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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—350°C) 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 300°C 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—350°C) at atmospheric
pressure. Thermal analysis of the samples was carried
out on a Derivatograph Q 1050 instrument at
atmospheric pressure at the rate of 10°C/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—300°C.

Results and discussion

As follows from previous researches, acetone,
ether, water and H, are obtained from isopropyl alcohol
during dehydrogenation in the temperature range 150—
350°C on the investigated Ni/diatomaceous earth
catalyst. As can be seen from Fig. 1, the optimum
process temperature is 250°C, and the maximum acetone
yield under these conditions is about 75%.
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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 300°C 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

temperature dependent. As can be seen from Fig. 3,
the maximum formation of the compaction product
is observed at a temperature of 300°C. A stable state is
observed after 40 minutes, 60 minutes, and 70 minutes
at 300°C, 250°C, and 200°C, respectively.
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Fig. 2. Kinetic change in the yield of acetone at different
temperatures: 1 — 200°C; 2 — 250°C; and 3 — 300°C
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Fig. 3. Kinetic curves of compaction products collected on a
Ni/diatomaceous earth catalyst during the conversion of
isopropyl alcohol at different temperatures:

1 — 200°C; 2 — 250°C; and 3 — 300°C

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—300°C on a Ni/diatomaceous earth
catalyst in an H, and O, 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 H, in the temperature range of 250—300°C, passes
from the oxide form to the metallic form, causing a

Investigation of the compaction product on a nickel/diatomaceous earth catalyst
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slight decrease in the catalyst mass, according to the
following scheme:
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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 H, and O,, respectively, at a temperature of
250—300°C. G.,=195.5 mg. {H,; 1O,; and {C;H,OH stand
for the moment of supply of hydrogen, oxygen and alcohol,
respectively

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—500°C 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—150°C (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 100°C) 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.
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Fig. 5. TGA results of Ni/diatomaceous earth catalyst before
(1) and after (2) catalysis

A decrease in the catalyst mass at temperatures
above 400°C 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 300°C.

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 300°C.

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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JOCIIIZKEHHA TTPOAYKTY VINIJIBHEHHA HA
KATAJII3ATOPI HIKEJb/JIATOMIT

E.T. 3einaaos, H.T. Asiesa, C.I. Hoepy3osa, O.I0. IlImonuesa

AKTUBHICTb Kartasizatopa Ni/miaToMir, SIKUH BUKOPU-
CTOBYETBLCSI B TIPOLEC OepKaHHSI aleTOHY 3 i30MpPOIiJIOBOrO
CTIUPTY, AOCTIIKEHO Ha Jab0opaTOpHill YCTAHOBII B IIMPOKOMY
nianasoni temmeparyp (150—350°C) npu armochepHOMy THC-
Ky. AHaJli3 CUPOBMHM Ta MPOMAYKTIB peakuil MpOBOAWIN XPO-
MarorpadiyHUM METOAOM. Y TMpolieci KOHBEPCii i301poIioBo-
ro CIUPTY Ha MOBEpXHi Karaiizaropa Ni/aiaToMiT 10CmiaKyBa-
JIU YTBOPEHHSI TMPOAYKTIB YUIUIBHEHHSI Ta BIUIUB KUCHIO Ta
BOIHIO Ha TIOBEPXHIO KaTajlizaTopa Ha ycTaHoBli Mag-Ben 3
KBapUOBO-TIPY>)KWHHUM peakTopoM. TepMorpaBiMeTpuuHuM i
KiHEeTMYHUM MeETOAaMM BU3HAYalWd YTBOPEHHS MPOILYKTIB
VILUIBHEHHSI Ha TIOBEepXHi KaTajizatopa Ni/miaToMmiT. Makcu-
MajibHa KUIBKICTb MPOAYKTIB YIUIJIbHEHHSI YTBOPIOETBCSI MPU
temriepatypi 300°C i Buie Ha 1eHtpax Jlptoica. Tepmorpasi-
METPUYHI TOCHIIKEHHS TMOoKa3aJii, 1110 YTBOPEHHS MPOIYKTY
VILIBHEHHSI Ha TMOBEepXHi KaTajiizaropa Ni/aiaToMIT 3a1eXuTb
Bil yacy Ta Temreparypu.

KniouoBi cioBa: mponykT yiliJibHEHHSI, aKTUBHICTb
KaTajizatopa, KOHBEpPCisl, TepMOTPaBIMETPUYHUI aHai3,
KaTaji3aTop HiKesb/miaTOMIT.
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