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SLTNR Initiatives
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Current

Application Challenge 

• Gaps between 
regulatory cycle 
and low load real 
world operations

• Inherent 
challenges in 
catalysts, 
reductant delivery 
system and 
sensors 

Near Term

Application Challenge 

• Gains in fuel 
efficiency are 
translating into 
substantial 
exhaust 
temperature 
reduction 

Long Term

Application Challenge 

• Further fuel 
efficiency 
improvements are 
underway. 

• CARB intends to 
adopt 0.02g/bhp.hr 
NOx  standard in 
2023

System Solution Challenge
� Cold start
� Sustained low temperature

Chemical and Engineering Challenge
�SCR self-inhibition by NH4NO3 
�Unfavorable NO2/NOx 
�DEF deposit 
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SLTNR Objectives
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Sustained Low Temperature NOx Reduction >90% at SCR inlet 150°C

Develop a model to assess the commercialcommercialcommercialcommercial viabilityviabilityviabilityviability of the proposed
SLTNR system and onononon----engineengineengineengine demonstrationdemonstrationdemonstrationdemonstration of the developed prototype
system

Develop SCRSCRSCRSCR catalystcatalystcatalystcatalyst that enables sustained 90% conversion of NOx
entering the SCR catalyst at 150°C

Develop an appropriate means to robustly
deliverdeliverdeliverdeliver reductantreductantreductantreductant under sustained operation
at SCR inlet 150°C

Develop an integrated system capable
of providing needed NONONONO2222/NOx/NOx/NOx/NOx ratio at
SCR inlet 150°C
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Developed SCR formulation to achieve 90% NOx 

reduction target at 150°°°°C with favorable range of 
NO2/NOx in feed gas;

Developed DOC formulation and architecture 
concepts to achieve favorable NO2/NOx in feed gas 
of SCR at 150 °°°°C;

Developing reductant vaporizer technology to 
reduce droplet size and therefore minimize 
requirements of temperature and residence time

Key Accomplishments
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A SCR Component and System 
Development Path
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Low Temperature SCR Formulation Development
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Lab testing with powder at GHSV 100,000h-1, 150oC 
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Low Temperature SCR System Development
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Baseline

SLTNR SCR 
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B Integrated High NO2 System 
Development Path
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Integrated High NO2 Strategy

Explore Engine Out NO2 Level
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B

SCR inlet ~150C

HC 250-600ppm

NO2/NOx 0.2-0.7

NOx 170-20ppm



SAE INTERNATIONAL

Integrated High NO2 Strategy

Explore DOC Capability and Limitation
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Integrated High NO2 Strategy

Proof of Concept Design 
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On-going: POC Engine test 

design optimization to improve transient 

response 

B
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C
Reductant Deliver System  
Development Path
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Vaporizer Design Proof of Concept
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Critical Functions and 

Entitlements

Current 

Product

SLTNR 

vaporizer

Min dosing temp (C) 190 (1)

Droplet size (SMD microns) 33 3

Droplet size (DV90 microns) 93 27

Max DEF flow rate (l/hr) 4(2) 0.7(3)

(1) To be evaluated by engine test

(2) Based on ISB with EGR at rated

(3) 0.7 l/hr might be sufficient for SLTNR condition

C
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DOC& SCR Prototype System 

Engine Test
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ISB6.7L /360HP

2nd DOC

DPF

1st SCR

AMOX

2nd SCR

1st DOC
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Performance Evaluated for Each Components
Emissions measured at 7+ locations along SLTNR system
SCR instrumented for temperature profile inside brick
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1st DOC 2nd DOC DPF 1st SCR 2nd SCR AMOX

DOC System Performance SCR System Performance 

� Data shown were collected at the end of 16 hours of steady state testing at 1200rpm, ANR 

~1.0, EGR ~0.2, SCR 150~160ºC
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deNOx target

NO2/NOx target
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� Achieved ~90% NOx reduction target at SCR ~150°C on engine with 
gaseous NH3 dosing and SLTNR SCR and DOC system; further 
improvements expected by optimizing SCR system;

� Developed ultra sonic reductant delivery technology using DEF to 
reduce droplet size and therefore minimize requirements of 
temperature and residence time; this will be tested on engine for 
demonstration

� Commercial viability will be assessed against identified technology 
risk factors with percentage of feasibility and confidence, to provide 
indication of potential for final system

Summary
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Thank You!Thank You!Thank You!Thank You!

Questions  or Comments? Questions  or Comments? Questions  or Comments? Questions  or Comments? 
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