QUALI TY CONTROL OF A FUNCTI ONAL FLUI D The
present invention relates to an inprovenent in quality
control of a functional fluid and a nethod for
controlling the quality of a functional fluid.
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fluids include hydraulic fluids and/or |ubricants.
These fluids are well known in the art and are
described, e.g., in Uimnn's Encycl opedi a of
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Preferably, the functional fluid is based on m nera
oil fromAPI Goup I, Il, and/or IIl or mxtures of
these. According to a preferred enbodi ment of the
present invention, a mneral oil containing at |east
90% by wei ght saturates and at nost about 0.03% sul fur
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intended by this. A preferred mineral oil contains 0.5-30 wt % aromatic components, 15-40
wt % naphthenic components, 35-80 wt % paraffin-base components, up to 3 wt % n-alkanes
and 0.05-5 wt % polar components, in each case with respect to the total weight of the
mineral oil.

An analysis of especially preferred mineral oils, which was done with traditional
methods such as urea dewaxing and liquid chromatography on silica gel, shows, for example,
the following components, where the percentages refer to the total weight of the relevant
mineral oil:

n-alkanes with about 18-31 C atoms: 0.7-1.0%,

low-branched alkanes with 18-31 C atoms: 1.0-8.0%,

aromatic compounds with 14-32 C atoms: 0.4-10.7%,

iso- and cycloalkanes with 20-32 C atoms: 60.7-82.4%,

polar compounds: 0.1-0.8%,

loss: 6.9-19.4%.

Valuable advice regarding the analysis of mineral oil as well as a list of mineral oils
that have other compositions can be found, for example, in Ullmann’s Encyclopedia of
Industrial Chemistry, 5th Edition on CD-ROM, 1997, under the entry “lubricants and related
products.”

Preferably, the functional fluid is based on mineral oil from API Group I, II, and/or III
or mixtures of these. According to a preferred embodiment of the present invention, a
mineral oil containing at least 90% by weight saturates and at most about 0.03% sulfur

measured by elemental analysis is used.



Goup Il 80-120 <0.03 >90 Goup Il >120 <0.03 >90
Group Wall synthetic >120 <0.03 >99 Pol yal phaol efins

Synthetic oils are, among other substances, polyalphaolefins, organic esters like
carboxylic esters and phosphate esters; organic ethers like silicone oils and polyalkylene
glycol; and synthetic hydrocarbons, especially polyolefins. They are for the most part
somewhat more expensive than the mineral oils, but they have advantages with regard to
performance. For an explanation reference is made to the 5 API classes of base oil types

(APIL: American Petroleum Institute).

American Petroleum Institute (API) Base Qil Classifications

Base stock Sulfur (weight  Saturates
Group Viscosity Index %) (weight %)
Group 1 80-120 >0.03 <90
Group II 80-120 <0.03 >90
Group 1II >120 <0.03 >90
Group IV all synthetic >120 <0.03 >99
Polyalphaolefins

(PAO)

Group V all not included >120 <0.03

in Groups I-IV,

e.g. esters,

polyalkylene glycols

Synthetic hydrocarbons, especially polyolefins are well known in the art. Especially
polyalphaolefins (PAO) are preferred. These compounds are obtainable by polymerization of
alkenes, especially alkenes having 3 to 12 carbon atoms, like propene, hexene-1, octene-1,
and dodecene-1. Preferred PAOs have a number average molecular weight in the range of
200 to 10000 g/mol, more preferably 500 to 5000 g/mol.

According to a preferred aspect of the present invention, the functional fluid may
comprise an oxygen containing compound selected from the group of carboxylic acid esters,
polyether polyols and/or organophosphorus compounds. Preferably, the oxygen containing
compound is a carboxylic ester containing at least two ester groups, a diester of carboxylic
acids containing 4 to 12 carbon atoms and/or a ester of a polyol. By using an oxygen
containing compound as a basestock, the fire resistance of the functional fluid can be
improved.

Phosphorus ester fluids can be used as a component of the functional fluid such as
alkyl aryl phosphate ester; trialkyl phosphates such as tributyl phosphate or tri-2-ethylhexyl
phosphate; triaryl phosphates such as mixed isopropylphenyl phosphates, mixed t-
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or monohydric alcohol, and fatty acids such as mono carboxylic acid Or poly carboxylic acid
can be used. Such carboxylic acid esters can of course be a partial ester.

Carboxylic acid esters may have one carboxylic ester group having the formula R—
COO—R, wherein R is independently a group comprising 1 to 40 carbon atoms. Preferred
ester compounds comprise at least two ester groups. These compounds may be based on poly
carboxylic acids having at least two acidic groups and/or polyols having at least two hydroxyl
groups.

The poly carboxylic acid residue usually has 2 to 40, preferably 4 to 24, especially 4
to 12 carbon atoms. Useful polycarboxylic acids esters are, e.g., esters of adipic, azelaic,
sebacic, phthalate and/or dodecanoic acids. The alcohol component of the polycarboxylic
acid compound preferably comprises 1 to 20, especially 2 to 10 carbon atoms.

Examples of useful alcohols are methanol, ethanol, propanol, butanol, pentanol,
hexanol, heptanol and octanol. Furthermore, oxoalcohols can be used such as diethylene
glycol, triethylene glycol, tetraethylene glycol up to decamethylene glycol.

Especially preferred compounds are esters of polycarboxylic acids with alcohols
comprising one hydroxyl group. Examples of these compounds are described in Ullmanns
Encyclopadie der Technisehen Chemie, third edition, vol. 15, page 287-292, Urban &
Schwarenber (1964)).

Useful polyols to obtain ester compounds comprising at least two ester groups contain
usually 2 to 40, preferably 4 to 22 carbon atoms. Examples are neopentyl glycol, diethylene
glycol, dipropylene glycol, 2,2-dimethyl-3-hydroxypropyl-2’,2’-dimethyl-3’-hydroxy
propionate, glycerol, trimethylolethane, trimethanol propane, trimethylolnonane,

ditrimethylolpropane, pentaerythritol, sorbitol, mannitol and dipentaerythritol. The
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whereft Melg ta'rﬁétﬁb/a{t&ﬁﬁk){i an @kyl gi@g;s RIhH 8RS 30 caBBY hson@epﬁekerably 8 to
undecyl yl undecyl odecyl, 2-neth Idodecyl,

18 Calbﬁlil a@ayst Whgrertb‘t tegidues Bé@gqthertcen fm@yng, Ipléranamegfylfrom 0to4,

and m 43 tmé} xad@ ?3/ %, A Kxﬁrgtngx 1?% )ﬂ’t J)egtsta g é) {ﬁ:ragw i] %pﬁ{ adg %re

preferdolly %B@Litalp W&Cdl@d @€)ip in O6HAEEDR canBY1aRaE brancBeéd; @$dllc, saturated
cetyl eicosyl, stearyleicosyl, docosyl, and/ or
or unsafugaied; | ththe/gmpfea&gr%lwl group R can be unsubstituted or substituted with, e.g.

halogens or amino groups.

Useful alkyl groups include e.g. n-octyl, 2-ethylhexyl, 2-tert-butylheptyl, 3-
isopropylheptyl nonyl, decyl, undecyl, 5-methylundecyl, dodecyl, 2-methyldodecyl, tridecyl,
5-methyltridecyl, tetradecyl, pentadecyl, 2-methylhexadecyl, heptadecyl, 5-
isopropylheptadecyl, 4-tert-butyloctadecyl, 5-ethyloctadccyl, 3-isopropyloctadecyl,



Speci fic conmpounds are, e.g. nickel stearate, bisnuth

octoate, cesiumstearate, titanium stearate, cobalt

hexadecanoat e, strontium octanol ate, titanium

oct anol ate and/or titanium 2-ethyl hexyl oxide.

According to a further aspect of the present

n be

T e T b A
eicosyizkptriacentiphvi ng repeating units being derived from

noners conprj sing het ro ato such as oxygen r
SPFOTE ROBRALS Sfo G HiSKELGHBFS LN or B st T SROFGr
tltanuhﬂ @éarai@l eéﬁammgae%aﬁodta %truﬁﬁeum SclnolaRCfiddhiven 8&hsblate and/or
net hacrylic acid, fumaric acid, naleic acid, vinyl

tltanltahfzedﬁbjrlhe)dwdmdﬁyal kyl (meth)acryl ates,

RSBGPS HEhsa BB nrimysyioe, priames heing sheleting
groupd 'c&PB@hé%d A atees i v Gbivate(the hittAatfon af ®8. X polymers having
het erocyclic Vvinyl conpounds, as mentioned bel ow.

repeatmetﬂratsmmg deriyed fomymenomers sempeisiag haEra@oms spelyaserygen and/or

wivosEy 5, G RBF RSB B e AR, ..

acryli@aéid) mamdcﬂyﬁé acipy Rherialkid, ﬁﬁm@adldi ﬁﬁﬂ@ﬂl@)th tpdroxyilkyl
ht ave e nol ecul ar wei ght, can et erm n d by
(methamgatew kyl(meth)serylgges sckamigna m( 5yl
I
(methfsgBithes ofether sl o RHBloc oic enauaﬂf’d%%%?&sfeg@gﬂa%ﬂ
compdilﬁidisa«b;hﬁerﬂﬁmed:below of the netal i n t he functi onal
fluid. On the other a ve h treati

mRyeiEiablYy B ol i é&waﬁeﬁ%est V¢ ANELS thaﬁ\?ﬁragq mplgoular
weighf e &age%f sbbe t@mot)o gfm&%%k ;Sr@fe"rzﬂﬁ ﬁmtb%@boo g/mol and

control the ity of thefunctlonal | ui d
more paﬁsgelslyﬂﬁﬁ@ﬁ ® 259000 Qandp fihe rwmglt prehge m@llqcumc V\tetghs oan be

ceterfy5ER Y Y et Srier e B BRtaePE AT Ed by

S &€ b S/ hetiBindeA&al donkiRusd, Feypetlivily, ahe@ddR Highnough to

and i nductively Couples Pllasma (I'CP) Spectroscop g
providerafelinblp IdytecmteOﬁho metal ot thedumgtions @dn @nath@l ethet bandya very

naI [ to cC r lity
high refiie b5 Py iaisaeh Be i otmige TRl el dBL Bt e
MPrFe@bt SledtidotnPo0B6kI fnth® ﬁ%ﬂ;&’ndlﬁlﬂ@tcgdﬁltrol the qualltg®f the
net al conpound can be used as a S|§gle conmpound

functieeahphiid rangesoiienid tad 089 prey Blore pigfarsily fBite S0Q pemfad grore
prefer%@mi%l{o 256% be Saﬁ‘ﬁ)u?i’? oﬁnmaz(ﬁl%hg ﬁgc%ighglffﬁﬁc? &n be determmed by

oun pec ee or

spectroSutplunehods ike X -Raf FEromt:eﬂ(:Ie NHREY ank iralusti vy CbEpllas Ehisma
in order to inprove the quality control of a
(ICP) Spectrasepry: f 1 ui d Preferably, the functional

pHh. RSP D) AT e NURLGAIVRRCT s

contrdTElEEt quhe,draagesvfeom 0.00001Rrtef weight tp,0.0 196 bl weiglitomate preferably
1 rggrl ses at |east one polyner. Preferred
OOOObEﬂ Qrﬁ@]ré’ 6§80t i n funct | onal fluids like lubricants

I ?ﬂé ﬁ{et%j %gf'n?%ﬂc?cafnl 'lgéd ie cokrﬁi%ﬁﬁd b&nngﬁﬁngﬁﬁe kind of metal.

a polymer Is used, pre era I'y the poly has a
Furthasmiogd) theemetahgempmindwah e ueesl apret mm”tunemé differgs compduadx0

t 0Q0, 000. g/ nol f
Especflyof Muprech Bop et el aaiey oooaee it igst Gfgr mefscan be
used 1%&&“0 ﬁﬂ @cgﬁle LeG HodtroV6t HfcGeHal Giddet er m ned by

usual li'ke gel perneations chromatography
(GPO). These pol ymers are used, e.g., as

vi scosity index inprover (VI) and/or a pour poi nt
depressant (PPD). The functional fluid may

conprise 0.1 to 50% by weighte especially 0.5 to 30%
by wei ght, and preferably 1 to 20% by wei ght, based on
the total weight of the fluid, of one or nore

pol ymers. Vi scosity index inprovers and pour



Preferred pol yners useful as VI inprovers and/or pour

poi nt depressants conprise units derived from al kyl

esters having at |east one ethylenically unsaturated

group. These polyners are well known in the art.

Preferred polyners are obtai nable by polynerizing, in

P i v s . | . r

R A e e A hencs. A
least averof Itlat esnmmentsishalbbe arbasewiles méntioned shwye. These

n re. well kna in.the art. The,al kyl  residu
C BFEITabE: fhecdimctiopel T Bptgisghen Bt ont PolyRgt pef BEq Botymers
usefuldRtrhdtioRaIEhBaY Bk RBHYARY ShdPSH A ka0 Flubtidi 4r& weB kin¥ @ in the art.
fromal kyl esters contain O to 100 wt % preferably

0If5a pady@er istused, pesfprablyahe polymes have weight avasege molecular weight in

r ef 0w, % nor f Ly . 0
e BRSSO o EENE e e PBIS BRI ERLY o3 tfartmor
prefer@1§ 28100006 25@0OY baRd1C atht Yveils ateragd idleetlat weldipaitnds
of formula (11) 121 Were Ris hydr%%)en or
determpipedh Py usyrb meghods like pelneamesgions chipapateeraphi(GRsi due

. ’ s, : .
iR ) U, o S5U5C ek bV anor  pour pin

depredsastgpeDylent | y represent hydrogen or a group of the
formyla - COOR,. where R pgeans hydrogen or a, gl

1 M 0, y 0,
gf be prosrioral {luid may SemMPHEGIA to 50% by wsight pRscigrly 0% to 30% by
i RSB0k s o SRR 3 ok TBA S, o o
more polgmbol s such as net hyl (net h)acryl ate,

ny | (et | ate, n- | th | at e,
VB PUR b trgras pad BBl P e Tl ipawn and, e
disclo%]eglg( ﬁ;lﬂﬁﬁﬁéﬂn’{ PR el A lfdusRN Che RN S MKl 8n l@;ﬂ)gléOM,

(met h)acryl ate; cycl oal kyl (net h)acryl ates,
1997.cycl opent yl (et h) acryl at e. Furt hernore, the

R B bR W roRLTLD b5 P05k o5l e
units REHEEE B! Mk HQsRSs Mdviltd at@edae6hdéthylerRadpuidanfiadd drdt®! These

preferably 30 to 85 wt % based on the total weight of
polymetseareriel o wiiix therast. drefomied polymasre astabyairghle by pglymerizing, in

. unsat urat ed_ester f
TN A
methabiyaes e aeiHates sewtltl bemivtifes 6f e, twes Ttescnbiorhéls age WOl known

) and preferably 12 to 24 carhon atons, R6 and R7 are
in the prig eﬁ&é(htqsyi\{lﬁya% be Bpeasycyslig ppbysnehted: he f or nul aCOOR",

a0 r 1o BT p e P P it s UGt Dl Pl ot
contaift0aod 00 wt %, préferudly 0.5as 00 avtés (expedidlhct y 80 @8 %, more preferably 1

fmmrﬂesamanemesthatdeHvefromsMuLMed )
to 30 wt e AT predagally 240 20 é?ftr% |bﬁgg1>;}n(tﬁ}§1tq{§ﬂa\g¢1ghtaqfé’ € monomer mixture
of onclBidte Sl LR Bl S SRS Komula ()

3-isopropyl heptyl (neth)acryl ate, nonyl (negﬁyacrylate,

decyl (nmet h) acryl at gy undecyl (et h) acryl ate,

5- met hyl undecyl (mgth)acryl ate, dodecyl (neth)acryl ate,

2- met hyl dod | (melh) acr yrate, tridecyl

(et h) acryl at € I'tridecyl (meth)acryl ate,

tetradecyl (nethjacryl gte, pentadecyl (neth)acrylate,

2- et hyl hexadegyl (meph) acryl at e,

hept adecyl (net h) acryl ate, 5-

i sopr opyl hept adecyl (net h)acryl ate,

4-tert-butyl octadecyl (neth)actyl ate, 5-ethyl octadecyl

(rmeth)acryl ate, 3-isopropyl octadecyl (neth)acryl at e,

oct adecyl (net h)acryl ate, nonadecy!l

9 (o]



(et h)acryl ate, eicosyl (nmeth)acryl ate,

cetyl ei cosyl (neth)acrylate, stearyl eicosyl

(et h)acryl ate, docosyl (nmeth)acrylate, and/or

ei cosyltetratriacontyl (neth)acryl ate;

cycl oal kyl (nmet h) acryl ates such as

Sy C | T . -

( meﬁ)yﬂécﬁrég{yg{bgéﬂ k())g Hrr%f@feﬁ'ﬁ%’%% lgl%%éx?&r@?ﬁﬂlad alkyl residue with 1-6
carbor?atémms; dspeciaiyoLito/$ add prefeyatdy dItoReastopragdrhy, RS aypd R éndependently

2,3,4,5-tetra-t-buytyl cycl ohe th)acryl ate; and the
represeraﬁwyggoﬁsﬂ aF A grainral R QR PR iy e o7 a ko
group GRIFPRY REHoWatdin® | Ong-chai n al cohol resi due,

especi ally conmponent (b), can be obtained, for

eKzampples obsommment (apare nasndngethers Anesth)a¢nylatgsafussarates and

et e A0 P IR B S,

ethyl(ﬁﬁ&%&yl?&?ﬂ-pf@yﬁ(ﬁﬁ&ﬁ)ﬁ@?fa&’é, ﬁ@&pﬂ%ﬂﬂ@h&&ﬁt@ Atbutyl(igeth)acrylate,
cha

i n al cohol residues results. ese fatty al cohols

tert-butyldmedteacraletsn gewy Wmed)acodategnd dswyl(mythjagiylatgnd  Oxo

evtofATREN R0 BXSorhSAIRygRO (onsento):

AFfirdieripred 112 ra&asmmdr)comppsitiong totbiain it fobphém kolipflsing units
~ (Ethyl Corporation); Linevol (r) 79, Lineval(r) Qﬁl 8@9 o
deflVegxf@AfhélIk(/lr‘)S@SEm(t@ﬁ@HOOA‘@) %, pregirably g 0¢°3awloYe) especially 20-95 wt %
DR AFOA TSR PG  r ERARL R o

or moxeraghiigracal iy ailsetaraedeesparcompotuads| of fomefle(lflpd over the
mal eates and furmarates, i.e., R3, R4, R6, R7 of
formulas (I'l) and (111) represent hydrogenyipn
particularly prefggred enbodi nents. In a
particul ar aspect pf the present invention, preference,
i's given toggsi ng_ki xturggs of ethylenically
unsaturated e unds of formula (111), and the
m xtures have a one (neth)acrylate having from
7 to 15 carbon gt ons ¢n the al cohol radical and at
| east one (neth) acrylate having fromL 6 to 30 carbon
where ®' Q§Bydrogdher rattapih P nieand £ Hhear bhbrahtikeat dlloyl redidudhweith 7-40,

(meth)acrylates having from7 to 15 garbon ato
especiglhe 18 jc She1d praterably 17 B 24 embonaoys RS AR ] ak gedcpredrnty
hydrogh A3y MG e DREOOR  Bfctt 9 Mool bl iUy group
with 7fto 40} éspecigily 1he J0nmidpreferaplyal 2 Mavdrben dtoms 16 to 30

carbon atons jn the al cohol radical j referab

S in
¢ Aemong dhsse fredmegacTy Biesomaaigs rhimalsleR hap fer Yefom Saturated

aleohdff st a<Oh ot BAIAUR acBMTE ARephy G hREn e AR AL A1
(meth)aetytats .ocHii@natiiagiviate, Stisopropythepty (methicaylate, nonyl meihpagrylate,
f 7 15 b ' I di cal d
decyl i ety Dy | BRRIBE Fivg S TRORT ¥R e8! SR BBRIAS ot o
. . ! . ¢
o Bty apaf kb rkmtanas, o

methyliriecy]l(meth)acry Btarpasradenyl (resthponate. sestadecyh nethinsrdate, 2-

t hyl eni ca nsat ur af ed nmononer.s, that can
methy@@ﬁ%‘#?ﬁé‘?‘%’ywﬁﬁﬁ?@? adtgfﬁwgtﬁ?a@g It g’nsat urated ester
isopro?%ﬁ@;ﬁh’d&?l(ﬁfeﬂf)ﬂfrﬂd{e?4(téﬁ-bu@'l‘tib’tﬁec&ltﬂlbth)ac_rylate, 5-ethyloctadecyl

nononer s that correspond to the follow ng formula

(meth)aewylate Peisppiopylogtadecalimeti)aerylass, priedecyimegnasnylate, nonadecyl

accordance with the invention: where R1l* and R2*
i ndependently are selected fromthe group consisting
of hydrogen, hal ogens, CN, |inear or branched al kyl
groups with 1-20, preferably 1-6 and specially
preferably 1-4 carbon atons, which can be substituted
with 1 to (2n+1) hal ogen ons, where n is the nunber
of carbon atonms of the al kyl group (for exanple CF3),
a, 13-unsaturated |inear or branched al kenyl or alynyl
groups with 2-10, preferably 2-6 and especially




The conononers include, anong ot hers,

hydr oxyal kyl (neth)acryl ates |i ke 3-

hydr oxypr opyl (et h) acryl at e,

3, 4-di hydr oxybut yl (et h) acryl ate, 2-hydroxyet hyl

(meth)acryl ate, 2-hydroxypropyl (neth)acryl ate,

' | - = n t

(meth)_?ﬁ %&ﬂ%g@%é&mgﬁh%(c?gﬁ) geg*ly coéﬂ&ﬁ&ﬁﬁ@fyﬂt@ sfearyleicosyl
(meth)aﬁiyrkna,ldoybs(yﬁ(mdul))amy}dteat«m&/oaendosyltetratnacontyl(meth)acrylate

ggﬁ%kéﬂﬁ(tggtﬁﬁ%%% %/qqglaf]ggfﬁgp%léfﬁ?%x&%meth)acrylate cyclohexyl
(meth)gx ﬁ}lﬁé I'Hbm Yzlté '@94 B‘Jtﬁ-(fbelk}@-tﬁvm?'l'cyclohexyl(meth)acrylate

utyla xad cyl’(n8t h) acryl at e; i l'es of
2,3,4,%-tattaktyantylyydlehexyl(thethatrplatee andhibe rcoge?rpocémgafummges and maleates.

th
N?ﬁ%?s?ﬁac ' é}pawcg&vléﬁ ﬁ)]ﬁr)g(ﬁ}‘aglo%ﬁ?}ml ﬁ%gfd[ur?i esgemally component (b), can
be obt&fn@@%ﬁé&iﬁﬂl@)ﬂy@&&h@!ﬁ&%ﬁ&ﬂ@&@ Gk eitdsiimakeates and/or the

h) acryl' oyl am doacetonitrile,

correszemgmdwa mmmfamlﬁgmm egene SR eters such
as (me&l@ﬁ%via? é‘g{je%ﬁné %ogg c%r a(lg);?q%)? Q}%h%ga 1%%1}5/1 Tﬂég%att?r alcohols

includk rhgn&fgr ()thergﬁj @X&A&dhﬁl@ a@h ﬂﬂi&x@ﬂh:oh&l@l 780) SxxiotAlceltbl®r1100
substitute

(MonsonioBoMphamdR I (EHy NE B H AR 4 IRE10 andeATfol® 810 (Sasol); Epal®

Gyl I
610 a:%f 59 @ac r 3{5&%95 EQRRARGS Ilﬁé\&é@t@@r kgﬁf&é a@CIF’lyanél Dobanol® 25L
(ShellM@); hyAdey I(SaszxD):hy&Tad@undd)e}aded® ayd erﬂ@)(éloglyllsht@f the
N- net hacryl oyl nmor phol i n
ethylepjeakiy Ww% gggrp%mgﬂupgq lt]laﬁq(éneth)acrylates are particularly preferred over

# sl »?
e S BB TRV SUASALIE) s Bk g

1nparﬂié1(lﬂlmfeymdmmb@¢immyq3ent adecyl (- 2- pyrrol [ d| none,

(N- ]ﬁ; Hfjnrgtll“ g‘gt%g’?h%grﬁ%p? %%g%tﬁmz qu\fﬁgrrﬁlgcel 19 glven N% using mixtures of
ethyle%ﬁ%ﬁﬁﬂﬂéiﬁﬁgﬂé& EMEY dnRduRdRsr fokAbR. (1Y), BYd SyeikhneyteiByt least one
)acrylate, methoxyethoxyet hyl irret h) acryl at e,
(meth)hetyliato hgyng ﬁy’m T et 5198& Iyattatng in the alcohol radical and at least one

(methi%nal@%%%f_hﬁroy % ?rgr/tﬁ Lr? glre)é C%ilgt radical. The fraction of the

(meth)éﬁ@?ﬁz%é/ﬁ%‘iﬂg)ﬁ?dﬁtm| I(S@I"thaﬁchﬁé i tBe alcohol radical is preferably in the
enzyl éneth | (met h)acryl ate, furfuryl (meth)acryl ate,

range Frobd® by tieighh) kased omithe Weaghs(of &a@y@t)m@w@mﬂ?ﬁmon for the

e RS, e S PY FRDHL AR A g o 161030 cuon

atoms (el BlehoY adical islprefeiabDxiyiihé sngeioh) @6ty bédeehy weight based on the
met hoxynmet hyl (et h) acryl ate,

weight ofthe S0perIsy FOmBeH %foy Fl}g[rgeparatlon of the polymers comprising units
X
denveﬁ gtéé { g%éré ln?ég | @%ﬁaﬁig%fthe (methaBEA4 BLViNg AbRS7 RF15 carbon
atomsZn Hhedilbuhobedicapyhd the (kg ngrybitehaviag from 16 to 30 carbon atoms in the
br onophenyl (net h) acryl at
alcohol radienl aiprsfesebly it Bisyneeet %Hf)alctloyll L3: anoye preferablyip the range of 5:1
tolS(lmsth)acrylate 2-i odoet hyl (net h)acryl at e,
chl oronet hyl (et h) acryl ate; oxiranyl (neth)acryl ate
| Clompanéht Q@moyttp.ﬁsyd ﬁmr;mﬁic)lmr mjhy;lﬂmqally unsaturated monomers that can
3, 4- epoxy net h acr
copol)gg%q(wgé e¥ Iﬂsaé ted ester compounds of formula (II) and/or (III).
2, 3- epoxycyclohexyl(neth)acrylate, oxi ranyl
( met h) acryl ates such as
10, 11- epoxyhexadecyl (et h) acryl at e,
gl yci dyl (et h) acryl at e; phosphor us-, boron-
and/ or silicon-containing (neth)acrylates |ike 2-
(di met hyl phosphat o) propyl et k) acryl at e,
2- (et hyl phosphi t o) propyl (neth)acryl ate, 2
di met hyl phosphi nonet hyl (et h) acryl at e,
di met hyl phosphonoet hyl (net h) acryl ate,



vi nyl nononmers containing aromatic groups |ike

styrene, substituted styrenes with an al kyl

substituent in the side chain, such as a-nethyl styrene

and a-ethyl styrene, substituted styrenes with an al kyl

substituent on the ring such as vinyltol uene and

nnnoéﬂ%gg%g%éggﬁggﬁl ich J?ggﬁ{ éﬁggﬁa?#ﬁ%Pgﬁ%%%§¥%R§§br
polynaenttatiet insbcardasieywidnths invention: het erocyclic vinyl

conpounds l'i ke 2-vinyl pyridine, 3-vinylpyridine,

2-met hyl -5- vinyl pyriding; 3-etgdyl - 4-vinyl pyridi ne,

2, 3- dlnethyl 5-vi nyl pyri i nyl pyri m di ne,

vi nyl pi peridine, 9-vinylc ol e, 3-vinylcarbazol e,

4-vinyl carbazol e, I-vinylsimdaggle, 2- methyl -

-vinylinidazole N-vi nyl ynoI

2-viny| pyrrolidone, N vinyl pyrrolidine,
wherg RRY, X ]gzomdampélentha y gﬁg%@p gpﬁup con31st1ng of hydrogen

Vv
el B L UR120 AL RAS) gt
preferablyriod emboe dtomsnwhtdhl caz bk esbstlwteWW(th dzol(zrs-1ahdlogen atoms, where

nis thgt ydr re Q ct:a%()jonVI n%é og ?-ggillaﬁg Vi rle\%g%pkf@ﬂ;)ggy%sgpgated linear
or braﬁ&t@dddlk ?l oﬂ‘@&ﬂm |g?i§1p§ 'vﬁﬂfﬂmﬁ‘ﬁ! Cﬁrbfg?abl}"@%%ﬁkﬁ%ééﬁﬂly preferably 2-4

ernikm e umaric acid umari C
carboaatomsciwhloh@an besu@mnecamthﬂdo (Ixdnhdlegenrateros, pagfgrably chlorine,

wheret &30 RGP PP AP O hea) i paoy GRg ey LU eycloalkyt

group§ WG BADon AR WRRIAQAR bE sasstitved vitkawm2ih-n) hdlegd dtoms,
and contain usuafl hetero atons such as ox%gen and/ or

preferﬁblwbgme where @xlaﬂm rambee obeashematemy ofgherqysieatkyl group;

C(_Y?ﬁ %]{%s angég%ﬂoal’ 3(/)%“ ﬁe%(eﬁkaér %O&%S*dIéIRS*SOZRS* PR™,

P(-Y’()'RéfthaBR% A=yt har®s) ebivhlcan bb qtlﬁéﬂﬁ‘zeﬂlwldq an addmonal
R¥ (nmeth)acryl ates and heterocycllc*V|nyI conpounds
RY, aprryibetareqyclyd senuppeheieny’ edrisiIRer 8 or O, PreferE’élpfé&Fm |15yan alkyl

| B
sroup ] £20 St Bh Iohi 5n SN BE) Bt IR} QPGSBS OROIRY s
hydrogaﬂofaﬁl alsaadxneta@g alkdx;;abvlith 1620 @sboni astbmsmyloxy or heté'xfmeyclyloxy, RS
ional flujd of the present |nvent|o ferab

t e
and Re n@megéeglﬂpfméymgmwal@ﬁ S Ity At © 2 gggeqn aiom, or R and
7
B AL A AL R 0 s
form a Br8trhembert preRralily 6adainy:mbbmmg apd Ry ais Hiplearsir haanchedalisyl or aryl

rise at |east 40% by wei ght, especially
g“mpgﬁm%g?éﬁcﬁﬁégﬂanE|ght more preferably at |east 60%
by, 3wehg Rl 3k pER&NID AR §lod8H FoRlthe 8RS cgﬁ)s%tmg oFly8Rygen,

nmet hacryl ate repeating units. Prefeéerably, these ok
halog@ndpydbﬂaylmdnmroy kchloeinpo h&cuhgwupsawpthuls(eca@@n @Qms and COOR”™,

late r atin un|t nd Cl- | ate o1+
where 127 S{dfo S ERET il o SR PO R o gt Yol or R'* and
R* cambg/éiwrsro&ea gV SR Torinkidl (CBBS,SWhidhTan Bk sabstititédlvith 1-2n’
Usual |y the polynmers derived from al kyl esters have a

halogemitems Ioaﬁfnﬂ‘ela«gﬁﬂ gtaups.re cpm faye »grogp 0bthetformule §4=000-Y*—

_~9/ pr n_t n £ .0 Q
-0yt 5 P 28008 AL PS f AR Lo e
least 2% tﬁ@ﬁbstdmeiﬁo* RE0 RY’ sl R id In@kibgedny haloged.at i on

i nt ended by this. These values refer to the wei ght

aver age nol ecul ar wei ght of the pol yners.

Wthout intending any limtation by this, the
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preferably 1.2 to 5. The polydispersity may be determined by gel permeation
chromatography (GPC).

The monomer mixtures described above can be polymerized by any known method.
Conventional radical initiators can be used to perform a classic radical polymerization, These
initiators are well known in the art. Examples for these radical initiators are azo initiators like

2,2’-azodiisobutyronitrile (AIBN), 2,2’-azobis(2-methylbutyronitrile) and 1,1
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Sanpl e Cal cul ated Ni Content (ppm Experinental Ni
Content (ppm) 1 47 44 2 23 27 3 471 458 EXAMPLE 2
Per f ormance of the Traced Functional Fl uids

azobiscyclohexane carbonitrile; peroxide compounds, e.g. methyl ethyl ketone peroxide,
acetyl acetone peroxide, dilauryl peroxide, tert.-butyl per-2-ethyl hexanoate, ketone peroxide,
methyl isobutyl ketone peroxide, cyclohexanone peroxide, dibenzoyl peroxide, tert.-butyl
perbenzoate, tert.-butyl peroxy isopropyl carbonate, 2,5-bis(2-ethylhexanoyl-peroxy)-2,5-
dimethyl hexane, tert.-butyl peroxy 2-ethyl hexanoate, tert.-butyl peroxy-3,5,5-trimethyl
hexanoate, dicumene peroxide, 1,1 bis(tert.butyl peroxy)cyclohexane, 1,1 bis(tert.butyl
peroxy)3,3,5-trimethyl cyclohexane, cumene hydroperoxide and tert.-butyl hydroperoxide.

Low molecular weight poly(meth)acrylates can be obtained by using chain transfer
agents. This technology is ubiquitously known and practiced in the polymer industry and is
described in Odian, Principles of Polymerization, 1991. Examples of chain transfer agents
are sulfur containing compounds such as thiols, e.g. n- and t-dodecanethiol, 2-
mercaptoethanol, and mercapto carboxylic acid esters, e.g. methyl-3-mercaptopropionate.
Preferred chain transfer agents contain up to 20, especially up to 15 and more preferably up to
12 carbon atoms. Furthermore, chain transfer agents may contain at least 1, especially at
least 2 oxygen atoms.

Furthermore, the low molecular weight poly(meth)acrylates can be obtained by using
transition metal complexes, such as low spin cobalt complexes. These technologies are well
known and for example described in USSR patent 940,487-A and by Heuts, et al.,
Macromolecules 1999, pp 2511-519 and 3907-3912.

Furthermore, novel polymerization techniques such as ATRP (Atom Transfer Radical
Polymerization) and or RAFT (Reversible Addition Fragmentation Chain Transfer) can be
applied to obtain useful polymers derived from alkyl esters. These methods are well known.
The ATRP reaction method is described, for example, by J-S. Wang, et al., J. Am. Chem.
Soc., Vol. 117, pp. 5614-5615 (1995), and by Matyjaszewski, Macromolecules, Vol. 28, pp.
7901-7910 (1995). Moreover, the patent applications WO 96/30421, WO 97/47661, WO
97/18247, WO 98/40415 and WO 99/10387 disclose variations of the ATRRP explained
above to which reference is expressly made for purposes of the disclosure. The RAFT
method is extensively presented in WO 98/01478, for example, to which reference is
expressly made for purposes of the disclosure.

The polymerization can be carried out at normal pressure, reduced pressure or

elevated pressure. The polymerization temperature is also not critical. However, in general it
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to be broadly understood here.

According to a preferred embodiment, the polymer is obtainable by a polymerization
in API Group II or Group III mineral oil. These solvents are disclosed above.

Furthermore, polymers obtainable by polymerization in a polyalphaolefin (PAO) are
preferred. More preferably, the PAO has a number average molecular weight in the range of
200 to 10000, more preferably 500 to 5000. This solvent is disclosed above,

The functional fluid may comprise 0.1 to 50% by weight, especially 0.5 to 30% by
weight, and preferably 1 to 20% by weight, based on the total weight of the fluid, of one or
more polymers derived from alkyl esters.

Another class of polymers useful in functional fluids are polyolefins. These
polyolefins include in particular polyolefin copolymers (OCP) and hydrogenated
styrene/diene copolymers (HSD). The polyolefin copolymers (OCP) to be used according to
the invention are known per se. They are primarily polymers synthesized from ethylene,
propylene, isoprene, butylene and/or further olefins having 5 to 20 carbon atoms. Systems
which have been grafted with small amounts of oxygen- or nitrogen-containing monomers
(e.g. from 0.05 to 5% by weight of maleic anhydride) may also be used. The copolymers
which contain diene components are generally hydrogenated in order to reduce the oxidation
sensitivity and the crosslinking tendency of the viscosity index improvers.

The molecular weight Mw of the polyolefins is in general from 10 000 to 300 000,
preferably between 50 000 and 150 000. Such olefin copolymers are described, for example,
in the German Laid-Open Applications DE-A 16 44 941, DE-A 17 69 834, DE-A 19 39 037,
DE-A 19 63 039, and DE-A20 59 981.

Ethylene/propylene copolymers are particularly useful and terpolymers having the
known ternary components, such as ethylidene-norbornene (cf. Macromolecular Reviews,
Vol. 10 (1975)) are also possible, but their tendency to crosslink must also be taken into
account in the aging process. The distribution may be substantially random, but sequential
polymers comprising ethylene blocks can also advantageously be used. The ratio of the
monomers ethylenepropylene is variable within certain limits, which can be set to about 75%

for ethylene and about 80% for propylene as an upper limit, Owing to its reduced tendency to
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dissolve in oil, polypropylene is less suitable than ethylene/propylene copolymers. In
addition to polymers having a predominantly atactic propylene incorporation, those having a
more pronounced isotactic or syndiotactic propylene incorporation may also be used.

Such products are commercially available, for example under the trade names
Dutral® CO 034, Dutral® CO 038, Dutral® CO 043, Dutral® CO 058, Buna® EPG 2050 or
Buna® EPG 5050.

The hydrogenated styrene/diene copolymers (HSD) are likewise known, these
polymers being described, for example, in DE 21 56 122. They are in general hydrogenated
isoprene/styrene or butadiene/styrene copolymers. The ratio of diene to styrene is preferably
in the range from 2:1 to 1:2, particularly preferably about 55:45. The molecular weight Mw
is in general from 10000 to 300 000, preferably between 50000 and 150000. According to a
particular aspect of the present invention, the proportion of double bonds after the
hydrogenation is not more than 15%, particularly preferably not more than 5%, based on the
number of double bonds before the hydrogenation.

Hydrogenated styrene/diene copolymers can be commercially obtained under the
trade name SHELLVIS® 50, 150, 200, 250 or 260.

According to a preferred aspect of the present invention, the fluid may comprise at
least two polymers having a different monomer composition. Preferably, at least one of the
polymers is a polyolefin and/or a polymer derived from alkyl esters.

Preferably, at least one of the polymers of the mixture comprises units derived from
monomers selected from acrylate monomers, methacrylate monomers, fumarate monomers
and/or maleate monomers. These polymers are described above.

The weight ratio of the polyolefin and the polymer comprises Units derived from,
monomers selected from acrylate monomers, methacrylate monomers, fumarate monomers
and/or maleate monomers may be in the range of 1:10 to 10:1, especially 1:5 to 5:1.

Furthermore, the present invention provides a method for controlling the quality of a
functional fluid comprising the steps of: adding a metal compound to a component of a
functional fluid; mixing the component with a base oil; measuring the concentration of the
metal compound in the functional fluid; and comparing the expected concentration of the
metal compound with the measured concentration.

In the present invention, the quality control can be achieved by using a metal

compound as a tracer. Usually, the functional fluids are produced by adding different
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additives, like viscosity index improvers, pour point depressants, and a detergent-inhibitor
package or separate detergent-inhibitor components, etc. to a base oil. These additives allow
an adaptation of a base fluid to the needs of the customers. However, there are many
different additives, as mentioned above, and, therefore, in prior art quality control was
achieved by performing expensive tests. In contrast thereto, the present invention allows the
control of the quality by determination of a specific metal compound being present in a
specific additive.

Preferably, least two different components are added to a base oil comprising different
metal compounds. Using different metal compounds in the different additives of a functional
fluid allows an assessment of the overall quality of a functional fluid.

The functional fluid of the present invention may comprise further additives well
known in the art such as viscosity index improvers, antioxidants, anti-wear agents, corrosion
inhibitors, detergents, dispersants, BP additives, defoamers, friction reducing agents, pour
point depressants, dyes, odorants and/or demulsifiers. These additives are used in
conventional amounts. Usually the functional fluids contain 0 to 50% by weight, preferably
0.1 to 20% by weight and more preferably 0.2 to 10% by weight additives.

The functional fluid of the present invention has good low temperature performance.
The low temperature performance can be evaluated by numerous well known methods
including Mini Rotary Viscometer according to ASTM D 4684 and the Brookfield
viscometer according to ASTM D 2983.

The functional fluids of the present invention are useful e.g. in industrial, automotive,
mining, power generation, marine and military applications. Mobile equipment applications
include construction, forestry, delivery vehicles and municipal fleets (trash collection, snow
plows, etc.), Marine applications include ship deck cranes.

The functional fluids of the present invention are useful in power generation hydraulic
equipment such as electrohydraulic turbine control systems.

Furthermore, the functional fluids of the present invention are useful as transformer
liquids or quench oils.

The invention is illustrated in more detail below by examples and comparison

examples, without intending to limit the invention to these examples,
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EXAMPLE 1
Metal Ion Concentration Measurement
Nickel stearate powder was mixed at 60° C. in 100N oil at 0.5% by weight
concentration for 3 hours. The resulting solution was added to polyalkylmethacrylate-based
PPD at various treat rates to make nickel ion concentration in each sample as indicated in
Table I. The samples were then subjected to X-ray Fluorescence Spectroscopy (XRF) to
measure concentration of the metal ion. The measured metal ion concentrations match well

with the calculated input concentration (Table I)

TABLE ]

Comparison of Calculated Input Nickel Concentration with Measured
Values

Sample Calculated Ni Content (ppm) Experimental Ni Content (ppm)

1 47 44

2 23 27

3 471 458
EXAMPLE 2

Performance of the Traced Functional Fluids

The presence of the organometallic tracer causes no adverse effect on the performance
of additives, such as pour point depressant. In a SW-30 engine oil formulations low
temperature properties such as MRV/TP-1 viscosity, Scanning Brookfield viscosity and gel
index remains in the same range regardless the presence of nickel based tracers. The results

of low temperature properties are shown in Table II.
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a lubricant or ah anLH I CStfea.rgye d. Stearate Stearate
TREATRATE, — 0.0001 0.0002 0.0003
wt %

TP-1@-35° C.

VISCOSITY, P 232 233 232 234
YIELDSTRESS, 0 0 0 0

Pa

SBT

° C.@30,000 cP -32.13 -31.86 -31.85 -31.75
GEL INDEX -33.8/6.8 -33.3/7.5 -33.2/7.6 -32.2/7.2
cP@-25° C. 7,119 7,231 7,280 7,275

21 °



3. The method according to claim1, wherein the netal
conpound conprises an el enent selected fromthe group
consi sting of bismuth (Bi), cesium (Cs), cobalt (Co),
manganese (M), neodym um (Nd), nickel (Ni), strontium

CLAIMS:), zirconium (Zr) and m xtures thereof. 4.
The method according to claim1, conprising adding t
sai d mathediferrentrpllingdhagudlisnet a Binstional Anids sprppiiFaL:

a rdin f - (01- . )

SRR G B LBy B LR s,

8c¢mbﬁﬂ1gps%id)miktwfe®viﬁxaﬁ;ﬂcﬁom\i]iﬁm;eger fromO to 4, and

mis an integer fromQ to 4, erein.ntmjs at ast

1 measuring thesconpgrirationipd gheyuel epmppund i the; fJHP‘%E}OﬂﬁL&“ i 3pd

i ' : .

a%ﬂ%ld&eﬂggxéggﬁg%hg%}#ﬂgp gpid %&al%gﬁﬁgé%\évgh% measured
conceagatimcli Nng to claim 1, wherein the functional fluid
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g%@%ﬁé%g%%g%ﬁgﬁgﬁﬁg r&teri%eod gor(rjl-l}%/%%%% hcttedo ffrorg rgtgrylate

mono%g{sg@@{ﬂagrywe Hlodbmerk, iesRinbRdnd-EARYortiesth _frgo%Bﬁl@Fs.

compounds are added to a functional fluid.
8. The nethod according to claim1, wherein the

A B BretaB gt R B omsron te tofticht Ay fygfant or o

hydra@&C@iidi ng to claim 1, wherein the polymer is a
viscosity index inprover and/or a pour point
depr essant. 10. The nethod according to claim

1 erei.n the polyner.is a l.yal t .

oot e R €0 B faih, SR Befcs e Ebprises an
elemeitRIcRidd fkdif OB IF Eorsistiap b bratitbiBipkyiaRr(Cz), kgbalt (Co),

ol ef | ni cal I(}/ unsat ur ated nononers conprising at_| east .
mangasgse G¥ln), neodymiup)(Nebriyjeleeh (R pniiHRS 2y hbiepd mixtures

thereo?f one or nore ethylenically unsaturated ester
compounds of formula (11)

4. The method according to claim 1, comprising adding to said functional fluid at

least one metal compound according to the formula:

)

2[R—O0F+M—FO0—C—R]n

wherein M is a metal atom, R is an alkyl group having 8 to 30 carbon atoms, n is an

integer from 0 to 4, and m is an integer from 0 to 4, wherein n+m is at least 1.

5. The method according to claim 1, wherein the at least one metal compound is

present in an amount of 10 to 500 ppm.

6. The method according to claim 1, wherein the functional fluid comprises

0.00001% by weight to 0.01% by weight of one or more metal compounds.

7. The method according to claim 1, wherein at least two different metal compounds

are added to a functional fluid.



OrR2, 0 where R1 is hydrogen or nethyl, R2is a
linear or branched al kyl residue with 1-6 carbon
atons, R3 and R4 independently represent hydrogen or a
group of the fornula COOR, where R is hydrogen or a
al kyl group with 1-6 carbon atons, and b)

et hyl eni cal |l y unsaturated nononers of one or nore

eBhyllhemiatlaod decording igredaindl, edeesin themebumershas e Weoghhaverage
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atons, R6 and R7 independently are hydrogen or a group
of the fornula -COOR', where R' is h){drogen or an .
alk ylihe greshasd agcording tolaimy bovherin the polymer s a visgosityipdex

impmgglq}l%f%‘i%%géiﬁgﬁ%?es%ﬁi m 1, wherein the polymer is

tal ne y I'zing a m xture conprising vinyl
nonomers contai ning aromati c groups. 13. The
met hod according to claim1, wherein the polyner has
abodbe aretig A5ROAINE 1 G HICERD PO ROYTH T8 pBBENY Methacrylate
polyﬂ%lﬁrml . 14. The method according to claim1,
erein the fluid conprises 0.1 to 50% by wei ght of
t he pol yner. 15. The nmethod according to claim

1, rein the fluid conprises at . |east two pol rs

bt e PelhorEreiieda ey - SorUb e rgRmer £ oBRnf By Ty
polynﬁﬁ%ﬂ%ﬁ%l&ﬁﬁ@d_l@' Wdathfitdd AbMBnders WoRPALiAg seletst s ef:i onal

fluid conprises at | east one nenber selected fromthe

gebethylenieslls wisatprattd mompmersaif anelor mepregthyleaicaldy wigaturated ester
aLrgrg1 a ?i olui)%h@al |y sourced oil. 17. The net hod
compay 8195 (H'ﬂl laim1l, wherein the polyner has a
chel ati ng group. (I
Rl

R4 OR2?,

=
R 0]
where R1 is hydrogen or methyl, R2 is a linear or branched alkyl residue with 1-6
carbon atoms, R3 and R4 independently represent hydrogen or a group of the formula
COOR’, where R’ is hydrogen or a alkyl group with 1-6 carbon atoms, and
b) ethylenically unsaturated monomers of one or more ethylenically unsaturated ester

compounds of formula. (II)

(10
Rl

R’ OR>,

Z
RS 0
where R1 is hydrogen or methyl, RS is a linear or branched alkyl residue with 7-40

carbon atoms, R6 and R7 independently are hydrogen or a group of the formula —COOR”’,

where R’ is hydrogen or an alkyl group with 7-40 carbon atoms.



18. The nmethod according to claim1, wherein the netal
conpound is not otherwi se present in the fiinctional

fluid. 19. A nmethod for controlling the quality of a
functional fluid, conprising: adding one or nore netal

CANPIURGthR RcHANEWIclaim0l, WNeAiN R dmysﬁéfri@ obtaelibyi ng
said mxture with a functional fluid; measuring the

polymepiangrat migtirg comprising virst oneBeHOeNtRNIAL AFENAIGEEOYRSNal
fluid; and conparing the expected concentration of the
nmetal conmpound with the neasured concentration;

wher §he niditedertyrdidg tb £1aAmiQ Wihetdiy thegloatdriHagk énolecular weight in
20. A nmethod for controlling the quality of

pol yner .
the rapge Q@008 #aP04000igdmok onpr i si ng: addi ng one or nore
nmetal conpounds to a polyner, to obtain a m xture;
conbining said mxture with a functional fluid;
nmt4s The agthddeaccand gt rchdiindn whierdimeherfhtid boraprises Oridtoi 58% by

. .the functional fluid; and conparing the
weight eheelydncent rati on of the metal conpound with the
nmeasured concentration; wherein the polyner is

obt ai ned by pol ynerizing ol efinically unsaturated

mbhoifbe settadmersiding tatcldimas twheren tie:fluid compages at least two

et hyl eni c nsat ur at ed npnoners of one or nore
f%enﬂ

pob’n(@f )Vé’}ﬁ%’i FORORFLEURPENDY  conpounds of formul a
Il R3

16. The method according to claim 1, wherein said functional fluid comprises at least
one member selected from the group consisting of a mineral oil, a synthetic oil, and a

biologically sourced oil.
17. The method according to claim 1, wherein the polymer has a chelating group.

18. The method according to claim 1, wherein the metal compound is not otherwise

present in the functional fluid.

19. A method for controlling the quality of a functional fluid, comprising:

adding one or more metal compounds to a polymer, to obtain a mixture;

combining said mixture with a functional fluid;

measuring the concentration of the metal compound in the functional fluid; and

comparing the expected concentration of the metal compound with the measured
concentration;

wherein the polymer is a polyalkylmethacrylate polymer.

20. A method for controlling the quality of a functional fluid, comprising:
adding one or more metal compounds to a polymer, to obtain a mixture;
combining said mixture with a functional fluid;

measuring the concentration of the metal compound in the functional fluid; and



where R1 is hydrogen or nethyl, R2 is a linear or

branched al kyl residue with 1-6 carbon atons, R3 and

R4 i ndependently represent hydrogen or a group of the

formula COOR, where R is hydrogen or a al kyl group
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neasur ed conce i Oy wherein the polynmer is
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Rl
R’ OR’,
F
RS o)
where R1 is hydrogen or methyl, R5 is a linear or branched alkyl residue with 7-40
carbon atoms, R6 and R7 independently are hydrogen or a group of the formula —COOR”’,

where R’ is hydrogen or an alkyl group with 7-40 carbon atoms.

21. A method for controlling the quality of a functional fluid, comprising:

adding one or more metal compounds to a polymer, to obtain a mixture;

combining said mixture with a functional fluid;

measuring the concentration of the metal compound in the functional fluid; and

comparing the expected concentration of the metal compound with the measured
concentration;

wherein the polymer is obtained by polymerizing a mixture comprising vinyl

monomers containing aromatic groups.



22. A method for controlling the quality of a functional fluid, comprising:

adding one or more metal compounds to a polymer, to obtain a mixture;

combining said mixture with a functional fluid;

measuring the concentration of the metal compound in the functional fluid; and

comparing the expected concentration of the metal compound with the measured
concentration;

wherein the polymer has a chelating group.



