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Study on Kinetics of propylene polym erization
at different tanperatures viaM onte Carlo simulation
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Abstract The elkmentary reactions of popylme polm erizatbn catalyzed by conventional Z ieglexN atia
catalysts w as proposed acooming b the can prehensive view and w ithout consderng the effect of any mmpurity
n hem aterial on popy lene polym erization TheM onte Carb sm uhtion tednique w as employed to investigate
the knetics of propy lene po lym erization in order to detem e the vald ity of the statbnary state assum pton and
the effects of the polymerizatbn tenperature on the polymerization The smulated total anount of active
species w hich only ncreases quickly at the beginning of the polym erization ndicates that he statonay state
assum pton in the studied systan is vald M oreover significant effects of polym erization ten perature on the
po lym erization conversion, and the molecular weight and its distribution were also analyzed The simulated
reaults show that he consum ption rate of propylene ncreases w ith the ncrease of polym erizaton tem peratureg

themaxmum values of the nun ber-average degree of polym erizaton are constant at different po lym erzation

tem peratures how ever the peak appears earlier w ith the h gher tan peraturg as the po lym erizaton ten perature
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ncreases he averagemolecularweight decreases and themolecularw e ght distrbuton changes greatly.
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Polypropylene is a popular hemoplastic polymex

w hich is produced via buk polym erzation in the petro-
leem dhem ical industry. The molecular configuration of
polypropy lene and the characteristics of polymer can be
contw lled by the catalyst and po ymerizatbn m ethod

M oreover other factors such as poymerizatbn cond+
tons can also nflience the indusirial producton The
catalyst influences the rate and the quality of the po k-
met and it is a key factor in industrial production U p
b now the calalystand reacbr for propylene polym er+
zaton have been well developed n ndustry ' I There
are also a series of publicatbns on po ymerizaton con-
ditions™ ™. Based on the conservation equations Zacca
etal ™ presented am odel for propylene polym eriza-
ton to theoreticall analyze he effects of polym eriza-
ton cond itions on the po merizaton Chaves et al 16}
nvestigated the effects of polym erization conditbns on
propy lene po merization expermentally. In shorf past
stud s werem ostly concentrated on the polym erization
itself and the resultant products by means of classic
physical diem istry m ethods How ever little investiga-
ton on the effects of the polymerizatbn conditbns has
been done by m eans of the stochasticmetod
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Durng the last decades the M onte Carlo sinub-
tion has been diow n to be a pow erful stochasticm el
od to mvestigate polym erization kinetics It has been
successfully applied in polym er science to study the
canp lrated polym erization kineticd "', and it has at
tracted m ore and mowe atienton recenth. W ih the hep
of he M onte Carlo smuhton this paper focuses on
the effects of polym erization tem perature on pwopy lene
polymerization catalyzed by the conventional Z ieg kr
N atta cataly st

1 PolymerizatonM echanisn and M onte Carlo
S ulation

Zaccaet al” mvestigated the knetics of pre-
pylene polmerizaton catalyzed by the conventional
7 eglerNatta catalyst A ccoding to he view ofZ acca
et al, the m echanisn proposed for the polmerizaton
is as follow s

Propylene mitiation reactbn
k

N d
C +M —R(1) (D
Propylene propagation reaction
K,
R@{)+M —R(i+ 1) (2)
Chain transferrng to popy kne
K
R(i)+M —P(i)+ R(1) (3)
Chain tansferrng to hydw gen
K

R (i) + H, ——P(i) + C (4)
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Chan trandferring to cocatalyst (A R3)
K

tA «
R(1)+AR;,—P(1)+C (5)
D eactivation reactbn
ky
R(i)+R@G) P>+ )) (6)

Spontaneous deactivation reactbn
K
.

R(i)——P(i)+ C (7)

D eactivation reactbn
k

B
RO+ RGP0+ P() (8)
where C  is the active catalyst sitg M epresents pro-
pylene H, represents hydwgen R (i), R(j) represent
polypropylene chain radicalw ith dhain knghi orj (i,
j= 1,2 ...); P(i), P(j) represent po ypwopylene w ith
chamn kngth i orj (i, j= L 2 ...); kg is the propylene
n itiation rate constant k, is he chan popagaton rate
constant ks is the rate constantof chan transferrng to
cocatalyst (AR;); ky is the rate constant of chain
transferrng to hydwogen k, is the rate constant of
chan tmanderring to propylene ki, is the chan tem ina-
ton mte constant accordng to Eq (6); ke is the chain
term Ination rate constantaccordng to Eq (7); kg is the
chamn tem nation rate constant accod ng o Eq (8).

By them echanisn nvolvedw ith all the elm enta-

ry reactions the kinetrs of propylene polym erization
can be studied through smulaton A ccordng to Refs
A 1l he actve radicals have
The efficiency of nitia-

[1- 3], we assume hat
he san e actvatbn energy,
tor and all the kinetic paraneters of the elm entary re-
actbns are constant in reactons Here we review the
fundamental principles of the M onte Carlo m ethod
briefly, w hich were reported n Refs [7- 9]

First a snall control volume from the reaction
systam contan ng 10" mo kcules is specifed, and we
consider the control volun e containing 10" molecules
as Imol/LL Secondl, we calculate the reaction proba-
bilities of eight elamen taty reactions and the tine n ter
val between wo reactions in the smuhton Finally we
arrange P, P, ..., Py in a confim ed sequence produce
a randan number and detem ine the reaction oder ae-
cordng to a certan Tuk

A 1l the progran sw ere written n C++ language
debugged and executed n a Pentim NV 2.4 GHz per
sonal can puter

2 Results and D iscussion

The values of the knetic rate constants of the
M onte Carlo sinulation are listed n Tah 1 Those pa
ran eters are calculated by k =koexp(—Eo RT), where
Ro, Eo are taken fiom Refs [1- 3]. The other smula-
ton parameters— he nitklmo kcular nunbers of pro-
pylene hydwgen catalyst ( mitiator) and cocatalyst

(A Rs)—are 16°, 2000 2 00Q 1 00Q respectively. The
po lym erization temperatures depend on the smuhton

conditbns
Tah 1 Kmnetic rate constants

Type of consant  k, /(I* (mods)™ ') E_/(k}(gmol)~ 1)

k, /(I (mot 9~ ") 4.97x 10 50 16
k,/(L* (mot 9~ 1) 4.97x 10 50 16
k,, /(I (mot s)™ 1) 6.16x 10’ 50 16
kg /(Is (mot s)~ 1) 4 4x 10° 50 16
ky /(It (mot s)™ 1) 7.04% 107 50 16
ky /(I (mot 5)™ 1) 7.92% 10° 50 16

kp /5! 7.92x 10 50 16
ks /(12 (mot 5)7 1) 7.92% 10° 50 16

U sing the M onte Carlo smu laton at first the rela
tionship betveen the pobmerizatbn tine and the total
anount of R (1) of he studied system was sinulated and
ploted n Fig 1 Fig 1 shows that the total anount of
active species of the systam ncreases n the pernd of 0
to 0. ¥ s and reaches itsmaxmum valie and remans
unchanged after about 0.04 s whid is short enough n
canparison w ith the whole reactbn tines of reaching
heh conversbn So the statbnary state assumption is

valid

5 g
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Fig 1 Sinulated anount of active pecies vs tme at348K

Fig 2 illustrates the tin e-dependent anount of the
propy lene at different polm erization tem peratures The
cuves in F i 2 show that the anount ofmonamer de
creases as the polymerization tine ncreases Itm eans
that the polm erizatbn conversion increases with the
ncrease of polymerization tine Fran Fig 2 we can al
so detem ne that the consunpton rate of the propy lene

Polymerization “
7.7k temperature/K: AN ~

328 ~
—— 338 .,
7.0 + ——- 348

Total amounts of propylene/10°

450 600 750 900
Time/s

0 150 300

Fig 2 S ulated anount of propykne vs tin e at differ

ent tan peratures
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ncreases w ih the ncrease of polymerization tem pera-
turg whichmay be due to the ncrease of the valies of
he k netic rate constants w ith the ncrease of polymert+
zation tem perature

Fig 3 illstrates that the wmlatbnshp between the
polmerization tme and the numberaverage degree of
polm erization at different polym erizatbn temperauires

4r —
B i/ S=Sw=ao
N 74
-Z E 4/'/ Polymerization
g % 2 | ’/,«" Pu temperature/K:
T4 i
g% vHE 338
= 4 —-— 328

0

1 1 1 1 1 ]
0 150 300 450 600 750 900
Time/s
Fig 3 Num beraverage degree of po ym erizaton vs tme

at d ifferen t tem peratures

It is shown from all the curves n Fi 3 that the
nun ber average degree of polymerization ncreases as
he pokmerization tine increases until about400 s The
nun ber average degree of polymerization ncreases up
to its maximum and then decreases a little bit to be-
cane constant Fran Fg 3 we alswo notice that the
maximum values of the numberaverage degree of poly-
merization are constant and their positbns are different
at different temperatures The peak appears earlierwith
he higher tenperaure It means that the tme fran the
minmum value to the maximun valie decreases with
he increase of polymerization temperature A ccowd ng
tok=koexp(— Eo /RT), we can obtan that the valies
of the k netic rate constants ncrease w ith he ncrease
of polym erizatbn tenperature H ow ever the valie of ,
ncreases faster han hat of oher constants listed in
Tah 1, where he valie ofk, is greater han the other
ko Therefore the rate of propylene propagaton ncrea
ses faster camparatively and the peak appears earlier
wih the increase of polym erization tem perature

To ndicate the effects of the polymerizaton ten—
perature on themolecu lar weight in detai] we obtaned
hemolecularweight distribution data at different tan—
peratures via theMonte Carb smulatbn A ccording to
Fr 3 we chose 500 s as the smulaton tme when the
nun ber average degree of the simu lated system is clos-
er to that of a factory n industry. The smulated average
molecular weghts and their polydispersity ndices at
different temperatures are listed n Tah 2 The corre-
spond ng molecu lar w eight d istr bution curves at differ-
ent tem peratures are shown in F i 4

Tah 2 M olecubr w eight and its polydispersity

index at different tan peratures

Tem pera-  Nun ber-average m o-W eigh t-average mo- Po lyd ispersity

ure/K lecular w eight/10°  lecularweight/10° index
328 1 646 40 3. 407 88 2.09 9
338 1 630 46 3. 39380 2.0815
348 1 605 66 3.35776 2.0912
358 1 58753 3.33397 2.100 1
1.5

% 1.0 _:,I Polymerization temperature/K:
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Number-average degee of polymerization/10~*
Fig 4 Weihtfracton vs nunber degree of po ym eriza
ton atdifferent m pertures

Tah 2 shows that the average m olecu hr weight
( the num ber-average m olecu brw eight and hew eight
average molecular weight) decreases a little when the
polymerization tme is 500 s but the polydipersity -
dex mncreases a little as the polymerizaton tem perature
increases From Fig 4 we can obtan hat the higher
the temperature the kss he peak’ svalue Itmeans that
the curve changesmore evenly and itsw ith changes
mote greatly with the increase of polmerization ten—
perature Saq we can detem ne that the molecular
w eigh t disiribution shifts to wider distrbution w ith the
increase of polmerizaton temperaturg namely, the
polymersw ith the higher molecular weight and narre-
werm olecu br weght distrbutbn can be obtained at a
low er polym erizaton temperature This result is sm ilar
to that obtaned by Choi et al U and is attrbuted to
Z eglerNatla catalyst w ith multractive sites In fact
them ult+active sites kad to hew demo kcularweight
distributon. M oreovey w ith the ncrease of polymeriza-
tion tanperaturg he consun pton mie of the popy lene
increases A ccordng ly, the concentmton of the propyt
ene near he active sites decreases w ih the increase of
polym erization temperature A ccodng to Ref [10],
low er concentration of the pwopylene kads to wider
molecularweght distrbution In dort theM onteCarb
sm ulaton show s that the averagemolecularw eight de-
creases yet he molecular w eight distrbution changes
mote broadly with he ncrease of polymerizaton tan—
perature
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3 Conclusion

The M onte Carlo sm ulation w as used to study
the valddity of he statbnary state assumption and the
effects of the po lym erization tem perature on the po b
m erization The sinulated results show that the sta
tbnary state assun ption used n the systam of the pro-
pylene po ym erization is valid For sin ulated po m er
izatbn tine the consun ption rate of popylene ncrea
sesw ith the ncrease of polym erizaton tem perature
Them axim un valies of he nun ber-av erage degree of
polym erizaton are constant at d ifferen t polym erization
ten peratures how ever the peak appears earlier w ith
he higher ten peratur¢ and as the polymerization
tan perature ncreases the average mo kcuhr w eight
decreases and the molecu bhr w eght distrbuton chan-
ges greatly Further study on propy kne polym erization
systan s via the M onte Carb sm ulation is in progress
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