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Bemelegito kerdesek

Melyik alapanyagbol lehet
leggazdasagosabban etilént
eloallitani vizgozos pirolizissel ?
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Bemelegito kerdesek

Vizgozos pirolizisre
legjellemzobb
technologiai parameéterek ?

A.  T=1000°C B. T=650°C C. T=830°C

P= 0,3 bar P= 10 bar P= 2 bar

t= 10 sec t=<1sec t=<1 sec

g6z = 0,5 kg/kg g6z = 5 kg/kg g6z = 0,5 kg/kg

D.| T=830°C E.| T=830°C

P= 200 bar P= 2 bar
t=< 1 min t= 1 min
g6z = 0,1 kg/kg g6z = 10 kg/kg ([D =
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PRODUCT LINE

OLEFINS R POLYETHYLENE (LD/HD) POLYPROPYLENE
Ethylene

ethylene

sales )
»

MPC MPC MPC MPC MPC MPC MPC MPC

Steam | Steam BDE o)== HDPE 1 | HDPE 2 PP3 | PP4 [

Cracker 1§ Cracker 2 |i§ 130 ktpa 0ol 200 ktpa § 220 ktpa 100 ktpa | 180 ktpa [l

370 ktpa § 290 ktpa BASF BRI Mitsui Himont | Himont [l

Linde Linde 2015 1991 1986 2004 1989 | 1999 [

1975 2004 =

U

by-products Crude propyiene %

Butadiene sales

ethylene

P Y

REFINERIES

Slovnaft

Steam LDPE2 LDPE3 | LDZPZ%4 PP-3
Cracker 40 ktpa 90 ktpa ! Kkt 255 ktpa
220 ktpa Cl CDF | bl Dow

ABB 1976 1977 | s0re 2005
Lummus |

1975 A

by-products propylene

i
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Petrolkemial uzemek a TVK-ban

PP-4 UZEM PP-3 UZEM LDPE-2 UZEM W HDPE-1 UZEM

180 000 TONNA 100 000 TONNA 65 000 TONNA 200 000 TONNA
POLIPROPILEN / EV POLIPROPILEN / EV POLIETILEN / EV POLIETILEN / EvV

HDPE-2 UZEM
220 000 TONNA
POLIETILEN / EV

| OLEFIN-1 UZEM
: 370 000 TONNA
ETILEN / EV

"OLEFIN-2 UZEM
290 000 TONNA
ETILEN / EV

— pp———
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Szintetikus polimerek vilagtermelés 2015

World production of plastics . 359%

In 2015, around 322 million tons of plastic were produced worldwide.

L Plastic around the globe
Polyolefinek: 57 % ! o ned
« Qlcson eloallithato
« Nagyon ellenalléak ore [

« Alacsony sirliség — kicsi suly
« Konnyen alakithatdak
« Nehezen deformalhatdak

www.mol.hu




Mi az a mUanyag ?

» Olyan makromolekulak,
amelyeket vagy a
természetben megtalalhato uu
makromolekulas anyagok |
atalakitasaval.-vag \ /4
Kismolekulak (monomerek
osszekapcsolasaval

mesterségesen allitanak

Poliolefinek !
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Mianyagok csoportositésa

' { A 4

1.) Az eloallitas alapanyaga szerlnt

» Termeszetes alapu mianyagok: A
természetben talalhato makromolekulak
atalakitasaval allithatok eld

» Mesterseges alapu muanyagok: Kis
molekulatomegl anyagokbol - monomerekbo
-, szintetikus uton keszulnek

Poliolefinek !
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Csoportositasuk

» Termoplasztikus (hére lagyuld) mianyagok, amelyek
lancmolekulas vegyuletek, feldolgozasuk egyszera fizikai
muveletekkel tortenlk

emenyedd) mianyagok, melyek
terhalos szerkezetuek Ezeket vagy az eldallitas
boliolefinek 1 | reéakciosorozata kozben formalhatjuk, vagy
termoplasztikus anyagok terhalositasaval allitjak eld. A
kész mUanyag hdre nem lagyul, hanem elObb
megkemenyedik, majd alkotorészeire bomlik.
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Polimer alapfogalmak

Polimer =mmmmmP- NagyszamU monomer, nagy moltdmeg
Monomer =P Kis moltdmeg, a polimer épitéeleme
Milanyag s> (Osszetett anyag, polimerek + adalékok

Polimerizici ) Reakcid, monomerek egyesiilése
melléktermék nélkdl

Csoportositas —mmmmmmmP> ) F£155)jit4s szerint

b.) Kémiai szerkezet szerint
c.) Feldolgozas szerint
d.) Térbeli szerkezet alapjan

e.) A felépito atomok szerint

d.) Molekula alak szerint
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Definitions

» Monomers: molecules that may bind chemically to other molecules to form a polymer.

» Oligomers: medium-size members of homologous polymeric series such as dimers,
trimers, etc. Linear or cyclic, often by products of polymer syntheses.

» Polymers: a polymer is a large molecule, or macromolecule, composed of many
repeated subunits. Both synthetic and natural polymers play an essential role in everyday
life. Polymers range from familiar synthetic plastics such as polyethylene of polystyrene to
natural biopolymers such as DNA and proteins.

» Copolymers: When two or more different monomers unite together to polymerize, their
result is called as copolymer and its process is called copolymerization.

» Plastics: typically organic polymers of high molecular mass, but they often contain other
substances (like additives, fillers, components for industrial compounds).

» Thermoplastic polymers: a plastic which becomes pliable or moldable above a specific
temperature and returns to a solid state upon cooling (e.g. polyethylene, polypropylene).

» Thermoset polymers: material that irreversibly cures (polymerization takes place at the
same time as processing and forming). The cure may be induced by heat, generally
above 200 °C (392 °F), through a chemical reaction, or suitable irradiation (e.g. polyester,
polyurethane, vulcanized rubber).

11 \
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Definitions

» Types of polymers (based on synthesis):

» Addition polymer: a polymer which is formed by an addition reaction
(polyaddition or addition/chain polymerization), where many monomers
bond together via rearrangement of bonds without the loss of any atom
or molecule. This can occur in a variety of ways including free radical
polymerization, cationic polymerization, anionic polymerization and
coordination polymerization. Most of the common addition polymers are
formed from unsaturated monomers (usually having a double bond). This
includes polyethylenes, polypropylenes, PVC, polystyrene, etc.

» Condensation polymer: are any kind of polymers formed through a
condensation reaction, where molecules join together (step-growth
polymerization), losing small molecules as by-products such as water or
methanol. Types of condensation polymers include polyamides,
polyacetals and polyesters.

H H

\ / \\ v Q ?f

12
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Polimerizacios katalizatorok

PO Catalysts

PN

Conventional Un-conventional
PE Catalysts PP catalysts Other Metallocenes
/ \ l o \
O I'II ame z|t...,|1|+,.|t Ziegler/Natta F|;|-;[..n'|.-|f-
-alal sl e ke s
Catalysts
_~|I|r,a talyst Ela: ﬁt- IMers
\ / \ /
h 4 Y
Further classification can be Further classification can be
Pased on: catalyst attributes, hased on: donor technaology,
support, resin properties, ete catalyst attributes. resin
properties, ste
13 v
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Aktiv helyek a polimerizacioban

Gyokos polimerizacio aktiv OCDKQ I @Xo'
helye a szabad gyok. v

Kationos polimerizacio aktiv Q
helye a karbokation. 6\
i O 1© 1 3 |©
R & _p2
. . .. R , - S~ -R
Anionos polimerizacio aktiv R1fci"rR3 ~ ¢~
helye a karbanion. i R2 6
Clx
- 7 .7 o Y 4 CH3CH2 _f:}l " )/CH:]
Koordinacios polimerizacio : "edl,
aktiv helye egy szerves fém- Cl., | A0

komplex.
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Poliolefinek csalédia

."
CHQ
CH,
s
) S
CH,
1 CE2 ‘cH,
Hi CHa-cpy CH? (‘sz
CH2 CH/

» Polyethylene - PE

» LDPE
» HDPE/MDPE
» LLDPE H ’ &Z/Z} p
» Polypropylene - PP > " _ ™ v g
» Homopolymers “

» Random copolymers

» Impact copolymers (heterophasic copolymers,
nlock copolymers)
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Polyethylene is one of the most widely used thermoplastic materials and is
composed of ethylene. The two main types are low-density polyethylene (LDPE)
and high-density polyethylene (HDPE).

- CH,—CH, -,
Monomer Polymerization Major Uses
~ Ethylene LDPE; free-radical-initiated chain LDPE: film and sheet (55%), housewares
== polymerization and toys (16%), wire and cable coating
= (5%)
HDPE: Ziegler-Natta or metal-oxide HDPE: bottles (40%), housewares,
- catalyzed chain polymerization containers, toys (35%), pipe and fittings
(10%),film and sheet (5%)

E_: Material Chain Structure Density (g/cm’) Crystallinity (%) Process
E Branched 0.912-0.94 50 High pressure
N Linear/less branched 0.92-0.94 50 Low pressure

Linear 0.958 a0 Low pressure

sSlovnant




Polypropylene is one of the most widely used thermoplastic materials and is

composed of propylene. There are three general types of polypropylene:

homopolymer, random copolymer, and block copolymer. The used comonmer is

typically ethylene. Ethylene-propylene rubber added to polypropylene

homopolymer increases its low temperature impact strength. Randomly
- polymerized ethylene monomer added to polypropylene homopolymer decreases
- the polymer crystallinity and makes the polymer more transparent.

3 +CH,— CH-
- l n
CH4
Monomer Polymerization Major Uses
Propylene Ziegler—Natta catalyzed chain Fiber products (30%),
polymerization housewares and toys (15%),

automotive parts (15%),
appliance parts (5%)




POLYETHYLENE (PE) TYPES
Property LDPE LLDPE m HDPE

Density , g/cm?3 0.915-0.935 0.910-0.935 0.935-0.945 0.945-0.970
Melting point (Tm), 105-115 115-125 125-130 130-135

°C

MFR (2.16kg/190°C), 0.2-200 0.3-50 0.05-10 0.05-100
g/10min

Molecular Weight Medium/Broad Narrow, Bimodal Narrow, Bimodal Narrow, Broad,
Distribution (MWD) Bimodal

Molecular structure

Chain branching Both, long & short Many short Some short branches (Very) few short

branches branches branches
Copolymers & EVA, EMA, EEA, EBA, VLDPE, ULDPE HMWPE, UHMWPE
similars PE’s EAA, EMAA

High pressure Low pressure polymerisation

P MOL



HDPE szerkezete

llIE

mi-kristalyos
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HDPE szerkezete

lekulak

0i/-Feb-01
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Polipropilén szerkezete

Isotactic homopolymer Atactic homopolymer

Syndiotactic homopolymer

www.mol.hu



urumﬁ ol




A poliolefin ertekteremto lanc

Polymerization -

Catalyst

Additivation

carrier

23
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Termékek és felhasznalasi teruletuk

Froccstermekek

EQ!@IK és profilok
Batntrdiraékeiestek
Blaxalisarvinenraltdibik

U

o9 o

> TIPOLEN markanevii
LDPE termékek

» TIPELIN markanevi
HDPE termékek

» TIPPLEN markanevl
PP termékek

W W
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Mi az az LDPE ?

» Low Density PolyEthylene

» Typical properties
» Density 0,915-0,935 g/cm?
» Melt index 0,3->20 g/10 min (190°C/2,16 kg)
» Melting point 110 °C

26
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Fobb alkalmazasi teruletek

LDPE end-use

B3 film
0,1 B blow moulding
Oinjection moulding

10,8 . .
Oextrusion coating

B rotomoulding
O other extrusion

5.4 B others

27
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Ikalmazési teruletek

EXTRUSION COATING INJECTION MOULDING

FILM EXTRUSION

@)
)
o
—
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£
S
o
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)
p=

BLOW MOULDING
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A BIT OF HISTORY

» March 27th, 1933 — first industrial LDPE synthesis was discovered accidently by Eric Fawcett
& Reginald Gibson, employees of ICI.

» During high-pressure experiment on ethylene a small amount of oxigen leaked into the
testing vessel acting as an iniciator. LDPE in form of waxy substance formed overnight

» ICl understood benefits of the new substance — patents and production

» 1st ICl production plant came into operation in 9/1939, the name of the product was
POLYETHENE. During ILWW it was kept secret — used as insulation for submarine cables &
radar applications

» American businessman Earl Tupper developed polyethylene containers and these were
marketed directly to women at ‘Tupperware parties’

Eric Fawcett  Reginald Gibson

pMOL ...and that is the way how LDPE came to our daily life...

29



Torténete

» The first commercial household article
from autoclave process in 1938

BASF developed the first tubular process during

High variation of autoclave and tubular processes by
different licensors

» Nowadays licences available up to 400 kt/y plant
capacity

» Consumption in 2012
» Global: 19 million t
» Domestic: 60 thousand t

» MPC LDPE plants

» 1970 - ICI autoclave process 24 kt/ly — debottlenecked to 50 kt/y
» 1991 - BASF tubular process 60 kt/y 30 | -
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Reakcio mechanizmus osszefoglalva

. ko
Propagation CoHy + Rpe — Ry
¥ k 1
Termination by coupling R—CH, + R—CH, —= R—CH, —CH, —R
. K \
Termination by R—CH, + R—CH,—CH; — RCH3; + R —CH=—/CH;,
disproportionation
k
Chain transfer with R+SA —= RA+S.
transfer agent
Chain transfer to
monomer

Kin R—CH>—CHj + CoH3
R—CH 2_CH2. + CsoHy K
T .
R—CH=—=CH, + C,Hs

Ky
Intramolecular R—CH,—CH, —CH,—CH>—CH,, —= R—CH—C4Hg
H transfer
Ky \ "
Intermolecular R+R —CH,—R" — RH+R —CH—R
H transfer
Beta scissinon

K

R—CH,—C—CH,—R /];ﬂ R =
R R+ CH, =(|3—CH2 —R

www.mol.hu R

R+ CH, =(|3—CH2—R'




Reakcio mechanizmus 1.

» Szabadgyokos reakcio mechanizmus

u L] u I 4 I 4 CH3
» Inicializalas (pl.DHBP) PaC~d oo TH
\Ch
| >R + R CH, I CH

5 4 CH3 Z-CHPFI"‘(;-.,,O ?H3
Initiators: typi i i > dimetjy 5 CH, L CH
. typically organic peroxides, oxygene © WMeercougypg,®  Chy
P . ’ TOXi) hay < °
- Lancnovekedés wxan
R- + CH,CH, -» RCH,CH,:
R(CH,CH,), ,CH,CH,- + CH,CH, —» R(CH,CH,),CH,CH,"
» Lanczarodas
» Combination
Ry +R,/— Py,
- Disproportioning Lancvégi kettds kotés alakul ki
R, + Ry-—> P, + Py R, - CH, - CH,- + -CH, - CH, - R, > R, - CH, - CH; + CH, = CH - R,

www.mol.hu THE MOL GROUEF



Reakcio mechanizmus 2.

» Masodlagos reakciok
» Lanc atadas— fontos a molsuly kontroll
R, + CH,CH,—P, + R;- by monomer
R, + M—P, + M- by modifier -

2
= C1L
H

I-O-I
=={ =L

_ Lanc tordelodés — rovid lancok
RX-—>Py + Rx_y-

33
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Reakcio mechanizmus 3.

Lancelagazas — LDPE nagy mertékben elagazott
(rovid es hosszabb elagazasok)
» RoOvid lancelagazasok — ezek felel6sek a slriségért
Molekulan beluli lancatadas vagy kopolimerizacio eredménye

_——Q.

- .
H— /c
» Hosszu lancelagazasok
Molekulak kozotti lancatadas eredménye

NS \/ AN
AN N
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Free-radical Iinitiated chain

polymerization (production of LDPE)

LDPE is manufactured by polymerization of ethylene under high pressures
(15,000-50,000 psi, i.e., 103-345 MPa) and elevated temperatures (200-350°C)
in the presence of oxygen (0.03-0.1%) or peroxides as free-radical initiator.
Ethylene is a supercritical fluid with density 0.4-0.5 g/cm3 under these
conditions. Polyethylene remains dissolved in ethylene at high pressures and
temperatures but separates in the lower ranges. Branch polyethylene is
produced due to chain transfer to polymer. The type and extent of branching
depends on the local reaction temperature and concentrations of monomer and
polymer. The molecular weight distributions and the frequencies of long and short
branches on polymer chains depend strongly on reactor geometry and operation.
The branched products (LDPE) are less crystalline and rigid than higher density
species (HDPE) made by low pressure coordination polymerization.

www.mol.hu



L DPE — Tankreaktoros technologia

Autoclave
Primary Secondary 1400 bar -
compressor compressor :
Ethylene 250 bar
£ Initiators

(Peroxides)

Wax
separator

Oil
separator

—

IETTTTTTTT TR TITITIITIITLS

B, ing
Bg loading
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A reaktor

Autoclave reactor MK 10
L = 4750 mm d = 18”

Total 725 |

ethylene

Thermocouple 1
(1st T control)

Top Zone

Thermocouple 2
Thermocouple 3

Thermocouple 4
(2nd T control)

Thermocouple 5

Thermocouple 6

2"d Zone
.......... Thermocouple 7

(control 2nd zone T)

peroxides
3dZone = === ssssssssss Thermocouple 8

Thermocouple 9
(control 3rd zone T)

4t Zone
---------- Thermocouple 10

(control 4th g)?e T) 5
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L DPE — Csoreaktoros technologi

adlllli oo

_4

Initiator
(Oxygen)

Primary
Compressor

—| )
LP Recycle
HP Recycle

&
‘ ¢

Secondary
Compressor

A reakciohd elvonasa a
: képenyben forro vizzel
Reaction

v

250 bar

torténik.
HP Separator

Purge
Fresh Ethylene

Precooler

A preciz T tartas érdekében
hideg 35°C-os gazzal keverik.

Bagging
Bulk loading

THE MOL GROUF

A reaktorok nyomasan és
hémérsékletén a reakcidelegy
homogén fazist képez, mivel a
gaz és a polimer kélcsénosen
oldédik egymasban. A
szétvalasztashoz a nyomas
csOkkentése sziikséges, ami kick-
szelepen keresztil kvetkezik be.
Az expanzié soran hémérséklet
emelkedés Iép fel, ezért a
reakcioelegyet hiteni kell, hogy a
nagynyomasu szeparatorban a
polimeréomledék minél kevésbé
degradalédjon.




A két technologia osszevetése

Tankreaktor

Conversion up to 21% -
adiabatic, reaction heat
removed by reactant only
Temp: 150 °C
1300-2000 bar operating
pressure

Higher capacity of hyper
compressor

Organic peroxide initiators only
Specialty polymer capability —
EVA copolymers over 40%
vinyl acetate

Lower reactor capacity — 150
kt/y

www.mol.hu
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Csoreaktor

Conversion up to 36% -
reaction heat partly removed
by coolant

Temp: 300-350 °C
2500-3200 bar operating
pressure

Lower capacity of hyper but
higher load

Cheaper oxygen initiator
possible

Film grades with higher clarity,
EVA up to 10% vinyl acetate

Reactor capacity up to 400 kt/y

1N g

39



TUBULAR OR AUTOCLAVE?

» Different process conditions lead to product with different properties mainly in
terms of MWD and Long chain branches (LCB)

Autoclave

§ Tree-like
§ microstructure
&
2
Tubular
Va N 2
Elution volume (counts) Comb-like

b MOL (Increasing molecular weight —) microstructure
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TUBULAR OR AUTOCLAVE? — PRODUCTS COMPARISON

TUBULAR
Narrower MWD
Low degree of LCB
Medium melt strength

2% Lower haze in average

Higher clarity, transparency

Higher gloss

Better draw ability for lower film
thickness, in average:

- 10% higher towing speed

- 30% lower minimal film thickness
Better processing stability after multiple
reextrusion

Broader processing  window  of
additivated grades, lower sensitivity
towards processing temperatures

Max MFR ~ 40 (70) g/10min

»MOL

AUTOCLAVE
Broader MWD
High degree of LCB
Excellent melt strength — better for
ExCoating & heavy duty thick films
Higher haze
Lower clarity, transparency
Lower gloss
Worse draw ability for lower film
thickness

Worse processing stability after
multiple reextrusion
Narrower processing window of

additivated grades, higher sensitivity
towards processing temperatures
Max MFR ~ 200 g/10min

41



LDPE - film segment

Garbage bags
Carrier bags
Agriculture films
Shrink film
Heavy duty bags

P»MOLGROUP



Extrusion coating — technology (BASIC)

* Films (BOPP, PET, PA)
 Metallized film
e Aluminium

« Textile

" Paper Polymer - LDPE, PP,
LLDPE, HDPE

Substrate

Winder

Chill roll

In extrusion coating, the resin is melted and formed in thin hot film which is coated

onto a moving flat substrate.
»MOLGROUP



Extrusion coating - APPLICATIONS

- Food packaging

- Fast food packaging

- Liquid packaging

- Flexible and commercial packing
- Industrial packaging

- Photographic paper




Extrusion coating — special wording

HIGH MELT TEMPERATURE - temperature
setting on the die is 300-315 °C.

AIR GAP - vertical distance between the point

where hot melt leaves the die and the point
it solidifies (chill roll).

NECK-IN (NI) — film width reduction
which can caused uncoated areas on the
Substrate [mm].

DRAWN-DOWN (DD) — ability of the
melt to be drawn to thin film without
breaking [m/min].

COATING WEIGHT or COATING
THICKNESS - weight of coating layer
per unit area (g/m>).

OXIDATIVE PROCESS
IN EXTRUSION

COATING (under controll)
where

ADHESION — ability how easy (or not) is to peel

off coating layer from the substrate.
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A ,linearis” polietilen csalad

» HDPE, MDPE, LLDPE: linearis polietilének

» Az osztalyozas a slrlség alapjan torténik — amelyet a rovid lanc elagazasok
szama befolyasol — ezt a komonomer adagolassal szabalyozzuk

Egyszeriisités:

1.) LLDPE-vel most tul
sokat nem foglalkozunk.
2.) HDPE = HDPE+ MDPE

No of SCB T

0,915 0,926 0,940 0,970

» FG&bb tulajdonsagok
» Meltindex 0,03 ->100 g/10 min (190 °C/2,16 kg)

» Melting point 120-140 °C
» Polydispersity (TVK grades)

» Monomodal 6-8

» Bimodal 10-20

THE MOL GROUE = \U]—_ m
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Alkalmazasi teruletek

HDPE end-use

O film

M fibre

O blow moulding

O injection moulding
M pipe and conduit
O rotomoulding

M other extrusion

O others

26,0
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100
I terow Mwo
I  m=dium MWD
1 mrcad mwo
10
1
0,1
0,01

0,890 0,900 0,910

www.mol.hu

Alkalmazasi teruletek

IMJECTIHN
MOULDING

INJECTICN
MOULDING

BLOWM & CAST

LLOPE-MOPE-HOFE

{Medium to broad

0,920 0,930 0,940 0,950 0,960 0,970
Density (ghx) '




Tortenete

» HDPE discovered in 1951 by P. Hogan and R. Banks

Mid 1950s: commercial HDPE production in slurry process
(Hoechst) and solution process (Phillips Petroleum)

1961.: slurry loop reactor technology by Phillips Petroleum
1968: first gas phase process by Union Carbide

Mid 1970s: first LLDPE process by Union Carbide
Various processes available up to 400 kt/y capacity

MPK HDPE plants
» 1986: Phillips slurry loop process 140 kt/y, debottlenecked to 190 kt/y
» 2004: Mitsui slurry, cascade reactor technology 200 kt/y

v

VIV TV Vi
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Lehetséges katalizatorok

» Krom katalizator

>

>

>

>

Szilika hordozoés hatvegyerteku Cr

Hasznalat el6tt magas héfokon aktivalni szukséges
Kokatalizator nem szukséges

Kozepes es szelesebb moltomegeloszlasu termékekre

» Zlegler(-Natta)

A A\t 4 1\

MgClI, hordozés TiCl,
Fem-alkil vegyulet mint kokatalizator
SzUk moltomegeloszlas

ElsGsorban bimodalis termékekre tobb sorba kapcsolt kaszkad
reaktorral — nagyon széles moltomegeloszlasu termekek

» Metallocene (single site)

>

>

>

>
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Fejlesztes alatt

Kokatalizator MAO

Nagyon szuk moltomegeloszlas

1 reaktorral is lehetséges a bimodalis gyartas




ZN katalizis mechanizmusa

Katalizator
A

CHyCH;

~AlL
H;CH>C CH>CHs

N ) \Dcec
XXX

kokatalizator

VW W W .Im
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Katalizator képek
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ZN katalizis mechanizmusa 1./2./3. lépés

1. lépés: A katalizitor komplex kialakulisa

Cl\k
? Cl CHyCH;—Al.,  FHs
ct, | A e - ey
Cl,f'T‘\.,m tOHCHCT CCHCH;  —— ., | O
“Ti
Cl a”” | o
1
2. lépés: A monomer megkdzeliti az aktiv Ti iires d-palvajat
:31\&
vy HgC
CHyCH =4l '\ H.__CH;
.t
C]‘"'l. | llllllll -‘.-C
Tl\:[ H
a”” | Na
1
3. lépés: Felhasad a monomer « kitése
:313 ::1\%
-::chHz—guEﬁ 1Y _cH, CchHz—{ufﬁ H
© JCH T : CH—C-
: (t_ Ef'\“ — - : 2 | CH;
CL.o—| - .C. CL.., C-H
/,TI\\I:I H /TI::: H v
a”” | Sa a”” | Na
1 1
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ZN katalizis mechanizmusa 4./5. lépés

4. lépés: a Ti atom ismét elektronhiinyossa valik

H3(L:L
C1 Cl g, H r CH
\ o H3C i
CH;CHp—AlL;, 3 1 H CH;CH;—AlL,,
: CH—C-cH; E “C-H
5 | —_—- H
O o
H ~Ti
mf’| /| o
1
5.lépés: Ujabb monomer egység beépiil
HjCi
CH,
Hs& HyC!
I
CH -H
| H 2 | H C;
EH:;CHHJ \‘\H:]C“b/ o
CH;CH; —Al, | H_ . CH; CH;CH; —Al, n
e e —— . CH
Gl | B0 aCoy | o
c1"'"/ | o c1"'"/ | o
1
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ChevronPhillips hurokreaktoros technoloégia

» Katalizator: Cr, ZN, vagy akar metallocene

» Cr katalizator aktivalasa Inaktiv Cr+3oxid - aktiv Cr+6-oxid
» Fluidagyas aktivalas
» Hevités levegbvel 600 - 870 °C 4-6 oran keresztul

» Reakcio a hurok reaktorban
» 85-105 °C; 42 bar

3-6 % ethylene concentration

» |zobutan mint oldoszer

» Polimerizacios hoé eltavolitas kopenyhitéssel — nagyon jo felllet
/ térfogat arany stabil pontos T tartast eredményez

» Hexén-1 komonomer a slrlseg beallitasara
» Hidrogén a lanchossz beallitasara

» Flash-elés koruimeények
» 10 bar; 80 °C

» Kigazositas
» 85C; 0,1 bar

v
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Phillips technologia - polimerizacio

Hexene-1
Purification

Ethylene
Purification

Ethylene
Compressor

Ethylene

A

Flash Gas
Compressor

A

Isobutane Distillation
and Purification

Loop Reactor

Flash Gas

Filter
Circulating
Pump

e——— Catalyst

Isobutane
and Nitrogen
Recovery Unit

v

Settling Legs
and Product
Take off Valves

Purge
Column

Powder silo ‘




Hurokreaktor tartalom keringetese

Series 9510 and 9520 Internal Bearing

Axial Flow Propeller Pumps

Series 9510 Internal

Anti-Friction

Bearing Option
Inner

Bearing/Seal
Cartridge

Propeller Cap

Self-aligning anti-
friction bearing
and inboard
mechanical .
seal mounted &
in cartridge/ R
canister
assembly
for ease of
maintenance.

www.mol.hu

Available in 16", 18", 20", 22", 24",
and 30" discharge sizes

A wide range of
standard flange
ratings and
flange facings

are available; : &

custom flanges ; ', Self-contained
available as 5% thrust bearing
specified. oil cooler.

Single, double, tandem, or
double/tandem mechanical
seals available in cartridge
or cartridge/canister design
and include a reverse
balance feature.

Sleeve
Bearing

Shaft

Bearing

Series 9520 Cartridge

Internal Mechanical
Sleeve : , geft' s
Bearing Arlloye
Option

Propeller Cap




Mitsui — CX technologia

» Katalizator: ZN, vagy esetleg metallocene
» Alacsony reakcio homeérseklet eés nyomas
» 6-8 bar, 70-90 °C
» Polimerizacio ho eltavolitas kritikus
» fejkondenzator
» zagyhltok
» Reaktor kopenyh(tés
» Bimodalis termek eloallitas
» Eltéré moltomegl polimer gyartasa az 1-es és 2-es reaktorban
» Komonomer beépitése csak a nagy moltomegu lancba

» Oldodszer (hexan) és a polimer szétvalasztasa
centrifugaval

» Oldoszer tisztitas és low-polymer elvalasztas
» Komonomer: butéen-1, propilen

www.mol.hu THE MOL GROUEF



Mitsui -CX technoldgia - polimerizacio

Katalizator

Kokatalizator N

Katalizator
adagolo

LI 4

14

A A

Termék porsiloba

A nedvesség tartalom
még 30 % !

Gazbuborékok
eltavolitasa a zagybol

Anyalug

Forgodobos
szarito

v

Polimer ¥iasz

Hexan visszanyerd
és tisztito rendszer

Kénnyld Kivald mechanikai
feldolgozhatdsdg | szildrdség




PP
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A PP-rol altalaban

» PoliPropilen — térbelileg szabalyozott, kristalyos polimer
» Homopolimer
» Random copolymers with 0,5 - 4% etilén tartalom
» Impact (block, heterofazisos) copolymer 5-20 % etilen tartalommal
» Terpolimer - etilénnel + masodik comonomerrel (pl. butén)

» Tulajdonsagok

» Melt index 0,3->100 g/10 min (230 °C/2,16 kqg)
» Melting point 142 — 165 °C
.- ] ] Miért sziikil \f>
» Moltomeg eloszlas (Pd) (MPK tipusok) St >
» 35-5 reaktor termék . |
» 2—-3 mesterségesen degradalt termék (CR)

» Mechanikai es optikai tulajdonsagok széles tartomanya

Vigyazat ! Siriség itt nem ,jatszik” ! ' ' - —
= THE MOL GROUF JI]—_ m B

= e —
= ————




Alkalmazasi terulet

PP end-use
19,4

O film
B fibre

O blow moulding

O injection moulding
B extrusion coating
O other extrusion

B others

63

.
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Alkalmazasi terulet

INJECTION
MOULDING

RANDOM .

FIBER

melt blown

IFIBER

10 100 1000 10000
MI, g/10 min/230 C

| 'l
(
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Tortenete

Giulio Natta és Karl Rehn 1954-ben fedezték fel

ElsO ipari gyartas Montecatini ceg 1957-ben
A katalizatorok valtak a technologiai fejlesztés motorjava

Gyartasi licensz-ek akar 400 kt/év kapacitasra is
elerhetoek

» Fogyasztas 2012-ben
» Vilagon: 52 million t
» Magyar: 157 ezert

» MPK PP plants
» 1978 60 kt/y Hercules slurry process, shut down in 1993
» 1982 50 kt/y Sumitomo bulk process, shut down in 2002
» 1989 60 kt/y Spheripol process, debottlenecked to 100 kt/y
>

1999 140 kt/y Spheripol process, dekG)é)ttIenecked to 182 ktly

www.mol.hu THE MOL GROUF J[I m )
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Spheripol technologia

Tipikus technoldgiai paraméterek

Process step Temperature, C | Pressure, bar
Catalyst activation 10 10
Prepolymerization 20 35
Polymerization - loop reactor 70 34
High pressure separation 90 18
Polymerization - gas phase 75-80 10-14
reactor

Steaming 105

Drying 90

www.mol.hu THE MOL GROUEF
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Spheripol technologia - Polimerizacio

catalyst | Precontacting HP Flash Separator
Donor — “ Copoly Reactor

TEAL —plp Loop Reactor

Prepoly Reactor | | /"

Gas blower
Hydrogen——> and Purification
Hydrogen
-—
LP Separator

Nitrogen ‘

PP Powder
to Extrusion




Spheripol technologia — Adalekolas, Extrudalas

Polymer

From” Purge

POWDER
SILOS

ADDITIVE

DRUM

v TT
A—a—a

'

FEED
HOPPER

of

GRAVIMETRIC
FEEDER

DUMP

STATION

BLENDER

Y

h J

LiQuiD
FEEDER

v CLASSIFIER

19

PELLET
CONVEYOR

To Product
¥ Storage

CENTRIFUGAL
DEWATERER

a

|  HEOD De miért van

DIE FACE

EXTRUDER

DFC WATER
COOLER

szukség adalékokra

DFC WATER
SURGE TANK

DFC WATER
CIRCULATION
PUMP



A degradacio mechanizmusa

The alkyl radical
rapidly reacts
with oxygen

Polymers react with molecular oxygen in a free
radical-initiated chain reaction called autoxidation

to form a peroxy-radical

Autoxidation can be initiated by heat,
mechanical stress, irradiations,
impurities. A Hydrogen atom will be
abstracted

C-H A. T, hv, |mpur|t|e§
] R”/'

and form an
alkyl radical

a free alkyl
radical is

generated.

The peroxy-
radical will
abstract a
hydrogen atom

P o Iy mer A from the polymer

RH
and a hydroperoxide

I Hydroperoxide decompose to
alkoxy and hydroxy radicals.
The rate of decomposition
increases with increasing
temperature




Hogyan stabilizaljuk a polimereket ?
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CHy—CH;—C—0——C,H,,

ROOw ArOH
<4

A fenolos stabilizator itt dolgozik.
Befogja a szabad gydkit és
lassitja a degradaciot

O;
P ArO =
‘E’ Lacton tipesii stabiliztor _ _
- — ., ,—frg:ggltac-kuzpmm gyokkel
M Hd, n',rlrfs' ROOCH Oo—4—p
E szennyezddeés P{ﬂﬂ)a
R
L 13

Foszfit tipusi stabilizavor it rnulmdlk

Megtdri a degradacios ciklust mivel reagal

az atmeneti polimer-hidroperoxid -al

ROH

Slovnaft




Reactor |. (for HDPE1 catalyst)

“ T4
i % -“."-W .

www.mol.hu

Laboratoriumi reaktorok

Reactor Il. (for HDPE2 and PP cat.)

Lab reactor

tests
wn
8
=
((a]
Pi o
S S
o
3
Commercial
plant tests <€

Risk
reduction

Catalyst
supplier
support
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Keprejtveny

KOSzOnOm a
figyelmet !
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