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OXIDATION OF MONTMORILLONITE DURING LABORATORY GRINDING

W. D. Krtlnn, Unioersity of Missouri, Columbia, Missouri.

Oxidation of iron in montmorillonite may occur sufficiently during
laboratory grinding of the clay to be observable by simple tests. This
reaction appears to be important in implications beyond the simple
laboratory experiment.

The Cheto (Chambers), Lrizona, bentonite is well known because of
its extensive use in industry. When freshly mined, it is a grayish white
clay containing scattered fine, dark gray spots. Although it is a relatively
pure Ca-montmorillonite

(AL 6rFe.nMgro)(At.ozsi,,,)o,o(oH),(N 
" *9|.,r), *".r, et at. 19s0,

it does not stain blue when benzidine solution is applied to the lumps.
The fact that it does not react with benzidine is not unique, because Page
(1941) pointed out long ago the unreliability of the benzidine reaction for
identification of montmorillonite. He showed that benzidine is oxidized
to a blue compound by an ion which transfers a single electron, that the
blue stain is really an indicator of an oxidant, and that available ferric
ions, which are likely to occur in nature, are notably efficient oxidants of
benzidine to the characteristic blue semiquinone.

Failure of the fresh Cheto lump clay to stain with benzidine indicates,
therefore, the absence of available ferric ions. If the clay is pulverized by
grinding in air for a few minutes with a laboratory mortar and pestle, it
takes on a faint buff color which can be observed by comparing the lump
and pulverized clays. This pulverized clay now stains a brilliant blue
when wetted with benzidine solution. This reaction indicates the pres-
ence of available oxidizing ions, and the very light tan color suggests
that iron in the clay has been changed to iron oxide which presumably is
now effective in oxidizing benzidine to a blue substance. Several results
and implications arise from the oxidation.

1. Another geologic example is given of the unreliability of the benzi-
dine test for montmorillonite.

2. Ln oxidized outcrop of montmorillonite may stain with benzidine
although the fresh clay may not.

3. By grinding montmorillonite and exposing more surface, tan-colored
iron oxide is visibly formed.

4. It seems likely that the ferric-ferrous iron ratio would difier be-
tween lumps and pulverized material. How much this would afiect an-
alytical results is not known, but because analytical chemists ordinarily
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pulverize clay samples prior to dissolving them, it is likely that error rs

introduced into the analysis by the sample preparation.
5. The appearance of a light tan color on the pulverized clay suggests

(o) that ferrous iron in the octahedral layer of the clay crystal was ex-
posed to the air and oxidized to ferric oxide, or (b) that ferric iron origi-

nally in symmetrical octahedral coordination with oxygen and hydroxyl

within the octahedral layer suffered disruption of bonds on one side
(asymmetrical) as it was exposed by grinding, and ferric oxide was

formed.
In either case drastic changes in the crystal chemistry of the clay

have occurred as more surface was exposed. These changes are probably

of the same order of violence as occurs in some mineral inversions or re-

placements.
6. It seems probable that oxidized clay on an eroded outcrop may

differ in physical and chemical properties from that occurring in the fresh

interior. This is borne out by the observations of Williams, Elsley, and

Weintritt (1953) who found in Wyoming bentonite, "The highest grade

clay has a yellow color while the other type, a blue clay, is customarily
found to be of lower grade. . . . The primary cause of variation in proper-

ties is due to the Na/Ca ratio in the exchange positions regardless of

whether the iron in the clay is in the ferrous or ferric state."
7. Because the oxidized surface of the pulverized Cheto clay difiers

from the interior, it illustrates the principle that a reaction between an

external medium and the surface of a reference mineral whose bulk com-
position is AnB^ occurs actually with a surface whose composition is not

AnB^. One wonders how significant this relationship (or difference) is in

weathering, ore deposition, metamorphism, and other mineral reactions.
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HYDROHAUSMANNITB AND HYDROHETAEROLITE

A. D. Weosr,Bv*

Frondel (1953) recently described two new manganese oxide minerals

one of which, hydrohausmannite (Mn2, Mn3)r-a(O,OH)a, although closely

resembling hausmannite Mn3Oa, is difierentiated by the presence of sev-

* Division of Industrial Chemistry, Commonwealth Scientific and Industrial Research
Organization, Melbourne, Australia.


