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Abstract : Effective removal of air pollutants emitted during the cold start of gasoline engines is essential to meet new
vehicle emission regulations. This study developed a novel electrically heated three-way catalyst(EH TWC) by inserting an
electric heater between the substrates of a conventional three-way catalyst, and its performance in reducing CO, THC, CHa,
and NOx emissions from cold start to idle operation was evaluated. Measurements confirmed that pre-heating before ignition
and post-heating after ignition using the EH TWC could raise the downstream gas temperature to 300-500 °C. With 30 s of
pre-heating and 30 seconds of post-heating, CO, THC, CHs, and NOx emissions were reduced by 80 %, 98 %, 75 %, and
100 %, respectively, during the first two minutes of idling after a cold start. Reducing the pre-heating time to 10 s increased
CO reduction to as much as 90 % but significantly decreased THC and CHa reduction rates to 85 % and 5 %, respectively.
The results indicate that the optimal pre-heating and post-heating durations vary among different gaseous pollutants, and
strategic selection of these parameters is necessary to achieve effective simultaneous reduction of all targeted emissions.

Key words : Emissions(¥ &), Three-way catalyst(TWC)(%1 3 1ll), Electrically heated catalyst(EHC)(Z 7] 7} <€ =),
Gasoline engine(7}F<& & <1 71), Idling(& 3] %)

Nomenclature A A7 BAo] 2 9 Ho] ¥ Qrhd TRl E 0 A

AP : pressure difference, mbar Jegir|zoezuEHEO7]|SAEAY F9 Y =
Tup : exhaust upstream temperature, °C ot n)j2yl §38 S oy ZIEL RRo|EQ
Tdown : exhaust downstream temperature, °C 910 7] QA=A wlZS AA|57] Y8 A= AL
Tentwew 1 EH-TWC upstream temperature, °C 7rslatel gkt v =R 19700 ) HE] % A o 7] W (Clean
Ten-twed : EH-TWC downstream temperature, °C Air Act)oll W} €7 ¥ % % (Environmental protection agency)
o WiE7tAE A AFE VAL V| e d = wlE

= AR $kohS 58] m] = ZBE] Y o} California Air

LME&

Resource Board(CARB)+= -5~ 743t tj71 2.3 =4 wl&f
A A& Algstar Qlom, n|=o] 147] FH(EFE e, w3, vl
o] AP 2 5)= CARBE] W& 712 1Al E Al8lslal Qle)k?
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Hao] g7 oA B A m & A videl s e EEe At
3} €k 4~ (Carbon monoxide, CO), 2 44t 3} (Nitrogen oxide,
NOy), YA X](Particulate Matters, PM), XS24 H|5|E
(HCHO), ¥ ¥ €+ 5-7] 7} 2~(Non-Methane Organic Gas, NMOG),
712] 32 v gk €3}<F 2~ (Non-Methane HC, NMHC)7} 91
o} F ol A= 1992\ Euro-10] A8 o] 3 F w12 o 72
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system)= 7Hg A 0 2 7] A5 wiE S A 4tat
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2. Material and Methods

2.1 Configuration of electrically heated three-way

catalyst(EH-TWC)

EHC?] 77138 &4 A do| 22 7 7]3]H T
A4 Sl S A" ek AL A 54 A vl o Tk
TaHRE ANk o EHCE TWC 9F whel] A X5 o
EHCoJl A A8 do] TWCE A= =5 ), 31A] vt
EHCS} TWC7F A 2 Dol A 7] Wil e =
A vl E A o)W ¥ EHCS] €& TWCE ] 2 A d3}7]
9] 3l Blower & ©]-&8 4] wj7] & il A= 75
WA 7] 7] 5 gD SEA|RE o] = HEvhE FA & H-A
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Fig. 1 Schematic of electrically heated three-way catalyst (EH-
TWC)
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e R R IRA A M R o 0 K s P R = R s
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2.2 EH-TWC evaluation experiment set-up
EH-TWC®| W& 3 7}st7] $181 4 Fig. 29} 2ol &
298 o] Gako] A S AU B S A
2 z2743}0] 50-200 kg/ho] o] 5 v EH-TWCS| &
= AlelA gH g A st vas slalA 4713
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\\(/ J
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Flowmeter / EH-TWC

Fig. 2 Schematic of experiment set-up for measuring pressure
drop of EH-TWC
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Fig. 3 Schematic of experiment set-up for measuring exhaust
emission reduction performance of EH-TWC

EH-TWCS] A A 7] A EZA v& A 235 H7}
sk7] 918 A Fig. 33} 2ol dlxl o] vl 7]5¢l] EH-TWCE
A8t AFRE A e FHEES AFRE ALgEE

AAE7A] 161 L A0 ATk Wi 7] 7p 0] L 2S =
Aalr] & AAUE DK Z7-9) w7 Bebo] A

N

(Tierwed) S 543 Ch Tuerwea 2}t Tretweat EH-TWC
7F A X E A L Casel A AE SAsHA &)
EH-TWC®] t7] 2 &4 wi& A7-E S5743H7] 9l8iA
EH-TWC7Z} v} 7] Fof] F-2k5]o] Q1S wio} ¢S & 7}
7} =A% 3 1] 28} U, Gas analyzer(AVL AMA 60 SII,
AVL, Austria) & A}-&-3t0] wj 7] 7} 2~0) 239 At 52
9] %5 543813tk THC, CHs, NOy, NO, CO, 18] 3L
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0.7} 7} 12 7] &2 S A = A o) Fig. 32} 2-o] EH-TWC
Zthol] Sampling probeE 4t 5+51 S, Heated sampling
system (AVL HSS i60, AVL, Austria) & ©]-&3}o] 7}~ E A8
%3}, gas analyzer = ©]53} It}
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& 5 (Tierwed) S 242} 35,30 °C o] 8} WH37] 5 7| th3
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AlZh, 28 A= S WS R st ¥ 139 22 9719 Al
Caseol] tall A A& 83T Case 12> oA = A X = A
e-& 7 9-o]H, Case 2-91= EH-TWC7} A x| |l % -]t}
Case 2= A 7]3|H & 2H53FA] 27 9-0]H, Case 3-9&
71818 & 25 A1 71 73 -9-¢] T}, Case 3-5+= Pre-heating @}
Post-heating A1 7+& 2}2} 10, 20, 302 &2 S7HA17) A$-2
H| L3+ A o]t} Case 3, 6, 7> Post-heatingA] 7HS 102 =
1.7 5} 31, Pre-heating A1 7HS 10, 20, 3022 5712171 4
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= Al
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Z 1], Post-heatingZ} Pre-heating2] 1| -&-ol| w}2 o 3k
J
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Ao Flo|t}, nhA] O 2 Case 9+ Case 3-89 A wke]
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F10l A Hol, A 78] H & AR A2 60230
o, H) AR 122 0.08 kWholth AukA Q1 slo] B
Table 1 Conditions of experiment cases
CaseNo| EH-TWC hl;:ellfcc:(tin ;(e)l\lzr he;irrfg(s) hezt(i)rs;tg(s)

1 non - - -

2 Installation 48V 0 0

3 Installation 48V 10 10

4 Installation 48V 20 20

5 Installation 48V 30 30

6 Installation 48V 20 10

7 Installation 48V 30 10

8 Installation 48V 60 0

9 Installation 24V 40 20
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3. Results and Discussion
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Fig. 4 Pressure difference curve of TWC and EH-TWC
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