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SLTNR Initiatives

Current Near Term Long Term
Application Challenge Application Challenge Application Challenge

« Gaps between « Gains in fuel » Further fuel
regulatory cycle efficiency are efficiency
and low load real translating into improvements are
world operations substantial underway.

« Inherent exhaust
challenges in temperature - CARB intends to
catalysts, reduction adopt 0.02g/bhp.hr
reductant delivery NOx standard in
system and 2023
Sensors

_ Chemical and Engineering Challenge
el sl > SCR self-inhibition by NH4NO3

» Cold start
> Sustained low temperature . Unfavorabl? NO2/NOx
» DEF deposit
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SLTNR Objectives

Sustained Low Temperature NOx Reduction >90% at SCR inlet 150°C
—r—

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

- -

Develop an integrated system capable Develop an appropriate means to robustly
of providing needed NO2/NOx ratio at deliver reductant under sustained operation
SCRinlet 150°C at SCRinlet 150°C

-

Develop a model to assess the commercial viability of the proposed
SLTNR system and on-engine demonstration of the developed prototype
system
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Key Accomplishments
~

Developed SCR formulation to achieve 90% NOXx
reduction target at 150°C with favorable range of
NO2/NOx in feed gas;

J
)
Developed DOC formulation and architecture

concepts to achieve favorable NO2/NOx in feed gas

of SCR at 150 °C;

J
)
Developing reductant vaporizer technology to
reduce droplet size and therefore minimize

requirements of temperature and residence time

)
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SCR Component and System

Development Path

/Challenges Identified For Low Temperature SCR | ———— )
m.n.uo;h * 2 |“"2NDH Hy - N WO
SCR at low temperature proceeds predominantly through the Iim,_,,u_‘,.;»._wg,”f;.m_.w_ﬁl; ﬂ
mechanism involving formation, sublimation and decomposition of AN; j,m j ‘Tm Saweono]
Self-inhibition due to AN accumulation is the key barrier for best-in- Lol
class Cu-SCR at low temp: '
\ P o — Y,
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NH4NO3 formation; SLTNR SCR followed by Cu/Z hybrid =(f) = ° . . .
system proved promising for broader range of temperature v . . 2
inlet NO2/NOx ratio; on-going fundamental study on R )
robustness and durability ——— HEseina WA MANCT
( e Ny L]
Scale-up from powder to monolith by JM Engl_ne Del_‘no_to Commercial
s .\/'—: quantify application
Model to support system performance evaluation potentials and gaps 7/ Assessment )
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@ Low Temperature SCR Formulation Development

Lab testing with powder at GHSV 100,000h-1, 150°C
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@ Low Temperature SCR System Development

Lab testing with powder at GHSV 100,000h-1, 175°C
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Integrated High NO2 System
Development Path

/ Model Based Design of )
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Integrated High NO2 Strategy

Explore Engine Out NO2 Level
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Integrated High NO2 Strategy

Explore DOC Capability and Limitation
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Integrated High NO2 Strategy
DOC Concept System Performance Mapping
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Integrated High NO2 Strategy

Proof of Concept Design
On-going: POC Engine test

design optimization to improve transient
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Reductant Deliver System

Development Path

/- : ' ﬁ’rnuf of Concept (II)\
Technology Selection i o Component Design
Droplet size <10micron required at | - Fo ] T
150°C to minimize deposit, which is not |; . %*
possible with best-in-class mechanical | /7
injectors but might be achievable with | |

\welldesigned vaporizer — e

"T‘vb'
f/li'rouf of Concept (I) Preliminary Testing

Averaged

Droplet Size s

Distribution S Proof of Concept (lll)
Comparison o System Design
N A Key challenges: metering
Commercial <;:| Engine Demo to quantify Qontm'- Integration, and
Assessment application potentials and gaps obustness
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@ Vaporizer Design Proof of Concept

Min dosing temp (C) 190 )
Droplet size (SMD microns) 33 3
Droplet size (DV90 microns) 93 27

Max DEF flow rate (I/hr) 4(2) 0.76)

(1) To be evaluated by engine test
(2) Based on ISB with EGR at rated
(3) 0.7 I/hr might be sufficient for SLTNR condition
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DOC& SCR Prototype System
Engine Test isBs.7L/360HP

. \
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Performance Evaluated for Each Components

Emissions measured at 7+ locations along SLTNR system
SCR instrumented for temperature profile inside brick

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

~1.0, EGR ~0.2, SCR 150~160°C
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Summary of Incremental Performance Improvements

Conditions:800-1200rpm; EGR 0.2~0.4; SCR 150~160C; 16 hour steady state

deNOx target ~ 100%

80%

60%

NO2/NOx target
40%

20% #-deNOx
4-NO2/NOx
0%
SCRGen3

SCRGen2 | DOCGen2
DOCGe2 | DOCGen2

SCRGen1 | SCRGen1
DOCGen1
Baseline
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Summary

= 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
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Thank You!

Questions or Comments?
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