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Abstract
Aldehydes and their derivatives – primary alcohols and esters undergo ketonization in the gas phase in
the range of 350-450 oC over multicomponental oxide catalyst – Zr-Mg-Y-O. This method is appropriate
for processing mixtures of components. An experimental study was performed on ketonization of methyl
esters fractions of waste fats and residuary alcohol fractions originating from industrial installations. In both
cases mainly ketone fractions were obtained. During transformation of methyl esters and alcohols total
yields of ketones amounted to over 60% and about 75%, respectively. Also, other catalytic systems
(i.e. Fe-Si-Cr-K-O and Sn-Ce-Rh-O) can be used for ketonization of both raw materials.

Keywords: waste technical alcohols, waste technical esters, catalytic ketonization, ketones.
Introduction
Over some oxide systems applied as heterogeneous
catalysts, aldehydes undergo condensation of the
Tishchenko type [1] to esters, or the conversion goes on to
ketones:
2 RCHO → RCOOCH2R → RCOR + CO + H2.

Thus, the material for obtaining ketones in this way
can be esters and primary alcohols, provided they are
dehydrogenated in reaction conditions. The possibility of
primary alcohol dehydrogenation with their subsequent
ketonization has been documented [2-4].
When the material is ester of different carbon chain
lengths, or a mixture of alcohols and/or esters, a mixture
of symmetrical and non-symmetrical ketones is obtained.

SCHEME 1
RICH2OH
RIICH2OH

→

RICOOCH2RI, RICOOCH2RII
RIICOOCH2RI, RIICOOCH2RII

RICOOCH2RII →
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→

RI(CO)RI 1/4
RI(CO)RII 1/2
RII(CO)RII 1/4

RI(CO)RI > RI(CO)RII > RII(CO)RII
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SCHEME 2
2 R(CO)R

6 RCOOCH2H → 2 RCHO ( ⇒ R(CO)R + CO + 3 H2) + 6 CO + 6 H2
2 HCHO ( ⇒ 2 CO + 2 H2)

Scheme 1 illustrates the process of ketonization of two
different primary alcohols and ester ketonization. A
particular case are methyl esters (RCOOCH3) because,
according to the general model of transformation, only one
ketone R(CO)R is formed (Scheme 2).
The method proposed (including the choice of catalysts)
of primary alcohols and ester transformation to ketones
can be applied for processing of some waste materials
containing the above-mentioned compounds. Preliminary
experiments with ketonization of waste materials have been
carried out for:
- materials of fat origin (a mixture of methyl esters of
fatty acids)
- post-production mixture of alcohols and their
derivatives from cyclohexanone production.
Ketones are intermediates applied to a large extent in
organic synthesis. They are characterized by high polarity
and relatively low vapor pressure. The compounds undergo
intermolecular condensation and that is why they are
characterized by higher boiling points than non-polar
compounds of similar molecular mass. Moreover, they are
easily mixed with both polar and non-polar substances.
The major applications include: deodorants,
pharmacological substances, synthetic resins, plasticizers
of cellulose products, dryers of nitrocellulosic layers,
stabilizing agents, greasing, adhesive and extractive factors,
antioxidants, waxes, varnishes, baking enamels,
organosoles, and plant protective agents [5].
There are no reasons restricting the application of
mixtures of ketones obtained from mixtures of methyl
esters of fatty acids or primary alcohols and their
derivatives, for example as surfactants. Also ketones
separated from the mixture can be used for obtaining other
small-tonnage products.
The increasing importance of environmental issues has
resulted in the search for natural resources and
biodegrading products. This concerns the utilization of
harmful, extensive and renewable raw material resource,
e. g. waste technical fats [6]. The proposed conversion from
triacylglycerols to amines with two long chains proceeds
according to the scheme:
triacylglycerols → RCOOCH3 → RCOR →
→ RCHNH2R → surfactants
Stages of fat conversion (esterification of fatty acids
and transesterification of triacylglycerols) [7, 8] and
reductive amination of ketones [9] have already been
technologically mastered. The resultant amines can provide

a raw material basis for the production of surfactants of
gemini type [10, 11]. The synthesis of these surfactants
with the participation of carbohydrates is the subject of
intense research. The gemini type surfactants are nonionic,
biodegrading and efficient, and thus less harmful to the
natural environment [12].
Experiments carried out by the authors provide the
complementing element of the above sequence – they
concern the ketonization of fatty acid esters.
Another example of the possibility of these catalysts’
application is utilization of waste alcohol fractions by
ketonization. The aim of this research was to work out the
method of utilizing alcohol fractions containing mainly
primary alcohols and aldehydes being waste products in
the process of manufacturing cyclohexanone from benzene
(Cyclopol Process) in the Nitric Plant “Tarnów” (ZAT). A
similar fraction is obtained in the Nitric Plant “Pu³awy”.
The waste fraction, which is formed at the stage of
cyclohexane oxidation to cyclohexanone, is not utilized
but burnt [13].

Material and Methods
The reactions were carried out by a conventional flow
method. All runs were performed at atmospheric pressure
without added carrier gas. There was used a vertical quartz
reactor of 10 mm inner diameter with a fixed bed containing
2 and 4 cm3 of catalyst of 0.6-1.2 mm particle size. The
substrates were supplied through the top of the reactor using
a metering pump at an appropriate flow rate. In the case of
methyl esters methanol was used as a diluent. Continuous
monitoring of bed temperature was achieved by a
thermocouple placed inside the catalyst bed. The
ketonization reactions were started at 350oC and studied
as a function of increasing temperature up to 450oC. The
products were collected and analyzed by gas
chromatography and mass spectroscopy.
For ketonization of long-chain esters and waste
alcohols, a fraction of the catalyst Zr-Mg-Y-O active in
ketonization of primary alcohols was applied [14]. Zr-MgY-O catalyst contained 90mol.% of ZrO2, 9mol.% of MgO
and 1mol.% of yttrium(III) oxide. It was synthesized using
the low-temperature method [15]. In the first step zirconyl
hydroxyoxide was precipitated from the water solution of
zirconium(IV) chloride and next hydroxides of magnesium
and yttrium were co-precipitated from aqueous solution
containing ions of Mg2+ and Y3+. The obtained precipitate
was water washed by decantation, dried at 50oC and
calcined at 650 oC/6h. X-ray analysis of the catalyst,
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performed with the use of a Philips diffractometer, indicated
that it is one-phase material and magnesium and yttrium
oxides as single phase were not detected. Information about
the surface area and porosity was obtained by the evaluation
of nitrogen, carbon monoxide and benzene adsorption-desorption data with a Micrometrics ASAP 2010. The BET
specific surface area determined on the basis of the
measurements for Zr-Mg-Y-O composition was equal to
about 78 m2/g and the average pore radius 101.3 Å. The
SEM studies of the catalyst investigated, performed using
a JSM 5800 LV scanning microscope, indicated that the
material obtained exhibited polycrystalline structure with
an crystallite average size of 60 ìm.
Also, other catalysts active in ketonization of primary
alcohols i.e. Fe-Si-Cr-K-O [16] and Sn-Ce-Rh-O [17] can
be used for transformations of both raw materials. Details
of catalyst preparation and their properties were published
earlier – for iron catalyst in [18] and for tin catalyst in [4].

Results and Discussion
Since 12-tricosanone was obtained as a result of methyl
n-dodecylate transformation in the presence of Fe-Si-CrK-O catalyst at temperature 395oC and load of 1.5 h-1, with
a yield 58.3% (at 93% conversion) [19] and because
ketonization of long-chain esters also occurs over Sn-CeRh-O catalyst with similar yield [20], it was possible to
use mixtures of fatty acid esters from technical wastes as
raw materials and their transformations to ketones in the
presence of all catalysts studied.
A mixture of methyl esters of fatty acids obtained by
transesterification of nonerucic rapeseed oil was ketonized.
The starting material, diluted with methanol, was converted
at atmospheric pressure over Zr-Mg-Y-O catalyst. At 395°C
the mixture of ketones was obtained with a total yield of
61% with 96% conversion (Table 1). During the reaction
of ester ketonization no harmful by-products are formed.
The results of the ketonization of fatty acid ester
fractions of waste origin over iron and tin catalysts were
published earlier (i.e. for Fe-Si-Cr-K-O [21-23], and for
Sn-Ce-Rh-O [24, 25]).
As mentioned above, all the catalysts obtained were
tested in the gas phase reactions of primary alcohols. These
catalysts dehydrogenate primary alcohols into aldehydes
and at higher temperatures, as a result of bimolecular
condensation, ketones were the main products of the
reaction. For example, n-butanol reacts to dipropyl ketone
in the presence of Sn-Ce-Rh-O catalyst with an 80% yield
at 360°C and at load of 1.0 h-1. In these conditions conversion
of n-butanol was 91% [4]. In the case of mixtures of
alcohols used as substrates, the mixture of symmetrical and
non-symmetrical ketones was obtained (Scheme 1). On the
basis of the results it was possible to utilize waste fractions
containing mixtures of alcohols.
In the gas phase, in the temperature range of 350-450°C,
over Zr-Mg-Y-O catalyst after processing the initial waste
fraction (mainly composed of n-pentanol and isopentanol),

a ketone fraction containing a mixture of symmetrical and
non-symmetrical ketones (mainly nonanone-5) was produced
with about 75% yield and 80% selectivity. Table 2 presents
exemplary results of the studies [26-28].
The results are similar to those obtained over tin
catalysts [29].

Table 1. Results of methyl esters fraction ketonization.
Catalyst: Zr-Mg-Y-O (100 : 10 : 1)

2.0 cm3

Content of C18 ester in methyl esters
fraction (C12 to C22)

87%

Fraction/methanol (1 : 1)

3.0 cm3/h

Temperature

395oC

Conversion

96%

Total yield of ketones

61%

Pentatriacontanone-18 (C17H35COC17H35)

45%

Hentriacontanone-16 (C15H31COC15H31)

3%

C17 and C15 methyl ketones

6%

Others ketones

7%

Hydrocarbons (mainly C18 and C18=)

15%

Other collected

5%

Gases

15%

Table 2. Results of waste alcohols fraction (ZAT) ketonization
[27].
Catalyst: Zr-Mg-Y-O (100 : 10 : 1)

4.0 cm3

Raw material waste alcohols fraction (ZAT) contents:
n-pentanol

54%

cyclohexanone

11%

n-butanol

11%

cyclopentanol

8%

others
Feed rate

16%
4 cm3 liquid/h

Temperature

420oC

Conversion

93%

Total content of ketones in reaction products

58%

where 75% of ketones yield from n-pentanol:
nonanone-5

32%

octanone-4

6%

decanone-5

2%

cyclohexanone

12%

heptanone-4

6%

heptanone-4

35%

and:
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Conclusions
The adaptation of Zr-Mg-Y-O as well as Fe-Si-Cr-KO and Sn-Ce-Rh-O catalysts, previously applied for
primary alcohol transformations, resulted in the possibility
of processing waste esters or alcohol fractions. Tests of
the ketonization of methyl ester fractions of fat origin and
alcohol fractions derived from industrial installations have
been performed. In both cases mainly ketone fractions were
obtained.
This method enables rational waste management, and
the obtained fraction – composed mainly of ketones – opens
possibilities for broadening the spectrum of ketone
applications. From a technological point of view the method
proposed of conversion of primary alcohol and aldehydes
contained in waste alcohols fractions or esters in methyl
esters fractions of waste fats origin is very simple. The
conversion proceeds in a continuous manner with the use
of a given material without any additional substances. In
the case of long-chain methyl esters fraction a diluent is
recommended. It is consistent with trends set in the modern
chemical industry of the maximization of the number of
atoms coming from the material to the final products. From
technological and economical perspectives this method
meets both modern process demands and the assumptions
of eco-development strategy.

Acknowledgements
This work was supported by the Polish State Committee
for Scientific Research under Grant No. 3T09B07219.

References
1. HATTORI H. Solid base catalysts: generation of basic sites
and application to organic synthesis. Appl. Catal. A: General
222, 247, 2001.
2. KOMAREWSKY V. I., COLEY J. R. J. Catalytic dehydrogenation and condensation of aliphatic alcohols. Am. Chem.
Soc. 63, 700, 1941.
3. WRZYSZCZ J., GRABOWSKA H., KLIMKIEWICZ R.,
SYPER L. Reactions of normal alcohols in the presence of a
dehydrogenating iron catalyst. Catal. Lett. 54, 55, 1998.
4. TETERYCZ H., KLIMKIEWICZ R., LICZNERSKI B. W. A
new oxide catalyst in alcohol condensation. Appl. Catal. A:
General 214, 243, 2001.
5. SOLOMONS T. W. G. Fundamentals of Organic Chemistry.
J. Wiley & Sons: New York, p. 553, 1982.
6. BIA£OW¥S E., HRECZUK W., SZYMANOWSKI J.
Zaplecze surowcowe, produkcja i zastosowanie zwi¹zków
powierzchniowo czynnych (surfaktantów) na progu nowego
milenium. Przem. Chem. 80, 449, 2001.
7. FABISZ E., MORAWSKI I. Badania nad wytwarzaniem
estrów metylowych kwasów t³uszczowych z oleju
rzepakowego. Przem. Chem. 77, 297, 1998.
8. MATYSCHOK H. Chemiczno-technologiczne aspekty
procesu transestryfikacji olejów rolinnych i t³uszczów
ma³ocz¹steczkowych alkoholami, g³ównie alkoholem
metylowym. Chemik 54, 267, 2001.
9. MALLAT T., BAIKER A. Amination of carbonyl compounds

(Reductive alkylation), in: Handbook of Heterogeneuos
Catalysis, ed. G. Ertl, H. Knözinger, J.Weitkamp, WileyVCH: Weinheim, vol. V, p. 2339, 1997.
10. KLIMKIEWICZ R., GRABOWSKA H., SYPER L. Oil
industry waste as a basis for synthesis of new type surfactants.
Polish J. Environmental Stud. 10, 337, 2001.
11. WRZYSZCZ J., KLIMKIEWICZ R., GRABOWSKA H.
Transestryfikacja i ketonizacjanowy kierunek wykorzystania
t³uszczów technicznych. Prace NaukowePolitechniki
Szczeciñskiej Nr 547, Instytut Technologii Nieorganicznej
Nr 5, Technologie bezodpadowe i zagospodarowanie
odpadów w przemyle chemicznym i rolnictwie, Praca
zbiorowa pod redakcj¹ K. Ka³uckiego, Szczecin, p.331, 1998.
12. WILK K. A., SYPER L., BURCZYK B., SOKO£OWSKI
A., DOMAGALSKA B. Synthesis and surface properties of
new dicephalic saccharide-derived surfactants. J. Surfactants
Deterg. 3, 185, 2000.
13. BISOK M. Utylizacja frakcji alkoholi pochodz¹cych z
utleniania cykloheksanu do cykloheksanonu (Utilization of
alcohols fraction arising in the process of cyclohexane
oxidation to cyclohexanone). Masters Thesis, Institute of
Organic Chemistry and Technology, Technical University of
Kraków, 1999.
14. TETERYCZ H., LICZNERSKI B. W., KLIMKIEWICZ R.,
WINIEWSKI K., NITSCH K. Polish Pat. Appl. P 338307,
2000.
15. TETERYCZ H., LICZNERSKI B. W., KLIMKIEWICZ R.,
WINIEWSKI K., NITSCH K. Polish Pat. Appl. P 338306,
2000.
16.WRZYSZCZ J., SYPER L., GRABOWSKA H.,
KLIMKIEWICZ R. Polish Pat. Appl. P 31755001, 1996.
17. TETERYCZ H., LICZNERSKI B. W., KLIMKIEWICZ R.,
WINIEWSKI K., NITSCH K. Polish Pat. Appl. P 338304,
2000.
18. WRZYSZCZ J., GRABOWSKA H., MITA W., SYPER L.,
ZAWADZKI M. A new efficient catalytic method of naphthols
ring alkylation. Appl. Catal. A: General 166, L249, 1998.
19.KLIMKIEWICZ R., GRABOWSKA H., SYPER L.
Ketonization of Long-Chain Esters. Polish J. Environmental
Stud. 3, 179, 2000.
20. KLIMKIEWICZ R., TETERYCZ H. Transformation of
Methyl Laurate to Tricosanone-12 over Sn-Ce-Rh-O Catalyst.
React. Kinet. Catal. Lett. 75, 165, 2002.
21. KLIMKIEWICZ R., GRABOWSKA H., SYPER L., FABISZ
E., MORAWSKI I. Polish Pat. Appl. P 332981, 1999.
22.KLIMKIEWICZ R., FABISZ E., MORAWSKI I.,
GRABOWSKA H., SYPER L. Ketonization of long chain
esters from transesterification of technical waste fats. J. Chem.
Technol. Biotechnol. 76, 35, 2001.
23. KLIMKIEWICZ R., GRABOWSKA H., BISKUPSKI A.,
SYPER L., FABISZ E., MORAWSKI I. Ketonization as a
way of technical fats and waste carboxylic acids utilization.
Zeszyty Naukowe Politechniki l¹skiej, Seria: Chemia 142,
53, 2001.
24. KLIMKIEWICZ R., TETERYCZ H., GRABOWSKA H.,
MORAWSKI I., SYPER L., LICZNERSKI B. W.
Ketonization of fatty methyl esters over Sn-Ce-Rh-O catalyst.
J. Am. Oil Chem. Soc. 78, 533, 2001.
25. KLIMKIEWICZ R., TETERYCZ H., GRABOWSKA H.,
BISKUPSKI A. Estry odpadowe  nowy katalizator ich
przetwarzania. Prace VIII Ogólnopolskiego Mikrosympozjum
Tematycznego ADSORPCJA I KATALIZA W OCHRONIE
RODOWISKA, ed. Z. Sarbak, Poznañ, p. 91, 2000.
26. KLIMKIEWICZ R., TETERYCZ H., GRABOWSKA H.,
RAKOCZY J., BISKUPSKI A., SYPER L., WRZYSZCZ
J., NITSCH K., WINIEWSKI K., LICZNERSKI B. W.

71

Application of Zr-Mg-Y-O Catalyst for...
Polish Pat. Appl. P 348382, 2001.
27. KLIMKIEWICZ R., BISKUPSKI A., GRABOWSKA H.,
TETERYCZ H., SYPER L., RAKOCZY J. Utilization of
alcohol fractions from the production of cyclohexanone by
ketonization. Polish J. Chem. Technol. 5, 10-12, 2001.
28. KLIMKIEWICZ R., BISKUPSKI A., GRABOWSKA H.,
TETERYCZ H., RAKOCZY J. Frakcje alkoholowe z
produkcji cykloheksanonu  zagospodarowanie przez

ketonizacjê. V Konferencja TECHNOLOGIE BEZODPADOWE I ZAGOSPODAROWANIE ODPADÓW W
PRZEMYLE CHEMICZNYM I ROLNICTWIE, £ukêcin,
29.05-1.06.2001, Streszczenia, p.93, 2001.
29. KLIMKIEWICZ R., TETERYCZ H., GRABOWSKA H.,
RAKOCZY J., BISKUPSKI A., SYPER L., LICZNERSKI
B. W., NITSCH K., WINIEWSKI K., WRZYSZCZ J. Polish
Pat. Appl. P 348383, 2001.

Self-Study Course
Self-Paced, Measurable Learning for Conducting Compliance
and Managment Audits
Learn to develop and conduct effective audits of your environmental compliance and manage-ment activities with this
new, comprehensive self-study course.
Based on one of Government Institutes’ all-time best-selling books, Environmental Health and Safety Audits, 8th
Edition - written by nationally renowned environmental auditor Larry Cahill, CPEA - - this two-volume self-study course
offers 28 lessons and a wealth of exercises, case studies, and self-tests for training world-class environmental auditors.
You will find tools and templates for building successful audit programs, including a sample EH&S Audit Program
Manual. The course leads you step-by-step through the auditing process, including:
• Pre-audit planning activities
• Intendew techniques
• Typical compliance problems found during audits
• Conducting effective opening and closing conferences
• Preparing quality EH&S reports, and more.
The course brings you up-to-date on changes in EPAs and OSHAs auditing policies. Lessons also lead you through
special auditing challenges such as ISO 14001 environmental management system audits, property transfer assessments,
waste contractor audits, pollution prevention audits, and audits of International facilities.
Materials used in this self-study course have been used to train thousands of environmental auditors in live classroom
sessions since 1983. Your course instructor is available to answer your questions and address your needs by email and fax
anytime as you work your way through the course.

Spiral Bound, 2 volumes, 529pages, February 2002,
(PC# 0029) $595

www.govinst.com

