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ABSTRACT 

Several samples of attapul~tes from different sources were analyzed by TG/DTG and 

FTIR. The thermal behaviour of these clay minerals varies within certain limits according to 
their origin. For some attapul~te samples, dehydration (bound water) and dehydroxyIation 
occur within the same range of temperature. These differences in thermal behaviour could be 
related to the various crystal structures, and/or to the chemical compositions of these 
minerals. We have also observed that associated carbonates in attapulgites decompose in the 

same temperature zone as the dehydroxylation step. 
These results could explain the disagreements found in the literature with respect to the 

quantity of constituent water when comparing the chemical composition of different attapul- 
gite clay minerals. 

INTRODUCTION 

Attapulgite, or palygorskite, is a crystalline hydrated magnesium 
aluminium silicate which has useful colloidal and sorption propterties [l]. 
This fibrous clay mineral possesses a rigid three-dimensional structure 
presenting open ~cr~h~nels [2], and differs from other clays with respect 
to the structural organization of its water molecules [3]. Previous studies 
[2,4-61 have shown that attapulgite contains three forms of water in its 
structure: zeolite water, crystallization water coordinated at two positions to 
the magnesium/aluminium ions in the crystal lattice, and hydroxyl water 
linked to the structure of the mineral. However, considering the existing 
controversy over the ideal formula based on the thermal behaviour of this 
mineral, the present work reports on the heterogeneity of the relationship 
between the hydration status of the attapulgite structure and its thermal 
behaviour (TG/DTG). Infrared absorption spectra are also presented. 

LITERATURE REVIEW 

Figure 1 presents the attapulgite structure after Bradley [3]. The identifi- 
cation and quantification by thermal methods of several kinds of water 
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Fig. 1. Schematic representation of 
4H,O (after Bradley [3]). 

the structure of attapulgite 

TABLE 1 

Observed water losses of attapulgite after Hayashi {4] 

Temperature range 
(“C) 

Weight Loss 
(%) 

Dehydration step 
1 2 

< 210 210-350 

8.0 4.1 

3 

350-580 

5.2 

4 

580-800 

2.1 

Total 
loss 

- 

19.4 

TABLE 2 

Observed water losses (W) compared with those for ideal attapulgite, after Caiilere and Henin 

r4 
U.S.A. Algeria Morocco France Ideal 

Zeolitic water, 
below 200 o C 

Bound water, 
250-400 o C 

Hydroxyl water, 
above 400 o C 

Total water 

10.8 10.7 8.0 9.8 8.6 

3.6 2.7 4.0 4.0 8.6 

4.2 6.2 6.2 6.5 2.15 

18.6 19.6 18.2 20.3 19.35 
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TABLE 3 

Ideal structural formula of attapulgite 

Bradley [3] (OH,), 

Gard and Follett [7] (OH,), 

(OH) 2 Mg,Sis0,0.4H,0 

(OH), MgAl,SisO,,.4-SH,O 

TABLE 4 

Observed water losses from Niger attapulgite, after Rautureau and Mifsud [8] 

Dehydration step Total 

1 2 3 loss 

Temperature range 
(“C) 

Weight loss 

O-150 150-325 325-650 _ 

8.4 3.4 3.5 15.3 

Ideal formula has to be: (OH,),.,(OH),,,,Mg,,~~Al~.~~Si,.~~.3.55H,O. 

molecules in attapulgite have been performed by various investigators. 
However different opinions have been expressed, and the authors are not in 
agreement about the ideal formula and structure of this mineral. Tables 1-4 
show some of these results. 

Caillere and Henin [2] calculated the structural formula of these minerals 
of different origin, on the basis of 26 oxygens, dividing the water according 
to the percentage weight loss within the various ranges of temperature. Their 
results are presented in Table 2; the ideal formula is different from that 
given by Bradley. 

Tables 3 and 4 illustrate other controversial results obtained by Gard and 
Follett [7] and Rautureau and Mifsud [S]. 

EXPERIMENTAL 

In this work, six samples of attapulgite, listed in Table 5, were investi- 
gated. 

TABLE 5 

Attapulgites studied in the present work 

American attapulgite (Quincy, Florida), obtained through World’s Natural Science Establish- 
ment Inc., Rochester, NY. 

French attapulgite (Marmoiron), kindly supplied by Dr. M.C. Jaurand 
Two Spanish attapulgites (unknown origin), kindly supplied by Dr. J. Dunnigan 
Attapulgite from England (unknown origin) 
Russian attapulgite (unknown origin), kindly supplied by Dr. J. Dunnigan 
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The following experimental conditions were used during the TG/DTG 
analysis: sample weight 7-20 mg; heating rate 20 O C ruin-‘; dynamic flow 
rate of dry nitrogen or CO, 50 cm3 min-’ on a Per~n-Elmer TGS2 
apparatus. 

The FTIR analyses were performed using a Nicolet MX-1 instrument. 

RESULTS AND DISCUSSION 

Thermal analysis 

Dynamic nitrogen and CO, were used in the thermogravimetric analysis 
of the attapulgite samples. Use of the nitrogen atmosphere allowed us to 
identify the presence of carbonates, which are usually associated with these 
minerals as impu~ties. 

Figure 2 and Table 6 show the differences in thermal behaviour of these 
minerals under a nitrogen atmosphere. We can see that the thermal traces of 
the six kinds of attapulgite are all different, for example in the percentage of 
various types of water in the structure. Further, it is apparent that in the 
case of Spanish attapulgite No. 2 the two-stage loss of water, characteristic 

TG/D TG 
r... 

RNERICRN 

s?wNrsti 
NO. 1 

SFIWCSH 
NO. 2 

EN‘L ,S” 

Ru5srN 

0 200 - &00 am 

T!3PEmrME 6x1 

Fig. 2. TG/DTG curves of attapulgites from different sources (under N, atmosphere). 
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TABLE 6 

Observed water losses (%) from thermal analysis of attapulgites using dynamic nitrogen gas 

Attapulgite Dehydration step Total 

1 2 3 4 Loss 

Zeolitic + 
hygroscopic 
water 

Bound water 
crystallisation 
water 

Hydroxyl 
water + 
carbonates 
decompo- 
sition 

American 
French 

Spanish 
No. 1 
Spanish 
No. 2 

England 
unknown 
origin 
Russian 

8.2 2.9 5.1 2.2 18.4 
9.4 0.8 3.5 1.3 15.0 

5.0 2.8 4.7 4.2 16.7 

8.5 _ 1.9 10.4 

7.0 4.3 - 4.7 18.0 
6.0 3.3 6.4 3.2 18.9 

TG/D TG 

Fig. 3. TG/DTG curves of attapulgites from different sources (under COz atmosphere). 
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of crystal water, is absent. In addition, only a single-stage loss of crystal 
water is observed in the case of English attapulgite. 

These differences in the thermal behaviour of attapulgites from different 
sources can be ascribed to their varied crystal structures, and/or differences 
in chemical composition. 

These effects may explain the disagreement between the results of Michel 
Rautureau et al. [8] (from thermal analysis) and the structural model 
proposed by Bradley [3]. Figure 3 illustrates the TG/DTG curves of these 
minerals using a CO, atmosphere. These thermal traces show the presence 
of carbonates when they are associated with attapulgite. As shown on the 
DTG curves, the decomposition of carbonates is located towards higher 
temperatures and it is separated from the dehydroxylation of these minerals 
under a CO, atmosphere. Under a nitrogen atmosphere, however, dehydrox- 
ylation of attapulgite and decarboxylation of associated carbonates (when 
they are present) occur over the same temperature range (600~800°C). The 
former effect shows to what extent care must be taken when using thermo- 
gravimetric analysis for quantitative calculations concerning these com- 
pounds. This may explain why there is disagreement between various 
authors about the quantity of constituent water, or water linked to the 

AMERICAN 

FRENCH 

E SPRNISH No. 1 

Fig. 4. FTIR of attapulgites from different sources. 
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structural and chemical composition of attapuigite, when these values are 
calculated from the amount of water lost between 600 and 800 * C f2,8]. 

In order to clarify the process of thermal behaviour of attapulgites, 
infrared studies have been carried out on these minerals. Figure 4 and Table 
7 show the absorption patterns between 4000-3000 cm-’ and 1700-1600 
cm-l wavelength region, corresponding to the vibrations of hydroxyl groups. 
Infrared spectra of attapulgite have already been published [4,9]. 

Comparing the FTIR spectra of English attapulgite with those from 
samples of American, French and Russian origin, we can see that all the 
peaks characteristic of O-H groups are present, while the results obtained 
from TG/DTG curves show the presence of only one stage weight loss of 
crystal water for this sample. 

Judging from the infrared abso~tion spectra, we believe that the losses of 
both the second stage of crystal water and hydroxyl groups associated with 
the octahedral sheet in the structure, occur in the temperature region 
between 355 and 793” C. 

The FTIR results for Spanish attapulgite No. 2 provide additional evi- 
dence for the absence of crystal water in the structure of this mineral. 

In general the FTIR spectra of American, French, Spanish No. 1 and 
Russian attapulgites show the presence of all characteristic peaks associated 
with O-H vibration bands, but with different intensities, and the results of 
TG/DTG analysis coincide well with these infrared results. 

CONCLUSION 

The thermal behaviour of attapulgite minerals varies within certain limits 
according to their origin. For some attapulgite samples, dehydration (bound 
water) and dehydroxylation occur at about the same temperature. 

These results also show the presence of hygroscopic water in attapulgites 
which is lost together with zeolitic water below 200 o C. 

Associated carbonates in attapulgites decompose in the same temperature 
zone as the dehydroxylation step, therefore negating all attempts to quanti- 
tatively determine a structural formula derived from water losses occuring in 
this range of temperatures. 

ACKNOWLEDGMENTS 

This work was supported by ~Institut de l’tlmiante, Montreal, Canada 
(Grant No. 19). We wish to thank Dr. Denis Nadeau and Dr. Bernadette 



10.5 

Duffy for their collaboration, and Ms. Marie-Jo&e Bolduc for typing the 
manuscript. 

REFERENCES 

1 W.L. Haden, Jr., Clays Clay Miner. 10 (1963) 284-290. 
2 S. Caillere and S. Henin, in G. Brown (Ed.), The X-ray Identification and Crystal 

Structures of Clay Minerals, Mineralogical Society, London, 1961 Chaps. VIII and IX. 
3 W.F. Bradley, Am. Mineral., 25 (1940) 405-410. 
4 H. Hayashi, Am. Mineral. 56 (1969) 1613-1624. 
5 R.E. Grim, Clay Minerals, McGraw-Hill, 2nd Ed., 1968, 384 pp. 

6 M. Rautureau and C. Tchoubar, Clays Clay Miner. 24 (1976) 43-49. 
7 J.A. Gard and E.A.C. Follett, Clay Miner. 7 (1968) 368-371. 

8 M. Rautureau and A. Mifsud, C.R., Acad. Sot. Sci. Paris. 281 (1975) 1071-1074. 
9 E. Mendelovici, Clays Clay Miner. 21 (1973) 115-119. 


