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(57) Abrege(suite)/Abstract(continued):

adjustment of a large quantity of raw materials Is attainable, and besides, a material having satisfactory performances such as
iImpermeabllity I1s obtainable through uniform moisture content adjustment. Within a mixing tank (1) configured with a normal
powder mixer kept at low temperatures, pulverulent bentonite (A) and fine granular ice (B) are stirred and mixed. Stirring and mixing
of the fellow pulverulent materials are adapted to uniformly mix the pulverulent bentonite (A) and the fine granular ice (B), enabling
uniformly moisture content-adjusted bentonite to be obtained. A liquid-nitrogen gas bomb (21), for instance, Is connected to the
mixing tank (1), causing the inside of the mixing tank to be kept at low temperatures with nitrogen gas supplied from the bomb,
before putting the prepared fine granular ice (B) through an inlet port (20).
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ABSTRACT

When making moisture content adjustment by adding
liquid such as water to a raw material such as pulverulent
material including bentonite, uniform mixing of the liquid such
as water with the raw material 1s given with relatively simple
facilities, moisture content adjustment of a large quantity of
raw materials 1s attainable, and besides, a material having
satisfactory performances such as impermeability i1s obtainable
through uniform moisture content adjustment. Within a
mixing tank (1) configured with a normal powder mixer kept at
low temperatures, pulverulent bentonite (A) and fine granular
ice (B) are stirred and mixed. Stirring and mixing of the fellow
pulverulent materials are adapted to uniformly mix the
pulverulent bentonite (A) and the fine granular ice (B),
enabling uniformly moisture content-adjusted bentonite to be
obtained. A liquid-nitrogen gas bomb (21), for instance, is
connected to the mixing tank (1), causing the inside of the
mixing tank to be kept at low temperatures with nitrogen gas

supplied from the bomb, before putting the prepared fine
oranular ice (B) through an inlet port (20).
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SPECIFICATION
MATERIAL MOISTURE CONTENT ADJUSTMENT METHOD

TECHNICAL FIELD

The present invention relates to a method of moisture
content adjustment of materials such as pulverulent materials,
and more particularly, to a method effective in moisture content
adjustment of bentonite used for disposals such as geological

disposals of radioactive wastes.

BACKGROUND ART:

High-level radioactive wastes included 1in radioactive
wastes yielded from nuclear power generation include liquid
wastes separately obtained by spent nuclear fuel reprocessing.
More specifically, the high-level radioactive wastes show a high
radioactivity level, and besides, contain a large number of
radioactive nuclides having so extended life as to continue to

hold radioactivity over a long period of time. For that

purpose, such high-level radiocactive wastes are given
stabilizing by being processed into vitrified wastes in such a
manner as to pour these radioactive wastes in a molten state
into stainless steel canisters together with glass materials,
followed by being reserved for several ten years for the sake of
cooling. Afterwards, the canisters containing the vitrified
wastes are received etc. in an airtight state into thick steel

plate-made airtight containers called overpack to provide waste
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matters, causing the waste matters to be buried in stable
underground stratums having a depth of 300m or more
(specified in the law).

This type of geological disposals of the radioactive wastes
is supposed to take measures to guarantee the safety with a
multiple barrier system constructed by a combination of
artificial barriers including bentonite buffer materials around
the waste matters with natural barriers including bedrock.
The artificial barriers serve to reduce a rate of emission of
nuclides from the waste matters to the natural barriers. The
natural barriers serve to retard migration of the nuclides
toward the biosphere.

The bentonite is a general term of a group of resource
minerals containing, as main components, montmorillonite
included in clay minerals, and, as coexistent mineral
components, minerals such as quartz, calcite and plagioclase.
The montmorillonite is in the form of thin planar crystals
(about 0.2 um in length), and presents impermeability because

application of pressures by processing such as compaction after

swelling by absorption of water into inter-crystal voids brings
about stratification. The montmorillonite also may prevent
interlayer water from being migrated because water molecules
suffer ion-mannered attraction in electric double layers,
causing inter-layer clearances to be narrowed under pressures.
For the above reasons, the bentonite 1s used as 1mpermeable
materials. As for the geological disposals of the radioactive

wastes, use of the bentonite 1s made from the viewpoint of its
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performances such as 1impermeability with respect to
underground water, buffering with respect to bedrock pressures
and retardation of radioactive nuclide migrations.

In the existing idea of the geological disposals of the
radioactive wastes, the bentonite-contained artificial barriers
are schemed in such a manner as to be constructed by giving
compaction with a heavy construction machine to, or static
compression to the bentonite having undergone adjustment to a
prescribed moisture content. It is indefinitely supposed that
moisture content adjustment in this case is made by means of
water adding in advance of sufficient stirring and mixing or by
means of water sprinkling.

By the way, Patent documents 1 to 6 are in existence as

prior art literatures related to the present invention.
Inventions described in Patent documents 1 and 2 are those
relating to a bentonite preparation method. Inventions
described in Patent Documents 3 to 6 are those relating to a
concrete preparation method of kneading concrete using small
cakes of ice as a substitute for water.
[Patent Document 1] Japanese Patent Laid-open He1 8-277108
[Patent Document 2] Japanese Patent Laid-open Hei 6-293512
[Patent Document 3] Japanese Patent Laid-open 2002-144325
[Patent Document 4] Japanese Patent Laid-open 2002-11709
[Patent Document 5] Japanese Patent Laid-open 2001-293718
[Patent Document 6] Japanese Patent Laid-open Hei 6-179209

The moisture content adjustment of bentonite 1s

indefinitely supposed to be made by means of water adding in
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advance of sufficient stirring and mixing or by means of water
sprinkling, in which case, however, an attempt to merely add
water to the pulverulent bentonite or sprinkle the pulverulent
bentonite with water causes only the bentonite in contact with
water to be turned into granular lumps having high moisture
contents, resulting in a remarkable lack in uniformaity.
Further, a powerful mixer 1s required to stir and mix hydrous
bentonite until its uniformity 1s obtained, and besides, 1t 1s
necessary to stop the mixer several times during stirring and
mixing in order to remove the bentonite cohered to a mixing
blade and/or a mixing tank. For this reason, an attempt to
make the moisture content adjustment of a huge quantity of
bentonite required for construction of the bentonite-contained
artificial barriers is at variance with the reality. In addition,
stirring and mixing in a continuous manner have been
impossible of attainment.

Further, the bentonite having undergone the moisture
content adjustment with a conventional method 1s turned into
the granular lumps (of large grain size), causing a bentonite
condition 1immediately after compaction to go into “raising’.
Thus, when the moisture content-adjusted bentonite obtained
with the conventional method is compacted for the sake of use
as a cut-off material, no cut-off performance could be expected
before the bentonite in the form of granular lumps so swells in
association with seepage as to fill up voids. Furthermore, the
moisture content-adjusted bentonite obtained with the

conventional method 1s lacking 1n uniformity of moisture
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content distribution, so that drying of the bentonite of this type
causes remarkable shrinkage of its high moisture content
portions, resulting in creation of a large number of great cracks.

The present 1nvention is intended to provide a material
moisture content adjustment method, which is adaptable, when
making moisture content adjustment by adding liquid such as
water to a raw material such as pulverulent material including
bentonite, to uniformly mix the liquid such as water with the
raw material such as pulverulent material using relatively
simple facilities, also to easily attain moisture content
adjustment of a large quantity of raw materials, and further to
obtain a material having satisfactory performances such as

impermeability through uniform moisture content adjustment.

DISCLOSURE OF THE INVENTION
The invention according to a first aspect of the present
invention relates to a method of adjusting a moisture content

by adding liquid (water or other solutions) to a raw material

such as pulverulent material and granular material, more
specifically, a material moisture content adjustment method,
which comprises: stirring and mixing a low-temperature raw
material and fine granular ice, followed by restoring the raw

material uniformly mixed with the fine granular ice to its

normal temperature state to obtain a material of a prescribed

moisture content.

The 'present invention 1s to make the moisture content

adjustment under low temperature environments by giving,



CA 02602489 2013-01-03

26487-26

after adding the granular ice to the material such as the

pulverulent material having undergone adjustment to low

temperatures, stirring and mixing of fellow pulverulent

materials. The finer the granular ice used is, the moisture

5 content of a mixture of the material such as the pulverulent

material is made more uniform. Stirring and mixing are given

using equipment such as a mixing tank kept at low

temperatures with gas such as low temperature gas.

Otherwise, when the method of the present invention i1s taken

10 in cold districts, utilization of the fallen snow and the cold

weather permits contributions also toward a reduction in cost.

Further, the method of the present invention is also adaptable

to give stirring and mixing over forcible feeding in such a

manner as to put the material such as the pulverulent material,

15 together with the fine granular ice, into a pipe through which
low-temperature gas 1s flowing.

With respect to the moisture content adjustment method

according to the first aspect, the invention according to a

second aspect of the present invention relates to a material

20 moisture content adjustment method, which comprises:

providing a mixing tank, and putting fine granular ice into the

mixing tank in such a manner as to, after sucking up lLiquid

with low-temperature high-pressure gas (such as nitrogen gas),

atomize the sucked-up liquid into the mixing tank, followed by

25 giving, within the mixing tank kept at low temperatures,

stirring and mixing of a low-temperature raw material and the

fine granular ice.
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The above method 1s adapted to meet batch-mannered
moisture content adjustment by the use of the mixing tank,
specifically, relates to a case where the fine granular ice is put
into the low-temperature mixing tank while being prepared.
For instance, the fine granular ice 1s supplied into the mixing
tank by, after sucking up the liquid such as water from a
container with low-temperature high-pressure nitrogen gas
supplied from a liquid nitrogen bomb, atomizing the sucked-up
liquid through a liquid atomizer, while cooling. Mere
additional installation of simple equipment to a normal powder
mixer 1s enough to permit uniform stirring and mixing of the
material such as the pulverulent material and the fine granular
1ce.

With respect to the moisture content adjustment method
according to the first aspect, the invention according to a third
aspect of the present invention relates to a material moisture
content adjustment method, which comprises: providing a
mixing tank, and putting prepared fine granular ice into the
mixing tank, followed by giving, within the mixing tank kept at
low temperatures, stirring and mixing of a low-temperature

raw material and the fine granular ice.

The above method is adapted to meet batch-mannered
moisture content adjustment by the use of the mixing tank,
specifically, relates to a case where the prepared fine granular
ice 1s put 1nto the low-temperature mixing tank. For instance,
after the material such as low-temperature preserved

pulverulent material is received in the mixing tank kept at low
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terriperatures with low-temperature nitrogen gas supplied from a liquid nitrogen bomb,
the fine granular ice 1s put into the mixing tank placed in the above condition. In this
case, mere additional installation of simple equipment to the normal powder mixer is
also enough to permit uniform stirring and mixing of the material such as the

pulverulent material and the fine granular ice.

With respect to the moisture content adjustment method according to the
first aspect, the invention according to a fourth aspect of the present invention relates
to a material moisture content adjustment method, which comprises: providing a
forcible feed pipe, and putting a low-temperature raw material and fine granular ice
into the forcible feed pipe, followed by giving, within the forcible feed pipe kept at
low temperatures with low-temperature high-pressure gas, stirring and mixing of the
low-temperature raw material and the fine granular ice over forcible feeding through

the low-temperature high-pressure gas.

A further aspect of the invention relates to a method of adjusting a
moisture content of a pulverulent bentonite as a raw material for artificial barriers by
adding water, comprising: stirring and mixing a low-temperature pulverulent bentonite
and fine granular ice under low temperature environments without absorption of water

into the bentonite, followed by restoring the pulverulent bentonite uniformly mixed

with the fine granular ice to its normal temperature state to obtain bentonite of a

prescribed moisture content.

The above method is adapted to meet continuous-mannered moisture
content adjustment by the use of the forcible feed pipe, specitically, relates to a case
where the material such as the pulverulent material and the fine granular ice are stirred
and mixed within the forcible pipe. For instance, the material such as the low-
temperature preserved -pulverulent material and the fine granular ice are put into the
forcible feed pipe kept at low temperatures with the low-temperature nitrogen gas

supplied from a liquid nitrogen
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bomb, followed by being stirred and mixed while being forcibly
fed through a low-temperature gas flow. Stirring and mixing
of the material such as the pulverulent material and the fine
granular ice are uniformly given with a relatively simple device,
enabling the moisture content adjustment to be made
continuously.

The present invention is particularly effective in making
the moisture content adjustment of the bentonite, and involves
use of the pulverulent bentonite and the fine granular ice
available as the equivalent pulverulent material. Under the
low temperature environments like the low-temperature
mixing tank or forcible feed pipe, both the pulverulent
bentonite and the fine granular ice take the form of fine grains,
specifically, behave as pulverulent materials, and therefore,
may be given stirring and mixing uniformly without absorption
of water into the bentonite. Restoration of the pulverulent
material to its normal temperature state after uniform mixing
may cause the uniformly moisture content-adjusted bentomte
to be obtained. In addition, mere mixing of the fellow
pulverulent materials is enough, so that the need for the
powerful mixer is eliminated, enabling use of the normal
powder mixer to be made. Further, no cohesion of the material
to the mixing blade and/or the mixing tank of the mixer 1s
caused, enabling the moisture content adjustment of a large
quantity of materials to be easily attained as well.
Furthermore, pneumatic conveyance of the material such as

the moisture content-adjusted pulverulent material becomes
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also attainable by giving stirring and mixing over forcible
feeding through the low-temperature gas, and further keeping
the mixture at low temperatures. Moreover, no possibility
exists that the material such as the pulverulent material 1s
turned into the granular lumps, resulting in almost no change
in grain size distribution even after the moisture content
adjustment. It is noted that the present invention 1s not
limited to the moisture content adjustment of the bentonite,
and applications to the moisture content adjustment of other
types of pulverulent materials, granular materials and the like
are possible as well.

The present invention is provided based on the above
constitution, and thus may produce the following effects.
(1) The material such as the pulverulent material and the
fine granular ice are supposed to be stirred and mixed within
the mixing tank kept at low temperatures or the forcible feed
pipe kept at low temperatures. Thus, both the material such
as the pulverulent material and the fine granular ice take the
form of fine grains, specifically, behave as the pulverulent
materials, and therefore, may be given stirring and mixing
uniformly without absorption of water into the material such as
the pulverulent material, enabling the uniformly moisture
content-adjusted material to be obtained.
(2) With respect to the geological disposals of the radioactive
wastes,  satisfactorily impermeable  bentonite-contained
artificial barriers may be obtained with the bentonite having

the uniform moisture content.
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(3) Mere mixing of the fellow pulverulent materials is
enough for the moisture content adjustment, so that the need
for the powerful mixer is eliminated, enabling use of the normal
powder mixer to be made, resulting in contributions toward a
reduction in cost.

(4) In addition to elimination of the need for the powertul
mixer, no cohesion of the material to the mixing blade and/or
the mixing tank of the mixer 1s caused, enabling the moisture
content adjustment of a large quantity of materials to be
attained as well. Applications to  huge-scale
bentonite-contained artificial barriers with respect to the
ceological disposals of the radioactive wastes are supposed to be
particularly effective.

(5) The pneumatic conveyance of the material such as the
moisture content-adjusted pulverulent material becomes also
attainable by giving stirring and mixing over forcible feeding
through the low-temperature gas, and further keeping the
mixture at low temperatures. Thus, the moisture content
adjustment may be made continuously, enabling an increase in
capacity to be easily attained.

(6) The material such as the moisture content-adjusted
pulverulent material obtained with the conventional method 1s
turned into the granular lumps (of large grain size), causing the
material condition immediately after compaction to go into
“raising”. Conversely, the material such as the moisture
content-adjusted material obtained with the method of the

present invention results in almost no change In grain size
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distribution, and besides, causes an 1increase i1n dry density
with respect to the same compaction energy, permitting
uniform and dense conditions to be obtained immediately after
compaction. Accordingly, when the material such as the
pulverulent material 1s compacted for the sake of use as the
cut-off material, 1t can be expected that a high cut-off
performance 1s attainable with a low coefficient of initial
permeability even immediately after seepage.

(7) The moisture content-adjusted bentonite obtained with
the method of the present invention shows a uniform moisture
content distribution, resulting in less creation of cracks even
after dried. On the other hand, the moisture content-adjusted
bentonite obtained with the conventional method 1s lacking in
uniformity of the moisture content distribution, so that drying
of the bentonite of this type causes remarkable shrinkage of its
high moisture content portions, resulting in creation of a large

number of great cracks.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a sectional view showing a first embodiment of
a moisture content adjusting apparatus for carrying out a
moisture content adjustment method according to the present
ivention;

FIG. 2 a sectional view showing a second embodiment of
the moisture content adjusting apparatus for carrying out the
moisture content adjustment method according to the present

invention;
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FIG. 3 is a sectional view showing a third embodiment of
the moisture content adjusting apparatus for carrying out the
moisture content adjustment method according to the present
invention; and

FIG. 4 1s a graph showing a comparison 1n torque
measured with a vane-sharing test between a method of the

present invention and a conventional method.

BEST MODE FOR CARRYING OUT THE INVENTION

Hereinafter, the present invention is described with
reference to illustrative embodiments. The embodiments
shown are those applied to moisture content adjustment of
bentonite. FIG. 1 shows a first embodiment of a moisture
content adjusting apparatus for carrying out a moisture content
adjustment method according to the present invention. FIG.
2 shows a second embodiment of the same, and FIG. 3 shows a
third embodiment of the same.

The first embodiment shown in FIG. 1 relates to a
batch-mannered moisture content adjusting apparatus, which
involves use of a mixing tank 1 kept at low temperatures, and
is adapted to give, within the mixing tank 1, stirring and
mixing of pulverulent bentonite A and fine granular ice B,
followed by restoring the pulverulent bentonite A uniformly
mixed with the fine granular ice B to its normal temperature
state to obtain prescribed moisture content bentonite.

A normal powder mixer having a mixing blade 3

rotationally driven by a motor 2 may be used for the mixing
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tank 1. The mixing tank 1 1s configured as a low temperature
tank in such a manner as to surround an outer circumference of
a lower part of the tank with a heat-insulating material or a
cooling jacket 4. The low-temperature preserved pulverulent
bentonite A is put into the low-temperature mixing tank 1
obtained as described the above.

The fine granular ice B is supplied into the mixing tank
1 using a liquid atomizer 10, for 1instance. The normal
powder mixer has, at its upper part, an inlet port 11, and a feed
pipe 13 of a liquid-nitrogen bomb 12 is connected to the inlet
port 11, permitting an upper end of a suction pipe 15 of a liquid
container 14 to communicate with the middle of the feed pipe
13. Liquid such as water contained in the liquid container 14 1s
sucked up under negative pressure with low-temperature
high-pressure nitrogen gas supplied from the liquid-nitrogen
bomb 12, followed by being atomized into the mixing tank 1
while being cooled down with the nitrogen gas, causing the fine
oranular ice B to be supplied into the mixing tank 1. It 1s
noted that a high-pressure relief valve 5 for making a relief
from excessive pressure is connected to the upper part of the
mixing tank 1.

Within the mixing tank 1, the pulverulent bentonite A
and the fine granular ice B are given stirring and mixing by the
mixing blade 3. Both the pulverulent bentonite A and the fine
oeranular ice B take the form of fine grains, specifically, behave
as the pulverulent materials, and therefore, may be uniformly

mixed without absorption of liquid such as water into the
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bentonite. Restoration of the pulverulent bentonite to 1its
normal temperature state after uniform mixing may cause the
uniformly moisture content-adjusted bentonite to be obtained.
With respect to the geological disposals of the radioactive
wastes,  satisfactorily  impermeable  bentonite-contained
artificial barriers may be obtained with the bentonite having
the uniform moisture content. It is noted that the liquid added
to the bentonite is not limited to water, and use of various
solutions 1s also included.

For this type of stirring and mixing, mixing of the fellow
pulverulent materials is enough, so that the need for a powertul
mixer is eliminated, enabling use of the normal powder mixer
to be made. Further, no cohesion of the material to the mixing
blade and/or the mixing tank is caused, enabling applications to
the moisture content adjustment of a large quantity of
materials, and hence, easy adaptations to construction of
huge-scale bentonite-contained artificial barriers for the
geological disposals of the radioactive wastes as well.

The moisture content-adjusted pulverulent bentonite
results in almost no change in grain size distribution, and
besides, causes an increase in dry density with respect to the
same compaction energy as compared with a conventional
method, so that uniform and dense conditions are obtained
immediately after compaction. Thus, when the pulverulent
bentonite is compacted for the sake of use as a cut-oftf material,
it can be expected that a high cut-off performance 1s attainable

with a low coefficient of initial permeability even immediately
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after seepage.

The moisture content-adjusted bentonite obtained with
the conventional method 1s lacking in uniformity of moisture
content distribution, so that dryving of the bentonite of this type
causes remarkable shrinkage of its high moisture content
portions of the above bentonite, resulting in creation of great
cracks. Conversely, the moisture content-adjusted bentonite
obtained with the method of the present invention shows a
uniform moisture content distribution, resulting in less
creation of cracks even after dried.

The second embodiment shown 1n FIG. 2 relates to a
batch-mannered moisture content adjusting apparatus, which
has a fine granular ice inlet port 20 at the upper part of the
same mixing tank 1 as that shown in FIG. 1, and is adapted to
put prepared fine granular ice B into the mixing tank 1. A
liquid-nitrogen bomb 21 is connected to the upper part of the
mixing tank 1, causing the inside of the mixing tank 1 to be
kept at low temperatures with the nitrogen gas supplied from
the bomb 21. Within the mixing tank 1, the low-temperature
preserved pulverulent bentonite A and the fine granular ice B
are given stirring and mixing by the mixing blade 3. The same
actions and effects as those in the previously described first
embodiment shown in FIG. 1 are obtained.

Adjustment up to 100% moisture content having been
supposed to be impossible of attainment with the conventional
method by mixing even by the use of a large-sized mixer could

be attained with a household table mixer thanks to the use of
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the fine granular ice according to the present 1invention.
Further, even only slight stirring for about several seconds by
human strength could bring sufficient moisture content
adjustment into attainment without wusing the mixer.
Furthermore, with respect to 20% target moisture content, the
moisture content with the conventional method reached 20.4%,
whereas 20.1% moisture content was obtained with the method
of the present invention. FIG. 4 shows measured results,
obtained with a vane-shearing testing apparatus, of required
mixer torque for stirring and mixing according to the method
shown in FIG. 2. The method of the present invention enables
stirring and mixing to be given with low torque independently
of the moisture content.

The third embodiment shown in FIG. 3 relates to a
continuous-mannered moisture content adjusting apparatus,
which is adapted to give, within a forcible feed pipe 30 kept at
low temperatures, stirring and mixing of the low-temperature
pulverulent bentonite A and the fine granular ice B without
using the mixing tank, causing the pulverulent bentonite A
uniformly mixed with the fine granular ice B to be obtained. A
liquid-nitrogen bomb 31 is connected to the forcible feed pipe 30,
causing the inside of the forcible feed pipe 30 to be kept at low
temperatures with the low-temperature nitrogen gas supplied
from the bomb 31. Further, there is provided a compressed air
feed port 34 at the upstream side of a bentonite inlet port 32
and a fine granular ice inlet port 33, causing the pulverulent

bentonite A and the fine granular ice B to be stirred and mixed
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while being forcibly fed through a low-temperature gas flow.
In this case, the same actions and effects as those of the mixing
tank are obtained as well. There 1s also provided a
normal-temperature reservoir tank 35 at the end of the forcible
feed pipe 30, causing the pulverulent bentonite A uniformly
mixed with the fine granular ice B within the forcible feed pipe
30 to be restored to its normal temperature state, enabling the
uniformly moisture content-adjusted bentonite to be obtained.

The low-temperature preserved pulverulent bentonite A
and the same parts by weight of fine granular ice B as the
pulverulent bentonite were put into the forcible feed pipe with
a diameter of about 10cm, followed by being stirred and mixed
while being forcibly fed by a distance of about 5m. The
moisture content of the bentonite after forcible feeding reached
100%. Thus, it is seen that it is possible to attain mixing over
forcible feeding with respect to even the high moisture content
bentonite, which has been supposed to be impossible of
attainment so far. It is also seen that it 1s possible to attain
continuous-mannered moisture content adjustment.

It is noted that the foregoing has been described as
related to the applications to the moisture content adjustment
of the bentonite with respect to the projects of the geological
disposals of the radioactive wastes, but is not limited to the
above, and applications to the moisture content adjustment ot
other types of materials such as subsurface materials,
pulverulent materials and granular materials are possible as

well.
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CLAIMS:
1. A method of adjusting a moisture content of a pulverulent bentonite as a

raw material for artificial barriers by adding water, comprising: stirring and mixing a
low-temperature pulverulent bentonite and fine granular ice under low temperature
environments without absorption of water into the bentonite, followed by restoring the
pulverulent bentonite uniformly mixed with the fine granular ice to its normal

temperature state to obtain bentonite of a prescribed moisture content.

2. The method according to claim 1, further including: providing a mixing
tank; and putting fine granular ice into the mixing tank by, after sucking up water with
low-temperature high-pressure gas, atomizing the sucked-up water into the mixing
tank, followed by giving, within the mixing tank kept at low temperatures, stirring and

mixing of a low-temperature pulverulent bentonite and the fine granular 1ce.

3. The method according to claim 1, further including: providing a mixing
tank; and putting prepared fine granular ice into the mixing tank, followed by giving,
within the mixing tank kept at lJow temperatures, stirring and mixing of a low-

temperature pulverulent bentonite and the fine granular ice.

4, The method according to claim 1, further including: providing a forcible
feed pipe; and putting a low-temperature pulverulent bentonite and fine granular ice
into the forcible feed pipe, followed by giving, within the forcible feed pipe kept at
low temperatures with low-temperature high-pressure gas, stirring and mixing of the

low-temperature pulverulent bentonite and the fine granular ice over forcible feeding

through the low-temperature high-pressure gas.



12

CA 02602489 2007-09-21




CA 02602489 2007-09-21

2/ 2

F1G.3

33 P 32/
& < < N A 30

B W

-Z'iﬁ'i'iﬁﬁ'i"
NJ NJ N/ NJ NJ NJ NJ N/ N\

34

30
31

F1G. 4

" | e PRESENT INVENTION CONVENTIONAL METHOD
(WITH ICE ADDED)  ~  (WITH WATER ADDED)

~ 10 — . - —— —
S J

x ¢ 5 |

3 | l

G2 o.
1 E% Z O

<

Cagds

==

& C.) ® @

Z ]

- O | _ ] - 1 . 1

10 20 30 40 50
MOISTURE CONTENT (%)




——2]




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - abstract drawing

