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The activity of the Ni/diatomaceous earth catalyst used in the process of obtaining
acetone from isopropyl alcohol was studied in a laboratory setup over a wide temperature
range (150–3500C) at atmospheric pressure. The analysis of raw materials and reaction
products was carried out by the chromatographic method. In the process of isopropyl
alcohol conversion on the Ni/diatomaceous earth catalyst surface, the formation of
compaction products and the effect of oxygen and hydrogen on the catalyst surface were
studied using a Mag-Ben setup equipped with a quartz-spring reactor. The formation of
compaction products on the surface of the Ni/diatomaceous earth catalyst was determined
by thermogravimetric and kinetic methods. The maximum amount of compaction products
is formed at a temperature of 3000C and above on the Lewis sites. Thermogravimetric
studies showed that the formation of compaction product on the surface of the
Ni/diatomaceous earth catalyst is time and temperature dependent.
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Introduction
It is known that, as a rule, in some catalytic

processes, the coke formed on the catalyst surface
reduces the product yield and should be regenerated
in order to restore its initial activity [1–7]. At the
same time, the compaction products formed on the
surface of the contact mass increase the rate of the
process in some catalytic processes. It was found that
in the process of catalytic cracking, coke accumulating
on the catalyst surface has a negative effect on the
yield of gasoline, oxidative dehydrogenation of alkyl
aromatic hydrocarbons, and, on the contrary, has a
positive effect on the yield of the product during the
conversion of olefins into acids and ketones [8,9].

Earlier, the transformation of low-molecular
alcohols into ketones on oxide and metal catalysts
has been established. Recent studies have shown that
ketones are produced with high yields from isopropyl
and secondary butyl alcohols on industrial Ni-
containing catalysts [10–13].

The main purpose of this work is to study the

compaction product on the Ni/ diatomaceous earth
catalyst using kinetic and physicochemical methods.

Experimental
The activity of the Ni/diatomaceous earth catalyst

used in the process of producing acetone from isopropyl
alcohol was investigated in a laboratory setup in a
wide temperature range (150–3500C) at atmospheric
pressure. Thermal analysis of the samples was carried
out on a Derivatograph Q 1050 instrument at
atmospheric pressure at the rate of 100C/min.

Analysis of raw materials and reaction products
was carried out by chromatographic method using a
chromatograph «CHROM-5» with a thermal ionization
detector equipped with a column filled with a celite-
22 sorbent impregnated with 17% polyethylene glycol.

The gaseous products obtained during the reaction
were analyzed on a «CHROM-5» chromatograph
equipped with a heat-conducting detector. An ester of
n-fatty acids with diethylene glycol impregnated with
Inse brick (INZ-600) was used as a sorbent.

In the process of isopropyl alcohol conversion
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on the Ni/diatomaceous earth catalyst surface, the
formation of compaction products and the effect of
oxygen and hydrogen on the catalyst surface were
studied using a Mag-Ben setup equipped with a quartz-
spring reactor in the temperature range of 200–3000C.

Results and discussion
As follows from previous researches, acetone,

ether, water and H2 are obtained from isopropyl alcohol
during dehydrogenation in the temperature range 150–
3500C on the investigated Ni/diatomaceous earth
catalyst. As can be seen from Fig. 1, the optimum
process temperature is 2500C, and the maximum acetone
yield under these conditions is about 75%.

Fig. 1. Influence of temperature on the characteristics of the

catalytic conversion of isopropanol in the presence of a

Ni/diatomaceous earth catalyst: 1 – propylene yield;

2 – yield of diisopropyl ether; 3 – conversion of isopropanol;

4 – selectivity for ketones; and 5 – output of acetone

It is known that in many processes it takes from
one second to several days to stabilize catalysts. The
conversion of isopropyl alcohol to acetone on the
studied catalyst also takes some time (Fig. 2).

It can be seen that at the initial stage of the
process, the change in the acetone yield stabilizes or
decreases over time, depending on the temperature.
At the initial stage of the process, the reaction products
formed on the catalyst surface have a definite effect
on the catalyst activity.

It is assumed that the change in the acetone
yield at 3000C is associated with the formation of a
compaction product on the catalyst surface. Compaction
products are formed mainly on active sites with high
acidity, i.e. in the Lewis sites.

Thermogravimetric studies show that the
formation of compaction product on the surface of
the Ni/diatomaceous earth catalyst is time and

Fig. 2. Kinetic change in the yield of acetone at different

temperatures: 1 – 2000C; 2 – 2500C; and 3 – 3000C

temperature dependent. As can be seen from Fig. 3,
the maximum formation of the compaction product
is observed at a temperature of 3000C. A stable state is
observed after 40 minutes, 60 minutes, and 70 minutes
at 3000C, 2500C, and 2000C, respectively.

Fig. 3. Kinetic curves of compaction products collected on a

Ni/diatomaceous earth catalyst during the conversion of

isopropyl alcohol at different temperatures:

1 – 2000C; 2 – 2500C; and 3 – 3000C

Figure 4 shows the time dependence of the
formation of a condensation product during the
conversion of isopropyl alcohol in the temperature
range of 250–3000C on a Ni/diatomaceous earth
catalyst in an H2 and O2 atmosphere.

The commercial Ni/diatomaceous earth catalyst
is known to be very sensitive to oxygen and it is
believed that the Ni→NiO conversion occurs in the
presence of oxygen.

On the basis of thermogravimetric studies, it
was found that nickel, which is responsible for catalysis
in H2 in the temperature range of 250–3000C, passes
from the oxide form to the metallic form, causing a
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Fig. 4. Time dependence of the amount of compaction

product as a result of the conversion of isopropyl alcohol on

the surface of the Ni/diatomaceous earth catalyst in the

presence of H2 and O2, respectively, at a temperature of

250–3000C. Gcat=195.5 mg. ↓H2; ↓O2; and ↓C3H7OH stand

for the moment of supply of hydrogen, oxygen and alcohol,

respectively

slight decrease in the catalyst mass, according to the
following scheme:

0222 Ni
H

Ni
H

Ni →→ ++

Fig. 5. TGA results of Ni/diatomaceous earth catalyst before

(1) and after (2) catalysis

The catalyst mass increases again as a result of
the formation of a condensation product in the presence
of isopropyl alcohol. As can be seen from Fig. 4, the
compaction product increases for 60 minutes and then
reaches a steady state. The amount of product
compacted in 60 minutes is 5.5 mg. Since the
compaction product increases to a certain extent on
the catalyst surface and then stabilizes, it can be
assumed that the compaction product is adsorbed
monomolecularly only on certain active sites, and
the adsorption process does not occur after complete
surface capture. In an oxygen atmosphere, a decrease
in the catalyst mass occurs due to the combustion of
compaction products on the surface.

The formation of a condensation product on
the surface of the Ni/diatomaceous earth catalyst is
confirmed by thermogravimetric analysis (TGA) (Fig.
5). Comparative results of thermogravimetric studies
of the catalyst were carried out in the temperature
range of 0–5000C in a nitrogen atmosphere before
(1) and after (2) catalysis.

It is assumed that a significant decrease in weight
in the temperature range of 50–1500C (5.65%) is
associated with the evaporation of water molecules
adsorbed on the surface of the primary catalyst sample.
Thus, in the sample participating in the
dehydrogenation process, this indicator is somewhat
lower, which is associated with the evaporation of a
certain part of the water remaining in the reaction
medium.

As can be seen from Fig. 5, the results of TGA
studies imply that a decrease in the initial mass of the

catalyst (by about 3% at 1000C) with increasing
temperature is associated with the evaporation of
hydrocarbon mixtures from the sample. At the same
time, the broad peaks taken from the developed catalyst
sample suggest the presence of compaction products
of various natures on its surface.

A decrease in the catalyst mass at temperatures
above 4000C is associated with the decomposition of
compaction products consisting of weakly condensed
coke residues.

Summarizing conclusions
1. The formation of compaction products on

the surface of the Ni/diatomaceous earth catalyst was
esablished by thermogravimetric and kinetic methods.
The maximum amount of compaction products is
formed on Lewis sites at a temperature of 3000C.

2. Thermogravimetric studies showed that the
formation of a compaction products on the surface of
the Ni/diatomaceous earth catalyst is time and
temperature dependent. The maximum formation of
the compaction products is observed at a temperature
of 3000C.

3. The formation of a condensation product on
the surface of the Ni/diatomaceous earth catalyst was
confirmed by thermogravimetric analysis. TGA studies
allow assuming that the decrease in the initial mass
of the catalyst with increasing temperature is associated
with the evaporation of hydrocarbon mixtures from
the sample.
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ÄÎÑË²ÄÆÅÍÍß ÏÐÎÄÓÊÒÓ ÓÙ²ËÜÍÅÍÍß ÍÀ
ÊÀÒÀË²ÇÀÒÎÐ² Í²ÊÅËÜ/Ä²ÀÒÎÌ²Ò

Å.Ò. Çåéíàëîâ, Í.Ò. Àë³ºâà, Ñ.Ã. Íîâðóçîâà, Î.Þ. Øìîí÷åâà

Àêòèâí³ñòü êàòàë³çàòîðà Ni/ä³àòîì³ò, ÿêèé âèêîðè-
ñòîâóºòüñÿ â ïðîöåñ³ îäåðæàííÿ àöåòîíó ç ³çîïðîï³ëîâîãî
ñïèðòó, äîñë³äæåíî íà ëàáîðàòîðí³é óñòàíîâö³ â øèðîêîìó
ä³àïàçîí³ òåìïåðàòóð (150–3500Ñ) ïðè àòìîñôåðíîìó òèñ-
êó. Àíàë³ç ñèðîâèíè òà ïðîäóêò³â ðåàêö³¿ ïðîâîäèëè õðî-
ìàòîãðàô³÷íèì ìåòîäîì. Ó ïðîöåñ³ êîíâåðñ³¿ ³çîïðîï³ëîâî-
ãî ñïèðòó íà ïîâåðõí³ êàòàë³çàòîðà Ni/ä³àòîì³ò äîñë³äæóâà-
ëè óòâîðåííÿ ïðîäóêò³â óù³ëüíåííÿ òà âïëèâ êèñíþ òà
âîäíþ íà ïîâåðõíþ êàòàë³çàòîðà íà óñòàíîâö³ Mag-Ben ç
êâàðöîâî-ïðóæèííèì ðåàêòîðîì. Òåðìîãðàâ³ìåòðè÷íèì ³
ê³íåòè÷íèì ìåòîäàìè âèçíà÷àëè óòâîðåííÿ ïðîäóêò³â
óù³ëüíåííÿ íà ïîâåðõí³ êàòàë³çàòîðà Ni/ä³àòîì³ò. Ìàêñè-
ìàëüíà ê³ëüê³ñòü ïðîäóêò³â óù³ëüíåííÿ óòâîðþºòüñÿ ïðè
òåìïåðàòóð³ 3000Ñ ³ âèùå íà öåíòðàõ Ëüþ¿ñà. Òåðìîãðàâ³-
ìåòðè÷í³ äîñë³äæåííÿ ïîêàçàëè, ùî óòâîðåííÿ ïðîäóêòó
óù³ëüíåííÿ íà ïîâåðõí³ êàòàë³çàòîðà Ni/ä³àòîì³ò çàëåæèòü
â³ä ÷àñó òà òåìïåðàòóðè.

Êëþ÷îâ³ ñëîâà: ïðîäóêòè óù³ëüíåííÿ, àêòèâí³ñòü
êàòàë³çàòîðà, êîíâåðñ³ÿ, òåðìîãðàâ³ìåòðè÷íèé àíàë³ç,
êàòàë³çàòîð í³êåëü/ä³àòîì³ò.
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The activity of the Ni/diatomaceous earth catalyst used in
the process of obtaining acetone from isopropyl alcohol was studied
in a laboratory setup over a wide temperature range (150–3500C)
at atmospheric pressure. The analysis of raw materials and reaction
products was carried out by the chromatographic method. In the
process of isopropyl alcohol conversion on the Ni/diatomaceous
earth catalyst surface, the formation of compaction products and
the effect of oxygen and hydrogen on the catalyst surface were
studied using a Mag-Ben setup equipped with a quartz-spring
reactor. The formation of compaction products on the surface of
the Ni/diatomaceous earth catalyst was determined by
thermogravimetric and kinetic methods. The maximum amount
of compaction products is formed at a temperature of 3000C and
above on the Lewis sites. Thermogravimetric studies showed that
the formation of compaction product on the surface of the
Ni/diatomaceous earth catalyst is time and temperature dependent.
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