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A Study on the Emission Reduction at the
After—-Treatment System using Ununiform
Catalyst

Yong-Hoo Lee

Department of Mechanical Engineering, Graduate School

Pukyong National University

Abstract

In proportion to the increase of industrial development,
emission troubles were concerned as global issue. For
these reasons, so many researchers and associated
institutes effort to reduce pollution with new technology
and various restraint.

For these problem, we use catalysts as a after-treatment
system. At first, we made two equipments of model gas

turbine and model furnace. And various catalysts were



equipped at exhaust duct of combustion system and,
excess air ratio( @), catalyst materials(Pt, Pd etc.) were
changed as experimental conditions. With these various
condition, temperature, NOx, CO, HC, CO: and Oq
concentration were measured.

As a result of model gas turbine, The excess air ratio
has large influence on the reduction effects of HC, CO
where the range was @ =0.93~1.14. The reduction effects
of Pt/Rh catalyst for NOx is more notable without regard
to the excess air ratio. In case of Pt, Pd catalyst, excess
air ratio has an influence on reduction effects of NOx and
was more notable at « =1.26.

And the second equipment of model furnace, NOx
conversion were increased with increasing of cell number
in Pd catalyst. And Pt -catalyst were became 100%
conversion at 200 and 300 cell. Also, Pt catalyst are better
than Pd catalyst at @ =15 in this condition. In addition,
CO and HC concentrations were decreased at @ =1.5 with

Pd catalyst.
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Fig. 1 Change of energy and role of catalyst at reaction phase
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(a) No poisoned catalyst surface

Poisoned catalyst
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(b) Poisoned catalyst surface

Fig. 2 Poison mock—up diagram of catalyst poison



New catalyst Thermal aging catalyst

Pt - particle Pt - particle
20 A- 60A —> 200 A- 600 A

—

(a) Thermal aging of catalyst surface

New catalyst Thermal aging catalyst
The surface area 200n"1 g The surface area 200rr2\ g

(b) Thermal aging of catalyst carrier

o

100k

New catalyst

(=]

/
S0 !

J >

i / Thermal aging catalyst

I

!

rate(n ),

Reaction
[y
= [ow)

il

)

200 400

200

100
Combustion inlet temperature ( ¢}

(c) Catalyst performance reduction by thermal aging

Fig. 3 Thermal Aging mock-up diagram
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1. Blower 2. Surge tank 3. Fuel tank 4. Regulator
5. Gas flow meter 6. Orifice manometer  7-10. Valve 11. Combustor

12. Emission After Treatment System

Fig. 4 Schematic diagram of experimental apparatus
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Fig. 5 Model Gas turbine combustor and after—treatment

system
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(Honeycomb type)
150
200
r—> —
L
———
— 5

(a) Model furnace
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(b) Inner diagram of model furnace

Fig. 6 Model Furnace and after—-treatment system

_17_



Fig. 7 Assembly of honeycomb type catalyst part

A

100, 200, 300 Cell/in?

Fig. 8 Detail of honeycomb type catalyst
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Table 1 Experimental condition of model gas turbine

It Precious Volume(em) Cell numbéf S-V
em /olume(cm . a )

metal (cell/in®) (hr)

C Pd 340 300 086 | 22833

0.93 24637

Co Pt 340 300 1.00 26357

1.08 28248

Cs | Pt/Rh 340 300 114 30053

| 1.26 32814

Table 2 Experimental condition of model furnace

Itemm Precious | Cell number . le)/[;t;lg rggztzle}ziilf?lfe SV
metal | (cell/in’) (o/e) (/) (hr')
) g/pe 2'm
Ci 100 2.27
Cz Pt 200 1.586
Cs 300 1.333
— 15 25941
Cy 100 2.27
Cs Pd 200 1.586
Ce 300 ) 1.333
Cr 100 2.27
Cs Pt - 200 1.586
Co 300 1.333
Cro 100 18 2.27 J08l1
Cu | Pd 200 1.586
Cr 300 1.333
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l—J ~ Burned

e

Cooling water

Fig. 9 Detail of gas sampling probe

50 --100

200

__ _Flow.direction

Catalyst
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Fig. 10 Mean temperature and gas sampling locations at the
front and the rear of after—-treatment system
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