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Abstract--The structure and hydration status of attapulgite clay after heating at elevated temperatures and 
the stability of parathion on these clays was studied. Using infrared spectroscopy and scanning electron 
microscopy it was found that the bound water was lost in two steps, at 250 ~ and 450~ with the first step 
being largely reversible. At 650~ the structure began to dissolve releasing significant amounts of Mg, and 
a decrease in aggregate porosity was noted. At 850~ an amorphous phase was formed bearing little re- 
semblance to the original attapulgite. Parathion was stable on all of the preheated clays when kept at 25~ 
for 190 days. The reactions of parathion on the preheated clays was studied at 110~ Hydrolysis of para- 
thion was found to be minimal. Isomerization was the main reaction occurring on the Ca-attapulgite, where- 
as on an organo-clay no isomerization was observed. A mechanism for the isomerization reaction is pro- 
posed which entails a distortion of the phosphate moiety of the pesticide by the oxygen of the ligand water 
resulting in the conformational changes necessary for the isomerization to take place. On the organo-clay 
such a conformation was not possible; hence no isomerization occurred. 
Key Words--Attapulgite, Dehydration, Infrared spectroscopy, Isomerization, Parathion, Scanning elec- 
tron microscopy, Thermal treatment. 

INTRODUCTION 

Among the many compounds which are altered on 
clay surfaces, the organophosphate pesticides have re- 
ceived a great deal of attention (Polon and Sawyer, 
1962; Mingelgrin et al., 1975; Yaron, 1978). In all the 
above studies hydrolysis of the phosphate ester bond 
of the adsorbed pesticide was the observed mechanism. 
As pointed out by several workers (Saltzman et al., 
1976; Mingelgrin et al., 1977), the ligand water of the 
exchangeable cation has a profound influence on this 
reaction. Rosenfield and Van Valkenburg (1965) and 
Mingelgrin and Saltzman (1979) also reported the deg- 
radation of organophosphate pesticides via molecular 
rearrangements on montmorillonite. As in hydrolysis, 
the nature and hydration status of the clay greatly affect 
the reaction. 

Water molecules in attapulgite, which is widely used 
as a dust diluent in pesticide formulations, differ from 
those in other clays in that they are important elements 
of the structure (Grim, 1968). The loss of bound water 
in attapulgite results in structural changes (Preisinger, 
1963). The effect of heating on the various forms of wa- 
ter in attapulgite and the resulting structural changes in 
the mineral have received a great deal of attention (Ser- 
na et al., 1977; Mifsud et al., 1978; Van Scoyoc et al., 
1979). However, the exact conditions under which 
these changes occur are in dispute. This may be due to 
inadequate control of experimental conditions and to 
the use of samples from different sources. The effect 

1 Contribution 240-E, 1980 series. 
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of the hydration status and structure of attapulgite on 
the adsorption and desorption of parathion (0, 0-diethyl 
O-p-nitrophenyl phosphorothioate) was reported by 
Gerstl and Yaron (1978) who found that attapulgite dif- 
fers from kaolinite and montmorillonite in its adsorp- 
tion of parathion from both aqueous and non-aqueous 
solvents. Since the rearrangement products of parathi- 
on were found to be more toxic to mammals than para- 
thion itself (Joiner et al., 1973), it is of importance to 
know if such a process is possible in attapulgite-para- 
thion complexes and if so, to study the factors affecting 
this process. The present work reports on the relation- 
ship between the hydration status and structure of at- 
tapulgite and the stability of adsorbed parathion. 

EXPERIMENTAL 

Materials 

High purity parathion (98%) and C14-1abeled parathi- 
on (Amersham Radiochemicals Centre) were used for 
all the experiments. Attapulgite (Diluex) purchased 
from Floridin Company (Quincy, Florida) was used. 
Characterization of the clay by X-ray powder diffrac- 
tion and infrared analysis showed it to be similar to un- 
treated Georgia attapulgite as reported in the literature 
(Van Olphen and Fripiat, 1979). 

Analytical  methods 

C 14 activity was counted with a Packard 3003 liquid 
scintillation spectrometer. The scintillation liquid con- 
tained 60 g of naphthalene, 4 g of PPO (2,5-diphenylox- 
azole), 0.2 g of POPOP [2,2-p-(phenylene)bis(5-phe- 
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Table 1. Properties of attapulgite clays used in the present study. 

Major X-ray 
diffraction 

Water loss, z Surface area CEC spacing Mg released 
Pretreatment (%) (mZ/g) (meq/100 g) (/~) (mmole/100 g) 

Air dry I Hydrated - -  40 31 10.64 3.0 
HDMA Organo 3.53 146 29 - -  - -  

Heated to: 
110~ Partially dehydrated 11 146 29 10.64 1.4 
250~ Dehydrated 15 161 32 9.7 1.4 
450~ Anhydride 19 98 34 9.7 5.0 
650~ Transition 21 85 21 - -  16.0 
850~ Amorphous 24 13 4 N.P. 4 0.0 

1 Relative humidity 52%. 
2 Calculated as the loss in weight of the clay per unit dry weight at each temperature. 
3 Dried over PzQ- 
4 Not present; X-ray diffraction pattern was diffuse, indicating noncrystalline materials. 

nyloxazole)], 100 cm a of methanol, and 20 cm a of ethyl- 
ene glycol diluted to 1 liter with dioxane. Parathion in 
both organic and aqueous solutions was determined 
with this scintor. 

Procedure 

Clay preparation. CaCO3 was removed from the raw 
clay by shaking a clay suspension overnight with H +- 
saturated IR-120 cation-exchange resin. This proce- 
dure removes CaCO3 without damaging the clay as 
might be expected if acid were used for carbonate re- 
moval (Satyabrata Ray et al., 1957). After separation 
from the resin, the clay was washed four times with 1 
N CaClz (pH 6.5) and thereafter with deionized water 
until no chloride was detectable in the supernatant liq- 
uid with AgNO3. The clay was then freeze-dried, 
ground in an agate ball mill and passed through a 250- 
/xm sieve. The pretreatments consisted of heating the 
Ca-attapulgite at various temperatures up to 850~ 
X-ray powder diffraction (XRD) of the freeze-dried 
clay showed no signs of montmorillonite and only 
traces of quartz. A sample of the ground Ca-attapulgite 
was washed with an ethanolic solution of hexadecyltri- 
methylammonium bromide (HDMA) to prepare an or- 
ganoclay in a similar manner. 

Mg-release. The amount of Mg released from the clay 
structure after heating to elevated temperatures was 
determined by atomic absorption spectroscopy analy- 
sis of dithionite-citrate-bicarbonate extracts according 
to the procedure of Mehra and Jackson (1960). 

Infrared studies 

Infrared (IR) spectra of the preheated clays were ob- 
tained on KBr discs prepared at 9 tons pressure. Self- 
supporting films of attapulgite could not be prepared. 
A Perkin-Elmer Model 257 Infrared Grating Spectrom- 
eter was used throughout the study. The preheated 
clays were kept over PzO5 until mixing with the KBr 

(dried at 110~ Separate samples were rehydrated in a 
desiccator at 52% R.H. before preparation of the KBr 
discs. 

Scanning electron microscopy (SEM) 

Aqueous suspensions (1% by weight) of the preheat- 
ed clays were shaken for 18 hr followed by ultrasonic 
vibration for 5 min. A dilute suspension (50 ppm) was 
then deposited on grids and left to dry at room temper- 
ature. The grids were coated with gold and scanned in 
a Cambridge Instruments Model 180 scanning electron 
microscope. 

Stability studies 

Parathion-attapulgite complexes were prepared by 
shaking the clay with a hexane solution of parathion for 
24 hr followed by slow evaporation of the solvent. Ex- 
traction of the parathion from the clay was accom- 
plished with l0 ml of acetone:benzene (1:1) and shaking 
for 1 hr. After centrifugation, 8 ml of the supernatant 
was transferred to an Erlenmeyer flask, and after evap- 
oration of the solvent the residue was reextracted with 
5 ml of water and 5 ml of hexane with each phase being 
checked for radioactivity as described above. The sta- 
bility of parathion when adsorbed by the various atta- 
pulgites was determined as follows: Complexes were 
kept in an incubator at 25~ for up to 190 days prior to 
analysis. Freshly prepared complexes were heated at 
110~ for various periods of time. Parathion and its 
metabolites were extracted as described above. The 
organic phase was spotted on TLC plates (silica gel, 
containing fluorescein) and developed with petroleum- 
ether:chloroform:methanol (7:3:0.3). The separated 
bands were visualized under UV light, scraped off, 
eluted with water:hexane (1:2), and counted. The para- 
thion extracted from the heated complexes was divided 
into four fractions: P = unaltered parathion; I = the 
thiolo isomer of parathion; H = hydrolysis products of 
parathion and its isomer; and L = losses which were 
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Figure I. Scanning electron micrographs of attapulgite after 
heating at elevated temperatures and redispersion in water. 
(A) hydrated clay (representative of the partially dehydrated, 
dehydrated, and anhydride clays), (B) and (C) transition clay 
(650~ (D) and (E) amorphous clay (850~ 

taken as the difference between the amount of parathi- 
on added and the amount recovered in the first three 
fractions. 

RESULTS 

Changes in the chemical properties of attapulgite 

The changes in some of the chemical properties of 
attapulgite after heating at elevated temperatures are 
presented in Table 1 along with names by which they 
will be referred to. The cation-exchange capacity 
(CEC) was fairly constant at about 30 meq/100 g and 
was found to decrease only after heating the mineral at 
650~ The amount of Mg released from the clay struc- 
ture increased slightly at 450 ~ and reached a maximum 
at 650~ 

Changes in hydration status 

The water lost at 110~ was completely regained 
upon rehydration, whereas only 90% of the water lost 
from the dehydrated clay was regained. After heating 
at 450~ only 35% rehydration was achieved, whereas 
at 650 ~ and 850~ the extent of rehydration was mini- 
mal. The IR spectra of heated and rehydrated attapul- 
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Figure 2. Effect of preheating attapulgite at elevated tem- 
peratures on the isomerization of adsorbed parathion (con- 
6entration = 1000/xg/g) at 110~ after 30 and 120 min. P = 
parathion, I = isomer, H = hydrolysis product, L = losses. 

gite are similar to those obtained by other workers 
(Hayashi et el., 1969; Van Scoyoc et el., 1979) and 
have been discussed elsewhere (Gerstl, 1979). The in- 
terpretation of the spectra is discussed below. 

Structural changes 

The specific surface area (SSA) increased upon heat- 
ing the sample to 250~ whereupon it decreases (Table 
1). The surface area of the hydrated clay as measured 
by o-phenanthroline adsorption (Lawrie, 1961) was 140 
m2/g; all the other values were within several mVg of 
those measured by N~ adsorption. The XRD data (only 
the major XRD spacing is given in Table I) showed an 
initial shift in the principal reflection of the dehydrated 
clay from 10.6 ~, to 9.7 ~.  The peak intensities of the 
anhydrous clay decreased. The patterns of the thermal 
decomposition products show no peaks of attapulgite, 
but some small peaks of enstatite (?) or gehlenite (?) 
could be seen. IR vibrations at 1030 and 981 cm -L, as- 
sociated with the clay structure, merged upon heating 
and formed a new band at 1020 cm 1 which disappeared 
at 650~ The original bands reappeared upon rehydra- 
tion even after heating at 250~ but not after heating 
at 450~ 

The SEM results are presented in Figure 1. The fi- 
brous nature of the clay and its "haystack" structure 
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Figure 3. Kinetics of parathion isomerization on hydrated 
attapulgite at110~ (Legend as in Figure 2.) 

and porosity are observable in the hydrated clay and 
are typical of attapulgite heated to 110~ 250~ and 
450~ indicating that the external morphology of at- 
tapulgite is fairly stable. Because the samples were pre- 
pared in aqueous solution, it is conceivable that exter- 
nal changes occurred between 110~ and 450~ but 
that they are reversible and were not observed. At  
650~ dissolution of the clay was observed, and the 
original fibrous nature of the attapulgite was discerned 
with difficulty. The aggregate porosity was greatly re- 
duced, and after heating at 850~ the material resem- 
bled a melt with no observable internal porosity and 
showed no semblance of the original attapulgite fibers. 

Parathion-attapulgite incubation experiments 

Long term incubation experiments of  the various 
preheated clays with parathion (initial concentration -- 
30,000 tzg/g) showed that after 190 days at 25~ nearly 
no hydrolysis had occurred (Table 2). On the other 
hand, when parathion-at tapulgi te  complexes  were 
heated at 110~ isomerization of parathion was noted 
(Figure 2). After 120 rain, isomerization accounted for 
slightly more than 40% of the original parathion on the 
hydrated, partially dehydrated,  and dehydrated clays. 
Slightly less isomerization of parathion was noted in the 
anhydrous clay, whereas a sharp decline in isomeri- 
zation in the amorphous clay was observed. In all the 
above samples hydrolysis was of  minor consequence, 
never exceeding 8%. The kinetics of  isomerization of 
the hydrated and organo-clay are compared in Figures 
3 and 4. Practically no isomerization occurred on the 

Table 2. Hydrolysis of parathion on attapulgite surfaces 
preheated to elevated temperatures after 190 days at 25~ 

Temperature  25*C 110~ 250~ 450~ 650~ 850~ 

% hydrolysis 0.8 0.4 1.3 2.5 1.1 1.2 
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Figure 4. Kinetics of parathion isomerization on an organo- 
attapulgite (hexadecyl trimethylammonium) at 110~ (Leg- 
end as in Figure 2.) 

organo-clay, whereas hydrolysis,  although of minor im- 
portance, was twice that of the hydrated clay. In the 
hydrated clay isomerization was complete after 15 min, 
but the amount of unaltered parathion recovered was 
always less than that recovered from the organo-clay. 

DISCUSSION 

Effect of  heating on structure and hydration 
state of  attapulgite 

Three types of water molecules are generally found 
in attapulgite. Zeolitic water is loosely held in the mi- 
crochannels of the structure; bound or crystal water is 
coordinated to magnesium ions; and hydroxyl water is 
part  of the clay structure (Henin and Caillere, 1975). 
The present results show that most of the zeolitic water 
was lost at l l0~ without significant changes in the 
properties of the clay. The cation-exchange capacity,  
major XRD spacing, and amount of Mg released were 
similar for the hydrated and partially hydrated clay. 
Water  molecules in the hydrated clay which were still 
present despite the customary degassing procedure 
prevented adsorption of N2. Thus, the specific surface 
area of the hydrated clay as determined by N2 adsorp- 
tion was less than one third of that of the clay heated 
to 110~ 

In contrast  to the loss of zeolitic water, the loss of 
bound water affected the properties of the clay. After 
heating the sample to 250~ the SSA increased by 10% 
as more water molecules were lost, enabling N2 (and 
o-phenanthroline) to be adsorbed. A shift in the major 
XRD spacing from 10.6 ]k to 9.7 A took place and sig- 
nified the formation of the anhydrous phase (Thorenz, 
1976). On heating to 450~ the continued water loss 
resulted in a decrease of the SSA possibly due to mor- 
phological changes in the clay which physically prevent  
N2 molecules from reaching adsorption sites. A small 
amount of Mg was released at this temperature sug- 

https://doi.org/10.1346/CCMN.1981.0290108 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1981.0290108


Vol. 29, No. 1, 1981 Stability of parathion on attapulgite 57 

gesting a possible weakening of the clay structure. The 
loss of bound water,  which links the octahedral and tet- 
rahedral layers,  resulted in a tilting of the clay structure 
to the "anhydr ide"  form (Preisinger, 1963; Longcham- 
bon, 1937). 

The loss of part of the bound water at 2500C was only 
partially reversible; only 90% of the water lost was re- 
gained. After heating at 450~ only 35% rehydration 
was accomplished, some of which is certainly due to 
zeolitic or first-stage bound water,  indicating the irre- 
versible formation of the anhydride. These results were 
supported by the IR data and are similar to those of Van 
Scoyoc et al. (1979). 

Bands at 1030 and 981 cm -1 and at 775 and 790 cm -1 
arose from structural vibrations of the S i - O - H  angle 
deformation and S i -O vibration (Mendelovici, 1973). 
The bands at 1030 and 981 cm -a merged upon heating 
into a new band at 1020 cm -~, an effect that was re- 
versible at 250~ but  not at 450~ Similar merging of 
bands was found for attapulgite after 5 hr of acid attack 
during which the octahedral layer was dissolved (Men- 
delovici, 1973; Nathan,  1969). The release of Mg, 
caused by a weakening of the octahedral layer upon ir- 
reversible formation of the anhydride at 450~ sup- 
ports the thesis that dissolution had begun at this tem- 
perature. 

Upon heating the sample to 650~ the amount of Mg 
released from the structure increased to 16 mmole/100 
g (Table 1) which is equivalent to nearly 7% dissolution 
of the crystal structure. Miller et al. (1963) reported 
that the release of Mg by attapulgite reaches maxima 
at 500 ~ and 750~ With the release of Mg, the clay can 
be considered to have undergone dissolution similar to 
that reported for HC1, as mentioned above. The clay 
still retained its fibrous habit but to a reduced extent, 
as evidenced by the SEM results. Upon heating at 
850~ structural water was lost and an X-ray- and IR- 
amorphous phase of negligible surface area and CEC 
was obtained. At  this point, it is postulated that a phase 
transformation had occurred after destruction of the 
attapulgite structure. These steps were verified by SEM 
studies as shown in Figure 1. 

Stability o f  parathion-at tapulgi te  complexes  

IR studies conducted by Prost et aL (1975) showed 
that parathion is bound to attapulgite via H-bonds be- 
tween the NO2 group of  the pesticide and the hydrogens 
in water molecules of the hydration shell of  the ad- 
sorbed cation. Upon dehydration these bonds were not 
observed,  whereas a change in the P-S moeity of the 
pesticide molecule was observed, which may be due to 
a direct linkage with the adsorbed cation itself. The 
water of  the exchangeable cation is known to have a 
profound influence on the hydrolysis reaction in ka- 
olinite (Saltzman et al., 1976; Mingelgrin et al., 1977). 
Because the external surface of attapulgite, especially 

the anhydrous phase,  may contain surface hydroxyls 
similar to those of kaolinite (Serna et al., 1977), the 
possibility exists that parathion hydrolysis could occur 
on attapulgite. The results of Table 2, however,  indicate 
the stability of adsorbed parathion. While the slightly 
greater hydrolysis of the anhydrous clay may be due to 
the exposure of such surfaces upon tilting of the atta- 
pulgite structure, the differences are too small to be 
significant. 

The ability of  clays to induce isomerization in an or- 
ganophosphate was reported by Rosenfield and Van 
Valkenburg (1965) who observed that bentonites dried 
at elevated temperatures induced degradation of Ron- 
nel (a thiophosphate) through a molecular rearrange- 
ment. Parathion is reported to convert only gradually 
to the thiolo isomer when heated to 100~ (Melnikov, 
1971). Infrared spectra of pure parathion heated at 
100~ under vacuum did not differ from those of un- 
heated parathion except for decreased intensities. Min- 
gelgrin and Saltzman (1979) found that isomerization of 
parathion occurred on montmorillonite surfaces, but 
not on kaolinite surfaces. In the present study, isomer- 
ization occurred on the hydrated clay but not on the 
organo-clay. These differences are the direct result of 
the nature of the c lay 's  surface. The organo-clay held 
parathion strongly by "hydrophobic  bonding" in a 
quasi-organic layer (Gerstl and Yaron, 1978), whereas 
in the Ca-saturated clays bonding was via the ex- 
changeable ions and/or the water of hydration (Prost 
et al., 1975). Thus, the isomerization and hydrolysis of  
parathion on attapulgite surfaces can be explained by 
the proposed sequences of Mingelgrin and Saltzman 
(1979) who found that the reaction that occurs on a sur- 
face (either direct hydrolysis as in kaolinite, or isomer- 
ization as in bentonite) will depend on the compound 's  
configuration on the surface. Fest  and Schmidt (1973) 
pointed out that even small energy changes may affect 
the conformation of phosphate on surfaces and thereby 
considerably alter the chemical reactivity of  the com- 
pound. Distortion of the phosphate moiety by the oxy- 
gen of the ligand water towards a trigonal bipyramid 
structure puts the three P - O  bonds of parathion into 
one plane, enabling the S-C bond of the isomer to form 
more easily. Since no hydrolysis products were found 
on the hydrated clay it may be assumed that the isomer 
was stable at I10~ in accord with the results of Min- 
gelgrin and Saltzman (1979). On a surface such as or- 
gano-attapulgite this sequence does not apply, as there 
was no interaction between the parathion and the ligand 
water. 

Mingelgrin and Saltzman (1979) observed that heat- 
ing montmorillonite prior to incubation with parathion 
at 22~ for 60 days increased the relative rate of isomer- 
ization. They attributed this reaction to the decreased 
moisture content,  but not total dehydration, of the pre- 
heated clays. The present study found that isomeriza- 
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tion of parathion occurred even in partially dehydrated 
attapulgite. In dehydrated and anhydrous attapulgite 
the presence of retained bound water or surface hy- 
droxyls can account for the continued isomerization. 
The slight increase in isomerization after heating the 
clay to 650~ as compared to 450~ resulted from the 
appearance of new surfaces due to the loss of structural 
water. These new surfaces were most probably oxides 
of Si and Mg resulting from the dissolution of the at- 
tapulgite structure and were also responsible for in- 
creased adsorption of parathion from aqueous solutions 
by attapulgite preheated to 650~ (Gerstl and Yaron, 
1978). With the complete loss of the hydroxyl water at  
850~ and the formation of an amorphous phase, iso- 
merization was restricted, and the main pathway for 
parathion loss was volatilization or fixation. 

SUMMARY 

Heat ing at e leva ted  tempera tures  significantly 
changed the structure and the state of water molecules 
in the attapulgite structure. Zeolitic water was easily 
lost at 110~ resulting in little or no change in the clay. 
The loss of the bound water in two steps at 250 ~ and 
450~ produced striking changes in the state of the 
water associated with attapulgite, whereas the loss of 
the hydroxyl water above 650~ resulted in the destruc- 
tion of the attapulgite structure. 

Although parathion was stable on attapulgite sur- 
faces at room temperature, it underwent isomerization, 
but not hydrolysis, at elevated temperatures. The isom- 
erization reaction resulted from the ability of parathion 
to interact with ligand water or surface hydroxyls, 
which allowed the necessary bonds to form. On an or- 
gano-clay such a configuration was not possible and no 
isomerization occurred. 
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Pe31oM~---Hcc-rle~oBa./InCb cTpyKTypa n COCTO~IHHe rrtapaTau~H aTTauynrnToaog r.qnnbl uocae narpeaanv~ 
npn noBbiIIIennbix TernnepaTypax, a TaK:~e CTa6nanOCTb napaTnoua na aTnx r~nnax. HyTeu Hnqbpa- 
Kpacnofi cneKa'pocKonnn n aaeKTpOnnoro cKaanpym~ero MnKpocKona 661~O o6napy~eno, qxo cB~san- 
nan ao)la ocn6o~,~a~acb a ~aayx aTauax, npn TeMnepaTypax 250~ n 450~ upnqer~ uepah~fi aTan 6bl.rl 
npefiMytttecTaenno peaepcnBuhifi. Hprl 650~ cTpyKTypa naanua~a pacxaop:axbCfl, o c a o 6 o ~ a n  3naqn- 
Te~bnoe KO~IrlqeCTBO Marnna, a TaK~e na6.qlo~la.rioch yMenbtuenne nopncTOCTH arrperaToa. Hpn 850~ 
qbopMnpoBa_aao, aMopqbna~ qbaaa, KOTopa~ TO~bKO B He60~hmOfi cxeuenu nano~nna.~a ncxoRnhifi axTa- 
ny~brnT. FIapaTnon 6b~ CTa6Rabnbm na Bcex upe~iBapr~Te~bnO narpeTbiX rannax, ecau onn coaep- 
~a.~nch npn weMnepaType 25~ a weqenne 190 ~nefi. Pea~qnn uapaxnona na narpexbix r~innax 6~,~an 
ncc.~e)loBanbi npn Te~mepaType 110~ Unknown3 napaxnona 6bi~ Mnnn~a_abnblfi. HaoMepu3almn na- 
~ f l c h  raaBnofi peaxuefi ~ Ca-aw~anyabrnwa, B TO a p e , s ,  ~aI< ona ne na6aro~a.qacb ~ta  oprano- 
r~um, L ~L~ pearunn naouepn~atmn upe~ov~eH MexaHn3M, ~OTOpb~fi oupe~ae~L~ex ac~av~enne qbocqbaxo- 
BOil no~oanHh~ uecTnt~n~a ~1~caopoaou a~1~en~aoaofi aoabL pe3y~IbTaTOM qero ~B~neTc~t n3uenem~e 
qbopMb~ neo6xo~inub~e ~VL~ naoMepnaauna. )~an oprano-raunbi ~aKa~ qbopMa neaoauo~na, n B 3TOM 
cayqae naouepnaattna ne nponcxo~tnT. [E.C.] 

Resiimee---Es wurde der Struktur- und Hydratationszustand von Attapulgit-Ton nach dem Erhitzen auf 
erh6hte Temperaturen sowie die Stabilit~it yon Parathion an diesen Tonen untersucht. Die Untersuchungen 
mit Infrarotspektroskopie und Rasterelektronenmikroskopie zeigten, dab das gebundene Wasser in zwei 
Schritten, bei 250~ und 450~ abgegeben wurde, wobei der erste Schritt in hohem Maf3e reversibel war. 
Bei 650~ begann die Struktur sich zu ver~indern, indem sie betr5chtliche Mengen an Magnesium vedor. 
Weiters wurde eine Abnahme der Aggregatporosit~it festgestellt. Bei 850~ wurde eine amorphe Substanz 
gebildet, die sehr wenig Ahnlichkeit mit dem urspriinglichen Attapulgit aufwies. Parathion war an allen 
vorerhitzten Tonen bei einer Temperatur von 25~ fiber 190 Tage stabil. Die Reaktion von Parathion an 
vorerhitzten Tonen wurde bei 110~ untersucht. Es zeigte sich, dab die Hydrolyse yon Parathion minimal 
ist. Die wichtigste Reaktion, die bei Ca-Attapulgit festgestellt wurde, war eine Isomerisierung, w~ihrend 
an einem Organo-Ton keine Isomerisierung beobachtet wurde. Es wird ein Mechanismus f/Jr die Isomer- 
isierungsreaktion vorgeschlagen, der eine Deformation des Phosphatrestes des Pestizides dutch den Sauer- 
stoff des ligandenwassers nach sich zieht, wodurch sich die Anderungen der Konformation ergeben, die 
fiir die Isomerisierung notwendig sind. An dem Organo-Ton war eine derartige Konformation nicht m6g- 
lich, weshalb keine Isomerisierung auftrat. [U.W.] 

R~sumt----On a 6tudi6 l ' t tat  de la structure et d'hydration d'argile attapulgite apr~s 6chauffement ~t de hautes 
temperatures, et la stabilit6 de parathion sur ces argiles. En utilisant la spectroscopie infra-rouge et la 
microscopie balaynte 61ectronique on a trouv6 que l'eau lite est perdue en deux 6tapes, h 250 ~ et 450~ 
la premiere 6tape 6tant rtversible. A 650 ~ la stucture a comrnenc6 ~t se dissoudre, rel~chant des quantitts 
signiflcatives de Mg, et un amoindrissement de la porosit6 de l'aggrtgat a 6t6 remarqut. A 850 ~ une phase 
amorphe a 6t6 form~e, ressemblant peu ~ l'attapulgite d'origine. Le parathion &ait stable sur toutes les 
argiles prt-tchaufftes lorsqu'elles 6talent gardtes ~t 25 ~ pendant 190jours. Les rtactions de parathion sur 
les argiles prt-tchaufftes ont 6t6 6tudites ~t 110 ~ On a trouv6 clue l'hydrolise du parathion 6tait minime. 
L'isomtrisation 6tait la rtaction principale se passant sur l'attapulgite-Ca, alors que sur l'argile organique, 
aucune isomtrisation n'a 6t6 observte. On propose un mtcanisme pour la rtaction d'isomtrisation, mt- 
canisme qui comprend la distortion de la moiti6 phosphate du pesticide par l'oxyg~ne de l'eau liante, rt- 
sultant en les changements conformationnels ntcessaires pour que l'isomtrisation se passe. Sur les argiles 
organiques, une telle conformation n'&ait pus possible; par constquent, aucune isomtrisation ne s 'est 
passte. [D.J.] 
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