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the Twiggs County kaolin and none for the Washington County kaolin. A
careful examination of the nature of the stacks present in the Washington
County kaolin and Twiggs County kaoliﬁ (Figures 3 and 4, respectively)
reveals a significant difference. The stacks of the Washington County
kaolin are composed of many very small crystallites whose length and
breadth are much smaller than the dimensions of the stacks perpendicular
to the axis of preferred orientation, and the stacks have a very tightly
packed appearance. There appears to be considerable overlapping of the
crystallites within a single layer of the stack, which indicates some
bonding between the edges of adjacent crystallites, and certainly points
to physical interference to the removal of any one crystallite even if

its interlayer forces were reduced. The situation with the Twiggs County
kaolin, however, is quite different. The individual crystallites compris-
ing the stacks in this kaolin appear to have a length and breadth equal
to the dimensions of a stack perpendicular to the axis of preferred orien-
tation. Therefore, a layer or laminate of one of these stacks is a
single crystallite rather than a number of small crystallites. Also, the
individual stacks appear to be smaller with a more loosely pack and flaky
appearance. This difference in structure is also reflected in the ob-
served difference in the crystallinity of the two unirradiated kaolins,
This difference in crystalline arrangement probably accounts for the

fact that delamination was cbserved for the Twiggs County kaolin, and

not for the Washington County kaolin. A crystallite on the surface of
one of the stacks 1n the Twiggs County kaclin would meet no further resis-
tance to flaking off once the interlayer hinding forces were reduced, while

a crystallite in a surface layer of a stack in the Washington County kaolin
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would receive hindrance from overlapping adjacent crystallites and edge
bonding with adjacent crystallites. The relatively low crystallinity
of the Washington County kaolin may also be an indication that the ten-
sile and compressive forces between adjacent alumina and silica sheets
may not be so pronounced due to the poor order present initially and
furthef‘disofder produced by irradiation causes very little relaxation
for promoting delamination.

A clear explanation for the observed reduction in the specific sur-
Tace areas of the two kaolins is not possible on the basis of the infor-
mation available. At least two explanations are possible, and further
experimental work would be necessary to arrive at any definite conclusions.
The most probable explanation is thét the buckling and distortion of the
lattice layers caused expansion into the cracks and crevices between the
crystallites at the surface of the stacks., This effect was found to be
responsible for the reduction in specific surface area of artificial
graphites, a layer lattice material, upon exposure to neutron irradiation.23
Another explanation could be that the gamma-radiation alters the surface
properties of the kaolin. The electron micrographs presented in Figures
5, 6, 7, 8, and 9 suggest that the surfaces of the stacks are altered
quite significantly by the gamma-radiation, particularly in the case of
Figures 7, 8, and 9 where the surfaces have developed a vitrified appear-
ance. However, less than about Z0 per cent of the stacks examined exhibited
such radical surface alteration, and the effect was observed less frequently
for the irradiated samples of Twiggs County kaolin where a more significant

230. N. Spalaris, L. P. Bupp, and E. C. Gilbert, "Surface Properties of
Irradiated Graphite, J. Phys. Chem. 61, 350-54 (1957).
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amount of alteration would actually be needed to overcome the increase
in specific surface area due to the small plates produced by delamination.
An explanation for the surface change noted in some of the kaolin
stacks after irradiation is not available. As already mentioned, some
surfaces exhibit a vitreous appearance that is not observed, at least to
the knowledge of these investigators, in a normal, unirradiated kaolin.
It is expected that the production of such a condition would require
local temperatures far in excess of the bulk temperature observed during
irradiation. The surfaces seem to have been etched by some means as
ridges and pits of considerable size are visible on the edges of the
stacks. Surface irregularities of this size arising from the diffusion
of interstitials and vacancies to the surface seems quite unlikely. An
interesting factor is that this etching was observed only for the Wash-
ington County kaolin. It is quite conceivable that this surface behavior
is fesponsible for the increase in cation-exchange capacity observed for
the Washington County kaolin. Since cation-exchange in kaolinite is due
primarily to broken bondszu and to negative charges on the lattice due
to vacancies of aluminum or silica positions, the etching may have ex-
posed more sites for cation-exchange. The Washington County kaolin, as
has been pointed out previously, was treated with a sodium pyrophosphate
deflocculating agent before the material was selected for irradiation
studies. This probably accounts for the subsequently measured, low cation-
exchange capacity of the unirradiated material for sodium, and it is

possible that the etching is a result of the initial sodium-exchange. In

z S. Spiel, "Affect of Adsorbed Electrolytes on Properties of Monodispersed

Clay-Water Systems," J. Am. Cer. Soc. 23, 33-38 (19L0).
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the presence of the radiation field this sodium may have combined with
oxygen from the lattice to form an oxide of sodium which then dissolved
when the kaolin was dispersed in water prior to being deposited on the
electron microscope grids. The etch effect would then be a result of the
removal of oxygen atoms from the kaolinite lattices. This in turn would
make more sites available for cation-exchange for the irradiated material.
The above hypothesis could account for the difference in surface etching
and cation exchange capacity noted for the two kaolins used in this study.
The lowering of the cation-exchange capacity for the irradiated Twiggs
County kaolin is probably due entirely to the observed decrease in sur-
Tace area which blocked off some of the sites normally available for
cation-exchange.

The measurements of slurry viscosity for the Washington County kaolin
produced some very interesting results. It has been demonstrated that a
significant correlation exists between the kaolinite crystallinity and

25,26

the viscosity of a slurry of the material. This correlation was
thought to exist principally because poorly crystallized kaolins usually
contain smaller particles than well-crystallized ones, and the higher
viscosity was a result of the friction of the many more edges and corners
available; although the possibility of the presence of a greater concen-

tration of valence forces to provide a higher electrokinetic component

of viscosity was recognized. Since no significant reduction in particle

2 1"
5H. H. Murray and S. C. Lyons, Correlation of Paper-Coating Quality with

Degree of Crystal Perfection of Kaolinite," Proc. Fourth Natl. Conf. on
Clays and Clay Minerals - National Research Council Pub. 456, 31-40 (1956).

Murray and Lyons, Loc. cit.
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size was detected for the Washington County kaclin while a significant
increase in the viscosity with increasing radiation-dose was observed,
it appears that the observed viscosity increase was due to an electro-
kinetic effect arising from a greater number of valence forces in the
irradiated material.

The data from the wet-grinding of the Washington County kaolin
after irradiation provide further support for the discussion of weaken-
ing interlayer forces presented earlier. §Since wet-grinding provides
rrimarily shearing forces, any reduction in the strength of the inter-
layer binding forces would be expected to result in a greater degree of
size reduction for equal energy input. Using the specific surface area
of the ground material as a measure of the degree of size reduction, this
is exactly what was observed. Unfortunately, time limitations did not
permit the direct measurement of particle sizes resulting from the wet-
grinding experiments.

Since the nature of this research program has beén primarily explor-
atory, and the experiments have of necessity been limited to two kaolins,
some of the conclusions drawn from this work are necessarily quite tenta-
tive. The conclusions that can be drawn are:

(1) Iattice defects of isolated interstitial-vacancy pairs, which
are stable at room temperature, are produced in the kaolinite
lattice by the effect of 0.667-Mev gamma-rays.

(2) Some physical surface slteratior is produced on the kaolinite
crystallites by the gamma-radiation used in this work. A por-
tion of the alteration observed may be due to a chemical pro-

cess--with adsorbed cations--initiated by the gamma-radiation.
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The interlattice bonding forces of the kaolinite appear
to have been reduced due to interlattice atoms produced
by the gamma-radiation.

Delamination of kaolinite crystallites may occur from
the stacks as a result of this weakening of interlayer
bonding. Whether or not delamination does occur appears
to depend on the presence of other hindrances, i.e., over-
lapping crystallites, edge bonding between crystallites.
in the same layer, etc. The initial degree of crystal-
linity may also be an important factor.

The specific surface area of kaolin is reduced by the
effect of gamma-radiation.

The cation-exchange capacity of a raw, untreated, kaolin

is reduced by the effect of high-energy, ionizing radiation.

This is probably due to the blocking off of available ex-
change sites by whatever mechanism is reducing the specific
surface layer.

The slurry viscosity of an irradiatéd kaolin is greater
than for the unirradiated kaolin and the viscosity in-
creases with increasing radiation dose. This effect is
apparently an electrokinetic one arising from a greater
number of valence forces in the irradiated material.

The ease with which kaolin can be wet-ground is enhanced

by exposure to gamma-radiation.
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IV. RECOMMENDATIONS
The exploratory nature of this research project has uncovered a
number of points that justify further investigation and has suggested
other areas that warrant research. In general, the investigations per-
formed during the course of this research should be extended to include
at least five or six more kaolins from various sources and possessing
diverse physical properties (i.e. particle size, specific surface area,
degree of crystallinity) to provide a more firm foundation for accept-
ance or rejection of the conclusions drawn from this work. In addition,
some of the more specific points that appear to warrant extensive in-
vestigation are:
(1) The examination of individual stacks of kaolin exposed
to varying doses of gamma-radiation. This could be accom-
plished by depositing single stacks on electron microscope
grids, and irradiating the stacks without removing them
from the grids. This would allow examination, by electron
microscopy and electron diffraction, of individual stacks
and thereby eliminate some of the statistical fluctuations
due to sampling that were undoubtedly encountered here.
(2) The examination of the effect of crystal orientation within
a unidirectional radiation field on the amount and type of
damage produced by high-energy, ionizing radiation may be
dependent upon crystal orientation.
(3) Examination of the increase in S spacing produced by the
presence of interlattice atoms. This could be accomﬁlished

with X-ray diffraction traces using a scale with sufficient
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expansion to detect small changes in the Bragg angle of
the 001, 002, or 003 diffraction maximum.

Preheating of the samples to lOOO F before introducing
them into the Research Irradiator to ascertain whether

or not the apparent reduction in radiation damage observed
for the lower radiation doses is actually due to the rise
in sample temperature during irradiation.

Careful examination of the pore volumes of kaolin samples
before and after exposure to gamma-radiation. This work
would help to establish exactly the nature of the mecha-
nism that reduces the specific surface area during irradi-
ation. For this work kaolins with a wide range of initial
surface area should be employed.

Irradiation and subsequent examination by electron micros-
copy of kaolins with and without exchangsd cations to deter-
mine whether or not the surface etthing observed in this
work 1s a chemical effect.

Examination of the extent of delamination produced by
neutron irrsdiation. Due to the more extensive damage of

the displacement type produced by neutron irradiation, the

degree of delamination of kaolin stacks might be much greater.

More precise and extensive investigations of the infrared
adsorption spectra of kaolins as a function of radiation
dose. Information of this type would be very valuable in
establishing the exact nature of the structural disorder

producad by the gamma-radiation.
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