CHAPTER 1V
RESULTS AND DISCUSSION

4.1 The Effects of Solvents

The influence of solvent types was investigated by propylene polymerization
using two different catalyst systems, supported Ziegler-Natta catalyst
(MgCL/TiCly/DEP-TEA)  and_ % in
(Si02/MAO/TMA/rac-Et(Ind); 15). +Seriés , pylene polymerizations were

4 supported  metallocene  catalyst

performed with various types.ofsolvent s oluene, heptane and xylene.

Catalyst” Activity
(kgPP/molM.hr)
Ziegler-Natta 574
Ziegler-Natta 670
Ziegler-Natta 2 Heptane  1.68 532
Ziegler-Nat lene %q%%e hae 60
Metallocene X X (IR R ) 97
Metalloceneq Toluene ¢ 3.08 & 01368
Metallocene Xylene 291 1293

a) Polymerization conditions: Ziegler-Natta: [Ti] =7 x 10° M, Alergay /Ti = 167, 40 °C, 40 Psi, 30 ml,
1.5 hr, metallocene: [Zr] = 5 x 10° M, Almao) /Zr = 2000, 60 °C, 40 psi, 30 ml, 1.5 hr.
b) Ziegler-Natta: MgCly/TiCly/DEP-TEA, metallocene: Si0,/MAO/rac-Et(Ind),ZrCl,-TMA.

Figure 4.1 shows the effect of solvent on the catalytic activity of two types of
catalyst systems. In case of Ziegler-Natta catalyst, the activity of catalyst using

aromatic solvents such as toluene and xylene is higher than those using aliphatic
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solvents such as hexane and heptane. It is due to the better solubility of monomer in
toluene and xylene than that in hexane and heptane[65]. When using metallocene
catalyst, varying types of solvent affect to the activity of catalyst in the same way as
Ziegler-Natta but much stronger. It is not due to only the effect of solubility of
monomer but also the effect of solubility of the catalyst components. Metallocene

catalysts exhibit high solubility in aromatic solvents, such as toluene, due to the

cyclopentadienyl (Cp) rings of these solvents. Low polarity aliphatic hydrocarbons

Ziegler-Natta

1200 @ Metallocene

Activity (kgPP/molM.h’

7 % 8 P— o e

Y |

D

Figure 4.1 C%[a]gltic activity usi%different types of solvent
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polymerization. The result is illustrated in Table 4.2.

The effect of solvent on the isotacticity of polymer was displayed in Figure 4.2.
From Figure 4.2 the isotacticity of polypropylene when using toluene and xylene as
solvents was lower than that using hexane and heptane. It might be the effect of the
solubility of diethylpthalate, internal donor, from catalyst into solvent. The internal

donor that has the structure of aromatic should be better dissolved in aromatic solvent
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than in aliphatic solvents. This assumption was proved by Infrared spectroscopy
analysis of the liquid fraction obtained from the conditions using in polymerization in

the absence of monomer. The IR spectrum was displayed in Figure 4.3.

Table 4.2 Isotactic index of polypropylene by Ziegler-Natta catalyst using

difference types of solvent *

Catalyst” Solvent l’ U %) [mmmm]® Tm®

A\ (%) i
‘\

Ziegler-Natta Hexane. | M 685 152.43

Ziegler-Natta . ‘ﬁ ST 156.43
iegler ‘ —

Ziegler-Natta mﬂ‘t\@t‘ 65.9 156.43

Ziegler-Natta p’ //7&‘&\‘ I n.d.

Metallocene n.d.
Metallocene \\ 969.5 119.55
Metallocene 123.35
Metallocene n.d.

a) Polymerization conditions [Ti] NE 2
b) Ziegler-Natta: MgCl,/TiCl,/DEP-TEA="

¢) Boiling heptane insoluble fraction. o~ = = '

d) Determined by ">C NMR spectroseopy of boiling he ble fraction.
e) Determined by DSC. | ' ¥
f) n.d. = not determined. & H—— - {“

7
ij

iaineng
ﬂ?lrﬁﬂ UHII

Hexane Toluene Heptane Xylene

67,40 °C, 40 Psi, 30 ml, 1.5 hr,

Figure 4.2 Isotactic index of polypropylene by Ziegler-Natta catalyst using different

types of solvent
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From IR spe ’L; f""'""'—;"ﬁ“"""—; dsfwere appeared at 1700

and 1300 cm™'. Tt waS"eiel

2 39] that it represented the

1] | = [
coordination of C=0 and C-O, respectively. The spectrum of liquid fraction using

aromatic solvent; g m ands .at the same positions
observed from tﬂiﬁ:ﬂﬁﬁﬂﬁa ( ZTI iﬂ_l) assigned to the
C=0 and C-O que'cies in dieth_ylpthai'at_e, whereasethe weaker peaks was observed
e} AR SRR BV AR AL
H } ;
Therefore, it can be summarized that diethylpthalate that use for improving the
isotacticity of polymer could be dissolved in aromatic solvent better than in aliphatic

solvent. It resulted in the lower isotacticity of polypropylene when using aromatic

solvent than aliphatic solvent.



57

4.2 The Effect of Potymerization Temperatures

The effect of polymerization temperatures was investigated by propylene
polymerization using two different catalyst system, supported Ziegler-Natta catalyst
(MgCIl/TiCl/DEP) and supported metallocene catalyst (SiO/MAO/TMA/rac-
Et(Ind),ZrCl,). Series of propylene polymerization were performed at different

temperatures in range of 40-70 °C.

4.2.1 The Effect of Po ratures on the Catalytic Activity

S

Table 4.3 and Fige (S Torthe effect of polymerization

temperatures on the cata

Table 4.3 Catalytic activigy a ' Jincrizay erature 2
Catalyst” Activity
(kgPP/molM.hr)
Ziegler-Natta 963
Ziegler-Natta v 985
ZicglorNata d— 60— 305 &) (o3
Ziegler-Natta ‘ 2 661
Metallocene 1+ 40 24 1103
Metalloce‘\:g_%ﬂ%t"-_§%£I_E m elnA S 2492
Metalloce , DY I1 1 @ 3600
Metallocene‘u | 70 ¢ 4.79 o qﬁdz

er 0 ) : ; LAl ﬂ 16 f‘.‘ Psi, lhexane 30 ml,
1.5 hr, metallocene: [Zr] P M, Almao) 2000, 80 psi, toluene 30 ml, 1.5 hr.
b) Ziegler-Natta: MgCl,/TiCly/DEP-TEA, metallocene: SiO,/MAO/rac-Et(Ind),ZrCl,-TMA.

Figure 4.4 shows the variation in catalyst activities for different
polymerization temperatures in the range from 40°C to 70°C, the activity of the

catalyst increased in the range of 40-60 °C and decreased in the range of 60-70 °C.
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In general, the rate of a chemically controlled reaction increases with
temperatures as the rate constant is increased. In Ziegler-Natta catalysis, a widely
accepted mechanism of propagation involves the initial formation of a n-complex of

an olefin with the catalyst metal, followed by chain migratory insertion [60].

At low polymerization temperatures, the 7 -olefin complex is more stable; its

lifetime is longer than the period of insertion. At high temperatures, the complex

. SHEa va i) z "
From figure 4.4, the cu" ets e catalyst is more sensitive to the
ﬁ 7' d’ 1 . .
increasing of polymerization temperature tha iegler-Natta catalyst. It is due

to more formation .'"‘7.'-:6;-'-:i‘.;-'-Iv]i:;I-T-.'J-T;é.;.'.‘.;;‘-;-ii
—— .
)

" that of Ziegler-Natta

catalyst, proposed by V (0 -
: L
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Figure 4.4 Catalytic activity at different polymerization temperature



59

4.2.2 The Effect of Polymerization Temperatures on the Isotacticity of

Polymer

The effect of polymerization temperatures in propylene polymerization using

two catalyst systems, Ziegler-Natta and metallocene, is shown in Table 4.4.

Table 4.4 Isotacticity of polypropylene at different polymerization temperatures *

Catalyst ” [mmmm]® Tm®
(%) e
Ziegler-Natta 71.4 154.31
Ziegler-Natta 61.6 149.79

Ziegler-Natta 151.42
Ziegler-Natta 155.00
Metallocene 129.01
Metallocene 73.6 12777
Metallocene 719 123.85
Metallocene 69.4 119.29

a) Polymerization condition j 167, 80 Psi, hexane 30 ml,
1.5 hr, metallocene: [Zr}="5 12000. 80 psi. toluene 130 ml, 1.5 hr.
b) Ziegler-Natta: MgCl,/TiClj TEA, metall ' 'Et(Ind),ZrCl,-TMA.

¢) Boiling heptane insolubl¢ h’ —
d) Determined by 13C NMR s - eCtroscopy o v [ane i solub@action.
e) Determined by DSC.

As lllustﬂeu Ej&q %6] Ei %ﬁe‘w ‘E}ﬂsﬁfﬁn temperatures lead

to a decrease in%polypropylene 1sotactlclty in temperatures range 40-70 °C using

LN TP NI

due to a (much) larger ratio between the rates of monomer insertion and of chain

epimerization rather than reduced enantioselectivity.

The effect of temperatures on a decrease in the polymer isotacticity was
different when Ziegler-Natta catalyst is used. From Figure 4.5, the %mmmm was
decreased in temperatures ranged 40-50 °C. For MgCl,-supported TiCl, catalysts,

many authors [56] supported the idea of the coexistence of two different isotactic site:
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(I) low stereospecific sites featuring a Cl-vacancy that produce polymers of low
isotacticity, and (2) high isospecific sites with a Lewis base attached that give a highly
isotactic polymer. It is known that the internal Lewis base could be leached out into
the polymerization medium by aluminum alkyl during polymerization [63]. The
effectiveness of the leaching process increase with temperatures. Thus, it is
understandable that the isotactic pentads decreased with increase temperatures.

Temperature ranged 60-70 °C, %mmmm was increased with temperature. It is due to

. NN
3 '14% }}k\\.

60 A -7

50 T J iﬁ “‘EE - '.
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Figure 4.5 Isﬁcﬁ E] ﬂ ﬁoﬁﬁ z,%’lwmﬁrﬁmon temperature

4.3 The Effect of Propylene Pressuré
Po merization of propylene was conducted in 100 ml reactor for 90 minutes
in range of pressure 40-100 psi using Ziegler-Natta and metallocene catalyst systems

and the effect of propylene pressure was investigated.
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4.3.1 The Effect of Propylene Pressures on Catalytic Activity

The effect of propylene pressure on catalytic activity was investigated in

pressure range 40-100 psi. The polymerization results are shown in Table 4.5.

From Figure 4.6, the activity of both catalysts increased almost linearly with

increasing propylene pressure. This is due to an increasing of propylene concentration

ctivity in this pressure range. This behavior was
tion ‘ ylene polymerization has been

Table 4.5 Catalytic actiya | p!'* opy.
Catalyst” I _ T. Activity
b - - : (kgPP/molM.hr)
Ziegler-Natta M; .81 ' 574
Ziegler-Natta 6 _-:"-"J" 742
Ziegler-Natta ,"‘ZL v 963
Ziegler-Natta 1070
Metallocene 1368
Metallocene 17 60 5.9 2477
Metalloceﬂ um ~4 3600
Metallocenig; Y4679

% Polym

o Zlegler

S T e
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4500 | —e— Ziegler-Natta
4000 | —=— Metallocene

:
|

Activity (kgPP/molM.h’
b3
8

95 105

e Tm®

°C)
Ziegler-Natta 152.43
Ziegler-Natta 7 68.6 150.35
Ziegler-Natta™ ‘ V] %w E“ ’] ﬂlﬁ 154.31
Ziegler-N attaq'I 71.0 'Y, 153.43
M@k IRZEY B
Metalfbcene 715 121.45
Metallocene 719 123.85
Metallocene 7.1 125.30

a) Polymerization conditions: Ziegler-Natta: [Ti] = 7 x i M, Alga) /Ti = 167, 40 °C, hexane 30 ml,
1.5 hr, metallocene: [Zr] =5 x 10° M, Almaoy/Zr = 2000, 60 °C, toluene 30 ml, 1.5 hr.

b) Ziegler-Natta: MgCI2/TiCl4/DEP-TEA, metallocene: SiO2/MAO/rac-Et(Ind)2ZrCI2-TMA.

¢) Boiling heptane insoluble fraction.

d) Determined by "°C NMR spectroscopy of boiling heptane insoluble fraction.

e) Determined by DSC.

f) n.d. = not determined
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In case of metallocene catalyst, %mmmm pentad was increased from 68.3% to
71.0% with the increase of propylene pressure in pressure range 40-100 psi. In recent
papers, it has been shown that the stereoselectivity of propylene polymerization
promoted by the class of C;-symmetric group 4 ansa-metallocene catalysts [24] is
actually the result of an interplay of two competing reactions, namely isotactic
monomer polyinsertion and a side process of epimerization of the polymer chain at its

active end. A growing interference ({

latter is responsible for the fade of

stereoselectivity observed for most 1\ ysts with decreasing monomer
s v

concentration. Whereas, %m M. | ylene preparing by Ziegler-

Natta catalyst did not differ _se—much wﬁ range, suggesting that

epimerization of growing polymcucha dly occus egler-Natta catalyst [64].

Jommmm
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—Ziegler-Natta
62 - . —= Metallocene
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Figure 4.7qfsotacticity Of, polryptbpylene at different propyleng pressures
YWIANNIUANRTINGINE

4.4 The Effect of Catalyst Concentrations

The influence of catalyst concentration was investigated by propylene
polymerization using two different catalyst system, supported Ziegler-Natta catalyst
(MgCl/TiClyDEP) and supported metallocene catalyst (SiO,/MAO/TMA/rac-
Et(Ind),ZrCl,). Series of propylene polymerization was performed in 30 ml total

solution for 90 minutes in the range of catalyst concentration 5x10° M to 8x10™ M.
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4.4.1 The Effect of Catalyst Concentration on the Catalytic Activity

The effect of catalyst concentration was observed via propylene
polymerization using catalyst concentration in range of 5x10° M to 8x10° M. The

results are illustrated in Table 4.7 and Figure 4.8.

Figure 4.8 presents the catalyst activity of Ziegler-Natta and metallocene

catalysts that increases with increasing « alyst concentrations in lower catalyst

concentration regime and the activity was shoy c_highest at catalyst concentration

of 6x10° M then decreases in the higher ¢ wtions

Table 4.7 Catalytic acti

Catalyst” ? Activity
, (kgPP/molM.hr)

Ziegler-Natta 429
Ziegler-Natta 584
Ziegler-Natta 574
Ziegler-Natta LB 537
Metallocene; __ Ie=—=—=/ 1368
Metallocene Y ~ 1969‘-
Metallocene 1932
Metall ne e 1329
a) Polymerization copditions 'z #Heg18-Natla b | 0C, 40'psi, Hexane 30 ml, 1.5 hr,

metallocene: Almady/Zr = 2000, 60 °C, 40 1 toluene 30 ml 1 S hr

RS AT

f@The change of catalyst concentration should not result in the different

nature of the active species formed. Only the number of active species should be
increased according to the catalyst concentration. However, the dimerization of the
active metal complexes forming an inactive species which illustrated in equation 4.1
and 4.2 favored at higher catalyst concentration is probably the explanation of this

negative effect [61].
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CIl-I3

Cp2ZrCl, + MAO — > Cp,ZrCICH; + [IIAI‘O]H (4.1)
Cl

2Cp2ZrCICH; —* Cp,Zr(CH;),ZrCp; + 2HCI (4.2)

Inactive species

2200
2000 - —e— Ziegler-Natta
E 1800 - —a— Metallocene
3 1600 \-
=
= 1400
Eo 1200 -
b I(XX) il
Z 80
2 600
400
200
4.5 8 8.5
Figure 4.8; -,'--'----"'-----ﬁ—-u-~‘..«f".‘ centrations
) w
4.4.2 The Effect'of Catalyst Concentration on the sotacticity of Polymer

e SUEANENIWENDL, v s

polymerization using catalyst concenffation in range of 5x10° M @/8x10° M. The

s kA3 S VI TIVIE TR ED

In case of Ziegler-Natta catalyst, the %2mmmm pentad was increased with
increasing catalyst concentrations while, for metallocene catalyst, the %mmmm
pentad of polypropylene did not change with the catalyst concentration range of
5x10° M - 8x10”° M because the increase in Zr concentration did not effect to the
nature of active sites that consistence with Busico [21], founding that the

stereoselectivity of propylene polymerization promoted by C,-symmetric metallocene
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catalyst is practically invariant when changing Zr concentration in the range 5x10° to

5x107° M.

Table 4.8 Isotacticity of polypropylene at different catalyst concentrations

Catalyst” Catalyst Conc. e [mmmm]? Tm®

(x10° M) (%) (%) (°C)
Ziegler-Natta 46.9 152.05
Ziegler-Natta 46.9 e
Ziegler-Natta 68.3 152.43
Ziegler-Natta 71.0 154.31
Metallocene .69 2 119.55
Metallocene 67.8 118.45
Metallocene \ 69.8 118.40
Metallocene % 72.4 120.77

2 Polymerization conditions: Ziegler- .
metallocene: Almaoy/Zr = 20007 608C. 40 p&i ehe 30 m

7, 40 u 40 psi, hexane 30 ml, 1.5 hr,

5 Ziegler-Natta: MgCl,/TiCl,/DEP-TEA, o cne: /MAQO/rac- Et(Ind)ZZrCIZ-TMA

© Boiling hcptane insoluble fractior
9 Determined by °C NMR spectroscopy FE
e) Determined by DSC. -

“insoluble fraction.

% mmmm

ARAINTUURINYINY

20 —o— Ziegler-Natta
10 —&— Metallocene

O I 3 =l T T T T T

4.5 5 2 6 6.5 7 7.5 8

Catalyst concentration (x 10°M)

8.5

Figure 4.9 Isotacticity of polypropylene at different catalyst concentrations
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Table 4.9 Propylene polymerizations using Ziegler-Natta catalyst

Catalyst Systems Yield Insoluble Jommmm of
(kg PP/g Cat) | Fraction (%) insoluble
fraction (%)
1.MgCl,/TiCly/DEP-AIEt; ¥ 0.9 %l1.1. = 68.8 61.6
2.MgCly/TiCly/DIBP-AIEt; ” 3 %X.1. =733 81.7

a) Polymerization Conditions: [Ti] =7 x 10°

b) Polymerization Conditions: 10-20 g

The Ziegler-Natta
that of J. C. Chadwick

insoluble and %mmmm.

Table 4.10 Propylene p

Catalyst Systems

1. SiO/MAO/rac-Et(Ind),ZrCl,-TMA?

2. Si0,/MAO/rac-Et(Ind),ZrCl,-

a) Polymerization Conditi
b) Polymerization Conditi

7, 40°C, 80 psi, hexane, 1.5 hr.

ﬂ Liquid PP,40°C, 1 hr.

ared fo (1) give lower activity than
' opylene has the lower %
1S 1; lyst
& -
-7/
j‘ J%ommmm
| r ‘ (%)
—— 73.6
- "" r
85

, toluene, 1.5 hr.

The metallocene ca&aw using in this thesns (1) give much higher activity than

that of M. R. Rlﬁdﬁ) ﬂﬁ%WﬁﬁTﬂﬁower Y%mmmm.
ammn‘:m URIINYIAY



68

4.5 Polymer Morphology

The morphologies of polypropylene obtained with Ziegler-Natta and
metallocene catalysts using different types of solvent: heptane and toluene, were

observed by scanning electron microscopy technique as shown in Figure 4.10.

T

MBkU xagsooh
e L) oy |

"5

£b)

Ziggler-Natta - metallocerie

Figure 4.10 SEM pictures of polypropylene preparing by Ziegler-Natta and

metallocene catalysts using different types of solvent: heptane (a) and toluene (b)
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The morphologies of polypropylene obtained with Ziegler-Natta and
metallocene catalysts at different catalyst concentrations:5x10”> and 7x10° M were

observed by scanning electron microscopy technique as shown in Figure 4.11.

18 18 38 £

(b) R~ )

Zieglgr-Natta <> o - metallocene

Figure 4.1 1"*‘?1SEM':":'pictures of ':pol'yg‘irop‘yl'ene preparing by ”"‘Z‘ijegler-Natta and
metallocenie catalysts at different catalyst concentrations:5x10™> M (a) and 7x10° M

(b)
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Figure 4.12 shows the morphologies of polypropylene obtained with Ziegler-
Natta and metallocene catalysts at different propylene pressure: 40 psi and 100 psi

observed by scanning electron microscopy technique.

() X : [ : (b)

Ziegler-Natta ‘ metallocene

Figure 412//SEM ‘vrpicthres of Ipolyprepylene | pegparing. /by Zicgler-Natta and

metallocene catalysts at different propylene pressure: 40 psi (a) and 100 psi (b)
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Figure 4.13 shows the morphologies of polypropylene obtained with Ziegler-
Natta and metallocene catalysts at different polymerization temperature: 40 °C and

80°C observed by scanning electron microscopy technique.

1Bwrm

(b) ; | (b)

Ziegle_r-Natta' RIILAL JA 0T métatocene

Figure 4.13,SEM _iﬂicmres» of. polypropyleng p;ep.aring‘ by, Ziegler-Natta and
metalloce‘ng c:ét‘alys’ts‘vat different'polyfetization temperature=40 °C{a) and 80°C (b)

It has been observed that the polymer particles produced by Ziegler-Natta and
metallocene catalysts have a spherical morphology and does not change so much with
polymerization conditions. In most conditions, polymer obtained from metallocene
catalyst has a smaller size than that from Ziegler-Natta catalyst. It due the

fragmentation of metallocene catalyst particles during polymerization.
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