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Abstract

A study of the effect of “trimethylaluminium (TMA)-depleted” methylaluminoxane (MMAQ) and alkylaluminiums on propylene polymerization
at high temperature in the use of a Ti®IgCl,/aromaticdiester-alkoxysilane catalyst has shown that, MMAO was not the actual cocatalyst.
However, at low EJAI/Ti mole ratio addition of MMAO to catalyst improved the catalyst activity and stereospecificity and the catalyst showed a
high proportions of isotactic polypropylene (95%) and high activity with the mixture of MMAO aghll &t 100°C. Addition of MMAO reduced
the molecular weights of isotactic polypropylene (iPP) but had no effect on the crystallinity of the iPPs. The appedgsanodifi€ation in the
iPP obtained with BAI crystallization process implied that the microstructure of iPP obtained wihl Etas different from that of iPP obtained
with i-BuzAl and HexAl at 100°C.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction and alkylation than B®l, was higher than that obtained with
EtsAl.

High-activity MgCh-supported Ziegler—Natta catalysts, in  The use of alkylaluminiums as an activating agent is indis-
which the solid catalyst comprises TiCIMgCl, and elec-  pensable for propylene polymerization with Mg&upported
tron donors, play a dominant role in poly(propylene) (PP)Ziegler—Natta catalysts. Many investigations concerning the
manufacture. It is well known that the industrial polymer- effect of alkylaluminiums on the propylene polymerization with
ization temperature of Mg@lsupported Ziegler—Natta cata- Ziegler—Natta catalyst have been conducted in academic and
lysts are around 65-8C. In recent years, a new supercrit- industrial field§2].
ical olefin polymerization technology was developed, which In our previous communicatiof4], we have reported
needed higher polymerization temperature (more thatC30 that the TiChk/MgCl»/9,9-bis(methoxymethyl)fluorine cata-
for propylene polymerization. However, both the activity andlyst was inactive with “trimethylaluminium (TMA)-depleted”
the stereospecificity of Mg@isupported Ziegler—Natta cat- methylaluminoxane (MMAO) in propylene polymerization.
alysts decease when the polymerization temperature risédethylaluminoxane (MAQO) is a powerful activator for
over 85°C [1,2]. Kojoh et al.[1] and our research group group IV metallocenes in the field of olefin polymeriza-
[3] had reported that in the propylene polymerization withtion catalysis [5-8]. Despite intense interest from both
MgCl,-supported Ziegler—Natta catalysts at 200 the activ- academic and industrial laboratories, the structure and
ity obtained withi-BuzAl, which shows a weaker coordination function of MAO is not well understood[6]. In this

paper, we first reported the Ti{ZMgCly/dibutyl phthalate
(DNBP)-cyclohexyl(methyl)dimethoxysilane (CHMDMS) cat-
* Corresponding authors. alyst showed high proportions of isotactic polypropylene and

E-mail address: zhongchifeng@yahoo.com.cn (C. Zhong). high activity with the mixture of MMAO and Bl at 100°C.
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The influences of the cocatalyst on the results of propylene polyFhe molecular weight of iPP was measured by polymer lab. PL-

merization at 100C were investigated here. GPC220. The weight-average and number-average molecular
weight (M, andM,, respectively) of iPP were calculated on the
2. Experimental part basis of a polystyrene standard calibratib®C NMR spectra
of iPPs were recorded with a Bruker DMX 400 spectrometer
2.1. Preparation of TiCly/MgCly/DNBP catalyst operating at 100.6 MHz, on 10 mg/ml solutions in deuterated

dichlorobenzene at 1. Condition: 10 mm probe; acquisition
The catalyst containing DNBP as the internal donor was pretime, 5 s; relaxation time, 10 s; numbers of scans 588WMR
pared according to rg0]. The content of titanium in the catalyst spectra of MAO and MMAO were recorded with a Bruker av 300

was 2.6 wt.%. spectrometer operating at room temperature. Wide-angle X-ray
diffraction was obtained at room temperature with an automatic
2.2. Preparation of MMAO Philips diffractometer (X'Pert, MPD).

In a typical experiment, 20 ml of MAO (10wt.% as toluene 3, Results and discussion
solution, Witco) were dried under vacuum at room temperature.

The resulting white gel was then heated at8Qunder vacuum 3.7, Effect of MMAO and alkylaluminiums on the catalyst
for 5 h to distillated trimethylaluminium. activity and stereospecificity

2.3. Propylene polymerization Commercial MAO solution contains a high percentage of

trimethylaluminium (30-35%) remaining from its hydrolysis

In a 400 ml reactor previously purged with nitrogen andprocess. ThéH NMR spectrum of MMAO Fig. 1) shows that

propylene, 150 ml anhydrousdecane was added. MMAO was the peak{0.36 ppm) attributed to free TMJ] has been greatly
first added and then the mixture of a prescribed amount of cataeduced. It showed MMAO contained no or very little free TMA.
lyst (30-50 mg) and other components were also added at room The results obtained with MMAO and alkylaluminiums
temperature. The reactor was rapidly raised to desired polyin the propylene polymerization with TigMgClo/DNBP-
merization temperature. Polymerization was carried out undsCHMDMS catalyst system at 10€ were shown irTable 1
pressure in the range 0.11-0.13 MPa. The reaction time was 1 h.was clear that an increase in polymerization temperature led
The polymer was filtered and dried. A sample from the liquidnot only to lower activity of catalyst but also to lower stere-
phase was taken to determine the amount of dissolved polymesspecificity when alkylaluminiums were used as cocatalyst. It

could be due to over reduction of titanium or to reactions of
2.4. Polymer analyses Ti—C bonds with Lewis basg]. At 100°C, the catalyst activ-

ity obtained with either-BuzAl or HexzAl was higher than

Polypropylene was fractionated with boiling heptane by conthat obtained with EAl while isotacticity of PP obtained with

ventional methods. Titanium content of the catalyst was meaeither i-BuzAl or HexzAl was lower than that obtained with
sured on a 722 spectrophotometer. The thermal analysis w&$3Al. With increasing Al/Ti ratio at 100C, both stereospeci-
carried out by means of DSC (Perkin-Elmer DSC-7). The isoficity and activity of the catalyst decreased. It was worth noting
tactic polypropylene sample was heated to 20@and held in  that the catalyst in the presence of the commercial MAO which
the molten state for 5 min to eliminate the influence of thermakontains a high percentage of trimethylaluminium (30-35%)
history. The sample melts was then subsequently quenched sttowed low proportions of isotactic polypropylene at 130as
a rate of 200C/min to reach 125C for isothermal crystalliza- opposed to TiG/MgCl2/9,9-bis(methoxymethyl)fluorine cata-
tion for 30 min. Then the sample was heated &@0nin again.  lyst[4].

06 04 02 00 -02-04 -06 ppm 06 04 02 00 -02 -04 -06  ppm
(1) )
Fig. 1. 'H NMR spectra in toluend-8 of commercial MAO (1) and of MMAO (2) (“TMA-depleted” MAO).
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Table 1

Results of propylene polymerization with MgZTiCl4/DIBP catalyst at 100C?

Run Cocatalyst Activity £1073) (g PP/g Tih) 1.1° (%) AH; (3/g) Melting point {C)
1 EtzAl/Ti=50¢ 9.6 94 97.7 163.7
2 EzAlITi=25 6.2 92 97.2 163.2
3 EAl/Ti=50 6.6 90 99.8 162.4
4 EGAI/Ti=150 4.6 81 96.8 161.4
5 i-BuzAl/Ti=50 12.9 80 89.5 161.0
6 i-BugAl/Ti=150 8.6 77 88.8 161.4
7 HexAl/Ti=50 9.3 65 81.8 159.5
8 HexsAl/Ti =150 7.2 56 81.6 159.7
9 MAOQO/Ti=50 7.2 76 83.4 160.5

10 MMAO =50 < - - -

11 EgAI/Ti=25 MMAO/Ti=50 9.6 94 94.3 161.6

12 EgAI/Ti=25 MMAO/Ti=25 11.0 95 93.4 162.7

13 EgAI/Ti=50 MMAO/Ti=50 7.5 78 95.4 161.0

14 i-BusAl/Ti=50 MMAO/Ti =50 12.0 81 92.9 161.4

15 HexAl/Ti=25 MMAO/Ti=50 11.8 73 84.4 159.9

a Polymerization conditions: propene pressure =0.11-0.13 MPa, catalyst = 30-50 mg, ex-donor: CHMDMS, Al/Si=20.
b |sotacticity index: weight percent of heptane-insoluble fraction.

¢ Polymerization temperature: 7C.

d No polymer was obtained.

It is apparent, as observed from TiMgCl,/9,9-  3.2. Effect of MMAO and alkylaluminiums on polymer
bis(methoxymethyl)fluorine catalyst previousl§], that the properties
TiCl4/MgCl,/DNBP-CHMDMS catalyst had no activity in the
presence of MMAO that contained no or very little free TMA.  Table 2 showed the weight average molecular weight
Additions of alkylaluminiums, such as #&l, i-BuzAl and (M) and molecular weight distribution (MWD) obtained with
HexsAl to MMAO caused high activity. MMAO is not the the corresponding iPP samples (heptane-insoluble fraction of
actual cocatalyst in propylene polymerization. At the samepolypropylene). As shown ifflable 2 with increasing BAI/Ti
time, we observed that in the ethylene polymerization aratio at 100°C, the molecular weights of iPPs obtained with
70°C the TiClk/MgCIl»/9,9-bis(methoxymethyl)fluorine cata- EtsAl dropped fast while those obtained with eithieBusAl or
lyst had very low activity with MMAO and the resultant HexgAl slightly decreased.
polyethylene had low melting point (126.Q). It indicated that MAQO is not efficient transfer agent on propylene polymeriza-
MMAQ is a cocatalyst in the ethylene polymerization. Basedtion with metalloceng7]. It is well known that in the absence of
on the results obtained from metallocene cataljsts,10-13]  hydrogen and under normal polymerization conditions, trans-
we propose that alkylation reaction of TiCWith MMAO fer with monomer is the most important chain termination
takes place but a tight ion pair between MMAQO and tita-process in propylene polymerization with heterogeneous cat-
nium species that is inefficient for the activation of propy-alysts and chain transfer with the cocatalyst plays a secondary
lene polymerization was formed when only MMAO was addedrole [7]. However, chain transfer with the cocatalyst played a
[4]. primary role in our experiments because the concentration of
It is interesting that at BAI/Ti mole ratio 25 addition of
MMAO caused an increase in the catalyst activity and sterefable 2
ospecificity at 100C (Run 12), which were even higher than GPC and DSC results of propylene polymerization with cocatalysts &d00
those Obtain W|th %ta\l at 70°C (Run 1) HOWeVer, at 5A|/TI Cocatalyst My, (X1(r3) (g/mol) MyIMy
mole ratio 50 addition of MMAO caused a decrease in the cat

alyst stereospecificity. At low HgAl/Ti addition of MMAO Ezﬁ:g::igo igg 2;
also caused an increase in the catalyst activity and stereospegi;ari=50 MMAO/Ti =50 154 45
ficity at 100°C. At i-BuzAl/Ti mole ratio 50 addition of MMAO  EtAl/Ti =25 MMAO/Ti= 25 358 5.5
had almost no effect on the catalyst activity and stereospecEtAllTi =25 MMAO/Ti=50 234 4.5
ficity at 100°C. Since MMAQ is not the actual cocatalyst, one EBAI/Ti=5MMAO/Ti=50 B 4.3
possible function of MMAO in the catalyst system is that the;:gzzﬁ:g::igo 32? i'g
presence of MMAO can stabilize the active sites or avoid con;_g.ajTi =50 MMAO/Ti = 50 268 41
tamination by poisons accidentally present in the system wheRex;Al/Ti =50 331 41
triethylaluminium concentration is low. High triethylaluminium HexAl/Ti=150 288 4.0
concentration could lead to rapid decay of polymerization raté!exsAl/Ti=5 MMAO/Ti =50 545 4.5

HexgAl/Ti =25 MMAO/Ti =50 275 3.7

at high temperature.
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40+ Table 3
/'/—’/L Steric pentad composition of iPPs
Run 14
un Run mmmm mmmr rmmr mmrr mmrnrmrm rrer-rrrm-oomrrm
Run 5 +rmrr
201 //’/*"Jw 2 99 28 03 17 08 0 05 04 06
5 ,,,,_/—/-/m 4 912 35 04 18 12 02 05 05 07
8 Run 11 11 916 3.0 01 25 08 0 04 06 10
c
w 0 Run 2
M of fusion (A Hr) was showed iTable 1 The iPPs obtained with
‘ T T . . 1 EtzAl at 100°C exhibited bimodal peaks, and one was in the
120 130 140 150 160 170 180 o i S
) vicinity of 160°C and the other was in the vicinity of 15Q.
Temperature (°C) The iPP obtained with the commercial MAO containing a high
Fig. 2. Comparison of melting curves subsequent to crystallization ata25 percentage of TMA (30-35%) also exhibited bimodal peaks
heating rate is 10C/min. (Run 9). In contrast, the iPPs obtained with eith@®uzAl or

HexsAl had very small peak or no peak in the vicinity of 150D.
cocatalyst was much higher than that in normal polymerizatiorAddition of MMAO to the alkylaluminium had no effect on the
conditions. crystallinity of the polypropylene, as reported previoudl

It was worth noting that at the same ratio of/Rto Ti addi- The'3C NMR analysis was then conducted to obtain informa-
tion of MMAO reduced the molecular weight of iPP. One of tion on the microstructure of the present samples obtained with
the probable interpretations of it was that Me—R (B8, Hex)  EtzAl. The pentad distributions of these iPPs, which are calcu-
exchange reaction would take place when MMAO was added téated from the methyl region resonance, are listedable 3
alkylaluminium at 100C and in fact some of the cocatalyst was As shown inTable 3 the [mmmm] pentad content of the iPPs
MeR2Al, which may be a more efficient chain transfer agent. decreased with increasing #&/Ti ratio at 100°C. The addi-

Fig. 2shows the melting curves for iPP samples after isothertion of MMAO also caused the [mmmm] pentad content slightly
mal crystallization at 125C. The melting point and the enthalpy lower.

Run 11
* v v ) | - | L T
ppm 45 40 35 30 25 20 15
Run 4
1 ] R ]
f » + T A T
ppm 45 40 1 35 30 25 20 15
' | Run 2
ot ¥ = el » ]
ppm 45 40 35 30 25 20 15

Fig. 3. 13C NMR spectra of the iPP samples.
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The 13C NMR spectra of iPPs of Runs 2, 4 and 11 wereFig. 4, the iPPs obtained with BAl (Runs 3 and 13) at 100C
shown inFig. 3. The spectrum of Run 4 showed a number ofexhibited the characteristic peak at"M@hile this phenomenon
smallirregular peaks. The samples that contained ethylene uniter the iPP obtained with eithe¥BusAl (Runs 5 and 14) or
would show the peak (38.0 ppryy-CHy), the peak (31.0 ppm, HexsAl (Runs 7 and 15) cannot be distinguished. Obviously,
B3-CH) and the peak (24.6 pprBS-CH,) in the correct 2:2:1  the WAXD results were in agreement with the DSC aforemen-
integral ratio[1,14]. Investigation of Kojoh et al[1] and our tioned observation. The formation pfmodification is closely
group[14] showed that the ethylene arose from the degradatiofelated to the intrinsic polymer characteristics, i.e., the isotactic
of EtzAl at 100°C. It was clear that at EAI/Ti mole ratio 150  sequence length of the component with certain molecular chain
(Run 4) the iPP contained ethylene unit (0.1%, mol%), whilelengths and distribution of stereo- and regioreguldig;20] It
at EGAI/Ti mole ratio 25 (Run 2), the iPP contained scarcely implied that the microstructure of iPP obtained withAtwas
ethylene unit. As shown ifiig. 2, both Runs 4 and 2 exhibited different from that of iPP obtained withBusAl and HexAl at
bimodal endothermic peak. It implied that the peak of 160 100°C. The correlation between the formationmodifica-
showed in DSC was not the result of ethylene Copo|ymerizati0nt_i0n and microstructure characteristics of molecular chains is in
We suggested the bimodal melting behavior could arise fronfProgress.
tacticity effects.

. Inves;.ti'gatio.ns of Terano and co—workers sgggested Fh_at the  Conclusions
isospecific active sites produced by various trialkylaluminiums

are identical, but the number and the ratio of active sites are |, this paper, we have reported that the Fi®1gCl,/DNBP-

Qifferent [15]. It implied fchat th.e di_fference qf .these isotac- cHMDMS catalyst had no activity in the presence of MMAO
tic poly(propylene)s obtained with trialkylaluminiums could be containing no or very little free TMA in propylene polymeriza-

only explained by the difference of external donors existed in th‘ﬁon. Additions of alkylaluminiums, such as424, i-BuzAl and
polymerization system. Investigations of Sacchi ef8] and HexsAl to MMAO caused high activity. MMAO was not the
Terano and co-workefd7] showed that the number of alkoxy 5.5 cocatalyst in propylene polymerization. However, at low
groups attached to a silane atom CC_’L_”(_j play an important role 453 Al/Ti mole ratio additions of MMAO improved the activity

a critical parameter for stereospecificity of the cataly_st and the 4 stereospecificity of the catalyst at 2@and the catalyst
presence of more alkoxy groups made the alkoxy silane morg,yed a high proportions of isotactic polypropylene and high
effective in selecting poisoning. Investigations of Vahasarja e&ctivity with the mixture of MMAO and BAl at 100°C. Addi-

al. [13] had illustrated that the complexation of sily_l ether andion of MMAO reduced the molecular weight of iPPs but had no
EtsAlis unstable and the complex undergoes alkylation a5  oftact on the crystallinity of the iPPs. The appearand iwiod-

Therefore, the resultant silyl ether-s&t complexes could have ification in the iPP obtained with BAI crystallization process
an influence on stereospecificity of the catalyst atlDwhich i sjieq that the microstructure of iPP obtained with/Atwas

resulted in iPP produced of different distribution of isospeci-yifterent from that of iPP obtained WithBuzAl and HexAl
ficity. The complex of silyl ether and either Hgx or i-BusAl at 100°C.

may be stabler than that of silyl ether and eithebr MezAl.
The results of WAXD for these iPPs are displayedrig. 4,
and these results were obtained under the same experimenRgferences
conditions: the samples first was immersed in a silicone oil bath
aF 200°C for 6 min, and then.quickly turned tolar'lothersilicone (2] P.C. Barbe, G. Cecchin, L. Noristi, Adv. Polym. Sci. 81 (1987) 1
oil hot ba_lth at 125C for 30m|n The chara_ctenstlc peak at°1_6 [3] C.F. Zhoné’ M.Z. Gao" B.Q. Ma'o, J. Appl. Polym. Sci. 90 (2003)
was attributed tq3 modification (300) of iPP. As showed in 3980.
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