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Introduction of Corning and Cormetech
—EET(Corning) M Cormetech & 4t

*Why SCR ?
- N A1EASCR

*\Why Honeycomb ?

N AEFRESXELHT
*\Why Cormetech ?

— 1+ L& FECormetech?

How to design Catalyst?
— A T L5
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EZEET2 T Corning, Inc (GLW)

fIZrtE 0 1851 B
Established: 1851 »

R - ZEAAMNETE
Headquarters: Corning, New il
York -

RI : £ 3k25,000 A
Employee: 25,000

2004 WA : 38Z%%

2004 Revenue $3.8
Billion

(ME)Y 500582 1]




Market Segments and Additional Operations

iR 7

SEGMENTS

Display_ Environmental
Technologies Technologies

TR HRBHEL

* LCD Glass Substrates Automotive Emissions
Control
Diesel Emission Control
Molten Metal Filters
Selective Catalytic
Reduction Catalysts

ADDITIONAL OPERATIONS

Semiconductor Optics
Photonic Materials
Technical Materials
Mirrors and Windows
Ophthalmic Products
Steuben

Dow Corning Corporation

Telecommunicatio

nEBERE

* Optical Fiber and Cable
* Hardware and Equipment

Life Sciences
oy i

Microarray Products

Drug Discovery and Genomics
Cell and Molecular Biology
General Laboratory Products




P é} 2 Sclence an d Technology ®%

2000 BE5ZE T AIRA

More than $500 million spent on research and
development in 2000

A 1600 LB ERMNIRINS 5 T2IKNET
P &

e
P e
e

More than 1600 scientists and engineers

FEESE 1000 ZHE R

100+ patents a year

2000F X EHERBHERE
2000 National Medal of Technology

VTAL, ZE, AT %, AEANMEENIY

Facilities located in New York, France, Russia,
Japan, and England
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@ Corning Has Built a Long-Term Partnership with China
Sy SRERIKMNAHE
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Corning Has Invested Over $1000m in China
e IR 10{23E T

Acquired entity
W £ ol

Beijing Cable

Own investment
BTRES

3
TAINAN &

BEPERAKFRL A
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4> Cormetech, Inc.

CORESETECH
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<3§ *JFCormetech

Established in 1989, a |oint_equity venture between Corning and Mitsubishi
T/ F)(Corning) M =24 &(Mitsibutshi)50: 50 & &b, i 3 F 19894

Manufacturing facilities in North Carolina & Tennessee

HIFZFRBMNMAREMNBRES= .

Manufactures SCR Catalyst for the Electric Power Generation, Petroleum Refining
and Chemical industries

ARB[ ALITI £ SCREELH

CORESETECH




Where Cormetech Products Go Cormetech

FmAR5

Lt
150 mm x 150 mm x up to 1300 mm

LA R IR




< 6?‘!' Cormetech Experience Since 1989
| 28 Cormetechl 45

Utility Boilers 128 units &2 HL4A
BB, Uk £R 4

Utility Boilers _ Demonstration 4 units B4
BIRF - REIRE

Combustion Turbines 535 unitsa ¥4
MR

Refinery & Industrial Boilers 144 units & #14H
B A Tl gR 47

Stationary Diesel Engines 12 unitsa ¥14A
S

Lo%gl Experience 823 units A Y4

Cormetech also has an operational SCR unit in China Nanhai Refinery

Cormetech ZEHFEEZBHHABEITH S CRIUZE




Wwhy SCR?
RN ALIEBASCRRAREL?




SCR Reaction Chemistry
SCRILERNMERER

NH3 INJECTIONINE

NOx
FLUE GAS .

i »NOX
i , o

NOXx

»

®» NH3 + NOx
B NH3 + NOX
NH3 + NOx
»
NH3 + NOx

N2 o0 cLEANED

N2>

H20

N2E)>
2o |11

N2Ey o

SCR R NigR
- —

REACTOR




SCR overview ImEH

E“E;,'Sﬂ“;',.f” SER Reactor

A

g Boiler

Schematic flow diagram of SCR process

CORESETECH




FLOW CONTROL
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NH3 INJECTION GRID inE+§
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@ 7%, SCR Configuration Options
)5 SCRW#HIE

NH?

H|qh DUSt Boiler 8R4F &» - -

= [R5 =3z RS ETR
IS0

2
Air Heater
RS TAES N

Boil

Low Dust S r
i) e SR
J

Air Heater

Tail End
i Regenerative Heat
% BER

Exchanger #2485
-

Air Heater Air
Duct Burner ‘
eiEmimse  Fuel NH3




Erection of Catalyst

L ez

Vertical-flow fixed-bed type reactor chamber

sowrce: Sourhern Company 1995
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Catalyst Management Plan
2 Initial Plus 1 Spare Layer

wArR 02410

Initial Add
14 70
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{, Catalyst Samplin
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AT AEABEXELH?
Why honeycomb?




64‘3 ~ Types of Catalyst

O 2 RS

3

« Honeycomb 7% =X
« Homogenous 4%
 Coated RE

e Plate =

e Coated &)




Comparison of Catalyst Types

L ay L’




4;} Advantages of Cormetech High Performance
N Honeycomb Catalyst versus Plate Catalyst

: Cormetech % 3% (k3 MAR 4205 HL 3K

Geometric Relative
Product Pitch, mm Surface Area, Volume
7= 5 /g4 m2/m3 required*

LERER = Z R

o

o

A | -

__:- #l

N 4
. W
AR
e

I

Plate Catalyst

_ 0 - 0
iRt 307 —-353 |176% - 153%

Cormetech
Honeycomb 6.9

CM-69HP (22-cell)
B2

e
", iy

*At Constant NOx Conversion Efficiency (90%), Ammonia Z=#:2

i,

Slip (2 ppmvd @ 3% 0O2) and SO2 Oxidation rate (0.9%) %




K'fﬁ \ Catalyst Market Share in Japan
5 BB (LR TS O

" Coal-Eired Boilers R 1E 4% 47 33%

Honeycomb catalyst has
operated over 100,000 hours
without replacement

b2 K ELFZE1TH833100,000
AN =E

Demonstrates excellent

resistance to poisoning, erosion,

and plugging.

LFEEE. IR, PhEERI

mEEZRHC OFEIRR Plate




yst Market Share in Germany
Y (L7 T 37 10 8

*8%

Coal-Fired Bollers

JRIE 58 P

« Honeycomb
dominates due to
efficient cell structure

and superior
erformance life. B - Dry Bottom Honeycomb#&3 =,
D B - Dry Bottom Plate~F#x 3

e ELTIBHTAEX B - Wet Bottom Honeycombi£ % =X
WERIFI B RN MR R [ - Wet Bottom Plate~F4x =
R EIR T T E ST




. Avoid Erosion
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Figure 14

HARDENED EDXsE

(L5

CATALYST

Honeycomb Catalyst with Hardened Edge




% Avoid Ash Deposition Plugging
S Fplb#E(LRHIEE

Choose correct pitch size
EREENECTI AR

Correct design: & it 1E#H
BB

Installing deflection
devicesZER I MERE




RN AEFECormetech?

Why Cormetech?




?" An Example Of Leadership: Product Development

;"}?&:Eﬁiﬁjiﬁ
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Coal Catalyst Improvements
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Reduction in volume

0-5 | | | I I I |
1996 1997 1998 1999 2000 2001 2002 2003 2004

year




4} Advantages of Cormetech High Performance Catalyst

S 4\, Cormetech EMELFIKRLSE
| { " EHESHIRTIE FCormetech™ R4 kM E BN A E 47
. \.ﬂ g FHI80%

7| Product Pitch, mm | Opening, Geometric | Relative Relative
=5 IR mm Surface Volume SO,
Area, required Oxidation

RE ZEEHiEX | Rate
m2/m3 XA M S02%,
fE=
Competitor | 7.4 : 445 100% 100%
REXNF (20-cell)
CM-71HP 7.1 : 502 100% 35%
Cormetech | (21-cell)

CM-69HP | 6.9
Cormetech | (22-cell)




“'. ’

B '\-_‘I
ey

q

- a

ﬂ

e

;,

T
5
e
|
v .
P
r

et
ot |
s
p

;

Advantages of Cormetech High Performance Catalyst
Cormetech &3 4&E L7 RV L Z5

At Constant Conversion Efficiency, Slip and SO2 Oxidation rate

EMER R ERRNSO2ELRMBIET

Product

7= m

Pitch, mm
AL

Opening,
mm

Geometric
Surface
Area,

RER

m2/ms3

Relative
Volume
Required at
const. SO2
Oxidation

X E R

Relative
Pressure
Drop at
const. SO2
Oxidation

XS e f

Competitor

ZENF

7.4
(20-cell)

445

100%

100%

CM-71HP
Cormetech

7.1
(21-cell)

502

83%

69%

CM-69HP

Cormetech

6.9
(22-cell)




4"”"' Cormetech is a World-Leader in SCR
D Skl

" « Efficiency: Up to 95%
4 WE: FiK95%

« Experience: Over 820 installations worldwide
A 4 £IKEL8204

» Leadership: Largest capacity
GhE: FFRRER K

o Scale: Capability up to 1300 MW
BHBE: &A1300MW

« Vast experience for high CaO coal application
REFCao= EEH R b 55

e SO:2 oxidation: as low as 0.2%
SO Gt &E: H{K0.2%




. Alkaline Earth Metals [Ca, M(]
WERNRILEY

Prlmarlly Ca. CaO in flyash with SO3 to form CaS0O4

a

cts
TER VRS LY gzémﬁ&rimﬁ&%

CaS04 causes catalyst surfac

lly 20 -
micron depth)RER{EAETE l’? %%&I%_E{plﬁég 30’6*&*/*)

b zia




CaO reaction with SO3
" CaOE5SO3x B E

94‘3

e Step 1
— CaO is caught in macro

pore on catalyst

— Phenomenon is Rate Controlling
dependent on probability Very slow concentration
and guantity of CaO changes ~ 10,000 hrs

CaO
. Step 2 O. «

— SO0O3 diffusion

— function of mass transfer
& concentration

Fast Reaction < 10hrs




4'3' .CaO reaction with SO3
| { "Ca05S03 R RIHLE

o Step 3

. CasSO4

— Diffusion through ash
— function of diffusion through ‘
ash and SO3 concentration Expansion - 14%

Reaction ~ 30 hours

° Step 4 Fast Reaction CaSO4

_ CaO +SO3__» CaSO4 “
— function of concentrations Deterioration:
of SO3 and CaO NH3 & NOx can’t

diffuse into macro pore

Pore
on catalyst surface o




=4 Counter-measures 42753

Il

)

5

« Understand reactions
7 % ] B R (X

o Select appropriate catalyst formulation
RS ENECTIE T

e Account for in deactivation assumptions
RITEHMRIR —EREELFIZ




As & CaO Relationship
mEF/SNEEEH

Cormetech Catalyst FIELD Guide
16,000  Hours - Initial Catalyst Life

[CATALYST LIFE (Hours) = BER 2o [ <% e IEEE

CIORESETEEH




How to select catalyst

PNqAT I R (L5
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Performance

RequirementstEBEE R

1

Scale-Up#Z LBl i K

v

v

Catalyst Deactivation

Model{E{t S {LEE TR

Catalyst Pitch Selection
A EEE

v

Catalyst

Formulationf&{ LA R %

1

Output¥i

&V, Catalyst Design Process

Bt R pigs R 1T

Design Input
BT S

Design Inputsig it3 ¥k A

Flue Gas Flow Rate/ @S i &
NOX Inleti# A BINOX:AK
Flue Gas Constituents
MR B

Fuel Type & Analyses
BR¥LSE BY R 5 A

Reactor Size & Geometry

I Rigg R/ADMF RS

Unit Type (PC, Cyclone, etc.)
WIFRE (HE, IEXNRF,

etc.)




6; - Fuel & Ash Analyses

BT A

e Fueli#}  Ash Analysis

— C, wt% — Particle size

H, wt% distributionfiAL R % _p205, wi%

N, wive " - SO3, wt%

Si02, wt%
O, wt% , _ '
S, Wt% Al203, wt% LOIR MR EE Y

Ash, Fe203, wt% LE=R, wi%
Wt Total & Free CaO, - As, ppm
(F?',pr;r;;n V.\;Wé &/f/?%ﬁﬂs’% - Loading,

’ 90, Wit rlact $i/3 5
ASCER). TiO2, wt%% )

0)

Na, ppm MnO, wt%
K, ppm V205, wi%
V, ppm Na20, wt%

K205, wt%




Catalyst Design Process

.jg%ﬁm&rﬁﬁw

Design Input

LT PN

g

Performance

RequirementstEREE R

1

Scale-Up3z EL Bl LK

v

./

Catalyst Deactivation

Model{E{t S {LEE TR

Catalyst Pitch Selection
A EEE

¥

Catalyst Formulation

M5

\

y

Output¥i

Performance Requirements

MREE K

€ NOx Removal Efficiency
NOXxZ BRI R

¢ Ammonia SlipS it

@ Pressure DropfE [%

€ SO, Oxidation Limit
SO, E|ALIR R

€ Initial Guaranteed Life

BRI I (L3R BY B 1]




Catalyst Design Process

£

Design Input
RitsH@A

»

Iterate to Achieve Design Result

v

Performance EE % ;ﬂ,ﬁ‘?%iﬁ .‘L-I- éﬁ%
¢ Catalyst Volumef#E1{t iz 57 25 4 FH

RequirementstE BEE R

Initial Guaranteed Life & ;X 18 &4t
I 7B Bt 8l

Scale-Upi A . 2
Catalypt Deactivation Catalyst Pitch Selection | € Cata|ySt Management Plan 1E1b&
4

Model{# (LS {LIRE {E{ LS EE R R }ﬁ%%ii _\L_l_ jzu
= ] H

Performance Leveltf gE 7k

Catalyst
Formulationf&{b.# B% %

y SCR Catalyst

Outputfa H Manufacturing

SCRIE{L R RigR &
jﬁ:




Thank You

Questions?




