4 SAND WASHI NG APPARATUS Description of the Invention [Field of {kdvafls @Fg_
I'nvention] The present ‘invention relates to as and washi ng apparatus for
washi ng contanminated sand scraped up fromfiltering nediain a filtering
pond or froma bottomof a waste water1 pond or a sedinentation
basi n or surface-covering sand to renove nuck on or materials covering
surface of the sand. [Prior ArSANBi NASHING APRARAGYSd in a water
purifying plant is collected froma river bottomor a river-nouth, but
a quantity of tBEsLe3RYisR ofStheMhedntid@ that sand once used is again
used after cleammyg —oOr Otfer_srmiiar processing. In association with
rapi d contam nation of resource water or under infl.uence caused by

contam nants f| pRiaddi ofothef Lhvvenktdignjond, such phenonmena have been
observed as that a grain dianmeter of the filtering material has becone

| arger due to dehesi Presest s|irNgnblonharedbtgge ito sepsr ated f nashimy
filtering nmedia. Wen a grain dianeter. of filtering nedia becones |arger as
descri bed a%BQ%FaE“§pa%%’gbé"ﬁ/%€rPQ h&ombamdmatede§end sscraped up from

filtering media in a filtering pond or from a bottom 6f a

waste water pond or: a sedimentation basin or
surface-covering sand to remove muck on or materials
covering surface of the sand.

[Prior Art]

Filtering sand .gsed in a water purifying plant is
collected from a river bottom or a river-mouth, but a
quantity of the resource is 1limited, so that sand once
used is again wused after cleaning or other similar
processing. In association with rapid contamination of
resource water or under influence caused by contaminants
flowing into a filtering pond, such phenomena have been
observed as that a grain diameter of the filtering
material has become larger due to deposition of sludge or
that sludge is separated from the filtering media. When a
grain diameter of ‘filtering media becomes larger as
described above, a space between the filtering media is
reduced and the filtering efficiency becomes lower. So it
is required to periodically take out the filtering media
from the filtering pond and remove muck from a surface of
the filtering media by means of washing.

Conventionally, in the processing for washing

filtering media, generally there has been used a washing



reduced and the filtering efficiency beconmes lower. So it is required to
periodically take out the filtering nmedia fromthe filtering pond and
renove nuck froma surface of the filtering nedia by neans of washi ng.
Conventional |y, in t he processing 2 for washing filtering nedia,
generally there has been used a washing 2 apparatus having agitation
vanes to nhppamahndrmmeﬂngam@ttatiouﬂvanésgumﬂmixandnagmuah&QNKSand

m xture, but when a | arge guant i cont am nat ed sand S
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cleaning. Also as the “so-called Ing apparatus for san t here

has been ginaeadard aﬁedwpamémlml Ngand S@@Udltantly a portion
which can not be recycled increases, and further if a
quantity of cleaning water is small, the separated
contaminants are again deposited .on the sand grains,
which makes it difficult for us to expect high efficiency
in the processing for cleaning.

Also as the so-called washing apparatus £for sand,
there has been proposed an apparatus having a sand
scrape-up section at a central posiﬁion of the basic body
for agitating and washing sand by making use of rotation
of a screw convéyor provided in the sand scrape-up
section. This sand washing apparatﬁS'is an apparatus used
mainly forr removing salt deposited on a surface of sea
sand, andr has the construction in which the screw
conveyor has sand scrape-up vanes in its lower section
and also agitation wvanes on its upper section and blades
for distribution are provided in the upper section of the
sand scrape-up section.

In this type of sand washing apparatus as described
above, sand put in a cleaning tank is raised due to
effect by sand scrape-up vanes up to the agitation wvane

section, where the sand is mixed with cleaning water

poured thereinto, the sand in the cleaning water is



scrape-up section at a central position of the basic body for agitating and
washi ng sand by making use of rotation of a screw conveyor provided in the
sand scrape-up section. This sand washi ng apparatus is an-.apparatus used
mainly for renoving salt deposited on a 8urface of sea sand, and has the
construction in which the screw conveyor has sand scrapge-up vanes in its

| ower sect iagitatedal sdilagedat i vashedes amd i tRunthear sadisedn apdakbBadeg for
distribution are provided in the upper section of the sand scrape-up
section. | maiing type AL szrgakdon ref apedtationasvanes;i antl atbesn, thed
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scrape-up section to the cleaning tank. Because o IS .
cleaning tank up to at least a height of the blades for
distribution,and further the cleaning water is supplied
at a section where the agitation vaneé rotate and salty
water after cleaning is overflown from a water discharge
pipe provided in the upper section of the cleaning tank,
so that the cleaning tank is always required to be filled
with the cleaning watef.
As described above, generally the conventional type
of sand washing apparatus ﬁas the configuration in which
sea sand filling a tank is floated in and agitated with
cleaning water to make salt deposited on a surface of

sand grain dissolved in the cleaning water to acquire

cleaned sand.

[Problems to be Solved by the Invention]

Even if filtering media is washed by using the
conventional type of sand washing apparatus as described
above, however, contaminants deposited on a gain surface
are, different from salt, not dissolved into cleaning
water, so that it has been: impossible to expect a high
cleaning effect. Also, when é supply rate of cleaning
water is lowered to suppress floating of sand to be

cleaned, as a large quantity of contaminated sand is



construction, it is required to inject sand into the cleaning tank up to at
| east a height of the blades for distribution,and further the cleaning
water is supplied at a section where the agitation vanes rotate and salty
water after cleaning is overflown from adwater di scharge pipe provided in

t he upper section of the cleaning tank, so that the cleaning tank is al ways
requi red t&opeefnllyd whghtatedc| ebvi ngtheit eragitaticarcr i branesove which

general ly the nventional type of sand washi ng apparatus has the
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cont ani nantRedag@tatidnovrahegaiands gahdC 4 sadd sadvatitlgelovuyly firapgesal t, not
di ssolved into cleaning water, so that .it has been inpossible to expect a
hi gh cl eani ng &tf dst .am\ objewnfterofa th@ppyesent dnverAmoteapebvidel arver ed
to suppress floating of sand to be cleaned, as a | arge quantity of

cont am nat 88ndanwashing apparatus which can effectively remove

contaminants despited on and covering a surface of sand
gain without pulverizing the injected sand and also in

which wearing is generated little in the agitation member.

[Means for Solving the Problems]

To solve the problems as described above, the sand
-washing apparatus according to the present invention
comprises a cleaning tank having a sand inlet port in
its wupper section and a sand outlet port in its lower
section for storing therein sand and cleaning water; an
agitation tank provide din the erected posture and having
openings in its wupper and lower edge sections; and a
screw conveyor rotating in this agitation tank, and the
screw conveyor projects from a top surface of a layer of
sand deposited within the agitation tank as well as form
a top surface of the cleaning water, and has a fluidized
sand up-flow section for flowing the fluidized sand to be
washed up to the upper opening section of the agitation
tank. | |

Quantities of sand and cleaning water to be injected

into the cleaning tank are set to levels so that an upper



4 forcefully agi tated by the agitation vanes, whi ch soneti nes
causes breakage pul verization of sand gains. Al so as the sand scrape-up

vanes and agitation vanes continue to rotate in the sand, .so that friction
Bbet ween the agitation vanes and sand is 8i sadvantageously large. It is an

obj ect of the present invention to provide a sand washi ng ap arat us
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washi ng apparatus accofding to e present invention conprises a
tank  havisagpd isANUErometiROr Lokdri lopetiily §66t16A HE 'ndarkh Ot fin port
inits |lower section for storing therein sand and cl eaning water; an
agitation tank proes depdialdige ¢hecispd qadstwanre andheayi nlgyopeltltﬂgg irpm t S
upper and | ower edge sections; and a screw conveyor rotating in this

agi tati on p&nkth@n®&auaw conveyor to a high value so that the sand

and water stored in the tank can go up to an upper edge
of the wvane, fluidization of the sand can be realized,
and in this state sand gaips collide to and scrub each
other in the up-flowing water. It is necessary to set the
rotational speed so that the fluidized sand is discharged
from the agitation tank into the cleaning tank.

Deposited sand and cleaning water there are pushed up
in the state where they are restricted by the screw
conveyor, so -that their free movement is suppressed, but
in the fluidized sand wup-flow section there is no
restriction by the screw conveyor, so that the cleaning
water continues .to flow upward actively moving. Then the
fluidized sand forms a discontinuous eddy £flow and
generates friction between sand grains, thus the washing .
effect being achieved.

A quantity of water dropped from a clearance between
an external edge section of the screw conveyor and an
internal wall of the agitation tank is larger thén that
of the sand, so that a density of sand becbmes higher, as
it goes to a higher section of the screw, as compared to
that when it is deposited 6n the bottom of the agitation

tank.' Namely the chance for sand grains to scrub each



screw conveyor projects froma top surface of a |layer of sand deposited
within the agitation tank as well as forma top surface of the cleaning
water, and has a fluidized sand up-flow section for flow-ng the fluidized
sand to be washed up to the upper openif section of the agitation tank.
Quantities of sand and cleaning water to be injected into the cleaning tank
are set toothkeel simo tHeat fimiddzed saBdhadh dfhe heconyexww oprejecting ect s
fromthe sand and water within the agitation tank. \When the screw conveyor
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set the rotational Speed so that the fluidized sand i s discharged .
efficiently, and contaminants deposited on or covering a
surface of sand grain can effectively be removed.

When the fluidized sand flows upward on a slopéd
surface of the screw conveyor, the sand gains each having
the substantially same hardness scrub each other due to
an eddy flow generatéd there, but the sand grains seldom
collide with a member having higher hardness, so that an
excessive force is not loaﬁed to the sand grains and
there is no  possibility that the sand grains are
pulverized. "Also when the sand grains collide against
the internal wall due to the centrifugal force, the sand
grains move together with water, so that the energy
generated by collision is rather small, _and the change
for the sand grains to be pulverized is extremely low.
Further .as there is always water between sand grains
scrubbing each other, separatgd contaminants = are
dissolved -in the cleaning water, and re-deposition due to
scrubbing never occurs. For this reason, the sand
cleaning effect becomes higher. In the fluidized sand
up~-flow section, sand grains contact only a top surface
of the agitation vane, so that wearing in the agitation

member is rather slight.

It should be noted that a clearance between the



fromthe agitation tank into the cleaning tank. Deposited sand and cl eani ng
water there are pushed up in the state where they are restricted by the
screw conveyor, so that their ‘free novenment is suppressed;, but in the

flui di zed sand up-flow section there is Bo restriction by the screw
conveyor, so that the cleaning water continues to flow upward actively
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conveyor projecting froma |layer of deposited sand becones hi gher than that
in sand &8Pt AFtatipt kapk i hsuggesivelly seémt into the cleaning

tank, and is recycled through the 1lower edge opening
into the agitation tank, and also in the cleaning tank an
eddy flow is generated and. the washing effect because of
scrubbing between sand grains is generated also in this
tank. Also in the flﬁidized sand up~-flow section, a
portion of sand dropped from the external edge section of
the screw conveyor again flows wupward, so that the
washing step by scrubbing becomes longer with the washing
effect improved.

The' sand washing apparatus according to Claim 2 is
characterized in that a plurality of wing-shaped
agitation vanes are provided substantially in parallel --to
a screw conveyor surface in the sand up-flow section.
This agitation vane has a form 1like a wing, forms a
substantially arcuate curved surface, and a plurality of
agitation vanes are provided in the rotating direction of.
of the screw conveyor. The fluidized sand flowing along
the curved surface of the agitation vane generates
a flow of a fluid and then generates an eddy flow. This
eddy flow works to further promote fhe eddy flow
generated by the pushing-up effect of the screw conveyor,

so that movement of the sand grains to scrub each other



deposited section. For this reason, the washing effect caused by scrubbing
bet ween sand grains is achieved efficiently, and contam nants deposited on
or covering a surface of sand grain can effectively be renoved. \Wen the
fluidi zed sand flows upward on a sl oped 8urface of the screw conveyor, the
sand gai ns ,each having the substantially sane hardness scrub each other due

to an eddylfl SRTEBRE, RPromoted, with thenwashingyefifectsdmpravaddide with a

menber havi ng Rhi gher. hardness,. so_that, an excessive force is not |oaded to
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wear i ng i”cBHSeQQEEat&%” is preferable that the agitation vane is
fixed to a supporting bar erecting on the surface of the
crew conveyor, and also the fluidized sand grains are
eccentrically offset along the eternal periphery, it is
preferable for the agitation wvanes to be provided in this
section. For preventing pulverization of sand grains, a
round bar is desired as the support bar, but
alternately a plurality of vertical and wing-shaped vanes
may be provided in the rotating direction of the screw
conveyor.

In the fluidized sand up-flow section, the sand
grains mainly contact a top surface of the spiral vane
and the wing-shaped agitation wvane, ‘and the sand grains
flow along these sections, so that the agitation member

is worn little.

[Detailed Description of the Embodiments]

Next detailed description is made for embodiments of
the present invention with reference to the attached
drawings. Fig. 1 is a cross-sectional view of the sand

washing apparatus according to the present invention. The



menber is rather slight. It should be noted that a cl earance between the

7 external edge section of the screw conveyor and the internal wall
of the agitation tank should preferably be at |east 3 tinmes or nore |arger
than a gain dianeter of sand to prevent Phe sand grains from being

pul verized. The fluidized sand flown up to the upper edge opening of the
agi tation &M iWashipgsiapparaiad 1 ncomprd s@iseani odeanding abanks Zrecym| ed

th h the | ed ng into the agitation tank, and also in the
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washi ng apgank U3 hasoldli sgnd oifflaktMpbrts ZAAHACIE¥S Z@Pperi Bectitd and
plurality of W ng- shaped
a sand outlet port 2b in its lower section with the
bottom surface formed in an inclined state so that the
deposited contaminated sand 6 is smoothly intorduced into
the agitation tank 3.

The agitation tank 3 is a cylir_xdrical body provided
in the erect posture at . a central position of the
cleaning tank 2 and has a upper edge opening 3a and a
lower edge opening 3b , and a rotary shaft 4a of the
screw conveyor 4 is inserted through a central portion
thereof. A spiral vane 4b fixed to the rotary shaft 4a
has an appropriate gap with an internal surface 3c of the
agitation tank 3, and efficiehtly carries the
contaminated sand 6 up to the upper edge opening 3a..-If
this gap is too large, a quantity of sand dropping while
being flown upward becomes larger, and it the gap is too
small, it may cause clogging of the gap with sand grains,
pulverization of the sand grains, or wearing of the vane
4b, so that the gap must be '3 times or more larger than a
gain diameter of sand grains. To enable adjustment of the
gap _from time to time according to a grain diameter of
the contaminated sand which is sand to be washed, the
screw conveyor 4 or the agitation tank 3 should

preferably be exchangeable.



agitati on vanes are provi ded substantially in parallel to a screw conveyor
the sand up-flow section. This agitation vane has a formlike a
wi ng, fornms a substantially arcuate curved surface, and a plurality of

surface in
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The screw conveyor 4 has a section projecting from a
layer of 1_:he contaminated sand 6 deposited in the
agitation tank 3 as well as from a top surface of the
cleaning water 7. Namely a total gquantity of the
contaminated sand 6 and cleaning water 7 put in the
agitation tank 3 should be set so that this projecting
section is provided. A weight ratio of the contamiﬁated
sand 6 against the cleaning 7 should be set to a higher
value to insure the higher cleaning effect.

fpm of the crew conveyor 4 should be set to a higher
value so that the cleaning water 7 can flow up to an
upper edge of the vane 4b. When the driving unit 5
starts its operation, the contaminated sand 6 and
cleaning water 7 successively supplied. from the lower
edge opening 3b of the agitation tank 3 move upward along
a surface of the vane 4b and reaches the projecting
section, and if the cleaning water 7 still has a upward
moment in this step, the contaminated sand 6 is floated,
thus fluidization of the sand being realized. In the
fluidized sand up-flow section 4d where the fluidized
said to be washed is moved upward up to the upper edge

opening 3a, the fluidized sand generates a discontinuous

f REEVERt the cleanirgnWaf®r 7| tands



crew conveyor, and also the fluidized sand grains are eccentrically offset
along the eternal periphery, it is preferable for the agitation vanes to be
provided in this section. For preventing pul verization of .sand grains, a
round  bar i's desired as the upport bar, but alternately a
plurality of vertical and w ng-shaped vanes may be provided in the
rotating deddgtiflhowf tadml sthew sanmdeyrainsn sbeubl WBatkedtherd - fdmaw
section, the sand grains nainly contact a top surface of the spiral vane
and t he w WateRapEtowgimamingh yawardanda héha&ndcombaminanbsy slepos ittete
sections, so that_the agitation nenber is worn little. [Detailed
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driving unijhject the cleaning water 7 .at least to a level allowing
realization of fluidization of sand in the projecting
section, if the quantity of injected cleaning water 7 is
excessive, the change for the sand grains to scrub each
other becomes lower, so that the efficiency in removal of
contaminants drops. Also, if the projecting section is
small, the washing efficiency becomes lower, and on the
contrary, if the projecting section is too 1large, an
absolute quantity of the sand to be washed becomes
smaller with the washing efficiency lowered. For this
reason, a total quantity of and a ration between
contaminated sand 6 and cleaning water 7 to be injected
must be decided taking all the factors described above
into consideration.

Next, the sand washing apparatus according to another
embodiment of the present invention is described below
with reference to Fig. 2 to Fig. 5. Fig. 2 is a
cross-sectional view of the sand washing apparatus
according to another embodiment of the present invention,
Fig. 3 is a cross-sectional view of an upper section of
the agitation tank, Fig. 4 is a front view of the
agitation vane, Fig. 5 is a cross-sectional view of the

sand washing apparatus taken along the line V-V in Fig.



5, and appropriate quantities of contanmnated sand 6 and cleaning water are
put in the tank in use. The cleaning tank 2 has a sand inlet port 2a inits
upper section and a sand outlet port 2b in its |lower secti.on with the
bottom surface forned in an inclined stat2 so that the deposited

contam nated sand 6 is snoothly intorduced into the agitation tank 3. The
agi tation #ankI8 ishouldl ibelr nokedbotlyapr dhielegsame raferencet npusrat:  at
a central osition of the cleaning tank 2 and has a upper edge opening
3a and a | _83Lanpdnitxy membezsy havinigr $henhgame copfiguratien or

conveyor 4 is.inserted through central ,portj,on thereof._ A iral] vane 4b
i xedyt ot ﬁﬁrﬁ&q:fry %%af&%%ghagh‘éﬂlﬁ%pr bgri glig'ga Wi tq{‘dldn $‘%‘é’?+&?f°n )
surface 3c !tetz,? j t i&r}_,‘ rieon 3 and efficiently carries t he
cont am nat gglfesan g@uﬁio tde {{Jpperone'_dge opening 3a. If this gap is too
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and it the gap is too small, it may cause clogging of the gap with sand

grains, pulveme z4bi onfof thée screl graonveyor wWeaprodectinge ¥zom 48, &

that the gap nmust be 3 tinmes or nore |arger than a gain dianeter of sand

grai ns. Tos&Ffiace agfusthendeppsikedggrntaminatedt sandeb6acor vedd tas a

grain di am:’.tr%;n Oaf 'top surface of the cleaning wafer 7. The agitation
vanes 8 are allocated at symmetrical positions around a
center in the external peri'pheral section with the wing
8a having a substantially arcuated surface set
substantially in parallel to the vane 4b in the rotating
direction of the screw conveyor 4. In this embodinient,
the agitation vane 8 is fixed to the supporting bar 8b
provided between the vanes 4b, but the agitation wvane 8
may be attached to a supporting bar projecting in the
radial direction from the rotary shaft A4a. Further,.
although, the supporting bar 8b is a vertical agitation
vane having a shape like a w_ing and provided in the same
direction as the vane 8a, but a form of the supporting
bar is not limited to that described above, and a.round
bar may be used for the purpose.

Further the fluidized sand flowi’ng'- along a curved
surface of the vane 8a of the agitation vane 8a generates
separation of the fluid as shown in Figqg. 4, and
generates an eddy flow at the rear side therefrom. This

eddy flow further promotes the eddy flow generated

because of the pushing-up effect by the screw conveyor 4,



t-he contam nated sand which is sand to be washed, the screw conveyor 4

or the agitation tank 3 should preferably be exchangeabl e. 10 A
pressure chanber 4c is provided under a bottom surface 3d--of the agitation
tank 3 and a contact section of the rotak3 shaft 4a. A hydraulic pressure
or an air pressure is |loaded via a nozzle now shown herein to this pressure
chanber 4cS€o thayeithe hecrubhingg effiest 7betweennttiné ns@ed sgndifsf riam

bei ng | eaked to OH{Si. de. . The screw conveyor 4 has a section projecting from

a | ayer of PTABOLEH: Wtthatbe washisdiefssictedmATOVed agitation tank 3 as
qoant ity of RS’ Subifigef bafaC' BROLAG | BERR] mdiear 5 s, ‘{l-'roﬁeeatld d
[ [ t ' actin ection | vi ded.
el ght orTe SIS 38 M fe ! A1 hRatnl Efe 3 e EbRET o fiRE, e
set to a hipBercl&drlng OthARUIE shecsies1$) camanditdd ephsskRM G rddlh Crew

conveyor 4 should be set to a higher .
the lower edge opening 3b and is again recycled into the
agitation tank 3 because of the tare weight, and while
dropping, - an air is involved in the flow of the cleaning
water 7, the sand grains moved upward due to the involved
air and dropping sand gains generated an irregular eddy

flow, and the scrubbing effect between sand grains is .

generated also in this section.

[Embodiments]

Next description is made for a case where
contaminated sand was washed by using the sand washing
apparatus described above. The sand washing apparatus
used in the experiment was that shown in Fig. 1. The
contaminated sand washed by this apparatus had. the
cleaning turbidity of 1150 degrees, an effective diameter
of 0.513 mm, and a homogeneity coefficient of 1.532, and
was put in a vessel having the capacity of 430 litters
together with a specified quantity of cleaning water.l
Table 1 shows a relation between rpm of the screw
conveyor and the cleaning furbidity. It should be noted
that the cleaning turbidity shown in Table 1 was measured
in 30 minutes after agitation, and the frequency of 40

MHz corresponds to around 90 rpm.



value so that the cleaning water 7 can flow up to an upper edge of the
vane 4b. Wien the driving unit 5 starts Its operation, t he
contam nated sand 6 and cleaning water 7 successively -supplied fromthe
| ower edge opening 3b of the agitation fldnk 3 nove upward al ong a surface
of the vane 4b and reaches the projecting section, and if the cleaning
water 7 still has a upward nonent in this  step, the contam nated sand 6
is floated, thus fluidization of the sand being realized. 1In the
fluidized sand up-flow section [¥8bkedd the fluidized said to be

hed i dge t he fluidized d
Goncr at o & o SEoniERGEe0” BHAYEY | oW SRCRnee Y a%d*egraqarée%c‘ﬁviné%c a

th t t f | t
and cover | REtLBL A Eter Ys b NS, ke, PHARTAY, EndCRAR A h"
shoul d be gakgdal kgt bt I olver! Saé‘e‘l‘:ﬁisafi/et?@eh@ire@s Uigas! s vt er

7 at least to a level allowng realization of fluidization of sand.in the
projecti ngage6t i aa, idelldtiofuianbetyeeh | Ntket ed cl Eaegaene®t erind | khis

apparatus and a water pumping-up height or a sand
- pumping-up section is shown in Table 2, and it can be
considered that it is preferable to inject the sand and
cleaning water up to a volume which is equivalent +to
around 1/2 to 2/3 of the total capacity of the vessel
(around 210 to 280 1litters) and to rotate the screw
conveyor at a frequency of around 60 Hz for the pufpose
to obtain a water pumping-up height sufficient for

washing (HO/3 to HO/21; HO = a height of the vessel).
[Table 2]

Then, a relation between a frequency and the cleaning
turbidity in a case where a total quantity of sand and
water is larger and the fluidized sand up-flow section is

extremely small is shown in Table 3.
[Table 3]
As described above, when agitating, if the fluidized

sand up-flow section becomes H0O/4 or below, the cleaning

turbidity can not be lowered even if the frequency is



excessive, the change for the sand grains to scrub each other becones

| oner, so that the efficiency in renoval of contam nants drops. Al so, if
the projecting section is small, the washing efficiency becones | ower, and
on the contrary, if the projecting sectith is too |large, an absolute
guantity of the sand to be washed beconmes snmaller with the washing

ef fi ci ency nlagieer Riigher, tdnid tR8sSAt hafdlyOb¥con@sinbélow A9 défreds.
ration between contam nated sand 6 and cl eaning water 7 to be injected
must be dediaded thikBng redsarhe f hot oef fkeddvidlad aboweri nttheconsleanihgon.
Next, the sand washi ng apparatus according to anot her enbodi nent of the
present i n‘SFRIEHt% g@s@rrl%’é’dl bed oflegrens orcrkgtewt Withg this osamplep.

Fig. 2is CrQss-sec san washi n apparat us
(6% the,

according t ¥ amBt _I*%Fe%‘lﬁg%g:lr?mrﬁ\g g’l\éve?ﬁ; ap§ ESEF}{L i YR i O, . 58nds gnd

Front vi ow B vkefl SRR NP LiR o Rl | BER akBR%0 s one ©

sand washi iy 3pp@r dne takan BVapurithe bEN&n& Wwb8sElJ-and also to set
the frequency to around 60 Hz.

As for distribution of granularity of sand grains
after cleaning, the grain does not change even if washéd
at a high speed with the frequency of 90 Hz. As described
above, the apparatus agitating contaminated sand with a
screw conveyor does not cause at least pulverization of
sand grains.

Next description is made for an example in which
contaminated 'sand was washed by using the sand washing
apparatus shown in Fig. 2.The contaminated sand washed by
this apparatus has the cleaning turbidity of 1150
degrees, soluvability in hydrochloric acid of 2.93 &,
effecfive grain diameter of 0.583 mm, and homogeneity
coefficient of 1.420. 200 Kg contaminated sand and 100 Kg
cleaning water were injected into a vessel with the
capacity of 420 1litters, and the contaminated sand was
washed at the rotational speed of 159 rpm (70 Hz) for 30
minutes. Further for comparison, the same experiment was
carried out under the same conditions with a conventional
type of sand washing machine and the sand washing
apparatus not having any agitation vane shown in Fig. 1.

It should be noted that the conventional type of sand



12 4._It"should be noted that the sanme reference nunerals are assigned to
menbers having the sane configuration or effects as those showing in Fig.
1, and description thereof is omtted thereon. In -Fig. 2,--an agitation vane
8 is attached to the vane 4b of the scré® conveyor 4 projecting froma op
surface of the deposited contam nated sand 6 as well as froma top surface
of the cl esashingamaclinerhwagagiafat aortypeneing whisha| contaninatedyfand i cal
positions around a center in the external peripheral section with the w ng
8a  havi n§as o foxgiuLl¥ | a@gjtated. ategethey, t spkth swatemstiRti &My in
parallel to %Ee vane 4bki n the rotating direction of the screw conveyor 4.
In this enBSdrAEAP? £AB*agitation vane 8 is fixed to the supporting bar 8b
provi ded between the vanes 4b, but the agitation vane 8 may be attached to
a supporting bar projecting in the radial direction fromthe rotary shaft
4a. Further, although, the supportirpgpiar 48b is a vertical agitation-vane
having a shape like a wing and provided in the sane direction as the vane
8a, but a formof the supporting bar is not limted to that described
above, and a round bar nmay be used for the purpose.

As shown in Table 4, the cleaning turbidity after
washing with the sand washing apparatus according to the
present invention was 4.7, which was around 1/13 as
compared to that when washed with the conventional type
of sand washing machine, and was half or below as
compared to that achieved when the sand washing apparatus
without any agitation wvane. Also the soluvability in
hydrochloric acid when washed with the sand washing
apparatus according to the present invention was 1/2 of
that achieved by the conventional type of sand washing
machine, and around 1/1.5 achieved by the sand washing
apparatus without any agitation wvane, which indicates
that separated of contaminated sand was promoted. On the
other hand, when the conventional type of sand washing
machine was used, the effective géain diameter reduced
from 0.592 to 0.570, while the homogeneity coefficient
increased from 1.419 to 1.445, which indicates that the
sand gains were pulverized .and the homogeneity was 1lost
after washing, but in cases of the sand washing
apparatus according to the present invention and sand
washing apparatus without any agitation wvane, both the

effective diameter and homogeneity coefficient were not



Further the fluidized sand flow ng along a curved surface of the vane 8a of

the agitation vane 8a generates separation of the fluid as shown in

Fig. 4, and generates an eddy flow at the rear side therefrom This eddy

flow further pronotes the eddy flow7generated bﬁcaUSﬁ of thgb_

ushi ng-up effect by the screw conveyor 4, 13 so that the scrubbing

gffectgbegﬁy&?w:‘y@&ﬁd’ gFBPREeAs rRieh edndiGeter Rhaki Rpkyertsation

I mproved. 'Hle&floqrit(gzed sand havi ng been noved to the upper edge opening 3a.
n

of the agltatlé‘ €T s sent out into the cleani ng tank 2 successively,

and then passes through the [ower edge opening 3b and is again recycled
into the agitation tank 3 because of the tare weight, and while dropping,

an air is i[BfBectd idE tire fimmrfiddie cl eani ng water 7, the sand grains
noved upward due to the involved air and dropping sand gains generated an
irregul ar eddy Asl owdeacdibed scabiweng efHect samanweenashifiggr apatstus
generat ed %lc%:%rldnir;[ghl ?:oset(::ﬁéO%re[sEmOd;.rqsghi]ion has a fluidized sand
up-flow section provided in the screw conveyor, so that
the fluidized sand generated a discontinuous eddy flow,
thch generates friction between sand gains with the
cleanin.g effect achieved. For this reason, contaminants
deposited on or covering a surface of a grain sand ‘can
effectively be removed. Also the fluidized sand shows the
scrubbing effect between the sand grains, but the sand
grains 1little collide against members having a higher
hardness, so ‘that an excessive force causing pulverization
is not loaded to the sand grains. In addition, there is
always cleaning water between sand grains, so that
contaminants separated from a surface of each sand grain
are dissolved in and flown away with the water. Further
only a top surface of the vane contact the sand in the
fluidized sand up-flow section, so that the agitation
member is worn little.
Also in the sand washing apparatus according to Claim
2, a wing-shaped agitation vane is provided in the
fluidized sand up-flow section, so that the fluidized
sand flowing along a curved surface of the agitation vane

generated an eddy flow, which further promotes an eddy

flow generated by the pushing-up effect by the screw



Next descri ption IS made  for a case where contam nated sand
was washed by using the sand washi ng apparatus descri bed above. The sand
washi ng apparatus used in the experinment was that -shown in Fig. 1. The
c¢ont anmi nat ed sand washed by this apparat1® had the cleaning turbidity of
1150 degrees, an effective diameter of 0.513 mm and a honobgeneity

coef fi ci entcoriveyds?, ama m&w%d&ma%%ﬁui&ﬁ nﬂhhhes&ﬁ&a@];taaﬁi]rfg 430

litters together with a specified quantity of cleaning water e 1 shows
a rel ati on pamedeed rpithf thédeckeaning coeffygot futdthée Cmpeovag.turbidity. It
shoul d be noted that the cleaning turbidity shown in Table 1 was neasured
in 30 nminutes afheragitakipon vaned a¢cordingetoy Gfaim) IHi sc Finesbobolsat o

around 90 Qfﬁl 14 [Eggje 1] As described above, in each of the cases
where a ratTUPRATEERS, s il& cPERYEded gdferan| extarnaleanerirhersidi ty

?ﬁgongs L?Sﬁﬁgﬁﬁvﬁhﬁ%£rfﬂﬁ§n0¥oh%eg%%€ méﬂ“ﬂfhgﬁsc&ta'céglaggggctgsg¥§en
agitate the fluidized sand eccentraically offset by the
centrifugal force. The supporting bar according to Claim
4 is a vertical agitation vane having a form like a wing,
and it can increase chances of generation of an eddy
flow. |
[Brief Description of the Drawings]

Fig. 1 is a cross-sectional view of a sand washing
apparatus according to an embodiment of the present
invention;

Fig. 2 is a crosss-sectional view of a sand washing
apparatus according to another embodiment of the present
invention;

Fig. 3 1is a Ccross-sectional view showing an upper
section of the agitation tank;

Fig. 4 is a front view of the agitation vane; and

Fig. 5 is a cross-sectional view showing the

agitation vane taken along the line V-V in Fig. 4.
[Description of References Numerals]
l. Sand washing apparatus

2. Cleaning tank

3. Agitation tank



apparatus . and a water punping-up height or a sand punping-up
section is shown in Table 2, and it can be considered that it is preferable
to inject the sand and cleaning water up to a volune which is equivalent to
around 1/2 to 2/3 of the total capacitl®of the vessel (around 210 to 280
litters) and to rotate the screw conveyor at a frequency of around 60 Hz
for the pagpo g r punpi ng-up hei ght sufficient for washing
(HO/3 to FD/Z??%%%rz a hefgﬂrgg the vessel). [Table 2] Then, a relation
bet ween a3brediosiery edlifk tdpemimani ng turbidity in a case where a total
guantity of sand and water is larger and the fluidized sand up-fl ow section
is extremdl.y Sexew jcondexQr in Table 3. [Table 3] As described above, when
agitating, if the fluidized sand up-flow section beconmes HO/ 4 or bel ow, the
cl eani ng A@&bRAtAFY Shefifot be |owered even if the frequency is 15
made high%%“ @g%érmeit hardly becones bel ow 19 degrees.

4d: Fluidized sand up-flow section
5. Driving unit

6. Contaminated sand

7. Cleaning water

8. Agitation vane

8a: Wing

8b: Support bar



For this reason, to effectively lower the <cleaning turbidity to
around 14 degrees or below with this sanple, it is preferable to keep a
total value of the sand and cleaning water in agitation i'n a range from
around 1/2 to 2/3 of the total capacity 29 the vessel and also to set the,
frequency to around 60 Hz. As for distribution of granularity of sand
grains after cleaning, the grain does not -change even if washed at a high
speed with_ the frequency of 90 Hz, escri hed aboye, t appar at us

agi t at i ng Document ewvithd @hemhcgﬁr gafrm ayo@rdﬁfﬁ ngﬁ(eaggé'lﬁtjemeast
pul veri zatﬂ;ﬁ%@{)gsand grains. Next description is made for an exanple in
whi ch cont aled sand was washed by using the sand washi ng appar at us

shown in K : tam nated sand washed by this apparatus has the
cl eani ng IS@P&?&%@? 1150 degrees, soluvability in hydrochloric acid of
2.93 % ef iggt' e %le n diameter of 0.583 nm and honogeneity coefficient
of 1.420. a:%ec am nated sand and 100 Kg cl eaning water were injected

into a vessel with the capacity of 420 litters, and the contamni nated sand

was washgd—at—theyrotationpt—speed of 159 Tpm (70 FZ) TOf 30 niNutres.
Further for conpafison, thg sage %i(peri ment  was
- an Screw conveyor| Cleaning
Water |--------- emoemne- . u
' Frequency (Hz) turbidity
1-1 | 100 [100] 74 40 17. 4
1 -2 " notom 5 0 20
1-38 "o v 60 12. 8
2 -1 ” 200:148 40 21
2 -2 y noiow 50 18. 8§
2-3 " oo 60 - 14. 7
2 —4 " »oioow 70 14. 4
3-1 ” 300:220 60 18. 4
3-2 n ol 75 12. 9




carried out under the sanme conditions with a conventional type of sand
washi ng machi ne and the sand washi ng apparatus not having any agitation
vane shown in Fig. 1. It should be noted that the conventional type of sand
16 washi ng machi ne was of a type in which2tontam nated sand was forcefully
agitated together wth water in an agitation tank. [Table 4] As shown
in Table 4, the cleaning turbidity after washing with the sand washi ng
apparatus according to the present invention was 4.7, which was around 1/13
as conpared to that when washed with the conventional type of sand

washi ng chL%e, and was half or Dbelow as conpared to that achieved
when t he Sh@Cl th@napparatus W t hout any agitation vane. Al so the
soluvability in hydrochloric acid when washed with the sand washi ng

. appar at us[ Tablei @ to the present invention was 1/2 of that achieved by
the conventional type of sand washing machi ne, and around 1/1.5 achieved

by t he sgpt—washing
Pumping
-up Water Sand
stroke | pumping-up pumping-up
H 2z height height
40 HO/ 4 _—
55 Ho0/ 3 Ho/ 2
65 Ho/” 2 3H0/ 4




AE—————EE

apparatus w thout any agitation vane, which indicates that separated of
contam nated sand was pronoted. On the other hand, when'the conventi onal

t ype of sand washi ng machi ne was used, the effective grain dianeter reduced
from0.592 to 0.570, while the honpgenei2® coefficient increased from 1.419
to 1.445, which indicates that the sand gains were pulverized and the
honogeneity was | ost after washing, but in cases of the sand
washi ng apparatus according to the present invention and sand washi ng
apparatus w thout any agitation vane, both the effective dianmeter and

honogenei ty coefficient were not 17 substantially changed, which
i ndi cat esSﬁ%ﬁﬁ)eh\t%hzati on did not occur. [Effects of the Invention] As
descri bed "above, the sand washing apparatus according to the present
invention[gﬁi ﬁ f@ﬁldized sand up-flow section provided in the screw
conveyor, O.P gt e fluidized sand generated a di scontinuous eddy fl ow,
whi ch generates—T1 rLi O betweem sanmd—garms W th t he :
Water Sand
2002 300k g
No (22018)
Frequency | Cleaning
(Hz) turbidity
(degree)
4 -2 78 21
4 -3 80 18. 1
4 -4 85 17
4-5 90 18. 8




cl eaning effect achieved. For this reason, contam nants deposited on or
covering a surface of a grain sand can effectively be renoved. Al so the
fluidized sand shows the scrubbing effect between the sand grains, but the
sand grains little collide against nenbeé#3 having a hi gher hardness, so

t hat an ex ' o Si [ ' IS t d (o] d
grains. | nigégqﬁ)énﬁltt ﬁ\grighi séﬂﬁmgéﬂ cfé&hﬁ%a V\gfert'rf)%egkén "&iﬁﬁéﬂ
grai ns, sd¢hereorcont ani nant s separated froma surface of each sand grain
are dissolved in and flowm away with the water. Further only a top surface
of the vanSpecificatiobn sand in the fluidized sand up-flow section, so that
the agitation nenber is worn little. Also in the sand washi ng apparat us

accordi ng [’d‘ab&'emém a W ng-shaped agitation vane is provided in the
fluidized sand up-flow section, so that the fluidized sand flow ng _along a

curved surface of the adi iSihiORashie JepeSantiewashingddy | fdonventidnar Bydelr|t her
pronot es e | ow geneipphrfudWwithhe Puppar@ud vithole ¢ lof D3ant hwashiigew| 18
agitaion vane agitaion vane machine
h§Beforecleani'ng 1150 1150 1150
-
‘BR
5 1In 10 mimutes
8 . 7. 4 73
+ | after cleaning 11.5 1
() )
5
<]
. |In 30 mimutes
8 after cleaning 4. 17 10. 8 6 3
xR
Before cleaning 2.93 ) 2.92 2.92
3
g
o|In 10 mimutes
E 'g after cleaning 1.65 2.01 2.36
§ § In 30
5 n mimutes '
) '§= after cleaning 0.97 1.52 2.07
) <
Before cleaning 0.583 0.587 0 .592
In 10 mimutes
.g: § after cleaning 0.589 0.590 0.584
29
g g In 30 mimut
= imutes _ -
¥ 0| after cleaning 0.3587 0.587 0 .570
I
:g Before cleaning 1. 420 1 419 1. 4109
bel
S
> |10 10 mimutes 1. 419 1. 417 1. 426
2 | after cleaning : :
&
8 .
© |In 30 mimutes
g after cleaning 1. 417 1. 415 1. 445
s}




conveyor,- and al so scrubbing between the sand grains is pronoted with the
cl eani ng ef f ect—further—inproved. The agitation vane according to Claim3
is fixed to a iﬂrtl ﬂlbar and is provided in an external peripheral

section of the ﬁwﬂ "ﬁ it can2& fectively agitate the fluidized
sand eccentr ai he centrifugal force. The supporting bar

according to Caim4 is a verfical agitation vane having a formlike a

wi ng, and it can increase chances of generation of an eddy flow [Brief
Descri pti ongf+ iheFipwgngs]l Fig. 1 is a cross-sectional view of a sand
washi ng app 'a'r—drmccm-d'l-rrg o an enbodi nent of the present invention; Fig.
2 is a crosss-sectional view of a sand washing apparatus according to

anoter erbod e sgh 19 P Se%‘%PhQV%&tshiﬁgo Hafelird TR,
o 5o (BLABRNGT o ing 3, ode, Byl ORREPrhERD g VL e
[DescriptloﬁpﬁérReéééﬁﬂéﬁs Abaeral sjang outlet port provided in the
lower section for storing therein sand and cleaning
water, an agitation tank provided in its erect posture in
this cleaning tank and having openings in the upper and
lower edge sections, and a screw conveyor rotating in
this agitation tank; wherein said screw conveyor projects
from a top surface of a layer of sand deposited in the
agitation tank as well as from a top surface of the water
therein and has a fluidized sand up-flow section for
flowing fluidized sand to be washed up to an upper edge
opening of the agitation tank.
[Claim 2] The sand washing apparatus according to
Claim 1 having a plurality of wing-shaped agitation wvanes
provided substantially in parallel to a screw conveyor
surface of said fluidized sand up-flow section.
[Claim 3] The sand washing apparatus according to
Claim 2; wherein said agitation vanes are fixed to
supporting bars each provided in its erect posture on a
surface of the screw conveyor and are arranged on an
external peripheral section of the conveyor.
[Claim 4] A sand washing apparatus according to Claim
3; wherein said supporting bars are wing-shaped vertical

agitation vanes arranged in. the rotating direction of the
screw conveyor.



1. Sand mashlng apparatus 2. C eaning tank 3. Agitation tank . 19 3a:
Upper edge opening 3b: Lower edge opening 4. Screw conye ' -
shaft 4b: Vane 4d: Fluidized sand up-fl ow section 5.
Cont am nated sand 7. O eaning water 8. Agitation vane
bar 20 25

| VHISSHERT: H&S BEEN
a: W REFPBACESuUppor

ABSTRACT

SAND WASHING APPARATUS

A sand washing apparatus is comprised a cleaning tank having a sand
inlet port provided in the upper section and a sand outlet port provided
in the lower section for storipng therein sand and cleaning water, an
agitation tank provided in its erect posture in this cleaning tank and
having openings in the upper and lower edge sections, and a screw
conveyor rotating in this agitation tank; wherein said screw conveyor
projects from a top surface of a layer of sand deposited in the
agitation tank as well as from a top surface of the water therein aad
has a fluidized sand up-flow section for flowing fluidized sand to be
washed up to an upper edge opening of the agitation tank.

The sand washing apparatus according to the present invention has a
fluidized sand up-flow section provided in the screw conveyor, so that
the fluidized sand generated a discontinuous eddy fiow, which generates

friction between sand gains with the cleaning effect achieved. For this
reason, contaminants deposited on or covering a surface of a grain sand
can effectively be removed. Also the fluidized sand shows the scrubbing
effect between the sand grains, but the sand grains little collide
against members having a higher hardness, so that an excessive force
causing pulverization is not loaded to the sand grains. In addition,
there is always cleaning water between sand grains, so that contaminants’
separated from a surface of each sand grain are dissolved in and flown
away with the water. Further only a top surface of the vane contact the
sand in the fluidized sand up-flow section, so that the agitation member

is worn little.
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Docunent with chemical formula or the like witten thereon Specification

-[ Tabl e 1] Sand Screw conveyor Cl eani ng Water Frequency (Hz)
turbidity No (2) (kg) (2) (degree) 1 - 1 100 100 7 4
.40 17 41-2 : " " 50 20 1-3
" " 60 - 12. 8 2-1 : 200 148
40 2 1 2-2 " - 50 16. 9
2-3 " " " - 14. 7 2-4
" 70 14. 4 3 Oy 300 220 6 0
18 43-2 o 75 12.9 21
Speci fication FIG.].

3a

[ .




[ Tabl e 2] Punping - up Wat er Sand strokepunpi ng- up

‘punpi ng-up Hz hei ght height 4 0 HO/ 4 55

HO 3 HO 2 65 HO/ 2 3HO/ 4 - 22 Specification
[ Tabl e 3] Water Sand 200 2 300kg No (2002)

Frequency Cl eani ng (Hz) turbidity (degree) 4-1 . 70 19.
4-2 75 2 1 4-3 80 . 19. 1
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4-4 ' 85 17 4-5 90 19 9 23 Docunment with
-chem cal fornula or the like witten thereon Specification [Table 4] Sand

washi ng Sand washi ng Conventional type apparatus with
apparatus w thout of sand washi ng agitaion vane agi tai on vane
"machi ne Before cl eaning 1150 1150 115,
O In 10 m nutes 11.5 : 17.4 7 3 after
cleaning I'n 30 m nutes 4 7 10 8

6 3 after cleaning Before cleaning 2 . 93 2 . 92

2 .92 In 10 minutes 1.65 374 2. 01 2

.36 after cleaning In 30 m nutes 0 .91 1.52

2.07 after cleaning

F1G.3

4
8b 8b
8
8
8a
8a
N 4b
4a

3c

8a- ) 8b



Bef ore cfeaning 0O . 583 0 .587 0 .592 In
10 minutes after cleaning 0. 589 '

0. 590
O . 584 In 30 mmutes after cleaning 0 . 587 0 .587
0 .570 Before cl eaning 1. 420 1. 4109 1. 41
9 1n 10 mnmutes 1. 419 1. 417 : 1. 4 2 6 after
cleaning In 30 m nutes 1.417 1.415 1. 445
after cleaning 24 What is clained gy [Caiml] A sand washing apparatus
conprising a cleaning tank having a sand inlet port provided in the upper
section and a sand outlet port provided in the | ower section for

storing therein sand and cleaning water, an agitation tank provided in

its erect p JHES Yh this cleaning tank and having openings in the upper
and | ower e ¢ttons, and a screw conveyor rotating in this agitation

tank; wherein said screw conveyor projerbs-ST

FIG.5
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froma.top surface of a | ayer of sand deposited in the agitation tank as
well as froma top surface of the water therein and has a fluidized sand
up-flow section for flowing fluidized sand to be washed up to an upper edge
opening of the agitation tank. [Claim2] The sand washi ng appar at us
according to Jaim1 having a plurality. ubstitytesshestd hdi ber, 299
provi ded substantially in parallel to a screw conveyor iHWLQQENJYTgﬁEHH'

fluidized sand up-flow section. [Caim3] Z%e sand washi appaa *

according to.Claim2; wherein said agitatian vanes are [fijxed to supportifg
bars each provided in its erect posture rface of| tlhe 1&cPE® Bﬂv%y)r
and are arranged on an external peripheral section of tthea_copnveyor. [Claim
4] A sand washi ng appar at us accormméﬂl_ﬂ@ihﬁ?@l&m&erﬁi n said supporting

bars are w ng-shaped vertical agitation vanes arranged
direction of the screw conveyor. '

A sand washing apparatus is comprised a cleaning tank having a sand
inlet port provided in the upper section and a sand outlet port provided
in the lower section for storing therein sand and cleaning water, an
agitatién tank provided in its erect posture in this cleaning tank and
having openings in the upper and lower edge sections, and a screw
conveyor rotating in this agitation tank; wherein said screw conveyor
projects from a top surface of a layer of sand deposited in the
agitation tank as well as from a top surface of the water therein and
has a fluidized sand up-flow section for flowing fluidized sand to be
washed up to an upper edge opening of the agitation tank,

The sand washipg apparqtué according to the present invention has a
fluidized sand up-flow.section brovided in the screw conveyor, so that
the fluidized sand generated a diécohiinudus eddy flow, which generates
friction between sand gains with the cleaning effectﬁachieved. For fhis
reason, contaminants deposited'bh or covering a surface of a grain sand
can effectively be removed. Also the fluidized sand shows the scrubbing
effect between the sand grains, but the sand grains little collide
against members having a higher hardness, so that an excessive force

- causing pulverization is not loaded to the sand grains. In addition,
there is always cleaning water between sand grains, so that contaminants
separated from a surface of each sand grain are dissolved in and flown
away with the water. Further only a top surface of the vane contact the
sand in the fluidized sand up-flow section, so that the agitation member

is worn little.

(Figure 1)



