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COLLOIDAL HYDROUS BERYLLIUM OXIDE*

BY
‘WiLLARD H. MADSON
University of Illinois, Urbana, Illinois

Ever since 1861, when Thomas Graham! first drew a distinction between
the twoiclasses of solutes which he termed crystalloids and colloids the
scope of| colloid chemistry has increased until today it is associated with
practicaily every branch of applied science. Consequently the definition of
colloids and colloidal systems has become increasingly complicated. It is
impossible to formulate any direct statement which will include even a
few of the common colloids, such as milk, rubber, gelatin, clay, concrete,
varnishes and cellulose esters. Today it is more or less arbitrarily con-
sidered that particles with diameters between 1 mx and 100w (107 and 10~
cm.) are colloids. It must be remembered that these limits are not definite.

There has been much controversy concerning the stability factors of
various colloidal systems, notably colloidal hydrous ferric oxide and the
announcement by Sorum® of his so-called “chloride-free” ferric oxide sols.
Therefore the author, under the direction of Professor Krauskopf, began
the study of the preparation and properties of hydrous beryllium oxide sols
in the hope of proving or disproving some of the stability theories.

Hydrous beryllium oxide sols® were made by heating syrupy beryllium
chloride in large casseroles, using a small flame of an adjustable burner.
When the material was nearly dry, that is, when only a few syrupy bubbles
were forming, the flame was turned up to full height. When the redness
of the flame could be seen through the bottom of the casserole, one liter of
boiling water was added, the sol boiled for a minute and afterward allowed
to cool in the air. If the water was not added at the proper time mno sol
resulted which showed that the chloride had to be quickly decomposed in
order to|produce the “oxychloride” apparently necessary for the prepara-
tion of a stable sol. Lately the writer has prepared sols which were about
seven. times as concentrated as those formerly produced. About eight
grams of syrupy beryllium chloride were placed in a 150 ce. quartz evapor-
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ating dish and heated with a small flame until the material was nearly dry.
Then the dish and contents were quickly heated to redness and immediately
plunged into a liter of boiling water. The sols thus formed were treated
as before. After purification they were stable for only a few weeks.

The sols were purified by dialysis at about 75° C, for 12 to 168 hours
in a Sorum dialyzer* using collodion membranes. The hydrogen-ion con-
centrations of the sols were measured by means of a glass electrode’. The
pH values of the sols increased rapidly during the first few hours of
dialysis due to the removal of free acid which had been formed by the
hydrolysis of the beryllium chloride. The hydrogen-ion concentration de-
creased to a pH of 7.0 at fifty hours and then remained constant even
though the sols were dialyzed for a week. This indicated that the sols
were very stable.

Hydrous beryllium oxide sols belong to the class of sols known as
Iyophobic of suspensoid colloidal systems. Flocculation values give a
relative indication of the stability of the various sols, especially if the
values are determined under conditions for comparable work in the coagu-
lation of colloids by electrolytes as outlined by Murray®. The flocculation
values have been determined for sixteen inorganic electrolytes using purified
beryllium oxide sols. Since the beryllium oxide sols were prepared from
beryllium chloride it might be expected that they were stabilized by an
excess of the salts. The amount of chloride present in the sols continued to
decrease during more than one hundred hours of dialysis while the floccula-
tion values were constant after twelve hours of dialysis. Therefore it
seemed apparent that the sols were not the result of simple hydrolysis nor
was the stability due only to adsorbed beryllium chloride. The stability of
the systems has been attributed to: (1) some minute amount of beryllium
chloride or oxychloride, (2) some minute amount of basic beryllium acetate,
(3) the character of the hydrolysis, (4) the slight hydration of the oxide,
and (5) the amphoteric nature of the oxide.

The size of colloidal hydrous beryllium oxide particles has been deter-
mined by the direct particle count method’ using an ultra-microscope. As-
suming that the particles were cubes, the average cube edge was 153.5 mu;
assuming the particles to be spherical, the average radius of the particles
was 95.83mu. This large particle size together with the slight hydration of
the oxide may explain why only dilute sols of beryllium oxide have been pre-
pared. Apparently if concentrated stable sols of hydrous beryllium oxide
are to be prepared, conditions must be developed which will produce smaller
particles, increase the hydration, or both. The particle sizes of the more
concentrated sols previously mentioned have not been determined but it is
expected that they would be much smaller in size than those formerly pre-
pared. :
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