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SYNOPSIS 

Using V02+ as a spin probe, a new method to obtain microenvironmental information on 
supports was developed which can be used in the choice of supports for coordination catalysts. 
Utilizing the above method, NaY was chosen as second support component. A complex 
support catalyst VOC13/MgC12/NaY /A12Et3C13 was prepared and used in ethylene-pro- 
pylene copolymerization. Higher polymerization activity was obtained with this catalytic 
system. Alternating the ratio of two kinds of supports, the composition and sequence struc- 
ture of copolymers could be controlled, which showed that NaY participated in the active 
species, affected the insertion of monomer, and changed the composition and sequence 
structure of copolymers. 0 1994 John Wiley & Sons, Inc. 

INTRODUCTION 

Recently, there has been renewed interest directed 
toward the development of third-generation Ziegler- 
Natta (Z-N) catalysts. The main thrust is to de- 
crease MgC12 used in catalyst, to achieve better con- 
trol of sequence distribution, and to improve pro- 
cessibility and physical-mechanical properties of the 
products. One approach to accomplishing the above 
mentioned objective is to develop complex support 
catalysts. In fact, there were various reports of cat- 
alyst systems with complex supports shortly after 
the discoveries of Ziegler and Natta. It has been 
known that MgC12 is an important type of support 
for Z-N catalysts. Several inorganic oxides, such as 
S O 2 ,  A1203, etc., are also used as supports of Z-N 
catalysts due to their large surface areas and good 
morphology. Zeolite, believed to be a compound of 
Si02 and A1203, forms a co-support with MgC12; but 
the character of polymerization and the effect of this 
catalyst composition and its structure on copolymers 
still remain unclear. In this paper, a new method of 
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obtaining microenvironmental information on sup- 
ports was developed and a VOC13/MgC12/NaY/ 
A12Et3C13 complex support catalyst was prepared. 
The copolymerization of ethylene-propylene in the 
presence of VOCl3 /MgC12 / NaY /A12Et3C13 catalytic 
system, the electron spin resonance (ESR) spectra 
of this catalyst, and the composition and sequence 
structure of copolymer were studied. 

EXPERIMENTAL 

Materials: Zeolite (made by Wenzhou Catalystic 
Mill) , MgC12 (from Fushun Institute of Petroleum 
Chemical Engineering), A12Et&13, and VOC13 (from 
Beijing Research Institute of Chemical Industry) 
were used as starting materials to make the catalyst. 
Polymerization-grade ethylene and propylene (from 
Zhen-hai Petroleum Chemical Plant) were purified 
by passing through four 5A molecular sieve columns 
and a hexane solution containing 10 wt % triethyl- 
aluminium to remove residual traces of moisture and 
oxygen. The solvent n -heptane of analytical reagent 
grade was commercially obtained and purified be- 
fore use. 

Preparation of catalyst and polymerization: 
VOC13/MgC12/ NaY catalyst was prepared by the 
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ball-milling method.’ The copolymers of ethylene 
and propylene were prepared using VOC13/MgC12/ 
NaY /A12Et3C13 as catalyst. Copolymerization was 
performed at atmosphere pressure in a 200 ml re- 
action flask provided with a stirrer. In a typical po- 
lymerization, 100 ml of anhydrous heptane was in- 
troduced into the reactor under nitrogen and ther- 
mostated at 20°C. An ethylene-propylene mixture 
with the appropriate composition was rapidly bub- 
bled through the stirred solvent and the catalyst was 
introduced. After polymerization was finished, a so- 
lution of ethanol containing hydrochloric acid was 
injected into the reactor, quenching the polymeriza- 
tion. The resultant polymer was washed several 
times with ethanol and dried in a vacuum oven 
at 60°C. 

Analytical procedures: The composition of co- 
polymers was determined by 13C-NMR on a JEOL 
FX-9OQ spectrometer with hexamethyldisiloxane as 
internal standard. The solutions were prepared in 
o-dichlorobenzene-d up to about 15 wt %. ESR 
spectra were recorded at room temperature on a 
JEOL JES-FEIXG spectrometer under nitrogen. 

RESULTS AND DISCUSSION 

Selection of Zeolite Supports using Spin Probe 

According to the literature, active species-sup- 
ported catalysts using zeolite as support gave very 
low polymerization productivity; for example, 8.8 
X kgPP/gTi.h (TiC13/zeolite), which means 
the active species cannot be directly supported on 
zeolite. To achieve high polymerization productivity 
and to decrease MgC12 used in the catalyst, the fol- 
lowing model support should be available: “active 
species”-MgC12-zeolite. Thus the dispersing ability 
of zeolite is very important for obtaining a catalyst 
with high polymerization activity. In order to choose 
the zeolite, a V 0 2 +  probe method was developed. 
Briefly, the principle of V02+ probe is as follows. 

More than 99% of the natural abundance of V is 
51V and its nuclear moment is 7 / 2 .  Thus, its ex- 
pected hyperfine structure may consist of 8 lines, 
but the anisotropy of the spectrum must be observed 
on a powder sample. Analysis of the complicated 
spectrum was successfully accomplished by using the 
method developed by Hecht and J ~ h n s t o n . ~  The 
spectrum was analyzed using an axial symmetric 
spin Hamiltonian: 4-6 

Line width is very important. Although there are 
various factors affecting the line width of the ESR 
spectrum, the magnetic dipole-dipole interaction in 
this case is reasonably assumed to be the major fac- 
tor. The relationship between AH (half-width) and 
r (the distance to the nearest neighbor) was given 
by the following equation: 

AH a l / r 3  

If the value of AH is determined, the distance to the 
nearest neighbor between V02+ and V 0 2 +  on the 
support and the dispersing ability of the support 
can be estimated. The line width can be determined 
via quantum chemistry treatment and by simulation 
on a computer, choosing the line width as an ad- 
justable parameter. 

) , the intensity func- 
tion is: 

In a powder system ( S  = 

~ / T ( H - H R )  
I’(H) = s2’s P d cos 6 d4 

n=l o o [ a 2 +  ( H - H R ) ~ ] ~  

The simulation spectra can be obtained by treat- 
ing the above equations on a computer. Typical ex- 
perimental ESR spectra and simulated ESR spectra 
are shown in Figures l ( a )  and l ( b ) ,  respectively. 
The results indicate that the dispersing ability in- 
creases in the order of 5A zeolite < 13X zeolite 
N NaY zeolite. This order was also consistent with 
polymerization activity obtained by complex support 
catalysts selecting 5A zeolite, 13X zeolite, or NaY 
zeolite as second component of the support sepa- 
rately. 

Copolymerization and 13C-NMR Spectra of 
Copolymers 

Copolymerization of ethylene and propylene were 
investigated in the presence of the VOC13/MgC12/ 
NaY /A12Et3C13 catalyst. More effective copolymer- 
ization for preparation of EPR was obtained as fol- 
lows: Al/V = 20, t = 20°C, and E / P  = 0.4 - 0.8. 
C3% (propylene-content 5% ) in copolymers is shown 
in Figure 2 as a function of MgC12/NaY in the cat- 
alysts. 

The result is surprising and, so to our knowledge, 
no similar work has been reported in the literature. 
It could be presumed that by reaction between the 
active species and the complex support, new active 
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Figure 1 
B5 ( 13X zeolite) and C5 (Nay  zeolite). 

( a )  experimental and (b)  simulated ESR spectra of samples A5 (5A zeolite), 

sites might be formed with a steric effect on the 
insertion of different monomers. However, the steric 
effect of a complex support catalyst allowing one 
kind of monomer to diffuse more easily toward the 
growing polymer particles and another to do so with 
more difficulty is far from being understood and still 
a challenging research goal. 

The sequence distribution of ethylene-propylene 
copolymers directly affects the processibility and 
physical-mechanical properties of copolymers, and 
there have been many studies concerning sequence 
distribution of EPR copolymers by means of 13C- 

By considering inverted propylene units, utilizing 
all spectrum data, and dividing them into six groups, 
a new computation method based on the first-order 
Markov terpolymerization model was developed. 
The six groups of peaks are: ( 1) S,,, (2)  S,, 
+ Sa6+, ( 3 )  Sap + Ty6+ + T,, + Ts+d+,  ( 4 )  To-,+ 
+ S,, + S,,+ + %+a+, (5)  Too + Sor + S B ~ + ,  ( 6 )  

NMR.7-8 

C 3 % t A  

0 10 20 30 40 50 60 Nay% 

Figure 2 Plot of Nay% (in catalyst) vs. C3% (propyl- 
ene-content % in copolymers) Al/V = 20, t = 20°C, E/ 
P = 0.4. 
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Figure 3 
A12Et3C13. 

13C-NMR spectrum of EPR prepared by VOC13/MgC12 (90% ) / NaY ( 10% ) / 

quence distribution can be calculated. The calculated 
values are very consistent with the observed values, 
which shows that this method ( a )  is applicable to 
polymer both having and not having inverted pro- 
pylene in the chain, and ( b )  not only can be utilized 
for calculating the area of peaks and kinetic param- 
eters rl , r2 but also can avoid the difficulties of sep- 
arating peaks and the errors caused by such diffi- 
culty. A typical 13C-NMR spectrum is shown in Fig- 
ure 3. The typical calculated results for copolymer 
are listed in Tables I, 11, and 111. For comparison, 
the typical calculated results of copolymer prepared 
by the VOC13/MgC12/A12Et3C13 catalytic system are 
also included. 

From the above results it can be seen that the 
reactivity ratio of ethylene for bisupported catalyst 
is greater than for monosupported catalyst; the 
amount of long sequence distribution (length 5 and 
6+)  and the amount of EE + PE diads rises while 
the amount of short sequence distribution (length 
1 and 2 )  and PP + Pq diads declines for bisupported 
catalyst. All these show that the addition of a second 
support component to the catalytic support can 
cause the sequence distribution of copolymers to 

change, which may result from the active species 
states of the bisupported and monosupported cat- 
alysts being different. 

ESR Spectra of Vanadium 

For catalysts based on V, the active species are usu- 
ally trivalent, but V 3+ shows no ESR signal at room 
temperature. Fortunately, V 2f and V 4' are ESR ac- 
tive. Thus ESR could be a logical research tool to 
aid in elucidating the structure of the active sites 
and to obtain some information about active species 
V 3+ through the variations in V '+ and V 4t ESR 
signals. 

There was a signal with A = 106G in the spectrum 
of VOC13 which was similar to that of V 4+.  The V 4+ 

probably resulted from reduced V 5+ subsequently 
being preserved for a long time [see Fig. 4 ( a )  1. Eight 
lines with hyperfine structure A = 60G immediately 
appeared when A12Et3C13 was introduced into 
VOC13(A1/V = 5), which was similar to the spec- 

Table I1 The Percentage of Methylene 
Distribution in the Copolymer Chain 

Table I The Reactivity Ratios of Ethylene (rl) 
and Propylene (r2) 

Catalyst 

VOC13/MgC12/ VOC13/MgC1, (go%)/ 
r AlZEt3C13 NaY (10%)/A12Et3C13 

r1 5.02 5.24 
rz 0.15 0.15 
rl = rz 0.75 0.79 

Catalyst 

VOC13/MgC12/ VoC13/MgC12 (go%)/ 
Length AIZEt3C13 NaY ( 10%)/Al2Et3CI3 

1 26.86 
2 20.24 
3 21.68 
4 8.48 
5 9.32 
6+ 13.42 

24.56 
19.90 
23.33 

7.75 
10.27 
14.28 
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Table I11 
in the Copolymer Chain 

The Percentage of Diad Distribution 

Catalyst 

VOC13/MgC12/ VOC13MgC12 (go%)/ 
Diad A12Et3C13 NaY ( 10%)/A12Et,Cl, 

E E  23.84 
P E  23.10 
EP 35.02 
PP 12.08 
p q  5.90 

23.98 
23.28 
35.85 
11.45 
5.45 

trum of V 2+ reported by Natta' [Fig. 4 ( b )  1 .  Thus, 
A12Et3C13 mainly causes the following transforma- 
tion: 

With the ratio of Al/V increasing, the intensity of 
ESR signals decreased [Fig. 4 (c  ) ] , which suggests 
that ESR-active V continues to transform to ESR- 
inactive V. The result indicates homogeneous va- 

nadium catalysts are sensitive to this reducing agent, 
which may be the reason why homogeneous vana- 
dium catalysts are initially very active, followed by 
rapid decay. 

The ESR spectra of VOC13/MgC12/A12Et3C13 and 
VOC13/MgC12/NaY /A12Et3C13 are shown in Figure 
5, from which it can be seen that supported catalysts 
are insensitive to reducing agent. A possible struc- 
ture for the active species of bisupported catalyst 
may be represented by Figure 6. As drawn in Figure 
6, the support can stabilize the active species, and 
supported catalyst can provide a higher catalytic ef- 
ficiency than the homogeneous catalyst. The differ- 
ence between the ESR spectra of mono- and bi- 
supported catalyst can be attributec' to participation 
of NaY in the active species. 

From this plausible structural model of the bis- 
upported catalyst, the effect on the insertion of a 
different monomer and the sequence distribution in 
the polymer chain can be explained as follows: Owing 
to the steric effect of NaY participating in the active 
species, the insertion of propylene with its larger 
branching group becomes difficult, so that the se- 
quence distribution is altered. In addition, by com- 
paring with the liquid phase ESR spectra of bi- and 
monosupported catalyst [Fig. 5, ( a )  8 and ( b )  81, it 

C 

1 OMT - 

1 OMT 
L 

lOMT ' ' . 
Figure 4 ESR spectra of (a )  VOCl,; (b)  VOC13/A12Et3C13 (Al/V = 5);  ( c )  VOC13/ 
A12Et3C13, (1) Al/V = 10, ( 2 )  Al/V = 20, (3) Al/V = 30. 
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can be found that there was a signal evident for 
monosupported catalyst and no signal for bisup- 
ported catalyst, which indicates that the supporting 
ability of the bisupport is stronger than that of the 
monosupport. This is another advantage of bisup- 
ported catalysts. 

CONCLUSIONS 

By using V 0 2 +  as a spin probe, a new method of 
obtaining microenvironmental information on sup- 
ports was built. Through utilizing this method it 
was found that the dispersing ability of different 
zeolites increases in the order of 5A < 13X = Nay, 
which corresponds to the catalytic efficiency of the 
catalysts when employing them as co-supports. 

A new model for calculating sequence distribution 
and reactivity ratio from 13C-NMR spectrum data 

1 OMT 
A - 

a W 

1 OMT 

Figure 5 ( a )  ESR spectra of VOC13/MgC12/A12Et3C13. 
Al/V: (1) 0; ( 2 )  5; ( 3 )  10; ( 4 )  20; ( 5 )  30; ( 6 )  40; ( 7 )  solid 
phase; ( 8 )  liquid phase; (b)  ESR spectra of VOC13/MgC12/ 
NaY/A12Et3C13. Al/V: ( 1 )  0; ( 2 )  5;  ( 3 )  10; ( 4 )  30; ( 5 )  
40; ( 6 )  50; ( 7 )  solid phase; (8)  liquid phase. 

1 

/I- 

Figure 6 
catalyst. M: monomer; P: polymer. 

A plausible structure model of bisupported 

was developed. The results showed that the reactiv- 
ity ratio of ethylene and the amount of EE + PE 
diads for bisupported catalysts were greater than for 
monosupported catalysts, and the sequence distri- 
bution of copolymers could be altered by addition 
of NaY to monosupported catalysts. 

The bisupported catalysts could stabilize the ac- 
tive species and had stronger supporting ability. A 
plausible active species model for bisupported cat- 
alysts was proposed, which can be used in a rough 
explanation of the steric effect of bisupported cat- 
alysts. 
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