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Presentation
Outline:

» Perspective on emission category of vehicle using LNT+ cDPF system

» Background of this development

= Optimum De-SOX & De- NOx frequency for best-in-class fuel efficiency
benefit

" Optimized back pressure through monolith cell structure of DPF

"= Higher soot loading than conventional DPF to trigger delayed active
REGEN

= Achieving longer REGEN interval

" Better passive burning resulting in less HC slip

= Lower heat transfer rate material advantageous to achieve faster

soot burn rate

> Conclusion
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fntroduction:
N1 category wvehicle, LNT + cDPF system as a preferred
solution

Lioan Nox Traps Lnt iarket Sizs & Eorecast Benefits of LNT system over SCR system in N1 Cat
CAGR: 6.7% | USD Bifion
Factor LNT (Lean Nox trap) SCR
$8.e8
1 — High f
§7.28 System Simpler - Less Complex tgh 1o ©
. Hardware & added
338 complexity Hardware & Sensors
$5.58 sensors
8428 e Largely Low Temp Suitable for
$58 . . _ .
o Exhaust Temp. application sultable passgnger.
censitivit for SCV segment application with
Y Fall in preferred LNT high speed& high
temp range Exhaust Temp.
2019 2021 2023 2025 2027 2029 2031 2034 Wh,y LNT wins in N1 Higher, DEF refill &
Operating cost| Lower, No DEF refill maintenance
. . . . " LNT vehijcle cost are lower, & ease(fimadntenarjce
)lesel 1s moving towards LNT-led solutions
= Urban duty cycles favor simpler aftertreatment

"= The development trend for MIDC+ and WLTP is with
Need of cDPF in N1 vehicle.

= cDPF needed to meet the PN criteria. Coating provides better filtration efficiency,
"= For India’s N1 diesel segment, cDPF plays important role. The REGEN interval has to be in sync w
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OptImMum “DeE-SOx & De- NOx frequency for

best-1n-class FE
De-Sox regeneration

BaS0O4 + CO/H2/HC= BaO + S02 + CO2+ H20, So02 + 2CO = S+ 2CO02
De-S0OX removes stored sulfur sulfates and restores NOx control

Optimized
De-Nox interwv

De-Nox regeneration:
Ba (NO3)2 + CO/H2/HC = BaO+ N2+ CO2+ H20

De—-NOx reduces stored nitrates to N2 and restores LNT NOx stor
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Highlights

= De-Nox temp. interval for maximum conversion 1in between 250

= Refine calibration for catalyst temperature, soot load, and

" Tambda (A) between 0.92 to 0.98 consider for better De-Sox, a4

"= De-Nox interval improved by 12% , increase fuel efficiency

" Less sensitivity to Sulphur , reduced SOx poilisoning

t >650°C

Sl Count of time
Mode
Lean Mode 94.6%
Rich Mode- De- o
NOx 5.4%
Combustion Count of time
Mode
Clap&sahtMbde 95.24%
Rich Mode-De- o
NOx 4.76%
Grand Total 100.00%
to 350 °C

exhaust thermal behavior

= Use accurate model prediction to better control regeneration timing and frequency
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OptiniZed " back pressure through monolith

cell structure of DPF

Aluminum
Titanate (

Material

Properties
b AT)

Structure

Thermal

W/m-K 1
Conductivity /m

Coff. thermal
Expansion

(x 10-7, 25 -
1000 °C)

Specific Heat J/cm3
Capacity @ 500 °c /°C

/°C < 13

3.4

Intrinsic Density g/cm3 3.2

Thermal Mass INeY

Silicon
Carbide

10 - 20

45

Hiaoh

Low pressure
drop in
monolithic
structure

High heat
retention in AT

Low thermal
expansion in AT

Temp. rise
faster in AT

Sic 1s denser
than AT

Filter Pressure Drop (Pa)

16000 -
“oooéegmented DPF (dashed line) //
12000 Monolithic DPF (dark line) //

10000 -
8000 -
6000 -

4000 -

2000 -

0

0 50 100 150 200 250 300
Flow Rate (g/s)

Catalyst Size= 5.66"XL"”, CPSI

Flow temp. 300°C

15% higher filtration wall area

30% less pressure drop in AT.
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Higher soot loading in AT than
conventional S1-C cDPF
"= Thin wall & ACT design to enable high ash

capacity
" Reduc-" ~-"1 +-f-te---- o= --=--pyable bulk
Cell design for high ash capacity
densi - z
igegesEsEsEsE.
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FoRERE R A
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Asymmetric Cell IsBeluBaNulialelssl
Technology (ACT) ~ iSESNEESWEm=WEmaEE!

= 8% more open frontal area (OFA)

m 12% more filtration surface area

" Tower thermal mass of AT than SiC

= ACT homogenizes soot and gas flow,
thermal gradients.

reducing
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Total Distance Helativ
km
0.000
117.081
117.081

Relative Soot Lead - Benchmark DPF
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AT DPF exhibits lower soot loading

17%) over same distance

Lower loading rate indicates higher soot

storage capacity
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Higher soot capacity enables longer

regeneration intervals
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AENYEVIHG " T'Onger active
REGEN interval

AT has better regeneration
efficiency 1n this city-cycle
test.

For the same target soot
load, SiC needs nearly 30%
more active Regen than AT.

AT performs better in longer
intervals

More active regenerations
mean higher fuel penalty and

greater o0il dilution risk
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DIESEL PARTICULATE FILTER (DPF) REGENERATION PERFORMANCE COMPARISON
(AT LP vs. SiC - 500s Regeneration)
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Comparison of regeneration distance in Ci
w/ 500s regeneration
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Better paséive burning e =

] (] ] p—r— — — —
resulting 1n less HC slip =5 =N —
1200 { L—Egnespee: 1200 | —=mme ==
SIC Reference 300/12 Psitfinndyl O
AT h 1 h 1 f lioh ff O 1000 Ofianerzmnpi 1000 | DTt afer 2min i
ave low thermal mass , aster light o temp. ¢ 0
£ £
© 800 - e 800 -
(250 to 400° C) 2 . .
@ 600 - | 5000 < @ 600 - : =
. . . . o £ 2 £
AT shows advantage 1n passive burning, helping 3 4000 £ S - 4000 £
sl L3000 g & 400 3000 3
' 7] [
reducing REGEN frequency. 200 - - 2000 & 200 2000 &
- 1000 2 - 1000 2
: : : 0 - - 0 = . ’ . 0 =
AT supports faster soot oxidation, which lowers 206 <06 o io) & S S S W &
HC Slip Timeins Timeins

Slower heat up for SiC filter

AT reaches the regeneration temperature window

more quickly than SiC. Total Distance  km 19.795
DPF Temp. - AT DPF degC 379.050
AT provides higher regeneration efficienc DPF Temp. - Benchmark DPF degC 371.160

[degC]

city-cycle conditions.

Total Distance [kan]
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Lower heat transfer rate
achieve faster soot burn

= AT DPF shows faster soot oxidation,

cycle

= Lower thermal conductivity helps retain heat

"= Higher local temp.

accelerates soot burn rate

in identical

= AT achieves greater soot mass reduction

u Faster soot burn enables shorter & more efflcient

- 800
regeneration cycles - 600
| - 400
- 200
l?o 20 I
e . I~ 0
w 15 SiC
g |
E 10 - Soot mass, DPF AT
"g' | Soot mass, DPF SiC AT
W ——T gas inlet B
0 I I I
500 700 900 1100 1300

time, [sec]

material advantageous to
rate
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Low conductivity

< Aluminum Titanate

B SiC: low porosity

@ SiC: high porosity
Steady state regeneration
8gidm* soot load, 8-10% Oy
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gas temperature,

Example :

v T v L v * ' s
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Inlet Temperature [°C]

City Cycle w/ regeneration
on for 500s

Initial soot load 8g/1l
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Optimized De-Sox & De-NOx model to get 12% less De-Nox interval
ACT cell structure have 8% more OFA & 12% more filtration area
Monolithic structure have low pressure drop than segmented
AT DPF have 15 to 18 % more soot loading capacity than SiC

Combination of LNT/cDPF have better emission control in N1 segment
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