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A study of thermal behaviors of magnesium-poor and magnesium-rich
palygorskite
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Abstract: The MgO concentration in the magnesium-rich palygorskite is 16.23, which is almost twice its con-
centration in the magnesium-poor palygorskite, whereas the Fe,(O; concentration in magnesium-poor palygorskite
is almost twice its concentration in magnesium-rich palygorskite. The thermal behaviors vary with the chemical
composition of the palygorskite. The results of phase analysis, which was carried out with the purified samples
which had been heated and kept at a certain temperature for 2h, show that magnesium-poor palygorskite experi-
enced water depletion and glassy phase. The crystal structure was complete below 300°C , began to folding when
the temperature reached 350°C , and was completely destroyed and formed glassy phase above 400C . Magne-
sium-rich palygorskite expererienced water depletion, glassy phase and new crystalline phase (enstatite). The
crystal structure was complete below 300°C , began to folding when the temperature rose from 350C to 500C ,
and formed glassy phase from 600C to 950°C ; enstatite began to form above 950°C . The temperatures for pre-
serving thermal stability of magnesium-rich palygorskite and magnesium-poor palygorskite were about 600C and
400C respectively. The results of differential thermal analysis and XRD show the same regularity: the magne-
siumrich palygorskite has better thermal stability than magnesium-poor palygorskite, which is probably at-
tributed to the different ionic bonds. Mg (I ) and Fe (I, Ill) are the main coordination ions in the paly-
gorskite and can form ionic bonds with the crystal water. Different bond energies in different bonds have an ef-
fect on the crystal structures of palygorskite. The content of Mg is low but the content of Fe is high in

magnesium-deficient palygorskite, whereas things are just opposite for magnesium-rich palygorskite. With the same
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anions, the smaller the metal ion, the higher the lattice energy in the formed ionic bond. The ionic radius of Mg
(1) is between the radii of Fe (I ) and Fe (Il ). So the lattice energy of the ionic bond formed by Mg (Il )
and crystal water is between the lattice energy of the ionic bond formed by Fe ( II ) and that formed by Fe (1T ).

With the combined action of Mg (Il ), Fe (Il ) and Fe (Il ), the magnesium-rich palygorskite is destroyed

above 500°C while magnesium-deficient palygorskite is destroyed at 350C .
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Table 1 Chemical composition of palygorskite clay in GuanShan and XuYi
SiO, ALO; Fe,05 TiO, MgO MnO CaO Na,O K,O P,0s H,O
60.78 4.58 3.79 0.43 16.23 0.11 0.25 0.11 0.16 0.01 13.66
61.80 7.81 6.67 0.74 8.48 0.06 0.42 0.08 0.82 0.01 12.95
2.2
1 GS XY
XRD 1 2.3
10.25 6.35 2
5.39 4.48 4.15 3.66 3.18 2.59 2.51 2.33 A 1100C 2
2000 115C  126C H,O
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352C 416TC



6 1061
10.61 4263410 3.34
253 203
i . IJ K ilhﬂlﬂ' A J XY-950
410
427 334
48 417 | 326 254 XY-700
4.10
\ .'4\.‘. . *‘ XY—ﬁii()
XY-500
.35
XY-400
9.21 436
L XY-320
’ 20/C) v ° 410 30
.y \ XY-300
4.10 T n
) 1 . . XRD L) XY-200
Fig. 1 Representative X-ray diffraction patterns of e “* J
purified palygorskite from Guanshan and Xuyi % J\ ™ « XY-100
YOOI Y .,
10.61 bt
426411334
416 649 4.48 o4 283 003 XY
L 1 | ! 77 . |
0 20 . 40 60
XY 26/ )
220C
352°C 3 XRD
Fig. 3 Representative X-ray diffraction patterns of
magnesium-poor palygorskite calcinated at different
temperatures
126°C
300C
2 13 ”
Fig. 2 Differential thermal curves of purified .
palygorskite from Xuyi and Guanshan 300C 9.32 A
! ? 350C ~500C
10.61 A 9.16 A
807C 1 “ ”
600C ~950C
2.4
3
XRD 3 300C
300C
13 ” 3500C "
10.61 A 016 GS-350
9.21 A - A — GS-300
. . GS-200
Hisato Hayashi 1969 \-)L—'*-*—-N‘wk’\—"\
“ » o GS-100
400C
2 1061 )} g 4y 447 408 334 252 Gs
0 ' % ' 10 ' %
20"~ 30 20/C)
950C
4 XRD
Fig. 4 Representative X-ray diffraction patterns of
4 magnesium-rich palygorskite calcinated at different
XRD 4 300C

temperatures



1062

30

2.93 A
Hisato Hayashi 1969
807C
1994 350C
400C
600C
2.5
416C
352C
X
350C
400C
500C
X
Fé™  Fe'
Mg?* Fel* Fe?*
Mg**
Fe'  Fe'
Fe' Fe?*
350C

950C

1989

“

300C

Fe

Mg?*
500C

600C
400C
2 Mg
FeZ +

Mg**

Fe
Fe’”*

Fe't Fe?*

References

Cai Yuanfeng and Xue Jiyue. 2005. FTIR spectra of magnesium-rich
magnesium-poor and acid leached palygorskites ] . Geological Re-
view 51 1 92~99 in Chinese .

Dahab A S and Jarjarah M. 1989. Thermal stability of Saudi palygorskite
for drilling muds J . Clay Minerals 24 695~700.

Fang Pan. 1989. Thermal phase transitions of palygorskite from Ji-
ashan Anhui ] 322~329 in
Chinese .

Hisato Hayashi Ryohei Otsuka and Naoya Imai. 1969. Infrared study of

. Acta Mineralogica Sinica 9 4

sepiolite and palygorskite on heating J . The American Mineralo-
gist 53 1613~1624.

Purcell Jr Robert J and Parker D. 2002. Purified Attapulgite Clay P .
United States Patent Patent number 6444601 .

Sampson P Parker D and Ruff D. 2000. Purified Attapulgite Clay P .
United States Patent Patent number 6130179.

Xu Hongzhong. 1994. Minerial Study of Attapulgite Clay in Jiangsu and
Anhui Paper of Master in Nanjing University D . Naning Univer-
sity in Chinese .

Yang Nanru and Yue Wenhai. 2000. Handbook of Inorganic Non-metal
Materials Spectra M . Wuhan Industry Press 49 in Chinese .

. 2005.
] 511 92~99.
. 1989. 1. 9
4 322~329.
. 1994. D .
. 2000. M .
49.



