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Background Information
High-Temperature Plasma System

Results from Catalyst Testing
- Temperature Effects
- Efficiencies
- Hydrocarbon Quantity and Form
- Sulfur Effects

Future Plans
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m Plasma Catalysis Program (3/99 Start)

Challenges

Stability, Durability, and Activity over a Broad Temperature Range
-Focus on Higher End of Temperature Range
-Numerous other Programs Examining the Low End
Large Exhaust Flow and Low HC Concentration

Technical Approach

Design a High-Temperature Plasma Reactor
Develop Novel High-Temperature Catalysts
PNNL — Synthesis, Characterization, Plasma Testing
Caterpillar — Synthesis, Characterization, Engine Testing
Develop Mechanistic Understanding
Reactant Variation (NOx, SO,, HC, H,0O)
Catalyst Surface Analysis Pre- and Post-Mortem
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m Plasma Chemistry

|deal Reaction: NO + Ne® N, + Oe

Reactions that Dominate: NO + O ® NO,
NO, + O« ® NO + O,
NO, + «OH ® HNO,

HC Is an Oe and *OH Getter: C,H, + O* ® «C,H; + HCOe
C,;Hg + Oe ® «CH,CO + *CH, + He
C,H; +OH® C,H. + H,O
C,H; + 'OH® C,H,OH

Oxidation Products Form HO,»: CH,O« + O,® CH,O + HO,e
HCO+ +O,® CO + HO,e
He +O,® HO,*

HO,* Reacts Quickly w/NO: NO + HO,» ® NO, + OHe

Penetrante et al. (SAE SP-1395)
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FTIR

NOx METER

DIFFUSION OFF-GAS
DRYER TREATMENT

GAS MAKE-UP
(DRY GAS)

FURNACE 2

@ HUMIDIFIER N> BALANCE
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— Gas Composition and Test Conditions

Make-Up
Catalyst: 1 gram
NO 500 ppm
SO, 0/20 ppm Bulk Sp. Grav.: 0.25-0.40
0, 9%
CO 300 ppm Flowrate: 1 SLM
C;Hg 500-2000 ppm
CO, 8%0 Space Velocity:
H,O 1.5% 15,000—25,000 1/hr

N2 balance
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100 =
—NO
80 - 2
—NO
N 60 [ .
3 ® |LNL (SAE SP-1395)
prd 40 + _
B PNNL
20 [ ] weena- 2nd Order Fit
0
0 200 400 600 800

T, °C

United States Department of Energy
Pacific Northwest National Laboratory



DOE

o HC Level Study (PF#1)
(0]
200°C 350°C
60:"|""|""|" '|""|""|".": 80:--- L — T T 7 T 7 ]
& 70 n-a" ]
50 - R : oI At
- e - I M A -AT ]
S o M 60 | e ;
- 40 - [ e - - r e @---0 -
E : L ', ] 850 N A‘ _..-0-'.". ® ¢ E
§ 50 - o 'u ¥ DBt A _:
c - l.-'"‘ 2 - i '.' :
S - % & San b s @ :
%20 = X0 fme ]
S _ f-"A --@®-500 S A **®°500 ppm ]
< 74 PPm o Z20 g --B-1000 ppm
10 - [R& --®-1000 ppm - ! PP ]
- -# --A--ZOOO ppm - 10 ) ..A--ZOOO ppm
0.-=|. Tl T T N T O N 1 1 l||||||||||||||- O - \ 1 ' | 1 | \ | | \ | | \
0 10 20 30 40 50 60 70 80 0 20 40 60 80 100
Energy Deposited, J/L Energy Deposited, J/L

No SO, used In this study.

United States Department of Energy
Pacific Northwest National Laboratory



DOE
OHVT

NOx Converted, %
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As temperature increases,
optimal C;:NOXx ratio also
Increases

200°C: 3:1 sufficient
350°C: 6:1

500°C: 12:1 (greater?)

United States Department of Energy
Pacific Northwest National Laboratory



DOE
OHVT

HC Consumption vs. Temperature

Propene Level, ppm
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5 Energetics of Propene Oxidation
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Sulfur Tolerance of PF#1

80 :' [T T T T I I I I
70&-- AAr AT A N ennnmann A -A _
S ook o BB e 500°C - no SO
e : AP ]
2 50} 'E".D' 1--m-350°C
()] - . ' ] 0
C " ] mmfAmm
> 40 i ﬁ o® 500 C
S 30 «® _ _.0]-0-200°C-w/ SO
- . o° O ]
5 20 ;- O‘j.(g.o--o O 1o 350oC
Z -
103‘@;" 2000 ppm C,H, 7 -2~ 500°C
O".-.|....|....|....|....|....|....‘

O 10 20 30 40 50 60 70
Energy Deposited, J/L

United States Department of Energy
Pacific Northwest National Laboratory



DOE
OHVT

Sulfur Tolerance of PF#2
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NOx Converted, %

Transient Response to SO,

PF#2
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Poisoning takes place over 4-6
hours at 2000 ppm HC.

Poisoning is irreversible.

Loss In efficiency shows up as
NO and NO.,.
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Saturated vs. Unsaturated HC

PF#1-2000 ppm HC
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- Conclusions

1. High-temperature plasma is possible and reliable.

2. Optimum HC level changes with temperature due to
changes in NO conversion, HC oxidation, and
catalyst activity. May be beneficial to inject post-
plasma. Optimal HC levels are too high.

3. Sulfur poisoning is a problem for certain catalysts.
Other formulations show relatively minor
degradation in activity. More aging and long-term
studies needed.

United States Department of Energy
Pacific Northwest National Laboratory





