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Abstract: Exothermic dimethyl ether(DME)combustion can be thermally coupled with endothermic steam re-
forming to decrease reactor size and increase energy efficiency. In this study, Pt-based catalysts(with different
carriers, Pt loadings, and co-catalysts)were prepared, and the dimethyl ether light-off characterirstics at low
temperature were investigated. The experimental results showed that the catalyst supports of HZSM-5 exhibited
better light-off performance than others, and the co-catalysts of Ce can improve the catalytic activity by reducing
the ignition temperature by 58  compared with Pt/HZSM-5 catalyst. In addition, the experiment on DME cata-
lytic combustion over Pt-Ce/HZSM-5 demonstrated that higher combustion efficiency can be achieved at the excess
air ratio of 1.1, and the catalyst Pt-Ce/HZSM-5 maintained good activity and stability after 100 h in the stability
test.

Keywords: dimethyl ether(DME); catalytic combustion; Pt-Ce/HZSM-5

SRR RROAMR, AR RACRE R Shilbel | 7 A e VRS SR DR i EL AT A

2016-04-15.
R HRFIE S TR BhI0 H (51576201) ; | A4 FARFl4 L4 ¥ B30T H (2015A030312007; 2015A030313716) .
EH (1978— ), W, EA, RIBFEA.

. BB, guocq@ms.giec.ac.cn.



RHHSE PO T BEE A erERE

R E AR, — I (DME) & —Fh iR T
RS TE L ToE | TR O T, B
HIC b, A3 it 5 Ak AR H AL, (8T
MBI HIE , TR — R AR i ]
JEAMR. ZH oK 2R R TR B R — R I I
T BRI, SR B R R P s
LR ARG, ISR R, I 55 S
R EE Tt O e A PR RR ISR . DR DL ATE oY )
IR B , TRk —FE i i — H Ik Ak SR et
AT — kT S R G 4 L

TEVE AR ZE R BT, — BRI R e
B R BIEIIE TR 2 —. BFgE R, B
KGR R PR RIREE = T 400, RBRIRETE
600 LA EP Huskbeis R T KSR E R
FN i BE , TR 7R R IR Bk T CO,. CO
Il HO Ab, i SA R . R . HY R Y R S X 2R
A FETT Y. AR BRI BB Y - [ AR A AE
N, HA U # O a4k 7 Ve BRI T R b
MG RE , ARG, BORIR AR, 2 ths; @
15 P HEROKAIR.

HujfESRHEBH AR ST, Ble, FREMEA
PIREACIA BB R T IZ , TR R AL AL 5 52
LB  E Rk RV ALY | B AN IR A
VRl RN v/ (1 S i 13 O /S St R DO
5/ 1shikawa 2B T84 )8 Pt.Pd . Ru /i —
F ki fb R e s b, HAAR I Pt Pd - Ru; Tang
4PhE T TPRXPS &5— R HAF LB, R Aty
Z TS £ 1 PUCeO, Ak 57Xt — FF kA AL 1k 4%
AERT T FH P VA 30 i 32 T 8 A e A0 R0 A 36 S P 4
P3P, F [ 1 2 V5 3 2% O ) 5 4 R 97 3 R g
Pd/ALOs FI PUAIO3 i A 751 4 17 4 LA K 382 it My Xof
Pd-Pt/Al,O5 A4 Ja £t 2 AL T 16 M (R 52 ) , I3
T 54 B T 3R EE IR AN [R) A A4 B AR ) i 1
Pk, HOA A ZE G2 BT Rl s /2, Pt gk
0.025% FMiEfkFIFE 175 A RIMDE: DME 5844
Tegokps. Yu 20008 5T DA—4EK H T A AL\
A - A T — I Ik fE R . 7EHI45 /) OMS-2
WAL, — B kAR e B R TR EE Tyo S 180

, MSERIRGERE Too 1 190, RN =YIMLA
CO, 1 HLO, SEBL T IR i i A be.

FETLLEAFSY, ASCLL PR R IR, SRR
Bk AR R | Pt 72k B AU [R) 0 3 4 B
RN BRGEE RE A 52 , R A IR LRI
5% FE PERB LT I 1 1 — F kR e i L5

1

1.1

ARSI T P A A AL R 804533l HZSM-5 (R
FFREEHEALFIAT BRZA F)  MCM-41 (R IF R A7)
A R D) | y-AlLOs (E 258 b A R A B ] L 28
14455 40 ~60 H G RRI#E 0.250 ~ 0.425 mm)
¥ K ) L ZrOo(F 25 4 AR F00 A BRA /).
Ho(PtCle) PtC,O (S AT 4, T #8 Mhfk~F 4 RATBR A )
Fic il S KW W, VA VRO VR OB (APt GE)h
0.037 6 g/mL.
1.2

R AR TR A AR T M DT A [ R R
Mg E AR T, SRR E A 1 PR, AR
W RGeS | JFURMIL A R GE | B R A A I o)
Wi . rp 2 7 i o 4 2T IR R I 7, N AR
8 mm, K 200 mm, SR LA A i v
il b LB, B SR 4R R (ADAM-4018) S Hif
eI AR .

JS2 I 7 S e AR Y KV PN A o PRI LA
BB K ZER, TR A TIRAIM U TR,
U JEA5 Nl B 7 e rk i , et UL A A Uik
BEFe o T T A SR F BRI S 1 0
J& , EASH RS (B 5 - GC522) HF AT FE LA,
R BN 7= 43k, €Ak Porapak T HELFAE
1 TDX-01 HELFEA:.

SRR
VR ik pedes IR

S
—_—
2 KAl
” REF

Ar H, O,

DME

1.3
e BRI nsR) X(X A Cr. Co. Ce Y

Fe) 1 fild iR £h 7% W S R LR 5 T & 1 HZSM-5
(SiO, Al ALO3 it H Ry 25)43Fi b, Fer ksl
AR 0.5 h, FFEE FAE 12 h, Z 5%t 110
WA T4 120,550 SR kEEE 5 h, BN E
UUHEERAR XIHZSM-5. SR JE R i () SRR VA TR SR
YR BT HZSM-5 il XIHZSM-5 #iA I, 25t

— 131 —



F23% H24

IRAH R B RS B 1 2 Pt AR T
FbA 1 3 PUHZSM-5 AL 1) 5 AN [ A4 1Y Pt i
A 500 7E AR ) BN 2 1R — Y kA AR AR e A 00 e
Pt/ZrO, . PMCM-41 1 Pt/AlO; L 5F 4% IR ik
SCEGRE Y SIS

1.4

PR AR AR S N i S A A I R S 2
T AT AR RE DN, Ak R SRR 50 mg CR
FH FA2204B HLRF5D) , ohy 1 /s U R s
RESZIG Hh HH B B o P8 IR B A B B, TRIR i
AT A SERb A TR B, A b 5 A A R e s
FelOFife b)) S 50 ¢ 1, — FEEAE RO SR AR FR
OYBCN 2% , TERRIARR BRI R A A R
150 mL/min (%) Ho/N 15 (p(Hz) =5%),450 i
J 2 h, PRl A SRR IR AR

@(DME) = 2% . ¢(0;) = 19.6% . ¢(Ar) =
78.4%) , TE—E M B T AT, SOWASE 1h 5k
T RFESTHT.

B ALR B RE R S, F R AL
RN ML T ERE Y T B R FEAR. B Ak
_ QDME,in _QDME,out % 0

yDME - QDME‘in 100/0

R T B Uk s A AR TR AR e P Tk
MITERE , A I TioGRIALE) | To(Fh IR B
Ry AR L B O s R A R 3 A B 10%
50% A RR BRI EE , R AE T B BTG, I Ak A —
FH AR 14 05 A A e .

T FE T AR R B S A AR R SRR R
0.2 g, A EA G LSRRI, OV FETE AR
JRAGA AL 2 h, PRl A H S 2R,
HaESMHI R EE KREOE , R R b
£ AR HL T A AT BR A ] D-07 AT LI s
fadesthl. ROV A FEH ADAM-4018 $idii R4 R Sz
SR AR 2.

2

2.1 Pt

Bl 2 AR Pt AR — F ki
PEBE(Z33# R 77 000 mL/(g - h)), %% 1 JA AL
i Pt AR B R IR IR, I 2 N
F LA LIE Y, A SO & i A R A0 500 i R A T
Hh I I 157 B AR T A A R o A I TR . A
XELHY 4 Rk, PUALOS Y Ty A Tso i, 43311
— 132 —

k7 185  F1215 , P/ZrO, Fl PYMCM-41 ZR{AK iR
TR R, AHXTF ALO; Ay — MR iR,
1Ml PYHZSM-5 (1 Tio Al Tso (ELFRAR , FLEMAMLEE FO b
RSy 9 139 F1 157, 55 PUYALOs A H 35l
BRI T 46 F1 58 . XKW HZSM-5 #{AHMIXTT
Al,O3 M 75 HAT HL B i AR VR .

100 p == Pt/ZrO,
——Pt/MCM-41
= 80
> 60
&
a0t
E
1 20 -
——Pt/ALO,
ok —v—Pt/HZSM-5
120 140 160 180 200 220 240
it/ C
2 Pt
1 Pt
%’Hﬁﬂ] T].O/ T50/
Pt/ZrO, 144 165
Pt/MCM-41 174 171
Pt/Al,O3 185 215
Pt/HZSM-5 139 157
0.5% Pt/HZSM-5 151 166
1.0% Pt/HZSM-5 139 157
1.5% Pt/HZSM-5 135 154
Pt-Ce/HZSM-5 81 86
Pt-Fe/HZSM-5 111 116
Pt-Co/HZSM-5 115 118
Pt-Cr/HZSM-5 132 141
22 Pt

FH HZSM-5 43R AR, AN Pt gk
S (43 0 6 kA A b kb s 1o R 14 52 i) A,
K 3(Zs# 77000 mL/(g - h)). Fi%E Pt fAZi& M
0.5% 4K F 1.5% , X} A0 RAAE TR B s/ )N , 4L
AL — BB be TG B W T . S AT AN He g
AN] Pt gk A RFIEIR B, ATLUR LY Pt gkt A
0.5% Y& /M| 1.0% I}, Tio F Tso 435I 151 166
M2 139 (157 . {HBfZE Pt fazkiEh 1.0% 3
nE] 1.5% B, FRSMREN TREABR, T F1 Ts
SYRIFEET 40 M3 . X ATAER T M AL
Pt R M 0.5% HHNZE 1.0% B, ffbFIFEmE Pt 18
Gy REASAS BT 43 B8, 4 43 E0E e B 1
K, T4 Pt GUERE M 1.0% AN 1.5% i, fEfk 7%
1] Pt i o HERR, 4@ o3 H0% A PIr R, LTS M
KAREF ST 2R R TE AR |
2.3 Pt/HZSM-5

PEFEE A B0 AT 2 PR A AR T 2, AR



RHHSE PO T BEE A erERE

100 o pesi 470.5%
—e— Pt i 1it1.0%
< 80 [ —a— Pefi B AE1.5%
-
2 60
&
2 40t
=
11 20k
0F T I L L
120 140 160 180
i/ C
3 Pt Pt/HZSM-5

BT a R %Ch 1.0% Ce.Fe.Co.Cr fy
PYHZSM-5 ffk 5], Z2HXT PYHZSM-5 fifLig Tk
B, HE 4 aJLUE S, 7RSI T AR 4R 2
J&i , PUHZSM-5 i A0 570 B4 36 1 25 A5 31 T — & 1Y 42
B RSBl Ce J&, Tio A1 Tso 235 139
V157 FEEF] 81 .86 . M HIEKEMFIES
ARSI R, Pt-Ce/HZSM-5 I T 5 & ik
WTE. 5 CO MHEIABESA, Ce nf IME A ERE R AL
R BIESR, SRR T Ce HAAMNIESR, (15 Ce b5&
WI FAL-IE RS 7 S, Ce AL 2L
CeO, il Ce,03 ESAFTE, Ce,03 AaRE, B AR
CeO,. CeO, (1 bkt B A f& b KM A IMBE ST, 7T
AR R BTG P4, [R) A ACHE S8 2 AS KT i 1)
HEWITR, i CeO, BA Ak AE M. Ce 11y
FEAEA R AE LR 1 S 3t A rp Ak 50 4 8 0 RS 4
J& FLR TR TR, S T IS TR A Rl S R S
PERL /IS, B TR A s e . AL T LAGA
b Ce I BSRIZAR T Pt AL HLR AL, (HAEIENE T
TR PR I B A, 4 TR a RaE
Fm AL SR EAMT T A B Ce X WAL
BRBEIVE S5 B 1.

100 |

80

:\\:
& 6o0f
&
= 40 F Ce
% Fe
1 Co
20 Cr‘
N . . . . iﬁ(ﬁf‘:ﬁﬂ
80 100 120 140 160 180
iR EEIC
4 Pt/HZSM-5
2.4 Pt-Ce/HZSM-5

Kl 5 B4 1 ARl d s AR A R
Pk, Herb R SR AR AR AL A9 R R, AR I

0.2 g AEE PR BN fi R AT BN, S5 28 Bl 1o
R TR RS TS, Al R R B R
SEE A AN 2 iR,

500
400 |

o a0k FUR a2

=~ — 1.0

e — 1.1

= 200 — 12

— 13
100 | — 1.4
T A — 15
0 . . . . .
0 60 120 180 240 300
i1 /s
5 Pt-Ce/HZSM-5
2
HEFTR Z5(mL - gt hh)

1.0 48 000
1.1 52 500
1.2 57 000
1.3 61500
14 66 000
15 70500

& 5 ATLUEH, fEad s AR HCN 1.0 B, 84
PRRRE T TR BRI XA, X P RE 2 th T ERIRHC
MDA SRR A S s R T
oy T H BB TE A, RSN 11 B BB
S J I B e, X A S o, SR T A
(ke akeib el w2 R E, IRETF IR B
1%, B0 T RN 28 L — 251, S EORS N
()28 SR, W E IR 2, Yid it
ZRFRPOLE 15 B, BREE R RN T RS RR
ok 1.0 BFROTRLE. BRIILZEA PR v, s R
FEAE 1.1 8 AT DR B e AR HEHGOR.

2.5

K 6 ZHEALF Pt-Ce/HZSM-5 (%4 & theil izt
(T=300 253N 5250 mL/(g - h), i 2SR5
N 1.1), AT S T AR A AN AR SR
M, SR R be g | SO AR ZS A
HE— N th BT FNZ AL R AL R 100 h 5

100

pa

98 |
s 96}
5 o}
¥ o}
%
= 90}
g
86 | . . . . .
0 20 40 60 80 100

i 1)/s
6 Pt-Ce/HZSM-5

— 133 —



F23% H24

SRR IR AL ke v, — Wk R — e
95% LA .

(1) TEFTER 4 Ptk ik, HZSM-5 %
IR Pt LR BT B A, B s —
BRI IE R BEEBE. PY HZSM-5 A HRIR BE (T1o) il
IR E (Tso) 3020 139 F 157

(2) Pt BRI 0.5% $EFHE 1.0% B
REA B AL T, (HE—204E & Pt fagkid s 1.5% A,
RRASEH 5.

(3) Co.Ce.Fe.Cr & JRUSIFAA Tt —
APEFHEALFIPERE , LA BN Ce X PYHZSM-5 Ayt
RedR A A VR A

(4) SR EARE 1.1 Ak R Rk
K, Pt-Ce/HZSM-5 7£ 100 h PIAEALIH 1 TCHH i PRI

[1] Deluga G A, Salge J R, Schmidt L D, et al. Renew-
able hydrogen from ethanol by autothermal reform-
ing[J]. Science, 2004, 303(5660): 993-997.

[2] Japar S M, Wallington T J, Richert] F O, et al. The
atmospheric chemistry of oxygenated fuel additives: t-

dimethyl ether and methyl t-butyl
ether[J]. International Journal of Chemical Kinetics,
1990, 22(12): 1257-1269.

[3] Ishikawa A, Iglesia E. Dimethyl ether combustion cata-

butyl alcohol ,

lyzed by supported Pd, Rh, and Pt clusters: Site re-
quirements and reaction pathways[J]. Journal of Cataly-
sis, 2007, 252(1): 49-56.

[4] Ishikawa A, Iglesia E. Bifunctional pathways mediated
by Pt clusters and Al,O3 in the catalytic combustion of
dimethyl  ether[J].
2007(28): 2992-2993.

[5] Ishikawa A, Neurock M, Iglesia E. Structural require-

Chemical Communications ,

ments and reaction pathways in dimethyl ether combus-
tion catalyzed by supported Pt clusters[J]. Journal of the
American Chemical Society, 2007, 129(43): 13201-
13212.

[6] Tang Xiaolan, Zhang Baocai, Li Yong, et al. Struc-
tural features and catalytic properties of Pt/CeO, catalysts
prepared by modified reduction-deposition tech-
niques[J]. Catalysis Letters, 2004, 97(3/4): 163-1609.

(7] EBRIEE, & A, B, 55, RAERSEMmELR
XF Z R AR PR A AL T PE 0], AR AR,

— 134 —

[10]

[11]

[12]

[13]

[14]

[15]

2011, 11(1): 148-152.

Wang Yuanyuan, Xu Hang, Feng Dongmei, et al.
Catalytic activity of low-loading Pd and Pt supported
catalysts for combustions of dimethyl ether[J]. The Chi-
nese Journal of Process Engineering, 2011, 11(1):
148-152(in Chinese).

Na X H, Yu L, Sun M, et al. Preparation of OMS-
2/cordierite monolithic catalysts and their catalytic per-
formance for dimethyl ether combustion[J]. Chinese
Journal of Catalysis, 2010, 31(8): 1019-1024.

Yu L, Diao G Q, YeF, etal. Dimethyl ether catalytic
combustion over manganese oxides with different struc-
tures[J]. Advanced Materials Research, 2011(146/147) .
1482-1485.

YulL, Diao GQ, YeF, etal Promoting effect of Ce in
Ce/OMS-2 catalyst for catalytic combustion of dimethyl
ether[J]. Catalysis Letters, 2011, 141(1). 111-119.
M ik, ERRkL, RyTWE. FEE. B K R
PR B VI RIEN BRI [J]. TR B4,
2009, 30(8): 1267-1270.

Chen Xin, Bi Shengshan, Wu Jiangtao. The explosion
limit of dimethyl ether, methane and their mixture[J].
Journal of Engineering Thermophysics, 2009, 30(8):
1267-1270(in Chinese).

Oh S H, Eickel C C. Effects of cerium addition on CO
oxidation-kinetics over alumina-supported rhodium cata-
lysts[J]. Journal of Catalysis, 1988, 112(2): 543-
555.

WS, R WL, Rk, S SEABEXS Pd AL
AL TS PEFI IR E ML e [9]. 1 Ak S:, 2004,
21(2): 154-158.

He Chongheng, Zhu Ming, Jin Guolin, et al. Effects
of cerium oxide on the oxidation activity and thermal
stability of Pd/Al,O3 catalysts[J]. Chinese Journal of
Applied Chemistry, 2004, 21(2): 154-158(in Chi-
nese).

ZhuH Q, Qin ZF, Shan W J, et al. Low-temperature
oxidation of CO over Pd/CeO,-TiO, catalysts with differ-
ent pretreatments[J]. Journal of Catalysis, 2005,
233(1): 41-50.

F M. Ce Xt Pd-PYAIOs fiEALH H e fE AL IR SEERE R
). B, 2013(18): 117-118.

Wang Fan. The influence of Ce addition of Pd-Pt/Al,O3
catalyst on the performance of catalytic methane combus-
tion[J]. Public Communication of Science & Techno-
logy, 2013(18): 117-118(in Chinese).



