HER S (HEEN:FE & )

SIIRIHE B (CLARIANT) A H]
Defining the Future 8 fiff&5

AR TERE: S R e AT

A SROB(LEETAZAN)

I ANE S N

HHEIHARE: 1074204 H 09 HZ2 107 04 H 13 H
et Hig: 107 4204 H 23 H



R

AXHBEIHARTE 107 €4 H 9 HBAIAZE 107 4 A 13 Hik#EET 5K
21112018 4RI (CLARIANT) {BE2AF]HA B ARERTNEHE> " Defining
the Future 8" & -

HEREPR B A EIATERH > Defining the future 8 it & F B A L&Y
TEF%E - MRELER KRGS - WA & bR B 2 i - a1k
TS FURHR 2 0 FE R ki 28 K B dm S DT AR ) 2B rE A R BUAE Rl 55 -

PSS 2w E NS EE

- BEGKAE

- BET

- FERTE R R E I T Y R S HR R
- FRIGAEI T ZEEAPE]

o« b A R T A

- RS CEE IS BT

FIERA T B AR A SIS T RS2 A AL (TR - DU
{51k~ MAPD BEFBMEG (LR S Z PRI G (1 - BB R (L%
MBS A A B - LIRS i T AR A B8 5 BT A L
I RARBHARE T » JIFT T et 2 = BT > B AR R - S
PR R T R S8 7 5+ (S SRR R A Tt
ES% -

b T B R R A S5 R RO - S L A
Hi(E N BT RIS RS - RSB LAT 2R — =« SR
TREZN - EYLA TR FR S R Z LR TS - ik
B BRI A BRI R IBET (65 BT R - ST Ty
BN R SRS M (T 3 - LM KPT A FTH 1 B BTV
SR T PRI > 48 /AT PR A A BT KPT
THSBEH - FIS B S TR 2 % 6 (R - A
A R O A T B - BRI 3 T A ST R
ST R S B T R T TS B T A B A S R
=% % 5 8 SRR T -



& 5k

By HBIEATERBH oottt e 3
E‘ N II:H{/?ﬁ% ................................................... 3
S v HBFR ST EI YT o verrer e 4
N E%ﬁ ﬁﬁJrEEI(Clanant) \jFE%/\ ..................... 4
%Eﬁ\é@ ................................................ 5

. ﬁﬂ%‘jjbﬁ'a}%g .......................................... 9
Jg;&_r . ’:‘i‘:/ﬁ\?{@ %IE .......................................... 78



= - B EHAVER

FEAROAE SRR T AR R LB I AR AR S R T T
HIFTARARES > CHE E e R B SRR 3 - A bRHER - TR i FE
A RS » FINE 2N T 5 A o Rt K (5 R AR R R AR AT 26 A L 5 2,
eSS R A VAR P vy SRR e A

FEHbR IR LG TR A - DU B B TSR 2 T b EIER
T 2 IR RS B - bR T AR e B S R RAE AL ~ PR ~ A b E -
KRS SR DRI A R 1251 WA AR T AASE FE LN ~ P~ T
Wi e T IR EIRRE - BIFTEE S On-purpose) AL FRHE EE SR » Bl R b & ~ Pk
B ~ FERREEE ~ TRl T3 T G E I ZhToE -

BB AN Rl T 525 eSS F ST S M PRI A S T e R BRI S 3R R
AR5 TAF = BIACR Clariant it~ =] Ry AL SIECR TG HR R M 2 BtiERgrs - HATVY
G L ~ MAPD BEEa b Ao =i LR G b B (E HZ A Fl B - L1 T HAVER
TR LRI A S R IR o DR %N Bl BRI 2 BRI A R - B SRS E UL
BRI R R i sk fee 2 380 - (R RDGE 3R 1R (F S i R e 2 2% -

Al - HETTRE

MEied® | R FIRE NS s TAENE
107.04.09 1 PRE-HUN (B WRE—ATN)

SHIRPKE (CLARIANT)A S

107.04.10~107.04.12 3 RL DA
el Defining the Future 8 iff&T&r o
SAIRHE (CLARIANTYAE]
.. O
107.04.13 | ojN-pkE  |[Defining the Future 8 B3 &

BRI BRE)




8

&
=

PR B Ry bS58 B (b 22 an KR IR 2 BSE

BT g
- EIRE ORI

< (Clariant) 2y 5] &1

VE - BTETA 18,000 A - 7y Rl

HHFEEF(Care chemicals ~ Catalysis ~ Natural resources % Plastics & coatings) » 73 4EH 53 (& [E 2%

o B

AT E N ]

EUAFIRITLRS 1886 4 » 112 2011 F-&f SUD CHEMIE A &M R A B S RS © I

1886 1995 1997 2000 2006 2011
Sandoz Sandoz spins Clariant acquires  Clariant Clariant Clariant acquires
chemical offits specialty ~ Hoechst's acquires life- acquires Siid-Chemie
company chemicals specialty science Ciba which becomes
founded in business to form chemicals specialist Master- Clariant's Business
Switzerland Clariant business BTP Plc. batches Unit Catalysts
® ® ® ® ®
CLARIANT
LARIANT
SUD-CHEMIE | ATALYS
[ ] o ] [ ] o [ @]
1857 1941 1958 1969 1970s 2001 2003
Founded as BAG (Bavarian BAG merges Enters joint The later  Acquires US-based China office set Together with
Company for Chemical & with venture with ~ Sdd- catalyst companies up in Shanghai. SABIC, acquires
Agrochemical Products)in ~ German clay Girdler Chemie Girdler and United  2002: Majority Scientific Design
Heufeld, Germany. specialist Catalyst, India is Catalysts. interest in Panjin-  (Little Ferry, NJ)
Co-founder: Justus von VBF to form  based in founded in  Starts providing based catalyst a leading licensor
Liebig, the "father of the SUd-Chemie  Louisville, Mumbai, ammonia catalytic  manufacturer of chemical
fertilizer industry” KY (USA) India solutions in China  acquired process technology
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CHEMICALS

- Ammonia

- Methanol

- Sour Gas Shift

- Synthetic natural gas
- GTL/Fischer-Tropsch
- Fuel cell

- Oxidation

- Hydrogenation

- Bio-based feedstock
- Fine Chemicals

PETROCHEMICALS

- Olefin Production

- Ethylene derivatives

- Styrene & BTX

- On-purpose Propylene
- Polypropylene

REFINERY / FUELS

- Gasoline Isomerization
- Gasoline from Olefins
- Hydrogen plants

- Diesel from Olefins

- Diesel Dewaxing

- Fuels upgrading

- Fuels from alternative
feedstocks

SRELNAIE ST AR RIS > b

EMISSION CONTROL

- Industrial off-gas
treatment

- Exhaust gas treatment
for stationary engines

- Zeolite powders for diesel
exhaust applications
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CONFERENCE WELCOME AND KEYNOTES

TIME TITLE SPEAKER COMPANY
08:30-08:40 Welcome Remarks Stefan Heuser Clariant
08:40-09:00 Conference Opening tha Clariant
00:00-00:45 Opening Keynote tha tha
09:45-10:10 Coffee Break
10:10-10:20 Introduction of Speakers and Panel Discussion Yvonne Zhang Clariant
Shousheng Li CPCIF
Yi Bai China Chemical
10:20-12:00 Kevnotes & Panel Discussion
: Industry
Paul Pang THS Markit

H—H MR BRSO R I TER RS R

(1). STYRENE / BTX / AROMATICS
(2). ENVIRONMENTAL
(3). FUEL UPGRADING & REFINING



SESSION BLOCK 1 — STYRENE / BTX / AROMATICS

TIME TITLE SPEAKER COMPANY
13:40-14:20 Pyrolysis Gasoline Value Upgrade Options Joe Gentry GTC
14:25-15:05 Advances in Low SHR Styrene Technologies Robert Trubac Lummus
Medium to Large EBSM Solutions for the . .
15:10-15:50 ) Zhigang Xu Ruihua
Chinese Market
15:50-16:20 Coffee Break
16:20-17:00 Styrene Catalysts Line Up of Clariant Kazuhiko Shinyama Clariant
17:05-17:45 tha Steven Han Clariant
SESSION BLOCK 2 — ENVIRONMENTAL
TIME TITLE SPEAKER COMPANY
o o ) . Chinese Academy for
Emission Control Regulation in China today and in . ) .
13:40-14:20 . . Miao Ning Environmental
Future: What is the Impact on the Chemical Industry? .
i Planning
Analysis of Chinese latest Environmental protection
14:25-15:05 standards for petrochemical industry and the application Xiaoping Zhao SDEEC
of catalysis oxidation technology in treating VOC
New Solutions for Industrial Emission Control in China ) . )
15:10-15:50 Siyuan Liu Clariant
(PTA, PA)
15:50-16:20 Coffee Break
Experience with Clariant’s new Nitric Acid Abatement
16:20-17:00 Catalyst: How to Operate a Nitric Acid Plant with Lihui Sun Huayangdier
Improved OPEX and Minimized N=0O Emissions
17:05-17:45 Platform Catalyze User Eco System Rong Xu Umore Consulting
SESSION BLOCK 3 — FUEL UPGRADING & REFINING
TIME TITLE SPEAKER COMPANY
13:40-14:20 tha Hou Shuandi Sinopec Ripp
14:25-15:05 Dewaxing Solutions Loic Mace Axens
Koji Yamamoto Taivo Oil
15:10-15:50 tha ) .
HyunJoong Kim Clariant
SESSION BLOCK 3 - BIO-BASED TOPICS
TIME TITLE SPEAKER COMPANY
Clariant bringing the best solution for commercial .
16:20-17:00 . ] . Markus Rarbach Clariant
cellulosic ethanol production to China
Gevo's Catalytic Technology Platform to Renewable
. i . Patrick Gruber Gevo
17:05-17:45 Chemicals and Fuels from C:-Cs Bio-Based Alcohols at .
Jonathan Smith Gevo

Competitive Economics




CEmNE I TR A

(1). ON PURPOSE OLEFINS

(2). AMMONIA

(3). DEVELOPMENTS IN HYDROGENATION & OXIDATION CATALYSTS

(4). ACADEMIC SESSION

SESSION BLOCK 1 — ON PURPOSE OLEFINS

TIME TITLE SPEAKER COMPANY
Martin Schubert Linde Engineerin
Oxidative Dehydrogenation of Ethane — Development of L. . gl . &
00:00-09:40 o ) ] Andreas Meiswinkel Linde Engineering
an attractive alternative for ethylene production . .
: Andreas Reitzmann Clariant
The next Generation of Polypropylene Catalyst tba tba
09:45-10:2 7 4
9:45 5 1e next Generation of Polypropylene Catalysts C.P. Cheng Clariant
10:25-10:55 Coffee Break
10:55-11:35 Small-Size Methanol-to-Propylene (MTP) Solutions Thomas Wurzel Air Liquide
Robert Trubac Lummus
11:40-12:20 The new Benchmark for PDH Success o
Chul-Jin Kim SK Advanced
Value Creation from Innovation: Heat Generating . .
12:25-13:10 . o ) . Cai Zeng Clariant
Material Applications in Dehydrogenation
SESSION BLOCK 2 —- AMMONIA
TIME TITLE SPEAKER COMPANY
Commissioning of a World-Scale Ammonia Plant with i} ~
00:00-00:40 . Venkat Pattabathula Dyno Nobel
Clariant Catalysts l
New Front-End plant Start-Up: Trouble-Shooting . . . .
00:45-10:25 . Zhu Jian Li Petrochina Ningxia
Experiences
10:25-10:55 Coffee Break
10:55-11:35 Clariant’s Presence in the China Ammonia Market Robert Marx Clariant
11:40-12:20 KBR Ammonia Syngas Technology Annie Jing KBR
The Synthesis Loop Design for Large-Size o
12:25-13:10 Ermanno Filippi Casale

Ammonia Plants




SESSION BLOCK 3 — DEVELOPMENTS IN HYDROGENATION & OXIDATION CATALYSTS

TIME TITLE SPEAKER COMPANY
00:00-00:40 HPPO tha tha
00:45-10:25 New Catalysts Addressing China-Specific Feedstocks Jacky Chen Clariant
10:25-10:55 Coffee Break

Efficient Conversion of Maleic Anhydride plants from Ashok Padia Scientific Design

10:55-11:35

Benzene to n-Butane Feedstock and the Resulting

Economics

Eric Pudimott

Scientific Design

11:40-12:20

Formaldehyde Technology Status and Prospect in China

Xiaoli Liu

Xiyuan Engineering

Custom Catalyst — an Innovative Concept to

12:25-13:10 Xaver Karsunke Clariant
Generate Value
SESSION BLOCK 4 — ACADEMIC SESSION
TIME TITLE SPEAKER COMPANY
00:00-00:40 Latest Research on Methanol-to-Olefins (MTO) Liu Zhongmin DICP
00:45-10:25 Clariant Catalyst Innovation for China Jason Zhao Clariant
10:25-10:55 Coffee Break
10:55-11:35 MEG Ma Xingbin Tianjin University
11:40-12:20 Syngas to Lower Olefins Ye Wang Xiamen University
12:25-13:10 Disruptive Technologies in Catalysis Marvin Estenfelder Clariant
= SO fN d —k
SoHERm O B =
(1). METHANOL
(2). BREAKTHROUGH TECHNOLOGIES
(3). OLEFIN DERIVATIVES
SESSION BLOCK 1 —- METHANOL
TIME TITLE SPEAKER COMPANY
08:30-09:00 First MegaMax 800 in China Yao Qiang Shenhua Ningmei
00:05-00:35 New Technology to Improve Methanol OQutput Martin Gorny Air Liquide
00:40-10:10 German Technology, China Production Kevin Chan Clariant
10:10-10:55 Coffee Break
10:55-11:25 VESTA: New SNG Technology Wanfu Gong Wison
Novel Syngas Clean-up, Conditioning and .
11:30-12:00 ; i Raghubir Gupta Susteon
Converting Technologies
12:05-12:35 Waste to Methanol Timothy Cesarek Enerkem
12:45-13:00 Closing Remarks Stefan Heuser Clariant




SESSION BLOCK 2 - BREAKTHROUGH TECHNOLOGIES

TIME TITLE SPEAKER COMPANY
Efficient Hydrogen Logistic Concepts using LOHC Hydrogenious
08:30-00:00 . ) . Caspar Paetz : .
Technology for Hydrogen Release Stations in China Technologies
Disrupting the Energy Value Chain — Distributed Robert Trout Siluria
00:05-00:
9:05709:35 Scale Olefins Erik Scher Siluria
Boosting the Limits of Mature Processes by Applied
00:40-10:10 Science: Increase Efficiency and Economies in Andreas Ochs Air Liquide
Syngas-to-Chemicals
SESSION BLOCK 2 - TECHNOLOGY AND ENGINEERING SERVICES
10:55-11:25 High-Throughput Technologies Tony Volpe Clariant
Proper Loading Techniques for Optimum Plant . )
11:30-12:00 . . Willi Brandstaedter Clariant
Operating Conditions
Case Study: Maximizing Plant Performance through )
12:05-12:35 L . Henry Huang Clariant
Clariant's Technical Support
12:45-13:00 Closing Remarks Stefan Heuser Clariant
SESSION BLOCK 3 — OLEFIN DERIVATIVES
TIME TITLE SPEAKER COMPANY
Superior Performance in C2 Tail End with . . .
08:30-00:00 Felicitas Cokoja Clariant
OleMax 207 Catalyst
TechnipFMC Metathesis Technology combined with i . . )
00:05-00:35 . Veronique Reich TechnipFMC
Clariant Catalyst
Improved Value Proposition for Pyrolysis Gasoline 15t . )
00:40-10:10 ) Tomohiro Maeda Clariant
Stage via OleMax ® 602 / 603
ralue Creati 0 FCC off Weijun Gu Sinopec Zhenhai
10:55-11:2 7 - : Overy
9 > e yeahon A OF Bas fecovery Michael Chen Clariant
11:30-12:00 Breaking Barriers in C2 Front End Catalyst Denise Cooper Clariant
. . Ashok Padia Scientific Design
12:05-12:35 Advances in Ethylene Oxide Catalyst Performance . ] o .
. Mike Bruscino Scientific Design
12:45-13:00 Closing Remarks Stefan Heuser Clariant
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(—) The New Benchmark for PDH Success
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Catalyst Bed
Clariant 310PS catalyst + HGM

Air

HC Inlet Nozzle

Nozzle Steam & Reduction
Gas Nozzle

= |
HC Outlet Air Outlet Evacuation
Nozzle Nozzle Nozzle

SK A H]J4 2013 A4 Lummus %3] EPC 547 » 2015 4 10 Ak T - 20161 H 3
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2013 December EPC contract with SK E&C

2014 May Construction began 18 months
Construction

2015 © October Mechanical Completion =~ reereesmesssnmmmmnnnn ¥,
2016 @ January Commissioning
v March 8 Feed-In
@ March Start-up v March @ On-Spec 15 days
v" March 23 100% Load rate
© Yeary Plant operation at 105% Load rate and OSF 99.0%
2018 I Present Plant operation over 110% Load rate OSF 99.6% (Until March!

(—) Challenging the Status Quo in C2 Acetylene Hydrogenation Catalysis
ERS TE ORI E AT LR EE M S D (BT ¥ Tail-end BRI
& HRTAA B =8 2 G C R ERS R B A E] ZE i OleMax-201 » BLSFE
BN E R T —1C OleMax-207 gt » ¥ =8NS RN AT B (RIERE T
T R e A B R M TS B REBIE -

SRR b Ry TRESMEZ LM - AkG R T IGEEY)  BEFEE A H
LR AR B A AV IR ~ FER LR G E) T EEE S b
PR - AN ERARFTR -

Methane
=

H2S/CO2

Compression

Ethylene

C2 Fractionator

Quench/
Fractionate

Cracking
Fumace

C3 Fractionator

C4 Hydrogenation
OleMax450 Series

Pyrolysis Gascline
Propane (Recy.)

C4 (Recy.)

=
C5+ =(>
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TEBEIIATINER N — AR - FERESS RPN - BRI SR B LG E LS -

IR EAE N FERS AL B R [E] 47 B Front-end & Tail-end » H)H 2\ 5] B Tail-end B2 >
RIZE BB H RIAE Tail-end B4RE FTBA 28 B pr Ve £ OleMax-207 ©

Ever increasing demand from the industry

Tail-End A | FrontEnd M
Acetylene Hydrogenation 4 { =  Acetylene Hydrogenation 72} 3 ﬁ‘
[§% SPvmaget
Generation Zero none Ni-based (1950's)
1st Generation Pd on carrier; non promoted Pd on carrier; non promoted
(1960’s) (1970’s)
2nd Generation Pd on carrier; promoted Pd on carrier; promoted
(1990 s) OleMax® 201 (1990’s)
3rd Generation Pd on carrier; promoted & stablllzed Pd on carrier; promoted & stabilized
(2006) OleMax® 207 (2006) OleMax® 254
4t Generation On going R&D [Game Changer OleMax® 260 ]

B LR S LB EOR R A S H BRI E R B SIRECR TR 5511 CO)

Customer Needs Priority Requirements

— Very high conversion of acetylene to ethylene
— Minimize over conversion to ethane

SILIBHIE DV s ) — Increased overall unit profitability

— Minimize regeneration costs
(2) Cycle Length — Reduce risk of off-spec product and catalyst damage

— CO injection facilities can be difficult to control
(3) No CO Injection — |IH standards now prohibit bottled CO use

-12 -
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100
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'\"‘A OleMax® 207
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Selectivity [%]

30
\ Previous Generation Catalyst
20
10 l
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0 100 200 300 400 500 600 700 800 900 1000

Days on Stream

FH ST - 2L DOW CHEMICAL 7\ &) 27 #E 8 i R 25611144 » DOW
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FRHEIRIE By 0.7mol% » i HLEE i LR & 0.5ppm BAR ©
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(<0.7 % Ac)
Hydrogen ———— Hydrogen—————

e

Hydrogen———*i

O

\1/

|
v
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Selectivity Increase >50%

Selectivity

Previous Generation Catalyst OleMax® 207

TEH AT 2 H2/AC (K » — R (L SR - GRS - (Rl Bs
B T 0% R -

=

H,/C,H, Ratio

~60% less H2 needed

Previous Generation Catalyst ~ OleMax® 207

HIREREER AT 2 3 4F - HIRPETHEA 27C -

1+ R60DA - + R60A
SREDE: ™ +R60B
= = * 3
g ¥ i
o | {pm, . N g A 5 R — o
by - s ¢
%) i s m Y h » {l § :.
o . e . o : »
. e ]
| 3
Time on stream Time on stream
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3

I
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[

—_
[3,]

-

Annual Additional Profits [in million US$]

o
w

=== Scenario 2: Price difference between C2H4 and C2H6 of US$ 550 per ton
= Scenario 1: Price difference between C2H4 and C2H6 of US$ 950 per ton

0 5 10 15 20 25 30
Selectivity Improvement [in %]

H A =8P 2 OleMax201 il B K > FR T RBHIEE#R - HRTIRIEHE
HA&AE 8 ~12 (H H - ([HANE] Z #kl b Z RS = (4T 1.5mol%) » KIELE(EEEH AT
FEARE 40 DOW CHEMICAL £ 3 4F » (HEHUHM S » BRI —HHL
VEEER T > ELRE BTN » S 2 LIt NBIERR | 2 e S4fahg » (8 R figes
SOENNRERE > BRI ZIGHI LI EEES -

(=) Value Creation via FCC off gas recovery

AEBUERRPEARELS - IE - @RFESEERD - B & 5-15% 25 > 5-10%
PN > 5-20% 8 SR, » FIRFEHE 0K SEIty > 7K —&qbhx - &b - B> 5> &
EEEFEMAEE - FHHEREER - fiEEER RS B EEERT - AR E
ERIME “PARER" BORBRE A SN EES -

wm
Additional &

LPG

r Propylene

ST I

|
Absorber
— Naphtha sipper Amine _Caustic

Wash Wash i
— . Propane
FCC

C, Splitter

—> HCO Gasoline
De-butanizer T » C4'sto Alky Unit
\J Bottoms or MTBE
Main Fractionator LPG Splitter
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LZ7 &t © BRE NOx ~ O2 FHEH - B HAE M BRI MBS 7 = hefd -
QAFEEARED © HIPR PR IS o DURE B n LIPS G TR K -

3B G - MRIHICEE IR > DR ARPRE B ORI R R, -

[ FCCU off-gas [ St
Removal

ry » Hydrogen

» Fuel gas

o | Off.gas > Ethylene

100 | purification
Seres | reactor >
\ i C, Splitter
Dryer —>>—> %2'3 —P
T FEthane
——» LPG

De-methanizer
De-ethanizer

H AR A F]FESE OleMax100 Z I IEBRIMHFE SR PRI L4 ~ PIMG > REREERSE
ERRER IR > HRBRAHER ST T 4 5 MAPD > [RIRFORFF = B - TARPR G S FEa 25
9 NOx #1 02 » AR BRSO F 7 LAV ~ 8% - 88 REFH N EEeBE(LRE
RO AIRFEHIREE © s T DAL b TR A PR E] (Sinapec) I R/ A H] 2
RFCC T8 RZER » i T RRBGTA T

Components 4> mol %
Hydrogen A5 32.16
Carbon Monoxide — & fL.h# 1.19
Carbon Dioxide — 4 {5 0.01
Methane H 4t 24 67
Ethylene /.4 11.54
Ethane £t 12.35
Propylene A% 2.04
Propane At 0.66
Butylenes | i 0.1
Butanes | #i 0.52
C5 Hydrocarbons fix®) 0.38
Steam/Water 7%75/7K 0.45
Nitrogen &S 13.36
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Oxygen H S 3100 ppmw
H,S Bt = 5 - 50 ppmw
CO, —&H i 1 ppmw
Ammonia &S 10 ppmw
Nitriles fiE% 10 ppmw
COS HEAi 10 ppmw
CS, —ftblx 1 ppmw
NO, REMLY 2 ppmw
Mercaptans fii % 50 ppmw
Acetylene Z.Jk 50 ppmw
Butadiene T /i 300 ppmw
C, & C, Acetylenes i = Uk 5 ppmw
Mercury
% 100 ppbw
Arsine
il 350 ppbw
Phosphine
Rk 1000 ppbw
HRFEE
Oxygen X <1 ppmv
Acetylene Z.Jk <1 ppmv
NO, AE MY < 10 ppmbv
Arsenic fifi < 1 ppbw
PH3 {5 <1 ppbw
Ethylene Loss Z ik < 0.5 % mol

PR 1% HAE TSGR S EEEEL T (ppmvy)
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Oxygen Inlet vs. Outlet

# Inlet O2 W Cutlet 02
25000
20000
o
& 1500.0 ‘
8
*
- ]
10000

5000
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NOx, ppbv
w
o
(=]
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1 17 ) 070
5/6/202_1
12/23/2011
Lz V207,
1/26/203 3
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¥ 20z,
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V62015
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C2H2 Inlet vs. Outlet
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(PHImproved Value Proposition for Pyrolysis Gasoline 1st Stage via OleMax® 602 / 603

BER EF S M AR R SR U — S S E R A A OleMax® 602 / 603 25 EE
PEBE > W BT — R — R E LA OleMax® 600 / 601 #EFTELER » B RTAL SlH = 2R
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H— ~ e E( R NME ARPR A E A - AR S S T AR S TR
A H A S Z (ERTH I -

SR TSR FREYICR Z5% ~ I RCT 205N » T EHRHE C5-200°C B 2 24
VR R e TR RN R > B b EYBE N EP RS IR B
HiEs - B S YN B AT I E R - ROIGNIEE G - s SE
RHEE - WM THTT 2 Ay > RS LRk -

wt.%
Parrafins 8-12
Aromatics 58-62
Olefins 8-10
Diolefins 18-22
Total Sulfur | 50-300 ppm
E SRt Ry

et LRI — SR S LS S HAVERIR M - R OIGRIET S L aY) - B4R
DUALIBIEEEE - RIRAHENE > RERA F] R OleMax600 Z:51#8EL - Ry PA/ALOs Z
fEt > el a (bR eSS HAVIE R PRI RRHGIEEAT - RSN RE > RER A TR
OleMax806/807 Z % » Ky CoMo Sz NiMo <& i -

H AT LA FIRFEEHT A — g d B B OleMax® 602 / 603 » FBERH Pd &
EEREFEAEZ OleMax® 600 /601 > (HEEMREFIRAEIR AL - LH Pd EFSITRER
FETF > e Pd S &R D AT E AR (K -

Pd market price trend (published by KITCO)
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OleMax® 602 / 603 il 2 FTLAREA#YE Pd & & - AlRe A HATAYIERERIA » EEAHH
HHRSIEGRIHE 2GR DERENEERAELL > SEA AT 2 OleMax602/603
81 OleMax600/601 2 Pd & & KRBEHAEEET

—— - For Standard Severity - — ——— - For High Severity - —
OleMax 600 OleMax 602 OleMax 601 OleMax 603

Relative initial activity 1.0 1.0 1.3 1.5
Relative stability 1.0 0.9 1.1 1.3
Relative Pd amount ™ 1.0 0.6 1.3 1.1
Relative Pd efficiency "2 1.0 1.4 0.9 1.2

"1) Pd amount per catalyst volume

"2) Relative Pd efficiency = “Relative stability” / “Relative Pd amount”

H AT OleMax® 602 / 603 BB SE LA EEA T YR > Hrpitat & oo avii
Yeochun NCC i~ #lEZFRIR

1. Yeochun NCC (Korea) OleMax® 603
2. Slovnaft (Slovakia) OleMax® 603
3. Korea Petrochemical (Korea) OleMax® 603
4. Confidential Customer (APAC) OleMax® 603
5. BP Gelsenkirchen (Germany) OleMax® 602
6. SIBUR (Russia) OleMax® 602
- OleMax 603 - - OleMax 601 -
Conversion Conversion

100 100
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DLERRTIGEE ~ RN ZEY RN S o #27E 500 K1% > OleMax® 603 i b0
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- OleMax 603 - - OleMax 601 -

Inlet temperature trend Inlet temperature trend
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- Reaction rate on Styrene - - Reaction rate on Diene Value -

Reaction rate on Styrene vs Reaction rate on diene value vs
Cumulative load to catalyst Cumulative load to catalyst

| oOleMax 603 4 OleMax 601 ‘ | ©OleMax 603 4 OleMax 601 |

Reaction rate on Styrene
Reaction rate on diene value

Cumulative load to catalyst Cumulative load to catalyst

ER 200 R IR SRR = OleMax® 603 B OleMax® 601 23R AH & HT -

(#.)Oxidative Dehydrogenation of Ethane - Development of an Attractive Alternative for Ethylene
Production

BB A T 4EME T2 /A S](Linde Engineering) FIRFKE B SR L [E] 5H &%
Z ZItEA b /AR - MMETRE A S AT LS Kb T > RIZEEAEH]
BEE R -

H AT LG BIRE R H AR AR AN > 372 N EITRES 1B 3 M BLE K
#UF2(On purpose olefins processes) * FEPE T H > H AT A PR S(PDH) BAE PG (L
R HIN IR AN S - N RERARIE - f TR R EEER » KIERE
TR AT 800°C ML » (HEP R IE R S EE LIRESE B S EE R E - UOP AH]
£ 80 - G 45 FHl SR e e i IR FEUAR Oleflex » nTHNZNEIRE > Z e b
5% > ZNHIEETEAR ] 2 O8%  (H HIRERIFERST » RERES - ZEIE TR FH IR -
PR EAER - NILTFHRL LR S~ BT - SIS hE R EF
TIASALT - (R ER R B AEHME Gihbs B EHEEATE E » RIMEBEATEE R
ERTE P LR > DERMELEAE] > HNERELRIERENEIE -
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i S LS 1R GBS EAE 400°C 7% S HERTIBGEE Ry 192KT/mol » i 15 ZJoey P
bR BT R SN E RS -

P
H2

LS HIS 36 - ZKRPIRARIER BT R LA Y
ETAH + LRI - R 2R TR A 2R e D -

World: Ethylene Production by Feedstock
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Hﬁﬁéﬁ'ﬁ?’*g CHEEEL o ARIBEFT AR - BRI Se e =RavkE - I

NGB THME -
TUM basis recipe 1

Successful adaptation by Clariant

Generation 1 kst focoing bl g loohencs
2" forming passed 03/2015
Generation 2 new recipe by Clariant successful
forming successful 06/2015
Generation 3 new recipe by Clariant successful
forming successful 05/2016
adjusting catalyst to reactor geometry and process 12/2017
Feasibility Laboratory Optimization / Pre-Piloting Piloting Commercial
T EF  <r I T © g 7.5 9 S 7 £
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Successful pilot reactor start-up in 02/2017

Closed Loop Setup ongoing Ethene CO,
r s

[mmmm————- Separation Purification
]
i Ethane
1
! recycle N\
i L
i
i
! Preheater

Ethane M—.ﬁ

Mioer
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Lab Plant

— Thermo-oil cooled reactor

— Catalyst testing & kinetic
studies

Water
Evaporator  Superheater
Nitrogen Molten salt

reactor

-24 -

£




(73) DeliveringPerformance in Front End AcetyleneSelectiveHydrogenation

PR T A 2RI Front End A2 BTABAERFME - RV ET 60 4EAC
PEESTHBEH=A -

L L O LD
R RA ALy, ST
s

N

« Ni based « Pd based

« Today still « Non « Ag promoted + Ag promoted
used in FCC promoted « Stabilzed
off gas

Selectivity [%)]

C,H, Conversion

fEitin AR E A A IR - AR el 2 4 4 -

100
w0
§ L
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g 0
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Bed Temperature, °C
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S P URASE P ZERFERERH OleMax254 #2FMERE - TERHEHRIFEFRE T GER
» CO EEB ke L ERERE) ELRHT 5 iR MERE R -

Feed flow rate CO infeed C2H2 in feed
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Summary 4% Gen R&D Work

+ 4 Generation Prototype shows remarkably wide OW
& ultra-high selectivity

+ Aging tests confirm long time stability over several
months

+ Strong resistance to runaways

+ To be confirmed in commercial operation

OleMax®100 OleMax®250 OleMax®251 OleMax®254 OleMax®252 Generation \'\

Generation 0 Generation 1 Generation 2 Generation 3  Generation 3 4

- 1960s - 1970s - 1990s - 2000s * Low bulk « Further

« Ni based « Pd based + Pd based « Pd based density development

- Today still - Non « Ag promoted « Ag promoted ongoing.

used in FCC promoted « Stabilzed + Commercial
off gas demonstration
soon
1400 1
1200 ‘l 18 Gen4 3 runaway at 100 °C
=
E1000 T4 ol {15 =
o a
a 800 12 & Gen3 51 19
= =
% &0 \ Operation 0 L
- \ Window %
o
<< 400 L 5 Gen 2 48| 5
o
z \ g
= 200 Fr3 4 T
o E‘ 40 50 60 70 80 50 100
] 0 Cleanup Temperature and Operation Window, °C

Bed Temperature, C
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B A E N FAREEISCRE ) SR A IS 2 IR B E (CLARIANT) A SR H
HUNERYE " Defining the Future 8" &S & » 15 LU S G (LA B BUAE S il 15 B 28 7 IRy 28 )
S IEFEARRIERL » I Bl me s e HA (R S i s - B SSIRF A FE T HE
SRRSO 0 W T RN S R A B SRR SRR

IR g 2ERE AR RAET - RENEET - 8RR RTHAEZ
i g A TG B N A ] R HA B b A m i A SRS o S E R DUERIRE
RUBER A RIS ee 2 #EFE S5 ] > R A] DL T AR 28 N BBl S g FAR A R - 65
A EAE BRI e R A 5% U5 I S8 I K E R AR E R > R B % - SOOMERRRIAFIA
BZHET BgEE] KBl AR F E e A f bR B FRE R TREHE A OlexMax
207 #EIEID RMRERIR - (E 5 HA ISl s 2% -

BB

1. A bEEEME R = (bR ESSMETE 2013 42 10 HFEE S E#RF 4 £%-
HATE#RIEES NEM > JGEEREHE ME > KE8LGESR - R EREESER -
HY 20 2% - — D5 IHIFRIEER O] LI iE » SINRERE » 55— T RN I L e ke
AT S SO B B R S B LU SR B ERS 100Ton/hr f5 &
B HREWIN 0.5% LIRS » A/ NRFATIEEE 0.5 WA L0 - —FE AT3gEE 4300 1 - 5 LA
f{ERE 1,000US$/Ton 55 > B AN — B =T-Efr e s - WA L3R
FTtig ZRERE - INIERRE TN = AR RIS - i B TR A4 - HEVERE
K OIGEEER - NI LG EETE R 2 B E s i R 2 & M -

2. OB EHFRI > AT F Ry B KR A EE R R g IR R 58 > B EIPE R
B AR &~ B ISR ERIE 2B > A E - HEBICEREIZ A
EEEARBER > 55— TR 5 f Ko A SR Bk - e AT
2T - fEbtat EamoC S8R o Ry TSR - ST A F I TIRIR S F - AR
RARL > HEIRFSH R ERAEN =R R S ERE T Bt - AMEATHE
BEIRT A B WTEERETT > FERBHSERA > A JIZRRFAE

3. MEWIET G PR TR LERE Bl I st e S RTS8 - B ARG B L E]
E AR MRS E B > FINaZ(EAF M — = - ZRE9IRES > #
NEEEHEINE B FR RS bA B - NIELRERLIL R A iR BT Ko
TatE 5 AR R > WM TG A i EERE R A TR T T 5 - b e
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