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Thermal Analysis of Hydrous Silicate Minerals
— With Particular Reference to Fibrous Clay Minerals and Fibrous Zeolites

Ryohei Otsuka and Atsushi Yamazaki
(Received September 24, 1992)

Themoanalytical studies of dehydration of fibrous clay minerals (sepiolite and palygorskite) and
fibrous zeolites are briefly reviewed mainly based on the works in our laboratory.
Fibrous clay minerals;

It is well established that sepiolite and palygorskite contain three types of water (zeolitic and
coordination water and hydroxyl) in the structure. As already confirmed by many workers, these waters
eliminate in discrete four steps in sepiolite, including the two-step dehydration of coordination water.
Further, there is a good agreement between the theoretical water losses calculated from the structure
formula (the Brauner and Preisinger model) and the observed ones from TG curves. However,
palygorskite dehydrates in three steps due to a superposition of the temperature regions where the
waters are lost. This is presumably because palygorskite has dioctahedral nature. In addition, the
mechanism of the two-step dehydration of the coordination water in sepiolite are studied by TG under
controlled water vapour pressures and kinetic analysis of TG data.

Fibrous zeolites;

Dehydration behaviour and thermal stability of (1) natrolite and its K-exchanged forms and (2)
tetranatrolite-gonnardite- Ca-gonnardite series are examined by TG-DTA and high temperature X-ray
powder diffraction.

In the former case, the dehydration temperature is decreased from 330°C for natrolite to 150°C
for the K-exchanged form, and the destruction temperature is increased from about 800°C for the
former to about 1000C for the latter, by K-exchange for Na.

In the latter case, by the cation-exchange of natural gonnardite with Na and Ca, a series of Na
+Ca exchanged forms was obtained. Ca-gonnardite, corresponding to the Ca-end member in the series,
dehydrates in two steps like scolecite. The destruction temperature is about 240 C and lower by 70
C than those of tetranatrolite and gonnardite.

Finally, diverse dehydration behaviours of natural thomsonite are examined in relation to
crystallo-chemical properties by TG-DTA, X-ray powder diffraction, EDS and ©Si MAS NMR. As a
result, it has been confirmed that thomsonite with nearly ideal chemical composition (Si/Al ratio, about
1.0, Na/Ca ratio, about 0.5) dehydrates in three steps below 450°C, and the weight loss due to
dehydration at each step is approximately equal.
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Fig.2 DTA curves of two sepiolites.
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Fig.3 TG curves of two sepiolites and two palygorskites.
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Table 1 Theoretical and observed water losses from the Kuzuu sepiolite.

Type From From TG curve
of structure (1) (2)® (3"

water % %  temp. range %  temp. range %  temp. range

Zeolitic 11.1 83 <250 C 111 RT - 200 C 112 RT - 260 C
Coordinati 55 - 3.5 250 - 450 58 290 200 - 380 39 260 - 450

r S . . .
cordmation 24 450 - 610 290 380 - 680 22 450 - 650
Hydroxyl 2.7 30 610 - 850 3.38 680 - 900 23 > 650

Total 19.3 17.2 20.28 19.6
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Fig.4 DTA curves of two palygorskites.
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Fig.5 Channel structures of sepiolite5).
(1) structure before folding.
(2) structure after folding due to dehydration.

Table 2 Theoretical and observed water losses from iwo

palygorskites.
Type Form Form TG curve
of structure (1) 2)
water % % % temp. range
Zeolitic 8.6 10.50 950 <150 C
Coordination 8.6 4.20 3.00 150 - 270
Hydroxyl 2.1 5.60 500 270 - 620

Total 19.3 20.30  17.50

(1) New Mexico palygorskite
(2) Georgia palygorskite
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Talbe 3 Activation cnergy (E) of the first and second
dehydration steps of coordination water for the
Kuzuu and Eskisehir sepiolites.

Sample Activation energy E (kJ-mol™)
First dehydration Second dehydration
step step
Kuzuu 94 176
Eskisehir 106 170
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Fig.9 DTA curves of fibrous zeolites.
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Table 4 Classification of fibrous zeolites.

Name Schematic formula Symmerty
Natrolite Naj6(Al16Si24080)-16H,0 Fdaz
Mesolite Naj6Ca16(AlsgSiza0240)+64H,0 Fdd2
Scolecite Cag(Al}6Si24080)+ 16H20 Fld! or Cc
Tetranatrolite Nag(AlgSij2040)*8H0 I42d
Paranatrolite Nag(AlgSi2040)* 12H0 pseudo-orthorhombic
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Fig.10 DTA curves of natrolite and K-exchanged forms in
various degrees(24.59-91.94%).
natrolite, Hashidate, Oomi-cho, Niigata Pref.
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Fig.14 Destruction
(Na,Ca)-exchanged forms of gonnardite(Maze), as

temperatures of gonnardite and

a function of CaO mole ratio.

Filled circles indicate natural gonnardite 1,2,3.

1: gonnardite, Maze, Niigata Pref., japan

2: gonnardite, Umesaki, Saga Pref., Japan

3. gonnardite, Island Magee, N.Ireland

Open circles indicate (Na,Ca)-exchanged forms of
Maze gonnardite
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Table 5 Chemical compositions and unit cell parameters
of natural thomsonites.

# W

[¢)) ) 3) @) ()]
SiO; 38.92 39.47 39.34 42.59 43.06
ALO3 30.44 30.67 30.03 29.79 29.74
Fe 03 0.00 0.00 1.96 0.00 0.00
MgO 0.00 0.00 0.00 0.00 0.00
C20 1441 13.04 12.68 8.06 8.69
NayO 4.35 4.28 3.54 8.70 8.07
K20 0.00 0.00 0.28 0.06 0.09
H0 11.89 12.54 12.17 10.81 10.36
Total 100.01 100.00 100.00 100.01 100.01
Structure formula based on 80 oxygens
Si 20.58 20.87 20.89 21.99 22.10
Al 18.97 19.11 18.80 18.13 17.98
Fe 0.00 0.00 0.87 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00
Ca 8.16 7.39 7.21 4.46 4.79
Na 4.46 4.39 3.65 8.71 8.03
K 0.00 0.00 0.19 0.04 0.06
H20 20.97 22.12 21.56 18.61 17.73
E% -8.35 +0.09 +7.67 +2.61 +1.94
Si/Al 1.08 1.09 1.11 1.21 1.23
MD 0.55 0.59 0.53 1.96 1.69
alA 13.065(5) 13.066(7) 13.072(7) 13.062(5) 13.068(6)
bIA 13.081(8) 13.09(1) 13.090(7) 13.086(8) 13.09(1)
clA 13.201(7) 13.21(1)  13.20(2) 13.202(8) 13.205(9)
Note:
(Al+Fe)-(Na+K+2Ca)
E%(balance error) = x 100

(Na+K+2Ca)

number of monovalent exchangeable cation

number of divalent exchangeable cation

(1) West Paterson, New Jersey, U.S.A.

(2) Flinders, Victoria, Australia.

(3) Ishihara, Saga Pref., Japan.

(4) Maze, Nishi-kanbara, Niigata Pref., Japan.

(5) Nishijima, Minami-koma, Yamanashi Pref., Japan.
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Fig.15 Triangular plots representing the chemical
composition of five thomsonites together with the
data reported by Wise and Tschernich®. Open

circle shows the ideal composition of thomsonite.
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Fig.16 TG-DTA curves of five thomsonites.
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Fig.17 ¥Si MAS NMR spectra of five thomsomntes.
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