
THE STRUCTURAL SCHEME OF ATTAPULGITE*

W. F. Bn,lornv**

The name attapulgite was applied in 1935 by J. De Lapparentl to a
clay mineral which he encountered in fuller's earths from Attapulgus,
Georgia, and Mormoiron, France. Objections have been raised, and these
objections were recently reviewed by De Lapparent,2 that the material
involved does not justify the application of a mineral name. However,
no attempt has been made to study the crystal structure. De Lap-
parent himself has suggested for classification purposes that attapulgite
is a layer sil icate related to the micas, but some obvious inconsistencies
with the o-ray powder diffraction patterns of the mineral have suggested
the desirabil ity of attempting a better explanation. The material used
in this investigation was obtained from the Attapulgus Clay Co., Atta-
pulgus, Ga. The raw clay was dispersed and freed of large crystall ine
impurit ies by sedimentation. Centrifuge fractions were then obtained,
of which particularly the fraction between.1 and.05i/ appeared homo-
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A. Analysis given by De Lapparent (op. cit )
B. Analysis of clay fraction used for this study.
n d.:not determined.

* Published with the permission of the Chief, Illinois State Geological Survey, Urbana,
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1 An essential constituent of fuller's eatth. Compt- rend.2O1,481 483 (1935).
2 Defense of attapulgite: BvII. soc. Jr d.e Min 61,253-83 (1S38).
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geneous and showed no extraneous lines in its diffraction diagram. Flake-

shaped aggregates of this material were employed in obtaining the sub-

sequent data. The chemical analyses and optical data given in Table 1,

and the powder diffraction diagram in Fig. 1 leave no doubt of the

identity of this material with that originally described by De Lapparent.

"Fibre diagrams" of the above flaky aggregates immediately distin-

guish attapulgite from the common clay minerals with prominent basal

cleavage. For the small values of sin 0 the distribution of visually esti-

mated diffracted intensity in a given ring tends to vary inversely with

the angular displacement from the horizontal direction (zero layer l ine)'

Such a distribution results from the restriction of one axis (later chosen

as c) of the individual crystallites to the plane of the flake' For the clays

with basal cleavage, similarly prepared flakes consist of aggregates of

particles each of whose basal planes l ies in the plane of the flake.3

A series of dif iraction patterns made with radiation incident at various

inclinations to such flakes served to provide optimum conditions for the

observation o{ interferences of the type hk\, and permitted the identifi-

cation of about 15 such interferences. A few poorly defined arcs on re-

sidual f irst and second layer l ines indicate a periodicity of about 5.24,

along the third, or c, axis. Figure 1 includes three of the "fibre diagrams"

at increasing angles of incidence. Figure 2 is a plot of observed values of

sin d up to .5 for the interferences which showed arcs across the equa-

torial layer line.
Too few interferences appear to attempt a complete solution of the

structure, but many sil icate structures are available from which reason-

able analogies may be drawn. Figure 3 is a projection onto 001 of an

idealized monoclinic structural scheme consistent with the diffraction

data. The composition of this ideal cell is (OHz)r(OH)2Mg5SisOzo.4IfzO,

in good agreement with the chemical analyses if tr ivalent cations are

considered equivalent to 1.5 Me++. The dimensions of this section are

oo sina: 12.fr,and bo: 18A. ThJre are two molecules in the unit cell and

the space group is probably Crl,-C"lm.The sil icate chains running

parallel to c along 002 and \tz are similar to amphibole chains' Oxygens

at the corners of the chains l ink each to four neighbors. Chains of water

molecules, also running parallel to c fill the interstices between amphibole

chains, and this water represents that which is lost below 100'C. without

material effect upon the diffraction patterns' An equal amount of water

appears, coordinated about Mg, representing that less easily removed'

and four OH groups per cell represent the water not driven ofi below

500 or 600'C.
3 Clark, G. L., Grim, R. E., and Bradley, w. F., Notes on the identification of minerals

in clays by x-ray difiraction: Zeits. Krist.96, 322-32+ (1937).



STRUCTURE OF ATTAPU LGITE

Frc. 1. Diffraction patterns of attapulgite (a) powder, (b), (c) and (d) flakes inclined to
beam at angles of 0, 15', 35'. All patterns registered rvith Fe Ka radiation.

Camera radius for  (a) :6 3 cm.; for  (b) ,  (c) ,  and (d) :2 3 q11t .
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Fro. 2. Observed values of sin g for the prismatic interferences of attapulgite plotted as

radii of circles, indicating the corresponding indices.
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Frc. 3. Idealized proposed structure for attapulgite projected onto 001.
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In Table 2 are l isted ideal r and I coordinates for the cross section, and

in Table 3 various calculated /z&0 intensities are compared with those

visually estimated on the films. In view of the meagre data available, and

the uncertainties in the exact manner of isomorphous replacement, no

attempt has been made to adjust coordinates for distortion of coordina-

tion polyhedra due to sharing. The excellent qualitative agreement noted

seems sufficient to establish the gross features of the structure, and can
probably even be said to lend some credence to such features as the dis-

tribution and status of the three sorts of water involved. A secondary

tendency of the 6-axes to lie near the plane of the flakes more often than
perpendicular to them modifies the observed relative intensities some-

what, but can hardly invalidate the agreement shown.
Easy cleavage parallel to 110 is apparent from Fig. 3 and accounts for

both the fibrous occurrence and the secondary orientation tendency men-

tioned above. The failure of the mineral to build longer chains, l ike

tremolite or chrysoti le, is probably related to the more variable chemical

composition. The distribution of Al ions among the five available octa-
hedral positions in a chain can be accommodated either by vacancies in

the octahedral positions or by some replacement of Si by Al. Either
process, however, should weaken the chains. It would appear doubtful
if an Al end member could exist.

In several instances, optical examinations have led to the designation
of attapulgite as montmoril lonite. It is interesting to observe that a

section through the above structure parallel to 010 presents the same

sequence of layers of atoms as does a section of the montmoril lonite
structure parallel to c when one layer of water molecules is present.a

Optical data are commonly obtained from oriented flakes similar to those
used in these r-ray diffraction studies, and the respective orientations of
attapulgite and montmorillonite flakes result in a similar disposition
within the flakes of the directional properties of the crystallites which
govern the optical characteristics. Optical data alone, therefore, can not
be crit ical for distinction between the two minerals.

The inorganic base exchange capacity, which amounts to less than one
ion per unit cell, probably involves exchange of ions associated with the

water chains. The clay as examined in this study was ammonia saturated.

/y'ole. Since the preparation of this manuscript it has come to the au-

thor's attention that in Nature, L42, 114-II5 (1938), G. Nagelschmidt
has suggested the likelihood of just such a structural scheme as the above
for attapulgite as well as for some other related minerals.

a Bradley, W. F , Grim, R. E., and Clark, G. L , A study of the behavior of mont-

morillonite upon wetting: Zeits. Krist ,97,216-222 (1937).

Hendricks, S. 8., and Jefierson, M. E., Structures of kaolin and talc-pyrophyllite

hydrates and their bearing on water sorption of the clays: Am. Minerol.23' 863-875 (1938).




