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Abstract-Samples of several naturally fine-grained micaceous minerals were heated at 450°C for 24 hr 
(after the effects of other temperatures and heating periods were evaluated with the < 2 /.1m fraction of Grun­
dite) and then characterized in terms of their release of K to NaCI-NaTPB (sodium tetraphenylboron) 
solutions and other potentially related properties. 

This heat treatment produced a substantial increase in the amount of K that each mineral released when 
first placed in the NaCl-NaTPB solution (the greatest increase being 22 m-equiv K/IOO g in Marblehead 
illite). Depending upon the mineral heated, the subsequent rate of K release was increased, decreased or 
unchanged. Also, all the minerals except glaucoaite exhibited an increase (ranging from 4 to 38 m-equiv 
K/IOO g) in their maximum degree of K release if they were heated. Thus, it was established that the K 
release behavior of these minerals is not only subject to appreciable alteration by heat treatments but 
is altered in a manner that varies with the mineral. The nature of these alterations, however, did not clearly 
identify an involvement of the other mineral properties that were examined, An increase in NH 4- and 
Cs-exchangeable K occurred when these minerals were heated- presumably as a result of exfoliation. 
With Morris illite samples, this increase was nearly 28 m-equiv 100 g. Thus. heated samples of these 
minerals may be useful sinks for the removal of NH4 and Cs in various wastes. 

INTRODUCTION 

Information on the effects of heat treatments 
on micaceous minerals can help provide an under­
standing of the factors involved in interlayer cation 
exchange (Scott et al .• 1972) and lead to improvements 
in the use of cation sorption for the removal of 
radioactive Cs from atomic wastes (Tamura and 
Jacobs, 1960, 1961). Particularly relevant are the 
changes in K release behavior known to occur when 
some of these minerals are heated. 

Numerous reports have verified that changes in sol­
uble and NH4 - exchangeable K levels can occur in 
soils that are dried or heated (Scott and Hanway, 1960) .. 
Also, the use of successive heat treatments to achieve 
a progressive release of K from illites and micas has 
been described (Kolterman and Truog, 1953; Legg and 
Axley, 1958). The extent to which the K release behav­
ior of micaceous minerals can be altered by heat treat­
ments was not apparent, however, until Smith and 
Scott (I 963) heated samplesofGrundite before they were 
extracted with NaCl-NaTPB (sodium tetraphenyl­
boron) solutions. By heating this mineral at 450°C for 
24 hr, the maximum extractable K was increased from 
68 to 93 per cent (a change of 32 m-equiv KjlOO g). Now 
from subsequent experiments with micas. we also 
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know that the effects of heat treatments on K exchan­
geability can vary widely from one mineral to another 
and can vary in regard to both their nature and degree. 

When biotite was heated to oxidize Fe2 + in the 
mineral, Robert (1971) observed a reduction in the 
amount ofK that could be extracted by sodium cobal­
tinitrite. In a comparison of several coarse-grained 
mica samples, however, Scott et al. (1972) concluded it 
was mainly the rate of K exchange that was altered by 
heat treatments. With specific heat treatments, the 
extraction period for nealy all the K in < 50 J.illl mus-
covite particles was reduced from 2 yr to 1 week, 
whereas the period for 65 per cent K release in 
< 50.um lepidomelane particles was increased from a 
few days to 2 yr. On the other hand, heat treatments in-
duced little change in the exchangeability of K in phlo­
gopite and altered both the rate and degree of K 
exchange in a synthetic fiuorphlogopite. In view of 
these complex responses of well-defined micas to heat 
and their interpretation in terms of Fe2 + oxidation, 
dehydroxylation, and structural adjustments, the ques­
tion arises as to what would happen if the heated mica­
ceous minerals had the added features of small particle 
size and different degrees of mixed layering with 
expansible material. Part ofthe answer is provided by 
the data in this paper for heat-treated samples of 
several naturally occurring, fine-grained micaceous 
minerals 
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MATERIALS AND METHODS 

Samples of < 60-mesh Beavers Bend, Marblehead, 
Fithian and Morris illites and of glauconite (Mon­
mouth County, New Jersey) and metabentonite 
(Tazewell, Virginia) were prepared with a minimum 
amount of hand crushing in a mortar. A < 200-mesh 
sample of Rock Island illite was obtained from H. 
Gaudette, University of New Hampshire, Durham, 
New Hampshire, and a < 211m fraction of Grundite 
(clay from Goose Lake area, Illinois supplied by 
Illinois Clay Products Co., Joliet, Illinois) was avail­
able from earlier studies by Smith and Scott (1963, 
1966). All samples were air-dried. 

The various heat treatments were carried out with 
0·5 g (l 10°C oven-dry basis) air-dried samples in Pyrex 
Erlenmeyer flasks or platinum crucibles (for tempera­
tures above 450°C) and a ventilated furnace controlled 
to ± 100e. The samples were placed on a raised plat­
form in the furnace, heated at specified temperatures 
for different periods and then cooled. The entire 
sample of heated or unheated mineral was then mixed 
with 1·026 g NaTPB and 10 ml 1·7 N NaCl-O'01 M 
EDTA solutions 25°C to determine the exchangeability 
of the K. Exchangeable K determinations were also 
carried out by shaking the entire 0·5 g sample with 10 
ml 1 N solutions of NaCl, NH40Ac or CsCI and 
leaching with another 40 ml of the same solution. 

The general procedure used in the extraction of K 
by NaCl-NaTPB solutions has been described by Smith 
and Scott (1966). Layer charge values were calculated 
by summing the total K and Na contents of Na-satu­
rated samples. HF-HC104 digestions were used in the 
total K and Na determinations, and all solutions were 
analyzed for K and Na by flame emission. Nitrogen 
was determined by a semi-micro Kjeldahl procedure 
(Bremner, 1965). In some instances, an HF pretreat­
ment was. used in the N determinations but never 
proved necessary. Ferrous iron contents were deter­
mined by the method described by Peters (1968). 

All results have been expressed in terms of the oven­
dried (llOoC for 48 hr) weight of the original samples 
that were selected for the various heat treatments and 
determinations. 

RESULTS AND DISCUSSION 

Heat treatments 

When coarse-grained mica samples were heated, the 
exchangeability of their interlayer K was changed by 
the length of the heating period as well as the tempera­
ture (Scott et al., 1972). Thus, the initial heat treat­
ments employed with fine-grained materials were 
varied in regard to temperature and duration. Using 

the < 211m Grundite sample and heating periods of 24 
hr, we found that the amount of K extracted in 7 days 
by NaCI-NaTPB solutions was reduced slightly (from 
81'5 to 79'7 m-equiv K/l00 g) by heating at 110°C, but 
was increased to 89'1, 92·0 and 100 m-equiv K/100 g by 
temperatures of 250, 350 and 400°C, respectively. The 
results obtained with other temperatures and heating 
periods are given in Table 1. Each of these 7-day, 
NaTPB-extractable K values represents the maximum 
degree of K exchange that could be achieved after the 
heat treatments. Samples heated at temperatures up to 
750°C and for periods up to 48 hr were analyzed for 
total K and always contained 123 m-equiv/IOO g. 

The response of Grundite samples to different tem­
peratures and periods of heating was similar to that of 
muscovite (Scott et al., 1972) in that K exchange was 
depressed by low temperatures, increased appreciably 
by temperatures over 350°C and greatly reduced by 
long periods of high temperatures. With Grundite, 
however, these effects of different heat treatments per­
tain to changes in maximum degree of exchange, 
whereas only the rate of exchange was altered in the 
coarse muscovite particles. Obviously, the heat treat­
ments employed and the nature of the changes in K 
release behaviour need to be specified clearly in a 
comparison of the results obtained with different 
minerals. 

An increase in K exchangeability occurred in the 
Grundite samples that were heated for 24 hr at a tem­
perature of only 250°e. Further increases were 
observed as the temperature was raised to 450°C or the 
time of heating at 450°C was increased from 10 min to 
24 hr. Evidently, the heat-induced reactions respon­
sible for changes in K release in Grundite were in­
itiated by lower temperatures than those required by 
muscovite, probably because the Grundite particles 
were smaller and susceptible to a lateral escape of in­
terlayer water. The maximum effect of heat treatments 
was also achieved with a lower temperature and 
shorter heating period (650°C for 20 min) when this 
fine-grained mineral was used. Higher temperatures or 
longer heating periods at even 650°C produced a pro­
gressive decrease in the exchangeability of K. Presum­
ably, this decrease was due to a progressive destruction 
of the mineral structure which Grim and Bradley 
(1940) concluded can begin at approximately 700°e. 

K extraction curves 

To further characterize the effects of preheating on 
K exchange in Grundite, entire K extraction curves 
were obtained. Figure 1 shows the curves obtained 
with samples that were unheated, heated at 450°C for 
24 hr or heated at 650°C for 30 min and then placed 
in NaTPB solutions for different periods. A comparison 
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Table 1. Amounts of K extracted from < 2.um Grundite samples that were 
heated for different periods at various temperatures and placed in NaCI-NaTPB 

solutions for 7 days 

K extracted (m-equivjlOO g)* 
Heating 
period 

10 min 
20 min 
30 min 
1 hr 
24 hr 
48 hr 

92 
92 

450°C 

101 
103 
105 
107 
113 
113 

550°C 

103 
104 
108 
113 
112 

650°C 750°C 

112 115 
118 116 
118 116 
115 112 
104 42 
98 20 

* Total and extractable K in unheated Grundite was 123 and 81·5 m-equiv 
KjlOO g, respectively. 

of these curves shows various changes in K release be­
havior were induced by heating the mineral. Besides in­
creasing the maximum amount of K extracted, heating 
increased the rate of K release and the amount of K 
released in the shortest extraction period. The com­
bined effect of these changes in rate and degree of K 
exchange, however, led to no change in the time 
(approx. 1 week) required for maximum K exchange. 

The initial release of K was increased by 20 m­
equivjlOO g when the samples were heated at 450°C 
and by another 45 m-equiv/l00 g when the heating 
temperature was increased to 650°C. Practical limita­
tions to the minimum extraction period that can be used 
with NaTPB solutions (about 15 sec) make it impossible 
to use these curves to clearly identify the reasons for these 
changes in initial release. In contrast to ground mica, 
little of this initial release by unheated samples of 
< 211m Grundite is believed to be due to layer weath­
ering (Ismail and Scott 1972). However, the heat treat­
ment exposed interlayer K by exfoliation (the NH 4 -

exchangeable K was increased 12 m-equiv/l00 g by 
the 450°C treatment) and could have left more of the 
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Fig. I. K extracted from < 2.um Grundite samples that 
were heated at 450°C for 24 hr or 650°C for 30 min and 

placed in NaCI-NaTPB solutions for different periods. 
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mineral susceptible to an initial release of K by layer 
weathering in the NaTPB solution. Thus, only part ofthe 
increase in initial K release by heated Grundite can be 
attributed to the higher rate of edge weathering 
depicted by the rest of the curves. 

To the extent that the initial release of K by heated 
samples was increased by exfoliation during the heat 
treatment and by subsequent layer weathering in the 
NaTPB solution, some consideration must be given to 
the fact that the maximum degree ofK exchange was also 
increased. Experiments with Grundite and ground 
mica size-fractions have made it clear that an increase 
in immediate K release by layer weathering leads to a 
closely related decrease in maximum exchange in small 
particles (Scott, 1968). To account for this inverse rela­
tionship between the initial and maximum K release, 
it was suggested that a separation of some mineral 
layers left the K between adjacent contracted layers in 
a more strongly held position as proposed by Bassett 
(1959). In heated Grundite, this effect of open layers is 
evidently overshadowed by other effects of the heat 
treatment on the exchangeability of K in the remaining 
contracted position of the mineral. Indeed, as shown 
by the slope of the curves at equivalent degrees of K 
exchange (e.g. at 70 m-equiv/IOO g), the rate of sub­
sequent K release by edge weathering was enhanced by 
the heat treatment. 

The extraction curves in Fig. 1 show the amounts of 
K extracted by contact periods of less than 1 min. The 
inclusion of these data for short extraction periods 
gives added emphasis to the earlier conclusion that the 
relationship between K extracted. and the log of the 
contact period is curvilinear for Grundite, not linear as 
was observed with dilute NaTPB solutions, and with 
initial extraction periods in the order of 1 hr (Smith and 
Scott, 1963, 1966). The K extraction curves obtained 
with the heated samples retain the curvilinear form. 

As stated for the data in Table 1 and now shown by 
the curves in Fig. 1, the maximum degree of K 
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exchange was not enhanced by extending the extrac­
tion period beyond 7 days. This means that no com­
bination of heating temperature, heating period and K 
extraction period made it possible to replace all the K 
in Grundite. At best, a release of U8 m-equiv K/lOO 
g (96 per cent) was achieved by heating samples at 
650°C, but the heating period had to be restricted to 
a narrow range. On the other hand, by using a tem­
perature of only 450°C to reduce the possibilities of 
mineral destruction, the samples could be heated for 
periods varying from 24 to 48 hr and still obtain an 
exchange of 113 m-equiv K/ l00 g (92 per cent). Thus, 
a heat treatment of 450°C for 24 hr was selected as a 
standard for subsequent comparisons of other mica­
ceous minerals. 

K extraction curves were determined with heated 
(450°C for 24 hr) and unheated samples of all the mica­
ceous minerals, but only the curves for the Beavers 
Bend and Marblehead illites and for glauconite are 
given in Fig. 2 to illustrate the various responses 
observed. With each of the minerals, as with Grundite, 
heating resulted in an increase in K extracted initially. 
Thereafter, the K in heated samples was extracted 
much faster (Beavers Bend), slower (glauconite) or at 
nearly the same rate (Marblehead). Increases in maxi-

160 r--,--~--,-"'----r-.., 
-HEAT 

120 
--- UNHEATED 

0.1 10 1000 

CONTACT TIME (HRS) 

Fig. 2. K extracted from samples of fine-grained micaceous 
minerals that were heated at 450°C for 24 hr and placed in 

NaCl-NaTPB solutions for different periods. 

mum K exchange due to heating occurred in all 
minerals except glauconite, which exhibited no change. 
Obviously, the effects of heat treatments on the K 
release behavior of these minerals were much more 
varied than would be anticipated from Grundite and 
cannot be described by a comparison of results 
obtained with a single extraction period. In view of this 
varied response of the minerals to heat treatments, a 
further search for related changes in other character­
istics of the heated minerals was undertaken. 

Chemical properties 

Various properties of heated and unheated samples 
of the micaceous minerals are described in Table 2. As 
was reported for Grundite samples that were subjected 
to a variety of heat treatments, the total K content of 
the various minerals was not altered by the 450°C heat 
treatment. Changes in other characteristics, however, 
did occur. 

The heat treatment increased the maximum amount 
of NaTPB-extractable K in all the minerals except 
glauconite, but there was some K in each mineral (up 
to 38 per cent of the K in Marblehead) that was still 
not exchangeable. Since the limited exchange of K in 
the unheated samples can be largely attributed to the 
small size of the particles (Scott, 1968), it may be con­
cluded that one role of heating is that of reducing the 
small particle effects. As shown with Grundite, other 
temperatures and heating periods can make even more 
of the K in these minerals exchangeable, bu t some limi­
tation on K exchange can be anticipated from feldspar 
impurities in these non fractionated samples of natur­
ally fine-grained micaceous minerals (Smith et al., 
1968). As shown by Raman and Jackson (1966), 4·1 per 
cent of the < 2 Jim fraction of Marblehead consists of 
feldspar. The presence of even more feldspar in the 
complete Marblehead sample may be responsible for 
the particularly low NaTPB-extractable K value 
obtained with heated portions of this mineral. 

Heating the minerals increased by severalfold the 
amounts of K that were extracted by leaching with 
NaC!, NH40Ac and CsCI solutions. Furthermore, the 
fixable cations, NH4 and Cs, were nearly as effective as 
Na in replacing K in the heated samples. Thus, the 
heat treatment must have altered the mineral particles 
in such a way as to expose interlayer K- presumably 
by an exfoliation of the minerals comparable to that 
observed with heated samples of hydrobiotite (Scott et 
al., 1972). To account for a similar release of K by 
heated soils, Kolterman and Truog (1953) emphasized 
the critical role of prior ammonium saturation of sam­
ples. According to their explanation, heat released 
NH3 from the NH4 cations and this gas forced the clay 
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Table 2. Characteristics of micaceous minerals before and after being heated for 24 hr 

Heat Beavers 
treatment Bend Marblehead Rock Island Fithian Morris Glauconite 

Total K (m-equiv/ IOO g) 
None/450°C 122 188 87 101 103 174 

Max. NaTPB-Extractable K (%) 
None 94 42 82 70 67 78 
450°C 97 62 89 91 88 78 

Exchangeable K (m-equiv/ IOO g) 
NaCI 

None 1·6 1·8 1·7 1·5 2·3 3·6 
450°C 3·9 10·4 5·9 12·0 30·3 13·0 

NH 4 0Ac 
None 0·7 1·0 1-4 0·7 1·0 3-2 
450°C 3·3 10·2 H 11·8 29·7 12·2 

CsCI 
None 0·6 1·0 1·0 0·9 0·9 3·2 
450°C 2·7 9·6 2·8 10·2 28·6 11 ·0 

Layer charge (m-equiv/ IOO g) 
None 138 209 100 132 126 193 
450°C 136 203 101 130 104 192 

pH (in I N NaCl) 
None 6·0 7-8 6·8 3·7 2·6 6·4 
450°C 5·9 9·5 5·3 4·0 2·9 5·8 

Nitrogen (ppm) 
None 826 395 720 1176 785 126 
450°C 364 105 165 113 79 0 
550°C 10 0 25 10 0 

< 2,um 
Metabentonite Grundite 

135 123 

84 66 
96 92 

\·3 4·9 
9·8 17·9 

0·5 3·8 
9·0 16·2 

0·5 
6·9 

162 153 
156 145 

8·0 7·2 
n 4·4 

756 1022 
168 42 
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layers apart. Our results show that ammonium satu­
ration is not a necessary condition for the occurrence 
of K release in heated micaceous minerals. 

The increase in K replacement by Cs that was 
achieved by heating these minerals merits attention in 
terms of the disposal of atomic wastes; i.e. the sorption 
of Cs can be enhanced by heating the mineral. The 
Morris illite should be especially useful because a 
single heat treatment produced a 30-fold increase in Cs 
exchange of K (0'9-28'6 m-equiv/lOO g). Further ex­
periments have shown that even more Cs can be 
sorbed by these micaceous materials if the heating-Cs 
exchange sequence is repeated. At the same time, the 
heat treatment improves the porosity of the minerals 
and, as shown by Tamura and Jacobs (1961) with ben­
tonite, the Cs selectivity of minerals can be enhanced 
by heating. Therefore, both the chemical and physical 
properties of the heated materials should be well suited 
for their use in the removal of Cs from various wastes. 

The changes in layer charge and pH that occurred 
in the heated samples of micaceous minerals were too 
minor or inconsistent to account for the associated 
changes in K exchangeability. Similarly, the nitrogen 
data in Table 2 contradict an earlier suggestion (Smith 
and Scott, 1963) that nitrogen compounds might be re­
sponsible for the limited exchange of interlayer K in 
unheated illite samples. The simultaneous loss of 
nitrogen and increase in K release that occurred in 
heated Grundite led to this suggestion. Now, however, 
we find a complete removal of nitrogen produced no 
change in extractable K in glauconite and left the 
Marblehead samples with appreciable amounts of 
nonextractable K. Also, the release of K by heated and 
unheated samples of Beavers Bend illite was essen­
tially complete, despite the presence of nitrogen in 
both samples. The rest of the minerals were more like 
Grundite in that heated samples exhibited changes in 
nitrogen and extractable K content, but no relation­
ships between the amounts of residual nitrogen and 
nonextractable K exist. Thus, it seems unlikely that 
nitrogen compounds limit the exchange of K in any of 
these minerals. Moreover, these data show the 
nitrogen in these minerals is not as easily removed by 
heat treatments as might be expected, in that some sam­
ples retained nitrogen after being heated at 550°C for 
24 hr. 

Since the heat treatment altered the rate of K release 
in most of the micaceous minerals, changes in mineral 
characteristics other than those imposed by exfoliation 
must have occurred. Scott et al. (1972) have noted that 
changes in basal spacing and structural rearrange­
ments from dehydroxylation of dioctahedral micas 
may be jnvolved in the changes in K release rate in­
duced by heating ground mica samples. Berger (1965) 

found no appreciable destruction of mineral structure 
occurred in Marblehead and Fithian illite at tempera­
tures below approx. 930°C. As noted previously, early 
studies by Grim and Bradley (1940) indicated that no 
destruction of mineral structure begins in illites until a 
temperature of at least 700°C is reached. If any struc­
tural alterations did occur in the minerals heated at 
temperatures up to 650°C in this study, they were not 
evident from X-ray diffraction analyses. The X-ray pat­
terns obtained with unheated and heated (450°C for 24 
hr and 650°C for 2 hr) samples differed only in regard 
to a sharpening of the basal reflections upon heating. 
It is still possible that alterations in the structure of 
these minerals are induced by heat treatments, but their 
detection will likely stem from further work on heated 
micas and the use of more homogeneous fractions of 
these fine-grained materials. 

Both Robert (1971) and Scott et al. (1972) have 
found the rate of K release can be reduced by the oxi­
dation of iron in heated trioctahedral micas. Thus, the 
decrease in K release rate observed with heated glau­
conite could be anticipated and attributed to its high 
ferrous iron content (67 m-moles/loo g). On the other 
hand, the rates of K release by Beavers Bend illite and 
Grundite were not reduced by the heat treatments even 
though they contain 42 and 38 m-moles ferrous 
iron/loo g, respectively. Although the effects of iron 
oxidation may have been overshadowed by other 
changes in the heated samples of these minerals, these 
results could also mean that iron oxidation does not 
always impair the exchangeability of interlayer K. 
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Resume-Des echantillons de plusieurs mineraux micaces existant naturellement a I'etat de grains fins 
ont ete chauffes a 450°C pendant 24 h (apres que les effets d'autres temperatures et temps de chauffage 
aient ete testes avec la fraction < 2 11m de la Grundite); ils ont ensuite ete caracterises par leur aptitUde 
a Iiberer K dans des solutions de NaCI-NaTPB (sodium tetraphenylbore)et par d'autres proprietes re1iees 
en principe a la liberation de K. 

Le traitement thermique produit une augmentation substantielle de la quantite de K que chaque mi­
nerallibere quand i1 est, pour Ie premiere fois mis au contact de la solution NaCI- NaTPB (I'augmentation la 
plus forte etant de 22 m-equiv K/ I 00 g dans I'illite de Marblehead). Pour les mineraux chauffes, et selon leur 
nature, la vitesse de liberation de K consecutive au chauffage, augmente, diminue ou reste inchangee. En 
outre, tous les mineraux saufla glauconite montrent une augmentation (allant de 4 a 38 m-equiv K/ IOO g) 
de la quantite maximum de K Iibere s'ils ont eti: chauffes. II est done etabli que Ie comportement de 
ces mineraux vis-a-vis de la liberation de K ne sub it pas seulement une modification appreciable du fait 
des traitements thermiques, mais est aussi modifie d'une maniere qui varie avec Ie mineral. Toutefois, la 
nature de ces modifications ne permet pas d'identifier clairement une implication des autres proprietes 
du mineral qui ont ete examinees. 

Une augmentation de K echangeable contre NH4 ou Cs est observee avec les mineraux chauffes, ce 
qui est probablement Ie resultat d'une exfoliation. Avec les echantillons de I'illite de Morris, cette aug­
mentation est de 28 m-equiv/ IOO g environ. Ainsi, lesechantillons chauffes de ces mineraux pourraient utile­
ment servir de pieges a NH4 et Cs presents dans divers dechets. 

Kurzreferat-Proben verschiedener, von Natur aus feinkorniger, glimmerartiger Minerale wurden flir 24 
h auf 45°C erhitzt (nachdem die Wirkungen anderer Temperaturen und Erhitzungszeiten mit der Fraktion 
< 211m von Grundit ermittelt worden waren) und anschlieBend hinsichtlich ihrer K-Freisetzung in NaCl­
NaTPB(Na-Tetraphenylborat)-Losungen und anderer moglicherweise hierzu in Beziehung stehender 
Eigenschaften gekennzeichnet. 

Die Erhitzung rief einen wesentilichen Anstieg in der K-Menge hervor, die jedes Mineral freisetzte, 
wenn es zum ersten Mal in die NaCI-NaTPB-Losung gebracht wurde. (Der goBte Anstieg betrug 22 
m-val/lOO g bei Marblehead-IIlit.) In Abhangigkeit von der Art des erhitzten Minerals wies die ansch­
lieBende K-Freisetzungsrate eincn Anstieg auf, zeigte eine Abnahme oder blieb unverandert. Uberdies 
wiesen aile Minerale, mit Ausnahme von Glaukonit nach Erhitzung einen Anstieg der maximal freige­
setzten K-Menge auf (der 4 bis 38 m-val K/ IOO g betrug). Auf diese Weise wurde festgestellt, daD das K­
Freisetzungsverhalten dieser Minerale nieht nur einer erheblichen Veranderung durch Hitzebehandlung 
unterliegt, sondern auch in einer von der Mineralart abhangigen Weise variiert. Die Art dieser Verander­
ungen lieD jedoch eine Verkniipfung mit anderen untersuehten Mineraleigenschaften nicht deutlich 
erkennen. 

Wenn die Minerale erhitzt wurden, erfolgte ein Anstieg des NH4- und Cs-austauschbaren K-vermutlich 
als Folge einer Aufblatterung. Sei Proben von Morris-lIlit betrug dieser Anstieg nahezu m-val/ IOO g. 
Erhitzte Proben dieser Minerale konnen demnach als brauchbares Adsorbens flir die Entfernung von 
NH4 und Cs aus verschiedenen Abfallen angesehen werden. 

https://doi.org/10.1346/CCMN.1974.0220308 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1974.0220308


270 S. 1. SMITIi and A. D. SCOTT 

Pe310Me - HecKOJILKO 06P33D;OB MenKo:repHHCTbIX cmo~HCThIX MHHepaJIOB HarpeBaJIH B Te'leHHe 

CYTOK npH reMfieparype 450°C (nOCJIe onpe~eneHH" no cjJPaKllHH <2 fLM rplOMHTa 3cjJcjJeKTOB 

~pyrHX reMfieparyp H ~pyrHX nepHo~oB HarpeBa), a 3areM XapaKrepH30BanH C TO'IKH 3peHHJI 
BbIAeneHHJI K B NaCI-NaTPB (paCTBop TeTpacjJeHHn60p-HaTpHJI) H no ~pyrHM nOreHD;HaJILHO 

CBJl3aHHbIM CBOAcTBaM. 

3Ta TepMoo6pa60TKa nOBena K 3Ha'IHTenbHOMY nOBblweHHIO KOnH'IecTBa K BbI.n;enJleMOrO 

K~bIM MHHepaJIOM npH nepBOHa'laJIbHOM norpY)f(eHHH B paCTBOp NaCI-NaTPB (caMoe 60nbwoe 

nOBbIWeHHe B HnnHre Map6nX3~ = 22 M3KB K/IOO r). B 3aBHCHMOCTH OT HarpeBaeMOrO MHHepana, 

pe3YJILTHPy/oIl.{HH Ko3cjJcjJHUHeHT BbIcBo6o~eHHJI nOBblwanCII, nOHH)f(aJICJI HnH OCTaBanCJI 6e3 

H3MeHeHHJI. npH HarpeBaHHH Bee MHHepanbI, 3a HCKJlIO'IeHHeM rnaKOHHTa, BbIJlBnJlnH MaKCHMaJILHoe 

nOBbIWeHHe BbIAeneHHJI K (OT 4 AO 38 M3KB K/IOO r). TaKHM 06pa30M YCTaHOBHJIH, 'ITO nOBe~eHHe 
BbI.n;eneHHJI K nHMH MHHepanaMH He TonLKO 3aMeTHO H3MeHReTCR TepMo06pa60TKoA, HO TaK)f(C, 

'ITO H3MeHeHHR p33nH'IaIOTCR B 3aBHCHMOCTH OT MHHepaJIa. OAHaKO, xapaKTep 3THX H3MeHeHHA 

RCHO He nOK33an /J.O KaKoA CTeneHH BOBne'leHbI APyrHe Hccne,uyeMble cBoAcTBa MHHepaJIa. 

I1PH Harpese 3THX MHHepaJIOB 06MeHHbie K B NH4 - H Cs-nOBblwanHCb, O'leBHAHO, BCne~CTBHe 
paccnaHBaHHR. B 06P33D;ax HMHTa MOPPHca )TO nOBblweHHe paBHJlnOCb npH6nH3HreJILHO 

28 M3KB/IOO r. TaKHM o6pa30M, HarpeTble 06P33D;bI 3THX MHHepanoB Moryr OKa3aTbCli nOlle3HbIMH 

nOrJIOTHTenRMH npH ynaneHHH NH.~ H Cs H3 pa3nH'IHblX OTXO/J.OB. 
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