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(59 METHOD OF AND APPARATUS FOR TREATING RADIOACTIVE WASTE. 7 —52
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@ The invention relates to treating radioactive waste 7 FIG. 1

consisting chiefly of used ion-exchange resin. The ion-
exchange resin adsorbs water to swell. It has therefore been
difficult to solidify waste maintaining high charging ratio and
increased strength. According to this invention, ion-
exchange resin is carbonized through thermal decomposi-
tion, and a hydrophobic property is imparted thereto. The
resin is then solidified after removing gas that is adsorbed by
the carbonized resin. 80
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TITLE MODIEIED
DESCRIPTION see front page

PROCESS AND APPARATUS FOR TREATING RADIOACTIVE WASTE
Technical Field: |

The present invention relates to a process for
treating a radiocactive waste comprising mainly a used
ion exchange resin. Particularly, the invention re-
lates to a proceés and deyice for treating a spent ion
exchange resin adsorbed a radiocactive material, which
generated from a nuclear power plant.

Background Art:

The following passages are given in a treatise
entitled "Volume-reduction treatment in bulk in a nu-
clear power plant: given on pages 770 to 774 of Journal
of the Atomic Energy Society of Japan, Vol. 24, NO. 10
(1982) (partially modified with respect to the opera-
tion conditions, etc.):

"Radioactive wastes discharged from nuclear power
plants are enclosed in a drum and kept in storage
facilities in the plants. The storage space re-
guired is increasing with the operation time and,
therefore, a remarkable volume reduction of the
waste is demanded. Apparatuses for the volume
reduction and solidification treatment have been
developed under these circumstances. Three typical

examples of them will be shown:
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(1) An apparatus in which a concentrated waste

liquid, inflammable solids, spent ion exchange
resin, waste oil, etc. are burnt or calcined in a
fluidized bed furnace operated (at 900°C). A binder
is added to the resulting ash or calcination pro-
duct and the mixture is pelletized with a pelletiz-
ing machine to form pellets to be stored.

(2) An apparatus in which a concentrated liquid waste,
spent ion exchange resin, filter sludge, etc. are
dried and pulverized with a centrifugal thin-film
dryer (temperature of vapor used as the heating
source: 160°C)_and-the obtained powder is mixed
with a thermosetting resin to form a homogeneous
mixture, which is packed in a drum and solidified.
(3) An appafatus in which a dry powder obtained in
the same manner as in (2) is pelletized with a
granulating machine to form pellets to be stored.
The pellets may be packed in a drum and a solidify-
ing agent is poured therein to solidify them in the
final treatment.

In all of the above-mentioned apparatuses,
various wastes are treated in bulk in a single ap-
paratus so as to reduce the size of the apparatus
and to improve the reliability of the operation."

Though the above-mentioned volume reduction and
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solidification treatment apparatuses are satisfactory
from the viewpoints of the technical‘performance and |
éafety, they have a problem that an increase in the
capacity of the apparatus and a special means are ne-
cessitated for the treatment of spent ion exéhange
resin because of its properties. Now, the description
will be made on the problems of the respeciivevappa-
ratuses stated above. In the apparatus (1), the quan-

4

tity of heat generated amounts to 10" kcal/kg which is

thrice as much as that of the inflammable solids, since
the-sPent'ion‘excH;nge resin is a plastic. Therefore,
a means is prévided therein so as to prevent a temper-
ature runaway in the fluidized bed furnace. It is,
for example, a means of introducing and mixing with
another radiocactive waste of a low calorific value
such as inflammable solids.

In the apparatus (2) wherein a thermoplastiq
resin is used as the solidifying agent, the intended
solidifying effect of the thermoplastic resin cannot
be obtained when water is contained the;ein even ih
only a small amount. |

| Namely, when the solidification is effected in
the presence of water, a curing accelerator, such as

cobalt naphthenate, in the thermosetting resin is de-

composed and, therefore, this resin cannot be cured,

0192777
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so that a part of the thermosetting resin remains as

it is, i.e. in liquid form.

Further, water cannot be removed thoroughly from
the spent ion exchange resin in most cases even if it
is dried carefully.

| Thus, when the mixture of the spent ion exchange
resin containing water even in a small amount with the
thermosetting resin is solidified, the solid product

having a high toughness cannot be obtained. Under

" these circumstances, the water content of a powder

‘)driedHWith a centrifugal thin f£ilm dryer is controlled

B strictly by determination with a moisture meter such

as 'a neutron moisture meter. In the apparatus (3),
the'péllets are broken due to the moisture during the
storége; since dry powder of the spent ion exchange
resin absorbs water to change its volume. To prevent

the breakage, the humidity of air in the pellet-storing

tank is controlled. When the dry powder or pellets of

the spent ion exchange resin are solidified with a hy-

Vdraulic solidifying agent such as cement or a solidify-

ing agent comprising an alkali silicate solution, said

dry powder or pellets absorb water to increase the

volume théreof, since the solidification reaction is
effected in the presence of a large amount of water.

Thérefore, when the hydraulic solidifying agent or the

0192777
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solidifying agent comprising an alkali silicate solution
is used, the amount of the solidified radiocactive waste
to be packed in an ordinary 200 & drum is only 1/3 to
1/2 of that treated in the apparatus (2) (110 kg of the
resin can be packed in the 200 & drum) disadvantaneously.

As described above, the processes for treating-
the rédiéactive waste comprising mainly spent ion ex-
change resin have problems due to the properties of
the ion exchange resin.

Disclosure of Invention:

An ‘object of the present invention is to provide
a process and an apparatus for treating a radioactive
waste comprising mainly a spent ion exchange resin by
reducing its volume and solidifying the same in an
easy manner to obtainh a solid having a high uniaxial
compression strength.

The first characteristic feature of the present
invention resides in the process for treating a radio-
active waste, comprising mainly a spent ion exchange
resin, which comprises heating the radiocactive waste to
thermally decompose the ion exchange group in the
spent resin, carbonizing the radioactive waste, degas-
sing the carbonized radioactive waste to remove a gas
absorbed therein and solidifying the radiocactive waste.

The second characteristic feature of the present
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invention resides in the apparatus for treating a

‘radioactive waste, comprising mainly a spent ion ex-

change resin, which comprises a thermal decomposition
device for heating the radioactive waste to carbonize
the same, a waste gas treating device for discharging
the gas generated in the thermal decomposition device
and -treating said gas, .a degassing means for degassing
the carbonized radioactive waste to remove a gas ad-
sorbed gherein and a solidifying means for sglidifying
the degassed rediocactive waste.

. The third éharacteristic feature of the present
invention resides in the apparatus for treating a
radioactive waste, comprising mainly a spent ion ex-

change resin, which comprises a thermal decomposition

device for heating the radicactive waste t@ carbonize

the same, a waste gas treating device for discharging
the gas generated in the thermal decomposition deviée
and treating said gas, a pelletizer for pelletizing
the carbonized radioactive waste, a degassing means
for degassing the pelletized radiocactive waste to
release a gas adsorbed therein and a solidifying means
for solidifying the degassed, pelletized radioactive
waste.

The present invention having the above-mentioned

characteristic constitution exhibits an effect of
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remarkably reducing the volume of a radioactivo waste
comprising mainly a speﬁt ion exchange resin and so-
lidifying it in an easy manner to obﬁainva solid having
a high uniaxiél compression strength. » N
Brief Description of Drawings:

Fig. 1 is a flow sheetbof the effective thermal
decomposition/solidifioation system of the present
invention. Fig. 2 shows a ékeleton of the ion exohénge
resin. Fig. 3 shows results of thermogravimetric anal-
ysis of the ion exchange resin in air. Fig. 4 shows
results of.thermogravimetric analysis of a’ootion ex-
change resin which suggest the debendehce on the atmo-
sphere in the thermal decomposition. Fig. 5 shows
results of thermogravimetric analysis of an anion ex-
change resin which suggest the dependence on the atmo-
sphere in the thermal decomposition. Fig. 6 shows
volumetric changes of a dry ion exchange resin and the
carbonized resin of the present invention immersed in
water. Fig. 7 shows micfoscopically the phenomena
which occur when said two resins are immersed in water.
Fig. 8 shows relationships between the quantity of the
adsorbed gas remaining in the carbonized resin and the
strength of the solidified product and betﬁeen said ”
quantity and the amount of the charged carbonized

resin. Fig. 9 shows the degassing rate of the
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granulated, carbonized ion exchange resin immersed in
an alkali siiicate solution. Fig. 10 shows the degass-

ing rate of the carbonized resin of various forms imm-

ersed in an alkali silicate solution. Fig. 11 shows

the degassing rate of the granulated, carbonized ion
exchange resin immersed in water. Fig. 12 shows the
degassing‘rate of the carbonized resin of various

forms immersed in water. Fig. 13 is a sectional view

of a solidified prodﬁct prepared according to the pre-

sent invention. Fig. 14 is a sectional view of a
solidified product prepared by a conventional brobess.
Fig.'ls is another flow sheet of the effective thermal
decomposition/soiidification system of the present
invention. Fig. 16 is still another effective flow
sheet of effecting the present invention. Fig. 17
shows changes in strength of dry‘ion exchange resin
pellets and carbonized resin pelleté during the storage
for a‘long period of time.
Best Mode for Carrying Out the Invention:

First, the description will be made on the fun-

damental principle of the present invention. The in-

- ventors have found that the ion exchange groups of an

ion exchange resin are thermally decomposed at a tem-~
perature of 120 to 350°C, preferably 200 to 300°C and

that styrene/divinylbenzene copolymer which is a
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polymer base of the ion exchange resin is carbonized
in the step of thermal decomposition. The inventors
have further found that as the polymer base of the
ion exchange resin ié carbonized by the thermal de-
composition, the expansion or shrinkage due to water
absorption or drying of the ion exchange resin ob-
served before the carbonization disappears and,
instead, a phenomenon of the adsorption of a gas such
as air appears. Supposedly, such a phenomenon occurs
for the follow}ng reasons: The elastic, reticular
molecular sﬁructuré is converted into a dense ﬁole—
cui&r structure such as that of graphite and the
water—-absorbing ion exchange groups disappear and,
therefore, neither expansion nor shrinkage does
occur. At the same time, the hydrophilic ion
exchange groups are converted into hydrophobic
carbon, which adsorbs gases such as air.

The present invention will now be described in
more detail.

fhe cationrexchange resin has a polymer base
comprising a copolymer of styrene «C:>~CH=CH2)with
divinylbenzene (CH2=CH4<:>—CH=CH2) having a sulfonic
acid group (SO3H) bonded thereto as the ion exchange
group. This compound has a crosslinked, three-

dimensional structure of the following formula and
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a molecular formula of (ClBHlSOBS)nz

- CH—-CH:z2-CH ' o

The anion exchange resin has the same polymer
base as that of the above-mentioned cation exchange
resin but it has a quaternary ammonium group (NR3OH)
bonded thereto as the ion exchange group. This com-
pound has the molecular formula of (CZOHZGON)n and

the following structural formula:
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~CH-CH:-CH-
I
CH: —CH~CH:—-CH
| o
NR3OH [:::] e
: | . "..(.R : CHa) ;
B - —C'H?_'.. B . ,
NR40H

Now, the description will be made on the bond
energies between the respective components of the ion
exchange resin. PFig. 2 shows a skeletal structure
of the cation exchange resin. The skeletal structure
of the anion exchange resin is essentially the same
as this, merely different in the ion exchange groups
froﬁ each other.

The energies of the bonds 1, 2, 3 and 4 in Fig.

2 are shown in Table 1.
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Table 1
Bond energy
Bend Structure (k3/mol)
quaternary ammonium group 246
Ion (anion. resin)
1 exchange
group sulfonic acid group
. 260
(cation resin)
2, 3 ‘Polymer straight-chain moiety 330 - 370
4 base benzene ring moiety 480
R 4

In the thermal deécomposition of the ion exchange

resin, the ion exchange groué having fhe lowest bond

ertergy is decomposed first, then the straight-chain

moiety of‘therpolymer base is decomposed, and finally
the benzene ring moiety is decomposed.

- The results of the thermogravimetric analysis
(TGA) of the ion exchange resin effected with a
differential thermal balance in air are shown in
Fig. 3. A weight loss due to the evaporation of
water occurring at 70 to 110°C is not shown. The
solid line shows a thermogravimetric change of the
anion exchénge resin and the broken line shows that
of the cation exchange resin. The decomposition
temperatures of the bonded moieties shown in Fig. 3

are shown in Table 2.
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Table 2
DecompoSitibn

Structure temperature (°C)
v guaternary ammonium group n
Ion (anion resin) 130-% 190
exchange o
group sulfonic ac%d group 200 Vv 300

(cation resin) ,
Polymer straight-chain moiety 200 "~ 400
base benzene ring moiety 380 v 480

It is apparent from Table 2 that the qugﬁerhéry
ammonium group: (ion exchange géoup) of theﬁanion
exchange resin is decomposed first at 130 to 190°C,
then the straight-chain moiety is decomposed at
350°C or higher, and finallf the benzene ring moiety
is decompbsed at 380°C or higher. 1In the tﬁérmal
decomposition of the cation exchange resin, the
sulfoﬁic acid group {(ion exchange group) is decom-
posed at 200 to 300°C, then the straight-chain |
moiety, and finally the benzene ring moiety’ére
decgmposed in the same manner as in the anion ex-

change resin.

However, the decomposition characteristics vary

- depending on the presence or absence of oxygen.

Figs. 4 and 5 show results of thermogravimetric

analyses carried out in air containing oxygen in an
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amount corresponding to a chemical equivalent neces-
sary for the thermal decomposition of the spent resin
and in an oxygen-free nitrogen atmosphere (the
results shown in Fig. 3 were obtained when oxygen was
fed in an amount far larger than the chemical equi-
valent), In Fig. 4 showing the results obtained by
the thermal decompoéition of the cation exchange
resin, the solid lipe shows those obtained in an
atmosphere containing a chemical equivalent of oxygen

and the broken line shows those obtained in a nitrogen

.atmosphere.. It will be understood that a major part

of the reaétion of the polymer base is oxidation
which requirés oxygen and which is exothermic. On
the other hand, the ion exchange group (sulfonic
acid group} is thermaliy deéomposed at 200 to 300°C
even in a nitrogen atmosphere. In this case, the
supply'of oxygen is unnecessary for the thermal de-
composition of the ion exchange group and this reac-
tion is not exothermic.

Fig. 5 shows the data obtained by the ﬁhermal
decomposition of the anion exchange resin. The |
solid and broken lines show the data obtained in the ;
atmosphere contgining a chenical equivaient of oxygen ’
and in a nitrogen atmosphere; respectively, as in

Fig. 4. It has thus been found that the ion exchange
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group (guaternary ammonium group) of the anion ex-
change resin is decomposed at 130 to 190°C even in
the absence of oxygen and the polymer base is oxida-
tively decomposed by oxygen at 350 to 480°C to
generate heat like the cationic exchange resin.

The results of the above-described tﬁermai de-.
composition suggest that though the ion exchange
group in the ion exchange resin can Be-decompbsea |
non-exothermally in an inert gas atmosphere such as
a nitrogen atmosphere, the polymer base cannot Ee
decomposed completely even if it is heated at it is.
The physical properties of the ion exchange reéin in
which the ion exchange group has been decomposed were
examined. The experiments were made on the aasorp-
tion of water and swelling due to this adsorption
which have been the problems to be solved ih the
prior ért. The results of the immersion tests are
shown in Fig, 6. In these experiments, dry granular
ion exchange resin and grénular ion exchange reéin
thermally. decomposed at 600°C (hereinafter referred
to as carbonizéd resin) were used and degrees 6f |
swelling of them with water were measured. Wheh the
dry ion exchange resin was immersed in water, its
volume was immediately increased abouﬁ 3-folds. On

the other hand, when the carbonized resin was immersed
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in water, its volume was increased slowly and then
reduced to the initial one by'degassing.

Thus, the phenomenon observed when the dry ion
exchange resin was imme;sgd in water was different
from that of the carbonized resin. The phenomena
and the mechanisms théreof of both resins are shown
in Fig. 7. The phenomenon observed when the dry ion
exéhange resin is immersed in water is swelling and
the mechanism is considered generally as follows:
the ion exchange group of the ion exchange resin is
present in the reticular molecular struct;fe of the
styrene/divinylbenzene copolymer. The ion exchange
group has a high polarizability. This is a main
cause for the adsorption of water having a high
polarity. The adsorbed water penetrates therein
even by forcedly enlarging the openings of the
elastic reticulate structure of the polymer base,
whereby the ion exchange resin is swollen to increase
its volume. For example, the granular ion exchange
resin having an average granular diameter of 400 ym
in a dry state is swollen to an average granular
diameter of 450 to 600 uym (the volume ratio: 1.2 to
3) (the degree of the volume increase which varies
depending on the ion bonded with the ion exchange

group is generally as follows: H' > alkali metal >



10

15

20

25

- 19 =

0192777

alkaline earth metal and transition metal). It is
to be noted herein that the ion exchangé reéin is
s&ollen fof the following two réasbns: one is that
the ion ekchange group having a high polariiability
absorbs water and the reason is that the polymer ‘
base has an elastic reticulate structure. Namely,
even a resin comprising a polymer base having no ion
exchange group abéorbs water to expand its‘volﬁme
about l.2-fold. | However, this phénomenon is not
observed in the carbonized resin, Namely, the
granule diameter of the resin is reduced by the
carbonizatioh below that of the ary resin and the
volume of the carbonized resin is 1/2 of the dry
resin. Conseguently, the properties of pores of up
to about 7 & of the ion exchange resin appear. More
particularly, the molecular étructure is convefte&
into a polycjclic one which is closz to the structure
of graphite and, as a result, a hydrophobic property
of carbon appears. This property inhibits the adsorp-
tion of water in the pores and facilitates the adsorp-
tioh of a gas such as air.‘ Howevér, the'gas Such és
air temporarily adsorbed is desorbed again and re-
leased as the gas in thé preséncé of a largé améunt
of water when,rfor example, it isvimmersed in wéter.

This is the degassing phenomenon. Because of this
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phenomenon, the carbonized resin seems as if it is
swollen. Since the carbonized resin has a dense
polycyclic structure, its'volume is not increased
even.by adsorption of water, unlike ordinary polymer
bases. This fact is supported by the féct that the
volume was unchanged even after the immersion for
150 h (about 6 days) as shown in Fig. 6.

.The above—described properties of;the carbonized
resin were not known prior to the present invention.
Namely, the ion exchange resin thermally decomposed
at a temperature in the range of 200 to 600°C (above.
120°cC) Has properties uéterly differént from those
of'thé non-decomposed ion exchange resin. By pel-
letizing the carbonized'resin and storing them,
taking advantage of these properties, the intermedi-
ate storage of the waste can be facilitated without
necessitating any special equipment for humidity
control, etc. Since the carbonized resin or its
pellets are hydrophobic as described above, the solid
ﬁrqduct thereof prepared by solidifying the same
even with a thermosetting plastic sensitive to water
has a high strength. | |

As‘a result,‘a strict control of water and its
measuremeﬁt as required in the conventional process

wherein the non-carbonized ion exchange resin is

e 4 = e——————————
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solidified by mixing it with the thermosetting plastic
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become unnecessary. However, when a hydraulic sub~
stance or a solidifying agent comprising an alkali
silicate is used, any solidified product of a high
strength cannot be obtained unless the degassing is
effected as will be described with reference to Fig.
8.

The inventors have developed a process for pre-
paring the solidified product by degassing the carbo-
nized resin by immersing it in a solidifying agent
comprisihg the hydraulic substance or alkali sili;ate
while the hardening effect thereof is inhibited and
then hardening the solidifying agent.

This solidification process will be illustratéd
with reference to an example wherein the carbonized
granular ion exchange resin is solidified homogene-
ously with an alkali silicate solution and powdery
silicon polyphosphate as hardening agent.

The carbonized resin was immersed in the alkali
silicate solution to degass the resin. Then, the
hardening agent was added thereto to solidify the
same. The relationships between the residue of the
adsorbed gas and the strength of the solidified pro-

duct and between the former and the feed amount are

shown in Fig. 8. The temperature in this step was
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25°C and the relative amounts of the carbonized
resin, alkali silicate solution and hardening agent
were 40 wt.%, 40 wt.% and 20 wt.%, respectively.

The hardening agent is not limited to silicon
polyphosphate but any wgak acid may be used.
Examples of them include inorganic phosphates such
as socdium phosphate and alkaline earth metal salts
such a2s calcium silicate and barium caibonate (for
details, see the specification of Japanese Patent
Laid-Cpen No. 197500/1982).

The amount of the gas adsorbed in the cé;bo—
nized resin was 2.1 cc/g prior to the degassing
step.

2ccording to Fig. 8, the uniaxial compression
strencth reduces slowly as the residue of the
adsorbed gas increases and the feed amount of the
carborized resin per unit volume reduces as the
residuve of the adsorbed gas increases. This corres-
ponds to the amount of the bubbles generated by the
gas desorbed from the carbonized resin. Further,
it is apparent that the reduction in the uniaxial
compression strength is due to the bubbles. To
attain a uniaxial compressioﬁ strength of at least
150 kg/cm2 which is a measure for ocean dumping, the

residtre of the adsorbed gas should be controlled to
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up to 59%. Also, to pack the waste in an amount of

at least 110 kg in a 200 & drum, the residue of the

adsorbed gas should be controlled to up to 50%,

A reason why the adsorbed gas remaining in an amount
of up to 50% does not exert an influence on the

strength and feed amount is supposedly that the

- adsorbed gas is not replaced entirely with water to

release the gas and to form the bubbles. Namely, a
part of the adsorbed gas is not releaséd as the
bﬁbbles even by immersion in water or the like.

Thus, the release of 50% of the gas from the carbo-
nized resin is sufficient. The immersion time of

the éarbonized resin in the alkali siiiéate solution
necessary for the 50% release was determined. The
residue of the adsorbed gas observed after the immer-
sion in the alkali silicate solution is shown in

Fig. 9. The immersion was effected under three
different conditions, i.e. without stirring, under
stirring and under both stirring and heating. In

all the cases, the quantity of the adsorbed gas was
reduced with time. The reduction rate of the quantity
of the gas was as follows: (without stirring) <
(under stirring) < (under both stirring and heating).
The residue was reduced to 50% or below thch satis-

fies the above-mentioned requirements of the feed
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amount and strength within 2 h in the cases of "under

stirring" and "under both stirring and heating” and
in 3 h in the case of "without stirring". The

effects similar to those obtained by stirring were

obtained also by an ultrasonic treatment. The mecha-

nism of the variation of the degree of reduction of

the adsorbed gas depending on the immersion conditions

is as follows:. When the immersion is effected with-
out stirring, the carbonized resin is covered by the
desorbed gas and the cover thus formed inhibits the
adsorption of water in the carbonized resin to in-
hibit the release of the gas. When the immersion is

effected under stirring, the gas covering the carbo-

nized resin is removed to accelerate the release of

the gas. When the immersion is effected under both
sitrring and heating, the release of the gas is
accelerated, supposedly because water is converted
into water vapor and the rate thereof to diffuse
into the carbonized resin is increased.

The above-mentioned results indicate that when
the carbonized resin is immersed in the alkali sili-
cate solution, at least 50% of the gas adsorbed
thefein can be released in 3 h. The treated resin
can be solidified with the hardening agent to form

a solidified product having a high strength and a
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large feed amount. The desorption time of the gas
can be shortened by stirring or heating.

The carbonized, powdery ion exchange resin and
pellets obtained by compression granulation of the
carbonized resin can also be degassed in the same
manner as in the above-described defoamation of the
carbonized granular ion exchange resin.

The results of the degassing are shown in Fig..
10. This degassing procesé was effected at 25°C and
the diameter of the granular ion exchange resin was
about 30;um. . The pellets were coiumnar and had both
height and diameter of about 20 mm. To reduce the
residue of the adsorbed gas in the pellets to 50%
or less, the treatment time of about 4 h is neces-
sary. The carbonized, powdery ion exchange resin
can be degassed in a period of time shorter than
that required for the degassing of the carbonized,
granular ion exchange resin. The pellets cannot be
degassed sufficiently by merely stirring in some
cases. The residue of adsorbed gas in the pellets
can be reduced to 20% or less by vacuum suction of
the gas adsorbéd therein and then introducing a
mixture of the alkali silicate solution and the
hardening agent therein and, thus, the intended

solidified product having a large feed amount and
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a high strength can be obtained.

Thus, the adsorved gas in the carbonized powdery
and granular ion exchange resins can be released by
previously immersing them in the alkali silicate solu-
tion and the intended solidified product having a
large feed amount and a high strength can be obtained.
The pellets can be degassed by the vacuum degassing
more effectively and then it is immersed in the alkali
silicate solution to obtain a solidified product hav-.
ing a large feed amount and a high strength.

When the alkali silicate solution used in the
above embodiments is replaced with a hydraulic sub-
stance such as cement, the similar effects can be
obtained. Embodiments of the treatment with the ce-
ment used as the hydraulic solidifying agent will now
be given. Portland cement is used usually as the ce-
ment, wﬁich can be hardened by mixing with water.
Since cement is in the form of a powder, the carbon-
ized resin is immersed previously in water to release
the gas from the resin. Fig. 11 shows a change of the
residue of the adsorbed gas in the carbonized granular
ion exchange resin with time. In this test, the ex-
periments were carried out under three different con-
ditions, i.e. without stirring, under stirring and

under both stirring and heating, in the same manner
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as in Fig. 9. The time required for the degassing was
shorter than that required when the alkali silicate
solution was used. 1In.all the cases, the residue of
the adsorbed gas was reduced to 50% or less in 2 h,
The cement is added to the degassed carbonized resin
to harden the resin and to obtain a solidified product.
When 40 parts by weight of the carbonized resin is

degassed by immersion in 20 parts by weight of water

~and then 40 parts by weight of cement is added there-

to, the resulting solidified product comprises 40 wt.%
of the cement, 20 wt.% of water and 40 wt.% of the
carbonized resin. The relations between the residue
of the adsorbed gas in the carbonized resin and the
uniaxial compression strength of the scolidified pro-
duct and between the former and the feed amount of the
obtained solidified product are the same as in Fig. 8.
Thus, the solidified product having a large feed amount
and a high strength can be obtained also when the ce-
ment is used.

When the carbonized granular ion exchange resin
to be solidified with cement in this embodiment is
replaced with the carbonized powdery ion exchange resin
or pelletized carbonized resin, similar effects to
those obtained as above can be obtained. Fig. 12

shows the degassing rates of the carbonized resins and
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the pellets determined at 25°C. As compared with the
carbonized granular ion exchange resin, the carbonized

powdery ion exchange resin can be degassed by immer-

sion in a shorter period of time. The time necessary

for reducing the residue of the adsorbed gas in the
pellets was about 3 h. However, the degassing cannot.
be effected sufficiehtly by the meré stirring in some
cases. Therefore, it is desirable to release the gas
adsorbed in the carbonized resin by vacuum suction
before the introduction of a mixture of the cement
and water. By this process, %he resiéﬁe 6f the
adsorbed gas in the carbonized resin can be reduced
to 20% or less and the solidified product having a
large feed amount and a high strength can be obtained.

As described above, the product solidified with
cement and having a large feed amount and a high
strength can be obtained from the powdery or granular
ion exchange resin by carbonizing the same and immers-
ing the carbonized resin previously with water to re-
lease the adsorbed gas. Also, the product solidified
with cement and having a large feed amount and a high
strength can be obtained from the pellets by effec-
tively degassing the same by vacuum suction.

When tﬁe cement used as the hydraulic substance

in the above embodiment is replaced with a solidifying
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agent comprising a powdery alkali silicate and a pow-
dery hardening agent, the same effects as those of the
cement can be obtained, since said solidifying agent
is also a hydraulic substance which can be hardened by
water.

The present invention will now be illustrated with
reference to flow sheets of effective apparatuses for
carrying out the process of the present invention.
[Example 11

In this example, a powdery ion exchgnge ;esip'from
a condensate purifier in a boiling water.reéctor was
thermally decomposed to .obtain a carbonized resin,
which was then mixed with an alkali silicate as solid-
ifying agent to solidify the same. A flow sheet of
the treatment system employed in this example is given
in Fig. 1. |

The spent powdery ion exchange resin (herein-.
after referred to as powdery resin) 51 was in the
form of a slurry, since it was discharged from a con-
densate demineralizer by back washing. The powdery
resin 51 was stored in a waste resin tank 52. The
powdery resin 51 in the form of about 10% slurry was

fed into a dehydrator 54 through a valve 53 and

- centrifugally dehydrated therein to a water content

of around 50%. . Then, a given amount (about 200 kg

e —————————————
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on the dry weight basis) of the dehydrated powdery
resin 51 was fed in a thermal decomposition device
throuéh a knife gate valve 55. The thermal decomposi-
tion device comprised a reactor 56 of a batchwise

3 and.

fixed bed system having a capacity of about 1 m
a heater 57. The powdery resin 51 fed in the reactor
56 was heated to 300°C by means of the heater 57 for
about 4 h to form a carbonized resin 58.

An inert gas such as nitrogen gas was fed in
the reactor 56 through an inert gas inlet tube 80 and
a valve 81 to carry éut thermal decbmpositioﬁ of the
ion exchange resin in the inert gas. Therefore,
even when the heating temperature of the ion exchange’
resin is elevated to around 600°C, the ion exchange
resin is not burnt and, accordingly, neither heat
generation nor temperature runaway is caused unlike
the process carried out in an oxygen atmosphere (see
Figs. 4 and 5). Thus, no device is required for pre-
venting the heat generation due to the burning or
runaway of the temperature. A waste gas comprising
water from the powdery resin as welllas HZS' SOx,
NHS, etc. formed by the decomposition of the ion
exchange group was formed in the course of the ther-
mal decomposition. The waste'gas was introduced in

a waste gas tfeating device 60 through a valve 59
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and treated therein. On the other hand, the carbo-
nized resin 58 was fed into a drum 62 through a knife
gate valve 61. The amount of the carbonized resin

58 was as small as about 120 kg, while the amount of

the initial powdery resin was 200 kg (on the dry

~basis). After confirming that the temperature of the

carbonized resin 58 packed in the druh 62 was lowered
to 100°C or less, 72 kg of water was fed in the drum
62 from a supply water tank 63 to initiate degassing
of the carbonizeé resin. In this stage, the mixture
was stirred by means of stirring blades 64 so as to
accelerate the dedassing. After stirring for about
1l h to complete the dedgassing, a powdery alkali
silicate was fed therein through a solidifier hopper
65 and a powdery inorganic phosphoric acid compound
was fed through a hardener hopper 66 in such amounts
that the total of them would be 108 kg. The carbo-
nized resin, water, solidifier and hardener were
mixed homogeneously by means of the stirring blades
64 to form a solidified product.

The product was cured by leaving it to stand
for one month and its properties were examined.
The results were as shown below. Fig. 13 shows a
sectional view of the resulting solidified product

and an enlarged sectional view thereocf. It is
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apparent from Fig. 13 that the carbonized resin 58
was dispersed quite homogeneously in the solidifier
67 and no bubble was observed in the éolidified pro-
duct owing to the degassing effect. The obtained

solidified product had a sufficient strength of at

least 150 kg/cmz. It was understood from the results

obtained in this example that the bubble-free, strong
solidified product as shown in Fig. 13 could be
obtained by homogeneously mixing 120 kg of the carbo-
nized resin with 180 kg of the alkali silicate
solidifier ‘containing the hardener and water in the
200 & drum.

A solidified product was preparéd in the appara-
tus shown in Fig. 1 in the same manner as above except
that the defoaming step was omitted. When 120 kg of
the carbonized :esin was mixed homogeneously with
180 kg of the solidifier in the 200 £ drum in this
case, the solidified product was swollen in the
course of the hardening and a part thereof ran over
the drum. Then, the same procedure as above was
repeated except that the amounts of the carbonized
resin and solidifier were reduced to 60 kg and 90 kg,
respectively and they were mixed together homogene-
ously in the 200 £ drum to obtain a solidified pro;

duct shown in Fig. 14. Namely, it was found that
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when the degassing step was omitted, the resulting
solidified product contained a large amount of
bubbles 68 in addition to the carbonized resin 58
and £he solidifier 67. The solidified product had
a uniaxial compression strength of as low as 50 kg/
cm?. .

The results obtained by effecting the degassing
will be compared with those obtained when the
degassing step was omitted:

(1) In case the degassing treatment was ef@ected,
the resulting solidified product had no bubbles.

As a result, the solidified product had a uniaxial
compression strength of at least 150 kg/cm2 and the
feed amount of the carbonized resin in thé 200 2

drum was at least 120 kg (at least 200 kg on the dry
basis in terms of the non-decomposed powdery resin).
(2) On the contrary, in case the degassing treatment
was omitted, the solidified product contained bubbles
and, therefore, it had a uniaxial compression strength
6f around 50 kg/cm2 and the feed amount of the carbo-
nized resin in the 200 % drum was around 60 kg.
[Example 2]

In this example, the powdery resin was thermally
decomposed and then solidified homogeneocusly with an

alkali silicate by a solidifying process and in a
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thermal decomposition device different from those
used in Example 1. A flow sheet of the treatment
system employed in this example is given in Fig. 15.
The powdery resin 51 in the waste resin tank 52
was fed quantitatively in the form of about 10%
slurry in a thermal decomposition device 70 through
a slurry pump 69. The thermal decomposition device
70 was a rotary kiln of continuous treatment type in
which the temperature was kept at 200 to 400°C. The
slurry of the powdery resin fed therein was dried
and thermally decomposed simultaneously to form the
carbonized resin 58. An inert gés such as nitrogen
gas was fed in the thermal decomposition device 70
through the inert gas inlet .tube 80 and the valve
8l so as to carry out the thermal decomposition of
the ion exchange resin in the inert gas. The waste
gas formed in this step was sent to the waste gas
treating device 60 through the valve 59 and treated

therein in the same manner as in Example 1. The

.obtained carbonized resin 58 was stored temporarily

in a powder hopper 71. Thereafter, a given amount
(600 kg) of the carbonized resin 58 was fed from the
powder_hopper 71 into a kneader 72 and, at the same
time, 400 kg of a liquid alkali silicate containing

no hardener was fed therein as the hardener from a
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hardener tank 73. The degassing was effected in the
blender 72. In this step, the degassing was accele-

rated by stirring with the stirring blades 64 and by

vibration with an ultrasonic vibrator 74 attached to

the blender 72, since a longer time is required for
the degassing of the liquid alkali silicate than that
of water. As a result, the degassing was completed
in about 2 h. Then, 200 kg of a powdery inorganic
phosphoric compound was fed from the hardener hopper
66 into the blender 72 to mix the same with the mix-
ture of the carbonized resin 58 and the alkali sili=~
cate homogeneously. After completion of the mixing,
about 300 kg of the obtained mixture was poured in
each drum 62 to obtain a solidified product.

The solidified product obtaineil as above con-
tained no bubbles and had a uniaxial compression
strength of at least 150 kg/cm2 as in Example 1.

The feed amount of the carbonized resin in a 200 1
drum was 120 kg.

It is apparent from Examples 1 and 2 that the
thermal decomposition may be effected either batchwise
or continuously in a thermal decomposition device 35uch
as a fixed bed furnance or a rotary kiln multistdqe
furnace, that the carbonized resin may be mixed with

the solidifier by either the in-drum method as in
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Example 1 or out-drum method as in Example 2 and

that the degassing may be effected by mere standing,
stirring, ultrasonic treatment, vacuum degassing or

a combination of some of them. Thus, in the con-~
struction of the treatment apparatus, any combination
of the decomposition device, means of mixing the
éarbonized resin and the solidifier and the degassing
means may be employed. Though the powdery ion ex-
change resin was treated in Examples 1 and 2, a
granular ion exchange resin thereof can be treated in
the same manner as above.

[Example 3]

In this example, a granular ion exchange resiﬁ
(hereinafter referred to as "granular resin”) from
a drainage purifier in a pressurized water reactor
was thermally decomposed to obtain a carbonized resin,
which was then pelletized and the pellets were soli-
dified with an alkali silicate solidifier in a drum.
A flow sheet of the treatment system employed in
this example is given in Fig. 16.

The spent granular resin 76 from the waste resin
tank 51 was dehydrated centrifugally in the dehy-
drator 54 in the same manner as in Example 1 and then
fed into the reactor 56 and heated to 300°C with the

heater 57 for about 4 h to form the carbonized resin
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58.

An inert gas such as nitrogen gas was fed in
the reactor 56 through the inert gas inlet tube 86
and the valve 81 to carry out thermal decomposition
of the ion exchange resin in the inert gas. The
carbonized resin 58 was fed into a'powder mixer 77
through the knife gate valve 61. A binder 79 was
added thereto in an amount of about 26 kg for 100
kg of the carbonized resin through a binder hopper
78. The binder 79 was used for improving the tough-
ness of the pellets prepared in a granulator 80a.-
The bindler used in this example was a cellulose fiber
having a thickness of about 10 pym and a length of
about 300 uym. Similar effects can be obtained when
a binder other than the cellulose fiber such as a
fibrous substance, e.qg; metal fiber or carbon fiber,
or a thermosetting or thermoplastic resin usually
used ass ap adhesive is used. A homogeneous mixture
of the: carbonized resin 58 and the binder 79 prepared
in the powder mixer 77 was fed into the granulator
80a through £he knife gate valve 81. The granulator
80a herein used was an ordinary tabuleting machine in
which the powder was pressed into pellets under a
pressure of about 5 ton/cmz. The mixture of the

carben:ized resin and the binder was shaped into
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columnar pellets 82 having both height and diameter
of about 20 mm in the granulator 80a and the pellets
82 were fed into the drum 62 through a chute 83. The
drum 62 was placed in a vacuum housing 84.  After
confirming ﬁhat the drum 62 was filled with the pel-
lets 82, the housing 84 was evacuated with a vacuum
pump 85. After completion of the vacuum defoaming |
of the carbonized resin, 80 kg of a mixture of an
alkali silicate solidifier and an inorganic phos-

phoric compound as hardener was fed from a solidifier

feeding tank inéglthe drum.sz through a val@e 87
while the vacuum condition was kept to obtain a
solidified product.

Then, the pressure in the vacuum housing 84 was
returned to an atmospheric pressure by a leak valve
88 and the drum 62 was taken out and left 'to stand
to effect curing. After about one month, the pro-
perties of the obtained solid were examined to find
that the gaps between the pellets were entirely
filled up with the solidifier and no bubbles were
contained therein. The solidified product had a
uniaxial compression strength of at least 150 kg/cmz.
The éarbonized resin which was éémpression—molded

into the pellets 82 as described above could be feed

in an amount of up to 150 kg in the 200 £ drum.
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The tableting machine used in this example may
be replaced with a briquetting machine or extruder.

Though the pelletized carbonized resin was
directly solidified in the drum in this example, the
pellets 82 may be treated by another method wherein-
they are stored in a large tank as such for a given
period of time (usually 5 to 10 years) to decay the
radioactivity before solidified in the drum or the
like, if necessary. This method is generally called
"intermediate storage" and has advantages which will
be stated below.

When the ion exchange resin is dried and pel-
letized directly, the resulting pellets absorb moiety’
in air and swollen to reduce its toughness during the
storage, since the resin has a high hygroscopicity.
On the céntrary, the carbonized resin from which the
ion exchange group has been removed does not absorb
the moiety in air and, therefore, the toughness of -
the pellets is not reduced in the course of the -
storate, since the carbonized resin is hydrophobic
as described above. This effect is quite advantage-
ous. In Fig. 17, the toughness of the pellets of the
untreated resin during the intermediate storage is
shown in comparison with that of the pellets of the

carbonized resin. It was found that the toughness
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of the pelletized carbonized resin was hardly reduced
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even after the storage for 10 years, while that of
the pelléts of the untreated ion exchange resin was
halved after the storage for about 2 years. The data
given in Fig. 17 were those obtained by an about
10-fold acceleration test carried out under storage
conditions comprising a temperature of 40°C and a
humidity of 80%, while the practical stofage condi-
tions comprise a temperature of 20°C and a humidity
of 40%. The intermediate storage period plotted as
abscissae is, therefore, an estimate.

When the péllets of the carbonized resin thus
stored intermediately are degassed and solidified in
the drum in the same manner as in the above examples,
an additional effect can be obtained in that the
radioactivity on the surface of the solidified pro-
duct becomes lower than that in the above examples
due to the decay of the radioactivity in the course
of the intermediate storage.

The alkali silicate used as the solidifier in
the above Examples 1 to 3 may be replaced with a
hydraulic substance such as cement or gypsum. The
toughnesses of the solidified products obtained by
using'the alkali silicate, high-sulfate slug cement,

alumina cement, Portland cement or calcined gypsum
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as the solidifier in the same treatment apparatus as
in Example 1 were examined to obtain the following
results: alkali silicate > High?sulfate slug cement
¥ alumina cemént > Portland cement = calcined gypsum.
Thus, the alkali silicate proved to be therbest
spolidifier. -

The high-sulfate slug cement, alumina cement,
Portland cement and calcined gypsum are called
"hydraulic solidifiers“, since they solidify upon

reaction with water.




10

15

20

25

- 40 ~.

0192777

WHAT IS CLAIMED IS:
1. A process for treating a radioactive waste

mainly comprising a spent ion exchange resin charac-

terized by heating the radiocactive waste to thermally

decompose an ion exchange group.of the spent ion
exchange resin and to carbonize the radioactive
waste, degassing the radiocactive waste to release a
gas adsorbed therein and then solidifying the radio-
active waste.

2. A process for treating a radioactive waste
according to Claim l.éharacterized in that the ther-
mal decompositioh is effected in an inert gas.v

3. A process for treating a radiocactive waste
according to Claim 1 characterized in that the de-
gassing is effected by immersing the radioactive
waste in a liquid.

4. A process for treating a radioactive waste
according to Claim 3 characterized in that the
liquid is water.

5. A process for treating a radioactive waste
according to Claim 4 characterized in that the soli-
dification is effected by mixing said radiocactive
waste, said water and a cement which is a hydraulic
solidifier.

6. A process for treating a radioactive waste
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according to Claim 4 characterized in that the soli-
dification is effected by mixing said radioactive
waste, said water, é.powdery alkali silicate and a
hardener. | ’

7. A process for treating a radioactive waste
according to Claim 3 characterized in that the liquid
is an alkall silicate solution.

8. A process for treating a radiocactive waste
according to Claim 7 characterized in that the soli-
dification isieffected by mixing said radioactive
waste, said alkali silicate solution and a hardener.
9. A process for treating a radiocactive waste
according to Claim 1 characterized in that the de-
gassing is effected by introducing said radiocactive
waste in a vacuum housing and evacuating the housing
by suctien.

10. A process for treating a radioactive waste
according to Claim 9 characterized in that the soli-
dification is effected by mixing said radiocactive
waste, water and cement which is a hydraulic solidi-
fier.

11. A process for treating a radiocactive waste
according to Claim 9 characterized in that the soli-
dification is effected by mixing said radiocactive

waste, an alkali silicate solution and a hardener.
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12. A process for treating a radioactive waste
according to Claim 9 characterized in that the soli-
dification is effected by mixing said radioactive
waste, a powdery alkali silicate, a hardener and
water.

13. A process for treating a radioactive waste
according to Claim 8 chaiacterized in that the
hardener is selected from the group consisting of
silicon polyphosphates, alkaline earth metal salts
and inorganic phosphates.

14. A process for treating a radioactive waste
mainly comprising a spent ion exchange resin charac-
terized by heating the radiocactive waste to thermally
decompose an ion exchange group of the spent ion
éxchange resin and to carbonize the radiocactive
waste, granulating the radioactive waste into pellets
and storing the pellets of the radioacfive waste for
a given period of time to decay the radioactivity.
15. A process for treating a radioactive waste
éccording to Claim 14 characterized in that the
thermal decomposition is effected in an inert gas.
16. An apparatus for treating a radioactive waste
mainly comprising a spent ion exchange resin charac-
terized by comprising a thermal decomposition device

for heating said radioactive waste to carbonize it,
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an exhaust gas treating device for discharging a gas

generated in the thermal decomposition device from

this device and treating said gas, a degassing means

for removing a gas adsorbed in the carbonized radio-

active waste and a means for solidifying the degassed

radiocactive waste.

17. An apparatus for
according to Claim 16
thermal decomposition
device for feeding an
18. An apparatus for

according to Claim 16

" degassing means has a

19. An apparatus for
according to Claim 16
degassing means has a
degassing.

20. An apparatus for
according to claim 16

degassing means has a

treating a radioactive waste
characterized in that the
device has an inert gas feeding
inert gas in said device.
treating a radioactive waste
characterized in that the
vessel for a.degassing liquid.
treating a radiocactive waste
characterized in that the

vacuum housing for the vacuum

treating a radioactive waste
characterized in that the

solidifier feeding device for

feeding a solidifier solution for immersing said

radioactive waste into the degassing means and the

solidification means has a solidifier feéding device

for feeding the solidifier for solidifying said
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radioactive waste into said means.

21. BAn apparatus for treating a radiocactive waste
mainly comprising a spent ion exchange resin charac-
terized by comprising a thermal decomposition device
for heating said radioactive waste to carbonize it,
an exhaust gas treating device for discharging a gas
generated in the thermal decomposition device from
this device and treating said gas, a granulator for
pelletizing the carbonized radioactive waste, a
degassing means for releasing a gas adsorbeq.én the
pelletized radioactive waste aﬁé a solidifiéation
means for-solidifying the degasified pellets of the

radioactive waste.
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FIG. 9
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FIG. 10
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FIG. 11
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