PCT/ CN20111000107W2011/ 088754 Pr opyl ene honopol yner havi ng hi gh
nmelt 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 repatesvi@1@opreoPy! ene pol ynmer, and nore particularly, ®OR0RresRsane
honmopol ynmer with high nelt strength, 10which is especially suitable for
prepari ng foam products, thennofonning products, biaxial stretching filns,
bl own filns_and bl ow nol ded products. Background 15Prqp | ene ho pol ymer is
wi del y useol’ﬁomlenéhgm@eelweﬁémrfm high melqsrreeg@wm PreRd rail}gil Bithg r%%fst. ng
and bi axial stretching due to the tallorlng structure thereof. However, the
comon pol ypropyl ene nol ecul ar chain is of |linear structure, which is
unlike qpampb@yRiaeol ymers, such as polystyrene PS with a region having
property simlar to the rubber elasticity in a wi de tenperature range.

Thus, pol ypropyl ene cannot be thernofornmed in a w de tenperature range.
Nbanmhlle the softening 20 point of polypropylene is close to its nelt
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easi |y appéar during extrusion, coating an 1 ng, "and foamcol | apse
duriing elchus egrcibibamiitadlecioe prejsmmgfoemq;roctuha thsﬂnclfi)nmng prdogy, Iberxeal istretching
fields of 25 thernnfornlng foamng and blow nolding is limted. As a
resul t, filresdiopmiles ad blow %@mhnth high nelt strength and good
ductillty i s always an |nterest i ssue. Said high nelt strength

pol ypropyl ene (HVSPP) nmeans that the nelt can bear higher strength at
tensil e gcRetn@- !N general, as to the current propyl ene honopol yner with
a nelt flowrate (M-R) of about 2g/10m, the higher nelt strength thereof
isup to 0.8 toIN 30 The main factor that affects the pol ypropyl ene melt
strength is the nolecular structure of the -1- nmer, which, conprises
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strengt h of polypropylene is. However, the larger the nolecul ar wéi ght of 5
pol ypr opyittleaeedisn hiing pooperty nfmilartakthe rilttbei aladtwity postwide dagssitng fogen Tiys,
per formance of propyl ene polyner Therefore, taking the actual appllcatlon
of the rmeb@venylancqgnnotabe dernoformed dn gewide aiﬁllnéel‘%‘rf‘e AP eMﬁ%n% )

have a w d |st |bu n.addition
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pol ypropyl ene. In"order to obtain propylene polynmer with the best 10

per f or nebliewinihaobleteainghaliygrene ven eehlicthickhawlod tlmanpdmmdmxgrthtmmng, w@ifiges
pol ymer fraction with very Qvg? nol ecul ar weight, a certain anDun
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nmol ecul ar wei ght distribution or introducing branched structures

pol ymer i wdl ihigh pehctesgtheaidngdodggyctibity ishalwagd hmdnterfestbisamdlSagl Imaghymlbplyd:@tie
w th ot her anorphous or low crystallinity resins and el astoners during the
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cat al yst and in-situ polynerization, thus enhancing the melt strength of

the 80 nal polynmer. The npost conmmonly used nethod is to prepare
polyprop | ene wi th wi de nol ecul ar. wei ght distribution by using a plurality
r eact %h% migifh Aessareat aiferis thcopalyprapilege ek straaghe isatheymolsetlyn paisiire ié thd
mnth wi de nol ecul ar wei ght distribution (MAD) is obtained by in-series 25
pol ynmeri zation in different reactors thatj.are suitable for producing
polymers with different nol ecular weights with different hydrogen anounts
—anhd-—different—copolynerizati-on—hpnoners—bei-ng-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
nDIecuIar melght 30 For exanple U86875826 and US7365136 both dlsclose a
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5 as the external electron donor. Through controlling the hydrogen
concentration in each reactor, polypropylene of high nolecular wei ght
fraction, i.e., MFR<0.1g/10mn, is produced in the first stage, with the
wei ght content thereof in a range of 10 to 35% pol ypropyl ene of |ow
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stage, with the weight content thereof in a range of 65 to 90% and the MR
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stereoreqgularity of the high mol ecul ar wei ght  fractiaqn, &hich can determ ne
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hi gher content. However, the conposition and characteristics of the

cat abystedoenanoe hngledl polymbeptodoctrshadtl @ompdfe 4 brealhbiovenipdipehyner fstian with
result, the reaction response of the catal yst on the nol etiul a[ we{lght
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which has.a.certain limtation f ont r.qlq.i justing the properties
of pol yr‘r?‘{::elJg tﬁﬁé %Za.fg%%“%l‘d“éﬁ?.&%ﬂe???&%%e% lﬁ‘é’q.g?(l?‘[élrlé%a elﬂ%{t'ect ron donor with
| ower hydrogen response is used in the catalyst system the nol ecul ar

wei ght of polymer can be higher in the first stage for produci ng hi gher

mol ecul dthevdisaidned foraets Gor. intteasve the mblestréngtit he pslypopylest ggerdllyrcommuthes itheg
the | ower pol ecul ar weight fraction, very high hydrogen. content is. required
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cannot be high enough in the first stage for producing hi gher nol ecul ar

wei ght fdusimgi the, polyosr redidiign gredess. ndmioapi abérs,prdjpsting dw pblyniesizitionalprocess
products. 5Moreover, CN1241196A describes a pol ypraopyl eqe resin co Ofi tion
and t he tedwologsris sommgdy dised, aWhigh - COMPBISHePISBIEs PRIXIAPY BRSO B Widen@olecular
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whol e process. The prepared pol rybp_ropyl ene conprises the high m)l%éul,ar .
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Tetraet hoxy silane is used as the external electron donor in the first

st age, amdledulay cleightntwith diffeedohdryyirapieh ameunt askediffesent vepeymerimion ehentman

donor in the second stage._ Both of CN1612901A_aBd #8668643381- al so ,
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smal | er nol ecul ar 20 pol ypropyl ene, then preparing the | arger nol ecul ar

pol ypropyl ene in the second stage, thus obtaining polyolefins with high
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produce pol ypropyl ene, said external electron donoy with a high hydrogen

r esponsePOXAREnWItE highaelt strenggh apgd s"t”d‘étrﬁﬁ%c‘“ﬂ%rw’f}lgé‘pglrsfr%é‘“?‘b Fauppes, the

wei ght pol yner, also works in the second stage, so that super nol ecul ar

wei ght pol yner cannot be prepared in the.gecond stage. Simlarly, the high

25 nelt strength propyl ene honopol yner with advant ageous mnechani cal
—property and processing-property-cannot-be--obtained-according-to-the above

patents. As to the actual applications of some pol ypropyl ene, such as '

foam ng products, the nelt flowrate (MFR) thereof is required to be

about 2 to 3 g/10m n. Because of limtation in the above 30pol ynerization
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is not satisfactory. Thus, the properties of the final polymer are harned
to sone extent. Summary of the invention 5In order to solve the probl ens
present in the prior arts, the present invention provides a process for
prepari ng propyl ene honopol ymer with high nelt strength through direct

pol ymer zatileie (hngo RYGHLP bréﬂ)?ﬁang AR p &l hEiizatiBh SR Shpoty RefisNTREEriEh kLt id
propyl ene polynmer with w de nolecul ar weight distribution and contai ni ng
"very hitghularoloepghaphavei giymérization ecictaraoinectpd épaadddothgr mOsetionbyolelléatipgtane
species and ratios of the external electron donors,in,thﬁ,Z{egkﬁr-Nat a
cat al ystZieglerNnitmcatalyst evitniowerabydregerns resgerse. prhercdt spidy ZiegleEditpnsdtplyst s
with controllj t anmount of the | ecul ar i gh g ! t 0
the. r equprBHshf i Tl TR L ATDY elinr ey Fbbed SRUBRA ARERIR Sk
propyl e | ' | ] in08shcenm@tion PR |cHOR medtAG
exce¥|e%ﬁtﬁ%éﬁ%ﬁ?@gﬁkggg6@?@?2§@§§§B§??§P?§%9§?g&ﬁ?%% melt strength. 15 The
propy! englyaebyyiele @il mokcake seigt fdgomnies MFR iiVe/itlimon is pnplucsd sn ghe first
propyl ene honopol yneri zation reaction of two or nore stages carried out in
two or rtage, mathcthe meight saeienictherenl dep irarge afHrtei 3% nolprepyiane &f lewagpelecpgr

t he presenc

donor coNpENGteiohr by VG- hosBfii e oRtitah el bl ot hdfe Sghee”
POl YITer | alelyPfh d GAREI |5 009% an e PR Ahe tinEpdifRaAf irl DenBOISITE o BB /R0MR

bei ng con e in the range o .3g per 10mn; and in the
second skiagiey ithaseeined afthieren@int Alitcat paypyiche hbmosdlyraeragich high sedosiergth endal
el ectron donor conponent is added to further carry out the propyl ene
homopol ywisteimalegubn waight destighusivadbv/dn-hodr ogen; the MFR of the pol yrer
finally obtained is controlled within the range of 0.2 to 1 Oy per 10mn,
wherein the hydrogen response of the first 25external el ectron donor is

| ower th fn t ek IB; r £ fe®dctBh Ydonoh wilte
first stggev? Q?k%&%,eagﬁgﬁﬁﬁé?%eegtg? %Fgﬁs%tﬁih’s&%os%%gsegp{gg thhegﬁf ol I owi ng
conponenggierdlll) ighwatd threcahal statoreguimityennd whslhculag wesghtindistributen udj polymer
hal ogen and internal electron donor as the main conponents; (2% ag orqanic
al umifi ustenidivpshe Ahenghel ab@e nraesss iy wed &x prepaiahomoRely PIoRYIgRHYHN 3 de molecular

conmponent, , wherei.nh .t he, wei ght .rati,o_of conponent. t 0 t

based onwtelgg?r Hilten in taaﬁ]iufﬁht¥ PLatarey Hﬁ]‘s i%l%s1 %ﬂe)lgjagéﬁe rﬁg(ﬁ%%e%hé i
rati o of (COANRO )tht %igOROREN: walght Srachon, WA ldet@ffind thd Rfechagiend
st age, tﬁg melgﬁ?h?g?ﬂgégygghe&orggnics%luﬁ%nfhn1conpoﬁent to the second
ext er nal pgipefites U1 [HONBEr, GETROMEIH an@deible,sespecidlyl witRra tetaublapouith obvder high
meet the requirements on different nol ecul ar weight fractions, in the first
5 stage, mdieulmmoight Facticie while she meleawlanmeiahtc oy mesby Weigb fperqne svhichenn
that the weight ratio of the first exter.nal,electrop, do the. or i

Al un?hi aAFeae 1 S on PR e reBRiR ot g e ey Ao ek isRe e
conponeniy d RESR gt {SIRWILOEAIRE 87 GRRkGeedlif M ivkNeactors of
conponen%kgﬁaggqﬁkct e.gﬁpggdgﬁg%g?nsuch thaﬁltﬂﬁaMEighﬁ&?asio of the
second exhienb@le RGNS SOMPRIENT theorehdibnotegmke ofilthericatblysh 015 e 2ncd2@ularOwdight
hydrogen adding anounts in the first stage and the second stage are .. . |
cont rol | eeguaoni.gi hydrogen, ireunifan indheiwo-gage prbymerivationypppicthastasiesigin limjtation
the first s&g&g . the %ﬁgroqﬁn content .i§g less than or equal to 300ppnV.
15The fi rietconftpliing oF adOshne B PERRREIES RohBENE 2 shown as t he general
fornula RI nSi (OR2)4, wherein R, which may be identical to or different
froméach other, can be (C3-C6) branched or cyclized aliphatic groups, R2

i s (Cl- CHpesificallyg hes g extahilphation donaupish loswe hydrogeetebponse istusyd irothe catalyst
propyl, and nis 1 or 2. 20 The second external electron dongr is shomnﬁﬁf
the genersybteortirumalernlar syeighRmfapolyiperr efonbm higgeminptheqfugt stoge HigprpRaucing higher
whi ch may be ident.ic t.o different,from each other n be (Cl-

st rai ght %Wﬁ?‘fllara‘f"?lﬁﬁ?%loﬁfgﬁ‘ﬁ’g‘.’er & H’a{hle \5%‘?0??1 S(468 %re%%g%m ﬁlgrl‘%\%gFr%lecmar
el ectron il ht 5G54T (ERBRESine ARR: PreqUiiah &t beRRsh of
(C1-&3) 5?@@@5%%£8§£§%9gﬁ%&h@?ﬁ%ﬁgﬁgﬁpsf ﬁgﬁks (C3-Co) bran?ﬁed or cyclized
al i phat i GrgihesnesivitpachyiRo@ni ¥ th€axtGal deotdh gotorobist highdrihylatges ragpanspss used in

the catalyst system, although the hydrogen amount is little in the second stage for producing lower
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25 The productivity ratio of the first stage to that of the second stage is
.30: 70 to 70: 30, preferably 40:60 to 60:40. In the polynerization process of
the present invention, the catalyst for propyl ene polynerization
30conprises, but is not limted to, the Ziegler-Natta catal yst. The

Zi egl er - :al yst.used. h nt-ef, anB &f I

cat al ys?l%c%ﬁr ﬁ)?etlg%l t sf?atecrt lgg’s Eeheeglt% F@?‘tﬁg Vy%}k 3 g%ﬁ)ggﬁ elﬁl-glli\ilaetn '?%ﬁcg{ g?yggsrt [’%}ge \f/art h
hi gh st grsasiah @edhey nicYednf &idightefaddsion, ihs RdbciPy eramechanioplyprepetifooD el §inar
with isotactic index of nore than 95% Such catal yst generally conprises:
(1) sol prhdoetsal yst conponent, preferably solid catal yst active conponent
“containing Ti, (2) organic alum nium conpound cocatal yst conponent, and (3)
external electron donor conponent. S The specific exanpl es conprising such

S I LA oA RIS a0 AR i
CN991253660btepHEIRILRIBI b cHtsin NEAPHOHené reshRlcOmp@itRdnywith high nit @hEiea! Iny

used, or added after pre-conplexing and/or pre-polynerization. The _
cat al ystlse deted pelyprapyNe5&00I0Fh ndENB3 M2F95is Opre/@ngB inl ks brs stapg without
CNO210090Q. 7 are particul arly advant ageous when being used in th .
pr epar atWeiogEh 3ae 8elypiopyleng withd Py meleatigrmigt FWFJ&S?HQ inniBe BEsEe OEP%@?&&?“ in

i nventi gn, e a r L i j
or gani ¢ 1% Rl Tec O ST e &Ry Bl o REGRE MBI ARl W,
prefigr ald yisddr inaﬂh!éx»lrlﬁ)'w?’td&b%ml“hfé Yedpatsl PRIV @ntiitised tie hifh inlekalirydeight
alum niumand tri-n-butyl alum nium erein the ratio of the solid

cat al ystfractbopeitbratmalonilai weight Higheraharhk5 &rl§arioveku it illlsaned satvaltye problems
conponent, based on the weight ratio of Al to Ti, is 10-500:1. The external
el ect r orfS¥sHGSVih the forcesBg BAEMSr operties are added into different reactors
according to 20 the requirenent for different nolecul ar weight fractions.
Specifically, according to the present invention, it needs to prepare
propyl eng @01 156899 AMitléd B ‘UheBIE G cad®)saitel 8L blefR pblymieFigatfon? Stvosdigtgnt
i.e. inthe first reactor; then, external electron donor with |ower

hy drige reatadyspromrs esedsn differettathzso Tatraethoxyrihhcels ystdhsithaetteronl depiion doagiin the
hi gher npl ecul ar i ght. The external electron . s shown, as the general

o mil o TRECAHEEORE) B SELoRmMY cHRe DTy G 1) % e cHARA ek Tob AGHoaR frofesned
from eac 5 hevs ( : j [ [ 0,

and pr of GiapP I oNERRBEA T USesBIAMIIED ShiRFlsgBt figRke PO
st r ai ghtofaihgdepathtsPiianbCtodsiniRsmactsiableagarmtRyb fudlidd Wbtadt pHlyPPYYlendndthrhipls
1 or 2, preferably 2. Specific conpounds can conprise dicycl opentyl

di met hoxiypels istrenpgh. ‘Ihici poqse pigbs thenest! hoxyarkyi doanpaise dittst plephrengythe gmaletnmejecular

il , diisobutyl dineth il : . 30 Pref ly, t fi
St ol DUVBERYGN. i G PESTOR B SHE TEST FBURBIRY 1Y BREY Rl Brnt ) Spgt e
ext ehal Pk chit i 2 VB ,. .
contr o | S ErEiyol0His WBIh Blen Ay RRRETS oG B0 TRodelc REscblFn SRR Bablla o

needs, i froligceGRIPPRGpYIhesSi€6kteinabdledi@nriOhQONMIIRE hihilGtiogee sp@ise) whish Sastided
or a very small "amount of hydrogen (less than or equal to 300ppnV) is added

as the nml the dirgrstageifghprepaing mivomoiestlor tieight pelymer, edsot works dn & seeorsbstagan so

t he high nol ecul ar weight fraction. Based on the polynerizatign .reactant,
from t hethgt puper gojggular yveaght gi9 Wt‘“@mfbeeﬂrmer H @Sn“‘ ?Onéoﬁ%ngml[aéﬁd the lt”gh

mol egul ar, el Al h " SONIBLE hokBYSLR2E Wit hiaRAgess’ QkcHalfaP BEBRAY $ha%Go8ssing

property cannot be obtained according to the above patents.

As to the actual applications of some polypropylene, such as foaming products, the melt flow rate
(MFR) thereof is required to be about 2 to 3 g/10min. Because of limitation in the above
30 polymerization processes, the distribution of the three fractions, i.c., the very high molecular weight

fraction, the high molecular weight fraction and the low molecular weight fraction, in the polymers
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10honopol yneri zati on, and the MFR of the polyner finally obtained is
controlled within the range of 1 to | Qg per 10m n. The second external

el ectron donor conponent is shown as the general fornula R3"Si (OR4)4- 11,
wherein nis 0 or 1 or 2, and R3 and R4, which nmay be identical to or

di 11 o1 Q9o LAMLGREN RIIEJ‘E{ GRS B b pETheP it Bhll G 3 Bbiphal ]
groups, suc t ecific second external donors
can conprise, but not limted to, tetranethoxy sil ane, tetraethoxy silane,
trinmethyl nethoxy silane, trinethyl ethoxy silane, dinmethyl dinethoxy

si | ane, Swihmarhyf thetiimtdmdiop si | ane, and so on. Alternatively, the second
external el ectron donor conponent is shown as the general formula
R5R68i(0R7)2 mherein R5 is (G -C3) straight chain aliphatic groups, such

t.h 0 J
ol MR D 0 B MR A B " B
can be BarinFg ererﬁ%hﬁﬁb@P&Yﬂer@hﬂﬁq{lﬁpﬁﬁélt%ﬂrén%ﬂﬁhr Fﬁﬁﬁ‘éal@bwmehba&lc&leCond
external electron donor is’'tetraethoxy silane and met hyl cycl ohexyl

di met hoxy silane. 25 Said polymerizations of different stages are carried

out in different reactors respectively in the polynerization, ro ess of the
pr esent Thipprtpbias faundhaltgrrintengig srnerigntsitaaty hEopYepRD WWF 2485 Bieleylar he

first sta ar.ried out i.n. the n
he” s oob R By Rl S Pplio"Sebl ki HEREUY, ve R APEoPOLATR, LRGP o)
r eag] or gortrbllindd 1505 hcdict Bh@laidE of HERARSHH clbtidh (ﬁﬁoﬁﬁﬁl ARSAibgTer- WattaAdakdl Mt system
hal ogen and internal electron donor as the main conponents; (2) an organic

al um ni andiffereporestion smgds (;ﬁ@fetalbky ihi costbirexibe withl coptraliing the atwnor Ofdbﬁmmiecmﬁar
are added, and the -8- glene honDpo nerization is carried
subst antei Fye%%qx@ﬁ@orﬁwrteg %reqvﬁ@nsleﬂ 9&@6&% MoleCpiab A & fragiions ﬁ’éélfé?r%m

|ntroduced nto fhe secon e n

donor - cBielsanPo b ERLRREA" ek BE MBE st SRR, ORISR, B Boonf Hhdcinical
carried %ﬂhgEgﬂﬁum@QQQngghg&m%uggghaln amount of hydrogen. S Said three
catalysp conponents can be added directly into the first reactor, or added
thengin after the pre-conplexing and/or pre- polynerlzatlon known in the

art. The pre-conpl exing reactor can be |Hevari ous, t%‘@ for ,achi eving a
suf fi ci dhe amym BRIV PETRAORIMRRFCEY Yadhe cHPRRY sVEiRBof@RpLissph@  propylene

pre-c 02218 9%1@%%21,[08 reac%f)n ?)8 t@o %9 okl !sltggei cﬁltrledro%g r} Aol H8! @hctord c%HRéélte?lr

| oop r € conprising a st atl € mxer, or ev

section quserli%!sP%/hbﬂ@mV\’fih Gl tiRe s Teefd leSpradefice & ZiepRENang cﬁﬁa@%ﬁconﬁh@smg a first
pre-conpl exi ng tenperature is control I'ed within -10 to 60C, and preferably

Wi t hi n @xtemaBOglectihe dguce- compdnmnt ngrapyleec i onepetynoirizedhnniis marrleci dut ointigo a

and eferabl wthin to 30 m.n. 15 The taI st vmthout
pr e%or‘rﬁpg&m‘ﬁ]@a@i’n B@eﬁﬁirf"dﬁl §p) B’r é%pyﬁl%eer Bgof d’%%é?fo% %ngcfﬁng%edbe

carried Oklih%ﬁl% ' nuocftbsdlytoaq]B%Eg ony dpg%é CoecOld ét% Bﬁge&toﬁ@lﬁe! ¥adt ntaf?oxj&r?ﬁert

sol vent . Iyner Z br Can ba a Cofti Auous s |rre

t ubul ar ﬂrﬁ%g’é eA6dcohd cRBhab Bledtiton ddidr REMPRIeMIRIAdA&t to0frth&Na! ﬁg&iuu € prdpylene

controlled within -10 to 60C, and preferably within 0 20to 4

pr epol yrieriopatyinerizationt inpthe presemon tof diydegeni thiaiMIR. & the podGaert ffm@s, Obimied is
r ef er abl

P co%trolled within the range of 0.2 to 10g per 10min, wherein the hydrogen response of the first

25  external electron donor is 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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within 1.0 .to 500 tinmes. Said polynerization can be carried out in the
propyl ene |iquid phase, or in gas phase, or by using |iquid-gas phase

conbi ned technol ogy. Wen the |iquid phase polynerization is carried out,
the 25 polynerization tenperature is 0 to 150C, preferably 40 to 100C, and
the pol YBIsH2a LA RAESRUHE BRBUE B8 oK ARFTr tASELNE MMM ESBARAL 1o the
pressure of propylene at the orrespoﬁ i ng polyne§|zat|on tenperature. In
gas pol yemhdzatem@neletthdh @@oy bBnpa@Rht Qillel yMps0:at ure is 0 to 150C, preferably
40 to 100C, and the polynerization pressure can be the normal pressure or

hi gher, preferably 1.0 to 3.0 MPa (gauge pressure, the sane below). 30 The

pol yneri zafi can pe carried out, continuqQusly or.,interm ntly. Th

Cont | nudgaetagly lrbalrc@ﬁéq et TS TeQuFF B A EEb Tt IS aE o & Db, in"fhe firs

| i qui.d- el r - e t j (] i

wher & n PRE HeERYRLRE B ARROARCALARE! thih kR Sa0PRICALIR N 26D e
tank reggkoéxterdfideléd®OnIdSOP AR bRehRralGanike if1heniaoaidaln weisecad fiege, the
reactor or a vertical stirred bed reactor. The above nentioned |iquid-phase

react or sacmhdgedempiladeor amatponean ddded andairdingl te dipeamennt Sifrthe rpyganig ehiwhiaium
manner. The propyl.ene honopol yneri zation i s pr.eferabl arried. out in two
or nore COWEPEE ¥deth et F%S@Sﬁn%5¥é§% fheswrighig ratio 4%gwp§F9W¥FXﬁH¥ﬁi%§ﬁr
in the pr i o] : rugded and granul ated by using suitable
equipneﬁ?gi%g%FﬁQESS%%%%1%ﬁﬁgﬁﬁmgﬁg?t?@es commonly used in the field, such
as aptioxidant, light 10stabilizer, heat stabilizer, colorant and filler,

are general ly added. In the preparation process for polyner of the present
i nvent i ofhe lydregtn adding gmonetsamtherfirsasepesind theesscad stage aesqoairaBed acerstingte the

donors and the anount _of hydraoge at are.added into the two reactor
Connect GadFESE B finp b e Brabi s Bl deee kebtoiea R eheRdERofhan 9
specific I i needed, 15 nor any nulti-functional copol ynerization
nononer %%gﬁ?&mggmggded. Conpared with the conventional process of

adj usting the polymer nol ecul ar weight distribution only by different
hydrogen concentration, higher nolecul ar weight conmponent can be pbtai ned
wi t 19 esBhafistienteinsl dgativoglenoaenmodienigs siownins U ganeral farmubarR WOR Agn.avherein
result, products with better performance can be prepar r.ou nor e.
Cost - of f BLrTRIEh pairs idonitsanyo REAHEOR rore c4 St Fabe g&a%&f@fﬁ?@@@f Eglized
present | ' s | W ' i

G ot i bub PSR g PSP EC] shStehP Bt hshalt 5u b REy Bt BN g pogy e »
t hat t hejsgagitzent of very high nol ecul ar weight fraction is higher and at
the sane tinme the content of |ow nolecular weight fraction is also beyond a
certain amount. As such, the nelt strength of the 25propyl ene pol ynmer is
significantly increased, and, the processin erformance of. Lhe | ymer. can
be géfar aﬁﬂ%g&yngﬁgé%kﬁe%@am%wﬁﬁ%ﬁé’%@%thﬁ %Pfeﬁ?léﬁla?n@?mg ﬁe@&/ﬂengﬁefgm nisvor
homopol yres. L1 {u 8?1 el \thi%hrlﬁégkg iflé?lti#:gleto recﬁﬁgge?ﬂ RGN Die?, can be gC;—Cas)
characterized 1'n 'that a two-stage propylene honopol ynmerization reaction I
30carri e@kraﬁ%lﬁt dhRint Mphbtid gtdihs.| ARANLRRSY, ARSseconected] tlactar d@br isvbigsval as then
the first stage, in the presence of Ziegler-Natta catalyst, the propylene
honopol ypererad foinara RERH{QRN )i, svheagin iReds %ﬁnt—cﬁts’tralﬁbt chaingaliphaipo gipres, iRz a8 {6nCe)
tenperature of 50 top 100C with a hydrogen. .cqntent |ess than.or equal to
300ppnv, brapehogrer %‘thleééﬁgﬂﬁnﬁigﬁ%‘ﬂjsp%%yfggﬁ ?%é‘gﬁétfﬁlgh‘t%m 3@@%‘%3{?‘%}?’%& 01 to
0.3 10mn, and said Ziegler-Natta catal yst is conposed of the follow ng
conponents: (1) a solid catalyst conponent with nmagnesium titanium

hal ogen amd prothRfivia) rfioest theTirdiofdde RSthhel 18isecdhd gRpRER3S;70(18) 70860, preferably

40:60 to 60:40.

In the polymerization process of the present invention, the catalyst for propylene polymerization
30  comprises, but is not limited to, the Ziegler-Natta catalyst. The Ziegler-Natta catalyst used has been

well documented, preferably the catalyst with high stereoselectivity. Said Ziegler-Natta catalyst

-6-




5 organi ¢ al um ni um conmponent, and (3) dicycl opentyl dinmethoxy sil ane,
wherein the weight ratio of conponent (1) to conmponent (2), based on the
ratio of titaniumto alumnium is 1. 10-500, and the weight ratio of
conponent (2) to conponent (3) is 10-150:1; and in the second stage, based
on the G/afakia bictdoQiedd¥y Heketh 1ALl Snar '@ R ﬁa@qafapﬁédemapmymm Asdidific
presence of Rydrogen to urt er carry out the prop
honDpoIymbklabhummthand%&heSwﬂmumﬁhafgQEMM§emhmmwe$|Uanmhdsmﬂﬂy%rmnnpdkﬁﬂ
according to the anount of the organic alum ni um conponent added in the
first spﬁ:é@ablyosqlnda@atalnet m@hpoma@ne@t opnialig tb G gUAMHC AWRIHIY nggrapound
1: 1- 50, MER of the fi i controlled wwthin 0.2 to 10
g/10n1ncomﬁﬂy%ﬁ@nﬂpﬁgkﬁPdEﬂﬁ%ﬁ?%ﬁnﬁ?ﬁ ﬁ@g RS a cor respondi ng
propyl ene honopol ymer with high nelt 155trength conprising the foll ow ng

features: (1) the MFRis 0.2-10 g/10mn at 230C with a |oad of 2.16kg,.
(2) theTiel getiliarexamiplEdt cohhgisiig wiidhoaetMer Mid i atabys? &omponen( 3)) t::hle beofiumtt inof
the fraction with a nol ecul ar wei ght 'hi gher than 5,

1
or equalCNES100%k %N%)mmzssm/wssnﬁs@,ﬁecwawgﬁ 3 GARD 161978, G ioopies

ool ymor 258 Ao 1S L AR R RN, U Rl b GHED W OF acdea

excel | eghelpf g%ﬁﬁgl&gln@eramfogﬂﬁ%gmwrﬁer zau&{' thé aatdl ts(:odEEérﬁJedt he ORkSFOI9Y,

meight Istribution wthin Ion of a certain an nol ecul ar wei ght,
i.eq0a ENIAI0D7MHRCNIB 1 B0 kit EN02 D0D90ME attapadticuldrlyndesitageoudabien beiagnkai n
annunt of very hlgh nol ecul ar 25wei ght fraction, and on the other hand, it
al so nedd$ermepraivnrocesyor highunelt grengupolyprasylena of heipesentinveationn, i.e. it
needs a w der region of nolecular weight distribution. As well known,
macr onol ecul ar is not conposed of conpound with a single nolecular weight.
Even a khhd I X f me
seri o oftpafiat SHFRERATIOTI BL bl IR E ek S R ciifoudd
nol ecul girefeRbBhtakydalamiiifithe cembosid, usiott @seferdble piadipdsitunitiial such as triethyl
macr onol ecul ar has uneven nol ecul ar weights, i.e. the size of nolecul ar

wei giit i abumigiivr eritsabutyl @u@mlu@cﬂné§fltfh@ltﬂcﬁh§l@m§% rvghetftgm dc 1380 et thesplidenightst

Gener al | t he measure cul ar. cronol ecul ar i

ol ecul SOTRSGHES AT ELR oPieatic AradgrooBRS o e Eot BT Bl atone
polyd|sgﬁggugﬁﬁgﬁfﬁggélls not necessarily the sane. Generally speaking, the
gel perneating chromatography is used to neasure the nol ecul ar wei ght

di stribution of polymer, and 5 then the nunber average nol ecul ar wei ght,

wei ght average nol ecul ar wei ght, Z average nol ecul ar wei ght and Z+1 average
nol ecul aFhexsiterhal edegtrondondss amﬁle@ffm@bprapﬂ’ge& age pdtedriploabiflierant rogsteypaccording to

e Mhovbe FERGEERt GierighicaaaglcOlar HEetl BkRr esiioall, 2 Piraleh B I pfent
fol | ow ng,Lat m{gé&y ) %Jé/@ ﬁr%pﬂene&%%a&'vm hlgwr%leéﬁar%aghtt@ac%ﬂmﬁe tife

mol ecul ar wei ght distri wher close to the

| ow nol emgegafew@ummrsmaato@&hqnpémmm eléct@n dotdrevidf foeet hafrogdneredponsenialselectedr
wei ght part on M is ?reater and M', is close to the hg&ﬁnnnlecular wei ght
part of goasyimenablg said fragtina havingcaver highpremelpeyar vt gt uT e exigena) ietecisan s bawmas
is great der t he polypropylene to have better c rehgnsi ve
per f or mal ﬁ%éﬁa?agc6@a?§§wgﬁggr Tﬁ%%%ﬁPﬁ HﬁlﬁbF@%&Féglgﬁ (ndfggFP P?bﬁmgf
propyl en I ,

Foverer RS e (G e, oMo, %%@?%E@%%év%@%pﬁ“#lf}%‘ﬂw%@ & SRlcgEy

meet t he1sb?®pyﬂ Gb'ﬁf&ljl&lofl@d’yl aRhisem,]n@g) hitrgightreftdin aliplenigtdiows| yuchyascmaﬂhyblelthyilg)r

the data o "‘and it also has to quantitatively control the ver
nol ecul apropl, gmi nfig dcqri Droreferabln 2 aSpast tCafrqmnoan@ecanl ctomzmsg geariapenpyl léfeglorxﬁd

and ' ho. FURFrITERORS, SRS D AOEIR RO HEEalsop Rk et i,

respectiyel ¥, oolaking into account that a snall anount of very high
nol ecul ar meléht fraction does not affect M/, significantly, but affects
Mz+13gignificantly, and a large anount of |ow nolecul ar weight fraction
affects M, greatly, it is very inportant to ensure Me+1/M is greater than
or equal Preferglyi rihg Hisipresisgnabnddegieiny ke dicyplopersylp dieethexsi skt g or 25isppropy
above propyl ene honopol yner of the present invention, the content of the
fraction with a nol ecul ar wei ght hi gher tfan 5,000,000 is preferably higher
than or equal to 1.0m % and nore preferably higher than or equal to
—1. 5w % Preferably, M+/M_ishigher-than-or—equal—t-0-80.—The-content—of-
the fraction with a nol ecul ar weight |ess than 50,000 is preferably hlgher
than or equal to 15.0wm % and | ess than or equal to 40.0wt% and nore
preferably hlgher than or equal to 17.5wt % 30and | ess than or equal to

NN N



Preferably, the MFR of the propyl ene honmopolyner is 1.6 to 6 g/10m n, and
nore preferably 2.5 to 6 g/10mn, at 230C with a | oad of 2.16kg.

Besi des, polyner with a pol ydi spersity index Pl of 6.0-20.0, preferably
9.0-16.0, is obtained in the 5present invention by controlling each

mol ec“'&ﬁheﬂ‘f‘dx?@harfe.r action. The nelt point Tm of the propyl ene honopol yner
in the present 1 nvention is greater than or equal to 163C, and the peak
tenmperature of ATREF tenperature rising elution curve, i.e. Tpeak-atref, is

greater than or equal to 122C. The content of xylene-sol uble substances is
| ess t h&he biFRegfithe polympo obtaings! imHe firstogtage éneontreheshwithimarraggeraf O} 1gte Grdigtper

?;e;? Ui e 0min. AtCoRings Sl e, 3 isthoner ) Dot T 85 dbelb g Ve fetator is
10m . ! u . S the
i st Deife-Ee Y el gt 8F R clobal dr PSS Mot o

ol ecul afolvRiag Rleighf @gtRfor iftathdfi80Ra&00s0l a8 totghie the Higinmolecearatighfrfctibnt %
preferably higher than or equal to 1.0mt% (4) the Mei AM is higher than
or equal to 70, preferably higher than or equal to 80. 20More preferably,

sai d propyl ene honmopol yner, conprises the follow ng features: 1 Ris
16t b BT e o BeEaipr e and b TTeighee, B SERY ramal clse iy tr
di stribyfi ALY 2 : f i it

ot cour S il o iudtecif, weiegh el SRR, e ARG FoZahL R, BBl o
25(49 1hothopeldmMizdtisnir@ihke MHTRSS B peBuRk fihdiy8hiained is Cotrdiloé wiihint thetrande dthe
fraction with a nol ecul ar wei ght |ess than 50,000 is higher than or equal

t o 17. 5WttoolBgden ldg8nt han or equal to 30.0wt % (6) the pol yner

pol ydi spersity index Pl is 9-16. 30 The polymer of the present invention
has a nmelt strength higher than that of the prior arts. The nelt strength

i's highay t ' .
e R0t SHERTUBIE DR I SORUEED BfpAU TR,

st r et chiwlgrdih hi®0 of hek npier R o9l R, odiidi Baaindidbhtal ol défterart dauceach Ghacidni ¢
Enbodi nents of the Invention 5 In the follow ng the present invention wll
be déscrbelEdCahstraighe clidn aliphatiictgnoupsesich iag methahsthes or BAPYhSRAsHIA sgeoyed external

t d | xpl ai ni ng. t.h ti ti but it limti t
ccope. ofiopsia chp Saupes Ryt Tunted iBrieaenebeEhts reorh s s S amd
exanpl C3idhE tﬁ%@kggﬂo%%hgﬁﬂﬁh dldhi&h 10&151%09)9 sézﬁl%f AFRIRAdEe thé )Siilé-lh@, and so on.

t her mal f'orm’'ng erature 1§ neasured according to ASTM D648-07.
Alternatively, the second external electron donor component is shown as the general formula

RPR®Si(OR"),, wherein R’ is (C;-Cs) straight chain aliphatic groups, such as methyl, ethyl or propyl,
20 R®is (C3-Cy) branched or cyclized aliphatic groups, R’ is (Cy-Cs) straight chain aliphatic groups.

Specific compounds can be e.g. methyl cyclohexyl dimethoxy silane.

Preferably, the second external electron donor is tetracthoxy silane and/or methyl cyclohexyl
dimethoxy silane.
25 |
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
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(2) The nelt strength is neasured by Rheoten Melt Strength Meter produced
by Geottfert 5 Werkstoff Pruefnmaschinen, Germany. Said neter conprises a
pair of rollers rotating in opposite directions. Polyner is nelt and

pl asticized through a single-screw extruder, then is extruded froma hole

di e heaﬂrdygﬁeﬁe f'ho%h%g IShRAEANG is SURRBBE WbskhntiB! HTRSut h§di©b@IIRE holdRh¥emioh wo
rollers”a uni axi ? y drawn I n a manner of constant accel eration. The

t ensi on privoRadtuied 48y irdrodocadeiapothe ise@nd asgon eviierd the sepad extenmgl ¢lhetrérodomsor
The measured maxi num force val ue fromthe beginning of 20drawing to

f r act ur eowpondné imasided,i and papnylens homppekympripatiop 3y further easried pytdivtheaprssamer)of jas
measured accordin 0,1501133 in 230C with a | oad of 2.16kg. (4) As to the
mol ecul é?ﬁ%iaﬁlﬁflmg)éwg‘iogﬁ%rsi ty index, i.e., Pl, firstly the rheoneter with
the fype of 25 ARES, i.e., Advanced Rheoneter Extension System sold by
Rheonetric Scientific Inc., US, is used to neasure the values of viscosity
and nod@atsthede c&fagm €orhfonkRRGam bel addel hiivacty in@rthalinst feneqr)enadded dimgein afteetlel n
the sanple is held through a flatbed type fixture. The nol ecul ar weight
pol ydi spes-somplekingend/or pe-pol@nerijasion foawn inothe 8/ The seeBIIEXDE réatiecaroBiuinus

ndl t he WEEE ISR peUEY B DB s CANBE STt ©

into a ; i a0 - ;

ol ocul Sreaera R fsaR PE s P R SR LRET A Fha Pdilegp sPhops Seibler
per ngat igige @(ﬁlﬁ%ﬁ@ﬁdg) 5400 YmiREQ i GO eh B\seRnyofasipd mbwhish aé materibiare iGtadulent
Britain, and |I'RS detector produced by Polyner Char Inc., Spain, are used to
nmeasur e stdé@ nol ecul ar wei ght and nol ecul ar wei ght distribution of the
sanpl e, wherein the chromatography colums are three Plgel Mum M XED-B 5
col ums connected in series, the solvent and fluid phase is

1,2,4-tr4 r i S : 1000 o O] hi °
o or esol ) R g e R B o O e 305
The resiThd @8sbglestnpead R cbhitrsikasyiliea 0 4ac 03Miniig ahdpraBETIPGARING0o 30(M)n. The
bendi ng strength and bendi ng nodul us of resin are nmeasured according to
ASTM3D790-97. (8) The 1ZOD notch inpact strength is nmeasured according to

ASTM D256-00. (9) The intrinsi [ ity. i d.. di t 0. AST
5225 1008ibycHidihg Bb1E! | MPPHs| EEUPREIRInEy Thaly aPUpNaUeeR By e acor ik
Inc., U ent i [ ; brdhi i

(10) TheeaRTERrPRsa) Be SFERY L oBRRabIR RE LEFIRRRE: ML Rrbmidei o dfdyen

i NSt r umeg]vepit ocheqrebddymEay &h adactok Ban be Spaitinuowndtiniet earkoh wentar lep reactor, and
trichl orobenzene. The result is corrected by the cool Xxylene soluable
subst ance oatidegiepohengsization femmseatue édcensieBediyvigint- 60 I&SﬁfKﬁ:DE‘ZFbIZi’WY within 0

st andar d, e 1 25 The pol yner.ization i.s. carlr.i ut i n.a pol ypropyl.ene
pi | ot? pl 'é’n@.%T e rPé?W%érH?ﬁl ﬂtfg'ﬁﬂgééﬁfcoetbor]f%fli‘?g&n g)q%foegg(?@wg’zﬁt %W?é?ab%y
reactor, .anfif&t, ddohih@r | oop reactor and a second tubul ar |oop reactor.
The pol ynerization process and its steps are as follows. 30(1)

Prepol yneri zation The nmain catalyst, i.e., the solid catal yst active

conponent containing titanium_ is obtained by using the nethod described in
Exanpl e Saidfpolynesizataosan biheardied onthia thonrapylenaoiiquifl phasepoui 345 Phpse, ebhY SBing
of My is.18. 0wm % and the content of, dibutyl phthalate is 13w.% 5The N
cat al yst 1dpifegas phagefopained tre&é‘?q*\%yal%ﬁfinn#‘ﬁﬁ‘ﬂuﬁnﬁmﬁ%BOIP'WQF%&‘I B A41° oulné
el ect,ron : [ | Qi {ERE j eRMB), z :
W £ h2bacRO R A B RERE K e Ry ey e ok e
prepol ynglididdbé Righérahat e shtafatqd @pot pessuiaadiprapylend Aethp ceppepyndng galymerizatin
carried out in the propylene liquid phase bulk, wherein the tenperature is
15C, t heterapeiralerechn gasmolymerigation, therbelymarizhtion dempespaieyimBrip 48P Lo raferabiyptleto
of the ca st .i.s about,120 to 10 150, ti,mes in such condition nto.th
ot epot y DS L anb e AR HOoR SresT B b U ForpH S O G Ererab g i 50
the flow i di met hoxy silane is 0.33g/hr, and the
M Gefie hESuf BEQHREBELY)

flow rate ma about 0.01g/hr. (2) Propyl ene
honopgl ynmeri zati on 15

The polymerization can be carried out continuously or intermittently. The continuous
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After prepolynerization, the catalyst flows into the two tubular |oop
reactors connected in series, where the propyl ene honopol yneri zation is
conpl eted. The reaction tenperature of the two tubular |oop reactors is
70C, and the reaction pressure thereof is 4.0MPa. The process conditions of
the tubular lo reactor.are controlled.to.achieye tLyl ti0
of t he M e @B Sind Sy BT BC GupdP b IFR R LE G R TR PO (R
react or cihe AAPHE seftes, Frerd) tﬂMﬂLu‘?(ﬂEﬁhsb SeaRel8th bea hib@lat GRA rbRidrhR af dFrBdd tank
tubul ar | oop reactor, and the hydrogen content neasured by the online

chr onat egitaphyditse passhash asctdrQapré. a Aotantabistirrahvbethteachdr by drvegenl siarredl ted!
in the feed to the second tubular |oop reactor, and the hydrogen content
measur ekgagyr. {The absvegnentivaed Hewdambesp aptior and £aspsp AsAcionsan pecgmipiaed, tqgether
conponent s ar dded difectly.,into the first.tubular l.ogp. .r t.or_after

or eRol y iy 2t mane, DS Roppelpopelyaerizaion 1t Brefuebly PabC Pigliag o dlgpe
react or  BEPRIp RLORYK EifeoifiPiAichigRul L, the velght ratio of © -

triethyla un1nPun1to I cyclopentyl dimethoxy silane in the first tubul ar
30l oop reactor (hereinafter referred to as AI/Si-1) is that in the catal yst
prepolynmer, i.e., 19.0. - 16 - Tetraethoxg silane (TECS) with a flowrate
of 0. 67ghhpolymes apipinedentthel presend invratige canbe exipisled ranf g waiedcbppsing suitable

Ther ef . th i ght ti f triethylal ym ni th . S >
{he SecBREPT ey St teb apofHE: BVRapHor AL IR AT REL Mg igh”
9.4,y The,GReG! ﬁéa?st%iﬁ%&ﬁiol@@%ﬁ'fﬁﬁ?,a@é nSRAYAddd Table 1. 5 After the

propyl ene i s separate I'ng frontthe polynmer fromthe second tubular

| oop reactor, the activity of the catalyst in the reactor is elimnated by

wet nitrogen. Then, polynmer powders are obtained after heating and drying

the pol preperajion wroxsssHopPoBmend thelpressny Bvertionbyadirenrdie apawt aad segoies

and 0. 05wt,% cal ci.u tearate are,added into the ers t.aj n b

pol ymer Pé\ngiei %‘?mﬁn‘g‘%ﬁrﬁgn PR FAADE r"ﬁ‘gmluge g‘lrlyﬁ]ﬁ?ggpﬁgaq?%? 3%%?% g Od%gg R

ext rude b ORRS ok §5t0 A rLBR @RL@LNBELnANRAVY RS RLENS SRLAT AGHAE H ARG

t he exi g??n-r%gt%%\gTM stanggggi. 1r5 Exampl e 2rExarrpII§§2 di ffglfeg frogr%&%xarrpl el

in ghat nod sapetdultRfm@utidnadf cdppihegentions naddedr ishotliebpradyd. eGempappl entbntlieng

feed of the first tubular |oop reactor, and the hydrogen content neasured

by the epiventiorshmspresd@f aivpting txspplymer makeulsy grdgindislabatio syt by slifierent

propyl ene,suppl enenting 20, feed of. the second tubul ar | r i

Dt ol EBEETpAT N B eay SpePulp et s R PR ey of

I s ad] U%B/&]% £ aébo?d'ﬁ%’]"{d ¥ Eokeseht PUERioRTANILERY, bldGudte QthaERbINberRImbAG can be

external "el &ctron do ors; ‘and the ampount of cocatal yst triethylal um ni um

added i grepacdiahgagh a boaepdse-efedbeamppl.e 3 differs ,rom Exanple 2 only in

that the AI/Si-1 is adjusted to 85 (wl:vvt) through adjusting the feed

anodAt of the external electron donors, while the anmount of cocatalyst

triet hyll%} Il{lrer:lar?sl g h%dp% 3gm|er?za 1017 %?o%ggsdéf t%g p%(sgrrlrcp ilngerﬁioh, 11)r70'pylene 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 cerfain 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 homopolymetization 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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Exanple 4 differs fromExanple 3 only in that the hydrogen anmpbunt in the
propyl ene suppl enenting feed of the second tubular |oop reactor is adjusted
to 12000ppnV. Exanple 5 Exanple 5 differs fromExanple 2 only in that the
tetraethoxy silane in the second tubular |oop reactor is changed to nethyl

cycl Ohe%dﬂrmgﬁﬁf&)ﬁ@é@{peﬁﬁth@ﬂﬁ S0CHIVHBL Withe, 1ReRizBe caidti s tar beefual ® 30GbmV,
g/hr, the" AI/Si-Il is 4.2 (mt:w), and the [Si-1 in the first tubular

| oop rethet BIFR ofaitp ustteided opobmerl 0Fing spdrolldd ovifhio deldls tpdkhrgétlenin, artde said
obt ai ned. pol yner anal gsi s results and the polymer ph §i cal,  ,properties of
each exéifpleE cpiabskep pommesd of the f@loz;\fmgT%wninﬁ‘fhé ﬁoffoyﬁfé‘rﬂtﬂ%ﬁf iCgpponent

2 s R0, TR GR e B AR 0B R OB} FURTRL e
DCPNS - DG ¢ MR CENR 0B C ARd (1) GRS Ripe B ERERYy Tk, JH&SIn 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, tefraethoxy silane is added in the presence of hydrogen to further carry

out the proplylene homopolymetization, 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 aload of 2.16kg,
(2) the molecular weight distribution My/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 0.8wWt%,(4) My+1/M, is higher than or equal to 79.
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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4.2 H2 feed First reactor ppnv 0 230 230 230
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different, is called as the polydispersity of molecular 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
disttibution curve, The weights of the high molecular weight fraction on the above molecular
weight mean values are different, and they meet the following relationship: Mp<My<M;<Mu;.
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 My is greater, and M, 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 pélymer, ie., 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 M,, significantly, but affects M+, significantly, and a large
amount of low molecular weight fraction affects My greatly, it is very important to ensure Mz+1/Mn

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
cohtent 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 ¢qual to 30.0wt%.

-12-
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Preferably, the MER 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, i.e. Tpeak-atref, is

greater than or equal to 122°C. The content of xylene-soluble substances is less than or equal to

dwi%.

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 aload of 2.16kg,
(2) the molecular weight distribution Mw/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) My41/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 Pl 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 Geofttfert
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., PL, 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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Table 3 The analysis results of polyners in Exanples (2) No. GPC
Rheol ogi cal nethod M, 104 My, 104 Mz, 104 Mz-1-1, 104 MW/ Mh Mz+1/ Mh

103<Mc5 x 104 fraction content ( wt% M5 x 106 fraction content ( W% PI
Example 1 5.9 66.5 282.9 511.0

(5) As to the molecular weight distribution (Mw/Mn, Mz+1/Mn), the PL- GPC220 gel permeatmg
chromatograply produced by Polymer Laboratories, Inc., Great Britain, and [R5 detector produced
by Polymer Char Inc,, Spain, arc used to measure the molecular weight and molecular weight
distribution of the sample, wherein the chromatography columns are three Plgel 10pm MIXED-B
5  columns comnected in series, the solvent and fluid phase is 1,2,4-trichlorobenzene (comprising

0.3g/1000ml 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 (o ASTM D638-00,

10 -
(7) The bending strength and bending modulus of resin are measured according to ASTM
D790-97.
(8) The 1ZOD notch impact strength is measured according to ASTM D256-00.

15

(9) The infrinsic 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.

20 (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

25

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.

30 (1) Prepolymerization
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11.2 86.3 17.8 1.86 15.0 Exanple 2 4.4 51.5 24.3 512.1 11.1 115.5 20.9 1.14
9.3 Exanple 3 4.4 53.5 28.8 581.9 12.1 131.7 23.1 1.61 13.7 Exanple 4 3.2

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%.

5 The main catalyst, the cocatalyst (triethylaluminium) and the first exfernal 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 muitiple of the catalyst is about 120 to

10 150 times in such conditions. Into the prepolymerization reactor, the flow rate of triethylalumnium

is 6.33g/hr, the flow rate of the dicycylpenty! dimethoxy silane is 0.33g/hr, and the flow rate of the
main catalyst is about 0.01g/hr.

(2) Propylene homopolymerization

i5
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

20 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

25  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

30 loop reactor (hereinafter referred to as A/Si-I) is that in the catalyst prepolymer, i.e., 19.0.
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Tetraethoxy 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 tetraethoxy silance in the second

tubular loop reactor (hereinafter referred to as AVSi-IT) 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.

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.

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
feed of the second tubular loop reactor is adjusted o 8500ppmV; the Al/Si-I is adjusted to 45 (wt:wt)
and AV/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

Exmaple 3 differs ;rom 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.

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 Al/Si-1l is 4.2 (wt:wt), and the AI/Si-1in 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 |Example3 |Example4 |Example 5
External First reactor DCPMS  |DCPMS DCPMS  |DCPMS DCPMS
electron Second reactor TEOS TEOS TEOS TEOS CHMMS
donor
AlSi |First reactor Al/Si-T wiw |19 45 85 85 60
Second reactor Al/Si-Il  (w/w |94 4.2 42 4.2 4.2
H; feed 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 (di/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/ 10m n MPa MPa GPa N 0.46kg |oad, C Nornal tenperature -2011 Exanple 1 1.6
40.2 57.0 2.24 2.20 116.0 40.2 19.1 Exanmple 2

reactor reactor reacfor reactor
Example 1 0.03 1.6 59 34 3.0 2.4
Example 2 0.08 2.7 53 2.8 4.4 2.8
Example 3 0.08 3.0 52 27 4.7 33
Example 4 | 0.08 3.9 | 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+1, {Mw/Mn [Mz+1/ |10°<M<5x10* | M>5x10° PI
10t |10* ot 10* Mn fraction fraction
content (wt%) |content (wt%)
Example 1 [59 [665 [282.9 |511.0 112 [863 17.8 1.86 15.0
Example2 |44 |55 (243 5121|111 (1155|209 1.14 9.3
Example3 |44  [53.5 [288 5819 [12.1 |131.7 |23 1.6] 13.7
Example 4 (32 |49.6 [229.3 |481.8 156 [151.9 |220 0.98 8.6
Example 5 [37  [497 {2055 [427.7 136  |1165 |190 0.81 7.1
Commerical |4.4 433  |166.2 385.8 9.8 87.7 0.46 4.6
F280z
Commerical |70  [403 (1213 [253.3 |58 36.2 0.15 4.1
T38F

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

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

Table 4 The polymer physical properties of Examples
10

MFR Tensile | Bending | Bending | Melt Thermal 1ZOD notch impact
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2.7 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
98.9 34.7 19.1 Exanple 4 3.9 38.8 48.1 1.80 0.95 99.6 33.1 18.8 Exanple 5

strength | strength | modulus | strength | forming strength (J)’m)
temperature
g/10min | MPa | MPa GPa N 0.46kg Normal 2001

load, C temperature

Example 1 1.6 40.2 57.0 2:24 2,20 116.0 40.2 151

Exarﬁple 2 |29 38.7 509 1.87 1.00 103.2 394 19.1

Example3 | 3.0 384 48.2 1.79 1.30 98.9 34.7 19.]‘

Example4 | 3.9 38.8 48.1 1.80 0.95 99.6 33.1 18.8

Example 5 1.9 357 44.4 1.60 0.90 96.7 42.2 197

Commerical | 3.0 0.4

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 ouf 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, propylené 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
titanjum to aluminium, is 1: 10~300, 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
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conponent wi th magnesium _titanium hal ogen and interpal electron donor as
the main cotpbieRfPeess @oyordng de gimme!.avipeiniliiiiesh gpemehelectingdqngy comgongnids
ext er nal ctr ongr. conp ] erejin.t i gh i f o) t
(D to chipEreifl s BRI BorM e, Ehdih 28 Wil B iferRar R B G Aen
10-5@0, fadi chdifothi &4 bd @t@ﬂ%ﬂ@@@f\@ﬁ%;&d@ﬁ QTSN RAtis @c;;’a)cg_r) Strafghi efid

and 25in the second stage, e weight ratio of the organic alum nium

conponerdliphatict greumseawindiselxtre}. nal el ect ron donor conponent added is 1-50:1.
3. The process according to claim2, wherein inthe first stage, the
anount of the first external electron donor conponent is adjusted such 30

that the wej ti f the fir.st,external electron donor conponent to the
organi c al ulrsr'l'gi;l}l{e mie alcf%fgfnl%w;dérr?dl’-%feﬁ in the second stage, the

second ext efRabedhadRRfent BREAENHokct iRSHING A elbRDfdrRula e, SORML., Ofhdr&i@ n is
organi ¢ al um ni um conponent added in the first stage, such that the wei ght

ratiis of0 phé @eddirdarexRérwhich doajobe cdampcai dmtor wdoffarere foony aattc other i bentChsCs)
1:2-20. 54, The process according to claim1, wherein in the first stage,
the hydrdigight slnin alighatie 2rw@s Afhan or equal to 300ppnV. 5. The process

~according to,cl ai rein the fi r I 5 0 5
i's shown as tthlgggéé)g}rl]éjﬁtaewggﬁg?na&] A |%é¥§§%%e%%bﬂglr§ﬁhﬁ%ﬁ% ﬂ%@%ﬁﬁq@%gﬁgk
i dent i cajs (LY stehidhlt @hARtalipBiOFOERC RE QS NBLC) GAhch! 6Bl AMpaede@ups, and
cyclized aliphatic groups, R2 is (Cl-C3) straight chain aliphatic groups,
and n i sR1isd€,2;) straight éhaiT heplptiogesypsaccording to claim 1, wherein
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
tetraethoxy silane and/or methyl cyclohexyl dimethoxy silane.
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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

R31Si (OR4)4.6, wherein n is 150 or 1 or 2, R3 and R4, which nmay 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

t he gengy ' : r el ' - ' j

al i phat Iﬁlg@ér%%@bﬂe%ﬁlégﬁ%g%lagrﬁg%%gﬁ (;[\rﬁgc%} eig zgege%éﬁi %hgtﬁ} gp%rtggl}%él{qloé)ﬁd
R is (fehetod)conhéoddadtset@ainherld phatic groups. 20 7. The process
according to claim1, wherein the productivity ratio of the first stage to
t he second isthegiarsi gag@in7hetpoeseoccl®. Ziegler-Natta cagalystibe propykess hervemlginagzatmn
claim1, wherein said propyl ene hopopol yneri zation r tioQn i S5carried
out in tREPUBUEEE %ﬁlﬂd@%étpa ne A fcamerahie of 400 C wig a OBFibERRIENt
accoy di i fn .t figrst rnal - al r

i cyel ongton SL R b OB, e OB AR BBl (R BB IRBN S = v e
second exl &y @l OBinesdd @i ARPRE-NabtalcatalBEbdhebdongos@Nef BB ddIRfwinetdiponents: (1)
cycl ohexyl dinmethoxy silane. 30 10. A 'process for preparing propyl ene
honopol grselid watalyshéapaomeht wih meaggesiyme Htanmat, dalogedandinter@d electibhatonar as the
propyl ene, hormgol merization . r e?ct,i on of two stgc?&s) .S carried out in two
t ubul ar MegbECPRAEHSr &) ABritestie dlyminig perapongple A dicygiqpeptib dimethoxyssige,

in the i egl el | yst 0 n I i.zatjon
react on Et o, RLigh BetoCiE BEhGheRRl A S bl RESREANG, DRTRRE STERER 1
a hygr ogrmifiant, &nt: 15~5@5 and NRAVAEhSARHS &&fpéﬂé})@ o cérﬁ?odyﬁﬁﬁ)fs lohespel yner
obt ai ned being controlled within a range of 0.01-0.3g/10m n, and said

Zi egl er - Natin ghecsgtaidygagebldsad ou tirepesdaht dfont the fif s stageitetrpethonp siteentis added )in ghe
solid catal yst conponent with magnesium titanjum hal ogen and i nternal

ol ect r oRIEHEOfAT Rgan dy 163 FAEH M dhe popylepe brpenametizatiotidifh the ApeHEho!

22%2?;2}#?&%%8&? REMY s &lét%ﬁfi%'e%(?(cc%ﬂiﬁ%% twg]%é&iﬂ? otfr{ﬁe ?@éai%[&;alﬁﬁtiﬂiﬁrgozomponem

ent “1o conpone ased on 't ratio o Al um
10al um REdEA inithe fiist Hfleed 0O thadthd WdIghtWRI Qb thé Rtahely SRAPNEEbrearik al@ninium is
conponent (3) is 10-150:1; in the second stage, based on the reactant

frondt hd:iSPsandst age, tetraethoxy silane is added in the presence of
hydrogen tao, f her carry out the propyl ene mopol ynmeri zation, .and the
anount of tte‘f%%@z@p@#ﬁﬁﬁn@@ dhuter Sﬁ@@ﬂ&@ga‘a@%@rwe ohe2 3Rl he
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

the MFR of tiha mpelywaremohiopalyinér Maihaiigieheit Str&@t, eohp@in Mk Hbibving 8aafeHf
0.2-109/10m n. 11. A propyl ene honmopol yner with high nelt strength,
conpri si ng @hthefNFR dsl.Brd O Qmim ats230(Q ) withelonERE 2.46Kp; 2- 10g/ 10mi n at 230t
with a load,.of 2.16kg; 20(2), the polecul ar weight distribution MV M, is
6- 269 (3 thFH’éOJTEfé‘%tré’fﬁl-g}HFhStt% tW%w’MﬁS 0#Ph a nol ecul ar wei ght hi gher

o e Chan 3y el Rnithelithe (et GBbICk fu b S War P fhan 5 000 b0 M bl enhd o

st rengt Rqa1e®0@wig; & cl ai m 11, wherein the content of the fraction with a
. nol ecul ar wei ght hi gher than 5,000,000 is higher than or equal to 1.0wm %
13. The pr ogyMendMhiemighst thapor wiuah thi7@h nelt strength according to claim
12, wherein the 30content of the fraction with a nol ecul ar wei ght higher
than 5,000,000 is higher than or equal to 1.5wm %

25 12. The propylene homopolymer with high melt strength according to claim 11, wherein the
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
[.5wt%.
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- 23 - 14. The propyl ene honopol ynmer with high nelt strength
according to claim 11, wherein the Mo/ ML1 thereof is higher than or equal
to 80. 515. The propyl ene honopol yner with high nelt strength according to
claim11l, 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 ecular weight |ess than

50, 000 is {4 ghRSprbRAshhorREMMmEOwER LM feil Sedddil £B6rdirhal dMimeldyavhelén the
40wt % 17. The propyl ene’ honopol yner wi th high melt strength according

t o cl aivh, 18], thiresfas hightiethewot @l ©f80t he fraction with a nol ecul ar wei ght
| ess t han 50 000 is higher than or equal to 17.5wt % and | ess than or equal
to 30w % ~18. The propyl ene hom)pol ynmer with high nelt strength

acc rdlng erein the. i.spersity:lnde [ 14

1o A pr opéﬁ PR Bs BEPS ek RrBRualRe SeSRRL R TRt o1, fn e O
[0 Lo RS Fomidf oGS abocaldr 1 at 230C with 2 Load of
the content of the fraction vvlth a nol ecul ar vvel ght higher than 5, 000, 000

i s higher than or equal to 1.0wt% (4) Me+1/ Mh is higher than or
equal to 8@6. "ﬁlﬁ( B)Jpr ke b@m@mivm@t %théng}r aelﬁ |SE§%W ??Foéﬂl%IOe@E‘P’afl Aihegrin thess

t han 50 000 | [ r n or u W e u

R R e e e L S e P S A
propy!| eg}ﬁ lggg,r{gﬁ%ryeraﬁgl 890Qkdi ng to any one of clains 11 to 19 in
preparation 30 of foam products, thernoform ng products, biaxial stretching
films, blown filnms and bl ow nol ded products. - 24 -

17. The propylene homopolymet 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 30wi%.

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 1s 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 Pl 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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