| [ Name of Docunent] DESCRIPTION [Title of the Invention] SO L CLEAN NG
METHOD [ Techni cal Field] [0001] 5The present invention relates to a nethod
of cleaning soil contam nated by heavy netals, oil, and the |ike.

[ Background Art] [0002] In an art to clean contam nated soil, an easy and
i nexpensive nethod 10 is desired in viewof industrially inplenmenting it.
As a conventional art, one of nethods to clean soil contam nated by heavy
netals, oil, and the like is a soil washing nethod. This nethod utilizes a
characteristic that in contamnated soil, a |arger anmpbunt of the
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and a dehydration step of treatnent residues are |arge. Another problemis
that, when[ppglfontent of the contami nants in the contam nated soil 20 is
high, it is not possible to renove the contam nants except |arge gravel to
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proposed a nethod in which a small amount of quickline is mxed in
cont ani nat ednsarninatedbst heganmetals2bill, ang the ldant ai ned in the soil that is
to be treated, and a cl assifying nmeans and
[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. This 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



a neans for crushing the granular |unp are conbined to renove a cl ay
fraction fromthe soil (Patent Docunent 1). Further, as a neans for
obtaining clean soil fromheavily contam nated soil, there have been
proposed a nethod to feed contam nated soil to a nagnetic separator to
coll ect contam nants in the soil as magnejically attracted matter and a
nethod to 5 separate and renbve contam nahts by conbining an ore flotation
met hod with the soil washing nethod (Patent Docunents 2, 3). [Patent
Docunment 1] Japanese Patent Application Laid-open No. 2008-289963 [ Pat ent
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onl'y conpl ithetsed \pasiuﬁgsmeﬂtmbemmnt Doouegentsé Hut al so large soil-milling
equi prent and a specialized flotation nachine are required in addition to
soi | washi jRatenti pReeuméntadilhy lapamege eaPatientr eApplicatioonstaidopen cbi..

25 [0005] 3 has an object to obtain a | arger anmount of clean soil by
per f or ni ng 200¥agf8P63 separation step after reducing the water content of

t ted It
contam na TP atont Docutaent 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]

15 However, 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 terms 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]

The present invention was made in view of the above problems and



certain degree, to facilitate separating fine soil fromthe contam nated
soil. [Means for Solving the Problens] 5 [0006] To attain the

af oresai d object, according to the present invention, there is provided a
soil cleaning nethod, wherein, after "a pre-treatnment step” of mxing a
dehydrating agent in soil to reduce a watger content of the soil to 10 mass%
or less is perforned, "a nagnetic separation step" of feeding the soil 10
whose water content is reduced to 10 nass% or |less in the pre-treatnent
step, to a dry magnetic separator to separate and renobve a contam nant in
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process. Further, the soil "having undergone the pre-treatnent step

and the soi[Mmygﬂﬁsm@ﬁﬁngt@]g]eMneti Cc separation step nay be 20
subjected to a gravity concentration process. Further, the magnetic

separ at pon [§00p] may be perforned in a plurality of of magnetic separation
steps, a magnet with a higher magnetic force being used in the nagnetic
separation step e atain thedafomesaid ahjact, aecording todhequesenidpaeatipontharep
bei ng appli ed to.ma(igneti_cally Junattracted matter separated in the preyiqus
magneti c 23s qupaided ansail scaningi webhed, whezein; rdiateta redirepmené sicp’ odd of
qui cklime, gypsum anpd_ cepent can. be ysed. . 4 [Effect of the_lpvention
[0008] miviBEc dPRyrAIng agei in 5pU 4RI Heguse ehb@tel comenp oEBe SOl 10 fo
invention, the soil.is.brought intpo a dry state apd i

0 d sgparated into the
magneth i CﬁJ II??l%sc r%]ceéé_lg Hﬁigqré?e nd? W?eg%&ﬁ;nﬁﬁagﬁ 100 ﬁﬁﬁt P?;I?F@H%ﬂﬁ &Pt
ene LSRRy, SOl TR, AT G0 A R TR S SO,
coarge.so B Ry nlpkAcHE NpArBE 5 3epafa BN E Ropivel F ROTPA MM cbirsbhe

classifyi ngott 88 mabcfioAle Hifcted Ratdicns Petfotied asGHvdlainPRoabse soil

performed thereaft as require I'S pos e to greatly alleviate a
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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 performed 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.



15[FIG 1] is an explanatory process chart of an exanmple 1. [FIG 2] is an
expl anatory process chart of an exanple 2. [FIG 3] is an explanatory
process chart of an exanple 3. [FIG 4] is an explanatory process chart of
an exanple 4. [FIG 5] is an explanatory process chart of an exanple 5.
20[FIG 6] is an explanatory process charj of an exanple 6. [Mde for
Carrying out the Invention] [0010] Hereinafter, an enbodi nent of the
present invention will be described. A soil cleaning nethod according to
the present invention has a pre-treatnent 25 step and a nagnetic separation

step whi ch gk | r] el ow. The soil cleaning nmethod according to
the pr esent[ﬁlfﬁéﬁﬁitgﬁiﬁ’gégﬁgpfher have one of a 5 washing step, a mlling
step, and T g()ggi ty concentration step which will be described below A
target of tRe Soi|l cleaning nethod according to the present invention is

soi | contam nat e%@bergg@%xo%feabén YeiRg hﬁHo&roPm&?%‘HéBntoiHvenﬁBﬁ, $Re ON.

Further, the soil g nethod according to the 5 present invention is

carried outsofjojsebompht eatc- @ drgBtaRt &1 fobdparhdd ImetthseraghecAlphacsctebier e
the nethod is carried out may be any. Further, all of gravel and coarse

soi | obsai magttély ahtiehs ahhgnétecallyanattrdcdd ananerdiagl the hesvipy esataminated
invention or part of the gravel and the coarse soil obtained by the soil

cl eani ng mehaguetacalby ditngcted miatteprie smitected;etitarely danilitatinguhedsaparatdoner
to materials and the like as clean soil. Further, fine soil separated when
a cl assi f i eftfinn setldpoistheecontaminatadiseil te malrattappssarls toressuysedugeihene
washing step is perfornmed are recycled as cengnt qr the like qr are finally
di sposed ofconterivef the captarpnast insthegcaarse Sopk odﬁ%’ftgel’,sm%‘t Ofiﬂﬁ?t 0 §%ﬁt

those witten here. . e
> '"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



15[ 0011] (Pre-treatnment Step) First, the pre-treatncnt step of mxing a
dehydrating agent in soil contam nated by heavy netals such as |ead and
chromium oil, and so on to dry the soil is performed. Exanples of a nethod
of m xing the dehydrating 20 agent are a nethod using an ordinary soi

i nprovi ng machine for the mxture, a net@pd using a chem cal m xing pl ant
for the mxture, and so on, and its neans may be any. The soil dried in the
pre-treatnent step conmes to have a 10 nass% wat er content or |ess.
Preferably, the water content is over 0 (zero) and 5 nass% or |ess. Note
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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
10 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-treatment 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 A1203 “Testing Method for Water Content of

Soils”, that is, by measuring a weight of the soil in a natural state and a



5 a water absorption reaction, and a heat generation reaction in accordance
with the mxture with the soil, and exanples thereof are gypsum cenent,

qui cklime, and the |ike, but an ordinary dehydrating agent is usable
regardl ess of its kind. A preferable dehydrating agent is quickline.

I ncidentally, an anmount of the dehydrati agent that is to be added in the
pre-treatnment 10 process is 5 to 25% (preferably 10 to 209 of the soil in
wei ght ratio. Using quicklinme as the dehydrati ng agent nmakes it possible to
suitably treat nmultiply contam nated soil containing both or one of oil and

VOC, a cyan_co dyi.k f i ckli

the dehydr M@%Eﬁ? Sﬁg@g&ﬁg'ﬁ@mgﬂ&%&égﬁg%%@?lrJZ:t 0oi ﬂiji:gnt :agfn::[sed
soi | . Furtf[QQ,lzzln the 15 pre-treatnment step, only the treatnent within two
hours suffi*ces™for the dehydration. [0013] (Magnetic Separation Step) The

magneti c separati el S t hesmyY h
contam nant in tr]lg{hs?{eﬁggﬁ%%gfaﬁ%?ﬁgdgggvg?g%g rief)tggatpr e-tftgia)tﬁrrg%?bgta;lg,’ as

magnet i cal lntogtdddpgifdt KBS aepropeityt e cangn et leass epardfta dehgtenion heacsn,
dried in the pre-treatnment step is fed to a dry magneti c separator, and the

cont ami panta wat@osbsseptiohlreastion] mhd aserargnedatiow rezstinreth ascotdance with
magnetically attracted matter. Exanples of the dry magnetic separator are a
25 drumt yghednyixtmgnevith sepasailoranda eampplesi shetepbe anmggepsums egementor

and the like, and the drumtype dry nagnetic separator is preferable.
Intensity afuicklimeyagddhedses) but amherdingryrdghpdratingpgent: isrusable megardless
20,000 gausosfeﬁ.s kII;rrlgf erAa %r)e/:fer%gfe h@h?ﬂ?zit}ﬁ’g iafgeg? ?s tqcl),liC Ol’ir%%(.) B eenstau&ogﬁ‘”
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



The magnetic separation step only needs to be carried out to the soil 5
dried by the above-descri bed pre-treatnent step, and a separation form the
nunber of times the separation is perfornmed, and its timng in the magnetic
separation may be any, but preferably, magnetically attracted natter having
a high magnetismis separated and renoved, by a nagnetic separator with a

| ow magnetic force first, and thereafter, magnetically attracted matter
having a 10 | ow magnetismis separated and renoved by a magneti c separator
\t/)vith af hi ghdrrgagnetilc folr_cte. []9015] _ The magnetic separation step mayh
e perfor iLn plurald -separ. n. st I 1 t he
rragne:! C gépﬁ%gr?%nug?@pmlﬁhgeﬁiggr %ﬁ%ﬁ e?e%&zéﬂé)?alsﬁ'&mftowﬁg)’?ags I%d%g%gers' ]
magneti c . step is performed to the
magnet i cal %r&ﬁegg?{&ﬁg%?i@e@%ﬁ&g?@?@ﬁ?r g(g’g)gefgmﬁgﬁggpr ev!oous ﬁagneti C

separati on(gPOf@L [0016] (Ol assification Step) 20Dry classification can be
appropriately carried out to the soil dried in the above-descri bed
pre-treat ment st gthedmdgHctitesepdiation dte]|§ r@ﬂ}/wmerd% fohbe cRrtiadi aanto itfe soil
separated and renoved as the magnetically attracted matter by the

above- dgscdriwt byagieehboveeiescabed pret@patnidnts sidpy atidas Sepacatiowfoomap the
classify the soil into gravel, coarse soil, and fine soil. A classification
form 25 tmmmbebef tihes ithesephmtinmss perfoaticaly dl gertimimgdn thednagsetic
timng in this classification step may be any. For_the classification, an
ordinary clsgpsidticar mdysbasey, banpreferabkanmmageetieallpattsacied anpderehaving a
classifier, .a vibrating sieve, a_dry cyclone classifier, a vibratjng
screen, andighanagretismajssgparated singrmeyedbya magnsticr %6%9t05é?"5grﬁ31%d.

G assification poi in.thi I i £ [ .
mm  and und%?g@%éé %ﬁg‘; {hrg];,lg tt%fSaSI %‘? itrhggnésttlceﬁlyara%trta)cette\éelel{]atfge% Hg\]ntn% g 0

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)

20 Dry 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



5 products or nore including the gravel, the coarse soil, and the fine soi
are obtained, the nunber of the classification points is 2 or nore to | ess
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.mto 38 p.m Mre preferably, the classification point
of the gravel and the 10 coarse soil is 2 to 5 nm and the classification
poi nt of the coarse soil and the tine soil is 75 p.mto 150 p.m and
subsequently, the coarse soil is classified with the classification point
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ordi nary nud di ssol vi ng equi pnent for 20 soil such as a rod scrubber,

ordinary classhétiveeid 38 qaui pre30 mughaad andycltheecondifiorarthats dhtee final
dehydrating equi pment such as a vibrating screen, ordinary water treatnent
equi prest protuess ar thork emdudiran ths Igrayel, dhbyabase sgile quidpthen finsusdil @sca
filter press, and the conbination of pieces of the equi pnent nay be any.
Further, i obtainedwikéinugnipencttie clasdifieatiorepoints|ip Pgorgaeieniontess dbands). a
ball mll and ordinary flotatiqn equi pnenf can be provided. 9 .liOO
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centri f ugalgoaaéessils! $6btained the i ke. O her apparatuses and nethods from
which a ing effect can be expected can be simlarly used. [0020]

[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.



As for a mlled state of particles in the mlling process, an exfoliation
effect of the fine soil adhering to the gravel and particle surfaces of the
coar se or a surface polishing effect of the coarse soil, and further a
crushing effect are expected, and a mlling degree may be any.

Incidentally, mlling ability is decided dased on the nature of

contam nated soil being a treatnent target. Fine particles are renoved from
a product of the mlling process by a dry classifier, and the product
conbined with the gravel having undergone the water washi ng process can be
col | ected jﬁ kianed soil. [002 1] 10 (Gavity Concentration Process)

In the gra |p§ oncentration process, its gravity concentration foitti, the

number of tines th ggfeiigéllﬂg GOpLRat rvaég'lﬁﬁ%i %&%@E%ﬁgﬂbeapgﬁé& dut"tdghery

be any, provided t carried out t e coarse soi ose size is 5

al i gned i n dhgePOBMENEE 2Fterine dhasifichiiontdtep. SFeRthdextiPhweshitig btecdsayi ty

concentration nmeans as an ordinary gravity concentrator are a w nd-powered
separat or, apphied @ ali 6/tHPO6LRErRiPbr A cdiarses so@dn & ppadetaninahpattivle
like. A high-specific-gravity product obtained here is handled as a

cont ani gat efize ehussnideperdand oaathebratuep afatheds gilydthrereby eblleb@in@oiz] coarse
The fine soil separated when the classification step is performed, the
magnet i cal Ispibagaiagaad thetcoarse spdrintambmation wihdy thedwaterwashed gnevelds
separation step, and the high-specific-gravity product obtained in the
above- descrhanededpawlean seihcent rati on step are carried to a cement factory
to 15 be reuseg as cenent raw materials, or are carried to a soil cleaning
facility, dp81 ﬂjbj ected to detoxication, and are carried to a final

di sposal site to Bg Liandéri I ecB. Anong the final products produced in the
above- descri bed [POUHEE IHOSEES) the gravel is reused as a cover material .

e L e
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concentrati i Sj I ; - 8@ NN 11$eC ! i
the_coar oo ‘LarE PHRbed AS°LARRETOUENE (e Sydil SRIER Min (he A0y e icLIibed,
11 qui ckli rf?re'—t!i‘eét%ént"‘@ﬂe?ht FRamploa s Mt efilHaganiéahy diabnnordiaany miliagown
in FIG 1, "and the m xture was | eft standing for one hour at room

t enper at ur enhehinkuiteng ballhmillghaodemill gatcyalioee nike acrotatignkigpareentrifugalss %
and the soil becane dry, while the water content before the curing was 12.0
mass% 15 cake crusher, and the like. Other apparatuses and methods from which a

milling 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
20 soil, 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
25  water washing process can be collected as cleaned soil.

[0021]



5 (according to JIS Al 203 "Testing Method for Water Content of Soils". The
sane 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 openi ngs, thereby

classifying the soil into soil in a particle size class of 2 mmor nore
(gravel), soil in a particle size class less than 2 mMmto 0. 5mn
(coarse soil), soil in a particle 10 sizé class of less than 0.5 mmto 0. 15
nm (coarse soil), and soil in a particle size class of |ess than 0.15 nm

(fine soil), and ratios of the soils in the respective particle size

cl asses and their, ents, red. The ratio of the soil in the
particle size cl ggg&gﬂy?%% »“%@?{ﬁ?%\%l) was 48.2 nmass% (|l ead content O
ng/ kg), the rati t [ P ‘Bar L St l‘,:ft?,s foban 2
mmto 0.5 mm (cpg?g%lesgﬁ\ﬁ%g hggﬁgﬁunggsb/gﬁeg%’di%g%lt%en S%Cér?g/r ﬁ%?ﬁ the’
ratio of t_'iﬁe SRUthbeP dfMEnRA" e beawity R oflcefrafibn! RSpetbamed, 2odMitstiide mm
(coarse soil) was 12.5 mass% (1 &ad content 266 ng/ kg), and the ratio of the
soi | in thenpard ahe, gk@ﬁid@ﬂaﬁfatqt ik aggricdapuOtd Sheradars soloWhoseasizé s 1
mass% (| ead content 205 ng/kg). Note that in the exanples of this 20
speci fi sat iabignegloid thé tdbovesdeddnibed classificaidrmstey. abdampled lodcits @raenty
removal ratio of the soil excluding 2 nmgravel or larger is found,

accordi ng tconNentritioat meandias ard oodinkiryiigravity afordeatmet ahaexind-pooxsrgd

Thereafter, dry magnetic separation was carried out to the soils in the 25
particl e sisgpatatassedrpBravity congantzainy ae r-scrapnasaparaios, andshe likeamAo

0.15 mm (cqarse soils) by. using,a 7000 .gayss magnet. This dry magnetic ,12
separ at i on 148 aﬁ@@bfiijc'rgﬁéVgBi progugt o @n@&al’rl,erg %q:haélcg@@ ?ﬁn% &8&?@@1@5?@)
into 3.2 nmass% (| ead content 733 np/ magneti.cally attracted matter and
20. 0 nmass%YONEs tr@%g@&p@% Wﬁ@%ﬁ%@é@ﬁ%{ﬁiy unattracted matter.
FurtherO tr[ﬁ §gﬁl in the particle size class of less than 0.5 mmto 0.15 nm
(coarsé SOi 9 was separated into 1.4 mass% (| ead content 569 ng/ kg)

magnetically attr fer % t : M
magnetical ly unatﬁ%gﬁgg% rgfs £ g?%f%égﬁ?ﬂﬁ'ﬁ?‘tﬂéérﬁﬁ? %QSHnasgérétllgﬁr y > the
unattracte t g i se } r SAialonkfict he
part ol o oiaEnp Bkl L Ardel it RT ORI IRTPRS AR BB Thed Shiagnttlc
above- descrgeBashtfliry _§ﬂe§§ shhiCahé ORipespetifidigtayify Opsodiidty dhtaisidndnl the

wat er, and t classification (washing process) was carried out by using
sieves w t hbdvedederib rarity Gohbentranorstay are Ahteed po edoetenoffattoey to
classification were dried, ratios and | ead contents of the soils in the 15
r espectlsve hmmrduset assierrent mes esatesiads, rarercadricdto a sab cldaning dacility,arof
the soil in the particle size class of 2 mmor nore (gravel) was 46.6 nmass%
(I ead cont eubjectay/ ky)detokicatisn, andt aee wartied| © o Aenall déspasal | €t tonhg 2
mmto 0.5 mnécoarse soil) was 15.5 mass% (|l ead content 99 ny/ kQ) th%
ratio of tHendfiledi n Aweopar the | fnal produgtss ppdueed thdheo aBoxfrdescobed mm
(coarse soil) was 8.6 ss% (l.ead content 144 /k% and the ratia,of the
soil in t heP19SEsS slepss e 2ravel ds geused as dnepved mtehdl: r i Hac saprse spil 12

0, . .
mass% (| eadrelclgg %gtclge% ng/fl(()?)the (())%16 lmaterial 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]

In soil A contaminated by lead (lead content 228 mg/kg), 12 mass%



Fromthe results of the exanple 1, it has been confirnmed that m xing 25 the
dehydrating agent (quickline) in the soil Ato bring the soil Ainto the
dry state nakes it possible to separate the soil Ainto the gravel
(particle size class of 2 nmor nore), the coarse soil (particle size
class of less than 2 mmto 0.15 nm, and {he fine soil @rticle 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 renove 65 mass% of the whole fine soil 5 originally contained in the

mmonet car iR LTSRS e R L ARREH D E Bl SO,
ratio to i ihhi
27t ange of TaCHd? afid e Ly 828 IERERAE, for ofERONRALHSSAEpRR AR ATLE "
classifi Cafch?ihrg. ggﬁlg \ﬁ?ﬂ@?hmgrﬁéﬁﬁhﬁbfﬁhg)@ hﬂgﬂbemedm' Aedses ahd H086il

“The col lectio I'ne soil the dry classification” was found
in the fol lpehie MENFhite! thecwasr redntentobefore thei duryg dwys 12.0 mass%
classification”™ = (weight fraction of fine product obtained by dry

cl assi f § cattaceyrdineitgIISfA 2203 SfTestinki Methoddoc tWatts Corfteat gHtSdilsict i Bhe of
fine product obtained by dry classification)/((weight fraction of fine
product obsameeappljesity thed hekivw).caDirgrolassificetightwas aatrieshout ta this seilobiyict
obt ai ned by wet classification)) = 16.11(16.1 + 8.6) .=0.652 70 [0027] .
Wien the gusieg sivestwihcdanme Gdimmyrand Qb mmopenings, theseby gl g as
in the exanﬁle 1,.it is possible to . expect t? alleviation of the | gad of
the water dhepeshintorsgil pBra partiglgssige &hasson &rﬁt‘& ®ThEIOTE(ATEYE gSPﬁemd?y
magnetic separatian tq the.coarse il Scit possible.to separate and
ol | ect - 26 PaRHCIecslde ST b Iovg ARy Eiraor s soreREgsaioily p R bhrftie
aihet 2}1@2 s s‘jﬁheef:]gxggto 08 %har 9.5 3RFASD! 5 Wh9GohPle §6%),3Ud soif ih P pRALdiLC! ©
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



14 than 2 mmto 0.5 mm and an excellent feature not available in a
conventional soil washing method has been confirmed. [0028] (Exanple 2) 5In
soil B contami nated by lead (lead content 417 ng/kg), 15 mass% quicklime in
soil weight ratio was m xed as a dehydrating agent as shown in FIG 2, and
the m xture was |l eft standing for one hoT§ at room tenperature for curing.
The water content after the curing became™9.2 mass% and the soil becane
dry, while the water content before the curing was 15.0 nass% Dry 10
classification was carried out to this soil by using sieves with 2 nm and

gi s :”“f 22‘3%##‘ fogé?eﬁ-fa%é%gﬁ%%ss%il L SR Y
mmto O. i i

than 0.15 T (PRE RS Dlorts 787 $ufke) eBehRally ifialtc nflifiard 2095
o the <o PaYp RRCEE BREGHNEN] mia/KAFhaaARtionls WeitkratRAPHiAkGr. | Turtitr 0

mass% (| eaghg @aﬂemt%l% migg% siZe@las@bif def tHahe) Soidm it (.06 mAar gd,&ir@e sbily

cl ass of less than .15 nmm (coarse soil) was 28.0 nmass% (| ead

cont ent 5 423y 490/ dephratedd ihtee 1.4t imagy%t (keagoidontentt HPami/kgl magaetitaldy of
| ess than 0.15 mn (fine soil) was 17.0 nmass% (|l ead 20 content 408 ng/kQ).
[0029] Nextattradteds eidttém antle 1palr trnass¥os (leadc cantentf 228smg/kgh magsetoallyi ne
soil) was renoved, the other gravel and coarse soil were seal ed together

wi th 500g zinattvactedbmhtter.0300 nm) in a pot nill, and a five-minute nmilling
process was 25 carried out on a turn table (rotation speed 45 rpn). Then,
dry classi 108281 on was carried out to a product of the milling by using

steves with 2 mﬂﬁlr}t%er,l 5the 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

20 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



0.15 mm openings to classify the mxture into soil in a particle size class

of 2 mmor nore (gravel), soil in a particle size class of less than 2 nm
to 0.15 nm (coarse soil), and soil in a particle size class of |ess than
0.15 mm (fine soil), and ratios of the soils in the respective particle
size classes and their 5 | ead contents e neasured. The ratio of the soil
in the particle size class of 2 mmor nore (gravel) was 49.9 mass% (I ead
content 0 ng/kg), the soil in the particle size class of less than 2 nmto

0.15 mm (coarse soil) was 25.0 mass%(l ead content 378 ng/kg), and the

Soi 1) ves 12 b mPEQ, PaE Kbk EhHE E&; CIETRES tat 2 0 1S
TNt c SeRAYALLANNEREA %g?ﬁfeﬁlets?zé K55 0B i) %gﬁmfdf-yass

of less th mmto O aSSIerd ssifica
using a 70%@%@&1@@9% haim&rﬂpfmﬁeﬂ%hwamt bynthJeSdﬁyrzﬁaﬁsﬁﬂdaﬁm

soil into 3.3 mass% (1 ead content 1480 ng/ kg) magnetically dttracted matter

and 21.7 nggsebedd enth ?@mbm t@ tolleet kad rergnel 66 ahhysdnef thaothede fatd soil
[ 0031] Fromthe results of the exanple 2, it has been confirmed that by 20

i ntrodusi n@rigiaallyyconfained ipr teeseil iA. | Natostiab) strictlyfdpeakerg,| fine soil
exfoliate the fine soil adhering to surfaces of the gravel and the coarse
soi |. 1t washetessalsceta ¢heohaguetically atractcdamadteri sepasatied by thhemaggetic
classification. Therefare, int rodum}gg t.he dr mlling progess nake

4

possi bl e t SEPaFRLsTe Epiy Eatie fo dee wrhaly is sneall rand thsrefore; htewééél@éﬁ%‘bﬂﬁ,
and the fine.soil, Further, 25, when a In t.he ravel and .th

coarse soj [DGiRg pWH\WIHe"H range j @f S5 bI Shﬁrf 3h &&B&; ge]@‘h@’qsoégdﬁg
the vater %e%g S?he " tlta{sesrlﬁca%lon, and a weight after the addition was defined as

10 100%. “The collection ratio of the fine soil by the dry classification” was

oD

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))
=16.1/(16.1 + 8.6)
=(0.652

20 [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



been confirmed. that by the dry magnetic separation, it is possible to
efficiently separate the contam nant al so fromthe coarse soil having

undergone the mlling process. [0032] (Exanple 3) As shown in FIG 3,
by using a magnet with a | ow nagnetic force (1500 gauss), a first dry
magneti c separation step was carried out (first to soil soil multiply

contam nated by chrom um arsenic, and fluorine) which was brought into a
dry state with a 8.9 nass% water content reduced fromthe soil original
wat er content of 12.1 nmass% by addi ng 20 mass% gypsumin soil weight ratio,

t hereby se i I i net . ) t i
Forr omagnet a2 D thin s 4R REPIEM RNt B ERElAHIe TR e il
magnetic s rat L i FiHn t he magnetically unattractcd
mat t er sep;%rgg]t@%b@@ﬁgﬂw@g?ggr%hﬁggnet |6§:&?separ ation step, by using a
magnet 15 ‘[’UDQS hi gh magnetic force (7000 gauss), to separate it into
magnetical I'y attracted matter having a | ow magneti sm and nagnetical ly
unattracted matt¢Exa§led) distributions of the magnetically attracted
matter and the magnetical 'y unattracted natter separated by the respective
thy magpetic sepdnaidibB sbapmmiramdd the leah(leatscamtentidd 7r ipdkgpnl 5 anassSo of
chrom um arsenic, and fluorine 20 therein were nmeasured. The results are
shown in Taplieklime] 108Gl Wwaight eatip wag mixeei gha dihgidratogiagentmssshown in
content ma/kg C rAs . .
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 (¢300 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



distribution ratio % FCri 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
[

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



58. 7 15. 8 00/7000 gauss magnetically attracted matter 15. O -
magnetically unattracted matter 73. 0 385 i1 170 13. 2 i-
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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
C (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 unattracted
matter separated by the first dry magnetic separation step, by using a magnet
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 dry magnetic separation steps,
and the contents and distribution ratios of chromium, arsenic, and fluorine
therein were measured. The results are shown in Table 1.
[0033]
[Table 1]



25. 5 [0034] Fromthe results of the exanple 3, it is seen that applying
the dry 10 nagnetic separation process to the soil Cin the dry state nakes
it possible to suitably separate and col |l ect various heavy netals as the
magnetically attracted matter. Further, when the first dry nmagnetic
separation step is carried out with a IoYv7magnetic force and next the
second dry nmagnetic separation step is carried out with a high magnetic
force to the magnetically 15 unattracted natter separated in the first dry
magneti c separation step as in the exanple 3, high separation ability of
the contaninants (chrom um 87% {kigati e > 0 & hi “&%B&m&%ﬁﬁ%
perform ng|the second dry magnelistébgpar atl on st%p rempving ,t
magnetical ly attracted matter fhamiassot heCferr (zs’naghetIFs |Gnrt heAfs rist Fdr

magnetic s¢paration step. This| 1S because - Lge magn Iy

unattracted matter el %ed in the K8 0ect %p H&0 gneti qibb

attracted Wﬁnemadﬁ —(Exanpte 4) /-\s oW T FIIG. 4 9
. . :

mass% qui ckl i rali® waSS8dddied 625 | t239%0f 49.0Y frulti pl@B

cont am nat ¢d—b w a"se(t’cl;all -ae—o+H—+o re‘duce :Lo | ; 4

mass% f § om| ¢ (H%‘i‘ %| an500i |r5@13050| 1 wat®rQclo®femt, —18 1Hhes eb

bri ng| ng the anqtraﬁe mages dr yl state J xt ,a drt’/v? LC cﬂé_p&r_ag_l_gn_s_ e%

was carrie mnﬁwaﬂwun@r@tmg e it h|as @00 u$s gnetrieiforce
separate the_soil Daipt o magne |Zgl [y '1tt§§ct eg mit%’g(? 1;% 2r:néu:metl C%FI’)ISV
unattracted matter. Then, dry classification was carried out to the 5
magnet i cal | unattracted matter by using sieves wwth 2 nmm 0.5 mm and 0. 15
nm openi ng£ dry classification classified the magnetically unattracted
matter into soil

a particle si zeI Ejlr@g%: ‘?rrtlelé'g Stqsfaﬁ’eez%%’?‘ﬁisﬂlgf%ng}gwg%%ngﬁl%(“ng\ﬁﬁlg)%sﬁi I I
gﬁr 2 S%& t .Sbﬁaggri%lafig"z@afé{lggspf&&eﬁ%g%@%éﬂhgcfgjtﬁ%w SRR BARES t has BT RE' h
Contents. atatabh; pafls, 2 colfect pRGGHS ey ritfls® af PuR RRERpICANy. Ne

wer e measuggdscttienffd! t FiiiferS \WBn! the #REE diy hPiPfticl 3eparation 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,



20 [ Fabl e 2] wei ght distribution mass% content ng/ kg PbAsSTPIl Pb
di stribution ratio %A sW1 soil D 100. 0 718 566 99 311 554
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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
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 mm 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
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 (TPH) thercin were measured. The results are

shown in Table 2.

[0036]
[Table 2]
. weight content mg/kg distribution ratio %
distribution \ . . |
mass% Pb ¢ As i TPH Pb ¢+ As | TPH
soil D 100.0 | 718 | 566 | 1041 |100. 0{100. 0{100.0
2mm/0. 5mm 3.7 | 219} 99 {310 9.7 55 9.4
0.5/0. 15m 24.1 | 539 {311 | 670 |18.1{13.2}15.5
~0. 15mm 25.3 | 664 | 554 {2,780[23.4124.867.6
magnetically : i i :
M e 18.9 | 18551689 | 410 |48.856.4 | 7.4

[0037]
From 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



1041 100. 0 100. O 100. 0 2m 0. 5mMm 0. 5/0.15mm -0. 15mn 31. 7 24. 1 25.
3 219 539 664 310 670
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examples 1 to 3. The present invention is also applicable to multiply
contaminated soil.
[0038]

(Example 5)

5 As shown in FIG. 5, 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

10 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 mm 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.

25 [0040]

[Table 3]



20

Incidentally, it has been confirmed

From the results of the example 5, it has been confirmed that

780: 9. 7 18. 1 23. 4 5. 513. 2 24. 8 9.4 15. 5 67. 6 magnetically

attracted matter18. 9 1855h689410 48. 856. 4 7. 4
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combining the gravity concentration process makes it possible to further

effectively separate the contaminants.

[0041]

25



[0037] 25Fromthe results of the exanple 4, it has been confirnmed that the
soil Dmultiply contam nated by | ead, arsenic, and oil can also be cl eaned
as in the 19 exanples 1 to 3. The present invention is also applicable to
mul ti ply contam nated soil. [0038] (Exanple 5) As shown in FIGS, 7
mass% qui cklinme in soil weight ratio was,added to soil E contam nated by
| ead, arsenic, zinc, and copper to reducé its water content to 8.7 nmass%
from15.5 nmass% which is an original soil water content, thereby bringing
the soil Einto a dry state. Then, dry classification was carried out by

usi ng siev LWth 2 and 0. i L fy: | Lt o
soi 1 i m o ot s miaePRuRCFerdurko AREFE} W3y ko G5 TriatirlFed RebBase Alid) ¢
si ze cl ass t ' : ssoili), B0k atl i
par i ol o oo fiidaf B (i 84S0 b ROAEUARY ihy thETRIF fogerher yith
magnetic s LOR; carried out to the soil in the 15 particle size

cl ass of lg@gﬁt@ﬁtaﬁ‘ﬁ mT?'to 0.15 mm (coarse soil) by using a 1500 gauss
magnet to $gQappte the soil into magnetically attracted matter and
magnetical I'y unattracted matter. Then, a gravity concentrati on process was
carriedsout to tIQExaﬁqﬂetG)cal ly unattracted matter by using a w nd-powered
separator to separate it into light specific gravity matter and heavy
specific 20 graviA ytesit tveas vendinttedi shridnder ote comparenspesracal by dry
attracted matter separated by the dry nagnetic separation prqocess and the
li ght speciclassifjeatvon yndasenpsaration aceairaerwf dpemagnetigr separgtipatdepending

separated by the gravity concentr.ation process, .and the contents and..
di stributi & Radifbyeaee iBagn aaidsaﬁnc@mﬂuﬁ&,oiiadd aHngnagetn \/@P@?dlme

measured. The et hs h&aShydRihe Necmt. itwas addedh 8 I&RISofh, 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

25



[0041] Fromthe results of the exanple 5, it has been confirnmed that 25
conbining the gravity concentration process nakes it possible to farther
effectively separate the contam nants. Incidentally, it has been confirned
21 that the magnetic separation and the gravity concentration can separate
al so other netal elenents (Cu, Zn, and sg,on) contained in the soi

together with the contam nants. [0042] 5?%xanple 6) A test was
conducted in order to conpare accuracy of dry classification and separation
accuracy of dry nagnetic separation depending on a difference in an

addi tion ar‘ountagggg%ﬁgchatgggagent. Qui cklime was used as the
dehydrating ages[s | §'|&dped in 6 levels of 0, 2 4, 8, and 12 10 mass%
in soil weilght gatijlo to|lcgntpm|nated soil F, and the conparison test was
conducted. |As stipwy in FIG 6] after the dehydrating agent was added (in O
mass% it vas nbl ddded), |a finst dry classification step was carried out
by usi ng silevesgmst|be hefam |2 0.5 mm and 0. 15 mm openi ngs. Wei ght
di stributiqns a% el YHB| 8|51 dry classification step are shown in Table 4.
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After the first dry classification step, the classified soils were mixed



23 again, and the m xture of the soils was sealed in a pot mll| together
with 500 g zirconia balls (000 mm, and a five-mnute dry mlling process
was carried out on a turn table (rotation speed 45 rpn). [0045] S5After the
dry milling process, a second dry classification step was carried out by
using sieves with 5 mMm 2 mm 0.5 mm ancoj']aOIS mm openings to classify the

soil into soil in a particle size class 5 mmor nore (gravel), soil in a
particle size class of less than 5 mmto 2 mm (gravel), soil in a particle
size class of less than 2 mfmmto 0.5 nm (coarse soil), soil in a particle 10

o e, o1 252 ik e M Qe R e BE0% 3O iy RRgRS i«
00U e YR, "o SPGB TR0 i
[0047] out on a turn table (rotation speed 45 rpm).

[0045]

5 After the dry milling process, a second dry classification step was
carried out by using sieves with 5 mm, 2 mm, 0.5 mm, and 0.15 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 0.15 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

25



25 particle size class of less than 5 mMmmto 0.15 nmm (gravel and coarse
soil) by using a 7000 gauss magnet to separate the soil into magnetically
attracted matter and nagnetically unattracted matter, and their wei ght

di stributions and their |ead contents and distribution ratios were
measured. The results are shown in Tablezg. [0048] [Table 61 10 15 20 =
;1-0N 0.1 LOOO

~0. 15mm
1. 8%

2. 6%
10%

13%

18%
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2%
7%
15%
19%
18%
15%

.
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»
[
.
1
.
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’
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31%
27%
24%
27%
22%

classification range

34%
28%
26%
21%
23%
22%

10

49%
31%
29%
26%
19%
22%

15

12. 4%
10. 5%
9. 7%
8. 5%
7. 2%

mass%

0%
2%
4%
8%
12%
20%

20

addition ratio of | water content

(after milling)
dehydrating agent

comparative
example
example 6

25 [0047]

Further, dry magnetic separation was carried out to the soil in the
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15
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25
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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 6]
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As shown in Table 6, inprovenent in |ead separation efficiency was
confirmed in accordance wwth a reduction in the water content. On the other
hand, when the dehydrati ng 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 fornms an aggregate.,,\Wen the addition anobunt 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

| ead 10 seqpp§§'on accuracy was |lower as conpared with the soil in the dry
state with ter content of 10 mass% or |ess. A possible reason for

t hi be b j f. i : t
o Targy.  From ches sl bt IBpATE: HnrtbybRRATIAIRA pakatiin LRSS WA
the additi %nmfw%irg&géé\}ga%lew;*ftﬁtd RARIDM inl ErhOwARGSIBRENTOT ©1f theSSiler

wei ght ratio and ter content 1s 10%or less in the present

i nvention. Hahddushén ahe ARMPlydeahg doeht WASAbt added, thd hRa@icieily hftvadedon
is wdely used as a techni que to clean contam nated soil. The present
inventien imagptoell absbet coldeitedmulthipliy thaughmt@rﬁmbemhdeythei $oidngl nogavy
netal s as an econom cal cleaning technique. 28 [Nane of Docunent] Wat is
cl ai med i sdifigtegratdd ahds dotms| &ardaggregetehodWhemmshe saddjtioaf asroumt of the
pre-treatnent step of m xing a dehydrating agent in soil to 5 reduce a

wat er cont glehydrating agent was 1essnidigos onasedssin sopeveighteatioaaad the watgr
magneti c separation step of feedi% t he soil v,\ho]i}(;:- wat er content is reduced
to 10 mass®OBENeIS PViche | Br masseat thetmagagtically atiragted gratter eupdr Beor

at fggta cd %ﬁﬁ?ﬁ S mﬁalaé ol rvni%a?l:a%{aih i3 éésr%ff sl SoR it %ﬁ%%&%fds@ﬂod
Lec I . t . . t _

oro-t r a0 mrpattinn aveitacy s FOWsD s OmBReg NI S selh bt Aoy e vigh

step is subpecked O Reflf Hd ML FACRIE: 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.



[Claim3] 15The soil cleaning nmethod according to claim1 or 2, wherein one
of the soil having undergone the pre-treatnent step and the soil having
under gone the nmagnetic separation step is subjected to a gravity
concentration process. [Caim4] 20The soil cleaning nmethod according to
any one of clainms 1 to 3, wherein the maggetic separation step is perforned
ina plurality of magnetic separation stéeps, a magnet with a higher
magnetic force is used in the magnetic separation step perfornmed |ater, and
the | ater nagnetic separation step is applied to magnetically unattracted

The soi 1 crbamngt R BnBh iR iG eIRE  bne of "ciai o 1. to 4, wherein as
t he dehydr Tb'lgignqqent , one of quicklinme, gypsum and cenment is used.
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]

15 The 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]

20 The 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.



