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This invention relates to a method for disposing of 
radioactive Waste and to the resultant product in which 
the radioactive materials have become combined with 
ceramic material in the form of insoluble silicates and 
other insoluble or slightly soluble minerals. The result 
ant product has two distinct uses: (1) to serve as a 
means of disposing safely of radioactive Waste by burial 
of the pro-duct and (2) to serve as a source of useful 
radiation to provide heat for buildings, for sterilization of 
foods and other products, and other purposes. 
The disposal of “hot” or radioactive waste presents a 

serious problem, particularly when it exists as a liquid. 
Such wastes may continue to release dangerous radiation 
for periods of 600 to 800 years or more. Due to the 
great danger of contamination of ground waters, the waste 
cannot be buried or safely disposed of in the earth. It 
cannot be disposed of at sea Without resultant contami 
nation, not to mention the cost and danger of contami 
nation during transportation. Liquid wastes usually are 
highly acid in nature and corrode or destroy containing 
tanks, even those made of stainless steel, concrete or other 
resistant material. 
One of the sources of radioactive waste is the de 

cladding of fuel elements. Such elements often are clad 
with aluminum or stainless steel and when they are re 
moved from a reactor, they are taken to processing plants 
and the metal case is removed by solution acids. The 
acid bath usually is largely nitric acid and may contain 
phosphoric acid. The bath is strongly acidic, with a 
pH of about 1. The used bath therefore is a highly 
acidic solution containing aluminum or iron nitrate and 
other salts and is highly radioactive, emitting high con 
centrations of dangerous radiation. 
The present practice of storing radioactive wastes in 

underground tanks made of mild steel or stainless steel 
often enclosed in thick concrete is expensive and has 
practical and economic limitations as well ‘as not ca 
pable of providing safe storage for the long periods of 
time involved. The present volume of such wastes is 
over 100 million gallons, increasing rapidly as the amount 
of work in the nuclear ?eld expands. 
The object of my invention is to produce a method 

whereby the radioactive waste materials are caused to 
combine with other materials for the purpose of form 
ing insoluble .silicates and other insoluble or slightly solu 
ble minerals in a product which can be buried without 
danger of leaching out soluble radioactive material. 
To achieve the desired result, I have produced a prod 

uct which may have varied forms, which during ‘an inter 
mediate stage of production has maximum porosity and 
absorptive capacity, and in its ?nal stage is completely 
vitri?ed and non-absorptive. If any pores exist, they are 
closed pores. The intermediate highly porous and ab 
sorptive condition of my product permits maximum satu 
ration thereof by the waste material. In its ?nal condi 
tion, the product contains the radioactive material com 
bined with other materials in a composition from which 
the components cannot be leached out by ground waters 
or otherwise. 
In addition to affording a means for safe disposal of 

radioactive waste by burial, the product produced by 
my method has great economic value in that the radio 
active materials contained therein ‘can be put to use to 
serve mankind. My product, if made in brick-like shapes 
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of suitable size, can be arranged in a checker-Work 
through which air can be warmed. ‘In interlocking tubu 
lar shapes, food and other products may be passed for 
sterilization purposes through the tubes of my invention 
which then serve as a radio-active tunnel. In spherical 
form, the product provides ideal bed materials for the 
generation of heat. These uses are merely examples of 
the many to which the product resulting from practice 
of the ‘following described method can be put. 
The flow sheet ?led herein shows diagrammatically the 

several steps of my method. 
The ?rst step of my method consists in manufacturing 

a highly porous ‘and absorptive ceramic product. Pref 
erably I use the following named ingredients in approxi 
mately the proportions stated: 

Percent 
Georgia kaolin, calcined at 1000° 0, known com 

mercially as “Ajax” _________________________ __ 40 

Bentonite ___________________________________ __ 5 

Feldspar ___________________________________ __ 40 

Talc _______________________________________ __ l0 

Whiting ____________________________________ __ 5 

The stated formula provides 55% flux. The propor 
tions of the ‘stated ingredients may be varied within the 
following ranges: 

‘Percent 
Georgia kaolin, calcined at 1000° 0, known com 

mercially as “Ajax” ______________________ _._ 20-80 

Benrtonite ________________________________ __ 1-10 

Feldspar ________________________________ __ 20-80 

Talc ____________________________________ __ 0-20 

Whiting _________________________________ __ 0-10 

The reason for the wide ranges in proportions of stated 
ingredients will become apparent from the following ex 
planation. Some radioactive wastes contain relatively 
large amounts of aluminum, which when absorbed by 
the ceramic pieces herein described, affect the composi 
tion of the pieces and their subsequent vitri?cation. Since 
the hereinbefore mentioned clay, “Ajax,” is rich in alu 
minum, the proportion of that component may ‘be sub— 
stantially reduced and the feldspar content proportion 
ally increased in the manufacture of ceramic pieces de 
signed, in their intermediate state, for absorbing radio 
active wastes which contain relatively large amounts of 
aluminum. Other waste materials contain relatively 
large amounts of other elements which affect the propor 
tions of the materials chosen for making the ceramic 
pieces referred to herein as the intermediate product. 
Some variation in composition as well as in proper. 

tions of ingredients of the ceramic pieces is permissible. 
For example, pre-melted ground glass known commer 
cially as “Vitrornix” may be substituted for talc, spar 
and Whiting in a mixture which includes “Ajax” and 
bentonite in proportions which provide approximately 
35% ?ux. When these mixtures were treated as herein 
after described, highly porous and water absorptive inter 
mediate products and completely vitri?ed, non-absorptive 
end products were produced. 
One of several means may ‘be employed to increase 

porosity of the ceramic pieces. To the ingredients above 
mentioned, materials which will decompose or burn out 
at low ?ring temperatures may be added. Examples of 
such materials are naphthalene, sawdust, walnut shells, 
cork and the like. For example, 10% ground walnut 
shells, ~250 mesh, may be added to the formula. The 
ingredients are Weighed and dry mixed, 5 to 10% of 
water is added to the mixture which is dry pressed into 
cylindrical forms under 1000 to 10,000 psi. pressure. 
3000 psi. is the average pressure employed. 

Instead of adding materials which will decompose or 
burn out at low ?ring temperatures for the purpose of 
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increasing porosity, a foaming procedure may be em 
ployed. For this purpose, 50% Water is added to the 
dry ingredients to form a ‘slip or slurry which is sub 
jected to agitation or Whipping to produce air pockets, 
or a chemical agent such as aluminum powder may be 
added to induce foaming and resultant cellular structure 
in the ceramic. The slurry mixture is dried to remove 
Water and to permit the mixture to be formed into bricks, 
pellets or ‘other shapes which can be handled. As an 
example, the drying step may begin at room temperature, 
slowly increasing for 20 hours to 200° F ., holding for 4 
hours ‘at the stated temperature, and gradually cooling. 

Anticipating use of the ?nal product to serve mankind, 
it is advisable after the drying step to machine the ceramic 
to desired shape. 
The described bricks, balls or other ceramic forms, 

Whether produced by the dry pressed method or from 
the dried slurry mixture, are ?red to a minimum tem 
perature to harden ‘and produce su?icient mechanical 
strength for handling and not have a tendency to slake 
on absorption of water. This ?ring is referred to herein 
as the pre-?ring step. The pre-?ring temperature is in 
the 800 to 1100° C. range, depending on the composi 
tion. -In addition to hardening the ceramic pieces for 
handling and to prevent slaking on absorption of ?uid, 
the described pro-?ring at temperatures within the stated 
range automatically destroys the ion-exchange capacity 
of the ceramiematerials and thus prevents ion exchange 
when the pre~?red pieces are saturated with radioactive 
waste ‘as hereinafter described. ‘Preferably the pre-?r 
i-ng step is carried out in Q4 to 36 hours, by gradually 
increasing the temperature from room temperature to 
800 to 1000“ C. followed by gradual cooling. The re 
sultant intermediate product has maximum porosity and 
absorptive properties. The pre-?ring step must be con 
trolled to achieve maximum resistance to breakage while 
retaining maximum porosity and absorptive properties 
which are preserved under low ?ring conditions. 

Porosity and absorptiveness are not synonymous. 
Pores may be closed pores ‘and if so, the product is not 
highly absorptive. The lower the ?ring temperature the 
greater will be the porosity and absorptiveness. Within 
the temperature range stated, the intermediate product 
described will acquire the required strength and retain 
the desired porosity and absorptive properties. 
The degree of absorptiveness of the intermediate prod 

not (the ratio of absorbed material to ceramic bodies, 
by weight) varies within a Wide range depending on the 
ingredients and proportions thereof, as Well as the pre 
?ring temperatures used in the manufacture of the inter 
mediate porous pieces. 

Following the pro-?ring procedure, the highly porous, 
absorptive ball, brick or other form, referred to herein 
as the intermediate product, is soaked in radioactive 
Waste material. The saturation step may be carried out 
in various Ways. The ceramic pieces may be placed in 
a tank and then the tank is ?lled with the radioactive 
solution which is to be absorbed. After soaking, the 
tank is drained and the ceramic pieces are dried With 
out being moved. Another method is to place the ce 
ramic pieces on ‘a conveyor which is passed through 
the liquid to be absorbed. For some purposes it may 
be desirable to ‘attach a handle or hook to the ceramic 
pieces to facilitate mechanical handling, as for example, 
by being suspended from a conveyor. The time required 
for complete saturation depends on the weight and vol 
ume of the ceramic pieces. Soaking of a standard sized 
brick, ,9 x 4 x, 21/2", for an hour or less, resulted in ab 
sorption of 43 to 57% by weight ofpthe material, but 
repeated additional soakings in the waste materiaLyeach 
followed by drying of the ceramic product, greatly en 
hanced the absorption. For example, after ‘four succes 
sive soakings and dryings, absorption Was approximately 
170% by Weight of material, and additional soaking 
thereafter resulted in still greater absorption of the radio 
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4 
active waste material. Repeated soakings and dryings 
make it possible to contain more waste material in a 
given piece and thus reduces the number of pieces re 
quired to ‘carry the process out. on an economical and 
practical basis. Due to the nature of the Waste mate 
rial, the saturation and subsequent steps must be car 
ried out under controlled conditions, in ‘a shielded area. 

Drying of the saturated ceramic is done at temeprature 
several degrees above the boiling point of water. The 
time required to remove Water from the soaked product 
depends on drying conditions such ‘as velocity, relative 
humidity and volume of drying air. The drying opera 
tion of course is carried out behind suitable shields by 
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The next step is the ?ring of the saturated dried ce 
ramic pieces to produce complete vitri?cation and for 
mation of a stable glassy phase‘. The initial composition 
of the ceramic pieces and the composition of the radio 
active waste absorbed by t-he pieces in the saturation 
treatments determine the degree of ?ring required to pro 
duce complete vitri?cation. Firing of the saturated dried 
ceramic pieces at temperatures up to 1200° C. (2192° F.) 
in a suitable furnace or kiln has produced the desired 
results, but under some conditions, ?ring at temperatures 
up to 1400” C.vmay be required to produce complete 
vitri?cation. An example of the conditions referred to 
is the saturation of the ceramic intermediate porous 
pieces in radioactive waste containing ammonium nitrate 
63.04 grams per liter, mercury nitrate 1.07 grams per 
liter, ‘ammonia 5.05 to 19.3 grams per liter and alumi~ 
num nitrate ‘8.25 grams per liter. The relatively large 
content of aluminum absorbed by the ceramic pieces, 
and the subsequent oxidation of this aluminum to alu~ 
mina, causes the pieces to be more refractory than are 
pieces which have a smaller aluminum content, and con 
sequently they are more dif?cult to vitrify. When deal 
ing with radioactive Wastes of the character mentioned, 
it is necessary to modify the initial composition of the 
ceramic pieces so that they will vitrify after the composi 
tion has been changed by saturation and drying, or else 
subject the pieces to relatively higher ?ring temperatures 
until vitri?cation is achieved. Such modi?cation of the 
initial composition has been mentioned previously; for 
example, the reducing of the clay content and increase 
of the feldspar content. 
The heating rate will depend upon the size and shape 

of the ceramic pieces but should not be excessively rapid. 
In a period of from 24 to 36 hours, the temperature 
should be raised gradually from room temperature to the 
maximum which may range from 1200" C. to 1400° C., 
held at the maximum temperature for about one hour, 
and then gradually cooled. 

‘The ?nal step of my process is a safety measure designed 
to minimize possibility of leaching. For this purpose, I 
glaze the‘Wastc-saturated and dried ceramic pieces and 
re-?re them at a temperature high enough to mature the 
glaze. The glaze may be applied automatically by spray 
ing the pieces after they have cooled subsequent to the 
previously described ?ring of the saturated, dried pieces 
to vitrify them.‘ in. place of a separate glazing step, I 
may produce self~glazing ceramics by introducing mate‘ 
rials such as sodium chloride into the furnace wherein 
the saturated and dried ceramic pieces are being ?red to 
produce vitri?cation. Sodium ‘chloride and other mate 
rials vaporize and react with the ceramic to produce self 
glazing during the vitri?cation-?ring procedure. 
The resultant product is completely vitri?ed and non 

absorptive, in which the radioactive materials are com 
bined With the ceramic material in the form of insoluble 
silicates and other insoluble or slightly soluble minerals 
from which the components cannot be leached out by 
ground Waters or otherwise. 
By using the compositions referred to herein and sub 

jecting them to the described processes, I have produced 
intermediate products, namely, pro-?red shapes having 
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high water absorptive properties, and end products which 
are radioactive waste-saturated ceramic pieces, completely 
vitri?ed, characterized by zero porosity and absorptive 
ness and by non-leaching by ground waters or otherwise. 
As pointed out herein, the invention is not limited to 

the speci?c examples described herein with respect to 
ingredients, proportions of ingredients, and temperatures, 
which may be varied within the ranges stated. 
As to the form of the product, the spherical or ball 

Shape has the advantage of being highdvolume and easy 
to handle. Balls can be piled in towers which form 
ideal heating beds through which air can be blown. Air 
from such a bed can be used directly for space heating. 
The radioactive ceramics emit only gamma rays which 
do not irradiate dust particles coming in contact with 
the bed, and consequently no danger exists in using air 
from such a bed for air heating'purposes. ' 

I claim: 
1. A method for disposing of radioactive waste which 

comprises the steps of mixing ceramic materials, adding 
Water to the mixture, shaping the mixture into porous 
pieces which can be handled, pre-?ring the pieces at 
temperature su?icient to destroy the ion-exchange capac— 
ity of the ceramic materials and to harden the pieces 
and prevent slaking on absorption of water while retain 
ing maximum absorptive properties, saturating the pieces 
with radioactive waste material by absorption, drying the 
saturated pieces, and ?nally ?ring the saturated dried 
pieces at temperatures suf?cient to produce complete 
vitri?cation and to convert the material to an insoluble 

state. 
2. A method for disposing of radioactive waste which 

comprises the steps of mixing ceramic materials, adding 
Water to the mixture, shaping the mixture into porous 
pieces which can be handled, pre-?ring the pieces at 
temperatures between 800 and 1100° C. to harden the 
pieces to permit handling and to prevent slaking on 
absorption of water while retaining maximum absorptive 
properties, saturating the pieces with radioactive waste 
material by absorption after said pre-?ring procedure, 
drying the saturated pieces, and ?ring the saturated pieces 
at temperature to produce complete vitri?cation and to 
convert the material to an insoluble state. 

3. A method for disposing of radioactive waste which 
comprises the steps of mixing ceramic materials, adding 
material which will be destroyed and produce air cells 
in the ceramic materials at low ?ring temperatures, add 
ing water to the mixture, shaping the mixture into pieces 
which can be handled, pre-?ring the pieces at temperatures 
sufficient to destroy the ion-exchange capacity of the 
ceramic materials and to harden the pieces and prevent 
slaking on absorption of water while retaining maximum 
absorptive properties, saturating the pieces with radio 
active Waste material by absorption, drying the saturated 
pieces, and ?nally ?ring the saturated dried pieces at 
temperatures suf?cient to produce complete vitri?cation 
and to convert the material to an insoluble state. 

4. The method de?ned by claim 3, in which the satura 
tion and drying of the ceramic pieces is repeated a plu 
rality of times until the absorption of waste material is 
in excess of 140% by weight. 

5. A method for disposing of radioactive waste which 
comprises the steps of mixing ceramic materials, adding 
water to the mixture, shaping the mixture into pieces 
which can be handled, pro-?ring the pieces at temperature 
suf?cient to destroy the ion-exchange capacity of the 
ceramic materials and to harden the pieces and prevent 
slaking on absorption of water while retaining maximum 
absorptive properties, saturating the pieces with radio 
active waste material by absorption, drying the saturated 
pieces, repeating the saturation and drying of the satu 
rated and dried pieces, and ?ring the saturated dried 
pieces at temperatures su?icient to produce complete 
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vitri?cation and to convert the material to an insoluble 

state. 
6. The method de?ned by claim 5, in which the ceramic 

materials comprise kaolin calcined at 10090 C., bentonite, 
feldspar, talc and whiting. 

7. The method de?ned by claim 5, in which the ceramic 
materials comprise kaolin calcined at 1000” C., bentonite 
and pre-melted ground glass. 

8. The method de?ned by claim 
step of treating the ceramic mixture to increase porosity 
before shaping it into pieces which can be handled. 

9. The method de?ned by claim 5, in which the pre 
?ring of the formed pieces is done at temperatures 
between 800 and 1100” C. 

10. The method de?ned by claim 5, in which the dried 
saturated pieces are subjected to ?ring at temperatures 
not exceeding 1400° C. to produce complete vitri?cation. 

11. The method de?ned by claim 5, which includes 
the step of machining the shaped pieces to predetermined 
forms before pre-?ring them. 

12. The method de?ned by claim 5, in which the 
saturation and drying of the ceramic pieces is repeated 
a plurality of times until the absorption of waste mate 
rial is in excess of 140% by weight. 

13. The method de?ned by claim 5, which includes 
cooling the vitri?ed pieces, applying glazing material to 
the pieces and re-?ring them to mature the glaze. 

14. The method de?ned by claim 5, in which the ?nal 
?ring of the saturated dried pieces is done in the presence 
of glaze producing material. 7 

15. A method for disposing of radioactive waste which 
comprises the steps of mixing ceramic materials, adding 
Water to the mixture, shaping the mixture into porous 
pieces which can be handled, pro-?ring the pieces at 
temperature su?icient to harden the pieces to permit han 
dling and to prevent slaking on absorption of water while 
retaining maximum absorptive properties, saturating the 
pieces with radioactive waste material by absorption after 
said pro-?ring procedure, drying the saturated pieces, 
repeating the saturation and drying steps a plurality of 
times until the absorption of waste material is in excess 
of 140% by weight of the ceramic pieces, and ?ring the 
saturated dried pieces at temperature to produce com 
plete vitri?cation and to convert the material to an 
insoluble state. 

16. A new product of manufacture in the form of 
hardened pieces which can be handled, composed of 
ceramic material and radioactive waste material absorbed 
therein and chemically combined therewith in the form 
of insoluble silicates and minerals from which the com 
ponents cannot be leached out by Water, in which the 
weight of the radioactive solids is in excess of the weight 
of the ceramic material, characterized by complete vitri 
?cation and absence of water absorptiveness. 

5 which includes the 
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