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TUESDAY 22 OCTOBER - BALLROOM A/B/C Chairman: Stefan Heuser
Time Title Speaker Company

9:00 - 9:10 Conference Welcome Stefan Heuser Clariant
Head, BU Catalysts

9:10 - 9:45 Performance - Growth - Innovation: This is precious to us! Christian Kohlpaintner Clariant
Executive Committee Member

9:45 - 10:30 Future Trends & Perspectives for the Global Chemical Industry Tony Potter IHS Consulting
Vice President, Chemicals Practice

10:30 - 11:00 Coffee Break

11:00 - 11:45 Feedstocks: Opportunity and Challenge to the Chemical Technology Ernesto Occhiello SABIC
Executive Vice President,
Technology & Innovation

11:45-12:30 Shale Plays Catalyzing a Petrochemical Revolution Daniel McCarthy CB&I
Executive Vice President & Group President,
Technalogy
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(1). On- Purpose Olefins Production

(2). AMMONIA AND METHANOL

(3). DEVELOPMENTS IN OXIDATION CATALYSIS
(4). FUEL PROCESS OPTIMIZATION



TUESDAY 22 OCTOBER

BALLROOM A ON-PURPOSE OLEFIN PRODUCTION Chairman: Stefan Breje
Time Title Speaker Company
14:00 - 14:30 On-Purpose Olefins - Mind the Gap Theo Jan Simons McKinsey
14:30 - 15:00 Report on a Successful Commercialization of Methanol-to-Propylene Thomas Wurzel Lurgi
15:00 - 15:30 Improvements in CATOFIN® Dehydrogenation Technology Lorena Oviol Clariant
15:30 - 16:00 Coffee Break
16:00 - 16:30 CATADIENE® Process Developments Ron Venner CBR&T
16:30 - 17:00 Capturing Gas Chemical Opportunity Chul-Jin Kim SK Gas
17:00 - 17:30 PDH CATOFIN® Off-Gas Emissions Greg Cullen Clariant
BALLROOM B AMMONIA AND METHANOL Chairman: Taylor Archer
Time Title Speaker Company
14:00 - 14:30 The Next Big Thing - Methanol Synthesis and Beyond Norbert Ringer Clariant
14:30 - 15:00 MegaMethanol - your winning solution for shale gas and coal valorisation Joerg Ott Lurgi
15:00 - 15:30 Experience Operating MegaMethanol Plant Utilizing Clariant Methanol Synthesis Catalyst Noor Fitri Petronas
15:30 - 16:00 Coffee Break
16:00 - 16:30 Changing Technologies for Syngas Production Giacome Colmegna Casale
16:30 - 17:00 POX-Methanol Plant: Experience with MegaMax® 800 Winfried Bauer TOTAL
17:00 - 17:30 Results of Catalyst Reactivity Tests at MTI Jeffrey Myers Midrex
BALLROOM C DEVELOPMENTS IN OXIDATION CATALYSIS Chairman: Tony Volpe
Time Title Speaker Company
14:00 - 14:30 Recent Step-Out Developments in Oxidation Catalysis Gerhard Mestl Clariant

14:30 - 15:00

Clariant’s Oxidation Catalysts - Improving VAM Economics

Peter Scheck

Clariant

15:00 - 15:30

15:30 - 16:00

FAMAX" Catalysts for Formaldehyde Synthesis

Coffee Break

Uwe Duerr

Clariant

16:00 - 16:30 Phthalic Anhydride - Market trends, value creation and customer experience Lisa Krumpholz Clariant
Jaka Lelana PT Petrowidada
16:30 - 17:00 Maleic Anhydride - Market Trends and Catalyst Operation Lisa Krumpholz Clariant

17:00 - 17:30

VOC Oxidation from Chemical Off-Gas and other Industrial Applications

Thomas Cotter

Martin Morrill

Clariant

SALON RUMFORD

FUEL PROCESS OPTIMIZATION Chairman: Gene Mueller

Time Title Speaker Company

14:00 - 14:30 Cold Flow Improvement with HYDEX*-G Dewaxing Catalyst Rainer Rakoczy Clariant

14:30 - 15:00 § Zorb - One Step Sulfur Removal Technology for FCC Naphtha with Yang Ling Sinopec
Maximum Octane Retention

15:00 - 15:30 Optimization of Integrated Aromatic Complexes — Novel Purification Catalysts Axel Dueker Clariant

15:30 - 16:00 Coffee Break

16:00 - 16:30 Chloride Removal from Reforming Process Streams - Benefits and Technology Hans-Christoph Schwarzer Clariant

16:30 - 17:00 A Novel Approach to Revamping HydroProcessing Units Using IsoTherming® Technology Andrew Tyas DuPont

17:00 - 17:30 Fuels Refinery Flexibility through SPA Catalysis Andile Mzinyati Sasol
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(1). OLEFINS PROCESSING

(2). COAL AND BIOMASS CONVERSION TECHNOLOGIES

(3). CATALYSTS FOR SPECIALTY CHEMICALS

(4). STYRENE AND BTX AROMATICS



WEDNESDAY 23 OCTOBER

BALLROOM A
Time

G000 - 9:30

OLEFINS PROCESSING Chairman: Christian Gueckel
Title

Will US Shale Gas be the End of European Olefins?

Speaker

Michael D. Smith

Company

IHS Consulting

9:30 - 10:00 valorisation of Refinery Off-Gas Veronique Reich Technip
10:00 - 10:30 Catalytic Olefins Technology Enhances Olefin Producers’ Flexibility and Economics Michael J. Tallman KBR
10:30 - 11:00 Coffee Break

11:00 - 11:30 Extracting the Maximum Value from Pyrolysis Gasoline Charlie Chou GTC

11:30 - 12:00

Redefining the Role of Polypropylene

Godofredo Follmer

Lummus Novolen

12:00 - 12:30 Polypropylene Catalyst in Operation Toni Angelov Lukoil
BALLROOM B COAL AND BIOMASS CONVERSION TECHNOLOGIES Chairman: Uwe Flessner

Time Title Speaker Company
9:00 - 9:30 Coal Conversion in China: Opportunities and Challenges Lei Xia AsiaChem
9:30 - 10:00 Sour Gas Shift - News and Application at Shanghai Coking (Huayi) Robert Marx Clariant

10:00 - 10:30

Substitute Natural Gas (SNG): a valuable option for countries where coal resources are prevalent

Luigi Bressan

FosterWheeler

10:30 - 11:00

Coffee Break

11:00 - 11:30

Biomass as Raw Materials for Renewable Fuels and Chemicals

Ronald Cascone

Nexant

11:30 - 12:00

Catalytic Conversion of Lignocellulosic Biomass to Conventional Liquid Fuels and Chemicals

Randy Cortright

Virent

12:00 - 12:30

Sunliquid® - Su: 1able and Competitive Cellulosic Ethanol from Agricultural Residues

Andre Koltermann

Clariant

BALLROOM C CATALYSTS FOR SPECIALTY CHEMICALS Chairman: Ingo Stender
Time Title Speaker Company
9:00 - 9:30 VOUC Emissions and Carbon Cap and Trade Ronald Cascone Nexant
9:30 - 10:00 Catalytic vs Thermal Oxidation of VOC and CO Emissions Martin Morrill Clariant
10:00 - 10:30 N,0 Reduction from Chemicals Production Roderik Althoff Clariant
10:30 - 11:00 Colffee Break
11:00 - 11:30 Custom Capabilities - Your Process Partner Chris Mancinelli Clariant
11:30 - 12:00 AcryloMax® - Clariant’s New Catalyst for the Manufacture of Acrylonitrile Maximilian Dochnahl Clariant
12:00 - 12:30 A Robust Catalyst Platform for Service in Aqueous Environments Helge Toufar Clariant
SALON RUMFORD STYRENE AND BTX AROMATICS Chairman: Guenter Hausinger
Time Title Speaker Company
9:00 - 9:20 Styrene Production Processes Ajay Gami CB&I
9:30 - 10:00 Commercial Plant Performance of the Next Generation Catalyst Ono Reiji Taiyo
Guenter Hausinger Clariant
10:00 - 10:30 Styrene Monomer Technology and DMAX* Catalyst Performance Adrie Overdulve Styron
10:30 - 11:00 Coffee Break
11:00 - 11:30 Direct Heating Unit Technology in Styrene Production Douglas Hubbell Badger
11:30 - 12:00 Global Aromatics: The Pressure is Mounting Michael D. Smith IHS Consulting
12:00 - 12:30 PX 101: The Petrochemistry of Para-Xylene Joseph Gentry GTC

10 A 24 HFragam Loy R VUSH

(1). ETHYLENE AND DERIVATIVES

(2). FUELS OF THE FUTURE

(3). NEW DEVELOPMENTS IN GAS PROCESSING

(4). NEW FRONTIERS IN CATALYST RESEARCH



THURSDAY 24 OCTOBER

BALLROOM A ETHYLENE AND DERIVATIVES Chairman: Wolf Spaether

Time Title Speaker Company

9:00 - 9:30 The Effect of Oxygenate Impurities in the Conversion of Aleohols to Olefins Davy Nieskens Dow

9:30 - 10:00 Reduction of the Energy Consumption in the Manufacturing Process of PVC and Commercial Peter Kammerhofer Vinnolit
Experience with OxyMax* V and OxyMax*® 100

10:00 - 10:30 High Performance Catalyst Creates Value to China VCM Plant Wei Cui Shanghai Huayi

Chloride

10:30 - 11:00 Coffee Break

11:00 - 11:30 Optimized MEG Plant Designs for Changing Global Conditions Michael Bruscino Scientific Design

11:30 - 12:00 Advancements in Ethylene Oxide Catalysts Resulting in Superior Operating Economics Ming Zhang Scientific Design

12:00 -12:30 Enhanced Operation Stability and Profitability with a New Generation of Acetylene Front End  Ling Xu Clariant
Hydrogenation Catalysts

BALLROOM B FUELS OF THE FUTURE Chairman: Jeff Braden

Time Title Speaker Company

9:00 - 9:30 Designing XTL Plants under Carbon Constraints Claus-Peter Haelsig Fluor

9:30 - 10:00 Velosys Fischer-Tropsch Synthesis Technology - Advancing State-of-the-Art Heinz Robota Velocys

10:00 - 10:30

Fuel Processing for Highly Efficient Solid Oxide Fuel Cell Generators

Karl Foeger

Ceramic Fuel

Cells
10:30 - 11:00 Coffee Break
11:00 - 11:30 Power-to-Gas: Smart Energy Conversion and Sustainable Long-Range Mobility with e-Gas Herman Pengg-Buehrlen  Audi
Roland Dol Etogas
Karl Maria Gruenauer Etogas
11:30 - 12:00 Methanol to Gasoline Technology: An Alternative for Transportation Fuel Mitch Hindman ExxonMobil
12:00 - 12:30 Latest Trends in Hydrogen and Syngas Production Hy Poh Air Liquide
BALLROOM C NEW DEVELOPMENTS IN GAS PROCESSING Chairman: Bruce Kleppe
Time Title Speaker Company
9:00 - 9:30 Europe Shale Gas Challenges Heinrich Herm Stapelberg  ExxonMobil
Europe
9:30 - 10:00 Novel Integrated Process and Catalyst Technologies for Future Fuels Production Raghubir Gupta Research Triangle
Institute
10:00 - 10:30 New Products for Gas Processing Bruce Kleppe Clariant
10:30 - 11:00 Coffee Break
11:00 - 11:30 Mereury Removal in Natural Gas Processing Abai Mahpuzah Petronas

11:30 - 12:00

New Improvements in Catalyst Handling for Primary Reformer Converters

Peter Richter

Richter Rohrer

12:00 - 12:30 GT-SPOC: A New Approach to Claus Cole Nelson GTC

SALON RUMFORD NEW FRONTIERS IN CATALYST RESEARCH Chairman: Marvin Estenfelder

Time Title Speaker Company

9:00 - 9:30 Shaping the Future in Catalyst R&D): Strategic Research and Development Andreas Geisbauer Clariant

9:30 - 10:00 Materials for the 21* Century: Can Carbon come from CO,? Bernhard Rieger Technical
University
Munich

10:00 - 10:30 High Throughput Catalyst Research and Development at Clariant: Tony Volpe Clariant

Approach, Capabilities and Applications

10:30 - 11:00 Coffee Break

11:00 - 11:30 Selectivity and Sustainability Issues Meet in Modern Oxidation Catalysis Fabrizio Cavani University of
Bologna

11:30 - 12:00 Custom Catalysts — From Lab to Production Jason Zhao Clariant

12:00 - 12:30 Future Developments in Low Temperature Fischer-Tropsch Synthesis Thomas Turek Clausthal
University of
Technology
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(—) Enhanced Operation Stability and Profitability with a New Generation of Acetylene Front End
Hydrogenation Catalysts
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Tail-End Front-End

Acetylene Hydrogenation Acetylene Hydrogenation
Feed C, cutonly C,-, C;-, Raw Gas

(includes light end)

Position After light end removal Before light end removal
Hydrogen Injected in stoichiometric amounts Excess hydrogen
co Optionally added, trace amounts 100~1000ppm, fluctuating
Process control Temperature Temperature
Parameter Hydrogen injection

CO injection
Regeneration In-situ No regeneration
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Tail-End
Acetylene Hydrogenation

Front-End
Acetylene Hydrogenation

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) (1990’s)

3rd Generation

(20086)

Pd on carrier; promoted & stabilized

Pd on carrier; promoted & stabilized
(2006)

BB = U ERE EAVEERR

) C2 Tail End
% 3d Gen
o
E Activity
é Retention
Cycle length >
. Selectivity
% Increased
g Cycle Time
Cycle length >
LB S LB Y B Ry
D= FEELIIEmIELLE -
2). AR(EEEY -
3).f& CO REH#F(E 2 A CO)
4). ZIRREERE D 2K 1vol ppm e
5). 8 b EERE PP Ay EIRE D - wEe T

6).f27E

7). FlE A BR A B S8

EDE S AU

C2 Front End

A
a Activity
e Retention
2
% Increased
" Life Time
o
- >
Life cycle
A
Selectivity
——

=

=

©

o

)

w

- >
Life cycle

affsSIE -

M > BIfE CO JREERE) > TRA GG R E Runaway

15 = RGBT CO R ZE -



Operating Window:

A key indicator of catalyst stability e Generation
1400 "_—‘—‘——%‘_\ 2]
E““’“ o2 500 ppm CO 2nd generation
: §
E 80 1:§
g o0 T o it J E" 3rd generation
S ‘3
200 3 100 ppm CO -
‘, ] o 2nd generation
o Bed Temperature, °C e
AT
CO 900 ppmv ) CO 300 ppmv
Selectivity [%]
2nd Gen high Runaway
3rd Gen high No Runaway
CO 250 ppmv CO 60 ppmv
Selectivity [%] =
2" Gen medium Runaway
3rd Gen high No Runaway

H AT Clarinat 23] Front-end & Tail-end Z B G AL 5 — ACEEEE = (UL RS
SEAmIT SN R RRRET T

C2 Tail End C2 Front End

OleMax® 251

OleMax® 201 v
a}g High durability tablet
).*I

Industry benchmark in C2TE

Spherical shape Widely established in market

2nd Generation
3rd Generation

OleMax® 207
Up to 36 months cycle length

OleMax® 252
Spherical, low bulk density

OleMax® 253
Tri-hole, low density

OleMax® 208
Higher activity

OleMax® 254
! High durability tablet
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Hohyr =8 Hai A st R EHEE LAY OleMax 201 © [fi%E =X Tail-end £ LM
AL ARSE R OleMax 207
OleMax 207 HYEFBEAERY

| EEE TSR EBIRREE - R ERREAER T > BEERRGER OleMax 201 20%L4
o

2. R R ] R R 2 AR B -

3. BRYFIEI TR 30 (EH -

4. A CO -

5. EALRIEERE I sk v i) -

TESE OleMax 201 2 OleMax 207 & & MY LLER

est) cycleon
',J'-’ AT (EOR-SOR)
= =40°C

Temp (°C)
*

.
AT (EOR-SOR)
First cycle on OleMax® 207 =gec

Days on stream

0 50 100 150 200 250 300 350 400 450
Increased Cycle Length

TEE OleMax 201 1 OleMax 201 EEIER AL

First cycle on OleMax® 207

60% Selectivity
Improvement

Relative Selectivity (%)

Increased Ethylene Make

0 50 100 150 200 250 300 350 400 450
Days on Stream
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(—) Extracting the Maximum Value from Pyrolysis Gasoline

Rt GTC AEIFTiRt - EEAESET T LM% 155 Pygas VSR HEE > Z06%
i TR R - EYIRES AT

Feedstock
Product A h v
tmospheric acuum
Ethane Propane Butane Naphtha Gas Oil Gas Oil
Hydrogen
959% Purity 9 - 2 2 1 1
Methane 6 28 22 17 11 9
Ethylene 78 42 40 34 26 21
Propylene 3 17 17 16 16 14
Butadiene 2 3 4 5 5 5
Pyrolysis Gas of 2 7 7 19 18 19
which. ..
Benzene 2 3 3 7 6 Bl
Toluene 0 1 1 3 3 3
Fuel Oil 0 1 2 3 18 25

* Values obtained at high severity and with recycling unconverted E/P Stream Chauvel & Lefebvre 1989

{H47 Pygas BREURIZAN T

C.s
Ce-C7

H, H, Hos | Raffinate

l l C.-c. Cut Aromatics

qst &7 Recovery

Raw Pygas Stage Unit
|—- Benzene

Toluene

Il GTC B DL ZLE 8 (Extractive Distillation, ffE ED)AY 7 A& EL rf C5s~C6~C8 BTX
o C8 Hfy Styrene 3B =40 E & 0 DRSS KR EE - HAREFHREAZT ¢
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Isopentane
[ * C; to recycle crackin

Crude High- . .
Isoprene Purity t————— High-purity Isoprene

Extraction Isoprene 29 wt. %
J

—— Piperylenes
| High-Purity
DCPD/PIPs | —— High-purity DCPD
70 to 85 wt. %
Benzene

Pygas GT-BTX - Cyclohexane
Hydrotreating Select ® vee e

~ ¥ Xylenes

C; Fraction

Raw
Pyrolysis
Gasoline

v

GT-Styrene ® » High-purity Styrene
99.9 wt. %

* Resin Oil

C,., Fraction

> Naphthalenes

Resin Qil Naphthalenes

—— Aromatic Solvents

PGO/PFO N
(Fuel Stream)

DL C5s B8l » DL Naphtha #ERIIZURE T35 A E W82 &9 0.13~0.18 Hf C5s
AR By

— 15% isoprene

- 16% CPD & DCPD

- 11% Pips

— 8% n-pentene

- 11% isopentene

— 4% cyclopentane & cyclopentene
— 33% pentanes

— 2% acetylenes

i HHASHUZE s Tsoprene ~ Piperylene J DCPD 7y A £ = B {E A o -
Recycle to Cracker
H,, Fuel Gas
Isoprene Hydrocarbon
(o Resins
—> | Upgrading | __Piperylenes -
Unit Hydro_carbc_)n —_—
DCPD Resin Unit | ———>
—> C,°,C5,Cy >

Naphtha —> eIEle Gl

Pygas
Processing [ = BTX, Styrene

Raw C9's

Fuel Oil

Ifi BTX ZEHUEAE H Aipe —#SIEAE A A2 |

-13-



Lean
Solvent
Cooler

Extended Range
of Aromatics-

Containing Feed

Feed
Preheater

Extract
Reboiler

EDC
Condenser

Extractive
Distillation
Column (EDC)

EDC
Reboiler

Rich Solvent

Techtiv® Solvent

Raffinate

Solvent
Recovery
Column
(SRC)

To Vacuum
; System

S
Condenser

Water N

Extracted
BTX

|| Solvent
Regenerator

o

Heavy Hydrocarbon
Recovery System

Purge

Water

GTX B HAZHZA B o (B HM R R R A HL A A TR A e S8 L
i NILRA IR BN - SRR MRS -

Solvent o
NC7/Benzene .
: Proprietary solvent of
1 m I 3
Techtiv-100 244 —> | GTC's GT-BTX® Technology
Sulfolane 2.00
N-methyl Pyrolidone 1.95
N-formyl Morpholine 1.89
Glycol blends 1.35
None 0.57
1
GT-BTX® | Other ED
No solvent Techtiv 100'm : No solvent Other Solvent
bp. low b.p. low : b.p. low b.p. low
C6N ] | cen]
Glm— . ompee—
— — 1 CBA — CBP
CBN —
o | om ]
L C7P | C7P | L
CTA — I— CTN 1 C7A — — E;E
ceN ' cen —K
csp »— CBP . csp
—3 C8N 1 capP — CBN .
C8A — | q=,Cutt|ng
con : C38A _@— CBA  point
o o cop | CON — CTA
N F
Cutting -
b.p. high == oint : b.p. high oA
— CBA 1
— CTA |
— caA :
b.p. high : b.p. high
1
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FA B A1 Styrene BIFEEI&FHE = INILS7EE C8 tf Styrene HY GT-Styrene FIFEFE AN,
5] > FRY C8 Rl srEil Styrene JBBIAHAT - 855 S 28880 408 > PRI 7R A
AR B Al -

e \
SN ANG§

Styrene Ethylbenzene Orthoxylene
NBP 145°C NBP 136°C NBP 144°C
CH,
C=CcCH @ /
©/ ©/ CH-\
Phenyl Acetylene Dicyclopentadiene Cumene
NBP 142°C NBP 152°C NBP 152°C

PLEFRAE 100 & tonly LR &2 2 $SHBIR A B RS TIGHIE B 25,000M Ty 2
styrene * A ZE 99. 7wt A b2 FEdh o FEEUREAEHE A ED Z Al - #ER S A—/ N FE
#5(PA Hydrogenation) > % Phenyl acetylene &L 1 ED Z 1% & IR R TR E
PA G /bMEEE ~ ED 7275 Techtiv-200 Kz G55 B GTC ZAI

» Cg aromatics

99.9+ wt%

Finishing styrene product
treatment

H2

Pygas Cg cut PA
Hydrogenation
Lean solvent Heavies
Eeed Extractive Solvent Styrene
Pretreatment Distillation Recovery Einishing

2. GT-Styrene #UR2EfE 2 (BRE T35 4 15 ¢

(ORI T8 Ce+ A HE A —Sh B L RS > NIL AR i eSS il Sy o
QFRKIESARAE -

QHMESEZHET EB &8 > fee e “HREHE -

DA 99.9wt% =401 Styrene °
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(=)

Crude C4s

1t Catalyst life
extended

1} H2 consumption
reduced to ~half

Raw Css
Hs - H: —  C5-Cs

1 l r H.S Raffinate
DeC N ' ®
* ’ ¥ 1% Stage s 2" Stage J GT-BTX

| I_. Benzene

DeC5 Toluene

| + Xylene

Pyrolysis
Condensates

GT-Styrene° ———— Styrene

DeCT -
Lt High value SM

product

1} Upgrade from solvent-
grade to isomer-grade

Ca+

GTC EREEHRMFMEE S  EMERNZ RSN - SRR ARNH
S HETT Revamping » VU7 ELREEAE T - H A 0] IR B i 75 4RI BT o dfe
TR IERE » SBAMHTY Styrene WIEAEIEEIAE » FrIFZEHEE > BRI FEHHEM

NEIETE -
Improvements in CATOFIN® Dehydrogenation Technology

LR F 248 CATOFIN BIF2Hfigr a3 » CATOFIN 252 H RS AR 52 By
CB&I AE] > filgfit i Clarinat 2 552 (E o F 2 AR PR @R fio sk i 2 PR - 7Ra]
JA7FF Isobutane $EHA LY Isobutylene » HAEijHA 28 B CATOFIN Lf& AZEEE > mefry
2EA

(1) Heat Generating Material(HGM)F filqiy B 2%
CB&I A HEIFIF 8 FEHERFE S H H: Heat Generating Material HGM)#z1fiy > AI7E
PR N LR N EVIR - 55— FEER A HGM £ 4l0fY TH54E 2013 4 3 A FadhiEE »
HAABBE RS 2-3% e 1% B AR #E I 22 RORE -

Isobutylene Plant

Air Temperature (°C)

= Air T Inlet - No HGM
—— Air T Inlet - HGM

~J

..{- U\;;’Au\v:v}h

Air Temp (°C)
WU

Lower air temperature

Days On Stream
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Isobutylene Plant

Selectivity (%)

=== SEL-No HGM

|1t | —  SEL-HGM

Selectivity (Wt%)
1
—

Better selectivity

Days On Stream

(2) TR CATOFIN Tt

CB&I A EH AT 48 n] LAR%ETH 75 B/~ propylene T35 K 100 EIE/F
Isobutylene T35 » #THA HfZz%st 85 BME/F > single train propylene T35 o

(3) REFEHYRE(K

{RBERERY Taat i R RI B BAS SR ERAS » CB&I A R E R ILa T B 5
B[R 1.5 4 -

Economics of “Low Energy Scheme”

Units Standard Low-Energy

Scheme Scheme
Primary Energy Requirement GJ/h Base Base x 0.74
Capital Investment MMUSD Base Base + 21
(650 kta capacity)
Energy Savings MM US$ Base Base - 15
Fuel = 6.5 US$ per MMBTU per year
Electric power = 7 cents per KWh

Payback can be less than 1.5 years!!!!
(PY) Catadiene and Catofin Solutions: C4 Pathways

BERR S B 48 55— CB&I A H] Catofin £51#4f2 Catadiene #4f2 » B 12
N-Butanes / n-butenes 57 %%, Butadiene » FZ & REH . Butadiene ~ F53Kpki & - HAI
Butadiene FA#R/7ARAIT ¢
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— 12.0 million mta worldwide butadiene
production

- ~4% growth per year
— Main butadiene end uses

C;t;/er gg,z - Styrene butadiene rubber (SBR)
0

Polybutadiene rubber (PBR)

Styrene butadiene latex (SBL)
Acrylonitrile butadiene styrene
copolymer (ABS)
PBR
SBL 28%

12%

ABS
12%

BlAE - ICIS Chemical Business

55— Catadiene BURZEETLIATY 1944 47 » 1950 45 1980 A HiEIE 19 BE > el — RN
1988 4 > HomAzal |

Air Heater Quench Section

Air Steam Cooler
H ! ] |

eactor on eactor on eactor on
Reheat Stream Purge Heat

l l Recovery
Heat Recoveryﬁ steam
Charge — To Stack
Heater
Freshg | Waste Heat Boiler
Butane
Recycleg ) PSA/Fuel
Butane/ | > Gas
Butenes To Downstream

Low Temp
Section

Butadiene Extraction
Unit

Flash Drum

Product Cooler

Compressor

Recycle
Butenes/Butane

FFARET T G ER AR R R - CB&I AT FARAESUE B EREAIIRTT Ml
DSUHE R REREH A -

PRI LR R BE R0 T
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/
x

n-Butane Conversion, %

Temperature

Butadiene Yield, wt. %

L 4ID%

r/

Temperature

i LA R b

Improved CATADIENE Technology Advantages

Capacity Base Base + 40%
I(Tr.:;arg/:; rf\123t2r0c1-:‘s.1=. Yield Base Base + 4%
Plot Savings Base 0.90 x Base
Energy Savings Base 0.85 x Base
Investment Requirements Base Base - 8%

-19 -



FH AT Catadiene BRAEORIEE T - BEAST S » TZER
1.C4 FEFE[F(EK
2 AR FfE
3. FRBEFRE
4. PRI ERA
5.2 Absorption oil system
Catadiene BIRETHEELEIAE By C4 R FEAVEETR - BIAN7E R 3B BT C4 BIRE 1 » Ml Ry HY

X OCT 2R S — 121K -

China 1
CATOFIN ~ Isobutylene
Refinery C
e 4 SHU —>| cD-DelB
ocT > Propylene
Ethylené
> LPG

China 2: Three phase project strategy

> Is0-C, LPG Product

n ’ e

Mixed C, Feed

Ethylene _

- C, LPG Product

CATOFIN |—>| commwe |—> MTBE
1 — Hydrogen
Methanol
. Fuel
PsA |
Gas
N cD-DelB
A
Mixed C, Feed
Ethylene N
Phase ll »C, LPG Product
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China 2: Three phase project strategy

CATOFIN CDMibe MTBE
Hydrogen
Methanol
. Fuel
PSA G
' CD-DelB
| cATADIENE : BDE > Butadiene
Mixed C, Feed
Ethylene &)
Phase Il >C, LPG Product
Phase Il

(#) VOC Oxidation from Chemical Off-Gas and other Industrial Application

B S EE 48 Clariant 2\ FEHF2E R THEIFVEERE - RillER TREFTHR
Z VOC ILAE( bz Mt R AR R S i 2 3% € -

Clariant - Air Purification

md |ndustrial

* VOC Oxidation

+ DeNOx / DeN20 / NOx Removal
= Nuclear Industry Applications

* Gas Purification

* Semiconductor Off-Gas

« Biomass Combustion

Stationary Engines & Gas Turbines

+ Stationary Engines and Gas Turbines

=d Mobile Engines

* Mobile Engines Retrofit
* Mobile Engines OEM

==l Performance Materials

= Zeolite Materials for Catalysts
+ Zeolite Materials for Other Application
+ Other Raw Materials
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Chemical Off-Gas Application

Acrylic Acid (AA)

Polyethylene Terephthalate (PET)
Phthalic Anhydride (PA)
Acrylonitrile (AN)

VOCs (Volatile Organic Compo

Phenol/Acetone

Maleic Anhydride (MA)

Nitric Acid

Methyl Methacrylate (MMA)
Formaldehyde (FA)

Urea Production (H, removal in CO2)
Purified Terephthalic Acid (PTA)
CO2 Purification

Nitrogen oxides: 4 + POI/SM - Propylene oxide/Styrene
Nox monomer

N20 + Cyclohexanone

S(bM L EIRE R R R T Z ik B &Y R — R iR A bR A bR

C,H,+ (x+y)40, — x CO, + y/2 H,0
CO +% 0, - Cco,

SZH DL PTA(Purified Terephthalic Acid) T WeHER R ES > ICZAE B EH

» The major air pollutants (off-gas)
from PTA production are :

» CO > 3000 ppm
» Methyl-bromide > 10 ppm

» Methyl-acetate > 200 ppm

» Benzene, Toluene and Xylene > 10
ppm

» Methanol and Acetic acid > 100
ppm
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PTA Off-Gas Oxidation

Desired Reactions

~» CO+0, — CO,

> HCO,+ 0, — CO,+ H,0

» CH;Br +H,0+ O, — CO,
» (HBr easily removed by caustic scrubber)

Un-Desired Reactions

> CH,Br + H,0 + 0, — CO, + H,0 @poisonous gas)

» Avoid poly-bromo-benzene compounds formation

Clariant A=A IE PTA ThgZ VOC S bMEEMEREAT T

EnviCat® 2040 Catalyst (400 cpsi)

PTA off-gas destruction performance at SV= 12800 h?

100%

Cat. EnviCat 2040

GHSV=12800h-1;
80% ---——-—-—-- - e T T « 1< 27 AT
H20 3v%
= = CO 6000 ppm;
c Total Oxidation of MBr 50ppm:
o MA 250 .
£ 60% §------- - all compounds by SRt S
2 o Tol. 20 ppm. Y
] 200°C N2 balance.
o
8 a0% d------H--
> ! ! ! =8=Methyl Bromide
! » Low Space Velocity ==Methyl Acetate
i e e > High PGM Loading (G =#=Toluene

> High Cell Density =#=Benzene
: : : ——Co

0%
150 200 250 300 350 400 450 500

Inlet Temperature ( °C )
(7) Catalytic Olefins Technology Enhances Olefin Producers’  Flexibility and Economics

R E F 148 KBR A EFIA Catalytic Olefins Technology 2&HEFH Olefins FYE & » 751
WM I HIS AEER - R ARKAG A EER EZE -
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Regional Steam Cracker PG/CG Propylene

Million Metric Tons Production Vs Total Demand
140

il Propylene Gap of ~60 MMTPA to be
supplied by FCC and "On-Purpose"
Propylene Technologies

100

80 -

60 -

40 -

0 -
or 08 09 10 11 12 13 14 15 16 17 18 19 20 209 22

| Total PG/CG Demand ®Asia/Pacific ®Americas ®Europe DAfrica/Middle East ‘ @

KBR A E FEA A ZSM-5 40 FAE FCC #UA2 V4R ES » 7E 4RSS i -
Catalytic Olefins < FE & [E1UZ 247

Typical Refinery and Steam Cracker

: ";'I ; I:.:. :.
Gasoline
Crude

oil Hydrotreaters G Distillate

Jet/Kero
De- Fuel Oil
. Coker
asj|halting
Naphtha Catalytic Olefins
~ ! — Recovery
Ethylene s
Hot Section Cold Section Propylene A
Butadiene
PyGas

(LG ESERyE SN
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Typical Ethylene Plant

Tail gas
HP Ethylene
Steam
xch Propylene
Feed —_— Butadiene
-7
Cd's
il Water
Pyrolysis  Quench|  Wash l r’ C5+ Pygas
Furnaces
| |
v Fuel oil
Ethane/Propane Recycle i
H_E KGB 2 Catalytic Olefins [ 24 &40 R
C4/C5/C6NA from
«Converter Ethylene Plant
=02 Reactor
=Deprop / Dehex
gl_‘le' — - » BTX-Gasoline
|
C3&
Lighter Tail gas
Ethylene
= A Propylene
Feed Caustic > » Butadiene
= - C6+ Pygas
Water
Pyrolysis  Quench Wash i
Furnaces .
| | + Fuel oil
Ethane/Propane Recycle l

HEFE i T

Catalytic Olefins - Reaction Section

To Flue*—|
Gas Reactor Effluent
System

To Recovery
St
Catalyst gam Fuel
Fines Oil —»
BFW
. Oil Wash
Catalytic Olefins Tower
Orthoflow
Converter Catalyst St_orage
And Handling .
Patented Commercialized
Catalyst Recovery
=10=]01
@ Regn Recycle C4/C5/C6 NA
Fresh Feed‘ . Air (paraffins will crack)

\ Patented Commercialized
Well for Fuel Qil Burning
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HARE SR ERAENMETIRE 2 L2 &0 » sl eEAG/I N GtE s 1 B2
7~ Olefins-rich BY#ERIA] DLBIN G/ 255 By 2 - T H R A B b TReEE -

2010 Ethylene Industry Production Cash Cost
2010 Ethylene Industry Production Cash Cost

Dollars Per Metric Ton
1250

1050 A

_ ge0/Ethylene To7

P

NortheastAsia

850

650 1

North America
SoutheastAsia

KBR Catalytic Olefins Technology brings
significant ethylene margin improvement
on Liquid cracker

Cumulative Production Capacity, Million Metric Tons m

120

Recycle Converter vs. Best out of Sell or Recycle

100

Average $55 per Ethylene Ton

$ / Ethylene ton

Side Cat Cracker Simple Payout <3 Years
Specific Energy Slightly < Steam Cracker

SN 55\ & NSNS N I N S N R A N Y
$ 9SS :
O R RN R R S i R i N Sy

PRESFREIR ] > HoAthe A FE L -
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BEREEA IS 21200 2013 FERI5EE (CLARIANT) [RE2\ S ME R HEE S 2R 1t
2" Defining the Future VI" WH&TE » BEEHAE N EREERSZ R  HIEHEIEIEHST &
EANERH TS ~ Gilb T8 K iths 135 2 BRI - M ERIERE0E T & KB R ST
fiTHR S TAE « DEAT HVAER T iR CEUAR R 88 S Ml R e > HA S FE el U U AR R Aty 3
A1 DA AR IR R BE

FIERE (CLARIANT) B2\ E]HIE B Stid-Chemie Group A E] » HA EAEEAT &
R b TS A E SLLE] - ANERAVU ~ FES R =88 T LR s LB ey i
TER e B A EEAI AR - Stid-Chemie A SIRITLIY 1857 4 EAE 1974 F-HF AFTA{EEE -
HEEFIH A Chemetron i 2 Girdler AT > Wi 2012 FEOF ARFAEYEE A E]MK
R HATE T 5000 A\ Z BIFEFIA 2 i KNI A E] - RIS g hE R BZ A
H R HA A B A BT A B ST o NME A DUBRIRIE B b A Bl i S e 2 S Bl
a] > Hr[EIHE ] DT AR LA B2 i H R R RIS - 7 AR LAH B AR K it A 28 T THIFY
SR K FE S HRE R E S B2 BN BRI BE L 5 BN 7 Frif 9 [E 2% 20 2 BRI,
fiTtHeT & - FERrE T AT
. A{bEES = E BN SR TS e s Es - A S e sl e R F e
&~ ZHEIE ~ B EIE ~ T 20/ T |k - MEEE(E(OCT) ~ CD Tech. 25 22T /5 K2
— ~ ZHRAUHE CRR S E N EEE AR T R o (EME SR T H & - IAPVERENES
{BAAE Bl » B4 ERF CLARIANT /A 5] Olemax-201 fil# » {2 CLARIANT A= HEICE
53 —1(X Olemax-207 B4 > WHoTBEAr 8 B MMM RE TG 2% - NEFEYME
SR EEEY - 4 Rem bR G e BE  RE &  f
2. A EIZECE AR » N HESRER R ENA K IeA S - BRI R E A
B ES  [NILAE On- Purpose Olefins Production 77 i fE#% 26 IETAG FL ] 1704 R &8s (g -
3. AbLEHEILEAEBMEER » tERFA AL TR IAVESL - F{l GTC AEFizEH
Tt L )24% 135 Pygas HISSHMEEIVELE Neme LA E C5 3578 C8 f1HY Styrene »
AE ] DARHRIFERRERA - th e 38 A EE - B S B EZ LS 1
Feflg 51
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