PCT/ CN2011/ 000107W2011/ 088754 Pr opyl ene honopol yner havi ng hi gh nelt
strength and preparation nethod thereof 5Technical field The present
invention relates to a propyl ene honopol yneri zati on process for preparing
pol ypropyl ene with high nmelt strength in nulti-steps. The present invention
al so r@@f@j@l@og[(ﬁpyl ene polyner, and nore particularly, te@@namgrepe
honmopol yner wth high nelt strength, 10 which is especially suitable for
prepari ng foam products, thernoform ng products, biaxial stretching filns,
bl own filns and bl ow nol ded products. Background 15Propyl ene honopol yner is
wi del y usedPropylene hamopelysmarchaving kigh awelf sirength and pesparatioromethogdbiereost i ng
and biaxial stretching due to the tailoring structure thereof. However, the
comon pol ypropyl ene nol ecul ar chain is of |linear structure, which is

unl ike famROPWelgoo! ymers, such as pol ystyrene PS with a region having
property simlar to the rubber elasticity in a w de tenperature range.

Thus, pol ypropyl ene cannot be thernofornmed in a w de tenperature range.
Meanwhi | e, the softening 20 point of polypropylene is close to its nelt .
poi nt . Venpresrat ¢ wiyprifanr Jeletess thi yhrepyledth hamonebinerization | preesss nfrt preparing

causi nabeRBopRErbAtHG SPGB ALY BRI RE ohis.al R RRRsEOugy gl 0 o
pr 0dUCT Brodyfehd Bolyhfth HIORBI ari8HGER 164 bloBfleAd omDpdIka0Rith Nakh WRN drength,

easi |y appear during extrusion, coating and rolling, and foam coll apse

dur 1thg ekichus espacihliypuitallecfoe prephadngefoameprothings, tisemoformpolgyoduyeyd, biarial strdtbleng
fields of 25 thernoform ng, foamng and blow nolding is limted. As a
result,ﬁH@%@hﬁﬁhﬁhnS%¥”%@W9%ﬁ@§MW@%éﬁ%Ath high nmelt strength and good
ductility is always an interest issue. Said high nmelt strength

pol ypropyl ene (HVSPP) nmeans that the nelt can bear higher strength at
tensiIeB&Eﬁﬁhuﬁg. In general, as to the current propyl ene honopol yner with
a nelt flowrate (M-R) of about 2g/10m n, the higher nelt strength thereof
isup to 0.8 to IN. 30 The main factor that affects the pol ypropyl ene nelt
strength is the nolecular structure of the _polymer, which conprises the
si zé3 of Prapyleng ﬁempglm% isgitdely yred i thegrrpesssit fighie ofiinisctiph axtiysion,jaes Festing

t he nol . i1 i i nat .,
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nol ecul a{o1avl-8BhaiRfis POl BYIEBEWhRh 1§ hEliki agi@phdub PolBlcks, ShleRAGdly@frene PS
pol ypropyl ene is. However, the |arger the nol ecul ar weight of 5

pol ypr omyitbemeegian haviveg pperty simNartalhe ratiber slastoitypost wpledempsiahge frargei dbus,
per formance of propyl ene g@lqur. Therefore, taking the tual . application
of the Raberpylege ARt Biganotormed dn geWidesmpeiaire faiice Wbﬂ%p@ﬁe%? cRige

have. a wi . . : i A PET _
g A ALY B LD 1 BT, i AR ok et poie
ol ecul gic WeltIRFengihh b ntedin viRBoiQ UsH yolinfoﬁa?@ﬁ@ willeddtRdabe $Apig@IRYiHusOéausing the
pol ypropyl ene. I n order to obtain propylene polynmer with the best 10

per f or mdwlbmeying peoblaesinchwingrercvpn edllichickhess lof toprodige darisgriielmetoonmg, odges
pol ymer fractigon with very hi mpl ecul ar ,wei ght, a certain anoynt of
pol ymer AT A, @@éwwg%aswgwpm GHRETXINSIOgh PORRgG and) f&ﬂg@, Aho fhtm
of poly I an_ W I I ' e 4l r-0CeSS
i ncreas ?ﬁ%a;{s%icﬁﬁnfg te)gf&rsg)r?g Wé Seg y"gf#%%@?% %e g%%e?gpﬁl%%gﬁ%? ?slgsﬁlté hfe‘lé@é of
met hed @ermB @A, ff@atﬁihg aRA I ew aIiBpas alirgUAsL reRillgdbvelbyiem \of PBlypR&ylene

nmol ecul ar wei ght distribution or introducing branched structures by
pol ymer iwitht high pelo strength eoh rgsiodgductibty ishalwaps hodniefessewediSadd pighypeld pitength
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obt ai ni miphRe¢AKadiR dRrodtidup M8 By Bdched- chai ns by using netal | ocene
catal yst and in-situ polynerization, thus enhancing the nelt strength of

t he 30i nal pol ynmer. The nost commonly used nmethod is to prepare

pol ypropy!l ene, w.th w de | ecul ar, wei ght di str.ibution_ by usi a _pl ural

br Y Bacrtheemgntistr et o TRl fheopitubrop et freli St Payhey mo st Pufigitenss i
wi th wi de nol ecul ar weight distribution (MAD) is obtained by in-series 25
pol ynerization in different reactors thati-are suitable for producing
polymers with different nol ecular weights with different hydrogen anounts
and di fferent copol ynerizati on nononers being sel ected. For exanple, one of
the reactors is suitable for producing polyner w th higher nol ecul ar

wei ght, while another is suitable for producing polynmer with | ower

nmol ecul ar weight. 30 For exanple, US6875826 and US7365136 both discl ose a

o r o o o,
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10Finally it is obtained after reaction a |linear propylene honmopol yner with
high nelt strength and a wi de nol ecul ar wei ght distribution (Mv Mh>6). As
wel | known, as to propyl ene polynerization, the species of the external

el ectron donor will generally influence on the stereoregularity and

mol ecul ' fiechBir St HreaRbledulaDRIEnt Gt ARANE,
processﬁ§§ uéggﬁmg(ghg%ggiﬂﬁo%%%gfg%¥§§§Cé%e ﬁ? Iﬁ§B 2 ?gcu gﬁ vverght1

di stri buwhéther the noleduldradhiainycddiiprise@ion@rtganchéd chaigkesd moabthe 1éyet arddismibugenbar
wei ght and stereoregularity of the high nol ecul ar weight fraction, which
can det terhranshedehaies; hadse an. Gewspaby, itheslacger B@Irwle@ularamgls@ Wb’mr@é’lene is, the
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possi bl so W th a higher content ver osition ahd

char act gslysict. Chepdfotel @akGig eHoysdtuarapplititioandae inatdrials inwoacceant dris debirdtheto
above patents. As-a result, the reaction response of the catalyst on the
mol ecul emableepalyipropgud tethswe ajwider, mplpertlateeight distihptias i additione itigelse rra@fmant
pol yner | zat cer ain limtati,o ntrolli r ad ust
Phe’ or opeiabl ﬂlSPObm%rﬁefoa R whofi e mplechRE<Tan WeBins phoislayd
el ect r oty HAR0H E 'n‘é 1 1ERS R ¥Rder 11§ ovaw' fdbyll poRindtr%shih MeSHEM
t he nol egu | ar ﬁﬁ@g ; neﬁggg% e ﬁrg er hg(?ﬂrstrgtagé Br
produci peférhghes, tmi)idﬁahlbtﬂym\ﬂﬁp@ﬁhctfshaﬁlﬂl ammpnlsbwexmﬂ anvduanof polyiner frectmmndwith
stage for producing the | ower nolecul ar melPht fraction very hi gh hydrogen
cont ent vty Higlymalegyl &rdN??ﬁ'ett atogetaigcamnt r)éqe Vimerdrectione with gelagively dighs molecular
insensitiv dro | f. the.e tern el ec n don r wi t h hi gher

nyar ogervelish fuh Sl AR of hoty et BRI L EEb PRR8LN" he nydr ogen
anount is little in the second stage for producing | ower nolecular weight
fraction, the nol ecul ar wei ght cannot be high enough in the first stage for
pr oduci Mye kiighaed podcessufcarineveasiity ther mclt istength loti polypehpylang geheralte chmprisal the

properties of the final géoducts 5Mor egver, CN1241196A describes a
pol yHr opathade of darrgasiegibe i nolyronyenc ﬁz@l%@rtwegbf@flm%‘é%rthe dnelgenlay ysight

hod ed vl
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nol ecul ar weight is prepared in the presence of hydrogen in the second
stage. Goengntietpdymaneneldingr paicesd edtoop dbersy adputig dbe cp(ﬂymdalmaann yprocess
di met hoxy_ silane, 10 is_used in the whole process. The prepared

pol ypr ofRFPBYeEY: dinsPmenasly Heedhi Yrchopapsey PRI prlwa@pmﬁe Wit “ﬁd"rrm(%‘?,cdlaér

ncsali ot ShEBIdy ol Btk o BIEHRL of Jeoblih) orcBBRIne PoliProbVEaRCOHh2

donor ¢ atalN&t-clfyifit l%%sfiﬁ’% nitaBbbéheRAlalyie ahd ﬁ{-klﬁf‘% olyiné@zatioh f @€ Bihahding the melt
catal ysts are used in different stages. Tetraethoxy silane is used as the

ext er nalstredgle bf dre Giea golyinnert ke fiost toramagly, usad chethiaelyis Ito peapayd pcdyprepyietxwmth
silane is _used as the egternal Iectron donor in the -second sta Bot h ,of

CIBI16129(YYE¢F BRtecias psths B?Elb&lil% ¥ g ailyrality o€ rerstors spaneese i 3G othep serics.
obt o - ErsBIEEG ERREI:e, FF AL pl ot B T RIRIGEINID) 00Tk b HE IS

si mgkar lpglyemRaliGe in f diffefenP rrezrz%rs NGat e SHRIUIE foMpr&Ridlng pefnieed YaioRiFeaeR .,
then preparing the larger nolecular polypropylene in the second stage, thus

obt ai ni mgplpmilaroweightssvth t difthiegh hydipgemlamontsyands diffieng copdlimeriodEgs wonomers
described, in hese atents to duce pol ypro en saj d, ext rnaI el ectron
donor wiPEHEEeRCR: RPRISHERer 8upohLee TepRiPEntS &b Yooy imvcdofive: PO ehlslaﬁr
prepari

S S s A S R R
Simlarly, the high 25 melt strength propyl ene honDponner wth

advant ageous mechani cal property and processing property cannot be obtai ned
accaodi ngart@:atrlpée a686%75p836 eards US&§6$ 136t hethadisclabe appracesst fwrnsrecparl@ peopylene

pol yprop amn uct s he nelt, flow ra t her eof.
's 1 oqui bt B Sist Eﬁtengihgrffgrrrrﬁr IRl it FrbREPR Y [heq PSS e
30pol ynmeri zation processes, the distribution of the three fractlons i.e.,
the very high nol ecul ar wei ght fraction,-2-he hi gh nol ecul ar wei ght fraction
and the | ow nol ecul ar weight fraction, in the polyners is not

sati sfactory. Thus, the properties of the final polyner are harned to sone
extent. Summary of the invention



5In order to solve the problens present in the prior arts, the present

i nvention provides a process for preparing propyl ene honopol yner with high
melt strength through direct polynerization. The inventor has found after
i ntensi ve experinents that, a propyl ene polymer with w de nol ecul ar wei ght
distri b?ﬂdlt?—@tag@‘éinct%t@h&bl@ﬂ rop§letic M@ pBRhREW RN WeloBBllynictiafidn0B cahRd & in
prepared by 10 controlling Fhe species and ratios of the external electron
donor s itubuldndodp-ged phasblgtolsaneratatibly s¢acsors tcemeated db fdaeh etiter ieaetdsoby stlages, a
preferably in_conbination with controlling the anmount of the npl ecul ar

wei ght Fésglaraiaste selalystaivvilh d@vernBygdregen respape, Moteren f yaid rieslapNata catalyst is

i ght f ' in.diff | | i zati Qny: ; '
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veryshi g8 1iekkiesial 8REHh d&éorTm&fgﬁmbhﬁeﬁingqhy WPdiogat coRbeRirRfRSH &lcht Rector,

present invention conprises a propyl ene honopol yneri zati on reaction of two
or nor e pslypgaylenarofiégh motecislar tweigho fracbomg iee AdFR . hgfhieint dprodussdringke first
wherein: in the first stgrge, in the presence of Ziegler-Natta c {al yst

conpri sistge.anith the weighk eorientdheiet ha agrsolddmsotnemt polpprgpylpn et low molecualr

honmopol yner.i. zat j.on .i s 4 . under 0 | L an: ;
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range ofhfedin hafkeIF 696 9@%%{&thawmfﬂiafﬁnalemﬁﬂeﬁfs@g@rangaaﬁd.mazogﬂomn.
reactant fromthe Tirst stage, a second external electron donor conmponent

i s addedinadlyfitiist deainehafter readtion adinpaopyopglse hanopadymerwith dighomelt stretgth and a
presence of hydrogen; the MR of tI)e polymer finally obtained is controlled
wi t hi n tide metrgalapprerghp disibutign AW/ Mg &Y. wherein the hydrogen response of
the first 25external electron donor is |ower than that of the second
external electronic donor. Preferably, in the first stage, the

Zi egl er -AaieR 16R6al % to ipfopyRie GvREm&izatibe, thelsheesner teraxeseiltdéctioh) dchod Miild
catal yst component wi th magnesium titanium hal ogen and internal electron
donor agetérellyminfluererponetites stef@yeguardy gami onelbamarn iwenght odisoibetion efhgolyBer
the first external electron donor 30 cpnponent, wherein the weight ratio. of
comdonerteHpnty WoRD AoV DIoceniSaaedip MReATs HPMGPoFPOPYIAR; Hifh e molecular

UM DU s 1 e 102500, _ Cobt .t at Lo 0f .
oy o ghapbaR R o kal0eor kAl 8 I pShubRTRAR R alohp SRREED:
al um ni uereRBRORANT oft the Rihs afidiae xiveipha lragli@s twiith danodeteaiiie nkn tmélaecal

is 1-50:1. Preferably, in order to neet the requirenments on different

mol ecul aropesiigghof pelyorer,oars, asi hightes passible, Sspacidly, withel egrtaimamebnt hE veryr Bigh
external el ectron donor, is j usted such that .the weight ratiao of the.first
ext er nalMelp %“r%ﬂg}éfcitnFﬂ?F“’P’oW@?Fle&‘BF‘b‘g?ﬁ‘@aré’lfi‘é}it of rfﬁoﬁ‘f.%[%sm%f Trafiion, phighean
secopd s o 1 : I; i e
DU e e B e, 1 RS Hoshi 347 o 3ARPL Righe (b
t hat t heHywéw@htthé 3bmpodifiord A&l cleemhedistixs of thalcatidRotreogrhapedtin tie twitreactgBnifc
alumniumis 1:2-20. 10 The hydrogen adding anounts in the first stage and
t he secchd aboegeatants. dsna medulte dheatwetion nesponset dle theeepidlygneth theo modgsalar i wright

MFR. Preferably, in.the f.irst. stage, .t he hydrpgen content .i,s | ess than. qr
bqual |t deBUape PYSREN{iS PRIORK ek AOSEL PP B BERaT SisRas arcer e RBistons

t he gen [ RS g]g?f i am_i ch may be identical to or
di ffereﬁ{Oﬁ#?%%ﬁlﬁc(ﬁ atﬁ)il‘ﬁ?rlé, C n&gg%;gﬁ%g’)ngtrcgnc ved or cyclized aliphatic
groups, R2 is (Cl-C3) straight chain aliphatic groups, such as methyl,

ethyl or propyl, and nis 1 or 2. 20 The second external electron donor is
shown asSneaidicgénerhen the extatngl elgeisin ¢omey wi loviprdivsliregen rpspopseos ugedoin the cgfalyst
R3 and R4, which e identical,. to or different fr each pther, can, b
(212G "Gt g Rl v B ROl e S iierdn i be R e £hdEhanciR nibfe
el ectro S s @S l: J : i i
(i oy mREE, 1R MRS Holfeve SAEf in WL 0 Ry pATbing tHE RO R nbioald
al i phat i weightofipxsionavaty Righ Bydr&genGhntesit isateghitedcioanect ahe pdtadlirequiremens becabseTofe

productivity ratio of the first stage to that of the second stage is, 30:70
t o 78 30its inpamiivitl g hydrogam. {ighe exigmal elegtron dpmopwith highey Aydregendesranse isgued e

bt ts. it cR et ittt S ERNE by el BT B ek bk B R Swer

catal yst used has been well docunented, preferably the catalyst with high
stereoselectivity. Said Ziegler-Natta cat® yst with high stereoselectivity
herei n neans that can prepare propyl ene honopol ymer with isotactic index of
nore than 95% Such catal yst generally conprises: (1) solid catalyst
conponent, preferably solid catal yst active conmponent containing Ti, (2)
organi ¢ al um ni um conmpound cocat al yst conponent, and (3) external electron
donor conponent. 5




The specific exanpl es conprising such active solid catal yst conponent (1)
can be found in CN85100997, CN98126383.6, CN98111780.5, CN98126385. 2,
CN93102795. 0, CN00109216. 2, CN99125566. 6, CN99125567.4 and CNO2100900. 7.

Sai d catal yst can be directly used, or added after pre-conpl exing and/or

pr e- pol Médulfa@twaght Ah&iona Rl YdlsoutteSwEibRethnnbt DNERIORAG RN HOMNIRAOA(RR. for
CN98111780. 5 and 100900. 7 are particul arly advant ageous when bei ng used
in the preipangthigerpndeads weighthfrgdiione tus sediengt the podchpmiogyirepreticf of the final
present invention. The cocatal yst conponent (2) of the present invention is
t he or gﬁfﬁd@‘“ﬁ{ um ni um conpound, preferably al kyl al um ni um conpound, nore
preferably trial kylalum nium such as triethyl 15 alum nium triisobutyl
alumniumand tri-n-butyl alumnium wherein the ratio of the solid

cat ak y sti&eSRONEN1 241996 &I dRkdHbed b pbgfp%tﬁrléh@ Feuth CorBbdsMdN AHAN tROGRL BbMSE, wherein
conponent, based on the weight rati'o of Al to Ti, is 10-500:1. The external
el ect r on tdorstapsmethod isdiskfl v eblhinghe pelypiopgleae eesadaatbositioo vdilf High erdt tepsicn.dns
according to 20 the requirenent for different nplecul ar wei ght fractions.
speci fi ¢k methods pebgronylens WHB el Jaoteculan waighbps praparsdeltistheofitst sfige ewithout

propyl en | oW th high l.ecul 1aht, f.r [ Jn t ' e

o AR TR pPlybie e e SRRl bt PR i tfich b S8 i
hydr ogenhd RE8RN§8d. Ong 8he HledmS @xfSndl @8RG HMcD Huth b dicl¢Iopenba \dimetheX e flane,
hi gher nol ecul ar weight. The external electron is showmn as the general

f or mol a iRuseSi HGRE )whole wheeess. ThRI prepaned holyprpphlent demprissal the dighr mdldchilar evdight
fromeach 25 ot her, ranched oy, cyclized aliphatic grog s

and pr eflection Wt@.agmlg?@wgﬁsifs%ﬁigg%rs@ 1 g510° oHowear.oib &4k} cannigd selue theppr

strai ghtas&o%%'t&lV@i}tl%/@%%ﬂégoe%é%%ﬁts such as nethyl, ethyl or propyl, and n is

1 or 2, preferab I'C conmpounds can conprise dicycl opentyl

di met hoxy silane, diisopropyl dinethoxy silane, dicyclohexyl dinmethoxy
silane, diisobutyl dinethoxy silane, and so on. 30 Preferably, the first
ext er nalln €INIASOEPIPA titlell ey CTToplual Yonati caetlisosyystest foaméefanmiboner fintiedh top different

di met hoxy silane. The R of the pol r obtained.in the first stage is
contlfol |°é@fwst%? Rseq 1p érhf'ng‘éetafsta@% i[pefraégs?@ Hlape s vpethithe &é@mﬂé Flﬁatr%gm gy fhe

needs, igd. . 0 - | ar, j '

or o verlystagy B Beh ol Hmtiaky R R R Blai qEdR3icaby 1euae
as the rgdgeCBbIof W DA1290 B4 Wha 866864 33 Bihgsd sihfilarly aRlceE tisOteachifigd. ThE dbjects
t he high nol ecul ar weight fraction. Based on the polynerization reactant

f r om t heoffthgsstpatentscpes nat weelsaid mescremelatulen sscas torfutiberarbiain mpbypeentylengdwith high
nol ecul ar wei ght. | at or (hydrogen re added for the secand stage qf 10
momenol Jhel et aCeh stRY b st Gitsrise] At POPaDL Aoa LT dleeutar
conty,ol | 1 i f ] :Segqan I

ool o, i ARG S ot (R1oRE: pOTbIpyIEE AP AeRld SHAR thus

wher ei n gbtdifing polyolefims with BigH dEtalaitRAf uvihi chidrmycdas:si digdiibeddh thee Patents to
different fromeach other, can 15 be (C -C3) straight chain aliphatic

groups, modisepelypeanylane, ssihedteronl geasiopldongpwith fihighshedoraen asaperseawhirbris added
can conpri se ut nat limted to etranet hoxy, silane, tetr.aethox i ] ane
e ot i (o FRG SpeS Raprabaris s g leSURR RN PYixiet bR e ctiod gtae. o
silane, #li j [ ﬁrﬂ‘?eq: § LVE L Ren 3 ioh
exter naltﬂ%trégli)?% %ﬁ%@%ﬂ%g%ﬁ nf))g ent clag[ng E%V\Ig@%agédt ri{hgzstﬁlé‘?% M?go% nmul agl‘?ﬁ e hig
RSR6S ( OR7l} Ztreidieredpy & hemogdly@a) vith adwahtagehai meeanfah pirapegy oatls proseissing
as nethyl, ethyl or propyl, 20R6 is (C3-C6) branched or cyclized aliphatic
groups, iEPparty qagnotd®obtainegl agperdinigdp thesabophpateats.gr oups. Speci fi c conpounds
can be e.g. nethyl cycl ohexyl dinethoxy silane. Preferably, the second
external electron donor is tetraethoxy silane and/or methyl cycl ohexyl

di met hoxx & #h@R8tual applications of some polypropylene, such as foaming products, the melt flow rate
(MFR) thereof is required to be about 2 to 3 g/l0min. Because of limitation in the above
30  polymerization processes, the distribution of the three fractions, i.e., the very high molecular weight

fraction, the high molecular weight fraction and the low molecular weight fraction, in the polymers
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25 Said polynerizations of different stages are carried out in different
reactors respectively in the polynerization process of the present
invention. A specific enbodinment is that, the polynerization in the first
stage is carried out in the first reactor, and the polynerization in the
second § ; t LSt reactor,
(1) a so ngmbtgﬁéépmggﬁggﬁnh&ﬂ&?gﬂiggﬁﬁgﬁﬂeS|Jﬁ%h?#%gﬁfgﬁﬁaﬁgéggen and
internal el ectron donor as the nmain conponents; (2) an organic alum nium
conponent ; and gB) the first external electron donor conmponent are added,
and t heSupmapy otthe invendppal yneri zation is carried out substantially w thout
hydr ogen. The pol yneri zati on products obtai ned are introduced into the
second reactor, where the second external electron donor conponent is

add I f et ' : 1

addes, B E05: BOURARINERH FabLohot iyl NCHECRPRREARA 1OUi0L 01 bios o
can be peép@ithedirogdédeyhonidpdliinie vitl bigh heskatength diroagitdicect pely@erizaioher t he
pre-conpl exi ng and/ or pre-polymerization known in the art. The

pr e- conpl exi ng reactor can be in varlous types, for achieving a sufficient

and effective bI each .cat a omponent . . The pre-co. e

Feact or TEG GO i ARG SR ety he parorvi P el Pilby T ticslar o
section f r i n et

ohi ch o nEleht QioBifioh AR bolfind MRt Tt Ron)od wNBB AT O broBhid by
I's emnt s@itlofithgwht Bpadies 1Ad taiod @Ethe&ﬁtthnmarl efcetrab ynons inthe Zkgled-NBME . cathhst system

pre-conplexing time is controlled within 0.1 to 180 m n, and preferably
within & chﬁelsot mﬁlonls@gﬁh@r@fﬁta@bym cobinption wigh epsitroll fe@mﬁwm ﬁ]@f’ Balecplar

opti onl rrerl ze on.ca car.r,

cont | nudaEng e inedts G SETRHER dof APy Aot b ool i, diffpront
The pr egfa{pyﬁﬁé | PRl GREhEE of Wk BGicd FHRALLAYMAN Pbiyhie thal RéolleRt ;nul%ﬁn%m
| oop re so on. The prepolynerization tenpefature is control

wi t hin pﬁb@eﬂﬁs,&@ﬁécwallydremlagbmdbﬂ girengthhi n 0 20t o 40C. The prepol yneri zat| on
multiple is controlled within 0.5 to 1000 tines, and preferably within 1.0 -
to 590 tines. Sai d pol yrrerization can be carried out in the propyl ene
liquid ase in_ga or UI d hase C i

technol Do Bianafint nesy PgRRatg aBheest) O5ehr bR TERRMN TG {hopyione
pol ymer wgabhQPmbRIRSH 3b4kiSn of tWo b mkeOStag é%rc%h‘i’éda@lt){n 8o 1P mbPO foac®BcdrinBeted
pol ynmeri zati on pressure should be higher than t he saturated vapor pressure
of propitl ssrizsatvherein: dorthe Spotigaginthieypreseneat! Gregleittaatatalyst compgsisg a first
pol yneri zat i on t he pol yneri zation ten‘%erature is 0.tag 150C, priferabl(}/ 40
t o 100Cextgrgl tq%%ctram JoRt| sAmpYnhr BroPifleac chamepolymeizatipneis PATESS  Puk ppder
hi g?ﬁmlp lg{enfeler 6gjolny‘[egl eratture 4) %0@%6@'@“% Mlﬁf of I{he’ P(Elpl%cf %E{%&ﬁlb%mg;r%o%%oﬁ&?

pol can carrie Cont i"huo

cont i NUQKin Melr r[%rdfl)a{il' ). S@PerPRnGaY drdsed tW&ecbﬁH §tdBe, asddnethk 'réliétaﬁt fbBasEe
reactors or gas-phase reactors that are connected in series, wherein the

| i qui d- finaistage easdcond edarnbkelacttarbddrar compent sscidded or fuathst carr}eduttthml&ropylene
reactor, and the gas-phase rector be a horizontal stirred_bed reactaqr,
or @ veleTeRYYEETFHIOn Bolc Rianet of Prdrogemyide MER eﬁ&bﬁ quﬂﬂFldﬁBﬂg}& ebipmsdris,

and 025 NRIRASGRGRTE: Sl 08 CLRRUDF L SBSHD SRR ANy BULLERLS B Hho RS

propylene onDpo yneri za |0n I's pre rab cdarrie
25  external electron donor ig lower than that of the second external electronic donor.

Preferably, in the first stage, the Ziegler-Natta catalyst is composed of the following components: (1)
a solid catalyst component with magnesium, titanium, halogen and internal electron donor as the
main components; (2) an organic aluminium component; and (3) the first external electron donor
30  component, wherein the weight ratio of component (1) to component (2), based on the ratio of

titanium to aluminium, is 1: 10-500, and the weight ratio of component (2) to component (3) is
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tubul ar | oop reactors connected in series. The pol yner obtained in the
present invention can be extruded and granul ated by using suitable

equi pnents. During granulation, additives commonly used in the field, such
as antioxidant, light 10stabilizer, heat stabilizer, colorant and filler,
are gengyakg.y, aﬂﬂﬁfﬂthe' RcbiRE sREERRE %@ﬁ RO 6L B I)I%'ém@c&hﬁﬁﬁﬁurﬁ)fcoﬁl SndHt a5 aRE
i nvention, by adjusting the anount and species of the external electron
donors ﬁmdmih&mamnﬂmmmmkmhmdkmg&mamhﬁﬂmamd #dtled into the two reactors
connected in series or into different stages at intermttent operation, no
specific catalyst i s needed, 15 nor any nulti-functional copolynerization

nonomnmer , S ded. - ared with th

G et | PEPHAN By S P Stk o SERAL TRl BRI TR A inghe fis
hydrogeg,go @l‘fee%ﬁlﬁ{t' Hihe ) Qﬁterﬁ&?'e?e%ﬁbﬁrdoﬂ\@ﬂ i tatr teetrrtqae fat %ﬂw@r@h%hel dFefe
with less anount of hydrogen according to the present i nvention.

resul t, ﬁmtedmnﬁ$ekm&hnhbhmen)penﬁgmnamhnmnmmthelpﬁdparmﬂlhhﬂmugunm.MBg@the
cost-effective manner. 20 By neans _of the nerrzatronfprocess of the

pr esent SAcAYd gKicH] dprlerpymenelepb iy ggdednpgogrd) Hhs1 aaoyrro mrélr«grrgamc aluminium

distribution ¢ obt.ai and t nDst har.ac FleS

that tnESeBRAadR RN RFdio ARt bl b BF oRuefir BLBTYN S Mehud SRERY ddhor
t he san@mﬁfxgﬁénttlaehgg@gﬁ@tahpﬁmimsmoi%rl ar wei ght fractr on is also beyond a
certain anount. As such, the nelt strength of the 25 propyl ene polymer is

significantly increased, and the processing performance of the polymer can

be guaranteed. The nost specjfic process for preparing prngll £
honopol Jh%hycwpsfﬁl aiding araounts iy tp gt sfage e%thﬁrse@eﬁtstqgﬁ@@ﬂq Rllscsaccording to the

char act rrz t hat opy, t]
Socarri EauBEfeirn (8 o MER P EREMLOR P 2R R TR 67 i BAE B’
t he frrgﬁwﬁhﬁggmphnrthe presence of Ziegler-Natta catalyst, the propylene
honopol yrreri zation reaction is carried out at the polynerization
tenperature of 50 to 100C with a hydrogen content |less than or equal to
300 the MFR of the obtained mer being controlled 01 to
5’5/ 10k Airst sxgrmehelgctrondinor campengn getS&Pve £ R 8B tﬂvﬂ pﬁ@‘gr b KD
conpone s ) t.al Mk At
hal ogenﬁangh& t e@n 1deﬁgg@rt§nc¥ d%%%r%ﬁ@ﬂgﬁhéacw&ﬂer r’r@agln&sgy r@lfg) H(ré%ﬂe&'g} c&cllzed
al umi ni um%rfaﬁmg@dt@@tttz i81d,-C3) stehiighy chaR anphitic %&d@b t@zsu a$ mleﬂne, ety er ﬁﬂo@%rl hed n
wei ght io of conponent (1) to conponent based on the ratio o
titaniumtordluninium is 1: 10-500, and the weight ratio of conponent (2)
to component (3) is 10-150:1; and in the second stage, based on the
reactant fromthe first stage, tetraethoxy silane is added in the presence.
of dr ﬂ%%@ kg at the
anogﬁt 3?8?%%@%%¥%%§§5§| é%%mﬁgkﬁﬁggpﬁ§2@%%%§ accor |ndgﬂék etgﬁ%ﬁﬁﬁlgp(ﬂ
t he or ganyc2 adndnkh hﬂcﬁnléommheﬂlhy addigentical tder Hiffesént Sk @acts otHel) adan thee(C)-Cs)
wei ght ratio of that to organic alumniumis 1:1-50, the MFR of the final
pol yrmer staighigchaonaliphiatie drovpshiddtematively, the sg¢0mmxnerna1 electmnelqnpemrttown as the

ot 15 8RO e B TRy ReTF B it g Cobaroae Shétn MIPRR s Ry €
0.2-10 %@&Qﬂém%ﬁz&%hgmjg @otﬁagréfﬁ ﬁ e(tsfitg sn(a?ghttﬂ%%ﬂ i 15 0B ﬁwe' ght

di stribution con ent- o raction with a
nol esul ar wei ght hi gher than 5,000,000 is higher than or equal to
0.8mt@bé?) Mzl-1/M, is higher than or equal to 70. 20 It isS necessary t

i ncreas ht:rmocpptlylrteratrmoedpl fanst sleggy b thap of ithecsesard pigee ire3Pal yordP:30e pteferably
st rengt ¢ in order to ensure the product has excell ent processing
perforngﬂgiqg%ﬁips critical to control the nol ecular weight distribution
within a region of a certain nean nol ecular weight, i.e. a certain MFR In
t he polyner, on one hand, it needs to have a certain anmpbunt of very high
nol ecul df tRSpeingtitatfonanrbédn of ald prascritHavatibar thb aathlyst foraprepylaee falyinorizaion
a |large amount of | ow nol ecular weight fraction, i.e. it needs a w der

regiddn epmpsiesebutds nvreliugmd i@ ﬁteerbgl@Ir-Hhtta méalygs) Thacisaler-Netia colgbyesad has bagn

Bar eC?ranE"F“iﬁgt’ 2 C nge E\f @%rﬁf}i@}é}g l\ﬁfh”ﬁ{g%f ﬂ%:rgésex)\e%u? %aécxg] %ggerhgé}gaopatalyst

pol ymer 30 havi ng the same chem cal conponent, different nol ecul ar weights
and different structures. The -6-



property that macronol ecul ar has uneven nol ecul ar weights, i.e. the size of
nol ecul ar weight is different, is called as the pol ydi spersity of

nol ecul ar wei ght. Generally, the neasured nol ecul ar wei ght of
macronol ecul ar is the nean nol ecul ar weight. The mean nol ecul ar wei ght of
pol ymer yji l‘ii?fx‘ SRRl cPiityt Hkﬁelﬁ%)é&ﬂsstﬁgtréd nt epdPEpRYyldne HIRMopDBARS SRk lisotdche
sane. Cenerally spea I ng, e gel perneatin chronatography i's used to
measur eirnde® oblnewel than v%l"/ghSudl shtalysutdeaeraldf cpalpyises: , (1andlib ¢dtedystt demporchgr
average nol ecul ar_wei ght, wei ght average nol ecul ar _wei ght, Z average

nol ecul @refmblghﬁolﬁh@atzlwt wBV%g@nmn@ﬁuﬁtaﬁalmg ghis @ArPrEaio ENHEE RUEENdg
to the m)aiéul ar_wei ﬁ r| butll n,curve. The weights of the high '
mol ecul APCAREYGIPMPPYS ’|a(’5l ( al fIeUen dONU COMRPIST ght mean val ues are
different, and they neet the follow ng relationship: My/<MwM<M-H.
Generally, MMM is used to express the nol ecul ar weight distribution of
pol yner Th\ﬂm;featﬁn Mamlﬁesl&)rﬁﬂ)@siﬂg tsoclt iaetnlreo\solrmbﬁahybtacommr@ht (b)acan bt found in
pol ymer, ef fect of | ow nol ecul ar wei

areater. NG OMOT NI HOEE D64 ﬁwa s e SneNBat78s on 6N 92162,

of der tﬁfﬁgéﬁééﬁpé GHPE35pEha Ty g BB R RCed bt B PSRl e Raged
processiypgy p&éfceﬁqgm dobBor ”Bfeeﬁdl%rﬁérdﬁog htTidi ShiaiyRidt ide@r®Ed pfn°R3N§5‘1‘i‘)0997
polymer, i.e., 1'4, }?r% is generally controlled within 6 to 20

Howaver ,CN98d ORTRseMEN981d$78(biand ENORE 009006 se partiexlpay aahmnt@eoﬂsavhem bem@nndt
neet the requirenent for achieving high nelt strengfth only by controlling

t he dat dn 8t mvgwarationgpecess foghigh | Stf@gé}ueﬁ%m%xlﬁw 9hwﬁ§%lmf@wémvery hi gh
nol ecul ar weight fraction within a certain range. It is specially preferred
to quantitatively control both of the very high nolecular weight fraction
and the ﬁl@%dﬂ&laﬂ%ﬂ'c@ﬁm\éﬁélﬁ hi2) 26 ﬂﬁc% leGeht VYh‘IréFl'tan s Ci@k L @bdhié aN@Ginium compound,
respectively. Tdking into account that a small anpunt of very high

ol ecul grefambbhtalliylaomirgumdeespnod, afrfoe@tprhimebiyg riritikyhhirhipjunutsudf fasc tigethyl
Mei-1 significantly, apd a. l.arge -n apount of Iowrmle | ar V\gatght fractjion

af f dét s @r%ttrlysobwl ?lglm/@wl wiﬁarlt-awl plymirumy whegemyihe gatiey efffie solid, gatalyst
equal ta th K

above pr8BRFs eHEaBHEr Y e P i Bloude o ERE Phmb HERE b ontpt el
fracti onpritibTa lg’rp(b_gg@}har WEI ght hi gher t han 5,000,000 is preferably higher
t han or equal to 1.0wm % and nore preferably higher than or equal to
1.5mt % Preferably,/MMs higher than or equal to 80. The -z+1- -n --

br of or aBiF FHGRREHAR ﬁa%ré&uﬁq ﬁ%ﬁ;ﬁb&%ﬁ%\ggﬁat@'@g%&z@&%?gggfgrs‘ ogording to
40 Cb\{yt %thgq' J{t?:h%gg [}'(% Vﬁlg;fapén lgcgﬁ Qf’éﬁ_‘ Ractft Ua?p%ch 1C1aﬁ 6%(?19{2@9 thé g)?esent

han " or equa era opy ene- hormop

I s 1.6 tigvéntighlAMHedds @nﬁ é@rwﬁé@r@wmﬁwﬁh hiphEmeledtlat Weight frAd@n W the fast
| oad of 2. 16kg Besi polymer wth a polydispersity index Pl of

6. 0- 20. Gstager ied. ém Hisl f;xsigre@c-tm@ tm:,n, txternbl elégitnd donott wWish Bpméledltogcmmmnsems $pjected
troll nol, I ht fract h t th

br opy| eri® MG T HFHoPHEY Raeh hERFR/BRIEP O WEEH Tht BHemh L Cronds s i

163C, a <] RE O 1t

1930 ol Wikl RE ol fﬂaavhé;%fﬁigu FIPERALUS AT, 5 U e

Xyl efye- s@heth |c8n Pebat a0 Edrahéheliess cydiiabd allipBati¢abrous, Lahdd picterablpee. pr eylbmineyl,
honmopol ymer with high nelt strength of the present invention preferabl i‘/\
conpr i seiso-prayt of Icmbphfgiyi Rt isr 65-C3) straight cha(nl)ahnmq grogps? speh a9 mgtlydnethyl or

P ecu oroudl ol RS 4% D heftereBluy 2 Speciis chomenSas ool cotpaised lieyelisimia Amgthory
fractiong @1@5& %)ﬁ%k@?%ﬁb%&o%'sﬂg égﬁ(%@fo‘%xﬁhﬁﬂeéo% Qﬂ%g dh%/%bm}@ RighethbAP si®he,

equal to hig han or equal
and so on.

30

Preferably, the first external electron is dicyclopentyl dimethoxy silane and/or diisopropyl
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(4) the Mfi./M is higher than or equal to 70, preferably higher than or
equal to 80. 20 More preferably, said propyl ene honopol yner conprises the
foll owi ng features: (1) MFRis 1.6 to 6 g/10mn at 230C with a | oad of
2.16kg, (2) the nol ecul ar weight distribution MM M is 6-20, (3) the
content gpfieihdi§ dilAction with a nol ecul ar wei ght higher than 5,000,000 is

hi gher than or equal to 1.0wt% 25(4) Mzi-i/M, is higher than or equal to
80, (5) the content of the fraction with a nol ecul ar weight |ess than
50,000 is higher than or equal_ to 17.5wm % and | ess than or equal

30. Owt 96The &R péthsatolrest qhtrinest iwshe Srst stagnigeentopllqdswithin g rargy of e 1:)& 3 3rgwepf
e P 3B RXGRbhO R, ARG RERARSR P S GhORP s e D Rl
pol y&rer ,@dedt BE aPiey f%ﬁlfaui DMt | @ BogBRl (b tHREEr lQuilB pﬁfo%pﬁlfeg% PIdREY G She

bi axi al stretching filns, thernofiorn ng products and bl ow nol ded products.
Speci f i encludntzal ivweight scoufatbriatol thy drst kaantob sd i blubtdimthedwghngolebdapwa ghinfraction.
invention will be described in nore detail with specific exanples, which
shoul d be construed only as explaining the present invention but not

limting, the scope of the .present .ipventiop.. 10 Th a rel ated,t h
pol yrrer St o8 et auBh S R Moo et RorroR RECRLE ok oo
(1) The cBﬁ?Bﬁ@ﬂt f i mh NeoleQITRC Wl ghi ereg@aﬂéﬁa(ﬁw@g%@caﬁ@r@de& foP RS E8AGAGEY of
(2) The nelt strength is neasured by Rheoten 't Strength Meter produced
by @ot hbmwpolimeeationt afd theMER mfi #ehiohaner fBaliyabipine®as chnmetled watbipthe sawe af
pair of rollers rotating in opposite directions. Polyner is nelt and

pl ast i cilzed0g RelHna singl e-screw extruder, then is extruded froma hol e
die head with a 90 steering. Subsequently, polyner is clanpped between two
rollers and uniaxially drawn in a manner of constant acceleration. The
tensi on g FBARMEQEAY cRcEBNH UBARONTEeROEPMINVM adf e @a@u forghld e, SiQORS, .,
The neasured maxi num force value fromthe begi nning of 20drawing to

fract ur eviefein has frek f arg, sad B’ aed R*,sthiengian be (dntidaido nediffefenbiomatach MERY, cas

measured according to 1S01133 in 230C with |l oad .of 2.1 . (4) As to th
mol déul & ( -ﬁghﬁtragwyaﬁuga@p@twrpmewma.s@? thyhy 9th¥1iqr§>fqny?ﬁ>@°1 15 SRt exterral h
the typ . . d a Ext i .

rooner ofibrsi eBmpiise, pic no MNRRGECFAOHELF LS, RS NRHE TSl Errtihory
and nod lsllbﬁq, AHimEAPkok sAARC danethyd ﬂiﬂd&cﬁg%ﬂ&ﬁ@idiméﬂhwuﬁﬁfb)(y rsﬂﬁh%,anhl/ﬂs@r(ﬁi. n
the sanple is held through a flatbed type tixture. The nol ecul ar wei ght

pol ydi spdteghativelyn dhesx sedond . extaPhgl ¢lsctenguddnor corht iwrshowhnasGhesgankeml nottotlas

val ue at  j.ntersect,i .poi.nt .of the storage.nmodulus (G )-f uency curye
and the R%E%( va‘mer%le; @éf f@q@ﬁ@@l Lishpen aliplaticeropes ?W(hﬁ?%?‘féﬁ?%tﬁ% rEepy)s
I n a 0] . . ; :

ol 2001 3% SChice” BbHed’ R B R PR IR W Ca g AR dfpfaic groups

per meat i f}@cigib conBb @i 2ph Ye a.rgoﬁluﬂ@dcﬁyotﬁ@%rwmmhbﬁﬂaﬁn@bori es, Inc., Geat

Britain, and I RS detector produced by Polyner Char Inc., Spain, are used to
nmeasure the nol ecul ar wei ght and nol ecul ar wei ght distribution of the

sampl e, rein the chr.omat ogr aphy coJ unmms are three. Pl gel 10um M XED-B 5
col Lo FISIHEbY db SFoalir PRl RECKRT ioHDT B FRPPYY haisacpdor Melny cyclofesyl
1,2,4-tr iﬁ@{hﬁ%?%;ﬁ%.ene (conprising 0.3g/1000nl anti oxi dant 2, 6-di butyl

p-cresol), um tenperature is 150C, and flowrate is 1.0ml/mn. (6)
The ysesin tensile strength is neasured according to ASTM D638- 00.

Said polymerizations of different stages are carried out in different reactors respectively in the
polymerization process of the present invention. A specific embodiment is that, the polymerization
in the first stage is carried out in the first reactor, and the polymerization in the second stage is
carried out in the second reactor. Into the first reactor, (1) a solid catalyst component with
30  magnesium, titanium, halogen and internal electron donor as the main components; (2) an organic

aluminium component; and (3) the first external electron donor component are added, and the

-8-



(7) The bending strength and bendi ng nodul us of resin are neasured ‘
according to ASTM Dr90-97. (8) The 1Z0OD notch inpact strength is neasured
according to ASTM D256-00. (9) The intrinsic viscosity is neasured
according to ASTM D 5225-1998 by using Y501C intrinsic viscosity analyzer
produc Nee) 2ot ; I [t Mydffddnt izati

t enper :ﬁgpglel?@s 13 S@Tyljﬁlgﬁ?ailg %‘J%I'ﬁgﬁgg E)'? %a ﬁt%g{g%ﬂ@gﬁﬁggﬁg% Ihsy ubst %n@%sﬁiﬂg&ﬁg gastﬁ);l ed
by usi ngrotities CRBEERrd ingddwoed nito pheo shcord rdagtoRovheththe sedond. exteBpdicfectramdondre
solvent is trichlorobenzene. The result is corrected by the cool xylene

sol uabl eompaventis eddetaend propyleae homppelymetizalion del futheb pating opbindbsrpresence of a
D5492- 2006, stand?rfh anple 1 25 The polynerization is carried out in a
pol ypr o aEHENEML § 3{)4%%&“ The mai n equi pnent thereof conprises a

prepol ymerizaiton reactor, a first tubular |oop reactor and a second
tubul ar | oop reactor. The pol ynerization process and its steps are as

f ol | owsSaid Tiee eaalgstcatrpoy&its can i added dirsalyiintoahd Aisy sdactac tarwddaiohpreimeatier the
containing titanium _ is obtained by using the nethod described in Exanple 1
of CNO3MEZPIRlexipgasior nrawoberarikationknomn inghe adwthe prerremplexinghteagier fan pxin

18. Owt % d.th . of di .. 1 S..13wt % , 5T ' I ,
e TS G, R Rl Rior RO R B o AR E RSt
(di cycyhReinfedhdFhAGX Yarshd @e&lﬁn@%ﬂ\@?m%rtmesa@@ AbAGHAdoY EdAcBAG SRR

at 1000 for 20mn, and then continuously added into the prepol ynerization
r eacd or pipercopipeising wneafie atik@nor Ve psepioh pifpipeziat whioh ithe oatarialbciroun tarbulkehie
propyl ene |iquid phase bul k, wherein the tenperature is 1500, the residence
tinme isst@®out 4min, and the propol ymerization nultiple of the catalyst is
about 120 to 10 150 tinmes in such conditions. Into the prepolynerization
reactor, the flowrate of triethylalumiumis 6.33g/hr, the flow rate of
the dic REYAL ﬂhgﬁéngﬁmu&i ik 808rdiRd WidhdO. 1Mo AT dnderéfeRBly RitRinaf tot 3TEC.
mai n ca?g?$st S %bout .01g/ hr. (2) Propylene honopol?herizgiion 15 After
pr epol yirhe patdngriexihgtime d¢ adnprotled ithin 0. htool 80heint svol prafewbdy witbind tocdloniy s
connected in series, where the propyl ene honopol yneri zation is conpl et ed.
Thelteaction tenperature of the two tubular |oop reactors is 70C, and the

reactio ressure thereof is 4. 0NPa .pr o swncondi:-t i;0n . 1. 14bu

| oop r egggorcatéﬁgtecgﬁgr oq(%l e‘ﬁl\?}f%ﬁa ei"é(%/e‘;l ?’hngé pr%%gug%i \E} Féﬁl?aﬁnlr %JO(I#H ‘%hztgg‘f i JF@%
t ubul ar s} RERMRREERH catOicOcakfiad o cohhfucielsandhd H(?._HH Phade0OPii@GkedtlyQh an ot
45: 55, hydrogen is added in the feed to the first tubular |oop reactor,

and t hesélyeitoGenprepolyewstizateaseacta day behecoptiniaue sttred taak oy tvbiplay laop eester, aidin
| QopnV. A certain amount of hydrogen is added .in the feed to th cond.

t ubul ar s¢ e@rpThee%reP@meramwp RenpRFatiEsyls ﬁoa%ﬂfég it 3 ﬁoe@ (gya ef%éﬁsbfphwtﬂ@ 0
chr togr Vil S . cat t i

it Q0% e PRy TP AR bt B Rntolie AERATER, &, D RHEE G ety
any ot hefihlieed té 900 hfed.i rst tubul ar | oop reactor except propylene. As a

result, the weight ratio of triethylalum niumto dicycl opentyl dinethoxy
silane in the first tubular 30l oop reactor (hereinafter referred to as

Al/Si-1) js that .in the catal yst prtepolyner, i.e,, 19.0. ., Tetraetho .
o1 e BHadsiAtan b CATEI QT B Do ghm e b PG rd B PR S Ko aung
t ubul ar 4 I 0 . i LAt i 1.0} t
t ot r ot H9SPkl TR LomBREd FeRhSlus. MNP U 8 bhiseFolbhbinkafibh 3t DA W, (e
refegr e%o?@me@i&aﬁ%d Sipklalure $s 11 50T0e pRPLHLY 40 191 06°€S and dirAidlyafzadoe pEIaue

'n Taol esholild be higher than the saturated vapor pressure of propylene at the corresponding polymerization
temperature. In gas polymerization, the polymerization temperature is 0 to 150°C, preferably 40 to
100°C, and the polymerization pressure can be the normal pressure or higher, pré.ferably 1.0 to 3.0
MPa (gauge pressure, the same below).
30

The polymerization can be carried out continuously or intermittently. The continuous
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5 After the propylene is separated by flashing fromthe polynmer fromthe
second tubul ar | oop reactor, the activity of the catalyst in the reactor is
elimnated by wet nitrogen. Then, polyner powders are obtained after
heating and drying the polyner. 10 0. 1wt % | RGAFOS 168 additive, 0.2wm %

| RGANO t

ponder sPanra A sal Be Bltiel o B Kb R i Tl SR EacRl o R hab e bl e are
t hr oughcenndondlie sates ewha%inrtuel douidihasdreager &anel& ofublilae 1amlptraamcbrgar airrddeank
are tested according to the existing ASTM standard. 15 Exanple 2 Exanple 2
di f f er srdagiom @daﬁhplg@s-phm nepigr cam be r&ahquzant@hsﬂrrqslf bqﬁiyma@igé Ar ﬁ§’e§tﬁ§béﬂlif¢d ppd

E;SPX'QZ?Fee%ﬁPﬂﬁ R, SO Rl DT st D R oS S oF S BOPIRGI fSther
h dr t
b ar T S EER lunb) ThE BB RV b6 E%‘%‘S%S%%ﬁ??\%ﬂ%fef%lf %ﬂz@é‘éﬂ e AR

(Wt : Wt)t@ﬁthr&d:dpﬁleadtérslcﬁnr&dtedﬁhe&idsp 4.2 (vvt:wt) through adjusting the feed
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15 nor any multi-functional copolymerization monomer should be added. Compared with the

conventional process of adjusting the polymer molecular weight distribution only by different
hydrogen concentration, higher molecular weight component can be obtained with less amount of
hydrogen according to the present invention. As a result, products with better performance can be
prepared through a more cost-effective manner.
20
By means of the polymerization process of the present invention, propylene polymer with wide
molecular weight distribution can be obtained, and the foremost characteristic thereof is that the
content of very high molecular weight fraction is higher and at the same time the content of low
molecular weight fraction is also beyond a certain amount. As such, the melt strength of the
25  propylene polymer is significantly increased, and the processing performance of the polymer can be

guaranteed.

The most specific process for preparing propylene homopolymer with high melt strength in the
present invention is characterized in that a two-stage propylene homopolymerization reaction is
30 carried out in two tubular loop reactors connected in series, wherein: in the first stage, in the

presence of Ziegler-Natta catalyst, the propylene homopolymerization reaction is carried out at the
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Exanpl e 4 Exanple 5 External electron donor First reactor DCPMS DCPMS DCPMS
DCPMS DCPMS Second reactor TEOCS TEOCS TECS TECS CHWVS A/ Si First reactor
Al/Si-1 ww 19 45 85 85 60 Second reactor A/Si-II

polymerization temperature of 50 to 100°C  with a hydrogen content less than or equal to 300ppmYV,
the MER of the obtained polymer being controlled within 0.01 to 0.3 g/10min, and said
Ziegler-Natta catalyst is composed of the following components: (1) a solid catalyst component
with magnesium, titantum, halogen and internal electron donor as the main components, (2) an
.5 organic aluminium component, and (3) dicyclopentyl dimethoxy silane, wherein the weight ratio of
component (1) to component (2), based on the ratio of titanium to aluminium, is 1: 10-500, and the
weight ratio of component (2) to component (3) is 10-150:1; and in the second stage, based on the
reactant from the first stage, tetraethoxy silane is added in the presence of hydrogen to further carry
out the proplylene homopolymerization, and the amount of tetracthoxy silane is determined
10 according to the amount of the organic aluminium component added in the first stage, so that the
weight ratio of that to organic aluminium is 1:1~50, the MFR of the final polymer being controlled

within 0.2 to 10 g/10min.

The present invention further provides a corresponding propylene homopolymer with high melt
15 strength, comprising the following features:
(1) the MFR is 0.2-10 g/10min at 230°C with a load of 2.16kg,
(2) the molecular weight distribution M/M, is 6-20,
(3) the content of the fraction with a molecular weight higher than 5,000,000 is higher than or equal
t0 0.8W%,(4) Mys1/M,, is higher than or equal to 70.
20
It is necessary to increase the polymer molecular weight for increasing the polymer melt strength.
However, in order to ensure the product has excellent processing performance, it is critical to
control the molecular weight distribution within a region of a certain mean molecular weight, i.e. a
certain MFR. In the polymer, on one hand, it needs to have a certain amount of very high molecular
25  weight fraction, and on the other hand, it also needs to have a large amount of low molecular weight

fraction, i.e. it needs a wider region of molecular weight distribution.

As well known, macromolecular is not composed of compound with a single molecular weight.
Even a kind of pure macromolecular is also composed of mixtures of the same series of polymer
30  having the same chemical component, different molecular weights and different structures. The

property that macromolecular has uneven molecular weights, i.e. the size of molecular weight is
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different, is called as the polydispersity of rnolecuiar weight. Generally, the measured molecular
weight of macromolecular is the mean molecular weight. The mean molecular weight of polymer is
the same, but the polydispersity thereof is not necessarily the same. Generally speaking, the gel
permeating chromatography is used to measure the molecular weight distribution of polymer, and
then the number average molecular weight, weight average molecular weight, Z average molecular
weight and Z+1 average molecular weight can be obtained according to the molecular weight
distribution curve. The weights of the high molecular weight fraction on the above molecular
weight mean values are different, and they meet the following relationship: My<My<M;<Mzs,.
Generally, My/M, is used to express the molecular weight distribution of polymer, wherein M, is
close to the low molecular weight part of polymer, i.e., the effect of the low molecular weight part
on M, is greater, and My, is close to the high molecular weight part of polymer, i.e., the effect of the
high molecular weight part on My, is greater. In order to enable polypropylene to have better
comprehensive performance or processing performance, the molecular weight distribution of

propylene polymer, i.e., My, /M,, is generally controlled within 6 to 20.

However, the inventor has found after intensive experiments that, it cannot meet the requirement for
achieving high melt strength only by controlling the data of My/M,, and it also has to quantitatively
control the very high molecular weight fraction within a certain range. It is specially preferred to
quantitatively control both of the very high molecular weight fraction and the low molecular weight
fraction within a certain range respectively. Taking into account that a small amount of very high
molecular weight fraction does not affect My, significantly, but affects M, significantly, and a large
amount of low molecular weight fraction affects M, greatly, it is very important to ensure M,+/M,

is greater than or equal to 70 in the propylene polymer of the present invention.

In the above propylene homopolymer of the present invention, the content of the fraction with a
molecular weight higher than 5,000,000 is preferably higher than or equal to 1.0wt%, and more
preferably higher than or equal to 1.5wt%. Preferably, M.,1/M, is higher than or equal to 80. The
content of the fraction with a molecular weight less than 50,000 is preferably higher than or equal to
15.0wt% and less than or equal to 40.0wt%, and more preferably higher than or equal to 17.5wt%
and less than or équal to 30.0wt%.
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reactor reactor reactor Exanple 1 0.03 1.6 5.9 3.4 3.0 2.4 Exanple
2.7 5.3 2.8 4.4 2.8 Exanple 3 0.08 3.0 5.2 2.7

Preferably, the MFR of the propylene homopolymer is 1.6 to 6 g/10min, and more preferably 2.5 to
6 g/10min, at 230°C with a load of 2.16kg.

Besides, polymer with a polydispersity index PI of 6.0-20.0, preferably 9.0-16.0, is obtained in the

present invention by controlling each molecular weight fraction.

The melt point Tm of the propylene homopolymer in the present invention is greater than or equal
to 163°C, and the peak temperature of ATREF temperature rising elution curve, 1.e. Tpeak-atref, is
greater than or equal to 122°C. The content of xylene-soluble substances is less than or equal to

4wt%.

The propylene homopolymer with high melt strength of the present invention preferably comprises
the following features:

(1) MFR is 0.2 to 10 g/10min, preferably 1.6 to 6 g/10min, at 230°C with a load of 2.16kg,

(2) the molecular weight distribution M/M; is 6-20,

(3) the content of the fraction with a molecular weight greater than 5,000,000 is higher than or
equal to 0.8wt%, preferably higher than or equal to 1.0wt%,

(4) the M_1/M, is higher than or equal to 70, preferably higher than or equal to 80.

More preferably, said propylene homopolymer comprises the following features:
(1) MFR is 1.6 to 6 g/10min at 230°C with a load of 2.16kg,
(2) the molecular weight distribution M,,/M,, is 6-20,

(3) the content of the fraction with a molecular weight higher than 5,000,000 is higher than or
equal to 1.0wt%,

(4) Mz+1/M, is higher than or equal to 80,

(5) the content of the fraction with a molecular weight less than 50,000 is higher than or equal
to 17.5wt% and less than or equal to 30.0wt%,

(6) the polymer polydispersity index PI is 9-16.

The polymer of the present invention has a melt strength higher than that of the prior arts. The melt
strength is higher than 0.8 N, even higher than 2.2 N. The polymer of the present invention is
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mainly used to prepare foam products, biaxial stretching films, thermoforming products and blow

molded products.

~ Specific Embodiments of the Invention

In the following the present invention will be described in more detail with specific examples,
which should be construed only as explaining the present invention but not limiting the scope of the

present invention.
The data related to the polymers in the examples are obtained through the following test methods.
(1) The thermalforming temperature is measured according to ASTM D648-07.

(2) The melt strength is measured by Rheoten Melt Strength Meter produced by Geottfert
Werkstoff Pruefmaschinen, Germany. Said meter comprises a pair of rollers rotating in opposite
directions. Polymer is melt and plasticized through a single-screw extruder, then is extruded from a
hole die head with a 90° steering. Subsequently, polymer is clampped between two rollers and
uniaxially drawn in a manner of constant acceleration. The tension is measured by a corresponding
component for measuring the force. The measured maximum force value from the beginning of

drawing to fracture of the melt is said melt strength.
(3) The melt flow rate(MFR) is measured according to ISO1133 in 230°C with a load of 2.16kg.

(4) As to the molecular weight polydispersity index, i.e., P, firstly the rheometer with the type of
ARES, i.e., Advanced Rheometer Extension System, sold by Rheometric Scientific Inc., US, is used
to measure the values of viscosity and modulus of sample in 190°C and within a certain frequency
range, wherein the sample is held through a flatbed type fixture. The molecular weight
polydispersity index, i.e., PI, is equal to 10°/G, wherein G is the modulus value at the intersection
point of the storage modulus (G’)-frequency curve and the loss modulus (G”)-frequency curve. The

resin sample is molded into a sheet of 2mm at 200°C  before being measured.
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(5) As to the molecular weight distribution (Mw/Mn, Mz+1/Mn), the PL-GPC220 gel permeating
chromatography produced by Polymer Laboratories, Inc., Great Britain, and IR5 detector produced
by Polymer Char Inc., Spain, are used to measure the molecular weight and molecular weight
distribution of the sample, wherein the chromatography colﬁrhns are three Pigel 10pm MIXED-B
coiumns connected in'series, the solvent. and fluid phase is 1,2,4-trichlorobenzene (comprising
0.3g/1000m] antioxidant 2,6-dibutyl p-cresol), the column temperature is 150°C, and flow rate is

1.0ml/min.
(6) The resin tensile strength is measured according to ASTM D638-00.

(7) The bending strength and bending modulus of resin are measured according to ASTM
D790-97.

(8) The IZOD notch impact strength is measured according to ASTM D256-00.
(9) The intrinsic viscosity is measured according to ASTM D 5225-1998 by using Y501C

intrinsic viscosity analyzer produced by VISCOTEK Inc., US. The solvent is decalin, and the test

temperature is 135°C.

(10)  The content of soluable substances is measured by using the CRYSTEX instrument produced
by PolyChar, Inc., Spain, and the solvent is trichlorobenzene. The result is corrected by the cool

xylene soluable substance data of the polymer measured according to ASTM D5492-2006 standard.

Example 1
The polymerization is carried out in a polypropylene pilot plant. The main equipment thereof
comprises a prepolymerizaiton reactor, a first tubular loop reactor and a second tubular loop reactor.

The polymerization process and its steps are as follows.

(1) Prepolymerization
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The main catalyst, i.e., the solid catalyst active component containing titanium, is obtained by using
the method described in Example 1 of CN93102795, wherein the content of Ti is 2.4wt%, the
content of Mg is 18.0wt%, and the content of dibutyl phthalate is 13wt%.

The main catalyst, the cocatalyst (tricthylaluminium) and the first external electron donor
(dicycylpentyl dimethoxy silane, DCPMS) are pre-contacted with each other at 10°C for 20min, and
then continuously added into the prepolymerization reactor for prepolymerization. The
prepolymerization is carried out in the propylene liquid phase bulk, wherein the temperature is 15°C,
the residence time is about 4min, and the propolymerization multiple of the catalyst is about 120 to
150 times in such conditions. Into the prepolymérization reactor, the flow rate of triethylalumnium
is 6.33g/hr, the flow rate of the dicycylpentyl dimethoxy silane is 0.33g/hr, and the flow rate of the
main catalyst is about 0.01g/hr.

(2) Propylene homopolymerization

After prepolymerization, the catalyst flows into the two tubular loop reactors connected in series,
where the propylene homopolymerization is completed. The reaction temperature of the two tubular
loop reactors is 70°C, and the reaction pressure thereof is 4.0MPa. The process conditions of the
tubular loop reactor are controlled to achieve the productivity ratio of the first tubular loop reactor

to that of the second tubular loop reactor of about 45:55.

No hydrogen is added in the feed to the first tubular loop reactor, and the hydrogen content
measured by the online chromatography is less than 10ppmV. A certain amount of hydrogen is
added in the feed to the second tubular loop reactor, and the hydrogen content measured by the

online chromatography is 4500ppmV.

As the catalyst components are added directly into the first tubular loop reactor after
prepolymerization, there is not any other feed to the first tubular loop reactor except propylene. As a
result, the weight ratio of triethylaluminium to dicyclopentyl dimethoxy silane in the first tubular

loop reactor (hereinafter referred to as Al/Si-I) is that in the catalyst prepolymer, i.e., 19.0.
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8.6 Exanples 3.7 49.7 205.5 427.7 13.6 116.5 19.0 0.81 7.1 Comreri cal F280z

4.4 43.3 166.2 385.8 9.8 87.7 0.46 4.6 Commerical T3 8F 7.0 40.3 121.3
253. 3

Tetracthoxy silane (TEOS) with a flow rate of 0.67g/hr is supplemented into the second tubular
loop reactor. Therefore, the weight ratio of triethylaluminium to tetracthoxy silance in the second

tubular loop reactor (hereinafter referred to as Al/Si-II) is 9.4. The specific process conditions are

shown in Table 1.

After the propylene is separated by flashing from the polymer from the second tubular loop reactor,
the activity of the catalyst in the reactor is eliminated by wet nitrogen. Then, polymer powders are

obtained after heating and drying the polymer.

10 - 0.1wt% IRGAFOS 168 additive, 0.2wt% IRGANOX 1010 additive and 0.05wt% calcium stearate
are added into the powders obtained by polymerization, and then the mixture is granulated through

a double-screw extruder. The properties of the obtained granules are tested according to the existing

ASTM standard.

15 Example 2

Example 2 differs from Example 1 in that: a small amount of hydrogen is added in the propylene
supplementing feed of the first tubular loop reactor, and the hydrogen content measured by the
online chromatography is 230ppmV; the hydrogen feed amount in the propylene supplementing
20  feed of the second tubular loop reactor is adjusted to 8500ppmV; the Al/Si-I is adjusted to 45 (wt:wt)
and Al/Si-II is adjusted to 4.2 (wt:wt) through adjusting the feed amount of the external electron

donors; and the amount of cocatalyst triethylaluminium added is unchanged.

Example 3
25

Exmaple 3 differs from Example 2 only in that the Al/Si-I is adjusted to 85 (wt:wt) through
adjusting the feed amount of the external electron donors, while the amount of cocatalyst

triethylaluminium added is unchanged.

30 Example 4
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supplementing feed of the second tubular loop reactor is adjusted to 12000ppmV.

Example 5
Example 5 differs from Example 2 only in that the tetraethoxy silane in the second tubular loop
reactor is changed to methyl cyclohexyl dimethoxy silane (CHMMS), the adding amount thereof is

1.51g/hr, the AY/Si-I1 is 4.2 (wt:wt), and the Al/Si-I in the first tubular loop reactor is adjusted to 60.

10 The specific process parameters, the obtained polymer analysis results and the polymer physical

properties of each example are listed in Tables 1 to 4.

Table 1 The polymerization process conditions in Examples

Process conditions Example 1 {Example 2 |Example 3 |Example 4 |Example 5
External First reactor DCPMS DCPMS DCPMS DCPMS DCPMS
electron Second reactor TEOS TEOS TEQOS TEOS CHMMS
donor
Al/Si First reactor Al/Si-1 wiw |19 45 85 85 60
Second reactor Al/Si-Il  |w/w  |9.4 4.2 42 4.2 4.2
H, fe_ed First reactor ppmV |0 230 230 230 230
Second reactor ppmV (4500 8500 8500 12000 8500
15
20 Table 2 The analysis results of polymers in Examples (1)
MFR(g/min) Intrinsic viscosity (dl/g) Content of soluble substances
(wt%)
First reactor | Second reactor | First Second First Second
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strength strength nodul us strength form ng tenperature strength (Jim
g/1OmMn MPa MPa GPa N 0. 46kg | oad,
40.2 57.0 2.24 2.20 116.0 40.2 19.1 Exanple 2 2.7

t Nor nal

tenperature -200 Exanple 1 1.6

reactor reactor reactor reactor

Example 1 0.03 1.6 5.9 34 3.0 2.4

Example 2 0.08 2.7 53 2.8 4.4 2.8

Example 3 0.08 3.0 5.2 2.7 4.7 33

Example 4 0.08 39 5.1 2.4 5.0 2.6

Example 5 0.08 1.9 5.0 32 4.4 32

Table 3 The analysis results of polymers in Examples (2}
No. GPC Rheological
method |
Mn, [Mw, |Mz Mz+l, |Mw/Mn [Mz+l/ [10°<M<5x10* | M>5x10° PI
10° 10 10 10" Mn fraction fraction
content (wit%) |content (wit%)

Example 1 59 66.5 |282.9 511.0 11.2 86.3 17.8 1.86 150
Exampie 2 4.4 515 [243 512.1 {111 1155  {20.9 1.14 9.3
Example 3 44 53.5 |28.8 581.9 12.1 131.7 23.1 1.61 13.7
Example 4 3.2 49.6 (2293 481.8 15.6 151.8 220 0.98 8.6
Example 5 3.7 497 (2055 |427.7 |13.6 1165 [19.0 0.81 7.1
Commerical |4.4 433 1662 3858 {9.8 871.7 0.46 4.6
F280z
Commerical (7.0  [403 [1213 [253.3 |58 |36 0.15 4.1
T38F

5

10

Note: F280z is the polypropylene produced by Zhenhai Refining and Chemical Branch of China Petroleum &

Chemical Co., Ltd.; and T38F is the polypropylene produced by Hunan Changsheng petrochemical Co., Lid.

Table 4 The polymer physical properties of Examples

MFR

Tensile

Bending

Bending

Melt

Thermal

1ZOD notch impact
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38.7 50.9 1.87 1.00 103.2 39.4 19.1 Exanple 3 3.0 38.4 48.2 1.79 1.30 98.
34.7 19.1 Exanple 4 3.9 38.8 48.1 1.80 0.95 99.6 33.1 18.8 Exanple 5

sirength | strength | modulus | strength | forming strength (J/m)
temperature
g/10min | MPa MPa GPa N 0.46kg Normal -200

load, ‘;C temperature

Examplel |1.6 - |40.2 57.0 2:24 2.20 116.0 40.2 19.1

Example2 | 2.7 387 50.9 1.87 1.00 103.2 394 19.1

Example3 {3.0 38.4 482 1.79 1.30 98.9 347 19.1

Example 4 | 3.9 38.8 48.1 1.80 0.95 99.6 33.1 18.8

Example 5 1.9 357 444 1.60 0.90 96,7 42.2 19.7

Commerical | 3.0 04

F280z

Commerical | 3.0 0.31

T38F
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Claims:

1. A process for preparing propylene homopolymer with high melt strength, characterized in
that a propylene homopolymerization reaction of two or more stages is carried out in two or more
reactors connected in series, wherein

in the first stage, in the presence of a Ziegler-Natta catalyst comprising a first external electron
donor component, propylene homopolymerization reaction is carried out under a polymerization
temperature of 50-100°C, the MFR of the polymer obtained being controlled within a range of
0.01-0.3g per 10min, and

in the second stage, based on the reactant from the first stage, a second external electron donor
component is added to further carry out the propylene homopolymerization in the presence of
hydrogen;

the MFR of the polymer finally obtained is controlled within a range of 0.2-10g per 10min,
and

wherein the hydrogen response of the first external electron donor is lower than that of the

second external electronic donor.

2. The process according to claim 1, wherein

in the first stage, the Ziegler-Natta catalyst is composed of the following components: (1) a
solid catalyst component with magnesium, titanium, halogen and internal electron donor as the
main components; (2) an organic aluminium component; and (3) the first external electron donor
component, wherein the weight ratio of component (1) to component (2), based on the ratio of -
titanium to aluminium, is 1: 10~500, and the weight ratio of component (2) to component (3) is
10~150:1; and

in the second stage, the weight ratio of the organic aluminium component to the second

external electron donor component added is 1~50:1.

3. The process according to claim 2, wherein
in the first stage, the amount of the first external electron donor component is adjusted such

that the weight ratio of the first external electron donor component to the organic aluminium is

1:15~100; and

-21-



C ai ns: 1. A process for preparing propyl ene honopol ymer wi th high
nmelt strength, characterized in that a propyl ene honopol yneri zati on
reaction of two or nore stages is carried out in two or nore 5reactors
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Zi egl er - Nap fo Gl ibloe GREBLIoAN Bicfhal bkl EHIBAARLS RUEE LERRHHLRhe amount of
conponent, propyl ene Konopol'ynerization reaction is carried out under a

pol ynerthe atdaale dlenieiatcsiponént 20dekDRChe i siER sath thae tHeok st pltrratd baiRedcond
being controlled within a range of 0.01-0.3g per 10m n, and 10in the second
st age, @xagnd donot ¢eanposgetianhe érganic ahniniumsis 18r-38e, a second ext er nal

el ectron donor conponent is added to further carry out the propyl ene
honopol yneri zation in the presence of hydrogen; the MFR of the polyner

final |y obyai JS<<C. d.wit Ri =1 j :
I5uer 6 n ¢ haTPEPSsaRebiie RLchin 1 Rl Tt et B IBRb o Ao Rien s

| ower tihamot étakl ©f300pem¥econd external el ectronic donor. 2. The
process according to claiml, wherein in the first stage, the Ziegler-Natta
catal yst is conposed of the foll ow ng conmponents: (1) a 20 solid catal yst

conponent wi magnesi um..tifani um hal oge d internal electron donor as
Che. i n cSmbBnBHILES Gc39rdie b At ¢ AeHh IS o yHENf B s) CPMEORI o
extern ect M &y er.al.fil he ' I 0,
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and 25in the second stage, the weight ratio of the organic al um nium
conpone#iphetc gioups @ednds et &rnal el ectron donor conponent added is 1-50:1.

3. The process according to claim2, wherein inthe first stage, the
amount of the first external electron donor conponent is adjusted such

30t hat t he sWehORh &bl Qr@he tHElaln 1 Shh&¥ier nal el ectron donor conponent to
the organic alumniumis 1715-100;  and in the second stage, the second

ext ernal dédroecaningpoaasitelécroaddact iashondinie gendriidommia R, HOR e, ,ortgasih @ is
al um ni um conponent added in the first stage, such that the weight ratijo, of
t helsecBmd left &r Rapndi&nowhidhnipan dstidemsicahto o didisraat Arogneaghupthets can e A6:1-Ga .

The processqtggcorﬁi ng. to.claimi1, wherein in the first stage, the hydrogen

" cont ent SaEt&ddNA %Hg%éﬂgﬂﬁé?rto 300ppnV. 5. The process according to

claim1, whefebfbridt@tdrhdlHlechdh @bAGH is ShRf 45Qhe g&[é_?z[l f&%ﬁ?@Rﬁ@‘?Sié(ﬁﬂﬁ)%re%%Rs'
the general formula RinSi (OR2)4,, wherein R, "which may be identical to or

di f f er eist(C14H;) smiglaathaimt dlmhatic groups KG8<{(CHYsbbmndkd dr @yclezed lalipkaticagroppr tid
groups, R2 is (Cl-C3) straight chain aliphatic groups, and nis 1 or 2.
6. The PBr bdEsLansnpiticheinabPlatisi $50ups. wher ei n
20
7. The process according to claim 1, wherein the productivity ratio of the first stage to the

second stage is 30:70 to 70:30,

8. The process according to claim 1, wherein said propylene homopolymerization reaction is

25  carried out in two tubular loop reactors connected in series.

9. The process according to claim 1, wherein the first external electron donor is dicyclopentyl
dimethoxy silane and/or diisopropyl dimethoxy silane, and the second external electron donor is
tetracthoxy silane and/or methyl cyclohexyl dimethoxy silane.

30

10. A process for preparing propylene homopolymer with high melt strength, characterized in
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t he second external electron donor is shown as the general fornula

R3"Si (OR4)4.,, , wherein nis 150 or 1 or 2, R3 and R4, which may be
identical to or different fromeach other, can be (Cl-C3) straight chain
al i phati c groups; or t he second external electron donor is shown as

h . _ . . Al . .
al | pharia pra it R AR TR of (00 (il 30 g BV 0P oo,
R7 is (€dctéss bomiecrd g berfddgivheraini phati c groups. 20 7. The process

according to claim1, wherein the productivity ratio of the first stage to
t he secondinsthadisstistaggOinibe pees@@e3(d.Ziegler-Natta cagalysthbe prapyesss haoopplymegzation
claim1l1, wherein said pr | ene honopol yneri zat i r ion i 5carried
out 1 TEROR b SIS AR PO S G CBRer A e of QSO0 C widh o hdiSPD caltent
accaqr di i , i flenst r gl aliee |

i cycl anersh SRR S I0UBERS, Mo NER pE R peRhe hRlndR el QRUORIPMID o anee of
second ®&&1-03gAI0nE eakrsald Hieplef-Naga tethlysEbdxsorspdsad 6f thedbdewing ebyponents: (1)
cycl ohexyl dinmethoxy silane. 30 ~10. A process for preparing propyl ene
honopol 3#did edtalyist ogiponenitwish maggesiumctianinot delogerl and intermalk elactmnocgymé aé the
honmopol yneri zation reaction of two stages is carrigd.,.out in t ubul a
oop 1 PG eBE g Lan et planiiperarprents and (Bia 8 ionspnd dmeibcty Siame.
presen : = Nat: : p ; :
et 1 oo BB ey o ooy Bt um t,
a hyodr ogemindenf gnt 16-308ssnd thaweight efioadf coMmp3aip (Ao compordn30fis 10rd 5pat ymer

obt ai ned being controlled within a rangg of 0.01-0.3g/10m n, and said .
Zi egl er - Naint the segoaf yiage Husethor beyeaséant fom the i lagoy telgpethony sHanet is adder)in ghe

solid catal yst .component .w,t h nmagnesi,u ti.tanj u hal ogen and . nterna

of ect r REAND Pf LR L hED GEnaNt the Rranvis hominalineifiahon: tnd B ApisRanef
and (3)teﬂhéﬂ¥<§3ly089d'ﬂ¥:% dtemRidaxbcsidif & WhEh&R dthBe ekt akiililiBnPEomponent
conponent (1) "to conponent (2), based on the ratio of Titaniumto

10al um sidadnin ihe fikst sldde pEM0thatathe wiehght waiogdfithe @traathefy dlanmp antnordadjc dlominium is
conponent %3) i s 10-150: 1; in the second stage, based on the reactant
fro t helr?Eendst age, tetraethoxy silane is added in the presence of

hydrogen tgq f her, carry out .th ropyl ene mopol yneri zat i nd_t he
arount of - TheMER R e tanl uBhoR R TR FRs B 2SR RMer " e
organi ¢ al um ni um conponent added in the first stage, so that the weight
ratio of the tetraethoxy silane to the organic alumniumis 151:1-50; and
t he MFR of 1t heppplenehomhbpalingr with Aighadeli stramgtit, cahpedngiheHolowing deaaenf

0.2-10g/10mn., 11. A proBerne homopol ynmer with high melt strength,
conpr i si ng(brbe MR s drdVe/d@miny &t 230 C yWithploggrf 7.46k:2- 109/ 1 Omi n"at 230C

2{5 ;a Ioae?gbe%P%gkgi“%%%@§¥&?ﬁgg$b§gﬁhﬁgﬁﬁﬁjght distribution MMM is

ont'e "on"Wth a nol ecul ar wei ght hi gher

than 5, 000(H0fe bontbhtBTehe frBGBnOkited wadledur et HigRPthan 5,000,000G¢ highkrlthbs br
i s higher than or equal to 70. 2512. The propyl ene honopol ynmer wi t'h high

melt st egabto).&etaraidng to claim 11, wherein the content of the fraction
wi th a nol ecul ar wei ght hi gher than 5, 000,000 is higher than or equal to
1.owmt % () Mauy/Maighighg 985 pesiah®ndool ymer with high melt strength
according to claim12, wherein the 30 content of the fraction with a
nol ecul ar wei ght hi gher than 5,000,000 is higher than or equal to 1.5w %

14. o5The pr QpyTR ﬁro%ﬁl%ﬁ@%blﬂ%?bl_yﬁieﬁ* Rvith Bih mRdIt stieng@NaHehrddeC Ry flhing 11, 0wkdrainthe
11, wherein the 1/ thereof i's higher than or equal to 80.
content of the fraction with a molecular weight higher than 5,000,000 is higher than or equal to

1.0wt%.

13. The propylene homopolymer with high melt strength according to claim 12, wherein the
30  content of the fraction with a molecular weight higher than 5,000,000 is higher than or equal to
1.5wt%.
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15. The propyl ene honopol yner with high nelt strength according to claim
11, wherein the MFRis 2.5-6g/10mn at 230C with a | oad of 2.16kg.

16. The propyl ene honopol yner with high nelt strength according to claim
11, wherein the content of the fraction with a nol ecul ar wei ght | ess than
50,000 is higher than or equal to 15.0wt% 10 and | ess than or equal to
40wt % 17. The propyl ene honopol ynmer with high nelt strength according
to clai m 164. Thepeipyldnbdoampbimicr afitlt highfmidcitianpthvadcbrdingmol dgivd ar, wiedrgiit the
| ess than 50,000 i s higher than or equal to 17.5wt % and | ess than or equal
to 30wt Y, thereof @ highes thanaenesido RBmopol ymer wi th high nel t strength
according to claim1ll, wherein the polyner dispersity index Pl is 6.0-20.0.
19. A propyl ene honopol yner with high rrelt strength conprising the

fol | owi ng flgatmg ?ﬁ,gy?e%@%m\%r R é?{'lﬁl fél hme Shee gﬂ@&&%ﬁdf‘ﬁétﬁ @}allnp@fi \«Qflereln)the

2. 16kg nol ec M T1s 6-

t he cont\/EmlscﬁS “6pe Oimiragt 239/C Writlha doadwifeclskar wei ght hi gher than 5, 000, 000
is higher than or equal to 1.0wm % (4) the Mzi-1/Mh is higher than or
equal to 80; 25(5) the content of the fraction with a nol ecul ar wei ght | ess

30w % (6) ndtparSpesedresepLrty it Biharel Sl acsB5nd (alth g YRireline
the pr oeaﬂt@[ﬁ%fmm ATty AGEALHIR Gt Y 4RS00 RiglEr thdn bPeckll (0115 Owios

preparation 30 of foam products, therfoform ng products, biaxial stretching
filme, bhdless fhah oseciatitddlvi?4ol ded products.

17. The propylene homopolymer with high melt strength according to claim 16, wherein the
content of the fraction with a molecular weight less than 50,000 is higher than or equal to 17.5wt%
and less than or equal to 30wt%. |

15
18. The propylene homopolymer with high melt strength according to claim 11, wherein the

polymer dispersity index PI is 6.0-20.0.

19. A propylene homopolymer with high melt strength, comprising the following features:
20 (1) MFR is 1.6-6g/10min at 230°C with a load of 2.16kg;
(2) the molecular weight distribution Mw/Mn is 6-20;
(3) the content of the fraction with a molecular weight higher than 5,000,000 is higher than or
equal to 1.0wt%,
(4) the Mz+1/Mn is higher than or equal to 80;
25 (5) the content of the fraction with a molecular weight less than 50,000 is higher than or equal
to 17.5wt% and less than or equal to 30wt%;
{6) the polymer dispersity index PI is 9.0-16.0.

20. Use of the propylene homopolymer according to any one of claims 11 to 19 in preparation
30  of foam products, thermoforming products, biaxial stretching films, blown films and blow-molded

products.
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