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Highly Selective Carbonylation of CH;Cl to Acetic Acid Catalyzed by

Pyridine-Treated MOR Zeolite

Xudong Fang, Fuli Wen, Xiangnong Ding, Hanbang Liu, Zhiyang Chen, Zhaopeng Liu,
Hongchao Liu,* Wenliang Zhu,* and Zhongmin Liu

Abstract: The selective conversion of methane to high
value-added chemicals under mild conditions is of great
significance for the commercially viable and sustainable
utilization of methane but remains a formidable chal-
lenge. Herein, we report a strategy for efficiently
converting methane to acetic acid via CH;Cl as an
intermediate. Up to 99.3% acetic acid and methyl
acetate (AA+MA) selectivity was achieved over
pyridine-pretreated MOR (MOR-8) under moderate
conditions of 523 K and 2.0 MPa. Water, conventionally
detrimental to carbonylation reaction over zeolite cata-
lysts, was conducive to the production of AA in the
current reaction system. In the 100 h continuous test
with the MOR-8 catalyst, the average AA+MA
selectivity remained over 98%. AA was formed by
carbonylation of methoxy groups within 8-membered
rings of MOR followed by hydrolysis. This strategy
provided an approach for highly efficient utilization of
methane to oxygenates under mild reaction conditions.

Introduction

Methane, the main component of natural gas, shale gas and
flammable ice, is not only a clean and inexpensive chemical
feedstock with abundant reserves, but also an alternative
energy vector to petroleum.! To date, methane has
remained underutilized, with more than 90 % used as fuel
for combustion in heating systems and only 5% used for
chemical synthesis.[z] Thus, the selective transformation of
methane into high value-added chemicals, especially for
oxygenates, is appealing and significant for sustainable
chemistry and energy revolution. Currently, syngas-based
route for methane conversion has been successfully
commercialized.”” However, stringent reaction conditions
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and intricate operational processes are required, resulting in
low energy efficiency and high costs in terms of capital and
production.”’! The direct conversion of methane is consid-
ered to be potentially an environmentally friendly and
economic route, and has been extensively studied for many
years with great effort focusing on oxidative coupling of
methane, partial oxidation of methane, co-activation of
methane and carbon dioxide, and direct nonoxidative
conversion of methane.'™* Despite great progress in cata-
lysts and reaction strategies for the direct conversion of
methane, the low efficiency of methane utilization has
remained unresolved due to the high C—H band energy
(4393 kJmol™") and low polarizability of a methane
molecule.®’! Currently methane derivatives, such as methyl
halide,” are considered as significant intermediates for the
utilization of methane, which has solved the difficult
problem of methane activation. Therefore, it is essential to
develop an efficient and ecofriendly route via methane
derivatives to realize methane transformation into high
value-added chemicals under mild conditions.

Acetic acid, one of the most important intermediates,
has been widely used to produce vinyl acetate monomers,
acetic anhydride, and acetic esters."! The selective conver-
sion of methane to acetic acid has always attracted
significant attention in practical production and academic
research.”’! Recently, outstanding progress has been made in
acetic acid production through direct methane oxidative
carbonylation.””) Specifically, Flytzani-Stephanopoulos et al.
and Tao et al. reported that the Rh/ZSM-5 catalyst could
efficiently transform methane to acetic acid with a produc-
tion rate of acetic acid up to 31 molmolg, 'h~!, which was
higher than that any reported with metal-supported
catalysts.“>*1% However, the selectivity to acetic acid
remains low because acetic acid is more active than
methane, resulting in the further conversion of acetic acid.
Thus, it is significant to explore a new approach for
transforming methane into acetic acid via methyl halides
with higher efficiency and economics.

Methyl halide, a crucial intermediated chemical in the
chemical industry, is produced readily from methane by
halogenation or oxychlorination®'! and can be further
converted to fuels and petrochemical commodities under
moderate reaction conditions.'? For example, up to 95 %
olefin selectivity has been achieved catalyzed by SAPO-34
under reaction conditions of 723 K, 0.1 MPa in CH;Br-to-
olefins.” Recently, our team reported a novel route about
aromatics production from the coupling of CH;Cl and CO,
obtaining up to 82.2% aromatics selectivity and ca. 60 %

© 2022 Wiley-VCH GmbH
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BTX (benzene, toluene, and xylene) selectivity."¥ Unfortu-
nately, only a few investigations focusing on the conversion
of methyl halide to oxygenates, especially for acetic acid,
have been reported so far.!”! Thereinto, Zhou et al. and Bao
et al. studied the carbonylation of methyl halide to acetic
acid over RhCL;-PPh;-KI catalyst, achieving up to 99 %
acetic acid yield.'"” However, these studies focused on the
multi-step method and noble metal homogeneous catalyst.
To tackle this, a direct heterogeneous route for the trans-
formation of methyl halide into acetic acid via CH;Cl
carbonylation was reported by Fujimoto, and approximately
94.6 % selectivity of acetic acid and methyl acetate (AA +
MA) was obtained over Rh/AC."! Nevertheless, this route
still requires noble metal catalysts to obtain high selectivity
of the target product.

Herein, we developed a new route for directly trans-
forming CH;Cl to acetic acid through a carbonylation
reaction using acidic zeolites as the catalyst. Up to 99.3 %
(AA+MA) selectivity was achieved over pyridine-treated
MOR (MOR-8) under reaction conditions of 523K,
2.0 MPa, and 3000 mL g, 'h™'. During the 100 h continuous
test, the MOR-8 catalysts exhibited excellent stability.
Combined with multiple characterizations, 8-membered
rings (8 MR) side pockets were shown to be the main active
sites of acetic acid formation, while those in 12-membered
rings (12 MR) promoted the formation of hydrocarbons.
Moreover, the methoxy and acetyl groups were critical
intermediate species in converting CH;Cl. This work shed
light on the tremendous potential of the halogen-mediated
catalytic process for the conversion of methane to oxy-
genated compounds.

Results and Discussion

Acidic zeolites with different topologies, including MOR,
FER, TON, MFI, MWW, CHA, and *BEA, are thoroughly
selected for the chloromethane carbonylation reaction. The
detailed structural properties and chemical information of
acidic zeolites are exhibited in Figures S1-S3 and Tables S1,
S2. Figure 1 illustrates how the product selectivity changes
with different acidic zeolites under reaction conditions of
2.0 MPa, 523 K, and 2000 mLg_ 'h™'. A significant differ-
ence in the selectivity to (AA +MA) and hydrocarbon can
be observed ascribed to the different topologies of zeolites.
As shown in Figure 1la, a higher acetic acid synthesis rate
was obtained, catalyzed by the acidic zeolites with one-
dimensional channels, such as MOR, ZSM-35, and ZSM-22,
and the corresponding selectivities to (AA+MA) were
83.7%, 62.4% and 29.5 %, respectively. The highest syn-
thesis rate of acetic acid, as high as 1.85 mmol (mmolH™"
h)~!, was achieved over HMOR. These results suggested
that one-dimensional zeolites, especially MOR zeolites,
were beneficial for forming acetic acid directly from CH;CI
reacting with CO and H,0. However, higher hydrocarbon
selectivity was observed over the acidic zeolites with two- or
three-dimensional structures, as shown in Figure 1b. More-
over, the selectivity to hydrocarbons over SAPO-34, MCM-
22, Beta, and ZSM-5 are 92.5 %, 84.7 %, 86.6 %, and 63.1 %,
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Figure 1. Catalytic performance over different zeolites. a) The selectivity
to (AA+MA) and the acetic acid synthesis rate over zeolites with
different topologies. b) The selectivity of hydrocarbons over zeolites
with distinct topologies. Reaction conditions: 523 K, 2.0 MPa,

Pco =500 kPa, Pcyy,c; =30 kPa, Py, =1.5 kPa, 2000 mLg,, 'h™", Ar as
the balance gas. Note that the acetic acid synthesis rate is calculated
based on the amount of acid. The data are obtained at the highest
CH,Cl conversion.

respectively. Furthermore, the carbonaceous species ex-
tracted from the spent zeolites were analyzed by Gas
Chromatography—Mass Spectrometry (GC-MS) following
Guisnet’s method.'! As exhibited in Figure S4, typical coke
species in carbonylation reaction, such as cyclopentenone,
polymethyl benzaldehyde, and phenolic compounds, were
observed on all zeolites, indirectly confirming that the
carbonylation reaction occurred between CH;Cl and CO
over the acidic zeolites. Therefore, the difference in product
distribution can be ascribed to a distinct confinement effect
resulting from topology. Ulteriorly, acidic zeolites with a
one-dimensional channel containing 8 MR or 10-membered
rings (10 MR), were beneficial for the formation of acetic
acid, whereas a complex channel structure favored the
production of hydrocarbons. MOR zeolite was proven to be
the most active catalyst among the acidic zeolites inves-
tigated for chloromethane conversion and used in subse-
quent investigations.

The variations in product distribution and the synthesis
rates of acetic acid on HMOR at temperatures of 473 —
573 K and 2.0 MPa are depicted in Figure 2a. The selectivity
to (AA+MA) increased achieving a maximum of 95.6 % at
503 K, and then decreased with increasing reaction temper-
ature. However, the formation rate of acetic acid gradually
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Figure 2. Catalytic performances in CH;Cl carbonylation over mordenite. a) Acetic acid synthesis rate and product distribution at different reaction
temperatures over HMOR. b) Acetic acid synthesis rate and CH;Cl conversion over HMOR with different space velocity. c) Acetic acid synthesis
rate over HMOR under different CH;Cl or CO partial pressures. d) Acetic acid synthesis rate and product distribution over HMOR under different
H,O partial pressures. Reaction conditions: a) 2.0 MPa, Pco =500 kPa, Pcyy,c; =30 kPa, Py, =1.5 kPa, 3000 mLg,,'h™", Ar as balance gas;

b) 523 K, 2.0 MPa, P, =500 kPa, Py, =30 kPa, Py,0 =1.5 kPa, Ar as balance gas; c) 523 K, 2.0 MPa, (Pcy,q =7.5-30 kPa, P.o =500 kPa, P

1,0 =1.5 kPa) or (Pcy,c; =30 kPa, Poo =0-500 kPa, Py o =1.5 kPa), 3000 mLg.,'h™", Ar as balance gas; d) 523 K, 2.0 MPa, Pc, =500 kPa, P

cmyc1 =30 kPa, Py,o=1.5-9 kPa, 3000 mLg., 'h™", Ar as balance gas. Note that the acetic acid synthesis rate is calculated based on the amount of

Al atoms. The data are obtained in steady state.

increased from 4.7 to 70.4 mol (gatm Al)"'h~". This showed
little change as the temperature increased further to 573 K.
Meanwhile, the selectivity to hydrocarbons was also pro-
moted at elevated temperatures, which was consistent with
thermomechanical analysis (Figure S5). Thus, 523 K was
selected as the optimal reaction temperature considering the
selectivity to (AA+MA) and acetic acid synthesis rate.
Note that the carbon and chlorine balances were 96.3 % and
93.8%, respectively, obtained at 2.0 MPa, 523K and
3000 mL g, 'h! after 24 h. The effects of space velocity are
illustrated in Figure 2b. An apparent increase in acetic acid
synthesis rate was observed with increasing space velocity,
reaching a maximum of 92.4 mol(gatomAl)'h™' at
12000 mL g, 'h~'. However, CH,Cl conversion decreased
from 12.7% to 4.4 %. These results demonstrated that the
high space velocity could inhibit the secondary reaction of
acetic acid and methyl acetate.

The reactant partial pressure has an important influence
on the conversion of CH;Cl to acetic acid, as shown in
Figure 2c. The synthesis rate of acetic acid almost increased
linearly with increasing CH;Cl pressure (7.5-30 KPa), exhib-
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iting a positive correlation over the HMOR catalyst. In
addition, according to the previous report, we speculated
that the acetic acid synthesis rate showed little change under
even higher CH;Cl pressure due to the saturation of the
surface methoxy groups.'¥ Moreover, a decline in hydro-
carbon selectivity (from 48.2% to 8.5%) was observed in
Figure S6. These results suggested that a higher CH;Cl
pressure was beneficial for converting CH;Cl to acetic acid
and methyl acetate over HMOR. Furthermore, the forma-
tion of CH;Cl-derived intermediate is considered as essen-
tial for CH;Cl carbonylation. The influence of CO partial
pressure on the formation of acetic acid was also examined,
and the results are exhibited in Figure 2c. The synthesis rate
of acetic acid monotonically increased with increasing CO
pressure (0-500 kPa), revealing that the formation of acetic
acid was closely related to CO pressure. Moreover, fewer
hydrocarbons were produced at higher CO pressures (Fig-
ure S7). These results agreed with the findings from
reactions between CO and small-molecule compounds.!'*"!
Therefore, we deduced that the reaction of CO and CH;CI-
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derived species might also be a significant step in forming
acetic acid.

The effect of water content on the CH;ClI carbonylation
reaction is illustrated in Figure 2d. With increasing water
partial pressure from 0.5 to 9 kPa, the selectivity of (AA +
MA) decreased from 97.2% to 66.8%. The acetic acid
synthesis rate increased first and then reached a maximum
of 70.0 mol (gatom Al) 'h™" at 1.5 kPa. Afterward, the acetic
acid synthesis rate decreased with water partial pressure up
to 9 kPa. Nevertheless, the hydrocarbon selectivity sharply
increased from 5.2 % to 31.2 %. These results indicated that
an appropriate amount of water favored the conversion of
CH;(CI and the formation of AA. Moreover, we speculated
that the competitive occupation of active sites by excess
water over HMOR zeolite inhibited the carbonylation of
CH;Cl and the dimerization and cyclization of hydro-
carbons, leading to the increase of hydrocarbon selectivity
based on our results and the previous reports.’”! However,
more detailed studies are needed to certify the hypothesis in
subsequent work.

The silicon to aluminum ratio (SAR) of zeolites has
played an essential role in determining the catalytic
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performance in acidic catalytic reactions.”” Therefore, a
series of MOR zeolites with different SARs were employed
in the chloromethane carbonylation reaction at 523 K,
2.0 MPa, and 3000 mLg. 'h™'. Figure 3a shows that the
selectivity of (AA+MA) increased gradually (83.6% to
93.0 %) with increasing SAR from 6.3 to 14.7, while the
hydrocarbon selectivity significantly decreased from 14.2 %
to 5.2%. Concurrently, the synthesis rate of acetic acid
monotonically increased, and up to 70.0 mol (gatm Al) 'h™!
was achieved over MOR-14.7. Thus, we concluded that a
higher SAR was beneficial to the directional conversion of
CH;Cl to acetic acid. The XRD patterns, surface top-
ography, and textural properties are displayed in Figures S8,
S9 and Tables S2, which suggested that the samples with
different SARs had similar physical properties. Proverbially,
the SAR of zeolites can directly affect acidic properties.
Although the acid content of the samples declined with
increasing SAR, as shown in Figure S10, the ratio of
Brgnsted acid sites (BAS) in 8 MR to those in 12 MR
increased from 0.3 to 2.0 (Figure S11 and Table S3). These
results were in agreement with the results that MOR with
higher SAR possessed much more BAS in 8 MR.”? Interest-
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Figure 3. Effects of acidic properties on the chloromethane carbonylation reaction. a) Acetic acid synthesis rate and product distribution catalyzed
by HMOR with different SARs. b) Acetic acid synthesis rate and product distribution catalyzed by HMOR with different acid distributions. c¢) GC-
MS total ion chromatograms of the organic species extracted from spent catalysts with different acidic locations. d) Thermal analysis of spent
catalysts with different acidic locations. Reaction conditions (a, b): 523 K, 2.0 MPa, P =500 kPa, Pcy,c; =30 kPa, Py,o =1.5 kPa,

3000 mLg.,, 'h™". Note that the acetic acid synthesis rate is calculated based on the amount of Al atoms. The data are obtained in steady state.
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Figure 4. Catalytic performances in CH;Cl carbonylation and in situ DRIFTs. a) In situ DRIFTs from CH;Cl carbonylation over HMOR at different
reaction temperatures. b) In situ DRIFTs from CH;Cl carbonylation over HMOR with increasing time. c) The influence of water on catalytic
performance over MOR. d) The ratio between m/z=61 and m/z=60 in acetic acid with D,O co-feeding over MOR-8. Reaction conditions:

a) 0.5 MPa, CO:CH,Cl=17:1(molar ratio), 0.14 geyy, 1 8o ' h™'; b) 523 K, 0.5 MPa, CO:CH,Cl=30:1(molar ratio); c) 523 K, 2.0 MPa, Pco =500 kPa,
Pei,ci =30 kPa, Pyy.o = 1.5 kPa or 0 kPa, 3000 mLg., "h™; d) 523 K, 2.0 MPa, Poo =500 kPa, Peyy,c; =30 kPa, Py, 0 =5.2 kPa, 3000 mLg,, 'h".

ingly, the acetic acid synthesis rate was positively correlated
with the proportion of BAS in 8 MR. Therefore, we
preliminarily deduced that the acid sites in 8 MR might be
the active centers of the CH;CI carbonylation reaction to
acetic acid.

To understand the effect of acidic sites within the
different channels of MOR zeolite on CH;Cl carbonylation
in-depth, the samples containing BAS solely in the 12 MR
channel or 8 MR side pockets were prepared by ion-
exchange or pyridine pre-adsorption (Supporting Informa-
tion and Figure S12) and correspondingly denoted as MOR-
12 and MOR-8, respectively. The textural and chemical
properties of the samples are shown in Figures S13-S15. As
shown in Figure 3b, (AA +MA) selectivity reaching 99.3 %
was achieved over the MOR-8 catalyst. Nevertheless, up to
92.1 % selectivity of hydrocarbons was obtained catalyzed
by MOR-12. These results demonstrated that the location of
BAS played a decisive role in the formation of target
products. Furthermore, the coke species trapped in MOR,

Angew. Chem. Int. Ed. 2022, 202203859 (5 of 8)

MOR-8, and MOR-12 were analyzed via GC-MS. As seen in
Figure 3c, the carbonaceous species in MOR-8 and MOR
were the same containing methyl-substituted indanones,
methyl-substituted benzaldehyde, and alkylphenol. How-
ever, the main carbonaceous species in MOR-12 were
methyl cyclopentenone and polyaromatics. These results
implied that the carbonylation of CH;Cl mainly occurred on
BAS in 8 MR side pockets. In contrast, BAS at 12 MR
channels was responsible for forming of hydrocarbons from
CH,CI or coupling CH;Cl with CO.*% Notably, methyl
cyclopentenone is observed over MOR-12, which revealed
BAS in the 12 MR channel also possessed the ability of
coupling CH;Cl with CO according to the previous
literature.'"*1°*91 As shown in Figure 3d and Table S4, the
amount of coke over MOR-12 (3.92 wt %) is higher than
that over MOR-8 (0.46 wt %). Nevertheless, the MOR had
the largest amount of coke (10.00 wt %). The difference in
the amount of coke was possibly caused by the easy
conversion of acetic acid or methyl acetate to coke during

© 2022 Wiley-VCH GmbH
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Figure 5. The proposed mechanism of CH;Cl carbonylation over MOR-
8.

the diffusion from 8 MR to 12 MR. Thus, it can be
concluded that the CH;CI carbonylation reaction occurred
mainly in 8 MR channels, while the coke species were
produced in 12 MR channels.

To clarify the reaction mechanism of chloromethane
carbonylation, the surface species that formed on HMOR
were detected under different reaction temperatures at
1.0 MPa by in situ DRIFTs, as shown in Figure 4a. A
negative peak at 3600 cm™' is observed at 423 K due to the
interactions of CH;Cl and BAS. Simultaneously, bands
appeared at 2981, 2964, 2948, 2891, and 2864 cm™'. These
observations agreed with the results obtained under differ-
ent CH;Cl pressures, as shown in Figure S16. Combined
with our results and previous reports,'” these peaks at
2800-3000 cm™' were assigned to the methoxy groups
resulting from the dissociation of CH;Cl. Moreover, the
intensity of the five peaks decreased gradually with increas-
ing reaction temperature (423 to 573 K). Additionally, the
peak at ~1710cm™', ascribed to the acetyl group
(—COCHj;), was observed above 523K and gradually
increased with increasing temperature. These results indi-
cated that the reaction included the formation and con-
version of methoxy groups. Subsequently, the reaction
process via different feeding methods was conducted, as
illustrated in Figure 4b. After introducing CH;Cl at 523 K

Angew. Chem. Int. Ed. 2022, 202203859 (6 of 8)
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chromatograms of organic materials retained over HMOR and MOR-8
after 100 h. Reaction condition: 523 K, 2.0 MPa, (HMOR)

Pco =500 kPa, Pcy,c; =30 kPa, Py,o =1.6 kPa; (MOR-8) Po =500 kPa,
Pep,c1 =30 kPa, Py, =5.2 kPa, 3000 mLg,, ' h™"; the catalysts were
collected at 100 h in chloromethane carbonylation.

and 0.5 MPa, the adsorption of CH;Cl induced negative
peaks at 3601 cm ™, signifying that CH;Cl interacted with
BAS in HMOR. With time, the peaks of methoxy groups at
2989, 2981, 2964, 2948, 2891, and 2864 cm™' appeared and
were gradually enhanced. Moreover, the silver nitrate
solution became turbid after passing into the tail gas
(Figure S17). These results demonstrated that CH;Cl ini-
tially adsorbed on BAS, forming methoxy groups and HCL
When the feed gas was changed to CO, the methoxy group
peaks decreased until they disappeared. Simultaneously, the
peak of acetyl groups at ~1710 cm™ was enhanced with
reaction time. These observations revealed that the acetyl
group is formed via the reaction CO and methoxy group.
Therefore, the carbonylation reaction mechanism involved
two key steps: the formation of methoxy groups by the
dissociation of CH;Cl, and then the formation of acetyl
groups.

Based on the above results, the role of H,O in the
carbonylation of CH;Cl was further studied, as shown in
Figure 4c. Acetic acid and acetone were observed as the
main products without water, implying that carbonylation

© 2022 Wiley-VCH GmbH
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reactions of CH;Cl with CO were successfully processed.
Moreover, methanol was hardly observed, ruling out the
possibility of methanol carbonylation to acetic acid. After-
ward, acetone disappeared entirely with increasing CH;Cl
conversion and acetic acid selectivity once the appropriate
amount of H,O was introduced. These findings confirmed
that H,O could rapidly remove the acetyl groups to form
acetic acid. As expected, upon cutting off H,O again,
acetone appeared immediately and increased gradually,
accompanied by a decrease in CH;Cl conversion and acetic
acid selectivity. Therefore, it could be concluded that
methanol was not the intermediate in CH;Cl carbonylation,
and the presence of water helped to complete the catalytic
recycling, thereby accelerating the formation of acetic acid.
Furthermore, D,O was employed in chloromethane carbon-
ylation to understand the formation of acetic acid. As shown
in Figure 4d, acetic acid in the product collected at different
times was analyzed by GC-MS. The signal intensity ratio
between 61 and 60 gradually increased with prolonged time,
which indicated that the acetyl groups reacted with D,O to
form acetic acid. Thus, it can be concluded that acetic acid
can be formed via the hydrolysis of acetyl groups. Overall,
the reaction mechanism is proposed, as shown in Figure 5,
includes three steps: 1) CH;Cl was adsorbed on BAS in
MOR to form methoxy groups and HCI; 2) the methoxy
groups reacted with CO to generate acetyl groups; 3) the
acetyl groups were hydrolyzed by H,O to form acetic acid.

MOR-8 was employed under the optimized conditions,
as shown in Figure 6a. Unexpectedly, the average selectivity
to (AA+MA) was over 98% with approximately 12 %
CH;Cl conversion at 2.0 MPa and 523 K during 100 h, which
was higher than that over the Rh/Ac (94.6 %), as reported
by Fujimoto." Moreover, the stability of MOR-8 was
perfect, and higher than that of MOR during the 100 h, as
illustrated in Figures 6a and S18. As expected, the color of
spent MOR-8 was lighter than that of MOR (Figure S19). In
addition, the carbonaceous species trapped over MOR-8
were 2,4-dimethyl benzaldehyde, 2,4-diisopropyl phenol,
and 3,3,5,6-tetramethyl-1-indanone, and their amounts were
much lower than those over HMOR as shown in Figures 6b
and S20. Thus, selective poisoning of BAS in 12 MR
channels, terminating the further transformation of acetyl
groups generated on BAS of 8 MR side pockets into cokes,
was an effective method for enhancing activity and lifetime.

Conclusion

In summary, a novel strategy capable of producing acetic
acid via the carbonylation of CH;Cl using acidic zeolites was
proposed for the comprehensive utilization of methane. We
first demonstrated that the coupling of CH;Cl with CO and
H,0 occurred over acidic zeolites especially one-dimen-
sional with 8 MR or 10 MR. In particular, the high selectivity
of (AA+MA) reaching 99.3% could be obtained over
MOR-8 under the optimized conditions, which was superior
to that of Rh/AC under CH;I-free conditions. The BAS in
8-MR has been proven to be the main active site for
chloromethane carbonylation. Moreover, the reaction mech-
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anism was proposed, including the chemical adsorption of
CH;(l, the formation of acetyl groups, and the hydrolysis of
acetyl groups. These findings would present enormous
potential and advantages in the efficient and practical
transformation of methane into oxygenates in the future.
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Highly Selective Carbonylation of CH;Cl to
Acetic Acid Catalyzed by Pyridine-Treated
MOR Zeolite
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An innovative reaction strategy for the
transformation of methane into acetic
acid via CH;Cl carbonylation over H-
zeolites is reported. A 99.3 % acetic acid
(AA) and methyl acetate (MA) selectivity
was obtained over pyridine-pretreated
MOR at 523 K and 2.0 MPa. This strat-
egy enables efficient conversion of
methane into oxygenates under mild
conditions.
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