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What Products Can Axens Help You to Produce ?
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ALL OF THEM
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Polymer Market is Growing Fast in India
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Polymer Market is Growing Fast in India

Polymer Production per type in India

AAGR +10 % by 2022
/_> (Expt’d 7.5 MMT/y)

driver for butene-1 & hexene-1

\ AAGR > +10 % by 2022
driver for plasticizer like DINP

(produced from octenes)
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Focus on PVC & Phthalates

= Plasticizer: Key component to produce soft &
flexible PVC

= From 0 % up to 80 % of PVC weight

= 90 % of plasticizer are phthalates o

OC,
= DINP are raising & replacing DOP Ci:oc

O

Phthalates plasticizer AAGR >+ 10 %

o
/
AXxens
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Steam Cracker Furnaces & Distillation Section

o

Axens’ Technologies
for Steam Cracker Complex
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Intermediate Provider for Polymerist since 70’s

1976 Cyclohexane for nylon 36ref
1977 Dimersol™ X for PVC 38 ref”)\
1987 AlphaButol® for HDPE/LLDPE 34 ref
2011 AlphaHexol™ for HDPE/LLDPE 2 ref \
(1) Including Dimersol™ E and G

Homogeneous Catalysis familly 110 ref

" Breakthrough technology developped in mi 60’s

" By Yves Chauvin Nobel prized in 2005

" His team took over his legacy

Laureate Nobel Prize Yves Chaqvin

A/xe ns
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Chemistry Principles

Liquid catalyst

Feed
Products
—_— +
/ | Catalysts
Catalyst

Tailored made catalyst

Insaturation
available for
reaction

* Ti for butene-1

- * Crfor hexene-1

Coordination g * Nij for octenes
sphere \ _
Ligand
/2 e —— R
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PE Comonomer Butene-1 & Hexene-1

= Highly selective catalyst

= Simple and proven scheme

= Efficient so popular

/7 T —————
Axens
WP, /e
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AlphaHexol: Trimerization Mechanism

Cr+ TEA Unique patented catalytic system
« Strong IP
* Highly selective

2 C.H .
2 « No Cl & No aromatics

Same co-catalyst than AlphaButol: TEA

Stability of metallacycle leads to selectivity
= Axens know-how
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Overall Blockflow

Ethylene

Alphaolefins
Reaction Catalyst Distillation O g

. neutralization and ]
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AlphaHexol: Scheme Simplicity

Medium P&T &
Carbon steel <

Ethylene

feed

Patented
Thermal
Integration

Catalyst
preparation g
and storage

1-hexene
Recycle
column
Reactor .
Separation
section

T > Melting
point
No fouling

Conventional
fractionation

Catalyst
—

removal
\ /

Heavy ends with
spent catalyst

> C8+ cut

Solvent
recycle

" Low capex
= Low opex

o
Axens

P/ Group Technologies

= Easier to operate
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Efficiency

AlphaButol  AlphaHexol

= Highly efficient ethylene use
Chemical Yield from ethylene to 1-butene/l-hexene 9204

W

= High quality comonomer

Purity in wt % of 1-butene/l-hexene

> 99.5%

/.
Axens
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AlphaButol in India

=/ references

= 4 new references since 2011

= 172 kta of cumulated production
=2 references in GAIL PATA

= 3 successful start-up over the last 3 years

AlphaHexol is the next step for India

[ J

// . ;
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PVC: From C4 to High Value DINP

Product

_ Used in PVC DINP
value chain manufacturing ‘
Lower H2
b_ranChl_ng Hydrogenatiowi‘
index is Esterification
better . r

Phthalic

Dimerization anhydride

Hydroformylation
(oxo synthesis)

N-butgénes @

n-butenes Octenes C9 aldehyde INA Phthalates
J

\ J \
! 1

Axens Oxo licensors like Dow-JM Davy, ....

o
Axens
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Mechanism of n-Butene Oligomerization

= Chain growth mechanism

Main reaction with
dedicated catalyst

C en )

Ni-H <—— Ni-C,H,

]

S-Hydride
Transfert

Ni-H

+
Octene

\- v

Initiation

Chain Growth
C,Hg C,Hg

: Ni'C12H25 (: Ni'CnH2n+1

.

Ni-H Ni-H
+ +
Dodecene Higher
oligomers
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Dimersol-X Technology

Reaction Catalyst Distillation
Section Removal Section
Liquid ionic
Medium P&T & jhase e @ C.Raffinate
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storage
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optimum Treatment
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i Possible add-on : Heavy

lectivit _ ,9
SEEEY section : waste Conventional Ends
fractionation
effluent treatment
Axens

#7/ Group Technologies LKMT — AXENS — October, 14th 2017 18



Efficiency

= High n-butene conversion

Chemical Yield from n-butene to octenes up to 80 %
= High quality product > 99 % wt
VAVAVAVARE
With low branching
index favoring high /\/K/ 34% - |soocténes
uality plasticizer
Auaiyp AN 599

= Fully proven & compatible with oxo-alcohol
technologies

e ——————————
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Axens Technologies for Better Products

= High value products
* Octenes from petchem C4’s for plastizicers industry
* Butene and hexene alpha olefins for polyethylenes

= Efficient and simple proven processes
* Providing high quality and highly valued products
*|_ong and extensive experience since 40 years

Axens’ is the right partner to accompany this new
step of diversification into chemicals in India

/7 * *
AXxens
P/ Group Technologies
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axens.net/blog

el 08.012016

Axens Willow Island
Facility: 10 Years
Without an Incident

. This e -
than 600,000 hours warked witheut
- o an impressive

asccomplshment.

— READ MORE

Tags
AXENS NORTH AMERICA | sasery |

Axens to Expand its Sulfur
Abatement Portfolio

3 READ MORE

Togs
| SULAUR REMOVAL | AXTRA? § ADSORBENTS |

BAxensGrouy
4 & Tie g0 2 Hours

Axens Impulse technology: over 75
#hydrotreating #catalysts
references in the last 2 years
t.co/OoWBmIYuMH
t.co/uVMKwEZWVX

-G %

Tirre o 23 4
More than 20 #ClientEvents
hosted by Axens in 2015: We are
looking forward to seeing you in
2016! t.co/zMRKMJA3Ku
- o %

Axens’ Trainees: Let’s Meet Igor!
— READ MORE

Tags
| ATERVIEW | WORKING ATAXENS l HR

g 10122015

Axens’ APC to Optimize
SAMREF's Prime-G+
Unit Performance

Saui Aramee Mol Refinirg
Campany has selected Awens 1o
evaluste, develop and erplement
an Advarced Process Control (AP)
sysiem for their Prime G+ unit for
the desull: ion of the FCC
‘sasaline (0 tralon wllur conten,

—> READ MORE

Tags
| ADVANCED PROCESS CONTROL |
LS

27102015

Axens Runs Paris-
Versailies for the Etoile
‘de Martin Association
— READ MORE

21102015

25082015
Axens’ Trainees: Let's

axens.net/blog

@AxensGroup

Linked|[[3]).

You[TT

viaded

LKMT — AXENS - October, 14th 2017



