Kinetic study of TWC of automotive
exhaust gas: Modeling and Application
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1 Noble Metal catalysts such as: Pt, Rh, Pt, etc.
2 Monolith scale
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Reactions AH(298K) (k] mol-')

(1) CO+20; — 2CO; —676.51
(2) CO+H,0— COy +H, ~41.16
(3) C3Hg +(9/2)02 — 3C03 +3H;0 —182027
(4) CO+NO — CO; + N, 37336
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A+ S = AS - Products (1)
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r =kyCys = k,0C, (2)
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C, is the concentration of adsorbate

Cys is the surface concentration of occupied sites

C, is the concentration of all sites

6 is the surface coverage (%)
s

k, is the rate constant for the surface reaction

k, is the rate constant for the surface adsorption

k_, is the rate constant for the surface desorption
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dCys
d—;13 = 0=k CaCs(1 —6) — kp0C5 — k_,6Cs (3)
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A+S=AS (3)
B+S=BS (6)
AS + BS — Products (7)
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r =kCyCp = k0,0,C2 (8)
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(1+ K,C4 + K,Cp)? (12)

r = kC¢
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The reaction The type of catalyst

2C0 + 0, - 2C0, Pt
CO + 2H, — CH,0H ZnO
C,H, + H, - C,Hg Cu
N,O0 +H, = N, + H,0 Pt

1 Pd

C2H4 + EOZ - CH3CHO

CO+OH—-CO,+e” +H" Pt
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CO+ o=CO" (a)
0, + 20 = 207 (b)
CO"+0"=C0,+ 20 (2.1)
:CO L8 ol LinuSlg -V
H,0 + o = H,0" (c)
H,0"+0c=HO"+ H" (d)
2H" - H, + 20 (2.2)

CO"+OH" - CO,+0+H" (23)
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P+o=P"
P"+0c=2P +R"
P/ +0—- 2R

R* +30" - CO, + H,0 + 20

NO+ o= NO”

CO"+NO" - CO,+N"+o

2N* - N, + 20
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Beo+0p+0p,+0g+0p+ 00y + 010+ 0, +0y+0y+0,=1
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Kco =6c0/(Ccoby) = Bco =KcoCrobv
Ko=002/(Cozbv?) =60 = (KoCo2)" %6y

Kn20 =120/ (Ch208v) = fH20 =KnH20CHz00V

Kp=0p/(Cpfy) = Bp=KpCpby

Op1 =Kp1Kr~3cp? 36y

Kr= SRE/(CPE?vg) 0 =Kp/3Cp1 6y

Kno =00/ (Cnofv) = Ono =KnoCnoby

r1=k18cobfo
ra =kyBcofon = knbnu?
rg= kgﬁ']q-ﬁ'ﬂ?'

ra =kaBcoOno = knon’
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B = (kaKonKcoCcoCuzo/kn)' 26y

Bor =kn'/*Kon?/ Ciz0%3 (k2K coCco) /30y

On= (ksKcoKnoCcoCno/kn)" 26y

6y = 1/(KcoCco +KpCp+Kp1 K 1/3Cp? 3 + KgV/3Cp1/3

y 3 J 3 i 8
+(KoCo2)"2 + k' PK o3 Cra0?/3 (k2K c0Cco )13

+ K120Ch20 + (k2KonK coCcoCrzo/ku)'® + KnoCo
+ (kaKcoKnoCcoCno/kn)2 +1) = 1/G
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r1 = k1KcoKo'/?CoCo2'2/G? = k1 CoCo2 /2 /G2 (25)

= ko1 e ERT CpCop /2 / G2

r2 = (kaKcoCeoKonCrzo)? *ku'? /G? = kaCco®* Cuno®?/ G2 (26)

= ko2 E—E,"RTCCDZ;'BCHZOZHKGZ

r3 . kBKEUECPIIH'BKOMEC-DE?»{Z'!GJI L FCgCDggfrszg‘szGq (27)

= ko3 e~/ ¢y’ 2 o' /G

r* = kaKcoKnoCooCno/G? = kaCcoCno/G* = koa e E/RT CrpCno/G? (28)
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= Ka1Cco +Ka2Cp + KaaGo™® + KaaGo'? 4 KosCop /2
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1/2
+KaoCno + Ka1o(CooCno) '~ + 1
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Reo=ri1+ra2+4rs (30)
Rop=ri+r3 (31)
Ryc=rs (32)
Rno=r4 (33)
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P92 algS ) w)ge > JWl g W)l JWBI cul s Vb bulg) )5 oS

‘;{'9
h=Nu.— (38)
D;

kpj = Sh.— (39)

)|)§)g cudgigo (uwbito 3 dS (Sl ULS Jauo ¢l gl )0 Joul s .l b.xoTwu.)J [£] &'>).0)| Dj)l.)..ﬁ.o wvq é\.hgl)).) a5

D MdlgS i JSub U cuwl
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{ ng(o. f) e C?JI ‘FX"(L f) — E;(O I’) e 0 (40)
TS(X. 0) = Ta (41)
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BET surface area (BET) 138.7 m2/g
Total pore volume (TPV) 0.2631 cc/g
Average pore side (APS) 3.79 nm

Mass density 0.8095 g/ml
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Gas Concentration (vol%) Analysis method
co 1.0-2.0 QGS5-08B
C3Hg 6104 to 1.4 = 103 DANI THM411 hydrocarbons controller
s 0.8-1.5 QZ5-9601
H,0 10-15
NO 55 107% to 1.0 % 103 ML9841A NOx analysis
Nz Equilibrium gas
o (%) THC (ppm) NO (ppm) 03 (%) A
1 2.0 1400 1000 1.42 0.9
2 1.8 1200 ago 1.40 1
3 1.5 1000 800 1.16 1
4 1.3 800 700 0.98 1
5 1.0 600 500 0.82 1.1
A= (Cwnp +2Co2 )(Coo +9Ccans )
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Constant

Adsorption heat, AH; (Jmol-)

Adsorption factor, Kap;

Kﬁl
Ko
Kr.']
Kay
KEE-
Kas
KEF
Kog
Kea
Katn

—2.423 x 10°
57265.2
—1.252 x 10°
7346.5
—68184.78
1.783 « 104
3.219 % 104
1.231 = 10°
—1.199 = 10°
2775 x 10°

2728 x10°20
11204 = 107
2.487 « 1079
100.38

1.481 » 1077
8769.19
3.819 x 10°
1.361 = 107
7.509 x 107
1.252 x 107
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Rate constant E; (Jmol™") Ko

ki 1.061 = 10° 7.573 x 10°
ks 1.289 x 10° 5.037 x 10"
ks 1.211 = 10° 1.302 1012
ky 1.517 = 10° 4.092 « 1014
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