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VIR NN R

HREAR
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AR A SO R A A, s R SR
C,H,,+nH,0—nCO+(m+1/2n)H,, AH>0

KA LA R 3R B AR AL, Jm e Rk r b R s AR PG ) B A
WA E A, M TRE M, nTkmaia e AR R AR
it 3 R 55 1) 1) R

SR, DA BB AN AT R S A AR, W VI AR A 10 ppm 1Y
B, RIS ppm 2% ) BB #1271 20 R 28 s S AR, s pR AL R i . R
LR T 7 A R AR ik 2 78w AL R RS AT i, PR AR R A i, F
FEE RGP A R . BRE . R SEIRMORL, AR B ], PR E
HEIEE . TIRE MBS A . IR, SBIMEMARG A, Hit,
TE AT BE B A TRIRHBAR RR ) S0 R Al L B L

Tk EHTH R EEER Ni-ALO; AR R AR E R R, BT A
PR B Re T AR 2. WA E RIS R E IR ENRE, Pk
DT REH RIS T, TRARRHEE SF 6-20 MKIE T ERIAE B
T, KEERENEMEKD T RFAE T KA SN A E R N, REAE R
P AR BB UTAR AT SRR I I . SIS A Bl SR 26 FL3E, Sl R E
RMARPRD s[RI S S YAE I S A2 2= A S A e e Tk, 271X
EMRATIRZ, SIRKZEHZE. AL, BB B & i LA BB A AE,
WERIE . BREE . MEWy . SRJFEERYSE, T ORSR S HIER 2 B HoS AT COS S5 H
WEMAAE: AR RSB E N IS FE R s AL BEAN [F], AR A
BN, S EWESEAE FRN I AR T N A SEAGE, WA
B HIE SR RN, ERtEE &R, AR NYEEES RO A
B R, EENRARARI E RS RE, FTmoH R ETE . SR e MR PR
fEALH]

PR ANTE Ve = AR, (R AR AR 2R E B PR ™ . PR
RNV, REMZE, BNEFEEERERN—MiEE SR, Bd )R
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I F %R o B R A AR R A PR . SRS R AEME AL B 0 Rh, Ru, Pt, Pd 5%
KA ERE S, Sk BEtm, 2R BARIERIAIRELK S
HRE AR e e R R, SR I TR B S B i e R SRR
KRR INTE ALO; #Ak b REBE IR E L AR R T B TR B IR T8 2, SR T E AR
PR} B AR UAR R ) BRI T A A T

Hr[E &M CN102935372B A A 1 — R T K8 LEB - oo R
RN R AR ST, M AR SE BRI A L S A e, R
T AR B A, SR FH FEABEVAAE 22 FLRH IR A SR I A o - e 3R, P iR
Wi T RMBTE Y 1:0.001~0.4, 7EHBEKZE BRI Ead Mg, B miEw
E KT 99.7%.

HE LR CN103406125A A i | —Fhid JE S8 A 1t BE /K 28 U B A gk
NiO-CeO-ALO; BEAMEL T, NiO i & 70 8N 10~30%, CeO Jii &N 5~10%,
ALO; JFRE I HUN 60~85%. NiO-CeO-Al,O5 FLA BT I JF 48 A0 P BRI #RE i 1
A RYE T RMZIEEPORBREER, RABE IR, B R EL
Ve BOmB AR, BEA AN IRIT

HE & H] CN103752319B A4 [ FiA ik Ni = FH b 7K 708 0B R ) S AL 7
Hl #5771, MRS SR E & A AN BAR AT DA K 2 i AL 71 )
RS FIPUR R T R . SR FH IR IHIREL . HIREZ . THIRECFIM R RS . ik
BREs . AL S AT IRAR, DAEKORTTIER, 8 e ksl R aa &
HEMY), RIEM PR G R ITE S SRS & R e A f R a8k,
DASIRER . SUALER . MiRRER. RS VIR, HIERBIMER RS A Aiin
HEBAE b BT PR O E AT E RN 5~30%, Besta o &N
I 5~50%, SNSRI & B AT 0 LE A 20~90% .

WA FIR AT, I RS 1 ) A SRR A
(1) BB PTARE 1) 2R e A7) S 2 B T R e RN S B A R ket =
B, FESChRRIA T, ARRRLEE S GRS, AR AR E 1t R
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AR, T H I BRI AR RAS R SR BRI K 28 S E B )
Ty R A 2 B o B 1D 1) 73

(2) B AR Energy Fuels 2018, 32, 7054—7065 38 7 X4 24 )8 (La.
Ce. Eu. Pr. Gd) &1 12%Ni/y-AlLOs, fE5A 6ppm L5 IH JF AR B v R,
Pr-Ni/y-ALOs I ey B~ A%, (HHEARE A

APk AL e Rt g ) B DA Sk e A L i et A sk B ) o S TR R
IKZES HEBMEA SO T R E SR, ARG E SRR, FERIEM
A E e, I 4 B 516 B W AR A IREK A R B M SIS,
b4 B BRI U 4 SR AE IR B AN PR Hh B BE T TR A S, R A
KRR\ET A NG ERRFER, B —MEiEE. mbieiee I n)
JE 0T & B AT

X4 JoB PP [ 25 7 A 8 v AL 7 1 R AR e A s ME O O i, B SEfE AL
FIEAAE, (AENRE S RE, MLo®s N BsEER, Ri-AaEd1E
WA, SUBMATIRE AR, AR RuE-F A e, Ik,
AR E EM LT R -AREXCE S B IA R RH CeO, X ALO; HHAT1EM, BE
I RFFEAL BRI R LR TR, XTSI NGRS A, BRI RS B P s 7
A4 i#4% (Applied Catalysis B: Environmental 239 (2018) 502-512), [EF, Mt
FEAR B CeOS AR RUTT LR S5 BRBE /7, $& AL B tE R o A B $
T T 1) CeO,, AMUSRAL [ R Bl 80 5, WA R AT R 7 75
BEACAEAG TR YE , 0 R P s R A 2R T T BRI PRI AR o £E B RV KA ) 2
BdfEd, EHEEBEEESE N, S SEE b, EEESE SRR
RIAH ELAE FHRRS 4 m AR BUA R M 70 B . adssE e, Reflimlinrhag, 4idr
fEALTE .

KN E
IR BORAFAER R, AR SR 7 — R RS BAR AT il & A
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KN o BpRW R —Fs ok (B, 48, 85 -BRUS TSR/ A - =
W BB SRR AT, T R M A 7R SR AE RBE S T U IRRL K 28
H LA

AR RIXFESLINN), — PR A BARMEAT, Ik 5 A 8 6 4 77 e s
HoMLoos. BHEGHIEE R

IR 2 & s i el A AN = S0k AR ALK R =AU AR S BN AL
LR ) 55~70%; BTk — AL EI & 2R R =T 10~30%;

FITIR AR 1) 25 B AR R e B o 1) 5~15%:

WL RS BB ERER 1~5%.

—4, FridttotE AN La, Yb, Pr

Wi L IC R/ E Y 0.1~0.5;

A = E AR E TN 0.1~0.4.

B, TRESHRAEAMN =84 AL dmERLE, LEmHMRA
100~1000m*/g

AR 55— B BILE T 3R —Fh 52 & B A R ) 2% 7 V2 4 -

KRR BRI 7 = AL AR b, BB R A=
SN BB AR, FFEMREGEME R BRI LTRSS E
I & BT

B, PR E SRR & INERHSHRINRENE, A

(a) WA PR BRI ORI = A ik |y

(b) fEZE F#E 6~12h ik, SRJG1E 120°CHEAH T4 6~12h;

(c) B (b) 13 =1L 450~650C ke 3~6h.

B2, iR G HAR R FEAN b2 ) AR BRI T R T OO 1 <5 ) 1
& TR R AR £, FAR LS.

W8, KAERROHTIRAR AN L R T R AT IRAR SRR BHE S A
Bk b
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W00, RS TP IS IE 450~650 C ke 3~6h.

i I B =R = N TE % o B/ = % 3 L e S v A Y R ol A )
il & V2R iR i il 4%, BRI R A

IR, FRR 0 E AT IR AR B R OR B S R AR L
2, fERETHE 6~12h FEth, SRJGTE 120 CHAF T4 6~12h;
B3, KD 2 3= ITE 450~650C B 3~6h;

B4, VBRI IR AC B RS ORE D BR 3 72 b

5, IR FEE 6~12h BRIk, SRIGTE 120°CHUAE T 6~12h;
6, DU, 2 i3 r=ITE 450~650CHB)5E 3~6h.

B2, PR ERA AT IO IR . SR BRI MR IR AR b ) — Ak
PR R S PR L T R AT L n R IR R . ML TR
Wy, Wb uEmBERER . W LT R ST ER 1 — s A DL B2 TR A

AR 51— B LE T4 —Fh R F ik 525 B4R i 10 7] AR A R o 4
BARRIK AR ERE,

PR BRI VR, S, B i) —Fh el 2,

TR K 28 S BB I N2 O E 400~850°C, ik 500-800 °C; &
718 0~0.2 MPa, fLiEH & 2538 WHSV A 1-20n", fiE7siE 1-8h'; /KZES M
BRHIBE IR EE R 1~5, ftik 2-4.

AR o — B BOLE T 3R APl s £ DG P Ik B 2 2k B R F it

giG FIRTAEARTT SR, AR BA RS BN AR
M TonER B, 48, 85 -RXOETESE/ A - = A TR E A BT
AT, SRR 2o i R I 5 7R = ARk b, BT A
fi- = AR AEM, IR E AR LTRSS AR, B
Y[R A 70 2R e % B T IO R K 28 S BB e, ZE IR BRI U 1t R 7
[ RIS

o0, EERTEE 6~12h Rk, RIGTE 120 CHLFE - T4 6~12h,
A — 1k S
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KR GO BAMIE, ERAUFIEA: B Mook 5o A o ik
L PRS0 ) RS TR Pl TS0 T IR
FORUERE, WU T AEACHRTIBIR . MORIGET 8. (LA AR 55 47
SHOESRR TAL I . AEALALATE S G RAEALAL, A

ok Pl e B

N T TEIE R UL B S 1R R T 58, T PR A B O St 451 B
i S B B PRl A 2, ST S Wtk T T BT R A ) B PR A AN R AR HR R
() —LES ], R T AU B R N SR UE, FEAT MBS 17 3 AT
I R DURR AR 1 26 B PSR A5 LA ) B

1 AR IR BH STt 2 418 14 52 A AL 70 R 1) 25 VAR

K 2 AR B S ] $ Ak 1) 23 A IR A ) £ ) Ni/CeAl,  La-Ni/CeAl,
Yb-Ni/CeAl, Pr-Ni-/CeAl ] XRD K.,

K 3 A B S b SR A 1) 23 A0 IR A £ T Ni/CeAl,  La-Ni/CeAl,
Yb-Ni/CeAl, Pr-Ni-/CeAl 7£ & i 30ppm JEEHERF &4 T LR K.

Bl 4 AR B S b SR A 1) 20 A0 IR A £ T Ni/CeAl,  La-Ni/CeAl,
Yb-Ni/CeAl, Pr-Ni-/CeAl fI1E & i 30ppm Ji NI R} 5544 N B 30h 1) #4EE ] (g
IS J5 AR 7 2R 2D

A 5 2 AR W SE it 51 5 (AL P — T i FH 5 BRSO D JEURE B R L 2R 55
FURFES, W] R FH o 25 P 1) S R B Pt s AR BRI

] 6 2 A% K H STt 51 S A1 PR — b R R 5 B R D R R AL P Tl R
FURFES N, AT LE R BB A 2% SRR AL A

] 7 2 A% I B St A1) S A PR — b R R 5 B AR R g SR R AR P vl R
FURFES, AT LE R BBt A 2% o SR AL A
HARSLHE 75 2

NIRRT E R BRTT R AR SIS, DU 456 S,
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AR A HATHE— D VR UL o R ERAR, A AT 1 EL Ak S it A A LA
fRREARH, FFAR T IREA K

FENT A BORAEAE R R, AR SR AL 7 — PS8R & 07
FNEF S T THNE A B B AR BAAE VELR 404

AR IR — B 2 S BARMEAR,  Pridk &2E BcA fe AR) B g R4 504 Lo
. WA G HURA R

ATk 2 & i o A A = 0k AR AL BT = R S B AL
SETE ] 10~30%;

FIT IR AR 1) 25 B AR R e B o ) 5~15%:

Wi L IC R B BN AR S B E R 1~5%.

prid# KN La, Yb, Pr

M oo E /AR E Y 0.1~0.5;

A/ =R AR E N 0.1~0.4.

AR 5 & 8k 1) = Atk RS miE AL B RS R B, 3 B 0 20-60
H, EERmEAA 100~1000m*/g.

N 1 B, AR WIER A — A 5 AR A 70 ) ol 4 D7 V0 B A

S101, RFNZ K iR M 5 F =4k 483k b, i BRI R — &
Wli- = AR A

S102, TEFTIRSE &AM A BAEAFE LR ERIGEE SR, MR A
AL o

AR SR BE I S G BRI B 075, N B EOR N B AT LR
FIHAR B SR, B 1 BA K B ER BE AR — A Bk St 2 .

N TH 45 A B AR STt 0 A A — D IR

STt 1

KR BTEH] 10%Ce0,-ALO; BEHA, Ak bindiihdy y-ALO;, H
FeR AR N 142m%/g, EARDIRINT



LR

(a)  THEAH SRR IR Bl 1) FH &, AR = S8 453U 8 R B P
i EL R ZE TR AR, S AR RUIR TSR L AR R VA VL
(b) KRS BRI BOZER INE =S AR EA L, BiP I 5 EE
i b, BE oh, SR,
() ¥ (b) 7E 120 CHEAHH T 12h.
() # (c) 1E 550 CHEAF KB 6h 15 10%CeO0,-ALOs.
St 51 2
K HRBTEH] 15%Ce0,-ALO; BEHA, Ak Fbindiiiy y-ALO;, H
FLR RN 142m%/g, FARSIRAIT
Ca) THEAHR BT IRAREER B FH 2, MRS =S80 R 58 iR 1 P
LRI, SRR BRI A B VA L o
(b) W4 R BN U InAE =L a3k b, BRI A1 sk ek
i b, HE oh, T RMIL.
(c) ¥ (b) 7E 120 CHAFEH 5 12h.
(d) K (c) 7£ 550°CHEARRTE 6h 45 15%Ce0,-ALO;.
St 3
KHNRB0EH] % 10%Ni/15%Ce0,-AlL0; EREMALF], A 15%Ce0,-Al0;
NI 2 Tl A Ak, HGEREAUN 115mY/g, HARSRUT:
(a) THERH R 3 M 4 JR AT SRR R R AR 1 F &, R SR BUR SR i
INERNTE]Es Sl
(b) B BRI TUZETR NI 15%Ce0,-ALO; 3k I, HEFEEHE 5] 7%
ERABAMR L, HE 6h, Ml amIL.
(c) ¥ (b) 1F 120°CHEH T8 12h,
() ¥ (c) TE 550’ CHEFRRTHE 6h #1173 10%Ni/15%Ce0,-Al05.
FEE 78 PR S B 4 T 3EAT & B 30ppm 7 3 g BERE M S SE G, AR 700°C, A
5.1h", H,0/C=3 K%M, Hy IF=#N 60ml/min, CO KI7F*3% K 18ml/min, CO,
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723 A4 10ml/min, CH, 1734 2ml/min, {ERT 18h 1L R4EFELE 80%LL I,
N30 /NS, BRUTAR BN 0.327 o/ sefefb i) .

ST 4-6 it B AR R BH ) 53 255 158 B8 B AL R PR 1) 2% 0TV
St {5 4

KB IR B0EH %% 3%La-10%Ni/15%Ce0,-ALO; FEE#ALF, HAALIE
wr:

Ca) THEAE R 13 M 4 8 AT O A A R 5 ) FH =, R SR BRI AR 1A
IO PR T T ) Y5 VR

(b) K hFR R VBRI INTE 15%Ce0,-ALO; #ifk b, iR H 5] i
fEEAHA L, BE oh, {FEsEEmRIL.

(c) # (b) 7E 120°CHEA P T45 12h,

(d) ¥ (c) 7 550°CHEFE KT 6h il #F 3%La/15%Ce0,-Al,0;.

Ce) TIEAH N6 M 4 B A SRR AN PR AR I &2, R SR BRI iR 1Al
LIS R AR VA, P R RV R BT R INTE. 3%La/15%Ce0,-ALO; Eifk b B E
6h, IR T8 L.

() ¥ (e) 7F 120CHAEH T8 12h,

(g) ¥ (D 7£ 550 CHEFF R b 6h 15 3%La-10%Ni/15%Ce0,-Al,05.

FEE R PR S N a4 HP gt AT & B 30ppm S °F e BRI LS8, A 700°C, 2
5.1h", H,0/C=3 1%, H, HI7=%N 60ml/min, CO FI7=% A 18ml/min, CO,
172N 10ml/min, CH, fI72 34 2ml/min, 7ERT 28h #4b R 4EFF7E 80% LA L,
RV 30 /NEF I, BRUTAREA 0.256 T/ e (AL .

St g1 5

KAy 12 181 4% 3%Pr-10%Ni/15%Ce0,-Al,O5 B B AL 7, B AR 340
T

¥

(a) A L AT V< AT SR AR R R B A0 FH B, R S IR AR Bl IR T
N FRY TR Y VLo
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(b) B S R ETM INAE 15%Ce0,-AL0, #ik b, $itHE i H 5] 713,
EEG#HMAE L, HE oh, (FEmseEmRIL.

(c) ¥ (b) 7E 120°CHEHE 15 12h,

(d) ¥ (c) 7E 550°CHEFRKEHE 6h Hil#5 3%Pr/15%Ce0,-AlL,0;.

Ce) THEAHR B M4 8 AT IR I PR AR 1 I =, R SR BRI AR 1A
LR RR BRAR IV, W A B RSV BUZ IR INAE. 3%Pr/15%Ce0,-ALOs #ifk b i &
6h, fHIE IR T8 AL .

() K (e) 7F 120 CHAEH T4 12h,

(g) ¥ (D 1E 550 CHEFREFE 6h 753 3%Pr-10%Ni/15%Ce0,-A1,05.

FE ] 78 R S DL TP AT S 60 30ppm 7 3 e FEE I S5, £E 700°C,
5.1h", H,0/C=3 K141, H, HI7=%N 60ml/min, CO FI7=% A 18ml/min, CO,
7234 10ml/min, CH, 1734 2ml/min, {EHT 29h AL R4EFEAE 80%LL I,
N30 /NS, BRUTAR BN 0.148 Ba i/ 5ot b o

STt 6

Ko IR LR % 3%Yb-10%Ni/15%Ce0,-ALO; HEHMELLT], HiAbTg
R

Ca) THEAH RS T 4 8 BT SRR IR B P &, R FH S RBUR I1230R A
JSL PRI R B VA AL o

(b) B FREE VA TUZWIR INTE 15%Ce0,-ALO; Eifk b, it FEH 5] i
EE AL, HE oh, {FEsEEmRIL.

(c) ¥ (b) £ 120°CHLFE T8 12h.

(d) ¥ () 1E 550°CHEFRTRE 6h #1753 3%Yb/15%Ce0,-Al05.

Ce) THHAH RIS M 4 BT SRR BR AR I &, R FH SR BUR I 20R 5 AH
LA BRI, R i R BV BUZ R INAE. 3% Yb/15%Ce0,-AL0; Hifk b 5 E
6h, IR T8 L.

() K (e) 7F 120 CHEFEH T4 12h,
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(g) ¥ (f) 7E 550 CHLARRTLE 6h fillfF 3%Yb-10%Ni/15%Ce0,-Al,05.

TE 8] 58 PR S B35 AT 550 30ppm 57 3¢ o BRI AL, 78 700°C, i
5.1h7", H,0/C=3 (%M F, H, 9773 60ml/min, CO [¥I7*% 18ml/min, CO,
[~ 3N 10ml/min, CH, 75N 2ml/min, fERT 30h 34 R4EFELE 80%LL |,
SR 30 /N JE S BRI 0.113 FUik/ sofiE b

S 7- S5 9 Dt W A Y 5 P HL 05 5T R R A AR P ok £ T

St 7

Ca) THEAR SR 4 o i SR A Al R H0 AT A BR AR 1) FH 2, TG SOVR B VA VIR
Rl S5 AR AR V2R 5 IV P i 0 A PR B VA

(b) KR A VERGRHTIRINTE 15%Ce0,-ALO; B4R [, HiPEEH 5] fiak e
HE#k L, B8 6h, ([HEmEEWIL.

(c) ¥ (b) 7E 120°CHEAH T4 12h,

(d) K () £ 550°CHEFRRTE 6h 453 3%La-15%Ni/15%Ce0,-ALO;.

St 8

Ca) VIS I R 6 o i O A i i R S PR BRI FH =, TG RO A VAR
) S5 AR AR V2R 5T V7 P i T R R PR R T

(b) IR B TETGZHTINAE 20%Ce0,-AL0; oAk b, HitFkl iy 5) s
Saik L, BE 6h, [FEMHsEERIL.

(c) ¥ (b) 1F 120°CHEH T8 12h,

(d) ¥ (c) 1£ 550°CHEAR RSB 6h #1145 3%Yb-15%Ni/20%CeO,-ALO;

STt 9

Ca) VIS R 76 46 o i O A S R AT I R AR M 2, T R & T
Rl FH S5 AR AR 2R 5 R I P i T et s PR B VA

(b) KR A VERGZRHTR INTE 20%Ce0,-ALO; Bk [, HEPEEH L 5] fiak e
HE#k b, B8 6h, ([FRMsEEWIL.

(c) ¥ (b) £ 120°CHFE T 12h,
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(d) ¥ () 1E 550°CHEF KT e 6h #1145 3%Pr-15%Ni/20%Ce0,-AL05.

N2 G B R AR B — PR

ARSI T ORBRT) DU RRRE il R4, v Bee 1 I8 B ot 4 45 £ Jd 4
AR O R e e ey e R i o NP =015 S 4 S P
ifias g 2, BRARHA. NAEWE 5-K 7.

N2 G BRI R S8 A X o A R R — A

AR W5 AT BORSCHER R LB 4R

7l
(N2
T m Bk
\ abL
wol | o
s \ S/ E | o ~
AL 3L PR Bl 2% 30k 7
C I
cH i mg ¢/ (ppmw
gcatalys )
(h™)
20000 | 61.0
10 wt% Ni/CZO 3 | 750 J Catal 271 (2010) 140-152 | 2.86
0 5
5%Pr—12%Ni/ 0.47 Energ Fuel 32 (2018)
3 | 620 | 5800 6
v-ALO; 5 7054-7065
2 wt% ACS Catal 2
3 /800 | 51 |1.82 350
Rh/CeO, (2012) 1127-1137
0.6wt.% 27.7 | Appl Catal B-Environ 218
2.5 | 800 | 16000 100
Rh/CeO, 2 (2017) 317-326
2wt.%Rh/ Appl CatalA-Gen 390
3 1800 | 51 |273 350
20%Ce0,-Al,04 (2010) 210-218
(Bl
Ut Appl Catal
3%Rh-1%Pt/ZrO,-Si10, 1.8 | 690 | 40910 | #2 | B-Environ160-161(2014)52 74
N 5-533
~+
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Sum
)
/_\,\
=
i
%
14
15wt.%Ni/(3%La-10%Ba)-Al, | 2.6 T~
795 | 20000 | Catalysts 6(1) (2016) 11 10
O; 7 i
P
‘F
F
10%
0.32 o
10wt.%Ni/15%Ce0,-Al,0; 3 | 700 | 5.1 SE ) 3 30
7
3wt.%La-10wt.%Ni/15%CeO,- 0.25 o
3 | 700 | 5.1 SE ] 4 30
Al,O; 6
3wt.%Pr-10wt.%Ni/15%CeO,- 0.14 o
3 1700 | 5.1 S5 5 30
Al, O 8
3wt.%Yb-10wt.%Ni/15%Ce0, 0.11 o
3 1700 | 5.1 S5 6 30
-AlL,Os 3

CAERTE, SONAR BRI AR St r 2, ABEAR B DRIE BN R BR T
b, ARTREARBRGIH NI BARN RAEA W F K EARVEE N, NAEA K]
FRIFGFRAN BRI 22 N BTV AR AT B 5, <58 ) R 4 AT DA 55, 8 NE 38R i A2 A B 1
{ZS7AR(EN = Sl
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