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THE DENSITY SEPARATION OF CLAY MINERALS IN THALLOUS
FORMATE SOLUTIONS*

J. A. Krrrnrcr, Agronomy Dept., Washington State Uniaersity,

Pullman, Washingtron.

With the many recent improvements in identification of clay minerals

by x-ray difiraction, the main problem in clay mineral analysis has be-

come one of quantitative analysis . X-ray diffraction as a quantitative

method is hindered by such sample variables as crystal perfection,

orientation, particle size, and chemical composition. To obtain more

reliable quantitative results, additional information, such as cation

exchange capacity, sorption of polar l iquids, elemental analysis, and

differential thermal analysis are often considered. But even use of all of

these methods wil l not necessarily give correct quantitative results,

because percentage composition must be determined in terms of a set of

of standard minerals with relatively ideal mineral properties' These

standard minerals are seldom, if ever, identical to the clay minerals in

the sample. On the relatively rare occasions when the precision ol

analyses has been determined, the data are frequently presented as

representing accuracy when, in reality, the accuracy is almost always

unknown in quantitative clay mineral analysis.

At present, the only way in which one could quantitatively analyze a

natural mixture of clay minerals without involving tenuous assump-

tions as to some of their chemical or physical properties' would be to

electrophoresis showed only slight initial promise and were not exten-

sively iested. Efiorts were then concentrated on the one method which

did show init ial promise, the density separation of clay minerals in

thallous formate solution.

Merpnr.qrs AND METHoDS

Kaolinite H-2, montmorillonites H-!1, H-23, H-24, and H-26, and

iilite H-36 were obtained from Wards Natural Science Establishment;

* scientific Paper No. 2036, Wash. Agr. Exp. Sta. Pullman. Project No. 1384. The au-

thor wishes to exfress his appreciation to Dr. H. W. Smith for his helpful criticism of the

manuscript.
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similar materials have been extensively studied (API, 1951). Kaolinite
81 (England) and vermiculite 189 (Libby, Montana) were also obtained
from Wards and kaolinite 91 (Edgar, Florida) from the Edgar Plastic
Kaolin Company.

In order to determine the apparent densities of clay minerals, ap-
proximately0.l gm. clay samples were added to about 10 ml. of thallous
formate solution of suitable density in 15 ml. culture tubes. Interaction
between the clay and thallous formate appeared to be complete after
about 30 minutes. Centrifuging at about 1000 rpm. for 5 minutes com-
pleted clay movement (either up or down). Tl+ was removed from the
exchange sites* by precipitating the Tl+ as TICI and then oxidizing the
Tl+ to Jl+++ ry16[ bromine. TlCh is water soluble, and was removed by
centrifuge washing. Densities of TI+ solutions were determined by
weighing a known volume.

Densrrv Snpenarrolr rN Tuerrous Fonuere SorurroN

This method is based on density variations acquired by clay minerals
in concentrated thallous formate solutions. Several non-clay minerals
are known to increase their densities in Clerici solution (thall ium
formate-malonate mixture). Hutton (1950) also noted a tendency for
the density of montmorillonite to increase. Rodda (1952) made practical
use of this to separate a mixture of kaolinite from montmoril lonite with
Clerici solution of specific gravity 3.55. At this specific gravity, the kao-
linite floated as anticipated, but the montmorillonite (normal specific
gravity of about 2.6) sank anomalously, presumably owing to adsorp-
tion of the thall ium.

Kaolinite-M ontmorillonite M irtures

The densities acquired by several layer sil icates in thallous formate
are shown in Table 1. I l l i te and vermiculite sank in solutions of specific
gravity 3.00 and lower and floated in solutions of specific gravity 3.10
and higher, whereas kaolinite floated and montmorillonite sank over the
whole specific gravity range tested. The easiest separation in this group
appeared to be that of kaolinite from montmoril lonite. To this end,
equal amounts of three pairs of pure kaolinite and montmorillonite
(kaolinite H-2 and montmoril lonite H-23, kaolinite 81 and montmoril-
Ionite H-24, kaolinite Il-2 and montmorillonite H-11) were mixed dry. Ap-
proximately 0.1 gm. portions of the mixtures were added to thallous
formate solutions of 3.2 specific gravity. The mixtures were allowed to

* Necessary because it was found that Tl+ saturation essentially eliminates the diag-
nostic (001) peak of montmorillonitel the mechanism is to be discussed in another
publication.
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Float (*) or sink (-) in Tl+ formate of

specific gravity

3 . 4

Kaolinite 91
Illite H-36

Vermicuiite 189
Montmorillonite H-26

+

separate with no stirring. All three kaolinite-montmoril lonite mixtures
split into two roughly equal components, one of which sank and the
other floated. Floating material was removed with a suction-tube device
and excess thallous formate was removed from both components by
centrifuge washing prior to r-ray difiraction analysis.

A rather good separation of kaolinite and montmoril lonite was
achieved as was indicated by the r-ray dif iraction patterns (not shown).
In some cases, small percentages of kaolinite or montmoril lonite re-
mained in the wrong fraction, but these presumably could be removed
with further separations. Similar results were obtained at specific gravitv

3.4 and neither solution pH nor previous ion saturation of the clay ap-
peared to affect the separation.

Efect of Agitation

Agitation of any kind diminished the completeness of separation and a

relatively prolonged or violent agitation frequently prevented any

separation at all. The mineral particles would no longer move inde-
pendently; instead the whole mass moved either up or down, depending

on the solution density and the dominant mineral component. Appar-
ently, agitation causes the montmoril lonite component to create a net-

work (perhaps l ike that shown by Kittrick, 1957) that completely en-

velopes the kaolinite component, resulting in the movement of kaolinite

and montmoril lonite as a unit. The same result was obtained when the
montmorillonite and kaolinite were mixed wel' prior to the separation
attempt. No way was found by which this entrapment could be elim-

inated, so the method as it now stands appears to have no practical value
for the separation of clay minerals.
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A FAYALITE-BEARING PEGMATITE, BURNET COUNTY,TEXAS

Erennr A. Kruc, Jrt., Austin, Teras.

Fayalite has been reported from numerous localit ies throughout the
world, and it is associated with quartz in some igneous rocks and in a
few pegmatites (Shibata, 1937).

A fayalite-bearing pegmatite is located half a mile N. 78" W. from the
north end of Buchanan Dam on the shore of Lake Buchanan, Burnet
County, Texas. The pegmatite strikes N. 50' W., dips 50o to 80o NE.,
averages 4 to 6 feet wide, and is exposed for about 120 feet when the
lake surface elevation is less than 1,010 feet above sea level. The country
rock is pink Precambrian granite composed mostly of pink microcline,
qnartz, biotiLe, and hornblende.

There are two readily discernible zones in the pegmatite, an outer
zone of perthit ic pink microcline, in which there are microcline crystals
up to 8 inches in diameter, and an inner zone or core of smoky clvartz.
The quartz and microcline are graphically intergrown at several places
along the boundary between the two zones.

The fayalite occurs in anhedral masses and rough tabular crystals in
the quartz core of the pegmatite. Crystals 6 inches long and weighing in
excess of 2 pounds have been found, but the average size is about 2
inches long and the average weight between 3 and 4 ounces. On fresh
surfaces the fayalite is lustrous black and on weathered surfaces dark
brown.

X-ray diffraction with copper K* radiation shows the following
prominent peaks in decreasing order of intensity: 2.833,2.502,2.567, and
5 .250  A .

Properties are as follows:

Biaxial (-)

: ' : i$[ ' ] :1 858,7:1 s6s
^1_a:0 .O49
2V:53.
Specif ic gravity (28' C.) :4.22 +o.oz




