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Abstract

The concept of the centrifugal thermal activation (CTA) of powdered materials on a rotating solid heat carrier is developed. A compact
centrifugal flash reactor has been manufactured and tested. The tested set-up provided: the heating of gibbsite powder to the temperature
of 400–900 K with the rate more than 103 K/s; the duration of the powder thermal treatment less than 1.5 s; the regulation of the treatment
duration by changing the speed of the plate rotation and the shape of the rotating heat carrier; the product output up to 40 dm3/h; the removal
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f the extracted steam containing gases and rapid quenching of the thermally activated solid products. The device tested has b
he thermal activation of commercial aluminium hydroxide Al(OH)3 (gibbsite). The obtained thermally activated product possesses
eactivity and can be used for the preparation of various alumina-based compounds.
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. Introduction

Rapid heating of powders followed by their quenching is
mportant in many fields of chemical engineering. For in-
tance, the first stage of preparation of alumina-based sup-
orts and catalysts is often performed through the so-called
thermochemical activation (TCA)”, i.e. a short-time thermal
reatment, of aluminum hydroxide at dehydration tempera-
ure, about 580 K, resulting in the formation of a substance
ith a high reactivity[1]. Phase changes of solid oxygen
ontaining compounds (hydroxides, salts, basic salts, clays,
tc.) under heating are mainly determined by the dynamics
f two physico-chemical processes. The first one is the re-
oval of labile functional groups (OH−, NO3

−, CO3
− and

thers), the second is the transformation of an initial crystal
tructure to that of oxide. Under slow heating, these processes
re conjugated; therefore an inactive raw material transforms

nto another substance, a crystalline oxide mainly, which pos-
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sesses, as a rule, a low reactivity. Otherwise, when heat
non-equilibrium, with the rate of hundreds degrees per
ond or more, the formation of a novel quasi-stable amorp
phase can occur[2]. This intermediate phase is characteri
usually by a stored energy and thus high chemical react

Dehydration of crystal aluminum hydroxides or therm
decomposition of aluminum salts under non-equilibrium c
ditions create the basis of thelow-wastetechnologies of th
production of active aluminas. When preparing supports
alysts, sorbents, etc., the use of thermally activated subst
as the raw materials allows one to decrease conside
harmful drains and exclude some technological stages
dissolution of crystal hydroxides, the repeated precipita
the wash of sediments and others[2].

A widely commercialized method of TCA is based o
dynamic contact of powder particles with either hot exh
gases or hot granules of support or catalyst[1–3]. However
there are some disadvantages of this approach to the
thermal treatment. These are, namely: bad ecology, poll
of the powder with products of the fuel combustion, insta
ity in heating conditions and low efficiency of the heat po
Yu.Yu. Tanashev). utilization resulting in a high energy consumption.
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As an alternative to the existing TCA technologies, we
have developed a new approach to the rapid thermal treat-
ment of powders in a so-called centrifugal flash reactor (the
Russian abbreviation is “TSEFLARTM”). The TSEFLARTM

set-up is simple, compact, environmental benign and pro-
vides the more effective heat transfer to the reagent bed
with a high rate of the powder particles heating and
quenching.

2. The TSEFLARTM design

2.1. Heat carrier

Evidently, the rapid thermal treatment of powder particles
is more efficient, with the lower consumption of energy, when
the initial powdered substance is contacting with a solid heat
carrier, rather than with a gaseous one. Using some easy cal-
culations, it may be shown that the rate of the particle heating
to the necessary temperature in the two mentioned cases is
essentially different. For providing a simple estimation of the
heating rate, we took the next assumptions:

– a particle under heating has two parallel plane sides, one of
which is contacted with the hot solid surface; the distance
d between the plane sides is the size of a heated particle;

– parti-
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into the central part of the hot rotating plate, which is pro-
filed with a broadening to upwards. The centrifugal force
ensures the reagent particle movement along the heat carrier
surface as well as the steady thermal contact of the surface
and the particle until reaching the edge of the plate. Evidently,
the residence time will depend on the rate of the plate rota-
tion and the plate’ shape as well as on the size of the heated
particles, their density, coefficient of friction, temperature,
etc.

2.2. The scheme of the “TSEFLARTM” set-up

Fig. 1 illustrates the scheme of the “TSEFLARTM” set-
up. The powder of a raw material is falling down from tank 1
through metering unit 2 to hot receiving cone 3 of the rotating
plate 4. While moving along the plate on spiral-like trajectory,
the heating of the powder particles is in progress. Electrical
heating units 5 are disposed in insulated body 6 under the
plate. The temperature over the plate is controlled by a set
of thermocouples. The cylindrical lateral surface of body 6
is cooled by water through conduits 7. The powder under
heating is moving in a narrow cavity between the rotating
plate and insulated cover 8.

The time of the reagent residence on the plate, i.e. “con-
tact time”, is regulated by the speed of the plate rotation.
C thus
p par-
t al
t CA-
p ve, the
r itude
l

ove-
m it 9
t old
w ated
p rning
c

and
t

2
o

g
p e. The
g us-
heat exchange between the hot solid surface and the
cle occurs mainly through these sides;
the particle under heating has initially the tempera
T0 = 293 K;
the temperature of ambient air is equal to that of the
heat carrier.

The heating rate under the contact with the hot air was
ated for a spherical particle of diameterd. The calculation
f the heating time were performed for aluminum hydr

de, Al(OH)3, assuming that its heat capacity = 1.2 J/g K, h
onductivity = 1 W/m K and specific weight = 1.2 g/cm3. The
able 1demonstrates the estimated time which is neede
he temperature in the hydroxide particle center to ach
he temperature of the Al(OH)3 dehydration which is know
o be equal to 580 K. ParameterTH in the Table 1present
he temperature of the heat carrier.

A short duration of the powder particles contact with
eated solid surface can be arranged by centrifugal fo
or example, the powder of the initial substance can b

able 1
he calculated values of heating time

d (mm) Time of heating to 580 K (s)

TH = 673 K TH = 873 K TH = 1073 K

Gaseous Solid Gaseous Solid Gaseous S

0.04 0.049 0.005 0.017 0.002 0.010 0.
0.08 0.152 0.018 0.054 0.008 0.032 0.
0.12 0.239 0.041 0.104 0.017 0.062 0.
0.15 0.422 0.064 0.149 0.026 0.089 0.
entrifugal forces press the powder to the plate surface
roviding the heat transfer under direct contact of the

icles with hot metal. In our opinion, this way of therm
reatment is much more efficient than at the common T
rocess based on the gas heat carriers. As shown abo
ate of heating by a hot gas is almost of an order of magn
ower.

Coming off the plate, the powder continues a spiral m
ent down the inner cylindrical surface of the cooling un

hat is filled with circulated water. The contact with the c
all ensures an efficient quenching of the thermally activ
roducts. Falling down, the powder passes through tu
avities 10 to tanks 11.

Some technical characteristics of the manufactured
ested device are the following:

Mass of the total set-up (kg) 1500
Diameter of the set-up body (mm) 1400
Height of the set-up (mm) 1880
Diameter of the rotating plate (mm) 1000
Speed of the plate rotation 90–250 turns

per min
Volume of tank 1 (dm3) 40
Product output, up to 40 dm3 per hour
Temperature of the rotating plate, up to 1000 K
Supplied electrical power (kW) 20–45

.3. Studies on the movement of the gibbsite powder
ver the rotating plate

The movement of the Al(OH)3 powder over the rotatin
late surface has been studied using the video techniqu
ibbsite product from the Pikalevo Silica Complex (R
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Fig. 1. The scheme of the TSEFLARTM set-up. 1 – tank for raw material, 2 – metering unit, 3 – receiving cone of the rotating plate, 4 – the rotating plate, 5
– heaters, 6 – body, 7 – conduit for water, 8 – cover, 9 –cooling unit, 10 – turning cavity, 11 – tank for the thermally treated product, 12 – electric drive, 13 –
belt drive, 14 – bearings body, 15 – frame.

sia) was used as the raw material. The initial powder was
dried and dispersed by a set of sieves into the fractions
with d= 0–0.038, 0.038–0.053, 0.053–0.071, 0.071–0.106
and 0.106–0.150 mm. A video camera was fixed from above
the opened rotating plate (without cover 8). The movement
of a small amount (2–3 g) of dispersed gibbsite started from
receiving cone 3 was shooting with the sequence frequency
25 Hz. The temperatureTp of the plate and speedN of its
rotation were varied from 290 to 700 K and from 90 to 250
turns per min, correspondingly.

To do experiments with the video recording, several
different versions of the rotating plate were manufactured
and tested: with the plane, conic, truncated spherical and
special curvilinear surface. The last configuration of the
plate was designed to provide the movement of a par-
ticle with the constant acceleration. The profile of this
plate can be determined when taking into account the
forces that influence a particle movement: gravity, cen-
trifugal force and friction. One can easily calculate that
the corresponding profile is determined by a correlation
expression

r = a + g(k + sin α)

ω2(1 − k sin α)

where α is the angle between horizontal and tangent to
t

the acceleration value,k is the coefficient of friction,
g= 9.81 m/s2 and ω = 2�N, whereN is the speed of the
plate rotation. The diameterD of all plates was 0.5 m; two
plates, conic and truncated spherical, withD= 1 m were also
used.

Fig. 2represents an example of the sequence for the gibb-
site powder movement over the conic plate. An analysis of
the recorded movies has been done using Corel Draw 11
(Corel Photo-Paint 11), Windows Movie Maker, MathCAD
2001. The residence time,τ, increases whileN andd values
are decreasing, so the minimal valueτ = 0.24 s was achieved
when N= 250 turns per min,d= 0.106–0.150 mm for the
plane plate withD= 0.5 m andTp = 290 K, while the max-
imum valueτ = 1.44 s was achieved whenN= 100 turns per
min, d= 0.53–0.71 mm for the conic plate withD= 1 m and
Tp = 290 K. Note, here theNanddvalues at which the powder
particles are braking and “sticking” to the truncated spherical
plate according to non-overcoming gravity are not consid-
ered. Additionally, it has been found that the rise of the plate
temperature to 700 K leads to a small (10–20%) decrease in
τ.

Fig. 3demonstrates some features of the particles move-
ment along the plates of different shapes. It is found that the
use of the plate of the “constant acceleration” allows one to
achieve the maximal residence of the powder on the surface
o
he plate surface on the distancer from the axis,a is
 f the rotating solid heat carrier.



160 V.I. Pinakov et al. / Chemical Engineering Journal 107 (2005) 157–161

Fig. 2. An illustration of the gibbsite powder movement over the rotating conic plate (the sequence of the pictures with the time delays 0.12 s).

3. Thermal treatment of Al(OH)3

The set-up described in Section2.2has been used to pro-
vide the thermal treatment of commercial gibbsite produced
in the Pikalevo Silica Complex and Achinsk Alumina Com-
plex (Russia). The conic plate withD= 1 m, as the simplest
one in its manufacturing, has been used as the rotating heat
carrier. The treatment has been performed under temperature
T= 600–900 K atτ = 0.5–1.4 s.

The products of the gibbsite treatment were investi-
gated by BET, X-ray and thermal analysis, electron mi-

croscopy, IR and NMR spectroscopy. It has been found
that the initial gibbsite substance transforms into a quasi-
stable state, which is called below as the “centrifugally ther-
mally activated” (CTA) product. The phase composition of
the product underT> 700 K andτ ∼ 1.4 s includes gibb-
site Al(OH)3 (0–20%), boehmite AlOOH (0–10%), pseu-
doboehmite AlOOH (0–20%) and X-ray amorphous phase
Al2O3·nH2O, wheren= 0.4–2.0 (up to 100%). The thermal
treatment of the initial powder results in a decrease of its
water content from 34.6 to 5–15% and an increase of the
powder specific surface area from 2–5 to 100–300 m2/g be-
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Fig. 3. The recorded movement of the gibbsite particles along the rotating
plates of different shapes.r is the distance between the “spot” of particles and
the axis of the plate rotation,t is the time. The speed of the rotationN= 220
turns per min, the particles sized= 0.045± 0.007 mm. 1 – conic plate (with
diameterD= 1 m), 2 spherical plate (D= 1 m), 3 – plane plate (D= 0.5 m),
4 – conic plate (D= 0.5 m), 5 – plate of the “constant acceleration” (D=
0.5 m).

cause of the formation of a microporous system. The par-
ticular parameters of the treated powder depend on the con-
ditions of the activation such as the temperature of the ro-
tating plate, the contact time, the size of the particles, the
rate of the powder feed, the initial temperature of the pow-
der as well as the pressure of the “steam + air” mixture
inside a specially added unit for the steam removal. The
net electrical energy consumption underT= 800 K appeared
to be about 7 kJ/g of Al(OH)3. A detailed information on
the physico-chemical properties of the CTA product and
its reactivity is presented in this issue by L.A. Isupova et
al.

The main parameters of the CTA process are easily con-
trolled and the main physico-chemical properties of the prod-
ucts are well reproduced. The CTA product has a high reac-
tivity in the rehydration process and thus can be considered
as a promising starting material for the preparation of various
α-, γ- andη-alumina-based compounds including catalysts
and catalyst carriers.

4. Conclusion

The device described in this paper can be used for the
rapid thermal processing of a large variety of solid dispersed
materials as well as for the synthesis of some chemical prod-
ucts. The tested set-up provides: the heating of powders to
the temperature 400–900 K with the rate more than 103 K/s;
the time of the thermal treatment less than 1.5 s; the possi-
bility of the regulation of the treatment duration by changing
the speed of rotation and the shape of the rotating solid heat
carrier; the regulated product output, up to 40 dm3/h; the re-
moval of the extracted steam containing gases as well as the
rapid quenching of solid products. The main merits of the
TSEFLARTM are the following:

– its compactness and simple design;
– the provision of no environment pollution, since the hot

gaseous products of the fuel combustion are not used as a
source of heat;

– the properties of the obtained products of the thermal treat-
ment are well reproduced;

– the short contact of the powdered reagent with the rotating
heat carrier will not lead to the appearance of additional
impurities in the activated products;

– the product output and the energy consumption of the
tested set-up are suitable for an industrial coping of the
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