1 DESCRIPTION Title of Invention POROUS CERAM C SI NTERED BCODY 5
Technical Field [0001] The present invention relates to a porous
ceram c sintered body. Priority is clainmed on Japanese Patent
Application No. 2010-208458, filed 1OSe1pterrber 16, 2010, the content

of which is incorporated herein b)r/%%ﬁfgg @EI Background Art [0002]
Generally, a porous ceramc sinte gﬁ'} used for an insul ating
refractory 15material, a water purification material, a humdity
conditioning material, a volatile organic conmpound (VOC) adsorption
material or the like. As a structure of this porous ceram c sintered
body, a closed-cell foamtype strilidgtefdnveatioatti ce type structure, an
aggregate type structure, a structure with mnute cracked pores, a

structure with consecuti VRORMBUQHRAOGHIESSINTERED®(DIDIKe are exenpl ary
exanpl es and the structure is 20sel ected dependi ng on the use. [0003]
A porous cerami c sintered body having a lattice type structure in

whi ch ceram c conpositions are injected into air holes of urethane
foan1resi£ ho.fL%J(fhe same and then resin conmponents are deconposed
and the r&SUla wls sintered has been known. 25A porous ceranic
sintered body having an aggregate type structure in which 2 voids of
aggr egat e of eH@Q@Htary particles in a conposition are used as air

hol es has been known.
The present invention relates to a porous ceramic sintered body.

Priority is claimed on Japanese Patent Application No. 2010-208458, filed

10 September 16, 2010, the content of which is incorporated herein by reference.

Background Art
[0002]
Generally, a porous ceramic sintered body is used for an insulating refractory
15  material, a water purification material, a humidity conditioning material, a volatile
organic compound (VOC) adsorption material or the like. As a structure of this porous
ceramic sintered body, a closed-cell foam type structure, a lattice type structure, an
aggregate type structure, a structure with minute cracked pores, a structure with
consecutive through holes, and the like are exemplary examples and the structure is
20  selected depending on the use.
[0003]
A porous ceramic sintered body having a lattice type structure in which ceramic
compositions are injected into air holes of urethane foam resin to fiil the same and then
resin components are decomposed and the resultant is sintered has been known.

25 A porous ceramic sintered body having an aggregate type structure in which



A porous ceram c sintered body having a closed-cell foamtype
structure in which air holes are generated by high tenperature
deconposi ng vol atile conponents in a 5conposition in a calcination
step has been known. A porous ceranic s? nt er ed body having a

ompost 11 A0t At ePudh RGN E P SRushlb R doudoT e Yo it BUEL et

heat ed and sl ags that are expanded when heated are m xed has been
known. 10F#¥dHdition, a porous ceramnic sintered body having a
structure with consecutive through holes which is obtained by adding
an al kal i sol utAgeraus ceranid bintered bodyrhavinga desetieel) doam &tpe shydiuogian i n
a wat er-contai ning conposition and then sintering the conposition has

been knowshich@iQflleskibépomnitby by Aighaemperates éstompdiing QbR 1RMponsnig ks
used for a greening base material. The greening base naterial is laid

under s5oi _&oﬁaéHsitﬂanWa [ ARIA Lt N4E beddl 1}y, and needs to have an easy

water infiltration and a proper water retentivity. This greening base

material is |ai n the roof. of buildings or the |ike .and plants are
rown ¢her eon AESRPaCHETDEcinftre Syl bl bl P0G PAER ey
be i nproved, 20A porous ceram c sintered body used for a greening
base mat ePfigh i} gbtaws%ﬁzéﬂ“qrwwo(@woait@pdw@ claveyrawingatgrd@d dhatds
raw nmat erial and a nol di ng body of di atonmaceous earth is sintered
(for exanpingrac¥when hegiedard slhgs thor ma sxpadadrivbers heatet ard nisel/hdsdsem

bi nary structure in which mcro air holes derived from di at onaceous
earth arekmannected with mllineter-sized tunnel structure voids
formed artificially, the porous ceram c 25sintered body has easy

wateryg nfiltrati,opdad 9p0Qudedishid Sherldnod Ynavin%a .rgé’th.feq!@itllrl:&kecutive
Patent Literature [0005] 5[PTL 1] Japanese Unexam ned Patent

?22”}?22‘: %&u@@ih@ﬁs »‘Elﬂall isco%ttéiﬁ)&i lg\)lpadd%%)goa%{ z%l%a flgo]utlsolfln%anrlé{alﬂg a Llrlll’\l/iﬁlrl]l%]isco) Is
to generate hydrogen in a water-containing composition and then sintering the
composition has been known.

[0004]

15 Recently, a porous ceramic sintered body is also used for a greening base
material. The greening base material is laid under soil for growing ground cover plants
and needs to have an easy water infiltration and a proper water retentivity. This
greening base material is laid on the roof of buildings or the like and plants are grown
thereon. According to this, the cooling effect of buildings may be improved.

20 A porous ceramic sintered body used for a greening base material is proposed in
which diatomaceous earth is used as a raw material and a molding body of diatomaceous
carth is sintered (for example, PTL 1).  Since the porous ceramic sintered body has a
binary structure in which micro air holes derived from diatomaceous earth are connected

with millimeter-sized tunnel structure voids formed artificially, the porous ceramic

25  sintered body has easy water infiltration and good water retentivity.



10[ 0006] However, in addition to easy water infiltration and
proper water retentivity, the porous ceramc sintered body used for a
greening base material is desired to have good water diffusivity
(diffusivity), particularly, to have dF?fu3|V|ty in a horizontal
direction. Further, water, which is retained in air holes of the
porous ceram c sintered body, has to 15be used in plants to be grown.
Furthernore, .in the porous ceramc sintered body, the further

i mpr overefitalign kise cooling effect is desired. To address the
above-descri bed circunstances, an object of the present invention is
t o provi dBatanidatepatsrecer ani ¢ sintered body which is suitable for plant
grow h and which has a high cooling effect. 20 Sol ution to Probl em

[ 0007] [0AOPpProus ceramic sintered body according to the
present invention includes a pore volune, which is the total volume
of porgs with t ar ger
and |ncludes aa%1 ggdﬁémg% g%@g%gﬁfgﬁgfﬁg%mﬂgmgégFﬁﬁ%P@ﬁkg%@LNb 4
whi ch t he e volunme ratio equals to the total volunme of pores
with a dl%ﬂ%fggﬂgzual to or greater than 0.01 gmand less than 1 p. m
di vided by the pore vol une. It is preferable that a nedian pore
di aneter of pores with a dianmeter of 3 nmto 360 gm be snall er than
40 p.m It is preferable that the porous ceram c sintered body 5

pr ef er abl ummetyudengeiteper - 1 i ke dense | ayer having a bul k specific
gravity of 0.7 g/cnB or nore and a non-dense | ayer having a bul k
speci fi c TechvidayP@bidess than 0.7 g/cnB. It is nore preferable that
the non-dense | ayer be provided on both surfaces of the dense |ayer.
The pgy ous cera@m Flntered body nmay be used as a greeni ng base
material. 10 Advantageous Effects of | nvention [ 0008] An obj ect
of the present jnvention.i .QuUs eranlc sin

ohi ch i 5 sutt aniBFGE Badiiion o bisK ek m;aag BroRPRaBL BTG o T
effect. 15Brief Description of Drawings [O FIG 1is a
Cross- secP‘PFGH%Perﬁ)‘H&%‘PT&Br‘?OSY usgddier wgeeewgéwecmgﬁeﬁﬂléﬁ depirgddg have good
according to an enbodi nent of the present invention. FIG 2(a) is an
el ectron whater ddhspily (gHdsiogyp phrticotegly) toileae ddfusBaty inh hptizontalakirsction.

Further, water, which is retained in air holes of the porous ceramic sintered body, has to
15  be used in plants to be grown. Furthermore, in the porous ceramic sintered body, the
further improvement of the cooling effect is desired.

To address the above-described circumstances, an object of the present invention
is to provide a porous ceramic sintered body which is suitable for plant growth and which
has a high cooling effect.

20
Solution to Problem

[0007]

A porous ceramic sintered body according to the present invention includes a
pore volume, which is the total volume of pores with a diameter of 3 nm to 360 um, of

25 0.2 em*/g or larger and includes a micropore volume ratio of 30% by volume or more, in



20section of a dense |layer of the porous ceram c sintered body shown
in FIG 1. FIG 2(b) is an electron m croscopi c photograph

(magni fication 2,000) in which a portion of the cross section of FIG
2(a) is zooned. FIG 3 is a crosétsectional phot ograph of a

P oart s e e toadbre nafthe alio FRVHRs foltht I ERTRS Shnstroih a disrteedts

| ayer of a porous ceram c sintered body of Exar& FIG 5is a
chart shotdualtoorgseaieribarehf] rasand le@fthtnhé Hpbdlisided by e pere yokimest
non-dense | ayer of the porous ceram c sintered body of Exanple.

FIG 6 is a charltisprefdraide thah®ardiaaperd diamsit bf gdred With pak@nsted effBenmfio
t he porous 5ceram c sintered body of Conparative Exanple. FIG 7

is a sc heg@ félﬁr e'sﬁﬂﬂl@ﬂh’ah LS, at%ﬁg)'&éfe}a%?é thgﬁthﬁggro% &'aﬁqflé‘sclht\éfetd%ody

(hori zont ction

BB i3 % ey Expdich Ao sl oahec i oA pr

(15 inclination). FIG 9 is a graph showing a result of a plant

growt h t esre gn nqnqhmsgl@erglmmg shdlisperifc praiy pbleenthan @é’pLg/@mof Tais

evaporation rate. FIG 10B is a graph showi ng a neasurenent result of
an evapormbteoprefeadbde thhbthBmsardepde layerdk protide orebdts s{u@acko bf (eeenseslayer.
Ceram c Sintered Body) Hereinafter, a plate-like porous ceramc

si ntered ’Pﬁléjyor(){i@é&hlﬂfbfs‘hﬁércd'b%fi?h{a?%etl@e(ﬁ% @Q@elﬂhgbﬁs’elrﬁaﬁ@rleﬂer am ¢
body in sonme cases) according to ah enbodi nent of the present
10  Advantageous Effects of Invention
[0008]
An object of the present invention is to provide a porous ceramic sintered body

which is suitable for plant growth and which has a high cooling effect.

15  Brief Description of Drawings
[0009]
FIG. 1 is a cross-sectional photograph of a porous ceramic sintered body
according to an embodiment of the present invention.
FIG. 2(a) 15 an electron microscopic photograph (magnification 30) of the cross
20  section of a dense layer of the porous ceramic sintered body shown in FIG. 1. FIG. 2(b)
is an electron microscopic photograph (magnification 2,000) in which a portion of the
cross section of FIG. 2(a) is zoomed.
FIG. 3 is a cross-sectional photograph of a porous ceramic sintered body of
Comparative Example.

25 FIG. 4 is a chart showing a measurement result of the pore volume of a dense



invention will be described referring to the drawing. FIG 1 is a
cross-sectional view of a plate-like ceram c body 1 according to the
enbodi nent of the present invention. As shown in FIG 1, the
plate-like ceranmic body 1 is schematically configured to include a
dense laygr 1 a first non:den a 20 .provi ded on one surface of
t he denseFaé'%rl%fé?’or‘i'bg,ceé%was"g%rg‘iﬁﬂéyn%ﬁém | ayer 30 provided on the
ot her surface of the dense 6 layer 10. That is, the plate-like
ceranic body 1 &s3ds @ ghaskshoayes a seasirenent rewisifdes prye gplumeoiddise

| ayer 10, the first non-dense |ayer 20, and the second non-dense

| ayer 30. non-dense Aayeopkihicpgrdus codaimghsiateral bodyaolf €xtumpleed on the first
non-dense | ayer 20 is exposed is forned on a first surface 22 that is

the surface of Fie6fis 4 Sharhgiwdens thehir@ncmQesuBAT tRPSEE RBIuie OFhEHordils
air hole forned on the second non-dense | ayer 30 is exposed is forned

on a %g?ggaﬁwﬁlﬁgﬁﬁ%g%gfa&o{@aggpg% E%I{l e of the second non-dense

| ayer ess e plate-like ceram c body 1 may

detormned in o Fandes sreriale At INELAMRA ruhanpy of (TSR guTppnl

1.5 to 10 cm_ 10[ 0011] <Dense Layer> The dense |layer 10 is a
|l ayer in GKERNbores with a dianeter of 3 nmto 360 pm (hereinafter,
sinply referred to as pores in sonme cases) are forned. In

t he dense | ayerFIDRAds a stiewatic didetdeh A(B)ratiig\@tesr memoé of difflsivit? (15%hi ch
are air 15holes with a dianeter of larger than 360 um are forned
and, as Sm@}@ﬁlatjolﬁg.FlG. 2(b), two or nore pores 14 are forned.

The pores 14 or the voids 12 forned in the dense |layer 10 form

co jcation which co ni cat ith each other. f or m t he
ol cat i on NEBE hEheGTF herEh fblbgne e i Briiptiof g he
cooling effect are inproved. 20[0012] The pore vol une of the
dense | ay@gelingion)hat is, the total value of the volume of all pores
14, is 0.2 cnB/g or larger, preferably 0.25 cns/g or |arger, and nore
preferably 0.3 B4 apraphshewring \Wresult dfa partgrovwihues. t her eof is
smal ler than the lower limt described above, the diffiisivity in the
plate-1ike cerax10R®a drabh she\wik fairida8ienRht L88t of an evaporation rate.
FIG. 10B is a graph showing a measurement result of an evaporation rate.
15
Description of Embodiments
[0010]
(Porous Ceramic Sintered Body)
Hereinafter, a plate-like porous ceramic sintered body (hereinafter, referred to as
20  aplate-like ceramic body in some cases) according to an embodiment of the present
invention will be described referring to the drawing.  FIG. 1 is a cross-sectional view of
a plate-like ceramic body 1 according to the embodiment of the present invention.
As shown in FIG. 1, the plate-like ceramic body 1 is schematically configured to

include a dense layer 10, a first non-dense layer 20 provided on one surface of the dense

25 layer 10, and a second non-dense layer 30 provided on the other surface of the dense



25water retentivity therein is insufficient. In addition, the upper
limt of the pore volune 7 may be determ ned dependi ng on uses of
the plate-like ceramc body 1 and, for exarrpl e, the upper limt

t hereof is preferably 0.8 cnB/g or smalﬁ nore preferably 0.6 cnB/g

or smalle fer abI

pore vol e @gee t%@"&ﬁ%g ik S ‘E’“’éd‘tﬁBeSJ%Ye‘\i)éPngé’“s‘S““ggf
difficult to evaporate and thus the coollng ef fect Smay

det er i or atedlensenayssdethg diretmonrdense laxgr 29, ahidig ﬁ%@lléa@@zﬁew Ipgpr 30.
R1655- 2003. [0013] The total value of volume of the pores 14
in the dense | aferpdionger whichtanaolhohefotmbdow tiedirst roh-gensebypet0 iani t
vol une) nmay be determned in consideration of uses or the 10li ke of

the pl at eexpoked i ghimmadorotyst durdded 22 filut iSha Aiface dfiiee 9t Adn-Y&ise Gayer 20,
thereof is preferably 0.1 to 0.5 cnB/cnB, and nore preferably 0.2 to

0.4 cng/ Cﬁﬁ_ 1ﬁ Qfﬁlch%haa r 6N Bembd 86 BR sebéntgrw 3%{%@ kl?'?g?ﬁ Rexhoegtis

limt descrl bove e water retentivity usivity may

be i nsuffici ent value there exce t limt
descr | bed ApE0Sn Sﬁ%"“é‘tSngﬁ‘éeto}ff%W B S HEE P e S OB T s BPE 3y "be
insufficient. 15[0014] ratio of the m cropore volune to
the pore vol urreAglﬁFlé‘Féi)y ef lﬂ]&mlﬁy lkhﬁicéﬂ%ml%b@qi’el Mgy ke detgrmincd depegdinge
of pores with a dianeter of equal to or greater than 0.01 um and

smal | er tbanses. uhordxampila die thicknessfldrmadbe detaminddmapangsof (hS sohecm
cases) in the pores 14, is 30% by volune or nore of the pore vol une,
mor e pref aidpeieralPerdyrangt 506 10eme, 20and still nore preferably
50% by vol ume or nore. en the ratio thereof is |less than the | ower
limtydescri be%in gappve, the water retentivity and the diffusivity are
insufficient. e upper limt of the mcropore ratio is not
particularly Ii % gl‘? é may be 100% by vol ume. The m cropore ratio

i s obtained by hd7F ol | owi ng formula (1). [0015] 25M cropore
ratio (% by vol urre%ﬁ— mcrﬁ{)ore vol une  pore volune x 100 . ESB 8

[ 0016] neg e K 19 laves imhidhdromsnivieh n dipgieter of Amyn 360 um
determ ned in consideration of uses or the |like of the plate-Ilike
ceram c baeidafies simply referrttheo a8 porepiarsenkeatised) as fd¥dby vol une or
nore. For exanple, when the plate-like ceramc body 1 is used for the

5greeni ng base mRheaéRk layeh €0, rﬂs%@mnﬁpmwj&w&m@&& vbfdsnae\tvﬁfcﬁlawalr
0.1 cnB/g or larger, noré preferably O. 1 crrB/g or larger, still nore

el o o FelPo Rt it of Rl 3ROy BT BRSO f@bﬁﬁ%?%ﬁaﬁwo

the lower Iimt described above, the dlfoSIVIty in the plate-Ilike
ceram c bed]}OffﬂwlﬁearﬁﬁgﬂTCﬂl cient or the water retentivity therein

may be insufficient. In
The pores 14 or the voids 12 formed in the dense layer 10 form communication

holes which communicate with each other. By forming the communication holes, the
water retentivity, the diffusivity, and the cooling effect are improved.
20 [0012]
The pore volume of the dense layer 10, that is, the total value of the volume of
all pores 14, is 0.2 cm’/g or larger, preferably 0.25 cm3/g or larger, and more preferably
0.3 em’/g or larger.  When the pore volume thereof is smailer than the lower limit
described above, the diffusivity in the plate-like ceramic body 1 is insufficient or the

25  water retentivity therein is insufficient. In addition, the upper limit of the pore volume



10addition, the upper limt of the mcropore volune in the dense

| ayer 10 may be determ ned in consideration of uses or the |ike of
the plate-like ceramc body I. For exan;,DIe when the upper |imt
thereof is preferably 0.8 cin3/g or less, nore preferably 0.6 cnB/g

o cronor o gﬁPg“geénﬁgéﬁs&%“ﬁL"eaﬂab@S Or e BHRL B Pbshesl a*\%@éﬁ*fi"gme

difficult to evapor nd thus the 15poolln effect may

det er | or oEGPPIHET LSOt HESRRIKA-S @ 4e g5 leﬁﬂa%rarpéﬁel@plw%cgla’%@r

nmet hod as the pore volune. [0017 t he vol une of the voids 12 of
t he densesmdlﬂaranﬂatlilsncnm@r@“ﬂably écm?/gmmmaﬂﬁu n¥heatthegono vopena gxopeds
be deteriorated. Wien the volune thereof is too |large, the water

retenti vithy uppst lngit dedceibed aedvedwatbh&r & fiaR to EVoved andkthaf tHelveoNigd effect
12 may be determ ned in consideration of uses or the |ike of the

pl ate-4 i kg6 BE @BFoRady 1. [0018] The medi an pore
di aneters of pores wwth a dianeter of 3 nmto 360 pm may be 25

or et orabl y 30 pri s Vgl AApR it BB S BEE TR e 1 e

and still nore @p?&grably 10 p.mor smaller. In addition, the rredl an
pore dianeters res with a diameter of 3 nmto 360 pm may be 10
nmor |arger. The nedian pore dianeters thereof nmay be preferably 100
nm or |arger. SUlkeetotal Nelugedivelnmsaféhapaeetdn the demsalldyer 19 pamindOvgbmme
the water retentivity is excellent and thus it is possible to

cont i nuoughyveumpef abres part @it Yaloie} May bedawingined (it enedcizgioy of des @r the
| ong tine. Moreover, when the nmedian pore dianmeter is snmaller than 10

nm tfie V‘ﬁl&e%fth@??a%hkfé Sfarhit u;iﬁ&qrdn@rﬁﬁ%ﬁaraﬂe &B%bﬁawaldévmm%@f]s

difficult to continuously evaporate a 10sufficient anount of water
Lrom L GEAAN o3, BUEL SHUBR o PEy TF  BA ST e
pref er abl er/alue thereof is smaller than the lower limit described above, the water retentivity and the
diffusivity may be insufficient. When the total value thereof exceeds the upper limit
described above, the strength of the plate-like ceramic body 1 may be insufficient.
15 [0014]
The ratio of the micropore volume to the pore volume (imicropore ratio) which is
the total value of volume of pores with a diameter of equal to or greater than 0.01 pm and
smaller than 1 um (hereinafter, referred to as micropores in some cases) in the pores 14,
is 30% by volume or more of the pore volume, more preferably 40% by volume or more,
20  and still more preferably 50% by volume or more. When the ratio thereof is less than
the Iower limit described above, the water retentivity and the diffusivity are insufficient.
The upper limit of the micropore ratio is not particularly limited but may be 100% by
volume. The micropore ratio is obtained by using the following formula (1).

[0015]

25 Micropore ratio (% by volume) = micropore volume + pore volume x 100 ...(1)



0.75 to 0.95 g/cnB, and nore preferably 0.8 to 0.9 g/cnB. Wen the
bul k specific gravity thereof is less than the lower limt described
above, the strength of the plate-like 15 ceram c body 1 may be
insufficient, the water retentivity may8 be deteriorated, or the
diffusivity rray[olaﬁgdet eriorated. Wien the bul k specific gravity

t her eof exceeds upper limt described above, water may be
difficult to evaporate and thus the cooling effect may

deteri orated or Rwa@lé%mmwﬁlémﬁfﬁh%@ﬁrtselaaei H My basiétenweé@] congifgeation
porosity of the dense |ayer 10 nay be determ ned in consideration of
uses or tbkuses retheflike loé thel plate-like lceraode hodycl boldng as theoniceopangilaty it 3086
porosity thereof is preferably 40% by vol une or nore, is nore

pr ef er abl yy 66luine Prby Fer axaliplel, Vhew et praegikpcefaiiabbdy B dsed &R%hdy
volune, and is still nore preferably 70 to 80% by vol une. Wen the

Cpeod o] PRETBELAIanHER, LERCkes Rithe pﬂe?i"éf REr “Zf e e e,
be d i t ed h t
it desPRpanrea 0 | 2 AE/ s BREEP S Pl DA o Y aleRl B o

the strength of the pl ate | i ke ceram c body 1 may be deteriorated.
[0021] A PHHeWAdyRrofirally Ghemdgas @rgeayewhfo thrapichep e Y elpmeribareofis
consi deration of uses, 5the thickness Ti of the plate-like ceramc
body 1 orsmélker khaoghe lanw:e;" lifrot desgiabasl above.Hbe titfusivite 15 thtel plathrdike oérainsc
determ ned preferably to be in a range of 20 to 60% of the thickness

Ti . [0022podsH may bbmudRiae ok tearateri@htvity fheteinpiay demsRffiaser B0 is
a layer in which pores are fornmed. As shown in FIG 1, |n the first

non- dgns ey d A&, u?eqwgemm%fwalc\f d;iévglﬁlmgtﬁemneé ENAE g%t%ﬁowh' ch

are not shown int drawi ng are orrred an conmmu |l e in

[0023] ?Sﬁ%ﬂ%&ﬁﬂ\?@ﬂﬂhﬁasﬁ)ﬂ S T N g

or |arger, ferabl 500 6 cnB/ g, and nore,preferably Iar ger
than 0.4 fai%er éfﬂ}?“d um Igﬂbther§ﬁ%15|pé?feraw&8@ bﬁaﬂesvap@r%ef@r@ébé%é
is smaller 3than the lower limt descrlbed above, the diffiisivity in
the pl at ecini/ger ke, anil stibowye prefegablp Huk ém¥g entesor When thameicropore volume
retentivity therein is insufficient. Wien the pore vol unme exceeds the
upper |i mbcectBshe upgd lialiod@crib@l fove,Swater is difficult to evaporate and thus the

15  cooling effect may be deteriorated.
The micropore volume is a value measured by the same method as the pore
volume,
[0017]
When the volume of the voids 12 of the dense layer 10 is too small, a thermal
20  insulating property may be deteriorated. When the volume thereof is too large, the
water retentivity may be deteriorated. Therefore, the volume of the voids 12 may be
determined in consideration of uses or the like of the plate-like ceramic body 1.
[0018]

The median pore diameters of pores with a diameter of 3 nm to 360 um may be

25  smaller than 40 pm.  The median pore diameters thereof may be preferably 30 pm or



20di fficult to evaporate and thus the cooling effect nay be

deteriorated. [0024] The vol une of pores per unit volune to
the first non-dense layer 20 is the sane as the volune of pores per
unit volune to the dense | ayer 10. In the enbodi nent, the

LoneiGer cahalstab by A mplpy H%A il moRaetEpfe Lgxyfaeﬁsmzi«ﬁm%ﬁ

the 11 dense |layer 10. By setting the volunme of pores per unit
vol ume i nlit dudditiang gie mexhardpors didnay@s oPPoreowiith asdimhéter oft han td B&d pof mahe
dense layer 10, the water retentivity and the diffusivity are

i nproved yhid gmmpisbal ml‘l‘ig niedPh _Iﬂdr@ﬂr%ﬂfete?§ fh%fb%fﬁagfbgitp?&’e:%?fl%hin'f@r

ceramc body 1. 5[ 0625 he m cropore rati t he rst

non- dense1 %éer 20 is the same as the micropore ratio of the dense

| ayer 4R m cropore volume of the first non-dense layer 20 may be
determ ned in con5| derati.on of uses or the |like and, for exanple, the
m cropor e vol un®hemdeapedian parg ghasmeierap syaller thand) gmethe vteaetentivipels
preferably 0.12 to 0.8 cnB/g, and still nore preferably 0.14 to 0.4
cnB/ g. Wewrelldre and druspois @ossibla tecdritianewsly evapsrand weter frbmrthe beramdover
limt described above, the diffusivity may be deteriorated. When the

m croporesiM@}ddrB@,d?,tf@,r@gﬁ]gqm‘eeeds the upper limt described above,
water is difficult to evaporate and thus the cooling effect my be

deteri orat ed. éléllkpe%%g] E\rd)len the mé/éhﬁ{‘ +Hﬁ%1a¥rﬁétéﬁ§ sﬁfall%rqﬁanv fq Iqﬁi #hd V\%ftert he

first non-dens ayer I'ns

property ra ed cult t0|nf|Itrate I n
DT e on, FIRgRTY Al Qe Gr ﬁwavﬁaayd'ge Gafondt o Goninuiogly S pnorE rengt h
of the pI ate-like ceramc body 1 may be deteriorated. Therefore, the
vol uni® of suffieienicingpynp af walpr Femtbel eeramis vivigradrpodyden allepatimsn of uses
or the like of the plate-like ceramc body 1. [0027] The

medi an pore di d@ie¥rs of pores with a dianeter of 3 nmto 36011M may
be smaller than 40 gm The nedi an pore dianeter thereof may

preferably be 3fhniREpsed dravity HIHe d@ﬁs@ﬂ@je@@b)fs 08 2 WP rRre SprBfckadly
and still nore preferably be 10 gmo
0.75 t0 0.95 g/cm’, and more preferably 0.8 to 0.9 g/om®.  When the bulk specific
gravity thereof is less than the lower limit described above, the strength of the plate-like
15  ceramic body 1 may be insufficient, the water retentivity may be deteriorated, or the
diffusivity may be deteriorated. When the buik specific gravity thereof exceeds the
upper limit described above, water may be difficult to evaporate and thus the cooling
cffect may be deteriorated or water may be difficult to infiltrate.
[0020]
20 The porosity of the dense layer 10 may be determined in consideration of uses or
the like of the plate-like ceramic body 1. For example, the porosity thereof is preferably
40% by volume or more, is more preferably 60 to 90% by volume, is even more
preferably 65 to 80% by volume, and is still more preferably 70 to 80% by volume.

When the porosity thereof is less than the lower limit described above, the speed of the

25  water diffusivity in the plate-like ceramic body 1 may be deteriorated. When the



25smal ler. In addition, the nmedian pore dianeters of pores with a
dianeter of 3 nmto 360 12 p.mnmay be 10 nmor larger. The medi an
pore dianeters thereof may be preferably 100 nin or |arger.

When the nedi an pore di aneters thereof 1ére smal ler than 40 p.m the

water retenti.yi is excellent and thus .jt.i.s possible to .. .

cont 1 nuoutnyeib b Re st F Sped i 8SnbedaovB IR pBIeE b By be
long tine. . Mor eover, when the nmedi an pore dianeters thereof are
smal | er t feipriarated or therpdrepgihf theplatstlikgiceramis bady &may bgrdsterigrated hus i t
may be difficult to continuously evaporate a sufficient anmount of

wat er fromthe [@82& ¢ sintered body for a long time. [0028] 10The
bul k specific gravity of the first non-dense layer 20 is |l ess than

0.7 g/cnB, prefatiibkiksdt14ofIhe €158 1ayeP 1 @ nal Be ldeesmineain ondidet4id8 of a8,
nore preferably 0.5 to 0.65 g/cnB. Wen the bul k specific gravity

t here e Ikl 33 L - e pLity
may bgf defthgﬂﬁggna%sggl %?H‘\%aptl!étlre mnkgfgﬁgﬁ%!)&ﬁjlcu t }é:'[? lge’\g@tgb%)rr gt%e'ﬂ@%gd 1’% hus
it my be,di.fficult tq.ohtain a goed .cooling effect ition,
when 1 o ieesidertd 1§ Bypltindy BRReeESH b SlabSthead BAYRHEE" i
descri bed above, the thermal insulating property or the sound

i nsul at i ngig%eyelky of the plate-1ike ceramc body 1 is inproved.
When the bul k specific gravity thereof is less than the lower limt
descri bed above 002l strength of the plate-like ceramic body 1 may be
deteriorated or the evaporation of water is too fast and thus it may
be difficult tmﬂmmi.dbng&gaﬁ,@el ing effect. 20[0029] The
porosity of the first non-dense |layer 20 may be determned in
consi@eration I f : s - | }C :
For e@zrrpl e, tﬁihélp%lsﬁgﬂ 9&?%&9)3%?0 |%sa ]tS eflglrmf:alltltllﬁ?lyPg dgg‘“f%rg?lé@gdiﬂrgggyo‘% n
nore, pre bly.6 0 90% by vol.une, and nore, pr.eferably nore than
5056 by vl i DG Gevag gt e ol o o o s bl S8 8 of yBERwE cor
is less than the lower |limt described above, it may be difficult for
wat er t o Whishjagg petishawa i hedsawing wrdermed apd asemimuneasipn §pledn sdichsthe
the upper limt described above, the strength of the plate-Ilike
ceram c bod¢ 24 andyhedure coromanisate with each jothey iefoandddi nent, t he
porosity of the first non-dense layer 20 is considered to be |arger
than that of th@opyrosity of the dense |ayer 10. Wen the porosity of
the first 5non-dense |layer 20 is considered to be |arger than that of

th it f I - d i
e pgyosity ofThde,dehRme AYRE ﬁljs@)?m%-ﬁgls% F@ftefe@ﬁ) id @Qﬁhﬁg'r%ﬂgarg%rg@%fér%{bly

or the sound insulating property o I ke cer 1l1s
further | OBLS B.%dcm%),%ﬁﬁ’ 1nore preferably larger than 0.4 cm®/g and 0.5 cm3/g or smaller.
When the pore volume thereof is smaller than the lower limit described above, the
diffustvity in the plate-like ceramic body 1 is insufficient or the water retentivity therein
is insufficient. When the pore volume exceeds the upper limit described above, water is
20  difficult to evaporate and thus the cooling effect may be deteriorated.
[0024]
The volume of pores per unit volume to the first non-dense layer 20 is the same
as the volume of pores per unit volume to the dense layer 10.
In the embodiment, the volume of pores per unit volume in the first non-dense

25  layer 20 is considered to be smaller than the volume of pores per unit volume in the



A thickness t2 of the first non-dense | ayer 20 may be determined in
10consi deration of uses, the thickness Tl of the plate-like ceramc
body 1 or the like, and, for exanple, the t hi ckness t2 thereof is

determned to preferably be in a rangeldf 20 to 40% of the thickness

1 o Py bR B 00 AR BT e

second non-dense Iayer two or nDre voids 34 and two or nbre pores
whi ch ar elangit2Gedirimaler Wéﬂ diehof g dsnse lppar P dtha Avntes relgntivini angkthen
hole in which the void 34 and the pore communicate with each other is
formed. [ @idB2ivitg@Fhienpove winleumeinafininpea ssfcomdstnngtidefithe plateybke @Pami
the sanme as the pore volune of the first non-dense |ayer 20 and the
vol ume of pgres per unit volume in the second non-dense layer 30 is
the sane as that of the first non-dense | ayer 20. The

m croppre volug? 9$ t he second non-dense layer 30 is the sane as the
nlcropore vol u the first non-dense layer 20 and the m cropore

rati o of the segond. 25n0n-den I r s .t he as _the,m cropore
[2t10 of the 7B iSRRI MrayeiiEbor-dyR teyer 20 Hike Bt g gngobore
di aneters of the pores W|th a dianeter of 3 nmto 360 lamin the
second nofligoh&e deagelaygnld.s the same as that of pores with a
dianeter of 3 urn to 360 umin the first non-dense | ayer 20. The bul k
speci fic gravi tThahidréysors eclond afolne fishsen-Henselay8nN20 malytve deemmained i he
S5bul k specific gravity of the first non-dense |layer 20 and the

porosi ty &nsidegitivn@Paskste hdlgtsad ayekample! fhenliEropad oisné HRrdd@i0si ty
of the first non-dense | ayer 20. e thickness t3 of the second

o S Soh i ) LT UERRIES e SUTRRTILERL AR,
met hod of prteﬁarab[fy 8?1%&'0 iO!(f m‘ﬁ%r;.an{?\ﬁleltl) ?l%jey mllcr(l)p%%l: {/Jo umf:"%lwrec))gfI is gmaltlerQhan the
lower limit described above, the diffusivity may be deteriorated. When the micropore
volume thereof exceeds the upper limit described above, water is difficult to evaporate
and thus the cooling effect may be deteriorated.
15 [0026]

When the volume of the voids 24 of the first non-dense layer 20 is too small, the
thermal insulating property may be deteriorated or water is difficult to infiltrate. In
addition, when the volume of the voids 24 is too large, the strength of the plate-like
ceramic body 1 may be deteriorated. Therefore, the volume of the voids 24 may be

20 determined in consideration of uses or the like of the plate-like ceramic body 1.

[0027]

The median pore diameters of pores with a diameter of 3 nm to 360 um may be
smaller than 40 um. The median pore diameter thereof may preferably be 30 um or
smaller, more preferably be 20 pum or smaller, and still more preferably be 10 um or

25 smaller. In addition, the median pore diameters of pores with a diameter of 3 nm to 360



of mxing raw nmaterials to obtain a m xture, a nolding step of

nol ding the m xture to obtain a nolding body, and a cal cination step

of calcining the nolding body. [0034] 15<M xi ng Step> The

m xing step is a step in which di at omadéous earth, clays, organic

sl udge, and sl e mxed to.obtain a mxture. By blendin

descr s bealBBuete 18 fhr e o 108 PR s et n pois0r B8Y o8 Brdarapl e
di at omaceous earth and pores, which are forned in such a manner that

t he wei ghamgf larger. or gani ¢ sl udge is decreased during 20sintering, is

obt ai ned [ 0035] <<Di at onaceous Earth>> The di atomaceous earth used in

the present invemkh @ik ihédian feRPdrhet 68 Msdr&dfian@siBiller than 40han] GE®aRg Of
diatons and is a porous material having mcroneter-order air holes.

25The, & QISR SAALR o Sk POLIL P Pl Vg 6

insulatin refractor% Brick, a filtration material and the |ike may
be used. FEFMSSNpIed bofy foralnpg tifscessary to fractional ly purify an
adulterated material of clay mnerals (such as nontnorillonite),

quartz, fel dspa¥lomeset Mlen theemedian poictdnmelers ghtredfare wnalteh ghaantdumm, the
thereof, it is possible to adjust the blending 5quantity thereof to
t he m xt uwaeter retentivity iedstaiiatied and dnis énhapbe difgcudi tatconmaeosly cvapdriteias
not particularly limted but, for exanple, the noisture content of

the di at ofEfEeMSaneRnt Bf WhteA A tHE @éraﬁ’l’idléiﬁ@re'iltlﬁatd? fbiSa Bhgfti‘ﬁ{eam y 20 to
60% by mass, nore preferably 30 to 50% by mass, "and still nore

preferably 35 tfboﬁsﬁ% by mass. The reason is that, when the noisture
content thereof 1's"10 within the above-descri bed range, by using the

di at ojyaceous eay.t fter.coars. ti.cles in the adul.terated nnaterijal
re Whoved dur Tk et gty 8 e ihscron droe At oiis s Wog g
it is possible to obtain a mxture with_a gaod nol dabilim':ﬁ/. The
noi st ur e pefrddy Oidsz/emy af viereoddessdbian 7 glram, andmareenreferaily 8. SsaMfide
is dried (200C, for 12 mnutes) using an infrared noi sture gauge

havi ng a gpmci f Whet itlenbulbeesilid gradithtlenof caoedds the appaulnmait debchiped ftmve,
followng formula (2) in a loss on drying nethod. [0036]
water permeability may be deteriorated or water may be difficult to evaporate and thus it
may be difficult to obtain a good cooling effect. In addition, when the bulk specific
15  gravity thereof is less than the upper limit described above, the thermal insulating
property or the sound insulating property of the plate-like ceramic body 1 is improved.
When the bulk specific gravity thereof is less than the lower limit described above, the
strength of the plate-like ceramic body | may be deteriorated or the evaporation of water
is too fast and thus it may be difficult to maintain the cooling effect.
20 [0029]
The porosity of the first non-dense layer 20 may be determined in consideration
of uses or the like of the plate-like ceramic body 1. For example, the porosity thereof is
preferably 50% by volume or more, preferably 60 to 90% by volume, and more

preferably more than 80% by volume and 90% by volume or less. When the porosity

25  thereof is less than the lower limit described above, it may be difficult for water to



<Speci fication> Measuring met hod: |oss on drying nethod
(drying by heating and mass 20 neasurenent nethod) M ni nmum

readabi lity: noisture content; 0.1% by _pass Measurenent range:

noi sture content; 0.0 to 100% by nass Ib?’yi ng tenperature: 0 to 200C

Measur enment..accuracy: I nore S | e s and,.noi st ur,e .cont ent
of 26 0. TR G-, Pertn MRy berB B RePelaRe vaRp IR RN G801

Moi sture content (% by mass) = [(n’i-mZ]%/(m'-rTD.)] x 100 (2)

m : t ot al thestrengthy pf heinkje-dikpreramimbesty t Ray al§E0@HC. a cont ai ner before
drying and 5the nass of a sanple before drying neg: total mass
(g) of mass of Inithe cohodimeet, thef pososiyrofitheyfimhdonvdese ddyet @ issanpidered to
after drying no: mass (g) of the container after drying [0038] 10The

bl endi ng BgiRARder thanQhattoTEhefporbsirastansidengarldybr (0 tWaRemthetpordityRy tHeefirst
determned in consideration of the pore volume, the mcropore vol une

and the | ﬁ&ﬁdéﬁssﬁiﬁ@g 9? E‘s%%néi%@& lgo;fr?e E‘Eﬁf‘? lfainrtﬁét d?‘ﬂgb]' goﬁg;ﬁﬁgdfﬁ‘ﬂé’ﬂier@?ba%r

t
t he second non-de ayer nple, the quant i

Lo 4596 by rRE SRR R o sareEd Dk BroTREY o BRI 1o

above-descri bed range, it is possible to control the pore volunme and

t he ni cr offspraicrhodyd i furthes pgyed.| ayer 10, the first non-dense |ayer

20 and the second non-dense |layer 30 to be suitable wi thout inparting
t he nol dabi | ity[06B0}t he mi xture. [0039] <<d ays>>

A thickness t2 of the first non-dense layer 20 may be determined in

10 consideration of uses, the thickness T1 of the plate-like ceramic body 1 or the like, and,
for example, the thickness t2 thereof is determined to preferably be in a range of 20 fo
40% of the thickness T1.

[0031]
<Second Non-dense Layer>

15 The second non-dense layer 30 is a layer in which pores are formed. As shown
in FIG. 1, in the second non-dense layer 30, two or more voids 34 and two or more pores
which are not shown in the drawing are formed and a communication hole in which the
void 34 and the pore communicate with each other is formed.

[0032]

20 The pore volume of the second non-dense layer 30 is the same as the pore
volume of the first non-dense layer 20 and the volume of pores per unit volume in the
second non-dense layer 30 is the same as that of the first non-dense layer 20.

The micropore volume of the second non-dense layer 30 is the same as the
micropore volume of the first non-dense layer 20 and the micropore ratio of the second

25  non-dense layer 30 is the same as the micropore ratio of the first non-dense layer 20.



20C ays used in the present invention are a mneral material having
cl ayey properties which are generally used as a raw nmaterial of the
ceram cs industry and are a material other than the di at omaceous

earth. Well-known cl ays, which are used4for a ceramic sintered body,

may be used and.it i referable that clays. be configured to ve .a
Tneral compos: TomedrR hiediBhetis o Bepores i) § ikterrhtcuran b 3¢t iR

| i ke, have kaolinite as a 25main constituent mneral, and contain

hal | oysi t e seasmtdmonidengmlayer, 3008 thel saimeeas thatohpgored Withtaghameter oiib athdo 360
vi ewpoi nt of suppressing the crack progress during sintering and

pr event i ngmtif éhdofigeko8erRE 1dype2@| ate-1i ke ceram ¢ body 1, it is nore
preferable that clays contain coarse particles of quartz with a

particle dianet - . I ar.t i ' he
coarse particl e@{eo llégger%%fg%rggl ?ftetggrs% O}I{g%glq%%tlggﬁg e&épﬁgﬁ]%%ﬁegg th
above-descr| bed.cl ays, for anpl e iro cl or the |jke is
xompid 11 Gk Seseaffo et ploe T8 Taytend ko ang e berpifief bt Scrarne
kinds of clays may be used in conbination. [0040] The bl ending

quant i ty ®@n-gense &yay30 isrhe pangasdhe perogiy obéic disstaronidease layer 200
consideration of uses or noldability of the plate-like ceram c body

| . For exanpl e, Tliehthidihessds nfthgyecundinpntdeaselaferil® ip tief sanmlak yhexhiokhnée 42
by mass, is preferably 5 to 45% by mass, and is nore preferably 10 to

40% by rra@ﬁhe ﬁrst non_denééyl%rtzb_e bl end' I’lg quanti ty thel‘ eOf i S Wi t hi n
t he above-described range, it is possible to snmoothly perform nol di ng

W t hout irrpartie[tag §he nol dability of the m xture 15and to nake the
strength of th p?alte-like ceram ¢ body 1 sufficient. [0041]

<<Orgghi ¢ Sl udge>> . .Th rgani ¢ sludge is sludge containing
organi‘c matter g@@a‘ﬁf%rwwﬁ%{?ﬁknt. Arbitrary organic sludge may be

used, and activated sludge derived from sewerage or an 20 effl uent
treat nent of fatfmanpiastusingmrdhod efthe slateslike easamicl bpdigrlanelpdgsl amixmgstep
activated sludge is discharged fromeffluent treatnent facilities

usi ng an elohixwed @l mhterale torebtamch mintaeghmadtingstap bbmobdiek the myidad toon
processes. By using the organic sludge as described above, it is

possi bl e §KaihridlAReSFod9! andl LdafRAtRH stddITRANBTIng thRensleink\aligd sl udge
derived froman effluent treatment which is consi dered as waste

materi al s may %Oﬁﬁcycl ed as a raw 25material. 18 [0042]

15 <Mixing Step>
The mixing step is a step in which diatomaceous earth, clays, organic sludge,
and slag are mixed to obtain a mixture. By blending as described above, a plate-like
ceramic body having pores formed in the diatomaceous earth and pores, which are
formed in such a manner that the weight of the organic sludge is decreased during
20  sintering, is obtained.
[0035]
<<Diatomaceous Earth>>
The diatomaceous earth used in the present invention is a deposit consisting of
the remains of diatoms and is a porous material having micrometer-order air holes.

25 The diatomaceous earth is not particularly limited but the same material as a



The noi sture content of the organic sludge is, for exanple,
preferably 60 to 90% by mass and is nore preferably 65 to 85% by
mass. The reason is that, when the noisture content thereof is within
t he above-described range, it is possibfe to obtain a 5honmpgenous

m xture in the mxing. step, described | gter and to maintain good .
ol dabi | | P9 SrEs KBARoRgCYRE for Bomsilate SR & ChE Bn gariprial
matter in the organic sludge is not particularly limted but, for
exanpl e, Kkthe ke Ry de wsedardias cxampler it (orQjansassamta Bactiopallepentyian t he
solid 10content of the organic sludge is preferably 70% by mass or

gr eat er, ahiterasedmateripl efcdayahingrd8OGudyasmaestnarillgnigelt gnartz] febdspppaerd the
limt of the organic nmatter content nay be 100% by nass. The reason

is that, e dd¥ewithGadtohitPatdrehe &ANIR MerQICR IBfosbbRAb @just (e bRAARS ar e
easily forned. The organic matter content is a value obtained in such

a manner @@Ei#@ﬁfgaﬁ@tﬁg’ﬁﬁgﬂc (% by mass) of the sludge after drying

i's measur a carbonization tenperature of 700C based on JIS

MB812- 1993 and .s cal cul ated by the follow ng fornmula (3). [.004

& gani o mat ror DEHnaR spigrth oty FabRensotEh uctpaebiliy SERESRES 06
by mass) ...(3) 20[0045] The aver age particle dianeter of the organic
sl udge malpr s¥arbRle dhanpiduigaeatsal elthe diafeisacgasseasth in gaapiraltdsying giate is
ceram ¢ body 1. The average particle dianmeter thereof is preferably 1
to 5 j.t npafedalily 26t 60%rtefraasabigrelpreferablypl @ toAR0% be neasgrandatipardre cl e

di aneter thereof becones smaller, the pores in the dense |layer 10 are
easi |y 25}efaatily 33 Re45%6yaafssParhé fdasorfis ARt Wihen the thoiRGeadn#hAINBIBT is

on a volunetric basis
10 within the above-described range, by using the diatomaceous earth after coarse particles
in the adulterated material are removed during mixing in consideration of the moisture
content, it is possible to obtain a mixture with a good moldability.
The moisture content is a value obtained in such a manner that a sample is dried
(200°C, for 12 minutes) using an infrared moisture gauge having a specification
15 described below, and is calculated by the following formula (2) in a loss on drying
method.
[0036]
<Specification>
Measuring method: loss on drying method (drying by heating and mass
20  measurement method)
Minimum readability: moisture content; 0.1% by mass
Measurement range: moisture content; 0.0 to 100% by mass
Drying temperature: 0 to 200°C

Measurement accuracy: 5 g or more of sample mass and moisture content of

25  *0.1% by mass



19 (dianeter of 50% by vol une) neasured by a particle size

di stribution analyzer (LA-920, manufactured by Horiba Ltd.). [0046]
The anpunt of organic sludge to be used in the m xture may be

determ ned in 5consideration of uses of®noldability of the plate-like
ceram c body 1. _For exanple,. the bl engi gquantity thereof is
preferably 1 tol BGER u%sgl,frqr?’elﬁﬁlrpe[fgﬁl‘g?er ably 5 to 30% by mass, and
is still nore preferably 5 to 20% by nass. The reason is that, when
the bl ending qufA#Tky thereof is within the above-described range,
the m xture obtains a noderate flow property and plastic property
such that the nuoloalt kottynt (3% bypassied (@mpsh)/(m i,y ptEsL.(de to

snoot hly perform nol ding wi thout bl ocking a nol ding apparat us.

Moreover, it i SmP.QéI%i P& @gb&?%gmwﬁti&ﬁ%?ﬂ%%#dé%ff‘@&nﬁiﬁ‘grotf@g@fe;aﬁgﬁg and

ratio of the dense layer Irst non-dense I ayer

second non-dense.l ayer, 30.preferable. [0047] <<Slag>> 15The slag is
not p%rti@'ﬁl"éqsf 9fi‘F$i%’H18§c"}9E“t gré/%rpl es of the slag include bl ast
furnace sl ag generated when refininﬁ netal, urban waste nolten sla
gener at ed when ReltRhHats (Eral Nass o heensyecralighdeingandanass of ghe sample
generated when nelting sewage sludge, and gl ass slag such as casting
i ron sl agaftmdeyinged when casting ductile cast iron or the |like. Anpbng
these, the casting iron slag is nore preferable in which a stable

foam ng state i§,:208b{@ioTekk hegabaaref dif 23 stabl e composition thereof
and the foam ng rate thereof is 1.5 to 2 timnes conpared to ot her

sl ag. By bl endijpgs¢he slag, the voids 12, 24, and 34 are forned and
thus the degradation in the coefficient of water perneability (speed

oo of el ag 1 Ber BAERa PR R REn R R BRI REA D 20

consideration of uses or noldability of the plate-like ceramc _bodty
1. For exdttpnuned neopsiderationobilia noret yplyme tbomirapgse apmeang thobikyof the
mass or less, is nore preferably 30 to
dense layer 10, the first non-dense layer 20 or the second non-dense layer 30. For
example, the blending quantity thereof is preferably 55% by mass or less, and is more
preferably 1 to 45% by mass. When the blending quantity thereof is within the
15  above-described range, it is possible to control the pore volume and the micropore ratio
of the dense layer 10, the first non-dense layer 20 and the second non-dense layer 30 to
be suitable without imparting the moldability of the mixture.
[0039]
<<Clays>>
20 Clays used in the present invention are a mineral material having clayey
properties which are generally used as a raw material of the ceramics industry and are a
material other than the diatomaceous earth. Well-known clays, which are used for a
ceramic sintered body, may be used and it is preferable that clays be configured to have a

mineral composition of quartz, feldspar, clayey materials or the like, have kaolinite as a

25  main constituent mineral, and contain halloysite, montmorillonite, or illite. Among



70% by mass, and is still nore preferably 40 to 60% by mass. Wen the
bl endi ng quantity thereof is wthin the above-described range, it is
possible to snoothly perform 5nol di ng without inparting the

nol dability of the mxture and to set the porosity or the bul k

specific raV|t i ke. ceram ¢ bod

or of er ab Befi g B et BRSunr S o stk Bretsst aieRSnisod ape.
arbitrary corrponents may be bl ended within a range not 10i npairi n]g
the obj ecerewnttnlséh«bﬁa@al@ﬁg of thedkate-dike cesapvpbedy bl is meora prsferable yhat clays
conponent s i nclude a napht hal ene-based pl asticizer such as Mghty
2000WH ( t codlen noare; particled eCquartzovitlya gaticlealipnetet ofd0);undor larger.  The
nmel am ne- based pl asticizer such as Mel nent F-10 (trade nane,

TRnuf act U aloiRiaHOUS oPRIYGake Mcies%fgewzcﬁégefe/rhb § BEboAe: s

pl astici zer such as Darex Supe 100pH (‘trade

G t hi a t h

copper’ e o eoe bt Bl s AL B ?ésa%r%ﬁ*piz‘és?. (Gre
d tal], | [ 0050] t.h bi t t

e bl endeid OREYE HED b KGOS, O 0 BBPEAHBIS KR MHOSREAM of

arbitrary conponents be determined in a range of 5 to 10% by nass,
for 20 exemphination. Mor eover, when the organic sludge is bl ended
at a preferable blending ratio in the mxi ng step, water nmay not be
added in the miOM step because water is contained in the organic
sl udge, or water may be appropriately blended in order to adjust the

flow property ofpd ]ﬂ@ndlhgﬁuﬁlftlt} SN fthe %ﬁkﬂ?@éxﬂi}l{}b%@leterm 3@% inl N

noi sture content of the mxture I's not partlcu imte for
exa f I o] t 0, 45% SS
CXATE, SR S SR REl SR RIBSHRN FadDl R SRR
noi sture ent is wthin the_a ved crlbed range, ure has
moder at e ?‘F%‘i\)‘%ﬂ%ﬂﬁ theeo, h%P%f%@%&Yé% HeRMeEs, 'seaqferab\@ésmi%t% by mass
possible to maintain a good noldability. [0052] The m xi ng
order of auldhmuserpiablyill te Ke%rliyanag. step is not particularly
limted and, for exanple, a nethod in which the di atomaceous earth,
the clays, the Whegatieblaldisipguandndhtieef Blvathiatle: ghove-degceibed mnke,iis
apparatus at once and mixed (one-step 10m xing nmethod) is an
exenpl ar y, RX@Eb8mdoth Pt S hPRoldifd wik&RPartRgihehbd@biiRY oPfe mixture
15  and to make the strength of the plate-like ceramic body 1 sufficient.
[0041]
<<QOrganic Sludge>>
The organic sludge is sludge containing organic matter as a main component.
Arbitrary organic sludge may be used, and activated sludge derived from sewerage or an
20  effluent treatment of factories or the like is particularly preferable. The activated sludge
is discharged from effluent treatment facilities using an activated sludge method through
aggregation and dehydration processes. By using the organic sludge as described above,
it is possible to form pores or micropores. Moreover, the activated sludge derived from

an effluent treatment which is considered as waste materials may be recycled as a raw

25  material,



obtained in such a manner that a primary m xture i s obtained by

m xi ng the di atomaceous earth and the organic sludge (first m xing
operation) and then the mxture is obtained by m xing the primary

m xture, the clays, and the slag (secohd nixing operation)

(her ei nbef or e, -step m xing nethod). Since the organic sludge has
a high flow 15p¢0§%‘gfty conpared to the clays, it is assuned that the
organi ¢ sludge preferentially goes into air holes of the diatomceous
earth during m ﬁit’n@owwe ﬁ@lt@itr@g therrasats sludeshig. fonpxamplet pietsrably 60 & 90%
considered that the organic matter of the organic sludge w th which

t he air hoyemsodndtihencdé ptetaraide 6630 85%atty raas. f iThe ezhsorsisvidtawvhdn thed and
the air holes of the diatonaceous earth are nmaintained in proportion

as the ai moltairesomtnttth@esl ia aMAE @R WBovEattiPedratod, iif ik poss¥Ié th s8N a
organi c sludge. In the second m xi ng operation, the di at omaceous

earth y B : I
i ng ot iotfod b B BRI e shih op described ok indSnBRAM Bodd Akl
operation. Ei rsi. i n the first m xing operation, by mxing the

25di at omal’Bt80LPE HeBnd the organic sl udge, a primary mixture with a
noderate fl ow Zzﬁﬁ)roperty is obtained and the air holes of the

di at omaceous ed®f3lare filled with the organi ¢ sludge. Subsequently,
in the second m xi ng operation, by mxing the primary m xture with
noder at e fl ow plFlepemtdne sf the ezanicamstteram thesdrgayic sluigmis getparticutaoty liméted
is stably obtained. Since the air holes of the di atomaceous earth are

al ready fhitl R evdrhple! e alRUBEIT BgidEiaRer (BrdahR BARS BontBItY ifle solid
operation, the clays do not eaS|Ty go into the air holes of the

oo o AL L Sl IOy SR e oL

m xi ng nethod has a he "al maceous

earth which_.ar K l.ed wth the organi c sl.udge,,conpared to the

ot ur o Bt iy S Bl ekl P WP U RS el cotlghtupng
the two-ste rp’xi ng nmethod as the mxing step, it is 10consi dered
that nor eb&lG0%hEY a&spt Thrercanontis Hab @b ths wartin MakHer Aot ReGomes Breats ihe
bei ng bl ocked. [0054] The m xi ng apparatus used in the m xing
step i s npareparctensilyl farmed. | i Thetargariemattieneintenk sovwralmg obitaigedppachiaus
may be used. 15For exanple, exanples of the m xi ng apparatus include

a kneadi nghafifees a0 €heSash Roa@niNOK bMilab g rof (e d RGifter 86)ikdyis Tasbired at the
I ndustry Co., Ltd.); a kneader (nmanuf actured by | YAVA COVPANY

LTD. )]];5 angh forTatioh %xﬁﬁﬁ%@oﬂ%% bachyreAs RYsdih bes APt Sfated ir} fle) -

[ 0055

following formula (3).

[0044]

Organic matter content (% by mass) = 100 (% by mass) - ash content (% by
mass) ...(3)

20 [0045]

The average particle diameter of the organic sludge may be determined
depending on the uses of the plate-like ceramic body 1. The average particle diameter
thereof is preferably 1 to 5 um and is more preferably 1 to 3 um. As the average
particle diameter thereof becomes smaller, the pores in the dense layer 10 are easily

25 formed. The average particle diameter is a median diameter on a volumetric basis



20The m xing time in the mxing step may be determ ned in
consideration of the blending ratio of the diatonmaceous earth, the
clays, the organic sludge and the slag, or the flow properties or the
|ike of the mxture. It is preferable {fat the nixi ng time be

determ negd,.such that the mxture is.jn a plastic.state. For ex

Che i xi ngngnier 41oD by o) Hcfours bhg B R iiBh i ABbeBifibhg.e
preferably in a range_of 25 to 35 25m nutes. 23 [0056] The

t enper at um@nyfactired by Rotika lfddp i s not particularly linmted but the
tenperature nmay be determ ned in consideration of the blending ratio
of the di at omacl®646] earth, the clays, the organic sludge and the
slag; the noisture content; or 5the like. For exanple, the

tenperature is Pigfmaapbyoigania shaiggeo B uskt@ il thedRiknad ¢hayDheretegmined in
preferably in a range of 50 to 60C. [ 0057] <Mol di ng Step>

The my di E&sﬁfe&%h@@seﬁt&Bﬂl&‘ab‘{‘l‘i“tg%ﬁ‘tﬂe*]ﬂat@il?%‘é&%rrﬁ%@&}“%dmfgf}le}&Eﬁg%tbe

m xi ng step IS ed 1n an arbitrary shape.

nmol di ng ngthad may be used.for.a i t hod and the di o
ot hod oy eBns P HEEFRS i 5l 20 P TN Rt PReRRY S0F ooy
m xture or a shape of the porous ceram c sintered body. Exanples of

t he nol di Mgssaahisdti]l meare gecterablaenlo0as byonags. nilhg reasonipthal yhen the

pl ate-1i ke nol di ng body using a nol ding nachine; a 15net hod of

obt ai ni ngblanding diagithtyeofys Wwithinithgalmveidesaribed ratge, tha naxture otdaps shape
nold; or a nethod in which a mxture is stretched or rolled and then

t he m Xt umedératedltw pidpertaindplasid @oyerdi sieh tiiat diheldabiint Bemprived Agd it
machi ne i ncl ude a vacuum earth kneadi ng and nol di ng machine; a fl at

pl at e gor eﬁi}ﬁﬁ@ﬂ)l@ kB EmBRA E@gﬁgnﬂr?ﬁolﬁin%@&hoﬂk%@kiﬁg_tarm&lﬁg aﬁgzl@atﬁl%g

nol di ng machi ne. Anong vacuum earth kneadi ng an

e e | SRS LA iRy R o B DR BR PR g
m cropor elag/grtlio(,) tl%fﬁrgtq'?01lc-ic16er1]1§§ lalygry 260r orltgé se[c%gc? %l)n-dense layer 30 preferable.
[0047]
<<Slag>>
15 The slag is not particularly limited but examples of the slag include blast furnace
slag generated when refining metal, urban waste molten slag generated when melting
urban waste, sewage sludge molten slag generated when melting sewage sludge, and
glass slag such as casting iron slag generated when casting ductile cast iron or the like.
Among these, the casting iron slag is more preferable in which a stable foaming state is
20 obtained because of the stable composition thereof and the foaming rate thereof is 1.5 to
2 times compared to other slag. By blending the slag, the voids 12, 24, and 34 are
formed and thus the degradation in the coefficient of water permeability (speed at which
water is allowed to pass) may be suppressed.

[0048]

25 The amount of slag to be used in the mixture may be determined in



<Cal ci nation Step> 25The cal cination step is a step in which the
nmol di ng body obtained in the nmolding 24 step is dried (drying
operation), the dried nolding body is calcined (calcination
operation), and the di atomaceous earthZ20the clays and the like are

R £ R R T R e
| e

limted but a well-known nethod may be used. For exanple, a nol ding
body nay Ben¢igg guatity thergodds prefenahly Bevodtyi naess h drsh. ipawre prefaaply §0220C
in a hot air drying furnace for an arbitrary time. The noisture

cont ent o70%be rolass ehdrimbtili mgrdprdferatdy Adto pabothyandsar | WHennhd Hdnding ,
for exanple, the 10noisture content thereof is preferably | ess than

5% by masguaafiel therctPisevipiif Hes Aoky-dbfsided hmbe iVishvsdBiR 3o sthBSthRDptforne
content of the dried nolding body nmay be 0% by nass as a lower |limt.

00601, << e . 0> _ . . ' :
barti oul arPs BbAS TppRER B ARSIl GRE RO 808 e bikBfY or the

| e, th i n whi |.ci.nation.i f d at bi t
Ferpor at UHRSERRER HREbhpl REGUe SRR AT b 3t a0 B aaeaavs TPERT or
hearth kiln or a batch-w se sintering furnace such as a shuttle kiln
is an exenpl ar yl084Ampl e of a cal ci nati on method. Anong these, from
t he vi ewpoi nt of productivity, a continuous 20sintering furnace is

pref erabl y used<sArbitadrg iGomppnefit6861] The cal ci nation
tenperature (reaching tenperature) may satisfy a condition in which

t he di at omaceous tR@imfittuR) rbithey ebysnaemay bé Blefded WItBIAN rangdidter
contained in the organic sludge is volatized by thernmal deconposition

o0 2, HPREAR G BEbrs S ERDE s, SRty Eipcns
include a naphthalene-based plasticizer such as Mighty 2000WH (trade name,
manufactured by Kao Corporation); a melamine-based plasticizer such as Melment F-10
(trade name, manufactured by Showa Denko K. K.}; a polycarboxylic acid-based
plasticizer such as Darex Super 100pH (trade name, manufactured by Grace Chemicals

15 K.K.); an antimicrobial agent such as silver, copper, and zinc; an adsorption agent such
as zeolite and apatite;, and metallic aluminum.
[0050]
When the arbitrary components are blended into the mixture, it is preferable that
the amount of arbitrary components be determined in a range of 5 to 10% by mass, for
20  example.
Moreover, when the organic sludge is blended at a preferable blending ratio in
the mixing step, water may not be added in the mixing step because water is contained in
the organic sludge, or water may be appropriately blended in order to adjust the flow

property or the like of the mixture.

25 [0051]



of the blending ratio of the diatonaceous earth, the clays, the
organi ¢ sludge and the slag, or in consideration of the conponents or
the li ke of the organic sludge. For exanple, the calcination
tenperature is preferably 950 to 1,200&land is nore preferably 1,000

to 1, 100C. Most..of the organi.c tter is started to be dec osed at
around 700C, a BaGRErE et of T aiys dr s Partalsel anigqachifeler gxampe,
deconposed at 950C so as to solve the snell problem and nost of the
or gani ¢ ndefeeistire qopteng hgeaef & Heigebly Z%t%ﬁ“égw IMass gnds MOEEPIE BTy &8 &0
t he wei ght thereof Mreover, nost of the slag is expanded by

cryst al | i 2@6ibgmass. 8The teas®@EO Ghat, when the moitiens coheniciamdthmathieon

t enperature exceeds 1,200C, the entire conpositions of 10the porous
ceram c siptverdestrived Yarbeethe inifkfutd B4 rAodkrith %\ﬁzﬂ}@pdfﬂéﬁéﬂm)lmﬂ)préﬁytié%,e
broken or pores or voi ds may be bl ocked. [0062] In the

cal cinati : } : s es the cal cination
terrpersgt ué}gjtﬁ?rsgﬁg% réi!blkes1LIO |a}létt%[}§ae‘é€c§lgg§]gt5§§ fromthe nol ding body and
t hereafter orgafahé%natter of the 15activated sludge is volatilized

t hrough t her mal ]orrposi tion. In this process, by appropriately
adjusting the tenperature increase (heat curve and tenperature

gradi ent), it iEhqaidngeider of eaghgprapancat Hythe mixinggtepds Bel nsrticyfarly
noi sture or a drastic volatilization of organic matter, and thus

pul veri zalimged i, dsit éxamplep f nidtleochinl vhiioly tHealiatomageobe eqtle vientlad, thien
addition, there is a case where danmage such as breaking or

pul veri zaghe@iic @RidYE, Sanll fhe 18 ard PuPROH migip APpaatdb B Hce And @flyedidge bRpa
drastic cooling after a tenperature is reached at the cal cination

t enpeyat uﬁ]‘?xin%meﬁwag Fs%r&@lﬂgla'rfrﬁ le.PT fVRlaR Y %%?alHﬁl'e N8nfxture may be
continuous sintering furnace. erefore, in thée calcination step,” it
is preferahle that tenperature.gradi ent be pr.ovided. [0063]. . 26
The ¢ empepHDPL g L b AR BTG 1 APIROHL P EsPBa Gpofiigeous
size or the |like of a calcination apparatus. For exanple, when .

cal ci nat i @ithj anddag ergapis gludse dysembdng ppristia) and thepithgymixivisde abiaingd by
a calcining portion with an effective length of 15 m it is

pr ef er abl msixihgathetpniendare npriue, theeclays, amd thalskg (psond anixing bpermtiot | et

port of the continuous 5sintering furnace be set to a nornal

t enper at ufherelR€ore, 1196} step Mdting hrtiea).Ci Siatd OB okmReylaigeas athigh Sant r al
portion of the continuous sintering furnace be set at 950C to 1, 200C,

that fsne gﬁr?agé}ﬁ%&mﬁ[%g@djto%e Eﬁgs,?f;ik%b%eﬁqgé’t thdlo Ql?ﬁgﬁl{ag%gfé@éf&tially goes

sinterin ce set at sec., an erature

gradi ent conditiqn et _as follo The continuous .sinteri . .
Purnace.  Egt ho@hoP fe 3o Rdeskiy e aprntubii ' SRl gl hing i
tenperature gradient of the continuous sintering furnace is . )
pr ef er abl YU, it ds epngidesd that the arganyc anasier gkthe organt slydgs with which thayin
to 0.6C/ sec., 0.7 to 1.0C/ sec., 0.004 to 0.005C/sec., -0.4 to
- 0. 2C/ sechqles @ tBe tliztondacs@issaaeth,are Hlled isoolapiliz@l arakthe amhgles ©f et o
-0.1C sec., fromthe inlet port side. [0064]

diatomaceous earth are maintained in proportion as the air holes of the diatomaceous

20  ecarth are filled with the organic sludge.
In the second mixing operation, the diatomaceous earth may be further added.
[0053]
It is preferable that the mixing step include the first mixing operation and the
second mixing operation.  First, in the first mixing operation, by mixing the

25  diatomaceous earth and the organic sludge, a primary mixture with a moderate flow



151 f the noisture content of the nolding body exceeds 3% by mass when
t he nol ding body is put into the continuous sintering furnace, the
noi sture content in the cal cination steg is drastically evaporated
and thus bursting or blasting may occufin the nol di ng body or the

activated_sludge is .drastically volatilized and thys a_.da y
ocur - TRRBFSY B ouReERdiF airhel el PadRin e ba SET aHE e
gradient in the 20continuous sintering furnace as_described above, it
i s possi bPigagi§ shidgpr edubsetealE 1bthe WeoTHbMERIRGORBAON Y THEINE AhepiiByon
step. Moreover, by providing an appropriate tenperature gradient, a

t hr ee- | aymixtsterwich oderiate flooy prgerdies,ahe clapyy aind sl conhdrodgenbes mostaeds and
thus it is possible to enhance the water retentivity, the

di ffusi vi étblylobingt eSireetieabhdled ¥f BE didemaReohd arhelé siedadoffilleh&vith the

pl ate-1i ke ceram c body 1. 27 [0065] The cal cination tinme may
he det . . . . ; cal.ci : o
o1 st 0y ¢ oang sIHIEPRFESERh MR dpPRUGR (L PR ISnOCTRRL A MGl

time at t C ination tenperatyre [.s ef erabl y i.n range of 4 to
10" nut cRoigsf i ARtesERep & e ThsiPedhEniiOR dBedvifitianis
When the residence tine is within the above-described range, it is
possi bl e MEXipg Bretiodiay ahighepratiodths sinkelenolihe diatpnacpant Gapl WHARaE of
the plate-like ceramc body 1. [0066] The plate-like ceram c body 1
obt ai ned fBediegh themdarab emdgmmympared s thewnixhoe bbthhel by dlee are-sitpoiixibg
cmfromthe side end of the plate-like ceramic body 1 nmay be cut off
al ong foumethode A hafratBSbposiag theawdsstépsitkin@method a8 &Y MBikEAE), it is
material or the like. Wien the plate-1i ke ceram c bodies 1 are

arr anged [N I H,Ccm
from the STk ARGy a3 tholERoHRE s chrth rogh ELRER \BpiobEpeiny
the four @i dl%aélsurfaces, fromthe viewoint of a good contact state of
the side ¥3Ff%ces to 15each ot her. The front surface of the

pl ate-1i ke ceranm c body 1 may be ground using a grinder or the like.
By grinding the0P?¥nt surface of the plate-like ceramc body 1, the
speed of water absorption is inproved. Miyreover, when the plate-I|ike
ceram ¢ body 1 The msduk dpparatusgusedmi thg nbasxg shapt ie notpardeularhel imitké butey
grinding the front surface of the plate-like 20ceram c body 1, a root
of a pl anwe1i1.$m@aﬁynikmgg1?parhmtgmgyhﬁ wkate-1i ke ceram c body 1.
Therefore, the firing of plants is prevented and the growth of plants

is prgoted. [Oﬂﬁ&amgle, examples%friﬁ@mtiﬂg%Q%ﬁ‘i’atﬁé)lddﬁﬁeia%:n@ad'%%%ﬂﬁéﬁny

l'arger and the mcropore ratio is 30% une or nore, t
e 1 s AR B RG  RabSp TS e e vt
edi At e R tnred by MORIYAMA COMPANY LTD.); and a mixing machine
(manufactured by NITTO KAGAKU Co., Ltd.).
[0055]

20 The mixing time in the mixing step may be determined in consideration of the
blending ratio of the diatomaceous earth, the clays, the organic sludge and the slag, or the
flow properties or the like of the mixture. It is preferable that the mixing time be
determined such that the mixture is in a plastic state. For example, the mixing time is

preferably in a range of 15 to 45 minutes and more preferably in a range of 25 to 35

25  minutes.



28 retained by the capillary action of comunication holes. In
addition, water infiltrating into the plate-like ceramc body is
gradual |y evaporated and thus it is possible to maintain the cooling
effect for a long time. As described aBdve, since the plate-like
ceram ¢ body aCﬁ@rging to the 5enbodi ment has excel |l ent water
retentivity and P usivity, the plate-like ceram c body according to
the enbodinment is suitable for plant growh and since the retained
wat er i s evapor BEE@MHeEAUrg i BiedninEg step isfot parculanhielipited buf thge
ceram c body according to the enbodi nent has a high cooling effect.

[ 0068] 10Simpeenttieengy txt detdrivioeedae camdiderbtoahyofabe bledding rate oftthe

enbodi nent has a three-layer structure which is configured to include

a dense | ay@ymabedis carduihk cBeaIhd YreahicQlulg8 aed e AlaghBieSn@BErd Wt e
| ayers with a bulk specific gravity of less than 0.7 g/cnB that are

formed on S ot & | e nl | Ger.anic
body. a=coldig ¢ ot ARTRIE A WEREREE R HEou % RuBh a4 (PGt
property and sound insulatin roperty, and 15the water retentivity
and the dmpragtielarably ttheraage ogﬂgtq Skoved whil e maintaining the water
perneability. For exanple, when the first surface 22 is set to be the
upper side in a0@evyical direction and then water is poured to the
first surface 22, the poured water rapidly flows dowward to reach to
the dense | ayer<lfdi® 8gg>t he first non-dense layer 20 with a |ow

bul k specific gravity has high water perneability. The water reaching

to the 20dense i iffus . i I ti.0 |1
as the loner o T TRt Pl o g Bl it iR hediel
of co ni cgjtion hol. es folrrred in the dense layer 10. In this way, the
wat er{H;gu‘l"Q e dn emar 3y shagy f ace 22 is rapidly diffused into the

plate-like ceramc body 1 and is retained in the plate-like ceramc
body 1. [0069] 25&ildowwnaolding methpd say deawedfosedyoldinganethedanddhe he
enbodi nent has excellent 29 water retentivity and diffusivity and it
i S possi bmelding neihotdanay & dposychildh icogsiddriitent oftchersertisfiarofahd mgure or a
time, the plate-like ceram c body according to the enbodi nent is

pr ef er abl 3has 8fthePorcusGERANE SitPablodyat E&brlﬁbl,es eir: ﬁfatm&uintgilﬂéﬁéé@mclude a

equi pnrent and a thermal insulating material both indoors an

o the orsnoRdtbbledie &l A6futy PR B bl REHARME ARBMDSRARM 2,

enperature spe
bui l dings or the surface of. . .ground ip which. it is used, the _
oi'at b3 Rmelhon Dot  wolafEPHg o FiNE b iinan Ao sbangmgid; o
used for a roofing material, an external wall naterial or an enbedded
mat eri al aicdtodis véwdleaigeduiens strdchedror seliedamdithen Ye introis cuhintghan
ground of a wal king path or a parking area. Particularly, the
pl at e- | i kabtearapize. body
Examples of the molding machine include a vacuum earth kneading and
molding machine; a flat plate press molding machine; and a flat plate extruding and
20  molding machine. Among these, vacuum earth kneading and molding machine is
preferable. By removing air in a molding body using vacuum earth kneading and
molding machine, it is possible to control the micropore ratio of the dense layer 10,
[0058]

<Calcination Step>

25 The calcination step is a step in which the molding body obtained in the molding



10according to the enbodinment is preferably used as a greening base

material. [0070] According to the manufacturing nethod of the
enbodi nent, since the plate-like ceram c body is obtained by nol ding
and calcining the nmolding body in a stdfe where the air holes of the

di at omacequs. earth are filled wth.the organi c.slydge, organic nmatter
of "1t o Shgisred doinsoneabon dbs hisboBi i IERFa (ARG 1S
possible to maintain the air holes of the diatonmaceous earth. In

addi t i on, ofsb#tes)), anditbhdiatomaceeusesarthythy elazs and thi hiffe aresintegdntherchit t er
of the organic sludge in the nolding body during cal cining, are

f or med i notithi@iny ap@els teeamersanered body. Moreover, voids are forned in
the plate-like ceram c body by expanding the slug in the nol di ng body
during cal ci natfippgo; As a result, it is 20possible to obtain a

pl ate-1i ke ceram ¢ 'body havi ng pores and voi ds. Since the

or gani. sl udge i : property conpared to the clays, it is
assunég t hat th%aé?ﬁgﬂ?gagﬁﬁgﬁé preferentially goes into air hol es of
t he di at omaceo qﬁrth in Lhe.nixing.skﬁg..li i.s consj dered tmaﬁ t he
organic matter of° {HPSAPGRANPR ISP PgRIGufATyHiiLgd,buh g vedl-grownethod may
di at omaceous earth filled with the organic sludge is volatilized
during 2584 wicdr i Rgr exatnpit e magldingdiods may bematudallit drivdeeraugy leadrigd wnder
mai ntai ned. In addition, by 30 calcining the nolding body containing
t he or ganheat 8l 300@20PD s POr #sd i fuaiate trian aiigan tahe- | Themertuagr ¢
body by volatilizing the organic matter of the organic sludge and a

communl oaldfithe BEUR difbgIERE bobPRERY G ioBlaf B8 VAT Ekah0 e

i ncl udes Irst mxin eration e’ second i xi ng opération,

t he try of the clays int.o the air, 5hole f the diatonmacequs rth
< e Mot mosye ErloRifatbinatalfall R dRatSory s sl Ros pryteaniies
According to the manufacturing nmethod of the present invention, it is
possi bl e 1han it by masshe Theamaistijacentest ghihe dgedinohdivg hedwumey be 824 by mass
structure. The reason why the three-layer structure is forned is
assuned ta dlewaslifl | ows. In the calcination step, first, 10 the
tenperature in the vicinity of the front surface of the nolding body
becones an ar bippedly tenperature, pores and voids are fornmed, and the
first and second non-dense | ayers are provided through cal cination.
Next, the tenperapuf.atibn heratibripity of the central portion of the
nol di ng body becones an arbitrary tenperature and pores and voids are
for inthe vjcinity of the.central portion..In this tine i nce
wr ot oo are v pPialof el i firaRicyRah e i Bt hiEmeigl iy
sintering is already carried out, the slag in the vicipnity of the
central ?mﬁeeﬂ Far éxampds; arpethechin whigh palpidationyis perfatmed #an gy of
the voids is difficult to increase. Therefore, it is considered that
t he densetehrgymturbavingg cantiughie sinkaring fepace fuch agnavilanheatlakiln boa  of

t he non-dense |layers is fornmed between the first non-dense | ayer and

t he seconghiglPisdanferingfieiace 20¢HB ahuttle kiln is A¢ exuniblag dx@mblecof a
manuf acturi ng met hod of the present invention, since the organic

udae whi . . . . .
sl udage éaffélgétﬁanCiﬁaﬁb&’.ngﬁ?hg tlﬁ@e,%dﬁ?ﬁ{eevlg@ﬁcﬁﬁﬂ cﬁlprtf)cgﬂgf?&{']% Rffhudus

utilized as raw materi he manut acturing metho he present

i ' S bl e .of di f.er abl [ I
ncpecis. VHSHBRRERS © PRETIRGANTEMIRIEETS 4 raw mat eri al 26whi ch

can be easily and massively obtained and has a raw nmateri al
procur enent 061]

The calcination temperature (reaching temperature) may satisfy a condition in
which the diatomaceous earth and the clays are sintered, organic matter contained in the
organic sludge is volatized by thermal decomposition so as to lose weight thereof, and

25  theslagis expanded. The calcination temperature imay be determined in consideration



31 advantage. Moreover, since the noisture content of the organic

sl udge is high, the operation of adding water in the m xing step can
be omtted. [0073] The present inventign is not limted to the
above-descri bed enbodi nent. 5In the abéve-described enbodi nent, the
porous ceram ¢, sintered dy.ls considered to be.in a plate-|i N
Bhape. bt RihniegpELhRe inan Rl & fhe' Sdrinr RufaRiflde ahd By e
vol unme thereof he 0.2 cnB/g or larger, and the m cropore ratio thereof
be 30% byohiBIcEdHAtipReldhe Rempeenisa e ke elibe prgapissiudgr ant’er SaRWE: ed
body nmay be sel ected dependi ng on the usage thereof For exanple, the
shape of thhealporatos tangreaating is preferalkedsg 930 bo dR 0@y algkls andrt praderpbly 1s0{dde,
a pellet shape, or a granular shape in which the plate-like ceramc

body is py,hwdz.fx\%ét%fﬂwaalﬁ% gﬁnéois@gg%&w@s@&ecgh@g?@va%rom 780M@nce,

t he porous cerami c sintered y may sintere e a granul ar
shape with about 1 50 squares.. The anul ar - sha orous ceram c
si nt ered WHAYE g oD gesan s e J’ﬁ% Bf@ﬂw@aﬂseg@?ﬁg% 353540 salye the
material of blocks or tiles which is used for a wall material or a
15r oad susmhatprobiengrhdimostofithe brganichyattes imtpetonsangy sndgeds velatibzed so as to
porous ceram c sintered body as descri bed above, a material for

bui | di ng faisd the Weidh tiiecE. CMuUréovenGhate ef iheglagas efjanledby Erysuitiohticdt
water retentivity, diffusivity, water cooling, thermal insulation and

sound insgﬁ@t{g}igégo@r operty can be obtained. [0074] 20ln the
above-descri bed "enbodi nent, the first and second non-dense | ayers are
provi ded but the present .invention is not |limted thereto. The porous
ceram c si nt er eWhp#ie Gelainasion deyppsraurereeess Ind0ideths snyreogwesitions of

| ayer, or to include only non-dense |ayers or the non-dense |ayer nmay
be pridvi dixe poroverknaniasintud Buly ané vitii@edianigbud thy arcldiip &ogdpnmaybe broken
ceram c sintered body configured to include only a dense | ayer may be

250bt ai negk Qe vidtds My bdBloBke@INdi ng ratio and the cal ci nation
condition of each raw 32 material. [0075] In the above-described

enbodi nment , the[oggﬁse | ayer and the non-dense | ayers

In the calcination step, until the temperature reaches the calcination temperature,

moisture is firstly evaporated from the molding body and thereafter organic matter of the

15  activated sludge is volatilized through thermal decomposition. In this process, by
appropriately adjusting the temperature increase (heat curve and temperature gradient), it
is possible to suppress a drastic evaporation of moisture or a drastic volatilization of
organic matter, and thus pulverization (blasting) of the molding body may be prevented.
In addition, there is a case where damage such as breaking or pulverization occurs in the

20  porous ceramic sintered body due to a drastic cooling after a temperature is reached at the
calcination temperature. This phenomenon is most prevalent when using a continuous
sintering furnace. Therefore, in the calcination step, it is preferable that a temperature
gradient be provided.

[0063]



are |lam nated but the present invention is not |limted thereto. For
exanpl e, the 5non-dense |ayer may be formed in such a manner that the
non-dense | ayer covers the dense |ayer _as a core. [0076] I n
the above-described enmbodi nent, the volfls are forned in the dense

| ayer but the present invention is not,|limted thereto. The voids y
ot “be Tor mod | b RERERE Sy bty b8 delertiingg OB etafign i dhe e’
above-descri bed enbodi nent, the voids are forned in the, non-dense

| ayer but likhel headaingiion appaitson Fpsexasple. ivich sglcinaip isgrer fpracd B$igg anay
not be formed in the non-dense | ayer. The dense | ayer or
t he non- deosmubas/entering fimack haie gwaiatbsniag pomion Withr aneeffectiye lwagth of 15 m,
150bt ai ned by not blending slag into the nol di ng body. [0077]

I'n the abpyepdfssylé hrdihenaagiamd of dnlifletpat ansLaSutRApSH of the RbetHRMSs
into the m xture but the present invention is not limted thereto.

The diato t ﬂg,%d [ ' r By
not blsgnd%]ﬁégéﬁﬁ gZurﬁ?%t%nsgg‘éoaunsorgagﬁéh?p%ﬁn?r:eg posiszlm’ g%?t[hg] ciélécglgﬁgnt he
pore vol une derived fromthe di atomaceous earth. E%Eéangl e] [0078

Her ei naf t @mpetaire of a senftal patkiontaldhe cantinuens siering cp he gitad PFO°C to
referring to Exanples but the present invention is not limted to the

f ol | owi ng1,desw, it ki trandf Gheed o¥kiieanbRling KodPan WseeebhtinddhisSaMerivit Rzt e
used in Exanples were as follows. <Organic Sludge> Activated sl udge,

(kowrsy SERRER 2R ha g (ERLERLIh ORI aloiPeflde ~°

The continuous sintering furnace is divided into 10 zones with an equal distance

10 and the temperature gradient of the continuous sintering furnace is preferably 0.4 to
0.6°C/sec., 0.1 to 0.2°C/sec., 0.3 to 0.4°C/sec., 0.4 to 0.6°C/sec., 0.7 to 1.0°C/sec., 0.004
to 0.005°C/sec., -0.4 to -0.2°C/sec., -0.8 to -0.5°C/sec., -0.4 to -0.3°C/sec., and -0.3 to
-0.1°C/sec., from the inlet port side.

[0064]

15 If the moisture content of the molding body exceeds 3% by mass when the
molding body is put into the continuous sintering furnace, the moisture content in the
calcination step is drastically evaporated and thus bursting or blasting may occur in the
molding body or the activated sludge is drastically volatilized and thus a damage may
occur. Therefore, for example, by controlling the temperature gradient in the

20  continuous sintering furnace as described above, it is possible to suppress damage of the
molding body in the calcination step. Moreover, by providing an appropriate
temperature gradient, a three-layer structure is formed or a communication hole is formed
and thus it 1s possible to enhance the water retentivity, the diffusivity, the water

permeability or the cooling effect of the plate-like ceramic body 1.



5nmet hod t hrough aggregati on and dehydrati on processes, was used as
the organic sludge in the Exanples described bel ow. The organic
matter content (with respect to the solid content) of the activated
sl udge was 83% by mass. [0079] <d ays>210Gairone clay (from G fu-ken
or Ai chi-ken) \@@ glsed as the clays. <D atonmaceous Earth>

Powdered di ato Bolus earth with a noisture content of 5% by mass
that is a raw material of an insulating firebrick from Noto

Di striction wasThesesdcingtiontianciinay derdetesuigicéd i ednsidesrigh gfthe calcination
Casting iron slag was used as slag. This casting iron slag is ductile
casting i teamesiturg, the nwhstale cohentafi the atxmpenenhslilar. e For @Rample 20fsideiade,
Fe203, FeO, MyO, MO K20, and Na20. [0080] 20(Exanple 1)

Accor di ngte af ihe caRIMASH ?én%rﬁflretlpﬁre'f@r%ﬁly ril‘?a%h%’%f '-’lrio T@lﬁ{lﬁutés aiRf ©8Ri C
sl udge and di at omaceous earth were m xed using M x
19 ufd

(manufact T, , i

pri marsf/l n]iSJ rf ?bqg ??aglﬁgﬁiggﬁgygdgﬁgﬁson allﬁ]é‘%\'%g{d geéstﬂgér& :ﬂag wer e
addedtotheé{ n&@ﬁ m xt ure, g‘lowe é ré%her Xi.n §dthus a
25m xt ur eAqoyeAlepribetlrange; hisassibleds PLHaRly(RSEoBR 42 IB@PH W QEP&%"F'&W
The obtained 34 m xture was nol ded using a vacuum earth kneadi ng and
mol di ng néarmgesf (heplateddweesthippodukahai na | ndustry Co., Ltd.) and
thus a strip-shaped primary nol ding body with a width of 60 cmand a
t hi ckness of 2 [@0%6fas obtai ned. The prinmary nol ding body was cut into
an arbitrary pitch and width, thereby obtaining a substantially

square plate-lifg @%llﬂaer&rmexow { Bb@irlelias lﬁ%ﬁ%e@ﬁb&e%ﬁa}(ms@a MGthout
step). The obt ai ned nol di ng body was dried using a hot air

Y1 ) oG08 ARES o FaROH e ARELAE ML SLUSARTAN' ARALERL ot

set tO be mass or | ess using a cont

sintering furnac nol di ng .bod S cal ci ned under .

cal of nat CHANE BRGSE S Tatasn ot ) bRishe 6 Serand Fie Teaitial pahedike. ¢ e
side ends of the 10plate-like ceram c body were cut off along four

si de sur f he ptate-Hise exramiq bashiesblyare Brrangsidiyxbtopiagh ethier ul e usedeit Body
having a wwdth of 50 cm a length of 50 cm and a thickness of 4 cm
(A size), prafopdlAt drat b km femai ddbadyofithy plate-bkeredirhicdiod? 3 berout afflalngt h
of 25 cm and a thickness of 4 cm (B size), and a plate-like ceramc

body havi fhg fGuridt dhrfatesl from tBEVieXpbBAGE B g86d déhtdct Silte GFBe Adé SirfdeBe®s
of 4 cm (C size) (calci nati on step) The both square 15pl ate-1i ke

surfaﬁes é)a htola.férobt ained plate-like ceram c bodi es have no structural
di fference ’

The front surface of the plate-like ceramic body 1 may be ground using a grinder
or the like. By grinding the front surface of the plate-like ceramic body 1, the speed of
water absorption is improved. Moreover, when the plate-like ceramic body 1 is used for
a greening base material or the like, by grinding the front surface of the plate-like

20  ceramic body 1, aroot of a plant is easy to get into the plate-like ceramic body 1.
Therefore, the firing of plants is prevented and the growth of plants is promoted.

[0067]

Since the pore volume is 0.2 cm®/g or larger and the micropore ratio is 30% by
volume or more, the plate-like ceramic body according to the embodiment has high water

25  retentivity and diffusivity. The reason is that water is immediately absorbed and



and any surfaces can be used as a front surface or a back surface.
The surface of the obtained plate-like ceram c body to be ground
using a grinder was set to be a front surface and the surface thereof
not to be ground was set to be a back d8rface. Wth respect to only
the front_surface of the obtained plate-like.ceram ¢.body . .
appr oxt meiRAE R A Do A b iEaa Guia adeiEhipte pfintine
and the back surface thereof was used w thout grinding, , For the
dense | ayB¥o theplaterdike ceramiqborlyde geadunlly evaperaty 1ddb‘ﬂsa'gﬁd295§jblétt%-l i ke
ceram ¢ body, the pore volune, the volune of pores per unit vol une,

t he m cr omaméain diegoe]ing hBectifor Dlpogéimeat i o, the bul k specific gravity
and the porosity of the respective 25l ayers were obtained and the

bendi ng st rengt s dédeeibediboval Shkoae Erater-lekepmﬁ;ﬁmtbody Aecordhg M@inst ur e
content of a sanple pole having each pF value, and the thernmal

conducy i Véﬁ[lﬁodjﬁnehﬂ’ﬁls RLAIRnt WhEr RBIANIE aR@ gﬁfu‘éﬁgt?,e t'HF ?Ei(‘ta{{-ﬂﬂe ceramic bogy

Mor eover, e cross section of the obtalne ceram c bo

was the sanme_as wn in.Fig..1 .5As.a continupus.sintering.fyrnace
o r ol or - RERrdRe R CrbPeBiet ruieals A SrB AR Pl e ineil g %
|l ength of 15 m dividing the sintering furnace into zones |to 10 with
a | engt h ¥fappeasgsesier adong perigd of tiges thgpeate-liko ogamiq keslypseerdingdo théanpl e
1) 10According to the conposition of the m xture shown in Table 1,

di at omaceaubodmenthasellaglscoodng efeetg were m xed using M x Ml |l er,
thereby obtaining a m xture (m xing step). A nolding body was

obtai ned from tjwesgpt ai ned m xture in a simlar way to Exanple 1 and
t he nol di ng body was cal ci ned, thereby obtaining plate-1like ceramc

bodi of Ato &nsl gngiygs}té-ﬂk@cé?fﬁii%g&dg‘é?}foﬁ% p?lggtaée f (ﬁim\éﬁttﬂés b eRRE Elyer

to only the front 1bs aces o al ne e ceramc

or i nar bRk ke o PR G BCR SR TRl R YT Hr i o

For the obtained plate-]like ceramc bodies, fhe gor e vol unme,, the
vol une of MBesy @ newrdenss tayers withea bylk speaiiis awitwof/lspethan O b thabyer e
ratio, the bulk specific gravity, and 20the porosity thereof were
obt ai ned fommed si rpthesurfaegs afehcensplayer] therpdatefike cerulic body accotdmvgntoithe
Tabl e 1. Moreover, the cross-sectional photograph of the obtained
pl at e- | i kembstig@hichdeslyclicht 5ibeWl ihduldtn@ pBopekt9@8akound insulating property, and
15  the water retentivity and the diffusivity thereof are improved while maintaining the water
permeability. For example, when the first surface 22 is set to be the upper side in a
vertical direction and then water is poured to the first surface 22, the poured water
rapidly flows downward to reach to the dense layer 10, since the first non-dense layer 20
with a low bulk specific gravity has high water permeability. The water reaching to the
20  dense layer 10 is diffused to a horizontal direction as well as the lower side in the vertical
direction, by the capillary action of communication holes formed in the dense layer 10.
In this way, the water poured to the first surface 22 is rapidly diffused into the plate-like
ceramic body 1 and is retained in the plate-like ceramic body 1.

[0069]

25 Since the plate-like ceramic body according to the embodiment has excellent



(Measurenent Met hod) 25<Bul k Specific Gavity> 36 Ext er nal

di nrensions of a test piece of each |layer were neasured using a
cal i per and thus the volune thereof was obtained. The sane test piece
was in an absolute My state. Then, the2fass thereof was neasured

using an electric. bal ance..(absol ut.e. dry .state ss) and the specjfic
or avity ¢ REEb S R SR s rorab R malag hedPa cpdne YHiE! 5
nunmber ( of sanples in each Exanple was set to be N = 10. [0083]
Speci fi c Heeel {3 algng Hpe, theplasedike caragmgbadyaceorgingdo thy qmpadimeifds
(cnB)] ...(4) [0084] <Porosity> 10The porosity was neasured based on

JI S R2614preesablpysechior i @rdeningrimsé oratanial pldn} culfivationeeqajpacint med gtlewngly
Is a specific gravity which is neasured in a state where the test

piece is pEhMAhg AZRERPLAS ifdboFLaMGitddors. NTh aaditibROHkde tRopRt-liNe devarkit
volune) = (true specific gravity - bulk specific gravity true

15speq fi g, %\%Itdy oxtto.]tﬂé)e%tr)]%;{i%a{ %ﬁ%ﬁ%}?mssﬁerg eraturt ﬁ*ﬁ%&%@th sﬁc{(cgp@re

Vol une, cropore I 0, e ter> | at e-

zodir ect i i S hubise ST EQunt 3 BREnSFR uied plshulentiy EERRRR ROy o1

non-dense | ayer, and the second non-dense | ayer were cut into a size
with a w #caidng rgthgambadimengispreferably waef ferforoaling makgiiab snertemnaliwall
t hereby preparing test pieces. For the test pieces, the volunme and

t he medi amafeoinkordinametcddedmaombwhivhnecmbakiad adiheasdacemt tid SoRiébbin
under the follow ng neasurenent conditions. The pore vol une, the

M Cr OpOr ethé sl ofandalking pafarG PRINE afcdl | PartiRlilarloahe plans- Btk derffictagy
chart of the measurenent result.
10 according to the embodiment is preferably used as a greening base material.

[0070]

According to the manufacturing method of the embodiment, since the plate-like
ceramic body is obtained by molding and calcining the molding body in a state where the
air holes of the diatomaceous earth are filled with the organic sludge, organic matter of

15  the organic sludge is volatilized during sintering and it is possible to maintain the air
holes of the diatomaceous earth. In addition, pores, which are formed by volatilizing
the organic matter of the organic sludge in the molding body during calcining, are formed
in the plate-like ceramic body. Moreover, voids are formed in the plate-like ceramic
body by expanding the slug in the molding body during calcination.  As a resull, it is

20  possible to obtain a plate-like ceramic body having pores and voids.

Since the organic studge has a high flow property compared to the clays, it is
assumed that the organic sludge preferentially goes into air holes of the diatomaceous
earth in the mixing step. It is considered that the organic matter of the organic sludge in

the air holes of the diatomaceous earth filled with the organic sludge is volatilized during

25  sintering and the air holes of the diatomaceous earth are maintained. In addition, by



37 [0087] <<Measurenent Condition>> Apparatus to be used:

Aut oPore 9420 (manufactured by Mcroneritics Instrunent Corporation)
S5Mercury to be used: recycled nercury Surface tension of nmercury: 485
dynes/cm (0.485 N tn) Contact angle of 3fercury: 1300 Measurenent

pressure: Q.5.tq, 60,000 psia (0..003 to 414 MP 0088] 10A et hod of
P ool s | Fcininethe Blollies Podsces NG Ui cranic Spits. JMATe Pares AL OrtibUl By

a neasurenent result of the pore volune of a dense |ayer of Example
1. The hoPrliatedifteaterammicdody by askatitising ke ercame mattensfl the prganictshudzeiagh e
side of vertical axis represents volune of pores (unit pore vol une)
wi th a di esmemenicatior Inde sofohaeht Mogsva, siadwtht hexingfstepdneledafthd fist
vertical axis represents a total volunme of pores (total pore volune).

As 15showgitiRg Ehé?atiéh atd e 5QaH Qe BeRtioRAnEentYY sfthd cRy RS B Af 3
nmto 360 um that is, the pore volunme was 0.29 cnB/g. The total

vl urte, of ot 88yt ol ATEL Al Of ik, B0 IR MRS st SIS0l N

total “vol une pores w I ane

cnB/g. y above-described results were substituted into the
follow ng for mul: ?]6) and 20 thus the m cropore volunme was obt ai ned.
The m cropore ratio was obtained fromthe obtained m cropore vol une
and the pore vofesaeding to the marwéadiringumethed of the pisentagnveniens it isgrossible to
non-dense layer is shown in FIG 5 and the nmeasurenment result of
Conpar at i vigtaixberplae-llkd erahwody hatihSabhref-0080§truchfe. The reabbrewbptirce
volunme = [total volune of pores with a dianeter of 0.01 to 360 um -

[total Vol BACRSe Wb dhdaRic8 o B8 ad fdlBw3O0IPthBLalcinafi st HREH
< Vol une of Pores per Unit Vol unme >
10 the temperature in the vicinity of the front surface of the molding body becomes an
arbitrary temperature, pores and voids are formed, and the first and second non-dense
layers are provided through calcination. Next, the temperature in the vicinity of the
central portion of the molding body becomes an arbitrary temperature and pores and
voids are formed in the vicinity of the central portion. In this time, since air holes are
15 formed in the vicinity of the front surface and sintering is already carried out, the slag in
the vicinity of the central portion is not sufficiently expanded and thus the volume of the
voids is difficult to increase. Therefore, it is considered that the dense layer having a
higher bulk specific gravity than that of the non-dense layers is formed between the first
non-dense layer and the second non-dense layer.
20 [0072]
According to the manufacturing method of the present invention, since the
organic sludge which is considered to be a waste material from the past is utilized as a
raw material, the manufacturing method of the present invention is capable of responding

preferably to environmental aspects. In addition, the organic sludge 1s a raw material

25  which can be easily and massively obtained and has a raw material procurement



5The vol unme of pores per unit volune was obtained by the foll ow ng
formula (7). [0091] Vol une of pores per unit volume (cnB/cnB) = pore
volume + (1 bulk specific gravity) .., L?) [ 0092] 10<Bendi ng
Strengt h> The bendi ng strength was meadlired based on JI'S R5201.

[ 0093] <Sat ur at ed I sture. Coptent.> Sanpl e = 10) i,n.whigh,the
SpeciTi o BIDREF et Rapth Sint PeGdhE RIER oblie Pasiloaifugt™s fiRncdl®

m nutes. Thereafter, with the front surfaces thereof facing up, the
sanpl es wepesatioledddipg waternathe miginggen caeheynitiedt ed and the mass
thereof (saturated state mass) was neasured, thereby obtaining the
sat urat ed noi stf@@é3]content using the following formula (8). By
taking the sanples out of water without tilting themand with the

front surfaces Thesresdnt frdehtish igRot fihited taPAs abdleeddseritipdevesvidinaiter
fromflow ng out of the 20sanpl es. [0094] Sat ur at ed noi sture

contenf (% by ”'[glstﬁé aﬁo%(c&%r?ﬁeﬁteﬁﬁggﬁﬁ%ﬁ, 6@?5?88%%}%8&6&1%%@60%@ e

mass)/absolute dry state mass x 1 39 <Measurenent of

olat e | | KOG o g DR Sof L dn e el MOCED. udnprsr it G,

pl at e-1i kK&E"E
and portions in the vicinity of fhe four corners were cut out a

subst ant i BEPPrecyalume thessat be rQa?p@n%&m lagges apd Hieanisronsre wio thgreefhg 38% by
t hi ckness of 40 mm and the cut portions in a 5saturated

noi st ur e- eadnmaioninoge sidithe shapreeftlsxegbrass caamicsingetd body imap bp e¢lestd
Tem hedepending on the usage thereof. For example, the shape of the porous ceramic sintered

10 body may be a flowerpot shape, a pellet shape, or a granular shape in which the plate-like
ceramic body is pulverized to about 1 to 50 mm squares. Moreover, in advance, the
porous ceramic sintered body may be sintered to be a granular shape with about 1 to 50
squares. The granular-shaped porous ceramic sintered body can be used without change
or can be used as a raw material of blocks or tiles which is used for a wall material or a

15  road surface material, and thus, by using the granular-shaped porous ceramic sintered
body as described above, a material for building construction or a civil engineering
material with excellent water retentivity, diffusivity, water cooling, thermal insulation
and sound insufating property can be obtained.

[0074]

20 In the above-described embodiment, the first and second non-dense layers are
provided but the present invention is not limited thereto. The porous ceramic sintered
body may be configured to include only a dense layer, or to include only non-dense
layers or the non-dense layer may be provided on only one surface of the dense layer.

The porous ceramic sintered body configured to include only a dense layer may be

25  obtained by adjusting the blending ratio and the calcination condition of each raw



sanpl e poles were nmounted on a dedicated rotor jig. The rotor jig on
whi ch the sanple poles were nounted was nounted on a rotor (15B-R8
for pF nmeasurenent for soil) nounted on a centrifugal separator
(Model : 50B-5, manufactured by SAKUVA @b, LTD.) and the centrifugal
treatment was. carried out at 650 rpmfor 30 mnutes. At this 10tine,
the quant MfT8f water separated fromthe sanple pol es was consi dered
to be the noisture content of the sanple pole having pF value of 1.5
or less. Next, tRékanple poles were subjected to the centrifugal
treatnment at 1,540 rpmfor 30 minutes. Then, the quantity of water
separ at ed from Inhtke sbovelds@ribedsmiadinmanshe deed layer bed the@monwlesselagers
content of the sanple pole having pF value of nore than 151.5 and 2.7

or |ess apddlfmaftddit ifeYpr&enial &fioh§IRONINMEd ekl FRPBXAnMe) RS was
considered to be the nmoisture content of the sanple pole having pF

val ue of vier. f Y e
duri g dr Inroe e s 5 BT 3R TR b oy oy P IR G Te
(saturate&ﬁnn'sture-containing state) was 73.8 g, the 20 average

val ue of F%hﬂ?ém%%ﬂF%nt of the sanple pole having pF value of 1.5
or less in the five sanple poles was 16.5 g, the average noi sture

content of the K84l e pol e having pF value of nmore than 1.5 and 2.7
or less in the five sanple poles was 3.4g. and the average noi sture

content of the isahphlovealescritidienthodimaral theveoikls arerfermdbin tRe derisa ldyeebut
five sanple poles was 7.5 g. 25[0096] 40 <Measurenent of Ther mal

Conduct i VikkYresent invention IPEG 1TRIEMBSeR) | A8E vbllsqndyaiti bl felnfe@Gh LiRNende
width direction, and a thickness direction based on HS Al 412-2-1999

to haye a,lgngth of 20 cm a width of 20 cm and a thickness of 21.6
1 layer,
nm and then a neasurenent was perfornmed. The results were a heat

5current density of 45 .7 WnP, tenperature of a high t erature
ol de of 26 1C, Mofeaige g ABoUr SaoToN) Bt e VoI BerCPTEl B an
average tenperature of the specinen of 21.5C, a thermal resistance of
17.5 ( n2Kponsdeansel layer biedithepresat duisniion isynoptimated gerapp ( K he y@dompy not be
10[ Tabl e 1]
formed in the non-dense layer.
The dense layer or the non-dense layer in which the voids are not formed may be
15  obtained by not blending slag into the molding body.

[0077]

In the above-described embodiment, the diatomaceous earth is blended into the
mixture but the present invention is not limited thereto. The diatomaceous earth may
not be blended into the mixture. By not blending the diatomaceous earth, it is possible

20 to reduce the pore volume derived from the diatomaceous earth.

[Example]

[0078]

Hereinafter, the present invention will be described in detail referring to

Examples but the present invention is not limited to the following description.

25 {Raw Material to Be Used)



Exanpl e 1 Conparative Exanple 1 M xture Conposition O ganic Sludge
(part by mass) 10 D at omaceous Earth (part by mass) 5 5 d ays
(part by mass) 30 35 Slag (part by mass) 55 60 Cal cination Condition
Cal ci nation Tenperature [Reaching Terrpélgature] (C 1050

10

15

20
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Raw materials used in Examples were as follows.

<Organic Sludge>

Activated sludge, which is discharged from effluent treatment facilities of a
dyehouse (KOMATSU SEIREN Co., Ltd., Mikawa Factory) by an activated sludge
method through aggregation and dehydration processes, was used as the organic sludge
in the Examples described below. The organic matter content (with respect to the solid
content) of the activated sludge was 83% by mass.

[0079]

<Clays>

Gairome clay (from Gifu-ken or Aichi-ken) was used as the clays.

<Diatomaceous Earth>

Powdered diatomaceous earth with a moisture content of 5% by mass that is a
raw material of an insulating firebrick from Noto Distriction was used as the
diatomaceous earth.

<Slag>

Casting iron slag was used as slag. This casting iron slag is ductile casting iron
slug in which the main components are SiO;, Al,Os, CaO, Fe;0s, FeO, MgO, MnO, K0,
and Na;O.

[0080]

(Example 1)

According to the composition of the mixture shown in Table 1, organic sludge
and diatomaceous earth were mixed using Mix Muller (manufactured by Toshin Industry
Co., Ltd.), thereby obtaining a primary mixture (first mixing operation). Then, clays
and slag were added to the primary mixture, followed by further mixing and thus a

mixture in a plastic state was obtained (second mixing operation). The obtained



1050 Calcination Tine (mn) 65 65 Tenperature G adient Zone 1
(Csec.) 0.57 0.57 Zone 2 (C/sec.) 0.16 0.16 Zone 3 (C/sec.) 0.33

0. 33
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mixture was molded using a vacuum earth kneading and molding machine (manufactured
by Takahama Industry Co., Ltd.) and thus a strip-shaped primary molding body with a
width of 60 cm and a thickness of 2 cm was obtained. The primary molding body was
cut into an arbitrary pitch and width, thereby obtaining a substantially square plate-like
molding body with a thickness of 2 cm (molding step).

The obtained melding body was dried using a hot air drying machine (180°C,
0.5 hours) and the moisture content thereof was set to be 1% by mass or less.
Thereafter, using a continuous sintering furnace, the molding body was calcined under
the calcination condition shown in Table 1.  After the calcination, the side ends of the
plate-like ceramic body were cut off along four side surfaces thereof, thereby obtaining a
plate-like ceramic body having a width of 50 ¢m, a length of 50 cm, and a thickness of 4
cm (A size), a plate-like ceramic body having a width of 25 cm, a length of 25 cm, and a
thickness of 4 cm (B size), and a plate-like ceramic body having a width of 16.7 cm, a
length of 16.7 cm, and a thickness of 4 cm (C size) (calcination step). The both square
plate-like surfaces of the obtained plate-like ceramic bodies have no structural difference
and any surfaces can be used as a front surface or a back surface. The surface of the
obtained plate-like ceramic body to be ground using a grinder was set to be a front
surface and the surface thereof not to be ground was set to be a back surface. With
respect to only the front surface of the obtained plate-like ceramic body, approximately 1
mm of the surface was ground away using a grinder and the back surface thereof was
used without grinding.

For the dense layer and the first non-dense layer of the obtained plate-like
ceramic body, the pore volume, the volume of pores per unit volume, the micropore
volume, the micropore ratio, the bulk specific gravity and the porosity of the respective

layers were obtained and the bending strength, the saturated moisture content, the



Zone 4 (C/sec.) 0.52 0.52 Zone 5 (C/sec.) 0.86 0.86 Zone 6

(Csec.)
-0.72
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0.005 0.005 Zone 7 (C/sec.) -0.34 -0.34 Zone 8 (C/sec.)
35

moisture content of a sample pole having each pF value, and the thermal conductivity of
the plate-like ceramic body were measured.

Moreover, the cross section of the obtained plate-like ceramic body was the
same as shown in Fig. 1.

As a continuous sintering furnace, a roller hearth kiln (effective length of
sintering furnace: total length of 15 m, dividing the sintering furmace into zones 1 to 10
with a length of respectively 1.5 m) was used.

[0081]

{Comparative Example 1)

According to the composition of the mixture shown in Table 1, diatomaceous
earth, clays, and slag were mixed using Mix Muller, thereby obtaining a mixture (mixing
step). A molding body was obtained from the obtained mixture in a similar way to
Example 1 and the molding body was calcined, thereby obtaining plate-like ceramic
bodies of Ato C sizes. In a similar way to Example 1, with respect to only the front
surfaces of the obtained plate-like ceramic bodies, 1 mm of the surfaces were
approximately ground away using a grinder and the back surfaces thereof were used
without grinding,

For the obtamed plate-like ceramic bodies, the pore volume, the volume of pores
per unit volume, the micropore volume, the micropore ratio, the bulk specific gravity, and
the porosity thereof were obtained in a similar way to Example 1 and the results are
shown in Table 1. Moreover, the cross-sectional photograph of the obtained plate-like
ceramic body is shown in FIG. 3.

[0082]

(Measurement Method)

<Bulk Specific Gravity>



-0.72
Structure Dense Layer Pore Volune (cm/g) 0.29 0.43 Vol une of Pores
Unit Volunme (cm/cm1l ) 0.26 0.21 36
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Zone 9 (C/sec.) -0.35 -0.35 Zone 10 (C/sec.) -0.26 -0.26

External dimensions of a test piece of each layer were measured using a caliper
and thus the volume thereof was obtained. The same test piece was in an absolute dry
state. Then, the mass thereof was measured using an electric balance (absolute dry state
mass) and the specific gravity thereof was calculated by the following formula (4). The
number (N) of samples in each Example was set to be N = 10.

[0083]

Specific gravity (g/cm’) = [absolute dry state mass (g)]/[volume (cm*)] ...(4)

[0084]

<Porosity>

The porosity was measured based on JIS R2614-1985 by the following formula
(5). Atrue specific gravity is a specific gravity which is measured in a state where the
test piece is pulverized so as to remove air holes.

[0085]

Porosity (% by volume) = (true specific gravity - bulk specific gravity) + true
specific gravity x 100 ...(5)

[0086]

<Pore Volume, Micropore Volume, Micropore Ratio, and Median Pore
Diameter>

The plate-like ceramic body (A size} of each Example was cut in a thickness
direction and the respective layers of the dense layer, the first non-dense layer, and the
second non-dense layer were cut into a size with a width of 15 mm, a length of 40 mm,
and a thickness of 7 mm, thereby preparing test pieces. For the test pieces, the volume
and the median pore diameter of pores were measured based on JIS R1655 under the
following measurement conditions. The pore volume, the micropore volume, and the

micropore ratio were calculated from the chart of the measurement result.



M cropore Volunme (cn8/g) 0.14 0.11 M cropore Ratio (% by vol une) 48
26 Bul k Specific Gravity 0.89 0.48 41 (g/ cnB)

37
[0087]

<<Measurement Condition>>
Apparatus to be used: AutoPore 9420 (manufactured by Micromeritics
Instrument Corporation)
5 Mercury to be used: recycled mercury
Surface tension of mercury: 485 dynes/cm (0.485 N/m)
Contact angle of mercury: 130°
Measurement pressure: 0.5 to 60,000 psia (0.003 to 414 MPa)
[0088]

10 A method of calculating will be described using FIG. 4.  FIG. 4 is a chart
showing a measurement result of the pore volume of a dense layer of Example 1. The
horizontal axis represents the diameter of pores, the right side of vertical axis represents
volume of pores (unit pore volume) with a diameter in the horizontal axis, and the left
side of the vertical axis represents a total volume of pores (total pore volume). As

15 shown in FIG 4, the total volume of pores with a diameter of 3 nm to 360 um, that is, the
pore volume was 0.29 cm*/g.  The total volume of pores with a diameter of 1 to 360 um
was 0.14 cm’/g and the total volume of pores with a diameter of 0.01 to 360 pm was 0.28
cm’/g,

The above-described results were substituted into the following formula (6) and

20  thus the micropore volume was obtained. The micropore ratio was obtained from the
obtained micropore volume and the pore volume.

The measurement result of the first non-dense layer is shown in FIG. 5 and the

measurement result of Comparative Example 1 is shown in FIG. 6.

[0089]



Porosity (% by volunme) 67.8 82.5 Medi an Pore Dianeter (I-un) 1.00
40.1 First Non-dense Layer Pore Volune (cn8/g) 0.33 - Vol une of
Pores per Unit Volune (cnicnB) 0.20 - 33

Micropore volume = [total volume of pores with a diameter of 0.01 to 360 pun] -
[total volume of pores with a diameter of 1 to 360 um] ...(6)
[0090]
< Volume of Pores per Unit Volume >
5 The volume of pores per unit volume was obtained by the following formula (7).
[0091]
Volume of pores per unit volume (cm’/cm’) = pore volume + (1 + bulk specific
gravity) ...(7)
[0092]
10 <Bending Strength>
The bending strength was measured based on JIS R5201.
[0093]
<Saturated Moisture Content>
Samples (N = 10) in which the specific gravities were measured were immersed
15 in water for 60 minutes. Thereafter, with the front surfaces thereof facing up, the
samples were taken out of water without being tilted and the mass thereof (saturated state
mass) was measured, thereby obtaining the saturated moisture content using the
following formula (8). By taking the samples out of water without tilting them and with
the front surfaces thereof facing up, it is possible to prevent water from flowing out of the
20  samples.
[0094]
Saturated moisture content (% by mass) = [(saturated state mass - absolute dry
state mass)/absolute dry state mass x 100 ...(8)

[0095]



M cropore Volunme (cn8/g) 0.15 - M cropore Ratio (% by vol une) 47 -
Bul k Specific Gavity (gienB) 0.62 - Porosity (% by volune) 77.5 -
Medi an Pore Dianeter (11n) 1.10 39

<Measurement of Moisture Content of Sample Pole having each pF Value>

For the plate-like ceramic body (A size) in each Example, the central portion and
portions in the vicinity of the four comers were cut out a substantially cylindrical shape
having a diameter of 42 mm, and a thickness of 40 mm, and the cut portions in a

5  saturated moisture-containing state were used as sample poles (five poles). Then, the
sample poles were mounted on a dedicated rotor jiz. The rotor jig on which the sample
poles were mounted was mounted on a rotor (15B-R8 for pF measurement for soil)
mounted on a centrifugal separator (Model: 50B-5, manufactured by SAKUMA CO.,
LTD.) and the centrifugal treatment was carried out at 650 rpm for 30 minutes. At this

10 time, the quantity of water separated from the sample poles was considered to be the
moisture content of the sample pole having pF value of 1.5 or less.

Next, the sample poles were subjected to the centrifugal treatment at 1,540 rpm
for 30 minutes. Then, the quantity of water separated from the sample poles was
considered to be the moisture content of the sample pole having pF value of more than

15 L5 and 2.7 or less and the quantity of water remaining in the sample poles was
considered to be the moisture content of the sample pole having pF value of more than
2.7.

The average mass of the five sample poles during drying was 46.4 g, the average

mass of the five sample poles (saturated moisture-containing state) was 73.8 g, the

20 average value of moisture content of the sample pole having pF value of 1.5 or less in the
five sample poles was 16.5 g, the average moisture content of the sample pole having pF
value of more than 1.5 and 2.7 or less in the five sample poles was 3.4 g, and the average
moisture content of the sample pole having pF value of more than 2.7 in the five sample
poleswas 7.5 g,

25 [0096]



- Result Bending Strength (NNmn2) 3.3 -

(% by mass) 59 -

Value 1.5 or
| ess (% by nass) 12.4 -

10

| ess (% by mass) 60.2 -

gr eat er

t han4

<Measurement of Thermal Conductivity>

Sat ur at ed Mbi sture Content
Moi sture Content of Sanple Pole having each pF
reater than 1.5 and 2.7 or
.7 (% by mass)

A specimen was sliced in a length direction, a width direction, and a thickness

direction based on JIS A1412-2-1999 to have a length of 20 cm, a width of 20 cm, and a

thickness of 21.6 mm and then a measurement was performed. The results were a heat

current density of 45,7 W/m?, a temperature of a high temperature side 0f 26.1°C, a

temperature of a low temperature side of 16.8°C, an average temperature of the specimen

of 21.5°C, a thermal resistance of 17.5 (m*K)/W and a thermal conductivity of 0.123

W/(m-K).
[0097]
[Table 1]
Comparative
Example 1 Example 1
Organic Sludge (part by mass) 10 -
Mixture Diatomaceous Earth (part by mass) 5 5
Composition | Clays (part by mass) 30 35
Slag (part by mass) 55 60
Calcination Ter;aperature {Reaching 1050 1050
Temperature] (°C)
Calcination Time (min) 65 65
Zone 1 (°C/sec.) 0.57 0.57
Zone 2 (°C/sec.) 0.16 0.16
Calcinat; Zone 3 (°C/sec.) 0.33 0.33
Cfnfc‘l‘i‘t?gg“ Zone 4 (°Clsec.) 0.52 0.52
Temperature Zone 5 (°C/sec.) 0.86 0.86
Gradient Zone 6 (°C/sec.) 0.005 0.005
Zone 7 (°C/sec.) -0.34 -0.34
Zone 8 (°C/sec.) -0.72 -0.72
Zone 9 (°C/sec.) -0.35 -0.35
Zone 10 (°C/sec.) -0.26 -0.26
Pore Volume (cm’/g) 0.29 0.43
Volume of Pores per
Unit Volume (cm’/cm’) 0.26 021
Structure Dense Layer Mlc;f opore Volume 0.14 0.11
(cm’/g)
] 1 0
Micropore Ratio (% by 48 2%
volume)
Bulk Specific Gravity | 0.89 0.48




27. 4 -

Ther nal

Table 1 and FI G 1,

three-layer structure configured to include the dense |ayer,

Conductivity (W(mK)) 0.123 -

[ 0098] As shown in

the plate-like ceram c body of Exanple 1 has a

and t he

non- dense | ayers 5provided on both sidé$ of the dense | ayer. The pore

vol ume t pereof—was 0.2 enBlg—of I?tr"er3 ang—the—m-cropore—+afio
t her eof was 30% by |vol une or nore- “the r hand__as shown in FIG
3, the plate-like geranic body of| RosesiZe by, golpss pbé&81 has| 82.5
si ngl e-1 ayer structjure and voi ds,| Median Egﬂeﬁlﬁmetmasiio\be VOoi jg havi ng
a size nmeasured by mllineters, wepm)shown in the entire cro 2
section pf 10the plate-Iike cerammprdQgniciemée]. Mprgover, ihe
m cropore ratio of |the plate-like GRIATLEPSROY0f tonparative Exanple
1 was 26po by volumg. [0099] 42 | (1. vor 1ef(91ﬁ mibn PaBl e 1, | Exanple 1
to which|the present invention is&appti eddiad befdi-nrg—strength—of
3.3 NmmR or greatgr and thus thg Ml %Y Y& ¥ngt h| pher eof as a
sufficient strength for use as a|dfBeBing hase material  Mofeaver,
the noisture cont entFist Nanslenss! e |pdiceonsasy Rato (% byal ye of 2.7 or |less
was 72.6po by mass. |Gayer al |y, wat/ewhofie)5a sanpl e pol'e having a pF
value of | 2.7 or |legs nay be used fBlﬂkaéciﬁ&@mﬁvi@rO'\/b%
3 .62 -
(g/cm’)
Porosity (% by volume) | 77.5 -
Median Pore Diameter
1.10 -
(pm)
Bending Strength (N/mm?) 3.3 -
Saturated Moisture Content (% by mass) 59 -
0, -
Moisture Content 1.5 or less (% by mass) | 60.2
greater than 1.5 and 2.7
Result of Sample Pole 0 12.4 -
having each pF or less (% by mass)
[4)
Value greater than 2.7 (% by 274 i
mass)
Thermal Conductivity (W/(mm-K)) 0.123 -
[0098]

10

As shown in Table 1 and FIG. 1, the plate-like ceramic body of Example 1 has a

three-layer structure configured to include the dense layer, and the non-dense layers

provided on both sides of the dense layer. The pore volume thereof was 0.2 cn’®/g or

larger and the micropore ratio thereof was 30% by volume or more.

On the other hand, as shown in FIG. 3, the plate-like ceramic body of

Comparative Example 1 has a single-layer structure and voids, particularly, massive

voids having a size measured by millimeters, were shown in the entire cross section of

the plate-like ceramic body thereof. Moreover, the micropore ratio of the plate-like

ceramic body of Comparative Example 1 was 26% by volume.

[0099]




According to this, it was found that water retained in the plate-like
ceram c body of Exanple 1 was retained in a state where the

pl ate-1i ke ceram c body can be used as greeni ng base material .

[ 0100] 10( Experinmental Exanple 1) Di ffﬁgi vity (in Horizontal
Direction) i I Ty f i { =i

ceram ¢ bodies ?%S@’S”z@i“g'%lﬁ‘l gfé: xﬂ‘xﬁglr?pll @@H&%ﬁl@%ﬁ%}gﬁg@ Lt?"é}q%éﬁd&%{j (]algfla
bed 101. 4,000 cnB of r was poured a_tybe 120 to a position
Pin the vhadiE SraEmptob B PoBcasoat thn e hEEqng Senedh 1RSS4
rate: 50 cnB/mn., for 80 mnutes). The water was poured to the front
surface ofuffipientitigngth|fprese ps aegreaming inselpaterial.  Momgy¢mthetrmeistyresgonteant
pouring water to the end of pouring water, water |eakage fromthe
test bed dldsangsde poit hhoiupdF Vahreed\ 267 or [tdsewvaseiled% by nhss. poGesdally, water of
infiltrated the entire test bed 101. From t he

above-glesg i pbRing d §F Wate SONNY: Iebthnal be Bl PfPulci i g6l ¢ body

to 20whi ch the present invention is applie as an excel | ént

o 11 S Vi e dofind 1D 3Tl glﬁ%ﬁa&PretiiQ&PﬂJAtgé Eﬁgﬁk{%@%b‘é@gw e

2) Diffusivity ¢ Ion ni ne
pi eces of _plate-like ceram c bodies (C siz 110 of 25Exanple 1 were
Brranged EEBRC] Yasdeiapisd “Hét.at%h%fﬁgWPﬁi“ﬁﬁ%‘—(Fée@B}lcPﬂ‘g/‘f o usedasa o
43 was disposed at an inclination angle O = 150 to a hori zont al
surface sgiepninghasetrndetidlst bed 112 was directed froma first side 114
downward a second side 116 facing the first side 114. 4,000 cn8 of

wat er was pour €@10§] t he tube 120 to a position Qin the vicinity of
the first side 114 (supply rate: 50 cnB/mn., for 80 mnutes). The

wat erygwas  pour egixpériménthiExadniel ) Butidsaes @ HbAgorkdlbigeckibke ceram c

body. During the start of pouring water "'to the end of pouring water,

wat er | eakage f e tast : of: .

water to be pouéée)ﬂh}”{]}%‘PF?‘?aP?ﬁ&‘?ﬁé@‘ﬁ?ﬁ'@% @léé;§)6¥%g§ %Eﬁg%%{mﬂwoﬁ:rom
t he above-described result, it was, f d that the plate-like ceram
body o WRIERPIE favest acaned;inbeatesshed 101 o R0 FR s estercgsaiired By & ube
diffusivity in a horizontal direction 10even in a case where the

pl ate-1i kbilcb‘@rad?ﬁsﬁloﬂd’dly thaviciniy|of adep porties 102 of thejtest brp 01 (supplairate: SO
Exanple 3) Plant Growth Test The plate-like ceram c body (A

si ze, drycmissn., Br 80 kyhutes). EChamlater waspsumdito the famt isnefacesdther pihtedike
noi sture-containing state. Then, artificial soil for greening was

| ai d 18" ceramic body.

During the start of pouring water to the end of pouring water, water leakage
from the test bed 101 was not found. Moreover, the water to be poured infiltrated the
entire test bed 101,

From the above-described result, it was found that the plate-like ceramic body to

20 which the present invention is applied has an excellent diffusivity in a horizontal

direction.

[0101]

(Experimental Example 2) Diffusivity (15° inclination)

As shown in FIG. 8A, nine pieces of plate-like ceramic bodies (C size) 110 of

25  Example 1 were arranged to be a test bed 112.  As shown in FIG. 8B, the test bed 112



15t he front surface of the plate-like ceram c body to have a

t hi ckness of 1 cmand seduns were planted so as to nmake a greening
base (kg). The two greening bases (greening bases A and B) were
prepared so as to be stored without irfdgation with water and then

the gromh situation of fhe sedumwas_observed and the masses. of the
or oemi ng BESSEDGER A rouclivio T EIES =LAy (oA OBy Surkave Shaedk hpfest
mass neasurenent is shown in 20 FIG 9. The artificial soil for

gr eeni ng Ukkewas diredddsirem pdirsimidn 1 Madovenwerd & secondsidedd 6 fatingthe Ifirst side
mat ure conpost: 50% by mass, vermculite: 20% by mass, Kanuma earth
(fine grain).: 209 &y dasder WeRouTEbISy tht @Yebi20MmBaDosition K » th Wlinity:of
750 g/ B8 and MAGAMP |1l BB-SS: 1 kg/n8. 25[0103] 44 FIG 9 is
a graph lﬁ;%ﬁhﬂéﬂw@ﬂgﬂ AYS S0TniRRME IS4 iffes3 hoRd %%f @hs rgclifnbnd

the mass o e green ase Is represented In vertical axils.

t he graph xpl.anat.qr Qt a)__i.ndi cat th reeni.ng base A a
an exp anQe SRy ASERC R e piRR e SBlapiEBR L iy Ring N O Ror B 1R
FIG 9, the ss of the greening base A was 9.2 kg and the nass of

5t he gr eeflidf nossias palgiswater leakagedton the test bed 1 hyapnotdpeidgdvioreover, the
begi nning. After stored without irrigation with water for 28 days,

t he mass whtet ebgpmeed méilivdektha enties t75td6d ki2.and t he mass of the
greeni ng base B was 7.75 kg. Moreover, the planted seduns were not
fired even aft eFrom thapbeveddesegbetpiesult, Firwap folied tapthe ptiestike B&emic body to
results, it was assuned that a slight anmount of noisture remained in
t he pl at eghi } i : e S i feanti
i gati o e Gl R P PRA SR ep SEUSHRLRPE Bl i airection
Measurenment of Evapoy ati.on . Rat , Hereinafter - in Experinental
Ecanplilbs. SeR AR NETE HE HIFGH (e Serie BB METMEE LTt ace of the
pl ate-1i ke ceram c body obtained in Exanple 1 were used w t hout

15gri ndi ng. <Ex|9¢P2lrental Exanple 4-1> The front surface of
the plate-like ceram c body (A size, dry nass: 9.6 kg) was irrigated
with 2.64 kg of(BaptémeatadEtdneplc BaBlaneGrdvthlesta sanpl e. This sanpl e
was di sposed outside and then the mass transition of the sanple was

measured over 2rjgiamate-1AQ cERfnikbolPeh 528 damRR1.9 RE) FUixampld] Fafketdnd
the mass of the sanple was nmeasured every 1 hour tO obtain an anount

of reduct; ' f : e Y, : .

t he trans};)ﬂﬁodn&(t)'*rgtg%o%oﬁl%u%f cotrnga 'H@g g@k&i (rTﬁtg érear%fﬁggwggl fF‘Lg egléﬁé@?gz}tf\@ on
the first day. In_.addi.tion, after the s e was .irrigated with 2.64
g o Tumt W Tt BRGRRO e Hine e Sormrag ™ Prtvhagucbiest pel cndph deigs

nmeasured every 1 hour to obtain an amount of reduction in 25the mass
of the savpledlaved §o as thangke amgresnin®Biss egds  The two aresnine dasesferapmingt

of 45
bases A and B) were prepared so as to be stored without irrigation with water and then

the growth situation of the sedum was observed and the masses of the greening bases
were measured at 10 am. every day. The result of the mass measurement is shown in
20 FIG 9.

The artificial soil for greening used in this experiment was a mixture of coconut
shell mature compost: 50% by mass, vermiculite: 20% by mass, Kanuma earth (fine
grain): 20% by mass, peat moss: 10% by mass, Unimix Plus II: 750 g/m’ and MAGAMP
I11 BB-SS: 1 kg/m®.

25 [0103]



reduction in the mass of the sanple at the second day. [0105]
<Experinmental Exanple 4-2> An anmount of reduction in the mass of the
sanple was obtained in a simlar way 5to Experinental Exanple 4-1,
except that the plate-like ceramc bod§7l was changed to a plate-like

ront surt lefoﬁ‘ffﬁé?%‘é@? b i o3 comndt RS O “feaqslzaa{?ﬁaas and e

t hi ckness of cm and seduns were planted, thereby preparing

sanpl e. TW@SSr‘tfsﬂ&fF 2ECHNG bgwdwnr%elr@é@ ayewcalrmmoén tyecerep). an explanatory
10<Experi nental Exanpl e 4-3> An anount of reduction in the mass of

t he sanpl eoted® inditaenthed graenagshane Aandwagxplandsyearotangb) iradicdosahp breeding,
except that, w thout using the plate-like ceramc body, artificial

soi | for gdsedi N shdsvnl idFIGLR tiviBssofithd S6REES b BRadIn kgmadrtﬁesmbﬁs%f
are shown in FIGS. 10A and 10B. 15[ 0107] <Exper| nmental Exanple 4-4>

An anount gaf réeﬁ%g%% W toh%(é;%ﬁe %ﬁstyaﬁoﬁamgsbggﬁmﬂbt a 'Ptgxflstbr%da

simlar way eri rrenta exce usi n

e B e A e i S%'abgﬁlg s NG 1RE

t hereon. The results are shown in FIGS 10A and 10B. [0108

FI G 10A #dl the maspal the gisepgetase Brwssh 15 bn d‘f’loaﬁtmnthecpﬂam duing pvere
the mass of the sanple at the first day. The nmeasurenent tine is

r epr esent i fired evancaficr obdpat o6X8 dayand Frde tienaboné-dederibed testifigit was t he
mass of the sanple is represented in a vertical axis. 25FIG 10B is a

graph shosinged that & E@glf iatlo@nt GfmeERRENenRiinddal Uil J188-1ik8 ckRghifBedy Mfa
the 46 sanple at the second day. The neasurenent tine is repreésented
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[0104]
(Experimental Example 4) Measurement of Evaporation Rate
Hereinafter, in Experimental Examples 4-1 and 4-2, the front surface and the
back surface of the plate-like ceramic body obtained in Example 1 were used without
15  grinding.
<Experimental Example 4-1>
The front surface of the plate-like ceramic body (A size, dry mass: 9.6 kg) was
irrigated with 2.64 kg of water and then was set to be a sample.  This sample was
disposed outside and then the mass transition of the sample was measured over 2 days.
20 The irrigation was carried out at 5 a.m. and the mass of the sample was measured every 1
hour to obtain an amount of reduction in the mass of the sample every 1 hour. FIG. 10A
shows the transition of amount of reduction in the mass of the sample at the first day. In
addition, after the sample was irrigated with 2.64 kg of water at 5 a.m. of the second day,

the mass of the sample was measured every 1 hour to obtain an amount of reduction in

25  the mass of the sample every 1 hour. FIG. 10B shows the transition of amount of



FI GS. 10A and 10B, an explanatory note (c-1) represents the result of
Experimental Exanple 4-1, an explanatory note (c-2) represents the
result of Experinmental Exanple 54-2, an_explanatory note (c-3)
represents the result of Experinental éﬁanpl e 4-3, and an expl anatory

note (c-4) .represents th esul t of . Experi.nental Exanple 4-4.

As shown %eﬂuﬁrﬁép%%ﬂasasnﬁtﬁ%ﬁmpgﬁteq]ii nggbaml e 4-1 using only
the plate-like ceram c body and Experinental Exanple 4-2 in which
seduns were pl ¥l 83l on the pl ate-1i ke ceram c body had a |arger
evaporati on anount of water per unit tinme than 10 Experi nental

Exanpl e 4-4 in vibipehinkota&nainpledt-Zr ass was pl ant ed. Moreover,
Experi nental Exanples 4-1 and 4-2 had a snall er evaporation anmount of

wat er per unit Ah@BobhiedT rExkREbh et dhasEs ARl semPredvatsibidnad ini f didilad way
soi |l for greening. From t he above-described results, it nmay be

assu t .QN i : ol
and 42 | SRR RRAAHIAN Icl R R AR SRME bo b PR ERst b
and Exper | t.al Exanpl e -1 and 4-2 have a high cool i ffect b
the ovapol AN IfY ssraiEeiRe diyaPdardtifu gl Forirte B0l et sibtoce
I ndustrial_ Applicability, [0109] 20Si nce the, Er esent invention
provi des @f thephiteslikesammnic badyAsizg) olpye adhickmss of bemaAndsedyRHWER and
with a high cooling effect, the present invention is extrenely useful
t o i ndust plasted ahgieby plephiinga sdafler efloereSulgnae Ehatn ind1GS1 10A@0d 10B.
110PLATE- LI KE CERAM C BODY 10 DENSE LAYER
[0106]
10 <Experimental Example 4-3>
An amount of reduction in the mass of the sample was obtained in a similar way
to Experimental Example 4-1, except that, without using the plate-like ceramic body,
artificial soil for greening was laid to have a thickness of 80 min. The results are shown
in FIGS. 10A and 10B.
15 [0107]
<Experimental Example 4-4>
An amount of reduction in the mass of the sample was obtained in a similar way
to Experimental Example 4-1, except that, without using the plate-like ceramic body,
artificial soil for greening was laid to have a thickness of 80 mm and Korean lawn grass
20 was planted thereon. The results are shown in FIGS. 10A and 10B.
[0108]
FIG. 10A is a graph showing the transition of amount of reduction in the mass of
the sample at the first day. The measurement time is represented in a horizontal axis

and the amount of reduction in the mass of the sample is represented in a vertical axis.

25  FIG. 10B is a graph showing the transition of amount of reduction in the mass of the
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CLAIMS 1. A porous ceramc sintered body conprising a pore vol une,
which is the total volunme of pores with a dianeter of 3 nmto 360
p.m of 0.2 cnB/g or larger and 5 cor‘rﬂf’i sing a mcropore vol une
rati o of 30%b ol une or e, 1n which_.the nmcropore vplune ratio
equal s t oSS APPSR S of PeyarBUTSIRTH Hpe s ERETENed L oo axis and
greater than 0.01 umand less than 1 umdivided by the pore vol une.
2. The poW§Fanquet afsedudiontin thegmass @ hecwBnd iderreseafed;marertisaeads. n 1a
medi an pore 10 dianeter of pores with a diameter of 3 nmto 360 umis
smal | er t RKIS.40Auwmd 10B, aTkheplpotaysiote(calyireprsientsethe cesbib df Eaperonatitalg t o
Claiml or 2, conprising a layer-like dense |ayer having a bul k

speci fi ¢ Brampleyt-DfanQ@xplaBAtoABndAE (DY Rpreddts e FEXpE@nhaithCExample
sintered body according to any one of Clainms 1 to 3, further

COMprisst Ng3ah be@%@q&ﬁgbg%@%)*?é}%ké%ﬂtsﬁh?wshlt BPELberllonl| BLahpled. 3, &fian

than 0.7 g ous ceramc sintere y according'to

tCI hgl Eineflﬁs e% %}‘%}ohrytllg% (g-qlr)]_rgpef‘gsseﬁtsltﬁ‘é/ I%rsullt gf B}rq?e\ll‘fn(]jc%gal(E;l{altlj‘l?)fehél-ﬁ.ur faces of

As shown in FIGS. 10A and 10B, Experimental Example 4-1 using only the
plate-like ceramic body and Experimental Example 4-2 in which sedums were planted on
the plate-like ceramic body had a larger evaporation amount of water per unit time than

10 Experimental Example 4-4 in which Korean lawn grass was planted. Moreover,
Experimental Examples 4-1 and 4-2 had a smaller evaporation amount of water per unit
time than Experimental Example 4-3 using artificial soil for greening,

From the above-described results, it may be assumed that the evaporation of
water of Experimental Examples 4-1 and 4-2 is maintained longer than that of

15  Experimental Example 4-3 and Experimental Examples 4-1 and 4-2 have a high cooling

effect by the evaporation of water compared to Experimental Example 4-4.

Industrial Applicability
[0109]
20 Since the present invention provides a porous ceramic sintered body suitable for
plant growth and with a high cooling effect, the present invention is extremely useful to

industrial applicability.

Reference Signs List

25 [0110]



20 6. The porous ceram c sintered body according to any one of
Claims 1 to 5, wused as a greening base material.

47
1,100,110 PLATE-LIKE CERAMIC BODY

10 DENSE LAYER
14 PORE
20 FIRST NON-DENSE LAYER

5 30 SECOND NON-DENSE LAYER
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CLAIMS

1. A porous ceramic sintered body comprising a pore volume, which is the total
volume of pores with a diameter of 3 nm to 360 um, of 0.2 em*/g or larger and
comprising a micropore volume ratio of 30% by volume or more, in which the micropore
volume ratio equals to the total volume of pores with a diameter equal to or greater than

0.01 um and less than 1 um divided by the pore volume.

2, The porous ceramic sintered body according to Claim 1, wherein a median pore

diameter of pores with a diameter of 3 nm to 360 pm is smaller than 40 pun.

3. The porous ceramic sintered body according to Claim 1 or 2, comprising a

layer-like dense layer having a bulk specific gravity of 0.7 g/cm® or more.

4, The porous ceramic sintered body according to any one of Claims 1 to 3, further

comprising a non-dense layer having a bulk specific gravity of less than 0.7 g/cm’.

5. The porous ceramic sintered body according to Claim 4, wherein the non-dense

layer is provided on both surfaces of the dense layer.

6. The porous ceramic sintered body according to any one of Claims 1 to 5, used as

a greening base material.



