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Properties　of　charcoal－cement　composite　boards
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　　　　Charcoal　obtained　from　wood－based　waste　materials　is　of　low　quality　with　amorphous

shape　and　low　density．　With　the　aim　of　utMzing　this　low－quality　charcoal，　the　properties　of

charcoal－cement　composite　board　were　investigated．　Pulverized　Sugi　wood　charcoal，　Portland

cement　and　water　were　mixed　and　then　set　and　hardened　in　a　mold．　Thirteen　types　of　mixture

ratios　of　charcoal　to　cement　were　used　to　produce　10㎜一語ck　composite　boards．　The且exural．

strength　of　the　board　showed　the　maximum　at　the　charcoaVcement　mix　ratio　of　O．05　and　then

decreased　as　the　mix　ratio　increased．　The　distinctive　features　of　the　composite　board　are　a　high

water－sorption　and　a　considerably　high　capacity　of　moisture　sorption　and　desorption．　The

increase　in　the　amount　of　charcoal　brought　about　the　increase　in　the　water　absorption．

Although　the　boards　absorbed　great　amounts　of　water，　dimensional　changes　were　very　small．

The　capacity　of　adsorption　and　desorption　of　moisture　increased　with　the　increase　in　the

amount　of　charcoal　and　reached　the　maximurn　value　around　the　charcoaYcement　rnix　ratio　of

O．3，　and　then　decreased．　These　characteristics　suggest　the　possibility　of　applyirtg　the　board　to

the　interior　walls　and　the　roof－cooler　of　buildings．

Key　words：　Charcoal，　Cement，　Board，　Density，　Water　absorption，　Dimensional　change，

Moisture　adsorption，　Combustibthty

INTRODUCTION
　　　　In　recent　years，　the　recycling　of　wood－based　waste　has　become　a　very　serious　issue

because　of　declining　forest　resources　and　the　increased　awareness　of　environmenta｝

problem．　Various　companies，　researchers，　and　institutions　have　conducted　research血

efforts　to　promote　the　utilization　of　wood－based　waste　by　incorporating　it　as　a　raw

material　into　various　products．　However，　to　date，　most　of　wood－based　waste　is，　still，

finally　burnt　off．　Burning　of　wood　waste　is　not　only　the　wastage　of　organic　resources，　but

also　is　a　cause　of　CO2　level　increment　in　the　atmosphere．　Therefore，　it　is　desirable　to

carbonize　the　wood－based　waste　and　to　utihze　the　resulting　charcoal．

　　　　Charcoal　has　excelleRt　characteristics．　Highly　fire－enduring　and　electromagnetic－

wave－shielding　materials’fi‘　were　developed　from　charcoal　with　novel　performance

equivalent　to　those　of　metallic　materials．　lt　also　can　be　used　as　adsorbents　for　envi－

ronmental　purification　and　materials　regulat血g　hurnidity　6－9．　However，　the　charcoal　made

from　wood－based　waste　generally　is　amorphous血shape，　low血density　and且a㎜able．
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Due　to　the　low　quality，　it　has　found　only　lirrdted　ttses　such　as　soil　modifier．　Although　an

attempt　has　been　made　oR　developing　insulation　boards　from　carbonized　woed　wasteg，　it

needs　further　investigation　to　increase　the　demand．　When　powdered　charcoal　is　mixed

with　cemekt　akd　allowed　to　hardeR，　a　composite　bgard　is　fermed．　Becagse　ef　the　porcgs

nature　of　chareoal，　the　composite　board　wi11　gain　some　particular　properties　for　the

requirements　of　different　specific　uses．　Thus，　the　authors　investigated　the　properties　of

the　ceptpgsiee　boards　with　a　wide　ramge　ef　eharcoaYcexieRt　mix　ratios．

MATERIAL　ANID　MET｝IODS

Board　manufacture
　　　Sz6gi　wood　ehareoa｝　（particle　size：IOe－mesh　pass；　bulk　density：　O．2；　purchased　from

Kumamoto　Tanka　Kyodo　KumiaD　and　commercial　ordinary　Portland　cement　were　used．
The　mix　ratios　of　chareoakg　cemeRt　were　g，　e．05，　O．i，　0．15，　O．2，　O．25，　O．3，　O．35，　O．4，　O．45，

0．5，◎．55，and　O．6．　The　slurry　was　prepared　by　m斑ng　charcoal　and　cement　wiもh　the　m加一

mum　amount　of　water　needed　and　then　poured　imo　the　mold　and　cured　for　24　hours　at

room　temperature．　After　the　beards　were　takelt　o｝it　of　the　rao｝d，　water　was　sprayed　oR

the　surfaces　and　the　boards　were　wrapped　with　polyethylene　films　aRd　cured　for　2　weeks

at　room　temperature．　TheR　the　boards　were　air－dried　at　ambient　temperature　for　oRe

week．

Ben｛璽i頚g　test

　　　The　static　bending　test　was　conducted　in　accordance　with　JIS　2113．　Test　specimens

were　400mm　in　length，50㎜i繭dth　and　10mm血thickness．　Modulus　of蝋ure
（MOR）was　de憲er瓢沁ed　w並h　the　rate◎f　load血g　of　5翻Yゾ惣oR　a　150一撒e餓｝c糠ve　span

with　the　use　of　TENSILONIUTM－1－2500一．　Four　specimens　were　tested　for　each　of　the

beard－preparatioR　coRditioms．　The　data　of　MOR　are　shewR　as　average　values．

Water－abso叩tion　test
　　　The　test　specimeRs　（IOO　vara×　IOOrftgi　X　IOmm）　weye　submerged　herizontally　iR

water　at　room　temperature　（23－250C）　for　24　hours　after　the　weight　and　size　of　speeimens

were　ffteasgred．　Excess　water　oik　the　surfaces　ef　speciraeR＄　was　wiped　out，　and　the

weights　and　sizes　ef　the　specimens　were　measured．　Then　the　specimens　were　dried　in　an

oven　with　a　temperature　of　105“C　for　24　hours，　and　the　weights　were　measured．　Also　to

obtain　the　relative　rates　of　water　absorptioR，　each　specimeR　（IOO　xxwu　×　I　Oe　rrgg　×　10　mm）

was　piaced　perpendicularly　in　a　vesse｝　with　an　area　of　76　cm2　eontaining　70　g　of　water　for

IO　＄ec，　and　the　increase　in　the　board　weight　was　raeasured．

Moisture　adsorptio皿test
　　　SpeciiRens　（200　mm　X　l　eeram　X　I　O　irtm）　were　plttced　in’a　humidity－regu｝atioR

chamber　（Temperature　aRd　Humidity　Charrtber，　TABAI　E　SPE　C　CORP）．　The　temperature

was　set　at　20“C．　At　first，　the　weighed　spectmens　were　placed　in　the　．charaber　with　the

re｝ative　humidity　（RH）　ef　98e／o　until　the　equilibrium　was　attained，　the　weights　beiAg

measured，　and　then　the　specimens　were　put　under　800／o　RH，　600／o　RH，　400／o　RH，　and　200／o

R｝1，　successive｝y　（desorption　proeesses）．　After　the　desorption　process，　all　specimeRs
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were　dried　at　1050C，　and　the　oven－dried　weight　of　each　specimen　was　measured．　ln　a

similar　fashiok，　the　adsorption　process　was　carried　cut　at　the　RH　levels　of　20e／e，　40e／e，　600／e，

and　800／o　in　sequence．

Comb皿stib皿ty　test
　　　Cembgstibillty　test　was　cond“eted　aceording　tg　JISAI322．　The　specimexs　（250　nm　×

170mrn　X　I　O　mm）　were　dried　at　50“C　for　48　hours　and　then　placed　at　room　temperature

for　24　hours　prier　to　testing．

RESULTS　AND　DISCUSSION

Minimum　amo皿t　of耐er肥q血e曲r　preparing　boards
　　　至tis　well　kn◎覇i　that撫e　m三x撫re　of　chaτc◎al　aRd　ce搬eRt　has　to　be　cha識9磁類t◎

slurry　for　forrmg　boards　first．　The　minimurn　amount　of　water　required　for　forming　slurry

increased　with　the　increase血the　charc（）al／cement　mix　ratio　as　shown　in　Fig。1。　The

amo㎜t　of　w就er　was　expressed　as　weight㎞unit　volume◎f　board　in　this　figure．　The

board　prepared血om　cement　o撮y　needed　450　kg　of　water血1m3．of　volume，　however，　the

board　wtth　the　charceaYcement　Mix　ratio　ef　e．6　required　63e　kg　ef　water．

　　　The　relations　between　miniinum　amount　ef　water　Reeded　（y）　and　the　char－

ceaYcemekt　mix　ratios　（x）　were　expressed　as　y＝450十300　x．
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Board〔濃e皿sity

　　　The　changes　iri　the　board　deRsity　wtth　the　charcoaYcement　mix　ratio　are　shown　in

Fig．　2．　As　was　expected，　board　densities　deereased　with　the　increase　in　the　char－

coaYcement　mix　ratio．　However，　the　tendeRcy　of　the　decrease　in　deRsity　changes　at　the

charcoaYcement　mix　ratio　of　around　O．3．　This　indicates　that　there　exists　a　structural

chaRge　in　board　at　the　charcoaYceraent　mix　ratio　of　arouRd　O．3
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Fig．　2．　Change　in　the　board　density　with　the　charcoaifcement　mix

　　　　　　raもio、

Modulus　of　rupture

　　　The　changes血撫e　mo翻us◎f撫P紺e（MOR）with　the　ch蹴6aycem甑㎞［x　raも韮◎are

shown　in　Fig．3．　Maximum　MOR　value　was　observed　at　the　charcoaYcement　mix　ratio　of

◎。05and嶽en　the　MOR　decreased　w韮th　the　increase血the磁x　ratio．　The　same　resu1むs
　　　ひ

were　obtained　when　boards　were　made　once　again　under　the　same　coRditions．　Thus，

s難aller　amounも◎f　wood　charcoa｝（ar◎Ukd　5％based　eRもhe　weight◎f撫e　ce凱繊t）is

considered　to　work　as　a　reinforctng　material．　The　changes　in　the　specific　modUlus　of　rup－

ture（MOR　divided　by　b◎ard　densiもy）with　the　charc◎aVcement　mix　ratio　are　showR　in

Fig．4．　The　spec潰。　MOR血creased　wiもh　the　addition　of　charcoal圭n　the　region　of　the　char－

coayceme滋麺x　rati（）s　be1◎w　O．3，　while　it　decreased　iRもh．e　re錘◎R　of　the磁x　raもios　ab◎ve

O．3．It　is　supposed　that　the　boards　with　the　charcoaycement　mix　ratios　below　O．3　have　a

structure　in　which　the　charcoal　poWder　is　scattered　inもhe　ceme疵ma頴x，　while　the

boards　wiもh　the　larger　mix　ratios　have　a　structure　in　which　the　cement　plays　a　role　as　a

binder　of　charcoa1．姫s　considered　that　the　decrease　in　speci貸。　MOR血the　region　of
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high　charcoaYcement　rnix　ratios　is　due　to　the　decrease　in　the　amount　of　binder　in　board．

Water　absorption
　　　The　araouRts　of　water　．absorbed　by　the　immersieg　of　the　boards　for　24hours　ftre

shown　in　Fig．　5．　The　amount　of　water　absorbed　increased　with　the　increase　in　the　char－

coaYceraenもmix　r譲◎as　expected．　F韮9嚢re　6　sh◎wsもhe　a獄◎糠ts　of　wa轍abs◎痴ed　byもhe

boards　placed　perpendicular｝y　in　water　with　the　depth　of　1　cm　for　I　O　sec．　The　obtained

values　can　be　considered　to　be　the　re玉ative　rates　of　water　absorption　in　the油tial　stage．

The　relative　rate　of　water　absorption　increase　with　the　increase　in　the　charcoaYcement

rriix　ratio，　fairly　slowly　iR　the　regioR　of　the　mix　ratio　belcw　0．2　aRd　steeply　iR　the　region　gf

the　mix　ratio　above　O．1．
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Fig．　5． Change　ef　water－absorptioR　capacity　with　the　charcoa｝／

cer＆ekも1Y嚢x　ra慧0。

Di】【薮ens隻onal　stab雛もy

　　　The　volumetric　swelling　（YS）　on　water　absorption　increased　as　the　eharcoaYcement

mix　raもio泌creased　fr◎m　O．◎5も◎ar◎嚢蓑dα3，　a鶏d　the嚢1eve主ed　o：ff　as　shown　i繋Fig．7．

Though　the　VS　increased　with　the　addition　of　charcoal，　the　maximum　VS　was　less　than

o．go／o．

Moisture　abserptieR
　　　The　changes　in　the　equi｝ibrium　moisture　conteRts　（EMC）　of’the　boards　with　the

charceaYeement　mix　ratios　of　O，　O．3　and　O．6　in　the　desorption　and　the　adsorptiolt
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pr◎cesses　aも20℃are　show捻擁Fi9＆Th1s避gure　showsもhatもhe　boa罫d　prep～迂ed肋澱

cement　only　adsorbs　a　considerable　amount　of　moisture　in　the　adsorption　process，　but

desorbs　very　small　amownt　of　moisture　in　the　desorption　proeess．　IR　contrast　to　this，　the

beards　prepared　from　charcoa｝　and　cement　adsorb　aiid　desorb　much　more　moisture．
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　　　Fig蟹e　g　showsもhe　cha簸ges蚕もhe猛MC　w重th　the　charc◎ayce澱e就恋x　raもi◎aも80％

RH　and　20℃in　the　adsorption　process．　The　EMC　increased　with　the　increase　in　the

eharc◎aVceme鍛も癒x　rεしもio　a鍛d　reachedもhe　yftaximum　aももhe麗x　raも1◎of　ar◎uRd　O．3　a嚢d

then　decreased．　This　behavior　is　different　from　that　in　the　case　of　water　absorption

where　the城a1　volume　of　pores重n　the　b◎ard　p至ays　ait　imp◎rもant　rde．　In撫e　cas¢of

moisture　ads◎rption，　the　EMC　decreased㎞spite◎f　the　i捻crease血the　pore　vol㎜e　as　the

charcoal／cement　mix　ratio　exceeded　O．3．　It　may　be　attributed　to庫e　balance　of　the

hydr◎phobic捻ature◎f　charc◎al　akdもhe　hydrophihc　xxatgre　of　cemerlt．　The　EM：C　of

charcoal　itself　was　measured　to　be　only　9．86％（w／w）at　8096　RH　and　20℃。　This　value

擁（蓋caもesもhaも鍾we　made畿charc◎al　bo鍵d　w油もhe　b濾k　de貧siもy◎f◎．2　the　EMC　wogld　be

O．02g／cm3，　which　is　a㎞ost　1／30f　that　of　the　board　prepared血om　cement　only．　When　the

charcoal　is　added　to　cement　tntemal　voids　in　board　tncreases．　Thus　the　increase血voids
　　　　　　　　　　　　　　　　　　　　　　　り　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ツ

in　board　wi玉l　result㎞もhe　increase　of　EM：C　ur誌il　the　chεしrcoa］レcement舳（ratio　reaches

aroundα3，　but　as　the　mix　rati◎becomes　higher，　the　dec罫ease　in　the　amount　of　cemeRt

w誌hhydroP撮hc　nature　aRd　the　increase　in　the　amount　of　charc◎al　with　hydrophobic

nature　will　cause　the　decrease　of　EMC。
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Fig．　9．　Change　of　raoisture－absorption　capacity　with　the
　　　　　　charcoaYcement　mix　ratio　under　800／e　RH　at　20　OC．

Co】醸搬stibi聾ty

　　　The　res£｛lts　cf　ccmbusticR　test　showed　thaS　all　the　beards　prepared　frora　charceal　aRd

ce】餓e嚢もreachedもhe負rst－1eve至頚◎嚢一。◎瓢b嚢sも三◎難q嚢aliもy　acc◎rd拠gも。　J夏SA　1322（Testi資g

meth（）d　for重ftc◎mb銭stib灘もy　of　th蟄瓢aもerials　f（）r　b糧と㎞gs）．　Thisもesもmeもh◎d　is　b段sed　o捻

char　leRgth，　fiamg　tirRe　and　post－fiaming　time．　Not　oniy　fiame　and　post　fiame　but　also

smoking　combustion　and　smo｝dertag　combustion　were　not　obseived．

CONCLUSIONS
　　　When　charcoal　was　added　to　cement，　porosity　of　board　increased　and　bo翫rd　density

decreased　as　the　mix　ratio　of　charc◎al　increas倉d．　Alth◎ugh　the　m◎dulus　of　r鰻pture

iRcreased　at　the　charcoa　l／ceme嚢t］瞬x　r畿もio（）f◎．05　iも（墨ecreased璃雇th　the　iRcrease　in　the
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ジ

am◎嚢滋of　charc（）a1。　As　a　res思t，　b◎aでds◎f㎞gher　charcoaシce獄e蒐恋x　rati◎s　are　k◎もs樋t．

able　f6r　the琶seもhat　requires　sむre捻g甑The　disもincもive　fea綴res　of　the　comp◎siもe　boards

of　high　charc◎a1／cement　mix　ratios　are　a　high　water　absorption　capacity　and　a　high

moisture　adsorption－desorption　capacity．　These　characteristics　suggest　that　the　compos．

ite　board　can　be　used　as　inもerior　wall　materials　in　the　places　where　dewing　occurs．

Moreover，　the　boards　are　consideredむ。　be　useful　as　a　coo㎞g　panel　installed　on　the　roof

co㎜ected　wiもh　watering　device．
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