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MOSSBAUER STUDIES OF PALYGORSKITE AND SOME 
ASPECTS OF PALYGORSKITE MINERALOGY 
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A b s t r a c t - - F e  a+ ions in palygorskite occupy sites at the edges and in the interior of the alumino-silicate 
chains. The M/Sssbauer parameters of the doublets associated with Fe 3§ ions in edge sites indicate that the 
sites have a regular 6 coordination. Fe z+ ions in the interior of the chains occupy M(1) sites in three of the 
samples examined and M(2) sites in the fourth. Fe 3§ ions in edge positions of palygorskite become 5-co- 
ordinated when water is lost on heating. They maintain this coordination on dehydroxylation, probably by 
cross-linking of the chains. The temperatures at which changes occur in the X-ray powder diffraction pat- 
terns and the M/Sssbauer and infrared (IR) spectra differ from sample to sample. The intermediate stages 
observed also vary, either due to different reaction paths or to different stabilities of the intermediate 
phases. The deduced distribution of cations in the octahedral sheets is in good qualitative agreement with 
the observed IR hydroxyl absorptions. 
Key Words--Infrared spectroscopy, Iron, Mrssbauer spectroscopy, Palygorskite, Sepiolite, Thermal treat- 
ment, X-ray powder diffraction. 

INTRODUCTION 

By using the results of M/Sssbauer spectroscopy in 
conjunction with other methods,  Heller-Kallai  and 
Rozenson (1980) were able to establish the distribution 
of cations in dioctahedral phyllosilicates and to follow 
changes in these minerals on heating. Although more 
than 100 papers have been published in recent years 
dealing with M/Sssbauer studies of various clay min- 
erals, palygorskite and sepiolite do not seem to have 
been studied by this technique. A preliminary investi- 
gation of  several samples of palygorskite showed that 
the MSssbauer spectra contained a doublet with param- 
eters unlike those of any other phyllosilicate previously 
investigated. A similar doublet was noted in the spec- 
trum of a sample of sepiolite. To verify the intuitive 
assignment of these doublets to iron occupying sites at 
the edges of the channels in these structures and to fol- 
low the changes in the iron positions in heated samples, 
the following study was undertaken. 

EXPERIMENTAL 

Materials 

The following samples were used: (1) Palygorskite 
from Gasden County, Florida, C.M.S. Source Clay 
PFI-I (Flor.); (2) Palygorskite from Attapulgus, Geor- 
gia, A.P.I.  Reference Clay 44, Ward 's  Natural Science 
Establishment, Rochester,  New York; (3) Palygor- 
skites from (a) Mt. Flinders (Mt. F.) and (b) Mt. Grain- 
ger (Mt. G.), Australia; (4) Sepiolite from Vallecas, 
Spain (Sep. V.); and (5) Sepiolite from Madagascar 
(Sep. M.). The samples from Mt. Grainger and Mt. 
Flinders were aliquots of those described previously 
(Singer and Norrish, 1974; Singer, 1977). They had 
been treated with a weak acid and with dithionate to 

remove carbonates and iron oxides. The Madagascar 
sample was described by Caill~re (1951). The A1, Mg, 
and Fe contents of the octahedral sheets of some of the 
samples, calculated from literature data, are shown in 
Table 5, column A. 

Methods 

The samples were examined in their original form and 
after heating in air for 1 hr at temperatures up to 700~ 
X-ray powder  diffraction (XRD) patterns were record- 
ed of samples sedimented on glass slides with filtered 
CuKct radiation and a recording rate of 2~ In- 
frared (IR) spectra were obtained from self-supporting 
films of the Florida and Mt. Grainger samples and from 
KBr disks of all palygorskite specimens, using a Perkin 
Elmer 237 IR spectrograph. Mrssbauer  spectra of all 
samples were recorded and resolved as previously de- 
scribed (Rozenson et al., 1979). Spectra of some of the 
heated samples showed very broad doublets. Resolu- 
tion into two or more doublets gave rise to very large 
errors in the Mfssbauer  parameters.  Attempts were 
therefore made to constrain some of the parameters by 
assuming that the samples consisted of a mixture of 
varying proportions of the original and the dehydrox- 
ylated material, but errors of as much as 60% persisted 
in the line widths and intensities of the doublets, and 
the decrease in X 2 was insignificant ( -20) .  

RESULTS AND DISCUSSION 

MOssbauer spectra o f  palygorskite 

The Mrssbauer  parameters derived from the spectra 
of three samples of  palygorskite are presented in Table 
1. The spectrum of the Attapulgus sample is identical 
with that of the Florida sample. Two of the spectra are 
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Table 1. Mfssbauer parameters of samples of palygorskite, sepiolite, and heated palygorskite. 

227 

Fe 3+ (edge) Fe 3§ (interior) 
Temp. 

Sample' (~ I.S. Q.S. F % I.S. Q.S. r % Site 

Mt. F. R.T. 0.42 (1) 0.24 (1) 0.40 (1) 76 (1) 0.41 (1) 1.06 (1) 0.40 (1) 24 (2) M (1) 
Mt. G. R.T. 0.41 (1) 0.30 (1) 0.41 (1) 69 (1) 0.40 (1) 1.16 (1) 0.41 (1) 31 (2) M (1) 
Flor. R.T. 0.40 (1) 0.24 (1) 0.51 (1) 35 (2) 0.40 (1) 0.56 (1) 0.50 (1) 65 (2) M (2) 
Sep. V. R.T. 0.40 (1) 0.30 (1) 0.62 (2) 20 (3) 0.41 (1) 0.67 (1) 0.60 (1) 80 (3) M (2) 
Sep. M. 2 R.T. 0.39 (1) 0.80 (1) 0.80 (1) 85 (2) M (1) 
Mt. F.* 400 0.36 (1) 0.81 (1) 0.66 (1) 100 
Mt. F.* 500 0.39 (1) 1.10 (1) 1.00 (1) 100 
Mt. F. 600 0.36 (1) 1.09 (1) 0.50 (1) 72 (2) 0.38 (1) 1.78 (1) 0.50 (1) 23 (2) M (1) 
Mt. F. 700 0.37 (1) 1.07 (1) 0.49 (l) 75 (2) 0.38 (1) 1.81 (1) 0.49 (1) 25 (2) M (1) 
Mt. G.* 400 0.37 (1) 0.79 (1) 0.58 (1) 100 
Mt. G.* 500 0.38 (1) 1.06 (1) 0.85 (1) 100 
Mt. G. 600 0.37 (1) 1.08 (1) 0.54 (1) 70 (3) 0.38 (1) 1.78 (1) 0.53 (1) 30 (2) M (1) 
Flor.* 500 0.38 (1) 1.14 (1) 0.66 (1) 100 
Flor.* 600 0.38 (1) 1.22 (1) 0.70 (1) 100 
Flor.* 700 0.38 (1) 1.35 (1) 0.61 (1) 100 

Abbreviations: I.S. = isomer shift relative to Fe; Q.S. = quadrupole splitting; r = line width, (all in mm/sec). 
i Asterisks indicate that the spectrum was difficult to resolve (see text). 
2 Also contains Fe ~+ in M (2) sites: I.S. 1.41 (1), Q.S. 2.64 (1), F 0.39 (1), % 15. 

shown in Figure 1. All three spectra show a doublet 
with quadrupole splitting (Q.S.) between 0.24 and 0.30 
mm/sec, which is much lower than that of any other Fe- 
poor phyllosilicate reported in the literature. The spec- 
tra of the Mt. Flinders and Mt. Grainger samples show 
an additional doublet with Q.S. equal to 1.06 and 1.16 
mm/sec, respectively, resembling that of Fe 3§ in M(I) 
[trans] sites, whereas the spectrum of the Georgia sam- 
ples shows a doublet with a Q.S. of 0.56 mm/sec, cor- 
responding to Fe z§ in M(2) [cis] sites of Al-rich phyl- 
losilicates (Heller-Kallai and Rozenson, 1980). All 
isomer shifts (I.S.) range from 0.39 to 0.41 mm/sec, 
characteristic of Fe z§ in 6-fold coordination. The line 
widths are similar to those observed in other phylio- 
silicates, and no further resolution of the spectra was 
therefore attempted. 

According to the structural model proposed by Brad- 
ley (1940), palygorskite is composed of alumino-silicate 
ribbons with five octahedral sites per unit cell. Chem- 
ical analyses show that about four of these sites are 
occupied. The three inner positions are analogous to 
those in sheet silicates, i.e., one M(1) and two M(2) 
sites, whereas the remaining two sites are unlike those 
in any other phyllosilicate except sepiolite. According 
to Serna et al. (1977), all outer sites are occupied by 
cations coordinated by four oxygen and two H20 li- 
gands, and one of the three inner sites is vacant. In view 
of the unique character of the edge sites it seemed rea- 
sonable to assign the doublet with the unusually low 
Q.S. to Fe z§ in these positions. The very low Q.S. in- 
dicates that the site is relatively undistorted. 

To confirm this assignment, Mrssbauer spectra of 
two samples of sepiolite were recorded (Table 1). One 
of the spectra does, indeed, show a doublet with Q.S. 
similar to that observed with palygorskite. The other 

sample contains some Fe 2+ and gave rise to a broad 
doublet with parameters similar to those of Fe 3+ in M(1) 
sites in trioctahedral minerals. The doublet is probably 
composite, but it could not be meaningfully resolved. 

The presence of a doublet with low Q.S. in sepiolite 
resembling that in palygorskite, despite the difference 
in the chemical composition of palygorskite and se- 
piolite, strongly supports the proposed assignment. It 
also confirms that this doublet is not due to impurities 
in the samples. Although the samples from Mt. Grain- 
ger and Mt. Flinders were highly purified, it might be 
argued that minor amounts of an unusual iron-rich im- 
purity may be specifically associated with palygorskite. 
The presence of this doublet in spectra of four paly- 
gorskites from different localities and of a sample of 
sepiolite, which is the only other phyllosilicate struc- 
turally similar to palygorskite, discredits this argument. 

Effect of heating palygorskite 

The effect of heating palygorskite has been studied 
by several investigators, most recently by Van Scoyoc 
et al. (1979). On heating Georgia palygorskite, zeolitic 
and coordinated water molecules were given off. When 
50% of the coordinated water had been lost, the struc- 
ture folded, but an ordered state was not reached until 
65% of the water had evolved. Loss of water caused an 
initial decrease in the spacing of the prominent 110 re- 
flection from 10.3 to 9.9 ,~. At higher temperatures the 
chains folded, and a new reflection appeared at 9.2 ,~, 
which decreased to 8.7/~ on further heating. The OH- 
stretching frequencies changed when only small 
amounts of coordinated water were lost. The original 
AI-OH-AI absorption at 3625 cm -1 was gradually re- 
placed by absorptions at 3657 and 3644 cm -1. When the 
amount of coordinated water was reduced to 35% only 
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Figure 1. Mrssbauer spectra of palygorskites. 

one  AI-OH-A1 a b s o r p t i o n  pers is ted ,  at  3644 cm - t  (Van  
Scoyoc  et al., 1979). W h e t h e r  these  spect ra l  fea tures  
were  due  to changes  in conf igura t ion  or  w h e t h e r  some 
d e h y d r o x y l a t i o n  took  place ,  leaving AI-OH-AI groups  
in on ly  one  single e n v i r o n m e n t ,  is unc lea r  f rom the  IR 
data .  Loss  of  the  r emain ing  35% coord ina t ed  wa te r  was  
a c c o m p a n i e d  by  dehydroxy la t ion .  Pre i s inger  (1963) 
p roposed  a model  for  pa lygorsk i te  " a n h y d r i d e "  with 
a = 1 0 . 7 ~ , b  = 15 .3A,  c = 5 . 2 6 ~ , a - 9 0 ~  - 
de r  da ta  ca lcu la ted  f rom these  cell d imens ions  are in 
good  a g r e e m e n t  wi th  those  ob ta ined  f rom the  8.7-,~ 
form of  the  minera l  p roduced  in the  p r e s e n t  s tudy.  In 
the  s t ruc tura l  s c h e m e  of  Pre i s inger  the  cha ins  are cross-  

Table 2. Selected physicochemical constants of palygor- 
skite, Gasden County, Florida? 

IR 
absorption 

in the 
X-ray OH bend-  

diffraction ing Atom ratio: 
spacing region Fe 3+ (edge) 
larger (930-850 - 

Temp. than 8 A cm ,) Mrssbauer  spectra Fe a+ 
(~ (~) (cm -~) Q.S. (ram/see) (interior) 

R.T. 10.4 915 0.24 0.56 
86O 

600 9.8, 9.2 915 1.22 ,z 
875 

700 practically 865 1.35 * 
amorphous 

0.66 

1 C.M.S. Source Clay PFI-I. 
2 Asterisks indicate that the 

solve (see text). 
spectrum was difficult to re- 

Table 3. Selected physicochemical constants of palygor- 
skite, Mt. Flinders, Australia. 

I R  
absorption 

X-ray in the 
diffraction OH bending Atom ratio: 

spacing region 
larger (930-850 Fe 3+ (edge) 

than 8 A cm 1) Mrssbauer  spectra Fe 3+ 
Temp. (~ (,~) (cm-q  Q.S. (mm/sec) (interior) 

R.T. 10.4 910 0.24 1.06 
880 } 
850 

400 10.4 910 0.81 ,1 
870 

500 10.4 910 1.10 * 
870 

600 8.75 865 1.09 1.78 

700 8.8 865 

3.45 

1 Asterisks indicate that the spectrum was difficult to re- 
solve (see text). 

l inked,  leading to 5 coord ina t ion  of  the  ca t ions  occu-  
pying  edge pos i t ions .  

Some  of  the  t he rma l  changes  o b s e r v e d  wi th  th ree  
samples  of  pa lygorsk i te  in this  s tudy  are s h o w n  in Ta- 
bles  2-4.  The  X R D  da t a  a lone  suffice to show tha t  loss 
of  wa te r  t akes  d i f ferent  courses  in these  minera ls .  With  
the  F lor ida  sample  a 9.2-A spacing appea red  af te r  heat-  
ing at  500~ H o w e v e r ,  a 9.8-A spacing,  co r r e spond ing  
to the  unfo lded  s t ruc ture ,  pe r s i s t ed  e v e n  af te r  hea t ing  
at  600~ Af te r  hea t ing  at  700~ the  sample  was  prac-  
t ically a m o r p h o u s .  

The  Mt.  F l inders  sample  s h o w e d  an  ab rup t  t rans i t ion  

Table 4. Selected physicochemical constants of palygor- 
skite, Mt. Grainger, Australia. 

IR 
absorption 

X-ray in the 
diffraction OH bending Atom ratio: 

spacing region ~ 
larger (930-850 Fe 3+ (edge) 

than 8 A t cm 1) M~ssbauer spectra Fe 3+ 
Temp. (~ (,tt) (cm-q Q.S. (nun/see) (interior) 

R.T. 10.3 910 0.30 1.16 
860 

400 10.3 910 0.79 ,2 
860 

500 10.3 910 1.06 * 
880w 
865 

550 10.9 880vw 
9.55 

600 10.9vw 
9.55vw 

1.08 1.78 

2.70 

i w = weak, vw = very weak. 
2 Asterisks indicate that the spectrum was difficult to re- 

solve (see text). 
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Figure 2. Mrssbauer spectra of heated samples of palygor- 
skite from Mt. Flinders, Australia. 

from the 10.4- to the 8.75-A form; the latter form re- 
mained stable over a relatively wide range of temper- 
ature. The Mt. Grainger sample behaved drastically 
different from the other two. The 10.3-A form persisted 
after heating at 500~ but at 550~ a new phase crys- 
tallized which gave rise to a distinct XRD pattern with 
strong reflections at 10.9, 9.55, 5.47, and 4.27 A. A sim- 
ilar, but considerably weaker pattern was recorded af- 
ter heating the sample at 600~ 

Scanning electron micrographs showed that the sam- 
ples preserved their acicular shapes after heating at 
550~ and, to a lesser extent, after heating at 600~ The 
needles were somewhat expanded and rugged, but re- 
mained clearly recognizable even when the XRD pat- 
terns indicated that a fundamental change in crystal 
structure had occurred. 

Hydroxyl-stretching vibrations and the OH-bending 

vibration at about 910 cm -t  were detected whenever the 
110 reflection was greater than 8.7 ~ .  The broad ab- 
sorption at 860-880 cm -1, which was assigned to Mg- 
OH-A1 and Fe-OH-AI associations (see below), was not 
diagnostic because the "anhydride"  form showed an 
absorption at about 865 cm -I,  which became progres- 
sively more pronounced as the 8.7-,~ form developed. 

The Mrssbauer  spectra require more detailed con- 
sideration. The parameters of the heated samples are 
shown in Table 1, and changes in Q.S. are included in 
Tables 2-4. It is evident that the MiSssbauer parameters 
began to change at a lower temperature than the XRD 
pattern or the IR absorption at 910 cm -~, assigned to 
A1-OH-AI vibrations by Farmer (1979). With increasing 
temperature of heating a small reduction in I.S. was 
observed, together with an appreciable increase in Q.S. 
and line width. It is difficult to resolve the spectra of 
samples heated at temperatures below that correspond- 
ing to complete dehydroxylation (marked with an as- 
terisk in the Tables), probably because Fe 3+ occurs in 
a number of sites of somewhat different configuration 
(Figures 2,400 ~ and 500~ After complete dehydrox- 
ylation the Mt. Flinders and Mt. Grainger samples gave 
rise to two doublets with Q.S. values of about 1.08 and 
1.80 mm/sec, respectively (Figure 2, 600~ whereas 
the Florida sample showed a single, broad doublet with 
Q.S. -1 .35 mm/sec. 

The octahedral Fe 3+ in phyllosilicates becomes 5 co- 
ordinated on heating if it occupies M(2) sites and as- 
sumes a very distorted 6 coordination if it occupies 
M(1) sites in the original mineral (Heller-Kallai and 
Rozenson, 1980). The observed Q.S. for minerals with 
low iron content ranged from 0.96 to 1.36 mm/sec and 
from 1.68 to 1.80 mm/sec for 5- and 6-coordinated sites, 
respectively. Accordingly, the Q.S. of the two doublets 
of completely dehydroxylated palygorskite from Mt. 
Flinders and Mt. Grainger (Table l) correspond to Fe 3+ 
in 5 and 6 coordination. The single, unresolved doublet 
of the Florida sample corresponds to Fe z+ in 5-coor- 
dinated sites only. If edge sites become 5-coordinated 
on dehydroxylation, as suggested by Preisinger (1963), 

Table 5. Population of octahedral sheets (vacancies not included). 

Column A Column B Column C 
Octahedral cations Population of interior of Probability of encountering 

per 8 tetrahedral cations chains per 8 tetrahedral cations I cation associations 

Sample AI Mg Fe AI Mg Fe A|-A1 AI-Mg AI-Fe Mg-Fe Mg:Mg 

Flor. 2 1,15 2.15 0.36 1.48 0.13 0.19 0.68 0.12 0.17 0.01 0.02 
Mt. F 3 0.92 2.70 0.48 0.92 1.07 0.11 0.21 0.45 0.05 0.05 0.24 
Mt. G. 4 1,84 1.68 0.16 1.845 1.00 

or 1.686 

1 Deduced from the chemical analyses and M/)ssbauer spectra (see text). 
2 Calculated from the chemical analysis in van Olphen and Fripiat (1979, p. 128). 
s Singer (1977). 
4 Calculated from the chemical analysis given by Singer and Norrish (1974). 
5 Vacancies in edge sites. 
6 AI in edge sites. 
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Figure 3. Infrared spectra of palygorskites. 

at least two nonequivalent 5-coordinated sites are ex- 
pected in the dehydroxylated Florida sample, i.e., edge 
sites and sites in the interior of the chains which orig- 
inally had an M(2) configuration. In the dehydroxylated 
Mt. Flinders and Mt. Grainger samples Fe 3§ should be 
present in 5-coordinated edge sites and in distorted 6 
coordination derived from M(1) sites, as was indeed 
observed. The Mfssbauer  spectra thus confirmed the 
cross-linking of the chains in palygorskite dehydroxy- 
late proposed by Preisinger (1963), although the details 
of his proposed structure, with fully hydroxylated,  
trioctahedral chains, are incorrect. 

Samples  hea ted  at  i n t e rme d ia t e  t e m p e r a t u r e s  
showed an increase in Q.S. of the doublets correspond- 
ing to the edge sites. The I.S. values ranged from 0.37 
to 0.42 mm/sec throughout, indicating that Fe 3+ did not 
become tetrahedrally coordinated. It may therefore be 
inferred that Fe  a+ in edge positions tends to retain a 
single coordinated H~O molecule as established by Ser- 
na et al. (1977) for Mg in similar positions. The edge 
sites thus change from an original octahedral configu- 
ration with four O and two OH ligands to a 5-coordi- 
nated configuration with four O and one OH ligand and 
finally to a 5-coordinated configuration with five O li- 
gands. It is, of course, possible that intermediate phas- 
es with 4-coordinated Fe z+, i.e., with four O ligands, 
were briefly formed, but escaped detection. 

Infrared spectra of the Florida and Mt. Flinders sam- 
ples show that dehydroxylation of the A1-OH-AI as- 
sociation was complete only when the mineral reached 
the folded 8.7-• form. Whether dehydroxylation of 
iron-containing hydroxyl associations occurred at a 
lower temperature than that of hydroxyl associations, 
as was observed with other dioctahedral phyllosilicates 
(Heller-Kallai and Rozenson, 1980), is difficult to es- 
tablish. The initial changes in the M/Sssbauer spectra, 
which were observed on heating the samples, are due 
to modifications of the edge sites. After heating the 
samples at higher temperatures the spectra are difficult 
to resolve, but this may be due to distortion of the sites 
which form in the course of folding and crosslinking of 
the chains and does not necessarily indicate that de- 
hydroxylation of Fe associations is incomplete. 

Population o f  the octahedral sites 

Serna et al. (1977) affirmed that most of the Mg ions 
in Georgia palygorskite occupy positions at the edges 
of the channels and are bonded to coordinated water. 
They based their conclusion on (1) the fact that no IR 
absorption was observed at 3680 cm -1, as would have 
been expected for three neighboring Mg ions in a trioc- 
tahedral structure, and (2) the observation that only one 
kind of coordinated water was present. However,  only 
the second argument is valid, because, as Serna et al. 
(1977) themselves demonstrated,  the interior of the 
chains is dioctahedral.  Thus, even if Mg occupied po- 
sitions in the interior, associations of the type (Mg Mg 
iS)OH ([] = vacancy) and not (Mg Mg Mg)OH would 
be expected to predominate. The conclusion that Fe 
ions occupy edge positions preferentially in the Mt. 
Grainger and Mt. Flinders samples, based on the MiSss- 
bauer spectra, receives support from an earlier study 
of acid attack of these samples (Singer, 1977). Singer 
showed that octahedral cations were extracted in the 
order Fe > Mg > AI and attributed this to their de- 
creasing accessibility. It is reasonable to assume that 
cations occupying positions at the edges of the chains 
are more accessible than those in the interior, suggest- 
ing that Fe,  and to a lesser degree Mg, tend to occupy 
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edge positions in these samples. The Mbssbauer spec- 
trum of the Florida sample shows that Fe z+ does not 
occupy edge positions preferentially. These positions 
may therefore be populated predominantly by Mg, as 
suggested by Serna et al. (1977) for the sample from 
Georgia. 

The Fe,  Mg, and AI content of the octahedral sheets 
of the samples studied is shown in Table 5, column A. 
If Fe ions are assigned to edge positions on the basis of 
the Mbssbauer spectra and the remaining edge posi- 
tions are filled with Mg ions, the composition of the in- 
terior of the chains can be deduced from the chemical 
composition. The results are shown in Table ~, column 
B, and the probabilities of encountering various asso- 
ciations in the interior of the chains, deduced from 
these data, are shown in Table 5, column C. In calcu- 
lating the probabilities, two assumptions were made: 
(I) All edge positions which are not occupied by Fe are 
filled by Mg; and (2) The cations occupying the interior 
of the chains have no preference for any particular 
nearest neighbor. If some AI ions occupy edge posi- 
tions, the number of AI containing associations are 
overestimated, whereas the number of Mg containing 
associations are underestimated. Similarly, vacancies 
in edge sites would cause the calculated number of Mg- 
containing groups to be too low. In the Mt. Grainger 
sample there are insufficient Fe and Mg ions to fill the 
edge positions completely. The remaining sites may be 
vacant or filled by AI ions. In either case the interior 
positions are expected to be occupied predominantly 
or entirely by AI ions. 

The estimates in Table 5, column C, must be regarded 
as approximations, but they are consistent with the IR 
spectra. Serna et al. (1977) showed that it is difficult to 
differentiate between structural and adsorbed water 
without deuteration. It is evident from Figure 3, how- 
ever, that the OH-stretching region of the three samples 
differs profoundly. The Mt. Grainger sample shows 
only two strong OH-stretching absorptions. These are 
similar to the two dominant absorptions observed with 
the Florida sample. The sample from Mt. Flinders 
shows a different distribution of absorption bands. This 
is in agreement with the probabilities deduced in Table 
5, column C: in the Mt. Grainger sample AI-OH-AI as- 
sociations are almost the only ones present; they pre- 
dominate in the Florida sample, but in the Mt. Flinders 
sample other associations are of similar or greater im- 
portance. 

The OH-bending vibrations of palygorskite have not 
previously received much attention. A band at about 
910 cm- '  in the spectrum of attapulgite has been as- 
signed to AI-OH-A1 vibrations, and one at about 870- 
875 cm- '  to carbonate impurities (Farmer, 1979). The 
Mt. Flinders and Mt. Grainger samples do not contain 
carbonate, yet the Mt. Flinders sample shows a pro- 
nounced broad absorption extending from about 890 to 
960 cm -~. By analogy with other dioctahedral phyllo- 

silicates it seems reasonable to assign this band to OH 
associations involving Mg and Fe ions. The band is 
practically absent in the Mt. Grainger sample, as pre- 
dicted in Table 5, column C. 

CONCLUSIONS 

Mbssbauer data of three samples of palygorskite and 
their dehydroxylates indicate that Fe a+ occupies edge 
sites with relatively regular 6 coordination and M(1) or 
M(2) sites in the interior of the chains. On heating, Fe 3+ 
ions in edge positions become 5 coordinated, first by 
retaining one molecule of coordinated water per site 
and at higher temperatures possibly by cross-linking of 
the chains. The Mbssbauer parameters are thus com- 
patible with the model of palygorskite dehydroxylate 
proposed by Preisinger (1963). 

The distribution of cations in the octahedral sheets 
deduced from the MiSssbauer spectra and the chemical 
analyses agrees with the IR spectra and the reactivity 
of the samples. Scanning electron micrographs of the 
heated samples show that the acicular form is main- 
tained throughout the dehydration and dehydroxyla- 
tion process,  but the thermal stability of the samples 
differs considerably. 
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Pe31oMe--.-i~OHbl Fe 3+ B na.rlb]ropcKitTe 3aHHMalOT MecTa no Kpa~IM H BHyTpH aYIIOMOCHYlHKaTHblX 
uenefi. Mecc6ayapoBcKne napaMeTpb] s CBII3aHHblX c KpaeBhlMH HOHaMH Fe z+ yKa3biBalOT Ha 
TO, qTO ~)TH MecTa HMeIOT IlIeCTHKpaTHytO peryJI~pHylo KoopBHHatIHtO. [/IoHI, I Fe 3+ BHyTpH i~enefi 
3anHMa~OT MecTa M(I) s Tp~x ncc~e~osarmbtx 06pa3uax rt MecTa M(2) B aeTn~proM 06pa3ue. HOHbl 
Fe z+, HaxoBt.qIIDlec~l Ha KpaeBblX MecTax naJlbIFOpCKtlTa, CTaHOBIlTC$I 5-KOOp/I[tlI-IHpOBaHHblMH B 
pe3yJIbTaTe noTepH BO~bI BcheBCTBHe HarpeBa. OI4H coxpa~ItOT 3Ty KoopBnHaumo npH :IeI'tlBpOKCrlJIH- 
pona~HH, BepO~THO 5~laFo~ap~ o6pa3osaHH~O nonepeqHblX cB~3efi s tlen~lx. TeMnepaTypa, np ,  KoTopofi 
naS.q~o~alOTC~l tl3MeHeIttl~l B IIOpOIIIKOBblX peHTreHoFpaMMaX I4 B Mecc6ay3poBcKHX H tlHqbpaKpaCHblX 
cneI<Tpax, pa3JIHqHa B 3aBHCtlMOCTH OT oSpa3I~OB. Ha6~to~IaeMble npoMe>KyTOqHble CTaBHtl TaK3Ke 
H3MOHK/IHCb YlHSO ec~e~cTsHe pa3JlHqHblX nyTefi npOTeKaHH:~ peav~Hfi, JIH60 Bc.rIe~CTBHe pa3~HqHOt~ 
yCTOfiqHSOCTH tlpoMe~yTOqHblX qba3. Bbme~ermoe pacnpe~e~Ierme KaTHOHOB S OKTa3~pr~qeCKttX C~OSX 
Haxo~4TC~i B xopomeM KOJ~HqeCTBeHHOM COFJIaCHH C ~aHHI~IbtH, HaS~O/]aeMblMH npH m~qbpaKpacHofi 
a6cop6Imr~ rn~oKcHJm. [E.C.] 

Resiimee--Die Fe3+-Ionen im Palygorskit besetzen Pl~itze an den Ecken und im Innem der Aluminiumsi- 
likatketten. Die M6ssbauerparameter der Dubletts, die von den Fe3+-ionen aufden Eckpl~itzen herriihren, 
deuten darauf hin, dab diese PIStze eine regelm~iflige 6-Koordination haben. Die Fe3+-Ionen im Innern der 
Ketten besetzen in drei der untersuchten Proben M(1)-Pl~itze und in der vierten Probe M(2)-PlStze. Bei 
Wasserabgabe durch Erw~irmen werden die Fea§ in den Eckpositionen von Palygorskit 5-koordi- 
niert. Sie behalten diese Koordination nach der Dehydroxilierung bei, was wahrscheinlich auf eine 
Querverbindung von Ketten zuriickzufiihren ist. Die Temperaturen, bei denen Ver~inderungen in den RSnt- 
genpulverdiffraktometerkurven sowie in den M6ssbauer- und Infrarot(IR)-Spektren auftreten, sind in den 
einzelnen Proben verschieden. Die beobachteten Zwischenstadien variierten entweder aufgrund unter- 
schiedlicher Reaktionswege oder unterschiedlicher Stabilit~it der Ubergangsphasen. Die abgeleitete 
Verteilung der Kationen in den Oktaederschichten stimmt gut mit der beobachteten IR-HydroxiI-Absorp- 
tion iiberein. [U.W.] 

R~sum~---Les ions Fe z+ dans la palygorskite occupent les sites p6riph6riques et h l'int6rieur des chafnes 
alumino-silicates. Les parami~tres de M'bssbauer des doublets associ~s avec les ions Fe n+ darts les sites 
p6riph6riqnes indiquent que ces sites ont une coordination-6 r6gulibre. Les ions Fe z+ ~. l'int~rieur des 
chafnes occupent les sites M(I) dans trois des ~chantillons examines et les sites M(2) dans un quatrii~me. 
Les ions Fe 3+ dans les positions p~riphbriques de palygorskite deviennet coordon~s-5 lorsque l'eau est 
perdue ~. l'6chauffement. Ils gardent cette coordination lors de la d6shydroxylation, probablement par la 
liaison transverse des chafnes. Les temperatures auxquelles des changements se passent dans les cliches 
de diffraction poudr~e aux rayons-X et dans les spectres de M'ossbauer et d'infrarouge (IR) varient 
d'6chantillon en 6chantillon. Les 6tapes interm6diaires observ6es varient aussi, soit ~t cause de voies de 
r6action diff6rentes, soit h cause de stabilit6s diff6rentes des phases interm6diaires. La distribution d6duite 
de cations dans les feuillets octabdraux s'accordent qualitativement bien avec les absorptions hydroxyl IR 
observ6es. [D.J.] 
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