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Abstract Dimethoxymethane (DMM) has wide application in resin, solvent, and fuel fields as a fundamental organic
chemical. The traditional route to synthesize¢ DMM using methanol and formaldehyde as reactants via condensation reaction
has poor efficiency. Methyl nitrite (MN), which is obtained by the reaction of methanol, oxygen and nitrite monoxide without
catalysts, could be used as raw material to produce DMM through catalytic decomposition. The current work systematically
investigated the catalytic activity and selectivity to DMM of several molecular sieves in MN decomposition reaction. The
results show that the activity trend is NaY (97%)=HY (97%)>HZSM-5 (90%)>Hp (89%)>NaZSM-5 (18%)>Nap (6%),
and the DMM selectivity trend is NaY (53%)>HY (12%)=Naf} (12%)>NaZSM-5 (7%)>Hp (4%)>HZSM-5 (3%). X-ray
diffraction (XRD), Brunner-Emmet-Teller measurements (BET), scanning electron microscope (SEM) and Pyridine-IR
(Py-IR) experiments have been employed to reveal the structure-activity relationship of these molecular sieves. Combining
the temperature-programmed desorption of CO, experiments (CO,-TPD) data with the evaluation results of the catalytic per-
formance of the zeolite catalyst, the basic sites of the zeolite have no direct connection to the catalytic MN decomposition
process. Meanwhile, the calcination temperature experiment of NHy-zeolite and the catalytic performance test experiment of
NaY-tetracthoxysilane (TEOS) further proved that the acid site played an essential role in promoting the decomposition of
MN, and the results show that the Lewis acidity sites of Na' and low-coordinated Al metal center are key factors to catalyze
MN to DMM high selectively. We have proposed the MN decomposition mechanism. In the process of MN decomposition,
there are both proton generation and proton consumption processes. Intermediates in the decomposition process are easily
protonated by Bronsted acid sites to form by-products. The Lewis acid site of zeolite is generally a low-coordinated Al metal
center, which can effectively adsorb and stabilize the oxygen-containing intermediates generated during the decomposition of
MN, especially the methoxy and formaldehyde intermediates involved in the production of DMM, which is very beneficial to
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the decomposition of MN to DMM. We believe that the research in this paper can provide a new and efficient synthetic route

for DMM.

Keywords methyl nitrite; dimethoxymethane; zeolite; NaY; Lewis acid
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Table 2 The catalytic performance of different zeolites for the reaction
of methyl nitrite decomposition

Sample  Conversion/% Selectivity/V
MF DMM MeOH

HY 97 69 12 19
HZSM-5 90 79 3 18
HB 89 80 4 16
NaY 97 29 53 18
NaZSM-5 18 45 7 48
Naf 6 25 12 63

Reaction condition: 150 mg catalyst, weight hour space velocity (WHSV)=
1146 Lekgy 'sh™', MN flow rate=4 mLemin', 130 ‘C, 0.1 MPa, MF: methyl
formate; DMM: dimethoxymethane; MeOH: methanol.
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Table 3 Acidity of the zeolites determined by Py-IR spectra at 200 C

Lewis acid sites/ Bronsted acid sites/

Sample

(umoleg ™) (umoleg ™)
HY 71.4 210.0
HZSM-5 10.7 183.9
Hp 81.6 111.2
NaY 437.9 8.7
NaZSM-5 1024 11.3
Nap 71.6 7.1
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Figure 3 The catalytic performance of NH4-B-7' (7 is the calcination
temperature), reaction condition: 150 mg catalyst, weight hour space
velocity (WHSV)=1146 Lekg, 'sh™', 130 C, 0.1 MPa
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Table 4 The catalytic performance of HY, NaY and NaY-TEOS

Sample  Conversion/% SelectivityV
MF DMM
HY 97 69 12
NaY 97 29 53
NaY-TEOS 96 34 40
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Figure 4 (a) Schematic diagram of activation of MN at the active site of
Bronsted acid in zeolite; (b) schematic diagram of MN activation by
Lewis acid active site in zeolite
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Figure 5 Possible decomposition routes of methyl nitrite
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