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PROCESS FOR MAKI NG H GH STRENGTH CURED CEMENT -ARTI CLE 5 This invention,
relates to a high strength cured cenent article, and further relateg,to a-
process for manufacturing the same. U S. Patent No. 4, 353%&%§<§4§aﬁiﬂes a
hi gh strength 10 hydraulic cured cenent duct showi ng an extremely high,
fl exural strength, which is manufactured bg kKneadi ng an aqueous n1xture(pf
a hydraulic cenent, water and a water- sol uble polyner such as

hydr oxypr opyl nethyl cel lul ose using a kneader such as a mxing roll under
hi gh shear 15 force to give a honngeneous m xed product having a re- duced

amount of water, and th ' t 4 U S. Patent No.

4,410, 366 describes a hi s B L péﬁ&Mﬁ&H enent product shomﬁng
an extrenely high flexural strepgigd cidn akfroignuf act ured by kneadi ng an
20 aqueous m xture of a hydraulfc=cemem—warer—and a water- sol uble

-polymer such as a partially hydrolyzed pol yvinyl acetate using a kneader
such as a mxing roll under high shear force to give a honpgeneous m xed
product having a reduced anmount of water, and then curing the m xed prod-
25 uct. U.S. Patents No. 4,070,199 and No. 4,240,840 de- scribe a high
strength hydraulic cured cenent product show ng an extremely high flexural
strength, which is manufactured by kneadi ng an aqueous m xture of a hydrau-
30 lic ceméht, watShigndnyeptian drebateshte pohjghbr stsength muted) rol | '

under high Shegmeh®r 88 +1@ 19 Vari W@?Ok‘@latesztomax?ﬂ‘o‘?:réé@cfoﬁav' ng a

reduced anount of water, and then curing the m xed product
manufacturing the same.

N\

U.S. Patent No. 4,353,748 describes a high strength
10 hydraulic cured cement product showing an extremely high
flexural strength, which is manufactured by kneading an
aqueous mixture of a hydraulic cement, water and a water-
soluble polymer such as hydroxypropyl methyl cellulose
using a kneader such as a mixing roll under.high shear
18 force to give a homogeneous mixed product having a re-
duced amount of water, and then curing the mixed product.
U.S. Patent No. 4,410,366 describes a high strength
hydraulic cured cement product showing an extremely high
flexpral strength, which is manufactured by kneading an
-/ 20 aqueous mixture of a hydraulic cement, water and a water-
soluble polymer such as a partially hydrolyzed polyvinyl
ace;ate using a kneader such as a mixing roll under high
shear force to give a homogeneous mixed product having a
reduced amount of water, and then curing the mixed prod-
25 uct. _ '
U.S. Patents No. 4,070,199 and No. 4,240,840 de-
scribe a high'strength hydraulic cured cement product
" showing- an extremely high flexural strength, which is
manufactured by kneading an aqueocus mixture of a hydrau-
30 lic cement, water and a water-dispersible polymer using a
mixing roll under high shear force to give a homogeneous
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The cured cenent product generally has & flexural strength of not |ess than
350"kgf/cmz and has a-snooth surface. Therefore, the cured cenent product
is enployable as a building material and a mechanical el enent. However,
there isia drawback in the cured cenent product fromthe viewpoint of water
resistaﬂtﬁe (i.e., resistance to water). IngJwre detail, the cured cenent
product havi ng the polyner is apt to show swelling and reduction of its
mechani cal strength, because the cured product congai ns tglg;gl/?ter-sol ubl e or

wat er - di sper si BPEIpBroET HAYES REEHBE MABF ¥ ¥ACSH~ 8P AFELPRd. An
-obj ect of the meatRéd ippsewdt.on is to provide a process for making a high

strength cured cenent_article. ln one .aspect i t} '

-process for prepari ngn%f' ﬁﬁefdgfeeme\ﬁﬁi %'f“?dggnﬁeflgge{ﬁghggsg% e%fs)&gpéfr)n}é;?%tﬁ
starting mat er ofim®ti bedsu tihary Smrlﬁdfthl?_ endnhas, a famoptiyraurfacest Theratere.cenent
-or alumina Cenpill o, Wah Yem8i pRPaudtIf iemp Y ab I asai Gifl 13Sng AREEH181 Odnd

‘reacting with an isocy anate conpound, formng the mxture into a shaped
article, and salreshanigalyelenspEgnati ng the shaped articlé with an

i socyanate conmpound tgouedtSE therd6td @PalRRichkEDn thle ¢18@8! cehepdrgriodictof t he
-organi ¢ polyner and the isocyanate cog})our}ftcl‘FP t he shaped. ticclt% bei ng cured
‘either before SFOMthe vieNROIHPHIRYET 555 Cfhe Fandyanate conpound. In
“anot her aspect watee)i. "VEN oo detaili,dtiee ausdé gevlenta pdodustebhaviagtthel e whi ch
has been prepared g¥_{$gﬁgb&v§h&; gﬁ;ﬁgﬁﬁl&g REa UL JFERLL QRechidafd cenent

yher typica

article the orﬁ%rﬁmc po s one or nore urethane bonds, urea
bonds, ani de batringth; (resaussoithe cuned PFAGYRR SOREAIAS HN@LER-S2LYIG €8 bonds.

-3~ The or gani G, QL WiBlersty1d Solynel whidHPALborBs Waltes -¢veh Udiiter Aiedagi C
pol yfer or a waterd-dlsper3|ble polymer in the formof a
cured. .

An objec% of the present invention is to provide a process
for making a high strength cured cement article.

In one aspect the invention provides a process for preparing
a article which comprises the steps of mixing starting materials
including Portland cement, Portland blast furnace cement or alumina
cement, water and an organic polymer which is capable of reacting
with an isocy.-anate compound, forming the mixture into a shaped .
article, and subsequently impregnating the shaped article with an
isocyanate compound to cause a reaction between at least a portion
of the organic polymer and the isocyanate compound, the shaped
article being cured either before or after the impregnation with

A the . isocyanate compound. - _

In another aspect the invention provides a shaped, and
.cured, article which has been prepared by the above process.

In the above-mentioned cured cement article the organic
polymer typically has one or more urethane bonds, urea bonds, amide

bonds, biuret bonds, allophanate bonds and/or acylurea bonds.
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pol ymer emul sion or a polyner latex, for exanple. The cured cement article
of the present invention is of hlgh strength and can be:uti-lized for

manuf acturi ng an exterior structure nember or an interior menber,
particularly a nmenber which requires high water resistance (e.g., fl,eor
menbers around wat erworks). The high strength cured cenent article f the
i nvention can be also utilized for manufacturing structural nenbers i ch
require high precision, because the cuLgd cenment article of the invention
hardly changes its size on exposure to water that is, the cenent article
‘has a high resistance to water. The high strength cured cerrent article may
be forned into an_optional s e such_as pl at e ?r{ rmed to have
an enmbossed surfate °FEFER Wr?ﬁ’efgr ?‘ﬁhasf' &Fed cement
article of ormmnmnmmammrmvablenpmmdness thetﬂ;lmlony or
decorative 0 r ial on its surface.
Exanpl es Pg?%'eggg&n%nﬁéﬂgﬁ %a‘g{lg‘q% 'Raé’,g ?ﬁy ’ngr%sent i nvention include
Portl and cenents such as ordinary Portland cenents, rapid hardening

Portl and cenents, mgichfed ¥hént aredleNsr '?-.%t @adngqmaﬁﬁm@%&ate heat
Portl and cenents, sulfate-resistin g n‘f - Portland cenents and al um na

cements. hEEmedrensity gnd, ¢ap bemEi °§' BEPIRETIRBE W HERIBr ocessi ng,
or can be esPlctyed rdimbér oidpahl Sinteaidr fembed] é\idi'tibﬁm'lypd"l memam c pol yner

such as water-sol ubl e pol yner._ or _a water-dis i he form of
ol yer - AR Fetee Rt S répistants JechiBioPee BRI #i5uBB1 ai n o

hi gh fl exuwatersiorksigt hTe rhédh mmtlapuli'ed eementascuicdanc the tinvelrtion

i nvention. e Qéh\p} p.bl e poly

is enpl oyeal{;lg’ef)%g;rcgggght h nea ing e né”%t%é% }f‘ tﬁgm%rér aul i ¢ cement nEo’r
t 0 i ncr eas&eqHEenbigh ng‘é‘PFP’e: éﬁé?“ﬁ?f the, cuRgd|cenent aﬂ’ic e of the

invention hardly changes its size on exposure to water, that is,

o
-

the cement article has a high resistance to water.

The high strength cured cement article may be formed into
an optional shape such as a plate, or may be formed to have an
embossed surface, for example. Further, the high strength cured
cement article of the invention can be improved in hardness,
stability or decorativeness by coating or- prlntlng various material

on its surface.

Examples of the cements suitable for use in the present
invention include Portland cements such as ordinary Portland
cements, rapid hardening Portland cements, extra-rapid hardening

Portland cements, moderate heat Portland cements, sulfate—resisting
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cement' conposition. Further, the water-soluble polynmer or the

wat er - di spersi bl e pol ymer i nproves the nechani cal characteristics of the
resulting cured hydraulic cement article. There is no specific linitation
with resgect to the water-soluble polyner and the water-dispersible

pol yrer ..>Exanpl es of water-sol ubl e pol yners include water-sol ubl e proteins,
wat er sdluble starchs, water-soluble cellul ose derivatives, partially
hydrol yzed pol yvinyl acetate,, polyvinyl alcohol, polyacrylic soda,

pol yet hyl ene oxi de, pol yacryl am de, cross-ligatked acrylic acid polyner,

wat er - sol ubl e urea resin, water-sol uble rmelam ne resin, water-sol uble epoxy
resin, water-sol ubl e polyester, water-sol uble phenol formal dehyde resin,

wat er - sol ubl e ami ne neutralization al kyd resin, polyvinyl nethylether,

pol y\d/i_nyl pyrrol fdeula?d mdnyﬁfs,éhﬂm&lﬁﬁtrlid)ﬂéﬁelrﬂﬂLd, Caiirfie lz@tiam;;]aeﬁmapmé KVi Pyl
pyri di ne. Exanpl es wat er - di gper.si bl e polynoers include those jn e form
67T Ubber | at exCoREBRY| T B 1SR O b PFOCRELaF & OB KPS PBrCPOPH SHTor i de
enul si on, et hyl adjueting |theieignain edweésd on, pol ypropyl ene enul si on, epoxy

resin emulsion, polyurgfih ig%gl?hgp,sugﬂl%a%g&_ggmgo&wﬁgp J¥ pum nous
e

emul si on. These polyners can be u singly or In conbinatron.. In view
of the degree o¥ateRphtsremeihleopolymerrin &h¢ Sorm A of Paleey eoulsiongor @ ed
cement articl e, pdimer - EitledbisS aBOINtBRY duployed €6 'ddeairROnNMN ielahirkl

he. vt or - sol ubFEHBES Fod Eenart A b isc 2 A5 e 90S AR TR AFURtyoRs . [ n
the range of O.%thd preferwt. dateasailuble tdodymerD ontwaibridispaygibael palynerast (or
bor bron of t he. Seyed e Vel o R AR derlcrafby o WREGBREET, §
10 wt. % | n t hecemens, tdratotinsreasepshe dioddinsefbidiente of theahydraulée. 0 or
more than 20 W edfent SonpbBitiionl Fub@idH, thd %aberA8iusnat 'hémemzi lede hi gh.
The amount of water, although it differs depending on the

water-dispersible polymer improves the mechanical characteristics

of the resulting cured hydraulic cement article. There is no
specific limitation with respect to the water-soluble polymer and

the water-dispersible polymer. Examples of water-soluble polymers
include water-soluble proteins, water soluble starchs}lwaterusoluble
cellulose derivatives, partially hydrolyzed polyvinyl acetate,,
polyvinyl alcohol, polyacrylic soda, polyethylene oxide,
polyacrylamide, cross-linked acrylic acid polymer, water-soluble

urea resin, water-soluble melamine resin, water-soluble epoxy resin,
water-soluble polyester, water-soluble phenolformaldehyde resin,
water-soluble amine neutralization alkyd resin, polyvinyl
methylether, polyvinylpyrrolidone, polystyrene sulfonic acid, and
quaternary polyvinyl pyridine. 'Examples-of water-dispersible
polymers include those in the form of rubber latex, acrylic emulsion,
vinyl acetate emulsion, vinyl chloride emulsion, ethylene-vinyl |
acetate emulsion, polypropylene emulsion, epoxy resin emulsion,
polyurethane emulsion, polyamide emulsion, and bituminous

emulsion. These polymers can be used singly or in combination.



amount of the water-soluble or water-dispersible polyner and ot her
additives, is preferably not nore than 30 wt. % based on the anount of the
hydraulic cenent. In the case 'that the anount of water is nore than 30
w.% the flexural strength may be not satisfactorily high. In the pfesent

i nvention, the isocyanate conpound is used to obtain the high flexukdl
strength and water resistance of the cured cenent article. The isocydhate
conmpound may react with the organic polgper to produce a urethan bonding, a
urea bondi ng, an am de bondi ng, a biurg? bondi ng, an all ophanate bondi ng or
an acyl urea bonding for exanple. The isocyanate conpound may al so react

with the other ngonents or of herw se undgd?o adg? énerization reaction.
By using tf8 ‘r1§a'c9 e IGETRD An 4P PRIYERSRA Jter RRSAET SRt BPticle is
provi ded wresultipg ieddveement raesieleanmerAs@mbueqmgﬁem ﬁeeneémdrécs.ocyanat e
conmpound tIO || CA& article. The
| socyanat e%%rfg %alryeé%{r%%%npgwgﬁ?earc-esj ugfemoosr vt Sf - od I'spersi bl e

pol ymer, wher eby The cempasmding capic wénthss water-seludecpolypenistire or wat er -
di spersi bl ﬁa{?&uaqs,smﬁmﬁ poiﬁ..errﬁ.cu&edmﬁ@d ﬂmeh@ 03sl ¥.1 Q3CsW th the

hydraul i c cement or t ydraulic cenentitious drafe, mhereby t he

absor pt i veWEsk baped inn Eri amot of chenhydnaut i Wﬂ?"alﬁPT thectrtad ap
hydrate isofeghec fgaraulic cendite afd OUTES Y ehe féadaqmdtby pobeicrbeye reactions

d/ by th I t t d t
vt cl e, athe demetf e FeRIaRRt AR e rLiie? gioter e ARr RN IR 80 o cement
article canobet.@apriw ¢he chkerthatstheo comeuntling ratdd dsi lesswthdn bespect to

h ' d | udg
t he |socyaQ@t£ %gr’q?&%ng%éls Suﬁgr’rp&heésfﬂi_ﬁ&gf Y ng%)_g %oggnpun s inclu EJ

monoi socyan- ate comnmpoun hs ph socyana e Iorophenyl
satisfactorily high.

The amount of water, although it differs depending on the
amount of the water-soluble or water-dispersible polymer and other
additives, is preferably not more than 30 wt.% based on the amount
of the hydraulic cement. - In the case that the amount of water is
more than 30 wt.%, the flexural strength may be not satisfactorily
high.,

In the present invention, the isocyanate compound is used
to obtain the high flexural strength and water resistancce of the
cured cement article. The isocyanate compound may react with the
organic polymer to produce a urethan bondirig, a urea bonding, an
amide bonding, a biuret bonding, -an allophanate bonding or an
acylurea bonding for example. The isocyanate compound may also
react with the other components or otherwise undergo a polymerization
reaction. By using the isocyanate compound, the hydraulic cured
cement article is provided with improved water resistance. A
portion of unreacted isocyanate compound may optionally remain
in the hydraulic cured cement article. The isocyanate compound
reacts with the water—solubi_l.e or water-dispersible polymer, .
whereby the water absorptiveness of the'; water-soluble or water-

dispersible polymer



| socyanat e, o-chl orophenylisocyanate, m-chl orophenyliso- cyanate,

3:4~di chl orophenyl i socyanate, 2,5-dichl orophen- ylisocyanate,

nmet hyl i socyanate, ethylisocyanate, n-Butyl- 15 isocyanate,

n- propylisocyanate, octadecylisocyanate; di- isocyanate conpounds such as
2,4-tol ybene diisocyanate, 2,6-tolylene diYsOcyanate, 4,4'-diphenyl nethane
dii so- ¢yanate, dianisidine diisocyanate, o-tol uidene diisocyan- ate,
hexanet hyl ene dii socyanate, xylene diisocyanate, 20 1,5-naphthal ene

di i socyanate, transvinylene diisocyanate, |ysine diisocyanate, isophorone
di i socyanat e, ginet bgludtidi, Sarly agatoptidnal iy trieakhexidhettey hpdraudi¢ socyanat e,

3,3 - dinethyldi nyl LA -l LS i di
bis(4-cyc|ohe&g#gggcéanatei?ﬁﬁﬂgégggiégg%%i?gifg?ghggg??¥%5 #gﬁﬁgﬁg the

di i socyanat e, ahgparegdvanass cﬂﬁ;l‘@?ﬂamy%&whﬁat eementi 98¢ FRGa Y IEENIdGnds
such as triphgaybARE R3S Hy Ut LY a8 aeducdd.i S(4- phenpnki ppoaedise pro-

t hi ophosphate); pol yi so- cyanate conpounds hayi,n Lour or. re i gocygnates
groups suchSalUpSLy R¥t MG RPPH §4?%%C?%ﬂé?g; ¥héhe agﬁgngrég O as

N, N - (4, 4" -di peabtiodh i piany | vhidocyanthe) cureddcementt lagitdictlei.ners such
as 4,4',4"-trinmeth

l,- 3,.3' 3" ] : 2 6- tri I 3 sLhei
derivatives sfi€f° i&ﬁ%ﬁﬂﬁﬁ”ﬁiﬁéiﬁﬁ%@?@ eF§B§§aﬂ§{éggggéﬁgéﬁgg%%%géﬁﬁeglLy
reacting the cemenznaireicdepaman e timprdyed.35Theck ds pol )%Dﬁsﬂlfane
prepol yer: bh gl diSEUAH Shspect e PLAEK1 8080RnaRRC lmctinas). and

their m xtureS™such as ¢ enedr I socyana I socyanat e conpound
may be sel 46t Batampdest of heyidogywantte heompoundsnidnc lgder menodSQcyiang

el rone SOl Wt 4 ppiapEoobyabisey” ploraBhtprarivic <o

: ' isocyanate, o-chlorophenylisocyanate, m-chlorophenyliso-
cyanate, 3,4-dichlorophenylisocyanate, 2,5-dichlorophen-
ylisocyanate, methylisocyanate, ethylisocyanate, n-butyl-

15 isocyanate, n-propylisocyanate, octadecylisocyanate; di-
isocyanate compounds such as 2,4-tolylene diisocyanate,
2,6-tolylene diisocyanate, 4,4'-diphenylmethane diiso-

- cyanate, dianisidine diisocyanate, o-toluidene diisocyan-
ate, hexamethylene diisocyanate, xylene diisocyanate,

20 1,5-naphthalene diisocyanate, transvinylehe.diisocyanate,
lysine diisocyanate, isophorone diisocyanate, dimethyl
diisocyanate, trimethylhexamethylene diisocyanate, 3,3'-
dimethyldiphenylmethane-4,4'-diisocyanate, isopropylidine
bis(4-cyclohéxylisocyanate);'hydrogenated 4,4'-diphenyl-

25 methane diisocyanate, hydrogenated tolylenediisocyanate;
triisocyanate compounds such as triphenylmethane triiso-
cyanate, tris(4-phenylisocyanate thiophosphate); polyiso-
cyanate compounds having four or more isocyanates groups
such as polymethylene polyphenylisocyanate; their dimers

30 such as N,N'-(4,4'-dimethyl-3,3'diphenyldiisocyanate)-
uredione: their trimers such as 4,4',4";trimethyf-3,3'3"-
. triisocyanate-2,4,6-triphenylcyanurate; their derivatives
such as carbodiimide modified isocyanate; compounds
obtained by reacting the isocyanate compound with polyol

35 such as polyurethane prepolymer; blocked isocyanates



stage and/or the other requirengnts. ‘In the case that the weather
resistance is required, aliphatic isocyanates such as hexanet hyl ene
di i socyanate, 10 and hydrogenated aromatic i socyanates such as hydrogen-
ated tolyl enediisocyanate are preferably used, because such | socyangtes are
resistant to yellowing by light. 1In the case that heat resistance {(§ -
required, an aromatic isocyanate such as tolylene diisocyanate and tTi ners
of 15 isocyanate conpounds showi ng a high deconposition tenper- ature is
preferably used. In the case that th§ irrita- tion of the isocyanate

A

conpound <dAck REeRb: gelaenal 4+ etgi. drie ARddthedie MiXIRSSIBHRH as
pognyocinggga;&@p@y@ﬂ?agigaapanaﬁede{iYatiresi pol yur et hane .pr epol yner
an ocke socyanates having a relativ W vapor_pressure are -
pref erabl y use‘c#.hel' %%Bﬁﬁﬁi ﬁ@g'PQPP(é FeYi ﬁ’éylsfgﬁ&ﬁﬁg‘feﬁg%péﬁﬁd can for

| e beri dint £ btheOréqudrament. Wibadwd ulhei fal h
ﬁ;grguﬁsf'%“ﬁ e PoT eﬁébfgxrgzélrggi%%agce% flfe?emfée%mgi?‘g ratio i's
| ess than 0. .Q@ or ~nor F an"3Z"W". q*tﬁ% water resistance nay be not
sati sf act @ntidkesn ablve heequi cepents, inve livest \iamathe ooampatacitesingef er abl y
used in a%ﬁ%ﬂ%”ﬁn&?oﬂothg g?ggge?%ggg?%ﬁg#3%¥p anount of the polyner, nore

preferably 1n an anount 30 o % . The reaction products of

t he i socyanat e Hon¥eingastckhhas ihe vsarhen coasdfianreorimnreapbreder, a

pol y- merigziatg et £6 0fy6tyahatBs seeRY A2 e XemExHi i da fiWo &y &84 te! oduct
pr oduced E%Ir§%8%$ons I n which th& | socyan- 35 ate conpound Eart|0|pate may
be di stid %k egenpyed, argpati¢ isocyaAhst sWGh s HYFeP8SNEven i f

t he reaC-atedEkolylenediisocyanate are preferably used, because
such isocyanates are resistant to yellowing by light. 1In
the case that heat resistance is required, an aromatic
isocyanate such as tql&lene diisocyanate and trimers of

15 isocyanate cbmpounds showing a high decomposition temper-
ature is preferably used. 1In the case that the irrita-
tion of the isocyanate compound should be avoided, 4,4'-
diphenylmethane diisocyanate, polyisocyanate, isocyanate
compound derivatives, polyurethane prepolymer and blocked °

20 isocyanates having a relatively low vapor pressure are
preferably used.

-~

\

The compounding ratio of the isocyanate compound can for example
be in the range of 0.1 to 32 wt.% based on the amount of
the hydraulic cement, preferably 0.4 to 21 wt.%. If the N~

25 éompounding ratio is less than 0.1 wt.%, or more than 32
wt.%, the water resistance may be not satisfactory.

From another viewpoint, the isocyanate compound is
preferably used in an amount of 10 to 300 weight % per
the amount of the polymer, more preferably in an amount

30 of 20 to 300 weight %.. , S
The reaction products of the isocyanate compound
-sﬁch as an isocyanate-reacted organic polymer, a poly-
merization product of the_isocyanate compound and any.
other prbduct produced by reactions in which the isocyan-
35 ate compound participate'may be distributed uniformly or
locally in the cured cement article. Even if the reac-



tion product is locally distributed particutarly in the vicinity of the
surface 'of the cured cenent article, the water resistance of the cured
cenent article is very high. The water resistance is affected by the
surface 5 properties of the cured article. The reaction product is
preferabl'y distributed in an area which i-s &eeper than 0.1 nmfromthe
surface¥Tn order to | npr.ove the physical properties of the high strength
cured cenent article, or to inprove the 10 physical properties of the

wat er-sol ubl e or water-disper- sible polymer, or to inprove the workability

for manufac- teféMOpFbEubtINsSibeRTnly QAT 1GRITNE iddid@lavBy i DhiSthe
additives can be.enploged. In order to |gProve the<§§X- SICQ% $iope ties
of the high st¥YtaRht¥uPEathensHriace of $he Sunrd /MR ABtLE1er I FRS, a
flage rAet argerwa%ﬁhrééigg_aﬁ{‘:é' by lﬂ!‘a@gcﬁ.ﬁ*ed;bfﬁirtérﬂﬁ a&rudldli)bfs svmﬁgyhbe )
used. snmoke-reduci ng. additives can be used_to ce. snokj.n | t akes
place in the Jég of g’ﬁ?-nY”ﬁ ef‘hgeégﬁﬁﬁf‘cﬁti@ cﬁé.eecA %s‘tlf a%)?%l%’t‘rfﬁfle
absorbent cad mepeseitst 0 ofptheecfechamedailer ris teaxreion prodecttbs

i mprove the p | Qp ' h er-so r ~dis i bl e
pol ymer, a pl ;%%%%%?igaﬁ%?%‘s’%&?%ﬁg\r’%ﬁ Sarf]eOA ls{'g{e%r?iicg\?&l%l%%%i gﬁél\?\/_i th
respect to the.plostfrometheEsurfiaes.of the plasticizers include glycerol,

et hyl enegl ycol and g5 g'&.ag?%lggg?g%*gg!e. tﬂp;ﬁqspﬁmﬁwp@s egp! eyed

singly or in conbination. ticizer c npl oyed to inprove
t he wor kabi | i t§iglhrskaangsbt apregd ceaemtgrarticlfy PR ABRIRYE HReicle.

There is NoLePsEYEi€ali progerefey b OEPGFHtd L ddMUEIITOR NGABErLal spetor

30 these additives. The conpounding . ratio can be deter ed t he

conwent i onal rEHALE . PRRYEERN«Pfr 00 ATPTANE dihe AP AL LAL Iggﬁemﬁﬁﬂgﬁcfo

the hy- drauliguseAgnthenhagHi siteenigah e radd weentelth tavesc 1 &xavarpbes of

the adnixturesaéggLgggsmgggnbgeg%%h@%égyyuf%s%gghr to improve the phy-
sical properties of the high strength cured cement arti-

15 cle such as uncombustibility, a flame retarder which is
‘generally used for plastics and rubbers can be used. A
smoke-reducing additives can be used to reduce smoking
which takes place in the case of burning the cement arti-
cle. An ultraviolet ray absorbent can be used to improve

20 the weather resistance. In order to improve the physical
properties of the water-soluble or water-dispersible
polymer, a plasticizer can be used. There is no specific
limitation with respect to the plasticizer. Examples of
the plasticizers include:glyé'erol, ethyleneglycol and

25 diethyleneglycol. <These compounds can be employed singly
or in combination. The plasticizér can also be employed
to improve the workability for manufacturing the high
strength cured cement article. There is no specific
limitation with respect to the compounding ratio for

30 these additives. 'The compounding ratio can be determined
by the conventional manner.

An admixture or a filler can for ékample be added to the hy-
draulic cement in addition to the above additives. Exam-
ples of the admixtures include water reducing agents such

35 as lignin sulfonate, polyol complex, oxycarboxylic acid,
alkylarylsulfate polycondensate, poq%ondensed triazine



'35 as lignin sulfonate, polyol conplex, oxycarboxylic acid,

al kyl aryl sul fate pol ycondensat e, po condensed triazine - conpounds,

pol ycondensed aromati c sul fonates, mel am ne resin sul fonate; hydration
retarders; and hydration acceleratorsg'Exaanes of fillers include fjne
grain type inor- 5 ganic fillers (including hollow grains) such as i;be
grain type silicious materials (e.g., silica rock powder, and clay),™carbon
bl ack, alkali earth netal carbonates (e.g., calciumcarbonate, and

nmagnesi unampdurds £)polyoondense dxavesatec gsplSohaten, dpoxmddamatheni num

oxide, 1Q.ddi %Q%‘édeh 8PeL £64C tH%Qka'Qﬁ n§harhRgbgani-c hydroxides
r y a

(e.g., calcium ox1 d gneS|un1 droxri de; um num hydr oxi de) ;
fine grmﬁ?Q%&ﬁféﬁﬁaﬁfc fillers (e.qg., spherlcal S|I|con) and fi brous

fillers such aéxérﬁlpw@%ff f‘ipié’f@ ihéi@&é f?ne ral HiMePge exbge fiber, 15
al kal i re5|stance | ass ber, carb EICOH car bi_de fi ber,

asbest 0,88k er%n&ig?éﬁ %BSI»olﬁ?UaﬁFEiPF r §UShr pF| €iBe(e. g. nylon
fiber, wgtyém fy;b@reanﬂcpobspmaﬁyi»eanasf (beg), Qﬁlﬁfﬁbaboékbbewaei'l Ilers

(e.0., ess s fibe These Ier 20 can be
used S|rmﬁ3A ?i?% COﬁﬁ?R a%ﬂac Th@ t?oﬁ?r%%lngaiaﬁ an €fet
structurehaﬁhe.mmahaﬂumatapbopateLeanéumhgaesabmaeachonesesnance or

toughnessyadahle. BRYSEEAL e PEORCLL | £80RUARCRT RSB 1RABANG! UL LL o

el ectric con ration i'ncor po- 25
rati ngl%pibirb?ﬂi‘amediOMé?s anclozﬁneonémnﬁiaxﬁﬂel)e OR éapa*lgwticcan be added

to 'nchQ§ﬁ%%€£1&€§C¥éVgt¥ 851&?6m'ﬁ98¥6ﬁ§5€ CRK&HQ%@umTﬂ§d9?e§h¥St for

polyure referred np of the catal ysts incl am nes suth
as 1, 4- du%rz%b%%me@ Qyéy%iaﬁé ﬁmemrain type orgamc fillers v/

(e.g., spherical silicon); and fibrous fillers such as
- inorganic fibrous fillers (e.g., aluminum oxide fiber,
15 alkali resistance glass fiber, carbon fiber, silicon
carbide fiber, asbestos, rock wool, and slag wool),
organic fibrous fillers (e.g., nylon fiber, vinylon fiber
and polypropylene fiber), or metal fibrous fillers (e.g.,
steel fiber, and stainless steel fiber). These fillers
20 can be used singly or in combination. The fibrous filler
may take a net structure. The mechanical properties such
as abrasion resistance or toughness, and the physical
properties such as heat conductivity or electric conduc-
tivity or vibration damping can be improved by incorpo-
25 rating appropriate fillers into the cement article.

A catalyst can be added to increase the reactivity
of the isocyanate compound. The catalyst for polyure-
thane is preferred. Examples of the catalysts includé
amines such as 1,4-diazobicyclo(2,2,2)octane, PMDETA,

30 N,N-dimethylcyclohexylamirie, N-methyldicyclohexylamine,
'N,N,N',N'-tetramethyl-1,3-butanediamine, N,N,N',N'-
. tetramethylpropylenediamine, N,N,N',N'-tetramethylhexa-
nethylenediamine, N-ethylmorpholine, N-methylmorpholine,
. N,N-cdimethylethanolamine, N,N-diethylethanolamine, or

32 triethylamine, DBU such as 1,8-diazo-bicyclo[5,4,0]unde-

cene-7 and its =alt: metals such as stannous octoate,



30 N, N-di net hyl cycl ohexyl am ne, N nethyldi cycl ohexyl ami ne, N, N, N

, N “tetramethyl -1, 3-butanedi amine, N, N, N ,N - tetranethyl propyl enedi am ne,
N, N, N, N -tetranet hyl hexa- nethyl enedi am ne, N-ethyl norpholi ne,

N- met hyl:ror phol i ne, N, N-di net hyl et hanol am ne, N, N-di et hyl et hanol am ne; or
35 triethyl ani ne, DBU such as 1,8-diazo-9iQ?CLO[5,4,0]unde- cene-7 and its
sal t: tals such as stannous octoate, -I0- dibutyltin dilaurate,
trimethyltin hydroxyde, dinethyltin dichloride or tin octylate; and ot her
conpounds such as but adi ene sul fone, inorganic acid, oxy acid, ester of
phosphoric acid or boric acid, nonobutylphthalate, p- 5 tol uenesul fonic

aci d. An exanpftbytydtin did@anrgteoedd’imethpkbimyiresyde . ndimetpyltin
strength cureda¢eAeBiride! b¥ &1nS cdasaldted dred &b thet aompdenay dsachi as
cenment, the mater-gglubrevgr wat er,- di spersi bl e pol yner éhe igocyagate
‘conpound and oPHERALSHP: FPLLORFe IROTEANYG ARADr XY Febdr LR AT APAUI i ¢
‘cenent conposi phoBphother acisl ke dpadid iaxcid Nineatobutylphtisdlatepept to the
m Xi ng procedure,..sq. l.o as .t ocedure is perforned sufficiently.
Powdery solig g?éPFPﬁéuﬁgP 1C %Iéybxcept the. liquid starting materials
.such as water are introduced in a mxer (e.g., planetary notion mxer), and
.then mxed after addition of the liquid starting 20 materials. The
iresulting mxture is further m xed using a.high power m xer. Exanples of
‘the high power mixers include a kneader, Banbury mixer, a wet-type pan

mioxer, a mXing,Rlhie & £nNett WiRRN BhoceP!HoF | maifadtSsiAY extrHdgh

‘Using these m xers, the anount of ‘the bubbles 25 contained in the Egdraulfc
cenent conpb@iFFSH“S§Pr€HG@@HPqBﬂ9$i%rEQQE%u%%dd%ﬁﬁﬁﬂ?egfhﬁé?épbp ¥sed,

t he\kheadi ng The hydraulic cement, the water-soluble or water-
"dispersib1e pq1ymer,_the isocyanate compound and other
additives are mixed with'watér.to prepare a hydraulic
cement compositiqn. ~There is no Specific limitation with
15 respect to the mixing pfocedure. so long as the procedure
is performed sufficiéntly. Powdery solid starting mate-
riais except the liquid starting materials such as water
are introduced in a mixer (e.g., planetary motion mixer),
and then mixed after addition of the liquid starting
20 materials. The”resuitihg mixture is further mixed'using
a high power mixer. Examples of'the high power mixers
include a kneader, Banbury mixer,'a wet-type pan mixer, a
U ~ mixing roll, a knett'machiﬁe,_a pugmill, and a screw
extruder. Using thesé'mixers;'the amount of the bubbles
25 contained in the hYdraulic cement composition is reduced.
Evén if a redﬁéed'aﬁount of water is uséd, the kneading
is sufficiéntly'peffbrméd in the mixer. Therefore, the
hydraulic cement which ﬁas a high flexural strength can
be easily obtained. The kneading procedure using the
30 mixer may be perfdrﬁed under réducing pressure.
In the case:that the isgcyanate'compound is a liquid
'méteriai,'the isdcyanate compqund.ﬁs introduced by mixing
with water or by spraying when thé;@ixing is performed.
In the case that'the'isoéyanate compound is a solid mate-
35 rial, the isocyanate compouhd is introduced after mixing
with the hydraulic cement, or when the mixing procedure



is sufficiently performed in the mxer. Therefore, the hydraulic cenent:
whi ch has a high flexural strength can be easily obtained. - The kneading
procedure using the 30 mixer may be perforned under reducing pressure. In
the case that the isocyanate conpound is a liquid material, the isogyanate
conmpound is introduced by m xing w Ch ldater or by spraying when the&?ﬁxing
Is perforned. In the case that the isocyanate conpound is a solid nate- 35
rial, the isocyanate conpound is introduced after mxing with the hydraulic
cenment,. or when the m xing procedure I s done. Since the isocyanate
conmpound i§ aphet0 Sdmie Wheh isierandte ¢compyanat iescappomodrbamitng a

| atively, i f d hat ked
| cooyanat¥t 1B HBERF . e JeyAAYS SoprothdofothaR Bitb s er ature
of not | olew rhantﬁhdtdidsomnﬂﬁenredun Jrerthereasé thetbhobkongegroup at
any fol | °%§8¥§¥1ng 1@?%}@‘3%{@%%&%‘?&?& 9@”898{*8?3918‘“ hektdigssol ving

I n a hydropho®ic sol ven aving a re- venting from
reacting Wta kempenatars of naf xeawen othan thﬁedﬁﬁﬁegiﬁyapauﬁﬁm-cenent

conposi thﬂ@ré%urﬁalaﬁd Y 1B dOMB Cgrd'hﬁh§€tan The135aPhg0skagecdur e can be
performed under reducing pressure. The hydraulic cenment conposition shaped

into the ghﬁeﬁsPﬁyéﬁﬁ$%tﬁﬂ?HQHQQHFQQ)m&y%s%dp?ﬁﬂé?e?ﬁﬁﬁeavﬂﬁgcﬁﬁeés by
cal enderi Rgardphobic EeAviedd athvinl aél|hilgl€elﬂ6ﬂ1iﬁgt Eéhﬁtl goirhpecured by
t he conventi onal ﬁé- | es 5 od cl ude

at nospher Y €% gﬁpgng%qmm§ﬁﬁﬁ 4&LW*&P %% ?ﬁ upﬁnmégE @35& ‘curing and

aut ocl m@e curi the Adibmrmaiydnaulid rmementlredmposbtied hpdshabied cement 20
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bef ore cur| 'n~0 rt.o. accel er.at
performed under reducing pressure. The hydraulic cement

composition shaped into the sheet- type is then rolled to
have a predetermined thickness by calendering
18 The rolled hydraulic cement article is then cured by
' the conventional manner. Examples of the curing methods
include atmospheric curing, moisture curing, curing in
water, steam curing and autoclave curing. _
Alternatively, the wared,  rolled hydraulic cement
20 article can be heated under pressure applied to the sur-
face of the sheet before curing in order to accelerate
the curing procedure. _
The cured hydraulic cement article is then dried at
a drying stage._'Strength of the cured hydraulic cement
25 article can be increased by drying. There is no specific
'~ limitation with respect to the drying procedure The
drying procedure is generally performed under atmospheric
condition, or under conditions heated to a temperature of
not higher than 100 °c. ot
30 The time required for heating under pressure, curing
and drying is determined in consideration of the natures
fof the starting materials and the amount thereof The
hydraulic cement article is preferably cured ‘and dried by
interposing between porous plates for preventing the
35 cured article from warping. |



the curing procedure. The cured hydraul i'c- cenent article is then dried at a
dryi'ng stage. Strength of the cured hydraulic cenment 25 article can be

i ncreased by drying. There is no speC|f|c limtation with respect to the
dryi ng procedure. The drying procedure is generally perfornmed under
atnnspheibc condi tion, or under conditiangsheated to a tenperature of not

hi gher t'ian 100 C. 30 The time required for heating under pressure,
curing and drying is determined in consideration of the natures of the
starting materials and the amount thereof. The hydraulic cenent article is
preferably cured apd dried.b nt er ween_ por gu

preventing the 35 @B?eabiﬁgﬁéia 5ﬁfaﬁxgk?ﬁﬁlc ce 399T§§Bk§%alﬁé§ EuPed
hydraul i c cennﬂghaflexbeaahmmrengkﬂuqﬁ1méeauthansloenggﬁ/om méepproan 100
kgf/cnl(appro ég The high strength cured cenent article can
be manu- factuPe Sy the follomnng process. The starting materials and the
‘anount thereof used in this process Is simlar to those of the above de-

scribed progess f opyERRYGRCIdAdEEH dlifedi SlpehtcRnticl eunedecamal

article The process romthe conventional process
‘wi th respect factueedadyerthsr LRIAAYWHE Pre®@SPsocyanate compound. In the

_present process, thael SR@EFRAAH mrﬂ&woawd tﬁelaneaalaataérneaft Dgedur ed

-hydraulic cenent arti- cle o ntermedi at e prodyct_ there i .e.
uncur ed shapeé“h§8?§uPHPQﬁ§ﬁnﬁseﬁim¥}%§ ﬁﬁlEH°gSn ¥ %h %@

scribed process for manufacturing of the high strength
10 cured cement artlcle

—
 The process of the invention differs from the conventional process
with respect éo the manner 6f addition of the isocyahate
compound. In the presenf process, the isocyanate com-
15 pound is impregnated in'the cured hydraulic cement arti-
cle or the intermediate product thereof (ifé., uncured
shaped hydraulic cement artiele) which can for example be

manufactured by the conventiqnal manner using the starting

materials except for using the isocyanate compound.
20- )

In the present process, since the isocyanate com-‘
" | pound is not contained in'fhe starting materials to be
mixed, the mixing efficiency increases. Further, the
25 amount of bubbles introduced into the mixture is reduced.
Therefore, it enable to give a cured hydraulic cement
article having high flexural etrength. Furthermore, the
reaction products and_the inner structure thereof are not
' broken at the stage of mixing. Since the reaction pro-
30 ducts contribute to the impfoveneht of the water resist-
| ance efficiently. the water resistance of the cured
.'hydraulic cement articie_increases.
The iSocyanate cdmpouhd can be impregnated in the
same manner as that.employed for the preparation of the

w
m

resin impregnated cement, or in the same manner as that
employed for coating or paintiﬁg. For example, the iso-.



manuf actured by the conventional.
for using the isocyanate conpound. 20 In the present process,

since the

i socyanate com pound is not contained in the starting materials to be

m xed,

%

manner using the starting materials.except

the m xing efficiency increasgsqgqFurther, the 25 amount of buhbles
i ntroduced into the mxture is reduced. Therefore, it enable to giv
cured hydraulic cenent article having high flexural strength. Furthe

stage of mxing. Since the reactloggg 0- 30 ducts co tr;ﬁ;te to.th
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In order to |npregnate t he
Hpdeyanaie cmgoun

the intermediate product or the cured article, an iso-

cyanate compound having a low viscosity is preferably

employed. Even if the isocyanate compound has a high

viscosity, the 1socyanate compound can be used after

'diluting with a solvent capable of lowering the viscosi—
ty. A solvent generally employed for the isocyanate

compound can be used. Examples of the solvents include
acetone, benzene, toluene, nitrobenzene; dibutyl ether,
methylethylketone, dioxane, acetonitrile, benzylcyanide,
anisole, monochlorobenzene, xylene, butyl acetate, ethyl
acetate and tetrahydrofuran. The solvent is preferably
selected to match with nature of the isocyanate compound
employed. ' S

The catalyst of the isocyanate compound can be pre-
viously added to the starting materials containing no

'isocyanate compound. The catalyst can be impregnated
into the_isooyanate'compound.

The shaped hydraulic cement produce or the cured article
containing the isocyanate compound is preferably heated
to accelerate the reaction of the 1socyanate compound

or

The shaped hydraulic cement product or the cured artici;e may for e:a:ple be
-heated under a closed condition to prevent the isocyanate

compound from evaporation before the reaction. Although
the temperature and time of the heating differs depending
on nature of the isocyanate compound and catalyst '"the -

“/

»



enpl oyed, Even if the isocyanate conpound has a high viscosity, the

| socyanat e conpound can be used after 15 diluting with a sol vent capabl e of
| owering the viscosi- ty. A solvent generally enployed for the

i socyanat.e conpound can be used. Exanples of the solvents include acetone,
benzene,:*t ol uene, nitrobenzene, dibutyl ethdr - nethylethyl ketone, dioxane,
acetoni t¥7l e, benzylcyanide, 20 anisole, nonochl orobenzene, xylene, butyl
acetate, ethyl acetate and tetrahydrofuran. The solvent is preferably
selected to match with nature of the isocyanate conpound enpl oyed. The
catalyst of 1 NgebSRqyan &%_c%%fago%mw@op{%ﬁwmu Yn8dgdatoat he
starting nmaterials containing nodsocyanate conmpound. The catalyst can be

i npregnat ed i nt8MPREAtITEy &fatl®& $hpound. The shaped hydraul ic cenent
produce or the cur el Atbubldng Wbad Hylfadie LARGKANANELE WPRUIYy |chows o
preferably heated 3 95 accel@rate tRe reaction of thezlsocyana¥e conpound.
The shaped hydrieigh cf kesraral priotang thhrmorgethan 200 kef(/ g(mf’ﬁ‘orloexarrpl e

be heated ungempa)ql appaopariditielan nicrertivamt 3sGekgspemanat gheospeead from
evapor ati on befor.e t reactiqn. t.hough i he tenperature and ti of the
eating di 11 or BYAEARInG S aRAALE oo HEPTeBEY otk ¥eEefpbanastatee.
catal yst, the The- sifaceatiardngessncEdsts Hadresasesorily within 20 hours at
a tenperature of [e ' A Lure YT | t

ypi ol 1y shows a bt Fresery ‘AEI e LRREheE SERER 088" Perkrring |
5 MPa), approptPatiey fiedleowing IBwndgEs yhthout Thimtting kher dnveptiement
article is inproved in water resistance. The surface hardness al so

i ncreases. : _ '
" 10 - EXAMPLES 1 to 6

100 Weigﬁt_parté (250 g) of alumina cement (Alumina
Cement No. 1 produced by Asahi Gléss Co., Ltd.) and 3
weight parts (7.5 g) of a partially hydrolyzed polyvinyl acetate
(Gosenole (Regiétéred Trade Mark) produced by Nippon Gohsei Chemical
15 Industry Co., Ltd.) were mixed in a planetary motion mix-
" er for 4'minutés, and to the mixture was added a solution
containing 11 weight parts (27.5 g) of water and 0.3
weight part (0.75 g) of glycerol. The mixture was well
mixed for 4 minutes. _

20 The resulting mixture was kneaded for 5 minutes
using a mixing rblilhaving a rotary ratio of a pair of
rolls of 1:1.12 to obtain a:sheet-type shaped article
having a thickness of appr¢x. 3.4 mm, a width of approx.
160 mm and a length of approx. 180 mm.

25' | The shaped article was then rolled using a calender
having a rotary ratio of a pair of rolls of 1:1 to give
a2 rolled article'héving a thickness of approx. 3.2 mm, a
width of approx. 165 mm and a length of approx. 185 mm.

The rolled article was heated under pressure of 30
30.kgf/¢m2 at 80°C|for.10 minutés, and then was left under
atmospheric condition having a relative humidity of 50 %
at 20°C for 24 hours for curing. The cured article was
dried while keeping the temperature of 80°C to obtain a
\ cured hydraulic cement article having a thickness of



The present invention is further. described referring to the followng -
exanples without limting the invention. 10 EXAMPLES
1 to 6 100 Wight parts (250 g) of "al um na cenent (Alunlna Cement No. 1
produced by Asahi G ass Co., Ltd.) ang 3 weight parts (7.5 g) of a _,
partially hydrolyzed ponvinyI acetate (CGosenole (Registered Trade Eﬁkk)
produced by N ppon Gohsei Chemical 15 Industry Co., Ltd.) were mxed*in a
pl anetary notion m x- er for 4 m nut es, and to the m xture was added a

sol ution containing 11 weig art é27 5 of water and_0.3 wei ght part
(0.75 g) &PRAXced of. ““‘Tl'learr‘r’;(‘i1 a/a PREPK - m'l%Qde‘oP“Q # denesh ?% The
resultlrmhgpgaﬂrelagsmﬁneaded for 5 n1nutes u3|ng a mxing roll having a
rotary ratio air tain a sheet %% e shaped

article haV|nd£%Ft ?Eﬁﬂe@%dﬁ?ugbﬁrﬁﬁmeﬁ% emﬂﬁ?h Bmerss fBO nmm and
a | ength vdt appIbad @ BOhnthe 2bsocyandhe ebmpedndr indieated tilnen rol | ed
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rolleda ness" of ‘of "approx. 165
mm and a<1bmgwhtbftappneﬁcyaeatﬁncomheungl|eaf&=r|¢hs damelnsdned under
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under atnospheric condition having a rel ative p{ of 50 % at [err] for
24 hour s WortRed| with %eaeﬁﬁéﬂuﬁrfPéFea%és“éﬁl Eea\m dnk @y n he

tﬁrrpﬁr at m%@fafearke&age@btara ‘arcupefichydragbi aoug@gnt artlcl e having a
thi ckness o
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color than that before the impregnation. From obser- N
vetion of a section face of the'article, it was confirmed ~
that the colored portion was deeper than 0.1 mm on the
opposite surface sides. Thus, it was recognized that the
15 isccyanate compound was deeply incorporated into the
_cured article. The content of the isocyanate cdmpound or
the reaction product whiéhzwas"determined acgofdin§ to
the change of the weight'ﬁas 2 to 4 wt.% in terms of the
amount of the hexaﬂethylene diisocyanate ' '
20 Six test pnecee hav1ng a2 width of 20 mm and a 1ength
of 180 rr were taken out of the cured artlcle, ana the
flexural strength was immediately measured for three
pieces. Other three p1eces were immersed in water placed -
in 2 thermostat kept at temperature of 20 C, and the ./
25 chenge of weight and length was measured. Three of these
rieces were immersed in water for 28 days under the same
cerditions, and then the flexural strength wae"measured
under wet condition. | | _ )
The results are set forth in Table 1.
30 The flexural sfrenéth'was measured by a three-point
bending test The'span was set to 150 mm. The change of
" the length was measured u51ng a cortact gauge (defined in
TIS(Japare=e Induetrial Standard) A—1129) The ba51c:
lergth wes determined as 100 + 1 mm. .
3£ In Table 1, "before" means "before immersion in

wster", and "after" means "after iztersion for 28 days”



vat fillled with the isocyanate conpound-indicated in 5 Table 1 for 30
nnutes for inpregnating the cenent arti- cle with the isocyanate conpound.
After the immersing was conplete, the’cured hydraulic cenent article was
wrapped with an alumnumfoil and was heated in a dryer kept at a

tenper ature of 100 C for 20 hours. 10 "= 16The cured article changed to
show a stghtIy deeper color than that before the inpregnation. From obser-
vation of a section face of the article, it was confirmed that the col ored
portion was deeper than 0.1 nmon the opposite surface sides. Thus, it was

recogni zed t hatcrd¥ge of SPey@Erat wmpcwﬁt@lgévaéfdﬁeﬂtutv nsﬁapeéaéedvem-o t he
cured article. The content of |soc anate_c or. th |on
product whi ch 3% RERRITH HIS &Eo %%S?H%f ﬂgﬁgﬁﬂo?“thegéﬁs ﬁ5§ 2 to
4 Ww.%in tewrﬁhaﬁ1mﬁer@m®mnfonf2$h@aﬁsxanethyIene di i socyanat e.

:Six test pieces having a wwdth of 20 mm and a | ength of 180 nntmere t aken
out of the cured article, and the flexural strength was i medi ately
measured for three pieces. Qher threeTabbeet were i Mmersed in water
placed 0 in a thernostat kept at tenperature of [err] and the 25 change of
wei ght and | ength—was—measured—Threeof —thesepreces were TTMeErsSed 1 h

wat er for 28 days under the sane conditions, and then the flexural strength
was neasur eds Ut Wt cesdiyaRate The resuptexarg1Set fonbAgen Tabhenke 30
The flexural strength was neasured by a thrg 80|nt bendl g test The span
was set to 150 mm The cREABBUBE the Iengtﬁ hE8€fBasur ed®bsi ng a c&tt act

gauge (defined in Jl S(Japanese |ndustrial (Rg&ddafd) A-1éAgkth The wedght
| ength was determined as 100 + 1 nm- 35

e 1,.\before" ans
"bef\gre imersion in "water", and "aftePefﬁggnsa}%?% # rsion #gﬁ 28
days"

1 hexamethylene 1,020 830 0.01 0.7
10 diisocyanate*l
2 tolylene ' 680 480 0.02 1.0
-diisocyanate*z
3 . polymethylene 750 530 0.02 3.2

polyphenyl
*3

o
(81}

isocyanate
4 isocyansate 930 710 - 0.01 0.3
m:txtur-e*4 '
carbodiimide . 740 ~ 510 = 0.02 1.5
\“; . modified

20 . isocyanate*s
' € . hydrogenated 670 450 0.01 0.3

4,4'-diphenyl '

methane

o

*6
diisocyanate




-16- "Change of length" and "Change:of weight" indicate aver- age . -
proportions of the change of |ength and weight after the.imersion for 28"

days. Table 1 5 Exanple - Ilsocyanate - Fl exur al ' Change  Change
conmpound strength of (kgf/[err]) | engt h

wei ght before after (% '(53 1 hexanet hyl ene 1,39 830
0.01 0.7 10 dii socyanate[err] 2 tol yl ene ~* 680
480 0.02 1.0 diisocyanate[err] 3 pol yret hyl ene 750 530
0.02 . 3.2 polyphenyl 15 | socyanate 3 4 | socyanat e

930 MReémarks. 81 HDD. srbdunaﬂthENippon Pakywoethanege . -:-- 740 510
0.02 1.5 nodified nate-5 6 hydr ogenat ed

670 450 0.01 Iﬁgugtiiis gl Hen ‘met hane diisocyanate[err] -17 -

Remarks *1 HDI bEOdG@éenByeNTpﬂﬁm mmqﬂnqaﬁmhuaNippon --
Polyurethane Industries Co., Ltd. o

5 *3 Milionate MR-200 produced by Nippon -
Polyurethane Industries Co., Ltd.
*4 Colonate 1021 produced by Nippon Polyurethane
Industries Co., Ltd. :
*€ Milionate MTL-C produced by Nippon -
10 . Polyurethane Industires Co., Ltd. '
*6 Desmodur W (Registerea—Trade Mark) produced by.Sumitam:qurg_J
Urethane Co., Ltd.

EXAMPLES 7 to 10 i

A high strength cured cement article was manufac-

15 tured in the same manner as 1n'Examp1e 1, except that the
amount of water and the partially hydrolyzed polyvinyl
acetate were respectively changed. :The- amount of the
glycerol was tenth (1/10) part of the partially hydro-
lyzed polyvinyl acetate.

20 Test pieces were cut from the cured article in the
same manner as in Examples 1 to 6, and were examined.

The results are set forth in Table 2. In Table 2, N
"Polyvinyl acetate" means the amount of the partially
hydrolyzed polyvinyl acetate (weight part), and "Water"

25 means the amount of water (weight part). '"before",

"after", "Change of length" and "Change of weight" have
same meanings as in Table 1.



Industrl es Co., Ltd. *2 Colonate T-100 -produced by N ppon Pol yurethane
| ndustries Co., Ltd. 5 *3 . Mlionate MR-200 produced by N ppon
Pol yur et hane | ndustri es Co.,Ltd. *4 Col onate 1021 produced by Ni ppon
Pol yyrethane | ndustries Co., Ltd. 5 Mlionate MIL-C produced by N ppon 10 -
Pol yur et.hane I ndustires Co., Ltd. *6 Dest®dwr W (Regi stered-Trade Mark)
produced“ﬁy Sum tao Bayor urethane Co., Ltd. EXAMPLES 7 to 10 A high
strength cured cenent article was nanufac- 15 tured in the same nmanner as
in Exanple 1, except that the anpunt of water and the partially hydrol yzed
pol yvinyl acetate were respectively chpgged. 2 The-anmount of the gl ycerol
was tenth (1/10) part of the partially hydro- |lyzed polyvinyl acetate. 20
Test pieces were cut fromthe cured article in the sane panner as.in

Exanples 1 to 6, and were exam ned. The results are set forth in Table 2.
In Table 2, " Pol nyl acetate"” ns the unt f arti al

.hydrol yzed mﬁ%ﬂﬁﬁ%ﬁ JE-EXe (we #Eﬁ part) 5ﬁ ra@ht Ehgggﬁeanbxfﬂgeannunt
of water (weight part).vimefore", "after"”, sttemagge of |epdth" andofChange

of weight" have sanme ne e @S |n Table . 218- T - Ex I
Pol y- Wt er Flegﬁ%g £/em?} | 2ohgtn EXYHht

‘strength - &  of of acetate ® before (aftererr (%) | engtlfh)
‘wei ght : : .
7 0.5 11 ¢ 410 330 0.02 1.5
(U "8 3 25 620 - 430 0.01 1.2
9 7 12 1,560 1,100  0.01 0.3
10 . 10 13 1,530 1,050  0.01 0.4
10 - . EXAMPLE 11

A high strength cured cement article was manufac-
tured in the same manner as in Example 1, except that the
impregnation with hexamethylene diisocyanate empioyed in
Example 1 (HDI produced by Nippon Polyurethane Industiries

15 Co., Ltd., referred to as "HDI" hereinafter) was done
after heating under pressure by means of a rolled arti-
cle, and heated in a dryer kept at a temperature of
100°C.

_ Test pieces were cut from the cured article in the

20 same manner as in Examples 1 to 6, and were examined.

The results were shown below.

Before immersion in water
an average flexural strength: 760 kgf/cm2
After immesion for 28 days
25 an average flexural strength: 420 kgf/cm2
an average propprtion of change of length:
0.20 %



5 before. after (% (% 7 . 0.5

11 410 330 0. 02 1.5 8 3 25. . 620 430 "~ -
0.01 1.2 9 7 12 * 1,560 1,100 0.01 0.3 10
10 13 1,530 1,050 0.01 0.4 10

EXAMPLE 11 A high strength cured cenent®article was nanufac- tured_f& t he
sanme manner as in Exanple 1, except that the inpregnation with S
hexanet hyl ene dii socyanate enpl oyed in Exanple 1 (HDI produced by Ni ppon
Pol yur et hane I ndustries 15 Co., Ltd., referred to as "HDI" hereinafter) was
done after heating uafdeaveregeuprdpbrriors of changé edf aweightl:e, and
heated in a dryer kept at a tenperature of 0 100 C est pi eces were cut
fromthe cured article in the 20 sanme manner as in Exanpfes 1 to 6, and
were exam ned. The results were shown bel ow. Before imersion in water an
average flexural strength: 76@ e o Afd ef{gi nresion for 28 days 25

an average flexural strength: erage proportion of change
of length: 0.20 % -19- an average proportion of change of weight: 2.1 %

EXAMPLES 12 to A5hfghiShr%h@%&gh%ﬂéﬁEEEMEH%”KrEEéi€|ﬁa&ﬁﬁaﬁﬁﬁﬁEaﬂ' 5 tured
in the sane nann$é as in Exanmple 1, exc%PyEthaI the test pieces were

i npr egna® eBUEPEN1E LBPUEARS. MANIENAS in Example 1, except that the

test pleces were impregnated with a solution which was
prepared by diluting thé HDI of the isécyanate compound
used in Example 2 (Colonate 1021 produced by Nippon Poly-
urethane Industries Co., Ltd., referred to as "Colonate . LJ
10 1021* hereinafter) with methyl acetate.

The results are set forth in Table 3. In Table 3,
"Isocyanate compound" means the kind of isocyanate com-
'pound and the amount (Wéight part) théreof, and "Ethyl
acetate" means the amount the ethyl acetate (weight

15 part).
. Table 3
Example @ Isocyan- Ethyl Flexural .Change Change
ate acetate strength ~of : of k
_ compound (kgf/cmz) length weight ~
20 before after (%) (%)
12 (HDI) 75 25 . 1,060 850 0.03 1.1
13 (HDI) S0 50 ° 920 720 0.11 2.1
14 (Colonate 1021) , '
75 25 980 830 0.01 0.1

25- 15 - (Colonate 1021) .
50 50 . 810 630 0.11 0.9




prepared, by diluting the HD or the isocyanate conpound used in Exanple 2
(Colonat'e 1021 produced by Ni ppon Poly- urethane Industries Co., Ltd.,
referred to as "Colonate 10 1021" heréinafter) with nmethyl acetate. The
resulsts are set forth in Table 3. In Table 3, "lsocyanate conmpound” neans
the kind of isocyanate com pound and rthé&%amount (wei ght part) thereof, and
"Ethyl at®tate" neans the anount the ethyl acetate (weight 15 part). Table

3 Exanpl e | socyan- Et hyl Fl exur al Change Change ate

acetate strength - of of conpound (kgf/[err])

| ength  weight 20 EXAMPLE 16 before after (% -

(%9 12 (HDI') 75 25 1, 060 850 0.03 1.1 13 (HDI') 50

50 920 720 0.11 2.1 14 (Col onate 1021) 75 25 980
830 O 01 0. 1A 75 gh istrengih otrared 10emgnoarticlgowas magufac-630

0.11 tyre@tn GENude lrﬁaﬁnéfgassmeﬂﬂmgwgd E£EBRL BhhtCLRenas
manuf-ac- ture he sane manner as in ex at the ordinary

te
Port| and cem@ﬁdRQ#QKhRﬂRFkﬁth%emﬁHEsfP?%@ucsdL?ﬂ Y¥bea £n9§§8rﬂﬁ§tead of
the al um na qarent mre?anchééd\/\ﬁhghéa@abfstﬁé yehfindndesent gahapasts of the

o o e BT P Yy FEE 84S A5 BEY, BEFri e "B baPEAbIy o
10 were examhyﬂtolyzed polyvinyl acetate was used per the weight of
the ordinary Portland cement.
Test pieces were cut from the cured article, and
C 10 were examined. '
The results are shown below.

Before immersion in water
an average flexural strength: 710 kgf/cm2
After immersion for 28 days

15 - an average flexural strength: 400 kgf/cm2
an average proportion of change of length:
0.26 %
an average proportion of change of weight:
€.1 %
20 B - COMPARISON EXAMPLES 1 & 2

A cured cement article was manufactured in the same
.manner as in Examples 1 & 16, except that the cured arti-
cle was not impregnated with the isocyanate compound and
the cured zarticle was not heated in the dfyer.
25 Test pieces were cut from the cured article, and
were examined in the same manner as in Examples 1 to 6.
Thé results are set forth in Table 4. In Table 4,
""Hyéraulic cement" means the kind of hydraulic cement

which was used.



The results are shown bel ow. Before .imersion in water an average erXUfaI
strength: 710 kgf/[err] After immersion for 28 days 15 . an T
average flexural strength: 400 kgf/[ert] an average proportion of change
of length: 0.26 % an average proportio 1° of change of weight 5.1 % 20_
COVPARI SON EXAMPLES 1 & 2 A cured cefne article was manufactured ip 1 he
sane manner as in Exanples 1 & 16, except that the cured arti- cle s not

i npregnated with the isocyanate conpound and the cured article was not
heated in the dryer. 25 Test pi.eces were cut fromthe cured article,
and were exam ned in the sane nannerT%Q1$n4Exaanes 1 to 6. The results are
set forth in Table 4. In Table 4, "Hydraulic cenent"” neans the kind of

hydr aul i ¢ tememt—whthwas—used———=2t——Tabte2Comparisom—Hydraul i c

Fl exur al Change Change Exanpl e cenent - - strength

of | Obohbﬁiﬁbwﬁﬂ) Hydﬂéﬁmﬁé‘ We'Qiﬂie:'iural . Change Chaqﬁf
before after g/() /() al um na 800 0

0.32 8. 5xampl olSRMRL | 3105tre§§g - 0°f 9.9 Portl and
COVPARI SON EXAMPLE 3 10 . 100 wei ght (ggfryemt350 glenigti umwed gregrent

(Aluninascenent No. 1 produced by Asafll »§1.855 €0, . Ltqﬂb_and 3 (%)

1 _ alumina - 800 400 0.32 8.3

ordinary 310 250 0.7. 9.4 L)
Portland

COMPARISON EXAMPLE 3

10 100 weight parts (250 g) of alumina cement (Alumina
Cement No. 1 produced by Asahi Glass Co., Ltd.) and 3
weight parts (7.5 g) of a partially hydrolyzed polyvinyl
acetate (Gosenole (Registered Trade Mark) produced by Nippm Gohsei Chemical
Industry Co., Ltd.) were mixed in a planetary motion

15 mixer for 4 minutes, and to the mixture were added 60
weight parts (150 g) of water, 0.3 weight part (0.75 g) -
of glycerol and 35 weight parts (87.5 g) of HDI, and the e
mixture was well mixed for 4 minutes.

The resulting mixture was introduced in a molding

20 frame, and was left in a wet box kept at a temperature of
20°C. After 3 days, six test pieces having a thickness
of 3 mm, a width of 20 mm and a length of 180 mm were
obtained.

The obtained test pieces were examined in the same

25 manner as in Examples 1 to 6.

The results are shown below.



wei'ght. parts (7.5 g) of a partially hydrolyzed pol yvinyl acetate (Gosenole
(Regi stered Trade Mark) produced by N ppn Gohsei Chem cal Industry Co.

Ltd.) were nlxed in a planetary notion 15 'm xer for 4 mnutes, and to the
m xture yere added 60 weight parts (150 g) of water, 0.3 melght part (0.75
g) of glycerol and 35 weight parts (87-528)-of HDI, and the m xture was
well mixed for 4 minutes. The resulting m xture mas i ntroduced in a nolding
20 frame, and was left in a wet box kept at a tenperature of [err] After 3
days, six test pieces having a thickness of 3 mm a width of 20 mmand a

| ength of 180 rrmwf%r@tﬁ{n{gchio?hqrpmﬂg}ed test pieces were examned in
the sanme 25 manner as in Exanpl es .. The results are shownobel ow.

-22- Before i mersion 8" #M&2&m %‘%&?el S EREReh st (@ Jest ‘B'E) kgf/[err]
After imersion f@fter Qamﬁem@y@agggldaggal strength: 90 kgf/[err] 5

an average proportion of chan en O/ an rpportion of
change -of weight: 25 %2 ad_el 1fle "%ahk i)"r for ‘g‘&%ﬁ(‘? g a shaped

‘cured cenet article whrhaverage Sesondict sdre psf cthange nof stemgthyg material s
i ncl udi ng Por t | and cenent, Pprt | and bl ast furnace cerre(gto,pr%al um na cenent,

wat er and :
an average proportion of change of weight:

25 %



an organi ¢ polynmer which is capable of reactinmg wthant+socyanate

conpound, formng the m xture into shaped equent | y* - #
i npregnating the shaped art.icle w an* |socnﬂm ,Wmﬂgﬁgaﬁmo cause a
reacti on between at |east a portion of the orgamn c d the _..
i socyanat e conpound, the shaped article being cured either before qr after

the inpregnation with the isocyanate gund 2 A process' ac di ng
to claim1 wherein said shaped arti-e&-éoﬂﬁ-‘-apregnat ed by imersion in said
i socyanat e conpound. 3. A process according to claim2 wherein said.

shaped article i Sﬁsb’@c%gé %rt&eggﬁﬁ%%esﬂfeﬁ' .QI:%E' QJP:.eBQ RLEEL LY

i mpr egnat i on of the i socyanat e rocess accor%h ng to any
precedi ng clmprhssHerhs Aters dﬂweyars&@etmmamai% 1aclrmna|%tmtéamq/

i socyanat e fgheh, Bbrtilafd BYakh ﬁmagéé/%@ﬁ.e&@mbéﬁm@&a |l RWeie,NPatdiars SCOSI LY.
5. A process accqording to any preceding claimwlerein said isocyanate

conpound i ?“s%‘l‘%ﬁ?t‘éc?ql%?ﬁ t‘”ﬁé"l'g Pﬁu‘ﬁ?ﬁ?ﬁﬁgl‘ﬁ FRRFIEPE 14t Y dfotie@nate

trii OSOcya%ﬁlﬂ&lndanﬂormhgltthCryﬁﬁ:afe&rhaVa HBap&dllareiclenr énd sms;ea;uaﬁﬁygr oups
per nDIecuIe |nclud| rs of said isocyanates an

nd
pol yur et hart@PPFERSHHere Shépeé artlﬁ SELSE LA W CONPEI R Sa‘\ﬁner ei n
said i socyanae@ctuorrmm:nden atalensdi 4 |p@dtmn afbthec keghniis qualamert @nd/the A

process aCCiQBE’H}QtTeOc&BXuer eﬁﬁéj'sﬂg?&i %&-{Hé’i‘éeﬁ@in@ é@rle‘ill 01 GRARI GeddRLYIET 1S

partially hydrolysed polyvinyl ac A process as clained in
any pr ecedlaﬁﬁe%l"é‘ﬁn}m%é?ﬁlﬁns‘%tﬁ H‘f%(tlﬁ?@aé‘éﬁ? gomroyndt t o 20% by wei ght
relative to the cenent of said organl c polyner. 9. A process according

to any of cJains % 6 wher ei a i s water-soluble. 10.-
N provess Zecordi AgPRRsSahsP LR K CAPE h RS ST SR AR eal ¢
i socyanat e isoinpoegdavdi by impersipnepmahded isobpardte campedndhaped cenent
article is 10 to 300% by weight relative to the
3. A process according to claim 2 wherein said shaped article is
subjected to pressure or vibration to accelerate impregnation of

the isocyanate compound.

4. A process according to any preceding claim wherein said
isocyanate compound is a low viscosity isocyanate or is diluted with

a solvent capable of ldwering the viscosity.

5. A process according to any preceding claim wherein said

isocyanate compound is selected from the group consisting of

diisocyanates, triiosocyanates, and polyisocyanates having four or -/
more isocyanate groups per molecule, including dimers and trimers of

said isocyanates and polyurethane prepolymers.

6. A process according to claim 5 wherein said isocyanate

compound is a modified or a blocked isocyanate.

7. A process according to any preceding claim wherein said

organic polymer is partially hydrolysed polyvinyl acetate.

"o
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- -

organi.c pol ymer . 11. A process accor-di ng.to any. preceding claimwherein
t he “curéd shaped cenent article is hegi d_after beingi i t he

i socyanat e conpound. 12. A proces chrding to e to 4,
wherein said organic polyner is partially hydrol yseHiﬂmm I“ ﬂ'@Hmt e and
sai d |sqg¥anate conpound i s hexanet hyl ene diisocyanake.c m  sA process

for prepafing a cured cement article_substantiallyfas descri bed herei nabove
W t h ref er'.enceﬁt 0 any, Oﬂcrogéwée%.a}méé) iJiGanglérece iné‘ c%%%p,eqlhexcéﬂlegaﬁenent
article which has been prepared by a process as clarnmed 1 n any preceding
claim - mixture contains 0.1 to 20% by weight relative to the cement of
' said organic polymer,
9. A process according to any of claims 1 to 6 wherein said

organic polymer is water-soluble.

10. A process according to any preceding claim wherein the
amount of said isocyanate compound which is impregnated into the
cured shaped cement article is 10 to 300% by weight relative to the

organic polymer.

11. A process according to any preceding claim wherein the cured
shaped cement article is heated after being impregnated with the

isocyanate compound.

12. A process according to any of claims 1 to 4, wherein said
organic polymer is partially hydrolysed polyvinyl acetate and said

isocyanate compound is hexamethylene diisocyanate.

13. A process for preparing a cured cement article substantially
o
as described hereinabove with reference to anytyxamples 1 to 186.

14. A shaped, cured cement article which has been prepared

U by a process as claimed in any preceding claim.




