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NANUFACTURING SAME 5 Field of the Inventlo invention rel ates

to a calciumsilicate board excelling in fire Fﬁ@mstance and
-non-conbustibility, which is used as an interior/exterior building
material, and a method of manufacturing tmm ane. 10 Description o

of
Background Art A calciumsilicate board i wl"ﬂmwwu ,waped pr oduct
manuf actured by formng a m xture of cal raw nmateri al s,

fillers, reinforcing fibers. and the |ike usi*egooza paper-mlling technique
(calender$ﬁ§¥£Légh§gﬁ£Q@9ﬁmgﬁéE% 15 form ng, extrusion-formng, or the
| i ke. These , are
1 ght vel ght CAba Baa RS (HUNR H dpEtD & el Al M & Ui

silicate boards have been wi dely used as building materials such as wal |
materials, ceiling materials, and 20 flooring materials. However, calcium
silicate boards generally ! About a due to hlgh
hygroscopi city. Because o I'S, S s, destruction, cracks,

parti & delpaeiigatdonnand ddig-ildke tend to occur during a fire due to sudden
vaporization of water 25 contained in the calciumsilicate boards.
Therefore, cal cittie srébéeat e rheaitdorexeebltieod 8 dd 1€ Unesi 3t aREE KyaGdoN
conmbustibility have been denanded. The fire resistance of the 1 1 2 APR
2002 cal ceumedilliincatia bBoaedreésistwlcs haid poysicoabudesbd tdtiyornwislielh ias st eam
bursts, destruction, cracks, and partial delam nation does not occur, or
occurs onkgetoas smalithtextemt extharcexamplleinki meteesadt aaned 4 snatdasur ed
according to the evaluation nmethods 5 prescribed in JI'S A1304 and BS
(British stam@adrdurigpdities sneand 22. The non-conbustibility of the
caIC|un15|I|cate board relates to heat conductivity through the calcium
silicHle PESFLE - S u. tibility is measured according to

t he eval uation ds es, rib - Al321 a 476, Part 4. 10 As the
heat conductlwﬁ a@ 6%e Cjﬂ"&r‘?ecceo ‘?b}rﬁflatypllag: \/%a@aﬁded’ reduStperi or .

manufactured by forming a mixture of calcium silicate raw

materials, fillers, reinforcing fibers, and the like using a
paper-milling technique (calendering), dehydration press-
15 forming, extrusion-forming, or the like. These calcium
silicate boards exhibit high specific strength, are light-
weight, and have stability with respect to heat. Therefore,
calcium silicate boards have been widely used as building
materials such as wall materials, ceiling materials, and
20 flooring materials.
However, calcium silicate boards generally contain about
10% of water due to high hygroscopicity. Because of this, steam
bursts, destruction, cracks, partial delamination, and the like
tend to occur during a fire due to sudden vaporization of water
25 contained in the calcium silicate boards. Therefore, calcium
silicate boards excelling in fire resistance and non-

combustibility have been demanded. The fire resistance of the



As an invention relating to a nethod for inproving the fire resistgnteARR 2002
‘the calciumsilicate board, the applicant of the present invention has
proposed a nethod of manufacturing 15 a calciumsilicate forned article in
-Japanese Patent Application Laid-open No. 6-305807. This nethod uses

cal cium sul fate dehydrate as a raw material for formng a calciumsilicate
formed article. Calciumsulfate dehydrate shrinks when converted to
anhydrous calciumsulfate (11) during 20 autocl ave-curing, thereby form ng

m nut e pores i.n _the .cal iugb iljicate f ncreases .t he

| icle., This i
aeration Far&tE PlgialE %;rgc?'nss%'égg:ﬁrﬁ%n%é%&%lng?:@Er{i\ﬁg?@%f%{j{:al ci um
Ao . ents oo . el
Fesi stancey Peoalifats Rt SR ER T R e I R gen i s
lied t kNS f j ili ti h th
bt e oSS enst e fiot BEERSOHTVE] H°Bhe L QU AT BB Sl O T 20

formed artdiGleerasisebRber £4 BG Ash RS2 AL S QUL §lc NPk e %Waiu%%@@ntr{@chcd&{)ac? of
the formed article, but also inside the forned article, thereby exhibiting

inferipr porommd il UTbya1 504 Sxampl eBrifikhes €asea Mene caphess Kpeci nen
formed by lamnating 5 calciumsilicate forned articles with an aeration
rate of 1amdl@2~ nfThecnbsecombuRtibiibzd of 4y eadsithesabovetappdd it i on
to a thickness of 50 nmis placed in an electric furnace at 750C, the

peri od of rnelgasegairest fonduheivehparataugh tle ché céantsarl igfa ttehgod B$t
specimen to reach 800C fromroomtenperature is 10 only 20 m nutes or |ess.
Thi s cl eafloyr KR lishathalitecvias idal Il tinisd meestiwetoraedrdingcte @i bits

i nsufficient nonconbustibility. Accordingly, an object of the present

i nvention qua]tl@tp%%intfét@%lﬂ;ﬁ%rslihq%éﬁeJ5§a4‘-%i3%i<c%}q iB¥g 4R ?@?"e 4.
resistance 15 with an aeration rate.of 1 . 5 x 10-5 mM c¢cmsec cnz cm Hz0
or m)rlél aﬁ‘&" Sy ‘F?]n%‘é?lt{:%%ﬂs’t?b?-?‘i’?’ﬁ', BRI~ GO HolP ¥ L ank® act uri ng
t he sane. 20 lThet_ueo({ esent inventors have conducted extensive studies in view
of the abSVé& sitUatidh. M atTesult, the present inventors have found that
a calciumsilicag oar t ai ni L S i i n f. e

subst ance whi ch% ec%ngggfeeglogloa{%%l@qt%o%%%cgn%p?r%ggén%o?hg%g%pgggﬁﬂee

i nsi de the;gal gidyr idicat nd sf ifi: SIsRQ. g i egas

endot her m cq%leacétéimosznt%orf%% hée;@ctglrélg%%é%el{nﬂ%]s}tlal?gggogggrkg' dﬁrrllgng a ]feclérrg?due to
decar boxylct taB, p#SERE Y riy G i U ALSI B 1 $38 So DAk 18XE Blel hakdu Bac tlr 5 APR
2002 in non-conbustibility can be obtained. This finding has led to the
acconpbi shmerdl cfurd hei pt eseat forveat apbicSpechf fepdhyse thergiesent
invention provides a calciumsilicate board conprising a calciumsilicate
hydr at e cAypgtlalcdt it rliad, d-apgardNous 6ed06BAM. suTli ad engthlod pseei cd oricimg
fibers, and a carbonate substance which deconposes at 700 to 850'C, wherein
t he cont eftuldia thed dardomte easubstaricearerbat of30 iR osimhe prakeiin

i nvention also provides a method of manufactur] n% a calciumsilicate board,

conpri si NG SR P L ARG 2RE KF Y- wetdhCaHY S b a&au e hysiedionishg 184iSci um
silicate raw materials, ;calciumsul fate dehydrat reinforcing fibers, and
a car bonat B SUFSY Rt 5hi th %I%U%% P4B8sCa cai%‘@ ?Bfg%b‘t (hc;)r r#lf'é“i‘gne m xt ure
into for raduc al eni.n ut ocl ave-curing t.he _for product,
and 025 ng RS Y ad o e et e b BB R T Pne BT U T
dehydrat e and ddie, GRrhenaLe Ul aneg; Ln hhge BLAL ik 113,128 42 utgand 5
to 30 wt% respectively. The present invention also provides a nethod of
manuf act uni rg -a @F chumegy kbeatr? Raarglo e@NRbirsl, Nghkkep§t 8PEaZ20iGh M Xing
water and a m xture containing calciumsilicate raw materials, cal cium

sul fat e dehiydreadtes foemebiorct gl 4 ehees ] iagciat bapabeishhsisareandei chire
deconposes at 700 to 850C, and wol | astonite, formng the mxture into a
formed pr aohgits taynaa)l ensleshbbginadt ocl ave-curing the fornmed product, and
dryi n% Z5 the cured product, wherein the content of calciumsulfate
dehydiht e, the MR e sSulsst anpef £ amdemblamasmend £ @yyvarhésnsuenirieed s 12

to 45 wt=, 5to 30 % and 5 to 30 wt% ,
to the inside of the calcium silicate formed article through

the minute pores during a fire, organic fibers included in the



4 1 2 APR 2002 respectively. BRI EF DESCRI PTI ON OF THE DRAW NGS FQ@rA@PRlZ[][]Z
‘'shows an exanple of DTA results for dolomte and 5 cal ci um carbonate.

DETAI TED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBCDI MENTS The cal ci um
-silicate board according to the present 10 invention conprises a calcium
silicate hydrate crystal matrix, anhydrous calciumsulfate (1),

reinforcing fibers, and a carbonate substance which deconposes at 700 to
850C. The carbonate substance content is 5 to 30 w% The calciumsilicate

board is nuf actured by a nmethod of formng a m xture 15 of cal cium
silicate BritaId S &al 6@&%@69’—&9&%&&%@,bPEPEf%%i%l&fin@@rrs, and

8
a carbona subst.ance ich deconposes, at 700 to.850C into f ar med product
by cal endbheng CEr aReor| KBS ERtRam R Lk « (Hima LeRe PO HEdEH dreed | or
exanpl e. .cgl_ci Lhic ..boar rdin _Lh [ nt.invention wll
20 be des%rQ ?l%%gelﬁe,#g%v?lehg’a%%:%l_rkpa%rgg\?\'A?}Cf%rgr? rggéélgrpig%%%‘?s?%kgl%ﬁ%ﬂf arc%iotfri ng
met hod 1 gteah: oTNEnCal SiueSihLERLL eaW JBLELAA Sdiseth bY 148 RIGsEN
invention forma calciumsilicate hydrate ctrystal matriXx Dy _
aut oclmaverguiiing and ipRitRl ¥oeRBal g8t 01851 i LHe Aflad raaWoRSrgRE &S F @l $ and
lime raw materials. The sillcic acid raw materials supply SIi Q2 conponents.
As exanpl es10f* mhecsi/kieel-endcidl H,aWo FBhEFs A $.thel bb6@el H6K] i b B SHBEGEOUS
earth, iron 5 1 z APR 2002 bl ast-furnace slag, fly ash, and the |ike can
be gi ven. aCththksesstbé WGemnfissplacedrinclan slpeeteeahimaddsato?ls68id,i ca
rock ensures that calciumsulfate dehydrate is easily dehydrated and
convert edthe arlyddoad tahei veqsitédtor Ithe tlemgeviaduale asetle cfenter
di at omaceous earth tends to inhibit formation of anhydrous cal cium sulfate
(11). It P§ phef deathl sresimsd dicatreaade S Cafromi poemnirmrar s tis silica

rock in order to prevent such a disadvantage. The linme raw materials supply
Ca0 cHhpoRBAts 20AFIERERT & ofethe TS ChRardtieshars, tdartcthm BYAVSXi de,

10 cal ci um qQxi.de, rtland cenent, and the like can, be given. Cal cium
Sul Tat o QeRTAHET PO R e o RHBAIT by MRt MRG0 f or m
anhydrous ca %isL{mbs fate (1l) (CaSCa) through cal cium sul fate hem hydrate

Ul
(CaSQCa0. 5E20Y “and “an lytd"r‘ous calciumsulfate ( Ill) . As calciumsulfate

dehydrate, 15 C@Jﬁ?o%i%t%\%g %r?g?%ﬁdéé‘é eodf %@&Je%éﬂ@finq;etr&qofnnﬁ%dlt%- shaped

crystal s or anorphous p e use ese, It 1s preferable to use

cal ci um suhtatigedghydi 8t §ri 81 L DEaf o Ofq NBeH 19-$RARR s CLY SIA Sstance

Needl e- shaped crystal cal ciumsulfate dehydrate shrinks during

aut ocimvewgt Bg 46r&0LBh20afieed e- shapest’ elly-wiglscanhydr oM si,0ab €indResul f at e
(I 1), thereby form ng slender pores by |linking one another. This

I ncr eases ahhkie eaeredtliiony riat encaaf-ddreowcat himi sy ) | axad ea hosttiebd Mo eover, heat
shrinkage of the calciumsilicate matrix can be reduced due to the

needl e- shapad fagstaing drire 98BweRei nforcing fi bers provi de nmechani cal
strength to the calciumsilicate board. There are no specific limtations
to the type of reinforcing fibers. For exanples, pulp, 6

SUMMARY OF THE INVENTION
20 The present inventors have conducted extensive studies
in view of the above situation. As a result, the present
inventors have found that a calcium silicate board containing
a specific amount of a carbonate substance which decomposes at
700 to 850°C can prevent the temperature inside the calcium
256 silicate board from rising. This is because the endothermic
reaction of the carbonate substance occurs during a fire due

to decarboxylation, whereby a calcium silicate board excelling



1 z APR 2002 al kali-resistant glass fibers, carbon fibers, and org4r} cAPR 2002
synthetic fibers such as pol ypropylene fibers and aramd fi bers can be
given. O these, use of pulp is preferable because pulp is economcal. 5
-The carbonate substance whi ch deconposes at 700 to 850C absorbs heat by
decar boxyl ation at 700 to 850C, and preferably 750 to 850C, thereby

provi di ng non-conbustibility to the calciumsilicate board during a fire.

As exanpl es of the carbonate substance, dolomte, calciumcarbonate, and

the like 10 can_beqllrg)iv n. Dolomte is generally represented by CaC03
EJSNQCD?, daIlPh_E}t?&h_Ct f bi%ﬁ%&%ﬁ?@%@ﬁé}ﬁnﬂ hstﬁén%%%gdﬁj orer ea.
e of dolaom.te is prefer e. omte exhibits superior endothermc
effects O\l/t\n%ng);C 0 3% nldlbﬁﬂ‘é(?l?ﬁ coﬁegé?i%ﬁe%@é?sl,n‘f Hfing a peak at about
790C resulting f - b | ation of .MyG03, and_a peak at about 870C
resulting from SE%Q jf?x%elgl%{’oge%ef %%5&%& +%l/g'eg§a8phgm‘f§§?aa%ﬁ ks are
nmeasur ed HDfSf i.al,. rmal _Anal.ysi 2« ELQur xanpl e
of DTA re?ﬁll?sgéf or ggl%{)cfﬁ%:ogi%“ll-r%qﬁllgg%r eca?,%lé'(ﬁ)ﬂl %%11%552‘;‘{#?%%{%@?%@}&3 herm c
reacti®n peaks gt aaloukod9QG 120 \ANduatadBoutr 18708 n Ibe: £ e g cadaiher m c

reacti on caused by deconposition wwth a peak at about 790C occurs wthin

the tenpesatareonangeswbs 7cé wBrH dethbapskaktahg opotHis wPct hehandat hermic
reaction caused by deconposition with a peak at about 870°'C i1s within the

t enper at utéer aogeaoft 200 thoe 85D orPh: Spaath § t radd yi, s ddl i 3@ witsconposes at
700 to 850 C, thereby causing a sufficient endotherm c reaction to occur.

It is preferabl &hteo Prssedd] dmvanttion @A lsngprsiddd @ emtlibd o APR 2002
amount of MgCO3 conponents in order to ensure that a sufficient endothermc
reacti on BESHESCHUTATW 190 3T iom st liisassr boeutar bgmpr & énabtlee tk apse

dol om t e havi ng ,anMyO anal ysis val ue (reduced val ue_ of MyC03) of 13 wt % or
mor e, 1AndCpr BEELREI V212w b od THBFI TS oSide iddmenieé célisesl Beatd fian ent
endot herm c _react.ion t ere i ncreasi ncﬁ;‘é)tnon-qonbu_sti bility of the

. th .
cal ci um sF‘Fitc?&tl@lﬁdaF&&c%CH%urﬁ\‘}%%%E@ Y9E3 & ditEtBter Caf gt hEPRES bkt e
bst i b 100 d still f ly. 10 to 60 10
dun: " The: 2vEr BEEhEER e dlal Oe o8 HIBRERBbS R 157 B0LEE 63 e et o1
i cl i 509% i | | i i .but | . If th
(particlecdeatBlbal, A 506 14 acoun Aegd volipre i alddyd o) - 1T the

average particle dianeter is mt he ‘carbonat® substance may

not be sublicelcaniier SOllREtad Us Aed SAbSNTE! i dith 'Iﬁ%}!drflf AHe I dd me of
u

cal enderi ng, whereby 15 non-conbus tibility of the res ing calcium

silicade beadtiomywHegkeaseheMbRONRE, ot Nire BRY cdaR! 8888 ¥é &lith Rirdthe
product per raw materials. If the average particle dianeter exceeds 100

dun, fornmandohhefcéhbonatei smbstancatin il atetorygst @llaratr U8 & prardde
calciumsilicate raw materials nmay be hindered during 20 autocl ave-curi ng.
Thi s causés t@efécti- %0 mrsmactiivalie. matri x, whereby the bending strength of
the calciumsilicate board may decrease. Cal cium carbonate is known as a
carbonat e subst 3R€e PHFSER tdddBipdse alse mug idamear aarhed Wdwever

cal ci um car bonat decorrposei at a relatively high tenperature (about ?5
900' ©) as™&hR Q%Hrﬁi“&raecf, CEHEY EBy 15PG® PAGY nSORPT EF B¢ the steps

non-cagbusti piLL LY. LB.2dghyi on g Lhe cabove iaw material sy, [l grns such as
materials, calcium sulfate dihydrate, reinforcing fibers, a
carbonate substance which decomposes at 700 to 850°C, and
wollastonite, forming the mixture into a formed product by
calendering, autoclave-curing the formed product, and drying
25 the cured product, wherein the content of calcium sulfate
dihydrate, the carbonate substance, and wollastonite in the

mixture is 12 to 45 wt%, 5 to 30 wt%, and 5 to 30 wts,



wol | astonite (CaSiQ ), talc, mica, pearlite, and vermculite can bd 2isARR 8§02
‘the raw material for the calciumsilicate board of the present invention,
as required. O these, use of wollastonite, talc, and pearlite is
-preferable for the 5 foll ow ng reasons. Specifically, wollastonite
decreases the firing shrinkage rate. Talc inproves the surface properties
and construction capability (nailing characteristics) of the cal cium
silicate board. Use of pearlite |eads to reduction of weight. 10 Wen
manuf act urin the celcruntslllcate board of the present invention using the
above rawREPEFTE Ya mixture containing the calciumsilicate raw
mat eri al s, caIC|untsquate dehydrate, reinforcing fibers, and the carbonate
subst ance whi ch deconposes at 700 to 850C, is prepared The proportion 15
of cal cium sul fate deh , ustied. so that the

NGS
proportion of anhydrou | ting cal cium

silicate board JiQet 0 s?hrbry% ‘h @Q%nﬁigr ot %l%\yrg%ﬂ@s }grmgiomispg% gff cally,

t he proportion o caIC|un1 ate els 1l and preferably
25 to 538 W% ikifn e qpoportion is less than 12 w% the aeration rate
of the resulting calciumsilicate board beconmes less than 1.5 x 10-5 ni
cnisec cn2 cm H20, whereby fire resistance may decrease . If the
proportion exceeds 45 wt o, bendlng strength of the resulting cal cium
silicate board my daRTddd Rl BT 1 i D INUENTIENbonat e subst ance
whi ch deconposes at 700 to 850C in the ntxture is 5to 30 ww% and
preferably 10 to 20 w % . REFERR (NS than 5 ww% 9 12
APR 2002 non-conbustibility of the resulting caIC|unts|I|cate board may
decrease. |f th&h§r 6861Alivgn sdldeadse Ipandyadnaidling S &gt Prefsente
resulting calciumsilicate board _may decrease. The proportion of raw

mat er t&l s 1BVREE HORaROBRE EF B & GRELamsS §ehGaEathY Hhfda REYEBR bAfdid X/

bst h d t 700 to 850C ma tely det d.
?ﬁgspfzgﬁp“ﬁéﬁrﬁ%%“g%%@%ﬁqq3 %@degr?%ufﬁrecfﬁi?ﬂb?qsi émtjﬁ fgmv\t/
an refera % ortion is 9 e
effegt of Fﬁ%%ﬁé} %ﬁ%PQJ WqﬁgﬁFg%ééﬁﬁ S%i)ﬁ ‘ﬁﬁf roporglormgiceeds 30
w % the strengt! O?dls&ﬂtet Rl £al ol un s Higate boet@ oBy qegrease. In

particular, the a t1on o onite as a er in the above range

reduces the 1fl'cra'tr&b§QEtink%r%nrﬁta"ctu%féc%ytéﬂ%te%%'dt & BF R i R §rm1%&dntehe
like, the mxture is 15 forned into a gréen sheet ( raw board

cal enderi ag enlthem Ek@icaPs +4e nead @nderd ngaetihedsuaraed ftQ.dmy&Iartga a
cylinder cal endering machine and the |ike can be given. The green sheet is
t hen aut oclawndocauriedy fhbke sapphg iangapbenstueesulss farge ahtahcdaoorgiddezat e
hydrate crystal matrix fromthe calciumsilicate raw 20 materials. At the
same ti meatan®§drodsotaliciten Slrrecep EbHpCE O orieddbyideimrdrheilorkeof

cal cium sul fate dehydrate. Autoclave-curing is carried out at a tenperature
of 164 t 02Pg0CUtad Preetatainly i formedErefict pfesranrdie 6 els
kgf/cng, pr ef bly 9 to 10 kgf/cnR, for a retention tinme of 3 to 25 20
hour s, an&ag ﬁbﬁﬁrcétﬁob‘i?rﬂ(ﬁfrcsordwq &P B &Hea“’\?éltcbm’ﬁ@tl?%é”&}r ed

d dried b I I
APR 2602 Fie PR LTI o b o P I THe B EeeHt ST G Bl ned usi ng

t he above a calciumsilicate hydrate
crystalnaFrl%&%gh y rgﬁscéﬁglunsu €%§€ (I'1), reinforcing fibers, and a

carbonat e subst apee MIGRIRGATRAIES rawhha (@2 169 s8R05k Txtﬂett?é’rﬁleerkterfg the

carbonate substance is 5 to 30 w% The calciumsilicate hydrate crystal
matrix isiavelstorat® o atdli ik ad £1 Uia Sé | h gt £ £TySEA 51 afa ti ITRjBF
conponent, which is forned fromthe calciumsilicate raw materials by
aut ocl aveaaurialg vas- deasiord bedd aomel v 1dorfaniydrofiss chl cicimsid fragwe (11) is
formed by the

20 materials and lime raw materials. The silicic acid raw

materials supply S10, components. As examples of the silicic

acid raw materials, silica rock, diatomaceous earth, iron-



dehydration of calciumsulfate dehydrate. The content of anhydr ous 1c&I ARR. 2002
sulfate (11) in the calciumsilicate board is 10 to 35 W% and preferably
20 to 30 wt% If the content of anhydrous calciumsulfate (I11) is less than
10 % the 15 aeration rate may decrease. If the content exceeds 35 W%

t he bending strength of the resulting calciumsilicate board may decrease.
Rei nforcing fibers and the carbonate substance which deconposes at 700 to
850C do not substantially react with the 20 calciumsilicate raw naterial s,
which are allowed to remain in the calciumsilicate board. The content of

t he car boRaBétsdbsnances i ch lidexBhpasdstha 1700 ced roivenn tHetkafei um
silicate board is 5 to 30 wt%, and preferably 10 to 20 ww% |f the content
of the caFBSiit®eCSubstHrrRECFE 12BECLRARCE et WSO8 IO IGhBASKISHSUTEF of t he
calciumsji|icate.board y. decrease, 1 _f the cantent .exceeds, 30 wt o,

bond! ng. SEPBROEROR ha ACRA SN AR oA iy Arseriaced 704" 1% apr
2002 Filleps aptianal] v igelided Lo g eghebum s cale foard,of e
present invention do not " 'dubstan |aICIy react wt é calciumsilicate raw
materigl s [ o] i 1Rt c i A rd. The
R e S L R s S i
preferabl ¥210:t@ 251Wat% . (11)f. the gantewtreraphessot an §iuwkYhatbeusffect

of addition may be insufficient. If the content exceeds 30 wt% the

strengt h ekrtheinesshibingt Cohorih Silliicat eocbealdl Jryerdesrenaseant FBuch
particular, the addition of wollastonite as a filler in the 10 above range
reduces thedfsadngnshgenkalee rlaime rBendi ter 54 € rgtolp 10f Cébeccomdoniamnssi | | cat e
board of the present invention is 100 kgf/cnR or nore, preferably 120
kgf / cn2 oRsnemxempdrd $ti |Hhenorigneresfve rmedi e 12105 t oo 200 iy s XTide , aer at i on
rate of the calciumsilicate board neasured according 15 to BS 1902 Part | A
is 1105 gajgimmyoxigy .s@oricmnd GRMAE oraibridie dnidkepradreghldi vEn. 0 X
10-5 M cnisec _cng cmH20 or nore. The heat |linear shrinkage rate of the
cal ci um si | i cat &G iS$hgath i raifyel 5% 2Hg% aid dp?rr@fcg‘raattﬂ 1. 8
% . The cal ci.um siléi c?te board _does fnot cagsg st eam bursts f% cracIkiﬁ to
occur in PREFS BU5BCFBLRSFHALET e F X T BPAYAGCED BS AHE Parfas9 (44 the
a

i n Eiie i ¢ foarar 478 1
'he center cgP e helregion A Sxa T3 BEREREOFalRale R Pechell 0 V1 Gos
than 50C. oThe el um i bhoahe 0af oy pcCardiage! anthie cakeseant,duant i on

can be used as Z5 building materials such as wa materials, ceiling

mat er i@l scaard ud eQnisRg ML gL H2hSe BAGctderddnke s d2thed R 2004 cHe

present invention will be deScribed in nore detail by exanples, which

shoul d notriye teanstyruethaoidul tpdgHd hendy esenisdedyventti @hess, Exanpke 1p a 1
36 parts by weight of calciumsilicate matrix raw materials (silica rock: 8
parts by weiedhirabdieattomacen usa leaiin: sl Par¢ sd Byyadws ghtin daleci igmohyedy oxi de:
18 parts by weight, portland cenent: 3 parts by weight), 24 parts by wei ght
of 10 wol hgscdsitshasd prist s weiNgind loF- sdelngdu pryisiteat €adehiyar ate, 5
parts by wei gfht of pulp, and 10 parts by weight of dolomte were m xed
accor di ng Std Hatée diOrsfitne dunt Mot 2% Fef 2 Sy 408 Teblfem  The

m xtuge was cal endered. usin cylinder cal enderin chi according to a
conve?\‘?i oh&F Rs fgyé%iaii ﬁxgygf"@léﬁ Shbet U rsﬁavfggﬁr &?fw ttﬁ"earetbrfckness
of 9 nmh virn t he ;.above conposi tif;n. Ihe green /st?%]et S. aut ocl ave- cured
at a tenperoa e Sfleffiﬁé RR4°3 "BYe Js]i)J]FJen%f I?(f)lf) e f or t8° rétemAow ti me
of 11 hours, i in I t to in a
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silicate heanthayesSBPWhEN-dBP] Em%Bilicate matrix can be reduced due to
the needle-shaped crystal form.
25 Reinforcing fibers provide mechanical strength to the

calcium silicate board. There are no specific limitations to

the type of reinforcing fibers. For examples, pulp,



Bul k density, bending strength, aeration rate, and heat |inear shrljnzam 2002
‘rate of the resulting calciumsilicate board were neasured. Fire resistance
and non-conbustibility were evaluated. The aeration rate was neasured
according to BS 1902 25 Part | A Fire resistance and non-conbustibility
were eval uated according to BS 476 Part 22 and BS 476 Part 4, respectively.
Bendi ng strength and heat shrinkage rate were 13 1 Z APR 200Z neasured as
foll ows. Bending strength: Load was applied to the calciumsilicate board
vertically to the orientation direction of the reinforcing fiber (pulp) . 5
The bendi agkstliengidi stasmtdeflerss medbdyys didd xhdrg fiheersd,r essl atrggnie nt where
the calciumsilicate board broke by the cross section of the cal cium
silicate bpatthetdeatibenearuchesnkageorateterihéibalksiand srbhncdtfe deoxar d was
heated at 1000C for 3 hours, 10 and then cooled to roomtenperature. The

di mensi onaRnchangieveiur i if tchesheamwgm/vaglneas@rr@cferaﬁvéeelvaq:@uase emvlesul ts
are shown in Table 3. 15 Conposition of

r awExanpl é@oﬁﬁé’rné’tm\%ﬁief erencemat eri al sExam | eExam | e123121Cal cium silicate
rawmat erial sSilica rock88816208D at omaceous eart h766786Cal

hydr 0x3 de1817173 %‘%E?PBPPPEﬁdS%%%%%m|d|e§§E“@ﬁusteé2a’é 73%01’&?9%% ci um
sul phat e322525

dr at ePul 555555 é Iﬁ:g)y FeFgrboxgdiadiiredt. 79@ to. 830 Gryppd preferably
carbonat g0 18Tl 2L 107 ﬁlg%@%ggég i THEARLLsed, 0 Taple 115

part(s) by wei unt & andunt ~of ~Wat er
drai ned V"é%l%q(?;rrmsﬂcl%tfg ehd: Qs Hor H81 @Pxf@d' an shandaed bree g@ss 14
2 APR 2002 test"™ was used. ' Average particle dianmeter (nmedian di aneter)

ig dun, Ngl\/g@r%rﬁtaeﬁ suﬂagt\é’h%éﬁd&l/&ﬁ@\g@, Q%rltdlqinﬁcgtaaﬁagé, (@rdtre diaret er) :
um

10 canbegiven. Dolomite is generally representedby CaCO,+MgCO,,
although the composition varies depending on the production
area. Use of dolomite is preferable. Dolomite exhibits
superior endothermic effects owing to two endothermic reaction
peaks, including a peak at about 790°C resulting from

15 decarboxylation of MgCO,, and a peak at about 870°C resulting
from decarboxylation of CaCO;. The endothermic reaction peaks
are measured by DTA (Differential Thermal Analysis). Figure
1 shows an example of DTA results for dolomite. In Figure 1,
dolomite exhibits two endothermic reaction peaks at about 790°C

20 and at about 870°C. The entire endothermic reaction caused by
decomposition with a peak at about 790°C occurs within the
temperature range of 700 to 850°C. The starting point of the
endothermic reaction caused by decomposition with a peak at
about 870°C is within the temperature range of 700 to 850°C.

25 Specifically, dolomite decomposes at 700 to 850°C, thereby
causing a sufficient endothermic reaction to occur.

It is preferable to use dolomite containing a sufficient



5 content: 14 W% *4 Average particle dianeter (nedian diameter): 12 ARR 1@2
1 Z APR 2002 TABLE 2 Conposition of calci d ~ili t bExanpl eConparative
Exam | eRef erence Exam | eca oar s el23121Calciumsilicate hydrate cr stal
-mat ri x363434525834\Wl | ast oni t e242323131923Anhydrous cal ci sul hate ( I |

) 25202030020Pul 55555500l om t e Cal ci um car bonatel0 -18 -18 -- -- 18-

18Tot al 100100100100100100 * The unit used in Table 2 is part(s) by weight".
16 TABLE 3

amount of MgCO, components in order to ensure that a sufficient
endothermic reaction occurs at 700 to 850°C. It isparticularly
preferable to use dolomite having anMgO analysis value (reduced
value of MgCO,) of 13 wt% or more, and preferably 17 wt% or more.
5 Suchdolomite causes asufficient endothermic reaction to occur,
thereby increasing non-combustibility of the calcium silicate
board.
The average particle diameter of the carbonate substance
is preferably 10 to 100 um, and still more preferably 10 to 60
10 um. The average particle diameter used herein refers to a
median diameter (particle diameter at 50% in accumulated volume
distribution). If the average particle diameter is less than
10 um, the carbonate substance may not be sufficiently collected
using a calendering machine at the time of calendering, whereby
15 non-combustibility of the resulting calcium silicate board may
decrease. Moreover, this may decrease yield of the product per
raw materials. If the average particle diameter exceeds 100
um, formation of the calcium silicate hydrate crystal matrix
from the calcium silicate raw materials may be hindered during
20 autoclave-curing. This causes defects to occur in the matrix,
whereby the bending strength of the calcium silicate board may
decrease. Calcium carbonate is known as a carbonate substance
which decomposes at a high temperature. However, calcium
carbonate decomposes at a relatively high temperature (about
25 900°C) as shown in Figure 1, thereby providing insufficient
non-combustibility.

In addition to the above raw materials, fillers such as
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in fire resistance with an aeration rate o
and construction capability (nailing characteristics) of the

calcium silicate board. Use of pearlite leads to reduction of
weight.

10 When manufacturing the calcium silicate board of the
present invention using the above raw materials, a mixture
containing the calcium silicate rawmaterials, calcium sulfate
dihydrate, reinforcing fibers, and the carbonate substance
which decomposes at 700 to 850°C, is prepared. The proportion

15 of calcium sulfate dihydrate in the mixture is adjusted so that
the proportion of anhydrous calcium sulfate (II) in the
resulting calcium silicate board is 10 to 35 wt%, and preferably
20 to 30 wt%. Specifically, the proportion of calcium sulfate
dihydrate is 12 to 45 wt%, and preferably 25 to 38 wt%. If the

20 proportion is less than 12 wt%, the aeration rate of the
resulting calcium silicate board becomes less than 1.5 x 107
ml-cm/sec-cm’:cm H,0, whereby fire resistance may decrease. If
the proportion exceeds 45 wt%, bending strength of the resulting
calcium silicate board may decrease.

25 The proportion of the carbonate substance which
decomposes at 700 to 850°C in the mixture is 5 to 30 wt%, and

preferably 10 to 20 wt%. If the proportion is less than 5 wt%,



100" m cnmsec cm cmH20 or nore and excelling in non conbustiﬁ ZiAQR 2002
“can be obtained. Cbviously, nunerous nodifications and variations of the
present invention are possible in light of the above teachings. 15 It is
-therefore to be understood that, within the scope of the appended cl ai s,

the invention may be practiced otherw se than as specifically described
herein. 18 1 Z APR 2002 1 . A calciumsilicate board conprising a cal ci um
silicate hydrate crystal matrix, anhydrous calciumsulfate (I1), 5
reinforcingpfibe s, .and .a .car honat e suhstance which deconposes at 700 to

850C, whePEMTi COREUSSHRENt: tof Of He ¢ ZPEBHHE I GBSE AR & 1ild 05 LEPRBEMWAY 2. The
| Ci iilLicate b di t laim1 Ln the, banat

Cubst anceSPEERGNGI 1 6 S059 T CATEI TA41 Cat BCBoart Sbr G 1 cl ai m

2, wherel gt he dolauita oM AINS 1S WA, TDLL. 0 MQ Ao e calgl um

silicate board according to claim or , wherein e carbonat'e Substance

has an aveiags:Raid ¢ MATRIS: 01 40,80k AN & Srunl N 10alel um si i cate

board according to claim , having an aeration rate of 1.5 x 10-5
m cnl spcCRKerdiiad ObnbDERe LLREh NG St et dn &k “&ﬁf&hketgégﬁgoeés@i eroand a

heat |inear shrinkage rate within the range of 2.0~. 6. A nethod of
manuf act utbng s@°cahgiyuBeskbpeapeibeang, de@eeanpedsi ng the steps of : mxing

water and a m xture containing calciumsilicate raw materials, cal cium
sul f at e dehydr attee peopbotitong ff Ebhelsrsaswk Borcal boadtiedsathshamcex tmriech
deconposes at 700 to 850C, formng the mxture into a fornmed product by
cal ender i ag; Sate olfl aé- canlngr ¢ fier dlok yweld oodbott? and fdtye my @ nthiercur ed
product; wherein the content of calciumsulfate
is less than 5wt%, theeffect of the additionmaybe insufficient.
10 If the proportion exceeds 30 wt3, the strength of the resulting
calcium silicate board may decrease. In particular, the
addition of wollastonite as a filler in the above range reduces
the firing shrinkage rate.
After the addition of water and the like, the mixture is
15 formed into a green sheet (rawboard) by calendering or the like.
As the calendering method, a method using a cylinder calendering
machine and the like can be given. The green sheet is then
autoclave-cured while applying pressure to form a calcium
silicate hydrate crystal matrix from the calcium silicate raw
20 materials. At the same time, anhydrous calcium sulfate (II)
is formed by dehydration of calcium sulfate dihydrate.
Autoclave-curing is carriedout at a temperature of 164 to 200°C,
and preferably 179 to 183°C, and a pressure of 6 to 15 kgf/cm/,
and preferably 9 to 10 kgf/cm?, for a retention time of 3 to
25 20 hours, and preferably 8 to 12 hours. After autoclave-curing,

the cured product is appropriately dried to obtain a calcium

silicate board.

10



dehydrate and the carbonate substance in the mxture is 12 to 45 wtf9appR52002
to 30 wt% respectively. 19 1 2 APR 2002 7. A nethod of manufacturing a
calciumsilicate board, conprising the steps of: mxing water and a m xture
-containing calciumsilicate raw materials, cal ciumsul fate di hydrate,
reinforcing fibers, a carbonate substance which deconposes at 5 700 to
850C, and wollastonite; formng the mxture into a fornmed product by

cal endering; autoclave-curing the formed product; and drying the cured
product; wherein the content of calciumsulfate dihydrate, the carbonate
subst ance, and &&® &tlGHIYR §iH kIt evibaand ok e (¥ eEenfg dnvEentdos0 wt %
and 5 to 30 wt% 10 respectively. 20 .AE. AY. AE. AE. AY. A A _
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silicate board is 5 to 30 wt?, and preferably 10 to 20 wt%. If
the content of the carbonate substance is less than 5 wt%,
25 non-combustibility of the calcium silicate board may decrease.

If the content exceeds 30 wt%, bending strength of the calcium

silicate board may decrease.

11
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wt%. If the content is less than 5 wt%, the effect of addition

may be insufficient. If the content exceeds 30 wt%, the

strength of the resulting calcium silicate board may decrease.

In particular, the addition of wollastonite as a filler in the
10 above range reduces the firing shrinkage rate.

Bending strength of the calcium silicate board of the
present invention is 100 kgf/cm® or more, preferably 120 kgf/cm?
or more, and still more preferably 120 to 200 kgf/cm’. The
aeration rate of the calcium silicate board measured according

15 to BS 1902 Part 1A is 1.5 x 107 ml-cm/sec-cm’+cm H,0 or more,
and preferably 2.0 x 10’ ml-cn/sec cm’*cm H,0 or more. The heat
linear shrinkage rate of the calcium silicate board is within
the range of £2.0%, andpreferably*1.8%. Thecalciumsilicate
board does not cause steam bursts or cracks to occur in the fire

20 resistance test according to BS 476 Part 22. In the non-
combustibility test according to BS 476 Part 4, rise in
temperature at the center of the test specimen and inside the
furnace is respectively less than 50°C. The calcium silicate
boards according to the present invention can be used as

25 building materials such as wall materials, ceiling materials,

and flooring materials, and the like.
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36 parts by weight of calcium silicate matrix raw
materials (silica rock: 8 parts by weight, diatomaceous earth:
7 parts by weight, calcium hydroxide: 18 parts by weight,
portland cement: 3 parts by weight), 24 parts by weight of
10 wollastonite, 32 parts by weight of calcium sulfate dihydrate,
5 parts by welght of pulp, and 10 parts by weight of dolomite
were mixed according to the composition of the raw materials
shown in Table 1. The mixture was calendered using a cylinder
calendering machine according to a conventional method to
15 obtain a green sheet (raw board) with a thickness of 9 mm having
the above composition. The green sheet was autoclave-cured at
a temperature of 179°C and a pressure of 9 kgf/cm? for a retention
time of 11 hours, and then dried using a hot blast at 120 to
140°C to obtain a calcium silicate board. The composition of
20 the resulting calcium silicate board is shown in Table 2.
Bulk density, bending strength, aeration rate, and heat
linear shrinkage rate of the resulting calcium silicate board
were measured. Fire resistance and non-combustibility were
evaluated. The aeration rate was measured according to BS 1902
25 Part 1A. Fire resistance and non-combustibility were
evaluated according to BS 476 Part 22 and BS 476 Part 4,

respectively. Bending strength and heat shrinkage rate were

13
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test” was used.

® Average particle diameter (median diameter): 50 um, MgO

content: 18 wt$

" Average particle diameter (median diameter): 15 pm, MgO

5 content: 14 wts

" Average particle diameter (median diameter): 15 um
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8410% & ()- YYYYYYYi M vU9 8410% & ()- 8410% & ()-5W6#] (- 74

IABLE 2
s ; Comparative|Reference
Corpesiignag st Eremle [ Poionie | mxamole
1 2 3 1 2 1
Calcium silicate 36 34 34 52 58 34
hydrate crystal matrix
Wollastonite 24 23 23 13 19 23
Anhydrous calcium
sulphate (IT) 25 20 20 30 0 20
Pulp 5 5 5 5 5 5
Dolomite 10 18 18 - - -
Calcium carbonate - - - - 18 18
Total 100 100 100 100 100 100

* The unit used in Table 2 is “part(s) by weight”.
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" 8410% & () - 8410% & () - aZhZnir ZwWZ| ZZdD+5We#] (- 74 8410% & () - 8410% & () -
8410% & ()- 8410% & ()- 8410% & ()- 8410% & () -ZZZZZZZqU9+5W6#] (-7
. 8410% & ()-%8410% & ()-8 8410% & ()- 8410% & ()-5We#] (- 74
8410% & () - ZZZZZZZvV: +5\\6#] (-7 8410% & () - 8410% & ()-5W6#] (-74 8410% & () -
8410% & ()- 8410% & () -ZZZZZZZt >+5\W\6#] (- 75W6#] (- 74 8410% & () - 8410% & () -
8410% & ()- 8410% & ()- 8410% & () -Z2Z2Z72Z7ZZ ?+5W6#] (- 75 8410% & () -
8410% & ()- 8410% & ()- 8410% & () -,
P
Example 1
A calcium silicate board was obtained in the same manner
as in Example 1 except for changing the composition of the raw
5 materials as shown in Table 1. The compositionof the resulting
calcium silicate board is shown in Table 2. The calcium
silicate board was evaluated in the same manner as in Example
1. The evaluation results are shown in Table 3.
According to the present invention, a calcium silicate
10 board excelling in fire resistance with an aeration rateof 1.5
x 107 ml-cm/sec-cm’+cm H,0 or more and excelling in non-
combustibility can be obtained.
Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
15 It is therefore to be understood that, within the scope of the

appended claims, the invention may be practiced otherwise than

as specifically described herein.
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109%<& () - 8 10% <f& ()- 109%<f& ()- M 109% <f & () -
910% <f & ()- Y@L0% <f& ()- yM 109 <f & ()-]~ZrzArA4 | [:vUA  ##10% <f & () -
& & 109% <f & ()- Y F10%<f&'() yz10% <f & ()- s 10%<& ()-

#109% <f & () - 4 10%, Of. <t 10f s Ofe<f

1100 <t 1) eRATE O g tonrs t]e copbrising 4 Ll

hydrate crystal matrix, anhydrous calcium sulfate (II),

5 reinforcing fibers, and a carbonate substance which decomposes
at 700 to 850°C, wherein the content of the carbonate substance
is 5 to 30 wt%.

2. The calcium silicate board according to claim 1,
wherein the carbonate substance is dolomite.

10 3. The calcium silicate board according to claim 2,
wherein the dolomite contains 13 wt% or more of MgO.

4. The calcium silicate board according to claim 1 or 2,
wherein the carbonate substance has an average particle
diameter of 10 to 100 um.

15 5. The calcium silicate board according to claim 1 or 2,
having an aeration rate of 1.5 x 107 ml-cm/sec:cm’-cm H,0 or
more, bending strength of 100 kgf/cm’ or more, and a heat linear
shrinkage rate within the range of *£2.0%.

6. A method of manufacturing a calcium silicate board,

20 comprising the steps of: mixing water and a mixture containing
calcium silicate raw materials, calcium sulfate dihydrate,
reinforcing fibers, and a carbonate substance which decomposes
at 700 to 850°C; forming the mixture into a formed product by
calendering; autoclave-curing the formed product; and drying

256 the cured product; wherein the content of calcium sulfate
dihydrate and the carbonate substance in the mixture is 12 to

45 wt% and 5 to 30 wt%, respectively.
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and drying the cured product; wherein the content of calcium
sulfate dihydrate, the carbonate substance, and wollastonite

in the mixture is 12 to 45 wt%, 5 to 30 wt%, and 5 to 30 wt$,

10 respectively.
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