CONTROLLED- RHEOLOGY POLYPROPYLENE CROSS REFERENCE TO RELATED APPLI CATI ON
This application clainms the benefit of US Provisional Application Nunber
61/ 219, 5580f201cad1sbene 23, 2009. FI ELD OF THE | NVENTI ON PLOQG2}10/l08%44
invention relates to pol ypropylene. In one aspect, the invention relates to
controll ed rheol ogy (CR) pol ypropylene while in another aspect, the
invention relates to a nethod of making a controll ed rheol ogy pol ypropyl ene
using cyclic peroxi deCO'NT(}@G)PL'E]ﬁWIf@L(ﬁW%LYPﬁ@#YNENEi on relates to an
article of manufacture nade froma CR pol ypropyl ene made with cyclic

per oxi de. BACKGROUND OF THE | NVENTI ON [0002] When organi c peroxi des are

m xed w th pol ypropyl gpe d e e -3 (e s ¥periences
scission, i.e., its S{viviar-1men cimet S et —he~Tes i ng pol ypropyl ene
al so has a narmmyeihphiEdtiRaUtRIimyeihghberdifit 6f DUST Providianal t Agplsdadibh | Ngmber
material, and it exﬁibits i nproved flowability during the ?abrication of

fi ni shed 6pi2d8:558 figadolwne £8.2008003] Conmer ci al  pol ypropyl enes that are
produced in the presence of o i i known as controlled

rheol ogy (CR) resins. AIthougﬁ%ﬁﬁaﬁgg?ggﬁpgﬁéqol per oxi des are avail abl e,

2, 5-di met[6001] 2, SThis $fdentivi yélpes ax polyppaieae. dnldnseadpecal the atentonrgdateoxd de,
is the peroxide of choice, This peroxide .is Cﬁ&gerciallyhavallab e as

LUPERSOL cenftolicdgheelngy (LR asiypippyieas syhilssin ponthia piPeelh Mo iyFRing relfte 9
TRIGCNQXngﬁkf %%ﬁ? = [ RSN Sy JT; b; | L\pear

al i phatic di ge?g:?il e e;ilhl ﬂolla%gg&g%gycggggﬁﬁy%}ﬁﬁ ﬁe%ﬂ%gﬁgg\%gﬂt glinnétglrald
produce exactbersiavgectjutiet invewtsorofrelete abi he atigandic noonfrotme sngd¢OBpm a CR
especially. for fertain eﬁﬁiUﬁgs su%h as for the manufacture of articles or
conponenPOpRFRYTang mads ith fYGhe PFO&IdPndust ry. [ 0005] The peroxi de conmpound is
typically mxed wth the pohyREEYURSTEOEWHEINVENGSORI |Y in a particul ate
formsuch as pellets, powder or flTake) prior to their conbined introduction
to an ex{0Wddr, Woeetorganic perdaideanard mixed yald, palvprapylena ke thebypek adeseanlly or

t he nmechanj.cal ener.gy of the screw.or mxXi | s. I |t ]

ext r uded PS4 ?’&egl,gxcref bBEH % i I lféhéneoéecg?ag t ﬁ’%la%?‘flé%, regﬁ%er‘ﬁfheﬂr‘re;r%g‘gﬁ?ﬁ bits
control | ¢g] Bﬂfg@lﬁn@ta@da leasfd Guttdwved peslEduds. wei¥d EOHBLAGHL BA8 Fhel btlSi2Q 1041038 344

[ 0006] | N~ USk 144,436 the peroxi de compounds, are referred . to as free
radi cal and ttiexhibits rapravedhBgwabikityedwsingylsdfabrcagion of faished plastisdrefucthe el t
i ndex of r ... Q0 +B87, 93 I i de :
enployed[?‘d(;lB pdi @ﬁ#ﬁngnB§$h§?§E%%ié%§iF% éﬁgbﬁgrﬁhfﬁgaﬁﬁgéggo§fgﬁgnuc
cryst al | ipa@xjpieh yape dpyivanas pontetdled fheQIOBY |(CRYSEsiBs. 94A]tBaight hevidomtarietyl efl

oxi dati ve degradation .o o] ropyl e I, chj eved, t hrough the use. of ..
certain ﬁ%ﬁ“&%eﬁle%r? *ﬂ‘ﬂﬂé‘glﬁgt%K@“@%Yﬁg?‘zbéqzt'@ﬁ@fpgré’%%tl?eéiﬂ?eg Eoliyr aﬁﬁ’?‘a‘uc
odor - f feﬁgﬁ%ﬁ&éﬂﬁr et xRl bhecHBiRdUCThiOSRbNES it hEmabrc IR FRlilableendral

degradati on togéther with maxi num oxi dative degradation. SUMMARY OF THE

| NVENTI ONURERSSY] 1161 droen éinbbudidelndiviston ¢ohRemmwiabrCorporatipn,oingsas TRIGONKXng a
CR- pol ypr. | ene, resin, the process conprising the step of contacting under
1B s RsreR bl

sci ssion n- CRpol ypropyl ene resin having a low nelt flow rate
(MFR)  wi t[(bnchl | SItRRIBX CRere@ins f @adaIwith 'a (nkaRblipRatlc Qigroktid @xMbit Bogd - i n
whi ch each R1-R6 is independently hydrogen or an inertly-substituted or

unsubst i Pracegsalitgothe aregips | contrirzmde proadees leyeessivs- @Rotidesy f volatitp oreanig ky |
wS 0 | . . ) . . .
R1- R ar SRR (v OTREEEMT s (Er i il bl o8 AR bR USO8 HHERG B

aryl oxy, chapoganpareSfoethe ateonaxylindwiryril e, and am do. Preferably, R1-R6
are each i ndependently hydrogen or. a lower alkyl i.e., Cl-Cl1Q al kyl.,. nore
pr ef er abllYP08] - c4Thg R?PXléiﬁoc"@%@Hngrd? YR PKR Wh‘bt ﬁ?lpo PreRyAgfe. (‘%}6@)}105] The
CR-pol yp ef\ea Mk Mad B YEn e I3k d) VS 1o theirdBdhnbiR&d
articlesaﬁgﬁg r%#ﬁ?ﬁggg reS|%éggggﬁgggﬁ’?iﬁﬁ%égpvéi§ggissionglrelafive to
CRpol ypr agpxddactonr esamextfwier sohetimes vodesanminds gas,om méle dhenr by ihnst)andidéhdy an

i dentical process exce that a non-cyclic peroxide,.e g., L RSAL,101, is
SUbSt | ¢ AFEAPTA eRErEgy Bl TG EDRT FEAGE afarul S M RS erBHAacR Pelfet:

CR- pol ypri@Bysh, 818, §1R8i Sisth@liRe, RAH theCrHEIREXNbitkS@Intbl1éd) phditctaBe AbAGirofeeticf
various |owVOC articles, particularly articles used as conponents in

various autonotive applications, e.g., autonotive interiors and ot her
encl osed areas.




DETAI LED DESCRI PTI ON OF THE I NVENTI ON [0011]Unless stated to the contrary,
inplicit fromthe context, or customary in the art, all parts and percents
are basedworroweisgies and all test methods are current aspofi/usb@oisdsuang date
of this disclosure. For purposes of United States patent practice, the
contents of any referenced patent, patent application or publication are
incorporated by reference in their entirety (or its equivalent US version

| S so I nqgp@r at aiuky 3r1ef4@r@ e ersﬁaegtlﬁbtaﬁdwatenefe%ee&as £:8: LiRabihRfASUr €
of synthetic t echni ques, initions (to the extent not 1nconsistent with
any defi ranﬂrthﬁygrspmplowd:m ¢xyrupctp\t<p vhedify thethels indes of ths pragduct. and gener al

know edg t he_ar [ he. nunperi cal. . ranges in this di ur .ar.e
appr oxi ngp@]nandht h‘iﬁsP r%%%%hgl %H’r@ g‘glﬁﬁ’ggﬂqﬁjt %‘%d%m[’)lf) Y¢hdO Ay ‘5@ gl?ﬁ gnsic

ot her wi s&/idcasitycatidatlelt Howhic©2h chaRURR folirbsige fowdt.ues from and i ncl udi ng
the | ower and the upper values, in |ncrenents of one unit, provided that

there is [8084dpar bt i 3694830 ethet cctrttmllgdnmdq@efwmﬁa@ﬁyn|Qfmmlypr@pmlénenﬂ any
hi gher va| i r

D Smer v Al uh YRRl RRRE, T8 BRRPLERE oY oS0l e
etc., IS dnd@iod-B@e lcharketOfficsidf ths ptdalhetl‘lﬁiﬁﬁinédlﬂiroﬁﬁ}i miinighal tiduahl degradadon such
as 100 101, 102, etc and sub ran such as 100 to 144, 155 to 170, 197
to 200, é?%ﬂh“éﬁﬁ“@%ﬁﬁe@t?ﬁdﬁﬁﬁn@gr8@&”‘For ranges contai ni ng val ues which
are |l ess than one or contai t reater than one (e.g.,
1.1, 1.5, etc.), one unit |I§LQQNL£.?(MQTQE ﬁn@, 0.001, 0.01 or 0.1,

as approffotje. Foong amnpedineontiei mvegiosi gl prodesgl for makiey s Glepelypmmlenen
(e.g., 1to 5 one unit i.s typicall con5|dereg to.be 0.1.. These arg_on
exarrpl es TBRLWIEPIPESE ﬁ%@?t‘?‘&&lt %/Steﬁtﬁn%trcﬂa%am §1) SR $AnGItOBR B ‘r’toé’tégns of
numer i calpoyld|R%erRebde 8aViAS € 1w WREIovATAMe(VPR) W chéIRRedxided UL TET at ed,
are to be consi'dered to be expressly stated in this disclosure. Nunerical
ranges are provided within this disclosure for, anong other thiflgs, MR

nol ecul ar meight, and vari ous tenperaturge and ot her process ranges.

[ 0013] "Pol yner" neans a conpound prepare p eacting (i.e., polynerizing)

nmononers, whether of the sane or a dlffer type. The generic term-pol yner
t hus enbraces the term "honopol ymer" /géual nployed to refer to polyners
prepared fromonly one type of nDnoner and th term"interpolyner” as

defined bel ow. [0014]"Interpolymer” copoly0er mean a pol yner prepared
by the polynerization of at |east Réul_dlfferend types of nononers. These
generic termnms include both cIaSS|caI/épponn§p se., polynmers prepared
fromtwo different types of mononer®Rs; anf el yners prepared from nore than
two different types of nononers, e.g., terpolynm¥rs, tetrapolyners, etc.

[ 0015] " PrioRyHi@ 8adPOR YR Mis mdepeﬁdenﬁpmyd?dgen AN tnkekpy $UBL B ER NurRu BRI BE
containing units derived from propyl ene.” Propyl ene "pol yners typically

conpri se GtCh ebyt, GeCxoydoghyle @srtCz( ayl, 97-Coniatagkyd er Co-édo dlkanyl. pRmWﬂeeﬁeve

0016 Po ro act . c " and,lik e nean;.a het asi c
pr opy} ené é eliﬂ%é “Béﬂtl%ﬁ? frﬁfhﬁ%@ é{‘rgéch?rﬁﬂlyd gt é{:toeahl&t)h’ NI '{)E (i
honmopol yrgrcRhiksi, fUGL@{o aMiBky, alogeh, aRier edh@odmaﬁﬁrrl@ @Re Iamar spféwwly SR, -Ry
cont i nuous phase of propyl ene-based poly Cg propyl e

honopol yrEs eash ig qne@rtgmlerrré/drmamacl@p@r ?Hﬁﬁrleaﬁd' oatkgb@rﬂrp rrrﬁe:@bbh(as@r of a

r ubber ory propylene/ethylene copol yner.
[0017]"LOlaiﬁﬁé9%@%&%%%&&%%b91¥8#@néerg@l and like terns nmean a
non- CR- pq0g1®] opyTen €R-psliyprophiehe hassnsamaliéMyothel mosest hdnthisOinvemtjning ahd ythé ess
than 8 and nore t prcaII | ess .than 5, gr 0 m.nutes (10 m as
measur ed agif! ks Thde fioan gse FER% dEFubig, T redBerd (YO SEBREI0RS 1 se(lfﬂafe " 8-
[0018] " I

@Bx@%ﬁ@# rtgsgg 288 grjmre g@ggs nBE fonk thes@FdihhsiThAbe By RA LABROREO8:

resint to scission conditions. [0019]"Scission
condi t i omseparttatl akeontaychs pmande;omgr, thIéFERS@HetOM/mscwbsmteWFer dhe gcyclic

| ow- MFR, non ropyl.en Greas d by .a factor f at ast 2,
br 61 or abiPeidq o awga S ThEreeloft UPst SR Ao as esins ${fatectsTabe sl an
sci ssi on (kORBhifaeMee 8f eaﬂ&rserpelevpcoarttctw a6y Shtadids! didedl RBfcodpRnegs axi de.
For exanple, since TRIGONOX 301 is nmore thermal |y stable than LUPERSOL 101,
a higher nelt tenperature is required for essentially conplete peroxide
deconposition (the typical nelt tenperature at the die exit of an extruder
in which TRIGONOX 301 is used is about 250C, for LUPERSOL 101 it is about
225C). EP 1 244 717 Bl provides an illustrative exanple of typical
extrusion scission conditions. [0020]2Inertly-substituted”, "inert
substituent” and like terns nmean a substituent on a conpound or radical
that is essentially non-reactive with the starting materials, catalyst and
products of the process under process condrtrons In the context of thrs

o a 1 .



ot herwi se can be made by contacting a ketone with hydrogen peroxide as
described in USP 3,003, 000; Unhlmann, 3rd Ed., Vol. 13, pp. 256-57 (1962);
the arti cwe,20l0B5u8es i n Organi ¢ Peroxi des XXV Prepar at iPom/UsSapasestd on and
I dentification of Peroxides Derived from Methyl Ethyl Ketone and Hydrogen
Per oxi de, " Mlas, N. A and Golubovic, A, J. Am Chem Soc., Vol. 81, pp.
5824-26 (1959); "Organic Peroxides", Swern, D. editor, WIley-Interscience,
New Yor k E13,

Vol ume 1 &%ggsga%%{g&@ie‘_%gg \%‘ e:gesl\ﬁltt [?H&ﬁg ‘g%oﬁagg??}%g? ﬁcelgég?} €'f%ig)r mul a |

i nclude the cyclic ket DMMEE&@E&@RH&ID%@FHHETW met hyl anyl

ket ket t , th K ,
ot hy | butli91 et opeless GER T the BB FRAR) FGrR{ RBEBE" SRS ST % Retbne,
met hyl nonyls ked Q&@entﬁﬁ% %Mééé%ﬁelgﬁﬂéhﬁ%llae@ﬁ niERhda laknelefent adstttRO flind Be 6y Cl i €

per oxi des can be used alone or in conbination with one another. [0027] One
pr ef er r edhig ylisclosurge Fox PEI@OSQSrOflEJ&@ted Ptates patenipeasticeo thg eontents of any referenced

3,6,9-trie trinmeth [ r Y bl e
o ST i o, L B ARG T b8 18 L
2010/ 151%98R6IEMUSAD 307s030 84 4o [ 1@6cdBdrald by Gbiegenpe) @xpediallyseithiresgiebi so the

i nvention can be liquid, solid or ﬂ ast e dependi ng on the meltlngv\,l‘(iﬁ i nt of

the per o)disetosuredof RENEFtq dephniques, HRFnitgs ity thmiextent mof dneopsisien am d
formul ati hglﬁgég?] | astici zer
and the cféﬁg%%?kp% %igrc a ﬁ{mmeg%ﬁgltlgl glgéus)glr@. 5}3} tgl:i?/vggd érlﬂggég%r?s whi ch
stabili zqomrz]des@m ntmezecal hmg:eenmx]mslehscbseardry a@pmmaate ;omd they nmagytinblede
suitable for use vvlth al | of ]t er oxi des usef in ra]iupce oflthls

i nventi oﬁ’aq%PBtS’fﬁiﬁrOc ithq Tagge yolessotherdse Rdicalstai naergca ’@nggﬂrﬁ% £ Abvaluehe
phl egmat iz 230 aihAik}AMe 18wEEHIdahE ubpdH VIS | indakteRehtdlof 3RE uhR] protided Habt
relative to the decomnposition tenperature of the peroxide such that the

phl egmat ithere icasapatation of ehisesdyo emgs betlwnsm enly beerr vhlagwné gnzahtgbm%aimq abed,

unsaf e peroxide, c osition b t he | ower , bai hi e | Zzers
ment i one&nlfémenhf;? 8?1”(’]3/05%0“3@ éJ:hﬁflcal %10 %?ee}ié)ﬁ%ﬁegy’ WS OlJf %,{% e HBRc i
subst i t utRgsiteinR@NEldve raY I(Nlﬁ:szgo&ct he fildhe $emMto il rmanitnmhtmea hh'haallemalvhlel
deconposi ti on t enper at ure 029] Exanpl es of usef ul UI d phl egzrhatl zers

for use \Mahﬁs,tSNéh ey d09.cl Qe 8% aiesansk subgiapggsasych |4‘ic1|09d@ \?‘érﬂ Vants,
di | t d d
1 uent 30, L AR, QRGOSR i v

et hers, Qyﬁﬂalrﬁngefrhc&fonslbmﬁﬁbetrygedteathaﬁhmles(c: gyl ilcs, atvi)dese uat d;edmyisidsr,ed to
ketones epOXI des, esters, hydrocarhon %ol vent s, hal ogena edg g bon
sol vent s be9091 £ §-RO L Oy & 0. Ly @RPIgPTI&e o FiAT BNEFLOREIRIPE singls Bt eS%OI

[ 0030] The('?aﬁ‘yt%h Eo PEROX%Y Q)Fle Q&ntfléjf aﬁy Ic?ﬁﬁdéré’d)iocl%l d.y. audedt enl l{y%ﬁ(ﬁﬁs of
non- CR- po yproy ene pel | ake, etc. in a concenfration of 50
to 10, 00®vhatrmrs¢>e¢1ﬁpalt>aintqnded ai:d(alltmsﬁbl(e@:ﬁ)arbmaevmwﬁmmertoybwdwsl hﬁt\men?;b@ to

esin. ThevES R an e neleBt g BRBe e e SRR BBy BEARE ony

opt i Onal ﬁgddlﬁdws%ﬁa N&nérieal ¢ gley Ry erivied Mthmefmﬁa@tw@@@ foaNghegg bitem O
to 120C, and then | t-conpounded in an extruder or simlar device at a

t enper at dhisgh MFléxnelemlmgwggmcancbvaém@s tamheraBies and elbgn prgeess canges.

Al I I d
emperat B att oW RronarR rhcr P BT ke k@R, £ raRull ST CaoBndhlfl

properti egorpdiftrd, Sthethen 6£1he 8ht Yr a\fdtffbrédleypkycjﬂhecgen&imnd@olmeaﬂmkmbmbes

The m xture shgul d be processed at a tenperature of 175C i? 290C which is
above t héhavisrmi“hempealimens usualy seplayeed fy1e6sido RplYMSE) BFGPIES IEBRAYaRS §Re

t enper at ke; \ conmpoundi ng i s conduct ed
ey an tF fronbhi e e>e/tre’glll m?é’ﬁwfﬁﬁ@‘tgraér&é’ﬁhwb 010/ 151508PCT/ US2010/ 039344
[ 0031] Thqo®kAq i on’élhteqﬂﬂyrhen) ead |“mspalmer” lmuﬂanarrmlymtr preparedebly the: palymérization
resistant _additives,, heat stabilizers, ;[ﬁt abilizers

{ .
ant i oxi d&@ht& leashiwe diferentayort 8T MIngHeEhn %sgr%ene%ﬁg‘rq,se]ingg\ggg) ﬁ%\ﬁ jagpical

scavengelsg élyﬁ'lgrsa§e”%§)@lme?§ BRIpBEASHdiR 190 diffRtenit UPes b@%ﬁ&b&erﬁ%ﬂ%‘lﬁﬁ@rs
stearate), nucleating agents, tracers and hydrocarbon solvents, e.g.,

hydr ogenat ed ol i goners of al kanes such as the |sopar(r) products
comercially avail able from Exxon Mbile Corporation. |If used, such
additives may be present in an anount fromat |east 0.001, preferably at

| east 0.05 and nore preferably at |least 0.1, percent by weight based on the
wei ght of the polypropylene. Generally, the additive is present in an
anount | ess than or equal to 3, preferably less than or equal to 2 and nore
preferably | ess than or equal to 1, percent by wei ght based on the wei ght
of the polypropylene [0032]The |OMFNFR non-CR—ponproperne may be

v o o o o




Carrier gas: helium Mean carrier gas velocity: 35 cnis [0038]Prior to
measurenent the vials are conditioned in the air above the sanple for 5
hours + Swoiznursssoat about 120C in the head space sanpl @CraiSe@o0ios93as der to
enrich the vial with the substances contained in the sanple. Inmediately
afterwards the vials are analyzed. One or tw standards are used to test
the proper function of the instrunent. WO 2010/ 151508PCT/ US2010/ 039344

[ 0039] Cal ;JréBa"f‘éd £8mi Rodans Wid Hﬁfﬁ%& %g)%s oF alodames; e PCRUBHENRES Ye%%p@l?m%rs
calibration substance for total carbon em ssion. For calibration

150 pL aretc.200 L of acetone is taken with a 250 pL Ham I ton syringe. The

t i ol i ght.ed t L t | | 0.1
"o n saORSIy of hRpHELEPoIERe s P Srrona et e ks T b A e SufRimnd ™)
st andar d 1@k Wekiobd ftbn? pedpyRneeaPlopsleaB il Em&s! tybicaly ksmpREANE kastns® nfpl20 N

GC vial wth three replicates. A calibration is built by plotting the peak
ar ea versmscen’g(mﬁl‘%aamm)dprwdlftonemopﬂem| ng. Calibration is performed at

by 5% or 0" PR A8 end iR dBR e AR AR fihs BFATEBEComus bRy che '
sanpl es gotyniksagpicallyt heignahiphi ipaditserehgth atladdoGr Rothssol pmeodf difdarseifRl es

is calculated fromthe peak area by using the acetone caljbratiaon curve.
Sanpl e Pri @ﬁ»sqr% lene rrem]@nabmm cegtpalﬁw cQYRUONS RN2FG 461 & MPBYIenmRaseshw

Chem cal Ny d S QU t t i 840

t hese exrf%l es’ T%e s?/)g(g) né?‘goﬁg‘??g‘ﬁg’%%‘?&4?r\g‘18?g@?en Igg%lltln rrl%\?\nEt Edaén

ext er nal dsfcentaorous nphasd Qfgenltub()ch oycdim'piemtej,dstdimmt tmpigallyi Iaap@py)]len@@ﬁﬂe@ and
an activator 1("F“ et hyl al um nun). [0042] Four inpact copolynmers are prepared
in a UNI BBROISMEBt plant gas phase reator under standard gas phase

pol yneri 7e419n consi-MIoRs. n&'i‘-@l@ﬁd)ly?%byléﬁé' qesinarl engar lik@d tels | MdahO a

sequential reactors. annpo ymeri zati on of propylene is conducted in the
first reaondiR-pplygrapytene iresinthetihasanoMiERi of l@wéhm!;@,rtmcmessaﬂh@u@ anghgnore

Co o NS RS Ch AR P B M SuhR b R EpLEAg e
xyl ene sq#r@&ua@B[caﬁdﬁbﬂ'neom@ngner powder cont al n| ng active catal yst

residues is intermttently transferred to a depressurization vessel to

remove udP@tt ed WeobRrRHEP RBeRfe Fesin NGt i 1elas Ev98 X BARBIRBRIERS rosHy that
depressunizaliR X&jéc%dﬂo%cﬁ&gﬁ%'ﬂéhﬁ&% Wi th nitrogen to convey the

honmopol yner powder he second reactor for polynerization with ethyl ene
to make t0@1%t hytSeisioprcpyitiens” andoliler tefrPRean Edrilyti@seamdadwhichplyd BHR of a

nononers  ar ded in a,ratiq to optai.n the desired EPR siti.o
Hydr ogen 19%" Qﬁ RAYRIBPHFRF 1951 §dusrrasgd ﬂw {psfqreet at%g 8@5%5@}%@?
powder i $eds'} %d‘?nbiéeeﬁ}kfe)’ab'l}eﬁmé!fs@ﬂ 'T?H?c&l*'&tr%ﬁ%ﬁ @Qsix&@@&rﬂ'itﬁn@ %réd«b?éﬁ&ﬂ?&{
corrpoundl ng once the target conposifions are obtained and the reactor

syst em i shd nhnmlal stability OOM]peil‘dxedq npa ekawpleosipere FREHGINON 3¢ oy mare theamalled by

armount o bl SR 1 PlsEhiEhercrph mBr G litoyion RRC AL e of

et hyl ene peryxideedeconpeditidd ars typn:a( Eﬁltlt&n)b&r%ure dthee ARE Hodofl 5 &ERder 1arwh161’p act
copolyrrers t hat have pure propyl ene Ejt})g%msr as the first react

conponentl RAGONRK SOtpRugpl i ﬁbogé’éBrfa fpé& SE8rpdint i aboph 23y rEtP bf244
rubber fr = Ec*Fc/ 100
Equi val erz?(}?e{ﬁﬁ%‘éﬁ%fdng l%t@éwgglégrlﬂ—%ﬁggh%gee 0 aSﬁJIlas I lgﬁ%ﬁ) Iﬁ{)]? ng the anount
of rubberf0G20qct i ‘dnewinytshbst.thmecﬂ’ot“aiertetdbghmaﬂ”camdtlﬂaettenﬁss mesn walubsthnm/rom o the

art, the anount of rubber can be obtained froma nass, bal ance of

react or s CB‘FlPP'r‘ftSirﬁrn@é%lr@ﬁbﬁtesﬁltlﬁl%én?‘?‘feéﬁilmﬁm the AR AR RS- o SF P& t he
first a“ﬁl E@Qﬁtﬁ@gﬁ}c% RIaBOHoE Sss RBRHIA¥AL IIn V‘ﬁ?xle'coﬁ@?ﬁ"@f ARAnYEdioa! « HE&I?OO'S
The total ethylene Content of the inpact copolymer can be neasured
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preferably at least 60 and more preferably at least 70, weight percent (wt%) polypropylene.
[0022] The propylene polymer used in the practice of this invention may be a propylene
impact copolymer. These impact copolymers are well known in the art, and are described
generally in USP 5,258,464. Preferred propylene impact copolymers for use in this invention
comprise a polypropylene matrix or continuous phase in combination with a rubber dispersed
or discontinuous phase. The rubber content can vary widely, but it is typically from 10 to 30
percent by weight. The matrix phase is preferably a propylene homopolymer, but it can be a
propylene copolymer. If the latter, the copolymer typically comprises up to 10 wt%
comonomer, such as but not limited to, C; and C4-C;; alpha-olefins, e.g., ethylene, 1-butene,
1-hexene, 1-octene and the like.
[0023] The molecular weight of the non-CR-polypropylene used in the practice of this
invention is conveniently indicated using a melt flow rate measurement according to ASTM
D-1238 (230°C/2.16 kg). Melt flow rate (MFR) is inversely proportional to the molecular
weight of the polymer. Thus, the higher the molecular weight, the lower the MFR, although
the relationship is not linear. The MFR for the non-CR-polypropylene used in the practice of
this invention is typically from 0.5 to 15, more typically from 1 to 10 and even more
typically from 1 to 5, g/10 min. The MFR for the CR-polypropylene made by the process of

this invention is typically from 2 to 100, more typically from 3 to 60 and even more typically

from 5 to 30, g/10 min.
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Cyclic Peroxide

[0024] The cyclic peroxides used in the practice of this invention are of the formula:

)

Re \\C /
Rs/ \O\O/ \

in which each R;-Rg is independently hydrogen or an inertly-substituted or unsubstituted
C1-Cyo alkyl, C3-Cyy cycloalkyl, C¢-Cyp aryl, C7-Cyq aralkyl or C7-Cyg alkaryl. Representative
of the inert-substituents included in R;-R¢ are hydroxyl, C;-Cy alkoxy, linear or branched
C1-Cy alkyl, C4-Cy aryloxy, halogen, ester, carboxyl, nitrile, and amido. Preferably, R;-Rg
are each independently lower alkyl i.e., C;-Cy¢ alkyl, more preferably C;-Cy4 alkyl.

[0025] Some of the cyclic peroxides of formula I are commercially available, but
otherwise can be made by contacting a ketone with hydrogen peroxide as described in USP
3,003,000; Uhlmann, 3rd Ed., Vol. 13, pp. 256-57 (1962); the article, "Studies in Organic
Peroxides XXV Preparation, Separation and Identification of Peroxides Derived from Methyl
Ethyl Ketone and Hydrogen Peroxide," Milas, N. A. and Golubovic, A., J. Am. Chem. Soc.,
Vol. 81, pp. 5824-26 (1959); “Organic Peroxides”, Swern, D. editor, Wiley-Interscience,
New York (1970); and Houben-Weyl Methoden der Organische Chemie, E13, Volume 1,
page 736.

[0026] Examples of the cyclic peroxides of formula I include the cyclic ketone peroxides
derived from acetone, methylamyl ketone, methylheptyl ketone, methylhexyl ketone,
methylpropyl ketone, methylbutyl ketone, diethyl ketone, methylethyl ketone methyloctyl
ketone, methylnonyl ketone, methyldecyl ketone and methylundecyl ketone. The cyclic
peroxides can be used alone or in combination with one another.

[0027] One preferred cyclic peroxide for use in this invention is 3,6,9-triethyl-3-6-9-
trimethyl-1,4,7-triperoxonane commercially available from Akzo Nobel under the trade

designation TRIGONOX 301.



w o Vi s-Breaki ng Conpoundi ng w L-101* Conpoundi ng w T-301** (O
Backpressurel (psi) 360-510 200-280 220-300 Screw Speed (rpm 400 400 400
Melt TenpRO(2Q0/BRW8251 217-240 249-252 *L-101 i s LUPERBOL/UBQ@0/039B4801 i s
TRI GONOX 301 1Backpressure is inversely related to nelt flow rate. 2Melt
tenperature is neasured at die exit with pyroneter. TABLE 3 C Em ssions of
Vi sbr oken Pol ypropyl ene | npact Copol yners EX. Pre- Visbroken MR1'2 Post -

Vi sbrokernoddfl  The cyclic peroxide used in this invention can be liquid, solid or paste depending
on the melting point of the peroxide and the diluent, if any, within which it is carried. Liquid
formulations typically comprise a liquid phlegmatizer, a liquid plasticizer and the peroxide.
Certain phlegmatizers, i.e., additives or agents which stabilize or desensitize the peroxide to
early activation, may not be suitable for use with all of the peroxides useful in the practice of
this invention. More particularly, in order to obtain a safe composition, the phlegmatizer
should have a certain minimum flash point and boiling point relative to the decomposition
temperature of the peroxide such that the phlegmatizer cannot be removed, e.g., boiled off,
leaving a concentrated, unsafe peroxide composition behind. Thus, the lower boiling
phlegmatizers mentioned below may only be useful, for example, with particular substituted
ketone peroxides of the present invention which have a low decomposition temperature.
[0029] Examples of useful liquid phlegmatizers for use with the cyclic peroxides of
formula I include various solvents, diluents and oils. More particularly, useful liquid
phlegmatizers include alkanols, cyclo-alkanols, alkylene glycols, alkylene glycol monoalkyl
ethers, cyclic ether substituted alcohols, cyclic amides, aldehydes, ketones, epoxides, esters,
hydrocarbon solvents, halogenated hydrocarbon solvents, paraffinic oils, white oils and
silicone oils.

Process Protocol

[0030] The cyclic peroxide of formula I is typically added to low-MFR,
non-CR-polypropylene pellets, powder, flake, etc. in a concentration of 50 to 10,000, more
typically of 100 to 3,000and even more typically of 300 to 3,000, parts per million (ppm)
based on the weight of the polypropylene resin. The components (i.e., low-MFR, non-CR-
polypropylene, peroxide and any optional additives) are typically premixed at temperatures
ranging from 0 to 120°C, and then melt-compounded in an extruder or similar device at a
temperature not exceeding 320°C, preferably not exceeding 290°C. Alternatively, the
polypropylene and additives can be premixed at room temperature or at a higher temperature
that still retains good powder flow properties and fed concurrently with the cyclic peroxide to
an extruder. The mixture should be processed at a temperature of 175°C to 290°C which is
above the melting point of the polypropylene and below its degradation temperature.
Preferably all blending, mixing and compounding is conducted under an inert atmosphere,

e.g., hitrogen.
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[0031] The optional additives include, but are not limited to: ignition'resistant additives,
heat stabilizers, UV-stabilizers, colorants, antioxidants, antistatic agents, flow enhancers,
mold releases, acid scavengers such as metal stearates (e.g., calcium étearate, magnesium
stearate), nucleating agents, tracers and hydrocarbon solvents, e.g., hydrogenated oligomers
of alkanes such as the Isopar® products commercially available from Exxon Mobile
Corporation. If used, such additives may be present in an amount from at least 0.001,
preferably at least 0.05 and more preferably at least 0.1, percent by weight based on the
weight of the polypropylene. Generally, the additive is present in an amount less than or
equal to 3, preferably less than or equal to 2 and more preferably less than or equal to 1,
percent by weight based on the weight of the polypropylene.
[0032] The low-MFR, non-CR-polypropylene may be visbroken to achieve a specific
MFR. However, preferably the visbreaking ratio (i.e., MFR after visbreaking to MFR before
visbreaking) is limited to 50 or less, preferably to 40 or less and more preferably to 30 or
less.
[0033] The process of this invention comprises contacting a cyclic peroxide of formula I
with a low-MFR, non-CR-polypropylene to produce a reduced VOC-emitting,
CR-polypropylene resin. These reduced VOC-emitting, CR-polypropylenes are particularly
well suited for the production of reduced VOC-emitting articles such as various components
used in the manufacture of non-metallic automotive parts, particularly parts used in the
interior of automobiles. Indeed, these reduced VOC-emitting, CR-polypropylene resins are
particularly well suited for manufacturing any articles that benefit from reduced VOC
emissions. Articles produced from the reduced VOC-emitting CR-polypropylene typically
emit at least 20, more typically at least 30 and even more typically at least 40, percent less
VOC than like articles produced from CR-polypropylene made using peroxide other than
cyclic peroxide of formula (I), the VOC emissions measured by the industry-accepted test
method described in the examples below. “VOC-emitting” includes within its meaning the
related concept of “C-emitting” or “carbon emitting” regardless of specific volatility.
[0034] The invention is described more fully through the following examples. Unless
otherwise noted, all parts and percentages are by weight.

EXAMPLES
VOC Measurement Protocol



128 A-5 1.25 20.6 16.5 L-101 950 NA-11 1000 129 A-6 1.24 24.5 19.8 L-101
950 NaBz 750 131 A-7 1.24 18.1 14.6 T-301 825 NA-11 1000 53 B-1
1.17 1.2 WO 2010/151508 PCT/US2010/039344

[0035] This protocol is used to determine the emission of organic compounds from non-
metallic materials that directly or indirectly affect vehicle passenger compartments. Testing
is carried out in accordance with VAG (Volkswagen Action Gesellshaft) Method PV 3341
with minor modifications. The emission potential is measured by gas chromatography
analysis and flame ionization detection on the basis of the sum of all Vélues provided by the
emitted substances. Sample introduction is by headspace analysis after conditioning at
120°C. The modifications to PV3341 are given below and are referenced to the
corresponding PP3411 sections.
[0036] The specimen is in the form of extruded pellets or granules used as received
without conditioning. The amount of the sample used in the analysis is 2.000 + 0.001 gram.
The specimen parts are weighed in 20 ml head space vials. The vial is sealed gas tight using
a Teflon-coated septum.
[0037] The test procedure uses a Gas Chromatograph (GC) with capillary columns with a
headspace sampling valve and FID detector. The capillary column is Varian CP-Sil 8 CB
(5% dimethyl polysiloxane), 25 m, 0.32 mm ID, 0.52 pm film thickness. The GC oven
temperature program is as follows:
Initial temperature: 50°C
Maximum temperature: 240°C
Initial time: 0.00 minutes
Equilibration time: 0.50 minute
Heating to 240°C with a rate of 10°C/minute

6 minutes isothermal at 240°C

Injector temperature: 200°C
Detector temperature: 250°C
Carrier gas: helium
Mean carrier gas velocity: 35 cm/s
[0038] Prior to measurement the vials are conditioned in the air above the sample for 5
hours + 5 minutes at about 120°C in the head space sample valve in order to enrich the vial
with the substances contained in the sample. Immediately afterwards the vials are analyzed.

One or two standards are used to test the proper function of the instrument.
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[0039] Calibration is done with acetone standards. Acetone serves as a calibration
substance for total carbon emission. For calibration, 100 uL, 150 pL and 200 pL of acetone
is taken with a 250 pL. Hamilton syringe. The acetone solution is weighted accurately with
an analytical balance (0.1 mg) into a 50 ml volumetric flask and diluted with n-butanol to
serve as a standard solution. 4.0 uL of each standard solution is sprayed into a 20 ml GC vial
with three replicates. A calibration is built by plotting the peak area versus mg of carbon by
linear fitting. Calibration is performed at least two times per year. If the mass recovery of
standard solution is off by 5% or more a new calibration is performed.

[0040] 2.000 + 0.001 gram samples are used in the analysis. The total VOC C-emission
of the samples is calculated from the peak area by using the acetone calibration curve.
Sample Preparation

[0041] SHAC 330 catalyst system available from The Dow Chemical Company is used
in the preparation of the impact copolymers of these examples. The system comprises
TiCly/MgCl, in combination with an external stereo-control agent (dicyclopentyldimethoxy
silane or DCPDMS) and an activator (triethylaluminum).

[0042] Four impact copolymers are prepared in a UNIPOL pilot plant gas phase reator
under standard gas phase polymerization conditions. The polymerizations are carried out in
two sequential reactors. Homopolymerization of propylene is conducted in the first reactor.
Hydrogen is used to obtain the desired MFR value. The catalyst system components are
added at a rate to obtain the desired rate of polymerization. DCPDMS is added at a rate to
obtain a nominal 1.5% xylene solubles.

[0043] The homopolymer powder containing active catalyst residues is intermittently
transferred to a depressurization vessel to remove unreacted propylene monomer and other
gaseous components. The depressurization vessel is pressurized with nitrogen to convey the
homopolymer powder into the second reactor for polymerization with ethylene to make the
ethylene-propylene rubber (EPR). Ethylene and propylene monomers are added in a ratio to
obtain the desired EPR composition. Hydrogen is also used to obtain the desired MFR value.
Impact copolymer powder is intermittently removed from the second reactor for subsequent
compounding once the target compositions are obtained and the reactor system is lined out.
[0044] The impact copolymer composition is measured by a Fourier Transformation

Infrared (FTIR) procedure which measures the total amount of ethylene in the impact

10
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copolymer (Et in wt%) and the amount of ethylene in the rubber fraction (Ec in wi%). The

method is used for impact copolymers that have pure propylene homopolymer as the first

reactor component and pure EPR as the second reactor component. The amount of rubber

fraction (Fc in wt%) follows from the relationship

Et =Ec*Fc/100

Equivalent values of Et, Ec and Fc can be obtained by combining the amount of rubber

fraction with the total ethylene content. As is well known in the art, the amount of rubber

can be obtained from a mass balance of the reactors or from measurement of the titanium or

magnesium residues from the first and second reactor products employing well known

analytical methods. The total ethylene content of the impact copolymer can be measured by

a variety of methods which include

1.
2.

[0045]

FTIR by ASTM D 5576-00;

B3C NMR by S. Di Martino and M. Kelchtermans, “Determination of
the Composition of Ethylene-Propylene Rubbers Using BC NMR
Spectroscopy”, Journal of Applied Polymer Science, Vol. 56, 1781-
1787 (1995);

J.C. Randall, “A Review of High Resolution Liquid BC NMR

Characterizations of Ethylene-Based Polymers”, Journal of
Macromolecular Science — Reviews of Macromolecular Chemical
Physics, Ch. 29, 201-317 (1989); and

The methods detailed in United States Published Patent Application
2004/0215404.

Table 1
Impact Copolymer Compositions

_ Example A B C D

1* Reactor MFR | 4.5 | 24 | 13 | 13
2" Reactor MFR | 1.1 [0.96 | 3.3 | 3.6
Et (wt%) 148 145|156 15
Ec (Wt% 412 141.1 423|422

Fc (wt%) 36 | 35 | 37 | 36

11

Table 1 reports the impact copolymer compositions employed in these examples.
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[0046] The four impact copolymer compositions of Table 1 are stabilized with 1,000

parts per million (ppm) IRGANOX 1010 (tetrakis—(methylene-(v_%,5-di-(tert)—buty1-4-
hydrocinnamate))-methane available from Ciba Specialty Chemicals Corporation), 1,000
PPM IRGAFOS PEP-Q (tetrakis(2,4-di-tert-butylphenyl)[1,1-biphenyl]-

4,4’ diylbisphosphonite also available from Ciba Specialty Chemicals Corporation), and 250
ppm DHT-4A (hydrotalcite available from Kyowa Chemical). Some of the examples and
comparative examples were nucleated with either NA-11 (methylene bis-(4,6-di-tert-
butylphenyl)phosphate sodium salt) available from Amfine Chemical Corporation) or sodium
benzoate. Details of sample nucleation are reported in Table 3. The samples are
compounded without added peroxide and with various concentrations of LUPERSOL 101
and TRIGONOX 301. For the vis-broken samples, the peroxide is diluted with acetone and
applied to the reactor powder with a syringe to obtain a relatively broad distribution of
peroxide.

[0047] Following peroxide application, the reactor powder is placed in a polyethylene
bag and shaken to obtain a uniform distribution of peroxide in the powder. Compounding is
in a 30 millimeter (mm) Werner & Pfleiderer co-rotating twin screw extruder having a length
to diameter (L/D) ratio of 24 to 1. Table 2 reports the extruder conditions for compounding
with and without peroxide. Higher extruder temperature settings are used for TRIGONOX
301 to account for its higher decomposition temperature relative to LUPERSOL 101.

Table 2
Extrusion/Compounding Conditions
Heater Band | Compounding | Compounding | Compounding
Set Points | w/o Vis-Breaking w/L-101* w/T-301**

Zone 1 180 180 185
9

Zone 2 185 185 190
Y

Zone 3 190 190 200
O

Zone 4 190 190 220
O

Zone 5 195 195 230
9

Zone 6 195 195 230

12



T-301 410 NA-11 1000 40
Vi sbr oken MFR1' 2 Post- Vi sbroken MFR1 Vi sbreak Rati o Peroxi de ppm

Nucl eat i owopprw/iFoioal

3.7

WD 2010/ 151508PCT/ US2010/ 039344 EX. Pre-

Carbon Emissions (Eg) D1 3.6 3.6 PCcmarseo10/893es 27 D2

Heater Band | Compounding | Compounding | Compounding
Set Points | w/o Vis-Breaking w/L-101* w/T-301**
9] ‘
Backpressure' 360-510 200-280 220-300
(psi)
Screw Speed 400 400 400
(rpm)
Melt Temp” 220-251 217-240 249-252
49

*L-101 is LUPERSOL 101
**T-301 is TRIGONOX 301

'Backpressure is inversely related to melt flow rate.

*Melt temperature is measured at die exit with pyrometer.

TABLE 3
C-Emissions of Visbroken Polypropylene Impact Copolymers
Pre- Post- ppm Nucleation ppm
Visbroken | Visbroken | Visbreak Total Carbon
EX. | MFR" MFR' Ratio | Peroxide Emissions (Eg)
A-1 1.24 1.2 1 none none 21
A-2 1.25 1.3 1 none NA-11 1000 19
A-3 1.24 1.2 1 none NaBZ 750 18
A-4 1.24 22.1 17.8 L-101 950 none 128
A-5 1.25 20.6 16.5 L-101 950 NA-11 1000 129
A-6 1.24 24.5 19.8 L-101 950 NaBz 750 131
A7 1.24 18.1 14.6 T-301 825 NA-11 1000 53
B-1 1.17 1.2 1 none none 18
B-2 1.12 11 1 none NA-11 1000 18
B-3 1.22 1.2 1 none NaBZ 750 20
B-4 117 22.2 19.0 L-101 950 None 117
B-5 1.12 18.0 16.1 L-101 950 NA-11 1000 115
B-6 1.22 20.1 16.5 L-101 950 NaBzZ 750 100
B-7 1.22 22.3 18.3 T-301 825 NA-11 1000 40
C-1 3.52 3.5 1 none none 23
Cc-2 3.64 36 1 none NA-11 1000 23
C-3 4.02 4.0 1 none NaBZ 750 24
C-4 3.52 19.8 56 L-101 450 none 82
C-5 3.64 18.1 5.0 L-101 450 NA-11 1000 78
C-86 4.02 22.5 56 L-101 450 NaBZ 750 74
C-7 4.02 20.7 5.1 T-301 410 NA-11 1000 40

13




3.7 1 none NA-11 1000 28 D-3 4.0 4.0 1 none NaBzZ 750 26 D-4 3.6 18.3 5.0
T-101 450 none 84 D-5 3.7 19.8 5.3 T-101 450 NA-11 1000 91 D-6 4.0 20.5
5.2 T-10Iwo020105808 750 PCT/US2010/039344

Pre- Post- ppm | Nucleation ppm
Visbroken | Visbroken | Visbreak Total Carbon
EX. | MFR"? MFR’ Ratio | Peroxide Emissions (Eg)
D-1 3.6 3.6 1 none none 27
D-2 3.7 3.7 1 none NA-11 1000 28
D-3 40 4.0 1 none NaBZ 750 26
D-4 3.6 18.3 5.0 T-101 450 none 84
D-5 3.7 19.8 53 T-101 450 NA-11 1000 91
D-6 4.0 20.5 52 T-101 450 NaBZ 750 82
D-7 4.0 20.1 5.0 T-301 410 NA-11 1000 45

'MFR is determined according to the procedure of ASTM D-1238-04, Procedure B,
Condition 230°C/2.16kg.

The average slightly higher MFR value for the pre-visbroken samples compared to the
second reactor MFR’s in Table 1 due to melt flow break associated with the
compounding/extrusion of the samples.

[0048] As can be seen from the results in Table 2, the Total Carbon emission Eg (i.e.,
VOC) obtained using T-301, i.e. TRIGONOX 301, are about one-half of the Eg Total Carbon
for the same polypropylene visbroken with T-101, i.e., TRIGONOX 101. This result is
completely surprising and unexpected.  Optional antioxidants, acid scavengers and
conventional nucleating agents can be used with the polypropylene base polymers.

[0049] Although the invention has been described with certain detail through the
preceding specific embodiments, this detail is for the primary purpose of illustration. Many
variations and modifications can be made by one skilled in the art without departing from the

spirit and scope of the invention as described in the following claims.

14



82 D7 4.0 20.1 5.0 T-301 410 NA-11 1000 45 'MFR is determ ned according
to the procedure of ASTM D-1238-04, Procedure B, Condition 230C 2. 16kg.
2The averwigeonlisgiesl y hi gher MFR val ue for the pre-vi sbhipckars2aianpiies
conpared to the second reactor MFR s in Table 1 due to nelt flow break
associated wth the conpoundi ng/ extrusion of the sanples. [0048] As can be
seen fromthe results in Table 2, the Total Carbon em ssion Eg (i.e., VOO
obt ai ned WahNgclkimQYls: | - €. TRIGONOX 301, are about one-half of the Eg Total
Carbon for the same pol ypropyl ene visbroken with T-101, i.e., TRl GONOX 101.
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this detail is for the primary purpose of illustration. Many vari ations and
nodi fi cati ons can be nade by one skilled in the art wihout departing from
the spirit and scope of the invention as described in the follow ng clains.
What is clainmed is: 1. A procssrhor making a controlled rheol ogy
(CR) pol ypropyl ene resin, the process\ donprising the step of contacting
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5. The process of Claim 1 in which the scission conditions include a temperature
of 175 to 290°C.
6. The process of Claim 1 in which the non-CR-polypropylene resin is at least

one of a propylene homopolymer, propylene random copolymer, or a propylene impact
copolymer.

7. The process of Claim 1 in which the non-CR-polypropylene resin has an MFR
of less than 10 g/10 min as measured by ASTM D-1238-04, Procedure B, condition
230°C/2.16 kg.

8. A CR-polypropylene resin made by the process of any of Claims 1-7.

9. An article comprising the CR-polypropylene resin of Claim 8.

10.  The article of Claim 9 in the shape of a component for the interior of an

automobile.
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