A PROCESS FOR THE PREPARATI ON OF HI GH PERFORMANCE POLYPROPYLENE Cross
Ref erence of Rel ated Application The present application clains
the priority of the Chinese Patent Application No. 200610076310. 7,
filed on April 20, 2006, which is incorporated herein by reference in

its entirety and for all purposes. Field of the invention The
present invention relates to a process for preparing hi gh- perfornance
pol ypropol yenes, and nore specificall rocess for
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Solid Ziegler-Natta catal yst conponents (procatal ysts) as well as
catal ysts useful in the process according to the invention have been
di scl osed in, for exanple, Chinese patent application CN85100997A,
CN1258680A, CN1258683A, CN1258684A, CN1091748A, CN1330086A,
CN1298887A, CN1298888A, and CN1436796A. It is particularly

advant ageous to enploy the solid catal yst conponents as well as
catal ysts as disclosed in Chinese patent application CN1330086A,
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cat al y?o‘iym&r@ %a\q{l A rﬁ&lk’éﬂlé}%lgﬁrﬁ?ﬁﬁ&ﬂﬁna%e@fneﬁ&r L @RboYmAdss Y isotacticity of
alumn ound and nore erably trialkyl al um num conpounds.
Exanpl e1§0ieﬁdmuabam&3@tf the eﬁn@btprmmrmeaolmem isi ireprRy¢d éi?l}’uitﬂwﬂlilﬁg or controlling
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The pol ynerization can be carried out in a |iquid phase process, or

in a gas phase process, or in a conbination process of gas phase and

| i quid phase. In the case where the polynerization is carried out in

| i qui d phase, polynerization tenperature is in a range of fromOC to
150C, and preferably from40C to 100C, and pol ynerization pressure is

hi gher than saturated vapor pressure of propylene at the

correspondi ng polynerization tenperature. In the case where the

pol yneriopgneretionsisdaress en bhvt lest thasonsaualdo | gopsphiashly targes than 1 but less than or
tenper alb ol 151, inkbrd pf 398y Uredi A PGuf RsslBRMor &R R COL LA kbl RIH AR ably
to 100C, and pol ynerization pressure may be normal pressure or

hi gher , laegaeither &but lassl thar o equaldad®2of from 1.0 to 3.0 MPa (gauge,
simlarly herei : i d { C . I i .
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enbodi e pr f r rin r I So ' TS
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10 to, 3’@‘6_, “ﬁlleéfl’éFé’SHgt ‘i‘%‘ﬁf‘ﬁ@“ﬁ + 150; an additional anmount of the

organi ¢ si kit QRoteEaMNET ihe iRddash isho Hhs iGNl drRaRdMBASHAbinge flahAbers, or
a Al/Si weight ratio in the second |oop reactor is less than that in
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the first |oop reactor; a concentration of a nolecul ar weight control
agent in the second | oop reactor is larger than that in the first

| oop r eRetribed descriptionof 8fe preferresempeadimentt he first | oop reactor to the

out put of EHS’ RREQNT A OLRARAGHA bel dosARRE X 4PBH BLMw \Qitﬁféf@@gge 2 ddnBfhous
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3. Melt flowrate (MFR): neasured according to 1501133-05, 230C,

2.16kg | oading. 4. Polydispersity index: viscosities and noduli of a
sanpl e were neasured on ARES rheoneter from Rheonetric Scientific

Inc., USA equipped with a plate clanp at 190C over a certain

frequency range. Pol ydispersity index (Pl) was cal cul ated as

Pl -105/ G in which G is a nodulus value at the crossing of the

storage nodulus (G.) verse frequency curve and the | oss nodulus (G')
verse ﬂP@hU%H%%ﬁéBfW%WnPPWBPnto t he neasurenment, the resin sanple was
conpr essi OfnPOYf dpigh 208Gy nﬁlgh@ @{e@éo@ele&wz mgé}lwﬁae%ﬁtaiﬁ@e fbr Aropylene
Utracki and A _Luciani, Rheol ogy p ene in Kargeér-Kocsis

J., ed.polyp¢iAghemimatiein mﬁzﬂméﬂ&eeﬁ %@ﬂ)@‘?(‘@ﬁm‘?f thinpgatorPYYs| Ysgh dersin, the
1999, 7, N r 1 d I

po3e. 00, ™ o et XERS IS bR F%él%éeaf‘é%?i CRRGR b B (i Mine
D790- 97polymierization of ppraviens te eragiuee arpe‘ammredloawokymengamg ABTipdtactic mdex of
D256- 00y, ,lgxtﬂgyp b?% refera 'ilfﬁ)'rgl th%ﬁtﬁl%ysagd {3 e?exrab é/qm)r'é ﬁi%g"/a' %}kﬂ%atalys‘cs
solid ca?alyst cohponent) was prepared by ess escrl ed In
Exanpl ecoinpofse Gananadberapaticanprodypgtd bt afl) em a@mmamalysﬂ' hempaient (:amoalhyos&m
was found. t

h
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con riza
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polyner n reactors at al cocat a
P AR oS Sl compai o A 2 Pt SRS Yetboud s oty and ()
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trimethoxy silane, phenyl triethoxy silane, vinyl trimethoxy silane, cyclohexyl methyl dimethoxy
silane, dicyclopentyl dimethoxy silane, di-isopropyl dimethoxy silane, di-isobutyl dimethoxy silane,
2-ethylpiperidino tert-butyl dimethoxy silane, (1,1,1-trifluoro-2-propyl) 2-ethylpiperidino
dimethoxy silane, (1,1,1-trifluoro- 2-propyl) methyl dimethoxy silane, and the like.

In the process for preparing polypropylenes having broad molecular weight distribution
according to the invention, it is required that the active sites of the catalysts have a higher
stereoselectivity under high concentration of a molecular weight control agent, for example,
hydrogen gas than that under low concentration of the molecular weight control agent. Thus,
feasible manners of using the external electron donor compounds include, for example, (1) no
external electron donor compound is used in the first stage of polymerization, while an external
electron donor compound is used in the second stage of polymerization; (2) a less amount of an
external electron donor compound is used in the first stage of polymerization, while a larger
amount of the external electron donor compound is used in the second stage of polymerization; and
(3) an external electron donor compound providing a polymer having a lower isotacticity is used in
the first stage of polymerization, while an external electron donor compound providing a polymer
having a higher isotacticity is added in the second stage of polymerization. With using the external
electron donor compounds in such manners, the low molecular weight fraction of the produced

polypropylenes will have higher isotactic index (isotacticity) while the high molecular weight
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fraction of the produced polypropylenes will have lower isotactic index (isotacticity).

In a preferred embodiment, the same organic silicon compound is used as the external
electron donor component in the first and second polymerization stages of the process according to
the invention, but the concentration of the organic silicon compound in the second polymerization
stage is larger than that in the first polymerization stage. In a more preferred embodiment, a weight
ratio of the organic aluminum compound to the organic silicon compound in the first stage of
polymerization is controlled as being in a range of from 10 to 300, and preferably from 30 to 150,
and the weight ratio of the organic aluminum compound to the organic silicon compound in the
second stage of polymerization is made less than that in the first stage of polymerization by adding
an additional amount of the organic silicon compound. Preferably, the Al/Si weight ratio in the first
stage of polymerization is 2 to 20 times larger than that in the second stage of polymerization.

It is noted that, in techniques as disclosed in literatures for preparing propylene polymers
having broad molecular weight distribution through multi-stage polymerization, no means is
employed to adjust stereoselectivities of the active sites of the catalysts in different polymerization
stages so that the isotacticity of the high molecular weight fraction of the resulting polymers is
higher than that of the low molecular weight fraction of the polymers. In contrary, in the process
according to the invention, the isotacticity of the low molecular weight fraction of the propylene
polymers is made higher than the isotacticity of the high molecular weight fraction of the
propylene polymers produced in the first polymerization stage by enhancing stereoselectivities of
the active sites of the catalysts in the second polymerization stage for producing the low molecular
weight fraction of the polymers. The isotacticity of polypropylenes may be characterized by an
isotactic index as measured according to GB 2142-89, or by two parameters as measured by
BC-NMR spectroscopy, i.e., pentad ((mmmm]) content by mole and average length of isotactic
sequences. The larger the values measured by these methods, the higher the isotacticity of the
polypropylene. Such data can demonstrate the effects of the invention.

In the process for preparing polypropylenes having broad molecular weight distribution
according to the invention, the first and second stages of polymerization are performed under
different concentrations of a molecular weight control agent, for example, hydrogen gas, in order to
make the final propylene polymers having broadened molecular weight distribution. In general, melt
flow rate (MFR) of a final polymer may be controlled depending on the intended use of the polymer,
and the MFR of the propylene polymer produced in the first polymerization stage can be so
controlled that a ratio of the MFR of the final propylene polymer to the MFR of the propylene
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polymer produced in the first polymerization stage is in a range of from about 5 to about 15. For
example, when the final polymer will be used as a tubing material, the MFR of the propylene
polymer produced in the first polymerization stage can be controlled as being in a range of from
0.01 to 0.03 g/10min., and the MFR of the final propylene polymer can be controlled as being in a
range of from 0.1 to 0.3 g/10min.; and when the final polymer will be used as a film material, the
MER of the propylene polymer produced in the first polymerization stage can be controlled as being
in a range of from 0.2 to 0.4 g/10min., and the MFR of the final propylene polymer can be
controlled as being in a range of from 2 to 4 g/10min. The MFR values are measured according to
ISO1133, at 230 °C, under 2.16kg loading.

In the process according to the invention, a ratio of the output of the first stage of
polymerization to the output of the second stage of polymerization may be in a range of from 30:70
to 70:30, preferably from 35:65 to 55:45.

The polymerization can be carried out in a liquid phase process, or in a gas phase process, or
in a combination process of gas phase and liquid phase. In the case where the polymerization is
carried out in liquid phase, polymerization temperature is in a range of from 0°C to 150°C, and
preferably from 40°C to 100°C, and polymerization pressure is higher than saturated vapor pressure
of propylene at the corresponding polymerization temperature. In the case where the polymerization
is carried out in gas phase, polymerization temperature is in a range of from 0°C to 150°C, and
preferably from 40°C to 100°C, and polymerization pressure may be normal pressure or higher, and
preferably in a range of from 1.0 to 3.0 MPa (gauge, similarly hereinafter).

Comonomers which may copolymerize with propylene in the process according to the
invention include ethylene and C4-C;, a-olefins, for example, 1-butene, 1-hexene, and 1-octene.

As mentioned above, the process of the invention may be performed in either a continuous
process or a batch process. In the case where a continuous process is employed, the process of the
invention may be performed in two or more loop reactors in series, or in two or more tank reactors
in series, or in two or more gas phase reactors in series, or in any combination of a loop reactor, a
tank reactor, and a gas phase reactor. In the case where the first stage of polymerization is a
continuous liquid phase polymerization, it is preferable to subject the catalyst to a continuous or
batch prepolymerization. By subjecting the catalyst to propylene prepolymerization, it is possible to
control effectively particle morphology of the polymers during the reaction, to reduce breaking of
polymer particles, and for the catalyst to exert effectively its catalytic activity. The

prepolymerization is generally conducted under mild conditions, wherein polymerization
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temperature is preferably lower than 30 °C, and prepolymerization rate is controlled as being in a
range of from 3 to 1000 grams of PP per gram of the catalyst. In the case where the first stage of
polymerization is a continuous gas phase polymerization, the catalyst may or may not be subjected
to a prepolymerization.

In a particularly preferred embodiment, the process for preparing polypropylenes having broad
molecular weight distributions according to the invention is one comprising successively
performing homopolymerization or copolymerization of propylene in two loop reactors in series in
the presence of a highly-stereoselective Ziegler-Natta catalyst, which comprises a reaction product
of an active titanium-containing solid catalyst component, an organic aluminum compound and an
organic silicon compound, wherein in the first loop reactor, a weight ratio of the organic aluminum
compound to the organic silicon compound (also simply referred to as Al/Si weight ratio) is in a
range of from 10 to 300, preferably from 30 to 150; an additional amount of the organic silicon
compound is added in the second loop reactor so that a Al/Si weight ratio in the second loop reactor
is less than that in the first loop reactor, preferably 2 to 20 times less than that in the first loop
reactor; a concentration of a molecular weight control agent in the second loop reactor is larger than
that in the first loop reactor; a ratio of the output of the first loop reactor to the output of the second
loop reactor is approximately in a range of from 35:65 to 55:45; polymerization temperatures in the
two loop reactors are controlled at 60 to 80 °C; and the polymerization is a liquid phase bulk
polymerization.

Another aspect of the invention relates to polymers produced by the above-described process
of the invention. The polymers according to the invention have broad molecular weight distribution,
with polydispersity index being in a range of from 3 to 10, and preferably from 4 to 8, and the
isotacticity of the low molecular weight fraction thereof is higher than the isotacticity of the high
molecular weight fraction thereof. The polymers according to the invention have excellent
combined properties, in particular, remarkably improved mechanical properties. Additionally, since
the low molecular weight fraction of the propylene polymers has a relatively high isotacticity, the
problem that the low molecular weight fraction migrates out from the interior of materials during
the processing of the resins or during the long-term use of articles is removed.

The propylene polymers according to the invention may be further processed by processes
well known in the art. For example, the polymers may be pelletized through conventional
equipment. During the palletizing, additives commonly used in the art, such as antioxidants, light

stabilizers, thermal stabilizers, colorants, and/or fillers can be added into the polymers.
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The pelletized or un-pelletized polymers of the invention can be used in various possible
applications of polypropylenes, such as biaxial oriented films, tubings, flat fibers, or injection
mould articles.

Thus, another aspect of the invention relates to the articles prepared from the polypropylenes

of the invention.

Examples

The invention will be described in detail with reference to specific examples, which are
illustrative but not restrictive.

The property data of the polymers given in the examples were obtained as follows:
1. Isotactic index: measured according to a method described in GB 2412-89.
2. Pentad ([mmmm]) content by mole and average length of isotactic sequences (Nm): measured
by Nuclear Magnetic Resonance Spectrometer Model AVANCE 400 from Bruker Co., Germany. A
sample was dissolved in deuterated o-dichlorobenzene at 140°C, and measuring temperature was
125°C. Experimental operation, assignment of peaks and date treatment followed those as
disclosed in literatures (see, for example, James C. Randall, Polymer Sequence Determination:
BCarbon NMR Method, Academic, New York, 1977).
3. Melt flow rate (MFR): measured according to ISO1133-05, 230°C, 2.16kg loading.
4. Polydispersity index: viscosities and moduli of a sample were measured on ARES rheometer
from Rheometric Scientific Inc., USA equipped with a plate clamp at 190°C over a certain
frequency range. Polydispersity index (PI) was calculated as PI=10°/G, in which G is a modulus
value at the crossing of the storage modulus (G’) verse frequency curve and the loss modulus (G”)
verse frequency curve. Prior to the measurement, the resin sample was compression mould at
200°C into a plate of 2 mm thickness (see L.A. Utracki and A. Luciani, Rheology of polypropylene
in Karger-Kocsis J., ed., Polypropylene: A-Z Reference, Dordrecht: Kluwer Publishers, 1999, 716).
5. Tensile strength of resin: measured according to ASTM D638-00.
6. Flexural modulus of resin: measured according to ASTM D790-97.
7. Izod impact strength: measured according to ASTM D256-00.

Example 1:
A main catalyst (active titanium-containing solid catalyst component) was prepared by the

process described in Example 1 of Chinese patent application CN93102795. The main catalyst was
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found to have a Ti content of 2.4wt%, a Mg content of 18.0wt%, and a di-n-butyl phthalate content
of 13wt%.

Polymerization was performed in a polypropylene pilot plant using two 75L loop
polymerization reactors. The main catalyst, cocatalyst (i.e., triethylaluminum), and external
electron donor (i.e., cyclohexyl methyl dimethoxy silane) pre-contacted with each other at 10°C for
one minute, and then were continuously fed into a 2L prepolymerization reactor to conduct
prepolymerization. Flow rate of each raw material fed into the prepolymerization reactor was
5.29g/hr for triethyl aluminum, 0.13g/hr for cyclohexyl methyl dimethoxy silane, 0.01g/hr for the
main catalyst, and 1lkg/hr for propylene. Prepolymerization temperature was 15°C,
prepolymerization pressure was 4.1MPa, and residence time was 6 minutes.

The stream from the prepolymerization reactor was continuously fed into the first reactor of
the two loop reactors in series, to catalyze homopolymerization of propylene. Al/Si weight ratio in
the first loop reactor was 40. Polymerization temperature in the two loop reactors was 70°C,
pressure in the two loop reactors was 4.1MPa, and residence time was 1.1 hours for the first loop
reactor and 0.8 hours for the second loop reactor. Propylene was fed into the first loop reactor at a
flow rate of 23kg/hr and into the second loop reactor at a flow rate of 12kg/hr. The feed to the first
loop reactor contained hydrogen gas at a concentration of 180 ppm by volume, and additional
hydrogen gas was added into the feed to the second loop reactor so that hydrogen gas concentration
reached 2600 ppm by volume. Additional cyclohexyl methyl dimethoxy silane was fed into the
second loop reactor at a flow rate of 0.4g/hr, so that Al/Si weight ratio in the second loop reactor
was 10. The ratio of the output of the first loop reactor to the output of the second loop reactor was
45:55.

To the powdery polymer resulted from the polymerization were added 0.1 wt% of IRGAFOS
168, 0.2wt% of IRGANOX 1010 and 0.05wt% of calcium stearate, and the resulting mixture was
pelletized through a twin screw extruder. Properties of the resultant pellets were measured and the
results are shown in the Table 1 below.

Example 2:

The procedure as described in the Example 1 was followed, except that the flow rate of
cyclohexyl methyl dimethoxy silane fed to the prepolymerization reactor was changed to 0.06g/hr
so that Al/Si weight ratio in the first loop reactor was 80, and additional cyclohexyl methyl
dimethoxy silane was fed into the second loop reactor at a flow rate of 0.47 g/hr, so that Al/Si

weight ratio in the second loop reactor was 10. The results of property measurement are shown in
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the Table 1.

Example 3:

The procedure as described in the Example 1 was followed, except that the hydrogen
concentration in the feed to the first loop reactor was controlled at 80ppm by volume, and the
hydrogen concentration in the feed to the second loop reactor was controlled at 5200ppm by volume.
The results of property measurement are shown in the Table 1.

Comparative Example 1:

The procedure as described in the Example 1 was followed, except that cyclohexyl methyl
dimethoxy silane as external electron donor was fed into only the prepolymerization reactor at a
flow rate of 0.13g/hr (in order words, no cyclohexyl methyl dimethoxy silane was added into the
second loop reactor), so that Al/Si weight ratio in both the two loop reactors was 40.

Comparative Example 2:

The procedure as described in the Example 1 was followed, except that cyclohexyl methyl
dimethoxy silane as external electron donor was fed into only the prepolymerization reactor at a
flow rate of 0.53g/hr (in order words, no cyclohexyl methyl dimethoxy silane was added into the
second loop reactor), so that Al/Si weight ratio in both the two loop reactors was 10.

It can be seen from the data obtained in the Examples and the Comparative Examples that
polymers having better combined properties, in particular, remarkably improved mechanical
properties can be obtained by adjusting stereoselectivities of active sites of the catalyst under
different hydrogen concentrations, namely, increasing the amount of the external electron donor
component used in the second polymerization stage for producing low molecular weight fraction
of the polymers so as to make a ratio of the isotacticity of the final polymer to the isotacticity of

the propylene polymer produced in the first polymerization stage larger than 1.
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The patents, patent applications, non-patent literatures and testing methods cited in the
specification are incorporated herein by reference.

While the invention has been described with reference to exemplary embodiments, it will be
understood by those skilled in the art that various changes and modifications may be made without
departing from the spirit and scope of the invention. Therefore, the invention is not limited to the
particular embodiments disclosed as the best mode contemplated for carrying out this invention,

but the invention will include all embodiments falling within the scope of the appended claims.
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What is claimed is:

1. A process for preparing a polypropylene having broad molecular weight distribution, the
process comprising at least the following two stages of polymerization: a first stage of
polymerization, which is homopolymerization of propylene or copolymerization of propylene and
an o-olefin carried out in the presence of a Ziegler-Natta catalyst and a less amount of a molecular
weight control agent, to provide a high molecular weight fraction of the polypropylene; and a
second stage of polymerization, which is homopolymerization of propylene or copolymerization of
propylene and an a-olefin carried out in the presence of the resulting polymer from the first stage of
polymerization and a larger amount of the molecular weight control agent, to provide a low
molecular weight fraction of the polypropylene, wherein the first stage of polymerization employs
optionally an external electron donor compound, and the second stage of polymerization employs an
external electron donor compound, wherein the amount and/or kind of the external electron donor
compound used in the second stage of polymerization are/is selected so as to give a final polymer
having an isotacticity higher than that of the polymer produced in the first stage of polymerization,
and wherein a ratio of the output of the first stage of polymerization to the output of the second

stage of polymerization is in a range of from 30:70 to 70:30.

2. The process according to claim 1, wherein a ratio of the MFR value of the final polymer to
the MFR value of the propylene polymer prepared in the first stage of polymerization is in a range
of from 5 to 15.

3. The process according to claim 1, wherein a ratio of the isotacticity of the final polymer to
the isotacticity of the propylene polymer prepared in the first stage of polymerization is larger than
1 but less than or equal to 1.2.

4. The process according to claim 1, wherein the Ziegler-Natta catalyst used in the first stage of
polymerization is a reaction product of: a solid catalyst component comprising magnesium, titanium,
a halogen and an internal electron donor as essential components, an organic aluminum compound,
and an organic silicon compound, with a weight ratio of the organic aluminum compound to the
organic silicon compound being in a range of from 10 to 300, and wherein an additional amount of

the organic silicon compound is added in the second stage of polymerization so as to give a weight
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preparing a polypropyl ene having broad nol ecul ar wei ght distribution,

the process. ¢REMPEdceisNBecBidihEas ldimes,f Rhérei g w@htsl‘taae&& @t organic aluminum
pol ymeri zation: a first stage of polynerization,

homopol $PRACEDG{Q Hif ears 61559% ﬁ%mﬁ?“néo‘ﬁdf“? rﬁé%t.%ﬁ% r?obﬁneﬁ%tb%ﬂ Brie taAg) times
an a- ol gfdePihGAMHat BAhOMcordsthdtoPoRARICHIR, a Ziegler-Natta catal yst

and a | ess anount of a nol ecul ar Wwei ght control agent, to provide a

hi gh nol ecul ar wei ght fraction of the pol ypropyl ene; and a second

stage of p@'m;ee;sxbaeag hwardlwgtocéhy &ewmwn@@ Z\@Eﬂeﬁf‘th@fpr&'é@mbh%ﬁesoﬁle first
copol yneri zati on of opyl ene and an a-olefin carried out in the

pr esenc@dofcaryestagss g ptplmep%ﬂﬂynae%ndfth@ first fiad peoesd siggesqd refymerization are carried
pol yner izt i aR cloRbSe op Aactdd sy MRk GHBLivAEI ght control

agent, to provfgggaéﬁom/nn ¢ &mﬁ %%ract|%% 5?%§Ie

pol ypropyl ene, wherein the flrst stage of pol ynerization enpl oys

opt i onal | y7 aipy EXtREQ ccldff! fONMPBO L HERMP AN fhtio ARGNE RGRECPNEE BHR@UBige of
of polynerlzatfgn enpcgysﬁ§% ex?ernal Bﬁgtronugonor co%%oun?Ele 8¢ ©
wher ei rpalyreerézatiomto tha dntpnt &ithadseond siegeert pelynerizationds mcmradmw@”rfrom about 35:65
conpou r o
so a5 1 T PErREARNR GhAGER R Al LR SR80 -C.
of the mdltyenmlyrpcmuwck qondlldn@l ihiarl sjuidgthagpebudl pxp)odwrrerl zat| on, and
wherein a ratio of the output of the first stage of polynerization to

t he output of the second stage of polynerization is in a range of

from 30: 708t & precesp for prepaping pheolypprepders bavins bioad mOd)eC@IamWﬁngbt djvelyusion, the

a rat|

o oyl ctest i BouiRsitly pRtpntiiE hoRBy i kil BEobBrk e pifione
a r angeinofwof loomreactays ib series in3the Presepeoefes éuéﬂbesim@ow@cmﬁ ZleglamNejta catalyst,

wher ei i Y

i sot aC{\IN%}ic{l %B%n?n?%a E‘(Qi%tll)t? ?}e‘)ﬁ‘g&p‘% cli/ryn%cglfvg f‘tfee%éédé ggl!ltﬁgﬁ%e 1d ctagﬂ};sp @ompor*ent an
pol ynerérgati¢ elumisunh amgpasunkiMd ah dogrnid @8sont dvarpoond, edieedin in)th& ﬁzst loop redctor a
The proces&ia?cogggqg to cfaLn11, wher%untﬁhe ZLe% er-Natta £
used i n"ERA PHP O Ne FgUIG ANBIMIMSPTRAIdSR the O LD r%"“p’P%‘Hlu ranage ©

sol i d ca&émallpst 300mmodiditionaloanpsuns b the agMESIilidtn doh{pamdeE]addedlﬁll tb«g@a&ond loop
and an internal electron.donpr as es enti al S, an organic

o T e i i e e € AR soRRaRAde Mtkerng: Vg pound in
ratio Oﬂéle tgh@nﬂﬂ@@ﬁt&ct@% igMeBdIthal thcliig gk ﬁgsé 1(1)&@ 1@5@% iaCcotdniti@féh of a molecular
conpoun eing in a range o om t an ere

addi t i off&iehtaegiRt 2gght lf‘ﬁ]ée %?F@‘&L{Oep &530108 bﬂ%&’hﬁ%‘éﬁ ﬂ&t }%tha@a%goqpﬁe%% a ratio of

second @t agsupbr pel ﬁ‘r@iel'obﬁ N t8 W ASuth@ & (ME s@ oW1 Ptreadt@t isAn @frahd¥eof from
organic alunlnun1congoun to the arganic silicon conpound | ess than

t hat i nabope3¥:p3 & abop 6%46,]‘ poéﬁpypﬁgplpxz tengFtures in the twe, olgrrgmg are controlled at
accor d' E0tolsd ¢} ahdind poMARESADALHS lﬂﬁ‘@H OREse Rk R 1RheriAfPr 9ani c

al um num conpound to the organic silicon conmpound in the first stage

of polynerizationis 2 to 20 times larger than that in the second

stage of polywepiocadsi @dording td claih €8, PGEIESthaceapkli Rbotdd @BYor@ite Afuminum
claims 1 to 5, wherein the process co rlse the first and second

st ages WMAYNY frethe prganisysil ’Cé.’ﬁc“fo’fnﬁ%“ffdi indhe By logpaeastprdt 4pedl ges farger than that

in the second loop reactor.
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10. A pol ypropyl ene preparable by the process as clained in claiml.
11. A pol ypropyl ene preparable by the process as clained in claimS8.
12. A pol ypropyl ene, which has a pol ydi spersity index of 3 to 10, and
of which the isotacticity of the | ow nolecul ar weight fraction is

hi gher than the isotacticity of the high nol ecul ar weight fraction.
13.Biaxial oriented filns, tubings, flat fibers, or injection nould
articles prepared fromthe pol ypropylene as clainmed in claiml10.

14. Bi axi al 16 RAyRepylenemseparabls bigde prqcsss ap clseped inglaimd; ect i on noul d
articles prepared fromthe pol ypropylene as clainmed in claim11.

11. A polypropylene preparable by the process as claimed in claim 8.

12. A polypropylene, which has a polydispersity index of 3 to 10, and of which the isotacticity

of the low molecular weight fraction is higher than the isotacticity of the high molecular weight

fraction.

13.Biaxial oriented films, tubings, flat fibers, or injection mould articles prepared from the

polypropylene as claimed in claim 10.

14.Biaxial oriented films, tubings, flat fibers, or injection mould articles prepared from the

polypropylene as claimed in claim 11.
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