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Abstract The CuO dispersed on ZnCr,O, -catalysts
derived from Cu—Zn—Cr hydrotalcite like layered double
hydroxide precursors with varying Zn/Cr ratios have been
synthesized, characterized by BET—Surface area, X-ray
diffraction (XRD), temperature programmed reduction
(TPR), electron spin resonance (ESR), N,O titrations and
the activities were evaluated for single step dimethyl ether
(STD) synthesis from syngas. It is observed that the copper
species were in highly dispersed state over Cu—ZnO—-Cr,03
at high Zn/Cr ratios while the copper cluster were present
at low Zn/Cr ratios. The ESR analysis revealed signals due
to isolated Cu®* at high Zn/Cr ratios and clustered Cu** at
low Zn/Cr ratio in fresh catalysts and only Cr** species in
used catalysts. The TPR results indicated that the reduction
peak shifted to high temperatures with an increase in
chromium content due to large copper crystallites, which
was supported by XRD analysis. The conversion of syngas
to DME was well correlated with the copper metal surface
areas, indicating that STD synthesis can be controlled by
methanol synthesis rate.
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1 Introduction

Single step dimethyl ether synthesis from syngas is mainly
composed of methanol synthesis, methanol dehydration
and water gas shift reaction.

CO + 2H, <« CH;0H Methanol synthesis
2CH;OH < CH3OCHj3; + H,O Methanol dehydration
CO + H,0 <~ CO, + H,O Water gas shift reaction

Single step dimethyl ether synthesis from syngas
has technological advantages over the two step process
of methanol synthesis and the following methanol
dehydration. The advantages being (1) high one-through
conversion in thermodynamic point of view [1] and (2) low
operating cost in the economic point of view [2]. The STD
synthesis has been conducted on the admixed catalysts of
methanol synthesis and methanol dehydration. For the STD
synthesis, the methanol synthesis catalysts were chosen
from Cu/Zn oxides dispersed on Al,O3 and/or Cr,O3 sys-
tems, while methanol dehydration is carried out over solid
acid catalysts [3—6]. The effects of solid acid catalysts on
STD synthesis from syngas were studied with the admixed
catalysts of Cu/ZnO/Al,O3 and ZSM-5 [7]. However, STD
synthesis rates are not dependent on the acidity of the solid
acid catalysts, but on the amount of methanol synthesis
catalysts in the admixed catalysts, although methanol
dehydration rate is closely proportional to the acidity of the
solid acid catalysts. Therefore, it is suggested that the STD
reaction rate on the admixed catalysts could be dependent
on methanol synthesis rate, over the solid acid catalysts
with moderate acid sites such as y-Al,O3 are used. It is in
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general agreement that methanol synthesis rates are pro-
portional to Cu metal surface areas, although the higher
activity of Cu—Zn based catalysts for methanol synthesis
has been studied for several decades in the aspects of
electronic properties of Cu and ZnO [8], stabilizations of
special morphologies [9, 10], spillover phenomena
[11-14], and specific interaction at the Cu/ZnO interface
[15]. Tt is reported that methanol synthesis rates are linearly
proportional to Cu surface areas irrespective of the sup-
ports [16]. Another important aspect is the synergistic
effect of Cu and ZnO are suggested for methanol synthesis.
Nevertheless, it is shown that linear correlations of rate of
methanol synthesis with Cu metal surface areas are
obtained but the slopes of the curves dependent upon the
support material [17-20]. The stability of Cu/ZnO catalysts
has been discussed in view of the sintering of Cu via brass
formation [21-24]. It is suggested that the sintering of Cu
via brass formation could be prevented in Cu—ZnO-Cr,03
catalysts obtained from Cu-Zn-Cr hydrotalcite-like pre-
cursor [25]. Thermally stable catalysts are required because
STD synthesis is highly exothermic reaction as compared
to methanol synthesis. Therefore, Cu—Zn—Cr catalytic
systems prepared by the hydrotalcite-like precursor are
used for STD synthesis in this study. It is generally known
that precursors of copper containing hydrotalcites are very
sensitive towards thermal treatments and the copper dis-
persion is dependent upon the preparation conditions such
as pH, Zn/Cr ratios and dispersing agent. This paper
illustrates the synthesis and characterization of Cu on
ZnO-Cr,03 matrix derived from the Cu-Zn—Cr layered
double hydroxide (LDH) precursors. A series of Cu—ZnO-
Cr,05 (with Zn/Cr = 1.2-6.8) catalysts have been syn-
thesized and characterized. The conversions of CO to DME
synthesis are evaluated on the admixed catalysts composed
of Cu—Zn—Cr and y-Al,O;.

The physico-chemical properties of Cu—ZnO-Cr,O3
catalysts, which were elucidated by BET—surface area, X-
ray diffraction (XRD), electron spin resonance (ESR),
temperature programmed reduction (TPR) analyses, and
N,O titrations are very well correlated with the conversion
of syngas to DME.

2 Experimental
2.1 Catalyst Preparation

Cu—Zn—Cr hydrotalcite-like precursors were prepared by
coprecipitation method with constant Cu and various Zn/Cr
mole ratios in order to investigate its influence on copper
dispersion, since the copper particles are dispersed and sta-
bilized by ZnO and Cr,0;. In a typical method, required
amounts of copper, zinc and chromium nitrate salts were

dissolved in 600 mL of distilled water (solution A) and a
solution B containing 2 M NaOH and 1 M Na,COj;
(1:1 = v/v) were added simultaneously to 2.0 L of distilled
water under vigorous stirring. The mole ratios of Cu:Zn:Cr of
the prepared catalysts denoted as CZC were 7:6:0.88 (CZC-
6.8), 7:5.3:1.6 (CZC-3.3), 7:4.6:2.4 (CZC-1.9), 7:3.8:2.7
(CZC-1.4) and 7:3.6:2.9 (CZC-1.2) respectively. The CZC-
X indicates the mole ratio of Zn/Cr = X. A constant pH
~ 8.9 is maintained while adjusting the flows of solution A
and solution B during the co-precipitation of the samples.
The coprecipitation was carried out at room temperature and
the precipitate was aged for 1 h, washed several times until
pH of the gel reached the pH of the distilled water. The
residual Na concentration is found to be <0.03% by atomic
absorption spectroscopy. The resulting precipitate was fil-
tered, oven dried at 100 °C for 24 h and calcined in static air
at 400 °C/3 h at a ramping rate of 4 °C/min. For the com-
parison, the Zn-Cr (Zn:Cr = 3:1 mol ratio) and Cu—Cr
(Cu:Cr = 1:1 mol ratio) samples were prepared under sim-
ilar conditions adopted as mentioned above [26].

2.2 Characterization

The BET-surface areas of the calcined catalysts were
obtained by means of dinitrogen physisorption at ca. 77 K
using a Micromeritics ASAP 2000 instrument. Prior to the
measurements, the catalysts were degassed at 120 °C for
0.5 h. The X-ray diffraction analysis of the oven dried and
calcined samples were carried out in the 26 range from 5 to
90° using a Rigaku Diffractometer employing Ni filtered Cu
K.. radiation at 40 kV and 126 mA. The temperature pro-
grammed reduction (TPR) and the N,O decomposition were
carried out using a fixed bed reactor connected to a GC with
thermal conductivity detector. For TPR analysis 5% dihy-
drogen in Ar was used. In case of N,O titrations, Porapak
N column was used for the N,O and N, separation. About
30-80 mg of catalyst loaded was reduced in 5% H,/Ar
stream at 250 °C for 1 h and the N,O titrations were carried
out at 90 °C. Several replicate experiments were carried out
and the averaged value was chosen for Cu metal surface
areas. In this investigation, a surface copper density of
1.46 x 10" atoms/m? was used for the copper metal area
calculations [27]. The Electron Spin Resonance (ESR)
analysis was performed at room temperature using JEOL,
JES-FA200 ESR spectrophotometer by X-band equipment
with an operating frequency v = 9.029 GHz.

2.3 Activity Measurements

DME synthesis was carried out using a fixed bed micro
reactor loaded with finely mixed catalysts composed of
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0.5 g of activated methanol synthesis catalyst (Cu—Zn—Cr)
and 0.5 g of methanol dehydration catalyst i.e. y-Al,Os.
Prior to the reaction the catalysts were reduced in a stream
of 5% H,/Ar in a sequential reduction steps as follows: 1st
step: treatment at 100 °C/0.5 h, 2nd step: reduction at
180 °C/0.5 h, 3rd step: reduction at 240 °C/2 h, 4th step:
reduction at 280 °C/0.5 h. The activity of the catalysts for
the STD synthesis was tested under the reaction conditions
of the H,—CO ratio of 1.5, a GHSV of 6000 h_l, pressure
of 600 psig and the reaction temperature ranges from 240
to 270 °C. The reaction mixture was passed through a
purifier in order to eliminate traces of water, oxygen and
iron carbonyl that would deactivate the catalyst. The
effluent gas mixture was analyzed by an on-line gas
chromatograph equipped with thermal conductivity detec-
tor using Porapak Q column. The experimental error in the
evaluation of the catalysts was found to be +2% unless
otherwise mentioned.

3 Results

3.1 Activity Dependence on Copper Metal Surface
Area

DME synthesis rates on the admixed catalysts of the pre-
pared Cu/ZnO/Cr,O; and y-Al,03 were plotted with
respect to Cu surface areas as shown in Fig. 1. The STD
reaction rates, 1., increased proportionally with Cu metal
surface area, suggesting that the DME synthesis rates are
directly proportional to the copper metal surface area. In
previous results, DME synthesis rates increased with an
increase in amounts of Cu in Cu/ZnO based catalysts in the
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Fig. 1 The relationship between syngas conversion and copper metal
surface area measured by N,O titrations
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admixed catalysts [7]. This increase is found to be equiv-
alent to the increase in specific Cu surface areas of the
admixed catalysts. There is general agreement that rate of
methanol synthesis is well correlated with Cu surface area,
although one slope independent on Cu supports was sug-
gested by some authors and different slopes dependent on
Cu supports were done by the other authors [28]. There-
fore, this experimental result supports that the STD
reaction rate on the admixed catalysts could be dependent
on methanol synthesis rate. It means that methanol syn-
thesis rate on Cu—Zn—Cr,0j5 catalyst part in the admixed
catalysts can be much lower than methanol dehydration on
y-Al,O3 part in STD synthesis reaction.

3.2 BET Surface Area and XRD Analysis

The BET surface areas of the calcined samples, the crys-
talline phases of the oven dried and calcined samples of
Cu—Zn—Cr catalysts, and Cu metal surface areas by N,O
titration are reported in Table 1. The BET surface areas of
Cu-Zn—Cr,0; catalysts are in the range of 41.4-63.6 m*/g
and no dependency of the BET surface areas on the ratios
of Zn to Cr is found. The XRD patterns of the oven-dried
samples reveal the diffraction lines of Cu—Zn—-Cr LDH
structure as shown in Fig. 1 [29, 30]. The XRD patterns
show the decrease of crystallinity with an increase in
chromium loading. At high Zn/Cr ratios the diffraction
lines were intense and sharp. The intensities of Cu—Zn—Cr
HT peaks increased with an increase in Zn concentration
and Frost and Ding report similar phenomenon at high zinc
concentration over Cu—Zn—Cr HT samples [31]. For com-
parison purpose, the Zn—Cr (mole ratio = 3/1) and Cu-Cr
(mole ratio = 1/1) are also prepared under identical prep-
aration conditions and their diffraction patterns are shown
in Fig. 2. Presence of CuO phase in oven dried samples is
ascribed to the Jahn-Teller effect due to the deviant
behavior of copper when the Cu/Zn ratio >1 is maintained
in the ternary Cu—Zn—Cr catalysts [32].

XRD patterns of the calcined samples are shown in
Fig. 3 and the observed phases are reported in Table 1. The
HT structure of Cu-Zn—Cr collapsed upon thermal
decomposition in air at 400 °C/3 h. Phases due to CuO
[ICDD: 80-0076] and ZnO [ICDD: 89-1397] are predom-
inant and the ZnCr,04 phase [ICDD: 22-1107] is minor in
intensity. It is also observed that some of the diffraction
lines of ZnO and ZnCr,0O, are superimposed. The inten-
sities of CuO and ZnO peaks increased with an increase in
Zn/Cr ratio up to 1.9 and the ZnO characteristic peaks were
predominant at Zn/Cr ratio higher than 1.9. This indicates
the high interaction between CuO and ZnO particles at high
Zn/Cr ratios. The very weak diffraction lines due to
CuCr,0O, [ICDD: 72-1212] are observed over Cu/Cr,Os3
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Table 1 Physico-chemical

characteristics of the Cu—Zn—Cr Catalyst ?n}fg—)SA i(\i]r? tried XRD calcined XRD used EIIZI 1;112;71()6 ?;3/ )
catalysts prepared by & - -
coprecipitation method at pH CZC-6.8 57.9 HT, CuO  CuOM), ZnO(M), Cu’(m), ZnOM), ~ 6.91 52
~8.9 £ 0.1, calcined in air at
400 °C/3 h chr204(m) ZnCr204(w)

CZC-33 63.6 HT, CuO CuO(M), ZnO(M), Cu’(M), ZnO(M),  6.69 6.5

ZnCr204(m) ZnCr204(w)

CZC-19 47.1 HT, CuO CuO(M), ZnO(m), Cu’(m), ZnOM),  6.55 2.9
HT, Hydrotalcite-type structure ZnCrO4(m) ZnCryOy4(w)
M, Major CZC-14 509 HT, CuO CuO(M), ZnO(m) Cu’M), ZnO(m), 6.85 1.44
m, minor ZnCry,O4(w)
w, weak CZC-12 414 HT, CuO CuO(M), ZnO(m), Cu’M), ZnO(m), — 0.92
H, uptake, the hydrogen uptakes CuCr,04 (m) ZnCrO4(w)
measured from the TPR analysis 7n—Cr 18.6 HT ZHO(M), chr204(m) _ _ _
SCu, Copper metal surface area Cu-Cr 37.5 HT CuO(M), Cucr204(m) _ _ _

measured by N,O titration

and the Cu/ZnO/Cr,03 (Zn/Cr mole ratio = 1.2) samples.
None of the catalysts showed diffraction lines due to Cr,O3
phase even at low Zn/Cr = 1.2, this is possibly due to

B Cu-Zn-Cr HT @® — CuO 1

CZC-3.2 |
M\w’v\m nan

cps

5 20 40 60 80 90
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Fig. 2 The XRD patterns of the oven dried Cu—Zn—Cr samples

amorphous nature of Cr,O; or might be due to an inter-
action of Cr,03; with ZnO particles at high Zn/Cr and with
CuO at low Zn/Cr ratios present in the catalyst [33]. From

O —2ZnCr0,
® — ZnO

2theta (deg.)

Fig. 3 The XRD patterns of the calcined Cu—Zn—Cr catalysts (CZC-X)
X = Zn/Cr ratio
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this it can be concluded that higher is the interaction
between Cu and Zn, lesser is the possibility of Cu and/or
Zn—Cr,0, formation.

After DME synthesis reactions under the condition at
temperatures of 240-270 °C, at 40.8 atm, and the GHSV
of 6000 h_l, the used admixed catalysts of Cu/ZnO/
Cr,053 and 7-Al,O5 are subjected to XRD analysis and
their patterns are reported in Fig. 4. Diffraction lines due
to metallic copper [ICDD: 85-1326] and ZnO [ICDD:
89-1397] phase are observed. The catalysts with low Zn/
Cr ratios displayed strong lines due to metallic copper as
compared to those with high Zn/Cr ratios. The CuO
peaks in calcined samples (Fig. 3) disappeared after the
syngas reaction, which is due to the reduction of Cu**—
Cu’ phase [34]. It is also observed that CuCr,O, peak
intensities decreased in used catalysts as compared to
fresh catalysts.

3.3 Electron Spin Resonance analyses (ESR)

The ESR spectroscopy is used to investigate the para-
magnetic species of Cu**, Cr** and Cr’* present in the Cu—
Zn—Cr catalysts. The room temperature ESR spectra of the
fresh and used catalysts are shown in Figs.5 and 6
respectively. From Fig. 5 it is evident that the peak shapes
of the signals attributed to Cu®* changed with increase in

' ! ' _ o
O. O-ZnCr204 ®-7n0 O-Cu ]

[czc-6.8 9

cps

[czC1.2

i
I
I
1
1
1
[
[
[
i
'
n]
T
N
'
Nl
[
Nl
'
I
N
I
I
[
it
'
1!
1
L
'
i
i
i
'
1
I
It
[
'
L
]
Il
I
t
i

20 40 60 80
2theta (deg.)

Fig. 4 The XRD patterns of the used Cu—Zn—Cr catalysts (CZC-X)
X = Zn/Cr ratio
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Fig. 5 The ESR spectra of the calcined catalysts; (a) CZC-6.8,
(b) CZC-3.3, (c) CZC-1.9, (d) CZC-14, (e) CZC-1.2

Zn/Cr ratio and the spectra are anisotropic with clearly
defined g, and g, regions as expected for Cu®* ions in a
surrounding with axial symmetry. The well-resolved
hyperfine structure due to isolated Cu?* species appeared at
gy = 2.355, and A = 12.1 mT, and the unresolved pattern
at g, = 2.104 and A, over CZC-6.8 and CZC-3.3 cata-
lysts. These experimental results are in good agreement
with the reported literature [35-37]. At low Zn/Cr ratios
(Fig. 5c, d) the peaks are broadened and shifted to higher
values and the broad signals are probably due to the crrt
species present in the catalyst [38]. The broad ESR signal
of Cr’* can be due to CuCr,04 species [39], which is
observed at low Zn/Cr ratios in XRD analysis. This result
suggests the g, region, which is ascribed to isolated Cu®*
species and is disappeared over the catalysts with low Zn/
Cr ratios while the g, region, ascribed to the Cr’* species,
appeared. It could be explained as to the participation of
some part of Cu?* ions in the formation of an oxide com-
plex and/or a copper chromate particularly over CuO-
ZnO-Cr,O5; with Zn/Cr = 1.2 and the XRD analysis
showed CuCr,O4 phase supporting this explanation [40].
Lack of hyperfine structure (Fig. 5c—e) at low Zn/Cr ratios
is due to the CuO cluster formation that is also demon-
strated in (Fig. 3) XRD analysis. Signals due to Cr’*
species could not be seen in all the samples.

The ESR patterns of the used catalysts are shown in
Fig. 6. Highly symmetrical broad signals, attributed due to
Cr** centered at 328.0 mT with corresponding g = 1.97,
are observed the peaks with line widths of 56.4, 61.9, 59.9,
52.9, 43.0 mT for Cu—Zn-Cr of Zn/Cr = 6.8, 3.3, 1.9,
1.33, 1.2 catalysts respectively [41]. These crt species are
ascribed due to the presence of ZnCr,0y in the catalyst and
it is unlikely that these species belong to CuCr,O, since
XRD patterns of the used catalysts did not show any peaks
due to CuCr,O, phase. Cu®* signals are not observed in
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Fig. 6 The ESR spectra of the used catalysts; (a) CZC-6.8, (b) CZC-
3.3, (¢c) CZC-1.9, (d) CZC-14, (e) CZC-1.2
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Fig. 7 The TPR profiles of the fresh calcined Cu—Zn—Cr catalysts

used catalysts indicating that all Cu?* species are in the
reduced form.
3.4 Temperature Programmed Reduction (TPR)

The temperature programmed reduction profiles of the
fresh catalysts are shown in Fig. 7. The CuO/Cr,O5 sample

showed a reduction peak (T,,.x ~230 °C) with a shoulder
and the ZnO/Cr,05; sample showed a single reduction peak
at 325 °C. These results indicate that copper oxide in the
proximity of chromium particles undergoes reduction
below 270 °C and the chromium oxide in the proximity of
zinc oxide particles completely was reduced at 350 °C.

It is also observed that the copper oxides in Cu—ZnO—
Cr,05 samples are reduced in three stages and these peaks
are presumably due to dispersed copper oxide, CuO inter-
acted with ZnO or ZnCr,0, phase and the clustered CuO.
The reduction peak is slightly shifted toward high tem-
peratures with an increase in Cr content. The small
reduction peak at the temperature below 200 °C can be
assigned to the finely dispersed CuO. The dispersed Cu** is
reduced at temperatures lower than the clustered/bulk CuO
species [42]. The intensity of the peak at the temperature
below 200 °C is clearly observed to be high with CZC-6.8
and CZC-3.3 catalyst, while it is too little with CZC-1.4
and CZC-1.9 catalysts. In ESR analysis, the isolated cu*t
species are observed with CZC-6.8 and CZC-3.3 catalysts,
but disappeared with CZC-1.4 and CZC-1.9 catalysts. The
peak at about 220 °C is due to sequential reduction of bulk
Cu?* into Cu® and the peak at 249 °C is probably due to
strongly interacted copper oxide either with ZnO or
ZnCr,0, phase. The shift in reduction peak towards high
temperatures (Fig. 7) with an increase in chromium content
(at low Zn/Cr ratios) indicates the formation of large CuO
cluster as also evidenced in the XRD analysis (Fig. 3).

3.5 N,O Titrations

The copper metal surface areas of the fresh catalysts
measured by N,O titrations are reported in Table 1. The
Cu/ZnO/Cr,05 samples with the high Zn/Cr ratio showed
copper metal surface areas higher than the samples with
low Zn/Cr ratio. From this it is reasonable to note that
CZC-3.3 (Scu = 6.5 m%/g) and CZC-6.8 (Scy = 5.2 m?/g)
catalysts produce finely dispersed copper on the catalyst
surface. The Cu metal surface areas of CZC-1.2, CZC-1.4
and CZC-1.9 with low Zn/Cr ratio are 0.92, 1.44 and
2.6 m?/g, respectively. The high copper metal surface areas
of CZC-3.3 and CZC-6.8 can also be supported from the
ESR analysis (Fig. 5a, b). The strong axially symmetrical
signals over CZC-3.3 and CZC-6.8 catalysts at g, = 2.35
are generally attributed to highly dispersed or isolated Cu**
species interacted with support material. As shown in
Fig. 4, the broad reflections of CuO and ZnO phases over
CZC-3.3, CZC-6.8 catalysts suggest that copper particles
are in intimate contact with ZnO matrix [43]. On the
contrary, XRD patterns of CZC-1.2, CZC-1.4 and CZC-1.9
catalysts showed (Fig. 3) sharp CuO peaks which can be
assigned to the CuO cluster, which is also evidenced from
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Fig. 8 The CO conversion over Cu—Zn—Cr catalysts with respect to
the Zn/Cr ratio at the temperature of (a) 240 °C, (b) 250 °C, (c)
260 °C, (d) 270 °C

the asymmetrical peaks with narrow line width and the
disappearance of isolated Cu®* species in the g, = 2.35
region as shown in Fig. 5 (ESR analysis). From this
observation, it can be concluded that ZnO plays an
important role to disperse copper on the catalyst surface by
increasing the isolated Cu*? in the calcined samples.

3.6 Activity Measurements

The temperature dependence on CO hydrogenation activi-
ties are reported in Fig. 8. Increase in reaction temperature
increased CO conversion was up to 270 °C over all the
catalysts. The catalysts showed higher CO conversions at
high Zn/Cr ratios and maximum is found over the catalyst
with Zn/Cr = 3.3. The STD synthesis rate is proportional
to the copper metal surface areas of the catalysts as
observed from Fig. 1. The selectivity towards DME is ~70
and 30% towards CO, over all the catalysts. The activities
of Zn—Cr and Cu-Cr catalysts are tested under the above
reaction conditions at 270 °C. The CO conversions on Zn—
Cr and Cu—Cr catalysts are found to be less than 1% and
CO, is the only product observed.

4 Discussion

From Table 1, it is clearly evident that CZC-3.3 is found to
have higher copper metal surface area over the other cat-
alysts. It appears that the optimum Zn/Cr ratio for high
syngas conversion lies between 3.2 and 6.8 in this case
which is also evidenced from the ESR analysis at low
chromium contents; isolated/dispersed Cu®* peaks are

@ Springer

predominant than at high chromium loadings. It is also
evident that at low Zn/Cr ratios isolated Cu®* signals dis-
appeared (Fig. 5d, e) with the evolution of broad ESR
signals attributed to clustered Cu®* species. Unfortunately,
at present we have no direct experimental evidence
showing how these Cu”* species can contribute to the CO
hydrogenation activity. However, the disappearance of
isolated Cu®* (dispersed CuO) in high chromium loaded
catalysts demonstrated the low CO conversions in contrast
to the low Cr loaded CZC-3.3 and CZC-6.8 catalysts. From
this it can be concluded that isolated copper species play an
important role during syngas conversions. XRD analysis of
these catalysts revealed that sharp diffraction lines due to
CuO at high chromium loadings (Fig. 3) as well as the
CuCr,0,4 phase although in minor intensity only in CZC-
1.2 catalyst. On the contrary as aforesaid at high Zn/Cr
ratios the CuO and ZnO peaks are not resolved and
increase in ZnO lines observed; eventually the diffraction
lines are broad, which indicates the close contact between
copper and zinc particles. This suggests that interaction
between copper and zinc particles are necessary in order to
achieve high syngas conversions. Another factor that sup-
ports our results is based on the good agreement of copper
metal surface areas (Table 1) against syngas conversions.

The XRD patterns of the used catalysts showed the
decrease in peak intensities due to CuCr,0O,4 phase how-
ever, the ZnCr,O, peaks remained intact. The used
catalysts are obtained after reductive pretreatment with 5%
H,/Ar at 280 °C and subsequent syngas exposure at 240—
270 °C for prolonged time and subsequently passivated in
N, atmosphere. The syngas reaction at 270 °C and reduc-
tion temperature i.e. 280 °C 1is sufficient enough to
completely reduce the CuCr,O, species and complete
reduction of ZnCr,O,4 seems unlikely at temperature below
280 °C. Hence, the intensities of the diffraction lines due
CuCr,04 peaks decreased and those of the ZnCr,0,4 peaks
remained the same in the used samples. This observation is
in good agreement with the TPR analysis where reduction
of Zn—Cr sample occurred at high temperatures i.e. 350 °C.

The low syngas conversions at high chromium loadings
is attributed to the formation of CuCr,0,4 and the role of
ZnCr,0O, appears to enhance the copper dispersion as
observed from high copper metal surface areas over the
samples with high Zn/Cr ratios i.e. CZC-3.3 and CZC-6.8
catalysts. Even if there was no observable difference in the
XRD and ESR data obtained for Cu2+, similar change is
expected to take place on the surface of the catalyst, where
isolated/dispersed Cu”* species are significantly higher
over high Zn/Cr catalysts which is further supplemented
from the N,O titrations, in other words at higher Zn
loading the Cu®* is highly dispersed or stabilized on the
catalyst surface and high syngas conversions are obtained
[44].
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5 Conclusions

The Cu—Zn—Cr LDH precursors are synthesized (keeping
copper content constant and varying the Zn/Cr ratios in
order to see the influence of both Zn and Cr on the dis-
persion of copper), characterized and evaluated for syngas
conversions. Based on the results obtained the following
conclusions are drawn.

At high Zn/Cr ratios the XRD analysis of the fresh
calcined catalysts disclosed the unresolved diffraction lines
of CuO and ZnO attributed to intimate contact between
copper and zinc particles. ESR analysis indicated the iso-
lated Cu®* signals at high Zn/Cr ratios in the g, = 2.35
region, which disappeared at low Zn/Cr samples presum-
ably due to the formation of CuCr,O,4 phase. The TPR
profiles showed that reduction peak due to Cu®* shifted to
high temperatures with increase in chromium loading
suggesting the formation of large copper crystallites, which
is also evidenced from the XRD analysis. The diffraction
lines due to metallic copper, ZnO phases in major and
ZnCr,O,4 in minor intensities are observed in the used
catalysts. The ESR analysis gave supporting evidence due
to the presence of only Cr’* species since the Cu’ is ESR
inactive. It appears that isolated copper species play an
important role on syngas conversion and ZnCr,O,4 seems to
disperse the copper on the catalyst surface. Finely dis-
persed copper particles are obtained at Zn/Cr mole
ratio = 3.3 as evident from the high copper metal surface
area over CZC-3.3 catalyst at a ca. 6.5 m*/g obtained by
N,O titrations. The optimum Zn/Cr mole ratio lies between
3.3 and 6.8 and high syngas conversion is obtained over
catalyst with Cu:Zn:Cr = 7:6:1.88 (mol ratios) catalyst.
The high syngas conversion over Cu—Zn-Cr with Zn/
Cr = 3.3 catalyst is attributed to the high copper metal
surface area as compared to the other catalysts. Finally it
can be concluded that higher yields of DME is obtained in
single step over a composite catalyst comprised of finely
mixed Cu—Zn—-Cr (Zn/Cr = 3.3) with y-Al,0s.
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