1- 2106087 NETHOD FOR THE PREPARATI ON OF CALCI, UM
SI LI CAfH JRDRATES BY HYDROTHERMAL REACTI ON AND REFRACTORY MATERI ALS FOR
THERVAD SULATI ON The present invention relates to a.nhovel. nethod for the
preparation of calciumsilicate hydrates by hydrothernal reactign s wel |
~as refractory heat-insulating material s=cbnmposed t hereof. As is_',,v@ Iﬁ@rﬁﬁn
“various kinds of refractory or heat- resistant materials mainly conposed of
calciumsilicate hydrates are currentlx on use as a refractory material or - g~
as a bui | di ng mat er MEFHOP; FOR; RHE; RREPARATEON COF GA as good - &
heat i1 nsul ation. The caIC|un1s_I|cate hydrates contained in such materials
are in several cryB¥RRATES BY HYDROTHERMAL REACTIGN AND RETRACTORY
-tobernorites and they ' : t her,mal reaction
of a siliceous materia : = ov= under a saturated
steam at an el evated tenperature. It is known that the durability in
heating of such calciumsilicate-based naterials |largely depends on the

|1 f f I
i1 cate nydr at o T8 PraRREY EhVahELONTRLEACKS  BOCR ngVL1 tnottiGR 16 ﬂ?é o
dehydrati on E%b%%a%&%ﬁsoﬁ|éSQci&ﬁdéﬂﬂlééEélhyd£ éer% ﬁf@é&# %e process

anhydr ous caIC|un1S| icates via tobernorites an X0ono

of dehydr at ireacaiént aangbolnaki ?@fP&cJ@@ﬁ%' HQatXi?ﬂ%iéEfn%%né@éff‘léié‘b' e and
consequently can give much better refractory materials t '

composed thereof.

As is well known, various kinds of refractory or heat—
resistant materials mainly composed of calcium silicate
hydrates are currently on use as a refractory material or as a
building material utilizing their excellent performance such .
as good heat insulation.

The calcium silicate hydrates contained in such materials
are in several crystalline forms.including, mainly, xonotlite
and tobermorites and they are obtainéa usually by the'hydro-
thermal reaction of a silicedus material and lime in the
presence of water under a saturated steam at an elevated
témperature.

It is known that the durability in heating of such calcium
silicate-based materials largely depends on the crystalline

"forms of the calcium silicate hydrafes. While, when the
calcium silicate hydrate initially formed by the hydrothermal
reaction is heated, dehydration first takes place leading
finally to the transﬁormatiqn.to anhydrous calcium silicates
via tobermorites and xpnotlite; .In the process of dehydration
and transformation by heating, xonotlite is more stable and

consequently can give much better refractory materials than



-2- tobernorites because of t-he smal | er thermal shrinkage of the xonotl i_te
than tohkernori tes. This is well understood by the heating test of -
conperci al |y available calciumsilicate-based refractory heat-insulating-.
materials indi cating that those 5 mainly conposed of tobernorites can
wi t hst and heatlng at about [err] while those rich in xonotlite wths
heating at [err] or higher. The starting materials for the hydrother
reagrion, i.e. the siliceous materials and.linme, are diversified according
to 19 need and availability. The nost w dely enpl oyed siliceous starting
materials are exenplified by quartz, siliceous sands, white earth,

di atomaceous. earth and silica dust. \Wen ?i_ghl y-refractory materi aI S mainly
conposed of xonotlite are desired, the silTiceous starting nmaterial should
have a 15 cont enfobimsdiltes dbecaiisd o@nfheasﬁm(‘elrf tHerasl fsdeeniigeaonxhbi gh as
possible in consideration of the reactivity.” Suitable ones are, for

exanpl e, finely fRckEite; shar taberoritesel yT'mstﬁéﬁlérﬁﬁdﬁﬁ%‘fj?dsPY it08 of

vol canic origin, ) oL ., I | as a
filler. They ha@ekkﬁo%/g\g/gréf gg& rglir?ﬂ es‘ﬁée}(:ltglf;%/ée) h gﬂ‘vg%%lé:%ggq%%% t he

st andpoi nt of [ rmhfsactoryahemﬁns)naeimdlmatenaﬂhezdd&miamgl tisly khese due to the
| ocal i zed occus:nﬂ E in the world or in.the ex enswd(r; Ss, .not onl¥€
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into fine powdergo oc while those rich in xonotlite withstand heating at

1000 °C or higher.
The starting materials for the hydrothermal reaction, i.e.
the siliceous materials and lime, are diversified according to

'10 need and availability. The most widely employed:siliceous

| starting materials are exempiified by quartz, siliceous sands,
white earth, diatomaceous earth and silica'duét.
When highly refractory materials mainly composed of xonotlite
are deéired, the siliceous starting material should have a

15 content of silica (Siozl_and a specific surface area as high as

possible in consideration of the reactivity. Suitablé ones

- are, for example, finely pulverized quartz, finely divided
amorphous silica of volcanic origin, silica dust and fumed or
precipitated silica useful as a filler. They have, however,

20 their respective disadvantages from the standpoint of indust?i-
alization either in the low availability due to the locdiized
occurrence in the world or in the expensiveness not only by the
prices of the méterial per se but also by the costs for the
pulverizétion into fine powders.

25 Therefore it has been an important problem in the art to

' dévelop a novel and economical method for the prepafation of
calcium silicate hydrates rich in xonotlite and refractory
heat-insulating materials mainly comrposed thereof by use of a

starting silicecous material which is outstandingly inexpensive



Therefore it has been an inportant problemin.the art to develop a .
and econom cal nethod for the preparation of calciumsiltcate

St\es rich in xonotlite and Iegractory heat-insulating materials mainly

coyrposed thereof by use of a starting siliceous material which is P

andi ngly i nexpensive_ -3- with good avilability but stilt highly
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gave unexpectedly satisfactory results leading to.the est- ‘
ablishment of the present invention. - '

15 . In one respect, the present invention provides a
method for the preparation of-a refractory heat-insulating
calcium silicate-based material which comprises mixing ash
of rice husks and lime in a proportion to give a molar ratio —
of calcium to silicon in the range from 0.8 to 1,2 _together

20 with water to form an adueous slurry, heating the aqueous.
slurry under agitation at a temperature of 140°¢ or higher -

under a pressure of saturated steam to effect a hydrothermal

reaction, yielding calcium silicate hydrate, shaping the

- thus reacted mixture into a formed body, and dry1ng the thus
25 shaped body. - -




O slurry under agitation ét.a t enper at ur e- of 140 C or hi gher under a

pressure of Saturated steamto effect a-hydrothermal reaction, yieldiag:

calciumsilicate

body-, and drying the'thus 25 shaped body. 30 35 -4- |In additio
abcve nentioned advantages of the invention by the outstanding

hydr at e, .shapi.ng the thus reacted m xture into a fo

i nexpensi veness and availability of the rice husk ash as well as the
excel l ent performance of the products, an additional advantage is obtained
of conbustion of the rige_husks into ash is utilized as

whipy the heat 5
the heat source f

or carrying out the hydrothernmal reaction and dryi ng of

t he shaped bodi es. Although the kind of the G anineae plant fromwhich the
ned is not particularly limtative including 10 - rice,
wheat, barley and rye according to the |ocal availability in the world,

husk ash i s obtai

is of course that

rice husks are obtained in |largest quantities in Japan

and the south-eastern Asian areas so that the follow ng description is
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of the rice husk ash as well as the excellent performance of

the products, an additional advantage is obtained when the heat

of combustion of the rice husks into ash.is utilized as the
heat source for carrying out the hydrothermél reaction and
drying of the shaped bodies.

Although the kind of the Granimeae plant from which the

‘husk ash is obtained is not particularly limitative including

rice, wheat, barley and rye according to the local
availability in ﬁhe world, ii: is of course that rice husks are
obtained in largest quantities in Japan and the south-eastern
Asian areas so that the following descriptior is given almost
exclusively with rice husks. - |

Rice husks are combustible when heated in an oxidizing
atmosphere such as air to leave about 20 i by weight of the
ash which is useful as the starting siliceous material in the

inventive method. Thé area or district of their growth is not

'particularly limitative and the husks of the Japanesé rice,

Indian rice and other sorts of rice are equally suitable. It
is a desirable condition that the ashing'should be as complete
as possible to such an extent that the resultant'ash is purely
white without any trace of cérbon left therein so that the
ashing should be conducted under good circulation of the.
oxidizing gas, e.g. ‘air. The content of silica in a white ash

thus obtained may reach 90 % by weight or more depending on
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ash which is useful as the starting siliceous material-in the inventive:

nea;:-, The area or district of their growth is not particdlarly’linitqtive
husks of the Japanese rice, 20 I ndian rice and other sorts of

Ale equally suitable. It is a desirable condition“that: the ashing

Y be as conpl ete as possible to'ayq%_gn extent that the resultant ash

Is purely white without any trace of carbon left therein so that the ashing

shoul d be E@ﬁdgg}@daﬁ@dﬁegﬁfg St agva']q{hé)fr{gée 25 oxi di zing gas, .

e.g. air. e content fcain a white ash thus obtained may reach /
% by weight or TEéecSRPERbAY O ashify M€ 10 dondNd rpotdafbedi @WhBOtot hE
rice. The conditions of ashing are of sone inportance if not to nention the
requi r enenkent idhetie el tramdn o AstHe Adnplletdf aeinge asFar maxaapl 8¢ a
series of ashing tests were conducted with the sane rice husks heated each
for 2 houreoutse. vaFordetawpbs atalrseetsweefh aANingdtestsr wered cohducted
crystalline struc- ture of the silica contained in the ash was exam ned by
the x-ray Withrtke opame \ricghdusis heated eadhiforhe homwrsbesi pesraziedn
ashing tenperature of 400 to [err] is conposed of amorphous silica and the
anmor phous SETPRERFRCe HRetern A Rrd akOf{Er“rq aéhttlien caYS taddinea f5GHE - of
crystobalite while the ash obtained {eg&} was a substantial m xture of
the cryst ob3FFtRF atRe 1§ tEPnt3Ined it dhes @she wass examined Ry toets at

[err] “‘tth§£§QQiff£§§E££e’¥§Ht‘%ﬁgsgggﬁf%sidg%e that the ash obtained

s

at an ashing temperature of 400 to.600 °C is composed of
amorphous éilica and the amorphous silica in the ash obtained
at 800 °C contained a small amount of crystobalite while the
ash obtained at 1000 °C was a substantial mixture of the
crystobalite and tridymite. 1In another series of the ashing
tests at 800 °C with varied times from 1 to 16 hours, the
silica in the ash.obtained by 1 hour ashing was amorphous
beginning crystallization into'c:istobalite at about 2 hours
from the start and the éshes obtained by heating of 8 to 16
hours were each a substantial mixture of cristobalite and
tridymite.

The above results indicate that the silica constituent
in the rice husk ash is in the amorphous state when ashed
under a milder ashing condition of either a low ashing temper-
ature or short ashihg time while increase of the ashing
temperature or extension of the ashing time leads to the
crystallization of the silica into-criétébalite and tridymite
as a trend although'the crystallization into the more stable
crystalline form of quartz hardly takes plaée; This result is
of particular importance since the reactivity of the silica in

the amorphous state or in the crystalline form of the



stlica in the ash:obtained by 1 hour ashing was anorphous begi nni ng

crystal|izatioh into cristobalite at about 2 hours fromthe start and
ashes obtained by heating of 8 to 16 hpours were each a substantial nj
of ‘cristobalite and tridynite. The abd¥e " results indicate that the s
constituent in the rice husk ash is in the anorphous state when ashed undeér.
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ashing tine while increase of the ashing tenperature or extension o e
ashig tine | ehiighdm than theséililcaz i itie Forimhef squarte istggestisgohl ite
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far to the conventional siliceous materials of quartz origin. It is also

not ed t hat t heoxikgiaalr foembeforer eshing tandi havei gi mighliyoporbes camd ashi ng
and have a highly porous and frag&le_structure with |large specific surface

areas so that t ler atyucture) vikhtaxaes spRcifiic anxface; apeas (90 ithas fine

they are very advantageous in the pulverizability into fine
10 ash poﬁaer. While the siliceous starting maﬁeriais used as the
starting material for the hydrothermal reaction with lime
should be in a powdery form as fine as possible, this feature
of the ashed rice husks‘cont:ibutes to a great reduction of the
manufacturing costs of the hydrated caléium silicate materials
© 77777157 because the costs for the pulveiization of the conventional
silicgous starting material with low pulverizability constitute
a considerable portion of the overall production costs in the
prior art. | | |
The other starting material to be hydrothermally reacted

20 with the above described siliceous material is lime to pertain
to the reaqtion in the form of calcium hydroxide. Suitable
lime may be quick lime'or slaked lime as well as lime-
containing materials such as carbide residuum as a waste from
calcium carbide-consuming industries.

25 The preparation of the calcium silicate hydrates to be
shaped into the refractory heét-insulatinq materials according
to the invention is carried out by carrying-
out the hydrothermal feaction.with an agqueous suspension or

siurry of the finely pulverized rice husk ash and the lime,



l

ash powder. Wile the S|I|ceous starting naterlals used. as the

\ng material for the hydrothermal reaction with lime shoul d”be in a

ly formas fine as possible, this feature of the ashed rice husks' .
i/outes to a great reduction of the manufacturing costs-of the hydrated
Mm'siti-cate-materials 15 because the costs for the pul verization of
the .conventional siliceous starting material with |ow pulverizability
constitute a considerable portion of the overall production costs in the.
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The preparation o e calcrumsilica rates to

refractory gepiconsgtasiy ﬂ@l€ﬁ¢a+§nggcgfdfggmt@ g heoi pyvention is carried
out by carrying out the hydrothermal Teaction with an agueous suspensi on or

slurrySof the fiTipéYopti nﬂﬂﬁlﬁﬁdlﬁ%cﬁaﬁﬂékoﬁs’ﬂhénﬁhlb@ednhsfematerlgl In the
above nethod of carrying out the hydrothermal reaction, the mxing ratio of
the rice husikd abimentatiraliyedepends e thehpasticlgi sdze nol ar ratio of
calcium silicon (ca/Si) in the range of from0.8 to 1.2.

distribution and the degree of crystallzzatzon of the

rice husk ash. Higher molar ratios of Ca/81 are preferred
when the particle size distribution of the ash is finer

10 and when the degree of crystallization of the ash is higher.

It is qptioﬁal.that the mixture of the siliceous

material and lime is further blended with various
auxiiiary materials accérding to need to obtain desired
performance of the refréctory heat-insulating materials.

1S  Such auxiliary materials include convéntional siliceous
materials and aiuminosilicate materials such as pulverized
quartz, siliceouS sand and cléy, reinforcing fibrous
materials such és asbestbs,'rock wool,'giass fibers, ceramic
fibers, carbon fibers, metal fibeis, wood pulp, cotton

20 1linters and various kinds of sYnthefic fibers, and light-

weight aggregates such as Shirasu (volcanic sand occurring

in Southern Kyushu Island, Japan) -

25




5 -~  The optlrrummxmg ratlo of the siliceous material and I|i S
natural]y depends on the particle size distribution and the degree OQ
crystal i zation of “the rice husk ash. Hi gher nolar ratios of Ca/Si.
preferred when the partlcle size distribution of the ash is finer and »
when t he degree of crystallization ef8the ash is higher. It is optional _
that the mi xture of the siliceous material and lime is further blended wth
vari=ous auxiliary materials according to need to obtain desired performance
of de refractory heat-insulating materials. 15 Such auxiliary materials

i ncl ude conventional siliceous materials and alum nosilicate materials such
as pul verized obdliesnssand bloaredsperlitad JThepe awxdhianyci ng fi brous

maierials such #RAERLAS vd Alied Wl comlGalib BE fuo FELASE hoPEr S, Carbon

fibers, netal ers pul p, cotton ers an vari ous Ki'nds of

synthetic fibers, amtlen itgplet hydﬁt@éﬁnﬂgg&ﬁg&bﬂﬁéuﬁﬁ-m &t vl €Reol cani c
sand occurring in Southern Kyushu Island, Japan) 25 -8- ball oons and

bl oat ed perl i te‘q‘=ﬁ?é‘§e3]di¥ﬂ|9fal*-§)e raheEting Fepetanis. shecgolifd sontentatinon of

two kings or no 0, |on| dout th the
aqueousdsl urry o &% E\OF% ‘.‘%g‘?e%%?%%l’r sgéﬁ eréon? “ﬂ ‘Bew' t he
slurry shoul d baevedbpéd \b&wtﬂsgbfltrheoéd&riuhosm'&:até\ ny@kdtes. Though

not limitative, the we;ght ratio of water to the solid matter

in the slurry is usvally in the range from 5 to 30. The calciunm
silicate hydrates are formed by heating the aqueous slurry of the
10 reactants at a temperature of 140°C or higher.'for several hours in a
éreéburizéble reaction vessel such as an autcclave equipped
with a stirrer. The reaction temperature should preferably be
in the range from 180 to 260 °C when a product rich in
xonotlite is desired. The aqueous siurry under the reaction
15 is desirably agitated continuously in order to ensure uniformi-
| ty of the reaction mixture accelerating the growth of the
crystals of the calcium silicate hydrates although it is
optional according to desire that the agitation is discontinued
at a certain initial stage of the reaction to ensure unifofm
20 ' mixing of the slurry wbich is subsequently kept standing to
grow the crystals under a stationary condition with the stirrer
stopped.
The agueous slurry after completion of the hydrothermal
reaction, i.e. the aqueous slurry 6f the calcium silicate
25 hydrates, is, with optional aémixing of the above mentioned

- auxiliary materials such as the reiqforcing fibrous materials
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/eroped crystals of the calciumsilicate hydrates. Though not limtatrve,
ght ratio of water to the solid matter in the slurry is usually in

e from5 to 30. The calciymsilicate hydrates are formed by heati.ng
¢ous slurry of the 10 ® % &actants at a tenperature of ,140 Cor *
hi ghet”for several hours in a pressurizable reaction vessel such as an

aut ocl ave equipped with a stirrer. The reaction tenperature should
preferably be in the range from 180 to [err] when a product rich in P
xonotlite i s desidr dightFheightubbliers| or ragguagrtes AEcording| tm need, then js \J

desirably agitated continuously jn order, to, ensure, uniform,- of. the
reaction m xt ur¥haReC P at |dr?§i¥?ér}§mvﬁ'ﬁi gf‘?‘ﬂ&%ﬁ/‘éﬁ &) g;"&l P %éd%cz}l ci um
silicate hydralgs cih [42vabedsy hoatQthbelitlingChteding. | andofitnbal fl 1 he
agitation is discontinued at "a certain initial stage of the reaction to
ensure uni f or msiaping thenaquengs cslurirp Fiter dgsistedc forms nay keggenvenr kept

st andi ng to grow the crystals ug_(fjer a stationary condi hi 0{1 wth the stirrer
stopped® The ackiodal Wl s AFER9 - SRERTASSLR (ﬂ“‘ipﬁgghf PETHS nml reaction,

e the aQUeOUs YUubiN ol pdiiingdl GhUhGAbeRle 82 the agliélinles, 1s, with

optional adm xing o e above nentioned auxiliary materials such as the
rei nforcing fi hslurey maycbe aimproved b theandditign ofeceptaininogganis
aggregates according to need, then shaped into a desiredf and_dried to
give a final preatesialy such ascrlays: ar¢ Barkiand, coment A‘g’oﬁf@&% 2 % net hod

for istered Trade Mark) and organic substances such as resin emulsions
10 and water-soluble polymers, e.g. methylcellulose.

It should be noted that the cost of the heat energy is
substantial in the method of the preparation of the refractory
.heat-insulating materials necessary to_maiptain the temperature

of the reactant mixture in a suitable range for the hydro-

15 thermal reaction and tu dry the shaped body after the




hod

shaping the aqueous slurry into desired fornms may be conven- S
tional_ such aS casting, conpression nolding, sheeting or extrusion p
The.nol dability of the aqueous.slurry may be inproved by the additip
certain inorganic materials such as clays and Portland cenment (POR
a Reg- istered Trade Mark) and organic gybstances sudh as resin emlsicns
10 and wat er-sol ubl e polyners, e.g. nethylcellulose. It should be
noted th%%,h%tﬁgéhaqf rbB8tDGA! eRRr&lid Sresisd@Ntd i dthaavBhRage8hst he
preparation of the refractory heat-insulating materials necessary fo

nai ntai n Lag FerPebahiheng§ théchéfacdmegyivwdtl & inininfun lcdelte isagge for
the hydro- 15 thermal reaction and to dry the shaped body after the

- 10 - hydtdikheenaher haati ofi. combudit son eshedtie rtive usksadndot aheocashway
for obtaining the heat energy with a mninmumcost is to utilize the heat of
combust i o@sothehstartdnguskiicecws imeteninks tThe dteatt iofy combusédon of
material . The heat_ of conbustion of the rice husks is as |arge as about
3300 kil o&BEoFiies pBEkRgisfashbaFaR kas stPeHat3 300 kikqaalesiesnpPer keeCheat
of conbustion_of.the rice hysk reafly contrjbytes to the reduction of the
overal | sher AEEKF| Ag EBSEoPell RELTLAdEEAR Of iha hendu ok CRICHEEAPRAPE.

Th h of .the.ri hysk : [ ol ive h ' |
111 ceous e EAFEI RUPER SERaE b AR RN o< e asdug 3 B0 o S8R Ty i n
| arge qua%%b&h?i ﬁ§n$@£5t9§i9§ggosts of the refractory heat-insulating |

materials.

The ash of the rice husks used in the inventive method is
an excellent siliceous material with outstanding inexpensive-
‘ness aﬁd availability in large quantities as well as high
reactivity in the hydrothermal reaction with lime along with
its pulverizability into fine ash particles to ensure prepara-
tion of'light-weight refractory heat-insulating materials with
low heat conductivity. Further, the advantages of the inven-
tion can be increased by the full utilization of the heat of
combustion of the rice husks as a heat source requiréd-in the
process for the hydrothermal reaction and drying along with the
possibility of providing a promising means for the disposal of
the rice husks as an otherwise burdensome waste'material
producéd in agriéulture.

In the following, the method of the present invention is
described in further detail by way of examples.

Example 1.

White ash having amorphous structure was obtained by
heéting rice husks at 600 °C for 15 minutes in an oxidizing
atmosphere of air. The ash contained 93.0 % of Sioz. After
pulverization to have a particle size of 20 um or smaller, the
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ity in the hydrothermal reaction with [ine alongwith its ¥
I i Yability into fine ash particles to ensure prepara- tion of X
'dﬁ% i ght refractory heat-insulating materials with | ow heat .
n@tctjvity. Further, the advantages of the inven-"tion canbe increased
: full utilization of the heat of1goabustion of the rice husks as a
heat source required in the process for the hydrothermal reaction and
dryi ng alawig waid miked wdih kulicky ldiepinvadimoyan pavid sofgcarsinof dr.t.he .
di sposal of the rice husks as an ot herw se burdensone waste nateri al \o»
produced The gppvideryt mixture whe Sdhkrviedgint Bé tinésdbyfwebghtprafs ermter
invention is described in further detail by way of exanples. Exanple 1.
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Sy si ot 1 crifgr s BRirsh i Ty B st e i drt v AR AR, 0o B her ofeids d
. ' | A ' d ' : el .
W th an JevALoBl ReRalolike! B2y LT TUE PRORGEELER GUEECHSNRS H e [OT,
Wi th the Sfddhfe sdrty) a#te30@hk- Pegbtiésflﬁl.'l 'Tﬂ@VEiQPfg @@@df@fil.ﬂé?_e_rﬁ;ys'[ al's

of xonotlite were found 1 n the aqueous urry after the reaction.
sl'urry waRinfi¥eld@/ith asbestos in an amount of 10 % by weight based on

the solids in the slurry as a reinforcing material and molded
into a shaped body by press-molding under a pressure of 5 kg/
cm? followed by drying at 60 °C. The shaped body of ﬁhe
reaction product had a bulk density of 0.25 g/cm3 and exhibited
linear shrinkage by heating of 0.5 %, 0.7 % and 0.7 % when
heated for 1 hour at a temperature of 700 °C, 850 °C or 1000 °C,
resbectively, in&icating that the body was an excellent 1ight¥
weight refractory heat~insulating material with good.dimension-
al stability. |

Example 2.

The procedure for the preparation of a shaped body was
substantially the same as in Example 1 excepting the omission
of the asbestos as a reinforcing matefial. The thus obtained
shaped body after drying at 60 °C was an excellent refractory
heat-insulating material having a bulk density of 0.29 g/cm3
and exhibiting linear shrinkages by heating of 0 %, 0.8 % and
0.8 % at 650 °C, 850 °C and 1000 °C, resgectively.

Example 3.

‘The procedure for preparing a shaped body of the calcium

silicate hydrates was substantially the same as in Example 1

except that the molding pressure was increased to 20 kg/cm2.

-



The shaped body of the reactlon product had a bul k density of O. 2‘
and exhi bited linear shrinkage by heating of 0.5 % 0.7 %and 0.7 Wbmhen
heated for 1 hour at a tenperature of-[éir} respectively, indicating that
t he~body was an excellent 1ight- weight refractory heat-insulating materi al
wi " good Fherdisiloslengity g they flﬁ*ahﬁﬂebedym@s p? ot difeamrt ;nd %éx
preparatlon of a Sh%ﬁﬁg bogé was substantlall Fe samne s In Example 1
excepting *RFQﬁn qSF ehgaklag wass0,6, 81 n o§c?rEP et iyjat ?he t hus

neat- | nsulth 4‘%@ Reeall Hg dofurkcbnel Ty 87 cTE8 it o' FRAENR 1ing
I h 04,2 %
respoct; vy EEREs “‘?’%ﬁ% Sheckdty s %%Egp%?.%ﬁ%&%’%?ﬁmﬁ%ﬁ the

caIC|un1S|ﬂé4§ufigamygyh%sm@ggr§gastant|aIIy the same as in Exanple .1 except
that the nolding pressure was I ncreased to 20 kg/ cn®. - 12 - The bul k

- density ofgstdipd M.shed body was 0. 43[err] and the |inear shrlnkage by

heating was 0.6 % 0.6 %and 0.7 %at a

. The white rice husk ash used in Example 1 was further
heated at 800 °C for 1 to 16 hours resulting in the crystalli-

" zation of the amorphous silica content into cristobalite and
tridymité as the heating time was extended. The ash with
increased crystallization after longer heating time at 800 °C
had poorer pulverizability to giﬁe coaréer ash particles whén
the conditions for the pulverization were the same.
Preparation of the éhaped bodies of the calcium silicate
hydrates-was performed with the rice husk ash having different
degrees of crystallization after véried heating times in the
same manner as in Example 1. The bulk density and linear
shrinkage by heating of the shaped body obtained in each pre-
paration are shown in Table 1 below together with the pre-
dominant crystalline forms of the heat-treated rice husk ash
- and the particle size distribution of the pulverized ash as

well as the crystalline forms of the calcium silicate hydrates
in the products. In the tablé,-the symbols of A, C and T each
denote the amorphous form of silica, cristobalite and
tridymité, reépectively,'in the rice husk ash and X and To each

denote xonotlite and tobermorites, respectively, as the

crystalline forms of the calcium silicate hydrates.



i ng tenmperature of [err], respective- |y, |nd|cat|ng that. t he body was:
AN excellent refractory heat-insulating material. Exanpte 4. "The mhlte
lusk ash used in Exanple 1 was further heated at [err] for 1 to 16°
‘esulting in the crystalli- zation of the amorphous silica content
gristobalite and tridymte as the_heating time was extended. The ash
increased crystallization after™ &ﬁger heating time at [err] had
poorer pulverizability to give coar sgr particles when the conditions _
for the pulverization were the sane. BP ﬁa}atlon of the shaped bodi es of ‘w
the calciumsilicate hydrates was performed with.the rice husk ash having

di f f er ent—degrees—ei—eryst-at-zatren—after—rareg—heati-rg—tres—-A—the same
manner ‘as HeaﬁinynﬁmaeiofﬂnaCbulk denS|Uy and Ijnear shri nkage py heatiing of
t he shapedustkiasdbtadi 889 i°€reach phe- qar aBion; aredshdwn i% Tapl e U6 bel ow
togethers&QHfﬁhe pre- dominanticrysrallline foros of tihe heat-treated]rice
husk ashiand t @ﬁ@ﬂﬁﬁjﬂgﬁﬁﬂze dlstrlbutlon of: the puljveri zed psh as el

as the CI_-,’yst al | igsydeaumnef the| calaci um si A cate Rydratesajm t he gwpdycts.
In the table, {iffoxymols of A |C and T each denote the amorphpus f or h of

-~

. silica, cmAﬁﬁo bat-t-e—ana—t+dyrte—respect-reyr—-A—the—+ee—pusk—ash and
X and To.each d @vetrageo paitiite And tobgrnorites, respgctively,}as the
crystalline fo miaﬁﬁnﬂm@tggh0|u713kﬂicete2h§dr§te%?9 9-16 | 6-18

pm . 5 _

Predominant '

crystalline X X - X>>To X : X
. form *)
pro- | Bulk density, 0.28 | 0.21 | 0.35 | 0.39 0.43
duct .g/cm _

o _

Linear 700 °C 0.2 0 0 0 0

shrink-

a9e, ¥ 1850 °c | 0.9 0.6 | 0.1 | 0.1 0.8

1000 °C 0.9 0.9 0.1 0.5 0.9

~ *) See the text for the definition of the symbols.

Example 5.

Finely pulverized rice husk ash more fully crystallized
into cristobalite and tridymite than in Example 4 was mixed with
quick lime in varied mixing ratios of Ca/Si by moles in the
range from 0.85 to 1.0 and the refractory heat-insulating
materials of the calcium silicate hydrates were prepared in the
same manner as in Example 1. The crystalline forms of the
calcium silicate hydrates, bulk densities and linear shrinkages
by heating of these bodies are shown in Table 2. The symbols
for the crystalline forms of the calcium silicate hydrates have

the same meaning as in Table 1.



13- Table 1 Heating tihe of rice husk ash at [err],

4 . 8 " 16 Predomi nant crystalline

CA, T CT form *) Ash- Average parti- cle dianeter,

3-9 9-16 , - 6-18 Predoni nant crys alline X

X X fornr) Pro- Bulk. den5|ty, : 0. 28 0.21

0.43 duct g/cnB Linear [err] 0.2 0 0

shrink- age, % [err] 0.9 0.6 0.1 0.1

0.9 0.9 0.1 0.5 0.9 *) See the text for the definition of

the synbols. Exanple 5. Finely pulverized rice husk ash nore fully
crystallized into cristobalite and tridymte than in Exanple 4 was m xed
with quick line in varied mxing ratios of Ca/lSi by pes in the range from

0.85 to 1.0 and the refractqry heat-instyl ati g naferi al}s of {t he cal ci um
silicate hydrates were prepdres ifh the $af@ m.meq as iln &£xgnple 1. The
crystalline fornms of the - e o - ~ e
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calciun1silieaLthydLaL§~L~QgL5_densities and l.inear shrinkages by heating: -
of #ese bodie E shown in Table 2. The synbols for the crystalline forns

B\ cal ci um l" ﬂmﬁﬂﬁs have the sanme neani.ng as in Table 1. R
od fogethe preparation of a refractory heat-~

-15-
af i ng caIC|un15|T|cate based na?%rlal whi ch conprises m xi ng ash of

ricefusks and line in a5 proportion to give a nolar ratio of calcium
to silicon in the range of from0.8 to 1.2 together with water to forman, -

aqueous sl urrLARMS:t i ng the aqueous slurry under agitation at a tenperatuine
of [err] or higher under a pressure of saturated stean1to effect i 10

hydrothernal.reaction y|eId|n aIC|unls|I|cate h d shaplng t he thus
reacted nixture ik 836&?%%“??& QHJQ heakr 2. A

aqueous ol ur e Ler %é"q%xﬁx“nﬂ isatetpead tnmwﬁl v@%& based on the
total amount Ofdﬂ¥§§¥§1ﬁ¥¥%ﬁ£“3gh'g% rice husks and lime in a
5 proportion to give a molar ratio of calcium to silicon
in the range of from 0.8 to 1.2 together with watef_
to form an aqueous slurry, heating the aqueous slurry
under agitation at a temperature of 140°C of higher
under a pressure of saturated steam to effect a
10 hydrothermal reaction, yielding calcium silicate
hydrate, shaping the thus reacted mixture into a formed
~ body, and drying the thus shaped body.
2. A method as élaimed in Claim 7 wherein the amount
15 of water in the aqueous slurry is in the range of from

5 to 30 times by weight based on the total amount of the

ash and the lime.

3. A method as claimed in Claim 1 wherein the heating
20 temperature of the aqueous slurry is in the range of

from 180 to 260°C.

4. A method for the preparation of calcium silicate
hydrate substantially as hereinbefore described in any

25 one of the Examples.



3 “A met hod as cl.ained in Clalntl wherein the E@@glng erature of

the aqueous slurry is in the range of from 18 ylﬂ””’ll
@brel

t he. preparat|on of calciumsilicate hydrate su

described in any 25  one of the Exa -16 - um gat e
hydrat e produced by a nethod as cl ai ne |n any one of the precedlno ai ms.
6. A refractory thermal insulation material conprising 5 cal cium
silicate hydrate as claimed in claims$S. 10

R 5. Calcium silicate hydrate produced by a method as

claimed in any one of the preceding Claims.

6. A refractory thermal insulation material comprising

5 calcium silicate hydrate as claimed in claim S.

10



