| nhA PROMOTERS CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
application clains the benefit pursuant to 35 U S.C  119(e) of U S. S N

61/ 169, 8480f2icedeApril 16, 2009, which is incorporated lperaispotopsrsesd er ence
inits entirety. FIELD OF THE | NVENTl ON [ 0002] The present invention
relates to an isol ated DNA sequence having pronoter activity and to vectors
conprising the DNA sequence. The invention also relates to a nethod of

pr oduci ng RTAKQIENR-BASED Po‘i@JME‘NSel%ﬁRf@&TﬂQétoﬁﬁbe?ﬁsrlTiéNsa vect or
conprising a E‘&‘N ﬂ‘éﬁﬁ‘éer RS AMED A WTﬁﬁﬁ%’Fbkg’f&ﬁi GPERL LN

invention and a sequence enc Ing a protein I nt er est BACKGRClJND
OF THE | NVENTI O\I [0003] In the field of nolecular biol ogy researchers
frequently | ook for nmeans of maxim zing the expression of heterol ogous
genes i gsheRioRerYs with the goal of producing commercially rel evant
amounts  of a desired protein. Reconbinant production of a desired protein

i s of t e)04¢L onplitis kprlideiior shems dleg prigrityetot andsthg icnefil EomoY SHNeO i/ h7 hodk,

|l h d
Gasi 1 eao B BEar R ABEkE P RO P Rl E A B af LB L i o

of regubadrpiatiohRiRoticct A0tbLEMWIEMOR2| AledfoR0Albrat X3! 20@9 eﬂ@mlsSN Ef/s69,63),t 0 as
pronoters. The vector wll be introduced intg a host under suitable

condi t | BeRInEGtofney dogketansrbsh 280EME B fded on Ssptember a%s%%da bpbPdigh argher e
are nurrﬁlrcgﬂ% %@ﬁ@&‘ﬁrb rgﬁﬁé‘f{@eh{‘th%ﬂ%nﬁ‘fet however, there is a need for new

pronoters contr e expression of het er oI ogous genes. The present
i nvent i GROSS REHERENCE BORPLAGED APRIdCATHEONS BRI EF SUMVARY G: THE

| NVENTI 00 The resent nvent Ie aspects In one
honoot . TRPC oot RERAERS Bl Br S Sy T o Rk RS R

nucl eot bOIREIBORE ME&] RbhuaEQol @mand-US'SI\m¢ﬁ62\pbe§ﬁn%)3tt0@néyr dﬂ%ﬁé‘ttrﬁﬁinber

nucl eoti de sequence of SE I'D NO or SEQ I D NO C) a nucl eotide
sequenc@0 HEENIQR, dtled elaéanu%f’/a%,e?tm@nwéwhm benein ineorgoratesk by ecderen@ 9y their

| east 92t ,[a | east 93% at |east 94% at |east 95% at |east 96% at |east
97% at If east 98% and at |east 99% sequence identity ) to a) or b); or d)
a vari arfEDDOEQHEENYVENEI® or a truncated variant nucl eoti de sequence of

SEQ ID NO 1, whereln said varl%nt or truncated arla t has . between 1 and
10 subst003}i ordwovides aiFi ghulengidatedseepqlpnRie, metheds 1d preprang dhe s¥fifence

t her eof t d
subsequglr?(%lgatﬁfgof '&SI %Hfﬂggéltﬁ@rﬁ 1ﬁcluﬁfﬂ% the %rﬁ& elﬂetl,%&’s'ﬁﬁgfrﬂﬂtr gstlagth ﬁl(%t[ce%d@&‘?
subsequernuposttamsy |asés cmd nused ot i sﬂhehsatmbn@-bagdl e«xp@ytnémochH@mc[athg) od; SEQ
ID NO 5; SE D NO,7; SE D NO 23, SEOQO ID EQID
NG 25, C%E@SSB%W% T B S traﬁ-@aseﬁa%?m@“% G ions
sequencgort&higl thy sife, dvhiclRbrd @RAT f&ll&re@tm%%sﬂn&a&ﬁlg aFfidiergtofIaMcaihg | east
94% at |east 95% at |east 96% at |east 97% at |east 98% and at Ieast
99% squléh@eine@eaﬁitqomppﬁttl@ne sequence thereof. In some enbodi ments, the

pronot eg ‘@Ik %We sequence or a truncated vari ant
nucl eot = I n sone enbodi nents, the pronoter
conpri sEMOBEQ INZDaINQlataraaaﬁh ayxtttidtiac(@hqﬂsﬁleﬁyﬁiayee@éﬁtafrorﬁrad@mtze§&qumaaﬁy
t hereof and further sequences having at |east 95% sequence identity

t her et othepBEY6] Femexmninle.t lybrcans walc formplsgions geipralbn condpint wacossy andﬁéct\ﬂa
conpris assed by the
|nvent|£ ope?uéra%lrnﬁggwgﬁqmgH%%ggﬂﬁzg%%gg%&%r%%ﬁggguence In sone
enbodi nO0S] t riﬂlec@ﬂawgo@eqnmycateﬁmtﬂed;evaloprmﬂﬁﬂeﬁn hddisesyethentipedianteph s,
the protein s enzyne. | n sonme enbodi nent t he enz [ cellul.ase, a
gl ucoanf}tl%t‘se@mgaegp eﬁwa%hoe rHrigedhs %Ver%gepqt@ Igragacongent .Obﬁteepma?rlsgg terhe, a
Xyl anasg,isn hdefGfcase. I n sone enbodi nents, the vector further conprises a
si gnal sequence.

[0006] However, conventional polyolefin additives suffer from unfavorable

characteristics such as: (a) a high molecular weight fraction such that they are more affected
by shear induced degradation of the molecular weight — such compositions have an
unfavorable Thickening Efficiency (TE) / Shear Stability Index ratio (SSI) ratio in that they

have a lower TE for a given SSI; (b) preparation with metallocene catalysts in bulk



[ 0007] In another aspect, the invention relates to a reconbi nant m crobi al
host cell conprising a vector enconpassed by the invention. In sone

enbodi mrenwe,20tohie626conbi nant host cell will be a bact eripalr/usesm/osshé . | n
sone enbodi nents, the bacterial host2 cell will be a Bacillus or

Streptonyces host cell. In sone enbodi nents, the Bacillus will be a B.
subtilis, B. licheniforms, B. stearothernophilus, B. pumlus, B.

negat er bélmneﬁzatfoln%&dss v@ﬁcthro@«{aét 9tdc€§é%%@e%tef{e‘§eroééﬁe s@ﬂ’f‘at RO ﬁﬁﬁﬁ@antt he
Streptonyces wil S. avermtili S. coelicolor, ri seus, S.

i Vi dansltefrwd)@}ﬂar nome@sﬂammﬂdebroet@pmgtof pohylispaisépitidss; (celaabtl@sl Otf@n@rnzhooeess

conpr 1 <28" ore Sk Pklefrs FEETR) ¢ AoteThET Ml oGyt mibBTisalsed by

t he i nvesthpe¥itichat hetdtdebhdigg ahh€d ) peIpsbaraRd donaitiohs plovidiag g@gtntery ReEhg
conditions suitable for the expression of the gene andgp uction of the
pr ot ei nsigpificaymiongmislrin neatehing e whicht eravidgs| # daninishasy dpefarlts% thee @l ture

medi a. . | 0] Fig.
A i1 e Sesay e s e R el el B B o one
bi ndi ng[008g] on Gonvbatichabhvd 1mpdﬁil‘efsl a’tedau%lhdut bes. Lmsdntema] $6ques e, §BER4 D NO
3). The putative -35 reg ion are high hted in bold an

i talics®3/060%% ¥y-20%B 5t3|9&56t17at§§465%%4 D-043,808" wﬁé@% OP%c| etd%h an

| AV CelAs5aBSLIMEN wlcRGaY RREPLER:] Rlrtin b5 5L RFerEH mEEcfilh: The inhA
pronoter is initalics, estriction sites are in bold and the signal
pepti de[00P8hG |S:ommdtmxtenmdtl VIo@dpvdes,gsucl @si thbsesdasaties] BEQ.S.PA¥@t Nosnhi ch

i ncl udes _t | hA/ cel A t . T i tid
under | | Bed0T5b0R8TBirgD4 Y 1 G arey bles e oI td BRIE RO RO ibs
i NhAY cbhtcig@ststhbuabsel L hRSGAPEA pbRinRry REk @hidhBi¥teBINhCREht frddidnish At

pronoter is in italics, the restrl ction sites are in bold and the signal
pept i dethexprauld be {assieffbdtedby tieohear inficpd demradptionsefi the el GEGIVEIRD Suehwhi ch

depicts the translated i nst ruct tide is

nder | REBPoY SRTAPERCARER Dy sRERF) oot RETRRREMIPS, ° 25 26,
28.5 anpboBQ} howpthtd BEnvRelicHas VI @fPréters, eyude sahb@Nd@tribedBacUls. UBatBRQRGLT | UM
strain expressing CBH I fromthe inhA pronoter and (B) an SDS- PAGE of 6,

24, 26, 4@515% and Sg5h @0 attampt foiomMersome suctural dipjiaiont Py Hs1BE aenetﬁ%wveru um
express r eted
pr ot ei nE%c |ge\l3’|!/1,t16\3c/lfl glgmr#eegg@r g@ﬁbfﬂl &@gg{tdléfpg y(;sl} J)s:frg?:lt%|Cl\1/1|grte‘$él verg@ EES
hours. tiediodl thsi sic(aBbédbd) Cat$lyStI§ld]InCht1H{d pbl)yn&nambrbipmmsss a gdds):rli)éﬂ |111nctheat ed
by D. DEFI N TI ONS [0017 hess defined ot herw se %‘éfil |cal, a_Jd
sci ent i FRRICREPNSs INJdGatrsh kit C JEAETEIPYCIPa teFqgsn&ihey L TRY;
under st Hf?&nf&’ecﬁf&? c%ltp%lﬁbﬂaahk{ t?rtﬂédehnfg ot ﬁl% I?cfl&dlk M@' ﬁﬁei h1'1 $hd '881%]%/1‘119@
bel ongs. Generally, the nomenclature used herein an | abor at or

pr oceduMashouhbeingliytiied dly th¢vary is tsrhelicesl ﬂhat:hhb burader prdy@spﬁra‘ry igderetsidus to

bl ow of ST se AF P dRE AT Lo BB RS SN Ao R Eeh e

i ndi cat @gid@ﬁet&ew ifi€he fhPcta@GBOF HeQBTaBsk ﬁlfs%ﬁﬁ' SRR tRSpsleseriiiRd rBRi®i n are

general | y perforned according to conventional nethods in the art and

var i ous[‘é’éﬂbr alAnashasr eqnyestiongbe/l anproyerSaeindgsle blend| of appwbabsendissming: A
Laborator nual,, 3rd ed ) I bo Y, Rre Col d
Spring F—B’r M%e 15??1%% tﬁise%n%e& lnCBSdcfrrent%DrO?ﬂColﬁa?Jn% 3e105§| a?ﬁe

Bi ol ogycorﬂt&a@mﬁﬂes twd gich YWoly@erd ait@nssite rmevlda\hmaitasact erEprsﬁuardﬁabltlﬂyr tsighout

this docunent. [0018] As used herein, the term"pronoter"” refers to a
pol ynucteémefad‘(éres‘éﬁf@élﬁb gerformance, and pour point. However, the design of the molecules

have a significant and predetermined intermolecular compositional heterogeneity.

[0011] Still another conventional VI improver is described in U.S. Patent Nos. 6,525,007,
6,589,920, and 5,446,221. Such compositions are prepared with a single site metallocene
catalyst in a solution polymerization. However the choice of the metallocene catalysts as
well as the polymerization conditions indicate that these polymers should have significant

long chain branching as shown in U.S. Patent No. 5,665,800. Such long chain branched



particularly a DNA sequence that initiates and facilitates the
transcription of a gene. Usually the pronoter is |ocated on the sane strand
as the gewe 2to/eemrols, in a close proximty upstream eCTiUsR0IQEBBN0 i . €. ,
towards the 5 region of the coding3trand. Pronoters nay include DNA
sequence el enents which insure proper binding and activation of RNA

pol ynerase, influence where transcription will start and affect the |evel

of tr an?&?hﬁ%s! Pave Thelisidcal TENGoRpAEDt R (HERY [R8av Ah4BRIA. siABE | BeOdrc MRANE
to lim he instant invention, in many cases pronoter activity is confined
t 0o aboutopoB@idely eopsiainsd (frop) baihg dsperesrcenifonmihet &molkicuke iGveh imfolutian. si t e of
transcrj | nitiy,ation. .However uences out to.abqut 500 bp,5'. of .a

st ruct alBizhenet ik Ry BYGEer S REiaTe Pttt M o R BoReave
conser vadubREe oIS valiRMBAhGing a b &RyRAEIcondéntbpa)(alBoRohaaitivilessianeh e85

nucl eoti des respectively 5 to the site of initiation of transcription). As
used hef &rqgdaangegyserapergpirosh®) impiened &F: 4id () exmpred rage eftheehE tecthe oty .

[ 0019] gﬁi%n@erﬁqmmﬂﬁ,b& ON havi ng pronoter activity" neans that a DNA
sequenc ?l-erand that a gene or nucleotide sequence

whi ch 1 f00apEr alitrydidek ede t ethylzgee-piedoterolhiéss engtbodse ofiaprepdrirg ttlfe avache,
function for produci ng.an expressi on produc e.g., a desired protein).
Pr onot ef'PHERRY ?lf cHRpOBonssasydieshe ﬁ%%sm%h%%fw @rqmen&rsyclhw&ﬂa@w@ her
descri begypdLiddie, dndCbapules NS &hubh é@@@b&ge@ncoﬁomn&g ERRN IR RLatiRE OFPT er
activity can be determ neg sby, for instance, confirmation of expression of
t he geneompwitiss. of t he gene inside or outside of a transforned host.

[ 0020] erm "induci bl.e pronoter” neans_ a pronqgter i.ch. initiates

{ranser IAbn chibyyeiEied RePgBe e as brp i FhGToNc AL ar Sried Bor | s

exposedethQlci®Md RiHet biCHLAS aphh NI cthdlBMMS haviig e DY daYb i a®hsi NEKCI bl e

pronoter nmmy be triggered by chem cal, physical, nutritional or cell growth

f act or scthiene-basedtdopglyexahpd @meing mﬁdlgéTmé gsaatasvisd by dPMUdeo SV s hersm al

factors _(€.9...te ratpre or Ll ght chem cal fact.ors, ( o PT

totr acy RIS HERrE TRESCHH el pe Shabesr adf opER eSO dhe i kehesnd  or

cel | greypolym&rasdfvé andnterBXipO&NEdmposGAVERIDIASE b abSutSIRBROREITEM S,

the external stimulus may be a lack of a particular stinmulus. In saone

enbodi nethes embedinmai thy sHylaedassd carolymesnhavenay dntigholegyai camppgtion

addi ti op; - L.l e o - i 1] _| or

el evate lsﬁg)rlrlglgé tg? h?oeli.t %Igh{&é)?r%leg%b%dﬁ) Zneenwoﬁﬁg?t%’ uciteﬁllgltlaetng rb(ailgr)eo-l(-it%eorp)(S cc%?di ng

to the haweenhi mramajechlar acohglosicion edistributian | afnaboud ud bi®o poroimss eant/or Aan

gl ucose-starvyatjon induci ble pronoter is a prompter that is active when

gl ucose“’é%’ﬁ@l@?ﬁ‘l%@?@ﬁ@%‘?lbdlﬁ ptigihel aheub il Whé o51es% gl ucose- st arvati on

i nduci by 18] OMOFRY cthPlehd1Bdscd TopSlyRRR £H QAN iR PheBldeg  MAdiNR: EaMPOLiSRUT Ce

(for emepPL, but eno eIe?m'steeg {)oygl ycerol) ahd at thﬁe salr% %i maptﬂté ’

pr onot esuchemsi niscadyi vedifjdd2ih] oAn ahddpayimee npesttiens,i s.gdi dwbirrmgtimgshat f r om

a constituti ve pr onoter. A "constitutive pronoter” neans a pronoter by

whi ch t FARERYTPti on is performed constantly at a given level irrelevant of

the groygohefondidviieftng il CQMSIdstiidht \bee ROAFBIARN of 8 16BR&MNE &f WRXPLRSIHOT a

gene | ocat ed downstream of the pronmoter without |imtation. [0022] The term

"i nhA petbiisnebascds ceppdmerer eWVhen qdded | teclubviean eids, egthylona-bascq agapelygners

promot ef 5 &NCOMRASSed iy RAANCRLOR: o DA NGr Rtk Rl Ll Tl §dfiBic2

pronot ef conprising a nucl el ¢ aci d Sequence o1c°s E)?lﬁp 10 or §é6nP'B’NQ

3, trunepdratis cosdibiesBE nwathustihiereade@ndSyar iaptoveinbesk eat wmeved nwhite

truncations and variants have at |east 90% sequence identity when aligned

wi th SEmamtpinog 2 lovspthylgmenantent. siosytptaygally singgan qompqeitios andemolepnlvd, 6,

SEQ I D : - - 5. .

26.1 00231 SR T drinent At o <y dons bR e R B

her ei n pmaosics saulc hebigheel Bengddrtter day bfitheoletoothe 138 eompateé ai catesntitelabt ed

fromthe 5 .ar;lgépgé 3" end of the sequence of SEQ ID NO 1, wherein the

t r uncat VSFeSHY €duence has promoter activity (that is the functional

part thejoaef) . NOAZA offepdfignethyiehd-Bakkd cBbhdIPmERTIREIBAC Gtififing a RAQIMIRhe MEANS

an inhAﬁ{)rofrmt er whi c% ﬂ%p 2! % 9m ' ififing'a eene
catalyst in a synthesis process designed to control the distribution of monomers and polymer

chain architecture to form uniform and/or linear polymers. The resulting polymers exhibit



conprises one or nore nodifications such as substitutions, additions or

del etions of one or nore nucleotides. The term"variant" as used herein is
reconbi nawo 20®/26720hat has been engi neered to incl ude seoTUS2UDIOBIBY0
additions or deletions of at least ¥ 2, 3, 4, 5, 6, 7, 8 9, or 10
polynucleotides as conpared to a reference or parent i nhA pronoter). [0025]
The term "reference pronoter” or "parent pronoter" means a pronoter
sequencRigh @t ahFa UGBS oA TEAKNIS HubtheS BRUGIER &Qﬂ@%h§ eeﬁntlaeloheﬁlef fnee
pronoter may be a subset of a |arger sequence. Generally a reference
sequenceffea ottter papsttic Bf theadtladenedeascd pofodyrgertsuchaes sadelstityg@ranetedi, ded i n

angtn, S8 1E3ReabooRliEy SkkhcEe e B ERTeSEglTRER riEIn

| engt h, c@ttrdl eagtto 0conseh@dhidese éthylkenBidd capolly@asto txbchifouel Haldrdiasarl
| engt h, at |'east 400 nucl eotides in |ength, at |east 450 nucleotides in
| engt h, Withoub heing Jooitesu by deroryes iy helr@ﬁgtthat thoagdditiorrd alpharplefing Imiye imci d"

"nucl eo I r e
1ot <OLAgEs, Bl (P NAEL BOhLAST (AL 5 bR MRRR LRSTURPORE SR 105 ot
form Uaﬂyereﬂlnstpe;@ilfhe@aﬂnhmsﬂedmlﬁ elahs thé ﬁutderymfehimmimaﬁls esntaindlgeihe pabinttss
cont ai ni ng. known al ogues of natural nucl eotides which have sim |l ar
brndrng“ﬂ?B%@ﬂ?P@§Pas the reference nucleic acid and are netabolized in a
manner gﬁ( ﬂPﬁI@W@F‘*ﬁ“ﬁ@%@@RE‘SH ng nucl eotides. Unless otherw se
i ndi cat €0, T id sequence also inplicitly enconpasses
conser VHIOI8E| y Frpdef ileds \wrp'hamfsTEhemeoi dtieylgne wiegleneratet dad@xemplary
substitutions) and,co Ienentar u as well as the sequen
oxoli o1 TN ATAG OBRRH e B dnE vl 5t SUBSERT T FoREoWaY be
achi evegdyhypigener ati ng sequences in mhrch the third position of one or nore
sel ected (or all) codons is substituted with m xed-base and/or deoxyi nosi ne
resi dueH)U(IBht zdtigwr 2als,a fuaph ef Anp) Baméseologygiaeows@lt@mpyrau@htsh@klagethe ,J.
Bi ol . 26 605 2608 (1985 nd.Cass et a 9 ssolr et

2 o SEeEOR; Bl EaRgahde° henslY) nRER, S ltrapfe GhingIRaS uRd
pol ynucbe%hﬂ@laae nisITrieis ghangernl ty em% drim@enm, “GrBWN Eﬂaﬂpreﬁ\m encoded
by a gene. }0027 The term "gene" means the segnment of DNA involved in
produci HY28l polKipeptdi g s ‘Pif crystalhigify wedght perceigycsms eﬁwéeedr%htment

fol | ow pg (482 r weld. a t g
sequences %?ﬁ?ﬁﬂﬁ)Qgggﬁ%ggﬁgﬁ%grgﬁ‘@ P&%%d?%g §§6ﬁ§ntskbm ﬁ%ﬁ %%§§2§f The
term"i sqlecainedts iasGuagdl izn@pleseans a conpound, protein, cell, nucleic
aci d seguence or an anmno acid sequence thatlrsiﬁennved frqgrat | east one

conponeRthat ONOF THE [LLUSTE VBB b or M5

" pol ypepjohdp. " Etﬂﬁgﬁé Hfsed céﬁ@ym@fs%&h&'e 1c8¢ fhat %SG'ut' 0G5 BRNGIRAR K B HRI N tO

refer to a polyner of amno acid residues. The terns apply to am no acid
pol yner sthiylengvsind halplree otafinnosreoramiare having 3 ¢ei U eanbsn aatoras.t i As gised heteami cal

i metic., turall i i id, | t
et ur o TS YRR PR AP AL adhct g SRS TSN GoRBRTA: O 13 BeEl FRRESSRN no
aci d pOl:ﬂﬁSH%ﬁé mofSmes &, @éebﬂ,haﬁ he witey é’fﬁyl@ﬁ'&@ﬁ@@ﬁ@ oPHoROcAkdfdnfRai Tigysof any

| ength, including full length proteins e., antigens or enzynes), wher ei n
the am nfbyl@ei:%aaﬁeési:mesm%rs angy R@Re@nmns \p§|renlte peipt derévagofias: a{pbesﬂ?ﬁms
used hereh ot SEML bALARANGS thind Bodlle SSRIGKNO! AOSELT hadidnnyclei o
aci d sequence i F? PEaN transtect ed duced oY t¥ans orned

(coIIect(#@hymxrﬁ@m§&@5meﬂhhwagﬁwbaehm@sﬁmﬁ@ha@ence to the incorporation of
a nucleic acid sequence into a eukaryotrc or prokaryotic cell wherein the

nucl ei c[®2RH i ssql‘ﬁb]@r%r%lpéﬁfﬁ prl de EoRydensnandog-ofdims.caich  as 81| a-pkefigs ed
herein, aﬁ({‘ﬁ ?%r!;rg ﬂr()?}ﬁéﬁ @t‘ Y ol SRS TR B-RAL ESTodithd Gn WY ﬁﬁbalr or

exogenous ac S a reconbi nant expression cassette
i nt r odubedchedt and tho st noet komundmekatn bhaised)af degdredci Thussrefi@emicaicneid tei t her
ration in e. host chronopsonme,

as an extra chr sonmal elenent or by inte t

2t | east®t GFPrRIC R SRR oring HESe BB Bt Oh LBPE Serg i ORHEEY.
Examples of suitable comonomers include propylene, linear C4-Cj2 a-olefins, and a-olefins
having one or more C;-C; alkyl branches. Specific examples include: propylene; 1-butene;

3-methyl-1-butene; 3,3-dimethyl-1-butene; 1-pentene; 1-pentene with one or more methyl,



[0032] As used herein the term"culturing” refers to growi ng a popul ati on
of mcrobial cells under suitable conditions in a liquid or solid nmedium
In some ewbadiomest2s, culturing refers to fernmentative bipctarse@wsssno of a
carbon substrate to an end-product.[0033] The term "vector," as used
herein, refers to a reconbinant nucleic acid designed to carry a coding
sequence of interest to be introduced into a host cell. This term
enconpagses of@faqsymlﬁb%%@m 1-HPRSe Mith\ReloR hore fdaTY1,a8hyd] A YrBSy1%E6 Rl chts;
expressi on vectors, shuttle vectors, plasm ds, phage or virus particles,
and t helthieRiene mltﬁlypleaulmwpn@bsh @trhylxeltpmpylnn@vstatustﬁs,l hoftagewithpnaddindron t o

a codin equ e of |n nents that direct the transctiption, and
Cr ansl at BN or e’ osthg Eahtraficd Talian U0 a%sPERS et aTeL P P
ter m nagbstitveng; %ﬂ@maﬁleﬂ@quemﬁnethﬁmmﬁ@d £XPERS S 0PNl -§aB&id € "Priferdd
nucl ei ¢ aci d construct, generated reconbinantly or synthetically, with a
series mm@wm ilBgludtic| ROBYlaes: dl BreRend Dopteae: peray!- I-belprdsr | pe¥BA: of a
particu e se e ql t ( sette
oy b PUpPE el Z R ERRREE A a1 Bk ARbESR: IRE AR5
Typi cal htﬁthyal’lsubxtﬂ[lﬁﬁSbﬁ)nar@asﬁ eC4-€s;i Ngletides Wit odwon wadtiedt BLdBtltu@nﬂSEm any

transcrlbegr operably lin Eed to a pronoter. [0Q035] Ai used herein the term
expr esPERONGiasallye accsppbler epmbingiam, €8 tn Otrh@hp% &Hu U IRSACEE: A-95Endpt i de

i nC! u_dl tajrét witl® l'a nlléitmltsﬁgstftﬁ’ent Bfl %H? of CE)toir @ 1 HQ}?etne t\,\;lﬁ{l% ﬁl@ﬂlxpﬂﬁ’aktltuents

nodi fication, translation, post-transl atlona nodi fication ahd secretion.
[ 0036] ™ ‘asy gtmcthusraqueadt;e acqegtableDNAnblﬁqmmnoe ¢hat; 1-@emem®mthné1m¢e ofethyl

pol ynucl eot.j de t.hat encodes a I i de and which t he po epti de
Por ugnoshbERs B Ay SR orl LERReS CoRPaAteE OF O on Sy et BT

pol ypeptin Esm%nﬁ%ﬁﬂgﬁ|®3%IQEqum%&ﬂ%&&RHth&%,ﬁ@&&ﬁ&RhVoBe@ikﬁ@zﬂﬁkﬂﬂm
tranS|t t hrough the secretory path %> [ 0037] used herein, the terns

"i dent i sdistitugnt ine¢ soithiometaealiyt gcceptp etmeltl@omnefit 0b1C4dé$1@¢qnbl halonews; dr  nor e

I I d f
CubLoquininas ST TSR REREDnmRy a3 Faifens SIHERRCRAPy MRPaRE b

nucl eot ke stdittadmatiRallnecseiEbI hdmisitipar 86l @pd7,ah11@pt%de f\0ith niBdeM¥thyl
correspondence over a conparison w ndow, or designated region as neasured

Usi ng OPRPSBRICRE ENf 81y BCRIMSEEaE N SCOBHa cPEBHAEP] oM € s broctspe refuan
al i Q“W%Xﬁ”s%byﬁtﬁé{ﬁ' ohnﬁI?fC&f R OQ%eE@rwﬁﬁ W&C&hgs%ﬂﬁdﬁ&@s ﬁlyahga' ly

one sequence acts as a reference §equence t sequences ar
compar estchwmmmlhyglceepsﬂﬂmajmlﬁnammrCﬁ@fC@Iagd)ﬂIdbhmenéest and reference
sequences re ent nt o a. conputer, subsequenc coordlnates are

desi gna{‘wa 7+ ek &Irgha i SUBRRONIES ATSGIPPY RS- alfXSAF-HFRETS. e

desi gnapfd. gllg?ér?édI dlp IPJ&QE&%B&B%&@IG?UG ! lerRE AlSSifer ﬁEfeﬁJe& SNdHAL dohfonomer

paraneters be desi gnat ed e conparison algorithmthen
cal cul atselsbutéres. ﬁémdﬂnmmmequawkmewdéhumnt@@cbownmhéaiest sequences rel ative

to the f ce.se ce, based on .t ar. te S ence
Commnri WAL R ERE oS s e b B RS PR eyl SR 5
SEQ I D N@2- ButeRESAd fANNG- bliteARAOHeS intdthhiad)Efns dr&8ofbisiktcand BLAST 2.0

algorlthns and the default paraneters discussed bel ow are used [0039] A

‘conpar [M3A] wi b sua@blameHQmeisnnclu@meIM@@sr dhetanceolysng” %th@re@f any
one of the ny cont i |t|ons sele? fronlthe ﬁés

consi st I°’ng ot sy ooty Hati l%afoor Ghgityralioso GF- 360 afBes 850 50

to 250, Palyenal patiakiony 1kofl tag @bﬁmhoﬁi&@ are Wdhi-Cdhj@pasRiq dRAES Iﬁfaﬁérahﬂ?y cgapar ed
to a reference sequence of the same nunber of contiguous positions after

the twostEdgfieheids hydracaspen ﬁIla@lPﬁnSami givtanlkenpt-sdasiugd aknghmaningotbogefiences
f f
or compan §9R @b « gﬁallé f& %\Qﬂlg I (Bﬁﬁra?érg ché?ﬁt Oca(ﬁ&L Hil%gtas‘? 4. ﬁ&gaﬁ%ﬁ&es

for conparison can conduct al gorithm of
Sm th &kl éroveadicnddih) biprhed bedih ac{c’ch@&ﬁer(emﬁﬂ:)l as Bymtthel- Ihoatphb;@gyenal B.gnnment

algorlt m of dl Winsch, Biol. 48:443 (19 by the search
for si nfimgthyl fﬁe{f)oams BO&r gleﬁ;/cli L‘ilivg‘i"Fén Sugh s, qﬁa‘fyolqhexa&g%}f %a Cygien

85: 24441988 anf) £ Qlbl ARG ! (H?'nﬁ»‘tﬂﬁ%?gtdlf%g§ll&ﬁsé$§§@bﬁ&&%rﬂﬁg‘&§§néswp
BESTFI T, FASTA and ASTA I n the Wsconsin netics Software Package,

Genet i cmo@omputt@rah@d@mpiene norbornadiene, methyl-tetrahydroindene, dicyclopentadiene
(DCPD), bicyclo-(2.2.1)-hepta-2,5-diene, alkenyl, alkylidene, cycloalkenyl, and



575 Science Dr., Madison, W), or by manual alignment and visual inspection
(see, e.g., Current Protocols in Mlecular Biology (Ausubel et ah, eds.
1995 suppWwerreriviz§720] 0040] Exanpl es of al gorithns that areTdiseeiaoBsod or
determ ni ng percent sequence identitey and sequence simlarity are the BLAST
and BLAST 2.0 algorithnms, which are described in Altschul et ah, (1990) J.
Mol. Biol. 215: 403-410 and Altschul et a (1977) Nucleic Acids Res. 25:
3389- 340 lodIBARRAS | NRbImerRf e &usf 9fqu1%71@&r-ZUnaﬂ)oﬁleﬁ§T(MN@{),}’%elﬁof)e?ly_llgb| icly
avai l abl'e at the National Center for Biotechnology Information webSite,

nchi . nl nethpmegay. ThepBip&Etcns-Jootbomenal soSyérchoopentenydrZnpdorisak, anét ysi s

of the sim, ari. tween two s ence ee, e. ar | | Al t schul.,
Proc - nEtonRiidphe Rt otEReb) i SRRECT nb 88T Rnum o MeF s bR ¢
provi degubapitutdieal RS Tsugh @9k inkheydishekbiee, angl! dyefhesahd) pingbaRidocteye (LN |
whi ch provides an indication of the probability by which a match between

two nucPdeheaenc rallihicndodesrne,. seduenrle syalrsiadacaaec upf he apaserugated disanpl e,
a nucl ej.c.agid. J ngj d . siml uence.. i fi: .1 he

S ool G i, BRTPIISHET 4RbE] WA Qo REERT IR FrRelichOPL6;

r ef er encenadichei Hnrdiytl 1{4shdxadient, A i-dunothy/1-0.62ctatigne, Preétayiabe-g-loglssndédean

about 0.0 ,@gnd nost preferablg | ess than about Q.001. [0041] The term
S

"het er oPsHBlEonC-qerPoREa tioNgbsed deragiclgpetdbily) | 1-hkeicpaic  dNotsr Bidbt er
and codig, HBAURIAC GSplidaBb L R foPmb hﬁofyﬁﬁ@’, OaSBRuRRIPBRACT, %gprd?éﬂeb & and
t he codi ng Sequence ‘as one not found’in nature. 'I'h other words, a

het er ol ogdustenhdngrgblye Jusprefeand toausprdoames shiatedo e [fadamtioordatidrerfdntg

caneor G o | GiigHSESRE S5 FLUPGRVEY HbDel HBdemRBt Pl ngpyhains |
nat ur al b (EeHEd.I O&e@%&l@@ﬂe@ MRat cehh b&GledliR@udd RtdpehbiicA®ad odthetrRand i cul ar
codi ng se%uence. [ 0042] "When two el enents, e.g. ronoter and a codi ng

: , a p
sequencH026} e Fihylenwbised copdymbtsyndlipgkamabput Iwite snabaut 80 wibiecthylene

j uxt aposi tion of .t |10 them to be functjonally, active,

o1 5t | oReh et Pl b e Rule R Rt G R et R B0 o Ap i aB e isasy ng
sequenc eombriindrn@r QERNMDRET AN oWs/t fiBylbi@RsMohdheoN 18fsonkte cmBEdiREnts,
sequence. %0043] The term "reconbi nant” when usgd W th referegce to, e.g. ,
a cel |, cthilenebasedc cepolpneisomphist figen abepier’d 8% kot a¥0 W acthuices i al
cor r espofd) 0gndr br it Qﬁ&y%'w@é t%aatb'oﬁfa?](f QhIn By L E IR Eulyide-ElRS been
nodi fied I1n a manner that woul'd not otherw se "exist 1n nature,” or 1s

i dent i cabpolyreere il frgn atoedd vafo theabioue® % risydrichehiononat, er fi@hsatand/ or
by mani pul atjon using reconpinant techniques. Nop-limting exanples |

i ncl ude_,gs aﬁ%ﬁgo BbeEr ! ,“’Féc%%?‘%?aﬁ?mwm%r’ B ot &haty 4eHis toHPURFE St
found V"bﬂlgleﬁe tORoRhérY 6r fraﬁrﬁﬂoﬁp@g'%%atata})oﬁtoﬂ%% eE@?etfé%ohmﬂBm%ﬁWf%
native gehes that are otherw se expressed at a different |evel. [0044] A
"host cebdut 5D svt% toelbbut Kawt%aathyldne compadbinki, by from about 45wl ohogbowd b wt%
express“gn vehicle for a vector of the present invention. A transforned
host cef YFH%FWB%%“%ﬂy progeny thereof. [0045] As used herein "a", "an",
and "t hgjpairpcl utigylBhdibaled I @pEIRIRELSxHIBi @RS o Mo O @X ol proflifitAbeS
otherwi se. [0046] The term "conprising"” and its cognates are used in their
i ncl usi vembiapisens of gt follgwingqupretiesnt to the term "including" and its
correspondi ng cpgnates. DETAI LED DESCRI PT OF, THE LNVENTI ON |

't oduct i one- § QOAT HHHEL PEESHIT TR MR PhieAre ot P ToNET sl on
of i nhA pronot e5ysGPCN its eHEera@pd odab&ut 3,000 AUdDASP0,000t aSre Pryfeh® 1y, nokici bl e
pronoters. The inhA pronoters can he used for the exEression of

d
het er ol ogous gerashtayarage Myt Fant 2boubd @000 B syt PSR ar freay abort $&08hd

part i oul arly o ggterdoalognosicr bl Sy SOl ATBIRI It UL heBbRMRGS - 11

The pronoters I's 1 hvention - ronoter regro
megat eri um i nhA Ogeo whsuti308000f i ed by bi oi nformatics

e A number-average molecular weight (Mn), as measured by GPC, of from about

10,000 to about 400,000, or in the range of about 20,000 to about 300,000, or in

the range of about 30,000 to about 200,000.



analysis and is illustrated in SEQ 1D NO 1, wherein the putative ribosone
bi nding region or site ("RBS") is indicated by underlining and in bold.
GAGCT GGAAROGAAICRGAAAT CCGT GAGT TATGAAGGGGATTTCTTGT TTAAAAPTEAIS2010/031300
TGAAAAACCTTATGAAAT CGCAGCGCGCAATATGTCTATTTGGAGCATGTCGCTCTATC
ATATCTTGCTGCAGCGTCAAAAAGAACATTCTTAAAATTTATTTGTATACAGAGATTAT

CGCTTCTCGTCTATTGAGAAGTGATTTTTTTATCTTTCTGTATCCATAATGGGGAATTT
TTTGTTTTTATATANTAGE E&%ATT&C&EM&%@%RMM weight
TTCATATATTTTTAGT TTTGGT TATCGAT T TGGCATGGAAT TTGCATGT GTAAGERAGEG

TTTATCAGACATTTTAAT MEN @A ANGARANCTASTOTACATORGTATOVANACTIATST Dr 2.2 or less. In
TACATTATCTACTAGAATCAAAAAATTTTAATAATATAGTAAAATGTAGT T T
TAGTTTTAGAATAT/Q&K&FA}&&{?%m%Mﬁ%m%%“%ﬂﬁr (98h 1 b
NO 1) [0049] lapoenes enddt pBnt, an inhA pronoter will include the nucleic

aci d sequence of nucleotides 1 - 523 of SEQ ID NO 1 and this DNA sequence
is referred to AFLHeEeS loss Nen sbque 28, &t lps theg ahiovh 28, acAasTthyn abput 3dme

enbodi ments, an_j ¢ i i t ej i uence, of
SEQ 1D NG 2 wieR eI Geeh ol orEHRl a0 BRerBE ISy b PR S ana
the foll owi ng nucdseetibgesPC.GTACA, at the 3' end of SEQ ID NO 1. [0050] In
sone enbodi nents, an.i phA prompter will i ncl ﬁde adgi ti on?l nucl eoti des at
the 5 end of tHEsERiA e crysklindtyagmpddensed By Ahe aBigee Pl gaycliing Pgafeas 3, 4,
5 6, 7, 8, 9, J0udtdbvBsc15, 18, or nore nucleotides. In sone

enbodi nents, the 1nhA pronoter will include thenucl eotides CCTTCATAT 5' of
nucl eot i des deph otedtthg poiBEDQN)Of W@sedt, asSEQsuRdNG. DSCoof HBa@ 110°NCor ss, pH051]

I n sone enbodi nents,  t i nhA pronmoter wil| include fruncations o
(subsequences) nﬁ?’%trﬂqohge@r 1%%&&?’0%%@ I(‘{IZ\)IIOT\I%.SS’f,lr a‘é‘E‘é %Oo%ae%% 8F 2kgEs P o
2, for exanpl e,C bPleSOBRasyTRASH ORIt he pronoter will include about 400
nucl eoti des, about 375 nucl eoti des, about 350 nucl eotides, about 325

nucl eot i des, * abbbeatdfdusmecores fird et i abos O ebewt6i0dés or aloutbopsh to

nucl eoti des, about nucd eot. des, out nucl eoti des t 17
e oot des’ BBt SEBe TR inED 00d IS0 IR G} BB A58t o BBLHt avbhps
nucl eoti des, ang, dposit tiEh dbeal @ T/cdeslcanthas ibbilt 200KE &% Sep HRIDIIRUt BETigyi ty.

[ 0052] In sonme enbodi nents, a truncated inhA pronoter will include |ess
t han 500 nucl estiabied 100/gss t han 450 nucl eotides, |ess than 400 nucl eoti des,

| ess than 350 ' < han, 3 cl ol I
nucl eoti des, | gg%h{tﬁﬁltg%ag%gnlnfﬁﬁ@%t@ 1ést(ﬂgtn aleglggngg)ésetdhgﬁ&&%&gnuc eO%Ill des
of the pronot erinefm@EQIaDcd¥position] AODBhtidrobf ed@n@lewt% rordess, errdddvthent an

i nhA pronoter of the invention will conprise the nucleotide sequence of
TTATCGCTTCTCGT CH5ATH TS PT 2 T T Ol KTEEA PAASTESGA W7o or less, of

ATTTTTTGTTTT TATATAAMLOATAG AN A, BETAQ TSI AMBAY R w12, at least 80
ACACTTCATATATTTTTAGI TTTGGI TATCGAT T T GGCATGGAAT TTGCATGI GT AAGA

AGGGT TTAT CAGACATTYT, TAATHRGPCAGEHASAROMETT AGTTEATATIAGFBARAAAGTymers have an
ATTTTACATTATCTACTAGAAT TTTTAATAATATA TGTAGI TGACC .
TTCCTAGTTTTAGAATR . t&??ﬁﬁ‘ﬁé‘f@@r‘mm TS PHIRAapr
[0054] I n anot hegs, &nfrogionBitess,od @0 it PEQTBE B wel o s, JAORLtVOBr Mk, br
conprise the nucl eoti de sequence of

CTAATTCCCTAAAARAKIACARTT CATATATTTTTAGT TTTGGTTATCGATTTGGCATG
GAATTT GCATGT GT AR L T A A A T L AR T A R A S mers have an

intramolecular composition distribution of about 50 wt% or less, or 40 wt% or

less, or 30 wt% or less, or 20 wt% or less, or 15 wt% or less, or 10 wt% or less, or
5 wt% or less. In some embodiments, at least 50 wt%, at least 60 wt%, at least 80
wt%, at least 90 wt%, or 100 wt% of the ethylene-based copolymers have an
intramolecular composition distribution of about 50 wt% or less, or 40 wt% or
less, or 30 wt% or less, or 20 wt% or less, or 15 wt% or less, or 10 wt% or less, or
5 wt% or less.



GITACATACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTTTAATAATAT

AGTAAAATGTAGI TGACCTTCCTAGI TTTAGAATATAAAATAAATCTTGCTAATAGTTT GAAAATTCTAAAA
(SEQ | D N&D 26)0/26285] |1 n anot her enbodi nent, the inhA promatsesionsisvhe
invention will conprise the nucl eoti8de sequence of
TTTGECATGGAATTTGCATGTGTAAGAAGGGT TTATCAGACATTTTAATTGT CAGGAAA

AGAAAACTAGI TACATACTATAAAACTATTTTACATTATCTACTAGAATCAAAAAATTT
TAATAATATAGFAA%E@EAQR%@%C@EE@QTA@EIJ E@%%TWMT&ETS& branch point,
TAATAGTTTGAAAATTCTAAAA (SEQ ID NO 6). [005 I n” anot her enbodi nent, the

i nhA pronot er gfenddng withyenerbon chiih|largenthan 48 cahwnnaiemsatar 280 sethge ritemdf
ACTATAAAACTATTTTACATTATCTACTA! T TTTTAATAATATA .,

GTAGT TCACCTTCLT AT RO AT AR AR TR CPRAPAET HOVRAR AN SR 880y |
NO. 7). [0057] YaBedoddpelyn@ivodifi®idrshadcterizdicat@dingnhA pronoter of the
invention will conprise the nucleotide sequence illustrated in SEQ ID NO
23, SEQ ID NO 24, SEJesptham ! bmnghpoigt@engsnieyitins caban cheigrlenges thap Hhde to

XDl ol OOt R B P AL SRR S0 5 LVl P or e
pronot ers encorpash podt gart3f0adachonr atomat orolss tiin SEahéh pleint Ber SHEQLArbbNO 4,
SEQID NO 5 SEQ ID NO 6 or SE?IDNQ 7 SEgIDNQ 23. SEQ | D NGO 24,
SEQ ID NO 25 afmsen)d profesblys [oy taandabreors pear dr, 10000 cdrbes piogIsude
pronoters havi ngalndGaste Ar@kndL88 tordcH pdintd 8RSt @}adoﬁa& HS% at
| east 94% at |east 95% at |east 96% at Iegst 97% at least 98% and at
| east 99% sequenomnboientantdprto SEQ ID NO 1, SEQ ID NO 3, SEQ ID NG 4,
SEQ ID NO 5, SEQ I 1 6; SEQIDNO 7, SEQID NO .23, SEQ ID NO 24, SEQ
IDNO 25; SEQ ID NG B8 ;gr%%} Rk Diandh Ao GBS OHE %ﬁ@rggafcgwgg%f
pronoter acti Vithyn 19 CarBSRoRTBEA (BRI Son Ao 6 PHIRG eh LGSR Pcb 0@ cRbOIDL er
activity will have at |east 95% 96% 97% or 98% sequence identity to the
DNA sequence i latQss, rosnedréaicrSEO nep 188 cabon atoswsner eorgrsdicieiansonetise 209hA
pronoter conpri Si rgﬂ a DNA sequence having at |east 95% sequence identity to
SEQ ID NO 1, <EO¥BNS 3, SEQID NO 4, SEQID NO 5, SEQ ID NO 6, SEQ
: B % goozS]lilQ !@n:géédfraﬁh anyEsP tth(NQ:(r 124its ﬁE@l ylzd? t%@uﬂpfﬁ&%lirﬁg@ﬂ?[éogﬁmg&ﬁel@ar SEQ
. will include one or nore (e.g., 1, 2, 3, 4, 5, 6, 7, 8, 9, or
nore) chafyasvendersend arcvgthin the sg@@ﬁ@frfg%p{e@@gd]:scm@tl%t ed herein, the nucleic
acid se e of, SEQ | 1. ' jacl ¢ I . ai_ned
from Bag?h??ﬁs rr}I{aSgatﬁ égrdl l?%&lg,&é \}\ét%&g%dlé}ea%ﬁgosgggar g%r%%}@tugg%ngﬁg?@i °f in
the art intatafolantas Gbf), SEQ mBadNE oflcomipoSEQnhIhedbgcheandcfinenibatcetpsdtorehces
t hereof that retain pr m)t?r activity can be identified by identjfying
sequenc¥d1alQat 1 ey |<Kyleng SRYFTD aNONE 1PPYMSESNFIRS- N 134 PEESSEh &7 the
bact eri gliniiRGE RAbLOEULAS o A iBag b WS tdraldishe JPQEPLN one
enbodi nerll%@,%l aH@ﬁ%ﬁQSrOB (‘tﬂfegr bof étt%dea ?ﬁé‘g%ﬁﬂoﬁ w O[JEeulég etdtehéa%t ]ﬁg/t")llrélngl zes
under hirgin the average keilgterst canmerion foo adiivénoespol yom¢rhmngpde nesied tofin@E® 4 D NO,

3 or a truncat seguen t hereof .. "Hybridi zation cpnditions” refer to the
degreo BV STUEH qERGYE Obfhct (BN SRk TIch Ak abiefa BRAyE Baraidin tat
Neasur ewelgnb fiaglighdtitan beMNEds I¥iBe 8RR MRBR ABRAddviltionecBBInbi BY sjBRBEIcAL Ur e
(TM of the nucleic acid binding conplex, as taught by Berger ‘and Ki nmel
(1987, Whetexpisssadlas @uingle aimwhém gpricaemplc ae sntenmsi¢sots compesiigrdistyptionol .
152, Aca 1 ¢, P s,..San.Di e CA) ... H gh st.ringen conditions typicall
occurs 3€?£B/§)ﬁt55§lﬁﬂe%n%d%gﬁe%&9ve Sétl n(%nl%%t}‘ie |¥gﬁ¥%sn conditi onsyﬁay al go
be basef030] washi 5w ntictrhelbsul @ngntosidioaldigfibitiodr thelinfeatiromedsSis kinoii to N t he

art. For exanple, high stringency conditions refer to washing with a .
sol ut i ofPryEnEoml CoggmsiionoPshihusion FcadtyrIndsx (BBl ks As used herein CDBI is

defined in U.S. Patent 5,382,630 which is hereby incorporated by reference. CDBI is defined

as the weight percent of the copolymer molecules having a comonomer content within 50%
of the median total molar comonomer content. The CDBI of a copolymer is readily
determined utilizing well known techniques for isolating individual fractions of a sample of
the copolymer. One such technique is Temperature Rising Elution Fraction (TREF), as

described in Wild, et al., Journal of. Polymer Science: Polymer Physics Edition, Vol. 20,



[0061] In sone enbodi nents, an inhA pronoter will be a variant inhA
pronoter. Standard |ibrary construction nethods which are well known in the
art can beouswmdi2bn t he generation of pronoter vari antsPCRaS2@xasBhe,

nmut agenesi s and directed evolution methods can be readily applied to

pol ynucl eoti des (such as, for exanple, the wild-type inha prormt er sequence

(e.g., SEQID NO 1). See speC| fically, e.g., Ling, et al., "Approaches to
DNA mut ?@@@@slsps 44 mwvﬁmb ey U So\rl’%{ent Rio08] I@@gnzm %ﬁﬁémreléamﬁ&a(ea%ﬁn b
Hensl ey et al |l e rret hod for site-directed nutagenesis usi ng¥ he

pol yrrerﬁ@fenml n reactl on." Nucleic Acids Res. 17(16): 6545 - 51 (1989)_

itro eBIRUET oros D bethih REE-LET iR O8RS AEPT P LR 7

ref er ences ik RihikderotinRrholcb@wd BEmpBitton Gistridution; @W@@fl q@t@@u @Aeasdidsehit ed
random nut agene5| S using the phos hor ot hi oate method, " Methods M. Biol.

57: 369- FeMPAYTB! VESHtOR, I tPHNS, 9k ¢taylaag, 2B 8 icapolymahchaiey Int@aidecular-CD

19: 423- 46 t p n
viiro miaBEned P RLE BonShefh g g hETHAL ghe ERARRL FEMRT 3o @heéct ed
mut agenel$a11$ "InBirgOhend IdtraCR3ae 1dedeiid8 @) ;U.Kr Raent 4459236, whikth s hddebyrat ch
Repair, ! Cell, 8 879-887 (1984); Wells, et al.,"Cassette nutagenesis: an
effici eH’tCOIFP@f?H bY GHergiSer ati on of multiple nutations at defined sites,
Gene, o%égﬁ?@mﬁao%ﬁﬁﬁlal MasRuldit B "i’ﬂterrnd?éé%ﬂa‘%'éb%ﬁ&'lHﬁé&&eaﬂaﬂ@beﬁyl ar
breedi ng, rrent inion In Cher% cal Biology, 3:284-290 (1999);

Chri st i detsymietd by carb()ﬁ)llﬁd&M@d €uvantibmal tathniqugsrifati measknm@werhmieoak'a”f CD

phosphory| ati on .usin m | huf Nat ur e i ot echnol o

7 550- i ru eyl roiue. aertse T SphE FhaTor /PRy Cor ks
from di ves$6n-3BePR AGEHY RS abﬁsc&hﬁ&@ﬁ&ﬁl eyekkigeRty’ Mt &th ene”"z fopgRRBe 291;
Crameri, et al., "Ml ecular evolution of an arsenate detoxitication pat hvvay

by DNA s¢n@ﬂ3fm¢rﬁ 24 K&k wpel Bldot éxhndPBby and 5n4Be m@SCf(thWWOZMWkSelC al .

"Di ted t f t f f t osi das
15 ot e gl o 0.6 L e e S 7L B R AR .0
US A, %yl@ﬁe 2opdISRBis Lhd@MRiith, heddro@dneous’ be[fﬂ&@t‘s(‘ectog(@eﬁp leBﬂDIlQﬂﬂi eqogpyotein

by nol ecul ar evo ution using DNA shuffling," Nature Biotechnol ogy,

14: 315- 109 of vdug) is hereahineprporatedolyyarcésfenagtin §m CHrC. protein in vitro by DNA
shuffli Nat m] hyg f g dom
fragn"enpﬂn tion a@ﬁg Faé ése?r]%?nt{go%%n Vi 0?%1%25 fr%lg%%uo er:m lg&;u 191/ thi2d

evol ut i antribuRoncieedicdg® @hambterlmnh@ realhylék(ea]daead/ cmbolSmeencesw bbﬁ:‘yeﬂtlonal
91:10747- %12751 (1994);. WO 95/ 22625; WD 97/0078; WD 97/ 359 Vg 7&30;
WD 00/ 486BUUG A MerpTingsersbon-[DABIR may sban%tﬂ&%odf%?ﬁa@p ? riahylp
enconpassed, By Bfplcqv et 'a‘i’s@olv%d iV af | QRenP’ eggﬂ %cl%ro?eﬁz%fﬂ@ce?ct Qs Vigfor, ant
pr onot er conpr|5|n8 a nucl eotide sequence of any one of the sequences

sel ect edorfcammm@EQ IIbel\@EbOIQ-B -NBR §pcotra arhoﬁéamat |aar¢teszaﬂedstbmqjenamra' abke 5)

e D o NGB e e b Mg A SRRy e thgfel i € nle G, b

NO  23. trhﬁfmaﬁmmLmNMR ShoeabimaRt. Doty iRt BRlisHlo@bezbidRGMced ivar i ant
i nhA pronmoter will include 1, 2, 3, 4, 5, 6, 7, 8, 9, or 10 different

poI ynucp@mal dele asn@uﬁ@ara@dmte@nql Heck ﬁllgmlpr Bhofallowing SEQUIEBNNditions BEQ | D
me emo ts ari |nh m)trvmlllnc

substl tuﬁlzgﬁspulsdanglegﬁsg %IH%F/ TR 2Igest’l usls |1nn ?Hle 8?53 0ol Artfg’gﬁgrqoo “t he

i nhA pr ohetabollle BINNMRGD kR aahdabuidents, wdpEQeteEhiNed bY spectrPERtdgtNe. [Had | N

sone enbodi nents, the variant will include 1, 2, 3, 4 or 5 substitutions,

and/ or aRfHitadopeNCeRtratipas eeet glaaed dgipthe papasions Pesvped rerdtakuga & a#i ant

pronot e veat o I n

e g, “eRlprhEel Y E8!4P0 SO SR Eorl) SUEh 1§ L HncASlal, BleriELoh 16

del et i oasjretyet Beediadhendstriad tconoshorati¢uT @reathen tibemRBSd (te. give I EASHEAS)ion | n

sonme preferred e diments, a varia ter of the invention wl
i ncl udegﬁgf%eﬁ rs%oa%n%t@ﬁswassffﬁgﬂ?% P1gh dheapgingpe get tﬁ@n@eﬁhﬁ‘epﬁe

regron ?@Jk\é"eﬁﬂ ﬂl@%lla?it@arléncg0%@s@@ﬂués@ﬁaﬁ%coﬂs%é%dmg@rhtnsave Vi ant
pronoter of the invention iIncludes a substitution, addition or del tlon
(e.g., thethree3aluds ny be,utifized, UBlesy stdtod sthioswiist, this @pplicatiddiutilizassingrverage

del etions) between -10 region and the RBS (e.g. TGGAGEGEE when conpared
with the pronoter sequence of SEQ ID



NO 1 or a truncated sequence thereof for exanple but not limted to SEQID
NGO 23. [0063] In sone enbodi nents, a variant, a truncated variant or a

t runcat edwonhv/psooter will have at | east the sanme | eveCTafS2@oo8B30er
activity as the activity exhibited Wy SEQ 1D NO 1, SEQID NO 3 or SEQID
NO 2. In sone enbodi nents, the pronoter activity will be greater, for
exanple at |least 5% at |least 10% at |east 15% at |east 20% at | east

25% at of BRS¢ RO vaRbs.! GRS tredIW RO A cdBRRéd RPYB1DRASRI SRR RltiodStk Vi LY
as conpared to the activity exhibited by SEQID NO 1, SEQID NGO 3 or SEQ

| D NO. disclpsedsiortee ahoivodéfemeness, the pronoter activity will be greater, for

exanpl e ea 5% at ast 10% at |east 159 | east 209% at |.east

o50q ¢ 134LE " Ton ned o BR% e Plne TR A0, GhoanfBTop 3 e BockERF Vi 1y
as conpanied (£8) bhenapsliMmtizatenhiybiter e SEQechObM pbiyrSEQ PddyMNes Whigh SEQ
ID NO 2. [0064] In sone preferred enbodi nents, the inhA pronoters of the

i nvent i Bivecowpripadtiond hetgreganpinsathsr mitramdlerularomtqmeisrulas hese & sueh jn
SEQ I D .. n I 24, SEQ ID
No 25, bRy BB b BRRAREkNRh HRr? s o gl e 7

t her et 0)0036h sOREheuthethgtanits] tottheriRBSoi@inethed df tdleuletidn, ithabelidved RBSanf SEQ
ID NO 2. I1l. Constructing ression Vectors [0065] Ta produce a vector
such asO%h eé@%ﬁ’lé@’smﬁﬁéicft%’s@t E%E‘Gt idp3l Gonglypeaizatitng, by 6??6%?% gzsfthft fRraina
inventiggxgﬁﬁmg%ﬂgnﬁﬁﬁgﬁssion, a variety of methods well known in the art
may be used to first obtain the polynucl eoti de sequences for the pronoter
and t he codi ng sequence of imte¥WasM,+ ana, sudsequiéntly join the two
sequences so that they are operably |inked for gene expression. The coding
sequencwHhesciht @h@lrpgRushet @adthety PhaERLLTs thtyRikieadfl Mondh&@s GRAhddosstpmence i s
froma source different fromthe source of the pronoter. [0066] In sone

enbodi néht; Mhés derlitae séquenemcendbdes teetora Wdlei ands tien diedl and diiggne, a
ther apeubice PIALE! Ml FEPIAST MARAY Clilisi B! SREPHAY HRIRE Slifle faddlE ditke:

In sonmepreferred enbodi nents, the protein i's an enzyne. e ernzynme may be a
cel | ul adejved thenrdetked ubahe,diad ghdianaincbasatradansaly| aslePq e tige peobabiliphaf

anyl ase or beta anyl ase), a protease (e, g., an _acid protease, an al kal

pr ot _ea_s@r_,opaf%ﬁ%@fi&ag B rgredadenc-guded ichainpanst ﬁl‘}a&f@, a ﬂﬁg/pﬁ moPeRaeding fy a
subtili gfo?%rlen@-e{?@ﬁt ann, r@sple&tp@e&?.z TRE £%k ©F28®ond YNVRIBHE to Wkse equations

oxi doreductase, a |laccase, a cutinase, an isonerase (e.g., a glugose

i sonmer ageldsrPia arg IPoses ihsomedad pelameterp ditonu wdincise, and mplremdk obxiididzirom tbazyne,
a starch géyrolgzing enzyme, a nannase, a catal ase, a glucose oxi dase, a
transf eFALOMYPYy ase (e.g., pectate |yase or acetol actate decarboxyl ase).
These enzynes may originate frothaggpLy@ﬂgyﬁjungi. I n addition, the
protein or enzynme may be a variant of a wld type or naturally occurring
enzyne. [0067] In sone particul aj,enbpdiprgnt the enzyne is a cellul ase.
Cel |l ul ases are enzynes that hydr%%@gg’tﬁggbfﬁiglucosidic | i nkages in

cel | ul of®36Cel I'THealoyresndmeyoqeaticans dorgendoma kool gngnizieidns with rirkirle@nalsasses of

enzyne activities and these e mes wor k| coordi nat ed fashi on, with_each
LU B ik SGRRIAY Sath SLE BB b g oM R b R ton B e PR oo o g
b - 1, 4iseRdaabUcBnaseg)allos tealis énd“trigli gq&fﬁgﬁi& foal}e';s\gﬁ'ggfi? égmyyn@érong t he

cel lul ose chai n. Exogl ucanases (E.C.
cel | obi etypestlases (CBH)) cl eave cel |l obi ose fromeither the reducing or
non-reduci ng end of a cellul ose chai B;gAycosidases (E.C. 3.2.1.21 also
cal |l ed cel |l obi oses) hydrol yze aryl and alkyl - b-D gl ucosi des. Nunerous
cellul ases are known and descri bed Hp=thel Lieyerature, for exanple
cellul ases described in USP 6, 287,839, USP §,562,612; Jung et al. (1993)
Appl . Environ. M crobiol. 59:3032-3883 @mdflao et al, (1991) J. Bacteriol.
173:3397 - 3407. In two of the specifdgg epanpl es of this disclosure an inhA
pronoter is operably linked to a heterol ogous pol ynucl eoti de encoding a
native b-glucosidase referred to aBEKbEm?@ndEplso an inhA promoter is
operably linked to a heterol ogous Egkxgg&%gg5lde encodi ng a native

PEP = E(1 — E)*

PPE = 2E(1 — E)?

PPP =(1 - E)’



exocel lul ase referred to as Cbhll. [0068] In sone particul ar enbodi nents,
the enzyne is a protease, such as a serine, netallo, thiol or acid

pr ot ease.wononorze72enbodi nents, the enzynme will be a seripog/secab@ase) such
as but not limted, to subtilisin. [D069] In sone enbodi nents, the coding
sequence which is operably linked to the inhA pronoter of the invention
wll be a protein other than an enzyne, for exanple the protein my

i ncl ude[0039] MNEsikiBnd-and f AltddsfIng- St ¥ &lgLAenBOLrEONBYided Yih Mhe PRIFGEM s
insulin and the |ike),receptors, gromh factors (e.g., epidermal growth

f act or sincespoukéhebovd, i ihelodingsusegoowrthlybscwoh sdifiagnt lketivd kikgs, canatiapen®r and
anti bodies (e.g., class M. .or E cl asses [ 00 I n sqne er i ments,
the protSrm e enfnds Dechely WheRiriGtan bl et viefied B SRS

b- gal at gsindasdclibapéiontt@l ucuroni dase (GUS), fluorescent protein (G-P)
chIorathenicoI and acetyl transferase (CAT). [0071] In sonme enbodi nents,
especi al1038]wnerromdhessanedslise gaesitons caddBoseiquationsxresaied byl GrCercpttbiar, a
si gnal ' be Li nke term nal - ' i
cequoncil tip o ietlsyof ph MER IS5 RIS RESbARRaT KRFRTH Y
may be eitidoge drus caige exhgendus ri, antl g, basihg dfogaticstopalithdriuttidiekintiig® &t gna
sequence, may be one naturally associated with the codi ng sequence or
heterolS@Bﬁéyto t he codi ng sequence. |In sone enbodi nents, the signal

sequence conprises a Bacillus signal .sequence such as those derived from
(e.g., B. stearothernophilus, B. &?@ﬁ2§%ﬂggﬁ?g$ B.subtilis or B.

nmegateriun). In sone enbodi nents, 2,51 -, ¢equence wi Il be derived from
a Bacillus negateriun1strain.n%whp%gﬁ/g%ﬂggk{%?ZOOS) Bi ot echnol . Bi oeng.
91:616 - 621). A foreign $j00qk,pent) ge,$0d q=yeg, pn my be required where
t he codi ng sequence does not normally contain a signal peptide coding
region. Alternatively the forehgnGrFgndd +@eptidd codi ng region may sinply
repl ace the natural signal peptide coding region in order to obtain
enhancelf038kr etihspe quarines & P%ql%lpr%ntﬁﬁntﬂ@%qr%$ PG ARIVEIBRY Plle
codi ng j . : i 1 . [Walo 1.0 sone
e M B O e - R B 0811 e
codi ng dstrébutibm sone enbodi nents, the signal sequence will be a signal

equenc a of ease codin ene ch, as a neutral protea of a ri ne
RO 10 TRttt CraC Bt e Ml e S 7 e 1 S el
as il ustdphpslediest 1?@&%&-3@?@9?@}3%&%}9%{ Ma%ﬁbﬂz&e&il&ylﬁlé),%dl%&

i ncorporated into SE r "8 and SEQ I'D NO ~10. [0073] Additionally,
ef f ect i VESSi(HHE); Beptl deseyeleric dédaaramolveuleht1QDedp £ 770 180 €1 Y& neandi GiS.

Baci | l ug_N 1 | t ogen)c .anylase, Bacillus stearothermophilu

o) phar AP 80" dartr s SRACRESHRY i BRombraifd b oo in B FRERLA Rueh o

bet a- | agkRMBER, arBaidlly kBowh @Rhoth i@ thel Srt BE BhdIMin@ et Sas@cr(AM Jlefilpr S,

nprM, and Bacillus subtilis prsA. Further signal peptides are described by

Si nonenP@li®ePal va, M crobiol Rev. 57: 109- 137 (1993).[0074] Effective

si gnal { de i i . | t f I . t he

ot gnal Pt Ge ASGaENEER, 0%y Bleritye BOFF (BT, HOTRhaMP IS SEishRaC T

oryzae dikithuaoy | @SWD)AIper gidabwis off ger ramgut sfalimaeoulasecighspertyin laugiven ger

glucoanyla?e, Rhi zonmucor m ehei aspartic proteinasF Hum col a .i nsol ens

cel | ul aS¥OIVRE MR o 1§ SharesTiassE Prmpnefet Iegshenept thy wgtiasiof yugishiayerage

codi ng [ £Ar G gmg£ug}&@%&hmgwh@§'expressed pol ypeptide into thc

secretory pathway of a host cell of choice may be used in the present

i nvent i f942hd dﬁhylsiéé-bdtseddfco;)ol}hméara;rei meﬁﬁl hs ah@i@gyofgno_ﬂjufyﬁrg)wgn@bgﬁamsd

sequences that may. be used  dependi ng on the protei ing pr ce

secr et e@erdi Rt hERREh DEBTE U8B it criet: e QebBhdEamediy be

cloned f{BMed HOMEECPEIABHRPIsAonICBRN & AbrichkMY bildr A NornMBieRY cthylene-

conventional net hods such as pol ynerase chain reaction (PCR)-based cl oning

met hodobagy . coppbyarannteray epmbinet eyitle sanixntiohtlandrbidvdsytoc meify ahe shenlhgsios.

i'\’ﬁt [‘ﬁgsg}?{mccah&gﬁ &%@%ﬁ?&ﬁ@? D& He 2 fd BAMT UG RREL S SGAVED GRAR FetiEbdsclf NOWN
additives, or mineral based additives, each of which is know to those skilled in the art.

[0043] Higher concentrations of additives may be utilized to form masterbatches of

ethylene-based copolymers. Such masterbatches may include minor amounts of ethylene-



solid phase phosphoram dite triester nethod first described by Beaucage and
Carut hers, Tetrahedron Lett. 22: 1859-1862 (1981), using an autonated

synt hesi 2&0,2088126R8cr i bed in Van Devanter et. al., Nucl ect/tseide3Res. 12:
6159- 6168 (1984). Basic texts discl ®sing general nethods and techniques in
the field of reconbinant genetics include Sanbrook and Russell, Mol ecul ar

Cl oning, A Laboratory Manual (3rd ed. 2001); Kriegler, Gene Transfer and

Expr esspapd %?Hﬁfs@%@éwad\/ﬁﬁh@éboﬁl@QW%%B%b&&SW%%%r Rbre th8fl90, wiGhoFent
Protocols in ecul ar Bi ol ogy (1994) [0076] Purification of

pol ynucktbplenekbasdqoemipsen s Ipenipbretiagsibaghanylsar inchislsolgngcz eqastitiet ofy,
e.g. , native.acrylamde gel, el egtropho i S,..0r, ani on-exchan HPLC a
deser i eV IHEBREHY iR sr PO RARE OB SusBro Bl oS PRodBy b2, oneq

or synt bgjdlym@el ynucl eoti de sequences can be verified using, e.g., the

chain term nation method for sequencing doubl estranded tenpl ates of Wll ace
et al ., 844k 1dithgdenobased 9ogepolypgr7 7ipclode e at Hinghe oSO -L&xiguabENndak odi ng

veator PABRRLBEHTI0CRE, YEhA Lt B of AR CABLMIEE 13 i PRER: bAnIBEHES ©

codi ng semuenN@pobherapercahtyvih bikeag pAllawobetheofisknown nmet hods are suitable
for the purpose of ligating the two se%uence , such as ligatign nethaqds

S
based off'088R a8 AF PAIIBR CHBPABRFELSERS; b}élaneopaﬁwm}xmpﬁsgaé% giafied, gpntain
bacteri i : r e I i

het er ol g o%ﬁe%s%g{lﬂgfrll%g%?)sl CSE@?%%%P‘WYSOPS ,Hf?fg%,tgﬁmg%%ﬁfﬁ ?‘ﬁg lggﬁéefggl g{;ﬁ]%aé from
t he het erafiirpgousmiquansc kigin onthesaskilled trethasirt, sudhstetimaques singrmazsicracit i on
start site inits natyral setting. is known in the art, however, sone
var at | BHOTSPHORITS SO ATroE B BRens et EE AL A158s of pr omot er
functi 0[004BP07_5111 oh® cBtbodinieni 8 eih?lé%b-bﬁé‘d@lk_%@@ly@r[b_r of c&nﬁ&%@bp !ﬁ‘éﬁpéb'i)_uPBS’t ern
by the expression cassette of the present invention, one may al so include

in the wprtesdbpenttudseatitvaits deviwisitompitindenc based| aat the rweight oif g ethydens- a

ri boso abi ndi n]g, Si tedfor trlafnsl ational jniti ?ttl O%? I R adgi ti onlbeto ttge

pr onot e HEPEYBFLS TR CaUEHY C8MSPYTEnATTYE olfr 2] SELAR 124 KT P BRal

el ement sthyRaeibERA doPblyhide heX P(HYSMORIngfpoifiq TRA! & Ake@esiSh BHIRHEBOFO oROSt
cells, such as signals required for efficient polyadenylation of the

t r anscr 1% 2 melag Beak @inndrngeasureddy PPanaf & Con lessr (b) azplydpesinaniesof, and
a cl eav i ) { de: ot ecref | eptide
by tho. PR 2RI BN AR L, o B e o R e e
sequencf)04i7ht r dnonwichibotiinmeit,i tberathykjpkibasddmpolynands eaagptdof siotresbomay0 al so

be included. [007 The el enents at are typically included in expression
vect or s VAl°s'8 %Lvﬁeﬁ ¥t% Qfetmlﬁscf%ﬁw% OF REENOHESThOR HifeWBig &%ﬁihawﬂ%YEW%, a

gene engadyng Pl £ 168819 39%Cu-bR AR MdnofRlE RSlihdR ff 20TL&HER AR, SITB

Sk
t hat har bor rgcgrﬂ?l nant plasm ds, and unique restri ctgon sites In
nonessenhe@in thegitlgisneefas¢deopullaser lthst gapd hwtingnmentt (Ton, af meetuesdob POGS
sequences.,.Jhe particul ar. antibigti.c resistanc C en i s, not
critioat Sy St £ iy PR Sans dTGBHBE. RhoaC A OC ot [Gre(®
sui t abl goly@sparkidy iddex dNkbMItOt4 6r [8SiBHAOF S HRlaBfoldclr ¥BMkSIifon ARIAAAbLAC
sel ection markers based on known netabolic pathways may al so be used as a
means f of abowt 8¢ withgriesansf or med host cells. [0080] The particul ar vector
used 1 01 @nSPaLty L NG SIS SHOTIGARRBLLS LBAR S, E8hbodk8 oROLPAIE S 2T Y
critical. y o € conventi ohdl “vectors used Tor expression in

pr okar y at%0o @boetdpiyBtdfanie ldeSvétpfromestihd &k, bRlednmhathd wangt @fited ehspeRsSi on
vectors_include plasm ds such as JPBR322 based plasm ds, pSKF, %ETZSD, and
fusi on b3ssH coBplgmesyadeatdeastidif w§ asTlchnFomppmeEhaYisge ©r 2Geadan pipmsags

can be ' f ins. t | > [
a0l ati ockth b HEAGINARNLRIAREINS, (6 BT AT, Rk LRI oR.
Reconbi of80° @ ne Expreeswitony PO&Kl] T someaamrtd dynBSCs of a8t°Caosiasmds) host
cell is ukaryotic cell. Suitahle karyotic host cells.inglude, but are
not |inP? 1SP%§1¥3f HW@%IO?@%PWS,AQT &is gél%ns%{ltrﬁlﬁ@k@&‘la’&8?@8951%%815“9'3uhon 0

about 15 wt% or less; and (d) an intermolecular composition distribution of about 15 wt% or

less.



plant cells. [0082] Suitable fungal host cells include yeast cells and
filamentous fungal cells. Sonme preferred filanmentous fungal host cells
i ncl ude bwo2aroei2emd | imted Aspergillus, Chrysospori um PCOIUSRESMOBEN0
Fusarium Hum col a, Hypocrea, Mycel ldpht hora, Muicor, Neurospora,
Penicillium Rhizonucor, Rhizopus, Tal aromyces, Thernoascus, Thielavia,
Trametes, Trichoderma, or teleonorphs, or ananorphs, and synonyns or

t axononjgy49pui valaat st tehReholcLOI8Ald InfagRIRuRFRESHHBALS dREridulien vaNeat i on,
the filanmentous fungal host cell is of the Trichoderna species, e.g.

g
I ong| br displosdulreim, atviepstdd W&ogprefadidy a8 2¢986@ind "3 20 86t SQ-W%crae&apte%(brl na

. TC, 13631, .5 765, 564 67 RL- P37
Ond " er R0 rub Do e RATRy 0T YeepP itk REdRasR® SiknRER ks B/ GfrBlflor

Bi ot echpglegieitedl0 (1984) pp 46 - 53), In addition, the term"Trichoderm"
refers to any fungal strain that was previously classified as Trichoderma
or curr 8950 cllasend ioedmars Fmpediswaisngwol o s Ahyewi-hisad scapplyimpss are

i nventi I per, i es,
el nEBiphls b RPN GARAR iREte BElmd BmbidRP R Ciohionh
acul eat disperée f)@i@fﬂedtl SomPositinszae taught HAJ SePrcazliHilorAl Pkﬁnﬁﬁbp N4. %VEB&?‘E@ is
made to. Kelly %cﬂ es 1985 EMBO J. 4,475 I\I1 112, ATCC 11490,
22342, M‘?@@rat Elerf’i 11“e CtedH 11;@|ent1gqty aIACCOT ¥P§§’4)t ﬁP?tBXlen #5ed capolymer: |
USA, 81; ; t on,
Rt L TV S s A LR e i S T

i nvent i enformirempbsitiomadltyalispefsempghimdrestonpekitions of t he Chrysospori um

speci es ., .C. lucknowense., I.n sone enbodi nents o he |nve tion, the
PP arentWSLP: L dapioh G pbadiBien gy By gar i L pdehivc PoNEIc art
bact ri dp@heigsd to Fornt @F RSy Hisp&sQOEIOMLBEBmpbsiti6Hy. anryHﬁlhﬁty dispBisgear um
F. gram num F. oxysporum I¥ roseum and F. venenatum I'n sone enbodi nents
of the bolyewtip omeOIsetlornsl fafﬁe‘mlghts inf JAgal Prwistongle|Ratans 4pp-t Me. MICBI3X¥Pht hor a
speci es, SOne .e the invention, the
T ament st dihbaitn oLy RBEr Y, cBRoIFREr NS TR, 3l St e PR\ L n oa
Ref er eng&lifiGnaleslRyltfe-ba8€, pdWikerselindbr addilifds)) toPft cObbsitiddly. disPerséSA,
76, 5259- 5263 USP 4, 486, 553; and Kinsey, J.A and J.A Ranbosek (1984)
Mol ecul B? ym@ace,@mpeﬁl%ﬁnsa ology 4, 117 - 122. In sone enbodi nents of the
i nventi he SerhbHGALN0O HumC e
e.g. Hﬂm52 ol eﬂr%sdn%ﬁq%?ﬁ%s%%, anlet ﬁ%awl%nﬁo%g&f Fé]gbg%rre gn%é%?@%? éaf)f t he
| nvent i completety hmbaphend. 0 Sabdtantighy ahmsphoﬁ:lelals ub&d béremhﬁed?eriem thhm ab(apélc(i es,
e.g. fpur purogenum, P chrysogenu an P verrucul

P. sqne
embodi nﬁfﬁéscwal IREY - Rrefrablym anforRhous Ie ERRPAYMETS V% éqSF ﬂilaél drout he
Thi el av ri d t 0
Invent oo, PRSI or Idss (T 0 h&s‘f“’ééﬁl‘?f*gﬁgﬁi’bﬂﬁ‘e%ﬁ@éﬂs@23&“5"3
e.g., Tcryvuallinayaoahds fhan\ﬂe} wt%odrmtallipﬁﬁ&ﬁ} alpmefetved pmbsdintent, ke ampgrhoas yeast

host cel be a c of, as £ but not t o Candi da,
I—IansenuFtinyéagééﬁ“Wg é’@é’r doeééﬁ??’gggliﬁmﬂtd’r?ﬂ 8§mea§91r{8nl?yeﬂs t uyveronyces |,
and YarF [@&%élaryranﬁﬁﬁ%ﬁ@meﬂ%us@d eapalpﬁeﬂsws% esedt oefb@sivouel | s
an al gal ce I such as, Chlanydononas (e g -ct Rei nhar d ) and Phorm di um
mrem a

(P. sp. 3AWL20400Y 6 BOSaNits Iderowdeﬁrore t lpase lﬁb‘s’t% oemor¢ of an o-

pr okar yoltehc %ﬁnlolnorng%J avz%bl S t §2%kc%1rr oOtalltgmcetl)alses ol e eu\gvgl n{)atrqhgo%llp;[le cr am
negatl ve and gramvarl abt e acteria ?| S. n sone Odl men I% ost

cel | iscépotprei emeefin thy reﬂiyashb&fasammpoﬁarhaeisomwaﬁmallyLambq;chbeg, ,anBal(Eas| d us,

Bi fi dobacteri um Buchnera. Geobacillus |, Carr%y | obacter C ostridium
Cor ynehBelydispersify Index pbtloh? & or K96 gbow s oHess, AT #bqua2.2 arilessohaderi um ,

Lact Obafqo'sh}’s’ Th h%%&%&m@% 82yl Sﬁﬁ%ﬁﬂ%@?s ’e@] ash%ék&?%ﬁé{? crs, the

Sal none rep ococcus tretonyces nyet o
enbodi nemykne%hnedbapbl@meahs dmmspossd offrami aSboIJ’OBIS patohto gdoutcS Xt wt% mmmtrt&rlvédl sone

enbodi nts e bacterl S rain is an i ndustrial .str rous
bact eri Pmi ?IE 15,0 frogp p ‘?“ﬁs a‘I’Te) o i 80RHt RVt unit deere‘l from ethy ene or

about 45 wt% to about 50 wt% unit derived from ethylene, or from about 45 wt% to about 49

wt% unit derived from ethylene, based on the weight of the ethylene-based copolymer.



suitable in the present invention. [0087] In sone enbodi nents, of the

i nvention the bacterial host cell is of the Bacillus species, e.g., B

t huri ngi ewei2s10/Be72ant hraci s, B. negaterium B. subtilispCcBusk@ntsspo B.
circulans, B. pumlus, B. l|lautus, Bi¢oagul ans, B. brevis, B.firnus, B.

al kaophius, B. licheniforms , B. clausii, B. stearothernophilus, B.

hal odurans and B. anyloliquefaciens . In particular enbodi nents, the host
cel | W [dosBp arprbReibsf KhéH aBREMHJuY SetBfIER-Pastd opdlyRrdekniBRE nd isibdtadial 0 B.
subtilis, B. pumlus,” B. licheniform's, B. negatefium B. clausii, B.

st ear ot hettingpisek asnanmd!tBg realy Wbkn qeesuaed enBSCSone preferred enbodi ments of
a Baci l ost, cell includ . Subtilis . licheniforms. B aterium
5. "ot ealdiBRE: npie g2 s “Hhodimfit s afamRon HPRRLSRETdaolmsERAE & o
Baci | | usiFRR (280rC,\W.1d kD f@rodehiriut 9o sidudil 0 kgflomiaxanpl e a protease del etion
strain such as anexoprotease deficient strain (Wttch et al, (1995) Appl.
M cr obi H1057Bj otla@ic g7¢ giore gmpodimentga theedmenphays cthylpgpbasedsppolymsy hasown

M cr obi tram%?ecﬁﬁa?%o 70? 1'JonI s BForf %tpo 'r?gFrlrSSWt"%hgr %%g,t S%Iaﬁl in&%‘ble%&llals I'S
of the reptonyces species, e.g., S. anbofacliens, S ’achronogenes , S.
aver m t témposition disibution of abd&ut Iduweofoadessns; b&h aauihawsSD and umgt-CDdofCUS,  S.
griseus, andS. lividans. In sone enbodiments the bacterial host cell is of
the ZyndHBiscS8pecies, e.g., Z nobilis, and Z lipolytica. [0088] Strains
whi ch u ' j ' [ ' [
prokar;gy?gﬁangﬁgﬁkgiB%??26§§?g¥§éQggéﬁﬁgggyﬁg&é%%éggﬁ%HE%F%dFﬁgﬂgﬂﬁF?c
from a nurbevenobnal updlymer compestioons.sucthybene Amenodymdy pe Gdlymes, or

Col l ection (AT , utsche S un on M kroor.gani smen,  u | | kul t uren
GrbH DRy EE AP RSB Y0P TSt el AT oM BN U2 TRGT: Etttber o
Resear cly,chesNy166-Fak& RbpSi bty &c GREMUEES LAMitivAOsT hemBryReGhRIRhts RR SRS
Center (NRRL). Specific exanpl es of heterol ogous expression of cellulase
genes caiticlss, ¢xdmddtcs.nfilBiseicld UdowWE fgoisi cteStwayen iy aes wosend fabrics raddiesives, ( See,
for exaacé&nghe%gﬁaq& aL Bils%ﬂ}hesis and Bi odegradation of Cell ul ose;

Hai gl er Ot " MAFERT DEIKETIO™RlY, NY 1990 pg 623 - 671). [0089] Standard
t r ansf oMBEidde IForRihaeise Py 1dne-BiseChsolpmeduce reconbi nant host cells
harborigﬂ§the expressi gn vector of the invention. For exanple, introduction
of a vetl§Pl i ntNethodosforc empkingn dleyleferiasedd cppolymeesi uches phastep  for

transfectl -AF- I | n hQn, t it )

PEG medr e S S5 Zhy e aflE M) ol P A mh R IRk Sl cas

Davi s, based Pohmetrs ildludentle Bapt ey copolymErlEBS pthBasic anlet figdsomondvidraa uhar

Bi ol ogy, Ausube| gt al ., 1994, Current Protocols in Ml ecul ar Bigéogy%
Canpbel Preggncg|of a figgganetidiceneasafatyst g s 3irst pgymexgptign Feaption pone yaper fifs

5, 264, 366y dRPatm36éhdftlshs tdSBrdub2% fifse: cfBibM! it a; firsP W& based

M crobiggyfétt? 55: 135 ® 13§raﬁd Fbﬁmod% et dﬁ@ﬁ%égﬁéﬁié Nhnpgulaf?%n of
St r ept ongmdsnerA Labor at ory Manual (1985) John | nnes Foundation, Norwich,
UK)). [ Praducti on. of the heterol ogou rotein by the transfornmed host
cel 15 ool aREsEEs B eatier i B Bng | RATGRSS R RiRoulie] 3<Phe ohr
e. 9., EbdpoAymdpany eiidncn®id e ok NBolr &rfdddn&@Nint i€ MprE&nBI 0 fdr@dodYnore
standard techni ques (see, e.g., Colley et al., J. Biol. Chem 264:

17619- 1meRlocangggyalysinieng orcPmorcepelyparizdtiop aciaion Zoncsvendes dpolymerization
Enzynmol Qqy,...vol.. 18 Deut scher,~ed... 1990)).[0091] In addition 10

ol 2o o OMR AR S PRURE R RS ety P A BBtk  stBisnsi ng an

i NhA pr bagetl edopalyehed NMEHBI @10 @ieshodo HoR@nHtae eRE @sdTay the &hmorpdsaiklrd Yo
integrated into the host genone such as by honol ogous reconbi nati on.
Chr onos BieRRC ntiegle gtydmeriayed epQimarnocisya @ MORFPaFeghal ¢ 8seddp 2R based

construgt i [ 5 i r i 0 be

ol tur o4 S Rore e thREd SRR 80k oo SO DGAR £6r SR boR Bl Batl,

acti vat [0091pr oriinersticall pekestds Ngver anphadmavit Smpeadingir polgmadi thyortailk such
as tenperature, . pH and the like wll be app reqL to those skilled in the
art andPYNTEFEBp oF BHLESERinreRpsIar D cPRBIEA B, UpSPUIRISRPCCSEHBRb ok,

Ausubel pand. BRI Gepare ¥ YRbdnt Rehylene-based copolymers. However, it is preferred to use

simplified process as described herein.




for exanple, Freshney (1994) Culture of Animal Cells, a Manual of Basic
Technique, third edition, WIley- Liss, New York; Payne et al. (1992) Pl ant
Cel | and wogsieei2€2bt ure in Liquid Systens John Wl ey & Bomais20mm3i3dew Yor k
NY; Ganborg and Phillips (eds) (1993 Plant Cell, Tissue and Organ Cul ture;
Fundanment al Met hods Springer Lab Manual, Springer-Verlag (Berlin Heidel berg
New York) and Atlas and Parks (eds) The Handbook of M crobi ol ogi cal Medi a
(1993) ERGIBrSesemBoca Raton, FL, all of which are incorporated herein by
ref erence. Sone preferred culture conditions may be found in Harwood et al.
(1990) M#6aEUI afheBicomoiiatrdyst MysteadsmBars Bawaldlystprecoton/aviivasyr paid/ oWhenom

t he Aner.i Type CQul tur.e ct AT

el 1 s comaryyBen ket R EE Wi e Nellonu g SR LBEREEIRE 5 own
under badtgligst Gp%iaﬁgtsghogétheowtth R CdeSivAteF BRN ol Sy, cosdhdtivas. Whasgiical
batch fernentation is a c|losed system wherein the conpositions of the

nmedi um psedderdesaribesactha gipk wiftagadivation it BemsHihaerbrtethentalst pd thapgtioeiort o
artific tch
2yst em PEOUS CAHRAANLG LR tHRERER AL Sipold G R A s B

i nventi esin d pretahalsstyarr 4 alidrgey spicbies swihst cabher iign adide dctivatod baa@@ﬁ sysef.t he

fernentaEron progresses. Fed- bftch s%%tens are usenﬁgnmhen catabolite

repress?r f 1§18 |63y Y%‘SY%SerPnHF‘IbP SO I pgude Mokt thag Angrcat PEFQUESOH AR RASRBC| t | s
desirab t t styr S8 h d
fedbatcﬁﬁ?egﬁgﬁﬁg??%%gig gﬁ%ggg%ﬁ)gﬁaa&p IAE%%&%“P%che gﬁaﬁhcgﬁgﬁnﬁggs

f er ment also onclide aropgen enesiaivatet eratlyst defli ame dorf moreeadtakioo ror neliruchairge- added
continugégﬁﬁmto a bi oreact or, and an al anmpbunt of conditioned mediumis

u
removed § WREE( 4G opigen V&é@§?ﬂﬁﬁg ‘Cont i nuous fernentation generally
mai nt ai Reshe @Htélxﬁe?:oe@ﬁrs@r GORKOABEeh BlRrdE NSl hy PRy EELAtalydt CcabllysiBrily
in | og phase growt nti nuous fernentation systens strive t0 maintain
st eady sempougdoiehiderdimerad r@gmpmdwdgran@ltlorrmrlammmem uiTh¢serieyns g ujﬁ@wt h

factors. for, conti f.er ment at rocesses tec

st 11 2 UG RRES AT AT P LR TG B B ol RS o "

I ndust r k@keriee iORicOMPBYnd [HADBHyplcallp adeederbadilitge pslydierizigor By StivieRging i t
will be desirable for the inhA pronDter to be active under |ow

car bon- BUBEHICat eSUBHEFICHEYS et BISA- a6t 198 tacky @ersuadd My Phgefered éoiles uior ng of
r econbi S I i S
(such alRpio s Gt RalNLNE P sORlon B nPbish S SER f SRR S BF uf
hydroxymanmmmmeonmyuuﬂmmemamdvgbmﬂgaaﬂeﬁmnaemmsan&haniGEaaﬁdumnaabeﬁarlde
sugars (such as, but not ted to, glucose, | act ose, fructose, nnose,
ri bose, Hrr»&siﬁw?%@e teagpifes elet%rbegeunq BdpeR an ol bl s ios R £PBERU a1t ose
and suci@gg) . k£ ARl agor( GULSBS) st l?éJB 0'891&30{11'1({7"01; &lxfufe bf‘@éﬁl@)ﬂlndls f@%&tﬁ@%

et hanol , and gl ycerol, starch, | obi 0 nol asses, and e like). In
partrcuhanmnn@elpam@@h@samﬁbenrmnhuuegﬁaCGEyar G&ﬁfenhemtaﬁmeb@u@amnamd

particul arl uch as ose. For .e

Per rent conbtind, Eeuh ol eBVEpo SRl 185 Besueinn i d B ob P erioRph it ose
nmay be pRbdbigNes A idhit edodtpovl y(ldrﬁwv a@%&?tsﬁl@ﬁ' 4N dmhérhﬁaﬁﬁm%s Tté%fﬁ‘klst he

| evel of glucose will be kept at |ess L, less than 0.25 g/L,

| ess t haqrr ompheyiyll borase or tdiaathglagdingym tatﬁdﬂsap@ﬁum@gphthsdnbcwatez 5AgtA\Latqrfs

medi a. are OI'TE ermojrﬁ e I‘r}te .'Elshr%nl CnOhOA 1 g,t?anDHF eOrIlSa 1va€ohse OI! lgglecntChVEﬁOVgiol\xllln
active NP (RBLATY SFTERT 5t #5008 O and s er e aey vens

Wi t hout td rne caﬁlﬁidnﬂyoﬂeld)fbeﬁémgeﬂh@sbSSMIMLiﬁltH@ a ot the $¢ﬁ@fiorﬁ6f theCleieaith

i nducer, e.g., IPTG [0095] In some enbodi pents, the invention enconpasses
a proceds Hreratady%ofeerl&rg CALITHG MRtH GOMPACHG B ARIONERAN-CQAd NGNS @ WeHE host
cell is t bacterial cell (e.g., a Bacillus cell or E coli)

whi ch cgﬁ%gﬁgg %?gﬁsfornlng the m crobial host cell with a vector

conpris aghgn i nhA pronoter enconpassed by the invention operably linked to
a pol ynuc otlde codjng for an enzyne of interest and culturiﬂgFthe

t r ansf of¥8al ni Aldnvg | COREYLipn: urarac}r% EERAPS US55 TR UTTERAF eCthgpng Prsed
expr essb@[ﬂ)lﬁﬂ&s pﬁt@f&%tlﬂl g@l ﬁfen%zﬂ?onet'aﬁé/srﬁace in RO sﬁ{c%fo? rad.goadicaBRLs, the

enzyne 1S a cel l1ul ase, rotease an any ase or a xy anases enzyne and t he
The term * rnetallocene metallocene precatalysts and “metallocene catalyst precursor”, as

kRS

used herein, shall be understood to refer to compounds possessing a transition metal M, with



host cell is a bacterial cell. In some enbodi nents, the enzyne that is
produced by the process is further isolated fromthe cul ture nedi a. EXAMPLES
[ 0096] Thwofoldaeizng exanpl es are provided by way of il lpastusatioosidoml y and
not by way of limtation. Those of $kill in the art will readily recognize
a variety of non-critical paraneters that could be changed or nodified to
yield essentially the sanme or simlar results. Exanple 1 Isolation and
sequenciRGostaditny Ny AIQARS, &F 1efa§tqme%onr@@%@ﬁth&iemmeﬁw& apRld Nt 288971
The inhA protein is an extracel | ul ar metal | oprot ease whose expression is

i nducedonmnengletemaéorewpoﬁenmg aligeod St,atheoriggapdphleses (@ordigatsi owhdvh andg4,

139, 247-252 M b 20 7 8 . The inh
o E Gt Rpnditt 80 RBRORY thel Ve afidsor o B raieed Gate B ol RTRR s "o

differep éne%geﬁemmca@pfe@és B@t' WhERs&@iIvardyWRs a {aneblgeddecanapst ikld Ghlgaist dase
gene obt ai ne rom Azospirillumirakense and designated cel A and the ot her
was an BREYecEnesdyyen Cbti?&ifsnéénﬁff?lb&m@taﬁe‘ﬁg@ﬂﬂﬂf‘g@ lig pogndexd wéthgh ypemmt

eogator CARETRP TEDind GR3RLD L3P 260 RO IRRE BN P HE Bocee

har vest edalgtt (00 Lprfio lpré'fenablly @ic deOfTH ineirfues af ureeallaaﬁler @m@p&d&jeﬂefﬂm 100 ul
of SMM puffer (Q.5M Sucrose, 20 nM Mal eat e, 5 Lysozyne
(chi ckeRo8gYy %?qll@m@ §way: 501Gk FORPIGEES %a%ﬁa‘f%tvao Pﬁ%ﬂg Sdéﬁ%@éﬁ%rr %\gqnéﬁ of 1

ng/ M apgl.C r f@%&: 0 n,
cells Wga(11 Se0 %%srﬁeg\é%oaﬁcdeﬁg@ t:? e}gngnorﬁgzs) Eﬂs/l gréonc?tcfﬁlé%tta%g 1% XIv?/gt er.
The genemich HINA onlsorextr aog egstém amatlipand ya e yaferdd eats edmord-Cp dnyncn@p@at ed

phenol - chl or of orm extraction and precipitation with 70% i sopropanol .
Preci pi PHPREX iDNA pel l et was re-suspended in 100 ml of warm water and used

as the jggB| at &P 15{6%%@% ?g S\ @6lip P%a@@@w@%fﬂ\br\%ﬁfsieﬁﬁ fof QAL The

native I nhA pronoter was anplif fromthe wldtype ( megat eri um
genoni cthBNRrya R@Ftwac!hmqmah?mg’lth t!&ome@ég@d pati be fregtmwtaﬁ@étmbeémcbfortlmw@at ive
i nhA gepe usi.n The tech
advant a0t i 0BT Reb Al ROt B’ HTER P e ERsor e R 8K« m
Taq DNAuRey iBsudsetuaidd sebssfdd, o iishitvadfe MEROF E@MAsNY heBidy pBiNESe bidn t 0

PCR anpllf% t he i nhA prom)ter PCR was done in 50 mul volune as foll ows.
Advant aj@iBunREbe ubsiitptcddrTbdhe sehifutiony cam ekt ftordprm Ofhesspturated o/ Rev

pr| mer LY, e ( 36
o b e SRR e 4y Mrbiy RO, By St 3 B8Rl 55,

sec 72These c3blopattydiens2 c&inpleks v thd @ehei) fdreiilgpr oduct was purified usi ng

standard Q agen PCR purification protocol supplied by the manufacturer and

di gested overnight with NEB reqgip!RGHRQCERZYMES, Ndel and Bsrdin NEB buffer
4 and BSA. PCR product was cl oned |nto t he eI/BerI di gested shuttle

vector RBREKiE dpd M\fﬂ-ﬁga%d H§C hRNOpP I E 1 @la(d%ké 0, arElthe sBmS MMt BifRraggCt or

Rl
that replicates in both g%j terlum and E. coli. The inhA construct was
S equenceycximtaldmdl fringn R h |asd riév\mchcmwgndmné@ﬂve ¢t balogBnior ¢ (ydigkarbgl) .

Exanpl e ti.on a risi t he Prono

pept 1 dobAg0Renod "eTe BRI S ot R oPts el Tugs ol b GO faf B wied

constr ugt Homahﬂ@lmgﬂomoﬁﬁlﬁgluﬁ 6 QBRI 20 8gbéhgohiRhA @roowfoj gsrls 0Sto ) ahd

pepti de (PenG and heterol ogous gene cel A (SEQ ID NO | asm d
two R and/or R, substituents on adjacent carbon atoms of the cyclopentadlenyl ring
associated there with can be joined together to form a ring containing from 4 to about 20
carbon atoms; R® is a bridging group, n is the number of atoms in the direct chain between
the two ligands and is an integer from 0 to 8, preferably 0 to 3 (where 0 indicates the absence
of the bridging group); M is a transition metal having a valence of from 3 to 6, preferably
from group 4, 5, or 6 of the periodic table of the elements and is preferably in its highest
oxidation state, each X is a non-cyclopentadienyl ligand and is, independently, a halogen or a

hydride, or a hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted

organometalloid, oxyhydrocarbyl-substituted organometalloid or halocarbyl-substituted



pBm - NM cbhl | conprising the i nhA pronoter, signal peptide (NprM and

het erol ogous cbhll (SEQ ID NO 10) and used to determ ne the activity and
t he stremgohowii26tze | NhA pronoter.[0103] Vectors pBnmX- PEctals2oiansi3oo

pBmMX- NM cbhl'| were previously synthesized by first cloning signal peptides
at the Bsrd and Spel sites of pBnX-e vector and foll owed by cloning genes
(cel A or cbhll) at the Spel andNgoM V sites. These vectors were further
used as o@ﬁ@mé’tﬁﬁélﬁrg%ﬂépcotﬂ%ﬁl Lo Ssstk Q@@aﬂgbﬁﬁmsqmquhmﬁbh@mme%rfM
studi es. Signal peptides Npr and PenG were obtained fromthe

megat er mimms(ZDSVB19) genom ¢ DNA by PCR anplification usi ng pri rrers (P3, P4)

Goacyi plopenl LR i G Sebbenst R Mol hhRY 1L ER IR GRREE *°

obt ai negystdn@Met, RRoGENBENMS £ HLIEREREVIOK cAEPIBR wFithl the Ifﬁdtmh@ R&Eb@Ade to rotate
Strept onyces S respectively, codon optimzed for Bacillus and synthesized

by GenStibpege |0§da@1@@ba9t0 Nyigid gngmpratign ghjjough aHuidgHIgAZOBRItP achpisp#tadt | t he

P e NSEURPACAPRR! PO o P IR S ML B, B eaghL g
at the tidedof aunch aBSarHaterﬁct}tch riaplsaaemgviitiemsy IbAsmifsntmécE rand THessubst B utidrsrgn

pl asm d p§n1 NV cbhl | i ncl ude t he @F%’@‘ibh” gene do stream of t(]; i NhA

pr onot eP¢ Tpwdoe) forg ghen eptygts .%wse SHEP SyRtEms tSH BB ylect or
was dig il 1Gid NoRMRYs afle b RGN AAnEC
si gnal g@%ﬁﬁdy c{c])%ﬂ%ﬁg; rle |oﬁ1M asn cee gt%l\r/\%?ﬁllcgltgatle% gb%gﬂ& %dm%e vgct or
di gest edhetul bd Eastuc@allwtrdﬂdgcﬂ\ld N,ganlihherongls thetlirnigingegoapy. ”ﬁlﬁrﬂletﬁﬁamei iscifnshuded
t he PenG cel ene downstre t he.i nhA ter. Cenerall

1 gat 1 offopr Bt darer AR BL B o AL S TG 0 SE0GE P hegmbeof two,

Baci | | ugrofax fB%lbeV$ATdSiaﬂ§f pEMGRiE Alblanst BRSAYmBRQL OThaRt mRhEeREBpd AR

t ransf or matl on: [0107] Protoplast preparation of a B. negateriumstrain
der i vedcodmplaxaatR2o6 theegeneiahfonguls: ot ease del etions (DnprM DspoOA, Dspol VB)
and transformati ons were carried out as described by Brown and Carlton (J.
Bacteri ol ogy, (1980) 142(2): 508pRIRR’(FiRIPMKi gati on ni xes were
transforned directly into the B. negateriumstrains, transformants

cont ai ni;vlhgreﬁeRA is omhrmd&@nwrt@ asha@gdnshled Hy,ﬂrcgfafwl Ngald&rtyd, hbdrocdrbyi-es
separately .in em -defi ned medi a (Yang et. al (2006) M crob.
Cel | Fadt St@ted tysanqmﬁt%lhla%er lﬁqla@ve‘%ylfsabsﬂwe% ngaa@mst?@lérgaowwnmnngwm owed
by a sepigs 59%1%5&%&‘“&5" '[ke@tobﬁ'aﬁégtw!é R%Q@sﬁ?&hé o%fa a%éx?t' c?@o%‘?orﬁ?&f’ ﬁ&' on
was neasure monitofing its hydr ol ysi's actlv aure et a
(1999) dyclo;Batatdmnybhng m&ﬂ)cﬂ&ﬁahaeez@)h &t td Joufedstb@thaerftb afeﬁm aup%rcrwtaamhg

sanpl e s added to 80 ul of G sol. ution (4nM,pNPG 50 as
phosphaf'amb‘ﬁ ubiﬁ) ¢4ropmatgmy %ﬂb ge%ﬁﬂ@@r npll%lf‘%mteﬂ‘?gw aﬁa‘ﬁ %Vghere

i ncubat @qncﬁaatéso% Jb@éncé ohrrth@BHd yak1 A0PrGitidh FRRE hEANRA valence of
H gh- Thr oughput M cr OE ate otoneter. Positive clones were
ascert afmmd3 tte Oberafere ls/aﬁmh@“ow ﬂhSabIsérdfah@ pctipdiegatil¢ wE sha dlaments andes

anal yrobiersSrah Bies (8 FRRASY BF R hE oA B BRI S er o

verifi eHettipa@idué NG BlehenB widl @NERBIIBLRA atidbyr of thRenfro@f Gsaup \defdrngd AS
media for 16 hrs at 37C. Protein production and secretion fromeach sanple

was confeaidationy nymhefi ¢fgtwonBomharer MlAsreirddy nEtessh. Blmpln@om OSIZE’JPRGE 30
ul Sa”p%lﬁﬁlr"‘ﬂ e lapded Q0,0 %P(S?At{b\ﬁ' ﬁJ %fjthr%e%h QVhE N #5

manuf actur et i nstructi ons.” Positive sa es were | hose hat
di spl ayesbradinuiei hirgbdraidwatand b ik, r i§ IiasleencYchaes Cwﬂﬁla’flUﬂi hhmbem:fnhuee aad by
sequenci ng and anal yzed inp fernenters, h({301 10] The i nhA pronoter
const r uB S0 rded dMPyune Bbmswhmhmé@émoa n%@ﬁinunmm ebhra 3ndie et est ed

in 2L 7§ R8N &S Sadiddl "RIRRINFESmE" SobRKBRsidiy SHRET RAE hyFRIRbLES rddi i,

substituted C; to Cy hydrocarbyl radicals, wherein one or more hydrogen atoms is replaced
with a halogen atom; and each X is a non-cyclopentadienyl ligand and is, independently, a
halogen, a hydride, or a hydrocarbyl, oxyhydrocarbyl, halocarbyl, hydrocarbyl-substituted
organometalloid, oxyhydrocarbyl-substituted organometalloid or halocarbyl-substituted

“ 2

organometalloid group containing up to about 20 carbon atoms, is equal to the valence of



the fernmenters were run on SDS- PAGE. Based upon gel analysis (Figure 2)
cells secreted heterol ogous protein with the i nhA pronoter in 2L

f er ment atwonsto/i2e72addi ti on Figure 3 illustrates the secreriuspoiofniBed A
protein as nmeasured by pNPG hydrol y$8s. Exanpl e 4 Pronoter Truncations [01
11] Four truncated pronoters were constructed using the Bnml -PGcel A plasm d
described in Exanple |I.The plasm ds, designated Bnm 386, BnBA , Bmnl 251 and

B 201 gpmpfih&ed2 i NhAn PrONBleRircie QRIS REQ D NRiIy26, utFER | B NQ. 25 SEQ
ID NO 24 and SEQ ID NO 23, respectively. The prondbters were constructed
usi ng t hesthydsilgenphingenyd {dyd drentediany B, 7 dotarabuty Wiuoresr9-y D freéduinn Tabl e 3
below [01 12] The priners were first phosphorylated at 37C for 2 hrs as
foIIovvs.mﬁef M primer, | Om; T4 Lizase Buffer, 5m; T4 PNK, | m; HOQO
34m . Rjvgsphorpdaaiphs ¢ duible bigdyRldpbaadivsadntallésntd by tHheppldasdribdd wht h
the follow ng protocol: Forward Ig)rimer, m: inhA rev PG cel A,

| , L_nl; Bm -
| m;  1@eupdrabarasie dislgsed in Bnf; Patoprdias. §.306R: 5. D8ANAL; SBERUDIO 5.487-568;
Her cul : 0,501 ; 4 . |t EQns - 4
e oS IBREL PR e R 0808 ShE R Wyt 58, 51 DERE NN GBS 2800t

m n. [ 03,218P6Z;ne2 RCR4p andl6304,60er ecbphivhibhge dicethoraed by kafer@hce3eteiarnd itk hen
purified using standard Q agen PCR purification nmethods. The purified
product $144€%e |igated for 4 hrs at 16C using Pronega's T4 |ligase. Ligation
i Xt ur efpgS € dhIoRE o Yndre AT, (B FieriFRORL SRS LERL oA ah Ric
constructs were sequence verified. Table 3 : [01 14] The sequences of the

t r uncat eaalgstonot svo aonoedpetdicaglist, SEFA & hits . m@R-CR 4ataRSts aonbn2Gr arare
illust rlz;\I e(I(’j\q b?l ow, erein the RBS ¢s i g]%?ol d and underlined:[01 14]

Tr ansf oPErR SRS LM BPRYHITYHO-FR LY S def i ned A5 media with 1%

gl ucosepcgoflgls of the overnight culture was used to inoculate 5m of
fermentation nedia. The sanples were fermented for 24 hrs in a u-24 device
from M tH0GPkactdre crtadysh progyisers. cn@doykdpn dbupescohpinaessger elsariba adtivaedaNric
activi t§ C%ga?a%earsac lescr itﬁgtd aboyse iII’ll_ Exadr.wr}o)lthel 3h.0Ta18I & 4Ci I ustr a&fe ttﬁg
secr et i SN ST Y A Prote AT urddy >t A8 EBRH S "B A" 1PR2 °t FIINEAR &4 *F A pY ohot er s
as nmeasueR R RNPLohy 8f Otorsbisatoratiplesf. 5 Vari ant Pronoters [01 15] Pronoter
libraries targeting (a) the region between - 35 and -10 and the RBS and (b)
t he RBSIMd t hdosicactvaeoiPnFiSSHONcpoIdmating gaiqs c oHt et 8angepiiagnandar d

i brary,cons i t.echni : I . t : | eic
nci o RAEORIONGE) EmLEEIRLANERY clREOERR B¥rgidhes & st iyl MELE O
30( 3) : 4ddwhizh.is pilF wkklydoerdinddedatol sakl caibe, tharke readhiniap Byffeidntiglatiileeo dbel A or
cbh construct, described above which were transformed into the B. aterium
strai . dspBEcd By eRprEs dicons Dass. nkaRnridRlc bvc%ﬁsnﬁ-rw&me A @ﬂtza}?ﬁ‘ra&gi%g to

activit Meut%%ﬁ%h%th@%ﬁﬁﬂ%?dr&@é c%PEeQ%e és.aﬁlﬁﬂﬁﬁst%élz %ﬁﬁ%vﬁ%ﬁ&?radsf@?r oved

variants of t’he 1 nhA pronoter are fisted in Table b. further

i ncl udi ag anlveinadistorntdes IGTACK tt thehatiBh senad twasaugs edtaasortrhe neosilt foue

control (S | D ), 2). The varjants listed in Table 5 are depicted. in the
5"t o 3eSaTTTRE: PTRISENI RGP P PHo 2 TAFARR BERIOMG D o | STy o Youh

fol d i NBsRUREIERY a¥EY uldhg BP &t futfose® Rt arkRthdse Wikigh BB InatiBRC BrabRigblEeNce
is in bold and underlined. The start codon (ATG is in bold and the TATAAA

box i s the metallecsse EAtVLIENE: BASEDI Odp@iNg/ERE)NI¢ CAT2 NG s@ite. agdyPOstam ONS

CONTAI NI THE .. . AND T S F MAKI THEM US PRI 1. T 000 Thi s
oottt Shuiat et R R S U R RGNS e Bt S NP RS
bear i ngmahbmen@ytingoshgherinaiber AAARREM) e ddibmduseful Afrthé pdosedHeLsin anld USSN

61/ 173, 501, i _ . e
be large or bulky in the sense of sufficient molecular size to largely inhibit or prevent
neutralization of the metallocene cation by Lewis bases other than the polymerizable
monomers that may be present in the polymerization process. Typically the anion will have a
molecular size of greater than or equal to about 4 angstroms. NCAs are preferred because of

their ability to produce a target molecular weight polymer at a higher temperature than tends

to be the case with other activation systems such as alumoxane.



beari ng attorney docket nunmber 2009EMD82, filed on April 28, 2009, and USSN
12/ 569, 009, bearing attorney docket nunmber 2009EM210, filed on Septenber

29, 2009,wal2b100i26%20i ch are i ncorporated herein by refereaTaS2onowBsne
entirety. CROSS REFERENCE TO RELATED APPLI CATI ONS [ 0002] This application
is related to USSN 61/299, 816, bearing attorney docket nunmber 2010EMD23,
filed January 29, 2010, and USSN 61/ 297,621, bearing attorney docket nunber
2010EMOgdy72f 1 | : i¥nid BataRR% For ¥hUr&Ra@SEpd1ometifhtioR QAL hBskh

refer ence7i Tn tﬁye'eisreﬂlggl(?iig?)gtg. gI%:I E%%%OO: %E&I N%/(;Ehﬁ'(fl%\l%[ 0083?85]%gg?tdegcea§e

et hyl eneatioha geldvatahby Weekssappeet nold-A00 237 é9ar ERA-ORY 7stide WOBLPOEE iand oi |

compost Hrortat iy doHaL B SRR A ke SRR haRR ey tipRRLE0 ©

| ubri catd igkiPichtif@POFhédeOnFercMek EteBEH tal prif@Fddy mddicV odestefdr@tion wherein
et hyl ene- based cog_ol mers and conpositions containing the same, which are
usef ul Mstalloprncad liSrfé) apd maockingta Prefepdted dican HHOMGHH P@EITHEUS thet amd

rel ated j L 15 BOGK - tur and
synt het fﬂcgc%rrp{é%ig?%nlg may bene |t9%¥a£gﬁ0}é%%éég§k%2§%ﬂn8 |1B¥Cr eol e{/. For
exanpl ebalhndedivgaht NGA. fTae md 6t iodiztggenerahlpputdnicicontdinsosi dotive pekesn (V1)

i nprovers derived from pol yo| efns that nodify. rheol qgical behavi or. [0005]
Ther e h_éwaa;@%ﬁ Oﬂawuaflg Bﬂ%ltt_he tghadudrinsepordfionen oo e 850 EFRA e

hi gh thb.g!f%ﬁ"-ﬁg) B¢ 4351 BPCA-0M789Y! 5 éiai'J.%'. P&, NBes5,3¥ 5@ %81 S BBR acanRt Rt Or
the propensity to chain scission under shear. %00(56 However, conventi onal
pol yol efmpaddittd bgsresaréricer inf them emtfratyor Roh@iveheatimos ethestthars Brosdtedascid§a) a
hi gh ol ecul ar..wei ght. fraction such that. th are nore affected by shear
aucedC BBl APTRedh R BaMeEaReuHE BHECY T GERT CBB BT D GRON andn

unf avor ghlug/diRiiakentfdnkf ficiency (TE) / Shear Stability Index ratio (SSl)
ratio in that 'they have a lower TE for a given SSI; (b) preparation wth
met al | o8] catlay snosali or mataklptsl yanablezaf famipg acemsdinglivire hopplsyi weish s ocess

reactor_hete eneity.that | eads to significant {nterpolecul ar, co sition
and br oSSBT go ST ety el ERT o Rk Bronyed y LS ofPih s obs R St e
cryst al toMgin@dinytat ehion sf tHrakcdhdvRtidatst @rpdudanSuritde flcRMeineludt, e are not

i nternol ecul ar conpositional heterogeneity; and (d) polynerization

condi t i BAsted to\alanmgmp gridrdradinhay ﬁﬁ% the g f Peitale metagoidh andludss Rt pricrpt

whi ch pfrovi I, - he e r [ [ ned
from boy myeare 2rd, FhURRRE, ediCRRY BE IHaE el S BB SRR, iRty o3)
Convent thergad oMhesagurcarents aas @corpugindd licneib)b$refPahenin thiois entéde§40, 753;

4,804, 794; 4,871,705;. 5,151, 204; 5,391, 617; .5, 446, 221; 5, 665, 800; .

6, 525, 0PP74b, sg gg@fwaﬂdﬂ?t}le ST B Ing i ipni s2alet UsAt SMPEPRLEBY HePET n by
ref er encigdd (L el il b%) whRAORE inplTE RABYPDLL 0TS Whi (MR EAn ofUCh as
t hose described in U S Patent Nos. 4,540,753 and 4, 804, 794, use an ultra
nar r ow Bobydiypensiibyizingdesca¢tiRil ) wetbnptbsi tmetallodene i sompoincdspatfed tiwmplt hese
ultra narrow PDI I s lack hj gh | ecul a jght fractiaon so. that
they ol R Lbpis 1y° fnaPSeban e butttisg Phvs B o; Held &

nol ecul gfetaBt@RtcatiSY & GHRARE N ,sse@,reggg.ezn&%co ad7 697 BRYEP1AQW 53617391 cadh
correspondi Eggl y high TE/SSI ratio. [0009] O her conventional VI inprovers,
such asof Wbisd atedercitbagoineratedsby Pefeesnee Notheirengivety 7 denia sdtabystssfor addjtion

at tempt 4 0 ASHERATE SILSBE Y alecdd B LRIA0S RYnd'BlRg RofTRL & LOESAS, faLQ! Vst
whi ch pPo% ges’'s poa] yofe P HAVI G & diPSET | ultjlon of “nol’ecul ar” wei ght's.
However céhigounse bofanicher pretakdoeen@inidd mkiaslicoitizingl deomsy somys ithtth©bniph ocess
as described in_the applications indicates that the process reactor

het er Oggmpaﬁ,ye@\gﬁwd-mé@ééw Owgliclgpﬁ hqreip ppcorporated by reference in its entirety.

[0075] Where the metal ligands include halide moieties, for example, (methyl-phenyl)
silylene (tetramethylcyclopentadienyl)(tert-buty-amido) zirconium dichloride), which are not
capable of ionizing abstraction under standard conditions, they can be converted via known
alkylation reactions with organometallic compounds such as lithium, or aluminum hydrides,
or alkyls, alkylalumoxanes, Grignard reagents, etc. Processes describing the reaction of alkyl

aluminum compounds with dihalide substituted metallocene compounds prior to or with the



i nternol ecul ar conposition and broadeni ng of the pol ydispersity index in
the copol ymer. Wthout being limted by theory, it is believed that the

br oader pwbydigpersity index is due to differences in tireTraszemng3snad
transport and equilibration of the eonstituent nononers as well as
differences in the tenperature of the different positions inside the

pol ynmeri zation reactor. [0010] Another conventional VI inprover includes a

bl end ofdAHBH BheMS 28R a8BHIC alld hieeold ¥PERIA 0S50BSoAle $PLA bR0570nodd. S.

Patent Nos. 5,391,617 and 7,053, 153. The conbi nati on of two such polyners
at t enpt snd BPpkblitde T68¢c cahsefowlieh aghbereinsinedspbiated, byl tofertrgepiartheio catirety.

Vi scosi erf ormance, . and bour point.. However,  t desi of the nolecul es
nave a EVuRIRGA S PeaBTEFoRRudt mbel bl MIF B he8lpRing plfor 1S

het er oggit@idtistion] 4d lthe Stadtlonan@kdler Saarv et hlepiakluMlindmPiONes suftatlesdr 4 bed
in US. Patent Nos. 6,525,007, 6,589,920, and 5,446, 221. Such conpositions
are prepaveroR ifshusy 18 icxepse of thab nermadly| s elemetatcally saquirad forsddatiasnof the

pol yrmer | ion. -t he ehoi t I | as
Phe pol eio8e ERSRE, 1 SR SaS e i T AlBRE DR AR SRRl

si gni f i Slanhallyoagneand woubhabi by addedstvirrthé mdthimceRatens tdlavohl, pema8Ro.

Such | ong. chai n_branchedpol ypers have di m ni shed TE conpared to their

| i near a%maaa%.eéu% iCA b w€96<ge e‘t‘%&Poé\ecéﬁfanbo‘f?é%J aiin & PF%ﬁﬁl‘l?ePFEgtﬁe

di spers X cul.ar | i I QM :

r emai nsﬁgyﬁfgggﬂlg 13ﬁ\ollll&}ihelrrgr g@i%ﬁgyéégl le%og%/tellg Ooﬂrllsgbtaﬁéa&%g%r %@Dt%@%ﬁl % -cli;:aﬁgaﬁmorhg in

| ubri caAfurnoxases mhy kiso mefittasicavanging fuostioat hyl ene content: (a) a nore

const an i scosi.t ver a broad.range of fenperatures;.(b) inproved TE; and
(01 o lVEE T Sty padbofE if RadGepindHRRRP (ST Ry iR P60
Provi degypiex &fubl kg SrHRASSEH MORMBIARIR willEh R al, A KRREIRAILNR SARR).

| ubricating oil conpositions including the sane, nethods for "preparing such
| ubr i cafprigtivitprsdoelpds kiuimerencsaneh entethyd glunarxageghodifipg khmoxpagsetich as

copol yners.and | ubricating ojl, ¢ ositions. [0014] .Ethyl ene-based

copol P RiTCrste! BB P b, SOIREER 65 ot RS-l AYLERFno B ER R e
and oneal@nifi@h ridthyhatugligdd) SAMBRRER0Py NAVInEn3 0-X8vaarhes taliei. usthe

et hyl ene- based copol yner has a nelting Peak Tm), as neasured by DSC, of
800C or 1 eosubingfionoyiflyLeyyisrasid gotivatpascanst Oatfo%ﬁ(uvg ogs wher B Pre-paakysins not a
enbodi - copol ynmers have an internol ecul ar
conposrﬁﬁ%ﬁﬂﬁ%?§¥@%ﬁ%*%ﬁggPEQE%Ut 50 % or less. In other enbodinents the
et hyl enpplidped Kapal yatkylaluneoxanan drat madinbedlyl asuiteblopasi tatalysdi sttiviators, i on
of about 50 Wt % or |ess. In sone enbodinenls,,tgg*eig%l ne- based copol yners

have anP¥#HEW MR thoss 68158 | GRPgIYEr hahide iligd UQKARE SOBPONEE 5
and/ or i it -di i i t 9 ess.
P0010] Herhidi R Eaihalor TR il LPBIiGALA] BithiiRfh B SRR rodt st
conposi géend, fosuglh @sAHB¢ oshicly ismdiycliereonipound,| oraRR-PAHPaBIR ¢ ovipdsist & ons,

e.g., lubricatin il. conmpositions. [0016 ubyi.cat j.n Ll compaositions are
composeltit Gririhpfcdn B GrrbaLEomie (Hun gt S aeChdede EEbRSeL Binen
added t gxdrhg i ﬁé‘ﬂﬁgl, Qltlgﬁ't,, by aRe-R3RaE 1 GARCHY TBhE iRicREPLEmAal MPhBROIISt ant
VISCOSI%%gOVEF a broad range of ‘tenperatures, for exanple, operating
condi t i dlest gircferbbusRi on metlgilneswl “Slcis kinpeasy drreirt. s matlylalomossnsd (MK Qe

i nt ai A ngo a,Low, hvlenc.content, . Atoauhal anbial hvieim | 8, compasi L on
and nol ecul ar MEIdht,I%ﬂ% pregeﬁ¥ Fubrica I'hg ol " conpositions exhi oi't
unexpechigdliyurh AkyOMRAY hehitaicdalitpiare dissdsed Bilkhinds ofga@hesoldnt, cridmbebt er
ratio of the TE. to the SSI conpared to conventional viscosity nodifiers.

[0017] sertaderswoh agpepaed sig sedasdndrasedseappebpbiajmuppended iy ae gl resting a
met al | ocane, catAkysh Al%&%ﬂé@%@p? ho%Ess et an et LQcENSF M aluffrum

di stribution of’ nononers a
alkyl with a limited amount of water yields a mixture of the linear and cyclic species of the

alumoxane.



chain architecture to formuni formand/or |inear polyners. The resulting
pol ymers exhibithigh TE and a high ratio of TE/SSI. Further, the choice of
t he al phawolz2efovmeonononer wi I | affect other properti esPofi/ush@o/031300

et hyl ene- based copol yner such as sokRubility paranmeter, TE, and SSI, but

t hese secondary effects are overshadowed by the fundanental change and the
control, due to the construction of the ethyl ene-based copol yner to be

uni f or npgRHeAkatidn88Eess Wt hout being limted by theory, it is believed that
the addition of alpha olefins nmay, in addition, lead to a further degree of
cont r ol [0078t he ol sthdenecbaicd copalimeh &t prefeeabile pelynofized yis o aldglnivel) seredi be

"SRG B el e B 08 P B GREATSY e

versus egdnoks)or Weé ghh 7p@0c@erundfpaéfeﬁbgﬂméﬁhyn s@oEpesi tions and a
conventlonal conposition. This ?raph refers to experinents in "G oup

Exanpl el07% oo1dlc magior ¢s 1refsraglyligpid Stlchneaniinpausy flowedstisgy tavk aeaﬁé?rg us

t emper a Skst t r c se
for” oxohn Rigt 3b taat dREStS @%O%ecnphﬁ o TEBFISALY o SRRl BERRRCE o
t 0 expecatagitt & ifed toGheueackorExwrrai g0 or hﬁ)@&fh]actlﬁrgweeltﬂlzecs salvgh pionomers,
crystalll ity weig percent versus ethylene wei ght percent for exenplary
conposi £ Wscaéﬁhsﬁt eb'fﬁzdé%he Higli reRePhg <P PP‘?)WsmOFFrﬁdég paljRaGiPers t o

exper | WV‘EI n e%@ysprﬂ g f@(@g&%@s’o - rel A éc%pts[&s&%llﬁy cg\{s Ogut-(l;f'égrl eration,
| LLUSTRATI EMBODI MENTS [ 0021 erne based copol yners 1 ncl ud%  es$ than
about Sﬁremhi%d)ffeadn te (dembmetiorisr of &t hiyleen® ah@rlalqhhahe{at edfi thec enmhomec s
having 3 to 20 carbon. at ons. use herein ' eth | ene-based cop

means aPUSPSIGEHAN 1€ Sse%‘u@fe HegalE tSHIT ‘FOO&B%HI s 6$ B’Eeﬁ?f}cér?g %ﬁﬁarp(?ﬁer

e. 9., gpRatah thhathcRP. VAuBithyl-eh8rs WM p%h%ﬂférd fXB4LaROPRARE! & whitHSthe
ethylene based copol yners may be conposed of nore units deri ved from al pha
olefin p@lmemtmnbfgxowmn@}ms a&@@mfbed &y peoniiiig & tefapérelaet fisonf dichydlgmerizing used
her ei n Ehe term "copolynmer"” is any pol yner having two or nore nononers.

[ 0022] 9ab|e conononers i nclude propyl ene and a-ol efns, such as C4-C20

a- ol ef nppodnp prigdees By Jroped Y Icefiolafd] debdtaClight Ongy MR- a\;ﬂ’idkdaoplr&fu%d if
conobnoner can be linear or branched, and two or nore conpbnoners can be

used, i flesitedi dae rearion cmpasstercaRBEbH ETeto corirol dhe @pl@ﬁalabwelrgm elohe nekreier

i ncl ude or I (o] I

connnong}gﬂﬁhgﬁu edpf%g§ e%gbapﬁﬁgéﬁﬁ 19%?%&:&? Hg%ﬁgﬁﬁﬁﬁé% ?ﬁg%EaV|ng
one or ﬂmbmnﬁmﬂﬁﬂlaihymﬁhr&nchﬁﬁmﬂﬁmﬁpbbhmremahmﬁhs\Mﬂ@hudén(nmomyMﬁne

1- but ene; 3 met hyl -1 - butene; 3, 3-di methyl- 1-butene; 1-pentene; 1-pentene

with oneMBedipspis, ﬁ%%tﬁ%nleteﬁwseddp pﬁ?&ﬁy@lﬂ@%‘sﬂ@?ﬂﬁ@% 1-hexene with one or
nor e ”Efd?l‘!?h etgBhkor %rnBérQRlYé iSWhstbd U&’éib%ﬁdm% Jib%ﬁttﬁ@eeff%tt Bf UM LAt Db

met hyl , ethyI or propyl substituents; 1-octehe wth one or nore nethyl,

et hyl , oatalgstafppbtistibs trate uet pqumempmpmew anty/oo eeteot ofmpromet daplqtloet Hyk or

propyl stituents; t. or di | stituted 1- ene, or

D oo BE TapIEL Fisa i HEVEb e gl b St ehBrpetiiiE an BoSTiE b,

3- met hy{e‘latﬂvewcﬁ@&itraled%fﬁfﬂ@f ;sofrtiof®t hyl - 1- pent ene; 4-nethyl - 1-pentene;

3, 3-di net hyl -'| - but ene; eptene; 1-hexene with a nethyl substituent on any
of C3- CH083] penWéﬁequg mmwanwtnhyﬁaoéqrbgmeralbfnﬁempmuawsm& wueem@tdrtheal ly
accept abl.e, co Lene oct.ene:

pent enepom% %t Vgglﬁg { once Q3 uoef nctata’l ns;t3 énn% ed@&ond 1%@”{ Hseu)%fg%lgnt V\EIO trﬁalie the

met hyl a@heapbq@nieoﬂmo@mynﬂheueﬁkﬁnmkmheaIIy acceptable conmbi nati on on
C3-C5; 1l-pentene with three nmethyl substituents in any stoichionetrically

accept aB]0§4l:orrbT hesgfpisnregptiaptempeiatire 1 detsraviredivt the defaiy pithe sapkyst sys'€m on
C3 or %nepeﬁna SIK leV\'} '[ar:.'toi’?1 By %Prgyrleec%ibﬁité E twfﬂ glaat@ Q{j aareégélht)élnpgfture

substltueﬁ Inas 0|c ronetrically acceptabl e p sttiron on
1- decen&pmlatoan 6@ to dbout 120°C, or from about 0°C to about 110°C, or from about 40°C to

about 100°C. Preferably, reaction temperatures are from about 10°C to about 90°C, or more
preferably from about 20°C to about 70°C, or from about 80°C to about 120°C. When using
on or more additional reactors, the additional reactor temperature will vary from 40-160°C,

with 50-140°C preferred, and 60-120°C more preferred. Ranges from any of the recited



nonene with a nmethyl substituent on any of C3-C9; 1l-octene with two nethyl
substituents in any stoichionetrically acceptabl e conbination on C3-C7;

1- hept enewoi2otv/2bmee net hyl substituents in any stoi chi ecetusza@loB1soo
accept abl e conbi nati on on C3-C6; 1-@xtene with an ethyl substituent on any
of C3-C7; 1-hexene with two ethyl substituents in any stoichionetrically
accept abl e conmbi nation on C3 or C4; and 1-dodecene. [0023] Preferred al pha
ol efin CRRMMBI® A DRAOREIEDGppRUlERLarc RBXRAPIat& bP AlcCiGentdys MAH Syithin
preferred al pha ol efin conononer is propylene. Another preferred olefin
conononthe scgpelofliine present desebiphen.i ons propyl ene and butene are cont enpl at ed.

0024 i tabl include i | olefins. P d
ntr halBO8rLy b GPef SRR RE RS U VRS o Rhsr MBS b
ol ef i nswath&ne ¥tnedTe InAdRACY LARRSEEs, OldVedr rSatitba éBp &RBNRIRERed €dudections

pol yenes. The term "pol yene" as used herein is neant to include nononers
havi ng tiikizieg mepe€ paasdy s maen spapared éo thedisehp satalyst. enes, etc. Pol yenes

e sir WHRY CREadlof BurSr IR RER Al 6 DRUCEAN MR FaL FORRn PR EERT Y

al kenesreabtaw, Rdetloou tingletroaddaitecadlbof@pddan ofltc@i®yrs, bperaex anplraactof djessire ai ght
chai n acycli dienes,céuch as 1, 4- hexadi ene and 1, 6-qoctadi ene;_ (hb) branched
chai n aef/(léﬁs ag 680 @gunds pop squars ingh(pyj) (4 134Mpa) gaicsh than 09 psyi3adoHyipa) | 6:
(c) sin i | qy:ch A , A di

1, 5-cyc ogecS% é%igleﬁ(iéq ‘ﬁ%n{dzl'?,@%&s%d%g’gglgg?gﬁe, 13%?%%% r ip{légerglfl?”c{/eg ICtioé
fused apctssure dgfean mbog atinesphsric pussura® 4wt 400/ pvi ¢2.Ade vepa), roorftoon alwlit 26,

t hyl -t et i.nd el I di D)., :
b1 cyel oPud1 34 irage 2D L REN MR OF TR yPP U0, Pk oG Meahgn sbout
andcycl 9@ k(b den®1n9r RAANGTESM afH 6NtRTctaBS NN IBARS to2aPUTRE REN& (HNB) .
5- propenyl - 2- nor bor nene, 5-i sopropyl i dene- 2- nor bor nene,

5- ( 4- cybmaip erst conjdn)plated hp tltsonmenters aBd withol thihesapciod dvepresonbddsoripiéare, and

-vinyl : 2- b : | K | subst i d al k h
s vi ny I PREY oBERE bt AP RbLEE TBhAT UL SRR ISHIE S GLORT et

cycl ohex@ape thakdlydted plcogdeaen ecactstd iv kéids. coplimaiogagpenture$kart Be achicved,
non- conj ugat ed di enes typically used, the preferred dienes are
di cycl opEfedaile iy seoepmcratipngyifeRiggrassiscly ingeasgiy pedyaerézatign fgppagature, by

1, 4- hexadi 3 L6l - 1., §-0¢ I - -ene- 2: no .
5. a1 ) P8 R HBDEH R kR ARERERG, oA RR R ose
Not e t hhivihda congthaittsiidié stoapipidgeabipling the twe cymopapaldyapktings’ non- conj ugat ed
di ene", %}gg "di ene" are used interchangeably. It is preferred to use dienes
whi ch dBORBE | dREIGUATTIRRCIPTOFIREIEIEMOBY 21O REPCEHSD Uik @Tase EGRe BiRCewent
use as E(%schﬁ&{ QY€ ARNR riﬂeﬁ%yde!?a[ifiﬁpg?@ Ipa‘i?e%n\f rl@ﬁr{)lfégﬁdrﬂﬁoér ?/@6(5’;?@7, ey

e cycl ope

O her polyenes that can be used inclu tadi ene and octatetra-ene.
[ 0026] KEtangH énd9BAs e ©OABYIRRY $ilddnElctoder 250208G0the @Bclos et of abloch a8O wt %
et hyl ene cormago r.. Pr ef%abl thet h}{{.ene- based copol yners include | ess than
about 78“Rs ?(ﬂ%rgﬂé’yd{& HSHEHICEFMIEEES t han about 60 wt % et hyl ene

conono (}891) N S9RRAKRAHE %@Er%%y &t ¢! @RECRABAL] COPOWVVIEY & hRR&rvEe dhifi

about 40 wt% to about” 80 wt % ef hyl ene conpbnomer or from about 45 W %to
about 7polwmesieation dhrancung omtrodutHyl baehvigs ed pelyprigationscatalydtaideodosom
about 42 wt9% t o about .78 % et hyl ene_conpnone or from about 4 %to
about 7E R Bn SRetlel (bt BT e B RS TE b R AR S el 8

et hyl enragchivan@ifghers 8 dédsane akaftthedally UeduOedddaister7/4 W % et hyl ene
conononer, or from about 50 wt % to about 72 w % et hyl ene conononer, or from
about 4H080bs t oThgberRnrolBCHRatiDB NG SH NSO REFBNRFL ProB2thPutEhKdIPE¢e PERsSH
copoly i Dj . i i i i ons
of tho ST hubeBNf PorFRER Blait Ben0l AN DOBLORSRALES LALCERTILR |
terms otoppbimpat wiereit lasl meabainechdoywkElX, ar¢ rotipetelgngesubbtaatidiyt s@0a@d0 t o

about 800, 000. r r ef er apl h
%pi’[hout bei\l(l% ?infl)teg by tﬁegril, Tit ?s believed that these saturated polymers cannot
participate in the principal branching pathway where preformed polymers with unsaturated

chain ends are reincorporated into new growing chains which lead to branched polymers.



wei ght average Mwv is from about 50,000 to about 600,000 or from about

80, 000 to about 400, 000. Even nore preferably, the weight average Mv is
from abowo020100Q67200 about 300, 000. A nunber-aver age npCeask@w/03d@hHt
(M), as neasured by GPC, of from aRdbut 10,000 to about 400,000, or in the
range of about 20,000 to about 300,000, or in the range of about 30,000 to
about 200, 000. A wei ght-average nol ecul ar wei ght to nunber-average

ol ecul ﬁbw@egg@meﬁmame@eraa@ytals% Qa@rtoh@%r bparncaagtstm& &e%nha% oPr 3.0

or |less | ess. I'n one or nore enbodiments, the MV Mh is from
about 1¢lpinsowishoutat@atod cods if innbiddtlowebscissioatimetes®ss. A PDI of |ess than
about 2.8 . oL | t han.about 2.6, or |less than about 2.4, preferably |ess
t han ab%ﬁ%ﬁgg%%%&é@éferably | ess than about 2.2 as nmeasured by GPC.
Substan{gesh| y nmabeicysigdil tarhpositash avicompesd dat 1dag cresamniacHased pallyineny
peak as neasured by DSC A nelting point (Tm, if present, as neasured by

DSC, of ar&béhkeaqmeéumcamewﬂ sc apids, atbipicis-biseql @olymess apheied ?@CY@OWYI ess,

or 200U 08 g aie naeU 107 fe Sh@3RnOTuARIN: §F Cyffonl £5% e A

heat of Tusion on t of froma to a rom
about Ocdmapabouf: %) tdibghr mercfetiommbiogéd Gofdlimére aabhautibridtidé @il tase; f(b))mn about
0.001 to 35 J/ or Iess t han about .30 | ess than about 20
Jlg, or eqhégge Ased caBeRYmen andyimgp orgporglkicatipg ébaseﬁfﬂre(ﬁmoeqm%fﬁ et}wﬁ]ﬁfna mty,

such thgleel Q@g@wﬁﬂseaﬂﬁ t%s(ﬁqn&gﬁﬁﬂ)ﬂcrﬁﬁh oﬁ%@es‘ar‘l &fe%r%&%%%ﬁnﬁ&ﬂp Qg tion

di stribution about 50 wt % or | ess r W % or less, or 30 W% or |ess,
or 20 wutrioatingesis ,compoS]iﬁon/st ficlode loas ©r noore b@nvml%aml dd«elﬁs/es olrat Zravkfovom td ess.

| n some enbadj, nent 0 % .at least 60 wt% at |east 80 wt% at

| nacy oBo0e G Bat spretrE el it beobE Rt S tiers have. an

inter rm[mu] ar LONRES iHet@n V’is@&sﬁtgblﬁd'eﬁ?”(\QP Abgut ab'iﬁt Yo ONybrRYEng Wil 40 W %
or | ess, 30 Wt % or | ess, wt % or [ ess, or wt % or Iess or 10 wt%

or | essaCC@mnEﬂdﬂ/t@/bnérea$ﬁéslg tempereuggTBlit oy Mimmum ﬂme@ Y vEsgesityt h&ke gteater
et hyl en S r ave an intranol ecul ar conposition distribution
i N

of abou or 40 wt% or less, or 30 % or less, or 20 wt % or

| ess, 0[0093] Wt %&atldeelaafor@lhnd&om%lﬁfprd)ﬁﬁg ,co@lﬁ)oﬁums"/mp BeesBasuke 5PEE
errbodl nents, at least 50 wt% at | east 60 w % at | east 80 wt % at |east 90

Wt % or andior #i9posfT B/ hal. eTE\ylpé vl meftest theop Braeyetisthe iescage i Hiseepy| sad dhar
\fvf”pos' ?ér%@teﬂ&é%ggi%\‘jw 'ase fw@&%ﬂg uiﬁg%vﬁ/rggﬂfons%%%gﬁrshéa mk/ c‘ﬁ(zel eSPR Qr 30

% or tess ess o Of | ess Yo Or I ess,
wt % or hesmd%xsubﬁlh&nbn adnlnxdllhuermartlo&tlnuﬁatsu od @&sotding tmgASEﬂ\g ﬂ)glaﬁerSItelaan one

branch poj nt,. pendant with a rbon ch | a er t han on at per

200 car bahilikt BIEX & BRY UKD WW*EP%% %ﬁ%éofwn%w éﬁﬁ ASTM

SUb,St anbfé?é Y1 thi} %é?rrél){ﬂlé'enﬁﬁﬁﬁ&gn&e%ale T ot 1§E§ns‘idé"réd1§16rec&b§fr9ﬁé efsiged as
an 1 branc

havi ng | ess t poi nt, pendent wth a carbon chai n [onger
t han 10incarabomndtSGhwalupedec?@@e.car bon at onms al ong a pol yner backbone, or

EERE T SIEETTN I e T N
.Cﬁcr; g? gorag ?{égonlef(;@fcw%&pawgbwytlhﬁar&r&&@ N&iSe fc PEAREN IO bSscEHd8k bR by a
predetermined amount. At higher TE effectively less of the rheology modifier is needed to
have a similar increase in the viscosity of the base stock oil. This diminished use leads to a
substantially simpler formulation where other additives such as pour point depressants can be
decreased or eliminated compared to equivalent formulation made with conventional
viscosity modifiers.
[0095] It is generally believed that the composition of the olefin copolymer and the
average molecular weight largely determine the TE which is favored by increases in either
arca. Thus, higher ethylene content rheology modifiers are preferred because of their higher

TE. While increasing ethylene content leads to improved TE/SSI ratios, the compositional

change also leads to increasing crystallinity of the olefin copolymer. Crystallinities are



conononer; and/or (b) no greater than one branch point, pendant with a
carbon chain | arger than 19 carbon atons per 300 carbon atons, or no
greater twerroomeseper 500 carbon atonms, or no greater oneCpars2di008i30@r bon
atons, or no greater than one per 2000 carbon atonms. [0028] Ranges from any
of the lower limts to any of the upper limts are contenplated by the
inventors and are within the scope of the present description. [0029] As
used heggiafont 'aﬁ'trﬁeraﬁmle@%’;ﬂmc @GP e&ﬁﬁés‘qﬁ&@ S bF hLi BN %k RUSIGER 1BF cthylene |

i nternol ecul ar CD), e., a neasure of conpositional heterogeneity, defines
t he conpwlyten@ ro:apolvmersat Tbis, detnacts dfrars thé peltfbnyma@n@ ag @V & Amproard ﬁlgcmlhe,%frer
chai ns. S ex ressed t n at i anal Qg9us to a . standard
devi at§ Sl e R TESrenE et lh G Ry ERE e A h a v B a8 T KRS ne
conposi téMporfcais 8f Ghy QObGARAL Yéie ranaap&b@ua@ed@td of Ghé Nablickeing @ilsy enTeE ght
percent of the total copolyner sanple which is obtained by excluding equal
wei ght PiRERIREHSAE rappisBt RS apgignsof lempes’ diodt kph ptiscopity Phecssiaby | @mpided not

be sy I I
't o mor i fidhion tHA0 RARGE R dp Bl i BRF-BLBEPlmet g ST GinsPins Br, o
t he posiHeilvigication@gat dndead ®aidad hams and G300k cAtes Falume ¥ mot Rigmadohaishar
conp05|t|on dlstrlgution(gaggneasur nenteég simlar tqg .conventignal,
Conposi 11081 Di st plsePHEA™ dernentex § epsricology medidying cempogiiE)s is o
def I nedrift e % E&Iﬁ%@f%@&&%@hg Bk RCE RN RER! BfigIEdRymEEtRE Ence.
f|ne ht percent o he copol y ecul es aV|ng a
cormnonéastnnmntaérﬁsmhaﬂacmrlﬁ&% dthus, Iaelngﬂhmiednﬂﬂr&xelghﬂ mﬂym@mhdmffe@mhm nt .

The CDBI ol.yne rea ned utili zi wel | known

{ochni qtiisng B SPESHE Tyt Prisrorknt Tt G BadeBpomrLeith 876t HEHE Besdn yer
One suchistQenhsIug d@piB@arfpﬁ{ atdpich & HikAghdak Ys HRMmbeadhl WeightT&ER Bo Bfner
described in"W1ld, ., Journal of. Polyner Science: Polyner Physics
Edi t i onrapidy demdersSsIues ®sy ppunWamB@a‘( mospylymatsange cpatriantz Ndistribugos, 204,

whi ch ar e [ d, herej ref r.enc sed, h

"t ¢ arop CRBRSPRSSRRE o Bk Faoly e FURN BT ot Bt PR B oy i
si m | ar woold 5¥ R aeldcales G)QfHJﬂfélngKH@t BoSdctlabwicighis, shReeN&E mdlsdul@&Ghith
neasures the co ositional variation, in terns_of ethylene, within a
copol ynie ackbpagrdengthy| weuldbe smest pyussenitbloado t harapdgm ochgn  scission

al pha- o} { dﬂIéﬁ et hyl ene al ong the segnents of the sane pol ynmer chain.
InterCD an ntraCD are described in U S. Patent 4,959, 436, which is hereby
i ncor pof9vep bWNhﬂéebebemglkMBazw'ﬁnﬂpnﬁmﬂmoﬂﬂbqheﬁsﬂm@enﬁiﬂmthﬂﬁthm

i nt ernol ecul ar ntranol e ular CD are determ ned by car bon-

Convent ﬂBﬂéICOP@@ﬁ?ﬁa agé C PESCHe Wpﬁaaseﬂt@pﬂ&r%uha‘fe BE9Tahg most brobabld

I nt ram)bli%ﬁiﬂu%n Gpnﬁﬂ@cuga?%%lgefje ' Hadfh NpphaRangt al&bI{'u 2W§F&5@bl?qe§s%an
entitled "Carbon- |'ysi's of conp05|t|ona het ef 6gene

et hyl en@boupﬁdpythémmrc@pﬁbmhb’rls% thaa ab@it,2.pps e ddrBB GPC198d jaye bmtd infma t he

bl t Ma I titl | nt t
Pt bon- S Aot BT Susir SHBe oftrpireNEarupyF bR % BEbf e P rade
W th hebenQgerarus t%@t(ﬁlelt’eﬁo%s ofR6ts (F)maddBscdpd lorytdifizatohd8 Milute dabti® ayvhi ch

is herein incorporated by reference in its entirety. [0033] Generally,
convent imgasured iy Bbmchmethmhmhbmﬁﬁheoﬂumh miiutmdccnmw@ri ¢ gnrdgpivelesh i s

used to_char.acterize the eth | en Ha ed ca olg ventlona
amo nt an e lene cogolg er Whi S no ay es stru tur 1rn1tat10ns ThlS
t echni que maasu 1ng C on- e utrlize or exanp

et hyl eneff&a&em be @jast Mfféd[ inSsiiRloBsat amemﬂnaﬁ QirMﬁéntI aihdasupﬁi atelibnt temgeratures
trichl orobenzene at 4.5 wt % concentration. The Carbon-13 NMR spectra are

obt ai nel098I el di s calse ehilisved that thesg. cthyleapbascn capames pudh haretleweat 100
MHz. Anc%t%ﬂﬂlllf”aﬁ}‘n %Begcl:orhﬁg%cﬁﬁ dnbidht QHlsﬁﬁgn{%%fﬁ't%peratures, resulting in better

low temperature flow properties in solution, as compared to equivalent compositionally
uniform polymers of similar molecular weight and TE. Dilute solutions of ethylene-based
copolymers display a higher TE and lower SSI compared to similar conventional
compositions. The present ethylene-based copolymers have a superior low temperature

performance as measured by reduced viscosity of the solutions at low temperature.



transform Varian XL-400 NWVR spectroneter. Deuteriated o-dichl orobenezene is
pl aced in a coaxial tube to maintain an internal |ock signal. The foll ow ng
i nst rumrerwocondi2éizons are utilized: pul se angle, 75; pulpsg/usediap3i3dd s;
acquisition tinme, 0.5 s, sweep w dtR§j 16000 Hz. The carbob-13 NWR peak area
measurenents were determ ned by spectral integration. Diad and triad
concentrations were calculated fromthe equations presented in Kakugo et

ah, Mac[@99| ecul&SralllDihePIiE oM&Qyé—leﬁé@@pcﬁﬁiﬁ% a MWt of $h joRition. For
|ncorporated by refefence in its entirety. The diad and tria

concent ethyicoardasedr eonohgnemo imepartradart thoge wentrimng eprbpdend samenemeish Ul on.

Pol | d_f h ot |
peae. icaenen ih SBSR SRl SRaEEre i PRaf® b USRS s Cel SR o
an aver ggftcfwhdh@thclrreef vaidus ethysnciropititdd cpdiynidnd €56 fetaat eshmpddnasmsiise,

this application utilizes an averageof these three values. The results are
t hen co ﬁﬁéd to conventional nodel equations as disclosed in the above

f f
et o o o0 OOl BT CEREErghy BRI PR RIFAIR S AGUES, WP TE o e
for t herespdscylte rthae kased apdlcwmxﬁmnﬂo{qymrtg mdprcﬁmgmMﬁp@sn@cmpbs |stm1<MaSSI

het er ogene her intranol ecul ar or. internol.ecul ave a nmuc rger
react i VW er %.Qtl ‘81 Hignta Re Goung rhyr gparpiabianhi g h?HPyﬁda%ﬁﬁF l&exa%fﬁq @?‘g

anmount . ,[QG3R] Wit ROYE (1R Pk ds&8orh 9 ﬂr%@&ﬂm@d &ﬂﬁoln@ftrﬁﬂgcﬂgr structure

!}Qné
calculation, 1t is %e |e%|0 1rat an one ‘exenpl ary nod for, so called
i deal cw;haihmﬁmxeaalbunsspmesﬁcﬂm&)ﬂmwtg feytst he t erm nal copol yneri zation

nodel : =M VWher |n and.r2 are the reactivity ratjos, m
o The rarh o Bt cHulRs] horamEloBoRs sy HASHBIY RETE, Recsiopr Soh
nononers in ;I{ﬁlgnfoe@gga ;aﬂmn{wmogeﬁiaﬂpe d| ad and triad concentrations
follow first order ov statistics. For this nodel, nine equations are

deri ved t Kat Th@leﬁltymetb@sqdh@p@imraﬁdlet ringd m@bﬁ@lﬂwtmaheﬁdmswpigﬁt dntibppon . t he

b obabi 111y StoBvoRyMERECaRR o BoF SRS SHaBh LT rhief S M b

Thus a fit oﬁloa;@[ln@n,elgllaeml\ﬁtﬂaumﬁmnbhese equations vyi eI ds Pi 2 and P2 1 as
the nodel paraneters fromwhich x and r2 can be obtained fromthe

rel at i onsH- pdhe ethplene-bagghcopolyows glolauwde sdineasyish ditthyorarpedigibievidece ©Andom
| i
above, to. miong ity brbichine, PAN AIGRRE {3 InlAoBbT hd Y pRBHLChetehd

'S equa
1-Pi 2. This alchamsmé¢he diad and triad equations to be witten in terns of
pol ymer conpositio EE = 2 EE = 2 (i - E)2 EEE =_E3 EEP =

2E2( 1 IﬂﬂéﬁﬂEpE\& SEfz\(fn 1. Figprpgp Sucﬁt(ethyleneéaaéewepalyma havigpy TEpfhac ig; -

E) 3[ 003 /drMRicItR) | ABRer2MthneXhRNSF O&ﬁelofcohﬁb%ﬁt@vee%?}dl& Swith€ si%PaY' ?lehQ the

ref erences |ncorpo at ed above, 1ncluding use of catalysts with er ent
active smrtcest;ratmu aWhomsombinateis ofatharmgtarisecn lndtree pofsemtabahly ste ﬁrpmnlt ethe

et N Y o XN R E

present eﬂc&ﬁetﬁcs ﬁ@%ﬁt‘ﬁstdha&%terlstlc of high TE viscosity modifiers. For example, the TE of
an cthylene-based polymer with a 48 wt% ecthylene content is comparable to existing
polymers, such as Paratone 8900K, which has an cthylene content 64 wt% and is
commercially available from ExxonMobil Chemical Company, Houston, Texas.
[00102] In some embodiments of lubricant oil compositions, the ethylene-based copolymer
has an ethylene content of less than about 80 wt%, or more preferably less than 78 wt%, and
even more preferably less than 76 wt%, and even more preferably less than 74 wt%. It is also
desirable that the ethylene content of the ethylene-based copolymer be greater than 25 wt%
ethylene, or greater than 30 wt% cthylene, or greater than 35 wt% cthylene, and greater than
40 wt% ethylene.



al ., Macronol ecules, 4, pp. 482-489, (1971), which is herein incorporated
by reference inits entirety, the average values of r\, r2, and r arising
fromthe wopolwirer2nzat i on ki netics are given by: 1 =( f PGLUSDOD3IGAE) r 2
=(r2f /| Gl) zf JGl) =(nf | Gl) es2f | G | (f I Gl)2 where Gl= 2 +

Yj i1 M[0039] These equations and the nodels presented in the references
cited above may be utilized by those skilled in the art to characterize the
et hyl enfyRased 16Q00L ¥IBbdRRMRAS 1hbriantbis brhPeLitddg; tht @AY Rhe basINiogy gack OF
measuring i ntranol ecul ar-CD are found in Randel, Janes C , Macronol ecul es,
11(1), b a sRIB6lar (edgg)meagitehgs the. nuxaber pbietagerpiodasulae syeight by 0yPC o mare50-

1955, (1984); G Joseph et, a rompol gcul es, 10Q(4) -178,
(1077 | iR cpbbpi o on 8 Mgt g5 A6 TR BRI R ot Bt amoB s 67 40
ref er engldcllak wici@itrhéRlicd SSUGD nufbRNkbOMeS BlofcuRRGightKIOBRCE B [tHomean
skilled in the art of analyzing and characterizing olefin polyners. [0041]
As usedabit &0f,008001/lgbss hap sibpyt | HHR00, epissy thap @wugdéMO%samré@m%y Iggei ght
distri bHﬁh%o&tW)OOOi s a neasure of the range of nolecular weights within a
gi ven copolynmer sanple. It is characterized in terns of at |east one of the
ratios 010 ghh same cadedingeniotlielricavesibgempalitiony) e cilglagbibasddiobblynie®04 2]
Et hyl ene- based copol yners are useful as_ rheol ogy podifying conpositions.
Accor di A ayr,nOE@&H&ar @ﬁ@hba%ﬁmﬁav PHEleSE Bt P¥0%ﬁgleafi§trﬂ§’é1&ni %g%é ety to
modi fy pPeQo8y thdd 1Y EDPGRNRQ M 40PeHt i ons, such as lubricating oils.

Al ternatively, ethyl'enebased copolymers are conbi ned with conventi onal

addi t i vE#0108] nddiséye chbodinentsorfylulodcahiyoit carapdsarons othp ethiytanotbesedAmpdiyseri bed
bel ow, convention dditives, . include ol ef mbased additives, .or m neral
based abdrTRsgerghy RospLimehbrE ik BT dad kraret T hb et fiboss)
Hi gher giongeptitas, 'oPP&f&Bbl?déﬂstthdﬁ%oﬁﬁYO R Uiid préfeatlP 1O Hah A8ty RaL ehes of
et hyl ene-based copol ynmers. Such mast erbat ches may include ninor anmounts of
et hyl endlsaobxmaaggnyne hayving aclonwesition igreabasihant | stapdayd doviateruewaoiramother
nore than 10 wt%tof et hyl ene- based copol yner. Exenpl ary nasterbatches al so
i ncl ude™°4} ﬁoeq'lp%fﬁéoﬁlri ties of ethyl ene-based copol ymer such as from about 50
W% to piwags] 99nwbite ebdbylenatdFrIesticeapsil yompssitidndOhd kihkbldy bangrddpskeher
copolyrmers include a single reactor-grade polyner, an interpolyner, i.e.,
r eact or isgineagwEh lespéhagr]l Brispeh popoalone20 C%Eoraatg%talma?dw&kb%ee%l%? thgme or

nore copq| ' . el I i I I SE. In
one or P r gg‘g@ {)alcrilfﬁ%drll?tg’, 31{1%%5 t‘é%ﬁ&ﬁjg‘ﬁgggggrggﬁg%og%ﬁ?)?ﬁ% géf%?éwglr%gsftthérg?%ﬁ)nt ain
a gr af t éeb0etdnlydrestemb asedticapdingrtee presencaé bpach pointsadieaopsirpdration dfathe | S
grafted. Typical grafting techniques are known to those skilled in the art,
such t eEHAPITRS: using maleic acid. In one or nore enbodinents, the

et hyl engyhaseds enPRiymers are derivatized. [0046] In one enbodi nent, the

et hyl ene-based copolyner is conposed of from about 35 w%to about 80 wt %
of unit §00d87] veks fisainhatihy ldneatihmeddbaes intvdudeedaghtcooferttivpaletubyic gmebaid ed

| , d -ol efm c. havi 20.. t wher ei
RO el Mt B I Bl SRR RO ST Ex el e bR o R e OGRS "
DSC, of 580afd @fnth@c&soils?‘sﬁ@ 14 payResikfifs! @o&y@%sﬁ?@%ﬁﬂ%l@kﬁ@@ gl9t01800C or

f about 2.6 I and (c) an

| ess; (b) a polydispersity index of abou .6 or |ess;

i nt r anoméeaitlagil esrrpblend iodre mirarali eilitthére Bintkdtigweil Bopwlowly drepeyed 0047] | n
one enbgﬁlrlle%néﬂ id Egne%lgy Iuéae CatdSE je%%ﬁotloypr{l?{ﬁclaltsfor{: Q%Oa%segev%xilgé.orpslﬁl%%gﬁ 40

mineral oils are divided into several classes according to the purification method, generally

a

used is a mineral oil having a wax content of about 0.5 to about 10 wt%. Further, a mineral
oil having a kinematic viscosity of 10 to 200 cSt is generally used.

[00108] Suitable base oils include those conventionally employed as crankcase lubricating
oils for spark-ignited and compression-ignited internal combustion engines, such as
automobile and truck engines, marine and railroad diesel engines, and the like.
Advantageous results are also achieved by employing the ethylene-based copolymers in base

oils conventionally employed in and/or adapted for use as power transmitting fluids such as



W% to about 60 wt % of units derived from ethylene, based on the weight of
t he et hyl enebased copol yner, and at least 1.0 w % a-ol ef m conononer havi ng
3 to 20 caphorv/asos, wherein the ethyl ene-based copol yrenr/usaso/ o espo a
melting point (Tm, as neasured by BDBC, of 800C or |less, a nelting peak
(Tm, as neasured by DSC, of 800C or less; (b) a polydispersity index of
about 2.4 or less; and (c) an intranol ecul ar conposition distribution of
about 20,k %iOtrah§aSsioh GAAG, thddtR NBuiBTOAHN TR tiractdreN QU ¥hE NS JRARE Huids, |
copol ynmer is conposed of from about 40 W% to about 60 wt % of units derived
f r om et hgdverbity badiedlio Autdsepowedrgticcrop finds endhilicellahaded lwbpeainyrendustird at

I t 1.0 wt% a-pol ef havi 3.to 20 b wherein th
et hyl endTdu i 550 FHEF TRAEAR ST Eomgesiorg <58 aR8 et Mo AP e e "Dsc
of 80 Copﬂle!peﬁgnt%ﬂ@{etﬁdg&imkytﬁéfm, as neasured by DSC, of 800C or |ess;
(b) a pﬁ]lﬂﬁdl spersity index of about 2.4 or |ess; (Q? an intranol ecul ar

conposi t00dA%Ki stuitabigthashoids inghigatnol snkitmedpcarbogsoilsdegved froanptipdamdivécul ar
conmposi %1'58 i c(ﬂld%ts gﬁgﬂ% Rf%ﬁg{xtil%(ﬁﬁtsu;ﬂ?a s%r bt hl%gﬁc [aglgégc]onl 'i'exeé%r S leagé Q§

i nt ernol'eécul ar "and T nt ranol ecul’ar conpdsition di stribution values di stlosed
her ei n, eatrifi@ash obhowbBasiqucefsepalblycals, dieast actdd anti%lcohbls] EEgdleBR oil, Hc. at

| east 90 wt %  and nost preferably 100 w % of the. ethyl ene-based copol yners
have th&hes seffrﬁ%ﬁrhaéﬁf Q%HOEB@EGYF &5 ?‘QEP%IS[ msmor%t?ff e Swtﬁ?ﬁfr ASS B AURRAE s,
two or z : ' C Lihanal I'y
i Sper s o e B T L R B Bhich
conposi tlkghiscnacreest @pght esters df Shodphone siidyy ablyPdicemt oipp. No. 61/ 173, 501,

i ncor po herein by reference in its .entjrety. Accordingly, .the .

ot ot Dol o T oy el ol Bime eiop OB b AR ko it W8ses i onal
et hyl engrdnagethrRuympRY %oﬁ”}%&iﬁtr d@Ashisdrty @ntiwed SRATY eRTBRASINtd, 8RRk Wiscaligper se
pol ynmeric conpositions. [0051] I'n one or nore enbodi nents, two or nore

et hyl entdpasierecps| §isparsansy, ecosorionnadittiors oanth-orysitea laEems.t Jeteligspier sed
pol ymeri ¢ ..c sitions,..Crystalli.pity dispersed polyneric conpositions are
Pougnt ITERER B B Ry No 637 175 501 Accordr ngly. rhe

et hyl enppohased CarBiomMhibitsrshhBe daewiial AnkichabsicO IRANE Méduce Chddegrafddbh i onal
et hyl ene- based Epl yners and/ or additives, to formconpositionally disperse

pol ymer PEthegnpledict pagtsconfagied Ay the lubrécaging wilr @nenepibien mdHugirativg @f corrosion
et hyl en (o] i u Lally. e r .
Subst antﬁll-ha 39%%0 p Sglgé?s‘sh%ﬁﬁe?e?#{g%&(ﬁkn%gn@%ngg(ﬁgﬁ!tt%gﬁt %’ng& %Q‘g%\?lvt (3/2 @
cr yst al phosiphysul fidrieddEtyalnd oarboanmitip o aikaléidgartmecthlasedt @dydloxicy, prdiadklyliess
than abqut 1.5 wt% crystallinity, aor |less than about 1.0 wt% crystallinity,
or | essMeHERSBEOR angal ywe%pélﬁ%toalq?gaﬁiaﬁﬁpbﬁfm 'BIRSSIER 44 9159 RigiggaDly i the
crystal bieGlick of liiBnRGHRL PGBt IEE] hy&rja‘?ar%ﬂ%raqg%{%h?hh%ﬂ.&ﬁ?'}%iéﬁ@%ﬁ)d

I'b I Kk d by DSC.

copol ynmer does not ex It a t peak as” neasure 0053] Exenpl ary
anor phol962824|tbn distlased of wpwhysacsrparacclonpodydesfente.om about 35 wt% to

about 6 unit.s derived fromethylene, and af |east 1.0.w.% or re of
o e oltiZl COnsuirdr ity T FuOhTEE B, Ofs e BSEd R e RBT ght of
the et hy¢eR6aRA8QENERP AL WIBEnccWBORE Prodlérs @F BYidendr hased sGRIRE lat@® brnlish-
substantial |l y anmor phous, and has gmfol ydi spersity index of about 2.6 or

| ess, olkedeprsity. on te mekd sudaccabar bp. Asagsity @sewthf 008d] okidatem erhibitors

enbodi nent's, o .uch ".anorphaus'. et | enerbased,copol r.s, he . .
o ot enithie B R RERIR RS0 S GBRABERES LEAREUTEIC: alVPhids, phainy. ¢ of

uni t deelgyedaltiuam winhipheide Qilfidd, obambnUbctdPphedifo t qulfdgutiodd My ldhifc,
derived fromethylene, or fromabout 45 wt%to about 50 wt % unit derived
from et AN Héphagaptthyamasophosaosutvsized qrsslitrizeg hydoacarbons.¢&:i ved from

et hyl en 01?3‘]39‘50@1& B?ﬁaﬁ@l tibiPJrs o %ﬁlﬁBﬁghﬁﬁ' QisPRP S 9 Rﬁb%ﬂf%h- n0Qadloil-
Preferably such anorphous ethylene -based copolynmers exhibit no substanti al
soluble copper compounds, such as described in U.S. Patent No. 5,068,047, the disclosure of
which is incorporated herein by reference.
[00114] Friction modifiers serve to impart the proper friction characteristics to lubricating
oil compositions such as automatic transmission fluids. Representative examples of suitable

friction modifiers are found in: U.S. Patent No. 3,933,659, which discloses fatty acid esters



mel ting peak or no nelting peak when neasured by DSC. [0056] In one or nore
enbodi nents, the anorphous ethyl ene-based copol yner have an MFR (23Q0C,
2.16 kg) woO 2broorirsmbout 3 to about 10 kg/ 10 min. [0057] pCm/use@0mBB00M0r €
enbodi nents, the anorphous et hyl ene2based copol yner has an intranol ecul ar
conposition distribution of about 15 wt% or | ess, or an internol ecul ar
conposition distribution of about 15 wt% or |ess, or both an intra-CD and

i nter- CihPfandi§edM (00T Pd I@@tS Nol WP 0/t hyhrRedhaasd gggf&déﬁ%s coplcl&S o bed

t
herein, are useful as blend conponents in conventi pol ynmer '
conposi pelyighutenyd. sucsirhy | ahgdidmapmioy pkagoler & 8pdilajaner ¥o. drl(droPdy | eheh

honopol rs_or._copol yners,. and in_thernopl.astic vul i es.(TRV).

For ¢ her S0 My PR B Pyt RO PP NOEPRER ROt B vy
conponeglksnd phodphdtecadad bilst B1SS. PRxdnt Ndas 688,373, IWch @is@losesRéRWOn biddsts ot C. ,
woven and nonwoven fabrics, adhesives, and conventional el astoner

appl i cati Bresphaattoush Far Eeapidei ng-Set Ryteein NBad&d2E8pol Whish sdipgosy] S-

Met hods j - - ] ' u P, f Lo
copol yrir BB Bl A RS P BB T B AP Bhamie g
prepari agl etikiyienbiastd).foPytortr Noi BESTudes,thisick tdeyeosed Neloyabdyyatiyilalkegyl-
ethylene and a first com)noma%%ﬁl n the presence of a first meti al | ocene

cat al ystUCHIE 2PWe PoPYATENIASE OO+ BHERT OR- Zohie- 1 eyhielh [tCIqset yercHPRat i on
condi ti Rﬁmf@ oPlaPRGE: aikl]) g@b%@{nfeh 'dﬁ&]tep&)gﬁ%}r ufid 00 2l o LD SR gk ed

copol yner. [0060] Met hod epar i ng et hyf ene-based copol yners i nclude
t he st epsclofescdipol atkEene i axgdet didhetnef apbosphesubfurined eNdbpdmoyatkyl) nalkérel
presence of .ong or re metall ocene catalysts in one ore r

ol yrror MESTTBHICH oot IS8R ZHALN BIRALICTD OFS SRR PR c8hdTetd OHLS (TR o8Eice
one or RRIrBcRbII suBitSted SESRAE abME| of anhiibdes QA8 Mhi6BIRRIL861s28uch B e &pRased
copol ynmer. Thus, such nethods contenplate the use of two or nore reactors

to preptr¥.Sa PstengNe. é8A¢.Behe Thadisdlosops b therpatants idgatifead inghis paesgeanbraset hat
are usedaC 0 {)Or e(g)ratrf1 t\/\ofelper ngrgi et E%fli.een@b[ased copolynmers that are bl ended
during StPAPESPOTRiSH Dy AFierenet BRCiniB ok SV ent i onal processes have prepar ed
VI i npr pooiing] pabiyp@Esmidynddmthin Rl EBIuDRAL ROBINGT oMl bkidsti@P deriagesesn Such

conplicated or uneconom cal processes nay be used to prepare the present
et hy| enduspaisien iBdhe flyide s pryRBieg slugdge flaccplatipr ppdpreeipitaiden ef ¢appsifipean

pr OCessm%Elﬂga r %ﬁﬂ?ﬁlgrcﬁé rsgﬂ{sahﬁéﬁ}deséﬁghe&bk@&ﬁ?h@g}gnﬁ%@g@ﬁé&%}é%e ”

systeni nmeans a catal yst precursor/activator pair. yst s

i S usedsicoini@sies, the sactonappdidt dfedibsaublet pohakotanylehd sieans ahhwlrideaeith vat ed
catal yst (precatal yst) together with an actjvator and, optionally, a
Co-act i v4vse apw sueh pgt Blivicae PE¥EPH et oatgd paly thgteobr Pigh kel it
means t Qz%i#‘ﬁ@ LRI RAuIGAE Ho¥Pthe 30 BRI A o‘{éﬁrpgfub%tu%%ﬁciﬁﬁaarcﬁ%'\ﬁﬁl #3k6NY

moi ety. The transition metal conpound or conplex may be neutral as in a
pr ecat aby golyhpdriaalgpiatigedcobpbeioe Mavnti¢th hases drvng highomo&suian vamgle ctlkylateé d

ot Byt TP B PRSI BB oG S0 DBt HRaTRO P
co-acti M@El‘k?}_ené FKI%Wnﬁf%,anH hf al®Rhlc &Rhak Yo’iﬁraﬁhéﬁ%&mérecﬁﬁb @b ab ARpodmtgor e
than one activated catal yst and one or nore activator or other

char gebHI0dhel nd’owbipeiny depressasst ptwavisy kaown-ascluby atlotow [[mOBBFrsCiavetrytbe
precur spr, i, A0 A dee TRILLIPACL Oragy BE BERLR! K5kn 1SRRLYSL woARhBLYSA
COprOUI’]C?, I%Zl’al’]SI 1 ONn ma?a compound, oOr ?Panleon net a COFTp| ex. V|v ese

terns athe aselypitdlgrsthhsgearbltives Adidhviatfillyaoptint etk dby sémparatueofigiditgloyst )
are al so used i nterchangeahly. A scavenger is a conpound that is t(}/pi cally

added t therfhnd pictGt e (o Idjaer fumarate yiny) aedafo apgeligers, polymethacrylates, and wax
naphthalene.

[00117] Foam control can be provided by an antifoamant of the polysiloxane type, e.g.,
silicone oil and polydimethyl siloxane.

[00118] Anti-wear agents, as their name implies, reduce wear of metal parts.
Representatives of conventional antiwear agents are zinc dialkyldithiophosphate and zinc

diaryldithiosphate, which also serves as an antioxidant.



inpurities. Sone scavengers nmay al so act as activators and may be referred
to as coactivators. A co-activator that is not a scavenger nmay al so be used
i n conj urwOI2MY/2612h an activator in order to form an acPCraSecababisse. | n
sonme enbodi ments a co-activator can2be prem xed with the transition neta
conmpound to forman al kylated transition netal conpound. [0064] An
activator or cocatalyst is a conpound or m xture of conpounds capabl e of

activat jgd19y Pris&Gékehy ShdtiethOf® ahigidri YRIGR GatAYSSalts Tiesudfiohtai@ds, can
be a neutral conpound (Lewis acid activator) such as tris-perfluorphenyl

bor on oalkyk plenplsy fulfiaizep by iphetalsiatiyl splieylatesa naphthenates rapd uatleer (dibsnileble

i et hy Piahpr Qisdesy P R0 pHlanh IS Eh oA P EREH et AR SR Gty 3ol o
comonl ylkhededarBandte saffonads @Vcillpata 4hd MBisalty) aft froqabaiysut ab @ftefents.

activators owing to the cormonly held belief by those skilled in the art,
that t hE0028kt jlgibristing, @ilaeempesténnswinchdengn wilsetarcalaount of nethyerbissahi ¢
nmetal c I ,.oni & i i ng .or : I i ni on.
Cat al yofRGERe B AR B gL BB L TR BRI o R M IR ED O
et hyl enembaste Genondl ythirsnoupt &ffesrabyut@odone rabawt20omt %, aaes ¢l the evdight bolie
presence of a netall ocene catalyst. The term "netall ocene”, "netallocene
pr ecat aﬁ%’e@maaﬁa ol FOrRPGeRHET 8 AnAhG4 ProsiueciGresdt f?l,lly;gr_rwg@ad H@?E@Wg Qihal |
be_undershodti, WAf Slioh @iGOBRA NEHRITASHINT0 R FHAGHITHOD, HRl dHertive

wi t hcycl opentadienyl (Cp) |igands, at |east one

non- cy clome himagiofahdutdéritVedr 4tioga htlwk), mrdher embodmantse

het er oa ontai ning ljgand. Y, .the |igands bein oordi nated.to M and
cor reap P FG e therth STl A Sheeriere t 2fird Gl S50EHEoRT Pyt
Pr ecur sSfHefeod! 1fus FERAAity Yin BRI Al caSOMIue X 8 W tPH T INVEIRNoraRbic YRt R-iNe () fForn
suitable co-catalyst yield an active netall ocene catal yst which refers

gener al hgout .G &0 genwilet efl Hiis comppsisan ik tihcaaperatsdninta gobase neit.i wighsist @ t hat

can coofdi.nate, insert, .and,pol rjize plefins. .The ta] l.ocene cat al yst

o ecur SBPricdi op A3 chityaBRABR, MEE R G bhOT kR TG AenBSE BB B o1

ei ther ghishat ?roqﬁctpcri&nf Rdite0s dBcERALS  Rédges Gt ofpbLURScvikddClowla it We Cp

ring systens or‘Ilgand?‘(aIso referred to as a bis-Cp or bis-Cp conplex);

and (|2_) a%%tbg‘fléqcaﬁéhmm@ﬁﬁﬁlarwﬁbmetia@&cqmﬁ|0£Fherp596@nb¢ﬁsyrlmwl- Cp ring syst eCIron

as a li a - . OfF - -

oS L BG RESE G bR SRR A TBI o B SRIR.EX Lo LR |

| i gandsaddiatesf additieessad dwiiealtly dderplee xntoithdbdseeihipt ahomndwhzh e cffeemetto
ged) or, |locked_ into a rlgld,conflg%ratlon t.hrough a bridging

rotate (unbri

gr oup. rrwarw[fzptﬂ?lr RErRl gatRpdant SHchen [TRES. SypigH) iprRulatigns psa gyt edn amounts

substi t o HRT i i . ) [ ic I em
%%ag@, ot &l%beéaéthms%et ?ﬁg@gg%ogﬁs&sa(ﬁm 178} Lo¥%eLibh uamafaor(s)@ah

whi ch may be  substituted, an tutions can be fused to form ot her
sat ur at &%)oan oxdatiar mhior {(hgb-5%y)s demessantdh.0455% b tan ainyiefoainmgerpght (G.00deny! |

or fluorgnyl ring systens. These cycl.opentadi ¢anpl exes have. t he

Qener al iR e ety 09 a5 R e O IoR e GERlREC ey and
Cp2 of [g.0rMneh:).@RdRE ofbagé.e the same or different cyclopentadienyl rings RL
and R2 each is, independently, a hal ogen or a hydrocarbyl, hal ocarbyl,

hydr ocat@\P3k ub¥hen athet addigsierontst esetloit dnayr bealcsitedn b yalthgugdls nott nacespary, to

or ganor‘re}eal leOia&ld'greo Ul Ce(%lrt]}a? | nicon i tocoa%)e%lf'rt te%osglﬁtF bnosn oft t 1B ior?lsi d 0‘chg0 >,
P is O POp%r, and YV\D &ﬁ. an(flsor Su%tl uentas on a jacent cpar on atons of
t he cyctiprnt-daicdnydpolymesamgambatdth bhera word ofathebetheoiadediveQoaiches to
forma ring containing froma4 to about 20 carbon atons; R is a bridging
group, foncsntHe daneisdr abf “Wdsive Packend” dvheeby cieufial ddien can be added

simultaneously to the base oil to form a lubricating oil composition.

[00124] Dissolution of the additive concentrate into the lubricating oil may be facilitated
by solvents and by mixing accompanied with mild heating, but this is not essential. The
additive-package will typically be formulated to contain an ethylene-based copolymer and
optional additional additives in proper amounts to provide the desired concentration in the

final formulation when the additive-package is combined with a predetermined amount of



the two ligands and is an integer fromO to 8, preferably O to 3 (where O

i ndi cates the absence of the bridging group); Mis a transition netal

havi ng a wal2erceénh from 3 to 6, preferably from group 2CTAS2€0/061306 t he
periodic table of the elenents and B& preferably in its highest oxidation
state, each X is a non-cycl opentadi enyl ligand and is, independently, a

hal ogen or a hydride, or a hydrocarbyl, oxyhydrocarbyl, halocarbyl,

hydr ocaphyl iuslihst | tm@c{h&nggyr Q%I@ingodo%pog?ﬁ%tiy diPeanbyds aUGSH bibests of
organonetal | oi d or hal ocar byl - subStit ut edorganonetal | oi d group contai ni ng
up to ab@ﬂQtOIQOI efémbmmlaattkbiﬁssolqent% alqurat\rltht a@thethéesurable dditives M farmugddivef 0067]

The Cp | and in monocy e nplexes whi.ch.have. onl ring
ayst om PIAGES (PlRRg s RER T Y ol R A ETH PL B et el S o can
be freeabdut DOWAYE ptferablydaea hbaut 5ltoeked 75ntt9o,and isgil %cﬁ@ﬁfdf@%l?tﬂdﬁﬂaﬁdw ough
a bridging group to a heteroatonnontarnrng Irgand The Cp ring Irgand can
be unsuBdpiabaried) Wubly ivaightrddiives indha sRrPRIEe REMNOHTONS Eih A E@mam er

het er oc i S £ ns
et e OCKSL Gl T A L MOLE e MRS WS BB lal kb RTs

t et r ahy dlscait mden% of theal&tiyVe-paakagd with &reyr’emamﬁgr lsemsg edys oﬂThe het er oat om
contalnu“ﬁ gand i s bound % .both t al lgﬁp ptionally to the

Irgand 3§thPW@eBFPH@? Hﬁbm %%Q%ﬁ* $P%@@?“?§“éﬁ35¥ W'th a
coor di netcbﬁéénﬂerébehn0§ucws Jlrlogr%rtew@ W% iR5i12c GOGhALARTIRRaMNBET foPf

two, fromgroup VIA of the periodic table of the el’ements. These

nmono- cy edsopeniadiiegyindc onpl ex peph@dant thes @emebahaﬂpmguhmthmhamabmcﬁﬁhbs,
each independently, a hal n or hydr ocar byl , hal ocar byl ,

hydr oca WeﬂﬁeﬂﬂﬂhmﬁW%H oid or hal ocar byl - substi t ut ed

or ganonme@ﬁdd@b@lpgzrpggﬁg E%ﬁ@ahﬁh m;l @&n{)&l@g}@ut 20 carbon atons, "nf is O to

5, and two RI substrfuents on adjacent carbon atons of the cyclopentadlenyl
ri ng asb¥dRel e Rhchtagy mgdifyirgeonrosjtving e bloetet vath base ods i trmi lngricgoneidi ni ng

from4 to about 2Q.car ri eger
from o tanBRlinsr SERERGMEb BT PR dnifiod B GR-BRAT B S pailu g G ffoA B 2%
transi t {endivEbalre RAVIRIGh as iadepsietcal hdrsiandy3 réforchee. PrEtfie e ntibid rocaup 4,
5, or 6 of the periodic table of the elenments and is preferably inits

hi ghest regxireapassiedhapelymer thyoughhet extarlicnal dlevated tempgragiedpr degragsition of he
het er oa N r p VA
or 5 colbdipBtafl EREM i &1 RRLIRAE W A o Buih WER: HREhE A
phosphodeaitsdedpopgeaer, toqrartsalé fie upon issudhcetiom Mehasudercandridiont ihonouhu ffher of
three and, n is not r when.Y. has a coordinat| nunber of t nis O,
ris 2 wﬂ 25t gl a{‘?%‘g%%m‘? if98 SumSRKioBs appdsd dab ngiae ehre fg
(meanin i rgl f S not
bR | A el DI et S AT e “‘m&‘e‘*
hydrocaibymohédutﬂhs'C@npemmmumemlﬁndemﬂfabnhﬁmrbaarbylwnmmndmbgmGWh&mern

one or e Iaced wi th a hal ogen atom and each X is a
non- cycg%% E%g@3ﬁ9gaPég§ﬁﬁiiﬁ P ¥ dependent |y, a hal ogen, a hydride, or
a hydropgayby] . 1axyRyedigeatsbwherchal QRasdiy! mdaygiRc %Blli’délntrﬁt%b%t ipkdpaRd, the

organonet al | oi d, oxyhydrocar byl -substituted ofganonetal | oid or
hal ocar wybgebe&thmp@dn@r yalhberselable ot thogn t@u}pemﬁm a hibagilapt vptoaldbparcend

car bon at ons s" qual . to .the ence of ln a referred
enbodi nsH %centireﬁloncat eﬂcﬁ %oncgntl‘rate i cucfnég é:V?nt iy, tarI'lly Iadd?ipo al S tf\se package

I 2e phe
met henytdc(ueingd mraaypla@h RItieb 2sdd th hibe rolil- dpplliyatidnugy @Bcﬁbexﬂ atokaf iRideRerally
di nret hyl . [0068 npl es of suitable biscyclopentadi enyl netall ocenes of

the typ&irthesdilp éd0|the dinslisonceataen. dyricgys abs ed vith, by Lultpgade dubgosil

5,324, 8

4, 871, 708005 G s hn ol R 5 a2 g By ARty Ryl s i fion.

5,278, 2fM0128)], 296, td4or moct SnBEHMEAH, etﬁytehemﬁsedrnapblynsers hewr pdidtied fhyn

ref erence her nits entirety. [0069]. I n gne re enbodi nent s

copol yn#?qy J0f it %Hﬁpdge‘ét ikt hor Hoam g Gnfss Wen a3t 80! TP than
about 40. Preferably, ethylene-based copolymers have a SSI of from about 1 to about 60, or
from about 10 to about 60, or from about 20 to about 60 or from about 10 to about 50.



catalyst, i.e., two or nore bis-Cp catalysts, or two or nore nono-Cp
catal ysts, or one or nore bis-Cp catalysts, with one or nore nono-Cp

cat al yst swoAeto/net2or s [ 0070] The catal yst precursors enpCoysdoion3tshe
present process can also be activatéd with cocatal ysts or activators that
conprise non-coordi nati ng anions or they can be activated with Lewis acid
activators, or a conbination thereof. [0071] lonic activators conprise
non- cooREhNATAY aRP bR rediR® bREM QMo GRP LHHRALEIRG WpkPNmith MeANtHRAAS an
ani on whi ch either” does not coordinate to said transition nmetal cation or
whi ch i scopnloy theguikdeyt desonpiionat ed t o sai d cation, thereby remaining
sufficigﬁtlé Eab‘le to be displaced by a neutral Lew s base. "Conpati bl e"
NCAs ar &> €h are not degraded to neutrality when the initially
formed pmIRdEx WEeAB@RESothEttikdlethe FdIRwARE GaMiis! tcBBliqidsangfe utifiBednd oni ¢
substituent or fragnent to the cation so as to cause it to forma neutral
four coBRdRGicHIZE St BTIANE efPENROSHINBS A d agpmpengelst dearribpd- peretiuc tUnlessnstethe
ani on. | ; - I

ani on a0 OERE I RPN WFie: LRy 1B B R B R R B3
bal anci algoviet s i onic charge in a + 1 state, and yet retain sufficient
Iabilitﬁ}to perm t di spl acenent py an e-hylenicallﬁ or acetylenically
unsat ur H0d0hodg gt mgs gsicimiied 268 dnE taddit™M B8P3y, the anions useful
for thepri pesQSeleh& N W Il be large or bulky in the sense of sufficient
nol ecul ar size to largely inhibit or prevent neutralization of the

met al | ofdlcatThercrintallieation tbapestunt hernd heftinghtempedayure Tinr afbpeymoenoaer, s

that may. b esent i t he polynerization pr ss. Typicall t ani will
hooe oty BaB SR onolgndls, BRI TRARER! uithebt o Brumibne Madeyt MgR Dl AL
are pr ook, BeRRMER I pdl IRk wabidichin bGuRNALE foiid RARIITBARRAU® iyl ght

pol ynmer at a "higher tenperature than tends to be the case w th other
act i vat inghumyslt dne nduegengyvispnmentathe sope Xas begcepist itonH0GE af INi¢ment 4l yst s

for coordi pat.i b I i.on _usi tallocene cations acti.vated. NCAs
nopear 1 BBUGER SALETRIb R Mol SN P G30R553 D I MERBY4Y

5, 198, 40GForndtidn Dn2h8 ndeld®y beaeorahdwhisciRcéiv el beidetichs] Hahpahaieeidiidhced
reference in their entirety. These references teach a preferred nethod of
pr epar aby dirrpkhisiory aevall pdsunels prenasatiop mglodohbe eyplamas the wdisetedy an
ani oni c 0 | Kk | I a
Crane ¢ Morcinty o bs® i nbin (BfoB S MIEd R B8R} Sod LGB Eb R REL
The usecaflingah¢ zimyge ifioni theanstpowid8°tat 10°0hal andngudibrated av-a 0pT@t Bimaliyt
capabl e. of producing both the active netallocene cation and NCA are al so
known. Se¥as heagpd agap i, bibet éﬁ%}_r@p_-tsé\-a@m%aﬁg@nagm t@gsdat%:Z%esorn%ﬁeét)-

3, 3_871 68 eﬁ@&tﬁel‘ﬂ{ic ‘Q@élﬁﬁ%?{aﬁsiﬁ@ﬁ %ﬁﬁt laH§ %&%aﬁ&g Qy EEStREGRIC %r}}sﬂl,llriﬂﬁbﬁ
entirety. Reactive cations other than Bronsted dcids capable of 1onizing

t he met ahhsoeen@irsaopbunids analgzedder peakrtompeaiatime and plee nyderahd perku il tentdrm

triethyl.silyliniuymcations..[0073],. | tal | oi bl e of.
For i mo el raia e Bk b G et e irade S sebREy o0 ings or
(or ot hg&akBROnstARined bl:-BNCSIMHdR) sERYd RRIUIREuRE] SRVeAITRE Ghdrial &ﬁF@mgon of

t he second activator conpound. Suitable metals include, but are not limted
to, al urdcander aghajarep paddribgineling nerk of theesandly, tvebieteispppighliliodids makigtund e,

but are_not |Iimt t 0, 1ho «Phosphor u sili;con, and the.l.i ke .,The
doscri P EORE CReoRLE T s AEEBRaE Bermr biER et Wl g IR
i ncor posldue A00ET. eiThe hyermel SitPMCe mdastileiin Jaukd 1£4 Yneafi20 64 khoMcaddd fisicanal
met hod of making the ionic catal ysts uses ionizing anionic pre cursors

(Lewi s AB§ dnchéty pRinbissieeaipd s Hicetemppiatuge (of theogitcatgpt heshpBsozptiaaswihin ther m

t he catj i honi zing reaction with the netall ocene conpounds,
for exaﬁ% %g?gfgg’gﬁ#ﬁ%ﬁﬁ%ﬁ%phenyl) boron acts to abstract an al kyl,

hydr i deSize+Exxidsydn ChganakographyadfdodymetsgSEGE®DE cation and stabilizing NCA

see, e.(. P-A- QO 427 697 and EP-A-O 520 732, each
’ &0’135 Molecular weight (Wefght-average molecular weight, M, number-average

molecular weight, M,,, and molecular weight distribution, My/M, or MWD) were determined
using a High Temperature Size Exclusion Chromatograph (either from Waters Corporation or

Polymer Laboratories), equipped with a differential refractive index detector (DRI), an online



of which are herein incorporated by reference in their entirety. lonic
catalysts for addition polynerization can al so be prepared by oxidation of
t he net alwoentoens’2of transition netal conpounds by ani ORCE/USR@&OWBE00 S
containing nmetallic oxidizing group82along with the anion groups, see

EP- A-O 495 375, which is herein incorporated by reference in its entirety.

[ 0075] Where the netal |igands include halide noieties, for exanple,
(met hyl ngmegwﬂtarmsgl us;) QR clok eéxfdaﬁefsba/rhsﬁépl Ef?ﬁé}hﬁ‘éﬂtzﬁ rHé'ta)ﬂ(stIF@’f hei%woyd a8lodlo)
zirconiumdichlorid which are not capable of ionizing abstraction under

st andar thebwling havo ths, dett¢réqrs canc bdibsgedierre debcvibed knbwsunadtiafl, dldcormeleades, ons
with or al s such as lithium or alum num hydri des, or

al kyl s, ggfﬁﬁﬁ Sﬁ%ggﬁgp?ﬂgﬁ?gnard reagents, etc. Processes describing the
reacti opoaB3pl kHrecIPo init M £ FRGHUIABL ¥d1 t FOntth et cdeB svshshngt Werduggt alThecene
conmpounds prlor to or wth theaddition of activating anionic conpounds are
found i RoEmapflovsate gan 0.5gmAlmin gyd thygmmigaldingptipn vougrow76800 edeh The

whi oh 2T RN GRLDOLAIER Bty T ERELEREC dficlfhG:, BRLIDRT Yokl SEEEP) &
an al um num al Kyl “conpound nmay be m xe { ocene prio oits

i nt r odugdrit@ifed ft M &A@ meaGideant V&5gel Solwin ¢er thbgEal d@kr@bmmmpa&e@bﬁo
suitable as a scavenger, its use in excess of that nornall

st oi chi disealyingd eamsegfibriedntedhydoky Italuprsn ap fn tansoxden] inok éﬁ@s wif| Aldgieh i t
ts add th

oo PR A0 £, RGN APR R, B PR PESOR RO ey

premat uog amtglmtproﬁltelbaﬁd ﬁl&@@@%‘[&}dﬂmgﬁl d @ct [y Tedloh Hdter. e@né TOB wastheh in

the presence of the p nerlz nononerg when %ErV|n as both scavenger
and al k§¢epicdgvides 9%11%% legagsg awgltqw the s6C Jlolymer 9 @@a\%@ﬁ&i pgpared
functio (3} qqg@
aIkyIatP%8a9ﬁ§Qh¥§b§h%?én z@sE&%%%%{éé&ﬁ%&?ﬁi Y&Pgﬂ en use ?%&E%%%P%ation
W t h anthacinixtadcost, IGI)?CaWﬁthv&)nnat@isysgltansn ffor ra’edut :Cchoafst i WL quantities lvage

al unoxanes such as neth al unoxane,. nodified alunnxanes such as npdified
met hyl  Beasshaeyingidced yU m hm“ﬁ% deppisics irad torsxpEsshic RAlYRETMEARCeRFationdBhut v I
al um nu Y, n t a at are
typical s%é%ﬁ&gﬁhg% g”d#ﬁé %ﬁtggﬁgﬁg%%%} g%?@%?%?@“ﬁﬁ% %&§& The
activat ﬁf@:thh eanédn&amrera@@écafmﬁt 1.0%0 12a3 mi/rdli, iy ip6@r by cedtratthind pwaingdsed

conpl ex, [0077] Known al kyl al umoxanes are additionally suitable as catalyst

acti vat B}réngtﬁamql%c@iameyg%ampms Erigpiogunpiag saeh wEHpde i/héa BT petrqtereand ands.
The al Uﬂ?{? &8?9%%8“%1&?{%@11@% fr@c{@’ % ﬁ'nYc‘%a%d {oV(P Gl ?Qufe arftft °5
oligonerfc al conmpound represe nte e general ornu a (RA-
whi ch i PRa w,a;scdlloavedctmmbmke for 8F( Roukb -b@omélnﬁbqtln‘g,hhe tirst samplol. NElar LSdamund.

In the eneral rpula Ris a aIkyI radi cal, for

exanpl e\ aﬁﬂFﬂ?ﬁmlchtgﬂ' gﬁggenﬁﬁﬁ$wagwﬁéentyl and "n" is an integer from
1 to abgy320- mséongéﬁfﬁbﬁb& Yat &ch SofRtithe @%ma’fbgrérﬁ i8fcalcBRRY floml thE- -

net hyl al unbxane . Al unbxanes can be prepared by various procedures
known i haschec- arhtractléerlﬁmqal dpriauwsingl therifollowiag kydationy be treated with water
di ssolved in an inert organic solvent, or it nay be contacted with a
hydrated salt, such as hydrated ceppaipsidif/dt)e suspended in an inert
organi c solvent, to yield an al unoxane. Cenerally, however prepared, the
react i owhek Ky, 8lawdhaaindalekitinedby baldrdtingitticeldR BB (n/de) iswaé §imydsaledigibad

m xture of the |inear and cicllc speci es of the al unoxane. Pol rlzatlon

Pr ocessbflon7e] thyhightetcaiiqrmgd Eb@l@évseﬁodémgﬁr@rpﬁra;nwéﬂwwoyt thin deseintioa @fi n a
single ygl éEétﬂnEﬂhS@ A2 %@t&kcéq@raﬁ&{ lf% 551 %%%d@ é/@ﬁ?" DRQEhT Xwe?]éh; Og ocps.

solution during polynerization is |ess ess t ha
and pr etgredstd/inl ghaslet dnarinthiific pscodit) @/Sdprekkeel indhgt or i s pr ef er ably liquid

filled, i nuQus. flow, stirred tank reactors pro |d|ng back m xi ng
for r anﬂwﬁ?'él hght peHERg Fgeriorased) wit a%ﬁo hologyitge E}P%afur%lf“}émfed to

the reaph@yN. \f‘ﬁ@ BollyMRr HolRELwEBRE Wb cddh Pott I the @l%omﬁ%@’a%ms deffRIREE by -
analyzing the LS output using the Zimm model for static light scattering (M.B. Huglin, LIGHT
SCATTERING FROM POLYMER SOLUTIONS, Academic Press, 1971):
K, c 1

AR(®)  Mp(e) ¢




and/or catalyst is fed to the first reactor or to one or nore additional
reactors. [0080] Reactors may be cool ed by reactor jackets or cooling
coi |l s, auwvonefwizgenati on, prechilled feeds, or conbi natipomassediomBizos hree to
absorb the heat of the exotherm c pd¥ynerization reaction. Autorefrigerated
reactor cooling requires the presence of a vapor phase in the reactor.

Adi abatic reactors with prechilled feeds are preferred, in which the

pol ymer j i i : . iothd ri f the
Pol yimer |8 g A e e R e il SR B O LATE g
be avoi gelgmer comrduicgmn dderdesddr o thh ®Rlemalysis, Aenpthe atemd vimyl doefficsand t o

control _the nol ec r weight of the polyner fractj produced. In series
oper at i A PppsSGivES Hraion gl b palRatiraoahs r ot heClon sl ne htes o

whi ch i gn8lodT Wheb@fsc L PO Hd ROMPABENFRST aRbRSH R sc WA coil IMABEH @ inTOr €
enbodi nents, this technique is used to prepare binodal copol ymers. 10082]
React or Li@HsraTERINGIFBOMdICe & MER SOHEPENEi MepdamanPrehe 187 Teand Ki is therpphica ur e
on catal%é gfagtiva%iqn rate, and polyner properties, and/or extent of
nmononer © %P "o SYBSM best nononer conversion, it is desirable to operate
at as high a tenperature as possiblg ysipg ystatively concentrated pol yner
sol utions. [0083] Wen using noKe =t ctor, generally tenperatures
shoul d not exceed the point at which t ReNgoncentration of catalyst in the
second reactor is insufficient to nmake the desired polyner conponent in the

desi r edinavighiNa if Gpestpirotheirelresraad (deaeots B reféanpe idax Eicramepefasithd sY8enby t he
detai | sypf rééh%ﬁseaﬁr?oﬂe;\(f]lﬁ SYSh§ 'i%)r 'ﬁ"@?gﬁnﬁﬁaé’anﬁ E”@doen@?aﬁ&oéurﬁ%ﬁse%'oﬁﬂié
reactor 1Tn a series wll operate a a reactor enper a ure fro about OCto
about 1206&joncind fittcashaimb cheiretd 0dn/do) =abdt fod fropdencogolyrh@naabo b othdboise.t o about

1000C. Preferably, reaction tenperatures are from about 100C to about 900C
or nor elﬂﬁﬂé?eler a(bf%;ghf FOMCENEE L ViseeRk CRIPREbign Visemctesy WFJWB a3 g © % o
about 1200C.q \Wenyes I8 It AR ako! rs A

reactor te e%r at uygl%w@fla’flg\r}grg e??o 40%6%] O@Oﬁﬁgo-ﬁnﬁgﬁ%g?g%fﬁes?@g%, and
60- 120 OG@emune specefie viseokity Rafge sransdreameanfres He togadi preshewdropl aarosssthe o any
of the recited per. limts a contempl ated by .the.jnventors apd within
Che scofacest b P rsaostBaed PubRonteruBsats ok ReaBiemBrtosis FN TR ques
that ut {)ﬂebsﬁ?e. bty peci A0 Qis@sit B, FoPihs sEMti RN M HifroUdH He QREorREINR tA clRRe- Cp
catalysts, a |lower reaction tenperature is preferred for reactions

uti | i zi frgmntbeiv o@puisatlak yritinsiheiscesdydal. et cach nond i ihe- dporsaiogipyss calpdagé]
REacti0ﬁ_§ﬁ§s§$reh{§3dqﬁgrnined by the details of the catal yst system In
gener al PEacY OF VAt HE™ a single reactor or each of a series of reactors,
operates at a reactor pressure af <@g+ 0.8@MmP00 pounds per square inch
(psi) (4.134 Moa), or less than 500 psi (3.445 Mpa), or |less than 400 psi
(2. 756 WBEY c ipponceristion and wapdgsermipes fomy thod2BL outpust er abl y, reactor pressure

is fro t F1.Co F e - ' 6 om
about 200 ng (IRl R TE T el By RREipg Y oy B R SACEIRLEEAE S0
psi (2. aethoasjolloosalbbeibvedado ipsinsi¢ 2is&B44y,Vhh)., offangesld iseaicalayed bf: t he
recited lower limts to any of the recite? pper limts are contenpl ated by
the inventors and within the scogﬁ]of:;261ﬁlesent description. [0087] In
the case of |less stable catal ysts, tatalyst can also be fed to a second
react or .ect 0, i rles. .l .

t emper a1 Bant B HEE S G e SR R AE VIS o B BB B, nfRb i

pr ogr esThy btayiching ireles ichig dpfihadwsr i zati on tenperature, by using bis-Cp

catal yst systens containing hafniumas the transition netal, especially

t hose having a coval ent, single atonLﬂﬂldge coupling the two

cycl opent adi enyl rings. [0088] Partgéulﬁﬁxreactor configurations and
processes suitable for use in the processes descri bed herein are described
i n det avheiien fay, Birp@satad rihis Apysintion tand elavos thago260; 9§95 i ttbglene, propylene,

and butene polymers; and k = 0.000579 for ethylene polymers, k = 0.000228 for propylene
polymers, and k = 0.000181 for butene polymers. My is the viscosity-average molecular

weight based on molecular weights determined by LS analysis.



March 1, 1999, and 60/243, 192, filed Cctober 25, 2000, the disclosures of
whi ch are incorporated herein by reference in their entireties. [0089]

Pr ef er ablwo 20tver262nearity of the et hyl ene-based copol ymec3/tssoipnsses ved
during polynerization. Branching is34ntroduced by the choice of

pol yneri zation catal ysts, process condition as the choice of the transfer
agent. High polynerization tenperatures |lead to branched polymers as does
the userep @Fﬁw@kksrn%]ﬂﬂuﬁecmemtﬁrn (TFA99P0] The copol yneri zation process
may occur with or wi thout hydrogen present.” However, hydrogen is a

pref er r E9138lai nl'her detesaratiy e tinthmeed esdari qommhutlbnalshetﬁr@ge@mtm grap detetrained
copol y Sihce | | e tqg,.chai n_ends ich are co

subet anbY 35 PEGersiog &8 InG bk NSRS e RhD S PR B 2% Plymise (st e
that t heREFSRI0Waadsh H Al RBOF N GRINDIPle: PAE bolabMa) 6f d gbrmtteymmﬁ@ bé}ﬁilyrﬁéxﬁ@Chl ng
pat hway where preforned polymers with unsaturated chain ends ar

rei ncor pérrelr&ﬁmph%or‘@wp@rwn d'he thenih o Wiei iepirynaei it o cplugncpasked with solid

I
TP e RS PPAMTEL LR ST S RSO EEP o BERRE 82,
SCi Ssi O(b[lﬂfB):ﬁSlSﬁG%C forud®y At Halg ok Imilloingrqail} ofihs ppbRARE kolutibit (cbatetmgtlon |

conposition are conposed, of at | east aone ethyl ene-based pol ynmer and

| east oné-? MEMBarasdmeerd ke @O'Iurwgld I&WﬁsyrtemLZ%ia@er& %éﬁ@ érrenugge as

Vi scosi E(Mumgé &oted ﬁl{)rnl uBEE Gatisop Jtllucgﬁrn ahﬂ 9 ?%ra?é@aﬁth@&{lﬁemture for

| ubricating ol conpositions are conposed two or nore
ethylenéOhasedh&amu&yh@nsoaﬂﬁmarku@yﬂdkten@nﬁhhehagamn(mﬂumm1nﬂﬂwhsmeebased
copoly

P e du desar padpTaiti® RSO duhcc Qe dised Pl sofikebLolTRS ys or

nor e e"P@ﬁb&Fﬂk%;n&hﬁ hﬁﬁfMQﬁwaga@kﬁlﬁﬁUH&§Hﬁb@%ﬁmﬂﬁﬂ%ﬁ&#ﬂe&%&nobxUEW@
conventional additives that are known to those skilled in the art. A

pref er r wds dupdiswitebed b allgyotis phiillad oBERY tosBawitthropglo 9] cobsmu g thetramsi flow
Vi 't | Vi i 1 f | ubr.i 1
ey oostale HASAC ot do bitn e RLidGIRtd fan kRt ROuRlonbfk DESRTRIRLS, !

this abbépdlyymeﬂ het tisghst, theehddter WAQA3ndRBE 3blve deafifidn®d ey Broddh both
i mprovi ng conposrtrons may be neasured by TE and/or ratio of TE/SSI. TE and

SS| r ef thecgolyrpe agdl fthe atfpar@# deteetor mdvile A8 PSR EOYRS ProgisMmBe UpBrEl 3t ence

of (e LRI sdie!bPaachlN WIFRECOndb AR o el SARRbuI] SRASELY RLY. T
i s meastred in & dildte or semdiTute solution ih base orl “accor

ASTM D4éﬁmeﬁhﬁamxﬁhh@bbmﬂynmnﬁeheeﬁhmnaﬁmeMemnmandmhmhemnnmﬁﬁﬂmdmbune
solutrﬁa @ base oi l gordrng to ASTM D6278. In this usage, relative
per f or nBiE “PH%P@HE@?SO‘Pnﬁg consi dered nore desirable, as TE increases and
SSI vaIpﬁ&wq§p5ﬁ3§ﬁkn%qqgﬁhlhgtthe industry the generally accepted
procedure is to use the appropriate amobunt of the olefin copolyner

vi scosi {00183%pr ARlere t0mlrsample ofitbe volstos inty 40l glss blabwsh(scﬂcwmam by typical

det | ned TE effect I h
oa 11 orie] B itadii Rt KR DM safps aby YRB %t b IRP % hen pase
st ock ohdat tHdhiatnflé M M StredokisSol @3dar {PrethotbREY Arinal hi¥toSy. MBlogS tHeQndTUk at i on
where ot her additives such as pour point depressants can be decreased or

el i mi nal €€ oy éala tlovefempeibert Intobaten ad itymcaraeraibeior s avenstda fioon¥WR

Vi scosi t ifiers 009 ner al | lieye bat, t i on
of “the STRPRROLS SRy m Ry oot SR B edfr AR 5RE a0 G SRR vy e
the TE wha eliest Sedzav OAadpibyl dhogIfieasess Reve Moegél 18Teds50-Bhas). Artgétﬁroceﬁﬂwl ene
content rheology nodifiers are preferred because of . their higher TE. While
i ncr eaerrrgja@fin@n@feéewwml dentéral toothe ypmplpdyt Tertgaing anly Bi sofygat or base
conposi Bfr%ﬁm @ PSP shifi @gste eﬂaﬂﬁéea&ft&gl&rhngsaﬂehiggl&tt Ke Qhialt i QhET I N
copol yner st al |n|t|es rent as neasure conposi tlons
near orﬁaemvewﬂﬁommﬁmemmmbempzmdnnﬁhhyMeheumnb@ykeﬁ@fﬂbﬂqﬁyﬂeKSmlﬁhmst

detracts fromthe perf ce as rover, si.nce t
ﬁonzontal posmgn P condensation rrns on the outside of nhe Vlarl qu1ckly wipe the vial

with a paper towel. Use the following visual grading to rate the sample visually.



crystalline polynmers tend to flocculate, either by thenselves or in

associ ation with other conponents of the lubricating oil and precipitate
out of thwolotwizé®bi ng oils. These precipitates are appRCENS2@S/08B300 ONS
("lunps') of high viscosity or essepftially conplete solidification (gels)
and can lead to clogs and bl ockages of punps and ot her passageways for the
| ubrication fluid and can lead to harmand in sone cases failure of noving
machi nery. [0096] An alternate node pipeqi si ng the TE of a rheol ogy

nmodi fying conmpositions is to raise the nolecular weight. This nmethod is
effective, butGRABE | ABSCREHOMer , | BATAThEPefOMMEBNTRI ment al , |SSI
characteristilgs. Thus|,Naghl gher nol ecBicarflowengfitidpoittymitor swtthéee |ef f ecti ve
in raising the viscosftighOdelt he basesgpeit nehlhomdbsityeatact0 a tlenporary
effect since |the increase in viscosily,GRRisdl y disappears in a rlegi on of
hi gh shear as 3 he moi rght o g es. It is
easy to underé%and theﬁ@ 1{né%ifolymer 1%p Eﬁh%ﬁﬁgmkﬁ% éﬁ'ﬁa'ﬁgbution of
nol ecul ar weifghts—the DSt—T+& plu dcu LIUII o ecth—at—W IUIILS in a hi gh
shear region |wbuld be ﬂ%ﬁW&aﬁ mol ecu) BUN4WaY ff Vﬁﬂawggﬁl Fecullar wei ghts,
since these noleculesl wth the | onges WOpsckhone | ength woul d be Jnpst
susceptibl e tlgt a rando¥elishai n sci ssi bbolitegfani sm [ 0097] \hile rot being
bound by any particular theory, it is believed that lubrication fluids
conposed of the present ethyl ene-based copol yner, have near the nost

pr obabl Eﬂ(ldil&]t r iAnibil-(ParroLoWDTFempd:ramre/\éoghton Rhmlogmaﬁkdmgerapd?ﬁhrd els®lddyan

about 2. preferably | ess t referabl | ess than
about SesesBiegu %Onswn@it aPatr it MRS L ot qeﬁtlé}n% e sopsang
uni f or rrbla@-’%lu]% Ubfﬂecééﬁe“ﬁas%' ncﬁﬂiﬁﬁ’lO%' ddgPRS a1t lanBay(E nficiBh Meoghdobe

| ess prone to the deleterious effects of macr oscopi ¢ crysta Ilzatlon iIn

dilute gmruhnetsnomampémsuci%’ds@}i chéleddmtngleplat@ usireg @ hpolgeegypafe. t hlee ¢dngiidl
solutio

does. noteRdvRo pRaals W T dh X Pt FHRE B or e Sl R ot hor oa

i n sol uby esludn. STRARRIpeRture @d’fﬂhbﬁ werédst SéHdligg D beNi5o¢ /iR ek il UinessurihP098]
It is also believed that these ethyl ene-based copolynmer will have | ower

crystal therﬂ%ml%wsmnz ebhn prgulgrdmaaatlyeft0. 1 sadiatssaerbammiying ent9&r atrain @sd
resul ti ge% M‘I bg TV&I% eV Iy d I%l%rrp fﬁe Vi slt;g W B rlotgg/rséé %s[hétp I%R%&l M 2 Bancfidn of
conpare Po" u var nposi |onéﬁ unrformp r 8 ?

mol ecul ampseitgltto aibdeﬁEthd}ﬂf@tt ef gellaticbn onSomblththdoel@e assed heamo h;emr )
di splay_a higher TE and | ower SSI conpared to simlar conventional
conposi FESHECY-fRRENGFRsHrOsEY Myctife dptsanired dpung dered pagle aapliyds Mrpponigy

t enper a r a i ons
L o DR b SRS i RS IRCXpl SUSRR MIGEANG ik GifrehelE; BOMKER 0N
functloﬂwa@nmh&xaumw@smuhmaouFOﬁpbﬁhyb@mﬂyd&m&ﬂmnppmﬁpﬁamgpbxnmpamW)cuIar
t hose copt.ainin ropyl ene compnoners, TE anre ses. W h e cont ent
oot re BONGE, RGP He iy e et sl iR e Somninen Bl EeAroihor o
the TE @fpel\éﬁ{)h Q48 Qﬂhl%éh%@ ﬁﬁi’rQ&ﬁhﬁ:@%r&@M' MPRSEVahs 18F e & OROSH the ons
is plotted. [0010 ] The et hyl ene-based copol ynmers descri bed herein have an

unusual bampie ghtoTglasd statar etopéet fill dmtehwhichow anoersohviniot immall bath swhﬂshtly

rovin tio for L e not e bo
Lot LDRSETTRET o e ol el st it it s pit st ek BF sARRR R Y o
of the 9@“0/1&@0%111&@@ t FahdR memm@ywﬂrvneﬂleq&%é@{ur@fad@ £pHgadm 3¢ sHgbur e
whi ch comprises all or some of the f OW ng parts he et hyl ene- based

copol yneeol fmeciCdo r40°Ciag di(gheunscaayndyperd ¢ e9llsgtioppmigde, the Gelation

| 2ol 018 Yo RAGel ELIRLECURAN Yewda . T KDY B Rageth GRnply (R 1S

t he "nos pro ecu rlbu hou
mol ecul adn iRi gbiivedicdr 531 Giikcosity- 'thpbﬁlltur'e hplohi ghwhicht e gelavioiopaatlaad/onei ght
end of the distribution,.
corresponding gelation index can be established.
[00142] Melt Flow Rate of the polymers was measured according to ASTM D1238 at
230°C, with a 2.16 kg load.
[00143] Kinematic viscosity was measured at 100°C according to ASTM D445.

[00144] Thickening Efficiency (TE) was determined according to ASTM D445.



3. The ethyl ene-based copol yner nolecule is linear with little or
negl i gi bl e evidence of |ong chain branching, as determ ned by rheol ogi cal
and nol ecwbaniveszht neasurenents. [00101] As shown in PCgarseo1d/o3soeh

et hyl ene- based copol yners have a TE3¢ hat is reproduci bly higher than that
of other conpetitive polyners with simlar ethylene concentration. Wen
conbi nations of characteristics 1-3 are present, or all are present, the
resul t apgo195hy e ?ﬁ"t&ﬁﬁ&ﬁltuf@lﬂ?h YR& %H@H@) Risabdity Wi BeduMa m@o%@tac&)%lﬁgt
have | ow tenperature visconetrics problens characteristic of high

vi scosi toyARDNI PP4¥ls. For exanple, the TE of an ethyl ene-based polyner Wwith

Par at onlBUBbK U R iae uEF YT SAE S alite el A TR e STy

avai | abbg2$3.om ExxonMobi | Chem cal Conpany, Houston, Texas. [00102] In sone
enbodi nents _of |ubricant oil ositions, the ethylene based copol yner has
an et hy |47k od¥law rotary \rlec‘@gleméﬂ}) Wbigsts serapaiormed gHrid° @raé‘f%iilaﬁlt‘yAlsé% t han
78 W% pa @g even nDre preferably | ess than 76 wt % and even nore preferably
| ess than 74 wt % is also desirable that the ethyl ene content of the
ethyIenﬁnbaspd]Rmppbmﬂﬁﬁs&ﬁm@mﬁaiﬁmoﬂhmpKQQST%@DQﬁhyIene or greater than
30 mﬂ@bethylen eater than 35 Q%@beth | ene andpggeater than 40 wt %

et hyl end4 6%1103%heﬁrnstgbahe BBt YR Hes defermigss pecording ity ASIMSA278 3h<0 ape
ethylengngI g@#&afgkmﬂqmﬂgﬁemﬁhgglecular wei ght neasured as the nunber
ec

aver age ar- wei ght by GPC of nore than about 20,000, or nore than
about 2H0060] &hepr mfees ddth wapdeterrhinach bylﬁmsjthe&mgme sarﬁple tm-)l BCubratl waiehght

nmeasur e the nu vera e nDI ar weight b e t han .about
200, 00010"ds TGS HAR ABHE reae BUDE ot FESS SRl boaer TyocgBo e aing

pref er alan fb?sﬁwlﬂgﬂlea&ew raa@@gs&@tﬁmléa%)% 1bA téqwlmwbme%aaﬁ and 1

| ubri cant oi ositions, the ethylene based copol yner has a nol ecul ar

wei ght dﬂ@ndﬁmmmp@m as close to "nost probabl e" distribution, but |ess than
2.4 PD t ha ess,than 2

2 & 0t St e A2 PRl ol SRR R ERL OOORl L ARolBen
conposi bf @BBRInkats heND FemaRMS oD elidh mm@@nMefgu{ ay| theamdthioBd rondigd ertlasiby W th
| ess than about 15 w % or preferably | ess than about 10 Wt % and

pr ef er apifpMpaERgERhlAHSEISBIGE bF lpteydight taaecig. yidese fuenrenics affadesagbed in the

conp05| at :gqg- dpde aMay, i 40

conposi ?@ﬁmﬂ?ﬁbfg§1f g%%§%@ﬁ%ﬂ%1neﬁ%gﬁgégﬁﬁbrlcwié @%cﬁﬁmg%%ﬁl ghs, t he
et hyl enSubas ad., cdpobywbiuies, Q@m&a¥7(ﬁmhpbeﬁﬁmehﬂﬁ indbraffelt prhbﬁammmg 200
car bon ato al ong a backbone, ess than.1 per 300 brgnchpoints, or |ess
than 1 BEcBHE @0 Ohlt DRSS #B@@PEEP%I iy d3Gite Foglutp pehy T0880 Ertlon

at oms NS AsEAN %@Gblt he éﬁ&eﬁ@@ﬁ @{%263 r@%bt’hﬁﬁccﬁg a{eﬁ b'y%féfé‘ﬁ@é ation of

t he conononer. Ficatin Base 0107 used rein, "lubricating oi
bases i H162e dﬁemﬂnmyueﬂhﬂemabmkdbopﬂam@mgmomboﬂEsEsmﬂndWwihornhndehe

killed | | ti il b |
R TR e RV R
pol yal kwweeeelgbysfahehmg\wme%\ahevelslmdl&atesms%@iameves of heh@lin@i | and a
synthetic oil is preferably enployed. The mneral oil is generally used

after sUMLE3k ecFllr@iemmbcfdl@ams o eﬁlwtﬁme-é?eseﬁemsalyng:rs M s grereal e providied s ar e
di vi ded. Hﬂt%ﬂ ever al aSst according to the purification nethod,

generalfy used“mnggmﬁ?ngFg oil having a wax content of about 0.5 to about

10 wt % AFuxit flylenébidci@bpoly@ict cdiprigigp:a ki nematic viscosity of 10 to 200
cSt is generally used. [OOIO(J Sui t abl e base oils include those

conventionally en{}‘p@ﬁb@u‘a@ vi%arik abevs 8P Y4 wuisidggved from cthylene, and

at least 1.0 wt% or more of an a-olefin comonomer having 3 to 20 carbon
atoms, based on the weight of the ethylene-based copolymer,
wherein the ethylene-based copolymer has:

a melting peak (Tm), as measured by DSC, of 80°C or less;

a polydispersity index of about 2.8 or less; and

has an intramolecular composition distribution of about 15 wt% or less.



oils for spark-ignited and conpression-ignited internal conbustion engines,
such as autonobile and truck engines, marine and railroad di esel engines,
and t he |IwhkeoioAdevrnt ageous results are al so achi eved by pempulseyiongisvhe

et hyl ene- based copol ynmers in base oBTs conventionally enployed in and/or
adapted for use as power transmtting fluids such asautomatic transm ssion
fluids, tractor fluids, universal tractor fluids and hydraulic fluids,

heavy dgty hygg a&h}l@n&{-ﬁé&iegseop%%& of eghbdmbhuiAds waRdid NRe |étﬁﬁ|<:né?€%%d

| ubricants, industrial oils, punp oils and other |ubricating ol
conposi témhgneragenaiosisiobesvafprises from abost BhodPpter atoudb 0 oft%s heitpdasedtirom

et hyl ene; based. copol yners. 10 Sui.tabl e base oils include not only
hydr oca?%lg n%ﬁﬂagedg%}%\?gv(flghtl%ﬁg‘ﬁeeﬂyé?ngﬁ%se%mpogﬂ%' i ncl ude synthetic
| ubri cati ng Thé sthSUSR-tascEsd@IEm&f ofdéibsdicACAAS, BCAMBlcaX tHRSdtRY1sndYBabed by

esterification of nonobasic acids, polyglycols, dibasic acids and al cohol s,
pol yol efenolangrds sehstantiglhy incagt hy| ene- based copol ymers are suitably

i ncor poyat ed-f nt t ' ' e ica ylic
aci ds. Dol ygr JEsTu RN Enlfigfesbl Buf s brifoan il (CF Rikedh (L G208
benzenesomoi@adtiicdabicd fiHnoprophleas tatdne, xS or pokysi | 1 cone oils. [00110]
The above oi]_ co sitions may optionally contain other conventignal
additivEs, shbf egﬁg?enﬁ&a% %?erp%fu%nyp%y Fﬁﬂg PR At -swherpin; the £hdgent s,
ant i oxi -V IRRTA i s, dispersants, corrosion

i nhi bi tgfss@?‘%3%‘??‘?‘?%%‘?%@?&Eﬁ’?@&@&@%@ﬁ?@, rust inhibitors, friction
nmodi fi eFs, aftle tehyldnekased G@iblyirherCofr a1gs bH ambodintentsoAsE, whaeinkthowthydene-

anti-cofrrosive agents, reduce the degradation of the metallic parts

cont act BECHSORHETFL ARSIIar G F ¥ EHIBRI DS, 111 ustrative of corr osion

i nhibiters amge REREMRGAMS bodotAAcyOaBE BF BRBSJARMt ASF, PRRGLiG! the QByAdMed by
reaction of a phosphosul furized hydrocarbon with an al kaline earth netal
oxi de obase¢depaliaer hgsraefelghibdvgraga malecubaresaglsdMof) afriram kRhowBe 0P henatut or  of
an alkyh&gﬁﬂpl thi oester, and also preferably in the presence of carbon

di oxi de. osphosul furi zed hydrocarbons are taught in U S. Patent No.
1,969, 34, tRe ditgtdnesbas@ edpolyth&lofl snyi HC embadialca@ AL ewherbiy thefeygate.
[00112] Oxidation inhibitors, or antioxjidants, reduce the tendency of

ni ner al b#siefl soplymet kasiasrinfeenglpcudarepmpesitigs disgrityéiqe of absptd fevir gdetst s of

oxi dati en su [ | ' o] es,
and by giscogﬁ?sﬁaﬁ%%ﬁﬁsxgu cmgéghﬁ?%%ﬁgﬁgﬁpﬁﬁ?%ﬁg‘?%%Pﬁggggﬁ%gﬁggé&%érth
nmet al shided cofolamkyhashanmirdnhdlo@diratompoaivion dis€iiuviobf abduy |15 sittheordbsi ns,

e.g., calciumnonyl phenate sul fide, barium octyl phenate su|fide,

di octyl Emenyﬁamaﬁéyba&%eﬁwa%%aa%ﬁwarﬁhﬁeéthﬁﬁ%%% LHOPBc'YWéQOfo?nY of

sul furi gggoiydnRcabons, etc. [00113] Ot her oxidation inhibitors or
antioxidants useful in this invention include oilsoluble copper conpounds,
such asKdescThbeadastarbaicls. corgosition Nif. clip0bBi1cou 7, furler disnirosy et ddastonch i s
incorporﬁﬁgd herein by reference. [00114] Friction nodifiers serve to

i npart £HE€"Proper friction characteristics to lubricating oil conpositions
such aspaut ongiidd fdransaiass A HdSs: ofRERTQSEMRIsiteR @%g@“ﬂ?ﬂi tHef stsplioFabl e
friction nodifiers are ?Eﬁﬁ% in: Uf%& Pat ent No}ﬁ%,QBB,G 9,]%?ich i scl oses
fatty aeombiaigetheathyderncdumsed GopolyPet eoft aNp. of4 cmpediprpts whil ciwithether fibsés
nnlybdeqﬂgh§o§%]exes of pol yi sobutenyl succinic anhydri de-am no al kanol s;
U. S. Pafen?swb.‘4,105,571, whi ch di scl oses gl ycerol esters of dinerized
fatty asi.ds; AUuEricdfageilttcodposi8orl é8mPadagwhi ch di scl oses al kane phosphoni c
acid salts; U S. Patent No. 3,778,375, which discloses reaction products of
a phosphonat &)vit fubriggiing|alsgjendy, S, Patent No. 3, 852, 205, which di scl oses

Scar boxyal ky|,en > I Lhim de. S-carboxyal kyl ene hydrocar byl
succi nam ¢ agﬁdﬁgﬁgﬂéﬁi?ﬁgggoﬁﬂéﬁggkgh&ggg§Patent No. 3,879,306, which
di scl oses N( hydr ofrgal dbphi) 2 wenyd shme RO anttcurnsiddsvat fremethyiény aes; U. S.
Pat ent No. 3,932, 290, ich disclo reaction pr.oducts of di-(lower alkyl)
phosphites and epBxFeéd: WO {0l eI men A Be 350 20AHTEAN BOBE) B5EL ¢ he

al kyl eng, i dgoRdFR cRf e RNBSRAQSIIIMEL zed N- (hydroxyal kyl) al kenyl
wherein the ethylene-based copolymer has:

a melting point (Tm), as measured by DSC, of 80°C or less;



succinimdes. Preferred friction nodifiers are succinate esters, or netal
salts thereof, of hydrocarbyl substituted succinic acids, or anhydrides and
t hi obi s- avanol¢7286uch as described in U S. Patent No. 2C34%28583130he

di scl osures of the patents identifi@8 in this paragraph are each
incorporated by reference herein in their entirety. [00115] D spersants

mai ntain oil insolubles, resulting from oxidation during use, in suspension
in the fluidgpbRUBpASRY BlALL BPadudgerfléQCatdl ation and precipitation or
deposition on netaP parts. Suitabl e dispersants include high nolecul ar

wei ght N- subsn intiametcalak eappossiimrdisiritirdesof ablost Feat’viontespr oduct  of

oi | -sol ybl e | yi sobut vl ene_succi.ni ¢ anhydr.i de w th et hylen m nes such as
Let r aet Nyl ondbaHPaHE ShGoRBPSHgH Larreodimern it Wik HBr uBredmgep it
esters (ompobitidntgsharmamot duesberidss.cation of ol efin substituted succinic
acids with nmono or pol yhydric aliphatic al cohols) or Mannich bases from

hi gh noPecul dbe {irgatingpiteraesitioh oh smbodimestiM ion V. flsrein Hee dubrigatigaeil on of

a high 4k ar i I i tut , . 1 and
an ol depoe gl natd! PObr B PSS Mkl BRGINGL- 0 RpSHLRPERBLYATRT
Pour poadut dspwes tanibsut 60 hetwugies Kagved feml cthelend,| bakédwnithe magt sof thewer
the tenperature at which the fluid will flow or can be poured. Such
additiv@gygpﬁb ICORNFMS™i n the art. Typically of those additives which
useful 1 p. OPU ik Afbrichind AWehARRGAGH O Sy diithfloindis WIS, Wnilteth Hedulitestif
ClSdi al kyl fumarate vinyl acetate copolyners, polynethacrylates, and X
napht habinempdiidlghitisam smosthmtall coatallbetyprt ebouwd OUC bybadowant i f oamant of t he

pol ysi | axane .. €.9.,..Silicone oll a ol ydi | siloxane.. [00118]
ot ) ~vied - agaht Bbvisgdan Fomahaten g su il ligtadE M op Hrsth it Jubgnne
Repr esepfj alohiRsitieh i ARYRBLHOAR s AAVIngeRs]opg B sSthah €l AACless than 0°C when

di al kyl di t hi ophosphate and zinc diaryl di thi osphate, which also serves as an
ant i oxi diaeesity@09.19%d/mxstie plpgtad ¢s afienctren af tempstatirahi bi t ors i ncl ude the net al

sal ts of, sul phoni.c. aci ds, al kyl..phenols.. syl furize | kyl phenql s | kyl
2511 oyt B os, THoIRBT Su i far dhvor BtoalatAe R R eat BR 3Rt

aci ds. bil gbhyodias €xhibitsza SIManRagedputMtarllessal es, such as highly basic

al kaline earth nmetal sul fonates (especially Ca and ﬁ? salts) are frequently
used asSdet e?b@ﬁ%@cai[l@mqmpmipeﬁﬂ%a? Y obiembedimsasi MrRnyheig thgethyfene-
effecti - NA- d copolyner to inprove or nodify the VI of
t he basgggﬁﬁ?ﬂﬁ§%8€mgﬁ@¥%§%g¥?§&?hproving effective anount. Cenerally, this
amount s fr@he albeichtify 60 kotmposibontof 20y wi UmbbdsetsoN-§ hehweingtht coiylértee

| ubricating oil conposition, for a finished product_(e.qg., fully

f or mul ab#d CQBRIVERT Py? SIS aNass momfaroor%hta(w& fiai ahiott BHRY0 £ b of
0.01 Wt 3pofgot % or 1 w% and alternative upper limts of about 15 wt %
or about 10 W% in other enbodi nents. [00121] Preferably, the

et hyl enkk basélte bdpohtymeoi] compgyitadnt eftargnaf/ conbadenéntaM-Zewheers therdubrietiegf |

has a solubility in oil of at.le bout 10 wt% l.n.ope or re

embodi ngESTPeyoR SsBiised ToBeteat e WroRaPotts ¥ ot Buerr S S P B or at ed
into a kase Qhé ,lub%iéﬁt_fﬂng’ﬂ&l%ohiébﬁéiti%"fo'f@ﬁ Qi lenfMod Andhydhpcarhete: fcd@lprisigrendi ng
upon whet her the desired product is a ¥|n|shed product or an additive
concent feasteoncRddigige. from any of the recited lower linits to any of the
recitedyupper, Limts.are within the scope of ..the present, descri.ptiqn.
[00122] W omb® BB ol somtlioh T AR PR pBme T M S SRR PR SR ar
conposegbdit 0B3ditts wethoutsldithl poas paiheddpy@san) bagcdbendadighitos tidlabhasiagoi | i n
anounts which are effective to provide their normal attendant function.
Thus, t9%F@@P0$%9mulations can include, in anounts by weight, one or nore

et hyl eng- bas . - 1299 S Ui Qivt.oF 10d-..5%) ; an
ey e RSPy R BLCEERRAL I, S (B0 o
(0. 001- oiB%pmpanitiantis -aneank cage hibr{catifl) bil5> ¥ tomatit rtransmosionoffit) eactoO fladt 5% ;
a deterggyt/rqﬁt i nhi bi tor. (8.01-100 . .and an oiI.Pase.
ydraulic fluid, power steering fluids, gear lubricant, or pump oil.
Y. An ethylene-based copolymer comprising;:

from about 35 wt% to about 60 wt% units derived from ethylene, and



[00123] When other additives are used, it may be desirable, although not
necessary, to prepare additive concentrates conprising concentrated

sol uti onswonotvpeosi ons of the ethyl ene-based copol ynersTiusgewlarsomi t h one
or nore of the other additives, sucB9a concentrate denoted an "additive
package, " whereby several additives can be added sinultaneously to the base
oil to forma lubricating oil conposition. [00124] Di ssolution of the

addi tive concentr gt Radtnt @ vihe ol thfré %@tah rbgofaﬁh FRonBsct ﬁ%h% Bagoesh B¥rbon

sol vents and by m xing acconpanied with mld heating, but this is not
essentlabnmﬂWQeédmﬂmﬂwegbaﬁWagéhvkn¢bmy¢pmaﬂ%ymbe formul ated to contain an
ethylene base tional additional additives in proper

anount s Pge %S §§&P§EF8%ﬁ¥P8§%%6hcentratlon in the final fornulation when
t he addltlve -packeﬂegmﬁumg@BEQQQmmgmla.predeternlned amount of base

| ubricant. Thus, rheoloﬁ% nodi fyi ng conpositions can be added to snal
anounts of base oh#s #pol 1ﬁé¥“b@ﬁ@ﬁﬂﬂh¢@“§%ﬁ@éhﬁ% along with other desirable

additives to r agt

coIIect?ve a%%%n o%£%%%?c§ﬁ#) %eéfé% (?hggg td a mkpgéﬁgﬁﬁg%én E%gably
from ab@@ﬁolﬁnértboa’lmmés ﬂ5mVﬂb%1t zahdrt%tto laboute~ 96 ahiedatived fréra mﬂaﬁhamt bz&ed 0
about 50 w%?bby wei ght dd| g the appropriate proportions wth the
renai ndept éWﬂ%mB§§@3%h Yleng-passé EORRMYMBk e embodi nents, the final |ubricating
of | COMROS! iRl ofAYrksA efof%ﬁolﬁﬁ M8 2RRbodifign@dtdit Zv%h%%ﬁﬁ etHIER-bARed

remai nder bei ng b se 0|F I'n one or nore enbodi nents, the rheol ogy
nmodi f yi pgpotympdss ho cuisstartiel mt:itllng:peak wherameaﬂmc@hyr]aﬂé form such as from1l

w%to w%in.oil, e.g., neral. |l ubricati oil, for ease of h | i ng,
and oy e o b e bR SonebrmeyF i vh s e nsASaefeh B orsgin

i nvent i ggmbkbrdrlis p&ﬁngﬂgkmkg@§9bkgggm3thhods of Preparing Lubricating
G | Conpositions F§8 126] Rheol ogy nodi fyi & conpositions are blended with

base oi C§- toTh@ﬁmlenbhaﬁfaﬂnQop@Mm@mfwmﬂqfl dingmits ¥riBBowakrelsl @aditidencet hods
are desg ; i 2 4641493 t he di sclosure of which is
i ncor poP &t 80%%W@PﬁsﬁfIP”?ﬁlgﬂ%%mk¥ﬁP8Y€bHVent|ona| process requires

passi ngDDhe pad )éﬂ@renblmsudgébpagrn@ftdﬂadgz fof @ntRURY@ELY -CEMRaERIUNE dil8flene-
degradati on of the pol yner an C|rculat|ng hot oil across the die face of

t he extP%@éﬁomﬁym@fﬁ@d@@ﬂhﬁfﬂ%@ﬁﬁeﬁﬁé@@éYﬁﬁﬂyner to particle size upon
i ssuancggfro I r t e d
rheologg nmodi y|n E%%%%%?i gk%fgaag§€39%08 (gﬁﬁ?ﬁaﬁdybg%?fggﬁfﬁﬁ&kh
base oi basedoopdiginet s amMEEm?.(IS@aI lédzgj)éfeﬁ@mubcbut Sstbapoyriddesesiof t he

prior art are not needed. The solug pol yrer conp05|t|on an b dlsiolved in

Phe basEFoi | THF eHBTRICTHE eaRd 3Fas: gy GHEIOdaRey | YngEalacaiy

process sratatelh R SONS 1y, entrate
is prepg%ggkgaﬂ%%iﬁkgagne bégg 1%6p0|§§€?n§F ]ghgggggkégg?g}%ggﬁ

t enper aG@r e IFhe lethlyéeneiblase datopatyna olf(ane)fcmmhodGOﬂUeM -FBt wbercinSthe lethylene-

t t ddi t ddi.t | udi
Che. typpBaf ol Y SUEMof e B igh R Ty B bl bed Tasove. i o
gener al HH f UN Rk tetlakdht @&nfa@slﬁ&fe cbimpabing OrJﬁ@ eé%ﬁﬁaﬁé Bled taoBbEA: YofaR@Hor 1.

W% by nulti-grade |ube oil producers. hi's case, the concentrate w |l
be a poembdlimchnb§€neous solid free solutlon [00128] In one or nore
enbodi ngnt s th ased cop ave Sk less than abouyt 100, or
| ess tﬂgh abgﬁ n%ﬁ%rzna}gg@p?%an ag%niog ) tﬁﬂ?eégh?ﬁg mQEﬁngzg eaS]J"onf:ess
t han abadditidd). Preferably, ethylene-based copol yners have a SSI of from
about 1 to about 60, or from about 10 to about 60, or from about 20 taq
about 68 or Mcdiadafsunoditying thesirolosy. Hahdust SQBRASHION eFMRTHENG Eisi tteR) of ower

or asent “AREREO e, AV BFVRER AR O] oByoey othbALlnty $: 88 B 1B (e

fol | ow ognposttionsi s techni ques were utilized to characterize the various

conposi tions ents scri bed .herein. Unl ess stated
P }(EK Aalulcajncatmg o[] cornpogiltemn cornpgsmg:

(a) a lubricating oil base; and

(b) an ethylene-based copolymer comprising:



ot herw se, the follow ng analysis techniques apply to all characterization
properties described above. [00130] Ethylene w % was determ ned accordi ng
to ASTM DAOQ810/12B8C neasur enents [00131] The crystall i zacras2eienpsoat ure Tc
and nelting tenperature Tm of polyn#s, e.g., ethylene-based copol yners,
were neasured using a TA Instrunents Mddel 2910 DSC. Typically, 6-10 ng of
a polyner was sealed in a pan with a hernetic |id and | oaded into the
instrument. In a nitroggm gKBU"BNIRA 0 bRt SAME WA ddl BQR! &ByIER,
-1000C at 20C mn. It was heated to 2200C at 10C/ mn and nelting data
(first bhaatpniky ecigboefithechythe-bagsdevpelpmei;ahdr mati on on the nelting
behavi or under as-received conditiaons, whi.ch can.be influenced by, t hernal

i Story as wel | as sanf) Supr Ehatet SR REOhad CEREN e RA L e to'%0

equi | i beabeglatains2200C to erase its thermal history. Crystallization data
(first cool) were acquired by cooling the sanple fromthe nelt to -1000C at
10C/ ni nWapgeidgaicthybmgtbasedgopolyoBoC. Finally it was heated again to 2200C at
10C/ min to agqui it nmelting data (second heat). The endothermc
mel ting trangﬂgpéﬁnﬁggfékggﬁgmgﬁgond heat) and exotherm c crystallization
transition (hayspoledispersiveindeasfadbypaed] botespeak tenperature and area under
the peak. The term"neltinpng point," as used herein, is the hjghest peak
anong pkEnci pas 1ubrradBg i aPyPaBtien r9§ rebadimery BEr avigTRiadt yfu%@@t%r P‘ig t he
second Q@hrOQﬁ&ﬁﬁg§sﬁ@OpQQMp221p@$Fhernal output is recorded as the area
under the lt1ing peak of the sanple, which is typically at a maxi num peak
at abouMMO0O0Tht wbabatiutg diV &@np@dnogcurtodbetnidkda ot he, vbeper tht lutesatidg atbout

00C and about..2000C. . The thernal output. is asured in Joules as a asure
of t he. RIBRONO SR SEAioter S e Bkt e RaR SRt foRebiits ConRet A o of
the greggRsuoRABS Rk BY v, M‘érldéhrfrdrﬂ%thﬁzﬁéﬂg,eb&f:d ok lthd WOicAf of e eﬂwm{ee-

Si ze- Excl usi on Chr omat ogr aphy of Polyners (SEC-3D) [0013 Mol ecul’ar wei ght
(wei ght basgécag@ymet. ecul ar wei ght, My, nunber-average nol ecul ar wei ght, M,

i g Terper aot d ol B o BT NP RER RRFPRadGiocts' 88 °

Cor por ahib@idatifg dTDédnRIsitlonlRQh e hb 88D stantig LérPRelin, bhatdudddd er v al
refractive index detector (DRI), an onlinelight scatterin LS) detector

aﬂd a vOStondherlubmsasiag e neearpadidioai ps anpt oldestherdeanth diiNi Adctrin e how
eor ool BEuT i oo ikej R0 e fhfeBEE R 861y ot dg Tl e dewoynarC

Labor at oheesisRisitglat 0 0rmaal/Mcoxie gidBed ab afinstior bétcugpechturéhe nomi nal flow rate
was 0.5 ¢cnB /géqé and. the nom nal . injection_volu was 300 L. The various

transfePPiind8S lubiicing ahacamnoskioantt gnyref catoeinst KA DRINCERR bt or)
were CORRALRAGH dilchRHRR FRIVAS 3is3edaiE of oS5 opRlyent for the SEC

experiment was prepared by dissolving 6 grans of butylated hydroxy tol uene
as an afiQ.oxTbahtricating ¢il ¢@nposgfonAifdny o embadierentsgtlgeRP, ivhein the ethylene-
trichl ofobenzene (TCB). The T I.xture was then filter through a 0.7 m
Gl hes. PR FPRUS SN ios BB I a5l A Tan ety PSR ' or o The. TCB
was t heprdegass eidbMédiRgabil On Rt S8 BEfalRdReY IKK-Ahe wikfein RAL yMer
sol utions were prepareé by placing dry polynmer in a glass container, adding
t he destthelgnedvatedticopplymenhas e IR 42300G, 216 k) »f fiom ahout a0 @baitt H) kg/10
continuogg agitation for about 2 hours. Al quantities were neasured
gravineP}rcally. The TCB densities used to express the polyner

concent 8! i OMhé NuBB&SinE ObillNEonUsitonabe ahy468 c@dbuldirdénts GOKNRENMRASin the and
1.324 g/m at 145 O0C. The injection concentration ranged from1.0 to 2.0
ng/ m,  WDrsatsRiF CIBPRSEHY GMIBINES BammbousRd vigy tqﬁ@ﬁég Wil efcaiindenarasght
sanplescﬂ&%%ﬁé.to runni ng each sanple the DRI detector and the injector
were purged. Flow rate in the apparatus was then increased to 0.5

m / m nulT&, afte tubeicating oil composition of any of embodiments KK-SS, further comprising at

least one additive.
UU. The lubricating oil composition of any of embodiments KK-TT, further comprising
from about 0.05 wt% to about 5 wt% of a pour point depressant, based on the weight of the

lubricating oil composition.



DRI was allowed to stabilize for 8-9 hours before injecting the first
sanple. The LS laser was turned on 1 to 1.5 hours before running sanpl es.
[ 00134] TWe 20mvieeTtdr ati on, ¢, at each point in the chromaraseaEwioss00
calculated fromthe baseline-subtradted DRI signal, |IDRl, using the
followi ng equation: ¢ = KDRiIDRi/(dn/dc) where KDRI is a constant

determ ned by calibrating the DRI, and (dn/dc) is the sane as descri bed
bel ow f gty t hgpt i gblicatiagt b&' dddghdslah 8NahySHS endddliinSen® KIUATE RERin the

t hroughout this description of the SEC nethod are such that concentration
i s expr bbsiedingoib¢anBsitionl ie e uiaakcase ilghicaiing eikputneai@ transmissohdluid ictor
intrinsic. viscosity .i,s_expressed,in dL/ .00135] The .]ight scattering
det ect ol BEFARIE A RS EERRENLYy M Ehoa b el - Davw. “he

pol ymer wiwl. egumdthoweifghikinMetidieneambedd@bgdlyrhérs lddgpeibing e @tb?adﬂ dontacting
determ ned by anal yzing the LS output using the Zinmm nodel for static |ight

scat t er PhyleppRNOMgE Wih ope GHMOSTATPTEREN SPEEVMVERhSPICSMCONs 2 agddéni ¢
P , 1971).. + - , '
eyl o Sokiolfnder st G 8 p Bl b TR Lot s

concent waticonthdetantimg espol yraen domepr9R framahbysit 40%Atol #boih 80 setomdtsvderivad
coefficient éfor purposes of this invention and the clains thereto, A =

0. 0006 18P YRR 8%E pol yners and 0. 001 otherwise], P(q) is the form factor
for a monodi $per g, s APR @, EWkfe) biBbbol! FILHSCATTER MEERCM POLYVER
SOLUTI ONS, Academ ¢ Press, 1971), aﬁd KO 1s the optical constant for the
system 4pV(bn/ dchasz tolecular whigbhdibitibusoAvagachr abosit Aantebqut Ardd afdin/ dc) i s
the refractive index incr%nent for the system The refractive index, n =
1.500 for TCB at PARPSUNlY aMogRfPUSm For purposes of this invention and

the cl aixie tirge gﬁdées(sQﬂ_/egrﬁi)dﬁn@H O, foierddt aRYdoBOE R LypBlgccaRdtHdul the use
ot herwi se. [00136] A high tenperature Viscote rporation visconeter

whi ch hasarf asiditianapstichrng esdegradatigeracessa Wheat st one bri dge confi gurati on

ith d d i ifi ' Pty.
e 1 andauc ppsele R Hon PR PEEE, FREF RN B R MEraBBRMEY
t he ot hespolyaa&i ihicemedubaiswatitotfben pvenket gegetof the bridge, neasures a

di fferenti al Eressure. The specific viscosity, hs, for the solution flow ng
t hr oughZZhe Yhepmsetser ang of ambedircayY ¥y whetcHiihe pelietphevs a dinmeierof pilsast

Vi scosi i i i S1C fromthe
fol | ow %%Ouégi@ar??lg&nng %hqgﬁcéBgl[eﬁ%thﬁgFa%fe éf[crgfﬁg%m%@mé&ﬁé}@g%géﬁ% 1‘ra'&ai't ion and was
det er m Aed\.f TherptdeessloRlang i poibodip@Ak3WW ThEZbwaaeh thg polydex pEliety atesfree-

cal cul ated. usi ng the ougput of the SEC-DRI-LS-VIS nethod as foll ows. The
aver agellPWing Wi & fipplRagkigine stk a g, of the sanple is calculated by: [h] =

A [h ]pherg. @P&eﬁuamﬂy BN SmBSERRUR Wil §o UK TR ARE %Bﬁi)ﬁsiﬁ%!ac kagin
between the integration Iimts. The branching index g is defined as:
wher e, #$top. purpose of this invention and clains thereto, a = 0.695 for

et hyl en r | ene, and hutene p mer,s; .and k = 0.000579 for.et .ene
ol yirer SOk T8 18555 & resto Ry BRE SURyriAr Be ke S R0 diBRL ene
pol yner gelyMér pdlldidle vi scosity-average nol ecul ar wei ght based on nol ecul ar

wei ghts determ ned by LS anal ysis. Tenperature Rising Elution Fractionation
(TREF) DDD. The process of embodiment BBB or CCC, wherein the packaging step comprises

bagging the polymer pellets.
EEE. An cthylene-based copolymer comprising:
from about 35 wt% to about 80 wt% units derived from ethylene; and
at least 1.0 wt% or more of an a-olefin comonomer having 3 to 20 carbon
atoms, based on the weight of the ethylene-based copolymer,
wherein the ethylene-based copolymer has:
a melting peak (Tm), as measured by DSC, of 80°C or less; and

a polydispersity index of about 2.8 or less;



[ 00138] The determ nation of internolecul ar conpositional heterogeneity was
determ ned by the fractionation of the ethyl ene-based copol yner was carried
out by a WolymenreChar TREF 200 based on a wel | - known pr PQTiUske@o/ 08130
solubility of a sem -crystalline copblynmer is a strong function of
tenperature. The heart of the instrunment is a colum packed with solid

st ai nl ess-steel beads. The copolyner of interest was dissolved in 1,2

or t ho- dh%ﬁé@ﬁwz&@ﬁsdQMt 185t A6 R9%, £:QkashR0 Wt% atiRhsk 90fwt®, B} 100 M‘%%lf ()
of the polymer solution (concentration = 4-5 ng/ rri) was injected in the

col um ﬁmbthxtlemabassd abpdlymeld e e iatermaloQ@uf Qﬂrnmsnwnrdlstmh@nmﬁﬁhooh 50as

POt 20 WA druaBid o S A P oL S 58 Sy Ot hERG PR e

sol uti om%m@em&s& B dray®!l sndbr ache@m@@ldagla@ eo'rﬁp@hthdﬂm&tylbqn&ooft fussoface
of the beads. Pure sol vent (oDCB was punped for 5 mn at -15C at a fl ow

)
rate of W%orAr/lems P49 wig AT ks, |0ﬁf39a\rtéjordé&8e@1t%ﬁwt%oaiéﬁswrvléswtt/h%leéwof ¢hed to
al l ow t hil fl ow through the colum at the sanme flow rate at
-15C fo?’ltoﬁéﬁ ésk,_o%$he frat feeg% al eluted was designated as the soluble fraction
of the EBPOl ymgroncAsf dnlibcﬁlupalmtA M, TeKike ainé INMeSER nwiadteint the copdlymit has a
continued to flow thro both he coI um1 and the infrared detector while
t he tenﬁ‘élb’gltsﬂ‘?r@%}é@e’bf’g%%“& 48 1e8Scontrol led rate of 2Cnmin to
1400C. The infrared detector contl nuously measured the concentration of the
copol ynEXAMPLES: ef f | uent from the colum, and a continuous sol ubility
distrib ve t Pr ofr: t u ) 0139]
Place 1 m samL)‘JIFhe (g %HRQ o) uﬁl %)tlr%l %ﬁ]%g%g?rﬁn {S Il%eglglkﬁiééf% &\Rnyafi %@%%%%%& A
t ypi cal copoaymd:rs Iﬁupérhedlherei)f anml VAR tkaeqfor at i on as catal og nunber (VAR cat #
: C236- 0040) i ?n heat th((a\1 sarrpl e in an 800C oven for 1 hour to renove any

t her nal Pipaiatipy of ehylepe-pase ppolymers; propykege comepgmers a Low Tenperature
| ncubat tyA?' oR/mdr'o E?i() I t @19!:@ if bR 08 RALED kAR Rsct&at al og
nunber 598%1 057.r $Jher11r store the Vi at -~ 15C +§nc 0. 50% over ni%ﬁt ?Cn a

chest f ﬁ"hepekymehzatqu vad peﬂfemhedf memhﬁronl, sisiReieraidbakeh sblvent7 50 Sre ABActor\

t hermocoupl e .i s. pl aced i.nto a reference vial, identical to th | e but
Cont a1 nPSTEAFyiPEsS B g acs0BeaRTe PbSBis ot st O 2D end
tenper agiyRne Ahd gfropk@edé%&é? rhtefrey e ¥ lag/hy Iaadi of EQH? g ebir@zeras e dellysenove
the cap and imedjately tilt the vial - ?rees to an al nost horlzontal

posi t i osystant, Ndhrdiemsltlehniuoy m:rablﬁ(p@h‘@ﬂbmpshﬁe’ Ybratfhway usdd Quactitity diippe t he

vhont o bR AR ok e B S el Ric VAL S Bl BB M Bl

Rheol ogyimdtioy, T theerédess, elym@@ﬁ @&Mﬁloﬁmh@ﬁtﬁe WBite] dReuRd taacARNQRe Par r
Model MCR501 rheoneter using cone and plate setup. The cone has a

noni nal dasiigdVIER. adle catahist, wtlﬁfﬁt@ﬁi swtegeglly moBigt reagor. vy addederssnested diml e
s depo%&?&@ eéd% t(?ﬁltagn(?%ﬁlgefﬁf%%: J\)/lgﬁleﬁza%%)'h't grgltuﬁeette The cone is then

| ower ed on e so e cone and plate is

fully opfagéed 1me eqlolim@nsoldiiven teoieta fione the réadomn Wwawstoppedatrom €adler ng
rate of 1.5C/ min. while neasuring e conpl ex viscosity at an gul ar
f r equenBY!YBYCTIBALPN, ByiadAdio8 ee!, Wa&mayﬂn@e% );;%Weéil HSI%&OP‘éf‘é@PHﬁ?IPV ﬁaow ue

every myoiifilizlfih MeBRasishoh & ﬂQsh:ln% 69'41&&9 Prsd E‘%rd?loﬁt HRd b Sreﬁﬁowﬁ'g%é on of

tenperature to observe the effect of gelation. mplex vis 03|ty as used
her ei n beland tlze lﬁax@qutmpiymdle p&rmdemttratﬂdsohmonyatfdnhcn bypstrigpinerthe [mnhuﬂierr iofi g

forced rral | anpli har noni.c oscill at,ion qf shear stress

Pascal - TECHHUEN Th HliobS SORion RRBE df frunufle’ Serwbth wra difaiilite
vi scosi wmﬁ!afi 56 Bt ﬁwpﬂ ASRolnSRMFhécont pEBGioR *bMtaREKd 185 thaR BB W1 of
viscosity). [00141] used herein, ‘any data generated using a Scanni ng

Br ookf @Qlﬂenvaséoﬁ@twla@p@r“élnamnltvmgolgm@mwe@ il pelobedur es provided in

ASTM D5 Jour 10.30n of he sanple into glass stator to the fill
line Wn%r arati f? rican oq 1%1 bath which is

[00157] The ethylene propylene copolyrner from Example 1 was dissolved in STS ENJ102
oil available form ExxonMobil at a 1.5 wt% concentration, to resemble commercially used

lubricant formulations.



programed t
the sanple t

t enper at LWe 208mR6T2g programi s set to cool

scanni ng speed. In sanple coll ectiodd node,

o cool
o 900C for

from-5C to -400C at

90 m nutes to renove ther nal

hi story. The

| &/ hour scanni ng speed. Pre-heat

from-5C to P¢OAS2@0/08BbOOUr
the Gelation Index (G) and

maxi mum vi scosity can be viewed. The torque versus tenperature data set can
be converted to a viscosity-tenperature plot at which a gel ati on poi nt

and/ or pRLLASBRBHL NBrPeitdlil Ricdddex can be established.

Rat e of "t he

2.16 kgl00das

to ASTI\/F‘E?&’%T‘[(}%%%‘#%TB

to ASTM D4

pol

(CCS) tests were perforned at

rotary Wit%cdfdewion10fend ¢ et efrheviay 328k qibdvailablgfior Gevermdi ng to ASTM

D4684.
Shear s

|

abi

det er m ned
Then whihoge

ARRGE

b

first heatin

|y R

e

el

i ckening Efficiency.(.TE) S erm ned_accor
P ERARLA el R TP Redf S SHELIS

neasur edepbssdf08Kd RGeMmdinder fsQ HOEMODBABBase[dI0 1T bdselodl WistEdmhmig
-200C according to ASTM D5293.

BT RY
e biug at or
[00147] M ni

[00142] Melt Flow
ynmers was neasured according to ASTM D1238 at 2300C, with a
[ tubtBhntiGineamacnttey ves prepargd weth el st the cthplooCrmprlsndi ng

gi ng

rm ne%l%gg{élg;eﬁ |9rt1) é%dﬁ&}% %% 517591;%%8]30

and 90 pastesrcustiug as ckupbnddabahn lubaicimtngl cdrapdsuiinsIealy mopasiss diatitar was
15 minutes.

the sanple to -
ﬁ%@%ﬁkaﬁen& Rads g coapPRIYs PIgBHIE] PHNAC FOYRIK A

C, and

waj ting for

13 F;§penswe

i ncr eashﬁgi_%g%{ﬁm_ varying the shear rate logarithmcally from10 to 10

wi th 20 point

c

ade and 1 seconds per point.

[ 00151] The nunber of branch

poi nt s Wasuplétfxamplesd by neasuring the radius of gyration of polyners as a

functio
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Example 2: Ethylene propylene polymers near 45% C, composition

[00161]

Ethylene-based copolymers were made according to the procedure outlined above

and tested for TE in American Core 150N base oil and as a 1% solution in the same base oil

for the SSI determination.



copolynmer is substantially linear. D. The ethyl ene-based copol yner of any
of enbodi ments A-C, wherein the a-olefin conononer is derived from

pr opyl enayolwtoerze;2ohexene, or octene. E. The et hyl ene- baseascapobisner of
any of enbodi nents A-D, wherein the4ethyl enebased copol ymer is an

et hyl ene/ propyl ene copol yner. F. The et hyl ene-based copol yner of any of
enbodi nents A-E, wherein the ethyl enebased copolyner is a netall ocene
catal yzed copolyner. G The ethyl enerpsiggd copol ynmer of any of enbodi nents
A-F, wherein the ethyl enebased copolyner has a weight-average | ecul ar
wei ght | ( Mdmpfe f|r €acaitont |SOMITO tjo Hlod) 4001®D0.[ HMwThe eVimy| ¢nMWBsed
copol yper of any| of enbodijnments A-|Gpassti€Ogiln t he @t hyl engbased q¢opol yner
has an|i nt ennol €cul ag 4conposistigon [di tsrg7but|i onoof |abeiyt; L539t7% or 4 gss)| |
The et Ny €he- based GQPol YIer ¢Qf any o @noqdi Tent § Fgfds WedAon [The 4
:Lgﬁ!{e IEUd 3(1 C I[J(:L%gl:(‘)l llc?\ 5“17’21 l,\I.L. Lil&'jl bLII dl],? ;II[.U?»%6.44UI éjé(BLﬂ I Uut IUII Of
et hy| ehe-b é‘nrl r\nnnl‘KZtZg f anv nf anIq rrg;t Eb =] _7 épﬁnjip Bf ar ;.)‘%3‘?\
conpostioRdaf emhadi’dent [1, #8rt her Zécﬁ%rl si h80at] 7EX43t | o33094di 131 | L.
Met hod| f or 20di flyi ng8he fhedt.day |of 24.%i r gt tBOpds7ii26n| cdyRdri i nd.1t he
step of coplyi ni ng t5¢.2et hyl eng2basled 3ee@ol yer. 1Df [ag5268f | eaddodi mrerd. 52 A{l
with the first conposition. M A lTubricating oll conposition conpri sing:
(a) a lubricating oil base; and (b) an ethyl ene-based copol yner conpri sing:
f r om abByampk IitRangs (émdmlemmp%eunippbmmrs comgositiom et hyl ene, and at | east

1.0 wt % pf efl qner haV|n 3.t0 arbon at ons as on the
weight BPteRe Jify PR CRat T Pite P b Rufine TR LRI B o o

copol ymeid fe@d fér mlut ARGk Tord TSON b@s dm}ﬁilﬁ’s%dl%)éolaﬁsn i©theBARE ke bigSS; a
pol ydi sPerméé/ i ndex of about 2.8 or less; and an intranol ecul ar

conposi IdotGTRRAtOR. of about 15 Wt % or |ess. N. The |ubricati ng oil
conposi tion of enbodi ment M wherei npflie 4l ubricating oil conposition has a
TE of about 2.2 or less. O The lubricating oil conposition of enbodi nent M
or N, Wwherein the lubricating oil corrpos%]ékon hakva0o0JE of about 2.2 or|less
and the et hyl ene-based copol yneaFRGENPr i S fromehppr (35 wt % 1 0 &b 60

W % un{ t s EERIed f| W@W?l)en%()%gsed OV¢e weight of thHe e hp/a{s@%g)bdsed
copol yjrer. P. The Ipbricating oil compo¥f®iten of sgRyof enbod|ments M O

174

wher ei n Lne Ullbd T H—gon :iL'un i trs g substantiat
CrySt aH-++i :gy';n Bomgn'o Of b%?%:uvv' Q %Il}‘ ey ,.1\11%'2I 1) §j§ an%?iﬁgl e of
any Of nnrbOUl frents M ler\‘ e ! 'ub. i fl ng nr'n fl
char acteri 7¢=3H3 as_havi rS*? onql qpe 5l(2=-<< t hahl. &np at 1I1F5<7< t h2r3>0(m“, \Al%%ﬂ“
viscoslty at3-6.1 rad/ s¥000s gl oBt%ed las a’kBnctilod 6 tlenBdRat lir e27.85 The
| ubricating ®bl conpodDB,NOM af Ay of endddi nent d2M90Q,| wBelei n t ARS8l
| ubricating gl conpogid,pom exhi2tg ts| a S&.2val ye 18f13aboun. 535 pr Bess. $.
The | ubricatyng oil come) ti1jon4af any of4 enbodi mgmhs [M R3owher epsi7yhe
et hyl e1ebase9"8 copot ym'ﬁ)9 béo SU DS[3?§ﬂ[i aft y6d'gnea 1227 239 30.09

3.9 98,000 6.6 54.0 11.28 2.240

3.10 108,000 4.6 51.5 11.65 2.334

3.11 85,100 3.39 78.32

3.12 110,800 1.5 74.1 13.23 2.69 31.91

3.13 57,000 149 73.1 9.552 1.76 9.90

3.14 44,200 88.0 73.7 8.475 1.43 3.49

3.15 36,600 203.0 73.4 7.848 1.19 3.00

3.16 57,300 18.5 62.1 9.021 1.64 10.13

3.17 101,300 2.4 65.3 12.16 2.47 29.41

3.18 87,100 6.1 60.7 10.9 2.12 23.81

3.19 67,100 7.4 77.9 10.52 1.58 6.99

3.20 45,800 40.0 67.7 8.514 2.69 31.91

321 52,800 273 68.9 8.966 1.76 9.90

3.22 97,600 6.3 44 10.52 2.039

3.33 98,700 8.7 41.3 9.988 1.889

3.34 76,800 8.9 47.4 9.718 1.810

3.35 109,000 11.51 2.299




T. The lubricating oil conmposition of any of enbodinments MS, wherein the
et hyl enebased copol yner has a wei ght -average nol ecul ar wei ght (My) from
about 80,W0Qotooi2etzout 400, 000. U. The lubricating oil cecpasteioosi3od any of
enbodi nents M T, wherein the lubricating oil conposition conprises from
about 0.1 W% to about 5 wt % of ethyl ene-based copol yner. V. The

| ubricating oil conposition of any of enbodinents MU, further conprising

at | eaft ong gddirtiye.p¥oghe Tubricating oiT ¢onposi tl ons9f pny of
enbodi nts3|\3|7v TU t r@aﬁ)o rsg f rom/(?'zom .llf%IVV[ Y63 Dg@bput W pour
SR it ’m D00y T o anGY-Ae RS MY Lol o L he
| ubri cating 3(;\9| (‘nrr 0977'67&(}% ils Rkr ank(‘aé%gl ubri d8t%i%n 019 14 ; ayt nrln(ﬁ c
transm ssi oR.40l ui d, | treseq0or |l ul@®] hydra@l.ic fllui 485 powels. St ebri AR | uil ds,
gear | ubricanmtl, or pum2 &0 . |Y. 120 ef hyl €e- based 488pol yIe3s5 conprli® ng:
fromabout 35 wt%to about 60 wt% units derived fromethyl ene, andat | east
1.0 wt% or nore of an a-olefin conmononer having 3 to 20 carbon atons, based
on the wei ght ofTalﬂ@SeCnmp@n@JW@md@pmmﬁrcmmwsw medlifigrhy | ene- based

D T

copolynmer: is sul deIILI dl ty 2o phous;,andTha pot yu ersity index of
about 2.8 or les Ay ne&l‘{wﬁ%ﬁ cops'br“ﬂcr S.Sj,ud: ment Y, wherein
t he et hyl ene-bas d cr\?@\g%@ cohpri §£§ from a*?)@ t ﬂ Wt about 50 wt %

unit derived from et hyl ene, based on t he wei ght of the ethyl ene-based

copoly dinment Y or Z, wherein
the ethy muéﬁb mﬁpcopo Iﬁﬁgplpﬂﬁ o su stantﬁ&?{mpﬁotl ng peak Wnen nmeasur ed
by DSC. [M63Hh¢®hhyﬂtembecbmpmhmp@inm$d of amoypholis ethythicrbardtds copoiners
wherein the a-ol conononer is propylene,. b ne, xe [ _octene.

The et hw@r@emgﬂgw PR COmPaRo o i ﬁiﬁgs%wné% “GREPSPA. ¢ ho

et hyl enpRasGhor 8P WiBlend-Bad SbPNYRBE PSRN LB ARy Ter . DD, The

et hyl ene-based copol yner of any of enbodinents Y-CC, wherein the

et hyl enHi9d6¢ld o‘bpolygﬂrmrcomsosatlmetsaﬂyhﬁl@smi 3% LY @nanlucumrsohydrmk rEgtorTHbe

et hyl ene- based cop of, any of. enbodi npnLs Y- ein the

ot hyl enBRRBRE-HBRo Ry PERoRSRS 3N oRof o306 Touls Rof T omMaHBtL 4

about &Eolkrﬂ{eréﬁldﬁ' R-prformddat atdnpenardased copploybmll mbssaiy oPbo eabadi nent s
Y- EE, erein the ethyl enebased copol yner has an intranol ecul ar conposition

di st ri bethylsac end apeilcnesfopd vatey of ésﬁs kg/@ian¢ﬂek§hlhyﬁm¢eﬂ\ﬁ‘é§sed\Scﬁ)lScﬂanﬂt of

any of t thyl e e

ot er ot Ben e copa e SRt IR TR e R SLAH b i,

mast er batetﬁylﬁgimﬁlﬁﬁylf)ﬂn@ﬁhe@}ﬂ[(ﬁijdlﬁpeﬁl@dﬁdih@l)@l Ty - eaaeblhaﬁ*ﬁdr@@ppl)yﬁﬁnumf any of
enbodi nents Y-GG Il. The naster batch conposition of enbodi nent HH, further
conpri siiwpthyl. T84k Peasessabmiroeeaddition g feswerasire roatrelisniged frasias) tbgy of
a firsty i f i d
copol ynde TR ATER! THe EAPREL SLRGRGHR, B RIRbD P Ruds 35 Bk e FR RS

| ubr i catffegivoitd maompo shd trpet palpmefisditiog teripdratard. ubri cati ng oil base; and

[00165] The copolymer solution emerging from the reactor is stopped from further
polymerization by addition of water and then devolatilized using conventionally known
devolatilization methods such as flashing or liquid phase separation, first by removing the
bulk of the hexane to provide a concentrated solution, and then by stripping the remainder of
the solvent in anhydrous conditions using a devolatilizer or a twin screw devolatilizing
extruder so as to end up with a molten polymer composition containing less than 0.5 wt % of
solvent and other volatiles. The molten polymer is cooled until solid.

Preparation of lubricant oil composition

[00166] The ecthylene propylene copolymer from above is dissolved in STS ENJ102 oil
available from ExxonMobil at a 1.5 wt% concentration, to resemble commercially used
lubricant formulations. The solution TE and SSI are measured and compared to a similar

solution of Paratone® 8900 which is a commercially available viscosity improver which is



(b) an ethyl ene-based copol ymer conprising: fromabout 35 wt%to about 60
wt% units derived from ethyl ene, based on the weight of the ethyl ene-based
copol ynmerwoanth/as72beast 1.0 wt % or nore of an a-ol efi n ecmarseomn3tsayvi ng 3
to 20 carbon atons, wherein the ethyéene-based copolyner: is substantially
anor phous; and has a pol ydi spersity index of about 2.8 or less. LL. The

| ubricating oil conposition of enbodi ment KK, wherein the lubricating oil
CONMpPosi {{,@8 blg»a@pgfa%Es&ﬁu@ib%a davcaatgtza{1§1§ of dimreﬁth@thwﬁé?%tyldag @pblymer
conposi tion of enbodi ment KK or LL, wherein the lubricating oil conposition
has a TH&agionabellawez. iy Wendiessndavisbreflanginy/ivanecrivasatiudapol ynmer conpri ses
from ab %+ 0 abo 0 % der i. edfromet | ene, Dbas onthe.
wetght Bt AnsbSnEaldtanrCatiy sram MR ARE Pl ol ng el ?“bé‘(%ﬁ% 8¢ on
of any edmpssass MENNSt KM DEITEFRK Nwhilkeprovidin {rilgle QH and B R

exhi bits no substantial crystalli n|t gkfpaboutgccg%c or bel ow. %O The
lubricating oil conposition of any IdiP@di ment s KK- NN, wherein the

| ubricating oil conpositiomis charac e'“i"l% as tavitg a sl ope | ess than
one at | ess than 00C when viscosity a bj radbséc°Cs| plotted as a function
of tenperature. PP. TheHHubriecatinge .P»s'ti sr—of any of enbodi nents
KK- OO, wherein the Iubrlr‘%oipf‘rtp N5 EX- G ooy gn_e¥hPhits a SSI val ue of
about 25 or less. QQ ThedAdpaenéaxihg 0|4I6800 0s$®2on| of any of enbodi nents
KK- PP, wherein the ethyl é28gmsadexdpo) ymor6 hds réd.8ubst antial mel ting peak
when neasured by DSC. RR. The lubricating oil conposition of any of

enbodi nents KK-QQ wherein the ethyl ene-based copol yner has an MFR (2300C,
2.16 kg) of from about 3 to about éﬁlds‘i@ mn. SS. The lubricating oil

conposi {ion of any T R rermt ati i

conposition conpri s< %91 Et %n!—? I?géaﬁdo 'gﬁdéeﬁrf et gi&%ﬁ? based

copolynmer. TT. The |ubric |ng ())rrp)sitl on of any ofr- enb KK- SS,
|

furt her tcorprsing—at— least on udd= t: Ud—Fhetubricatithg u. |

conposi | ﬁénrof any of enbddi mept s HKKR-T fNPTt‘eher conmpfi si ng fro%saboui 0.05
Ww%to about 5 w% of a pour pobint depr »sdefedted hased on thd weight of |t he

| ubricat Emg2 oi | conposi Hil@n. W| TH8.0l ubri chonng |oi | E8hposi|ti on26f any of
enbodi ments KK- UU, wherein the| | ubricat | ndetaitéd clonposition|is a crankcase

| ubricatiErg3 oi |, automatigy transnmygi on|flNobsks tjractogofl uijd, hydraul ijc
fluid, power steering fluids, gear |ubricgibote®r| punmp oil. |WW A nethod of
maki ng ethylene-based copol ymers conprising the step of contacting ethyl ene
nononers with one or nore nononmers with a solvent in the presence of a

cat al ys{00168fa rfhirtiﬂimal samples weea praparedoavdotdimn® thgi teciliques cdem'rbddde “an

et hyl ene- based, copol e res ng copol rrer conprise rom
Sbout - ABHTE ahodt Ik U APIee’ duf Galrer oMt AR Woh dhay Braga

(2300C, gys;c@lgﬂ)})eﬁfesﬁﬁ@éﬂrﬁ‘@ﬂéﬁto%oh@erﬁf%ﬁh‘ﬁmét@rdﬂg/1 0 min; b. has a nol e_cul ar
wei ght di'stri i on between about 2 and about 2.2; and c . is substantially

anor phous. XX. The process of enbodTABIE WV wherein the copol yner is
produced wi thout the use of an additional shearing or degradation process.

Polymer C; Crystallinity | MFR
001 48.4 0 5.78 --
002 48.3 0 -
003 48.2 0 6.81 --
004 48 0 6.72 --
005 48 0 --
006 47.2 0 --
007 47.2 0 7.8 --
008 48.2 0 6.7 --
009 50.6 1.7 4.02 | comparative
010 51.2 2.9 3.32 | comparative
011 53.2 5.9 2.37 | comparative
012 54.7 7.8 1.83 | comparative
013 57.8 11.3 comparative
ref sample 55 8.5 comparative




YY. The process of enbodi nent WVor XX, further conprising the step of
extrudi ng the copolyner into an aqueous bath to form polyner pellets. ZZ
The procewe 20fo/aemeoof enbodi nent YY, wherein the pell et #Cmaseoia/osizacet er of
at |east about 3.0 mmand a ratio o#7length to dianmeter (1VD) of from about
1.1 to about 1.4. AAA. The process of any of enbodinments WWto ZZ, wherein
the polyner pellets are freeflowng until a final packaging step. BBB. The
process (Hlf16$ny AddigsiPgidpeatcs aMhbenMVRabibyig11per conprising a packagi ng

st ep. he process of enbodi nent BBB, wherein the packagi ng step
conprises baling polyner pellets. DDD. The process of enbodi nent BBB or
CCC, wherein the packaging step conjfAiBdds8baggi ng the pol ymer pellets. EEE.
An et hyl ene- based copobyrer—coerprirstRe—hromabeut—35—W % to about 80 wt %
units derived from et hid chely M&'acf WA O/MW more of an a-olefin
cononorer having 3 to 20 cAlMan a 071@177b'sé8778n t Heldeilght of the

et hyl ene-based copol yner, ¥8rei n [t &%t hyB&HE- baskt¥ copol yner has: a
melting peak (Tm), as neaswodd by |DREG44of 88IBC or Pdss; and a

pol ydi spersity i ndex of abqgg 2.8 07175@55,;32(;86V\Inerzej231 at least 50 wt% at
least 60 wt% at |east|80 Wik at [Tepsh J03y4dH or2 IH0 W % of the

e]'E hylben;a- ggss\f(ycopo: YNETS 'b'%) e an TRl Y | ?ﬁ%ﬁlla Mposi t: on distr IZgu;[/vlt 0o/n
of abou oor |ess; O—wt4 —30 or |less, or 0 or
| ess, or 15 wt% or |esp 0@ g$2q8 4025@ V%"L/j | ess, and/or an

i ntramol ecul ar conposi -.(qgmm;raéw mt!nn & abnut 50 wt Oo or less, or 40 wt%
or less, or 30 % or |less, or 20 w%or less, or 15 wt%or less, or 10 W%
or less, or 5 w%or less. FFF. Anyrqpg P ermbodiments A-M P-KK, and

NN- EEE, wherein the copolyrrer has a pol ydi spersity i ndex of about 2.6 or
less or 2.4 or |ess. FrRXAWRLES: [DX54]| The, f 9l MFRNOMIEBRRI |i m ting

enbodi nents identifly exenpl aryyslahidligne- based copol yners, |properties

thereof, and uses tjnergof. Hreparg@ii on| Ofg gT NYT €Re- pasgd copol yners;
propyl ene cormnoners—[—qqrﬁsj A pqi_yrrer cggrpo,i [59n eass $Y t hesi zed in one
continuous stirred tan'rlj eactor— Fhe—pptyh ..zai;ilun was, performed in

sol ution, using hexanre—as—aiselvept—Hp—the reamcr potyAeri zati on was
performed at a te erathtfr e gf 90d —anl o Ul APeskur® of 20 bar and

et hyl ene and propyllene lfeed [rat ed of 1| 34‘k&/kr AAd b k%ﬁ hr|, respectively.
As the catal yst systeml.®N, N|di metthyl anj | #0Pum 7.1

t et raki s(pent af | uor ophenyl ) borate was used to acti vate

di (ptriethylsilylphenyl)

met henyl [ (cycl opent adi enyl ) (2, 7- di T‘%BPEb‘L?t yl f1 uor en-9-yl )] haf ni um
dimethyl. In the process, hyd d and tenperature control were
used to achi eve the desired Mg%gﬁ{h]@ Ccat aF{ystT&{l ctivated externally to the
reactor, was added as needed—-R—apoun etivel to maintain the target
pol ymeri zati on tenperature. fﬂﬂ fﬂl Tﬂ¢=7-r73\pnl434r2r9r sol ution energing from
the reactor was stopped from furkher pobsheri%ibn by addition of water
and then devol atilized using codvEnti pnaPly [KhdeMin| devol atili zati on net hods
such as flashing or liquid phase.separasi7on, 45i8st by renoving the bul k of
t he hexane to provide a congentrnag ed sofgR! o5 ggnid t hen by stripping the
remai nder of the solvent in @nhygous|CeRYiTi@Ngy using a devol atilizer or a
twn screw devolatilizing e tru&é SO d5'9gi) g U with a nolten polyner

S S AN
conposli t1on contalni ng | ess t ||a|2‘8.l. 6ulg| 45 50
2.9 6.22 | 45.50
2.10 6.47 | 45.30
2.11 6.25 | 45.30
2.12 6.33 | 45.40
2.13 6.48 | 45.40
2.14 6.54 | 45.50
2.15 6.02 | 45.50
2.16 5.51 | 45.80
2.17 5.32 | 45.70
2.18 5.63 | 45.80

2.19 5.85 |45.60




sol vent and other volatiles.
Preparation of |ubricant oi

ExxonMbbi

| ubricant oil

The nolten pol yner was cool ed unti |

solid.

conposition [00157] The ethyl ene propyl ene
copol ynmerwbnomvigsaeopl e 1 was di ssolved in STS ENJ102 oi pCauskéialoBsod or m

at a 1.5 w % concentrati &%,
| ubricant fornul ati ons. Preparation of a |ubricant oil

to resenble comercially used

concentrate [00158] A

concentrate was prepared with 11.3 wt % of the ethyl ene

propyl ene copol yner of Exany

le 2p0l4.

5 @40 0453300

et ergent i nhibitor

package, 0.3 w % of a pour

Oi n&lztiiepr

SSE gt

by -

he remai nder is a SAE

10WI0 base oil. The base oi
wt % of Chevron 220 oil s avai

Wt o
| ghz-ng y r}.:

US Ul

&EZ\IY

4
43330/

% of Chevron 100 and 42

LI %1 > LI v

hy| 21\2;- ha

A" AN

o012

dopddRde

0159] The foll ow ng

exanpl es denonstrate that et
useful as conponents of | ubr

i cad24oi |

chAposidion

s descri bed herein are
havi ng properties

simlar to those of fornmul at

i ong.2fmde

f $.66h ¢adOn

ents prepared by nore

conpl ex and nore expensive 1

rul t 26t ep

nevhodsi4. 06

oup | Exanpl es Exanple 1:

Et hyl ene propyl ene pol ynmers

at about

1590¢C ¢

GAI39S

tion [00160] As shown in

Table 2 and Figure 1, ethyl g

ne- baged

t he procedure outlined abovg

ang ;LestE
+ | Ezbvvv\

| U

ad " ~

307

S

CopghYMelgoWer e prepared according to

Anerican Core 150N base

oil and as a 1% solution in
Tabl e 2 Exanple 2 : Ethylen

o
U TTCT

Mgkii

LA >3
| an
LI"ALILI

2420,

the SSI determ nation
ar 45% C conposition

[ 00161] Et hyl ene-based copol

_\,IITP;Z"% Wer

de

a)

A

ing to the procedure

outlined above and tested f

r TE3Rn A

TE?F

gan 430

150N base oil and as a 1%

solution in the same base o

| f2833t he

SBH2 detddridi

nati on. Table 3 Exanple 3 :

Range of ethyl ene propyl ene polynmers conposition [00162] Ethyl ene-based

copoly

for TE in Arerican Core 150N base oi
oi | for fpreanslowest bnifi watiompPPTabimg AT aisneenmlatedpAl atcfojences apgtends end

NRI0Y 70T eWRBS BuRe sl WG 1iitd R RIFAGRAUGSHP Uinlitsnesl 1ixb@ herea dardRst ed

and as a 1% solution in the same base

com: chfhg3E 85 TR e, BBk SPIRL SR AETRL R Y osioce

et hyl engodvasdth Gdpeltyviag proveterep teparceidnamdy acpanadnticteAORNRD Bii teROSAS
described in U S Patent No. 6,589,920. Preparation of an ethyl ene-based

copol ynisraPPpeapirRile ocaommensral descaationa

ihg specLidoepbRdImERE, While forms

synthes,zgfl in@eif’t% fARt ib&!ﬁoﬂ'ﬁlﬁéét!a& Ed dedtbe P@E{Iicﬂfsirlg]l {i‘iﬁc&%rbﬁn&hi F2hiaqR 1S

performed 1 n solution

usi ng

exane as a solvent.

e reactor,

pol ymer withbutatepaing érdno theegbirdt and scepgpef tht umentodn. 9B0E)rdauglyg vieis alot inpenelsd ur e

of 20 b

r and eth
espect Mpb]

st B Saf glr iy

| ene feed rates of 1.3 kg/hr and 2 kg/hr,
stem N, N-di nmethylanilinium

tetraki s(pentafl uorophenyl )borate is used to activate

di (ptriethylsilylphenyl)

met henyl [ (cycl opent adi enyl ) (2, 7-di-tert-butyl fluoren-9-yl)]hafnium

dimethyl. In the process,

to achieve the desired MFR. The cat al yst,

reactor,
pol ymeri zati on tenperature.

hydrogen addition and tenperature control
activated externally to the
is added as needed in anmounts effective to naintain the target

is used

[ 00165] The copol yner solution enmerging from

the reactor is stopped fromfurther polynerization by addition of water and
t hen devol atilized using conventionally known devol atilization nmethods such
as flashing or liquid phase separation, first by renoving the bul k of the
hexane to provide a concentrated solution, and then by stripping the

remai nder of



t he solvent in anhydrous conditions using a devolatilizer or a twin screw
devol atilizing extruder so as to end up with a nolten pol ynmer conposition
cont ai ni nyolzesgi2zttzan 0.5 wt % of sol vent and ot her vol arciras201oheaisowml t en
polynmer is cooled until solid. Prepatation of |ubricant oil conposition

[ 00166] The et hyl ene propyl ene copol yner from above is dissolved in STS
ENJI 02 oil available from ExxonMobil at a 1.5 wt % concentration, to
resenbl grogijerci ally used |ubricant fornulations. The solution TE and SSI
are neasured and conpared to a simlar solution of Paratone(r) 8900 which
i's a coMher bickilngdavail abl e viscosity inprover which i smade by separate
solution and devol atilization of different ethyl ene-propyl ene copol yner
fracti ohs foAIcmmetyntEyctminprisihgtg and vi sbreaking in a twin screw extruder.

[00167] As shovvn n h) t simlar ethylene. content the, present
| ubricant oil 8’§]iat %5613(} Itoﬁ §§1Pf‘ft%l‘tm§ ‘gfé et ovi di ng
desirable TE and ﬁeaﬁrp@%% 88 unilABbA @I #dml LBLEE] coﬁ%bhie%abmgw Qé wer e
prepared according to the techni ques described in "Il. Exanples As shown
in Tabl earbomaidnﬁl lgaﬂﬁéomthetmsletﬁahﬁmwslwme t hen anal yzed for phyS| cal
properties an( are to conventional materials. TABLE 7[ 00169]
Addi ti oNAFTHt 8?1? %%1“ % shown in Tables 8-10: TABLE 9 TABLE 102 .20 6.14
45 .30 2 . 21, enctingAfeak 0m?, as ddeaburdd b#DSC3OF 802 @3rfosed 45 .20 2 .24 5.13 44
702 2554044 80 2 .26 5.64 44 .70 2 .27 5.47 44 502 2866944 .00
2 .29 6.83 4apolygispersitpingenof abput 3¢ o lesgiang, 55 44 .20 2 .32 7.40 44 .20 2
33 7.42 44,30, | (ARG e IR Al rof'awtt S fOgpprer i cal upper

d roma to

linits are |1'Ste erern, ran any upper limt

e S Bheonstymel & FiRa MR b %%P e 3%%5‘3‘5?11%8?@ By ngRSrdsng' "

and/ or test4pglepy.ocedures to the extent they are not inconsistent with this
text. As is apparent fromthe foregoi ng general description and the

speci fi g embegdi @Eﬁﬂl?mer"‘@f EBirkOT B 20w HchREn 10 Y&HE 8(9%%38&%%501%1&'%% af ed
and described, various nodifications can be made w t hout departing fromthe
spirit andntsuoqziemdarQolrrmosmmerdtstldmt1oA¢xfeb@1tr$Q|vyt/> pitlesss not intended that the
invention be limted thereby. CLAIMS What is clainmed is: 1. A copol yner
conpri séng: Thentabbuher3of Wik tamcabbutlaBy Wit-3% wwlicksn deei eepblimom lekshyh ene;
and at least 1.0 w% of units.derived froma-olefn comononer having 3 to 20
carbon at dR&IMYlg # PRopitiopdisgibution of Ollféédifty/‘ft%rrlesstrmerel n the copol ymer

has:

5. The copolymer of any one of claims 1-4, wherein the copolymer is substantially
linear.
6. The copolymer of any one of claims 1-5, wherein the copolymer comprises from

about 35 wt% to about 60 wt% units derived from ethylene, based on the weight of the

copolymer.

7. The copolymer of any one of claims 1-6, wherein the a-olefin comonomer is

propylene, butene, hexene, or octene.

8. The copolymer of any one of claims 1-7, wherein the copolymer is a metallocene-

catalyzed copolymer.

9. The copolymer of any one of claims 1-8, wherein the copolymer has a weight-average

molecular weight (Mw) of from about 80,000 to about 400,000.

10. A composition comprising the copolymer of any one of the preceding claims and at

least one additive.



a nelting peak (Tm, as neasured by DSC, of 80 C or |ess; a polydispersity
i ndex of about 2.8 or |ess; and has an intranol ecul ar conposition

di st ri butworromf12etzout 15 wt % or | ess. 2. The copol yner etCTaisaénnoiizomher ein
t he copol yner has a pol ydi spersity shdex of about 2.4 or less. 3. The
copolynmer of clainms 1 or 2, wherein at |east 80 wt% of the copol yner has an
i nternol ecul ar conposition distribution of about 50 wt% or |ess. 4. The
copol ymer of Namodon® Rbdis)iAk e Hedloghhelr £iffistt &finSRRRINY 8P as; & step of

i ntramol ecul ar conposition distribution of about 15 wt%or | ess. 5. The
copol ymer combariyg dgeopblyoicaphanylont of\ghameil 1P wiile thedpel gpmmositionsubst anti al | 'y
linear. 6. The copol yner of any one of clainms 1-5, wherein the copol yner
conprisés fr Arﬂubjbcmitngaﬁl autin§pais dioa loutpriSihgwvet Bbtickting adlelsasy edd theoropetyimydr eifie,
based on the i g f the copolyner. 7. The copolynmer of any one of clains
1- 6, mheré%nﬁo\t?ﬁ}? ‘iﬂ%@’fgrf%}gﬁnnorrer i s propyl ene, butene, hexene, or octene.
8. The copol yner of any one of clains 1-7, wherein the caopolyner is a

met al | oé&necAhaluprisatingpibrgmapsition ofrglaing dgoMpers e ‘é‘?ﬂﬁaﬁ%oéfcoapaﬁlﬁﬁnl 8,

wher ein tglglé%i?l%%ty&}%rotﬂg% aatgg%%gg T&éxﬁc%%ﬁ%b%ﬁ’b%&l%‘ : t%@le&f thah OM

about 80, t o about osition conpris copol ymer
of any onenofat ldsetlmnél‘}@dzvheg \aécasunssatamdj rad/sdeasplottodies adandtionef Idmpdvigtivod f or

nodi fying t rheol o of a fir conmposj tiqn conprising the step of

conbi ni ng aﬁlHZ )cao%k? E/S%%Meﬁm%ﬁw eofoagg% 2SS 0 wi th the first
conp05|t|on 12. A lubricating oil conposition conprising a Iubrlcatlng oi
base and* theTb%bthﬁtﬂrg Q# cwsafontqf@nw@%éﬁplﬁ@l&ﬂ2aq>rrﬂs3 whgreinrfhe lpkiisatisgt i ng

oL 0ROt dibe8hich ah ) fo MEEEL kD 5{@%{&%@@1%@08'“0“ has at

| east one o ckeni ng e ICI ncy o ess (b) a sl ope
less th one, a 0ocC en.vi scos [ sec ted as
2 funct 1on ofhe E‘%Pélé?a%%’ﬁl Rolipgsifis B ¥y 882 oF ¥afhs 34! REGRTCuJuRihbge,

25 or | essil copokition lcuiprisatftdig abddt 0CIOWIO$d hbcud 5 @fto@ofcopbEnek. cl ai nms 12 or
13, wherein the lubricating oil conposition exhibits no substanti al

crystal lj§ni t yh@iubRe f 80 CoRpoRESPBE ankdonclbreclAiHRI 12C B, ifhh @i donp PR Ftdrh on of
any one of clains 12- V\/nerel n the l'ubricating oil conposition conprises

f r om aboutaboutl 069 t% tabihout 5 w6 fefur cyif] geneessants basedeort iy weight g ¢ |
conposi ti 1one of..cl aims 12-15, further conprising from about 0.05

of ..an
w%to abcoiﬁl?nqoan\lfxlf’éé |38m|p°%6?1ht depressant, based on the WEI ght of the
| ubrica osition. 17, Th Iubr| cat 0si of .any one
of ol o i 327 hs WERRBR RS Al RpPiod BREThENGPT LBt os 6! HbRE G 3}5‘%‘;@8&%
| ubri cati ng &inllposﬁibhqgﬁtdr&]k"cﬁﬁrlﬁﬁih@a%hg ilf hitofhatit 'ﬁﬁﬁ&fﬁ%m&h Wil th nfawéf auld,
fluid, power steering f ds, gear ricant, or punp oil. 18. A copol yrrer

conpri si nglydra‘uihorﬂauab@gweeﬁew%ﬂmdsaswﬂumam%mtmp silderi ved from et hyl ene;
and at least 1.0 wt % of an a-ol efin cononomer having 3 to 20 carbon atons,
based oh8.t heAvwmpglymeotomhesiogpol yner, wherein the copolymer: is
substantially am%rggloa %ut \gvt% to about 60 wt% units derived from ethylene; and
at least 1.0 wt% of an a-olefin comonomer having 3 to 20 carbon atoms, based
on the weight of the copolymer,
wherein the copolymer:
is substantially amorphous; and

has a polydispersity index of about 2.8 or less.

19.  The copolymer of claim 18, wherein the copolymer has a polydispersity index of

about 2.4 or less.

20. The copolymer of any one of claims 18 or 19, wherein the copolymer has no

substantial melting peak when measured by DSC.



has a pol ydi spersity index of about 2.8 or less. 19. The copolynmer of claim
18, wherein the copolynmer has a pol ydispersity index of about 2.4 or |ess.
20. The cwpabiywres720f any one of clains 18 or 19, wherei rCTh2@0psi3gp0ner has
no substantial melting peak when nedsured by DSC. 21. The copol yner of any
one of clains 18-20, wherein the copolyner has an MFR (2300C, 2.16 kg) of
fromabout 3 to about 10 kg/ 10 mn. 22. The copol yner of any one of clains

18-21, wher eirRe tBfol &@P'o?%& dHSofofainit 18U70] Qi ﬂfeomwrﬁaoﬁhsdmmfbutl on
of about 15 wt % or [ess. . Method for nodifying the rheol ogy of a first

conposi t i c(ﬁ%@rr%rlbéqghgffrh@ab@etp? ofabouintd] kg/ ymihe copol ynmer of any one of
clains 18-22 with the first conposition. 24. A lubricating oil conposition
conpri skhg aThebedpobangobianybese aindlatnre I8ehiol wirerirofthamnppolyecof hasl an s
18-23. 25.. An et hyl ene- based copol ymer rlsg%; fromabout 35 W% to
about 80 WPOBTRIRTHROMRPEGOR tiywwéﬁ out g%t 1.0 wt%or nore of
an a-olefin conononer having 3 to 20 car bon at ons, . based on_ the wei ght of
the et hy$-eneMsaadgfar opedifiiag thafhsolagy ethe fusthgarenpsitioasempriing (ivestcm@é: a

melting p ;

pol ydi spefcglhltbgln ﬁ%ggﬁgﬁﬁﬁgé{s@%e%@%@él§%§’%gkgﬁﬁ “at pselggl% 60 wt%of
t he COp?lemarAl rlca ) onlt ony l%lflll AnpHiiy %Slugllgar‘gmdl St I’alsg Ut an co boell%to

W % or féss and an S nerdmel ecdi’a cggpom I ongda Ion about 50
W % or | essy one ofcla1rns 18-23.

25.  An cthylene-based copolymer comprising:

from about 35 wt% to about 80 wt% units derived from ethylene; and

at least 1.0 wt% or more of an a-olefin comonomer having 3 to 20 carbon
atoms, based on the weight of the ethylene-based copolymer,
wherein the ethylene-based copolymer has:

a melting peak (Tm), as measured by DSC, of 80°C or less; and

a polydispersity index of about 2.8 or less;
and wherein at least 60 wt% of the copolymer has an intermolecular composition distribution
of about 50 wt% or less and/or an intramolecular composition distribution of about 50 wt% or

less.



