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Catalytic supports are used to expand the surface area of 
a catalyst and usually they do not participate in the process of 
accelerating a reaction. In the case of non-oxidative chemical 
processes, carbonaceous materials can be used as catalyst 
supports. An example is the dehydrogenation of alcohols, the-
refore also bio-alcohols. The use of activated carbons obtained 
from lignite in such conditions gave a positive result [1]. Thus, 
efficient, ie. active and selective towards dehydrogenation and 
possible secondary reactions, metal oxide catalysts deposited 
on carbon supports predict high conversion yields. 

Alkylation of phenol with primary alcohols is an industrially 
important reaction. C-methylation of phenol in the gas phase in 
the presence of a suitable catalyst is performed for obtaining 
ortho-cresol, 2,6-xylenol and many other alkylated phenols for 
further production of chemicals such as emulsifiers, plastics, dyes, 
flavoring agents, agrochemicals, pharmaceuticals, and especially 
non-ionic detergents and antioxidants in the plastics industry. 

Various catalysts for gas-phase phenol alkylation have been 
reported in the literature. The first attempts at alkylation of phenol 
with methanol in the gas phase were carried out in the presence 
of a fixed bed catalysts consisting essentially of alumina. Unsatis-
factory selectivity was the reason for the search for new solutions. 
In the search for a catalyst that will provide high selectivity and 
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yield of the alkylation reaction a number of solid catalysts was 
tested [2]. The best results in the methylation of phenol were 
obtained using catalysts based on iron oxide. Among them are 
mixed oxides - especially containing iron and chromium oxides 
[3, 4, 5]. Also the catalyst for high-temperature shift reaction [6] 
proved to be efficient in the alkylation [7-11]. 

A number of determinant factors with respect to results 
of alkylation were investigated [12, 13]. One of the research 
areas was the course of side reactions of methanol during the 
methylation. The accompanying transformations were analyzed, 
concerning formation of formaldehyde and it’s consecutive 
Cannizzaro-like and Tishchenko-like reactions as well as CO 
elimination [14]. During the alkylation of phenol with prima-
ry alcohols higher than methanol simultaneous competitive 
reactions can occur. This is so because, as a result of dehydro-
genation of primary alcohols, aldehydes and, consequently, 
esters are created (the Tishchenko reaction) while bimolecular 
condensation with CO elimination gives symmetrical ketones 
with 2n-1 carbon atoms [15]. 

Thus, catalysts for alkylation of hydroxyarenes with primary 
alcohols are characterized by similar properties as catalysts for the 
purposeful transformation of these alcohols to higher molecular 
products. There are examples of successful application of such 
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alkylation catalysts in the role of selective and efficient ketoni-
zation catalysts [16] as well as vice versa, i.e. the use of catalysts 
for bimolecular condensation of alcohols as effective catalysts for 
alkylation of hydroxyarenes with primary alcohols [17]. 

Catalysts comprising mixtures of oxides of iron, chromium, 
antimony, vanadium and silicon, as described in the patent PL 
105922 [3], are very effective in the alkylation of phenol. Chan-
ge in the composition of the catalyst obviously influence the 
alkylation results, but it turned out that an increase in amounts 
of iron oxide did not improve the yield [9]. 

It is therefore appropriate to confront these findings with 
the results of a primary alcohol transformations in the absence 
of phenol on these kind of catalysts. Furthermore, our intention 
was to verify the applicability of these materials as catalysts 
for primary alcohols dehydrogenation with consecutive bimo-
lecular condensation reactions, including the influence of their 
content, thus the surface properties, on these results. 

Justification of studies of catalytic transformation of 
alcohols is also an increasing interest in the synthesis gas 
chemistry, and hence, also in one of the potential directions of 
its use - obtaining oxygenates. Synthesis gas, also produced 
from non-petrochemical raw materials, including coal [18], 
is used as feedstock for a number of chemical syntheses such 
as Fischer - Tropsch process, whereby it is possible to obtain 
organic oxygenates [19] , especially alcohols [20], which may 
be starting materials for deeper transformations.

In contrast to ketonization of secondary alcohols and 
dehydrogenation of primary alcohols to aldehydes, the subse-
quent ketonization of primary alcohols is not a frequent topic 
of publications. Depending on reaction conditions, the bulk 
transformations scheme is shown in different ways [21]. Apart 
from aldehydes and ketones, esters can also be products (Tish-
chenko reaction). A related reaction, much more often reported, 
is ketonization carboxylic of acids. Thus, the raw material for 
ketonization may be alcohols, aldehydes, esters and carboxylic 
acids. Implementation of this process allows to obtain a series of 
oxygenates, in that, when using mixtures of primary alcohols or 
other combination of said raw materials, to obtain unsymmetrical 
ketones [16, 22]. This process allows the use of wastes containing 
those components or mixtures thereof [23, 24].

EXPERIMENTAL PART 

Catalysts  
In order to check the impact of changes in the composition, 

two variants of the iron-chromium catalyst („Fe1” and „Fe2”) 
were used: the catalyst „Fe1” with a Fe2O3 content of 77 wt.% 
and the catalyst „Fe2” with a Fe2O3 content of 86 wt.%. The 
other ingredients are Cr2O3 (7 - 16%), CrO3 and CuO. X-ray 
powder diffraction (X’Pert Pro PANalitycal) was used to charac-
terize the resulting powders before and after catalytic tests. 

Experimental conditions of the catalytic tests 
Catalytic transformation of bio n-butanol (Jiangsu Lianhai 

Biological Technology Co., Ltd., 99,9%) was chosen as the test 
reaction. The experiments were performed in a quartz continu-
ous-downflow reactor at atmospheric pressure. The reactor was 
placed in a Thermolyne F21100 vertical pipe furnace. The fixed 
bed contained 3 cm3 of a catalyst of 0.6−1.2 mm granulation. 
The substrate was fed in a continuous manner, starting from 
200 °C, with the use of a Medipan 610-2 dosing pump at a flow 

ratio from 3 up to 12 cm3 of liquid/h. No carrier gas was used. 
The products of the reaction collected in the temperature range 
of 200−400°C were analyzed with the use of a INCO N-505 
gas chromatograph. 

DISCUSSION OF RESULTS

Conversion, selectivity and yield dependences              
on temperature (Tables 1 and 2) 
Both catalysts exhibit high activity towards dehydrogenation, 

high selectivity to consecutive ketonization, therefore high yield of 
dipropyl ketone (heptanone-4). At higher temperatures there is a 
slowdown in conversion growth or even its apparent decrease due to 
secondary hydrogenation of aldehyde. In comparison to other ketoni-
zation catalysts previously tested under the experimental conditions, 
on the „Fe1” and „Fe2” catalysts comparable yields were obtained 
in the temperature range up to several dozen degrees lower.

When comparing the „Fe1” and „Fe2” catalysts between each 
other, the results of temperature dependence indicate that the catalyst 
„Fe1” is more active and also more selective towards ketones. As a 
result, significantly higher ketone yields are obtained on „Fe1”.

The comparison of selectivity to butyraldehyde refers only 
to non-converted aldehyde into ester and ketone. This selectivity 
is higher on the „Fe1” catalyst, whereas the yield of butyralde-
hyde is higher at lower temperatures on the more active „Fe1” 
catalyst, and at higher temperatures on the less selective to 
ketone „Fe 2” catalyst. Slight selectivity to butyl butyrate and 
the yield of this ester are similar on both catalysts.

Conversion, selectivity and yield dependence on load 
(contact time) (Table 3) 
It can be assumed that the differences between catalysts„Fe1” 

and „Fe2” at load of 1.0 h−1 are not very large (Tables 1 and 2). 
Raising the temperature about 20 - 40 degrees brings the results 
values obtained over the „Fe2”catalyst closer to those obtained 
for the „Fe1”catalyst. Next change of control parameters, namely 
contact time (load), much more differentiates the compared ca-
talysts. The „Fe1” catalyst is much more resistant to changes in 
this parameter. The „Fe2” catalyst significantly loses its activity 
after the load increase (contact time reduction). Conversion va-
lues on both catalysts at 400°C and 1h-1 are similar, and at 4h-1

the conversion on „Fe2” is already lower by half. 
With the increase in load, decrease in selectivity to the 

ketone occurs on both catalysts, wherein the differences in selec-
tivity values (higher on „Fe1”) are maintained up to 3h-1. Lower 
conversion and ketone selectivity values at shorter contact times 
cause decrease in dipropyl ketone yield values. This reduction 
is much greater in the case of the catalyst „Fe2”. Moreover, 
increasing the catalyst load causes growth of the selectivity to 
unconverted aldehyde,  more pronounced for „Fe2”. Because 
trends in conversion value changes and trends in selectivity 
value changes are opposite, this is the cause of similar minor 
changes in the butyraldehyde yield values. 

On both catalysts, increase in load results, despite lower 
conversion values, in increase in the yield of butyl butyrate. This 
is due to growth of selectivity to ester at the expense of ketone. 
These changes may occur either as a result of the intermediate 
position of the ester in the transformation scheme: n-alcohol → 
aldehyde → ester → ketone, then too short contact time does 
not allow for complete conversion ester → ketone (analogously 
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to aldehyde), or, when the ester is a product formed in parallel 
with the ketone, then the short contact time does not favor the 
secondary thermal decomposition of the ester to aldehyde. This 
is so called reverse - Tishchenko, or retro - Tishchenko reaction: 
ester → aldehyde. 

The color of the liquid products obtained using the „Fe2” 

catalyst is significantly darker than that obtained with the 
“Fe1” catalyst, which additionally confirms a greater share of 
secondary reactions.

As has already been observed [16, 17], materials that 
catalyze dehydrogenation and subsequent bimolecular con-
densation reactions of primary alcohols are characterized by 
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200 4 100 - - - - - 4 - - - - -
220 5 100 - - - - - 5 - - - - -
240 7 98 - - - - 2 7 - - - - traces
260 10 98 - - - - 2 10 - - - - traces
280 16 96 - - - - 4 15 - - - - 1
300 26 92 - 2 - - 6 24 - traces - - 2
320 37 73 11 11 - - 5 27 4 4 - - 2
340 50 50 26 16 2 - 6 25 13 8 1 - 3
360 81 17 64 9 4 - 6 14 52 7 3 - 5
380 93 9 72 2 6 3 8 8 67 2 6 3 7
400 89 7 71 - 8 7 8 6 63 - 7 6 7

Tab. 1. Results of conversion of n-butanol on „Fe1”catalyst as a function of temperature at LHSV 1.0 h−1

Tab. 1. Wyniki konwersji n-butanolu na katalizatorze „Fe1” w funkcji temperatury przy LHSV 1,0 h-1

Tab. 2. Results of conversion of n-butanol on „Fe2”catalyst as a function of temperature at LHSV 1.0 h−1

Tab. 2. Wyniki konwersji n-butanolu na katalizatorze „Fe2” w funkcji temperatury przy LHSV 1,0 h-1
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220 3 98 - - - - 2 3 - - - - traces
240 4 96 - - - - 4 4 - - - - traces
260 7 96 - - - - 4 7 - - - - traces
280 12 94 - - - - 6 11 - - - - 1
300 19 90 - 4 - - 6 17 - 1 - - 1
320 29 76 5 13 - - 6 22 1 4 - - 2
340 42 58 14 18 2 - 8 24 6 8 1 - 3
360 68 32 42 9 4 5 8 22 29 6 3 3 5
380 83 17 56 1 6 10 10 14 46 1 5 8 8
400 91 11 58 - 10 8 13 10 53 - 9 7 12



GÓRNICTWO ODKRYWKOWE nr 5/2017 

47

specific properties that coincide with the features of catalysts 
for alkylation of hydroxyarenes with alcohols. Catalysts „Fe1” 
and „Fe2” for the methylation of phenol also proved to be very 
good catalysts for the transformation of n-butanol. The diffe-
rences in selectivity and yield of the desired products suggest 
that changes in the composition of the catalyst „Fe2” with 

respect to catalyst „Fe1” worsened its properties in relation to 
the ketonization reaction. This observation is consistent with 
the analogous comparison of the activity of such differentiated 
catalysts during alkylation reaction [9]. Both materials were 
not destroyed during the catalytic tests in the high-temperature 
regime under reducing conditions and in the presence of oxygen 

Fig. 1. X-ray diffraction patterns of the “Fe1” and “Fe2” iron-chromium catalysts before (a) and after (b) catalytic tests 
Rys. 1. Dyfraktogramy rentgenowskie katalizatorów żelazowo-chromowych „Fe1” i „Fe2” przed (a) i po (b) testach katalitycznych

Tab. 3. Results of conversion of n-butanol as a function of contact time (load of the catalyst bed) at 400oC
Tab. 3. Wyniki konwersji n-butanolu w funkcji czasu kontaktu (obciążenie złoża katalizatora) w 400oC
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„Fe1”

1 89 7 71 - 7 7 8 6 63 - 7 6 7
2 91 9 66 4 5 8 8 8 60 4 5 7 7
3 82 15 59 10 5 6 5 12 48 8 4 5 4
4 61 27 49 16 3 3 2 16 30 10 2 2 1

“Fe2”

1 91 11 58 - 10 8 13 10 53 - 9 7 12
2 82 17 55 3 9 6 10 14 45 2 7 5 8
3 64 24 46 10 6 6 8 15 29 6 4 4 5
4 33 37 21 24 5 6 7 12 7 8 2 2 2
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containing compounds (Fig. 1). These observations encoura-
ge the consideration of the option of supporting these oxide 
systems on carbonaceous materials [25]. A positive example 

of such carbonaceous supports for this type of catalysts is the 
iron catalyst for high-temperature water-gas (CO) shift reaction 
deposited on the carbon support [26]. 
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