefins (e.g., polybutylenes,
poly(1-decenes)), alkyl-benzenes (e.g., dodecylbenzenes); polyphenyls; alkylated
25  diphenyl ethers, and alkylated diphenyl sulfides. Polyalpha olefin oils are also
referred to as API Group IV oils. Other suitable oils include those prepared by
Fischer-Tropsch syntheses.
[0016]  Alkylene oxide polymers and interpolymers and derivatives thereof
where the terminal hydroxyl groups have been modified such as by esterification
30  or etherification constitute another class of known synthetic lubricating oils.
Other synthetic lubricating oils include esters of dicarboxylic acids (e.g.,
phthalic acid, succinic acid, alkyl succinic acids) with a variety of alcohols (e.g.,
butyl alcohol, hexyl alcohol, ethylene glycol). Silicon-based oils such as silox-
ane oils and silicate oils comprise another useful class of synthetic lubricants.
35  Other synthetic lubricating oils include liquid esters of phosphorus-containing

acids.
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containing units, then component (b) will be the polyacrylate or
25  polymethacrylate. Component (b) is the lower molecular weight polymer, and
component (c) is the higher molecular weight polymer. That is to say, one or the
other of the viscosity modifiers will have a higher molecular weight than the
other, within the limits set forth below. Either of the two viscosity modifiers
may be selected as the higher molecular weight polymer, although it is preferred
30 the polyacrylate or polymethacrylate polymer be the higher molecular weight
species, that is, the species described as component (b). In the following de-
scription, the higher molecular weight component (b) is described as the higher
molecular weight species, although within the broad scope of the invention, these
roles could be reversed. Similarly, the amounts set forth below for components
35 (b) and (c) will apply regardless of which of the viscosity modifiers is designated

as (b) or (c).
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24 carbon atoms, preferably 12 to 15 carbon atoms. Mixtures of alcohols are

commercially available and are frequently preferred. The alcohols used to

25 prepare ester (i) can be linear or branched. In one embodiment, 2 to 65% of the
alcohols are branched, and frequently 5 to 60% are branched. Examples of
alcohols useful to prcparé ester (i) include n-octanol, n-decanol, n- and
branched- Ci3, Cis5, Cis, and Cj2 alcohols, mixtures of alcohols, e.g., Cja.15
alcohols available under the tradenames Dobanol™ 25, Neodol™ 25, Lial™ 125,

30 and Alchem™ 125, that have varying degrees of branching, for example, 5% to
50% branching, or even more, and Alfol™ 1214, which is substantially linear.
[0024]  Alcohols that are useful for preparing ester (ii) typically contain 6 to
11 carbon atoms, preferably 8 to 11, and most preferably 8 carbon atoms. These
alcohols normally have a 2-(C,.4 alkyl) substituent, namely, methyl, ethyl, or any

35  isomer of propyl or butyl. Examples of alcohols useful for preparing ester (ii)

' include 2-methylheptanol, 2-methyldecanol, 2-ethylpentanol, 2-ethylhexanol, 2-
ethyl nonanol, 2-propyl heptanol, and 2-butyl heptanol.
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[ 0026] SUseftipmple; YisyLRYEdine AT Iﬁg“ﬂ%lh%}}!’é%“?‘i‘mBF%W%%@%QF%BE%’“?%m t he
gr-oup clonsis_ﬁéﬂ o Nf-yiﬁw)'(ﬂniédzbﬁ,il_ﬂmi?ﬂ Ip'gtrbndmngeta_ﬁdONyﬁihyﬁ capraiaeas, for
exanpl e vi ri e an vinyl - subst.ituted nitrogen heter.qc c
nononer s s&bﬂ%gégﬁp‘?ﬁk | af’ﬁ)fqﬁtﬁzgpg, Mt CWFgepﬁ?'bqr?%th 5,-6’5}%‘)1%- %#9
capr ol act adialkgaalikydllyl acyldted sachr wé alimedythmimohtyl yhethecmyatendiakylf or
exanple N, N .dj k ' | i ' t
met hacryl a?@lg%1§k¥%&ﬂar{f}nﬂﬁq§iﬁ& g?éé fagl?indgéﬁ grrll Fr%t’ @g%éﬂlgg‘ﬂ#&wgﬁers,
for exanpl elkyilamimai/k wrylapyidentsnesiatlyl aders £arkalkys pednainpglkyhsreuRach

al kyl or anhAQlKY 0% eefhonCABER! Bepetidly 8 623 RAfboA! Mdkns, A8BRGsaNIN-dl to 3
carbon atons, such as N, N-di _ |ower alkyl

. . , especial l ) :
di met hy| anileser syl gspgeiay gdimethylamin rymaﬁ&?ara#y?ﬁ-t%rma@égl*%mcryl-
cor r espondipffidéEe hhd Woyteapditig rhéthacpydaimides,t furt exdnypleuteytiargcbylyl aeeylde; and
vi nyl - subst i t,at_ed am nes. éﬁﬁt‘gwq Speci fic exanples of this type of
conponent PAEAG AR, HBKsSYhsH A™45Som i xt ures of net hacryl at e mononers
havi ngsdi f [@021t aSpedifigrexampldashat thas ¢ypeedf lcompenenti ipetudehthiose @reparedched

o dix o
copol yirer | Tt ehleEb 88 e PR ealP mbhofRry Bivind AfBror M Goipe Mo are,
vinyl " pyri dither stxeighhghaipyen branglert chain NeroHPHEORIAINIAE fERRhl to 1Bpcarbon

met hacryl ata?omé?ranu;gi‘éfeg%m?tcﬁ}ib@m&?%ﬂwm a FRiaNagGh B dBtrofEHL28hafAingr Wi se

() 5% o TRRRIRETAFBIHE Vo R he T VB BP oAb NI BRP 1 1 to
11 cardgon shdfEcriymatd, e NyNKYdim@eaminoprgpy2 Meéthacr9hithidy. wei ght of  al kyl
acryl ate e%&iS]rmnB%rrvsvis%og)Ep%snsicagcg‘l%psrcn)en%ztb?%5!? e ?%SB&ME#J&%&J&X&
units derived from (i) 5% to 75% by weight of alkyl acrylate ester monomers
~ containing 1 to 11 carbon atoms in the alkyl group; (ii) 25% to 95% by weight of
alkyl acrylate ester monomers containing 12 to 24 carbon atoms in the alkyl
25 group; and (iii) 0.1% to 20% by weight of at least one nitrogen-containing
monomer selected from the group consisting of vinyl-substituted nitrogen het-
erocyclic monomers, N,N-dialkylaminoalkyl acrylate monomers, N,N-
dialkylaminoalkyl acrylamide monomers and tertiary-alkyl acrylamides, pro-
vided that the total equals 100%. In a representative polymer, 60 to 80% by
30  weight (typically about 68%) of the monomers are Ci; to Ci5 alkyl méthacrylate,
20 to 40% (typically about 30%) 2-ethylhexylmethacrylate, and 1-5% (typically
about 2%) of the monomers are dimethylaminopropylmethacrylamide.
[0029] The weight average molecular weight of the pdlymer of (b) (of which-
ever species) as determined by gel permeation chromatography (using a polysty- .
35 rene standard) is typically 10,000 to 60,000, preferably 25,000 to 50,000, or
30,000 to 40,000, or 32,000 to 36,000 or 33,000 to 34,000. Approximately



25 group; and (iii) 0.1%to 20% by weight of at |east oneg2 gcy 200?
ni trogen-contai ning nononer selected fromthe group consisting o

vi nyl - swbshiokétked nitrogen het- erocyclic nmononers, N, N-HCuiusyl/eusddo0al Kyl
acrylate nmononers, N, N di al kyl am noal kyl acryl am de nononers and
tertiary-al kyl acrylam des, pro- vided.that the total equals 100% In a
representative polyner, 60 to 80% by 38 wei ght (typically about 68% of the
nononers are Cl2 to Cl15 al kyl methacrylate, 20 to 40% (typically about

309 2-et fbdﬁagisaﬁdiﬁgraﬁwbxat@crfgad nio]5%ljént ypeéigats mre,ammuadlg%l_mﬁoa hte
monorer s are df net m cryl a : e wei ght average
mol ecul ar 300,QH m%tﬁt&"ﬁwﬁ% ﬁbgﬁ)t%‘gﬁmﬁﬂ?c@qga?r’o@geci es) as
det er ni nedjppsope! Smehnpalynests clveontetatbeaiptiv Eusiterg detaibl instly.S. 35atedise
st andar d) Lcall 0, 0 to 60,000, preferably 25,000 to 50, 000, or
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30,000 to : to 36,000 or 33,000 to 34,000. Approximately 12
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Thl ude ot ERHB I suERrSe AHEe T STVF aramhl Bl e AR el ot ¢
mononer s c@he ad_ubs)titlmeedjsesdcnesTlim:lstidaserbu@Sedh@t Prendwloncamine-stalfiYes t hat
whorei n ¢ e RN o Sy SRS Y fonyEE RSl BRI, ety a0ty B e
ot her subsfromukte eboutxengarbesy awms and ohar wagttgén,tsoﬁlx_eguﬁg{y, &1&&3@{% enes
015 SIS EERMANARASE, e s WAL e it e
m)noﬁer s c&l\rg’%ﬁ'é?rﬂggﬁe‘@t yﬁngnlédrf"yo%?’éPg?olxgds?t&f%%}\ﬂ%ﬁ]uem%é)rfg%\g&-%églﬁtmzf: ni ng
mononer i syi@l yromidtiesonbibrsvianyie usedmstyrene noprefiered.o forma
e i e i e
t he pol ynemenamiebotee, foemg a, catboxymoptaiyingr dutstpadymerdi Siead yihe afRREKE t o
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- groups extend from the polymer backbone, e.g., the carboxy groups are directly

attached to the polymer backbone.

[0034] The copolyiner may comprise ester monomers with a. mixture of

relatively longer chain alcohol derived moieties (8 or more carbon atoms, for
25  example, mixed alcohols of 8 to 18 carbon atoms) and relatively shorter chain

alcohol derived moieties (1 to 7 carbon atoms, for example, n-butanol). A

typical molar ratio of longer chain to shorter chain units is (70-95):(5-30).

[0035] An optional element in the esterified copolymer is an amino group

derived from amino compounds, and particularly those having an average of
30  from 1 to about 1.1 primary or secondary amino groups. In one embodiment the

amino compound is a polyamino compound having at least one mono-functional

amino groﬁp. An exanﬁple of such amino compounds is aminopropylmorpholine.

Such amino groups can be present to neutralize residual acid functionality in the

polymer and can serve to enhance the dispersability of such esters in lubricant
35  compositions and additives for lubricant compositions. In one embodiment, the

molar ratio of the carboxy groups of said interpolymer that are esterified to the

carboxy groups neutralized through the conversion thereof to amino-containing




rel atively longer chain al cohol derived noieties (8 or nore carbop atons,
for 25 exanple, m xed alcohols of 8 to 18 carbon atons) 24 0EE i vel y

shorter ' ohol derived noieties (1 to 7 carbon at ar npl e,
e Sy s

n- but an pical nolar ratio of longer chain to sh chain units
s (70-95):(5-30). [0035] An optional element in the esterified copol yner
is an anmino group derived from anmi no c®npounds, and particularly those
havi ng an average of 30 froml to about 1.1 prinmary or secondary am no

groups. In e | t h0 &O 1.S: 3 P ) havi ng
ot east ofups 8 AR sfS ST ABRRUAG FAHATSTE TRENROR.
conpounds tentainingghe marbenytesiinaegroupumpy abe saltgimigs saideheorpamidine to
neutrali Zefﬁr%ﬁoﬂﬁﬂi ~acid functionality in the polyner and can serve to
enhance the i-sperg bility of such esters_ in |ubricant 35 conpositions and

addi ti ves [MB36lubrTynieal pRpEss of shs typenoh seMPARGR (v rire estesifigdomaleigat i o

of thescar P PRENe copdlFinérd! TRO InYSRIméradre Yr8sct tiR! AfprEfint ftelyng
carboxy groups neuttralized thr u'%h tge cqonver si on tth'g[eof to
ani no- cont AN¢rtergng Fatin Srsoeonl Y- O BERIBC SERmpIRs I BED YRS ofrcnrpRonent

general ly @Rlide mgaas ?’bhidh_ ﬂhé%ﬂcﬁjhbee’earcﬁinitt)@aﬂesclﬁb@t_\lfro%’ﬁ trﬁase]a(rjaeidg' ﬁkﬁgqed_
contai ning,_t car bonyl - ani np..gr ou y, salt, imde, .am.de, or .amdine
Functi ona kg8 FabSRerpf: et o PFRu s o By s BbiCeuRB dh dirualizet, o
esterifi edwithl en amibe.abhhg doregeing polymers, ot tyresr therelfe and detaitss ofirtkeipr esent
I n appRoOXi : < 1.0 dlphit . | £ 4G | es of
this '? 9pe gfetpg%)%cgln%rg?.ﬁ S%ﬁ%ﬁ@eé%%ﬂgggkfhﬁl @nﬁﬁ%é@’gg ’%Iag rafggclp ?é?%p are
chosen froeneeieiledibereily from4 to 18 carbon atons, and the residual

aci dity af f@y379St erid Weft QRetape bt dlat Z\%‘i’%ht%ﬁ ﬂﬁeasﬂscﬁiﬁtgemoa_im’erfd?r(%gﬂi ng
pol ymers, mxtures thereof, an ,de} ails &E h% éo preparation are
descri bed (‘}f yihataver 1tsetype) i typically 0,800 tg 79040 Q:SP‘.éerfﬂfaibW rlé’lerQq &hces
ci Ej _e]gi_ t her ]@3@,000 Q?Sl}']sty'félfb mhﬂéﬁ).a\@ﬁﬁirﬁmlal@'c@@tfslp‘bﬁdﬁ@ glghbéxh@v%fagg 88! ty
modi fier—of (c of . what ever _ t cal.ly, ,
pr ef erlgbl y“’fé)"(f?“é%fowﬂf 5 58P 3’60@@%‘# 5‘539,»6«3@(9 ‘é?éﬁ%ﬂ?’ d%OSBQ@ﬁPOiagﬂé(?eT e
cor r espondamgunuobeompomsrade) b theot ceupdsaioneojtitespreasnthie vafti@O s gendrd, 000,
preferably, 20,10 5100 IR @{g"q J h_ddpe
conpositi o%@yolf Q%hlg)‘r)aﬁ%}gh&rleﬁé\}ggl [ on%oggn%?émgﬁﬁi i((g%/gdb{l; 5\t/\%féi g .o_re
Pr ef er abl yprefieralib thet ampusbepsaEpOners) (Q)sis 11-§4 % \pAdterpativectmbpginends amount
of conponeficifde) thofe wvifhr APuppertIBhitalfi dben ﬁd(dﬁﬂ'@ or RIEbHAG pbRes Wy th an
upper Limt of c onent (c) .of 3 gfisabi or ?2)f %ﬁcent rtc) 20 wei ggt .
CertalR coltfights Leripiny giially ¥ sHatl; Tores fhs mOlYIBeT pE4c) dre PERBdsdied
Wi t h appr owitiedppiryxibfatelp S0ghpolyaed anQ%0dh dileedt @il lif sidh macdill@bey aklds are
used, the amounts would be adjusted accordingly (e.g., to a broad range of 2-12%, and
S0 on),
[0038] The total amount of components (b) and (c) in the composition will
25  broadly be determined by the amounts set forth above individually for (b) and
(c). In certain embodiments, the total of these components will be 5 -15%, or 8-
12%, or 9-11% by weight.
[0039] 'Component'(d) is a mixture of components, some or all of which are
typically present in a fully formulated lubricant of the present type. However,
30  such a mixture is not considered to be required in any particular detail in order
for the formulation to exhibit the improved viscosity 'properties of the present
invention. Component (d) is a fully formulated additive package suitable to meet
an original equipment manufacturer’s requirements for a functional fluid of the
type under consideration, such as a tractor hydraulic fluid, The details of such a
35 package can be varied considerably in 2 manner well known to those skilled in
' the art of formulation of lubricating fluids. Such variations will be determined,

in part, by the requirements of the specific equipment to receive the lubricant



t he amounts woul d be adjusted accordingly (e.g., to a broad range of 2-12%
and so on). [0038] The total ampunt of conponents (b) anQiO;Tim he

conposition will 25 broadly be determ ned by the anbunts _set forth above
i ndi vi dUX0I03/08€986 (b) and (c). In certain enbodinents, thBCTHSY10896 ¢ hese
conponents wll be 5 -15% or 8- 12% or 9-11% by wei ght [ 0039] Conponent

(d) is a mxture of corrponents, sone or gall of which are typically present
inafully fornulated lubricant of the present. type. However, 30 such a
m xture is not considered to be required in any ticul ar det i n order
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functi onal 10Pash 3pfw@'cg' o SRt P e B PampoRE syRisaiY e BRE B’
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[0040] Speqid &S@maﬂrmegﬁe@f this type of corrponent typi caIIy i ncl ude anong
ot her mater -cont ai.nin nts,. suc ( 1.419%
of a 5Qal cdoﬁﬂil)ve Ss%‘ﬁng‘ﬁﬁl@ﬂ% eécag?ci ONE : i ﬁip"ifﬁﬁ’dgﬁ"t%arﬁi bé'ngfid\%ar
agents, SUCdbnﬂﬁ)neiltsZ% (:mn@ d td.coMponeht a, zlnmmldlaatlkmiﬁng mtmhmbptxete 0.5
to 2%(eg i ction S 2 %(e.g., 0.25% of
a nitrogen- t&B‘rﬁ’F%ﬁ{?‘ﬁ E]“cch %s aeDrpro’Sg}”ﬁ?gg Oh&agntéﬁg%qn%ejmégs ‘di spersants. O her
convent i on&l0042hpo et squycarlnsonertje qanebenin, thef fousiofed. fully fomaulpted The

COWDOS' tionygasal fed m@%ﬁn'o“f 4 ¥Bh&Atlave BHEPR' G4 Afamlfw BkagEp WROMEA! S b,

c and d to conponent a, ol l, fﬁlmxm at an a |ate erature,
such as3 appyeal W@PW“M@“WF’FSHBHDQI@%%S”@ [FOER ?“Thfb CSB‘EﬁPéraé% Hent s
can be in tdctmesnds wilf 'glahéfaflyrBBJhpﬁremméwtyl’ b1 DRderobf hﬂng’hh&dé Of Mhofe a

ConCent Lkt B b4 BN, b Sl R a AR O
wi |1 gener aifl Ipblieatipp viseosivt @) waarbeol G180 petcamndyi Weight,arr 206@ pereastar t han
| Ubri cat | ng Ry BB SR6RACHY 1T ARy RIRALTIAN o bR 80 20y
or 30260 mc@mby tHedghinoud0-Ur pereentii arﬁ the W@)Pfrrﬁ’él mcend(wcccsaw be 20
to 80 modifier (¢) can be 10 to 60 percent by weight, or 20-50 percent.
[0043] The first step in carrying out the method of the present invention is to
blend components a-c or a-d as described above. Thereafter the mixture typi-
cally is supplied to the fluid reservoir of the equipment to be lubricated, and
25  thence to the inoving parts of the equipment itself. |
EXAMPLES
~ [0044] In the examples presented below, the amounts are expressed as per-
cent by weight. The polymethacrylate viscosity modifier is a mixed alkyl meth-
acrylate copolymer containing a small amount of dimethylaminoproyl-
30  methacrylamide, as described above, except as indicated. The esterified maleic
anhydride/styrene copolymer is a material, as described above, which is esteri-
fied with a mixture of alcohols and further reacted with amine.



20 percent by weight or 30-70 percent; and the ampbunt of the second
viscosity. nodifier (c) can be 10 to 60 percent by wei ght 4 200¢2@50
per cent The first step in carrying out the netho h r esent
inventlyégzg&?%)s bl end conponents a-c or a-d as descri beg"%f@ﬁo%er eafter
the mxture typi- cally is supplied to the fluid reservoir of the equi pnment
to be lubricated, and 25 thence to thdOnoving parts of the equi pnent
itself. EXAMPLES [0044] In the exanples presented bel ow, the anmbunts are
expressed as per- cent by weight. TherAF *rret hacryl ate viscosity nodifier
CODb \

is a mxed_aJ_kyd_neLh;_aaLyLaﬁ_e polyhercontaining -a small anount of
di met hyl apitempr oyl 30 netbeeriyl @refdd, 2 aef.dgscrdbed alzlove, excegpt @s

i ndi cat edl’ ~The esterpfred nallerc arhydridg/ styrenfe copgrymer (IS a
mter i al , [Gomponenn %y 1 oo 1° T d it a_mlt_ux_e_oi
al cohol s gBRasef Qilt her react ed (wi9h7ari r87.9\W) 089.986096.7.0 BABLH 191.©CT 2005

PCT/ US02/ [T (refl.)2 (rHg 5 gRone a o
Q191. 787, %—ﬁgﬁwm g 91. 8 Rol ynet kacpafat e%gg. 59@1:95686%?.%. 1794 sdosi ty

nodi fi er 00033, 00033,|06q0g0My 4&,000ndi a0z000d) 33680 4r 38, 0@
mal ei c3. SuMegs. 13@08?‘1@ anhycri de/ stlyrene dopol yngr (Mv|170, 0G 0) Addifti ve

package4. A94—4%14—49 O—2btestPreferretrivet-Rot-m-t—b445
40C<4540. % ﬁ%dﬁlé’le‘?M 444.|5 D45 |@ 100CH8.186888. 78399. obg1d. 11mod3 @
S

\§J

-20C<3. 01} 2y dgde/strengdl. 721. 68 0 983 @- 40C<30. 21. 586. 025.|527. 52§. 025. 5
0 copolymer (Mw

170,000) -

Additive package 449 | 449 | 449 | 0 02° | 0.2°

Test Preferred

Method* Limit

D445 @ 40°C <45 | 409 | 444 | 43.8 | 44.7 | 444 | 445 -

D445 @ 100°C >8.8 8.8 8.7 8.9 9.0 9.1 9.1

D2983 @ -20°C <3.0 | 1.53 n.d. 1.61 1.80 | 1.72 1.68
o | s

D2983 @ -40°C <30. | 215 86.0 25.5 27.5 | 26.0 25.5

0

D2603A (% shear | <20 30.8 3.1 15.6 20 15.6 16.3

after 30 minutes)

TABLE, continued

Item ! Ex: 7 8 9 10 11 12 13
Component
Base QOil 920 922 92.4 92.3 92.4 91.9 92.1

Polymethacrylate | g | 595 |5.65 {550 |5.28 |6.32 6.03

viscosity modifier
— . 33,000 | 33,000 | 33,000 | 33,000 | 33,000 | 33,000 33,000
(Mw as indicated)

Esterified maleic | 19 119 |20 22 {23 |18 |19
anhydride/styrene '
copolymer (Mw

170,000)

Additive package |0 0 0 0 0 0 0
Test Method*

D445 @ 40°C 442 1441 |43.6 442 |449 |440 |443
D445 @ 100°C 9.1 9.0 9.0 9.1 9.3 9.0 9.1

D2983 @ -20°C 1170 ]1.63 {158 '|1.61 |1.65 |1.73 1.63




D2603A (% shear <2030. 83. 115. 62015. 616. 3 after 30 mi nutes) Item/
Ex: 78910111213 Conponent Base Q| 92.092. 292. 492. 392. 491. 9922 DCT M
Polymetha@d%l ate 6.1 5.95 5.65 5.50 5.28 6.32 6.03 vi SCOSIt¥ nodi f

33, 00033V0IBA86%8H033, 00033, 00033, 00033, 000 Mwv as i ndi cat 8§ @§9’é’rq9% ed

mal ei ¢ anhydride/styrene 1.91.92.02.22.31.81.9 copolynmer (Mv 170, 000)

Addi tive package0000000 Test Method* DA#HE @ 40C4A4. 244, 143. 644. 244.944.044. 3
D445 @ 100C9. 19. 09. 09. 19. 39.09.1 D2983 @-20CL. 701. 631.581.611. 651. 731. 63
TABLE, continued 12 OCT 2005 WD 02/086036 11 PCT/1JS02/10906 D2983 @

- 40C25. 526 539835@6-4920. 5262626. 52660824 (5% $D6Sr | 25.5 |26.0 26.5

L6.316. 716, 215, AT0, T2 FI.E 11 66 20| T3 Fibe oy [185 " es

after 30 minutes)

TABLE, continued
Item / Ex: |14 15 16 17 18 19
(ref.) | (ref.)

 Component
Base Oil - 92.0 (920 [92.5 924 |934 |93.5

Polymethacrylate | 6 18 |6.18 |5.13 [4.91* [6.54 |6.30

iscosity ifie o
VE- St y mf)d fier 33,000 | 33,000 | 33,000 } 20,000 | 61,000 | 61,000
(Mw as indicated)

Esterified maleic | 1 g 1.8 2.4 2.7 0.1 0.24
anhydride/styrene '
copolymer (Mw

170,000) _

Additive package |0 0 0 0 0 0
Test Method*
D445 @ 40°C 440 438 |450 |nd. {nd |nd
D445 @ 100°C  |9.0 [9.0 |93 |90 [9.0 |89

D2983 @ -20°C | 1.64 |1.62 [1.72 |1.64 |nd |nd.
D2983 @ -40°C  |27.0 [26.5 [255 |240 [57.0 |35.0
D2603A (% shear | 16.2 |16.2 {21.1 |22.5 |[114 |11.9

after 30 minutes)
ASTM - D445 determines the kinematic v1sc081ty of a fluid at the specified
temperature. Results are presented in units of mm %/s (cSt).

5 ASTM - D2983 measures the low-shear-rate viscosity of a lubrlcant at specified
temperatures from -5 to —40°C. Results are presented in Pa-s (10 centipoise)
ASTM - D2603A measures permanent shear loss in a lubricant after irradiating
the lubricant in a sonic oscillator, and for this application is run for 30 minutes.
n.d. not determined

10 a. without dimethylaminoproylmethacrylamide monomer.
b. pour point depressant amount of a polymethacrylate or maleic anhy-
dride/styrene copolymer. '

[0045] The results show that the use of mixtures of two types of viscosity
15 modifiers enable a single oil to meet the kinematic viscosity requirements at
40°C and 100°C, D2983 requirements at -20°C and -40°C as well as the 30
minute D2603A requirement. These requirements could not be met by use of



Item/ Ex: 141516171819 (ref.)(ref.) Conponent Base

QG 192.092. 092. 592. 493. 493. 5 Pol ynet hacryl at e6. 186. 185. 134. %ﬂg ?
viscosity nodifier 33,00033, 00033, 00020, 00061, 00061, 000 ( C ated)
Esterifi &0 A2UD8SPILL. 81. 82. 42. 70. 10. 24 anhydri de/ styrene cop‘mwﬂwm
170, 000) Additive package000000 Test Method* D445 @

40C44. 043.845.0n.d. n. d. n. d. D445 @ 100C9509. 09. 39. 09. 08.9 D2983 @

-20C1. 641.621. 721. 64n.d. 'n.d. D2983 @-40C27.026.5 .25.524.057.035.0
D2603A (% shear 16. 216. 221. 122. 511. 411. 9 after 30 m nut es) ASTM - D445
det er m nes eiberkviseomatyi modifiercloney O particulptnete isHbe dppeoyamant obtained
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O particul e AhAnds dihfie MPeOYIBERAthaRi2pRAdminantly hydrocarbon character.
Examples of hydrocarbyl groups include: ' "
[0048] hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,

15  and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g., two
substituents together form a ring);

[0049] substituted hydrocarbon substituents, that is, substituents containing
~ non-hydrocarbon groups which, in the context of this invention, do not alter the

20  predominantly hydrocarbon substituent (e.g., halo (especially chloro and fluoro),
hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso, and sulfoxy);

[0050] hetero substituents, that is, substituents which, while having a pre-
dominantly hydrocarbon character, in the context of this invention, contain other
than carbon in a ring or chain otherwise composed of carbon atoms. Heteroa-

25 toms include sulfur, oxygen, nitrogen, and encompass substituents as pyridyl,
furyl, thienyl and imidazolyl. In general, no more than two, preferably no more
than one, non-hydrocarbon substituent will be present for every ten carbon atoms
in the hydrocarbyl group; typically, there will be no non-hydrocarbon substitu-

_ ents in the hydrocarbyl group.

30 [0051] Itis known that some of the materials described above may interact in
the final formulation, so that the components of the final formulation may be
different from those that are initially added. For instance, metal ions (of, e.g., a
detergent) can migrate to other acidic sites of other molecules. The products
formed thereby, including the products formed upon employing the composition

35  of the present invention in its intended use, may not susceptible of easy descrip-

| tion. Nevertheless, all such modifications and reaction products are included
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wthin the scope of the present invention; the present invention
enconpasses the conposition prepared by adm xi ng the conponents descri bed
above. [0052] Each of the docunents referred to above is inc&rigﬁz%
herein by reference. Except in the Exanples, or where otherw citly
indicated, all 5 nunerical quantities in this description specifying
anounts of materials, reaction conditions, nolecular weights, nunber of
carbon atons, and the like, are to b¢ understood as nodified by the word
"about." Unl ess otherw se indicated, each chem cal or conposition referred
to herein should be interpreted asChAi a comercial grade material which
may contain the isoners, by-products, deriva 10 tives, and other such
materials which are normally understood to be present in the conmercial
grade. Howevel, Aheompasition ghiteblerfochseiasad fonetponedfluidsin prasieht 6f

excl usi ve,.of .any_sol vent or .di |l uen I ) e customarily present in
the cormElRelf CRAFODS, ?o-’ﬁ%ﬁlg%'ﬂ%tuoé%v‘\%jggmﬁhg{@é?gd. t is to be understood
that the uppe(a)amcbil ofdubrivatingtvisaoaitye, and ratio linits set forth herein
may be 15 Indﬁ@e@%‘:%'pxpiggg@ege%h%wwcaﬂw RdHiied hatinganweighhtvearage anong

different cohponents.=. ereln, the expression "consisting
essent i akdoYecafar weihtrof sbout 10,0001td akwiubf0.600andst ances that do not materially

af fect the basic and novel Ch%r_a teristijcs of H}} -fgeqnposi tion under
consi der at i on{¢) 1DtocCRersertHy eIzt sifon,gvd%cr?ﬁla% Qg syj t abl e fngr bkjse as a
funct i onhRvings weightzavesegecmplesularcyeight iggeaten than 84%,0 EARPPRET (b he

fol | ow ngng QRS HBBLE50.00D t8ab&Nt 208 0daibri cating viscosity; (b) 4 to 12
percent by welght .of »& NI SCOSI odifi ' HO vear mer

nol ecul ar wei g °r%’? (ggolétél‘%%%éy@g” g{)op(étiy%%%%gl;a?ea\rﬁa(@_ ? toﬁ(g?p@r cent by
wei gﬂt Ofcoﬁh{pﬁﬁﬁgwday\riasmaid Mninsohidf ésearificdaoar by yb-comtaipiing avidy andk whetes ul ar

wei ght grea

200-000; ol AMOR)OReamBORUAt Jaacaaponte ChiSi S RUCIRIETP BY S (o) 1o a
pol ymer — conprj Sirfig cbdpbsitRinOsd]hiim UNivhereii (b)es lepollymRehaaylacsuhd ¢ont ai ni ng
;J(I’)ll tlz andié\grwlgorlel 2 t he itmpt a‘l"i apount of C'?”Rr?tgegtt iglg %r%?%o?em g( c) is 5
per BRenEPBRIISING VIRKAOMATHS IR, ANG FSIET G FHBYE s a
pol ymet hagdiyd. ate and (c) is a polynmer conprising vinyl aromatic units and
i aim 2 wher ol thE GORDID 3f S1gm 1ox slabra SPURERL IS BalfkeBIRERE DL
a pol ymesdigmeshaatydatehvisbosipnmaedifisr isna tpolsgmethasdylateo whiolk heqmprises
met hacr yl | 68t SEEhe b6 LT ditferHlit Bctd s#rP Wataining 8 to 24 carbon
atorns in the alcohol rooiety of the ester group and (ii) methacrylic acid esters
containing 6 to 12 carbon atoms in the alcohol moiety of the ester group, where
the nuraber of carbon atoms in (i) is greater than the number of carbon atoms in
(i). |
4, The composition- of claim 3 wherein the polyacrylate or
polymethacrylate viscosity modifier also comprises (iii) at least one monomer
selected from the group consisting of: methacrylic acid esters containing 1 to 10
carbon atoms in the alcobol moiety of the ester group and that are different from
methacrylic acid esters (i) and (ii); vinyl aromatic compounds; and nitrogen-
containing vinyl monomers.
5. The composition of any preceding claim wherein the copolymer
comprising vinyl aromatic units and esterified carboxy-containing units is an
esterified styrene/maleic acid copolymer wherein the ester moicties comprise a
mixture of alcohol derived moieties having 8 or more carbon atoms and alcohol
derived moieties having 1 to 7 carbon atoms.
6. The composition of claim 5 wherein the esterified styrene/maleic acid
copolymer further comprises an amino group derived from an amino compound.



atons in the alcohol noiety of the ester group and (ii) methacrylic acid
esters containing 6 to 12 carbon atons in the alcohol noiety of the ester
group, where the nunber of carbon atons in (i) is greater than the nunber
of carbon atons in (ii). 4. The conposition. of claim3 whe .Bc'f;#

pol yacrylate or polynethacrylate viscosity nodifier also coz*?rl Se i)
at | east one nononer selected fromthe group consisting of: nethacrylic
acid esters containing | to 10 cadbon atons in the al cohol noi-ety of the
ester group and that are different from nethacrylic acid esters (i) and
(ii1); vinyl aromatic conpounds; and nitrogen- containing vinyl nononers. 5.
The conposition of any precedi ng clai mwherein the copolyner- conprising
vinyl aromati c?-uﬁhcsomsém@ﬁ&ﬂ)’em'eéﬁ‘?l%ﬂ/alﬁb CAEAGPUPIES i s an
esterified sty dBSRIE PAIKlpE ABA! HiIBAnIRG BE MUiBALEHBiciHPIChER |
conprise a mXxture of alcohol “derived noieties haying 8 or re carbon

At N andveah oReILYCAROmFRT 1EF 809 UIARGPRERSFs R 1985E aPE SRRRPRSRL selsctede
conposi ti of,..clLai el € B f n [ e
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1 2 OCT 24)ts]friction Thedifierspasi titrogenséoraaiyingrdixpectams. cl ai m f ur t her

conpri si ng: (dg an additivefgack,a e that inparts to the fluid the capacity
to meet Dbench3and COPFEHAIECRMPIEHE and which conprises at | east one
conponent sel e¢irgbortr Mtd ABow PO Peesns ibyt waighoof matail of dulirédatinggyis-
detergents, .antioxidants, anti-wear agents, friction nodifiers, and

nit rogen-&%"ﬁs’ai ning dispersants. 8. A concentrate conprising: (a) about 10
to about 70 pesratiou20veiabout 80 parcent byoreightof ¢ aiscositymodificcdaving (b)

aoout 20 SRRty e pigaler et SEhnl 9 ooy sl i oy o o
about 10 to abéc)atemt 38rtoaboub§0 peraght byiweighteafomsecond Yisspsiyy moificer

having a yelights gog?%%\gw%%n@éuggﬁgg |ht0F @Al thid @ikt O Yoniloreapenent (b)

and bei ng | 0to out 2 erein (b) is a polyacrylate or
pol ymet hag®d baing aheyt 5800040 2bgut conprising vinyl aromatic units and
esterified carbawydin (@Yis 8 pdyaerylate. of .polymethiwylafeoand ub) iisat ipotyrzert r act or

or off-road vehicle, conprijsing suppl_g/i ng theieto the conposition of any
one of c| s¢mprising yioyl aromatic units and esterified carboxyl-contairung units.

9. A method for lubricating a tractor or off-road vehicle, comprising
supplying thereto the composition of any one of claims 1 to 7.



