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(57) ABSTRACT 

Reactor grade thermoplastic polyole?ns With high ?oWability 
and excellent surface quality comprising (A) 40-90 Wt % of a 
propylene homo- or copolymer matrix With an MFR in accor 
dance With ISO 1 133 (2300 C., 2.16 kg load) of >200 g/10 
min and (B) 2-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to ISO 
1628 With decalin as solvent) of 22.8 dl/g and an ethylene 
content of >50 to 80 Wt % and (C) 8-30 Wt % of an elastomeric 
ethylene-propylene copolymer having an intrinsic viscosity 
IV (according to ISO 1628 With decalin as solvent) of 3 .0-65 
dl/g and an propylene content of 50 to 80 Wt %, the reactor 
grade thermoplastic polyole?ns being obtainable by a multi 
stage polymerization process With at least 3 polymerization 
steps in the presence of a catalyst system comprising (i) a 
Ziegler-Natta procatalyst Which contains a trans-esteri?ca 
tion product of a loWer alcohol and a phthalic ester and (ii) an 
organometallic cocatalyst and (iii) external donor represented 
by formula (I) Si(OCH2CH3)3(NRlR2) wherein R1 and R2 
can be the same or different a represent a hydrocarbon group 
having 1 to 12 carbon atoms, as Well as the use of these reactor 
grade thermoplastic polyole?ns and molded articles pro 
duced from them. 
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THERMOPLASTIC POLYOLEFINS WITH 
HIGH FLOWABILITY AND EXCELLENT 
SURFACE QUALITY PRODUCED BY A 

MULTISTAGE PROCESS 

[0001] This invention is in the ?eld of thermoplastic poly 
ole?ns and more speci?cally reactor grade thermoplastic 
polyole?ns (RTPO). 
[0002] The invention is further directed to RTPOs having 
high ?oWability and excellent surface quality, When molded 
into articles of manufacture, especially for automotive appli 
cations, a process for producing them and their use. 
[0003] Furthermore the invention is related to the use of a 
special Ziegler-Natta procatalyst, Which contains a trans-es 
teri?cation product of a loWer alcohol and a phthalic ester in 
combination With a special external donor for the production 
of RTPOs With high ?oWability and excellent surface quality. 

STATE OF THE ART 

[0004] Thermoplastic polyole?ns (TPOs), Which typically 
comprise polypropylene and an elastomer, have many desir 
able properties, eg lightWeight, durability, loW costs, etc., 
that make them an attractive material for the construction of 
many interior and exterior automotive parts. There are tWo 
types of TPOs Which essentially differ in their method of 
preparation. The ?rst, Which is commonly referred to as 
“compound grade TPO”, is made by physically blending 
polypropylene With elastomer. The second, Which is com 
monly referred to as “reactor grade TPO” (RTPO) and is more 
economical to produce than compound grade TPO, is made 
by ?rst polymerizing propylene to polypropylene and then 
polymerizing elastomer components, such as ethylene and 
propylene, in the presence of the polypropylene. 
[0005] The RTPOs are knoWn to be suitable for injection 
molding to produce large, shaped articles, for example for 
automotive applications, especially bumpers. 
[0006] Unfortunately the problem of optical irregularity 
arises during injection molding of such large articles due to 
the necessary long How paths of the resin. 
[0007] Such surface defects, Which are also knoWn as 
“Tigerstripes” or How marks, are a common problem for 
surface quality respectively appearance in plastic industry. 
Tigerstripes, as knoWn in the plastic industry, describe a vis 
ible periodic inhomogeneity in surface gloss. Mostly these 
are alternating dull (or rough) and glossy (or smooth) areas on 
the surface of injection molded or extruded plastic parts, 
Which surface should be glossy (or smooth) all over. 
[0008] Many attempts to avoid these surface defects, While 
keeping a goodbalance of other physical properties have been 
made in the past. 
[0009] It has hoWever been found, that either the occur 
rence of How marks could not be entirely prevented, or the 
physical properties of the polymer compositions Were unsat 
isfactory. 
[0010] Furthermore it is desired that the RTPOs exhibit as 
high values of melt ?oW rate (MFR) as possible in order to 
improve processability of the RTPOs for injection molding. 
[0011] For example WO 2004/000899 describes reactor 
grade thermoplastic polyole?ns on the basis of a polypropy 
lene matrix material including bimodal rubber compositions, 
Whereby the tWo rubber parts have differentiated MW (respec 
tively intrinsic viscosity IV) and the loW IV rubber is ethylene 
rich. 
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[0012] These RTPOs are produced in a multistage process 
comprising at least one slurry reactor and tWo gas phase 
reactors. A particularly preferred catalyst system is, accord 
ing to WO 2004/000899, a high yield Ziegler-Natta catalyst 
having a catalyst component, a cocatalyst and optionally an 
external donor, or a metallocene catalyst, having a bridged 
structure giving high stereoregularity and Which, as an active 
complex, is impregnated on a carrier. No further details 
regarding the used catalyst and external donor are given. 
[0013] The RTPOs produced according to WO 2004/ 
000899 shoW improved surface toughness in terms of scratch 
resistance and can be used for producing car interiors and 
exteriors, like bumpers, dashboards and the like, Where 
improved scratch resistance properties are needed. 
[0014] According to the Examples the RTPOs exhibit an 
MFR of at most 13.2 g/10 min. 
[0015] From experience it is knoWn that RTPOs, produced 
according to WO 2004/000899 shoW ?oW marks. 
[0016] EP 1 600 480 describes an improved propylene 
polymer composition on the basis of a polypropylene matrix 
material With an MFR in accordance With ISO 1133 (2300 C., 
2.16 kg)§80 g/ 10 min, including bimodal rubber composi 
tions, Whereby the tWo rubber parts have differentiated MW 
(IV) and the loW IV rubber is ethylene rich. 
[0017] The RTPO is mixed With an elastomeric ethylene 
1-octene copolymer, having an ethylene content of at least 80 
mol % and having a MFR in accordance With ISO 1 133 (1900 
C., 2.16 kg) of 3-100 g/ 10 min, and With an inorganic ?ller. 
These RTPOs are, according to El’ 1 600 480, suitable for 
automotive applications because they have excellent impact 
strength/stiffness balance, high ?oWability and are not sus 
ceptible to the occurrence of How marks. 
[0018] The RTPO is produced in a multistage process using 
a Ziegler-Natta catalyst or a metallocene. According to the 
examples ZN104 (commercially available from Lyondell 
Basell), triethylaluminium as cocatalyst and dicyclopen 
tyldimethoxysilane as external donor are used. 
[0019] According to the Examples of EP 1 600 480 MFR 
values of at most 100 g/ 10 min for the propylene matrix and 
of at most 17.6 g/10 min of the ?nal RTPO can be achieved by 
using this combination of catalyst, cocatalyst and external 
donor. 
[0020] It is knoWn by the art skilled man that the highest 
achievable MFR of the matrix of the base resin used accord 
ing to EP 1 600 480 hardly exceeds 120 due to the high 
amounts of ?nes produced and high hydrogen response gen 
erated for these ?oWability conditions. 
[0021] Accordingly, although much development Work has 
been done in the ?eld of RTPOs, there remains a continuing 
search for alternative or improved RTPOs With desirable 
properties, such as excellent surface quality, good impact 
strength/stiffness balance and high ?oWability etc. 
[0022] It Was therefore an object of the invention to provide 
a propylene polymer composition, Which can be injection 
molded into large shaped articles, Which articles shoW no How 
marks and Which composition simultaneously shoWs a good 
impact strength/stiffness balance and high ?oWability. 
[0023] This object Was achieved by using a special Ziegler 
Natta procatalyst Which contains a transesteri?cation product 
of a loWer alcohol and a phthalic ester in combination With a 
special external donor. Surprisingly this special Ziegler-Natta 
procatalyst in combination With a special external donor can 
be used for the production of a great variety of RTPOs With 
high ?oWability and excellent quality, like RTPOs on the 
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basis of a polypropylene matrix including cross-bimodal rub 
ber compositions, nucleated or non-nucleated RTPOs, With 
different multistage processes, like Borstar® from Borealis 
or Spheripol® from LyondellBasell. 
[0024] Thus in a ?rst aspect, the present invention is there 
fore directed to reactor grade thermoplastic polyole?ns With 
high ?oWability and excellent surface quality comprising 

[0025] (A) 40-90 Wt % of a propylene homo- or copoly 
mer matrix With an MFR in accordance With ISO 1133 
(2300 C., 2.16 kg load) of 2200 g/10 min and 

[0026] (B) 2-30 Wt % of an elastomeric ethylene-propy 
lene copolymer having an intrinsic viscosity IV (ISO 
1628, With decalin as solvent) of 22.8 dl/g and an eth 
ylene content of >50 to 80 Wt % and 

[0027] (C) 8-30 Wt % of an elastomeric ethylene-propy 
lene copolymer having an intrinsic viscosity IV (ISO 
1628, With decalin as solvent) of 3.0-6.5 dl/g and a 
propylene content of 50 to 80 Wt %, the reactor grade 
thermoplastic polyole?ns being obtainable by a multi 
stage polymerization process With at least 3 polymeriza 
tion steps in the presence of a catalyst system compris 
ing 
[0028] (i) a Ziegler-Natta procatalyst Which contains a 

trans-esteri?cation product of a loWer alcohol and a 
phthalic ester and 

[0029] (ii) an organometallic cocatalyst and 
[0030] (iii) an external donor represented by the for 
mula 

[0031] Wherein R’C and Ry can be the same or differ 
ent and represent a hydrocarbon group having 1 to 
12 carbon atoms. 

[0032] The polymer matrix (A) of the reactor grade ther 
moplastic polyole?ns (RTPOs) according to the invention 
must be a polypropylene matrix (A), Which is in the folloWing 
called propylene matrix (A). 
[0033] The propylene matrix (A) can be a propylene 
homopolymer, a propylene copolymer or mixtures thereof, 
like a homo/random copolymer. HoWever it is preferred that 
the propylene matrix (A) is a propylene homopolymer. 
[0034] The expression homopolymer used in the instant 
invention relates to a polypropylene that consists substan 
tially, i.e. of at least 97 Wt %, preferably of at least 98 Wt %, 
more preferably of at least 99 Wt %, still more preferably of at 
least 99.8 Wt % of propylene units. In a preferred embodiment 
only propylene units in the propylene homopolymer are 
detectable. 

[0035] Where the propylene matrix (A) comprises a propy 
lene copolymer or is a homo/random propylene copolymer, 
the propylene copolymer comprises monomers copolymeriZ 
able With propylene, for example comonomers such as eth 
ylene and C4 to C20 alpha-ole?ns, in particular ethylene and 
C4 to C10 alpha-ole?ns, e. g. 1-butene or 1-hexene. The 
comonomer content in the propylene matrix is in such a case 
preferably relatively loW, i.e. up to 4.0 Wt %, more preferably 
0.1 to 3 .0 Wt %, still more preferably 0.2 to 2.0 Wt %, yet more 
preferably 0.3 to 1.0 Wt %. 

[0036] The propylene matrix (A) can be unimodal or mul 
timodal, like bimodal. HoWever it is preferred that the propy 
lene matrix (A) is unimodal. Concerning the de?nition of 
unimodal and multimodal, like bimodal, it is referred to the 
de?nition beloW. 
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[0037] When the matrix is unimodal With respect to the 
molecular Weight distribution, it may be prepared in a single 
stage process eg a slurry or gas phase process in a slurry or 
gas phase reactor. Preferably, the unimodal matrix is poly 
meriZed as a slurry polymeriZation. 
[0038] Alternatively, the unimodal matrix may be produced 
in a multistage process using at each stage process conditions 
Which result in similar polymer properties. 
[0039] Where the propylene matrix (A) comprises tWo or 
more different propylene polymers these may be polymers 
With different monomer make up and/or With different 
molecular Weight distributions. These components may have 
identical or differing monomer compositions and tacticities. 
[0040] Moreover it is preferred that the polymer matrix (A) 
has a rather high melt ?oW rate (MFR), i.e. a rather loW 
molecular Weight. The melt ?oW rate measured under a load 
of2.16 kg at 2300 C. (ISO 1133) is denoted as MFR (2300 C.). 
Accordingly, it is preferred that in the present invention the 
propylene matrix (A) has an MFR (2300 C.) equal to or above 
200 g/10 min and up to 500 g/10 min. 
[0041] As a further requirement of the RTPOs the elasto 
meric copolymers B and C must ful?ll some properties so that 
the desired results can be achieved. 
[0042] Accordingly the elastomeric ethylene-propylene 
copolymer (B) must comprise ethylene in a content of above 
50 to 80 Wt %, preferably 55 to 75 Wt %. 
[0043] Furthermore the elastomeric ethylene-propylene 
copolymer (B) must have an intrinsic viscosity IV§2.8 dl/, 
preferably 22.6 dl/ g and more preferably 22.4 dl/g. 
[0044] The elastomeric ethylene-propylene copolymer (C) 
must comprise propylene in a content of 50 to 80 Wt %, 
preferably 55 to 75 Wt %. 
[0045] Furthermore the elastomeric ethylene-propylene 
copolymer (C) must have an intrinsic viscosity IV of 3 .0 to 6.5 
dl/ g, preferably 3.2 to 6.0 dl/ g and more preferably 3.5 to 6.0 
dl/ g. 
[0046] Like the propylene matrix (A) the elastomeric 
copolymers (B) and (C) can be unimodal or multimodal, like 
bimodal. HoWever it is preferred that the elastomeric copoly 
mers (B) and (C) are unimodal. Concerning the de?nition of 
unimodal and multimodal, like bimodal, it is referred to the 
de?nition beloW. 
[0047] Of course also the ratio of propylene matrix (A) and 
elastomeric copolymers (B) and (C) of the RTPOs has some 
in?uence on the desired properties; a straightforward 
example is the adjustment of the impact/ stiffness balance. 
[0048] Thus the RTPOs comprise 

[0049] (a) 40 to 90 Wt %, preferably 45 to 85 Wt % and 
more preferably 50 to 80 Wt % of the propylene matrix 
(A) based on the total amount of the RTPO, 

[0050] (b) 2 to 30 Wt %, preferably 5 to 25 Wt % andmore 
preferably 10 to 20 Wt % of the elastomeric ethylene 
propylene copolymer (B) and 

[0051] (c) 8 to 30 Wt %, preferably 10 to 27 Wt % and 
more preferably 15 to 27 Wt % of the elastomeric ethyl 
ene-propylene copolymer (C) based on the total amount 
of the RTPO. 

[0052] Moreover it is appreciated that the MFR (2300 C.) of 
the RTPO is rather high, i.e. above 20 g/ 10 min, more pref 
erably above 25 g/ 10 min and most preferably above 30 g/ 10 
min. 

[0053] The expressions “multimodal” or “bimodal” or 
“unimodal” used herein refer to the modality of the polymer, 
i.e. the form of its molecular Weight distribution curve, Which 
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is the graph of the molecular Weight fraction as a function of 
its molecular Weight. As Will be explained below, the polymer 
components of the present invention are produced in a 
sequential step process, using reactors in serial con?guration 
and operating at different reaction conditions. As a conse 
quence, each fraction prepared in a speci?c reactor Will have 
its oWn molecular Weight distribution. When the molecular 
Weight distribution curves from these fractions are superim 
posed to obtain the molecular Weight distribution of the ?nal 
polymer, that curve may shoW tWo or more maxima or at least 
be distinctly broadened When compared With curves for the 
individual fractions. 
[0054] The RTPOs of the present invention are produced by 
multistage process polymerization comprising at least 3 poly 
merization steps, such as bulk polymerization, gas phase 
polymerization, slurry polymerization, solution polymeriza 
tion or combinations thereof. 

[0055] One skilled in the art is aWare of the various possi 
bilities and polymerization reactor systems to produce 
RTPOs. 
[0056] Thus, the polymerization system can comprise one 
or more conventional stirred slurry reactors and/ or one or 

more gas phase reactors. Preferably the reactors used are 
selected from the group of loop and gas phase reactors and, in 
particular, the process employs at least one loop reactor and at 
least tWo gas phase reactors. It is also possible to use several 
reactors of each type, eg one loop and tWo or three gas phase 
reactors, or tWo loops and tWo gas phase reactors, in series. 
[0057] Preferably the process comprises also a prepolymer 
ization With the chosen catalyst system, as described in detail 
beloW, comprising the special Ziegler-Natta procatalyst, the 
special external donor and optionally the cocatalyst. 
[0058] In a preferred embodiment, the prepolymeri sation is 
conducted as bulk slurry polymerisation in liquid propylene, 
i.e. the liquid phase mainly comprises propylene, With minor 
amount of other reactants and optionally inert components 
dissolved therein. 
[0059] The prepolymerisation reaction is typically con 
ducted at a temperature of 0 to 50° C., preferably from 10 to 
45° C., and more preferably from 15 to 400 C. 
[0060] The pressure in the prepolymerisation reactor is not 
critical but must be suf?ciently high to maintain the reaction 
mixture in liquid phase. Thus, the pressure may be from 20 to 
100 bar, for example 30 to 70 bar. 
[0061] The catalyst components are preferably all intro 
duced to the prepolymerisation step. HoWever, Where the 
solid catalyst component and the cocatalyst can be fed sepa 
rately it is possible that only a part of the cocatalyst is intro 
duced into the prepolymeri sation stage and the remaining part 
into subsequent polymerisation stages.Also in such cases it is 
necessary to introduce so much cocatalyst into the prepoly 
merisation stage that a su?icient polymerisation reaction is 
obtained therein. 
[0062] It is possible to add other components also to the 
prepolymerisation stage. Thus, hydrogen may be added into 
the prepolymerisation stage to control the molecular Weight 
of the prepolymer as is knoWn in the art. Further, antistatic 
additive may be used to prevent the particles from adhering to 
each other or the Walls of the reactor. 
[0063] The precise control of the prepolymerization condi 
tions and reaction parameters is Within the skill of the art. 
[0064] A slurry reactor designates any reactor, such as a 
continuous or simple batch stirred tank reactor or loop reac 
tor, operating in bulk or slurry and in Which the polymer forms 
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in particulate form. “Bulk” means a polymerization in reac 
tion medium that comprises at least 60Wt-% monomer. 
According to a preferred embodiment the slurry reactor com 
prises a bulk loop reactor. 
[0065] “Gas phase reactor” means any mechanically mixed 
or ?uid bed reactor. Preferably the gas phase reactor com 
prises a mechanically agitated ?uid bed reactor With gas 
velocities of at least 0.2 m/ sec. 

[0066] The particularly preferred embodiment of the inven 
tion comprises carrying out the polymerization in a process 
comprising either a combination of one loop and tWo or three 
gas phase reactors or a combination of tWo loops and tWo gas 
phase reactors. 
[0067] A preferred multistage process is a slurry-gas phase 
process, such as developed by Borealis and knoWn as the 
Borstar® technology. In this respect, reference is made to EP 
0 887 379, WO 2004/000899, WO 2004/111095, WO 
99/24478, WO 99/24479 and WO 00/68315 incorporated 
herein by reference. 
[0068] A further suitable slurry-gas phase process is the 
Spheripol® process of LyondellBasell. 
[0069] Preferably the reactor grade thermoplastic polyole 
?ns With high ?oWability and excellent surface quality 
according to the invention are produced by using the special 
Ziegler-Natta procatalysts in combination With a special 
external donor, as described in detail beloW, in the Spheri 
pol® or in the Borstar®PP process, more preferably in the 
Borstar®PP process. 

[0070] One preferred multistage process may therefore 
comprise the steps of: 

[0071] producing a polypropylene polymer matrix in the 
presence of the chosen catalyst system comprising the 
special Ziegler-Natta procatalyst in combination With 
the special external donor and the cocatalyst in at least 
one slurry reactor 

[0072] transferring the slurry reactor product into a ?rst 
gas phase reactor (GPR) 

[0073] producing a ?rst ethylene/propylene-copolymer 
in the polymer matrix in the presence of the catalyst 
system in said ?rst GPR 

[0074] transferring the ?rst GPR product into a 2'” GPR 
[0075] producing a second ethylene/propylene-copoly 
mer in the polymer matrix in the presence of catalyst 
system in said 2'” GPR 

[0076] recovering the polymer product for further pro 
cessing, 

[0077] said 1“ and 2'” ethylene/propylene mixtures having 
different composition ratios, respectively having different 
ethylene content and intrinsic viscosities, so that a bimodal 
rubber composition is obtained. 
[0078] A further preferred multistage process may com 
prise the steps of: 

[0079] producing a polypropylene polymer matrix in the 
presence of the chosen catalyst system comprising the 
special Ziegler-Natta procatalyst in combination With 
the special external donor and the cocatalyst in at least 
one slurry reactor 

[0080] transferring the slurry reactor product into a ?rst 
gas phase reactor (GPR), 

[0081] Wherein the slurry reactor product is further poly 
merized in the presence of the catalyst system in said 
?rst GPR 
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[0082] transferring the ?rst GPR product into a 2'” GPR 
[0083] producing a ethylene/propylene-copolymer in 

the polymer matrix in the presence of catalyst system in 
said 2"d GPR 

[0084] transferring the 2'” GPR product into a 3rd GPR 
and producing a second ethylene/propylene-copolymer 
in the polymer matrix in the presence of catalyst system 
in said 3rd GPR, said 1“ and 2'” ethylene/propylene 
mixtures having different composition ratios and 

[0085] recovering the polymer product for further pro 
cessing, 

[0086] yielding a polypropylene polymer matrix con 
taining said 1“ and 2'” ethylene/propylene mixtures 
having different composition ratios, respectively having 
different ethylene content and intrinsic viscosities, so 
that a bimodal rubber composition is obtained. 

[0087] In a preferred embodiment the composition ratios of 
said ?rst and second ethylene/propylene mixtures are 
adjusted so that in the ?rst gas phase reactor (respectively 
second GPR) a propylene rich EPR rubber is produced in the 
propylene polymer matrix and in the second gas phase reactor 
(respectively third GPR) an ethylene rich EPR rubber is pro 
duced in the propylene polymer matrix. 
[0088] Furthermore a molar H2/C2 ratio betWeen prefer 
ably 0.01 to 0.1, more preferably 0.02 to 0.06 should be 
adjusted in the 1S’ GPR (respectively 2'” GPR) and a molar 
H2/C2 ratio betWeen preferably 0.15 to 0.6, more preferably 
0.20 to 0.4 shouldbe adjusted in the 2”dGPR (respectively 3rd 
GPR) to achieve the desired intrinsic viscosities of the tWo 
different rubbers. 
[0089] Nevertheless the GPR polymerisations can also be 
carried out in reversed order. 
[0090] With respect to the above-mentioned preferred 
slurry-gas phase process, the folloWing general information 
can be provided With respect to the process conditions: 
[0091] The slurry reactor is operated at temperature of from 
40° C. to 110° C., preferably betWeen 50° C. and 100° C., in 
particular betWeen 60° C. and 90° C., With a pressure in the 
range of from 20 to 80 bar, preferably 30 to 60 bar, With the 
option of adding hydrogen in order to control the molecular 
Weight in a manner knoWn per se. 
[0092] The reaction product of the slurry polymerization, 
Which preferably is carried out in a loop reactor, is then 
transferred to the subsequent gas phase reactor, Wherein the 
temperature preferably is Within the range of from 50° C. to 
130° C., more preferably 60° C. to 100° C., at a pressure in the 
range of from 5 to 50 bar, preferably 8 to 35 bar, again With the 
option of adding hydrogen in order to control the molecular 
Weight, With the option of adding hydrogen in order to control 
the molecular Weight in a manner knoWn per se. 
[0093] The average residence time can vary in the reactor 
zones identi?ed above. In one embodiment, the average resi 
dence time in the slurry reactor, for example a loop reactor, is 
in the range of from 0.5 to 5 hours, for example 0.5 to 2 hours, 
While the residence time in the gas phase reactor generally 
Will be from 1 to 8 hours. 
[0094] If desired, the polymerization may be effected in a 
knoWn manner under supercritical conditions in the slurry, 
preferably loop reactor, and/ or as a condensed mode in the gas 
phase reactor. 
[0095] The polymerization process enables highly feasible 
means for producing and further tailoring the propylene poly 
mer composition Within the invention. The precise control of 
the polymerization conditions and reaction parameters is 
Within the skill of the art. 
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[0096] According to the invention the RTPOs With high 
?oWability and excellent surface quality are obtained by a 
multistage polymerization process, as described above, in the 
presence of a catalyst system comprising as component (i) a 
Ziegler-Natta procatalyst Which contains a trans-esteri?ca 
tion product of a loWer alcohol and a phthalic ester. 

[0097] The procatalyst used according to the invention is 
prepared by 

[0098] a) reacting a spray crystallized or emulsion solidi 
?ed adduct of MgCl2 and a Cl-C2 alcohol With TiCl4 

[0099] b) reacting the product of stage a) With a dialky 
lphthalate of formula (I) 

(I) 

[0100] Wherein R1‘ and R2‘ are independently at least a 
Cs-alkyl 

[01 01] under conditions Where a transesteri?cation 
betWeen said C l-C2 alcohol and said dialkylphthalate 
of formula (I) takes place to form the internal donor 

[0102] 
[0103] 

TiCl4. 
[0104] The procatalyst is produced as de?ned for example 
in the patent applications W0 87/ 07620, WO 92/19653, WO 
92/19658 and EP 0 491 566. The content ofthese documents 
is herein included by reference. 

[0105] First an adduct of MgCl2 and a Cl-C2 alcohol of the 
formula MgCl2*nROH, Wherein R is methyl or ethyl and n is 
1 to 6, is formed. Ethanol is preferably used as alcohol. 

[0106] The adduct, Which is ?rst melted and then spray 
crystallized or emulsion solidi?ed, is used as catalyst carrier. 

[0107] In the next step the spray crystallized or emulsion 
solidi?ed adduct of the formula MgCl2*nROH, Wherein R is 
methyl or ethyl, preferably ethyl and n is 1 to 6, is contacted 
With TiCl4 to form a titanised carrier, folloWed by the steps of 

[0108] adding to said titanised carrier 

[0109] a dialkylphthalate of formula (I) With R1‘ and 
R2‘ being independently at least a C5 -alkyl, like at 
least a CS-alkyl or being the same and being at least a 
C5-alkyl, like at least a Cs-alkyl 

[0110] 
[0111] subjecting said ?rst product to suitable transes 

teri?cation conditions, i.e. at a temperature betWeen 100 
to 150° C., such that said methanol or ethanol is trans 
esteri?ed With said ester groups of said dialkylphthalate 
of formula (I) to form preferably at least 80 mol %, more 

c) Washing the product of stage b) or 
d) optionally reacting the product of step c) With 

to form a ?rst product 
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preferably 90 mol %, most preferably 95 mol %, of a 
dialkylphthalate of formula (II) 

(11) 

[0112] with R1 and R2 being methyl or ethyl, preferably 
ethyl, being the internal donor and 

[0113] recovering said transesteri?cation product as the 
procatalyst composition. 

[0114] The adduct of the formula MgCl2*nROH, Wherein 
R is methyl or ethyl and n is 1 to 6, is in a preferred embodi 
ment melted and then the melt is preferably injected by a gas 
into a cooled solvent or a cooled gas, Whereby the adduct is 
crystallized into a morphologically advantageous form, as for 
example described in WO 87/07620. 
[0115] This crystallized adduct is then used as the catalyst 
carrier and reacted to the procatalyst useful in the present 
invention as described in W0 92/ 19658 and W0 92/ 1 9653. 
[0116] In the next step the crystallized carrier is reacted 
With TiCl4 to form a titanised carrier. 
[0117] A dialkylphthalate of formula (I) is then added to 
this titanised carrier. 
[0118] The alkoxy group of the phthalic acid ester used 
comprises at least 5 carbon atoms and may be different or the 
same. Preferably the alkoxy group of the phthalic acid ester 
used comprises at least 8 carbon atoms. More preferably the 
alkoxy groups R1‘ and R2‘ are the same. 
[0119] Still more preferably a dialkylphthalate of formula 
(I) selected from the group consisting of propylhexylphtha 
late (PrHP), dioctylphthalate (DOP), di-iso-decylphthalate 
(DIDP), and ditridecylphthalate (DTDP) is used, yet most 
preferably the dialkylphthalate of formula (I) is a dio 
ctylphthalate (DOP), like di-iso-octylphthalate or diethyl 
hexylphthalate, in particular diethylhexylphthalate. 
[0120] When adding the dialkylphthalate of formula (I) it is 
very likely that an adduct of all the components is produced. 
[0121] This adduct is then transesteri?ed at a temperature 
above 100° C. and advantageously betWeen 130 to 1500 C. 
[0122] As the catalyst residue is removed by extracting, an 
adduct of the titanised carrier and the internal donor is 
obtained, in Which the group deriving from the ester alcohol 
has changed. 
[0123] In case su?icient titanium remains on the carrier, it 
Will act as an active element of the procatalyst. 

[0124] Otherwise the titanisation is repeated after the above 
treatment in order to ensure a su?icient titanium concentra 
tion and thus activity. 
[0125] Preferably the procatalyst used according to the 
invention contains 2.5% by Weight of titanium at the most, 
preferably 2.2% by Weight at the most and more preferably 
2.0% by Weight at the most. Its donor content is preferably 
betWeen 4 to 12% by Weight and more preferably betWeen 6 
and 10% by Weight. 
[0126] More preferably the procatalyst used according to 
the invention has been produced by using ethanol as the 
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alcohol and dioctylphthalate (DOP) as dialkylphthalate of 
formula (I), yielding diethylphthalate (DEP) as the internal 
donor compound. 
[0127] Still more preferably the catalyst used according to 
the invention is the BC-l catalyst of Borealis or the catalyst 
Polytrack 8502, commercially available from Grace. 
[0128] In a further embodiment, the Ziegler-Natta procata 
lyst can be modi?ed by polymerising a vinyl compound in the 
presence of the catalyst system, comprising the special Zie 
gler-Natta procatalyst, an external donor and a cocatalyst, 
Which vinyl compound has the formula: 

[0129] Wherein R3 and R4 together form a 5- or 6-mem 
bered saturated, unsaturated or aromatic ring or indepen 
dently represent an alkyl group comprising 1 to 4 carbon 
atoms, and the modi?ed catalyst is used for the preparation of 
the polymer composition. The polymerised vinyl compound 
can act as a nucleating agent. 

[0130] Concerning the modi?cation of catalyst reference is 
made to the international applications WO 99/24478, W0 
99/ 24479 andparticularly W0 00/ 683 1 5, incorporated herein 
by reference With respect to the reaction conditions concern 
ing the modi?cation of the catalyst as Well as With respect to 
the polymerization reaction. 
[0131] For the production of the RTPOs With high ?oWabil 
ity and excellent surface quality according to the invention the 
catalyst system used preferably comprises in addition to the 
special Ziegler-Natta procatalyst an organornetallic cocata 
lyst as component (ii). Accordingly it is preferred to select the 
cocatalyst from the group consisting of trialkylaluminium, 
like triethylaluminium (TEA), dialkyl aluminium chloride 
and alkyl aluminium sesquichloride. 
[0132] Component (iii) of the catalysts system used is an 
external donor represented by the formula 

[0133] Wherein R’C and Ry can be the same or different a 
represent a hydrocarbon group having 1 to 12 carbon atoms. 
[0134] R’C and Ry are independently selected from the group 
consisting of linear aliphatic hydrocarbon group having 1 to 
12 carbon atoms, branched aliphatic hydrocarbon group hav 
ing 1 to 12 carbon atoms and cyclic aliphatic hydrocarbon 
group having 1 to 12 carbon atoms. It is in particular preferred 
that R’C and Ry are independently selected from the group 
consisting of methyl, ethyl, n-propyl, n-butyl, octyl, decanyl, 
iso-propyl, iso-butyl, iso-pentyl, tert.-butyl, tert.-amyl, neo 
pentyl, cyclopentyl, cyclohexyl, methylcyclopentyl and 
cycloheptyl. More preferably both R’C and Ry are the same, yet 
more preferably both R’C and Ry are an ethyl group. 

[0135] Most preferably diethylaminotriethoxysilane is 
used as external donor. 

[0136] The external donor may be produced according to 
the methods disclosed in EP 1 538 167. The content of this 
document is herein included by reference. 
[0137] The current invention also provides a multistage 
process for producing reactor grade thermoplastic polyole?ns 
using the special catalyst system comprising components (i), 
(ii) and (iii). 
[0138] Preferably the catalyst system used comprises 

[0139] a) a procatalyst composition comprising tita 
nium, magnesium, chlorine and diethylphthalate as 
internal donor, prepared as disclosed above, 
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[0140] b) diethylaminotriethoxysilane as external donor 
and 

[0141] c) triethylaluminium as cocatalyst. 
[0142] A further aspect of the invention is therefore the use 
of a catalyst system comprising 

[0143] a) a procatalyst composition comprising tita 
nium, magnesium, chlorine and diethylphthalate as 
internal donor, prepared as disclosed above, 

[0144] b) diethylaminotriethoxysilane as external donor 
and 

[0145] c) triethylaluminium as cocatalyst 
[0146] for producing a reactor grade thermoplastic polyole 
?n With high ?oWability and excellent surface quality in a 
multistage process including at least 3 polymerization steps. 
[0147] Advantageously an MFR (230° C.) of the RTPO of 
above 20 g/ 10 min, more preferably above 25 g/ 10 min and 
most preferably above 30 g/ 10 min can be reached directly 
With the use of the above described combination of special 
Ziegler-Natta procatalyst and external donor represented by 
the formula Si(OCH2CH3)3(NRxRy) Without any need of 
degrading by visbreaking using peroxides. 
[0148] By using conventional combinations of Ziegler 
Natta procatalysts and external donors, as for example ZN104 
or the procatalyst described previously and dicyclopen 
tyldimethoxysilane, such high MFR-values for the RTPOs 
can be achieved only by degrading With peroxides. 
[0149] Due to such a degrading step peroxide residues 
remain in the end polymer leading to a decrease of purity and 
increase in odour causing components. 
[0150] Furthermore, by using the above described combi 
nation of special Ziegler-Natta procatalyst and external donor 
represented by the formula Si(OCH2CH3)3(NR"Ry), it is pos 
sible to achieve high MFR-values (230° C.) of equal to or 
above 200 g/ 10 min for the propylene matrix, With consider 
ably less amounts of ?nes produced compared to processes 
using the combination of conventional ZN104 catalyst and 
dicyclopentyldimethoxysilane as external donor. 
[0151] The RTPOs according to the invention may com 
prise conventional adjuvants, such as additives, ?llers and 
reinforcing agents or additional impact modi?ers. 
[0152] The folloWing are optional additives: elastomers, 
nucleating agents, process and heat stabilisers, UV stabiliZ 
ers, slip agents, antistatic agents, pigments and other colour 
ing agents including carbon black. Depending on the type of 
additive, these may be added in an amount of 0.001 to 10 Wt 
% based on the Weight of the RTPO. 
[0153] In a preferred embodiment, the polymer composi 
tion includes 1 to 15 Wt % based on the Weight of the polymer 
composition, of one or more elastomers. Examples of suitable 
elastomers include an ethylene/alpha-ole?n random copoly 
mer, an ethylene/alpha-ole?n/non-conjugated polyene ran 
dom copolymer, a hydrogenated block copolymer and other 
elastic polymers or mixtures thereof. Preferred elastomers are 
elastomeric ethylene-1-octene copolymers. 
[0154] In a further preferred embodiment, the polymer 
composition includes 0.05 to 3 Wt % based on the Weight of 
the polymer composition of one or more alpha-nucleating 
agents such as dibenZylidene sorbitol, sodium benZoate, 
methylen-bis(4,6-di-t-butylphenyl)-phosphate sodium salt 
(NA-11), aluminium hydroxyl-bis[2,4,8,10-tetrakis(1,1 
dimethylethyl)-6-hydroxy- 1 2H-dibenZo- [d, g] -dioxa 
phoshocin-6-oxidato] (NA-21) and di(alkyl-benZylidene) 
sorbitol or mixtures thereof. The alpha-nucleating agent is 
usually added in small amounts of 0.0001 to 1 Wt %, more 
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preferably 0.001 to 0.7 Wt %. Since talc can act both as a 
nucleating agent and as ?ller, it can be added in higher 
amounts. When added as a nucleating agent, talc is preferably 
added in an amount of 0.05 to 3 Wt %, more preferably 0.1 to 
2 Wt %, most preferably less than 1 Wt %, based on the Weight 
of the polymer composition. Further details about these 
nucleating agents can be found e. g. in WO 99/24479 and W0 
99/ 24501. 
[0155] Molding resin formulations comprising the RTPO 
produced according to the invention may further comprise 5 
to 60 Wt % of one or more particulate of ?brous reinforcing 
?llers such as glass ?ber or carbon ?ber, graphite, carbon 
black or the like, or ?llers such as clay, talc and mineral ?llers 
and the like commonly employed in the trade for the manu 
facture of molded articles and extruded goods. 
[0156] It is thus a preferred embodiment of the present 
invention to add 5 to 25 Wt % of an inorganic ?ller, more 
preferably of talc. 
[0157] In the preferred embodiments, the additives are 
added to the RTPO, Which is collected from the ?nal reactor 
of the series of reactors. Preferably, these additives are mixed 
into the composition prior to or during the extrusion process 
in a one-step compounding process. Alternatively, a master 
batch may be formulated, Wherein the RTPO is ?rst mixed 
With only some of the additives. 
[0158] For mixing, a conventional compounding or blend 
ing apparatus, e. g. a Banbury mixer, a t-roll rubber mill, 
Buss-co-kneader or a tWin screW extruder may be used. The 
polymer materials recovered from the extruder are usually in 
the form of pellets. These pellets are then preferably further 
processed, eg by injection molding to generate articles and 
products of the inventive RTPOs. 
[0159] RTPO compositions according to the invention may 
be pelletiZed and compounded using any of the variety of 
compounding and blending methods Well knoWn and com 
monly used in the resin compounding art. 
[0160] The compositions of the current invention are pref 
erably used for the production of molded articles, preferably 
injection molded articles. Even more preferred is the use for 
the production of automotive parts, like bumpers, spoilers, 
fenders, body panels, side bump strips and the like. 
[0161] The current invention also provides articles com 
prising the inventive RTPOs With high ?oWability and excel 
lent surface quality. Preferably, these articles are produced by 
injection molding. 
[0162] Surprisingly, it Was found that the molded articles 
manufactured With the RTPO resins prepared according to the 
invention display excellent surface quality. 
[0163] The surface quality of injection moldedparts, Which 
is determined according to the procedure described in the 
experimental section, must be “excellent”, i.e. only polymer 
compositions Which can be injection molded Without shoW 
ing any ?oW mark, solve the problem Which is underlying the 
present invention. 

EXAMPLES 

[0164] Methods: 
[0165] Melt FloW Rate 
[0166] Unless otherWise speci?ed, the melt ?oW rate is 
measured as the MFR in accordance With ISO 1133 (2300 C., 
2.16 kg load) for polypropylene and is indicated in g/ 10 min. 
The MFR is an indication of the ?oWability, and hence the 
processability, of the polymer. The higher the melt ?oW rate, 
the loWer the viscosity of the polymer. 
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[0167] Comonomer content Was measured With Fourier 
transform infrared spectroscopy (FTIR) calibrated With 13 C 
NMR. When measuring the ethylene content in polypropy 
lene, a thin ?lm of the sample (thickness about 250 mm) Was 
prepared by hot-pressing. The area of4CH2 -absorption peak 
(800-650 cm“) Was measured With Perkin Elmer FTIR 1600 
spectrometer. The method Was calibrated by ethylene content 
data measured by 13 C-NMR. 
[0168] Flexural modulus Was measured according to ISO 
178 by using injection molded test specimens as described in 
EN ISO 1873-2 (80><10><4 mm) 
[0169] Xylene Solubles 
[0170] The xylene soluble fraction @(S) as de?ned and 
described in the present invention Was determined as folloWs: 
2.0 g of the polymer are dissolved in 250 ml p-xylene at 135° 
C. under agitation. After 30 minutes, the solution Was alloWed 
to cool for 15 minutes at ambient temperature and then 
alloWed to settle for 30 minutes at 25:0.5° C. The solution 
Was ?ltered With ?lter paper into tWo 100 ml ?asks. The 
solution from the ?rst 100 ml vessel Was evaporated in nitro 
gen ?oW and the residue dried under vacuum at 90° C. until 
constant Weight is reached. The xylene soluble fraction (per 
cent) can then be determined as folloWs: 

[0171] Wherein mO designates the initial polymer amount 
(grams), ml de?nes the Weight of residue (grams), vO de?nes 
the initial volume of solvent taken (250 millilitres) and v1 
de?nes the volume of the aliquot taken for determination 
(analysed sample; 100 millilitres). 
[0172] The intrinsic viscosity (IV) value increases With the 
molecular Weight of a polymer. The IV values Were measured 
according to DIN EN ISO 1628-1 in Decalin at 135° C. 
[0173] The tensile modulus Was measured according to 
ISO 572-3 at 1 mm/min and 23° C. Test specimens as 
described in EN ISO 1873-2 (80><10><4 mm) Were used. 
[0174] Charpy, notches impact strength (NIS), Was mea 
sured according to ISO 179/1eA at +23° C., 0° C. and at —20° 
C. by using injection molded test specimens as described in 
EN ISO 1873-2 (80><10><4 mm) 
[0175] Shrinkage Was measured according to an internal 
standard using 150><80><2 mm injection molded plaques. 
Measurements Were performed after injection and condition 
ing at room temperature for at least 96 h in the How direction 
and perpendicular to the How direction. FolloWing conditions 
Were used for injection molding: injection time: 3 s, melt 
temperature: 240° C., mold temperature: 50° C., hold pres 
sure: from 73 to 23 bars in 10 steps, hold time: 10 s, cooling 
time: 20 s. 

[0176] The ?nes Were determined by sieving the polymer 
poWder according to ASTM D1921-06. The screen set con 
sisted of screens having openings of 4,000 mm; 2,800 mm; 
2,000 mm; 1,400 mm; 1,000 mm; 0,500 mm; 0,180 mm; 
0,106 mm and 0,053 mm. 
[0177] The poWder passing the 0,180 mm screen Was con 
sidered as ?nes. 

[0178] Zinc oxide Was used as antistat. 

Example 1 

Preparation of Base Resin According to the Inven 
tion 

[0179] The base resin Was produced in a plant having a 
prepolymeriZation reactor, a loop reactor and tWo ?uid bed 
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gas-reactors connected in series. The catalyst used in the 
polymerization Was prepared according to WO 92/ 19653 
With DOP as dialkylphthalat of the formula (I) and ethanol as 
alcohol, the cocatalyst Was Triethylaluminium (TEA) and as 
an external donor (D) diethylamino triethoxy silane Was used. 

[0180] After a ?rst pre-polymerisation step the catalyst sys 
tem Was fed to the slurry reactor, Where the polymerisation of 
the polypropylene homopolymer matrix phase Was per 
formed. The slurry phase loop reactor Was then folloWed by a 
?rst gas phase reactor in series, in Which a ?rst elastomeric 
rubber disperse phase Was produced by copolymerisation of 
propylene With ethylene comonomer. The polymerisation 
temperature in the slurry phase loop reactor Was 62° C., 
Whereas the temperature in the ?rst gas phase reactor Was 80° 
C. After transfer to a second gas phase reactor the second 
ethylene/propylene copolymer Was produced. The operating 
temperature in the second gas phase reactor Was 80° C. 

[0181] The split betWeen loop, 1“ GPR and 2'” GPR Was: 
70.5%:17.0%:12.5% 

[0182] Reaction Conditions: 

1) Prepolymerization 

T [O c.] 20 
TEND [g/g] 3 
TENC3 [g/kg] 0.20 

2) Loop 

Reactor-T [° C.] 62 
Pressure [bar] 34 
MFR [g/10 min] 253 
H2 [ppm] 8800 
c2 [Wt %] 0.0 
xs [Wt %] 2.5 

3) 1“ Gas phase reactor 

Reactor-T [° C.] 80 
Pressure [bar] 12 
c2 [Wt %] 8.0 
HZ/C2 [mol/mol] 0.022 
c2/c2 + c3 [mol %/mol %] 0.270 
C3/EPR [Wt %] 59.5 
IV/XS [dl/g] 3.64 
MFR [g/10 min] 77 
xs [Wt %] 17.8 

4) 2"‘1 Gas phase reactor 

Reactor-T [° C.] 80 
Pressure [bar] 12 
c2 [Wt %] 20.3 
H2/C2 [mol/mol] 0.28 
c2/c2 + c3 [mol %/mol %] 0.670 
C3/EPR [Wt %] 48.5 
IV/XS [dl/g] 2.81 
MFR [g/10 min] 38.0 
xs [Wt %] 23.2 

[0183] Values for C3/EPR, IV/XS, MFR and XS of the 2'” 
Gas phase reactor product are total values for the ?nal RTPO. 

[0184] Since the IV of the EPR produced in the 2'” Gas 
phase reactor (IV/XS(EPR 2nd GPR)) can not be measured 
directly it has been calculated using the folloWing formula: 

[0185] Where: 
[0186] IVtOmZ is the IV of the fraction soluble in xylene of 

the ?nal composition 
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[0187] Wt0mZ:l00% EPR [the sum of polymer splits for 
the 1S’ and the 2'” gas phase reactor (17%+12.5%:29. 
5%) represents the total of EPR (100% EPR) produced] 

[0188] IVUEPR 1st GPR) is the IV ofthe fraction soluble in 
xylene produced in the 1“ gas phase reactor 

[0189] Wm GPR is the percentage ofEPR produced in the 
1“ gas phase reactor based on 100% EPR [(17%p0Zyme, 
splitfor 1stGPRX100%EPR t0taZ)/29.5% 
1st and 2nd GPR] 

[0190] W2“, GPR is the percentage of EPR produced in the 
2'” gas phase reactor based on 100% EPR [(12.5%P0Zy. 
mersplitfor 2ndGPRX100%EPR t0taZ)/29.5% 
for 1st and 2nd GPR] 

[0191] The IV of the fraction soluble in xylene produced in 
the 2'” gas phase reactor Was therefore 1.68 dl/ g 
[0192] The C3-amount of the EPR produced in the 2'” Gas 
phase reactor (C3/EPR(EPR 2nd 6pm) has been calculated 
accordingly using the following formula: 

sum ofpolymer splitsfor 

sum ofpolymer splits 

[0193] Where: 
[0194] C3/EPRt0m 

?nal composition 
[0195] Wt0mZ:l00% EPR[the sum of polymer splits for 

the 1S’ and the 2'” gas phase reactor (17%+12.5%:29. 
5%) represents the total of EPR (100% EPR) produced] 

[0196] C3/EPR(EPR 1st GPR) is the C3-amount ofthe EPR 
produced in the 1“ gas phase reactor 

[0197] Wm GPR is the percentage ofEPR produced in the 
1“ gas phase reactor based on 100% EPR [(17%P0Zyme, 
splitfor 1stGPRX100%EPR t0mZ)/29.5%Sum ofpolymer splitsfor 
1st and 2nd GPR] 

[0198] W2“, GPR is the percentage of EPR produced in the 
2'” gas phase reactor based on 100% EPR [(12.5%p0Zy. 
mersplitfor 2ndGPRX100%EPR t0taZ)/29.5% 
for 1st and 2nd GPR] 

[0199] The C3 -amount of the EPR produced in the 2'” gas 
phase reactor Was therefore 33.54 Wt % 
[0200] This value complies With datas evaluated by using 
so-called master curves. 

[0201] Such master curves Were generated by determining 
the C3 -amount of an EPR produced in the ?rst gas phase 
reactor of the above described reactor set up using the same 
catalyst system as described above but different C2/C2+C3 
ratios, leading to corresponding C3-amounts in the EPR. 
From these master curves an art skilled person can determine 
the C3 -amount of the EPR produced in the 2'” gas phase 
reactor using a special C2/C2+C3 ratio. 

1 is the C3-amount of the EPR of the 

sum ofpolymer splits 

Example 2 

[0202] In order to shoW the advantageousness of the cata 
lyst system used according to inventive Example 1 in com 
parison to the catalyst system used according to EP 1 600 480 
(ZN104 (commercially available from LyondellBasell), tri 
ethylaluminium as cocatalyst and dicyclopentyldimethoxysi 
lane as external donor) regarding ?nes produced during pro 
duction of the polypropylene matrix, several polypropylene 
matrices With different MFR Were produced in the above 
described plant set up and the amount of ?nes produced in the 
loop reactor Were determined by sieving the polymer poWder 
obtained from the loop reactor. 
[0203] The poWder passing a 0.180 mm screen Was consid 
ered as ?nes. 
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TABLE 1 

MFRpp-matrix Cat. of Example 1/ 
[g/10 min] ZN104/DCDMS DEATES 

50 2.5 Wt% 0.9 Wt% 
100 5.4Wt% 1.2 Wt% 
250 n.a. 1.4 Wt % 

DCDMS dicyclopentyl dimethoxy silane 
DEATES diethylamino triethoxy silane 
n.a. not applicable 

[0204] With the combination of ZN104/DCDMS it Was not 
possible to produce a polypropylene matrix With an MFR of 
above 100 g/ 10 min, especially of 250 g/ 10 min due to the 
high amount of ?nes produced, Which block the reactor. 

Example 3 

Testing of the Base Resin 

[0205] The base resin (RTPO) Was initially obtained in 
poWder form. 
[0206] The resin together With 10 Wt % Tital15 (talc from 
Ankerport) and 0.1% NA11 as Well as 10 Wt % of EG8200 
(elastomer Engage®8200 from DuPont DoW Elastomers) 
Were pelletiZed by feeding the blend to a Prism 24tWin-screW 
extruder (Prism Ltd., Staffordshire, UK). The polymer Was 
extruded through a strand die, cooled and chopped to form 
pellets. 

TABLE 2 

Properties of compounded RTPO 

MFR 230° C./2.16 kg[g/10'] 29.2 
Flexural Modulus [MPa] 1281 
Tensile Modulus [MPa] 1229 
Impact — Charpy NIS(23O C.) [kl/m2] 17.5 
Impact — Charpy NIS(OO C.) [kl/m2] 8.2 
Impact — Charpy NIS(—2OO C.) [kl/m2] 5.5 
Shrinkage longitudinal [%] 0.58 
Shrinkage lateral [%] 0.9 

[0207] Surface Quality (Tigerskin) 
[0208] Plaques of a dimension of210><189><3 mm3, grained 
With VW grain K50, Were produced under folloWing condi 
tions: 

[0209] Melt temperature: 2400 C. 
[0210] Mold temperature: 300 C. 
[0211] Dynamic pressure: 10 bar hydraulic 
[0212] The ?lmgate over the Whole Width had a thickness of 
1.4 mm. 

[0213] With the above mentioned conditions 5 plaques With 
different injection speed Were produced. The test series Were 
done With folloWing screW advance velocities: 

[0214] 10, 20, 42, 60, 75 mm/sec, Where the screW diameter 
Was 50 mm and different injection times of 8, 4, 2, 1.5 and 1 
sec. 

[0215] The produced plaques are judged visually by a tester 
in terms of tigerskin. 
[0216] The tigerskin level Was assessed by a number 
betWeen 1 (no How mark “excellent”) and 5 (a large area of 
How marks, “insu?icient”) according to FIG. 3. 
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TABLE 3 

Tigerskin level: 

Injection time [sec] 1 1.5 2 4 8 

1 1 1 1 1 

[0217] Result: With the RTPO of the present invention no 
How marks could be seen, independently of the test condi 
tions; the surface quality Was in each case excellent. 

1. Reactor grade thermoplastic polyole?ns With high 
?oWability and excellent surface quality comprising 

(A) 40-90 Wt % of a propylene homo- or copolymer matrix 
With an MFR in accordance With ISO 1133 (2300 C., 
2.16 kg load) of 2200 g/10 min and 

(B) 2-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to 
ISO 1628 With decalin as solvent) of 22.8 dl/g and an 
ethylene content of >50 to 80 Wt % and 

(C) 8-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to 
ISO 1628 With decalin as solvent) of 3.0-6.5 dl/ g and a 
propylene content of 50 to 80 Wt %, 

the reactor grade thermoplastic polyole?ns being obtainable 
by a multistage polymerization process With at least 3 poly 
merization steps in the presence of a catalyst system compris 
mg 

(i) a Ziegler-Natta procatalyst Which contains a trans 
esteri?cation product of a loWer alcohol and a phthalic 
ester and 

(ii) an organometallic cocatalyst and 
(iii) external donor represented by the formula 

Wherein R’C and Ry can be the same or different and represent 
a hydrocarbon group having 1 to 12 carbon atoms. 

2. Reactor grade thermoplastic polyole?ns according to 
claim 1, Wherein the propylene matrix (A) is a propylene 
homopolymer. 

3. Reactor grade thermoplastic polyole?ns according to 
claim 1, further comprising 

a) 5 to 15 Wt % based on the Weight of the polymer com 
position of an inorganic ?ller or 

b) 1 to 15 Wt % based on the Weight of the polymer com 
position of an elastomer or 

c) 0.05 to 3 Wt % based on the Weight of the polymer 
composition of alpha-nucleating agents 

or mixtures therefrom. 

4. Reactor grade thermoplastic polyole?ns according to 
claim 1, Wherein the MFR (2300 C., 2.16 kg load) according 
to ISO 1133 of the reactor grade thermoplastic polyole?n is 
above 20 g/ 10 min. 

5. A catalyst system for the production of reactor grade 
thermoplastic polyole?ns in a multistage polymerization pro 
cess With at least 3 polymerization steps, said catalyst system 
comprises 

(i) a Ziegler-Natta procatalyst Which contains a trans-es 
teri?cation product of a loWer alcohol and a phthalic 
ester and 

(ii) an organometallic cocatalyst and 
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(iii) external donor represented by the formula 

Si(OCH2CH3)3(N"Ry) 

Wherein R’C and Ry can be the same or different a represent a 

hydrocarbon group having 1 to 12 carbon atoms, 
said reactor grade thermoplastic polyole?ns have high 
?oWability and excellent surface quality and comprise 

(A) 40-90 Wt % of a propylene homo- or copolymer matrix 
With an MFR2 in accordance With ISO 1133 (2300 C., 
2.16 kg load) of 200 g/10 min and 

(B) 2-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to 
ISO 1628 With decalin as solvent) of 22.8 dl/g and an 
ethylene content of >50 to 80 Wt % and 

(C) 8-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to 
ISO 1628 With decalin as solvent) of3.0-6.5 dl/g and an 
propylene content of 50 to 80 Wt %. 

6. The catalyst system according to claim 5, Wherein the 
procatalyst (i) has been prepared by 

a) reacting a spray crystallized or emulsion solidi?ed 
adduct of MgCl2 and a C l-C2 alcohol With TiCl4 

b) reacting the product of stage a) With a dialkylphthalate of 
formula (I) 

(I) 

Wherein R1‘ and R2‘ are independently at least a C5 alkyl 
under conditions Where a transesteri?cation between 

said C1 to C2 alcohol and said dialkylphthalate of 
formula (I) takes place to form the internal donor 

c) Washing the product of stage b) or 
d) optionally reacting the product of step c) With TiCl4. 
7. The catalyst system according to claim 6, Wherein the 

dialkylphthalate of formula (I) is dioctylphthalate and that the 
C1 to C2 alcohol is ethanol. 

8. The catalyst system according to claim 5, Wherein the 
Ziegler-Natta procatalyst (i) is used in the presence of an 
organometallic cocatalyst (ii) select from the group consist 
ing of trialkylaluminium, dialkyl aluminium chloride and 
alkyl aluminium sesquichloride. 

9. The catalyst system according to claim 8, Wherein the 
cocatalyst is triethylaluminium. 

10. The catalyst system according to claim 5, Wherein the 
Ziegler-Natta procatalyst is used in the presence of diethy 
laminotriethoxysilane as external donor. 

11. Process for producing reactor grade thermoplastic 
polyole?ns With high ?oWability and excellent surface qual 
ity, Wherein the process is a multistage process With at least 3 
polymerization steps in the presence of a catalyst system, said 
process comprises either a combination of one loop and tWo 
or three gas phase reactors or a combination of tWo loops and 
tWo gas phase reactors, said catalyst system comprises 

(i) a Ziegler-Natta procatalyst Which contains a trans-es 
teri?cation product of a loWer alcohol and a phthalic 
ester and 



US 2011/0086970 A1 

(ii) an organometallic cocatalyst and 
(iii) external donor represented by the formula 

Wherein R’C and Ry can be the same or different a represent 
a hydrocarbon group having 1 to 12 carbon atoms, 

and Wherein further said reactor grad thermoplastic poly 
ole?ns comprises 

(A) 40-90 Wt % of a propylene homo- or copolymer matrix 
With an MFR in accordance With ISO 1133 (2300 C., 
2.16 kg load) of 2200 g/10 min and 

(B) 2-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to 
ISO 1628 With decalin as solvent) of 22.8 dl/g and an 
ethylene content of >50 to 80 Wt % and 

(C) 8-30 Wt % of an elastomeric ethylene-propylene 
copolymer having an intrinsic viscosity IV (according to 
ISO 1628 With decalin as solvent) of 3.0-6.5 dl/ g and a 
propylene content of 50 to 80 Wt %. 

12. Process according to claim 11, comprising the steps of: 
producing a polypropylene polymer matrix (A) using the 

catalyst system in at least one slurry reactor 
transferring the slurry reactor product into a gas phase 

reactor 

producing a ?rst ethylene/propylene-copolymer in the 
polymer matrix in the presence of the catalyst system in 
said ?rst gas phase reactor 

transferring the ?rst gas phase reactor product into a 2'” gas 
phase reactor 

producing a second ethylene/propylene-copolymer in the 
polymer matrix in the presence of the catalyst system in 
said 2"d GPR 
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recovering the polymer product for further processing, 
said 1“ and 2'” ethylene/ propylene mixtures having different 
composition ratios, so that a bimodal rubber composition is 
obtained. 

13. Process according to claim 11, comprising the steps of: 
producing a polypropylene polymer matrix (A) using the 

catalyst system in at least one slurry reactor 
transferring the slurry reactor product into a ?rst gas phase 

reactor 
Wherein the slurry reactor product is further polymerized in 

the presence of the catalyst system in said ?rst GPR 
transferring the ?rst GPR product into a 2'” GPR 
producing a ethylene/propylene-copolymer in the polymer 

matrix in the presence of the catalyst system in said 2'” 
GPR 

transferring the 2'” GPR product into a 3rd GPR and pro 
ducing a second ethylene/propylene-copolymer in the 
polymer matrix in the presence of the catalyst system in 
said 3rd GPR and 

recovering the polymer product for further processing, 
said 1“ and 2'” ethylene/ propylene mixtures having different 
ethylene content and intrinsic viscosities, so that a bimodal 
rubber composition is obtained. 

14. The reactor grade thermoplastic polyole?ns With high 
?oWability and excellent surface quality according to claim 1 
used for the production of injection molded articles for auto 
motive parts, Wherein a product produced from said reactor 
Wade thermoplastic polyole?ns is an injection molded auto 
motive part. 

15. Reactor grade thermoplastic polyole?ns according to 
claim 1 used in the production of molded articles, Wherein a 
product produced from said reactor grade thermoplastic poly 
ole?ns is a molded article. 

* * * * * 


