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Effect of chemical treatment of activated carbon as
a support for promoted dimethyl carbonate synthesis
by vapor phase oxidative carbonylation of methanol
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Abstract

The effects of chemical treatment of the support on the dimethyl carbonate (DMC) synthesis by vapor phase oxidative
carbonylation of methanol over carbon-supported Wacker-type catalysts promoted by CH3COOK are reported. N2 adsorption,
X-ray photoelectron spectroscopy (XPS) and FT-IR were used to characterize the textural and surface characteristics of carbon
support. XRD patterns and XP spectra of the catalysts were measured to determine the structure, the chemical environment
and the dispersion of palladium and copper species. Although acidic functional groups were found to be enriched on the
carbon support pretreated with HNO3 or air oxidation, the results show that the support pretreated with H2O and KOH or H2

reduction promoted the formation of the active Cu2Cl(OH)3 phase over the catalysts. An excellent correlation was observed
between the XRD peak intensity of Cu2Cl(OH)3 and the space–time yield (STY) for DMC production. The formation of active
copper phase by chemical pretreatment of activated carbon appears to be responsible for the variation of the performance for
DMC synthesis over the carbon-supported Wacker-type catalysts.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Dimethyl carbonate (DMC) is a nontoxic com-
pound that has recently attracted much attention as
an important green chemical in relation to environ-
mental problems[1]. DMC has been proposed for
use as a methylating reagent in place of methyl
halides and dimethyl sulfate, which are both toxic and
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corrosive, and as an intermediate in the synthesize
polycarbonates and isocyanates, thereby avoiding the
need to use phosgene[2]. DMC is also a candidate
for replacing methyltert-butyl ether (MTBE) as an
oxygen-containing additive for gasoline, due to its
high oxygen content[3].

Several routes have been developed for the possi-
ble production of DMC: (1) the phosgene–methanol
process, in which COCl2 is reacted with methanol,
obviously involving dangerous phosgene gas; (2) the
methyl nitrite route, in which methanol is first con-
verted into methyl nitrite (CH3–ONO) and then into
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DMC via reaction with CO. While this second scheme
is promising, it involves the use of two separate reac-
tors with two separate reaction schemes; (3) the liq-
uid phase oxidative carbonylation of methanol over a
slurry of CuCl produces significant amounts of DMC
[4], but this process is known to have technical draw-
backs of severe corrosivity and a short service life; (4)
the vapor phase oxidative carbonylation of methanol
using a heterogeneous supported catalyst[5–8]. Al-
though a commercial oxidative carbonylation process
utilizing the vapor phase approach has yet to be es-
tablished, this new process has recently been consid-
ered as the most promising way for DMC production
by offering advantages to overcome the shortcomings
associated with the commercial liquid process.

A number of catalytic supports, such as SiO2,
Al2O3, and zeolites as well as activated carbon, have
been extensively investigated in an effort to develop
more efficient heterogeneous catalyst systems for
vapor phase oxidative carbonylation of methanol to
DMC [5–8]. Carbon supports have been reported to
be superior to any other supports in terms of activ-
ity, selectivity, and longevity for this catalyst system.
Recently, a new type of Wacker-type PdCl2-CuCl2
catalyst supported on activated carbon, proposed by
Wang et al.[9], has been shown to be effective for the
gas phase DMC synthesis from oxidative carbonyla-
tion of methanol at atmospheric pressure. The effect
of alkali metal promoters on the catalytic performance
of the carbon-supported Wacker-type catalysts has
been investigated. Results demonstrated that the use
of CH3COOK as promoter of the carbon-supported
Wacker-type catalyst allows an efficient production
of DMC at a high space–time yield (STY) of 217 g-
DMC/(l-cat h).

On the other hand, it is well known that the carbon-
supported Wacker-type catalysts are highly active
for oxidation of carbon monoxide[10–18]. Previous
studies have shown that pretreatment of the support
can significantly affect the interaction between the
active phase and the support as well as the disper-
sion of the active species on the Wacker-type cata-
lysts for CO oxidation[18]. In the present study, the
carbon-supported PdCl2-CuCl2-CH3COOK catalyst
system has been investigated by the chemical pre-
treatment of the carbon support. The purposes are
to improve the catalytic activities of the heteroge-
neous Wacker-type catalysts for DMC synthesis by

oxidative carbonylation of methanol and CO and to
gain insight into the active forms of the metal species
supported on activated carbon.

2. Experimental

2.1. Preparation of support and catalyst

Five kinds of carbon supports were used to deter-
mine the effect of surface functional groups on DMC
synthesis from oxidative carbonylation of methanol.
Activated carbon (AC) was obtained from Beijing
Guanghua Co.; its particulate size was 40–60 mesh.
Surface-modified activated carbons were prepared by
chemical treatment with water, 5N HNO3 and 1N
KOH at 373 K for 3 h, followed by washing with dis-
tilled water and drying at 393 K for 12 h. These were
denoted as AC-1, AC-2, and AC-3, respectively, and
the carbons treated by H2 reduction or air oxidation
at 723 K for 3 h were labeled as AC-4 and AC-5,
respectively.

The catalysts were prepared by a wet impregna-
tion method to impregnate CH3COOK-premodified
support with an alcoholic solution of palladium and
copper. The CH3COOK-premodified support was
obtained by impregnation with aqueous CH3COOK
solution, followed by drying at 393 K for 2 h in an
oven before PdCl2–CuCl2 impregnation. The metal
precursors were PdCl2 (Acros, 99.9%), CuCl2·2H2O
(Aldrich, 99.9%) and CH3COOK (Aldrich, 99.9%).
Five kinds of supported Wacker-type catalysts (cat-
alyst WA-x represents a PdCl2-CuCl2-CH3COOK
catalyst system loaded on carbon support of AC-x)
were prepared, as described inTable 1. The loadings
of Pd and Cu for all catalysts were 0.45 and 3.2 wt.%,
respectively, and the mole ratio of CH3COOK:PdCl2
was 12:1 for all catalysts. All catalysts were stored
under ambient conditions before the reaction.

2.2. Characterization of catalysts

The textural parameters have been measured using
the BET method by N2 adsorption and desorption at
77 K in a Micromeritics TriStar system. The X-ray
powder diffraction (XRD) characterization of the
catalysts was carried out on a Germany Bruker D8
Advance X-ray diffractometer using nickel-filtered
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Table 1
Effect of support pretreatment on the catalytic performance of vapor phase DMC synthesis over carbon-supported Wacker-type catalysts

Catalyst Treated
with

XMeOH

(%)
SDMC/MeOH

(%)
S(MF + DMM )/MeOH

(%)
SDMC/CO

(%)
SCO2/CO

(%)
STY
(g-DMC/(l-cat h))

WA-1 H2O 7.3 97.7 2.3 28.5 71.5 389.7
WA-2 HNO3 3.3 63.4 36.6 3.8 96.2 109.8
WA-3 KOH 6.0 99.4 0.6 40.7 59.3 325.6
WA-4 H2 6.6 98.7 1.3 33.2 66.8 346.0
WA-5 Air 2.9 98.1 1.9 18.4 81.6 110.9

Reaction conditions: time on stream= 8 h, T = 403 K, CO/O2/MeOH = 22/6/44, GHSV= 4300 h−1.

Cu K� radiation (λ = 1.5418 Å) in the 2θ ranges
from 10 to 80◦. The X-ray Photoelectron Spec-
troscopy (XPS) experiments were carried out on a
Perkin-Elmer PHI 5000C ESCA system using Al K�
radiation (1486.6 eV). The spectrometer was operated
at a resolution of about 1 eV. Fourier transform in-
frared spectroscopy (FT-IR) spectra of the catalysts
were acquired in the 4000–400 cm−1 wavenumber
range, 100 scans being taken at 4 cm−1 resolution
using a Bruker Vector 22 instrument equipped with
a DTGS detector and a KBr beam splitter. Pellets
were prepared by mixing powdered sample and KBr
(Merck, for spectroscopy) at a sample/KBr weight
ratio of 1:100[18]. The spectrum of a similar mass
pellet, which was made with pure KBr and prepared
in the same way as the sample pellets, was recorded
and used as the background spectrum.

2.3. Gas phase oxidative carbonylation of methanol
to dimethyl carbonate

The gas phase DMC synthesis reaction by oxida-
tive carbonylation of methanol with carbon monoxide
and oxygen was investigated in a continuous flow sys-
tem with a fixed bed reactor at atmospheric pressure.
The reactor was made of a stainless steel tube having
an inner diameter of 10 mm and a length of 40 cm.
About 0.5 g of catalyst sample of 40/60 meshes was
packed in the tubular reactor and positioned between
two layers of glass bead beds. Methanol was intro-
duced by using a syringe pump into the pre-heater,
where it was vaporized and then entered the reac-
tor together with carbon monoxide and oxygen. The
flow rates of carbon monoxide and oxygen were con-
trolled by a mass flow controller. The reaction prod-
ucts on leaving the reactor passed through a cooling
trap and were separated by a gas–liquid separator. The

liquid products were weighted and measured with a
flame ionization detector (FID) equipped with a 30 m
capillary column of fused silica containing RSL 160
liquid phases for the separation of methanol, DMC,
methyl formate HCOOCH3 (MF), dimethoxy methane
CH2(OCH3)2 (DMM), and dimethyl ether CH3OCH3
(DME). The uncondensed gas products (O2, CO2 and
CO) were introduced to the GC through an on-line
six-way valve and were analyzed with a TCD detector
with a TDX-01 packed column.

3. Results and discussion

3.1. Catalytic activity of
PdCl2-CuCl2-CH3COOK/AC catalysts

The effect of surface treatment of carbon supports
on DMC synthesis via vapor phase oxidative carbony-
lation of methanol over carbon-supported Wacker-type
catalysts promoted by CH3COOK has been investi-
gated.Table 1compiles the catalytic data for methanol
oxidative carbonylation at 130◦C and the selectivity
to DMC. The table also shows the main by-products
(MF, DMM in liquid, CO2 in gas phase) based on
methanol and CO conversion for the catalysts ob-
tained from the carbon supports pretreated by vari-
ous methods. The selectivity to methanol for DMC
production is much higher than the selectivity to CO
over these five carbon-supported Wacker catalysts. In
addition, the conversion values of methanol over the
WA-1, WA-3, and WA-4 catalysts were observed to be
much higher than the other two counterparts. As can
be expected from the results of DMC yields, the cata-
lysts of WA-1, W-3 and WA-4 display a much higher
space–time yield (STY) for DMC synthesis than that
over WA-2 and WA-5 catalysts. Particularly, the best
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catalytic performance has been attained over a sample
of WA-1 with a 7.3% methanol conversion at a 97.7%
selectivity to methanol and the highest STY value
of 389.7 g-DMC/(l-cat h) for DMC synthesis. To our
knowledge, this value is remarkably higher than any
previously reported value for DMC production via va-
por phase direct oxidative carbonylation of methanol
[8,9].

The significant variations of the methanol conver-
sion and selectivity as well as the STY for DMC pro-
duction demonstrate that the catalytic performance of
the carbon-supported Wacker-type catalysts depends
strongly on the surface pretreatment method of the
carbon supports. The present results clearly indicate
that the catalysts supported on carbon pretreated with
gas or liquid oxidants exhibit much lower catalytic
activity and selectivity for oxidative carbonylation of
methanol to DMC. However, the catalytic performance
of the catalyst can be significantly improved by a sim-
ple pretreatment of carbon support by H2 reduction or
by exposure to boiling water and alkali solution.

The carbon-supported Wacker-type catalysts pro-
moted by CH3COOK have been shown to be active as
a catalyst in the oxidative carbonylation of methanol,
but their stability was found to be poor. As shown
in Fig. 1, the STY for DMC production increased
significantly in the initial 4 h along with the reaction,

Fig. 1. The catalytic performance of catalyst WA-1 as a function of time on stream. Reaction conditions:T = 403 K,
CO/O2/MeOH = 22/6/44, GHSV= 4300 h−1.

suggesting the presence of induction period for the
oxidative carbonylation reaction over catalyst of
WA-1. The catalytic performance of WA-1 achieved
a steady-state after 5 h on stream, however, the activ-
ity of WA-1 started to drop markedly after 11 h on
stream. It is notable that the selectivity for DMC pro-
duction based on methanol conversion remained very
high over all the time range of the reaction. It has
been reported that the main reason of deactivation of
supported Wacker-type catalysts could be attributed
to loss of surface chlorine[19]. The detailed investi-
gation for the reason of deactivation is being carried
out and will be reported in another paper.

3.2. Characterization of supports and catalysts

The physical properties were measured for the sur-
face modified activated carbon prepared by various
chemical pretreatments.Table 2summarizes the textu-
ral results for the five carbon supports as well as for the
corresponding Wacker-type catalysts. The five carbon
supports have almost the same pore size distribution
(PSD) and cumulative pore volume data, as shown in
Table 2. Other N2 adsorption data, such as BET sur-
face area and the shape of the adsorption–desorption
isotherms, were also quite similar. Hence, this ob-
servation indicates that surface modification of the



P. Yang et al. / Applied Catalysis A: General 243 (2003) 323–331 327

Table 2
N2 adsorption data for activated carbons and supported Wacker-type catalysts obtained by various chemical pretreatments

Sample SBET (m2/g) Sm (m2/g) Se (m2/g) Vt (ml/g) Vm (ml/g) R (Å)

AC-1 1299.7 806.8 492.9 0.65 0.37 20.1
AC-2 1321.3 780.9 540.3 0.67 0.35 20.2
AC-3 1329.7 917.2 412.4 0.67 0.41 20.1
AC-4 1240.6 861.1 379.5 0.62 0.39 19.9
AC-5 1354.8 838.2 516.6 0.69 0.37 20.3
WA-1 1084.3 663.6 420.7 0.55 0.30 20.4
WA-2 1076.2 656.8 419.4 0.54 0.30 20.4
WA-3 1036.2 640.8 395.4 0.52 0.29 20.2
WA-4 1029.4 694.7 334.6 0.52 0.31 20.2
WA-5 1063.8 605.7 458.1 0.54 0.27 20.5

SBET, Sm andSe represent BET, micro, and external area, respectively;Vt andVm are total and micro pore volume;R denotes the average
pore diameter.

carbon supports has been successfully made without
disrupting the original textural structures of AC[18].

Upon the introduction of the Wacker-type active
components, a dramatic decrease in the total BET
surface area and micro pore surface area over the
carbon-supported catalysts has been identified. The re-
sults inTable 2also demonstrate that the impregnation
of the PdCl2-CuCl2-CH3COOK would cause the loss
of the pore volume of the carbon materials. In contrast,
the average pore diameter of the catalysts is similar
to that of the unloaded supports. This result suggests
that the introduced PdCl2-CuCl2-CH3COOK species
would be preferentially deposited onto the wall of the
micro pore of the carbon supports, which results in a
more dramatic loss of the micro pore area as compared
to other N2 adsorption data, as shown inTable 2.

FT-IR spectra were obtained to observe the differ-
ences in the surface functional groups of activated
carbon supports subjected to different chemical pre-
treatments. The activated carbon pretreated with boil-
ing water (AC-1) has a broad envelope band over
1000–1300 cm−1, a broad asymmetric band over
1400–1600 cm−1 and a small band at 1385 cm−1, as
shown in Fig. 2. Upon oxidation pretreatment with
HNO3 and air at elevated temperatures, the intensity
of bands observed in AC-1 was strengthened and a
new band at 1717 cm−1 appeared in AC-2 and AC-5.
Upon reduction treatment with H2, the small band at
1385 cm−1 disappeared in AC-4 as compared to the
AC-1 sample. For AC-3 treated with KOH, the inten-
sity of bands observed in AC-4 was intensified. It was
previously reported[18,20] that bands at 1100–1450,

1580, and 1550–2050 cm−1 could be related to C–O
stretching, polyaromatic C=C stretching, and C=O
stretching modes, respectively. The band at 1717 cm−1

that appeared in samples AC-2 and AC-5 can be at-
tributed to the stretching vibrations of C=O moieties
in carboxylic, ester, lactone and in quinone and/or
ion–radical structures[21]. The present FT-IR data
demonstrate that acidic surface oxygen groups are
enriched and diversified over activated carbon upon
oxidizing treatment with HNO3 and air. On the other

Fig. 2. FT-IR spectra of carbon supports with various chemical
pretreatments.
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Fig. 3. XP O 1s core level spectra of the chemically pretreated
activated carbons.

hand, basic surface oxygen groups such as quinoidic
groups are formed over sample AC-3 treated with
KOH, and surface oxygen groups are dramatically
reduced over sample AC-4 treated with H2 reduction.

The surface concentration as well as the types of
the oxygen groups on the carbon supports has been
directly measured using XPS.Fig. 3 depicts the XP
O 1s spectra of the carbon supports treated with
different methods. The high-resolution O 1s spectra
of sample AC-1 shows a symmetrical broad peak
centered around 531.7 eV and AC-2 shows a more in-
tense symmetrical peak centered at 532.3 eV, whereas
AC-5 show asymmetric peaks centered at 532.4 eV
with a shoulder at 536.2 eV. AC-3 shows two peaks

Table 3
Results of XPS analysis for chemically pretreated activated carbons

Sample O/C mole ratio O 1s peaks (%)

Peak 1 (530.4–530.8 eV) Peak 2 (532.4–533.1 eV) Peak 3 (534.8–535.6 eV)

AC-1 0.10 27.7 56.9 15.4
AC-2 0.22 12.4 65.3 22.3
AC-3 0.17 62.2 – 37.2
AC-4 0.09 17.7 72.5 9.8
AC-5 0.19 14.4 64.2 21.4

centered at 531.0 and 534.8 eV, respectively, and
sample AC-4 has a O 1ssignal centered at 531.8 eV.
The O 1s spectra for all carbon supports have been
resolved into two or three individual component
peaks representing basic surface oxygen groups cor-
responding to quinoidic C=O groups (Peak 1, BE=
530.4–530.8 eV), C–OH and/or C–O–C groups (Peak
2, BE = 532.4–533.1 eV), and chemisorbed oxygen
and/or water (Peak 3, BE= 534.8–535.6 eV)[21,22].

Table 3compares the O/C mole ratio and the type of
oxygen species in the O 1s region of carbon supports.
The O/C ratios of AC-2, AC-3, AC-5 samples are
much higher than those for samples of AC-1 and AC-4.
The results demonstrate that the treatment with oxida-
tion and KOH results in the enrichment of the surface
oxygen groups, whereas treatment with surface reduc-
tion leads to a notable decrease of the surface oxygen
concentration, in excellent agreement with the above
FT-IR data. The ratio of three O 1s peaks represent-
ing different surface oxygen groups is observed to be
substantially different for carbon supports treated with
different methods. The increase in O 1s peak inten-
sity at BE around 534.8–535.6 eV on carbon supports
treated with HNO3, air and KOH could be explained
in terms of increasing of the surface chemisorbed oxy-
gen and/or water[21]. The remarkable decrease in
the concentration of the oxygen species with BE lo-
cated at 534.8–535.6 eV for H2-treated carbon sup-
ports as compared to all other samples suggests that
the chemisorbed oxygen can be easily removed by H2
reduction. It should be noted that the O 1s signal in
sample AC-3 has a much higher oxygen component at
BE of 530.4–530.8 eV. This finding shows that the re-
markable increase in surface concentration of the ba-
sic surface oxygen groups such as quinoidic groups
has been achieved on the KOH-treated carbon support
[22].
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Table 4
Surface compositional results for carbon-supported catalysts ob-
tained from XPS analysis

Catalyst Cu (%) Pd (%) K (%) Cl (%) Cl/(Cu+ Pd)

WA-1 22.1 0.08 1.80 7.31 0.33
WA-2 1.65 0.07 1.53 1.87 1.09
WA-3 18.7 0.30 0.71 7.47 0.39
WA-4 28.2 0.19 0.77 7.67 0.27
WA-5 1.40 0.12 3.44 1.58 1.04

In order to obtain information on the location and
distribution of the active components on the supports,
XPS analysis of the catalysts supported on activated
carbons has been carried out. An illustration of the
XPS results is shown inTable 4. The surface concen-
tration and distribution of Cu, Pd and K species ob-
tained from XPS characterization were quite different
for these five samples, though the same amounts of cat-
alytic components have been employed in the catalyst
preparation procedure. The active Cu and Cl compo-
nents are enriched on the surface of the catalysts upon
the pretreatment using water, H2 and KOH, whereas
the treatment with HNO3, in air gives the opposite re-
sult. On the other hand, the K component is enriched
on air-treated carbon-supported catalyst as compared
to the catalysts treated with other methods. This obser-
vation can be well understood by taking into account
the fact that the HNO3-treated carbon support has a
much higher population of acidic oxygen functional

Fig. 4. X-ray diffractogram of the carbon-supported Wacker-type catalysts: (a) WA-1, (b) WA-2, (c) WA-3, (d) WA-4 and (e) WA-5.

groups than the other supports. It should also be noted
that the mole ratio of Cl/(Cu+ Pd) on all five cata-
lysts was much<2, suggesting that a substantial part
of the Cl− anions are lost during the procedure of cat-
alyst preparation. This phenomenon has been reported
earlier[23].

To gain an insight into the relation between the
catalytic performance and the active phase, XRD pat-
terns of the carbon-supported catalysts were recorded
and are shown inFig. 4. No peaks related to Pd
species can be observed, indicating a highly dis-
persed nature for palladium on the carbon support.
In addition to the broad peaks due to the amorphous
support, only peaks with different intensities corre-
sponding to Cu2Cl(OH)3, KCl and Cu(OHCl)2·2H2O
are observed. Supported catalysts WA-2 and WA-5
show very weak intensity of Cu2Cl(OH)3 phase. This
indicates that the acidic surface functional groups do
not effectively promote the formation of an active
copper phase, Cu2Cl(OH)3, for these two catalysts.
However, the strong diffraction peaks representing
the Cu2Cl(OH)3 and KCl phases are observed over
WA-1, WA-3 and WA-4. Hence, the present XRD
results suggest that a carbon support with basic sur-
face functional groups favors the formation of active
Cu2Cl(OH)3 phases, in excellent accord with the re-
sults obtained from XPS and FT-IR characterization.

The effect of the copper phase on CO oxidation
over supported Wacker-type catalysts was previously
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Fig. 5. Comparison between the normalized XRD intensity of Cu2Cl(OH)3 peak at 2θ ≈ 16◦ and the STY for DMC production over the
carbon-supported catalysts after various chemical pretreatments.

studied by Park et al.[15,17,18], who reported that
the XRD intensity of the Cu2Cl(OH)3 phase of a
catalyst was closely correlated with its catalytic ac-
tivity. A recent XRD characterization of the diethyl
carbonate (DEC) synthesis catalysts by Punnoose
et al. has also shown an excellent correlation between
the Cu2Cl(OH)3 phase concentration and the yield
for DEC production over activated carbon-supported
CuCl2-PdCl2 catalysts [24]. It is therefore highly
interesting to make a comparison between the cat-
alytic activity of the carbon-supported catalysts and
the results obtained from XRD analysis.Fig. 5 shows
the comparison between the relative changes in the
intensity of the main Cu2Cl(OH)3 Bragg peak near
2θ ≈ 16◦ and STY for DMC production over the
catalysts supported on activated carbons with various
surface pretreatments. An excellent correlation is ob-
tained for the five catalysts, suggesting the key role

Scheme 1. The redox cycles of the carbon-supported Wacker-type catalyst system involved in oxidative carbonylation of methanol to
dimethyl carbonate (DMC).

played by Cu2Cl(OH)3 phase in the production of
DMC.

In this study, the effects of surface oxygen groups of
carbon on the vapor phase DMC synthesis by oxida-
tive carbonylation of methanol over carbon-supported
Wacker-type catalysts have been examined and the
phase and the chemical distribution of the active
species have been studied. We have experimentally
demonstrated the formation of a well-defined copper
solid phase, Cu2Cl(OH)3, in XRD patterns for highly
active catalysts such as WA-1, WA-3 and WA-4. This
observation indicates clearly that the active copper
phase is formed by an interaction between the copper
precursor and the surface functional groups, which can
be selectively produced by surface pretreatment of the
carbon supports using various convenient chemical
methods. We suggest that the overall chemistry of oxi-
dation carbonylation of methanol is somewhat similar
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to the well-known CO oxidation Wacker process in the
presence of a heterogeneous PdCl2-CuCl2 catalyst.
The reaction scheme is illustrated inScheme 1, based
on the present experimental observations as well as
some results from the literature[18]. Thus, initially the
Pd(II) species is reduced to Pd(0) by carbon monox-
ide, and then the Pd(0) is reoxidized to Pd(II) species
by a Cu(II) compound which is reduced during this
process into Cu(I) species. The formation of catalyt-
ically active Cu(I) species is important for oxidative
carbonylation of methanol to DMC. In this process,
the Cu2Cl(OH)3 phase is believed to perform better
than other copper phases for the accomplishment of
the surface redox cycles to maintain the presence of
catalytically active Cu(I) species over the catalysts.

4. Conclusion

The surface nature of activated carbon used to pre-
pare supported Wacker-type catalysts can be effec-
tively improved by chemical pretreatment with HNO3,
water and KOH or by air oxidation and H2 reduction.
It was found that acid carboxylic and carbonyl groups
are enriched on the carbon support pretreated with
HNO3 or air oxidation. Meanwhile, treatment of the
carbon supports with KOH, water or H2 reduction en-
riches the basic surface oxygen groups and promotes
the formation of an active copper phase, Cu2Cl(OH)3.
The enhanced basic surface nature and the formation
of the active copper phase appear to be responsible for
the improved catalytic performance for DMC synthe-
sis by vapor phase oxidative carbonylation of methanol
over a heterogeneous Wacker-type catalyst supported
on activated carbon.
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