
I [Name of Document] DESCRIPTION [Title of the Invention] SOIL CLEANING
METHOD [Technical Field] [0001] 5The present invention relates to a method
of cleaning soil contaminated by heavy metals, oil, and the like.
[Background Art] [0002] In an art to clean contaminated soil, an easy and
inexpensive method 10 is desired in view of industrially implementing it.
As a conventional art, one of methods to clean soil contaminated by heavy
metals, oil, and the like is a soil washing method. This method utilizes a
characteristic that in contaminated soil, a larger amount of the
contaminant adheres to soil particles having a smaller particle size, and
it is a method to turn the contaminated soil 15 into slurry by using a
large amount of water and perform wet classification to remove fine
products. 'I'his method, however, has a problem that loads of a disposal
step of contaminated water produced when the soil is turned into the slurry
and a dehydration step of treatment residues are large. Another problem is
that, when the content of the contaminants in the contaminated soil 20 is
high, it is not possible to remove the contaminants except large gravel to
produce clean soil. [0003] Therefore, in recent years, there has been
proposed a method in which a small amount of quicklime is mixed in
contaminated soil, a wet granular 25 lump is contained in the soil that is
to be treated, and a classifying means and 



a means for crushing the granular lump are combined to remove a clay
fraction from the soil (Patent Document 1). Further, as a means for
obtaining clean soil from heavily contaminated soil, there have been
proposed a method to feed contaminated soil to a magnetic separator to
collect contaminants in the soil as magnetically attracted matter and a
method to 5 separate and remove contaminants by combining an ore flotation
method with the soil washing method (Patent Documents 2, 3). [Patent
Document 1] Japanese Patent Application Laid-open No. 2008-289963 [Patent
Document 2] Japanese Patent Application Laid-open No. 10-71387 10 [Patent
Document 3] Japanese Patent Application Laid-open No. 2003-103248
[Disclosure of the Invention] [Problems to Be Solved by the Invention]
[0004] 15However, in the above-described methods, gravel and soil can be
separated, but since fine particles form the wet clay lump, it is difficult
to classify soil class into sand and clay, and they are methods not
applicable depending on the nature of soil being a treatment target. When
the water content of the soil is high, separation accuracy of the
contaminants by the dry 20 magnetic separator greatly lowers in tenns of
soil classification. Further, when the ore flotation method is used, not
only complicated process management is required but also large soil-milling
equipment and a specialized flotation machine are required in addition to
soil washing equipment, leading to a great increase in construction cost.
25 [0005]  3 has an object to obtain a larger amount of clean soil by
performing a magnetic separation step after reducing the water content of
contaminated soil to a 



certain degree, to facilitate separating fine soil from the contaminated
soil. [Means for Solving the Problems] 5 [0006]       To attain the
aforesaid object, according to the present invention, there is provided a
soil cleaning method, wherein, after "a pre-treatment step" of mixing a
dehydrating agent in soil to reduce a water content of the soil to 10 mass%
or less is performed, "a magnetic separation step" of feeding the soil 10
whose water content is reduced to 10 mass% or less in the pre-treatment
step, to a dry magnetic separator to separate and remove a contaminant in
coarse soil as magnetically attracted matter is perfoiiiied. Gravel and
coarse soil picked up in the magnetic separation step and separated as
magnetically unattracted matter can be handled as clean soil. 15[0007]
One of the soil having undergone the pre-treatment step and the soil having
undergone the magnetic separation step may be subjected to a dry milling
process. Further, one of the soil having undergone the pre-treatment step
and the soil having undergone the magnetic separation step may be 20
subjected to a gravity concentration process. Further, the magnetic
separation step may be performed in a plurality of of magnetic separation
steps, a magnet with a higher magnetic force being used in the magnetic
separation step perfoi ined later, and the later magnetic separation step
being applied to magnetically unattracted matter separated in the previous
magnetic 25 separation step. Incidentally, as the dehydrating agent, one of
quicklime, gypsum, and cement can be used.  4 [Effect of the Invention]
[0008]       According to the soil cleaning method of the present
invention, the soil is brought into a dry state and is separated into the
magnetically attracted 5 matter and the magnetically unattracted matter,
and the heavily contaminated magnetically attracted matter is collected,
thereby facilitating the separation of fine soil from the contaminated soil
to make it possible to easily reduce the content of the contaminant in the
coarse soil. Further, most of the fine soil can be collected in the
classifying step, and therefore, even when wet 10 classification is
performed thereafter as required, it is possible to greatly alleviate a
load of water disposal and a load of a dehydration process of residues of
the fine soil. [Brief Description of Drawings] [0009] 



15[FIG. 1] is an explanatory process chart of an example 1. [FIG. 2] is an
explanatory process chart of an example 2. [FIG. 3] is an explanatory
process chart of an example 3. [FIG. 4] is an explanatory process chart of
an example 4. [FIG. 5] is an explanatory process chart of an example 5.
20[FIG. 6] is an explanatory process chart of an example 6. [Mode for
Carrying out the Invention] [0010] Hereinafter, an embodiment of the
present invention will be described. A soil cleaning method according to
the present invention has a pre-treatment 25 step and a magnetic separation
step which will be described below. The soil cleaning method according to
the present invention may further have one of a  5 washing step, a milling
step, and a gravity concentration step which will be described below. A
target of the soil cleaning method according to the present invention is
soil contaminated by heavy metals such as lead or chromium, oil, and so on.
Further, the soil cleaning method according to the 5 present invention is
carried out to excavated contaminated soil, for instance, and a place where
the method is carried out may be any. Further, all of gravel and coarse
soil obtained by the soil cleaning method according to the present
invention or part of the gravel and the coarse soil obtained by the soil
cleaning method according to the present invention can be reused for cover
to materials and the like as clean soil. Further, fine soil separated when
a classification step is performed and a dehydrated cake produced when the
washing step is performed are recycled as cement or the like or are finally
disposed of However, a method of using these products is not limited to
those written here. 



15[0011] (Pre-treatment Step) First, the pre-treatmcnt step of mixing a
dehydrating agent in soil contaminated by heavy metals such as lead and
chromium, oil, and so on to dry the soil is performed. Examples of a method
of mixing the dehydrating 20 agent are a method using an ordinary soil
improving machine for the mixture, a method using a chemical mixing plant
for the mixture, and so on, and its means may be any. The soil dried in the
pre-treatment step comes to have a 10 mass% water content or less.
Preferably, the water content is over 0 (zero) and 5 mass% or less. Note
that the water content can be calculated by 25 a method conforming to JIS
Al203 "Testing Method for Water Content of Soils", that is, by measuring a
weight of the soil in a natural state and a  6 weight of the soil dried in
a drying furnace (1105C). [0012]       The dehydrating agent added in the
pre-treatment step may be any, provided that it has a property to cause at
least one of a dehydration reaction, 



5 a water absorption reaction, and a heat generation reaction in accordance
with the mixture with the soil, and examples thereof are gypsum, cement,
quicklime, and the like, but an ordinary dehydrating agent is usable
regardless of its kind. A preferable dehydrating agent is quicklime.
Incidentally, an amount of the dehydrating agent that is to be added in the
pre-treatment 10 process is 5 to 25% (preferably 10 to 20%) of the soil in
weight ratio. Using quicklime as the dehydrating agent makes it possible to
suitably treat multiply contaminated soil containing both or one of oil and
VOC, a cyan compound, and heavy metals. Further, the use of quicklime as
the dehydrating agent makes it possible to suitably treat oil-contaminated
soil. Further, in the 15 pre-treatment step, only the treatment within two
hours suffices for the dehydration. [0013] (Magnetic Separation Step) The
magnetic separation step is intended to separate and remove the 20
contaminant in the soil dried in the above-described pre-treatment step, as
magnetically attracted matter. In the magnetic separation step, the soil
dried in the pre-treatment step is fed to a dry magnetic separator, and the
contaminant in coarse soil is mainly separated and removed as the
magnetically attracted matter. Examples of the dry magnetic separator are a
25 drum-type dry magnetic separator, a suspension-type magnetic separator,
and the like, and the drum-type dry magnetic separator is preferable.
Intensity of  7 a magnet used in the dry magnetic separator is 100 to
20,000 gausses. Preferably, the intensity is 500 to 10,000 gausses. [0014] 



The magnetic separation step only needs to be carried out to the soil 5
dried by the above-described pre-treatment step, and a separation form, the
number of times the separation is performed, and its timing in the magnetic
separation may be any, but preferably, magnetically attracted matter having
a high magnetism is separated and removed by a magnetic separator with a
low magnetic force first, and thereafter, magnetically attracted matter
having a 10 low magnetism is separated and removed by a magnetic separator
with a high magnetic force. [0015]       The magnetic separation step may
be performed in a plurality of magnetic separation steps. In this case, the
magnetic separation step 15 performed later uses a magnet with a higher
magnetic force, and the later magnetic separation step is performed to the
magnetically unattracted matter separated in the previous magnetic
separation step. [0016] (Classification Step) 20Dry classification can be
appropriately carried out to the soil dried in the above-described
pre-treatment step or further the soil from which the contaminant is
separated and removed as the magnetically attracted matter by the
above-described magnetic separation step. This dry classification can
classify the soil into gravel, coarse soil, and fine soil. A classification
form, 25 the number of times the classification is performed, and its
timing in this classification step may be any. For the classification, an
ordinary classifier  is used, and its examples can be a wind-powered
classifier, a vibrating sieve, a dry cyclone classifier, a vibrating
screen, and the like. Further, a plurality of classifiers may be combined.
Classification points in this classification step are between 38 um to 50
mm, and under the condition that three final 



5 products or more including the gravel, the coarse soil, and the fine soil
are obtained, the number of the classification points is 2 or more to less
than 15. Preferably, the classification point of the gravel and the coarse
soil is 2 to 40 mm, and the classification point of the coarse soil and the
fine soil is 250 p.m to 38 p.m. More preferably, the classification point
of the gravel and the 10 coarse soil is 2 to 5 mm, and the classification
point of the coarse soil and the tine soil is 75 p.m to 150 p.m, and
subsequently, the coarse soil is classified with the classification point
being 1 mm to 300 p.m, whereby two kinds of coarse soils is obtained.
[0017] 15(Washing Process)       The washing process is carried out to all
of or part of the gravel or of the gravel and the coarse soil obtained
after the above-described classification step. A process form and the
timing of the washing process may be any. Washing equipment is composed of
ordinary mud dissolving equipment for 20 soil such as a rod scrubber,
ordinary classification equipment such as a cyclone, ordinary soil
dehydrating equipment such as a vibrating screen, ordinary water treatment
equipment such as a thickener, and sludge dehydrating equipment such as a
filter press, and the combination of pieces of the equipment may be any.
Further, in this washing process, ordinary 25 milling equipment such as a
ball mill and ordinary flotation equipment can be provided.  9 [00
Incidentally, a water washing process may be carried out to the gravel
obtained alter the classification step. Further, the washing process is
applied to all of the coarse soil or the coarse soil in a predeteimined
particle size class, depending on the nature of the soil, thereby
collecting the coarse soil again, and the coarse soil in combination with
the water-washed gravel is handled as clean soil. [0019] (Milling Process)
10In the milling process, a milling form thereof, the number of times the
milling process is performed, and its timing may be any, provided that the
milling process is carded out to the soil dried in the above-described
pre-treatrnent step. Examples of its milling means as an ordinary milling
machine are a ball mill, a rod mill, a cyclone mill, a rotation-type
centrifugal cake crusher, and the like. Other apparatuses and methods from
which a ing effect can be expected can be similarly used. [0020] 



As for a milled state of particles in the milling process, an exfoliation
effect of the fine soil adhering to the gravel and particle surfaces of the
coarse      or a surface polishing effect of the coarse soil, and further a
crushing effect are expected, and a milling degree may be any.
Incidentally, milling ability is decided based on the nature of
contaminated soil being a treatment target. Fine particles are removed from
a product of the milling process by a dry classifier, and the product
combined with the gravel having undergone the water washing process can be
collected as cleaned soil. [002 l]  10 (Gravity Concentration Process)
In the gravity concentration process, its gravity concentration foitti, the
number of times the gravity concentration is performed, and its timing may
be any, provided that it is carried out to the coarse soil whose size is 5
aligned in the above-described classification step. Examples of its gravity
concentration means as an ordinary gravity concentrator are a wind-powered
separator, a dry gravity concentrator, an air-screen separator, and the
like. A high-specific-gravity product obtained here is handled as a
contaminated concentrate and can be separated and removed. 10[0022]
The fine soil separated when the classification step is performed, the
magnetically attracted matter separated in the above-described magnetic
separation step, and the high-specific-gravity product obtained in the
above-described gravity concentration step are carried to a cement factory
to 15 be reused as cement raw materials, or are carried to a soil cleaning
facility, are subjected to detoxication, and are carried to a final
disposal site to be landfilled. Among the final products produced in the
above-described process steps, the gravel is reused as a cover material.
The coarse soil is all reused as clean soil for the cover material after
the contaminant concentration 20 therein is confirmed, or part thereof is
reused in the same manner only when the classification has been further
carried out to the coarse soil. Incidentally, when the contaminant
concentration is over a designated level, re-treatment is carried out or
the coarse soil is handled similarly to the fine soil. [Examples] 25[0023]
11 quicklime in soil weight ratio was mixed as a dehydrating agent as shown
in FIG. 1, and the mixture was left standing for one hour at room
temperature for curing. The water content after the curing became 7.2 mass%
and the soil became dry, while the water content before the curing was 12.0
mass% 



5 (according to JIS Al203 "Testing Method for Water Content of Soils". The
same applies to the below). Dry classification was carried out to this soil
by using sieves with 2 mm, 0.5 mm, and 0.15 mm openings, thereby
classifying the soil into soil in a particle size class of 2 mm or more
(gravel), soil in a particle size class of less than 2 mm to 0. 5min
(coarse soil), soil in a particle 10 size class of less than 0.5 mm to 0.15
mm (coarse soil), and soil in a particle size class of less than 0.15 mm
(fine soil), and ratios of the soils in the respective particle size
classes and their lead contents were measured. The ratio of the soil in the
particle size class of 2 mm or more (gravel) was 48.2 mass% (lead content 0
mg/kg), the ratio of the soil in the particle size class of 15 less than 2
mm to 0.5 mm (coarse soil) was 23.2 mass% (lead content 224 mg/kg), the
ratio of the soil in the particle size class of less than 0 5 mm to 0.15 mm
(coarse soil) was 12.5 mass% (lead content 266 mg/kg), and the ratio of the
soil in the particle size class of less than 0.15 mm (fine soil) was 16.1
mass% (lead content 205 mg/kg). Note that in the examples of this 20
specification, soil with less than 2 mm is a target and a collection and
removal ratio of the soil excluding 2 mm gravel or larger is found,
according to Notification No. 19 of Ministry of the Environment. [0024]
Thereafter, dry magnetic separation was carried out to the soils in the 25
particle size classes of less than 2 mm to 0.5 mm and less than 0.5 mm to
0.15 mm (coarse soils) by using a 7000 gauss magnet. This dry magnetic  12
separation separated the soil with less than 2 mm to 0.5 mm (coarse soil)
into 3.2 mass% (lead content 733 mg/kg) magnetically attracted matter and
20.0 mass% (lead content 141 mg/kg) magnetically unattracted matter.
Further, the soil in the particle size class of less than 0.5 mm to 0.15 mm
(coarse soil) 5 was separated into 1.4 mass% (lead content 569 mg/kg)
magnetically attracted matter and 11.1 mass% (lead content 229 mg/kg)
magnetically unattracted matter. [0025] Further, the magnetically
unattracted matter after the dry magnetic 10 separation and the soil in the
particle size class of 2 mm or more (gravel) obtained in the
above-described dry classification were turned into slurry by using 1 L
water, and wet classification (washing process) was carried out by using
sieves with 2 mm, 0.5 mm, and 0.15 mm openings. After products of the
classification were dried, ratios and lead contents of the soils in the 15
respective particle size classes were measured. As a result, the ratio of
the soil in the particle size class of 2 mm or more (gravel) was 46.6 mass%
(lead content 0 mg/kg), the soil in the particle size class of less than 2
mm to 0.5 mm (coarse soil) was 15.5 mass% (lead content 99 mg/kg), the
ratio of the soil in the particle size class of less than 0.5 mm to 0.15 mm
(coarse soil) was 8.6 mass% (lead content 144 mg/kg), and the ratio of the
soil in the particle size class of less than 0.15 mm (fine soil) was 8.6
mass% (lead content 304 mg/kg). [0026] 



From the results of the example 1, it has been confirmed that mixing 25 the
dehydrating agent (quicklime) in the soil A to bring the soil A into the
dry state makes it possible to separate the soil A into the gravel
(particle size class  of 2 mm or more), the coarse soil (particle size
class of less than 2 mm to 0.15 mm), and the fine soil @article size class
of less than 0.15 mm) by the dry classification. It has been further
confirmed that by the dry classification process, it is possible to collect
and remove 65 mass% of the whole fine soil 5 originally contained in the
soil A. Note that, strictly speaking, fine soil adheres also to the
magnetically attracted matter separated by the magnetic separation, but its
ratio to the whole is small, and therefore, it was handled as being within
a range of error. Further, the dehydrating agent was added before the dry
classification, and a weight after the addition was defined as 10 100%.
"The collection ratio of the fine soil by the dry classification" was found
in the following manner collection ratio of fine soil by dry
classification" = (weight fraction of fine product obtained by dry
classification)/(weight fraction of fine product) 15 = (weight fraction of
fine product obtained by dry classification)/((weight fraction of fine
product obtained by dry classification) + (weight fraction of fine product
obtained by wet classification)) = 16.11(16.1 + 8.6) =0.652 70 [0027]
When the gravel and the coarse soil are subjected to the washing process as
in the example 1, it is possible to expect the alleviation of the load of
the water disposal. Further, it has been confirmed that employing the dry
magnetic separation to the coarse soil makes it possible to separate and
collect 25 the lead-containing particles efficiently.The effect of
separating the contaminant is especially large for the soil in the particle
size class of less  



14 than 2 mm to 0.5 mm, and an excellent feature not available in a
conventional soil washing method has been confirmed. [0028] (Example 2) 5In
soil B contaminated by lead (lead content 417 mg/kg), 15 mass% quicklime in
soil weight ratio was mixed as a dehydrating agent as shown in FIG. 2, and
the mixture was left standing for one hour at room temperature for curing.
The water content after the curing became 9.2 mass% and the soil became
dry, while the water content before the curing was 15.0 mass%. Dry 10
classification was carried out to this soil by using sieves with 2 mm and
0.15 mm openings, thereby classifying the soil into soil in a particle size
class of 2 mm or more (gravel), soil in a particle size class of less than
2 mm to 0. 15 mm (coarse soil), and soil in a particle size class of less
than 0.15 mm (fine soil), and ratios of the soils in the respective
particle size classes and their 15 lead contents were measured. The ratio
of the soil in the particle size class of 2 mm or more (gravel) was 55.0
mass% (lead content 0 mg/kg), the ratio of the soil in the particle size
class of less than 2 mm to 0.15 mm (coarse soil) was 28.0 mass% (lead
content 423 mg/kg), and the ratio of the soil in the particle size class of
less than 0.15 mm (fine soil) was 17.0 mass% (lead 20 content 408 mg/kg).
[0029] Next, the soil in the particle size class of less than 0.15 mm (fine
soil) was removed, the other gravel and coarse soil were sealed together
with 500g zirconia balls 0300 mm) in a pot mill, and a five-minute milling
process was 25 carried out on a turn table (rotation speed 45 rpm). Then,
dry classification was carried out to a product of the milling by using
sieves with 2 mm and  15 



0.15 mm openings to classify the mixture into soil in a particle size class
of 2 mm or more (gravel), soil in a particle size class of less than 2 mm
to 0.15 mm (coarse soil), and soil in a particle size class of less than
0.15 mm (fine soil), and ratios of the soils in the respective particle
size classes and their 5 lead contents were measured. The ratio of the soil
in the particle size class of 2 mm or more (gravel) was 49.9 mass% (lead
content 0 mg/kg), the soil in the particle size class of less than 2 mm to
0.15 mm (coarse soil) was 25.0 mass% (lead content 378 mg/kg), and the
ratio of the soil in the particle size class of less than 0.15 mm (fine
soil) was 8.1 mass% (lead content 562 10 mg/kg). [0030]       Then, dry
magnetic separation was carried out to the coarse soil (particle size class
of less than 2 mm to 0.15 mm) classified by the dry classification, by
using a 7000 gauss magnet. This dry magnetic separation 15 separated the
soil into 3.3 mass% (lead content 1480 mg/kg) magnetically attracted matter
and 21.7 mass% (lead content 210 mg/kg) magnetically unattracted matter.
[0031] From the results of the example 2, it has been confirmed that by 20
introducing the dry milling process, it is possible to efficiently
exfoliate the fine soil adhering to surfaces of the gravel and the coarse
soil. It was possible to collect thus exfoliated fine soil by the dry
classification. Therefore, introducing the dry milling process makes it
possible to improve separation accuracy into the gravel, the coarse soil,
and the fine soil. Further, 25 when a washing step of the gravel and the
coarse soil is provided, it is possible to further alleviate the load of
the water disposal. Further, it has  16 



been confirmed. that by the dry magnetic separation, it is possible to
efficiently separate the contaminant also from the coarse soil having
undergone the milling process. [0032] (Example 3)       As shown in FIG. 3,
by using a magnet with a low magnetic force (1500 gauss), a first dry
magnetic separation step was carried out first to soil    soil multiply
contaminated by chromium, arsenic, and fluorine) which was brought into a
dry state with a 8.9 mass% water content reduced from the soil original
water content of 12.1 mass% by adding 20 mass% gypsum in soil weight ratio,
thereby separating the soil C into magnetically attracted matter having
ferromagnetism and magnetically unattracted matter. Next, a second dry
magnetic separation step was carried out to the magnetically unattractcd
matter separated by the first dry magnetic separation step, by using a
magnet 15 with a high magnetic force (7000 gauss), to separate it into
magnetically attracted matter having a low magnetism and magnetically
unattracted matter. Weight distributions of the magnetically attracted
matter and the magnetically unattracted matter separated by the respective
thy magnetic separation steps, and the contents and distribution ratios of
chromium, arsenic, and fluorine 20 therein were measured. The results are
shown in Table 1. [0033] [Table 1]  17   weight distribution mass%
content ma/kg C rAs 



distribution ratio % FC ri As;F soil C 100.0 2123 2 486100. W 400, 0 1500
gauss magnetically attracted matter 11. 9 8840 5230 62390 1510 49. 7 37. 0
i 



58. 7 15. 8 00/7000 gauss magnetically attracted matter 15. 0    -
magnetically unattracted matter 73. 0 385 i1 170 13. 2 i- 



25. 5  [0034] From the results of the example 3, it is seen that applying
the dry 10 magnetic separation process to the soil C in the dry state makes
it possible to suitably separate and collect various heavy metals as the
magnetically attracted matter. Further, when the first dry magnetic
separation step is carried out with a low magnetic force and next the
second dry magnetic separation step is carried out with a high magnetic
force to the magnetically 15 unattracted matter separated in the first dry
magnetic separation step as in the example 3, high separation ability of
the contaminants (chromium 87%, fluorine 75%) was exhibited by further
performing the second dry magnetic separation step after removing the
magnetically attracted matter having the ferromagnetism in the first dry
magnetic separation step. This is because an 20 amount of the magnetically
unattracted matter mixed in the collection process of the magnetically
attracted matter can be reduced. [0035] (Example 4) As shown in FIG. 4, 9
mass% quicklime in soil weight ratio was added 25 to soil D multiply
contaminated by lead, arsenic, and oil to reduce its water content to 6.4
mass% from 14.3 mass% which is an original soil water content,  18 thereby
bringing the soil D into a dry state. Next, a dry magnetic separation step
was carried out by using a magnet with a 7000 gauss magnetic force to
separate the soil D into magnetically attracted matter and magnetically
unattracted matter. Then, dry classification was carried out to the 5
magnetically unattracted matter by using sieves with 2 mm, 0.5 mm, and 0.15
mm openings. The dry classification classified the magnetically unattracted
matter into soil in a particle size class of 2 mm or more (gravel), soil in
a particle size class of less than 2 min to 0.5 mm (coarse soil), soil in a
particle size class of less than 0.5 mm to 0.15 mm (coarse soil), and soil
in a particle 10 size class of less than 0.15 mm (fine soil), and weight
distributions of the soils in the respective particle size classes, and the
contents and distribution ratios of lead, arsenic, and oil (TPID therein
were measured. The results are shown in Table 2. [0036] 15 



20 [Fable 2]   weight distribution mass% content mg/kg PbAsTPII  Pb
distribution     ratio % A sWI1  soil D 100. 0 718 566 99 311 554 



1041 100. 0 100. 0 100. 0  2mm/0. 5mm 0. 5/0.15mm -0. 15min 31. 7 24. 1 25.
3 219 539 664  310 670 



2, 780: 9. 7 18. 1 23. 4 5. 5 13. 2 24. 8 9.4 15. 5 67. 6  magnetically
attracted matter18. 9 1855h689410 48. 856. 4 7. 4  



[0037] 25From the results of the example 4, it has been confirmed that the
soil D multiply contaminated by lead, arsenic, and oil can also be cleaned
as in the  19 examples 1 to 3. The present invention is also applicable to
multiply contaminated soil. [0038] (Example 5)       As shown in FIGS, 7
mass% quicklime in soil weight ratio was added to soil E contaminated by
lead, arsenic, zinc, and copper to reduce its water content to 8.7 mass%
from 15.5 mass% which is an original soil water content, thereby bringing
the soil E into a dry state. Then, dry classification was carried out by
using sieves with 2 mm and 0.15 mm openings to classify the to soil E into
soil in a particle size class of 2 mm or more (gravel), soil in a particle
size class of less than 2 min to 0.15 mm (coarse soil), and soil in a
particle size class of less than 0,15 mm (fine soil). [0039] Next, dry
magnetic separation was carried out to the soil in the 15 particle size
class of less than 2 mm to 0.15 mm (coarse soil) by using a 1500 gauss
magnet to separate the soil into magnetically attracted matter and
magnetically unattracted matter. Then, a gravity concentration process was
carried out to the magnetically unattracted matter by using a wind-powered
separator to separate it into light specific gravity matter and heavy
specific 20 gravity matter. Weight distributions of the magnetically
attracted matter separated by the dry magnetic separation process and the
light specific gravity matter and the heavy specific gravity matter
separated by the gravity concentration process, and the contents and
distribution ratios of lead, arsenic, zinc, and cupper therein were
measured. The results are shown in Table 3, [0040] [Table 3]  



[0041] From the results of the example 5, it has been confirmed that 25
combining the gravity concentration process makes it possible to farther
effectively separate the contaminants. Incidentally, it has been confirmed
21 that the magnetic separation and the gravity concentration can separate
also other metal elements (Cu, Zn, and so on) contained in the soil
together with the contaminants. [0042] 5(Example 6)       A test was
conducted in order to compare accuracy of dry classification and separation
accuracy of dry magnetic separation depending on a difference in an
addition amount of a dehydrating agent. Quicklime was used as the
dehydrating agent, it was added in 6 levels of 0, 2 4, 8, and 12 10 mass%
in soil weight ratio to contaminated soil F, and the comparison test was
conducted. As shown in FIG 6, after the dehydrating agent was added (in 0
mass%, it was not added), a first dry classification step was carried out
by using sieves with 5 mm, 2 mm, 0.5 mm, and 0.15 mm openings. Weight
distributions after the first dry classification step are shown in Table 4.
15[0043] [Table 4] 20    



23 again, and the mixture of the soils was sealed in a pot mill together
with 500 g zirconia balls (000 mm), and a five-minute dry milling process
was carried out on a turn table (rotation speed 45 rpm). [0045] 5After the
dry milling process, a second dry classification step was carried out by
using sieves with 5 mm, 2 mm, 0.5 mm, and 015 mm openings to classify the
soil into soil in a particle size class of 5 mm or more (gravel), soil in a
particle size class of less than 5 mm to 2 mm (gravel), soil in a particle
size class of less than 2 mm to 0.5 mm (coarse soil), soil in a particle 10
size class of less than 0.5 mm to 0.15 mm (coarse soil), and soil in a
particle size class of less than 015 mm (fine soil), and weight
distributions of the soils in the respective particle size classes were
measured. The results are shown in Table 5. [0046] 15[Table 5] 20  5 15 20
[0047] 



25  particle size class of less than 5 mm to 0.15 mm (gravel and coarse
soil) by using a 7000 gauss magnet to separate the soil into magnetically
attracted matter and magnetically unattracted matter, and their weight
distributions and their lead contents and distribution ratios were
measured. The results are shown in Table 6. [0048] [Table 61  10 15 20  =
;I-0 N: 0'.1 LO 00   
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As shown in Table 6, improvement in lead separation efficiency was
confirmed in accordance with a reduction in the water content. On the other
hand, when the dehydrating agent was not added, the magnetically attracted
5 matter could not be collected. This is thought to be because the soil is
not disintegrated and forms an aggregate. When the addition amount of the
dehydrating agent was less than 5 mass% in soil weight ratio and the water
content was over 10 mass%, the magnetically attracted matter could be
collected since the soil was in a disintegrated state, but the result of
lead 10 separation accuracy was lower as compared with the soil in the dry
state with the water content of 10 mass% or less. A possible reason for
this may be because a mixture amount of the magnetically unattracted matter
is large. From the above results, it has been determined that preferably,
the addition amount of the dehydrating agent is 5 mass% or more in soil
weight ratio and 15 the water content is 10% or less in the present
invention. [Industrial Applicability] [0050]         The present invention
is widely used as a technique to clean contaminated soil. The present
invention is applied also to soil multiply 20 contaminated by oil and heavy
metals as an economical cleaning technique.  28 [Name of Document] What is
claimed is: [Claim 1] A soil cleaning method, comprising: after a
pre-treatment step of mixing a dehydrating agent in soil to 5 reduce a
water content of the soil to 10 mass% or less is performed; and       a
magnetic separation step of feeding the soil whose water content is reduced
to 10 mass% or less in the pre-treatment step, to a dry magnetic separator
to separate and remove a contaminant in coarse soil as magnetically
attracted matter is performed. 10 [Claim 2]       The soil cleaning method
according to claim 1, wherein one of the soil having undergone the
pre-treatment step and the soil having undergone the magnetic separation
step is subjected to a dry milling process. 



[Claim 3] 15The soil cleaning method according to claim 1 or 2, wherein one
of the soil having undergone the pre-treatment step and the soil having
undergone the magnetic separation step is subjected to a gravity
concentration process. [Claim 4] 20The soil cleaning method according to
any one of claims 1 to 3, wherein the magnetic separation step is performed
in a plurality of magnetic separation steps, a magnet with a higher
magnetic force is used in the magnetic separation step performed later, and
the later magnetic separation step is applied to magnetically unattracted
matter separated in the previous 25 magnetic separation step. [Claim 5]  29
The soil cleaning method according to any one of claims 1. to 4, wherein as
the dehydrating agent, one of quicklime, gypsum, and cement is used.     




