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Fig. 1 Carbonylation reaction behavior of different mordenite samples (solid: Con. % , circle: Sel. % )
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Fig.4 TG-DTA curves of used catalysts
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Table 1 Coke content analysis of spent mordenite catalysts

T50 T100 TG Ratio
Sample

/C /C /mg /%
HMOR 601.1  697.9 -3.71 -18.55
Cuw/MOR 381.8 470.0 -4.10 -20.50
K, ,Cu/MOR 384.7  509.3 -3.92 -19.60
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Fig. 5 FT-IR spectra of the spent mordenite samples

FLARaR A 1385 em™ Kb A IS )T TR M B D A
Sy CH, 521, R A EAR R R
WRRRAYWRER. 846 cm™ AbAYIL Wid )= & B
BRI TR C—H R, 5 R R R
(MTO) i R b, &5 IR Y Fh vl B 2 H 2K Y
Fih 1227300 S22 i s i B2 M5 4 HMOR > Cu/MOR >
KCu/MOR, UM 5 AR 05 1y Fh B U
B ARG, BSOS L) L Bk 32220 & H/C
LU R B (25 4) . ORI A R R AE P g B D
ZLAMETE RO 5 RN A I P A AR M 2 A
— 3.

3 &ig

Cu Bk AT i e AL R) 0] SN2 40 731 CO Y i
fLRESs, 5 HMOR AL, BtE/a ) Cu/MOR _ERLZ
LAY RN, difr SR EE R FE A2 o 5 5 THER
AR (454 ), — VIR A0 S s P AR E 1k W] Y



404 7 R i

(4 28 %

fem. K st aR oy sh A0 B s iRz, 5
Cu/MOR Lt , AR KCu/MOR REAL T LIS A
%, AR BAr R WA E v, Hop K, Cu/
MOR HA fie i — W B AL S PR RE, — F kA%
PRI 33.5% , ISR TP IR FE1E>95%

T BB ROV R, 22068 A A 5 T
BRI, IRYEEA 250 S RAEAER, WAERE k41
AL A AR L il A B T2 TF R 45 5
AR S e e PR B G A G, AR
A0 HEAL R AR E A

S 3k

[1] Liu Jing (X] #), Liu Jin (X] H:). Summarization of
the methanol synthesis gas production processes by natu-
ral gas (RIRMHI P RS AL ZKAEE) [J]. Chem
Ind Times (AL TIF]), 2007, 21(5) : 64-67.

[2] Sun Yu-han (#)F %), Chen Jian-gang ( FEHERN]),
Wang Jun-gang ( FA&HN) , et al. The development of co-
balt-based catalysts for Fischer-Tropsch synthesis ( %% 4G
BTSRRI BE R R )E) [J]. Chin J Catal (i
1244 ), 2010, 31(8) : 919-927.

(3]  Zhang Yaing (%), Deng Julei (X542 %),
Zhang Su-juan (K ZUE), et al. Investigation on CuO-
Zn0-Al,0,/HZSM-5 catalysts for synthesis of dimethyl
ether from CO, hydrogenation ( CO, Jill & il 5 — H /i
Cu0-Zn0-Al,0,/HZSM-5 4L R ) BF5T) [J]. J Mol
Catal (China) (43F1iffk), 2013, 27(3) . 235-241.

[4] Tang Li-ping (JE3LF), Zhang Hai-tao (7K¥F¥), Li
Meng-li (Z=F50H ), et al. Combination-type MgO/CNTs
composites as effective supports for CO hydrogenation to
light olefin (MgO-CNTs & 15 F AR 7 48010 Pkt A 50
T CO Tl #& R as M ke AR PERERT5E) [T J Mol
Catal (China) (43F1iffk), 2012, 26(5) . 391-398.

[5] Wang Jun-wei ( £4{F), Liu Zhao-tie ( XAH4%) , Yang
Xian-gui (#2G1%), et al. The synthesis of acetic acid
(BEER & TR AL S b g ) [J]. Nat Gas Chem
Ind( RIKFALT) , 1999, 24(3) . 40-45.

[6] Li Hao-guan (Z=f4), Yan Hui-fang ([31Z£35). Pro-
gress in Acetic Acid Industry (i 2 Tl BUIR &k )
[J]. Coal Chem Ind( ¥4k T.), 2001, 2. 10-14.

[7] Fujimoto K, Bischoff S, Omata K. Hydrogen effects on
nickel-catalyzed vapor-phase methanol carbonylation [ J].
J Catal, 1992, 133(2) . 370-382.

[8] Bischoff S, Fujimoto K, Lucke B. Transition metal-acti-
vated charcoal catalysts for gas-phase carbonylation [ J].

Chemie IngeniEur Technik, 1994, 66(4) . 516-518.

(9]

(10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Yagita H, Omata K, Shikada T. Vapor-phase carbonyl-
tion of methanol over tin on active carbon catalysts [ J].
Bull Chem Soc Jap, 1990, 63(8) : 2352-2357.

Cheung P, Bhan A, Sunley G J,et al. Site requirements
and elementary steps in dimethyl ether carbonylation
catalyzed by acidic zeolites [J]. J Catal, 2007, 245
(1) 110-123.

Li X, San X, Zhang Y ,et al. Direct synthesis of ethanol
from dimethyl ether and syngas over combined H-morde-
nite and Cu/ZnO catalysts [ J]. Chem Sus Chem, 2010,
3(10): 1192-1199.

Kazantsev M S, Luzgin M V, Volkova G G,et al. Car-
bonylation of dimethyl ether on Rh/Cs, HPW,,0,, : Solid-
state NMR study of the mechanism of reaction in the
presence of a methyl iodide promoter [ J]. J Catal,
2012, 291(1) : 9-16.

Diemer R B, Luyben W L. Design and control of a met-
hyl acetate process using carbonylation of dimethyl ether
[J]. Ind Eng Chem Res, 2010, 49(23) . 12224-12241.
Liu J L, Xue H F, Huang X M,et al. Dimethyl ether
carbonylation to methyl acetate over HZSM-35 [ ] ].
Catal Leit, 2010, 139(1) . 33-37.

Xue H F, Huang X M, Zhan E S, et al. Selective dealu-
mination of mordenite for enhancing its stability in dime-
thyl ether carbonylation [ J]. Catal Comm, 2013, 37.
75-79.

Li BJ, Han B, Wang X M,et al. Insight into dimethyl
ether carbonylation reaction over mordenite zeolite from
in-situ solid-state NMR spectroscopy [ J]. J Phys Chem
C, 2013, 117(11) . 5840-5847.

Boronat M, Martinez C, Corma A. Mechanistic diffe-
rences between methanol and dimethyl ether carbonyla-
tion in side pockets and large channels of mordenite [ J].
Phys Chem Chem Phys, 2011, 13(7) : 2603-2612.

Xue H F, Huang X M, Diizel E,et al. Dimethyl ether
carbonylation to methyl acetate over nanosized mordenites
[J]. Ind Eng Chem Res, 2013, 52 (33). 11510 -
11515.

Liu Y Y, Murata K, Inaba M,et al. Synthesis of ethanol
from methanol and syngas through an indirect route con-
taining methanol dehydrogenation, DME carbonylation,
and methyl acetate hydrogenolysis [ J]. Fuel Processing
Technology, 2013, 110; 206-213.

San X G, Yang G H, Zhang Y,et al. New method for
ethanol synthesis from dimethyl ether and syngas via two-
stage reaction [J]. J Japan Petrol Inst, 2009, 52(6) .
357-358.



%5 M

LA P22l A fh AL — H RSO AR Al 1 S A B

465

[21]

(22]

[23]

(24]

[25]

[26]

San X G, Zhang Y, Shen W ], et al. New synthesis
method of ethanol from dimethyl ether with a synergic
effect between the zeolite catalyst and metallic catalyst
[J]. Ener&Fue, 2009, 23. 2843-2844.

Yang G H, San X G, Jiang N,et al. A new method of
ethanol synthesis from dimethyl ether and syngas in a se-
quential dual bed reactor with the modified zeolite and
Cu/ZnO catalysts [ J]. Catal Today, 2011, 164 (1)
425-428.

Xu Jun-ke (#:%<F}), Li Zhao-jing (Z=Jk#Hr), Wang
Ji-hui (VEF5#%) , et al. Characterization and analysis of
carbon deposited on the surface of Ni/Al,O, catalyst for
methane dry reforming ( 1 4¢ T B 4% i 1L 5% Ni/AL O,
RIMPBFAE S 50H7) [J]. Acta Phys Chim Sin (¥
PRAL 2R ), 2009, 25(2) : 253-260.

Li Jian-zhong (ZE#H1), Lv Gong-xuan ( B Zh4E), Li
Ke (Z=7%). Hydrogen production via methane decompo-
sition over Ni/SiO, catalysts (PR3 0T 1 I BT A ) 4%
i Ni/Si0, fiEf R 2% H beidil =) [J]. Nat Gas Chem
Ind( RIKSALT) , 2005, 30(1) : 1-10.

Ke Yu-yong (#]F 5 ), Zhang Ying-zhen (3K& 1),
Wang Gong-wei ( F/VGEL) , et al. Reactivity of modified
mordenite in methanol amination—effect of acidity on re-
activity (BPEZZEUE A T BB AL ORI S — IR X
MAERERIEM ) [J]. Petrochem Technol (f3 1AL T.),
1997, 26(3) : 160—164.

Ke Yu-yong (#]F 5 ), Zhang Ying-zhen (k&)
Wang Jun ( £4), et al. Nature of modified mordenite

for methanol amination—effect of hydrothermal treatment

(BetEezotdh b R EEAL BT 58— 7K PRAL B W A

[27]

(28]

(29]

[30]

[31]

PERERISZME) [J]. J Mol Catal (China) (43Ti#EfL) ,
1997, 11(2) : 121-126.

Liu Su-yan (X&), Gong Yan-jun (JLHEZ), Yang
Ke-hui (#7F}#%), et al, In-situ synthesis of mordenite
with novel morphology in low-water content system (¥
R PR AL & OB BUE SRR 2256wk 1) [T]. Acta
Petro Sin ( Petro Proce Sec) (A3 M2k (A TL)),
WA, 2008. 131-135.

Zhang Zhi-wan (5K 2Z %), Lin Yi-yang (HKISAN), Li
Bai-li (ZE[9#]), et al. FT-IR of mordenite structure
(223G 11 S5 I 2L AN 6 RAL) [J]. Guangzhou
Chem (J7JNAE%%) , 1988, 1. 45-49.

Xing Ai-hua (J%Z4E), Zhu Wei-ping (ZR4HF), Yue
Guo ({£H), et al. Research progress of coke deposition
on catalyst during methanol conversion to olefins ( H i
1l e S A 7R BRI [ R BE S ki) [T ] Chem
Ind Engin Prog (ft T#EJ&), 2011, 30(8): 1717 -
1725.

Qi Guo-zhen (FF[E i), Xie Zai-ku (I 7EFE), Liu
Hong-xing (XZL.A& ), et al. Study on carbon deposition
on SAPO-34 molecular sieve catalyst in transformation of
methanol to olefins ( FF % i 475 48 2 I 1 i H SAPO-34
IR I BURAT I WESE) [J]. Petrochem Tech-
nol (£774LT) , 2006, 35(1) : 29-32.

Xu Zhang-lin ({3 A#K), Zhang Ying-zhen (K& ),
Wang Jun ( £ Z£). Characterization of the mordenites
modified by alkali metals and their reactivity for methyla-
mine synthesis ( §%4: J& 22 Y63 A 19 FRAE B B A A
KLHIPERE) [T]. Chin J Catal (fEAL24R) , 1994,
15(5) . 368-374.

Catalytic Behavior of Dimethyl Ether Vapor-Phase
Carbonylation over Modified Mordenite Zeolite

MA Yu-chun, LIU Zhong-neng, WANG De-ju, REN Jie, ZHAO Duo
(Shanghai Research Institute of Petrochemical Technology, SINOPEC , Shanghai 201208, China)

Abstract: A series of potassium/copper modified mordenite (MOR) zeolite catalysts were prepared and used for

methyl acetate synthesis from dimethyl ether ( DME) vapor-phase carbonylation. Catalysts were characterized by
XRD, NH;-TPD, SEM, TEM and FT-IR. The results indicated that Cu additive changed carbon deposition inter-

mediate species, which transformed from graphite like “hard carbon” to “soft coke”.

Side reactions were sup-

pressed partly on K, ;,Cu/MOR catalyst, and then gave rise to an optimum catalytic behavior.

Key words: mordenite; dimethyl ether; vapor-phase carbonylation; Carbon deposition



