
NOV U 1967 COO-1680-3 

PROGRESS REPORT FOR CONTRACT AT(ll-l)-1680 

to 

UNITED STATES ATOMIC ENERGY COMMISSION 

Washington D.C. 

PROJECT TITLE: Exchange of Interlayer Cations in Micaceous Minerals 

INSTITUTION: Iowa State University of Science and Technology 

Department of-Agronomy, Ames, Iowa 50010 

PERIOD COVERED: February. 1, 1967 to September 30, 1967 

(First contract year to date of renewal request) 

SUMMARY 
The level of activity contemplated for the first contract year was adhered to 
very closely and a significant portion of the experimental work planned for 
3 years in the initial proposal has been completed. Two manuscripts, incor
porating part of the data that were obtained in this period, have already been 
submitted for publication. 

During the first year of this contract, the following areas of work have been 
emphasized: > 
(1) Comparison of interlayer K replacement by various replacing cations (Li, 

Na, Mg, Ca, Sr, and Ba) in NaTPB extracting solutions. 
Conversion of bulk samples of Na-degraded micaceous minerals to other 
cat ionic forms. 
Effect of particle size on the exchange of interlayer K in micas. 
Exchangeability of K in naturally fine-grained micaceous minerals (in
cluding soils and soil clays). 
Developing methodology (including equipment) for the determination of 
hydration characteristics of degraded micas. 

(2) 

(3) 
(4) 

(5) 

The most significant contribution of the work carried out so far is that 
interlayer K exchange can occur in the same mineral particle by two mechanisms, 
edge or layer weathering, and that the extent to which each mechanism is 
involved determines if all or only a part of the K is replaceable. Edge 
weathering, which is predominant in large particles, allows all the K to be 
exchanged. As the particle size decreases, layer weathering increases and the 
amount of exchangeable K decreases. This effect of particle size was esta
blished with dry-ground micas and soils (with naturally fine-grained micaceous 
minerals). Thus, these results are pertinent to concepts regarding natural 
weathering of micas and the release of nonexchangeable soil K to plants. 
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DETAILED REPORT 

Comparison of replacing cation 

The effectiveness with which various cations (Li, Na, Mg, Ca, Sr, and Ba) 
replace indigenous interlayer K in biotite, muscovite, phlogopite, and four 
interstratified micaceous minerals (Beavers Bend, Marble Head, Fithian, and 
Morris illite) was determined. In these experiments, 0.5 g samples of the 
minerals were added to erlenmeyers containing 10 ml IN chloride salt, 0.684 
g NaTPB, and 0.0372 g EDTA (prevents TPB decomposition). The mineral-
extracting solution mixtures were swirled gently, allowed to stand undisturbed 
at 25°C for different periods, and analyzed for replaced K. 

Typical results for the micas and the illites, are illustrated with biotite 
and Beavers Bend illite data in Figures 1 and 2, respectively. Since there 
was some Na in all the extracting solutions (due to NaTPB), these results do 
not provide an exact measure of the effectiveness with which each cation 
replaces interlayer K. Nevertheless, these data show that differences exist 
between the cations. Initially, the relative order of replacement followed 
the lyotropic series (ie. Ba>Sr>Ca>Mg>Na*Li) for the minerals. However, given 
enough time, all the replacing cation systems were equally effective in 
replacing interlayer K from the illites. 

For each illite, the extraction curves were similar in shape regardless of 
which cation was present in the NaTPB solution. On the other hand, the 
extraction curves for the micas differed in shape according to which cation 
was present in the extracting solution. For example, Figure 1 shows the Ca 
data yielded a straight line, whereas the Na data yielded a curve. Thus, the 
kinetics of K release from micas must vary with the replacing cation. Such 
variation may be due to the relative amount of edge vs layer weathering that 
occurs in the particles. 

Conversion of bulk Na-degraded mica samples to other cationic forms 

The samples of expanded Na-degraded micas ( <50 >i samples of biotite, muscovite, 
and vermiculite-hydrobiotite) available for this purpose were in NaCl-NaTPB-
EDTA solutions with precipitated KTPB. To separate the precipitate from the 
micas, these systems were washed with 0.5 N salt (eg. MgCl2)-607„ acetone-
water solutions. This treatment dissolved and removed most of the KTPB, but 
some of the K was readsorbed by the micas. Thus, the micas were placed in 
fresh salt-NaTPB-EDTA solutions to remove the readsorbed K. However, under 
these conditions, the TPB decomposed. This decomposition was probably due to 
the divalent cations (eg. Ca, Mg) forming complexes with the EDTA. Thus, new 
methods of removing the readsorbed K (by leaching procedures) and the KTPB (by 
using NH/ and a distillation procedure) are being developed. 

Particle size effects (see also manuscript COO-1680-1) 

The effect of particle size on the exchange of interlayer K in biotite, 
muscovite, phlogopite, vermiculite-hydrobiotite, and illite (Grundite) was 
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determined with particles varying from 50 to<0.08,M in size. As particle 
size decreased, less time was needed for the exchange because there was a 
decrease in exchangeable K, an increase in an immediate release of K by layer 
weathering, and an increase in the rate of edge weathering. A decrease in 
particle size changed the predominant release mechanism from edge to layer 
weathering. As this change in mechanism occurred, more of the K was released 
immediately and the maximum amount of exchangeable K decreased. Thus, as is 
evident from Figure 3, instead of making interlayer K more exchangeable, a 
decrease in particle size rendered part of the K nonexchangeable. 

A mathematical expression for the diffusion of K from a receding weathering 
front to the periphery of the particle was used to delineate the K released 
by edge weathering from that released by layer weathering. 

Exchangeability of K in soils (see also manuscript COO-1680-2) 

In experiments with 16 Iowa soil samples 19 to 477» of the total soil K was 
replaced. These amounts of K were replaced in less than 20 weeks and were not 
increased by longer extraction periods. With all soils, a linear relationship 
between the amount of K replaced and the logarithm of the extraction period 
was observed. Unlike micaceous clays, the soils yielded this linear relation
ship despite changes in the extracting solution. 

Similar K extraction curves were obtained with several size fractions of a 
soil. As the particle size decreased, the rate and amount of K exchange 
increased and then decreased (Figure 4). Unlike the micas, however, the 
coarser soil fractions contained less exchangeable K because much of the K 
in these coarser fractions existed in feldspars, and was therefore not 
accessible to exchange. Thus, the limited exchange of K in the soils was 
attributed to the small size of some particles (micaceous in nature) and to 
the presence of feldspars. 

Hydration characteristics 

Work has been initiated on the hydration characteristics of micaceous minerals 
that contain different interlayer cation populations. The preparation of 
samples of biotite, muscovite, phlogopite, and four illites (Beavers Bend, 
Marble Head, Fithian, and Morris) with interlayer cation populations of Li, 
Na, Mg, Ca, Sr, and Ba is discussed in previous sections of this report. The 
x-y recorder (Honeywell model 520) requested in the first year's budget has 
been purchased and combined with an electrobalance, furnace, and programmer 
for the thermogravimetric analyses. Typical preliminary results that were 
obtained with muscovite having Ca as the predominant interlayer cation are 
shown in Figure 5. 

PUBLICATIONS 
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Figure 2. Comparison of various cations in regard to their replacement of K in Beavers Bend illite 
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Figure 4. Maximum exchangeable and total K in<0.08, <0.2, <2,<20 and 20-50 |i size fractions of the 
B2 horizon of Marshall soil 
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Figure 5. Thermogravimetric analysis curve for Ca-degraded muscovite 


