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Abstract — The effect on the heat resistance of the catalysts has been studied upon the addition of cerium to basic three way
catalyst(PtRh/AJO;) and of alkaline earth/rare earth metal to the standard three way catalyst(PtRjOgelAght-off tem-
perature and three way conversion rate were evaluated with the simulated automotive exhaust gas mjxtD, GfHH,
CsHg, NO, CQ, O,, H,0 and N over fresh catalyst and over the aged one af@36r 100 hours. The prepared catalysts were
characterized utilizing BET and SEM. The addition of cerium to the PtRb{Ahtalyst severely reduced the oxidation of CO
and hydrocarbon under the lean citind(A=1.03) and the reduction of N@nder the rictX=0.97) or stoichiometric condi-
tion(\=1.00) due to sintering of cerium with the precious metals and producing of Cedd@ound with alumina. When
alkaline earth(Mg, Ca, Sr or Ba) or rare earth metal(La or Nd) was added to PtRiGz@d aged, catalyst with barium
showed the highest catalytic activity with the best thermal stability, and neodymium, strontium and lanthanum added catalysts
had the higher activities in the order. However, calcium addition to the catalyst had little effect on the thermal ktalility, s

ing a little higher catalytic activity with the standard catalyst. Magnesium added catalyst was extremely deactivated compared
to the standard catalyst due to the enhanced sintering with precious metal and alumina.
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Table 1. Precious metal and base metal loading rate of three way catalysts

Catalyst description

PtRh/ALO,
PtRh-Ce/A}O,

PtRh-CeMg/ALO,
PtRh-CeCa/AO;
PtRh-CeSI/AJO,

PtRh-CeBa/AJO,

PtRh-CeLa/AJO,
PtRh-CeNd/AJO,

Precious metal and promoter

1.4 wt% of Pt and Rh, Pt/Rh=5/1
PtRh/ALO;+ 40 wt% CeQ

PtRh-Ce/AJO;+ 7 wt% MgO
PtRh-Ce/AJO; + 7 wt% CaO
PtRh-Ce/AjO; + 7 wt% SrO
PtRh-Ce/AlO; + 7 wt% BaO

PtRh-Ce/AJO; + 7 wt% L3O,
PtRh-Ce/AJO,+ 7 wi% NgO,
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Table 2. Concentration and condition of automotive simulation gas
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Gas Concentration Flow ratel{ihin) Analyzer full range
CO/H,(75/25%) CO: 1.0%, K 0.33% 0.24 3%
C5Hg/CHg(2.4/0.6%) GHs : 2,400 ppmb, C;Hg : 600 ppmc 0.6 5,000 ppmc
NO (5%) 300 ppm 0.108 500 ppm
CO, 10% 18 16%
0, 1.6%(=1.03) 0.288 5%
1.1%(=1.00) 0.198
0.6%(=0.97) 0.108
N, Balance 14.964 -
15.054
15.144
H,O - 2.0 -
Total 20 N/min
M ppm =3 ppmc
22.0 N/min = 1.61 cc/min
Table 3. Effect of cerium addition to PtRh/ALO; catalysts on fresh and aged TWC activity
Three-way conversion(%)
.. TSO%(OC)
Catalyst description CO HC NQ,
A=0.97 A=1.00 A=1.03 A=0.97 A=1.00 A=1.03 A=0.97 A=1.00 A=1.03 CcoO HC
Fresh PtRh/AJO, 86 97 100 97 100 99 100 100 26 229 235
PtRh-Ce/AlO; 90 98 100 97 100 99 100 100 29 222 234
Aged PtRh/AJO, 26 51 99 2 8 79 71 80 51 343 357
PtRh-Ce/AlO; 34 48 65 1 2 16 33 51 48 358 377

HWAHAK KONGHAK Vol. 39, No. 2, April, 2001



134 G A

fofe

o
b
B

- 2 - olle)

1[4 ] it

Fig. 1. SEM micrographs for fresh and aged(at 958C for 100 hr) three way catalysts.
(a) fresh PtRh/AO;, (b) fresh PtRh-Ce/AD,, (c) fresh PtRh-CeMg/AD;, (d) fresh PtRh-CeBa/AD;, (d) aged PtRh-/AD;, (f) aged PtRh-Ce/AD;,

(9) aged PtRh-CeMg/AD;, (h) aged PtRh-CeBa/fD,
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Table 4. Effect of alkaline earth metal(Mg, Ca, Sr, Ba) and rare earth metal(La, Nd) addition to PtRh-Ce/AD; catalysts on fresh TWC activity

Three-way conversion (%)

Catalyst description Ts004°C)
(fresh catalysts) co HC NG

A=0.97 A=1.00 A=1.03 A=0.97 A=1.00 A=1.03 A=0.97 A=1.00 A=1.03 CcO HC
PtRh-Ce/AlO, 90 98 100 97 100 99 100 100 29 222 234
PtRh-CeMg/ALO, 88 97 99 90 99 96 100 100 31 238 253
PtRh-CeCa/AO, 75 86 91 76 83 83 90 89 25 214 220
PtRh-CeSr/AJO, 88 97 100 95 99 98 100 100 30 217 229
PtRh-CeBa/AJO, 88 98 99 94 99 96 100 100 15 243 249
PtRh-CeLa/AJO, 88 97 100 96 99 98 100 100 31 256 269
PtRh-CeNd/AJO, 83 93 97 86 91 92 96 96 32 242 253
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RHrpbe £2 252 VER)ith v PtRh-CeLa/AJO; Sl A A
g-g-0] 294 A 2] COHE HCY light-off &7} 2z} 256°C,
269°C= 714 ¥9kor, PtRh-Ce/AJO, 1 9] light-off £%=7} 222°C,
234°Co) H13) oF 35°C7} A5l ZOoE Vet o]9jdl] w4,
g, W2t Ee] $48 PtRh-CeMg/AJO;, PtRh-CeBa/AlD,, PtRh-

CeNd/ALO, Z1jE9] light-off &= PtRh-Ce/AJO, Znj Br}% 15-
20°C &Pt o2 vesith, 2222 fresh&mj oM Aol A7t

Shinjoh $[18}2 600°CH|A] BA17F 2434171 Pd A& m}e] HC 24
15! H Sl light-off 4358 EoIR T 4 A9 ABIE palof =

o tigt AiE9] HIt Gl et GzE] E=E (Mg, Ca, Sr, Ba)

Lart A7 Pd el A AErk AdoR Qs Heekel shekE W 2EER] VM Sl o] § UK AeE BF 1A d
o] ofglEm R Sujuk-go] & FaYH Y, dZeElF4 (L, Na, K, Cs) 4908 & F Ak olE 9459 A7) w light-off 3% =91 ok
fart ALY PdSlol st JebAl FaEo] Heel F2hg e B o

B o] & ok Lofubl Hof HCE) st it BwAE v
83 2P Sk

FreshZml 2] light-off /4%&: Ca, Sr>none>Mg, Ba, Nd>>La
HC #43: Ba>Sr, Ca>Mg>none>Li>Na>K>Cs 33. ofglel Ea% § SER E'% ol thed “g"?} l
oA et 9 Ed B ER 4 X34t freshZ
919 HC 84 eXe 98 Exd dart A7k Enjso] 9 ] s 950°CE 10017F F<Fk AAIZl 5 Table 51 vl u}
w4 9471 A7 FulE B 240 & 31o2 vER}, 600°C 9} Zro] 44l Mg H light-off 2% (Tgey) AEE Bt o] A3
oA BAZF 2% 2N = 4] EFS 948 EAde] & 35 EujE9 Hd AFE-S Table 4] freshEFmjE2 A F A7}
sivhe 218 Bojsx glvk B =89 487 Shinjoste] ¢2d E HwZ3PH CCell B]3) HC B NO,2] &4d0] A FHidhe A3s BHA
=& 9489 24 e WAR v 244 Afe Aot 2 o, light-off &5 (Tsgy) 455 -5 Lhukzl 2102 Vepgr), et
AL & vehytt o9k 2 B4 w99 Aol i AP Huf v PtRh-Ce/AJO; Fufe]l Bls) 4] B4 ol s|ef 34 davt A
257} 400°Co] 2L &4 R%=7F 500°CR1H) W Shinjore] ¥H-8- & 71 EnlEo] PtRh-CeMg/AIO; Z1 & A 9]3lae tiAl 2 gt 9
300°Ce]iL & £+ 600°CE thEw, o]9jol = whg 72 24 g B4 AP B Alo® YEpd e g4 olg fdase] WA

oo

SE rﬁr oo

Table 5. Effect of alkaline earth and rare earth addition to PtRh-Ce/AJO; catalysts on aged TWC activity

Three-way conversion (%)

- Teg0(°C
Catalyst description co ae NQ, 500(°C)
(aged catalysts)

A=0.97 A=1.00 A=1.03 A=0.97 A=1.00 A=1.03 A=0.97 A=1.00 A=1.03 CO HC
PtRh-Ce/AlO; 34 48 65 1 2 16 33 51 48 358 377
PtRh-CeMg/AJO, 22 29 35 0 1 1 9 10 11 >400C >400
PtRh-CeCa/Al0, 23 50 97 3 23 74 31 55 42 359 377
PtRh-CeSI/AJO, 75 85 98 3 29 79 49 65 36 348 366
PtRh-CeBa/AJO, 83 97 100 8 86 81 82 99 38 335 347
PtRh-CeLa/AJO, 68 83 98 2 23 82 43 53 24 335 350
PtRh-CeNd/AJO, 76 91 99 14 56 81 51 72 27 329 352
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o Z1of8t vke A5 B rt

PtRh-Ce/AJO; Zvlloll 2EER, v, deks Evx UeoES A7t
AlA 43 Ha e 9] agedEmiE-L aged PtRh-Ce/dD; Zlf .o}
A AT g 2L 7oz Yelgt) Aged PtRh-CeSr/AD;, PtRh-
CeBa/ALO,, PtRh-Cela/AJO,, PtRh-CeNd/AJO.Z 152 aged PtRh-
CelALO; el vla) AA FAxAdA CO A=, 3)vf =4
(A\=1.03) % %= ZZAMA=1.00p141¢] HC sk, 8w 5 ZAN
=0.97) 2 % 2A\=1.00p14¢] NO, Sd=x o] o] 4
HA o), - 274 (N=0.97p1412] HC 4ksle} 38k 27 (A\=1.03p]A4]
9] NO&©| ghloll= o] 848 Rolx] Zaitt. 34k 271(A=1.03)
A9l COY AHE-2 98% 022 freshZule] 7 gH&3) v¥]5:319
L, HCY) A2 79% 01302 fresh&uuir} of7r Askg-9] 7kas
B3t} o] =X aged PtRh-Ce/AD; Evi7t 34t 271 (A\=1.03p14
CO’} 65%, HCOT 169 Z&-&-28 Hel Al v5id g =& &4
S Jeh 9tk 35 2AN=0.97p149 NO& A&-&-LS 43-82%
2 aged PtRh-CeBa/fD;= A 9)stLx freshZmdl v]s) 2889 #
87} 3t} 2ol = B84 2 aged PtRh-Ce/AD; E11] 21 8-8-0] 33%
9l Ao vlshaE L Holgdtk. HO} NOJ vls) Co2l Aghgo] =
& o-f= Sr, Ba, La, NdlaE°] 4 &nfe] 5 4#<1 Pt, R} A
ol A2 2Fshs 28 Ho) AlEe] water gas shifth-&-& FXA1Z

| o2 oA o714 Al e EAlE Fo)4] aged PtRh-CeBa/
Al O; ZFn71 TE agedEZmlE B} BE GYolx] E40] e

=
& BojF2 ¢} Ichikawas[19}8 ‘Bad AF&o] mlAE =] A 3
Fa GFe) 248 BolgEs §-8-3 S, lean NQ FuiA
F NO, =42 AHgF o] NO, A3}go] otk zky stsirt. g
i aged PtRh-CeNd/AD; Zvli= aged PtRh-CeSr/pD; Zmlj 2.}, aged
PtRh-CeSr/AIO; i+ aged PtRh-CelLa/fD; iRt} 5 =71
(A=0.97)H & 2AN=1.00p14 Al Hghgo] o7F $3igirh 22
v 3]E A (A=1.03p1F = CO B HC? AtstE o] A8 2 viebsitt.
ayes 2EER v, 9 Y uerEe WE, 25,405 2 ¢
FH|L} 7ol AAE Hole Q8 S S-S RIS A La0;
= o719 o] =& 24 R E RS BRAITIE
HI7Y ik LA 9Avk Nunans{13]& Pt, Rh/CeQdll La, Y 2 Nd
2 dopingt FHiE d3heh ol o] A7l gty o skl o)
o] Ao E Lagt Nd& o= A% 237} Sle Z10= vEsith
PtRh-Ce/AJO; Frliol] 248 H7tete] datrZl Af= 35 x4
(A=1.03¥141¢] CO ¥l HCY] 4H8lE e B =g F0u
2 ol9]8] FH 2ANME A EE-E FA XU ole AEs &
A WA 537t o 23] Grbe 48 vepd e a2 sldige] 3
718 aged PtRh-CeMg/AD; &rll= A 99 2719 44 CO, HC
9 NO& Agko] AHe| o] RoR|R] 3irt. Table 8114 B wie} 7]
fresh 2 aged PtRh-Ce/AD; Zmlle] ¥ E™Z Hal&-2 60%(19.6~>
7.8 nfigel o), 47 EFS A4t A7k &0} 3 PtRh-CeBa/
AlLO, Sl o] W B4 HEHe-2 319(23.4>16.2 nfig)= 71 Heko
v PtRh-CeSHAID, &= 33%(26.7~17.9 nfig)= 1} wigk}. Zeut
PtRh-CeMg/AJO, 1l & PtRh-CeCa/Al0; i) vl R4 Wals
2 7}7} 73%(24.5- 6.7 nflg), 43%(24.5>13.9 nflg)E EHA 9] 7h4
7} wj$- 2ok Sz EF4 445 (Mg, Ca, St, Ba)l 71 aged3:
E2 47 o] FelAsE G5 AR 2 U=, Table 6]
o R0l BHAL] Hlgo] F4E Fuf E49 vt AR
Ao 4A5HA dofvt Ax AAsA gk Fig. 19 (c), (gf= PtRh-
CeMg/ALO; 9], Fig. 19] (d), (h}= PtRh-CeBa/AlO; <] fresh
9 agedZ T & SEMARZIo|H 7% wladggo] 3HRE Erfe 4
Aol Fol 7laE 2o Ve, vigol 3dE Sl AvE, AE

bz 2

stst=st w39 X235 20014 4

24 - o1Aj2)

Table 6. BET surface area of fresh and aged three-way catalysts

o BET surface area(ffy)
Catalyst description
Fresh(500Cx2h)  Aged(950Cx100 h)

PtRh/ALO, 24.2 9.5(61%)
PtRh-Ce/ALO, 19.6 7.8(60%)
PtRh-CeMg/ALO, 245 6.7(73%)
PtRh-CeCa/Aj0, 24.5 13.9(43%)
PtRh-CeSI/AJO, 26.7 17.9(33%)
PtRh-CeBa/AJO, 23.4 16.2(31%)
PtRh-CeLa/AjO, 28.2 10.9(61%)
PtRh-CeNd/AJO, 27.7 11.2(60%)

2 alumnglell 428 gEsl £2 A4 Hel & fREhe AR v
et} SIER 24 949 v EHA Hele-2 PtRh-CelLa/AlO; E1ll7t
61%(28.2>10.9 nfig)°] =, PtRh-CeNd/AJO, Z1l 7} 60%(27.7-11.2 i/
g)= PtRh-Ce/AJO; Frfl 2] B xH 2] W87} A9 v|&d =R nf9-
A 5 Fnje] @44 Table 54 Be nieh 7o 42 502
VERT ol o71A AR SElES Ul enEe] AFEEd gFnu
Zholl & wkEo] o A= AAYH YL = Bt B FAEL
ATIL AAZITE §1¢] W8-S s PtRh-Ce/AJO; Frijol] &2 E
=4 4 JER F5 94E FUlste] 950°CE 10007 E<t G2zl
Fo 243 A9 Agkge] Y3t 9w the 7ol veptt.

Aged Zuj o] 44 AgHE: Ba>>Nd>Sr>La>>Ca>none>>Mg

o] BA49x & Hollx o153 Shinjohs[18]9] ¥Ze] B thet
HC A3} &4 99} thae] xfolw dA W A -8 A3g Rei5
3 9ith & Bee] M SpEkal L the A2 Sr, Calv Mool 7F
v}, Nunans[13]2 ‘A4 1o AlEo] FAl9 synergistic
o] dofomy EAo] wolAH, S|ER F4 Y4t CeQl A
2hol] EAEA B AF4o] CeQ AAE o] FdlAY e v on
A AFEF T AEY LS tTA sle] @49 At dofu,
Ber] A7IEH =& o] fXHP I st 281 P ER 24 Y
4:9] AL AFE3 CeQe) wHEH= Aol Yot AFEH v-
AlLOSe] FhEFE Tk, SER 34 A4 ke 28 259
alumna phase #7338l Ex& eFg2lr 70, La& CeQ, HAIS #iA]
AaeAAeE g FAAY S B 949 Ve vALOE oF
AgAl71=d Beel 7HE Bol ARRETy L Stch

Aged Z1 £ 9] light-off &= (Tsy)= fresh Zuj £l ¥l 243t
100°C o’ #3519t} ©] 5 PtRh-CeMg/AyO, Z11<] light-off 4%
2., Table 4% 50014 R W} 7bo], COY HCOt 27 238°C, 253°C
oAl BT 400°C oo g Bol detE e, ol Mool &2
S FAA A Ao AY T glolRl R YAFT). Fresh PtRh-
CeCa/AlO; E719] light-off &=+ 7]ollA AE& EnlE F 7F¢
I EH 950°CE g3l A3} PtRh-CeMg/AJO,; Zff T30 =2 o}
s 2 BE Zes S 84 4R Asse] &6 gel 719
sla Ykl g A%IY Aged PtRh-CeBa/AD,;, PtRh-CeLa/AJO; 2
PtRh-CeNd/AJO; &2 aged PtRh-Ce/AD; Fmiol ]3] light-off
/3%&0] CO= oF 23°C o, 18]al HCe ¢F 25°Cold &dsith. 2
HET agedFrlE SolA wigol A7HE Eirt A AW o}
ezt light-off A5oA % o 978 Zoj 2 A= At 28} aged
PtRh-CeSr/AJO, Erll= el Yot Ee] g4 agedZvigl A€
AgE-2 ¥]5=3)9l o1y light-off %52 CO, HCES 10°C o]’ vk
At} Fresh&ml 5149 light-off 4% Sebgg 353 a7t 7}
4 EHAL 2EERC] Mk Fujrt vl S-psl e, agedZvl
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