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et hyl ene/ a-ol efm mul ti - bl ock interpol ymer conpositions

havi ng hot tack properties and filnms nade therefrom
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pol ymers (represented by di anonds) as conpared to

traditional random copol yners (represented by circles)
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triangles). [13] Figure 2 shows plots of delta
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3 or nore carbon atons. Preferably, ethylene conprises
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the whol e polynmer. Mre preferably ethyl ene conprises
at | eastabout 60 nole percent, at |east about 70 nole
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"soft" segnents. "Hard" segnents refer to bl ocks of

pol ynerized units in which ethylene is present in an
warnoenz7gseat er t han about 95 wei ght percent, &Q0W/US2006/009893

preferably greater than about 98 wei ght percent based

on the wei ght of the polyner. In other words, the
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the variables correspond to the relationship: Tm>

-2002.9 + 4538.5(d) - 2422.2(d)2, and preferably Tm >
woaR®a21098 13141(d) - 6720.3(d)2, and nore preberaiskons/009893

Tm > 858.91 - 1825.3(d) + 11 12.8(d)2. [31] Such

melting point/density relationship is illustrated in
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et hyl ene/ a-ol efin interpolyners are characterized by
an elastic recovery, Re, in percent at 300 percent



than 40 to 50 percent and down to cl ose zero percent.
[41] In sone enbodi nents, the multi-Dblock copol yners
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rat her than a Poi sson distribution. The copol yners are
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i peed indbe (fisldocked i nterpol ymer), nost preferably a
mul ti-bl ock copol yner, said block interpolynmer having
a peak (but not just a nolecular fraction) which

elidasTestet (Maoridfinalndy MEAXCring Utd s bippttabfohhgddrier the
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et hyl ene i nterpol yner peak at the sanme el ution
tenperature and expanded using a full w dth/half
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then the FWHM area is determ ned. For a distribution
nmeasur ed usi ng an ATREF peak, the FWHM area i s defi ned
as the area under the curve_getween T1 and T2, where
Tl and T2 are points determned, to the left and right
of the ATREF peak, by dividing the peak hei ght by two,
and then drawing a line horizontal to the base |ine,
that intersects the left and right portions of the
ATREF curve. A callbratlon curve for cononomer content
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calibration curve at the sane TREF el ution

tenperature, preferably at |east 5 percent greater,
wounom/iprmger ably at | east 10 percent greater. OCTA82006/009893

addition to the above aspects and properties described

herein, the inventive polyners can be characterized by

r re jtional, characteristics. |n one aspect,
O Feoatic: o ol fiere 8 RGheds &9 Rbasrpliap G
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copol yneri zabl'e, conononmers in pol ynerized form
eonipmadion peuse MalProibl e bl ocks or segments of two or
nore pol ynerized nonomer units differing in chem ca
or physical 5 properties (blocked interpolyner), nost
preferably a nmulti-block copolyner, said block
i nterpol yner having a nol ecul ar fraction which el utes
bet ween 400C and 13Q0C, when fractionated using TREF
increments, characterized in that said fraction has a
nol ar conononer content higher, preferably at least 5
percent higher, nore preferably at |east 10, 15, 20 or
25 percent higher, than that of a conparabl e random
et hyl ene interpolyner fraction O eluting between the
same tenperatures, wherein said conparabl e random
et hyl ene i nterpol yner conprises the sane conononer(s),
preferably it is the same conononer(s), and a nelt
i ndex, density, and nolar conononer content (based on
t he whol e polynmer) within 10percent of that of the
bl ocked i nterpolynmer. Preferably, the MV Mh of the
conparabl e interpolymer is also within 10 percent of
that of the bl ocked interpolymer and/or the conparable
i nterpolyner has a total conononmer content within 10
wei ght percent of that of the bl ocked interpolyner.
[49] Preferably, the above interpolyners are
i nterpolyners of ethylene and at | east one a-olefm
especially those interpolynmers having a whol e pol ynmer
density from about 0.855 to about 0.935 g/cnB, and
nore especially for polynmers having nore than about 1
nol e percent conononer, the bl ocked interpolynmer has a
conononer content of the TREF fraction eluting between
40 and 13Q0C greater than or equal to the quantity (-
0.1356) T + 13.89, nore preferably greater than or
equal to the quantity (-0.1356) T+ 14.93, and nost
preferably greater than or equal to the quantity
(-0.2013)T + 21.07, where T is the nunerical value of
t he peak ATREF el ution tenperature of the TREF
fraction being conpared, neasured in OC. [50]
Preferably, for the above interpolyners of ethylene
and at | east one al phaolefin especially those
i nt erpol yners havi ng a whol e pol yner density from
about 0.855 to about 0.935 g/cnB, and nore especially
for polyners having nore than about 1 nole percent
conononer, the bl ocked interpolyner has a conononer
content of the TREF fraction eluting between 40 and
13Q0C greater than or equal to the quantity (- 0.2013)
T + 20.07, nore preferably greater than or equal to
the quantity (-0.2013) T+ 21.07, where T is the
nuneri cal value of the peak elution tenperature of the
TREF fraction being conpared, neasured in OC. [51] In
still another aspect, the inventive polyner is an
olefin interpolyner, preferably conprising ethyl ene
and one or nore copol ynmeri zabl e conononers in
pol ymerized form characteriged by nultiple blocks or
segnents of two or nore polynerized nononmer units
differing in chem cal or physical properties (blocked
i nterpolyner), nost preferably a nulti-block
copol yner, said bl ock interpolynmer having a nol ecul ar
fraction which elutes between 400C and 13Q0C, when
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of the conposition signal (CH3) divided by the
nmeasurenent signal (CH2) is sensitive to theconononer
woanicantossf the nmeasured pol ynmer in sol ution aRdTiUuS2006/009893
response is calibrated with known ethyl ene
al pha-ol efin copol ynmer standards. [56] The detector
when used with axsig!ﬁ@%\ﬂGﬁtﬂzﬁtﬂ%EHE@hdes both a
concentration ( 1 ) signal
response of the eluted polyner during the TREF
ocess. A pol.yner specific, cglibration cap be created
B8 et MhBPAL @8 6 aunding rorctenining Begop gontent of
BRiIYABE SubMchht, KWARK ISP BRNRBEIOESR &ithpAdM@f er abl y
nmeasured by NVR). The” conpbnomer content of an ATREF
peak of a polyner can be estimated by applying a the
refer gee SRling b PréieMhinbA Camadlihtorahid RBLs 18B8cdto a an
the individual™ CH3 and CH response (i.e. area ratio
CH3ZCH veraiyesolvenbeemnpdsing gredetenangd ameuaiseel aif apolar

peaks can | cyl at.e i £ ul i dth/ hal.f _ .

maxi mum ( F&ﬁ?ﬁ"gc%@f"a&pﬁ’f@g’? 9%}'0 §B’ﬁ{?\§l}\ﬁ %B otrgémc acid, water,
appr opr i at gn bas ebinpR&iriPadgert egdal @dubidgi da@éhy isdithhctive
signal respaonses fromthe TREF chromatogram The full
wi dt h/ hal f SQMENthaMinga eidigiween 2anlgked on the ratio
of methyl to nethyl ene response area [ CH3/CH2] from
the ATREF infra red detector, wherein the tall est

(hi ghést ) theadughty mniking thei leldri¢antemt lilee batbhe dolvent umtitithe
then the FWHM area is term ned., For a distribution
nmeasur ed u@yﬂﬁﬂrﬁﬁs ‘ﬁﬂ’ﬂ%g?%\égkﬁsoﬁ’ﬁg; FWHM area i s defined
as the area under the curve between Tl and T2, where
Tl and T2 are points determned, to the left and right

of t hé&)ATReEVRhe mixtwedp deaet conwigielanskiogieparste inio, a

and then d | I i hi I d.ne, .
That 1t er SBaLh A 1 BRI iockBrt RSREagfettiAd an ron
ATREF curveompleR] The application of infra-red
spectroscopy to neasure the conmononer content of
polynmers in this ATREF-infra-red nethod is, in

principl e, msd Ml Ak té@ﬁ

descr ik(@ed f'lﬁért ea%#%efﬁqé‘ ngor?é;tﬁ@%o@ébﬁ a?%nféfgﬁlé gﬁ?ture
Ronal d P. ; directlyiintb,a teceptaeleGuitable foh absorbhrye measurement
" Devel oprment,, of . gel - per meati on chr omat ogr aphy- Fouri er
transform |“r#‘?éﬂsg:ge 'roscopy for characterization

of et hyl ene-based pol yol ef m copol yners". Polyneric
Materi al s Sci ence and Engi neering (1991), 65, 98-100.;
and D¢8) auphetpgetieally marshiringdhe Det@bsogtansi, of thafiltered

"Quantifyin 0 L. nching ,m crostructures in

et hyl ene- E&Hﬁ&f %tafr%@@%ﬁv%%ﬁt%&s\)ﬁsﬁ@eﬁ%e,&@l usi on

chr omat ogr aphy and Fourier transforminfrared
spectroscopy (SEC-FTIR) ", Polymer (2002), 43, 59-170.,
both &P whremesing ihgahsermancednessuremepidadwnn spaicaniant of
their enti {ﬁm ridapg] | n other enbodinents, the

i nventive e yPene a-olefminterpolyner is

characterized by an average bl ock index, ABI, which is

reater than zero and up to about 1.0and a nol ecul ar
egPresentdRYansaR @lse, Proides 2 @ﬁ%@@é@rgﬂaﬁmaw@dheﬂos.contem

T € i ' el average of
gl SRR TR e Bondacied BF o8 cEfiorEive:
fractions obtained in preparative TREF from 200C and
1100C,, with an increnent . of 50C. ere Bl; is the

b1 ock (7hde #0082 SRR IEAATGHIIGR Spieuh N ERO Lo 3
et hyl ene/ as j ' [ r j
TREE, and (TSR RERR BE Poohoh ShASHsbl o RFE b
fraction. [60] For each polyper fraction, Bl is
defined by one of the two follow ng equations (both of
which give the sane Bl value): Bl JIT X -MI XO ot m
_LnPx LnPxo HT - MI LnPA -LnPAB where Tx is the
preparati ve ATREF elution tenperature for the ith
fraction (preferably expressed in Kelvin), Px is the

. o o o, .



about 1.0, fromabout 0.7 to about 1.0, from about 0.8

to about 1.0, or fromabout 0.9 to about 1.0. [63]
wanoeichierosghar act eri stic of the inventive PCT/US2006/009893

ethyl ene/a-olefin interpolyner is that the inventive

et hyl ene/ a-ol efin interpol yner conprises at | east one

TReE wner BF RoSH el loteRsre Btslindi Someking fhe
t han about Iuridgarstidceptaaioctntadinth@Rerein BPleaSUWRY

wei ght distribution, Mwv Mh, greater than about 1.3. In
some enbodFivsRgkle amroules %%namnoal&s emtaiaingcoppsients of

i ndex greaggLchas,

gr eat er paflachs 'g%%gﬂg’rﬁp”qﬁol a g&@'r%ﬁoo%o‘%"etgtoé?”

t han about apolgr anganimpscﬂ\@ma,tmpolarlofganm sgvadf af irbhan
about 0.9 and Hg to ab g ut 1.0., In.cﬁ&@r en‘godl nent s,

the pol ynefCPP P& EAPRLSLTEPBERY ely 2B Ay piRg agent;
about 0.1 and up to about 1.0, greater than about

0. 2and up to about 1.0, %seater t han about 0.3 and up
to abft 1cwshigedhe empon la@datth@re’ce@tatlejpnd midhg tie

1.0, or gr t bou

still ot hegﬁﬁer%b oh%ﬁ;@%ﬁpt% rﬁg [ég?l r‘f@l Pthreju!?n ttﬁ:a%onaple’tely
bl ock i ndedisgoleed & forfmanteabostitiéh msmh@netzéptaaeut

0.5, greater than about 0.2 and up to about 0.

greater than about 0.3 and up to about 0.5, or greater
t han out ﬁb\,ﬁ t ot her
en‘oodlﬁjﬁentg1 g&u@gﬁﬁe%ﬁts Blgt’eg)?ock i ndex
greater than about O 2 and up to about 0.9, greater

t han out about 0.8, greater.ihan about
0" o R° i affachitD flrdBort MeBRSH5 o cpentindit! Shist Acap oo
up to abOUfllt&Q fid eﬁlﬁ&ﬂtaﬁétﬁus@yi’@@ b YiaETudd %freﬁtd%ti ?:‘E)‘?'n a8
an a-olefin, the inventive polyners preferab possess
(1) a PDI pcentadieezand 1.3, nore pref erably at Ieast
1.5, at least 1.7, or at least 2.0, and nost
preferably at | east 2. 6, up to a maxi num val ue of 5.0,

nore (w)ef ealfdWing the test solition BBpRIratd.ifto AP IBpReHIRL| v
uptoarralrrumof27 2) a heat of fusion of 80J/g

or |ess; (89 tQR layerythe hettearexer casmpriging eaypnmnm@rand
Pese than. Eugift BEeabl e Boibh oA e BRI roffine”"

and/ or (5) re:mptm:t&jthmuww tbeéllﬁrahon[rﬁéz]anﬁmtd heecorid®ceptacle
i nventive n h ve, alone or in combination
with any ogﬁ%&ng ojé)? sqikancsdBeRsER@ERAL Ofihg testagiution
modul us, - Chy sl o Balitd 8gid Gpbohamatgat er than or

equal to 400 kPa, preferably greater than or equal to
1.0 MPa, at a tenperature of 1000C. Mbreover, the

[ i ; e rel a ely fl t or age
TR IRE AR BRI IRSS aubi 'éawﬁsﬁéh’ciﬂge from
@etemlifg Giel irdn c@ttéﬁttcﬁ@nl in-Usiedubrecamt, Winak id é‘esrgned to be
characteristic, of block copolyners, ‘and her et of or e

YSRA SRS FOMMISEI%T i n copol yner, especially a
copol yner of ethylene and one or nore C3-8 aliphatic
a-olefms. (By the term"relatively flat" in this

cont ed) i sameceptadidatiapted t&be(dpenBa sealcdscdasy SRSE8d BYid
| ess t han rder of rra%nltude bet ween 50 and 1000C,

ne
pr ef er abl yg%las r@dgnkediiogrenareaispt olutiomeatizining at

i nterpoly

ther momeeniar -0 origh e SRBOUREIRF BERGBEE cotihing, o
a tenper at coraporfierds of amativeC/ e Coﬁtdnsﬁt@ refidtentingd
nmodul us of from 3 kpsi (20 MPg) to 13 kpsi (90 NPaL
Al t er nat i vBIMPUNESiRE an W%an'ﬁtSQWSB'! @rﬂ‘ﬂ@ Qf@ﬁmﬁéo eat,
t her momechani cal anal ysis pepetration depth of 1mm at
a tenperature of at |east 1040C as well as a flexura
nmodul us of at least 3 kpsi (20 MPa). They nmay be
characteri zed as havi ng an abrasi on resi stance (or
vol ume | oss) of less than 90 nmmB. Figure 7 shows the
TNA (1 nn) versus erx nodulus for the |nvent|ve

o o a o, o s o



[72] Catalyst (A2) is
[N-(2,6-di(l-nmethylethyl)phenyl)am do) (2-
worbdsykpieenyl ) (| PCT/US2006/009893
, 2- phenyl ene- (6- pyri di n-2-di yl ) net hane) ] haf ni um
di met hyl, prepared according to the teachings of V\D

Oaba s TRROHPSAIRG a4t et 28 bl

-(2, 4, 6- reducing agent;

tri (met hyl phenyl ) am do) et hyl enedi am ne] haf ni um
di benzyl .[74] Catalyst (A4) is
bi s(( )OX | | e :
AN mso% E{/s%egﬁlhﬁa%ﬁe eH‘aBYéJ 1% cﬁs;l)ense a predetermmed
2- phenoxy n@nhyh) af\iebridesk dnte-daj@ ratieptactd;r coni um (1V)
di benzyl, prepared substantially according to the
teachi ngs of US-A-2004/0010103. [75] Catalyst (Bl) is

, 2- b{y- ( Silfratibn hrclHE X6 ﬂmlfﬂﬁ&ﬂané%élg%%gﬁ fligyd )
[ nm no) met hyl ) (2- oxoyl ) zirconi um di benz
Cat al yst (rggr)owegi from said receptacle, said filtration means adapted to

eX§I )bI SI Erﬁ?‘%g éd %@\%6{@@?}% ‘fe%?ﬁa&!ﬁq%%& 8%%@{0%?%h

Catalyst (d) is

(t-bu Iam'do%dlmethyl (3- N-r rrolyl - 3a, 7a-

h-i ndéh- | yt’PFe nehresePtasia Whic @#@pfyeﬂtomﬁm@wd and to be
subst ant|

2 288, 444 e@ﬁf?hﬁdﬁ%ﬁ&&éé&%ré ?8%?%1&%9@%@ range;
(t-butyl andntd) di (4- met hyl phenyl ) (2-nmet hyl -1, 2, 3, 3a, 7a-
h- inden-l-yl)silanetitani umdi nethyl prepared
substantially according to the teachi ngs of USA-

2003/ ¥)428feahd W micabatepb a‘b@@bba'née at a selected frequency and
(t-butylam do) di (4- nmet hyl phenyl) g

h- si ndacen? baselife)fegquaney end e Uﬁﬂdﬂ'ﬁﬁe@ﬂ&ﬂlspw;ibemj

Subs) 0L eeqBERL B8pbth KAFGlgR "0 ©f UK

bi s(di net hyl di si | oxane) (i ndene-1 -yl ) zirconi um
di chl ori de avail able from Si gna- Al drich:[81} Shuttling
Agents The shuttling agents enpl oyed incl ude

diet hyl 21 nC. g bR EEH B OfffHiE BRAMIGERC
triethylalu al lium

i butyl al um num bi s(di met hyl (t-butyl)sil oxane),

:E'%LHFyﬂ '§|‘Hﬁ: Hm((%f’r %{e:ﬁré? tﬁ‘hﬁéf Ir?@%?@%%nhavmg up to 400 ppm

I;}bﬁq;an@e,t_adecyl )i-butylalum num i butyl al um num
bi s(di (n-pentyl)am de), n-octyl al um num
bi s(2, 6-di-t-butyl phenoxi de, noctyl al um num

T A T i

itot kebafent.i met hyl si l yl ) anmi de), ethyl al um num
bi s(2, 3,6, 7-di benzo-| azacycl ohept aneani de) ,
n-octyl al um num

P S e PR A bR e invention and
da(ﬁlH-;AlES metli@s6- di phenyl phenoxi de), and et hyl zi nc
(t-butoxide). [82] Preferably, the foregoing process
takes the formof a continuous solution process for

e P on S RREL ! A Mo o the
@WeﬁﬂanaenMDTe nononers, nore espeC|aIIy ethylene and
a C3-20 olefin or cycloolefin, and nost especially
et hyl ene and a C4-20 a-olefm wusing nultiple catalysts
that are incapable of intergpnversion. That is, the
catal ysts are chemcally distinct. Under continuous
sol ution pol ynerization conditions, the process is
ideally suited for polynerization of m xtures of
nononers at hi gh nmononer conversions. Under these
polynerlzatlon condltlons shuttllng fron1the chaln

oy N a o o o - o o



i nfluence the degree or |evel of blockiness. That is

t he anount of conmononer and | ength of each pol yner
wohoewki2zg segnent can be al tered by control | i ngCThS2006/009893

ratio and type of catalysts and shuttling agent as

wel |l as the tenperature of the polynerization, and

e e T R E e L T L
@ntiheckid @RS atsording ©ahe predant imvphtioml  properti es,

tear strength, and high tenperature recovery
properties of the resulting polynmer are inproved. In

particul ar DI—:’“?;ﬁl?Eg‘B’E§@RﬂSTMN bf RURNINVENTION
strength, amd rature recovery properties

i ncrease as the average nunber of bl ocks in the

P hiépent Basmitralaey G avrnod fdaslhinsde Ao HortdHtor
ﬁwrt?éeSIDSﬁéan‘?sgb?méanfs)bf WYilgB spatiesscop Slhdt’ttb o teg Ml whichages

evels of chain term nation other orns of

Therm;eﬂnad ;f whichmeayelhe eendydey og@pﬁgr’é@%a@th%%ﬁh&g %@ﬁéﬂfh
by PloyERS A SR BB RO R bt ggo ol TBd T (he

Plasmi-ABonfic-Eoissiog sbeckosuopiotechsiqoé (IORAESY,ambicbmust be
and the resultlng crystalline blocks are highly, or

daneireataberat9tyeonpl etel y, |inear, possessing little or
no | ong chain branching. [86] Polyners with highly
crystalline chain ends can be selectively prepared in
éfhecprelsaerm ivention sndeitvieddrang thef devedopmerirafisonethad and test

Gt Byoraiie sPRRksSPLY Aine Ml imtich S (e I h e B boe
(GSHESRE, th@exbmbRy, Eplikiatdaib olis| The netiedd a@dordxng to the
crystall|ne regionS. This result can be obtalp g9$§

HAQ4 Rgm

mmmgon giveR anrcsHiate prpes Rt ol thenion: GenIr YR
B0 RRBIRRAL Gt TRORIT b= 858 gt IV T ittfod is
ipfitaths s gasat divedity ofrlyisdcaints. Taepe diffesin tesrmxmféubncant

Roahmsgaoy) Bera AUrer ek 8 fandssgolit b b s st WPg e argount
hqﬁgﬁgﬁﬂgg%@r@g lsbBE RA! EBdI deBHEERMtef 81¢0h as through

I néor poration, regio-error, or
atactic pol yner fornatlon) then the highly

cryst Illne p ner segnent mjl ref erential l

oo edvantose B L Presep bven e sohafh A g T gpoordance

‘Wlltﬁfth%r Bvémn @rUbé LuBed lofLsHiena 8dooa GIBMRIVY S(t)ratHa feference
but upon term nation, the highly crystalline p

fl@rvaAEﬁ analysis/techaiatie. i@”-&{ﬁ,gelsaﬁg’aﬁaﬁdﬁ@aﬁopblﬁ‘l léS%bl Analysis
it s 86 ¥ERIaH b P BbBhal Wirifld sterh fecause of

Di@é )éﬁtéien‘é?%edﬁtectﬁ@e@cblde@girypseludbrdlssmi\sed)fnetthlbc forms in the
resulting nmulti-block copolymer are preferentially
hiugricgntaioyte Patariizle sizeg o e et hyl ene a-ol efin

i nterpolyners used in the enbodi nents of the invention
are preferably interpolynmers of ethylene with at | east
ONende3béatDicundl thbt the Gmtiobd/ wé thsis piessrityiheemdioargives unbiased

s ooy SomRgTRAT: Mibr eoteniey SEARS dneined for an ron
ggé@ﬁtéﬁﬁgq%*Qﬁﬂi? n1§%k¥ﬁ@é§aH%ﬁﬁE%k@%ﬁ@g@ﬂﬁ@ﬂﬂﬂ?hénnm

ynerl ng wth ethylene Inc
elasmlatatiat hyl tbainahitoringns@tessabe tvorsirokeriarge diesel engines,

con u ated o nonco di enes ol yen
ViRt raendEseaha (G st GRits B e DR biRiped.

|nclude C3 C20 a -oIeflns sugph.as propyl ene,

I sobutyl ene, 1-butene, 1-hexene, 1-pentene, 4-nethyl-
1- pentene, 1-heptene, 1-octene, 1-nonene, 1-decene,
and the like. 1- Butene and 1-octene are especially
preferred. O her suitable nononers include styrene,
hanor aIkyI substltuted styrenes

o o o o . o A — T L




multi-ring alicyclic fused and bridged ring dienes,

such as tetrahydroi ndene, nethyl tetrahydroi ndene,
wdizensckopent adi ene, bi cycl o-(2, 2,1)-hept a- 2, 5- HCEMWS2006/009893

al kenyl , al kyli dene, cycl oal kenyl and cycl oal kyl i dene

nor bor nenes, such as 5-net hyl ene-2-norbornene ( M\B);

én?@ogrﬁg p%n{taée ﬁ%g%&g&%—g nveni] tlon is the incorporation of the method

(5311 é-testddltpwhltnheim Ebe Bsed bhmit@eDesprte the chemical complexity of
g %ﬁb?hex i dene- 2- nor bqr nene, 5-vinyl -2-nor bor nene,

{pIMeRkandprocRaUs aRdent §iFIRiaRNY deNad reqire
t
SO RIISTIONS thel pier BB A PUIREICY BRIt L F BERRidhed
exalusiyely deribe pummsbmf nerrgung\mB}he metheichyf tha erésent

@Sfﬁﬁﬁqrﬂﬁﬂg} ’E,WQRBZQSO' (ﬂd ’Ilgﬁ‘é grﬁé tdét?src])rblgg pro;gertles of the

Rishyblutlencars odibsiay ense(rbBuraR@nis dirdteyadi §5s irohD) -

[92] One class of desirable polyners tha can be made

¢entgReor dance with enbodi ments of the invention are

el astomeric interpolyners of ethylene, a C3-C20

a-ol efin, especially propylene, and optionally one or

Pmn’fhed advantageohe test kRneddy inestcardinetiwith therprésshtiifvention
gb ,ﬁnbodlnené of the present invention are

(I &

St0SHAbIRINTS MY Be Besignpfkin syfs wakthatsa épbust and
f

o LB LBt RI B, By N IRk o WY
aperaldrni t ed to, propyl ene, |sobutylene 1- but ene,
1- pentene, 1-hexene, 4-nethyl- 1-pentene, and
l-octene. A particularly preferred a-olefinis
PheQdmpkxind'Agenppyl ene based pol yners are general ly
referred to In the art as EP or EPDM pol yners.
Sui tabl e di enes for use in preparing such polynmers,

RERFE) B I He B EEEM BRSO R o

d’rmﬂonnatlcmloﬂ a colovredmainyiyg betveathi thBé®ngYeRsitsh e LbABANT
4 to 20 éérbons P ef erred, di enes i ncl ude

and arannigxiag agent thalfmgwith gon ions to colour of which the
st héqgggugwporbornene, di cycl opent adi ene,
cycl ohexadi ene, and 5- butylidene-2-norbornene. A
particularly preferred diene is

- Ilden n ornen 93 eca he di epe
A R O s g o LT
b, scméteﬁpmbaas 63 QBg%ﬂatr@fer@rﬁcés%ﬁ'té@ Pthé’f'éﬁﬂtddnhgﬁémﬁ% g)ﬁﬂts of
di ene (|nclud|n none) and a-olefin (including n ,

thesferrginalypg wavich yr9ldo'ur dyr with irandhat-asindie assaygdbe

e A e e S e

baﬁfoghemmhﬁdhye |femer(er(atpg/d|dyl)15§ﬁ-br$(2 {m%wfﬁgnm 254)49(2,4-
r ra hﬁan uniformy ra ﬁ
rﬁzﬁf?gqi% Iy E FOZ'W%@y(ZaPEl%r%GQWh%y .4 triazine-

I |

o B2 %ﬁ”ﬁéﬁf"éﬁﬂ%gﬁﬁﬁ%@%gﬁﬁﬁ% RS bkl 0 et
meaéyeafmnnatmms proportionaldo pheo tlois tonteayef thd saniphgadd as a
properties, clud gh%her tensile strength and
ek eé’rueQP%§f“i‘ eraéﬁ%\(f%jr opmgfricafY.sone enbodi ments, the
inventive interpolymers nmade with two catal ysts
incorporating differing quantities of conmononer have a
wei ght ratio of blocks forned thereby from95:5 to
5:95. The el astoneric pol yners desirably have an
et hyl ene content of from20 to 90 percent, a diene
content of fromO.1 to 10 pegcent, and an a-olefin
content of from 10 to 80 percent, based on the total
wei ght of the polyner. Further preferably, the
mul ti-bl ock el astoneric polynmers have an et hyl ene
content of from60 to 90 percent, a diene content of
fron10 lto 10 ~percent, and an a- ol efin cont ent of

o AN o oy o - I | " Y



160C. A Pol ynmer Labs ELS 1000 Detector is used with
the Evaporator set to 250C, the Nebulizer set to 165C,
wandetihagi t rogen flow rate set to 1.8 SLM at &CT/US2006/009893
pressure of 60-80 psi (400-600 kPa) N2. The pol ynmer
sanpl es are heated to 160C and each sanpl e injected
AT hE ot Qutilp 4RO gt % ehfiale. & bSQIRLE el PRRctBA o
ﬂmh!ﬂ e)stremelygensriﬁves and sbledtiveotopsacnaimouets| aifrehrmd turns
ctr ar d T nple data is collected and
%e 5 § r?é %&V@E{;&HM sof tware. Peaks are
rranual ly integrated and the nol ecul ar wei ght
information reported uncorrected agai nst a polystyrene
IharralventMediiat i on curve. Standard CRYSTAF Met hod
[ 100] Branching distributions are determ ned by
crystallization analysis fractionation (CRYSTAF) using
n WSWI&@mleormaﬁmmﬁhelu@hlopnmJ@x badlits sbé@tf@scoprc
P%S%rrerCh Valet a\q Spain. The sanples are
Hrepae fWbrcanta syeh an Cyinsisediarel sAmpemats dibites and
[ t
TBEE 7o bobloptes SO0 THEInBl ARl it O Bl
twas anJgactivessabfent’, 2@hpiises Anehtnélrwl@tdaebemplmxmg%g@&@nd
asure th lL,yner, sol n con entrati ... The
B IRty paebt B MERRL S P il Qi et e € e
pOetiMesHeysihabletreddo ebithe tboesdigmper ature is

decreased. The analytical derivative of the cunulative
profile reflects the short chain branching

wnﬁfr{ér %‘éhb&rbfq@e gr@seﬂ?iﬂ(/gﬁﬁ on {sﬁgé]n e (%‘:ﬁgé }A{;&é’ §8Kent. An

.

nperature and area are |
anWQ/sscslvamidLihe dcooldaded iwitht hmeCR)fSZEéxﬁ Sﬂf/ém&mé will have

iR iy FEHETC b oS oS oo
HRBRSR AHISH Rt §arﬂBPéb”Wﬁddth“t% .geré@@rq G Mﬁ:aﬂwea&lﬁng, and

area between the largest positive In I ons” on
eDmiplaxing ien ddnst rbresemierntthe iletfiqaefkhe radtine sdbeint ptovides the

To .cal cul.at e .t.he CRYSTA t he, referred
SBfGi PRy Diieth &0 Bt BUeH A lekieienda Witk thess frogesses
48 Go sl prdsehcs @@éﬂtamm% @é@tsﬁfo% é’é?Pé{t%z &h& co mpounds (like

tenperature limt of 0.1, and bel ow t he tenperatu

detargenis) . the lpscast. érﬁ@a&i@lvmﬁoﬁmﬂ (ErenpdserhinSamesydhat the
%\béor% Hc@n@acfh Jant?'afre %re %gv@k‘olrﬁfoarhg @ga Canéﬁ‘fmst ryb the

esul s are m ned dsin

Qe qmesltam bhtheﬂutﬁ(&‘ént: abiig r@uﬂ@ {res $BhYi sﬁ@h@ Lambda max at the
e gas flowof 50 mM/mn is

aut osa, . A n|
G‘QBFPp”"P‘ f%%ﬁﬂ% gﬁ"@@ eé @ﬁf'b a thin filmand
nelted in the pr ess at about 175C and then air-cool ed
to roomtenperature (250C). 3-10 ng of material is
Aneactivatsolvend ascadimntd itlmrpt@entjirwbnhm wilk mbel preferably have
i ghe | aced in ._alum num pan (ca 50 ng),
ﬁﬁ%ﬁlﬁ]ﬂwlﬁ@g GAHtjagH cﬁ‘tpro ©¥her mal behavi or of the
sanple is investigated with the follow ng tenperature
profile. The sanple is rapidly heated to 18C0C and
hel d (3ot hBewhemiaally Mari wilhh easpient torttle complexémpageretny
previous thermal history. The sanple is then cooled to
- 400C at 10C/ mn cooling rate and held at -400C for 3
ni nut @s). TRAEvS aNMRhthdascutdebeiRared g 150 0C at
10C/ m'n. heating rate. The cooling and second heating
curves are recorded. [103] The DSC nelting peak is
nmeasured as the maxinumin heat flowrate (Wg) wth
respect to the linear baseline drawn between -300C and
end of melting. The heat of{pusion is nmeasured as the
area under the nelting curve between -300C and the end
of nmelting using a |inear baseline. GPC Met hod
(Excludi ng Sanples 1-4 and A-C) [104] The gel
pernmeati on chromat ogr aphi ¢ system consi sts of either a
PoI ymer Labor atories Mdel PL 210 or a PoI ymer

o o o, AAa 1 1 [r— NN — - - o N 1



Optical Properties [110] Filnms of 0.4 nmmthickness are
conpression nol ded using a hot press (Carver Model

wW6208524PR1001R) . The pellets are placed bet weedT/US2006/009893
pol yt etraf | uor oet hyl ene sheets, heated at 190 OC at 55
psi (380 kPa) for 3 mn, followd by 1.3 MPa for 3

T (00, BTSN BRo Loy el b g o
for 1 Imn ccirhplexmgpra@eat/mplekde!ﬁ willl rprovide lasegbddormlxmg
optica t ensi ehavi or, recover

sltO ress r g'e%%&'tefaen e[%@iﬁ" @fﬂé\nOF GAMpRIIITS @dei%%ﬁg tB‘?P@eSt
Gar dner HagfuiH, %Lﬁ%f@)ﬁhbféoﬁﬁldnns%gﬂ\dl@ 1dd8ire [al\;@rll quick

45 gloss is neasured Uusi ng BYK Gar dner ‘ossnet er
M cr ogl ossSefRratipns e an epolan ASHvaim 248ar [dt®im) layer, the

pased on Adir ¢ WA e Eheiib 2RI B Pt o O
applled to the filmsurface to renove surface
scr at Mechani cal Properties - Tensile,

Hyst e SI sEstaHbShré&Pnftmw]aﬂehee@%ersthea@npl@relnw a1d the polar
uni axi al D 1708

mcr otensﬁgéﬂsgggélaﬁ%%gg a %@Qgg@ﬂr\d’etched with an
Instron at 500 % mn 1 at 2 1OC Tensile strength and

el ongat,i on.at, break are re om an average of
speci iens. C '1“1'_5 %(ﬁ%\%‘{m C&/@%@é}{tlgg S do neutrahze the

det er mi neddété@j@n@é/ GreSentordiaRg R@rlé%%sﬁngs 3{)0 éhmmatﬁ the

strains using ASTM D 1708 m ciotensi| e speci nens w t

an | nst r on{egative reftact o€ detergerds santhecformatiomded datection of

gQ lpgfld ﬁg n?tg1 g@%&@om an é‘@%ﬁ éngr@y@olﬁ%’l?c%’ e(é} &L iﬂ?(% %‘?ﬁjf solution

envi r onmenbetiveehaviaed. 4 im otder t8UBIEX RS coRBEL cdIb® of the
sanple is aIIovved equilibrate for 45 mnutes at the

test tenpetfdPRIRE ore testing. In the 2 1 C, 300%
strai i) CyChh GtANBght

Te0ot gz °Y CBb St tﬁ ﬁﬁﬁxéeﬁcﬁ-‘zﬁl éfda&t ’cn’h‘é \ﬁhéﬁ?ﬁlxga with the
recorded. G@mmplexingrageatiery for all experl ments are
calculated fromthe first unloading cycle using the
strain at which the load returned to the base line.

The pgj)cente kagRYRhY¥nta ﬁ%hliﬁr%choessaf YRe cov ery =- X

100 egn\/\,here ef is theﬁ%tral kenefor cyclic | oading
and es is the strain where the load returns to the

BB IS, et TR e 1SS el

mr olﬂ;écﬁ\@sras setifarth abova The er(tra) sdwmrc@ﬁﬁmsee@%&ﬁﬁe of
%\ptnh%& g@w ronment al chanber. Theg ge geonetry was
BMhed 10 3% valte 2Pelanorganicgalvant &gm #5 b abivalje aolas pdnie
SOVENE ol D 85 1500k BETR loycrifiaRon! BRI fgt from
r@do 20l %svaied, praferably déionised wiater. 12 hours. The
percent stress relaxation after 12 hours was

cal cuI ated using the fornmula: %Gtress Relaxation = L

t| rre an allﬁf% ?%ié@gl’gént&hﬁclu@@%@én@96?rﬁélra?ik%}}e%tfr

per cent strain ter 2
KsuthgughiG 14; eﬂeer&(R@%bwb@red% vod R’ exe ardomebitationr &

0 n.sanpl es havin density of 0.88 g/cc
g‘?”ﬁ@@hud;%'r@eﬁawe‘f?%ﬂ & ”qsl ﬁstrunent. The geonetry
consi sts of a gauge section of 76 M x 13 nm x 0.4 mm
with a 2 mmnotch cut into the sanple at half the

Sxenipiasof polrytdiganin solvanisl ieclide: sxoebnnitnits] asetob@8alzoholisn

hoft 67 relom £ HimehuBL GRS FHAGrT acflBRH yisdon

curve up to strain at maxi oyg.l oad. An average of at

| east 3 specinens are reported. TMA [118] Ther nal
Mechani cal Anal ysis (Penetration Tenperature) is
conducted on 30mm di aneter x 3.3 mmthick, conpression
nol ded di scs, fornmed at 1800C and 10 MPanol di ng
pressure for 5 n1nutes and then alr quenched The

o ——. AN e



[123] Analytical tenperature rising elution
fractionati on (ATREF) anal ysis is conducted accordi ng
woaodshie7ayet hod described in USP 4, 798,081 and Y iras2006/009893

L.; Ryle, T.R; Knobeloch, D.C; Peat, LR ;

Det erm nation of Branching D stributions in

Pol yet hyl ene andEt hyl ene Copol yners, J . Polym Sci.,

20, 441-455 (1982), which are incorporated by

Eeingpe8 eflolemeliesulan welighitorgamic aeitly inclinte: @weposcid; profionic

be anal yzed is dissolved . ,in trichlorobenzene and

agliq. oti’/t@fﬁr@@y,c@%%'?é’iclq IS4SEA- 2 col um contai ni ng an i nert

support (stainless steel shot) by slowy reducing the

ten?_erature to 200C at a cooling rate of 0.1C/ mn. The
eqw pped with an infrared detector. An ATREF

chromat ogram curve i s then generated by el uti ng the

crystallized polyner sanple fromthe col unm by ow y

The pnmgvemteart wopideatadubrieant @palysisdestidt f@bde@ﬁmmmg the

(oSS R R A Al 146 Bt 2 an

Qlt&ﬁéf \%dtoktMe afttidagd PRIRIACAMIE!Bmisgionfspactiddc@piciechnivae
of tetrachl oroet hane-d 2/orthodi chl orobenzene to 0.4 g

gerpheS).n a 10 mm NVR tube. The sanpl es are dissol ved
and honogeni zed by heating the tube and its contents

to 150C. The data are collected using a JEOL

Eit ip setondandd® 0thizhes peentiomizichides recepiacie sadapked ip be

Plus(tm  400MHz t
pegg%ﬁ%dpﬁ%‘a eesﬁg‘éc%\ho% ghggthers %ﬁqu't%aqrgpgre fest
QBHHbﬁ eantdHiMPied0Siddrang iexibre tReTspefdr of sbfi-tahbparent

second pul se Tepetition delay. To achi eve m ni mum
plagtialcontainesivdth & serewyeamis paeferredanal ysis, multiple

abbha R B0 KOARH cTbEepabilng AP v

ThRtaRRAPIRScomiorned yiziae aetivd 86lvént Mna ;ir@ferrecbembddlment
band probe. The conononer incorporati o 'S det er m ned

deunmjuskabiampsulesiasg Uﬁ@‘t‘ Haee o cPdT‘IPOU S eontal v Rev .

i Bhne SRy apfPpopit aich FRE Doy hote
Rohidifs a Er@tdtemﬂmd amoluynt M&I?nﬁ@anm@mm@@u@m

f t t d

SOMSREANG A0S Ther B erposle So R P e e Fopymypf an

Sc}régéﬁls %gldf%tfad ﬁat@?u*i’ﬁe %urﬁ@%poﬂ]@%oﬁﬁénﬂé’@ red@dink bgént; s
(100 kPa) nitrogen onto a 3 inch by

4Theamp(omets; armmefmabd 8siteeftﬂm on glasspb éaﬂwa @ndamount

0- 4

t‘géh?l §él¥pn%lﬂdlqt§erg&§gyg%lgﬁﬂ\ (%?goﬁﬁggfsng% FOR oétdﬁﬂgﬁrg n-
I ndustries, HC 30 Box 20 Brovvnvvood TX, 76801) and
stainless steel, 0.028" (0.7nm) di aneter cut] shot
(Iawaalsgbpwbleéwa@fpé@éamplﬁct\'\/%wﬁh@*a}@ﬁm%q ‘tﬁ?%@a

rth T [
e R P SR B tE RS Alan i3 680, ne STRGHhtpes
16y conthlrethecipotan drgamc Belt/enkmtdethehﬁhdan would a:bhtalm the polar
125 C, then slow coo] e

C at C per, m.nute
aPkgans svest, aNIAEGI; Wrﬂ&eéserﬁ‘dt@ 9%“5"%?8@@88&@5”
a ed at
oodbinglig R Sibstbla Snd A TRGASt o SBIEDENRER
portions of eluant fromthe preparative TREF col um
are collected in _a 16, sta eat ed fract

c o esrorianes B fHeinvE iU MELHES Sdopds sy ifyice adapted to
1@%8%41&?0? lb?%(gﬂ% ih&d Qﬁ%uﬁt’ SNOHALRH intbihd réﬂ@ﬁtﬂclé@)ﬁ@such

ol yner solution renalns.
concentrated solutions are akhowed to stand over ni ght
bef ore addi ng excess nethanol, filtering, and rinsing
(approx. 300-500 m of methanol including the fina
rinse). The filtration step is perfornmed on a 3
position vacuum assisted filtering station using 5.0
nn1po|ytetraf|uoroethylene coated filter paper

N 4 ] ey AN A ™ ™ N\ —



under reduced pressure to yield the desired product as

a reddi sh-brown solid. [131] The preparation of
woatml1gans (B2) is conducted as follows. a) Preparasime009893

of d-(2-nethyl cvcl ohexyl) et hyl X2- oxoyl - 3, 5-di (

"t-butvnphenyl')imne 2-Methyl cycl ohexyl am ne (8. 44

epeREnD kR Al AR R a3 el o sl fo¥itnpiing
Hulleddricamte reaction mixture is stirred for three hours
and then cooled to -250C for 12 hrs. The resulting
yellow solid precipitate is collected by filtration

Mdt wesae eiance liithahd praxdheifentien élsé5néfhdes ﬁiﬂgtlér‘i‘ ﬁ'féafns to

ri ed under reduced pressure. The yield is .
Elt%ﬁlul@wnél&tanéouqﬂammdu flid lﬁw@mV@dterm tire ta@@ptam Tbe

t
RIS s S0 Bn B THE0TE M od o 23 2E00ePR By e
ehdrig bpen. rmﬂBO)‘lFerL(ecmum F}TﬁEll)eﬂgyﬂWrﬁQiowé gmgh’lé(ttér gstedltc)) filter
c ohex e X0 [ u
&fb’%@ﬁ gﬁ]“'ﬁ dgmy!Z% % ?'ﬁqﬁs%‘@blﬁﬁﬁam&%eneyl sIO
sl OV\Ay added to a solution O zZr(CH2Ph)4 (5.28 g, 11.6

mmol ) in 600 nL toluene. The resulting dark yellow
Adkitinj ansordanse withdbe pm:sent nventian in2kOiEs altecond| ret:e;mtacle

vl Bt i artio e P Bse B cp e s pmsy
@@@@ﬁb@hyétfoﬂe%&miblét aldﬂfe@éntlé%béfétﬂjnﬂééﬂ e example a VIS

al kyl ) apmoni um sal ts

FH’(‘?@(W&O Berstfangty @@gmﬂthcea@e? cmeanst 1.6-cantand having a

SHERS LA PYEREE T AR Bk Ay g

AI’(E)& dolamd,a $mall yoluiielis prafetre@d B( C6F5) 4], substantial ly
as disclosed in USP 5,919,9883, Ex. 2. [133]

Cocatal yst 2 M xed Cl14-18 al kyl di met hyl anmoni um sal t

*f test kit in accordance with the p t

bi s(tris(pentafl uorophe eﬁen fnl)lr?gg%n lnfluldrcgerge?ns toargzocure
treabgorbancacat aselestad fripquendysmda msemalfre@encgf&nd to

HEF Birc Hishpy 308K tnBadtremys sabpih. Bt GhrtofinAnesayple
@ & aiffeeential épébiro('@éb whHidH Btdhed & M@bé‘d’r@tﬁér %ﬁéor%%ﬁ):e

trioctylal um num ( é triethylgallium(

readings al. fnfiexampis, 5(5@|rwéan9 167t runa.ythi I@tar@sabaspm@@/mm to

R S LS P T TR
bcav?rspc}mwédt%l?lisshbd hvid ﬂhglnsjtmtftlm)agﬁég !g)a l?ss'c/rAl\Jlr}qent Other
iSRS i RSiro oblien AbSHHAOR e theable etz aro
Q\%HtMoWn%HMlleé%& e borsBRARRbIAE G eg\ vgﬁh)

et hyl al um num bi s(tbuty net hy ,
et hyl al umi num di (bi s(trimethylsilyl)am de) (SAl5),

hyl al um num . . _ )
Gl el AU esarencaso Bipurend and fe arpeldst mansemprise:
n- octyl al um num
bi s(2, 3,6, 7-di benzo-| -azacycl ohept aneam de) (SAl17),
n- oct {@)al uAiRiierential Gnestomptern 1ifie)instunentde ABILS) |

ct iyl 21 ne (EaRiPoy ABYOBARER foachlasal B0 im@hd 671 nm, the

Conpar at i VEtthr & Feswinal afd ﬂﬁtrdﬁh’lé’c@%ﬂ%sﬁ% fds8l

Pol ymeri zation Conditions [135] Polynerizations are
conduct ed NSRAGEREMHAS ppmdtarhgantentp@hialdoabersion can be

pol ynmeri za (PER able from Synyx

t echnol ogi éét,gglfsrhgaﬁ%{he Wﬂ%&%&deﬁ&m‘?%

according to USP's 6, 248, 5495 _6, 030, 917, 6, 362 309,

6, 306, 658, and 6, 316, 663. Et hyl ene copol yneri zati ons
are conducted at 1300C and 200 psi (1.4 MPa) with

et hyl ene on demand using 1.2 equival ents of cocatal yst
1 based on total catalyst used (1.1 equivalents when
MVMAO i s pr esent) A serl es of poI yrrerl zat| ons are

IS N



4 0.06 0.1 0.192 - TEA (80.0) 0.1879 3338 1.54 9.4 1

C6 or higher chain content per 1000 carbons 2 Bi nodal
wounbmoatms wei ght distribution [137] It may bePeEas2M0h009893

pol ynmers produced according to the invention have a

relatively narrow pol ydi spersity (Mv M) and | arger

bl ock- copol yner content (trinier, tetramer, or |larger)

t han polynmers prepared in the absence of the shuttling

agent (b)[ 138]m1§mpiﬂmhe hemafarpeitar) bfle dati 80 fbfortshmpling the

pol yners Tabl e 1 are determ ned by reference to the

figures. @'ﬁem fically DSC and ATREF results show

the foll ovm ng: [139] The DSC curve for the pol yner of

exanple 1 shows a 115.7C nelting point (Tm wth a

heat @) fuSPostaableswhereipre umihin sﬁleniﬁ)imtgamm—‘or

h 34
of 53.9 perabTat RIS TR ol e BEEYsFaRR
the Tcrystapbsle8s. (BFlguré 5461 W@uéﬁéblelﬂm@)méﬁ 5tah@ a solid
pol ynmer of exanp IeZSovvsa k with a 109

nel ting poiqwcwgragem PH 7a(FF9é’f§‘t'3 4é>fa digsifiiar %ﬁanV'@ Quvgptte
The corresppndi ng CRYSTAF curve shows the tallest peak
at 46.2C with a peak area of 57.0 percent. The

di fference between the DSC Tm and the Tcrystaf is

63.5C. [14 SC cyrve the mer of anpl e
3 shovvs[ a éis hﬁv&??‘i‘? %\0#%'69'7 ef |V‘H q:r,eyv t(’ﬂ’r?%x W%)W gan
heat of fusion g rebfifbedl bl/ gh addifetRith %S(HQ(E‘ﬁ'I'té?Q CRYSTAF

curve shows the tallest peak at 66.1C wth a peak area
of 71.8 percent. The difference between the DSC Tm and

:)gley-rl;gyﬁ ' SOﬁeAf ggﬁﬁblle]aﬁéoﬁgg %ﬁ?ﬂﬁ%ﬁﬁ#@% 6rgan|c
mel ting poi nt (%i\)entw Bo mlhﬁ@ﬁaﬂé Ons icahablelafpduld/m .
The correspondi 08\%%! TAF curve shows the taI | est peak

at 30 OC with & I3k orpgnis spdyendnt.80 T @cetone and

di fference bet

74. 5C. [ 143] Th\eﬁ%gcq,hcur'@ié;?ﬂ-gbggﬂ Ot g hnlcbule 5
90. 00C nel ti ng qumitains (h‘hnrgmmcraca'ad ardteiohisedsivater, df total
86.7 J/g. The c espondi n YST, rve shows t

tal | est gpeak até)éé ’@8)@'% % ?T‘ ’gR féﬁéﬁ@é{o@@ a§9t‘QlaC'Q and
percent. Both ofp bheses Mékér‘eén@rc‘?um §@§Bhle"5 Entdins a

resin that is lowin density. The difference between
the DSC Tm and fedecimgegenasuch ag ase@biq add] (FipereCHC
curve for conparative B shows a 129.8C nelting point
(Tm with a heat of fusion of 237.0 J/g. The

cor r espondi(iiy ORYSEAMeco¥S. ﬁ-imxseybieonelg breP@iathetdr,
82.4C with a peak area of 83 er cent of these

val ues are consy¥Saddatfil Wmtﬁs?%tf?ﬁWQPaﬁ@ lﬂl(b)ﬁ in
density. The difference between the DSC Tm and the
Tcrystaf is 47.4C. [145] The DSC curve for conparative
C shows a (i2b. dSwiveitad 1paiting peﬂhrben@ﬂt tangingesgtweén 0.2 om
fusion of 143.0 J The carres YSTAE curve
shows the tall e%rid/ ge)aﬂ(na?l dg'la‘@?g QJ”[’% gﬁ%ﬁ Tdpkdn epr
34.7 percent as PR
52.4 0C. The se%éﬁa%q %%p(%(g Weer\{e%;t égﬁ{%b%fggﬁﬁﬁﬁg) %2 om
consi stent wi t hanthe sprali yehuwre tsfusedni gh crystal li ne and
a low crystalline polynmer. The difference between the
DSC Tm and the Tcrystaf is 43.5C. Exanples 5-19,

B =2 .
@Fgléﬂcﬂklh%%aﬁ)oﬁhlm@@@&érﬁﬂl@Hg ?ﬁbﬁﬁgggf g%‘r%@fe‘s’? Rt L8&brding
;t@mamwelztmn wmrﬁe@ncem F@ur@et in a conputer
control | ed autocl ave reactor equi pped with an internal
stirrer. Purified m xed al kanes solvent (Isopar(tm E
avai | abl e from ExxonMobi| Chgmi cal Conpany), ethylene
at 2.70 | bs/hour (1.22 kg/hour), 1-octene, and
hydr ogen (where used) are supplied to a 3.8 L reactor
equi pped with a jacket for tenperature control and an
i nternal thernocouple. The solvent feed to the reactor
|s rreasured by a nmass- fl ow control I er. A var| abI e

oy o s " o o " o .



11 120 71.1 0.16 0.17 0.80 0.15 1743 0.10 249 1.68

89.56 11.1 100.6 12 121 71.1 0.15 0.07 0.09 1743 0. 07
wG260612709890. 02 11.3 137.0 13 122 71.1 0.12 0. 86TAWSAW6/009893

1743 0.05 653 1.69 89.64 11.2 161.9 14 120 71.1 0.05

0.29 0.10 1743 0.10 395 1.41 89.42 9.3 114.1 15 2. 45

P Ul Ay o o B R R Y E

devigad ¢antaingb § tratiopehd/clasks With 4 6cilewlidp0l Dand #? cbAins a

1.7 9.08 1 18 0.69 121 .71.1.0.22 0.11 1743
Breftelneg! modnl v Saiyent 319 4 srdshpivka ampguis 5 and
Ophally 43dd 08di&HTg dgdift i9Ghe'tbrd o alBR 70The @%‘iﬁlﬂ@é 56

not an exanmple of the invention standard cnVvm

PRShod sTha tholgwonianéoh e sarseipe) Brieoiized sobsbpkamui
S wkat Sy e o

ae:ect’em:rpqui)tnaﬂowrtbel et :cs]?imtmamxﬂu% ﬁfﬁalcet:dim/b I\/Y \%om

con SIO eactor efficienc ol ymer ere

g% Q WEPﬁ@ﬁ)"ﬂr\%‘ *EﬁokP%”tﬁépf%PEyséETP@% RERATI ON
|

%e‘r e?ﬂé‘f'ﬁ\'% m r@‘s{a%tenw mzél i iRb i | prgf’élﬁeg o,

ON The present ates to
ﬁ@ce ithe pentainer i @ hodzontelmositioni in-onder tbumereasentte doyntact

vi si,bl g spectr and test kit usin
SR FewieRufk Bvo RESH, dRE SRt bt Sl et 53 hen
pdpladed By & aRRtfilteNY SRUItRE tdt QYILEBSE IPAIRFSHRSDarate into a
alternative to the standard Pl asna- Atom c- Em ssion

pdlayelodcbp petieradayarqubich terespESw segonsts. Mldnteeringne
megohé\l&Q 9&‘??&4 st %daftxvgg‘ ecoﬂ%ﬁw%ﬁfs’% ik g)i@ éﬁ%ﬂh@\g re in

ur enent I'n-use rica aving a
the top |a\erainpbdrizintiy, tpeslmttbhylaymrm&mamatmhrew eomplex@At least

B RBRISR > Betamey S AE (S 5t PRl is Pyahegd Bepuobyne fier
biSEtyGAto 16uVBMeTOP9 RS ﬁfea%ﬁem it dee' , lubricant, is

subj ect to degradation conposi tion and
depl etion of essential additives. Machines or engines

TBR RS BRo! BEL P S WRhioRmanE o JBE: et Metied ng the
vARidtivhrof Qﬁ@fonf@il’étteéﬁklp%f Y VANS |sbe8%?&hbf§r€(¢¥;bé‘ PRAEREImer

to determne its condition and its concentration o
LambgaiBiad) wih arscansingsgngeel 2htedftham. nateri al
concentration increases, the remaining usable lifetine
of the oil decreases to the point where continued use
Wl’[l’Oﬂhb lalp biVaVig mgtrambng thes aivsrbana readinyf measiradia 880 im

rimental to the proper operation of the nmachine
h%ﬁ@ KR 25 SR80 i DAL R o AOMENt O hedklgacant. To

68%@&5@@&168%5@&?%@froﬁfcoﬁt'éﬁt Q éal“t%étlbnoédr}/e is established
cont al ni n | ow coficentration of contam n
waingriestso uti@nawwradi@mthrhtdarmanéa@mpl@sdxirkagwn iron content as

SRBYSITG B I AER, Rie binetlSaPalog Aty Bliols faculaling the

ioneeARPAbYbIMINERsEantS Bk r@é‘ﬁid/ﬁl'p?)rh finfs.comonl y
accepted form of predictive maintenance technol ogy. It

can be applied to equi pmsnt utilization, nmaintenance

A e SRl B AR 8Bl B0

WREIE T aengisBir, iPPropeRRNEFRARS irdseBntcht BEWR luBhéant To
drilling, pet rocheni cal or transportation equi pne

genyarbabspagNGeIeRaings & pPpIdrarceaTtentiaf the lubrigacta e empmcal

e ohERaR LRl o BN AR LRI bR Syl et B o

tend to inhibit the formatigp.and/or buil d-up of
contam nant materials. As the machi nes, engines, or
conpressors are operated, the concentration of the
additives is depleted to the point where they fail to
performtheir inhibitory function, thus resulting in
dlscernlble |ncreases |n the anDunt of contan1nant

. -, . oy P T T



| ubricant then in use within the nmachi nes has exceeded
its useful lifetime. As often is the case, current
woabmwriatoogy anal ysis of the |ubricant occurs arPCausk@e®09893
relatively far renmoved fromthe industrial site, which
consunes valuable tine often in excess of the critica

| . . ) i i
LR plionfatTa BRCHRITRAPChPelbtith BRI (S0 F8 bR e
sl instrurhentlandrihe antsitesspediromeitdr. Bpeaifit fibersadanr aiso

BRI 0 Bl e ey P o STRRRReR et i <5 common

practice in industries such as the well drilling,

heni cal n rtat.ion indystries,is,t .
PEARECE STRE i 1 HICHRPR oot Gl At HeidneR it s agtive
kolvehi foraderendelnbritdftsaniifleRShGIAPEQipAMRAL. The absorbance
envj ronnent al__paraneters existing at the industria

peake siwrfed iah o988 M irerreaarisdhe wWionamples dermed: dist prak height

Al | ' d fethi .
ARG oPBpdinn RbABRRR:F o, A i BaRENF bt I fibgeet. A
beseline ¢mmoﬁonﬁsanéc?wMIbacaH§er, @bbaﬂdérﬁ @ggﬁé ybensfl sample,

[ 0 rrant  such re cenent, which adds an
MGE&@‘:\%}‘ S5k Qt‘J’Yaﬂé @ﬁzzﬁ?@f a‘%\ﬂ‘cfﬂﬁafdﬁﬂﬁer things, the
use of a nethod or test kit, which correlates well
with standard | aboratory equi pnent, in accordance with
GalibpatégreBuryewvent i on overcones this drawback. The
met hod and test kit of the present invention are
applicable to a great variety of in-use |lubricants

Aév eisgmpleBab @ Kypigsdr calibration7 supeeis when udtigdreuRdwhile its

Dl ghl. ' it h .ash, tal debri
BrecihpR Mo BB PSR N sr A8 huyRRE selBiaon SRk Frouh
wost iswbedinedapyto USpeirohle tign lubribanta MRty i t9é differences

| i nder drig oils. As discussed nore fully herein,
%ln%*@etyﬁeaﬁ g calsutated apdtagehyalkies Are aviliiit &he reproducibility
AHh& iﬁét&‘f@%@-ﬂE@ﬁle ~rate of each cylinder of |ow
spee I esel engines and to act accordingly by
optim zing the feed rate of the lubricant. Such a
pronmpt action is_vjtal fo, maintajning satisfactory
engi ne perfor rranzéi’t?ﬁél é@l@'@&pg%me re probl ens
associ ated with engi ne wear, which result in huge
expense. The description and background di scussi on of
the present inventlion use pewliomder drip oils as a
primary exanpl e bdcaltde sucWSdri¢iffeserics| represent a
great diversity ofl_Lubri ceaiguatedwhi ch viary greatly with
respect to Base NJnber (BN-value) and gontam nant
level . Cylinder drip96il is7@nburnfSoi| of two stroke
| ar ge di esel engires‘?hat i $8scraped dpwn the cylinder
liner walls during edth stréie of the engi ne. The rate
and extent of ring aff i netear i'n | pw speed mari ne
di esel engi nes degena§3grea?ﬁy on the Jubricating
process used for t 4 ine®2 nts of the
| ubricating process are the applied l[ubricant, the
engi ne design, the operating conditions and the
mai nt enance. The ring and liner wear is produced from
a conbi nation of corrosive, adhesive and abrasive
wear. Under normal operating conditions, corrosive
wear contributes nost to the total wear of the liner.
The corrosive wear is the result of a chem ca
reacti on between the ring/liner material and the
sulfuric acids originating fromthe fuel conbustion
gases. It is pronoted by the condensation of
(sulfuric) acids on the Iingg. To reduce the corrosive
wear the condensation of the acids should be m nimzed
and the ring and liner surface should receive nmaxi mum
protection by the |ubricant. Corrosive wear wl|
increase the iron content of the drip oil. For this
reason the iron content is a paraneter to nonitor the




ppmunits. U S. Patent No. 4,203,725 relates to an
on-site nethod for determ ning the need for

woeplcaceyent of oil due to the build up of netatrius2006/009893
contam nant material therein, which involves
vigorously m xing a known volunme of oil in a known

t t al
TRSNER . Aol et Coloel W KBl T fTom the
oil into the aqueous sol vent including a reagent
ST oo e B S ladg kB A SRR, rdsken e tme to

plbasiep ke tHRUFRRESH @amgfexS(wpﬁcél Qﬁ@—ﬁlmg WnkNs 38t & MBhedne to
and/ or netal oxide to a standard color to determ ne

ﬁhf@ed@hlé%ﬁw%nd"mnomh%a@@ qantent| af ¢he sample hemg Iower/ htgher

146319, b Seo B30 o ARu08) 5,55, R i,

ltlm: fitterpde test solution uves Méadure ageaf aﬂ@bﬂl @la%_ of storage. The

contam nation of used notor oil,

FRRRSA e%eﬁ*rf@sw?s@ﬁrﬁumwam ih TRBIealesha thet e iaansity of
I r t

1, PR eIt BF 88 Elhe ouE st g ecegpty for

havinga @bps’emathedm ned anmount of said in-use |ubricant

to a an active solvent conprising predeterm ned

anounts of an apolar organic solvent, a polar organic

sol vertabl@fl: MegliRgtha Stebilit ok the BdIOGIRY IFSHR IRIBIRY

agent and a reducing agent, said active sol vent having

a pH between 2 and 4; (b) thoroughly m Xi ng t he

| ubri cant prERd e ATt TYRs SOBNgt—untjhrdhe—+thri cant

i s conpl et plagysdif ssol ved; ( cpuedl IR NYST NEafkd|ure to

react conpletel¥ -and to separdte i ntesougedt op | yer and

a bottom | pyer, tha, botrapogm bayergconpylsi ng,,an iron

conplex; (H) ffiltering at |east ‘a porigon oig he

bottom laypr of the mixture directly into a regceptacle

sui tabl e fpr JabsdiFanc& frea¥dr erfét {?‘5t he w di bl e

range; (e) photometr| cally measuring e net

absorbance of tThe fiTtered solution at frequencies in

the visible range; and (f) converting the absorbance

'B\e%‘éHé?'B‘?%bﬁ% @Qrﬁﬂlgg pc?f‘)@ffgpgwt gltqp;gﬁlatl&lﬁ? gesc Yhermindy by

resent 1 nvention al's
cuepemms; Nivege tduted matodiny enthefsubject néthed! The Icstg%ihed test

e condu ted on-site caonprisin a) a ng
ée?}ﬁféd@f% oMEd 9 lyoin drigune- ds el hybrsheunthatothere is a
rsggﬁrg&%g} me}ga&éﬁ&qdéhgo EnARARE AL B33 AL00F 2806 ding

her a to prepare at
é@rﬁh@upn@seglt um/entmzm r@ind dﬁ}P—AEBdrefereape awdthod dot an nioAGcontent

n at u bl e anpaul es_sai d anpoul es

S s S5 a0 bR T58 TICaG e Gui airtiasrmyionsitagt the
I@iﬁ@@nﬁﬁs”ﬁcﬂﬂd ARYEH $hefsuBfbcRRRERbBd %ﬁﬁmec (6 I/3\\E§W'e!3fef"ence
pol ar organi c sol vent, an 1ron conpl exi ng agent
onefand @raereepiakie evhenatrmmaaneéotodhageﬁg@emsnoougf the reference
%é{ﬁgé{ng t he anpoul es inside the receptacle and nixing
thé entire contents of the receptacle until the
| ubricant is conpletely dissolved to forma test

solution inside the receptacle; (c) allow ng the test
Shetiaticah anglyssafrthesngempesiyates dfhaat thac presgnt i nethatdi gives

f filt
TR oS 2088 NS, 32 e RESTHBEI, LR iyt e
Sﬂetdod ef einib deledtion &1@6 the)porhiiitd Het &re ab@édtalﬁ@' é!fe'n?é’uve to
to separate into a top |layer and a bottoml ayer,

Boe fefarensg standarbetiodg an iron conpl ex, and rermV| ng
at |east a portion of the bggtom | ayer fromthe
receptacle through the filtration neans into a second
receptacl e adapted for optical absorbance neasurenent
of the test solution by nmeans of a differenti al
spectroneter. The present invention also provides a

| ubri cant anal yS| s test k|t for determ n| ng the | ron

. Y -




BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is VIS
spectrumof a series of drip oil sanples having up to
waQWeppmIsr on content. Figure 2 is a calibrati eaTase006/009893
used to convert absorbance neasurenents to iron
content. Figure 3 is a graph and hi stogram conpari ng
the results of the invention and | CP- AES net hods
Figure 4 is a pictorial representation of a test kit
ihelrermermmnaouwalmat@ns@mthe ppesEse inventive mthicharkel sl in
resent.ation o an alternative

s ieEleBohPos =B8 ABPARAY SHA Pl dr LBt NGTTIR 5 ¢ he
Hegsfers uhdereidiod ARat viRERTAHEER JPeSSFith E1d1I0Nikd el At the
| NVENTI ON The present invention relates to a method to
weston MeyiheePreeinedcdhervige trani as spasifioally deseribedoy

bl e spectroscopy and to a test kit which
ﬁg@@ﬁhﬁg ?kbd whi ch nmay be conducted on-site. The
met hod of the present invention provides an accurate
alternative to the standard Pl asma- At om c- Em ssi on
spectroscopi ¢ technique (ICP-AES), which nust be done
in a laboratory. The present invention is derived from
t he devel opment of a nethod and test kit by visible
spectroscopy for the determ nation of the iron content
of in-use lubricants, for exanple, cylinder drip oils.
The nethod according to the invention gives an
accurate assessnment of the iron content up to 400 ppm
and an indication when the iron content is above that
| evel. The nethod is applicable to a great diversity
of lubricants. These differ in terns of |ubricant
technol ogy, Base Nunber (that can range up to 75 BN),
and type and anmount of contam nation (e.g. soot, ash,
nmetal debris, water etc.). One advantage of the
present invention is that a test kit nmade in
accordance with the invention can be used on-site as a
good alternative for the reference | CP-AES anal ysis
technique. ICP-AES is a standard tool in Used Ol
Anal ysis Prograns that allows the detection of
abnormal wear in a system because of its efficiency to
det ect di ssol ved or pseudo dissolved netallic forns in
the lubricant up to a particle size of 5 mMm It has
been found that the nethod of this present invention
gi ves unbi ased test results in conmparison with the
standard | CP- AES net hod for an iron content range up
to 400 ppm This gives al so the advantage that the
normal interpretation for the nonitoring process of
two stroke |l arge diesel engines, which is routinely
based on | CP- AES test results, can be
mai nt ai ned. Anot her advant age of the present invention
is the incorporation of the method into a test kit,
whi ch may be used on-site. Despite the chem ca
conplexity of the test, the equipnment and procedure
are kept sinple and do not require special skills from
the operator. A dedicated spectroneter nay be designed
excl usively for the purpose of carrying out the method
of the present invention, which would be used to
nmeasure |ight absorbing properties of the test
solutions and to display these nmeasurenents directly
as ppmiron content. Another advantage of a test kit
made in accordance wth the present invention is that
the consumabl e units may be designed in such a way
that a robust and accurate test kit is obtained which
requires only limted intecggnti on of the operator.
The Conpl bxi ng Agent Anobng ot her factors, a nethod
according to the present invention is based on the
formati on of a col oured conpl ex between the iron
present in the lubricant and a conpl exi ng agent t hat
turns mnth iron ions to col our of which the |nten3|ty

o N 1 ~ 1 . r " I T



diversity of lubricant sanples. In addition to

i sol ating, eventually reducing, and conpl exing iron
woams/1prmsent in the |ubricant, the active sol PemtUsS2006/009893

provi des the optimum environnent to mnimse potenti al

interference with these processes due to the presence

H&p@mmgbqs(e.g. soot, ash etc) and conpounds
g—rke—dmr‘gm' ) in the lubricant. The active sol vent

i's conposed in a way that the absorbance measurenents

res Ie i f rron and.are not affected the )

) e Anipted for Blerriane ik idagenionnPLar fsise Bbriga, which
consi ghgnk dséﬂ’@ﬁxasﬁ@ébrﬁénstﬂ@ appropriate frequency,

for exanple, 550 nm An active solvent according to

the present invention will nost preferably have the

fol I o) Ny Y A pkdRAPhinSd %ﬁé&dt%ﬁsaﬁﬁh B2 nemrﬁ@é lah
i nert vvlth respect to the conplexing agent; (b) Have a

Lanbda cutacive SpEBhWC@BRrising prodeiRintine amogotsdofaﬂ apoiar

agent | comte 101 (oI & Bbit e Baba o tdihic psidater,

t he apol arareinsh pohplexitgnane ahd apedseing dgent, Raid fsive
sol ution, Qit when t he l%g ution is st andi ng, ensure a

very qui cks havingi? piROsWeead8nd: (t op) and pol ar
(bottom Iayer the latter of V\,hl ch contains the

col oured iron conplex; (d) Establish a constant ratio
bet wegn) t Hbommgha/rmlmgdhedmbﬁdahéambltm attiypesohaint uhtl the
test sol ut,ipn f r cant: (e) Contain an anount
of acid eflf@r&qr@és C‘i’%plfage%gﬁ?&gﬁj’ze t he detergents
present in any lubricant so as to elinmnate the
negative effect of detergents on the formation and

det ect® on Yowingthegnbiiredo eeanhcespiately andite seaatate iniela
f th
devel op 1 P Il g BRI e, (18 ool Elpiing g ron

st abl e forcaplext ended period of tinme when m xed with
the conpl exing agent. (g) Be environnentally friendly
and safe. The neutral soI vent used in accordance with
the | RyentfiRAny 2t Idist AR Hidr o bbiof18yANTTRE MRS
set f vent

m xture ofdlferodimrﬂo atraceplaulel sitaplel far abscghamme mebmer@ment
from45 to gaﬁvolbz Eﬁlar organic solvent, from5 to 15
vol % of a'l [P (NG wei ght organic acid and from
10 to 20 vol % water, preferably deionised water.

Exanpl es of apol ar organic sol vents include: iso and
nor ma(€)al keidemetrisailomearridng theas:abspranse ORUR filtered
where R a o gh C4.

Pr ef er abl ;éjor%lﬁclnoc gﬁef?eqﬁlguse%%@%qﬂ%&ggaégé Olzjlr or gani c
sol vents include: acet on| t rile; acetone; alcohols from
c2 thrgugh Co6; gggth sul foxi de. Preferably acetone

is usH e r ﬂ@%m%sum@rﬂtw&pghﬁ%c%eagof
i ncl ude: amgtm&,(%md propi onic acid. Preferably,

acetic acid is used. The Test Kit The present

i nvention provides a lubricant analysis test kit for

%ﬁit gL K} rggatgwggltaﬁﬁggﬂfggtoc it eg Qﬁ{e@n{p@ acﬁig grl;,legrﬁtl c%?nngnses
al t er fighi 2Ptol 3 4619, AL BABR A PTUS EEERIBDolar
nique (

spectroscopic tec CP- AES) . I 'n accordance
Wit h Dmniqﬁﬁémﬁtxfmwﬁc&)utﬂiemWoemfeﬁDWnele@dmpU@mm Qrdemic

opened .and a&) end,_and being further adapted
to prép gn(ﬁ RS @&@Y‘ﬁ(g’n WEleht ai ni ng the |ubricant. A
flexi ble transparent or sem -transparent plastic
container with a screw cap is preferred. The
receptacl e also contains atoheast two crushabl e
anpoul es which together contain all the conponents of
the active solvent In a preferred enbodi nent, four
crushabl e anpoul es are used. One of the anpoul es
contains a predeterm ned anount of an apol ar organic
sol vent . The second anpoule contalns a predetern1ned



cuvette with a path | ength rangi ng between 0.2 cm and
1.0 cm and having a volune of about 1 m could be
wage/12498 Eppendorf cuvette with a path | engt hpot/u8206/009893

cmand a small volunme is preferred. A test kit in
accordance with the present invention includes neans

0 Nng I I
3 padiietod AR ARAIO R, SRR 5 L FRERE i
t hesdormeasur enents as ppmiron content. An exanpl eis
a differential spectroneter, which is able to neasure
t he absorbance readings at, for exanple, 550 nm and
$71 niméihed hedor@ihgas chanel wHreiA e het AbiBaideisand

di spl ay these neasurenents as miron content. This
convengaghed gha feqesnanbeiwess &%atm led<te et fixed
instr ed to neasure optical
absor%%agr%gltee b%@ %@ﬁ@;ﬁ%@cWUm are well known and
avai l able to the person of ordinary skill in the art

or exanple and with reference to Figures 4 and 5,

Bost AiHetnet Seornode oim T ATers fhs BRTPN Hes BhOiRbePf
13. Thew pstrunent is able to neasure the absorbance
readi ngs at 550 nmand 671 nm the |atter as baseline,
and to transl ate and di splay these neasurenents as ppm

bhe SRR 5Bl RS HEInaR oSBT 3 v s BRER, fnion
i (Tr ans} eeROhEGER Oh-sictcoriibing: for sanpling the

| ubricant. (c) Consumabl es where one unit includes: a
flexi bl e transpar ent or sem -transparent pI astic

cortJH1°L AL B AL AN g
reduci ng ageeutadelddaﬁte(d:’togw @ae‘l@ed andalclseed bhoae dhdadill

a VIS cuv F h tlc container 3 closes wth

a screw t "l% i eha ‘BQr‘?’F@ﬂi‘? adesf spution Qﬁﬂ'ﬁ%ﬂ@ﬂ the
with a di l@ﬁ%@

cont ai ns ?ﬁ%ﬁdﬁgggéarggrg?ggﬁ%lgggg a?/@ﬁ? 8‘0&2? oct ane.

One cr ushaisushabipaipeuscaitt annpsuielaee:optztrmng coggonents of

solvent, 1.80.n etone and the ron X1

Soent ondLrdiR BN NG PeddamE ST Ru et an

aci d and dgjoprigigshivebrent, Iarbdrért@ligaﬁtc%%i\r@nt%r%a

m xture of 40.00 vol % aceti c aci d_and 00 vol %

wat er . OneCompiexia® pgeainpoirgarsc aoidt atater and ededuicing agent;
agent, such as ascorbic acid. (Figure 5) (H) A disc
filter 9 (e.g. in PTFE) of 0.45 nmm pore di aneter, used

to fifer drboshibgtie smbollesmgdemerredeptacieland mbdrn@ th\él S
cuvette 11 VV.| th ﬁggat ht engt h rangi bet ween 0.

n
and 1.0 crRNtEmae e\‘ﬁﬁ%’ﬁc'fbﬂmdg%twﬂcﬁm lsmmretely
case an Eppessiay, t F@e@ 0.2 cm
and a srrar)cln vol gngqﬁﬁﬁﬁstgsw%@flgﬁpg\}\#%g téerlte'
outline descrl ption of a nmethod of using a test kit
accor the i nvention wth refer to Figure

1A phbdar APumE e R A o e oo SR o 1771 s
added to a specifically devised container 3 that
opens/closes with a screw top 15 and that contains a

pr edetdr mi attachinadilinatiast mesns tean opereand of saiddeceptacie fo

crushabl e 5.and optionall solid duci
agent in tfﬂ%?ﬁglprﬁﬁ@fm%n?ﬂqs aissalrﬂgxléﬁﬁé%mgge@?rg%sar
crushed. Theeylelke Nt ent of the container is then

m xed and shaken until the lubricant is conpl etely

di ssol ved. The test solution is allowed to stand for a
certain period to allow the test solution mxture to
react conpletely (fromone to three hours dependi ng on
t he soot content of the saoppe being | ower/higher than
1 %mmrespectively). During this tine it is
preferred to place the container in a horizontal
position in order to increase the contact surface
between the two | ayers. The screw top 15 of the
contarner 3 |s then replaced by a drsc f||ter 9 and

1. . a 1 a o . o e



Figure 1 shows the VIS spectrum obtai ned after
treatment with the active solvent for a series of
woOuahoeiiezns sanpl es using | ab equi pnent. The absorThamwe/009893

peak situated at 550 nmrepresents the iron conpl ex
formed. Its peak height with baseline at 800 nmis
prop i 0 { L I '
Pasethe. anownd hotestsolibAl Shbardle It a ialyERRhd L,
the type obttemnipye, thehieottars fayeo katmpasingsamicdn ebmplex, and
100%clear_after filtration. Calibration Curve
exanpl e of'e'aoiwgiaéyﬁaséﬁ!q%‘?% %h?%??‘QE‘ 'ia¥e@ir".\’/'§ﬁﬁ‘$n
Figure 2 whidptadlé ShrBugk tifd Mitation hdas lntdtesbdond FabbMacle
. A satisfactory linear calibration curve through .
zero i s olfdaprisédoupriicsl absorppres measureniens of the teskeelution
Not e t hat ' / n the cal cul at ed
and tar getb&\?g?%*esfs&ggr Q%Pﬁ'%ﬁ%ﬁ%ep lgduci bility
constraint of the |ICP-AES nethod. Table I :

libration Curve DataTlesting the Stability of the
%Z\ out BRHILACCEEHAN & CIAHE 0. #eraip theEecaptaciaissbpolént
to t hgysHRFdrE 8P j ime to devel op
t he cgﬁ gﬁr ed iro% gfomn% ea{é'?tt@%%‘tgétf gwe?llt'i ng tine is
set to fromone to three hours depending on the soot

tent of th | ing | hi gher than 1 %
i m o biad ST NE 16 clEiRck WHRESE ¢ Aoy esrn Lk container
col Otﬁré@rm@tﬁjxapﬂlﬁﬁ%bréésﬁfﬁé theTonfeMat | on was

measured again after day of storage. The repeatable
test results, as sunmarized in Table Il, show that the

h Nt engi <ol ; ; r i te
G Bl cRR ARG G Yo B HRoif 3 hing Rhe il o vis
nmet hadiveffebl e 11: Testing the Stability of the
Col oured Iron Conplex interval WO type BN ppmiron
days value ICP VIS difference cal cul ated 0 70082

ra . - 2q.. e .
15" %A J9Bichpeafignas fesigrtoriltoriting P IRR Tl RER ey ng
of diudsedukritarit,rwinick oreyere ysedontsite compedingy | CP- AES,
were tested according to the subject nethod. The
obtained test results are shown graphically in Figure
3. Thay showchpiatid dited o Be 8géA& &%d Blo¥ed bA%RMe end and
rel ationship between the outcone by the method
accor di ng being ivethpr adapied tmpeapare a testsolutionAgstaining at

reference ' ntent r e from.zero
to 400 pprlng@#@gﬁlps h@g%@@&'&?aﬁ@&%@ﬂ% ﬁ%’?tagﬁ%
that the diohiponentsest droadiive Belveneormpesify Predstemsihbad
and the ICP-ALEg rgference nmet hod are accept abl e when
conpar ed tA"PYHS PEIR aRPIBE PEIEHIE VRN e el LEgRNEC solvent,
met hod. Stafiks é AV RIS, t hat
t he pr esena?hrrﬁ%%gblge?@gsé%hgiag‘géerggﬁggg r’esu%{’%h?gawar ds
t he | CP- ARSdusingnedentThi s nmeans that the nethod of this
i nvention has the potential to be an acceptable
alternative to the reference standard net hod. There are
NUIeT @S \AGiBEANAG deviod BEapte8 16 BlspeRYSatiréfetshhqar
possible in |light of the teachings and supporting
exanpl es dargeuntiodtubhicrei into saidireceptaclef or e under st ood

that mithi ope, of. the. foll ow ng ¢l ains, .the

i nventt on fmﬁé}%ﬁé?‘@%p @t@&ﬁgp@mﬂﬁw@ﬁ&nﬁﬁa‘d fluid s
speci fi calbihoves ¢onPssid eEc | defid \

CLAIMED IS: 1. A nethod foeﬁ_%géer?’eéra?ﬁ ﬁﬁﬁgg'ﬁ ﬁééﬁ“%gp et to
cont ent ofbesfitadiodbe endisf saidresentacle whemysdid end dslopen;
on-site conprising: (a) adding a predeterm ned anount
of said in-use lubricant to an active sol vent
conprising predeterm ned ampgints of an apol ar organic
solvent, a polar organic solvent, an organic acid,

wat er, an iron conpl exi ng agent and a reduci ng agent,
said active solvent having a pH between 2 and 4; (b)

t horoughly m xing the l[ubricant and the active sol vent
until the lubricant is conpletely dissolved; (c)

. oy o o,



5. A nethod according to claim1, where the |ubricant
has a BN value of up to 75. 6. A nethod for
wdet@riniaesng the iron content of an in-use | ubPCTASR006/009893
whi ch may be conducted on-site conprising: (a) adding
a predeterm ned anmount of an in-use lubricant to a
receptfcl SHER I .
and bng 7 o e rieckRiepl IRERSHaBRA 6 Rt Al B
cont ai ni ngplaerd inbmeaastio swagureskpirbahes indhe aigiblagange;
therein at ast two crushabl e anpoul es sai d anpoul es
cont ai ni ng- conponents of an active sol vent conprising
predet erm ned anmobunts of an apol ar organi c solvent, a
pol ar qQrgani ¢ sol vent, an iron conplexing agent; an

or ganf® acingansi Beasuiedhy apsaibenag ahgssfectgdirequency and
crushing t I-AS e 1 Xi ng
the ent 't & SanqEsttoenEy ol S BepSEREmFisfiefiifecd

| ubri cant insasweplestsehy paimsiswl s@desto form a test
solution inside the receptacle. (c) allow ng the test
solution to react conpletely; (d) attaching filtration
M8 ans Ah&pparAReac@idingfio SRl 1 aaRI&aR! '

o Ao ing do 2Ry F SiHRaE e eboptidiels o soft
sai d fressparel o semindnepatent plaistigcomtaineest sol ution to
separate into a top layer and a bottom | ayer, the
bottom | ayer conprising an iron conplex, and renoving

dp. | eAntapparaing aedordingttd elddat 100 WHepdiR thd filitibA fneans
receptacl e thro%%h the filtration means into a second

r ecepPABRPESeRR P & dist fikgrhaving 2845 wakeee digmetebnent

of the test solution by nmeans of a differentia
spectronmeter. 7. A nmethod according to claim®6,

viBer eiAn apparaticescanirg tosclains 00 twheraimstharsecbnd receptacle is
seni-tRﬁ %ﬁar nt plastic container. 8. A nethod

accor 8i g 8¢%-ai m 7, wherein the anpoul es in the

contai ner are crushed by applying pressure to the
container. 9. A nethod according to claim®6, wherein
fihe sAb@pparaleepectivgite chain 19, sireetin éhe d@ans to measure

| ubri gan s test kit , for deternining the, iraon
cont er&}ae %93%2%'?6%@3 ﬁeb%BV?@SFﬁf?h%ﬂ Qwsrﬁ?a%&er@%? attwo
on- si telecledfrdqsiendes (hevigiBleanhgs! € adapted to be
opened and cl osed on one end and being further adapted
to prepare a test solution containing at |east two
ushahl [ I L 0j onents
P P R o B 1 e R ot
of an abwbanT@maBanmﬂev B spectionteter wh'garﬁllﬁwsdistﬁé%ng
an irgn .co Xin nt, an organic acid, water, an
a red ‘Hﬂpgaﬁﬂﬂf%(@?ﬁgne?% Qﬁ@ﬁhﬁﬂﬁ%vice adapted to
di spense a predeterm ned anmount of lubricant into said
receptacle; (c) filtration neans to filter fluid
simultaneously as said fluid is renoved from said
receptacle, said filtration neans adapted to be fitted
to the end of said receptacle when said end is open;
(d) a second receptacle which adapted to contain fluid
and to be placed in a neans to neasure absorbance in
the visible range; and (e) nmeans to neasure the
absorbance at a selected frequency and a baseline
frequency and to translate and display these
nmeasurenents as ppmiron content. 11. An apparatus
according to claim10, wherein the receptacle is a
soft transparent or sem -transparent plastic
container. 12. An apparatus according to claim 10,
wherein the filtration neans conprises a PTFE disc
filter having a 0.45 mm pore4di aneter. 13. An
apparatus according to claim10, wherein the second
receptacle is a VIS cuvette. 14. An apparatus
according to claim210, wherein the nmeans to neasure
t he absorbance is a spectroneter that allows
nmeasurenents at two selected frequencies in the
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