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Table 1 Effect of precursors on Pd particle form and

ignition temperature

Particle size Dispersion T

Precursors
/nm /% /C
PdCl, 60 2.1 378
Pd(NO,), 12 10.6 334
Pd(acac), 7 18.3 270

Evaluation conditions: 0.5vol. % CH,+2 vol. % O,+
97.5 vol. %N,, GHSV= 6 000 mL/g - h
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FIESE T 2% Pd figfb il CH, b PERERY
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() CH, %8 AL PR BE TS P WU AR Kl Pd/AL O, > Pd/
Si0, > Pd/Si0,-Zr0, > Pd/MgO > Pd/Si0,-AL O, ~
Pd/S0,* -Zr0,> Pd/ZrO,. #] I, ALO, J& & fEZ
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Fig. 1 CH, catalytic oxidation reaction labeled isotope
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0.25>Pt/Pd =1; Pt/Pd b XA T P 1) 52 e 32
L5 55 T PuXt Pd AL/ IR R PERERZ IR, Pt X) Pd
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60

Methane conversion/%

1 1 1 1 1 1 1
0 100 200 300 400 500 600 700
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&l 2 500 CHf Pd/ALO,(I) F12 : 1 PAdP/ALO,( A)
A e A B g P ] 1o 7
Fig. 2 Time-course of catalytic activity for methane combustion
at 500 °C of Pd/ALO,(Il) and 2 : 1 PdP/ALO,( A)
Evaluation conditions: 1.5vol. % CH,+98.5 vol. %
air, GHSV= 250 000 h™'
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X SEACER AR AT TR IEME M, A B SRSk
T LA AR 6 1 40 2 PO 1 73 HICIR 287 A2 1
R, CH, fEAL AT MRS R R, Ze, Mg B
AR BIHEILRCR, Ni| La, Ce FYBIEALRCRA
WL, T Mn BA 0500 VEE I, 20, 7E% L
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ALKL T | PAO R385, T2 & 42 & 1 Pd/
Ceg,Zry o/ AL Oy AL TN A AIGIER G, midLH Ll Ca
MBI B B 2 5 i P& R b Cr, Fe Ni fY%S
JINGE W 2 $2 5 Pd/Cey o Zr, 5/ AL Oy fHEAL T B B 35
PE, Horp LU Ni RS INRCR o W B b4 e b
Y. Sm, Nd #2425 1 Ce-Zr-Al K- | PdO
B S, TR 825 1 Pd/Cey ,Zr, o/ AL O, fi
ARG, X LD Y BSSImBCR oW 2.
Hb, Y BB B 4R & Pd/Ce, ,Zr, o/ AL O, fEfL
7R BT AR PE AR AR E 1, LAY BT IR 4
PEFHITE 1100 CREBEIGHEALTIRY Ty {58 15 °C.
Shang 45 52 T 4 B ALY 1a,0, . BaO . Y,0,.
ZnO X Pd/Zr, sAl, 50, 55 fEALFRIEIL CH, 58 4% 1k
W PEFIUK hEEERE R 2. S5 R B, M TR
AL, ZnO A1 Y, 05 BIESINA By T4 711k
RIR AL CH, BARRPERE. 7R N R TTKFME T,
A ZnO & i) Pd/ZnZe Al A0 A HE 16 1 RE fc i 5
TERSRA RS, BLY, 05 Bl Pd/YZrAl
TG B AL P RE SR T 1 T 2= %> LAB 2 ATl

Fri Zn0 1 Zry Al 5O, 45 R B, H& T R 751
1.5% Pd b5, FERHURRIR IR IR R &AM
T, MR T AR B TE BT K PR RE. S5 R,
ZnO [T B e Xof A 50 0 355 P R 7K 1 g

BB RZm, LA 15% 19 ZnO il £ 10 52 4 S A9 h 2K
R AL RS PR f AE. YELR PSS KET, %
PRGN Ty, Ty, 435k 278 F1 314 °C5 FE 5K
IF, MR Ts, #1 Tog 23500 342 F1371 €. 52
FHIF W5 T AR (Zr, Ce, Zn, Cu, La, Ba,
Fe, Mn, Ca, Mg, Li, Y, Al, Sm, Nd. Th) ¥/
Pd/HZSM-5 #EAL 5 Y CH, fiEAL A AL TR 1, &5 2R %
B, Zr Fl Ce PJURINEZE & T Pd/HZSM-5 (1 {4k T
P, ffi PA/HZSM-5 1) Ty 23 FFE T 35 ~60 C
Zn (VR N Xt PA/HZSM-5 [ 4k 15 Pk JE A WA 3
W) 5 1 B B R S A 2 P/HZSM-5 1) Ak T
PEHELT TR MR Pd ARG CH, (IR 4R
fRiEPE S M Pd—0 HER5R A 5, Zr0, fl CeO,
Kt E R s B PR FiESIEM, &
T IT PA—O 5 1) 58 850855, DA T B2 5 A R 17 4R
PR, T AR VA 0 0 0 R T2 o 2 A 5 1 1) F
TR, S Pd—O g oR, M Pd/
HZSM-5 (AL B A 76 PE T . Bl 5 7 25 % i
M B T vk, ZBRI 1% Zr0, F CeO, Xt
Pd/HZSM-5 1) CH, %Ak 16 Pk 2 A fdd B A i 1R
. e, TEE AR R A5 F T K e
PEVEAT TR, 455388 210, F1 CeO, [ INEH
ML S T PAd/HZSM-5 1) K #ufa 52 4. Venezia
SRR T TiCIV) X4k SBA-15 A1 HMS 1125 Pd
HEALFIY CH, EBRTEVE R B E A SR, 4550 &
B, Ti XPASFEIA-FLAE 2% Pd i £k 771 R 1 5% ) 3=
BRI T A FLAORL R RIS, X T SBA-15 ik 5
&, Ti P8 U 4 AL 0] 26 B B = 9 CH, R 1Y)
T VERE AP I AR R 5 10X T HMS fEA6 5 &
TP A6 o ol 4 A 750 %) FEY e R R 3% e R T A A 2 3
ST R B R . AR R 8 Ak A RN 45 A BF 5T
/e Ti-SBA-15 figfb il e, Ti(IV) LA TiO, BB 4
BT SBA-15 Ay 3R 1, 1 7E Ti-HMS fEfb 57, Ti
(V)BTRS T Si AEZE . Ti(IV) 76 B 42
el A Ti-HMS Ak 7] (%) 6 52 e A B R ik 3 35 75
BT MRS, R R A AR R ELAT SR Z Y K
BRI RE, ANTTSZ I 1 (AR 700 4 0 M RN B R . LA
WA R R, A AL B B IS el L ek Az Pd
BLFI 53, AR Y ST B R 6 70 A9 L R
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25, PR AR IS . BUK T EEERE AT
PR R RE AR RN, R LI B B AR AR
Terxt Pd EALTH R W35 2.

xR2 SHWEIFIXT Pd 4L FI BRI E
Table 2 Effect of oxide additives on the properties

of Pd catalysts

Oxidation Anti water Anti sulfur
Additives o o o
activity poisoning poisoning
Mgm,m + +
Cal®" +
;25 561 ¥ +
Ni[48,52] + +
Zn" + +
Y554 + +
712534 + +
Cel3:62) + + +
4 HEITIERZIT

L 5 R Pd AR TR ] 25 07 ik BRI
U5 ULHEIE RS 7 5c k. Rtk 2 5t <6 AL 1)
il g O TR E AN H Tk, B Pd SRl
P, AR PE R AR . DU % o2 U Pd
MEALTRN T 7k, SR AIULTE R 5 (Y Pd A7)
T ER AT 5], RUREI AR AR A A 32 3
AR T8 S 12 2 B T A 10 R A
MRS . R R Pd Bl Pd AR o
FIAT, Fikk NGV R WA LAY Pd 97 2 4R il
T 2% . HEMARR R RGN, R
PRSI 3k i 4 19 P AR50l 2t BE 20 Bk
2% PAdORLFRCRAERE AL MITURERL IR XA 5 5
AZR BEOHEAR TR A ik IR, BIFSER % | 1
I P AL 45 7 25 143 0B Liu 270 R
DBUIRZR IR, O P IR R A B R A A T AN LY
Pd GKAE/y-AL Oy REAGTH. A B LS5 i 3R 351 125 il
#1 Pd/y-ALO; S fcls, etk tLRA i
R CH, EALIETE. Pan 4577 SR FIR B (IW) Fl
HLAL AT (GD) il 45 1 T CH, AL R Pd-Ni
G AR, PERERALSS R 8o, M T Pd/
AL O;-IW L], Pd-Ni/ALO5-GD i k5] Z 3K th

THE RS CH, AL PE. XPS F1 0,-TPD Ak
B, BT PAO FIZEAARRY S AH B AR T80 Pd b F
RTINS, MR RIS £ 25 A, Niu
SEVUR B KOS T S A T B
Pd/TiO, GKFRL, A BHARL A CH, PEREIT 4
TR L 4 1) PA/TIO, MAEALR]. S5 0T 5T &
B, PAO (¥ 43 30 J5L BE sl fh A0 70 7 A o1 2 i AR s
A7, DTS BT 6 R B 38 . i 4790 8 2 1
EER M T Pd A HUE A B ER. Gorte 217 3
B A4 T Pd@ Zr0, il Pd@ CeO, -
FEMEALA), FRH AT Si-AL O, ERESE 1 AL
() CH, S ALPERE. 45 R B/R: ERKMREMFT,
Pd@ ZrO, Fl Pd@ CeO,#%-7e AL 4RI L 7
PG R AR s FEA KM, ML T Pd@
Ce0,, Pd@ ZrO, W EI MR T RE. RO, R
Wor, 5 PdAHIER Zr0, 230 HHE A REE,
mygse 1 CH, AYSAEMERE

BRI 200, AR A A3y b 2 B
B AL g CH, LR RE. Arosio 25" St fF
981 CH, SR AE PN fif Ffim & 4k Pd/Ce0,/ Al O,
TEALTI R REmA. & BT e Ak 7R B ] Ak TR A <
el AR BRI IS L R, MEE A
CeO, 5 H,0 BySCHE Ak G iy E 2R AL 58
1288 CH, -3k J5/ H WA 8 ik vh o fif PO #4718
Jirt/ E S A A P RE A 2% 3 iR R o8 A AR, T
CeO, 1 Pd By HHT A AL 8 i A2 R A 7. X
TR BAER, AR T 750 C By b3 A e fl
AR BB Ak W o3 f, AR AR S5 1T (550 ~ 600
C) 1 CH, -3 J5 Jik sk ol LA A5 A 200 340 J AT e £
A, T CeO, WAATEA A TG AL 9 1Y 38 5.
YEZE AR R CeO, REHLHI PAO FRH3RE, Xt T
P FEAL R CH-R JF FAE b Hy, W F AR g
2. Gholami %' B 5% T 44 & b M1 /K 4 3% 1k %
PdO/SiO, L] CH, A ALPERERIE . R Tt
JEPCEALIR K I GEAL, PAO #4s kA 24, fHK
A PAO i R FE Y. AR B
S LRSS TN v N o B R A I | SR P e
AE R K BRI CH, FbIG (. TEM
FIXPS FAE W R, X FRMEMMAT], PAO FKifl
FIERETE Si0, A7 i S 100 ] 4 Ak R0 3 R R ST 1
MEEER E. WO B R B, IR Pd/y-
AL O, AL T TR AL AL, 25 (AL 750 A ot 75
SERTINFRAE , DI A AL 0 ZR 30 B8 4 (ot v
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TERES). IR TRARAHAR NGV LRI 5, Mk
TR B PR A T2t 2 X R P ) 3 P R E P 7 A
—EREI, RTZTZ, F Pd BHR B T AL
B A PN 2 A ) T e P PR A P TR H 25
g

5 &5iE

R E  TEEIE BT kIR R
AL AF DAY H g2 5, (AT ORI 0 bR
CH, SRR Yl 2 350 AR B HEI. S ER A Bk
B, AR THBRFR IR NGV RS 08 5
H CH, HE oA 3 e 2 —. iR TR
AIBFTEUERT , $7 3T Pd BG4 KA A7) 2 X — B
B BEHEAEGT]. O T HGE Pd AR ARR CH, 4
it | R ERPeT R RE, AT T oRE
A 7E TAE, WS 7 —Le B R i ad B 45
O3t AT LM IR 458 (1) %462 Pd 21K
it CH, AL SN ) FE2EE VA, AR 244 il
T IEAF P AT i £ 22 2 0E R R T 2 0 1
MR 0RO L R BORRBE | 5 A O A B A
JH3 J3E 255 Wi 2 AR A A SR ARV RE 5 (2) Z%
BT (7)) L RO R (i HL, 0 S0,) SERZ I
Pd AT EEFIRR EVE. S BRI RSN . AR Ry
e | AT AL PSR P, BB RO
MEARI G P R A7 . (HU, % B2 Pd figfl
FR oLl 7 P T RS, ] o 25 AR sAS o P RE 1Y
Pd AL R T IZ 8 — A STy ).

ZEL PR AA = P BE P AL I A, 5
e BPBE BREEAEWETEE LRI S ). R
SN Pd EAEFRITE CH, S S AP AL S R LEE
AL AL, BN ALZS Pd AL S
TGPt A A R R BOR, S ER  e
AR O S 5 OB A R FE R AR K
LA A, PR AR P BORLAY 20 B
PRBIY o FAERAE R Y B PR SRS
PEA 7> B B RVE T e 4 s sl e Bh ), o8
nE Pd AR, BEK St E )R Pd IR, &5, iE
IO T PR ) 4 RAE S5 U Y fe B E 5 O
FHAEEIA P EAGIHFT 2 .
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Progress of the Pd Catalysts for Methane Oxidation
under Low Temperature

DU Jun-chen', CHANG Shi-ying'*, HUANG Wei-qiang', HE Jun-jun',
YANG Dong-xia'®, ZHAO Yun-kun'"*
(1. State-Local Joint Engineer Laboratory of Precious Metal Catalytic Technology and Application,
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Kunming 650093, China;
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Abstract; With the improvement of environmental awareness and increasingly stringent regulations, to reduce the
emissions of natural gas vehicles has become a widespread consensus. Catalytic oxidation is considered to be one of
the most effective way for the purification of strong greenhouse gas methane which comes from the lean-burn natural
gas vehicles. And the Pd based catalysts are the most active ones in oxidation reaction of methane under low tem-
perature. In this thesis, preparation factors of Pd catalysts were reviewed, such as precursors, carriers, additives,
preparation method. Factors influence on low-temperature oxidation activity, hydrothermal stability and resistance to
sulfur poisoning performance were summarized. The latest development of Pd catalysts were systematically intro-
duced. Based on current technology, new measures for developing low cost and high performance catalysts were
raised.

Key words: methane oxidation; palladium; catalyst; low temperature; lean-burn natural gas vehicles; exhaust

purification



