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Abstract⎯Results from pilot tests of microspherical aluminochromium KDI-M catalyst mixed with IM-2201 in a
large-scale unit (Nizhnekamskneftekhim) for iso-butane dehydrogenation are discussed. Compared to KDI cata-
lyst, its modified analogue KDI-M is more active and selective; the optimized grain-size composition and
mechanical strength ensures higher yields of iso-butylene and longer nonstop operation (up to 400 days) of the
reactor unit.
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INTRODUCTION
The dehydrogenation of lower paraffins in a f luid-

ized bed of microspherical aluminochromium catalyst
is the main way of producing the С4–С5 olefins used in
the production of polymer materials (plastics, synthetic
rubbers, and fibers), high-octane additives to fuels, sol-
vents, and other products of organic synthesis.

The operational and economic indicators of the
dehydrogenation of lower paraffins in a f luidized bed
depend not only on the characteristics of the catalyst
(its activity and selectivity) and the thermodynamic
conditions (temperature and pressure) but on the
hydrodynamics of the f luidized bed of the reactor unit
as well. The latter is in turn determined by the com-
bined effect of the parameters of the technological
process and the structural–mechanical properties and
grain-size composition of the catalyst.

The main catalyst for the dehydrogenation of lower
paraffins in a f luidized bed is IM-2201 [1], developed
in the 1960s and produced by spray drying suspensions
of aluminum hydroxide, kaolin clay, chromic acid,
potassium hydroxide, and potassium liquid glass [2–4].
The features of this technology are such that coagula-
tion-type contacts form between the aggregates that
make up a micrograin of IM-2201, and these contacts
determine the low mechanical strength of the catalyst
[5]. This in turn results in high consumption of the

catalyst per unit of produced olefin, and in substantial
environmental pollution by dust containing hexava-
lent chromium. Microspherical aluminochromium
catalysts, obtained by impregnating a premade alu-
mina support with solutions of an active component, a
promotor, and a modifying agent, are therefore more
promising. Impregnation-type systems include the
catalysts AOK-73-21(24) [4], KDM [7], SPS [8, 9],
IM-2201 P [10], and KDI [11, 12], along with its mod-
ified analogue KDI-M [13]. A fundamental difference
between these catalysts is the technology for produc-
ing their supports. For example, AOK-73-24 and
KDM catalysts are produced using products of the
thermochemical activation (TCA) [14, 15] and cen-
trifugal thermal activation (CTA) of gibbsite [7, 16],
respectively. These catalysts have higher activities than
MI-2201 [7, 10, 17] and have long been used in indus-
try, contributing to a considerable reduction in the rate
of catalyst consumption [7].

KDI catalyst and its advanced analogue KDI-M
use a support obtained by the sequential thermo-
hydrothermal treatment of gibbsite [11, 12].

The use of the KDI catalyst mixed with IM-2201 in
industrial plants for iso-butane dehydrogenation was
described in [18, 19]. This work continues our studies
on the modification and commercial application of
KDI catalyst. Below, we present the results from pilot

ENGINEERING PROBLEMS.
OPERATION AND PRODUCTION



18

CATALYSIS IN INDUSTRY  Vol. 9  No. 1  2017

LAMBEROV et al.

tests of its advanced analogue, modified KDI-M cat-
alyst, loaded in a reactor unit for iso-butane dehydro-
genation (Nizhnekamskneftekhim) in mixtures with
IM-2201.

EXPERIMENTAL
Our objects of study were industrial microspherical

aluminochromium catalysts, such as:
● mixture-type IM-2201; and 
● impregnation-type domestic KDI (TU (Techni-

cal Specifications) 2173-075-00206457–2007) and
KDI-M (TU 217341-001-02066730–2014).

Under laboratory conditions, their catalytic prop-
erties were determined for iso-butane dehydrogena-
tion in the f luidized bed of catalyst in a steel tubular
reactor. The volume of the loaded sample was
100 cm3, the reaction temperature was 570°С, and the
regeneration temperature was 650°С. To keep the tem-
perature in the reactor constant, we used a tube fur-
nace equipped with an electronic PID-controller. The
volume of the catalyst loaded into the reactor was
100 cm3, and the feed hourly space velocity was
400 h−1.

The compositions of the initial iso-butane fraction
and the contact gas were determined via gas chroma-
tography. The content of hydrocarbons was deter-
mined on a GKh-1000 chromatograph (Khromos,
Dzerzhinsk) using a f lame ionization detector and a
capillary column, while the contents of H2, CH4, and
CO were found using a thermal conductivity detector
and a packed column. The relative error in determin-
ing the concentrations of the components did not
exceed 10%. The indicators described below were calcu-
lated using the results from chromatographic analysis:

⎯the catalytic activity defined as the yield of iso-
butylene per transmitted iso-butane and calculated
using the formula

where  is the concentration of iso-butylene in

the contact gas, wt %,  is the concentration of
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concentration of iso-butane in the feedstock, wt %;
and

⎯the selectivity defined as the yield of iso-butylene
per decomposed iso-butane and calculated using the
formula

where  is the concentration of iso-butane in
the contact gas, wt %.

The catalyst grains’ resistance to wear was deter-
mined by the mass fraction of the losses after one hour
of catalyst wear under an air f low. The method is based
on the destruction of the catalyst particles in the f luid-
ized bed. The resistance to wear was calculated using
the formula

where m0 is the initial mass (g) of the tested catalyst
with grain sizes of 40–200 μm, and m is the mass of
this catalyst (g) after one hour of wear.

Batches of KDI-M catalyst were produced under
production-line conditions. Pilot tests of KDI-M
were performed in a reactor unit for iso-butane dehy-
drogenation (Nizhnekamskneftekhim). Pilot batches
of KDI-M were loaded into the reactor units along
with IM-2201 catalyst. The total mass of the catalysts
circulating in each reactor unit was approximately 300 t.
The dehydrogenation of iso-butane was performed
according to regulations at temperatures of 560–
580°C, a pressure of 1.6 kgf/cm2, and a feed loading of
υ = 25–35 t/h. The catalyst was regenerated at a tem-
perature of 650°C and an air f low rate of 14000 m3/h.
The composition of the initial iso-butane fraction was
(wt %) С3 hydrocarbons, 0.5–1.0; iso-butane, 93–95;
n-butane, 0.5–2.0; iso-butylene, 2.0–4.0; n-butenes,
0.2–1.2; and 1,3-butadiene, 0.01–0.05. The operating
indicators of IM-2201 (activity and selectivity) met
the requirements of TU 2173-017-73776139–2009.

RESULTS AND DISCUSSION
The comparative characteristics of IM-2201, KDI,

and KDI-M, determined on the laboratory unit, are
given in the table.

The catalytic indicators of KDI-M were, on aver-
age, 1–2% higher than those of KDI. This improve-
ment was achieved by modifying the aluminium oxide
support with silicon dioxide before applying the active
component and the promoter. The spread of the mod-
ifying agent in the form of SiOx fragments over the
support promotes the formation of the most active (in
dehydrogenation) phase of polynuclear Cr(III) ions
and the shielding of strong acidic centers of the sup-
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Operating indicators of microspherical aluminochromium
catalysts

*Under laboratory conditions during the dehydrogenation of iso-
butane at 570°C.

Indicator
Catalyst

IM-2201 KDI KDI-M

Activity, %* 46 47 48
Selectivity, %* 86 85 90
Resistance to wear Мп, % 65 89 86
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port. This increases the activity and selectivity of the
catalyst in the dehydrogenation of iso-butane [20].

In developing the technology for the production of
KDI-M catalyst, we considered the results from labo-
ratory studies and the accumulated experience in the
industrial use of the KDI catalyst in the large-scale
units of PAO Nizhnekamskneftekhim. For example, it
was found in [18] that the optimum circulation of the
catalyst in the reactor unit can be achieved by loading
impregnation-type catalyst in the form of grains less
than 40 μm in size and maintaining the content of
these grains in the catalyst at a level of 30 wt %. It was
shown in [19] that in order to stabilize the required
level of the f luidized bed and lower the loss of the cat-
alyst, the fraction of 20–40-μm grains in the circulat-
ing catalyst should be no less than 20 wt %. In light of
the above requirements, a mathematical model of the
destruction of IM-2201 and KDI during their use in
large-scale reactors was constructed based on experi-
ments on prolonged wear of the catalysts in a f luidized
bed [21]. The model allowed us to establish the opti-
mum resistance to wear and the grain-size composi-
tion of the loaded KDI-M catalyst. These optimum
parameters promote the formation of the required
amount of grains with sizes of less than 40 μm at a suf-
ficient rate. They thus enhance the circulation of the
catalyst and promote the formation of a stable and
uniform fluidized bed and its required extension to the
upper layers of the reactor.

The production of the developed KDI-M catalyst
began in Nizhnekamsk in 2014. Batches of this catalyst
that were produced specifically for the pilot testing

were loaded into the iso-butane dehydrogenation unit
(Nizhnekamskneftekhim).

To assess the effect of the KDI-M catalyst on the
operation parameters of the iso-butane dehydrogena-
tion unit and the stability of its functioning, we ran a
pilot test for one year. During the test, on a periodic
basis of five to nine days, one of the two parallel units
for iso-butane dehydrogenation was simultaneously
loaded with the IM-2201 catalyst and batches of KDI-M
in amounts of six to eight tons. The total monthly load
of the KDI-M catalyst in the unit was raised from 10–
15 t (at the initial stage) to 60 t in the latter half of the
pilot test. For comparison, the parallel unit was loaded
with a mixture of catalysts KDI and IM-2201 in a ratio
of 50 : 50. Figures 1–3 show the changes in the con-
centrations of iso-butylene and С1–С3 hydrocarbons
in the contact gas and the total catalyst consumption
per ton of produced iso-butylene.

The pilot test showed that the use of the KDI-M
catalyst in combination with IM-2201 is more effec-
tive than that of the IM-2201 + KDI mixture. The
combination of IM-2201 and KDI-M ensured a stable
yield of iso-butylene over 400 days of nonstop opera-
tion. During our studies, the concentration of iso-
butylene in the contact gas was 33–37 wt %, 3–4%
higher than the respective parameter determined for
the IM-2201 + KDI mixture at the initial stage of pilot
testing (see Fig. 1). In addition, the reactor unit loaded
with the IM-2201 + KDI mixture was stopped for
maintenance twice (after 72 and 132 days of operation)
as a result of (a) loss of catalyst circulation between the

Fig. 1. Concentration of iso-butylene in the contact gas versus operating time of catalyst mixtures (s) IM-2201 + KDI and (×)
IM-2201 + KDI-M.
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reactor and the regenerator and (b) the reactor down-
comer being blocked by coke.

Analysis of the trends of the dependence of the iso-
butylene concentration showed that the operation of
the IM-2201 + KDI-M mixture was more stable: over
400 days, the iso-butylene concentration in the con-
tact gas fell by 5 rel %: on average, the value fell from
35 to 33 wt %. As for the IM-2201 + KDI mixture, the
iso-butylene concentration in the contact gas fell by
12–14 rel % over 70–110 days (see Fig. 1).

The use of KDI-M catalyst instead of KDI thus not
only increased the yield of iso-butylene but also
increased the duration of the nonstop operation of the
unit from 270 (for the mixture of IM-2201 and KDI)
to 400 days. This was due to the stable dehydrogena-
tion activity of the KDI-M catalyst, its low abrasive-
ness, and optimum grain-size composition, which
enhances the circulation of the catalysts and makes it
possible to decrease the supply of carrier gases. This in
turn reduces the mechanical wear on (a) the internal

Fig. 2. Concentration of С1–С3 hydrocarbons in the contact gas versus operating time of catalyst mixtures (s) IM-2201 + KDI
and (×) IM-2201 + KDI-M.
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Fig. 3. Changes in the consumption of the catalyst per ton of iso-butylene produced in pilot testing.
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components of the reactor and (b) the f low channels
between the reactor and the regenerator.

When KDI-M is used in combination with IM-2201,
the concentration of С1–С3 hydrocarbons remains
stable (at 3.5–4.0 wt %, 0.5–1.0 wt % lower than for
the mixture of IM-2201 and KDI) over the period of
operation (see Fig. 2).

The use of KDI-M catalyst, which is more durable
than IM-2201, contributed to the lighter wear on the
grains, the formation of particles less than 20 μm in
size, and their carryover from the reactor via cyclones.
As a result, the total consumption of the catalyst fell
from 30 to 11–12 kg per ton of produced iso-butylene
(see Fig. 3).

The use of KDI-M catalyst also led to the forma-
tion of 2.5–3 times as many grains less than 40 μm in
size, compared to KDI catalyst (Fig. 4). At the initial
stage of KDI-M loading, the content of grains less
than 40 μm in size grew from 20 to 30–35 wt % and
remained at this level. When a mixture of IM-2201 and
KDI was used, the content of grains less than 40 μm in
size did not exceed 20 wt %. The formation of the
required number of such grains was ensured by the opti-
mum grain-size composition of the initial KDI-M cata-
lyst and the technological features of its production.

CONCLUSIONS

(1) A pilot test showed that as a result of loading
KDI-M catalyst in combination with the circulating
IM-2201 catalyst in the large-scale unit for iso-butane
dehydrogenation, the concentration of iso-butylene in

the contact gas stabilizes at 33–37 wt % and the yield
of С1–С3 hydrocarbons falls by approximately 1 wt %.

(2) The use of the KDI-M catalyst prolongs the
nonstop operation of the reactor unit from 270 (for the
mixture of IM-2201 and KDI) to 400 days because of
the stable dehydrogenation activity and grain-size
composition of the circulated catalyst.

(3) The use of KDI-M reduced the total catalyst
consumption per ton of produced iso-butylene from 30
(for IM-2201) to 11–12 kg because of the lighter wear
on its grains.
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