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Mechanism study of zeolite topology influence on
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Abstract: DMM carbonylation over zeolites is currently one of the most promising C1
chemical reaction for both fundamental research and industrialization. Zeolite topology
influences DMM carbonylation evidently. In this work, zeolites with different topology
including MFI, MOR and FAU are chosen to compare their DMM carbonylation performance.
As the increase of reaction space, both DMM carbonylation activity and selectivity increases
gradually. The improved DMM carbonylation selectivity could be attributed to the inhibited
DMM disproportionation, while DMM carbonylation activity is rate-limited by both the
generation and conversion of acyl intermediate. Intrinsic DMM carbonylation activity test
reveals that the DMM carbonylation activity for FAU is about 9 times higher than that for MFI.
Methoxy acetyl intermediate over MFI and FAU in the process of DMM carbonylation is
directly observed by in-situ IR, and we attempt to corelate relative intensity of carbonylation
acyl and DMM carbonylation selectivity. Finally, a reasonable DMM carbonylation and
disproportionation mechanism over zeolites is proposed and a DMM carbonylation Kinetic
formula is deduced based on the in-situ IR data and our understanding of the reaction

mechanism.
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Fig.1 Zeolites topology with increasing reaction space
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Fig.2 XRD pattern of zeolites with different topology
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Table 1 Al and Brensted acid density for zeolites with different topology
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Fig.7 Mechanism of DMM carbonylation and disproportionation over zeolites
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I, ERAKHE DMM 23 & A oA NG o BB DS, B TS BRIEANAL L MMAC A2 BUis 22 7 72

(10). HIT7RE(L0)FT A1, FRIEAAL s ILALIE R G — AR s 2L KT E DMM 72 TER.
R AL LLANRAE T A, BEXE R AL 10, BEE AL S L PR B8 v ) 4 o5 9 48 K 2 Bm PR AL e, DRI
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FAU & Mg R 5 — S0k 5 2 1EASE, 5 DMM S TE5% . 1X 5 2 A SCHERHRIE (19 S B A4 AH
—gl14.32]

k
HZ + DMM —> MMZ + CHsOH (3)
Ie21
MMZ + CO — MAZ (4)
k31
MAZ + DMM — MMZ + MMAc (5)
Tapae = k31PpyeOaraz (6)
k21P o
Opraz = k31P s’ MMZ (7)
Ommz + Omaz=1 (8)
. kz21Pco
MMAC= ~— ipe,
1+ k31Ppuym (9)
Tumac = k21Pco (10)
745k

AR TAEE AR FE AR MFI. MOR 5 FAU 31T DMM SREE(bXT LG, R IBE f B 2 A 3
K, DMM FREACEFEPEA MR . UM SR ZER RFEK MFL 5 FAU 73 TIfiEsI 11526 4F T
BEAT DMM FHREEUALEIEER LE, S5 R K FAU 7T DMM HREMNEVIENEL N MFLIK 9 £5.
i RALZLAMETERT T T DMM Bk AL I 2 o 3R AL R B A B ) e £ AR AL IR A e 57 ¥ 5 96 1 22
5t MFI 5 FAU 73 FififE DMM FREEA s B R A 22t BB ik A I ke o 1) 4 FR S0k LSRR AIE I
Yeug s 3 Fit B AL BEAE AL IE . MFIL 2 T i SR BERE 58 2 5 T FAU 70 70, B FAU 70 1iii et
PTGt 2 v ) AU of B IS AL P B ARG SR B B iy . MIFL 3170 52 S S 2 TR PR, Pt PR AR R AL e f b e 22
B, ARG R BUE, LA T ML 207 B v A BB AL I ik e 0 2 AN e S B Y MIFL
S ) DMM BRI TEE . H H TR B A2 i R T h 2 S 3R R 5 B AL AL FAU 201
i B e PR B B I i i TR AR X 5 P 5 5 L B vt R PR B AL I FE AR — B BERE 2 T AN AR S
FIEVERL R, 4R T 2 F It DMM BRI Bt RNLEE . defe, BT RN GRAELER, #S
1 DMM FRIEAEN 1 F TR AR @ BBARAE N, WIS B L X R B AL S L) sk, A
JESRIEATEENL U, AR — AR ) T LR R TS DMM 73 58K, 754 Koch Ji
Sl S N AR S
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