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Abstract. A series of Cu-Co-Cr oxides doped with alcaline metals
(M), were prepared by the coprecipitation method with metal nitrates
(CuII, CoII, CrIII) and (M)2CO3 in aqueous solution. The calcined
products were used as catalysts for the Fisher-Tropsch synthesis in a
stainless-steel fixed bed microreactor. The material was characterized
by x-ray diffraction, and the specific surface area, pore size and nitro-
gen adsorption-desorption properties were also determined. The alka-
line metals favoured the methanol synthesis and prevent the dehydra-
tion reactions whereas the hydrocarbon formation is independent to
these metals.
Key words. Syngas conversion; heterogeneous catalysis; tetrametal-
lic oxides Cu-Co-Cr (M); alcohols, hydrocarbons; catalyst characteri-
zation.

Introduction

Fisher-Tröpsch Synthesis has been used widely for obtaining
different hydrocarbons of industrial interest, i.e. olefins, gaso-
line, higher alcohols, etc. In those reactions there are some
parameters that influence the catalyst selectivity, as for exam-
ple temperature, pressure and gas composition, as well as the
presence of CO2 in the feed.

The carbon monoxide hydrogenation is usually carried
out on catalysts based in transition metal oxides, i.e. CoO and
Fe2O3, which present a variety of catalytic properties [1]. The
production of light alcohols i.e. methanol, seems favoured by
the presence of some promoters in the catalyst; as for example
alkaline metals [2], while higher alcohols preferentially pro-
ceeds on ternary systems like Ni-Cu-Zn-O type catalysts [3]. 

The activity of Fisher-Tröpsch catalysts for hydrocarbon
production seems unaffected by the presence of alkaline metals
in the catalyst, but the oxygenated products formation depend
on the concentration of alkaline metals in the catalysts [4].

In this work, we studied the series of Cu-Co-Cr oxides
doped with alkaline metals (M), with the aim of evaluating
their catalytic properties, as for example the selectivity to-
wards the higher alcohols from Fisher-Tröpsch reactions.

Experimental

The catalysts were prepared by the coprecipitation method
with metal nitrates ( CuII, CoII, CrIII) from Aldrich and 0.66 M
of (M)2CO3 in aqueous solution, under controlled temperature
(23ºC) at pH = 9.0.

The gels were filtered and dried at 80ºC, after washing
several times with demineralized water. A part of the gel pre-
cipitate was mixed vigorously with an alkaline metal chloride
solution ( i.e. Na, Li, K, Rb or Cs ) in order to obtain 2% wt of
each alkaline metal oxide. The materials were dried, extrudat-
ed in 1/8 inch cylinders and finally calcined at 400ºC for 4 h.
in static air atmosphere.

Catalyst Characterization

The x-ray diffraction studies were performed in a Siemens D-
500 diffractometer with CuKα radiation source and Ni-filter.
The x-ray look amorphous, but only three known phases cor-
responding to CuO, CoO and Cr2O3 were recorded. The nitro-
gen adsorption-desorption (BET and Langmuir) isotherms
were obtained in order to determine the specific surface area
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and the pore size distribution, which were measured using an
automatic Micromeritics ASAP 2000 spectrometer. NH3-TPD
was determined using a Gas Chromatograph Gow-Mac 550P,
fitted with a thermal conductivity detector. The differential
thermal analysis (DTA) were made in a Perkin-Elmer 1700
Analyser, with heating rates of 15ºC/min, and continuous He
flow of 20 cc/min.

Catalyst Testing

A stainless-steel fixed bed microreactor with 7 mm diameter
and 15 cm length was used. The catalyst (i.e. 0.2 g) was pre-
heated at 400°C. Helium gas was used as the carrier gas, with
a flow rate of 30 ml/min. The reactor temperature was mo-
nitored by two Chromel-Alumel thermocouples which were
positioned at the center of the reactor. The flow rate was mon-
itored using a gas digital mass flowmeter. A dynamic on-line
sampling procedure was used for analysis of the gas phase,
with a Hewlett-Packard 5890 GC, fitted with FID and an inte-
grator (model HP-3392). The separation of products was
achieved using a 5 m x 1/8 inch Porapak-Q column.

The reaction parameters are summarized as follows: 0.2
g, weight of catalyst; He (30 ml/min), gas carrier and flow;
pretreatment temperature, 400°C; reaction temperature,
350°C; H2/CO ratio = 1 mol/mol total pressure, 40 kg/cm2;
GHSV = 7377 h–1; stabilization time, 60 minutes.

Results and Discussion

The series of catalysts were prepared with the purpose of
promoting the production of both higher alcohols and hy-
drocarbons, as suggested by Courty [5]. The addition of
alkaline metals was expected to modify the catalyst proper-
ties, as shown in table 2. Some of the catalytic properties
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Table 1. Catalyst Phase Composition Determined by Atomic
Absorption. Spectroscopy (% wt).

Catalyst CuO CoO Cr2O3 M2O

I 36.10 41.06 20.05 Li = 2.11

II 28.10 43.32 25.01 Na = 2.07

III 33.40 43.01 20.12 K = 2.56

IV 30.00 41.05 20.74 Rb = 2.17

V 36.20 41.00 20.74 Cs = 2.04

Table 2. Textural Properties of the Synthesized Materials.

Catalyst Surface Area Pore Volumen Pore Diameter
(m2/g) (cm3/g) (A°)

I 60.7 0.09 269

II 12.3 0.41 291

III 77.5 0.34 176

IV 96.8 0.39 232

V 116.2 0.49 168

Table 3. Syngas Conversion Data.*

Catalyst XA,O XA –rA( mCo/g.h.) G(XAh/XA,O)

I Cu-Co-Cr-O5-Li2O 79.01 78.01 0.1189 0.987

II Cu-Co-Cr-O5-NaO 86.70 88.00 0.8280 1.014

III Cu-Co-Cr-O5-K2O 86.82 89.12 0.0829 1.026

IV Cu-Co-Cr-O5-Rb2O 73.95 76.50 0.1211 1.034

V Cu-Co-Cr-O5-Cs2O 88.50 88.00 0.0850 0.994

Reactor temp. 350°C, XA,O.≅ initial conversion, –r A ≅ reaction rate, G = induction para -
meter, Co = moles of CO converted to products.

Table 4. Alkaline Metal Effects on the Syngas Conversion
Reactions.

Alkaline Metal R-OH Yield, % mol HC Yield % mol CO2 Yield %mol

Li 7.0 24.3 33.0

Na 6.0 24.0 28.0

K 6.5 12.4 38.5

Rb 5.0 6.5 18.7

Cs 7.5 13.4 38.2
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Fig. 1. Alkaline metal effect on the product distribution in Syngas
Reactions.
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are shown in table 3, where the initial activity rate (Xa,0 ) at
350°C is shown, together with the conversion data after 60
min on stream. The induction parameter was also included
in this table, i.e. G=XAh/Xa ,0, as well as the reaction rate
(–rA).

The activity data after 60 minutes on stream (350ºC) is
reported in table 3. The best results were obtained with Na, K
and Cs as observed in table 3.

In the typical Syngas conversion reaction both CO2 and
hydrocarbons are produced in higher yields with respect to
other products, i.e. the oxygenated derivatives. As observed in
the Table 3, the higher yields were produced with Cesium as
alkaline promoter.

Apparently the inclusion of metal alkaline promoter caus-
es a catalyst modification, with in turn provokes small differ-
ences in the hydrocarbon and alcohol production (Figure 1
and Table 4 ), as well as the carbon homologation.

The selectivity towards methane formation seems
favoured by all the catalysts, yielding the best induction
effects with catalysts containing Na and Cs. Also, the ethylene
formation is increased when potassium promoter is included
as catalyst component.

Methanol, ethanol and 2-propanol were favoured by the
catalysts series studied here. Methanol was produced in higher
amounts. It is well known that catalysts containing Cobalt
form, which are active spinels that favour the methanol forma-

tion [5], whereas Cu phases act as reducing agents, but they
might change the chromate structure and make it easier for
alloying the Co with other elements. In the other way, the
alkaline ions restrain the alcohol dehydration, thus favouring
the formation of higher oxygenated compounds. Thus, the
CuCoCr-M (M = alkaline metal) oxides based catalysts, might
have similar properties as other systems like Cu-Al-Zn-K [6]
and Cu-Ni-K [7]. Nevertheless, the limitation of the experi-
mental conditions used in this work, must be improved with
the use of more severe conditions.
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Table 5. Selectivity to Higher Hydrocarbons and Alcohols.*

Hydrocarbons Alcohols
Catalyst C1 C2= C2 C3= C3 C1 C2 iC3 nC3 nC4

I CuCoCr-Li 4.27 0.27 0.89 1.30 1.62 4.56 1.58 0.97 0.19 0.21

II CuCoCr-Na 11.8 0.17 1.77 1.85 2.16 5.06 1.14 0.33 0.08 0.00

III CuCoCr-K 8.77 13.8 1.49 0.00 0.00 3.95 1.43 0.83 0.67 0.25

IV CuCoCr-Rb 7.73 0.05 0.60 0.37 0.00 3.39 2.77 1.15 0.49 0.00

V CuCoCr-Cs 11.8 0.1 1.81 1.84 1.98 3.92 4.44 1.31 1.34 0.15

* Reaction selectivity measurements at 60 min, reactor temperature, 350°C, pressure, 40 kg/cm2, H 2/HC ratio, 1 mol/mol.


