Operating Experience with SCR Catalyst | ncor
porating Valuable Additives Extracted from Us
ed Petroleum Catalyst



Background

A. Theconcept deployed in 1995 was followed by intensive
development work in the areas of:
v Recyclability study of valuable metals extracted from
used petroleum catalyst for SCR catalyst

v Catalyst composition refinement
v' Material processing and manufacturing process

B. Commercial Installations

v' LNG fired boiler

v Nitric acid plant

v' Combined heat & power plant (B-C)
v Diesd application

v' Coal fired power plant (Demo Test)

C. Recipient of Korea Excellent Technology Recognition Award
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Description of SK SCR Catalyst

Svnerqy between Petroleum and SCR Catalysts
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Syner gistic Effects

Commercially = ol Components Extracted
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Extraction of Components from Used Petroleum
Catalyst

Used Petroleum Catalyst from

hydro-desulfurization process

a

Physical & Chemical Treatment
oo b
Additives

Extract Major Components

a

sAl,V, Mo
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Advantages of Catalyst with Additives

> Svneray between Petroleum and SCR catalyst

v High resistance to SOx and other toxic substances
v' Lower SO2 oxidation rate
v Widetemperaturerange

> Lower Cost

» Environmentally Friendly
(3R Campaign : Recycle/Reuse/Reduce)
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SK SCR Catalyst Production Process
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Comparison of SCR catalysts

Manufacturer Company A Company B

Active V/WI/TI VIMO/TI
Components

Honeycomb

VIMo/W/s-AlITi

Extruded Monolith

Substrate Extruded Monolith Extruded S.S.
Monolith
(m2/g)

Operating 400 ~ 750 340 ~ 800 570 ~ 840
Temp (°F)
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Patent Protection

e The proprietary technology for m
anufacturing SCR catalysts using
used petroleum catalysts is patent
ed in U.S. and Europe.

e Severd related patents are pendin
9
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Catalyst Performance

NOx Conversion
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Catalyst Performance

SO2 Adsorption

SO2 Adsorption at 600 °F

e Substantially reduced SO2 adso 2500

rption on the surface of SK’s SC
R catalystsresultsin two major
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Catalyst Performance

SO2 Conversion
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Application Information

Applications

SCR for NamHae Chemical Plant

Installation Date: 1999. 09

Plant : Nitric Acid Plant

Operating Temp. : 570°F

NOXx Inlet (@4% O2) : 2,300ppm
Reducing Agent : Ag. Ammonia (25wt.%)

Results
Design After Installation

= NOx Outlet 100 ppm <70 ppm
= NOx Reduction 96% > 97%
=" PressureDrop 1.2° W.C. 0.8" W.C.
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SCR for NamHae Chemical Plant

Dur ability

=L Fresh SCR Catalyst
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SCR for Diesel Engine Application

= |nstallation Date: 2000. 07 Design After Indtallation
= Plant : Diesal Engine = NOx Outlet 60 ppm < 15ppm
= Fuel : Diesel = NOx Reduction 80 % 95 %

Operating Temp. : 570°F
NOX Inlet (@13%02) : over 300 ppm

NH3 Slip <10 ppm 3 ppm
PressureDrop 40" W.C. 31" W.C.

Reducing Agent : Anhydrous Ammonia
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SCR for Diesel Engine Application

Durability

=L Fresh SCR Catalyst
—— After 16,000 hours
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SCR for Samsung Cor ning Power Plant

Application Information

S

= |nstallation Date: 2001. 04 Design After Installation
= Plant : Combined Heat & Power Plant = NOx Outlet 450 ppm <240 ppm

= Fuel : Bunker-C Qil = NOx Reduction 63% 80%

= Operating Temp.: 600°F = NH3 Slip <10 ppm 3 ppm

NOX Inlet (@13%02) : over 1,200 ppm PressureDrop 40" W.C. 31" W.C.

Reducing Agent :  Anhydrous Ammonia
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SCR for Samsung Cor ning Power Plant

Durability
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SCR for Coal-Fired Boiler (Demo Plant)

Application Information Results (After Installation)

Installation Date: 2001. 08

= Plant : Coal Fired Boiler " NOx Outlet <20 ppm
= Fud : Coal (High Dust) = NOx Reduction over 95 %
= Operating Temp. : 750 °F " NH3Slip under 3 ppm
= NOXx Inlet : 300 ~ 400 ppm = Pressure Drop under 2" W.C.

Reducing Agent : Anhydrous Ammonia
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SCR for Coal-Fired Boiler (Demo Plant)

Dur ability

=L Fresh SCR Catalyst
—&— After 4,000 hours
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SK SCR Catalyst Specification

M odel SK-20 SK-25 SK-30 SK-35

Normal Pitch, mm

Number of cells 20x20 25X25 30x30 35X35

Cell Density (cpsi) 11.5 18 26 35

Face Dimension, mm 150 x 150

Max. Length, mm 1,000

Application Coal Coal,Qil Oil,Gas Oil & Gas
M SW* M SW

*MSW: Municipal Solid Waste
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QA/QC Program & Standards

® Raw material quality is continuously monitored a
nd evaluated by Q/C team and SK LABZonetest s
ervicein accordancewith SK quality assuranceg
uidelines (ASTM, ANSI and NIST standards).

® SK Quality Management System is certified by
| SO 9001, BSEN ISO 9001, KS A 9001, and

:

approved by Lloyd’s Register Quality Assurance Lt
d.

Module
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Conclusion

Proven Perfor mance

e Synergy between Petroleum and SCR catalysts

e High NO, removal efficiency

e Widetemperaturewindow

e Low SO2 oxidation rate (High resistanceto SO, )

e Mechanical strength, thermal and chemical stability

Oper ational Benefits

e Environmentally Friendly

o (3R Campaign : Recycle/Reuse/Reduce)
e Lower Cost

e Longer OperatingLife
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