CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Preliminary Study of Catalyst Support Preparation
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4.1.1 Effect of Temperature on Reaction of Mg(OC,H,), with TiCl,

The high activity Z/N catalysts were prepared according to U.S. Patent number
5,648,903.[4] Catalyst support was firstly prepared by reaction of Mg(OC,H,), with
TiCl,. After addition of dropwisc TiCl, to suspension of Mg(OC,H,), at 85 °C with
stirring rate at 350 rpm, milky white fine particle was resulted in the first hour. Further

addition, particles slightly turned to yellow Catalyst support was then washed titanium

lyst support was analyzed as total

reactmg with TEA at Ti/TEA

mole ratio of two, supported catalyst had brown to black color were

3Mg(OC,H,), + 2TiCl, @.1)

TiCI(OC,H,),+ TiCl, ,+ TICLOC,H)  (4.2)

4.3)

i

TiCL(OC,H),+ TiC[) =

The first step, uation 4.1, has exothermic ch eristic."” In this study,
temperature o re ﬁl le At 80 °C and 350 rpm,
coarse pamclﬁu mﬁﬁmﬂ ‘ir ethylene slurry
polymerizati se probabl qo the_incompiete reactlon causéd by too low
reactx(ﬂ ﬁ’la ﬁlﬁ i l;&lliﬂ f] f] a EI
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Table 4.1 Conditions of catalyst support preparation and their characteristic

Entry No.  Reaction temperature ~ Stirring rate Catalyst support
(®) (rpm)
1 80 350 Coarse
2" 85 350 Very fine
3 90 350 Fine and heavy
- 85 ' Coarse
5° 8 Fine, heavy and coarse
6 Too fine

* Dropwise of TiC

® One portion additi®

At 85 °C and 350 | ‘ formed. It was found that

this catalyst support was he F\ vent. Therefore it could be

suitable for ethylene slurry polymerization (B X , Table 4.1). At 90 °C and 350
rpm, the mixture of fine and heavy g e formed. This probably was caused

= i ..'g-"

= T

by the rapid reaction“bet: was difficult to deal with

because they easily -"-f’_, : g 1¢ reaction of TiCl, with

ethanol that inherent irygg(OC2 1), catalyzed by HCI as @wn in equations 4.4, 4.5

" fugineninenns
AN SO THEA A e

TiCl, + HQl ~  ——— > H,TiCl, 4.6)
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Mild condition should be done because equation 4.4 is simple to happen while
TiCl, is alcohol or moisture sensitive. The by-product of this reaction is HCI that
accelerates the reaction in equation 4.5 and generates C,H;OH. High concentration of
HCl in reactor will enhance both reactions. Therefore, more H,TiCl; complex that is
inactive for ethylene slurry polymerization will be formed (Entry No 3, Table 4.1).

Accordingly, hydrochloric acid is must be suppressed. Consequently, the suitable

4.1.2 Effect ofsw Reacti C,H,), with TiCl,
7 |

Generally, in heterggencet // em, the appearance of catalyst support was
effected by the dispersioafof Ma(OO
lead to the formation of fiaé pz

Sittry N 4/ Table 4.1), catalyst support was coarse

Sl
34 ‘T' | ‘»
T
(OC,Hy), was also observeds Such'particlesieould mot be analyzed and used for

study. At stirring rate of 100 rp h

because of the incompleéte re ctid b

ethylene slurry pol i At sti ity No. 6, Table 4.1), the
particle were too fine a.g difficu own during w@ing and separation steps.

This could be eﬁlained by the fluid-solid reaction modelsm], the progress-conversion

chotedchrednah s sibbods B 11 ]

i

ARIAN TN INAE

model and the




41

initia!
unrescied
particle

b
@

fure

(A)

irtisl
unreacted
particte

Carticle uhninks
with tuve tnaly (B)

dSIRGEATInE,

Figure 4.1 The flyid=so gaction 'Q‘n els; the progress-conversion model (A)

and the unreacted core mg

a2 i

% ‘.\'

le. Solid particles remain

unchanged in size. On the confrary,4n'the un =d core model reaction occurs first at
e
the outer skin of the particle. The zene o

mi”ﬂ‘
continuously and progressively -thioughon

The progressive-gon hat solid is converted

n moves into the solid and may leave

behind completely co _§ ns that at low stirring

rate of 100 rpm, unteac 1': pletely happened and

unreacted Mg(OCsz)Emain d, wh sccurred comple ely of high stirring rate.

Consequently, ET: ﬁaﬁsﬁ%mﬁoﬁa?ﬁpﬁ%rﬁm‘%m was 350 rpm.
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4.1.3 Effect of Addition Rate of TiCl,

High sensitive characteristic of TiCl, leads to complexity of reaction."”
Normally, fine particle precipitates if the rate of reaction is slow. As discussed in
Section 4.1.1, TiCl, concentration in the reaction must be considered which can be

controlled by rate of addition. Addition of TiCl, is attempted by either adding in one

portion or dropwise. Fine, heavy and coarse particles were resulted when one portion

Only Entries No. 2, 3 an' c en for analysis as described in Section

- "‘l
3.4.2. After reacting \ﬁh TEA, Zfﬁ:’"cftal : T the catalyst was used
polycthylene from each

polymerization was m}ure and g 'resul@ showed that supported

catalyst, Entry No. 3, Tablg 4.1 had activity legs than 20 kg PExg " Tixh™. It should be

s o o A ) s e e

up production. Therefore such conditign was not appropriate. For Entgies No. 2 and 6,

o B R 3 Vbl b

No. 6 was too fine particle and could create problem in drying step during production.

Accordingly, most suitable catalyst support preparation condition was Entry No. 2.
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4.2 Z/N Catalyst for Low Molecular Weight HDPE

4.2.1 Variation of TiCl, and Mg(OC,H,), ratio

Knowing that only a few percentage of the titanium atoms taking part of the
catalyst composition are effectively active sites, a reduction in the amount of titanium
might not lead to a drastic number of active sites.”"" On the other hand, the decreasing

of titanium compound on support discloses high activity active sites. Titanium content

of catalyst could be decreased by usi [iCl, as shown in Equations 4.1, 4.2

.33 time of Mg(OC,H;),. The

e — )
Wuld be converted to TiCl,
9

"-. ( aliphatic hydrocarbon[ The

and 4.3. In theory, the comp
ethoxy titanium chloride
(OC,H,) and which was regae
reaction of TiCl, and Mg the condition of Entry No. 2,
Table 4.1. The TiCl, tre 1 R2, R3, R4 and RY).

Different titanium content g ere resulted as exhibited in

\\\
\ |

Table 4.2. When TiCl; in nt on catalyst support was

obtained.

ﬂuﬂqwﬂmﬁwa”ﬂi
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Table 4.2 The influence of TiCl,/Mg(OC,H,), and properties of resulted HDPE

Catalyst  [TiCl)/[Mg(OC,Hy),] [Til/[Mg] Average activity on MFI,
polymerization (g/10 min)
(g PExg'TixhY
R1 1.3 0.280 612183 20.3

R2 2.0 0.103 246.8 £16.3 19.7

R3 2.5 356.9+244 19.0

R4 3.0 537.1+£120.9 18.9

RS 4.0

0975 676.0 £199.2 15.0

It should be noted - g (.on “cats yst support was rapidly
decreased when [TiCl,)/ ] i - reased from ‘*\' 1 to 2.0, R2 as shown in
Table 4.2. This is attfib ioh o ie, most chlorocthoxytitanium
compound on outer surface ippoits However, the increase in TiCl, did not

’ A\
strongly affect on titaniu alyst u , R3, R4 and RS. Figure 4.2

|
showed this phenomenon.
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Figure 4.2 Variation of TiCl, concentration effected on titanium content on

catalyst support
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However, the most appropriate catalyst support for producing low molecular
weight HDPE, activity on polymerization and melt flow index of HDPE should be

considered.

4.2.2 Influence of Catalyst Composition on Catalyst Activity
R1, R2, R3, R4 and RS were individually reacted with TEA and then they used

_ ity of catalyst was increased from
61.2 10 676.0 kg PExg " Ti i i o catalvst was reduced from
0.280 to 0.075 when the v : f i ' /08 3 T reased That means excess
TiCl, reacts with all titani lex i1z shown in Equation 4.1 to
4.3 to the final TiCl,(O( | 10 \ 2 lyst by washing with hot
aliphatic hydrocarbon. ‘ ion of less activity active site
catalyst. Figure 4.2 demonstrated -~q of : uﬁl content of catalyst support on

their activity.

-1

-1

%mol Ti*h")
-
af)

(kg
[

o2

Ae¢

[Til/[Mg]
Figure 4.3 Effect of titanium content of catalyst support on its activity
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These results indicated that chloroethoxytitanium eliminated from catalyst
support has low activity while other titanium compound on catalyst support show high
activity. However, their high activity R4 and R5 (Table C1, Appendix C) induced the
fluctuated results because it could easily react with hydrogen or impurity present in the

reaction. Therefore, R3 gave high and reasonable activity.

Most consideration ia_physic opetues _of HDPE is MFI, value, which

) , ,_7
correlates to its molecularweight and rhet w.z.z, HDPE from ethylene
slurry polymerization is pg ikKe! MFI, of 1DPE res: ilted from R1 to R3 catalysts

were in the range of 190 0.3 g/} 1 n indica e low molecular weight of
: with low titanium content
ENR 0 the one with high titanium

aches constant. Consequently,

5,
1
these catalyst preparation cong ion nitable fo oducing low molecular weight
b (AT |
HDPE. However, HDPE resulte from -..-. R2 and R3 catalysts showed the

- LIRS
similar MFI and could be wone.

ﬂUH?ﬂHﬂiWH’ﬂi‘
ammnimumwmé’ﬂ
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4.3 Z/N Catalyst for Producing High Molecular Weight HDPE

As revealed in Section 4.2, the most appropriate ratio of TiCl,/Mg(OC,H,), for
producing low molecular weight HDPE was 2.5. Since it gave high catalyst activity
and more reliable, it was thus taken for further modification to be the catalyst for
producing high molecular weight HDPE. Bosowska had discovered that the Z/N

catalyst containing higher [Ti]/[Mg] gave higher molecular weight HDPE. Therefore

this study has been designed in order e the titanium content on catalyst

supportt.

4.3.1 Thermal Trea

mperature during addition

\&‘\ er complete addition of

TiCl, might enable chemiSorptior o ‘@ im oOn \- t support. Therefore, the

In section4.1.1, i
of TiCl, was at 85 °C. [
reaction, Entry No. 2, was rgpea h the one after thermal treatment
: h different catalyst support

without washing of suspemSion.*Fig

preparation.

ﬂ‘L!EI’J‘VIEW]‘iWH”ﬂ‘i
QW’WMﬂiﬁUNW’TJVEﬂﬂH
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Mg(OCoHS)o in aliphatic Mg(OC,HS)1 in aliphatic
hydrocarbon hydrocarbon

1) Heat to 85 °C 1) Heat to 85 °C

i
|
|
!
v

| 2) Dropwise of TiCl4 in5h 2) Dropwise of TiC14 in5h
\/
Suspension Suspension 1
Wash by aliphatic
hydrocarbon at 70 i 1) Heat t0 120 °C
o S— = 2) Dropwise of T1Cl4 in5h
y mmoll f"
' v Suspension 2
Catalyst support
(Entry No. 2) Wash by aliphatic
hydrocarbon at 70 °C until

titanium content less than 10

mmol/l

v

\ L
atalyst support

y No. 2 After pass thermal treatment)

Figure 4.4 ﬂy} nfry No. 2 compared with

catalyst support preparﬂm by mod ry No. 2 m thermal treatment

i b L 0D INGAR T s

was increased from 0.17 to 0.58 molaf ratios with magnesium as showa in Table 4.3.

ater bl o Skl SRLITULN AL e

slurry polymerlzatlon Higher activity of Entry No. 2 was obtained indeed.
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Table 4.3 Comparison of titanium content of catalyst support by variation of

titanium concentration in aliphatic hydrocarbon before washing

Supported catalyst [Ti}/[Mg]  Average activity of supported
catalyst
(kg PEx g 'Tixh")
Entry No. 2 0.17 356.9
Entry No. 2 62.3
after thermal treatm
These results exhibi Sing'in i .can improve chemisorption
efficiency. High titaniu ion-1m me pension 1 could enhance
titanium content of su yst "I; er, it does not mean that
highest titanium content i N yS could 18ad to lowest molecular weight of
HDPE. Therefore, the mo ' + - washin e. efore thermal treatment was
varied foy preparation of Z ate ; i for producing low molecular
weight of HDPE
4.3.2 Effect t‘\" on Titanium Content

of Catalyst Support j

It was f ﬂ cat rt could be obtained
by thermal tr ﬁh ﬁﬂm mg plﬁ supported catalyst
showe wer activi ﬁ z ut | treatment.
It me’h ﬁﬂ] ﬁ’lg ﬁlﬂ?ﬁ ilﬁiﬁ'hiﬁ ﬂﬂl‘ﬁﬂf titanium
compound in supernatant before thermal treatment was investigated. This was
performed by washing the resulted reaction mixture (suspension 1) with hot aliphatic

hvdrocarbon * The number of washing was varied 1-8 times. The analysis of titanium

content in supernatant and [Ti]/[Mg] in catalyst support, Table 4.4, indicated that
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higher titanium content in catalyst support resulted when titanium content in

supernatant was high.

Table 4.4 Variation of the number of washing and titanium content in

supernatant and support

Catalyst [Ti] in supernatant [Ti)/[Mg]

in catalyst support

This was probably attri --1';-—-e—f,5 ailability of titanium compound in
supernatant and its absorption was enhanced by heating at 120 °C. However, Figure
4.4 explained that the hi support was achieved at the

concentration of supexaatz A

:
J , U

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂ’ﬂi
RIAINT U INNE
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Figure 4.5 Effc iganitm ( ._ lion in supernatant on titanium content

4.3.3 Conversion o§Ti(IV) [ rted Catalyst

It has been known tha ...'.'..‘v mo ' eig |t HDPE resulted from ethylene
polymerization using Z/N cataly . s on the Qxidation state of titanium. Ti(III)
lead to high mole Ie . . ide dower molecular weight
HDPE. Therefore, hﬁlﬂ—r «‘.*’ ed for producing high
molecular weight HDQ Table 2.4 clearly demonstrated mt high molecular weight
HDPE could be obtame( fiom Tlﬁﬁ allsamples. Therefore, catalyst support,

Section 4.3.2 ﬁ d’J ml lﬁm ’1£<] ﬁwnth TEA, at room

temperature and 120 ° respectlvel for 2 hours&Table 4.5 shows/that at higher

tempe:ﬂ. ﬁﬂ a geﬂeﬁlm mgr]o’} mznls:lpa EJatalyst was

obtamed
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Table 4.5 Percentage of Ti(III) in supported catalyst for producing high molecular

weight HDPE

Catalyst Percentage of Ti(III) in supported catalyst

Redox reaction at room temperature  Redox reaction at 120 °C

(RT) (HT)
W0 51.75 65.10
w1 44.90 ”- | 6120
w2 263 o 52.10
w3 A5, ] e 6407
Tl T

w10 M‘Z&k\\\\‘ 52.55

From Table 4.5,

higher efficiency than at room
temperature for all cases. pfoducing high molecular
weight HDPE should be prep d ---------- dox

4.3.4 Effect of' C Tlieir Activity
After redox reactic ' J Z/N catalyst was used

for ethylene slurry polymenzatlon as described in Section ﬂ 2. Table 4.6 reveals that

lower titanium ﬁnﬁ og ?iwag% %ﬂwcgt;]ogﬁ ﬁmed catalyst,
q W’lﬁ\‘mﬁm URINYIAY
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Table 4.6 Catalyst activity of supported catalyst for producing high molecular weight

HDPE
Catalyst  [Ti}/[Mg] Average activity of supported catalyst (kg PE x g’lTi xh')
in catalyst  Redox reaction at room temperature ~ Redox reaction at 120 i &
support (RT) (HT)
Wo0 0.56 62.3 82.6
Wl 0.57 58.6
W2 0.42 86.3
W3 0.28 0.7

w4 0.20 109.6

w0 ////;\\\\\\ -

- 4 -‘ : I.“‘ﬁ
Highest catalyst agtivity aé“ il '.. 1 both case, redox reactions at room
ﬂ\l -d F |

temperature and 120 °C, of W 1( t wh le'i C s 0.08 molar ratios of [Ti]/[Mg].
These results confirmed that gita .:;aa;.::; hat adhered on catalyst support had
less activity. Although WIOHT — 9"-‘;‘- d. highest catalyst activity but MFI,
should be considered & ;

:'

of Titanium Oxidation State wm Melt Flow Index

4.3.5 Relatlon
As disc reactions between
titanium in ca@uﬁﬁﬁﬂ ﬁ?fﬁﬂ ﬂﬁrﬁmentage of Ti(IID)
than at ro tur fo tigation of
the rel%xﬁwiiaﬁﬂrgm;ﬂfﬁ ﬁﬁﬁ Eii'il ﬁﬁwth redox

reaction at 120 °C, lower MFIL of HDPE was obtained comparing to the one with

redox reaction at 120 °C.
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Table 4.7 MFL of HDPE from supported catalyst for producing high molecular weight

HDPE that obtained from different preparation condition

Catalyst Average MFI (g/10 min)

Redox reaction at room temperature ~ Redox reaction at 120 °C
(RT) (HT)
Wwo0 12.6 13

W1 11.7

W2 10.5

W3 12.9

W4 14.0

w10 YrS
It is clear that the suppg é'ﬁﬂfi J { ‘prepared with redox reaction at room
temperature contained high€st amout dif, i :" iv .. pes not provide lowest MFI; and
thus molecular weight. The o re;—th e amou i 1) in catalyst was considered.
WOHT and WIHT catalysts we -.' yduce HDPE with higher MFL than
W2HT. This effect may.due t 1 % hi 4 ol od catalyst support derived
from titanium compeund in supernat “J alyst can lead to lower

molecular weight pol)mer than supported catalyst. Furttmmore -t00 much titanium
content came ﬁ m’ molecular weight
catalytic efﬁmabﬂ j\ﬁﬁﬁ jﬂ ﬁ:owde higher MFI,
of HD ut']jo n 4.2 and the
reasonﬁ ﬁﬁlé }‘ﬁj eﬁﬁ ﬁlﬁ‘ﬁﬂﬁlé\‘;ﬂT in Table

4.7 was the lowest and would be appropriate for mixing.
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4.4 Z/N Catalyst for Broad MWD HDPE

4.4.1 Activity of Mixed Catalyst on Polymerization

Aim of this study is to producing broad MWD HDPE by using the mixture of
Z/N catalyst for producing low molecular weight and Z/N catalyst for producing high
molecular weight. Two most important criteria for choosing the appropriate catalysts

for mixing are catalyst activity and MF, of resulted HDPE. Table 4.8 presents the

h catalyst from Sections 4.2 and 4.3,

)sideration because the resulted
'

4 and RS catalysts were also

comparison of MFI, and catalyst
respectively. R1 and R2 ca -
HDPE had lower activity
not chosen because of their unréliablé reproducit  -= as shown by their activity. Thus,
most suitable catalyst fo v gl 10 ar weight HDPE is R3 catalyst. The
case of the catalyst for producif L‘ ol _ {l PE, MFL of HDPE using
WOHT was the lowest. A w e chosen for producing

broad MWD HDPE were

X

7
ﬂuﬂquﬂ§WH N9
amaxﬂmmumwmé’a
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Table 4.8 Catalyst activity and MFIL of HDPE from Sections 4.2 and 4.3

Catalyst Catalystcode =~ MFIL

(g/10 min)

Average catalyst
activity

(kg PEx g Tix h")

For producing low molecular weight R1 203

HDPE 19.7

§W¢ -

6121823
246.8 +16.3
356.9+244

537.1+120.9
676.0 £199.2

For producing high moleculg
HDPE with redox reaction af

temperature

623164
550471
96.8 +17.0
9721159
113.6+14.1
214.1+18.2

ﬂ
For producing high molecular welg 3777 ,J

HDPE with redox reaction

o

g
ﬂuﬂqwﬂﬁﬁhﬂihﬁ

7 == g

82.6+29

58.6+3.1
86.3+17.1
80.7£20.4
109.6 £18.4
210.8 +36.3

VIANIUNEADEAL. ..

calculation from their total titanium of each supported catalyst. Table 4.9 demonstrated

the ratio of total titanium concentration of R3 ([Ti];,) and total titanium concentration

of W2HT ([Tily, yry)-



57

Table 4.9 Variation of R3 and W2HT molar ratio and their activity

R3:W2HT | [Tilo/[Tily,r | Average catalyst activity
(molar ratio) (kg PExg 'Tixh")
1:9 0.1 " 89.9
3:7 043 109.8
55 1.00 164.1

7:3 185.9

9:1

Table 4.9 exhibw \ \ lyst activity was improved as R3

oth: do net affect on active site of the

4.4.2 Molecular nd Molecy '5 ght Distribution of HDPE

atalyst activity.

Mw and MWD of H fn thy y polymerization by using mixed
catalyst between R3 and W2H i.. 3 zﬂyzed. Table 4.10 shows that,
molecular weight of HDE sed as’ the R 3gcatalyst increased. This
effect confirmed the V :’ nterfere the kinetic of

initiation and propagatim steps in ethylene polymerization @ng R3 catalyst.

ﬂuﬂqwﬂwﬁwa“ﬂi
ammﬂ‘imuw\w YN
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Table 4.10 Molecular weight and molecular weight distribution of HDPE using mixed

catalyst
R3: W2HT Mn Mw MWD
1:9 23,300 117,900 5.0
3:7 17,100 76,300 4.5
5:5 15,200 88.400 5.8
9:1 9, 11’ 66,800 7.1

\M
—-_...".‘!-

The GPC chromatogram, Figure E5 %ﬂx E, shows the shoulder

belonging to low molecula DF \\ \ ing R3 and W2HT catalyst

ratio of 9:1. There is sho Al J & \\\ ght and high activity of mixed
catalyst was appeared. ThiS cafl b aineq \ 2HT catalysts might have
different catalytic activity but gould pro @ N ‘\.\u olecular weight HDPE. In
the change of HDPE molecular weig -m- “- polymerization, R3 catalysts could
increases HDPE molecular wgight folrty 2 sitial'period of polymerization time and then

reaches a constant while W2HT ¢ “continually increased the molecular

weight throughout tlig,d n of polynderi: gh V3] rate of this increase

diminishes with times 4 H‘

| Iﬂ 2
ﬂﬂﬁl’)ﬂﬂ‘ﬂ‘iﬂﬂ*”ﬂ‘i

QW'W@\‘lﬂiﬁlJ URIANYIA Y
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