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Physico-chemical properties of TseflarTM-treated gibbsite and its
reactivity in the rehydration process under mild conditions
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Abstract

Physical and chemical properties of TSEFLARTM-treated gibbsite/hydrargillite (centrifugal thermal activation) CTA HG were studied with
X-ray analysis, TA, EM, BET and IRS. CTA HG product obtained at the temperature range of 330–580◦C and contact time∼1 s is the one
with a transitional non-equilibrated layered hydroxide structure with partly lost hydroxide groups. The CTA HG structure does not correspond
to the produced chemical composition Al2O3·(0.4–2)H2O and, therefore, the products reveal a higher reactivity. Such products are already
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. Introduction

The thermal activation of hydrargillite/gibbsite (HG) is
nown to be a method for the production of a highly re-
ctive state of Al2O3·nH2O (n= 0.4–2). Rehydration of this
roduct is a basis of a number of wasteless/low-waste tech-
ological lines used for manufacturing the pseudoboehmite-
tructured hydroxide with the skipped reprecipitation stage,
hich requiring a large consumption of feedstocks and pro-
ucing wastewater in a large amount[1–3].

The properties of the products of the thermal decompo-
ition and their reactivity will depend considerably both on
roperties of the initial hydrargillite (including the particle
ize) and on conditions of the thermal decomposition pro-
ess, viz. the decomposition temperature, heating rate, HG
ed thickness, residence time in the hot zone, quenching rate,
ater partial pressure etc., which determine the defect struc-

ure of an oxide phase formed and, hence, its physical and
hemical properties.

Few methods for the implementation of the thermal
composition process were developed. These are:

1. thermal decomposition in the flue gas backflow at
temperatures[1];

2. thermal decomposition in the flue gas backflow at mo
ate temperatures and certain steam pressure—TCA[2];

3. thermal decomposition in the fluidized bed of a cata
or solid heat carrier—TDP[3];

4. thermal decomposition in a thin bed in flowing flue ga
[4].

The thermal decomposition of hydrargillite using
TSEFLARTM installation ([5,6], also see a paper in this iss
by Pinakov et al.) is a new way to implement the therma
composition process, which allows a combination of a fi
decomposition temperature, thin bed, fast heating and
ing, short contact times and variation of the steam pres
In addition, a more pure product, so called (centrifugal t
mal activation) CTA HG, is obtaining without contaminat
by incomplete burning products or by the heat carrier.

TM
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Specific features of the TSEFLAR process of the HG
thermal decomposition necessitated investigation of the con-
ditions of formation of the active product (CTA HG), its
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nature, and its physico-chemical properties, including its re-
activity to the rehydration reactions.

2. Experimental

2.1. Sample preparation

HG from the Pikalev Silica Complex was the starting ma-
terial. Its initial moisture content was 2–9 wt.%; Na2O (impu-
rity) content was 0.22%; the particle size distribution: 8% was
lower than 38�m, 10% was 38–53�m, 55% was 63–106�m,
27% was larger than the 106�m. Specific surface area mea-
sured at 100◦C (Ssp) was 0.5 m2/g.

The product was subjected to the thermal decom-
position at the varied process parameters: the initial
HG wetness, rotation speed of the heat carrier (plate):
100–200 rpm, contact time (0.5–1.4 s), initial power temper-
ature: 20–200◦C, decomposition temperature (350–600◦C),
feeding rate (5–40 kg/h), particles size: 0–150�m (with and
without sifting) and steam pressure (up to 1 atm).

TSEFLARTM-treated gibbsite was subjected to mechani-
cal treatment in different mills, such as the planetary bell mill
and dezintegrater DEZI.
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on KBr and CsJ supports. IR spectra were recorded in the
500–4000 cm−1 range in transmission or diffuse scattering
mode, respectively.

The specific surface area (Ssp, m2/g) was determined by
the BET method using Ar thermal desorption data.

The particle size distribution was determined by Coul-
ter method[8] using Coulter counter TA-2 by registration
and counting of variable pulses of voltage drop in capil-
lary (200�m in diameter), through that a suspension of
power (under investigation) in electrolyte (0.9% NaCl) was
going.

Solubility of the samples was determined in acidic and
basic media. Samples were dissolved in the sulfuric acid so-
lution (1:1), while the temperature was increased from 20 to
100◦C and in the ammonia solution with pH∼ 10 at 22◦C.
The solution analysis was carried out with the help of the
atomic absorption spectroscopy (a BAIRD spectrometer).

3. Results and discussion

3.1. The CTA HG product phase composition

According to X-ray analysis, the phase composition of
the CTA HG products is considerably affected mainly by the
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.2. Sample characterization

The samples were characterized using such techniqu
RD (including the mode with the synchrotron radiati
R), DTA, BET, IRS, SEM, and TEM.
XRD patterns were obtained with a URD-6 diffractome

Germany) using Cu K� radiation in the 2θ range 10◦–75◦.
he quantitative phase analysis was carried out using da
echanical mixtures according to the procedure describ

7]. Typical particle sizes were estimated from the broa
ng of 2 0 2 (for bayerite), 0 2 0, 0 3 1, 1 2 0 (pseudoboehm
nd 0 0 2, 0 2 4, 3 1 4 (gibbsite) diffraction peaks. Hi
esolution XRD patterns were obtained on Beamline n
f VEPP-3 storage ring in Siberian Synchrotron Radia
enter, Novosibirsk, Russia. The wavelength in the ex
ent was 0.07 nm. The scanning (within 2θ) region was equa

o 5◦–135◦.
The textural features of the CTA HG products were s

ed by SEM with a BS-350 machine (resolution limit is ab
–10 nm). Electron microscopy data were obtained w
EM-2010 microscope. The resolution limit of the mach
s about 0.14 nm, the accelerating voltage 200 kV. Specim
ere deposited onto a holey-carbon film supported on a
er grid from ethanol slurry.

The thermal analysis was carried out on a DQ-1500 de
he samples (200 mg) were heated with the rate of 10◦/min

rom 20◦C up to 900◦C on the air. The degree of certain
f phase analysis was 1%.

IR-spectra were obtained using Fourier spectrom
FS-113v Bruker and BOMEM MB-102; samples were p
ared by pressing in alkali metals halides or by dus
SEFLAR plate temperature, pre-drying temperature
ontact time and the feeding rate. For example, the X
ata show that the rise of the plate temperature from 3
00◦C results in the decrease in the HG [JCPDS 33–0
roportion in the CTA product while the content of the
ay amorphous component increases and boehmite [JC
7–0940] is detected. Almost the whole product formed u

he treatment at 530–580◦C is X-ray amorphous.Table 1
hows the preparation conditions and the characterist
ome CTA HG products.

The DTA data demonstrate a non-uniformity of even
igh-temperature (fully X-ray amorphous) CTA HG pro
ct; it seems to comprise both “oxide” and “hydroxide” c
tituents. The broadened endoeffect below 800◦C accom
anied by a monotonic weight decrease and an exoeff
10◦C at no weight change, seen in DTA curves of CTA
amples, indicate the presence of not only a disordered
hase and chemisorbed water but also disordered hydr
hases (Fig. 1).

From the IRS data, the CTA HG products also comp
-like alumina along with weakly bonded/molecular wa
removed on heating at 100◦C) and structurally disordere
ydroxides[9–11](Figs. 2 and 3). That is seen from a poor
esoluted IR absorption data at the region of stretching v
ions of bound hydroxides. Therefore, the X-ray amorph
TA HG product seems to contain a considerable qua
f structurally disordered hydroxides in its “hydroxide” c
tituent and chemisorbed water in its “oxide” constitu
he IRS data show also the presence of carbonate sp

n the CTA products, which may form due to an inter
ion of the active oxide species produced during the the
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Table 1
Some properties of the CTA Gibbsite products

Sample Chemical
composi-
tion

Dispergation Phases (%)
(X-ray)

TA Solubility (%)

Humidity
(%)

Am. (%) Al(OH)3
gibbsite (%)

AlOOH
boemite (%)

AlOOH,
pseudoboemite (%)

NH4OH, pH 10,
20◦C, 60 min

H2SO4
a

40◦C, 1 min
H2Ob 25◦C,
120 min

Gibbsite Al2O3·3.5H2O No Gib-92 38 No 77 23 0 No – No
Boe-8

CTA-380 Al2O3·1.7H2O No Am-65 23 44 39 17 0 1.9 1.2 0.02
Boe-15
Gib-20

CTA-380 Al2O3·1.9H2O DEZI Am82 25 37 45 18 0 1.0 11.5 0.03
Boe-3
Gib-15

CTA-580 Al2O3·0.8H2O No Am-98 12 81 6 8 5 2.2 2.0 0.02
Gib-2

CTA-580 Al2O3·H2O DEZI Am-95 17 84 5 12 0 1.4 3.9 0.03
Boe-3
Gib-2

TCA (for comparison) Al2O3·0.8H2O DEZI Am-95 1 3.0 2.0 0.01
Gib-5

a Samples solubility in sulfur acid (1:1) during heating, up to 80◦C (full sol
b Water pH rises up to 10–11.
2 76 11 13 0
0
5
)
1
6
3
–
1
6
9
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Fig. 1. Thermogram of gibbsite (A), and gibbsite treated with TSEFLARTM

at 380◦C (B) and at 580◦C (C).

decomposition with carbon dioxide, which is present in the
ambient (Fig. 3).

The IRS data argue in favor with the SR-data on the phase
composition which allow, due to a higher sensitivity, a�-like
phase of alumina [JCPDS 13–373], admixture of hydrargillite

Fig. 2. IRS data on gibbsite treated with TSEFLARTM at 580◦C (CTA-580),
on TCA product and on their differed spectra (THA–CTA).

Fig. 3. IRS data on gibbsite (HG) and gibbsite treated with TSEFLARTM vs.
product humidity (%) (A); IRS differed (20–100◦C) spectra TSEFLARTM-
treated HG products with different humidity.

[JCPDS 33–0018] and boehmite [JCPDS 17–0940] to be de-
tected in the CTA-580 HG sample (Fig. 4).

The increase in the content of the amorphous oxide com-
ponent in the products also is favored at longer contact times
(lower rates of the HG consumption by TSEFLARTM), while
a pre-drying of the samples at 180◦C results naturally in a
higher content of boehmite in the product.

Therefore, respectively, low temperatures of CTA treat-
ment (below 400◦C), high consumption rates (15–20 kg/h),
pre-heating of HG at the temperature not higher than 100◦C
will cause an increase in the content of an “amorphous hy-
droxide” component in the CTA products, and vice versa,
high temperatures (above 600◦C), the small particle size and
low consumption rates (lower than 10 kg/h) will allow a fully
X-ray amorphous “hydroxide”-free products to be obtained,
in which aluminum atoms form a kind of the�-oxide phase
in its close proximity (from the IRS data).

Hence, X-ray amorphous CTA product seems to be as
in high-dispersed�-like phase of alumina, as in a non-
equilibrium metastable (hydroxide) state of oxide phase.
Preservation of the layered HG structure in the products of
the TSEFLARTM thermodecomposition indicates feasibility
of the dehydration stage without a concomitant rearrange-
ment of the oxygen sub-lattice. Such layered structure of the
CTA is not proper for the formed product with the compo-
s is
r en-
e s are
p ment
ition close to Al2O3·0.8H2O (the oxide product). For th
eason, such “hydroxide” product will possess a higher
rgy capacity and a higher reactivity. Both product state
ossible as well. When the temperature of the HG treat
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Fig. 4. The samples’ phase composition according to the Synhrotron XRD
vs. the preparation conditions: (1) TCA+DEZI; (2) CTA-580; (3) CTA-
580+DEZI; (4) 3+hydration in an ammonia solution at pH 10 during 2 h.
((*) Boehmite, (+) gibbsite, (-)�-like alumina).

is elevated to above 600◦C, the formation of only oxide well
crystalline phase is not excluded in the CTA product. Hence,
some temperature range may be identified for the formation of
the active CTA product most likely with the transitional non-
equilibrium layered structure of the hydroxide type, which is
dehydrated in more or less extent; this is the range between
330 and 600◦C.

3.2. The surface area of the CTA HG products

TSEFLARTM treatment of HG results in a considerable in-
crease in surface area depending on the conditions of thermal
decomposition. The surface area increases upon the elevation
of the decomposition temperature but decreases upon the ele-
vation of the pre-drying temperature. For example, if the CTA
HG temperature is in the range of 470–545◦C, specific sur-
face area increases up to 180 m2/g in the sample pre-heated
to 140◦C but up to 250 m2/g in the sample not subjected to
pre-heating. It is interesting that the surface area is consider-
ably lower, when being determined at 100◦C than that after
the pretreatment at 300◦C. This is evidence of inaccessibil-
ity of some art of the adsorbate surface due to the presence
of chemisorbed water and/or specific morphological arrange-
ment of the particles.
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Fig. 5. Particle’s size distribution of TSEFLARTM-treated gibbsite (Coulter
data).

Fig. 6. Photomicrography of gibbsite treated with TSWFLARTM at 580◦C
(different magnifications).
.3. Morphology of CTA HG products

The particle aggregates are practically not varied in
fter treating HG with TSEFLARTM (from the SEM dat
nd the data obtained by Coulter) (Fig. 5). The electron mi
roscopic studies reveal that the particles formed during
reating with TSEFLARTM at 470 and 575◦C are a pseudo
orphose to the initial HG (Fig. 6). These are almost regula

haped (truncated hexagon or distorted rectangular in
ection) coarse (1–1.5�m) particles with the slightly broke
urface. Sometimes, fine acicular particles of ca. 70–100Å in
ize are seen at the particle edges. Elongated spots—s
ores—can be observed in some individual particles. T
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Fig. 7. Photomicrography of gibbsite treated with TSWFLARTM at 580◦C
before (A) and after mechanical treatment in DEZI (B) (0.4�m eroute).

are also shapeless aggregates of lamellar microporous parti-
cles of 0.5–2�m in size in the samples. Hence, the formed
particles differ from the initial one since all are laminar, split
and porous.

CTA product particles are easily grinding to 0.1–0.5�m
size in DEZI, the planetary ball mill and others mills (Fig. 7).

3.4. Reactivity of the CTA HG products

Depending on the preparation conditions, different solu-
bilities are characteristic of the CTA HG samples (Table 1,
Fig. 8). For example, the solubility in alkaline ammonia so-
lution at 20◦C increases with the elevation of the decomposi-
tion temperature and, vice versa, decreases if the samples are
disintegrated (Fig. 8). The solubility in acid solutions varies
opposite to that in the alkaline solutions (Fig. 8). The wa-
ter solubility is rather low for all the samples; the solution
formed showing an alkali reaction (pH 10–11). It is interest-
ing that the TCA HG sample is the one of the most soluble in
the ammonia solution and lest soluble in water that indicates
its acidic properties (that may be accounted for by higher
temperatures of the sample preparation or by a lower steam
partial pressure), while the CTA HG product is more alkaline.

Hydration of the samples in an alkaline medium and water
produces, at first, pseudoboehmite (Fig. 4, curve 4) and then,
a -
i erite
f e

Fig. 8. CTA products solubility in an alkali (A) and an acid (B) media.

is a considerable difference in the maximal quantity of the
formed pseudoboehmite. For example, the bayerite phase is
detected as early as 5 h of hydration of the CTA HG prod-
uct in water (when the pseudoboehmite content reaches ca.

Fig. 9. IRS data on CTA (A) and TCA (B) products after DEZI treatment
before and after rehydration in ammonia solution during 24 h and a week.
t even longer exposure, bayerite (Fig. 9). The hydration dur
ng a week results in formation of almost one-phase bay
rom both TCA HG and CTA HG (Fig. 9). However, ther
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Fig. 10. Phase composition (amorphous, pseudo boehmite, bayerite and
gibbsite) of CTA (A) and TCA (B) products after their rehydration in am-
monia solutions during 24 and 150 h (a week).

10%) but in 24 h (when the pseudoboehmite content reaches
ca. 50%) of hydration of the TCA HG (Fig. 10).

It is not excluded that rehydration of the CTA HG prod-
ucts skips the stage of their redissolution but by the reaction
solid + liquid. This process may be favored due to the layered
structure of the products, because rehydratation of CTA HG
in “oxide state” practically does not leads to formation of hy-
droxides. One can also notice that according to X-ray data, no
formation of hydroxide phases is detected during 24 h in an
acidic medium (at otherwise identical conditions) and, again,
exposure of HG or pseudoboehmite (reprecipitation) in acid
or alkali aqueous solutions does not cause any changes in the
phase composition of the samples.

4. Conclusion

CTA HG products at the temperature range of 330–580◦C
are the ones with a transitional non-equilibrated layered hy-
droxide structure with partly lost hydroxide groups. The
structure does not correspond to the produced chemical com-
position and, therefore, reveals a higher reactivity. Such a
system is already readily hydrated at room temperature in
aqueous ammonia to form eventually the stable bayerite-like
hydroxide structure.
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