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Study on Preparation and Performance Evaluation of Pd-Rh/AlCeZrQO, Catalyst
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Abstract: Novel Pd-Rh/AlCeZrO, catalysts have been successfully fabricated by the sol-gel method. Their
texture structure, crystal phase structure and redox ability were characterized by N, physisorption-
desorption, XRD, HR-TEM, H,-TG and H,-TPR techniques. The results show that Pd-Rh/AlCeZrO,
catalysts have high thermal stability and oxygen storage capacity (OSC). High surface area of 176.88 m*/g
and OSC of 743.67 umol/g were obtained for the catalyst calcined at 800°C for 4 h. The particle size of
precious metals is less than 10 nm when the Pd-Rh/AlCeZrOx catalyst was calcined at 1000°C for 4 h. In
addtion, their catalytic activity and selectivity were tested in combined gas of stoichiometric-burn CNG
vehcle and gasoline car. The results reveal that the Pd-Rh/AlCeZrO, catalysts can be used for purification
of the exhaust gas of stoichiometric-burn CNG vehicle, and that the optimum air-fuel ratio is in the range
of 0=0.978 to 1.025 («a is expressed as excessive air coefficient). The catalysts can also be used for
purificaton of the exhaust gas of gasoline car, and the optimum a is about 1.

Key words: metal materials; auto-exhaust catalyst; Pd-Rh/AlCeZrO,; preparation; characterization;
catalytic activity

RETA R RS NTATHR T, [RS8 MBS N ED, aB AR EP A=A T
RERSWAT RAMFEESRE —N REHE  BERMGEE. BEAMIGIMRERIRAR R, i
TG AL COy HC NO, RIFURL I CH A4 B HINLEN 4 R AR A EE R 3h 22 S B AR HE I

ks H #A: 2017-11-30

HEEHH: ZAREITBTE (2017FD213).

FEH: BUKA, 5, WL, @R, W5 fEHA R, E-mail: guyongwan@163.com
MEIEE: ZeM, 5, B, B892, wAI5m: ik A HRA . E-mail: jhpeng@kmust.edu.cn



2 & &

539 %

R FHit, VEhE RSB AT
SOSLIN

HAT, bR EA RIS A BB A
RNEREAFIHA, 2 21 L A NE AR Z
—. D& E i TR P EAETE . K IR E A
LG ORI R e A= A RIIE P A e YA E 1 X o [P i
K, BUAE MLBN ZE M AR 1Y) 32 R R A) T B K
7, WA, PAO & HC AR IE ML
I, ERBSHNETER. 7 300~400°C g 1L
B PAO, WS HEAFEME; T PO 7E 800°C A 474y
fRARAE, (AR LTS, S BTN,
AT 54U PA-Pt &4, A RANH] PAO 15 iR, 2
B R FaE . Schlatter 25U NE i X AL
T BA AR R IR T, 3R AR e o
NO, b Ny, (HZEEXTT CO F1 HC Bt AL
B 1855 . P, Pd-Rh X4 @ AL AL R I
LTS RPN A, fEE W AMSIR L
AT FKBRTZNH. A4, REREREME L
I HCIRA . TESRSE M. R KN K SiRIZM R
H AR IR EAL 7O 1 et A R smi Y, v-AL,04
Lt thRmARR, HEAFEMEF T 5t
SIEABIRT R, )2 B T4 E
PRI HOK AR E PR S, PR T e BTV
BRI T v-ALOs HIWF 7T 2 48 Hr 7 an ] £ iy /K #4
FEME. Ce0,-ZrO, H AN AA I B 1k e
71, EREE SR EIE A S BT . T
SIRAS IR, R 55 v-ALO, K #a et
Kk, y-ALOs 1 Ce0,-ZrO, B AW1E N7 AL
WIREM R Z IR .

AR IR -5 %6 PA-Rh/AICeZrO, #
RUEALF], WA R oeiR & N H LR YA
gER . g T R AGIE JR M RERI AL L . SR
BAREAAVNEN RS0, RTINS, PP
ZAHEAL TR R SRS (CNG) E RS AR 4 RS
AR, A HAENLB LRSS %

1 £

1.1 ZHpek
Ce(NO;)6HO(F Bt Tt B IR A F], 40
af), ALO;nHO(LhRENMLA R, sHr4l), Zr(Ac),
WLV 2 @R R AR AR, iral),
PA(NOs), ¥ ¥R (WA 53 BF AL 77 PR ST 2 7)),
Rh(NO); (ST I A FR A ), W ik

(925.4x50.8 mm, 600 H/4.3, LT AA]),
1.2 Pd-Rh/AlICeZrO, {47 %

FREUE 350 g CeO, ] Ce(NO3),-6H,0 IFT— %
B EBE TR, FEREEFMA T IS 500 g ALO,
1) ALOsnHO, FFEAFE 30 min JFMAF 150 g
ZrO, 1 Zr(Ac)y W, FERINE 10 g #2449 PA(NO;),
IR 2 g 6/ Rh(NOs)s W, R 2K
BRI o

WRARAE 150°CHET, 53 MAEAN [FRFE (600
700 800 900 F1 1000°C) F4EKE 4 h, 5ZH AR
Pd-RWAICeZrO, L7 BX— & EH AR RAEL T,
ZEREEfF 1R, IS 28 (wpaory=5:1) T &
N 60 g/ft(1 g/f’=0.353 /L) RHA T 72 & 3 ik
by FE 150CHET . JJETE 800°C T HBkE 2 h j5 735
Y Pd-RWAICeZrO, 45 FI1EAL 71 o
1.3 BUFIRIMES PP
1.3.1 FRIE

bl 2R THI AT B 3R T 23 A A (35 B e A A
BET Quantachrome2200ev) b3t 47. AT, FF57E
200°CE A T ALEE 15 min. TEAXS & 1(p/po)
A 0.05~0.2 5N, B BET (Brunauer Emmett
Teller) /5 FE 1515 2% AL A LR TH AR .

fitg S8 2 (OSC) [ Mk 7E 22 #4 -4 F 7 i A (1l [
Netzsch 24 7], STA449F3 &) [T . Hll ki 72 A4 -
100 mg ¥ B T HIAF, 75 20%0,-N, 5T
PL 10°C/min FERFHE A 550°CHFARIE 20 min, 28
JETE N, fF FREIEZE 50°CH R 25 min. JBA
10%H,-Ar V&5 SEBATIER, DL 10°C/min fJ3#ZE
FHEE 550°C, FHPRHE 90 min. fif S & ik JEId 2
HRE TR T A TR AR B

en S MIE R HB) X SFHEATHC(H AP 22 1k
X&tt, D/MAX-2000) F3E4T. M fHH Cu-K, 5
£ ()=0.15406 nm), 40 kV, 80 mA, HEL KN
0.02%/s. AL LS RAELE =1 7 FH S oL
BB (HA B TS tE, JEM-2100) BT,
1.3.2 AR

TR AL TR B0 A TR g LSRR I R T
(Ho-TPR)IEAT VP, K FH AL 2R A (36 1 e 35 A
H], CHEMBET3000 A& . K 100 mg 5 E T
U B9, MR RTRE AER S 100°C R AL
30 min, AFAANEER. BA H/Ar IBES,
M 75 mL/min, FER PP G N SRR AR
% 900°C, FHEIEZN 10°C/min.



51

JBi7K Fi%: Pd-Rh/AlCeZrO, AT il 2% M P BE VPN A 7T 3

1.3.3 f#ALPEREITN

¥ 5 %% T8 PA-RWAICeZrO, M 1k 7 £ &
(©25.4x50.8 mm)$E N [ V2%, TEEALTTNEEREAY
% H (H A HORIBA, SIGU-2000)H HE47 i 4k 71 B 4
WA =S CAR I

CNG HEMHSIMAEN 9(CO)=3500x10,
@(CH4)=2000%10. p(NO)=1000x10", p(CO,)=12%.
p(KFES)=8% AR p(O)({HT ES A o K
Wi5E, o=SEBRi Oy WML AR O, KIE), N,
A, A A F] 60000 o P AR
HECN p(COY=3000%107 p(C3Hg)=500x10". p(NO)
=1000x10" (FBALLIRIEIS ). p(NO)=500x10° (i
PEVEOHRIZIT )\ 0(CO2)=8%- p(KZET)=8% A
(1) p(02) (1% a KT ), Ny J VA, [RIREAE 23 T
% %] 60000 h'.

PL 10°C/min BEFR NE R A S 550°C, fHE
o=1 Bf, HEATHEAFIFEELES, TrE 550°C AR
MR RECES O &, ST AL B
FH A B 2040 63 5 i A (MKS A ], MultiGas
2030 HS AU ykiiHE s 1/ S L B B F= P B, AX
% 3 B H AR % =N B A % (Conversion

rate, Rc)o
2 AR5
2.1 JERIR B AT TS S A KRR

K 1 NAFRRERBEAEL G Pd-Rh/AlCeZrO,
TEALF) X S 2407 3 Pt

+CeZrO, * v-ALO3

+ +
+ * 3 1000°C-4h

900°C-4h

800C-4h

700C-4h

WMMMWMWMMWWM

- -
10 20 30 40 50 60 70 80 90
20/ )

B 1 AEEEREE)E PAd-Rh/AICeZrO, 2467 XRD i
Fig.1 XRD patterns of Pd-Rh/AlCeZrO; catalysts

calcined at various temperatures
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Fig.2 TEM images of Pd-Rh/AlCeZrO, catalysts

calcined at various temperatures
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Tab.1 The measured surface areas and OSC for catalysts

calcined at various temperatures
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calcined at various temperatures

ME 3 HE L, 1000°C RS K , PAd-Rh/AICeZrO,
AL FAE RIS R TP A B 1 AN, T e TR
FRALBR 5 PR EACTISA HI 2 A0, L UG n8 5 A
TEAAZEROR o AT 1) AR M R mT e PR
H 2 MERSAR S TAR BT e . B 3 T, Bl
R FE TR, AR 2 AN 2P S 158 5
IRII AT, fE 800°C 4% ke kb P J5 1A F) K
(Ss00c>S900c>S700c>S1000¢), XK Pd-Rh/AICeZrO,
AL FIAE 800°C KT HEAb 31 5 i SEAKIE JR M AE B UF-
WK, 1K 2 NI SR 7 TSR 1 AR T 2 T A
AR AR A2 S B2 ) ARG I S 0 o o 2 T R 1)
RISLFTTE R, UG B 2 5 5 & IR 7R AL 7
TR RE R (EFE R SMENE). Bl 5k
K H T CezrO, FIEMA, FIFEHIERT 5
VAR AR ERES A R(AFEHR S &
R e — 7 T 2 VAR I 7 G, S i
B 59— TR A AR T VA4 1 A 3R RS
B, R BT 800°CHF, AR SIEH: &=
T 800CJ5, HIRMEMRET. MR E LT 800C
FEATHS, Ce0r-ZrO, [EVER I A 51 b A L
ISR AE, R fif A Bk B B 51 (743.67 pmol/g)

G R HT 455, Pd-RWAICeZrO, AL 742
800°C 58 fa & TR bR T - RIIEFEZE 800°C K5 e
1l 2% BT AR AL TR AT J5 2 AL TE PRV A
2.4 BEAFIESRR CNG ERSHAE T KSR

CNG VREU KRR NREL, HEERT N
CHyo AT 48 CNG 4, It BTS2 a N
1B, HER S5 AR 5 254, BLHC,
CO. NO,. CO, FIKZESHNE, AFRZLAET CNG
FBAH HC MEZESR D AEfaE R CHy, HIRE
AL CO, Y 21 . ERUES T, o(Oy)ffid



%130

Bk Ji%5: Pd-Rh/AICeZrO, EALTH il 7 A M RE P F T 5

BT AR (MWK R 2. SRIRIERUR TR R 4 Fios.

L EE N 550°C, 3 it H b S NAEAN R S AL 2% A1

100
13
CH,
) N Cco INTO
= 801 S 12
) e 11
7z \
=] et
= 1.0
8 401 R
= ™, Fo.9
= “’%\
% Ay i Los
< | o
\
0 T T LI —T T L S B R B A —-0.7
80 120 160 200 240 280
t/s

™~
0

I~
S

—
n
1

—
=5
!

@(NH,, N,O and NO,) /106
1]
;

=

5

T T T T T T
80 120 160 200 240 280
t/s

(a). PM#(Reactants); (b). EIF=4)(By-product)
& 4 Pd-RWAICeZrO, HFIERER CNG EES WM RA T B Z SR ERK LR (550C)

Fig.4 The exhaust gas curves of simulative CNG vehicle over Pd-Rh/AlCeZrO, catalyst at variable excess air coefficient (550°C)
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Fig.5 The concentration curves of reactant and by-products
with the change of temperatures for the catalytic reaction of

simulative CNG vehicle (a=1)
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Fig.6 The exhaust gas curves of simulative gasoline vehicle over Pd-Rh/AlCeZrO, catalyst at variable excess air coefficient (550°C)
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Fig.7 The concentration curves of reactant and by-products
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with the change of temperatures for the catalytic reaction of
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