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An Experimental Study on Determination of
Capacity of Catalysts in 2-Catalyst System

A
Kwang-Ho Ko’
<Abstract>
There are various method for the LEV(Low Emission
Vehicle) regulation, but 2-catalyst system using one
catalyst near exhaust manifold and another catalyst
underfloor, is the most popular. This system wuses the

proven catalyst technology and doesn’t use energy. But it
is difficult to determine capacity of the two catalysts. So an
optimization method to determine the capacity has been
proposed by other researcher. It uses the fact that emission
decreases with capacity increasing, but the decreasing ratio
slows down in high capacity range. It means that the
emission and capacity of catalyst is exponentially decreasing
relation. In this paper, this method will be verified with
various experiments. And this method was proven to be

very useful
system.

to determine the capacity of two catalysts

Key words : LEV, Catalyst Capacity, Emission, Manifold

A B
Aga w7 7kzel @ FA vFe F
ow A AZAAL Aol AEH A
= oofe] ZbA wgew 1 Aol el

*

.._-

8] w=#3tar ek 53] vl A E] o}
|+ 40000t F38F zFEFe] NMOG(Non
Methane Organic Gas) @] j| & 9F &
0.075g/mile&  FtAstar Ay o] fAlE

LEV(Low Emission Vehicle) 1fale} §2+d],

o] FAE WEA7)7] 98l el 7A
o] A|ksliL glek.
ol MBS AA AW WEIA

W E

A 7h

3 Fxayen vEs 4 gded, oF AR

il =

re—

A AzbEe A
0 ¥51E %38k
', B guAlel R 3w
Egu g olEFANZ Alojstel:
2t ol

o] § 7]

O
=
A dn

MNAdst A, A8

Moz LEV A& X %w];]
| Fol] F82 FAe|HS AL}

—— T ——

¢ o) Ao & 2}E A}
A gt o 9
2 HEA FEXYU ¥t 4 6-7

TEL : 041) 939-3161 kwangho@dcc.ac.kr

1AAY  EaSg, T

+ Daecheon college, Professor
Master, Seoul National University
San 6-7, Kwansan Ri, Jupo Nyun,
Boruyng Si, Chungnam, South Korea
Il =



2-Fuf Al zqlol A o] ol g Aol e Ae A gy

o)A e AS) - QAL S o] 8Ele] WMhs oRE| M. Al AE o] @)oo
A2 Bt A UII»"} TE AFgH .
|, o] uu“r"—] ‘:’ﬂ v 5 E ‘:’“ L 21l gle] SHulfe ‘ w

[
Pa
(X
s
Pt
=

(passive system) L’l ‘HL c’] G]Lﬂ ,.;] U-E AL} | ““‘\%
of AT E FY ”“]7’1-' °} E] H_ Al 2o MY .
‘i.r‘i-.,_..-f_
(active system)© & s ¢ qlty. LEV dl&
B AM2E 259 f~l izf-iﬂﬂl S AJHL A] 22 HE, : () o
|
A7] 7bAA] Fulzt el A)2=g]o] ol 3£ | LK
ol 2] of . |
ol2idl F el FAFT H3 2-Fw ALH Fig. 1 2-Fu] Al ~x]
o] LEV &8 Alz=yle] dfFAlR yew
= o] =" o Al A el of| A] = 7] 2] |
| ‘ e _~I +‘ ’ A ) ]__ EH(Electrically Heated) 204 |
UCC(Underfloor Catalytic Converter)i= 1% , ) |
2 —1 2] = ' T e : o
o, af kel st Alske] Sull(MCC: Manifold | /'”' o ‘ %fﬂi):
- _ e | a0 )
Catalytic Converter)a “d2Fshs=s WA ot =, | / |
o] ¥pal & oln A UTAHE QNS i - 2) e
o), e HE5n gy &) &S & | RioRet
*-REF-EH-: Aol dat, wgE FHull xpAje] A Fig. 2 EHC A] 2= )

b Ul S AR A7) 7] 1 ol el bR 7
wlxlo] o] Holx| 9l7] uji-o B Alw

_ & A &I !
4 AZAANA o AsWen LEV Al S &E -

d-&skal glen], ULEV  (Ultra Low ¢ :E

Emission Vehicle)1f e WHSFgchi- ol | [P[

ek, | e 5
ool ol A= 1800ce NS §lajgh 58 ‘ :

Gol Al LEV it A% o) gats] 91a 2-Ful A e [ 25 I

2o FHof B8 wEHNE AdEHew o it |

g mkeh S8 Ful gye ol o < |

SAfoll o] &l Aoty glon] Mool qto]xis x| Fig. 3 ol A]~H)

Algl W& Agoern fRlsta s 7| oLl =y LEV o]Are]l jfali: ulLé
5 aF3 o 7] 2iA EHCS 32 Al 2815 A zlelof %
9 Wi Ao w o 5ot 2 rgtele] Ap A
o o] #lojo}La wAdol &1 ool Sl
21 ;{}.6_,;} W 7] 72~ A w] 7% %5 i, Fig. 4° A+ BMWijil 2] H| 854 Zlu &
oboA] AWM 9 Eul A seleleln Euj  MOHE 2-Ful Alagle] Mis) e} Ajsgle 9
7S o] 838 WA Al AE e o] 47 58 ¥ &S daw stug 3000cc o]
ME oHd3] 2 7l5As BAF o of t)d AEFg Aleletari: 1 A Eo] AT
7bebE] C1s Al AElire] W&o ffja)] AR n g Aol wdl Fighe vlab CARB
/|2 g A iR ARl AR AlARlew (California H{;’!S[}LIT{'{‘ Board)ol ] #-41ah 4] %
= Fig. 1, 2, 33 32 2-Fu A2l EHC of Al FAu A Fiiol] dlgh H] &G o}
(Electrically Heated Catalyst) A]2~gl 2 vji] % In-line 471 €42 459z 100% 2-3
A 2d"lo] gl 2-Fu} A|Ad§ AL 8 A 228l ’*‘]‘%ﬁ'}'”l. V6 qigle]l H-rollss

L& —



SR BRI EME T B g Lk A6 Al (2003.2)

Wadz MCCes Z&%E F 71&9 UCCE
gt dygd 2-Fu W40l 80%E A
gheh, mreba] LEV itAlE wEA)7]7] 918 o)

HHQ Al2glel et 2-Fu) Al Aol
AE & F A,

)
as L) i@ ) &

Fig. 5 A=ApE A2 g o v§
4] 43 (CARB)

2.2. 2-Fv] A 2¥l2] HA 3 HY

2 Age AFEE AFE =d KA SE
d 2 M4 1800cc DOHC <& AF8-31% T} A
& & FTP(Federal Test Procedure) &4, Ak
LA4 RE2 O w7|7l2 AFE& B8,
FA Al oz wizlAle] EE= Fig. 63 7#
t}, o] el THC AZ wiE HHAL
o 15g/milec]™, 40007 F3F-of = _lﬁ-&
o] Zul] AH3}&o| 6% TolEE 0.06g/mile

Ao WEsts 58 92 4 St R
THC®} NMOG®e] H| &2 XE 102 FFolu
E o] 49 NMOG+ ¢ 0.059g/mile EJ‘EG'E}

cmekA] F3 ALY ANERE 2-Fu AlX
"iﬂ‘:’ﬂHE LEV TfAlo] gk tfj-g-o] 7}&3kct
T dEE 22 7 UAH

A= T80 mm
B = 250 mm

_
1

uee

e
Fig. 6 2130l AL8€ a3 wjz] A 7ee

Atk £@ 24 AN FHA Astbg
Rervg 2-Fu] AAg]e]X MCCe UCC

Al 83 ZAAo| olgrrt "o Fvl g
-2 A Pt/Rh=5/1¢] | && Al&3lH, &
& o] MCQ 1.6g/L, UCC 1.5g/L]1 EA}S] A
&

E-iﬂ ol :". ¢ n2

Ab-8-3l71 2 sl

el SIS 2N WE )
= AasiA, &%E AA FIHAARE
& W& shaE oHd EAsnz :.ﬁ}
Fib W& ZhE Alolel= Algr ARl
A osloka el F odok & FolE A
AHEEA stE W(EF=0)t A WE7tE
ME7tar gdenz,  wEshs
(EM[g/mile) ¢} %ol - FHXILD Alelel= tf
oo wAZE A’

op N{}«“ 1}~

TTOR

EM=a+ bxexp(—c* X) (1)

A7 a, b, cE A% APor AYHE
Ageolnt. weby, &% X9 EM &7l 3
Ael ARA glow, A4 q b, c & AA
3 4 glomz 7ba ekl UCCE #9)
MCCE#E atel 3714 dol dainzt s
gopulw @ o}

,7]'__ T“r'

- 13 —




2-Ful AlzdlelAe] Ful &3 HA g HAFH A

gy, A dae] exhv, ¥ S5A7HA
gl stojof 3juE, # 4AFeMe MCCE%
o] 0, 0.25L, 0.5L, ULL‘@‘ =o] (0, 1.0, 2.0L.9
A5-ol sl ztzy AFskH. AFEL g %3
3 2~33 wHEdte] hHEHGS AH5
on|, AbEE Fule R5F 40000 o=
A3A|Z] Ao}, HF 33 Table 19 A
sl =), Tabledl = ¢4 d5zo] 9749 =
m] 8-l gt WSk AR S A H.

A

Table 1. A gl AH8¥ Aa] Sl 8%F(L)

<UEC)|
mec~, OOL 1.0L 20L _
0.00L 0 1.0 20
025L | 025 | 125 2.2
LO80L | 05 | L5 | 25

2.3. 4343 R WA

A& 8. FTPel| o] A sl LM neg AAsl
Ao, COet NOx& A= 1 Aart A
A ncp Ags wre *f*-::l 0 &2, THC] uu%
T (g/mile) ¥} AsF&(%)vr 1 A3E Table

20 Lheb| L),

Table 2. Fvl|-&3d Malo] W& THC =572 4sH

ﬂx or | 1oL | 2oL |m a

0L | 2207 |0.147/9330.119/946| s
0.25 L|0.288/86.9|0.100/955|0.074/96.6 | (g/mile)

0.5 L |0.154/93.0(0.079/96.4|0.058/97.4| ¥ *H# 0

rat a, b,
()

Table 22] dlo]EZ o] 8-8lo] A<
ca AAdeF s, UCCe #3738
20L2 1A &, MCCe ‘&
wf o] a2 3H ZF2Z Table 49 24
Table 5. UCCE#F & AP S uf2] A4 43
UCCAH % At o

- e . ] al

(L) a b c

—_— T p— ey - = il

0.0 | 0085 | 0597 |-4.312] 4y(1yen X;]'

1.0 0.062 | 0.085 |-3.223 ﬂk*‘-*l MCCe

20 | 0043 | 0064 |-2.89

%, A% a b cE (@A

_ 1.0,
SR E

gubgrol ¥y

tH A sf

THC(g/mile) = a+ bxexp(— ¢+ X) (2)

o] &S (2)24]2 Xol dlg)dld, UCC=0LY
( MCCyqtF Ab8&= 7Z4-9) MCC &#%9 £
7Fell wpE THCe #j&E=kg AAs 4~ 9lan,
go wb o UCC=10L % 20L% A&,
MCCe 828 Z7MA1H S we] THC v &

It

——

o o) = t;i} 2= olr}, ¥ Eule] AL (3)
Ho g AE 5 Q)
BEHE(%) = Lils H’?’%_C il _*:C._g;:ﬂrﬂ 00 (3)

Sula W AbEEA @2

THC carps %

= e} c::-] L]

o, THC paws=
& wje] THC vl ko] i,

M7k Sl A-g-9] THC ¥l&
o] Ak} ,f}-::a] THC 2] n}]-:_'r?ad.ﬂ}
aif

4 84S

MCC - w Wsfol whel wAle) W Fig. 7,
i} 7t} o) Ho] Fig 89 Ashg -1v) o)
A 4,(}0{1u}@; =3 QB 96%E ) 94 M

1=, UCC 1L9 7% MCC 08LE A&slof &}
W, UCC7I il 4 $dv MCC &3& 2
SN A S AZE 96% 2 A 7)) o]y pe A
& ¢ 4 Utk £=% 2L UCCE Algahd
0.351. A 5X¢ MCCHF AF-&3te|n 96% % 8h-5
& & 7k fltk

MCC éfe} kS arou Erl---- THC bl &2

0.30 ;
‘ ‘~—++UGQ

0.25 e UCC= 1L|

00 04 08 12 16 20 24
MCC Z&H(L)

THC v &%

Ifig. 7 MCC® % W 8}of] n}i



QR IR R SR A6 Al1E (2003.2)

MCC 8% W slof| e THC & 23

Wl =1 | | '

] | | | 1

| 97 ‘

R |

. O o4 — ! -

| ?u { W | | ‘

< 91 [— ._._‘__.hl_-i—-—.-:.-:_-—} == l.

Y (.| - - —m—UCC1L |

| | | ] '. LI:C-‘@_I\
| 85 I I (S Il [ |

00 04 08 12 16 20 24
MCC & & (L)

Fig. 8 MCC8 % Wste] uj THC A 8H&

Table 4. MCC $%& a3 R& ol 45 ALY 245

MCCH 4 &k
(L) a b c
0.0 | 0052 | 0.137 | 0.736 [4el 4 Xe
025 | 0063 | 0534 | 1279 |§ 375"
050 | 0689 | 0.389 | 4817 |¥¢

| i

npakzbx]e] wio g MCCe £%E 0L,
0.25L, 050L& Aska, UCCe &%& W3}
ANAS u) dojA+= A4 aq, b, c= Table 4
9} o] A4S 4 3t

Table 49lA2] AH4=ake ol &a #H& U
o2 UCCe #ufo] wp& THCO wiE=a A
sl &8 A4rE 4 U
olAti} & W or Add UCCe MCCeo
ggwsle] wE THCe wi&Es %R As&d
AAE 45 Qo ol¥A APE FHuje &
o Rxel x§e vgEAd At wepA
gad folA Addd WALl Fu) BF
W slol] wpE u| 8o F73 2} &gl 3)Fs}
v Zolg 2l #AAE 5 e oA#E
St s =R E FE3 HESF ¥ Aol

3.4 &

LEV T4 d&S 93] 714 de AHEs i
- MCC-UCCe 2-Zu] Al2flell 2lo] 2}
Zufjo] 838 ZAAS7 Y&l AgE olES

AgHor ZHEs K wlEzi=el 4ol
Zo]| 8ol we} 7HAEG, 8o EF4F5 1
Aadwrt 24E ol 8dte] Ful& gt
7} 2o AF7HAAHA A Ao 7+
gtoll 21(1) o] #AYHIUC}. ¥ AFoNM= F
o 28 W3lA|Zl 97}A] APANE o] &8
o A4 a b cE AR F ASE H2NEA
c}.

ol At#} o] AAE AF&E ol8sto FHwuj
gauislo] wE wlEFstA WIE dFY
e By wjE&FPy HIEE A T
= Zujo £%E 44 AAY F AUUH
g}, @ded FolfGa ESSTE 7HA
3 AFSE nASE A AEE dolw, o
m u) 83 g olop VHE LAY
g U HES Uzl Aol WAd Aol

# 3 ¥ 8

1) LEV/ULEV Emission Technologies, SAE
SP-1044, 1994

2) Developments and Advances in Emission
Control Technology, SAE SP-1120, 1995

3) Kummer, J. : Catalysts for Automobile
Emission Control. Prog. Energy Combust.
Sei., vol. 6, pp. 177-199, 1991.

4) Herman Weltens Optimization  of
Catalytic Converter Capacity, SAE 930780

5) Cadle, 5. H.. Nobel, G. and Williams, R.
Measurements of Unregulated Emissions
from (yeneral Motors’ Light-Duty
Vehicles. SAE paper 790694, SAE Trans,,
vol.88, 1979.

6) J.C. Summers, W.B. Williamson and J.A.
Scaparo : The role of Durability and
Evaluation Condition on the Performance
of Pt/Rh and Pd/Rh Automotive Catalsts,

SAE paper 900495

(20021 104 179 4145 20034 191 209 #9)



