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Spherilene Plam/
300 KT/Y (40 Ton(ﬁ)
Designed Catalyst :
Z-212 (HP-LLDPE &
LLDPE)

Z-213 (HDPE)

Spherilene PROCESS CAPABILITIES \

Density 0.915-0.96
(g/cm’)

Melt index 0.01-100
(/10 min at 190 Cand 2.16 kg)

QA - Vet flow ratio 25-120
{H \‘\ \ (21.6kg /216 kg) .
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n Figure 5
A Schematic of
O O Spherilene C
process configured
(\Pe Hydrocarb : .
[ Avami, S —— with two fluidised
Catalysts bed reactors
@_., Additives
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Raw Material Feed Raw Material Feed

To Storage
MWWWY :
Independently Controlled Feed —> & Bagging

Extrusion
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‘\ Figure 7
‘) Product portfolio of the Spherilene C process
O
4
100.00
1\ _ _
= Monomodal MWD
= T ry
s} & 1000 ; A N
! {\ \ : - -
LN 2 - A
Fr — ]
/ =
/ E 1.00 - = lllllll I‘ ..............
. = e A
/ = = A
. = : i
. £ Fay
2 o0 f /’_/M o
= Medium MWD . & A \
5 A
= Bimodal MWD
0.01
0.910 0.920 0.930 0.940 0.950 0.960 0.970
_—/

Density g/cm? 4



LICENSEE

LOCATION

CAPACITY

CONFIGURATION

START-UP

Wesseling, Germany

Daelim

Yeochon, Korea

Hanwha

Eraskam

Ipiranga

Haldia**

Lorestan, lran

West Azerbaijan, Iran

100 KTA

300 KTA

Spherilene S

1992

1993

a4

Spherilene C

2009

Thane, India

on-hold

Spherilene C

* Mote: Plants with a single reactor configuration using Awvant C chromium catalysts exclusively were
previously licensed as Lupotech C technology.

=% Currently under expansion to 370 KTA, expected online in 2007



Olefin
Polymerisation
Catalysts

catalyst for PE

+ oco—catalyst e.g. AlEt,

sohfent
= MgCl, - TiCl, - Lewis base

Mg(OCH,CH,), - Ticl, TP —

+ oo-catalyst e.g. AlEt,

catalyst for PP

In commercial olefin polymerisation
processes Ziegler-Martta catabysts,
Phillips-type catabysts and single-site
catalysts are used, with Ziegler-MNatta
catalysts being the most common.

Ethylene Polyethylene
CH,=CH, — 5 [CH,-CH,]




Polyethylene Catalyst Portfolio

vant Z

Catalyst for leading bimodal

and multimodal HDPE grades

in slurry technologies. Controlled
morphology catalysts for full
range of LLD+MD+HD products
in gas-phase technology
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Catalyst Producers | i
L;{;’;’;ﬂ“ﬂﬁh Licensed by : | Third Party Catalyst
i | catalyst Production Technology : Suppllers
y Licensors
Univation Grace Dawkmi meos, BASF :
Basell Toho, BASF, akd others i :
Mitsui : Sinopec
Grace Davison H
--------- -'EEW-“ EEEEEEEE AN - T— munn-n-n unnnnmnnmnn B
Qthers + I
neos
Sud-Chemie
Others
» Resin Producers *
Traditional Channel Emerging Channel
Driven by Driven by
*Process knowledge *Cost
*» Testing capabilities »Synthesis capabilities
*Level of product development »Customization
»Easy Access to producers/licensees
»Access fo capital
» Market presence

Source: Chemical Market Resources, Inc.
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/Wé don’t have any catalyst for spherilene...
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CATALYST f ‘! ,(./;'
CHARACTERIZATION 5)
- L /u
» ':
4
| k ;

Laboratory Polymerization Tests

~>

Pilot Plant Polymerization Tests

""""""""

13




100
80
£ 60
% 40
20
0 . . |
0 2000 4000 6000 8000
Time (s)
| ) o — s
7 éﬂy o> )
; H;Luj@muj\ e 2 i
01
0

1000 10000 My 100000 1000000 10000000



[

.Mnlf“A

r agr

L4

A\

LS

/‘ o w
e (b dabin g gl paclyt S OIS B ) G5

€ : Macro-
Micro-
scale cale
; : Lower-order icher-order . ; onerti
i Distributed Slghttl order Polymer propertie ENd-USer properties
. . Structure ;
Parameter Assured in Factory
Melt Index smell
Chain Branching  Molecular  Morphology Density Color
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Branching Distribution Molecular vlsu-mty. i
Stereoregnlarity mebility ~ Shear viscosity Strc:sgCrack
Isotactic Particle size Melting point by
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Atachc Flow properties &
Comonomer B Processability
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Catalyst ,\; Polymerization - Sep f Blmhg
all o aration - Extruder
Processing Reactor ! e Sto,;jng
Process & S .
Plant Residence time distribution

15




-gd"'"

“ A /
WW‘)’M. S 5351y 30 il oy 0,5 by

CadBIS Clad g 0,8 Sl plSin] s cwlie Jobss - Replication

Catalyst
Pre-polymer

Polymer

(<100 pm) Final
Polymer Particle
(1000 um)

16



i

9wl youds sl 59Ty yo Suddl (L 0y v
R P Ogl 3 poaly ddgl 150 50wy p e Jolge
& S U™ Jol 695 5 b ST e 5 59

o
ks
P

-
.I\

Jol S S

L;,%gw;u,;‘yuoumu,s@;aﬁ

sy g cbile obsl § il ) e ste JUsl gla Cus o
(WUKQ‘)SQ)J)

F.Machado, E.L. Lima, J.C. Pinto, T.F. Mckenna , 2010, Nascent Morphology of Poly olefin

Particles from Gas- Phase Polymerization , Plastic Research online
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& Products Properties
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Products Properties S~

TAUap 1 [Pa]; TAUap 2 [Pa]

»A,,'-(’ >
//'.
. \
HD 52518 T 1.00E+06
HDPE (MI=18 g/10min ; Density=0.952 g/cm3) ]
Z-213 _
7-212 F—- .
ZNM1 _
New Cat. ]
P | 1.00E+05 -
2 ]
(5, ]
NAy i
Qo 4
2
“ 1.00E+02 1
- N
*
©
a i
3 2213 L2212 ZNM1 New Cat.
©
= + 1.00E+04
L ]
/\ -
\_/ e (PE.HD52518.7213.890034.2aaa119.xIs) ETAap 1 [Pa*s]; Ser.: 1; :
g’ === (PE.HD52518.ZNM1.900056aaa120.xls) ETAap 1 [Pa*s]; Ser.: 1;
(PE.HD52518.New Cat.900072aaal21.xls) ETAap 1 [Pa*s]; Ser.: 1; -
ey (PE.HD52518.2212.900148aaa122.xIs) ETAap 1 [Pa*s]; Ser.: 1;
=== (PE.HD52518.2213.890034.2aaa119.xls) TAUap 1 [Pa]; Ser.: 1; i
(PE.HD52518.ZNM1.900056aaa120.xls) TAUap 1 [Pa]; Ser.: 1;
(PE.HD52518.New Cat.900072aaal21.xls) TAUap 1 [Pa]; Ser.: 1;
1.00E+01 : : 1 . : 1 - . L . : " 1.00E+03
1.00E+00 1.00E+01 1.00E+02 1.00E+03 1.00E+04

GAMap 1 [1/s]; GAMap 2 [1/s];
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Products Properties
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(P olew) (P olew) chemical Compa (P olew) (P (oolew)
Jam Petrochemical Company m Petrochemical Company J m Petrochemical Company Jam Petrochemical Company










