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PAL YGORSKITE AND SEPIOLITE ALTERATION TO 
SMECTITE UNDER ALKALINE CONDITIONS 
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Abstract-The instability of palygorskite and sepiolite under soil conditions was investigated to determine 
if these fibrous minerals transform directly to smectite under laboratory conditions. The treatment of 
100 mg (0.12 mmole) of palygorskite with I mmole of NaOH solution (17 ml) at 150"C for 24 hr yielded 
a smectite. Analcime and smectite were formed when ~3 mmole of NaOH was used. The addition of 
$6 mmole NaOH to sepiolite destroyed it gradually. On addition of ~8 mmole NaOH, sepiolite altered 
to an X-ray amorphous material. In the presence of Al and Si, however, it transformed to smectite and 
analcime. Transmission electron microscopy, cation-exchange capacity, and X-ray powder diffraction 
studies of the products suggest that alteration was (I) via solution, or (2) by a structural reorganization 
wherein the basic 2: 1 silicate structural units were unchanged. 

Key Words-Alteration, Analcime, Cation-exchange capacity, Palygorskite, Sepiolite, Smectite, Sodium 
hydroxide. 

INTRODUCTION 

Palygorskite and sepiolite occur in arid and semiarid 
soils. In reviewing the literature concerning the origin 
of these minerals Isphording (1973) concluded that both 
sepiolite and palygorskite normally form authigeni
cally from marine and lacustrine waters. The stability 
diagram proposed for palygorskite (Elprince et al., 1979) 
suggests a high pH, high Mg environment for the for
mation ofpalygorskite. Reduced OH and Mg activities 
probably contribute to the instability of these minerals 
in soil environments (Bigham et aI., 1980). Therefore, 
a possible transformation of palygorskite and sepiolite 
to more stable phases under soil conditions was pre
dicted by Bigham et al. (1980) and Lee et al. (1983). 
Such a transformation to smectite was achieved hy
drothermally for palygorskite and sepiolite at 200°C 
and 20,000 psi water pressure by Mumpton and Roy 
(1956). Sepiolite transformed to stevensite under sim
ilar conditions (Giiven and Carney, 1979). These in
vestigations indicate the relative instability of paly
gorskite and sepiolite with respect to smectite under 
elevated temperature and pressure conditions. The 
transformation under soil conditions, however, may 
involve rather sluggish kinetics as the rate of dissolu
tion of these fibrous minerals and the rate of formation 
of smectite will be very slow. 

Palygorskite may transform to smectite by (1) the 
breakdown ofSi-O-Si bonds between 2: 1 layer silicate 
units followed by reorganization to form a smectite
type structure, or (2) complete dissolution and repre
cipitation. Both of these mechanisms involve the 
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disruption of Si-O-Si bonds. The use of alkaline con
ditions should facilitate the breakdown of Si-O-Si 
bonds by the following reaction: 

\ / \ 
-Si-O-Si- + 20H- = H20 + 2-Si-O- (1) 
/ / 

The aim of this study was to investigate the feasi
bility ofa transformation ofpalygorskite and sepiolite 
at a relatively low temperature (150°C) and low pres
sure (69 psi). For this reason, alkaline conditions were 
employed to enhance the rates of reaction. The effect 
of the addition of AICI3 , Na2Si03, and MgCl2 to the 
systems was also examined. 

MATERIALS AND METHODS 

Palygorskite (Gadsden County, Aorida) and sepio
lite (Vallecas, Spain) were obtained from Ward's Nat
ural Science Establishment, Rochester, New York. The 
sepiolite was ground in an agate mortar in acetone and 
then treated with pH 5 sodium acetate to remove car
bonate. The clay fraction « 2.0 /lm) was obtained using 
the procedure described by Jackson (1956). The final 
suspension was flocculated using NaCl to reduce the 
suspension volume and then washed free ofNaCl and 
lyophilized. The palygorskite from Aorida was found 
to contain a trace of quartz as an impurity. Oriented 
mounts of clay samples were prepared for X-ray pow
der diffraction (XRD) analysis using CuKa radiation. 

Samples were saturated with Mg, solvated with glyc
erol, saturated with K, and heated to 300°C and sub
sequently to 550°C. Alkyl ammonium ion-saturation 
was accomplished by the method of Lagaly and Weiss 
(1976), as modified by Ruehlicke and Kohler (1981). 
Elemental compositions of the palygorskite, sepiolite, 
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Table 1. Treatments ofsepiolite' with NaOH, MgCI2, AlCI3, 

and Na2Si03• 

Treatment 

1 
2 
3 
4 
5 
6 
7 
8 

, 100 mg. 

Reactants 

2 mmole NaOH 
4 mmole NaOH 
6 mmoleNaOH 
4 mmole NaOH + 0.5 mmole MgCl2 

4 mmole NaOH + 0.33 mmole AICl3 

4 mmole NaOH + 0.5 mmole Na2Si03 

4 mmole NaOH + 0.17 mmole AICl3 

+ 0.25 mmole Na2Si03 

and the products obtained by various treatments were 
determined by the technique of Bernas (1968). Si de
terminations were made by the molybdenum blue col
orimetric technique (Weaver et aI., 1968). AI, Mg, Na, 
and K were determined by atomic absorption spectro
photometry (Lee and Guven, 1975). 
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Figure 1. X-ray powder diffraction patterns of palygorskite 
treated with different concentrations of NaOH at 150°C for 
24 hr. CuKa radiation. 
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Figure 2. X-ray powder diffraction patterns ofpalygorskite 
treated with 2 meq ofNaOH showing peak positions on Mg
saturation, glycerol solvation, K-saturation, and K-saturation 
+ heating to 300 and 550°C. 

Alkali treatments 

Palygorskite. Samples of palygorskite (100 mg) and a 
prescribed amount ofNaOH (0-8 mmole) were placed 
in Teflon-lined digestion pressure vessels. After bring
ing the final volume to 17 ml with deionized-distilled 
water, the vessels were capped and placed in an oven 
at 150°C under their own vapor pressure for 24 hr. The 
vessels were cooled to room temperature, and the so
lutions were brought to pH 7 with 0.5 N HCI and 
washed with I N NaCI followed with water until all 
excess salt was removed. The final product was lyoph
ilized and examined by XRD. 

Sepiolite. Samples of sepiolite (100 mg) were treated 
similarly with varying amounts of NaOH plus 0.5 or 
1.0 mmole ofMgCl2, AIC13, or Na2Si03 (Table 1). The 
mixtures were held at 150°C for 72 hr and the products 
treated in a manner similar to that described above for 
the palygorskite samples. The reagent grade chemicals 
MgCI2 '6H20, AICI3 ·6H20 and Na2Si03 ·9H20 were 
supplied by Matheson Coleman and Bell Manufactur
ing Chemists, Norwood, Ohio. 
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Figure 3. Variation of (001) spacing of the smectites from 
palygorskite (11) and from sepiolite (e) on saturation with alkyl 
ammonium ions with different chain lengths. 

RESULTS AND DISCUSSION 

Palygorskite treated with various amounts ofNaOH 
was transformed to smectite and a zeolite in 24 hr at 
150°C and 69 psi water vapor pressure. Figure 1 shows 
the XRD patterns of the products. Palygorskite heated 
in a similar fashion but without alkali addition showed 
no change. The NaOH treatment substantially changed 
the structure ofpalygorskite as shown by the reduction 
in intensity of the 110 reflection at 10.5 A and the 
appearance of a smectite peak at 15 A. The weak pal
ygorskite diffraction peaks at 6.4, 5.4, 4.5, and 3.7 A 
also decreased in intensity. As the amount of NaOH 
was increased, the peak intensities of the smectite in
creased at the expense of the palygorskite peaks. Max
imum conversion was observed with the 2-meq-NaOH 
treatment. NaOH added in excess of 2 meq caused the 
formation of analcime (XRD reflections at 3.43 and 
5.6 A). This zeolite is a common alteration product of 
clay minerals in alkali soil systems (Baldar and Whittig, 
1968). The present data indicate that in the presence 
of NaOH, the palygorskite-smectite conversion oc
curred at a lower temperature and pressure (150°C, 69 
psi) and in a shorter time range (24 hr) than reported 

Treatment 

mmole 
NaOH 

o 

2 

4 

6 

30 26 

Na-Saturated 

2500 CpS 

22 18 14 
°29 

10 

o 
ci 

.., 
N -
1 

6 2 

Figure 4. X -ray powder diffraction patterns of sepiolite treated 
with different concentrations of NaOH at 150°C for 3 days. 
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Figure 5. X -ray powder diffraction patterns of sepiolite treated 
with NaOH + MgCI2, AICI3, or Na2Si03 at 150°C for 3 days. 
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Figure 6. X-raypowderdiffractionpatternsofsepiolitetreated 
with a mixture of AlCI3, Na2Si03, and NaOH at 150·C for 3 
days. 

by earlier workers (Murnpton and Roy, 1956; Giiven 
and Carney, 1979). 

Smectite produced by the optimum NaOH treat
ment of palygorskite showed characteristic expansion 
to 18 A on glyceration and collapse to loA on heating 
at 550°C (Figure 2). On saturation with alkylammo
nium ion this smectite (Figure 3) showed the presence 
of two types oflayer silicates: a smectite as shown by 
curve (I), where a distinct monolayer to bilayer tran
sition that started at an alkyl chain length of7 C atoms 
(13.8 A) and a bilayer completion at a chain length of 
13 C atoms (17.8 A), and a layer silicate similar in 
charge to a vermiculite (curve H), which expanded in 
steps with an increase in alkyl chain length beyond 12 
C atoms. No vermiculite was detected in the XRD 
pattern of the original palygorskite. Therefore, any 
mechanism proposed for the palygorskite-NaOH re
action must explain the formation of two types ofsmec
tite with different charge densities or of vermiculite + 
smectite. 

The alkali treatment of sepiolite in the absence of 
added AI, Mg, or Si yielded different results than those 
reported above for palygorskite (Figure 4). Breakdown 
of the structure to form an X-ray amorphous material 
was observed when 8 mmole of NaOH was employed 
for a 3-day treatment (Figure 4); however, the effect of 

Table 2. Ca-exchange capacity (Ca-CEC) and K-exchange 
capacity (K-CEC) of initial and treated clays.! 

Sample 

Palygorskite 
Sepiolite 
Treated palygorskite 
Treated sepiolite 

Ca·CEC 
(meq/iOO g) 

19.7 
6.6 

74.1 
53.5 

K·CEC 
(meq/iOO g) 

17.4 
7.9 

58.2 
52.1 

! For palygorskite, 2 mmole NaOH at 150·C for 24 hr; for 
sepiolite, 4 mmole NaOH + 0.17 mmole AICl3 + 0.25 mmole 
Na2Si03 at 150·C for 3 days . 

prolonged treatment was not investigated. The reason 
for the slight shift of the 12.3-A peak from 12.3 to 13.0 
A on NaOH addition (6 mmole) is not clear. The in
tensity of the 12.3-A peak was diminished, and the 
peaks at 7.6, 6.7, 5.0,4.5, 3.7, and 3.3 A completely 
disappeared. 

Upon MgCl2 addition, only the diminished 12.3-A 
peak and two broad peaks at 7.5 and 3.6 A were ob
served. The weak peaks at 15 A observed for the AICI3-

and Na2Si03-treated samples indicate the formation of 
a trace of smectite (Figure 5). A peak at 3.4 A was 
observed in the AlCl3-treated sample. The silicate
treated sample had a substantially stronger 12.3-A peak, 
suggesting a lesser degree of NaOH attack. These ex
periments were replicated and yielded similar results. 

When both aluminum chloride and sodium silicate 
were added with the NaOH (4 mmole) to sepiolite, the 
products obtained at the end of a 3-day incubation 
period were smectite + analcime (reflections at 15, 3.4, 
and 5.6 A, Figure 6). The presence of smectite was 
confirmed by XRD data on Mg-saturated and glycer
ated samples. Upon saturation with alkylammonium 
ion the curve for peak shift vs. alkyl chain length was 
characteristic ofa low-charge smectite (Figure 3, Curve 
HI). Only a low-charge species was formed from the 
sepiolite, unlike the product of the treatment of the 
palygorskite (Figure 3, Curves I and H). These results 
were substantiated by cation-exchange capacity (CEC) 
determinations (Table 2). K-fixation was observed in 
the palygorskite treated with 2 meq NaOH, whereas 
the K-CEC and Ca-CEC values were equal for the 
smectite formed from sepiolite. The formation of a 
high-charge layer silicate can be explained by a mech
anism similar to that proposed by Giiven and Carney 
(1979) for the sepiolite to stevensite conversion (Figure 
7). Here, the breaking of Si-O-Si bridges linking the 
2: 1 silicate structural units gives rise to a smectite-like 
structure on recombination (Figure 7). The NaOH fa
vored the forward reaction by breakage of Si-O-Si 
bridges [reaction (1)] and also the removal of H30+ 
formed (Figure 8). The palygorskite used in this study 
had the following formula: (OH2MOHMMg2.57AIL38 
Feo.34)(Si7.93Alo.o7)02o· 4H20, which is closer to that of 
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Figure 7. Schematic representation of the formation of 
smectite from palygorskite by structural reorganization. 

a dioctahedral mineral as described by Serna et al. 
(1977). The acquisition of a layer-charge by this pal
ygorskite after the NaOH treatment is shown in Figure 
8, where the dioctahedra1 nature of the palygorskite is 
taken into consideration. Here also, Mg probably oc
cupied the edge positions of octahedral sheets as sug
gested by Heller-Kallai and Rozenson (1981) for pal
ygorskite from the same location. The resultant layer 
silicate on NaOH treatment resembled a dioctahedral 
smectite, in which Mg substituted for AI. Theoretically, 
the maximum charge created per formula unit (Si40 IO) 

is 1.0 equivalent, but in practice some of the cations 
from the dissolved palygorskite probably fill octahedral 
vacancies, thereby lowering the charge. The product, 
therefore, should possess a charge similar to that of a 
high-charge smectite, whereas the low-charge smectite 
could either be produced by partial filling of the cation 

H 

2 
H H -H 

H H 

vacancies in the high-charge smectite product or by the 
precipitation of a smectite from the dissolved paly
gorskite. When a mixture of Si, AI, and Mg equivalent 
to 100 mg of palygorskite (268 mg of Na2SiO, ·9 H20, 
34.5 mg of AICI,· 6H20, and 60 mg of MgCI2 • 6H20) 
was treated with NaOH and heated in a similar fashion 
to the palygorskite treatment discussed above, no crys
talline material was detected by XRD. When 2 mg of 
palygorskite was added to the above mixture, however, 
substantial smectite was produced as estimated from 
the XRD peak intensity of smectite (data not shown), 
suggesting some form of nucleation. 

The transmission electron micrographs of treated 
sepiolite (Figure 9 ST) showed numerous sheets grow
ing from fiber axes, suggesting nucleation. Many of the 
fibers appear to be thinner than the parent material, 
as evidenced by their relative transparency to electrons. 
In the palygorskite treated with NaOH, large ragged 
bundles were noted (Figure 9 PT) which were not seen 
in the host material, indicating either growth or aggre
gation. Some smectite-like material less dense to elec
trons also was noted in the bundles with no apparent 
relation to the fibrous components. Only by mecha
nism (1) could the lath-like morphology be preserved 
because the rearrangement involves dislocations of 
2: I silicate units which are parallel to the fiber axis. 
The separate smectite-like product has no apparent 
growth relation to the parent fibers and probably formed 
by a solution-reprecipitation mechanism. 

In conclusion, solution and reprecipitation seems to 
be a common process for the transformation of paly
gorskite and sepiolite to smectite; however, for paly-
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Figure·8. Creation of layer charge in rearranged palygorskite by elimination of hydronium ions and condensation of 2: 1 
silicate units. 
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Figure 9. Transmission electron micrographs of samples of palygorskite (P), sepiolite (S) and their NaOH-treated products 
(PT, ST). 
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gorskite, partial breakdown and reorganization seems 
to occur concurrently with precipitation. 

Isphording, W. C. (1973) Discussion of the occurrence and 
origin of sedimentary palygorskite-sepiolite deposits: Clays 
& Clay Minerals 21,391-401. 

ACKNOWLEDGMENTS 

The authors thank A. L. Senkayi for reading the 
manuscript and F. A. Mumpton for his constructive 
review. 

REFERENCES 

Baldar, N. A. and Whittig, L. D. (1968) Occurrence and 
synthesis of soil zeolites: Soil Sci. Soc. Amer. Proc. 32, 235-
238. 

Bernas, B. (1968) A new method for decomposition and 
comprehensive analysis of silicates by atomic absorption 
spectrometry: Anal. Chem. 40, 1682-1686. 

Bigham, J. M., Jaynes, W. F., and Allen, B. L. (1980) Pedo
genic degradation of sepiolite and palygorskite on the Texas 
high plains: Soil Sci. Soc. Amer. J. 44, 159-167. 

Elprince, A. M., Mashhady, A. S., and Aba-Husayn, M. M. 
(1979) The occurrence of pe do genic palygorskite (attapul
gite) in Saudi Arabia: Soil Sci. 128,211-218. 

Giiven, N. and Carney, L. L. (1979) The hydrothermal 
transformation of sepiolite to stevensite and the effect of 
added chlorides and hydroxides: Clays & Clay Minerals 27, 
253-260. 

Heller-Kallai, L. and Rozenson, 1. (1981) Mossbauerstudies 
of palygorskite and some aspects of palygorskite mineral
ogy: Clays & Clay Minerals 29, 226-231. 

Jackson, M. L. (1956) Soil Chemical Analysis-Advanced 
Course: published by the author, Department of Soils, Univ. 
Wisconsin, Madison, Wisconsin, 127-141. 

Lagaly, G. and Weiss, A. (1976) The layer charge ofsmectite 
layer silicates: in Proc. Int. Clay. Conj, Mexico City, 1975, 
S. W. Bailey, ed., Applied Publishing, Wilmette, Illinois, 
157-172. 

Lee, R. W. and Giiven, N. (1975) Chemical interferences 
in atomic absorption spectrometric analysis of silicates in 
the fluoboric-boric acids matrix: Chem. Geol. 16, 53-58. 

Lee, S. Y., Dixon, J. B., and Aba-Husayn, M. M. (1983) 
Mineralogy of Saudi Arabian soils: Eastern Region: Soil 
Sci. Soc. Amer. J., 47, 321-326. 

Mumpton, F. A. and Roy, R. (1956) New data on sepiolite 
and attapulgite: in Clays and Clay Minerals, Proc. 5th Natl. 
Conj, Urbana, Illinois, 1955, Ada Swineford, ed., Natl. 
Acad. Sci. Natl. Res. Counc. Publ. 566, 136-143. 

Ruehlicke, G. and Kohler, E. E. (1981) A simplified pro
cedure for determining layer charge by the n-alkylammo
nium method: Clay Miner. 16,305-307. 

Serna, c., Van Scoyoc, G. E., and Ahlrichs, J. L. (1977) 
Hydroxyl groups and water in palygorskite: Amer. Mineral. 
62,784-792. 

Weaver, R. M., Syers, J. K., and Jackson, M. L. (1968) De
termination of silica in citrate, bicarbonate, dithionite ex
tracts of soils: Soil Sci. Soc. A mer. Proc. 32, 497-501. 

(Received 26 November 1983; accepted 10 May 1984) 

PelIOMe-MccJIe,ll;OBaJIaCb HecTa6HJIbHOCTb naJIblropcKHTa H cenHOJIHTa B nO'lBeHHblX YCJIOBH5IX,ll;JI5I onpe
,lI;eJIeHH5I BOlMO)KHOCTH np5IMOH TpaHc4JoPM~H 3THX BOJIOKOHHbIX MHHepaJIOB B CMeKTHT B JIa60paTopHbIX 
YCJIOBH5IX. CMeKTHT 5IBJI5IJIC5I pe3YJIbTaTOM 06pa60TKH 100 Mf (0,12 MMOJI5I) naJIblropcKHTa 1 MMOJIeM 
pacTBopa NaOH (17 MJI) B TeMnepaType 150°C '1epe3 24 '1aca. AHaJIbD;HM H CMeKTHT cPOPMHpOBaJIHCb 
KOr,ll;a HCnOJIb30BaJIOCb ~3 MMOJI5I NaOH. ,l(06aBJIeHHe :s6 MMOJIeH NaOH K CenHOJIHTY Pa3PYIIIaJIO 3TOT 
MHHepaJI nOCTeneHHO. JIPH ,lI;06aBJIeHHH ~8 MMOJIeH NaOH, CenHOJIHT H3MeH5IJIC5I B aMoPcPH'IeCKHH (no 
peHTreHOBcKoMY aHaJIH3Y) MaTepHaJI. O,ll;HaKO, B npHcyrCTBHH AI H Si, CenHOJIHT H3MeH5IJIC5I B CMeKTHT H 
aHaJIbD;HM. MCCJIe,ll;OBaHH5I nYTeM 3JIeKTpOHHOH TPaHCMHCCHOHHOH MHKpOCKonHH, KaTHoHo-06MeHHoH cno
C06HOCTH H nopoIIIKoBOH peHTfeHoBcKoH ,lI;HcPpaKD;HH 3THX np0,ll;YKTOB YKa3bIBaIOT Ha TO, '1TO TpaHccPop
MaD;H5I npOHCXO,ll;HJIa (1) '1epe3 paCTBop, HJIH (2) nyreM crpYKTYPHOH nepecrpoHKH, BO BpeM5I KOTOPOH 
OCHOBHble crpYKTypHble e,ll;HHHD;bI 2:1 CHJIHKaTOB He H3MeH5IJIHCb. [E.G.] 

Resiimee-Die Instabilitiit von Palygorskit und Sepiolith unter Bodenbedingungen wurde untersucht, urn 
festzustellen, ob diese faserigen Minerale sich unter Laborbedingungen direkt in Smektit umwandeln. Die 
Umwandlung von 100 mg (0,12 mMol) von Palygorskit mit 1 mMol NaOH-LOsung (17 ml) bei 150°C 
iiber 24 Stunden ergab einen Smektit. Analcim und Smektit wurden gebildet, wenn ~ 3mMoI NaOH 
verwendet werden. Die Zugabe von :s6 mMol NaOH zu Sepiolith zerstOrte ihn allmiihlich. Bei der Zugabe 
von ~8 mMol NaOH wandelte sich Sepiolith in ein rontgenamorphes Material urn. Bei der Anwesen
heit von Al und Si wandelte sich Sepiolith jedoch in Smektit und Analcim urn. Transmissionselek
tronenmikroskopische, Kationenaustauschkapazitiits- und Rontgenpulverdiffraktometeruntersuchungen 
der Umwandlungsprodukte deuten daraufhin, daB die Umwandlung (1) iiber die Losung oder (2) durch 
eine strukturelle Umordnung vorsich ging, wobei die grundlegenden 2:1 Silikatstruktureinheiten unve
riindert blieben. [U.W.] 

Resume-L'instabilite de la palygorskite et de la sepiolite sous des conditions de sol a ete investiguee 
pour determiner si ces mineraux fibreux se transformaient directement en smectite sous des conditions 
de laboratoire. Le traitementde 100 mg (0,12 mmole) de palygorskite avec I mmole de solution de NaOH 
(1,7 ml) a 150°C pendant 24 hr a produit une smectite. L'analcime et la smectite ont ete formees lorsque 
~3mmole de NaOH ont ete utilisees. L'addition de :s6 mmole de NaOH a la sepiolite l'a petit a petit 
detruite. Lorsqu'on a ajoute ~8 mmole de NaOH, la sepiolite s'est changee en un materiau amorphe aux 
rayons-X. En la presence d'AI et de Si, cependant, elle s'est transformee en smectite et en analcime. La 
microscopie a transmission d'electrons, la capacite d'echange de cations, et des etudes de diffraction des 
rayons-X de ces produits suggerent que l'alteration s'est produite (I) via une solution ou (2) par une 
reorganisation structurale dans laquelle les unites silicates de structure de base 2: I n'ont pas change. [D.J.] 
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