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INTRODUCTION:

A model for propylene polymerization using a single-site catalyst with two states was developed to 
account for regio- and stereoregularity in polypropylene. The 1-2 and 2-1 insertions are modeled as 
two different monomer insertions, where M1 represents the regular 1-2 insertion and M2 the 
irregular 2-1 insertion. Stereoregularity is regulated by the type of active site: C1

* is a stereoregular
site that produces isotactic polymer chains, and C2

* is a non stereospecific site that produces atactic 
polymer chains. Population balances were developed for this model and the method of moments 
was used to predict molecular weight averages. 

SIMULATION RESULTS:
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CONCLUSIONS:
The following polymer properties can be simulated with our preliminary model: number and weight average 
molecular weight, polydispersity index, and soluble fraction. The model is also able to show the effect of 
different donors used in propylene polymerization. Moreover, the model is able to describe the regio and 
stereoregularity of these polymers. We plan to extend our model to account for the presence of several active 
site types and to validate it with literature values for propylene polymerization using different donors. 

ActivationActivation

InitiationInitiation

12
H

k

k
H PDoP

Do

Do

−

+

⎯⎯→←+

PropagationPropagation

Donor D

Atactic

Ti PolymerVacancyMg Cl
Highly isotactic

D

2
2,12

2
2,

2
1,11

2
2,

2
2,12

2
1,

2
1,11

2
1,

22,2

21,2

12,2

11,2

+

+

+

+

⎯⎯ →⎯+

⎯⎯ →⎯+

⎯⎯ →⎯+

⎯⎯ →⎯+

r
k

r

r
k

r

r
k

r

r
k

r

PMP

PMP

PMP

PMP

p

p

p

p

TerminationTermination

1
2,

1
2

1
2,

1
1,

1
2

1
1,

2,1

1,1

rH
k

r

rH
k

r

DPHP

DPHP
tH

tH

+⎯⎯ →⎯+

+⎯⎯ →⎯+

2
2,

2
2

2
2,

2
1,

2
2

2
1,

2,2

1,2

rH
k

r

rH
k

r

DPHP

DPHP
tH

tH

+⎯⎯ →⎯+

+⎯⎯ →⎯+

0 50 100 150 200 250
0

2

4

6

8

10

12

14
x 10

4

Time (min)

M
ol

ec
ul

ar
 W

ei
gh

t (
g/

m
ol

e)

rn @ [H2] =  0 ,45 mole
rw @ [H2] = 0 ,45 mole
rn @ [H2] =  0 ,90 mole
rw @ [H2] = 0 ,90 mole

Effect of [H2] on rn & rw

0 50 100 150 200 250
1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

2.3

2.4

2.5

Time (min)

Po
ly

di
sp

er
si

ty

PD @ [H2] = 0.45 mole
PD @ [H2] = 0.90 mole

Effect of [H2] on PDI

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0
0

0 . 0 2

0 . 0 4

0 . 0 6

0 . 0 8

0 . 1

T i m e  ( m i n )

X
S 

(%
)

X S  @  [ D o ]  =  0 . 0 0 2  m o l e
X S  @  [ D o ]  =  0 . 0 5  m o l e

E f f e c t  o f  [ D o ]  o n  X S

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0
0

0 . 5

1

1 . 5

2

2 . 5
x  1 0

5

T i m e  ( m i n )

M
ol

ec
ul

ar
 W

ei
gh

t (
g/

m
ol

e)

r n  @  [ H 2 ]  =  0 . 4 5  m o l e
r w  @  [ H 2 ]  =  0 . 4 5  m o l e
r n  @  [ H 2 ]  =  0 . 2 2 5  m o l e
r w  @  [ H 2 ]  =  0 . 2 2 5  m o l e

E f f e c t  o f  [ H 2 ]  o n  r n  r w

0 5 0 1 0 0 1 5 0 2 0 0 2 5 0 3 0 0
1 . 5

1 . 6

1 . 7

1 . 8

1 . 9

2

2 . 1

2 . 2

T i m e  ( m i n )

Po
ly

di
sp

er
si

ty

P D  @  [ H 2 ]  =  0 . 4 5  m o l e
P D  @  [ H 2 ]  =  0 . 2 2 5  m o l e

E f f e c t  o f  [ H 2 ]  o n  P D

0 5 0 1 0 0 1 5 0 2 0 0
0

0 . 0 1

0 . 0 2

0 . 0 3

0 . 0 4

0 . 0 5

0 . 0 6

0 . 0 7

0 . 0 8

0 . 0 9

0 . 1

T i m e  ( m i n )

X
S 

(%
)

X S  @  D 1
X S  @  D 2  " b e t t e r  d o n o r "
X S  @  D 2  " w o r s t  d o n o r "

E f f e c t  o f  D o n o r  T y p e  o n  X S

Hydrogen EffectHydrogen Effect

Donor EffectDonor Effect

IP
R 20

07




