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THERMAL BEHAVIOR AND WATER ADSORPTION OF NATURAL AND
MODIFIED SEPIOLITE HAVING DOLOMITE FROM TURKEY

B. Erdogan Alver! *, M. Sakicil, E. Ydriikogullaril, Y. Yilmaz* and M. Giiven®
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The water adsorption properties of sepiolite having dolomite supplied from Eskisehir region and their exchanged forms (K', Na®,
Mg and Ca®") were investigated. The sepiolite samples were characterized using XRD, TG-DTA, DSC and nitrogen adsorption
methods. The temperature ranges were determined for the dehydrations of hydroscopic and zeolitic water as 30-200°C, for the
dehydration of the bound water as 250—750°C and for the dehydroxylation of hydroxyls as 810-850°C in the sample. It was
observed that the value of percent mass loss for natural and modified samples varied in the range from 36.70 to 39.05%. Two mass
loss steps for all samples were observed using a differential scanning calorimetry (DSC) in the range of 30-550°C. Adsorption
isotherms for water on natural and modified forms were obtained at pressures up to 2.39 kPa. Uptake of water increased as

K-SEP.<Na-SEP.<Mg-SEP.<Ca-SEP. for sepiolite samples at 293 K.
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Introduction

Sepiolite, of structural formula Si;,030Mgs(OH)4(H,O)s-
8H,0, is a fibrous, hydrated Mg—Al silicate clay min-
eral. This mineral contains in its crystal structure;
zeolitic and adsorbed water, four H,O molecules coordi-
nated with bordering octahedral cations and hydroxyl
groups at the 2:1 ribbons [1, 2]. The clays with the clay
mineral sepiolite contain chiefly carbonates with dolo-
mite (MgCO;- CaCO;), magnesite (MgCO;) and calcite
(CaCQ;) as nonclay minerals. Sepiolite occurs as fibers
and dolomite as subhedral or euhedral crystals [3].
Sepiolite has good adsorption properties due to its struc-
tural channels. It has molecular-sized channels (dimen-
sions about 3.7-10.6 A) distributed along the fiber axis
[4]. Each structural block comprises two tetrahedral sil-
ica sheets and a central octahedral sheet containing Mg.
Owing to the discontinuity of the external silicate
sheets, an important number of silanol groups (Si—-OH)
take place at the surface of this mineral. The structure of
sepiolite mineral includes active adsorption sites, oxy-
gen atoms on the tetrahedral sheet, water molecules co-
ordinated to the Mg ions at the edges of the structural
ribbons and silanol groups formed as a result of broken
Si-O-Si bonds. Isomorphic substitutions of Si*" in the
tetrahedral sheet of the mineral lattice with AI** consti-
tute negatively charged adsorption sites. Exchangeable
cations that compensate the electrical charge occupy
these sites. Sepiolite has a high adsorptive capacity for
many gases and vapors [5]. The adsorption of water va-
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por in porous materials is related with the hydrophobic-
hydrophilic properties of solid surfaces [6]. The interac-
tion of water with soil colloids plays an important role in
soil science and numerous studies have shown that ex-
changeable cations significantly influence soil-water re-
lations [7—12]. Many studies have been carried out on
the water vapor adsorption behavior of clay in literature
[13-22].

Abundant sedimentary deposits of sepiolite have
been discovered in Turkey. There are, however
limited studies on water vapor adsorption properties
of cation exchanged forms of sepiolite from Turkey.
The aim of this study is to evaluate the thermal
behavior and water adsorption of sepiolite containing
dolomite and those of modified forms from Turkey.

Experimental
Materials and methods

The sepiolite containing dolomite used in this study
was obtained from Eskisehir region of Turkey. It was
crushed, ground and then sieved to 63 pum<using
ASTM standard sieves. These clay fractions were
exchanged with K, Na“, Mg®" and Ca®" to determine
the influence of the exchangeable cation on their
water sorption behavior. Inorganic chemicals such as
HCI, NaCl, KCI, MgCl, and CaCl, were obtained
from Merck (Darmstadt, Germany) and all solutions
were prepared using de-ionized water.
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5 g of sepiolite were activated by washing with
100 mL of 0.1 M HCl solution followed by a washing
in de-ionized water. Afterwards, these samples were
added to 1 M chloride solutions and maintained at a
temperature of 100°C treatment time of 8 h, with con-
tinuous stirring. The treated samples were sub-
sequently washed with distilled water, dried at 110°C
for 16 h and stored in a desiccator. The resulting
modified samples were labeled K-SEP., Na-SEP.,
Ca-SEP. and Mg-SEP., respectively. The chemical
composition of the sepiolite sample was determined
by classical chemical analysis (Table 1). Si0,, Al,Os,
Fe,05, TiO,, Na,O and K,O are only due to sepiolite.
The CaO is originated only from dolomite. MgO
comes both from sepiolite and dolomite. The LOI is
due to the dehydration and dehydroxylation of the
sepiolite and also the calcination of the dolomite.

Table 1 Chemical composition of the sepiolite having

dolomite

Constituent %

SiO, 13.240
AlLO; 1.360
Fe,03 0.510
Na,O 0.090
K,O 0.150
CaO 23.180
MgO 22.280
TiO, 0.080
SO; 0.030
P,0s 0.009
LOI 39.020

Instrumentation

Sepiolite having dolomite supplied from Eskisehir
region and those of modified forms were charac-
terized by using XRD, TG-DTA, DSC and nitrogen
adsorption methods. X-ray diffraction (XRD) patterns
were recorded on powdered samples with a
Rigaku RINT-2200 diffractometer using CukK,
radiation and operated in the 20 range between 3 and
40°, with a step size of 0.02°.

The thermal behavior of the samples was inves-
tigated in the temperature range 30-1000°C using a
Setsys Evolution Setaram thermal analysis apparatus
with a linear heating rate of 10°C min™'. For all experi-
ments the sample mass was about 40 mg. DSC analyses
of samples were carried out by heating the samples from
30 to 550°C at 5°C min ' rate using a Setaram DSC 151
analyser. Powdered samples were loaded into sealed
aluminum pan. The empty aluminum pan was used as
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reference and the heat flow between the sample and the
reference pan was recorded.

The BET surface areas of the samples were
measured with volumetric sorption analyzer
(NOVA 2200, Quantachrome Instruments, USA)
using nitrogen gas adsorption at —196°C. Water vapor
adsorption isotherms were measured using volumetric
apparatus (Autosorb 1-Quantachrome Instruments,
USA) by static technique at 293 K. Before each mea-
surement the samples were outgassed for 3 h by
heating 120°C under vacuum.

Results and discussion
X-ray analysis

Figure 1 shows the X-ray diffractograms of the
natural and modified samples. In the XRD pattern of
the natural rock, sharp and strong reflection at
0.289 nm is characterized dolomite (D) mineral.
The weak reflections at 1.216 and 0.449 nm related to
the sepiolite (S) peaks [23]. The other reflections in
the same pattern belong to dolomite. Therefore, the
natural rock contains sepiolite and dolomite as clay
and non-clay minerals, respectively. There are no
significant changes in the XRD patterns of the other
samples. The modified samples display the charac-
teristic sepiolite and dolomite peaks after treatment.

Thermal properties

DTA has been used widely in the study of thermal
reactions of clay minerals. The DTA peak temper-
atures are characteristic for each mineral and DTA
curves are applicable for identification and deter-
mination of many clays [24, 25]. There have been
numerous studies regarding the thermal behavior of
clay minerals [26-32]. The thermogravimetric and
DTA analyses of all forms of sepiolite samples are
shown in Fig. 2. The TG/DTA curves of the samples
are similar. The results of TG/DTA analyses are given
in Table 2. The removal of hydroscopic water from
the external surface and zeolitic water from the voids
of the structure was completed up to 200°C. This
removal gave a high peak in the DTA curve. The
bound water was found in magnesium coordination in
the crystal structure. It is known that dehydration of
water occurs in two steps, accompanied by structural
changes. Literature studies have shown that the first
part of the bound water left the structure between 250
and 450°C [33, 34]. In the present study, the first part
of the bound water was evolved from the structure up
to 400°C. The removal of bound water was completed
before 750°C. The removal of structural water mole-
cules (hydroxyl groups) was completed up to 850°C.

J. Therm. Anal. Cal., 94, 2008
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Fig. 1 XRD patterns of the natural and modified samples
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Fig. 2 TG-DTA curves for natural and modified samples

Table 2 DTA-TG analyses data of natural and modified sepiolite samples

Sample Stip 1/ Mass Stgp 2/ Stgp 3/ Mass Stgp 4/ Mass Stgp 5/ Mass Total mass
C loss/% C C loss/% C loss/% C loss/% loss/%
SEP. 98 1.77 295 705 20.10 785 818 16.79 38.66
Na-SEP. 101 1.28 301 694 25.41 768 11.57 38.26
K-SEP. 103 1.86 300 704 23.45 773 814 11.39 36.70
Mg-SEP. 104 2.13 320 695 25.48 817 11.44 39.05
Ca-SEP. 104 1.57 293 705 21.61 773 818 15.30 38.48
J. Therm. Anal. Cal., 94, 2008 837
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The combined endo/exothermic reaction observed in
25 Sep. the 811-834°C represents dehydroxylation, destruc-
75 tion of sepiolite, calcination of dolomite and crystal-
lization of high temperature phases. It was observed
that the percent mass loss for natural and modified

DSC/mW  Exo—
|

7 ” sepiolite samples varied in the range from 36.70 to
23 39.05%. For natural sample, the mass loss during
o 3384,_0 — thermal decomposition is 20.1% at 700°C and
3 J S o
Temperature/°C 38.66% at 1000°C.

DSC curves for clay samples are shown in Fig. 3.
DSC experiment is temperature limited and any
higher endotherms are not observed using this
technique. The results of the DSC analyses for all

0 K-Sep.

DSC/mW  Exo—
I

20 ’ samples are reported in Table 3. There are two endo-

25 \ therms observed for sepiolites in the 30-550°C

L . M N regions. One endotherm is attributed to adsorbed and

50 100 150 ?Smﬁi{imﬂﬂgf%m 400 450 500 zeolitic or ‘channel’ water. The temperatures of the

4 endotherms are lower than those of observed for the

s Y Na~Sep. thermogravimetric analysis. The first mass loss step is

T observed in the 91-99°C region. This difference may

S o1 be attributed to the rates of heating of the two

B 5] experiments. The second endotherm is observed in

S 30 the 438-444°C region. This endotherm is assigned to

A jSZ 441 the heat required to remove chemically bound water
50100 150 200 250 300 350 400 450 500 and hydroxyls from the octahedral cation.

Temperature/°C

0 Ca-Sep. Specific surface area

The results of N, adsorption experiments which were
carried out between the relative equilibrium pressure
range of 0.05<P/Py<0.30 were interpreted using BET

DSCmW  Exo—
|

20 T methods [35]. BET surface area values of the samples
. . - N—— dehydrated at 180°C for 4 h under vacuum are
50100150 200 250 300 350 400 450 500 summarized in Table 4. The BET surface area of

Temperature/°C . _
peratut natural mineral was found 80 m” g

Adsorption

Adsorption isotherms for water on natural and
modified forms were obtained at pressures up to
2.39 kPa. As shown in Fig. 4, clay samples exhibit a
hydrophilic behavior. Sorption isotherms were

DSC/mW Exo—
i

T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500

Temperature/°C Type 11 (S-shaped), as commonly found for the

Fig. 3 DSC curves for natural and modified samples sorption of water by clay (Fig. 4) [36]. At the end of

the water vapor experiments, it was determined that

Table 3 DSC thermal analysis data of natural and modified Table 4 Calculated surface areas of the natural and modified
sepiolite samples samples
Sample Step1/°C Step 2/°C Sample BET surface a,rea/n’l2 g71

SEP. 99 438 SEP. 80
Na-SEP. 91 441 Na-SEP. 93
K-SEP. 95 441 K-SEP. 94
Mg-SEP. 98 442 Mg-SEP. 90
Ca-SEP. 97 444 Ca-SEP. 71

838 J. Therm. Anal. Cal., 94, 2008
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Fig. 4 Water adsorption isotherms of natural and modified
samples

the amount of adsorbed water increased in the
following  order:  K-SEP.<Na-SEP.<Mg-SEP.<
Ca-SEP. The nature of exchangeable cation influ-
ences both the shape of the isotherm and the amount
of water sorbed. The sepiolite samples exchanged
with monovalent cations showed less water sorption
compared to those of exchanged with divalent
cations. The amount of water sorbed by the samples
was strongly correlated to the hydration energy of the
cations. These results indicate that hydration of
exchangeable cations has an important effect on water
sorption and approve that water, which is a polar
molecule, has a significant affinity for cations on the
clay samples. Our data agree with other studies
regarding the relative effect of exchangeable cations
on water sorption by different clays [7].

Conclusions

In this study, characterization of natural and modified
clay samples (XRD, TG-DTA, DSC and N, adsorp-
tion methods) and water vapor adsorption charac-
teristics of those samples have been investigated.
The thermal behavior is similar in shape for all
samples. The temperature ranges were determined for
the dehydrations of hydroscopic and zeolitic water as
30-200°C, for the dehydration of the bound water as
250-750°C and for the dehydroxylation of hydroxyls
as 810-850°C in the sepiolite. It was observed that
the value of percent mass loss for natural and
modified sepiolite samples varied in the range from
36.70 to 39.05%. It was found that DSC results
supported the DTA results. In the DSC curves, two
mass loss steps are observed and are structure and
composition dependent. The first mass loss step was
observed in the 91-99°C region. The second mass
loss step was observed in the 438—444°C region.

J. Therm. Anal. Cal., 94, 2008

Water adsorption isotherms on sepiolite having
dolomite have been conducted at ambient temperature
(293 K) up to 2.39 kPa. The water uptake of sepiolite
containing dolomite samples can be substantially
improved when it is modified with calcium, potas-
sium, magnesium and sodium chloride. The amount
of adsorbed water was influenced by the ex-
changeable cation increased in the order K-SEP.<
Na-SEP.<Mg-SEP.<Ca-SEP. It was found that ex-
changeable cations, as a treatment, had a highly
significant effect on the amount of water adsorbed by
sepiolite samples. In clay samples, amount of water
adsorbed by clays exchanged with monovalent
cations was less than those of exchanged with
divalent cations. In conclusion, the amount of sorbed
water increased as the hydration energy of the
exchangeable cation increased. Thus, the hydration
characteristics of the clay mineral strongly depend on
the exchangeable cation.
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